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FOREWORD 

These tables have been prepared primarily for the purpose 
of facilitating field layout work utilizing horizontal 

circular curves defined by the radius and spiral curves defined 
by the spiral parameter, as adopted for use in the metric 

~ystem. Adequate information is also included 
for design purposes. 

The development of various formulae and concepts is not 
included in this publication, for which reference should 
be made to 'Highway Horizontal Alignment SI (Metric)' 

prepared by 
Highway Design Office 

Ministry of Transportation and Communications 
Ontario 

These tables were prepared by Messrs. Bryar & Mojsiak 
Highway Design Office 

Ministry of Transportation and Communications 
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I. Circular Curve 

The circular curve which joins two tangents of different directions in hiqhwav 
horizontal alignment is defined by its radius, R. 

1. Some properties of circular curve: 

a) The external deflection angle t. between the tangents, or, shortly, the intersection 
angle (see figure 1 ), is 
equal to the central 
angle .i subtended by 
the arc L between 
those tangants. Since 
the arc·L for a given 
circular curve (i.e. 
given radius R) is a 
measure of the central 
angle .i subtended by 
that arc, it follows 
that the central angle 

180 L 
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where L is the. arc length (in metres) between two tangency points 

R is the radius (in metres) of the circular curve 

ti is the central angle (degrees) subtended by the arc L 

b) The deflection angle between a secant and a tangent of the circular curve (as in 
figure 2), or between two secants intersecting on the arc (as in figure 3) is equal to 
one half o. rne central angle subtended by the intercepted arc, i.e. 

-1- 



.e 

FIG.2 

6 180 1 ~ -=--- 
2 rr 2 R 

✓-------- / "-. 
I 
I '1-· 

I ,, __ A 1 \ Fi--·- 

\ ,..// 

"" l ~ / 
_,/' 

FIG. 3 

l 
90 
rr R 

........•..•.•.... (2) 

where Q is any arc length (in metres) 

6 is the central angle (degrees) subtended by the arc Q 

c) The chord length, c (in figure 4), being the straight line distance between any two 
points on the arc is 

c = 2R sin f (3) 

2R sin (
9
: ¾) (3a) 

where c is the chord length (in metres) 

o is the central angle (degrees) 
subtended by the chord c, 
or, by the pertinent arc Q 

,,,,...------ 
/ 
/ 
I 
I 
I 
\ 
\ I "" / 

'----.. / 

FIG. 4 

and from equation (3) 

+ = arc sin( 
2
~) ..........................................•... (4) 

Equation (4) represents the same angle as the equation (2) but in terms of 
chord length while equation (2) is expressed in terms of arc length. 
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di Tangent distance T (see figure 1), the distance from the P.1. (the point of 
intersection of two tangents) to any tangency point (B.C. or E.C.) is 

T = R tan(.i12) .................•..................•......... (5) 

e) The external distance E (see figure 1 ), the radial distance from the P.l. to the 
middle of the arc, is 

E = R exsec(c.12) , , (6( 

fl The length of arc L (see figure 1) is the distance along the curve between two 
tangency points. 

Fram equation ( 1) 

" L = IBO c. R (7) 

TABLE I 
By means of equations (2) through (4) Table I provides for the range of standard 

radii the following data: 

deflection angles (in minutes) for a 1 m arc length 

deflection angles (in degrees, minutes and seconds) for arcs of 10, 20 and 50 m 

chord length for arcs of 10, 20 and 50 m 

deflection angles (in degrees, minutes and seconds) for chords of 10, 20 and 50 m 

TABLE IA 
Table IA shows the same values in metric units for the range of standard 

degrees of curve, based on a 100 ft. arc definition used in the imperial system. 

TABLE II 
By means of equations (5) through (7) Table II provides for various central angles 

(or intersection angles) for 100 m radius curve the following data (all in metres): 

r 

tangent length 

external distance 

arc length 

The actual curve components are determined by multiplying the table value by 
Actual Radius 

100 

1 1 - cos x versin x 
* exsec x = sec x - 1 = -- - 1 = --- = -- 

cos X COS X COS X 
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2. Layout procedure 

To locate a horizontal circular curve several methods are available, such as: 

location of curves by deflection angles and chords 

location of curves by tangents offsets 

location of curves by chords offsets 

location of curves by mid-ordinates . 
location of curves by deflection angles only 

The deflection angle and chord method, which is the most commonly used and 
because of that can be considered as the standard one, will be the only one discussed in 
detail. 

This method, as any other, requires that the various curve data are determined 
and main control points are established before the actual location of the curve can be 
started. 

Curve data. For the known total curve deflection angle, t., a radius has to be 
selected according to the assumed design speed, projected traffic, safety and topography 

of the terrain. 

In case of restricted conditions, the radius might be further governed by some 

additional limitations, such as the required external distance. 

After the selection of the radius, the curve data - length of tangent, external 
distance and length of arc (based on equations (5) through (7), or taken directly from. 
Table II) - have to be determined. Then, based on the known P.1. station and obtained 
tangent and length of total arc, the B.C. and E.C. stations have to be computed. Next, 
the constant arc interval for curve laving out purposes has to be adopted, and consecutive 
stations to be established on the curve, determined. Constant increments of arc length 
of 10 and 20 mare commonly used. Since the circular curve will rarely, if ever, begin or 
end at an even station, the first and last arc lengths will be 'odd' in order that even 
stations are established on the curve. 

Since the first and the last arc will invariably be less than the constant arc 
interval, the corresponding chord lengths and pertaining deflection angles as well as the 
chord length and corresponding deflection angle for the constant arc interval, have to be 
determined by means of equations (2) through (4), or taken directly from Table I (or I A). 

,LJ 

1 

I l 
) 
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Based on the above data, the deflection angles between the reference I ine and 
the required consecutive stations can be calculated by the cumulative addition of the 
deflection angles determined for each arc. 

This data, necessary for the location of the curve, can, for convenience and 
simplicity, be listed on a standard tabulation form,a sample of which appears on the 
next page. 

Control points. The back and forward tangents have to be projected to their 
point of intersection, thus locating the P.1. With the transit at the P.I., the next two 
control points E.C. (end of curve) and B.C. (beginning of curve) have to be located 
independently according to the computed tangent distance T. 

With the data prepared on the tabulation form and the main control points 
established on the ground, the location of the curve's intermediate points can be 
undertaken. 

With the transit at the B.C. (see figure 5), the curve points (1, 2, 3 etc.) are 
located by the use of corresponding 

deflection angles 
(6; /2;6; /2+6/2;6; /2+6/2+6/2; 
etc.) turned at the B.C. from the 
main tangent to stations along the 
curve together with the use of the 
chord length successively measured 
from the preceding station to the 
following station along the curve. 
Chord lengths for various arc 
lengths may be obtained from 
Table I. In most instances arc 
and chord lengths wi II be the 
same. 

-· -0- 
H.OT 

H.O.T. 

H.0.T. 

~:--l>J,.~;;i.,,.____--.!1R _),E.C. 

!6· b b ".. --.__ 

', \"' 
\ \ 

/ 
/ 

FIG. 5 

The final deflection angle equals½ t:,. and the last line of sight should intersect 
the E.C. The final chord length measured from the preceding point (point 4 in figure 5) 
should reach the E.C. as a check. 

The first and all consecutive points, except the E.C., on the curve beyond B.C. 
toward the E.C. represent the even or plus even stations. Since cross-sections are 
normally taken, construction stakes are placed, and computations of earthworks are 
performed at these stations and/or critical points. 
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TABULATION 
OF CIRCULAR CURVE'S DEFLECTION ANGLES AND CHORD LENGTHS FOR 

LAYING OUT PURPOSES FROM CURVE TABLE I OR IA AND JI 

TRANSIT f; = m I C = m GIVEN: P. I. STA. + 
AT THE I c' - 0 ' " CURVE N~ 

tie= m I - m ti = 
+ e. = m I Ce= m R = m 

POINT STATION CONSECUTIVE DEFLt DEFL-i= for Consecutive 
SIGHTED def I. for STATION to chord 

CURVE 
arc 

nearest 
length 

DATA 
lenohf angles STATION second 

H.O.T. + Az (or Bear) = 0 " 

♦ 
ti= 0 " 
R= m 
T= m 
L= m 
E= m 

T=Rton Ll/2 } or rood oft 
Tobie TI 

E=Rexsec 6/2 with !J. as 
L=RLI TT'/180 table entry 

Pl. STA. + 
-T - 

B.C. + 
+L + 

E.C. + 

~., •. ~ f r .... 
. ( C) ToblelorlA 

= arc sm 2R with R 01 

Chord=2Rsin(f !) table ontry 

✓ 
I 

,,- ~· d I 
-:i.-8 i. - , 

I y 

I , ~E 

& Q pe I 
i<>'i ~ , I' ', 

'1/ ' 
I ~ 
I B 

" 
BC 

1 
I ) 

l 
i, 

Subscript' i' denotes initial 
Subscript'e' denotes end or last 
.e - any arc length 
tiR. - constant ore increament 
C - chord length 
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With the transit at the E.C. (see figure 6), the same curve points (1, 2, 3 etc.) 
are located by the use of the 
same deflection angles 
(Ii; /2;6; /2+6/2;6; /2+6/2+6/2; 
etc.) but turned at the E.C. from 
the main (or long) chord (from 
E.C. to B.C.) to stations beyond 

yHOT 

9HOT 

,,., 

r 

the B.C. toward E .C. along the 
curve together with the use of 
the same chords measured from 
station to station along the curve. 
Again, the final deflection angle 
equals½ A but the last line of 
sight should intersect the i:.L 
The final chord length measu ;ed 
from the preceding point should 
reach the E .C. as a check. 

E.C 

R 

'-._ 

---~ 
Pl 

FIG. 6 

The same notes, as computed from the B.C., can be used when the set up is 
at the E.C. That means, with the notes computed, starting at the B.C., the curve may 
then be run from either the B.C. or E.C. 

By setting up at the E.C. instead of at the B.C., the economy of time is 
achieved by eliminating one set up, since the instrument would be in position for 
proceeding forward on the next tangent. 

For long curves, it is better to run-in the second half of the curve, starting 
measurements and deflections from the E.C. to the centre, where small errors of 
surveying can be adjusted more readily. 

With the transit at any intermediate point on the curve. Occasionally it 
might be impossible to run the entire curve with the transit at the B.C., and it is 
necessary to layout the rest of the curve from an intermediate point (or points) on 
the curve. 

Figure 7 indicates transit locations at two consecutive intermediate 
points, D and E, which represent any stations, most probably even or plus even. 
It can be seen, that the angle between chord B.C.-0 (projected) and chord D E 
equals (a+ /3), the total deflection angle from B.C. to E, or that the angle between 
chord B.C.-E (projected) and chord E F equals (a+ /3 + -y), the total deflection 
angle from B.C. to F. With this in mind, it follows that with the transit at any 
intermediate point (such as Dor E), previously located on the curve !p from B.C., 

- 7 ..;._ 



or E from D), first, a backsight is taken to the last 

preced ing transit station (B.C. fo r instrument at D 

or D for instrument at E) with the instrument 

reading the computed deflec tion angle (0 for 

instrument at D, or a for instrument at E) for 
the point sighted ( B.C. for instrument at D, or 
D for instrument at E). Then the points ahead of 
the transit (E for instrument at D, or F for instru 
ment at E) are located by using the deflection 
angles [ (a+ /J) for point E, or (a+ /J + -y) for 
point Fl previously computed for these points 
(E, or F) as if they were located from the B.C. 

Again, the original notes prepared on the basis of complete layout from the 
B.C. can be used. Therefore, regardless of the possible location of the instrument, all 
deflection angles are computed in advance as if for use at the B.C. 

When the transit is at any intermediate curve point, backsight (or direct 
ahead) to any station on the curve with the instrument reading the deflection angle from 
the B.C. to that station. Then, to locate any other point (forward or backward) on the 
curve, set the instrument to read the deflection angle of the point to be established. 

The following example should illustrate both the use of the tables and the 
preparation of all data required for layout purposes. 

Numerical example 

Given: the P.1. at station 7 + 032.54 
deflection angle f1 = 44° 46' 36" 
selected radius R = 300 m 

Required: complete curve data for layout by deflection 

(a) with 20 m arc intervals 
(b) with 50 m arc intervals 

Solution: 

FIG 7 

~ Enter the given data on the tabulation form as shown on page II 

- Determine T, E and L for the given 6 (i.e. 44° 46' 36'') from Table II. 
·Since the given 6. involves seconds interpolation of Table :1 values is· 
required 

' 

\ l 
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f 
Diff. 

44° 46' 
44° 47' 

0° 1' 

T 

41.183 
41.20001 

0.017 01 

E 

8.148 23 
8.154 71 

0.006 48 

L 

78.13257 
78.161 66 

0.029 09 

Required zx is 44° 46' 36" since the difference in T, E and L indicated 
above are for a difference in t. of 60" the table values for T, E and L fo~ 
a Li of 44° 46' must be increased by 36/60 x difference in T, E and L. 

For/'; of 44° 46' 36" interpolated table values are.- 

36 
T 41.183 + 

60 
X 0.017 01 41.193 21 

36 
E 8.14823 +- X 0.006 48 8.152 12 

60 
36 

78.150 02 L 78.13257 +- X 0.029 09 
60 

Since the above values are for a 100 m radius curve they have to be multiplied 
by R/100 (in this case 3) to obtain the actual values of T, E and L 

\ Actual T 3x41.19321 
E 3x8.15212 
L 3 X 78.15002 

123.580 
24.456 

- 234.450 

Note:- actual values have been rounded to the nearest millimetre, representing 
the greatest accuracy that can be anticipated during layout. 

- Enter T, E and Lon the tabulation form 

- Calculate the stations of the B.C. and E.G. 
B.C. 6 + 908.96 E.G. 7+143.41 

- Enter the required stations to be established on the form 

- Calculate the distance between successive stations from the B.C. to E.G. and 
enter on the form. Note that the first and last distances are odd distances, 
11.04 m and 3.41 m 

-9- 



- Enter Table I for 300 m radius and read off the deflection angle for a 
1 m arc - 5.7296 minutes. 

- Multiply the deflection angle for a 1 m arc by the first and last distances 
calculated in the previous step and enter in the tabulation form. 

5.7296' X 11.04 = 1° 03' 15.3" 
5.7296' X 3.41 = 0° 19' 32.3" 

- Read off the deflection angle for the constant arc increment of 20 m 
from Table I and enter on the tabulation form; 1° 54' 35.5" 

- Calculate the deflection angles for each station by cumulative addition 
of successive arc deflection angles 

- Round the calculated deflection angles for each station to within the 
limits of accuracy of the instrument in use. 

- Determine the chord length corresponding to the required arc length 
from Table I. In this example, due to the curve radius the chord length 
is within measurable accuracy almost the same as the arc length. 
Consequently the arc lengths may be used as chord lengths for layout 
purposes. This will be the case for most curves encountered in highway 
engineering except for interchange and intersection ramps. In these the 
chord length for the constant arc increment may be obtained directly 
from Table I. The chord length for the 'odd' initial and final arc lengths 
may be calculated by utilizing the formula or approximated by determ 
ination on a proportional basis 

chord length 
(arc length x -------) 

constant arc length 

For calculation at 50 m interval the procedure is identical to that shown above 
with the exception that the arc length selected requires an adjustment of the chord length 
as illustrated on the tabulation form on page 12 . 

} 
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TABULATION 
OF CIRCL,, .\,'l CURVE'S DEFLECTION ANGLES ANO CHORD LENGTHS FOR 

LAYING OUT PURPOSES FROM CURVE TABLE I OR IA ANO n 

' I 

t; = 11.04 m I C = I 1.039m GIVEN: P. I. STA. 7 +032.54 
TRANSIT AT THE : c' = CURVE N! 

B.C. 6 +908.96 ti.e= 20.00 m 19.996 m ti. =44°46°3600 

9 l, = 3.41 m IC,= 3.410 m R= 300 m 

POINT STATION CONSECUTIVE OEFL.-1= OEFLi: for Consecutive CURVE 
SIGHTED def I. STATION lo arc for nearest chord DATA lenghl angles STATION second lenoth 

H.O.T. + Az (or Bear) = 0 " 

B.C. 6+908.96 0°00'00" 0°00'00" 0 
11.04 1°03°15.3" ti.=44°46° 3600 

20 I 003° 15.3" I 003° 1500 11.039 300 m 
20 1°54°35.5" R= 

40 2°57'50.8 2•57' 51" 19.996 T= 123 .580 m 
20 1•5-4'35_5" L =234.450 m 

60 4°52°26.3' 4°52' 26" 19.996 E= 24.456 m 1•54'35_5" 20 
80 s•47'01.8" 6°47°02" 19.996 

20 1•54'35_5" T• R ton A/2 } o, rood oft 
7+000 e• 41' 37.3" 8°41' 37" 19.996 Tobie Il 

20 1°54°35.5" EzReuec A/2 with A o1 

20 10•3s'12.8" 10°36° 1300 19.996 L•IIA TT'/180 toblo entry 
20 1°54°35.5" 

40 12 °30°48.3" 12•30'48" 19.996 Pl. STA. 1•54'35_5" 7 +032 .54 20 
60 14°25°23.8° 14°25°24" 19.996 -T - 123 .58 

20 1•54'35_5" a.c. 6 +908 .96 
80 16 ° 19°59.3" 1s•19'59" 19.996 +L .. 234.45 20 1°54°35.5" 

+100 18°14°34.8" 18°14'35" 19.996 E.C. 7+143.41 
20 1°54°35.5" 

20 20°09°10.3" 20°09'10" 19.996 
20 1°54°35.5" -.,,:a r-~ 40 22 °03°45.800 22°03°4600 19.996 

0°19°32.::1°' ( C) ToblolorlA 3.41 =arc■tn zi with ROG 
E.C. 7+143.41 22•23'1a.1" 22°23' re" 3.410 

Cllor-•21111n(f !j toblo entry 
A/2,iz-23'19" CHECK 

✓ 
;, 6 

I I o.•• "' 
I E - &- Q e~ I 
', I r /~ ' 

i 
~ . 

I ~ (). 
BC 

H.O.T. + Az (or Bear) = 0 " 

Subscript' i' denotes initial 
Subscript' e' denotes end or last 
I. - any arc lenQlh 
ti.e - constant ore increoment 
C - chord lenath 
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TABULATION 
CW _CIRCULAR CURVE'S DEFLECTION ANGLES ANO CHORD LENGTHS FOR 

LAYING OUT PURPOSES FROM CURVE TABLE I OR IA ANO lI 

TRANSIT AT THE l; = 41 .04 m 1 C; • 41.008m GIVEN: P. I. STA. 7 +032.54 CURVE Nl 
B. C. 6 +90B.96 At= 50.00 m IC = 49.942m A :44•46' 36'" 

9 .t0 = 43.41 m i C0• 43.372 m R• 300m 

"OINT STATION CONSECUTIVE OEFL. i= OEFLi: for bn.cutiw 
SIGHTED STATION to CURV£ arc defl. for nearest chord DATA lln9ht an9l11 STATION second l1n9th 

H.O.T. ♦ Az (or Bear) • . . " 
B.C. 6 +908.98 o•oo'oo" o•oo'oo" 0 

41.04 3•55'oe.5" A•44•46°36" 
50 3 •55'oe.5" 3•55'09" 41 .008 R• 300 m 50 4•4s'2e.7'' 

T•l23.580m 7+000 e •41' 37.2'' e•41' 37" 49.942 
50 4•4s'2e.7'' L•234.450m 

50 13 •2e'o5_9" 13•2e'06" 49.942 E• 24.456m ~ 4•46'2e.7'' 
1e •14' 34.s" +100 

4•oe'43_3" 
1e•14'3e" 49.942 

43.41 T•llten 612 } or roa4 oft 
E.C. 7 t 143.41 22•23' 17.9" 22°23° 18" 43.372 Tobie n 

E•l't-•c 612 with 6 01 

612•22"23'11" CHECK L•IIA TT'/110 loble ontrr 

P.I. STA. 7.+032.!54 
-T - 123 .!58 
8.C. 6+908.96 
+L + 234.46 
!.C. 7 + 143.41 

-•·•lH r- .. ~.£.) Telllol•IA 
•..-ca 211 wltloll• 

a,~-1-!ftl .. ~ .... "' 
F 

~' /1 ... , ~, 

I ---- E 

f:--t- - " 

I , "- 
8C 

-i.O.T. ♦ Az (or Bear) = . . " 

. I 

l 
) 

Subscript' i' d1not11 initial 
Subscript'•' denotu end or last 
I. - any arc len9th 
At - constant an: increament 
C - chorll lotnofh 
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II. Transition Curve 

A Transition Curve joins the tanqent and the circular curve (or two circular curves of 
substantially different radii) in highway horizontal alignment. It is defined by its parameter A 
and the end radius R (or radii R, and R, in case of segmental spiral). 

1. Some properties of the simple spiral" (see Fig. 8 through 10): 

a) the product of any instantaneous radius rand the corresponding spiral length }.. from 
the beginning of the spiral t6 that point, is equal to the product of the spiral end radius R 
and the entire length Ls of that spiral, that means,it is constant, i.e. 

r}.. = R Ls = constant = A 2 •••••••••••••••••••••••••••••••••••• (8) 

This constant is denoted as A2 to retain dimensional consistency since it represents a 
product of two lengths. 

The equations for the remaining spiral components in terms of A/R ratio for a unit radius 
spiral are listed on page 15. 

TABLE III 

Table III which is based on those equations (underlined versions) shows for various A/R 
ratios (being incremented by 0.0005 from Oto 2.2) the following values of the unit 
radius spiral: 

Ls/R, length of unit radius spiral 

X/R, 

Y/R, 

q/R, 

abscissa of unit radius spiral 

ordinate of unit radius spiral 

tangent distance from the spiral's origin to the projections of the 
center of the end osculating circle of unit radius spiral 

p/R, tangent offset of the end osculating circle of unit radius spiral 

L.T./R, long tangent of unit radius spiral 

S.T./R, short tangent of unit radius spiral 

L.C./R, long chord of unit radius spiral 

8 s • spiral angle 

1/38s, 1/3 of spiral angle 

tf>s, spiral deflection angle 

C5, correction for spiral's deflection angle 

• Refer to the Appendix in 'Highway Horizontal Alignment', MTC Ontario, for the derivation of 
all equations shown herein. 
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FIG. 8 Simple spiral 

FIG. 9 
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FIG. 10 
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SPJRAL' S COM.PONENTS FORMULAE 

RL5= constant = A2 

r 
k:n 

... ]=(~J2.\J-1)(k+I). (AIR)4(k-1) 
R ij<k-i> • (4k-3) {2(k-l)] ! 

ksl 

k•n 
y (Alf (AIR)' {AIR)' (AIR)'o (AIR)'• }(A)''\"::°(-l)Ck+ll • (AIR)2<2k-1> 
R- R L2•3•1!;'23•7'3!+2"•11•5' 21,15,71_•_ R

1L}12k-ll,(4k-1)•(2k-l)! 
k0 I 

S.T. Y/R (A)'[ I (AIR)4 17• (AIR)' 13, (AIR)12 35, 13, (AIR),. ] 
R=. [.!.(A11]= R 3+3•7•3!+7•9•11•5!+5•9•11•7! +5•7'11•19•91 + · · · 

Sin 2 Rl 

Y (AIR)1 (A/R)1 (AIR)'0 23,(A/R)14 

~=arc tan x =2'3- 3•, 5'7 - 3•, 52• 7•1 I - 37• 53•7'• I I• 13 - · · 
(AIR)2 I 

=--- - c,, = -a., -c., 
2•3 3 

I = - 9., -,., 
3 

[ 
L.C. = Y IR = ~ = X 2 2 =(~)•[ I- (AIR)

4 
+ (AIR)

1 
_ 79, (A/R)

12 
+ ... ] 

R ~ cos~... (~H-k) R 3,5,31 3•7•9•5! 3•7•9•11•13•15•7! 

k=n 

.9..-~ -sin a -(~)'[J_- (AIR)4 + (AIR)' _ (AIR)12 + .. ·]=r~i•~-l)Ck+il , (AIR)4<k-i> 
R-R .,-R 2 23•5•3! 2"•9•51 27•13•7' R Zj<tk-ll,(4k-3)•(2k-l~ 

k• I 

(Note: In order to obtain the value for any of the above components at any point on the spiral 
substitute the corresponding r for R or x for Ls or Ar for Osr respectively in the above formulae.) 

By inspection of the above formulae, it can be seen, that by equating R=l (unit radius), the tables, 
showing all components of unit radius spiral, can easily be developed for various A/R relations. 
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All table values, except those for angles, have to.be multiplied by the actual radius R in 
order to obtain the actual components of the spiral involved. 

In order to obtain the value for any of the above components at any point on the unit 
radius spiral enter Table Ill with the corresponding A/r or "1./A ratio. Again, all table values, 
except those for angles, have to be multiplied by the actual radius r or A2 /"I. in order to 
obtain the actual components of that portion of the spiral. 

TABLE IV 

Fn1m the equations on page 15, Table IV provides for each standard spiral 
parameter for a range of standard radii the actual values for all spiral components, in the 
same manner as Table III does for the unit radius spiral. 

The following limiting conditions were applied in producing the Table IV: 

upper limit - Os l> 36° or Ls l> 300 m 

lower limit - es <t: 30' or Ls <t: 25 m* 

(The additional K-values - in both, decimal minutes and decimal seconds, shown under each 
Table IV, are explained together with Table VI on page 33.} ! 

Note that, while Table IV provides component values for each standard spiral parameter f6r 
the entire spiral only, Table Ill provides these values for all spiral components for any spiral 
and to any point on the spiral, including the end point, i.e. the entire spiral. 

1 

I ) 

) 

b) A spiral curve diverges, in angle and offset, from a circular curve at the same rate as from the 
initial tangent. 

This is known as the principal of the osculating circle. Fig. 11 shows that the spiral is a 
curve of uniformly changing curvature, (1/r), between a straight line (of curvature 
1/00 = 0) and an osculating circle (of curvature 1/R). 

1/r 

Osculating 
Circle ----=--..-j l/r l/R 

0 A---,,.... 

Tangent ------ Spiral 
A= Ls 

---.-....,...-C,rc\€----.-o-- 

• due to the above limit, Table IV for A= 1800 m is eliminated. 

-16- 

J 

J 



F Fig. 12 illustrates this property of the spiral showing a spiral diverging from the initial 
0 tangent having the same 

offsets as from the 
osculating circle (for 
the same distances along 
the spiral, measured from 
the T.S. and S.C. respect· 
ively) i.e. offsets from 
the initial tangent to 
points 1, 2, 3 etc. on 
the spiral are virtually 
equal to the offsets 
from points 1, 2, 3 etc. 
on the osculating 
circle at S.C. to the 
corresponding points 
9, 8, 7 etc. on the spiral. 

3 4 

TS. 

SC. ,o 

SPI. 

FIG. 12 Angular and linear d ive rqence property. 

Since the spiral diverges at the same rate from the osculating circle as the spiral diverges 
from the initial tangent, the angle between chords to the osculating circle and spiral curve, 
measured at the S.C. is equal to the angle between the chord and the initial tangent when 
measured from the T.S. as illustrated in Fig. 13. 

FIG. 13 

SC. 

>.. 

TS. 4) 
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Consequently the angle between the chord to a point on the spira l and the instantaneous 

tangent at any point on the spiral, ,J,, measured backwards, is the difference between the 
chord deflection angle (Ii) for the osculating circle and the spiral chord deflection anqls e as 
illustrated in Fig. 14. 

S.C. 

FIG. 14 

T.S. ¢ 

Similarly the angle between the chord to a point on the spiral and the instantaneous tangent 
at any point on the spiral, ,p, measured ahead, is the sum of the chord deflection angle (Ii) for 
the osculating circle and the spiral chord deflection anqle e as illustrated in Fig. 15. 

S.C. 

FIG. 15 

A 

T.S. ¢ 

J 

) 
I 

I i } 

Based on the above, the resulting final equations for practical use for various spiral 
deflection angles are listed on page 19, while the summaries of the two methods for 
determining the deflection angle from any point on the spiral are illustrated on pages 20 and 
21 respectively. 

For simplification of the field work, a suggested standard form for the tabulation of spiral 
deflection angles for layout purposes with the use of the spiral Table Ill, based on the first 
of the two methods, is illustrated on page 22. 

I , 
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[ Summary of the spiral.'$ lay -out formulae 

r 
\ I 'f. 81 - ~. , 

= 2 3 a. +c, 
2 ~ + 3C1 

= -f0A +. CA 

= -~J.1 ... \'0, + C.1. 
3- \L~ I 

= 2~x+3C.1. 

Method I (Recommended) 

r 
t 

( 
A )' ). ). =a - +a~-C.e 
A A2 

= 4IA+ 4l~+CA +Cfi,T,-C~ 

J 'fi. =t 0 A +i- ev1;T.- c~I 
'±'°b = - 'f~ 

.'T.S 

.SJ;, 

T 

Method 2 ( Not Recommended) 

4\ + <f.t = ~ ( H A2+).1 K .l..-.l2) +cb-c, A 

= ~(.A+l,+l,HA-.1.r) + c'i,()-+,¼+A I, (>. -I,I ... Cb - C ~ 
- I 8 ~~~~-~+C - C -"3° yt)\+.l.r +)., Jl.l.-).zl b ~ 

T 

.._ 

where a( =30/11') and oil angles ore expressed in degrees. 

All above angles con bt either colculoled according to !ht formulae shown, or 

read off table m for corresponding relations as the table entries 
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Illustration for deflection angles with the transit at any point on the spiral 
( Method I) 

t - intermediate transit location 
A1 - distance from T.S. to the transit ( point t) 
d - PO.S. at the distance .l1 from th• tronsit(point l) 

toward S.C. 
A2- distance from P O.S. d to PO.S. p 
A - distance from T.S. to P.O.S. p 
t. - distance from the transit ( point t) to the point 

to be laid off ( point p') 

NOTE: All distances ore token along the spiral ore, o (= 30/Tr) and all ongles ore in degrNs. 

~=a(-})1+ a >.~:,2 - c.t 
=(t A. ♦ C). H~ vx;r. ♦ C "V'A,X';) - C ~ 

l~=+eA+-¼e~ -c~! 
From table m obtain: 

♦A,CA.,-!•>- - for the relation ! (=~>..=~-✓Rt,) 
t-vr,r., C,rr-r-, ~ a.. - - for the relation ·,/Jl,X2 (=' ~R,L 1 =' /Ii=, IT;=~~ 

, I v ... , .... I .. -VA1.l.2 VrfL; v---,--;, vr;. v',1.,'>.
1
/ 

C~ - for tt11 re lotion ~/A 
TE: The second term is either 

positive if ..l1. is measured from its origin (point d) toward the S. C. point, or 
net otive if A1 is measured from its origin ( point d) toward the T. S. point 

I l 

~ Trontit at S. c. 
,l,•L.,"'-' 
,t,-oll _.., TS. .... 

_ir,,■- ..,., 
(ff:()~ for: 

c. A.-ZL,••••IT.S.) 
"~•L. 

'-..._ 

" \ 
\ 

ond (for 3&4) 
., ",•38, •!ev.;r. -c, (for forward 
,. 'I',•- 't'c (for bodl-d point1) 
'f,•- 'I',,, for ,l • 0 
-- ,l2•2,l1(toward lS.l 

L • A1 - 20 - 

an ....... IUCII tllat 
v., • L. . - 
A, -all toward l S. 

@) Trwlt at 011J point 
... "" ....,, 111d, !hot 
z.t,•1:,. 
-t-,1S.C. 

A,- IOffll -d TS. 

poi,,ts) 

I , 

J 
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Illustration for deflection angles with the transit at any point on the spiral 
with any bock point on the spiral as a reference point 

( Method 2) 

i 

t - intermediate transit location 
>-1 - distance from T. S. ta the transit (point t) 
.Qb - distance from the transit (point t) to the 

reference point ( point b) 
£ - distance from the transit ( point t ) to the 

point to be laid off (point p) 
A2- distance from T. S. to the reference point 

( point b) 
A - distance from T.S. to the P.O.S. p 

NOTE: All distances are taken along the spir.al arc, a (=30/'Tf) and all angles are in degree1 

[ 

= (J> Y( A• >-2 •.i.,)( A - A2 ) + C Y( A• A2+A I l( A - A 2) + Cb - C .e 
- I -39VO,+A2+A1

)(A-A2l +Cb -Ce 

From toble m obtain: 
m ,,----,-,-~ ~~~~~ I ,.,---~~ . V(.l•.l..2+.l1HA-.l2) (- (.l•A2•A1HA-,l 
'fY(A•.l2•A, l/.l-A2l'CY(.l..•.l,•.\.,HA-A2l'39:V(.l..•.l2•.l,l(A-.\.2l-for the relation A - A2 

Cb , Ci- for the relations ib/A and i/A respectively 

I) with the transit at the T. S. point 2) with the transit at the S. C. point 

r 
I 

A2 =.l.1 =O 

't\ = 0 
Rb = 0 
R = A. 

and 

.l..1 = ,l = Ls 

'f.e = 0 

.e = 0 
and 

1.jfb : ltf.eb 

or 
'f.e = (J>5 , for .e = A= Ls 1.Jf b = '¥s , for £b = Ls and A2= 0 

or 

3) with the transit at any intermediate point on the spiral 
a) for 1±' b = 0 

.Rb = 0 
.l2=A1 

and a a [ • ] 'fe =2(A+2A1)(A-.l1)-Ce =2 X+.l1(.l-2.l..
1
) -Ce 

or A A 
'f.t: =({)A '. for .l..2 = .l 1 = 0 

or 
'fL = (fl s , for A2 = A 1 = 0 and ).. = -l = Ls 

b) for 'fe = 0 

.e = 0 
and ,l = ,l 1 

or 1.Jfb =!, (2-l1+ A2HA1-.l2)+ Cb = -{~ [ K2• A1 P-r 2A.1)]- Cb} 

'-¥b =4',1.,, forA2=0 and A1=.eb 
or 

'±' b = 4'5 , for >-2 = 0 and A1 = ~ b = Ls 
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l 
OF SPIRAL'S DEFLECTION 

FROM 

TABULATION 
ANGLES FOR LAYING OUT PURPOSES 

SPIRAL TABLE ID:' 
' J 

"-1 = m SPIRAL DATA: 
TRANSIT AT THE t:,. ),._ = m A = m 

!J.AIA = R = m 

T. S. P. O.S. P. O.S. P.O. S. 

"- 
"-2 

R 

A/A 

V.l,A2 
A 

£/A 

teA 

.!..a 
3 ~ 

C.e 

f' .e 

~=a(¼)'+ 0 "-A}·2 - C.e 

=(<!>A+ CA)+ (4>-v,r,,:; +C~ )- C.e 

h=te,.+-i-e~ -c.e I 
ith the relation )../A[=_L =, fI = A) as table m entry, read ott-31 e,. in the cotumn'-3

1 e' 1/RLs Yr. r, 
ith the relotion~/=~=~=yff. =Yr Ar )as table IIIentry, reod ott!en,T, in some colum.n 

l' 1 ,~l A.1 A2 

s.c. 

ith the relation .f/A os toble men try, read off c., in the column 'c' 

·OTE: the second term, -3
1-e,,..,.-,- (=4>,,.-.- +C,,-..-- =o~)• might be either 

V A1 A2 V A.1 A2 V "-1 A2 A2 

positive if ,:\.2 is measured from its origin (point d) toward the S.C. point, or 
negative if ,:\.2 is measured from its origin (point d) toward the T. S. point 

!J.,:\. - is the constant interval between the consecutive points to be laid out 
a(= 3O/Tf) and all angles are expressed in degrees. 
With tne transit at TS. the angle ~ becomes <!>;. obtainable directly from Tobie m 
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2. Layout Procedure 

The laying out of a spiraled horizontal curve follows closely the procedure employed to 
lay out a simple circular curve. 

The various curve data have to be determined and the main control points have to be 
established on the ground before the actual location of any curve system (spiral-curve-spiral) 
component can be started. 

Curve data. For the known total deflection angle, llT, of the curve system, a radius of the 
circular curve and a parameter of the spiral have to be selected according to the assumed design 
speed, projected traffic, type of highway, safety and topography of the terrain. 

In case of restricted conditions, the above values might be modified by additional 
limitations, such as the required external distance. The two spirals of the curve system might be 
of the same or different parameters. 

After the selection of the radius and parameter(s) i.e. with fixed A/R (A, /R,A, /R) ratio(s), 
spiral data can be read off Table III, or Table IV. 

With known spiral angles, the deflection angle for the circular curve alone can be 
determined as follows: 

lie = llr - 20s (9) 

if both spirals are of the same parameter, or 

lie = llr - (0s, + 0s,) (10) 

if both spirals are of different parameters. 

With established lie, the curve data can be obtained from Table 11. 

Next, with known q('s) and p('s) from spiral data the main tangents can be computed 

according to the formulae: 

Ts = q + (R+p) tan llT/2 (11) 

if both spirals are of the same parameter (see Fig. 16), or 
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pT _<L.-+ (R♦p) _ton 6./2 
T S 

FIG 16 FIG 17 

(12) 

T52 ; q2 + (R+p,) tan L',T/2 - (p, - P,) cosec L',T . (13) 

if both spirals are of different parameters (see Fig. 17). 

Then, based on the P.I. station, tangent and lengths of all curve system components, the 
T.S., S.C., C.S., and S.T. stations have to be computed. 

Next, the constant arc interval for laying out purposes has to be adopted and consecutive 
stations to be established on the curve system can be determined and, for convenience, listed 
on the appropriate standard. tabulation forms. 

Since the curve system components will rarely, if ever, begin or end at an even station, 
the first and last arc lengths on each curve component will be 'odd' in order that even stations 
are established on every curve component. 

Control points. The back and forward tangents have to be projected to their point of 
intersection, thus locating the main P.I. {see Fig. 18). With the transit at the main P.1., the 
next two control points, the T.S. (tangent spiral) and S.T. (spiral tangent). have to be located 
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independently on the two main tangents 
according to the computed distance Ts 
(or Ts1 and Ts, respectively). Points 
C.S. (curve spiral) and S.C. (spiral curve) 
can next be located from the S.T. and 
T.S. points by turning off from the 
main tangent the total spiral deflection 
angle(s) 4's (or .4's, and 4's, respectively) 
and chaining the long chord(s), L.C. 
(or L.C., and L.C. I respectively), or 
alternatively, the long tangent(s), L.T. 
(or L.T., and L.T.1 respectively), may 
be chained from S.T. (T.S.) along main 
forward (back) tangent to determine 
spiral P.1., and th,e total spiral angle(s), 
Os (or Os, and 0s1 ), turned at this 
point and the short tangent(s), S.T. 
(<;>r S.T.2 and S.T.1 ), chained to 
determine point(s) C.S. (S.C.). Fl G. 18 Layout of spirol~d curve 

With all data prepared on the tabulation forms and the main control points estabtl~ed 
on the ground, the location of the curve ·,ystem component's intermediate points can tie 
undertaken. 

With the transit at the T.S. (see Fig. 19), the successive points along the spiral from 
T.S. to S.C. can also be laid out .frl1/11 T.S. point by turning off from the main tangent the 
corresponding partial spiral deflection angles, 4J A's, to the successive points on the spiral. 

It should be remembered that these partial spiral deflection angles, 4J A's, have to be 
determined, or read off Table III, separately for each successive point on the spiral and are 
.!!£! added to the previous 
reading as when laying out 
circular curves. Distances, 
however, can be measured 
from the preceding P.O.S. 
Successive points are set 
out at specific intervals 
along the spiral and 
finally the S.C. point is 
fixed by turning off the 
spiral deflection angle 4)5• 
As a check, the offset 
from the main tangent 
should be Y at the S.C. TS 

point. 
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The end spiral, C.S. to S.T., is then laid out sim ilarly, working backwards from the S.T . 

point to the C.S. point and again checking the off se t from the main tangent at the C.S. point. 

The laying out of the circular curve can now be started from those two points (S.C. and 

C.S.) as tange nt points. In order to relate the direction of the tangent at the S.C . point to 

that of the initial line of sight, the projected backsight from S.C . to the T.S. point has to be 

increased by the spiral deflection backsight angle i/l s (see Fig. 19). If the deflection angle, 

Iii, corresponding to the first point along the circular curve is added to this read ing, the 

transit will be correctly oriented towards this point and laying out of the circular curve can 

continue ac cording to the procedure previously established. 

Sim ilarly, in order to relate the direction of a tangent at any intermediate point P.O.S. 

on the spiral to that of the 

initial line of sight, the 

pro jected bac ksight from 

the P.0.S. point to the 

T.S. point has to be 

rotated th rough an angle 

of i/lx (see Fig. 20). 

FIG. 20 

T.S. 
Circumstances may occasionally arise when it is necessary to lay out the remainder at 

the spiral with the transit at an intermediate point (or points), see Fig. 20 and 21 respectively; 
this may be achieved by turning 
off from the local tangent (or 
local chord) atthat point the 
corresponding deflection 
angles, ,p~ 's (or ,J,b + ,p~ 's), to 
the successive points on the 
spiral still to be established, 
according to one of the 
methods previously explained. 

FIG. 21 

T.S. 

For laying out the even and/or plus even stations at the required constant arc interval 
along the spiral it is usually the practice to assume that the chord length equals to the length 
of the corresponding arc. This is accurate enough only for spirals with relatively large 
parameters and moderate length. For spirals with too small parameters this assumption can 
cause appreciable inaccuracy in location of the entire spiral since the error is progressively 
accumulated. 

The initial chords being located closer to the spiral origin (T.S. point) and thus having 
larger radii will not differ in length from their arcs, but the distant ones having small radii 
will start to deviate more from their arcs the further from the origin they are located and 
the sharper is the spiral itself. 

1 

.1 
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Consequently, it seems to be appropriate that the length of the last chord being the most 
distant from the spiral origin and having the smallest radii should be checked against the length 
of the corresponding arc. In case of measurable difference the proper adjustment of the chord 
length should take place and be applied accordingly to all back chords differing in lengths from 
their arcs. With increasing radii toward the spiral origin the difference is decreasing until it is 
negligable in value. 

Length of the chord of the spiral of given parameter between two known points on the 
spiral being distant X , and X, from the origin (see Fig. 22) can be obtained from Table Ill 
with ;>_ 1 / A and ;,_,/A as table entries as follows: 

ui 
I-' 

I= 

Yz 

Xz 

L 
Table entry 

;>_,/A 
;,_,/A 

FIG. 22 

read off Table II I 
x,/R, y,/R, 
x2/R2 Y2IR, 

Multiply the table value by A2/A1 (= R,) and A2/A2 (= R,) respectively to obtain x,, y, 
and x,, y2 , then the chord length 

c =-Y(x2 -x,)2 + (y, -y,)2 (141 

The difference between the arc length and the corresponding chord length (i.e. the degree 
of accuracy) can also be obtained from the approximate relationship between the arc v and 
central anglecx 

Ra 
c 2R sina/2 

expanding sin function into its series form, eliminating a and ignoring terms above third 
power, then 

~ .1 

~-c 24R2····································•··•·•···· (15)* 

I ~ - C 
QJ ~s Q' 

22x3!R2 - 24x5IR4+ 26x7!R6 
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From the above equation either the minimum radius can be obtained fo r a given arc 

length and the allowable difference (accuracy) between arc and chord, as indicated in the 

fo llowing table 

arc (, -c) smaller than 

Q 1 mm 5mm 10mm 

5m for R>75 m R>35 m R>25 m 
10 205 95 65 
20 580 260 185 
50 2300 1050 725 

100 6500 2900 2050 

(e.q. for the required accuracy of 5 mm the curves of less than 95 m radii should not be 
laid out with a 10 m arc), 

or, for a given arc and radius the resulting accuracy can be obtained and is indicated in the 
following table. 

(, - c) mm 

R 50m 75 m 100 m 150 m 200 m 250 m 300 m 

~ = 5 m 2 1 0.5 - - ·- - 

10 17 7 4 2 1 0.5 - 

20 133 60 33 15 8 5 4 
50 2083 926 521 232 130 83 58 

100 16667 7407 4167 1852 1042 667 463 

NOTE: When using any of the preceding tables or formulae the end radius of the arc under 
consideration must be utilized, e.g. if 150 m spiral end radius were to be laid out 
utilizing 20 m arc length, the last 20 m of chord should be adjusted by 15 mm i.e. last 
chord should be 19.885 m. Similarly, when considering arcs other than the arc which 
ends at the S.C. or C.S. the instantaneous radius must be determined from the equation 

A' 
r = - 

"/\ 

1 

With the use of the suggested standard form for the tabulation of spiral deflection anjles. 
a numerical example, illustrating four typical locations of the transit on the same spiral, is 
shown on the following pages. 

Numerical example illustrating spiraled curve lay out procedure. 

the P.I. at sta 14 + 236.820 
total deflection angle AT = 32° 41 '35" 
selected: radius R = 500 m 

Spiral parameter A = 250 m 
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Required: complete curve system component's data and all deflection angles of the first 
spiral for laying out purposes, based on 20 m intervals, with the transit set 
up at: a) T.S., b) S.C., c) an intermediate point (P.O.S.1) close to the T.S., 
d) an intermediate point (P.O.S.2) close to the S.C. 

Solution: from Table ill with the entry A/R : 250/500: 0.5 read off 

A/R Ls/R X/R Y/R 0/R P/R L T/R 

0.5 0.25 0.249 609 66 0.010 405 05 0.12493492 0.002 602 71 0.166 803 28 

STIR LC/R 0 C 

I o.osa 457 54 0.249 026 43 7° os: 43.1" 2° 23' 14.4" 2° 23' 13.2" 0° 00' 1.1" 

Multiplying the above values (except the angles) by the actual radius, R : 500 m of the 
above spiral, the actual components rounded to the nearest millimetre are:- 

Ls : 0.25x500: 125 m 
X : 0.249 609 66x500: 124.805 m 
Y : 0.010 405 05x500: 5.203 m 
q : 0.124 934 92x500: 62.467 m 

p : 0.002 602 71 x500: 1.301 m 
L.T. : 0.166 803 28x500: 83.402 m 
S.T. : 0.083 457 54x500: 41.729 m 
L.C. : 0.249 826 43x500: 124.913 m 

es; 7° 09' 43.1" 
¢s: 2° 23' 13.2" 

(compare with the corresponding values shown in Table IV) 

From eq (9) 6c : 18° 22' 08.8" 

From Table II with the entry 6c read off 

6 T E L 

18° 22' 16.16662 1.298 37 32.055 88 

18° 23' 16.181 54 1.30075 32.084 97 
---- 

diff. 1' .014 92 .002 38 .029 09 

.002 19 .000 35 .004 27 

18° 22' 08.8" 16.16881 1.298 72 32.060 15 

T: 5 x 16.168 81 : 80.844 m 
L: 5 x 32.060 15: 160.301 m 
E: 5 x 1.298 72 : 6.494 m 

8.8 
x- 

60 

Fromeq(11),Ts: q+(R+p)tan(6T/2) 

209.500 m 
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and the chainage is: 

P.I. 14 + 236.820 

Ts - 209.500 

T.S. 14 + 027.320 

Ls + 125.000 

S.C. 14+152.320 
L + 160.301 

c.s. 14 + 312.621 

Ls + 125.000 

S.T. 14 + 437.621 

T.S. 14 + 027.320 
L.T. + 83.402 

SP.P.I. 14 + 110.722 

S.C. 14 + 152.320 
T + 80.844 

C.C.P.I. 14 + 233.164 

C.S. 14 + 312.621 
S.T. + 41.729 

SP.P.I. 14 + 354.350 

a) Transit set up at the T.S. (see 'Tabulation' on page 35 ). 
With the transit at the T .S. 

A1 = 0 (always), 
the stations of the .points to be laid out are progressively indicated in the first row, 

A's - distances from the T.S. to the consecutive points to be laid out are indicated 
in the second row (A - row), 

A2 'sand Q's become identical with A's and do not need to be indicated again, 

A/A relations as Table III entries for the corresponding points appear in the fifth 
row (A/ A row), 

relations are always zero with the transit at the T.S. (since)" = 0), 

Q/A relations are identical with AIA relations (since Q's= A's) and ore not repeated 

1 /3 0 A angles can be read off Table ill opposite the corresponding A/ A relations 
as table entries, 

1 /3 0, ,_---- · 
v >-, Az 

CQ 's become CA 's with the transit at the T .S. and can be read off Table ill opposite the 

angles are always zero with the transit at the T.S., 

corresponding A/A relations, 

,p2's become ¢,A's with the transit at the T.S., 

r/>A's can be read directly off Table III opposite the corresponding A/A relations as 
indicated in the eleventh row (,pQ - row). 

Note that only the distance of the first point following the T.S. has to be computed as a difference 
between the station of that point and the station of the T.S. All other distances from the T.S. to the 
consecutive points, except the last one, can be obtained by increasing the distance of the previous 
point by the constant interval, 1H. 
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Similarly, only the 1./A relation fo r the first point fo llowing the T.S. has to be computed as a 
quotient of the distance of that point and the spiral parameter. The 1./ A relations for all consecutive 
points, except the last one, can be obtained by increasing the X/A relation of the previous point by 
the constant val_ue of tniA, which is a simple decimal fraction with definite digit endings. 

Most of the 1./A relations will, unfortunately, fall between the entries indicated in Table ill, 
consequently, the corresponding deflection angle, t/!1., will also be between the table values, hence, 
its explicit value may have to be determined by interpolation. 

In many instances the difference in successive values of deflection angles is such that the 
interpolated value may be determined by inspection to a degree of accuracy consistent with the 
instrument in use. 

Expressing:- 

r 

'• as the difference between the consecutive Table III entries, 
'Pas the difference between the calculated 'A/A relation as table entry for a specific point and 
the nearest lower table entry, and 

',t, as the difference between the ,p's corresponding to the nearest higher and nearest lower 
table entries, then the interpolated increment, ',pp• by which the angle, <1>1. lower, opposite 

. ..§:.2. the nearest lower table entry has to be increased, equals €.' E, or, 

<1>1. interpolated = t/!1. lower + ',pp 

( 

= t/!1. lower + £~ i;- 
Schematically it can be presented as follows: 

the nearest lower table entry} } E 
calculated table entry P 

the nearest higher table entry E. e 

corresponding t/!1. lower } } 
interpolated ,f,). £ ¢ P 

corresponding t/!1. higher E.gi 

Numerically: for P.O.S. 14 + 100, X/A relation is 0.290 72 (see 'Tabulation' on page 35) 

the nearest lower table entry is 0.2905 
calculated table entry is 0.290 72 

the nearest higher table entry is 0.2910 

and '• = 0.0005 (constant for Table ill), 
ep = 0.000 22 (constant for this example), 

•,t, = 10", 

hence, , = 10" x .3.:3._ = 4.4" ,Pp 5 

and t/!x interpolated= 0° 48' 21.1" + 4.4" 
= 0° 48' 25.5" 

corresponding tf>x is 0° 48' 21.1" 
corresponding <1>1. is to be interpolated 
corresponding tf>x is 0°· 48' 31.1" 
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b) Transit set up at the S.C. (see 'Tabulation' on page 36). 

With the Transit at the S.C. 

X, = Ls (always), . 
the stations of the points to be laid out are progressively indicated in the first row, 

X's - distances from the T.S. to the consecutive points to be laid out are indicated in the 
second row (X • row), 

X, 's - the distances from point d to the consecutive points to be laid out, all being 

measured toward the T.S., are indicated in the third row (X, · row), 

Q's - distances from the transit point to the consecutive points to be laid out are indicated 
in the fourth row (2 . row), 

XIA, ~ and 2/A relations as table entries for the corresponding points appear in 
the fifth, sixth and seventh rows respectively, 

1/3 8 X· 1 /3 8~ a✓ ~R :ngles are read off Table ill for the corresponding points 
and pertinent »t«, >-. >-. , st»; relations as indicated in the eighth, ninth and tenth 

A 
row respectively, 

'l'e angles, which with the transit at S.C. become ,i,2, as resulting turning angles for the 
corresponding points are indicated in the last row (.,,2 · row). 

Note that with the transit at the S.C. all straight line corrections, 1/3 8 ~ , are negative. 

c) Transit set up at the P.O.S. 14 + 060 (see 'Tabulation' on page 37). 
With the transit at any intermediate point on the spiral the procedure is very 
similar to that under (b) i.e. as if the transit were at the S.C. 

Note that if the transit point is such that 2X1 < Ls, then some straight line corrections, 

'3 0~ , are negative, some are positive. 

d) Transit set at the P.O.S. 14 + 120 (see 'Tabulation' on page 38 ). 
Since this is just another point on the spiral, the procedure is again very similar to 

that under (b). 

1 

J 

I I 

Note that if the transit point is such that 2X, > Ls, then all straight line corrections, 
(3 8~ , are negative. 

1 
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TABLE V 

Table Va and Vb show values fo r design elements re lated to design speed s and hori  

zontal circular curve rad ii for 2- and 4-lane highways fo r maximum superelevation of 0.06 and 

0.08 respectively. The indicated parameter values are minimum required. Values in excess of 
those indicated (preferably standard ones) should be selected such that, first of all the ratio A/R 
and possibly also Ls (length of spiral; A' /R) are rational numbers. 

TABLE VI 

Table VI shows a list of the standard spiral's parameters (ranging from A; 25 m to 
A ; 1800 m) together with the corresponding constant value K, which is provided in three 
forms, in decimal degrees, decimal minutes and decimal seconds for each standard spiral para 
meter. (This constant K, is also shown under each Table IV in decimal minutes and decimal 
seconds.) 

Referring to the formulae shown on page 19, namely, 

it can be seen that a/A2 appears in all angle formulae. For a particular spiral, i.e. for the same 
parameter A, a/A2 is a constant. Substituting a/A2 by K, the above formulae take the following 
form: 

and since a ; 30hr expressed in degrees, 

a 30 
:. K; A' ; rrA' expressed in degrees 

a 1800 
; 60 A' ; rrA' expressed in minutes 
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a 100000 
= 36002 = --2- expressed in seconds A A l 

From the above formulae it can be seen that any form of this constant K value if multiplied 
by L/, or ;\2, or (;\2 + ;\1 ;\2 ), or Ix+ ;\2 + ;\1) (;\ - X,) it provides, in corresponding units, 

Spiral's deflection angle <l>s, or 

spiral's partial deflection angle ,t,,_, or 

spiral's partial deflection foresight angle 'l'Q, or 

spiral's partial deflection backsight angle .Jib+ 'l'Q 

respectively with the assumption that the corresponding correction angle, C (obtainable from Table 
III), is either negligible or will be applied to the resulting deflection angle. The resulting deflection 
angle, so obtained, will always be in decimal form and, therefore, requires conversion into degrees, 
minutes and seconds. 

Note: The same angle is obtainable directly from Table III with the appropriate entry of A/R or 
LsfA. 

l 

For example given a spiral of parameter A = 200. Determine the partial spiral's deflection 
angle measured from the T.S. to~ point 12.84 m from the T.S. 

Determine constant K from Table VI 0.859 437" 

Determine X2 i.e. (12.84)2 = 164.866 

Hence¢,_= K ;\2 = 164.866 x 0.859 437" = 141.69" = 2' 21.7" 

Note that for this example the correction is negligible but should be considered when it 
is of finite value. 

TABLE VII 

Table VII shows the greek alphabet. J 

J 

- 34 - 



TABULATION 

OF SPIRAL
0

S DEFLECTION ANGLES FOR LAYING OUT PURPOSES 

FROM SPIRAL TABLE ill 

,. 

,,\., = 0 m SPIRAL DATA: 
TRMJSIT AT THE T S 14 + 027.32 fl 'A.= 20 m A = 250 m 

fl}.JA = 0.08 R = 500 m 
--·-- 
T s F 0 S. P. 0 S p 0 S. P 0. S. P.OS P. 0 S S.C. 

14+027.32 40 60 80 -t-100 20 40 14-f- 152 31 

>.. 0 12.68 32.68 52.68 72 68 92.68 112 .68 12 5 

A2 = A. 
--- 
e = A_ 

A/A 0 I o.oso 12 0 130 72 0.210 7 2 0.290 72 0 3 70 7 2 0.450 1, 0.5 

YY:-5:i - 0 ~------ A - 

f/A =A/A 

{- 0A 

I 
3 e VA--;T; = O 
-- ---- 
Ce = CA I 
'f'.e = (!)A 0 oo 01' 285" o0 09' 47.5" 00 25' 26.5" o0 48' 25.5" 1° 18' 44.4" 1° 56

1 
23.1

11 2° 23
1 

13,1 

I 
\_ 

(,l )' -<t l.2 'fe =a A + o --,;,,- - C.e 

=(it> A+ CA)+ (<!>vr;-r, + C-~ )- C,e 

jt;. =½ e.( + -s e,~ - Ce I 
tne r e ro t.o o )../A(=-1,,__=,[r=A)os table III entry,reodoff-

3
1eA inlhe column'-3

1,9' VACs t , ')._ 
w,th the r e ro t,on ~(=~={f =vff ,~ ) os table IIT entry, read off ½eVA-;-T, ,n some column 

, 2 A1 A2 

wdh 

with the r e ro t io n -(/A as table ill entry, read cff C.e_ in the column 'c' 

NOTE: the second term, -3
1 0,,.....-.--(=11>,,--•C,,.--.-=o >..,.l.z), m,ght be either 

vA1A2 v.l1A2 v A1A2 A2 

positive 1f A.2 1s measured from its origin (po,nt d) t0ward the SC. point, or 
negative 1f A,.2 1s measured from its origin (point d) toward the TS. point 

/j, A - is the cons1ant interval between the consecutive points tc be laid out 
o( = 30/'TI') and oil angles ore expressed 1n degrees. 
With tne transit ct TS. the angle ~ becomes lj).._ obtainable directly from Tobie m 
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TABlA..ATION 
OF SPIRAL

0
S DEFLECTION ANliLES FOR LAYING OUT PURPOSES 

FROM SPIRAL TABLE II! 

..l, = L1 = 125 m SPIRAL DATA: 
(NSIT AT THE S.C. 14 + 152. 32 4.l..= 20 m A = 250 m 

t,).../A = 0.08 R = 500 m 

I T. S. P O.S. P. O.S. P 0. s. P.O.S. P. O.S. P. O.S, s.c. 
14+027.32 40 60 BO +100 20 40 14+152.32 

I 
0 12.68 32.68 !12.88 72.68 92.68 112.68 125 

I 250 237.32 217.32 197.32 177.32 157.32 137.32 125 

I 125 112.32 92.32 72.32 52.32 32.32 12.32 0 

0 0.050 71 0.130 71 0.21071 0.290 72 0.37071 0.450 1, 0.5 

li 0.707 107 0.18'} 941 0.659 271 0.628 204 0.595 517 0.560 911 0.524 o., O.!I 

I 0.!I 0.449 2, 0.319 2, 0.289 2, 0.209 2, 0.129 2, 0.049 2, 0 

I 0 o• <>t' 21.!I" r:I' 09' 47.!I" O" 25' 28.!I" <:I' 48' 25.5" 1° 19' 44.1" 1° 59' 23.7H 2" 23' 14.4" ~ 

vx-;r; 4° 4fi 28.7 4° 31' 541.9" 4" 09' 01.a" 3° 44l' oe.r' 3° 23' 11.6" 3° 00' IS.!!" 2° 37' 21.4" Zo 23' 14.4° 

I.I" 0.1" 0.2" 0 0 0 0 0 

= 'tl-41 
4" 44l' ~--· 

4° 30' 29. 111 3° 59' 14.!I" 3° 20' 40.2" Zo 34' 48.1" 1° 41° 31.9" 00 40' !17.7" 0 

' 
~=a(-¼)'+ a ..l~1lz - c.t 

=(~,.+CA) + (t-v,r,r,+ Cvr;x; )- C.t 
l'f, =t a" + -¼ a~ - c,( I 

the rtlotion ).tA/=_L =, /I. = A) os table m entry, read off-3
1 8,1. in tht column'-31 a' IVRL. Vr~ r, -- 

he rt1ation~L~=' lli:, /Xl.=_-,,,!--)as table m:tnlry, read off-½8~in some column r L, V rA,- ·vr;,,, vrA1 'Az Ai A.z 

•• 

ht relation .(/A as table m entry; read off C,( in the column 'c' 

: the second term, ~8_,-;-r-(=♦,rr-.+C,,-,-.-=a~)• might be tither 
" VA, At y ;., .. , V ;., .. , • A' 

positive if .l.2 is mtosured from its origin (point d) teoward the S.C. point, or 
ne9atiwe if >..2 is measured from its origin (point d) toward the T. S. point 

4.l. - is tht constant interval betwffn the consocutivt points le ~• laid out 
a(= 301!r) and all an9IH are expreued in dtQrNs. 
Witt, Int transit at T.S. the on;le ~ btcames ~A obtainable directly from Tail• m 
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TABULATION 

OF SPIRAL'S DEFLECTION ANGLES FOR LAYING OUT PURPOSES 

FROM SP1RAL TABLE ill 

,\ = 32.68 rn i SPIRAL DATA· 
TRAMSIT AT T'1E P. 0 S 14 + 060 6 A= 20 rn I A = 250 m 

6A/A = 0.08 i R = 500 m 
FC· 

T s "' 0 S P OS p 0. S. P. 0. S. p 0. S. P 0. S. I S.C. 
14+027.32 40 60 80 +100 20 40 j14+152.32 

A 0 12.68 32.68 52.68 72.68 92.68 112.68 125 
f---·- ---- -~- 

A.2 65.36 52.68 32.68 12.68 7 .32 27.32 47.32 59.64 
- 

e 32.68 20 0 20 40 60 80 92.32 

A/A 0 0.050 1, 0.130 7, 0.21072 0.290 72 0.3707, 0.450 72 0.5 

-J'{j.,_-=: ---- 

--A-- 0.184 86e 0.1659 .. 
' 
0.130 7, 0.081 4,. 0.061 8e, 0.119 520 0.157 2 .. 0.176 5 •• 

~---·- - 
RIA 0.130 72 0.08 0 0.08 0.16 0.24 0.32 0.369 2 I 

½ 8A 0 00 01' 28.5" 0° 09' 47.5" 0° 25° 26.500 o0 4e' 2.s.5" ,o 18' 44.600 1° 561 23.700 2° 23' 14.4" - ·- 
I o0 19' 34.900 00 15' 46.9" o0 09° 47.5" 0° 03' 47.9" 0002' 11.5" o0 08' " 00 14' 10.600 r:J' 17° 52.0" j-8~ 111 - 
Ce 0 0 0 0 0 0 0.1 " 0.2" 

'f.e 
I o• 19· 34_9" O" 14° 155" I 0 O" 21' 38.6" O" 50' 37.0" 1° 26° 55.7'' 2° 10' 34.2'' 2° 41° 06.2'' 

1 A)' A1 l2 ~ =a b1 + a --;;.,- - Ce 

=(4J>. + c,_) + (<!>-~ + C-.rQ-; )- C, 

h=½ e, + -½-ev;,~;· . Cc I 
wdh ).JA/=-" =, {I = A.) OS l"\✓Rls v,). '1 

table Ill entry,reodoll{8,. ,nthe column'fe' 

w,th the relot,on~/=~)..2=1 ffi=, /IJ.,_~ )as table illentry, read otf~8~in some column r Ls vr;,,~ vr~-2 yrA1'A;, A1A2 

with the r e io t ro n .f/A as table ID entry, read c f f C,< 1n the column 'c1 

NOTE· the second term, -3
1 9,,....-,-(=11>,r.-:-•C,,;-;-=o·~), m,ght be either 

vA1~2 vA1A~ vA.1A: A2 

~~ 1f A2 ,s measured 

~~ 1f A? 1s measured 
from 1t~ or191n {po,nt d) tC'word the S.C po,nt I or 
from ,ts origin ( point d) toward the T :3. po,nt 

LlA - is tne cons1ont interval between the consecutive points tc- tie laid out 
a(= 30/tr) and all on~les are expressed 1n degrees. 
With tne transit at TS the oc<;le ~ tecomes <!>A obtainable directly from Tobie ill 
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TABULATION 
OF SPIRAL

0
S DEFLECTION ANGLES FOR LAYING OUT PURPOSES 

FROM SPIRAL TABLE ill 

"1 = 92.68 m SPIRAL DATA: 
fRAMSIT AT THE P. O.S. 14+ 120 t, ,\. = 20 m A = 250 m 

t,),,jA = 0.08 R = 500 m 

T. S. P. O.S. P. O.S. P 0. S. P. O.S. P. O.S. P O.S. S.C. 
14+ 027.32 40 60 80 +100 20 40 14 + 152.32 

l 0 12.68 32.68 52.68 72.68 92.68 112.68 125 

~2 185.36 172.68 152.68 132.88 112.68 92.68 72.68 60.36 

e 92.68 80 60 40 20 0 20 32.32 

1../A 0 0.050 7. 0.130 1, 0.210 7 t 0.290 7 t 0.37071 0.450 7 t 0.5 

VA,,\.2 0.524 277 0.506 o., 0.475 822 0.443 s .. 0.408 711 0.370 7. 0.328 211 0.299 171 A 

!/A 0.370 7t 0.32 0.24 0.16 0.08 0 0.08 0.12921 

~e.,_ 
I. 

0 00 01' 28.500 o0 09' 47.5" r;f' 25° 26.500 00 48° 25.500 1• 18° 44.6" 1° 56° 23.700 2° 23' 14.4" 

I_ 9 ., 2° 37' 29.2" 2° 26° 42.900 2° 091 43.3° 1• 52° 43.7' 1• 35' 44.200 1• 19' 44.6" 1° 01' 45.o" o• 51° 17.o" 3 ~ .. ' 
'l/ 0.2" 0. 1" 0 0 0 0 0 0 

p .R 2° 37' 29.400 2° 25° 14.500 1• 59° 55.8" 1° 21' 17.311 r;f' 47' 18.7' 0 o0 54' 38.7" 1° 31· 57.4" 

~- ().)' Al l.2 ,, -a A + a ~ - c., 

=(4>:,_ + cA)+ (4>vr;r,-• c~ )- c,, 

!Yt=½ e,. + i e~ - c,, I 
th the relation },,_/A[=---1..._=,{I =A) as table III entry,read 011-

3
1 e,. in the column'-3

1 e' '1RLs Vr>.. rl -- 

th the re,ation~(=~=' ffi=, fE.=-V A )as table TIIentry, read offi-e~in some column 
Ls vr;; v··r~ r"'-1 r.l2 A.1 A2 

th the relation .(/A cs table ill entry, read off C-l in the column 'c' 

OTE: the second term, -3
1 9,,,--,-(=4>,r;--,•C,,-.--,-=o~)• might be either 

v..\..1A2 v.l1A.2 vA1A2 A2 

positive ,I ;1.2 is measured from its origin (po,nt d) tcward the S.C point, or 
negative if ;1.2 is measured from its origin (point d) toward fhc TS point 

t.>... - is 1he cons1ont interval between the consecutive points Io be laid out 
0,= 30tn-) and all on9les ore expressed in degrees. 
With tn·e transit at TS. the on;le ~ becomes l!>A obtainable direct Iv from Table ID 
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TABLES 

a) CIRCULAR CURVE 

r 

TABLES 

a) COURSE CIRCULAIRE 



40 TABLE I-CIRCULAR CURVES: RAC! 1,DfFLEC T IDN AJrriiGL ES, CHORDS ) TABLE r-cnus BE s CIRCULAIRES: RAYONS,A~GLES DE OEfLEXICN,CD~DES 
--- - - ----- - -- --- -- -- ---- - -- ------ -- ----- -- - ------------ ------ ------ - 
RADIUS DEFLECTICN ANGLES FOR ARCS OF RADIUS 
RAYO/ •NGLES CE CEFLEXICN POUR ARCS OE RAYON 

------------------------------------------------- 
I " 10 " 20 " 50 " -- --- -- ---- -- --- -- ---- -- - ---- ------ --- -- --- ----- ---- --- ----- - -- -- -- - 

1 
•NT DEG •NT SEC 

•=•zss•••••••=••••••~••••••••••••••••••••••===•=•••••••=••••••••••••• 
45 38.1972 6 21 58.31 12 43 5b .6 2 31 4q 51. 5b 45 
5C 34. 1775 5 43 46 .-48 II 21 3-2.so 28 38 52 ,40 50 
55 31.2522 5 12 31.35 10 25 2.69 26 2 36. 73 55 
60 2A.6479 4 46 28.73 q 32 57.47 23 52 23.67 60 
65 26.4442 4 24 26. 52 8 48 53.05 22 2 12 .62 ~5 

1 70 24.5553 4 5 33.2C 8 II 6.40 20 21 46.00 70 
75 22.q1e3 3 4q lO.<l9 1 36 21.97 19 5 54. Q4 75 
ea 21.4859 J l4 51.55 1 q 43.10 I 7 54 17.75 80 
85 20.2220 J 22 13.22 6 44 26.45 lb 51 6.12 A5 
qo 19.09Ab 3 10 5q.16 6 21 56. JI 15 54 55. 76 OQ 

95 1s.01n4 0 56.C4 b I 5?.08 Is 4 40.21 q5 ) 100 17. 1887 51 53.24 5 43 46.48 r4 1q 26,20 lOO 
10 5 16.3102 43 42.13 21 24.27 13 36 30,b 7 1D5 
110 15.6 261 36 15.67 l2 31. 35 13 1 18,37 llO 
115 14.9467 2q 28 .o.c. 4 58 56.D7 12 27 20. 16 115 
120 14. 3239 23 14.37 4 46 26. 73 11 Sb I I .BJ 120 
125 13.7510 1 7 30.59 4 35 I .18 11 21 32.% 125 
130 13.2221 12 13.26 4 24 26.52 II I 6. 31 130 
140 12.2777 2 46.60 5 33.20 10 13 53.00 140 
150 11 .lt592 54 35.40 4g 10.qq 0 32 57 .4 7 150 

160 I0. 7430 47 25.78 3 34 51.55 8 57 8.88 160 
170 10. I 110 41 6.61 3 22 13.22 8 25 B.06 110 
180 q_54q3 35 ZS.58 3 10 5q,16 7 57 27 .AQ 180 ) t so q. 046 7 30 28.02 3 0 56. 04 1 32 20 .11 100 
200 8. 5944 25 56.62 2 51 53.24 1 q 43. 10 200 ) 210 8. 1851 21 51.07 2 43 42.13 6 4q 15. 33 210 
220 7.8131 18 7. 84 2 3b 15.67 b 30 3q. 18 720 
230 7. 4134 14 44.02 2 2q 28. 04 6 13 40.09 230 
?40 7.1020 11 37. 18 2 23 14.37 5 58 5.•2 240 
250 6.8755 8 45.30 2 17 30.59 5 43 4b.48 250 ) 280 6. I 388 I I 23.30 2 46.60 b 56.50 280 
300 5. 7296 0 57 17.75 54 35.4q 4 46 2A. 73 300 
320 5.1715 0 53 42. 8C, 47 25.78 4 2S 34.44 320 
340 5. 0 55 5 0 50 33. 31 41 6-61 4 12 46.53 340 
350 4.Slll 0 4q b.b4 36 13.28 4 5 n.2d 350 
380 4. 5 234 0 45 14. 0 I 30 28,02 3 46 10.05 380 
400 4.?972 0 42 '58. 31 25 56.62 3 34 51. 55 400 
4?0 4. og26 0 40 55.53 21 51.07 3 24 37.67 420 
lt50 3.8107 0 38 11.8~ 16 23.66 3 10 5q, 10 450 
475 3,6187 0 36 11.21 12 22.42 3 0 5b.04 4 75 

!:00 3.4377 0 34 22. t: ~ 1 8 45.30 51 53. 24 500 
152'5 3.2740 0 32 44.43 I 5 28.85 43 42. 13 525 
5'50 3.1252 0 31 15.13 I 2 30.27 3b 15.67 550 
575 2.geg3 0 2q 53.61 0 59 47.21 20 28. 04 575 
600 2.8648 0 28 ie. e1 0 57 17.75 23 14.37 600 
650 2.044ft. 0 26 26.65 0 52 53.30 I? 11.20 650 
100 2.4555 0 24 33. 32 0 4q 6.64 2 4b.b0 700 
150 2.291A 0 22 55.lC 0 45 50.20 54 35.4Q 750 

} @CO 2. 1486 0 21 29.16 0 42 58.31 47 25.78 800 
150 2 .0222 0 20 13. 32 0 40 26.64 41 6.61 850 

900 1.qQq9 0 1• 5.92 0 36 11.83 35 2q. 50 OQQ 
550 1. 80Q3 0 18 5.60 0 36 11.21 30 28.02 q50 
000 1.7189 0 17 11.32 0 34 22.05 25 56.62 ooo 
C50 1.6 370 0 16 22.21 0 32 44.43 21 51.07 050 I 000 I. 5626 0 15 37.57 0 31 1 5. 13 18 7. 84 000 
150 1.4q47 0 14 56. AC 0 29 53.61 14 44. 02 150 I 100 1.4324 0 14 19.44 0 28 38.87 11 37. 18 100 
250 1 .3751 0 13 45.0~ 0 21 30.12 8 45. 30 250 
200 1.3222 0 13 13.3] 0 26 26.65 6 6 .b3 200 
300 1.2278 0 12 16.66 0 24 33. 32 1 23.30 300 

5CO I. 1459 0 II 21.55 0 22 55. 10 0 57 17. 75 1 500 ) 500 1.0743 0 10 44.58 0 21 29.16 0 53 42.0q 1 500 
600 1,0111 0 10 b.bb 0 20 13.32 0 50 33.31 1 b00 
7CC o. q549 0 q 3?.Q~ 0 19 5,92 0 47 44. 19 1 700 
000 0 • 8 5q4 0 8 35.6~ 0 I 7 11.32 0 42 58. 3 I 2 000 
100 0.7813 0 1 46.78 0 15 31.57 0 3q 3.02 2 100 r} 500 o.6e75 0 b 52.53 0 13 45.06 0 34 22 .65 2 500 
coo 0.5730 0 5 43.11 0 II 27.55 0 28 38.87 3 000 
500 o.4q11 0 4 54.66 0 q 4q_ 33 0 24 33. 32 3 500 

4 coo 0.4207 0 4 17.83 0 8 35.66 0 21 2q.16 4 000 

4 500 0 • 3820 0 3 49.18 0 1 38.37 0 1q 5.92 4 500 
5 000 0.3438 0 3 26.26 0 6 52.53 0 I 7 11. 32 5 000 
6 oco o.ze65 0 2 51.89 0 5 43.11 0 14 19.44 6 000 
7 coc 0,2456 0 2 27.33 0 4 5-4.66 0 12 16.66 1 000 
8 coo o. 214Q 0 2 A. 92 0 4 17.83 0 10 -44.58 e 000 
q 000 o.1q10 0 I 54.5q 0 3 49.18 0 q 32.96 9 000 

10 000 0.111• 0 1 43.13 0 3 26.26 0 8 35 .bb 10 000 



TA BLE I-CIRCULAR CURVES: RAOll,OEFLECTION ANGLES,CSORDS 41 

TABLE 1-COURBES CIRCULAIRES: RAYONS,ANGLES DE DEFL EX ION! CORDES 

------------------------------------------------------------------------------------------ 
RADIUS CHORD LENGTHS FCR ARCS OF DEFLECTION ANGLES FOR CHORDS OF HOIUS 
RAYON LONGUEURS OE CORDES POUR ARCS OE ANGLES OE OEFLEXICN POUR CORDES DE RAYON 

---------------------------------------------------------------------- 
10 M 20 M 50 M 10 M 20 • 50 • R 

- --- - -- -- --- ---- - --------- -- --- --- ----- - - - ---- - --------- --- ----- ---- ---------- ------ -- -- 
M DEG •NT SEC M 

=:••·---------------------------------------------···••=••······-························· 45 q.q7q4 19.B35B 47 .4674 6 22 45,73 12 50 22,52 H '4 56,36 45 
so 9.9B33 19,B6tS '7.9426 5 .. 21. 01 11 32 13.05 30 0 o.oo 50 
55 9.9B6? 19,B900 48.2959 5 12 57.27 10 ?B 32 .45 27 2 8.49 55 
~o 9.Q884 19.9075 48.5657 4 46 48.69 9 35 38.65 24 37 27.55 60 
65 9.990l 19.9212 48.7763 4 24 42.21 B 50 59 .5B 22 37 11.51 65 
70 9.9915 19,9320 48.S43B 4 5 45,7°6 8 12 47.56 20 55 29.40 70 
75 9.QC)26 lQ.9408 49.0792 3 49 21.19 7 39 44,12 19 2B 10. 39 75 
eo 9.9935 19,94BC 49.1902 l 34 59.96 7 10 50.72 18 12 35. 84 80 
es q.qq4z 19.9539 49.2822 3 22 20.23 6 45 22.78 17 6 16,69 es 
90 9.9949 19.9589 49. ~!i95 3 II 5.C6 6 22 45.73 16 7 39 .4 3 90 

S5 9.9954 19.9631 49.4249 3 I I, C6 6 32.3B 15 15 27.08 95 
!CO 9.9958 19,966T .s.4e08 2 51 57. 54 5 .. 21.01 14 28 19.0'i- 100 
105 9.9962 19,969B 49.5289 2 43 45.85 5 27 54.09 13 46 26.91 105 
110 9.9966 19.Q725 49.5107 2 36 IB.90 5 12 57,27 13 8 11.61 110 
115 g.qg6R 19.9748 49.6071 2 29 30,86 • 59 18.75 12 3J z i , 09 115 
120 9.9971 19.9769 49.6391 2 23 l6.e6 4 46 48.60 12 I 28.92 120 
125 9_9q73 19.9787 49.6t:73 2 17 32. 79 4 35 18.84 II l2 13.05 125 
130 9,9975 19.9803 49.6924 2 12 15.22 4 24 42,21 II 5 14.96 130 
l4C 9.9979 19,98JC 49.7347 2 2 48.17 4 5 45.76 10 17 11.62 140 
l~O 9,99Bl 19.9852 't9. 7688 I 54 36. 77 3 49 21. 19 9 J5 18 .65 150 

I ,a 9.9984 19,9B7C 't9. 7Cib8 47 26.B2 3 34 59.96 59 21.4~ 1m 
170 9.9986 19.9885 49.8200 41 7. 49 3 22 20.23 27 23.47 170 
180 9.Q987 19.9897 49.8)94 35 30.32 3 II 5.06 59 O,BO !BO 
190 9.9988 19,99C8 49.855B 30 28.65 3 I 1.06 33 39.04 190 
200 9.9990 19. 9917 49. B699 25 57.16 2 51 57.54 10 50. 72 200 
210 q_q9g1 1g.qq24 49.8820 21 51.53 2 43 45.85 6 50 13.71 210 
220 9,9991 19,9931 49.8S25 IB 8.24 2 36 18.90 6 31 29.92 2 20 
230 9.9992 19.9937 49.9Cl6 14 44.37 2 29 30.86 6 14 24 .4 7 no 
240 9.9993 19.9942 49 .9C96 II 37.49 2 21 16,B6 5 5B 44.9b 240 
l~O 9.9993 19.9947 49.9167 8 45. 5 7 2 17 32.79 5 44 21.01 250 

280 q.qg95 I 9.9957 't9.9336 I I 2J.50 2 2 48.17 21.06 2 80 
JOO 9.9995 19,996) 49,9421 0 57 17.91 I 54 36. 77 4 46 48.69 300 
370 9.9991, 19.9967 49.9492 0 53 43.02 I 47 26.82 4 2B 50.88 3 20 
340 9.9996 19.9971 49,9550 0 50 33.42 I 41 7.49 4 13 0.23 340 
350 9.9997 1•.9973 49.9575 0 49 6.74 I 38 14,08 5 45. 76 350 
380 0.0997 19.9977 49.9639 0 45 14.09 I 30 28 .6 5 46 19,B6 380 
400 9,9997 19.9979 49. 9675 0 42 58. :rn I 25 57.16 34 59. 96 400 
420 9.9998 19.9981 49.9705 0 40 55. 59 I 21 51.51 24 44.9'3 420 
450 9.9998 19.9984 't9.9743 0 J8 11. 88 I 16 24.04 II 5. 06 450 
475 9.9998 19,99B5 't9.9769 0 J6 11.25 I 12 22,74 I I .06 475 

500 o.099R 19.9987 49.9792 0 34 22.6B I 8 45.57 2 51 57. 54 500 
52 5 9.9998 19.9988 49. 9Bl I 0 J2 44.46 I 5 29 .09 2 4l 45.85 525 
550 9.9999 19.9989 49,982B 0 31 I 5.16 I 2 30.48 2 36 18.90 5 50 
575 c.9999 19.9990 49.9842 C 29 53,6l 0 59 47.39 2 29 30.86 575 
,co 9.9999 19.9991 49.9855 0 28 38.89 0 57 17 .91 2 23 16.B6 600 
,so q_qqqq 19,9992 49.9B17 0 26 26.67 0 52 5 3,4 3 2 12 15. 22 650 
700 9. Q 999 19.9993 't9.9894 0 24 33.33 0 49 6.74 2 2 4B,17 700 
750 9.9999 19.9994 49.9CjQ7 0 27 55. 11 0 45 50.28 I 54 36. 77 750 
BOO 9.9909 19.9995 49.9c;19 0 21 29.16 0 47. 5B.38 I 47 26.B2 800 
e5o 9.9999 19.9995 49.9G28 0 20 13.33 0 40 26.70 I 41 7.49 B50 

900 0.0999 I 9,9996 't9 .9':36 0 19 5.92 0 38 ll,B8 35 30. 32 900 
S50 10.0000 19.999t 49 .c;c;.r.2 0 18 5.tl 0 36 11.2s 30 28.65 950 

I 000 10.0000 l9.99Q7 49.9G't8 0 I 7 11, ll 0 34 22,68 25 57.16 000 
I C5C 10.0000 l 9.99S7 49_9c;53 0 16 22.v 0 32 44.46 21 51,53 050 
I 000 10.0000 19.9997 it9 .9«:57 0 15 37.57 0 31 15,16 I B 8,24 000 

.I l~O 10.0000 19.9907 49.9C:61 0 14 56.el 0 29 53.63 14 "". '3 7 150 
I 100 10.0000 19.9998 49.996't 0 14 19.44 0 2B 38. 89 II 3 7 .49 100 
I 250 10.0000 19.9998 't9 .9c;67 C 13 45.06 0 27 30. 14 8 45.57 2 50 
I 200 IC.0000 19,9998 49.<P;69 0 13 13.33 0 26 26.67 6 6.@8 200 
I JOC 10.0000 19.99qa lt9.<;1:T3 0 12 16.66 0 24 33.J3 I 23.50 300 

500 10.0000 19.9999 49.9G77 0 II 27,55 0 22 55.11 0 57 17.91 500 
500 10.0000 19.9099 "9.qc;eo 0 10 4't.58 0 21 29.16 0 5J 43.02 500 
600 10.0000 19.9999 49.99B2 0 10 6.66 0 20 13.33 0 50 B.42 600 
700 10.0000 19.9999 49.9',84 0 9 32.96 0 19 5,92 0 47 44.88 700 
coo 10.0000 lq.9999 49.9587 0 8 35.66 0 17 11.33 0 42 58. 38 000 
100 10.0000 19.9999 49. 9GR9 0 7 48.78 0 15 37.57 0 39 3.97 100 
~00 10.0000 19,9999 4q_qc;92 0 6 52,53 0 13 45.06 0 l4 22.68 500 
000 10.0000 20.0000 49.999't 0 5 43. 77 0 II 27.55 0 2B l8. 89 000 

l 500 10.0000 20.0000 49 .9«;96 0 4 54.66 0 9 49.33 0 24 33.33 ' 500 
4 000 10.0000 20.0000 49. qc;97 0 4 17.83 0 8 35.66 0 21 2•. 16 4 000 

4 500 10.0000 20.0000 4c;.gc;97 0 3 49.18 0 7 3B.37 0 19 5.92 4 500 

,l[ 5 000 10.0000 20.0000 't9. gc;98 0 3 26,26 0 6 52.53 0 17 11. 3 l 5 000 
6 000 10.0000 20.oooc 49.9G99 0 2 51.89 0 5 4J. 77 0 14 19.44 6 000 
7 coo 10.0000 20.0000 49.9S99 0 2 27. 33 0 4 54 .66 0 I 2 16.66 7 000 
B 000 l0.0000 20.0000 49.9S99 0 2 8.s2 0 4 17.83 0 10 't4. 58 8 000 
9 000 10.0000 20.0000 49.9G99 0 I 54.5q 0 49. 18 0 9 32 .96 9 000 

I 0 oco 10.0000 20.0000 4q.9c;9g 0 I 43.13 0 26. 26 0 8 35.66 10 000 



42 TA~LE IA-CIRC. CURVES: OEGREES,RAOl 1,0EFL. ANCLES,CHOROS 

~ TABLE I A-COURSES CIR(.: DEGRES,RAYO~S,ANGLES DE OEFL. ,CORDES 
----------------------------------------------------------------------- 
DEG•H RADIUS CEFLECTION ANGLES FOR ARCS OF 
DEG•E RAYON ANGLES OE OEFLEX ION POUR ARCS OE 

------------------------------------------------- 
) I • 10 M 20 • 50 M 

--------------------.-------------------------------------------------- 
DEG •NT M -~T DEG ~NT SEC 
=••···••=••••=••···••=••==•••===•===••·••==••·••=••=•••==••=•=•=••····· 
42 0 itl .5RO't 41.3386 6 53 23. I 5 13 4' 46.30 '4 26 55.75 
41 0 42.5945 40. 354 3 6 43 32.60 13 27 5.20 33 31 4?.99 
40 0 43.65<;lit 39.3101 6 31 42.05 13 7 24.Qq 32 48 30.24 } 19 0 44.7789 38. 3e50 6 23 5 1. 50 12 41 42.99 31 59 I 7 .48 
38 0 45.9572 37.401b 6 14 0.94 12 28 l. 89 3l 10 4.72 
17 0 47.1993 36.4173 6 4 10.39 12 e 2e.19 30 20 51.97 
36 0 48.5104 35.4'31 5 54 19. 84 ll 48 3q.oq 29 31 39. 21 
35 0 49.8964 34.448e 44 29.29 II 28 56.58 28 42 26.46 
'4 0 51.3640 33. 4646 34 38.74 11 s l 7 .48 27 53 13.10 
33 0 52.9205 32.4e03 2• 48.19 10 49 36. 38 27 4 0.94 1 
32 C 54.5742 31.4961 14 57.64 l 0 29 55. 28 26 14 48. I<i } 31 0 56.3347 30.51l 8 5 7.09 10 10 14. l 7 25 ?5 35.43 
30 0 58.2125 29.5276 " 55 16.54 9 50 33.01 24 36 22.68 
?9 0 60.2198 28.5'o33 4 45 25.98 9 30 51.•7 23 47 9.92 
28 0 62.3705 27.5591 4 35 35.43 9 11 10.81 22 57 'i7 .11 
27 0 64.6806 26.5748 " 25 44.88 8 51 29.70 22 8 44.41 ) 26 C 67.1683 25.5906 4 15 54.33 8 31 4 8. 66 2 I 19 31. 65 
25 0 t,Q.8550 24.6063 4 6 3.78 8 12 1. 56 20 30 18. 90 
24 0 72.7656 23.622C 3 56 13.23 7 52 26.46 19 41 6.14 
n 0 7'l.97.94 22.6378 3 •6 22.68 7 32 45. 35 18 51 53.39 

22 0 7q. 3ft07 21.6535 36 32.13 7 13 4.25 18 7 40.6~ 

} 71 0 8 3.1607 20. 66"3 26 41.51 6 53 23.15 I 7 13 27.87 
20 0 87.3188 19.6850 16 5 I .02 6 13 •2. 05 16 24 I 5. l 2 
1• 0 91.9145 18.7008 7 o.•1 6 1• 0.9. 15 35 2. 36 
18 0 97.0209 17.7165 57 9.92 5 5'o 19.84 14 45 49.61 
11 0 102. 7280 16.7323 "7 19.37 5 34 38. 14 13 56 36.85 
16 0 109.1485 15. HBC 31 28.82 5 1• 57. 64 13 1 2•. 09 
15 0 116.4250 I 4. 7638 27 38.27 " 55 16.54 12 18 l l. 34 

~ 
14 0 12".7411 13. 779! 17 "7.72 4 35 3 5.4 3 II 28 58. 58 ' 13 0 134.3366 12.7q53 7 51. 17 4 15 54.33 l 0 39 45. 83 

12 0 14'.5313 !l.8110 58 6.61 3 56 13. 2 3 9 50 33.07 
II 30 l5l.85S7 11.3189 53 11,34 3 46 22.68 q 25 5;6.69 
II 0 158.7614 10. e26 e· 'o8 16.06 3 3c 32.13 9 I 20. 31 
10 30 166.3215 10. 33'o6 43 20.79 3 26 "1.57 8 36 43.Q4 

~ 
10 0 IH.6375 9. B'i-2 !: 38 25. 51 3 16 51.02 A 12 7. 56 
q 30 183.8290 9.3504 33 30.24 3 7 0.4 7 1 47 31.18 
9 0 194.0417 8.P583 28 3'o.96 2 51 9. •2 7 22 54.80 
8 30 205.'o559 8.3661 23 H.69 2 47 19.37 6 58 18.'o3 
8 0 218.2969 7.874C 18 4't.41 2 37 28. 82 6 33 42.05 
7 30 232.8500 1. 3819 13 49.13 2 27 38.27 6 9 5.6 7 

) 0 249.4822 6.8898 I 8 53. 86 11 47.72 44 29.29 
6 30 268.6731 6.3976 l 3 58.58 1 51. I 1 19 52.•1 J 6 C 29 I .0026 5.,055 C 59 3.31 5e 6.61 4 55 16.54 
5 30 311.5228 5.4134 0 54 8.03 "8 16.06 4 30 40. 16 
5 0 349.2751 4.9213 0 •• 12.76 38 25. 51 4 6 J.78 
4 45 367.6580 4. 6 752 0 'o6 45.12 33 30.24 3 53 •5.59 

~ 
4 30 388.0834 4.'o29I 0 4'o 11.•8 28 34.96 3 41 21.40 

" 15 410.9118 •• 1831 C 41 49.84 23 39.69 3 ?9 9.21 
• 0 "36.5938 3 •• 370 0 39 22.20 18 44.4 l 3 16 5 l. 02 
3 45 ',65.7001 3.6,09 0 36 54.57 l3 49.13 3 4 32.83 

30 498.9644 3.'t4-49 C J• 26.93 I e 53.86 2 52 14.65 
15 537.3463 3.1988 0 31 59.29 l 3 58.58 2 39 56.46 
0 582.1251 2.9528 0 29 31.65 0 59 3.31 '2 27 38.27 

45 635.0'o56 2.7067 C 27 4.02 0 54 8.03 2 15 20.08 J 30 698.5501 2.4606 0 2• 36.38 0 49 12.16 2 3 1 .139 j 

15 776.1668 2.2146 C 22 8.7" 0 .. I 7.'o8 I 50 41.70 
0 87.l.1877 1,9685 C \q •1.10 0 19 22. 20 I 38 25.51 

45 997.9288 1.7224 0 17 l3.'o6 0 34 26.93 I 26 7.32 
30 ll6'o.2502 l.4764 0 I• 45.83 0 29 31.65 I 13 49. l 3 

~ 
15 1397.1003 1. 2303 C 12 18.19 0 24 36. 38 I 30.94 

l 0 IH6.315'o o.9e•3 9 50.55 0 19 41.10 0 49 12. 76 
0 45 2328.5005 o.7382 1 22.91 0 14 45.83 0 36 54.57 
0 30 3'o92.7507 O.'o921 " 55.28 0 9 50.55 0 24 36. 38 
0 15 6985.501• 0.2'o6I 2 27.6. 0 4 55.28 0 12 18. I 9 

------------------------------------------- 
J 

NOTE: DEGREE OF CUR VE IS BASED ON 100 FT ARC 



TABLE IA-CIR(. CUR~ES: DEGREES,RAOil,DEFL. ANGLES, C>OROS 43 
TABLE IA-COURSES C !RC.: OEGRES,RAYONS,ANGLES OE OEFL. ,CORDES 

---------------------------------------------------------------------------------------- 
CHORO LENGTHS FOR ••cs o F DEFLECTION ANGLES FOR CHORDS OF RAO IUS DEGREE 

LONG. OE CORDES POUR ARCS OE ANGLES OE OEFLEXICN POUR COR OES OE RAYON DEGRE 

-------------------------------------------------------------------- 
10 M 20 M 50 M 10 M 20 M 50 M 0 

------------------------------------------------------------------------------------------ 
M OEG MNT SEC M OEG MNT 

-----------------------------------·--·········--··--·--·-···················-·-··········· q.9759 19.8078 47.Ml5 6 54 23.32 13 54 57.39 36 57 32 .90 41.5804 42 0 
9. ~711 19.8168 47.1783 6 44 28.55 13 34 41.46 35 56 22.02 42. 5945 41 0 
•• 9782 19.8256 47.3121 6 34 33.99 13 14 27. 25 34 55 57 • 90 43.6594 40 0 
9.9792 19.A3-\Z 47.4427 6 24 39.6 3 12 54 14. 72 33 56 17. 73 44.7789 39 0 
9.9803 19.8426 47.5702 6 14 45.45 12 34 3.83 32 51 18.•o 45.9572 38 0 
9.~813 19.8507 41.694 7 6 4 51.47 12 13 54.51 31 58 59.01 47.19•3 37 0 
9.9823 19.8587 47.8160 5 54 57.67 II 53 46. 73 31 I I 5. 82 48.5104 36 0 
9.9833 19.8664 47.9341 5 45 4.04 II 33 40.44 30 4 7.25 4q• 8'H,4 35 0 
9.9842 19.8739 lt8.0491 5 35 10-59 II 13 35. 59 29 1 31.37 51.3640 34 0 
9.9851 I 9.8 812 48.1609 5 25 17.30 10 53 32. 14 28 II 26. 36 52.9205 33 0 

9.~860 19.8883 48.2695 5 15 24.18 10 33 30. 04 27 15 50. 52 54.5742 32 0 
•• 986q 19.8951 48. 3749 5 5 31.21 10 13 29.24 26 20 42.26 56. 3347 31 0 
9.HH 19.9018 48.4771 4 55 38.39 9 53 29. 70 25 26 0.08 58. 2125 30 0 
9. 9 8 8 5 19 •• 082 48.5761 4 45 45.12 9 33 31.37 24 31 42.54 60.2198 2• 0 
9.9893 19.Sl44 48.6718 4 35 53.20 9 13 34.22 23 37 48.32 62. 3705 28 0 
9.9900 1•.no• 48.761t3 4 26 o.81 8 53 38. 19 22 H 16.14 64.6806 27 0 
9.9908 19 •• 262 48. 85 35 4 16 8.55 8 33 43. 25 21 51 4. 78 n.1683 26 0 
9. 9915 19.9318 48.9195 4 6 16.42 8 13 49.35 20 58 13.1 I 69.8550 25 0 
9. 9921 19.9371 49.0221 3 56 24.41 1 53 56. 45 20 5 40.03 72.1656 24 0 
9.9928 19.9422 4q_ 1015 3 46 32. 51 1 34 4.51 Jq 13 24.48 75. 92q4 23 0 

9 .99 34 19.9471 49.1775 3 36 40. 73 1 14 13.47 18 21 25.46 79. 3807 22 0 
9. 9q40 1•.9518 49.2503 3 26 49.06 6 54 23.32 17 29 42.02 83.1607 21 0 
q.qq45 19.9563 49.3197 3 16 57.49 6 34 33. 99 16 38 13.2 3 87.3188 20 0 
•• qq5 I 1q.9606 49. 3858 3 1 6. 01 6 14 45.45 15 46 58. 20 91.9145 19 0 
9_q956 19.9646 49.4485 2 57 14. 63 5 54 57.67 14 55 56.07 97.0209 18 0 
9.9961 19.9684 49. 5079 2 '7 23. 34 5 35 10.59 14 5 6.02 102.1280 l 7 0 
q.q965 19.q720 49. 564C 2 37 32.13 5 15 24.18 13 14 27.25 1Qq. 14A5 16 0 
q.9969 19.9754 49.6166 2 21 40.99 4 55 38.39 12 23 58.97 i i e , 4250 15 0 
9.9913 19.9786 49.6660 2 17 49.93 4 35 53.20 II 33 lt0.44 124. 7411 14 0 
q. CjjC, 77 19 .9 815 4q.7119 2 1 58.94 4 16 8.55 10 43 30.92 134.3366 I 3 0 

q. qc; 80 19.9843 49.7544 58 e.01 3 56 24.41 9 53 29.70 145.5313 12 0 
9. 99 82 19.9855 49.7745 53 12 • 57 3 46 32.51 q ZR 31.98 151.8587 II 30 
9.9983 19.9868 -49.7936 48 17. 14 3 36 40. 73 9 3 36.07 158.7614 II 0 
9.9985 19.9880 49. 81 I 9 41 21. 72 3 26 .t,Q.06 8 38 41.89 166.3215 10 30 
9., 9G86 19.9891 49. 8294 38 26.32 3 16 57.49 8 13 49. 35 174.6375 10 0 
9. 99 88 1•.9901 49.8460 33 30.93 3 1 6. 01 1 48 58. l8 183.8290 9 30 
9. 99 89 I 9.q 91 I 49. 8618 28 35.55 2 57 14.63 1 24 8.88 1•4.0417 Q 0 
9.9990 Jq.9921 49. 876 7 23 40.18 2 47 23.34 6 59 20. 78 205.4559 8 lO 
9. 9991 19.9930 49.8908 18 44.82 2 37 ~2.13 6 34 33.99 218.2969 8 0 
q.,99q2 19.Q9JQ 49.9040 13 49. 4 7 2 27 40. 99 6 9 48.44 232.8500 1 30 

9.99B 19.9946 49. 9164 I e 54.14 2 11 49.93 45 4.04 749.,487.2 1 0 
9.999.tt 19.Q954 49.9279 I 3 58.80 2 1 58. 94t 20 20. 7 2 268.6731 6 30 
q., 9G9'5 19.q961 49.9385 0 59 3.48 I 58 8. 01 4 55 38.39 291.0626 6 0 
9.9996 L9.,Q967 ~9.9484 0 54 8.17 I 48 17.14 4 30 56. 9~ 317. 5228 5 lO 
9.,9997 19."'973 49.9573 0 49 12.86 I 38 26.32 6 16.42 349.2751 5 0 
q.,qqcn 1q.9975 49. 9615 0 46 45 • 20 I 33 ~0.93 53 56.42 367.6580 45 
9.9997 19.9978 49.9654 0 44 17.55 l 28 35. 55 41 36.61 388.08H 30 
9_q999 19.9980 49.9692 0 41 49.90 I 23 40.18 29 16.97 410.9118 4 I 5 
•• 9998 19.9983 49.q727 0 39 22.26 I 18 44.82 16 57.49 436.5938 4 0 
q.9998 19.qq95 49.Q760 0 36 54.6 l I 13 49.47 4 38. 16 465.7001 3 45 

9.9.98 19.9987 49.9791 0 14 26.% I 8 54.14 2 52 18.97 4Q8.9644 3 30 
9.~999 19.9988 49.982C 0 31 59.32 I 3 58.80 2 H 59.92 537.'463 3 15 
q.9999 1q.9990 49. 984t: 0 29 31 • 68 0 59 3.48 2 27 40.99 582.1251 3 0 
9.9999 1q.99qz 4".9871 0 27 4.03 0 54 8.11 2 15 22. I 8 635.0456 2 45 
9.9999 19.9993 49.9893 0 24 36. 39 0 49 12.86 2 3 3.47 698.5501 2 30 
9.9999 19.9994 49.991.lo 0 22 8.75 0 44 I 1. 55 I 50 44.85 776. 1668 2 15 
q.,qqqq l9.0Q96 lt9.<;9l2 0 Is 41.11 0 H 22.26 I 38 26. 32 813.1877 2 0 

10.0000 19.9997 49.9948 0 11 13.47 0 34 26.96 l 26 1. 86 •97.9288 l 45 
10.0000 19.,9998 49.9Q62 0 14 45.83 0 29 31.68 I I 3 49.4 7 1164.2502 I 30 
10.ccoo I•• 9998 .\9.,9973 0 12 18.19 0 24 36. 39 I I 31. 14 13"7.1003 I I 5 

10. 0000 19.99Q9 49.9983 0 50. 55 0 1• 4 I. II 0 49 12.86 1746. 3 754 I 0 
10.0000 19.9999 49.9990 0 22.91 0 14 45.83 0 36 54.61 2328.5005 0 45 
10.0000 20.0000 lt9.999t: 0 55.28 0 9 so , 55 0 24 36.19 3492.1507 0 30 
10.0000 20.0000 49.9999 0 21. 64 0 4 55.28 0 12 18. 1• 6985.5014 0 15 

------------------------------------------------------ 
NOTE: OEGR E DE LA CCURBE EST f!ASE SUR UN ARC OE 100 PC 



.. T ARLF I 1-100 " RAO I US CIRC. Cl°'E: TANGENT,EXTERNAL ANO LENGT .. vs. CfNTRAL OEFLEtrrnN ANGLE 
TABLE I 1-100 • RAYON C OUR BE CIRC.: TANGFNTE,CONTRE-FLECHE ET LONGUEUR vs • -'""GLE DE OEFL. CENTRAL 

-------------------------------------------------------------------------- ------------------------- DEFL. ANG. TAf-4GFNT EXTFRNAL LENGTH DEFL. ANG. TANGENT EXTERNAL LENGTH 
ANG. OEFL. TAf'iGE,-.TE co,-.r.FL. LONGUEUR ANG. OEH. TANGENTE CONT.FL. LONGUEUR 
--- -------------- ---------------------------------------------------------------------------------- 

DEG •NT DEG •NT • ==========z------====--=•-2=•====-•---z==-=-=2zzz==-=-=---===-•-=-=-=-=•=--•=--•-=-===-•••=-=-==•== 
0 0.014 54 o.oco 00 o.c2s OS 21 I. l 78 l 5 o. 006 94 2. 356 19 
0 a.on QQ o.oco 00 O. 05A_ 18 22 l.192 TC o. 007 ll ?.1es 28 
0 o. 041 61 0.000 01 0.087 27 23 I. 207 24 o. 001 2s 2 • 4 l4 '7 
0 o. 058 l B a.coo 02 0.116 36 24 I. 2 2 l 70 o. 007 46 ?. 443 46 
0 0.012 72 C. CCO OJ o. 145 44 25 l. 73b 34 o. 007 64 ?.472 ~5 
0 O. OA 7 21 c.oco 04 O. l 74 53 26 I. 2 50 RB 0.001 82 2. 501 6, 
C 0.101 81 o.cco C5 0.203 62 27 I. 265 4' a.cos or 2. 510 n 
0 a. 116 36 o. 000 07 0.232 71 28 I .279 98 0.008 10 2. 559 82 

q 0.110 00 a.coo 09 Q.261 HO 2Q 1. 2~4 52 Q.008 38 1.588 SI I } 10 o. 145 44 C. COO ll o. 2so 80 30 1.10s 07 O.OOA 57 1.u1 9S 

0 ll c.15q q9 a.coo I 3 Q.319 98 31 l. 321 62 o. 008 76 2 • 64 7 08 
0 12 0.174 s; 0.000 l 5 0. 14g 01 32 1. BA 1 7 o. 008 9s Z. 6 76 l 7 
0 l 3 C. l Rq OB c.oco I 8 o. 378 15 B l. 352 71 o.oos 15 2.7CS 26 
0 14 0.203 62 0.000 21 0. 407 24 34 l. 36 7 26 o.oo• 35 2. TH 35 

I I C l 5 0.218 17 c.cco 2• o. 4 36 B 15 l. 381 8 l o.oos 55 Z • 7f:3 .. 
C 16 0.132 71 c.ooo 27 0.465 42 }6 1. 3qt, l5 o. oos 75 2. 702 5 3 J C l 7 0.247 26 0.000 , 1 0.4Q4 5 l 37 l. 410 90 c. 009 95 2. B 21 62 
0 lR O. 2Al 80 c.ooo 34 0.523 60 1A l.425 45 0.010 16 ?.850 TC 
0 IS o .. :nb 34 o.oco 18 o.552 69 3q 1. 440 00 0.010 37 2:a10 7Q 
C 20 C.290 RS c.ooo 41 Q.5AI TB 40 l. 454 54 O. 0 I 0 58 2.SOB A8 

I 

{ 0 ?I 0.,05 4 3 c.ooo 47 0.610 87 41 1. 460 OS 0.010 79 2. QJ7 97 
C ?2 o. 31S 08 0.000 5 l o. 6 3q 95 42 1. 4A3 64 0.011 01 1.S~7 06 
C 23 O. 3l4 52 c.cco 56 0.66Q 04 43 l.4Q8 19 O. 0 I l n ,. qq1, l 5 
0 24 0.14Q 01 0. 000 61 0.6q8 13 44 l. 512 n O. Cl 1 44 }.025 2, 
0 25 0.363 61 0.000 66 o. 1?1 22 45 1.527 2B Q. 01 I 66 3. 054 33 
C 2' O.HB 16 a.coo 12 0.756 3 l 46 1. 54 l 83 0.011 •• ,. 083 42 

27 a.in 70 C. OCO 77 0.785 40 47 L. 556 3A 0.012 ll 3. l 12 5C ,] 2A 0.407 25 c.cco 83 0.814 4S 48 l.570 93 O.Cl2 34 }. 1, 1 5S 
2s 0.421 70 o.cco es 0.84} 58 4S 1. 'l85 47 0.012 57 1. l 70 68 
30 o. 4 36 34 0.000 05 0.872 bb 50 1.hOO 02 0. Cl 2 AO l. 1 S9 77 

0 31 C. 4':iO 88 0.001 01 0.901 75 51 l. 614 57 Q.013 Ol 1. 2 28 86 
0 ,2 0.465 42 O.CCI oe o.q10 84 52 l .629 l 2 0.011 27 3. 2 '51 q5 
C 31 0.4 7q 97 0.001 l 5 O.S59 q3 53 l. 643 67 0.013 51 3.?AT 04 
0 34 0.494 51 O.COI 22 o. -.aq 02 54 l .658 21 O.Cl3 75 1.316 1 3 
0 35 0.509 06 O.OCI JO I. 01 B ll ss l. 67 2 70 a.on 9Q 3.345 2 l 
0 36 0.523 60 0.001 J7 1. 04 7 20 56 1. b8 7 l l Q.014 23 l. l 74 3C 
0 31 C.538 15 0.001 ,5 I.OU ,s 51 l. 701 P6 0.014 4A l.403 3S 
C 18 o. 552 bq 0.001 53 1. 105 }8 58 L. 716 4 l 0.014 13 3. 4 32 4A 
0 3S 0.567 24 0.001· 61 l.lH 46 5g l. 730 06 0.014 S8 3. 4t:l 57 
0 40 0.5AI 78 0.001 ~· I. 163 55 0 1. 745 51 o. 015 23 3. 4QQ S6 

0 41 0.5qt, 33 O.OCl 78 l. l S2 64 l. 760 06 Q.Cl5 49 3. 5 1g 75 
0 42 0.610 87 0.001 87 I. 221 73 1. 774 60 0.015 7' 3. 54B 84 
0 43 0.6 25 42 0.001 06 1.250 82 l. TBS 15 O.Cl6 00 3. 5 77 S2 
0 44 0.6 39 S6 a.CO2 05 l. z7q SI 4 1 .fl03 70 0.016 27 3.607 Ol 
0 45 0.6'54 51 0.002 1, 1.309 00 5 I. 8 l B 25 0.016 53 1. 6 36 IC 

~ 
0 46 0.669 05 0.002 24 I. 33B OS 6 1.8}2 BO o. Cl6 TS l. 665 l q 
0 4 7 0.683 60 0.002 34 I. 36 7 l 7 7 1. 84 7 35 0.011 06 3. 694 2P 
0 48 0.698 14 0.002 .. 1.3q6 26 I. 86 l qo 0.011 33 }.723 37 
0 4q 0.112 6S 0.002 54 l. 4 25 35 s 1.81b 45 0.017 60 l. 1 ~2 46 
0 so 0.121 2} a.CO2 64 1. 45'- 44 10 I.BS! 00 0.011 88 }. 781 55 

0 51 0.741 Ta a.CO2 75 1. 48 3 53 2 II I. S05 55 0.018 l 5 }.810 64 
0 52 0.756 32 o.cc2 86 l. 512 62 2 12 l .q20 10 O.CIA ,i 3. a·is 72 
0 53 0.110 87 0.002 ST 1. 541 71 2 l 3 l .Q34 65 0.018 71 }.868 8 l 
0 54 o. 7 85 41 O. C03 oe l. 570 AO 2 14 1.q4q 20 O. CIS 00 3. BGT 90 
0 55 o.1qq S6 O.OC3 20 l.5QQ BS 2 l 5 l .9h3 7< 0.010 28 3. 02b ss 
C 56 O.Rl4 50 0.003 32 l. 628 ST 2 16 I.OTB 30 O.OlQ 57 3. 956 08 
0 57 0.R29 05 0.003 .. I. 658 06 2 17 1.qq2 85 0.010 86 3. 9e5 l 7 
0 58 0.843 60 0.003 <6 1.687 15 2 l 8 2.001 40 o. 020 15 4.014 26 
0 59 0.8 58 14 0.003 6B 1. 716 24 2 19 2.021 S5 o.c20 44 4.043 ~5 
I 0 O. B 72 69 0.003 81 1.7'5 33 2 20 2 .036 50 o. 020 73 4.017 4' 

0.887 2} 0.003 94 I. 774 42 2 21 2 .051 05 o. 021 0} 4. 101 52 
0.901 78 o.oo, 07 l.803 51 2 22 2.065 60 0.021 33 4. l ~O 'I 
O.91b 32 0.004 20 l. 832 60 2 23 2.080 15 0.021 63 4. 15q TC 

4 0.930 87 0.004 33 I .861 68 z 24 2.0Q4 70 0.021 S4 4. 1 es 79 
5 0.9 ... 5 '1 o.oo, ... 7 1.8so 77 2 25 2. 109 25 0.022 24 4.217 88 
6 0.959 S6 O.C04 61 1.s1s 86 2 26 2.123 80 0.022 55 4.246 97 
7 0.97' 51 0.004 75 1.q,5 gs 2 27 2.138 35 0.022 B6 4. 276 Ob 
A 0.989 05 0.004 89 1.q78 04 2 28 2.152 SI 0.023 l 7 4.}05 15 
s 1.001 60 0.005 04 2.001 13 2 2q 2.167 46 0.023 49 4. 334 23 

10 1.018 14 0.005 18 2.036 22 2 30 2. 182 01 O.C23 80 4.}63 32 

II 1.032 69 Q.005 33 2.065 31 2 31 2.lQb 56 a. 024 12 4. 3S2 41 
12 1.047 24 0.005 48 2.os ... 40 2 32 2. 211 ll o. 024 44 4. 421 50 
13 1.061 18 0.005 64 2.121 '8 2 33 2.225 66 0.024 76 4. 450 59 
14 I.OH H 0.005 79 2.152 51 2 14 2. 240 21 o. 025 OS 4. 4 7Q 68 
15 1.090 81 0.005 95 2.191 66 2 35 2.254 77 0.025 42 4.508 11 
16 1.105 42 0.006 II 2.210 15 2 36 2.269 32 o. 025 75 ,. 537 86 j 

J 
11 1.119 97 0.006 27 2.239 84 2 37 2.283 AT 0.026 08 .\. 566 94 
1B l.!H 51 0.006 .... 2.268 93 2 38 2.298 ,2 0.026 41 4.596 03 
1 s 1.1"'1 06 0.006 60 2.298 02 2 3S 2. 312 07 o. 026 75 4.625 12 
20 I. 163 61 0.006 11 2. 321 II 2 40 2.327 53 0.021 08 4. 654 21 



TABLE 11-100 • UOIUS CIRC. CURVE: TANGENT.EXTERNAL ANO LENGTH vs. CENTRAL OHLE CT ION ANGLE 45 
TABLE 11-100 • RAYON COU~8E CIRC.: TANGENTE,CONTRE-FLECHE ET LONGUEUR vs. ANGLE DE □EFL. CENT UL 

--------------------------------------------------------------------------------------------------- 
DEFL. ANG. TANGENT EXTERNAL LENG TH DEFL. ANG. TANGENT EXTERNAL LENGTH 
ANG. DEFL. TANGENTE CONT.FL. LONGUEUR ANG. □EFL. TANGENTE CONT.FL. LONGUEUR 
-------------------------------------------------------------------------------------------------- 

DEG •NT • DEG •NT M 
•- •• aas •a••• :sa•a-:a:a za• ••a :aaaas • z•• ••--••••=-:•=:a :a:.z ::i::• ::,:z:zz.a: •••=• •==•• zz as•z •••-•••• ••••a:::••••••••••• as 

2 41 2.342 08 0.027 42 4.683 30 4 I 3.506 64 0.061 46 1.010 41 
2 47 2. 356 63 0.027 76 4.712 39 4 2 3.521 20 0.061 98 1. 039 49 
2 43 2.371 18 Q.028 II 4.741 48 4 3 3.535 76 o. 062 49 7.068 58 
2 44 2. 385 74 0.028 45 4.110 57 4 4 3. 550 33 o. 06 3 00 1.091 67 
2 45 2.400 29 0.028 80 4.199 66 4 5 3. 564 89 Q.063 52 7 .126 76 
2 46 2.414 84 0.029 15 4.828 74 4 6 3.579 45 o. 064 04 7.155 85 
2 47 2.429 39 O.C29 51 4. 85 7 83 4 1 3.594 02 o. 064 56 7. I 84 94 
2 48 2.443 95 0.029 86 4.886 n 4 8 3.608 58 0.065 o• 1. 214 03 
2 49 2. 458 50 Q.030 22 4.Sl6 01 4 9 3. 623 14 0.065 61 7.243 12 
2 50 2.473 05 0.030 se 4.945 10 4 10 3.637 71 0.066 14 7. 272 21 

51 2.487 61 O.C30 94 4.974 19 4 II 3 .ti52 21 0.066 67 7 .• 301 29 
2 52 2. 502 16 0.031 30 s. 003 28 4 12 3 .666 83 o. 067 21 1. 330 3e 
2 53 2.516 11 0.031 66 5.032 37 4 13 3.681 40 0.067 74 1. 359 41 
2 54 2,531 27 O.C32 03 5. 061 45 4 14 3.695 96 0.068 28 7.388 56 
2 55 2. 545 82 0.032 40 5.090 54 4 15 3.710 53 O.C68 82 7.417 65 
2 56 2. 560 38 0.032 11 5.119 63 4 16 3.725 09 O.Ob9 36 7.446 74 
2 57 2. 574 93 0.033 15 5.148 12 4 11 3.139 66 a. 069 90 1.41'5 83 
2 58 2. 589 48 0.033 52 5.177 81 4 18 3. 754 22 0.010 45 7 • 504 n 
2 59 2.604 04 0.033 90 5. 206 9□ 4 19 3.768 79 0.070 99 7.534 00 

0 2 •• 18 59 0.034 2e 5.235 99 4 20 3.783 15 o. 071 54 7.563 OS 

2.633 15 0.034 66 5.265 08 4 71 3. 797 92 a.en 09 7.5Q2 18 
2.64 7 10 0.035 0~ 5.294 17 4 22 3.812 48 0.012 65 7.621 27 
2.662 26 0.035 43 5.323 25 4 23 3.827 05 a.on 20 7.650 36 

4 2,676 81 0.035 @2 5.352 34 4 24 3. 841 61 0.073 76 7.679 45 
5 2,691 37 a.a 36 21 5.381 '3 4 25 3.856 18 0.074 32 7. 708 54 
6 2. 705 92 0.036 6C 5.410 52 4 26 3.870 74 0.074 89 7. 737 63 ,,. 
7 2.120 48 0.037 00 5.439 61 4 27 3.885 31 0.075 45 7.766 12 
8 2. 735 03 a.on 39 5.468 10 4 28 3.sqq 88 O.C76 O? 1. 7rp; BO 

' 9 2,749 59 a.on 79 5. "q7 79 4 29 3,914 4' 0.076 59 7.824 89 
3 10 2. 764 14 0.038 20 5. 526 88 4 30 3.929 01 0.077 16 7.853 98 

II 2.778 70 a. C38 60 s. 555 96 4 31 3. 943 58 0.077 73 7.883 07 
12 2. 793 25 0.039 00 5.585 05 4 32 3,958 14 0.078 30 7.912 16 
13 2.807 81 a.a 3° 41 5.614 14 4 33 3 .972 11 0.078 88 7.941 ZS 
14 2.822 36 0.039 82 5. 64t 1 23 4 34 3.9e7 ?8 0.079 46 7. 970 34 
15 2. 836 9z 0.040 2) 5.672 32 4 35 4.001 85 o.c00 04 1.qqq 43 
16 2. 851 48 0.040 65 5.701 41 4 36 4.016 41 0.000 63 8.028 SI 

3 I 7 2. 866 03 O. C41 06 5.730 50 4 37 4.010 98 □.ORI 21 8.057 6C 

' 18 2. 880 59 0.041 48 5.759 59 4 38 4.045 55 o. 08 I 80 A. 086 60 
19 2.895 15 0.041 90 5.788 68 4 39 4.060 12 0.082 39 8.115 78 
70 2.909 70 0.042 32 5.817 76 4 40 4.074 60 0.082 98 8.144 87 

3 21 2.924 26 0.042 75 5 .. 846 85 4 41 4.089 ?6 Q;083 58 8.173 96 
22 2. QJ8 82 0.043 I 7 5.875 94 4 42 4.103 83 0.084 17 R.203 05 

3 23 2.953 37 0.043 60 5.905 03 4 43 4.118 39 0.084 11 0. z 32 14 
3 24 2.967 93 O. C4i4 03 5.'B4 12 4 44 4.132 06 0.085 37 8.261 23 
3 25 2.982 49 0.044 47 5. 96 ~ 21 4 45 4. l-4 7 53 0.085 97 e.zqo 31 

26 2.9cn 05 0.044 90 s.qin 30 4 46 4.162 I 0 0.086 58 8. 31 q 40 
3 27 3.011 60 Q.045 34 6. 02 I 39 4 4 7 4.176 61 0.087 18 8.348 4S 
3 28 3.026 16 o. 045 78 6.050 47 4 48 4. lql 24 0.087 79 0. 317 58 
3 29 3.040 12 0.046 22 6.079 56 • 49' 4.205 81 0.088 41 B ... Ob 67 
3 30 3.055 28 0.046 66 6. 108 65 4 50 4.220 38 o.C89 02 8. 435 76 

31 3.069 83 O.C47 11 6.131 74 4 51 4. 234 9i O.CR9 63 8.464 85 
3 32 3.084 39 0.047 56 6.1.6 83 4 52 4.249 52 0.090 25 8.493 94 
3 33 3.098 95 O.C48 01 b. 195 92 4 53 4.?64 09 0.090 81 R.523 02 
3 34 3.113 51 0.048 46 6.225 01 4 54 4.278 66 Q.091 40 8.552 II 
3 35 3. I 28 01 0.0'98 91 6.254 LO 4 55 "· zc:n 24 a. □92 12 B.1581 20 
3 36 3. 142 63 0.040 37 6.283 19 4 56 4. 307 81 o. osz 74 8.610 29 
3 37 3. I 57 19 o.049 83 6.312 27 4 51 4. 322 38 0.093 37 ~- 6 39 38 

' 38 3. I 71 74 o.oso 29 6. 341 36 4 58 4.336 95 0.094 00 8.66~ 47 

3 39 3. I 86 30 O,C50 15 6. 370 45 4 59 4.351 52 a. 094 63 8.697 56 
3 40 3.200 86 0.051 21 6. 399 54 5 0 4 .. 366 09 o. 095 27 0. 726 65 

3 41 3.215 42 O.CSI 6e 6.428 63 4.380 67 0. 095 91 8. 755 74 
3 42 3.229 98 0.0~2 1i 6.451 72 4. 395 24 0.096 54 A. 784 82 
3 43 3. 244 54 0.052 62 6.486 81 4.409 81 0.097 18 8.813 •1 
3 " 3.2 59 I 0 0.053 09 6. 515 90 4 4.424 38 0.097 83 8.843 00 

' 45 ~- 273 66 0.053 51 6. 544 98 5 "-'t38 06 a. □98 47 8.872 09 
3 46 3.288 22 o. C15't 05 6. 5 74 07 6 4 .453 53 o. 099 12 R.901 18 
3 47 3.302 78 0.054 53 6.603 16 1 4.468 10 o. 099 11 a. q ~o 27 
3 48 3.317 34 0.055 0 I 6.632 25 5 8 4.4A2 68 a. 100 42 8.959 36 
3 49 3.331 90 o.C55 49 6.661 34 5 9 4.497 7S 0.101 08 8.988 •s 
3 50 3.346 46 a.ass se 6.690 43 5 10 4. 511 8) 0.101 n 9.017 53 

3 51 3. 361 02 0.056 41 6.719 52 5 II 4.526 40 0.102 39 9.046 62 
3 52 3. 375 58 0.056 96 6. 748 61 5 12 4.540 97 o. 103 05 9. 07Si 71 
3 53 3 .. 3qo 15 0.057 45 6. 777 70 5 13 4.555 55 0.103 71 9.104 80 
3 54 3. 404 71 0.057 94 6.806 78 5 14 4.570 12 0.104 38 9. I 1, R9 
3 55 3.419 27 O.C58 44 6.835 87 5 15 4. r:;84 70 0.105 04 9.162 9e 
3 56 3.433 83 0.058 94 6.864 06 16 4.5gq 27 0.105 71 q.1 sz 07 
3 57 3.448 39 0.059 44 6.894 05 17 4.613 85 a. 106 38 9. 72 l 16 
3 58 3.462 95 0.059 94 6.923 14 18 4.628 42 0.107 05 9.250 25 
3 59 3.477 51 C.060 45 6.952 23 19 4.643 00 0.107 73 9. 279 33 
4 0 3.4-92 08 0.060 95 6.981 32 20 4.657 57 a. 100 41 9.30R 42 



4b T .IRLE 11-100 M A>OIUS CIRC. Cl:R'vf: TANGENT,EXTERNAL ANO LENGTt-1 vs. CFNTRAL OE FLEC TI nN ANGlf 
l ARLE 11-100 M RAYON COURSE CIRC.: TANGENTE,CONTRE-fLECHE ET LONGUEUR vs. ANGLE OE OEFL. CENTRAL l -------------------------------------------------------------------------------------------------- OEFL. ANG. TANGENT EXTF.RN.Al LE NG TH DEFL. ANG. TANGfNT EXTERNAL LENGTH ) ANG. DEFL. TAPiGENTF CONT.Fl. LONGUEUP ANG. OEFL. TANGENTE CONT.Fl. LONGUEUR -------------- ------------------------------------------------------------------------------------- DEG MNT • DEG MNT M 

==:aaaa-a-::zz::z=••=•====••••••=•••=•=•====•••=••••=••••••==••••••••••a•••=====•••••••••=••=•=•••• 
5 71 '4.6 7? 15 0. lCS OS S.337 5 I 6 41 s. a 38 S3 0.110 12 11. t,64 62 
s 22 4.686 73 O. !OS 11 q., 366 60 6 42 5.853 52 o. 171 I 1 l l .6Sl 71 
5 23 4.701 30 0. I lO 45 q.,3q5 6S 6 43 5.868 12 0.112 03 i i , 722 Jg 
5 24 4.715 88 O. 111 l4 q.,424 78 6 .. 5. 882 71 o. 172 88 11. 751 88 
5 25 4. 730 46 O. l ll 82 q. 453 87 b 45 5.897 31 O. l 73 74 11.780 SJ 
5 26 4.745 o, 0.112 5 l S.4A2 % 6 46 ,:;.ql l so O. l 74 bO 11. H 10 00 
5 21 4. 7'jq 61 0.111 21 9.512 C4 6 47 5 •026 50 o. l 75 46 ll.8JS 15 
5 28 4.774 IS O.ll3 so q.541 13 6 48 5 .941 os o. 111-,, 33 11. 808 24 I 

} 5 2s 4. 7AA 11 0.114 60 9.570 22 6 4Q 5.Q55 hQ o. 177 19 11. 897 ll 
5 30 4.A03 34 O. l 15 2G q_5qq 31 b 50 5 .q70 2S Q.178 06 ll.S26 42 

JI 4.817 92 0. l 15 QS 9.628 40 6 51 5 .984 88 0.17A 9) 11. S55 51 
32 4.A32 50 0.116 10 S.657 4S b 52 5 _qq9 48 O. I JS 8 l l l. q@4 59 

5 33 4.847 08 0.111 40 9.686 58 6 51 6.014 08 O. ldO 68 l2 .O l 3 68 
34 4.Abl b6 o. 118 11 9. 715 b1 b 54 6.02A 67 0.181 56 12. 042 11 I 

~ 
35 4.876 24 0.118 e2 9.744 15 6 55 h .04 J 21 o. 182 44 12 .o 71 A6 
)6 4.~90 82 0.11s 53 9. 773 84 b 56 6.057 81 Q. 18 l 32 l2.100 95 
31 4. 905 40 O. l 20 24 9.802 SJ 6 57 6 .07? 47 o. 184 20 12. l 30 04 
38 4.Ql9 97 O. l 20 % S.832 02 • 58 6. 087 00 0.185 09 12. 159 l 3 
3Q 4.9 34 55 o. 12l 6e 9.8bl ll h 59 6. 101 66 0.185 SB 12.188 22 
40 4.949 ll o. 122 JS S. 8SO 20 1 0 6.116 26 o. 186 87 12.211 30 ' \ 41 4.96, 71 O. I 21 12 q.01q 2S 6. l 30 86 o. 187 1h 12.24S JS 
42 4.978 2S O. l 23 84 q_ 948 38 6.145 4b 0.18A bb 12.275 48 l 5 43 4 .QQ2 88 0.124 51 9.977 47 6. t so 06 0.189 55 12.104 57 

' 44 ,;.001 40 0. 125 2G 10.006 55 4 t-,. J 74 66 o. lQO 45 12.333 66 
45 5.022 04 o. I 26 02 10. 0)5 b4 5 6. 189 26 o. 191 35 12. 362 75 
46 5 .o ,6 62 O. l 2b 76 10.064 73 1 b 6. 203 86 o. 1Q7. 25 12. lSI 84 
47 5.051 20 0.121 49 10.os3 82 1 1 h. 218 4b 0. lQ 3 lb 12.420 93 
48 5 .065 78 0.128 23 10.122 Sl 1 8 6.2~3 Ob 0.194 01 12. 450 02 .. 5.080 lb 0.128 q) 10. 152 00 1 9 6. 247 66 O. lQ4 SR 12. 4 7Q 10 
50 5.094 q5 o. l 29 71 10. l Bl OS 1 10 6. 262 26 a. 1 q,; 89 12.508 l S 

51 5. l OS 5) c. l JO 45 10.210 l 8 ll 6. 776 a• a. 196 80 12.5H ?e 
52 5.124 11 o. l 31 20 10. 2 3Q 26 12 6. 2S l 47 O. IS7 12 12. 56b 31 
51 5. l 38 OS O. l ll S4 10.2b8 35 13 "• 10b 01 0. l Q8 b4 12.5S5 46 
54 5.153 28 o. l 32 bS 10.2s1 .. 14 o. 320 b1 0.199 56 l 2. 6 24 55 
55 5.lb1 86 0.131 .. 10.126 53 15 6. 335 71 0.200 48 12.653 b4 
5b 5.182 44 0.134 20 10. 355 62 16 6. 349 A8 0.201 40 12.687 n 
SJ 5.197 03 o. l 34 95 10.384 71 l 7 6. 364t 48 o. 202 3) 12. 7 l l Al 
58 5. 211 hi o. 115 71 10. 413 80 18 6. 3 7q 08 o. 203 26 12. 740 so 
5S 5. 2 7b 19 0. J 16 47 10. 442 as 1 19 h.~93 6S o. 204 19 12.7t;Q oq 
0 5.240 78 0.137 23 l0.4ll SB 1 20 ..,_ 408 2S o. 205 12 12.79S 08 

• 5.255 lb o. l 38 00 10.so1 06 21 b.422 90 0.206 Ob 12.828 I 1 
6 5.26S S5 o. l )8 11 10.5)0 15 27 6. 4 3 7 50 0.20b ss 12.857 2b 
6 5.284 51 0.139 53 10.55S 24 23 6.452 10 0.201 93 12. 8Ab 35 
6 4 5.299 l 2 0.140 30 10.588 33 1 24 6.466 11 0.208 87 12. SI 5 44 
b 5 5.313 10 o.i4t 08 10.bll 47 1 25 6. 48 l 12 0.20s 82 12. 944 53 
6 b 5. 3 28 2S o. l 41 85 10.646 51 26 6.4<P; qz o. 210 76 1z.cn3 '1 
6 1 5. 342 87 o. 14? 0~ 10.675 60 21 6. "ilO Sl o. 211 71 D.002 10 
6 8 5.)57 46 0.1'3 41 l O. 704 bS 1 28 •• 525 13 0.212 66 13.031 Jg 
b q 5.H2 05 0.144 19 10. 733 11 29 6. 539 74 0.213 bl ll.060 RB 
6 10 ~.3A6 b3 0.144 q7 10. 762 86 30 6. 554 )5 0.214 51 13.089 01 

f 11 '5.401 22 0.145 10 10.1q1 95 1 JI 6. 568 95 0.215 52 l l. l IS 06 
b 12 15.415 81 0.146 55 10.821 04 1 32 6.583 56 0.216 4A 13. 148 IS ) f ll 5.4 30 Jq 0.147 )4 10.850 13 1 J3 6. ')9,- l l 0.217 .. l l. l 77 24 
6 14 5.444 gs o. 148 13 10.879 22 14 6. 612 78 0.2[8 41 ll.20b 32 
b 15 5.459 57 0.148 92 10.90R ll 35 h.627 38 o. 21 S 31 13.235 •l 
6 16 5.474 16 O. l4S 12 IO.SH 40 1 3b 6.641 ss 0.220 34 11. 264 50 
6 17 5.4A8 74 o. l 50 52 10.96f, 4S 1 37 6.656 6C o. 221 31 ll.2SJ 50 
6 18 5.503 31 0.151 32 lo. SS5 57 1 38 6.671 21 0.222 28 13. 322 68 
6 IS 5.517 92 0.152 12 11.024 b6 1 39 6.685 82 o. 22 3 25 11.351 11 
6 70 5.532 51 0.152 S3 11.053 75 1 40 h.100 4) 0.224 23 13. 380 86 

b 21 5.54) 10 0.153 73 11.082 84 41 6. 715 04 0.225 21 13.409 G5 
b 22 5. s e i 6S O. l 54 54 11.111 S3 42 h. 7 ?9 65 0.226 IS 13_430 04 
6 23 5.576 28 0.155 )5 11.141 02 43 6.744 2b 0.221 17 13.H8 12 
6 24 5.590 87 O. l 56 17 11. I 70 11 44 6.758 81 0.228 l 5 13.497 21 
6 25 5.b05 4b 0.156 98 11. ISS 20 45 6. 773 48 0.22s 14 13.526 30 
b 2b 5.b20 05 0.157 80 11. 228 28 46 6.788 OS o. 230 l3 l l. 55" 3S 
6 27 5.634 b4 O. l 58 b2 11.251 37 47 6.802 70 0.231 12 13. 5@4 48 
6 28 5.649 23 O. I 5S 44 11.286 4b 48 6.817 32 o. 232 11 ll.bl3 51 
6 29 5.663 82 o. i eo 21 11. 3 l 5 55 4S 6. 8~1 S3 o. 233 10 I J. 642 bO 
6 30 5.678 41 0.161 09 1 l. 3't4 6~ 50 6. Rlt6 54 o. 234 10 13. 6 71 75 

6 31 5.bqJ 00 0.161 S2 I l. 373 73 51 6. 861 l 5 0.235 10 13. JOO 83 
6 32 5.707 59 0.162 75 11.402 82 1 52 6. 8 75 11 0.23b 10 13. l 2S S2 
6 33 5.722 l'I O. lb3 5! 11.431 SI 1 53 6.8SO 38 0.237 11 13. 75S 01 
6 34 5. 73b 78 0.164 42 11.461 00 1 54 b.QQ4 9S 0.238 11 n. z aa 10 
6 35 5.751 37 O. lb5 25 ll.490 08 1 55 6.9}q 6 l 0.239 12 ll.817 19 
6 36 5.765 9b o. 166 09 ll.519 17 1 5b b.93't 27 0.240 13 13.846 28 
6 37 5.780 56 0.166 93 11.548 26 1 57 6.948 84 0.241 14 lh875 31 
6 38 5. 795 15 o. 167 78 ll.577 35 1 58 6.963 45 0.242 lb 13.~04 ~6 
6 39 5.sos 74 0.168 62 11.606 44 1 59 6.q79 01 0.243 17. n.s33 55 
b 40 5.824 34 0.16S 47 11.635 53 8 0 6.S92 68 0.244 19 13.962 63 



TABLE 11-100 " RADIUS C(RC. CURVE: TANGENT,EXTERNAL ANO LENGTe vs. CENTRAL DEFLECT JO~ ANGLE 47 
TABLE 11-1 DO • RAYON COURSE C !RC.: TANGENTE,CONTRE-FlECHE ET LONGUEUR vs • ·ANGLE 0£ OEFL., CENTRAL 
--------------------------------------------------------------------------------------------------- 
Offl. ANG. TANGENT EXTERNAL LF NG TH DEFL. ANG., TANGENT EXTERNAL LENGTH 
ANG. OEFL. TANGENTE CONT .FL. LONGUEUR ANG. OEFL. TANGENTF CONT.FL. LONGUEUR 
--------------------------------------------------------------------------------------------------- 

OEG MNT ~ DEG MNT • 
z- ---sa-:z:•-=----:zz---~zz-zz:zz-:zz~-z-----zz-zz-------z--=~---~-z-------:------------------~--= 

,. 007 30 o. 2'5 21 13.SSI 77 q 21 8.177 5 7 o. 333 81 lb.HB 83 
7 .021 SI 0.246 23 14.020 81 q 22 8. IS2 ?I o. 33S 00 11:,. 347 s, 
7 .,Olb S3 o. 2't 1 26 14.049 so 0 ?3 a.100 es 0. 3 lb 20 16.377 01 

4 1. OSI 1 S o. 248 2~ 14.078 qq q 24 8. ?21 so 0. 33 7 40 l b.40b OS 
8 5 7 .06S 76 0.249 31 14. 108 06 9 ?5 A. 216 14 Q.336 60 16.4 35 18 
8 6 ,. 060 36 o. 2 50 1~ 14. 1 J 7 17 9 26 6.?50 ,e O.JH 80 16. 464 ?1 
8 1.oqs 00 0.251 38 14. l6b 26 q 27 6.?6S 41 o. 341 00 lb. 493 36 
8 7. )OS 61 0.252 41 14. 195 14 q ?8 6.260 07 0. 342 21 16. 522 45 
8 q 7.1?4 21 0.253 4S 14. ?24 43 q 2s 8.294 71 o. 14 3 42 lb. 551 S4 

8 10 7. 1 36 85 o. 254 4q 14. 25 3 5? q 10 8. 10g 36 o. 344 61 16. S 80 61 

6 II 7 .1 S3 47 0. ?55 53 14. 282 61 q 11 8. "124 00 o.345 85 I 6. 60q 12 
8 12 7 .168 09 0.256 58 14. 311 1C 0 32 e. 336 o• 0- 34 7 06 I,,. i<:, ~8 6 I 
8 13 7 .182 71 0.257 62 14.340 79 q 3 3 A.353 JC 0.348 28 16. 66 7 as 
8 14 7. I g7 31 o. ?58 67 14. 16 g 88 q J4 A. 3b 7 q4 0.349 so i s , 69'°' Q8 

{ 
8 15 7. 211 q5 O. ?5S 72 14.398 S7 q JS 8.36? sq 0.350 " 16. 7 76 01 
8 16 7. 226 57 c.?60 78 14.428 06 0 .36 8 .. 1q7 ?3 o.1s1 q5 l 6. 7 '55 16 
8 17 7. ?.41 IS o. ?61 83 )4. 45 7 14 q 37 A.411 AA 0.353 18 16. 784 7~ 
8 18 1. 2S5 81 0.262 es 14.486 23 Q Ja 8.42h S3 0.354 40 )6. 811 14 

t s 7.270 43 o.?63 95 l4.51S 12 q lS 8.441 18 o. ~<;5 63 i e , 847 43 

20 7.785 05 0.26S 01 14. 544 41 9 40 8.455 83 0. 3C-,b 87 t s , 8 7l <, 

r 21 7.299 67 0. 266 01 )4. 571 50 q 41 8.470 47 0. 358 10 lb. 900 ,o 

22 ,. 114 30 0.267 )', 14.602 ss Q 42 8. 485 1? o .. 35q 14 lh. 929 es 
A 23 7. 328 n 0.268 21 14. 631 68 9 41 R,.4qq 17 0.360 58 J h. c,5e 78 

6 24 7. 143 54 o. 26g 28 14.660 11 q 44 e. s 14 4? o. 361 61 16. 987 "' 8 25 7. 158 16 0.270 15 14.689 as Q 4S 8.529 07 o. 361 07 17.0)6 S6 
~ 26 7. 172 7q 0.211 42 14.718 % q 46 8. 543 1? o. 364 31 17.,Q"tb 05 

r 
8 27 7. 387 41 0.272 5C l"t. 748 OJ 9 47 B. lri5B 37 o. 165 56 17.01'1 14 

8 28 7.402 03 0.211 58 14. 77 7 12 q 48 B. 57'3 02 0.366 81 17.104 73 
2S 7.416 66 o. 774 66 14. 806 21 q 40. 8.587 68 0.168 06 11. 1 31 12 
30 7 .4 3 L 28 a. 21-; 74 14. 8 35 30 q so 8.bO?. 33 o. 369 3? I 7. l h? 40 

8 11 1.445 SI o. 276 8? 14. Bb-'t JS q S 1 8.616 QA 0 .. 370 S8 17. 191 4q 

8 32 7 .460 S3 0.777 91 14.893 48 q 52 8.t--~l 63 O.Hl 83 I 7. 2 20 s e 
I, 8 33 7.475 )6 o.ns 00 14. q27 57 q 53 8.646 ?G o. l 73 10 17.249 67 

A 34 7. 489 7S 0.260 OS 14.S51 65 q 54 8 .660 q4 0.374 16 17. 2 7R 76 

e 15 7 .504 'ol O.?el 19 14. qso 7,, q ss $3,.,..7'} 59 o .. 375 62 11. 3C7 85 
8 36 7. '> l q 04 0.282 2e is.cos 83 9 56 A. ,._qQ 2 5 o .. 3 76 as l 7. 316 q4 

8 31 7. 533 66 0.2el 18 15.018 n 9 S7 8. 7C4 QO 0,.378 16 17.H:ti 0~ 

8 38 7 .548 ?9 o. 284 48 15.068 01 0 58 a. 11 ':> 56 0.37S 43 17. 3Q'i 11 
8 3q 7 .562 n □.,es se 15.ocn 10 q 5q 8.734 ? I 0.380 71 17.424 ?0 
R 40 7. 5 77 55 o. 286 69 15. 126 IS 10 0 a. 748 87 0.381 SB l 7. 451 7Q 

e 41 7.SS2 1 7 0. 287 7S l '5. 15'> 28 10 8. 76 3 5? 0o3A1 26 1,. 4 e2 3P 
8 42 7 .606 80 0.2-88 so 15. l 8-<i 36 10 8. 778 16 0.384 S4 11.'Hl 47 

A 43 7 .b7l 43 C. 2Q0 01 l'i.7.13 45 10 8,.7Q2 84 o. 385 83 \7.540 Sb 

8 44 7 .. 6 36 06 0. 2Sl 12 15. 242 S4 10 R.801 4q O. 3A 7 11 17.5b9 es 
8 45 7.650 bS o. ,n 24 1 ,. 271 61 1 0 S.82? 1 ~ 0.1A8 40 I 7,. 5QR 74 
8 46 7 .665 32 o.2q3 36 15.300 72 10 6 8. 836 81 o. 389 69 I 7.6'21 S3 
8 ., 7 .6 7g ss o. 291♦ 47 15.32S 81 10 7 8.8Sl 47 o.wo ss I 7. 65h 91 
8 48 7.694 '58 a. zc,5 60 !S.356 so 10 R 8.860 I 2 Q.3Q2 27 17. 686 00 
s 4q 7. 70S ?l a. 296 72 15.387 9q 10 q 8.880 78 o.3q3 57 I 7. 71 S OS 
e 50 1. 723 84 0.2S7 85 15. 41 7 08 10 10 a. f1Q5 44 0~ 3Q4 8b 11. 744 18 

8 5i 1. 738 4 7 0.?96 ~, l 5. 446 I b 10 11 8 ,.q 10 10 a .. 396 16 l1.1n 71 

l " 52 1. 753 11 0. JCO 10 15.47 S ?S 10 17 8 ,.Q74 76 a .. 391 47 1 7 .. 807 lb 
8 53 1. 76 7 7,, C. 301 24 15. '504 14 10 13 e.qv1 47 o. 398 · 11 17.AH 45 
8 54 7. 7R2 37 0. 302 31 !S.533 41 10 14 8. Q54 08 0.400 Ob l 7. 860 54 
8 55 1. 7cn 00 o. 301 ~ 1 IS.562 52 10 1 S e. Q68 74 0.401 ,a 17.Bt3Q 6? 
e 56 7.811 64 o. 304 64 15. 591 61 10 16 8. 98 3 q 0.402 70 17,.QP:I 71 

8 57 7 .826 21 Q.3C5 16 15.620 70 10 17 e. qqs 01 0.404 01 17. Qlt 7 SC 

i 
· e 58 7. 840 so o. 306 93 15.64Q 7S 10 18 Q.,Q 17 7' Q.405 33 1 7 • Q7h sq 
8 ss 7 .85S 54 C.308 01. 15.678 a, 10 )S q. 02 7 3G 0.406 64 l I\,. 005 G8 
q 0 1. R10 17 o. 30Q 2? 15.707 96 10 ?0 q,. 042 Qt 0.407 % 1 a. o 3"- 01 

q 7 • 884 81 0.110 37 15. 7 3 7 05 10 21 9.056 72 0.40g 28 18. 0 t4 I 6 
q 1. sqq 44 O. J 11 52 l 5. 1hb 14 10 22 9.071 18 0.410 61 18. QQ1 ?5 

7. 914 OS C.312 t1 1 5. 79':: 23 10 71 9.086 05 o. 41 l SJ 18. I ?7 J4 

! 
4 ,. 978 71 0.313 83 15.824 32 10 ?4 g. l 00 11 o. 4 l 3 26 18. 151 42 

5 7 .94 3 JS o .. 314 SG IS.853 41 10 25 q .11 5 38 l).414 so 18. 1 ea " 6 1. 957 ·S8 o. 316 I 5 15.88? 50 l 0 26 'L 130. 04 0.415 02 l d,. 2Gq ,e .. q 1 7. q77 ., 0.317 31 IS. Sl 1 5q 10 ?1 Q,. 144 71 0 .41 1 ?6 )A. 2 lA ,c 
a 7.987 26 Q. H8 47 l '">. 940 67 10 28 9.!5S 'P 0. li l R 50 l s , 2t-1 7 ~ 

q a. 001 as 0.31g 64 15. q6q 76 10 29 Q. I 74 04 o •. 41 q ,J. l 8. 2q,-, s 7 
q 10 a.a I ti S3 0.320 81 15. qqs 85 10 30 0.188 71 0. 4 2 l 21 l 8. 3 ('i °' 
9 11 8.031 I 7 0. 3? I oe 16.027 q4 10 31 9. 201 18 0.422 b2 l,\. l c,;5 05 
q •l 2 8.045 81 o. 3 ?3 15 l 6. C5 7 03 10 l? 0,.,?18 04 o. 4? 3 % l,\. 384 l' 
q 13· 8.060 4S a. 324 ll 16.086 I? 10 33 9. ?J? 71 0.4?5 31 ltL4 H 72 
q 14 B. 075 OS 0 .17S !H 16. 11 5 21 10 34 9,. ?4 7 lR 0.426 66 u~ .4't2 31 
a 15' e. osQ 73 o. 326 66 16. 144 lO 10 35 9.?6? os 0.428 01 18. 4 71 40 
q )/, 8. 104 31 o. 327 P.7 I 16. l 71 18 '10 36 q. 21t, 72 a. 4zq 37 18. SOO 4q 
Q 17 8. 1 lS 01 o. ~2q 05 16.202 ., 10 37 Q,. 2Ql 3q 0.430 7.2 18. 52Q se 

18 8.133' 615~ C.3~0124 16. 2 31 56 10 38 · 9.306 06 0.432 08 1a.s5e 67 
lS e. 1'48 ,s C. 3'31• 42 I lb. 260 65 10 Jq Q,. 120 73 0.433 ,44 IS. 587 76 

q 20 8. ·102 93 a. ~32 t) )6.289 74 10 40 Q. 3 35 40. Q.4 3"- 80 18.616 HS. 



TABLE 11-100 • RADIUS C !RC. CURVE: TANG ENT, E XTE RNA L ANO LENGTH VS. CENTRAL OE FL EC Tl ON ANGLE 
T .6BLE I 1-100 • RAYON C OUR eE CIRC.: TANGENTE~CONTRE-FLECHE ET LONGUEUR \/S • ANGLE DE OEFL. C: ENTRf.l ·----------- ------------------------------------------------------------------------------------- 'L. ANG. TANGENT EXTF.RNAL LENGTH OF FL. ANG. TANGENT EXTERNAL LENGTH ) ,. rJEFL. TANGEN TE CONT.FL. LONGUEUR ANG. □EFL. TANGENTF CONT.FL. LONGUEUR 

---------------------------------------------------------------------------------------------- lEG MNT ~ DEG MNT • ca2-za=-•-••=•=••=•=••E•••••=••••=•~•••=••••===•====•=•==========•====•=======••••==•=•••••=•••=• 
10 41 q. 350 07 0.436 17 18. t:'tS 93 12 I 10. 525 13 0.552 H 20. 973 04 
IC 42 <r. Jt-4 74 0.437 53 18.675 02 12 2 io , 5:?9 83 o.553 91 21.002 13 I 

1 
10 4' q_ l 79 42 0.43A 90 ta. 104 II 12 3 10. 554 54 0.555 45 2 l. 031 22 
10 44 q. 394 09 0.4"i0 28 18.733 ?O 12 4 l0 .. 5bQ 25 o. 556 99 21.060 31 
10 45 9.408 76 0.441 65 18.762 29 12 5 10. 583 q5 o.s5a 54 21.089 40 
10 46 9.423 44 0.443 02 18.791 38 12 b 10. 598 66 0.560 09 2 l. II 8 48 
10 ., q,.4 l8 II 0.444 40 18.820 47 12 7 10 .6 I 3 r, 0.561 64 21.i.1 57 
10 48 9. ,.5;, 7A o .. 44'5 78 18 .. 84t9 56 12 8 10.628 08 Q.Shl 19 2 I. 176 66 
10 '9 q,. 467 46 Q.447 16 IB.878 64 I 2 9 10.642 79 o. 561) 75 21. 205 75 

J 
10 50 9,.48? l 3 o. 4'i8 55 1a~qo1 73 l? 10 10.657 so o. 566 31 2 l. 2 34 A4 

10 51 g,.4Q6 8 I 0. 449 q3 l 8. 9 36 82 l2 II 10.6 72 21 o.567 87 21.263 93 
lo 52 9.5 l ! 48 0.451 32 1R.q65 9l 12 12 10.686 92 0.569 43 2 l. 293 02 
10 53 9. 526 16 0.452 7 I 1 A. qq,; 00 I 2 l 3 10. 70l 6~ C.570 99 21.322 II 
IC 54 9. 540 84 o. 4 54 II I 9. C24 09 12 14 10.716 34 0.572 56 21.351 19 
lo 55 9. 555 51 0.455 SC 19.053 I B 12 15 !0.73l 0'> 0.574 13 21. s eo 28 ( l 10 56 9.570 19 0. 4lj6 9C 19.082 21 l 2 lb 10. 745 76 o. 5 75 ~o 21.409 37 
IC 57 q_ 584 87 o. 4 58 3C 1q. 111 36 l 2 17 10. 760 4e Q.577 27 21. 4 JB 46 .J 10 5R <;,.599 55 0.4't9 7C l 9. 140 44 12 18 10.175 19 0.578 85 21.467 55 
10 59 9.614 23 0.461 10 19. 169 53 12 19 10. 789 90 0.580 43 21. 49t, 6' 
11 o 9.628 90 0.462 51 I 9. I 98 62 12 20 IO. A04 62 0.582 00 21. 5 25 73 

II 9.643 58 O.tt63 S2 19. 227 71 12 21 10.8 l 9 JJ 0.583 59 21. 554 82 
II 9.658 26 Q,.465 33 I 9. 256 BO 12 2? 10.834 05 0.585 17 21.583 91 
II q.612 94 o.t.66 74 19.285 89 12 23 10. 848 76 0 .. 586 76 21.612 q9 
II 4 9.68 7 63 0 .. 4~8 I~ I 9. 314 98 12 21, 10.Abl 48 o.588 34 2!.642 08 
II 5 9.70? 31 0.46q 57 19. 344 07 17 25 10.a 1a 19 0.589 94 2 I. 6 71 17 
ll b q,. 716 QQ o • .-io 99 I•• 373 15 l2 26 1 o. 802 OJ o. 5t1 l 53 21. 700 26 
II 1 9. 7,31 67 o., 72 41 19.402 24 l2 21 Io. 907 63 0. 5Q3 12 21.1n 35 
11 8 9. 746 35 0.473 83 l9.1dl 33 I? 28 10.922 34 o. 5q4 72 21.758 44 
II 9 ' 9.761 OJ 0.475 26 19.460 42 l 2 29 10.937 06 0.596 32 21. 787 53 
II 10 9.175 72 0.4U, 69· 19.489 51 12 30 l0oCl5\ ~79 0. 5Q7 02 21.816 62 

II II 9.790 40 □.4 78 I 2 19. 51 B 60 12 3 l l C.966 50 o. 599 52 21. 845 70 
II 12 9.805 09 Q.479 55 19.5'7 69 12 J2 I o.oa 1 22 0.601 I 3 21•874 79 
II 13 9.8 19 77 (.4eC s a 19. 5 76 78 12 33 lo. 995 04 0. 602 74 21. 903 BP 

} II 14 9.8 34 46 0.482 42 19.605 87 12 34 l l .010 u o. 604 35 21.932 97 
II 15 9.849 l4 0.483 86 I 9. 6 34 95 12 35 11.025 38 Q.605 % 21 .962 06 
II 16 9.863 83 a .485 3C l 9.664 04 l? 36 11.040 10 0.607 57 71.991 15 
II 17 9.8 78 51 o. 486 74 19. 693 l 3 12 37 l t.OS4 82 o.609 19 22.020 24 
II 18 g,.9q3 20 0.488 19 19. 7 22 22 12 38 l l .06Q 55 0.610 Bl 22.0.s 33 
11 19 9.907 sq o.4aq '3 19.751 l l !? 39 11.084 21 0.612 43 ~20078 42 
II 20 9.qzz 57 0.491 08 19.780 40 12 40 I I .098 o9 0.614 05 22.1c1 5C 

II 21 9.9l7 26 o.-4q2 53 1q.aoq 49 12 41 !I.Ill 72 0.615 68 22 • 136 59 
ll n 9.951 95 0.493 99 I 9. 8 38 58 12 42 11. 128 44 0.617 31 22.165 6A 
II 23 9.966 64 Q.495 44 IS.Bt7 66 12 43 I I. 14 J I 7 0.618 q4 . 2?. 194 11 
II 24 0.981 33 0.4~6 90 l9.8q6 75 12 44 11 .. l '>7 R9 0.6?0 57 22. 221 a, 
11 25 9.9Q6 02 0.498 3' 19.925 84 12 45 11.112 62 0.622 20 22.252 q5 
ll lb I 0.010 7 I o.4c;q 82 19. 954 93 l2 '•6 11. IA7 34 0.623 84 22.28? 04 1 II 27 10.025 40 o. 501 . 29 lQ.984 02 12 47 11.202 07 0.625 48 ??. • 31 l I 3 
11 28 10.040 09 o.~02 75 20.013 II 12 48 II.lib AO 0.627 12 22.340 21 
II 29 10.054 78 o. 504 22 20.042 20 12 49 11. 23 l 52 0.628 '/6 ?2.369 30 ( 

II 30 10.069 47 0.505 69 20. 0 71 29 12 50 11.246 25 o. 630 40 22.398 39 

II H 10.084 16 0.507 17 20.100 38 12 51 11. 260 98 0.632 05 22.427 48 I II 32 IC. 098 86 o.~OJl 64 20.129 46 12 52 11.275 71 0.6H 70 22.456 57 
II 33 IC. I l 3 55 o. 5 10 12 20.158 55 12 53 II. 290 44 0.635 35 ?2.4f5 ·66 J 11 34 IO. I 28 24 o. 511 60 20. I 8 7 64 12 54 11 .305 I 7 0.637 01 22.514 75 
II 35 lC.142 94 0.513 08 20. 216 73 12 55 11.319 90 O.b)A 66 22.543 F4 
II 36 IO. l 57 63 0.514 56 20.245 82 l 2 56 11.334 63 Q.640 32 22.572 92 
II 37 IO. I 7 2 32 0.5.16 05 20-274 91 12 57 11. 34q 3' 0.64 I 98 22.602 UI 
II 38 IC. 187 02 0.517 54 20. 304 00 ll 58 l I. 364 10 0. 643 64 22.bll 10 
11 39 l C. 20 I 71 O. 5 I 9 C3 20.J3l 09 12 50 11.378 8) 0.645 31 22.660 19 
I! 40 10.216 41 o. 520 52 20. 36 2 17 l 3 0 11.393 56 0.646 97 22.689 28 

II 41 10. 2 31 II o. 5 22 02 20. 391 26 13 11. 408 29 0 .. 648 64 22. 718 37 
11 42 10.245 80 0.523 51 20.420 )5 13 11 .423 03 0.650 31 22.747 4t 
11 43 10.260 50 o. 5 25 Cl 20.44q 44 13 11. 4 ~7 H o. 651 9Q 22. 716 5S 
11 44 10.275 20 0.526 51 20.478 53 I l 4 l l .452 50 0.653 66 22.805 64 
11 45 10.289 90 0.528 02 20. 50 7 62 I 3 5 11.467 23 0.655 3,, 22. 834 12 
II 46 10.304 60 o. 529 52 20. 536 71 ll 6 11.48 I 97 0.657 02 22.863 Bl 
II 47 10.319 30 0.531 03 20. 56 5 BO 13 1 11. ~96 71 0.658 70 22.892 90 
II 48 10.333 99 0.532 54 20. 594 89 13 B 11.511 44 0.660 39 22.921 99 
11 49 10.348 69 o. 534 05 20. 623 97 13 Q 11. 5 26 18 o.662 07 22.951 OB 
11 50 I□• 363 40 0.535 57 20.653 06 13 10 I I .540 s2 0.663 76 22.980 17 

II 51 10.378 10 0.537 08 20.682 15 13 II I I. 555 66 0.665 45 23.009 26 
II 52 10.392 80 0.538 60 20.111 24 13 12 I l .5 70 39 o. 66 7 14 23.038 35 
11 53 10.407 50 o. 540 12 20. 740 33 13 13 n , 585 13 0 .668 84 2 l. 06 7 43 
II 54 10.',22 20 o.541 64 20.769 42 13 14 l!.599 87 0.6 70 54 23.096 52 
II 55 10.436 90 o.543 I 7 20.798 51 I 3 15 lL614 61 0.672 24 23. 125 61 
II 56 I 0.451 61 0.544 7C 20.821 60 13 16 11.62'9 36 0.673 04 23. 154 70 
II 57 10.466 31 0.546 23 20.856 68 13 17 11.644 10 0.675 64 23. I Bl 79 
II 58 10.481 01 o.547 76 20.885 11 13 18 11.658 84 0.677 35 23.212 88 
II 59 IO. 495 12 0.549 29 20.9H 86 13 19 l l .b 7l 58 O.bTq 06 23. 241 07 
12 0 10.510 42 o. 550 03 20.943 95 13 20 l!.OBB 32 0.680 11 21.211 06 



TABH 11-100 ,. ~AOIUS Cl~C. CU~YE: TANGENT,EXTf~NAL ANO LENGTH VS. CENUAL DEFLECTION ANGLE •9 
TABLE 11-100,. RAYON COURBE CIRC.: TANGENTE,CONTRE-FLECHE ET LONGUEUR VS• ANGLE OE OEFL. CENTRAL 

------------------------------------------------------------------------------------------------- 
OEFL. ANG. TANGENT EXTERNAL UNG TH OEFL. ANG. TANGENT EXTERNAL LENGTH 
ANG. DEFl. TANGENTE CONT .FL. LONGUEUR ANG. OEFl. TANGENTE CONT.FL. LONGUEUR 

------------------------------------------------------------------------------------------------ 
DEG "NT DEC "NT " -----------···········-----···············--·--·-··········•-:••··············~------------·------- 13 21 11.703 01 0.682 •e 23.300 15 14 41 12. 884 22 C.826 60 25. 627 25 

13 22 11.717 81 o.6e• 19 23.329 23 14 42 12.eqq 00 o.e2e 4q 25.656 H 
13 23 I l. 732 56 Q.685 91 23.358 32 14 H 12.913 79 0.830 38 25. 68 5 43 
13 24 11.HT 30 0.687 63 23.387 41 14 .. 12 .928 58 0.832 28 25. 714 52 
13 25 i i, 762 05 o.689 35 23.416 50 14 45 12.9H 37 O.SH 17 25.143 61 
13 26 11.776 79 0.691 08 23.4'5 59 14 46 12.958 15 0.836 07 25.712 10 
13 27 II.HI 54 0.692 80 23.47' 68 1' 47 12.972 94 o. 83 7 98 25. 801 18 

f 
13 28 I 1.806 28 0.694 53 23.503 11 1' 48 12.987 73 0.839 88 25. 8 30 81 
13 29 I 1.821· 03 0.696 26 23.532 86 14 49 13.002 52 o. 841 18 25.859 96 
13 30 11.835 78 o;6n 99 23.561 94 14 50 13.017 31 o. 84 3 6q 25.889 05 

13 31 I 1.850 53 0.699 73 23.591 03 14 51 13.032 10 0.845 60 25. 918 14 
13 32 11.865 28 o. 101 46 23.620 12 14 52 13.046 90 0.8'7 52 2'5. q.,7 73 
13 33 11.uo 03 0.7C3 20 23.649 21 14 53 13.061 69 o.e4q 43 25.976 32 
13 H 11.894 78 o. 704 94 23.678 30 14 5' 13.076 48 o.851 35 26.005 41 
13 35 11.909 .53 0. 706 69 23.707 39 14 55 13.091 21 0.853 21 26.03' 49 
13 36 I 1.924 28 o. 708 43 23.736 48 14 56 13. 106 07 0.855 19 26. 063 58 
13 37 I 1.939 03 0.110 18 23. 765 57 14 57 13. 120 86 o. 85 7 II 26.092 67 
13 38 I 1.953 78 0.111 93 23.794 66 1' 58 13. 135 6~ 0.859 04 26. I 2 l 76 
13 39 I !.968 53 0.713 68 23.823 H 14 59 13. I 50 45 0.860 q7 26.150 85 
13 40 11.983 29 0. 715 44 23.852 83 15 0 13.165 25 o. 86 2 90 26.1 7S 94 

13 ,1 11.998 04 o. 717 19 23.881 92 15 I 13. 180 05 o. 864 83 26. 20s 03 
13 42 12.012 79 0. 718 95 23.911 01 15 2 13. 194 84 0.866 76 26. 2 38 12 
13 43 12.021 55 6. 720 71 23.940 10 15 3 13. 209 64 o. 868 70 26.267 21 
13 44 12.042 30 o. 722 48 23.969 19 15 4 13. 224 .. 0.870 64 26. 2 96 zs 
13 45 12.057 06 0.724 24 23.998 28 15 5 13.239 24 0.872 58 26. 325 38 
13 46 12.011 82 0. 726 01 24.027 37 15 6 13.254 04 o.a14 52 26. 354 47 
13 47 12.086 57 0.121 18 24.056 45 15 7 13.268 84 0.876 47 26. 383 56 
13 48 12.101 33 o. 12s 55 24.085 54 15 8 13.283 64 0.878 42 26.412 65 
13 49 12.116 09 0.731 32 24. 114 63 15 9 13.298 44 o.eao 37 26.441 7' 
13 50 12.130 85 0. 733 10 24.IH 72 15 10 13. 313 24 0.882 32 16.4 70 83 

13 51 12.145 60 0. 734 ee 24.172 81 15 II \3. 328 05 0.88~ 27 26.'t99 92 
13 52 12.160 36 o. 736 H 24.201 so 15 12 13.342 85 0.886 23 zs , 5 2Q 00 
13 53 12-175 12 0.738 44 24.230 9S 15 13 13. 357 65 0.888 19 26. 558 oq 

13 54 12. l8q 88 0.740 23 24. 260 08 15 14 13.372 46 0.890 15 26.587 18 
I] 55 12.204 64 O.J4Z 01 24.2aq 17 15 15 11. 387 26 o. 8Q 2 II 26.616 27 
13 56 12.219 41 0.743 80 24.318 25 15 16 13.402 01 a.es. 08 26.6',5 36 
13 57 12.234 17 o. 745 59 24. 34 7 34 15 I 7 13.416 87 0.8S6 05 26.67' 45 
13 58 12. 248 93 0. 747 39 24.376 43 15 18 13.431 68 a.ass 02 26. 703 54 
13 59 12. 263 6S o. 749 18 24.405 52 15 IS 13.446 4q o. a9q 99 26. 7 ~2 63 
14 0 12.278 46 o. 750 se 24.434 61 15 20 13.461 2S o.90 I 96 26. 761 12 

14 I 12.293 22 o. 752 78 24.463 10 15 21 -13.476 10 0.903 94 26. ViO 80 
14 • 2 12.307 98 o. 754 59 24.4qz 79 15 22 !3.4SO SI Q.905 92 26.8 I 9 89 
14 3 12.122 75 a. 756 3q 24.521 88 15 23 13.505 72 0.907 90 zs , 848 S8 
14 4 12.337 52 o. 758 20 24. 5 50 Sb 15 24 13.520 53 o.crnq 88 26. 8 78 01 
14 5 12. 352 28 o. 760 01 24.580 05 15 25 13.535 34 o.s11 87 26.S07 16 
14 6 12. 36 7 05 o. 761 82 24.609 14 15 26 11.550 15 O.Sl3 86 16.S36 25 
14 7 12.381 81 o. 763 63 24. 6 38 23 15 n 13. 564 96 Q.Sl5 85 26. 965 34 
14 8 12.396 58 o. 765 45 24.667 32 15 28 13. 579 18 0.917 84 26.994 43 
14 9 12.411 35 c. 767 u 24.696 •1 15 2q 13. 5S4 59 0.919 83 27.023 51 
14 10 12.426 12 Q. 76S 08 24. 725 50 15 30 13.609 40 0.921 83 27. 0 52 60 

14 II 12.440 89 0.770 91 24. 754 5S 15 31 13.624 22 o. 923 83 27. 081 69 
14 12 12.4-!i5 66 o. 772 n 24.783 68 15 32 I 3.63S o:, o. 925 83 27. 110 18 
1• 13 12.410 43 o.77' 56 24.812 76 15 33 I 3.653 85 0.927 83 21.l3'il 87 
14 14 12.485 20 o. 776 39 24. 841 85 15 34 13 .668 66 o.qzq 84 27.168 96 
14 15 · 12.499 q7 0.11a 22 24.870 94 15 35 13.683 48 o.931 85 21.1sa 05 
14 16 12.5 14 74 o. 1eo 05 24. 900 03 15 36 13.698 30 0.933 86 21.221 14 
14 11 12. 529 52 a. 1a1 aq 24.92S 12 15 31 13. 713 II O.S35 87 27. 2 56 23 
1' 18 12. 544 29 o. 783 72 24.958 21 15 38 13 • 7 27 S3 o.937 88 27.285 11 
14 19 12.559 06 o. 785 56 24.987 30 15 3S l 3. 742 75 0.93S so 27. 314 40 
14 20 12.sn 84 o.1a1 41 25.016 39 15 40 I 3. 757 57 0.941 02 27. 34 3 49 

1• 21 _12.588 61 o. !89 25· 25. 045 47 15 41 13.772 3G a. 94 3 "' 27. 3 72 58 
14 22 12.603 39 O.Hl 10 25.074 56 15 42 13.181 21 o. q45 96 21.401 67 
14 23 12.618 I~ o. 792 S5 25.103 65 15 43 13.802 03 o.q47 99 27.430 76 
14 24 12.632 94 o. 794 80 25.132 74 15 44 13.816 85 a. 950 01 21.459 85 
14 25 12.647 11 o. 796 65 25.161 83 15 45 13.831 6e 0.952 04 27 .488 S4 
14. 26 12.662 49 o. 798 51 25.ISO 92 15 46 13.846 50 0.95~ 08 27. 518 02 
14 27 12.677 27 o.aoo 36 25-220 01 15 47 13.861 32 0.956 II 27. 54 7 11 
14 28 I 2.6S2 05 o. 801 22 25.249 -10 15 48 13.876 15 o. 958 l 5 21. 516 20 
14 2S 12. 706 83 o. 804 08 25. 278 IS 15 49 13.890 S7 0.960 IS 27.605 2s 
14 30 12,121 61 o. 805 S5 25.307 27 15 50 13.S05 80 0.962 23 27.63' 38 

14 31 12.136 3S 0.801 Bl 25. 336 36 15 51 13.920 62 0.964 27 27.661 47 
14 32 12. 751 17 0.809 68 25. 365 45 15 52 13.S35 45 0.9bb 31 27. 692 56 
14 33 12.765 95 a.A 11 55 25.394 54 15 53 13.S50 28 0.968 36 27. 721 65 
14 34 12.780 n 0.813 43 25.423 63 15 54 13. 965 10 0.970 41 27. 750 74 
I~ 35 12.7S5 51 0.815 30 25.452 72 15 55 13.q1q 93 O.S72 46 27. 779 82 
14 36 12.810 30 o.817 18 25.481 81 15 56 ! 3.S94 76 0.974 52 17.808 SI 
14 37 12. 825 08 Q.819 06 25.510 90 15 57 14.oos 5S O.S76 57 27. 8 38 00 
14 38 12.839 86 o. 820 S4 25.53S 98 15 58 14.024 42 0.978 63 27.86-7 09 
14 3S 12.854 65 0.822 82 25.569 01 15 5S 14.039 25 Q.980 6S 27. 896 18 
14 40 12.86'f 43 Q.824 11 25. 598 16 16 0 1'.054 08 0.982 76 27.925 27 



DfG NNT DEG NNT 
s,- z•• ••••• ••---= •><•z• ::a:aa -•::11::zs"",. • """" a:z as::<:z a,s• •---= • -•• •"'•"'""*•••-=•-= a:z:,z s s:a:s:aasa •--• =-• az-s :a••••••--••••• ••z•• 

1, I 
16 2 
I 6 3 
16 4 
16 5 
16 6 
16 7 
16 B 
16 9 
16 I 0 

16 ll 
16 12 
16 ll 
16 14 
16 15 
16 16 
16 17 
16 18 
16 19 
16 20 

16 21 
16 22 
16 23 
16 24 
16 25 
16 26 
16 2 7 
16 28 
16 29 
16 30 

16 31 
16 32 
16 H 
16 34 
16 35 
16 36 
16 37 
16 38 
16 39 
16 40 

16 41 
16 42 
16 lt'3 
16 44 
16 45 
16 46 
16 4 7 
16 48 
16 49 
16 50 

16 51 
16 52 
'' 53 
16 54 
16 55 
16 56 
16 57 
16 58 
1' 59 
17 0 

17 I 
17 2 
17 3 
17 4 
17 5 
17 6 
17 7 
17 B 
17 9 
17 10 

17 I I 
17 12 
17 13 
17 14 
17 15 
17 16 
17 17 
17 18 
17 19 
17 20 

t1t.068 qz 
14.083 75 
14.098 58 
14. I 13 42 
14.128 25 
14.143 OB 
14.157 qz 
14. 172 76 
14.187 59 
14.202 43 

14.217 27 
l4.2J2 11 
14.246 95 
14. 261 79 
14.276 63 
14.291 47 
14.306 H 
I 4. 321 15 
14.336 00 
14. 350 84 

14. 365 68 
14.380 53 
14. 395 37 
14.410 22 
14.425 07 
14.439 qi 
14.454 76 
14.469 61 
14.484 46 
14.499 31 

14.514 16 
14.529 01 
14.543 86 
14.558 72 
14.573 57 
14.588 42 
14.603 28 
14.618 13 
14.632 99 
14.647 84 

14.662 70 
14.677 56 
14.692 42 
14.707 27 
14.722 13 
14.736 99 
14. 751 85 
14.166 12 
14. 781 58 
1 .... 7qf, 4-'t 

14.811 30 
14.826 17 
14.841 03 
14.855 90 
14.870 76 
14.R85 63 
14.900 50 
14.915 36 
14.930 23 
14.9H 10 

14.959 97 
14.974 84 
14.989 71 
15.004 58 
15.019 45 
15.034 H 
15.049 20 
15.064 OB 
15.078 95 
15.093 83 

15.108 70 
15.123 58 
15. 138 46 
15.153 33 
15.168 21 
15.183 09 
15.197 97 
15.212 85 
15.221 73 
15.242 62 

0.984 82 
0.986 89 
o.9ee 96 
0.991 03 
0.993 11 
0.995 18 
Q.997 26 
0.999 3ft 
1.001 42 
l.C03 51 

1.005 60 
1.007 69 
1.009 78 
1.011 87 
1.c11 97 
I.016 07 
1.010 17 
1.020 27 
1.022 38 
1.024 4S 

1.026 59 
1.020 71 
l.030 82 
1.0 32 94 
!.C35 06 
I .037 l 8 
1.039 30 
1.041 43 
1.043 55 
1.045 68 

1.047 Bl 
1.049 95 
l.C52 09 
1.054 22 
1.056 36 
I .058 51 
1.060 65 
1.062 80 
I. 064 95 
1.067 10 

I .069 26 
1.011 41 
1.073 57 
1.075 73 
1.077 90 
1.oeo 06 
1.082 23 
1.oa4 40 
1.086 57 
1.088 75 

1.090 92 
1.093 10 
1.095 28 
1.097 47, 
l.099 65 
1.101 84 
1.104 03 
1.106 22 
1. 108 42 
1.110 61 

1.112 81 
1.115 01 
1.117 22 
I. I 19 42 
I. I 21 63 
1.123 84 
1.126 05 
I. 128 27 
1.130 48 
1.132 7C 

1.134 qz 
1.137 15- 
1.139 37 
l. 141 60 
1.143 83 
1.146 06 
1.148 30 
I. I 50 54 
,. 152 77 
I.! 55 02 

27.954 36 
27.983 45 
28.012 53 
28.0'-l 62 
28.070 71 
28.099 BO 
28.128 89 
28.157 98 
28.187 07 
28.216 16 

28.245 25 
28. 274 33 
28.303 42 
28. 332 51 
28.361 60 
28.390 69 
28.419 78 
28.448 87 
28.477 96 
28.507 04 

28. 536 13 
28. 565 22 
28. 594 31 
28.623 40 
28.652 49 
28. 681 58 
28. 710 67 
28.739 76 
28. 768 8't 
28. 797 93 

28.827 02 
28.856 II 
28.885 20 
28.914 29 
28.9'3 38 
28.972 47 
29.001 55 
29.030 64 
29.059 73 
29.088 82 

29.117 91 
29.147 00 
29.176 09 
29.205 18 
29.234 26 
29.263 35 
29.292 44 
29.321 53 
29.350 62 
29. 379 71 

29.408 80 
29.437 89 
29.466 98 
29.496 06 
29.525 15 
29.554 24 
29.583 H 
29.612 42 
29.641 51 
29.670 60 

29.699 69 
29. 728 77 
29. 757 86 
29.786 95 
29.816 04 
29.845 13 
29. 874 22 
29.903 31 
29. 932 40 
29.961 49 

29.990 57 
30.019 66 
30.0',8 75 
30. 077 84 
30.106 93 
30.136 02 
30. 165 11 
30.194 20 
30. 223 28 
30. 252 37 

17 21 
17 22 
17 23 
17 24 
17 25 
17 26 
17 27 
17 28 
17 Z-9 
17 3.0 

I 7 31 
I 7 32 
17 H 
17 34 
17 35 
17 36 
17 37 
17 38 
17 39 
11 40 

17 41 
17 42 
17 43 
17 H 
17 45 
17 46 
17 47 
17 48 
l 7 49 
17 50 

17 51 
17 52 
17 53 
17 54 
17 55 
17 56 
17 57 
17 58 
17 59 
18 0 

18 
18 
18 
18 4 
18 5 
18 6 
18 7 
18 8 
18 9 
18 10 

18 II 
18 12 
18 13 
18 l'- 
18 I 5 
18 16 
18 17 
18 18 
18 19 
18 20 

18 21 
18 22 
18 2 3 
18 24 
18 25 
18 26 
18 27 
18 28 
18 29 
18 30 

18 31 
18 32 
18 33 
18 34, 
18 35 
18 36 
18 37 
18 38 
18 39 
18 40 

15.257 50 
15. 272 38 
15.287 27 
15.302 15 
15.317 04 
15.331 92 
15.346 81 
15.361 70 
15.376 58 
15.391 47 

15.406 36 
15.421 25 
15.436 14 
15.451 03 
15.465 9.3 
15.480 82 
15.495 7 I 
15. 510 61 
15.525 50 
15. 540 40 

15.555 29 
15.570 19 
15.585 09 
15.599 98 
15.614 88 
15.629 78 
15.644 68 
15.659 58 
15.67', 48 
15.689 39 

15.704 29 
15. 719 19 
15.734 10 
15. 749 00 
15.763 91 
15.778 Bl 
15.793 72 
15.BOB 63 
15.823 54 
15.838 44 

15.853 35 
15.868 ?6 
15.883 17 
15.898 09 
15.913 00 
15.927 91 
15.9H 83 
15.957 74 
15.972 66 
15.987 57 

16.002 49 
16.017 40 
16.032 32 
16.047 24 
16.062 16 
16.077 08 
16.092 00 
16.106 92 
16.121 84 
16.136 77 

16. I 51 69 
16.166 62 
16.181 54 
16.196 47 
16.211 39 
16.226 32 
16.241 25 
16.256 18 
16.271 10 
16.286 03 

16. 300 96 
16.315 90 
16.HO 83 
16. 345 76 
16. 360 69 
16.375 63 
16.390 56 
16.405 50 
16. 420 43 
16.435 37 

I. I 57 26 
I. I sq 51 
1-161 75 
1.164 00 
1.166 26 
1.168 51 
I.! 70 77 
1.173 OJ 
1.175 29 
I. l 77 55 

I.I 79 82 
l .182 09 
I• 184 36 
1.186 63 
1.108 91 
1.191 18 
I. 193 46 
1.195 75 
1.198 03 
I. 200 32 

1.202 60 
1.204 89 
1.201 19 
1.209 48 
,. 211 78 
1.214 08 
1.216 38 
1.210 69 
1.220 99 
1.223 30 

1.225 61 
1.227 93 
1.230 24 
1.212 56 
1. 234 88 
1.237 20 
I. 239 53 
l. 24 l 85 ~=~t: ~~ 
1.248 85 
,. 251 18 
1.2,1 52 
1.255 86 
1.258 20 
I. 260 55 
1.262 89 
I. 265 24 
l. 267 5q 
1.269 95 

1.272 30 
1.274 66 
1. 277 02 
1.279 39 
I. 28 I 75 
I. 284 12 
1.286 "q 
1.288 86 
l. 291 23 
I .293 61 

1.295 99 
1.298 37, 
I. 300 75 
,. 303 14 
1.305 52 
I. 307 91 
I. 310 31 
l. 312 70 
l. 315 10 
1.317 50 

1.319 90 
1.122 30 
1.324 71 
1.327 ll 
1.329 52 
1.331 9', 
1.334 35 
1~336 77 
,. 339 19 
1. 341 61 

'30.ZH 46 
30. 310 S5 
'30.3'3q 64 
30. 368 73 
30. )97 82 
30.420 91 
J0.456 oc 
30.H5 08 
30.514 17 
30.543 26 

' 30.572 35 
lO. 601 44 
30.630 53 
30.659 62 
30.688 71 
30. 717 79 
30. 746 88 
30. 775 07 
30. 805 06 
30.834 15 

30. 863 24 
30.892 33 
30.921 42 
30.950 51 
30.979 59 
3! .008 68 
31.037 77 
Jl.066 86 
31.095 95 
31.125 04 

31. 154 13 
Jl.183 22 
31.212 30 
31.241 39 
31.270 48 
31.299 57 
31.328 66 
31.357 75 
31.386 84 
31.415 93 

31.445 02 
31.474 10 
31.503 19 
31.532 28 
31.561 37 
Jl.590 46 
31.619 55 
31.648 64 
31.677 73 
31.706 RI 

31.735 90 
31. 764 99 
31.794 cs 
31.823 17 
31.852 26 
31.881 35 
31.910 44 
31.939 53 
31.968 61 
31.997 70 

32.026 79 
32.055 88 , 
32.084 97 I 
32.114 06 
32 .143 15 
32.172 24 
32.201 32 
32.230 41 
32.259 50 
32.2!8 59 

32-317 68 
32.346 77 
32.375 86 
32.404 95 
32.434 04 
32.46] 12 
32;492 21 
32.521 30 
12.550 39 
32.579 48 



TABLE 11-100- 'ii ''l!A0 I US ·tl•c. CUl!YE: TANGENT, EXTE•NAL ANO LENGTH YS. CENHAL DEFLECTION ANGLE 51 
TULE I 1-100 M RAYON COURBE CIIIC.: TANGENTE,CONTRE-FLECHF. ET LONGUEUR vs. ANGLE DE OEFL. CENTRAL 

-------------------------· ---------------------------------------------------------------------- 
OEFL, ANG. TANGENT EXTE•NAL LENGTH DEFL. ANG. TANGENT EXTERNAL LENGTH 
A>IG. DEH. TAIIGENTE CONT.FL. LONGUEUR ANG. OEFL. TANGENTE CONT. FL• LONGUEUR 

------------------------------------------------------------------------------------------------- 
DEC NHT M DEG MNT M 

-----------·····---------·--·········--------------------------------····--·--·-·-----------··---- 18 41 16.450 H 1.344 03 32.608 57 20 I 17.647 70 1,545 27 H.935 67 
18 42 U,.465 25 ,1.346 46 32. 637 66 20 2 17.662 69 1.547 87 ]4. 9 64 76 
18 43 16.480 19 1.348 89 32.666 75 20 3 17.677 69 1.550 48 14.CJ93 85 
18 44 16.495 13 1. 351 32 32.695 83 20 4 17.692 69 I. 55 3 10 35.022 94 
18 45 16.510 07 1.353 75 32.724 92 20 5 17. 707 69 1,555 71 35.052 03 
18 46 16,525 01 1. 356 18 32.754 01 20 6 I 7. 722 69 1. 558 33 3S, 081 12 
18 47 16.539 95 1.358 62 32.783 10 20 7 17. 737 69 1,560 95 35.110 21 
18 48 16.554 89 1,361 06 32. 812 19 20 8 17. 752 70 1. 563 57 35.139 30 
18 49 16.569 84 1.363 50 32. 841 28 20 9 17.767 70 1.566 19 35.168 38 
18 50 16.584 78 1. 365 95 32.870 37 20 10· 17. 782 70 I. 568 82 35.197 47 

18 51 16. 599 72 1. ~68 39 32,899 46 20 II 17. 797 71 1. 571 44 35,226 56 
18 52 16.614 67 1.370 84 32,928 55 20 12 17.812 71 1.574 08 35.255 65 
18 53 16.629 62 1.373 29 32.957 63 20 13 17.827 72 1,576 71 35 • 2 84 74 
18 54 16.644 56 1,375 74 32,986 72 20 14 17,842 73 1.579 34 35. 313 83 
18 55 16.659 51 1.378 20 33.015 81 20 15 17.857 73 1. 581 98 35. 342 92 
18 56 16.674 46 1.380 66 33,044 90 20 16 17.872 74 1. 584 62 35. 372 01 
18 57 16.689 41 1. 383 12 33,073 99 20 17 I 7 .887 75 I. 587 26 35.401 09 
18 58 16. 704 36 I. 385 58 33,103 08 20 18 17.902 76 1.589 91 35.430 18 
18 59 16. 719 31 I. 388 04 33.132 17 20 19 17.917 77 1.592 55 35.459 27 
19 0 16. 734 26 1.390 51 33.161 26 20 20 17,932 19 I .595 20 35.H8 36 

19 1 16,749 21 1.392 98 33.190 H 20 21 17,947 80 I. 597 85 35. 5 17 45 
19 2 16. 764 17 1. 395 45 33.219 43 20 22 17.962 81 1.600 50 35. 546 54 
19 3 16. 779 12 1.397 92 33. 248 52 20 23 17.977 83 1.603 16 35. 5 75 63 
19 4 16.794 07 1.400 40 33.211 61 20 24 17-'-'92 84 1.605 82 35.604 72 
19 5 16.809 03 1,402 88 33.306 70 20 25 18.007 86 1.608 48 35.633 81 
19 6 16.823 98 1.405 36 33.335 79 20 26 18.022 87 1.611 14 35.662 89 
19 7 16.838 94 I .407 84 33,364 88 20 27 18.037 89 1,613 81 35.691 •8 
19 8 16.853 90 1.410 32 33.393 97 20 28 18.052 91 1.616 47 35.721 07 
19 9 16.868 86 1.412 81 33,423 06 20 29 18,067 93 1.619 14 35. 7 50 16 
19 10 16.883 81 1.415 30 33.452 14 20 30 18.082 95 I ,621 81 35. 779 25 

19 II 16.898 77 1.411 79 33.48I 23 - 20 31 18.097 97 !. 624 49 35,808 34 
19 12 16.913 73 1.420 29 33.510 32 20 32 18. I 12 99 1,627 16 35.837 43 
19 13 16.928 69 1.422 78 33.539 41 20 33 18. I 28 01 1 .629 84 35.866 52 
19 14 16.943 66 1.425 28 33,568 50 20 34 18.143 03 I. 632 52 35.895 60 
19 15 16.958 62 1.427 78 33.597 59 20 35 18.158 06 t.635 21 35.924 69 
19 16. 16.973 58 I.HO 28 33. 626 68 20 36 18. I 73 08 1,637 89 35.953 78 
19 I 7 16.988 55 1.412 79 33.655 77 20 37 18.188 II 1.640 58 35. 982 87 
19 18 17.003 51 1.435 30 33,684 85 20 38 18.203 13 1,643 27 36.011 96 
19 19 17.018 48 1.437 81 33. 713 94 20 39 18.218 16 1.645 96 36 .041 05 
19 20 17.033 44 1.440 32 33. 743 03 20 40 18,233 19 1.648 65 36,070 14 

19 21 17,048 41 1.442 83 33.772 12 20 41 18.248 21 1. 651 35 36.099 13 
19 7.2 17.063 38 1.445 35 33,801 21 20 42 18,263 24 1,654 05 36.128 32 
19 23 17,078 34 1.447 87 33.830 30 20 43 18.278 27 1,656 75 36. I 57 4C 
19 24 17.093 31 1,450 39 33,859 39 20 44 18.293 30 1,659 46 36. I 86 49 
19 25 17.108 28 1.452 91 33,888 48 20 45 18.308 34 I. 662 16 36. 215 58 
19 26 17. I 23 25 1.455 44 33.917 57 20 46 18.323 37 1.664 87 36. 244 67 
19 27 17. 138 22 1.457 97 33.946 65 20 47 18.338 40 1,667 58 36.273 76 
19 28 17.153 20 1.460 50 33.975 74 20 48 18.353 43 1.670 29 16. 302 85 
19 29 17.168 17 1.463 03 34. 004 83 20 49 18. 368 41 1,673 01 36.331 H 
19 30 17.183 14 ,. 465 56 34. 033 92 20 50 18.383 50 I .675 73 36. 361 03 

19 31 17.198 12 1.468 10 34,063 01 20 51 I 8. 398 54 1,678 45 36. 390 I! 
19 32 17.?13 09 1.470 64 34.092 10 20 52 18,413 58 t.681 17 36.419 20 
19 33 11.n8 07 1.473 18 34.121 19 20 53 18.428 62 I .683 89 36.4t~8 29 
19 34 17.243 04 1.475 72 34. 150 28 20 54 18.441 65 I. 686 62 36.477 38 
19 35 17.258 02 1.478 27 34.179 36 20 55 18.458 69 1,689 35 36. 5 06 47 

" 36 ·, ,~.273 00 1.480 82 34,208 45 20 56 18.473 73 1,692 08 36. 5 35 56 
19 37 11,.287 9.8 1.483 37 34. 237 54 20 57 18.488 78 1.694 81 36. 564 65 
19 38 17.302 96 1.05 92 34.266 63 20 58 18.503 82 1.697 55 36 • 593 74 
19 39 17.317 94 1.488 48 34.295 72 20 59 18. 518 86 I. 700 29 36.622 83 
19 40 17.332 92 1.491 03 34.324 81 21 0 18.533 90 I. 703 03 36.6 51 91 

19 41 17.347 90 1.493 59 34.353 90 21 18,548 95 I. 705 77 16. 681 00 
19 42 I 7. 362 88 1.496 16 34. 382 99 21 18. 563 99 1,708 51 36. 710 09 
19 43 I 7.377 87 1.498 72 34.412 08 21 18. 579 04 I. 711 26 36. 739 18 
19 44 17.392 85 1.501 29 34.441 16 21 4 18. 594 09 1. 714 01 36. 768 27 
19 45 I 7.407 84 ,. 503 !6 34,470 25 21 5 18,609 13 1. 716 76 16. 797 36 
19 4t 17.422 82 1.506 43 34.499 34 21 6 18.624 18 I. 719 52 3~. 8 26 45 
19 47 17,437 81 !.5C9 00 34.528 43 21 7 18,639 23 I. 722 27 36.855 54 
19 48 I 7 .452 79 1.511 58 34.557 52 21 8 18.654 28 I. 725 03 36. 884 62 
19 49 17.467 78 1.514 15 34. 586 61 21 9 18,669 33 I. 727 n 36.913 71 
19 50 17.482 77 1.516 73 34,H5 70 21 10 18.684 39 1.no 56 16. 942 80 

19 51 17.497 76 1.519 32 34. 644 79 21 11 18.699 ~4 1,733 32 36. 971 89 
19 52 17 .512 75 1. 521 90 34.673 87 21 12 18.714 49 I. 736 09 37.000 98 
19 53 17.527 74 1. 524 49 34.702 96 21 13 I e. 729 55 1.738 86 37.030 07 
19 54 17,542 73 1. 527 08 34.732 05 21 14 18. 744 60 I, 741 63 37.059 16 
19 " I 7. 557 72 1.529 67 34. 761 14 21 15 18. 759 66 1. 744 41 37,088 25 
19 ,. 17.572 72 1. 532 2t 14.790 23 21 16 18. 774 71 1. 74 7 19 37. I 17 34 
19 57 17.587 71 1.534 86 34.819 32 21 17 18.789 77 1. Jltq 97 37. 146 42 
19 ,. I 7.602 71 1.537 4t 34. 848 41 21 18 18. 804 83 I. 752 75 37 .175 51 
19 59 17. 617 70 1.540 C6 34. 877 50 21 19 18. 819 89 I. 755 53 37.204 60 
20 0 17.632 70 1. 542 66 34. 906 59 21 20 18.834 95 I. 758 32 H.233 69 



~2 TABLE 11-100 • RADIUS C !RC. CUR VE: TANGENT,EXTE~NAL ANO lENGT~ VS. CENTRAL OFFLECTION ANGLE 
TABLE 11-100 • RAYON CCUR8E CIRC.: TANGENTE,CONTRE-FLECHE ET LONGUEUR vs. •NGLE OE DEFL. C. ENTR Al 

--------------------------------------------------------------------------------------------------- 
OEFL. ANG. Ul;GE NT EXTERNAL LENGTH OEFL. ANG. TANGENT EXTERNAL LENGTH 
ANG. OEFL. TANGE, TE CONT.FL. LONGUEUR ANG. OHL. TANGEN TE CONT.FL. LONGUFUR ----- ----- --- - --- - - -- ---- --- -- ---- -- ---- -------- -- --- --- - ---- ------------- --- ------- -- -- -- --- ---- - - 

DEG MNT DEG MNT " 22········•••=•==•==••••==••·••=•••=••:zaz:z:::zzzs:•~•-·=•=•••zazEzZZS:szzzz:zzzazsaSZ•z••·······• 

1 
21 21 18. 850 01 l. 761 II 37. 262 18 22 ,1 20.057 bl J .QQl 10 3q. 5 9q eq 
;1 n 18.R65 01 1.763 90 31.291 87 22 ,2 20. 0 72 74 1. qq4 68 ~q.61R 97 I 
21 23 18.880 I l l. 766 69 37. 320 % 22 43 20. 08 7 87 1.qq7 bb 1q. 64A 06 
21 24 18.805 20 t. 76q 4q 37.350 05 22 44 20.103 00 2 .ooo 64 39.677 15 
21 25 16.910 26 1.112 26 37,37q 13 22 45 20. l16 13 2. 003 62 39.106 2• 
ll 26 I 6.925 B 1.775 09 37.408 22 22 46 20.133 21 2. 006 61 39. 7l5 33 
21 21 16.940 30 1.111 69 37.437 31 22 47 20. 146 40 2. 009 60 30,764 42 

) 21 26 1 e.q5r; 46 I.Tee 69 H .466 40 22 ,0 20.163 54 2.012 59 19. 79" 51 
21 29 16.970 52 I. 763 5C 37.495 49 22 ,q 20.178 67 2.015 56 39.622 60 
21 30 I 6. 985 59 l.786 31 37. 524 5A 22 50 20. I 93 61 2.016 56 39. Alljl 68 I 

21 31 19,000 66 1. 789 12 H.553 67 22 51 20.206 q5 Z. OZ I 57 39. 6 80 11 
?I 32 19.015 73 I. 791 94 37.562 76 22 52 20.224 09 2.02, 57 39. 9oq 86 
21 33 19.030 60 1. 79,4 75 H,611 65 22 53 20.239 23 ·2.021 56 39.93& 95 ) 21 34 19.0'tS 61 1. 797 57 37. 640 93 22 54 20. 2 54 37 2. 030 58 39. 968 a, 
21 35 IG.060 95 I.BOO 3q 3 7.670 02 22 55 20.269 5 I 2.033 5q 39,997 13 
21 36 ic~.076 02 1.803 21 H.699 ·11 22 56 20. 2a, 65 7 .036 60 40.026 22 
21 H i s , QOl 09 1.606 04 H.726 20 22 57 20. 299 79 2.039 61 40.055 31 
21 JA I 9. 106 I 7 1,806 87 37.757 29 22 58 20. 314 94 2. 042 62 40 • 064 40 
? I l9 l 9. I 21 2 ! I. 611 10 37.786 36 22 59 20. 330 06 2. 045 64 40.113 46 
21 40 19. l 36 32 l .8llt B 37.815 47 23 0 20.345 23 2. 048 66 40.142 57 f 

] 21 41 l q• 151 40 1.617 37 37.84' 56 23 I 20. 360 18 2. 051 66 40.1 71 66 
21 42 19.166 48 I. 820 20 H.873 64 23 2 20.375 52 2. 054 10 40.200 75 
21 41 I q• l 81 56 1,623 04 17.902 73 2' 3 20. 390 67 2,057 n 40.22Q 64 
21 44 19. 196 6. l.625 86 l7.9ll 62 23 4 20.405 82 2. 060 7~ 40.256 q3 
21 •5 19,21 I 12 t.826 73 37. 960 91 23 5 20.420 97 2.063 16 40.288 02 
21 •6 19.226 60 I. 8 ll 58 l 7. 990 00 23 6 20.436 12 2. 066 62 40. 3 \7 II 
21 ,1 l 9. 24 l 68 1. 63• 42 JS. Cl9 09 23 1 20,451 28 2. 0~9 65 '90. 346 19 
2 l 48 19.256 % 1.637 28 38.048 16 23 8 20. 466 43 2. 012 89 40.375 26 
21 40 19.272 05 l .8-40 13 38.077 21 23 q 20. 461 58 2.075 93 40.404 37 
21 50 19.287 13 l. 8442 96 36. 106 36 ll 10 20.496 74 Z,016 97 40. 4 3 3 4~ 

21 51 19.302 22 t.845 64 16. l 35 44 23 11 20. 511 90 2.CR2 02 ltO .462 55 
21 52 19. ll7 31 1. 848 70 l8. 164 53 23 12 20.527 05 2. 065 06 40.491 64 
ll ~3 19.332 3Q 1.651 5 7 36. I q3 62 23 13 20. 542 ?l 2,086 II 40. Iii 20 73 
21 54 l 9. l4 7 46 1. 8'54 43 38. 22 2 71 23 14 20.557 37 2. 09 I 16 40.549 AZ 
21 55 l 9. 362 57 1.657 lC 36.251 60 23 15 20. 512 5) 2. 094 22 40. '> 78 91 
21 56 lQ.377 66 1. 860 17 36,280 69 23 16 20,567 69 2.097 21 40.607 99 
? l 57 19.392 75 I. 86 3 04 36. 309 96 23 17 20. 602 85 2. 100 33 40. 6 3 7 06 
21 58 l 9,.40 7 A4 1.665 91 38. 339 01 2 l 18 20.616 01 2. 103 3q -'t0.666 I 7 
21 59 19.422 94 l. 868 79 38. 366 15 ll 19 20.633 I e 2. 106 45 40.695 26 
Z2 0 19.438 03 I. 8 71 67 38. 39 7 24 23 20 20.648 34 2. 109 52 40.124 35 

2? 19.453 13 l. 87-4 5< 38.426 33 23 21 20. 66 3 50 2. 112 59 40. 7 ':.:3 .. 
n 19.468 22 1.877 43 36.455 42 23 c2 20.676 67 2. 115 66 40.78? 53 
22 19.483 32 l. 880 l2 38.484 51 23 23 20.693 84 2. I 16 73 40.All 62 
27 4 l 9.498 41 1,683 21 18. 51 3 60 23 24 ZC.109 00 2. 12 l 60 40.840 70 
22 5 19, 5 I 3 51 l. 886 IC 36. 542 69 23 25 20. 124 17 2. 121t 86 40.Bt:9 79 
?2 6 I q. 528 61 1,666 09 38. 5 71 16 23 26 20. 739 34 2. 12 7 96 40.89ft A8 
n 1 19.543 71 l.@'H P9 36.600 61 23 21 20. 754 51 2. I 31 04 40.927 97 
2? 19.558 Al 1. 894 78 36.629 95 23 28 20. 769 68 2-114 13 40.q51 06 
22 q 1q,573 QI I. 697 68 36.659 04 ?3 2q 20.784 R6 2. 137 21 40.98b I 5 
21 I 0 l 'i. 58'9 01 I .900 59 l8.688 13 23 30 20.800 03 2. 140 30 4l. O 1 Ii 24 

12 11 l q.604 12 I. G03 49 38,717 22 Zl 31 20. 615 20 2. 143 39 41. 044 33 
22 12 19.619 22 I .906 40 18.746 31 23 32 20.830 38 2. 146 4q 41.073 42 
2 2 13 19. 634 32 l.909 JI 38.775 40 23 33 20. 645 56 2. 149 56 41.102 5C 
22 1, I G.649 43 l.912 22 36.804 49 23 34 20.660 73 2.152 68 41.131 59 
22 15 l 9. 664t 54 1.q15 13 36. 633 56 23 35 20.675 q l 2. 155 18 41.160 66 
22 16 I~. 679 64 1.q10 05 36. 862 66 23 36 20.691 09 I. I 58 88 41. 169 11 
22 17 19.694 75 1.920 97 36.891 75 23 37 20.906 21 2. 161 9q 41.216 86 
22 16 I q. 709 86 I .923 69 38.920 64 23 38 20.921 45 2.165 10 41. 2.ft7 95 
22 19 1q.124 97 1.q26 61 38.G4q 93 23 39 2 0. 9 36 63 2. 166 21 41.277 04 
22 20 1 q_ 740 06 l. 929 73 38. q19 02 23 ,a 20,951 RI 2, l 71 32 'tl.306 13 

22 21 19. 755 19 I. 932 66 39,008 ll 23 41 20.967 00 2. l 74 43 41.335 21 
22 22 1q.110 31 I .q35 5q 39.037 20 23 42 20.Qe2 18 2. l 77 55 41. 364 30 I 
22 23 19.785 42 1.936 51 39. 066 2q 23 43 20.997 37 2. 160 67 4l.H3 30 
22 2' I 9. 800 53 I.HI 46 3q.095 38 23 44 71.0 I 2 55 2.163 79 41.422 48 
22 25 1q.915 65 1.944't 40 39. 124 46 23 45 21.021 74 1. 166 92 41.451 57 
22 26 I q.830 76 1.947 34 39.153 55 ll 46 11,042 91 ;,. i so 04 41.480 66 
22 21 1q.9,5 86 I .9 50 ze 39.182 64 23 47 21. 056 12 I. 193 17 41.509 75 
22 26 19.861 00 1.q53 22 39,211 73 23 48 21.073 JI 1.196 30 41.538 84 
22 2q 19. 876 12 l.956 11 39.240 62 23 4q 2 I ,066 50 2. 199 44 -r , 567 93 
22 30 1q.991 2' 1.959 12 39.26q 91 23 50 21.103 69 2. 202 57 41.597 01 

22 31 19.906 36 I. 962 07 39.299 00 23 51 21. 116 68 2.205 71 41.626 10 
22 32 1q,921 48 1.965 02 39.328 oq 23 52 21.134 07 2,208 65 41.655 19 
22 33 19.936 60 1.967 98 H.357 17 23 53 21. 149 11 2. 2 l I 99 4 l .684 28 
22 1, 19.951 72 1.970 q3 39.386 26 23 54 2 l. 164 46 2,215 14 41.713 37 
22 35 19.q66 85 1.q73 89 3q.415 35 23 55 2 l. I 79 66 2.218 29 41.142 46 
22 36 1'9.98 l 97 1.q16 86 39.4H .. 23 56 2 l. 194 86 2. 221 44 41. 771 55 
22 37 19.qq7 10 1.q1q · 82 39.HJ 53 23 57 2 I. 210 06 2. 224 59 41.600 6• 
22 38 20.012 22 1.982 7q 3q.502 62 23 58 21. 225 25 2. 221 74 41. 8 29 1Z 
22 39 20.027 35 1.q95 76 39,531 71 23 59 21,240 .6 2. 230 QO 41. 658 81 
22 ,o 20.0,2 48 1.qe9 73 39,560 60 24 a 21.255 66 2.234 06 'ti .887 90 



TA BLE 11-100 M RADIUS CIRC. CURVE: TANGENT.EXTERNAL ANO LENGTH VS. CENTRAL DEFLECT ION ANGLE 53 
TABLE 11-100 M RAYON COURBF. CIRC.: TANGE~TE,CONTRE-FLECHE ET LONGUEUR vs. ANGLE DE DEFL. CENTRAL 

------------------------------------------------------------------------------------------------ 
DEFL·. ANG. TANGENT EXTERNAL LENGTH DE Fl. ANG. TANGENT EXTERNAL l ENG TH 
ANG. Dffl. HNGfNTE CONT .F·l. LONGUEUR ANG. OEFL. TANGENTE CONT .FL. LONGUEUR 

------------------------------------------------------------------------------------------------ 
DEG MNT M DEG MNT M 

•2•••=•=••===•2=•=••~----·····························································-····•=~--=•• 
24 21.210 86 2.237 22 41.qlb 99 25 21 22.490 13 2.49 7 83 4.tt. 244 10 
24 21.28h 06 2.240 ]q 41.qltb OB 25 22 22,505 '1 2.501 19 44. 2 73 I 9 
24 21.301 26 2. 243 55 4l.H5 17 25 23 2 2. 520 69 2. 504 54 ... 302 H 
24 4 21.316 47 2.246 72 42.004, 26 25 24 22.535 97 2.507 90 4.C,.J"H 36 
24 5 21.331 lB 2.24• B~ 42.033 35 25 25 22,551 26 2.511 26 44. 360 45 
24 6 21,34<, 88 2. 253 07 42.062 43 25 26 22.566 54 2.5H 63 ""· 389 54 
24 7 2 I. 362 09 2.256 24 42.091 52 25 27 22. 58 I 83 2. 51 7 99 44.418 63 
24 8 2 l• l77 30 2.259 42 42. 120 61 25 28 22.597 II 2. 521 36 44.447 72 
24 9 21.392 51 2. 262 60 42. 149 70 25 29 22.012 40 2.5H n 44 • 4 1b 81 
24 10 21.407 7~ 2.265 78 42.178 79 25 30 22.627 69 2.528 II 44.505 90 

24 11 21.4Z2 q3 2. 268 q7 42.207 88 25 31 2 2. 642 •e 2.531 48 44 • 5 34 98 
24 12 21.438 14 2. 272 16 42. 236 97 25 32 22 • 6 58 21 2.534 86 4-'t. 564 01 
24 13 21.453 36 2.275 35 42.266 06 25 33 22.673 56 2,538 24 44.593 16 
24 14 21,468 57 2.278 54 42. 295 15 25 34 22.688 85 2.541 62 44.622 75 
24 15 21.483 79 2.281 73 42. 324 23 25 35 22. 704 15 2. 545 01 44.6'H 34 
24 16 21.49. 00 2. 284 q3 42. 35 3 32 25 36 22.719 .. 2. 548 39 44.680 43 
24 17 21.514 22 2.288 13 42.382 41 25 37 22. 734 74 2.551 78 44. 70Q 52 
24 18 21.529 .. 2.2s1 33 42.411 50 25 38 22. 750 03 2.555 18 44. 738 H 
24 1q 21. 544 66 2.2•4 54 42,440 59 25 39 22.765 33 2.558 57 44.767 10 
24 20 21.55q 88 2. 2•1 74 42.46q 68 25 40 22. 7 80 63 2.561 97 44. 796 78 

24 21 21.575 10 2.300 95 42.4•e 77 25 41 22,795 q3 2.565 37 44.825 87 
24 22 21.590 32 2.304 16 42.527 86 25 42 22.e 11 23 2.568 77 44. 8 54 % 
24 23 21.605 54 2. 307 38, 42.556 q4 25 43 2 2 • 8 26 53 2. 572 17 44.8A4 05 
24 24 2 I. 620 77 2.310 59 42.586 03 25 .. 22.841 84 2.575 58 .... 13 14 
24 25 21.635 99 2. 313 81 42.615 12 25 45 22,857 14 2,578 qq 44. 942 2 l 
24 26 21,651 22 2. 317 03 42.644 21 25 46 22.872 .. 2. 582 40 44. 9 71 32 
24 27 21.666 44 2.120 26 42.673 30 25 47 22.887 75 2.585 81 45.000 41 
24 28 2 I .681 67 2. 323 48 42.702 39 25 48 22.S03 06 2.5BS 23 45. 029 4q 

24 29 21.696 90 2,326 71 42.731 48 25 4g 22.918 37 2.5n 65 45.058 58 
24 30 21. 712 13 2. 32s 94 42. 760 57 25 50 22.933 67 2.5% 07 45.087 67 

F 
24 31 21. 727 36 2. 333 17 42. 79q 66 25 51 2 2. 948 •e 2.59g 4q 45 .116 76 
24 32 2 l. 742 5q 2. 336 41 42.818 74 25 52 22;904 29 2.602 qz 'tS.145 85 
24 33 21.757.82 2.339 64 -42.847 83 25 53 22.979 61 2.606 35 45.174 .. 
24 34 21.773 06 2.342 88 42.876 qz 25 54 2 2. 9g4 s2 2.60q 78 4'5. 204 03 
24 35 21.788 29 ~- 346 13 42.qo6 01 25 55 23.010 23 2.613 21 45.233 12 
24 36 21.803 53 2.34q 37 42."35 10 25 56 23.025 55 2,616 65 45.262 21 
24 37 21.B 18 76 2. 352 62 42. 964 1• 25 57 23.040 86 2,620 08 45.291 z• 

{ 24 38 21,834 00 2. 355 87 42.993 28 25 58 23.056 18 2.623 52 45. 320 38 
24 3q 21.04• z,. 2. 35q 12 43.022 37 25 5q 23.071 50 2.626 97 45. l4Q 47 

) 24 40 2 1.864 4~ 2. 302 37 43. 051 45 26 0 23.086 82 2.630 41 "i5. 3 7~ 56 

24 41 21.879 72 2,365 63 43.080 54 26 21.102 14 2.633 86 45.407 65 
24 42 21.8Q4 96 2. 368 89 43.109 63 26 23,117 46 2,637 31 45.'t36 74 
24 43 21.910 20 2. 372 15 43.138 72 26 23. 132 18 2. 640 76 45. 46"i 83 
24 44 21.925 44 2. 375 41 43.167 81 26 4 23.148 11 2,644 2l 45. 4 94 oz 
24 45 21;q40 6. 2. 378 68 43.196 90 26 5 23.163 43 2. t!4 7 67 45. 5 24 00 
24 46 2\ •• 55 93 2.381 95 43.225 99 26 6 23. 1 78 76 2 .65 I 13 4"i .. 553 o• 
24 47 21.971 IA 2.385 22 43.255 08 26 7 2 3. t•4 OB 2.654 5q 45.51'2 I 8 
24 4R 21.S86 43 2. 388 49 43.284 17 26 23. 2QQ 41 2.658 06 45.611 27 
24 4q 2 2.001 67 2.391 77 4 3. 313 25 26 • 23.224 74 2.661 52 45.640 36 
24 50 2 2 .o 16 92 2.305 04 43. 342 34 26 to 2 3. 240 01 2.664 q9 4"i. 669 45 

24 51 2 2. 0 32 17 2. ~98 32 43.371 43 26 II 23.255 4C 2.668 46 45. 6'i8 54 
24 52 22.047 ,r,2 2 .,401 61 43.400 52 26 12 23.270 73 2.671 94 45.727 63 
24 53 2 2. 062 68 2 .404 89 43. 429 61 26 13 23.286 Ob 2.675 41 45.756 72 
24 54 71.071 93 2.408 I B 43.458 10 26 14 23. 301 40 2.678 89 45. 785 80 
24 55 22.093 18 2 .411 '7 43.487 79 26 15 23. 316 73 2.682 37 45. 814 89 
24 56 2 2 .108 44 2.414 H 43. 516 88 26 lb 23. 332 07 2.685 Bb 45.843 •• 
24 57 2 2.123- 6S 2.418 05 43.545 96 lb 11 21.347 40 2.689 34 45.873 07 
24 58 22.138 95 2.4 21 3~ 43.575 05 26 18 2 3. 362 74 2,692 83 45.•02 16 
24 59 2 L.15-'t 21 2.424 65 't3.604 14 26 10 23.378 08 2.696 32 45. q 3 I 25 
25 0 22.16• 47 2.4 27 05 43. 633 23 26 20 2l.3S3 42 2.699 82 45.960 34 

25 22.184 73 2 .4 31 2t 43.662 32 26 21 23.408 1"t, 2. 703 31 45.989 43 
25 22.199 •• 2.1t34 56 43. 69 l 41 26 22 23.424 10 2. 706 81 46.018 51 
25 2 2.215 25 2-4 l 7 87 43. 72C 50 26 23 23.43q 44 2.710 31 46. 04 7 60 
25 4 22.230 51 2.44 l I e 43. 749 59 26 24 23.454 79 2.713 Bl 46. 01b 69 
25 5 22.245 77 2- 444 49 43. 118 68 26 25 23. 410 13 2.111 32 46. I 05 78 
25 6 22.261 04 2.4',7 81 43. BO 7 76 26 26 23.485 48 2. 720 82 46. 13-'t 87 
25 1 2 2. 2 7b 31 2 .451 13 4 3. 836 85 26 21 23.500 83 2. 724 33 46.163 Sb 
25 8 22.2•1 57 2. 4'4 45 43.865 94 26 2B 23. 516 11 2.121 85 46 .103 05 
25 9 22.]0b &4 2.457 77 43.5q5 03 26 2s 23. 531 52 2.731 36 46. 2 22 14 
25 10 22.122 II 2.-'t6l 10 41. qz4 12 26 30 2 3. 546 87 2. 7 ;4 88 46. 251 23 

2S 11 22.337 38 2.464 43 lit l. q53 21 26 31 23.562 23 2. HA 40 46. 2 80 31 
25 12 22.352 65 2.467 76 4J.qsz 30 2b 32 2 l. 5 77 58 2.741 qz 46.)Qq 40 
25 t 3 7. z. 36.f qz 7.. 4 71 09 1t4.0l l 39 26 33 21.5n q3 2. 745 44 -'tf,. l'3R 49 
25 14 22. 383 19 2.4 74 42 44. 040 47 20 34 23 .608 29 2. 748 q7 46.361 58 
25 15 22.398 47 2. 4 77 76 44. Qbq 56 lb 35 23.623 64 2,752 50 46. )q6 67 
25 16 2 2. 4 13 74 2.481 I 0 4-'t. oqe 65 26 36 23. 63. 00 2.756 03 46. 425 76 
25 17 72.42S 02 2.484 44 44_. 127 74 26 l7 23.654 36 2. 759 57 46.4~4 85 
25 18 2 2.441t 20 2.487 7q 44.156 83 26 38 2 3. 660 71 2,. 1b 3 10 46. 483 q4 

25 1• 22.459 57 2.491 I~ 44. 185 92 26 3q 23. 685 07 2 .. 766 64 46.513 02 
25 20 2 2. 4 74 85 2 ,.4q4 48 44.215 01 26 40 23. 700 " 2. 110 18 46. 51t2 11 



iO TABLE 11-100 M RADIUS CIRC. CURVE: TANGENT,EXTE~NAL .AND LENGT~ Vg. ~ENT•AL DEFLECTION ANGLE, 
·--~~~=:-~~=~~~- H_ RAYON_ COURSE_ C !RC.:_ TA NGENTE ,CON TRE-FL ECHE _ ET _\ONGU.E UR • VS.-~~-~==- DE_ DEFL. _CENTRAL 

!EFL. ANG.. 
,NG. OEFL. 

TANGENT 
TANGENTE 

DEG HNT 

EXTERNAL 
CONT.FL. 

LENGTH 
LONGUEUR 

OEFL. ANG. 
ANG. OEFL. 

TANG ENT 
TANGfNTE 

EXTERNAL 
CONT.FL. 

LENGTH 
LONGUEUR - -- ---- ----- ------ --------- ------- ------------ . - -- --- ------------------------- -- ------ ---- - 

• DEG HNT H 

··;:·,1 23:115 80 2.773 73 06.571 20 28 20,908 25 3,065 10 
26 •2 23.731 16 2.111 21 o6.600 29 2s 20.963 10 3.068 8• 
26 03 2L746 52 2,780 82 06.629 38 28 3 24.97q 15 3.072 59 
26 44 23.761 89 2.180 ?1 46.658 01 28 4 24.9 •• 60 3.016 33 
26 05 23.177 26 2.787 93 06.687 56 28 5. 25.010 06 3.000 08 
7.6 06 23.7"2 62 2,791 08 06.116 65 28 6 25.025 51 3.083 83 
26 07 23.807 99 2,795 o, 06.705 1, 28 1 25.040 97 3,067 58 
20 48 2~.823 36 2.1s8 oo 06.11, 82 20 8 25.056 42 3,091 34 
26 49 23.8~8 73 2,802 16 46.803 91 28 Q 25.071 88 3.095 10 
26 50 23.850 10 2,805 73 46.833 00 28 10 25.0-7 30 3.098 86 

26 51" 
U 52 
26 53 
26 54 
26 55 
26 56 
26 57 
26 58 
2f! ljQ 

27 0 

21 
21 
21 
27 • 
27 5 
27 6 
21 1 
27 8 
27 9 
21 to 

27 11 
27 12 
27 13 
27 to 
27 15 
27 16 
27 17 
27 18 
27 19 
27 20 

27 21 
27 22 
27 23 
21 24 
27 25 
27 26 
21 21 
21 28 
27 29 
27 30 

27 31 
27 32 
27 3l 
27 34 
27 35 
27 36 
21 37 
27 38 
27 39 
27 oo 

27 01 
27 42 
27 '3 
27 .. 
l7H 
!7 46 
!7 47 
!7 48 
~7 49 
?7 50 

7 51 
7 52 
7 53 
7 54 
7 55 
7 56 
7 57 

~ :: 
8 0 

23.80• 47 
23.884 85 
23.900 22 
23.915 60 
23.930 98 
23 •• 46 35 
23.961 73 
23.977 II 
23.992 4Q 
24.007 88 

24.023 26 
24.038 64 
20.054 03 
24.069 42 
24.084 80 
2,.100 19 
24.115 58 
24.130 97 
24.146 36 
24.161 76 

24.177 15 
24. 192 55 
24.207 94 
24.223 3• 
24.238 74 
24,254 1-4 
24.269 54 
24.284 94 
2,. 300 34 
24.315 75 

24.331 15 
24. H6 56 
24.361 96 
24. 377 37 
24. 392 78 
24.408 19 
24.023 60 
24,439 02 
24.45' 03 
2't.469 84 

24.485 26 
20. 500 68 
24,516 10 
20.531 51 
20.546 93 
24. 562 36 
20.577 78 
24.593 20 
24.608 63 
24.624 05 

24.639 48 
24.654 91 
20.6 70 34 
24.685 77 
24.701 20 
24. 716 63 
24.732 06 
24.147 50 
20. 762 93 
24.778 37 

24. 793 81 
24.809 H 
24.824 69 
24.840 13 
24. 855 57 
24.871 02 
24.886 46 
24.901 91 
24.917 35 
24.932 80 

2.809 30 
2.812 87 
2.816 04 
2,820 02 
2.823 59 
2,827 17 
2. 830 76 
2. 834 34 
2. 837 93 
2.001 52 

2 .845 11 
2.848 71 
2.852 3C 
2.855 90 
2.859 5C 
2.863 11 
2.866 72 
2.870 33 
2. 873 94 
2.877 55 

2,881 17 
2.884 79 
2.888 41 
2.892 03 
2,895 66 
2,899 29 
2.902 92 
2.906 55 
2 .910 19 
2.913 83 

2.917 '1 
2,921 11 
2.924 76 
2.928 40 
2,932 05 
2.935 71 
2,939 3t 
2.943 02 
2.946 68 
2.950 34 

2.950 01 
2,957 68 
2.961 35 
2.965 02 
2.968 69 
2,972 37 
2.976 05 
2. 979 73 
2.983 •2 
2.987 11 

2,990 8C 
2,994 4g 
2.9q9 18 
3.001 88 
3.005 se 
3.009 28 
3.012 98 
3.016 69 
1.020 40 
3.024 11 

3.027 83 
3.031 54 
3.035 2t 
3.031 98 
3. 042 71 
3.046 43 
1.0,0 16 
3.053 8'l 
3.057 63 
3.061 36 

46.862 09 
46.891 18 
46.920 27 
46.949 36 
46.978 45 
07.007 53 
47.036 62 
07.065 71 
47.094 80 
47.123 89 

47.152 98 
47.182 07 
47.211 16 
47.240 25 
47.269 33 
47.298 42 
47,327 51 
47.356 60 
47.385 69 
47.41' 78 

47.443 87 
07.472 96 
47.502 04 
47.531 13 
47.560 22 
47,589 ll 
47.618 40 
47.647 09 
47.676 58 
07.705 67 

47.734 76 
47.763 84 
47.792 93 
47. 822 02 
'7,851 II 
47.880 20 
47.909 29 
47.938 38 
47.967 47 
47.996 55 

,a.oz~ 64 
48.050 73 
08.083 82 
08.112 91 
48.142 00 
48,171 09 
48.200 18 
48.229 26 
48.258 35 
48.287 44 

46.316 53 
08.345 62 
08.37' 71 
48.403 80 
48.432 89 
48.461 98 
48.491 06 
48.520 15 
48.549 2' 
48.578 33 

48.607 42 
H.636 51 
48.665 60 
48.694 69 
48. 723 77 
48.752 86 
48.781 95 
48.811 04 
48.840 13 
48.869 22 

28 11 
28 Ii 
28 13 
20 r• 
28 15 
28 16 
28 I 7 
28 18 
28 19 
28 20 

28 21 
28 22 
28 23 
28 24 
28 25 
28 26 
28 27 
28 28 
28 29 
28 30 

28 31 
28 32 
28 33 
28 14 
28 35 
28 36 
28 31· 
28 38 
28 3q 
28 40 

28 41 
28 42 
28 43 
28 44 
28 45 
28 46 
28 47 
28 48 
28 49 
28 50 

28 51 
28 52 
28 53 
28 54 
28 55 
28 56 
28 57 
28 58 
28 59 
29 0 

29 I 
29 2 
29 3 
29 O 
29 5 
29 6 
29 7 
29 8 
zq g 
29 10 

29 ti 
29 12 
29 13 
29 14 
29 15 
29 16 
29 17 
29 18 
2• 19 
29 20 

25. I 02 80 
25.118 26 
25.133 73 
25.109 19 
25,164 66 
25,180 12 
25.195 59 
25.211 06. 
25.226 53 
25.242 00 

25.251 n 
25.272 94 
25.288 41 
25.30} 89 
25.319 37 
25. 334 84 
25.350 32 
25.365 80 
25. 381 28 
25.396 76 

25.412 25 
25.427 73 
25.443 22 
25.458 70 
25.470 19 
25.489 68 
25.505 17 
25.520 66 
25.536 15 
25.551 65 

25.567 14 
25.582 64 
25.598 13 
25.613 63 
25.629 13 
25.644 63 
25.660 )3 
25.675 64 
25.691 14 
25.706 64 

25.722 15 
25.737 66 
25.753 17 
25. 768 68 
25.784 IS 
25.799 70 
25.815 21 
25.830 73 
25. 846 20 
25.861 76 

25,B77 28 
25.892 RO 
25.908 32 
25.9,23 84 
25.q3q 36 
25.954 88 
25.970 41 
25.985 93 
26,001 46 
26.016 9q 

26.032 52 
26.048 05 

. 26,063 58 
26,079 11 
26.094 65 
26. 110 18 
26.125 72 
26.141 26 
26.156 80 
26.172 34 

1.102 62 
3,106 39 
3. I 10 16 
3.113 93 
3.117 70 
3,121 47 
3.125 25 
3,129 03 
3.132 82 
3. 136 60 

3.140 3q 
3. 144 18 
3.147 97 
3. 151 77 
3.155 56 
3.159 36 
3.163 17 
3.166 97 
3. I 70 78 
3. 174 59 

3.178 40 
3.182 22 
3,186 03 
3.189 85 
3.193 67 
3. 197 50 
3.201 33 
3,205 16 
3.208 99 
,. 212 82 

3.216 66 
3,220 50 
3.224 34 
3. 228 18 
3.232 03 
3. 235 88 
3.239 73 
3. 243 59 
3.247 '4 
3.251 30 

3,255 16 
3,259 03 
3,262 90 
3. 266 76 
3.270 64 
3. 274 51 
3.278 39 
3.282 27 
3.286 15 
3,290 03 

3. 293 92 
3.2S7 81 
3.301 70 
3.305 5q 
3. 309 49 
3. 313 3q 
3.317 29 
3. 321 19 
3.325 10 
3. 32S 01 

3,332 92 
3.336 83 
3. 340 75 
3. 344 67 
3. 348 59 
3.352 51 
3. 356 44 
3. 360 37 
3. 364 30 
3. 368 23 

48.898 31 
48.927 40 
48.956 49 
48,985 57 
49. 014 66 
49.043 75 
4S,072 84 
49,101 93 
49.131 02 
49. 160 11 

' 49.189 20 
49.218 28 
49.2'7 37 
4q.216 46 
4S.305 55 
09.33' 60 
49. 363 73 
49. 392. B2 
49. 421 s I 
49.451 00 

49.480 08 
49.509 17 
4q.53e 26 
09. 56 7 3 5 
09.596 44 
09. 6 25 5 3 
09.654 62 
09. 683 71 
49. 712 79 
49. 741 88 

49. 770 97 
49.800 06 
49.82• 15 
49.858 24 
49.887 33 
oq,916 42 
49,q45 51 
49.974 59 
50. 003 68 
50.032 77 

50.061 86 
50.090 95 
50.120 o, 
50. H9 13 
50.178 22 
50.207 30 
50.236 39 
50.265 48 
50.294 57 
50. 323 66 

50.352 75 
50.381 84 
50.010 q3 
50.440 02 
50.46 .. 10 
50.498 I 9 
50.527 28 
50.556 37 
50.585 46 
50.614 55 

50. 643 64 
50,672 73 
50.701 81 
50. 730 90 
50.75 .. 99 
50. 75q OB 
50,818 17 
50.847 26 
50.876 35 
50 •• 05 44 

50.93' 53 
50.963 61 
50.992 70 
51.021 79 
51.050 et 
51.079 97 
51.109 06 
51.138 15 
51.167 24 
51.196 32 

1 
) 

I J 



TABLE 11-100 II RADIUS CIRC. CURVE: TANGENT, EX TEIINll AffO LENGTH Y5. CENTllll DfflECT ION ANGLE 55 
TABLE 11-100 H RAYON COURSE CIRC.: TlNGENTE,CONT~E-FLECHE ET LOHCUEU~ YS. ANGLE DE DEFL. CENTUL 

L -------------------------------------------------------------------------------------------------- 
OEFL. ANG. TANGENT EXTERNAL LENGTH DEFL. lNC. TANGENT EXTERNAL LENGTH 
ANG. OEFL. TAN GE NTF. CONT .FL. LONGUEUR ANG. DEFL. TANGENTE CONT.FL. LONGUEUR 

--------------------------------------------------------------------------------------------------- 
DEG HNT DEG IINT • 

•2••-~---·-···••=••=••••=••••=••·····················--------·-·······------·-·············•=•••=•• 
) 

29 21 26.187 88 3. 372 17 51.225 41 JO 41 27.435 08 3.6q5 15 53.552 52 
zq 22 26.203 42 3. 3 76 II 51.254 50 30 42 27. 450 72 3.69q 2q 53.5et 61 
29 23 26. 218 Q6 3.380 05 51.283 59 30 43 27.466 37 3.703 43 53. 610 70 
2q 24 26.234 51 J. 383 99 51. 312 68 JO 44 27.482 01 3. 707 57 5 3. 6 39 79 
2q 25 26.250 05 3.387 94 51.341 11 30 45 21.4n 65 3. 711 12 53.UB 87 
2q 26 26.265 60 3. 391 88 51.370 86 30 46 27.513 30 3. 715 87 5,.bq1 96 
2G 27 26.2AI I 5. 3.395 84 51. 399 q5 JO 47 27.528 94 3.720 02 53.727 05 
29 28 26.296 70 J.399 79 51.429 04 30 48 21. 544 5~ 3. 724 17 53.756 14 
29 2s 26.312 25 J. 403 75 51.458 12 30 49 21. 560 24 J.728 JJ 53. 7 85 2~ 
29 30 26. 327 80 3.407 70 51.48 7 21 JO 50 27.575 89 3. 732 49 5~. 814 32 

29 JI 26.143 36 3.411 66 51.516 JO 30 51 27.591 54 J. 736 65 53.843 41 
29 32 26.358 SI 3.415 63 51.545 Jg 30 52 27.607 IS 3.740 82 53.872 50 
29 33 26. 374 47 3.419 5g 51.574 48 30 53 27.622 84 3. 74" SB 53. 901 sq 
29 34 26.3SO 02 3.423 56 51.603 57 30 54 27.638 50 3. 749 15 5 3. g 30 67 
29 35 26.405 58 J.427 53 5 I .612 66 30 55 27.654 It 3. 753 32 •53.q5g 76 
29 36 26.421 14 3. 4 JI 51 51.661 75 JO 56 27.b6Q 81 3.757 50 5J.S8A 85 
29 37 26.436 70 3.435 4e 5 I. 6SO 83 30 57 27.685 47 J. 76 I 68 54.017 g4 

29 38 26.452 26 3.439 46 51. 719 92 30 58 27. 701 13 3. 765 85 54. O't 7 OJ 
2s Jg 26.467 82 3. 4.C.3 44 51. 749 01 30 5q 27. 71 b 7S ,. 110 04 54., Ol'b I 2 
29 •o 26.4A3 39 3. 44 7 43 51.178 10 JI 0 27.732 45 3. 774 72 54. I 05 21 

29 41 26.498 q5 J. 451 •t 51. eo r 19 31 I 27.748 12 J. 778 41 -;4. l 34 JO 
2q 42 26.51• 52 3.,55 4C 51. 8)6 28 31 2 ?7. 763 78 3.782 60 54.16 J H 
29 43 26.530 09 3.459 39 51. 865 37 JI J 21. 7 7q 45 ,. 7~6 7q 54. I S2 47 
29 .. 26. 545 66 J.463 38 •;i.aq4 46 31 4 21. 7g5 12 1.no 98 54. 221 56 
2• 45 26.561 23 3.46 7 38 51.923 55 JI 5 27.RIO 7S }. 7S5 18 54. 2 50 65 
29 46 76.576 80 J.4 71 38 51.S52 63 31 6 27.826 46 3. 709 38 54. 210 74 
29 47 26.592 37 1., 75 38 51.981 72 31 1 27.842 I 3 J.803 5A 54.,30R 83 
7q 48 26.607 94 J.479 38 52. 010 81 31 8 27.857 80 J.807 79 54. 3 3 7 02 

2s 49 26.623 52 J.4 83 3S 52.039 so 31 g 27.873 47 J. 812 00 54. 31> 7 01 
2• 50 26.639 OS 3.487 •o 52. 068 99 JI 10 27.889 I 5 3.816 21 54. 3 Q6 10 

2s 51 26.654 h1 3. 4Ql 41 52. 09 8 08 JI II 21 • OQ4 82 3.820 42 54 .421:i 18 
2s 52 26.6 70 25 l .,4q5 42 52. 127 I 7 31 12 27.920 50 J.824 63 54. 4 54 27 
2s 53 26.685 83 ,.49q .. 52.150 76 JI I J 21•936 IE J. 828 A5 "i4., 4f!3 36 
29 54 26. 701 41 ~.503 46 52.185 34 31 14 21.05 l ab J.833 07 54. 512 45 

2• 55 26. 716 9q 3.5C7 •8 52. 21, 43 31 15 27.967 54 J. 837 29 54. 541 54 
2s 56 26.732 57 J. 511 50 52. 243 52 31 16 27.983 72 3. 84 l 52 54. 5 70 63 
29 57 26.748 16 J.515 53 52.272 61 JI 17 27.,QQB 91 3.,845 75 54. 5qq 12 
29 58 26. 763 74 3.519 55 52. JO I 70 JI I 8 28.014 59 3.849 98 54.628 Al 
2Q 59 26.179 33 3.523 58 52. JJO 79 31 IS 28.030 28 3. 854 21 54. 6 5 7 es 
JC 0 26.794 n 3.527 62 52.359 88 31 20 28.0•5 S7 ,. 85 8 44 54.,6e6 98 

JO I 26.8 IO 51 ). 531 65 52.388 97 JI 21 28.06I 66 J.862 68 54.716 07 
30 2 26. 826 10 3.535 69 52.'18 06 JI 22 28.077 35 J. 866 92 54.7•5 16 
JO 3 26. 841 09 ).539 73 52.44 7 14 JI 23 28. 09 3 04 J. 871 16 54. 7 74 75 
JO 4 26.857 28 3. 543 78 52.476 23 31 24 2R. 108 73 J.875 41 54. 8C3 34 
JO 5 26.872 88 3.547 82 52.505 32 JI 25 28.124 43 3.879 66 54. 8 32 43 
!O 6 >.6. 888 47 3. 551 87 52.534 41 JI 26 28. 140 12 J.8R3 91 54. 861 52 
JO 1 26. 904 07 J. 555 92 52. 50 3 50 l l 21 28. I 55 82 J.888 16 54. 890 60 
30 e 26.9 I q 67 3.5 59 98 52.592 59 JI 28 28. I 71 52 J.892 42 54. SI 9 69 
30 9 26.935 27 3 • 564 OJ 52.621 68 31 20 28. 187 22 3. 896 68 54.948 78 
30 10 26. 950 87 3.568 09 52 • 65 0 11 JI 30 28.202 92 3. Q00 94 54.,q77 87 

JO II 2 6. Q66 47 3.572 15 52.679 85 31 31 28. 218 62 3.905 20 5'i. 006 96 
JO 12 26.982 07 3. 576 21 52.708 g4 31 32 28.234 32 3.909 47 55.036 05 
30 13 26.997 67 3.580 28 52. 738 03 JI B 28.250 OJ 3.Sl) 73 55.0'-5 14 
30 14 27.013 28 J. 584 35 52.767 12 31 34 28. 265 73 3.918 00 55. 094 23 
JO 15 27.028 89 3.588 42 52. 796 21 l I 35 28. 2 BI 44 J.922 28 55.123 32 
30 16 27.044 49 ).592 49 52.825 30 31 36° 28. 297 I 5 3.926 55 55.152 40 

JO 17 27.060 10 ). 596 57 52.854 39 JI 37 28.312 6t 3. 9 30 83 55. I 8 I 4g 

JO 18 27.075 71 3. 600 65 52.883 48 JI 38 28.328 57 3.935 II 55. 210 58 
JO 19 21. OSI 32 3.604 7J 52.912 57 31 39 28. 344 28 3. 939 40 55 • 2 30 67 
JO 20 27.106 Q4 3.608 ,1 52.941 65 31 40 2A. 359 q9 3.94 3 68 55.268 n 

30 21 21.122 55 3. t 12 SC 52.970 74 l l 41 28.375 71 3.947 q7 55. 297 85 
30 22 27. I 38 17 J. 616 99 sz.qqq 83 JI 42 28. 3Sl 43 3.952 26 55. l 26 94 

JO 23 27.153 18 J.621 OB 53.028 92 JI 43 28.407 14 ,. 956 56 55.356 03 
30 24 27 .169 40 J.625 l 7 53.058 01 31 44 2A.422 86 J.960 85 55. 385 II 
30 25 27.185 02 3.62q 27 53.087 10 JI 45 2A.4J8 se 3.965 15 55.414 20 
JO 26 27.200 64 J. ,;33 37 53. 116 19 JI 46 28.454 JO 3.969 45 55.443 29 
JO 27 21. 216 26 ).637 47 53. 145 28 JI 47 28.470 03 J.S73 76 55.472 38 
30 28 27.231 88 3.641 57 53.174 36 31 48 2 8. 4 85 75 J.978 06 55. 501 47 
30 29 21. 24 7 50 ).645 68 5 3. 203 45 31' 4g 28. 501 47 3. 98 2 37 55. 5 lO 56 
JO 30 27.263 13 3. 64<} H 53.232 54 31 50 28.517 20 J.986 69 -;s. 5~q 65 

JO 31 21.218 76 3. t53 9C 53.261 63 31 51 28.532 Q3 3_9q1 00 55. 588 74 
JO 32 Z 1 .29.ft 38 3.658 01 53.290 72 31 52 28.5'8 66 J.9S5 32 55 .617 83 
JO 33 27.310 01 3.662 13 53. 319 81 31 53 26.564 39 J.999 64 ';5.,641-.i 91 
JO 34 21. 325 64 3.666 25 53. 34 8 •o 31 54 28.580 12 4.003 Q6 55.6 l'h 00 
JO 35 27.341 21 l .6 70 37 53. 377 99 JI 55 28.595 85 4.008 28 55. 705 OS 
~o 36 2 7. 356 90 3. 6 74 49 53.407 08 31 56 28.611 59 4.012 61 55. 7 34 18 
JO 37 27. 372 54 J. 6 78 62 5 3. 436 16 31 57 28.627 32 4.Cl6 g4 55.763 71 
JO 38 77.388 17 l .682 75 53.465 25 31 58 28.6•3 06 4. 021 27 55. 792 36 
JO 39 21.,0, 81 3.686 88 53.49' 34 31 5q 28.65A 80 4.025 61 55. 821 45 
JO 40 27 .419 45 3.6CH 01 53.523 43 32 0 76. 6 74 54 4. 029 94 55.850 54 



TABLE 11- 100 " RADIUS CIRC. CUR\'E: TANGENT,EXTERNAL ANO LEJrrr,jGlt-1 vs. CENTRAL DEFL EC TtoN ANGLE 
TABLE I 1-100 M RAYON COURSE CIRC.: l ANG ENTE ,CON TRE-F L ECHE FT LONGUEUP vs. ANr,LE OE DEFL. CENTPAL 

J 
----------------------------------------------------------------------- ----------------------- 'L • ANG. TANGENT EXTFANAL LENGTH OE FL. ANG. TANGENT EXTEQ.NAL LENGTH ,. OEFL. TANGE~ TE CONT.FL. LnNGUEUR .6NG. OEFL. l A~GfNT f CONT.FL. LONGUEUP ---------- -------------------------------------------------------------------------------------- >EG MNT DEG MNT 

===-a-=-=-==--=---=--••-~-e==~=S%-=------------==----=-=-z------=--•--=------=-====-==--===-===-- 
'Z 28.690 2R 4.C ~4 ze 5 5. 8 7• hZ 33 ?I 79_q53 R8 4. 3R9 82 58.206 73 

J 
l Z z 28.706 02 4.C 38 63 55 •• 08 71 33 22 2G.969 1) 4. 394 37 58.215 8Z 
3? 3 28. 7Z I 11 4.04'2 S7 55_q37 80 33 23 2•.•s5 58 4.398 qz 513.264 •1 

I 
'? 4 28.7l7 51 4.047 12 5 5. 966 0• 33 24 10.001 44 4.403 48 58. zq4 00 
32 5 28.753 Z6 4.051 67 55. 995 •• 33 Z5 30.017 2• 4.408 04 58. 323 OS 
!Z 6 7.8. 769 00 4. 056 oz 56.CZ5 07 33 Zb 30.031 15 4.412 5q 58. 35 2 I 7 
12 7 ?8. 784 75 4. 060 18 56. 054 16 l3 27 30. C4q DC 4.41 7 lb 58. 381 2b 
'7 ?8.800 50 4. 064 73 5c,.083 25 3 l 28 vo , 064 8b 4.421 1? 'iR. 4 l 0 '5 
l2 q 28.R!b 25 4.069 OS 5b. I I? 34 33 zo 10. 080 7 2 4. 4 26 20 58 • 4 30 44 
lZ 10 28.S32 01 4.073 46 56. 14 l 42 33 10 l0.0q6 58 4.430 Bh 58.468 53 

37 II ?.8. A47 76 4.077 82 56. l 70 5 I 33 31 s o , I 12 45 4.435 43 58.407 b2 
32 I? 2 8.R63 52 4.C82 IS 56.199 so l3 32 JO. I 28 l I 4.440 01 5A. 52b 7 I 
'I 13 28.87S 27 4. 086 5b 56.Z28 bq l 3 33 30.144 18 4.444 58 li'3. 51ili 80 
i, 14 ? 8. 805 03 4.090 q4 ·56. 25 7 78 n l4 30. I so 04 4.449 l 7 58.584 •• l? l 5 7 8. O l 0 7S 4.095 " 56. 2136 87 l3 15 30. l 75 q l 4.4'53 75 5A.6ll 07 
12 16 28.926 55 4.099 6S 5b. l l 5 Sb 33 3' 30. IS I 78 4.458 31 'iR.1:4 3 06 
37 I 7 26.Q42 31 4. l 04 C7 56 .. l4 5 05 33 37 30.701 65 4.4h2 92 58.672 15 
12 18 2 8.? 58 08 4. 1 OR 45 56. 374 l l l3 38 30. 223 52 4. 4f, 7 51 58. 7C I 24 
37 Jo 78.073 84 4. 1 17 84 56. 40.3 22 33 lS 30.239 40 4.472 ll 5R. 7 ro 33 
~ 2 20 28.980 bl 4. 117 23 'ib.432 31 l3 40 30. Z55 27 4. 4 76 10 '>8.75Q 42 

l7 21 29.005 3q 4. I ?l u 56.461 40 33 41 vo , 271 15 4.481 30 5 R. 7 88 5 I 
'7 2? ?9.021 14 4 .176 01 56.490 49 3l 42 30.187 03 4.4A5 90 58.817 ,o 
32 2' 29.036 OJ 

"· • 30 
41 56.51g 58 13 43 30. 302 o I 4.490 51 58. 846 68 

12 24 29.052 6q 4. 134 8 l 56.548 b1 13 44 30., I 8 7q 4. 4q5 II 58. 8 75 11 
32 ZS 29.0i,R 4b 4.1~9 21 56.571 76 33 45 30. 334 67 4_4qQ 72 58. Q 04 8b 
l2 26 2S.OA4 21 4. 143 62 56.606 85 33 46 30. 3 50 S5 4. 504 33 '>~. ql3 95 ) 37 27 2 G. 100 01 4. 148 02 56. 6 35 93 l3 47 30. 366 44 4.508 q5 58 • g6l 04 
3? ZR 7 9. l 15 78 4.152 43 56. 66 5 01 33 48 30. 38? 32 4. 51 3 57 58.9S2 I 3 
32 29 2G.l3I 5b 4. 156 84 56. 694 ll 33 4S JO. 398 21 4.518 1• 59. 021 22 
12 

30 29.147 H 4. 161 26 56.723 20 l3 50 30.414 10 4. 52 2 81 i,;q_ 050 31 

1'7 3 I 29. 163 12 4.165 ., 56. 752 29 13 51 30.4?9 9q 4. 527 43 59. C 79 40 ,, 3Z ?9. I 78 so 4. l 70 OG 56. 78 l 38 l' 5Z 30.445 BR 4. 5 3? Ob 50. 1 CJ\ 48 
~2 33 ?.9. 194 69 4. I 74 52 'i6. 81 0 47 31 S3 30.46 l 78 4. 536 69 59.137 57 
'2 34 29.210 47 4. l 78 94 ':>6. 8 39 56 ll 54 30.477 " 4. 541 12 5•.Jt~ '6 
/2 35 29. 226 2b 4. l 83 J7 56.866 64 33 55 30.493 SI 4. 545 Ob '59. 195 75 
?2 3b ~9-242 05 4 .187 BC 56.aq1 73 3J 5b 30. sos 40 4.550 bO 59. 7 24 P4 
32 37 29. 2 5 7 84 4. 192 23 56. 9 26 82 3' 57 30.~25 36 4. 5'15 24 59. 2 5 l 93 
!? 18 z9.z73 bl 4. l 06 67 56. 955 01 l3 58 30. 54 l 2, 4.559 88 5q. 2 8 S 02 
/? JG 2•.20s 42 4.2CI lO '>6.965 00 3 l ss 30. 5 57 l6 4. 564 5 l sq. l I? II 
lZ 40 29.l05 Z I 4. 20"i 54 57.014 OS 34 0 30. '57l 07 4. i:;6<; 18 59. 341 I G 

!2 41 29.321 00 4 • 709 qq 5 7. 04 3 18 34 ,o. "88 q7 4.573 83 5S.l70 2e 12 42 29.336 80 4.214 43 57.072 27 34 30.604 R8 4.578 48 c;g_ 399 37 
17 4' 2q.352 so 4.718 88 5 7. 10 l 3b 34 )O .bZO 79 4.583 14 'i9. 4 28 4b 
!2 44 29.168 JS 4.273 l3 5 7. 130 .44 l4 4 30 .636 1C 4. 587 80 59. 457 55 

1 
!2 45 29.384 IS 4.227 7e i:; 7. I 59 53 )4 5 30.652 6 l 4.50; 46 50. 486 64 

I !2 46 2q.3q9 99 4.7~2 24 57. 1 R8 62 34 b 30 .668 52 4.597 11 59. "i 15 7J 
12 47 29.415 80 4. 2 36 10 57.217 71 l4 7 l0.684 43 4. 601 7q ">9. '-44 ez 
12 4o 2Q. 4 3 I 60 4.241 l< 57.246 80 )4 30. 700 l4 4.60b 46 5s.sn 01 12 4G 29.447 41 4.245 62 57.275 es '4 Q 30. 716 Z< 4. 61 L 13 50. 602 oq 
17 50 29.463 ?l 4.250 09 5 7. 304 98 34 I 0 JO. 73 2 18 "• '1 l 'i 8 I li9. 6 ,2 OP 

12 51 29.479 02 4. 2'54 50 57. 334 07 34 11 30. 748 IC 4.620 48 so. 661 17 
17 52 29.494 83 4•. z5q Cl 57. 363 15 34 12 l0.764 02 4.625 lh 5s. ~•o 2b 
12 51 79.510 64 4.263 50 57.302 24 14 I l 3C. 7 7q q4 4.629 85 c;q. 71 q 35 
12 54 2S. 5 2b 45 4.767 oe 57.421 ll 34 I 4 30. 795 Rb 4. 6 34 53 59. 748 44 
IZ 55 29. 54 2 Zb 4.272 4t 57.450 42 34 IS 30.811 7S 4.639 2Z 5Q. 171 Sl 
12 Sb z s , 5 58 08 4. 276 q4 5 7. 4 79 51 34 lb 30. 827 7l 4.643 SI 5S. R06 bl 
IZ 57 zq.51, es 4.l8I 42 57.508 bO 34 l 7 30 .84 3 64 4.648 60 5S.8JS 70 
12 SB 29.5RS 7l 4.285 91 57.5n bO l4 la 30. 6 5q 57 4.653 30 59.864 7q 
iz 59 ?S.605 53 't.290 40 5 7. 566 78 14 19 30. R 75 5C 4. 6.:.8 00 59. 893 88 
11 0 79.621 35 4. 7q4 •• 5 7. 5q 5 87 l4 20 10.sq 1 4l 4. 6f:i 2 10 5q. 9 2 2 q7 

l3 2S.b37 I 7 4. 29q Jg 57 .62'4 95 )4 2 l 30 .907 lb 4. 66 7 40 o;q. q !2 06 
l1 29.652 qq 4.303 88 57.b54 04 34 22 30.923 lO 4.672 II SQ. QAl Is 
!l 29.bb8 82 4.308 Je 57. 68 3 I 3 14 2' 1Q .03f? Z3 4.676 Bl b0.010 24 

I! 4 2q.68't 64 4. J 12 RS 57.712 22 34 24 30. 955 I 7 4. 681 5l so , DJS ll 
5 79.100 47 It.:' l 7 39 57. 741 ll )4 25 30. 97 l ll 4.686 24 so , ObB 41 
b 19.716 30 4. 321 •o 5·7.770 40 34 2b 30.987 05 4 .690 % 60.097 so 
1 29. 732 ll 4.~26 • I 57.799 4q 34 27 3 1 .002 oq 4.695 68 60.126 5, 

' 8 29.747 9b 4. 330 92 57.828 58 34 28 31 .O IB 03 4.700 40 60. 155 68 
3 9 29. 763 79 •• 335 .. 57.857 66 34 29 3 l .034 88 4. 705 I 3 sn , l 84 11 I I 3 10 29.779 bl 4. 339 95 57.886 75 34 30 l l .050 83 4. 709 86 60. 213 8b 

II 29.7S5 •o "· 3.ft't 47 57.915 e, H 31 3 l. Obb 11 4 .. 714 5q so , 2 4 2 05 
12 2s.e11 zs •• 349 00 57. 944 S3 H ll 31.082 72 4. 7 l 9 32 60. 717 04 
13 2S.827 ll •• 353 52 57.97' 02 34 33 31.0QB b 1 4. 724 05 60. 301 I 3 
14 2s.e,2 97 •• 358 05 58.003 ll 34 3' ll. 114 bl 4. 728 7S 60.lJO 21 
15 29.858 81 4.362 58 58.032 20 H 35 31. I JO se 4. 7'33 53 60 .. 35° 30 
lb 29. 8 74 65 4.367 12 58.0l>I 29 34 3b 31.146 53 4. 738 28 b0.Je8 3S 
17 29.890 50 ,.371 65 58. 090 38 34 37 31. 162 49 4 • 74 3 02 60.417 48 
18 29.906 34 ,.376 19 58.119 46 34 38 31. l 78 45 4. 74 7 77 60.4't6 57 
IS 29. 92 2 1q •• 380 73 58.148 55 34 3S 3 l. 194 40 4. 752 5? bO. 4 75 66 
20 29.938 03 4.385 28 58. 177 ,,. H 40 31.210 36 4.757 18 60.504 75 



TABLE 11-100 .. RADIUS CIRC. CUtlVEI TANGENT,EXTERNAL ANO LENGTH YS. CENTRAL DEFLECTION ANGLE 
THU 11-100 M RAYON COUR8E CIRC., TANGENTE,CONTRE-FLECHE ET LONGUEUR VS. ANGLE OE OEFL. CENTRAL 
--------------------------------------------------------------------------------------------· OEFL. ANG. TANGENT EXTERNAL LENGTH DEFL. ANG. TANGENT EXTERNAL LENGTI 
ANG. DEFL. TANGENTE CONT.FL. LONGUEUR ANG. DEFL. TANGENTE CONT.FL. LONGUEI 
------------------------------------------------------------------------------------------· DEG 14NT M DEG 14NT M 

··········-···-·····-··········-·······-················-······-········-·-··-···········•1 34 41 31.226 H 4.762 03 60.533 84 36 1 32.508 05 5.151 19 62. 860 
34 42 31.242 29 4.766 79 60.562 93 36 2 32.524 13 5. 156 17 62. 890 
34 43 31.258 25 4. 771 55 60.592 01 36 3 32.540 22 5. 161 14 62.919 
34 44 31.274 22 4. 776 32 60.621 10 36 4 32.556 30 5.166 12 62.948 
34 45 31.2'1D 19 4.781 0'1 60.650 l'I 36 5 32.572 39 5.171 10 62.977 
34 46 31.306 16 4.785 86 60.679 28 36 6 32.588 48 5. 176 08 63.006 
34 47 31.322 13 4.790 63 60.708 37 36 7 32.604 57 5.181 07 63.035 
34 48 31.338 10 4.7'15 40 60.737 46 36 8 32.620 66 5.186 06 63.0f4 
34 49 31.354 07 4.800 18 60.766 55 36 q 32.636 75 5.191 05 63.093 
34 50 31.370 05 4.804 96 60.795 64 36 10 32.652 84 5. 196 05 63.122 

34 51 31.386 03 4.809 14 60.824 72 36 II 32.668 '14 5.201 04 63.151 
34 52 31.402 00 4.814 53 60.853 81 36 12 32.685 04 5.206 04 63.180 
34 53 31.417 98 4.819 32 60.882 90 36 13 32.701 14 5. 211 05 63.210 
34 54 31.433 96 4.8H II 60.~II 99 36 14 32.717 24 5.216 05 63.23'1 
34 55 31.449 95 4.828 90 60.941 08 36 15 32. 733 H 5.221 06 63.268 
34 56 31.465 93 4.833 70 60.970 17 36 16 32. 749 44 5.226 01 63.297 
34 57 31.481 91 4.838 50 60.999 26 36 17 32.765 55 5.231 08 63.326 
34 58 31.497 90 4.843 30 61.028 35 36 18 32. 7 81 65 5.236 10 63.355 
34 59 31.513 89 4.848 II 61.057 43 36 19 32.797 76 5. 241 12 63.384 
35 0 31.529 88 4. 852 91 61.086 52 36 20 32.813 87 5.246 14 63.413 

35 l 31.545 87 4.857 72 61.115 61 36 21 32.829 98 5. 251 17 63. 442 
35 2 31.561 86 4. 862 53 61.144 70 36 22 32.846 10 5.256 19 63. 4 71 
35 3 31.577 86 4. 867 35 61.173 79 36 23 32.862 21 5. 261 22 63.500 
35 4 31.593 85 4.872 17 61.202 88 36 24 32.878 33 5.266 25 63. 529 
35 5 31.609 85 4.876 99 61.231 97 36 25 32.894 44 5. 271 29 63. 559 
35 6 31.625 85 4.881 81 61.261 06 36 26 32.910 56 5.276 33 63.588 
35 7 31.641 85 4. 886 64 61.290 15 36 27 32.926 68 5. 281 37 63.617 
35 8 31.657 85 4.891 46 61. 319 23 36 28 32.942 81 5. 286 41 63.646 
35 9 31.673 85 4.8% 30 61. 348 32 36 29 32.958 93 5 .291 46 63. fl5 
35 10 31.689 86 4. 901 13 61.377 41 36 30 32.975 05 5.296 51 63. 704 

35 II 31. 705 86 4.905 97 61.406 50 36 31 32.991 18 5.301 56 63.733 
35 12 31.721 87 4.910 80 61.435 59 36 32 33.007 31 5. 306 61 63.762 
35 13 31.737 88 4.915 65 61.464 68 36 33 H.023 44 5. 311 67 63.791 
35 14 31. 753 89 4.920 49 61.493 77 36 34 33.039 57 5. 316 73 63.820 
35 15 31.769 90 4.925 34 6 I. 522 86 36 35 33.055 7C 5.321 79 ~~::;~ 35 16 31. 785 91 4.930 19 61.551 94 36 36 33.071 84 5.326 86 
?5 17 31.801 93 4.935 04 61. 581 03 36 37 33.087 97 5.331 92 63.908 
35 18 31.817 94 4.939 89 61.610 12 36 38 33.104 II 5.336 99 63.937 
35 19 l!.833 96 4.944 75 61.639 21 36 39 33.120 25 5.342 07 63.966 
35 20 31.849 98 4.949 61 61.668 30 36 40 33.136 39 5. 347 14 63.995 

35 21 31.866 00 4.954 48 61.697 39 36 41 H.152 53 5. 352 22 64.02~ 
35 22 31.8ij2 02 4.959 34 61.726 48 36 42 H.168 68 5. 357 30 64.05 
35 23 31.898 05 4.964 21 61. 755 57 36 43 33.184 82 5.362 39 64.082 
35 24 31.914 07 4.969 08 61.784 66 36 44 33.200 97 5.367 47 64.111 
35 25 31.930 10 4.973 95 61.813 74 36 45 33.217 12 5.372 56 64. l 40 
35 26 31.946 13 4.•n8 83 61.842 83 36 46 33.233 27 5. 377 65 64. 169 
35 27 31.962 15 4.983 71 61. 871 92 36 47 33.249 42 5. 382 75 64.199 
35 28 31.978 19 4.988 59 61. 901 01 36 48 33. 265 57 5. 387 85 64.22~ 
35 29 31.994 22 4.993 48 61.930 10 36 49 33.281 73 5. 392 95 64.257 
35 30 32.010 25 4.998 36 61.959 19 36 50 33.297 88 5. 398 05 64. 2 86 

35 31 32.026 29 5.003 25 61.988 28 36 51 33.314 04 5.403 16 64. 315 
35 32 32.042 32 5.008 15 62.017 37 36 52 33.330 20 5.408 26 64. 34~ 
35 33 32.058 36 5. 013 04 62.046 45 36 53 33.346 36 5.413 38 64.373 
35 34 32.074 40 5.017 94 62. 07 5 54 36 54 33.362 52 5.418 49 64.402 
35 35 32.090 44 5.022 84 62.104 63 36 55 33.378 69 5.423 61 64. 4 31 
35 36 32.106 49 5.027 74 62. 133 72 36 56 33.394 85 5.428 73 64. 460 
35 37 32.122 53 5.032 65 62.162 81 36 57 33.411 02 5.433 85 64.489 
35 38 32.138 58 5.037 56 62.191 90 36 58 33.427 19 5. 438 97 64.519 
35 39 32.154 63 5.042 47 62.220 99 36 59 33.443 36 5.444 10 64. 54~ 
35 40 32.170 67 5.C47 38 62.250 08 37 0 33.459 53 5.449 23 64.577 

35 41 32.186 72 5.052 30 62.279 17 37 1 33.475 71 5.454 36 64 • 606 
35 42 32.202 78 5.057 22 62.308 25 37 2 33.491 88 5.459 50 64.635 
35 43 32.218 83 5.062 14 62.337 34 37 3 33.508 06 5.,64 64 64. 66, 
H 44 32.234 89 5.067 06 62.366 43 37 4 33.524 24 5.469 78 64.691 
3' 45 32.250 94 5.071 99 62.395 52 37 5 33.540 42 5.474 92 M.722 
35 46 32.267 00 5.076 92 62.424 61 37 6 33. 556 60 5.480 07 64.751 
35 47 32.283 06 5.081 85 62.453 70 37 7 33.572 78 5.485 22 64.78q 
35 48 32.299 12 5.086 H 62.462 79 37 8 33.588 9f 5.490 37 64. 801 
35 49 32. 315 18 5.091 73 62.511 88 37 9 33.605 15 5.495 53 64.631 
35 50 32.331 25 5.096 67 62.540 96 37 10 33.621 34 5.500 68 64. 861 

35 51 32.347 31 5.101 61 62.570 05 37 11 31.6]7 53 5. 505 84 64.891 
35 52 32. 363 36 5. 106 56 62.599 14 37 12 33.653 72 5.511 01 64. 921 
35 53 32.379 45 5.111 51 62.626 23 37 13 33 .669 91 5. 516 17 64. 95, 
35 54 32.395 52 5.116 46 62.657 32 37 14 33.686 10 5. 521 34 64.98\ 
35 55 32.411 59 5.121 41 62.666 41 37 15 33.702 30 5. 526 51 65.0ll 
35 56 32.427 66 5.126 37 62.715 50 37 16 33.71A 50 5.531 69 65. 04i 
35 57 32.443 74 5.131 33 62.7H 59 37 17 33.734 70 5. 536 86 65.07I 
35 51 32.459 81 5.136 29 62.773 68 37 18 33.750 90 5. 542 04 65. I Dl 
35 59 32.475 89 5.141 25 62.802 76 37 19 33.767 10 5.547 23 65. 12 
36 0 32.491 97 5.146 22 62.831 85 37 20 33. 783 30 5. 552 41 65. 15 



TA8LE 11•100 M RADIUS CIRC. CURVE: TANGENT,EXTERNAL ANO LENGTH VS. CENTRAL DEFLECTION ANGLE 
TA8LE 11-100 M RAYON COUA8E CIAC.: TANGENTE,CONTRE-FLECHE ET LONGUEUR VS. ANGLE OE OEFL. CENTRAL 
---------------------------------------------------------------------------------------------- 

J 
L. ANG. TANGENT EXTERNAL LENGTH OEFL. ANG. TANGENT EXTERNAL LENGTH 
• OEFL • TANGENTE CONT.FL. LONGUEUR ANG. OEFL. TANGENTE CONT.FL. LONGUEUR 
--------------------------------------------------------------------------------------------- EG MNT M DEG MNT " ···-·······························--·-···········--··································-········· n 21 33.799 51 5.557 1,0 65.188 05 38 H 35.101 16 5.981 56 67.515 15 n 22 33.815 71 5.562 79 65.217 14 38 42 35.117 50 5.986 97 67.544 24 
l7 23 H.831 qz 5.51,7 98 65.246 23 38 43 35.133 84 5.992 39 67.573 33 
!7 24 33.848 13 5.573 18 65.275 31 38 44 35.150 18 5.997 81 67.602 42 
!7 25 33.864 34 5.578 38 65.304 40 38 45 35.166 52 6.003 23 67.631 51 
l7 26 33.880 56 5.583 58 65. 333 49 38 46 35.182 87 60008 65 67.660 60 
17 27 33.896 77 5.588 78 65. 362 58 38 47 35.199 Zl 6.014 08 67.689 69 
!7 28 3 3.912 99 5. 593 9'1 65. 391 67 38 48 35.215 56 6.019 51 67.718 77 
17 29 33.929 21 5.5'1'1 20 65.UO 76 38 49 35.231 91 6.024 94 67. 747 86 
17 30 33.945 43 5.604 41 65.449 85 38 50 35.248 26 6.030 37 67. 776 95 

17 H 33.961 65 5.609 63 65.478 94 38 51 35.264 61 6.035 81 67.806 04 
7 32 33.977 87 5.614 85 65.508 oz 38 52 35.280 96 6. Oltl 25 67.835 13 
7 33 33.994 09 5.620 01 65. 537 11 38 53 35. 297 32 60046 69 67;864 22 
7 34 34.010 32 5.625 29 65.566 zo 38 54 35. 313 68 6.052 14 67.893 31 
1 35 )4.026 55 5.630 52 65.595 29 38 55 35.330 04 6.057 59 61.922 40 J 7 36 34.042 78 5.635 75 65.624 38 38 56 35.346 40 6.063 04 67.951 49 
1 37 34.059 01 5.640 98 65.653 47 38 57 35.362 76 6.068 49 67.980 57 
7 38 34.075 24 5.646 21 65.682 56 38 58 35.379 12 6.073 95 68.009 66 
7 39 34.0•11 47 5.651 45 65.711 65 38 5'1 35.395 49 6.079 41 M.038 75 
7 40 34.107 71 5.656 69 65.740 74 39 0 35.411 86 6. 084 87 68.067 84 

7 41 34.123 95 5.661 93 65.769 82 39 I 35.428 23 6.090 34 68.096 93 
7 42 34.140 19 5.667 18 65.798 91 39 z 35.444 60 6.095 80 68.126 oz 
7 43 H.156 43 5.672 43 65.828 00 39 3 35.460 97 6.101 27 68.155 II 
7 44 34.172 67 5.677 68 65. 851 O'I 39 4 35.477 34 6.106 75 68.184 20 
7 45 34. 188 91 5.682 93 65.886 18 39 5 35.493 72 6. 112 22 68.ZI 3 28 
7 46 34.205 16 5.6e8 19 65.915 27 39 6 35.510 10 6.117 70 68.242 37 
7 47 14.221 40 5.693 45 65.944 36 39 7 35. 526 48 6.123 19 68.271 46 
7 48 H.237 65 5.698 11 65.973 45 39 8 35.542 86 6.128 t7 68.300 55 
7 49 34.253 90 5. 703 97 66.002 53 39 9 35. 559 24 6.134 16 68.329 64 
7 50 34.270 15 5. 709 24 66.0:?.t. 62 39 10 35.575 62 6.139 65 68.358 73 

7 51 34.286 41 5.114 51 ""· 060 71 39 II 35. 592 01 6.145 14 68.387 82 
7 52 34. 302 66 5. 719 78 66.089 80 39 12 35. 608 40 6.150 64 68.416 91 

~ 53 34. 318 '12 5. 725 06 66.118 89 39 13 35.624 79 6.156 14 68.446 00 
54 34.335 18 5.730 34 66.147 98 39 14 35.641 18 6. 161 64 68.4 75 08 

7 55 34. 351 44 5.735 62 66.171 07 39 15 35.657 57 6. 167 14 68. 504 17 

~ 
56 34.367 70 5.740 90 66.206 16 39 16 35.673 97 6.172 65 68.533 26 
57 34.383 96 5.746 19 66.235 25 39 17 35.690 36 6.178 16 68.562 35 

i7 58 34.400 23 5. 751 48 66. 264 33 39 18 35. 706 76 6.183 67 68.591 44 
7 59 34.416 49 5. 756 11 66. 293 42 39 19 35.723 16 6.189 19 68.620 53 

" 0 34.432 76 5. 762 07 66.322 51 39 20 35. 739 56 6.194 71 68.649 62 

8 I 34.449 03 5.767 37 66.351 60 39 21 35.755 96 6.200 23 68.678 11 
8 2 34.465 30 5.772 67 66.380 69 39 22 35. 712 37 6.205 75 68.707 79 
8 3 34.481 58 5. 777 97 66.409 78 39 23 35.788 78 6. 211 28 68. 736 88 
8 4 34.497 85 5.783 28 66.438 87 39 24 35.805 18 6.216 81 68. 765 97 
8 5 34.514 13 5.788 59 66.467 96 39 25 35.821 59 6.222 34 68.795 06 
8 6 34.530 40 5.793 90 66.497 04 39 26 35.838 01 6.227 88 68.824 15 
8 7 34. 546 68 5. 799 21 66.526 13 39 27 35.854 42 6.233 42 68.853 24 
8 8 34.562 96 5.804 53 66.555 22 39 28 35.870 83 6.238 '16 68.882 33 
A 9 34.579 25 5. 809 85 66.584 31 39 29 35.887 25 6.2"4 50 68.911 42 
B 10 34.595 53 5. 815 17 66.613 40 39 30 35.903 67 6.250 05 68.940 51 

II 34.611 82 5.820 50 66.641 49 39 31 35.920 OQ 6.255 60 68.969 59 
12 34.628 10 5~825 83 66.611 58 39 32 35.936 51 6.261 15 68.998 68 
13 34.644 39 5.831 16 66.700 67 39 33 35.952 93 6.266 71 60.027 77 
14 34.660 68 5.836 49 66. 729 76 39 34 35.969 36 6.272 27 69.056 86 
15 34.676 98 5.841 83 66.758 84 39 35 35.985 79 6.277 83 69.085 95 
16 34.693 27 5.847 17 66.787 93 39 36 36.002 22 6. 283 3Q 69. I 15 04 
17 14. 709 57 5.852 51 66.817 02 39 37 36.018 65 6.288 96 69.144 13 
18 34.725 86 5.e57 86 66.846 II 39 38 36.035 08 6.294 53 69. 173 22 
19 34.742 16 5.863 20 66.875 20 39 39 36.051 51 6. 300 10 69.202 30 
20 34.758 46 5.868 55 66.904 29 39 40 36.067 95 6.305 68 69.231 39 

21 34. 774 77 5.873 91 66.933 38 39 41 36.084 38 6. 311 25 69.260 48 
22 34.791 07 5.879 26 66. 962 47 39 42 36.100 82 6.316 84 69.289 57 
23 34.807 38 5.884 62 66.991 55 39 43 36.117 26 6. 322 42 69.318 66 
24 34.823 68 5.889 99 67.020 64 39 44 36. 133 71 6.328 01 69. 347 75 ) 25 34.839 9'1 5.895 35 67. 049 73 39 45 36.150 15 6.333 60 69.376 84 
26 34.856 30 5.900 72 67. 078 82 39 46 36.166 60 6. 339 19 69.405 93 j 27 34.872 62 5.906 09 67.107 91 39 47 36.183 05 6.344 78 69.435 02 
28 34.888 93 5.911 46 67.137 00 39 48 36.199 49 6. 350 38 69.464 10 
29 34.905 25 5.916 84 67.166 09 39 49 36.215 95 6.355 98 69.493 19 
30 34.921 56 5.922 21 67.195 18 39 50 36.232 40 6.361 58 69.522 28 

31 34.937 88 5.927 6C 67.224 27 39 51 36.248 85 6.367 19 69.551 37 
32 34.954 20 5.932 98 67. 253 35 39 52 36.265 31 6. 372 80 69.580 46 
33 34.970 53 5.938 37 67.282 44 39 53 36. 281 71 6. 378 41 60.609 55 
34 34.986 85 5.943 u 67.311 53 39 54 36.298 23 6. 384 03 69.638 64 
35 35.003 17 5.949 15 67. 340 62 39 55 36.314 69 6.389 65 69.667 73 
36 35.019 50 5.954 54 67 • 369 71 39 56 36.331 15 6.395 27 69.696 81 
37 35.035 83 5.959 94 67.398 80 39 57 36.347 62 6.400 89 69.725 90 
38 '5.052 16 5.965 34 67.427 89 39 58 36.364 08 6.406 52 69.754 99 
3'1 35.068 4'1 5.970 75 67.456 98 39 59 36. 380 55 6.412 15 69. 784 08 
40 35.084 83 5.976 15 67.486 06 40 0 36.397 oz 6.417 78 69.813 17 



UlllE 11-190 II IIAOIUS CIIIC. CUIIVfl U-fH oEXTEIINAl ANO lENGTH VS. CENTRU DEHECTIOII AIISlE 59 

r 
THU 11-100 II IIAYCN C0Ull!E CIIIC.: TANGENTE,C0NTIIE-FLECHE ET LONGUEUIi vs. ANGLE OE DEFL. CftlTUl 
----------------------------------------------------------------------------------------------- 
OHL • ..... TANGENT EXTUNAL LENGTH 0EFL. ANG. TANGENT EXTEIINAL lfll4.TH 
ANC.. Dffl. TANGENTE CONT .Fl. LONGUEUlt ANG. Dffl. TANGEHTE CONT.Fl. LOICGUEUR 

-------------------------------------------------------------------------------------------------- 
DEG °'"' " DEG ~T " 

····-----------········----------······-------------·············---------···--····---·····-·-·---- 40 I 36.413 50 6.423 41 69. 842 26 41 Zl 31.131 00 6.883 49 TZ.169 36 
40 z H.429 91 6.429 05 69.811 35 41 22 .31.153 61 6.819 36 TZ.198 45 
40 3 16.446 44 6.434 69 69.900 44 41 23 31.170 23 6.895 23 12. 2 21 54 
40 4 36.462 •2 6.440 33 69.929 53 41 24 H.186 85 6.901 10 12.256 63 
40 5 36.479 40 6.445 98 69.958 61 41 25 ]7. 803 47 6.906 98 12.28' 12 
40 6 36.495 88 6.451 63 69.987 10 41 26 H.820 IC 6.Sl2 86 72.314 et 
40 1 36.512 36 6,457 28 10.016 79 41 27 H.~36 12 6.918 74 72.343 90 
40 8 36. 528 85 6.462 94 70.045 88 41 28 ]7. 853 35 6.9H 63 72.312 99 
40 • 36.545 33 6.468 59 TO.OH 91 41 29 37. 869 98 6,930 52 12. 402 08 
40 10 36. 561 BZ 6.4 74 25 70.104 06 41 30 3 7 • 8 86 61 6. 936 41 72.431 16 

40 11 36.578 31 6.479 92 70.133 15 41 31 37.903 z4 6.942 30 72,460 25 
40 12 36.5S4 80 6.485 58 70.162 24 41 32 37.SlS 88 6 ••• 8 zo 1Z.48S 34 

" 
40 13 36.611 30 6.4Sl 25 10.1•1 32 41 33 H.936 52 6.954 10 72.518 43 
40 H 36.627 19 6.496 S3 10.220 41 41 34 37,S53 15 6.960 00 12,541 52 

\ 
40 15 36.~44 zq 6. 502 60 10. ?4S 50 41 35 37.q6s 79 6.965 SI 72.576 61 
40 16 ]6.660 79 6.508 28 70. 278 5q 41 36 37."86 44 6.q71 82 12.605 10 
40 17 36,671 29 6.513 9t 10. 307 68 41 37 38.003 08 6.917 73 72.634 79 
40 18 36.6"3 1q 6.51S 64 10.336 11 41 38 38.0IS 73 6.S83 64 12,661 87 
40 1• 36,110 29 6.525 33 10.365 86 41 JS 38. 036 37 6.•e• 56 12.6n S6 
40 20 36. 126 80 6. 531 oz 10.3q4 s5 41 40 38.053 oz 6. q95 48 12.122 05 

40 21 36.143 30 6.536 71 10. 424 04 41 41 38.06q 68 1.001 40 72.751 H 
40 22 36. 759 81 6.542 40 10. 453 IZ 41 42 38.086 33 1. 001 31 12.180 23 
40 23 36.176 32 6.548 10 10.482 ZI 41 43 38.102 Q8 7.013 26 12. so• 3Z 
40 24 36. 7"2 84 6.553 ec 70.511 30 41 44 38,llq 64 1.01• 1q TZ.838 41 
40 25 36.809 35 6.55S 51 10. 540 3S 41 45 38.136 30 7.025 12 72.867 50 
40 26 36.825 87 6.565 21 70.569 48 41 46 38.152 S6 7.031 06 TZ.8"6 5S 
40 21 36.842 38 6.510 qz 70.598 57 41 47 38.169 62 7.037 00 12.n5 61 
40 28 36.858 so 6.516 63 10.627 66 41 48 38.186 2• 7.042 q5 12.954 76 
40 2• 36.875 42 6.582 35 70.656 75 41 49 38.202 q5 1. 048 sq 12.qs3 85 
40 30 36. 9q1 S5 6.588 07 70.685 83 41 50 38. 21• 62 7. 054 84 73.012 94 

40 31 36. 908 41 6,593 '" 10. 714 sz 41 51 38.236 2s 7.060 80 71.042 03 
40 32 36.925 00 t.5q9 51 70.144 01 41 52 38.252 96 1,066 75 73.071 IZ 
40 33 36.941 53 6.605 24 10.113 10 41 53 38,26• 64 1.012 11 73.100 Zl 
40 34 36. q59 06 6.610 "' 70.802 1q 41 54 38.286 31 1.078 67 73.12• 30 
40 35 36.914 59 6.616 TC 70.831 28 41 55 38. 302 qq 7.084 63 73.158 38 
40 36 36.CJQl IZ 6.622 43 10.860 31 41 56 38.JIS 61 1.aqo 60 73.187 47 
40 37 31.001 66 6.628 17 70.88S 46 41 51 38. 336 35 7.096 57 73.216 56 
40 38 H.024 zo 6.633 •1 70.Sl8 55 41 58 38.353 03 7.102 54 13.245 65 
40 3S 37.040 73 6.63S 66 10.q47 63 41 5q 38. 36S 7Z 7.108 52 73. 274 14 
40 40 H.057 28 6.645 40 70.916 12 47 0 38. 3 86 40 1.114 50 n.101 83 

40 41 H.013 82 6.651 15 71.005 81 42 I 38.403 o• 1. 120 48 13.332 qz 
40 42 11.oso 36 6 .656 SC 11,0H qo 42 2 38.41. 78 1. 126 41 73. 362 01 
40 43 37.106 SI 6.662 66 71.063 •• 4z 3 38 .4 36 47 7.132 45 H.3SI 10 
40 44 37.123 46 6.668 42 71.CS3 08 42 4 38.453 17 7. 138 44 73.420 18 

l 40 45 37.140 of 6.674 18 11.122 17 4Z 5 38.469 86 7. 144 44 73.44q 27 
40 46 37.156 56 6.679 94 71. 151 26 42 6 38.486 56 7.150 43 73.478 36 
40 47 37.173 11 6.685 71 71.180 34 42 1 38.503 26 7. I 56 43 H.507 45 
40 48 37.18• 61 6.691 48 11.zos 43 42 8 38,51q Q6 7 .162 44 n.536 54 
40 4Q H.206 zz 6.6Q7 25 11.zn 52 42 • 38. 5 36 67 7. 168 44 13.565 63 
40 50 37.222 18 6. 703 oz 71.267 61 42 10 ]8.553 31 1.114 45 13.5S4 72 

40 51 H.Z3S 34 6.708 80 71. 296 10 42 11 38.570 08 1. 180 46 13.623 81 
40 52 H.255 qo 6. 714 58 71.325 1• 42 12 38.H6 1• 7 .186 41 n.652 89 
40 53 37.272 41 6.720 37 11.154 88 42 13 38.603 50 1.1"2 4q 73.tal Q8 

40 54 37.ZBS 03 6.726 15 71.383 97 42 14 38. 620 21 1.1q9 51 n.111 07 
40 55 37.105 60 6.131 94 71.413 06 42 15 38.636 Q] 1. 204 53 n.Ho 16 
40 56 37. 322 17 6. 737 14 71,442 14 42 16 38.653 64 1.210 56 H.76S 25 
40 51 37.338 14 6.143 53 11.471 23 42 17 38.670 36 7.216 59 73.798 34 
40 58 31. 355 32 6. 749 33 11.500 32 42 18 38.687 08 1.zzz 62 73.827 43 
40 5" 37.371 g-; 6.755 13 11.52• 41 42 1• 38.103 80 1. 228 66 73.856 52 
41 0 37. 388 47 6.760 q4 71.558 50 4Z zo 38. 7 20 53 1. 214 69 73.885 61 

41 I 37.405 05 6.766 14 11. 587 59 42 Zl 38.737 25 1. 240 n 73.914 6S 
41 2 37.421 63 6.172 55 71.616 68 42 zz 38.753 98 1. 246 78 73.943 78 
41 3 31.438 ZI 6.178 31 71. 645 11 42 Zl 38.770 71 7.252 82 73.972 87 
41 4 37.454 '" 6.1!4 18 71,614 85 42 24 38.787 44 1. 258 87 74.001 q6 
41 5 37.411 38 6.790 00 11.101 q4 4Z 25 38.804 18 1. 264 S3 14.031 05 
41 6 37.487 91 6.795 82 Tl.HJ 03 42 26 38 • 8 zo QI 1.210 •a 74.060 14 
41 1 31.504 56 6. 801 65 11.762 12 42 Z1 38.837 65 1. 271 04 74.089 23 
41 8 37.521 15 6.807 47 11.1q1 21 42 28 38.854 3q 7.283 10 14.118 32 
41 q H.5H 74 6.813 30 71. 820 30 42 z• 38.871 13 1.28• 16 74. 141 40 
41 10 31.554 33 6.81• 14 71.849 3S 4z JO 38.887 87 1. 295 23 74. 176 49 

41 11 JT.510 q1 6. 824 q7 71.878 48 4Z 31 38.904 62 1.101 30 74.205 58 
41 12 37.587 53 6.830 81 11. 901 57 42 32 38."21 36 1. 301 37 74.2 3 ... 67 
41 13 H.604 13 •• 836 65 11. q36 65 42 l3 38.938 11 7. 313 45 14.261 76 
41 14 JT.620 13 6.842 50 71.S65 14 4z 34 38 • S54 86 1. 31 S 53 74. 292 85 
41 15 37.631 l3 6.848 35 71,994 83 42 35 38.S71 62 7. 325 61 74.321 q4 
41 1• 31.653 q4 6.854 zc 12.021 •z 42 36 38.988 31 7. 311 10 74.351 03 
41 17 31.610 55 6.860 05 12.053 01 42 H 39.005 13 7. 337 78 14. 3 80 11 
41 18 H.681 16 6. 865 SI 72.082 10 42 38 39.021 8• ,. 343 Ill 14.409 20 
41 IS 37.703 77 6.871 76 12. 111 1• 42 3S 39.0]R 65 1.34. 91 74.4 38 z• 
41 20 31.720 38 6.877 63 72.140 28 42 40 ]S.055 41 7. 356 01 74.467 38 
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42 41 39.072 17 7.362 17 74.496 47 44 I 40.419 54 7. 859 81 76.823 ~e 
42 42 19.088 94 7 .368 27 1".525 56 44 2 40.436 46 7. 866 16 76.8'2 66 
42 43 19.105 70 7.374 37 74. 554 65 44 3 40.453 39 7.872 50 76.881 75 
42 44 .l'l.122 47 7.380 48 74.583 74 44 4 40.'70 31 1. e78 85 76.910 84 ., 45 19.139 25 7.386 59 74.612 83 H 5 40.487 24 7 • 885 20 76 • 9 39 93 
42 46 H.!56 02 7.392 71 74.641 91 44 6 40.504 I 7 7. 891 56 76.%9 02 
42 47 39.1 72 79 7. 398 83 74.671 00 44 7 40. 521 10 1.e9T 91 76.998 II 
42 48 19.189 57 1.404 95 74. 700 09 44 8 40.538 04 7.904 27 77.027 20 } 42 49 19.206 35 7.411 07 74.729 18 44 9 40. ~54 97 7. '110 64 77.056 29 
42 50 19 • 2 23 13 7.417 20 74. 758 27 44 10 40. 571 91 7.917 00 n.oes 38 

47 SI 39.219 91 7.423 B 74.787 36 44 II 40. see 85 7.923 37 77.11' 46 
42 52 39.256 10 7.429 46 74.816 45 44 12 40.605 79 7.929 75 77.143 55 
42 Sl n.273 49 7.435 59 74.8't5 ~4 44 13 40.622 73 7. 936 12 77.172 64 
42 54 39.290 27 7.441 73 74.874 62 44 14 40.639 68 1. 942 50 11 .201 73 
42 55 39. 307 01 7.447 87 74. 903 71 44 IS 40.656 63 7. 9'8 88 11.210 e2 
•2 56 39. 323 86 7.AtS.c. 02 74. 932 80 44 16 40.613 58 7.955 27 77.7.59 91 
•2 57 39.340 65 7.460 16 74.961 89 44 11 40.6qo 51 7.961 66 77.7.89 00 
42 58 19.BT 45 7.466 H 74.q90 98 44 18 40. 707 48 7.968 05 77.318 09 
42 59 39.374 25 7.472 47 75.020 01 44 19 40. 724 .. 7.974 44 77.347 17 
43 0 19.191 OS 7.478 62 75.049 16 44 20 40.741 39 7.980 84 77.376 26 

43 39.407 85 7.H4 78 75. 078 25 44 21 40. 758 35 1. 987 24 77.405 35 
4~ 39.424 65 7.490 95 75. I 07 34 44 22 40.775 31 7. 993 64 77. 4 ]4 44 
43 19.441 46 7.497 II 75. 136 42 44 23 40. 792 28 8.ooo °' n. 463 51 
43 4 3'9.458 27 7.503 28 75. 165 51 44 24 40.809 24 8.006 46 77.492 62 
43 5 39.475 08 7. 50'1 45 75.194 60 44 25 40.826 21 8.012 87 77.521 71 
43 6 39.491 89 7. 515 62 75. 223 69 .. 26 40.843 18 8. 019 28 77.550 80 
4l 1 39.508 70 7. 521 80 75.252 78 44 27 40. 860 15 8.025 70 11. 51'9 89 
41 8 19. 525 52 7. 527 98 75.281 87 44 28 40.877 13 8.032 12 77. 608 97 
43 9 39...542 34 7.534 16 75.310 96 44 29 40.894 10 8.03A 55 77.638 06 
43 10 39.559 16 7.540 35 75. 340 OS 44 30 40.911 08 8.044 97 77.667 15 

43 11 19.575 98 7.546 54 75.369 13 44 31 40.928 06 8. 051 40 77.696 24 
43 12 39.592 80 7.552 73 75.398 22 44 32 40.945 04 8.057 84 77.725 33 
43 13 H.609 63 7.558 93 75.427 31 44 33 40.962 03 8. 064 27 77.754 42 
43 14 39.626 45 7.565 12 75.456 40 44 34 At0.97q 01 8.070 71 77.78l 51 
43 IS 39.i>43 28 7.571 32 75.485 49 44 35 40.996 00 8.071 16 77.812 60 
43 16 ,q.660 11 7.577 53 75 • 514 58 .. )6 41.012 99 8.083 60 77.841 68 
4l 17 )'I. 6 76 95 7.583 74 75.541 67 .. 37 41.029 98 8. 090 05 77.870 11 
43 18 39.693 78 7.589 95 75. 572 1b 44 38 41.046 91 8.096 50 77.899 A6 

j ·~ 19 39.710 62 7.596 16 75.601 85 44 19 41.063 97 8. 102 '16 77.928 95 I 43 20 39. 727 46 7.602 37 75.630 93 .. 40 41.080 QT• 8.109 42 11. 958 04 

43 21 39.744 30 7.608 59 75.660 02 44 41 41.097 97 8.115 88 77.987 13 
43 2? 39.761 14 7.614 81 75.689 11 44 42 41 .114 97 8. 122 34 78.016 22 
43 23 39.777 99 7.621 04 15. 11e 20 44 43 41.131 97 8.128 81 78 • 045 31 
43 24 39.H4 81 7.627 27 75.747 29 44 44 41. 148 •8 A. 135 28 78.0T4 40 

~ 
43 25 39.811 68 7.633 50 75. 776 38 .. 45 41 .165 99 8. 141 75 78. 103 48 l 
43 26 39. 8 28 53 7.639 73 75.805 47 44 46 41.183 00 8. 149 23 78.132 57 
43 27 39.845 39 7.645 q7 75.834 56 44 47 41.200 01 8.154 71 78.161 66 
43 28 39.862 24 7.652 21 75.863 64 .. 48 41.217 03 8.161 19 78.190 75 
43 29 H.879 10 7.658 45 75.892 73 44 49 41 .234 04 8.167 68 78. 219 84 
43 30 39.895 95 7.664 TC 75.921 82 44 so 41.251 06 8. 174 17 78.248 93 

43 31 3'1.'112 82 1. 670 95 75 • 95 0 91 44 SI 41.268 08 8.180 66 78.278 02 ' l 43 32 39.'129 68 7.677 20 7S.9eO 00 44 52 41 .285 10 8.187 IS 78.107 II 
43 33 l'l.946 54 7 .683 45 76.009 09 44 53 41. 302 13 8.193 65 78.336 19 
43 34 3'1.963 41 7.689 71 76.038 18 44 54 41 .319 15 8.200 15 78. 365 28 
4~ 15 39.'180 28 7.695 97 76. 06 7 27 44 55 41 .336 18 e.206 65 78.394 37 
43 36 39.997 IS 1.102 24 76. 096 36 44 56 41.353 21 8. 213 16 78 • 423 46 
43 37 40.014 02 7.7C8 so 76.125 44 44 57 41.370 25 8.219 67 78 .452 55 l 43 38 40.030 89 7. 714 11 76.154 53 44 58 41.387 28 8.226 18 78. 481 64 ) 43 3'1 40.047 77 7. 721 05 76.183 62 .. 59 41.404 32 8.232 70 78. 510 73 
43 40 40.064 65 1.121 32 76.212 71 45 0 41.421 36 8. 219 22 78.539 82 

43 41 40.081 53 7. 733 60 76. 241 80 45 I 41.438 40 8. 245 74 78.568 91 
43 42 40.098 41 7. 739 8e 76.270 89 45 2 41.455 44 8.252 27 Te. 597 99 l 43 43 40.115 29 7. 746 17 76.299 98 45 3 41.472 48 e.2s8 80 78.627 08 
43 44 40.132 18 7.752 46 76.329 01 45 4 4I.4n 53 8. 265 31 78.656 17 j 43 45 40.149 07 7.758 75 T6. 358 IS 45 5 41.506 58 8. 211 86 78.685 26 
43 46 40.165 96 7.H5 04 76. 38 7 24 45 6 41.523 63 8. 278 40 78. 714 35 
43 47 40.182 85 7. 771 34 76.416 33 45 1 41.540 69 8. 284 94 78.741 .. 
43 48 40.19'1 74 1. 111 64 76.445 42 45 8 41.557 74 8.291 49 78.772 53 
43 49 40.216 64 7. 713 94 76.474 51 45 9 41. 574 80 8.298 03 78. 801 62 
43 50 40. 233 54 7.790 25 76. 503 60 45 10 41. 591 86 e. 104 58 78. 8 30 10 

43 51 40.250 44 7.796 5~ 76. 532 69 45 11 41.608 92 8.311 14 78.859 79 
43 52 40.267 H 7. 802 87 76. 561 78 45 12 41.625 98 8. 31 7 69 78.888 88 
43 5) 40. 284 24 7.10'1 II 76.590 87 45 13 41.643 OS 8. 324 25 78. 917 97 
43 ,. 40.301 15 7.815 50 76.619 95 •5 1• 41.660 12 8.330 81 78. 947 06 
43 55 40.311 05 1.121 82 76.649 04 45 15 41.677 19 8. n1 38 78 • 9 76 15 
43 56 40.334 96 7.121 15 76.671 13 45 16 41.694 26 8.343 95 79.005 24 
0 57 40.3'1 .. 1.11.4 47 76.707 22 45 11 41. 71 l 33 8.350 52 79.034 33 
43 5a 40.'.UI 79 7.840 80 76. 736 31 45 18 41 • 728 41 8.357 09 79.063 42 
43 59 40. 315 70 7.147 !~ 76. 765 40 45 19 41.145 48 8. 363 67 7'1. 012 50 
44 0 40.402 62 7. 153 76.194 49 45 20 41.162 57 8.370 25 79.121 5• 



TA8LE 11-100 M RADIUS CIAC. CURVE: TANGENT,EXTER~Al ANO LENGTH VS. CENTMAL DEFLECTION ANGLE 
TABLE 11-100 M RAYON GOURaE CIMC.: UNGENTE,CONTRE-FLECHE ET LONGUEUR vs. ANGl:E DE DE.n.-cENTRAL - ----, ----- - ,-------17" - ----- . - - ---------- -------~·--------- ------- - --------~ 
DEFL. ANG. TANGENT EXTERNAL LENGTH DEFL. ANG. TANGENT EXTERN~L LENGTH 
ANG._DEFL. TANG6NTE co~T.FL. LDNGUEUR •NG._DEFL. ,.NGENTE coNT.FL. LONGUE~ 

DEG i.NT DEG MNT 
a 2 ••••a••••••• ••:1t•• :,,:•=•••=- ,.., .. ••••••••• .. ••••••••••••••••••,.•.To 11~•••• ••a••••*••••,.,.,.,.,.,.,.••••• aaaa ••a• 

L 

45 21 
45 22 
45 23 
45 24 
45 25 
45 26 
45 21 
45 28 
45 zq 
45 30 

45 H 
45 32 
45 B 
45 34 
4~ 35 
45 36 
45 37 
45 38 
45 39 
45 .ftO 

45 Atl 
45 ~2 
45 4 3 
45 44 
45 45 
45 '46 
45 .. ., 
45 48 
45 4q 
45 50 

45 51 
45 52 
45 53 
45 54 
45 55 
4'5 56 
45 51 
45 58 
45 59 
46 a 
46 I 
46 2 
46 3 
46 4 
46 5 
46 6 
46 7 
46 8 
46 9 
46 I 0 

4t 11 
46 12 
46 13 
46 I,. 
46 15 
46 16 
46 17 
46 18 
46 l'~ 
46 20 

46 21 
46 22 
46 23 
.«t6 24 
46 25 
t.6 26 
46 27 
46 28 
"96 7q 
46 30 

46 31 
46 3? 
'i6 33 
46 3" 
46 35 
.. )6 
46 17 
46 38 
46 3q 
't6 40 

41. rt» 65 
4!. 7q6 73 
41.813 82 
41.830 q[ 
41.848 00 
41.865 oq 
41.882 18 
41.eqq 2e 
'>l.ql6 38 
41.933 48 

4l.q5o 58 
4l.q67 69 
"1.q94 80 
42.001 90 
42.olq 02 
•2-036 13 
42.053 24 
42.070 36 
42.087 48 
42.104 60 

42. 121 73 
42.138 65 
42.155 98 
42.173 II 
42.190 24 
42.207 36 
42. 2H 52 
42.241 65 
42.258 7q 
42.275 q4 

42.2Q3 08 
42.310 23 
42.327 38 
42.,34>4 53 
42.361 68 
1,2.118 84 
42.3% 00 
1t2.4l3 16 
42.430 32 
42.447 48 

42.464 65 
42.4Al 82 
•2.4qe 9~ 
42.51.b 16 
42.533 33 
~ .. 550 51 
't2.5b7 69 
42.584 87 
42.602 05 
42.61'1 24 

42.636 43 
42.653 6\ 
42.670 81 
42.688 00 
42. 705 20 
42. 722 3q 
42. 73'1 5<) 
lt2. 75b 00 
42. 774 00 
,2.1q1 21 

42.808 42 
42.815 63 
42.842 84 
42.860 05 
42.877 27 
42.894 4'1 
42.qll 71 
42.928 94 
42.946 16 
-z.q63 H 

,2.q90 62 
42.997 85 
43.015 09 
43.032 32 
43.049 56 
43.066 80 
43.084 05 
43.101 2q 
4 3. I 18 5'> 
43.135 7q 

8.376 "" 
6.383 42 
8.390 02 
8.396 61 
8.403 20 
8.4C9 80 
B.416 41 
8.423 01 
e.•2q 62 
8.436 23 

8.'42 85 
8.449 47 
8.456 Qq 
B.462 71 
8.46'1 )4 
e.475 n 
B.482 6C 
8.48q 24 
8 .4q5 8 8 
8. 502 52 

a.sag 11 
8.515 82 
8.522 47 
6.529 13 
e.535 1q 
8.542 45 
8. '5'1,Q 11 
8.555 78 
6. 'it-2 "!i 
8.5b'I 12 

8.575 oc 
8.5B2 48 
a.seq 11 
o.5q5 85 
8.602 H 
8.609 24 
8 .61 '5 9~ 
8.622 63 
8.02q 33 
8.636 04 

B.M2 75 
8. 64'1 46 
8.656 l"I 
8.662 89 
8.66'1 61 
8.676 H 
8.683 06 
8.689 7'1 
6.696 53 
8.703 26 

8.710 00 
0. 716 75 
8.723 4q 
6. HO 24 
0. 736 9q 
e. H3 15 
8.750 51 
o. 757 2"/ 
8.76'• 03 
9. 770 so 

8.777 57 
8.784 35 
o.791 13 
8.797 91 
8.804 69 
8.811 48 
8.818 27 
8.625 06 
8.831 86 
8.838 66 

8.845 46 
8.852 26 
8.e5q 01 
8.865 89 
8.872 70 
0.91q 52 
8.886 34 
8.893 17 
8.899 99 
8.906 82 

79.150 68 
79. 17q 77 
79.208 86 
79.237 95 
79.267 04 
79.2% 13 
79.325 21 
79.354 30 
79.383 39 
79.412 46 

79.441 57 
79.470 &6 
79.499 75 
79.528 84 
79.557 q3 
79.587 01 
79.616 10 
79.645 l'l 
79.674 28 
7'1.703 37 

79. 732 46 
7q. 761 55 
79. 1qo M 
79.,819 72 
79.848 81 
79. 877 90 
7Q. <;()6 qq 
7q_q,6 00 
7Q.qb5 17 
"f:;'J .. 99•t 26 

eo .. 021 35 
80. 052 ,.. 
80. 001 52 
80. 110 61 
80.139 70 
80.160 79 
80.197 00 
80. 226 97 
80.256 06 
ec.zc s 15 

80.314 23 
00.343 32 
80.372 41 
00.401 50 
oc, 430 5q 
60.459 68 
80. 488 77 
00.517 86 
sc, 546 94 
80.576 03 

80.605 12 
80.6)4 21 
80.663 30 
80.692 3q 
ec, 721 48 
80.750 57 
AO. 7H 66 
so.so 74 
00. OH 63 
0,8M 92 

80. 396 01 
G0.925 10 
80.954 l9 
30.983 28 
81.012 37 
81.041 45 
81.070 54 
a1.oqq 63 
81.128 72 
81.157 81 

81.186 90 
81.215 q9 
81.245 OB 
01.274 11 
81.303 25 
81.332 34 
81.361 43 
81.390 52 
81.H9 61 
81.'•48 70 

46 41 
46 42 
lt6 43 
46 44 
46 45 
46 46 
46 47 
46 ~8 
46 49 
46 50 

46 51 
46 52 
46 53 
... 6 54 
46 55 
46 56 
46 57 
46 58 
46 59 
47 0 

4 7 I 
4 7 2 
4 7 3 
47 '• 
4 7 5 
'• 7 6 
41 1 
47 H 
• 1 q 
47 10 

47 11 
H 12 
47 13 
47 lli 
47 15 
47 16 
4 7 17 
47 18 
'7 1q 
47 20 

4 7 21 
47 22 
47 23 
47 24 
47 25 
47 26 
47 27 
47 28 
4 7 2q 
47 30 

47 31 
47 32 
47 33 
47 34 
47 35 
47 36 
41 37 
47 38 
47 3q 
t't7 40 

H 41 
47 42 
47 43 
lt7 44 
4 7 45 
47 46 
47 47 
47 48 
47 ',9 
47 50 

47 51 
47 52 
47 53 
47 ts4 
47 55 
47 56 
47 57 
4 7 58 
47 59 
48 a 

43.153 04 
41. 170 30 
43.187 55 
43.204 81 
43.222 07 
43.239 33 
43.256 60 
43.273 86 
43.291 IJ 
43. 308 40 

43. 325 68 
43. H2 95 
43.360 23 
,,3.377 51 
43.394 79 
'~3,,412 08 
43.4zq 3o 
43.446 65 
43.463 94 
,,3.481 2~ 

t,3.498 53 
43.515 83 
43.533 13 
43.550 43 
43.567 74 
43 .. 50:i 04 
"t 1 .o02 35 
43.619 ~6 
4l.616 •17 
1>3 .f.'Jlt 2q 

43.611 61 
H.688 q3 
,,3.706 ?5 
43.723 57 
43.,140 so 
43. 7'.jff 23 
43.775 56 
43. 7qz 89 
43.810 22 
41.827 56 

43. 844 90 
43.862 24 
4"3.879 59 
43. 0'16 93 
43.914 28 
43.931 63 
43.948 98 
43.966 34 
43.983 6q 
44. 001 05 

44.o 1e 41 
·~-035 78 
44.053 14 
44.070 51 
44.087 08 
,.,.105 26 
44.122 63 
41,.140 01 

"'· 157 3'I 4'•-174 11 

44.192 15 
.tlt4.2Qq 54 
'>4.226 q3 
44. 244 32 
44.261 71 
44.279 10 
44. 296 50 
44.313 90 
•••HI lO 
44. 348 71 

44. l66 11 
44.383 52 
44.400 q3 
44.418 34 
44.435 76 
44.453 18 
44.470 60 
44.488 02 
44.505 44 
44.522 87 

0.q13 66 
B.920 50 
e. 927 34 
8.93' 18 
8.941 03 
8.947 88 
8.95" 73 
8.%1 5q 
A.q68 45 
8. q75 31 

e.qe2 11 
A. 989 04 
A.995 92 
q.002 79 
9.ooq 67 
9.016 55 
q.021 44 
q_ 030 32 
q_ 037 22 
q. 044 II 

Q.O'H Ol 
9. C57 91 
9.064 81 
9. 071 72 
q.078 63 
q. 065 54 
9.,,092 1lb 

G.Qqq 38 
9. I 06 30 
q.lll 23 

q. 120 16 
s. 12, oq 
9.134 03 
9.140 97 
9.147 q[ 
9. 15,, 85 
'l. 161 80 
q.168 76 
9.175 71 
9. IB2 67 

q. 189 63 
9.1Q6 5<> 
q. 203 56 
9. 210 i_;3 
"· 17 51 
• 224 48 

9.231 H 
9.230 45 
q.245 •• 
q.252 43 

q.25q 42 
9. 266 42 
9.273 42 
9.280 42 
9.287 43 
9. 294 •• 
9. 301 45 
9.108 46 
9.315 48 
9. 322 51 

9. 329 53 
Q.336 56 
q. 343 59 
q.350 63 
9.357 66 
q.364 71 
q.371 75 
9. 370 80 
q.395 85 
q_ 3Q2 q( 

q. 399 96 
9. 407 02 
q.4L't 09 
q.421 16 
q.428 23 
9. 435 30 
9.442 38 
q. 44q 46 
9. o\56 54 
q.463 63 

81.477 
Bl .506 
81.515 
81.565 
81.594 
81.623 
81.652 
81.681 • 
81.710 
61. 73q ! 

81. 768 
81.797 
81.826 
81.855 
81. 885 
81.911t 
81.943 
81.972 
82.001 
82.030 ◄ 

82. 059 
82.08A 
82. I 17 
81.146 
87.175 
82. 205 
82.234 
82.263 
82. 292 
Bl. 321 

82.350 
82.379 
82.408 
s2.,,:rr 
ez .. ,,66 
02.4q5 
82. !i2't 
82.554 
82. 5 B3 
82.612 

82.641 1 
02.670 ◄ 
02.699 1 
82. 720 i 
82.7~1 l 
62. 766 1 
82.015 i ~ 

1 
82.844 
82.874 
82.903 

e2.q3z l 
82.%1 3 
02.990 ◄ 
83.0lq ◄ 
83.048 ' 
83.077 ~ 
83.106 1 
83.135 
83.164 
83.194 

83.223 
830252 
83.281 
83.310 
83.339 
81.368 
83.397 
83.426 
83.455 
83.484 

83.514 C 
83.543 0 
Bl. 572 I 
83.hOI 2 
83.630 3 
83.659 4 
83.688 5 
83.717 6 
83. 746 7 
83.775 8 



ILE 11-100 M RAOIUS CJRC. CURVf! TANGFNT,EXTE~NAL AND LENGT~ VS. CFNTRAL DE FL EC TI ON ANGLE 
!l E I 1-IOC M RAYDN CCURRE C !RC.: TANGfNTf,CONTRE-Flf.CHE ET LONGUEUR vs. ANGLE DE □EFL. CF.NTRAL 
·--------------------------------------------------------------------------------------------- ANG. TANGENT HTFRNAL LENGTH DF. FL. ANG. TANGENT EXTERNAL LENGTH 
)EFL. TANGEsTE CO~T. FL. LONGUEUR ANG. DEFL. TANG EN TE CONT.FL. LONGUEUR 
·--------------------------------------------------------------------------------------------- HNT " OEG MNT M 
i======•=•=•••===•=====•==•=••••••m•=••~•••••=•=•==•====••=•••••••••••=••••••=•••••••••==••••• 

I 44.540 30 9.470 12 83. 804 89 4q 21 4s.q42 01 10.048 48 86. 1,2 00 
2 44.557 7' 9.477 HI a,.831 q5 4q 22 45.q5q 62 10. 055 84 86.161 oq 
3 44. 5 75 16 Q.484 q I 83.863 07 4q 23 45.977 24 10. 063 1q 86. i so 18 
4 41a. 592 60 9.492 01 83.8q2 16 4Q 24 45.QQ4 86 10.070 5b 86. 21 q 21 
5 44.610 03 q.4qq II R3.nl 25 4q 25 46.012 48 10.077 q2 81>. 24R 35 
6 44. ~ 77 47 q. sos 22 83.q5o 34 49 26 46.030 II 10.085 zq 86. 711 44 
7 44.6.44 q2 Q.513 33 83.979 43 4q 27 46.047 74 10.092 06 86.306 S3 l 8 44.6b2 36 Q.520 44 84.008 51 4q 28 46.065 31 10.100 04 86. 335 62 q 44.679 81 q.527 55 84.037 60 49 29 46.083 00 10.101 41 86. 364 11 

10 44.6H 26 q. 534 67 84.066 69 49 30 46.100 63 JO. I 14 80 86.393 80 

II 44. 714 71 9. 541 PC 84. cs s 7R 4q 31 46.118 27 10.122 18 86.422 89 
12 44.132 16 q.548 Q2 84.124 81 4q 32 46.135 q1 10.129 57 86. 451 q5 
~3 44. 74q 62 9. 556 05 84.15l 06 49 33 46.153 55 10.136 96 86. 481 06 \4 44.767 08 9.56l I 8 84. I 83 05 4q 34 46.171 19 10. 144 36 86. s 10 15 
15 44.7R4 54 9.570 32 H4. 212 14 4q 3S 46.18H 84 10. I 51 75 86. 5 3q 74 
16 44.802 00 9. 517 46 84.241 73 4q l6 46.206 4q 10. 159 16 86.568 l3 
17 44.8Jq 46 9.584 60 84.270 31 49 31 46.224 14 10 .166 56 86.597 42 
18 44.836 93 q.591 74 84. 299 40 4q 38 46.241 rq 10.1n 97 86.626 51 1q 44.054 40 q.598 89 84. 328 4Q 49 39 4 6. 2 5q 45 10. I 8 I 38 86.6"55 60 
10 44.871 87 9.606 04 84.357 58 49 40 46.n7 10 10.188 7q 86.684 69 

!I 44.88q 35 9.613 20 84.386 67 4Q 41 46.2Q4 11 io , lQ6 21 86.713 78 
!2 44.906 82 9.620 36 84.415 76 4q 42 46.ll2 43 10. 203 63 86.742 86 
13 44.924 30 q.6 21 52 d4.444 85 49 43 46. '30 QQ 10.211 06 86. 171 q5 
!4 44.941 18 q.t: 34 68 84.473 q4 49 44 46.347 76 10.218 4q 86.801 04 
5 44_95q 27 q.641 85 84.503 02 49 45 46.365 43 10.225 92 e&.e:rn 13 
6 44.976 75 q.649 02 84.532 IL 49 46 46.383 10 10. 233 35 86.859 22 l 1 44,.q94 24 9.656 2C 84. 561 20 49 47 46.400 18 10.240 79 86. 8 88 31 
8 45.01 I 13 9.663 31 84.590 29 4q 48 46.418 45 10. 248 23 86.917 40 
9 45.029 22 q.670 56 84.619 38 49 4q 46.4]6 13 10.255 68 86 • 946 49 a 45.046 72 q.611 74 84.648 47 4q 50 46.453 82 10.263 13 86. 9 75 57 

I 45.064 21 q.684 q3 84. 611 56 4q 51 46.471 50 10. 270 58 87.004 66 
2 45.081 71 9.692 12 84 • 7 06 65 4q 52 46.489 19 10.278 03 87.033 75 
3 45.099 21 9.699 31 84. 735 74 49 53 46.506 88 10.285 4q 87. 062 84 
4 45.116 72 9.706 51 84. 764 82 49 54 46.524 57 10.292 05 87. 091 93 
5 45.134 2l 9.113 71 84.793 91 4q 55 46.542 26 10. 300 42 87.121 02 
6 45.151 13 9.720 91 84 • 82 3 00 49 56 46.559 06 10.307 89 87.150 II ~ 45.H,9 24 q. 128 12 84.852 09 4q 57 46. 577 66 IQ. 3 I 5 36 87.179 20 
8 45.186 76 9.735 33 84.881 18 49 58 46.595 36 10. 322 83 87.208 28 q 45.204 27 q.H2 54 84.910 27 49 59 46.613 06 10. 330 31 87. 2 37 37 
0 45.221 79 q.74q 76 94.q39 36 50 a 46.630 11 10.337 79 87.266 46 

45.239 31 9. 756 q8 84.968 45 50 I 46.648 47 10. 345 28 87.295 55 
45.256 83 9.764 20 84.997 53 50 2 46.666 18 10.352 11 87. 3 24 .t,4 
45.274 35 9.111 43 85.026 62 50 3 46.683 qo 10. 360 26 87.353 13 
45.2q1 88 q.11A 66 85.055 71 50 4 46.701 61 10. 367 75 87. 382 82 
45.309 41 9. 7 85 09 85. 084 80 50 5 46.119 33 10.375 25 qJ.411 91 
45. 326 94 9.793 13 85.113 89 50 6 46.137 05 10. 382 75 87.441 00 
45. 344 48 9.800 31 85.142 98 50 1 46.754 11 10.390 26 87.470 08 
45.362 01 q.801 61 85.172 01 50 8 46 • 112 50 10.397 11 01.4q9 11 
45.379 55 9.814 86 85. 201 16 50 9 46.790 23 10.405 28 87.528 26 
45. 397 09 9.822 II 85.230 25 50 10 46. 807 96 10.412 79 87.557 35 

45.414 63 9. 82q 36 85.259 33 50 II 46.825 69 10.420 31 87. 5 86 44 
45.432 18 9.836 62 85.288 42 50 12 46.843 42 10.427 83 87. 615 53 
45.449 73 9.843 88 85.317 51 50 13 46.861 16 10.435 36 87.644 62 
45.467 28 9.851 14 85.346 60 50 14 46.878 90 10.442 9q 87.673 11 
45.484 83 9.858 41 85. 375 69 50 15 46.896 64 I0.450 42 87. 702 79 
45.502 38 9.865 68 85.404 78 50 16 46.914 3q 10.457 95 87.731 88 
45.519 94 q.812 95 85. 433 87 50 11 46.932 13 10.465 4q 87. HO q7 
45.537 50 9.880 23 85.462 96 50 18 46.949 88 10.473 03 87.790 06 
45.555 06 9.887 50 85. 492 04 50 Jq 46.967 63 10.480 58 81. 8 [q 15 
45.572 63 9.894 19 85.521 13 50 20 46.985 H IQ.488 13 87.848 24 

45.590 19 Q.902 07 85.550 22 50 21 47.003 14 10.495 68 81.871 33 
45.607 76 9.909 36 85.579 31 50 22 47.020 90 10.503 24 87 • 906 42 
45.625 33 q.916 65 85.608 40 50 23 47.038 66 10.510 80 87.935 51 
45.642 90 q_923 95 85. 637 4q 50 24 47.056 43 10.518 36 87.964 59 
45.660 48 9.931 25 85.666 58 50 25 47.074 19 10.525 92 87.993 68 
45.678 06 q.938 55 85.6q5 67 50 26 47.091 96 10.533 4q 88.022 11 
45.61:)5 64 9.945 86 85.724 76 50 27 47.109 13 10.541 06 88. 051 86 
45. 713 22 q.953 11 85.753 84 50 28 47.127 51 10.548 64 88. 080 95 
45.730 81 q.960 48 85.782 qJ 50 29 47. 145 28 10.556 22 88. 110 04 
4 5. 748 39 9.967 79 85.812 02 50 30 47.163 06 10. 563 80 88.13q 13 

45.765 98 9.975 II 85.8H II 50 31 47.180 84 10.571 39 88.168 22 
45.783 57 9.982 43 85.870 20 50 32 47.198 63 10.578 98 88.197 30 
45.801 17 9.989 16 85.899 29 50 33 47.216 41 10.586 51 88.226 Jq 
45.818 11 9_q97 09 85.928 38 50 34 47.234 20 10.594 I 7 08.255 48 
4 5. 8 36 36 10.004 42 85.957 47 50 35 47.251 99 10.601 n 88. 2 84 57 
45.853 97 10.011 75 85.986 55 50 36 47.269 18 10.609 31 88.313 66 
45. 811 57 10.C I q 09 86.015 64 50 31 41. 287 58 L0.616 97 88.342 15 
45. 889 18 10. 026 44 86.044 13 50 38 47.305 38 10.624 58 88. 371 84 
45.906 18 10. 033 7e 86.073 82 50 3q 47.323 18 10.632 20 88.400 93 
45.924 39 L0.041 13 86.102 91 50 40 47.340 98 L0.639 81 88.430 02 



TABLE 11-100 M RADIUS C !RC. CURYE: TANGENT,EXTERNAL ANO LENGTH YS. CENTRAL DEfLECTION ANGLE 63 
TABLE 11-100 M RAYON COURSE CIRC.: TANGENTE,CONTRE-FLECHE ET LONGUEUR YS. ANGLE OE OEH. CENTRAL 

----------------------------------------------------------------------------------------------- 
OEFL, ANG. TANGENT EXTERNAL LENGTH OHL, ANG. TANGENT EXTERNAL LENGTH 
ANG, OEFL. TANGENTE CONT.Fl. LONGUEUR ANG. OEH, TANGENTE CONT ,FL. LONGUEUR 

---------------------------------------------------------------------------------------------- 
OEG MNT M DEG MNT M 

------------------············--·-----········-----·······------···-·-·········-·················· 50 41 47.358 79 10.647 H 88.459 10 52 48.791 26 11.266 09 90.786 21 
50 u 47.376 59 10.655 06 88.488 19 52 48.809 2T 11.275 99 90.815 30 
50 H 47.394 40 10. 662 68 88. 517 28 52 48.827 28 11,283 89 90.844 39 
50 44 47.412 22 10,670 31 88. 546 37 52 4 48.845 30 11. 291 79 90.813 48 
50 45 47,HO 03 10,677 95 88,H5 46 52 5 48. 863 31 11.299 10 90.902 57 
50 46 47.447 85 10.685 58 88.604 55 52 6 48. 881 33 11. 307 61 90.931 65 
50 47 47.465 67 10.693 22 88.633 64 52 7 48.899 H ll.Jl5 53 90,960 74 
50 48 47.483 49 IO. 700 87 88.662 73 52 8 48.917 37 11,323 45 90.989 83 
50 49 47.501 32 10. 708 51 88.691 81 52 9 .-.e.935 40 11-331 37 91,018 qz 
50 50 47.519 14 10. 716 H 88.720 90 52 10 48.953 43 ll.339 29 91.048 01 

50 51 47.536 97 10.723 82 88. 749 99 52 II 48.971 46 i i , 347 22 91.077 10 
50 52 4 7 .554 81 10. 731 47 88. 779 08 52 12 48.989 49 11. 355 16 91. 106 19 
50 53 47.572 64 10.139 14 88.808 17 52 13 49.007 53 i i , 363 09 91.135 28 
50 54 47.590 48 10.146 80 88.837 26 52 14 49.025 57 11. 371 03 91. 164 36 
50 55 47.608 32 I0. 754 47 88.866 35 52 15 49.043 61 11.378 97 91.193 45 
50 56 47.626 16 I0. 762 14 88. 895 .. 52 16 49.061 66 ll.386 92 91.222 54 
50 57 47.644 00 10.769 81 88.924 53 52 17 49.079 10 11. 394 81 91.251 63 
50 58 47.661 85 10.111 H 88.953 61 52 18 49. 097 75 i i , 402 82 91.280 72 
50 59 47.679 10 I0. 785 17 88.982 10 52 19 49.ll5 80 ll,410 78 91. 309 81 
51 0 47.697 55 10. 792 85 89.011 79 52 20 49. 133 86 11,418 74 91.338 90 

51 1 47.715 41 10. 800 54 89.040 88 52 21 49. 151 91 .11.426 71 91.367 99 
51 2 47.733 26 I C,808 23 89. 069 97 52 22 49.169 97 ll.434 67 91,397 08 
51 3. 47.751 12 10. 815 93 89. 099 06 52 23 49.188 04 11,442 64 91.426 16 
51 4 47.768 99 10. 823 63 89.128 15 52 24 49.206 10 11. 450 62 91.455 25 
51 5 47. 786 85 10-831 33 89.157 24 52 25 49. 2 24 17 11.458 60 91.484 34 
51 6 47.804 72 10.839 03 89.186 32 52 26 49.242 24 ll,466 58 91.513 43 
51 7 47.822 59 10. 8 46 74 89.215 H 52 27 49. 260 31 11.474 56 91.542 52 
51 8 47.840 46 10.854 45 89.244 50 52 28 49,278 38 11,482 55 91.Hl 61 
51 9 47,858 33 10,862 17 89. 273 59 52 29 49,296 46 11,490 54 91.600 10 
51 10 47,876 21 10.869 89 89.302 68 52 30 49. 314 54 11.498 54 91.629 79 

51 11 47.894 09 10.877 61 89. 331 11 52 31 49. 332 63 ll,506 54 91.658 87 
51 12 47.9ll 97 lo. 885 33 89.360 86 52 32 49.350 71 11,514 54 91.687 96 
51 13 4 7 .929 86 10. 893 06 89.389 95 52 13 49.368 80 ll.522 55 91. 717 05 
51 14 4 7 .94 7 74 10.900 79 89.419 04 52 34 49,386 89 i i , 530 56 91,746 14 
51 15 47.965 63" 10.908 53 89.448 12 52 35 4q • .-.01t 98 ll,538 57 91. 775 23 
51 16 47.983 52 10.916 27 89.477 21 52 36 49.423 08 11.546 59 91,804 32 
51 17 48.001 42 10.924 01 8'1.506 30 52 37 'tCJ.441 18 11. 554 61 91.833 41 
51 18 48.019 32 10.9!1 76 89.535 39 52 38 49.H9 28 11. 562 63 91.862 50 
51 19 48.037 22 IO.H9 51 89.564 48 52 3'1 4'1.477 38 11. 570 66 91.891 59 
51 20 48.055 12 10.947 26 89.593 57 52 40 49.495 49 11. 578 6'1 91.920 67 

51 21 48.073 02 10.955 02 89.622 66 52 41 49.513 60 11.586 72 91.94'1 76 
51 22 48.090 93 10.962 11 8'1.651 75 52 42 49.531 71 I\• 594 76 91.978 85 
51 23 4 8.108 84 10.970 54 89.680 83 52 43 49.549 82 11.602 80 92.007 q4 

51 24 48. I 26 75 10.978 30 89.70'1 q2 52 44 49,567 94 1\.610 84 92.03'/ 03 
51 25 48.144 66 10.986 07 89. 739 01 52 45 49.586 06 11.618 89 92,066 12 
51 26 48,l62 58 10.993 85 89. 768 10 52 46 49.604 18 ll.626 94 92.095 21 
51 27 48.180 50 I 1,001 62 89.797 19 52 47 49.622 30 11.635 00 92.124 30 
51 28 48.198 42 11,009 40 89. 826 28 52 48 49.6't0 43 ll.643 06 92.153 38 
5 I 29 48.216 35 11.011 19 89.855 37 52 4q 49.658 56 1\.651 12 92.182 47 
51 30 48.234 27 11.024 9e 89. 884 46 52 50 49.676 69 ll.659 19 q2. 211 56 

5 I 31 48.252 20 ll.032 11 89.913 55 52 51 49.694 83 11.667 26 92. 240 65 
51 32 · 48.270 14 11,040 56 89.942 63 52 52 49. 712 q7 l!.675 33 92.26'1 74 
51 33 48.288 01 11.048 H 8'1. 971 72 52 53 49. 731 11 11,683 40 92.298 83 
51 34 48. 306 01 1\.056 16 90.000 81 52 54 49. 749 25 11.691 48 92.327 92 
,1 35 48.323 95 II.OB 96 '10.029 90 52 55 49.767 39 11.699 57 92.357 01 
51 36 48.341 89 1\.071 11 90.058 99 52 56 49. 785 54 11. 707 66 92.386 10 
51 37 4 8. 359 83 11.079 5e 90.088 08 52 57 49.803 69 ll,715 15 92.415 18 

51 38 48.377 78 11.087 40 90. 11 7 17 52 58 49.821 85 11. 723 84 92.444 27 
51 19 48.395 73 11.095 21 90.146 26 52 59 49. 840 00 I!. 731 94 92.473 36 
51 40 48.413 68 l!.103 04 90.175 34 53 0 49.858 16 11.740 04 92.502 45 

5 l 41 48.431 64 11,llO 86 90.204 43 53 1 49. 876 32 11.748 14 92.531 54 
51 42 48.449 59 ll.118 6~ 90. 233 52 53 2 49. 894 49 t i , 756 25 92.560 63 
51 41 48.467 55 11.126 52 90.262 61 53 3 49.912 65 11.764 36 92.589 72 
51 44 't8 • .\85 52 ll.134 36 90.291 10 53 4 49.930 82 \1.772 48 92.618 81 
51 45 48.503 48 11.142 20 90.320 79 53 5 49.948 qq 11.780 60 92. 64 7 89 
51 46 48. 521 45 11.150 04 90.349 88 53 6 49.967 17 11. 788 72 92.676 98 
51 47 48.539 42 ll-157 8e so , 378 97 53 1 49.985 34 I\. 796 85 92,706 01 
51 48 48.557 39 11.165 73 90.408 06 53 8 50.003 52 11.804 98 92. 735 16 
51 49 48.575 37 ll.173 5q 'I0.437 14 53 9 50.021 71 ll.813 ll 92.764 25 
51 50 48.593 34 11.181 44 90.466 23 53 10 50.039 89 11.821 24 92. 793 34 

51 51 48.611 32 ll.189 30 90.495 32 53 II 50,058 08 11.829 38 92.822 43 
51 52 48.629 31 11.197 16 90.524 41 53 12 50.076 27 i i , 837 53 92.851 52 
51 53 48.647 29 11.205 03 90. 553 50 53 13 50. 094 46 u , 845 68 92.880 61 
51 54 48.665 28 11.212 90 90.582 59 53 14 50. I 12 66 11.853 13 92 •• 09 69 
51 55 48.683 27 1 l .220 11 90.611 68 53 15 50.130 86 11. 861 98 92. 9 38 78 
51 56 48. 701 26 ll.228 65 90.640 11 53 16 5C.149 06 ll.870 14 92 .'167 87 
51 57 48,719 26 11,236 53 90.669 85 53 17 50.167 26 11.878 30 92.'196 96 
51 58 48. 737 26 11.244 42 90.698 94 53 18 50.185 47 11. 886 47 93.0 26 05 
51 59 48.755 26 11.252 30 90.728 03 53 19 50.203 68 \1.894 63 93.055 14 
52 0 48.773 26 11.260 1~ 90.757 l2 53 20 50.22l 89 11.902 Bl 93.084 23 



64 TABLE 11-100 M OAOIUS CIRC. CURVE: TANGENT,EXTEftNAL ANO LENGTH VS. CENTOAL OEFL EC T ION ANGLE 
TABLE 11-100 M RAYON CCURBE CIRC.: TANGENTE,CONTRE-FLECHE ET LONGUEUR vs. ANGLE DE DEFL • CENTRAL l ---------- --------- -- ----------- -- ---- ------ - ----- --- --- - --- -- - -------- - -- --- ----------- ------ ---- - 

OEFL. ANG. TANGENT EXTERNAL LENGTH OEFL. ANG. TANGENT EXTERNAL lENGTH 
ANG. DEFl. TANGENTE CONT .FL. LONGUEUR ANG. DEH. TA~GHTE CONT.FL. LONGUEUR 

--------------------------------------------------------------------------------------------------- DEG MNT • DEG MNT " ••::s••••••z: •••• •• ••• ••••••••• •••••••••••••• .. a•••••••••••'"' aaazaaz ••••••••• • s ••••-• •••• •• •• a:z•••••••:a a 
53 21 50.240 10 11.910 98 93.113 32 54 41 51. 705 98 12. 576 68 9~.4 .. 0 42 

1 53 22 50.258 32 11.919 16 93.142 40 54 42 51.724 41 12.585 14 95.469 51 
5~ 23 50.276 54 I 1,927 34 93. 171 49 54 43 51. 742 85 12.593 62 95.498 60 
53 24 50.294 76 11.935 53 93.200 58 54 44 51. 761 29 12.602 09 95.527 69 
~3 25 50.312 99 11.943 72 93.229 67 54 45 5 I. 779 73 12.610 51 95.556 78 
~3 26 50.331 21 11.951 91 93.258 Tb 54 46 51. 798 18 12.619 05 95.585 87 
53 27 50. 349 44 11.960 11 93,28T 85 54 47 51.816 63 12.621 54 95.614 95 l 53 28 50. 36 7 68 11.968 31 93. 316 94 54 48 5 I .R35 08 12.636 03 95.644 04 
53 29 50.385 91 I t.976 52 93.346 03 54 49 51.853 53 12.644 52 95.613 13 
53 30 5 o. 40,, I 5 11.984 72 93.375 II 54 50 51,871 99 12.653 02 95.702 22 

53 31 50.422 39 11.S92 93 93.404 20 54 51 51.890 45 12.661 52 95.BI 31 
53 32 50.440 63 12. 001 15 93. 433 29 54 52 51.908 91 12. 610 03 95.160 40 
53 33 50.458 88 12. 009 37 93.4b2 38 54 53 51,927 31 12.678 53 95.189 49 
53 34 50.477 13 12.017 59 93.491 47 54 54 51.945 84 12. 687 05 95.818 58 
53 35 50.495 38 12.025 82 93.520 56 54 55 51.964 31 12.695 56 95. 84 7 66 
53 36 50.513 63 12. 034 05 93. 549 65 54 56 51.982 78 12. 704 08 95.876 75 
53 37 50.531 89 12. 042 28 93.578 74 54 57 52.001 26 12.112 60 9S. 905 84 
53 38 50.550 15 12.050 51 93.607 83 54 58 52 .019 74 12. 721 13 95.934 93 
53 39 50.568 41 12 .058 75 93. 636 91 54 59 52.038 22 12. 729 bb 95.964 02 
53 40 50.586 68 12 .067 00 93.666 00 55 0 52.056 71 12. 738 19 q5. qqJ II 

1 ;J 41 50.b04 95 12.075 25 93. 695 09 55 I 52.075 19 12. 7',6 73 96.022 20 
53 42 50.b23 22 12.083 50 93. 724 18 55 2 52.093 68 12. 755 27 96.051 29 
53 43 50.641 49 12. 091 75 93. 753 27 55 3 52.112 18 12. 763 82 96.080 38 
53 44 50.659 77 12. lOO 01 93. 782 36 55 4 52.130 67 12. 772 37 96.109 46 
53 45 50.618 04 12.108 27 93.811 45 55 5 52.149 l 7 12.180 92 96.138 55 
53 ',b 50.696 33 12.116 53 93.840 54 55 6 52.167 67 12.789 48 96.167 64 1 53 47 50.11-. 61 12. I 24 80 93.869 62 55 7 52.186 17 12. 798 04 9b. I 96 n 
53 ',8 50.132 90 12.1 ll 08 93.aqe 71 55 8 52.204 68 12 .806 60 96. 2 25 82 
53 49 50.151 18 12.141 35 93. 927 80 55 9 52.223 19 12. 815 17 96. 2 54 91 
53 50 50.169 •8 12. I 49 63 93. 956 89 55 10 52.241 70 12. 823 74 96. 2e• 00 

53 51 50.787 77 12.157 91 q3.c;es 98 55 ll 52. 260 22 12.832 31 96.313 09 

J 
53 52 50.806 07 12.166 20 94.015 07 55 12 52.278 74 12. 8•o 89 96.342 17 
53 53 50.82', 37 12.174 4~ q".o"" 16 55 13 52-297 2t 12. 849 47 96.371 26 
53 54 50.8',2 61 12. I 82 78 94.073 25 55 14 52.315 78 12.858 Ob 96.400 35 
53 55 ··o. R6o 98 12,191 OB 94.102 34 55 15 52.334 31 12.866 65 Q6.'t29 ',4 
53 56 50.879 29 12. I 99 38 94. l 31 42 55 16 52.352 84 12.875 24 96.458 53 
53 57 50.897 60 12.207 69 94.160 51 55 17 52-371 37 12.883 8', 96.487 ,2 
53 58 so.qi-; 91 12.216 00 9.ft. 189 60 55 18 52.389 90 12.892 44 96. 5 16 7l 

1 53 59 50.93.\ 23 12.224 31 94. 218 69 55 19 52.408 44 12.901 04 96.545 80 
54 0 50.952 5', 12 .2 32 62 94. 24 7 78 55 20 52. •26 98 12.909 65 96.574 89 

54 50.970 87 12 .240 94 9',.276 87 55 21 52.445 53 12.918 26 96. 603 97 
5', 50.989 19 12.249 21 94.305 96 55 22 52 .464 07 12.926 87 9b,633 Ob 
54 51.007 52 12,257 59 9'.335 05 55 23 52.482 62 12.935 ',9 96.662 15 
5' • 51. 0 25 85 12.265 92 9lt. 36.tt 13 55 24 52.501 17 12. 9',4 12 96.691 24 l 54 5 51.0 ... 18 12,274 26 94.393 22 55 25 52. 519 73 12.952 74 96.720 3, 
5', b 51.062 5? 12.282 59 9't .422 31 55 26 52. 538 29 12. 961 37 96.749 42 
54 7 51.080 85 12.290 93 94.Ai,51 40 55 21 52. 556 85 12.970 01 96.178 51 
54 8 51.099 19 12.299 28 94 • .\80 49 55 28 52. 575 41 12.978 I,', 96.807 60 
54 9 51.117 54 12.307 63 94.509 58 55 29 52. 59 l 98 12.987 28 96. 8 36 bB 
5', 10 51.135 88 12. 315 98 9',. 5 38 67 55 30 52.612 55 17..995 93 96. 865 77 

54 II 51.154 23 12.324 33 94.567 76 55 31 52. &31 12 13.004 58 96. 894 86 
5,. 12 5 I. 112 59 12. 332 69 9',.596 85 55 32 52.649 69 13.013 23 96.923 95 
54 I l 51.190 94 12. 341 05 94.625 93 55 3l 52.bb8 27 13. 021 89 96.953 04 
5', 14 51.209 30 l2. 349 42 9',.655 02 55 H 52.686 85 13. 030 55 96. 982 ll 
54 15 51.221 66 12. 357 79 94.684 ll 55 35 52.705 43 13.039 21 91.0 I I 22 
54 lb 51.246 02 I 2,366 16 94. 713 20 55 )b 52.724 02 13.041 88 97.040 31 
54 17 51.264 38 12. 3 74 54 94.742 29 55 37 52.742 61 13.056 55 97. 069 40 
54 18 51.2 82 75 12.382 92 94. 77 l 38 55 38 52. 761 20 13.065 22 91,098 48 
54 19 51.301 12 12.391 30 94. 800 47 55 39 52. 779 19 13.073 90 97 .127 57 
54 20 5 I. 319 50 12.399 69 94.829 56 55 ',Q 52.798 39 13.082 58 97. I 56 66 

54 21 51.337 81 12.•08 08 94.858 64 55 41 52.816 99 13.091 21 97. I 85 75 
5" 22 51.356 25 12.416 48 94.887 73 55 42 52.835 60 13.099 96 97.214 84 

J 
54 23 51.374 63 12.424 88 94.916 82 55 43 52.854 20 13,108 65 97.243 93 
54 24 51. 393 02 12.433 28 9't. 9't5 91 55 4', 5 2. 872 81 13.117 35 97. 273 02 
5' 25 51.411 •1 12.441 6G 94.975 00 55 45 52.891 42 13.126 05 97. 302 II 
54 26 51,429 80 12.•50 10 95.004 09 55 46 52.910 04 13. 134 75 91.331 19 
54 27 51.-.•8 19 12.458 51 95.033 18 55 47 52.928 65 13.143 46 97.360 28 
54 28 51.466 58 12.466 93 95.062 27 55 48 52.947 27 13. 152 17 97.389 37 
54 29 51.484 98 12.<t75 35 95.091 36 55 49 52.965 90 13. I 60 89 97.418 46 
54 30 51.503 38 12.483 11 95.120 .. . 55 50 52. 984 52 13.169 61 97 .... 7 55 

54 31 51,521 19 12.492 20 95.149 53 55 51 53.003 15 13.178 33 97 .4 76 6. 
54 32 5 1. 5',Q 19 12.500 63 95.118 62 55 52 53.021 78 13.187 Ob cn.i;oi; 73 
54 33 51.558 60 12.509 06 95.207 11 55 53 53.040 42 13.195 79 97. 534 82 
5" 34 51.577 02 12.5 I 7 50 95.236 80 55 5" 53. 059 06 13.204 52 91. 563 91 
54 35 51.595 43 12.525 95 95.265 89 55 55 53.077 70 13.213 26 97.592 99 

J 
54 36 51.613 85 12.534 39 95.294 98 55 56 53.096 34 I 3. 222 00 97.622 08 
5,. 37 5 I .632 27 12.542 84 95.32" 07 55 57 53.114 99 13.230 75 97.651 17 
54 38 51.650 69 12.551 30 95. 353 15 55 58 ~3.133 6' 13.239 50 •7.680 26 
54 39 51.669 12 12.559 75 95.382 24 55 59 53.152 ?9 13. 248 25 97. 709 35 
54 40 51.681 55 12.568 21 95.411 33 56 0 53. I 70 94 13.257 01 97. 738 ',4 



TABLE 11-100 H RAOIUS CIRC. CURVE• TANGENT,EXTERNAL AND LENGTH VS. CENTRAL DEFLECT ION ANGLE 
TABLE 11-100 H RAYON COURBE CIRC.: TANGENTE,CONTRE-FLECHE ET LONGUEUR vs. ANGLE OE OEFL. CENTRAL 

------------------------------------------------------------------------------------------------- 
OEFL. ANG. TANGENT EXTERNAL LE NG TH OEFL. ANG. TANGENT EXTERNAL LENGTlj 
ANG. OEFL. TANGEN TE CONT.Fl. LONGUEUR ANG. □EFL. TANGENTE CONT.FL. lONGUEU 

------------------------------------------------------------------------------------------------ 
DEG HNT " DEG HNT H 

■s••~•••••-•••••••---=-::===••===•=•=••••=•••=•••====••======•••••••••==•c•••••••••=•==•====•==•••••• 
56 I 53.189 60 13.U5 17 91.161 53 57 21 54.691 10 13. 97B 87 100.094 
56 2 53.20B 26 13.274 53 91.196 62 57 22 54. 710 60 13.987 94 100.123 
56 3 53.226 93 13.283 30 97.825 10 51 23 54. 129 50 13.991 01 100.152 
56 4 53.245 59 13.292 01 91. 854 79 51 24 54. 74B 40 14. 006 08 100.181 
56 5 53.264 26 13.300 es 97. 8B3 BB 51 25 54. 161 31 14.015 16 100.210 
56 6 53.282 93 13.309 62 97.912 91 57 26 54.186 21 14.024 25 100.240 
56 1 53.301 61 13.31B 41 91 • 942 06 57 27 54.B05 13 14.033 34 100.uq 
56 8 5 3. 320 29 13.327 19 91. 971 15 51 28 54. 824 04 14.042 43 100.298 
56 9 53.338 91 13.335 9e 98.000 24 57 29 54. 842 96 14.051 52 100.327 
56 10 53.357 65 13.344 78 98.029 33 57 30 54.861 88 14.060 62 100.356 

56 II 53.376 34 13.353 5e 98.058 42 57 31 54.880 80 14.069 13 100.385 
56 12 53.395 03 13.362 38 98.087 50 57 32 54.899 73 14.078 83 100.414 
56 13 53. 413 12 I 3. 3 71 IB 98.116 59 57 33 54. 918 66 14.087 94 100.443 
56 14 53.432 42 13.319 99 98.145 68 51 34 54.931 59 14.091 06 100.472 
56 15 53.451 II 13.388 e1 98.174 17 57 35 54 • 956 53 14.106 18 100.501 
~6 16 53.46Q 81 13.397 62 98.203 86 57 36 54.915 41 14.115 30 100.5~0 
56 11 53.488 52 13. 406 44 98.232 95 57 31 54.qq4 41 14.124 43 100.560 
56 18 53.507 23 l~.415 21 98.262 04 57 38 55.013 35 14.133 56 100.589 
56 19 53.525 94 13.424 10 98.291 13 57 39 55.032 30 14.142 69 100.618 
56 20 53.544 65 13.432 93 98. 320 21 51 40 55.051 25 14. 151 83 l00.641 

56 21 53.563 36 13.441 76 98. 349 30 51 41 55.070 20 14.160 97 100.676 
56 22 53. 5 82 08 13.450 60 98.378 39 57 42 55.080 16 14.170 12 100.705 ----,~ 23 53.600 80 13.459 45 98.407 48 57 43 55. I 08 12 14. 179 27 100. 734 _____ ,,..- 56 

24 53.619 53 13.468 29 98 • 436 57 57 44 55. 127 08 14. 188 42 100.763 
56 25 5 3. 6 38 26 13.417 15 98. 465 66 57 45 55. 146 05 14.197 58 100.792 
56 26 53.656 99 13.486 00 98.494 75 51 46 55.165 02 14.206 74 100.821 
56 21 53.675 12 13.494 86 98.523 84 57 47 55.183 99 14. 215 90 100.850 
56 28 5 3.694 46 13.503 72 98.552 93 57 48 55. 202 91 14.225 07 100.880 
56 29 53.113 20 13. 512 59 98.582 01 57 49 55.221 94 14.234 25 100.909 
56 30 53. 731 94 13.521 46 98.611 10 51 50 55.240 93 14.243 42 100.938 

56 31 53.750 68 13.530 33 98. 640 19 57 51 55.259 91 14.252 60 100.967 
56 32 53.769 43 13.539 21 98.669 28 57 52 55.278 90 14.261 19 100.996 
56 33 53.788 18 13.548 C9 98.698 31 57 53 55.297 89 14.270 98 101.025 
56 34 5 3. 806 94 13.556 91 98.727 46 57 54 55. 316 88 14.280 17 101.054 
56 35 53.825 69 13.565 e6 98.156 55 57 55 55.335 88 14. 289 37 101.083 
56 36 5 3. 844 45 13.574 76 98. 785 64 57 56 55. 3 54 88 14.298 51 101.112 
56 31 53.863 21 13.583 65 98.814 72 57 57 55. 3 73 88 14. 30 7 17 101.141 
56 38 53.881 98 13.592 55 98.843 81 51 58 55. 392 88 14. 316 98 101.110 
56 39 53.900 75 13.601 46 98.812 90 57 59 55.411 89 14.326 19 101.200 
56 40 53.919 52 13.610 36 98. 901 99 58 0 55.430 91 14. 335 41 101.229 

56 41 53.938 29 13.H9 2B 98. 931 08 58 I 55.449 92 14. 344 63 101.258 
56 42 53.957 01 13.628 19 q0. 960 17 58 2 55.468 94 14. 353 85 101.287 
56 43 53.975 85 13.637 11 98.989 26 58 3 55.487 96 14. 363 08 101.316 
56 44 5 3.99', 64 13.646 03 q9. 018 35 58 4 55.506 98 14.372 31 101.345 
56 45 54.013 42 13.654 96 99.047 44 58 5 5 5. 5 26 01 14.381 54 101. 314 
!6 46 54.032 21 13.663 B9 99.076 52 58 6 55.545 04 14.390 78 101.403 
56 47 54.051 00 13.672 82 99.105 61 58 7 55. 564 01 14.400 03 101. 432 
56 48 54.069 80 13.681 76 99. 134 10 58 8 55.583 II 14.409 27 l01.461 
56 49 . 54.088 60 13.690 70 99.163 79 58 9 55.602 15 14 • 418 53 101 • .so 
56 50 54.107 40 13.699 65 99. 192 88 58 10 55.621 19 14.427 78 IOI. 5 l q 

56 51 54.126 20 13.7C8 60 99. 221 97 58 11 55.640 24 14.431 04 l01 • 549 I 

56 52 54.145 01 13. 717 55 99.251 06 58 12 55.659 ?9 14.446 30 101.578 
56 53 54.163 82 13. 7 26 51 99.2BO 15 58 13 55.678 34 14.455 57 101.607 
56 54 54. 182 63 13.135 47 99. 309 23 58 14 55.6Q7 3q 14.464 84 101.636 
56 55 54.201 45 13.144 4' q9.330 32 58 15 55.716 45 14. 4 74 II 101.665 
56 56 54.220 21 13.753 41 99.367 41 58 16 55.135 51 14.483 39 101.694 
56 57 54.239 09 13.762 38 99.396 50 58 11 55.154 58 14.492 68 101.723 I 

56 58 54.257 91 13.111 35 99.425 59 58 18 55. 773 64 14. 501 96 101.752 
56 59 54.216 74 13. 780 33 99.4H 68 58 19 55.792 71 14. 511 25 101. 781 
57 C 54.295 57 13 • 7 89 32 9q.483 11 58 20 55.811 79 14.520 55 101.810 I 

57 1 54.314 40 13. 798 31 qq.512 86 58 21 55.830 86 14.529 84 101.839 
57 2 54.133 24 13.807 30 99.541 95 58 22 55. 849 q4 14. 539 15 101.869 I 

57 3 54.352 08 13.816 29 99. 5 71 03 58 23 55. 869 03 14.548 45 101.9q9 
51 4 54.310 92 13.825 29 99.600 12 58 24 55. 888 II 14. 55 7 16 101.qz1 ,1 5 54.389 11 13.834 30 99.629 21 58 25 55.907 20 14. 561 08 101.q56 
51 6 54.408 62 13.843 30 99. 658 30 58 26 55.n6 2q 14.516 39 101.985 
57 1 54.421 47 13.852 31 q9. 687 39 58 27 55.945 39 14. 585 72 102. 014 • 
57 8 54.446 32 13. 861 33 99. 716 48 58 28 55.'H,4 49 14. 595 04 102.043 ' 
51 9 54.465 18 13.870 35 99.145 57 58 29 55. q 83 59 14.604 31 102.012 ' 57 10 54.484 04 13.870 31 99. 714 66 58 30 56.002 69 14.613 71 102.101 

57 II 54.502 90 13.888 39 99.803 14 58 31 56.021 80 14.623 04 102 .130 ' 57 12 54. 521 17 13.897 42 99.832 83 58 32 56.040 91 14. 632 38 102. 159 ' 
51 13 54.540 64 13.906 46 99.861 92 58 33 56.060 02 14.641 B 102.189 ' 57 14 54.559 51 13.915 50 99.891 01 58 34 56. 079 14 14.6Sl 08 102.218 
57 15 54.578 39 13.924 54 99.920 10 58 35 56.098 26 14.660 43 102.247 
57 16 54. 597 27 13. 9 33 5e q9_949 1q 58 36 56.117 38 14.669 79 102.216 
57 17 54.616 15 13.942 63 99.978 28 58 31 56.136 51 14.6 79 15 102.JC5 
57 18 54.635 03 13.q51 69 100.001 31 58 38 56.155 64 14.688 52 102.334 • 
57 19 54.653 92 13.960 74 100. 030 45 58 39 56. 1 74 11 14. 697 89 102.363 
57 20 54.672 81 13.96Q 80 100.065 54 58 40 56.193 01 14. 107 26 102. 392 ' 



RlE I 1-100 M RADIUS CIRC. CURVE: TANGF.NT,EXTERNAL ANO LENGTH VS. CFNTRAl OE Fl EC TION ANGl E RlE I 1-IJO " RAYON CCUR8E cr~c., TANGENTf.CONTRE-FlECHE ET LON GUE UR vs. ANGLF DE OEFL. CENTRAL 
--------------------------------------------------------------------------------------------- ANG. T ANGE ~T EXTERNAL LENGTH OF Fl• ANG. TANGENT EXTERNAL LENGTH 

CEFL. TANGE>Tf CONT.Fl. LONGUFUR ANG. OEFL. T ANGfNTE CONT.FL. LONGUFUR 
---------------------------------------------------------------------------------------------- HNT H DEG HNT M 
~•=z=•======•*•===•===••==••=••••======z===•===========•===•zzzaz::z:za::zzzzzzazzaaaaar.:zaasa 
41 56. 213 05 14. 716 64 102.421 74 60 57.754 42 15.4N 75 104.148 A4 42 56.232 1q 14.126 C? 102.450 83 60 57.773 87 15.48g 45 104.177 g3 
43 56. 25 I 33 14. 735 40 102.4H qz 60 5 7. 79 3 2? 15.4qq 16 104.807 02 44 56.270 48 14.744 79 102.50g 00 60 4 57.812 62 15.508 87 104.836 II 45 'i6.?8q 63 14.754 I e 102.s30 oq 60 5 57.A32 03 15. 518 59 I04.A65 70 46 56.308 7q 14.763 58 102.567 18 60 6 57.851 44 15.528 30 104.894 ?9 47 56. 327 94 14. 772 98 102.5% 21 60 1 57.870 85 15.538 03 104.q23 38 48 'i6. 347 10 14.782 '9 102. 625 36 60 8 57 .SQQ 21 15.547 75 104.052 47 

1 
4q 56. 3b6 21 14.791 rq 102.~54 45 60 q 51.qoq 6g 15. 557 4g 104.qa1 55 50 56.3R5 43 14.801 21 102.683 54 60 10 51.ozg 12 l 5. 56 7 22 105.010 64 

51 56.401, 61 14.810 62 102. 712 63 60 ll 5 7. q4a 54 15.576 96 105.0'39 73 52 56.423 78 14.A20 05 I 02. 741 12 60 12 57 ,.qt,7 97 15.580 70 105.0,a 82 53 56.442 g5 14. a2q 47 102.770 80 60 13 51.qa1 41 15.5% 45 105.0SJ q1 54 56.462 13 14. 8 38 qo 102. 7q9 8Q 60 14 5R.006 84 15.606 20 IOS.127 00 55 56.4 R 1 ,2 l4.84R 33 102.828 ga 60 15 58.026 28 15. 615 96 105. 156 09 S6 56.500 50 14.857 77 102.e5e 07 60 16 58.045 73 15.625 72 105. 185 18 57 56.5lQ 69 14. 86 7 21 102. 88 7 16 60 I 7 58.065 17 15.635 48 105.214 27 58 56.538 R8 14.8 76 65 102.q16 25 60 18 58.084 62 15.645 25 105. 24 3 35 5g 56.558 08 14.A86 IC 102.945 34 60 19 58.104 08 15.655 02 105.272 44 
0 56.577 28 l4.8q5 55 102.974 43 60 20 58.123 53 15.664 eo 105.301 53 

1 I 5~.5q6 48 11,.qos 01 103.003 5 I 60 ?I 58.142 g9 15.674 58 105.330 62 2 56.615 68 14.q14 47 103.032 60 60 22 58.162 45 15. 684 36 105.350 71 
3 56.634 sq 14.923 q4 103.061 6g 60 23 58.181 q2 15.694 15 105.388 80 
4 56.654 10 14.933 40 103.0QQ 78 60 24 58. 20 I 3g 15. 703 94 105.417 sq 
5 56.673 32 14.942 R8 103. l 19 87 60 25 58.220 A6 15. 7L 3 74 105.446 gs 
6 56.6S2 54 14.g52 35 103.148 % 60 26 58.240 34 15. 72 3 54 105.476 06 7 56. 71 I 76 14.961 83 103.178 05 60 27 5a.25q 82 15. 733 34 105.505 15 8 56.730 98 14.g71 32 103.207 14 60 28 58.2N 30 15.743 15 10~. 5 34 24 
9 56.750 21 14.980 81 103. 2 36 23 60 29 58.298 Jg 15.752 % 105.563 33 10 56.76q 44 14.q90 30 103.265 31 60 30 58.318 28 15. 762 78 105. 5g2 42 

II 56.788 67 14.9gq 8C 103.2q4 40 60 31 58. 337 17 15. 772 60 105.621 51 12 5~.807 91 15.ocq 30 103. 323 4q 60 32 58.357 26 15.782 43 105. 650 6C 13 56.827 15 15.018 80 103.352 58 60 33 58.376 76 15.N2 26 105.6N 69 14 56.846 3q I 5.028 31 103.381 67 60 34 58.3% 27 15.802 09 I 05. 708 78 
15 56.865 64 15.037 82 103.410 76 60 35 58.415 77 15.811 93 105. 737 86 
16 56. A84 88 15.047 34 103.439 85 60 36 58.435 2e 15. 82 I 77 105. 766 q5 
17 56.904 14 15.056 86 103.468 g4 60 37 58.454 79 15.831 61 105. 7% 04 18 56.923 30 15.066 38 103.498 02 60 38 58.474 31 15.841 46 105.815 13 1g 56.g42 65 15.075 91 103.527 ll 60 Jg 5e.4q3 A3 15.851 32 105.854 22 
0 56.961 91 15.085 44 103. 556 20 60 40 58.513 35 15.861 18 105.883 31 

21 56.g8l 18 15.oq4 98 103.585 2q 60 41 58.532 88 15.871 04 105.912 40 p 5 7 .ooo 45 15.104 52 103.614 38 60 42 58.552 41 15. 880 91 105.Hl 4g 
23 57.01q 72 15. l 14 07 103.643 47 60 43 58. 571 94 15. SQQ 78 105.970 57 
?4 57.038 9g 15.123 61 103.672 56 60 44 5a.5q1 48 15.qoo 65 105.gg9 66 
25 57.058 27 15.l 33 17 103.701 65 60 45 58.611 01 15.910 53 106.028 75 
26 57.077 55 15.142 72 103.730 74 60 46 58.630 56 15.920 41 106.057 84 
27 57.096 84 15. l 52 2e l03.75q 82 60 47 58.650 10 15.q30 30 106.086 g3 
18 57.116 12 15.161 85 103.788 91 60 48 58.669 65 15.q40 1q 106. l 16 02 q 57.135 41 15.171 42 103. 8 I 8 00 60 49 58.68q 20 15. q50 cs 106.145 ll 
0 57.154 7l 15.180 q9 103. 84 7 os 60 50 58.708 76 l 5. g59 gq 106.174 20 

l 57.174 Ol 15.190 57 103.876 18 60 51 5 8. 7 28 32 15. 969 aq 106.203 28 2 57.193 3l 15.200 15 103.qo5 27 60 52 58.747 88 15.nq 80 106.232 37 3 57.212 61 L5. 2Qg 73 103.934 36 60 53 58.167 45 15.989 71 106.261 46 
4 5 7. 231 92 15.219 32 103.963 45 60 54 58.787 02 15.qqq 63 106. 2qo 55 

57.251 23 15.228 92 103. qqz 53 60 55 58.806 5q 16.ooq 55 106. 31q 64 
6 57.270 54 15.238 51 104.021 62 60 56 58.826 16 16.019 47 106.348 73 
1 57.289 86 15.248 ll 104.050 71 60 57 58.845 74 l6.02q 40 106.377 82 8 57.309 18 15.257 72 104.079 80 60 58 58.865 33 16. 039 33 106.406 91 q 57.328 50 15.267 33 104.108 89 60 59 58.884 q1 16.04q 21 106.436 00 
0 57.347 83 15.276 q4 104. 137 qa 61 0 5a.go4 50 16. 05q 21 106.465 08 

l 57.367 15 15.286 56 104.167 07 61 l 58.924 09 16.06q 16 106.494 l7 2 5 7 • 3 86 4q 15.2% 18 104. l 96 16 61 2 5a.q43 69 16.079 ll 106.523 26 

1 
3 57.405 82 15.305 80 104.225 25 61 3 58.963 2q 16. 089 06 106.552 35 
4 57.425 16 15.315 43 104.254 33 61 4 58.982 sq 16.c9q 02 106.581 44 
5 57.444 50 l 5. 3 25 07 104. 283 42 61 5 5g.002 50 16.108 98 106.610 53 
6 57.463 85 15.334 10 104.312 51 61 6 5q.022 ll 16.118 94 106.630 62 7 57.483 20 15.344 35 104.341 60 61 7 5g.041 72 16. 128 91 106.668 71 8 57.502 55 15. 353 q9 104.370 69 61 8 5g.061 34 16.138 89 106.697 79 
fl 57.521 q1 15.363 64 104.399 78 61 9 5q.oao % 16. 148 87 106.726 A8 

57.541 26 15.373 29 104.428 87 61 10 59.100 58 16.158 85 106. 755 gr 

57.560 63 15.382 g5 104.457 96 61 II 50. I 20 21 16.168 84 106. 785 06 ~ 57 • 579 9g 15.392 61 104.487 04 61 12 5 q. I 39 84 16. l 78 83 106.814 15 3 51.5q9 36 l 5.402 2e 104.516 13 61 13 59. 15q 47 16.188 82 106. 843 24 ~ 57.618 73 15.4ll 95 104.545 22 61 14 5q.17q 10 16.1q0 82 106.872 33 5 57.638 10 15.421 62 104.574 31 61 15 sq. 198 74 16.208 83 106.901 42 l ~ 57.657 48 l 5.4 31 30 104.603 40 61 16 59.218 39 16. 218 83 106.930 51 1 57.676 86 15.440 9e 104.632 49 61 l7 59.238 03 16.228 85 106.q5q 59 t 57.6g6 25 15.450 67 104.661 58 61 18 59.257 68 16.238 86 106.988 68 ... 
57.715 64 15.460 36 104.690 67 61 l 9 sg.277 34 16.248 88 107.017 17 
57.735 03 15.4 70 05 104. 719 76 61 20 5q.2go qq 16.258 q1 107.046 86 



TABLE 11-100 M RADIUS CIRC. Cl/RYE: TAN6ENT,HTERNAL AND LENGTH YS. CENTRAL ~HECTION ANGLE 
TABLE 11-100 M RAYON COUR8E CIRC.: TANGENTE,CONTRE-FLECHE ET LONGUEUR vs. ANGLE OE DEFL. CENTRAL 

------------------------------------------------------------------------------------------· 
OEFL. ANG. TANGENT EXTERNAL LENG TH DEFL. ANG. TANGENT EXTERNAL LINGTI 
ANG. OEFL. TANGENTE CONT.FL. LONGUEUR ANG. DEFL. TANGEN TE CONT.FL. LO!tSUE 

-----------------------------------------------------------------------------------------------, 
DEG MNT DEG MNT M 

-----------------·-········----------·······--··--·-·········--····----------·······-·····-·-~ 61 21 59.316 65 16.268 94 107.0JS 95 62 H 60.900 60 I 7.084 9• 109.403 
61 22 59. 336 32 16.278 97 101.105 04 62 42 60.920 54 I 7.095 31 109.432 
61 23 59.H5 98 16.289 01 107.134 13 62 H 60.940 49 17.105 69 109.461 
61 24 59.315 65 16.299 05 107.163 22 62 44 60.960 43 17 .116 07 109. 490 
61 25 59.395 33 16.309 09 107.192 30 62 45 60.980 39 I 7 .126 46 109. 519 
61 26 59.415 01 16. 319 14 101.221 39 62 46 61.000 34 17.136 85 109.548 
61 27 59.434 69 16. 329 20 107.250 48 62 H 61.020 30 17.147 24 109.577 
61 28 59.454 31 16.339 2~ 107.279 57 62 48 61.040 26 17.157 64 109.606 
H 29 '59 .... 74 06 16.349 32 107.308 66 62 49 61.060 23 I 7 .168 05 109.635 
61 30 59.493 75 16.359 38 107.337 75 62 50 61.080 19 I 7. 118 45 109.664 

61 31 59.513 44 16.369 45 107.366 84 62 51 61.100 17 I 7.188 87 109.693 
61 32 59. 533 14 16. 379 53 107. 395 93 62 52 61. 120 14 17. 199 28 109.723 
61 33 59.552 84 16.389 61 107.425 02 62 53 61.140 12 17.209 70 109.752 
61 34 59.572 55 16.399 69 107.454 10 62 54 61.160 II 17.220 13 109. 781 
61 35 59.592 25 16.409 78 107.483 19 62 55 61.180 QQ 17.230 56 109.810 
61 36 59.611 96 16.419 87 107.512 28 62 56 61.200 08 17.240 99 109.839 
61 37 59.631 68 16.429 97 107.541 37 62 57 61.220 08 I 7. 25 I 43 109.868 
61 38 59.651 40 16.440 07 107.570 46 62 58 61.240 07 I 7. 261 87 109.897 
61 39 59.671 12 16.450 17 107.599 55 62 59 61.260 07 17. 272 32 109. 926 
61 40 59.690 84 16.460 28 107.628 64 63 0 61.280 08 17.282 77 109.955 

61 41 59. 710 57 16 .4 70 39 107.657 73 63 I 61.300 09 17. 293 23 109.984 
61 42 59.730 30 16.480 5 I 107.686 81 63 2 61.320 10 I 7. 303 68 110.013 
61 43 59.750 04 16.490 63 I 07. 715 90 63 3 61.340 II I 7. 314 15 110.043 
61 44 59. 769 78 16. 500 76 107.TH 99 63 4 61. 360 13 17.324 62 110.012 
61 45 59.789 52 16.510 89 107.774 08 63 5 61.380 15 17.335 09 110. 101 
H 46 59.809 26 16. 521 02 107.803 17 63 6 61.400 18 I 7. 345 57 110.130 
61 47 5 9. 8 29 01 16. 5 31 16 107.832 26 63 7 61.420 21 17.356 05 110.159 
61 48 59.848 77 16. 541 30 107.861 35 63 8 61.HO 24 17.366 53 110. 188 
61 49 59. 868 52 16.551 45 107.890 4• 63 9 61.460 28 I 7. 377 02 110.211 
61 50 59. 888 28 16.561 60 107.919 53 63 10 61 .480 32 17.387 52 110.246 

61 51 59.908 04 16.571 75 107.948 61 63 11 61.500 36 I 7. 398 02 110.275 
61 52 59.927 81 16.581 91 107.977 70 63 12 61.520 •I 17.408 52 110. 304 
61 53 59.947 58 16. 592 08 I 08. 006 79 63 13 61.540 46 17.419 03 110.333 
61 54 59.967 35 16 .602 24 108.035 88 63 14 61.560 52 17.429 54 110.362 
61 55 59.987 13 16.612 42 108.064 97 63 15 61.580 57 17.440 06 110. 392 
61 56 60.006 91 16.622 59 108.094 Ob 63 16 61.600 64 I 7. 450 58 110.421 
61 57 60.026 69 16.632 77 108.123 15 63 17 61.620 70 17.461 10 110.450 
61 58 60.046 48 16.642 96 108.152 24 63 18 61.640 77 17.471 63 110.479 
61 59 60.066 27 16.653 15 108.181 32 63 19 61.660 84 17.482 l 7 110. 508 
62 0 60.086 06 16.663 34 108. 210 41 63 20 61.680 92 I 7.492 70 110.531 

62 I 60. 105 86 16.673 54 108.239 50 63 21 61. 701 00 17.503 25 ll0.566 
62 2 60.125 66 16.683 74 108.268 59 63 22 61. 721 08 17.513 79 110. 595 
62 3 60.145 46 l6.6Ql 95 108. 297 68 63 23 61.741 17 I 7. 524 35 110.624 
62 4 60.165 27 16.704 16 108.326 77 63 24 61.761 26 17. 534 90 110.653 
62 5 60.185 08 16. 714 37 108.355 86 63 25 61.781 35 17.545 46 110.682 
62 6 60.204 90 16.724 59 108.384 95 63 26 61.801 45 17.556 Ol 110.112 
67 7 60.?24 71 16. 734 81 108.414 04 63 27 6 I .8 21 55 I 7. 566 60 110.741 
62 8 60.244 54 16.745 04 108.443 12 63 28 61.841 66 17. 577 17 110.110 
62 9 60.264 36 16.755 27 108.472 21 63 29 61.861 77 I 7. 587 75 110.199 
62 10 60.284 19 16.765 51 108. 501 30 63 30 61.881 88 17. 598 33 110.e28 

62 11 60.104 02 16. 775 75 108.530 39 63 31 61.901 99 17.608 91 110.857 
62 12 60.323 86 16.785 99 108.559 48 63 32 61.922 II 17.619 5 I 110.886 
62 13 60.343 70 16. 796 24 108.588 57 63 33 61.942 24 17.630 10 110. 915 
62 14 60.163 54 16.806 49 108.617 66 63 34 61.962 36 11 •• ,0 70 110.944 
bl 15 60. 383 38 16.816 75 108.646 75 63 35 61.982 4q 17.651 30 110.973 
62 16 60.403 23 16.827 01 108.675 83 63 36 62.002 63 17.661 91 111.002 
62 17 60.423 09 16.837 2e 108.704 92 63 31 62.022 76 17.672 53 111.on 
62 18 60.442 94 16. 847 55 108.734 01 63 38 62.0•Z 91 17.683 14 111.061 
62 19 60.462 80 16. e57 82 108.763 10 63 3q 02.063 05 17. 693 76 111.090 
62 20 60.482 66 16. 868 10 108. 792 19 63 •o 62.083 20 17.704 39 111. I 19 

62 21 60.502 53 16.878 38 108.821 28 63 41 62.103 35 17. 715 02 111. I 48 
62 22 60.522 40 16.888 67 108.850 37 63 42 62.123 51 17.725 66 111.177 
62 23 60. 542 28 16.898 96 108. 879 •6 63 43 62.143 67 11. 736 30 111. 206 
62 2• 60. 562 15 16.909 26 108.908 55 63 .. 62. 163 63 17.746 94 111.235 
62 25 60. 582 03 16.q\9 56 108.HT 63 63 45 62.184 00 I 7. 75 7 59 111.264 
62 26 60.601 92 16.929 86 108.966 72 63 46 62.204 I 7 I 7. 766 24 111.293 
62 27 60.621 81 16.940 17 108.qq5 81 63 47 62.224 34 17. 778 90 111.322 
62 28 60.641 70 16.950 48 109.024 '10 63 46 62.244 52 17. 18'1 56 111.352 
62 29 60.661 59 16.960 80 IO'l.053 99 63 49 62.264 70 11.800 22 111. 381 
62 30 60.681 49 16.'171 12 109.083 08 63 50 62. 2 84 88 17. 810 89 111.410 

62 31 60. 701 3'1 16.981 45 109.112 11 63 51 62.305 07 17. 821 57 111.43q 
62 32 60. 721 30 16.991 78 109.141 26 63 52 62.325 27 17.832 25 111.468 
62 33 60.741 21 17.002 II 10'1.170 34 63 53 62.345 46 I 7. 8•2 93 111. 497 
62 34 60. 761 12 17 • 012 ., 109.19'1 43 63 54 62.365 66 17. 853 62 111.526 
62 35 60. 781 03 17.022 7'I 109.228 52 63 55 62.385 86 17.86• 31 111.555 , 
62 36 60. 800 95 17.03) 14 109.257 61 6) 56 62.406 07 17.875 01 111.564 
62 37 60. 820 88 17.043 49 109.216 70 63 57 62.42b 28 17.885 71 111.613 
62 38 60.8•o 80 17.053 15 IO'l.315 79 63 58 62.446 50 17.896 42 111.642 
62 39 60. 860 73 17.064 21 109. 344 88 63 59 62.lt66 71 17.907 13 111.671 
62 40 60.880 67 17.074 57 10'1. 373 H 64 0 62.486 94 17.917 84 111.101 



u,u 11-100 M ~•01us CIRC. CUOVE: TANGENT, EXTEftNAL ANO LENGTH VS, CENTR Al OEFL sc T ION ANGLE 
TABLE 11-100 M RAYON COURSE CIRC.: TANGENTE,CONTRE-FLECHE ET LONGUEUR vs. ANGLE OE OHL. CENTRAL l --------------------------------------------------------------------------------------- L. ANG. TANGENT EXTERNAL LENGTH OEFL. ANG. TANGENT EXTERNAL LENGTH 
• OEFL. TANGEN TE CONT.FL. LONGUEUR ANG. OEFL. TANGENTE CONT.FL. LONGUEUR 

------------------------------------------------------------------------------------------- EG MNT • DEG MNT • ••••••••••••••••••••••••••••••••=••••••••••••••c•••••••••••=••=••••===•••=••=••••••••••=•=•••=•: 

" 62.507 16 11.928 56 111.730 16 65 21 64. I 31 n 18.800 62 114.057 27 i 14 62.521 H 17 .9!9 2e 111.nq 25 65 22 64.157 7q 18.811 7 l 114 .. 086 36 

" 62.547 62 17. Q50 01 111.788 34 65 23 64. 178 32 18. 822 80 114. l 15 44 
14 4 62.567 86 11.960 14 111.817 43 65 24 64. l 98 86 18. 833 a• 114.144 53 
14 5 62.588 10 17.971 48 111.846 52 65 25 64 .. 21q 40 18. 844 q9 114. l 13 62 
!4 6 62.608 34 17. 982 22 I 11.875 61 65 26 64. 239 .. 18.856 os 114. 202 71 
!4 1 62.628 59 l 7.Q92 q7 III.Q04 69 65 27 64. 260 49 18. 86 7 20 114. 211 80 
14 8 62.648 84 18.003 72 111.933 78 65 28 64. 281 05 18.878 31 114. 2,0 89 
14 9 62.669 10 18.014 47 I 11.q62 81 65 2Q 64. '301 60 18.889 41 ,114'28• 08 
\4 10 62. 6 sq 35 18.025 23 111.991 96 65 JO 64. 32 2 I e 10.•oo 55 114.llq 07 ,. II 62.70Q 62 18.035 9q 112.021 05 65 31 64. :H2 73 18. 9 I I 67 114. 34A 15 
,4 12 62. 729 88 18.046 76 112.050 14 65 12 b4. 3b3 29 18.922 80 114.377 24 
;4 13 62. 7 50 15 18.057 53 112.079 23 65 33 b4. 383 86 18.933 94 114. 40b l1 ,4 14 62.170 42 18.068 31 112. 108 32 65 14 64.404 44 18. 9',5 08 114.415 42 l •• 15 62.1qo 70 18.079 09 112.131 40 65 15 64.425 02 18.956 22 114.464 51 
,4 16 62.810 98 18. 089 88 112.166 49 65 36 64.44'i 60 18.967 l7 1 '"· 493 60 f ,4 17 62.831 21 18. 100 67 112. 195 58 65 31 64.466 19 18.978 53 114.522 69 
,4 18 62.851 55 18.111 46 112.224 67 65 38 64. 486 78 18.989 68 114.551 78 
,4 19 62.871 85 18.122 26 112-253 76 65 39 64.507 37 19.000 85 114. 580 87 ,4 20 62.892 14 18. I 33 07 112.282 85 65 40 64.527 q7 I 9. 012 01 ll4.flQq q5 

,4 21 ~2. 912 44 18.143 88 112.311 94 65 41 64.548 58 19.023 ,. 114.610 o• ,4 22 6 2.932 H 18.IH 69 112,3•1 03 65 42 64.569 18 19.034 36 114.668 13 
,4 23 62.953 05 18.165 5C 112. 370 12 65 41 64.589 79 19. 045 54 114.697 22 
4 24 62.973 36 18. 1 76 33 112. 39q 20 65 44 64.610 41 1q. 056 13 114. 7 26 31 
4 25 62.993 67 18.187 15 112.428 29 65 45 64.631 02 19. 067 92 114.755 40 
4 26 63.013 99 18. I 97 98 112."57 38 65 46 64.651 6~ 19.079 II 114. 784 49 
4 27 63.034 31 18.208 82 112. 486 41 65 41 64.672 27 19.090 31 I 14.813 58 
4 28 63.054 6', I 8. 219 H 112. 515 56 65 '-8 64. 692 90 19.101 52 114.842 66 
4 29 63.014 91 18.230 50 112. 544 65 65 49 64. 713 53 19. 112 73 114.871 75 
4 30 63.095 30 18. 24 I 35 112.573 14 65 50 6't.734 17 19.123 q4 11,.900 84 

4 31 63. I 15 64 18.252 20 112. 602 81 65 51 64.754 81 19. 135 16 114.929 93 
4 32 63.135 q9 18.263 06 112.611 91 65 52 blt.115 46 19. 146 38 ll4.95Q 02 
4 33 63.156 32 18.273 92 112. 661 00 65 53 64.796 II I q. 15 7 61 11•.988 II ,. 34 63.116 67 18.2e4 79 112.690 09 65 54 64.816 76 19.168 84 115. 0 I 7 20 
4 35 63.191 02 18.295 66 112. 719 18 65 55 64.837 42 19.180 08 II 5. 046 29 
4 36 63.211 38 18.306 54 112. 748 27 65 56 64.858 08 19. 1q I 32 115. 075 38 • 31 63.237 73 18.317 H 112.717 36 65 57 64.878 74 19. 202 56 115. 104 46 ,. 38 6 3. 258 10 18.328 30 112.806 45 65 58 64. 99q 41 19. 213 81 115.133 55 ,. 39 63.278 46 I 8. 3 39 '" 112.835 54 65 59 64.920 08 19.225 07 115.162 64 
4 40 63.298 83 18.350 08 112. 864 62 66 0 64.940 76 19. 236 33 115.191 13 

• 41 63.319 21 18.360 98 112.893 71 66 I 64.961 44 19.247 59 115.210 82 
4 42 63. 339 59 18. 3 71 88 112.922 80 66 2 64.982 12 19.258 86 115.249 q1 • 43 63.359 91 18. 382 H 112.951 89 66 3 65.002 61 19.270 14 115.279 00 
4 44 63.380 35 18.393 10 112.980 98 66 4 65.023 50 19.281 42 115.308 09 • 45 63.400 H 18.404 62 113. 010 01 66 5 65.044 20 19.292 70 [15.337 17 

46 63.•21 13 18.415 54 113.039 16 66 6 65 .06• 90 1q.303 q9 115. 366 26 
41 63.441 53 18.426 47 113.068 25 66 1 65.085 60 19. 315 28 115. 395 35 
48 63.461 93 18.437 39 113.097 3• 66 8 65. 106 31 lq.326 58 115.424 44 
49 63.482 33 18.448 33 II 3. 126 42 66 q 65.127 02 19. 337 88 115.453 53 

\ 50 63.502 14 18.459 27 113.155 51 66 10 65.147 74 19.349 18 115.'82 62 

51 6?.523 15 18.470 21 113.184 60 66 II 65.168 46 19.360 4q 115.511 71 r 52 63.543 57 18.481 16 113.213 69 66 12 65.18q 18 19. 371 81 115.540 80 
53 63.563 99 18.492 II 113.242 78 66 13 65.209 91 19.383 13 115.569 sq J 
54 6 3. 5 84 41 18.503 07 111.211 87 66 14 65.230 64 1q. 3q4 46 115.598 97 
55 63.604 84 18.514 03 113.300 96 66 15 65.251 31 19.405 79 115.628 06 
56 63.625 27 18.525 00 113.330 05 66 16 65. 212 II 1q.417 12 115.657 15 
51 63.645 70 18. 5 35 97 113. 359 13 66 17 65.292 86 19.428 46 115.686 24 
58 63.666 14 18. 5 46 94 113. 388 22 66 18 65.313 60 19.439 80 115.715 33 
59 63.686 58 18.557 92 113.411 31 66 19 65.334 35 19.451 15 115.144 42 
0 63.707 03 18.568 90 113. 446 40 66 20 65. 355 11 IS.462 51 115.713 51 

I 63.127 48 18.579 89 113.415 49 66 21 65. 315 87 19.473 86 115.802 60 
2 63.7',7 93 18.590 89 113. 504 58 66 22 65. 396 63 19.485 23 115.831 68 
3 63.768 39 18.601 88 113.533 67 66 23 65.417 40 19.496 59 115.SW 11 

i 4 63.788 85 18. 612 89 113.562 16 66 24 65.438 17 19. 507 96 115. seq 86 
I 5 63.809 31 18.623 89 113.591 85 66 25 65.458 94 I q. 519 34 115.SIS q5 

6 63.829 18 18.634 90 113. 620 93 66 26 65.419 72 19.530 72 115. 948 04 
1 63.850 25 18.645 92 113.650 02 66 27 65.500 50 19. 542 II 115.971 13 
8 63.870 73 18.656 94 113.619 II 66 28 65.521 29 I•• 553 50 116.006 22 
9 63.891 21 18.667 97 113.708 20 66 29 65.542 08 19. 564 89 116.035 31 

10 63.Sl I 69 18.679 00 113.737 29 66 30 65.562 87 19.576 2q 116.064 40 

II 63.932 18 18.690 03 113. 766 38 66 31 65.583 67 1q.597 70 116.093 48 
12 63.952 67 18.701 01 113.795 47 66 32 65.604 47 19.599 II 116.122 57 
13 63.973 16 18.112 II 113. 824 56 66 33 65.625 28 1q.610 52 116.151 66 
14 6 3.993 66 18.123 16 113.853 64 66 34 65.646 09 19.621 94 116. I 80 15 
15 64.014 16 18. 734 21 113.882 73 66 35 65.666 90 19.633 31 116.209 84 
16 64.034 67 18.745 27 113.911 82 66 36 65.687 12 19.64 .. 7q 116. 2 38 93 
11 64.055 18 18.156 33 113.940 91 66 31 65. 70 8 54 19. 656 23 116.268 02 
18 64.075 69 18.767 40 113.970 00 66 38 65.Tn 31 19.667 67 116. 297 II 
19 64.096 21 18.178 47 113.999 09 66 39 65.750 20 19. 619 II 116.326 19 
20 64.116 73 18.189 54 114.028 18 66 40 65.711 03 19.690 56 116.355 28 



TABLE 11-100 M RADIUS CIRC. CURVE: TANGENT,EXTERNAL ANO LENGTHY!. CENTUL DEFLECTION AIIGLE 
TABLE 11-100 M RAYON COURSE CIRC.: TANGEN TE ,CONTRE-FL ECHE ET LONGUEUR vs. ANGLE OE OEFL. CENTUL 
------------------------------------------------------------------------------------------------~ 
OEFL. ANG. Tl'IGE NT EXTERNAL LENGTH OEFL. ANG. TANGENT EXTERNAL LENGTH 
ANG. OEFL. TANGENTE CONT .FL. LONGUEUR ANG. OEFL. TANGENTE CONT.FL. UlNGUEU• 
------------------------------------------------------------------------------------------------~ 

OH MNT • DEG MNT M 

•=••----------------------------------------------------------•-•=•-----------------------------~ 6' 41 65.701 87 ls. 702 01 l 16. 384 37 68 67.'72 02 20.633 63 l ia , 711 . 
66 42 65.812 71 LS.713 H ll6.4ll 46 68 67.4S3 18 20.645 47 118.140 ! 
66 43 65.BH 56 IS. 724 q3 116.442 55 68 67.514 H 20.657 32 l18.76S ! 
66 44 65.8'54 41 l q. 136 3S 116.471 64 68 4 6 7. 5 35 53 20.66S 17 l 18. 7S8 
66 45 65.875 26 LS.747 86 116. 500 73 68 5 6 7. 5 56 71 20.681 02 118. 8 27 
66 46 65.896 12 Is. 75S 34 116. 529 82 68 6 67.577 so 20.6"2 88 118. 856 < 
66 4 7 65.Sl6 98 IS. 770 82 I 16. 558 91 68 1 67.599 08 20. 704 75 118.886 
66 48 65.S37 85 19.782 30 116.587 q9 68 8 67.620 28 20. 716 62 118.Sl5 
66 49 6'5.Q58 72 IS. 7S3 7S 116. 617 08 68 9 67.641 47 20.728 49 118.944 
66 50 65. q7q 60 19.805 29 116.646 11 68 10 67.662 68 20. 740 37 118.SB 

66 51 66.000 47 I S.816 79 116.675 26 68 II 67.683 88 20. 752 26 IIS.002 
66 52 66.021 36 19.828 2S 116.704 35 68 12 6 7. 705 09 20. 7'4 15 119.031 . 
66 53 66.042 24 !Ci.839 8C 116. 733 .. 68 13 6 7. 726 30 20. 776 04 119.060 
66 54 66.063 13 IS.851 31 116. 762 53 68 14 67.747 52 20.787 94 IIS.089 
66 55 66.084 03 Is. 862 83 116.7Sl 62 68 15 67.768 74 20. 7SS 85 119.118 
66 56 66.104 •2 1q.87it 35 116.820 10 68 16 67.789 S7 20.811 75 IIS.147 
66 57 66.125 A3 Is. 885 88 l!6.84S 7S 68 17 67.811 20 20.823 67 l lQ.176 ' 
66 58 66.146 73 ls. 8S7 41 I 16. 878 88 68 18 67.832 43 20.835 59 !19.205 ' 
60 ss 66.167 M is.sos q5 116. ~07 q7 68 fQ 67.853 67 20.847 51 IIS.235 
67 0 66.188 56 19.020 49 ll6.S37 06 68 20 67.874 02 20.859 .. I IS. 264 

67 66.20S 47 19. 932 04 l lb. '966 15 68 21 67.896 16 20.871 37 IL s. 2S3 
67 66.230 40 l 9. 943 59 116. 995 24 68 22 61.0I 1 41 20.8A3 31 119. 322 
67 66.251 32 l9.S55 15 II 7. 024 33 68 23 67.938 67 20.8S5 26 119. 351 ' 67 4 66. 272 25 19.066 71 117.053 42 68 24 67.959 q3 20.001 20 l!S.380 ! 
6 7 5 66.2S3 IS !S.S78 28 117.082 50 68 25 67.SBI IS 20.S!S 16 110.400 
67 6 66.314 13 I S.S8S 85 l I 7 .111 5q 68 26 68.002 46 20.S31 12 11s. 438 
67 1 66. 335 01 20.001 42 117.140 68 68 27 68.023 73 20. q4 3 08 IIS.467 
67 8 66. 356 01 20.Cl3 oc 117. 169 11 68 28 68. 045 01 20. q55 05 ILS.406 
67 q 66.376 97 20.024 5~ 117.198 86 68 n 68.066 2S 20.%1 02 119. 5 25 
67 10 66.397 02 20.016 1e 11 7. 227 q5 68 30 68.087 58 20. 9 7q 00 IIS.555 

67 II 66.41A 88 20.047 11 117.257 04 68 31 68. I 08 81 ?0.990 S8 l IS. 584 
6 7 12 66.439 84 20.05S 37 11 7. 286 13 68 32 68.130 16 21 .002 q7 119. 613 
67 1, 66.,460 81 20.c10 q7 I l 7. 315 21 68 33 68.151 46 21. 01ft 96 l lQ.642 ' 
6 7 14 66.481 18 20.082 58 117. 344 30 6A 34 68.172 76 ?1.026 96 110. 6 71 • 
6 7 15 66.502 75 20.0',4 2C 117. 373 39 68 35 68. 194 06 21.038 •• ILS.7CO 
67 16 66.523 73 20 .105 82 117.402 48 68 36 68.215 37 21. 050 97 l i», 729 
67 I 7 66. 544't 72 20. 117 .. 117.431 57 68 37 68.236 6S 21. 062 SB I IS. 758 
67 IA 66.565 10 20. I 2S 01 11 7. 460 66 68 38 68. 2 5S 01 21.075 00 110. 787 
67 IS 66.586 6Q 20.140 10 11 7. 489 75 68 39 68.279 33 21.087 02 119.816 
6 7 20 66.607 60 20.1 !:2 34 IL 7.518 84 6A 40 68.300 66 ?l.099 05 IIS.845 

67 21 bb. 628 69 20.163 S8 II 7. 547 S3 68 41 68.321 qq 21. I 11 08 110. 875 
67 22 66.649 60 20.175 63 11 7. 577 01 68 42 68.343 33 21.123 12 1 is.so• 
67 23 bb. b 70 10 20. I 87 28 117. 606 10 68 43 68.364 67 21. 135 16 1 lQ .9 33 
'1 24 66.691 7 l 20.198 •• 117.635 IS 68 44 68.186 01 21. 147 21 119.962 
67 25 S6.7!2 73 20.210 6C 11 7. 664 28 68 45 68.407 36 21. l 5S 26 119.0CJl 
6 7 26 66. 733 74 20. 222 26 117.693 37 68 46 68.428 7l 21.171 32 120.020 
67 27 66.754 11 20. 2 33 q3 I l 7. 722 46 68 47 68.450 01 21.183 38 120.04S 
67 28 66.775 AO 20.245 6 l l l 7. 751 55 68 48 68.471 43 21. 105 45 120.01s 
67 29 66. 796 83 20.257 2S 111. 180 64 68 4q 6A. 492 7S 21.207 52 120. l 07 
6 7 30 66.817 86 20.268 SB 11 7. 809 72 68 50 68. 514 16 21.219 60 120. 1 ~~ 

07 31 66.818 90 2G. 280 67 117.A38 81 68 51 6~- 535 54 21. 231 68 120. l 05 
67 3? 66.850 q5 20.2"2 36 11 7. 86 7 90 68 52 68. ""i'56 92 21.243 11 120. I 95 
67 H 66. 881 00 20.304 06 117. 896 99 68 5.3 68.578 30 21.?55 86 120.224 
• 1 34 bb.902 05 20.315 11 117. 926 08 6A 54 68.590 6~ 21. 26 7 q5 120.253 
67 ,, 66.923 10 20.327 48 11 7. q55 17 68 55 68 .621 08 21.280 06 120.282 
67 '6 66. 944 l 7 20. 3 3q IS II 7.S84 26 68 56 68.64? 47 21.202 16 120. 311 
67 37 66.965 23 2C.350 91 118.013 35 68 57 68.663 87 21.304 28 120.3'0 
67 38 66.986 30 20. 362 64 118.042 44 68 58 68.685 2A 21. 316 39 120. 36S 
67 39 67.007 37 20. 374 37 118.071 52 68 59 68. 706 68 2 l. 328 51 120. 3S8 
67 40 b 1 .028 45 20.386 lC 118. 100 61 6S 0 68.728 10 21.340 64 120.427 

67 41 b 7 .049 53 20.3S7 84 118. l 2S 10 69 6 e. 749 51 21.352 11 120. lt56 e 
6 7 42 67.070 61 20. it09 58 118.158 10 60 68.770 q3 21. 364 91 l20. lt85 ' 67 43 6 7 .0Sl 10 20 .4 21 ]3 118.187 88 69 68.702 36 21. 377 05 l ZO. 514 q 

01 44 6 7. I 12 80 20. • 3 3 oe 118.216 S7 60 4 68. 81-, 7q 21.3RS 20 120.544 a 
67 45 67.133 89 20.lt'-" 84 118. 246 06 69 5 68.835 ?2 21.401 35 120.573 I 
67 46 b 1. I 55 00 20.456 6C 118. 275 15 60 6 68. 8 56 66 21.413 51 120.602 2 
t1 47 67.176 10 20.'t68 3 7 118. 304 23 6S 1 68.A78 10 2l .425 67 120. 63 l ) 

67 48 6 7. l 97 21 20.480 14 118.333 32 6S R 68.899 55 21.437 84 120.660 4 
67 49 6 7.? 18 33 2C.4GI ~2 118-~62 41 69 9 68."21 00 2 l .450 01 120.68Q I 
6 7 50 6 7. 2 3q 44 20.503 7C l 18. 3Sl 50 6S 10 68.942 46 21.462 18 120. 718 6 

67 51 67.260 57 20.515 .. 118. 420 59 6S 11 68.963 02 2 l. it 7ft 37 120. 71t7 
67 52 67.281 6S 20.527 28 l l 8. lt't9 68 69 12 68.98'5 38 21.486 55 120. 776 
67 53 67. 302 82 20.539 08 118.478 11 60 13 69.006 85 2 l .498 74 120. 805 
67 54 67.323 96 20.550 8@ 118. 507 86 69 14 69. 026 32 21.510 •• 120.834 
67 55 6 7. 31t5 10 20.562 6S 118.536 q5 6S 15 69. 049 80 21. 52 3 14 120. 864 
67 56 67.366 24 20.5H 50 118.566 03 6q 16 69. 071 28 21.535 35 I 20. 8S3 
67 57 67.387 39 20.586 32 ll8.5S5 12 6S 17 69.092 76 21.547 56 120.n2 
67 58 67.408 H 20.5S8 14 118. 624 21 69 18 6'L, 114 25 21.55s 18 120. S51 
67 59 67.42'1 6'1 20.60S Sb 118. 653 30 6S IS 60.135 75 21. 572 00 120. s ao • 
68 0 67.450 85 20.621 7G 118.682 39 60 20 69.157 25 21. 584 23 121.oos • 



TAII\LE 11-100 • RAOIUS CIR(. C l'R VE: TANGENT, EX Tf RNA l ANO LENGTH VS. CENTRAL CEFLECTION ANGLE 
TARLE I 1-100 M R AVON CCURBE C !RC.: TANGE~TE,CONTRE-FLECHE ET LONf,UEUR VS. ANGLE OE OEFL. CENTRAL -- ----- ---- ---- --------------------------------------------------------------------------------- L. ANG. TANGENT EXTERN.AL LE NG TH OEFL. ANG. TANGENT EXT ER.NAL LENGTH 

CEFL. TANGH TE CONT.FL. LONGUEUR ANG. OEFL. TANGENT E CONT.FL. LONGUFUR -- ----- ---- - ------------------------------------------------------------------------------------ EG MNT • DEG ,on • •=••••z•••••zz:zz:zz2•z•-•-=••••••=••=•••••=••••-•••-••=-•--••••------•----•---••--•=--=-------- 
S9 21 b9.t 18 15 n.596 4b 121.038 58 10 41 10.q l, 18 22. 5q I 51 123. '65 09 

~ 
IS 22 bS.200 2b 21. 608 1C 121. Ob 1 b1 10 42 10.(ns 04 22.604 lb 121.3q4 18 
19 23 b9.?21 17 21.620 94 121 .0% 1b 10 4' 70.q5b ., 22. b 16 81 121.423 87 ;g 24 s s; 243 28 21.633 1• 121. 125 85 10 44 10.q1a 18 22.b2q 41 123. 4 'i? % 
19 25 69.264 80 21. 645 44 121.154 94 10 45 71.000 b5 2?.6'2 11 12l.482 04 
19 26 69.286 33 21. 651 1C 121.184 03 10, 4b 11.022 53 ?? • b54 80 12 l. 511 ll 
;s 21 bq.301 8b 21. bbq 96 121.213 12 10 47 71 .044 41 72.bb1 41 123.540 ?? ,s 2a 6 s. J2• 3g 7 I. e ez 23 17 l. 242 21 10 48 11.06b 30 ?2. f-,flQ 15 17.l. '-6q ll 

~ 
:9 29 h~.350 q3 21. 6'14t 50 121. 211 29 10 4q 11 .088 1• 22.bq2 Bl 123.598 40 ,9 30 69.112 41 21. 106 18 121. 300 3S 70 so 11. I 10 o• 22. 7QS S2 123.627 49 

u 6•.n4 01 2 l. 719 06 121. 329 47 10 51 11. l Jl q9 ??.718 Zl 121.6~6 58 
32 b9.415 51 Zl.731 35 121.358 Sb 10 S2 11. l 53 so 72. 7'0 91 123.685 61 0 33 69.437 12 21.H3 64 121. 3R 1 65 10 5) 11. 115 81 22.143 62 123. 114 76 

9 34 69.lt'58 68 21.155 g4 12 l. 41b 14 10 54 7l. 197 12 12.156 B 123.143 .. } • 35 69.480 24 21.768 24 121.445 83 10 55 71.2IQ b4 22.76Q 04 123. 772 q3 g 36 6•.so1 81 21. 780 55 121.414 sz 70 56 71.241 57 72.181 1b 123.802 07 
9 31 69.523 38 21. 1n 86 12 l. 504 00 10 51 11.2&3 4q ??.1S4 4g 121.B31 11 g 38 &9.544 ''6 21.805 18 121.533 09 10 58 71.285 43 l2.801 2? 123.BbO 20 • 3q 69. '56ti 54 21.811 50 121.562 18 10 5q 71. 30 7 36 22. 81 q q5 121.aa• 2• 
9 40 6S.588 13 2 l. 82S 83 12 l. 591 27 71 0 11. l2S ~ l 22. R32 6S 123. g I 8 18 

g 41 69.609 12 21.8'2 16 121.620 36 71 71. 3 51 25 21.845 44 l21.S47 47 
g 47 69.631 31 2 l. 8'54 ~c l2l.64S 45 71 71.173 20 21. 8SB t• 121.076 55 
9 43 69.652 91 21.86b 84 121.678 54 71 71. 3g5 16 22.810 •• 124.QO"i 64 g .. 69.6 74 51 21. 81S IS 121.707 b3 71 4 71.417 12 22.883 11 124.034 73 
S 45 69.696 12 21.Bql 55 121. 736 12 71 5 7 l .4lq o• 22.RSb 47 124.063 R2 g '6 6S. 717 11 21.so1 SC 12 l. 765 80 71 b 71.461 Ob 22.sos 24 124.oq2 •1 

~ 

g 47 69. 739 35 21.916 21 121. 7q4 e• 71 1 71. 48 3 03 22.n2 02 124. 122 DC g .a 69.760 97 21.928 64 121. 823 S8 71 8 71.505 01 22.934 80 124. l 51 09 
9 4g 6S.782 5g 2!.S4l 01 121.853 01 71 9 11. 5,26 ss 22.941 5g 124. l EO 18 
R 50 69.A04 22 21.SSJ 39 111.882 lb 71 10 71. 54B 98 72.960 1• l24.20S 27 

9 51 69.875 85 21.%5 11 121.911 25 71 11 7 l. 570 gJ 22.973 18 124.238 35 
g 52 69.8't7 49 21.s78 16 121.9'0 34 71 12 7l.5S2 OJ 72. 085 gg 124.267 44 
9 53 69.B69 13 21.••o 56 121.969 43 71 l l 7 l. 6 llt ., 22.S98 80 l24.2q6 SJ 
9 54 69.8•o 78 22.002 S6 121.9•8 51 71 14 71.636 •• 23.011 61 124. 3 2'5 62 
9 55 69.912 43 22.015 36 122.021 60 71 15 71.658 gg 23.024 43 124.354 71 • 56 6'9.934t Qq 22.021 11 122.056 69 71 lb 71.681 00 23.037 25 124.383 80 
9 57 69.q55 75 2 2 • 040 18 122.085 78 71 17 71. 703 02 23.050 08 124.412 89 
9 58 69.971 H 22.052 60 122. l 14 87 71 18 71. 725 05 23.062 n l 2lt.44 l SB q 5g 69.9«;19 08 22.065 OJ 122.143 96 71 19 11.141 08 73.075 76 124.411 06 } 0 0 10.020 75 22.011 46 122.173 05 71 20 11. 16• 11 23.088 bl 124.500 15 

I 10.042 43 22.oss 89 122.202 14 71 21 11.791 15 23.101 46 l 24. lj2Q ?4 
2 10.064 II 22.102 33 122. 2 31 2J 71 22 11. 813 IS 23.114 31 124.55A 33 
J 70.085 80 22.114 16 122.260 31 71 23 71.835 24 23.117 18 124.587 42 
4 10.101 49 22.121 23 122.28• 40 71 24 71.851 2• 23. 140 04 124.616 51 
5 10.12'1 19 22. I 39 69 122. 318 4g 71 25 71. 81S 35 23.152 91 124.645 60 
6 10. 150 s• 22. I 52 15 122. 34'1 58 71 26 11.so1 41 2 3. 165 Jg 124.674 6S 
1 10.112 59 22.164 61 122.316 61 71 21 11.923 41 23.178 68 124. 703 78 
R 70.194 30 22.177 08 122.405 76 71 28 71_q45 54 23.191 56 124.732 R6 g 10.216 01 22. l 8• 56 122.434 85 71 29 7 l .967 62 23.204 46 124. 16 l ss 

10 'IO. 2 31 73 22.202 04 122.463 g4 71 30 71.9B0 10 2 3. 211 36 l 24. 7Q l 04 

11 10.259 45 22.214 53 122.493 02 11 31 12.011 18 23.230 26 124.820 13 
12 70.281 18 22.221 02 122.522 11 11 32 72.033 87 23.2'3 17 l24.84S 22 
13 70.302 91 22. 2 lS 51 122.551 20 11 33 12.055 91 2 J. 2 56 08 124.818 31 
14 10. 324 64 22.252 02 122.580 29 71 34 12.01a 06 23.269 00 124.SCJ 40 
15 70.346 38 22.264 52 122.609 38 71 35 72. 100 11 23.281 g3 124.936 49 
lb 10.368 13 22.211 OJ 122.638 47 71 36 12.122 27 23.2S4 86 l 24.Q65 57 
11 10.)89 88 22. 2 89 55 122.667 56 71 37 72.144 39 23.307 80 124.994 '6 
18 70.Hi 63 22.302 01 122.696 65 71 38 72.166 50 23.320 14 125.023 15 
1• 70.433 Jg 22.314 6C 122. 725 74 71 39 12.188 bl 23. 333 68 125.052 84 
20 10.455 15 22.321 13 122.754 82 71 40 12.210 75 21. 34b 64 125.081 SJ 

21 70.476 91 22.33g 67 122. 18 3 91 71 41 72.232 88 21. 35g 59 125. 111 02 
27 70.498 69 22.352 ?2 122.813 00 71 42 72.255 02 23.372 56 125.140 11 
23 10.520 46 22. 364 76 122.842 OS 71 43 72.277 16 23.385 52 125.lbQ 20 
24 7 c. 542 24 22.311 32 122.871 18 71 44 12.2•9 30 23.398 50 125.!S8 2• 
25 10.564 07 2 2. 3 BS 88 122.900 21 71 45 72.311 4~ 23.411 48 125.221 31 
26 70.585 81 22.402 .. 122.929 36 71 46 72.343 bl 23.424 46 125.256 46 
27 70.607 61 22.415 01 122.S58 45 11 47 72.365 76 23.437 45 125.285 55 
28 70.629 40 22.427 58 l22.S81 53 71 48 7 2. 38 7 03 23.450 44 12s. 314 64 
29 70.651 21 22.440 16 123.016 62 71 4q 12.410 10 23. 463 .. 125.343 73 
30 10.673 01 22.452 74 123.045 7 l 71 50 72.412 27 23.476 45 125. 312 AZ 

31 70.604 82 22.465 33 123.014 80 71 51 72 .454 45 23.48S 46 125.401 SI 
32 70. 116 64 22.477 g3 123. 103 89 71 52 72 ·" 76 63 23.502 48 125.431 00 
33 10.138 46 2 2. 490 53 123. I 32 98 11 53 72.498 8 I 23. 5 l 5 50 125.460 08 
34 7 c. 160 28 22.503 13 123.162 01 71 54 72.521 01 23.528 52 125. 48S 17 
35 70.782 II 22.515 74 123. 191 16 71 55 12. 54 l 20 23. 541 56 125.518 26 

} 36 10.803 95 22.528 36 121.220 25 11 56 72.565 40 23. 554 59 125.547 35 
31 10.825 78 22. 540 S8 l23.24S 33 71 57 72.587 bl 23. 56 1 64 125.576 44 
38 10.841 63 22.5B 61 123. 278 42 71 58 72.609 82 23.580 60 125.605 53 
39 10.869 47 22.566 24 123.301 51 11 59 72.632 03 23. 5Sl 74 125.634 62 
40 70.891 3J 22.518 81 123.336 60 12 0 72.654 25 23.606 80 125. 663 71 



TABLE 11-1 00 • RADIUS C IRC. CURY f: TANGENT,EXTERNAL AND LENGTH vs. CENTRAL DEFLECT ION ANGLE 
T A8L E I 1-1 00 • RAYON C OUR BE CI RC.: TANGENTE,CONTRE-FLECHE ET LONGUEUR vs. ANGLE Of DEFL. CENTRAL 
------------------------------------------------------------------------------------------------- 
DEFL. ANG. TANGENT EXTERNAL LENGTH DEFL. ANG. TANGENT EXTERNAL LENGTH 
ANG. OEFL. TANGENTE CONT.FL. LONGUEUR ANG. DEFL .. TANGENTf CONT.FL. LONGUfU 
------------------------------------------------------------------------------------------------- 

DEC MNT DEG •NT • 
~--~--=•===s-:z--2-2::-:2:----:-=-=--=--=-=--•=-•---•---=-------=-:as-2:2--------------------=aa: 

77 12 .. 6 76 48 23.619 86 125. 692 7q 73 21 14.4t,Q AS )4. M:12 63 l 2~.O10 
7 7 7 2. t,q 8 71 23 • O 32 9] 125. 7 21 88 73 n 74. i.02 41, ,?4 • bQ6 14 128.04A 
72 12. 720 q4 23.b4b 01 125. 750 97 7l 23 74.515 08 ?4. 1oq ., I 213. 0 78 
17 7 2. 743 18 2l.65Q 09 125.780 06 7l 24 74. i;3 7 70 24. 723 l 7 128. I 07 
7 2 12. 76 5 42 23.672 I 7 125.809 15 73 25 74. 5b0 l) ?4. 1Jb 60 128. l 36 
77 • 7 I. 78 7 67 23.oe5 7f 125.838 24 73 2t, 74. 5,q7 S6 74.1'>0 22 12A.l65 
77 7 72.AOg 92 2 3. t:,98 30 125. AO 7 31 73 27 74.605 e c ?4. 1b 3 71, 128 .t 94 
7 7 8 72.A32 18 23. 711 4~ 125.8<il6 42 73 28 74 .628 24 24. 171 10 128.221 
77 9 72.854 44 2 3. 124 57 125.925 51 71 29 74 .650 89 24. 1Q0 85 128.252 
77 10 1? .A76 71 23.717 oe 125.g54 59 73 30 74 .6 73 54 ?4. 804 40 128. 281 

77 II 72.8Q8 QB 2 3. 7';0 ec 125. 9A ~ OB 73 31 74.696 20 ?4. 8 l 7 s, 128.310 
17 I 2 11. .qn 75 23. 1b 3 S3 120.012 17 73 37 74.718 Bo 7.4. an 52 128.339 
12 1, 7 2.94 l 54 n.111 C5 120. 04 l 86 13 '' 74.741 51 24.845 QQ 1213. 36A 
17 14 7 2. Qt,') 82 23. 790 I 9 120.010 95 n 34 74. 764 20 24.858 •• 128.198 
77 1' 72.9A8 ll 23. 803 B 126. 100 04 73 35 74. 7 86 AA 24. 8 77. 24 128.427 
77 lh 73.010 41 2 '3. A It 4 7 126.129 13 73 36 74. ~OQ 56 24.885 83 128.456 
I/ 17 13. 032 71 21. e 2s 0 126. 158 n 73 37 74. 8 3? 24 7.4.8QG 4? 128.485 
77 I 8 73.055 01 23.842 78 126.187 JO ,, 38 7 4. 8 54 q4 24. 911 02 l2A.514 
17 10 11.011 32 21. A55 q4 126. 216 39 73 3q 14.611 63 24. 92b 62 128. 5't 3 
17 20 11.oqq 03 23. A6Q II 176.245 48 73 40 74 .voo ll 24 • Q4 0 73 l7A.572 

12 71 73. 12 l 95 23.8A2 28 126.274 5 7 7' 41 74.923 04 ?4.953 84 12A. 001 
77 77 1 3. 144 2A 2l.895 46 I 26. JO 3 •• 7l 42 74.945 " /4 • Qt, 7 .. 128.00 
17 7' 11. 166 60 2l.S08 64 120.332 75 13 41 74.Q68 4 7 l4.Q~l 08 128. 6'5Q 
17 74 73. I 88 q4 23.921 83 126. 36 I 84 7l 44 74. QQ} I q ?4.QQ4 71 1213. 688 
77 75 7 3 • .? 11 71 2 l. 9 35 Ol 126. 390 93 7' 45 7S .O I l 07 2&... 008 35 l 28. 71 B 

f 17 26 73.233 62 2).948 2l 126.420 02 13 46 75.0 3h 1,5 25.021 9q l 28. 747 
1 l 71 73.2':5 % 21.961 4l 126. 44g 10 71 47 7c;. 059 lA 7 ':'.. 035 64 128.776 
17 78 7}.278 32 l 3. <; 74 64 176.47A 10 73 40 75.0A2 12 l 'i. 049 2s 128.805 
77 20 71. 300 h1 2 3.QP.7 86 I 76. 50 7 28 71 4Q 1'>. \ 04 87 ?S. 06/ 95 I 2A. A 34 
1 I 30 7). 3? 1t o, 24. (01 08 126. 5 16 37 73 50 7'i. ll 7 o/ ? 5. 076 e t l ?A. 86 3 

7 2 l I 7 3. 34,; 40 74 .o 14 3C 126.565 46 n 5 I 7'>.150 3e l ~. 09 0 28 128.897 
77 ,7 73.367 7 7 ?4.027 54 126.594 55 71 51 7~.1 n I 4 :_>'i. 103 St- 129.921 
17 " 73. JQO l S 24.040 77 126.623 64 73 51 7Ci. l gi; OQ /"i. l l 7 t,4 I 28. Q '50 
77 l4 1 3. 412 " 74. 0 54 02 126.652 73 7J 54 1"i. 7 l ~ 0 7 ,l'; .• }ll 3l 17.13. q 7q 
7 7 l5 13.414 SI 24.067 27 l 26. h8 l e 1 n S' 71:. • .?41 4' zc;. 1 45 07 l2Q.008 
7 ~ l6 73.457 '° 24.080 52 120. 710 so 13 56 7c;. 2h4 73 25. l '>A 72 12s.01a 
12 l7 73. 4 7g 70 24.093 78 I 2b. 7 Jq q9 n " 1i;. 18 7 07 25. I 72 47 l lQ. 06 7 
7 7 l8 7 3. '>01 10 24.107 04 l 26. 76q 08 7' SB 75. )oq RI 2 5 • 1H6 13 l 2Q. 0Q6 
7 2 10 73.524 50 24. 120 'I \.H,. 7q9 17 " 5q 1,. l 32 60 ?'>. \ ~q 85 I 2q. I 25 
17 40 7 ).i;4b SI 24. l B 5q l 2t:i. 8? 7 20 74 0 f'>. l5'i 4 I :''>. 21 l SI 12'1. L ':4 

'7 41 73.',6Q 31 24.14b e, 126.856 35 74 7';.378 11 ?5. 271 19 l 7g. l 83 
17 ., 73.S<H 1. J4. l 60 16 l2b.ri85 44 74 7'> .401 07 l5. 24 l 02 12s.212 ,, 4' 1 3. ,-, l 4 11 24. 1 7 3 45 126.914 q /L 1i;. 421 R4 .?5. ?')4 " \2Q.24l 
17 44 7 3. b 36 60 24. l e6 75 l2b.943 ,1 14 7c.. 4,.,-, •• l 5. 26 8 50 129.270 
77 4S 73.65Q 0 I 24.200 05 126.972 1C 74 1,. C.f-Q 4R 71:.. 21ll /S 12q.29q 
7l 40 73.6tH 47 74. 2 ll 36 127.001 7q 74 75. 4Q2 37 l'J. zqb 01 l 2q. 328 
7 7 41 7L 703 Sl 24.276 b 1 117.030 SA 74 1c-;.1:,15 " J?. 30q 17 129. 15 7 
) 7 4q 7 3. 1 lb 36 74. 7 3q 99 111.05g 97 74 75. 5·q o9 25. 32 3 SI I 2Q. 387 
7 7 4q 7 3. 748 8 I 24. 25'.:I 32 117.089 Qt, ,,. 4 75. 560 84 7':>. 3n 31 I7Q.,d6 
1l 50 7 3. 77 l 77 24 .. )bti 65 117. 118 I 5 74 I 0 7c;. 583 ,s 7 'i. ~ c. l Ori t2Q.445 

17 51 n. 7q3 n 24./79 ., 127. I 4 7 24 74 11 7'> .606 54 )5.164 87 l :'Q. 414 
n S? 7 l.JJ 16 70 l4. lQ l n I /7. I 76 " 74 I I 75 .619 4 l 15. n8 65 1 lQ. 'i03 
17 '1 7 3.S\ 3$\ 6' 24 •. Wb 67 117.105 4 I 74 l 3 75.6':>2 27 ?'> • )Ql 45 12<l. 5 ll 
17 S4 13. Bbl I 5 24.320 Cl 127.?.H 50 74 l• 1c; _,-,75 14 15. 4;Jb 7' \ 7Q. 'i61 
1 I ss 7 !. 8H3 bl 74. 3 33 s s 1) I. 2b 3 5q '4 l 5 75. f)Q~ 07 75.4?C O' I ;)'I. i;qo 

7/ 5' 1 '\.QQ6 II 24.34b I\ 1rr.1.92 68 74 I 6 75. 7 20 OQ 75. 4 :U 81 l 2Q. ,- l q 

17 q 7 3.978 bl ?4. 160 17 127. ,2 I 77 74 17 1,. 74 3 7q ,1 ";, .44 7 68 129.h4Q 
7 7 s• 73.(151 I 0 74.373 4S 12 7. 35C e, 74 18 1 &... 7bh >8 l". 46 l 51 !7Q.t77 

" sq 1 ~-'·H3 60 24. 'Hit: P7 121. pq S5 74 [Q 1c;. 75q S1 ? '5. 4 75 " \2Q., 707 

" 0 73.<190 11 24. 4 00 76 l27.40Q 04 74 70 75. ~ l 2 4R 2r:.,. c.➔Q 11 l l.Q. 716 

73 74.0 IA 61 .?4. 413 65 127.4lq 12 74 21 75. 8 )'i 18 :?i;. 503 Cl 1 2Q. 76"i 
73 74. 04 \ l 1 24.427 04 ll7.4b1 z : /4 e> 75. l'l"'ih 20 2 s. 516 f\'; l 7Q. 7q4 
7) 74.063 05 24.440 45 127. 4<Jb 30 74 n 7"-1.,qq 2 I ?.5. 'i lO 7l l 2Q. ~2' 
n 74.086 I A 24 .4 ~ l 85 I 27. S25 )9 74 /4 7.,_ •.;u4 ll )'i. 5'-4 St, l zg. A&../ 
7J 74 .108 71 24. 46 7 17 127. ', 54 4rl 74 2, 1"-. Q2 7 ue 2'>. 558 4 I I zq. 88 l 
73 74. 1 31 74 24. 4 80 OS l27. 5A3 57 74 lb 75 .Q4~ "' 2'>. 51 I 79 17.q_q10 
71 74.153 7A 24 • 4g4 II 12 7. 6 I 7 Ob 74 27 7i. q 17 9' ,, • 5A6 17 I 2q. Q'?9 
73 74. l 70 'l 24.507 ,. l 27. t:41 75 74 '" 7'). c.or, ·"' ,~.,. 600 05 l2Q.,96A 
7l Q 74.}(~8 88 24. '>?0 98 I 2 7. 6 70 83 74 2s 7".J]l-l ti? ,I "i • 6 ( 3 93 I JQ.q91 
7' 10 74. 221 43 24 • 5 ]4 47 12 7. 60'-J 92 74 '° 71.1.041 17 /5.6/7 82 110.021 

73 II 74 .243 oq 24. '547 a, 127. 7 29 01 74 ll 1b. Ct,4 77 l '>. t.4 l 12 I 30. OS6 
7l 17 74.266 55 24. 5o l 11 l27. 7SA lC 14 '2 76.0tJ7 09 .::'-.t:"i'> 62 1;0.oes 
7 3 11 74. 289 12 24.514 77 127.787 [Q 14 1' 7h. 110 " 2',. t::f.9 " l 30. l 14 
7l 14 74. 31 l 70 24.588 23 127.816 28 74 l4 7h. I 1, ,1 ?"'i • h'1' 4S 130. 143 
7J 15 74. 33'- 2B 24.601 70 127. 84S 31 /4 l5 7h. I 5.i:, 60 7 5 .1,07 37 110. I 72 
73 16 74.156 86 24.615 18 127. 874 40 74 16 7t-J. l 79 ss l'">.71 I 2s 130. 201 
7J 17 74.379 45 2•.628 •• 127.903 55 ,. 17 7',. 207. '7 ?':-. 7 )5 7~ 110.230 
71 18 H.402 o• 2't.642 1, 127.912 6) 74 '" 7b. 2 2"', '>7 7&... 7 jQ '" 130. 25<il 
71 19 7't.42't 64 24.655 63 127.%1 17 74 \Q 1b. 2t.R St, ?5. 1i; 1 II 130.ZeR 
73 20 74.'t't 7 2' 24t.!;16q 13 127.990 81 /4 4G 7',.?71 57 25. 7,-. 7 OS ll•J.317 



A n L t I 1-100 " RAO I US CIRC. CUR VE: TANG ENT, EXTERNAL •NO LENGTt-4 vs. CENTRAL OE fl ECTION ANGLE 
A8LE I 1-100 M RAYON COURAE CIRC.: TANGENTE,CONTRE-FLECHF ET LONGUEUR vs. AN(;LE OE DE FL. CENTRAL ------ ---- ------ ------------------------------------------------------------------------------- ANG. TANGENT EXTERN.6-L LENG TH CE FL. ANG. TANGENT EXTERNAL l ENG TH 

~ 
DEFL. TANGENTE CONT.Fl. LONGUEUR ANG. OEFL. TANGENTE CONLFL. LONGUEUP - -------------- -------------------------------------------------------------------------------- G MNT • DEG MNT 

K•sz::s-•aa:zaa_~z-zaaz-s-sazaz--•••-•-----=z:z-zaa:-z:s--------------=---------------------=-- 
41 76. 294 57 25.7Hl 01 110.347 Ol 76 78. l '51 9S 26. 916 24 11? • 6. 74 II 42 76.317 5S 25. 794 S7 130. 376 10 76 78. 1 75 42 26. Q30 67 l 32. 703 20 
43 n.140 61 25.808 SJ 130.405 18 76 78.lQ8 A5 26. q4 5 ll l 31. 732 2s 

~ 
44 7 6. 363 61 25.822 s I 130.434 21 76 4 78.222 19 26.95Q 55 132. 76 l 38 

' 45 76. 386 66 2 5. 8 36 88 l l0.463 36 76 5 78.245 74 26. C,74 00 l 32. 790 47 
46 76.409 6S 25.850 87 130. 492 45 76 78.26Q l S 76. 988 45 132.81 S S6 
47 76.432 73 25.864 86 130.521 54 76 78.2S2 05 21. 002 91 132. 848 64 
48 76 .45~ 17 25.878 85 130.550 63 76 8 78. lib II 21.011 H 1 3?. 877 73 
49 76.478 82 25.8S2 85 ll□.579 12 76 s 78. 33S 58 2L011 RS ll2.S06 82 
50 76. 501 88 25,S06 86 130.608 81 76 10 78. 163 05 21. C46 32 132.93'5 SI ) ' 51 76. 524 94 2s .no 87 130.637 SQ 76 11 78. 386 53 27. C60 81 112.96S DC 

' 52 76.548 00 25.Q3' BS 130.666 98 76 12 78.410 02 27.075 2s l 1?. qg4 OG 
53 76.5 7 l 01 25.948 9 l l}0.6% 07 76 13 78.413 50 17.089 7q IB.013 18 
54 76. 5S4 14 25.962 94 130.725 16 76 14 78.457 00 27. 104 29 133.052 21 

' 55 76.617 22 25.S76 98 130.754 ?5 76 15 78.480 50 27.118 80 113.081 36 

~ 
' 56 76.640 31 25.Q91 02 130.783 34 76 16 7 8. 5 04 OC 27. l 33 31 l 33.110 .. 
' 57 76.663 40 26. 005 01 130.812 43 76 17 78.527 52 27.147 Bl t 3 ~. l 19 53 

58 76.686 49 26.019 12 130.841 52 76 18 78.551 03 27. 162 35 1 B. l 68 61 

' 5S 76. 709 59 26. 033 18 130.870 61 76 19 78.574 ss 27. l 76 89 1 ,1. 197 71 
0 76. 732 70 26.0'7 24 l 30. 9qq 69 76 20 7A. 5QA 08 27. lQ l 42 131.226 BC 

I 76. 755 81 26.061 3 I 130.SZB 78 76 21 78. 62 l 61 l7.205 97 113. 2 r;~ 89 

~ 
1 76. 778 91 26.075 3S 130.Q57 87 76 22 78.645 l 5 21.220 52 Ill. 284 ca 

> l 76.802 05 26.089 '1 130.986 96 76 23 78.668 69 27.2~5 07 133. 314 07 ; 4 76.825 17 26.103 56 131. 016 05 76 24 18. f.92 24 77.249 63 1 'B.143 I 5 
i 5 76. 848 30 26 .111 65 131.045 14 76 25 78.715 79 27. 264 20 133.31? 14 
i 6 76.871 44 26. l 31 75 131.074 21 76 26 7 8. 7 39 35 21.216 11 133. 401 33 
i 1 76.8q.-. 58 26.145 85 131. LO~ 32 76 21 78.762 02 27. 2u3 35 133.430 42 
i 8 76.q l 7 73 26.159 S7 131. 132 40 76 28 7A.786 49 27. 307 S4 l 31. 4'59 51 
i 9 H,.940 88 26. I 74 08 131. 16 l 4q 76 29 78.810 Ot 27. 322 53 131.488 60 

LO 76.q64 04 26.188 20 131.190 58 76 30 78.813 S4 27.337 l 2 133. 517 69 

i II 76.g97 20 26.202 33 131.219 67 76 ll 78.857 23 27.351 73 133. 546 78 
12 11.010 37 26.216 47 111.248 76 76 32 78.880 82 2 7. 366 34 l B. 575 87 
13 77,033 54 26. 2 30 61 · 131.277 85 76 33 78.QQ4 4? 27.380 95 133.604 95 
14 77.056 12 26.244 B 131. 306 94 76 34 7A.92B 02 77.395 57 133.634 04 
15 77.079 90 26.258 91 131.336 Ol 76 15 78. gr; l 63 27.410 20 133.663 13 
lb 77.103 09 26.271 06 131.365 12 76 lb 78.975 24 27.424 84 133.692 22 
17 77.126 28 26.287 23 131.394 20 76 37 1a. 9qs 86 27.439 48 IH. 721 31 
18 77.149 48 26. 301 4C 131.423 29 1, 38 1s.022 48 27.454 12 I 33. 750 H 
19 11.112 69 26. 315 q 131.452 38 76 39 79.046 ll 27. 46 8 11 133.779 49 
20 77.195 89 26.329 75 131.481 47 76 40 79. 069 75 21. 483 4' 133.808 SB i 21 77.219 II 26.343 94 131. 510 56 76 41 79.093 39 21 .498 09 133.837 66 
22 11. 242 33 26.358 13 131.539 65 76 42 79.L 17 03 27.512 76 131. 866 75 
23 77. 265 55 26. 3 7 2 ll 131,568 74 76 43 79.140 69 27.527 44 ll3.8S5 84 
24 11. 2 88 78 26.386 53 131.Sst 83 76 44 7q. 164 '4 27. 54 2 12 l33.S24 Sl 
25 77.312 02 26.400 74 131.626 91 76 45 79. l BA 00 27.556 81 131. 954 02 
26 7 7. l35 26 26.414 96 131.656 00 76 46 79.211 67 27,571 51 l33.G83 II 
21 77. lS8 50 26.429 18 131.685 09 76 47 7G. 2 35 34 27.586 21 114.012 2C 
28 77.381 76 26. 41ri3 41 131. 714 18 76 48 1g.z5q 02 27.600 91 134.041 29 
29 71.405 01 26.457 64 131.743 21 76 4q 79.282 71 27. 615 62 134.070 38 
30 77.428 21 26.471 88 131. 772 36 76 50 79. 306 40 27.630 34 t 34. oqq 46 

31 77.451 54 26.486 13 131.801 45 76 51 79. 330 09 21. 645 01 134. 128 55 
32 77.474 81 26.500 38 131.830 54 76 52 79. 35 3 79 27.659 80 134. 1 57 64 

l 33 77 ... 98 09 26.514 64 131.85• 62 76 53 79.377 50 27.674 54 114. 186 73 
34 11. 52 I 37 26.528 90 131.888 71 76 54 79.401 21 27.689 2A 134.215 82 
35 77.544 66 26.543 17 131. 917 80 76 55 79. 424 93 2 7 ~ 704 03 l 34. 244 q I 
36 77.567 95 26.557 45 L 31. 946 89 76 56 79.448 65 27. 718 7A 134.274 OC 
37 77."SQL 25 26.571 73 131.975 98 76 57 79. 4 72 38 27. 733 54 134.301 09 
38 77.614 55 U.586 01 132.005 01 76 58 79.496 II 27.748 31 I 14. 332 I 7 
39 7 7.637 86 26.600 31 132-034 16 76 59 79. 519 85 27. 763 09 l 34. 3,1 26 
40 77.661 18 26., 14 60 132.063 25 11 0 79.543 59 21.111 87 134. 390 15 

41 71.684 49 26.628 91 132.092 34 11 I 79.56 7 34 21. 792 65 134. 4 l 9 44 
42 11.101 82 26.643 22 132. 121 42 11 2 79.591 10 11.807 44 134.448 53 
43 11.111 15 26.657 54 132.150 51 11 3 79.614 86 21. 822 24 134.477 62 
44 11. 154 48 26.671 86 132. 179 60 11 4 79 .6 38 62 27. 837 05 134.506 71 
45 11.111 82 26.686 19 132.208 69 11 5 79.662 40 27.851 86 134.535 BC 
46 77.801 17 26.700 52 132.237 78 11 6 7CJ.686 I 7 2 7. 866 6 7 134.564 89 
47 77.824 52 26. 714 s, 132.266 87 11 1 7 c;. 709 95 27.881 50 134. 593 q7 
48 77,847 88 26 • 7 29 21 132. 2•5 96 11 8 7S. 733 74 27. 896 32 134.623 06 
49 77.871 24 26. 743 56 132.325 05 11 q 79.757 54 27.911 16 l 34,. 6157. 15 
50 11. sq4 60 26.757 92 132. 354 13 11 LO 79.781 34 27.926 00 I 34. 681 24 

51 77.917 98 26.772 28 132.383 22 11 LI 79.805 14 21. 940 85 134. 710 33 
52 77.941 35 26.786 65 132.412 31 11 12 ts.828 95 27.9S5 10 134. ns 42 
S3 17 .964 74 26. BC! 03 132. 441 40 11 13 79.852 77 27.970 56 134.768 5 I 
54 77.988 12 26 .8 15 41 132.470 49 11 14 79.876 59 27.985 43 134.797 60 
55 78.011 52 26.829 79 132.499 58 11 15 rs.soc 42 28.000 30 134. 826 68 
56 7 8. 0 34 92 26. 844 19 132.528 67 11 16 79.92't 25 28.015 18 134,855 11 
57 78.058 32 26.858 59 132.557 76 11 I 7 79.948 09 28. ClO 06 134.884 86 
58 78.081 73 26.872 99 132.586 85 11 18 79.971 93 28.044 95 IH.913 95 
59 78.105 H 26.887 40 132.H5 93 11 19 79.9q5 78 28.C59 85 I 34. 943 04 
0 78. I 28 56 :?b.901 82 132.645 02 11 20 80.019 63 28.074 75 l34.S72 13 



TA BLE 11-100 H RADIUS C IRC. cu~vE: TANGENT,EXTERHAL ANO L EHGTH vs, CENTRAL OEflECT ION ANGLE 
TABLE I 1-100 H RAYOIII COURSE C IRC.: TANGENTE,CONTRE-FLECHE ET LONGUEUR vs. ANGLE OE DEFL. CENTRAL 
------------------------------------------------------------------------------------------------ 
DEFL. ANG. TANGENT EXTERNAL LENGTH CEFL • ANG. TANGENT EXTERNAL LENGTH 
ANG. OEFL. TANGENTE CONT.Fl. LONGUEUR ANG. OHL. TANGENTE CONT.FL. LONGUEUR 

-------------------------------------------------------------------------------------------------- 
DEG HNT DEG HNT • 

:2za•••••z•••••••••~••••••••••••••••••••••~•••••••••••••••·••••••••••••z•2•••••••••••••••••••••••• 

11 21 80.043 49 2e.089 66 135.001 22 78 41 et.no 56 2q.102 .. 137. 32A J 
11 22 A0.067 36 28. 104 57 135.030 31 78 42 81.qQ4 88 29.318 06 137.357 4 
77 23 80. os I 23 28.119 50 135.DSq 40 78 43 82.01 q 21 29. 333 4q 137.386 5 
11 24 80. 115 11 28. 134 42 135.088 48 78 44 82.043 54 2q.348 92 I 37. 415 I 
77 25 80.138 99 28.14q H 135. I I 7 57 78 45 82.067 88 2 9. 364 36 137.444 6 
77 26 80.162 88 28. 164 JO 135.146 66 78 46 82.092 72 2 9. 3 79 80 137.473 1 
77 27 80.186 77 28.17• 24 135. I 75 75 78 47 82. I 16 57 2q.Jg5 25 137.502 ' 77 28 ac.210 67 is. 1 q4 1q 135.204 84 78 48 8 2. 140 g3 2 q_ 410 71 137.531 q 
11 2• 80.234 57 28.209 15 135.233 93 78 49 82. 165 iq 29.426 17 137.561 0 
77 30 80.258 4q 28.224 12 135.263 02 78 50 82. 189 65 29.441 64 137.')QQ I 

77 JI 80.282 40 28.n• oq 135.2"2 11 78 51 82 .214 DJ 29.457 12 · 137.619 
77 32 80. 306 32 2 8. 2 54 01 135.321 ,. 78 52 82.238 40 2g.412 60 137.648 
77 JJ AC.330 25 28.269 05 135.350 28 78 53 82.262 79 2•.488 09 137.677 
77 34 80.354 I 8 28.284 04 135.379 37 78 54 82.287 18 29. 503 5g 131.706 4 
77 35 80. 378 12 28.2QQ 03 135.4oe 46 78 55 82.311 57 29.519 09 137.735 5 
11 36 80.402 06 28.314 04 135.437 55 78 56 82.335 97 29.534 60 137.764 6 
77 37 80.426 01 2 8. 329 04 135.466 64 78 57 82. 360 JB 2q. ss o 12 I 37. 79J 1 
77 38 80.449 97 28. J44 06 135.495 7J 78 58 82. 384 79 29. 56 5 64 IH.822 8 
11 39 80.473 03 2a.3~q 08 135.524 82 78 59 82.40Q 21 2q.sa1 17 IJ7.B51 < 
77 40 ao.i.q1 qQ 28. J 74 II 135.553 91 7S 0 82.433 b4 2q.596 10 IH.88!" 0 

77 41 80. 521 87 2B.38S 14 135.582 99 79 82.458 01 29.612 24 137 .Q 1D I 
77 42 80.545 84 28 .4 04 18 135.612 08 79 82.482 51 29.627 79 1 n.q3q I 
77 43 80.569 83 28-'tlQ 22 I JS. 641 17 79 82. 506 g5 29.643 34 IH.968 2 
77 44 80.593 82 28.434 28 135.670 26 7q 4 82.531 40 29.658 90 IH.997 J 
77 45 80.617 BI 28.4<\q 3J 135.6S9 35 79 5 82. 555 85 29.674 47 1 l8 .026 

r 77 46 80.641 81 28.464 40 135.728- 44 7g 6 82.580 " 29.6SO 04 138.055 
11 47 80.665 82 28.4 7q 47 135.757 53 79 1 8 2. 604 78 29.705 62 I3B.Oe4 6 
11 48 80.b89 BJ 28.4Q4 55 l 35. 78b 62 79 8 az. 6 zq 25 20.121 21 138. I 1 l 7 
77 49 80. 71 l 84 2 8. so• 63 I JS. 8 I 5 10 79 9 82.653 -73 29.136 80 l 38 .142 8 
11 50 80.737 87 28. 5 24 72 135.844 79 79 10 82.078 21 2•. 152 40 I 38. I 71 q 

11 51 80.76-1 90 2 8. 5 39 et 135. E73 88 79 11 82. 7C2 10 2q. 768 01 138.200 9 
11 52 80. 785 SJ 28. 554 92 - 135. 902 97 79 12 82. 7 27 19 29.783 62 138.230 0 

I 77 53 80. 809 97 2 8. 5 70 02 135.932 06 7q 1 l 82. 751 7C 29.709 24 138.259 I 
( 77 54 80. 8 34 01 28.585 14 I JS. 961 15 79 14 82. 776 20 -29.814 87 IJ8.2e0 2 

77 55 80.858 06 78.600 26 135.990 24 79 15 82.800 17 2S.BJO 50 I 38. 317 3 
77 56 80.882 12 28.615 JS 1,6.019 J3 79 16 82.825 23 29. 846 14 I JR. l46 4 
77 57 80.906 18 28.630 52 l 36. 048 42 79 17 82. 849 76 29. 861 78 138.375 5 
77 58 80.930 25 28.645 66 136. 077 50 7g 18 82.RH 20 ZQ.877 43 138.404 6 
77 5q 80.954 l2 28.660 80 136.106,-59 7g 1q 82.8•e 83 29.BSJ os IJB.433 1 
78 0 AC.978 40 28. 675 96 I lb. I J5 68 79 20 82.923 37 2S.908 76 138.462 1 

1e 81.002 4q 28.6'H II 136. 164 77 79 21 82.947 q2 29.924 4l IJ8.491 8 
78 B 1.026 58 28. 706 28 136. I 9 l 86 79 22 a2.•12 47 29.940 II 138.520 9 
1R 81.050 b1 28. 7 21 45 136.222 95 79 23 82. QQ 7 03 2•.9s5 79 138.550 0 
18 4 R 1.074 78 28.7~6 bl H6. 252 04 7g 24 8J. D2 I 60 29.971 48 13".579 I 
78 5 81.098 88 28. 751 81 136. 281 ll 79 25 83.046 17 79.987 18 IJ8.608 2 
18 6 81.123 00 28.767 00 136. 310 21 7g 26 BJ.070 75 30.002 88 1 l8.6J7 3 
78 7 Rl.147 12 28.782 20 l 36. 339 30 79 27 8 J. 09 5 33 30. 01 B 59 l 38. 6t:6 4 
78 BI. I 71 24 2A.7<;7 4C 136.JbB 3q 7q 28 83. l 1q 92 30. 034 31 IJ8.6S5 5 
78 9 Al.1Q5 37 28.812 61 136. Jg 7 48 7Q 29 8 3.14" 52 JO. C50 03 IJ8.724 
78 10 RI. 219 51 28.e21 82 136.426 57 7g 30 8 3. 169 12 ,o. 065 76 IJB.753 

18 II 81.24l 65 28.8•J 0~ 136.455 6b 7g 3 I el. 193 73 JO. 08 I 50 1 3A. 1 ez 1 
78 12 81.267 AO 28.858 27 136. 48" 75 79 12 8 3. 218 34 JO. 097 24 IJ8.811 8 
78 13 81. 291 q5 28.873 5 I 136. 51 l 84 70 J3 8 3. 242 _96 JO. I 12 9q ]38. 840 9 
78 14 Bl. 316 II 28.888 75 l 36. "i'r2 93 79 34 8J.267 59 30.128 75 I lR. 870 0 
7R 15 RL.340 27 2a.qo3 g9 136.572 0 I 79 15 BJ. 292 22 30. 144 51 138.89S I 
18 16 8 I. lb4 44 28. 9 I 9 25 l 36. 60 l 10 79 36 83.316 Bb 30. 160 28 IJ8.928 2 
78 17 81.388 62 28. <; 34 51 136.6l0 19 7g J7 A 3. 341 50 30.176 Ob IJA.957 3 
78 18 81.412 80 28.94g 11 136.659 28 7q 38 A 3. 366 15 JO. I 9 I 84 I JR. 9 86 3 
18 t• 81. 436 99 28.965 05 llb.688 37 79 30 8 3. 390 81 30:201 63 l l9. 0 I 5 
18 20 Al.461 18 28.980 l2 1_36. 71_ 7 46 79 40 8 3.415 · 47 30.223 43 139.044 

78 21 81.485 38 28.995 61 136.746 55 7q 41 8 3. 440 14 30. 2 ]Q 23 13•.on 6 
78 22 a 1. sos 58 29. 010 90 136.775 64 7g 42 8 3.4b4 81 3-0.255 _04 I J9. I 02 1 
78 23 81.533 7S 29. 026 20 136.804 72 79 43 8 3. 4 89 49 30.-27D 85 l JQ. \ ~ 1 8 
78 24 8 I. 558 01 29. 04 I 50 IJ6.8ll 81 7g 44 8 J. 514 18 J0.286 67 I 39. 160 q 

78 25 8 t. 582 23 2g. C56 81 136. 862 90 79 45 83.538 87 30.302 50 I Jg. I 90 0 
7A 26 81.606 46 29.072 13 136. as i Qq 7q 46 8J.56l 57 30. 318 34 l3Q.219 I 
78 27 81.6 JO 6g 2q.091 45 IJ6.92l 08 79 47 83.588 ?7 30.334 18 130.248 I 
78 28 81.654 93 zq. I 02 78 ll6.950 17 _ 79 48 83.612 98 30.350 OJ 139.277 2 
18 29 BI .6 79 18 zq. 118 12 IJ6.979 26 7q 49 8J.6l7 69 30. 36 5 88 11•.306 3 
78 30 81.703 43 29. I J1 46 137.008 35 79 50 8 3. 662 42 30.381 75 11q. JJ5 4 

18 JI R 1.121 68 29.148 81 137. 0"7 44 79 51 8l.687 14 30.]Q7 bl 139.J64 5 
78 32 8 I. 751 95 29.164 16 IH.066 52 79 52 8 3. 71 I 88 30.41l 40 13s. J91 6 

·78 JJ Bl. 776 21 29. I 79 52 137.095 61 79 53 83. 736 62 30.429 37 ll9.422 7 
78 34 81 .aoo 49 29. 194 89 137.124 10 79 54 SJ. 1·61 " 30.445 26 139.451 B 
78 35 81.824 77 2,.210 2t 137. !SJ 79 79 55 a~. 186 11 30.461 15 139.HC q 

7A 36 l\l .. 84q 05 29.22' 64 I l7. 182 88 79 56 8S.810 87 30.477 06 139. 509 Q 

7e Jr 81.873 34 2q.Hl 03 137.211 "1 79 57 83.835 64 . JO. 492 96 13q. 5 39 0 
78 38 "81.897 64 29.256 42 137.241 06 79 58 A 3. A60 •t J0.508 88 lJq.568 
78 39 81.,2 I 94 29 • 271 -82 -137.270 15 7q sq 83.R85 18 30. 524 80 IJq. 597 
78 40 81.941> 25 29. 287 23 137.299 23 80 0 8 J. 90S 96 J0.540 73 13q,.t.,26 



4 UALF 11-100 M RADIUS CIRC. CLRVE: TANGENT ,EXTERNAL AND LENGT~ VS. CFNTRAL DEFLECTION ANGl F 
TABLE 11-100 • RAYON COUR!E CIRC.: TANGENTE,CONTRE-FlECHE ET LONGUEUR vs. ANGLE OE OEFL. CfNTQAl 
------------------------------------------------------------------------------------------------ 

~ 
EFL. ANG. TANGENT EXTERNAL LENGTH DEFL. ANG. TANGENT EXTERNAL LENGTH 
"'IG., DEFL. TANGENTF CONT .FL. LONGUEUR ANG. DEFL. UNGENTF CONT .FL• LONGUEUR 
-------------------------------------------------------------------------------------------------- DEG MNT • DEG MNT " Ka••-•:a:zz-=a:zazz:zz•••:=zzs=zzzaaz•a•zazaaaa•zaaaaza•••••••••·•••••=••••••==•~•=zz::::zzzzz:z:z 

80 8 3. q 34 75 30. 5 56 66 130.655 '3 81 21 85.937 68 31.853 21 14 l .,Q82 53 
80 83.959 55 30.572 61 139. 684 52 81 22 85.962 97 31.869 76 I 47. 0 I I 62 ) 80 83.984 35 30.588 55 139. 713 61 81 23 85. 988 21 31. 886 2s 142.040 7 I 
80 4 84.009 15 30.604 51 13Q. 742 70 RI 24 86. 013 57 31. 90 2 74 142.06S 80 ) ~o 5 84.033 96 30.620 47 119. 771 78 81 25 86.038 88 31 .919 25 142.098 89 
80 6 84.058 78 30.636 44 139. HOO 87 Bl 26 8b.Ob4 19 11. o 35 76 142.127 09 
80 1 84. 083 61 30.652 H 139.829 96 81 27 86.089 51 31. 952 28 142.157 01 
80 8 84.108 .. 30.6t8 39 139.859 05 81 28 86.114 84 31. 9fi8 81 147. I 86 16 ) 80 q 84.133 27 30. 6 84 38 139.888 14 81 29 86. 140 17 1 I. 985 34 142.215 25 
80 10 84. 158 12 30. 700 38 139.917 23 81 30 86. 165 51 ~2.001 88 142. 24' 33 

80 11 84.182 96 30. 716 38 -139.946 32 81 31 86. 1 so 86 12.018 42 142.273 42 
80 12 84.207 82 30. 732 39 139.975 41 RI 32 86.216 ?l 32.034 98 142. 302 51 
80 I 3 84.232 68 30. 748 40 140. 004 4q Bl 33 0,. 241 57 12.051 54 142. 3H 60 
80 14 84.257 55 30. 764 42 140.033 58 Al 34 86.26b 94 l 2. 068 10 142. 360 69 

~ 
AO 15 84. 2 82 42 30.780 45 140.062 67 81 35 R6.292 31 32.084 68 l42.38q 78 
80 16 H,307 30 JO. 796 49 140.091 76 81 16 Ab.317 08 32. IOI 26 142. 418 87 
80 17 S4.l32 18 30.812 SJ 14 o. 120 85 RI 3 7 86.343 01 32. 11 7 85 142 • 44 7 Sb 
80 18 84.357 08 J0.828 58 140. 149 94 8 I 38 86. 368 46 32.134 '4 14?. 't 11 04 
80 19 tH.381 97 30.844 63 140. l 7q Ol 81 39 86. 393 Rb 12.ISI 04 142. 506 13 
80 20 R4.406 88 30.8t0 69 140.208 12 81 40 86.419 26 32. 16 7 05 142.535 22 

80 21 84.43 l 79 30.876 76 140.237 21 81 41 86. 4 44 67 32. 184 21 142.504 31 

~ 
AC 22 8.C..456 70 30.892 A4 140.266 29 81 47 86.470 09 17. 200 0• 142. "><;" 40 
BC 23 84.481 62 JO. 908 92 140.295 38 81 43 86.495 s I 32. 21 7 52 142.622 49 
80 24 134. 506 55 30.925 01 140. 324 47 8 I 44 86.520 94 32 .2 34 16 142. 6 51 58 
AO 75 84. 531 49 30.941 10 140.351 56 81 45 86.';46 37 32.250 80 142.680 67 
80 26 84.556 43 30.957 20 140. 382 65 81 46 86. 57 I 81 32.267 45 142. 70q 76 
80 27 84.581 37 30.973 31 140. 41 I 74 81 47 86. 597 26 32.284 II 142. 738 .. ) ea 28 84.606 33 30. 989 43 140. '40 83 81 48 86. 6 22 72 32.300 78 142. 767 93 
EO 29 84.b3l 28 31.005 55 l'tO. o\69 S2 8 I 4q 86.648 18 32.317 45 142.797 02 
80 30 84.656 2·5 3 1. 021 68 140. 499 00 81 50 86 .67 3 65 32. 331t 11 142.826 II 

80 31 84.681 22 3 I. 037 82 140. 52 8 09 81 51 86.699 12 32.350 81 142. 855 20 
80 12 84.706 20 31.053 96 140.557 I 8 81 52 86. 7 24 "° 32. 367 50 142.884 29 
AO 31 84.731 18 31.070 II 140.586 27 RI 53 86. 750 09 32.384 20 l47.Ql3 38 
80 34 84.756 I 7 3 I .086 26 140.615 36 81 54 86. 775 58 32.400 91 142."42 47 
80 35 84.781 17 3 I. 102 43 140. 64't 45 81 55 86.801 08 32.417 62 142.971 55 
80 36 84.806 17 31.118 60 140.67) 54 8 I 56 ~6.826 59 32.434 35 143.000 64 
80 37 ~4. R3 l 18 31. 134 11 140.702 63 81 57 86.852 10 32.451 07 143. 0£9 73 
80 38 84.856 19 31.150 95 140.731 72 81 58 86. 877 62 32.467 81 143.058 82 
80 39 84.881 21 ll.167 14 140. 760 80 81 59 86.903 14 32.484 55 143.087 91 i 80 40 84.906 24 31.183 34 140. 789 89 82 0 86.928 ,1 32.501 30 143. 117 00 

ec I 
41 A"t.q3 l 27 31. I 99 54 140.818 98 82 86. 954 21 32.518 06 143.146 09 

80 42 84.956 31 31. 2 I 5 75 140.848 01 82 86.979 76 32.534 82 141. I 75 18 
80 43 84.981 35 31. 231 q7 140. 877 16 82 87.005 31 32.551 59 14 J. 204 27 
AO 44 85.006 40 31. 748 20 140.906 25 82 81. 030 87 32.568 37 143.2]3 35 
AC 45 85.03 I 46 31.2f4 43 140. 935 34 82 87.056 43 32.585 15 143. 262 44 

1 
80 46 85.056 53 31.280 66 140.()64 43 82 6 81•082 00 32.601 94 143. 291 53 
80 47 85.081 59 31.296 91 140. 9q 3 51 82 7 8 7. 107 58 32,618 74 143.320 62 
80 48 85.106 67 31.313 16 141.022 bO 82 A 87, I B 16 32.635 54 143. 349 71 
80 49 85. I 31 75 31. 329 42 141.051 69 82 9 87.158 75 32.652 36 141.3H 80 
80 50 85.156 84 31.345 68 141.080 78 82 10 87. I 84 35 32.669 18 l43.4C7 89 

80 51 85.181 94 31.3H 95 141.109 87 82 II 81. 209 9, 12. 686 00 143. 436 9e 
80 57. 85.207 04 31.378 23 141. 138 96 82 12 87.235 56 3 2. 702 A4 143.466 Ob 
8C 51 85.232 14 31. 394 51 141.168 05 82 13 87. 261 18 32. 719 68 141. 4q5 15 
80 54 85.257 26 31.410 81 141. 197 14 82 14 8 7. 2 86 AO 32.736 53 143.524 24 
80 55 85.282 38 31.427 10 141. 226 23 82 15 87. 312 43 32.753 38 143.553 33 
80 56 85.307 50 31.443 41 141.255 31 82 16 87.318 Ot 32. 770 24 143.582 47 
80 57 85.332 63 31.459 72 141.284 40 82 17 87.363 71 32.787 II 143.611 51 
80 5A 85.357 11 31 .476 04 141. 313 49 82 18 87. 389 35 32.@03 99 143.640 60 
80 59 85.382 92 31.492 37 141. 342 58 82 19 87.415 01 32.820 87 143.669 60 
l!I 0 8 5.408 07 3l.5C8 70 141.371 67 82 20 87 ·""0 67 37.837 76 143.69A 78 I 
81 85.433 23 31.525 04 141.400 76 82 21 87 .466 34 32.854 66 143.727 86 
81 85.458 39 31.541 39 141.429 85 82 22 87 .492 01 32. 87 I 56 143.756 q5 
81 85.483 56 31.557 74 14 I. 458 94 82 23 87.517 69 32.8A8 48 143.7A6 04 
81 4 A5. 508 73 31. 57• 10 14 I. 488 02 82 24 87.543 38 32.905 3q 143.015 13 
81 5 85.533 92 31.690 47 141.517 II 82 25 8 7. 569 08 32.922 32 143.844 22 
91 6 85.5 59 10 31,6C6 84 IH.546 20 82 26 87. ~q4 78 32.939 25 143.873 31 
91 7 85.58 .. 30 31.623 22 141.575 29 82 27 87.620 48 3 2. q56 19 143.9C2 40 
f I 8 85.609 50 3 I .639 61 11tl.604 38 82 28 87.646 20 32. 973 14 14 J. 931 49 
!I 9 85.634 71 31. 656 oc 141. 633 47 82 29 87.671 92 3 2. 990 10 l 43. s e o 57 
!I 10 85.659 •2 31.672 .c 141.662 56 82 30 8 7. 697 65 33.007 06 143.989 66 

!I II 85.685 14 31.688 81 141.691 65 82 JI 87.723 38 33. 024 Ol 144.018 75 
!I 12 85. 71 O 37 31. 705 23 141.720 74 82 32 87.749 12 33.041 QO 141-4. 0-'t 7 A4 
11 13 85. 735 60 31. 721 65 141. 7 .. 9 87 82 33 87. 774 87 33.057 98 144.076 93 
11 14 85.760 84 31.738 oe 141. 778 91 82 34 8 7. 800 62 33.074 97 144. 106 02 
II 15 8 ,. 7 86 08 31.75" 51 141. 808 00 82 35 87.826 38 33.091 97 144. 135 II 
II 16 B5.8ll 33 31.770 9< 141.837 09 82 36 87 • 8 52 15 33.108 98 144.164 20 ) II 17 85.136 59 31. 787 41 141.866 18 82 37 87.877 92 33.125 99 144.193 29 

1: 18 85. 861 85 31.803 86 141.895 27 82 38 87.903 70 33.143 01 144. 2 22 37 I 
19 85.887 12 31.820 33 141.924 36 82 39 87.929 49 33.160 03 144.251 46 .I 

11 20 15.912 40 31.836 80 141.953 45 82 40 87 .955 2B 33.177 07 144. 280 55 



TAftLE 11-100 M RAOIUS Cl~C. CU~VP: TANG ENT, E XTEIIOU, l ANO LfNGTS vs. CfNTOL DfFLECT ION ANGLE 
TA8LE I 1-100 • RAYON COURSE CIRC.: TANGENTE,CONTRE-FLECHE ET LONGUEUR vs. ANGLE DE OFFL. CENTRAL 
--- ------ -- ----- -- ----- ---- - --- -- -- ------ -- - --- ---- ---- ----- --- ------- - -- - --- -- ---- ---- -- ------ 
OEFL. ANG. TANGENT EXTERNAL LENGTH OE Fl. ANG. TANGENT EXTERNAL LENGT 
ANG. OEFL. TANGENTf CONT.Fl. LONGUEUR ANG. OEFL. TANGENH CONT.FL. LONGUf 

------------------------------------------------------------------------------------------------ 
DEC MNT DEG MNT " ==••••••••••••••••••=•••••••••••••••••••••az•a••=••••z.a••••••••••••••••••E•••••=•••••••••=•••••• 

82 41 B1. 081 08 33. I 94 II 144. 3oq b4 84 90.066 H 34. 580 90 146.636 
82 42 88.006 88 33.211 15 144. 338 73 84 90.C93 oq 34.598 53 146.665 
82 43 88.032 70 33.228 21 144.367 82 84 90.119 .. 34. 616 I 7 146.6<il4 
e2 .. 88.058 52 33.245 21 144. 3q6 91 84 4 qo.145 80 34.633 82 146.724 
82 45 88.084 H 33.262 34 144. 426 00 84 s 90. 172 17 34. 6S I 48 146.753 
82 46 88.110 17 JJ.270 42 144. 455 08 84 6 90.198 54 34.66. 14 l46. 782 
A2 47 R8.136 01 33.2% 50 144. 484 I 7 84 1 0o. 2 24 01 34. 686 81 146. 811 
e2 48 88.16 I 86 B.HJ 5S 144. 51 J 26 84 8 90.251 JI 34.704 49 146.840 

~'. e2 40 88.187 71 33. 330 69 144.542 35 84 q qo.211 71 34. 722 18 146.869 
82 50 8A. 213 57 33. 347 Vi l 44. 5 71 44 84 10 so , 304 II 34. 739 81 146.8S8 

e? 51 88.2 3q 44 B.364 •1 144.600 53 84 II qo.JJO 52 34 • 75 7 57 146. q21 
87 5? ~ 8. 265 JI 33.382 OJ 144. 62q 62 84 12 90.356 93 34.115 28 146.056 
e2 53 88. 2 01 10 3 3. 3qq 15 l'i-4. 658 71 84 13 so , 303 36 34. 792 9q 146 •• 85 
P.2 54 R8. 317 07 JJ.416 29 144.687 79 84 14 90.409 79 34. 810 12 147.014 
e2 55 88.342 97 H.433 43 144.716 88 84 15 so , 436 22 34.828 45 147. 04 J 
82 56 88.368 86 33.4 50 5e 144.745 97 84 16 q0.462 67 34.846 19 147.073 
R2 57 88.Jq4 77 33.461 73 144.775 06 84 17 so, 489 12 34. 863 QJ 147. 102 
E2 58 1\8.420 68 33.4e4 89 144.80~ 15 84 18 90.515 57 3'i-.8Rl M 14 7. l "!l 
e2 59 d8. 446 60 33.502 C6 l44.A33 24 84 19 90.S42 04 34. 9qq 45 14 7. 160 
83 0 88.472 53 33.510 24 144.862 33 84 20 90.568 51 34.917 21 147.189 

83 A8.4qA 46 3 3. 5 36 43 144. 891 42 84 21 90.sq4 q9 34.q34 90 14 7. 218 
81 R 8. 5 24 40 33.553 62 144.920 51 84 22 90.621 47 H.952 77 147.247 
el RS.550 34 31.570 e2 l4't. 94<il 5q 84 21 qo.t:47 96 34. q70 56 147. 2 76 
83 88. 5 76 30 33.58A 01 144.«na 68 84 24 <il0.6 7't 46 34. 9/:tA 36 147.305 
83 88.602 25 33.605 24 145.007 77 84 25 90.700 97 35.006 17 147.334 
e3 • 88.628 22 33.622 46 145. 036 86 84 26 90.727 48 35.023 98 147. 363 
83 7 AB.654 19 ~3. 6Jq ,9 145.065 95 84 27 qQ.754 00 ~15. 04 l 80 147.393 
81 8 B8 .b80 17 33.656 S2 l45.cq5 04 84 76 so , 780 53 V5.C59 63 \47. 427. 
Bl 0 88. 706 1, JJ.674 16 145. 124 13 84 2q 90.807 06 35.077 47 147 • 4 ~l 
81 10 Re. 732 15 33.691 41 145. 153 22 A4 30 qo.R33 60 , s;. os s 31 l47.4RC 

•J II se.758 I 5 33.7CR 67 145. 18 2 JO 84 11 qo.e6o 15 35. Ill 17 147.509 
83 12 8 ~- 7 84 15 33. 725 94 145.21 I 39 84 32 <il0.Rij6 71 35.t 31 02 l47.53R 
83 13 88.810 17 33.743 21 145.240 48 84 31 qo_q 13 71 15. 148 sq 147.51:17 
Al 14 RB.836 IS 33.760 4• 145. 26<J 5 7 84 34 Q0.939 84 35.166 17 14 7. 596 
Al 15 88.862 21 33. 777 77 145.298 66 84 35 <ilO.q66 42 35. l 84 65 147.625 
8] 16 88.888 25 J3.7q5 07 145.327 75 84 36 qo.qq, 00 35.2J2 54 147.654 
A1 17 88 .914 28 33.812 37 145. 356 84 84 37 q l .O 19 5q 35.220 43 147.t83 
Pl IA R8.940 13 JJ.829 68 1415. 3R5 91 84 38 Ql .Olt6 19 15. 238 14 147. 71 l 
81 1q 8 8.<il66 38 33.846 9q 145.415 02 84 39 q I .072 79 35.256 25 147. 74? 

"' 20 ae.qqz 44 :B.864 32 145.44" 10 R4 •O 91.099 40 35. 274 17 147.771 

83 71 R9.018 51 33.881 65 145.473 19 84 41 91.116 02 35.202 10 147.800 
P3 22 eq.044 58 33.898 09 145.502 28 84 42 91. I 52 65 3S.310 Ol l47.82q 
Al 23 89.070 66 33. S 16 33 145.531 37 84 43 9 I. I 79 28 35. 327 S8 147.858 
a1 24 89.096 75 33.<il13 6e 14'5.560 46 84 44 91.705 •2 15. 345 93 t 4 7. 88·1 

83 75 89. 122 84 33.951 04 145. 58<il 55 84 45 q I. 212 57 35. 363 SR 147. 916 
83 76 Rq. 148 94 33.968 41 145.618 64 84 46 91. 759 72 35.381 85 147. 945 
81 71 89.175 05 33.qa5 78 l lri'::i. t:4 7 73 84 47 q_l. 285 A8 3 5. }QQ 82 147.974 

83 28 ••• 201 16 34.003 16 145.676 81 84 4" q I. J 12 55 35.417 AO 14'3.003 
e1 2q aq.271 2q 34.020 55 145.705 90 84 49 q1.Bq 22 35.4l5 10 14A.033 
Al 30 sq.2 53 41 34. 037 q5 145.734 99 84 50 0\.3b5 9 I 35.453 79 148.062 

83 31 s s, 279 55 34.055 35 l't5. 764 08 84 51 q1.197 5q 35. 4 71 ,. l 4R. 0'-1 
81 37 sq. 305 69 34 • 0 7 2 7' 145.793 17 84 52 01 .410 29 31>.48Q AO 148. 120 
ei 33 89.331 84 34.090 18 145.822 26 R4 53 91.445 oq 15.507 82 14A. l 49 
83 34 R9.357 99 34.107 •1 145. 85 I 35 A4 S4 Q l. 47? 70 35.525 85 148. l 78 
83 35 es, 38't 15 34. 125 04 145.880 44 84 5S <ill. ,qq 42 35. 543 88 148.207 
83 lb 8<il.4 l0 32 34.142 48 145.909 53 84 56 9 I. 5 26 I 5 35. ljt,, 1 91 14R.2~6 
83 37 89. 4 36 4q 34.15• q3 145.938 bl 84 57 9 I. 552 88 35 • 579 98 l41i. 265 
83 38 89.462 68 34. l 77 38 145.%7 70 84 58 9 l. 579 62 35.5S8 OJ 14". 294 
83 39 89.488 86 34. I 94 85 l't5. <il96 79 84 5q 91.bOf. lo 3~.616 10 148. 323 
83 40 89. 515 06 34.212 32 146.025 88 85 0 Ol.63l 12 35 .. 634 17 l 4R. 3'52 

83 41 sq. 541 26 34.229 79 146.054 97 85 ql .65<il BP 35.652 25 148. 382 
83 47 89.567 47 34.247 28 146.084 06 85 01.oab b5 )5.670 34 l4R. 4 l l 
83 43 89.593 69 '3'4. ]flit 77 146. Ill 15 85 ql.713 42 J5.M8 44 148.440 
83 44 a•.6 t 9 91 34. 282 27 146.142 24 85 4 91. 740 20 ':\5. 706 54 148·. "6<il 
83 45 89.b"6 14 34. 299 78 t••• I 71 32 05 5 q 1. 7b6 oo 3 5. 724 65 14R • .,.qe 
Al .6 ••• 6 72 38 34. JI 7 29 146. 200 41 85 • 91.793 79 35.742 11 148.527 
83 47 89. 69A 62 34. 334 e I 146.229 50 as 7 <ill. R20 50 15 .. 760 oo 148.556 I 

83 48 89. 724 87 34.352 34 146. 258 59 85 A 9l.R47 40 3c;. 77q 03 148.585 
83 •9 89. 751 13 34. 369 88 1,0.287 68 85 q q l. 8 74 22 15. 7q7 17 I .. A.':: 14 
83 50 89.777 3q 34.387 42 1,6. 316 11 85 10 01.001 04 35.815 3? l4~.b43 

81 51 89.803 66 34.404 97 l46.345 86 85 II q1 .q27 •1 3c;. 83 3 4A 148. l: 77 ' 
83 52 89.82c;I' 94 34.422 53 141>. 374 95 85 12 <ill .,q5,. 7 I 35.851 64 148.702 I 

A~ 53 89.A56 22 H.440 10 146 ... 0-4 04 85 13 q1 .qR \ 56 35 • eb9 87 148. 7 ~ 1 
83 54 89 .8 8 2 51 34.451 67 146. 433 12 85 I 4 92.008 4 I 15.888 00 l4R.760 
e3 55 8q.qo9 81 34.415 26 146. 462 21 85 15 •2 .o 15 27 l5.Gl06 19 l48.78q 
83 56 9q.qJ5 12 34.4~2 84 l46.491 JO 85 lh 92.062 14 35. <il?4 38 148. 818 
8~ 51 89.961 43 34.510 44 146.520 39 as 17 92.089 02 35. <il42 59 148.847 
e~ 58 89.981 15 34. 528 04 146.549 48 85 18 92. I 15 so 35.%0 80 148.876 
83 5'1 crn.014 01 34.545 65 146.578 57 85 19 92. 147 79 15. 979 02 148.905 ' 
84 0 90.040 40 34.5'3 27 146.607 •• 85 20 92.169 69 35.Gl97 25 148.934 
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) A5 21 q2. l qb 5g 36.015 48 l4R.qtd 85 Ab 4 l q4. 3 7 2 " l7. 4qq IQ l 'i I. /qo Qt 
85 n q2 • .7?3 50 36.C:B 72 148. <:il.12 94 86 4? q4. 4 00 ll n. 518 67 151.320 cs 
85 2) q 2. 2 50 42 16. 051 97 149.022 OJ 86 43 Q4. 4 2 7 04 \7.511 56 1 51. ~4Q lJ 
ES 24 q2.211 34 36. 0 70 2l l49.C5l l 2 86 44 q4. 4 'iS I; 17. 550 4S i s i , 178 '7 
85 25 q2.104 2a 36.088 5C 149.080 2 l 80 45 q4. 4 8? 6,l 3 7. 5 75 ,, l'il.4C7 ll 
85 26 q2.r:n 22 36. l 06 77 149. lQQ. )0 80 4' Q4. 5 10 2l 17.594 26 l 51 • 4 ~h 40 
e5 27 92. 358 16 36. 1 2s cs 149. l 38 l8 "" 4 7 94.S37 7 5 37.613 l 8 l 'JI. 4t:S 49 ), es 2A s z, 385 l 2 36.14) )4 l4q. l 6 1 47 ,;6 48 94. c. 6'i )0 37.612 I 0 15l.4Q4 se 
ES 29 Q2.4 l 2 08 36. l 61 64 149. 101-, 56 86 49 q4. 'i9? 85 37.b'il 04 l 51. 513 67 
85 30 Q2.43q 05 36. l 79 95 149.225 65 86 50 q4 .620 42 )7.669 Ge l'it."-~7 1, 
85 l l q2.466 OJ 36. l G8 2t 149. 254 74 86 51 q4.647 9G 37.6A8 s, l 51. 581 es 
85 32 92.493 01 36.716 se 149.283 83 86 52 Q4. 6 75 St 37.707 sq 15 l. Al 0 G) 
85 33 q2. 520 00 36. 2 34 Gl 149 •. ll? 92 S6 53 q4_701 1 s 17 • 1 ?b 85 151.640 02 1 85 34 Q2.5~7 00 36.25) 24 149. 342 Dl 86 54 Q4. no 74 3 7. 745 Bl l 51. 66~ ll ' 85 35 cn.574 00 36. 271 5G 149.371 10 86 55 94.758 '4 3 7. 764 81 151.698 ?O ( J 85 36 92.601 02 36.2e9 94 l4q. 400 18 8~ 56 94.7R5 95 3 7. 78 3 80 15 l. 7? 1 ?G 
e5 37 Q2,.678 04 36. 3CA 30 149.429 27 86 5 7 94.811 so 3 7. 802 BO l 5 l. 7'56 ie 
es 3A 92.655 06 36. 326 67 149. 4":IA 36 R6 58 94.A4l 19 ~1. an Bl 151. 785 4) 
ES 39 92.682 10 36. 3"''5 04 149.487 45 86 59 94. 8':,8 82 l 7. 84 0 82 151. ~ 14 56 
85 40 q 2. 1oq 14 36. 363 43 14q_ '516 54 87 0 94.8Q6 4t 37.859 85 l '1 l. a't3 b4 

~ 85 41 q2. 736 10 36.Hl 8 2 l'-9. 54 5 63 87 94.Q24 l 0 3 7. 8 78 88 151. tl 72 7J 
es 42 92. 71'\3 24 36.400 22 149.574 72 87 9.c..Q5l re 3 7. 8Q7 O? l 'H.QOl 87 
85 4) Q2.790 JI 36.418 62 149.603 81 87 94. q7q 42 3 7. <;1 t " l s t .9~0 G l 
es 44 92.817 38 36.437 04 149.632 89 87 4 95.007 09 37.93h 02 151. 960 00 
85 45 92.84-'t 46 36.455 46 149. 661 98 A7 5 9'i .034 76 ~ 7. 9'-5 09 151. Q PQ 09 

} P.5 46 92.871 54 36.473 8Q 149. 691 07 87 6 Q5.062 45 3 7. 974 16 152.018 I 8 
P5 47 92.898 63 36.492 33 149. 7 20 16 87 7 Q5,.090 14 "\ 7. 9Q3 24 15?. 04 7 27 
F5 48 92.925 73 36.510 78 149. 74g 25 A7 95. 11 7 84 38.012 33 l 52. 0 71,, 36 
"5 49 Q2,.952 84 36.520 23 149. 778 34 87 Q 95.145 55 38. 031 43 l 52. l 05 44 
85 50 92.979 96 3~. ~" 7 69 149. 807 43 87 10 95. l 7 l n 38. 050 53 152. l )4 5 3 

85 51 9 3. 007 08 36.566 16 149.836 52 87 ll 95.200 08 38.069 65 1,2. 16'1. n 
85 52 q 3.034 21 36. 584 64 149.865 61 87 l 2 95.228 7 l 38.0AB 77 152. 192 71 

"' 51 93.061 15 36.6C3 13 149. 894 60 87 13 9 5.? 56 45 38. 10 7 QQ l 52. 221 80 
85 54 93.088 49 36. 6 21 bl 149.023 78 87 14 95.284 20 38.127 04 152.250 89 
95 55 9 3. l 15 64 36. 640 l 2 l4q.952 87 A7 l 5 95. 31 l 95 ·3R. 146 18 15?. 2 79 S8 
85 56 Q 3.142 80 36.t58 63 149. s a l % 87 16 Q"i. 139 7 l 38. 16 5 34 152.lCQ 07 
es 57 93.169 97 36. 6 77 15 l 50. Ol l 05 87 l 7 95. 36 7 48 38. l R4 50 152.338 15 
es 58 93. 1cn 14 3b • 61:i5 67 150.04C 14 87 l 8 95. 305 76 38. 203 6 7 152. 3t 7 ?4 es 59 9 3. 274 32 )6.714 2 l 150.0l)Q 23 87 19 95.423 04 .,~. 2 22 85 l 57. 196 " 86 0 03.251 5 l 36.732 75 150.098 3? 87 20 95.450 A) 38. 242 04 l "i2. '- 2c, 42 

86 cn.278 70 36. 751 29 150. 127 40 87 21 95.'- 78 63 1R. 26 l 23 l 'i?. 454 51 
86 93.305 91 36. 769 85 150. l 5b 49 87 72 9 5. 506 44 38.280 44 l 'i?. 4A1 60 
8b 9 3. 33 3 12 36.788 4 2 - 150. 185 58 87 23 Q5,. 534 ,5 18. 29Q 65 l ':12. 512 o9 

f. 
BO 93.360 34 36.e06 99 150.214 67 87 24 95.562 OB 38.318 87 152.541 78 
86 93. 387 56 36.825 57 150.243 76 87 25 95. 58Q 91 10. ·n0 i o 15?. 5 70 87 
86 6 q 3.41-4 79 36. 844 16 150.272 85 87 26 05.617 74 3A. 3'57 34 l 'i?. 599 95 
86 7 93.442 03 36.802 75 150. 30 l 04 87 21 9 5. 64 5 5G 38. 3 76 58 t52.e2q □, 
eo q3.469 28 36. 881 36 l 50. 331 OJ 87 28 95. fl 71 44 '38. '395 A4 152.05A 13 
e6 Q 93. 496 54 36. 899 97 150. 360 l 2 87 29 95. 70 l 3 l 18.415 10 15?. t-8 7 27 
86 10 9 3. 52 3 80 36.918 59 l '50. 389 20 87 30 95. 72Q l 7 18.414 17 152.716 3l 

' e6 ll 93.551 07 36.9)7 22 150.418 29 87 H 95.157 05 3.q. 453 65 152. 745 40 
86 12 93.578 34 36. 9 55 86 150.447 38 87 32 qi;. 784 04 38.472 94 l 5:? .. 7 74 4G 
86 13 93.605 63 3b. 974 5C l 50. '976 47 87 33 95.812 83 18.492 2l l 52. 803 S8 a, 14 93.632 92 36. 993 l 5 150. 505 56 87 )4 95. 840 7J 38. 51 l 5) l 52. B 37 b6 
86 15 93.660 22 37.0ll 81 150. 534 65 87 35 9 5. 86 8 64 38. 530 85 15?.. 861 75 
86 16 Q].687 53 37.030 4e 150.563 74 87 36 95.896 55 38.550 l 7 152. 890 A4 l e6 17 O 3. 714 84 37.049 16 150. 5qz 83 87 37 95. 9?4 48 38. l;i6q 50 I 52. 9 l 9 9, 
e6 18 93.742 16 3 7. 06 7 84 150. 621 Ol 87 )8 95.052 4 l 38. 588 83 l52.94Q 02 ,, 
86 1• 93. 769 49 3 7. 0 eb 53 150.051 00 A7 39 9'5.980 35 3R.608 18 152.97A ll } 
86 20 93.7Q6 83 37. 105 23 150. b80 09 87 40 96. 00 8 29 3R.627 53 153.0C7 70 

86 21 93.824 l 7 )7. 123 g4 l 50. 709 l 8 A7 41 96.016 25 38.646 89 l53.03S ?9 
86 22 Q].851 53 J7. 142 6t 150.738 21 87 42 96. 064 21 18.666 26 l 53. 065 38 
86 23 93.878 BB ~7. 161 38 150. 767 36 87 4; 96. 09 Z 18 '38. 685 64 151.094 4t 
86 24 93.906 25 3 7. l 80 ll 150.706 45 A7 44 96. 120 16 38. 70'5 03 l 53. I 23 55 
86 25 n.933 62 3 7. 198 BO 150.825 54 87 45 96. 1"'8 l 5 18. 7 ?4 42 l 53. l 52 '4 
86 26 qJ,.961 01 37.217 6C 150. 854 63 87 46 96. 1 76 l 4 1A. 74 3 83 l 53. l 8 l 7J 
86 n 93. Q88 39 31. 2 ]b 3t 150.883 7 l 87 47 96. 204 l 4 38- 76 3 ?4 151.210 82 
86 28 94.015 79 37.255 12 150.912 80 87 48 96.2]2 I 5 38. 782 66 153.239 01 
86 29 94.043 20 37.273 90 150. 94 l 89 87 49 96. 260 l 7 38.802 09 151.269 00 l 86 30 04.070 61 3 7. 292 68 150.970 •a 87 50 g6. 288 IQ 38. 821 53 15).208 09 

86 3 l 94.098 03 37.Jll 47 151.000 07 87 51 96. 316 23 '38.840 97 153.327 17 _/ 
86 32 94.125 45 37. 330 26 151.029 16 87 52 =e , 344 21 38. 860 4) 153.356 26 eo 33 94.1'52 89 37. l 49 07 151.058 25 R7 53 96. 37 2 32 18.879 89 15).385 35 
86 34 94.180 33 37.367 88 151.087 34 87 54 Q6. 400 37 38.899 36 153. 414 44 ) 86 35 94.207 78 37. 386 7C 151. 116 42 87 55 96. 428 44 1R.918 84 153.443 53 
86 36 94. 2 l5 23 37.405 53 l 51. 145 51 87 56 96.456 5 l 38.938 32 153.472 62 
86 37 94.262 70 37.424 36 l 5 I. I 74 60 87 57 96.484 59 JB.957 82 153. 5Cl 71 J e6 38 94.290 l 7 37.443 21 151.203 69 87 58 %.512 68 38.977 33 l 53. 530 BO 
e6 39 94.317 65 '.H.462 06 15 l. 232 78 87 59 96 .. 540 77 3 R. 996 84 153.559' 89 
86 40 94.3"'5 l 3 37.480 92 151.261 87 88 0 96.568 8A 39.016 )6 l '53. 1588 S7 



TABLE 11-100 ~ RAOIUS c1qc. CURVE: TANGENT,EXTERNAL ANO LENGTH vs. CENTRAL DEFLFCTION A~GLE 
TA8LE tl-100 ~ RAYON COURBE CfRC.: TANGENTE,CONTRE-FLFCHE ET LONGUEUR VS. A~GLE CE OfFL. CENTRAL 

OEFL. ANG. 
ANG. DEFL. 

8A 
88 
88 
88 4 
s8 s 
88 b 
•a 1 
88 8 
e• q 
ea 1 o 

AP. 11 
PA 12 
ea 11 
BS 14 
:H:i ll:i 
88 lo 
/:IA I 7 
PB l 8 
PA 1 q 
PB 20 

88 ?l 
8/:1 z» 
BP 23 
AB ?4 
8 ~ 2 5 
AA 26 
8~ 27 
RR 28 
88 2Q 
PA 30 

QQ 31 
/:IA 17 
AB 'il 
RB 14 
P.fl 35 
/lfl 16 
88 37 
~e 3H 
P,A 3q 
i:i e 40 

qf.5qb qq 
c e .. 625 ll 
qb.653 ?4 
Q6.68l 37 
Qb.709 52 
~6.7l7 67 
qb.765 81 
Q6. 7.Q3 qQ 
Qb.822 l 7 
Q6.t150 35 

Q6.878 54 
q6. 906 74 
96.,914 q5 
Q6.961 lA 
Qt,. QQI 3•1 
97.0IQ ti2 
Q7.047 Ah 
Q7.076 10 
Q7. l04 3f:, 
97.132 61 

.:J7.l60 8Q 
97.lAq I 7 
Q7.217 4h 
Q7.245 75 
Q7.274 0"> 
Q7.302 36 
97 •. no ti A 
qLl5Q 01 
QJ. \81 34 
Q 7 .415 t,Q 

47.444 04 
Q7.472 40 
Q7.500 1h 
Q7.529 14 
~7.5'i7 5.? 
97.5A5 QJ 
aJ.bl4 31 
9L642 1? 
q7. h 71 l 3 
QJ.,699 5h 

"P 41 
AP 47 
pp 4 ~ 
BA 44 
PE 45 
AP 46 
AA 47 
AA 48 
PP, 4Q 
fl.A 50 

fl8 5 l 
88 5? 
ee 53 
ea 54 
eR 5S 
ea 56 
8e 57 
eR 5R 
EA 5Q 
89 () 

80 
AS 
es 
BG 
PG S 
89 o 
pq 7 
PG 8 
es q 
eg l 0 

es 11 
es 12 
e9 -11 
ag 14 
8Q 15 
AQ l 6 
e,; 11 
P,Q 18 
89 19 
8Q 20 

TANGENT 
TANGE~TE 

Q7.727 QQ 
9 7 • 7 "6 4 '.\ 
'17.784 PA 
'.17 .A 11 3 l 
q 7. 84 l AU 
97.870 27 
07.~09 7S 
q7_qz1 74 
Q7.9"5 7'\ 
q1.~p4 24 

qe.012 75 
98.041 27 
·18.0bQ 1:10 
G8.iJQR )'\ 
QA. l l/., .'IA 
-lR. I 5"i 4 3 
'48.183 qq 
:10.212 56 
QS.241 14 
98.26Q 73 

Q8.2QB 37 
QR.326 Q? 
'18.155 51 
98.384 15 
()8.412 78 
98.441 41 
Q8.470 Ob 
G8.4q9 7l 
q9.,527 37 
98.556 03 

98.584 71 
S8.613 39 
98.642 o s 
QB.670 79 
Of1.,6Q9 50 
'-} 8. 7 28 21 
Q€.756 g4 
QP..785 67 
QB.814 41 
ae.843 16 

EXTERNAL 
CONT .FL. 

39.035 9q 
39.055 43 
39.074 97 
39.094 53 
3g.11"' oq 
19 .. 1~3 bf:: 
3S.l53 2' 
lS.172 83 
3Q. 192 43 
lQ.212 C3 

3g.? 11 6'5 
39.251 27 
3S.270 SC 
30. 2qo 54 
3Q.110 Jq 
3S.32S e5 
3q.,34Q 51 
3G. 36q le 
lQ.388 87 
39.408 56 

3Q.,428 26 
3G.447 Qt; 
~Q.4t:::7 ta 
JQ.487 4C 
1q.so1 14 
\9.526 88 
39. 546 t: 3 
3G. 566 lG 
3Q .. 586 I fl 
JQ.tO"i g3 

\Q.t25 72 
3q. 64'> -,; l 
39. 6t'i 'l l 
v~.r.8~ 12 
JQ.,704 q4 
lQ.724 77 
39.744 e c 
l~. 764 .c. 5 
lQ. 784 re 
JG.A04 16 

1G,.824 C3 
3Q.P4~ Ql 
lG .. ~bl 80 
JG. tie] o9 
39 .<; C \ 6C. 
JQ.,Q73 51 
JQ.Q43 43 
]9. Qt:1 'lt, 

19.983 JC 
40,.003 75 

-o . 02 J 21 
40.043 17 
'tO. Ot:l l ~ 
4C.CfL3 13 
40. 10 1 l? 
40. I 21 12 
40. 14 3 l 'l 
40. 16 3 l c; 
-o , l 83 I 7 
40.2C3 21 

40. 7 2 i 2 ': 
40.24l 30 
40.?0 Jc 
40.283 43 
4C .. 3C3 51 
40. 323 e c 
40.3't3 6G 
40.363 80 
40.383 Sl 
40 • .c.0-4 C3 

40.424 16 
4 C.'t-4"9 30 
40.'t6-4 45 
40.48", 61 
't0.504 77 
40.524 9"9 "0· 51t5 13 ,o.scs 32 
40.585 52 
40.605 73 

LENGTH 
LONGUEUR 

153.618 06 
·153.6'7 15 
153.676 2't 
153. 705 B 
153.734 42 
153.76) 51 
153.792 60 
153.821 68 
153.850 77 
153.879 86 

153.GOB Q5 
153.938 04 
153.967 13 
153.9Q6 72 
\54.025 31 
154.054 40 
154. 083 48 
154. 112 5 7 
154. 141 t:6 
I "i4. I 70 75 

154.lQC. 84 
154.22~ Q) 
l54,.2S~ 02 
154. 28 7 l l 
154,.316 IQ 
154. 345 28 
l 1:14. 3 74 3 7 
154.401 4b 
154. 4 3? <,<; 
l 54. 46 l 64 

l54.4qO 73 
l'i4.'H9 82 
l 'i4. l'i4 A q 1 
154.577 9q 
154.607 08 
154.6\6 17 
154.665 lb 
154.644 35 
154. 723 44 
154. 75;> 53 

154.781 t,2 
l "14. 8 l O 70 
l54.83Q 7g 
154.868 HA 
l '>4. £IQ 7 97 
1"14.927 Ob 
154.9')6 15 
l r:-..4. 9A<; ?4 
155. 0 l 4 3 3 
155.J4l 4,'l 

l ">5. C 7 2 ':,C 
155.tOl 5q 
155.HC H! 
155.l'SQ 17 
l r:-..5. l AP: .A6 
I '>5. 2 l 7 q5 
155.247 04 
155. 2 76 13 
155,. lCS 71 
155. ~j4 3l} 

155.-16330 
155.3Q2 4!3 
155.4?1 C,7 
\55.450 Ob 
155. 4 7q f5 
155.':>08 64 
155.5H q3 
155. 5h 1 0 l 
15~."i96 10 
155.625 IS 

155.654 28 
155.683 37 
155.712 4t: 
155. Hl 55 
15'5.770 64 
155. 7qq 72 
155.828 81 
15~.857 QO 
155.886 qq 
155.916 08 

Of Fl. ANG. 
ANG. OEFL. 

89 21 
BS ?2 
aq 23 
89 24 
R9 75 
es 26 
89 21 
as 2e 
9q 2Q 
aq '\0 

FjQ 31 
AQ -1~ 
AQ 31 
AO 34 
l]Q 15 
89 \6 
aa 37 
AS 38 
8Q 3q 
89 40 

ttQ 41 
R9 4? 
AQ 43 
89 44 
13q 45 
8Q 46 
89 <+7 
8Q 48 
aa 40 
HQ 50 

R9 51 
aa 52 
>\q 53 
AQ 54 
Aq 55 
l]Q 'it> 
A9 57 
8q <iA 
ao ',0 
go C 

so 10 
QO 20 
90 1.Q 
Q0 40 
qi) s o 
QI 0 
01 10 
c.1 70 
Q l 30 
01 40 

•-n so 
9? ,) 
S2 I 0 
ql 2\l 
~;> 10 
9? 40 
92 50 Q' 0 
O'\ l 0 
i.:q .?0 

01 W 
q1 40 
<n 50 
o4 U 
q4 l 0 
q4 20 
<J4 \0 
q4 40 
94 50 
qr:;- 0 

q5 I 0 
qc; 20 
G5 \0 
95 40 
q5 50 
% 0 
06 10 
QI') 20 
Q6 "\Q 
Qt, 40 

rANGENT 
TANGENTE 

98. 871 S2 
98.900 69 
9a.,q2q 46 
Q8,.Q58 25 
q9,.q97 04 
qQ.,015 84 
qQ.0'44 65 
'99.073 46 
QQ. 102 2Q 
qq. l 1, l 1 2 

0Q.}5Q 06 
QQ.188 ~l 
qq. ?1 7 A 7 
90,.246 54 
qq. 2 7 5 4 1 
q9,.304 zq 
QQ.,33~ \Q 
99. 362 08 
99 .. 100 00 
q9.419 qi 

99.44A ~3 
QQ.47-7 17 
99 • 50h 71 
qQ.535 66 
QQ."iA4 ,-,z 
00.593 58 
QQ.t:?2 'i6 
99.651 "i4 
99.h80 'i3 
qq. 70(} r:; 3 

'-}9. 738 S4 
QQ,.767 ",6 
qq_ 1Qt:,; "iQ 
9Q.A25 t::2 
Q9.tt54 b6 
qq,. -,a; 11 
1Q _q 12 77 
Q9.Q<+l ~4 
QO.Q70 07 

IOU.000 '.JO 

1oc.;,q1 11 
l l)'). 583 4fl 
\OO.R1h 4G 
101. l 70 18 
101. 465 12 
101.760 74 
102.057 ;,3 
I 02. '.\"i4 bl 
102.657 P7 
ll)l.OSJ () :J 

IO 3. ?"i2 OA 
l03.5''d O:! 
103. f-l'i4 pg 
l O<+. t <, 7 o 7 
104.461 H, 
104. 71",5 q9 
I o s , u 7l "> ! 
\05.'l78 01 
10.:..0~5 44 
? ,J5. 1q1 RI 

\ lln. ~o 3 I ~ 
I oe, , bl 3 '- I 
l •)b. '124 •1A 
lG 7. 2 36 ~ 7 
IC 7. ""iO Oti 

\,:)IL l 7Q 39 
I U.-i. 4q5 -,4 
I U~. Fl l 7 
lO'L I 30 P') 

1 OQ.1.oSQ O? 
109. 770 ,'(} 
l i o , JQ l 4 I 
110. 41 3 ,.,._ 
IIU./l,<, 'd 
11 l .oJh l :> 5 
l l l. ~8b ,-,2 
l l l. 711 0~ 
1 l7.Q4J '-,~ 
l l 2. '69 UQ 

EXTERNAL 
CONT.FL .. 

40.625 q5 
40.646 17 
40.666 41 
40.,686 b5 
40.706 Sl 
40.727 17 
40.747 44 
40 .. 767 72 
40. 788 01 
40.808 31 

40 .. 828 bl 
40 .. 848 Q') 
40.86q ?5 
40.81:JQ SR 
40.GOQ q3 
40.930 2R 
40.950 b4 
40.97l 00 
40.QQl 38 
41.Cll 77 

4 1. C 32 16 
41.052 57 
4l.C72 98 
41.093 40 
4 l. l l 3 81 
4 l. 134 27 
4\.154 12 
41. l 75 17 
41 .. l q5 f>4 
41. 21 b 12 

41.2H, e o 
41.257 uq 
.q.211 5g 
41.zqA 10 
4 l. 318 b? 
4 I. 3 3Q l 'i 
41. 359 69 
41. '\80 ?.4 
41.400 70 
4 l. 4 7. l 1":- 

4l.627 49 
41.834 54 
4?. 04 2 4i:J 
41.251 14 
4?.461 l? 
47. 6 7 l J\? 
4/.883 4S 
4).006 00 
43.10Q 50 
4 3. 52 3 03 

4 l. 7 ;q 32 
4 3. q55 65 
41.o. 177. q5 
44. 191 20 
44.610 43 
44.830 63 
4 5. c= l 131 
4"1.273 c:;7 
4?. 40 7 J? 
4r:;. 7 7 I 7. 1 

4'>. 04t,i 4 l 
4b. l 72 <, 7 
4t •• ·~4Q n 
4h.6?7 Q/ 
46. 8"> 7 \ 3 
4 7 0 C~ f 3h 
4 7. 31 ~ 64 
47.5'iU 9'l 
41. 7t:l4 11 
,.R. 0 l ~ 12 

4~.254 20 
4~.4qo 
4 fl. 7 78 34 
48.q"i? 01 
'•·~. ?Ch 80 
40,.447 h'l 
4Q.6'3Q 61 
40 • fl i2 1)7 

":10. l 76 A 1 
~l).4;?2 11 

LENGTH 
LONGUfUA 

155. Q4") 
155.q74 
156.003 
156.032 
I 5b. Ob l 
156.090 6 
156. I 1 q 1 
t ')6. 148 
156. l 77 
156. 206 g 

156.? 36 
l "16. 265 
156.?94 
15h.3Z3 l 
156.352 4 
I 56. 38 l 
156. 410 '- 
156., 4 3q 6 
lSf>.468 7 
l56.4Q7 A 

l ',IJ,. 5 26 g 
150.556 0 
156. 5 815 
151>.614 
I 'i6. t:4 3 
156.672 
l 'i6. 70 l 4 
l 'i6. 7 30 <; 
I <;t,. 1 <;q 6 
l "ih. 7 88 7 

l. 5h. 81 7 f! 
150.846 c 
156.876 0 
l 'i6. Q05 1 
156.934 l 
156.gb'"\ 2 
i s«, Qq2 l 
l 'i 7. 02 l 4 
157.050 S 
157.07q I') 

15 7. ~ 70 'i 
157,.6~1 4 
I "i7. 052 ~ 
I'>~. 24 3 1 
l 5R.514 0 
I "ill. R/4 q 
1 c:;q. l 15 
! "iQ. 4 Ob 
15q.tQ7 6 
l5q.98R 5 

160.27Q 4 
l60.<;7Q ? 
160. 861 I 
161. I 57. 0 
l 61. 447 c. 
I fil. 131 P 
162. 0 ;>4 7 
lh?.31">~ 
16?.hOA 'i 
l h,,. 13 <, 1 4 

I h 1. I 8H 
\h3.47q 
1i<:1. no c 
l 64 • (}I-, !) C 
\ 64. '"\ 51 F 
l t-,4. "::4? 7 
164. q 31 
I">°:'. 2 l4 
I "5. <:.Ii:; 'l 

11,"i. "06 ? 

I oo , oq 7 I 
I 1-,6. 1 P~ C 
166. t: 7P c 
166. Q-'.;,q ~ 
lhl.?60 1 
167.551 6 
I h 1. 847. 
168. I 3 l 
168.424 
l t,t,. 715 



8 TA8L ~ 11-100 M RADIUS CIRC. CURVE: TANGfNT,EXTEftN.ll AND LENGT.,. VS. CENTRAL OEFL EC Tl ON ANGLE 
lA8Lf 11-100 M RAYON crus as C !RC.: TANGENTE,CONTRE-FLECHE ET LO~GUEUP vs. ANGLE DE OE Fl. CENTRAL t -------------------------------------------------------------------------------------------------- 

~Fl. AfllG. TANGENT EXTERNAL LENG TH DEFL. ANG. UNGENT EXTERNAL LENG TH 
,G. OHL. TANGENTE CO~T.FL. LONGUEUR ANG. OEFL. T ANGE NH CONT.FL. LONGUEUR .I - -------------------------r-------------------------------------------------------------------- 
DEG MNT • DEG •NT • •z••••---=-•-••••=•••••••••••==•••••••••••~==••===•=••==•••==•••=••••==•=•======•••••=•••==•==•=•= 
% 50 112. 698 72 50.668 52 l69.C06 05 110 10 l1d • .?57 81 74. 707 76 1qz.211 11 ) q C 113.029 .. 50.G 16 05 169.296 94 I 10 20 143.702 68 75.072 7' 192.567 9~ 
G7 10 113. l61 24 51.164 72 169.587 83 110 30 llt4,. l4q 40 75. 439 59 1q2.85B ~8 
G7 JO l l 3.6q.ft 14 51.414 52 169.878 71 110 40 144.508 01 75.808 37 1q;.140 11 
~1 30 114.028 !S 51.66S 48 l 70. 169 60 110 so 145.048 50 76.17" 06 i<n.440 66 
q 40 114. 363 26 5 I .917 5q I 70. 460 49 111 0 145.500 90 76. 551 73 \q"\. 731 55 
q7 50 11,.6g9 4q S2. 1 70 87 170.751 38 111 10 14'i.Q 55 22 76.926 33 \Q4.022 44 
q. 0 115.036 84 5 2 .4 2 5 31 171.042 27 111 JO 146. 411 47 77. 302 so \q4.313 32 \ 
~8 10 115.375 32 52.680 g~ 171. 333 15 111 30 146.869 67 77.681 46 1 q4.1-Q4 2 1 l qa 20 115.714 95 52 .9 37 n 171 .624 04 111 40 147.32Q 83 78. Ob 2 01 t 94. s s s I 0 

58 30 116.055 71 53.1q5 12 171.514 91 111 50 147. 791 97 78.444 ~7 l 95. 1 P.'i qq 
SB 40 116. 397 63 5 3.454 Q 1 172.205 82 112 0 148.256 1 0 78. 829 16 l 9'i.4 71,, 8~ 
~8 50 116.7'0 71 53. 715 JC 172.4% 71 112 10 148. 722 23 79. 215 80 lg-.. 71:7 76 
q~ 0 117.084 % 5 3. 9 76 gc 172.787 60 112 70 14q. 1 so 39 79., t:04 4q t<u,.O1;0 65 
99 10 111.,30 38 54 .?39 73 I 73.078 48 112 30 149.,.C..60 58 79.995 24 l 9b., 349 54 
q9 20 117. 776 98 54. 503 78 l 73. ]69 37 112 40 1 so. 132 82 80.388 OS i ss , 640 43 
99 30 118. 124 11 54. 769 06 173.660 26 112 50 150.607 13 80. 78-3 04 1%.911 '2 qq 40 118.473 76 11; 5 .C35 5f l 73. S5 I 15 113 0 151. 083 52 Al. 180 10 1Q7.222 21 
q9 50 11 B. 823 95 55.303 35 174. 242 04 111 10 151. 562 0 I 8 l. 5 N 30 197.51' OS 

I CO 0 119. 175 36 55.572 l@ 174.532 93 113 20 152.042 61 81.SBO 65 l97.AQ3 Q" 

100 10 119.527 g9 55. e42 be 174.823 RI 113 30 152.525 35 87. 384 16 198.0<H 87 
100 20 11 g_ 881 84 56.114 24 I 75. 114 70 11 l 40 153.010 21 82.789 85 198.38~ 1, 
loo 30 120.236 93 56.1e7 ce 175.405 59 113 50 1 53 .497 21 e1.191 74 \9ij.676 65 co 40 120.593 27 56.661 21 175.6% 48 114 0 153.986 50 83.607 65 198.967 53 
00 so 120.s50 85 56 .9 36 64 I 75. 98 7 37 11, 10 154.477 02 "4.020 lR 190.256 42 
CI 0 121.309 70 57.211 37 176.278 25 114 20 154.971 55 84.434 76 l 99., 5'99 31 
C 1 10 121.669 82 57. 491 41 I 76. 569 14 I 1 4 10 155.41>7 41 84.851 61 199.840 20 
01 20 122.031 21 57. 770 11 176.860 03 114 40 155.965 52 85.270 73 200. l 31 09 ( 
01 30 1n.1s3 89 58. 051 4' 177. 150 92 114 50 156.465 so 8 5., bQ 2 16 200. 421 98 
01 •o 122.757 86 58.333 4e 177. 't4 l 81 11 S 0 156.968 56 86. 115 90 200.712 86 

01 50 12 3. 123 13 58.616 85 177.732 70 115 10 157.471 52 86. 541 ~1 2c1.001 75 
02 0 123.489 72 58. 901 57 178.023 58 115 20 151.gao 79 86. 970 40 201.?.94 64 
C2 10 123.857 62 59. 187 66 178. 314 47 115 30 158.490 41 87.401 20 201.ses SJ 
02 20 124.226 85 59.475 11 178.605 36 115 40 15S.002 18 87.834 38 201. 8 76 42 
02 30 124.597 ,2 59. 76':\ 94 178.8% 2s 115 50 1 ss. 516 72 88.269 gs 202.167 31 
02 •o 124.96,9 33 60. 0 54 16 179.187 14 116 0 160.033 45 88.707 99 202.458 19 
C2 50 125.342 60 60.345 77 179.,478 02 116 10 160.552 60 89.148 45 702. 749 08 
03 0 12 5. 717 23 60.61A 79 1 7q_ 768 91 116 20 161.074 17 89. 5Sl 3d 201.Q3Q Q7 

~~ 10 126.093 23 6C.933 23 l80.C59 80 116 30 161.598 20 90.036 78 203.310 86 
20 126.470 62 61.22" 08 I 80. 350 69 116 40 162 • l 24 69 90.484 6g 20,. 621 75 

Ol 30 126.84S 40 61. 526 37 180.641 58 116 50 162.653 68 90.935 12 203.Ql2 63 
03 40 127.229 57 61.825 lC 180.932 47 11 7 0 163.185 l 7 91.388 09 204. 203 52 
C3 50 12 7 .611 16 62.125 28 181. 223 35 117 10 163. 110 [Q q\ .843 62 204.494 41 
C4 0 12 7 .994 16 62. 426 92 181.514 24 11 7 20 164.255 76 92 • 301 73 204. 7815 30 c, 10 128. 378 60 62. 7 30 03 181. 805 13 117 30 164. 794 QQ 02.762 .. 20S.076 19 
04 20 128.764 47 63.034 62 IA2.C96 02 117 ·40 165.336 63 93.225 78 205. 167 08 
C4 30 129. I 51 79 63.340 7C 182. 386 91 11 7 50 165.880 g7 93.691 76 20'i. t: '37 Sh 
!4 40 _ 129.540 57 63 .648 28 182.677 80 118 0 166 •• 27 95 94.160 40 205. 948 85 
C4 50 129.SJO RI 63.q,1 36 182.968 68 118 10 166.977 58 94.6~1 n 206.23S 74 
l~ 0 ll0.322 54 64. 267 96 183. 25g 57 118 20 167.529 A8 95.105 77 206. '5 :o 63 

·5 10 i ao , 715 75 64.580 09 183.550 46 118 30 168.084 BS S5. 582 54 206.821 S2 
5 20 Ill. I 10 46 64.8Q3 76 183.841 35 1 I 8 40 168.642 61 96.062 06 207. 112 40 
5 30 131.S06 68 65.208 98 184. 132 24 118 50 1~9.203 08 96. '544 35 207.403 29 
5 40 131.904 41 65.525 75 184.423 12 119 0 l6S.766 31 Q7.029 44 201.6g4 18 
5 50 132.103 68 65.844 09 184. 714 01 119 10 170.332 33 97.517 35 207.9815 01 
6 0 132.704 48 66.164 01 185.C04 90 11 ° 20 110.001 16 Q8.Q08 10 208.275 96 
6 10 133.106 84 66.48'5 53 185.295 79 llS 30 171.472 83 98. 501 12 208. 566 85 
6 20 lD.510 75 66. 808 64 185.586 68 11g 40 172.047 16 98.998 22 208.857 7l 
6 30 113.916 24 67 .1 ~3 36 185.877 57 119 50 172.624 11 99.49 7 64 209.148 62 
6 ,o 134.123 31 67.459 7C 186. 168 45 120 0 173.205 08 lOQ.000 00 209.439 51 

6 so 134.731 98 67.787 68 186. 459 34 120 10 173. 788 33 100.505 32 209. 730 4C 
7 0 135.142 24 68.117 10 186.750 23 120 20 174.374 53 10 I. 013 62 210.021 29 
7 10 135.554 13 68.448 5 7 187.041 12 120 10 l74.q61 71 101.524 94 210.312 17 ~ 20 135.967 64 68.781 51 187.332 01 120 40 1 75. '5'515 go 102.019 2g 210.603 06 

~ 10 136.382 7q 69.116 11 187.622 89 120 50 176.151 11 102.556 10 210.893 95 
40 116.79g 5q 69. 452 44 187.91 l 78 121 0 l 7t:. 7"i9 40 103.077, 20 211. I 84 84 
50 lH.218 06 69.790 .. 188.204 67 121 10 177.150 H 103.600 82 211 .47S 73 
0 I 37.638 [q 70.130 16 188.495 56 121 20 177.955 2,; 104. 12 7 57 211. 766 62 

10 138.060 01 70.471 60 188. 786 45 121 30 178.562 85 104.657 50 212.057 50 
20 138.483 53 70.814 78 189.077 34 121 40 l 79.173 62 105. lQO 61 212.348 3q 

30 138.S08 76 71. 1 59 7C 189. 368 22 121 50 179. 787 59 105.726 95 21?.639 2e 
40 139.335 71 71.506 39 189. 659 11 122 0 lR0.404 78 106. 266 53 212.930 1 7 
50 [39.764 40 71.854 84 189.950 00 122 10 181.025 21 106.809 40 ?13.221 06 
0 140.194 83 72.205 08 190.240 89 122 20 181.648 92 107.355 56 213. 511 95 

10 140.677 02 72.557 12 190.531 18 122 30 182.275 Q3 107.905 06 213.802 83 
20 141.060 98 72.910 96 lS0.822 66 122 40 182 .406 '28 108.457 Q2 214.093 12 I I 30 1,t.496 73 73.266 63 I 91. 11 l 55 122 50 1Rl.S39 99 1og.014 18 214.384 61 ) 40 l41.S34 27 73.624 13 191.404 44 123 0 184.177 09 109.573 85 214.675 50 
50 1'2.373 62 73.983 47 lgl.695 33 123 10 184.817 61 110. 136 98 214.qt6 39 
0 142.814 80 74.344 68 191.986 22 123 20 185.461 59 11 o. 703 59 215. 257 27 



c) DESIGN ELEMENTS 

c) ELEMENTS DE DESIGN 



TA8L E I I J-FU•CTIONS OF THE u•JT RAOJUS SPIRAL 
TABLE 111-FC•CTIONS 01 UNf SP JR ALE OE RAYON UNITAIRE ) --- ----- -- - - ----- -- - -- - - - - - --- - - -- -- ----- - ---- ----- -- - -- -- - --- ---- -- -- -- --- - -- ---- -- -- -- r•· L S/R X/R y /R Q/R P/R LT /R 

;/A= 
ffiR 
sz==••=-•••••••••==••••=•==•=••=•==•=••=•-••==••=•==•==•••=••••••====•••===••===••=••••= 
1005 o. 000 000 25 o. 000 000 25 o. 000 000 00 0.000 000 12 0.000 000 00 0.000 000 IT 
1010 0.000 001 00 0.000 001 00 0.000 000 00 0.000 000 50 0.000 000 00 0.000 000 b7 
1015 o. 000 002 25 0.000 002 25 0.000 000 00 0.000 001 12 0.000 000 00 0.000 001 50 
)020 o. 000 004 00 0.000 004 00 0.000 000 00 0.000 002 00 0.000 000 00 0.000 002 b7 
/025 0.000 00b 25 0.000 006 25 0.000 000 00 0.000 003 12 ovo oc 000 00 0.000 004 1 7 
)030 0.000 009 00 0.000 cos 00 0.000 000 00 0.000 004 50 0.000 000 00 o. 000 006 00 
)035 o. 000 012 ?5 0.000 012 25 0.000 000 00 o .ooo 006 I 2 0.000 000 00 0.000 008 I 7 
040 o. 000 016 00 0.000 016 00 0.000 000 00 c.ooo 008 00 0.000 000 00 0.000 010 6 7 
C45 o. 000 020 25 0.000 020 25 0.000 000 00 0.000 010 12 0.000 000 00 0.000 013 50 I, oso o. 000 025 00 0.000 025 00 0.000 000 00 0.000 012 50 0.000 000 00 o. 000 016 67 

055 0.000 030 25 0.000 030 25 0.000 000 00 0.000 015 12 0.000 000 00 0.000 020 17 
060 0.000 036 00 0.000 036 00 o. 000 000 00 0.000 018 00 0.000 000 00 0.000 024 00 
065 o. 000 042 25 o. 000 042 ,5 0.000 000 00 0.000 021 I 2 o. 000 000 00 0.000 028 17 
070 0.000 OH 00 0.000 C49 00 0.000 000 00 0.000 024 50 0.000 000 00 0.000 032 67 
C75 o. 000 056 25 0.000 0% 25 0.000 000 00 0.000 028 12 0.000 000 co 0.000 037 so ) 
oeo o. 000 064 00 0.000 064 00 0.000 000 00 0.000 032 00 0.000 000 00 0.000 042 67 
ce5 o. 000 072 25 0.000 072 25 c.ooo 000 00 0.000 036 12 0.000 000 00 0.000 048 17 
C90 o. 000 081 oc 0.000 oe1 00 0.000 000 00 0.000 040 50 0.000 000 00 0.000 054 00 
cg5 0.000 o=o 25 0.000 090 25 0.000 000 00 0.000 045 12 0.000 000 00 0.000 060 17 
I CO 0.000 100 00 0.000 100 co 0.000 000 00 0.000 050 00 0.000 000 00 0.000 066 67 

IC5 o. 000 110 25 0.000 110 25 0.000 000 00 0.000 055 12 0.000 000 00 0.000 073 50 
110 0.000 121 00 0.000 121 co 0.000 000 00 0.000 060 50 0.000 000 00 0.000 080 67 
I 1 s 0.000 132 25 0.000 132 25 0.000 000 00 0.000 066 12 0.000 000 00 0.000 088 I 7 
120 0.000 144 00 0.000 144 co 0.000 000 00 0.000 072 00 a.coo 000 00 0.000 0% 00 
125 0.000 156 25 0.000 156 25 o. 000 000 00 0.000 078 12 0.000 000 00 0.000 104 1 7 
130 o. 000 169 00 0.000 169 co o. 000 000 00 0.000 084 50 0.000 000 00 0.000 112 67 
135 o. 000 182 25 0.000 I 82 25 0.000 000 OJ 0.000 091 12 0.000 000 00 0.000 121 50 
140 0.000 1% 00 0.000 I 96 00 0.000 000 01 o. 000 098 00 0.000 000 00 0.000 130 67 
145 0.000 210 25 0.000 210 25 0.000 000 01 0.000 105 12 0.000 000 00 0.000 140 17 
150 0.000 225 00 0.000 225 00 0.000 000 01 0.000 112 50 0.000 000 00 0.000 150 00 

155 0.000 240 25 0.000 240 25 0.000 000 01 0.000 120 12 o.coo-ooo 00 0.000 160 17 
160 0.000 256 00 0.000 256 00 0.000 000 01 0.000 128 00 o. 000 000 00 0.000 170 67 
165 0.000 272 25 0.000 272 25 0.000 000 01 c.ooo 136 12 a.noo ooo 00 0.000 18 l 50 
l 70 0.000 280 00 0.000 2R9 00 o. 000 000 01 0.000 I .. 50 o. 000 000 00 0.000 192 67 
175 o. 000 306 25 0.000 306 25 0.000 000 02 0.000 15 3 12 0.000 000 00 0.000 204 17 
180 o. 000 324 00 0.000 324 00 o. 000 000 02 c.ooo 162 00 o. 000 000 00 0.000 216 00 
18 5 o. 000 342 25 0.000 342 25 0.000 000 02 0.000 171 12 0.000 000 00 0.000 228 l 7 
190 o. 000 36 l 00 0.000 361 00 0.000 000 02 0.000 180 50 o. 000 000 01 0.000 240 67 
105 0.000 380 2~ o.ooc )80 25 0.000 000 02 0.000 1•0 12 0.000 000 01 0.000 253 50 
200 0.000 400 00 0.000 400 oc 0.000 000 03 0.000 200 00 0.000 000 01 0.000 266 67 l r 0.000 420 25 0.000 420 25 0.000 000 03 0.000 210 12 0.000 000 01 0.000 280 17 
210 o. 000 441 00 0.000 4'1 00 0.000 000 03 0.000 220 50 0.000 000 01 0.000 294 00 
15 0.000 462 25 0.000 462 25 0.000 000 04 0.000 231 12 0.000 000 01 0.000 308 17 

220 0.000 484 00 0.000 484 00 0.000 000 04 c.ooo 242 00 0.000 000 01 0.000 322 67 
225 o. 000 506 25 0.000 506 25 0.000 000 04 0.000 25 3 12 0.000 000 01 0.000 '3 7 so 
Q]O 0.000 52• 00 0.000 529 00 0.000 000 05 0.000 264 50 o. 000 000 01 0.000 352 67 
~)5 0.000 5S2 25 0.000 552 25 0.000 000 05 0.000 276 12 0.000 000 01 0.000 368 17 
40 0.000 576 oc 0.000 576 oc 0.000 000 06 0.000 288 00 o. 000 000 01 0.000 384 00 

245 0.000 600 25 0.000 600 25 0.000 000 06 0.000 300 12 0.000 000 02 o. 000 400 I 7 
250 0.000 625 00 0.000 ~25 00 a.coo 000 07 0.000 312 50 0.000 000 07 0.000 416 67 

75 5 0.000 650 25 0.000 e s c 25 0.000 000 07 c.ooo 325 12 0. ooc 000 C2 o. 000 43) 50 
260 0.000 676 oc 0.000 6 76 00 0.000 000 08 0.000 338 00 0.000 000 02 o. 000 450 67 
26 • 0.000 702 2~ o. occ 702 25 0.000 000 OB 0.000 351 12 0.000 000 02 0.000 468 l 7 
270 0.000 729 00 0.000 729 00 0.000 000 09 0.000 )64 50 0.000 000 02 0.000 486 00 
275 0.000 756 25 0.000 756 25 0.000 000 10 0.000 378 l 2 0.000 000 02 0.000 SQ4 17 
280 0.000 784 00 0.000 784 00 0.000 000 10 0.000 392 00 0.000 000 03 0.000 522 67 
211 ~ o. 000 812 25 0.000 812 25 0.000 000 II 0.000 406 12 0.000 000 03 0.000 541 50 
290 0.000 841 00 0.000 841 00 0.000 000 12 0.000 420 50 0.000 000 03 0.000 560 67 
295 o. 000 870 25 0.000 870 25 0.000 000 I J 0.000 435 12 0.000 000 03 o. 000 580 17 
3CO 0.000 900 00 0.000 goo 00 0.000 000 I 3 0.000 450 00 0.000 000 03 0.000 600 00 

305 0.000 930 25 0.000 930 25 0.000 000 14 0.000 465 12 o. 000 000 04 0.000 620 17 
310 0.000 961 00 0.000 961 00 0.000 000 1 5 a.coo 480 50 0.000 000 04 o. 000 640 67 
315 0.000 992 25 0.000 992 25 o. 000 000 16 G. 000 496 12 0.000 000 04 0.000 661 50 
320 0.001 024 00 0.001 C24 00 0.000 000 17 0.000 512 00 0.000 000 04 0.000 6R2 67 
l2 5 o. 001 056 25 0.001 056 25 0.000 000 19 0.000 528 l 2 0.000 000 05 0.000 704 17 
BO 0.001 089 oc 0.001 089 00 0.000 000 20 0.000 544 50 0.000 000 05 0.000 726 co 
ll 5 0.001 122 25 0.001 122 25 0.000 000 21 o. 000 561 12 0.000 000 OS 0.000 748 17 
340 0.001 156 oc 0.001 156 cc 0.000 000 2 2 0 .ooo 578 00 0.000 000 06 o. 000 770 67 
l4 5 0.001 190 25 0.001 190 25 o. 000 000 24 0.000 595 l 2 o. 000 000 06 o. 000 793 so ~i:;o 0.001 225 00 0.001 225 00 0.000 000 2; 0.000 612 so a.coo 000 06 o. 000 Bib 67 

l5 5 0.001 260 25 0.001 260 25 o. 000 000 2b 0.000 6)0 12 0.000 000 07 0.000 840 17 
ISO 0.001 2% oc 0.001 2H 00 0.000 000 28 0.000 648 00 0.000 000 07 0.000 864 00 
l65 o. 001 ll2 25 0 .001 332 25 o. 000 000 30 c.ooo 666 12 0.000 000 07 o. 000 888 17 
170 0.001 369 00 0.001 369 00 o. 000 000 31 0.000 684 50 o. 000 000 08 0.000 •1 2 67 
57~ 0.001 40~ 25 0.001 406 25 0.000 000 H 0.000 703 12 0.000 000 08 0.000 93 7 50 
180 0.001 444 00 0.001 444 00 0.000 000 35 c.ooo 722 00 0.000 000 09 0.000 962 67 
!85 0.001 482 25 0.001 482 25 0.000 000 37 0.000 741 1 2 0.000 000 os 0.000 988 l 7 
!90 0.001 521 00 0.001 521 co 0.000 000 39 c.ooo 760 5d 0.000 000 I 0 0.001 014 00 
105 0.001 560 25 0.001 560 25 0.000 000 41 c.ooo 780 12 0.000 000 10 o. 001 040 17 
•00 0.001 600 00 0.001 600 00 0.000 000 43 0.000 800 00 0.000 000 11 o. 001 066 67 
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fAf\LE 111-FO~CTIONS O'UNF. SP IRALE DE QAYON UNITAIRE 

----------------------------------------------------------------------------------------- 
( A/R= STIR LC/R 8 1/3 8=$+C $ C 
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='IITTR DEG SNT SEC 
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o.oocs 0.000 000 08 0.000 000 ?5 0 0 o.o 0 0 o.o 0 0 o.o 0 0 o. 
0.0010 0.000 000 '3 o.coo CCI cc 0 0 O. I 0 0 o.o 0 0 o.o 0 0 o. 
0.0015 o. 000 000 75 0,000 002 25 0 0 0.2 0 0 0.1 0 0 0.1 0 0 o. 

t. o.oc20 0.000 001 33 o.occ CC4 00 0 0 0.4 0 0 0.1 0 0 0.1 J 0 o. 
Q.0025 o. 000 002 08 0.000 006 ?5 0 0 0.6 0 0 0.2 0 0 0.2 0 0 o. 
c .ocvo o. coo C03 00 o.coo cos 00 0 0 o. 9 0 0 0.3 0 0 0.3 0 0 o. 
O.OC35 o. 000 004 08 o. ooc Cl2 25 0 0 1. 3 0 0 0.4 0 0 0.4 0 0 o. 
0.0040 0.000 005 33 0.000 Cl6 00 0 0 l. 7 0 0 0.6 0 0 0.6 0 0 o. 
0.004 5 o. 000 006 75 0.000 C20 ?' 0 0 2.1 0 0 0.1 0 0 o. 7 0 0 o. 
0.0050 0.000 008 33 0.000 C25 co 0 0 2-6 0 0 0.9 0 0 0.9 0 0 o. 

0.0055 o. 000 010 08 0.000 010 25 0 0 3.l 0 0 1.0 0 0 1.0 0 0 o. 
O.OC60 o. 000 C12 00 0.000 C36 QC 0 0 3.7 0 0 I. 2 0 0 1.2 0 0 o. 
0.0065 o. 000 014 08 0.000 042 ?5 0 0 4.,. 0 0 1. 5 0 0 l. 5 0 0 o. 
0 .oc 10 0.000 016 33 o.cco C49 co 0 0 5. I 0 0 1. 7 0 0 1.7 0 0 o, 
O.OC75 0.000 OlA 75 o.coo 056 25 0 0 5.8 0 0 1.9 0 0 1.9 0 0 o, 
o.oc8□ o. 000 021 33 0.000 C64 cc 0 0 6-6 0 0 2.2 0 0 2.2 0 0 o, 
O.OCR5 0.000 C24 08 0.000 072 25 0 0 7.5 0 0 2.5 0 0 2.5 0 0 o, 
o.ooso o. 000 027 oc 0.000 C8l cc 0 0 8.4 0 0 2.8 0 0 2.A 0 0 o, 
0.00<;5 o. 000 030 08 0.000 QOQ 25 0 0 9.3 0 0 3. 1 0 0 3.l 0 0 o, 
c.0100 0.000 033 33 o.ooc !CO cc 0 0 10.3 0 0 3.4 0 0 3 .4 0 0 o, 

o.o 105 o. 000 036 75 0.000 l l 0 25 0 0 11.4 0 0 ,.8 0 0 3.8 0 0 o. 
0.0110 o. 000 040 31 0.000 121 cc 0 0 12.s 0 0 4.2 0 0 4.2 0 0 o, 
0.0 l l 5 o. 000 C44 08 c.ooo 132 25 0 0 13.6 0 0 4.5 0 0 4.5 0 0 Ot 
0.0120 a. ooo 048 00 0.000 144 00 0 0 14.9 0 0 5.0 0 0 5.0 0 0 o, 
0 .o I 2 5 a.coo C52 oe 0.000 }56 25 0 0 16.I 0 ·o 5.4 0 0 5.4 0 0 0, 
0.0130 0.000 056 33 0.000 169 00 0 0 17 .4 0 0 5.8 0 0 5.8 a 0 o, 
0.0135 0.000 060 75 0.000 182 25 0 0 18. 8 0 0 6.3 0 0 6.3 0 0 o, 
0.0140 0.000 065 33 0.000 1% cc 0 0 20.2 0 0 6.7 0 0 6.7 0 0 o, 
0.0145 o. 000 C70 08 0.000 210 25 0 0 21.7 0 0 7.2 0 0 7 .2 0 0 o, 
0.0150 0.000 C75 oc 0.000 225 00 0 0 23.2 0 0 7.7 0 0 7. 7 0 0 o, 

0.0155 0.000 080 C8 o.ooc 240 25 0 0 24.8 0 0 8.3 0 0 8.3 0 0 0, 
0.0160 o. 000 085 33 0.000 256 00 0 0 26 .4 0 0 8 .8 0 0 8.8 0 0 o, 
o.o 165 a. ooo 090 75 0.000 272 25 0 0 28.1 0 0 9.4 0 0 9.4 0 0 o, 
0.0170 0.000 09h 33 c.ooo 289 OC 0 0 2Q. 8 0 0 9.9 0 0 9.Q 0 0 o, 
0.0175 0.000 102 oe 0.000 306 25 .o 0 31.6 0 0 10.5 0 0 10.5 0 0 o, 
0.0180 0.000 108 oc 0.000 324 00 0 0 33 .4 0 0 11.1 0 0 11.1 0 0 o, 
0.0185 o. 000 114 08 0.000 342 25 0 0 35.3 0 0 11.0 0 0 11.8 0 0 0 
o.01so 0.000 120 31 0.000 361 co 0 0 n.2 0 0 12.4 0 0 12.4 0 0 0 
O.O!SS o. 000 126 75 0.000 380 25 0 0 19. 2 0 0 13.1 0 0 13. I 0 0 o, 
o.02co 0.000 IH 33 o.occ 400 00 0 0 41.3 0 0 13.8 0 0 13.8 0 0 o, 

0.0205 0.000 140 oe o.ooc 420 25 0 0 43.3 0 0 14 .4 0 0 14.4 0 0 o, 
0.0210 0.000 147 00 0.000 441 co 0 0 45.5 0 0 15. 2 0 0 15.2 0 0 01 
0.0215 o. 000 154 08 0.000 462 25 0 0 47 • 7 0 0 15.9 0 0 15.Q 0 0 0 
0.0?.20 0.000 161 33 0.000 484 QC 0 0 49.9 0 0 16 .6 0 0 16.6 0 0 o, 
0.022s 0.000 168 75 o.ooc 506 25 0 0 52.2 0 0 17.4 0 0 17.4 0 0 0 
0.0230 0.000 176 33 0.000 529 00 0 0 54. fl 0 0 !A.2 0 0 18.2 0 0 0 
0.02~5 0.000 I 84 OB 0.000 552 25 0 0 57.0 0 0 19.0 0 0 19.0 0 0 0 
0.0240 o. 000 192 00 0.000 576 00 0 0 59.4 0 0 19.B 0 0 19. 8 0 0 0 
0.0245 0.000 200 08 o.oco 600 25 0 1 1.9 0 0 20.6 0 0 20 .6 0 0 o, 
0.0250 0.000 208 33 0.000 625 00 0 I 4.5 0 0 21. 5 0 0 21.5 0 0 0 

0.0255 0.000 216 75 0.000 650 25 0 1.1 0 0 22.4 0 0 22.4 0 0 0 
0.026□ 0.000 225 33 0.000 676 00 0 s.1 0 0 23.2 0 0 23.2 0 0 0 
0.0265 0.000 234 OB 0.000 702 25 0 12.4 0 0 24. 1 0 0 24.I 0 0 0 
0.0210 0.000 243 00 c.ooo 729 co 0 15.2 0 0 25.1 0 0 25. I 0 0 0 
o.ons o. 000 252 oe 0.000 756 25 0 18.0 0 0 26.0 0 0 26.0 0 0 0 
0.0?80 0.000 261 p 0.000 784 cc 0 20.9 0 0 21.0 0 0 27 .o 0 0 0 
0.0285 0.000 270 75 0.000 812 25 0 23.8 0 0 27.9 0 0 21 .9 0 0 0 
o.□?9□ o. 000 280 33 0.000 841 co 0 26.7 0 0 28 .9 0 0 28.9 0 0 0 
0.0295 0.000 290 08 0.000 870 25 0 29.8 0 0 29.9 0 0 29.9 0 0 0 
o.03CO 0.000 300 00 o.occ 900 00 0 32.8 0 0 30.9 0 0 30.9 0 0 0 

o.o3C5 0.000 310 08 o.ooc 930 25 0 1 35.9 0 0 32.0 0 0 32 .o 0 0 0 
0.0310 0.000 120 33 0.000 91': l 00 0 1 39.1 0 0 33.0 0 0 33 .o 0 0 0 
ovo a i s 0.000 330 75 0.000 992 25 0 1 42.3 0 0 34. l 0 0 34.1 0 0 0 
0.0320 0.000 341 33 0.001 024 00 0 1 45.6 0 0 35.2 0 0 35.2 0 0 0 
o.□325 0.000 352 oe 0.001 056 25 0 l 48.9 0 0 36.3 0 0 36.3 0 0 0 
0.0330 0.000 363 00 0.001 C89 00 0 l 52.3 0 0 37.4 0 0 37.4 0 0 0 
0.03?5 0.000 374 08 0.001 122 25 0 I 55.7 0 0 38.6 0 0 38.6 0 0 0 
0.0340 0.000 385 33 0.001 156 00 0 1 59. 2 0 0 39.7 0 0 39.7 0 0 0 
0.03<5 0.000 396 75 0.001 190 25 0 2 2.8 0 0 40.9 0 0 40.9 0 0 0 
o.o,so 0.000 408 B 0.001 225 00 0 2 6.3 0 0 42.1 0 0 42.1 0 0 0 

0.0355 0.000 420 08 0.001 260 25 0 2 10.0 0 0 43.3 0 0 43.~ 0 0 0 
0.0~60 0.000 437. 00 0.001 2S6 00 0 2 13.7 0 0 44.6 0 0 44.6 0 0 0 
0. 0 36 5 0.000 444 08 0.001 332 25 0 2 l 7 .4 0 0 45 • 8 0 0 45.8 0 0 0 
0.0310 0.000 45~ 33 0.001 369 co 0 2 21. 2 0 0 47.1 0 0 4 7. I 0 0 0 
0.0':-1'3 0,000 468 75 0.001 406 25 0 2 25.0 0 0 48.3 0 0 48.3 0 0 0 
0.0180 0.000 48 l 33 0.001 4H 00 0 2 28.9 0 0 49.6 0 0 49.6 0 0 0 
o.o~A5 0.000 494 08 0.001 482 25 0 2 32.9 0 0 51.0 0 0 51.0 0 0 0 
O.OHO 0.000 507 oc 0.001 52 l co 0 2 36.9 0 0 52. 3 0 0 52.3 0 0 0 
0.03S5 0.000 520 OA 0.001 560 25 0 2 40.9 0 0 53.6 0 0 53.6 0 0 0 
0.04(0 0.000 533 13 0.001 600 00 0 2 45.0 0 0 55.0 0 0 55.0 0 0 0 



TA6LE 111-FU~rT !ONS OF TH E U~IT RADIUS SPIRAL 
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I= 

'" ·--========---==================================================================~====: 
15 o. 001 640 25 0.001 h40 25 0.000 000 45 c.ooo 820 12 0.000 000 II 0.001 oq3 so 
0 o. 001 Ml oc 0.001 681 cc 0.000 000 47 0.000 840 50 0.000 000 12 0.001 120 67 ) 0.001 722 25 0.001 722 25 0.000 000 40 0.000 861 12 0.000 000 12 0.001 l4R 17 

o. 001 764 00 0.001 7h4 co 0.000 000 52 c.ooo 882 00 o. 000 000 13 0.001 176 00 
o. 001 806 25 0.001 806 25 0.000 000 54 c.ooo 903 12 0.000 000 14 0.001 204 I 7 I 

0 0.001 840 00 0.001 849 00 0.000 000 57 0.000 924 50 0.000 000 14 0.001 232 67 
5 o. 001 B92 25 0.001 an 25 0.000 000 60 0.000 946 12 0.000 000 15 0.001 2h I 50 
0 o. 001 936 00 0.001 9~ t: 00 0.000 000 62 0.000 %8 00 0.000 000 16 0.001 200 6 7 
5 o. 001 980 25 0.001 980 25 0.000 000 65 a.coo 990 12 0.000 000 16 0.001 ,20 17 
a a. 002 02 5 00 0.002 02 5 co a.coo 000 68 0.001 012 50 0.000 oco 17 0.001 "O co 
5 0.002 070 25 0.002 070 25 0.000 000 71 0.001 035 12 0.000 000 IP 0.001 3RO 17 
a 0.002 I 16 00 0.002 116 co 0.000 000 75 0.001 058 00 0.000 000 19 0.001 410 '1 
5 o. 002 162 25 0.002 162 25 0.000 000 78 0.001 081 12 o. 000 000 19 0.001 441 50 
0 0.002 209 00 0.002 ?09 oc 0.000 000 81 0.001 104 so 0.000 000 20 0.001 472 67 
5 o. 002 256 25 0.002 256 25 0.000 000 85 c.001 12B I 2 0.000 000 21 0.001 504 17 ) 0 0.002 304 oc 0.002 304 00 0.000 000 88 0.001 152 00 0.000 000 22 0.001 53h co 
5 o. 002 3,;z 25 o. 002 3·2 25 0.000 000 92 0.001 176 12 0.000 000 23 0.001 568 17 ,_J 0 0.002 401 oc o.oc2 401 00 0.000 000 Q6 0.001 200 50 0.000 000 24 0.001 600 67 
5 o. 002 450 25 0.002 4'50 25 0.000 001 00 0.001 225 12 0.000 000 25 0.001 633 SQ 
0 0.002 500 00 0.002 500 cc o. 000 001 04 c.001 250 00 0.000 000 26 0.001 666 67 . 0,00? svo 25 o. 002 550 25 0.000 001 OB 0.001 275 12 0.000 000 27 0.001 700 17 1 0.002 601 00 0.002 601 oc 0.000 001 13 0.001 300 50 0.000 000 2A 0.001 7,4 00 

0.002 65? 25 0.002 652 25 0.000 001 17 0.001 326 12 0.000 000 29 0.001 768 17 
0.002 704 00 0.002 704 co 0.000 001 22 0.001 352 00 0.000 000 30 0.001 RO? 67 
o. 002 751> 25 o.oc2 7'56 25 0.000 001 21 0.001 378 l 2 0.000 000 32 0.001 8H 50 
o. 00? B09 00 o.oc2 809 cc 0.000 001 32 0.001 404 50 0.000 000 33 0.001 872 67 
a. 002 862 25 0.002 862 ?5 0.000 001 37 0.001 431 12 0.000 000 34 0.001 908 I 7 I } 0.002 9\6 00 0.002 9\6 00 0.000 001 42 0.001 458 00 0.000 000 35 0.001 944 00 
a. 002 970 25 0.002 910 25 o. 000 001 47 0.001 485 12 a.coo 000 37 o. 001 980 17 
o. 001 025 00 0.003 C25 cc 0.000 00 I 53 0.001 512 50 0.000 000 3B 0.002 016 67 

o. 003 080 25 0.003 oec 25 o. 000 001 58 0.001 540 12 0.000 000 40 o.cc2 053 50 
0.001 136 00 0.003 136 00 0.000 001 64 0.001 568 00 0.000 000 41 0.002 000 61 
o. 003 192 25 0,003 192 25 0.000 00\ 70 0.001 59' 12 0.000 000 42 0.002 12B 17 \ 0,003 249 00 0.003 249 00 o. 000 001 76 0.001 624 50 0.000 000 44 u.002 166 00 
0.003 306 25 O.OC3 306 25 0.000 001 82 0.001 653 12 0.000 000 46 0.002 204 17 
0.001 364 00 0,003 364 00 0.000 001 80 0.001 682 00 0.000 000 47 0.002 242 6 7 
0.003 422 25 0.003 422 25 0.000 001 95 0.001 711 12 0.000 000 49 0.002 28 l 50 
0.001 481 00 0.001 481 co 0.000 002 02 0.001 740 50 0.000 000 50 0.002 320 67 
0.003 540 25 0.003 540 25 0.000 002 QQ 0.001 770 12 0.000 ooc 52 0.002 360 17 
0.003 600 00 0.003 600 co 0.000 002 16 0.001 800 00 0.000 000 54 0.002 400 00 

~ 0,003 660 25 0.003 660 25 0.000 002 23 0.001 830 12 0.000 000 56 0.002 440 17 
0,003 721 00 0.003 721 00 0.000 002 31 0.001 860 50 0.000 000 58 0.002 480 67 
0.003 782 25 0.003 7B2 25 0.000 002 38 c.001 891 12 0.000 000 60 0.002 52 I 50 o. 003 844 oc o. 003 e4 4. co 0.000 002 46 c.001 922 00 a.coo 000 62 0.002 562 ,, 
o. 003 906 25 o.oc3 906 25 o. 000 002 54 0.001 953 12 0.000 000 64 0.002 604 17 \ 0.003 969 00 O.OCl S6S cc 0.000 002 53 0.001 984 50 0.000 000 66 0.002 646 00 
o. 004 012 25 0.004 032 25 o. 000 002 71 c.002 016 12 0.000 000 AR 0.002 688 17 } o. 004 C% oc O,OC4 CS6 oc 0.000 002 80 o. 002 C48 00 0.000 000 70 0.002 1,0 67 
0,004 160 25 0.004 160 25 0.000 002 88 0.002 080 12 0.000 000 72 0.002 77~ 50 
0.004 225 oc 0.004 225 cc 0.000 002 98 0.002 112 50 0.000 000 74 0.002 Bl 6 67 

0.004 no 25 0.004 2<;C 25 0.000 003 07 0.002 145 I 2 0.000 000 77 0.002 860 I 7 
0,004 356 00 0.004 356 00 o. 000 001 lo 0.002 178 00 0.000 000 70 0.002 004 00 
0,004 422 25 0.004 422 25 0.000 003 26 c.002 211 I 2 o.cco 000 81 0.002 948 17 o. oo, .. 489 oc 0.004 489 oc o. 000 00) 36 0.002 244 50 0.000 000 84 0.002 992 67 
0,004 556 25 0.004 551, 25 o. 000 00) 46 c.002 27A 12 0.000 ODO 86 0.001 037 50 
0.004 624 00 0.004 624 00 0.000 001 56 0.002 312 00 0.000 000 so 0.003 082 67 
0,004 6Q2 25 0.004 692 25 0.000 001 67 0.002 346 12 0.000 000 Q7 0.001 17A 17 
0.004 761 oc 0.004 761 co 0.000 003 78 0.002 180 50 0.000 000 04 0.003 I 74 00 
0,004 810 25 0.004 630 25 0.000 001 69 o. 002 415 12 0.000 000 97 0.003 220 I 7 
0.004 900 00 O.OC4 <;OO 00 o. 000 004 00 0.002 450 00 0.000 001 00 0.003 26h ~7 

o. 004 970 7. s O.OC4 S7C 25 0.000 004 12 c.002 485 12 0.000 001 03 0.003 313 so 
o. 005 C41 00 0.005 C4l oc o. 000 004 24 0.002 520 50 0.000 001 06 0.003 360 67 
o. 005 112 25 0.005 II? 25 o. 000 004 1, o. 002 556 12 0.000 001 o= 0.003 408 17 
o.oos 184 00 0,005 184 co 0.000 004 48 0.002 592 00 0.000 001 12 Q.003 456 00 1 o.oos 256 25 0.005 ?56 ?5 0.000 004 60 0.002 628 12 0.000 001 IS 0.003 504 I 7 
0.005 129 00 0.005 329 00 o. 000 004 73 c.002 664 50 0.000 001 LR 0.003 552 67 
o.oos 402 25 O.OC5 402 25 0.000 004 86 0.002 701 12 0.000 001 22 0.001 601 50 
o.oos 47h oc 0,005 476 co 0.000 005 00 0.002 BR 00 o.coo 001 ?5 0.003 650 67 
o .. ooc::;; s s o 25 0.005 5':0 ?5 o. 000 005 13 0.002 775 12 0.000 001 2A Q.003 700 17 
0.005 625 oc 0.005 625 oc 0.000 005 27 0.002 Bl 2 50 0.000 001 32 0.001 750 00 

0.005 700 25 O.OC5 70C 25 o. 000 005 42 c.002 850 12 0.000 001 35 0.003 HOO 17 
0.005 7 76 00 o.ooi:. 7 76 oc 0.000 005 56 c.002 68 R 00 0.000 001 19 0.003 850 h7 I 
o. 005 852 25 o.ocs 852 24 0.000 005 71 0.002 926 12 0.000 001 43 0.003 901 50 - 
0,005 Q).:Q 00 0.005 S2R go 0.000 005 B6 0.002 964 50 0.000 001 4h 0.003 952 67 
0.006 COi) 25 O.CC6 C06 24 0.000 co, 01 o. 003 001 12 0.000 001 50 0.004 004 17 
o.oo, OR4 00 0.006 OP' <;q 0.000 006 17 0.003 042 00 0.000 001 54 0.004 056 co a.oat> 162 25 C.OC6 162 24 0.000 OOh 33 C.003 08 I I 2 0.000 001 5R 0.004 LOR 17 
o.oo, 741 00 0.006 740 9Q a. ooo 006 49 0.003 120 50 0.000 001 6? 0.004 160 '7 J o .. oo~ 320 2 5 0.006 320 74 0.000 006 66 0.003 160 12 0.000 001 66 0.004 213 so 
0.006 400 00 0.006 3c;g <;9 0.000 006 81 c.001 200 00 0.000 001 71 0.004 266 67 
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-·-······-·-···----······-······--·------------------·--·-·········~-----··--············· 0.04CS o. 000 546 75 0.001 640 25 0 2 4q.2 0 0 ':i6. 4 0 0 56.4 0 0 o.o 
0.0410 o. 000 560 33 0.001 681 00 0 2 53.4 0 0 57.8 0 0 57.8 0 0 o.o 
0.0415 o. 000 5H 08 0.001 722 2S 0 2 57 .6 0 0 S9.2 0 0 59.2 0 0 0 .o 
0.0420 0.000 588 oc 0.001 764 00 0 3 1.9 0 1 0.6 0 I 0.6 0 0 o.o 
0.0425 0.000 602 08 0.001 806 25 0 3 6.3 0 I 2.1 D I 2.1 0 0 o.o 
0.0410 0.000 616 33 0.001 8'9 00 0 3 IQ. 7 0 I 3.6 0 I 3.6 0 0 o.o 
0.043S 0.000 6l0 75 0.001 892 25 0 3 15.2 0 I 5.1 0 I 5.1 0 0 o.o 
0.0440 a.coo 645 33 0.001 936 oc 0 3 19.7 0 I 6.6 0 I 6.b 0 0 o.o 
0.0445 o. 000 660 08 0.001 980 25 0 3 24.2 0 I 8.1 0 I 8.1 0 0 o.o 
0.0450 0.000 675 00 0.002 C25 00 0 3 28.8 0 1 9.6 0 1 9.6 0 0 o.o 

0.0455 o. 000 690 08 0.002 C70 75 0 3 31. 5 0 1 11.2 0 I I. 2 0 0 o.o 
0.0460 0.000 705 33 0.002 116 00 0 3 38.2 0 I 12 • 7 0 12.1 0 0 o.o 
o.o•6o; o. 000 720 75 0.002 162 25 0 3 43.0 0 I 14. 3 0 14.3 0 0 o.o 
0.0.10 o. 000 736 33 o.oc2 209 co 0 3 47.8 0 I 15.9 0 15.0 0 0 o.o 
0.0415 o. 000 752 Cf 0.002 25'- 25 0 3 ,2.1 0 I l 7. 6 0 11.6 0 o.o 
0.0480 o. 000 768 00 0.002 304 00 0 3 '5 7 .6 0 I 19. 2 0 }CJ.2 0 o.o 
0.04811j 0.000 784 08 0.002 352 25 0 4 2.b 0 I 20 .9 0 20.9 0 o.o 
0.0li90 0.000 800 33 0.002 401 co 0 4 7 .6 0 I 22.5 0 22.5 0 0 o ,» 
O.O'i"ill! 0.000 81h 1S 0.007 -4t50 25 0 4 12.7 0 I 24 .2 0 24.2 0 0 o.o 
o.osco o. 000 833 33 0.002 500 00 0 4 17.8 0 I 25.0 0 25.9 0 0 o.o 

( O. O':iC.:; o. 000 eso 08 0.002 550 25 0 4 2 3.0 0 21.1 0 21.1 0 0 o.o 
0.0,10 o. 000 86 7 CD 0.002 6CI 00 0 4 28.2 0 29 .4 0 29.4 0 0 o ,« 
0.0515 o. 000 884 CB 0.002 652 25 0 • 33.5 0 31.2 0 H.2 0 0 o.o 
0.0520 o. 000 901 33 0.002 104 00 0 4 38.Q 0 B.O 0 33.0 D 0 o.o 
0.052S o. 000 918 75 0.002 756 25 0 4 44.3 0 34. 8 0 34.8 0 0 o ,» 
0.0,10 0.000 936 33 0.002 809 00 0 4 49.7 0 36.6 0 36.6 0 0 o.o 
0.05~5 o. 000 954 08 0.002 862 25 0 4 55. 2 0 38 .4 0 38.4 0 0 o.o 
0.0540 o. 000 972 00 0.002 916 00 0 5 0.7 0 40.2 0 40.2 0 0 o.o 
0.0545 o. 000 9qo 08 0.002 070 ?5 0 5 6.3 0 42.1 0 42.1 0 0 o.o 
0.0550 o. 001 008 33 0.003 025 00 0 5 12.0 0 44.0 0 44.0 0 0 o.o 

0.0555 o. 001 026 75 0.003 080 25 0 5 11. 7 0 I 45. 9 0 I 45.9 0 0 o.o 
0.0560 o. 001 045 13 0.001 136 00 0 5 23.4 0 1 47.8 0 I 47.8 0 0 o.o 
O.Oljf!'j 0.001 C64 ce o.oo 3 102 25 0 5 20.2 0 I 49. 7 0 1 49.7 0 0 o.o 
0.05.70 0.001 083 00 0.003 249 00 0 5 35. I 0 I 51. 7 0 l 51.7 0 0 o.o 
0.0575 o. 001 102 oe 0.003 306 25 0 5 •1 .o 0 I 51. 7 0 I 53.7 0 0 o.o 
0.0580 o. 001 121 33 0.003 364 co 0 5 ltb.q 0 I ':i5. 6 0 I '5'5 ·"' 0 D o.o 
0.0585 o. 001 140 15 Q.003 422 25 0 5 52.S 0 l 57 .6 0 I 57 .6 0 0 0 .o 
o.os~c o. 001 160 33 0.001 481 co 0 5 50. 0 0 I 5q. 7 0 I 5S.7 0 0 o.o 
0.05~5 o. 001 180 oe 0.003 540 25 0 6 5.1 0 2 I. 7 0 2 1.1 0 0 o.o 
0.0600 o. 001 200 00 0.003 •oo 00 0 6 11.3 0 2 3.8 0 7 3.8 0 0 o.o 

0.06C! o. 001 220 08 0.003 6•C 25 0 6 17.5 0 2 ~.A 0 2 5.8 0 0 o.o 
0.0610 0.001 240 33 0.003 721 00 0 6 23.8 0 2 7.9 0 2 7.9 0 0 o.o 
0.0615 0.001 260 15 0.003 182 25 0 b 30. l 0 2 10.0 0 2 10.0 0 0 o.o 
0.0620 0.001 2Rl 33 0.003 844 00 0 6 36." 0 2 12.1 0 2 12.1 0 0 o.o 
O.Ob25 o. 001 307. oe 0.003 906 25 0 6 42.S 0 2 14. 3 0 2 14.3 0 0 o.o 
0.06~0 0.001 323 oc 0.003 qf.q 00 0 6 4S.3 0 2 16 .4 0 2 16.-'t 0 0 o.o 
0.0635 o. 001 344 08 0.004 032 25 0 b 55.q 0 2 18.6 0 2 18.6 0 0 o ,» 
0.0640 0.001 365 13 0.004 C06 00 0 7 2.4 0 2 20. 8 0 2 20.8 0 0 o.o 
0.064~ o. 001 386 7S 0.004 160 25 0 7 s.1 0 2 23 .o 0 2 23 .o 0 0 o.o 
0.0650 o. 001 408 33 0.004 225 00 0 7 15.7 0 2 25. 2 0 2 25.2 0 0 o.o 

0.0655 o. 001 430 oe 0.004 200 25 0 7 22.5 0 2 27. 5 0 2 27.5 0 0 o.o 
0.0660 0.001 452 OC 0.004 35b 00 0 7 20.2 0 2 2s. 1 0 2 2s.1 0 0 o.o 
0.066'5 0.001 474 oe 0.004 422 25 0 7 36. I 0 2 32. 0 0 2 32 .o 0 0 o ,» 
0.0670 0.001 406 31 0.004 489 00 0 7 43.0 0 2 34. 3 0 2 ]<,. 3 0 0 o.o 
0.067' o. 001 518 75 0.004 556 2S 0 7 49.9 0 2 36.6 0 2 36.6 0 0 o.o 
0.0680 o. 001 541 B 0.004 624 00 0 7 56.S 0 2 JS. 0 0 2 39.0 0 0 o.o 
o.ooe5 o. 001 564 08 0.004 6S2 25 0 8 J.q 0 2 41.3 0 2 41.3 0 0 o.o 
0.06QO o. 001 587 00 o.oo• 161 00 0 8 11.0 0 2 43. 7 0 2 43.7 0 0 o.o 
0.06<;':i o. 001 610 08 0.004 !30 25 0 8 18.2 0 2 ',6 .. 1 0 2 46. I 0 0 o.o 
0.0700 o. 001 633 33 O.OClt soo 00 0 8 25.3 0 2 ',8.4 0 2 '68.4 0 0 o.o 

Q.07C5 o. 001 656 75 0.004 q70 25 0 8 32.6 0 50.9 0 2 50.9 0 0 o.o 
0.0710 o. 001 6~0 31 0.005 C4 l 00 0 8 3q_9 0 53.3 0 2 53.3 0 0 o ,» 
0.0715 o. 001 704 ce 0.005 112 2s 0 8 47.2 0 5'i. 7 0 2 lj5. 7 0 0 o.o 
0.0120 o. 001 728 00 0.005 184 00 0 8 '5<1t.6 0 58.2 0 2 58.2 0 0 o.o 
0.012, o. 001 752 oe 0.005 256 25 0 q 2.1 0 0.7 0 3 0.7 0 0 o.o 
o.ono o. 001 776 33 0.005 329 00 0 9 Q.6 0 3.2 0 3.2 0 0 o.o 
0.0735 o. 001 800 75 0.005 402 25 0 9 11.1 0 5.7 0 5.7 0 0 o.o 
o ,o 740 o. 001 825 33 0.005 476 00 0 q 24.8 0 8.3 0 8.3 0 C o.o 
Q.0745 o. 001 850 0~ 0.005 5'0 25 0 9 32.4 0 10.8 0 3 10.8 0 0 o.o 
0.07'0 o. 001 875 00 0.005 625 00 0 q 40.1 0 n." 0 3 13.4 0 0 o.o 

0.01,s o. 001 900 CB 0.005 700 25 0 9 41.9 0 3 10.0 0 3 16.0 0 0 o.o 
0.0760 0.001 925 31 0.005 176 00 0 9 55.7 0 3 18.6 0 3 18.6 0 0 o.o 
0 .0765 0.001 950 75 0.005 l!!,2 25 0 10 3.6 0 3 21.2 0 1 21.2 0 0 o.o 
0.0770 o. 001 S7b 33 Q.005 ~29 00 0 10 11.5 0 3 23. 8 0 3 23.8 0 0 o.o 
0.077'5 o. 002 002 09 o.006 006 25 0 10 19.lt 0 3 20. 5 0 3 26. 5 0 0 o.o 
o.cneo 0.002 028 00 0.006 084 00 0 10 27.5 0 3 2Q. 2 0 3 20.2 0 0 o.o 
0.0'115 0.002 C54 09 0.006 162 25 0 10 35.5 0 3 31.8 0 1 31 .8 0 0 o.o 
o.ono o. 002 080 H 0.006 241 00 0 10 43.6 0 3 34. 5 0 3 34.5 0 0 0 .o 
0.01•5 o. 002 106 B 0.006 320 25 0 10 51.8 0 3 H.3 0 3 37.3 0 0 o.o 
o.o~oo 0.002 133 H 0.006 400 00 0 II o.o 0 3 40.0 0 3 ',Q.O 0 0 o.o 
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TABLE I 11-FCNCTIONS O'UNE SPIRALE OF RAY()PI/ UNITAIRE 

--------------------------------------------------------------------------------------- ,. 
A/rf.::r. LS /R X/R Y/P 0/R P/R LT /R 

•LSO= 
•VLSTri 
···········••=••·················••==•••==••··••=••••=••·••=•••==••=•=••···········•::r.••=== 
o.oao, O. OOf. 480 7S 0.006 480 74 o. 000 007 00 O.OOl 740 17 0.000 001 75 0.004' 370 I 7 
o. Oft 10 O.QQf, S6I DC 0.006 11\fQ 99 o. 000 007 17 0.003 280 50 o. 000 001 fQ 0.004 374 00 
0 ,081 5 o.oo, 64] ZS 0.006 b42 24 o. 000 007 35 0.003 321 12 0.000 001 84 0.004 428 17 ) D.0@70 0,006 724 DC o.oc6 7'3 G9 0.000 007 54 C.003 'S2 00 0.000 001 BB Q.004 482 67 
0.0825 ovoos 806 25 0.006 806 24 0.000 007 17 C.003 403 12 0.000 001 93 o.oo,. SF so 
o .o a-o o.oo, 8A9 OC 0.006 fti8 GS 0.000 007 91 0.003 ,.,.,. 50 0.000 001 9B 0.004 597 67 
0.08~5 0.006 n2 25 0.006 972 24 o. 000 008 10 0.003 486 12 0 .ooo 002 03 o. 00'- 648 17 
0.0~40 o. 007 056 00 0.007 055 9Q 0.000 008 30 0.003 528 00 o. 000 002 C7 0.004 704 CD 
0.084~ o. 007 140 25 0 .007 140 24 o. 000 008 50 0.003 570 12 0.000 002 12 o. 00,. 760 I 7 
0.08SO 0.001 2?5 OC 0.007 224 G9 o. 000 008 10 0.003 612 50 o.. 000 002 I 8 0.004 816 67 

ovos s s o. 007 310 25 0.001 ~le 24 c.ooo 008 9 I. O.OOJ b55 12 0. 000 002 23 a.co,. 873 50 
O.OR~O 0.001 3% 00 0.001 3G5 09 c. 000 009 12 0.003 6Q8 00 O. D00 002 28 0.004 Q30 67 
D.Oe'5 0.001 "82 25 O.OC7 482 24 0.000 009 33 C.D03 741 12 0.000 002 33 o.oo,. 988 l7 
0.0810 0.001 ~b9 00 0.007 !i6fl 90 0.000 009 55 o.oo~ 7A4 50 0.000 002 3Q o. 005 046 00 
0.0875 0.007 6'6 25 0.007 656 24 0.000 009 11 0.003 828 12 o. 000 002 44 o.oos 104 17 
0.0880 0.001 ,,.,. 00 0.001 74, 99 o. 000 009 99 0.003 87? 00 0.000 002 50 0,0D5 167 67 
0.0885 0.001 832 25 0.001 e 32 24 o. 000 010 22 0.003 916 12 0.000 002 56 0.005 221 50 J 0.0890 0.001 s21 QC 0.001 92C 9Q 0.000 010 4b D.003 Q60 50 0.000 002 61 0.005 280 67 ' O.OPG5 o.oos 010 25 0.000 010 24 0.000 010 69 o.oo,. 005 12 0.000 002 67 o.oos 340 17 
C.0900 o. 008 100 00 o.008 CGS G9 0.000 010 93 o.oo,. 050 00 0.000 002 ,~ 0.005 400 00 

C.09C5 o.ooa 190 25 D,008 190 24 0.000 011 18 0.004 095 12 0.000 002 80 0.005 460 17 
0.0010 0.008 281 00 o.008 2 AO 99 0.000 Oil 43 ovo o« 1,.0 50 0.000 002 86 0.005 520 h1 
O.O<; LIS 0.008 372 25 0.008 37 2 24 o. 000 Oil 68 0.004 186 12 0.000 002 sz 0.005 58 I 51 
0.0010 o.008 464 00 o.008 .S3 08 0.000 Oil 94 0.004 232 00 0.000 002 08 0.005 6,.7 6 7 
0.0975 0.008 556 25 o.008 556 23 0.000 012 20 Q.004 218 12 0.000 003 05 o.oos 704 l7 
o.oq30 0.008 640 00 0.008 648 08 0.000 012 47 0.004 324 50 0.000 003 12 0.005 766 01 o.o«n5 o.008 742 25 0.008 742 23 0.000 012 74 0.004 371 I 2 0 .ooo 003 18 0.005 828 I 7 o.oc;4i-c o.008 8'6 00 0.008 A,5 98 0.000 01, 01 0.004 418 00 o. 000 003 25 0.005 8QO 67 
0.0945 o. 008 Q3Q 25 0.008 030 23 0.000 013 29 0.004 465 12 0.000 003 32 0.005 9~3 51 
0.0050 o. oo s 025 00 0.009 074 98 0.000 013 58 0.004 512 50 0.000 003 39 0.006 016 67 

o.osss o. QQq 120 25 0.009 120 23 a.coc 013 86 0.004 560 12 0.000 003 47 0.006 080 17 
0.0960 O.OOQ 216 00 o.oos 215 98 0.000 014 16 0.004 608 00 0.000 003 54 0.006 144 01 
O.OS65 o.ooa 312 25 0.009 312 2l o. 000 014 45 0.004 6'6 12 0.000 003 61 0.006 208 17 
0.0970 o. 009 409 00 o.oo• 408 98 0.000 014 75 O.OO'i- 704 50 0.000 003 69 0.006 272 h1 
0,0975 0.009 506 25 o.oo• 506 23 0.000 015 06 0.004 753 12 0.000 003 11 0.006 337 51 
o.0980 0.000 604 00 o.ooq 603 98 0.000 015 31 0.004 802 00 0.000 003 84 0.006 407 67 o.oq~5 ov oos 702 25 0.009 702 23 0.000 01 5 69 0.004 851 12 0.000 003 n Q.006 4~R 17 
o.osso o.ooq 801 00 0,009 800 98 o. 000 016 01 0.004 900 50 0.000 004 00 0.006 534 01 o .oc;t;s o.ooq 900 25 0.000 900 23 0.000 016 34 O.OO'i- 950 12 0.000 004 08 O.OOb 600 JR 
o.1oco 0.010 000 00 0,009 qq9 98 0.000 016 67 o.oo~ 000 00 0.000 004 11 0.006 666 68 

O,IOC5 0.010 100 ZS 0.01c 100 22 0.000 017 00 0.005 050 12 0.000 004 25 0.006 n, 51 
0.1010 0.010 201 00 0.010 200 97 0.000 017 34 0.005 100 50 0.000 004 34 0.006 800 68 
0.1015 0.010 302 25 0.010 302 22 o. 000 01 7 60 0.005 151 12 0.000 004 42 0.006 868 IR 
0.1020 0.010 404 00 0.010 403 QT 0.000 Cl 8 04 0.005 202 00 0.000 004 51 0.006 936 01 
0.1025 0.010 506 25 0.010 506 22 0.000 018 40 0.005 253 12 0.000 004 60 0.001 004 lR 
0.1030 0.010 60Q 00 0.010 608 97 0.000 018 76 O.OC5 304 50 0.000 004 69 0.001 072 68 
0,1035 0.010 712 75 0.010 712 22 0.000 019 13 0.005 356 12 0.000 004 18 0.007 141 51 
O. l OltO 0.010 816 00 0.010 815 97 0.000 01 q 50 0.005 407 q9 0.000 004 81 0.001 210 6R 
0.1045 o. 010 020 25 O.OIC 920 22 0.000 019 88 0.005 460 12 0.000 004 97 0.001 2RO 18 
0.1050 0.011 025 00 0.011 024 Q7 0.000 020 26 0.005 512 ,.9 o. 000 005 06 0.001 350 01 

0.1055 0.011 130 25 0.011 130 22 0.000 020 65 0.005 565 12 0.000 005 16 0.001 420 18 
0,1060 0.011 236 00 0.011 ?35 96 0.000 021 04 0.005 617 99 0.000 005 26 0.001 490 bR 
0. 10~ !: 0.011 342 25 0.011 342 21 0.000 021 44 C,005 671 12 o. 000 005 36 0.001 56 I 51 
o.1c10 0.011 449 00 0.0 I I 448 96 0.000 021 85 0.005 724 4• 0.000 005 46 0.001 632 68 
O,IC75 0.011 S56 25 0.011 556 21 0.000 022 26 0.005 778 12 0.000 005 56 0.001 704 I 8 
O.lOAO 0.011 664 00 0.011 663 Q6 0.000 022 67 0.005 831 qq 0.000 005 67 0.001 776 01 
O,!C85 0.011 772 25 0.011 772 21 0.000 023 10 0.005 886 12 0.000 005 11 0.001 848 IR 
o.1oso 0.011 881 00 0.011 ~80 96 0.000 023 53 0.005 940 49 0.000 005 88 0.001 920 68 
o.1oss 0,011 9QO 25 0,01 I 900 21 0.000 023 96 Q.005 OQ5 12 0.000 005 9Q 0.001 qq3 S2 
0.1100 0.012 100 00 0.012 coo 06 0.000 024 40 C.006 049 99 0.000 006 10 0.008 066 M 

) 
0.110-s o. 012 210 25 0.012 210 20 0.000 024 85 0.006 105 12 0.000 006 21 o.008 140 IR 
0.1110 0.012 371 00 0.012 320 05 0.000 025 30 0.006 160 49 0.000 006 33 0.008 214 02 
O. I 115 0.012 432 25 0 .o I 2 432 20 0.000 025 76 C.006 216 12 0.000 006 44 O,OOA 2R8 18 
0.1120 o. 012 544 00 0.012 543 95 o. 000 026 23 0.006 271 qq 0.000 006 S6 o.008 362 68 
0.1125 0.012 6% 25 0.012 656 20 0.000 026 70 0.006 328 12 0.000 006 67 o.008 437 S2 o. 11 ~o 0.012 76Q 00 0.012 768 95 0.000 021 17 0.006 384 49 0.000 006 79 o.008 512 68 
O. 1135 0.012 882 25 0.012 882 20 0.000 027 b6 0.000 441 12 0.000 006 01 o.008 588 10 
O. I 140 0.012 9% 00 0.012 q95 05 0.000 028 15 0.006 497 QO 0.000 007 04 o.008 664 02 
D. I 14 5 o. 011 110 25 0.013 11 C Vi o. 000 028 65 0.006 555 12 0.000 001 lb o.008 740 IQ 
0. I 150 0.013 225 00 0.013 224 ~4 0.000 029 15 0.006 612 49 o. 000 007 zo o. 008 816 69 

0. I 155 0.013 340 25 0.013 340 IQ 0.000 029 66 0.006 610 12 o. 000 007 42 o. 008 893 52 
0.1160 0.013 456 oc O.O I 3 455 94 0.000 030 18 0.006 727 99 o. 000 007 54 o.008 970 60 
l. I 165 0.013 572 25 0.013 5 72 IQ 0.000 030 10 0.006 786 11 0.000 001 68 0.000 048 JO 
I. 1 l 70 0.013 680 DC 0.013 ~88 G4 0.000 031 2 3 0.006 844 40 0.000 001 Al o.ooq 126 02 
I. I 175 0.013 806 25 0.013 806 18 o. 000 03 I 11 0.006 903 II 0.000 001 94 0.009 204 10 >. I 180 0.013 qz4 OC 0.013 G23 G3 0.000 032 31 0.006 061 qq 0.000 008 08 0.000 282 69 
l. I I 85 0.014 042 25 0.014 042 18 o. 000 032 86 0.001 021 11 0.000 008 22 o.oo• 36 I 5?. 
l.1 ISO 0.014 161 00 0.014 IH G3 0.000 033 42 0.001 080 40 0.000 008 36 o.ooq 440 60 i• I I G 5 O.Ol4 280 25 0.014 280 18 0.000 033 qq 0.001 140 II 0.000 008 50 o.ooq 520 10 
.12co 0.014 400 OC 0.014 3qq S3 0.000 034 56 C.007 190 qq 0.000 008 64 o coo s 600 03 
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TAeLE II 1-FONC TI ONS O'UNE SP IRALE DE RAYON UNITA!RE 

---------------------------------------------------· ------------------------------------- 
A/A• STIR LC/R 9 I /J 8•f+C • C 

•LS/A• ---------------------------------------------------- -~ DEG ,on SEC 

··-············-··-··············-········----···························--·--······------ ovo ecs o. 002 160 09 0.006 •so 25 0 II 8.3 0 3 42. 8 0 42.8 ,0 0 0 .o 

[ 0.0810 0.002 187 00 0.006 561 00 0 II 16. 7 0 3 45 .6 0 .5.6 0 0 o.o 
O.OR15 0.002 21• OS 0.006 6'2 25 0 II 25.0 0 3 48.3 0 3 48.3 0 0 o.o 
0.0820 0.002 241 34 0.006 724 00 0 II 33.5 0 3 51.2 0 3 51.2 0 0 o.o 
0.0@25 0.002 268 1~ 0.006 806 25 0 II • 1.9 0 3 54.0 0 3 54.0 0 0 o.o 
0.0830 o. 002 296 34 0.006 889 00 0 II 50.5 0 3 ~6. A 0 l 56.8 0 0 o.o 
o.oe15 0.002 32• 09 0.006 912 25 0 II 59. I 0 3 59.1 0 3 59.1 0 0 o.o 
O.OR40 o. 002 352 00 0.007 056 00 0 12 1.1 0 4 2.6 0 4 2 .6 0 0 o.o 
0.0845 0.002 380 OG 0.001 140 25 0 12 16.lt 0 4 !'i. 5 0 4 5.5 0 0 o.o 
0.0850 o. 002 •oR 34 0.001 2?5 00 0 12 25.1 0 4 B.4 0 4 e.4 0 0 o.o 

o.oe55 o. 002 436 15 0.001 310 25 0 12 33.9 0 4 11.3 0 4 11.3 0 C o.o 
O.OR60 0.002 .65 H 0.001 396 co 0 12 't2. 8 0 4 14. 3 0 4 14.3 0 0 o.o 
0.086 5 o. 002 494 OG O.OC1 4R2 25 0 12 ~1.7 0 4 17. 2 0 4 11. 2 0 C o.o 
O.OR70 0.002 52 3 00 0.001 569 00 0 13 0.6 0 4 20. 2 0 4 20.2 0 0 o , o 
o.oe15 0.002 552 09 0.001 656 25 0 13 9.6 0 4 23. 2 0 4 23.2 0 0 o.o 

( O.OR80 o. 002 581 34 0.007 743 99 0 13 18.7 0 4 26. 2 0 4 2,.2 0 0 o.o 
0.08E5 0.002 610 75 0.007 832 24 0 13 27.8 0 4 29. 3 0 4 29.3 0 0 o.o 
o.oe5o o. 002 640 34 0.001 G20 99 0 13 36.9 0 4 32. 3 0 4 32.3 0 0 o.o 
0.085S 0.002 670 09 0.008 010 24 0 13 46.I 0 4 35 .4 0 4 35.4 0 0 o.o 
C.0900 0.002 100 OC 0.008 099 59 0 13 55.4 0 4 38.5 0 4 38.5 0 0 o.o 

j 0.0905 0.007 130 09 0.008 190 24 0 14 4.7 0 4 'tl.6 0 4 41.6 0 0 o.o 
0.0510 0.002 760 34 o.008 z ao 99 0 14 14.0 0 4 44.7 0 4 44.7 0 0 o.o 

\ 0.0915 o. 002 790 75 0.008 312 24 0 14 2 3. 5 0 4 47.8 0 4 47.8 0 0 o.o 
o.ono o. 002 821 34 0.008 463 GS 0 14 32.9 0 4 51.0 0 4 51.0 0 0 o.o 
O.OQ25 0.002 852 OS 0.008 '56 24 0 14 42 •• 0 4 54. I 0 4 54.I 0 0 o.o 
0.0910 0.002 883 01 o.ooe 648 9S 0 14 52.0 0 4 57.3 0 4 57.3 0 0 o.o 

t 
o.ocnr; o. 002 914 09 0.008 H2 24 0 15 1.6 0 5 Q.5 0 5 Q.5 0 0 o.o 
o.os.o 0.002 945 34 Q.008 835 59 0 15 11. 3 0 3.8 0 5 3.8 0 0 o.o 
0.0945 0.002 976 16 Q.008 S30 24 0 15 2 l. 0 0 1.0 0 5 1.0 0 0 o.o 
0.0950 o.oo, 008 34 Q.OC9 024 9q 0 15 30.8 0 10.3 0 5 10.3 0 0 o.o 

ovo s s s o. 003 c-o OG 0.009 120 24 0 15 40.6 0 5 13.5 0 5 13.5 0 0 o.o 
o.oq6o o. 003 072 01 o.ooq 215 99 0 15 50. 5 0 5 16 .8 0 5 16. 8 0 0 o.o 
0.0qt: 5 0.003 104 CG 0.009 .? 12 24 0 16 0.4 0 5 20. I 0 .,; 20. I 0 0 o.o 
o.oq10 o. 003 136 34 0.009 •oe G9 0 lb 10.4 0 5 23.5 0 23.5 0 0 o.o 
0.0975 0.003 168 H 0.009 506 24 0 16 20. 4 0 5 76. 8 0 76.8 0 0 o.o 
O.OGRO o. 003 201 34 0.009 603 G9 0 lb 30.5 0 5 30. 2 0 30. 2 0 0 o.o 
o.oqes; 0.003 234 09 o.ooq 702 24 0 16 .C.0.6 0 5 l3 .5 0 33.5 0 0 o.o 
Q.09GO 0.001 267 Ol Q.OOG 800 99 0 16 50.8 0 5 36 .q 0 36.9 0 0 o.o 
C.09G5 0.003 300 OG Q.009 900 24 0 I 1 1.0 0 5 40. 3 0 40.3 0 0 o.o 

( o.1coo o. 003 333 34 0.009 9qq q9 0 17 ll.3 0 5 43. 8 0 -43.R 0 0 o.o 

I o. 1005 o. 003 366 76 0.010 100 74 0 17 21.1 0 5 s.1. "l 0 5 47.2 0 0 o.o 
0.1010 0.003 400 34 0.010 200 99 0 17 32.1 0 5 50.7 0 s 50. 1 0 0 o.o 
0.1015 o.oo, ,3, OG 0.010 302 24 0 17 42.5 0 5 5,.2 0 5,.2 0 0 o.o 
0.1020 o. 00 3 468 0 I 0.010 403 99 0 17 53.0 0 5 57.7 0 57.7 0 0 o.o 
0.1025 0.003 502 OS 0.-010 506 24 0 18 3.5 0 6 I. 2 0 b 1.2 0 0 o.o 
0.10~0 o. 003 536 34 0.010 me GG 0 18 1•.1 0 ' 4.1 0 6 ,.1 0 0 o.o 
0.1035 o. 003 570 76 o.o 10 712 24 0 18 H.8 0 6 8.J 0 6 8.3 0 0 o.o 
0.10,0 Q.003 605 H 0.010 e15 99 0 18 35.5 0 6 11. 8 0 6 11.8 0 0 o ,« 
o. t 04 5 o. 003 640 OG o.o 10 920 24 0 18 46.2 0 b 15 •• 0 6 15.4 0 0 o.o 
O.lC50 0.003 675 01 0.011 024 99 0 18 57. 0 0 b 19.0 0 6 19.0 0 0 o.o 

0.1055 0.003 710 09 0.01 I 130 2~ 0 19 1.9 0 6 22 .6 0 b 22 .6 0 0 o.o 
0.1060 o. 003 H5 34 0.011 235 98 0 19 18.8 0 b 26. 3 0 b 26. 3 0 0 o.o 
o. 106 5 o. 003 780 76 0.011 342 23 0 19 29.R 0 6 29 .9 0 6 29 .9 0 0 o.o 
0.1070 0.003 816 35 0.0 l I 4'8 G8 0 19 40.8 0 6 33.6 0 6 33.6 0 0 o.o 
0.1075 0.001 852 IC 0.011 556 23 0 19 5 I. 8 0 6 37. 3 0 b 37.3 0 0 o.o 
0.1080 0.003 888 01 O.Ol I f63 se 0 20 2.9 0 6 41.0 0 6 41.0 0 0 o.o 
O.ICE5 o. 003 924 10 0.011 112 23 0 20 14. I 0 6 44. 7 0 6 "'"'. 1 0 0 o.o 
0.1090 O. C03 960 35 0.011 8RO 9• 0 20 25.3 0 6 48.4 0 h 48 • .C. 0 0 0 .o 
c. 1 o s i; 0.003 996 76 0.011 990 23 0 20 36. 6 0 6 52.2 0 6 52. 2 0 0 o.o 
0.1100 0.004 033 35 o. 012 099 98 0 20 47.q 0 6 56. 0 0 ' 56.0 0 0 o.o 

o. I IC 5 o. oo, 070 IC 0.012 210 23 0 20 59.3 0 6 59. 8 0 6 5q.e 0 0 o.o 
0.1110 o.oo• 101 01 0.012 320 98 0 21 10.1 0 1 3.6 0 7 l.6 0 0 o.o 

f O. I 115 o. 004 1•• 10 0.012 432 23 0 21 22.2 0 7 7 .4 0 7 7 .4 0 0 o.o 

I Q. I 120 o. 004 IRI 35 0.012 543 98 0 21 33.1 0 1 11. 2 0 1 11. 7 0 0 o.o 

\ O. I 12 5 o.oo, 218 11 0.012 656 2 3 0 21 45.3 0 1 15. l 0 7 I 5. l 0 0 o.o 
0.1130 o.oo, 256 35 0.012 168 s• 0 21 56.9 0 7 19.0 0 7 19.0 0 0 o.o 
0.11~5 o. co- 294 10 0.012 882 n 0 22 8.6 0 1 n.9 0 7 2Z .q 0 0 0 .o 
0.1140 0.004 332 02 0.012 995 98 0 22 20.3 0 7 26 • 8 0 7 26.8 0 0 o.o 
0 .11.ft 5 o. 004 370 10 0.013 110 22 0 22 32. I 0 30. 1 0 7 30. 1 0 0 o.o 
0.1150 0.004 408 35 0.011 22• 97 0 22 At3. q 0 3.C. .6 0 7 34 .6 0 0 o.o 

0.1155 0.004 446 11 0.013 HO 22 0 22 55.8 0 38.6 0 7 38.6 0 0 o.o 
0.1160 o.004 05 3~ 0.013 •~5 G7 0 23 1.1 0 ,2.6 0 7 4t2 .6 0 0 0 .o 
0.1165 0.004 524 10 0.013 572 22 0 23 19.7 0 46.6 0 1 46.6 0 0 o.o 
0.1170 o.oo, 563 02 0.013 f88 97 0 23 31.8 0 50. 6 0 7 50.6 0 0 o.o 

' 0.1175 o.oo• 602 10 0.013 806 22 0 23 43.q 0 54. 6 0 7 54.b 0 0 o.o 

I o.11eo o.eo• 6'1 3, 0.013 523 G7 0 23 56.0 0 5R.7 0 7 58. 7 0 0 o.o 
o. I If 5 o.- 680 77 Q.014 042 22 0 24 R.2 0 R 7.1 0 R 2. 7 0 0 o.o 

( 0.1190 o. oov 720 H 0.014 160 91 0 24 20.5 0 8 6.8 0 8 6.8 0 0 o.o 
0.11~5 o. 004 760 II Q.014 280 22 0 24 32. 8 0 A 10.Q 0 8 10.9 0 0 o ,« 
0.1200 o. 004 800 02 0.014 399 G7 0 24 45. I 0 A 1s.o 0 8 15 .o 0 0 o.o 



.. THlf 111-fl/NCTIOHS Of TME UNIT RADIUS SPIRAL 
TABLE 111-FONCTIONS O•~E SPIULE DE RAYON UNITAIRE 

------------------------------------------------------------------------------------- ., .. LS/R X/R Y/R Q/R P/R LT/R 
•LS/A• 
•vITTii .......... ······- .... ····-. ······-----· ................. --·· -- ...... ··········-· .. ··-··· .. o. 1205 0.014 520 25 0.014 520 17 0.000 035 14 0.001 260 II 0.000 001 71 o.oo• .. o 19 
o. 1210 •• 014 641 00 0.014 640 92 o. 000 035 H 0.001 120 49 0.000 001 93 0.009 760 69 
o. 1215 0,014 762 25 0,014 762 17 0.000 036 32 0.001 311 II 0.000 009 08 0.009 841 51 
0.1220 0,014 184 00 0.014 !83 q2 0.000 036 92 0.007 441 99 0.000 009 23 o.oo• 922 70 
0,1225 o. 015 006 25 0.015 006 11 0.000 on 53 0.001 503 11 0.000 oo• 31 0.010 004 20 
o. 1230 o. 015 12' 00 0.015 128 91 0.000 038 15 0.007 564 49 0.000 009 54 0.010 086 03 
0,12?5 o. 015 252 25 0.015 252 16 0.000 038 11 0.001 626 11 0.000 009 69 0.010 161 20 
0, 1240 0.015 376 00 0,015 3H 91 0.000 039 40 0.001 687 91 0.000 009 85 0.010 250 70 
0,1245 o. 015 500 25 0.015 500 16 0.000 040 04 0.001 750 II 0.000 010 01 0.010 333 53 
0,1250 o. 015 625 00 0,015 624 GO 0.000 040 69 0.001 112 48 0.000 010 17 0.010 416 70 

0, 1255 o. 015 750 25 0.015 750 15 0.000 041 34 0.001 875 11 0.000 010 34 D. DI 0 500 20 
o. 1260 o. 015 876 oc 0.015 175 90 0.000 042 01 0.001 937 98 0.000 010 50 0.010 584 03 
o. 1265 0,016 002 25 0,016 002 15 0.000 042 68 0.008 001 11 0.000 010 67 0.010 668 20 
o. 1170 0.016 129 00 0,016 128 90 0.000 043 36 0.008 064 48 0.000 010 14 0.010 752 70 
0.1275 0.016 256 25 0.016 256 14 0.000 044 04 0.001 128 II 0.000 011 01 0.010 837 54 I 0.1 zeo 0.016 314 00 0.016 383 89 0.000 044 74 0.001 191 98 o. 000 Oil 18 0.010 922 71 
0,1285 0,016 512 25 0,016 512 14 0.000 045 .. o.008 256 11 0.000 011 36 0.011 008 21 \ O. 12GO 0.016 641 00 0.016 640 88 0.000 046 15 0.001 320 4ft 0.000 011 54 0.011 094 04 
o.12q5 o. 016 no 25 0.016 no 13 c.ooo 046 81 0.008 315 11 0.000 DI I 72 0.011 110 21 
D. I 300 o. 016 900 00 0.016 899 88 0.000 047 60 0.001 449 98 0.000 011 90 0.011 266 71 

O. 13C5 0.011 030 25 0.011 030 13 o. 000 048 34 0.008 515 10 0.000 012 08 0.011 353 54 
0.1110 0.011 161 00 0.011 160 87 0.000 049 01 0.001 580 48 0.000 012 27 0.011 440 71 
0,1315 0.011 292 25 0.011 292 12 0.000 049 84 0.008 646 10 0.000 012 46 0.011 528 21 
o.1no o. 017 424 00 0.011 423 87 0.000 050 60 0.008 711 98 0.000 012 65 0.011 616 05 
0. 1325 0.011 556 25 0.011 556 11 0.000 051 37 0.001 118 10 0.000 012 84 0.011 704 21 
O,IBO 0.011 689 00 0.011 688 86 0.000 052 15 0,008 844 48 0.000 013 04 0.011 1q2 71 
0.1335 0.011 822 25 0.017 822 11 0.000 OS2 94 0.001 911 10 0.000 013 23 0.011 881 55 
O. l 3'1t,O 0.011 95~ 00 0.017 955 86 0.000 053 74 0.008 971 98 0.000 013 43 0.011 970 72 
O, I 345 0,018 090 25 0.011 090 10 0.000 054 54 0.009 045 10 0.000 013 64 o. 012 060 22 
0,1350 0,018 225 00 0.011 224 85 0.000 055 36 o. 009 112 47 0.000 013 84 0.012 150 05 

0 • 1355 o. 018 3t,Q 25 0.011 360 10 0.000 056 18 0,809 180 10 0.000 014 05 0.012 240 22 
o. 1360 o.ou 496 00 0,018 4q5 84 0.000 057 02 0.009 247 qi 0.000 014 25 0.012 330 72 
0, 1365 o. 018 632 25 0,018 632 09 0.000 057 86 0.009 316 10 0.000 014 46 o. 012 421 56 
0,1370 0,018 769 00 0.018 768 83 0.000 058 71 0,009 384 47 0.000 014 68 o. 012 512 72 
0.117'5 0,018 906 25 0.018 qo6 08 0.000 059 57 0,009 453 10 0.000 014 89 0.012 604 23 
0,1380 0,019 044 00 0.019 043 83 0.000 060 H 0,009 521 97 0.000 015 II o. 012 696 06 
0,1385 0,019 182 25 0,019 182 07 0.000 Doi 33 O,OO'I 591 10 0.000 015 H 0.012 788 23 
0,1390 0.01 .. 321 00 0,019 320 e2 c.ooo 062 22 0.009 660 47 0.000 015 55 o. 012 880 73 
0,1395 o. 019 460 25 0.019 HO 07 0.000 063 12 o. 009 HO 09 0.000 015 78 o. 012 973 56 
o. 1400 o. 019 600 00 0.019 599 81 0.000 064 03 0,009 799 97 0.000 016 01 0.013 066 n 
0,1405 o. 0\9 740 25 0.019 740 06 0.000 064 95 0.009 870 09 0.000 016 24 0.013 160 23 
0,1410 0,019 881 00 0,019 880 80 0.000 065 88 0.009 940 47 0.000 016 47 0.013 254 07 
0,1415 o. 020 022 25 0.020 022 cs 0.000 066 81 0.010 011 09 0.000 016 10 0,013 348 24 
0, 1420 o. 020 164 00 0.020 163 80 0.000 067 76 0.010 081 97 0.000 016 94 0,013 442 74 
0,14B 0.020 306 25 o. 020 306 04 0.000 068 72 c.010 153 09 0.000 017 18 0,013 537 57 
0.1•~0 o. 020 4 ... 9 00 0.020 448 19 0.000 069 69 0.010 224 46 0.000 017 42 0,013 632 74 
0,1435 o. 020 592 25 o.oio 592 C3 0.000 070 67 0.010 296 09 0.000 017 67 o. 013 728 24 
0, 1440 0.020 736 oc 0.020 735 78 0.000 071 66 0.010 367 "6 0.000 017 n 0.013 824 08 
0,1445 0.020 880 25 0.020 880 02 0.000 072 66 0.010 440 09 0.000 018 17 0.013 920 25 
0,1450 0.021 025 00 0.021 024 11 0.000 on 67 0.010 512 46 0.000 018 42 0,014 016 75 

0.1455 o. 021 170 25 0.021 170 01 0.000 074 70 0.010 585 09 0.000 018 67 0.014 II 3 58 
0.1460 0.021 316 00 0.021 315 76 0.000 075 73 0.010 657 96 0.000 018 93 0.014 210 75 
0.1465 0.021 462 25 0.021 462 co 0.000 076 11 c.010 731 08 0.000 019 IQ o. 014 308 25 
o. 1470 o. 021 609 00 0.021 toe 75 0.000 011 82 0.010 804 46 0.000 019 46 0.014 406 09 
0, 1475 0.021 756 25 0.021 755 99 0.000 078 89 0.010 818 08 0.000 019 72 0.014 504 26 
0,1480 o. 021 904 oc 0.021 903 74 0.000 079 "6 c.010 951 96 0.000 019 99 0.01 ... 602 76 
0.1485 o. 022 052 25 0.022 051 98 0.000 081 05 0.011 026 08 0.000 020 26 0,014 701 59 
0,14GO 0.022 201 00 0.022 200 73 0.000 082 15 0.011 100 45 0.000 020 54 0,014 800 76 
o. 1495 0.022 350 25 0.022 349 97 0.000 083 25 0.011 175 08 0.000 020 81 0,014 900 26 
o. I 500 0.022 500 oc 0.022 499 72 o. 000 084 n 0.011 24" 95 0.000 021 0'1 0.015 000 10 

0,15C5 o. 022 650 25 o.ozz t49 96 0.000 085 50 a.e u 325 08 0.000 021 38 0.015 100 27 
0.1510 o.ozz 801 00 0.022 800 70 0.000 086 65 o.uu 400 45 0.000 021 66 0,015 200 11 
0,1515 0.022 952 25 o.ozz 951 95 0.000 087 80 0.011 476 07 0.000 021 95 0.015 301 61 
0.1520 0.023 104 00 0,023 103 69 0.000 088 96 0.011 551 95 0.000 022 24 0,015 402 11 
o. 15?5 0.021 256 25 0.023 255 94 0.000 090 14 0.011 628 01 0.000 022 54 0,015 504 28 
P,1530 0.023 409 00 0.023 408 68 0,000 091 H 0.011 704 45 0.000 022 83 o. 015 606 II y 
0.15B 0.021 562 25 0.023 Sb! 92 0.000 092 53 o ,o 11 781 01 0.000 023 I 3 o. 015 708 28 
p. 1540 0,023 716 00 0.023 715 67 0.000 093 74 0,0ll 857 94 0.000 023 44 0,015 810 78 
0,1545 0,023 870 25 0.023 869 91 0.000 094 96 0.011 935 01 0.000 023 74 0.015 .. I 3 62 
0,1550 O,OH 025 oc 0,024 024 t5 0.000 096 20 0.012 012 44 0.000 024 05 0.016 016 79 

0.1555 o. 024 180 25 0.024 179 so 0.000 097 45 0.012 090 07 0.000 024 36 0,016 120 29 
o. 1560 0.024 336 00 0,024 335 64 o. 000 098 71 0.012 167 04 0.000 024 68 0.016 22• n \ o. 1565 o. 024 492 25 0,024 491 88 0.000 099 98 0.012 246 06 0.000 024 99 0.016 328 29 
p.1570 0.024 649 oc 0,024 648 63 0.000 IOI 26 0.012 324 44 0.000 025 32 0.016 432 80 
0.1,75 0,024 806 25 0.024 805 87 0.000 102 56 0.012 403 06 0.000 025 64 0.016 537 63 
O. I 580 0,024 964 00 0.024 963 t I 0.000 103 87 0.012 481 94 0.000 025 97 0.016 642 80 
D,1585 0,025 122 25 0.025 121 f5 0.000 105 19 0.012 561 06 0.000 026 30 0.016 748 H 
o. 15•0 0,025 2AI oc 0.025 28C 60 0.000 106 52 0.012 640 41 0.000 026 63 0,016 8'14 14 
0. I 59 5 0,025 440 25 0,025 4 39 84 0.000 107 87 0.012 720 06 0.000 026 91 0,016 %0 31 
D,1600 0,025 t,00 00 0.025 5q9 58 0.000 i os 23 0.012 799 93 0.000 021 31 0.017 Do~ 81 



TABLE 111-FUSCIICNS OF THE U"- fl RAOIUS SPIRAL R7 
TA0lf 111-FO,.,_CTIONS 01 UJ',jE SPl~ALE OE RAV()N u~ IT a IR f 

------------------------------------------------------------------------------------------ 
A/R= ST/P LC/P I /3 0=~•C $ C 

=LS/A• ---------------------------------------------------- 
=VIT7R OEG •NT SfC 
=2--z:zsz--s~-•-------:----z::-:s----=-3z_s---=--=------==-r•-Z-%------•==------•2•zzr~--- 
0. l 20 5 0.004 840 II 0.014 570 72 0 24 5 7. 5 0 1q.z 0 R l 9. 2 0 0 o.o 
0.1210 0.004 880 36 0.014 ,-o <7 0 25 10. 0 0 2 3 • 1 0 R 23.3 0 C o.n 
O. l 215 o. 004 920 7A 0.014 762 2 l 0 25 2?. 5 0 27.5 0 R 27.5 0 0 0 .o 
0. l 270 o. 004 961 36 0.014 ,a, 96 0 2s v>.o 0 11. 7 0 e 31.7 0 C o.o 
0.1225 o. 005 002 ll 0.015 006 2 l 0 25 4 7 .6 0 JS• 9 0 R 35. q 0 0 o.o 
0.12~0 0.005 043 03 0.015 128 s, 0 2h 0.3 0 40. 1 0 " 40. l 0 0 o.o 
O. l 235 o. 005 OR4 ll 0.015 752 71 0 26 l 1. 0 0 44. 3 0 • 44.3 0 0 o.o 
0.1240 0.005 l 25 36 0.015 375 96 0 26 2S.8 0 48 .b 0 4A. -'i 0 0 o.o 
O. l 24 5 a.cos lhh 7e 0.015 500 71 0 26 36. 6 0 52. q 0 5Z ,.q 0 0 o.o 
0.1250 o. oo s 208 H 0.0 l 5 t24 s• 0 26 5 I. 4 0 • 57.1 0 ';7. 1 0 0 o.o 

O. l 2, 'S O. C05 250 ll 0.0 l 5 75C 2 l 0 ?1 4.4 0 9 l.5 0 Q l. 5 0 0 o.o 
0.1260 0.005 292 03 0.01 '> P75 % 0 27 l 7. 3 0 9 s.a 0 0 5.8 0 0 o ,» 
0.1265 0.005 314 12 0.016 OC2 70 0 l1 30.4 0 9 10. l 0. 0 10. I 0 0 o.o 
0.1210 o. 005 376 37 0.016 128 q5 0 27 43.4 0 Q 14.5 0 9 14.5 0 0 o.o 
0.1275 o.005 '18 78 0.016 756 20 0 21 56. 5 0 9 18 .8 0 9 18. 8 0 0 o.o 
O.l2PO o. 005 461 37 0.016 383 Q5 0 78 Q.7 0 q 21.2 0 q 2 3.2 0 0 o.o 
0.12AS o. 005 504 12 0.016 ,12 20 0 28 22.s 0 Q 27 .6 0 0 27.6 0 0 o.o 
0.1200 0.005 547 04 0.016 t40 S5 0 20 36. 7 0 9 32.I 0 9 32. I 0 0 o.o 
o. 1 2<; ~ o. 005 590 l 2 o s o i e 770 2C 0 28 4q.6 0 9 l6. 5 0 9 36.'> 0 0 o.o 
o.11co o. 005 633 17 0.016 e99 S5 0 70 2.0 0 Q 4 I .O 0 Q 41.0 0 0 o.o 

~ 
O. I 3C S O.OO'i 676 7G 0.017 OlC 70 0 2s 16 ,.4 0 9 45. 5 0 q 45. '5 0 0 o.o 
o. l 110 o. 005 170 37 0.017 IH q4 0 7q zq. q 0 0 50. 0 0 q 50.0 0 0 o.o 
0.1 ?15 o. 005 764 12 0.017 292 lG 0 2s 4 3 .4 0 Q 54. 5 0 q 54.5 0 0 o.o 
0.1320 0.005 808 04 0.017 421 94 0 2• ':I 7 .0 0 Q 5q.o 0 Q sq.o 0 C o.o 
0. ll7 5 Q.005 852 ll 0.011 'S~h I 9 0 30 10.6 0 10 3.5 0 10 ,.5 0 0 o.o 
0.1 ~~o o. 005 A% 38 0.017 6R8 S4 0 30 24. 3 0 10 8.l 0 10 8. I 0 0 o.o 
o. l 135 O. C05 940 79 0.017 822 I q 0 30 ,i:i.1 0 10 12. 7 0 10 l 2. 7 0 0 o.o 
O.t 340 o. 005 985 a e 0.017 955 S4 0 30 51.8 0 10 l 7. 3 0 10 17. 1 0 C o.o 
0 .1 ~4 '5 o.oo• 030 13 0.018 OQO I 8 0 'I 5. 7 0 10 21.• 0 10 21.9 0 0 o.o 
0.1350 0.006 075 05 O.OlA 274 Q3 0 3 l 1q.b 0 10 26.5 0 10 26.5 0 0 o.o 

0.1~55 O. C06 120 ll Q.018 HO I e 0 31 ll.5 0 10 31. 2 0 10 :n.2 0 C o.o 
0.l'lf0 0.006 165 Je 0.018 495 SJ 0 3 l 41,. s 0 10 vs , 6 0 10 35.8 0 0 o.o 
o. l 365 0.006 710 BC 0.018 '.32 I e 0 32 I. 6 0 10 40. 'i 0 10 '-0.'- 0 0 o.o 
O. l 370 0.006 256 39 0.018 768 s; 0 32 l 5. 7 0 10 45.2 0 10 45. 2 0 0 o.o 
o. I 17 5 0.006 302 14 0.018 906 17 0 12 2q.P 0 10 49 _q 0 10 4q_q 0 0 0 .o 
O.l3P 0.006 348 05 O. 0 I q 04 3 S2 0 37 44.l 0 10 54.7 0 lO 54. 7 0 0 0 .o 
0. l ~8.., o. 006 394 l 4 0.01s 182 17 0 32 58. 3 0 10 5q ,.4 0 10 59.4 0 0 o.o 
0.119C o. 00-'i 440 30 0.019 320 S? 0 33 I 2.6 0 ll 4.2 0 ll 4.2 0 0 0 .o 
o. l 30 i; o. 006 486 8 I 0.019 4t0 17 0 31 71.0 0 11 •.o 0 II 9.0 0 0 o.o 
0.1400 o. 006 533 30 0.01s 509 S2 0 33 41.4 0 ll I 3. 8 0 ll 13.8 0 0 o.o 

o. 140 5 o. 006 580 l 4 o.01q 740 16 0 33 55.9 0 ll I R.6 0 ll 18.6 0 0 o.o 
0.\410 0.006 627 Ot O.OIS eac Sl 0 34 10.4 0 ll 23 .s 0 ll 23.5 0 0 o.o 
O. I 4 l 5 o. 006 674 l 5 o. 020 022 16 0 34 ;,4. q 0 11 28.3 0 II 78. 3 0 0 o.o 
o. 1470 0.006 7?1 40 0.020 163 91 0 H 39. 6 0 ll 33. 2 0 ll 33.2 0 0 o.o 
0. l 4 2 5 o.oo, 76R 82 0.020 306 lh 0 34 '54. 2 0 11 '\8. l 0 ll 38. I 0 0 o ,o 
0.1410 0.006 Alb 4C 0.020 448 SC 0 35 9.0 0 ll 43.0 0 11 43.0 0 0 o.o 
O. l 4 ~'5 0.006 864 l 5 o.o 70 592 15 0 15 21. 7 0 ll 4 7. q 0 ll 47.9 0 0 o.o 
o. 1440 O. 00b 912 07 0.020 735 9C 0 35 30 .6 0 ll 52. Q 0 II 57.9 0 0 o.o 
o. 1445 o. 006 %0 16 0.020 BRO 15 0 35 51. 4 0 ll '57.R 0 ll 57.A 0 0 o.o 
0.1450 0.001 008 41 O.O?l C74 SC 0 36 8.4 0 12 ?.R 0 l 7 7.A 0 0 o.o 

0.1455 0.001 056 83 0.021 l7C 14 0 36 23.3 0 12 7.8 0 l 7 7.8 0 0 o.o 
Q. l4hO 0.001 105 4 I 0.021 315 P.9 0 36 38.4 0 17 l 7. 8 0 12 12.8 0 0 o.o 
O. l 46 5 o. 007 154 l 6 0.021 462 l 4 0 36 53.'"> 0 l 2 l 7. 8 0 12 1 7. 8 0 0 o.o 
o.1470 0.001 201 oe 0.021 608 e9 0 37 8. 6 0 12 22 .9 0 l 2 22.q 0 0 o.o 
o. J 41 ii; o. 007 2S2 17 0.071 756 14 0 l7 ?l.8 0 12 z1.o 0 12 21.0 0 0 o ,» 
0.14PO Q.007 301 42 0.021 %3 EB 0 H 39. 0 0 12 ll .Q 0 12 33.0 0 0 o.o 
o. l 4E 5 0.001 150 84 0.022 o~z I 3 0 37 54.3 0 12 1-8. 1 0 12 38. l 0 C o.o 
0.14 <;O · o. 00 7 400 47 0.022 200 PA 0 38 o.6 0 12 43. 2 0 12 4 3. 2 0 0 o.o 
0. l 4'i 5 o. 007 450 17 0.022 350 l 3 0 38 75. 0 0 12 48.3 0 l 7 48.3 0 0 0 .o 
0.1500 o. 007 500 OS 0.022 499 87 0 38 40.5 0 12 51. '> 0 17 r; 3. ~ 0 0 o.o 

Q. l 50S 0.001 550 1e 0.022 t5C 12 0 38 56.0 0 12 58.7 0 17 5e.1 0 0 o.o 
0.1510 0.001 600 43 0.022 eoo 87 0 39 ll.5 0 l 3 3.8 0 l 3 3.8 0 0 o.o 
0. 1 a; 15 0.007 650 85 0.022 952 12 0 39 27. l 0 l 3 •.o 0 13 9.0 0 0 o.o 
0.1570 0.001 701 43 0.013 103 86 0 39 42.A 0 l 1 14.3 0 11 14.3 0 0 o.o 
0. I':? 5 0.007 752 1e 0.023 25t ll 0 39 58.5 0 1, 1q • ., 0 l 3 lQ,.5 0 0 o.o 
o. 1 '510 0.001 803 10 0.023 40e 86 0 40 14. 2 0 l 3 24. 7 0 13 24.7 0 0 o.o 
O. l ,?'i 0.007 854 19 0.021 562 lC 0 40 30.0 0 l 3 30.0 0 l' 30.0 0 0 o.o 
0.1540 o. 007 905 44 0.023 715 85 0 40 45.9 0 l 1 35. l 0 13 35.3 0 0 o.o 
O. I 54 5 o. 007 956 86 0.023 870 IC 0 41 1.8 0 13 40 .b 0 13 40,.6 0 0 0 .o 

r 0. I 550 0.008 008 44 0.024 024 85 0 41 17.8 0 13 4'>. q 0 l1 45.9 0 0 o.o 

0.1,,s o. 008 060 10 0.024 180 09 0 41 33.8 0 13 5 l. 3 0 13 5 l. 3 0 C o.o 
0.1560 0. 008 112 ll 0.024 335 e4 0 41 49.8 0 l 3 56 .6 0 13 5t .6 0 0 o.o 
o. 1565 o. 008 164 20 0.024 492 09 0 42 5.9 0 14 ?.O 0 14 7 .o 0 0 o.o 
0.1510 o. 008 Zl6 45 0.024 648 !3 0 42 22.1 0 14 7.4 0 14 7.4 0 0 o.o 
o. 1,15 0.008 268 87 0.024 806 08 0 42 38. 3 0 14 12. 8 0 14 12.A 0 0 o.o 
0.1580 0. 008 321 46 0.024 963 83 0 42 54.6 0 14 18.2 0 14 18.2 0 0 o.o 
O.l5f5 o. 009 314 2 l 0.025 122 07 0 43 10.9 0 14 23 .6 0 14 23.6 0 0 o.o 
0.1,90 o. cos 427 13 0.025 280 e2 0 43 27.3 0 14 29. l 0 14 29. l 0 0 o.o 
O.l5S5 0.001 480 21 0.025 440 01 0 43 43.7 0 14 14 .6 0 l'• 14.6 0 0 o.o 
0.1600 0.008 533 47 0.025 599 81 0 44 0.2 0 14 40. l 0 14 40. l 0 0 o.o 



88 TABLE Ill-FUNCTIONS OF THE UP,.:IT RADIUS SPIRAL 
TABLE 111-FCNCTIONS 0' UNE SPIRA.LE OF RAYON UNtTlIRE 

------------------------------------------------------------------------------------------ 
A/rh LS /R X/R Y/R Q/R P/R LT/R 

=LS/A= 
·1/ITTR 
•-•••=••:===•===--•--=-=-••••=•-•z:2zz====•••=•======•==•••=•==••••••==•••••=••••••••===== 
O. 16C s: o. 025 760 25 0.025 759 •2 c.ooo l lO so o. 017 880 05 0.000 o z r b5 o. 011 17' bS 
ov i e t o o. 025 921 oc 0.025 920 5b o. 000 111 98 o. 012 %0 43 0.000 028 00 0.017 ?80 82 
0.1615 0.020 082 25 0.026 081 81 0.000 11 3 38 0.013 041 05 0.000 028 34 0.011 388 37 
0. [620 o. 026 244 00 0.026 243 55 0.000 11 • 19 o.013 l 2l 92 0.000 028 70 0.017 496 16 
0.162" 0.02b 40b 25 ovoz e 405 79 0.000 11 ~ 2 l o. 013 203 05 0.000 070 05 o. 017 604 B 
0.16~0 o.ou 54;q oc 0.026 568 53 0.000 lll 65 0.013 284 42 o. 000 02S 41 0.017 712 ., 
0.1635 O. 02b 732 2~ 0.02b 731 77 0.000 119 lO o. 013 366 05 0.000 079 78 0.011 821 b1 
O.lMO 0.026 806 00 0.026 905 51 0.000 120 56 O. 0 l 3 '47 92 0.000 030 14 0.017 930 A4 
0.1645 0.021 060 25 0.021 C5S 75 0.000 122 04 o. 013 510 04 0.000 010 5 l o. 018 040 34 
O. i e s o o. 027 225 00 0.021 224 50 0.000 12 3 53 O.Ol3 612 42 0.000 o~o 8A o. 018 150 IA 

o.i,ss 0.021 390 25 0.021 >A9 74 c.ooo 125 04 0.013 b95 04 0.000 0' I u o. 018 260 35 
0.1660 o. 027 556 oc 0.021 555 4A 0.000 126 55 0.0 l 3 777 91 0.000 031 64 o. 018 370 85 
0.1665 0.021 722 25 0.027 721 72 0.000 1'2A 09 0.013 861 04 0.000 037. 02 o. 018 481 ,o 
O. l 670 o.on 889 oc 0.021 SAA 46 0.000 120 63 0.013 944 41 0.000 032 41 0.018 5°2 86 I 0.1675 o. 028 056 25 0.028 055 TC c. 000 13 I 10 0.014 028 03 0.000 032 80 0.018 704 36 
0.1680 0.028 224 oc 0.028 223 44 c.ooo 132 76 C.014 111 91 0.000 033 10 o. 018 81 b 20 I 0.1685 o. 028 392 25 o. 028 391 68 0.000 134 35 0.014 196 03 0.000 033 59 o. 018 978 37 
O. 1 bSO 0.078 56 l 00 0.028 560 42 o. 000 135 95 C.014 7.80 40 c.ooo 033 99 0.019 040 87 
O. l 695 0.028 730 25 0.028 729 66 0.000 137 57 0.014 365 03 0.000 034 30 0.010 151 71 o.j r co o. C28 900 DC 0.028 8S9 40 0.000 139 20 o.014 449 90 0.000 034 ac o. 019 266 88 

0.1 705 o. 029 070 25 0.029 o,9 64 0.000 140 84 c.014 5 35 02 0.000 035 21 0.019 380 38 
0.1 710 0.029 241 00 0.029 240 37 0.000 142 50 o. 014 620 40 0.000 035 " o. 019 494 22 
O. l 715 0.020 412 25 0.029 411 61 0.000 144 18 0.014 106 02 0.000 036 04 0.019 608 30 
O. l 770 0.029 584 oc 0.029 583 35 0.000 145 81 0.014 791 89 0.000 036 47 0.010 7?2 80 
o. I 725 o. 029 756 25 0.029 755 59 0.000 147 57 0.014 878 02 0.000 036 89 0.019 837 71 □• I 7 30 0.029 q2q DC 0.029 S28 33 0.000 149 29 o. 014 964 Jq o.ooc 031 32 □.019 952 90 
O. l 715 o. 03 0 102 25 0.030 101 57 0.000 151 02 C.015 051 01 0.000 037 76 o. 020 06A 40 
0.1740 o. 030 276 DC c.030 275 31 0.000 152 11 o. 015 137 88 0.000 038 19 0.020 184 24 
0.1745 o. 030 450 25 0.030 449 54 0.000 154 53 o.015 225 01 0.000 038 63 o. 020 300 41 
0.1750 0.030 625 00 0.030 624 28 0.000 156 31 0.015 312 38 0.000 039 08 0.020 416 9? 

0.1155 0.030 800 25 0.030 799 52 0.000 158 11 c. 015 400 00 0.000 0 39 53 o. 020 533 76 
O. I 760 o. 030 976 00 0.030 975 26 0.000 159 92 □.015 487 88 0.000 039 98 o. 020 650 9, 
0.1765 0.031 152 25 0.031 151 49 c. 000 161 14 o. 015 5 76 00 0.000 040 44 0.020 768 43 
0.1110 0.031 329 00 0.031 328 23 0.000 163 58 o ,o 15 664 37 0.000 040 90 0.020 886 21 
0.1775 0.031 506 25 0.031 505 47 0.000 165 44 0.015 757 90 0.000 041 36 0.021 004 44 
0.1780 o. 031 684 00 0.031 M3 20 0.000 lb 1 31 0.015 841 87 0.000 041 83 o. 021 122 04 
o.11es 0.031 862 25 0.011 861 44 0.000 160 20 o. 015 930 99 0.000 042 30 0.021 241 78 
0.1790 0.032 041 oc o.□32 040 18 0.000 171 10 0.016 020 36 0.000 042 78 o. 021 360 95 
0.17S5 0.032 220 25 o.o 32 219 41 c.ooo 173 02 0.016 109 90 0.000 04 3 26 0.021 480 4b 
o. 1800 0.032 400 DC 0.032 399 15 c.ooo 174 9b O.Olb 199 86 0.000 04 3 74 0.021 600 30 

O. l 805 o. 032 580 25 0.032 579 39 0.000 176 91 c.016 289 '18 0.000 044 23 0.021 720 41 
o. 18 IO o. 032 761 00 0.032 760 12 0.000 178 88 0.016 380 35 0.000 044 72 0.021 840 97 
0.1815 o. 032 942 25 0.032 041 36 o. 000 180 86 0.016 470 98 0.000 045 22 0.021 961 El 
0.1820 0.033 124 00 0.033 123 09 0.000 182 86 0.016 561 85 0.000 045 72 0.022 082 98 
o. l 825 0.033 306 25 0.033 305 l3 0.000 184 88 o.□16 652 97 0.000 04b 22 0.022 204 49 
0.1830 0.033 489 DC 0.033 488 06 o. 000 186 n C.016 744 34 0.000 046 73 0.022 326 33 
o. l 83 5 0.033 672 25 0.033 671 30 0.000 188 97 0.016 835 97 0.000 047 24 0.022 448 50 
0.!840 0.033 856 DC 0.033 855 03 0.000 191 03 o.□16 927 84 0.000 047 76 o. 022 571 01 
0.1845 o. 034 040 25 0.034 039 26 0.000 193 12 c. 017 019 96 0.000 048 28 0.022 693 84 □.1850 0.034 225 oc 0.034 2H 00 0.000 195 22 O.Ol7 112 33 o. 000 048 81 0.022 817 02 

g-1855 0.034 410 25 0.034 4Qq 23 o. 000 197 34 0.017 204 96 0.000 049 34 o. 022 940 52 
-1860 0.034 5qt, 00 0.034 594 96 0.000 199 48 0.011 297 83 0.000 049 87 o. 023 064 36 

p.1865 0.034 782 25 0.034 781 20 0.000 201 63 0.017 390 95 o. 000 050 41 0.023 188 53 
p.1870 0.034 969 00 0.034 %1 93 o. 000 203 80 0.011 484 32 0.000 050 95 0.023 313 04 
o.1e15 o. 035 156 25 0.03~ 155 16 0.000 205 99 0.011 577 94 0.000 051 50 0.023 437 88 
0.1880 0.035 344 DC 0.035 342 GC 0.000 208 20 c.o 17 671 82 0.000 052 05 0.023 56 3 C5 
0.1 ee is o. 035 532 25 0.035 531 13 c.ooo 210 42 0.011 765 94 0.000 052 61 0.023 688 56 
0.1890 0.035 721 00 0.035 71q 86 0.000 212 66 0.011 860 31 0.000 053 l 7 0.023 814 40 
0.1895 o. C35 910 25 0.035 909 09 0.000 214 92 0.011 954 93 0.000 05 3 73 0.023 940 57 
o. 1900 0.036 100 00 0.036 098 82 0.000 211 20 0.018 049 80 0.000 054 30 0.024 067 08 

l.1905 0.036 290 25 o.□36 289 06 0.000 219 49 0.018 144 93 0.000 054 81 o. 024 103 n 
1. 1910 0.036 481 00 0.036 479 19 0.000 221 81 c.018 240 30 0.000 055 45 0.024 321 09 r l 91 5 

0.036 672 25 0.036 671 02 0.000 224 14 0.01a 335 92 0.000 056 03 o.□24 448 60 
.1970 o. 03~ 864 co 0.036 862 15 0.000 226 49 C.018 431 79 0.000 056 62 0.024 576 44 
• 1925 0.037 056 25 0.037 054 98 0.000 228 86 o.o 18 5?7 91 0.000 057 21 0.024 704 6\ 
.1•130 0.037 249 00 0.037 24 7 71 0.000 231 24 0.018 624 28 0.000 057 81 0.024 833 17. 
.1935 0.037 442 25 0.037 440 94 0.000 233 65 0.018 120 91 0.000 058 41 0.024 961 9b 
.1940 0.037 636 00 0.011 634 67 0.000 236 CT C.018 817 78 0.000 059 02 0.025 091 13 
.1945 0.037 830 25 0.037 828 so o. 000 238 52 0.018 914 90 0.000 059 63 0.025 220 64 
.1950 o. 038 025 00 0.038 023 63 o. 000 240 98 0.019 012 27 0.000 060 25 0.025 350 48 

.1955 0.038 220 25 0.038 218 es c.ooo 243 46 c.019 109 89 0.000 ObC 87 0.025 480 65 

.1960 o. 038 416 00 0.038 414 58 0.000 245 96 0.019 207 76 0.000 061 49 0.025 611 16 

.1965 o. 038 612 25 0.03a 610 81 0.000 24 8 48 0.019 305 89 0.000 062 12 0.02s 742 00 
1970 o. 038 80Q 00 0.038 807 54 0.000 251 02 0.019 404 26 c.ooo 062 75 o. 025 873 18 

.1975 0.039 006 25 o. 039 004 11 0.000 253 57 0.019 502 88 0.000 063 39 o. 026 004 68 

.1980 0.039 204 DC 0.03Q 202 4q 0.000 2 5b 15 0.010 601 75 0.000 064 04 0.026 136 53 

.1H5 o. 039 402 25 0.039 400 12 0.000 258 75 0.019 700 87 0.000 064 69 0.026 268 70 
• l"l90 0.039 601 00 o.□39 599 45 0.000 261 37 0.019 800 24 0.000 065 34 0.026 401 21 ) .l'l95 0.039 800 25 o.□39 108 61 0.000 264 00 0.019 899 86 0.000 066 co o. 026 534 C5 
.2000 o. 040 000 00 0.039 998 40 0.000 266 66 0.019 999 73 0.000 066 67 0.026 66 7 23 



TABLE 111-FUhCTIONS OF THE UNIT RADIUS S~IUL 89 
TABLE I 11-FOhC Tl ONS 0' UNE SPIRALE OE RAYON UNITAIRE 

---------------------------------------------------------------------------------------- 
AIR= ST /R LC/R 8 1n e•••c • C 
•LS/A• ---------------------------------------------------- .vrm DEG MNT SEC 
•2••••••••-•••••••••••••••••••••••••••••••••••••••••••••••a••••••••••••••••••••---•••••••• 
0.16C5 o. 008 586 89 0.025 700 00 0 44 16.7 0 14 45.6 0 14 45.6 0 0 o.o 
0.1610 o. 008 640 47 0.025 q2e 81 0 44 33.3 0 14 51. I 0 14 51. I 0 0 o.o 
0.1615 o. 008 694 22 0.026 082 05 0 44 49.9 0 14 56 .6 0 14 50.6 0 0 o.o 
0.lt20 O.OOA 748 14 0.026 243 eo 0 45 6.6 0 15 2.2 0 15 2.2 0 0 o.o 
0.1625 0.008 802 23 0.026 406 05 0 45 23.3 0 15 7.8 0 I 5 7.8 0 0 o.o 
0.1630 0.008 856 H 0.026 56, 79 0 45 40.l 0 15 13.4 0 15 13.4 0 0 o.o 
0.105 o. cos 910 90 0.026 732 04 0 45 57.0 0 15 l'~.o 0 15 19.0 0 0 o.o 
O. I 640 o. cos 965 49 0.026 895 78 0 46 13. 8 0 15 24.6 0 15 24.6 0 0 o.o 
o.1645 o. co» 020 24 0.027 060 03 0 46 30.8 0 15 30.3 0 15 30.3 0 0 o.o 

~ 0.1650 0.009 075 16 0.021 224 78 0 46 41.8 0 I 5 15. 9 0 15 35.9 0 0 o.o 

\ O. l655 o. oo s 130 25 c.021 390 02 0 47 4.8 0 15 41.6 0 15 41.6 0 0 o.o 
0.1660 o. 009 185 50 0.027 555 77 0 4 7 21.9 0 15 47.3 0 15 4t 7. 3 0 0 o.o 
0.1665 o. 009 240 92 0.027 722 01 0 47 39. I 0 15 53.0 0 15 53.0 0 0 o.o 
o. I 670 0.009 296 51 0.021 888 76 0 47 56. 3 0 15 58. 8 0 I 5 58.8 0 0 o.o 

( 0. 16 75 Q.009 352 26 0.028 056 00 0 48 13. 5 0 16 4.5 0 16 4.5 0 0 o.o 
0.16@0 o. 00'> 408 18 Q.028 223 75 0 48 30.8 0 16 10. 3 0 16 10.3 0 0 o.o 
Q. l 6 E 5 o. QQq 464 26 0.028 392 00 0 48 48.2 0 16 16. I 0 16 It. I 0 0 o.o 
0.1650 a. cos 520 52 0.028 560 74 0 49 5.6 0 16 21.9 0 16 21.9 0 0 o.o 
0.1655 0.009 576 94 0.028 729 9q 0 49 2 3. 0 0 16 27.7 0 16 27.7 0 0 o.o 
0.1100 a. oos 633 52 0.028 A99 73 0 49 40.5 0 16 33.5 0 16 33.5 0 0 o.o 

O. l 705 o. 009 690 28 0.029 069 qa 0 49 58.1 0 16 3q • 4 0 16 39.4 0 0 a.a 
O. l 710 o. 009 747 20 0.029 240 72 0 50 15.7 0 16 45.2 0 16 45.2 0 0 o.o 
0.1715 o. 009 804 29 0.029 411 97 0 50 33.4 0 16 51. I 0 16 51. I 0 0 a.a 
O. I 770 0.009 861 54 0.029 583 71 0 50 51. l 0 16 57.0 0 16 57 .o 0 0 o.o 
0.1725 0.009 '>18 96 0.029 755 96 0 51 8.8 0 17 2.9 0 l 7 2.9 0 0 o.o 
o. I 730 0.009 976 55 0.029 928 70 0 5 l 26.6 0 I 7 8.9 0 17 8.9 0 0 o.o 
0.1735 o. 010 034 30 0.030 IOI q5 0 51 lt4~ '5 0 17 14.8 Q 17 14. 8 0 0 o.o 
0.1740 0.010 092 22 0.030 275 69 0 52 2.4 0 17 20.8 0 17 20.8 0 0 o.o 
0.1745 o. 010 150 31 0.030 449 S4 0 52 20.4 0 17 26.8 0 17 26.8 0 0 o.o 
0.1750 o. 010 208 56 0.030 624 68 0 52 38.4 0 17 12 • 8 0 l 7 32.8 0 0 o.o 

0.1755 0.010 266 9f 0.030 799 93 0 52 56. 5 0 I 7 38. 8 0 17 38.8 0 0 o.o 
O. I 760 0.010 325 57 0.030 975 67 0 53 14.6 0 17 44.9 0 17 44.9 0 0 o.o 

( 0.1765 o. 010 384 32 0.031 I 51 91 0 53 32. 8 0 17 50.Q 0 17 50.9 0 0 o.o 
0.1770 o. 010 443 ?4 0.031 328 66 0 51 51.0 0 17 57.0 0 l 7 57.0 0 0 o.o 

I, Q. I 775 o. 010 502 33 o. 031 505 90 0 54 9. 3 0 18 3. I 0 18 3. l 0 0 o.o 
0.1780 o. 010 561 5S 0.031 <83 65 0 54 2 7 .6 0 18 9.2 0 18 q_ 2 0 0 o.o 
0.1785 o. 010 621 01 0.031 8<1 89 0 54 46.0 0 IS I 5. l 0 18 I 5. 3 0 0 o.o 
0.1 r sc o. 010 680 5q 0.032 040 63 0 55 4.5 0 18 21. 5 0 I 8 21. 5 0 0 o.o 
Q.1795 0.010 740 15 0.032 21 9 88 0 55 n.o 0 18 27. 7 0 18 21.6 0 0 o.o 
o. 1 ~00 o. 010 BOO 2 7 0.032 399 62 0 55 Atl. 5 0 18 33.8 0 IR 33. 8 0 0 o.o 

0. l BC 5 0.010 8b0 36 0.032 579 e7 0 56 Q. I 0 18 40.0 0 18 40.0 0 0 o.o 
0. I 81 0 o. 010 920 6 I 0.032 760 61 0 56 18. 7 0 18 46. 2 0 18 46 .2 0 0 o.o 
o. 181" o. 010 981 03 0.032 941 e5 0 56 37.4 0 18 52. 5 0 18 52.5 0 0 o.o 
Q.1820 Q. 011 041 62 0.033 123 oc 0 56 56.2 0 18 s a , 1 0 18 58.7 0 0 o.o 
0.1825 O.Ol I 102 38 0.033 305 e4 0 57 15.0 0 19 5.0 0 IQ 5.0 0 0 o.o 
o. I 830 o. 01 I lbl 3C Q.033 ,ea 58 0 57 33.8 0 10 11. l 0 1• 11. l 0 0 o.o 
0. I 83 5 Q. 01 I 224 39 0.033 671 83 0 57 52.7 0 IQ I 7. 6 0 IO 11.b 0 0 o.o 
Q.lA40 0.011 285 64 0.033 855 57 0 58 11. 7 0 19 ?3. 9 0 I q 23 .9 0 0 o.o 
Q. l A4'> o. 011 3'7 Ob 0.034 C3S 8 l 0 58 30.7 0 19 30.2 0 IQ 30. 2 0 0 o.o 
0.1P50 O. 011 408 65 0.034 224 55 0 5R 4q_7 0 19 36.b 0 19 3b.b 0 0 o.o 

O.IP55 Q. 01 I 470 41 0.034 400 80 0 59 a.a 0 10 42.q 0 10 '2.9 0 0 o.o 
0.1860 O. 011 532 3 l 0.034 S95 54 0 59 28.0 0 10 4q_ ~ 0 19 "q.3 0 0 o.o 
0.1 e6s 0.01 I 594 42 o. 034 781 78 0 59 47.2 0 10 55.7 0 1• 55.7 0 0 o.o 
0.1870 o. 011 656 67 0.034 968 52 I 0 6.4 0 20 2. I 0 20 2. I 0 0 o.o 
0.1'75 0.011 719 OS 0.035 155 71 I 0 25.7 0 20 8.6 0 20 8.6 0 0 o.o 
0.1880 o. 011 781 6@ 0.035 343 51 I 0 45. l 0 20 15.o 0 20 15.0 0 0 a.a 
o. I 88 5 O. 011 8'4 44 0.035 531 75 I I 4.5 0 20 21 • 5 0 20 1 I. 5 0 0 o.o 
0.1A90 O. Cl l 907 36 0.035 720 49 l I 24.0 0 20 28.Q 0 20 28.0 0 0 o.o 
0.1 ec;i; O. 011 970 4S 0.035 qo9 74 l I 43.5 0 20 34. 5 0 20 l4. 5 0 0 o.o 
O. I 9CO 0.012 Ol3 71 0.0':\6 090 4R I 2 3. I 0 20 4 l. 0 0 20 41.0 0 0 o.o 

O.l<J05 o. 01 2 097 I! 0.036 289 72 2 22.7 0 20 4 7. 6 0 20 4 1.1, 0 0 o.o 
Q.1910 o. 012 loO 72 0.036 480 46 2 42.4 0 20 '>4. l 0 20 54. I 0 0 o.o 
0.191S o. 01? 224 4' 0.0lb '71 7C 3 2.1 0 ll 0.7 0 21 0.7 0 0 o.o 
o. 1920 o. 012 288 4C Q.036 863 44 3 2 I. 9 0 21 7.3 0 21 7.3 0 C o.o 
O. l 025 o. 01 2 352 •9 0.037 C55 oe 3 41.1 0 21 13.9 C 21 13.Q 0 0 o.o 
0.1930 o.012 416 74 0.037 248 4 J 4 1.0 0 21 20.5 0 21 20 .5 0 0 o.o 
o.io15 o. 012 481 17 0.037 44I 67 4 21.5 0 21 27.2 0 21 27 .2 0 0 o.o 
0.1940 o. 01 2 545 76 0.037 635 41 4 41.5 0 21 B.8 0 21 33.8 0 0 o.o 
o.1q"5 o. 012 610 51 0.037 829 65 5 1.5 0 21 40. 5 0 2 l 40. 5 0 0 o.o 
0.1950 0.012 675 44 0.038 024 39 5 21.0 0 21 47.2 0 21 4 7 .2 0 0 o.o 

0.1955 o. 012 HO 53 0 .038 219 63 4 l. 7 0 21 53.g 0 21 5).9 0 0 o.o 
0.1960 o. 012 805 H 0.038 415 37 b I. 9 0 22 a.~ 0 ?2 0.6 0 0 o.o 
0.1965 0.012 871 21 o. 038· 611 61 b 22. 2 0 22 7.4 0 22 7 .4 0 0 o.o 
0.1970 o. 012 936 80 0.038 808 35 b 42.5 0 22 1•. 2 0 22 14. 2 0 0 o.o 
0.1075 0.013 002 55 0.039 005 59 7 2. 8 0 22 ?O.Q 0 22 70 .Q 0 0 o.o 
0.1980 0.013 068 4@ 0.039 203 33 7 23.2 0 22 21.1 0 22 27. 7 0 0 o.o 
o. 19@S Q.013 13' 57 0.039 401 57 7 43.b 0 22 14. "> 0 22 34. 5 0 0 o.o 
0.19SO o. 013 200 83 0.039 600 31 8 4. I 0 22 41.4 0 22 41.4 0 0 o.o 
0.1 qc;i; o. 01 3 267 25 0.019 799 55 8 24. 7 0 22 48.2 0 22 48.2 0 0 o.o 
0.20cc a.on 333 84 0.039 999 29 8 45.3 0 22 55. I 0 22 'i~.l 0 0 o.o 
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A/P.= LS/R X/R y /R 0/R P/R LT /R 
•LS /A• 
• V'Ls7R 
c===•••===•=•=•======•==========•====z======•=••==•==•==•=•==•==========••======••••====•= 
0.2 oc 5 o. ovo 200 25 0.040 1•e 6, 0.000 26. " 0.020 o•• 85 0.000 06 T B o.076 800 1' 
). 7010 o. 040 401 QC 0.040 3qq 35 o. 000 272 03 c.020 200 23 o. 000 Ob8 01 o. 026 S34 5~ 
l. 7015 o. 040 602 25 0.040 600 58 0.000 ?74 75 0.020 300 85 0.000 068 60 0.07.7 068 75 
,.2020 o. 040 804 00 0.040 802 JC o. 000 277 4q 0.020 401 12 0.000 06• 37 0.021 203 26 
I. 2025 o. 041 006 25 0.041 004 53 0.000 280 2• c.020 502 84 0.000 070 06 0.027 338 10 
.2030 o. 041 20• 00 0.041 207 25 0.000 28 3 02 c.020 604 21 0.000 01C 76 0. 027 473 28 
-2035 o. 04 I 412 25 0.041 410 47 o. 000 285 82 c.020 705 83 0.000 071 46 o. 027 608 7q 
.2040 o. 041 616 00 0.041 '14 70 0.000 288 64 0.020 807 10 0.000 072 16 0.027 744 63 
• 20,s o. 0,1 820 25 0.041 818 42 0.000 2•1 48 c.020 qos 82 0.000 012 81 0.021 880 8 l 
.2050 o. 042 025 00 0.042 023 14 0.000 204 34 0.021 012 1• o. 000 073 5q o. 028 011 l l 

.2 055 0-.0'.2 ?30 25 0.042 22e 37 0.000 2H 22 c. 021 114 8 I 0.000 074 31 0.028 154 16 

.2060 g:,g:~ 436 00 0.042 4 34 o< 0.000 300 13 o. 021 217 ~8 0.000 075 OJ 0.028 zq1 ll 

.20f '- 642 25 0.042 t40 H 0.000' 303 05 0.021 320 80 ·C.000 075 76 Q.028 428 84 
• 2010 o. 042 84• ,00 , 0.042 84 7 Cl 0.000 306 00 10.021 424 17 o. 000 076 50 0.028 5M 60 
.2015 o. 043 056 PS 0.043 054 25 0.000 308 % c.o 2l 527 10 0.000 017 24 o. 028 704 86 
.1080 o. 043 264 00 0.043 2t I •a 0.000 311 q5 c. 021 6 l 1 66 0.000 011 qq o. 028 A43 17 
.lOR5 .co.043'472 25 0.043 470 20 o. 000 314 06 o. 021 735 78 0.000 018 74 0.028 •02 27 
.2oqo o. 04 3 681 oc 0.043 678 •2 0.000 31 7 •• 0.021 840 15 0.000 010 50 0.02• 121 3q 
.20•5 o. 043 e•o 25 0.0'+3 888 14 0.000 321 05 c.021 q44 11 0.000 oso 2b 0.02• 2~0 •o 
.2100 0.044 100 00 0.(b4 001 86 O.Jll)O 324 12 c.022 Q.~ 64 0.000 081 o, o. (J"2q 400 75 

.2105 0.'044 310 25 0.044 3C8 ca c. 000 32 7 22 c. 022 1'4 76 0.000 081 81 o. 02• 540 ., 
• 2 I IO o. 044 521 00 Q.044 518 7S 0.000 330 34 0.022 260 13 0.000 087 5q o. 02• 681 44 
• 2 I 15 o. 044 732 25 0.044 730 CI 0.000 333 48 o. 022 365 75 0.000 083 37 0.029 822 28 
.2120 o. 044 q44 00 0.044 q41 73 0.000 336 65 c.022 '71 62 0.000 OA4 16 0.02• %3 4h 
.212-; 0.045 156 25 0.045 153 G5 0.000 33q 84 0.022 577 74 0.000 084 .. 0.030 104 q7 
2130 o. 045 360 00 0.045 366 67 0.000 343 05 c.022 684 11 0.000 085 76 0.030 246 82 
213~ o. 04'> SR 2 25 0.045 57q 88 0.000 346 26 0.022 1qo 73 0.000 086 57 o. 030 388 qq 

• 2140 o. 04 5 1% co 0.045 HJ 60 0.000 340 53 c.022 8S7 60 0.000 087 JR o. 030 531 , 51 
2145 o. 046 010 25 0.046 001 82 0.000 352 81 0.023 004 72 0.000 088 20 o. 030 674 ?5 

• z 1 ~o o. 046.,2]5 00 0.046 222 53 o. 000 356 11 C.023 1 P o• 0.000 os s 0' 0.030 81 7 53 

• ll 5 5 o. 046 440 25 0.046 431 )~ 0.000 35q 44 C.023 21s 71 o. 000 OBS 86 O.OJO %1 04 
.2160 o. 046 656 00 0.046 653 46 0.000 362 18 0.023 32 7 58 0.000 oso 70 o. 031 104 a• 
.2165 o. 046 812 25 0.04t: BtS '-8 0.000 366 15 Q.023 435 1C o. 000 0•1 54 o. 03 I 24• 01 
• 21 70 o. 04 7 C-'39 00 0.047 086 JO 0.000 36• 55 0.023 544 06 0.000 092 3S o. Ol I 3q3 58 
2175 o. 041 306 25 0.047 )Cl to 0.000 372 qr C.023 652 68 o. 000 os s ?4 0.031 53R 42 

121RO o. 047 5?4 oc 0.047 521 32 0.000 376 41 0.023 761 55 0.000 oo4 10 o. 03 l 683 60 
• 218 '5 o. 047 742 2 5 Q.047 7~q 53 0.000 37g 87 C.023 870 67 0.000 o•4 q7 0.031 02• 12 
21•0 o. 047 %1 00 0.047 S58 24 0.000 38 3 36 C.023 sso 04 0.000 os s 84 O. 03 I q14 ., 
719'> O. 04R 180 25 0.048 177 45 0.000 386 81 C.024 oe• 66 0.000 0% 72 o. 032 12 l 14 
2200 o. 048 400 00 0.048 )q7 17 0.000 3qo 41 0.024 1•s 53 0.000 0•1 60 o. 032 26 7 66 

2 205 o. 048 620 25 0.048 611 38 0.000 HJ q7 o. 024 3o• 65 0.000 o•e 4q o. 032 414 50 
2210 o. 04t8 841 00 0.048 8'6 09 0.000 397 56 0.024 420 01 0.000 os9 3q o. 032 561 68 
7215 O. C4q Ob2 25 o. 049 C59 30 o. 000 401 17 Q.024 530 63 0.000 100 2• O.Oll 700 20 
2220 o. 040 284 00 o.04q 281 01 0.000 404 80 0.024 641 50 0.000 IOI 20 o. 032 R57 cs 
2 2? 5 o. 049 so, 25 o.o,9 50 3 27 0.000 408 46 0.024 752 62 0.000 102 12 O.OB 005 n 
2230 O. C49 72• 00 0.049 725 SJ 0.000 412 14 0.024 863 qq 0.000 103 04 0.033 153 74 
7735 o. 04q 052 25 0.049 q49 l l 0.000 415 85 0.024 975 6 l 0.000 103 q1 0.033 307 ~· 2240 o. 050 l1b oc 0.050 172 84 o. 000 41q 59 Q.025 081 47 0.000 104 •o 0.033 45 I 11 
7 24 c; o. 050 400 2~ 0.050 3q 1 cs c .noo 42 3 34 0.025 199 50 0.000 105 64 o. 0,1 601 28 
2750 o. 050 625 oc 0.050 t21 76 0.000 427 13 0.025 311 •6 0.000 106 78 o. 033 75 l ll 

2255 o. 050 850 25 0.050 846 Sb o. 000 '30 q4 0.025 424 58 0.000 101 74 o. 033 •01 31 
22t0 O. CS I 01b oc 0.051 072 6 7 0.000 43• 11 o. 025 537 44 0.000 108 10 o. 034 05 I 83 
2U5 o. 05 l 302 25 0.051 2SR E1 0.000 438 63 0.025 650 56 0.000 100 66 0.034 202 6R 
2270 o. 051 57q 00 0.051 525 58 0.000 442 52 0.025 763 qJ 0.000 110 b1 0.03' 35J 86 
7 215 o. 05 l 756 25 0.051 152 18 0.000 446 43 o. 025 811 55 0.000 111 61 o. 034 sos JS 
2280 0.051 q94 00 0.051 980 49 0.000 450 37 0.025 991 41 0.000 112 5S o. 034 65 7 23 
2285 o. 052 212 25 0 .052 ?08 6• 0.000 454 ll 0.026 105 53 0.000 I I 3 5q 0.0'4 BOS 41 
22•0 o. 052 441 OC 0.052 437 Jg 0.000 458 32 o. 02~ 21q •o 0.000 114 58 0.034 %1 03 
~2S5 o. 05 2 6 70 25 0 .o 52 666 60 o. 000 462 34 0.026 334 52 0.000 115 5q o. 035 114 78 
300 o. 052 soo 00 0.052 e% JC 0.000 466 38 D.OZb 44q JA 0.000 116 60 0.035 26 7 % 

2305 o. 053 130 25 0.051 i ze 50 0.000 470 45 Q.026 564 50 0.000 11 7 61 o. 035 421 48 e 110 o. 053 361 00 0.053 357 20 0.000 474 54 o. 026 6H 81 0.000 118 64 0.035 575 " ??15 o. 0~3 502 2~ 0.053 588 4C 0.000 476 66 Q.026 705 48 0.000 110 67 0.035 170 51 
2~20 o. 053 e24 DC 0.053 820 10 0.000 487. 81 0.020 Sil 35 o.ooc l?O 71 0.035 884 01 
21?5 O. C54 056 25 0.0'-4 052 ,a 0.000 48S •• 0.021 027 47 0.000 121 )S o. 036 OlR 88 
?330 o. 054 280 00 0.054 285 00 0.000 491 1• 0.021 143 83 o. 000 122 80 o. 036 l q4 06 
2335 o. 054 522 ?5 0.054 518 2C 0.000 4q 5 4? c.021 260 ,s 0.000 123 86 0.036 34q 58 
?340 o. 0'54 1% cc 0.054 751 SC 0.000 4sq 6R o. 027 311 32 0.000 124 s z o. 036 505 43 
2345 0.054 qoo 25 o.054 se6 c• 0.000 503 % 0.021 4q4 43 0.000 l?~ qs o. 036 661 bl 
?350 o. 055 225 00 0.055 2?0 7q 0.000 508 27 0.021 611 80 0.000 127 01 0.036 818 14 

1355 o. 055 460 25 0 •. 055 455 qs 0.000 512 61 0.021 72q 41 0.000 1?8 16 o. 036 q74 qq 
l ~60 o. 055 6% oc 0.055 6S I 68 0.000 516 •a 0.021 84 7 28 0.000 12• 75 o. 037 132 18 
P65 o. 05 5 cn2 2~ 0.055 S27 es 0.000 521 37 0.021 %5 40 0.000 l 30 35 o. 037 280 60 
?"!70 o. 056 169 00 0.056 164 57 0.000 52 5 80 0.028 083 76 0.000 I 31 45 0.031 447 55 
p1s 0. 05b 40b 25 0.0'56 401 1~ o. 000 530 2s 0.028 202 38 0.000 132 57 o. 031 605 73 
f380 O. O'ih 644 00 0.056 6H 46 0.000 534 73 0.026 321 24 0.000 133 69 0;031 764 75 
!185 o. 056 882 2 5 0.056 871 65 0.000 5 3q 23 o. 028 440 36 0.000 L :\4 81 0.031 S23 11 
!390 o. 05 7 121 00 0.057 116 34 0.000 54 3 11 0.028 55S 17 0.000 135 95 O. OlR 082 2• 
3q5 o. 057 360 25 0.057 355 53 0.000 548 33 Q.028 6 7q 34 0.000 137 OS O. OJR 24 I 81 ) 400 o. 05 7 600 00 0.057 5o5 22 0.000 552 OJ Q.028 7qq 20 o. 000 llR 24 o. 036 401 6 7 

.. __ :-.• .. _.,_., .. 



ueu I 11-fOl<CT!ONS Of Tift' lltllT ~AOIUS Sf'IUl •1 
I U8lE 111-FONCTIONS O'UNE SPIUlE OE ~AYON UNITAIRE 

--------------------------------------------------------------------------------------- 
Al~• ST /R LC/~ 9 113 l•♦•C ♦ C 
•U/A• --------------------------------------------------- -on- DEG ~NT. SEC 

·······-----------·--··················------·-·-·····-··-··----··-····-··-----------· o.zeo, o.on 400 60 0.040 199 53 9 5.9 0 23 2.0 0 23 2.0 0 • o.o 
0.1110 0.013 467 52 0.040 400 27 9 26.7 0 23 8.9 0 23 1.9 0 0 t.o 
0.2015 0.013 534 61 0.040 601 51 9 47.4 0 23 15.8 0 23 15.1 • • o.o 
0.2020 0.013 601 87 0.040 103 25 10 8.2 0 23 22. 7 0 23 22. 7 0 0 o.o 
0.202 5 0.013 669 30 0.041 005 48 10 29. I 0 23 29.7 0 23 29. 7 0 0 o.o 
0.2010 0.013 736 H 0.041 201 22 10 50.0 0 23 36. 7 0 23 36. 7 0 0 o.o 
o.l'OJ5 o. 013 104 65 0.041 411 46 II 10.9 0 23 0.6 0 23 43.6 0 0 o.o 
o. 2040 0.013 172 57 0.041 H5 20 11 12.0 0 23 50. 7 0 23 50.6 0 0 o.o 
0.2045 0.013 940 66 0.041 119 44 II 53.0 0 23 57.7 0 23 57. 7 0 0 o.o 
0.2050 0.014 001 92 0.042 024 II 12 14. 1 0 24 4.7 0 Z4 4.7 0 0 o.o 

0.2055 o. 014 on 35 0.042 229 41 12 35.3 0 ;/4 11.1 0 24 11.1 0 0 o.o 
0.2060 o. 014 145 94 0.042 05 15 12 56.5 0 24 11.1 0 H 11.1 0 0 o.o 
0.2065 0.014 214 10 0.042 641 39 13 17. I 0 24 25 •• 0 24 25.9 0 0 o.o 
0.2010 o.oH 213 62 o.ou 141 13 13 39.1 0 24 33.0 0 24 33.0 0 0 o.o 
0.2075 0.014 352 72 o.oo 055 36 14 o.5 0 24 40.2 0 24 40.2 0 0 o.o 
0.2080 0.014 421 91 0.043 20 10 14 21. 9 0 24 47.3 0 24 4l.3 0 0 o.o 
0.2015 o. 014 491 40 o.oo 471 34 14 43.4 0 24 54.5 0 24 54.5 0 0 o.o 
0.2090 0.014 560 99 o.oo 610 01 15 4.9 0 25 1.6 0 25 1.6 0 0 o.o 
0.20" 0.014 uo 75 o.oo 819 31 15 26.5 0 25 1.1 0 25 1.8 0 0 o.o 
0.2100 0.014 100 61 0.044 099 05 15 48.1 0 25 16.0 0 25 16.0 0 0 o.o 

0.2105 0.014 no 11 0.044 309 28 16 9.8 0 25 23. 3 0 25 23.3 0 0 o.o 
0.2110 0.014 141 01 0.044 520 02 16 31.6 0 25 30.5 0 25 30.5 0 o o.o 
0.2115 o. 014 911 46 0.044 731 26 16 53.3 0 25 37.8 0 25 37.8 0 o o.o 
0.2120 0.014 U2 05 Q.044 942 99 17 15.2 0 25 45.1 0 25 45. 1 0 0 o.o 
0.2125 o. 015 052 II 0.045 155 23 17 37.1 0 25 52.4 0 25 52.4 0 0 o.o 
0.2130 o. 015 123 14 o.045 367 96 17 59.0 0 25 5 ~. 7 0 25 59.l 0 0 o.o 

{ 
0.2135 o. 015 194 14 0.045 581 20 II 21.0 0 26 1.0 0 26 1.0 0 0 o.o 
0.2140 o. 015 266 10 0.045 794 93 11 43.I 0 26 14.4 0 26 14.3 0 o o.o 
0.2145 o. 015 337 52 Q.046 009 17 19 5.1 0 26 21. 7 0 26 21. 7 0 0 o.o 
0.2150 0.015 409 12 0.046 223 90 19 27.3 0 26 29. I 0 26 29. I 0 0 o.o 

0.2155 0.015 480 u Q.046 439 14 19 49.5 0 26 36.5 0 26 36.5 0 0 o.o 
0.2160 0.015 552 81 0.046 654 17 20 11.1 0 26 43.9 0 26 43.9 0 0 o.o 
0.2 165 o. 015 614 90 0.046 Ill II 20 34.0 0 26 51.3 0 26 51.3 0 0 o.o 
0.2110 0.015 197 16 0.04 7 087 84 20 56.4 0 26 58.8 0 26 58.8 0 0 o.o 
0.2175 0.015 769 59 0.047 305 07 21 18.1 0 11 6.3 0 27 6.3 0 0 o.o 
0.2110 0.015 142 19 0.04 l 522 81 21 41.3 0 27 13.8 0 27 13.7 0 0 o.o 
0.2185 o. 015 914 95 0.047 741 04 22' 3.8 0 27 21.3 0 27 21 .2 0 0 o.o 
0.2190 o. 015 987 8! 0.047 959 11 22 26.3 0 27 28.8 0 27 21.1 o 0 o.o 
Q.2195 0.016 060 H 0.048 179 01 22 48. 9 0 21 )6.3 0 27 36.3 0 0 o.o 
0.2200 o. 016 134 23 0.048 398 74 23 11.6 0 2l 43.9 0 27 0.9 o 0 o.o 

0.2205 o. 016 101 66 o.ou 611 97 23 34.3 0 27 51.4 0 27 51.4 0 o o.o 
0.2210 0.016 281 26 o.oo 839 71 23 57.1 0 2l 59.0 0 27 59.0 0 0 o.o 
0.2215 0.016 355 02 0.049 060 94 24 19.9 0 28 6.6 0 ze 6.6 0 o o.o 
0.2220 o. 016 HI 95 0.049 282 67 24 42.8 0 21 14.3 0 21 14.3 0 o o.o 
0.2225 o. 016 503 05 0.049 504 90 25 5.7 0 21 21 ., 0 28 21.9 0 0 o.o 
0.2230 o. 016 577 ]I 0.049 727 63 25 28.7 0 28 2't.6 0 28 29.5 0 0 o.o 
0.2235 0.016 651 74 0.049 950 17 25 51.7 0 21 37.2 0 28 37.2 0 0 o.o 
0.2240 o. 016 726 34 0.050 174 60 26 14.1 0 28 44.9 o 21 44.9 0 0 o.o 
o. 2 24 5 o. 016 801 10 0.050 391 13 26 37.9 0 21 52 •• 0 28 52.6 0 o o.o 
0.2250 0.016 176 03 0.050 623 56 27 1.1 0 29 0.4 0 29 0.3 0 0 o.o 

0.2255 0.016 •51 13 0.050 141 79 2l 24.3 0 29 a. I 0 29 1.1 0 0 o.o 
0.2260 O. 01 l 026 H 0.051 074 52 27 47.6 0 29 15.9 0 29 15.9 0 0 o.o 
0.2265 0.011 101 12 0.051 300 75 28 10.9 0 29 23.6 0 2't 23.6 0 0 o.o 
0.2270 o. 01 7 177 42 0.051 527 48 28 34.3 0 29 31.4 0 29 31.4 0 0 o.o 
0.2275 o. 017 253 19 0.051 754 l1 28 57.7 0 29 39.2 0 29 39.2 0 0 o.o 
0.2280 0.011 329 II 0.051 •12 44 29 21.2 0 29 47.1 0 29 47. I 0 0 o.o 
0.2285 o. 017 405 21 0.052 210 67 29 44.8 0 29 54.9 0 29 54.9 0 0 o.o 
0.2290 0.011 411 4' 0.052 O'I 40 30 8.4 0 30 2.8 0 30 2.1 0 0 o.o 
0.2295 o. 017 557 91 0.052 UI 63 30 32.0 0 30 10 .1 0 30 10.1 0 0 o.o 
0.2JOO 0. Ol 7 634 51 o.ou ... 36 30 55. 7 0 30 11.6 0 30 11.6 0 0 o.o 

0.2305 0.017 111 27 0.053 121 58 1 31 19.5 0 30 26.5 0 30 26.5 0 0 o.o 
0.2310 0.011 711 21 0.053 359 31 I 31 o.z 0 30 34.4 0 30 34.4 0 0 o.o 
0.2]15 0.017 165 JI o.053 590 54 I 32 7.1 0 30 42.4 0 30 42.4 0 0 o.o 
0.23ZO 0.017 •4Z 57 0.053 122 27 1 32 31.0 0 30 50.3 0 30 50.3 0 0 o.o 
0.232 5 0.011 020 00 0.054 054 49 1 32 55.0 0 30 51.3 0 30 51.3 0 0 o.o 
0.2310 0.011 097 60 o.054 211 22 1 33 19.0 0 31 6.3 0 31 6.3 0 0 o.o 
0.2n, 0.011 175 37 0.054 520 45 I 33 43.0 0 31 14.3 0 31 14.3 0 0 o.o 
0.2 340 0.011 253 30 0.054 754 18 1 34 7.1 0 31 22.4 0 31 22.4 0 0 o.o 
o.2345 0.011 331 40 0.054 981 40 I 34 31.3 0 31 30.4 0 31 30.4 0 0 o.o 
o.z1,o 0.011 409 61 0.055 223 13 I 34 55.5 0 31 38.5 0 31 38.5 0 0 o.o 

0.2 355 0.011 488 10 0.055 451 35 35 19.7 0 31 46.6 0 31 46.6 0 0 o.o 
0.2360 0.018 566 10 0.055 694 oe 35 44. I 0 31 54.7 0 31 54.7 0 0 o.• 
o.z 365 0.011 645 4l 0.055 930 31 36 8.4 0 32 2.1 0 32 2.e 0 0 ,.o 
o.zno 0.011 724 4l 0.056 167 03 36 32.8 0 32 10.9 0 32 10.9 0 0 o.o 
o.zn5 0.011 803 51 0.056 404 26 36 57.3 0 32 19.1 0 32 19. I 0 o o.o 
O.lHO o.eu 182 H 0.056 641 ,a 37 21.1 0 32 27.3 0 32 27.3 0 • o.o 
o.uu 0.011 962 ZI 0.056 110 21 37 46.4 0 32 35 .5 0 32 35.5 0 0 o.o 
o.ZMO o.eH 041 II 0.057 118 93 31 11.0 0 32 43.7 0 32 43.7 0 0 •• o 
o.z,., O.tl• 121 51 0.057 351 15 31 35.7 0 32 51.9 0 32 51 .9 0 0 o.o 
0.2400 •• 019 201 52 0.057 597 .. 39 0.4 0 33 O. 1 0 33 O. 1 0 0 o.o 



92 T .. lf 111-FUNCTIIIMS OF THE U~IT RAOIUS S~I-Al 
TABLE I I 1-FONCT!ONS D'UHE SPl•ALE Of. RAYON UN IT Al RE 

' ------------------------------------------------------------------------------------------ ., .. LS/R .,. YI• 01" Pt• LTI• 
•LS/A• ) -on 
·············-·-····-··-·············-··-··············-·-··-···········-······--·-····-·· O.Z"4!5 0.0,1 140 25 0.057 IH 41 0.000 557 55 0.028 '919 32 0.000 13'9 3'9 0.031 561 86 
O.HIO o. 051 081 oc 0.058 076 10 0.000 562 20 C.029 OH 68 0.000 140 55 0.031 722 38 
0.2415 0.058 322 25 0.058 317 2'9 0.000 566 .. 0.02'9 160 30 0.000 141 72 a.,,. 883 23 
0.2420 o. 058 564 00 0.058 558 98 0.000 571 59 0.029 281 16 0.000 142 90 0.039 044 42 
0.2425 o. 058 106 25 o.o,a 101 17 0.000 576 H 0.029 ,oz 28 0.000 144 C9 0.039 205 94 
0.2430 

o. °'' C4'9 00 o.o,, 04J 15 0.000 581 09 0.029 523 64 0.000 145 28 o. 03'9 367 80 
0.2435 O. C59 2'92 25 0.059 211 04 0.000 585 ... o.oz• 645 26 0.000 146 41 0.03'9 52'9 ... 
0.2440 o.o5t 536 00 o. 059 530 72 0.000 590 72 0.02'9 161 12 0.000 147 68 o. 03'9 692 51 
0.2445 o. 05q 780 25 o.o,, 114 91 0.000 595 58 0.029 81'9 23 0.000 10 90 o. 039 155 37 a \ 0.2450 0.060 025 00 0.060 019 59 0.000 600 46 0.030 011 60 0.000 150 12 0.040 011 55 

0.2455 0.060 270 25 0.060 U4 H c. 000· 605 38 0.030 134 21 0.000 151 35 o.c,o 182 08 ' o.,460 0.060 516 00 0.060 510 46 0.000 610 32 0.030 257 08 0.000 152 5'9 0.040 345 93 
0.24t, 0.060 762 25 0.060 756 64 0.000 615 30 0.030 180 19 0.000 15 3 83 0.040 510 ll 
0.2470 O. 06 I OM 00 0.061 001 32 0.000 620 ]I 0.030 503 55 0.000 155 08 0.040 674 65 
0.2475 0-061 256 25 0.061 250 50 0.000 625 n 0.010 627 17 0.000 156 34 0.040 839 51 f 
0.2480 0.061 504 00 0.061 4~8 18 0.000 630 41 0.030 nl 03 0.000 157 61 0.041 004 70 
0.2 .. 85 o. o,, I 752 25 0.061 746 36 0.000 635 51 0.030 875 14 0.000 158 88 0.041 170 22 
0.1490 o. 062 001 00 0.061 995 04 0.000 640 64 0.030 999 51 0.000 160 17 0.0 .. 1 336 08 
o.i.. .. 5 o. 062 250 25 0.062 244 22 0.000 6H 10 0.031 124 12 0.000 161 46 0.041 502 11 
0.2500 0.062 500 00 0.062 493 90 0.000 HI 00 0.031 241 91 0.000 162 75 0.041 668 80 

0.2505 o. 062 750 25 0.062 744 01 0.000 656 zz 0.031 374 10 0.000 164 06 0.041 835 66 
0.2,10 0.063 001 DC 0.062 994 75 0.000 661 47 0.031 4'19 46 0.000 165 31 o.o•z ooz 85 
0.2515 o. 063 252 25 0.063 245 92 0.000 666 76 0.031 625 01 0.000 166 10· 0.042 170 38 
0.2,20 o. 06 3 504 00 0.063 497 60 0.000 672 08 0.031 750 93 0.000 168 OJ 0.0,2 338 24 
0.2525 o. 063 756 25 0.063 749 11 0.000 677 43 c.031 877 05 0.000 169 36 0.042 506 H 
0.2no 0.064 009 00 0.064 002 44 0.000 682 81 0.032 003 41 0.000 170 11 0.042 674 96 
0.1535 o. 064 262 25 0.064 255 62 o. 000 688 22 0.032 130 02 0.000 172 06 0.042 843 82 
0.2540 o. 064 516 00 0.064 509 29 0.000 693 67 0.032 256 88 0.000 173 42 0.043 013 01 
0.2''5 o. 064 110 25 0.064 763 46 0.000 699 15 0.032 383 99 0.000 174 79 0.043 112 54 
0.25'0 o. 065 025 00 o.065 018 13 0.000 704 66 0.032 511 l5 0.000 176 17 0.043 352 40 

0.2,,5 o. 065 280 25 0.065 zn 3C 0.000 710 20 0.032 638 97 0.000 177 56 0.043 522 60 
0.2560 o. 06 5 536 00 0.065 528 96 0.000 715 11 0.032 766 83 0.000 178 95 0.043 6Q3 12 
o. 256 5 o. 065 792 25 0.065 785 13 0.000 721 38 0.032 9'14 94 0.000 180 35 o. 043 863 99 
0.2570 o. 066 o4• 00 0.066 041 80 0.000 121 02 a.on OZl 30 0.000 181 76 o.o .. OB 18 
0.2515 o. 066 306 ZS 0.066 298 96 0.000 732 10 0.033 151 91 0.000 183 18 o. 044 206 71 J 0.2580 o. 066 564 oc 0.066 556 63 0.000 738 40 0.033 280 11 0.000 184 61 0.044 378 58 
0.25@5 0.066 822 25 0.006 et• 10 0.000 744 14 0.033 409 88 0.000 186 04 0.044 550 11 
0.215QO o. 061 081 oc 0.067 en 45 0.000 7'9 92 0.033 539 Z4 0.000 187 49 0.044 723 30 
0. 2 59 5 o. 067 340 Z5 0.067 332 62 c.ooo 755 72 o.on 668 95 0.000 188 H 0.044 896 17 
0.2600 o. 061 600 oc O.Ofl 592 28 o. 000 76 l 56 0.033 7'18 11 0.000 1•0 40 0.045 069 36 

0.260 o. 061 860 25 0.067 852 44 c.ooo 161 .. 0.033 928 82 0.000 1'11 87 0.045 242 90 I J 0.2610 0.068 121 00 0.068 113 10 0.000 113 35 o. 034 059 18 0.000 193 34 0.045 416 76 
0.261! o. 068 382 25 o.068 37• 26 0.000 779 29 C.034 189 79 0.000 194 83 0.045 590 96 
0.2620 0.068 644 00 0.068 635 91 0.000 785 27 0.034 320 65 0.000 .lQ6 33 0.045 765 4q 
0.2625 o. 068 906 25 o.o6e 898 C1 0.000 791 28 0.034 451 76 o. 000 1'17 83 o. 045 940 36 
0.20,0 0.069 16• 00 0.069 160 73 0.000 191 32 0.034 583 IZ 0.000 199 34 0.046 115 56 
0.26"?5 O. C6<J 432 25 0.069 423 e8 0.000 903 40 0.01• 714 73 0.000 zoo 96 0.046 291 09 
0.2640 o. 069 696 00 0.069 687 ,.. 0.000 809 52 0.034 846 59 0.000 202 3q 0.046 466 96 
0.26"5 o. 069 960 25 0.069 951 69 0.000 815 67 0.034 978 1C 0.000 203 93 0.046 643 16 
0.2650 0.010 225 00 0.010 216 34 0.000 821 85 0.035 Ill 06 0.000 205 41 0.046 819 69 

O.H55 o. 010 490 25 0.010 481 49 0.000 828 01 0.035 243 67 0.000 207 03 0.046 996 56 
0.2660 o. 010 756 00 0.010 141 14 0.000 834 33 0.035 376 52 0.000 208 59 0.047 173 76 
0.2665 0.011 022 25 0.011 013 29 0.000 840 62 0.035 509 63 o. 000 210 16 0.047 351 29 
0.2670 0.011 289 00 0.011 27'9 94 .o.ooo 846 94 0.035 642 9q 0.000 211 75 0.047 529 16 
0.2675 0.011 556 25 0.011 547 09 0.000 853 30 0.035 776 60 0.000 213 34 0.047 101 H 
0,2680 0.011 824 00 0.011 814 74 c. 000 859 10 0.035 910 46 0.000 214 94 o.047 885 90 
0.2685 0.012 092 25 0.012 082 88 0.000 866 14 0.036 044 56 0.000 216 54 0.048 064 11 
O.Z6~0 o. 072 361 00 0.012 351 53 0.000 872 60 0.036 178 92 0.000 218 16 0.048 243 97 
0.26qt; 0.012 630 25 0.012 620 67 0.000 879 11 0.036 313 53 0.000 219 79 0.048 423 51 
0.2100 0.012 =oo 00 0.012 890 3Z 0.000 985 65 0.036 448 39 0.000 ZZI 42 0.048 603 38 

o.21c5 0.073 170 25 o.on HO 46 0.000 892 23 o. 036 583 ... 0.000 223 01 0.048 793 5' 
0.2110 o.on 441 00 o.on 431 10 0.000 898 84 0.036 718 s s 0.000 224 72 0.041 964 13 
0.2715 o.on 712 25 a.on 1oz 24 0.000 905 49 0.036 854 46 0.000 226 38 0.049 145 00 
0.2120 o.on 984 00 a.on H3 ~e 0.000 912 18 0.036 990 31 0.000 228 06 0.049 326 zo 
0-2725 0.074 256 25 0.014 246 01 0.000 918 91 0.037 126 42 0.000 229 74 0.049 507 74 
o. 2730 0.014 529 00 0.074 518 65 0.000 925 67 o.on 262 78 0.000 231 43 0.049 689 61 

, 
l ( 

o.zn5 0.014 802 25 0.074 7~1 79 0.000 932 47 c.oH 399 38 0.000 233 13 0.049 871 82 
O.ZHO o. 075 076 oc 0.075 065 42 0.000 939 31 0.037 536 24 0.000 234 84 0.050 054 36 

.0.2745 0.075 350 25 0.075 339 56 0.000 946 18 0.037 673 3 .. 0.000 236 56 0.050 237 24 
0.2750 0.075 625 00 0.075 614 19 0.000 953 09 0.031 810 10 0.000 238 29 0.050 420 44 

0.2755 0.075 900 25 0.075 en 32 0.000 960 04 0.031 948 30 0.000 240 02 0.050 603 98 
0.2l60 O.Ol6 176 00 0.016 164 15 0.000 967 03 0.038 086 16 0.000 241 11 C.050 78t 96 
1.2765 o.ou, 452 25 0.076 441 08 0.000 914 06 o.038 224 26 0.000 243 53 0.050 972 01 o. ,.,.,. 0.076 729 00 0.01' 111 11 0.000 '81 IZ 0.038 362 62 o. 000 245 29 0.051 156 61 
c.zn5 o.on 006 2~ 0.076 994 fl c.ooo tu 22 0.038 501 22 0.000 247 01 0.05 I 341 49 o.zue ••• 77 284 00 0.011 272 46 0.000 .. , 36 0.038 640 08 0.000 248 85 0.051 526 10 o.nn o. Ol7 562 25 0.011 550 " 0.001 002 54 0.038 119 18 0.000 250 65 0.051 712 24 I o.z,,o o. •11 841 00 0.011 IZt Zl 0.001 oo, T6 0.038 918 53 0.000 252 45 0.051 ff8 12 
0.11,, o •• ,. IZO 25 o.on IOI n 0.001 017 02 0.0J9 058 14 0.000 254 27 0.052 CM4 n ; o.zeoo ••• 111 400 00 O.Ol8 317 15 0.001 024 31 0.019 197 99 0.000 256 09 0.052 Z10 87 



TABLE 111-FU~CTl~S OF THE U~IT RADIUS S~IRAL •3 
TAALE 111-FONC Tl ONS D'UHE SPIRALE OE RAYON UNITAIRE 

----------------------------------------------------------------------------------------- 
A/Fh ST /R LC/R 8 111 e•••c • C 
•LSO• ------------------------------------------------- -vrm DEG MNT SEC 
••••••••••••••-••••••n•••••••••••••••••••••••••••••••••••••••••••••••••••••••••-•••••••• 
0.2405 o. 01• .Ml 62 0.057 831 10 39 25.2 0 33 8.4 0 33 8.4 0 0 o.o 
0.2410 o. 01• ,., 8~ 0.058 OU 8? 39 50.0 0 33 16.7 0 33 16.1 0 0 o.o 
0.2415 •• 019 442 32 0.051 320 05 40 14.9 0 H 25.0 0 33 25.0 0 0 o.o 
0.2420 0.01, 522 93 o.o5e 561 11 40 H.8 0 33 33. 3 0 B 33.3 0 0 o.o 
0.2425 o. 019 603 70 0.058 !03 99 41 4.8 0 33 41.6 0 H 41 .6 0 0 o.o 
0.2430 0.019 684 63 0.059 046 11 41 29.9 0 33 50.0 0 33 49.9 0 0 o.o 
0.2435 O. Cl9 765 H 0.059 289 93 41 55.0 0 n 58.3 0 33 58.3 0 0 o.o 
0.24"0 o. 019 847 01 0.059 533 66 42 20.1 0 34 6.7 0 34 6. 7 0 0 o.o 
0.2445 o. 019 928 45 0.059 111 88 42 45.3 0 34 15. I 0 34 15. I 0 0 o.o 

I o. 2450 o. 020 010 05 0.060 022 60 43 10.5 0 34 23. 5 0 34 23.5 0 0 o.o 

\ 
0.2455 o. 020 091 12 0.06C 267 82 43 35.8 0 34 31.9 0 34 31 .9 0 0 o.o 
0.2460 0.020 173 76 0.060 513 54 44 1. 2 0 34 40.4 0 l4 40.4 0 0 o.o 
0.2465 o. 020 255 86 0.060 759 16 44 26.6 0 34 0.9 0 34 48.8 0 0 0.0 
0.?470 o. 020 338 14 0.061 006 48 44 52.0 0 34 57.3 0 34 57 .3 0 0 o.o 
0.2475 0.020 420 57 0.061 253 7C 45 17.5 0 35 5.1 0 35 5.8 0 0 o.o 

\ 0.2480 0. 0?.0 503 18 0.061 501 41 45 43.1 0 35 14.4 0 35 14. 3 0 0 o.o 
o.2"e ~ 0.020 585 95 0.061 749 63 46 8.7 0 35 22.9 0 35 22.9 0 0 o.o 
0.2490 o. 020 668 89 0.061 998 35 46 34.3 0 35 31.4 0 35 31 .4 0 0 o.o 
0.24'15 0.020 752 00 0.062 247 57 47 o.o 0 35 40.0 0 35 40.0 0 0 o ,o 
0.2500 o. 020 835 27 0.062 497 29 47 25.8 0 35 41.6 0 35 48.6 0 0 o.o 

0.25C5 o. 020 918 71 0.062 747 50 47 51.6 0 35 57. 2 0 35 57 .2 0 0 o.o 
0.2510 o. 021 002 32 0.062 998 22 48 17.4 0 36 5.8 0 36 5. 8 0 0 e ,o 
0.2515 o. 02 I C86 09 0.063 249 44 48 43.4 0 36 14.5 0 36 14.4 0 0 o.o 
0.2520 0.021 170 03 0.063 501 15 49 9.3 0 36 23.1 0 36 23. I 0 0 o.o 
0.25H 0.021 254 14 0.063 753 37 49 35.3 0 36 31.8 0 36 31.8 0 0 0.0 
0.2'30 o. 021 338 41 0.064 C06 09 50 1.4 0 36 40.5 0 36 40.4 0 0 0.0 
0.2535 O. C2 I 422 86 0.064 259 30 50 27.5 0 36 49.2 0 36 49.2 0 0 0.0 
0.2 540 0. 021 507 46 0.064 513 C2 50 53. 7 0 36 57.9 0 36 57.9 0 0 o.o 
0.2545 o. 021 592 24 0.064 767 23 51 19.9 0 37 6.6 0 37 6.6 0 0 o.o 
0.2'50 o. 021 677 18 o. 065 C21 95 " 46.2 0 37 15.4 0 37 15.4 0 0 0.0 

0.2555 o. 021 762 29 0.005 277 lb 52 12.5 0 37 24.2 0 37 24.1 0 0 o.o 
0.2560 0.021 847 57 0.065 532 e7 52 31.9 0 n 33.0 0 37 32.9 0 0 o.o 
0.2565 o. 021 933 01 0.065 789 09 53 5.3 0 37 41.8 0 37 41 .1 0 0 o.o 
0.2570 o. 022 018 62 0.006 045 ec 53 31.8 0 37 50.6 0 H 50.6 0 0 o.o 
0.2575 o. 022 104 4C 0.066 303 01 53 58.3 0 37 59,4 0 37 59.4 0 0 o.o 
0.25!0 o. 022 190 34 0.066 560 72 54 24.9 0 38 8.3 0 le e.1 0 0 o.o 
0.25!5 o. 022 270 45 0,066 818 93 54 51,5 0 38 17.2 0 38 17.2 0 0 o.o 
O.B~O o. 022 362 73 0.061 C77 65 55 18. 2 0 38 26. 1 0 38 26. 1 0 0 o.o 
0.25~5 0.022 ... 1 7 0.067 336 !6 55 45.0 0 38 35.0 0 38 35.0 0 0 o.o 
0,2600 0.022 535 H 0.067 596 57 56 11.8 0 31 43.9 0 38 43.9 0 0 o.o 

o. 2 605 o. 022 622 56 0.067 856 78 1 56 38.6 0 38 52 .9 0 38 52.8 0 0 o.o 
0.2610 0.022 709 51 0.061 117 •• 1 57 5.5 0 39 1. 8 0 H 1.8 0 0 o.o 
0.2615 0.022 796 62 0.068 378 70 I 57 32.4 0 39 10.8 0 39 10.8 0 0 o.o 
0.2620 0.022 883 •c 0.068 .. o 41 1 57 5q.4 0 3" 19.8 0 39 19.8 0 0 o.o 
0.2625 0.022 971 35 c.068 •02 61 I 58 26.5 0 3q 28.8 0 39 28.8 0 0 o.o 
0.2630 O. C23 058 96 0.069 165 32 I 58 53.6 0 3" 37.9 0 39 37.8 0 0 o.o 
0.26~5 o. 023 146 74 0.069 428 53 I 59 20.7 0 39 46.9 0 39 46.9 a 0 o.o 
o.?640 o.on 234 69 o.oM 692 24 1 59 4 7. 9 0 39 56 • 0 0 39 55.9 0 0 o.o 
o.2645 0.023 322 80 0.06'9 956 45 2 0 15. 2 0 40 5.1 0 40 5.0 0 0 o.o 
0.2650 o. 023 411 oe 0.070 221 15 2 0 42.5 0 40 14. 2 0 40 14.1 0 0 o.o 

0.2655 0.023 09 51 0.070 4e6 36 2 I 9.8 0 40 23.3 0 40 23. 3 0 0 o.o 
0.2660 0.023 588 15 0.070 752 06 2 I 37.2 0 40 32.4 0 40 32.4 0 0 o.o 
0.2665 0.023 676 93 0.071 018 27 2 2 4.7 0 40 41.6 0 40 41 .5 0 0 o.o 
0.2610 o. 023 765 A! 0.071 284 H 2 2 32. 2 a 40 50.l 0 40 50. 7 0 0 o.o 
0.2675 o. 073 854 99 0.011 552 18 2 2 59.8 0 40 59.9 0 40 59.9 0 0 o.o 
0.26!0 o. 023 944 27 0.071 81" 8e 2 3 27.4 0 41 9.1 0 41 9.1 0 0 o ,o 
o.16e5 o. 024 OH 72 0.072 088 09 2 3 55.0 0 41 18.3 0 41 18. 3 0 0 o.o 
O. 26SO o. 024 123 34 0.072 356 79 2 4 22.8 0 41 27.6 0 41 21 •• 0 0 o.o 
o.26'5 o. 024 213 12 0.072 625 q9 2 4 50.5 0 41 36.8 0 41 36.8 0 0 o.o 
o. 27(0 o. 024 303 08 0.072 895 10 2 5 18.4 0 41 46. I 0 41 46.1 0 0 o.o 

0.2705 0.024 393 H a.on 165 ~o 2 5 46.2 0 41 55.4 0 41 55.4 0 0 o.o 
0.2110 0.024 483 48 0.073 436 60 2 6 14. 1 0 42 4,7 0 42 4.7 0 0 o.o 
0.2715 o. 024 573 93 o.on lC7 ec 2 6 42.1 0 42 14.0 0 42 14.0 0 0 o ,« 
0.2120 0.024 664 55 0.073 979 50 2 7 10.! 0 42 n.4 0 42 23.4 0 0 o.o 
0.2725 ·o. 024 755 33 0.014 251 70 2 7 38.2 0 42 32.7 0 42 32. 7 0 0 o.o 
0.2730 0.024 846 2~ 0.014 524 40 2 8 6.4 0 42 ·42 .1 0 42 42.1 0 0 o.o 
0.2735 0.024 9H 41 0.074 197 ~c 2 8 34.5 0 42 51.5 0 42 51.5 0 0 o ,o 
o. 2740 0.025 028 69 0.075 071 30 2 9 2. 8 0 43 0.9 0 43 0.9 0 0 o.o 
0.2745 o. 025 120 I~ 0.075 H5 50 2 9 31.1 0 43 10.4 0 43 10. 3 0 0 o.o 
0.2750 0.025 211 11 0.075 620 19 2 9 59.4 0 4l 19.8 0 43 19.8 0 0 o.o 

0.2755 0.025 303 55 0.075 ftS5 39 2 10 27.8 0 43 29.3 0 43 H.2 0 0 o.o 
0.2760 o. 025 395 51 0.016 171 09 2 10 56.2 0 43 38. 7 0 43 38. 7 0 0 o.o 
0.2H5 o. 025 487 63 0.076 447 29 2 II 24. 7 0 43 48.2 0 43 48.2 0 0 o.o 
0.2770 o. 025 579 92 0.076 723 98 2 11 53.2 0 43 57.7 0 43 57. 7 0 0 o.o 
o.2775 o. 025 672 37 0.077 001 18 2 12 21.8 0 44 7,3 0 44 7.2 0 0 o.o 
0.2710 •• 015 165 00 0.077 278 87 2 12 50.5 0 .. 16.8 0 44 16.8 0 0 0.0 
o. 2715 o •• ,, .857 H 0.077 557 Cl 2 13 19. 2 0 44 26.4 0 44 26.4 0 0 0.0 
0.2750 O.OZ5 950 74 0.077 835 76 2 13 47.9 0 44 36. 0 0 44 35.9 0 0 o.o 
0,27'5 o. 026 043 81 0.078 114 95 2 14 16. 7 0 44 45.6 0 44 45.5 0 0 o.o 
0.2800 o.ca 137 16 0.078 394 65 2 14 45.6 0 44 55. 2 0 44 55.~ 0 0 o.o 



'94 TABU 111-PI/MCTIONS DI' Tttf UNIT RADIUS s,i•u 
TAllf 111-FONCTIONS D'UHE SPIIIALE OE UYON UNITU•E 

----------------------------------------------------------------------------- Aa• LS/• X/J YI• 01• ,,. LT,- 
•LS/A• 
•Vlfil 

-------■-------------------------------------------------~-------------------- 0.210, 0.011 680 25 0.011 .. 1 07 0.001 OH •5 0.039 331 10 0.000 257 "' o.nz 457 75 
0.2110 0.011 '161 00 0.078 941 69 0.001 039 oz 0.039 47' 45 0.000 259 n 0.05Z - 97 0.2115 o. 07'9 242 Z5 0.079 229 81 0.001 OU 44 0.039 •19 05 0.000 2•1 62 o.o5Z 02 '1 
0.2120 0.01• 524 00 o.on 511 43 0.001 053 1• o.o3• 759 90 0.000 26'3 .. 0.053 020 n 
0.2925 0.079 106, 25 0.079 793 54 0.001 061 39 0.039 •01 01 0.000 26' 36 0.053 201 60 
0.2130 0.010 on 00 0.010 076 16 0.001 061 92 0.040 OU 36 0.000 267 25 O.M3 3H 15 
0.2115 o.oeo n2 25 0.010 359 Z1 0.001 076 49 0.040 113 96 0.000 269 14 o.053 516 03 
0.2840 o. 010 656 00 0.010 642 .. 0.001 014 11 0.040 325 II 0.000 271 04 0.053 7·75 25 
0.2145 0.010 940 25 0.010 926 99 0.001 091 1• 0.040 467 92 0.000 272 "6 0.053 964 110 
o. Z850 0.011 225 00 0.011 211 60 0.001 099 45 0.040 610 27 0.000 274 18 o.oH 1'4 .. 

( I 

o.ze55 0.011 510 25 0.011 49. 71 0.001 107 19 0.040 752 n 0.000 21• 81 0.054 )44 •o 
0.2160 0.011 796 00 o.<>11 782 32 0.001 114 96 0.040 a,5 12 0.000 271 76 0.054 5)5 45 
0.2'65 o. 012 012 Z5 0.012 068 43 0.001 122 71 0.041 031 12 0.000 210 71 0.054 TZ• ]3 
0.2110 o.092 369 00 0.012 355 03 0.001 130 64 0.041 112 17 0.000 212 61 0.054 917 55 
0.2875 o. 012 656 25 0.012 642 13 0.001 131 54 0.041 325 n 0.000 214 65 0.055 10'9 10 
0.2110 0.012 944 00 0.012 929 74 0.001 146 41 0.041 4H 62 0.000 2 .. 64 o.055 300 91 
0.2115 o. 013 232 25 0.013 217 14 0.001 154 46 0.041 613 72 0.000 281 63 o.055 4"3 20 
0.2190 o.oe3 521 00 0.013 506 44 0.001 162 41 o. 041 751 01 0.000 2•0 64 0.055 615 75 
0.2195 0.011 110 25 0.013 795 53 0.001 170 55 0.041 902 67 0.000 292 65 0.055 171 .. 
0.2900 0.014 100 00 0.014 015 13 0.001 171 65 0.042 047 52 0.000 2~4 61 o.ou 071 16 

0.29C5 0.014 390 25 0.014 375 23 0.001 116 10 0.042 192 62 0.000 296 72 0.056 265 41 
0.2910 o.oe4 611 00 0.014 66'5 82 0.001 194 99 0.042 HT 97 0.000 291 n 0.056 459 30 
0.2915 0.014 912 25 0.084 956 91 0.001 203 23 0.042 413 57 0.000 300 13 o.056 653 52 
0.29?0 o. 015 264 00 0.015 241 50 0.001 21 I 50 0.042 629 42 0.000 302 19 0.056 148 01 
0.2925 0.015 556 25 0.015 540 59 0.001 219 82 0.042 775 52 0.000 304 97 0.057 042 91 
0.2930 0.015 149 00 0.015 133 18 0.001 2Z8 18 0.042 921 16 0.000 307 07 0.057 231 19 
0.2935 0.01, 142 25 0.016 126 27 0.001 236 58 0.043 061 46 0.000 309 17 0.057 433 75 
0.2940 o. 086 436 00 0.016 41' 16 0.001 245 03 0.043 215 31 0.000 311 21 0.057 629 .. 
0.2945 0.016 730 25 0.016 713 94 o. 001 25 3 52 0.043 362 41 0.000 313 40 0.057 825 16 
0.2950 o.on 025 00 o.on 001 52 0.001 262 05 0.043 509 75 0.000 315 53 o.os, 022 42 

0.2955 o.on 320 25 0.087 303 H 0.001 270 63 C.043 657 35 0.000 317 ti 0.051 219 31 
0.2.60 0.011 616 00 o.on 599 19 0.001 2H 25 o.oH 805 20 0.000 319 13 0.058 416 .54 
0.2965 0.017 912 25 0.087 895 27 0.001 287 92 0.043 953 29 0.000 322 00 0.058 614 10 
0.2970 0.011 209 00 0.081 191 84 0.001 296 62 o.044 101 64 0.000 324 II o.ose Ill 99 
0.1~1 0.018 506 25 0.018 418 qz 0.001 305 31 0.044 250 24 0.000 326 37 0.059 010 22 
0.2 .. 0 0.019 804 00 0.011 716 49 0.001 314 17 0.044 H9 01 0.000 321 57 0.059 208 78 
0.2915 o. 089 102 25 o.on 084 57 0.001 323 01 C.044 548 11 0.000 no 71 0.059 407 68 
0.2990 0.019 401 00 0.019 383 14 0.001 HI 90 0.044 697 52 0.000 333 00 o. 059 606 91 
o.z9~5 0.089 700 25 0.019 612 21 0.001 340 n C.044 147 12 0.000 HS 23 o.os• 106 47 
0.3000 0.090 000 00 0.089 981 18 0.001 349 10 C.044 996 96 0.000 337 41 0.060 006 37 

0.3005 0.090 300 25 0.090 211 84 0.001 351 12 0.045 147 06 0.000 339 73 0.060 206 60 
o. 3010 0.090 601 00 0.090 512 41 0.001 367 19 C.045 2H 40 0.000 342 00 0.060 407 16 
0.3015 0.090 902 25 0.090 883 47 0.001 377 00 0.045 448 00 0.000 344 21 0.060 601 06 
0.3020 o. 091 204 00 0.091 185 C4 0.001 316 16 C.045 591 84 0.000 346 56 0.060 109 29 
0.3025 o. 091 506 25 0.091 417 10 0.001 395 36 0.045 74'9 93 0.000 348 87 0.061 010 16 
o. 3C30 o. 091 109 00 0.091 789 66 0.001 404 60 0.045 901 28 0.000 351 II 0.061 212 76 
0.3035 o. 092 112 't5 0.092 092 71 0.001 413 90 0.046 052 87 0.000 353 50 0.061 414 99 
0-3040 0.092 416 00 0.092 396 27 0.001 42 3 24 0.046 204 Tl 0.000 355 14 0.061 617 56 
0.3045 o. 092 120 25 0.092 700 32 0.001 432 62 0.046 356 10 0.000 351 18 0.061 820 46 
0.3050 0.093 025 oc 0.093 004 .. 0.001 442 05 0.046 509 15 0.000 360 54 0.062 023 70 

0.3055 o. 093 HO 25 0.0.93 309 93 0.001 45 l 53 0.046 661 74 0.000 362 91 0.062 227 27 
D.3060 o. 093 636 00 0.093 615 41 0.001 461 05 0.046 114 SI 0.000 365 29 0.062 431 17 
0.3065 o. 093 942 25 0.093 921 53 0.001 470 63 0.046 967 67 0.000 367 69 0.062 635 41 
0.3070 0.094 249 00 0.094 221 01 0.001 480 24 0.047 121 01 0.000 370 09 0.062 839 98 
0.3075 0.094 556 25 0.094 535 12 o. 001 419 91 0.047 274 60 0.000 372 51 o. 063 044 88 
0.3080 o. 094 864 00 0.094 842 66 0.001 499 62 0.047 421 44 0.000 374 94 0.063 250 12 
0.3015 0.095 172 25 0.095 150 70 0.001 509 31 0.047 582 53 0.000 377 31 0.063 455 69 
0.3090 0.095 411 00 0.095 459 24 0.001 519 19 0.047 736 17 0.000 379 83 o. 063 661 60 
0.30~5 o. O't5 790 25 o.o9S 768 21 0.001 529 04 0.047 891 46 0.000 382 zo 0.063 867 14 
o.3100 0.096 100 00 0.096 on 81 0.001 531 95 0.041 046 30 0.000 314 n 0.064 074 42 

0.3105 o. 096 410 ZS o.096 317 15 0.001 548 90 0.041 201 39 0.000 317 26 0.064 211 H 
o. 3 II o o. 096 721 00 0.096 691 31 0.001 551 90 0.041 356 n 0.000 38' 76 0.064 411 57 
O.Jll5 0.097 032 25 0.097 009 41 0.001 568 95 0.048 512 32 0.000 392 n 0.064 6'6 14 
0.3120 0.097 344 oc 0.091 320 94 0.001 579 04 0.048 668 16 0.000 394 79 0.064 '904 OS 
o.31z5 o. 097 656 25 0.097 632 97 0.001 519 19 0.041 124 24 0.000 397 H o. 06 S 112 30 
0.3130 o. 097 .69 00 0.0'97 945 50 0.001 599 38 0.041 00 58 0.000 399 88 0.065 320 88 
0.3135 o. 091 212 25 O.OH 251 52 0.001 60• 62 o.o4• 137 17 0.000 402 44 0.065 529 '" 0.3140 0.099 5'96 00 O.OH 572 04 0.001 619 91 0.049 294 01 0.000 405 01 0.065 739 04 
0.3145 o. 091 910 25 0.0•1 116 06 0.001 630 ZS 0.04" 451 09 0.000 407 60 0.065 948 62 
0.3,50 O.O'tCJ 225 00 0.0♦9 zoo 51 0.001 640 64 o.oo 608 43 0.000 410 20 0.066 158 53 

0.3155 
o. °"" 540 ZS o.on 515 60 0.001 651 08 0.049 766 oz 0.000 412 81 0.066 361 71 

0.3160 ...... 156 00 0.09'1 131 11 0.001 661 ST 0.049 923 85 0.000 415 43 0.066 579 36 
O.Jl60, e.aoe 172 25 o. 100 141 lZ 0.001 672 11 0.050 011 94 0.000 418 01 0.066 790 21 
o ...... .. , .. ... 00 0.100 463 63 0.001 612 10 c.oso 240 27 0.000 420 Tl 0.067 001 53 
O.JIH o.aoe 106 25 0.100 110 64 o. 001 .. 3 34 0.050 3 .. 16 0.000 423 37 o. 116 7 213 II o.JlN •• IOI 124 00 0.101 OH 15 0.001 704 OJ 0.050 557 69 0.000 426 05 o ... , 415 03 
0.111, e.101 442 25 0.101 416 16 0.001 714 77 0.050 716 71 0.000 428 73 ... , .. , H 
O.H'JO Cl. 101 761 00 o. 101 l34 .. 0.001 725 56 0.050 176 11 0.000 431 4' o.067 ... t7 
0.11•5 o. 102 010 25 0.1oz 053 .. 0.001 7)6 41 o.p5t 035 69 0.000 434 14 o .... on "' 0.3200 0.102 400 o.o 0.1oz 313 16 0.001 747 30 0.051 l 95 53 0.000 436 17 t.061 276 04 



TABLE 111-fUNCT!ONS OF TH!' U~IT RAOIUS SPIRAl •5 
TA8lE 111-FONCTIONS O'UNE SPl~AlE OE RAYON UNITAIH 

------------------------------------------------------------------------------------------ ,., .. ST /R lC/R 8 t/3 e•♦•c • C 
•lS/A• ---------------------------------------------------- .vr,"71{ DEG HNT SEC 

-·-·······--------%········•=••··--···················-----·····················-··-··-·· O.ZI05 0.026 230 62 0.07B 674 e4 2 15 14. 5 0 45 4. 8 0 45 4.8 0 0 o.o 
0.2110 0.026 3H 24 0.078 955 53 2 15 43.4 0 45 14.5 0 45 14.4 0 0 0.0 
o.zet 5 o. 0?6 418 03 O.OH 236 72 2 16 12.4 0 45 24. I 0 45 24. I 0 0 0.0 
ovz ezo 0.026 511 99 0.079 518 41 2 16 41.5 0 45 33.8 0 45 33.8 0 0 0.0 
0.2875 o. 026 606 12 0.0H 800 60 2 17 10.6 0 45 43.5 0 45 43. 5 0 0 o.o 
0.28]0 O. C26 700 41 0.080 083 29 2 17 39.8 0 45 53.3 0 45 53.2 0 0 o.o 
o.2e1is 0.026 794 87 0.080 366 48 2 18 9.0 0 46 3.0 0 46 3.0 0 0 o.o 
0.2840 o.on f18q 50 0.080 650 17 2 18 38.2 0 46 12.1 0 46 12 .1 0 0 o.o 
o.ze45 o. 026 984 2G 0.080 934 36 2 19 7.6 0 46 22.5 0 46 22.5 0 a o.o 
0.2850 o. 027 079 25 0;081 219 05 2 19 36.9 0 46 32. 3 0 46 32. 3 0 0 o.o 

O.?E55 O. C27 174 3e 0.081 504 23 2 20 6.3 0 46 42.1 0 46 42.1 0 0 o.o 
0.2860 0.021 269 68 0.081 799 s z 2 20 ,5.8 0 46 51.9 0 46 5 I .9 0 0 o.o 
o.?!65 o. 027 365 14 0.082 076 11 2 21 5.3 0 47 I. 8 0 47 I. 7 0 0 o.o 
o. 28 lO 0.021 460 11 0.082 3~2 7G 2 21 34.9 a 47 11.6 a 47 11.6 0 a o.o 
o.2!75 0.021 556 57 0.082 649 GB 2 22 4.5 0 47 21.5 0 47 21.5 0 0 o.o 
0.1880 0.027 652 53 0.082 937 66 2 22 34.2 0 47 31 .4 0 47 31.4 0 0 o.o 
0.2885 o. 027 748 66 0.083 225 84 2 23 3.9 0 47 41.3 0 47 41.3 0 0 o.o 
0.2890 o. 027 844 96 0.083 514 53 2 2l' 33. 7 0 47 51.2 0 47 51 .2 0 0 o.o 
0.28G5 0.021 941 42 0.083 803 71 2 24 3.6 0 48 I. 2 0 48 1.1 0 0 o.o 
0.2900 0.028 038 a~ 0.084 093 39 2 24 l3. Ai 0 48 11.1 0 48 11.1 0 a o.o 

0.29CS o. 028 134 B~ 0.084 ~83 57 2 25 3.4 0 48 21. I 0 48 21. I 0 0 o.o 
0.2910 o. 028 231 82 0.084 674 25 2 25 H.4 0 48 31. I 0 48 31. I 0 0 o.o 
o.1q15 O. C28 328 95 0.084 965 43 2 26 3.4 0 •8 41.J 0 48 41.J 0 0 o.o 
o. 2 G20 0.028 426 B 0.085 257 11 2 26 H.5 0 48 51.2 0 48 5 I. I 0 0 o.o 
0.2925 o. 028 52} l2 0.085 549 29 2 27 3.6 0 49 1.2 0 49 1. 2 0 0 o.o 
0.2S30 o. 028 621 36 0.085 841 97 2 27 33.8 0 49 11. 3 0 49 11.2 0 0 o.o 
0.2935 o. 028 719 I~ 0.086 135 15 2 28 4. I 0 49 21.4 0 49 21. 3 0 0 o.o 
0.2940 o. 028 817 13 0.086 4 28 87 2 28 3'9.'t 0 .. 31 .5 0 40 31.4 0 0 o.o 
0.2G45 o. 028 915 2' 0.086 723 00 2 29 4.7 0 4q 41.6 0 4q 41. 5 0 0 o.o 
0.2950 o. C29 013 57 0.087 017 68 2 29 35.1 0 49 5 I. 7 0 49 51. 7 0 0 o.o 

0.2955 o. 029 112 04 0.087 312 es 2 30 5.5 0 50 I. 8 0 50 1.8 0 0 o.o 
0.1960 o. 029 210 67 0.087 608 53 2 30 36. 0 0 50 12.0 0 50 12 .o 0 0 o.o 
o.29t5 o. 02Q 309 48 0.087 904 70 2 31 6.6 0 50 22.2 0 50 22.2 0 0 o.o 
o. 2G 70 o. 029 408 45 O.OA8 20 I 37 2 31 37. 2 0 50 32.4 0 50 32.4 0 0 o.o 
0.2975 O. C29 507 5G 0.088 498 55 2 32 7.9 0 50 42.6 0 50 42.6 0 0 0.1 
0.2980 o. 029 606 89 0.088 796 22 2 32 38.6 0 50 52.9 0 50 52 .8 0 0 0.1 
0.29e5 .o. 029 706 37 0.089 094 )9 2 33 9.3 0 51 3. I 0 51 3. I 0 0 o. I 
0.2990 0.029 806 01 0.089 393 06 2 H 40.I 0 H 13.4 0 51 13. 3 0 0 o. I 
0.29G5 0.029 905 81 0.089 6«:12 23 2 34 11. 0 0 51 23.7 0 51 23.6 0 0 O. I 
c.1000 o. 030 005 79 0.089 991 90 2 34 1t1.q 0 51 34.0 0 51 33.9 0 0 0.1 

0.30C5 o. 030 105 93 0.090 292 07 2 35 12.9 0 51 44.3 0 51 44'.2 0 0 0.1 
0.3tl10 0.010 206 24 0.090 597 74 2 35 43.9 0 51 54.6 0 51 54.6 0 0 0.1 
0.3015 0.030 306 71 o.o•o 893 90 2 36 15.0 0 52 5.0 0 52 4.9 0 0 a.I 
0.3020 o. 030 407 36 0.091 195 57 2 36 46.l 0 52 15.4 0 52 15.3 0 0 O. I 
0.3025 o. 030 508 I 7 0.091 497 74 2 37 17. 3 0 52 25.8 0 52 25.7 0 0 0.1 
0.3030 0.030 609 14 O.O<ll 800 40 2 37 48.5 0 52 36.2 0 52 36. l 0 0 0.1 
0.3035 0.030 710 29 o.on 103 57 2 38 19.8 0 52 46.6 0 52 46.5 0 0 0.1 
o.,o4o 0.030 811 60 0.092 407 23 2 38 51. I 0 52 57.0 0 52 57.0 0 0 0.1 
o. 304 5 0.030 913 08 0.092 711 39 2 39 22.5 0 53 7 .5 0 53 7.4 0 0 0.1 
0.3050 0.031 014 72 o. 093 Cl6 06 2 39 53.9 0 53 18.0 0 53 17 .9 0 0 0.1 

0.3055 o. 031 116 54 0.093 321 22 2 40 25.4 0 53 28.5 0 53 28.4 0 0 0.1 
o. 3060 0.031 218 52 0.093 626 88 2 40 56.9 0 53 39.0 0 53 38.9 0 0 0.1 
o. 3 06 5 o. 031 320 66 0.09 3 933 04 2 41 28.5 0 53 49.5 0 53 lt9.4 0 0 0.1 
0.3070 0.031 422 98 0.094 239 70 2 42 0.1 0 54 o.o 0 53 60.0 0 0 0.1 
0.3C75 o. 031 525 46 0.094 546 86 z 42 31.8 0 54 10.6 0 54 10.5 0 0 0.1 
0.3C80 o. 031 628 11 0.094 854 51 2 43 3.6 0 54 21.2 0 54 21. I 0 0 0.1 
0.3Cft5 0.031 no 93 0.095 162 67 2 43 35.3 0 54 31 .8 0 54 31,. 7 0 0 0.1 
O. 3 OGO 0.031 833 91 0.095 471 33 2 44 1.2 0 54 42.4 0 54 42.3 0 0 0.1 
0.30G5 o. 031 H1 06 0.095 780 48 2 .. 39.J 0 54 53.0 0 54 53.0 0 0 0.1 
0.3100 o. 032 040 38 0.096 090 14 2 45 11.0 0 55 3.7 0 55 3.6 0 0 0.1 

o. 3105 0.012 143 Bf 0.096 400 29 2 45 43.0 0 55 14.3 0 55 14.3 0 0 0.1 
o.Hto o. 032 247 52 o.096 710 95 2 46 15. I 0 55 25.0 0 55 2s.o 0 0 0.1 
0.3115 0.032 351 H 0.097 022 10 2 46 47.2 0 55 35.7 0 55 35. 7 0 0 o. I 
o.3120 0.032 455 32 0.097 333 15 2 47 19.3 O· 55 46.lt 0 55 46.4 0 0 0.1 
o. 3125 o. 032 559 '8 0.097 t45 90 2 47 51.5 0 55 57.2 0 55 57. I 0 0 0.1 
o. 3130 0.012 663 80 0.097 958 55 2 48 23.8 0 56 7 .9 0 56 7.9 0 0 0.1 
o.3135 0.032 768 29 0.098 271 10 2 48 56.1 0 56 18. 7 0 56 18.6 0 0 0.1 
o.3140 0.032 872 94 0.098 585 35 2 49 28.4 0 56 29 • 5 0 56 29.4 0 0 O. I 
o. 314 5 0.032 977 11 0.098 899 50 2 50 0.9 0 56 40.3 0 56 40. 2 0 0 0.1 
0.3150 0.033 082 76 0.099 214 15 2 50 33.3 0 56 51.1 0 56 51 .o 0 0 0.1 

o. 3155 o. 033 187 91 0.099 529 29 2 51 5.8 0 57 1.9 0 57 1.9 0 0 0.1 
0.3160 0.033 293 24 0.099 844 94 2 51 38.4 0 57 12. 8 0 57 12. 7 0 0 0.1 
0.116 5 0.033 398 73 o. 100 161 08 2 52 11.0 0 57 23. 7 a 57 23.6 0 0 0.1 
o.1no 0.033 504 39 0.100 477 73 2 52 43.7 0 57 34.6 0 5l 34.5 0 e 0.1 
o.nn 0.033 610 22 0.100 794 87 2 53 16.4 0 57 45 .5 0 57 45.4 0 0 0.1 
0.1110 O.OH 716 21 0.101 112 51 2 53 49.2 0 57 56.4 0 57 56. 3 0 0 0.1 
0.)18' o. 033 822 37 0.101 430 t5 2 54 22.0 0 58 7.3 0 58 7 .3 0 0 0.1 
o.1no 0.033 928 70 0.101 749 29 2 54 54.9 0 58 18.3 0 5ft 18.2 0 0 0.1 
0.1n, 0.034 035 19 o. 102 068 43 2 55 27.8 0 58 29 .3 0 58 29.2 0 0 0.1 
0.1200 O.OH 141 et 0.102 388 07 2 56 0.8 0 58 40.3 0 58 4C.2 0 0 0.1 



.. TAIU 111-FVNCTI ONS OF THf lllflT RADIUS s,1AAl 
TUlf 111-fOHCTIONS D'VNE s,1AALE DE RAYON UNITAIAE 

------------------------------------------------------------------------ A/A• LS/A X/A Y/A Q/R P/R LT/A 
•LS/h 
.y['J]J 

■------------------------·······-------·····-···-----······-··-----------···· o.,, .. 0.1oz 7ZO Z5 0.102 6•3 16 0.001 151 l4 0.051 )55 61 0.000 419 60 o.ou .... n 
0.121, 0.101 041 00 0.103 on 65 0.001 TH l4 0.051 515 94 0.000 441 )5 o.ou ?OJ 55 
0.3215 0.101 )62 25 0.103 H4 65 0.001 710 2• 0.051 676 52 0.000 445 II 0.061 •11 II 
0.1120 0.101 684 00 0.103 656 14 0.001 1,1 31 0.051 117 36 a.coo 447 .. o.on 132 40 
0.122, 0.104 006 25 0.101 "" 13 0.001 102 54 0.051 '"' 44 0.000 450 68 o.on 147 12 
0.1210 0.104 329 00 0.10• 300 61 0.001 113 74 0.0,2 159 11 0.000 451 41 a.on 562 51 
0.1235 0.104 652 25 0.104 623 60 0.001 ,IZ4 .9 0.052 321 35 0.000 456 29 a.on 771 II 
0.3240 0.10• ,16 oc 0.10• 947 01 0.001 136 30 o.o,z 413 II 0.000 45• 12 0.06. '"4 10 I 
0.3245 0.105 300 25 0.105 271 06 0.001 14 7 66 0.052 645 26 0.000 461 .6 0.010 210 36 (\ 0.3250 0.105 625 00 0.105 5<J5 54 0.001 159 07 0.052 107 59 0.000 464 81 O.OlO 426 'l6 

0.)2'5 o. 105 '50 25 0.105 920 52 0.001 870 51 0.052 970 17 0.000 467 68 a.no 643 19 
0.)260 0.106 276 00 0.106 246 00 0.001 112 05 0.05) 13) 00 0.000 470 56 0.010 161 I 5 
0.3265 0.106 602 2, 0.106 571 97 0.001 HJ 62 0.05' 2<J6 01 0.000 473 45 0.011 071 15 
o. 3 270 0.106 929 00 0.106 191 44 0.001 ,05 25 o.os, 45• 41 0.000 476 36 0.011 2"6 .. 
0.3275 0.101 256 25 0.101 225 41 0.001 916 92 0.053 622 'II 0.000 479 21 o.on 514 .. 
0.1210 0.101 514 oc 0.101 552 17 0.001 •zt 65 0.053 7116 11 0.000 412 21 a.on 7H 54 
0.3215 0.101 912 25 0.101 uo 14 0.001 940 44 0.053 flO 19 0.000 415 16 o.on '52 41 
0.3290 0.101 241 00 O. l 01 209 30 0.001 952 21 o.os,, 115 22 0.000 411 12 0.012 171 74 
0.3295 0.101 570 25 0.101 531 26 .0.001 .. 4 17 0.054 21, n 0.000 4•1 09 0.012 391 34 
O.HOO 0.101 - 00 0.101 867 72 0.001 976 12 0.054 444 62 0.000 4"4 01 0.012 611 21 

0.3305 0.109 230 25 0.109 197 61 0.001 , .. 12 0.054 609 10 0.000 4<J7 01 0.012 111 55 
0.3310 0-10'1 561 00 0.10, 521 13 0.002 000 17 0.054 7H 02 0.000 500 10 o.on 052 15 
o.H15 0.10'1 8"2 25 0.10, !59 01 0.002 012 21 0.054 940 60 0.000 503 13 a.on 2n o• 
0.3320 0.110 224 00 o. 110 ,,o 53 0.002 024 45 o.o,s 106 42 0.000 506 17 a.on 4•4 36 
o. 3325 0.110 556 25 0.110 522 H 0.002 036 67 0.0'5 272 50 0.000 50'1 22 o.on 715 '1 
0.3330 0.110 ... 00 0.110 8'4 92 0.002 041 ., 0.0'5 HI 12 0.000 512 2" o.on ,n " O.H35 o. 111 222 25 0.111 117 16 0.002 061 21 0.0'5 605 ,. 0.000 515 31 0.074 160 II 
O.H40 O. Ill 556 00 0.111 521 10 0.002 OH 66 0.055 772 22 0.000 511 41 0.014 112 1' 
o. 3)45 0.111 HO 25 0.111 155 24 0.002 016 10 o.o'5 ,1., 29 0.000 521 51 0.014 '°' n 0.1150 o. 112 225 00 0.112 18' n 0.002 o .. 60 0.056 106 61 0.000 524 71 0.074 12' 01 

0.3)'5 0.112 560 25 o. 112 524 60 0.002 Ill 16 0.056 214 II 0.000 521 " 0.015 052 62 
o.n6o 0.112 1'6 00 0.112 160 03 0.002 121 11 0.056 442 01 0.000 531 00 0.075 276 57 
o.H65 0.113 232 25 0.111 195 .6 0.002 136 43 0.056 '10 01 0.000 514 11 o.on 500 15 
0.337' 0.111 569 00 o. 111 51Z 1, 0.002 149 16 0.056 711 40 0.000 531 15 0.075 725 46 
0.331'!... 0.113 906 25 0.113 169 11 0.002 161 .. o. 056 - ,1 0.000 540 55 0.075 '50 41 
0.3!80 0.114 244 00 0.114 206 n o.ooz 174 11 0.057 115 79 0.000 541 16 0.016 175 69 
0.3315 0.114 582 25 0.114 544 65 0.002 UT 67 0.057 214 16 0.000 546 .. o.ou 401 JO 
o.1no 0.114 921 00 0.114 !13 06 0.002 200 62 0.057 454 11 0.000 550 2l o.076 627 25 
0.33'15 0.115 260 25 o. 115 221 91 0.002 213 61 0.057 623 75 0.000 553 47 0.016 153 54 
0.3400 o. 115 600 00 0.115 561 n 0.002 226 10 0.057 191 56 0.000 556 74 o.on oeo 16 

0.3405 o. 115 940 25 0.115 901 2'1 0.002 239 12 0.057 963 u 0.000 560 02 o.on JOT 11 
0.1410 0.116 211 00 o.116 241 10 0.002 253 00 0.051 111 95 0.000 561 32 a.on 514 40 
0.1415 0.116 622 25 o.1u 512 6C 0.002 266 24 0.051 104 52 0.000 566 63 o.on TU 02 
o. '420 0.116 964 00 0.116 ,24 00 0.002 219 54 0.051 475 H 0.000 "' ., o.on ... '1 
0.3425 0.111 106 25 o. 117 265 90 0.002 292 90 0.051 646 40 0.000 ,n 29 0.011 211 26 
0.)430 o. 117 649 00 0.111 601 JO 0.002 306 31 0.051 111 72 0.000 576 65 0.011 446 19 
O.H,5 0.111 "'2 25 0.111 951 19 0.002 119 19 0.051 '" 21 0.000 510 oz 0.011 675 15 
0.1440 0.111 H6 00 0.111 2,4 51 0.002 333 32 0.05' 161 10 0.000 583 40 0.011 '°5 14 
0.3445 0.111 610 25 0.111 n1 47 0.002 346 91 0.059 113 l6 0.000 516 10 0.079 134 11 
0.1450 0.119 025 00 0.111 912 15 0.002 360 56 o.o,. 505 47 0.000 590 21 0.01, 364 n 
o. 3455 0.119 HO 25 0.119 327 n o.ooz 374 27 o.o5' 671 04 0.000 5'13 64 o. 01, 5'5 02 
0.14f0 o. 11 'I 716 00 0.119 611 11 0.002 111 04 0.05' 150 " 0.000 5'1 o• 0.01, 125 65 
0.3465 0.120 062 25 0.120 OIi 99 0.002 401 n 0.060 023 91 0.000 600 55 0.010 056 61 
0.3410 0.120 40' 00 0.120 365 36 0.002 415 16 0.060 197 23 0.000 604 02 0.010 217 91 
0.3415 0.120 756 25 0.120 112 24 0.002 429 Tl c.060 370 19 0.000 607 51 0.010 519 ,. 
0.1410 o. 121 104 00 0.121 059 60 0.002 443 12 0.060 544 60 0.000 611 01 0.010 751 51 
0.1415 o. 121 452 25 0.121 407 47 0.002 457 79 0.01>0 711 66 0.000 614 53 0.010 911 II 
0.1490 o. 12l 101 00 o. 121 755 13 0.002 411 93 0.060 1'12 91 0.000 611 06 0.011 216 45 
0.1495 0.122 150 25 0.122 104 69 0.002 486 12 0.061 067 53 0.000 621 61 0.011 449 42 
0.1500 0.122 500 00 0.122 4'4 (5 0.002 500 37 0.061 242 14 0.000 625 II 0~011 612 12 

0.1505 0.122 150 25 0.122 103 91 0.002 514 69 0.061 417 40 0.000 621 16 0.011 916 36 
0.3510 0.121 201 00 o. 121 154 26 0.002 529 06 0.061 592 71 0.000 632 15 0.012 150 33 
0.1515 0.121 552 25 0.121 505 II 0.002 543 50 D.061 761 27 0.000 635 96 0.012 Jl4 64 
0.3'20 0.123 '°" 00 0.123 '" 45 0.002 558 00 0.061 '44 01 0.000 639 " 0.012 "' 21 0.1525 0.124 256 25 0.124 201 30 0.002 572 56 0.062 120 13 0.000 643 23 0.012 154 25 
o. 3530 0.124 60' 00 0.124 560 64 0.002 517 II 0.062 296 44 0.000 646 .. o.on 019 56 
0.)5)5 0.124 '62 25 o.124 911 41 0.002 601 IT 0.062 473 00 0.000 650 " o.on 325 21 
0.1540 0.125 116 00 0.125 266 II 0.002 616 62 0.062 649 10 0.000 654 25 o.ou 561 1• 
0.1545 0.125 670 25 0.12, 620 64 0.002 631 43 0.062 126 16 0.000 657 '15 o.on 191 50 
0.1550 0-126 025 00 0.125 974 n 0.002 646 10 0.063 004 16 0.000 661 67 0.014 034 15 

0.15'5 a.au JIO 25 0.126 329 !O 0.002 661 24 0.061 111 72 0.000 665 40 0.014 211 13 
o.1uo •. u6 7)6 00 0.126 615 12 0.002 616 21 o.on 35' 52 0.000 "' 15 0.014 501 44 
o.,,.. a.Ul' 0'2 25 0.1n 040 .4 o.ooz 691 10 0.063 531 57 0.000 672 •2 0.014 746 10 
o.nM •-121 ... 00 0.111 1'1 26 0.002 706 42 o.on 115 II 0.000 616 70 0.084 914 01 
o.,n, t. l21' 106 25 0.121 1,. 07 0.002 721 61 0.061 1'14 43 0.000 610 50 o.oa, 222 40 o ..... o.u, 164 00 0.12, 111 11 0.002 136 n 0.064 on 21 0.000 614 12 o.on 46I 05 o.,w, 0.12, ,zz z, 0.111 4 .. 1• 0.002 752 II o. 064 252 21 0.000 611 " O.N, 1• .. 
o.,, •• o.an Nl H o.u1 121 4. 0.002 161 " 0.064 411 58 0.000 6'1 .. o.on ,,. ,. 
o. J,.5 0.119 , .. z, 0.12' , .. 2• 0.002 713 01 0.064 611 13 0.000 6'5 16 o.ot• 11, 02 
0.1600 o.u. 600 00 o.u, 545 " 0.002 7'1 52 0.064 1•0 93 0.000 6"'1 74 0.016 41' 01 



TAUE 111-fUIOCTIONS OI' THE U~IT RADIUS s,r~u ,1 
TABLE 111-FO~CTIONS O'UNE SP IRALE OE RAYON UNIUIRE 

---------------------------------------------------------------------------------------- 
AIR• STIR LC/~ 8 1/3 O•♦•C • C 
•LS/ A• --------------------------------------------------- 
•VLS/R DEG MNT SEC 
•=• ••• -- - -- • - ·--- ------ ••••• --·· •••• --- ••••••• - •• -- --- ---- •••• ---- ----· ••••• -- •••• ---- ... 
o. 3 205 O.OH 248 69 0.102 108 21 2 56 33. 8 0 58 51.3 0 58 51 .2 0 0 0.1 
0.3210 0.034 355 69 0.101 028 @4 2 51 6,9 0 5'J 2.3 0 59 2.2 0 0 0.1 
0.3215 0.034 462 85 0.101 349 98 2 57 40.0 0 59 13.3 0 59 13.3 0 0 0.1 
0.3220 0.034 510 18 0.103 671 62 2 58 13.2 0 59 24.4 0 59 24. 3 0 0 0.1 

0. 322 5 0.034 611 68 0.103 993 75 2 58 46.4 0 59 15.5 0 59 35.4 0 0 0.1 
0.3230 0.034 785 35 0.104 lit 3@ 2 59 19. 7 0 59 46.6 0 59 46.5 0 0 0.1 
0.3235 0.034 893 18 0.104 639 52 2 59 53.0 0 59 51.1 0 59 51.6 0 0 O. I 
0.1240 o. 035 001 18 0.104 963 15 3 0 26.4 I 0 s.8 I 0 8. 1 0 0 0.1 
0.1245 o. 035 109 35 o. 105 287 28 3 0 59.9 I 0 20.0 I 0 19.9 0 0 0.1 
0.3250 0.035 217 69 0.105 tll 91 I 13.4 I 0 31. I I 0 31.0 0 0 0.1 

0.3255 0. 015 326 19 0.105 931 04 3 2 6.9 I 0 42.3 0 42.2 0 0 O. I 
0.1260 0.015 434 86 0.106 262 66 3 2 40.5 I 0 53.5 0 53.4 0 0 0.1 
0. 3 26, 0.035 543 70 0.106 588 19 3 3 14.1 I I 4.7 I 4.6 0 0 0. I 
0.3210 o. 035 652 71 0.106 915 42 3 3 47.8 I I 15.9 I 15 .9 0 0 0.1 
0.32B o. 035 161 8e 0.101 242 ~4 3 4 21.6 I I 21.2 I 21.1 0 0 0.1 
0.1280 0.015 871 22 0.101 570 16 3 4 55.4 I I 3ft .5 1 38.'t 0 0 0.1 
0.3285 o. 035 980 73 o. 107 898 29 3 5 29. 2 I I 49. 7 I 49.7 0 0 0.1 
0.3 290 o. 036 090 40 0.108 226 qi 3 6 1.2 I 2 1.1 2 1.0 0 0 0.1 
o. 3 295 0.036 200 24 0.108 "6 Cl 3 6 37.1 I 2 12.4 2 12.3 0 0 0.1 
0.3300 0.036 310 25 0.108 885 65 3 1 11.1 I 2 23.7 2 23.6 0 0 O. I 

0.3305 o. 036 420 41 0.109 215 11 3 1 45.2 2 35. I 2 35.0 0 0 0.1 
0.3310 0.016 5:io 11 0.109 546 39 3 8 19.3 2 46.4 2 46. 3 0 0 0.1 
0.1315 0.016 641 29 0.109 811 51 3 8 53.5 2 57. 8 2 51.1 0 0 0.1 
0.3320 0.010 151 96 0.110 209 12 3 9 n.1 3 9.2 3 9.1 0 0 0.1 
0.3325 0.036 !62 81 0.110 541 24 3 10 1.9 3 20.6 3 20.5 0 0 0.1 
0.3130 0.016 973 83 O.llO 873 85 3 10 36.2 3 32.1 3 32.0 0 0 0.1 
0.3 :!3 !' 0.011 C85 01 0.111 206 96 3 II 10.6 3 43.5 3 43.-'t 0 0 0.1 
o. 3340 0.037 196 36 0.111 540 58 3 ·11 45.0 3 55.0 l 54.9 0 0 0.1 
o. 3345 a.on 307 81 0.111 814 69 3 12 19.5 4 6.5 4 6.4 0 0 0.1 
O.H50 o. 031 419 55 o. 112 209 30 3 12 54.0 4 18.0 4 17 .9 0 0 0.1 

0.3355 0.011 531 41 o. 112 544 41 3 13 28.6 4 29.5 4 29.4 0 0 0.1 
0.3360 0.037 643 42 0.112 880 01 3 14 3.2 4 41. I 4 41 .o 0 0 0.1 
0.33f5 0.037 155 61 0.113 2 i e 12 3 1' 31.9 4 52.6 4 52.5 0 0 O. I 
0, 3 310 o.on 867 96 0.113 552 n 3 15 12.6 5 4.2 5 4. I 0 0 0.1 
0.3375 0.011 980 4e 0.113 889 n 3 15 lt7.4 5 15 • 8 5 15. 7 0 0 0.1 
0.3380 o.ou 091 11 0.114 221 43 3 16 22.3 5 27.4 5 27 .3 0 0 0.1 
O.-:J38'5 0.038 206 03 Q.11' 565 54 3 16 57. I 5 19.0 5 38. 9 0 0 O. I 
o. 3390 0.038 119 05 o. 114 904 14 3 11 12.1 5 50.7 5 50.6 0 0 O. I 
C.3JG5 o. 018 432 24 o. I 15 243 24 l 18 7.1 6 2.4 6 2.2 0 0 0.1 
0.1-'tCO 0.038 545 60 0.115 582 84 3 18 42.1 6 14 .o 6 11.9 0 0 0.1 

0.3405 0.038 659 I 2 0.115 922 93 3 19 11.2 '6 25. 7 6 25.6 0 0 O. I 
0.1410 0.038 112 82 0.116 263 53 3 19 52.3 6 37 .4 h 37.3 0 0 0.1 
0.3415 0.018 8A6 68 0.116 t04 63 3 20 21.5 6 49.2 6 49. I 0 0 0.1 
0.3420 o. 019 000 1C o. I 1"6 946 22 3 21 2.8 1 0.9 1 0.8 0 0 0.1 
0.3425 o. 03'9 114 90 0.111 288 32 3 21 38.1 1 12.1 1 12.6 0 0 O. 1 
0.31t'l0 o. O'lQ 229 26 0.111 nc GI 3 22 13.4 1 24.5 1 24.4 0 0 o. I 
0.3435 0.039 343 19 0.111 914 00 3 22 48.8 1 36 • 3 7 36. 2 0 0 0.1 
o. 3~40 0.039 458 49 0.118 311 5q 3 23 24. 3 1 48.1 1 48.0 0 0 O. I 
o. 3 .. 4., o. 039 571 35 0.118 HI 68 3 23 59.8 1 59.9 1 59.8 0 0 o. I 
0.3450 0.039 688 Jq 0.119 006 21 3 24 35. 3 8 11.8 8 11.1 0 0 0.1 

0.3455 0.019 803 59 0.11• 351 35 3 25 10.9 8 23.6 8 23.5 0 0 O. I 
0.3460 0.01• 918 9t O. I IS ~96 G4 3 25 46.6 8 35.5 8 35.4 0 0 0.1 
0.31t65 o. 040 014 4G 0.120 043 02 3 26 22.3 8 47.4 8 47.3 0 0 0.1 
0.3470 o. 040 rso 19 0.120 389 60 3 26 H.l 8 59 .4 8 59.2 0 0 0.1 
o. 3415 o. 040 266 06 0.120 736 69 3 27 33.9 9 11.3 9 11.2 0 0 0.1 
O. 3.\ AO o. 040 382 10 0.121 C84 21 3 28 9.7 q 21.2 9 23. I 0 0 0.1 
o. Hf 5 o. 040 ... 31 o. I 21 432 35 3 28 45. 7 9 35.2 Q 35. I 0 0 0.1 
0.3490 0.040 614 6@ 0.121 180 92 3 2• 21.6 9 47.2 9 47.1 0 0 0.1 
0.3495 o. 040 711 22 0.122 130 00 3 29 51.6 9 59.2 9 5S. I 0 0 0.1 
0.3500 o. 040 847 93 0.122 4H 58 l 30 33.1 10 11.2 10 11.1 0 0 0.1 

o.1,c'5 o. 040 %4 80 0.122 829 65 3 31 9.8 10 23.3 10 23.1 0 0 0.1 
0.3510 o. 041 081 85 0.121 180 22 3 31 46.0 10 35.3 10 35.2 0 0 0.1 
0.1515 0.041 190 06 0.123 531 30 3 32 22.2 10 lt7.4 10 47 .3 0 0 o. I 
O.B20 0.041 316 .. 0.121 882 81 3 32 58. 5 10 '5Q., 5 10 59.4 0 0 0.1 
0.3525 0.041 431 qr o. 124 234 93 3 33 14.8 II 11.6 11 11.5 0 0 0.1 
0.3530 0.041 551 10 0.124 581 50 3 34 11.2 II 23.7 II 23.6 0 0 0.1 
0.35~5 o. 041 669 5! 0.124 940 51 3 34 41.1 II 35. 9 II 35. 1 0 0 0.1 
0.1540 0.041 181 63 o. I 25 294 13 3 35 24. I 11 48.0 II 47.9 0 0 o. I 
0.3545 0.041 905 A4 0.125 t48 20 3 36 0.1 12 0, 2 12 o. I 0 0 0.1 
0.3550 o. 042 024 23 0.126 002 76 3 36 H.3 12 12.4 12 12.3 0 0 0.1 

0.3555 0.042 142 18 0.126 351 !2 3 31 13. 9 12 2-'f .6 12 24.5 0 0 0.1 
0.3560 0. 042 261 50 O. I 26 713 38 3 31 50.6 12 36.Q 12 36. 7 0 0 0.1 
o.J"5 o. 042 310 H 0.121 C69 .. 3 38 21.1 12 49. I 12 49.0 0 0 O. I 
O.HlO 0.042 4~9 44 o. 127 426 00 3 39 4.1 13 1.4 13 1.2 0 0 0.2 
0.357, o. 042 618 H 0.177 183 06 3 39 41.0 13 13.1 13 13 .5 0 0 0 .2 
0.3HO 0.042 138 05 o. I 28 140 61 3 40 17.9 13 26.0 13 25.8 0 0 0.2 
o. 1'15 0.042 857 61 0.128 498 66 3 40 54.8 13 38.3 13 38.1 0 0 0.2 
o.n9o 0.042 911 33 0.128 857 22 3 41 31 .8 13 50.6 13 50.4 0 0 0.2 
o. 3 5~5 0.043 097 22 0.129 216 27 3 42 8.9 14 3.0 14 2.8 0 0 0.2 
0.3600 O. Olt3 217 28 o. I 29 575 82 3 42 46.0 14 15.3 14 15. 2 0 0 0.2 
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,17 -------------------------------------------------------------------------------- ., .. LS/A X/R T/11 Q/11 P/11 lT/11 
•lS/A• 
•fln 

-----------------------·-······--·-········---------------------·---·--·-·--····· D.3M>5 0.12• .. 0 25 0.129 905 H 0.002 814 10 0.0M 910 98 0.000 103 63 0.086 659 34 
0.1610 o.uo JZI 4)0 0.130 265 68 0.002 829 14 0.065 151 28 0.000 101 54 0.086 900 00 1 0.3615 o. uo ♦82 25 0.130 626 47 0.002 '"' 44 o.065 331 83 0.000 711 47 o.on 140 99 
O.H20 0.131 044 00 o.uo ~n 75 0.002 861 21 0.065 512 62 0.000 715 41 a.on 382 32 
0.3625 0.131 406 25 0.131 349 53 0.002 177 05 0.065 693 67 0.000 71'1 37 o.on 62) 98 
0.3630 0.131 769 00 0.111 711 !I 0.002 892 95 0.065 874 97 0.000 723 35 0.011 865 91 
0.3635 0.132 132 25 0.132 014 59 0.002 908 91 0.066 056 51 0.000 127 34 0.081 108 31 
0.3640 0.132 4<>6 00 0.132 437 86 0.002 924 95 o.066 238 31 0.000 131 35 o.oae 350 91 

} 0.36H 0.112 860 25 0.132 IOI 63 0.002 941 05 0.066 420 35 0.000 735 38 o.oaa 593 98 ( ( 0.3650 0.133 225 00 o. 133 165 90 0.002 .,57 21 0.066 602 65 0.000 739 42 o.oaa 837 32 

0.3655 0.133 590 25 0.133 530 66 0.002 913 44 0.066 785 19 0.000 143 48 0.089 080 99 ' o. 3660 0.133 956 oc 0.133 195 92 0.002 989 74 0.066 967 99 0.000 141 56 0.089 3H 9 .. 
0.3665 0.134 322 25 o.134 261 68 0.003 006 II 0.061 151 03 0.000 751 65 0.019 569 H 
0.3670 0.134 68" 00 0.134 627 93 0.003 022 54 0.067 334 32 0.000 755 16 0.089 114 01 
0.3675 0.135 056 25 0.134 994 68 0.003 039 04 0.061 517 16 0.000 759 ae 0.090 059 02 
0.3680 0.135 424 00 0.135 361 92 0.003 055 61 0.067 701 65 0.000 764 03 0.090 304 36 \ 0.3615 0.135 792 25 0.135 729 66 0.003 012 24 0.067 185 69 0.000 761 19 0.090 550 04 
0.3690 0.136 161 00 0.136 097 90 0.001 088 95 0.068 069 98 0.000 112 36 0.090 796 05 
0.36~5 0.136 530 25 0.136 466 64 0.003 105 72 a.OM 254 52 0.000 716 56 0.091 042 39 
0.3700 0.136 900 co 0.136 el5 n 0.003 122 56 0.068 439 31 0.000 780 11 0.0•11 289 08 

1( 
' 0.HC5 0.137 270 25 0.137 205 60 0.003 139 46 0.068 624 35 0.000 785 00 0.091 536 09 

0.3710 O.tH 641 00 0.137 575 12 0.003 156 44 0.068 809 64 0.000 789 24 0.091 783 44 
0.3715 0.138 012 25 0.1n 946 " 0.003 173 48 0.068 995 17 0.000 793 51 0.092 031 13 
o. 3720 a. 118 384 00 0.138 317 76 0.003 190 60 0.069 180 96 0.000 191 79 0.092 279 15 
0.3725 0.138 756 25 0.131 689 48 0.003 207 78 0.069 367 00 0.000 802 oa 0.092 527 50 
o. 3730 a. 139 129 00 0.119 061 69 0.003 225 03 C.069 553 28 0.000 806 40 0.092 776 19 
0.373·5 0.139 502 25 0.139 434 39 0.003 242 35 0.069 739 81 0.000 810 73 0.093 025 21 
0.3740 0.139 876 oc 0.139 807 60 0.003 259 74 0.069 926 60 0.000 815 08 o. 093 274 57 
0.3745 0.140 250 25 0.140 181 30 0.001 271 20 0.010 113 63 0.000 819 44 0.093 524 26 
0.1150 0.140 625 00 0.H0 555 49 0.003 294 n C.070 300 91 0.000 823 83 a. 091 114 29 

0.3755 a. 141 000 25 o. 140 no 19 0.001 312 34 0.010 488 45 0.000 828 23 a. 094 024 65 
0.3760 0.141 316 oc 0.141 305 H 0.003 no 01 c.010 676 23 0.000 832 65 0.094 275 35 
o. 3765 o. 141 752 25 0.141 681 06 0.001 347 75 c.010 864 26 0.000 831 09 0.094 526 38 
0.3710 a. 142 129 00 o. 142 057 24 0.003 365 56 a.on 052 54 0.000 841 54 0.094 111 74 
0.311" 0.142 506 25 0.142 433 92 0.003 183 44 a.on 241 01 0.000 846 01 0.095 029 44 
0.1n 0.142 884 00 0.142 811 09 0.003 401 40 o.on 429 85 0.000 850 50 o.095 281 48 
0.3785 o. 143 262 25 0.1 .. 3 188 76 0.003 419 43 0.011 618 88 0.000 855 01 0.095 533 85 
0.3790 0.143 641 00 0.143 566 93 0.003 437 52 0.071 808 15 0.000 859 54 0.095 786 55 
0.3H5 0.144 020 25 0.143 945 59 0.001 455 69 o.on q97 68 0.000 864 08 0.096 039 59 
0.3800 0.144 400 00 0.144 324 74 0.003 473 93 0.012 187 46 0.000 868 64 0.096 292 97 

Q.3805 0.144 780 25 0.144 704 40 0.003 492 25 0.012 377 48 0.000 813 22 0.096 546 67 
0.3810 o. 145 161 00 0.145 084 55 0.003 510 63 0.012 567 76 0.000 877 82 0.096 800 72 
0.3815 0.145 542 25 0.145 465 20 0.003 52Q 09 0.012 758 28 0.000 882 44 o. 097 055 10 
0.1120 0.145 924 00 0.145 !46 34 0.003 547 62 0.012 9~9 05 0.000 88 7 01 0.091 309 81 
0.3825 0.146 306 25 a. 146 227 98 0.001 566 22 o.on 140 08 0.000 891 73 0.097 564 85 
0.3830 0.146 68'1 00 o·.146 610 II 0.003 584 90 o.on 331 35 0.000 896 40 0.097 820 24 
0.3835 0.147 072 2' 0.146 '92 74 0.003 603 65 Q.073 522 81 0.000 901 09 0.091 075 95 ,( 0.3840 0.147 456 00 0.147 375 !7 0.001 622 47 0.073 714 64 0.000 905 79 0.098 332 00 
0.3845 0.147 840 25 0.147 759 49 0.003 641 37 o.on 906 66 0.000 910 52 0.091 588 39 
0.3850 0.148 225 00 0.148 143 61 0.001 660 34 0.074 098 93 0.000 915 26 o.098 845 11 

0.3855 0.148 610 25 0.148 528 22 0.003 679 38 0.074 291 45 0.000 920 03 0.099 102 17 
0.3860 0.148 996 00 0.148 913 33 0.003 698 50 0.074 484 22 0.000 q24 81 0.099 35q 56 
O.H65 0.149 382 25 0.149 298 93 0.003 717 69 0.074 677 24 0.000 929 61 0.099 617 28 
0.3870 a. 149 769 00 0.14Q 685 04 0.003 736 96 0.074 810 50 0.000 934 43 0.099 815 34 
O.H75 a. 150 156 25 0.150 071 63 0.003 756 30 0.015 064 02 0.000 939 27 0.100 133 74 
0.3880 0.150 544 00 0.150 458 73 0.003 715 72 0.075 257 19 0.000 944 12 0.100 392 47 
0.38f5 0.150 932 25 0.150 846 31 0.003 795 21 0.075 451 80 0.000 94'1 co 0.100 651 53 
0.38'10 0.151 321 00 0.151 2H 40 0.003 814 78 0.01s 646 06 0.000 953 89 0.100 '110 93 
0.38~5 0.151 710 25 0.151 622 ~8 0.003 834 42 0.075 840 58 0.000 958 ao 0.101 110 67 
o. 3900 0.1,2 100 00 0.152 012 05 0.003 854 14 0.076 035 34 0.000 963 13 0.101 430 74 

0.3905 o. 152 490 25 0.152 401 63 0.001 873 94 0.076 230 35 0.000 968 69 0.101 691 14 
0.3910 0.152 811 00 0.152 191 69 0.001 893 81 0.016 425 61 0.000 913 66 0.101 951 IR 
0.3915 o. 153 272 25 0.153 182 26 0.003 913 75 0.076 621 12 0.000 978 64 0.102 212 95 
0.3920 D.153 664 00 0.153 573 31 0.001 933 78 o.076 816 88 0.000 983 65 0.102 474 36 
0.3925 0.154 056 25 O.H3 964 .17 0.001 953 88 0.011 012 89 0.000 988 68 0.102 736 10 
o. 3930 0.154 449 00 0.154 356 92 0.003 974 06 a.on 209 15 0.000 993 73 0.102 998 18 
o. 3935 D.154 842 25 0.154 149 46 0.003 '194 31 a.on 405 66 0.000 998 79 0.103 260 60 
0.3940 o. 155 236 00 0.155 142 50 0.004 014 64 a.on 602 42 0.001 003 ea 0.101 523 34 
0.3945 0.155 630 25 0.155 536 04 0.004 035 05 a.on 799 42 ovccr 008 98 0.101 786 43 
o. 3950 0.15. 025 00 0.155 930 07 0.004 055 54 c.011 996 68 0.001 014 10 0.104 049 85 

o. 3955 0.15. 420 25 0.156 324 60 0.004 076 10 0.078 194 18 0.001 019 25 0.104 313 60 
0.3960 a. 156 816 00 0.156 719 62 0.004 096 74 0.078 391 93 0.001 024 41 0.104 571 69 
D.3~65 o. ,,, 212 25 0.157 115 14 0.004 117 46 0.078 58'1 94 0.001 029 59 0.104 842 11 
o.1no •• 1,, 609 00 0.157 511 15 0.004 138 26 0.078 788 I 9 0.001 034 80 0.105 106 87 
0.3915 •• lt8 006 25 0.157 907 66 0.004 159 14 0.078 986 69 0.001 040 02 0.105 371 96 
0.1••0 •- n• 404 00 0.151 304 66 0.004 180 10 C.07'1 185 44 0.001 045 26 0.105 637 39 
0.3 •• ., e.1!!1• 802 25 0.151 102 16 0.004 201 13 0.019 384 44 0.001 050 52 0.105 903 15 
0.1••11 o.n• 201 00 o. 159 100 16 0.004 222 25 C.07'1 583 69 0.001 055 80 0.106 169 25 
0.3.'15 o. n• 600. 25 0.15. 40 65 0.004 243 44 0.019 783 19 0.001 061 10 0.196 435 68 
0.4000 o. 160 000 00 0.159 en 63 0.004 264 72 0.079 982 94 0.001 066 42 0.106 702 45 
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----------------------------------------------------------------------------------------- 
A/A-. ST /R LC/R 8 I /3 8•$+C ~ C 

aLS/-• ------ - ----- - - --- - -- ---- - - --- - - - - - - - - --- -- -- -- - -- - -- 
•Vu7A OEG MNT SEC 
•a••• ••a••,,.••••••a• wz••== :aa:a= :z :.s •--••=••• :.sa •z=-•••••"" zz: ,,.,. a::11..sz :s= :s:s: === = = •= ==-== z = == zz,z:,,: •== 
0.36C5 0.043 337 51 0.129 935 e6 3 43 23.1 14 27.7 14 27 .5 0 0 0.2 
0.1610 0.0H 457 91 o. I 30 296 41 3 44 0.3 14 40. I 14 39.9 0 0 0.2 
0.'615 0.043 578 47 o. 130 657 45 3 44 37.6 14 52.5 14 52.4 0 0 0.2 
0.3620 0.043 699 20 o. 131 019 00 3 45 14.9 15 5.0 15 4. 8 0 0 0.2 
0.3625 o. 043 820 10 0.131 38 I 04 3 45 52. 2 15 17.4 15 I 7 .2 0 0 0.2 
0.1610 o. 043 941 17 0.131 743 58 3 46 29. 7 15 29.9 15 29. 7 0 0 0.2 
o.3635 o. 044 062 40 0.132 106 62 3 47 1.1 15 42.4 15 42.2 0 0 0.2 
0.1640 ·0.044 183 ec 0.132 470 16 3 47 44.6 15 54.9 15 54. 7 0 0 0.2 
0.3645 o. 044 305 37 0.132 834 19 3 48 22. 2 16 7.4 16 1.2 0 0 0.2 
0.3650 o. 044 427 II 0.133 l9e 73 3 48 59.8 16 ·19.9 16 19.8 0 0 0.2 

0.3655 0.044 549 01 0.133 563 76 3 49 37.5 16 32. 5 16 12. 3 0 0 0.2 
0.3660 0.044 671 09 0.1n 929 29 3 50 15.2 16 45.l 16 44.9 0 0 0.2 
o.3665 0.044 793 33 0.134 295 32 3 50 53. 0 16 57.7 16 57. 5 0 0 0.2 
0.3670 0.044 915 73 0.134 HI es 3 51 30.8 17 10.1 I 7 10.1 0 0 0.2 
0.3675 o. 045 038 31 0.135 028 ea 3 52 e. 1 17 22.9 17 22.7 0 0 0.2 
0.3680 0.045 161 05 0.135 396 41 3 52 46.6 17 35.5 17 35.4 0 0 0.2 
0.3685 0.045 283 97 o. 135 764 43 3 53 24.6 17 48.2 17 48.0 0 0 0.2 
0.3690 o. 045 407 04 0.136 132 55 3 54 2.6 18 0.9 18 o. 7 0 0 0.2 
0.3695 o. 045 530 2'l o. 136 501 n 3 54 40. 7 18 13.6 18 13.4 0 0 0.2 
0.37CO o. 045 653 71 0.136 871 49 3 55 18. 8 18 26.3 IA u.1 0 0 0.2 

{. 
0.17C5 o. 045 777 29 0.137 241 51 3 55 57.0 18 39.0 18 38.8 0 0 0.2 
0.3710 0.045 901 04 0.137 612 03 3 56 35.2 18 51.7 18 51.6 0 0 0.2 
o. 3 71 5 o. 046 024 96 0.137 <;18] 04 3 57 13.5 19 4.5 19 4. 3 0 0 0.2 
o. 3 720 o. 046 149 04 o s t aa 354 56 3 57 51.9 19 17.3 19 17. I 0 0 0 .2 
0.3725 o. 046 273 30 0.138 726 57 3 58 30.3 19 30.I 19 29.9 0 0 0.2 
0.3730 0.046 3n 72 0.139 C99 08 3 59 8.7 19 42 .9 19 42. 7 0 0 0 .2 
0.3735 o. 046 522 31 o. 139 472 cs 3 59 47.2 19 55. 7 19 55.5 0 0 0.2 
o.3740 o. 046 647 06 0.139 845 59 4 0 25. 7 20 8.6 20 8.4 0 0 0.2 
o. 3745 o. 046 771 99 0.140 219 60 4 I 4.3 20 21.4 20 21 .2 0 0 0.2 
0.3750 0.046 897 08 0.140 594 10 4 l 43.0 20 34.3 20 34. l 0 0 0.2 

o.3755 o. 04 7 022 34 o. 14 C 969 11 4 2 2 I. 7 20 47.2 20 47. 0 0 0 0.2 
0.3760 0.047 147 77 0.141 344 61 4 3 0.4 21 0.1 20 59.9 0 0 0.2 
o. 3765 0.047 273 37 0.141 720 60 4 3 39. 3 21 13. l 21 12.9 0 0 0.2 
o. 3170 0.047 399 13 0.142 C97 10 4 4 18.l 21 26. 0 21 25.e 0 0 0.2 
C.3175 0.047 525 06 o. 142 4 74 IC 4 4 57.0 21 39.0 21 38. 8 0 0 0.2 
o.Heo o. 04 7 651 16 o. 142 851 59 4 5 36.0 21 52.0 21 51.8 0 0 0.2 
0.3785 0.047 717 43 0.143 229 58 4 6 15.0 22 5.0 22 4.8 0 0 0.2 
O. 37GO o.oH 901 87 o. 143 608 07 4 6 54.0 22 18.0 22 11.e 0 0 0.2 
0.37G5 o. 048 030 47 0.143 987 Cb 4 7 33.2 22 31. l 22 30.8 0 0 0.2 
0.1800 0.048 157 24 0.144 366 55 4 8 12.3 22 44.l l 22 43.9 0 0 0.2 

0.38C5 0.048 284 18 o. 144 146 53 4 8 51.5 22 57.2 22 57 .o 0 0 0.2 
o.3810 0.048 411 29 0.145 127 C2 4 9 30.8 23 10.3 23 10.0 0 0 0.2 
0.3815 o. 048 538 56 o. 145 508 00 4 10 10.1 23 23.4 21 23. I 0 0 0.2 
0.3820· 0.048 666 01 0.145 889 48 4 10 49.5 23 36.5 23 36.3 0 0 0.2 
o.3825 o. 048 793 62 0.146 271 46 4 II 28.9 23 49.6 23 49.4 0 0 0.2 
0.3830 o. 048 921 40 0.146 653 93 4 12 8.4 24 2.e 24 2 .6 0 0 0.2 
0.3R35 o. C49 049 35 o.147 036 91 4 12 4 7 .9 24 16.0 24 15.7 0 0 0.2 
o. 3840 o. 049 177 46 0.147 42C 38 4 13 27. 5 24 29.2 24 28.9 0 0 0.2 
0.3845 o. 04Q 305 74 0.147 804 35 4 14 1.1 24 42.4 24 42.1 0 ·o 0.2 
0.1P50 o. 049 434 19 0.148 188 e2 ~ 14 46.8 24 55.6 24 55.4 0 0 0.2 

O.lP~5 0.049 562 81 o. 148 573 79 4 15 26. 5 I 25 8.8 25 8.6 0 0 0.2 
0.386C o. 049 691 60 0.148 959 25 4 16 6.3 25 22.1 25 21.9 0 0 0.2 
0.3865 o. 049 820 55 o. 149 345 21 4 16 46.2 25 35.4 25 35. I 0 0 0.2 
C.3870 o. 049 949 68 0.149 731 68 4 17 26. 0 25 48.7 25 48.4 0 0 0.2 
0.3875 o. 050 078 97 0.150 118 64 4 18 6.0 26 2.0 26 1.1 0 0 0.2 
0.3880 o. 050 208 43 c.150 506 C9 4 1H 46.0 26 15. 3 26 15. 1 0 0 0.2 
0.3Ae5 o. 050 118 05 0.150 894 05 4 19 26. 0 26 z s , 1 26 28.4 0 0 Q.3 
0.1890 o. 050 467 85 0.151 282 5C 4 20 6.1 26 42 .o 26 41.8 0 0 0.3 
0.3R95 O. O'iO 597 81 0.151 671 46 4 20 46.2 26 'i5.4 26 55.2 0 0 0.3 
0.39CO o.050 727 04 0.152 060 91 4 21 2b.4 27 e.e 27 6.6 0 0 o. 3 

Q.3905 o. oso 858 24 0.152 450 85 4 2? 6.7 27 22.2 27 22.0 0 0 0.3 
0.3910 0.050 9A6 71 0.152 841 10 4 22 47.0 27 35.7 27 35.4 0 0 0.3 
0.3915 o. 051 119 34 0.153 232 25 4 23 27.3 27 49.I 27 4R.8 0 0 0.3 

( Q.3920 0.051 250 15 0.153 t73 69 4 24 7 • 7 2A 2.6 28 2.3 0 0 0.1 
0.302S Q. C5 l 3Al 12 0.154 015 63 4 24 48.2 ?8 16.l 28 15.8 0 0 0.3 

I 0.3930 O. OS I 512 26 o. 154 40A 07 4 25 28.7 2A 29.6 2A 20.3 0 0 0.3 
0.3935 0.051 641 57 o. I 54 801 co 4 26 9.3 2R 43.J 28 42.8 0 0 0.3 
o.3940 o. 051 775 04 o. 155 194 44 4 26 4q.q 28 56 .6 28 56. 3 0 0 0.3 
o.3945 o. 051 906 69 0.155 588 37 4 27 30. 5 2q 10.2 29 9.9 0 0 0.3 
0.3950 o. 05? 018 50 0.155 982 eo 4 28 11.2 29 23.7 29 23.5 0 0 0.1 

0.3055 0.052 170 48 0.156 377 73 4 28 52.0 29 37.3 29 37. I 0 0 0.1 
0.396C o. 052 302 62 0.156 773 16 4 29 32.8 zq 50.9 29 50. 7 0 0 0.3 
o.3965 o. 052 434 04 0.157 169 08 4 JO 13.7 30 4.6 30 4.3 0 0 0.1 
Q.39 70 0.052 567 43 0.157 565 50 4 30 54.6 10 16.2 30 17.9 0 0 o.3 
o.3975 o. 052 700 OA o.157 962 42 4 31 35.6 30 31 • 9 30 31.6 0 0 0.1 
0.3080 o. 052 832 90 0.158 359 e4 4 32 16.6 10 45.5 30 45.2 0 0 0.3 
0. 3985 o. 052 965 89 0.158 757 76 4 32 57.7 30 59.2 30 58.9 0 0 Q.3 
o.3990 0.053 C99 04 0.159 156 17 4 13 38.8 31 12.9 31 12.6 0 0 0.3 
o.3qq5 o. 053 212 37 0.159 555 ce 4 34 20.0 31 26.7 JI 26.4 0 0 0.3 
0.4000 0.053 365 86 o. 159 954 49 4 35 I. 2 31 40.4 31 40.I 0 0 0.3 



100 TA BLE Ill-FUNCTIO NS OF THE UNIT RADIUS SPIRAL 
TA BLE 111-FCNCTIO NS O'UNE SPIRALE OE RAYON UNITAIRE 

--------------------------------------------------------------------------------------- AIR• LS/R X/R Y/R Q/R P/R LT/R 
•LS/A• 
•l'Ls7A 
········--····•3■■--~·-··~----·•~=-•=••==••·······~--=••··~•-==••······••==••··--·••=••·· 0.40C'i o. 160 400 25 0.160 297 II 0.004 286 07 C.060 162 93 0.001 071 76 0.106 969 55 
0.4010 0.160 801 00 0.160 6q7 09 0.004 307 50 C.060 383 18 0.001 077 12 0.101 236 99 
0.4015 0.161 202 25 0.161 097 56 0.004 329 02 o.oeo 583 67 0.001 062 51 0.101 504 76 
0.4020 0.161 604 00 0.161 498 52 0.004 350 ~I o.oeo 784 42 0,001 087 91 0.107 772 67 
0.4025 o. 162 006 25 0.161 899 SB 0.004 372 29 0.080 985 41 0.001 093 33 0.108 041 31 
0.4030 o. 16 2 409 00 0.162 301 94 0.004 394 04 0.081 186 65 0.001 098 77 0.108 310 09 
0.4035 0.162 812 25 0,162 704 39 Q.004 415 88 0.081 388 15 0,001 104 23 0.108 579 20 
0.4040 0.163 216 00 0.163 107 33 0.004 437 80 0.081 589 89 0.001 109 71 0.108 84B 65 
0.4045 o. 163 620 25 0.163 510 77 0.004 459 80 0.081 791 88 0.001 115 22 0.109 118 43 
0.4050 0.164 025 00 0.163 Sl4 71 0.004 481 88 0.081 994 12 0.001 120 74 C.109 388 55 ( 0.4055 0.164 430 25 o. 164 319 14 0.004 504 04 0.082 196 60 0.001 126 28 0.109 659 00 
0.4060 0.164 836 00 0.164 724 C7 0.004 '526 29 0.082 399 34 0.001 131 85 0.109 929 79 
0.4065 0.165 242 25 0.165 129 49 0.004 54B 62 0.082 602 33 0.001 137 43 0.110 200 qz 
0.4C70 0.165 649 00 0.165 535 40 0.004 571 02 0.082 B05 56 0.001 143 04 0.110 472 37 
0.4075 0.166 056 25 0.165 941 Bl 0.004 593 52 0.063 009 05 0.001 148 66 0.110 H4 17 

\I 0.4080 0.166 464 00 0.166 348 72 0.004 616 09 0.083 212 78 0,001 154 31 o. Ill 016 30 
0.4085 0.166 872 25 0.166 756 12 0.004 638 75 0.083 416 77 0.001 159 9B 0.111 28B 76 
0.4090 o. 167 281 00 0.167 164 01 0.004 661 49 0.0B3 621 00 0.001 165 66 0.111 561 56 
0.4095 0.167 690 25 0.167 572 40 0.004 684 32 0.083 825 48 0.001 171 37 0.111 B34 69 
0.4100 0.16B 100 00 0.167 981 29 0.004 707 23 0.084 030 21 0.001 177 10 0.112 108 16 

0.4105 0.168 510 25 0.168 390 67 0.004 730 22 a.OSio 235 19 0.001 182 B5 o. 112 3B I 97 

r I 0.4110 0.168 921 00 0.168 800 54 0.004 753 29 0.084 440 42 0.001 1ee 63 o. 112 656 II 
0.4115 0.169 332 25 0.169 210 91 0.004 776 46 0.084 645 90 0.001 194 42 0.112 930 5B 
0.4120 0.169 744 00 0.169 f2 l 77 0.004 799 70 0.064 B51 63 0.001 200 23 0.113 205 39 
0.4125 o. 170 156 25 0.110 033 13 0.004 B23 03 0.0B5 057 60 0,001 206 07 0.113 480 54 
0.4130 0.110 569 00 0.170 444 98 0.004 B46 45 o.oa5 263 B3 0.001 211 93 o. 113 756 02 
0.4135 0.110 962 25 0.110 B57 33 0.004 669 95 0.085 470 30 0.001 217 BO o. 114 031 84 
0.4140 0.171 396 00 0.171 270 17 0.004 693 53 0.065 677 02 0.001 223 70 o. 114 307 99 
0.4145 o. 171 BIO 25 0.1 71 663 50 0.004 917 20 0.085 B84 00 0.001 229 62 0.114 564 47 
O.H50 0.172 225 00 0.172 097 33 0.004 940 96 0.066 091 22 o. 001 235 57 o. 114 B61 30 \\ 
0.4155 0.172 MO 25 0.112 511 66 0.004 964 BO 0,0B6 298 69 0.001 241 53 0.115 13B 45 
0.4!f0 0.113 056 00 0.112 926 4B 0.004 98B 73 0.086 506 41 0.001 247 52 o. 115 415 95 
0.4165 0.173 472 25 0.173 341 79 0,005 012 74 0.066 714 3B 0.001 25 3 52 0.115 693 77 
0.4170 0.173 889 oc 0.173 757 60 0.005 036 84 o.086 922 60 0.001 259 55 0.115 971 94 
0.4175 0.174 306 25 0,174 173 90 0.005 061 03 0.087 131 06 0.001 265 60 0.116 250 43 
0.4180 0.174 724 00 0.174 590 70 0.005 0B5 31 0.087 339 78 0.001 271 67 0.116 529 27 
0.4185 o. 175 142 25 0.115 007 99 0.005 109 67 0.087 548 74 0.001 277 77 0.116 808 44 
0.4190 0.175 561 00 0.175 425 77 0,005 134 12 0.087 757 96 0.001 283 88 0.11 7 087 94 
O. 4 I ~5 o. 175 980 25 0.175 844 05 0.005 15B 65 0.087 967 42 0.001 290 02 0.111 36 7 78 
0.42CO 0.176 400 00 0.176 262 82 0.005 183 28 0.088 177 13 0.001 296 18 0.111 647 96 

0.4 20 5 0.176 820 25 0.176 682 09 0.005 207 99 0.088 387 10 0.001 302 36 o. 117 928 47 
0.4 210 0.111 241 00 0.177 101 85 0.005 232 79 0.068 597 31 0.001 308 57 ov u s 209 31 
0.4 2 I 5 0.111 662 25 0.177 522 11 0.005 257 68 o.oae 807 76 0.001 314 79 0.118 490 49 
0.4220 O. 17B C84 00 0.177 942 86 0.005 282 66 0.089 018 47 0.001 321 04 0.118 772 01 
0.4225 0.17B 506 25 0.178 364 10 0.005 307 73 0.089 229 43 0.001 327 31 o. 119 053 86 
0.4230 0.178 929 00 o.ne 185 e4 0.005 332 88 0.089 440 64 0.001 333 60 0.119 336 05 
0.4235 o. 179 352 25 0.179 208 C7 0.005 35B 13 0.069 652 09 0.001 339 92 0.119 618 57 
0.4240 0.179 776 cc 0.179 630 eo 0.005 383 46 C.0B9 863 BO 0.001 346 25 o. 119 901 4J 
0.4245 o. 180 200 25 C.180 054 C2 0.005 408 88 0.090 075 75 0.001 352 61 0.120 184 62 
0.4250 0.180 625 00 0.180 477 73 0.005 434 40 0.090 287 95 0.001 359 00 o. 120 468 15 

0.4255 o. 181 050 25 0.180 901 94 0.005 460 00 0.090 500 40 0.001 365 40 0.120 752 02 
0.4260 o. 181 476 00 O. 1 Bl 326 64 0.005 485 70 c.090 713 10 0.001 371 B3 0.121 036 22 
0.4265 0.101 902 25 0.181 75 l 84 0.005 511 48 0.090 926 05 0.001 378 28 0.121 320 75 
0.4270 0.182 329 00 0.182 177 53 0.005 537 36 0.091 139 25 0.001 384 75 0.121 605 63 
0.4275 0.102 756 25 0.182 f03 71 0.005 563 32 0.091 352 70 0.001 391 25 o. 121 890 83 
0.4280 o. 183 184 00 0.183 030 38 0.005 589 38 0.091 566 39 0.001 397 76 0.122 176 37 
0.4285 o. 183 612 25 0.183 457 56 0.005 615 53 0.091 780 34 0.001 404 30 0.122 462 25 
0.4290 0.184 041 00 0.183 885 22 0.005 641 77 C.091 994 53 o. 001 410 87 0.122 748 47 
0.4295 0.184 470 25 0.184 313 38 0.005 668 10 0.092 208 98 0.001 417 46 0.123 035 01 
0.4300 o. 184 900 00 00184 742 03 o. 005 694 52 0.092 423 67 0.001 424 07 0.123 321 90 

0.4 3015 0.185 330 25 0.185 171 17 0.005 721 04 0.092 63B 61 0.001 430 70 0.123 609 12 
0.4310 0.185 761 00 0.185 600 Bl 0.005 747 65 0.092 853 80 0.001 437 35 0.123 B96 67 
0.4 3 I 5 o. 186 192 25 0.186 030 94 0.005 774 35 0.093 069 24 0.001 444 03 0.124 184 57 
0.4 320 0.186 624 00 0.186 461 57 0.005 801 14 0.093 264 92 0.001 450 74 0.124 472 79 
0.432~ 0.101 056 25 0.186 892 t9 0.005 B28 03 0.093 500 B6 0,001 457 46 0.124 761 35 
0.4 330 o. 187 489 00 0.101 324 30 0.005 855 01 0.093 717 05 0.001 464 21 0.125 050 25 
0.4 33 5 0.187 922 25 0.187 i56 41 0.005 882 08 0.093 933 48 0.001 470 98 0.125 339 49 
0.4340 0.188 356 00 0.188 189 Cl 0.005 909 25 0.094 150 16 0.001 477 78 0.125 62'1 06 
0.4345 0.188 790 25 0.188 622 10 0.005 936 51 0.094 367 10 0.001 484 60 0.125 918 96 
0.4350 o. 189 225 00 0.189 055 68 0.005 963 87 0.094 584 28 0.001 491 44 0.126 209 20 

0.4355 0.189 660 25 0.1B9 469 16 0.005 991 32 0.094 801 71 0.001 498 31 0.126 499 78 
0.4360 0.190 096 00 0.189 924 34 Q.006 018 86 0.095 019 3B 0.001 505 20 0.126 790 69 
0.4 365 o. 190 532 25 0.190 35q 40 0.006 046 50 0.095 237 31 0.001 512 12 0.127 081 94 
0.4 370 o. 190 969 00 0.190 794 % 0.006 074 24 0.095 455 49 0,001 519 05 0.121 373 52 
0.4 375 0.191 406 25 0.191 231 Cl 0.006 l 02 07 0.095 673 91 0.001 526 0-2 0.121 665 44 
0.4 380 o. 191 844 00 0.191 667 56 0.006 129 99 0.095 892 59 0.001 533 00 0.121 957 69 
0.4385 o. 192 282 25 0.192 104 60 0.006 158 01 0.096 Ill 51 0.001 540 01 0.128 250 29 
0.4390 o. 192 721 00 0.1n 542 13 0.006 186 13 0.096 330 68 0.001 547 04 0.12B 543 21 
0.4395 o. 193 160 25 0.192 980 15 0.006 214 34 0.096 550 10 0.001 554 10 0.128 836 47 I 0.4400 0.193 600 00 0.193 418 67 0.006 242 65 0.096 769 77 0.001 561 18 0.129 !JO 07 
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--------------------------------------------------------------------------------~----- 
A/R• STIR LC/R 8 1/3 B•~•C ' C 

•LS/A• ---------------------------------------------------- 
*VTTlR DEG MNT SEC 
az=•••••••-=•••••••-==•==••••=•••••••==•===••=••••••••••===•=•=••=••••••=••••••2•••••••== 
0.4005 o. 053 499 52 C.160 35'9 40 4 35 42.5 31 54.2 31 53.9 0 0 0.3 
0.4010 0.053 633 35 o. 160 754 el 4 36 23,8 32 7.9 32 7.6 0 0 o.3 
0.4015 o. 053 76 7 35 o. 161 155 71 4 37 5.2 32 21. 7 32 21.4 0 0 0.3 
0.4020 o. 053 901 52 o. 161 557 II 4 37 46.6 32 35.5 32 35.2 0 0 0.3 
0.4025 o. 054 035 85 0.161 959 01 4 38 28. I 32 49.4 32 49.1 0 o 0.3 
0.4030 o. 054 170 35 0.162 3H 41 4 39 9.6 33 3.2 33 2 .9 o o o. 3 
0.4035 0.054 305 03 0.162 764 30 4 39 51.2 33 17.1 33 16.8 0 0 0.3 
0.4040 0.054 439 86 o. 163 167 69 4 40 32.9 33 31 • 0 33 30.6 0 o 0.3 
0.4045 o. 054 574 87 0.16] ~lt ~e 4 41 14.5 33 44.8 33 44.5 0 0 0.3 
0.4050 0.054 710 C5 o. 163 H5 97 4 41 56.3 33 58.8 33 58.4 0 C 0.3 

0.405 '5 0.054 845 Jq 0.164 3f0 E6 4 42 38.1 I 34 12.7 34 12.4 0 0 0.3 
0.4060 o. 054 980 9C o. 164 786 24 4 43 19.9 I 34 26. 6 34 26.3 0 0 o. 3 
0.4065 o. 055 116 58 o. 165 192 12 4 44 1.8 I 34 40.6 34 40.3 0 o 0.3 
0.4070 0.055 252 43 0.165 598 50 4 44 43.8 I 34 54.6 34 54.3 0 o 0.3 
0.4075 0.055 l88 45 0.166 C05 38 4 45 25.8 I 35 8.6 35 8.3 0 0 0.3 
0.4C80 0.055 524 64 o.166 412 75 4 46 7.8 I 35 22 .6 35 22.3 0 o O.l 
0.4085 0.055 660 ~9 o. 166 820 62 4 46 49.9 I 35 36.6 35 36. 3 0 o 0.3 
0.4090 0.055 797 51 o.167 228 99 4 47 32. I I 35 50.7 35 50.4 o 0 0.3 
o.4C95 o. 055 934 20 o. 167 637 e6 4 48 14.3 I 36 4.8 36 4.4 0 0 0.3 
0.4100 o. 056 071 06 0.168 C4 7 23 4 48 56.6 1 36 18.9 36 18.5 0 o 0.3 

0.4 IC5 0.056 208 09 0.168 457 C9 4 49 38.9 36 33.0 I 36 32.6 0 0 O.l 
o.4110 0.056 345 28 o. 168 867 45 4 50 21.2 36 47.1 1 36 46. 7 0 0 0.4 
0.4115 o. 056 482 65 0.169 278 31 4 51 3.6 37 I. 2 I 37 0.9 0 0 0.4 
0.41?0 o. 056 67.0 IA 0.169 689 66 4 51 46. I 37 15.4 I 37 15.0 0 0 0.4 
0.4125 0.056 757 88 0.110 101 52 4 52 28.6 37 29.5 I 37 29.2 0 o 0.4 
0.4130 0.056 895 75 0.170 513 e1 4 53 11.2 37 43.7 I l7 43.4 0 0 0.4 
0.4135 o. 057 033 79 0.170 926 12 4 53 53.8 37 57 .9 I 37 57 .6 0 o 0 .4 
0.4140 0.057 171 99 0.171 340 06 4 54 36.5 38 12 .2 1 38 11.e 0 o 0.4 
0.4145 o. 057 310 H 0.171 753 91 4 55 19.2 38 26.4 I 38 26.0 o o 0.4 
0.4150 0.057 448 91 0.172 168 25 4 56 2.0 38 40.7 I 38 40.3 o 0 0.4 

0.4155 0.057 587 62 0.172 5e3 08 4 56 44.8 38 54.9 38 54.6 o o 0.4 
0.4160 0.057 726 50 0.112 998 42 4 57 21.1 39 9.2 39 e.e o o 0.4 
0.4165 o. 057 865 55 O. I 73 414 25 4 58 10.6 39 23.5 39 23. 2 0 o 0.4 
0.4170 o. 058 004 76 0.173 830 59 4 58 53.6 39 37.9 39 37.5 0 o 0.4 
0.4175 ovos s 144 15 O. I 74 247 41 4 59 36.6 39 52. 2 39 51.8 o o 0.4 
0.4180 o. 058 283 7C 0.174 664 74 5 0 19.7 40 6.6 40 6.2 o o 0.4 
0.4185 0.058 423 42 0.175 082 56 5 I 2.8 40 20.9 40 20.6 0 0 0.4 
0.4190 o. 058 563 31 0.175 500 EB 5 I 46.0 40 35.3 40 34.9 o o 0.4 
0.41~5 0.056 703 37 0.175 919 70 5 2 29.3 40 49.8 40 4q.4 o 0 0.4 
0.4200 0.058 643 60 o. 176 339 02 5 l 12.6 41 4.2 41 3.8 o 0 0.4 ,, 

I 5 3 I 18.6 41 16.2 0 o 0.4 0.4205 o. 056 963 99 0.176 758 e3 55.9 41 
0.4210 0.059 124 56 0.177 179 14 5 4 39.3 I 41 33. I 41 32.7 o 0 0.4 
0.4215 o. 059 265 29 0.177 599 95 5 5 22.1 l 41 47.6 41 4 7 .2 0 0 0.4 
0.4220 0.059 406 19 o. l 78 021 26 5 6 6.2 I 42 2. l 42 I. 7 0 0 0.4 
0.4225 o. 059 547 26 0.178-443 06 ~ 6 49.8 l 42 16.6 42 16.2 0 0 0.4 
0.4230 o. 059 686 50 0.178 665 36 5 7 33.4 l 42 31. l 42 30.7 o 0 0.4 
0.42~5 o. 059 829 91 0.179 286 H 5 6 11.0 l 42 45. 7 42 45. 3 o 0 0.4 
0.4240 0.059 971 48 0.179 711 45 5 9 0.1 l 43 0.2 42 59.6 0 o 0.4 
0.4245 0.060 113 23 0.180 135 24 5 9 44.5 I 43 14.8 43 14.4 0 o 0.4 
0.4250 0.060 255 14 0.160 559 53 5 10 26.3 I 43 29.4 43 29.0 o o 0.4 

0.4255 0.060 397 22 0.180 984 32 5 II 12.1 43 44.0 43 43.6 0 o 0.4 
0.4260 0.060 539 47 o.1a1 409 60 5 II 56. l 43 58.7 43 58.3 o o 0.4 
0.4 26 5 0.060 661 69 o. 181 f35 3e 5 12 40.0 44 13. 3 44 12.9 0 o 0.4 
0.4270 0.060 824 48 0.102 2H 66 5 13 24.0 44 28.0 44 27 .6 0 0 0.4 
0.4275 0.060 967 24 o. I A2 t68 44 5 14 6.1 44 42.7 44 42.3 0 o 0.4 
0.4 zao 0.061 110 16 0.183 115 71 5 14 52.2 44 57.4 44 57.0 0 0 0.4 
o.4285 0.061 253 25 0.183 543 48 5 15 36.4 45 12. l 45 11.1 0 o 0.5 
0.4290 0.061 396 52 c.103 971 75 5 16 20.6 45 26.9 45 26.4 0 0 0.5 
0.4295 0.061 539 95 0.184 400 51 5 17 4.9 45 41.6 45 41.2 0 0 o.s 
0.4 300 0.06 I 683 55 0.1B4 9zq 77 5 17 49.l 45 56.4 45 55.9 0 o o .5 

0.43C5 0.061 827 32 0.185 259 ~3 5 16 33.6 46 11.2 46 10.1 0 0 o.5 
0.4'HO 0.06 I 971 25 o. I 85 689 79 5 19 16.0 46 26.0 46 25.5 o 0 0.5 
o.4~15 o. 062 115 36 0.186 120 54 5 20 2.5 46 40.8 46 40.3 0 o 0.5 
0.4 3?0 o. 062 25Q 63 0.186 551 79 5 20 47.0 46 55. 7 46 55.2 0 o 0.5 
0.4325 0.062 404 08 o. l e6 963 54 5 21 31.6 47 10.5 47 10.0 0 o 0.5 
0.4330 0.062 548 69 0.187 415 78 5 22 16.2 H 25.4 47 24.9 0 0 o.5 
0.4'!'35 0.062 693 47 0.187 848 52 5 23 o.9 47 40.3 47 39.8 0 0 0.5 
0.4 l40 o. 062 838 42 0.186 281 76 5 23 45.6 47 55.2 47 54. 7 0 0 0.5 
0.'1 }45 o. 00? 983 54 0 .188 715 50 5 24 30.4 48 10.1 48 q.b 0 0 o.5 
0.4 350 o. 063 128 82 0.189 149 73 5 25 15. 2 48 25. I 48 24.6 o 0 0.5 

0.4355 o. 061 274 ze O. l 89 584 46 5 26 0.1 48 40.0 46 3q_5 0 0 o.5 
0.4 360 o. 063 419 90 0.190 019 68 5 26 45.l 48 55. 0 4A 54.5 0 o 0.5 
o .4 365 0.063 565 10 0.190 455 41 5 27 30.0 49 10.0 4q •• 5 0 o 0.5 
0.4370 o. 06 3 711 66 0.190 891 63 5 28 15. l 49 2s.o 4q 24.5 0 0 0.5 
0 .4 ~ 15 0.063 857 )q 0.191 328 35 5 29 0.2 49 40. I 4q 3q.6 0 0 0.5 
0.4 lRO 0.064 C04 09 0.191 765 56 5 2q 45.3 49 55.l 4q 54.b 0 o 0 .5 
0.4l85 0.064 150 56 0.192 203 27 5 30 30.5 50 10.2 50 q.1 0 0 0.5 
0.4 3'·W 0.064 297 20 0.1n Ml 48 5 31 15.8 50 25.3 50 24 • 7 0 0 0.5 
o.41q5 o. 064 444 oc 0.193 080 18 5 32 1.1 50 40.4 50 39.8 0 o o.5 
0.4400 0.064 590 s a 0.193 519 l9 5 32 46.4 50 55.5 50 54.Q 0 0 0.5 



101 TABLE 111-FUNCT IONS OF THE UhlT RACIUS SPIRAL 
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1 ----------------------------------------------------------------------------------------- A/ R= LS/R X/R Y/R Q/R P/R LT/R 
•LS/A• 
•Vi:stR 
=~c==••••••••=•=••••••••••••••••••••=••=•••••••••=•==••=•••===•:••==•••=••••••••••••••••~• 
0.4405 0.194 040 ?5 o. 193 857 68 0.006 ?.71 05 0.096 989 69 0.001 568 29 0.129 424 01 
0.4410 0.194 481 00 0.104 297 18 0.006 299 55 a.on 209 86 0.001 H5 42 0.120 718 28 
0.4415 a. 194 922 25 o. 194 731 18 0.006 328 15 a.on 430 27 0.001 582 57 a.no 012 88 
0.44?.0 0.195 364 oc 0.195 177 61 0.006 356 85 c.on 650 94 0.001 589 75 0.110 307 e2 
0.4425 0.195 806 25 0.195 618 65 0.006 385 64 0.097 871 85 0.001 596 "6 0.110 603 10 
0.4430 0.1"6 21,9 00 0.196 060 13 0.006 414 53 C.098 093 02 0.001 604 18 a.no 898 71 
0.44~5 0.106 692 25 0.106 502 10 0.006 44 3 52 C.098 314 43 0.001 611 44 0.131 194 66 
0.4440 0.1n 136 00 0.106 044 56 0.006 472 61 0.09R 536 09 0.001 618 71 0.131 4QQ 95 
0.,.445 O.IQ7 580 25 o.197 381 51 0.006 501 79 0.098 758 00 0.001 626 01 0.131 78 7 57 0.4450 0.198 025 00 0 .197 E3C S5 0.006 531 07 0.098 980 15 0.001 633 34 o. 132 084 52 

0.4455 a. 198 470 25 0.198 274 89 0.006 560 46 0.099 202 56 0.001 640 69 0.132 381 82 
0.4460 o. 198 916 00 0.198 7 I 9 32 0.006 589 94 0.099 425 21 0.001 648 07 0.132 679 44 
0.4465 o. 199 362 25 0.199 164 25 0.006 61" 52 0.099 648 12 0.001 655 47 o. 132 977 41 0,4470 0.199 809 00 o.199 609 66 0.006 649 20 0.099 871 27 0.001 662 89 0.133 275 71 
0.4 4 7 5 o. 200 256 25 a.zoo 055 57 0.006 678 98 0.100 094 67 0.001 670 34 o. 133 574 34 
0.4480 o. 200 104 oc 0.200 501 ~7 0.006 708 85 c.100 318 32 0.001 677 82 o. 133 873 32 
0.44~5 o. 201 152 25 0.200 948 87 0.006 738 83 c.100 542 22 0.001 685 32 0.134 17? 62 
0.4490 O. 20 I 601 00 0.201 396 25 0.006 768 91 c.100 766 37 0.001 692 84 0.134 472 27 
o.44q5 0.202 050 25 0.201 844 13 0.006 799 09 0.100 990 71 0.001 700 39 0.134 772 25 
0.4500 0.202 500 co 0.202 zn 50 0.006 829 37 0.101 215 41 0.001 707 97 0.135 072 56 

0.4505 0.202 950 25 0.202 741 ~7 0.006 859 75 0.101 440 30 0.001 715 57 0.135 373 22 ( 0.4510 0.203 401 00 0.203 190 72 0.006 890 24 0.101 665 45 0.001 723 20 0.135 674 20 
0.45 l 5 0.203 852 25 0.203 640 57 0.006 920 82 c.101 890 84 0.001 730 85 o. 135 975 53 
0.4520 0.204 304 oc 0.204 090 q 0.006 951 5CT 0.102 116 48 0.001 738 52 0.136 277 19 
0.4525 o. 204 756 25 0.204 ~41 74 0.006 982 29 0.102 342 37 0.001 746 23 o.136 579 19 
0.4'330 o. 205 209 00 0.204 993 07 0.001 013 18 0.102 568 50 0.001 753 95 0.136 881 52 
0.4535 o. 205 662 25 0.205 444 88 o. 007 044 17 o. 102 794 89 0.001 761 71 0.137 184 19 
0.4540 0.206 116 00 0.205 897 19 o. 007 075 26 Q.103 021 52 0.001 769 49 0.137 487 19 
0.4545 0.206 570 25 0.206 349 sq 0.007 106 46 0.103 248 41 0.001 717 29 o. 137 790 53 
0.4550 o. 207 025 00 0.206 803 29 0.001 137 76 0.103 475 54 0.001 785 12 0.138 094 21 

0.45~5 0.201 480 25 0.201 257 Cl 0.007 169 16 0.103 702 92 0.001 792 98 0.138 398 22 
0.4560 o. 207 936 co 0.207 711 35 0.001 zoo 67 0.103 930 55 0.001 BOO 86 0.138 702 57 r 0 • 4 56 5 o. 208 392 25 0.2 08 166 12 0.001 232 28 0.104 158 43 0.001 808 17 o. 139 007 26 
0.4570 0.20a e49 00 0.208 621 38 0.001 263 99 0.104 386 56 0.001 816 71 0.139 312 28 
0.4575 o. 209 306 25 0.209 077 13 0.001 295 81 0.104 614 93 0.001 824 67 o. 139 617 64 
0.4580 0.20g 761+ co 0.209 533 37 o. 007 327 73 C.104 843 55 0.001 832 65 0.139 923 H 
0.4 585 o. 210 222 25 0.209 990 II 0.001 359 76 0.105 072 43 0.001 840 67 0.140 229 36 
0.4590 0.210 681 00 0.210 '•47 34 0.001 391 89 c.105 301 55 0.001 848 70 0.140 535 73 
0 .4595 0.21! 140 25 0.210 905 C5 0.007 424 12 0.105 530 92 0.001 856 77 0.140 842 43 
0.46CO o. 211 600 00 0.211 30 21 0.007 456 46 0.105 760 54 0.001 064 86 0.141 149 47 

0.46C5 o. 212 060 25 0.211 821 H 0.007 488 ~l C.105 990 40 0.001 872 98 0.141 456 84 
0.1.610 0.212 521 00 0.212 281 16 0.001 521 46 0.106 220 52 0.001 881 12 0.141 764 5S 
0.4615 0.212 982 25 0.212 740 85 0.007 554 12 0.106 450 88 0.001 889 29 0.142 072 60 
0.4620 0.213 444 00 0.213 201 C2 0.007 586 88 o.L06 681 50 0.001 897 49 O.l42 380 99 
0.4625 0.213 906 25 0.213 661 69 0.001 619 75 o. 106 912 36 0.001 905 72 0.142 689 71 J 0.4630 O. 2l4 369 00 Q.214 122 85 0.001 652 73 0.101 143 47 0.001 913 97 0.142 998 76 
0.4635 0.214 832 25 0.214 '584 50 0.001 685 81 0.101 374 83 0.001 922 25 0.143 308 16 
0.4640 o. 215 296 00 0.215 046 65 0.001 719 00 O. I 07 606 43 a.oat 930 55 0.143 617 89 
0.4645 o. 215 760 25 0.215 50~ 28 0.007 752 30 0.101 838 29 0.001 938 88 0.143 927 95 
0.4650 o. 216 225 00 0.215 972 41 0.007 785 71 0.108 070 Jq 0.001 '947 24 0.144 238 35 

0.46'55 o. 216 690 25 0.216 436 CZ 0.001 819 22 O. I OB 302 74 0.001 955 62 0.144 549 09 
0.4660 0.211 156 00 o.7.16 900 13 0.001 852 84 o. 108 535 35 0.001 964 04 0.144 860 17 
0.4665 0.211 622 25 0.217 364 73 0.00"/ 886 57 o. 108 768 20 0.001 972 48 0.145 171 58 
0.4670 0.21a 089 00 0.217 ez s 82 0.007 920 41 o. 109 001 29 0.001 980 94 0.145 483 33 
0.4675 0.21a 556 25 0.218 295 40 0.007 954 35 0.109 234 64 0.001 989 44 0.145 795 41 
0.4680 0.21Q 024 00 0.218 7fl 47 0.001 988 41 0.109 468 24 0.001 997 96 0.146 107 83 
0.4685 0.219 492 25 0.219 228 C4 0.008 022 57 o. 109 702 08 0.002 006 51 0.146 420 59 
0.4690 0.219 961 00 0.219 6'i5 09 o. 008 056 84 o. 109 936 17 0.002 015 08 0.146 733 68 
0.4695 o. 220 430 25 0.220 162 64 0.008 091 23 O.l!O 170 51 0.002 023 68 0.147 047 II 
0.47CO 0.220 900 00 0.220 630 67 0.008 125 72 0.110 405 10 0.002 032 31 o. 14 7 360 88 

0.47CS o. 221 370 25 0.221 099 20 0.008 160 32 c.110 639 94 0.002 040 97 0.147 674 98 
0.4710 o. 221 841 00 0.221 568 22 0.008 195 03 0.110 875 03 0.002 049 f,6 0.147 989 42 
0.4715 0.222 312 25 0.222 037 73 o.ooe 229 86 c. 111 llO 36 0.002 058 37 0.148 304 20 
0.4720 0.222 784 00 0.222 507 72 o.ooe 264 79 O. I 11 345 94 0.002 067 II 0.148 619 31 
0.4725 o. 223 256 25 0.222 978 21 0.008 299 83 c.111 581 78 0.002 075 88 0.148 934 76 
0.4·730 0.223 729 00 0.223 449 20 o.ooe 334 99 0.111 817 86 0.002 084 68 0.149 250 55 
0.4735 o. 224 202 25 0.223 920 67 0.008 370 26 0.112 054 18 0.002 093 50 0.149 566 67 
0.4740 0.224 676 oc 0.224 3qz 63 0.008 405 64 0.112 290 76 0.002 102 36 o.149 883 13 
0.4745 o. 225 150 25 0.22• e65 CB 0.008 441 13 0.112 527 59 0.002 ll l 24 0.150 199 93 
0.4750 0.225 625 00 0.225 33e CZ o.ooe 476 73 0.112 764 66 0.002 120 15 0.150 517 06 

~ 0.4755 0.226 100 25 0.225 Bil 46 o.ooe 512 45 0.113 001 98 0.002 129 08 0.150 834 53 
0.4160 o. 226 576 oc 0.226 285 38 o.ooa 548 27 Q.113 239 55 0.002 138 05 0.151 152 34 
0.47f5 0.221 052 25 0.226 759 8C o.ooe 5Blo 21 0.113 477 37. 0.002 147 04 0.151 470 48 
0.4770 o. 227 529 oc 0.221 234 70 o.ooe 620 27 0.113 715 44 0.002 156 06 0.151 788 96 
0.4775 o. 228 006 25 0.221 710 10 0.008 656 43 0.113 953 75 0.002 165 11 0.152 107 78 ·] 0.4 780 0.22a lo84 00 0.228 185 98 0.008 692 72 0.114 192 32 0.002 174 19 0.152 426 93 
0.-.795 o. 27.8 962 25 0.228 662 36 o. 008 729 II 0.114 431 13 0.002 183 30 O. I 52 746 42 
0.4 790 o. 229 441 00 0.229 139 22 0.008 765 62 0.114 670 19 0.002 192 43 0.153 066 25 
0.47~5 0.229 920 25 0.229 616 58 o.ooa 802 24 0.,114 909 50 0.002 201 60 0.153 386 41 
0.48CO 0.230 400 00 0.230 094 -.2 o.ooe 838 98 0.115 149 Ob 0.002 210 79 0.153 706 91 
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TABLE 111-FONCTIONS D'UNE SPIRALE OE RAYON UN IT ll RE 

-------------------------------------------------------------------------------------- 
Al•• STIR LCIR 9 L/3 9•♦+C • C 
•LSIA• ---------------------------------------------------- .,on DEG "NT SEC 

---------------------················-·····-·········--·-----·----------------···---·--- 0.4405 o. 064 738 12 a. I 93 959 09 5 33 31.8 51 10.6 51 LO. L 0 0 0 .5 
0.4t•H0 0.064 885 44 0.194 399 28 5 34 L 7. 3 5L 25. 8 5 L 25.2 0 0 0.5 
0.4415 o. 065 032 92 a. I 94 839 97 5 35 2.8 51 40.9 51 40.4 0 0 0.5 
0.4420 0. 065 180 57 0.195 281 16 5 35 48.4 51 56. I 51 55.6 0 0 0,5 
o.44n 0.065 328 39 o. 195 722 !5 5 36 34.0 52 11.3 52 10.8 0 0 0.5 
0.4430 •• 065 476 38 o. 196 165 03 5 37 19.6 52 26.5 52 26.0 0 0 0.6 
0.4435 0.065 6H 54 c. l96 607 11 5 38 5.3 52 H.8 52 41.2 0 0 0.6 
0.4440 0.065 772 86 O.IH 050 89 5 38 51. L 52 57.0 52 56.5 0 0 0.6 
0.4445 0.065 921 36 0.197 494 56 5 }g 36. q 53 12.3 53 11.1 0 0 0.6 
0.4450 0.066 010 03 0.197 938 n 5 40 22.0 53 27 .6 53 21.0 0 0 0.6 

0.44'55 a. 066 218 86 a. L 98 383 40 5 41 8.7 53 42.q 53 42 • 3 0 0 0.6 
0.4460 0.066 367 86 0.198 828 56 5 41 54.7 53 58. 2 53 51. 1 0 0 0.6 
0.4465 o. 066 517 03 0.199 274 22 5 42 40.7 54 13.6 54 13.0 0 0 0.6 
0.4410 o. 066 666 38 o. 199 120 38 5 43 26.8 54 28.9 54 28. 3 0 0 o.6 
0.4415 0.066 815 89 0.200 167 C3 5 44 12.9 54 44.3 54 43.7 0 0 o.6 
0.44!0 0.066 965 56 0.200 614 18 5 44 59. L 54 59.7 54 59.L 0 0 0.6 
0.4485 0.067 115 41 c.201 061 83 5 45 45.3 55 I 5. I 55 L4.5 0 0 o.6 
0.44c;Q 0.0~1 265 43 a. 201 509 97 5 46 31.6 55 10.5 55 29.9 0 0 0.6 
o.4"'q~ 0.067 415 62 0.201 958 61 5 47 17.9 55 46.0 55 45.4 0 0 0.6 
0.4500 0.061 565 97 0.202 401 75 5 48 4.3 56 1.4 56 a. 8 0 0 0.6 

0.4505 o.067 716 50 0.202 857 38 5 48 50. 7 56 L6.9 56 16 .3 0 0 0.6 
Q.4510 0.067 867 19 0.203 307 51 5 49 37.2 56 32.4 56 31.8 0 0 0.6 
0.4 515 0.068 018 05 0.203 75 8 14 5 50 23.8 56 47.9 56 47. 3 0 0 0.6 
0.4520 0.068 169 09 a. 204 209 26 5 51 10.4 57 3.5 57 2.8 0 0 0.6 
0.4525 0.068 320 29 0.204 660 88 5 51 57.0 57 19.0 57 18.4 0 0 0.6 
0.4530 0.068 471 66 0.205 111 co 5 52 43.7 57 34.6 57 H.9 0 0 0.6 
0.4535 0.068 623 20 0.205 ~65 61 5 53 30.4 57 50. 1 57 49.5 0 0 0.6 
0.4540 0.068 114 91 0.206 018 72 5 54 17. 2 58 5.7 58 5. I 0 0 0.6 
0.4545 0.068 926 78 0.206 472 33 5 55 •• I 58 21 •• 58 20. 1 0 0 0.6 
0.4550 o. C69 078 83 o. 206 926 43 5 55 51.0 58 37. 0 5R 36. 3 0 0 0.6 

0.4555 0.069 231 05 0.201 381 03 5 56 37.9 I 58 52.6 1 58 52 .o 0 0 0.7 
0.4560 0.069 383 43 0.207 836 12 5 57 24.9 I 59 8.3 1 59 1.1 0 0 0.1 
0.45E 5 0.069 535 99 0.208 291 11 5 58 12.0 1 59 24.0 1 59 23.3 0 0 a. 1 
0.4570 0.069 688 11 0.208 141 80 5 58 59.1 I 59 39. 7 1 59 39.0 0 0 0. 7 
0.4575 0.069 841 61 o. 209 204 38 5 59 46.3 I 59 55.4 I 59 54 .8 0 0 0 .1 
0.45110 0.069 994 67 0.209 661 46 6 0 33.5 2 0 11.2 2 0 10.5 0 0 0.1 
0.4'85 0.010 147 90 o. 210 119 04 6 1 20.7 2 0 26.9 2 0 26.2 0 0 0.1 
0.4'90 0.010 301 30 0.210 571 II 6 2 a.o 2 0 42.7 2 0 42.0 0 0 a. 1 
0.4595 0.010 454 81 0.211 035 68 6 2 55.4 2 0 58.5 2 0 57 .8 0 0 0.1 
0.4600 0.010 608 61 0.211 494 75 6 3 42.8 2 I 14. 3 2 I 13.6 0 0 0.7 

I 0,4605 0.070 762 52 0.211 954 31 6 4 30.3 2 I 30.1 2 I 29.4 0 0 0.1 . 0.4610 a. 010 916 60 0.212 414 37 6 5 11 .0 2 1 45.q 2 1 45.2 0 0 o. 7 
0.4615 0.011 C10 85 0.212 874 92 6 6 5.4 2 2 1.0 2 2 1.1 0 0 a. 1 
0.4620 0.011 225 27 o. 213 335 97 6 6 53.0 2 2 11.1 2 2 17.0 0 0 0. 1 
0.4625 0.011 379 85 0.213 197 52 6 1 40.7 2 2 33.6 2 2 32.8 0 0 0.1 
0.46~0 0.011 534 61 a. 214 259 56 6 8 28.4 2 2 49.5 2 2 48. 7 0 0 0.7 
0.4il'3~ a. 011 689 54 0.214 722 10 6 9 16,2 2 3 5 •• 2 3 4.7 0 0 0.1 
0.46 ... 0 0.011 844 63 0.215 185 14 6 10 4.0 2 J 21.3 2 3 20.6 0 0 a. 1 
o.,~'5 o. 071 999 89 0.215 648 67 6 10 51.9 2 J 37.3 2 3 36.6 0 0 a. 1 
0.•'650 0.012 rs s 33 0.216 112 10 6 II 39.8 2 3 53. 3 2 3 52.5 0 0 0.1 

0.4655 0.012 310 93 0.216 577 22 6 12 27.8 2 4 9.3 2 4 8.5 0 0 a. 1 
0.4660 0.072 466 10 0.211 042 24 6 13 15.8 2 4 25.3 2 • 24.5 0 0 a. 1 
0.4665 0.012 622 6~ 0.211 507 76 6 14 3.9 2 • 41.3 2 4 40.6 0 0 0.8 
0.,610 a. 012 778 76 0.211 973 11 6 14 52.0 2 4 57. 3 2 4 56.6 0 0 0.8 
0.461, 0.012 935 04 . 0.218 440 27 6 15 ,0.2 2 5 1).4 2 5 12 .1 0 0 o.8 
0.4680 a.on 091 49 0.218 907 28 6 16 28.5 2 5 29.5 2 5 28. 7 0 0 0.8 
0.4685 0.073 246 II a. 219 374 16 6 17 16. 8 2 5 45.6 2 5 44.6 0 0 O.R 
o.,.690 a.on 404 90 0.219 842 11 6 18 5.1 2 6 1.1 2 6 0.9 0 0 0.6 
0.4695 a.on 561 86 0.220 3 I I 27 6 18 53.5 2 6 17.8 2 6 17. I 0 0 0.6 
0.4 700 0.073 718 99 0.220 780 25 6 19 41.9 2 6 34.0 2 6 33.2 0 0 Q.6 

0.4 7C 5 a.on 876 29 0.221 249 l4 6 20 30.4 2 6 50. I 2 6 4q.4 0 0 0.8 
o.4710 0.074 OH 16 0.221 119 12 6 21 19.0 2 7 6.3 2 1 5.5 0 0 0.6 
Q.4715 Q.074 191 40 0.222 190 19 6 22 7.6 2 7 22.5 2 7 2 I. 7 0 0 0.8 
0 •• 120 0.074 3•9 20 0.222 661 16 6 22 56.2 2 1 38.7 2 7 37.9 0 0 Q.6 
0.4725 0.074 507 18 0,223 132 63 6 23 45.0 2 1 55. 0 2 7 54.2 0 0 Q.8 
0.4730 a. 014 665 33 Q.223 604 59 6 2• 33.7 2 8 11.2 2 8 10.4 0 0 0.0 
0.4735 o.oH 813 64 0.224 en 05 6 25 22.5 2 8 27.5 2 8 26. 7 0 0 0.8 
0.4 740 0.014 982 13 o. 224 550 Cl 6 26 11.4 2 8 43.8 2 6 43.0 0 0 0.0 
0.4 74 5 a. 015 140 18 0.225 023 46 6 27 0.3 2 9 0.1 2 8 59. 3 0 0 0.0 
0.4 750 a. 015 z99 61 0.225 497 41 6 27 49.2 2 9 16.4 2 9 15.6 0 0 0.8 

o.-1t 1, 15 a. 015 458 61 0.225 971 85 6 26 38.3 2 9 32. 8 2 9 3 I. 9 0 0 Q.8 
o.4760 o. 075 617 11 0.226 446 79 6 29 27.3 2 9 49. I 2 9 48.3 0 0 0.0 
o.4U5 0.075 117 10 0.226 922 22 6 30 16.4 2 10 5.5 2 10 4.6 0 0 0.9 
0.4110 0.075 916 61 0.221 398 15 6 31 5.6 2 10 21.9 2 10 21. 0 0 0 0.9 
0.4775 o. 076 096 28 0.227 874 57 6 31 H.6 2 10 38.3 2 10 37.4 0 0 0.9 
Q.4 710 0.076 256 13 0.228 351 '9 6 32 •4.I 2 10 54. 7 2 10 53.8 0 0 0.9 
0.4115 o. 076 ,16 14 0.228 828 91 6 33 33.4 2 II 11.t 2 II 10.3 0 0 0.9 
0 •• 790 0.076 576 32 a. 229 306 82 6 J4 22.8 2 II 21.6 2 II 26.7 0 0 a.• 
0.4H5 o. 076 736 68 0.229 185 23 6 35 12.2 2 II 44. I 2 II 43.'2 0 0 0.9 
0.4800 0.016 897 20 0.230 264 13 6 36 1.1 2 12 0.6 2 II 59. 7 0 0 0.9 



104 TAftU II I-FUNCTIONS OF THE UNIT RADIUS SPIUl 
TABLE 111-FO~CT(ONS D'UNE SP I RALE OE RAVON UNITAIRE 

----------------------------------------------------------------------------------------- 
l/R• LS/R X/P V/R 0/R P/R LT /R 
•LS/A• -vrm 
a2aaz•••••••••••••••••••••~••••••••••••••••••••••••••••••=•22zaz•••••••••••••••••z•••••••• 
0.4805 0.210 880 25 0.230 572 76 0.008 875 83 0.(15 188 86 0.002 220 01 o. 154 on 7S 

1 0.4RIO O. 2JI 361 00 0.231 051 58 ovoos 912 79 0.115 628 92 o. 002 229 26 0.154 30 ,2 
0.4!15 o. 211 842 25 0.231 53C 90 o.oo• 94q 88 0.115 869 22 0.002 238 54 0.154 670 43 
0.4820 o. 232 324 00 0.2 32 010 71 0.008 987 07 0.116 jQQ 77 0.002 247 85 0,154 992 28 
0.482, 0.?32 aoe 25 o.n2 4q1 co 0.009 024 3'1 o. 116 150 57 0.002 257 19 o. 155 314 47 
0,4810 0.233 289 00 0.232 971 79 0.009 061 81 0.116 591 62 0.002 266 55 0.1,, 636 99 
0,4835 o. 231 772 25 0.213 4'53 C6 O.OQ9 099 36 0.116 832 91 0.002 275 95 o. l 55 959 85 
0.41!'90 0.234 256 cc 0.2 33 11:3-'t e1 0.009 137 02 0.111 074 46 0.002 285 37 0, 156 283 04 l 0.4B'i'5 o. 234 740 25 0.234 417 ca 0.009 174 80 C.117 316 25 0.002 294 83 O. l 56 606 57 
0.4850 0.235 225 00 0.234 800 83 0.000 212 69 0.117 558 20 0.002 304 31 0.156 930 44 

0,H5S o. 235 710 25 0 .2 35 383 06 0.009 250 70 0.111 800 58 0.002 313 82 0.157 254 65 
0,H60 o. 236 196 oc 0.2 35 866 79 0.009 288 83 0.118 043 12 0.002 H3 37 0.157 579 19 
0.4865 0.236 682 25 0.236 351 00 0.009 327 08 C.118 285 qo 0.002 332 94 0.157 904 07 
0.4'70 0.237 160 00 0 .2 36 835 70 o.nos 365 44 0.118 528 94 0.002 342 54 o. 158 229 29 l 0,H75 0.2H 656 25 0.237 .l?C 90 0.009 403 93 0.118 712 22 0.002 352 17 0.158 554 !4 
0.4R80 O.BB 144 DC 0.237 806 58 O.OOQ 442 53 o. 119 015 75 0.002 361 83 o. I 58 880 73 
C.4P8 5 0.2H 632 2! 0 .2 38 292 75 0.009 481 25 O. I 19 259 53 0.002 371 52 0.159 206 96 
0.4 890 0.239 i z t oc 0.238 779 41 0.009 520 08 O. l lq 503 55 0.002 381 24 o. 159 533 53 
0.4895 o.?H 610 25 0 .2 3q 2t6 56 0.009 559 C4 c. l 19 74 7 83 0.002 100 9q 0.150 860 43 
0.49C0 0.240 100 oc 0.239 7S4 2C o. 009 598 12 C.119 qgz 35 0.002 400 76 o. 160 187 ~7 

0.49C5 o. 240 500 25 0.240 242 33 o. 009 637 31 0.120 237 12 0.002 410 57 0.160 515 25 ('' l 0.4910 o. 241 CB! 00 0.240 7'0 94 0.009 676 63 0.120 4"2 14 0.002 420 41 0.160 843 16 
0.49115 O. 24 I 572 25 0.241 2 20 C5 o.ooq 716 06 c.120 727 41 0.002 410 28 o. 161 171 41 
0.4970 o. 247 064 00 0.241 709 65 0.009 755 62 0.120 972 93 0.002 440 18 0.161 500 00 
0.4925 0.242 556 25 0.242 199 73 c. 009 705 29 0.121 ?18 69 0.002 450 11 0.161 828 93 
0.4930 0.24' 049 00 0.242 690 31 o.oos 835 09 0.121 464 70 0.002 460 07 0, 162 158 IS 

l o.4q35 0.243 542 25 0.243 181 H o. 009 875 01 0.121 710 96 0.002 470 06 o. 162 487 79 I o.4q40 0.244 036 00 0.243 672 G2 o. 009 915 04 0.121 057 47 0.002 480 08 o. 162 817 H 
0.4q4-; 0. 244 530 25 0.244 164 56 o. cos 955 20 0. I 22 204 23 0.002 490 1 3 o. 163 148 00 
o.4q-;o 0.245 025 00 0.74" 657 49 0.009 995 4q 0.122 451 23 0.002 500 21 0.163 478 61 

0.49!i5 o. 245 520 25 0.245 150 51 0.010 035 89 0.122 698 48 0.002 510 32 0.163 809 56 
o.4q6o 0.24b 016 co 0.245 64' Cl 0.010 076 42 0.122 945 99 0.002 520 47 o •. 164 140 85 

J 0.4q65 o. 246 512 25 0.2'46 138 01 0.010 11 7 06 0.123 IQ] 73 0.002 530 64 0.164 472 47 
0.4CJlO 0.247 009 00 0.246 632 49 0.010 157 83 C. I 23 "I 73 0.002 540 84 0.164 804 43 
0.4S75 0.247 506 25 0.247 127 47 0.010 !SB 73 0.123 689 9ft 0.002 551 08 0.165 136 73 
0.4980 o. 248 004 00 0.247 622 93 0.010 2 39 74 C.123 S38 47 0.002 561 34 0.165 469 36 
0.4985 0,248 502 25 0.24~ 118 88 0.010 280 88 0.124 187 21 0.002 571 64 0.165 802 34 
o.4qqo o. 249 001 00 0.248 615 32 0.010 322 15 0.124 436 20 0.002 581 97 0, 166 135 65 
o.4qq-; 0.249 500 25 0.24c; 112 24 0.010 363 54 0.124 6A5 44 0.002 592 32 o. 166 469 29 
0.5000 0,250 000 00 0.24<1 609 66. 0.010 405 05 0.124 934 n 0.002 602 71 0.166 803 28 

a.socs 0.250 500 25 0.2 50 107 56' o. 010 446 68 0.125 184 66 0.002 ~13 13 0.167 137 to 
0.5010 o.2s1 001 00 0.2 50 605 ~5 o. 010 488 44 0.125 434 64 0.002 623 5q o. 16 7 472 26 
0.5015 o. 251 502 25 0.2 51 104 83 0.010 530 33 0.125 684 87 o. 002 6 ~4 07 0.167 807 26 
0.5020 0.252 004 00 0.251 604 20 0.010 572 34 0.125 935 35 0.002 644 58 0.168 142 59 
0.5025 0.252 506 25 0.252 104 C6 0.010 614 47 C. I 26 186 07 0.002 655 I 3 0.168 478 27 l 0.5030 0.25l COQ 00 0.2 52 604 40 o. 010 656 74 0.126 437 05 0.002 665 71 0.168 814 28 
0.5035 0.253 512 25 0,253 105 23 0.010 699 12 o. 126 688 27 0.002 676 32 0.169 150 62 
0.5040 0.254 016 00 0.253 606 55 0.010 741 64 0.126 939 74 0.002 686 96 0.16Q 487 31 
o. '5045 0.254 520 25 o.254 108 36 o. 010 784 ?8 0.121 JQj 46 0.002 607 63 0.169 824 33 
0.5050 0.255 C25 00 0.254 610 66 o. 010 827 04 0.121 443 42 0.002 708 33 0.110 161 69 

0.5055 0.255 530 25 0.255 113 44 0.010 860 94 0.127 695 64 0.002 719 07 0.170 499 30 
0.5060 0,256 036 00 0.255 616 71 0.010 912 96 0.121 948 10 0.002 72S 84 0.110 837 41 
o. 506 5 o. 256 542 25 0.256 120 47 0.010 956 10 0.128 200 81 0.002 740 64 0.171 175 80 
0.5C70 0.257 04q 00 0.256 624 72 0.010 999 38 0.128 453 76 0.002 751 47 0.111 514 51 
0.5075 o. 25 7 556 25 0.2 5 7 129 45 0.011 042 78 0.128 706 97 0.002 762 33 0.111 853 56 
o.scso 0.258 064 cc 0.257 634 67 0.011 086 31 C.128 960 42 0.002 773 23 0.112 1n 95 
0.5085 o. 258 572 25 0 .2 58 140 38 0.011 120 <>7 o. 12" 214 12 0.002 784 15 0.112 532 67 
0.5000 0.259 081 00 0 .2 58 646 58 0.011 173 76 C.12Q 468 C7 0.002 795 II 0.172 872 73 
0.5095 0.259 590 25 0.259 I 53 ,7 0.011 21 7 68 0.129 722 27 0.002 806 II o. 173 213 13 
0.5 LOO 0.260 100 00 0.2 59 660 44 0.011 261 72 o. 129 976 72 0.002 817 11 0.173 553 87 

0.510~ o. 260 610 25 0.260 168 10 O. 011 305 90 C. I 30 231 41 0.002 828 19 o. 173 8<>4 94 
0,5110 o. 261 121 00 0.260 676 24 0.011 350 20 C.130 486 35 0.002 839 28 0.174 236 36 
0.5115 o. 261 632 25 0.261 184 88 0.011 394 bl O. I 30 741 54 0.002 850 40 0.174 578 11 
0.5120 0.262 144 00 0.261 694 co o. 01 I 439 20 C.! 30 996 98 0.002 861 56 0.174 920 19 
0.5125 a. 262 656 25 0.262 203 61 0.011 483 89 C. I 31 252 66 0.002 872 74 0.175 262 62 
o. 5130 o. 26 3 169 00 0.262 713 70 0.011 528 72 0.131 508 59 0.002 883 96 0.1 75 605 lB 
0.5135 0.263 682 25 0.263 224 28 0.01 I 573 68 0.131 764 77 0.002 8"5 22 0.175 948 40 
0.5140 0,264 1% 00 0.263 735 35 0.011 618 76 C.132 021 20 0.002 906 50 0.176 291 93 
0.5145 o. 264 710 25 0.264 246 91 0.01 I 663 98 0.112 277 88 0.002 917 82 o. 176 635 70 
0.5150 o. 265 225 00 0.264 758 Q5 0.011 700 33 o. I 32 ,..4 80 0.002 qzq 1 7 o. 176 979 82 

0,5155 o. 26 5 740 25 0.265 271 48 0,01 I 754 81 0.132 791 97 0.002 •4o 56 o. 177 324 27 
0,5160 0.266 256 00 0.265 784 50 0.011 800 •1 0.133 049 Jq 0.002 951 98 0.177 669 07 
0.5165 0.266 772 25 0.266 298 co 0.011 846 l7 O. I 33 307 06 0.002 963 43 o. 178 014 20 
o. 5 no 0.167 2A9 00 0,266 811 q9 0.01 I 892 05 C.133 564 97 0.002 974 " 0.178 35q 66 
0.5 l 115 o. 267 806 25 0.267 326 47 0.011 938 06 c. 1)3 823 14 0.002 986 43 0.178 705 47 
0.5180 o. 268 324 00 0.201 841 43 0.011 984 21 0.134 081 55 o. 002 997 98 0.179 051 61 
0.5185 0.268 842 25 0.268 356 88 0.012 030 49 C.134 340 20 0.003 009 56 0.179 1,ft LO 
0.5190 o. z.q 361 00 0.268 872 82 0.012 076 90 a. 134 599 II 0.003 021 18 0,17' 7H 92 
0.'195 0.269 880 25 0.269 389 24 o. 012 123 45 0.134 858 26 o.oo~ 032 83 o.uo 092 07 ( 

o. 5 200 0.210 400 00 0.269 906 15 0.012 170 13 0.135 I 1 7 66 0.003 044 52 o.1eo 439 57 
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TABLE 111-FONCTIONS D'UNE SPIRALE OE RAYON UNITAIRf 

---- - ------ ------- ------ --------- ----------- ---------- - ------ ------------------------ -- -- 
A/"-• ST /R LC/R 8 1/3 e•••c • C 
•LS /A• ---------------------------------------------------- 
•vrrff. DEG •NT SEC 
ss•=•••••••••••••••-••••••••••••••=••••••••••••••••=••••••••••••=•••••2•••••••••=•••••••= 
0.4805 o.cn 057 89 0.230 7'3 53 b 3b 5l.2 2 12 17. I 2 12 lb.2 0 0 0.9 

0.4810 0.011 218 1b o.2J1 223 43 b 31 40. 8 2 12 33.b 2 12 32.7 0 0 0.9 
0.4 81 'j 0.077 3N H 0.231 703 82 b 38 30.4 2 12 SO.I 2 12 49.2 0 0 0.9 

O.H20 0.077 540 9q 0.232 184 7C b 39 20.1 2 13 b.1 2 13 5.8 0 0 a.• 
0.4825 a.on 702 36 0.232 bbb oe b 40 q.9 2 13 23.3 2 13 22.4 0 a o ,» 
0.483C 0.011 8b3 91 0.233 14 7 •< b 40 59. 7 2 13 39.9 2 13 J•.o a 0 o.9 

0.4835 o. 078 025 b2 0.233 b30 33 b 41 4q_5 2 13 5b.5 2 13 55.b 0 a o.9 
0.4840 0.078 187 50 0.2H 11 3 20 b 42 39.4 2 14 13.1 2 14 12.2 a a a.• 
0.484~ o. 078 34q 55 o. 234 5q6 Sb b 43 29.3 2 14 29.8 2 14 28.8 0 0 0.9 
0.4!50 0.078 511 78 o. 2 35 08C 42 b 44 19.3 2 14 46.4 2 14 -45. 5 0 0 0.9 

o. 41:!5'5 0.078 b74 17 0.235 564 77 b 45 9.4 2 I 5 3.1 2 I 5 2.2 0 0 1.0 
0.4860 o. 078 836 73 0.2 36 c4q 62 b 45 59. 5 2 15 1•.8 2 15 18.Q 0 0 1.0 
0.4865 0.078 999 46 0.236 534 q7 6 4b ltq.b 2 15 36.5 2 15 35 .6 0 0 1.0 
0.4e70 o. 019 lb2 3b 0.237 C2C 80 b 47 3q,. 8 2 I 5 53. 3 2 15 52.3 0 0 1.0 
0.4875 o.oH 325 44 o. 237 507 14 b 48 JO. I 2 lb 10.0 2 lb 9.0 0 0 I .o 
o.4eeo 0.079 488 68 0.231 q93 q7 6 49 20."t 2 lb 26.8 2 16 25.8 0 0 1.0 
0.4A8'5 o.01q 652 09 0.238 481 30 b 50 10.1 2 16 43.6 2 16 42 .6 0 0 1.0 
o.4@qo o. 079 815 61 0.238 969 12 b 5 I 1.1 2 I 1 0.4 2 lb 5q,.4 0 0 1.0 
o.4eq5 o.01q q79 43 o. 2 39 457 4' 6 51 5 I. b 2 11 11.2 2 11 lb.2 0 0 1.0 
0.4.CO o.o~o 143 35 o. 2 39 S4b 24 b 52 42.1 2 I 1 34.0 2 11 33 .o 0 0 I .o 

o.1tqo5 0.080 307 44 0.240 435 55 b 53 32.7 2 17 50.Q 2 I 1 4q,.q 0 a 1.0 
0.4910 o. 080 '71 10 o.?40 925 35 6 54 23. 3 2 18 7.8 2 18 6.7 0 0 1.0 
0.41:Ht; a. 080 bJb 14 0.241 415 65 6 55 l3.9 2 18 24.6 2 18 23.6 a a I .o 
0.4920 0.080 800 74 a. 241 906 44 6 56 4.6 2 18 41.5 2 18 40.5 0 0 1.0 
0.4925 a. 080 %5 5 I 0.242 JQ7 13 6 56 55.4 2 18 58. 5 2 18 57 .4 a 0 1.0 
Q.44BO o. 081 130 46 0.242 889 51 b 51 46. 2 ? 19 15.4 2 19 l't.4 a 0 1.0 
o.4q315 0.081 295 q 0.243 38 I 79 6 58 31. I 2 10 32 •• 2 19 31.3 a 0 I.I 
0.-4940 O. OAI 4b0 85 o. 243 eH 56 6 59 28.0 2 19 49.3 2 IQ 48.3 0 0 1.1 
0.49.\5 o. 081 62b 31 0.244 '.H·1 eJ 7 a 19.0 2 20 b.3 2 10 5. 3 0 a 1.1 
0.-49'50 0.081 ]Q\ 93 0.241t 861 59 7 I 10.0 2 20 23.3 2 20 22-3 0 0 1.1 

0.4955 o. 081 957 73 0.245 3S5 @4 1.1 2 20 -40.lt 2 20 39. 3 0 0 1.1 
0.4960 0.082 123 bq 0.245 850 bO 52.2 2 20 57 .4 2 20 56.3 a 0 1.1 
0.4c;f'5 o. 082 289 83 0.246 345 @4 43.4 2 21 14.5 2 21 I 3.4 0 a 1.1 
0.4G70 0.082 456 13 0.2-46 841 59 7 3 ... 6 2 21 31. 5 2 21 30.At a a 1.1 
O.ltc; 15 0.082 622 61 a.241 337 e2 7 25.q 2 21 48.6 2 21 4 7.5 0 0 1.1 
0.4Q80 o. 082 780 25 0.247 834 56 7 6 l 7. 2 2 22 5.7 2 17 4.6 a a 1.1 
0.4985 a. 082 956 01 Q.248 331 78 7 1 8.6 2 22 22.9 2 22 21.8 0 0 1.1 
0.4(jl(jQ 0.083 1?3 Ob 0.248 829 50 0.1 2 22 40.0 2 22 3A.9 0 0 1.1 
o.4cp;5 0.083 290 21 0.24Q 327 72 1 A 51.6 2 22 57.2 2 22 56. I 0 0 1.1 
C.50CC 0.083 4'7 54 0.249 e26 43 1 9 43.1 2 23 14.4 2 23 13.2 a a 1.1 

a.socs 0.08, b25 04 a. 250 32 5 f4 10 '". 1 2 23 31. 6 2 23 30.4 a a 1.1 
o.5010 o.oe3 792 71 o. 2 50 825 34 11 26.3 2 23 48. 8 2 23 47 .6 0 a I .2 
0.5015 O. OA3 9b0 55 o. 251 325 53 12 !8.0 1 24 ,.o 2 24 4.Q 0 a I .2 
0.5070 0.084 128 56 0.251 e·26 23 l 3 9.8 2 24 23.3 2 24 22.1 0 a l .2 
0.5025 O. OA4 29b 74 0.252 12 7 4 l 14 l .6 2 24 40. 5 2 24 39.4 0 0 I .2 
0.5030 0.084 465 OS 0.252 829 C9 14 53. 4 2 24 57.8 2 24 56 .6 a a I .2 
o.5□35 0.084 b33 61 o.253 331 2b I 5 45.3 2 25 15.! 2 25 13.9 0 a I. 2 
o.'5040 o. 084 AO? 30 0.2 53 f33 93 16 37.3 2 25 32.4 2 25 3 I. 2 0 a I .2 
a. 5 04 5 o. 084 971 16 0.254 337 I 0 7 I 7 29.3 ? 25 4q.e 2 25 48.6 0 0 I .2 
0.5050 O. OS5 140 19 0.2 54 840 76 7 I B 21.3 2 2b 7. I 2 26 s.o a a I. 2 

0.5QSS 0.085 300 30 0.255 344 SI 19 13.4 2 2b 74. 5 2 26 23. 3 0 a I .2 
0.'50h0 a.OAS 478 77 0.255 849 56 20 5. 6 2 26 41.9 2 26 40.6 0 a I. 2 
0.50f5 0.085 648 31 0.256 354 JC 20 57.B 2 26 59.3 2 26 58.0 0 0 I .2 
O.SC70 0.085 818 03 0.256 860 33 21 50.l 2 27 lh. 7 2 27 15.5 a a I .2 
0.5075 0.085 987 01 a. 2 57 366 '1 22 42.4 2 21 34. l 2 27 32 .9 0 0 l .2 
o.sceo O.OA6 I 57 97 0:257 F73 C9 23 34.8 2 21 5 I. b 2 27 50.3 0 a 1.3 
a.sees O.OR6 328 I 9 0.258 JaC 21 24 27.2 2 28 9. I 2 2A 7.8 0 0 1.3 
0.5090 o. 086 498 59 o. 2 58 e•1 83 25 19.6 2 28 2b.5 2 2A 25.) a a I.' 
o.scss Q.086 6>9 I 6 0.2 59 395 S3 26 12.2 2 2A 44., l 2 28 42.8 0 a I. 3 
-□.SlCO 0.08b 839 9C o. 2 59 904 54 21 4.7 2 29 1.6 2 29 o. 3 a 0 l. 3 

o.s105 0.087 010 8 l a. 260 413 64 7 27 5 7 .4 2 2Q i s , l 2 2Q 17.8 0 a 1., 
0.,110 o. 087 l Al 80 o.no 923 23 7 28 so.a 2 zq 36 • 7 2 29 35.4 0 0 l.l 
0.5115 0.087 353 14 0.201 433 31 7 20 42.8 2 29 5-4. 3 ? 29 SJ.O 0 0 1.3 
o. '5 120 Q.087 524 56 0.2bl 943 E9 7 30 35. 5 2 30 11. 8 2 30 10.5 0 0 I. 3 
0.5125 o. 087 606 I 5 0.26?. 454 S7 1 31 28.4 2 30 29.5 7 ,o 28. I 0 a I. 3 
0. 5130 o. 087 861 91 O.?b1 9bb 54 7 32 2 I. 3 2 30 41. 1 ? 30 45.A 0 a 1.3 
o.s1~s 0.0A8 030 AS 0.2b3 4 7H bO 7 33 14.2 2 31 4. 7 2 31 3.4 0 0 l. 3 
0.5140 0.0R8 211 95 0.263 S9 l l' 7 34 1.2 ? 31 22 ·" 2 31 21. a 0 0 1.3 
0.5145 o. 088 384 23 o. 264 504 21 7 ,s 0.2 2 l\ 40. l 2 3 I 38.7 0 0 1.4 
0. 5 l '50 0.088 55b 67 o.2b5 017 76 1 35 53.3 2 31 57. A 2 31 56.4 0 0 I .4 

o. 51'55 O.OR8 720 2Q o. 265 531 ec 3b -46. 4 2 32 15.5 32 14. l 0 0 I .4 
0.51f0 a. 088 902 08 0.266 046 33 31 39.6 2 32 ,,.2 31 3 I. A a a I .4 
0.5165 a. ceo C75 04 0.1b6 561 30 1 38 32.9 2 32 51. 0 32 49,.f, a a I. 4 
0.5170 0. QRQ 248 l 7 o.?67 076 es 1 3Q 26. 2 2 33 A.7 33 7.3 0 0 l .4 
0.5175 o. 089 421 47 0.267 592 90 40 10.s 2 33 26. 5 33 15. I 0 0 I .4 
0.5180 o. 089 594 04 0.2b8 109 41 41 12.9 2 33 44.3 " 42.,9 0 a I .4 
o.5185 o. C89 768 58 0.2b8 b?b 41 42 b.3 2 34 2. I 34 o. 7 0 0 l .4 
0.5190 0.089 Q42 40 c.26q 14 3 Gl 42 59.8 2 34 19.,q 34 I 8. 5 0 a I. 4 
O.SlGS o. QQQ 11 b 38 o.n9 b6 l so 1 43 5 3. 4 2 34 37.8 34 36.4 0 a I. 4 
0.,200 o. QQO 200 54 c .z t c 180 39 1 44 4 7. 0 2 34 55.7 34 54. 2 0 a l .4 
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TA8LE 111-FONCTJONS O'UNE SPJRALE OE RAYON UNITAIRE 

---------------------------------------------------------------------------------------- A./ A• LS/R X/R Y/R Q/R P/R LT/R 
•l S / A• 
•1/Lm 
····-·····----··--------···--·----------------------------------------------------------- o. 5105 o.no ,10 25 0.27C •23 55 o. 012 216 9• 0.135 377 JI 0.003 056 2< 0.180 787 ,o 
0.5210 0.271 HI 00 0.270 941 •3 0.012 263 89 0.135 637 21 0.003 067 99 0.181 135 58 
0.5215 0.271 962 25 0.271 <59 8C o. 012 310 97 o. 135 897 35 0.003 079 78 0.181 484 09 
0.5220 0.212 ,a4 00 0.211 978 65 0.012 358 19 o. 136 157 75 0.003 091 60 0.181 832 94 
o. 52?.5 0.273 006 25 0.212 <97 99 0.012 ,o5 55 o. 136 418 39 0.003 103 45 0.182 182 12 
0.5230 0.273 529 00 0.273 Cl7 82 0.012 •5 3 o, o. 136 679 27 0.003 115 34 0.182 531 65 
0.5235 0.274 052 25 0.273 538 13 0.012 500 66 o.t36 q40 41 0.003 127 26 o. 182 981 51 
0.5240 o. 274 576 00 0.2 74 058 q3 0.012 548 42 0.137 201 7S 0.003 139 22 0.183 231 71 
0.5245 0.275 100 25 0.27• 580 22 0.012 596 32 o. t 37 •·3 42 0.003 151 21 0.183 582 26 
o. 5 2 50 0.275 625 00 0.2 75 IOI 99 o. 012 644 36. o. 137 125 30 0.003 163 23 0.183 933 13 

0.5255 0.276 150 25 0.275 6H 24 0.012 692 53 O. I 37 q97 43 0.003 175 29 0.184 284 35 
0,5260 o. 276 6 76 00 0.276 146 S8 0.012 740 84 0.138 2•• 80 0.003 187 39 0.18• 6n 91 
0.5265 0.277 202 25 0.2 76 670 21 o. 012 789 29 O. I 38 512 42 0.003 199 52 o.t84 987 80 
0.5 ?70 0.277 729 00 0.277 193 S2 0.012 837 87 0.138 775 29 0.003 211 68 0.185 3•0 03 
0.5275 o. 278 256 25 0.277 718 12 0.012 886 59 0.13• 038 40 o.oo 3 223 88 0.185 692 60 
0.5280 0.278 784 oc 0.278 2•2 81 0.012 915 45 0.13• 301 77 0.003 236 II o. 186 0,,5 51 
0,5285 0.279 312 25 0.278 767 S8 0.012 984 45 O. I 39 565 38 0.003 248 38 0.186 398 76 
0.5290 0.279 8'1 00 0.279 293 63 0.013 033 59 0.1 39 829 24 0.003 260 68 0.186 752 34 
0.52S5 o. 280 370 25 o.279 819 17 o. 013 082 87 o. 140 oq3 35 0.003 273 01 o. 187 106 27 
o. 5 3 co o. 280 900 00 0.280 ~46 40 o. 013 132 28 C. I 40 35 7 70 0.003 285 39 0.187 460 53 

0.5305 o. 281 •30 25 0.280 873 51 0.013 181 84 C.140 622 30 0.003 297 79 o. 187 815 13 
0.5]10 o. 28 I 961 00 0.281 401 10 0.013 231 53 0.140 887 15 0.003 310 23 o.1S8 170 07 
o. 5 JI 5 0.282 492 25 0.281 929 19 0.013 281 37 0.141 152 25 0.003 322 71 0.188 525 35 
O.'B20 o. 283 024 00 0.2 82 457 75 o. 013 331 35 o. 141 41 7 59 0.003 33! 22 o. 188 880 97 
0.5375 o. 28 3 556 25 0.2 82 986 80 0.013 381 46 0.141 683 18 0.003 347 77 0.189 236 92 
0. 5110 0.284 089 00 0.283 516 34 0.013 431 72 0.141 9•9 02 0.003 360 35 0.189 593 22 
0.53B o .. 284 622 25 0.28A 046 16 o. 013 482 12 0.142 215 11 0.003 372 97 0.189 949 85 
o. 5340 o. 285 156 cc 0.284 ~76 '7 0.013 532 66 O. I 42 481 44 0.003 385 62 o. 190 306 e2 
0.5345 0.285 690 25 o.285 107 86 o. 013 583 34 C.142 748 02 0.003 398 31 0.190 664 I 1 
0.5150 0.286 225 00 0.285 639 33 o. 01 3 634 16 0.143 014 85 0.003 411 04 o. 191 021 78 

0.5355 0.286 760 25 0.286 171 29 0.013 685 13 0.143 281 93 0.003 423 80 0.191 379 77 
0.5360 o. 28 7 296 00 0.286 703 74 0.013 736 24 0. I 43 549 25 0.003 436 59 0.191 738 10 
o. 5 365 0.287 832 25 0.287 236 67 o. 013 787 49 0.143 816 82 0.003 449 42 0.1n 096 76 
0.5370 o. 288 36Q 00 o. 2 87 770 C8 0.013 838 88 0.144 084 64 0.003 462 2Q o.tQ2 455 77 
0.5375 0.288 006 25 0.188 303 qa o. 013 8QO 42 c. 144 352 71 0.003 475 IQ 0.192 815 11 
0.5380 0.289 444 00 0.288 838 36 o. 013 942 10 C. l 4't 6 21 02 0.003 488 13 0.193 174 7Q 
o. 5 3e 5 o. 289 Q82 25 0.289 373 23 O. 01 l 993 92 C.144 889 58 0.003 501 II 0.193 534 81 
0.5390 O. 2QO 521 00 0.289 908 58 o. 014 045 SQ 0.145 158 39 0.003 514 12 0.193 895 17 
C.5395 O. 2Ql 060 25 0.290 ... 42 o. 014 098 00 0.145 427 45 0.003 527 17 0.194 255 87 
C.5400 o. 291 600 00 0.2QO 980 74 o. 014 I 50 26 0 .145 696 75 0.003 540 25 O. lQ" 616 90 

0.5405 o. 2Q7 140 25 0.2'H 517 54 0.014 202 66 O. I 45 966 30 0.003 553 37 O. lQ4 978 28 
0.'>410 o. 2Q2 681 oc 0.292 054 ,3 0.014 255 20 C.146 236 10 o. 003 566 53 o. 195 340 00 
0,5415 o. 293 222 25 0.292 592 60 0.014 301 90 0.146 506 14 0.003 579 72 0.195 702 05 
0.5420 o.2q3 764 co 0.293 130 86 0.014 360 73 C.146 776 43 o. 003 5q2 95 0.196 064 .. 
0.5425 o. zq4 306 25 0.293 66S 60 0.014 413 72 C.147 046 97 0.003 606 22 0.196 427 18 
o. c;" ~o o. 2Qlt 849 00 0.294 208 82 0.014 466 84 0.147 317 7b 0.003 619 52 0.196 790 25 
0.5't '!5 o. zq5 3Q2 25 0.294 1'8 53 0.014 520 12 C.147 588 79 o. 003 612 86 O.IQ7 153 66 
o. 5't't0 o. 295 936 00 o. 29': 2ae 12 o. 014 573 54 C.147 860 08 0.003 646 24 0.197 5 I 7 41 
0. "544 ~ O. 2Qb 480 25 0.295 829 3• o. 014 627 11 o. 148 131 60 0.003 65Q 65 0.197 881 4Q 
0.5450 o. zq.1 C25 oc 0.296 370 55 0.014 680 83 0.148 403 38 o. 003 613 10 0, 198 145 S2 

o. 54')'5 o. 297 570 25 0.296 Q12 1• 0,014 734 69 O.l4A 6 75 40 0.003 686 59 o. 198 610 69 
0.5460 o. 2qa 116 oc 0.297 454 32 o. 014 788 10 0.148 94 7 67 0.003 700 11 o.1•a 975 79 
0.5""'" o. 298 6'2 25 0.297 996 S3 0.014 842 86 c.149 220 19 0.003 713 67 0.1Q9 341 24 
0.S470 o. 7gq 20• 00 0.298 540 C2 0.014 a• 1 17 0.l't9 492 06 0.003 727 27 0.19g 701 02 
0.5475 o. 299 756 25 0.299 083 59 o. 014 g51 62 0.149 765 q7 0.003 740 91 o. 200 073 I 5 
0.'3,480 o. 300 304 00 o.zoq 627 65 0.015 006 23 0.150 03• 23 0,003 754 58 0.200 439 61 a • .,._es 0.300 852 25 O. JOO 172 19 o. 015 060 98 0.150 l12 7l 0.003 768 2• 0.200 806 41 
0.54<;Q o. 301 401 00 0.100 71 7 12 o. 01 s 115 RA O. I 50 586 4q o. 003 782 04 o. 201 173 55 
o. 5'tQ5 o. 301 950 25 O. 30 I 262 13 o. 015 170 04 C.150 860 49 o. 003 795 82 0.201 541 03 
0.5500 o. 302 500 oc 0.301 808 72 0.015 226 14 0. I 51 134 74 0.003 800 65 0.201 908 85 

o. 5 50 5 o. 303 050 25 0.102 355 1• 0.015 281 49 C.151 40• 23 0.003 823 5 I o. 202 277 01 
0.5510 o. 303 601 00 0.302 902 15 o. 01 5 336 99 0.151 683 97 0.003 837 41 0.202 645 51 
0.5515 0.304 152 25 0.303 449 59 0.015 3Q2 65 0.151 q55 96 0.003 851 34 o. 20 3 014 3S 
0.5520 o. 304 704 00 0.103 997 51 o. 015 44 8 45 o. 152 234 20 o. 003 865 32 0.203 l8l 53 
0.5525 o. 305 256 25 0.304 545 91 0.015 504 41 0.152 509 68 0.003 879 l3 0.203 753 04 
o. 5 530 o. 305 809 00 0.305 094 80 0.015 560 51 0.152 785 41 0.003 8•3 38 0.204 121 •o 
0.5535 o. 306 362 25 0.305 644 17 o. 015 616 77 0. I 53 061 39 0.003 •01 47 0.204 493 10 
o. 5540 o. 306 916 00 0.306 104 C2 o. 015 673 18 0, 153 337 62 0.003 921 59 0.204 863 63 
0.5545 o. 307 4 70 25 0.306 744 35 0.015 729 75 0.153 614 OQ 0.003 935 76 o. 205 234 51 
0.5550 o. 308 025 00 0.307 2Q5 1 7 0.015 786 46 0.1 53 890 81 0.003 949 06 0.205 605 12 

o.i;55~ o. 308 580 25 0.307 e46 47 0.015 843 13 o. I ~4 167 77 0.003 964 20 0.205 977 28 
0.5 560 0.30Q 136 00 0.308 398 25 0.015 900 35 o. 154 444 •9 0.003 978 48 0.206 349 17 
0.5565 o. 309 6q2 25 o.308 950 51 o. 015 95 7 53 c. I 54 722 45 0.003 992 BO 0.206 721 40 
o.5570 o. 310 24Q 00 0.309 503 26 0.016 014 85 C.155 000 15 0.004 007 16 0.201 OQ3 98 
0.55H o. 310 806 25 0.310 056 49 0.016 072 34 o. 155 278 11 0.004 021 55 o. 201 ~66 a• 
0.5580 o. 311 364 00 0.310 610 20 o. 016 129 97 o. 155 556 31 0.004 035 99 0. 207 840 14 
0.5 515 0.311 922 25 o.311 164 39 0.016 187 76 0.155 834 7h 0.004 050 46 0.208 213 n 
0.5590 o. 312 481 00 0.311 719 06 0.016 245 71, o. 156 113 45 o. 004 064 •7 o. 208 587 67 
0.55'5 0.313 o•o 25 0.312 274 22 0.016 303 81 c. 156 392 39 0.004 079 52 0.208 961 q4 
0.5600 0.313 600 00 o. 312 829 85 0.016 362 06 0.156 671 58 0.004 094 II o. 209 336 55 
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TAALE 111-FOCTIONS 0' UNE SP '"ALE OE RAYON UN[TAIR.f 

------------------------------------------------------------------------------------------ 
A/~- ST /R LC/P 1/3 9•,♦C * C 

•LS/A• ---------------------------------------------------- 
·1/ITlR DE r. MNT SEC 
==--•----·····••==•=====••=•=2==••·······••=••·••====••=•=====~=-••==•=••••==••····••=•=== 
o.5705 o.oqo 4b4 8 7 0.2 70 099 '7 7 45 40.7 35 13.b 2 35 12. l 0 0 1.4 
o.5210 0.090 b39 3, 0.211 ?le e• 7 4b 34.4 15 ll.5 2 35 30.0 0 0 1.5 
o.5215 Q.090 814 03 0.271 738 e I 7 47 28. l 35 49.4 2 35 4 7 .9 0 0 I. 5 
O.!, 220 0.090 988 87 0.272 259 27 7 48 21. g 30 7.3 2 3b 5.8 0 0 I. 5 
o.5725 0.091 lbl 8e 0.212 780 n 7 49 15.8 3b 25.3 ? lb 2 3. A 0 0 I .s 
0.52]0 o.ocn 33g 01 c. 27 3 30 I ,e 1 50 9.7 lb 43.2 ? 3' ,1.1 0 0 l.S 
0.5235 0.091 51• 42 0.273 823 ,2 1 51 3.7 37 I. 2 2 lb 59. 7 0 0 I .s 

o.s2•0 o. 091 b89 95 o. 274 3'6 06 7 51 57.7 37 10.2 2 37 17. 7 0 0 l. 5 
o.5245 o.oq1 Rb5 64 o. 274 868 sq 1 57. 51.7 37 37 .2 2 37 35. 7 0 0 I. 5 
0.52SO 0.092 041 51 0.275 ~92 41 7 53 45.9 37. 55.J 7. 37 53. 8 0 0 I. s 

o.5 2ss o.on 21 7 55 o. 275 916 33 7 54 40.0 2 38 13.3 2 38 11.8 0 0 I. S 
o ,« 260 0.0"2 193 1b 0.27b 4'0 ,. 1 55 34. 3 2 38 JI .4 2 38 29.0 0 0 1.5 
O. 5 2b S o.o9? 570 14 0.27b 965 65 7 5b 2R.5 2 38 49.5 2 18 48 .o 0 0 l .b 
o.5770 0.092 14b 6S 0.211 •91 05 7 57 22.0 2 JO 1.b 2 30 b.l 0 0 1.0 
o.sns 0.092 q23 41 0.278 Clb S4 1 58 l 7. 2 2 39 25.7 2 3q 2• .2 0 0 l.b 
o.5280 o.oq3 100 3 I 0.?78 54 J 33 7 59 11.7 ? 39 43.9 2 19 42.J 0 0 I .e 
0.5285 0. OOl 277 H 0.219 010 21 8 0 0.1 2 40 2.0 2 40 o. s 0 0 1.6 
0.52SO 0.093 454 bl 0.?79 597 58 8 I 0.1 2 40 20.2 2 40 18.b 0 0 l.b 
0.5?S5 0.093 ,12 02 O. 2RO 125 45 8 I 55.3 ? •o 38.4 2 40 3b .8 0 0 l.b 
o.5~oo o.ool 809 bO 0.280 653 e1 8 2 49.9 2 40 'H,.,6 2 40 55 .o 0 0 l.b 

o.s1os o. 09 3 987 35 o. 281 182 H 8 J 44.b 2 41 14.9 7 41 l J.2 0 0 l .6 
o.5310 o. 004 165 27 Q.281 712 01 R 39. 3 2 41 33.t 2 41 31 .5 0 0 l.b 
0. 5~ 1 '5 0.094 143 37 0.7.82 2,1 es 8 34. l 2 41 51.4 2 41 4c;. 7 0 0 l.b 
0.5320 0.094 571 bl 0.282 117 lR 8 b 28.9 2 42 00b 2 42 8 .o 0 0 l. 7 
0.532 5 o. 094 100 07 0.283 303 Cl 8 1 23.8 2 42 ?7.9 2 42 2b. l 0 0 1.7 
o.5110 0.094 878 b~ 0.283 ei• 33 8 R 18. 8 2 42 46.3 2 42 44.6 0 0 l. 7 
Q.5335 o. 095 057 4b 0. 284 366 14 8 9 13.8 2 43 4.b 2 43 2 .9 0 0 1.7 
0.5340 o. 095 230 41 0.284 898 45 8 10 a.a 2 43 22.9 2 43 2 l. 3 0 0 l. 1 
o.5345 o. 095 415 53 0.285 HI 25 8 ll 3.9 2 43 41 .3 2 43 39.b 0 0 l. 7 
o.5350 o. 095 594 83 o. 285 9b4 54 R 11 59. l 2 43 59.7 2 43 58.0 0 0 l. 7 

O.'PP5'l o. 095 774 30 o. 286 498 33 8 12 54.3 44 18. l 44 l 6.4 0 0 1. 7 
0.53b0 o. 0'15 953 93 0.287 032 bl 8 13 49. 5 44 36.5 44 34 .8 0 0 l. 7 
o. 5 36 5 0.096 133 74 o. 287 56 7 38 8 14 -'t4.8 44 54. 9 '4 53 .2 0 0 1. 7 
o. "i ~70 0.096 313 12 0.288 102 t5 8 15 40.2 45 13.4 45 11. 7 0 0 1.7 
o. 5 375 0 .. 096 493 ae 0.288 blB 40 A 16 35.b 45 31.9 45 JO. l 0 0 l .8 
0.538C Q.096 b74 ?C o. 289 l 7• bb 8 17 H. l 45 50.4 •5 48.b 0 0 1.s 
0.5385 0.0Qb 854 10 o. 289 711 4C 8 18 2b.6 4b 8.9 •6 7. l 0 0 l.8 
o. 5 390 o.oq1 035 37 o. 290 248 b4 19 7.2.l 4b 27 .4 46 25 .b 0 0 l. 8 
o.5395 o. oq1 2 lb 2 l C.?90 18b H 20 11. 1 4b 45.Q 4h 44. l 0 0 1.8 
0.';400 0.097 397 22 o. 291 32• 59 21 1 3. It 47 •-5 47 2.7 0 0 1.e 

0.5405 o. 097 578 4C o. 291 eo 'l 8 22 9. l 2 47 23.0 2 47 2 l .2 0 0 I .8 
0.5410 o. 097 759 7S o. 292 402 52 8 23 4.9 2 ., 41.6 2 47 39.8 0 0 l .B 
o.5415 a.on 941 28 0.292 942 22 8 24 0.1 2 48 0.2 2 47 58 .4 0 0 1.a 
O.S420 0.098 122 qe 0.293 482 •2 8 24 56. b 2 48 18.9 2 48 17.0 0 0 l .R 
o.5425 o. 098 304 85 o. 294 023 11 8 25 52. 5 2 48 17. 5 2 48 35 .b 0 0 l .9 
0.5430 o. 098 48b 89 o. 294 5b4 29 8 2b 48.5 2 48 5b-2 2 48 !,4.1 0 0 1.9 
0.5435 o. 098 b69 11 Q.295 105 G6 8 27 44.5 7 •9 14 .e 2 40 13.0 0 0 1.9 
0.5440 o. 098 851 49 o. 795 648 13 8 28 40.6 2 49 33 .5 2 40 31 .b 0 0 1.9 - 
o.5445 o. 099 03' 05 o. 296 190 79 8 29 3b. 7 2 4q !>2. 2 2 49 so. 3 0 0 1 .9 
o.5450 0.099 2lb 78 0.296 733 S4 8 30 32.9 2 50 11 .o ? 50 9.l 0 0 [.9 

0.5455 o. 099 399 b8 o.197 211 58 8 31 29.l 2 50 zq.1 2 50 21. 8 0 0 1.0 
O.SHO o. 099 582 1b 0.297 821 7 2 8 32 25.4 2 50 4A.5 2 50 •b• 5 0 0 l .9 
0.54'5 0.099 1bb co o. 298 3b6 35 8 H 21.8 2 51 7.3 2 51 s. 3 o· 0 1.9 
Q.5470 o. oqq g49 42 o .. zqa 91 I 47 8 34 18.l 2 51 Zh.O 2 51 24. l 0 0 l .a 
0."i-'t 1'i o. 100 133 01 o.z9q 457 C9 8 35 14.6 2 51 44.q 2 51 42 .9 0 0 2 .o 
0.5480 0.100 316 11 o. 300 003 19 8 36 11.1 2 52 3.7 2 52 I. 7 0 0 2 .o 
0.5.C.8"i o. 100 500 7l o. 300 5•9 79 8 37 7.6 2 52 22.5 2 52 20.b 0 0 2.0 
0.5490 0.100 684 81 0. 301 0% 89 8 38 4.2 2 52 41.4 2 52 39.4 0 0 2.0 
0.5495 0.100 8b9 cs 0.101 ... ., 8 39 0.9 2 SJ 0.3 2 52 58.J 0 0 2.0 
ovs s oo 0.101 053 5• o. 302 192 55 8 39 57.b 2 53 1 "· 2 2 53 11.2 0 0 2.0 

C.5505 0.101 238 lb o. 302 74 l 12 40 5,.1 2 53 38.l 2 53 3b. l 0 0 2 .o 
0.5510 o. 101 422 9b o. 303 290 l 8 •1 5 l. l 2 53 57.0 2 53 55.0 0 0 2 .o 
o.5515 0.101 b01 92 0.303 819 73 42 48.0 2 54 16.0 2 54 13 •• 0 0 2 .o 
0.5520 o. 101 793 Cb o. 304 3P9 78 4l 44.9 2 54 35.0 2 54 32 .9 0 0 2. I 
o.5525 0.101 978 37 O. l04 q40 32 44 41.8 2 54 53.9 2 54 51.9 0 0 2. l 
0. 5 5 30 o. 10 2 lb3 ~6 0.305 491 35 45 38.8 7. 55 12.9 2 55 l Q.9 0 0 2. l 
a. 55? 5 o. 102 3•• 5 l 0,306 042 87 4b 35.9 2 55 32.0 2 55 29.9 0 0 2.1 
o.5540 0.102 535 34 O.JOb 594 e9 47 33.0 2 55 51.0 2 55 48.9 0 0 2 • l 
0.5"5 o. 102 721 34 0.101 14 7 40 48 30.l 2 5b 10.0 2 5b 7 .9 0 0 2. l 
0.5S50 0.102 907 51 o. 307 700 40 49 27. 4 2 56 29.l 2 5b 21.0 0 0 2. l 

o.5'55 o. 103 093 8b O. JOB 253 BO 8 50 24.6 56 48.2 2 5b 46.l 0 0 2. l 
0.55b0 0.103 280 3e 0.308 ~01 87 8 51 21.9 5 7 7.3 2 57 5.2 0 0 2.2 
0.5565 0.103 467 07 o. 309 362 35 8 52 19. 3 57 26.4 2 57 24.3 0 0 2.7 
0.5570 0.103 651 93 o. 3oq 917 32 8 53 16.7 57 4'i. 6 7 57 43.4 0 0 2.2 
0.5575 o. 103 840 9t o. 310 472 78 8 54 14. 2 58 4.7 2 58 2.5 0 0 2.? 
o. 5580 o. 104 028 1 7 0.311 028 73 8 55 11. 7 58 23.9 2 58 21.7 0 0 2 .2 
o.5515 0.104 215 55 o. 31 l 585 17 8 5b 9.3 58 43.l 2 58 40.9 0 0 2.2 
o.55~0 0.104 403 10 0.112 1•2 11 8 57 b.9 59 2.3 2 59 O. l 0 0 2.2 
o.5sq5 0.104 590 81 0.312 t99 54 8 58 4.b 5g 21.5 2 50 19.3 0 0 2.2 
0.5b00 0.104 778 12 0.313 257 46 8 S9 2. 3 59 40.8 2 59 38.5 0 0 2.1 
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0.5605 0.314 160 25 0.313 385 97 0.016 420 48 o.156 951 02 0.004 108 l4 o.zo• 711 ,o 
0.5610 O.Jl4 721 00 o. 313 942 57 0.016 479 04 0.157 230 10 o.004 12) 41 o.z10 016 79 
0.5615 0.315 282 25 0.314 499 65 0.016 537 11 0.157 510 63 0.004 138 II O.ZIO 462 42 
o. 56 £0 o. 315 8~4 cc o.315 05 7 21 0.016 596 64 0.157 7'10 81 0.004 152 86 0.210 838 39 
0.562 5 o. 316 406 25 .0.315 H5 26 0.016 655 68 0.1~8 071 23 0.004 167 64 O.211 214 10 
0.56~C o. 316 969 cc 0.316 I 73 78 0.016 714 87 0.158 351 90 0.004 182 47 o. 211 591 35 
0.5635 o. 31 7 532 25 o. 316 732 79 <i.016 774 22 0.158 632 82 0.004 1'11 33 0.211 '168 35 
o. 5640 0.318 096 00 o. 317 2°2 28 0.016 833 73 .0.158 913 98 0.004 212 24 o. 212 345 68 
0.564 '5 o. 318 660 25 0.317 e52 25 0.016 893 40 C.159 195 39 o.oo ... 227 18 0.212 723 35 
0.5650 0.)\9 225 00 0.318 412 70 o. 016 953 22 O. I 59 411 05 0.004 242 16 o.2u IOI 36 

0.5655 ·o.nq 790 25 ·o. 318 q13 63 o. 017 013 20 O. I 59 158 96 0.004 257 19 o. 213 47' 71 
o.~660 o. 320 356 00 0.319 535 04 0.017 on 3,. 0.160 °" I II o.oo ... 272 25 o. 213 858 40 
0.56b5 0.320 922 2 ! 0.320 C96 H 0.011 133 64 C.160 323 51 0.004 287 35 0.214 237 43 
0.5670 o. 321 489 oc o. 320 659 30 0.011 194 10 0.160 606 15 0.004 302 49 0.214 616 80 
0.5675 0.322 056 25 0.3 21 222 16 c.011 254 71 C.160 889 04 0.004 317 68 o. 214 996 51 
0.5680 o. 32 2 624 00 0.321 7e5 49 0.01 7 315 49 0.161 172 18 0.004 332 90 o. 215 376 56 
o.56e5 0.323 192 25 o. 322 ~ ... q 31 0.017 376 43 0.161 455 57 0.004 348 16 0.215 756 % 
0.')6q0 o. 3?3 761 00 o.322 SJ3 60 0.011 437 52 C.161 1H 20 0.004 363 ~6 0.216 137 69 
O.H95 o. 324 330 25 0.323 '78 38 o. 01 7 498 78 0.162 023 08 0.004 378 81 o. 216 518 76 
0.5 7CO o. 324 900 oc 0.324 043 64 o. 01 7 560 20 0.162 307 20 0.004 394 19 o. 216 900 11 

0.5705 o. 325 470 25 0.324 609 37 0.011 621 78 o. I 62 591 58 0.004 409 61 o. 217 281 92 
O.HIO o. 326 041 oc 0.325 175 59 0.01 7 683 52 c.162 876 19 0.004 425 08 0.211 664 02 
0.5715 o. 326 612 25 0.325 742 29 0.017 745 42 o. 163 161 06 0.004 440 58 o. 218 046 45 
0.5720 o. 377 184 DC 0.3U 3oq 46 0.011 807 48 0.163 446 11 0.004 456 13 0.218 429 22 
0.5725 o. 327 756 2~ 0.326 877 12 o. 01 7 869 71 0.163 731 53 0.004 471 72 0.218 912 34 
0.'5 7~0 o. 32 8 329 00 0.327 445 26 0.017 932 10 0.164 017 14 0.004 487 H 0.219 195 79 
0.5735 0.328 902 25 0.328 013 87 0.011 994 65 0.164 302 99 0.004 503 01 o. 219 579 59 
0.5740 0.329 4 76 00 0.328 582 97 o. 018 057 36 o. 164 589 09 o.oo,. 518 72 0.219 963 72 
0.57'5 o. 330 050 25 0.329 152 55 0.018 120 24 o. 164 875 43 0.004 5H 47 0.220 348 20 
0.5750 o.no 625 00 0.329 722 60 o. 018 183 28 O. I 65 162 02 0.004 550 26 0.220 733 02 

o. 5755 O.HJ 200 25 0.330 293 14 a. o 1s 246 49 c.165 448 86 o.oo,. 566 09 0.221 118 I 7 
0.5760 o. 331 776 00 0.330 864 I 5 o. 018 309 86 0.165 7l5 95 0.004 581 97 o. 221 503 67 
0.5765 o. 332 352 25 o. 331 435 65 0.018 373 19 0.166 021 28 0.004 597 ee o. 221 889 51 
O.H70 o. 332 920 00 0.332 007 62 0.018 437 09 0.166 310 86 o. 00,. 613 84 0.222 275 69 
0.5775 o. 333 506 25 0.332 5eo ce o. 018 500 95 c. 166 598 68 0.004 629 83 0.222 662 21 
0.5780 0.334 CB,_ 00 o. 333 153 01 0.018 564 98 0.166 886 75 o.oo,. 645 87 0.223 049 C7 
0.578~ o. 334 662 25 0.333 726 42 0.018 629 17 0.167 175 07 0.004 661 9, 0.223 436 27 
0.5790 0.335 241 00 0.334 300 31 0.018 693 53 0.167 463 64 o.oo ... 678 08 o. 223 823 81 
0.5795 o. 335 820 25 o.334 874 68 0.018 758 06 0.167 752 45 0.004 694 24 o. 224 211 69 
0.5800 o. 336 400 oc 0.335 449 53 0.018 822 75 0.168 0,.1 51 0.004 710 45 o. 224 599 92 

0.5805 o. 336 980 25 0.336 C24 Eb 0.018 887 61 0.168 330 81 0.004 726 69 0.224 988 48 
0.5810 o. 337 561 00 0.336 600 66 0.018 952 63 0.168 620 36 ovoo- 742 98 0.225 377 38 
0.5815 o. 338 142 25 0.337 176 95 0.01s 017 82 0. 168 910 16 0.004 750 31 0.225 766 63 
0.5820 o. 338 724 00 0.337 753 71 0.019 083 18 o. 169 200 20 0.004 775 69 0.226 156 22 
0.58?5 0.33" 306 25 o.338 330 95 0.01s 148 71 o. 169 490 49 0.004 792 10 0.2l6 546 14 
0.5830 o. 339 889 00 0.338 908 67 0.019 214 41 0.169 181 02 0.004 808 56 0.226 936 41 
0.5835 o. 340 472 25 0.339 ,.86 87 0.019 280 27 o. I 70 071 81 0.004 825 06 0.221 327 02 
0.5840 o. 341 056 00 0.340 065 55 o. 019 346 30 C.170 362 84 0.004 84 I 60 0.221 71 7 97 
0.5845 o. 341 640 25 0.340 644 H 0.019 412 50 0.110 654 II 0.004 858 19 0.228 109 26 
o.5e5o o. 34 2 225 00 0.341 224 34 o. 019 478 87 0.110 945 63 0.004 874 81 o. 228 500 89 

a. 58!:'i 0.342 810 2~ o. 34 l ea, 45 0.019 545 ,.I 0.171 237 40 0.00,. 891 48 0.228 892 87 
0.5860 o. 34 3 396 00 0.342 385 04 0.019 612 12 0.111 529 42 0.004 908 20 o. 229 285 18 
0. 5 86 5 0. 3 ... 3 982 2~ 0.342 966 11 0.019 679 00 O. I 71 821 6A 0.004 924 95 0.229 677 84 o.se10 0.344 569 00 0.343 54 7 66 0.019 746 05 0.1 72 114 18 0.004 941 75 o.23o 070 83 
0.5875 o. 345 156 25 o.344 129 68 0.019 813 27 c.112 406 94 0.004 958 59 o. 230 4M 17 
0.5880 O. 34S 7,.4 co 0.344 712 18 o. 019 880 66 0.112 69'1 "" 0.004 975 48 o.23o 857 85 
o.5e85 o. 3,.6 332 25 o. 345 295 16 0.019 948 23 0.112 993 18 o.oo ... 992 40 0.231 251 87 
o.5eqo o. 346 921 00 0.345 e18 62 0.020 015 96 0.173 286 67 0.005 009 37 o. 231 646 23 
0.5895 0.347 510 25 o. 346 462 55 0.020 083 81 C. I 73 580 41 0.005 026 39 0.232 040 94 
0.5SOO o. 348 100 00 0.347 046 96 0.020 151 94 0.173 874 40 0.005 043 .. 0.232 435 98 

o. 5 90 5 o. 348 6•o 25 0.347 631 8~ 0.020 220 19 C.174 168 63 0.005 060 54 0.232 831 37 
0.5'110 o. 34Q 281 00 0.348 217 22 0.020 288 62 o. 174 463 LO 0.005 011 68 0.233 227 C9 
0.5915 0.349 872 25 o. 348 803 06 0.020 357 21 0.174 75 7 83 0.005 094 87 0.233 623 16 
0.5920 o. 350 464 00 o. 3,.. 389 39 0.020 425 98 0. I 75 052 80 0.005 112 10 o. 234 019 57 
0.5<125 o. 351 056 25 0.349 976 18 0.020 494 92 0.175 14 8 01 0.005 12<1 37 0.234 416 32 
0.5930 o. 351 649 00 0.350 563 46 0.020 564 04 0.175 643 47 o. 005 146 69 0.234 813 41 
0.5935 o. 352 242 25 0.351 151 21 0.020 6B 33 0.175 91<1 18 0.005 164 05 o. 235 210 85 
0.5940 o. 352 836 00 0.151 739 44 0.020 702 70 0.176 235 13 0.005 181 46 0.235 608 62 
0.5945 o. 353 430 25 o.352 328 14 0.020 772 43 0.176 5 31 33 0.005 198 90 0.236 006 74 
0.5950 o. 354 025 00 0.352 917 33 0.020 842 25 0.176 827 78 0.005 216 40 o. 236 405 20 

0.5.55 0.35 ... 620 25 0.353 506 99 0.020 912 23 c.111 124 47 0.005 233 9~ 0.236 804 00 o. 5 "60 0.3'5 216 00 0.354 001 12 0.020 982 40 0.177 421 41 0.005 251 51 o. 237 203 14 
0.'165 o. 355 812 25 o.354 687 73 O. 02 I 052 74 C. I 77 718 60 0.005 269 14 0.237 602 63 
0.5170 0.3'. 4ot 00 0.355 278 82 0.021 123 25 o. I 78 016 03 o.oos 286 91 o.238 002 45 
0.5175 0.3'7 006 25 0.355 870 38 0.021 193 95 0.178 313 70 0.005 304 52 0.238 402 62 
0.5.IO 0.3H 60... 00 0.356 462 43 0.021 264 82 0.178 611 62 0.005 322 28 0.238 803 13 
0.5985 0.351 202 25 0.357 054 94 0.021 335 86 C.178 909 79 0.005 340 08 o. 239 203 98 
0.5990 0.358 801 00 0.357 64 7 93 0.021 407 08 0.1 7q 208 21 0.005 35 7 93 0.239 605 17 
o.5qq' o. 359 400 25 0.358 241 40 0.021 478 ,.8 0.1 79 506 87 0.005 375 82 o. 240 006 71 
0.6000 0.360 000 00 o.358 835 35 0.021 550 06 C. I 79 805 17 0.005 393 76 C.240 408 5A 
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- - - - - ---- -- -- ----- ----------- ---- -- -- ---- -- ---- - -- -- -- ------ --- - -- - --- -- ------ ---- -- -- -- 
A/R-s: ST /R LC/R 1/3 8•••C • ,.. LS/ As ---- -- - -- -- - --- --- -- -- - ---- ----- -- -------- ---- --- - -- 

• VL s /R OEG •NT SEC 
a:zzasaaazaaaaa:aaz:azaszzszz===••••azzzsazaza:zss:zz&:=••••==•==zzsszs=•••••••••••••••••= 

0.5605 0.10• 966 H 0.313 e1 5 87 9 u O. I 3 0 o.o 59 57.8 0 0 2.3 
o.5610 0.105 155 04 0.314 314 11 9 0 5 7 .9 3 0 19. 3 ' 0 11.0 0 0 2. 3 
O.H\5 o. 105 3•3 45 o.314 934 I 7 9 I 55.8 3 0 38 .6 3 0 36.3 0 0 2.3 
0.5620 0.105 5'2 o• 0.315 494 OS 9 2 51.8 3 0 51. 9 3 0 55.6 0 0 2. 3 
0.5625 o. 105 170 BC o. l 16 054 " 9 3 51.7 ' I 11.2 3 I l-4t.q 0 0 2.3 
0.5630 0.105 909 1) o. 3 I b t!S 30 9 4 4q. 8 3 I 3b .fi 3 I 3',. 3 0 0 2.3 
0.5635 0.106 C98 84 0.317 176 66 9 s 41.q 3 I 56. 0 3 I 51.6 0 0 2., 
0.5640 O. IOb 2A8 12 0.311 738 ~2 9 6 46.0 3 2 Is. 3 2 13.0 0 0 2. 3 
0.5645 o. 106 •77 57 Q.318 300 e6 9 1 44.2 3 2 34. 7 2 32 .4 0 0 2.4 
o.5650 o. 106 667 19 0.318 8H 70 9 8 42.4 3 2 54. I 7 5 I .A 0 0 2.• 
0.'5t:'5"i o. 106 856 99 o. 319 •21 02 9 9 40.7 3 13. 6 3 3 11.2 0 0 2 .4 
0.5660 o. 101 Q',6 96 o. 319 990 84 9 10 l9. l 3 '3.0 ' ' 30.6 0 0 2 .4 
0.'566"i o. 107 237 10 o. 320 5155 15 9 11 37. 5 3 52. 5 3 ' 50. I 0 0 2 .4 
0.5610 o. 101 427 4 I 0.321 I 19 96 9 12 35.9 ' 4 12. 0 3 4 9.6 0 0 2 .4 
0.5675 o.101 617 GO o. 321 685 25 9 13 14.4 3 4 31.5 3 4 29.0 0 0 2 .4 
o. 5 680 0.101 808 56 o. 322 251 Cl 9 14 33. 0 3 4 51.0 3 4 48.6 0 0 2.4 
o.5t-1!5 0.101 999 40 0. ,22 EI 7 31 9 I 5 31.6 3 5 10.5 3 5 8. I 0 0 2.s 
o.5690 o. 108 1•0 •o 0. 323 384 c8 9 16 30. 2 3 5 30. I 3 5 27 .6 0 0 2.5 
0.56G5 Q.IOA 381 58 o. 323 951 ~4 9 17 29. 0 3 5 49. 7 3 s 47.2 0 0 2.5 
0,.5 7(0 0.108 572 94 o.,24 51G C9 9 18 21.1 3 6 9.2 3 6 6.7 0 0 2.5 

O.S7C5 O. IOA 764 46 o. 325 087 13 9 19 26.5 6 78 .8 ' 6 76.3 0 0 2.5 
0.5710 o. 108 956 16 o. 32~ t:':6 06 9 20 25.4 6 48.5 3 6 45 .9 0 0 2.5 
o.5715 0.109 148 03 0.326 225 29 q 21 24.3 7 8. I 3 7 5.6 0 0 2.5 
0.5720 o. 109 340 08 o. 326 795 co 9 22 23. 3 7 71.8 3 7 25.2 0 0 2.5 
Q.57,5 o. 10• 532 2G 0.,21 365 2 l q 23 22.3 7 47.4 3 1 44,.Q 0 0 2 .6 
0. 5 730 o. 109 72• 69 0.327 G35 GC 9 24 ?l.4 8 7. I 3 8 4.5 0 0 2 .6 
o. 5 73 5 O. !OS 917 25 0. 328 507 (9 9 25 20. 5 8 26 .8 ' A 24 .2 0 0 2 .6 
0.'5740 o. l 10 10• 9G 0. 329 C78 77 9 26 19. 7 8 46 .. 6 3 8 43 .9 0 0 2 -~ 
0.5145 0.11 O 302 90 0.329 ,5c 94 9 27 18.q 9 6.3 3 0 3.7 0 0 2 .6 
0.5750 O. II 0 495 9e o. 3 30 273 60 9 26 18. 2 q 26. l 3 9 23 .4 0 0 2.h 

o. 5 7'i ": O. I 10 669 7• O.HC 796 75 q 29 17.5 3 9 45.8 9 4 3 .2 0 0 2 .b 
o. 5 760 O. ll0 882 b1 o. 331 310 ,c 9 30 16.q 3 10 5.6 10 3.0 0 0 2.7 
O.'i16'> 0.111 076 27 0.331 g44 53 0 3 l 16.3 3 10 2'> .4 10 22.a 0 0 2.1 
0.5770 O. 11 l 270 05 o. 332 519 15 9 32 15.8 3 10 45.3 10 42 .6 0 0 2.1 
0.571'i O. 11 l 464 oc o. ,33 094 21 9 33 15.3 3 ll 5. I II 2.4 0 0 2.7 
0.5780 0.111 658 12 o. 333 t::l:C. e1 9 34 14.9 3 II 25. 0 II 22 .2 0 0 1. 1 
o.57e5 O. ll l 852 • 2 o. 334 745 97 9 35 14. 5 3 ll 44.8 II 42.J 0 0 2.1 
0.57(:10 o. 112 046 BS 0.334 822 56 9 36 1•.2 3 12 •• 1 12 7 .o 0 0 2.1 
o. 5 7c; 'i o. l l 2 241 53 Q.'35 ]qq ,4 q 3 7 13.9 3 12 24 .6 12 2(.9 0 0 2.8 
0.5~CO O. ll2 436 35 0.335 977 10 9 36 13.7 3 l 2 44.6 ' 17 41.8 0 0 2.A 

0.58(5 o. 112 631 34 o. 3 36 555 26 9 39 l 3.6 13 4.5 1, l. 7 0 0 2.6 
0.5810 o. 112 826 50 0.337 133 81 9 40 13.5 l 3 24. '> 13 2 l. 7 0 0 2.R 
o.5815 o. l 13 021 8• o. 337 712 85 0 4 l 13 .4 13 44.5 13 41. 7 0 0 2.R 
o.5820 O. l l 3 21 7 35 0.338 292 ,e 9 42 13.4 14 4.5 14 1.6 0 0 1.A 
o.5825 o. ll 3 4 l 3 04 0.338 A7? 4C 9 43 13.5 14 ?4.5 (4 2 I .6 0 0 2.8 
o.5B3o o. l l 3 608 8G o. ll9 452 qz 9 44 13.6 14 44. 5 14 4 I. 7 0 0 2 .9 
o. 5 a-:i s O. l l' @04 q, o. 340 033 qz 9 ,5 13.1 l 5 4.6 15 1.1 0 0 2 .9 
o.5840 O. ll 4 001 l ~ 0.340 ,15 4 l 0 46 l J.Q 3 15 24.6 15 21.a 0 0 2 .o 
0. 5 8'4 '5 o. l 14 197 5 I 0.341 197 39 9 47 14.7 3 I 5 44.7 15 41.8 0 0 2 .9 
o.5850 o. l 14 394 06 0.341 779 87 9 48 14. '5 3 16 4.8 16 (.9 0 0 2 .9 

0.58':'i o. 114 590 7G 0. 34 2 362 83 9 49 14.8 3 16 24 .9 lb 72.0 0 0 2.9 
o. 5 860 o. 114 181 6G o. 34 2 G46 28 q 50 l 5. 3 3 16 45. l ' 16 •2. l 0 0 2 .9 
O. 5 Bf:'> o. 114 oa. 76 0.3"3 s~c 2) 9 5 l 15.7 J I 7 5.2 3 17 2. 3 0 0 3 .0 
o.'ie10 o. l 15 182 0 l 0.144 11 4 tb 9 52 16.2 3 I 7 25 .4 3 17 22 .4 0 0 3.0 
o. 5 fl: 7 '5 O. I I 5 370 43 o. 144 t99 58 9 53 16.8 3 17 45 .h 3 17 42 .6 0 0 3.0 
0.'iA80 o. 115 577 03 O.l4S 285 co 9 54 l 7 .4 3 18 5.8 3 l A 7.8 0 0 3 .o 
o.58e5 O. ll 5 774 BC o. 1'-t5 e rc 9C 9 55 18. l 3 18 26.0 3 18 2 3.0 0 0 3 .o 
o. 5 890 O. I I 5 S12 74 O.J•6 457 29 9 56 18.8 3 18 46. 3 3 IA 4 3. 2 0 0 3 .o 
o.s ac; s O. l lti 170 86 o. 34 7 C44 I 8 9 57 1q.6 3 l 9 b.5 J 19 3.5 0 0 3. l 
0.59CO o. 116 369 l 5 0.347 631 55 9 SB 20. 4 3 l 9 2b. A 3 10 23.7 0 0 3. l 

C.5GC5 o. l 16 5b 7 6 l o. 14e 219 42 9 59 21.J 3 19 47.l 19 44.0 0 0 3. l 
o. 5 91 0 o. 116 76b 25 o. 348 eo1 77 10 0 12.1 3 20 7 .4 10 4. 3 0 0 3.1 
O. 5 q l 'i O. I 16 965 Oh 0. 349 396 61 10 I 23.2 ' 20 21. 7 10 24.6 0 0 3. l 
0.5Q]Q O. l l 7 164 05 C. 3'tG G85 95 10 2 24.2 3 20 4A.1 20 4io _q 0 0 3. l 
o.5q75 o. l 17 363 2 l o. 350 5 75 77 10 3 25.3 3 21 8 .4 21 5. 3 0 0 3.1 
0 ,.5c;10 O. 11 7 562 5~ O. 3 ';l 166 ca 10 26.4 ' 2 l 28.8 2 l ?5.6 0 0 3.2 
0.5935 O. 11 7 762 06 o. 351 756 89 10 27.6 3 21 40 • 2 ~ 21 46.0 0 0 3 .2 
o.SQ40 O. 11 7 %1 74 o. 352 3',8 le 10 6 28.8 3 22 9.6 3 77 6.4 0 0 3.2 
0. 5 g4 5 O. ( l 8 161 60 0.352 G39 96 10 7 JO. l $ 22 10.0 3 22 2b.8 0 0 3. 7 
0.5950 O. l 18 361 63 0.353 532 13 10 8 31. 4 22 50. 5 3 22 4 7 .3 0 0 3.2 

0.5Q!;'5 o. l I 8 56 l 83 o. ,54 124 G9 10 9 32. 8 2' 10.Q 23 1. 7 0 0 3.2 
o. 5q60 o. l l 8 762 21 0. )'i4 718 74 10 10 34.3 13 31 .4 23 28.1 0 0 J. 3 
Q.5G'5 O. l l 8 962 77 o. 355 31 l 98 10 ll 35.8 23 51 .9 23 48 .6 0 0 3.1 
0.5G70 O. l l 9 l6l 4G 0.355 9C6 21 10 11 n., 24 12.4 24 9. l 0 0 3.3 
0.5G7S o. 119 ~64 40 o. 356 500 93 10 ll 18. q 24 33 .o 24 29. 1 0 0 3.l 
0.5980 O. 119 565 47 0.357 C96 14 10 14 40.6 74 53. 5 24 50.2 0 0 3. 3 
o. 5985 0.119 766 n 0.357 691 84 10 15 42.3 25 14. l 25 10.7 0 0 3. ~ 
0.5990 O. ll 9 968 15 o.358 2 88 CZ 10 16 44.0 25 34. 7 ZS ll.3 0 0 3 .4 
0.'5Qt;lj o. l 20 169 75 0.358 884 70 10 17 45.8 25 55.3 25 5 l .9 0 0 3 .4 
C.600C o. l 70 371 53 o. v;q 481 87 10 IA 47.7 2b l 'i.Q 26 I 2 .5 0 0 3.4 
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-----------------------·------------------------------------------------------------------ A/R• l S/R X/R Y/R Q/R P/R lT/R 
•LSO• 
•vITTP: 
········----------···----------·········-·······················-·······----------------- 0.6005 o. 360 Ml0 25 0.359 429 11 0.021 621 82 o.u0 104 93 0.005 411 14 0.240 110 80 
0.6010 0.361 201 00 o. 360 024 66 0.021 69 3 75 c. i eo 404 33 0.005 429 76 0. 241 213 36 J 0.6015 •• 361 802 25 0.360 620 04 0.021 765 87 c. 180 703 97 0.005 447 83 0.241 616 26 
0.6UO o. 362 404 00 0.361 215 88 0.021 838 16 0.181 003 86 o. 005 465 95 0.242 019 51 
0.6025 o. 363 006 B o.361 812 21 0.021 910 63 0.181 304 00 0.005 484 II 0.242 423 co 
0.6030 0. 36 3 6()9 00 0.162 409 01 0.021 983 28 C.181 604 38 0.005 502 31 0.242 827 C2 
0.6035 o. 364 212 25 0.363 006 28 0.022 056 II 0.181 905 01 0.005 520 57 0.243 231 29 
0.604C o. 364 816 00 0.363 604 CJ o. 022 129 12 0.192 205 88 0.005 538 86 0.243 635 90 
0.6 04 5 o. 365 420 25 0.364 202 25 o. 022 202 32 o. 182 507 00 0.005 557 20 0.244 040 86 
0.6050 0.366 OH 00 0.364 800 95 0.022 275 69 0.182 808 37 0.005 575 59 0.244 446 15 

0.6055 o. 366 630 25 0.365 400 13 0.022 349 24 o. 183 109 98 0.005 594 C2 0.244 851 79 
0.6060 o. 36 7 236 00 0.365 999 11 o. 022 422 97 0.183 411 e3 0.005 612 50 0.245 257 11 
0.6065 0.367 842 25 0.366 599 90 o.ou 496 89 o. 183 713 94 0.005 631 02 0.245 664 10 
0.6070 o. 368 449 00 0.161 200 50 0.022 570 99 0.184 016 29 0.005 649 59 0.246 070 76 
0.6075 o. 369 056 2~ 0.367 POI 57 0.022 645 27 0.184 318 88 0.005 668 21 0.246 477 77 
0.6080 0.369 664 00 0.368 403 12 o. 022 719 n 0.184 621 72 0.005 686 87 o.246 885 12 
0.6085 0.370 272 25 0.369 005 14 o. 022 794 H c. 184 n4 81 0.005 705 58 0.247 2n 81 • 
0.6090 0.370 881 QC 0.369 607 64 0.022 869 20 0.185 228 14 0.005 724 33 o. 247 700 85 
0. 60~5 0.371 490 25 o. 370 210 61 0.022 944 21 0.185 531 71 0.005 743 13 Q.2H 109 22 
0.6100 o. 372 100 00 0.370 A 14 05 0.023 019 41 0.185 835 54 0.005 761 97 0.248 517 94 

0.6IC5 0.372 710 25 0.371 417 H 0.023 094 79 0.186 1]9 61 0.005 780 87 o.H8 927 01 
0.6110 0.373 321 00 0.372 022 37 0.023 170 35 0.186 443 92 0.005 799 80 0.249 336 41 
o.6115 0.373 932 25 0.372 627 23 0.023 246 10 C.186 748 48 0.005 818 79 0.24• 746 16 
0.6120 o. 374 544 OC 0.373 232 58 0.023 322 03 o.u1 053 29 0.005 837 82 0.250 156 25 
0.6125 o. 375 156 25 0.373 838 31 0.023 398 15 0.187 35 8 34 0.005 856 90 0.250 566 M 
0.6130 o. 375 76• 00 o. 374 444 68 0.023 474 45 0.187 663 64 0.005 876 02 0.250 g77 46 
0.61~5 0.376 382 25 0.375 051 .. 0.023 550 g4 0.187 96. 18 0.005 9g5 ,. 0.251 388 57 

J 0.6 JI :'I o. 376 9"6 00 0.375 658 68 0.023 627 61 0.188 274 •n 0.005 g14 41 0.251 800 03 
0.6 I o. 377 610 25 0.376 266 39 0.023 704 47 0.188 581 00 0.005 g33 67 0.252 211 84 
0.61 0 0.)78 225 00 o.376 874 57 0.023 781 52 0.188 887 28 0.005 g52 98 0.252 623 98 

0.6155 o. 37 8 840 25 0.377 '83 23 o. 023 858 76 o. 189 193 80 0.005 972 34 0.253 036 47 
0.6lt0 0.37" 456 00 0.378 092 36 0.021 "36 18 0.189 500 57 0.005 9'11 75 0.253 449 30 
0.6165 o. 380 072 25 0.378 701 96 o. 024 Oil 7g O. I 8g 807 59 0.006 Oil 20 0.253 862 48 
0.1, I 70 o. 380 68• 00 0.319 l 12 C4 0.024 091 H 0.190 114 85 0 006 030 70 0.254 276 co 
0.6175 o. 3"1 306 25 O.Hg 922 5g o. 024 16• 57 0.190 422 36 0.006 050 24 0.254 68'1 86 
0.6180 O. JR I 924 00 0.380 533 61 0.024 24 7 74 o. 1"0 730 II 0.006 060 84 0.255 104 06 
O.nl85 o. 382 542 25 0.381 145 10 Q.024 326 10 0.191 038 11 0.006 09·g 48 o. 255 518 60 
o ,« i so 0.3A3 11,1 oc 0.381 757 C7 o.024 404 65 0.1•1 346 35 0.006 109 17 0.255 933 4q 
0.61q5 0.3A3 780 25 0.382 369 51 o. 024 483 39 0.1"1 654 84 0.006 IU 91 0.256 348 7J 
0.6200 o. 384 400 oc 0.382 982 '2 0.024 562 32 o. I 91 963 58 0.006 148 69 o. 256 764 JO 

0.6205 o. 385 020 25 Q.383 595 e1 o. 024 641 44 c. 1•2 272 55 0.006 16! 52 0.257 180 22 
0.6210 0.385 641 00 0.384 209 66 o. 024 720 15 o. l '12 581 78 0.006 1•8 40 0.257 596 48 
0.6215 o. 386 262 25 o.384 823 qg 0.024 800 25 o. I 92 891 25 0,006 208 33 o.258 013 09 
0.6220 0.386 884 00 0.385 438 79 0.024 879 94 0.193 zoo g7 0.006 228 31 0.258 430 03 
0.627" 0. 3A7 506 25 ().386 ci,.r. C7 o. 024 g59 82 c.1•1 510 g3 0.006 248 H 0.258 847 33 
0 .6 2 30 o. 388 12• 00 0.386 669 81 o. 025 039 5g 0.193 821 13 0.006 268 40 0.259 264 .. 
0. 6 2, 5 o. 388 752 25 o. 387 286 CJ o. 025 120 16 o. 1'14 131 58 0.006 288 52 0.25g 682 94 
0.624C o. 389 376 00 0.387 902 72 o. 025 200 61 o. 194 442 28 0.006 308 6'1 0.260 101 26 
O.h245 0.390 000 75 0.3•8 51q eR 0.025 281 26 O. I g4 753 22 0.006 328 91 o. 260 519 '12 
0.1,250 o. 1•0 625 oc O.H9 137 51 0.025 362 10 C.195 064 41 0.006 349 17 0.260 g39 93 

0.6755 o. 3g1 250 25 O.J8g 755 62 o. 025 443 14 0.195 375 84 0.006 369 49 0.261 358 28 
0.62hC o. 301 e16 00 0.390 374 19 0.025 524 37 o. 195 687 52 0.006 39q 85 o. 261 777 98 
0.6265 o. 397 502 25 0.390 g93 24 o. 025 605 7g O. I 95 991? 44 0.006 410 26 0.262 198 02 
0.6270 O. lql 120 oc 0.1•1 tl2 76 o. 025 687 40 C.!"6 311 61 0.006 430 72 0.262 618 40 
o.ir.215 o. 3g 3 756 25 0.3"2 232 75 o. 025 76g 21 0.1% 624 o, 0.006 451 23 o. 263 QJQ 12 
0.6{80 o. 'q4 384 oc 0.392 e53 71 o. 025 851 21 0.1% 936 68 0.006 471 7g 0.263 460 19 
o.6 2e 5 o. 3q5 012 25 0.3Ql 474 14 o. 025 933 41 c.1•1 24• 5g 0.006 4gz 39 0.263 881 61 
0.62•0 O. lQ'.5 641 oc O.)Q4 QQ5 54 o. 026 015 80 c. I q7 562 74 0.006 513 05 0. 264 303 36 
o.1,2s5 0.3% 270 25 o.,94 71 7 42 o. 026 ogA 3g O. I "7 876 13 0.006 533 76 0.264 725 46 
0.6 JOO 0.3% 900 00 0.1•5 339 76 a. 026 181 17 c.1•0 18• 77 0.006 5S4 51 0.265 14 7 9 I 

o.,-, 30 '.5 o. 397 530 25 0.395 9t2 ~7 o. 026 264 15 0.198 503 65 0.006 575 31 0.265 570 69 
0.6310 o. 3g9 161 00 0.396 585 86 0.026 347 33 0.198 817 78 0.006 5% I 7 0.265 g93 83 
O.b:'l~ o. Jge 792 25 0.397 2cq a O. 02b 43C 70 C.199 132 16 0.006 617 07 0.266 417 30 
0.6370 o. 3g9 424 00 0.397 833 84 o. 026 514 27 0.1•• 446 78 0.006 63A 02 0.266 841 12 
0.6 3;,o; o. 400 056 25 0.398 458 54 o. 026 508 CJ O.lqq 161 64 0.006 65• 02 0.267 265 ZR 
0.6BO a. 400 68• 00 0.39g 083 70 o. 026 681 gg c.200 076 75 o.oo, 680 07 0.267 680 10 
0.63'15 o. 401 322 2 5 0.399 709 )4 o. 026 766 15 c.200 392 II 0.006 701 17 o. 268 I 14 64 
0.6~40 0.401 956 00 0.400 335 45 0.026 850 51 c.200 707 71 0.006 722 32 o.268 53" 83 
O.H45 0.402 5go 25 0.400 962 CZ o. 026 935 07 0.201 023 55 0.006 743 52 0.268 965 37 
0.6).<;Q o. 403 225 00 0.401 589 C7 0.071 019 82 0.701 no 64 0.006 7M 77 o. 26Q 3'11 26 

o.t>3!; 5 o. 403 860 25 0.402 216 58 a.on 104 78 C .201 655 q 0.006 786 07 0.269 81 7 48 
0 .6 360 0.404 4"6 oc Q.402 844 57 o. 027 189 93 0.201 972 55 0.006 807 42 0.210 244 05 
0.6 365 0.405 132 25 0.403 4n 02 0.021 275 28 o. 202 289 38 0.006 828 83 0.210 670 97 
0.6370 0.405 169 00 0.404 101 95 o. 027 360 84 c.202 606 45 0.001, 850 28 0.211 og0 2 3 
0 •• 375 o. 401, 406 25 0.404 731 34 0.021 446 5'1 c.202 923 76 0.000 871 18 0.271 525 83 

J o.•Jao 0.407 044 00 0.405 361 20 0.027 532 54 0.203 241 32 0.006 893 33 o. 271 '153 78 
0.6 385 0.407 682 25 0.405 q91 54 o. 027 618 70 0.201 55g 12 0.006 914 '13 0.212 382 C7 
0.6)QQ 0.408 321 00 0.406 622 34 0.027 705 05 0.201 877 17 0.006 g31, 5g 0.212 810 71 
0 .61c;5 o. 408 960 25 0.407 253 61 o. 027 791 61 0.204 1g5 46 0.006 g55 2• o. 273 219 69 
0.64CO o. 409 600 00 0.407 885 35 0.021 878 37 0.204 514 00 0.006 980 04 o.zn 66q oz 
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------------------------------------------------------------------------------------------ 
A/ R= ST /R LC /R 9 1/3 8•,+C 
•LSI'• ---------------------------------------------------- 
·VITTR DEG •NT SFC 

----··-------=••----•===••·····••=•••====••==••------------·-·••=•••=••········••==••·••== 
O.b005 D. 120 5H 47 0. lbO 01q 52 10 19 49.6 3 2b 3b • 5 l 2b 31. l 0 0 3.4 
o ,« 010 0.170 115 bC o. 360 t11 t 1 IO 20 51.5 3 2b 157.2 2b 53.7 0 0 3 .4 
0.6 01 5 0.120 971 9C 0.3bl 21t 30 10 21 53.5 3 21 17.8 21 14 .4 0 0 3.4 
D.b07D 0.17.I IRO 37 O. lbl 875 47 10 22 55.b 3 21 38. 5 21 35. I 0 0 3.5 
0.6025 o. 121 383 02 o. ,62 475 CJ 10 23 51.1 21 59. 2 21 55 .8 0 0 J.s 
O.hC30 0.121 585 84 o. 363 C75 13 10 24 59.9 28 20 .o 3 2A 16. 5 0 0 3.5 
0.60~5 0.121 788 83 D. 36 3 05 17 10 26 2. I J 78 40. 1 28 31. 7 0 0 3.5 
D.6040 o. 121 9Q2 01 0.164 276 BC 10 21 4.4 l 2q I. 5 2A .,, 7 .Q 0 C 1.s 
0.60'i5 o. 12 2 195 35 o. 364 878 17 10 2A 6.7 l 2• 22. 2 29 I 8. 1 0 0 3.b 
O.bC50 o. 122 398 e7 o. 3,5 48C 42 10 29 9.0 3 20 43 .• 0 ' 2Q 30 .4 0 0 3 .b 

0 .60~ ':i 0.1?2 607 57 0 .166 087 97 10 30 · 11. 5 3 JO 3.8 3 30 0.2 C 0 1.6 
0.6060 o. 12 7 806 44 0.366 686 00 10 JI 11.9 3 30 24 .6 3 30 21.0 0 0 3 .6 
0.6 065 o. 123 010 4e o. 36 7 289 53 10 12 lb. 5 J 30 4', .5 3 30 41.q 0 0 J .6 
0.6070 o. 123 214 10 0.3t1 e93 54 10 3l 1q.o J 31 6.3 l 3 I 2 .1 0 0 3.6 
0.607" 0.173 41Q cs o. 168 498 C4 10 34 21.1 3 31 27.7 l 31 23 .6 0 0 1.7 
O.bCBO O. I 23 623 66 0.369 103 01 10 35 21ii. 3 3 l 1 48. l 3 l 1 -44 .4 0 0 l.7 
0.6085 0.121 87A 41 0.36q 7C8 50 10 36 21.1 3 37 9.0 3 32 5.l 0 0 1.1 
o s e o so 0.124 OH B 0.37C 314 ., 10 31 29.8 J 32 7q .Q l 32 26.2 0 0 3.7 
o.&cc; s o. 124 238 42 C.370 S20 92 10 lA 32.1 J 32 50.9 32 4 7 .2 0 0 3.1 
Q.S I 00 o. 124 443 6S o. 111 ~27 81 10 39 V5.6 l 33 11.9 3l 8.1 0 0 3.~ 

0.61 C 5 0.124 649 1 3 0.312 135 10 10 40 38.~ 33 12. 8 3 33 29. I 0 D 3.8 
0.6110 0.124 AS4 75 0.312 743 27 10 41 41.5 33 53 .8 l 33 '>0.0 0 D 3.8 
0.611 S o. 125 060 55 o. 313 351 tl 10 42 44. '5 34 14.8 3 34 11.0 0 0 J.R 
0.6120 o. 175 266 51 o. in S6C 52 10 43 4 7 .6 3 34 35 _q 3 34 -:\2.0 0 0 '·" 0.6125 0.125 472 66 o. 374 569 91 10 44 50.8 3 34 '56.Q l 34 53. I 0 0 3.8 
0.6130 0.125 678 98 o.H5 119 18 10 45 54. 0 3 35 18.0 l 35 14. l 0 0 l •• 
0.613'> 0.125 885 47 0.375 79C 14 10 .. 57.2 3 35 39. I 3 35 35. 2 0 0 3.0 
0.6140 0.126 0°2 I 4 o. 316 400 99 10 48 0.5 3 36 0.2 3 35 56.3 0 0 3 •• 
0.614 5 o. 126 2QR qq 0.311 012 33 10 49 l.9 l 16 21.3 3 36 l 7 .4 0 0 3.9 
0.6150 0.126 so, 0 I o. 311 '-24 16 10 50 1., l 36 41.4 l 36 38 .5 0 0 3 •• 

0.6155 o. 126 113 2C o. 378 736 41 10 51 IC.7 37 J.6 3 36 sq.6 0 0 4.0 
0.6160 0.126 920 57 c. 318 849 21 10 52 14.2 37 24. 7 3 37 20.8 0 0 ,.o 
0.6U:'5 0.121 12R I 2 0.379 462 56 10 53 17.R 37 45.9 3 31 -4\.Q 0 0 4.0 
O.bl 10 0.121 335 84 o. 380 076 34 10 54 21.4 38 1. I 3 3R 3. l 0 0 4 .o 
0.6175 o. 127 543 74 o. 380 fQO 61 10 55 25.0 38 28.3 3 38 24.3 0 C 4.0 
0.61AO 0.121 751 81 o. 38 I 305 36 10 56 28. 1 ' 38 4Q.,6 l 3B 45.5 0 0 4. I 
0.6185 0.127 •60 o, 0.381 q70 00 10 57 32.5 39 I Q.8 3 JO 6 .8 D 0 ,,..1 
0.6190 0.128 168 4P 0.3R2 536 33 10 58 36. 3 39 32. I 3 39 28.0 0 0 4 • I 
o ,« 1 q5 0.128 311 oe O. 3A 3 152 55 10 59 40.2 3Q 51.4 l )q 49.l 0 0 4. I 
0.62CO O.L?R 585 85 0.383 uq 26 II 0 44.I 40 14. 7 3 40 10.6 0 0 4. I 

0.6 ?C 5 o. 12 8 794 ec o. 384 386 45 II I 48.1 3 40 36.0 3 40 31.Q 0 0 4.2 
0.6210 0.12• 003 q3 0.385 004 l l II 2 52. I 3 40 '51.lt 3 40 51.2 0 0 4.2 
0.6 21 5 Q.129 213 2 J 0.385 622 JO II 3 56. 2 J 41 18.7 3 41 14 .5 0 0 4.2 
0.6220 0.129 422 1C 0.386 240 95 II 5 0.3 3 41 40.1 3 41 35.9 0 0 4.2 
0.6225 0.129 632 3, 0.3B6 es o 10 II 6 4.5 3 42 I .5 3 41 57 .2 0 0 4.2 
0.6230 0.12• 842 IP- 0.)81 479 n II 1 8.1 3 42 22 .9 3 42 18.6 0 0 4.3 
0.6 2 :1 'i 0.130 052 19 o.,ee 09S 85 II 8 13.0 l 42 44.J 3 42 40.0 0 0 4.l 
O.h240 o. 130 262 37 o. 388 720 45 II 9 I 1. 3 J 43 5.8 3 43 I .5 ,J 0 4.l 
o. 6 24 5 o. 130 472 72 o. 389 341 55 II 10 21.1 3 43 21.2 3 43 2? .q 0 0 4.3 
0.62':iO O. I 30 683 25 0. 39q 963 13 II II 26.1 3 43 48.7 3 43 44.-4 0 0 4.3 

0.67.55 0.1 JO 893 96 o. 390 585 2C II 12 30.6 3 44 10.2 3 .. 5.8 0 D 4.4 
0.6 260 0.131 104 84 0.191 201 75 II 13 35. I 3 44 3 I. 7 3 44 27. J 0 0 4.4 
0.6265 o. 131 315 •c o. 391 8 JO 1• II 14 39.7 J 44 53. 2 3 44 48.8 0 0 4 .4 
0.6210 0.131 527 14 o. 392 4'54 37 11 15 44. 3 l 45 14. 8 3 45 10.4 0 0 •• 4 
0.6275 o. 131 BB 55 o. 393 C18 )4 II 16 49.0 3 45 36.3 3 45 31 .9 0 0 4.4 
O.b280 o. 131 950 13 O.H3 102 84 II 17 53.8 3 45 ">1.9 3 45 53.5 0 0 4.5 
o.o 2ec; O. I 32 161 •c o.,3q4 327 e, II 18 58.6 l 46 I•• 5 3 46 15 .o 0 0 4.5 
o.62qo 0.132 313 83 Q.394 q53 31 II 20 3.4 J 46 41.L J 46 36.6 D 0 4.S 
0.6295 0.1'2 585 95 o.3•5 579 28. II 21 8.3 3 47 2.8 l 46 58. 2 0 0 4.5 
O.t- 300 0.1,2 798 24 0.396 205 n II 22 13. 3 3 47 24 .4 3 41 19.9 0 0 4.6 

0.6 ,c 5 0.133 010 71 0.3"6 832 61 II 23 18.2 3 47 46. I 3 47 41.5 0 0 4.6 
0.6 310 o. 133 223 35 o. 397 460 o• II 24 23.3 3 48 1.8 3 48 3.2 0 0 4.b 
0.6~15 0.133 436 I 1 0.39~ 088 Cl II 25 28.4 3 48 29.5 3 48 24.8 0 0 4.6 
0.6320 0.133 64" I 1 0.398 716 40 II 26 33.6 3 48 51. 2 3 48 46.5 D 0 4.6 
0 .6 32 5 Q.133 862 34 a. 3q9 345 29 II 21 38.8 3 49 12 .9 3 49 8.3 0 0 4.7 
0.6~30 0.134 075 69 0.399 OH 66 II 28 lt4.0 3 49 34.7 3 4Q 30.0 0 0 4.7 
0.6315 o. 134 289 21 ·0.400 604 52 II 29 49. 3 3 49 56.4 J 4Q 51.7 0 0 4.7 
0.6 J-40 0.134 502 91 0.401 234 81 II 30 54.7 3 50 18.2 l 50 l 3. 5 0 0 4.1 
0.6.,45 o. 134 716 79 0.401 865 10 II 32 0.1 3 50 40.0 3 50 35-3 0 0 4.8 
0.63!0 0.1)4 930 84 0.402 497 02 ll 33 5.6 3 51 1.• l 50 57. I 0 0 4.8 

0.6355 0.135 145 01 0.403 128 83 II 34 II.I 3 51 23. 7 51 18.9 0 0 4.8 
0.6 360 o. 135 35Q 4e 0.403 761 12 II 35 16.6 3 51 4'5.5 51 -40. 7 0 0 4.A 
0.6 ~6 5 0.135 514 Ot 0.40o\ 393 qo II 36 22.3 3 52 1.4 ' 57 2 .6 0 0 4.8 
0.6~70 0.135 788 82 0.405 021 16 II 37 21. q 3 52 29. J 3 52 2-'t.4 0 0 4.9 
0.6375 0.136 003 76 0.,405 MC 91 II 38 33.7 3 52 51.2 3 52 46 .3 0 0 4.• 
0.6J80 0.136 218 81 D.406 295 15 II 39 39.4 3 53 13. I 3 53 8.2 0 0 4.9 
0.6385 0.116 H4 It 0.406 929 81 II 40 45.3 3 53 35.1 l 53 30. I 0 0 4.Q 
Q.6390 0.136 64" 6) 0.407 565 CB II 41 5 I. I 3 53 51.0 3 53 52. I 0 0 5.0 
0.6Jq5 o. no 865 21 0.408 200 18 11 42 57.L 3 54 1•.o 3 54 14.0 0 0 5.0 
0.64CO 0.131 081 cs 0.408 836 Q6 II 44 3.0 3 54 41.0 ' 54 36.0 0 0 s.o 



112 TABLE 111-fU~CTIONS Of THE UhlT lltAOIUS SPIRAL 
TABLE 11 1-FONC Tl ONS D' UNE SPIRALE OE RAYON UNITAIRE 

---------- -- -- ----- --- ---- ---- --- -------- --- - -- -------- ------ ------ ---- -- --- - -- ---- ---- -- 
A/R• l S/R X/R y /R Q/R P/R LT/R 
•LSO• 
=VIT7i 
••••••••a•••••••••••••••••••••••••••••••••••••••••••=••=••=•••••••=••••••••••••••••••••••• 
0.6405 0.410 ?40 25 0.408 517 S5 0.021 %5 33 0.204 832 7q o. 007 00I 85 0.274 098 6q n o.641 a o. 410 881 QC o.40q 15C 23 o. 028 052 4q c. 205 151 81 0.007 023 71 a. 274 528 70 
0 .1-41 '> 0.411 522 25 0.4Qq 783 >7 a. 020 lH 85 C.205 471 OR 0.001 045 61 0.274 q50 06 
0.6420 o. 412 l'4 00 0.410 416 GS 0.028 227 42 c.205 rso 60 0.001 067 57 a. 215 38S 76 
0.6425 o. 412 806 25 0.411 051 07 0,028 315 \ q 0.206 110 36 a. 001 080 se 0.215 820 81 
0.64 "O o. 413 4'9 •00 0.41 l ~85 62 o. 028 403 16 0.206 430 37 0.001 111 6'. o. 276 252 21 
0.64'3':; 0.414 092 25 0.412 320 63 o. 028 4Ql 34 0.206 750 62 0.001 113 75 0.276 683 94 
0.6440 o. 414 736 oc 0.412 c;'56 12 a. oz a 57q 72 0.201 071 12 0.007 155 qz a. 211 116 03 
0.6445 o. 415 380 25 0.413 5qz C7 0.0?8 668 31 0.207 3q1 86 0.007 178 13 o. 277 548 45 
0.6450 0.416 025 00 0.414 228 !O o. 028 757 10 a. 2 01 712 84 o. 007 200 40 o. 277 ss 1 22 

0.64'5'5 o. 416 670 25 o.•t14 865 38 O. 02E 846 10 0.208 034 C7 0.007 222 72 0.278 414 34 
0.6460 0.417 316 00 0.41'5 502 74 a. 02s q3s 30 O. 20B 355 S5 0.001 245 cs o. 278 84 7 80 
n.64/.'> O. 'tl 7 962 25 0.416 140 57 a. ozq 024 71 C.208 677 21 0.001 26 7 5 l· c. 27q 281 61 i 0.6470 0.418 60S 00 O.-'tl6 118 86 o. 02q 114 32 0.208 qsq 23 0.001 28S G8 a. 21q 715 1, 
0.64 75 o. 41 q 256 ?5 0.417 417 ti a. 02• 204 14 0.20s 321 44 0.007 312 s 1 a. 200 150 26 
0.64£10 O. 4IS S04 00 0.418 C56 84 o.02q 2q4 17 c.z os 643 sq 0.001 335 as o. 280 585 10 
0.64R'> o. 420 552 2• Q.418 f% S4 o. oz» 3A4 40 o.2oq %6 5q 0.001 357 72 0.281 020 28 
0.64~0 o. 421 201 00 0.,419 336 70 a. 02q 474 84 c.210 28S 53 0.001 380 40 0,281 455 81 
O.t,4t;'5 0.421 850 H Q.419 917 32 a.oz• 565 4q c.210 612 71 0.001 403 13 o.281 8•t 6S 
0.6 500 o. 42? 500 OC 0.420 618 42 o. 02• 656 34 c.210 q 36 14 0.001 425 s2 0.282 32 7 II 

o ,e '5C"i 0.423 150 25 0.421 25Q Ge o. ozq 747 40 0.211 25S 82 0.007 448 76 0.282 764 4B 
0.6510 o. 421 801 00 0 .471 SO? Cl o. 02s 8H 68 0.211 583 74 0.007 471 65 o. 283 201 3q 
0.6 515 o. 424 452 25 0.422 '54"i SC c. 02Q 030 16 o.z I I •01 QQ a. 001 4q4 5S o. 283 638 65 
0.6'520 0.425 104 00 0.423 18 7 46 0.030 021 85 0.212 232 31 0.001 517 50 0.284 076 25 
0.6 ~ i"i o. 425 7'6 2• 0.423 830 es c. 030 113 75 c.212 55, % 0.001 540 64 0. 284 514 20 
0.6'5 :?O 0.426 40S oc 0.424 474 78 0.030 205 85 c.212 !Al 86 0.001 563 74 0.284 q5z 4q 
0.6'P'5 0.427 062 25 0.42'5 110 14 o. 030 z•B 17 0.213 207 00 0.001 586 8S 0.285 30 I 13 
0.6540 o. 471 716 QC 0.425 11: ~ G7 0.030 3qo 70 C.213 532 3Q 0.001 610 10 0.285 830 11 
0 .6 54 5 0.428 370 25 0.426 40Q 26 0.030 483 44 C.213 858 02 0.001 6~" 36 0.286 260 44 
0.6550 0.420 025 00 0.4?1 C55 02 0.030 576 3q 0.214 183 80 a. 001 656 68 o.286 1oq 12 

0.615'5'> 0. 42S 680 2! 0.427 701 24 O. 03C 669 55 C.214 510 01 0.001 680 04 0.287 14• 14 
0.6'560 0.430 336 00 0,428 347 q3 0,030 762 qJ 0.214 836 37 0.001 703 47 0.287 58S 50 
0.656'5 o. 430 SS? 25 0.428 qq5 08 0.030 856 51 C.215 162 Q8 0.007 726 q4 0.288 030 21 
0.6 570 o .. 431 640 oc 0.429 t4? 7C c. 030 q50 31 C.215 48S 83 0.001 750 47 0.288 471 27 
0 .6 515 o. 432 306 25 0.4 3C ?QO 7q a.all 044 32 a. 215 816 qz o. 001 774 05 0.288 Ql 2 67 
0.6580 o. 432 964 00 0.430 q3s ]4 a. 031 138 54 0.216 144 26 0.001 7"7 68 0.280 354 42 
0 .6 58 5 o. 433 622 25 0.431 588 35 o. 031 232 S8 c.2 16 4 71 85 0.007 B21 37 o. 28• 7S6 52 
0.6 5GO 0.434 281 oc 0.4 32 2'7 83 0.031 327 63 0.216 7qq 67 0.001 845 II 0.290 238 96 
0.6 5q5 0.434 S40 25 0.432 887 17 0.031 42 2 4q 0.217 127 75 a. 001 868 •t 0.200 6B I 74 
0.6600 0.435 600 oc 0 .433 538 18 O. 03 I 517 57 0.217 4'6 C6 0.007 8Q2 76 0.201 124 87 

o.t-t:0'5 0.436 260 25 0.4 34 1eo Cb 0.031 612 B6 0.211 784 62 0.001 Ql6 66 a. 2n 568 35 
0.6610 0.436 sz t 00 0.43-'t 840 40 o. 031 708 36 a. 2 ts 113 43 0.007 q40 62 o.zn 012 lR 
0.f61 "i 0.437 582 25 0,435 402 20 a. 031 804 08 a. 2 1s 442 47 0.001 %4 63 o. 2°2 456 35 
0.6620 o. 438 244 OC 0.4 36 144 47 0.031 •oo 02 0.218 771 77 0.001 088 70 o.2q2 soo 86 
0.6625 0.4,8 Q06 25 0.43~ 7q7 2C o. 031 qo6 17 o. 21 s 101 30 o.ooe 012 82 o. 2Q3 345 7 2 
0.66:?0 0.430 560 00 Q.437 450 40 0.032 on 54 o.21q 431 08 0.008 037 00 o. 2q3 1•0 q, 
0.66:?5 0.440 2'2 2 5 0.4~8 104 C6 0.032 !SQ 12 c.210 761 II 0.008 061 23 o.2q4 236 4q 
0.6f40 O.-'t40 8% 00 0.438 75B 18 0.032 285 S3 c.220 001 38 0.008 085 51 0.204 6A2 30 
O.t.64 5 o. 441 560 25 0.4 3g 412 71 a. 032 382 q4 0.2 20 421 8Q o. 008 lOQ 85 a. zq5 128 6' 
O.f.650 o. 44 2 225 00 0.440 C67 P2 a. 032 480 18 o. 2 20 75? 64 o. 008 134 24 o. 205 575 23 

0.6tl;'5 o. 442 800 25 o. 440 723 33 a. 032 577 63 0.221 083 64 0.008 158 ~s 0.2% 022 17 
O.f.660 0.443 556 00 0.441 37" 31 o. 032 675 30 0.221 414 sq O,OOR 1n 20 o. 2Q6 46. 45 
0.6H5 o. 444 222 25 0.442 o s s 75 0.032 773 19 0.221 746 38 O.OOB 201 7S 0.2% qt7 OR 
0,6670 0.444 88S OC 0.442 602 66 0.032 871 30 0.222 078 II o.ooe 232 37 o. 2s1 365 06 
0.661 '5 o. 4-'t5 556 25 0.,443 350 C3 a. 032 Q6q 62 0.222 410 OR 0.008 ?51 04 o.zn 813 ,. 
0.6f>8G O. 44b 224 00 0.444 007 86 0.033 068 17 o. 2 22 742 30 o.ooA 281 76 a. 2qs 262 06 
0 .f.t.8 5 o. 446 89l 25 

0 ·""'" 
666 15 a. 033 \66 03 0.223 074 77 O. OOB 30~ 54 C. 2S8 71 I CB 

o.t-.-.,;o o. 441 561 00 0.445 3?4 Sl a. 033 265 n o. 2 23 407 47 0.008 331 37 o. zqa 160 44 
O.t,t,<Pi 0.448 230 25 0.445 G84 13 a.on 365 12 C,223 740 42 0.008 356 26 o.zqq 610 15 
0.6700 0.448 soo 00 0.446 64 3 81 0.033 464 54 0.224 073 62 0.008 381 21 o. 300 060 ?I 

0.67(5 o. 44q 570 25 O.lt"t 1 303 05 0.033 564 10 0.224 407 06 0.008 406 21 ·o. 300 51 0 62 
0.6710 0.450 241 00 0."47 %4 56 o. 033 664 05 0.224 740 74 0.008 431 27 0.300 961 37 
0.6715 0.450 •12 25 0.448 625 0 0.033 764 14 0.225 074 66 0.008 456 38 0,301 412 47 
0.6720 0.451 584 OC 0.440 287 16 0.033 864 45 0.225 408 B3 o.ooa•4s1 55 0.301 863 QI 
0.6725 0.452 256 25 0.44S q49 15 0.033 q64 98 0.225 743 24 0.008 506 n 0.302 315 70 
0. 6130 0.452 qzo 00 0.450 611 61 a. 034 065 73 o. 2 26 077 •o 0.008 532 06 0.302 76 7 84 
0.67'.!5 o. 453 602 25 0.451 274 53 0.034 166 71 0.226 412 80 0.008 557 39 a. 303 220 33 
0.0740 o. 45"t 276 00 0.451 c;37 01 o. 034 26 7 n 0.226 74 7 S5 o.oos 582 79 a. 303 673 16 
O.fi 74'5 0.454 950 25 0.452 HI 75 0,034 36Q 33 0.227 083 33 o. ace 608 24 0.304 126 34 
0.6750 0.455 625 00 0.453 266 05 0.034 470 S8 0.221 418 % 0.008 633 74 a. 304 57q 87 

0.6755 o. 456 300 25 o.4 53 HO 81 0.034 572 84 0.227 754 84 0.008 659 3C 0.305 03 3 74 
0.6 760 0.456 Q76 00 0.454 506 04 0.034 674 q4 0.2 28 OQO 96 0.008 684 q2 0.305 487 S6 
0.6 7~ 5 0.457 652 25 0.455 261 72 0.034 777 26 0.228 427 32 0.008 710 60 0.305 q42 53 
o.ono a. 458 329 00 0.455 ~21 87 0.034 87S BO 0.228 763 n 0.008 736 33 o. 306 3q7 45 
0.6775 o. 459 006 25 Q.456 504 48 0.034 Q82 57 0.22• 100 77 Q.008 762 12 0.306 852 71 
0.6780 o.o, .... 00 0.457 261 54 a. 035 085 56 0.229 437 86 0.008 787 % a. 101 308 32 
a. 6 78, 0.460 362 25 a .457 s2q C7 0.035 188 78 C.229 775 20 0.008 813 87 0.307 764 28 
0.6790 0,461 04 l 00 0.458 597 06 0.035 zqz 23 C .2 30 112 78 o.oos 830 83 0.308 220 SB 
0.6 7t;llj 0.461 720 25 a .45• 265 51 0.035 H5 90 c.2 30 450 60 0.008 865 84 0.308 677 24 
0.6800 0.462 400 00 0.459 934 u 0.035 4QS BO 0.2 30 788 66 0.008 BS I •2 O.l09 134 24 



TABLE 111-FUNCTIO~S OF THE U~I T UOIUS S 'IR AL 11' 
TABLE 111-FrNC TI ONS D'UNE SPIRAlf OE R.AYON UNITAIRE 

----------------------------------------------------------------------------------------- 
A/ R: ST /R LC/R 8 1/3 8•~•C t 
•LS/•• ---------------------------------------------------- 
-vcsn OEG 14~1 SEC 
%:••--------------••=••••z&&&EZ&&zaaa=:zzzaz&&&z::a&a&aaz:a&&•a:&&Z&Z&:E:E&Ea:azz:a&&ZZE&: 

O.b,.C '5 0.137 297 09 0.409 473 0 11 45 9. l 3 55 3.0 ' 54 58.0 a a 5.0 
O.b'-lO a. 137 513 2' 0.41C 110 78 11 4b 15.1 3 55 25.0 ' 55 20.0 0 a 5. l 
O.b4!5 0.137 729 bl 0.410 748 42 ll 47 21.3 3 55 47.1 3 55 42 .o 0 a 5. l 
0.6420 o. 137 94b 14 0.411 38t 55 11 48 27.5 3 56 9.2 3 Sb 4.1 0 a 5. l 
0.6425 O. 13R 162 85 0.412 C25 lb 11 49 33. 7 3 56 31.2 3 56 26. I 0 0 5. I 
0.64 30 0.!3R 379 n 0.412 664 25 11 50 40.0 3 56 53.3 3 56 48 .2 a 0 5. l 
0 .. 6435 o. 118 596 78 o.,d3 303 e4 11 51 46.3 J 57 t 5.4 3 57 la. 3 0 0 5.? 
0.6440 Q.138 814 02 0.413 G4 3 SI 11 52 52.7 3 57 37.b 3 57 32 .4 a 0 5.2 
Q.6445 o. 139 031 43 0.414 584 46 11 53 i;q. 2 3 57 59. 7 3 57 "i4 .5 0 0 5.? 
Q.6450 o. 139 249 02 o.'15 225 50 11 55 5.7 3 58 21.9 ' 58 lb ,.6 a 0 5.2 

Q.6455 o. 139 466 7S 0.415 8'7 C3 ll 56 12. 2 3 58 44. l 3 58 38.A 0 0 5. I 
0.61t60 o.11q 6R4 73 0.416 509 04 11 57 18.8 J 5g b.) 3 5g l .O 0 a 5.J 
0.646'5 o. 13Q <:102 85 Q.417 151 54 ll SR 25. 5 3 59 28.5 3 5g 23.2 0 0 5.' 
0.6470 o. 140 121 I 5 0.417 794 52 11 5g 32.2 3 59 50.7 ' 5g 45.4 0 a 5.3 
0.6475 0.140 33g b) O. 4 l 8 4'31 qg 12 0 38.9 4 a I 3. O 4 a 7 .b 0 0 S,4 

0.6480 o. 140 558 2e 0.4}q 081 94 12 l lt5.1 4 0 l5.2 4 0 20.8 a a 5 .4 
0.6485 o. 140 777 11 0.4 I 9 72e 38 12 2 52.6 0 r:;7. 5 4 0 "i2. l 0 a S.4 
o.64qo 0.140 OQb 11 0.420 :n1 3C 12 3 r,q. 5 4 l 19.8 I l 4 .4 a 0 5.4 
0.b4Ci5 o. 14 l 215 30 0.421 Olb 71 12 5 6.4 l 42.l 4 l 36. 7 a a s.s 
0.65CO o. 141 434 b6 0.421 '62 " I? b 13 .4 4 2 4.S l SQ .O a a 5.5 

0.65C5 0.141 654 2C 0.422 3CA GS 12 7 20.5 4 2 26. 8 4 2 2 l. l 0 0 5.5 
0.6510 o. 141 R73 gz 0.422 q1;5 es 12 8 27. 6 4 2 4Q.2 4 2 4 3. 7 0 0 5 .5 
0.6 51 '5 o. 14 2 o•3 81 Q.423 tCJ 2C 12 9 34.8 4 3 l I .6 4 3 b.O a a 5.6 
0.6570 o. 14 2 313 86 0.424 251 CJ 12 10 42.0 4 3 34 .o 4 3 ?8.-'I 0 0 5.6 
0.6':i?'i 0.142 534 l 3 0.424 5gg 3S 12 11 4q_3 4 3 56. 4 4 3 50.8 a 0 5 .6 
o.6530 O. llt2 754 56 0.4?15 54e l 6 12 12 56.6 4 4 lA.Q 4 4 l 3.2 0 0 5 .b 
0.6'Bi; 0.142 975 l 6 0.426 107 45 12 14 4.0 4 4 41. 3 4 ':!5.6 0 0 5.7 
0.6540 o. 143 195 g5 0.426 847 22 12 15 \l.4 5 3.R 4 58. l a a 5.7 
0.6'>4') a. 14 3 4 lb 9 l 0.427 4g7 48 12 lb 1e.q 5 2b. J 5 20.b a a 5. 7 
0.6550 o. 143 638 04 Q.428 148 n 12 17 26. 4 4 5 48.8 s 4 3.0 0 0 5.A 

a., 555 0.143 55g 36 0.4 28 7Sg 45 12 IA 3"t. 0 4 b 11. 3 4 b 5. 5 a a 5 •• 
O.b 56 0 o. 144 080 85 a. 429 451 I 7 12 1• 4 l. 6 4 6 33.Q 4 6 28.l a a S.8 
Q .. 656'> 0.144 302 52 Q.4 30 103 36 12 20 4q.~ 4 ' 56. 4 4 b 'i0.6 0 a 5. A 
0.6 5 70 0.144 524 H 0.430 756 05 12 21 5 7. 0 4 7 19.0 7 l 3. l a 0 s .s 
Q.657" o. 144 746 40 Q.431 400 21 12 2, 4.8 4 7 41.6 4 7 35. 7 0 0 5 .s 
0.6 '5P.O 0.144 968 bl 0 .4 32 C62 87 12 24 12.6 4 A 4.2 4 7 58.1 a 0 5.Q 
0.6585 o. 14 5 ISO gg Q.43~ 717 cc 12 25 20. 5 4 8 26.8 4 A 20.Q a a S.9 
0.6 5G0 o. 14'i 413 55 0.433 371 62 12 26 28.4 4 8 4g. 5 4 8 4 3. 5 a 0 6.0 
0.6'5<i'5 o. 14S 636 20 0.434 C2b 7' 12 27 36. 4 4 g 12. l 4 Q b.? a a 6.0 
0.6600 0.145 850 21 0 .4 34 682 3 l 12 2R 44.5 4 9 34.A 4 9 28. 8 a 0 b.O 

0.660'"> o. 146 082 30 0.4 35 338 3g 12 20 52.b 4 g 57.5 4 9 51. 5 0 0 b.O 
0.6610 0.146 305 57 0.4 ,s gg4 g4 12 31 0.1 4 10 20.2 4 10 14.? a a 6. I 
0.6615 o. 146 s2s 03 Q.4 36 ,s1 GS 12 32 0.g 4 10 43.0 4 10 36.9 0 a 6.l 
0.6620 o. 146 752 bt 0.437 309 51 12 33 l 7. 2 4 11 5.7 10 SQ. 6 0 0 6. I 
O. b ~ 2 5 0.146 076 46 Q.437 967 52 12 34 25.5 4 11 28.5 II 22. J 0 0 b.2 
0.663C o. 14 7 200 45 0.438 626 01 12 35 33.8 4 ll 5 l. 3 ll 45. l 0 0 b.? 
0.663'5 o. 147 424 bl 0.419 2S4 5g 12 36 42.2 4 17 14. l 12 7 .s 0 0 b.? 
0.6640 o. 141 648 9b 0.4 Jg g44 45 12 37 50.7 4 l? 36. 9 4 l? 30.6 a 0 b.? 
0.664 5 o. 14 7 873 4e 0.440 604 40 12 18 5Q.2 4 12 c;q. 7 4 12 53. 5 0 0 b., 
O.t-6 '"::O o. 148 OQ8 '" 0.441 ?64 83 l 2 40 7.7 4 13 22.b 4 " 16.3 0 a b. l 

o.t-65'i o. 148 323 06 C.44 l q25 74 12 41 16.3 4 l' 45.4 4 " 39. 1 a 0 6.l 
0.6660 O. l4A 54A 12 0.,442 11587 13 \2 42 25. 0 4 14 R.J 4 14 2 .a a 0 6.4 
0.6665 o. 148 773 35 0.44 3 240 01 12 43 33. 7 4 14 31. 2 4 14 24. q 0 a 6.4 
0.6670 o. 148 qs0 76 0.443 GI l 38 12 44 47.5 4 14 54. 2 4 14 4 7. 7 a 0 b .4 
O.t-6 75 o. }4q 724 36 0.444 574 22 12 45 51. 3 4 IS 11.1 4 15 10. 7 0 0 6.4 
O.f.680 o. 14g 450 1, 0 .445 237 55 12 47 a. 2 4 15 40. l 4 15 l 3 .b 0 a b .5 
0.6685 0.140 b 1b 08 0 .. 445 SOI 37 17 48 s. I 4 16 3.0 4 l 5 Sb. 5 0 0 6.5 
0.66GO 0.140 902 21 Q.,4',6 565 67 12 4q 18.0 4 lb 26.0 4 lb 19. S 0 a b.5 
O.tt 6G5 0.150 12A 52 0 .,4', 7 23C 45 12 50 27.l 4 lb 4q.,o 4 lb 42.5 0 0 6.b 
0.61CO 0.150 35' QC Q.,447 805 71 12 51 36. l 4 l 7 12.0 4 I 7 5.5 0 0 6.6 

0.6 7C '5 o. 150 Sal 67 0 .448 5'1 46 l 2 52 45.3 4 l 7 35. l 4 17 2A .5 0 0 b .6 
0.h 710 o. 150 808 5 l 0.44Q 227 69 12 51 '54. 4 4 17 58. l 4 17 5 l .5 0 0 b .6 
0.67\5 o. 151 C35 54 0 .,44G 8G4 4C 12 55 3. 7 4 IA 2 l. 2 19 l-4.'> 0 0 b.1 
0.6720 O. 15 l 262 74 0.450 561 bO 12 56 12.g 4 18 44.3 IR ':\1 .h 0 a ,., 
0 .b 72 '5 o. 151 ,so 12 0.451 27q 2e I 2 57 22.3 4 1• 7.4 1• o. 7 0 a b.1 
0.67~0 a. 1 s1 717 bP 0 ·" 51 807 44 12 5S 3 l. 7 4 19 30 .6 IS 2 l. A a a b.R 
Q.6735 o. 151 945 42 0.452 566 C9 12 59 41. I 4 1• 53.7 4 19 46,.q 0 a 6.8 
0 .. 6 7-40 o. 15 2 173 34 0. 45 l 235 21 11 a 50.6 4 20 16 .,q 4 20 10.0 0 0 b.R 
0.6 7',5 o. 15 2 401 4 ! 0.453 9C4 e3 l 3 2 0.1 4 20 40.0 4 20 3 l. 2 a 0 b .S 
o ,« 1'>0 0.152 620 7 l 0 .4'>4 574 92 I 3 3 S.7 4 21 J.? 4 ?O '>6. 1, a a b,q 

o. 6 71j '> O. l ~2 858 l 7 0 .455 24 ': ~a " 4 l q. 3 4 21 26.4 21 1 o .5 0 a 6.9 
O.b 760 0.153 OAb AC 0 .,455 916 S6 " 5 7q_ 0 4 ? l 4q. 7 21 42.7 a a 7.0 
0 .6 76 5 a. 15 3 1 I 5 62 0 .456 58~ IC 13 b 38. 8 4 ?? 12.s 4 22 5 .s 0 0 7.0 
0.6770 o. 15 3 544 61 a .457 26C 12 13 7 48.6 4 22 lh .2 4 22 n.2 a 0 1.0 
0.6175 o. 153 773 7e Q.457 q2 b' 13 A 58.4 4 22 5g. 5 4 22 52 .4 a 0 7.0 
O.-'i 1B0 o. 11§4 oo s 14 0.458 ,as ,2 13 10 R.1 ~ 21 22.A 4 23 15. 7 0 0 1.1 
Q.6781_i o. 1,4 23? 67 0.459 279 OS 13 11 IA.3 4 23 46.I 4 21 ~q .o a 0 7.1 
O.bHO O. lllj4 462 38 0.459 G53 05 13 12 28.3 4 24 S.4 4 24 2.3 a 0 7.1 
0.6 7~ '> 0. 154 602 27 Q.46C ~27 49 l 3 13 38.3 4 24 32. 8 4 24 25.6 0 0 1.2 
0.68CO O. l'i4 922 34 0.461 302 4C I 3 14 48.4 4 24 56. l 4 24 48.9 0 0 1.? 
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TABLE 111-FO•CTIOSS 0' UNE SPIR4Lf Of RAYON UNtTAJRE 

----------------------------------------------------------------------------------------- 
A/R,. L S/R X/R Y/R Q/R P/R LT /R 

=LS/A= 
=VIT7R 
--~--=-••=•--•===,.•••=••%=•=======•"·••==••••===•=•===••=•==•==••==••==••············•--== 
0.6805 o. 463 080 25 0.460 603 79 o. 035 601 92 0.231 126 97 0.008 918 05 0.10'> 591 58 
0.6~ 10 o. 461 761 00 0.461 273 62 0.035 708 28 0.231 465 52 0.008 944 24 0.310 049 28 1 0.6815 0.464 4'2 25 0.461 S4J 91 Q.035 812 86 0.231 804 32 0.008 970 48 o. 310 507 12 
0.6820 o. 465 124 oc 0.462 614 66 0.015 917 67 o. 2 32 1'1 36 0.008 996 79 0.110 965 71 
0.6825 O. 4h13 806 21 0.463 285 e1 o. 016 022 10 o. 2 32 482 64 o.ooq 013 15 O. JI I 424 45 
0.6810 o. 466 489 oc 0.463 S57 54 0.036 127 97 C.232 822 17 o.oos 049 57 o. 311 883 54 
0.6 Al5 0.4b1 172 25 0.464 '29 67 0.016 2ll 47 o. 233 161 SJ o.cos 076 C5 0.112 '42 S7 
0.6A40 o. 461 856 oc O.At65 102 26 o. 036 330 19 0.2 33 501 q5 O.OOQ 102 58 0.312 802 75 
0. b 84 ~ 0.46~ 540 2• 0.465 S75 31 o. 036 445 15 0.2 33 f42 20 o.oos 129 17 o. 113 262 88 
0.6850 O. 'thq 225 00 0.466 648 82 0.036 551 JJ o. 2 34 182 70 o.009 155 82 o. 313 723 16 

O.bB~"> 0. 4bq 910 25 0.461 322 78 o. 016 65 7 74 0 • 214 52 J 44 o.oos 182 53 0.314 184 19 
(). 6R60 0.470 596 00 0.467 S97 21 o. 036 764 JS a. 7 34 864 42 0.009 209 30 0.314 '45 36 
0.6Rl-li o. 47\ 282 25 Q.468 672 as o. 016 871 27 0.23, 205 65 O.OOQ 216 13 0.315 106 88 
0.6870 0.471 969 00 0.46q 34 7 41 0.036 978 17 0.235 547 12 0.009 263 Ol 0.315 568 75 

1 
0.6875 o. 477 656 25 0.470 . 021 24 o. 037 085 71 C.235 888 84 o.oos 289 gs 0.116 030 S7 
O.,<, sso 0.473 344 00 0.470 69q 4Q 0.011 19 3 28 0.2 36 230 7q o.oos 116 q5 o. 316 4g3 54 
0.688'i 0.474 012 25 0.411 376 21 a.on 301 09 c. 2 36 572 99 o.oos 144 CI o. 316 S56 45 
o.,aso 0.474 721 00' 0.472 053 JS o. 037 409 12 0.7'6 SI 5 43 0.009 171 ll o. 317 41 q 71 
0.68c;5 o. 475 410 25 0.472 711 C2 0.017 517 JS 0.231 258 12 o.oos 1se l l 0.317 883 32 
c.t>qoo 0.476 I 00 00 0.473 40S II 0.03 7 625 as o. 2 37 601 05 0.009 425 " o. 318 147 28 

0.69C5 0.476 7SO 2\ 0.4 7lri ce1 66 a.on 734 63 0.737 944 22 o.ooq 452 84 o. 318 811 59 
0..,6q10 0.477 481 00 0.474 766 67 o. 037 843 60 o. 218 287 63 0.009 480 19 0.31• 276 2s 
0.6 <;1 i; 0.478 I 72 25 0.47'5 446 14 a.on 952 80 o. 218 611 2Q O.OOQ 507 60 o. 319 741 25 
0.bq70 0.478 864 00 Q.476 126 06 0.038 062 24 0.238 975 19 o.oos 515 08 0.320 206 61 
0.6S25 0.479 5S6 25 0.476 806 44 0.038 171 92 C. 2 3g 31 s 34 0.009 562 61 o. 320 672 31 
0.6SJO 0.480 24S 00 0.477 487 28 Q.038 281 82 0.2 3q 661 12 0.00'> 5•o 20 0.321 138 36 
0.69~5 0.4~0 942 25 0,.478 168 57 Q.038 391 97 C.140 008 35 o.ooq 617 85 o. 321 604 76 
0.6Q4Q 0.481 636 00 0.418 85C 32 o. 038 502 15 0.240 351 22 o.ooq 645 56 o. 322 071 50 
Q.t,c45 Q.4R2 l30 25 0.47" 532 53 o. 018 612 96 C.240 6S8 34 o.oo'> 673 3 3 0.322 538 60 
0.6S50 0.4Al 025 00 Q.480 215 20 0.038 723 82 0.741 043 69 o.oaq 701 16 0.121 006 05 

Q,.t,cp;i; 0.483 120 2\ 0.480 8S8 32 o. 038 834 SI 0.241 38S 2• o.oos 729 04 0. 323 473 84 
0.6%0 o. 41:14 416 00 0.481 581 90 0.018 946 21 0.241 73!i 14 o.oos 756 9g 0.323 941 9g 

~ 
0.6961j 0.485 l 12 25 0.482 265 SJ a. 039 057 80 0.242 081 22 0.009 785 co 0. 324 410 48 
0,.t,cno 0.485 eos 00 0.482 950 42 D. 03S 169 60 0.242 427 55 o.oog 811 07 o.324 87S 32 
0.6"75 0.486 506 25 0.483 635 37 0.039 281 64 0.242 774 12 o.oos 84 I 20 o. 32 5 34R 51 
0.6.AO o. 48 7 204 00 Q,.4P4 12C 17 0.039 393 S? C.741 120 S3 o.oos 86S 3g 0.325 818 05 
0.6S85 0.487 •02 25 0.485 006 63 a.on 506 43 0.243 467 9g 0.009 8"7 64 0.326 287 94 
0,.6<;QQ 0.4BI:' 601 00 Q.485 6S2 ~4 o. 039 61S IS o. 243 81 !: 2• 0.009 S25 g5 0.326 758 18 
0.69<;5 0 .. 48Q 300 25• Q.486 37g 71 0.039 732 IS o. 21t4 167 81 o.oos 954 32 0.327 228 76 i 0.7000 0.490 000 DC 0,.487 C66 G4 o. 039 845 42 c.?44 510 61 0.009 sa 2 75 o. 32 7 6SS 10 

C. 70C5 Q,.'9QQ 700 25 0.4H7 7S4 62 a. 03g 558 90 c. 244 858 64 o.o 10 011 24 0.328 170 se 
0.1010 O. 4g l 401 00 0.488 442 75 O.OAtO 072 61 0.245 206 g I 0.010 DJS 7S o. 328 642 62 
o. 701 "> o. 492 102 25 o.4es I JI J4 0.040 186 57 0.245 555 42 0.010 068 40 o. 32Q l 14 60 
0.1070 0.492 804 00 0,.489 820 3s 0.040 300 17 0.245 904 17 0.010 097 08 0.329 586 g4 
0.7C25 o. 491 506 25 Q.490 sos es 0.040 415 21 0,.246 253 I 7 0.010 125 RI O. 3l0 os9 ~2 
0.1010 Q,.4Q4 200 00 Q,.4Q1 IS9 85 0.040 529 89 0.246 607 41 0.010 154 61 o. 130 512 65 
0.101,; o. 494 Sl2 25 0,.4Gl aso u 0.040 644 81 c. 246 S5l 8S 0.010 183 47 0.331 006 04 
0.7040 0.49'> 61A 00 0.492 581 I? 0.040 759 SR 0.247 301 61 0.010 212 38 0.331 47q 11 
0.704'5 Q,.4Q6 370 25 Q.493 277. 44 o.040 875 19 0.247 651 58 0.010 241 36 o. 331 g53 85 
0.7050 o. 49 7 075 DC 0,.4Q 3 %4 21 o.o,o qq1 04 0.248 001 7S 0.010 270 40 0.132 428 2~ 

0.7055 Q,.4Q7 730 75 Q.494 656 .. o.041 106 g4 c. 246 352 24 0.010 2ss 51 0.312 SOJ 06 1 0.7060 0. 4QA 4 ,. 00 0.495 340 12 0.041 223 07 C.248 702 ., 0.010 328 67 o. 133 178 20 
0.70ft:; o. 49g 142 ?5 0.496 04 2 26 o. 041 J3S 46 c. 249 053 8b 0.010 35 7 QQ 0.333 853 66 
0.1010 Q.40Q 64Q 00 0.496 73S "' 0.041 456 cs o. z4q 405 C4 0.010 367 1e 0.314 ~29 51 
o.101"'i 0.500 556 25 0.497 4 2s 89 0.01.t 1 572 96 0.249 756 46 0.010 416 53 o. 334 805 •• o.1ceo 0.501 264 00 0.4QA 124 16 0.041 ••o 01 c. 2 50 108 12 0.010 445 G4 Q.335 262 27 
0.7085 O.SOI "12 2 5 0.4GB 6 I 9 13 0.041 601 44 0.2 50 460 03 0.010 475 42 0.335 759 10 
0.7CSO o. 502 681 00 0.4QQ '514 73 0.041 925 05 c.2so e12 17 0.010 S04 95 o. 136 236 J3 
0.70~5 0.503 JQQ 25 o.5oo 210 59 0.042 042 90 o. 2 51 164 56 0.010 534 55 o. 116 71 l gz 1 o. 7 I CO o. "04 100 00 0.500 9C6 90 o. 042 161 00 0.251 517 IS 0.010 564 21 0.337 I 91 85 

O. 71 C '! 0.504 610 25 o.501 601 66 0.042 21q 35 0.251 870 06 0.010 593 93 o. 337 670 I J 
0.1110 0.505 521 00 0.502 300 A 7 o.042 397 g4 0.252 223 18 0.010 623 72 0.336 146 76 o. 711 c; o. 506 217. 25 0.502 ••e 54 a. 042 516 7q o. 252 576 53 0.010 653 56 o. 338 627 74 I 0.71?0 0.506 g44 00 0.503 6% 66 o. 042 635 66 0.2 52 "30 ll 0.010 683 47 o. 33S 107 06 
o. 712 "'i o. 507 6% 2~ 0.504 395 23 0.042 75 5 21 0.253 263 S7 0.010 713 44 o. 339 586 76 ' O. 7P!O o. 508 309 00 Q.505 QQ4 25 0.042 874 80 Q.253 638 05 0.010 74 3 48 0.340 066 AO 
o. 71 ~ 5 o. 509 08 2 75 0.505 7g3 72 o. 042 gg4 61 o. 2 51 9s2 18 0.010 773 58 0.340 54 7 IR 
0.7140 0.509 796 00 0.506 493 65 o. 043 114 72 o. 254 146 S5 0.010 603 74 o. 341 021 s2 
Q.7145 Q.510 510 25 o.501 IS4 C3 o. 043 235 05 o. 2 54 701 75 0.010 83~ 06 0 • 341 509 00 
0. 7150 0.511 225 DC 0. 507 es4 86 o. 043 355 64 o. 2 55 056 80 0.010 BM 25 0.341 990 44 1 
0.7155 o. 511 940 25 0.506 596 14 0.043 4 76 47 o.2s5 412 10 0.010 894 60 o. 342 47 2 23 
0.71~0 0.512 656 00 0.509 29 7 87 0.043 5"7 55 o.255 767 bl 0.010 "25 01 0.342 q54 37 
o. 71 ~'5 0.5D 172 2 ! 0.510 000 Cb 0.043 716 BS o. 2 56 123 41 0.010 q55 40 0. l4l 436 66 
0.1110 o. '114 CBS 00 0.510 702 6S 0.043 840 47 0.256 47S 42 0.010 9A6 OJ o.343 SI 9 70 
0.7175 0.514 806 25 0.511 405 78 o. 04 3 962 31 0.2 56 835 68 O. 0 I I 01~ 63 0.344 402 RS 
0.11~0 0.515 524 00 o.512 109 31 0.0-44 084 40 c.2 57 l S2 18 O. Cl I 047 3C o. 344 886 43 

J o.11~, o. 516 242 25 O.H2 811 30 0.044 206 74 0.257 548 SJ 0.011 078 OJ o. 345 370 32 
0.7150 o.516 961 DC o. 511 517 74 0.044 329 33 0.2 57 90~ SI 0.011 106 63 o. 345 8~4 57 
o. 11-;1: o. 51 7 680 25 0.,14 222 63 0.044 452 18 0.258 263 14 0.011 I 39 •• o. 346 139 16 

. 7 2CO 0.518 400 00 0.514 927 96 0.044 5 75 28 Q.258 620 61 0.01 I 170 61 0.34b 824 II 
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TABLE 111-FONCTIONS O'UNE SPIRAlE OE RAYON UNITAIRE 

V 
--------------------------------------------------------------------------------------- 
AIR• STIR LC/R 8 Ill &•♦•C • C 

•LS✓•• --------------------------------------------------- --.cm DEG "NT SEC 

--·····················--··-··••=••·-·--··················--·--········-------······--·-- 0.61(5 o. 155 152 59 0.461 911 81 n 15 58.6 4 25 1q.5 4 25 12.1 0 8 7.2 
0.6810 o.155 181 02 0.462 t5l t9 I] 17 a. a 4 25 42.9 4 25 15. 7 0 0 7.l 
Q.6815 0.155 61] 61 0.461 ]]0 06 I] 18 19.0 4 26 6.3 4 25 59.0 0 0 7.l 
0.6820 0.1'5 844 42 0.464 006 90 I] 19 29.4 4 26 29.8 4 26 22.5 0 0 7.l 
0 •• 825 o. 156 075 H 0.464 684 2l ll 20 19. 7 4 26 51.2 4 26 45.9 0 0 7.4 
0.6810 o.156 306 54 0.465 162 04 ll 21 50. 1 4 27 16. 7 4 27 9. 3 0 0 7 .4 
0.6 815 0.156 517 17 0.466 040 34 ll 2l 0.6 4 27 40.2 4 27 ]2.8 0 0 7.4 
Q.6840 0.156 769 le 0.466 719 11 ll 24 11.1 4 28 l.7 4 27 56.2 0 0 7 .5 
0.6145 o. 157 COi 06 0.467 3'8 17 I] 25 21.1 4 28 27.2 4 28 19.7 0 0 T .5 
0.6850 o. 157 212 93 0.468 C78 II ll 26 32. l 4 28 50.8 4 28 41.2 0 0 , .. 
0.6115~ O.IH 464 98 0.468 7S8 ll ll 27 41.0 4 29 14.3 " 29 6.8 0 0 7 .6 
0.6 860 o. 157 697 21 0.46«; 419 01 I] 28 53.7 4 29 H.9 4 29 30.3 0 0 7.6 
0.6865 0.157 929 62 0.47C 120 22 ll 30 4.5 4 30 1.5 4 29 53.9 0 0 7 .6 
0.6170 o. 158 162 21 o.470 P.01 88 13 31 15. l 4 30 25.1 4 30 11.4 0 0 1.1 
0.6175 o. 158 194 98 0.471 484 03 ll 32 26. 2 4 30 48.7 4 30 41.0 0 0 1. 1 
0.6880 o. 158 627 92 0.472 166 66 ll 13 37.1 4 ]I 12.4 " ]I 4.6 0 0 7. 7 
0.6885 o. 158 861 05 0.472 849 77 ll 34 48.l 4 31 36.0 4 ]I 28.3 0 0 7.8 
0.6190 o.159 094 36 0.473 513 36 I} 15 59. 1 4 " 59. 7 4 ]I 51 .9 0 0 7.8 
0.6895 o. 159 127 85 0.474 217 4~ I] ]7 10.2 4 12 21.4 4 32 15.6 0 0 7 .8 
0.69CO 0.159 561 52 0.474 901 99 I] 18 21. 3 4 32 47. I 4 l2 19.2 0 0 7 .9 

o. 6'1C5 0.159 795 37 0.475 517 02 I] 19 ]2.5 • 33 10.1 4 H 2.9 0 0 7.9 
o.6910 o. 160 029 40 0.4 76 272 54 13 40 43.8 4 n 34.6 4 33 26. 7 0 0 7.9 
0.6915 0.160 263 62 0.4 76 958 54 13 41 55. I • 33 58.4 4 H 50.4 0 0 8.o 
0.6920 0.160 498 01 0.477 645 01 13 43 6.4 4 34 22. I 4 34 14. I 0 0 e.o 
o.6925 0.160 732 5! 0.478 HI 97 13 44 11.e 4 34 45.9 4 34 n.9 0 0 8.o 
0.6930 0.160 967 H 0.479 019 41 13 H 29. 2 4 35 9.7 4 l5 1.1 0 0 8.1 
0.6915 0.16 l 202 27 0.4H 707 33 ll 46 40. 7 4 35 H.6 4 35 25.5 0 0 8.1 
0.6'140 0.161 437 H 0.480 395 74 ll 47 52.3 4 35 57.4 4 l5 49.3 0 0 1.1 
0.6945 o. 161 672 6! 0.481 084 62 13 49 3.9 4 36 21.1 4 36 11.1 0 0 1.2 
0.6950 0.161 908 15 0.481 773 98 13 50 15. 5 4 36 45.2 4 36 n.o 0 0 8.2 

0.6955 0.162 143 81 0.482 463 82 I] 51 21.2 4 H 9.1 4 37 o.e 0 0 8.2 
0.6960 o. 162 379 65 0.483 154 15 13 52 39.0 4 l7 n.o 4 37 24.7 0 0 a.1 
0.6965 o. 162 615 67 0.483 844 95 13 53 50. 8 4 37 56.9 4 ]7 48.6 0 0 a.1 
0.6970 o. 162 851 87 0.484 536 24 13 55 2.6 4 38 20.9 4 38 12.5 0 0 8.4 
0.6975 0.163 088 25 0.485 228 00 13 56 14.6 4 38 44.9 4 38 36.5 0 0 8.4 
0.6980 0.163 324 81 0.485 HO 25 ll 57 26. 5 4 39 8.8 4 39 0.4 0 0 8.4 
0.6915 0.161 561 55 0.486 612 97 13 58 ]8.5 4 39 32.8 4 39 24.4. 0 0 8.5 
0.6990 0.163 798 47 0.487 306 I 8 1l 59 50.6 4 19 56.9 4 39 48.4 0 0 8.5 
0.69C:5 0.164 035 58 0.487 999 87 14 I 2.7 4 40 20.9 4 40 12.4 0 0 8.5 
0.1000 0.164 272 87 0.488 694 03 14 2 14.9 4 40 45.0 4 40 36.4 0 0 8 .6 

o.70C5 0.164 510 33 0.4~9 388 68 14 3 27. I 4 41 9.o 4 41 0.4 0 0 8.6 
0.7010 0.164 747 98 0.490 Cft3 Bl 14 4 39.4 4 41 n.1 4 41 24.5 0 0 8.6 
o. 7015 o. 164 985 81 0.490 779 41 14 5 51.7 4 41 57.2 4 41 48.5 0 0 8.7 
o.7C20 n.165 221 82 0.491 475 50 14 7 4.1 4 42 21 .4 4 42 12.6 0 0 B.7 
0.7025 0.165 462 01 0.492 172 01 14 8 16. 5 4 42 45.5 4 42 36. 7 0 0 8.8 
0.7030 o. 165 700 39 0.492 869 11 14 9 zq.o 4 43 •• 7 4 43 o.• 0 0 B.8 
0.7015 0.165 938 94 0.493 566 64 14 10 41.5 4 43 n.a 4 41 25.0 0 0 a.a 
0.7040 0.166 177 68 0.494 264 64 14 II 54.1 4 43 se.o 4 41 49.2 0 0 8 .9 
0.7045 0.166 416 60 0.494 961 13 14 13 6. 7 4 44 22.2 4 44 13.1 0 0 8.9 
0.7050 0.166 655 70 0.495 662 09 14 14 19.4 4 44 46.5 4 44 37.5 0 0 a.• 

0.7055 0.166 894 9! 0.496 361 54 14 15 12. I 4 45 10. 7 4 45 1.7 0 0 9.0 
0.1060 o. 16 7 134 45 0.497 C6I 46 14 16 44.9 4 45 35 .o 4 45 25.9 0 0 9.o 
0.7065 0.167 374 09 0.497 761 86 14 17 57.7 4 45 59. 2 4 45 50.2 0 0 9.1 
0.7070 0.167 613 92 0.498 462 74 14 19 10.6 4 46 23.5 4 46 14.4 0 0 9. I 
o. 7015 0.167 853 91 0.499 164 II 14 20 23.6 4 46 47.9 4 46 JB.7 0 0 9.1 
0.7CBO 0.168 094 12 0.499 !65 95 14 21 36.6 4 47 12.2 4 47 1.0 0 0 9.2 
o. 7 08 5 0.168 334 49 0.500 568 27 14 22 49.6 4 47 36.5 4 47 27.l 0 0 9.2 
0.7090 o.168 575 04 o.501 271 06 14 24 2.7 4 48 o.9 4 47 51 .6 0 0 9.l 
O.TOB 0.168 815 71 o.501 974 34 14 25 15.8 4 48 25. 3 4 48 16.0 0 0 9.3 
o. 7100 0.169 056 7C 0.502 678 10 14 26 29.0 4 48 49.7 4 48 40.3 0 0 9.3 

O. 7 IC5 0.169 297 10 0.501 382 33 14 27 42.3 4 49 14.l 4 49 4. 7 0 0 9.4 
o.7110 0.169 5'9 O! o.504 C87 05 14 28 55.6 4 49 18 .5 4 49 29. I 0 0 ... 
o. 7115 o.169 710 55 0.504 192 24 14 30 8. 9 4 50 3.0 4 49 53.5 0 0 9.5 
o. 7120 0.110 022 20 0.505 497 91 14 31 22.4 4 50 27 .5 4 50 IB.O 0 0 9.5 
0.7125 0.170 264 03 0.506 204 06 14 32 35. I 4 50 51 .9 4 50 42.4 0 0 9.5 
o. 7130 0.170 506 04 0.506 910 69 14 ]] 49.3 4 51 16.4 4 51 6.9 0 0 9.6 
o.11~, 0.170 748 23 o.507 617 80 14 35 2.9 4 51 41.0 4 51 31.3 0 0 9.6 
o. 7140 0.110 990 61 o.501 325 ]9 14 36 16.5 4 52 5.5 4 51 55.8 0 0 9. 7 
0.7145 0.171 233 17 0.509 OH 45 14 37 30.l 4 52 30.0 4 52 20.4 0 0 9. 7 
o. 7150 0.111 475 91 0.509 741 99 14 31 41.9 4 52 54.6 4 52 44.9 0 0 q.1 

0.7155 0.111 711 I! 0.510 451 01 14 39 57.6 4 53 19. 2 4 51 9.4 0 0 9.B 
0.1160 o.171 961 94 0.511 1'0 51 14 41 11.4 4 53 43.8 4 53 34.0 0 0 9.B 
o. 7165 0.111 ,., 23 0.,11 110 49 14 42 25.3 4 54 8.4 4 H 58.6 0 0 9.9 
O.UM o. n2 441 7C 0.,12 510 ,, 14 4J )9.2 4 54 33.1 4 54 B.Z 0 0 9.9 
o.nn 0.112 692 H 0.,u 291 .. 14 44 53.2 4 54 57.7 4 54 47.8 0 0 9.9 

0.7110 0.1'2 '36 19 0.514 COJ 29 14 .. 7.Z 4 55 2 2.4 • 55 12.4 0 0 10.0 
0.7115 1.1n 110 21 0.514 715 II 14 47 21. 3 4 55 47. I 4 55 37.1 0 0 10.0 
o. 7190 O. lfJ 424 42 0.,11 427 55 14 41 35.4 4 56 11.8 4 56 1.1 0 0 10.1 
o.7195 0.17) 661 10 o.516 140 )9 14 49 49.6 4 56 16.5 4 56 26.4 0 0 10.1 
0.1200 0.173 913 )7 0.516 153 12 14 51 3.1 4 57 1. 3 4 56 51.1 0 0 10.2 
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TABLE II 1-FONCT IONS O' UNE s,1RALE DE RAYON UNITAIRE 

} ----------------------------------------------------------------------------------------- .,,._ LS/R XH Y/R Q/R P/R l T /~ 
•LS/A• 
•Yrffi 
----------······-··-··-----·-----·-··------------······----··-····-······-·····--·- o. 71.05 •• 519 l?O ?5 0.515 633 75 0.044 698 63 0.258 978 32 0.011 201 60 0.347 - 41 0.1210 0.519 841 00 0.516 339 99 0.044 822 24 0.2 59 336 21 0.011 212 65 o. 347 795 06 

} o.nu 0.520 562 H 0.517 046 68 0.044 946 10 0.259 694" 46 0.011 263 76 0.30 281 06 o. 1 no 0.51.1 284 00 0.511 153 82 0.045 070 21 0.260 052 90 0.011 294 94 o. 348 767 41 
0.72?5 0.522 006 25 o.511 4H 40 0.045 1•4 58 0.260 411 57 0.011 326 19 0.349 254 II 
0.1210 o. 522 729 00 0.519 169 44 0.045 319 21 0.260 HO 49 0.011 35 7 50 0.10 741 17 
0.72~5 0.523 452 25 o.519 877 93 o.045 444 09 o. 261 129 65 0.011 388 87 o. 350 228 !8 
0. 7240 o. 5?4 176 oc o.520 ,,16 @6 0.045 569 22 o. 261 48• 05 0.011 420 31 o. 350 716 J3 
o. 7245 o. 524 900 25 0.'21 296 24 0.045 694 61 0.261 848 69 0.011 451 81 o. 351 204 44 

} 0.1250 o.525 615 cc 0.522 006 08 0.045 820 26 0.262 208 57 0.01 I 483 38 o. 351 692 91 

o. 7255 0.526 350 25 0.522 716 36 0.045 946 17 0.262 568 10 0.011 515 01 0.352 Ill 72 
0. 7260 0.527 076 00 0.523 427 09 o. 046 072 33 0.262 929 07 0.011 546 71 o. 352 670 89 
0.7265 0.527 102 25 o.524 138 27 0.046 198 75 C.263 289 67 0.011 578 47 0.353 160 40 
0.1210 0.528 529 00 o.524 849 89 0.046 325 43 0.263 650 52 0.011 610 30 o. 353 650 27 
0. 7275 0.529 256 25 o.525 561 97 0.046 452 36 C.264 011 61 0.011 642 19 o. 354 140 49 ) 0. 7 280 o. 529 984 cc 0.526 274 49 0.046 579 56 0.264 372 94 0.011 674 15 0.354 631 07 
0. 7285 o. 530 712 25 0.526 987 46 0.046 101 01 0.2&4 734 52 0.011 706 18 o. 355 121 99 
0.7290 o. 531 441 00 0.527 700 18 0.046 814 72 c.265 096 3l 0.01 I 738 27 o. 355 613 27 o. 7 2,~ 0.532 170 25 0.529 414 75 0.046 962 69 0.265 458 39 0.011 no 42 o. 356 104 90 
o.noo 0.5\2 900 00 0.529 129 06 o.047 090 93 0.265 820 68 0.011 80 2 64 0.356 596 18 

0.1305 0.533 630 25 o.5n 843 82 0.047 219 42 C.266 113 22 0.011 834 93 o.357 089 22 
0.7:!10 o. 534 361 oc 0.530 559 Cl 0.047 348 17 0.266 546 00 0.011 867 28 0.357 581 90 
o. n15 o. 535 092 25 o.531 274 6ft 0.047 477 18 0.266 909 02 0.011 899 10 o. 358 074 94 
0. 731.0 0.535 824 oc o.531 990 78 0.047 606 46 C.267 272 2ft 0.011 932 19 o.1ss 568 3J 
o. 7325 o. 536 556 25 0.531 707 H 0.047 T35 99 0.267 635 78 0.011 964 74 0.359 062 08 
0. 7 330 0.531 289 00 0.533 424 33 0.047 865 79 0.267 999 53 0.011 997 36 0.359 556 18 
0.7335 0.538 022 25 0.534 141 H 0.047 995 85 0.268 363 51 o. 012 030 04 o. 360 050 62 ) 0.7340 0.538 1~ 00 0.534 859 66 0.048 126 17 0,268 727 74 o. 012 062 79 0.360 545 43 
0.7345 0.539 490 25 0.535 577 99 0.048 256 76 C.269 092 20 o. 012 095 61 0.361 o,o 58 
o.n5o o. 5•0 225 00 0.536 296 11 0.048 387 61 0.260 456 91 0.012 128 4q 0. 361 536 o• I 
0.7355 o. 540 960 25 0.537 015 99 0.048 511 72 0.269 121 86 0.012 16 l 44 0.362 031 95 
0.7360 0.541 696 00 o.537 735 67 0.048 650 10 c.210 187 05 0.012 1"4 46 o. 362 52ft 16 
0. 7365 o. 542 432 25 0.5H 455 78 0.048 781 74 c.210 552 48 0.012 227 54 0.363 02' 73 ) 0.7370 o. 543 169 00 o.539 176 34 0.041 913 64 0.210 911 15 0.012 260 69 o. 363 521 65 
0. 7375 0.543 906 25 o.539 e91 35 0.049 045 81 0.211 284 06 0.012 293 91 o.364 01ft 92 
o.neo o. 544 644 00 o.5<>0 611 80 0.049 178 25 0.211 650 21 0.012 327 19 0.364 516 55 
0.1,95 o. 545 382 25 0.5'1 340 10 o.049 310 95 0.212 016 60 0.012 360 55 o. 365 014 53 
0. 7390 o. 546 121 00 0.542 063 04 0.049 443 91 0.212 383 24 0.012 )43 91 0.365 512 86 
0. 7395 o. 546 BM 25 o. 542 785 !3 0.049 577 15 0.212 750 II 0.012 427 45 0.366 Oil 54 
0.7400 0.547 600 00 o. 543 509 06 0.049 710 65 0.213 117 23 0.012 4H 01 0.366 510 58 

0.7405 o. 548 340 2' 0.544 232 74 o.oo 144 41 0.213 484 59 0.012 494 63 o. 367 009 97 
0.7410 o. 549 081 00 0.544 956 86 0.049 918 45 0.273 152 18 0.012 528 32 0.367 509 72 
0.7415 o. 549 822 25 0.545 681 42 0.050 112 15 0.274 220 02 0.012 562 08 0.368 009 82 
0.7420 o. 550 564 00 0.546 406 43 0.050 247 32 0.274 588 10 0.012 595 90 0.368 510 27 
0.7425 o. 551 306 25 0.547 131 88 0.050 382 16 c.274 956 42 0.012 629 80 o. 369 Oil 08 
0. 7430 o. 552 049 00 o.541 857 11 0.050 517 26 0.275 324 9R 0.012 663 76 0.369 512 24 ) 0. 7435 0.552 792 25 o.548 584 II 0.050 652 64 0.175 693 78 0.012 697 79 o.no 013 75 
0.7440 O. 55l 536 00 0.549 310 90 0.050 788 29 0.276 062 82 0.012 HI 88 0.370 515 62 ) 0. 7445 o. 554 280 2' 0.550 038 12 0.050 924 20 0.276 432 10 0.012 166 05 0.371 017 84 
0.7450 o. 555 025 00 0.550 765 79 0.051 060 39 0.276 IOI 62 0.012 800 20 0.371 520 41 

0.7455 0.555 no 25 0.551 493 90 0.051 196 84 C.277 171 38 0.012 834 59 ·0.112 023 34 
0. 7460 o. 556 516 00 0.552 222 45 0.051 33] 57 0.211 541 38 0.012 868 '16 0.112 526 6J 
0. 746 5 o. 557 262 25 0.552 951 45 0.051 470 57 0.211 911 62 0.012 903 40 o. 373 030 26 
0.1410 o. 558 009 00 o.553 680 89 0.051 607 83 0.278 2ft2 II 0.012 937 91 0.1n 534 25 
0.7475 0.558 756 25 0.554 410 11 0-.051 7'5 38 o.ne 652 83 0.012 g12 49 o. 374 038 60 
0.7480 0.559 504 00 0.5B 141 09 0.051 183 19 0.279 023 79 0.013 007 13 0.374 543 30 
0.7485 ov se o 252 25 0.555 '11 16 0.052 021 27 0.219 395 00 0.013 041 85 0.375 048 35 
0.7490 o. 561 001 00 o.556 603 06 0.052 159 63 C.279 766 44 0.013 076 63 0.375 553 76 } 0.7H5 o. 561 750 25 0.557 334 11 0.052 298 26 c.2eo 138 13 0.013 111 .. 0.376 059 52 
0.7500 o. 562 500 00 o.558 066 80 0.052 437 17 0.280 510 05 a.on 146 41 o. 376 565 64 

O. l5C5 0.563 250 25 0.551 799 33 0.052 576 35 0.210 !82 21 0.013 181 40 0.377 072 ll 
0.7510 0.564 COi 00 0.55' 532 31 0.052 715 10 0.281 254 62 0.013 216 47 0.377 571 94 
0.7515 0.564 752 25 o.560 265 72 0.052 855 53 o.ze1 627 26 0.013 251 60 O.HI 086 12 
0.7520 0.565 504 00 0.560 999 57 0.052 995 53 o.2e2 000 15 0.013 286 80 0.378 593 66 l 0.7525 o. '166 256 25 0.561 733 87 0.053 135 81 o. 282 373 27 0.013 322 01 o. 379 101 55 
0. 7530 o. 567 009 00 0.562 468 60 0.053 276 36 0.2 82 746 64 0.013 357 41 0.379 60" 19 J 0.75:!5 o.~1 762 25 0.563 203 78 0.053 417 19 0.283 120 24 0.013 392 82 0.380 111 39 
0. 7540 o. 568 516 00 0.563 9H 39 0.053 558 30 0.283 4-,4 09 a.on 428 30 o. 380 627 35 o. 754~ o. 569 270 25 o.564 615 45 0.053 699 68 0.2 83 868 17 0.013 463 86 o. 381 136 66 
o. 7 550 0.570 025 00 0.565 411 95 0.053 841 34 0.284 242 50 0.013 499 48 o.n1 646 32 

0.1555 0.570 780 25 o.566 141 18 0.053 983 28 0.294 617 06 a.on 535 17 0.382 156 34 ) o. 7560 0.571 536 00 0.566 886 26 0.054 125 49 0.284 991 17 0.013 570 93 o. 382 666 72 
0.7565 e.112 292 25 o.561 624 07 0.054 26 7 98 o.285 366 •1 0.013 606 76 0.383 ·177 45 ~ 
0. 7570 ,.,·n 049 00 0.568 362 33 0.054 410 75 0.285 742 20 0.013 642 67 0.383 688 53 
0.1,15 o.n1 106 25 0.569 IOI 02 0.054 553 80 0.286 117 72 0.013 678 64 0.384 1'19 '17 
0.1.,., •• ,-,4 S64 00 0.569 840 15 0.054 697 13 0.286 493 49 0.013 714 69 0.384 711 11 ) 0.1.,.. ..,.,, 322 25 o.510 579 72 0.054 840 74 0.216 869 49 0.013 750 eo 0.315 22) •2 
o.-,, .. 0.576 081 00 0.571 319 73 0.054 984 63 0.287 245 n 0.013 786 99 o.315 1)6 43 
0. 7515 o. 576 840 25 0.572 060 18 0.055 128 10 0.287 622 22 0.013 823 24 0.3 .. 249 z• J C. 7600 0.577 600 00 0.572 801 07 0.055 273 24 0.287 998 .. 0.013 859 57 0.186 762 51 
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------------------------------------------------------------------------------------- ,., .. ST/~ LC/R e 111 ••••C • C 
•LS/A• --------------------------------------------------- -~ DEG "NT SEC ---- ·-·- --- ---· ·- - ---····- - .... --·---- --- ------··· ........... - .. -- -----------········ ... 
0. 7 205 O.IH 158 13 0.-511 567 52 14 52 18.I 4 57 26.0 4 57 15.1 0 0 10.2 
0.7210 O.IH 403 06 0.518 211 79 14 53 32.5 4 57 50.8 4 57 40.6 0 0 10.2 
o.7215 O.lH 6H 18 0.511 996 55 14 54 46.8 4 58 15.6 4 58 5.3 0 0 10.3 
o. 7220 O,IH 8'13 48 0.519 711 71 14 56 1.3 4 58 40.4 4 58 30.I 0 0 10.3 

o. 7225 o. 175 138 97 0.520 427 49 14 57 15.8 4 59 5.3 4 58 54.~ 0 0 10.4 
0.7230 O. I 75 384 63 o.521 143 68 14 58 30.3 4 59 30. I 4 59 19.7 0 0 10.4 
o. 7235 o. 175 630 4! 0.521 160 35 14 59 44.9 4 59 55.0 4 59 44.5 0 0 10. 5 
0.7240 0.175 176 52 0.522 577 49 15 0 59.5 5 0 19.8 5 0 9.3 0 0 10 .5 
o. 7245 o. 176 122 74 o.523 295 11 15 2 14.2 5 0 44. 7 0 34.2 0 0 10.5 
o. 7250 0.176 369 14 0.524 Cl3 21 15 3 29.0 5 I 9.7 0 59.I 0 0 10.6 

o. 7255 0.176 U5 72 0.524 HI 78 15 4 .\3.8 5 I 34.6 5 I 24.0 0 0 10.6 
0.1260 o. 176 862 49 0.525 450 83 15 5 58.6 5 I 59.5 5 I 48.9 0 0 Io. 7 
o. 726 5 0.1n 109 44 o.526 170 36 15 7 13.5 5 2 24. 5 5 2 13.8 0 0 10.T 

o. T ?TO o.17T 356 58 0.526 190 36 t5 " 28.5 5 2 49.5 5 2 38.T 0 0 10.8 
o. 7275 0.1n 603 90 o.521 610 !5 15 9 43,5 5 3 14.5 5 3 3.7 0 0 10.8 

O.HRO o. 177 851 40 0.528 331 80 15 10 58.5 5 3 39. 5 5 3 28. 7 0 0 10.8 
0.7285 0.178 C99 C9 0.529 053 24 15 12 13.6 5 4 4.5 5 3 53.6 0 0 I 0.9 

o. 7290 0.178 346 96 0.529 775 15 15 13 28,8 5 4 29.6 5 4 18. 7 0 0 10.9 
o. 7295 o. 118 5'5 01 o.510 4"7 54 15 14 44.0 5 4 54.7 5 4 43.7 0 0 I 1.0 
0.7300 0.178 843 25 o.531 220 40 15 15 59.3 5 5 19.8 5 5 8.7 0 0 11.0 

0.7305 o. 179 091 67 o.531 943 14 I 5 17 14.6 5 5 44.9 5 5 33.8 0 0 11.1 
o.7310 o.·119 340 28 0.532 667 56 15 18 29.9 5 6 10.0 5 5 58.9 0 0 11.1 
0.7315 o. 179 589 07 o. 533 391 85 15 19 45.3 5 6 35. I 5 6 24 .o 0 0 11.2 
0. 7320 o. 179 83• 04 0.534 116 62 15 21 0.8 5 1 0.1 5 6 49. l 0 0 11.2 
0. 7325 o. 180 08 7 20 o.534 !41 87 15 22 16.3 5 1 25.4 5 1 14.2 0 0 l!.3 
O.THO 0.180 336 54 0.515 567 59 15 23 31.9 5 1 50.6 5 1 39.3 0 0 11.3 

f o. 7 3~ !: o. 180 586 01 0.536 293 79 15 24 47.5 5 8 15.8 5 8 4.5 0 0 11.4 
o. 7 '40 o. 180 835 H 0.537 020 46 15 26 3.2 5 8 41.1 5 8 29. 7 0 0 11.4 

\ 0,7345 0.181 085 67 0.5H 74 7 61 15 27 18.9 5 9 6.3 5 " 54.9 0 0 11.4 

" 0.7150 0.181 335 75 0.538 475 24 15 28 34.7 5, 9 31 .6 5 9 20.1 0 0 11,5 

o. 7355 0.181 586 02 0.539 203 34 15 29 50.5 5 9 56.8 5 9 45.3 0 0 I I. 5 
o.n6o 0.181 836 47 o.539 ~31 92 15 31 6,4 5 10 22.1 5 10 10.6 a 0 11.6 
a. 7365 0.182 087 10 0.540 660 97 15 32 22.3 5 10 47 .4 5 10 35. 8 0 0 I 1.6 
0.7370 0.182 B7 92 0.541 390 50 15 33 38.3 5 11 12.8 5 11 1.1 0 0 11.T 
0.7375 o. 182 588 q2 0.542 120 50 15 34 54.4 5 II 38. I 5 II 26.4 0 0 11. 7 
0.7]80 0.182 840 II o.542 !50 98 15 36 10.4 5 12 3.5 5 11 51. 7 0 0 11.8 
o. 738 5 o.1e1 091 48 0.543 581 94 I 5 37 26.6 5 12 28,q 5 12 17.0 0 0 11.8 
o. 7390 0.183 30 o• 0.5(i..ft 313 37 15 38 42.8 5 12 s.. 3 5 12 H.• 0 0 II .9 
0. 73~5 0.181 594 78 0.545 045 27 I 5 19 ~9.0 5 13 19.7 5 13 7.8 0 0 11.• 
0.7400 0.183 846 70 o.545 777 65 15 41 15.3 5 11 45.1 5 13 33.1 0 0 12.0 

o. 7405 0.18• 098 81 0.54'1> 510 51 15 42 31 .6 5 " 10. 5 5 13 58.5 0 0 12.0 
o.7410 0.184 351 II 0.547 243 84 15 43 •8.o 5 14 36.0 5 14 23.9 0 0 12.1 
0.7415 0.184 603 59 0.547 977 65 15 45 4.5 5 15 1.5 5 14 •9.4 0 0 12.1 
0.74?0 0.18• 856 26 0.'54fl! 711 93 15 46 21.0 5 15 21.0 5 15 14.8 0 0 12.2 
o. 7.tli2'5 0.185 10• II o. 549. 446 68 15 47 37.5 5 15 52.5 5 15 40.3 0 0 12.2 
o. 7430 0.185 362 15 0.5 50 181 91 15 48 54. I 5 16 18.0 5 16 5.8 0 0 12.3 
0.7435 0.185 615 37 o.550 917 62 15 50 10.8 5 16 4).6 5 16 31.3 0 0 12.3 
0.74'0 0.185 868- 78 o. 551 653 80 15 51 27.5 5 I 7 9.2 5 16 56.8 0 0 12 •• 
o. 7445 0.186 1Z2 37 o.552 390 45 15 52 44.3 5 17 34.8 5 IT 22.3 0 0 12.4 
0.7450 0.186 376 15 o.553 127 58 15 54 1.1 5 1• o •• 5 17 47.9 0 0 I 2 .5 

o.7455 0.186 630 II 0.553 865 18 15 55 17.9 5 18 26.0 s 18 13.5 0 0 12,5 
0.7460 0.186 884 26 0.55• 603 26 15 56 34. 8 5 18 51.6 5 18 39.0 0 0 I 2 .6 
o. 7465 0.187 138 59 o.555 341 81 15 57 51.8 5 19 17.3 5 19 4.7 0 0 12 .6 
o.1Ho 0.187 393 II 0.556 080 83 15 59 8.8 5 1q 42.9 5 10 30.3 0 0 12.1 
0. 7475 0.187 64 7 82 0.556 820 33 16 0 25.9 5 20 8.6 5 19 55.9 0 0 I 2. 7 
0.100 o. 187 902 71 o.557 560 31 16 I 43.0 5 20 34.3 5 20 21.6 0 0 12.8 
0.7485 o. 188 157 7q o.558 300 76 16 3 0.2 5 21 0.1 5 20 47.2 0 0 12.8 
o.7490 o. 188 413 05 0.559 C4I 66 16 • 17.4 5 21 25.8 5 21 12.9 0 0 12.9 
o. 7495 0.1"8 668 50 0.559 7!3 07 16 5 34.7 5 21 51 .6 5 21 38.6 0 0 12.Q 

0 • 75CO 0.188 n• 13 0.560 524 94 16 6 52.0 5 22 17.3 5 22 4.4 0 0 13.0 

0.7505 0.1n 179 95 0.561 267 29 16 8 9 •• 5 22 43. I 5 22 30. I 0 0 13.0 
o.7510 o. 189 435 96 0.562 CIO 10 16 9 26.1 5 23 8.9 5 22 55.8 0 0 13.1 
0.7515 0.189 692 15 0.562 753 39 16 10 .4.3 5 23 34.8 5 23 21 .6 0 0 13.1 
0.1•20 0.189 ,.8 53 O.H3 497 16 16 12 t.8 5 24 0.6 5 23 47.4 0 0 13.2 
0.1,25 0.190 205 10 0.564 241 •o 16 13 19.4 5 24 26 • 5 5 24 13.2 0 0 13.2 

" o.7530 o. 190 461 85 o.56• 986 11 16 14 37.0 5 24 52.3 5 24 39.0 0 0 13.3 
o.75~'5 0.190 718 79 0.565 711 29 16 15 54.7 5 25 18. 2 5 25 4.9 0 0 13.3 
0.75•0 o. ,,o H5 91 0.566 '76 95 16 17 12.4 5 25 44.I 5 25 30. 7 0 0 11.• 
a. 7545 0.191 233 22 o.56 7 223 08 16 18 30.2 5 26 10.1 25 56.6 0 0 13.4 
0. 7550 0.191 490 72 0.567 969 68 16 19 48.0 5 26 36 .o 26 22.5 0 0 11.5 

o.7555 0.1'1 748 40 0.561 716 76 16 21 5.9 5 21 2.0 5 26 •e.4 0 0 13 .6 
o. 7560 0.192 006 27 0.569 464 )I 16 22 23.9 5 27 28.0 5 27 14.4 0 0 13.6 
0. 7565 0.192 2•4 3) a.Ho 212 n 16 23 41., 5 27 54.0 5 27 •0.3 0 0 13. T 
o.7570 0.102 522 57 a.no 960 13 16 H 59.9 5 28 20.0 5 28 6.3 0 0 13.7 
0.7575 0.192 781 00 0.571 709 Jq 16 26 18.0 5 28 lt6 .o 5 28 32 .2 0 0 13.8 
o.n,o o. ,., 039 62 0.572 459 24 16 27 16.2 5 29 12.1 5 28 58.2 0 0 13.8 
o. 75t5 •• 19] 2•• •2 o.sn 20, 15 16 28 54.4 5 29 38. 1 5 29 24.2 0 0 13.9 
o.nso 0.19] 55T 41 0.513 95' B 16 30 12.6 5 30 4.2 5 29 50.3 0 0 13.9 
0. 7 5~5 o. 193 816 50 o.574 110 ]9 16 31 10., 5 30 30.3 5 30 16.3 0 0 1,.0 
o. TOCO 0.104 075 95 0.575 461 72 16 12 49.3 '5 10 56.4 5 30 42.-'t 0 0 14.0 
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TUlE 111-FO~CTI ONS o•uNE SPIRALE DE RAYON UNITAIRE 

----------------------------------------------------------------------------------------- AIR• lSIR XIR YIR QIR PIO. lT/0. 
•LS /A• -ssn ... ·- ·- .. ----- - --- ......... ------ -- - ---- ---- - .... - - ---- - ...... - --- ,. --- - ---------· -- -- --- - -- D.76C5 0.579 J60 25 0.5H 5'2 J9 0.055 •11 ~7 0.288 375 90 o.on 8'15 91 O.Ml 276 09 
0. 7610 0.579 121 oc 0.574 28• 16 0.055 562 98 0.288 753 II O.OIJ 9]2 •• •. ,n 790 02 l 

~ 
0. 7615 0.57' 882 25 0.575 026 J6 o. 055 7C8 28 0.289 no 55 0.01] 968 •• o., .. J04 JO 
O.H20 o.5se 6 .. 00 0.575 768 q9 0.055 85] 85 0.289 508 23 0.01• 005 60 0.188 818 95 
0.76B 0.581 •06 25 0.576 512 CT 0.055 999 71 0.299 886 15 0.01' 0•2 28 0.389 JH 9• 
0.76]0 o. 582 169 00 0.577 255 58 0.056 1'5 8• 0.290 26• JI 0.01• OH o• 0.389 84Q JO o. 16 :?'.i 0.582 932 25 0.577 999 5J 0.056 292 27 C.290 6•2 71 0.01• 115 87 o. J90 J65 01 
o. 76.0 0.58J 696 00 o.578 T<J 92 0.056 438 97 0.291 021 J5 o.014 152 77 0.390 881 07 
0.76•5 0.584 •60 25 o.'79 498 74 o. 056 585 96 0.291 •oo 23 0.014 189 7' o.JQI J97 50 } o. 7650 0.585 225 00 0.580 2H Cl 0.056 7H 23 0.291 779 ]5 0.01• 226 79 o. 391 9H 28 

0. 7655 o. 585 990 25 o.580 979 TC 0.056 880 79 0.292 158 70 0.01• 26J 90 0.392 4JI 41 
0. 7660 0.5~6 756 oc o.581 TH 84 o. 057 028 63 0.292 5J8 30 0.014 JOI 09 0.392 9', 8 90 
0.7665 o. 587 522 25 0.582 472 41 0.057 176 76 0.2n 918 14 0.014 ]]8 35 o.J93 466 75 
0.7670 0.588 289 00 o.58J 219 41 0.057 J25 17 0.29J 298 21 0.014 ]75 69 0.39J 98. 95 

} o. 7615 0.589 056 25 0.58J 966 86 0.057 •n 86 0.293 678 53 0.014 413 09 o.J94 503 52 
0.7680 0.589 824 00 o.584 ll4 7J 0.057 622 85 0.294 059 08 0.014 •50 57 o. 395 022 0 
o.76e5 0.590 592 25 0.585 •6J 05 0.057 772 12 0.2.- 4JQ 88 0.014 '88 12 O.J95 5'1 71 
0.76~0 o. 591 361 00 0.586 211 79 0.057 921 67 0.294 820 91 0.014 525 75 0.396 061 J4 
0. 76~5 o.5q2 !JO 25 0.586 960 cs 0.058 071 52 0.295 202 18 0.014 56J •4 0.396 581 JJ ovr rco o. 592 900 OC 0.587 710 60 0.058 221 65 0.295 583 69 0.01' 601 21 0.397 IOI 67 

O. 77C5 o. 593 670 25 o.588 •60 6'5 0.058 372 07 0.295 965 .4 0.014 6J9 06 o. J97 622 J7 

J ~ 
o. 7710 o.5q4 441 00 o.589 211 14 0.058 522 78 0.2Q6 3'7 4] o.014 676 97 o. J98 143 43 
0.1115 o. 595 212 25 o.589 962 C6 0.058 673 77 0.296 729 66 0.014 714 96 O.J98 664 85 
0.1120 0.595 984 00 0.5•10 713 42 o. 058 825 06 0.297 112 12 0.014 75 3 02 0.399 186 62 
0. 77 25 o. 5q6 756 25 0.591 465 21 0.058 976 63 o. 297 494 83 0.014 791 16 O.J99 708 75 
o.1Ho 0.597 529 00 0.592 217 •• 0.059 128 49 C.297 877 77 0.014 829 37 0.400 2JI 24 
o. 71]5 o. 598 J02 25 0.592 970 IC o. 059 280 65 0.298 260 96 0.014 867 65 0.400 75. 08 

J 
o. 7740 0.599 076 00 0.593 72J 19 o. 059 4H 09 0.298 6"4 ]8 0.014 906 01 0.401 277 28 
o. 7745 0.599 850 25 o.~q4 476 72 0.059 585 8J C.299 028 o• o.014 944 44 0.,01 800 8• 
o. 7750 0.600 625 00 o.595 230 68 0.059 738 85 0.29Q 411 94 0.014 982 94 0.,02 J24 16 

o. 7755 0.601 400 25 0.595 985 07 0.059 892 17 0.299 196 08 0.015 021 52 0.402 849 04 
o. 7760 0.602 176 00 0.596 7]9 90 0.060 045 79 O.JOO 180 46 o. 015 060 11 0.403 J7] 67 
o. 7765 0.602 952 25 Q.5G1 405 16 0.060 19Q 68 0.300 565 08 0.015 OQ8 90 0.40J 898 66 ) o. 7770 0.60J 729 00 0.598 250 e5 0.060 353 87 C.JOO 9.9 9J 0.015 137 70 o. 404 424 00 
0.7775 0.60• 506 25 0.599 C06 qJ 0.060 508 JS 0.301 ]]5 OJ 0.015 176 51! 0.40. 949 71 
o. 7780 0.605 284 00 0.599 763 53 0.060 66J 13 0.301 720 36 0.015 215 st 0.405 415 77 
o. 7785 0.606 062 25 0.60C 520 52 0.060 818 21 0.3C2 105 93 0.015 254 5~ 0.406 002 20 
o.n~o 0.606 841 oc 0.601 277 94 0.060 973 H o.J02 491 74 0.015 2q3 65 0.406 528 97 
0.7795 o. 607 620 25 0.602 035 79 0.061 129 23 0.302 877 79 0.015 n2 82 0.407 056 11 

I 
0.7800 0.608 400 00 0.602 794 06 0.061 285 19 o. 30J 264 08 0.015 377 07 0.407 583 61 

O. HC5 0.609 180 25 0.603 552 79 0.061 441 .. o. 30J 650 60 0.015 411 ]9 0.408 111 .6 
o. 7 810 0.609 961 00 0.60• Jll 9. o. 061 597 98 o.J04 031 37 0.015 450 79 0.408 6J9 67 
0.7815 0.610 742 25 0.605 071 52 0.061 754 82 o. J04 424 37 0.01s 490 26 0.409 168 24 
o. 7 870 0.611 s2• 00 0'.605 831 53 0.061 911 96 O.J04 811 61 0.015 529 81 0.409 697 17 
o.7ez5 0.612 306 25 0.606 591 97 o. 062 069 J9 o. J05 199 09 0.015 569 43 0.410 226 46 
o. 7810 0.613 089 00 0.607 352 84 0.062 221 12 o.JOS 586 81 0.015 609 13 0.410 756 II 
o. 7935 0.613 872 25 0.608 114 14 0.062 385 15 O.J05 974 76 0.015 648 91 0.411 286 II ) o. 1 e•o 0.614 656 00 0.608 875 87 0.062 543 47 0.106 J62 % o. 015 688 76 0.411 816 47 
0.78'<5 0.615 440 25 0.609 638 04 0.062 702 09 O.J06 751 J9 0.015 7H 68 0.412 34 7 20 
o. 7850 0.616 225 00 0.610 •oo 6J 0.062 861 01 O.J07 140 06 0.015 768 68 0.412 878 28 

o. 7855 0.611 010 25 0.611 163 65 o. 06J 020 23 0.307 528 97 0.015 808 76 0.41] 409 72 
o. 7860 0.611 7'16 00 0.611 927 10 0.06J 179 75 O.J07 918 12 0.015 848 91 0.413 941 52 
o. 786 5 0.618 582 25 0.612 690 98 0.063 H9 56 o. J08 307 50 0.015 889 •• 0.414 47] 67 
0.7870 0.619 36• oc 0.61J 455 29 o.063 499 68 0.308 697 I] 0.015 929 44 0.,15 006 19 
o.1e1s 0.620 156 25 0.614 220 CJ 0.063 ~60 09 o.J09 086 99 0.015 969 83 0.415 5J9 07 
o. 7 88 O 0.620 044 00 0.614 9~5 10 o.06J 820 81 o. J09 477 09 0.016 010 28 0.416 072 JO 
0. 7865 0.621 732 25 0.615 15C 79 0.06J 981 82 o.J09 867 43 0.016 050 82 0.416 605 90 
0.7890 0.622 521 00 0.616 516 82 0.064 143 14 c. J 10 258 00 0.016 091 •J 0.417 1]9 85 
o. 7 855 0.62] JIO 25 o.617 283 27 0.064 J04 76 C.JIO 6•8 82 0.016 IJ2 II 0.,11 614 16 
o.noo 0.62-. 100 oc 0.618 050 15 0.064 466 68 0.311 03'1 87 0.016 172 86 0.418 208 84 

0.79(5 0.62• 890 25 0.618 !17 46 0.064 628 90 O. JI I 431 16 0.016 213 72 o. 418 743 87 
o. 7910 0.625 681 00 0.619 5 85 19 0.064 791 42 O.Jll 822 69 0.016 254 6J 0.419 279 26 
0.7915 0.626 '72 25 0.620 J5J 36 0.064 954 25 o. 312 214 45 0.016 295 6J 0.419 815 01 
0. 7920 0.627 264 00 0.621 121 95 0.065 117 ]8 O.Jl2 606 46 0.016 336 70 0.420 J51 12 
o. 792 5 0.628 056 25 0.621 890 97 0.065 280 •• o. J 12 998 70 0.016 J77 85 0.420 887 60 
0.7930 0.628 849 oc 0.622 660 41 0.065 444 55 0.31J 391 I 8 0.016 419 07 0.421 424 43 
o. 7935 0 .. 629 642 25 0.623 410 29 0.065 608 59 0.313 78J 90 0.016 460 31 0.,21 961 62 
0.7940 0.630 436 00 0.624 200 59 0.065 772 94 o. J 14 176 85 0.016 501 75 0.422 499 11 
o. 794 5 0.6Jl 230 25 o.624 971 JI 0.065 937 59 0.314 570 04 0.016 543 21 0.42] 031 08 
0.7950 0.6J2 025 00 0.625 742 47 o. 066 102 54 0.314 96J 47 0.016 5"4 B o. 42J 575 35 

o. 7955 0.632 820 25 0.6H 514 C4 0.066 267 81 0.315 JS 7 14 0.016 626 J6 0.424 II J 98 
o. 7960 0.633 616 00 0.627 286 cs 0.066 433 37 0.315 751 04 0.016 668 05 0.424 652 98 
0.7H5 0.634 412 25 0.628 o,e 48 0.066 599 25 C.316 145 19 0.016 709 82 0.425 192 B 
0.1.10 0.6J5 209 00 0.628 831 H 0.066 765 •J o. 316 5J9 H 0.016 751 67 0.425 732 04 
0.7.75 0.636 006 25 0.629 604 62 0.066 931 91 0.316 9H •• 0.016 79J 59 0.426 212 II o.neo 0.6J6 804 00 0.630 378 32 0.067 098 71 o. 317 J29 o• 0.016 ftJS 5Q 0.426 812 55 (! 0.7985 0.6]7 602 25 0.631 152 45 o. 067 265 81 c. Jl7 724 ll 0.016 877 67 o.•21 J5] J• 
0.79'10 0.638 401 oc 0.631 92 7 01 0.067 43l 22 0.318 119 46 0.016 919 83 0.427 894 50 
0.7955 o. 6]9 200 25 0.6J2 701 59 0.06 7 600 94 o. 318 515 OJ 0.016· 962 07 0.,21 n• 02 
0.8000 o. 640 000 00 0.633 477 40 0.067 768 97 0.318 910 8J o. 017 oo• 19 0.'28 977 "" 



TA~lf 111-,U~CTIONS Of' THI" U~ IT UO IUS SPIRAL 11'1 
TABLE I I 1-FO~CTI0NS O'UNE SP IRHE DE RAYON UN[TAIRE 

----------------------------------------------------------------------------------------- 
Al•• STIR LCIR 8 113 O•♦+C • C 
•lS/A• -- - - -- ---- -- --- --- -- --- - - - - - - - ---- -- - - -- -- -- -- -- - - -- 
.'1(17{ 0EG •NT SEC 

-·······--·-··~---··-·········-·--·-------------····----········-··············-····-··•·= o. ao, 0.1'14 335 50 0.576 213 53 16 34 1.1 5 31 22 .6 5 31 e.5 0 0 14.I 
0.7610 0.194 595 24 O.'i16 %5 ea 16 35 26. I 5 31 48.T 5 31 34.6 0 0 14. 2 
0.76H 0.194 855 1 T o.5n Tl 8 55 16 36 44.6 5 )2 14.9 5 32 0.1 0 0 14.2 
o.1t20 a. 195 115 2e o.57e HI 11 16 lR 3.2 5 32 41. 1 5 32 26.8 0 0 14.3 
0.7625 0.195 3H 58 0.579 225 46 16 39 21 • 8 5 33 7.3 5 32 52.'I 0 0 14.3 
a. 7630 o.195 636 07 0.579 979 62 16 40 40.5 33 33.5 5 33 19.1 0 0 14.4 
o.H35 0.195 896 74 0.580 134 26 16 41 59. 2 n · 59. 7 5 J3 45.3 0 0 14.4 
0.7'40 0.196 157 61 Q.581 48'1 l7 16 ~3 10.0 34 26.0 5 34 11-5 0 0 14.5 
O.H45 a. 1'16 418 6f 0.5 82 244 '15 16 H 36. 8 34 52.3 5 34 37.7 0 0 14.6 
O.H50 0.196 679 89 0.583 001 00 16 45 55.T 35 18.6 5 35 3.9 0 0 14.6 

o. 7t55 0.196 941 12 0.5 83 757 52 16 47 14.6 5 15 44.9 5 35 30.2 0 0 14.T 
0.7660 a. 197 202 'll o.584 514 51 lb 48 33.6 5 36 11.2 5 35 56.5 0 0 14.T 
a. 16, 5 0.197 464 B 0.585 211 98 16 4'1 52. 6 5 36 37.5 5 36 22.1 0 0 14. e 
Q.1610 0.197 726 72 0.586 c2, 91 16 51 11.T 5 37 3.'I 5 31, 4q.o 0 0 14.R 
Q.H75 O. 19 T 988 8'1 o.5 86 788 32 16 52 30. 8 5 l7 30. 3 5 37 15.4 0 o 14.q 

0. 7680 o. 198 251 26 0.587 547 20 16 53 50.0 5 l7 56.7 5 31 41. 7 0 0 15.0 
o. 7685 0.198 513 81 0.588 3C6 55 16 55 '1.2 5 38 21.1 5 38 e.o 0 0 15.0 
0.7690 o. lQ8 776 55 0.589 066 H 16 56 28. 5 5 38 49.5 5 38 34 .4 0 0 15.1 
a. 7695 o.199 03q 4P. 0.589 826 66 16 57 4 7. e 5 39 15.9 5 39 0.8 0 o 15.1 
0.71CO a. 199 302 59 0.590 ,e1 43 16 59 1.2 5 39 42.4 5 3'1 21.2 0 0 15.2 

o.nc5 0.1"9 565 90 0.591 348 H I 7 0 26.6 5 40 8.9 5 39 53.6 0 0 15.3 
a. 1110 0.199 829 3'I Q.592 110 36 17 I 46. I 5 40 35.4 5 40 20.1 0 0 15.3 
o. 1715 a. 200 093 C7 o. 592 872 54 I 7 3 5. 7 5 41 1.9 5 40 46.5 0 0 15 .4 
0.7720 o. 200 356 94 0.593 '" 18 17 4 25.3 5 41 28.4 5 41 13.0 0 0 15.4 
0.7125 o. 200 620 '19 0.594 ~qa 30 17 5 4.ft.~ 5 41 55.0 5 41 39.5 0. 0 15.5 
0.1130 0.200 885 24 o.595 161 89 17 1 4.6 5 42 ?1.5 5 42 6.0 a 0 15 .6 
0.7715 0.201 14'1 67 0.595 925 S4 17 8 24. 3 5 42 48. I 5 42 32 .5 0 0 15.6 
0.7740 o. 201 414 30 0.5% 690 47 17 9 lt4.l 5 43 14. 7 5 42 59.0 0 0 15.T 
o. 7745 o. 201 679 II o.597 455 47 17 II 4.0 5 43 41.J 5 43 25.6 0 0 15. 7 
0.1150 o. 201 944 II 0.598 220 '14 17 12 23.9 5 44 8.0 5 43 52.2 0 0 I 5 .8 

0. 7755 o. 202 20'1 30 0.598 986 88 11 13 43.Q 5 44 '34.6 5 44 18.8 0 0 15 .9 
o. 7160 0.202 474 68 0.599 753 28 IT 15 3. 9 5 45 1.3 5 44 45.4 0 0 15.9 
o.7765 a. 202 740 24 0.60C 520 16 17 16 23.9 5 '5 28 .o 5 45 12.0 0 0 16.0 
o. 7110 0.203 006 00 0.601 281 51 IT 17 44.0 5 45 54., 7 5 45 38.6 0 0 16.0 
o.nB o. 201 271 94 0.602 055 33 17 19 4. 2 5 46 21.4 5 46 5.3 0 0 16. I 
a.THO o. 203 538 0e 0.602 821 61 IT 20 24.4 5 46 48.I 5 lt6 32.0 0 0 lb. 2 
o.7785 o. 203 ea• 40 0.603 592 37 17 21 44.7 5 47 14.9 5 46 58. 7 0 0 16. 7. 
0. 77'10 o. 204 070 .. , 0.604 361 60 11 23 5.0 5 47 41. 7 47 25.4 0 0 16.3 

r 0.7795 0.204 331 61 0.605 131 29 17 24 25. 3 5 48 R.4 47 52.1 0 0 16.4 
0.7800 o. 204 604 50 0.605 901 .. I 7 25 45.8 5 48 35.3 48 18.8 0 o 16 .It 

\.t O.HC5 0.204 871 5! 0.606 672 09 11 21 6. 2 5 49 2.1 5 48 45.6 0 0 16. 5 
0.7810 0.205 138'85 0.607 443 l'I IT 28 26.7 5 4a 28.Q 5 4a 12.4 0 0 16.5 
o.7815 o. 205 406 31 0.608 214 77 17 29 41.3 5 49 55. 8 5 49 39.2 0 0 16.6 
0. 7820 o. 205 673 96 0.608 986 81 17 31 7 .9 5 50 27..6 5 50 6.0 0 0 16.7 
a. 7825 o. 205 941 79 0.609 1~q 32 17 32 28.6 5 50 ~a.5 5 50 32.8 0 0 16. 7 
0.78~0 0.206 209 82 0.610 532 30 17 33 49.3 5 51 lb.4 5 50 59.6 0 0 16.8 
0.1835 a. 206 478 04 0.611 305 75 IT 35 10.1 5 51 4'3 .. 4 5 51 26.5 0 0 16.9 
0.7840 0.206 746 44 Q.612 079 66 17 36 31.0 5 52 10.3 5 51 53.4 0 0 16.9 
0. 7 84 5 a. 201 C15 04 0.612 85' 05 17 37 51.8 5 52 JT.3 5 52 20. 3 0 o I 1 .o 
0.7850 o. 207 283 83 0.613 ,28 so 17 39 12. 8 5 5-, 4.3 5 52 47 .2 0 0 I 1 • I 

Ii 0.7855 o. 207 552 8C 0.614 404 23 11 40 33. 1 5 53 31.2 5 53 14. I 0 0 17. I 
0.7860 0.201 821 '11 0.615 !AO 02 11 41 54. 8 5 53 58.3 5 53 •1.1 0 0 11.2 
0.7865 a. 208 0'11 33 0.615 956 28 17 43 15.'I 5 54 25. 3 5 54 8.0 0 0 I 1. 3 
0. 7870 a. 208 360 81 0.616 733 01 I 7 44 37. 0 5 54 52.3 5 54 35 .o o o 17.3 
0.1875 0.208 630 61 0.617 5 IC 20 17 45 58.2 5 55 1'1.4 5 55 2.0 0 0 17 .4 
o. 7880 o. 208 900 54 0.618 287 87 17 47 19.4 5 55 46.5 5 55 29.0 0 0 17 .5 

~ f 
o. 7885 o. 20'1 170 65 o.619 0'6 00 17 48 40. 7 5 56 13.6 5 55 56. I 0 0 I 7 .5 
a. H9o 0.209 440 S6 0.619 844 60 17 50 2. I 5 56 40.7 5 56 23. 1 0 0 17.6 
O. 78S 5 0.209 711 46 0.620 ,21 '1 11 51 21. 5 5 57 7.8 5 56 50.2 0 0 11. 7 
0.7900 0.20'1 '182 15 0.621 403 20 11 52 44.9 5 57 35.0 5 57 17 .2 0 0 17.7 

0.7905 a. 210 253 03 0.612 183 2C 17 54 6.4 5 58 2.1 5 57 44.3 0 0 17.8 
0.7910 0.210 524 10 0.622 963 68 17 55 28.0 5 58 2'1.3 5 58 11.5 0 0 I 7 .9 

) 0.7915 a. 210 795 36 0.621 744 61 17 56 4'1.6 5 58 56.5 5 58 38.6 0 0 I 1 .9 
0.7920 o. 211 066 81 0.674 526 C2 17 58 11.2 5 59 23.T 5 59 5.7 0 0 18.0 
o.7925 o. 211 338 45 0.625 307 e9 17 5'1 n.o 5 59 51.0 5 5Q 32.9 0 0 18. I 
0.1910 0.211 610 28 o.•a 090 23 18 0 54. 7 6 0 18. 2 6 0 0.1 0 0 18.1 
o. 7935 o. 211 882 31 o.626 813 04 18 2 16. 5 " o 45.5 b 0 27.3 0 0 I 8.2 
0.7940 o. 212 154 52 0.621 656 32 18 3 38.4 6 I 12.8 6 0 54.5 0 0 18.3 
o. 7945 0.212 426 H 0.621 440 06 18 5 Q.3 6 I 40.1 6 1 21.8 0 0 18.3 
0. 7950 o. 212 699 51 0.62• 224 27 II 6 22.1 6 2 7.4 b I 49.0 0 0 18.4 

O.H55 o. 212 972 31 0.630 008 '14 18 7 .\4.3 6 34.8 6 2 16. 3 o 0 18.5 
0.7.60 o. 213 245 2~ 0.630 794 0'I 18 9 6.3 6 2.1 6 2 43.6 0 0 18.6 
O.H65 o.zu 518 46 o.•n 519 10 II 10 28.5 6 29. 5 b 3 10.9 0 0 18.6 
o. 7'10 o.zu 791 83 0.632 ,., 77 II 11 50.6 6 56.9 6 1 38.2 0 0 18. 7 
o.7'175 0.214 065 38 0.6)) uz JI 18 13 12.9 b 4 24. 3 6 4 5 .5 0 0 11.8 
0.7UO 0.114 33'1 13 0.6H o• J2 II 14 35.1 6 4 51.7 6 4 32.9 0 o 11.8 
o.na, 0.114 613 Ot 0.634 726 10 II 15 57.5 6 5 19.2 6 5 0.2 0 0 11.9 
o.n•o 0.114 e87 u o.635 514 74 II 17 19.1 6 5 lt6 .6 b 5 27.6 0 0 19.0 
0.7995 a. 215 161 51 o.•n 303 15 II 18 42.3 6 6 14. I 6 5 55.0 0 o 19.0 
c.8000 0.21, 436 02 0.631 c,z oz II 20 4. 7 6 6 41 .6 b 6 22.5 0 o 19. I 

I 



llG UME 111-Fttfl!CYIONS Of' THE U~IT UOlltS SPl~Al 

} TABLE 111-FONCTIONS D'UNE S'1ULE OE •AYON UNITAIH 

---------------------------------------------------------------------------------------- ., .. LSI• .,. Y/R 01• "" LTI• 
•LS/A• 
.',{"!7J 

·····-----·-·················-·-----········----·-·····-···~-------·······-·····-···-·- 0.8005 0.640 100 75 0.634 253 23 0.067 9H ll 0.119 306 II 0.017 046 71 0.429 520 13 

} 0.8010 o. 641 601 00 0.635 029 48 0.068 105 95 0.119 7p3 16 0.011 099 Z6 0.430 HZ 7) 
o. 8015 0.642 402 25 0.635 @06 16 0.068 214 91 C.320 099 67 0.011 \JI II o.oo 605 ... 
0.1020 0.643 204 00 0.636 583 26 0.061 444 17 0.320 496 43 0.011 114 44 0.431 \49 01 
a. a 02 5 0.644 006 25 0.631 360 18 a.au 613 75 0.120 993 42 0.011 211 15 0.431 692 ... 
0. 80 !O 0.1,0 809 00 0.6H 139 13 0.068 713 64 0.121 290 65 0.011 259 94 o.oz 216 74 
0.8035 0.645 612 25 0.638 917 IC 0.061 953 84 0.121 688 II 0.011 302 II 0.432 181 14 
0.8040 0.646 416 00 0.639 n5 ~o o.069 124 35 o. 322 085 81 0.011 345 76 0.433 325 91 
0.8045 0.641 220 25 0.640 H5 11 0.069 295 17 o. 322 483 15 0.011 388 18 0.433 871 04 
0.8050 0.648 025 00 0.641 254 75 0.069 466 31 0.122 881 93 0.011 431 89 0.434 416 53 

0.8055 0.648 130 25 0.642 034 ,2 0.0,9 631 76 0.323 280 34 0.011 H5 08 0.434 962 38 
0.8060 0.649 6J6 00 0.642 115 30 0.069 109 52 0.121 618 99 0.011 518 34 0.435 508 59 
o.•o~5 0.650 442 25 0.643 5q6 21 0.069 981 59 0.324 OH 88 0.011 561 69 0.436 055 11 
0.1010 0.651 249 00 0.644 HT 54 0.010 153 98 0.324 411 00 0.011 605 12 o.436 602 11 

~ 
0.8075 o. 652 056 25 0.645 159 29 0.010 326 69 o. 324 816 31 0.011 648 62 0.437 149 41 
0.1010 o. 652 1164 00 0.64' 941 46 0.010 499 10 0.325 215 91> 0.011 692 21 0.431 697 01 
o. 8015 o. 653 612 25 0.646 124 05 0.010 6B 04 0.325 675 80 0.011 135 87 0.431 245 09 
o.8090 o.654 481 00 0.647 507 C6 0.010 146 68 0.326 075 17 0.017 179 62 0.431 793 .. 
o.1oq5 0.655 290 25 0.648 290 50 0.011 020 65 o. 326 476 18 0.011 823 45 0.439 342 22 
0.9100 0.656• 100 00 0.649 014 35 0.011 194 93 0.126 976 1Z 0.011 867 35 0.439 991 n 
0.1105 o. 656 910 25 0.649 858 63 0.011 369 52 C.327 2n 50 0.011 911 34 0.440 440 81 
~-8110 o. 657 121 00 o.650 643 32 0.011 544 43 0.327 678 52 0.011 955 41 0.440 990 64 

• 8115 0.658 532 2~ 0.651 428 .. a.on 719 66 0.328 079 7ft 0.011 999 56 0.441 540 14 
b.e120 0.659 344 00 0.652 z r s 98 0.011 895 21 o. 328 481 27 o. 018 043 79 0.442 091 40 
p.8125 0.660 156 25 0.652 sqq 93 0.012 011 08 0.328 883 00 0.011 088 10 o ... 42 642 32 
p. a no 0.6"0 969 00 0.653 786 31 0.012 24 7 26 0.329 284 96 0.018 132 49 0.443 193 61 

} p.8135 0.661 782 Z5 o.654 573 10 0.012 423 76 0.329 687 16 0.011 I 76 91 0.443 145 26 
o.e 140 0.662 596 00 0.655 360 32 0.012 600 51 c.no 089 60 0.011 221 52 0.444 297 27 
.814' 0.6"3 410 25 0.65. 147 q5 0.012 111 72 Q.330 492 27 0.018 266 16 0.444 849 64 
.8150 o. 664 225 00 0.656 B6 00 0.072 955 18 0.330 8'5 II 0.011 HO 87 0.445 402 38 

D.8155 0.665 040 25 0.657 724 47 o.on 132 96 0.331 298 33 0.018 355 67 0.445 955 41 
b.1160 0.665 856 00 0.658 513 36 o.on 311 06 C.331 101 71 0.018 400 55 0.446 508 94 
b.s16, 0.666 672 25 0.659 302 66 o.on 489 48 0.332 105 33 0.011 445 51 0.447 062 n 
b.a 110 0.667 419 00 0.660 on 39 a.on 6"8 22 c.n2 509 18 0.011 490 56 0.447 616 '6 l 0.8175 0.668 306 25 0.660 882 53 a.on 847 28 0.332 913 28 0.018 535 68 0.448 111 52 
0.8180 0.669 124 00 0.661 673 09 0.014 026 67 0.333 311 60 0.018 580 99 0.448 726 41 
~-8185 0.669 942 Z5 0.662 464 01 0.074 206 31 0.333 722 17 0.018 626 II 0.449 281 11 
.81QO 0.670 761 00 0.663 255 46 0.074 386 41 C.334 126 97 0.011 671 55 0.449 831 36 

~-819 ! 0.671 580 25 0.664 04 7 27 0.014 566 76 0.134 532 00 0.018 111 01 0.450 393 31 

1 .82CO 0.672 400 00 0.664 !39 50 0.014 141 44 C.334 9]1 28 0.011 76Z 54 0.450 ... , 74 

p.82C5 0.673 220 25 0.'65 632 14 0.074 9ZI 43 0.335 342 78 0.018 801 16 0.451 506 41 
1.9210 0.674 0-41 00 0.666 425 Zl 0.075 10, 76 0.335 748 53 0.011 853 86 0.452 063 58 
p.8215 0.674 162 25 0.667 211 61 0.015 Z'll 41 0.336 154 51 0.011 999 65 0.452 621 04 
p.1220 0.675 684 00 0.669 012 58 0.075 473 31 0.336 560 72 0.011 945 51 0.453 178 87 

} ~-1225 0.676 506 25 o.668 106 18 0.075 655 68 0.336 967 11 0.018 901 46 0.453 131 06 
.8230 0.671 329 00 0.66, 601 61 Q.075 838 30 0.331 313 86 0.019 on 50 0.454 295 62 
i-8235 0.678 152 25 0.670 396 75 0.076 021 25 o.n1 780 78 0.019 013 61 0.454 154 54 
.8240 0.671 976 00 0.671 i sz 30 0.076 204 52 0.338 181 94 0.019 129 81 0.455 413 83 
.8245 0.6H 800 25 0.671 988 21 0.076 388 13 0.338 595 34 0.019 116 09 0.455 173 48 
.8250 0.680 625 oc 0.672 784 66 o.ou 512 05 0.339 002 97 0.01'1 2ZZ 46 0.456 533 49 

.8255 0.681 450 Z5 0.673 581 45 0.076 756 31 0.33'1 410 84 0.019 261 91 0.457 093 81 

.8260 0.682 276 cc 0.674 :!11 61 0.076 '40 n 0.339 818 94 0.019 315 44 0.451 654 62 

.8265 0.683 102 25 0.675 176 29 a.on 125 81 0.340 227 27 0.019 362 06 0.451 215 73 

.1210 o.613 929 00 0.675 914 34 0.011 311 05 C.340 635 85 0.019 408 76 0.458 111 20 

.8275 0.684 756 25 o.676 172 79 o.on ... 61 0.341 044 66 0.019 455 54 0.459 339 04 

.8ZIO o. 685 584 00 0.611 571 66 0.011 682 51 0.341 453 10 0.019 502 41 0.459 901 25 
• 8285 0.686 412 25 0.671 HO 94 0.011 868 14 0.341 862 08 o.·019 549 36 0.460 463 12 
.8290 o.u1 241 00 0.619 170 H 0.011 055 30 0.342 272 49 0.019 596 40 0.461 026 75 
.8295 0.6U 070 25 0.679 970 14 0.078 H2 II C.342 682 24 0.019 643 5Z 0.461 590 05 
.8300 o • .a8 900 00 o.uo 111 26 0.011 429 40 0.343 092 23 0.019 690 11 Q.462 153 72 

.8305 0.689 no 25 0.681 572 20 0.078 616 95 0.343 502 45· o.o 1• 138 01 0.462 111 15 

.8310 0.690 561 00 0.612 313 54 0.078 804 83 0.343 912 91 0.019 785 38 0.463 282 14 
•• !15 0.691 392 Z5 0.683 175 30 0.078 993 04 0.344 323 60 0.019 132 84 0.463 846 •1 
.1!20 0.692 224 00 0.683 911 47 0.079 181 59 0.344 734 52 0.019 180 38 0.464 412 04 
.8125 0.693 056 25 0.684 780 05 0.079 no 46 0.345 145 .. 0.019 ,ze 01 0.464 917 53 
.8330 0.693 an 00 0.685 583 04 o. 07'1 559 67 0.345 551 08 0.019 975 72 0.465 543 39 
.8 )35 0.6'14 722 25 0.686 316 ... 0.019 749 22 0.345 961 71 0.020 023 52 0.466 109 62 
• 1340 0.695 55. oc 0.687 190 26 0.079 939 09 0.346 390 51 0.020 011 40 0.46• 67• 21 
.8345 0.696 3,0 Z5 0.687 '194 48 0.080 129 30 0.346 792 68 0.020 119 31 0.461 243 11 
.8350 o.•97 225 00 0.681 799 12 0.080 319 84 0.347 205 02 0.020 167 42 0.467 110 49 

.1355 0.6'11 060 25 0.68' 604 11 0.010 510 12 o.347 '11 59 0.020 215 56 0.461 318 18 ) 
8360 0.698 196 00 0.690 409 62 o.080 701 94 0.348 030 40 0.020 263 79 0.468 946 24 

;a,1365 0.699 132 25 o.691 215 49 C.080 893 4'1 0.3,.8 443 44 0.020 312 10 0.469 '14 66 
1310 ··- 569 00 0.692 OZI 76 0.011 085 31 0.341 856 12 0.020 360 49 0.470 081 4' 
.nn o. ?01 406 z, 0.692 '21 45 0.011 211 59 C.349 210 Z3 0.020 408 97 o.o, 652 H ··- o. '192 244 00 0.693 635 54 0.011 470 15 o.349 613 91 0.020 457 54 0.01 222 lJ .,,u '·"· 08Z 25 0.694 443 05 0.011 663 04 0.350 091 •6 0.020 506 1'9 0.01 197 oz 
1,,0 .. ,.. ,21 00 0.6'15 250 16 0.011 156 27 C.350 512 17 0.020 554 93 0.4?2 Jf>2 )8 
.8395 0.?04 760 25 0.696 05' 28 0.012 04'1 84 0.350 926 62 0.020 603 76 0.412 ,32 •o 
.ft4CO 0.705 600 00 0.696 868 Cl 0.012 243 75 0.351 341 31 0.020 652 67 0.47) 503 e9 



TUlf 111-fUNCTIONS OF THE U~IT UOIUS S~l~Al I 21 
TABLE II 1-FONC Tl ONS 0' UNE SPIRALE OE ~AYON UNITAIRE 

----------------------------------------------------------------------------------------- ,, .. ST /R LC/R 9 1/3 9•♦•C • C 
•LS/A• ---------------------------------------------------- -vrrn OEG MNT SEC 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••aaaa2 
0.80(5 0.215 710 73 0.637 881 36 18 21 27 .3 6 7 •• 1 6 b 4q_9 0 0 I 9. 2 
0.8010 0.215 q95 62 0.638 671 17 18 22 4 ••• 6 7 36.b 6 7 17.4 0 0 19. 3 
0.8015 o. 216 260 71 0.639 4H 44 18 24 12.5 6 8 4.2 6 7 44.8 0 0 1q.3 

0.9020 o. 216 535 9S 0.640 252 18 18 25 35.2 6 8 31. 7 b 8 12.3 0 0 19.4 
0.8025 0.216 811 H 0.641 043 38 18 26 57.9 b 8 59.3 6 8 39.8 0 0 1•.5 
0.8010 o. 21 7 087 12 0.641 835 05 18 28 20. 7 6 9 26 •• b 9 7.3 0 0 19.6 
Q.8035 o. 21 7 362 98 0.642 627 18 18 2• 43.5 6 • 54.5 6 • 34 •• 0 0 , •• 6 

0.8040 0.217 6 3q 03 Q.643 419 78 18 31 6.4 6 10 22.J 6 10 2.4 0 0 I 9. 7 
o. 804 5 0.211 q15 27 0.b41t 212 85 18 32 29.4 6 10 49.1!1 6 10 30.0 0 0 1•.8 
0.8C50 o. 218 1•1 70 0.645 006 3A 18 33 52.4 6 11 17 .5 6 10 57 .6 a 0 19.8 

0.80~5 0.218 468 33 0.645 800 37 18 35 I 5.4 6 II 45.1 6 II 25.2 0 a 1•.9 
0.8060 o. 218 745 15 o.646 ?jq4 83 18 36 38. 5 6 12 12.8 6 11 52. 8 0 0 20.0 
0.800 o. 21 q 022 lb 0.647 389 1b 18 3A I. 7 b 12 40.6 6 12 20.5 0 0 20. I 
0.8070 a. 219 2•9 3b 0.648 185 15 18 3q 24. 9 b 13 8.3 6 12· 48.1 0 a 20.1 
0.8075 o. 219 576 16 0.648 98 I 01 18 40 48. I 6 13 36. 0 6 1' 15.8 0 0 20.2 
0.8080 o. 21 Q 854 35 0.6lt9 777 33 18 42 11.4 6 14 3.8 6 13 43.5 0 0 20.3 
0.8C85 o. 220 132 I! 0.650 574 II 18 43 34.8 b 14 31 .6 b 14 11. 2 0 0 20.4 
0.8090 0.220 410 10 Q.651 371 lb 18 44 58.2 b 14 59.4 6 14 38.9 0 a 20.4 
0.8095 a. 220 688 27 o.652 169 07 18 •b 21.1 6 15 27.2 6 15 ~.7 a a 20.5 
c. 81 co a. 220 966 bl Q.652 967 25 18 47 45.2 6 15 55.1 b 15 34 .5 a 0 20.6 

C.81C5 o. 221 245 IS 0.653 765 90 18 49 8.7 6 16 22.9 6 16 2.2 0 0 20.1 
0.8 I 10 o. 221 523 .. 0.654 565 co 18 50 32. 3 6 16 50.8 6 lb 30.0 0 0 20.8 
O.Al15 o. 221 !02 88 0.655 364 57 18 51 56.0 6 17 18. 7 6 16 57.8 0 0 20.8 
0.8120 o. 222 082 01 0.656 1>4 bl 18 53 1•.1 6 17 46.6 6 17 25. 7 0 0 20.• 
0.8125 o. 222 361 34 0.656 965 II 18 54 43.5 6 18 14.5 6 17 53.5 0 0 2 I .o 
0. A 130 0.222 640 et 0.657 16b C7 18 56 7. 3 • 18 42 • 4 6 18 21.4 0 0 2 I. I 
0.8ll5 o. 222 920 57 0.658 567 50 18 57 31.2 6 1• 10.4 6 18 oltQ.3 0 0 21.1 
O.Bl-'10 o. 223 200 48 0.659 369 3q 18 58 55. I 6 1• 38. 4 6 19 17.2 0 0 21.7 
0.8145 0.223 4AO 58 0.660 171 74 1" 0 19. I b 20 6.4 6 19 45.l 0 0 21.3 
o.e1,o o. 223 760 88 0.660 974 56 19 I 43. I b 20 34.4 6 20 13.0 0 0 21.4 

0.815'5 0.224 041 37 0.661 777 84 1• 3 7. 2 6 21 2.4 6 20 40 •• 0 0 21.5 
0.8160 o. 224 322 05 0.662 581 58 19 4 31.3 6 21 30.4 • 21 8.9 0 0 21.5 
0.8165 0.224 602 93 0.663 3e5 79 Jq 5 55. 5 6 21 58.5 6 21 36.9 0 0 21.6 
0.8170 0. 224 88~ oc 0.664 1•0 46 l'J 7 I 9. 7 6 22 26.6 ' 22 4.9 0 0 21.1 
0.8175 0.225 165 21 0.664 995 5q 19 8 41t.O • 22 54. 7 6 22 32.9 0 0 21.8 
0.8180 0.225 446 73 0.665 801 19 19 10 8 .4 6 23 22.8 6 23 0.9 0 0 21.9 
0.8185 0.225 778 38 0.666 607 25 19 II 32.8 b 23 50.9 b 23 29.0 0 0 21 •• 
0.8190 o. 226 010 23 0.667 413 77 1• 12 57 .2 6 24 1•.t 6 23 57.0 0 0 22.0 
0.81S5 O. 22b 292 21 0.668 220 1b 1• 14 21.7 6 24 47. 2 6 24 2 5. I 0 0 22. I 
0.82CO O. 22b 57'. 51 O.bbq 028 21 1• I 5 46. 2 b 25 IS.4 6 24 53.2 0 0 22.2 

0.82C5 o. 226 f56 q4 0.669 836 12 1• 17 10.8 6 25 43.b 6 25 21.3 0 0 22.3 
0.8210 o. 227 13'1 57 0.670 644 4q 1• 18 35. 5 6 26 11.8 6 25 49.5 0 0 22.3 
0.8215 0.221 422 H 0.671 453 32 19 20 0.2 6 26 40. I 6 26 17 .6 0 0 22.4 
0.8220 o. 22 7 705 41 0.672 262 fl 1• 21 24 •• 6 27 8.3 6 26 45.8 0 0 22.5 
0.8225 0.227 •88 62 0.673 072 38 1• 22 4q_ 7 6 11 '16.6 6 27 14.0 0 0 22 .6 
o.8230 o. 228 272 02 O.b73 882 60 ic=- 24 14.6 b 28 4 •• 6 27 42.2 0 0 22.1 
o.•235 o. 228 555 62 0.674 693 2• 1• 25 3q_ 5 6 28 n.2 6 28 10.4 0 0 22.8 
0.1!11240 o. 228 83• 42 o.675 504 43 19 27 4.4 6 2• 1.5 6 28 38 .6 0 0 22.8 
0.824' o. 21• 123 41 0.6 76 116 C4 1• 28 2•. • 6 2• 2•.8 6 20 6.q 0 0 22.• 
0.8250 o. 72q ,01 bO 0.677 128 II Jq zq 54.5 6 2• 58.2 6 zq 35.2 0 0 2 3.0 

0.8255 o. 22• 691 S8 0.677 q40 64 1• 31 1 •.6 6 30 26.5 6 30 3.4 0 0 23.1 
o.8HO o. 72q 976 55 0.678 753 63 19 32 44.8 b 30 5•-· b 30 31.7 0 0 23.2 
o. 8 265 a.no 261 3 2 0.679 567 C8 1• 34 10.0 6 31 23.3 6 31 0.1 0 0 23.3 
0.8270 0.230 546 2• 0.6 80 381 co 19 35 35. 2 6 31 51.7 b 31 28.4 0 0 23. 3 
0.8275 o. 210 831 45 0.681 195 37 1• 37 0.6 b 32 20. 2 6 31 56.8 0 0 23.4 
0.8280 o. 231 116 81 0.682 010 21 19 38 25 •• 6 32 48.6 6 32 25-1 0 0 23 .5 
o.8ze5 0.231 402 37 0.682 825 51 1• 3q 51. 3 6 33 17. I 6 32 53.5 0 0 23.6 
0.8290 o. 231 688 12 0.683 641 27 1• 41 16. 8 6 H ',5. 6 6 n 21.'J 0 0 23. 7 
0. 8 29 5 o. 231 q74 06 0.684 457 4q 1• 42 ,2.3 b 34 14.l 6 33 50.3 0 a 23.8 
0.83CO o. 232 260 21 0.685 274 17 Jq 44 7 .9 6 34 42.6 6 34 18.8 0 0 23.q 

0.83(5 o. 232 '"6 54 0.686 091 31 Jq 45 33.5 6 35 11.2 6 34 47.2 0 0 23 .9 
o.• 31 o 0.232 833 oe 0.686 ~08 91 1• 46 5q. 2 6 35 H.7 6 35 15. 7 0 0 24.0 
O.A315 o. 233 11• 81 0.687 726 97 l'J 48 24. q 6 36 8.3 6 35 44.2 0 0 24. I 
0.8320 0.233 406 73 0.688 545 50 1• 4q 50. 7 6 l6 36 •• 6 36 12.7 0 0 24 .2 
0.8325 0.2n 693 86 0.68'1 364 48 l'J 51 16.6 6 37 5.5 6 lh 41.2 0 0 24.3 
0.8330 0.233 981 17 0.690 18 3 92 1• 52 42.4 6 37 34. I 6 l7 •-8 0 0 24.4 
0.8335 o.234 268 6. 0.6'11 003 el l'J 54 8.4 6 38 2.8 6 37 38.3 0 0 24.5 
0.8340 o. 234 556 4C 0.6•1 824 19 1• 55 34.4 6 38 31.5 b 38 6.9 0 0 24 .6 
Q.ij345 o.234 !44 31 0.692 645 01 t• 57 o.4 6 3q 0.1 6 38 35.5 0 0 2,.6 
0.8350 o. 235 132 41 0.693 466 30 1• 58 26.5 6 3q 28.8 6 39 4.1 0 0 24. 7 

o. 8 3 5 5 o. 235 420 71 0.694 288 04 19 5q 52 .6 6 3q 57. 5 6 3q 32.7 0 0 2,.8 
0.83~0 0.235 709 21 C.695 110 24 20 I 18.8 6 40 26.3 6 40 1.4 0 0 24 •• 
o. 8!65 o. 235 997 91 0.695 ~32 90 20 2 45.1 6 40 55.0 6 40 30.0 0 0 25.0 
o.,no 0.236 286 80 0.696 756 03 20 4 11.4 6 41 23.8 6 40 58.7 0 0 25.1 
o.,:n5 0.236 575 8• o.6•7 579 61 20 5 37.7 6 41 52.6 b 41 27.4 0 0 25.2 
o.,, .. o. 236 865 18 Q.6Qfl 403 65 20 7 4.1 6 42 21.4 6 41 56.I 0 0 25. 3 
0.8U5 0.237 154 66 o.,.9 228 15 20 • 10., 6 42 50.2 6 42 24.8 0 0 25.4 
o.8110 o. 237 444 34 0.100 053 10 20 • 57.1 6 43 1•.o 6 42 53 .6 0 0 25.5 
o.93q5 0.237 734 22 0.100 171 52 20 II 23.6 6 43 41.q 6 43 22 .3 0 0 25.5 
0.8400 o. 238 024 2• 0.101 704 40 20 12 50.2 6 44 16. 7 6 43 51.J 0 0 25 .6 

-~ 



122 TABLE 111-FUNCTIOHS Of Tit£ UNIT UOIUS s,rut. 
TABt.E 111-FO~CTIONS O'UNE SPIRALE OE RAYON UNITAIH ) ---------------------------------------------------------------------------------------- A/fh LS /R X/R Y/R Q/R P/R LT/~ 

•Ui/1• -vrm 
··-····------------------·---··---------------··················••=••-···-···-····-···-·-- o.uc, o. 706 440 25 0 .697 677 15 0.082 •H 99 o. 3 51 756 23 0.020 701 67 o.•74 OH 15 
0.8410 o. 707 281 00 0.698 486 TC O.OR2 632 58 o.n2 171 3R 0.02c 750 75 0.414 ..... •8 1 0.8415 0. 708 122 25 0.699 2% 65 0.082 827 50 o. 352 586 11 0.020 799 92 0.475 Zit 07 
0.8420 0. 708 96• 00 0.100 101 01 o. 083 022 76 o. 353 002 39 0.020 849 18 0.415 1n 53 
0.8425 o. 709 806 25 0.100 917 78 0.083 218 36 o. 353 418 25 0.020 898 52 0.476 364 36 
0.84 30 0.710 640 00 0.101 728 % 0.083 414 31 o.353 834 34 0.020 9•7 95 0.476 937 55 
0.8"35 0.111 492 25 o. 702 5•0 54 0.083 610 59 0.35• 250 67 0.020 997 47 o.4n 511 II 
0.84•0 0.112 336 00 0.103 352 53 0.083 807 21 o. 354 66 7 23 0.021 047 08 0.478 085 04 r l o.84•5 0. 713 IRO 25 0.704 16• 93 0.084 004 18 0.355 084 03 0.021 096 11 0.478 659 3• 
0.8450 0. 714 025 00 0. 704 977 73 0.084 201 48 0.355 501 06 0.021 146 55 0.479 234 01 

0.8455 0. 714 870 25 0. 705 790 9• 0.084 399 13 C.355 918 32 0.021 l9t 42 o.479 809 04 I 
0.8460 0. 715 716 00 0.106 604 55 O.OR4 597 12 O.H6 335 82 0.021 246 37 0.480 384 .... 
0.8465 o. 716 562 25 0.101 418 57 0.084 795 46 0.356 753 55 0.021 29t 41 o. 480 %0 21 
O.RHO o. 717 409 00 o.708 233 00 0.08• 994 13 0.357 171 52 0.021 346 54 0.481 536 35 ' ) o.~41-; o. 718 256 25 0.109 041 P3 0.085 193 15 C.357 589 72 0.021 306 76 o. 482 112 86 
0.8480 o. 719 10• 00 0.709 863 07 0.085 392 52 0.358 008 15 0.021 447 07 0.482 689 73 
0.8485 o. 719 952 25 o. 710 678 71 0.085 592 22 0.358 426 82 0.021 497 46 o. 483 266 98 
0.8490 0.120 801 00 o. 71 I 494 75 0.085 792 28 0.358 845 72 0.021 H7 '14 0.483 844 50 
0.8495 0.121 650 25 0.112 311 20 0.085 992 67 0.359 264 86 0.021 5'18 51 o .... e ... 422 57 
0.8500 0.122 500 00 o. 113 128 06 0.086 193 42 o. 359 684 23 0.021 6•9 J7 0.485 000 97 

0.8505 0. 723 350 25 0. 713 9•5 31 0.086 39• 51 0.360 103 83 0.021 699 qi 0.485 579 M ~ 
O.S!ilO 0.12• 201 00 0.114 762 98 0.086 595 94 0.360 523 67 0.021 750 75 0.486 15 8 73 ) 0.8515 o. 725 052 25 0.115 581 C4 0.086 797 72 C.360 943 H 0.021 801 67 0.4R6 738 18 
0.8520 o. 725 90• 00 o. 716 399 51 0.086 999 85 o. 361 36. 05 0.021 852 68 0.487 318 01 
0.8525 o. 726 756 2~ 0.111 218 38 0.087 202 32 0.361 78• 50 0.021 CJO~ 78 o.•81 898 20 
0.8530 0.121 609 oc o. 118 037 65 0.087 405 15 0.362 205 36 0.021 954 97 o.O8 478 11 
0.85H o. 728 •02 25 o. 718 857 33 0.087 608 32 0.362 626 37 0.022 006 25 o.•89 059 70 f I 0.8540 0.120 316 00 0.719 677 41 0.087 811 84 0.363 047 61 0.022 057 62 o. 489 6" I 00 
o.85•5 o.no 110 25 0.120 497 89 0.088 015 70 0.363 469 08 0.022 109 08 0.490 222 68 J 0.8550 o.n1 025 00 o. 721 318 11 0.088 219 92 o. 363 8'10 79 0.022 160 62 0.490 80• 72 

0.8555 o. n1 880 25 0.122 1•0 Ct 0.088 424 49 0.364 312 n 0.022 212 H 0.491 387 13'' 
0.8560 o. n2 736 00 0.122 961 H 0.088 629 40 C.364 134 90 0.022 263 98 o.•91 %9 91 

~ 
0. 8 56 5 0.733 5'12 25 0.723 783 83 0.088 834 67 o.365 151 31 0.022 315 80 0.492 55 3 06 
0.8570 0.734 .... 9 00 0. 724 606 32 0.089 040 28 o. 365 570 05 0.022 367 70 o.•93 136 58 
0.8575 o. 735 306 25 0.725 429 21 0.089 2"6 25 o.366 002 82 0.022 419 oq o.4H 720 47 
0.8 580 0. 736 lo• 00 0. 726 252 49 0.089 •52 57 o. 366 425 93 0.022 471 78 0.494 Jo• n 
0. 8 58 5 0.137 022 25 0.727 076 18, o.08q 659 24 o.366 8•9 27 0.022 523 95 o.49• 889 37 
0.8590 0. 737 881 00 0.727 900 27 0.089 866 26 0.367 272 84 0.022 576 22 0.4Q5 474 37 
0.8595 o. 738 740 25 o. 728 724 76 o.oqo on 64 o. 367 696 65 0.022 6?8 57 0.496 059 74 \ p.8600 0.7H 600 00 0.729 549 65 0.090 2R I 36 0.368 120 69 0.022 681 01 0.4% 645 •e 
p.8oe5 0.740 460 25 0.730 374 94 0.090 489 44 o. 368 544 97 0.022 733 55 0.4•7 231 60 I 
0.8610 o. 741 321 00 0.731 200 63 0.090 697 88 o.368 969 "1 0.022 786 17 0.497 818 08 
o.8615 o. 742 182 25 0.732 026 71 0.090 906 66 0.369 39• 21 0.022 838 89 0.498 404 9. 
p.8620 o. 741 04• 00 0.132 853 2C 0.091 115 81 C.369 81Q 18 0.022 891 6Q 0.498 9'12 16 
0.8625 o. 7•3 906 25 0.133 680 oe 0.091 325 30 c.370 24• 39 o. 022 q44 5q 0.499 5H 76 j 0.86~0 o. 7'i,4 76<> 00 0.734 507 16 0.091 535 15 o.37o 669 83 o. 022 991 58 0.500 167 n 
0.86~5 0.745 632 25 o. 735 335 04 O.OQl 745 36 o. 371 095 50 0.023 050 66 0.500 756 07 
D.86•0 o. 746 496 00 0. 736 161 12 0.091 955 92 0.371 521 40 0.023 103 83 o.501 3•4 78 
D.86•5 0.747 360 25 o. 736 991 6C 0.092 166 84 0.371 947 54 0.023 157 09 o. 501 933 86 
o. 86 50 0. 748 225 00 o.nr 820 47 0.092 378 12 o.n2 373 •1 0.023 210 44 0.502 523 31 

).8655 o. 749 090 25 o.n8 U9 74 0.092 589 75 0.372 800 51 0.023 263 88 0.503 113 13 l 0.8660 o. 7«.9 956 00 0.739 479 •o 0.092 801 74 0.1n 227 35 0.023 317 42 0.503 703 33 
l.86'5 o. 750 822 25 o.740 309 47 o.on 014 08 0.373 65" •t 0.023 371 04 0.504 293 90 
,.86 70 o. 751 689 00 0.741 139 93 0.093 226 79 0.374 091 71 0.023 424 76 o. 504 884 84 
,. 8675 o. 752 556 25 0.741 970 78 0.093 "3q 85 o. 374 509 25 0.023 47! 51 o. 50 5 476 15 
). 8680 o. 753 424 00 o. 742 802 03 0.093 653 27 0.374 937 01 0.023 532 47 0.506 067 83 
,.86@5 0. 754 292 25 0. 743 BJ 68 0.0•1 867 05 o.375 365 01 0.023 586 47 o.5oo 659 e• 'l ).8690 0. 755 161 00 0.744 465 72 0.094 081 1q o.375 793 H 0.023 640 55 0.507 252 31 
1.8695 0. 756 030 25 0.745 298 16 0.094 295 69 o.37o 221 70 0.023 694 73 0.507 845 II 
).8700 0. 756 900 00 0. 746 130 90 0.094 510 55 0.376 650 40 0.023 749 co 0.508 438 zq 

1. 9105 0. 757 770 25 o.746 %4 22 o.oq4 725 78 0.377 079 32 0.023 803 36 0.50'1 031 83 
l.871 o o. 75 8 641 oc o.747 797 84 0.094 941 36 0.377 508 •R 0.023 857 82 0.509 625 75 
1-8 715 o. 75~ 512 25 o.748 631 85 o.oq5 151 30 0.377 937 87 0.023 912 37 0.510 220 o• } .8720 o. 760 384 oc 0. 749 466 26 0.095 373 61 0.378 367 50 0.023 967 01 0.510 814 70 
.8725 0. 761 256 25 0.150 301 07 0.095 590 21 o. 318 797 35 0.02• 021 74 0.511 409 74 

1. 8730 0. 762 129 00 0.151 136 26 0.095 807 30 o.379 227 44 0.024 076 57 o. 512 005 t• 
1-8735 o. 763 002 25 0.751 971 85 0.096 024 69 0.379 657 76 0.024 131 49 0.512 600 92 
.8740 o. 763 876 00 0.752 POT e• 0.096 242 .5 0.380 088 31 0.02• 186 50 o.513 197 08 
.8745 o. 764 750 25 o.753 6H 21 0.096 460 57 0.380 519 10 0.02• 241 60 0.513 793 61 
/.8750 0. 765 625 00 o.754 HO 98 0.096 679 05 C.380 950 II 0.024 2q6 80 o. 51• 390 51 

~ .8755 o. 766 500 25 o.755 318 t• 0.096 897 90 o.381 381 36 0.024 352 09 0.514 987 78 
.8760 0. 767 376 oc o.756 155 70 0.097 111 II 0.381 812 84 0.024 407 48 o.515 585 43 
.87f5 0.768 HZ 25 0.756 993 64 o. 097 336 69 o. 382 24• 55 0.02• 4~2 96 0.516 183 45 
.1170 o. ~· 129 00 0.757 f31 98 0.097 556 63 0.382 676 50 o. 02• 518 53 o.516 781 8• 
.17l5 CJ.no 006 25 c.758 00 7C 0.097 776 ... 0.383 108 67 0.024 574 20 o.,u )80 61 

j ,8780 0.110 88• 00 0.759 509 82 0.091 997 61 0.3 83 541 08 0.024 629 96 0.517 97• 75 
.8 785 0.111 762 25 0.760 349 33 o. 098 218 65 0.3 83 973 72 0.024 685 81 o. 518 579 27 
.8790 0.112 o•I 00 0.761 189 21 0.098 440 06 0.384 •06 59 0.024 741 76 0.519 179 16 
.8795 0. 773 520 25 o. 762 029 52 0.098 661 A4 O.H4 839 69 0.024 797 AO 0.519 779 43 
i.8800 0.11. •oo 00 0.162 870 20 0.0•8 883 98 o. ,e":i 273 02 0.02• 853 •• 0.520 380 06 



TABLE I I 1-Fu•CTIONS OF THE U•IT RACIUS SPIRAL 12] 
TABLE 111-FO~CTIONS O'UNE SPIRALF. DE RAYON UNITAIRE 

------------------------------------------------------------------------------------------ 
A/P.2 STIR LC/R 8 1/3 8•$+C ~ C 

=LS /.ft• --- --- ---- ------- ---------- --------------- ---- ---- -- 
•VLS7ii OEG MNT SEC 
==z2z=•==••=••••==•••••==•••=•=•==•••••••=•••••=••••••=••=•=••••••=•••••••••••==•===••==== 
o. 8405 o. 238 314 57 0.102 530 13 20 14 16.9 6 44 45.6 6 44 tt~.q 0 0 25.7 
o.8410 0.238 605 04 0.103 357 53 20 15 43.6 6 45 14.5 6 44 48.7 0 0 25.8 
0.8415 0.238 895 1C 0.104 184 78 20 17 I0.3 6 45 43.4 6 45 17.5 0 0 25.9 

I Q.8420 0.219 I 86 57 0. 705 012 49 20 18 31.2 6 46 12.4 6 45 46.4 0 0 26.0 
Q.B425 o. 239 411 6] 0.705 84C 66 20 20 4.0 6 46 41. 3 6 46 I 5.2 0 0 26.1 
0.8430 0.239 768 90 0.706 669 28 20 21 30.9 6 47 10.3 6 46 44.l 0 0 26.2 
0.8435 o. 740 060 JS 0.101 498 31 20 22 57.9 6 47 39.3 6 47 13.0 0 0 26.3 
0.8440 o. 240 352 01 0.708 327 91 20 24 24.9 6 4& 8.3 6 47 41.9 0 0 26.4 
0. 844 5 0.240 643 87 o. 709 157 91 20 25 52.0 6 48 37.3 6 48 10.9 0 0 26. 5 
o.8450 0.240 9J5 92 0.109 988 37 20·21 19. I 6 49 6.4 6 48 39.8 0 0 26.6 

0.8455 o. 241 228 I 7 0.110 819 29 20 28 46.3 6 49 35.4 6 49 B.8 0 0 26.7 
O.B460 0.241 570 62 o. 711 650 66 20 30 l].5 6 50 4.5 6 49 37.7 0 0 26.8 
0.84t5 o. 241 813 27 0.712 482 50 20 31 40.8 6 50 3].6 6 50 6.7 0 0 26.9 
0.8470 0.242 106 12 0.113 314 19 20 33 8.1 6 51 2.7 6 50 35.8 0 0 26.9 
0.8475 o. 242 309 16 o. 714 14 7 53 20 34 35.5 6 51 31. 8 6 51 4.B 0 0 27 .o 
0.8480 0.242 692 41 0.714 980 74 20 36 2.9 6 52 1.0 6 51 33.8 0 0 27.1 
o.e4e5 0.242 985 85 o. 715 814 40 20 37 30.4 6 52 30. 1 6 52 2.9 0 0 27.2 
o.a4qo o. 24 3 279 49 0.716 648 52 20 38 57.9 6 52 59. 3 6 52 32.0 0 0 2 7. 3 
O.B495 o. 243 573 33 0.717 4e3 C9 20 40 25.5 6 53 2B.5 6 53 1.1 0 0 27.4 
o.0sco 0.24l 867 37 0.718 318 I 3 20 41 53.2 6 53 57.7 6 53 30.2 0 0 27.5 

0.85C5 o. 244 161 61 0.719 153 t2 20 43 20.8 6 54 26 .9 6 53 59.3 0 0 27.6 
0.8510 0.244 456 05 o.719 989 56 20 44 48.6 6 54 56.2 6 54 28.5 0 0 21.1 
0.8515 0.244 750 69 0.120 e25 % 20 46 16.4 6 55 25.5 6 54 51.6 0 0 27.8 
0.8520 o. 245 045 52 0.721 662 e2 20 47 44.2 6 55 54.7 t 55 26.8 0 0 27.Q 
o.8525 o. 24~ 340 56 0.722 500 14 20 49 12.1 6 56 24.0 6 55 56.0 0 0 28.0 
0.8530 o. 245 635 79 0.723 337 91 20 50 40. I 6 56 53 .4 6 56 25.2 0 0 28. I 
0.8535 o. 245 931 23 0.724 176 14 20 52 B. I 6 57 22.7 6 56 54.5 0 0 28.2 
0.8540 o. 246 226 86 0.725 014 82 20 53 36. I 6 57 52.0 6 57 23.7 0 0 2B.3 
0.8545 0.246 522 69 0.725 853 % 20 55 4.2 6 58 21.4 6 57 53.0 0 0 28.4 
0.8550 o. 246 818 73 0.726 693 56 20 56 32. 4 6 58 50.8 6 58 22.3 0 0 28.5 

0.8555 0.247 114 96 o. 727 533 61 20 58 0.6 6 59 20.2 6 58 51 .6 0 0 28.~ 
o. 8560 o. 247 411 39 0.728 374 II 20 59 28.8 6 59 49 .6 6 59 20.9 0 0 28.7 
Q.85t5 0.247 708 03 o. 729 215 08 21 0 57. I 7 0 19.0 6 59 50.2 0 0 28.8 
Q.8570 o. 248 004 86 o. 730 056 50 21 2 25.5 7 0 48. 5 7 0 19.6 0 0 28.9 
o.8575 o. 248 JOI 89 o.73o 898 37 21 3 53.9 7 I 18.0 7 0 48.9 0 0 29.Q 
0.8580 o. 248 599 I 3 0.731 740 70 21 5 22.4 7 I 47. 5 7 I 18.3 0 0 29.1 
o.ase5 o. 248 896 56 o. 732 5e3 48 21 6 50.9 7 2 17.0 7 I 47.7 0 0 29.2 
0.8590 o. 240 194 19 o. 733 426 72 21 8 19.4 7 2 46.5 7 2 11.2 0 0 29.3 
O.A595 o. 249 492 03 o.734 270 41 21 9 48.1 7 3 16.0 7 ? 46.6 0 0 29.4 
0.86CO o. 249 790 06 0.735 114 56 21 II 16.7 7 3 45.6 7 3 16.0 0 0 2~.5 

0.8605 0.250 088 30 o. 735 959 16 21 12 45.4 7 4 15. I 7 3 45.5 0 0 29.6 
0.8610 o. 250 386 74 o. 736 804 22 21 14 14.2 7 4 44.7 7 4 15.0 0 0 29.7 
0.8615 0.250 685 37 Q.737 649 73 21 15 43.0 7 5 14.3 7 4 44.5 0 0 29.8 
0.8620 0.250 984 21 0.738 495 70 21 17 11.9 7 5 44.0 7 5 14.0 0 0 29.9 
0.8625 o. 251 283 25 o. 739 342 12 21 18 40.8 7 6 13.6 7 5 43.6 0 0 30.1 
0.8630 0.251 582 49 c. 740 189 00 21 20 9.8 7 6 43.3 7 6 13.1 0 0 30.2 
0.805 o. 251 881 9~ 0.741 03t 33 21 21 38.8 7 7 12.9 7 6 42.7 0 0 30.3 
Q.8640 o. 252 181 58 0.741 884 II 21 23 7.9 7 7 42 .6 7 7 12.3 0 0 30.4 
0. 8 64 5 0.252 481 42 o.742 732 35 21 24 37. I 7 8 12.4 7 7 4 I .9 0 0 30.5 
o.8650 0.252 781 47 0.743 581 04 21 26 6.2 7 8 42.l 7 8 11.5 0 0 30.6 

0.8655 o. 253 081 71 0.744 430 1e 21 27 35.5 7 9 11.a 7 8 41.1 0 0 30.7 
o. 8 66 0 o. 253 382 16 0.745 279 78 21 29 4. 8 7 9 41.6 7 9 10.a 0 0 J0.8 
o. 8 66 5 0.253 682 81 o.746 129 83 21 30 34.1 7 10 11.4 7 9 40.5 0 0 30.9 
Q.8670 0.253 98l 66 0. 746 980 34 21 32 3.5 7 10 41.2 7 10 10.2 0 0 31 .o 
0.8675 o. 254 2B4 72 o.747 831 29 21 33 32.9 7 II 11.0 7 10 39.9 0 0 31.l 
0.8680 o. 254 585 97 0.748 682 71 21 35 2.4 7 II 40.8 7 II 9.6 0 0 31.2 
o.e685 0.254 ea1 43 o. 749 534 57 21 36 32.0 7 12 10.1 7 11 39.3 C 0 31.3 
0.8690 o. 7.55 189 09 Q.750 386 e9 21 38 1.6 7 12 40.5 7 12 9.1 0 0 31.4 
Q.8695 o. 25 5 490 95 0.151 239 66 21 39 31 .2 7 13 10.4 7 12 38.9 0 0 31.5 
0.8 7CO o. 255 793 01 0.152 092 88 21 41 o.9 7 13 40.3 7 13 8.6 0 0 31. 1 

C.87C5 0.256 C95 2e 0.152 946 55 21 42 30.7 7 14 10.2 7 13 38.5 0 0 31.8 
0.8710 o. 256 397 75 0.753 800 68 21 44 Q.5 7 14 40.2 7 14 8.3 0 0 31.9 
Q.8715 0.256 700 42 0.754 t55 26 21 45 30.3 7 15 10.1 7 14 38. I 0 0 32.0 
0.8720 0.257 003 29 0.755 510 29 21 47 0.2 7 15 40.1 7 15 8.0 0 ·O 32. I 
0.8725 o. 257 306 37 o.756 365 78 21 48 30. 2 7 16 10.1 7 15 37.9 0 0 32.2 
0.8730 0.257 609 65 0.757 221 71 21 50 0.2 7 16 40.l 7 16. 1.1 0 0 32.3 
0.8735 o. 257 913 13 o.75e 078 10 21 51 30.3 7 17 10.1 7 16 37.7 0 0 32.4 
o. 8740 0.258 216 82 0.758 934 94 21 53 0.4 7 17 40.l 7 17 7.6 0 0 32.5 
o. 8 74 5 o. 25 8 520 7C 0.759 792 24 21 54 30.5 7 18 10. 2 7 17 37.5 0 0 32. 7 
0.8750 0.258 e24 ac 0.760 649 98 21 56 0.1 7 18 40.2 7 18 7.5 0 0 32.8 

0.8755 0.259 129 09 0.761 508 17 21 57 31 .o 7 19 10.3 7 18 37.5 0 0 32.9 
0.8760 o. 259 433 59 O.H2 36t 82 21 59 1.3 7 19 40.4 7 19 7 .4 0 0 33.0 
0.8765 0.259 738 29 0.763 225 92 22 0 31. 7 7 20 10.6 7 19 37.5 0 0 33.1 
o.a110 0.260 043 19 0.764 C85 47 22 2 2. I 7 20 40.7 7 20 7.5 0 0 33.2 
0.8175 o. 260 348 30 0.764 945 47 22 3 32.6 7 21 10.9 7 20 37.5 0 0 33.3 
0.8780 0.260 653 61 0.765 805 92 22 5 3.1 7 21 41.0 7 21 7.6 0 0 33.5 
0.8785 o. 260 959 13 0.766 666 82 22 6 33. 7 7 22 11.2 7 21 37. 7 0 0 33.6 
0.8790 o. 261 264 85 0.767 528 17 22 8 4. 3 7 22 41.4 7 22 7.8 0 0 33.7 
0.8795 o.261 570 77 0.768 389 n 22 9 35.0 7 23 11.1 7 22 37.9 0 0 33.8 
0.8800 o. 261 E76 90 0.769 252 23 22 11 5.7 7 23 41.9 7 23 a.o 0 0 n.o 



124 TABLE 11 l•FUNCTI ONS OF THE UNIT RADIUS SPIRAL 
.TABLE 11 l·FONCTI ONS D'UNE SPIRALE OE RAYON UNITAIRE 

) ----------------------------------------------------------------------------------------- A/R• LS/R X/R Y/R 0/R P/R LT /R 
•LS/As -vrm ' ••=a•••••••••••===~•=•••••=•••=••••=====••=====•==•======•==============•=••=•==••======== 
·c.eeo~ 0.115 280 25 0.763 711 ?8 0.099 106 49 o. 3 85 706 59 0.024 q10 17 o.520 981 OR 
O.BHO o. 776 161 00 o.764 552 74 0.099 32q 37 C.386 140 38 0.024 %6 50 o.521 582 47 r 0.8815 0.111 042 25 o.765 394 59 0.099 552 62 o.386 574 41 0.025 022 '12 0.522 184 23 
0.8820 o. 777 924 00 o.7H 236 82 o.oqq 776 23 o.387 008 67 0.025 079 43 o. 522 786 16 

) 0.88?5 o. 778 806 25 o. 767 079 45 0.100 000 22 0.387 443 16 0.025 136 04 o.523 38 8 88 
0.8830 0.779 68q 00 0.767 922 47 0.100 224 58 0.387 877 88 0.025 192 75 o. 523 q91 76 I 

0.8835 o. 780 572 25 0.768 765 87 0.100 449 31 c. 388 312 83 0.025 249 55 0.524 595 02 
0.8840 o. 781 456 oc 0.769 609 67 o. 100 674 40 0.388 748 02 0.025 306 44 o.525 198 66 
o.e 84 5 o. 782 340 25 0.110 453 85 0.100 899 A7 o. 380 183 43 0.0?5 363 43 0.525 802 67 f ) 0.8850 0.783 225 00 0.771 298 42 0.101 125 71 C.389 6~9 08 0.025 420 52 o.526 407 06 

o.ae s s 0.784 110 25 0.772 143 37 ov i o r 351 92 0.390 05,. 96 0.025 477 70 0.527 Oil 82 
0.88f0 o. 784 996 00 0.772 988 71 0.101 578 51 o. 390 491 06 0.025 534 97 o. 527 616 G6 
0.8865 o. 785 882 25 o. 113 834 44 o. 101 805 47 0.390 927 40 0.025 592 35 o.528 222 47 
0.8870 o. 786 769 00 o.774 680 56 0.102 032 80 0.391 363 97 0.025 649 81 0.528 828 l6 
0.8875 0.787 656 25 o. 775 527 06 0.102 260 50 0.391 800 78 0.025 707 38 o.529 434 62 I 1 0.8880 o. 788 544 00 o. 776 373 95 o. 102 488 58 o. 392 2n 81 0.025 765 04 0.530 041 26 
o.e80 5 o.1ao 432 25 o. 777 221 23 o. 102 717 03 0.392 675 07 0.025 82 2 19 0.530 648 28 ) 0.8890 0.790 321 00 o. 778 068 89 0.102 945 85 0.393 112 56 0.025 880 64 o.531 255 67 
0.8895 o. 791 210 25 0.778 916 94 0.103 175 05 o. 393 550 zq 0.025 938 59 0.531 863 44 
0.8900 o. 792 100 00 o. 779 765 37 0.103 404 63 0.393 988 24 0.025 996 64 0.532 471 58 

0.8905 o. 792 990 25 o.780 614 18 0.103 634 58 C.394 426 43 0.026 054 78 o. 533 080 10 
0.8910 o. 79] 881 00 0.181 463 38 0.103 864 91 0.394 864 85 0.026 113 01 0.533 689 00 
o.8915 o. 794 772 25 0.782 312 97 o. 104 095 61 o.395 303 49 0.026 171 35 0.534 298 27 ove sz o 0.795 664 00 0.783 162 94 0.104 326 69 0.395 742 37 0.026 22q 78 0.534 907 92 
0.8925 o.796 556 25 0.784 013 29 0.104 558 15 0.396 IAI 48 0.026 288 31 0.535 517 95 
0.89l0 0.797 449 00 0.784 864 03 0.104 789 98 o.306 620 82 0.026 346 93 o.536 128 36 
0.8935 o. 7q9 342 25 o.785 715 15 0.105 022 20 0.397 060 39 0.026 405 65 0.536 739 14 ' } 0.8940 o. 799 236 oc o.786 566 65 0.105 254 79 0.397 500 18 0.026 464 47 0.537 350 2q 
o. 8945 o.eoo 130 25 0.181 418 54 0.105 487 76 0.397 940 21 0.026 523 39 o.537 961 R3 
0.8950 0.801 025 00 0.788 270 81 0.105 721 10 0.398 380 47 0.026 582 40 0.538 573 74 

O.R955 0.801 920 25 0.789 123 46 0.105 954 83 0.398 820 96 0.026 641 51 0.539 186 03 
o. 8960 o. 802 816 00 o.1e9 976 49 0.106 188 94 C.399 261 68 0.026 700 72 0.539 798 70 
0.8965 0.803 712 25 0.790 829 91 0.106 423 43 0.399 702 63 0.026 760 03 0.540 411 74 I 0.8970 0.804 609 00 0.791 6R3 71 0.106 658 30 C.400 143 81 0.026 B19 43 0.541 025 16 
0.8975 o. 805 506 25 0.792 537 ea 0.106 893 54 C.400 585 22 0.026 878 93 o. 541 638 % } 0.8980 0.806 404 00 0.793 392 44 0.107 129 17 0.401 026 86 0.026 938 53 0.542 253 14 
0.8985 0.807 302 25 o. 794 24 7 38 0.107 365 19 0.401 468 73 0.026 9q9 23 o. 542 867 70 
0.8990 0.808 201 00 0.795 102 70 0.101 601 58 C.401 910 83 0.027 058 02 o. 543 482 63 
c.eq95 0.809 100 25 0.795 958 40 0.101 838 36 0.402 35 3 16 0.027 117 92 0.544 097 94 
0.90CO o. 810 000 00 0.796 814 48 0.108 075 51 0.402 795 72 0.021 177 91 o. 544 713 63 ) 0.90C5 0.810 900 25 o.797 oc 95 0.108 313 06 0.403 238 51 0.021 238 00 0.545 329 70 
0.9010 o. 811 801 00 0.798 527 79 0.108 550 98 0.403 681 53 0.027 298 19 0.545 946 15 ' 0.9015 0.812 702 25 0.799 385 cc O. IOA 789 29 0.404 124 78 0.021 358 48 o. 546 562 98 
o.•020 o. 813 604 00 O.AOO 242 60 0.109 02 7 99 0.404 568 26 0.021 418 87 0.547 180 18 
0.9025 0.814 506 25 0.801 100 58 0.109 267 06 C.405 Oil 97 0.027 479 36 0.547 797 76 
0.9030 o. 815 409 00 0.801 958 94 0.109 506 51 c. 405 455 91 0.027 539 94 0.548 415 73 
0.0035 0.816 312 25 0.802 817 67 o. 109 746 38 0.4C5 900 07 0.021 60C 62 o. 549 034 07 

J 0.9040 o. 817 216 00 0.803 06 78 0.109 986 61 0.406 344 47 0.021 661 41 0.549 652 79 
0.9045 O. Al R 120 25 0.804 5~t: 27 O. I 10 227 23 C.406 789 10 0.027 722 29 o. 550 271 89 
0.9050 o. 819 C25 oc 0.805 396 14 0.110 468 24 0.407 233 95 0.021 783 27 o.550 891 37 

0.9055 0.810 930 25 0.006 256 38 0.110 709 63 0.407 679 04 0.021 844 36 o. 551 511 22 1 0.9C60 o. 820 836 00 0.807 117 00 o. I 10 951 41 0.408 124 35 0.027 905 54 o. 552 131 46 
0.9065 O. 8? I 742 25 0.807 ne co 0.111 193 58 C.408 56g 90 0.021 966 82 0.552 752 08 
O.Q070 o. 822 649 00 o. 808 839 ~7 0.111 436 14 C.409 015 67 0.028 028 20 0.553 373 08 
0.9C75 0.023 556 25 0.809 701 12 0.111 679 09 0.409 461 67 0.028 089 68 0.553 994 45 
0.9080 o. 824 464 oc 0.810 563 25 0.111 922 42 C.4C9 907 90 o. 028 I 5 I 2~ o. 554 616 21 
0.908 5 o. 825 372 25 0.811 425 75 O. I 12 166 14 C.410 3S4 36 a. 028 212 94 0.555 238 '5 
0.90GO 0.826 28 I oc 0.812 288 62 0.112 410 26 0.410 801 05 0.020 274 73 0.555 860 87 
0.9CG5 o. 82 7 190 25 0.813 151 88 o. 112 654 76 0.4 II 247 97 0.028 336 61 o. 556 483 76 
0.0100 o. 828 100 00 0.814 015 50 0.112 899 65 0.411 695 II 0.028 308 59 0.557 107 04 

0.9JC5 0.820 010 25 0.814 879 5C O. I 13 144 94 0.412 142 49 0.020 460 67 0.557 730 70 
0.91 JO O. R29 921 00 0.815 743 88 0.113 390 61 0.412 590 09 0.028 522 86 0.558 354 74 
0.9115 o. 830 832 2~ 0.816 me 63 0.113 636 68 0.413 on 93 0.028 58 5 14 0.558 979 16 
0.9120 0.831 744 00 0.817 473 75 0.113 883 14 0.413 485 99 0.028 647 53 0.559 603 96 
o.q12s o. 832 656 25 0.818 3}q 24 o. 114 129 99 0.413 934 28 0.028 710 Cl o. 560 229 14 
b.9 i ro 0.8B !H,9 00 0.819 205 II 0.114 377 23 0.414 382 80 o. 02e 772 60 o.560 854 71 
0.9115 0.834 482 25 0.820 071 35 0.114 624 87 0.414 831 55 0.028 _835 29 o. 561 480 65 
0.9140 o. 815 396 00 0.820 937 97 0.114 872 89 0.415 280 52 0.028 898 08 0.562 l\l6 G7 
0.9145 0.816 310 25 0.821 804 95 o. 115 121 32 C.415 729 73 o. 028 960 97 o.562 733 68 
D.9 I so O. R37 225 00 0.022 672 31 0.115 HO 14 0.416 179 16 0.029 021 96 o. 563 360 11 

0.9155 o. 838 140 25 0.823 540 04 0.115 619 35 0.416 628 82 0.029 087 06 0.563 988 24 
l.9HO 0.839 056 DC 0.824 408 14 0.115 868 95 0.417 078 72 0.029 150 26 0.564 616 09 
l. q I 6 5 0.839 972 25 O.R25 276 62 0.116 118 96 0.417 528 83 0.029 213 55 0.565 244 33 
1. 91 70 o. 840 889 oc 0.826 145 46 0.116 369 35 C.417 979 18 0.029 276 95 o. 565 872 94 
J.9175 o. 841 806 25 0.827 014 68 0.116 620 15 O. 4 I 8 429 76 0.029 340 46 o. 566 501 94 
:-9180 0.842 724 00 0.827 884 26 0.116 R71 34 0.418 880 56 0.029 404 06 Q.567 131 32 
.q1e5 0.843 642 25 0.828 754 22 o. 117 122 92 C.419 Bl 59 0.029 467 77 0.567 761 08 

l.9190 0.844 561 00 0.829 624 54 0.111 374 q1 C.419 782 85 o. 02° 531 5B 0.568 301 22 
1•9 I 95 0.845 480 25 0.830 4q5 23 0.111 627 29 0.420 234 34 0.029 595 49 o.569 021 75 
:.9200 o. 846 400 00 0.831 366 30 0.11 7 880 07 0.420 686 05 0.029 65q 50 0.569 652 ~6 
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----------------------------------------------------------------------------------------- 
A/R• ST /R LC/R e 1/3 8•~+C ~ C 

•LS/A• ---------------------------------------------------- -~ DEG MNT SEC 
••••s••••••••••••=•••••••••••=•••••••••==••••••••===••==•••••~•••••••••••••••••••••••••••• 
D.8RC5 o. 262 183 23 0.110 114 q3 22 12 36.5 1 24 12. 2 1 23 38.1 0 0 34.0 
O.RAIO o. 262 49q 76 0.110 ~78 cs 22 14 7.3 7 24 42.4 7 24 8.3 0 0 34.1 
0.8815 a. 262 7% 50 0.771 841 6q 22 15 38. 2 7 25 12. 7 7 24 38.5 0 0 34. l 
o.eR;:o 0.263 103 4! o. 772 7C5 74 22 17 9.2 7 25 43.1 7 25 8.7 0 0 )4.4 
0.8825 o. 263 410 59 a. 173 570 25 22 18 40.2 7 26 13.4 7 25 38.9 0 0 34.5 
o.BB30 0.263 717 95 o. 774 435 20 22 20 11.2 7 26 43. 7 7 26 q.1 0 0 34.6 
O.R81 ": o. 264 025 50 0.775 300 61 22 21 42.l 7 27 14. I 7 2, 39.4 0 0 14. 7 
O.A840 o. 264 333 27 o. 776 166 46 22 23 13.4 7 27 44.5 7 27 9.6 0 0 34.B 
0.8B4'5 0.264 641 23 o. 777 02 76 22 24 44.6 7 28 14.9 7 27 3q_q 0 0 35.0 
0.8850 0.264 949 4C o. 777 899 51 22 26 15.q 7 28 45.3 7 28 10.2 0 0 35.1 

0 .8 E!: '5 o.265 257 78 o. 778 766 77 22 27 47.2 7 29 15.7 ZR 40.5 0 0 35.2 
0.8860 o. 265 566 36 0.779 634 37 22 29 I B. 5 7 2q 46.2 7 2q 10.e 0 0 15.3 
O. Be~ 5 0.26s 875 15 0.780 502 47 22 30 4q_q 7 30 16. 6 7 2q 4 I. 2 0 0 35.4 
o.ae10 0.266 184 14 0. 781 371 01 22 32 21.4 7 30 47. I 7 30 11.6 0 0 35 .6 
0.8875 o.266 4q3 34 0.782 240 01 22 33 s2.q 7 31 17.6 7 30 4L.9 0 0 35.7 
O.BBRO 0.206 802 74 0.783 109 46 22 35 24.4 7 31 4~.I 7 31 12.3 0 0 35.8 
a.sees o. 267 112 35 o.783 q7S 35 22 36 56.0 7 32 IA. 7 7 31 42.A 0 0 35,q 
0.88QO 0.267 422 16 o. 784 849 70 22 38 27.7 7 32 49. 2 7 32 13.2 0 0 36.I 
o.eec;5 o. 267 732 i e 0.785 72C 49 22 3q 5q_4 33 19.B 7 32 41.6 0 0 36.2 
0.89CO o. 268 042 41 0.786 5q1 73 22 41 31. 2 33 50.4 7 33 I 4.1 0 0 36 • l 

O.R9C5 0,268 352 84 0.787 •63 41 22 43 3.0 7 34 21.0 7 33 44.6 0 0 36.4 
0.8910 0.268 663 48 0.10a 33-5 55 22 44 34,q 7 34 51 .6 7 34 Is. I 0 0 36.5 
0.8915 o. 268 q74 32 0.789 208 13 22 46 6.8 7 35 22. 3 7 34 4 5.6 0 0 36.7 
o.B92c o. 269 285 31 o.1qo 081 16 22 41 38.7 7 35 52 .9 7 35 16.I 0 0 36.8 
0.8S25 o. 269 5% 63 0,790 954 f.4 22 4q 10.B 7 36 23.6 7 35 46.7 0 0 36 .9 
o.B93o 0.269 qoe C9 o.1q1 828 51 22 50 42.8 7 36 54. 3 7 36 17.2 0 0 37.0 
0.8935 0.210 21q H o.792 107 94 22 52 15.0 7 37 2s.o 7 36 47.8 0 0 37.2 
0.8940 0.270 531 63 0.793 577 77 22 53 47.1 7 37 55.7 7 37 18.4 0 0 37.3 
0.8945 0.210 843 71 0. 7q4 453 03 22 55 19.4 7 38 26. 5 7 37 49.0 0 0 3 7 .4 
0.8950 o. 271 156 DC 0.795 328 75 22 56 51.6 7 38 57. 2 7 38 19.7 0 0 37.5 

o.ec;~5 0.211 468 SC o. 796 204 91 22 58 24.0 7 39 28. 0 7 38 50.3 0 0 37. 7 
0.8960 0.271 78 I 20 0.1n CBI 52 22 5q 56.3 7 3q 58.8 7 39 21.0 0 0 37 .B 
0.8965 0.272 094 II 0.797 958 58 23 I 28.8 7 40 2Q.6 7 30 5 I. 7 0 0 37.9 
0.8970 0.212 407 22 o.1qa 836 08 23 3 I. 3 7 41 0.4 7 40 ?2.4 0 0 38.0 
O.BS75 o. 27 2 720 5\ 0.799 714 03 23 4 33.8 7 41 H.3 7 40 53.1 0 0 38. 7. 
0.89SO o. 273 034 OB 0.800 sn 42 23 6 6.4 7 42 2 • I 7 41 23.8 0 0 38.J 
0.8985 o. 273 34 7 82 0,801 471 26 23 7 39.0 7 42 33 .o 7 41 54.6 0 0 38.4 
o.asso 0.273 661 76 0.002 350 55 23 9 11. 7 7 43 3,q 7 42 25.3 0 0 38.6 
o.asss a. 273 S75 92 Q.803 230 29 23 10 44.5 7 43 34. A 7 42 56. I 0 0 18.7 
o.qccc o. 274 2qo 28 0.804 110 47 23 12 17.2 7 44 5.7 7 43 26.9 0 0 38.8 

c.vcos o. 274 604 85 a.so, S91 C9 23 13 so.1 7 44 36. 7 7 43 57.7 0 0 39.0 
0.9010 0.274 919 62 a.sos 872 16 23 15 23.0 7 45 7.7 7 44 28.6 0 0 39. I 
o ,» CI 5 o. 27 5 234 61 0,806 753 68 23 16 55.q 7 45 38. 6 7 44 59.4 0 0 39.2 
o.qc20 o. 275 54q BC o.ao1 BS 64 23 18 28.9 7 46 9.6 7 45 30.3 0 0 39. l 
0.9025 0.275 865 20 a.sos 518 cs 23 20 2.0 7 46 40.7 7 46 I. 2 0 0 3q.5 
o. Q O 30 o. 276 180 81 0.809 400 90 23 21 35.1 7 47 11.1 7 46 32.1 0 0 39.6 
0.9035 0.276 496 63 0.810 284 20 23 23 8.2 7 47 42.7 7 47 3.0 0 0 3q,7 
o.n4o 0.276 812 65 0.811 1n 94 23 24 4l.4 7 48 13.8 7 47 33.9 0 0 39.Q 
0.9045 0.211 128 89 0.812 052 12 23 26 14.7 7 48 44.9 7 48 4.9 0 0 40.0 
o.qoso 0.211 445 33 0.812 q36 76 23 27 4A.O 7 49 16.0 7 48 35.9 0 0 40.I 

0.9055 o. 27 7 761 SB 0.013 821 83 23 29 21.4 7 49 47.1 7 49 6.9 0 0 40.3 
o.9060 0.278 078 84 0.814 707 35 n 30 54.8 7 50 IA. 3 7 49 37.q 0 0 40.4 
0.9065 0.278 395 91 0.815 5q3 32 23 32 28.3 7 50 49.4 7 50 a.q 0 0 40.5 
o.qo1a 0.278 713 19 o. 816 479 73 23 34 1.8 7 51 20.6 7 50 39.9 0 0 40. 7 
o.qo1s 0.279 030 68 0.817 366 58 23 35 35.3 7 51 5 I .a 7 51 11•.o 0 0 40.8 
0.90AO o. 279 348 37 0.818 253 0e 23 37 9.0 7 52 23.0 7 51 42.0 0 0 40.9 
0.90E5 o.21q 666 ?e 0.819 141 62 23 38 42.6 7 52 54. 2 7 52 13. I 0 0 41. I 
o.qoso o. 279 984 39 C.A20 ozq BO 23 40 16.3 7 53 25.4 7 52 44.2 0 0 41.2 
O. q C9 5 o. 280 302 72 0.820 918 43 23 41 50.1 7 53 56.7 7 53 15.4 0 0 41.4 
C.9100 a. 200 621 25 0.021 807 50 23 43 23.q 7 54 28.0 7 53 46.5 0 0 41.5 

0.9105 0,280 940 00 0.022 607 C2 23 44 57.8 7 54 59.3 7 54 17.6 0 0 4\.6 
o.q110 0.281 258 95 0.8?3 586 97 23 46 31.7 7 55 30. 6 7 54 48.8 0 0 41 .a 
o.q l 15 0.281 578 12 0.824 477 38 23 48 5.7 7 56 1.9 7 55 20.0 0 0 41.9 
0.9120 O. 2AI 897 49 0.825 368 22 23 49 39.8 7 56 33. 3 7 55 51.2 0 0 42.0 
o.q12s 0. ?R2 217 CB 0.826 259 51 23 51 13.8 7 57 4.6 7 56 22.4 0 0 42.2 
o.qno o. 282 536 87 Q.827 151 24 23 52 48.0 7 57 36.0 7 56 53.7 0 0 42.3 
o.qns 0.282 E56 ae 0.828 01♦3 41 23 54 22.2 7 58 7 .4 7 57 24.9 0 0 42.5 
0.9140 0.201 177 C9 0.828 936 02 23 55 56.4 7 58 38.8 7 57 ~6.2 0 0 42 .6 
o,» l-45 o. 283 497 52 C.829 829 08 23 57 30.7 7 59 10.2 7 58 27 .5 0 0 42.7 
o.n5o 0.283 818 15 0.830 722 58 23 5q 5.0 7 59 41. 7 7 58 58.8 0 0 42.q 

Q.Q 15i; 0.2A4 \}q 00 Q.831 H6 52 24 0 39.4 8 0 13. I 7 5q JO.I 0 0 43.0 
o.q 160 o. 284 460 o-. 0.832 510 90 24 2 13.9 A 0 44.6 8 0 1.5 0 0 43.2 
o.ql65 0.284 781 33 O.AH 405 73 24 3 48.4 8 I 16.l 6 0 32.8 0 0 43.3 
o.<1110 o. 2 85 102 81 0.834 300 99 24 5 22.9 8 I 47 .6 8 I 4.2 0 0 43.4 
0.9175 0.285 424 50 0.835 196 70 24 6 57.5 8 2 19. 2 8 I 35.6 0 0 43 .6 
o.q1ao 0.285 746 40 o. 836 092 85 24 8 32.2 8 2 50.7 8 2 7.0 0 0 43.7 
0.9185 □.286 068 52 0.836 989 44 24 10 6.9 8 22.3 8 2 38.4 0 0 43,q 
0.9190 o.?86 390 84 o. 817 8 86 48 24 II 41.6 8 3 53.9 8 3 9.8 0 0 44.0 
o.q1c;c:; o. 2fl6 713 3e 0.838 783 95 24 13 16.4 8 4 25. 5 8 3 41.3 0 0 44.2 
0,9200 0.287 036 13 0.839 681 86 24 14 51.3 8 4 57.1 8 4 12.B 0 0 44.3 



126 TABLE 111-FU~CTIONS OF THE UNIT RADIUS SPIRAL 
TABLE 111-FCNCTIONS O'UNE SPIRALE OE RAYON UNITAIRE 

) ----------------------------------------------------------------------------------------- A/A-s LS/R X/R Y/R QIR P/R LT/R 
•LS/A• . 
•\-L S/R 
====z======•=••z•=======•=•===•=====•==•s=============•=======s===========~~====•••=•==•== 
0.,920': o. 84 7 320 25 0.832 237 13 0.118 133 24 0.421 138 00 0.029 723 62 0.570 283 95 
o.q210 o. 848 241 oc 0.833 109 53 0.11a 386 82 C,421 5qo 17 0.029 767 84 o.570 915 ~3 f 'i 0.0215 o. 54q 162 25 0.833 q51 70 o. 118 640 80 0,422 042 57 Q.029 852 16 o.571 547 69 
0,9270 0,850 CA4 oc 0.834 f54 24 0,118 5q5 17 0.422 495 1q 0.029 916 SA 0.572 180 I 3 ) 0.9225 o. 851 006 25 0.835 727 14 0.119 149 94 0,422 948 05 0,029 981 11 Q.572 812 95 
0,9230 O. 85 I 929 00 o.836 600 42 o. \19 405 12 0.423 401 13 0.030 045 74 0.573 446 16 
Q,q235 o. 852 852 25 0.837 474 C6 o. I I q 660 69 0,423 854 44 0.030 110 48 0,574 OH 75 
0,9240 0,853 776 QC 0.838 348 C7 0.11• •16 67 0.424 307 98 0.030 175 32 0.574 713 13 
o. 9 24 5 0.854 700 25 0.839 222 44 c.120 173 05 0.424 761 74 0.030 240 26 o.575 348 08 . ) 0.9250 o. 855 625 00 0.840 097 1e 0.120 429 83 0.425 215 74 0.030 305 30 o.575 982 83 

) 0.0255 0.856 550 25 0.840 972 29 0.120 68 7 01 0,425 669 96 0.030 370 45 0.576 617 95 
o.•260 0.857 476 QC o.841 84 7 n 0.120 944 59 0,426 124 41 0.030 435 71 o.577 253 46 o.qzl! '- 0.858 402 25 0.842 723 60 0.121 202 58 0.426 579 08 Q.030 501 06 0.577 889 36 
o. •210 o. 859 329 00 0.843 599 BC 0.121 460 qr 0.427 033 98 0.030 566 52 0.578 525 64 

I ) 0,9275 o. 860 256 25 0.844 476 37 0.121 719 76 C,427 489 II 0.030 632 09 0.579 162 30 
o.02eo 0, R6 I 184 00 Q.845 353 31 0.121 978 96 0,427 944 47 0,030 697 76 0.579 799 35 .J O.Q?A'5 o. 86 2 112 25 0.846 230 60 o. 12 2 238 56 C.428 400 05 0.030 76? 53 o.580 436 78 
0.92•0 o. 863 041 oc 0.847 108 27 0.122 49.IJ 56 0,428 e55 86 0.030 829 41 Q.581 074 50 
C,Q2G5 o. 863 970 25 o. 84 7 9e6 29 0,122 758 97 o.42• 3ll 90 0,030 895 39 0.581 712 79 
c. 9 300 o. 864 900 00 0.848 864 68 0.123 019 79 o.42• 768 17 0.030 %1 48 o. 582 351 38 

o.,q?-C5 o. 865 830 25 o.849 743 44 0.123 281 01 C,430 224 66 Q.031 027 67 0.582 9qo 35 

:J Q.,Q310 o. 866 761 00 0.850 622 55 0.123 542 64 0.430 681 38 0.031 093 97 o.583 629 11 
o.9315 o. 867 692 25 o ,a 51 502 C3 o. I 23 804 68 0,431 138 33 0.031 160 37 0.584 26• 45 
o.q370 o. 868 624 00 0.852 381 e1 0.124 067 12 0.431 595 50 0.031 226 88 0.584 909 58 
0.0325 o. 860 556 25 0.853 262 ce 0, 124 329 97 0.432 052 90 0.031 293 49 0.585 550 09 o.q~~o 0.870 489 00 o.854 142 64 0.124 593 23 0,432 510 53 0.031 360 21 0.586 190 qq 
0.9335 o. 871 422 25 0.855 C23 57 0.124 856 89 0.4 32 968 38 0.031 427 03 0.586 832 27 r l 0.9~4C 0.872 356 00 0.855 904 86 0,125 120 97 0.433 426 46 0.031 49 3 % Q.587 473 94 
0.9345 0,873 290 25 0.856 786 51 0.125 385 45 0.433 884 11 0.031 560 99 0.588 116 00 
0.035c 0.874 225 00 0.857 668 52 0.125 650 34 C.434 343 30 0.031 628 13 o.50e 758 44 

0."355 o. 875 160 25 0.858 550 89 0.125 915 65 0,434 802 06 0.031 6•5 38 0,589 401 27 
0.Q360 o. 876 096 00 0.859 433 62 0.126 181 36 0,435 261 04 0,031 762 73 0.590 044 48 
0.93f5 0.877 032 25 0,860 316 71 0.126 447 48 0.435 720 26 0.031 830 19 o.590 688 08 
o.•110 0.877 %9 oc 0.861 20C 17 0,126 714 01 0.4 36 179 69 0.03 I 897 75 o. 5q1 332 C1 

) 0.0375 0,878 906 25 0,862 083 98 0.126 980 96 Q.436 639 36 0.031 965 42 o.591 q76 45 
0.9180 o. 879 844 00 0.862 968 14 0.121 248 31 0.437 099 25 0.032 033 20 o.592 621 21 
o.ne5 0.880 782 25 0,863 852 n 0.121 516 OR 0.437 559 37 ovoaz 101 08 o. 593 266 35 
o.g3qo o. 881 721 00 0,864 737 56 0.121 784 26 0.438 019 71 0.032 169 07 o. 593 911 8g 
0.9395 o. 88 2 660 25 0.865 622 80 0, 128 052 86 0.438 480 28 0,032 237 17 0.594 557 81 } 0,9400 o. 88 3 600 00 0,866 508 40 0.128 321 86 0.438 Q41 08 0,032 305 37 o.5g5 204 12 

0.94C5 o. 884 540 25 0.867 394 36 0,128 591 28 0.439 402 10 0.032 373 68 o. 595 850 82 
0.9410 o. 885 481 00 0.868 280 68 0.128 861 12 0.439 863 35 0.032 442 10 0.596 4q7 90 
0,9415 0.886 422 25 0.869 10 ?6 0, 129 131 36 Q.440 324 82 0.032 510 62 0.5Q7 145 38 
0.9420 o. 88 7 364 00 0.870 054 39 0.12g 402 03 0,440 786 52 0.032 579 25 o.5g1 793 24 
o.•425 o. 888 306 25 0,870 941 77 0.12g 673 10 Q.441 248 44 0.032 647 9Q 0.598 441 48 1] 0,9430 o. 889 249 00 Q.871 82Q 52 0.12Q 944 60 0,441 710 60 0.032 716 83 o.59q 090 12 
o.q435 o. 890 192 25 0.872 717 61 0,130 216 50 0,442 172 97 0.032 785 79 o.5gq n• 14 
0.9440 0.891 136 00 0.873 606 07 0.130 488 83 o.442 635 57 0.032 854 85 0,600 3RR 56 
0.9445 0,892 ORO 25 0,874 494 88 0.130 761 57 0.443 098 40 0.032 924 02 0,601 038 36 
o.•450 0,893 025 00 0.875 384 04 0.131 034 73 0.4',3 561 46 O. C32 9q3 2• 0,601 688 _55 

O.Q455 o. 89 3 970 25 0.876 273 56 0,131 308 30 0,444 024 74 0.033 062 68 0,602 339 13 
0.9460 0.894 916 00 0,871 163 43 0.131 582 30 0.444 488 24 a.on 132 17 0.602 q90 09 
o.•465 0. R95 862 25 0.878 053 f6 0.131 856 71 C.444 951 97 0.033 201 71 0,603 641 45 
0,9470 o. 896 809 00 0.878 944 24 0.132 131 54 0,445 415 92 0,033 271 ',8 0.604 291 19 / 
O.Q4'15 o. 8Q7 756 25 0,879 835 18 Q.132 406 79 0.445 88 C 10 a.on 341 30 0.604 945 33 
o.q490 a.ego 704 00 O,RRO 726 46 o. 132 682 45 0.446 344 51 0.033 411 l2 o. 605 597 85 
0.9485 o. e•• 652 25 0.881 618 10 0.132 958 54 C.446 809 14 a.on 481 26 0.606 250 76 
0.9490 0.900 601 oc o.882 510 10 o. 133 235 05 0,447 274 00 0.033 551 40 0,606 904 07 
0.9495 0.901 550 25 0.883 402 44 o. 133 511 98 0.447 7Jq 08 a.on 621 65 0.607 557 76 
0.9500 0.902 500 00 0.884 295 14 o. 133 789 32 0.448 204 38 0.033 692 02 0.608 211 84 

0.95C5 0.903 450 25 0.885 188 18 0.134 067 09 0.448 669 91 a.on 762 4g 0,608 866 31 
0.9510 0.904 401 00 0.886 081 58 o. 134 345 28 0,449 135 67 a.on 833 06 0.609 521 17 
o.g51s o. 905 352 25 o.886 975 31 0,134 623 90 0,449 601 65 a.on 903 75 0.610 176 43 
o. 9520 o.qo6 304 00 0.887 869 43 o. 134 902 q3 0.450 067 86 0.033 974 55 0,610 832 07 
0.9525 o. 907 256 25 0,888 763 89 o. 135 182 39 0.450 534 29 0.034 045 46 0,611 488 10 
0.9'5~0 o. 908 209 00 0.889 658 69 0.135 462 27 0.451 000 94 0.034 116 47 0.612 144 52 
0.9515 0.909 162 25 0,890 553 84 0.135 742 57 0.451 467 82 0.034 187 60 0,612 801 l4 
o.g540 o. 0\ 0 116 00 0,891 449 34 0.136 023 ro 0.451 934 93 Q.034 258 84 0,613 45 8 54 
0.954~ 0,911 070 25 0.892 345 19 O. I 36 304 45 0,452 402 26 0.034 3SO 18 0,614 116 14 
o.g550 0.912 025 00 Q.893 241 39 0,136 586 03 0.4 52 869 81 0,034 401 64 0,614 774 u 
o.95!5 o. 912 980 25 o.e•4 137 93 0.136 868 03 Q.453 137 59 0.034 473 20 0,615 432 50 ) 0.9560 o. 913 936 00 O .. B9'5 0~4 83 0.137 150 45 0.4 53 805 59 0.034 544 88 0.616 091 27 
o. 9565 0.914 892 25 o.8•5 932 C7 0.137 433 31 0.454 273 82 0,034 616 67 0.616 750 43 
0.9570 o •• ,5 849 00 0,896 e29· 66 0.137 716 58 0.454 742 27 0.034 6RR 56 0.617 409 qo 
0.9575 n. 91~ 806 25 0.897 171 ~o 0.138 000 29 0.455 210 94 0.034 760 57 0,618 069 93 J 0,95RO 0,917 764 00 0.898 675 88 0.138 284 42 0,455 679 84 0.034 0,2 69 0.618 730 27 
0.95R5 o •• , 8 722 25 0.8QQ 524 52 0, 138 568 98 0.4 56 148 96 0.034 904 92 Q.t,lO 390 99 
o.95•o 0.919 681 QC 0,900 423 49 0.138 85 3 96 0.456 618 31 0.034 977 26 0,620 052 II 
c.95q5 0.920 640 25 0.901 322 82 0.139 139 38 o. 4 57 087 BR 0.035 Q4Q 71 0.620 713 n 
O.Q6CO o. 921 600 00 0.902 222 40 0.130 425 22 0.457 5157 68 0,035 122 27 0.621 375 53 
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TA8LE 111-FONCTIONS D'UNE SPIRALE DE RAYON UNITAIRE 

----------------------------------------------------------------------------------------- 
l/ R• STIR LC/R 8 1/3 9•,♦C • C 
•LS/J• ---------------------------------------------------- .,an DEG MNT' SEC 

······-··--···-··--·-------·-······················--·····-~------------·-····-···-······· o.•105 o.zn 35q oq 0.840 580 22 24 lb 26.2 8 5 28. 7 8 4 44.3 0 0 44.5 
o.q110 o. 287 HZ 26 0.841 41q Cl 24 18 1.1 8 6 0.4 8 5 15.8 0 0 44.b 

0.9Z! 5 o.zu 005 64 o. 842 378 25 24 1q 36. I 8 6 32. 0 8 5 47.3 0 0 44. 7 
o.quo o.zu 329 24 0.843 211 q, 24 21 11.2 8 7 3.7 8 6 18.8 0 0 4.ft.'9 
O.Q275 o. 288 653 05 0.844 178 04 24 22 46.3 8 7 35.4 8 6 50.4 0 0 45.0 
o.VlO 0.288 ~11 07 0.845 078 60 24 24 21.5 8 8 7.2 8 1 22.0 0 0 45.2 
o.q 2~':i o.20q 301 30 0.845 q7q 60 24 25 56.7 8 8 38.q 8 7 53.6 0 0 45.3 
o.q240 o. 28Q 625 75 o. 846 881 04 24 27 32. 0 8 q 10.7 8 8 25.2 0 0 45.5 
o.cn4,; 0.28Q q50 40 0.847 782 91 24 .zq 7.3 8 q 42 _.,. 8 8 56 .8 0 0 45.6 
O.Q250 o.2qo 275 27 0.848 685 23 24 30 42.7 8 10 14. 2 8 q 28.4 0 0 45.8 

0.91'.: 5 o. 290 600 36 0.849 587 98 24 32 18. I 10 46.0 8 10 O. I 0 0 45.q 
o.q260 o. 2qo q25 65 0.850 4q1 18 24 33 53.6 II I 7 .Q 8 10 31.8 0 0 46.( 
O.Q265 o. 2QI 251 16 O. 85 I 3q4 e1 24 35 2q.1 A 11 4q_7 8 11 l.5 0 0 46.2 
O.Q270 0.2Ql 576 89 0.852 2Q8 8Q 24 37 4.7 8 12 21.6 8 11 35. 2 0 0 46.4 

O.Q275 0.291 902 82 0.853 203 40 24 38 40.3 8 12 53 .4 8 12 6.Q 0 0 46.5 
0.9280 o. zs z 228 q7 0.854 108 35 24 40 16.0 8 13 25.3 8 12 38.6 0 0 46.7 
0.9U5 o. 292 555 31 0.855 Cl3 74 24 41 51.7 8 13 57.2 8 13 10.4 0 0 46.B 
o.q290 0.202 881 91 O.P55 Ql9 57 24 43 27. 5 8 14 29.2 A 13 42 .2 0 'O 47.0 
0.92~5 o. 2q3 208 10 0.856 825 84 24 45 3.3 8 15 I.I 8 14 14.0 0 0 47. I 
0.93CO o. 293 535 70 0.857 732 55 24 46 39.2 8 15 H.l 8 14 45.8 0 0 47.3 

\ 
0.9 ~O'i 0.293 862 qz 0.858 639 6~ 24 48 15.2 16 5.1 8 15 17 .6 0 0 41.4 
o.cn10 o. 2q4 i so 35 0.859 547 27 24 4q 51.1 16 37.0 8 15 49.5 0 0 41.b 
0.93 l 5 o. 294 518 00 0.860 455 2• 24 51 21.2 l 7 9. I 8 16 21.3 0 0 47.7 
0.9320 0.294 845 86 0.861 363 75 24 53 3.3 17 41. l 8 16 51.2 0 0 47.9 
O.Q325 o. 2• 5 IH ~3 0.862 272 65 24 54 3~-4 18 13.l 8 17 25. I 0 0 48.l 
0.9330 o. 295 502 22 o.863 l Bl 98 24 5b 15.6 18 45. 2 8 17 57.0 0 0 40.2 
o.q ~ 35 o. 795 830 72 o.864 09 I 75 24 57 51 .9 l 9 17.3 8 18 28 .9 0 0 48.4 
O.Cfl40 o. 2'16 150 44 0.865 00 l 96 24 5q 28.2 1q 40.4 8 1q 0.9 0 0 48.5 
0.9 34 5 o.2q6 488 37 0.865 ~12 60 25 l 4.5 20 21.5 8 1q 32 .8 0 0 48.1 
0.9350 0.796 811 52 o. 866 82 l 68 25 2 40.9 20 53 .6 8 20 4.8 0 0 48 .8 

0.9]'5 5 0. 297 146 88 o. 861 135 20 25 4 17.4 8 21 25.8 8 20 36.8 0 0 49.0 
0.9360 0.297 476 46 0.868 647 16 25 5 53.9 8 21 58.0 8 21 8.8 (1 0 49.2 
0.9165 o. 2q1 806 25 0.869 559 55 25 1 30.4 8 22 30. l 8 21 40.8 0 0 49. 3 
0.9370 o. 298 136 H C.87C 472 38 25 9 7.1 8 23 2.4 8 22 12 _q 0 0 49.5 
0.9375 0.298 466 48 0.871 385 ~- 25 10 43.7 8 23 34.6 8 22 44.q 0 0 4Q.6 
0.9'!80 o.298 796 q2 0.812 2q• 35 25 12 20. 4 8 24 6.8 8 23 17.0 0 0 .9.8 
0.9385 o. 2q9 121 5e 0.873 213 48 25 13 57 .2 8 24 39.l 8 23 49.I 0 0 49.9 
o.q1qo -o. 299 458 45 0.874 128 06 25 I 5 14.0 8 25 11.3 8 24 21.2 0 0 50. I 
0.9395 o. 29q 789 53 0.875 043 01 25 17 10.9 8 25 43.6 8 2• 53.4 0 0 50.3 
o,q400 o. 300 120 83 0.875 958 51 25 18 41.8 8 26 15.9 8 25 25.5 0 0 50.4 

0.9405 0.300 452 35 0.876 874 39 25 20 24.8 8 26 48.3 8 25 57.7 0 0 50.6 
o.q410 o. 300 784 CB 0.877 790 71 25 22 1. 8 8 21 20.6 8 26 2q. 0 0 0 50.B 
0.9415 0.301 116 03 a.ant 101 46 25 23 38.9 8 21 53.0 8 27 2.0 0 0 50.9 
o.q•20 o. ,01 448 20 o.e19 624 ~5 25 25 16.0 8 28 25.3 8 27 34.2 0 0 51.1 
o.q425 o. 301 780 5e 0.880 542 27 25 26 53.2 8 28 57. 7 8 28 6.5 0 0 51. 2 
O.Q430 o. 302 113 i e o.se1 460 32 25 28 30.4 8 29 30.l 8 28 38.7 0 0 51.4 
0.9435 o. 302 446 00 0.882 318 81 25 30 1.1 8 30 2.6 ft 20 I 1.0 0 0 51 .6 
0.9440 o. 302 7H 03 o.ee3 297 H 25 ll 45.0 8 30 35.0 8 29 43.3 0 0 51.1 
0.9445 o.303 112 28 0.884 211 IC 25 33 22.4 8 JI 7.5 ft 10 15.6 0 0 51.9 
O.Q450 o. 303 445 75 0.885 136 80 25 34 59.8 8 31 39.q 8 30 41.q 0 0 52.l 

0.945S o. 303 17q .. 0.886 057 12 25 36 37.3 8 32 12 .4 8 31 20.2 0 0 52.2 
O.Q460 0.304 113 34 0.886 q17 78 25 38 14.8 8 32 44 .9 8 31 52 .5 0 0 52.4 
o.q465 0.304 447 46 0.887 eq9 88 25 19 52.4 8 33 17. 5 8 32 2;.9 0 0 52.6 
0.9470 0.304 781 7q 0.888 820 41 25 41 30.1 8 33 50.0 8 32 57.3 0 0 52.1 
0.9475 o. 305 11, 35 o.88q 742 38 25 43 1.8 8 34 22.6 8 33 29. 7 0 0 52.9 
0.9411!0 o. 305 451 12 0.890 664 11 25 .. 45.5 8 }4 5S.2 8 34 2.1 0 0 53. l 
o.q495 o. 305 786 II o.9q1 587 60 25 46 23.3 8 35 27AI 8 34 34.5 0 0 53.2 
0.9490 0.306 121 32 0.892 ,10 87 25 48 1.1 8 36 0.4 8 35 1.0 0 0 53 .4 
0.94~5 0.306 456 74 0.893 434 56 25 49 3q.o 8 36 31.0 8 35 3q.4 0 0 53.6 
0.9500 o. 306 792 39 0.8Q4 JS8 69 25 51 11.0 8 37 5.7 8 36 I 1.9 0 0 53. 7 

0.95C5 0.107 128 25 o.9q5 283 26 25 52 55.0 8 17 38. 3 8 36 44.4 0 0 53.9 
o.q510 o. 307 464 33 0.896 208 25 25 54 n.o 8 38 11.0 8 37 16.9 0 0 54.l 
0.9515 0.307 800 63 0.897 13l 68 25 56 11.2 8 38 43. 7 8 31 4q.5 0 0 54.3 
0.9520 o. 308 137 15 o.ne c5q 54 25 57 4q_3 8 19 16.4 8 38 22.0 0 0 ",4 .4 
o.•525 o. 308 413 89 0.8'18 '185 83 25 5'1 27.5 8 39 49.2 • 38 54.6 0 0 54.6 
O.Q530 o. 308 110 84 0.899 912 55 26 l 5.8 8 40 21.9 8 3q 27. l 0 0 54.8 
0.9535 o. 309 148 02 o •• oo 83' 71 26 2 44.l 8 40 54. 7 8 30 59.7 0 0 55.0 
0.'1540 0.109 485 41 0.901 167 JO 26 • 22.5 8 41 27.5 8 40 32.4 0 0 55.1 
0.9545 O. JOQ 823 03 o.•02 695 12 26 6 0.9 8 42 0.3 8 41 5.0 0 0 55.l 
0.9550 o. 310 160 86 0.901 621 17 26 1 39.3 8 42 n.1 8 41 37.6 0 0 55.5 

0.9555 o. 310 498 91 0.904 552 H z. 9 17.8 8 4J 5.9 8 42 10.3 0 0 55.6 
0.'1560 0.310 837 u 0.905 481 97 26 10 56.4 8 43 1s .e 8 42 43.0 0 0 55.8 
0.9565 o. 311 175 67 o.•06 411 71 26 12 ]5.0 8 .. 11.7 A 43 15.7 0 0 56.0 
0.'1570 0.,11 514 39 0.907 HI 89 26 14 13.7 8 .. ••• 6 8 43 48 ... 0 0 56.2 
o.9575 o. JI l 853 32 0.908 272 4'1 26 15 52.4 8 45 17.5 A .. 21.1 0 0 56.4 
0.9580 O. lll 192 47 C.909 203 53 26 17 n.2 8 45 50.4 8 44 53.9 0 0 56.5 
o. 958 5 O.llZ 531 84 0.910 1)5 00 26 19 10.0 8 46 23.3 8 45 26.6 0 0 56. 7 
0.9590 •. ,u 871 41 0.911 066 90 26 20 48.9 8 46 56.3 8 45 5~.4 0 0 56.9 
0.95~ 5 e.,u 211 25 0.911 9'19 Z2 26 22 21.1 8 47 29.3 8 46 32.2 0 0 57.l 
0.9600 o. JI] 551 2! 0.912 9]1 •8 26 24 6.8 8 48 2.3 8 47 5.0 0 0 57.2 
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TABLE 111-F□•CTIONS 0' UNE SP I RALF OE RAYON UNITAJRF 

------------------------------------------------------------------------------------------ A/P= LS /R X/R y /R Q/R P/R LT /R 
•LS/h 
&I/ITT(i 
•::a•=•••••••••••••••••••=••=••••••••••=••••••••••••s••••••=•••••••••••••=•••••••••••••••• 
o.•605 0.922 560 75 0.903 1?2 5C O. I ,9 711 49 0.,458 on 70 0.035 194 94 0.622 037 8' o.q~ ta o.•23 521 QC o.•04 022 86 Q.13S 908 19 0.458 4q7 94 0.035 267 73 0.622 700 52 
o.s,1s 0.924 482 25 0.904 973 57 0.140 28 5 32 0.458 968 41 0.035 340 62 a. ,n 363 ,a 
O.Q670 o.q25 444 cc o.•os 824 ,1 Q.140 572 88 0.45Q 430 10 0.035 413 63 Q.624 027 07 
0.9(':2'5 o. 926 406 2~ a.so, 126 CI a. 140 860 87 C.459 910 01 0.035 486 75 0.624 690 94 
0.9610 o.~21 369 00 0.001 627 14 a. 1•1 149 2• Q.460 38 I 15 a. 035 559 98 0.625 355 20 
0.9(':]5 0.928 3l2 2~ Q.9Qf 529 eJ o.141 438 14 C.460 852 51 0.035 63~ 32 0.626 OIS 86 
0.9640 a. •2• 2% 00 o.crnq 432 25 o. 141 121 42 C.461 324 10 0.035 706 1~ 0.626 684 91 
0.96'-J:i o.s,a 260 2! c.q I 0 33'; C2 o.142 017 14 0.461 .195 91 Q.035 780 34 0.627 350 35 
0.,9t,t;0 O. q3 I 225 00 a.Sil 238 12 0.142 307 28 C.462 26 7 g4 0.035 854 02 0.628 016 18 

0.9655 0.937 ISO 25 o.s12 141 58 0.142 597 86 0.462 740 20 0.035 gz7 8 I 0.628 682 41 
O.OHO o.s33 156 cc a.Sil 045 31 a. 142 88 8 87 0.463 212 68 a. 03t- 001 71 0.b?9 34q C3 
0.96(\5 0.9l ... 172 2! o.s\3 940 50 a. 143 180 32 a. 463 685 38 0.036 075 73 0.630 016 05 
0.9670 O.S35 CBS oc 0.914 853 98 a. 143 472 20 0.464 158 30 Q.036 149 86 0.630 683 46 
o.•675 0.036 056 25 o.•1s 758 80 o. 143 764 51 0.4t64t 631 45 a. 036 274 IC 0.63 I 351 27 
0.9680 a. 931 C24 00 O.Sl6 '63 56 O. l't4 057 26 C.465 104 83 0.036 298 45 0.632 Q\9 47 
0.96f5 o. 937 g92 25 O.S\7 569 45 0.144 350 44 C.465 578 42 0.036 312 sz a.oz 688 06 
o.q6qo 0.93A 561 QC O.SIB 475 zs o. 144 644 05 C.466 052 24 o. 036 447 so 0.6H 357 cs 
O.Q1,c;5 O.QJQ SJO 25 O.Q\O 3Rl 47 0.144 938 II 0.466 526 28 0.036 ,22 19 Q.634 026 44 
O.q 70 C a. 94□ soo 00 a.no 2e7 9q 0.145 232 60 0.467 000 54 0.036 5% g9 o.t:34 6% 22 

0.9 7C '5 o.s4l 870 25 o.n1 194 e4 Q.145 527 52 C.467 475 03 0.036 671 91 O.HS 366 3q 
o.s110 0.942 841 00 o.n2 102 C4 a. 145 822 88 0.467 g49 74 0.036 746 ., o. 63 ... 036 % 
0.9715 o.<u.3 812 25 o.n3 ocs 57 0. \46 118 68 Q.468 424 67 0.036 822 C9 0.636 701 ~3 
0.9770 o.q44 784 OC o.s2l Sl7 45 0.146 414 92 0.468 9gq 83 0.036 807 35 0.637 379 zs 
0.9725 0.S45 756 25 0.024 825 65 0.146 711 59 C.46Q 375 20 0.036 •12 72 0.638 051 04 o .. q1~0 0.946 72S 00 0 ,.q25 734 20 0.147 008 70 0.469 R50 80 0.037 048 21 a. 638 72 3 20 
0.9735 o. 947 702 25 0.926 643 09 0.147 306 25 0.4 70 326 61 0.037 123 81 0.630 3gs 74 
O.Ql40 Q.,Q48 676 00 o.qz1 552 3 I Q.147 604 24 0.470 802 67 a. 037 IS9 53 0.640 068 6S 
Q.,q74~ o.q4q 650 25 o.s2a 461 86 0.147 so z 67 o.411 27R 94 Q.037 275 36 0.640 142 03 
0.9750 0.950 625 QC o.q7q 371 76 a. 148 201 54 0.471 7SS 41 0.037 3'51 30 0.61tl 415 77 

o. 9 75 5 a. 951 600 25 C.930 281 ~· 0.148 500 85 0.472 232 14 0.037 427 36 0.642 OBS so 
0 •• 160 o.s52 576 00 0.931 IS? 55 a. 14a 800 60 0.4 72 70S 07 Q.037 503 5' o. 642 764 43 
0.9765 0.953 552 25 0.932 103 45 0.149 100 7S Q.'73 lft6 23 0.037 5g 82 Q.643 43g 36 
o.sno 0.'lH 5zs 00 0.933 014 6S O. l'i-9 401 42 0.4 73 663 61 a. 011 656 22 0.644 114 68 
0 .,q 77-; o.q,;-; 506 25 Q.S33 9?f 26 0.14S 702 4g 0.474 141 21 0.037 732 74 Q.644 790 40 
0.9780 0.956 484 00 0.93ft !38 16 0.150 004 01 0.474 619 03 0.037 809 37 0.645 466 57 
O.S785 0.957 462 25 o.s35 750 4C c. 150 305 97 0.475 OS7 08 0.037 8R6 II O.hltb 43 04 
O.S790 0.958 441 QC 0.936 662 97 0.150 608 37 0.4 75 575 34 0.037 062 S8 0.646 8\S 95 
0.9755 0.959 420 25 0.937 575 81 O. I 50 911 21 0.476 053 81 0.038 039 g5 0.64 7 4q7 26 
0.9 800 0.960 400 00 O.S38 489 II o. 151 214 50 C.476 532 54 0.038 II 7 05 Q.648 174 97 

c.s8O 0.961 380 25 Q.93S 402 68 0.151 518 23 0.477 Oil 47 a. 038 194 25 0.648 853 07 
0.9810 O. S62 361 00 c.,q4o 316 se c. 151 822 40 0.477 4SO 63 Q.038 271 58 0.649 531 58 
0.9 8 IS 0.963 142 25 0.941 230 el 0.152 127 02 0.477 970 00 o. 038 34~ 02 0.650 210 48 
0.9!20 o.q64 324 00 o.942 145 38 a. 1s2 H2 as 0.478 44'1 60 a. 030 426 S7 0.650 88S 78 
o.se2s o. q1,s; 306 25 0.943 060 27 0.152 73 7 60 C.478 929 42 0.038 504 24 a. 651 569 48 
o.s8 ,a 0.%6 28S 00 Q.943 975 50 a. 153 043 55 0.479 40S 46 0.038 582 03 0.652 249 58 
0.S835 0.,91.7 272 25 0.944 B•l C6 0.153 349 96 Q.479 88Q 72 0.038 659 93 0.652 OJQ 08 
0.9840 o.q1>13 256 00 Q.945 806 95 0.153 656 81 C.480 370 20 0.038 737 95 0.653 61 a 97 
0.9845 0.%9 240 25 o.946 723 I' o. I 53 964 10 0.480 850 9Q a .038 816 09 0.654 2n 27 
0.98'i0 0.010 225 00 Q.947 639 71 a. 154 271 85 0.481 331 83 0.038 8•4 34 0.654 g73 % 

0.9855 0.971 210 25 0.,9.ft8 !i156 5g 0.154 580 04 0.481 812 98 0.038 972 71 a. 65 s 656 Ob 
0.9860 0.972 1% cc O.S49 473 19 a. 1 s4 888 68 Q.482 294 H 0.03S 051 20 0.656 338 55 
o.s 86 5 o.s73 182 25 C.'150 391 31 O. I 55 197 76 0.482 775 93 0.030 12• 80 0.657 021 44 
o.oe10 0.'174 l6S 00 O.S51 309 19 o. 155 507 30 0.483 25 7 74 0.03g 208 52 0.6'57 704 n 
0.9875 a. '175 156 25 O.S52 227 38 0.155 817 29 0.483 7}Q 77 a.ow 287 3~ 0.658 388 43 
O.HBO 0.976 144 00 o.s53 145 so 0.156 127 72 0.484 222 07 0.03g 366 31 0.65S 072 52 
0.9885 Q.977 132 25 O.S54 064 14 a. 15• 438 61 0.484 704 4q 0.030 445 38 0.65S 757 01 
0.9890 Q.,Q78 121 00 a.qi;" 983 91 0.156 749 g4 0.485 187 18 0.030 524 57 0.660 441 90 
o.q~95 0.979 110 25 O.S55 903 41 Q.157 06 I 73 Q.485 670 10 a .03g 603 87 0.661 127 20 
0.0'100 a. sea 100 00 O.S56 823 24 0.157 373 97 c. 486 153 23 O.QJQ 683 29 0.661 812 89 

0.9905 a. 981 090 25 O.S57 743 39 0.157 686 66 0.486 636 5g 0.039 762 83 0.662 4S8 qq 
O.S910 a. 98? ORI 00 Q.,q,;9 663 86 a. I 57 qqq 80 Q.487 120 16 0.030 842 4q a. 663 18 5 48 
o.091'5 a. 983 072 25 Q.,Oljq 5e4 66 0.158 31 3 39 C.487 603 96 O. 03S nz 27 0.663 872 39 
0.9020 0.984 064 00 0.960 505 7g a. 158 627 .4 0.488 08 7 S7 0.040 007 16 0.66• 559 68 
Q.9925 a. 985 056 25 O.S61 427 24 a. 1 s a 941 94 0.488 572 2 I 0.040 082 18 0.665 24 7 38 
0.99l0 0.986 a•• 00 o.q62 149 Cl O. l5S 256 8S C.48q 056 66 0.040 162 11 O. 66S 915 48 
0.99l 5 a. 987 042 25 0.963 211 II 0.159 572 30 0.489 541 34 a. c-o ?.42 56 0.666 623 SB 
o.qq40 a. 'lee 036 00 o.q64 193 53 0. ! 5S 888 16 o.4qo 026 24 a. 040 322 92 0.66 7 312 BS 
o.qc;4~ 0.98Q 030 25 o.•65 I \6 27 0.160 204 47 o.4qo 511 35 0.040 403 41 0.668 002 IS 
o.qq~o 0.9QO 025 00 0.Q66 03S 34 0.160 521 24 0.4SQ 996 69 0.040 •84 01 0.668 691 so 

o.9q55 0.9Sl 020 25 0.966 962 73 0.160 838 47 C.4Sl 482 25 0.040 564 74 0.669 382 01 
0.'1'160 o ... n 016 00 O.Q67 886 44 Q.161 l 56 15 0.4Sl 968 02 0.040 645 58 0.610 012 57 
o.9~65 o.<1s1 012 25 o.q,ie 810 '8 o.16 I .74 2g o.4n 454 02 0.040 726 54 0.670 763 .. 
O.S970 o •• 94 000 OC o.s69 734 83 0.161 792 88 0.492 940 24 0.040 807 62 0.671 454 76 
o.oc:i75 0 .... 5 006 25 0.970 65S 51 0.162 Ill 93 0.493 426 67 Q.040 888 82 Q.672 146 48 
0.9980 a ..... ca, 00 o.s11 58• 50 a. 162 431 44 a.,93 SI J 33 o.04C 970 \4 Q.672 838 60 
0.9985 0.9'17 002 25 o.972 ,oq 82 a. 1~2 751 40 0.494 400 21 0.041 051 58 0.673 531 11 
o.oqc;o o. 9Q8 001 00 0.013 435 46 O.lb3 011 81 0.494 887 30 0.041 133 13 0.6 74 ?.24 06 
0.Qqqi; o. qqq 000 25 o.cn4 361 41 0.163 1s2 71 o.4q-; 374 67 0.04 I 21, 81 a. 67• SI 7 40 
1.0000 1.000 000 QC 0.975 287 6S a. 163 714 05 0.405 862 15 a.a• 1 2S6 61 0. l::75 611 11 
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TABLE 111-FC~CTIONS O'UNE SP IRALE OE RAYON UNITAIRE 

----------------------------------------------------r----------------------------------- 
A/Rs ST /R LC/R 1/3 e•••c • •l SI A• ---------------------------------------------------- 
•vITlfi DEG ~NT SEC 

---·······-··································•=••·••=••=••···••=••········-·······••=•=••· 
0.96C5 0.313 891 53 0.913 e65 17 26 25 45.9 8 48 35.3 8 47 37.9 0 0 51.4 

0.9610 0.314 n2 01 0.914 158 79 26 27 24.Q 8 •9 8.3 8 48 10.7 0 0 5 7 .6 
0.9615 o. ]14 572 70 0.915 732 e4 26 29 4. I 8 49 41.4 8 48 43.6 0 0 57 .8 

( 0.9620 0.314 913 62 0.016 667 31 26 30 43.3 8 50 14.4 8 49 lb.5 0 0 58.0 

0.0625 o.315 2'4 16 0.011 ,02 22 26 32 22.s 8 50 4 7. 5 8 4Q 49.4 0 0 58.1 
0.0630 o. 315 5% 12 0.018 ,~1 56 2b 34 I .8 8 51 20.b 8 50 22.3 0 0 58.3 

O.Ql:~5 0.315 q37 70 0.910 473 32 26 35 41. I 8 51 53. 7 8 50 55.2 0 0 58.S 

0.9640 o. 316 21q 50 0.020 400 52 2b 37 20.5 8 52 2b .8 8 51 28.1 0 0 58.7 
O.<H-45 o. 316 6?1 52 0.021 J•6 14 26 38 60.0 8 52 60.0 8 52 1.1 0 0 58.Q 

o.q6!:0 0.316 963 71 0.022 283 10 26 40 30.5 8 53 33.2 8 52 34. I 0 0 5Q. l 

0.9,55 o. 317 306 2' 0.923 220 67 26 42 19.0 8 54 b.3 8 53 7.1 0 0 'jq .2 

0.9660 o. 317 648 q3 0.924 158 58 2b 43 58.b 8 54 J9. 5 8 53 40. I 0 0 59 .4 
0.9665 0.317 991 84 0.925 C9> SI 26 45 38.3 8 55 12 .8 8 54 I l. I 0 0 59.6 
0.9670 o. JI 8 JH 97 0.926 035 68 26 47 18.0 8 55 46.0 8 S4 46.2 0 0 so.~ 
0.967'; 0.318 67~ 33 Q.926 974 n 26 48 5 7. 7 8 56 lQ. 2 8 55 l Q• 3 0 0 60.0 
0.9680 o. Jl9 021 91 o.s21 914 49 2b 50 37.5 56 52.5 8 55 52.3 0 I 0.2 
o.q6@'> o. '31g 365 71 0.928 85• 54 26 52 11.4 57 25. 8 8 56 2 '5.4 0 I o.• 
Q.Q6CQ 0.319 709 7J 0.929 705 01 26 5J 57.3 57 59. I 8 56 58.5 0 I 0.6 
o. 9 6 S 5 0.320 053 qp C.030 735 S2 2b 55 37. 3 58 32 .4 8 5 7 31. 7 0 I 0.7 
0.0100 0.370 398 45 0.03 I 677 24 26 57 I 7. 3 5q 5.8 8 58 4.8 0 I 0 .o 

C.97C5 0.320 74 3 14 o. 032 610 00 2b 58 57,3 8 5q 39. I 8 58 38.0 0 1.1 
0.0110 0.371 088 06 0.033 561 18 27 0 37 .5 q 0 12.5 8 50 11. 2 0 I. 3 
o. 971 '1 o. 321 433 20 o.q34 503 7Q 27 2 17.6 q 0 45.q 8 50 44.4 0 t.5 
0.9 720 0.321 778 56 0.935 '46 83 27 1 57.8 q• I 19. 3 q 0 17.6 0 I. 7 
O.Q1?5 0.322 124 15 0.936 JOO 20 27 5 38. I q I 52. 7 Q 0 50.8 0 1.s 

0.0730 o. 322 409 9b 0.037 334 18 27 7 18.4 0 2 26. I q I 24.l 0 2.1 
o.q135 o. 322 816 00 0.038 278 5C 27 8 58.8 q 2 59 .6 I 57.3 0 2.3 
0 .<J7't0 o. 32 3 162 26 o.03q 22, 2• 27 10 39.2 0 l 33. I 2 30.6 0 2.5 

o. 974 ': o. 32 3 506 1, 0.940 168 41 27 12 l q. 7 q 4 bob 9 3 3.9 0 2.1 
0.9750 0.323 055 45 0.041 11 • co 27 I 4 0.2 q 4 40. l q 3 37.2 0 2.6 

0.9755 0.324 202 31 C.042 ce o 02 27 15 40.8 9 5 13 .6 q 4 10.6 0 3.0 
0.9760 0.324 549 5, o. q4 3 006 46 27 17 2 I. 5 q s 4 7 .1 q 4 43.q 0 3 .2 
Q.97#;1:i o. 324 6% 91 0.043 q5 3 33 27 10 2.t q 6 20. 7 9 5 17.3 0 3 .4 

0.9 770 0.325 244 52 0.9't4 000 62 27 20 42.9 q 6 'i4. 3 q 5 50.7 0 ,.6 
Q.9775 o. 375 502 31 o.q"':i e4e 34 27 22 2 3. 7 q 7 71.9 Q b 24.1 0 3.6 
0.07RO 0.325 040 41 0.Q46 700 4q 27 24 4.5 9 I. 5 q 6 57.5 0 4.0 
0.Q7815 o. 326 2RB 6S o.q47 74 5 C5 27 75 415. 4 9 35. 1 q 7 30.0 0 •-2 
0.9790 0.326 637 10 0.Q48 604 05 71 27 2b. 3 q Q 8.8 Q R 4.4 0 •• 4 

0.97G'5 0.326 085 qz 0.949 '43 46 27 29 7.3 q q 4? • 4 q 8 37.8 0 4.6 
0.9800 o. 327 334 6e 0.950 593 '0 27 30 4A. 4 0 10 I b. I 9 9 11.3 0 4.~ 

0.08(5 o. 32 7 684 06 0.95 I 54 3 57 27 32 29.5 10 49. 8 q q 44.A 0 5.0 
o.qa10 0.328 033 47 Q.051 404 76 27 34 10.6 11 23. 5 q 10 18.3 0 5. 2 
0.0815 o. 328 38 J II Q.053 4'5 J7 27 35 51.8 9 II 57.3 q 10 51.9 0 5 .4 
o. q P. 70 0.328 732 q7 0.9154 30, 01 27 37 33. l q. 12 ll .O q II 25.4 0 5 .6 
0.0875 0.320 CR3 05 0.9155 348 e7 27 3q 14. 4 9 13 4.8 Q 11 5Q.Q 0 5 ·" 
o.qe,o Q.320 433 H 0 .9':16 301 25 27 40 55.7 9 13 38. 6 q 12 l2 .b 0 6.0 
0.9A35 0.329 783 9C 0.957 2 5• C5 71 42 37'. l 9 14 12.4 q I l b.2 0 6.2 
0.9fl40 o. 330 134 67 O.Q 58 207 28 27 44 l ~. b q 14 4b.2 Q 13 39.8 0 11.• 
Q.9845 o. 330 485 66 Q.959 lbO 93 27 46 O. I q 15 20 .o q 14 13.4 0 6.6 
0.9A'50 O. l JO 636 BE C .9bC I I 5 CI 77 47 4\.b q IS 51. q q 14 4 7. 0 0 6.R 

0.0855 o. 3"~1 18A 33 o.q,-,1 C69 50 27 4q 7). 2 9 lb 21.1 0 I 5 20. 7 0 7.0 
0.9 ae o 0.331 540 oc 0.002 074 42 77 SI 4.Q q 17 I .6 q 15 154.4 0 7.2 
Q.9P~'S o. 331 891 QC 0.962 970 1b 27 52 4b.b 9 I 7 35. 5 q 16 28. I 0 7 .4 
Q.,9R70 0.332 244 03 0.963 935 57 27 54 28. 4 q 16 o.5 9 17 I .8 0 1.1 
o.qf11~ 0.332 596 3Q Q.,Q64 601 7 I 27 56 10.2 Q 18 4}.4 Q I 7 35. 5 0 ].Q 

0.9R80 o. 332 o,8 07 0.965 148 l I 27 57 52. I 9 IQ 1 7 .4 q 18 9.1 0 8. I 
0.9P.85 o. 333 30 I 7e O. 9f'>b 805 34 27 50 '". 0 0 l q 5 I. 3 q I A 43.l 0 A. 3 
o s s s s o o. 333 654 82 O. Ob1 762 ]Q 26 l 16.0 9 20 25.3 Q IQ 16.8 0 A .5 
0.98<; ':: 0.334 008 co O.Q68 720 bb 28 2 58.0 q 20 5q. 3 9 19 50.6 0 R.7 
0.9900 o. 334 361 5e 0.060 678 05 28 4 40. 1 q 21 1 ':\. 4 Q 20 74. 'i 0 R.9 

Q.99C5 0.334 715 31 o.no '37 >6 28 b 22. 2 q 22 7 •• q 20 58.3 0 I 9. I 
0.9910 o. 3 35 069 26 o. 9 71 59, 80 28 s 4.4 q 22 4 l. "i q 21 37. I 0 I Q.3 
o.QQ\5 0.335 423 .. 0.972 556 35 28 q 46".6 9 23 15. 5 9 22 6.0 0 '1 q. s 
0.()910 0.315 771 65 0.973 516 32 26 II 28.Q q 2l 4q.6 q 22 39 .9 0 l 0.1 
0.9075 O. '3b 13' 4q 0.9 74 476 72 28 13 I I. 2 q 24 23. 7 q 23 13.8 0 l 10.0 
o.qcno o. 336 ,a1 35 0.075 4J7 5 3 28 14 'S ,. 6 q 24 57. q 2' 47.7 0 l 10, 2 
0.99l5 o. 336 842 45 0.01b 308 76 26 16 36.0 q 25 32. 0 24 2 I .b 0 I 10 .4 
o,.qq40 0.337 1 Q7 76 0.011 360 •2 28 18 18.5 q 2b b.2 Q 24 55 .6 0 I 10 .6 
0.9945 o. 337 553 33 0.978 322 ,o 28 20 1.1 q 26 40 • 4 9 25 20.5 0 I IO .A 
0.9q"iQ o. 337 009 II o.o 10 2 84 08 26 21 43.7 0 27 }4.6 9 2' 3.S 0 I I I .o 

o.oq55 o. 338 265 l 3 C.960 247 90 28 2 l 26.3 q 27 4A. 8 0 2b 37.5 0 11.2 
0.9960 o. 338 621 37 o.oe1 211 23 28 25 o.o 0 28 23.0 0 27 l 1. ~ 0 11.'i 
0.'996'i 0.338 977 65 Q.Q82 I 74 98 28 26 51.7 q 28 57.2 Q 27 45.6 0 11.1 
0.tJ'ii70 o. 339 334 55 C.083 139 14 26 28 34.5 q 20 3 l. 5 q 28 1°.6 0 I l .9 
o.•o75 o. 339 bOI 4e 0.064 103 73 26 JO t 7 .4 9 30 5.8 q '" 53.7 0 12. I 
0.9CJ80 o. 340 048 65 o.•65 Ob6 74 28 32 0.3 Q 30 40. I q 29 21. 6 0 12. 3 
0.9985 o. 340 406 04 o. 086 034 16 28 33 43.2 q 31 14 ·" 9 JO 1.0 0 12 .5 
0.9990 o. 340 763 67 0.987 coo co 28 35 26.2 q 31 48. 7 Q JO 36. 0 0 12.8 
0.95'5 o. 341 121 B 0.987 066 26 28 J7 9.3 q 32 23. I q JI 10. I 0 I 3.0 
1.ooco 0.341 4]q 01· 0.988 932 o• 28 38 52.4 q 32 57. 5 q 31 44.1 0 l 3.' 
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TABLE I I 1-FC•CTI ONS 01 U~f SP IRALE OE RAYON UNITAIRE l 

) ----- --------- ----- --------- ---- - - ---- ------ -- ---- ------ ----- ----------- ------ -- ---- ---- -- 
A/ R"' LS /R X/R Y/R 0/R P/R LT /R 
•LS/h 
•VLS/R 
~2•••~•••••••••••••••••••••••••••••••••••••z••••••z•••••=•a•••••••z:•••••••••••••••••••••• 
1.0005 1.001 000 ?5 Q.976 214 28 0.164 015 85 0.496 149 •o 0.041 378 53 0.676 305 28 
1.0010 1.002 001 00 0.977 I 4 1 20 0.164 358 11 C.4q6 eH 88 0.041 460 56 0.676 qqq 82 
1.0015 1. 003 002 25 O.Q78 068 43 0.164 680 82 o.4q7 326 07 0.041 542 72 0.677 694 71 
1.oc,o 1.004 004 00 o.ne 995 se 0.165 004 00 o.4q7 814 48 0.041 625 00 Q.678 390 13 
1.0075 1. 005 006 25 o.q1q 923 84 o. 165 32 7 64 Q,.4q8 103 11 0.041 707 39 o. 679 085 AR 
1.00-io 1. 006 009 00 0.980 852 03 0.165 651 74 Q.498 791 96 Q.041 78'l SI o. 679 782 05 
1.oo35 1. 007 012 25 0.981 780 53 0.165 976 31 o.4qq 281 03 0.041 8 72 55 0.680 478 61 
1.0040 1. 008 016 DC 0.982 7C9 35 o. 166 301 33 C.499 770 32 o.041 055 31 0.681 I 75 59 
1.0045 1. 009 020 25 0.983 6H 48 0.166 626 82 c. 500 259 82 0.042 038 19 0.681 R72 96 
1.0050 1. 010 025 DC Q.984 5b1 G3 a. 166 952 76 c.soo 749 ss o. 042 171 19 0. 6R7 570 7S 

l .OQ"i'i 1. 011 030 25 0.985 4G7 oq o. 167 270 18 0.501 2 39 4q 0.042 204 )1 Q.683 268 93 
l.0060 l. 012 036 QC O.Q86 477 77 O. lt-.7 606 05 0.501 729 65 0.042 28 7 55 0.6R3 %7 5' 
r. oc ts 1. 013 042 25 O.Q87 3158 17 o. 16 7 q33 3q C.502 220 04 0.042 37C •2 0.684 66~ 52 
1.0C70 1. 014 04• 00 0.QAB ZRB RB 0.168 261 1• o. 502 710 64 0.042 454 40 0.685 365 •1 
1.oo15 l. 015 056 25 o.qAq 21• SC o. 168 ... 46 c. 503 201 46 0.042 538 01 0.686 065 74 
1.0080 1. 016 064 oc Q,.QQQ 151 23 o. 168 918 1• o. 503 6•2 4q 0.0,2 621 74 0.686 765 96 
1.ooe~ I. 01 7 012 25 o.••1 on BR 0.169 24 7 39 0.504 183 75 o. 042 705 59 0.687 466 SR 
1.00•0 l • 01 R 081 oc 0.992 014 es 0.169 577 05 0.'-04 675 22 o. 042 789 50 0.688 167 01 
l.00':15 1 .. 01 o oso 25 O.Qa] q4 7 12 0.169 907 18 0.505 166 91 0.042 873 65 0.688 869 04 
1.0100 1.020 100 oc 0.9G3 87G 11 c. 110 217 71 c. 505 658 83 o. 042 q57 87 0.689 570 88 

1.0105 I.021 110 25 Q.Q94 812 61 0.170 568 83 o. 506 150 95 0.043 042 20 0.690 213 13 
1.0110 1.072 171 oc 0.995 ]4. e2 0.110 sco 36 o. 506 643 30 0.043 126 66 0.690 975 7q 
1.01 I 5 1.023 132 25 0.996 679 34 o. 171 232 35 C.507 135 87 o. 04 3 211 25 0.691 678 AS 
I.0120 I. 024 144 00 Q.997 613 17 O. I 71 56' 82 0.507 628 65 0.043 295 95 0.692 382 32 
1.0125 I. 025 156 ?5 0.9Q8 '34 7 37 o. 1 71 897 75 C.50R 121 65 0.043 380 78 0.6Q3 086 20 
1.0t ?0 1.026 169 00 a.qqq 481 17 o. 172 23l 15 0.508 614 87 0.043 465 73 0.6•3 790 4q 
1.0135 1.027 182 25 1.000 416 53 o. 172 565 07 o. 5 09 108 30 0.0'93 550 80 0.694 495 IA 
l .O 140 1. 028 1% DC 1.001 ?51 6C o. 172 89~ 36 a.so• 601 96 0.041 635 c c 0.69':, 200 2• 
1 .o 145 I. 029 210 25 I .002 286 9A 0.173 234 17 c.s 10 095 83 0.043 721 31 o. 695 905 ,. 
1.0150 l. 030 225 DC 1.003 222 67 o. 173 569 44 C.510 580 02 o. 04 3 806 75 0.6Q6 611 7l 

1.0 I 55 1. 031 240 25 1.004 158 67 0.1 n 905 19 0.511 084 23 0.04 3 892 31 0.697 ne 03 
I .o 160 l.032 256 oc 1.005 0°4 98 O.!H 241 41 C.511 578 75 0.043 Q78 00 o. 698 024 71 
1 .o 165 I.OB 272 25 1.000 C? 1 5q 0.1 74 5 78 10 o. 512 on 49 0.044 063 81 0.698 731 <;I 
1.0110 1. 0~4 28• DC 1.006 9h8 51 0.174 915 26 o. 512 568 45 o.o .. 149 7S 0.6qQ •39 46 
1.0175 l. 015 306 25 1.oc1 905 14 C.175 252 9C c. 513 063 63 0.044 215 80 0.100 1'7 43 
1.0180 I. 016 324 00 1.008 843 27 0.175 591 00 o. 513 559 02 0.044 32\ 98 o. 700 855 80 
1.01!5 1.037 342 25 1.ooc: 78 1 11 o. 175 929 58 o.514 054 64 0.044 408 29 0.101 564 58 
1.0190 I. 038 361 00 1.010 11 q 76 o. l 76 268 64 o. 514 550 46 0.044 4Q4 72 o. 702 273 77 
1 .o 1 'i ~ 1.039 380 25 I .011 f57 71 0.1 76 6CP 16 C.515 C46 51 0.044 581 27 Q.702 983 36 
1 .o 20G 1.0,0 •oo 00 1.012 596 46 0.176 948 16 0.515 542 77 0.044 667 95 o. 703 693 37 

1.0205 1.041 420 25 1.011 5315 52 0.177 288 64 o. 516 039 25 Q.,044 754 75 0. 704 403 1• 
1.0210 1. 042 441 00 1.014 '74 89 0.1 n 629 58 0.516 535 95 0.044 841 68 o. 705 114 62 
1.0215 I. 043 462 25 1.015 414 56 0.111 971 01 0.517 032 86 0.044 928 73 0.105 825 86 
1.0210 I. 044 484 00 l .o 16 354 •J o. 178 312 91 c. 517 529 99 o. 04 5 015 •o o. 706 53 7 51 
1.0225 1. 04 5 506 25 1.011 294 80 o. 1 78 655 28 o. 518 027 34 o. 045 103 20 0.707 249 ~7 
l..02?0 1. 046 s2• 00 1.018 235 1e o. 178 qqe 13 o. 518 524 90 0.045 190 62 0.101 962 04 
1.0235 I. 047 552 25 1.019 176 26 0.1 7q '!41 46 o.510 022 68 o.045 7.78 11 0.708 674 91 
1.0740 1. 04A 5 76 oc 1.020 11 l 44 0.179 685 26 0.519 520 67 0.045 365 85 o. 1oq 38R 22 
1.0245 I. 049 600 25 1. 021 C58 ,2 0.180 029 54 C.520 018 89 0.045 453 65 o. 7l0 101 93 
1 .0?50 1. 050 625 00 1.022 000 71 0.180 374 30 C.520 5)7 32 0.045 541 57 0.110 816 04 

1.0255 l.051 650 25 1.022 q42 80 0.180 719 54 0.521 Cl 5 96 0.045 629 62 o. 711 530 57 
I.QUO 1. 052 676 oc 1.023 ee5 18 0.161 065 25 0.521 514 82 0.045 717 80 0.112 245 51 
1 .O;>f:s; 1. 053 702 2~ 1.024 P27 87 o. 181 411 45 0.522 013 90 o.o4s 806 10 o. 712 960 % 
1.0210 1. 054 71Q 00 1.025 77C P5 0.181 758 12 0.522 513 1 q 0.04c; 894 53 0.713 676 63 
l .O 275 I. 055 756 25 I.OU 714 14 o. 182 105 77 0.523 012 70 0.04'i '9R? 08 o. 714 192 80 
1 .0280 I. 056 784 00 I .o 27 f 57 72 o. 182 452 <;I o. 523 512 4) O.C46 071 7~ o. 7l 5 109 )Q 
I .O 28 5 1. 05 7 812 25 1 .02e 601 61 0.182 ADI 02 0.524 012 37 0.,04b 160 56 o. 715 826 40 
1. Q;tQQ I. 058 841 00 1 .029 545 79 o. 183 \40 61 0. 524 512 5~ Q.04t, 24S 4q o. 716 543 81 
1.0295 1. 059 870 25 1.030 490 27 0.183 498 69 0.525 012 •o 0.046 HP 55 0.7L7 26 I 64 
l .0300 I. 060 <;QO DC l .OH 4'5 C4 0.183 848 24 0.525 513 49 0.046 477 B o. 71 7 q)q RR 

1 .. 0:rns I. On 1 •10 25 l .O 32 380 12 o. 184 198 28 C. 526 014 29 0.046 517 C4 O. 7l A f08 51 
1 .o HO 1. 067 %1 00 1.033 ?25 49 o.184 548 80 0.526 515 11 0.046 606 4A 0.71Q 417 60 
I. 0? l 5 I. 06' qq7 25 1 .034 271 l 5 0.184 89• 80 Q.527 Clo 55 0.046 696 04 0.120 137 CB 
1.0120 1. 065 024 to l .o 15 217 11 0.185 251 28 o. 527 5l8 00 0.046 785 73 o. 720 856 q5 
1. 0 '12 11; I. 066 056 25 1 .o 36 10 37 O. l 85 603 25 0.528 QlO 67 0.046 875 55 o. 771 577 20 
1.0330 l. Oh 7 C89 DC 1.017 109 93 o. 185 955 70 0.528 521 55 0.0-'tb %5 50 o. 722 2•8 Ol 
I .0115 I. 068 172 7< 1.038 056 77 0.186 ?08 f4 o.529 02 3 64 0.041 055 57 0.723 019 15 
1.0'40 1. 069 156 DC 1. 039 003 <;7 0.186 662 06 o. 529 525 96 0.04 7 145 76 0.723 740 70 
1.0145 1. 010 ISO 25 I. 039 951 3S 0.187 015 96 o. 530 C28 48 0.047 216 09 o. 7 24 462 67 
1.0350 1.071 225 00 1.040 890 CP 0.187 370 35 0.530 5 31 2 3 0 .04 7 326 54 0. 7?5 165 05 

1.0155 I. 07 2 260 25 1 .04 l 84 7 11 0.187 725 23 o. 5 31 CH 18 o. 04 7 417 12 o. 725 •01 es 
l.OlfO 1. 073 296 DC 1.042 705 47 o.1sa 080 59 o. 5 31 537 36 0.047 507 83 0.726 631 06 
1.03t5 l. 074 332 25 t.04? 744 C1 0.188 436 44 c. 532 040 74 0.04 7 5se 67 o. 727 354 69 
1.ono l. 075 36• 00 1.044 697 <;4 o. 188 7q2 77 c. 532 544 34 o. 04 7 S8Q 63 o. 728 07R 73 
1 .03 i '.i 1. 076 406 75 1.045 647 13 0.189 149 5q 0.5 33 04R 16 0.04 7 780 73 o. 128 803 IQ 

~ 
1.0380 1.077 444 00 1.046 591 f 1 0.189 506 90 o. 533 552 1 q o. 04 7 871 9~ 0.729 52~ 06 
l.0385 1.019 487 25 1.0'7 541 3q 0.189 664 7C o. 534 056 44 0.047 q~3 10 o. 730 253 JS 
I.OHO 1. 079 521 00 1.048 491 45 o. t so 22 2 98 o. 534 560 90 0.048 054 77 0.730 079 Ob 
1.0 3q5 !. 080 5b0 25 1.04q 441 81 0.1•0 ~81 75 c. 535 065 57 0.048 146 ~~ o. 711 705 1~ 
1.04CO 1. 0~ I 600 oc I .050 392 4b 0.lQ0 041 01 o. 5,35 570 46 o. 048 218 11 0. 732 431 73 
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UBLf 111-FONCTIONS O'UNE SPIRALE DE kAYON UNI UIQF 

------------------------------------------------------------------------------------------ 
A/ Rs ST /R LC/R 6 1/3 e•♦+c • •LS/ A• ---------------------------------------------------- -vcsr« DEG •NT SEC 

••••••••••••••••:11.•••••~••••••:11.••••••••=•••=•••:11.:11.■::sz••••=••=•s•s:11.az:zzzs••=•=•••=••=z•••: 

1.oac, a. 341 837 93 0.989 900 04 l8 40 35.6 9 33 31.9 9 32 18.4 0 13.4 

1 .0010 o. 342 196 4e 0.990 86 7 55 18 41 18.8 9 34 6. 3 9 32 52.6 0 13.6 

I .OOIS 0.142 555 26 0.9Gl 835 48 28 44 2. 0 0 H 40.7 0 33 26.8 0 13.q 

1.0020 o. 342 914 21 0.952 f03 e3 28 45 45.3 q 35 15. I q 34 1.0 0 14. I 
1 .002 S o. 3'3 273 52 o.9q3 11> 5q 18 47 28. 7 q 35 40.6 0 34 35.3 0 14.J 
1 .oc ~a o. 343 B2 9S o. qg4 741 78 >A 49 12.t 9 36 14 .o q 35 9.5 0 14.5 
1.0035 o. 341 9qz 70 o.995 711 37 28 50 55. 6 9 36 58.-; q 35 43.8 0 14.8 
I .0040 o. 344 352 64 o. Qq6 681 39 18 52 Jq. I 0 17 33.0 q 36 18. l 0 15.0 
I. OC45 0. '344 712 81 0.997 651 e2 18 54 22.1 9 3A 7 .6 0 36 52 .4 0 15.2 
1.0050 0.345 073 21 0.998 622 '1 2A 51, 6.3 0 38 42.1 q J7 26.7 0 l 5.4 

I .OC5'5 o. 345 4H 85 0.999 591 93 28 57 50.0 q 39 16. 7 0 38 1.0 0 15.7 
I .0060 o. 345 79 ... 11 I .OOO 565 61 IA 59 33.7 9 39 51.2 9 38 35.3 0 15.9 
I .OOt 5 o. 346 15S 82 1.001 537 1C zq 1 17. 5 9 40 25.A q 39 9.7 0 16. I 
1.0C10 0. 346 517 16 1.001 510 11 zq l I•~ 9 41 0.4 q 3q 44.l 0 16.J 
1.oo15 o. 346 878 11 I .00 ~ 4A3 14 2q 4 45.1 Q 41 15. I q 40 18.5 0 16.,h 

I .0080 o.l41 140 51 1.004 456 4e 19 6 29. I q 42 q.1 q 40 S2.9 0 16.8 
1 .ace ii; o. 34 7 602 56 1.005 430 14 29 A I J. l 9 42 44.4 q 41 27.3 0 11.0 
1.0000 O. l4 7 %4 81 1.006 404 41 29 q 57.l Q 43 lQ.,Q 0 42 I .8 0 I 7. 3 
1.oc1:r; O. l4f\ 327 3l 1.001 11e gq 2q II 41.2 q 43 53. 7 0 42 '\6., 3 0 17.5 
1.0100 o. 348 6qo 06 I.OOA 353 qq 20 ll 25.4 0 44 ?A. 5 q 43 10. 7 0 1 7 • 7 

J.0105 0.149 053 01 1.009 3zq 41 19 15 9.6 9 45 3. 2 q 43 45.1 0 IA.O 
I .o I 10 o. 349 416 23 1.010 305 23 29 16 53.8 9 45 37.9 0 44 19. 7 0 I 8.2 
I .O 11 5 O. l4Q 770 67 1.01 I 2Al 4P 20 i e 38.1 q 46 12. 7 9 44 54.3 0 18.4 
I .0120 o. 350 141 34 1.012 258 13 29 20 22.4 q 46 47. 5 9 45 28.8 0 IA.7 
1.012'; o. 350 507 25 1.013 735 20 29 22 6.8 0 47 22.J 0 46 J.4 0 18.0 
1.0130 o. 350 871 Jq 1.014 212 6S 2q 23 51.J 9 47 57.1 9 46 38.0 0 19.1 
1.0 I 35 o. 351 235 76 1.015 190 5e 2q 25 35.8 9 48 3 l .q q 47 12.6 0 1q.4 
1.0140 o. 351 600 37 1.016 168 sq 2q 21 20.J q 49 6.8 q 47 4 7 .2 0 19.6 
1.0145 o. 351 %5 21 1.011 14 7 62 29 2q 4.9 q 4q 41.6 q 48 21.8 0 19.8 
1.0150 o. 352 330 29 1.018 126 75 20 30 49.6 9 50 16.5 9 48 56.5 0 20. I 

l .O l 51: o. 35 2 fq5 61 1.01q 106 30 2q 32 3"'.J q 50 51. 4 q 4q 31.1 0 20. 3 
I .O 1'0 o. 35 3 061 16 I .020 CA6 26 2q 34 1q.o q 51 26. 3 q 50 5.8 0 20.5 
1.01' 5 o. 353 4>6 95 1.021 OH 64 zq 36 3.9 q 52 I. 3 q 50 40.5 0 20.8 
1.0 I 70 o. 351 n, 07 1.0?2 047 42 2q 37 48.7 q 52 36 .2 0 51 15.2 0 21.0 
I .o I 7 5 o. 3'>4 150 23 1.023 028 62 29 3q ll. 6 q 53 11.2 q 51 49.Q 0 21.3 
1.0180 o. 354 525 72 I .02, 010 23 zq 41 18.6 q 53 46. 2 q 52 24.1 0 2 I. 5 
1.0185 o. 3'i4 an " I .024 q92 25 2q 43 J.6 9 54 21.2 q 52 5Q.5 0 21.7 
1.0190 o. 355 25q 42 I .025 q74 6A zq .. 48.7 q 54 56.2 9 53 34.2 0 22 .o 
l.OIS5 o. 355 626 62 1.026 957.,iJ 2,q 46 33.8 q 55 31.3 0 54 q.o 0 ?2 .2 
1.02co o. 355 994 06 1.021 040 7A 29 48 10.0 9 56 6.l q 54 43.8 0 22 .5 

I .o 2C5 o. 356 361 74 1.028 q24 45 2q 50 4.2 q 56 4\.4 9 55 18.7 0 22.1 
1.0210 o. 356 720 65 1 .02q so s 52 2q 51 49.4 q 57 16.5 0 55 53.5 0 23 .o 
1.02H o. 35 7 097 80 1.030 5q J Cl 29 53 H.8 q 57 51.6 9 56 28.4 0 23.2 

1' 
1.0220 o. 35 7 466 19 I .O 31 877 QI 2q 55 20.1 9 58 26. 7 9 57 3.3 0 23.5 
1.0225 o. 357 834 81 I .o 32 8~3 22 29 57 5.6 q 5q 1.q 9 51 J8. 2 0 2J.7 
1.0730 0.358 203 68 1.033 P4e q3 2q 58 5 I. I 9 5q J7.0 q 58 I 3. I 0 23.q 

t 1.0735 0.358 572 78 I. 034 8lS C6 30 0 J6.6 10 0 12 .2 q 58 48.0 0 24.2 
1.0240 o. 358 942 12 1.035 821 6C JO 2 22.2 10 0 lt7 .4 q 5q 22.9 0 24 .4 
I .024 5 o. 159 311 6q 1.036 80e 55 30 4 7. 8 10 I 22.6 q 5q 57.q 0 2,.1 
I .o 250 o. 3-:;q 681 51 1.037 7q5 90 30 5 5 J. 5 10 I 57.8 10 0 32 .9 0 24.9 

1.0255 o. 360 051 56 1.038 783 67 30 1 3q_ 2 10 B.I 10 1 1.q 0 25.2 
1.ouo o. 360 421 85 1.03q 771 85 JO 0 2s.o 10 A. 3 10 I 42.9 0 2t; •" 
1.0265 o. 360 7qz 38 l .04C 760 43 30 II 10.8 10 4l.6 10 2 11.q 0 25.1 
1.0270 o. 361 16 J 15 I. 04 I 74q 42 10 12 56.7 10 4 18.Q 10 7 53.0 0 25.q 
1.0275 o. 361 534 16 1.0,2 738 82 30 14 42.7 10 4 54.2 10 3 28.0 0 26.2 
1.0 280 o. 36 I qo5 40 1.043 728 63 JO 16 28.7 10 5 29.6 10 4 3.1 0 26.5 
I .O 28 5 o. 36? 276 89 1.044 718 85 JO 18 14.7 10 6 4.9 10 4 38.2 0 26.7 
l.02QO o. 362 6•8 61 1.045 1oq 4P 30 20 0.0 10 6 40.3 10 5 13.3 0 21.0 
1. 02c; ~ o. 363 020 se 1.046 700 51 30 21 4 7. 0 10 1 15 • 7 10 5 48.4 0 27.2 
l .03CO o. 363 392 18 1.04 7 6ql q5 30 23 33.2 10 7 51.1 10 6 23.6 0 27 .5 

1 .o ro s o. 363 765 21 I .048 683 ea JO 25 19.4 10 A 26. 5 10 6 58.7 0 I ?1.1 
1.0310 o. 364 137 01 1.049 676 05 30 27 5.7 10 Q 1.q 10 7 33.Q 0 I 28 .o 
1 .o 1 I a; O. l64 510 0, 1.050 66e 72 30 28 52. I 10 9 37 .4 10 8 9. I 0 I 78.2 
l .. 0? 70 o. 364 884 00 1.051 661 7q 10 30 18. 5 10 10 12.8 10 8 44.3 0 I 28.5 
l .O? 2 r; o. 365 257 41 I .052 655 26 30 31 24.9 10 10 48.J 10 q 1q.6 0 I 28.8 
I.OHO o. 365 631 05 1.053 64q 15 30 34 11. 5 10 II 23. 8 10 9 54.8 0 I 29 .o 
1.0335 o. 366 004 q4 1.054 643 .. 30 35 58.0 10 II 59. 3 10 10 JO. I 0 I 2q.3 
1.0340 o. 366 379 07 1.05s 63e 13 30 J7 44.6 10 12 34.9 10 II 5.3 0 I 29.S 
1.034 5 o. 366 753 43 1.056 633 23 JO Jq 31. 3 10 13 10.4 10 II 40.6 0 I 7.9.,A 
1.0350 o. 36 7 128 04 1.057 628 74 30 41 18.0 10 13 46.0 10 12 15.9 0 I 30. I 

I .035 5 o. 36 7 502 qo I. 058 624 65 30 41 4.8 10 14 21.6 10 12 51.3 0 10.J 
I .0360 o. 36 7 811 qq 1.05q 620 S7 30 44 5 I .6 10 14 51. 2 10 13 26 .6 0 JO .6 
1.0365 o. 368 25 J 32 1.060 617 10 30 46 )8.5 10 15 32. 8 10 14 2.0 0 30.q 
1.0?70 o. 368 628 90 1.061 614 el 30 48 25.4 10 16 A.5 10 14 37.3 0 JI.I 

l 
I .0315 o. 369 004 12 1.062 612 36 30 50 12.4 10 16 44. l 10 IS 12.1 0 Jl.4 
I.OHO o. 369 380 78 I .063 610 30 JO 51 59 •• 10 11 I q.8 10 15 48.1 0 31.6 
1.03!5 o. 369 1'1 08 1.064 608 64 30 53 46.5 10 11 55. 5 10 16 2 3.6 0 Jl.9 
1.0390 o.HO 133 63 1.065 607 39 JO 55 33.6 10 18 JI• 2 10 16 59.0 0 32.7 
l.03S5 0.370 510 42 1.066 606 54 JO S7 20.8 10 1q 6.q 10 17 34.5 0 32.4 
1.0,00 o. 370 887 45 1.001 606 10 JO 5q 8.0 10 1q 42.7 10 18 10.0 0 32. 7 
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TABLE 111-FO,CTIONS 01 UNE SPIRALE OE RAYON UNITAlRF I ) ---------------------------------------------------------------------------------------- A/R-c LS /R X/P y ,. Q/R P/R LT /R 

zLS/A= 
• l/'Cs7R 
=--c••-••••••-•=-•••••~•••-•••••=••••••••:••=====•••-•=•••••z=•=•=-cz:zszz::a•••••••••••z••= 
I .0405 I. 087 640 75 1.051 34 3 1S O. lSl 300 77 0.536 075 57 O. 04 B 3?S S8 o. 733 158 68 

( I .04 IO I. 083 681 oc 1.052 2S4 62 o.1s1 661 01 C.536 5SO 88 O.O't~ 471 97 o. 733 886 C6 
I. 0415 1. 084 722 25 1 .053 246 13 0.1 Q2 021 74 o.537 086 42 o. 048 514 cs o. 734 611 85 
I .0470 1. C85 764 OC 1. 05" 1 q 7 q3 0.1S2 382 S6 a. 537 ss2 16 o. 04 8 606 34 0.1,5 34? 05 
1.042 5 I. 086 806 2~ 1 .055 150 C2 0.1Q2 744 67 Q.538 008 12 o.04e 6S8 72 a.no 070 68 
1.0410 1. OB 7 84S 00 1 .056 102 40 0.1S3 106 87 O. 5lA 604 10 0.048 7S 1 23 0.736 7q9 72 
1.0415 1. OAS 8S2 25 I. 057 C55 (6 0.1S3 46S 56 c. 5 3S 110 68 0.048 88 3 86 a. 737 52° 18 
l .0440 1. oas S16 oc 1.058 oo e Cl 0.103 .812 75 a. 51<.; 617 2s 0.048 01~ 61 o.n8 750 06 f 

) 1.O't45 I. 090 980 2~ 1.058 961 75 0.1 q4 196 ,3 C. 540 17.4 10 0.04Q 060 <3 a. ne 9AO 30 
1.0450 1. oo 2 025 00 l .Q'SQ 014 77 0.1Q4 560 60 0.540 631 13 Q.Q4Q 16 2 55 Q. 7lQ 720 QA 

1.0455 1. 09 3 010 25 l .06C a~e 58 0.1S4 925 26 0.541 138 37 0.04Q 255 71 0. 740 s51 21 
1 .04f0 I. 094 116 00 1.061 A22 67 0.1°5 2so 42 0.541 645 83 O.Q4Q '48 QO o. 741 18 2 76 
I.OHS 1. QQ", 162 25 1.062 777 cs 0.195 656 07 o.542 153 50 o.01tq 442 41 o. 741 SI 4 74 
l .0'i 70 1. 0Q6 20s 00 1. 06 3 731 72 o. 1qt, 027 21 c. 542 661 ,a o.04Q 5,5 Sh 0.1't2 6'7 I' 1 

) 1.0475 t. QQ7 256 2 5 l .06'i t86 66 0. \06 388 85 c. 543 16° 4A o.□49 62S H Q.743 370 q4 
1.04eQ 1. QQR 304 00 1.065 641 es 0.196 755 S9 0.543 677 79 0.04Q 723 '4 o. 7't4 113 17 
1.04F5 1. 0QQ 352 25 1.0,t 5S7 41 O.IS7 121 '2 o.54• IA6 32 a. 04q 817 38 o. 7't4 846 81 
1 .04qo 1. 100 401 QC 1.067 553 2C o. I 97 401 74 c.544 6S5 os a. 04q Sl 1 •5 o. 745 580 BB 
I .04q '5 1.101 450 2• 1.06e sos 28 0.197 860 36 C.545 204 00 C.050 005 64 o. 746 315 37 
1.0500 1. 102 500 oc I .069 'it5 .. 0.198 229 48 c. 545 713 17 0.050 os9 S7 o. 74 7 050 2A 

1 .05C 5 I. 10 3 550 2. I .07C 4 22 28 0.1S8 5S9 o• c. 546 222 54 a. 050 104 43 a. 747 785 t 1 \' I .051 O 1.104 60\ 00 1.071 379 2 I O.IS8 96S 20 a. 51t6 732 1 3 o. o s o 2AS a, o. 1413 521 36 
I .0515 1.105 652 25 1.072 336 41 O. \qq 3H Al C.541 241 S3 c. 050 183 75 o. 149 25 7 ~' I 
I .a 570 1.106 704 00 1.073 2•3 89 o. 1°q 710 SI o. 5s7 751 05 o.oso 478 60 0. 74S 904 12 
l.0~25 1.101 75b 25 1.074 251 6t 0.200 087 52 0."i48 262 1 7 0.050 57' 59 a. 150 731 13 
1.0 s ~o l. lOR BOS 00 I .075 209 1C 0.200 454 62 0.548 112 61 a. oso 66 8 70 o. 7'i 1 46S 57 

) I .o 5 ~5 1. 100 862 25 l .Q7b 168 03 0.200 827 22 o. 540 283 26 0.050 76 3 05 0.752 206 42 
1.0540 1.110 916 cc I. 071 126 63 0.201 200 32 o.54q 7S4 13 o.osc 859 33 0.752 S44 70 
1.054 5 I.Ill S70 25 1 .078 085 51 0.201 573 qz o. 550 305 21 o.oso S54 85 0.753 6A3 40 
1.0550 I. 113 ozs 00 1 .079 044 67 0.201 G48 02 a. 55□ 816 50 o.051 050 4S a. 7'>-4 422 52 

1.0555 1. 114 080 25 I .080 OC4 IC 0.202 322 62 o.551 32R 00 Q. 05 I 146 21 0.755 162 06 
I. 05t O I. 115 136 OC 1.osc %1 ~2 0.202 697 12 0. 551 839 71 0.05 I 242 \ 7 o. 755 so2 02 

~ 
l.05t5 1.116 192 25 1.081 S23 81 o. 203 073 33 o. 5 52 351 64 0.05 I 338 21 o. 756 642 41 
I .05 70 1.117 240 00 1.082 884 C1 0.203 440 43 0.552 A63 78 0.051 434 3S a.751 383 22 
1.0~7 ~ I. I 18 306 25 1.083 e44 t\ 0.203 826 04 0.553 376 13 0.051 530 6S a. 758 124 4S 
l .0'5F0 I .119 364 00 1.084 805 41 o. 204 203 1, c. 5 53 A88 60 0.051 627 13 0.7'58 "66 11 
1.0585 I. 120 422 2~ 1.085 766 52 0.204 580 76 C. 554 401 46 0.051 723 10 o.15q 608 IS 
1.0500 I. 12 I 4A l oc 1 .o se 121 es 0.204 958 87 o. 554 914 45 o. 051 820 40 0.760 3 0 6S 
1 .0'5G 5 1.122 540 25 I .087 tA9 ~3 o. 205 337 40 a. 5 ss 427 64 0.051 017 24 o. 761 QO 3 62 I i 1.0600 1-123 600 QC I.088 651 45 o. 205 716 61 C.555 941 05 0.057 014 21 o. 761 836 S7 

I• OtC S 1. 124 660 25 I.OA9 tl3 64 0.206 096 23 C. 556 454 b1 o. 052 111 31 o.762 580 74 
1-0610 I. 125 721 00 1.000 57b 10 0.206 476 36 0.556 968 51 o. 052 20R 55 0.7~3 324 S4 
1.0t15 1. 126 782 25 1.os1 538 84 a. 206 856 99 o.557 482 55 0.052 305 qz 0. 764 06S 56 
1 .06?0 1.121 844 QC I .,0Q7 50 \ e4 0.201 238 13 0.557 996 BO o.os2 403 42 o. 764 81• 61 
1.0625 1.178 006 25 1.003 465 12 0.201 61S 78 o. 558 511 27 0.052 501 06 0.765 560 OA } 1.06 ,a l. l 2Q 969 00 1.094 At28 t1 0.208 001 93 Q.559 025 S5 a. 052 598 83 o. 766 305 98 
I .o s 3 5 1.111 032 25 1 .ovs 3q2 4S 0.208 384 5S o. 559 540 84 0.052 6S6 73 o. 76 7 052 30 
l .,0f:'i0 1.1 '2 0% oc 1.096 356 ~9 0.208 767 75 a. 56□ 055 q4 0.052 704 17 o. 767 79q C5 
1.06-45 1. 133 160 25 I. 097 32.0 S5 0.209 151 42 c. 560 571 25 0.052 892 04 0. 768 546 2? 
1 .os- o I. l l4 725 oc l.0qR 285 58 0.20• 515 60 0.561 086 77 0.052 SOI 25 o.n,q 293 82 

1.0655 1. 135 290 25 1.099 250 .e 0.20s 920 28 o.561 602 50 0.053 089 69 a. 110 041 e4 
1.061-0 1. 1 36 356 oc 1.100 215 65 0.210 305 4e o. 562 11 R 44 0.053 188 27 0.110 790 2s 
I.06~5 1.1'7 422 2~ 1. 101 I 81 co o. 210 691 18 a. 562 614 60 0.0!-3 a6 S7 a.111 530 17 
1.06 70 1. 138 480 oc 1.102 146 80 o. 21 I 077 3S 0.563 150 96 a. o s s 385 82 0.112 288 47 
1.0615 1. 13S 556 2~ 1.103 112 78 o. 2 I I 464 11 0.563 667 54 0.0'53 484 80 a. 113 038 20 
I .06f0 1.140 624 00 I.104 C7S C2 a. 211 851 34 o. 564 184 32 0.053 583 01 0. 773 788 36 
l.OH5 I.hi 6S2 25 1.105 045 53 0.212 239 OB C.564 701 32 0.053 683 16 0. 774 53R 94 
1.0690 I. 142 761 QC 1.106 012 31 0.212 627 33 a .565 218 53 o.□53 782 54 a. 115 2R9 95 
1. 06S 5 1.14" 830 25 1.106 S79 )5 a. 213 016 cs o. 565 735 S4 o. 053 88? 06 o. 776 041 30 
I. 0 700 I. 144 900 oc 1.101 S46 65 0.213 ,05 37 0.566 253 57 o. 053 981 12 0. 776 7q3 26 

1.0105 1. 145 970 25 1.108 914 23 a. 2 I 3 795 15 o.566 771 41 0.054 081 51 0.111 545 55 
1.0110 1. 141 041 00 1.1 OS 882 C1 a. 214 185 45 0.567 2RS 45 0.05-4 181 43 0. 778 2se 21 
1.0 7 I 5 I. 148 112 2• I .110 850 1 7 o. 214 576 25 0.567 807 71 0.054 281 4S o. 77q 05 \ 42 
1.0720 1. 140 IR4 00 1.111 818 53 o. 214 967 57 0.568 326 I B 0.054 381 6S 0. 779 805 00 
l .o 77 'S 1. 150 256 ZS I. 112 787 16 a. 21 s 350 41 0.,56R 844 Rb 0.054 482 C2 o. 780 55S 01 
1.0730 1. 15 \ 32S oc I .l lJ 756 C6 o.215 751 75 c.ses 363 74 0.0'54 5R2 49 o. 781 313 44 ,' l .01 ~ ~ 1. 152 402 25 I. I 14 125 21 0.216 144 61 0.569 882 84 a. □54 683 10 o. 78 2 068 31 
1.0140 I. 15 3 4 76 QC I. I 15 694 u a. 216 537 99 c.570 407 15 o.o5• 7A3 84 0.782 823 60 
1.0745 1. 154 550 25 1. I 16 664 31 0.216 931 BA C.570 921 66 0.054 884 72 0. 783 57S 33 
1.0750 I. 15 5 625 00 I. 11 7 63• 25 0.211 326 28 o.571 441 39 0.054 985 7l o. 18'- 335 4A 

1.0155 1.156 700 25 1. I 1 B 60• 45 0.211 721 20 0.571 961 32 0.055 086 ea 0.185 092 06 
1.0160 I. 15 7 776 00 I. 119 574 s z 0.218 116 63 o.572 ,01 46 0.055 188 17 0. 785 e•9 07 
I.OH5 I. 158 852 25 I. I 20 545 64 0.218 512 58 c.573 001 82 Q.055 2es 59 0.786 606 52 
1.0110 I. 15S qzs 00 1. 121 516 62 0.218 909 05 a. 5 73 522 38 a. 055 391 15 0.787 364 3S 
1.0775 1.161 006 25 1.122 487 Bb O. 2 IS 306 03 o. 514 043 I 5 0.055 ,s2 85 0.788 122 6S 
\ .0780 1.11,2 084 00 I .123 45g ~1 0.219 703 53 0.574 564 I 3 0.055 504 68 0. 788 881 43 
1.01e, I. 163 162 25 1.124 4 3 I I 3 0.220 101 55 c. 5 75 OAS 32 0.055 696 H o. 789 6sO 59 
I. 0790 I. lbs 241 00 1.125 403 14 0.220 500 08 o. 5 75 606 72 0.055 708 76 0.790 ,oo IS 
l.Q7Q' I. 165 320 25 1.126 375 42 0.220 899 1 3 o.576 128 33 a. 055 001 01 0. 7~ 1 160 21 
1.0800 1. lh6 400 oc 1.121 347 ~5 0.221 2S8 10 c. 576 650 14 0.056 003 40 o. 791 s20 67 



TABLE I I I-FUNCTIONS OF THE UNIT UOIUS SPIRAL IB 
TABLE 111-FO•CTIONS D'UNE SPIRALE OE RAYON UNI TA IRE 

---------------------------------------------------------------------------------------- 
AIR• ST /R LC/R 8 1/3 e•♦+c ♦ C 

=LS/A• ---------------------------------------------------- 
•'[ITli\ OEG •NT SEC 

•=•----••=••·································•·=•••==••···•·=••:=••=••···················= 
l.04C5 o.371 264 72 1.068 606 06 31 0 55. 3 10 20 18.4 10 18 415.4 0 13.0 

f 
1.0410 o. 371 642 24 1.0,~ oo, 42 31 2 47.6 10 20 r;4 .2 10 10 21.0 0 33.3 
1.0415 0.372 020 OC I. 070 607 19 11 4 30. 0 10 21 30.0 10 IQ 56. 5 0 31.5 

I .0470 o. 372 398 00 1.071 608 36 31 6 I 7. 5 10 2l 5.R 10 20 32.0 0 33.R 
l.0'25 0.372 776 25 1.012 609 94 31 8 4.0 10 22 41.6 10 21 7.6 0 34.l 
1.0430 o. 37 3 154 74 1.073 < 11 QI 31 Q 52.5 10 23 17.5 10 21 43.2 0 34.1 

l .04 '.?'3 o. 37 3 533 H 1.074 614 29 31 II 40.l 10 23 53. 4 10 22 18.7 0 34.6 

l .0440 o. 373 912 H I. 075 617 C7 31 13 27.7 10 24 zq.z 10 22 54.4 0 34.9 
l ,.04"illi O.l74 2Q I 68 1.076 620 76 H 15 15 .4 10 25 5. I 10 2' 30.0 0 35. ::> 
1 .0450 0.174 671 15 1.011 67' 84 31 17 3. 2 10 25 41. l 10 24 '::.6 0 35 .4 

l .04 ii: 'i o. 3 7r; os o Rb I. 0 78 <27 e3 11 18 5 I. 0 10 7' l 7. 0 10 74 41. 1 0 Vi.7 

l. 04 t 0 o. ·:nc; 4'0 Rl l .07g t'7 77 ll 70 '\ P0 A 10 ,. i:;7. q IO 2• 1~.Q V·.J 
I .O 4t- "- o. 17" R 11 02 1.oeo f'1 C2 31 22 76, 7 10 71 7,1. '1 IC '-;:,. 6 C Hi." 
1.01.i 70 o. 17f, \OJ 47 l. OP I 642 71 11 7,, 14. 7 \,1 2S '• _q 10 ,, )'l.l <) l"1.r, 

J.,)t.1'- !). l7f> ~77 I< l. oi:i 7 •47 fl 11 7, 7. 1 lu 7P 40.0 I 1 >) 4. I r I ., .. .) 
J.c)l11l(' o. ,-,,, 'i"il IC I .fl O 3 f- ~ 3 PC \\ ,, -o , 1 \() lf- • ; 11 71 ,q_ ~ ) ,1.1 
I .r ~Pc:. o. H7 '" le I .o.:i4 t- 1-,C 7C 'I 2'' lll.~ i o ,, i;.;:,. q I 0 ,, Ji:;_,. <1.t. 

J.l)4C1) '), 17 7 7 Is 7 I 1.u .. ,; '" er. II JI '17.l) i o 3•) 2'1. ') I 1 '" '-1. 1 17 • 7 

1.;:4,;c o. 1701 J07 \0 l.·l"'l '74 J·C 'I n I 'l. l IJ ,1 '. I Iv , ' ? 7. I J 'i701l 

1. ~ '> ( 1J "l. ·-11 -i 4 7 I 'I 1 • }P 7 "::P.l 7:-, '1 ,, '.' JG 31 4 l.? Ju ,c ?.1 J 1q.? 

l .0"iC "i O. 37 H 86 I H I .OP8 6AQ 7Q ll Jo 5 I. 8 10 l2 l 7. 3 i o 30 3R.'3 0 I lB.5 
1.0510 o. 379 243 BS 1.089 698 19 31 38 40.2 10 32 53.4 10 31 14.6 0 38.8 
l .05 l 5 o. J7Q 626 56 1.090 706 o9 3l 40 28.6 10 33 29.5 10 31 50. 5 0 39.! 
1.0520 o. 380 OOQ 46 I .091 716 IQ 31 42 17.0 10 H 5.7 10 32 26.3 0 39.4 
I .0525 o. 380 392 62 1.osz 725 7Q 31 '4 5.6 10 34 41.9 lO 33 2.2 0 39.6 
I .O 530 o. 380 776 02 l .093 735 78 31 45 5'.l 10 35 18.0 10 33 38.1 0 3q.q 

1 .o ! ~ 5 o. 381 p;q 67 1.oq4 746 18 31 47 42.8 lO 35 54.3 lO l4 14.0 0 40. 2 
1 .0~'-0 O. 3R I 54' 57 I .OQ5 756 q7 31 40 Jl.4 10 36 30.5 10 34 50.0 0 40.5 
1.05'-li 0.381 Q27 7 l 1.096 76e 17 31 51 20.2 10 37 6.7 10 35 25.Q 0 40.8 
l .0~50 O. 3A2 3l2 l C 1.01n 779 76 3 I 53 8. 9 10 l7 4,.o lO 36 l.Q 0 41. l 

1.0555 O. '!R2 6% 74 1.ogR 7Ql 75 ll 54 S7.8 10 38 l Q. 3 lO 36 17.9 0 41.4 

1.05<0 0. 3R3 08[ 63 1.09s 804 [4 31 56 46. 7 10 lR 55.6 10 37 13.9 0 41. 7 
l .Q5E S o. 38 3 ,.C.66 77 1.100 816 ~2 31 5B 35. 6 10 39 31 .9 10 37 .c.q.q 0 41.g 
l .05 70 0.38l 852 15 l .101 no II 32 0 24. 6 10 40 8.7 10 3A 26.0 0 42.2 
l .O 'i'l"i 0.3A4 737 7e 1.102 e4 ~ 6G 32 7 13. 6 10 40 44.5 10 30 2.0 0 42 .5 
1.0580 o. 384 623 67 1.103 857 6 7 32 4 2.1 10 41 20.9 10 3Q 3A.l 0 47.A 
l.05f5 o. 385 ODS 8C t.104 877 04 32 5 51.B 10 41 57.3 10 40 14.2 0 43.1 
1 .O"i90 0.385 3Q6 18 l. l 05 886 82 32 7 41.0 10 42 B.7 10 40 50.3 0 43 .4 
I .'05G 5 0.3A5 787 A I 1.1 06 GO! GQ 32 9 JO. 3 10 43 IQ. I 10 41 26.4 0 43.7 
I .Q6CO o. 386 l6Q 6q 1.101 Gl7 55 32 11 19.6 10 43 46.5 10 42 2.5 0 44.0 

1 .o e c 5 0.386 556 87 1.108 933 51 12 I 3 8.9 10 44 23.0 10 42 38.7 0 44.3 
1.01:10 0.386 944 IQ 1.109 94q e1 32 14 58.3 10 44 59. 4 10 43 14.8 0 44.6 
1 .061 S 0.3A7 3H 82 I. I IC 9f6 63 32 16 41.8 10 45 35.0 10 4l 51.0 0 44.0 
1.0620 0.387 7IQ 70 1.111 983 78 32 18 3 7. 3 10 46 12. 4 10 44 21.2 0 45.2 
1 .0675 Q.3A8 107 83 l. I 13 001 32 ,2 20 26.8 10 46 4i:J.Q 10 45 l .4 0 45 • 5 
I .Ob'!O Q.3RR 496 21 l. l 14 OlS 27 32 22 16.4 10 47 25. 5 10 45 3~. 7 0 45.8 
I .005 0.388 8A4 A4 I• I 15 037 60 ,2 24 6.1 10 48 2.0 10 46 l 5 .9 0 46. t 
l .0640 0.389 273 72 I .116 C56 l3 32 75 55.8 10 48 38.6 10 46 52.2 0 46.4 
1.0645 O. 38S 6'2 85 1.117 C75 46 32 27 45. 5 10 49 15. 2 10 47 28.5 0 46.7 
l.0<50 O. 3QO 052 24 l. l 18 OQ4 GA 32 2s 35.3 10 49 S l. A 10 48 4.8 0 47.0 

t.Ot:')"i o. 390 441 87 I. I \q 114 90 32 31 25.2 10 50 28.4 10 48 41.1 0 47.3 
1.0660 o. 390 831 76 1.120 I 35 21 32 33 15. I 10 5 I 5.0 10 4Q 17.4 0 47.6 
1.06< 5 Q. }Cl l 221 QO I. I 21 155 GI 32 35 5.1 10 51 41. 7 10 49 53. 8 0 41.q 
I. 06 70 0.3Ql 612 2G l. I 22 1?7 01 32 36 55.1 10 52 18. 4 10 50 30.2 0 48. 2 
1.0675 o. 39? 002 ., 1.123 l QB 50 32 3A 45.2 10 52 55. I 10 5 I 6.5 0 48.5 
1. 0680 o. 3q2 303 82 1.124 220 38 32 40 35.3 10 53 31.8 10 51 "2.q 0 48.8 
1.0685 o. 3Q7 784 Q) I. I 25 742 66 32 42 75.5 10 54 A.5 10 52 1q.4 0 4g.1 

l t.o6c;Q O. lQ3 176 H I. I 76 265 31 l2 44 15.7 10 54 45.2 10 52 55.R 0 4g_4 
1.06c; r; o. 3Q3 56R 02 1.121 288 40 32 .6 6.0 10 55 22.0 10 53 32. 2 0 49.8 
1.0700 o.J<n 9,9 Q3 I. l 28 311 es 32 ., 56.3 10 55 'i8. 8 10 54 6.1 0 50.l 

l .O 7C 5 o. 3q4 352 oe 1.12s .'!35 70 32 ~Q 46.7 10 56 35.6 10 54 45.2 0 50 .4 
1.0110 o. 3q4 744 5C 1.110 35Q Q4 32 51 37. I 10 57 12.4 10 55 21.7 0 50. 7 
l .07 l 5 o. 395 137 It I .131 384 58 32 53 27 .6 10 57 4Q.2 10 5S 58.2 0 51.0 
I.OHO o. 3Q5 530 oe l. I 32 ,oQ 60 32 55 18. I 10 58 26.0 10 5, 34. 7 0 5 I. 3 
1.07?5 0.3S5 923 75 I .133 435 C2 37 57 8.7 10 59 7.Q 10 S7 11. 1 0 5 I .6 
1.0730 o. 306 316 oe 1.134 460 e3 32 58 59.3 10 50 39. 8 10 5 7 47.8 0 r; 1 _q 

1.0735 O. JQb 710 3t 1.135 H7 C3 33 0 50.0 11 0 16.7 10 58 24 .4 0 52.3 
I .0740 o. 3Q7 104 30 1.136 513 62 33 2 40.8 II 0 'i3 .6 10 5Q I .o 0 52 .6 
1 .0745 Q.3Q7 408 •9 1.137 5•0 60 33 4 11.5 11 I 30. 5 10 5q 3 7 .6 0 52 .Q 
l .07 ~O o. 3"7 en q3 1.138 56 7 ., H 6 22.4 11 2 7.5 ll 0 l4.l 0 53.7 

1.0755 Q. 39R 2A7 6l I. 139 595 74 33 8 13.3 11 2 44 .4 11 0 50.9 0 53.5 
1.07'0 o. 3Q8 682 5G 1.140 623 89 33 10 4.2 II 3 21 .4 11 I 77 .6 0 51. R 
l.OH5 o.3qq 077 80 1.141 652 43 33 11 55.2 II 3 58.4 11 2 4.2 0 S4 .2 
1.0770 o. 399 473 26 1.142 681 37 33 13 46.3 11 4 15.4 11 7 40.Q 0 5,4. i; 
1.0715 o. 3'1'1 lb8 98 1.143 710 69 3l 15 ,1.4 11 5 17.5 11 3 17. 7 0 'i4 .R 
I.OHO 0.400 264 Q6 1.144 740 40 H I 7 28.5 II s 4q.r; II 3 54.4 0 S5.l 
l .07ft5 0.400 661 1G 1.145 770 50 13 1• 19. 7 II 6 26.6 11 4 3 I. I 0 5 'i .4 
1.0100 0.401 057 68 1.146 800 qq 33 21 11.0 11 7 3.1 II 5 7.9 0 55.9 
l.07G5 0.401 454 43 I. I 4 7 '31 87 33 23 2.3 II 7 40.8 11 5 44.7 0 56. l 
l.OACO 0.401 851 43 l. I 48 80 14 33 2• 53.6 11 8 17.Q II 6 21.5 0 56.4 



114 TABLE 111-FUhCTIONS OF THE UNIT UOIUS s•r .. L 
TA8LE 111-FOhCT IONS 01UNE SP IRALE OE RAYON UNITAIRE 

------------------------------------------------------------------------------------------ A/R• LS/R X/R y /R 0/R P/R l T/R 
•LS/A• -vrrn 
•=-- ····--· -- - ......... ,. •• -= .......... ------ -- ------. ··-- --- •••• - • ··········-- ---- ---- •••••• •= 
1.010 5 1.167 480 25 1.128 32C 14 o. 221 698 79 0.577 172 17 o. 056 105 92 0. 79Z 681 57 
1.0810 1.161 561 00 1.129 293 79 0.222 099 40 0.577 694 40 0.056 208 58 0.793 442 89 
1.0815 1.u,9 647 25 1.130 267 09 o. 222 500 53 o.5 78 216 84 0.056 311 38 0. 794 204 64 
1.oe20 1.110 724 00 I. 131 240 64 o. 222 902 18 0.578 739 49 0.056 414 31 0. 794 966 83 
1.0825 1.111 806 25 1.132 214 46 0.223 304 34 o. 519 262 35 o. 056 517 38 0. 795 1n 45 
1.oe10 1.112 88• oc 1. 113 188 52 0.223 101 C3 o. 57q 785 42 0.056 620 60 o. 796 492 50 
I .0835 1.173 972 25 I. I 34 162 84 0.224 110 24 0.580 308 69 0.056 723 95 o.1q1 255 •• 1 .0840 1.11s 056 00 1.135 137 42 0.224 513 97 0.580 832 18 0.056 827 44 o. 1qe 019 91 
1 .0845 1.176 140 25 1.136 112 25 0.224 •ts 22 0.581 355 87 o. 056 931 06 o. 1qa 784 76 
1.0850 I. 111 225 cc 1.137 Oe7 33 o. 225 32 3 00 o.581 879 11 O. OST 034 83 0.1•9 549 cs 

1. 08 5 5 1. 11R 310 25 1.138 062 66 0.225 12 e 30 o.582 403 88 0.057 138 73 o. 800 314 27 
1.08to 1. 17q 3% 00 1.139 038 24 0.226 134 12 c. 582 928 10 0.057 242 78 0.801 070 97 
l.OH5 I. 180 482 25 1 .140 014 ce o. 276 540 46 o. 583 452 71 0.057 346 96 0.801 846 01 
1.0870 1.181 569 00 1.140 990 11 0.226 947 32 0.583 911 44 0.057 451 78 0.802 612 53 
1. oe 15 I .182 656 25 1.141 c;66 51 o. 221 354 71 o. 584 502 38 0.051 5SS 74 0.803 37" 4q 
1. os ao I. 18 3 744 00 1.142 94 3 10 0.221 762 63 0.585 027 53 0.057 660 34 0.804 146 88 
I .088 5 I. 184 832 25 l. l't] <!9 94 0.228 171 01 o. 585 552 88 0.057 765 08 0.804 914 10 
l.OR90 I. 185 921 00 1.144 ~•1 (2 o. 228 580 03 o. 586 C78 44 0.051 869 96 0.805 682 97 
1. oeq is I. 187 010 25 1.145 874 36 o. 228 qe9 52 0.586 60• 21 o. 057 q74 98 0.806 451 66 
1.0900 I. 188 100 00 1.146 f!'51 05 0.120 3oq 53 C.587 llO 19 0.058 080 14 o. 807 220 RO 

1.0905 1.189 1•0 25 I .147 82S 18 0.229 Bl 0 08 o.1e1 656 37 0.058 18 5 44 o. 807 990 36 
1.0910 I. 100 281 00 1.148 !07 86 o. 230 221 14 o.588 182 16 o. 058 200 88 0.808 160 l7 
I.OS l 5 1.191 372 25 1.149 786 19 0.230 632 74 0.588 709 35 0.058 396 46 o.809 530 81 
1.0920 1.192 464 00 1.1 so 164 11 o. 231 04' 86 0.589 236 16 0.058 502 I 8 o. 810 301 6• 
I .092 5 !. I •3 556 25 I. I 51 74 3 59 0.231 457 50 0.589 763 17 o. 058 608 04 o. Bl I 073 00 
1 .0910 1.194 o4q 00 1.152 722 66 o. 2 31 870 68 0.590 290 Jg o. 058 714 04 O. 81 I 844 75 
I .0935 1.1•5 742 25 1.153 701 97 o. 232 284 38 o. 590 817 81 o. 058 820 18 0.812 616 94 
1.0940 1.1•6 836 00 1.154 6!1 53 0.2 32 698 62 o.591 )45 44 o. 058 926 46 0.813 38q 57 
1.0945 1. 1•1 q30 25 1.155 661 33 0.233 113 H o. 5q1 873 28 o.o,;q 032 90 0.814 162 n 
I .OS50 I. \q9 C25 00 1.156 641 38 0.233 528 61 o.5n 401 32 o.05q I 39 45 o. 814 qJ6 13 

1.0955 1. 200 120 25 1.157 ,21 67 0.233 944 49 0.592 920 57 0.059 246 15 o. 815 710 01 
1.09,0 I. 201 216 oc 1.158 602 20 o. 234 360 84 o.5q3 45 8 03 0.05Q 353 00 o. 816 484 44 
l.09l5 1.202 312 25 1.15q 5 82 98 0.234 111 72 0.593 •e• 69 o.os;q 459 99 0.817 7sq 76 
1.0010 I. 203 400 00 1.160 5~~ ~· 0.235 195 13 C. 5q4 515 56 o.05q 56 7 12 0.818 034 SI 
1.0975 1.204 506 25 I .161 545 26 0.235 613 07 o. 5q5 044 63 Q.059 674 39 o. 818 810 21 
1.0980 I. 205 604 oc 1.162 526 76 0.23, 031 55 0. S95 573 •1 o.o~q 781 80 o. 810 586 34 
1.0985 1.206 702 75 1.163 508 50 0.236 450 55 C.596 103 40 0.059 88<> 35 0.820 3t, ~ q1 
1.oqso 1.201 801 oc l.ll4 4qo 0 0.236 810 C9 0.596 633 oq 0.01• q97 05 o. 8?1 IH 92 
1.0995 1. 208 qoo 25 1.165 472 71 o. 237 290 16 o.~97 162 99 0.060 10• 88 0.821 017 37 I i 1.1000 1.210 000 00 1.166 455 11 0.237 71 C 77 c.~q1 693 10 C.060 212 86 o. 822 695 26 

I.IOC5 I. 711 100 25 1.167 437 87 o. 2 38 131 90 0.598 223 40 o. 060 320 98 0.823 473 59 
I. 1010 I. 212 201 00 °i.168 420 82 0.238 55J 57 0.598 75 3 92 0.060 429 25 o. 824 252 36 
1.\015 !. 213 302 25 1.169 403 G9 o. 2 38 975 11 o.59• 284 64 0.060 537 65 0.825 031 57 
1.1020 !. 214 404 00 1.110 387 41 0.23• 398 51 C.59• 815 57 0.060 646 20 0.825 811 27 
1. 1 025 1. 21 5 506 25 I. I 71 371 CT 0.210 821 78 c. soc 346 10 0.060 7154 89 0.826 501 31 
1.10~0 1.216 609 00 1.112 354 G6 0.240 245 59 C.600 878 04 0.060 86 3 n 0.827 371 84 
1.1035 1. 21 7 712 25 1.111 339 (9 o.240 669 94 0.601 409 58 0.060 972 71 0.828 152 82 
I. 1040 I. 2\A 816 00 t. 174 323 45 o. 241 094 81 0.601 q41 32 0.06 I 081 83 o. 828 q" 21 
I. I 04 5 1.210 920 25 I .175 ~ce 05 o.241 520 23 0.602 473 28 0.061 191 09 c. 829 716 C9 
1.1050 1.221 025 00 1.176 2S2 89 0.241 946 18 0.603 005 43 Q.061 100 4q o. 830 4q9 3q 

1.1055 I. 222 130 25 1. 177 277 S6 0.242 372 67 0.603 537 79 Q.061 410 04 Q.831 281 13 
1.1060 I. 22 J 236 oc 1.178 U3 26 0.242 7q9 69 0.6~ 010 36 o. 061 519 74 0.832 064 32 
I. I 015 1.224 342 25 1.1 79 24@ 80 o. 243 227 25 0.604 603 13 0.061 629 57 o. 832 847·G5 
1.1010 I. 22 5 449 cc 1.180 234 57 0.243 655 35 0.605 136 II 0.061 739 55 0.833 632 02 
1.1015 I. 226 5'5b 25 1.181 220 57 0.244 083 99 0.605 669 29 0.06\ 849 68 o. 834 416 53 
I.ICBC 1.221 664 00 1.182 206 81 0.244 513 11 0.606 202 67 0.061 959 05 0.835 201 40 
l.lC85 1.228 112 25 1.18] 193 28 0.244 942 88 0.606 736 26 0.062 070 36 0.835 986 a• 
1.1oso I. 22 9 881 oc 1.184 179 S8 0.245 HJ 14 C.607 270 05 0.062 180 91 0.836 112 73 
I. I os 5 1.210 9qo 25 1.185 166 SI 0.245 803 93 0.607 804 05 0.062 2q1 61 0.837 55q 02 
I. I 100 1.212 100 oc 1.186 154 C1 0.246 235 27 0.608 338 25 0.062 402 46 0.838 ]45 75 

I. I 10 5 1.233 210 25 1.187 14 I 4t 0.246 667 14 0.608 872 66 Q.062 513 45 0.839 132 93 
I. I I 10 1.234 321 00 I. 188 120 C8 0.241 099 S6 0.609 407 21 0.062 624 58 0.8JQ 920 55 
I. I 11 5 1.235 432 25 1.189 116 SJ 0.247 532 51 0.60. 942 OR o. 06 2 735 86 0.840 708 62 
I. I 170 I. 236 544 oc 1.1•0 105 Cl 0.247 •66 01 c.610 411 10 o. 062 84 7 28 0.841 4q7 13 
I. I 12 5 1.237 65b 25 I. I 91 o•3 32 0.248 40C (5 0.6 I I 012 32 o. 062 q58 85 o. 842 286 QA 
l. 1 l ~0 l.23R 76• 00 1.1n C81 PS 0.248 834 63 0.6 11 547 74 0.063 070 56 0.843 075 49 
1. 1 l ~,; I. 219 882 25 1.1q3 070 62 o. 24• 2 69 76 C.612 083 37 o. 06 3 182 42 o. 843 865 34 
I. I I 40 1.240 996 00 1.194 05q ,o 0.249 705 42 0.612 61• 20 o. 063 2•4 43 0.844 655 63 
1. 1 14 ~ 1.242 110 25 1.195 048 82 0.250 141 63 0.6 13 15 5 24 0.003 406 57 o. 845 446 37 
I. 1150 I.HJ n5 oc 1.196 08 2' o. 250 578 JO 0.613 691 48 o. 063 51~ ~1 0.846 237 56 

I. I 155 I. 244 340 25 I .197 C21 S3 0.251 015 6q C.614 227 92 0.063 631 31 0.847 029 1• 
1.1160 I. 245 456 00 1.1Q8 011 82 0.251 453 53 0.614 764 56 0.063 743 89 o. 847 821 27 
1.11,s 1. 246 572 25 1.199 001 S4 0.251 sq I 91 O.fi 15 301 41 0.06 3 856 62 0.848 613 ~o 
1.1110 1.247 68• 00 1.19q ••8 28 0.252 BO 84 0.615 838 46 O. Ob 3 96. 50 o.e"o 406 11 
I.I 175 I. 24ft 806 25 1.200 see 84 o. 252 770 32 0.616 375 7 2 0.064 082 53 0.850 200 20 
I. I I ~O l.24~ 924 00 I .70 I G79 63 o.2s3 210 34 0.616 913 11 0.064 195 69 o. 850 994 01 
I.\ !PS !. 251 042 75 1.202 970 .. o. 253 650 •1 0.617 450 83 Q.064 JOO 01 o. 851 788 JO 
1.11•0 I. 252 161 00 1.203 S61 81 0.254 092 02 0.617 988 10 Q.064 422 47 0.852 583 15 
1. 1 1,g ~ 1.253 280 25 1. 204 953 33 0.254 533 68 0.618 526 76 0.064 5 36 (8 0.853 378 37 
1.1 700 1.1-;4 400 00 1.205 945 co 0.254 q75 89 0.610 065 OJ 0.064 640 84 0.854 174 01 



TABLE ! ! !-FU,CT!ONS OF THE U~tf JUOfUS SPIRAL ! JS 
TABLE 111-FCNCT!ONS 0' UNE SP IR.ALE DE R.AYON UN(TAJRE 

------------------------------------------------------------------------------------------ 
A/ R• ST /R LC/R 8 1/3 0•~•C ~ 
•LS/A• ---------------------------------------------------- 
•1/LTTR DFG MNT SE( 

··-·······~-------····••=••····••=••····••==••·····••=••········•==•=••···········••=•••== 

[ 
1.oeor:; 0.4D2 24R 69 1.149 8C:14 80 33 26 45. 0 11 6 55.D 11 6 56.3 D ~b.1 
l.D810 0.402 646 21 l.15C 926 84 n 28 36.5 11 9 32. 2 11 7 35. I D 57. l 
l .O Rt 5 o. 403 043 98 l. l 51 959 28 n 30 ?B.O 11 10 9.3 11 8 t 1.9 0 57 .4 
l .OR20 o. 403 442 01 1.152 092 10 H 32 t<~.b 11 l 0 46. 5 11 8 48.8 0 5 7. 7 
l.OP25 o. 403 840 30 1.15, 025 30 33 34 11. 2 11 11 23.7 11 9 25.7 D 58. l 
l .o R30 0.404 2S8 85 1.l"i'i o s e <C 33 36 2.s 11 12 I .O 11 10 2.6 0 58.4 
1.08~':i o. lt04 07 65 1.156 002 88 33 H 5-'l.6 tl 12 JR. 2 ll 10 JS.5 0 58.7 
I .0840 0.40'5 0:\() 71 1.157 127 25 B 3q 46. 3 II 13 I 5. 4 11 ll lb .. 4 0 50.0 
1. 084 '5 o. 405 '3~ OJ I. 158 162 Ct 33 41 38.? II 13 57. 7 tt ll 53.4 0 59.4 
1.0850 o. 40 5 8 35 61 1.150 107 15 33 43 JO.O 11 14 JO. 0 11 12 30.J 0 5q. 7 

1. Of 11.; "> o. 406 235 4 ! I. 160 232 68 H 45 22.0 11 15 7.J 11 1, 7.3 0 0 .o 
1.0860 o. 40o'i 635 5S I. 16 l 266 60 H 47 l 3.S 11 15 44.6 lt 13 44. 3 0 0.4 
1 .o e e 5 0.401 o,5 so 1.162 304 <O 33 4q 6.0 11 16 72.0 11 14 21.J 0 0.1 

r l .06 70 0.407 ,10 52 I .163 341 ~q 33 50 58.1 11 16 5q_" 11 14 5A,.l D 1.0 
1.0815 0.407 817 Jq 1.164 318 Cb n 52 50. 2 11 17 1,. 7 11 15 35.J 0 l .4 
I .08RO o. 408 2'8 5' 1.165 416 12 JS 54 42 .4 11 18 14. I 11 16 12.4 0 I. 7 
J.OPPS o. 408 OS S2 1.166 453 S7 33 56 34.6 11 18 51.5 ll 16 4q_5 0 2. t 
t .OSSO o.4oq 041 57 1.167 402 20 33 58 26. q 11 10 20 .o ti 17 26 .f'I 0 2.4 
1 .o e s s o. 409 '43 4< l .168 530 81 34 0 Is. 2 11 20 6.4 11 18 J.7 0 2. 7 
l .OS CO O. 40S 845 66 I. l6S 56S e1 34 2 l l .6 11 20 4 3 .9 ti 18 40.R 0 3. l 

t .O<H5 o. 410 248 l C 1.110 60S 10 34 4 4.0 ll 21 2 l. 3 11 10 11.0 0 2 J .4 
l .0010 o. 41 0 650 1< I. l 71 64 8 Gb 34 5 Sb. 5 11 21 58.8 11 IS 55.l 0 2 3 •• 
1.09 l 5 o. 411 OS'\ 75 1.112 ,ss 11 34 7 4S. l ti 22 36. 4 11 20 37. 3 0 2 4.1 
1 .os20 o. 41 l 456 06 1.113 170 64 34 s 41.7 11 23 I 3. S II 21 S.5 0 2 4 .4 
1.o<n~ 0.41 l 860 44 1.114 110 56 34 ll 34. J 11 23 5 l .4 11 21 46.7 0 2 4.8 
t .,)Cj'lQ o. 41? 264 I 8 1.175 Pt t eo 34 13 27. 0 It 24 20.0 ti 22 2 3 .a 0 2 5. l 
1 .. Q9?'i o. 412 668 l S 1.176 E53 55 " 15 JS.8 11 25 6.6 11 23 1.1 0 2 5.S 
l .OS40 0.413 072 •5 1.177 805 61 34 11 12. 6 11 25 44. 2 11 2' 18.4 0 2 s.s 
1.oq45 0.413 4 76 08 I. I 1ij 038 06 34 IS S.4 11 26 21 • 8 11 24 15.6 0 2 ~-2 
I.OSSO 0.413 881 H l .I 7S 08D es 34 20 58.3 11 26 59. 4 11 24 52.S 0 2 6.5 

t .oc-:;5 0.414 286 82 I. I 81 024 11 " 22 51.3 11 27 37. l 11 25 30.2 0 6 .s 
1.os,o a. 414 602 13 1.182 06 7 11 34 24 44.3 11 28 14. 8 11 26 7.5 0 7.2 

I 1 .09t lj 0.415 001 11 l .18 3 111 68 34 26 3 7 .4 II 28 52. 5 11 26 44.9 0 7.6 

( l .O< 10 0.415 503 s, 1.184 156 C4 34 28 30.5 11 20 30 • 2 11 27 22.2 0 7.q 
1.0075 0.415 sos 65 1.185 200 10 34 30 23. 6 ti JO 7.q 11 27 5Q,.b 0 8.J 
1.osso Q.416 316 0 I 1. 186 24 5 Sl 34 32 16.8 11 JO 45.6 11 28 37.0 0 8 .6 
t .09£1 'i O. 41 h 722 65 l.187 20 I 41 34 34 10. l II 31 2'.4 ti 20 14.4 0 s.o 
1.oc;c;o o. 41 7 120 54 I. t 88 :B7 30 34 36 J.4 II 32 l.J II 20 51.8 0 S.3 
1.0905 O. 4 I 7 536 10 l .1 sq 383 56 34 31 56.8 II 32 38.S 11 30 2s.2 0 0.1 
l.lOCO 0,.417 q44 12 I.ISO •JO 21 J4 JS 50.2 11 H 16. 1 II 31 6.7 0 10.0 

I .1 OC': 0.418 151 81 L. l 01 '11 23 34 41 43. 7 11 33 54 .6 11 31 44.2 0 10.4 
1. t 01 0 0.418 759 76 1. 192 524 64 34 43 37.2 11 34 12. 4 11 32 2 l. 6 0 10.e 
I. IC 15 o. 41~ 167 01 1. l q3 512 42 34 45 JO. 8 II 35 10.3 11 32 SO.I 0 11.1 
1.1070 0.410 576 46 t.194 620 5q 34 47 24.4 11 35 4A. l 11 3' 36.7 0 11.5 
1.1c2~ o. 4 l q S85 2C 1.105 66S l 3 '4 4S IA. l II 36 26. 0 11 34 14.2 0 11.8 
1.1030 0.420 3q4 21 1.106 71 e 05 34 51 11. 8 11 31 3.q ti 34 51.7 0 12.2 
t.1035 0.420 803 4S 1.101 161 35 34 53 5.6 11 37 41 .9 ll 35 20.J 0 12 .6 
I. I C40 0.421 21' 04 1.lSA 817 03 34 54 50,.4 11 38 1 q. 8 II 36 6.0 0 12 •0 
l. 104 5 0.421 622 84 1.1 qq 867 cs 34 56 53.3 It 38 57.8 11 36 "". 5 0 13. 3 
1. 1050 o. 422 032 02 !.?DO 017 53 34 58 47.2 11 Jq ,s.1 11 37 27.1 0 1 ~. 7 

1. 1 c s s o. 422 '43 26 1.201 S6 e 34 35 0 41. 2 11 4D 13.7 11 31 50.7 0 2 14 .o 
1. 1060 Q,.422 853 81 1.203 010 5' 35 2 35. J 11 40 5 I. 8 11 38 37 ·" 0 2 14 .4 
1. l Ct- 5 0.423 264 75 1.204 011 l 0 35 4 29.4 11 41 20.s 11 3q 15.0 0 2 14.8 
1.1070 0.423 675 B< 1.205 123 C5 35 6 2,. 5 11 42 7.8 tt JS 52.7 0 2 15.l 
1. l C7 ': Q.424 C87 JC 1.206 115 38 35 8 11.1 It 42 45. 9 11 40 30.4 0 2 15 .5 
I. !CAO o. 4;,4 408 08 1. 20 7 228 cs 35 10 11. q II 43 24 .o 11 41 8. l 0 2 15.9 
1. l C fl 'i Q.424 SlO q3 1.708 281 15 J5 12 6. 2 11 44 2.1 11 41 45.8 D 2 16.2 
1.1000 0.425 323 14 I. 20S 3 34 61 35 14 0.6 11 44 40. 7 II 42 2 3.6 0 2 16.b 
l. 1005 0.425 ns 62 I. 2 l 0 38e 44 35 15 55.0 11 45 18. 3 II 43 L.4 0 2 11.0 
t. I 100 o. 426 14R 31 I .211 442 65 35 17 49.4 11 45 56. 5 11 43 3~. I 0 2 l 7. 3 

I.I ICS Q.426 561 JS I .212 •01 23 35 ts 43. S II 46 34 .6 ll 44 16.S 0 2 11. 1 
l. l 110 o. 426 S14 6~ l. 21 3 552 10 35 21 38.5 11 47 12. 8 ti 44 54. 7 0 2 1 R. \ 
l. 1115 0.421 388 2, 1.214 607 S? 35 23 33. l 11 47 51.0 11 45 32.6 0 2 18 .5 
l. l 120 o. 477 807 06 l. 215 66S 23 35 25 21.8 II 48 ?S.J 11 4' 10.4 0 2 18.8 
l. 112 5 o. 428 216 15 1.216 119 31 35 21 22.5 11 4q 7.5 ti 46 4A.3 0 2 IS .2 
l. t I 30 0.428 630 52 l .21 7 775 77 35 2s 11. 2 11 4q 45.7 11 47 ?6. l 0 2 l S.6 
I. It 3 5 o. 47q 04' 15 l. 218 s,2 60 35 31 12. 0 ti 50 24 .o 11 48 4.0 0 2 20 .o 
1. t 1,0 o. 42Q 460 05 1.21s 880 81 35 33 6.S 11 51 2.3 11 48 41 .s 0 2 20.4 
1. l I 'i 5 0.47.S 875 23 1.22c S'1 JS 35 35 l .8 lL 5 t 40. b II 4q IS.S 0 2 20. 1 

r 
l. l 150 0.430 2•0 61 I .22 2 0D5 34 35 36 56. 8 11 52 18.9 11 4q 57.8 0 2 21.l 

l. I 155 o. 4'0 706 JS l. 22 3 06 J 67 35 38 5 l. 8 II 52 57. 3 II 50 35.8 0 2 2 l. 5 
I. 1160 o. 431 122 31 I. 22, 122 37 35 40 46.S 11 53 35 .6 ll 51 13. 7 0 2 2 l .s 
1. 116 5 o. 431 538 63 1.225 181 .. 35 42 42.0 11 54 14.0 11 51 51.7 0 2 22. 3 
1.1110 o. 431 955 16 1. l26 240 80 35 44 37.2 11 54 52.4 ti 52 29.7 0 2 22. 7 
1. 1115 0.412 371 96 I .227 JDC 11 35 46 32. 4 11 55 30. 8 11 53 7. 7 0 , 2 21 .o 
1.11eo 0.432 789 03 1.228 360 so 35 48 21.1 II 56 9.2 11 53 45.e 0 2 23.4 
I.IH5 0.411 206 17 1. 2 20 ,21 " 35 50 23. 0 11 56 47.7 11 54 23.8 0 2 23.8 
1.11•0 o.4'1 623 S@ 1.2 30 482 40 35 52 18. 4 11 57 26. l II 55 1.s 0 2 24.7. 
I. I 195 o •.. , .. 041 87 I .231 543 71 35 54 13.8 11 58 4.6 11 55 40.0 0 2 24.6 
1.1200 0.4,~ 460 03 1.212 605 3S 35 56 S.3 11 5R 43.l 11 56 18. I 0 2 ~5 .o 



1'6 TAALE 111-FU>CTIONS OF THE U~IT RADIUS SPIRAL 

} TABLE 111-FNCT IONS D' UNE SPIRALE OF RAYON lJNITAIRf 
------------------------------------------------------------------------------------------ 
A/Aa LS /R X/R y /R Q/R P/R LT /R 

=LS/h 
=ITT7R 
za=••••••=••••••==••••=••••=z=•••=••=•a=a======aa=====•a=••=•••=••=•a•a=a•••=a•••••~•••••= 
1.120!; I. 255 520 2! 1.2C6 S36 cc 0.255 418 65 0.619 603 50 a. 064 76 3 74 o.854 q10 15 l l-1210 1. 251, 641 00 1.207 s2q Cl 0.255 861 q5 C.620 142 l 7 0.064 877 7q 0.855 766 71 
1. I 215 l. 757 762 25 l. 208 G21 " o. 25< 305 RO C.610 681 04 O. Cl::4 qq1 G8 o.956 563 72 
l. l 220 l.258 884 00 1 .zc» q\3 q 0.256 750 20 0.6 21 220 12 O.Of.!i 106 33 o. 857 36 l lS 
1. l 22 ~ l. 260 006 25 l. 2 IC G06 68 0.257 1q5 15 C.6Zl 75q 40 o. 065 220 82 0.858 15q 10 
1. 1 2-:1;0 l. 261 1n 00 1.211 8SS ~7 0.257 640 64 0.622 29R •8 0.065 33 5 45 0.858 S57 46 
l. t 2l ~ I. 262 252 2~ l .212 fq2 88 0.258 086 69 0.622 83e 56 0.065 45C 24 o.95q 756 27 
1. l 240 I. 26 3 376 QC 1.21., P~t 31 0.25A 533 2Q c. on 378 44 a. D65 565 17 0.860 555 53 

) l. I 24 5 L. 2h4 500 25 l .214 8H Sb 0•25A qao 4' C.62' 91A 53 a. D65 SRO 25 0.861 355 25 
l. l 250 l. 265 625 oc 1.215 !73 82 0.250 42A 13 a. 624 458 A2 0.065 7q5 48 0.8f.2 lSS 4 I \t 
1. 12!; !; I. 266 750 2~ l. 2 i e U7 so 0.259 876 38 a .624 909 31 c.ne s 910 8~ a. 862 G56 C3 
1.1260 I. 26 7 876 00 l. 2 l 7 8'2 IS a. 260 325 18 o. 625 HO 00 O.OM, 026 37 o.863 7S7 QQ 
l. l 2t5 1. 260 002 25 1.218 856 70 a. 260 77' 53 0.626 080 80 0.066 14 7 OS Q.864 558 61 
1.1210 1.no l 2S DC l.71S e51 41 a. 261 224 43 a .6 2• 621 q9 Q.066 257 87 0.865 360 SQ 

\ 1. I 775 1. 27 l 256 25 1.220 846 36 0.261 67' 89 a. 627 163 2A a. 006 373 83 a. 866 163 01 
I. l 7PO 1. 272 384 oc 1.221 841 51 a. 262 125 89 0.627 704 77 a. 066 489 q5 0.8~6 %5 80 
1.1285 1.273 512 25 1.222 Pl!': 88 a. 262 511 45 a. 628 246 47 0.066 606 21 0.867 76Q 21 
I. l 290 1.274 641 oc 1.223 832 45 a. 263 029 57 0.628 788 17 O.Ot-i6 722 63 0.868 57'3 co 
1.1295 1. 275 770 25 l .224 E28 24 0.263 482 23 0.679 330 47 o. 066 8'S 1• 0.869 377 2 l 
1.noo 1. 776 900 DC 1.225 E24 24 0.263 S3 5 45 c.,.,2Q 87? 77 O.OM, S55 QQ 0.870 18 l 92 

I. l lC 5 I. 278 030 25 I .72t 820 45 a. 264 389 23 0.6 30 415 27 o. 067 072 76 o. 870 qa1 06 \\ I. I 310 1.77q lnl 00 I .2 2 7 !16 RB a. 264 AH 56 c. 6 30 057 Q7 a. D67 18Q 77 O.A7l 792 66 
1. l 3 I 5 l. 280 202 25 1.228 El3 51 Q.265 298 45 C .6 ~1 500 87 0.06 7 106 03 o. 872 5S8 71 
l. I l20 I. 2A I 424 00 1.229 810 35 a. 265 751 sq 0.632 043 97 o. 06 7 424 24 0.873 405 11 
I. l 32 5 I. 282 556 25 1.730 f07 41 Q.266 200 88 a. 632 587 27 0.06 7 54 I t,Q 0.874 212 I 7 
1.1no 1.283 61:'Q 00 l. 7 l l 804 67 0.266 6,6 43 0.6 33 110 7A a.061 65S 30 0.875 OlS 59 
1.1 3 ls; l.2R4 8?2 2~ 1 .2 :t2 802 14 a. 21,1 123 54 0.633 674 48 0 .067 777 a, a. 875 827 46 
l. I 140 1.2as S56 QC 1.233 1ss 82 0.267 581 21 0.634 218 38 0.061 894 Sb o. 876 635 7S 
1.1 34i5 l.2A7 oso 25 l .2 34 7S7 70 a. 268 030 43 C.634 767 49 0.068 013 02 O.P77 444 5S 
l.1350 l. 28" 225 oc 1.235 795 70 0.268 498 21 a. 635 306 7Q 0.068 131 23 O.A78 253 80 

l .1 35 5 1.2aq 360 25 l. 23t 7S4 (9 0.268 q57 55 0.6 35 851 2• 0.068 24q 58 a. sH 063 4q 
1.1 3'0 1.290 4% 00 I .737 797 59 o. 26Q 417 44 0.6 36 306 00 o.oos 368 a• 0.870 873 64 

~ 
l.13'5 l. 291 632 25 l .218 791 3C 0.2t,Q 877 oc C.636 G40 90 0 .068 486 75 C.880 684 25 l 1.1 370 1.2s2 76S 00 l .739 790 22 o. 270 338 q1 0.637 486 00 0.068 605 55 O.AAl 495 31 
1. I 37 5 1.293 sos 25 l. 240 1sq 34 0.210 800 48 0.6 38 031 31 Q.068 724 51 Q. 8R2 306 Pl 
l. I 380 1.295 044 00 1.241 788 66 0.271 262 61 a. 6 38 57" 81 0.068 843 n 0.883 118 81 
l. l ~ t' 5 1.296 lR2 25 l. 242 788 19 0.271 72 S 31 0.6 39 122 5 l 0 .068 •62 88 O.'iB~ 9'.ll 24 
1. l 3qo L. 207 32 l 00 1.243 787 S2 o. 272 18A 56 C.6 39 66R 41 o.obq 082 2s a. ea" 744 ll 
1. 1 3c; i:; 1.29. 460 25 1.7.44 787 85 a.212 652 37 0.640 214 51 o .o6q 201 85 o.ss5 557 4R 
1.1400 l. 2qq 600 oc 1.245 '1A7 SR 0.273 11 6 74 C. ~40 760 8 l O.O~Q 121 56 O.A86 371 20 

l.14C5 l. 300 740 25 1.246 78 e 32 0.273 581 68 0.6-'tl 307 lO o.o6q 441 -43 0.887 185 56 
l.!41C 1. 30 l 88 l oc 1.747 788 80 a. 274 04 7 l 7 0.641 854 00 o.06<l 561 44 O.BAB 000 28 
I. 14 I 5 1. 303 022 2~ 1.248 78S 59 0.274 513 23 C.642 400 90 0 .069 6Rl 61 0.888 815 47 
1. \4 20 I. 304 164 00 1 .. 24q 790 53 o. 214 S79 85 o. 642 q4 7 90 a .oo9 801 S3 o.es9 631 11 
1.14?5 1. 305 306 25 l.75C 7Q l 67 a. 775 44 7 Cl 0.643 4Q5 28 o.D69 02 2 40 Q.8QO 447 22 
I. 1 'i !O 1.306 449 00 1.251 793 co 0.775 Sl4 78 0.6.\4 042 78 0.070 043 02 o.es1 26 3 7A 
1. 1-'t :!5 l. 307 592 25 1.252 7S4 •4 o. 2 76 383 09 o. 644 590 47 0.070 16:1 79 0.892 080 80 
l. l44i0 I. 308 736 00 1-25? 1% 27 0.276 851 96 0.645 138 35 a. 010 284 12 a.en SOR 29 
l-1445 l. 30S RAO 25 1.154 798 20 0.277 321 n 0.645 6S6 44 a. 010 405 7S 0.893 716 21 
1. l4'iQ l. 311 025 00 1.255 eco 31 a. 211 701 39 0.646 234 73 0.070 527 02 o. 904 534 t4 

1. 14 ~5 1.317 170 25 l .256 f02 65 0.278 261 Q6 0.6-46 783 21 a. 010 64R 41 o. 895 353 51 
1. l4f0 1.1n 316 00 l.757 805 I 7 0.278 731 09 o. f,47 331 89 a. 010 U,Q 94 a.sq~ 172 83 
l.1H5 1.314 462 25 l.H8 !07 80 0.210 204 78 C.647 880 11 0.070 891 63 0.8q6 9q2 62 
1.1470 1. 315 6Qq oc l .259 !l C 80 0.279 677 cs 0.,648 429 85 0.071 013 47 0.8Q7 812 87 
l.1475 lo 316 756 25 1.260 813 so 0.280 14S 87 C.648 S7Q 12 a. 011 135 46 o.soe 633 59 
I. 1480 1.317 004 00 1. 261 e11 20 0.280 623 21 0.64q 528 60 0.071 257 61 a. 899 454 76 
1.14!5 l. 319 052 25 1.262 820 t9 0.281 097 23 a. e so 078 71 0.011 37S 01 O.QOO 276 40 r 
l.\4QO 1. 320 201 00 1.263 824 38 Q. 2R1 57 l 75 C.650 628 l 4 a. 011 502 36 0.901 oqs 50 I 
1.1405 1. 321 350 25 l. 764 828 26 0.282 046 85 O.f>51 l 78 20 0.011 674 97 O. SOI 071 07 
1.1500 1.322 500 DC 1.265 832 33 0.282 52 2 51 o. 651 728 47 Q. 07 l 74 7 73 O.QQ2 744 co 
l.15C5 1. 323 t50 20 1.2H 836 59 a. 2e2 qqs 74 0.652 278 q3 0.011 870 64 0.903 567 58 
1-1510 l.JH 801 00 l. 26 7 e41 C4 0.283 475 54 o. 652 820 58 0.071 OQ3 71 0.004 3Q l 54 
1-1515 l. 325 952 25 1.268 e.s ts 0.283 qs2 90 0.653 380 44 0.012 116 S3 O.Q05 215 06 
I. 1520 l. 32 7 104 oc l .269 850 52 a. 284 430 84 a. 653 931 4S 0.012 240 30 o.qoo 040 A4 
1.1s2s I. 328 256 25 1.770 855 55 o. 284 SQQ 34 0.654 482 74 0.072 36 3 83 0.906 866 I 9 
1. 1 !i30 1.329 40S oc 1. 271 eoc 76 0.285 388 42 0.655 034 19 0.072 487 51 0.907 692 00 
l. 15 3 5 1. 330 5n2 25 l.272 f66 16 0.285 868 06 0.655 585 R3 0.072 61 I 35 o.qoa 518 28 
1-1540 1.331 716 00 I .273 87 I 75 0.286 34 8 28 a. 656 137 67 0.072 735 34 0.009 345 03 
1.1545 1.332 870 25 1.274 877 52 0.286 87S Cb 0.656 689 70 0.072 859 48 0.910 172 23 
1. I 5SO !. 334 025 00 1.775 883 49 0.287 310 4? C.657 241 q4 o. 072 qa3 78 0.010 S99 01 

1.1555 1.335 180 25 l.27t 8BS M 0.287 792 35 a. 657 7q4 36 0.073 108 23 o.q11 828 cs 
1.1560 1. 336 J36 00 I .277 8Q5 S7 0.28P 274 85 0.658 346 99 0.073 232 84 0.,12 65_6 66 
1. 1S65 1. 337 4n 25 I .278 9C2 50 a. z as 75 7 ~2 C .658 sqq 81 a.on 357 61 0.913 485 73 
1.1570 1.339 649 00 l. 2 79 9CG 20 0.289 24 l 56 a .659 452 83 0.073 482 53 o.914 315 28 
1.1575 1. 339 806 25 1.280 Sl6 cs 0.28S 72 5 78 0.660 006 04 0.073 607 60 0.915 145 28 
1. 15!0 1.340 ,64 00 l. 28 l qz3 17 0.290 210 57 C.660 55S 45 a.on 732 83 0.915 975 1h 
1. 1585 1. 342 122 25 1.282 Q30 43 C.290 6S5 qJ Q.661 11 3 06 a.on 858 21 0.916 806 70 
1.1590 1. 343 281 00 l .283 .;37 87 o. 2Q1 18 I 87 0.661 666 86 0.073 S83 75 0.917 638 12 
l. 15~':: 1. 344 440 25 l .2 ~4 94 5 49 O. 2Ql 668 38 0.662 220 85 0.074 !OS 45 O.S18 470 00 
1.1600 1. 345 600 00 1.285 953 30 0.2Q2 155 47 o. 662 775 05 a. 014 ns 30 0.919 302 35 



T A8L E 111-FU~C TI ONS OF THE U~IT RAOIUS SPIRAL 1 ~7 
TABLE 111-FO~CTICNS 01 UNE SPIRALE OE RAYON UNITAJRE 

------------------------------------------------------------------------------------------ 
A/ R= ST /R LC/~ 9 1/J 8•~•C 

•LS/A• ---------------------------------------------------- 
• V[s7i[ OEG "NT SEC 
•=•••••••=•••••==:=•••:•••••••••••••••a•••••••••••z••••~•••==•••••••••••=•=•••••••••••~••~ 

I. I 205 0.4l4 878 .6 I .2 33 667 •4 35 58 4.8 II 5q ~I .6 II 56 56.2 0 2 25.4 

I. I 210 o."5 297 11 I. 2 34 12• 86 36 0 o.4 12 0 0.1 II 57 34.4 0 2 25.~ 

1. 1215 0.4Vi 716 IS 1.235 702 66 36 I 56.0 12 0 38.7 II 58 12.5 0 2 26.2 

t. I 220 a. 4 36 135 40 1.236 f55 e2 36 5 I. 7 12 I 11.2 II SA 50.7 0 2 26.6 

I. I 225 o. 436 5S4 92 I .237 919 36 36 47. 5 12 I 55.8 II 59 28.9 0 2 21.0 
I. I 230 O. 43h q74 72 1.238 983 26 36 43. 3 12 2 34 .4 12 0 1.1 0 2 27 .4 

I. I 215 0.437 Jq4 BC 1.240 0<7 53 36 q 3Q.J 12 3 1,.0 12 0 45.3 0 2 21.1 
I. I 240 o. 4 31 815 14 I .241 112 18 36 II 15 .o 12 3 5 I. 7 12 1 23.5 0 2 28. I 

1.124 ~ J. 438 235 11 1. 242 I 11 19 36 13 30.q 12 4 30.3 I? ? 1 .8 0 2 28.S 

l. l 2~0 0.438 ~-6 66 l.?43 242 57 36 15 26. 9 12 5 0.0 12 2 40.0 0 2 2 8 .Q 

1.1255 c. 43q 011 83 l. 24-4 ~08 13 36 I 7 23. 0 12 5 47.7 12 ' 18.3 0 2 19., 

). I 2h0 0.43Q ,os 28 1.245 374 45 36 10 I•• I 12 6 26 .4 12 3 56.6 0 2 ?..9. 7 
I. I 1 I 5 0.439 q2 I oc 1.246 4'0 G4 36 21 I 5. 3 12 1 5.1 12 4 3•.9 0 2 30.1 

I. I 270 o. 440 343 00 1.247 507 79 36 23 11.5 12 4'\. 8 12 5 13.3 0 2 30. 5 

1. I 27 5 o. 440 765 21 1.248 575 C2 36 25 7. 7 12 22. 6 12 5 51.6 0 2 31 .o 

I. I 28C o. 44 l 187 82 1.249 642 61 36 27 4 .o 12 9 1.3 12 • 30.0 0 2 31.4 

t.1285 o. 44 l 610 65 1.1sc 710 se 16 29 0.4 12 9 40.l 12 7 8 •• 0 2 , 1.B 

I. l 290 o. 442 031 75 1,251 778 so 36 30 56. 8 12 10 18 •• 12 7 ,o.8 0 2 32.2 
I. 12S 5 o. 442 4S7 13 1.252 f4 7 60 36 32 53. 3 12 10 57.8 12 8 25.2 0 2 32 .6 

1.11 co o. 442 8SO 78 t.2133 916 6t 36 14 4q. 8 12 11 )b.6 l2 q 3.6 0 2 33.0 

I. l 3C5 o. 44 3 304 7 l t.754 Geo c• 36 36 46.3 12 12 15.4 12 9 42.0 0 33 .4 

I. 13 l 0 0.441 728 02 I .7 56 055 pq 36 38 42.9 12 12 54.3 12 10 20.5 0 33.8 

t. I J l 5 0.444 15' 41 I. 2 5 7 l 26 05 36 40 3Q.6 12 l 3 B.2 12 10 59.0 0 34.2 

l. 1320 o. 444 5 78 11 I. 258 196 SA 36 42 36. 3 I? 14 12. I l2 II 37.5 0 34 .6 

1. t 3 ;5 o. 445 003 2 l t.25• 267 47 36 44 33. I 12 l4 5 I .O 12 12 ln.O 0 35.0 
l. l ~ '?O o. 44 5 4?A 54 t.260 33e 73 36 46 29.9 12 15 30.0 12 12 54.5 0 35.5 

i l. l 3~ 5 o. 't4c:; 854 11 I. 261 ,1c 16 36 48 26. 8 12 16 8.9 l2 l 3 33.1 0 2 35 .Q 

1. 1340 o. 't46 280 01 l .262 482 15 16 50 23. 7 l2 16 47.q I? 14 11.6 0 2 36.3 

1. I 345 a. 446 706 11 I. 26 3 554 71 36 52 20. 7 12 l 7 26.9 12 14 50.2 0 2 36. 7 

t. l 350 o. 44 7 132 60 1.764 627 43 ,o 54 l 1. 1 12 l8 5.9 l2 15 28.8 0 2 37.l 

I. I 35 5 o. 44 7 559 31 1,265 10C 51 36 56 l4.8 12 18 44.q 12 16 7.4 0 2 37. e; 

l .1360 0.447 086 3 I 1.266 773 Sb 36 58 l 2.0 12 19 24.0 12 16 -',6.0 0 2 38.0 
l,l 3'5 0.44R 41 3 59 I. 16 7 e• 1 11 37 0 s.1 12 20 3.0 12 I 7 24. 7 0 2 38 .4 

I. l 3 70 o. 448 84l l4 I. 268 911 GS H 2 6. 4 12 20 42. I 12 18 3.3 0 2 38.8 

I • 1 ~ 1 'i o. 44Q 268 97 l.269 9<;6 49 37 4 3.7 l2 21 21.2 l2 18 42.0 0 2 '39.2 

I. I 380 a. 449 697 09 l. 2 71 071 3S 37 6 I .O 12 21 0.3 12 19 ?0.1 0 2 1q .6 

I. l 38 5 o. 450 125 48 l.272 l46 66 37 7 58.4 l2 22 39.5 12 19 59.4 0 2 40. l 
I. l '?qQ o. 450 554 1, l. 273 222 19 37 q 55.~ 12 23 18,6 12 20 38. I 0 't0.'5 
t. 13c5 o. 450 S81 12 I. 274 798 28 37 ll 53. 3 12 23 57. R 12 21 16.9 0 40.q 

l,l4CO O. 45 I 4l2 35 1.275 3 74 63 l7 11 50.9 12 24 37.0 l2 21 55.6 0 41.l 

t.14C5 0.4''>1 841 81 I .276 45l 35 17 15 48.5 12 25 lb. 2 I? 22 34 .4 0 2 'tl.'3 
l. 141 0 0.4'>7 271 be l. ?77 52e 4' 17 l 7 46. l l 2 25 55.4 12 23 I ,:i • 2 0 2 42.2 
I. l •IS o. 45i' 70l 76 l. 2 78 60S 87 37 10 4 3. 8 12 2n 34 .6 12 23 52.0 0 2 42 .6 
1.1420 0 .-'t5l 112 I' l.279 683 67 37 21 41.6 12 27 11.9 12 24 JO. 8 0 2 't3. l 

1. I 425 o. 453 562 11 t.280 76l 81 ,1 21 39.4 17 21 'i3 • l 12 25 9.6 0 2 4].5 
l. l 4 'lC o. '453 901 71 l. 2 81 f4C 35 37 25 , 1. 2 12 28 32.4 l2 25 48.5 0 2 4 3 .9 
1. 143 "i o. 't"i4 424 92 l. z 82 Q)9 24 37 27 35. l l2 7.q 11.1 l2 26 27.3 0 2 44.4 

1. l 4'40 o. 4'i4 ASS 41 l • 1 A 3 998 4R 37 20 33. I l2 20 5l.O 12 21 6.2 0 2 44.8 

1. l '4 45 o. 455 288 20 1.285 C7e CP 37 1 l 11.l l2 JO 30 .4 12 21 '4 5. l 0 2 45. 2 
1.141;0 o. 45 5 120 26 I. 2 86 15e C5 37 31 29. 2 12 3l s. 7 l 2 2S 24. 0 0 2 45. 7 

I. l4'i ~ o. 4',6 I 52 el l,187 2 lR 17 37 ,s 27. 3 l2 3 l 4q. l 12 2s 3.0 0 2 46. I 
l. l 4F-C o. 456 5A5 24 1. 281! 319 05 l7 37 25. 4 l2 32 28.5 l 1 29 41.9 0 2 '46."> 
l. I 4t 5 o. 45 7 01 q It l. 2t19 4CO 10 H 3S 2l.7 12 33 1.s 12 30 20. 9 0 2 4 7 .o 
1. 1 410 o. 4'i7 451 ,,. 1.290 4RI SC l7 41 2 l .Q l 2 n 4 7 • ~ l 2 JO 5q_Q 0 2 4 7 .4 
I. l 41 ~ o. 4'i 7 PS4 85 l.2Ql ~t: l 16 '1 41 20. 7. 12 34 76. 1 l 2 3 l JR .9 0 2 4 7 .Q 

I. l 4~0 O. 45 R 1 l8 67 l,292 645 38 H 45 18.6 12 35 6.2 12 ,2 l 7.9 0 1 48.3 
I. l 48 i; O. 45R 752 67 1.293 121 85 37 41 I 7 .o I? 35 45.7 I 2 37 ">6.q 0 7 48.9 
I. J 4q0 o. 45q I H 7 Ol 1. zq4 PIO 69 37 4q I 5. 5 I 2 16 ?5. 2 17 3, ,6.0 0 2 49.2 
l. 14Q'i 0.45Q <2 l 64 l. 7q5 SQ:! ee 31 5 l 14. 0 12 37 4.7 12 34 15.0 0 2 49 .6 

1. 1 ">00 O. 4h0 056 50 l .2 qt, 977 41 37 53 I?. 6 12 37 44. 2 I? 34 54. I 0 '1 50. l 

t. 15C"i o. 460 40) 75 l,?98 061 34 37 55 I l. 2 11 38 ?3. 1 l 1 JS 33. 2 0 2 50. 5 
1. l ~ l 0 O. 4AO 927 24 1.799 l45 ,o 37 51 9.9 12 39 3.1 l 2 36 12. 3 0 2 5 I .o 

l 1. 151 5 O. 4bl 363 0 I 1.300 230 22 37 50 A.6 11 '° 47.q 1 7 36 c:; l .4 0 2 c:; 1.4 

1. I 520 o. 461 700 01 I. 30 l 115 10 18 1 7. 4 12 40 21.s l 2 17 10.6 0 2 5 l .q 
1. 1 ~? t; o. 462 135 42 l.302 400 B 38 3 6.3 12 41 2. I 12 38 9.7 0 1 52.3 
1.1530 0. 't62 ~72 OS I. 303 48t: 22 18 5 5. l l 7 4 l 41. 7 l2 38 48.Q 0 2 s z , ~ 
l.l'i?i:i o. 46 ':\ 108 Q8 1.304 512 27 18 1 4. l l 1 41 21. 4 17 3q 28. 1 0 2 5 3. 2 
I. I 540 0.463 546 JG 1.305 l: 'i e 67 38 9 3. I l1 4] l.O 12 40 7.3 0 7 53. 7 
I. I 54 5 o. 461 S83 b8 l.306 745 43 ,a ll 2. I 12 43 40.7 12 40 4b.6 0 1 "i4. 2 

) { I. I 550 o. 464 421 •1 1.307 P32 54 38 13 l. 2 I 2 44 20.4 12 4 l 25. A 0 2 54 .6 

I. I SS5 o. 464 85° 55 I. 308 920 Cl 38 l5 Q.3 12 45 0. l 1? 4? 5.0 0 2 sS.1 
I. I 5t0 o. 41\'i 7q7 9l 1.310 007 83 38 16 59. 5 12 '5 3q,6, 12 42 44.l 0 2 55. 5 
I. 15<5 0. 4b 5 736 5t I. 311 CQ6 co 18 18 58.8 I? 4' l q.6 l 7 4' 23.6 0 1 56.0 

I. I 570 o. 't66 I 75 50 I. 312 184 53 38 20 58,l l2 46 c;q_4 l 2 44 2.9 0 2 56 .4 

) 
1.1575 c. 466 614 74 l. 3 I 3 271 42 18 22 5 7. 4 17 47 3S. l 17 44 42 .2 0 1 56 .,q 
1.1580 o. ',61 05• 26 1.314 362 ts 38 24 56.8 17 48 lA.Q l 2 45 2 I .6 0 2 5 7 .4 
1.1585 0., 4b1 ,04 07 I. 3 I 5 452 24 38 26 Sh.3 l 2 48 58.A 12 46 0.9 0 7 57 .8 

1.15•0 O •• b1 q34 17 1.316 542 )q 18 28 55.8 11 49 38. b l 2 •• 40. 3 0 58.l 
1.15H o.,&R 37' 56 1.317 6 32 .. 38 30 55.4 17 50 I s , 5 1 2 47 1 q_ 1 0 58 .8 

I. l 6CO o. 't68 815 25 1. 118 723 13 38 32 55.0 12 50 5R. 3 1 2 47 SQ.I 0 59 .2 
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---------------------------------------------------------------------------------------- 
A/A:11 LS/R X/R Y/R Q/S P/R l T /q 

~LSO• 
•VLS/R 
••z••••••••••••••••••••==••••••~•••••••••••=•=•••••••••••••••z•=~=•=••2••••••••••••••••••= 
I .1605 1.346 760 B 1.2 86 S61 2B 0.2n 64 3 13 0.663 3?9 43 0.074 36 I 31 o.920 135 16 
1.1010 I. 347 921 oc 1.287 sos 45 0.293 131 36 0.663 884 02 0.07' 487 47 0.920 '168 45 
1.1615 1.349 082 25 1.288 '77 80 o.2Q3 620 1 7 0.664 438 80 0.074 613 79 0.921 902 21 
1. 1670 1. 350 244 00 1.2aq 9@6 33 0.294 109 56 C.6M 993 77 a. 014 740 26 a. 922 636 43 
1.16? 5 1.351 406 25 1.290 905 C4 o. 294 599 52 0.665 548 H 0.01-4 866 90 0.923 471 13 
1.1630 I. 352 560 00 1.292 003 S2 0.295 090 06 Q.666 104 30 o. 074 qq3 68 0.924 306 30 
1.H35 I. 353 732 25 1.203 012 sq 0.295 581 17 0.666 659 86 0.075 120 63 0.925 141 q3 
1.1640 I. 3S4 8% oc 1.2q• 022 23 0.296 012 86 C.667 215 62 0.075 24 7 7l Q.925 q79 04 ( 1.1645 1.356 060 25 I .295 CH 65 0.2% 565 13 0.667 771 57 0.075 374 qq 0.926 814 62 
l.l65C I. 35 7 225 00 1.2•0 041 25 0.2Q7 057 •a Q.668 32 7 71 0.075 502 40 Q.927 651 67 

1.1655 I. 358 Q.075 q7 0.928 489 t• 
~ 

300 25 1.2q1 051 C2 0.297 551 40 0.6M 884 05 629 
l.lH0 I. 350 556 00 1. 2Q8 060 S7 0.2"8 045 41 0.66Q 440 58 o. 075 757 70 0.92Q 127 18 
\ • 16615 1. 360 722 2~ 1.299 C71 C9 o.na SH 9q 0.669 907 31 o. 015 BAS ~8 0.930 165 64 
1.1610 I. 361 ea• 00 I. 300 081 3q 0.299 035 15 C.670 554 23 0.076 013 61 0. 01 I 004 58 (l I. I 615 I. 363 056 25 1.301 09 I 86 o.2qq 53C 80 a.611 111 34 0.076 14 I 83 0.931 841 qq 
1.1680 I. 364 224 00 1.302 102 51 0.300 021 21 0.611 668 65 0.076 270 18 0.932 Ml P7 
I .168 5 I. 365 392 25 l.30~ 111 n 0.300 524 II C.612 226 16 0.076 308 70 o.q,3 5?4 21 
1.1690 I. 36b 561 00 1.304 124 32 0.301 021 so C.612 783 86 o. 076 527 37 0.934 3b5 Cb 
l. lhQ'i I. 367 no 2~ 1.305 135 48 o. 301 51 q 65 0.673 141 75 0.076 656 20 0.935 206 36 
1.1100 1. 36 8 900 00 l.'306 14b 82 0.302 018 29 0.673 sqq a1 0.076 TBS 19 0.936 04S 14 

I. 1 7CS I. 370 070 25 1.307 15@ B 0.302 517 51 0.674 458 II 0.076 914 34 0.936 890 3q 
I.I 710 I. 371 241 oc 1.308 l 70 co 0.303 01 7 32 0.675 016 5q 0.011 04 3 64 0.937 733 11 
I. I 71 5 I. 317 412 25 I. 309 181 es 0.303 517 71 a. 6 75 575 25 0.011 173 II 0.938 576 31 
1.1120 I. 373 584 00 1.310 1•3 87 0.304 018 67 0.676 134 II 0.011 302 71 0.939 419 so 
1.1725 1.174 756 25 1. 311 206 cs 0.304 52C 22 0.676 693 16 o. 011 412 51 0.9.ftO 264 14 
1. I 7l0 I. 375 qzq 00 I.' 12 21e 40 0.305 022 36 O.t.11 252 41 0.011 562 45 0.941 108 77 
1.11~'5 I. 377 102 25 I. 31 3 230 q3 0.305 52 5 CB C .677 811 85 0.011 692 s, a. 041 q5 3 87 
1.1140 1. 378 276 0C I. 114 243 61 o. 306 028 38 o ,« 78 371 48 0.011 827 80 o.q42 7qq 45 
1.1 745 1. 379 450 2' I. 315 256 47 0.306 '32 26 0.678 931 31 0.011 953 22 o.q43 645 50 
1.1750 I. 380 625 00 1.316 us 4S a. 101 036 73 0.670 491 33 0.078 083 7q o. q,44 492 03 

1. 11~ ': I. 381 BOO 25 1.317 282 ,e 0.307 541 78 C.680 051 54 a. 01a 214 52 0.945 33q 04 
l.lH0 1. 3R2 01b 00 1.318 206 n o. 308 047 42 C.680 611 q4 0.078 34 5 42 o.q-46 186 53 

~ 
1 .1 7t- 15 1. 3R4 152 25 I.319 30S 55 0.308 553 65 0.681 172 54 0.078 476 47 o. q47 034 4q 
I. I 770 I. 38 5 3zq 0C l.37.0 ~2l 23 0.30Q 060 45 Q.681 733 33 0.01a 607 68 o.q47 882 q3 
1.1775 1.386 506 2' I. 321 ~31 c, 0.J0Q 56 7 85 a. 682 204 3l 0 .078 73q 05 o. q4a 731 85 
I. I 780 I. 387 684 00 1.322 3" I co o. 310 075 83 a. 682 8155 48 0.078 870 SB o.q4q 561 25 
r. t r e s I. 388 862 25 I .323 365 26 0.310 584 40 C.6@3 416 85 c. 079 002 27 0.950 431 13 
1.1790 I. 390 041 00 I. 124 3TS ss o. 311 093 55 c. 683 "78 40 0.010 I 34 l 3 o.<pq 2Sl •• 1. I 7G'5 I. 39 l no 2~ 1.325 3•4 CA 0.311 60 3 29 C.684 540 15 o. 010 26' 14 a. 0-52 132 32 
1.1800 I. 3•2 400 00 I. 326 408 74 a. 317 113 62 0.685 102 10 o. 07Q 398 31 0.952 •e3 63 

1. I BC S I. 39 3 SRO 25 1.327 423 55 a.312 624 54 0.685 664 23 0.079 530 64 0.053 835 42 
I. IR 10 1. 3q4 761 00 1.128 43B 53 o. 313 136 04 C.686 226 55 o. 07Q 663 13 o.q54 6RT TO 
I.1815 I. 395 q,2 25 1.329 453 66 0.313 648 14 0.686 789 01 0.079 795 78 o.•ss 540 45 
1.1620 1. 3Q7 124 00 I. 3 30 He 96 a. 314 160 82 C.687 351 78 o. 079 928 60 0.956 303 69 
I. 182 5 I. 308 306 25 I.HI 484 41 a. 314 674 09 0.687 914 68 o.oao 061 57 o. q57 24 T 41 
1. 18 so 1.3qq 489 0C 1.332 500 C7 Q.315 187 qs C.68R 477 77 0. ORO I 04 71 0.058 IOI ,o 
l.1A35 1.400 672 25 1.333 515 7q a. 11 s 702 40 Q.h8q 041 05 a. oao 128 00 o.q5e 956 28 
1. lflt+0 I. 401 856 oc 1. 3 lit 531 71 0.316 217 44 C .68Q 604 53 0.0J\0 46I 46 o.q59 811 44 
t. l 64 "i I. 403 040 25 I. 335 "i4 7 7q 0.316 713 07 c.eoo 168 19 0.080 5q5 06 0.Q60 66 T o• 
t. l s so 1.404 225 00 1.336 564 Cl 0.311 249 2q C.bQ0 732 05 0. 0A0 728 A6 0.%1 52 3 21 

1. l El'- "i I. 40"i 410 25 l.H7 s e c 42 o. 31 7 766 10 0.6Ql 206 o• o.oao 862 80 0.%2 37• e2 
I. !Pm 1.406 5% oc 1.338 5G6 S6 0.318 28 3 50 C.6ql R60 33 a.ORO qqo qo 0.%3 216 91 
l. l Bt '5 1.407 782 25 I. 3 3G ,11 66 0. 31 R POI 50 C.692 424 76 o. 0A I 1 '31 17 o.qt,4 094 4q 
1.1670 l .40f' %9 00 I. 340 630 51 o.31° 320 08 C.602 989 38 0. OR I 265 sq 0.%4 952 55 
I. 1 fl 75 I. 41 0 l 51, 25 l.141 64 7 51 0.Jlq S39 2b C.,hQ3 554 19 a.OB I 400 IR 0.%5 811 09 
l. I BRO 1.411 344 oc 1.347. 6'4 67 o. 320 35g 03 C.604 119 I q o. 08 I 534 q3 0.Q66 670 II 
I.\ RB 5 I. ,12 532 25 1.343 OBI 98 0.320 879 39 0.6Q4 684 38 o. 081 669 84 o. qt, 1 529 67. 
l.lAQ0 I. ,13 721 00 I. 344 t,9G 44 o. 3 21 400 35 C.6Q'5 249 76 o. 081 S04 q2 o. 9'18 389 6? 
1.1895 I. 414 910 2~ 1.345 7 I 7 (5 0.321 921 •o C.605 815 33 a.as 1 040 16 0.Qt:,Q 250 10 
1.1000 l. 416 100 oc l. l46 714 BI 0.322 444 C5 C.606 381 09 0.082 075 55 0.970 111 07 

1.1005 I. 417 290 25 1.347 752 7 2 0.322 96n 78 Q.6Q6 q4 7 04 0.08? 211 12 0.970 q72 52 
I. 1910 I. 418 481 oc 1.348 77C 78 0.323 490 12 C.697 513 IT 0.082 146 84 o.q11 834 46 
1.1915 1.419 672 25 1. 34q 768 qq a. 324 014 04 0.698 079 50 0.087. 482 73 0.012 696 AR 
I. 1970 I. 470 864 00 1.3so RC 7 ]5 o. 324 538 57 C.606 646 02 o. 087 61A TR 0.013 55q 7• 
1. 1 92 "3 I. 4?2 056 25 1.351 €25 85 0.325 06 3 68 0.699 212 73 0.082 754 qq o. 974 42 3 19 
1. 1930 I. 4?3 240 oc l. l"2 844 50 o. 325 589 40 0.609 77g 63 o. 082 891 37 0.015 ?8 7 07 
1.1935 l. 424 442 25 1.353 863 ]0 o. 326 11 5 71 C.700 346 72 0.083 027 91 0.076 15 I 44 
1. 1940 1.425 630 00 I. 354 882 24 0.326 642 t,l 0.100 913 qq o.oa3 1'4 ti 0.977 0ln 30 
1.19<5 I. 426 830 25 1.355 901 32 0.327 170 12 c.101 481 4b 0.083 301 48 o. q77 BA l '5 
l.lG50 I. 428 025 00 I. 356 G20 56 0.327 b9 R 21 0. 702 040 II 0.01n 41e 51 0.978 74 7 48 

l.1915 5 1. 420 220 25 I. 35 7 <;~<; q3 0.328 226 91 C.702 616 96 o. 08 3 575 70 o.979 613 81 
l.lSf0 1.430 416 00 l.l5A S5G 45 0.328 756 21 0.703 184 qq 0.0R3 713 06 o. 990 480 62 
l. t<H:15 1.431 612 25 l. 35g q7q ll 0.329 286 IC C.703 7-;3 21 o.os 3 s so 58 o. 991 34 7 92 
1.1q70 1.432 A09 00 1.360 s•a q7 o. 320 Rl6 5q o. 704 321 62 0. 0P3 988 27 o.982 215 17 
1.1075 l.H4 006 2~ 1.362 010 87 o.no 34 7 6A o. 704 A90 22 0 .0A4 126 12 o.g83 084 00 
l.l'>P0 I. 435 204 oc 1.363 038 q~ o. 3 30 879 16 0.70'5 ... 01 0.0R4 264 13 0.963 9S2 77 
1. lQf!i I. 436 402 25 l. 361.t C5<; 18 o. Hl 411 65 C.7C6 021 •e 0.0~4 402 31 0.984 822 01 
l.1900 1.437 601 00 1.365 C79 55 0.331 q44 54 0.706 597 15 a. 084 540 66 0.985 60 I 78 
1.1995 I. 438 800 25 1.3'6 100 (6 a. 33? 47R 02 0.101 lb6 so 0.084 679 16 0.9R6 562 03 
I .2000 1. -\40 000 0C 1.367 l?C 71 0.3l'3 012 II 0.101 736 04 o. 084 817 A4 Q.qR7 432 76 
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.. - - -- ---- ---- - ------------ ,., ... ST /R LC/R 9 I /J 8•.+C • C 
•lS/A• --- - - - - - - - - ---- -- - -- - -- -- - - - - - -- - - - - --- -- - - -- - -- - - - 
·'IIT7l DEG MNT SEC 
••••••••••••••••••·••s•••••••z•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
1.16C5 0.4t6q 256 22 1-319 81• 13 38 34 54. 6 12 51 3H.2 12 ,0 3i. 5 0 2 59.7 
1.1610 o.,.9 697 ,9 1.320 905 49 38 36 H.3 12 52 18.l 12 .9 17.9 a 3 0 .2 

I I 
1. I 615 0.'70 11~ o, 1.121 qcn 19 38 38 54. l 12 52 58.0 12 49 57.• 0 3 0.6 
1.1620 0.,10 5!IO ft9 l. 323 089 25 38 40 53.9 12 53 38. 0 12 50 31,.9 0 3 1.1 
1.1625 0.471 02} 03 1.n• lftl 66 38 ,2 53.8 12 54 17.9 12 51 16.J 0 3 1 .6 
1. 1630 o. 47 l •65 ., 1.325 274 42 38 .. 53. 7 12 54 57.9 12 51 55.8 0 3 2.0 
1 .. 16~ 'i 0.'71 908 19 1.326 36 7 53 38 46 53.7 12 55 37.9 12 52 3'>.4 0 3 2.s 
1.16•0 0.472 351 21 1.327 •6C S9 38 4e 53.7 12 56 17.9 12 53 14.q 0 3 .o 
1.1645 0.472 79• 52 1.328 554 80 38 sci 53.8 12 51, 57.9 12 53 54.• 0 3.5 
1 .1650 o.,n 218 13 1.379 t48 96 38 52 53.9 12 57 38.0 12 H 34.0 0 3.0 

1.1655 0.473 682 01 1.no 743 47 38 54 54.l 12 58 18.0 12 55 13.6 0 3 4.4 
1.1660 0.474 126 22 J.331 838 33 38 56 54. 3 12 58 SA.I 12 55 53. 2 0 3 4.9 
J.16'5 0.,1, 570 7C I.HZ S33 54 38 58 54.6 12 59 38. 2 12 50 32.8 0 3 5.4 
1.1670 o. 475 015 49 1.334 07S IC 39 0 54.,q 13 a 18.3 12 57 12 .4 0 3 5.9 
1. 1 t, i 5 o. •7 5 ,oo !i6 I.HS 12s Cl l9 2 55.3 13 0 'i8.,4 12 57 52.1 0 3 6.3 
l.16P.O o.'75 sos 93 1.336 221 21 39 4 55.7 13 I 38.6 12 58 31.7 0 3 6.8 
1. 16! 5 o.476 351 6C I. 337 317 E1 39 6 56.2 13 2 18.7 12 59 11.• 0 3 7.3 
1.1690 0.476 797 56 I .338 •1' 82 39 8 56.7 13 2 58.9 12 59 5 I. 1 0 3 7.8 
1.16~5 0.477 24 3 81 1.139 512 12 39 10 57.3 13 3 39. l 13 0 30.8 0 3 8.1 
1.1100 o. 47 7 690 36 1.340 609 77 39 12 57.9 13 4 19.3 13 l 10. 5 0 3 8.8 

r 1. 1705 o. 4 78 137 21 1.Hl 7C7 77 39 14 58.6 13 4 59. 5 13 I 50.3 0 3 9.1 

( 1. I 710 0.478 5R4 35 1. 342 806 II 30 16 59.'t 11 5 39.8 I 3 2 30.0 0 3 9.8 
l. l 71, o. 479 031 79 1.343 9C4 80 l9 19 0.2 13 6 20.1 13 3 9.8 0 3 IO. 2 
1.1720 0.'79 479 5J 1.345 003 P.4 19 21 1.0 13 0.3 13 3 49.6 0 3 10.7 
I. I 725 0.479 927 57 l.346 103 22 39 23 1.9 13 40 .b 13 4 zq.4 0 3 11.2 
1.l73C O.itAO 375 90 I. 34 7 702 95 39 25 2.9 13 21.0 13 5 9.2 0 3 11.1 
l. t 7] 5 0.480 824 53 I. 348 303 Cl 39 27 3. 9 13 0 I. 3 13 5 4q.1 0 3 12.2 
1.17'0 0.'81 273 45 I. 349 403 44 39 29 4.9 13 9 41 .6 13 6 28.9 0 3 12.1 
1- 114 ~ o. ,81 722 68 1.350 504 21 39 31 6.0 13 10 22.0 13 7 8.8 0 3 13.2 
1.1750 o. 482 172 20 I. 351 605 32 39 33 1.2 13 II 7.4 13 7 '8.7 0 3 13.7 

1 .11'5 '5 0.4R2 622 02 1.352 706 77 39 35 8., 13 II ,2. B 13 8 28.6 0 3 1,.2 
1.IHO 0.483 072 11 !.153 808 51 30 37 9.6 13 12 23.2 13 0 8.5 0 3 14.7 
1.1us 0.483 522 57 I. 3 5• SIO 71 39 3q 10.9 13 13 3.6 13 q 

48 ·" 0 3 15.2 
I. I 770 0.,01 973 29 1.356 013 20 39 ,1 12.3 13 13 44.1 13 10 28.4 0 3 15.7 
1. 1775 o.,s4 '24 31 1.357 116 C3 39 43 13.7 13 1, 24 .6 13 11 8.4 0 3 16.2 
1. 1780 Q.484 875 62 !.358 219 21 39 '5 15.2 13 15 5.1 13 11 48. J 0 3 16.7 
l .178 5 o. 485 327 24 J.359 322 72 39 47 16. 7 13 15 45 .6 13 12 28.3 0 3 17.2 
1. I 790 o. •es 779 16 I.HO 426 59 JS ,9 18.3 13 16 26.1 13 13 8.4 0 3 17.7 
I. I 79 5 O. 4R6 231 38 1.361 530 79 39 51 19.9 13 17 6.6 13 13 48.4 0 3 18.2 
1.1800 o. 486 683 91 I. 362 635 J3 39 53 21.6 13 17 47.2 13 1• 28.4 0 3 18.7 

1.1ec5 o.,87 136 73 I. 31, 3 7'0 22 39 55 23.3 13 18 27.B 13 15 8.5 0 3 1q.3 
1.1810 0.'87 589 85 1.364 8•5 45 39 57 25.1 13 19 a., 13 15 48.6 0 3 19.B 
I. l 815 0.488 OH 28 J.365 S51 02 39 59 26.9 13 19 49.0 13 16 28.7 0 3 20. 3 
I. l 820 o. ,ea .97 0 I 1.367 C56 9, 40 I 28. 8 I 13 20 29.6 .I 3 17 8.B 0 3 20.~ 

f 1.1825 o.,88 951 04 I. 368 163 19 40 3 30.7 13 21 10. 2 13 17 48 _q 0 3 21.3 
J.1830 o. ,a9 •o5 37 1.369 ?69 79 40 5 32. 7 13 21 50 .9 13 18 29. I 0 3 21.• 

f l.1815 0.4~9 860 01 1.370 376 72 40 1 34.7 13 22 31 .6 13 19 9. 2 0 3 22.3 
1.18•0 o.4qo 314 04 1.371 4B• 00 40 9 36. 8 13 23 12.3 13 19 4q_4 0 3 22.9 
1.1845 o. ••o 770 I g I. 372 591 61 ,o 11 38.9 13 23 53.0 13 20 n.6 0 3 23 .4 
J.1850 0.491 225 73 I .373 6SS 57 40 13 41.1 13 24 33. 7 13 21 9.B 0 3 23.9 

[ l. 1 f! S ~ 0.4ql 681 58 1. 37• 807 86 ,o 15 43.3 13 25 1'.4 13 21 50.0 0 3 2, •• 
1.1860 o. 4q2 137 74 1.375 916 so ,o 17 45.6 13 25 55.2 13 22 30.3 0 3 24.9 
I .1865 o.•n 594 20 1.377 025 47 40 19 48.0 13 26 36. 0 13 23 10.5 0 3 25.5 
1.1870 0.493 050 96 1.378 13' 78 40 21 50.4 13 27 16.B 13 23 50.B 0 3 26.0 
1. 187 5 o. 493 50R OJ 1.379 244 " 40 23 52.B 13 27 5 7 .6 13 24 31.1 0 3 26.5 
I. I B eo 0.493 965 40 1.380 354 42 40 25 55. 3 13 28 38.4 13 25 11.4 0 3 21.0 
I. I 885 o. 4q4 423 oe 1.381 46' 75 40 27 57.8 13 29 t•.3 13 25 51.7 0 3 27.6 
1.1890 o.4q4 881 06 1.382 575 41 ,o 30 0.4 13 30 0.1 13 26 32.1 0 3 28.1 
I. I BS 5 o.,95 339 35 J.383 686 41 40 32 3.1 13 30 41.0 13 27 12.4 0 3 28.6 
I. 19CO o.,95 797 95 1.38• 797 75 ,o H 5.B 13 31 21.9 l 3 27 52.8 0 3 29.2 

1. I 9C 5 o.,96 256 86 J.385 909 '3 40 36 8. 5 13 32 2.8 11 28 33.2 0 3 29.7 
1.1910 0.4q6 716 07 1.387 021 .. 40 38 I I .4 13 32 43.B 13 29 13.6 0 3 J0.2 
1.lSH o. 4q7 175 5e 1.188 133 79 40 40 14. 2 13 33 24.1 13 29 54.0 0 3 30.8 
1.1920 0.497 635 41 I.JB9 246 47 40 ,2 17. I 13 3' 5.7 13 30 14.4 0 3 31. 3 
l.lS25 o.,98 095 54 1. 390 359 50 ,o 44 20.1 11 34 46. 1 13 31 14.q 0 3 31 .8 
I. 1930 o.4cu1 555 9e 1.391 '72 85 40 46 23.1 13 35 21. 7 13 31 55.3 0 3 32.4 
I. I 935 0.499 016 n J.392 586 54 ,o 48 26. 2 13 36 8.7 13 32 35.B 0 3 32.Q 
1.19•0 o.,99 '77 79 1.393 700 57 ,o 50 29. 3 13 36 49.8 13 B 16.3 0 3 33.• 
1. 1 9~ 5 o •• 99 939 16 l.394 e 1, 93 ,o 52 32.4 13 37 30.B 13 33 56.8 0 3 34.0 

I 1.1950 0.500 ,oo 83 1.395 929 62 40 54 35 .6 13 38 11.9 13 34 37 •• 0 3 34 .5 

I. I 955 o. 500 162 87 1.397 0'4 65 40 56 38.9 13 38 53.0 13 35 17.9 0 3 35.1 
i ... 1 •to a. 501 ]25 II 1.,98 160 C2 4Jl 58 42.2 13 39 14. l 13 35 58.5 0 3 35.6 
l. l 1t '.5 o. 501 787 72 J.399 275 71 41 0 45.6 13 40 15.2 13 36 3S.O 0 3 36.2 
1. I 9 70 c.502 250 63 1.400 391 75 41 2 49.0 13 40 56. 3 13 37 19.6 0 3 36.7 
1.1975 o.so2 713 Bt 1. 401 508 II •1 4 52.5 13 41 37 .5 13 38 0.3 0 3 37. 3 
1. 1980 0.501 177 39 1.,02 624 e1 41 6 56.0 13 42 18.7 13 38 40.ff 0 3 37 .e 
I. 198 5 o. 503 t4l 2• 1.,03 741 83 41 8 59.6 13 ,2 5q.q 13 30 21.5 0 3 11.4 
!.IS90 0.504 105 40 1.404 859 2C 41 11 3.2 13 43 41. I 13 ,o 2.2 0 3 38.• 
I. I 9S 5 o. 504 569 81 1 .,05 S76 89 41 13 6.9 13 44 22.3 13 ,o H.9 0 3 39.5 
1.20cc o. 505 034 65 I .407 004 SI 41 15 10. 7 13 •5 3.6 13 41 23.5 0 3 40.0 



140 TABLE 111-FU•CTIONS OF THE UNIT ~AOIUS S~IUL 
TABLE 111-FONCT!ONS o•uNE SPIRALE OE RAYCN UNITAIRE 

------------------------------------------------------------------------------------- A/ R• LS/R X/R Y/R 0/R P/R LT /R 
•LS/A• -vcsn 
----··········•-•:••·---~----------------------------------------~---------------··------~ I .?005 1.441 200 25 1.368 141 49 o. 333 546 79 0. 708 305 76 0.084 9S6 67 0.988 303 99 
1.2010 1 ... 2 401 00 1.369 162 42 a. B4 082 08 a. 1oe 875 68 0.085 095 68 0.989 ITS 71 
1.2015 1.443 602 25 1.370 In 48 0.334 61 7 97 0.10• 445 78 a. ass 214 84 0.'9QO 047 •2 
1.2020 1.444 804 00 I.HI 204 68 o. 335 154 46 c.110 016 01 a. 085 374 18 0.990 920 63 
I. 2025 L.446 006 25 1.372 Z26 CI Q.H5 691 55 c.110 586 55 0.085 513 68 0.991 793 87 
I. 7010 1.447 209 00 1. 373 241 48 O.B6 229 24 c.1.11 157 22 0.085 653 l4 0.,,2 667 51 
l.2C35 1.448 412 25 1.374 269 C9 0.336 161 53 o. 711 728 07 0.085 793 17 o. 9g3 541 70 
I. 7040 l.449 616 ,00 I .375 290 83 o.n1 J06 43 c.112 299 II 0.085 933 16 o.q94 416 37 
1.20• 5 1.450 820 25 1.376 ll 2 10 0.337 845 93 0.712 870 l4 o. 086 073 32 o. g95 n1 54 
1.20~0 I. 45 2 025 oc 1. 311 '3~• 71 0.338 386 03 a. 111 441 75 0.086 213 65 o. 996 Jh7 21 

1 .10~-; I. 45 3 230 25 1.378 ~56 85 O.JJ8 926 74 a. 114 01 3 36 0.086 354 14 0.997 043 37 \ 
1.2oto 1. 45.tt 436 00 I. 3 79 319 13 a. 119 468 05 a. 714 585 14 a. oe, 4g4 AO o.qcn 920 01 
l.20t5 I. 455 642 25 1.380 401 53 0.340 co• qy Q. 715 15 7 12 0.086 635 62 Q.998 101 IR 
I. 2C70 I. 456 ff4q 00 I. 381 424 C1 0.340 552 48 0. 715 729 28 0.086 116 61 o.qqq 674 82 

) l. 707 S I .458 056 25 I. 382 446 13 a. 141 095 61 0. 716 JOI 63 0.086 917 11 1.000 552 97 
1. z o eo 1 ... -,q 2'4 00 1.383 469 53 a. 141 639 34 0.716 874 16 o.oe1 059 09 1.001 431 60 
1.20,5 I. 460 472 25 I. J 84 4g2 46 0.342 183 67 0.111 4'6 89 a. oe 1 200 59 1.002 J 10 H I. 2090 1.461 681 00 1.385 ~l'i 51 0.342 728 61 o.718 019 7S 0.087 342 24 1.001 190 J7 
1. 70.;5 I. 462 890 25 1.386 s1e 10 0.343 214 15 0.718 592 es 0.087 484 01 !.004 070 50 
1.2100 1.464 100 00 1.387 562 Cl O. l4l 820 JO 0. 719 166 11 0.087 626 06 1.004 951 ll 

1.2105 1. 46':i 310 25 1.388 585 45 O.JH 367 C6 0. 719 739 63 0.087 768 22 1.005 832 25 

~ 1.2110 . 1. 466 521 00 l.JA9 609 01 0.344 914 42 0.170 JIJ n 0.087 910 54 !.006 713 A8 
I.2115 1. 461 732 25 l.JQO 632 10 a. 345 462 40 c.120 88 7 l 2 a. 088 053 OJ 1.001 596 00 
I.? 170 1. 't68 944 00 I. 391 656 52 0.346 010 97 0.121 461 14 0.088 195 6q I. 008 478 62 
I. 2125 l. 470 156 25 1. l92 680 46 0.346 560 16 0.122 Ol5 35 Q.088 H8 52 J.Q09 361 74 
1.,.130 l.471 369 00 1.3q3 704 53 O. J4 7 109 95 0.122 609 75 a. ose 481 52 I .010 2-'t~ 36 
1.2135 I. 472 582 25 I .394 728 72 o. 34 7 66C 36 0. 723 184 33 a. oaa 624 68 1.011 129 48 
I.2140 l. 473 796 00 1.395 7•3 C! a.He 211 37 0.723 75• 09 0.068 768 01 1.012 014 09 
1.2145 I. 475 010 25 1.396 111 47 a. 348 762 99 o. 724 334 C4 o.oee 911 51 I .012 899 21 
I. 2150 1. -'t76 225 00 1.397 802 C3 0.349 315 22 a. 124 909 17 a. OA9 055 18 1.011 784 83 

1.2155 1.477 440 25 l.3S8 826 71 0.349 868 05 a. 125 484 49 0.089 199 01 1.014 670 96 
1.2160 1-478 656 QC 1.399 851 51 0.350 421 50 0. 726 060 00 0.089 34 J 01 I. 015 557 58 
l.2H5 1.479 672 25 1.400 876 43 0.350 975 56 o. 7 26 635 69 0.089 487 19 1.016 444 10 
1.2110 I. 481 oe9 QC 1.•01 901 47 0.351 530 2l 0.121 211 56 0.08° 631 53 1.011 332 H 
1.2175 1. It 82 306 25 1.402 926 63 0.352 085 51 0.121 787 62 o.oes 776 04 I. 018 220 46 
1.2180 I. 481 574 cc 1.403 951 91 a. J52 641 40 o.778 363 86 o. 089 020 71 I. 019 109 os 
1.2185 1.484 742 25 1.404 S77 31 o.J5J !97 90 C. 728 940 29 o.n=o 065 56 I. 019 998 22 
1.2100 1.485 961 00 1.406 002 82 a. 151 755 01 0. 729 516 90 0.090 210 58 I. 020 887 86 
1.219 5 1.487 180 25 I .407 028 45 o. 3'54 312 74 C. 730 093 10 a. 090 355 76 1. 07 l 778 00 
1.noo I. 48 8 400 00 1.408 054 20 o.354 871 01 0.730 670 68 0.090 501 12 1. 02 2 668 65 

1.2205 I. 489 620 25 !.40~ C80 C6 Q.355 430 02 Q. 731 247 84 o. 090 646 64 1.023 559 80 
1.2210 1.490 84 l 00 1.410 106 C4 a. 355 9A9 58 0.731 825 19 a. oso 792 JJ 1.024 451 45 
l.?215 1. 4Q2 062 2s 1.411 1'2 l l a. J56 549 76 0. 732 402 72 0.090 938 20 I. 025 343 61 
I. 7 220 1.4°'3 284 00 1.412 158 34 o.n1 110 55 0. 732 980 43 0.091 084 23 ·1. 026 236 28 
1.72?5 1.4q4 506 25 1.413 184 66 a. 35 7 671 95 0. 733 558 33 0.091 210 43 I. 027 129 45 
I .2230 1.495 729 00 l.414 211 10 a. 358 233 96 C. 734 136 41 0.0•1 376 80 1.028 023 12 
1.22~5 l.4q6 952 25 1.415 237 64 a. J5 e 796 59 Q. 734 714 68 0.091 523 35 1.078 917 30 
1.2 240 1.498 176 00 1.416 264 JO a. 359 359 A4 C. 735 293 12 0.091 670 06 I. 079 811 99 
1.2245 1. 49q 400 25 1.417 291 01 a. 35• 92l 10 C. 735 871 15 0.0•1 816 94 1.030 101 19 
1.2250 1.500 625 00 1.418 317 95 o. 360 488 17 o. 736 450 57 0.091 963 99 I. 031 602 89 

1.2755 I. 501 850 25 1.419 344 94 0.361 053 26 0.131 029 56 a.on Ill 22 I.OH 49S 10 
1.2260 1.503 076 00 1.420 372 04 0.361 618 97 Q. 737 608 H 0.092 258 61 I.OH 395 e2 
1.22'5 1. 504 302 25 1.421 3qq 24 0.362 185 29 0. 738 188 II a.on 406 17 1.034 293 05 
1.2210 !. 505 529 00 I .422 426 56 0.362 752 22 0. 738 161 65 0.092 553 91 I. 035 190 79 
1.2275 I. 506 756 25 l.4l3 453 98 0.363 31 9 78 0. 739 34 7 38 o.os2 101 82 1.036 089 OJ 
1.2280 1.507 984 00 I .424 481 51 0.363 887 95 0. 739 Q;?7 29 a.on 84• 89 1.036 987 78 
1. 2 28 5 1.509 212 25 1.425 50S 15 0.364 456 74 a.HO 501 38 0.092 998 14 1.037 887 05 
I. 2290 1.510 441 00 1.426 536 89 0.365 026 14 a. 741 087 6S o. 093 146 56 I. 038 786 82 
I. 2 295 I.. 51 I 670 25 1.427 564 74 0.365 596 17 Q.741 668 II Q.093 29 5 15 1.039 687 II II 
1.2 300 I. 512 900 00 I .428 592 6S 0.366 166 81 0. 742 2H 75 0.093 443 92 1.040 587 90 

l.2JQ5 1-514 130 2~ 1.429 620 74 0.366 738 06 Q.742 829 57 Q.093 592 85 1.041 48S 21 
1.2310 1.515 361 00 1.430 648 90 0.367 JCS 94 0.743 410 57 0.093 741 96 1.042 391 02 
1.231, I. 516 592 25 1.431 677 17 0.367 882 44 o. 743 991 75 0.093 ~q I 23 1.043 2•3 35 
1.2120 I. 517 824 00 1.432 105 53 0.368 455 55 a. 744 573 12 0.094 040 68 1.0 .. 196 19 
I. 2325 1.519 056 25 1.433 134 co 0.369 029 29 0. 745 154 66 Q.094 190 30 I .045 099 54 
l.2JJO I. 520 289 cc 1.04 162 57 0.369 603 64 0. 745 736 J9 0.094 340 10 I .046 003 41 
1.23~5 !. 521 522 25 1.435 791 23 0.370 178 62 0. 746 318 30 0.094 490 06 I .046 001 79 
1.2340 1. 522 756 00 1.436 820 00 0.170 754 21 C.746 900 3S o.094 640 20 1.047 812 68 
I. 2345 I. 523 990 25 1.437 8H 87 0.371 HO 43 0.141 482 66 0.094 790 51 l.O'o8 718 09 
1.2150 1.525 225 QC 1.438 e11 83 0.371 907 26 c.Hs 065 II o.oq-4 941 00 !.049 624 01 

} 1.2355 1.526 460 25 1.439 906 9C 0.372 484 72 a. HS 647 74 0.095 091 65 I .050 530 44 
1.2360 I. 527 696 00 1.440 '16 06 0.1n 062 80 O.H9 230 55 0.005 242 48 1.051 437 39 
1.21,, 1. 528 932 2' 1.441 965 32 0.373 641 50 o. 749 813 55 a. 095 393 48 I .052 344 es 
l.2!70 I. 530 169 00 1.442 99 .. 67 0.374 220 82 0.750 3% 12 0.095 544 66 1.053 252 83 
l.2315 1.n1 406 25 1.444 024 12 0.374 800 11 0.750 980 01 0.095 6"6 01 1.054 161 33 
1.2380 !. 532 644 00 1.445 053 67 0.375 381 3J 0.751 563 61 0.0'15 847 5l I. 055 010 34 
I. 238 5 1.533 882 25 1.446 083 31 0.375 962 52 0.152 147 32 o.oc;is 9g9 22 J.OS5 979 ., 
1.23'10 I. 535 121 00 1.447 113 04 o.376 544 34 o. 752 731 22 0.096 I 51 09 1.056 88• 91 
I .2395 I. 516 360 25 1.448 142 n 0.377 126 11 0.753 315 29 Q.096 303' ll I. 057 800 48 
1.2400 1.537 600 00 1.449 172 l'I Q.377 709 83 o. 753 899 54 0.096 455 35 I. 05 8 711 56 



TA~LE 111-FU>CT!ONS Of THE U~IT RADIUS SPJ fl:AL I 4 l 
TABLE 111-FOSCTIONS O'UNE SPIRALE OF RAYON UNI TA IRE 

------------------------------------------------------------------------------------------ 
AIR• ST /R LC /R 8 1/) 8•••C C 
•LS/A• ---------------------------------------------------- 
• VLffi OEG MNT SEC 

----------------------·--------••=••········-----------=••···························•--=• 

f 
l.20C5 0.505 ''q 75 I. 406 213 27 41 11 14.4 I) 45 44 • 8 l 3 42 4.2 0 3 40.6 
I. 2C I 0 o.505 ,65 15 1.,oq 331 96 41 1q 18. 3 13 46 26.1 13 42 45.0 0 3 41.1 
1 • 201 ~ 0.506 4)0 61 1.410 450 98 41 21 22.2 lJ 47 7.4 13 43 25.7 0 3 41.7 

' !. 2020 o.506 e"" qo 1.411 ~1C 32 41 23 26. l 13 4 7 48.7 13 44 6.5 0 3 47.2 
1. 2025 0.507 363 25 l.412 600 00 41 25 JO.I 13 46 30.0 I 3 44 47.2 0 42.8 
I• 2010 0.507 52q q1 1.413 810 01 41 27 34.l 13 4q \1.4 13 45 28.0 0 4 ~ .4 
l. 2035 o. 506 296 88 1.414 q30 35 41 2q )6,2 13 4q 52,7 ll 46 6.6 0 43.q 
1,2040 0.508 764 I 1 1.416 051 02 41 31 42.4 I 3 50 34. I I 3 46 4G.6 0 44.'> 
\.2045 o. 50Q 211 11 !.417 I 12 02 41 3J 46.6 13 51 15. 5 ll 47 30.5 0 45.l 
1.1050 o. so s 6q9 oq 1.416 193 35 4 I )5 50.8 13 51 se . 9 ll 48 11.3 0 45 .h 

1.1055 o.510 167 q2 1. 4 I q 415 co 41 37 55.1 13 52 36.4 13 46 52.2 0 3 46.2 
1.2oto o. 510 636 47 1.420 536 99 41 3q 59.5 I) 5} !S.6 13 4q 33. I 0 l 46.6 
1.2015 0.511 105 33 1.421 059 JC 41 42 J.9 13 54 I. 3 I l 50 14.0 0 3 47.3 
I. 20 70 o. 511 574 5 I I .422 181 94 41 44 6.3 I) 54 42.6 I 3 50 54.q 0 3 47.9 
1.2075 o.512 044 01 1.423 904 91 41 46 12.8 13 55 24.3 1 l 51 35.8 0 3 48.5 
I, 2C80 o. 512 513 62 1.425 C28 10 41 48 l 7 .4 13 56 5.6 13 52 16.8 0 3 4Q.O 

I .2C85 o. 512 q5 1 94 1.416 I 51 62 41 50 22.0 13 56 47.J 13 57 57.7 0 3 49.t, 
1.2oso 0.513 454 Jq 1.427 275 11 41 52 26.7 13 57 26. 9 I 3 53 38.7 0 3 150 .2 
1.Z0'i! o. 51 3 925 15 ·I. 426 400 05 41 54 31. 4 I 3 58 10.5 13 54 19. 7 0 50.6 
1.11(0 o. 514 JQ6 23 l .429 524 65 41 56 36.2 13 56 52.1 13 55 0.7 0 51.J 

I. ?IC 5 o. 514 667 63 1.430 649 58 41 58 41.0 13 50 JJ. 7 I 3 55 41.7 0 51.S 
!. 2110 o.515 339 35 1.4 31 114 83 41 0 45.8 14 0 15.3 ll 56 2?.8 0 52 .. '> 
!. 2115 0,515 81 I 38 l,432 900 41 42 2 50.8 14 0 56 .9 13 57 J.8 0 53.1 
1.2120 o. 516 2A3 74 1 .43-'t 026 JI 42 4 55.7 14 l 38 .6 I l 57 44.9 0 53. 7 
1. 2 115 0.516 756 41 I .4 35 152 54 42 7 0.1 14 2 10. 2 13 58 26.0 0 54.3 
!. 21 30 o. 51 7 279 40 1,436 279 C9 42 9 s.e 14 J 1.9 13 5q 7.1 0 54.8 
!. 2135 o.s11 702 12 1,437 405 97 42 II 10.q 14 3 43.6 13 59 48.2 0 55.4 
1.21•0 0.518 176 35 1.438 533 I 7 42 I 3 16.! 14 25.4 14 0 29.4 0 56 .o 
1. 214 ': 0,518 650 JC 1,439 HO oq 42 15 21.4 14 1, 1 14 1 10.5 0 56 .6 
1.2150 o. 51 q 124 5 7 1.440 7A 8 54 42 l 1 26.6 14 48.Q 14 l 51.7 0 'i7. 2 

1.11 S S o. 51 q 5qq 11 1. 44 l q16 11 42 1q 32.C 14 6 30.7 14 32 ,q 0 5 7. 8 
I, 7 l 10 o. 520 C74 OB 1.44'3 C45 21 42 21 )7.3 14 1 I 7. 4 14 14. I 0 58.4 
t.2165 o.s20 54q 32 1.444 I 74 02 42 23 42.B 14 1 54. 3 14 55.3 0 59.0 
!. 11 70 o. 521 024 AB I .445 303 16 42 25 48.3 14 B 36, I 14 4 36.5 0 59.6 
1. 21 Vi o. 521 soc 76 1. 446 431 ~2 42 21 53.6 14 0 l 7 .0 14 5 17.8 0 4 0.2 
l,21AO o.521 976 q6 L. 44 7 562 41 42 2q 5q.4 14 q sq.a 14 5 59.0 0 4 O.A 
I. 2 I 85 0.512 453 49 l .4-'t8 6G? e I 42 32 5.0 14 10 4l.7 14 6 40.3 0 4 I .4 
I. 2190 o.522 930 34 l .4"i9 822 q3 42 34 10.1 14 11 13.6 14 7 21,6 0 4 2.0 
1. 21 <; 5 0.521 407 51 1.450 q53 68 42 36 16.5 14 11 5.5 14 B 1.9 0 4 2.6 
I. 2 200 0.57l AB5 01 1.452 084 74 42 38 22.J 14 12 47.4 14 8 44.3 0 4 3. 2 

1.ncs 0,524 362 B ! I .4 53 210 l l 42 40 28. 1 14 13 29 ·" 14 q 25.6 0 4 J.A 
1.2210 o.5?4 840 q7 1.454 347 84 42 42 34.0 14 14 11. 3 14 10 7.0 0 4 4.4 
1.2215 0.525 319 .. I .455 479 86 42 44 40.0 14 14 53.J 14 10 48.J 0 4 5.0 
!. 2210 0.525 7q5 24 1.456 612 21 42 46 46.0 14 I 5 35. 3 14 II 2q.1 0 4 5.6 
!. 7225 o.526 277 JS l. 45 7 744 67 42 4q 52.0 14 16 17.J 14 11 11.1 0 4 6.2 
1.2;, :o o.526 756 80 I .458 en 66 42 50 58.! 14 16 59.4 14 12 52.6 0 4 6.8 
l. 2 235 o. 527 136 57 1.460 Cl I 16 42 53 4.J 14 11 41.4 14 13 34.0 0 4 7.4 
!. 2240 0.527 1 lh 67 1,46 I 144 78 42 55 10.5 14 18 23. 5 14 14 15.5 0 4 B .O 
I, 2 24 5 0.528 IS7 OS 1,462 278 12 42 57 16.8 14 1q 5,6 14 14 56,q 0 4 8.6 
l. 7 2 ~O o. 578 677 84 1,463 412 97 42 5q 23.l 14 1q "7. 7 14 15 38.lt 0 4 .. , 
!. 2 2, 5 o.57q I 58 SI l .461i 547 54 43 I 2q.4 14 20 2Q.8 14 16 19.Q 0 4 q,q 

1,7110 c. 52• 640 32 l. 4ti'i 682 4' 43 3 35.8 14 21 11, q 14 I 7 1.5 0 10.'i 
1. 2 2t ': o. 530 122 O! 1 ."i6t: 817 64 43 5 42.3 14 21 54. l 14 11 43.0 0 11.1 
l. 2 ;:> iO 0.530 604 11 1.467 9<3 16 43 7 48.B 14 22 36. 3 14 IA 24.5 0 11. 1 
1.7215 o. 531 OA6 5C l .46Cj C89 00 43 q 55,4 14 23 16.5 14 1q 6.1 0 12.4 
l.22AO o. 531 569 21 I .4 70 215 16 43 12 2.0 14 24 0.7 14 19 47.7 0 4 1 3.0 
1.2285 0,532 052 u l .4 71 36 I n 43 14 8.7 14 24 42.9 14 20 20.3 0 4 13.6 
1.22qo o. 532 535 63 I .4 72 4qe 41 43 16 I 5.4 14 25 25.1 14 21 10,9 0 4 14.2 
l. 2 2G5 0.533 01• 34 1.473 635. 52 43 18 22.2 14 26 7.4 14 21 52.5 0 4 14.q 
l,1'CO o. 533 503 3 7 1.474 117 q3 43 20 29.0 14 26 .t,Q. 1 14 27 34. 2 0 4 15.5 

1. z sc s o. 533 qe1 73 1.475 SIC 66 43 22 15 .9 14 27 31. 0 14 23 15.q 0 4 I h, I 
1, 23 l 0 o.5l4 472 43 1.477 04 8 11 43 24 42.B 14 28 14.J 14 23 57.5 0 4 16.7 
1. 2? 15 0.534 q57 45 I .4 78 187 Cb 43 26 49.8 14 28 56.6 14 24 Jq.2 0 4 l ~.4 
1. 2'!20 o. ')J'i 442 81 l.47Q 325 74 43 18 56.8 14 2s 38. q 14 25 20.Q 0 4 18.0 
t.2~25 0.535 q2e 50 1.480 4M 12 43 31 3 .9 14 30 11.l 14 26 2.1 0 4 18.6 

\ l. 2 '!~O o. 536 414 52 1. "iA l 604 02 43 33 11.1 14 ll 3.7 14 ?b 44.4 0 4 1q,3 
1. 2 ~ ! 5 o. 536 soo 87 I. 482 743 6! 43 35 I 8. 2 14 31 46. l 14 27 26.2 0 4 10.0 
!. 2 340 o. 537 JA7 55 I. 483 883 55 43 37 25.5 14 32 28.5 14 2A 1.q 0 4 20., 
1. 2 3 'i'i o. 537 874 57 1.485 C13 79 4) 3q 32. B 14 n 10.s 14 26 49. 7 0 4 21.2 
1. 2 3':C o.5,e 36 l q7 I. 486 164 34 43 41 40.! 14 33 5,.4 14 29 31 .5 0 4 2 l. q 

J 1. 2 3t; ': 0.538 54q 6C 1 .-'f87 305 1q 43 43 47.5 14 34 35.B 14 30 13.4 0 4 22. 5 
!.2HO o. t;JQ 317 61 l.488 446 36 43 45 55,0 14 35 IA.J l 4 JO 55.2 0 4 23.1 
1. 2 ?t ~ 0.539 825 q7 1.489 587 84 43 46 2.5 14 36 o.e 14 JI 37.0 0 4 n., 
1,2310 o.540 314 65 1.490 729 64 43 so 10.0 14 36 43.J 14 32 t e.0 0 4 24,4 
!.23i5 0.540 803 67 l .491 P71 74 43 52 17.6 14 l7 75.q 14 ll O.B 0 4 25.1 
I, 2 380 o. 54 l 2q1 01 I. 4q3 014 15 43 54 25.3 14 38 8.4 14 33 42.7 0 4 2i;. 1 
l. 2 ?R 5 o. 541 782 72 1.494 156 61 43 56 33.0 14 38 51.0 I 4 l4 24.6 0 4 26.4 
1.2 rso 0.542 272 74 l.4Q5 7qq so 43 58 40. 7 14 JQ ll.6 14 35 6.6 0 4 71.0 

I. 239 5 0.547 763 10 l .4Q6 443 24 44 0 4A.5 14 40 16,2 14 35 4 A. 5 0 4 21.1 
I, 240 0 o. 54 3 253 80 l.4Q7 set> ao 44 2 56,4 14 40 'iR .e 14 ,. J0.5 0 4 28.J 
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TABLE 111-fONCTIONS D'UNE SPIRALE OE RAYON UNITAIRE 

----------------------------------------------------------------------------------- ., ... LS/R X/R Y/R Q/R P/R LT/R 
•LS/A• 
.',(?71f 

-·····----------·-----------····--·--·····-·--·-·--·---------------·--------·----- 1.2405 1.5,a 140 25 1.450 202 80 0.378 293 52 c.154 413 98 0.096 607 74 1.059 •21 15 

( 1.2410 1.540 081 00 1.451 232 90 o.318 877 82 0. 755 068 59 o.096 760 30 I.OH ,J5 27 
1.2415 1.541 322 25 1.452 263 10 o.319 462 76 0.155 653 38 0.096 913 04 I.OU 447 90 l I. 2420 I. 542 564 00 I.HJ 293 38 0.310 048 31 0.156 238 36 0.097 065 95 I.OU 361 06 
1.2425 I. 543 106 25 t.454 323 76 0.380 634 50 0.756 823 51 0.097 219 03 1.063 274 73 
1.2430 1.545 049 00 1.455 354 22 0.381 221 30 0.157 408 84 0.097 372 29 1.0.4 188 92 
1. 24 35 I. 546 292 25 1.456 3h 11 0.381 808 74 o. 757 9'94 35 0.091 525 73 1.065 103 64 
1.2440 I. 547 536 00 1.457 415 41 0.382 396 80 0.15ft 580 04 0.097 679 34 1.066 018 87 
1.2445 1.548 780 25 1.458 446 14 o.382 985 48 0. 75'1 165 '10 o. 0'17 833 12 1.066 934 62 
1.2450 1.550 025 00 1.459 476 95 o.383 514 79 o. 75'1 151 .5 o. 0'17 981 08 1.067 850 90 

1.2455 1.551 270 25 1.460 507 85 0.384 164 73 0.760 338 17 0.098 141 21 1.068 161 69 
l.24t0 1. 552 516 00 1.461 538 84 0.384 755 30 0. 760 924 58 0.0'18 2'15 52 1.069 685 01 
l.24f5 1.55} 762 25 1.462 569 91 o. 385 346 49 0.761 511 16 0.098 450 01 1.010 602 85 
1.2410 I. 555 009 00 1.463 601 C6 o.385 938 31 0. 762 097 92 0.098 604 67 1.011 521 21 
1.2415 I. 556 256 25 1.464 632 30 0.386 530 76 0. 762 684 86 0.098 759 50 1.012 440 10 
1.2480 I. 557 504 00 1.465 663 62 0.387 123 83 0. 763 211 91 0.098 914 51 I.OH 359 51 
1.24!5 1.558 752 25 1.466 695 03 o. 387 111 54 a.1u 859 27 0.099 069 10 1.074 279 44 
1.2490 1. 560 001 00 1.467 726 51 0.388 311 87 0. 764 446 74 0.099 225 06 I .075 l'19 90 
1.24~5 I. 561 250 25 1.468 158 CB o. 388 906 83 0.765 034 39 0.099 380 59 1.076 120 88 
I. 2500 I. 562 500 00 1.469 189 73 0.38'1 502 42 0.765 622 21 o.09'1 B6 31 1.011 042 38 

1.2505 I. 563 750 25 1.470 !21 45 o. 390 098 64 0. 766 210 22 0.0'19 692 20 1.011 964 42 
1.2510 1. 565 001 00 1.471 853 26 o. 390 695 49 o.766 798 40 o.0'19 848 26 1.078 886 97 
l. 25115 1.566 252 25 1.4'2 885 14 0.3'11 292 97 c.767 386 76 0.100 004 50 I .079 810 05 
1.2520 I. 567 504 00 1.473 ~11 II o. 3'11 891 08 o. 767 975 30 0.100 160 92 1.080 733 66 
1. 2525 I. 56 8 756 25 1.474 949 15 o. 392 ·499 82 o.768 564 01 0.100 317 51 I. 081 657 80 
I. 2530 I. 570 009 00 1.475 ~81 27 0.393 089 20 o. 769 152 90 0.100 474 28 1.082 582 46 
1.25~5 1.571 262 25 1.477 013 46 o. 393 689 20 o. 769 741 91 0.100 6, I 23 1.083 507 65 
1.2540 1. 572 516 00 1.418 045 73 o.394 29q 83 c.110 331 21 0.100 Te8 36 1.084 433 36 
1.2545 I. 573 110 25 1.419 CH 01 0.394 891 10 0.110 920 63 0.100 945 66 1.085 359 61 
1.2550 1. 575 025 00 1.480 110 4'1 0.3'15 493 00 0.111 SID 23 0.101 103 14 1.086 286 38 

I. 255 5 1. 576 280 25 1.481 142 q9 0.396 095 53 0.112 100 00 0.101 260 H 1.081 213 68 
1.2560 I. 571 536 00 1.482 115 55 0.396 698 69 0.112 689 95 0.101 418 62 1.088 141 51 
l.25t5 1.578 792 25 1.483 208 19 o. 397 302 48 0.113 280 08 0.101 576 64 I .089 069 87 
I.2510 1.580 049 00 1.484 240 90 o.397 906 91 0.113 870 38 0.101 1H 82 1.089 99ft 76 
1.2515 I. 581 306 25 1.485 273 68 0.398 511 91 0.11', 460 86 0.101 893 19 1.090 928 18 
I .2580 I. 582 564 00 1.486 306 53 0.399 111 67 0. 775 051 51 0.102 051 13 1.091 858 13 
1.25'5 1. 583 822 25 1.487 33.9 45 0.399 723 99 0. 775 642 34 0.102 210 45 1.092 788 61 
1.2590 1.585 081 00 1.488 372 45 0.400 330 96 C. 716 233 35 0.102 369 35 1.093 719 63 
I. 2 595 !. 586 340 25 1.489 405 51 0.400 938 55 0.116 824 53 0.102 528 43 1.094 651 11 
1.2600 1.581 600 00 1.490 '38 64 0.401 546 78 0.111 415 89 0.102 687 68 1.095 583 25 

I. 2605 !. 588 860 25 1.491 411 83 0.402 155 65 0. 718 001 42 0.102 847 II 1.096 515 86 
1.2610 1.590 121 00 1.492 505 10 0.402 765 15 0.118 599 12 0.101 006 13 1.0'11 449 00 
1. 26 I 5 I. 591 382 2~ 1.493 538. 43 0.403 375 29 0.11'1 191 01 o. 101 166 52 I. 098 382 68 
!. 2620 I. 592 M4 00 l.'t94 511 82 0.403 986 06 0. 779 183 06 0.101 326 48 I .099 316 89 
1.2625 I. 593 906 25 1.4•5 605 28 0 .... 04 597 41 0.180 315 29 0.101 H6 63 1.100 251 63 l 1 .26:!0 I. 595 169 00 I .496 63! 81 0.405 209 51 C.780 967 10 0.103 646 96 l.101 186 91 
t. 26 !5 I. 596 432 25 1.497 612 39 0.405 822 19 0.781 560 28 0.101 801 46 1,102 122 72 
l.H40 1.597 696 00 1.49! 106 05 0.406 435 51 c. 782 153 04 0.101 968 15 1.103 059 01 
1.2645 !. 598 960 25 1.499 739 76 0.407 049 46 o.1e2 745 97 0.104 129 01 1.103 995 95 
1.2650 1.600 225 00 1.500 113 54 0.407 664 o, 0.783 339 01 0.104 2'10 05 I. 104 .933 31 

1.2655 1.601 490 25 t.501 807 37 o. 408 279 28 o.183 '132 35 o. 104 451 21 1.105 871 3l 
l.26tO I. 602 756 00 1.502 841 27 0.408 895 14 0.784 525 80 0.104 612 68 1. 106 809 82 
l.26t5 1.604 022 25 1.503 !75 23 0.409 511 65 0.185 119 43 o. 104 114 26 1.101 148 85 
1.2610 1.605 289 00 !.504 909 25 0.410 128 79 0. 785 713 23 0.104 936 02 1.108 688 42 
l. 2615 1.606 556 25 1.505 943 33 0.410 746 57 0.186 301 20 0.105 097 96 1.109 628 52 
1.2680 1.607 824 00 !.506 q77 46 0.411 364 99 0.186 901 35 o. 105 260 08 1.110 569 16 
l.26f5 1. 609- 092 25 1.508 011. t5 0.411 984 05 0.181 495 67 0.105 422 38 I. 11 I 510 34 
1.26•0 1.610 361 oc 1.509 045 90 0.412 603 74 c. 788 090 16 0.105 584 86 I. 112 452 06 

1, 1.26q5 1. 611 630 25 1.510 080 21 0.413 224 08 0.188 684 83 0.105 141 52 1.113 394 32 
1.2100 1.612 900 00 I .511 114 57 0.413 845 06 0. 789 279 67 0.105 910 36 I. 114 331 12 

I. 2705 1.614 110 25 1.512 .14 8 98 0.414 466 67 o.78'1 874 68 0.106 073 38 !. II 5 280 46 
1.2110 1.615 441 00 1.513 183 45 0.415 088 93 0.190 469 87 0.106 236 58 !. 116 224 34 
1.2715 I. 616 112 25 1.514 211 98 0.415 111 83 0.791 065 23 0.106 3'19 97 I. 117 168 11 
1.2120 1.617 984 00 1.515 252 55 0.416 335 36 o.791 660 76 0.106 563 53 1. 118 113 13 
1.27'5 I. 619 256 25 1.516 2el IB 00416 959 54 0. 792 256 47 0.106 121 27 1.119 059 23 
1.2130 1.620 529 00 1.511 321 86 0.411 584 36 0.192 852 34 0.106 891 20 1.120 005 28 
1.2135 !. 621 802 25 1.518 356 60 O.•H8 209 82 0. 793 448 39 0.101 055 30 1.120 951 81 
1.2140 1.623 076 00 1.519 391 38 0.418 835 93 0.794 044 61 0.101 219 59 1.121 899 00 
1.2145 1.624 350 25 1.520 426 21 0.419 •462 61 o. 794 641 01 0.101 384 06 1.122 846 68 
1.2150 1. 625 625 00 1.521 461 C9 0.420 090 06 0.195 237 57 0.101 548 71 1.1?3 794 90 

1.2755 1. 626 900 25 I .522 4'16 02 0.420 718 09 0.195 834 31 0.101 713 54 1.124 143 66 
1.2160 1. 628 I 76 00 1.523 531 00 0.421 346 16 0.196 431 22 0.101 818 56 1.125 692 91 ' , 
l.2H5 I. 629 452 25 1.524 566 CJ 0.,21 976 oa 0.797 028 30 o. 109 043 75 1.1u 642 82 
1.2110 1.630 129 00 1.525 601 10 0.422 606 04 0. 797 625 55 0.108 20'1 13 1.121 ,.1 22 
l.2ll5 1. 632 006 25 1.,2. 636 22 0.423 236 64 o. 798 222 98 0.108 374 69 1.129 544 16 
1.2110 1.6)3 21 .. 00 1.527 Ul 38 0.423 167 89 c.798 820 57 0.108 540 43 1. 129 495 65 
1.2785 1 •• )4 5•2 25 1.521 70. 59 0.42 .. 09 78 0.1'1'1 418 34 o. 108 106 35 1.130 447 69 
1.1790 1.635 841 00 1.529 141 84 0.425 132 31 0.800 016 27 0.108 872 46 1.1)1 400 27 
1.2795 1.631 120 25 1.,10 111 14 0.425 765 49 0.800 614 l8 0.109 038 75 !.IH 353 40 
1.uoo 1.638 400 00 1.531 812 48 o.426 3'9 31 0.801 212 66 0.109 205 22 I. 133 307 Oft 
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TABLE 111-FO•CTIONS O'UNE SPIRALE DE RAYON UNI TA IRE 

------------------------------------------------------------------------------------------ 
l A/P.= ST /R LC/P 9 I /3 O•♦+C • C 

•LS/A• ---------------------------------------------------- 
•VLS/R DEG ~NT SEC 

-~-------------·-················••=•:••·••=••·················•·=••·····-~-------·····•·= 
1.2'05 o. 543 7'4 83 1.4q8 130 85 44 4.3 14 41 41.4 14 H 12.4 0 • 2• .o 

I) I. 7410 o. ,.4 236 2 I l .4Q'9 875 11 44 12.3 14 42 24.l 14 37 54.4 0 4 20 .h 
I. 2415 0.544 727 Si I .50 I CIS 6A 44 q 20. 3 14 43 6.8 14 3R 36.5 0 4 30.3 
1. 24 20 0.'45 210 S6 1.502 16• 56 4. 11 78.3 14 '3 4q_4 1• 3g 18.5 0 • H.O 
1.2425 o. 545 712 3' 1.503 30S 75 44 I 3 36.4 14 .. 32. I 14 40 0.5 0 4 31.b 
1.2430 Q.,54h 205 Ob 1.504 455 25 44 15 44.6 14 45 14 .,q 14 40 42.b 0 • l2.3 
1. 24 !'5 0. 51th 6S8 13 !.505 601 05 44 17 52. 8 14 45 157. 6 14 41 24.7 0 4 32.• 
1. 2440 0.547 1•1 52 1.506 74 7 lb 44 20 1.1 14 .. 40.4 14 ,2 6.8 0 4 33.h 
l.,744'5 o. 54 7 685 26 1.507 8Sl 57 44 22 S.4 14 47 Zl.! 14 42 48 •• 0 4 34.3 
1.7450 O.548 1n H 1. sos o,o zq 44 24 I 1. 8 14 •8 5.• 14 43 31.0 0 4 '14 .q 

1.24~5 0.548 ,n 76 I. 51 C 187 32 44 2b 26. 2 14 48 48.7 14 44 I 3. I 0 4 35 ,b 
1.2460 o. "i4CJ lbR 52 1. 511 334 65 44 2A ·H. 7 14 4q 11.b 14 44 55.3 0 4 36.3 
1.24,5 o. 54q bbl 62 I. 5 I 2 H2 2e 44 30 43.2 14 50 14.4 14 45 '3 7 .4 0 4 ?i 1.0 
!.2'70 0.550 15S 06 !.513 630 22 .. 32 5 I. 8 14 50 57.l 14 46 !S.b 0 4 37 .,,; 

l. 2-'t i'> o. 550 bH 84 1.51• 178 47 44 35 0.4 14 51 40.! 14 47 I. 8 0 4 3R.3 
I. 24~0 o. 551 150 "6 1.515 g27 02 44 37 s.1 14 52 73.0 14 47 44.l 0 4 H.O 
! .2485 O. r;o; l b'1 •2 I. 517 01• e1 44 Jq 11.• 14 5' ,.o 14 48 26.3 0 • lQ. 7 
1. 7.4QQ 0.552 144 2J l .'> 18 225 02 44 41 26.7 14 53 46.9 14 4g 8.5 0 4 40. 3 
I. 2•< 5 o. 552 641 38 I. 5 I< 374 4e 44 •3 15.5 14 54 JI. 8 14 4q 50.8 0 41.0 
1.7500 O. 55l 138 8 7 I. 520 524 24 44 45 44.4 14 55 l't. 8 14 50 33.1 0 41.,7 

l. 2'::C'5 o. 55 3 636 71 !. 521 <H JI .. 47 53.3 14 55 57.8 14 51 15.4 0 4 4? .4 
1.21510 o. 554 134 A9 1.s22 n, b1 44 50 2., 14 56 40.8 14 51 57.7 0 43.l 
I. 2 515 o. 554 633 41 1 .523 q75 3• 44 52 11.4 14 57 21.8 14 52 40.0 0 4l.,8 
l .7'5t'O o. 555 132 2@ 1.525 126 11 44 54 20.5 14 58 b.6 14 53 22.4 0 4 44 _., 

1.2525 o. 5'5'5 bl! 4q I. 526 277 58 44 56 ZS.b 14 58 49.,Q 14 54 4.7 0 • 45.l 
1.2510 O. 55b 131 04 I .521 'i7.9 15 44 5ij 38.8 14 59 32.S 14 54 41. l 0 4 45 .8 
1. 25 !5 o. 556 b30 g5 1.528 581 CZ 45 0 48.1 I 5 0 16.0 14 55 2s.5 0 4 ltb. '> 
1. 2s•o 0.557 lll IS 1.s2• 733 1• 45 2 57. 4 I 5 0 '5Q., l 14 56 11 •0 0 4 ,1.2 
1. 254, o. 55 7 b31 H I. 530 885 67 45 5 ,.1 15 I 42.2 14 56 54.3 0 4 4 7 .,Q 

I. 2 550 o. 558 132 73 I. 532 C:!8 .. 45 7 16.l 15 2 2'5 ·"' 1• 57 36.8 0 • 48.~ 
l .7 ~~':: o. 55 8 63' 01 1.533 IS l 51 45 q 25.6 I 5 8.5 1• 58 IS.2 0 4 49.1 
1.2s10 o. 55g 135 65 !. 534 ~44 88 45 11 35. I 15 51. 7 1• 50 1.7 0 4 50 .o 
1. 25,S o. 55q 637 63 !.535 4se 55 45 13 't4.6 15 34 _q 14 5q 44.2 0 • 50.7 
!. 2510 0.,560 13g ., 1.536 652 52 45 I 5 54. 3 l 5 l B. I 15 0 26.7 0 4 "i l .4 
1. 25 i "i o. 560 b42 63 1.537 806 78 45 18 J •• 15 b I. 3 I 5 l o. 2 0 4 52. I 
I. 25 fO O. 56 I H5 b6 1.538 %1 34 45 20 13.6 15 b 44., 5 15 I 5 I. 7 0 4 52.8 
I. 2 58 5 O. 56 l b49 OJ 1.540 11' 21 45 27 23. 4 I 5 1 27.8 I 5 2 34. 3 0 4 53.5 
1. 2 s so o. 56 2 152 1b I. 541 271 36 45 2• 33.2 15 8 11.1 15 3 16.8 0 4 54.2 
1.25c; '5 o. 567 b56 83 1.542 426 82 45 26 43.1 I 5 8 54. 4 15 J 59.,4 0 • 54 .,9 
1.2600 0,561 161 25 1.s,1 ~82 57 '5 28 r;3. 0 l 5 q 37.7 15 4 42.0 0 4 55 .6 

1. 26(5 o. 563 666 02 t.544 738 bl 45 11 J.O 15 10 21 .o 15 5 24.6 0 4 56.4 
1.2610 o. '564 171 I 5 l.'54"i es4 .. 45 33 n.o l 5 II .. , I 5 < 7.3 0 4 57.1 
1.2615 o. 564 b1b 62 l ."i4 7 CS I 60 •5 35 23.1 I 5 11 47.7 15 b 49.9 0 4 5 7 .8 
1.2620 0.565 182 45 1.5•8 2oe 5~ '5 17 33.2 15 12 31. I I 5 7 32.6 0 4 '58. Iii 
1. 7t; '5 o. 565 bR~ b2 t.54Q 365 1b 45 3g 43 ·" 15 13 14.5 15 ~ 15.2 0 4 5q.2 

1.16 ~o o. 566 195 15 !.550 573 zq 45 ,1 53 .6 15 13 57.S I 5 8 57.g 0 4 r;q .,9 
1. 26? Iii O.5~6 107 D3 1.551 681 10 45 44 3.S 15 14 ,1.J I 5 Q 40.,b 0 5 0.1 
1. 2~40 o. 567 20• 27 1.552 83" 22 45 46 14.2 15 IS 24.7 15 1D 23.4 0 5 1.4 
t. ?64'i o. 56 7 716 es 1.553 qq7 b2 45 48 7.4 .o 15 lb 8.2 15 11 6.1 0 5 2. I 
1 .26'::0 o. 5t't6 224 n !.555 156 l2 45 50 35 .o 15 16 51.7 15 11 -'t8.9 0 5 2.8 

l. 1t:'5 ~ o.568 733 09 I. 556 315 31 ,s 52 At5 .5 15 11 35 .2 15 12 31 .6 0 5 l.6 
I.UtO O. 56S 241 73 1.557 '74 60 45 54 56.l 15 18 18.7 15 13 14.4 0 5 4.3 
l.2M5 0.56S 750 H 1.558 634 I e •s 57 6.7 15 1• 2.2 15 13 57.2 0 5 5.0 
l. 26 70 o.510 260 o• 1.55. 1•• 05 •5 5q 17.3 15 IS 45 • 8 15 14 40.0 0 5 5.7 
1. 26 i5 0.570 1oq 80 1.560 G54 21 46 l 28.0 15 20 2°.3 15 15 22.9 0 5 b .5 
1.2680 o. 571 21• 87 1.562 114 bb 4b 3 JR,8 15 21 12.s 15 lb 5.7 0 5 7.2 
!. 26E 5 o. 511 790 10 L,5t::! 275 41 •• 5 4S.6 15 21 56.5 15 lb 48.6 0 5 1.q 
1.26SO o. 5 72 301 08 !.564 '36 44 46 8 a., I 5 22 40.1 15 17 31.• 0 5 8.7 
l,26S5 o. 57 2 812 21 I. 565 597 11 46 10 11.1 15 23 23.8 15 18 14.1 0 5 •• 4 
1.2100 o.573 32 3 70 1 .• 566 75G 38 4b 12 22.3 I 5 2, 7.4 I 5 IA 57.3 0 5 10.2 

1.2705 o. 573 835 5' 1.567 "21 2• 46 1, H.J I 5 24 51. I 15 1g 40.2 0 5 I o ,» 
I. 2710 o.sH 34 7 H I.SOS oe1 '8 46 lb 44.3 15 25 34. 8 15 20 23.! 0 5 11.b 
1.2715 o. 574 860 33 1.570 2,5 G7 •• 18 55.4 15 26 18.5 15 21 6. I 0 5 12 .4 
1. 2120 o. 575 371 25 I. 5 71 4oe 1, •• 21 b.b 15 27 2.2 15 21 .1t9.l 0 5 I 3. I 
1. 112 ~ o. 5715 88b 54 I .572 571 e1 46 23 17.8 I 5 27 4,; .q 15 22 32 .o 0 5 1 3 .Q 

1. 21 ;o 0.576 400 IA I .5 71 735 lb 46 25 2s.1 15 28 n.1 15 23 15.1 0 5 14.6 
1. 2725 0.576 914 I e I. 514 8Ge 7g 46 27 40.4 I 5 29 13.5 15 23 58. I 0 5 15 •• 
!.7740 o. 577 428 55 1.576 062 12 4b 29 51.7 15 2• 57.2 15 24 41. I 0 5 16. 1 
I. 2745 o. 577 "43 2 7 1.577 226 93 46 32 3. I 15 30 41.0 15 25 24.2 0 5 lb•• 
1.2750 0.578 ,se 35 1.578 3g I 43 46 34 14.6 I 5 31 2' •• 15 2> 1.2 0 5 l 7 .b 

l. 2755 o. 578 SH 8C 1.sn 556 22 46 36 26. I 15 12 8.7 15 26 50.3 0 5 18.4 
!.?HO 0.570 48• 60 I. 580 721 2• 46 38 37.7 15 32 52.6 15 27 33.4 0 5 1s.2 
!.2H5 0.580 005 77 I. 58 I 886 bS 46 40 49.3 I 5 33 36.4 15 28 16,5 0 5 19.S 
I .777D o. 580 522 30 !.583 052 30 4b 41 I .o I 5 H 20.3 15 2A 5q. 7 0 5 20.1 
1. 271'> 0.5~1 03• IS I. 584 218 23 46 45 12.1 15 15 4.2 15 29 ,2.8 0 5 21.4 
1.2780 o. 581 556 4. 1. 585 184 •5 46 ., 24 • 5 15 35 48.2 15 30 26.0 0 5 22.2 
1.2765 o. 582 OH 06 I. 586 5,0 g5 46 •• 3>. 3 I 5 3b 32.! 15 11 s.1 0 5 21.0 
1.21so o.582 5gz 04 1.587 717 73 •• 5 I ,e. 2 15 37 16. I 15 11 52.3 0 5 23.7 
I .27G5 o. 581 110 3q 1.588 P84 eo •• 54 0.1 I 5 38 o.o 15 32 35.5 0 5 2,.5 
1.2800 0, 5A 1 •z• 10 !.5so C':2 15 46 56 12.1 15 38 't4 .. 0 15 33 18.8 0 5 25.3 



144 TA8LE I II-FUNCTIONS OF THE U~IT RADIUS S,!Ul 
TA8LE 111-FO"CTI ONS D'UNE SPIRALE OE RAYON UNITAIRE l 1 --------------------------------------------------------------------------------------- l/R• l S/R X/R Y/R Q/R P/R l T/R 

-LS/A• 
•\<Till 

---------···-----------------------------······----··--·--·-·······----------·----------- 1.2eo, I. 63 9 680 25 1. ,32 f4 7 86 a. 427 OH 78 C.801 8 I I II a. 109 311 87 1.134 261 31 
I. 2810 1.640 961 00 1.533 883 28 0.427 668 90 0.802 409 n a. 109 538 71 1.135 216 09 
1.2815 l.642 HZ 25 1.H4 918 75 0.428 304 66 0.803 008 52 a. 109 705 73 1.13. 171 41 
1.2820 1.643 524 00 1.535 954 25 0.428 941 06 0.803 607 48 a. 109 872 93 1.1n 127 28 
1.ze25 1.644 806 25 I.Bf 989 79 0.429 578 II 0.804 206 61 0.110 040 32 1.138 083 71 
l. 2~ :!O 1.646 089 00 1.538 025 37 0.430 215 81 C.8C4 805 91 a.110 207 88 1.139 040 68 
I. 2 8 3 5 1.647 37Z 25 I .539 061 00 0.430 854 15 0.805 405 39 0.110 375 64 1. 139 998 21 
1.2840 1.648 656 00 I .540 096 65 Q.431 493 14 Q.806 005 03 a. I 10 543 57 1.140 956 28 
1.2 845 1.649 940 25 I .541 132 35 0.432 132 78 0.896 604 84 0. I 10 711 69 1.141 914 91 
I. 2850 1.651 225 00 1.5'2 168 08 0.432 773 06 C.807 204 82 0.110 879 99 1.142 874 09 

1.2855 1-652 510 25 1. 543 203 85 0.433 414 co o. 807 804 97 0. I II 048 48 I. 143 833 82 
l.28t0 I. 653 796 00 1.544 219 65 0.434 055 58 0.808 405 29 a. 111 217 15 1.144 7•14 10 
l.28t5 1. 655 082 25 1.545 275 48 0.434 697 80 o.80q 005 78 0.111 386 00 1.145 754 94 
1.2870 1.656 369 00 1.546 311 35 0.435 340 68 0.809 606 .. 0. 111 555 04 1.146 716 B 
1.7 815 I. 657 656 25 1.547 347 26 0.435 984 20 c. 810 207 26 0.111 724 26 1.10 678 27 l ) I. 2880 1. 65 8 944 00 1.548 383 19 0.436 62 8 38 C.810 808 26 0.111 893 67 I .148 640 77 
I. 2 88 5 1.660 232 25 1 .549 419 16 0.437 273 20 c. 811 409 42 a. 112 063 26 1.149 603 83 
1.2890 l.661 521 00 1.550 455 16 Q.437 918 67 a.812 010 76 a.112 233 04 1.150 56 7 44 
1.2895 1.662 810 25 1.551 491 19 0.438 564 79 0.812 612 26 0.112 403 00 I. 151 531 60 
1.2900 1.664 100 00 1.552 521 24 0.439 211 56 0.813 213 93 a. II 2 573 I• I. 152 496 32 

I. 290 5 I. 665 390 25 1.553 563 33 0.439 858 98 0.813 815 77 0. I 12 743 47 1. 153 461 60 (\ 1.2910 1.666 681 00 1.554 599 45 0.440 507 04 0.814 417 78 o. 112 913 98 1.154 427 43 
I. 291 5 1.667 972 25 1.555 635 59 0.441 155 76 Q.815 019 95 0.113 084 68 1.155 393 82 
l.?920 1.669 264 00 1.556 671 76 Q.441 805 13 0.815 622 29 0.113 255 57 l.156 360 77 
1.2925 1.670 556 25 1.557 707 56 0.442 455 15 0.816 224 80 0.111 426 64 l.157 328 27 
1.29 30 1.671 8H 00 1.558 144 18 Q.443 105 83 Q.816 827 48 0. I 13 597 89 1.158 296 34 
I .293 5 l.673 142 25 1. 559 780 43 0.443 757 15 0.817 430 33 0.113 769 H 1.159 264 96 
l.2940 1.674 436 00 I. 560 816 70 0.444 409 12 0.818 033 34 0.113 940 96 1.160 234 I 5 
1.2945 1. 675 730 25 1.561 853 cc 0.445 061 75 c. 818 636 53 0.114 112 77 1.161 203 89 
1.2950 1.677 C25 00 I. 562 889 32 0.445 715 03 0.819 ·239 87 0.114 284 77 1.162 174 19 

1.29 5 5 1.678 320 25 I. 563 925 66 0.446 368 96 0.819 843 39 a. 114 456 95 1.163 145 06 
l.29fQ 1.679 616 00 1.564 962 03 0.447 021 54 0.820 447 07 a. 114 62'l 32 1.164 116 48 
1.29B I. 680 912 25 1.565 'l98 41 0.447 678 11 C.821 050 92 a. 114 801 88 1.165 088 47 
1.2970 1.682 209 00 I. 56 7 034 82 0.448 334 66 o. 821 654 94 0. I 14 974 62 1.166 061 02 
1.2975 1.683 506 25 I. 568 C71 24 0.448 991 20 a. 822 259 12 0. I 15 147 55 1.167 034 13 
l.29e0 1.684 804 00 1.569 107 t9 0.449 648 40 C.822 863 47 0.115 320 66 1.168 007 80 
1.2985 1.686 102 25 1.570 144 15 0.450 306 24 0.823 467 99 a. 115 493 97 I. 168 982 04 
l.29'l0 1.687 401 00 1.571 180 63 0.450 964 74 C.824 072 67 a. 115 667 45 1.169 956 84 
1.2995 1.688 700 25 1.572 217 13 0.451 623 90 C.824 677 52 a. I 15 841 13 1.110 932 21 
1.3000 1.690 000 00 1.573 253 64 0.452 283 71 0.8 25 282 53 0.116 014 q9 I. I 71 908 14 

1.3005 1.691 300 25 1.574 290 18 0.452 ... 17 a. 825 887 71 0.116 189 04 1. 172 884 63 
I. 3010 1.692 601 00 1.575 326 72 Q.453 605 29 0.826 493 06 a. 116 363 28 l.173 861 69 
1-3015 1. 6q3 902 25 1.576 363 28 0.454 267 06 0.827 098 57 0.116 537 70 1.174 839 32 
1.3020 1.695 204 00 1.577 3q~ 86 0.454 929 49 C.827 704 25 a. 116 712 31 1.175 817 51 
I. 302 5 l.6q6 506 25 1.578 436 .. 0.455 592 58' 0.828 310 09 o. 116 887 II 1.176 796 27 
I. 3030 1.697 809 00 1.579 473 04 0.456 256 31 o. 828 916 10 a. 111 062 09 1.111 775 59 
1.3035 1.699 112 25 1.580 ,09 65 0.456 920 71 0.829 522 27 o. I 17 237 27 1.178 755 49 
1.3040 1.100 416 00 1.581 546 28 0.457 585 76 0.830 128 61 o. 117 412 63 1.179 735 95 
1.3045 I. 701 720 25 1.582 582 91 0.458 251 47 o. 8 30 735 12 a. ll 7 588 11 1.180 716 98 
I. 3050 1.103 025 00 l. 5fl~ 619 ,5 0.458 917 83 0.831 341 78 0.117 763 91 I. 181 698 58 

1.3055 1.104 330 25 1.5M 656 21 0.459 584 85 0.831 948 62 a. 111 939 84 1.182 680 75 
1.3060 1.105 636 00 l .585 692 87 Q.460 1"52 53 0.832 555 62 0.118 115 95 I• 183 663 49 
l.3Ct5 I. 706 942 25 l.58f 729 54 0.460 920 86 0.833 162 78 0.118 292 25 1.184 646 80 
1.3070 1. 708 249 00 1.587 766 21 0.461 589 85 0.833 110 10 a. 118 468 74 1.185 630 68 L 
1.3015 I. 70'l 556 25 1.588 t02 89 0.462 259 50 c.834 311 59 0. I 18 645 42 1.186 615 13 
1.3080 1.110 864 00 1.589 839 58 0.462 929 81 0.834 985 25 0. I 18 822 28 1. 187 600 15 
l.3085 1.112 I 72 25 1.590 876 27 0.463 600 77 0.835 5q3 07 0.118 999 34 1.188 585 74 
l.3Q90 1.113 481 00 1.591 912 97 0.464 272 40 C.836 201 05 o. 119 176 58 1.189 571 91 
1.3095 1. 714 790 25 1.592 949 67 0.464 944 68 0.836 80'l 20 0.119 354 02 1.190 558 65 
I.Hoo I. 716 100 00 1.593 986 38 0.465 617 62 0.837 417 51 0.119 531 64 1.191 545 96 

1.3105 1.111 410 25 I .595 023 08 0.466 291 22 C.838 025 98 a. 119 709 45 1.192 533 85 
1.3110 1.118 721 00 1.596 059 79 0.466 965 48 0.838 634 62 a. 119 887 45 !.1'13 522 31 
I .3115 1. 720 032 25 1.597 096 50 Q.467 640 3q 0.839 243 42 0.120 065 64 1.194 511 35 
1.3120 I. 721 344 00 1.598 133 21 0.468 315 97 0.839 852 38 0.120 244 02 !. 195 500 96 
1.3125 1.122 656 25 1.599 169 92 a. 468 992 20 Q.840 461 51 o. 120 422 59 1.1•6 491 15 
1.3130 1.123 969 00 1.600 206 63 0.469 66. 10 o.841 010 80 a. 120 601 35 1. I'll 481 91 
I .3135 1.125 282 25 1.601 243 33 0.470 346 66 0.841 680 25 0.120 780 2'1 1.198 473 25 
1.3140 1. 721, 5% 00 1.602 2ft0 04 0.471 024 87 a. 842 289 86 0.120 959 43 1.199 465 11 
1.3145 1.121 910 25 1.603 316 74 0.471 703 75 c. 842 899 64' a. 121 138 76 1.200 457 66 
1.3150 1. 729 225 00 1.604 353 .. 0.472 383 29 C.843 509 58 0.121 318 28 1. 201 450 74 

1. 3155 1.no 540 25 1.605 3'10 13 0.473 063 49 0.844 119 68 0.121 497 99 1.202 444 39 
l.3U0 I. 731 856 00 1.606 426 82 0.473 744 35 0.844 12• 94 0.121 677 89 I. 203 438 62 
l.3H5 I. 71) 172 25 1.607 463 50 0.474 425 17 C.845 340 37 0. I 21 857 qe 1.204 433 43 
1.3170 1. 734 ... 00 1.601 500 17 o.475 108 05 0.845 950 96 a. 122 038 2• 1.205 428 82 
!.3ll5 1. 735 106 25 1.609 536 84 0.475 790 90 0.846 561 70 0.122 218 73 1.206 4H 79 
1.1110 1. 737 124 00 1.uo 573 50 0.476 474 40 0.847 172 62 a. 122 399 39 1.201 421 34 
1.3115 1. 739 442 25 1.6 ll 610 15 ·0.•477 158 57 o. 841 783 69 a. 122 580 24 1.208 418 47 
1.3190 I. l!l'I 761 00 1.u2 6 .. 10 0.471 143 40 0.848 3q4 92 0.122 761 28 1.20• 416 18 
l. 31CJ13 l. 741 080 25 1.613 613 43 0.478 528 90 a. 849 006 32 0.122 942 52 1.210 414 48 
1.3200 I. 742 400 00 1.614 110 05 0.479 215 05 C.849 617 87 a. I 23 123 9• 1.211 413 35 
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TARLE r r r-r osc TI ONS O'UNE SPIRALE Of A.AYON UNITAIRF 

------------------------------------------------------------------------------------------ 
A/ R• ST /R LC /R a 1/3 9•~•C ~ 
•LS/A• ---------------------------------------------------- 
• VIT7R DEG .,, SEC 
•=•~---·······••=••====••==••===••·••=•========••·••=====•-··••======5•=••====••·•-=•=•=•= 
1.2acs a. ss1t 148 I 7 l.'igl 21q H 46 58 ?4. 2 15 3q 28. I 15 ,4 2 .o 0 5 26.0 
I. 28 I 0 o. 'i8lt 66 7 61 I. ~qz 387 71 47 0 36. 3 IS 40 12.1 15 34 45. 3 0 5 26.8 

\ \ 
1.2815 o. 5A"i 187 4? 1,5q3 55S q1 41 2 48.4 I 5 •o 56. I I 5 " 28.5 0 5 27.b 
1.2870 0.585 707 5g 1. 5q4 724 H 47 5 0.6 I 5 41 40.2 15 36 11. 8 0 5 28.4 
I. 7A25 O. 'iAb 27A I 3 I. 5q5 eq3 lb 47 7 12.a I 5 42 24. 3 I 5 36 '">5. 1 0 5 2Q. 1 
1. 78 :0 o. 586 749 03 1,597 C62 21 47 9 25.l 15 43 8.4 15 H 38. 4 0 5 zq.q 
I ,2 A3 5 o. 58 7 270 30 I. 598 ?31 54 47 II H.5 15 43 52.5 15 38 21.a 0 30. 7 
1.2840 O. "iA7 lSI q4 1 .i;qq 401 15 47 13 4q_q 15 44 36 .6 I 5 JO 5.1 0 H.5 
l. 28.4o 5 0.5AA 31 3 9S I .600 571 C4 47 16 2.3 l S 45 20.8 15 39 48.5 0 32. 3 
l. 28!!0 0.588 836 32 I .601 741 21 47 18 14.8 15 46 4,q I 5 40 31 .9 0 33. 1 

1. 2eis ~ C. 'iAq 35q 07 1.602 9 I I '6 47 20 27. 4 I 5 46 49. l 15 41 I 5. 3 0 l3 .A 
1.2a,o O. 5ll9 882 18 I .604 C82 4C 47 22 40.0 I 5 4 7 '3.3 I 5 41 58. 7 0 '34 _,., 
I .2815 o. !jQQ 405 bb I .605 253 41 47 24 52.6 15 48 17.5 IS 42 42. I 0 3.-, .4 
1.28 70 o.sqo q29 51 1,606 424 10 47 21 5.3 I 5 49 I. 8 15 43 75 .6 0 36.? 
1.2815 0 •. 501 '53 71 1.607 596 27 47 20 IR. I 15 40 46 .o 15 44 9 .o 0 37.0 
I. 2P8 0 o.501 978 33 1,608 768 II 47 31 30.q I 5 50 30. 3 15 44 57.5 0 H.s 
I. 28R 5 o. 592 503 ,g I .bOG 940 24 47 33 43.7 15 51 14 .6 15 4S l6.0 0 l8 •" 
l,?8gQ o. 50 3 028 62 t.611 112 64 47 35 '>t,. 7 15 51 58.Q 15 46 tCl.'5 0 }Q .4 
I. 2 BG 5 o. 5q3 554 33 I .612 2R5 3) 47 38 9.6 15 52 43. 2 I 5 47 , .o 0 40.J 
!.?quo o.s<H 080 41 1.613 458 78 47 40 22 .b I 5 51 21.r; I 5 47 46. '5 0 s 41 .o 

1. 2QC ~ o. '5q4 606 Bt 1.614 6'1 52 47 42 35.7 15 54 11,9 15 4P 30. I 0 s 4 l .fl 
I. 791 0 0.595 IH 6e I .615 805 C3 47 44 48.8 I 5 54 56 • 3 I< 49 I l. 7 0 42 ·" 
1.2g15 o. 5q5 660 RB 1,616 978 82 47 47 2.0 15 55 40.7 15 4q r;7.3 0 43.4 
I. 2970 o. 5Q6 IRB 45 1.618 I S2 ee 47 40 15. 2 15 56 75.1 I 5 50 40.Q 0 44 .? 
1. 2g25 o. 5Q6 716 30 I .6 t s 3Z7 22 47 51 2R.5 I 5 57 9.5 I 5 SI 24. '> 0 413 .o 
1. 2030 o. 5q7 244 71 I .620 501 84 47 51 41.8 15 57 '53. q 15 52 8.1 0 45.8 
1. zq? r; o. 597 773 41 I .621 tH 12 47 55 55.2 I 5 58 18.4 15 57 5 I. 7 0 46.7 
I. 7040 o.5oe 302 48 1.622 851 es 47 58 8.6 15 50 27,9 15 53 V5.4 0 4 7. 'i 
1. zq4 s Q. 5Cl8 831 92 1.624 027 32 48 0 22.1 16 0 7.4 15 S4 19. I 0 48.l 
1.29~0 o. 5qq 36 I 74 I .625 203 04 4A 2 l5.6 16 0 51.9 15 55 l .a 0 5 4Q.l 

l. 7q~ 5 o. 5qq 801 94 1.626 ,g C2 4R 49.?. lb lb .4 I 5 S5 46 • "'i 0 4q _q 
l,7qto O.bOO 422 51 1.627 555 28 4~ 2.8 16 20.0 15 5, JO. 2 0 O:,Q. 7 

1.20,5 o. 600 05) '6 I .628 731 Pl 48 Q 16.5 16 5.5 Is 57 13.Q 0 '>1 .b 
I. 2G 70 0.601 4R4 H l,b2q SOB bl 48 II 30. 3 16 50.1 15 57 5 7. 7 0 52 .4 
I. 2~ 15 0.602 016 50 I .631 CE5 69 48 13 44.0 16 l4. 7 I 5 5H 4 l. 5 0 53.2 
1.2qao o. 607 54A 5R I .6 32 26 3 03 48 I 5 57.g 16 19. 3 15 59 25. 3 0 54 .o 
l. 798 ~ 0.603 CR I 05 1.633 440 t5 48 IR 11. 8 lb b 3.9 lb 0 9.1 0 54 .Q 

l.29GO a. 603 61 3 9g 1.634 611! ~4 48 70 25.7 1, b 48.h 11, 0 52 _g 0 'i5. 7 
L.:? qc:: '> Q .. 604 14 7 II I. 635 706 10 48 22 19. 7 lb 7 33.2 16 ':\6. 7 0 56 ... 
L 30CO o. 604 6RO 72 1.636 g75 13 4R 24 53.8 16 8 17.9 16 70.b 0 '"I 7 .4 

1. 30C 5 O. hO'i 214 7C I. 638 1 ': 3 n 48 21 7 .9 16 0 ?.6 16 4 .4 0 ',A. 2 
I. 3010 o. 605 749 o, I .03q 312 RC 48 20 22.0 lb 9 47.:\ 16 ' 41:1.3 0 c;;q.ri 
1.3015 Q.606 2A3 8 I l .640 512 C4 48 31 36.7 lb 10 32. I lb 4 32. 2 0 s 5q _q 
1. ,020 O.hOb 8 IA q4 l.641 tSI ~5 48 33 50.5 16 II 16.8 16 5 16. l 0 b 0.1 
I. 307 5 o. 607 354 4' l .6'-2 e11 33 4R lb 4,8 16 12 I. 5 16 b o.o 0 b I .6 
I. 303C o. 607 800 34 I .64~ 051 37 48 18 19. I lb 12 4b .,4 lb 44 .o 0 e 7.4 
1.)035 Q. 60A 476 b I 1.6'5 231 69 ~· 40 33.5 lb 11 3 I. 2 16 77.9 0 ' 1.;i 
1. 1040 o. 608 961 27 1.646 412 27 48 42 48. 0 lb I• 16.0 lb 11 .Cl 0 b 4. I 
I. 304 5 0.600 500 31 I .64 7 5q3 12 48 45 2.5 16 15 0.8 lb 55. g 0 6 4,0 
I. 3050 0.610 on 74 1.60 774 73 48 47 I 7. I 16 15 45,. 7 lb 9 39.9 0 6 '. q 

I. 1055 o. 610 575 55 1,6'9 955 61 48 49 31.7 lb lb JO. 6 lb 10 23 _q 0 6 e s e 
1.3060 Q.61 l Ill 75 1,651 137 26 48 51 4b. 3 16 17 I 5 .4 16 II 8 .o 0 b 1.' 
t.30f5 O. bl I 6S2 31 1,652 310 18 48 54 1.1 16 18 0.4 16 II 5? .o 0 b a., 
t.307C 0.012 191 30 t.653 501 36 48 5b 1,.a lb 18 45.3 16 I 7 3'.l 0 6 9.2 
1.3075 o. 612 7'0 65 1,654 683 eo 48 58 30.b 16 1• 30. 7 1, I' 20.7 0 ' IO. I 1. 30,c 0.613 270 39 1-6~5 e66 51 49 0 45. ", lb 20 P•.z lh 14 4·. 3 0 b IO.• 
1.1ces O.bll RIO 52 1.657 C49 49 49 0.4 lb 21 o. I 16 14 4~ .4 J b II.A 
1. 3090 0.614 351 03 I .658 232 12 49 15. 4 lo 71 4c;.1 16 I' 37. s 0 b 12 ., 
I. ]Cq5 Q.614 80) q l l .b5Q 416 ,, 49 7 30.4 lb 22 30. I 16 I• 16. 6 0 b I'. '1 
1.3tco o. 61 Ii • n 22 I .660 5qg 09 49 9 4'"i. 5 lb 13 15. 7 16 17 0.8 0 b 14 .4 

1.·nc'S o. 61 S g74 9C 1.66 I 784 C7 40 12 O.b lb 24 O.l 16 17 45 .o 0 b 15. 2 
I. l 11 0 Q.blh 516 01 1.662 gee 31 49 14 15. R lb l4 4',. 3 lb I A 79. Z 0 b 16. l 
1. l 11 5 0.617 C59 4 J 1.664 152 87 49 lb 3 I. I lb ,, 10. 4 16 1• I:! .4 0 h \ 1 .o 
I. 1120 O. hl 7 enz 28 1.665 ·n1 <8 49 18 46. 3 16 7h 15.4 I h 10 57 .6 0 6 1 7 ,.q 
I. 317 5 O.HB 14' 52 t.bt:t: 572 ?6 49 21 I. 7 lh 27 O.b I a 20 41 .A 0 h l 8. 7 
1. H 10 o .. 618 6AO I 5 l .bfi 7 708 10 49 n 11. I Io ?1 45. 7 16 21 7b. I 0 ,, l 9."> 
l. 11 ~ 5 O. hi q 233 17 I .668 fl<; 1 70 49 25 12. 5 lb 78 10. ~ lh '? IO. 3 0 h 2~ .5 
1.3140 o. 61 Q 717 5 -~ I .b 10 010 56 40 21 4~.o 16 70 lti.O 16 22 54.6 l) b 21 .4 
l. ~ 1 "5 0.,20 127 3G l .h7 l ?t5 6Q 49 30 l.5 16 10 1.7 16 .'3 lA 0Q 0 < ?l.' 
t.11 so O.h20 Bh7 5P I .6 72 4'2 C7 49 32 \Q,. 1 16 '° 4b,. 4 lb 24 21. 2 (l b 7).1 

1. ~ t ~ '5 o. 621 "3 17 l.h7;1 t38 71 49 34 14. R lb ll 1 I. h lh 2s 7.6 0 6 ?4 .n 
,. 'l\ t:0 0.621 950 1 b 1.674 P25 ti 49 36 50. 5 lb 17 lb.fl lb 7.5 51 .o <) b 24 .,Q 

I .11 t: 5 0.622 505 54 l .676 Cl2 77 49 l9 6.2 16 33 2. I 16 ?.< 3h. 3 0 6 7';,. q 
I. 3170 Q. h23 057 3 I l .6 77 700 19 49 41 22.0 16 33 47.3 lb 27 70.b 0 b 7b. 7 
I. 317 5 0.673 50? 4. 1.678 3R7 Pb 4Q ,1 37.Q lb ,, 32. 6 lb 2e s ,o 0 6 27 .6 
1.3180 0.624 14 7 04 I. 6 79 575 ec 4q 45 51.8 16 3S 17 ,.q 16 7A 4Q .4 0 6 2R. S 
L 31@5 0.674 6S5 OC I. 680 703 S9 4q 48 9.7 16 36 3.2 I h ?9 n.o 0 b 7q .4 
l. "l I QC o. 62.., 74) 15 I .6A I 052 44 49 50 2'>. 1 lb Jo 4H. b 16 30 l q,. 3 0 b 30. 3 
1. 11 (. 5 o. 02 5 792 IC l,bdl 14 I 14 49 52 41. ti lb " 3L9 16 31 I.A 0 b 31.2 
1.3200 o. 67.t-. 341 25 l .b84 BC II 49 54 5 7. 9 IO 3A 1oa1 lb 3 I 4 7 .? 0 h 37. I 



146 TUlf 111-FU~CTIOHS OF THE U~IT RADIUS S•IRAL 
TAHE 111-FONCTIONS D'UNE SPIRALE OE RAYON UNIUIH 

----------------------------------------------------------------------------------------. 
A/0• LS/R XIS Y/R Q/R P/R LT /R 

:al S / A• 
•Vlm 
---------------------~---·········•--=••···-------------··················-·········~~=== I .3 205 I. 1-.3 120 25 1.615 756 '6 o.-. 1q 901 87 C.850 nq 5q 0.123 305 56 1.212 412 •1 
1.1210 I. 745 041 00 1.616 193 26 o.480 59q 36 C.850 841 47 0.173 487 37 I. 213 417 Ro 
I. 3 215 I. 746 362 25 1.617 825 85 0.481 277 50 0.851 453 50 0.123 66Q 37 I. 214 413 4q 

1.1220 I. 74 7 684 00 1.618 866 42 0.41Jl %6 31 0.852 065 70 O. I 2l 851 56 1.215 414 70 
I. 3225 1. 749 006 25 1.619 ~02 ~p 0.'82 655 7q 0.852 678 06 O. 124 033 94 1. 216 416 50 
I. 3230 I. 150 32Q 00 I .620 cnq 52 Q.483 HS 93 0.653 290 56 0.124 216 51 1.211 418 BB 
l.'32~5 I. 751 652 25 1.621 ~76 05 0.464 036 73 0.653 qo3 26 Q. 124 3qq 26 I. 218 471 85 
l,H40 I. 752 H6 00 1.673 012 '6 0.464 726 1q C.854 516 10 0.124 S82 24 1.21q 42 5 41 
1.3245 1. 754 300 25 1.624 C49 C5 0.485 420 33 C.655 12q 10 o. 124 765 3Q 1.220 42q 55 
I. 3 250 I. 755 625 00 I .625 085 53 0.466 113 12 O.A55 742 26 0.124 046 73 1.221 434 2A 

I .1255 1. 756 950 2~ 1.626 171 99 0.486 606 58 o. 856 355 58 0.12s 132 27 1.222 439 60 
I• 3260 I. 75 8 276 oc I .6 27 156 4' 0.487 500 71 0.856 969 06 0.125 315 qq 1.223 445 50 
I. 32 t5 1. 75a 602 25 1.628 1q4 85 0.486 IQ5 50 C.851 562 70 0.125 409 91 1.224 -.52 00 
I. 3270 I. 760 92q 00 1 .629 231 25 0.488 ssc 96 C.858 1% 50 0.125 684 03 1.225 45q CB 
I .127S I .162 256 25 1.6:!C 267 63 0.489 587 08 C.858 BIO 46 o. I 2 5 868 33 1.220 466 76 
1. 1280 I. 763 584 00 I .631 303 99 0.490 2~3 87 o.e5q 424 57 a. 126 052 83 1.221 475 C2 
l.328~ 1.164 912 25 1.632 340 32 0.-.90 ~81 33 C.860 038 85 0.126 2~1 52 1. 228 463 86 
1.3290 I. 766 241 00 1.633 3H 64 a.-.q1 679 45 0.860 653 26 0.126 422 41 1.229 4q3 32 
I. 329 5 1. 76 7 570 25 1.634 412 02 o.492 376 24 C.861 267 87 0.126 607 46 1.no 503 3b 
1.3300 I. 76 6 900 00 1.635 449 19 Q.493 077 70 0.661 682 63 0.126 7S2 76 1.211 513 qq 

I. 3 305 1.110 230 25 1 .636 'i815 43 a. 493 111 82 c. 662 497 54 0.126 HB 22 1.232 525 21 
1.3310 1.771 561 00 1 .637 521 64 0.494 476 61 0.663 112 60 0.127 16 3 68 1.233 537 03 
I. 3l1 5 1.117 8•2 25 I .6 38 557 87 Q.4<J5 160 07 o.663 121 83 0.121 340 73 1.234 54• 44 
1. 3 3 s o 1.774 224 oc I .b 39 593 ~A 0.495 862 19 o. 66 .. 343 21 o. 12 7 535 77 I. 235 562 H 
I. 3325 l. 775 556 25 1.640 630 11 0.496 564 q9 0.864 958 76 O. I 27 7?2 01 1.236 576 04 
, • 11 ~o I. 776 889 00 1.641 666 21 0.497 268 45 C.865 574 46 0.121 90ft 45 1. 237 590 23 
1. 3335 1.778 222 2~ I. 642 702 29 0.497 992 58 C.866 190 31 0.128 095 07 1.238 605 02 
1.3140 l. 779 556 00 1.643 738 33 0.498 697 37 0.866 806 33 0.128 281 89 1.239 620 40 
I. 3345 I. 780 890 25 1.6it'i 774 ~4 0.49q 402 84 0.867 422 50 0. 128 468 91 I. 240 636 38 
l. '150 I. 782 225 00 l .645 810 32 o.5oo 108 91 0.668 03A 83 0.128 656 12 I. ?41 652 % 

l .3355 1.783 560 25 1.646 @46 21 0.500 815 78 0.668 655 32 0.128 843 52 1.242 670 14 
1.3360 I. 784 896 00 I .64 7 882 16 o. 501 521 25 o.st:iq 211 96 0.120 031 12 1.243 687 91 
I. 33'5 I. 786 232 25 I .648 ~le 06 o.502 231 39 o.ebq 888 76 0.12• 218 91 1.244 706 29 
1.1310 I. 787 569 00 1.649 953 q 0.502 940 20 o. 8 70 505 72 0.129 406 90 I. 245 725 26 
1.3375 I. 788 906 25 1.650 ~89 17 0.503 649 60 O. A 71 122 83 0.120 595 08 I. 246 744 83 
I.HBO 1. 7QO 244 00 1.652 025 49 o. 504 35q 84 c. 671 740 11 O. I 2Q 7A3 46 1. 24 7 765 co 
1. 3 lRIS I. HI 5•2 25 1.653 061 23 o. 505 070 66 0.872 357 5, 0.129 972 04 1.248 785 77 
I. 3 390 I. 792 921 00 l .6'i'- 09• q3 o. 505 182 15 o. 8 72 915 12 0.130 160 80 1. 249 807 14 
l • '3 3<;1'5 1. 7q4 260 ?5 I .655 132 60 0.506 494 31 0.873 592 85 0.130 349 77 1.250 62• 12 
1.,,.00 1.795 600 00 1.656 16" 22 a. 507 201 14 0.874 210 75 0.130 5 38 93 I. 251 851 69 

1 .3,.0'i 1. 796 940 25 I .65 7 20 3 81 0.507 920 65 o. 874 828 80 0.130 728 28 I. 252 874 87 
1.3410 1. 798 281 00 l .6'i8 23• 35 o. 508 614 82 o.e1., 447 01 0.130 Ql7 63 1.253 898 65 
1.3415 l. 7qq t.22 2 5 1.659 274 86 c. 509 349 67 O.A76 065 37 o. 131 107 57 1.254 923 04 
I.H20 I. 800 964 00 1.660 310 32 0.510 065 18 o.876 663 89 O.I ll 2•7 52 1.255 948 03 
1.3425 I. A02 306 25 1.661 345 74 c.510 761 37 o.877 302 56 0.131 487 65 1.256 913 62 
1.3430 I. 803 64Q 00 1.662 381 12 o. 511 498 23 C.877 •21 3q o. I 31 677 qq 1. 251 999 82 
l.343S I. 804 992 25 1.663 416 46 0.512 215 76 C.8 78 540 37 0.111 868 52 1. z-;q 026 bl 
1.3440 I. A06 336 00 1.664 451 75 o.512 933 Q7 0.87Q 15• 51 O. 13?. 05• 24 1.260 054 C4 
1.3445 t. 807 680 25 1.665 4 66 q9 0.513 652 84 c. 6 79 778 80 0.132 250 16 I. 261 OA2 OS 
1.3450 I. 809 C25 00 1.666 522 19 o. 514 37 2 39 c. 880 398 25 0.132 441 28 1. 262 110 68 

l. 34'5 '5 1.810 370 25 1.667 557 ~4 0.515 092 61 c. 881 017 85 a. 132 632 60 1.263 139 91 
J. 34 e o 1.81 I 716 00 1. 668 592 45 a. 515 813 51 C.861 6'7 61 0.1,2 824 II 1.164 ISQ 75 
1.34'5 I. 8 I 3 062 25 l.669 621 ~ I o. 516 535 01 C.A82 257 52 O.lB 015 82 1.265 200 20 
I .3470 1.814 409 oc I .670 662 57 0.517 257 31 c. 862 @11 S9 0.133 207 72 I. 26 6 231 26 
1. ]It 75 1. 815 756 25 I .671 6Q7 48 o.517 980 23 o.ss3 4q7 81 o. 133 3q9 62 1. 26 7 262 92 
1. 34RO I. 81 7 104 oc 1.672 132 39 0.518 703 81 C.684 I IA 18 o. 133 592 12 1.268 295 20 
1.3485 I. 818 452 25 1.673 767 2• 0.519 42 6 07 0.884 738 70 0.133 1"4 62 1. 269 32ft 09 
1.3490 I. 819 801 00 l .f'I 74 €02 C5 c. 520 153 01 C.A65 35q 38 0.133 977 31 1.210 361 59 
l.J4q~ I. 821 l 50 25 1.675 836 61 0.520 878 62 O.A85 980 22 0.134 170 20 1.211 ,95 70 
I. 3 500 I. •22 500 oc I .676 e11 51 0.521 604 90 0.886 601 21 0.134 363 20 1.272 430 43 

1.3505 1. 823 850 ?5 l .6 77 906 16 o. 522 HI 6b C.681 222 15 0.134 556 58 1.273 465 76 
1. 3 5 IO 1. 825 201 00 1.678 940 75 o. 523 059 49 O.A87 843 64 0.134 150 06 1.214 501 71 
1.3515 I. 826 552 25 I .6 79 975 29 o. 523 767 79 C.8A8 465 06 0.134 q43 74 I. 275 538 2~ 
1. '1520 1.827 904 00 1.681 000 77 o. 524 516 77 o. 88Q 08b 66 0.135 137 62 I. 276 575 46 
I. 3 52 5 1.820 25S 25 l.6R2 044 70 o.525 246 43 c. ft8Q 708 44 0.135 HI 70 1.277 613 25 
I.B30 I. 830 609 00 1.683 ore 57 o. 525 976 76 0.890 330 34 0.135 525 97 1.27A 651 66 
1.~53'5 I. 831 962 25 I .684 112 88 o. 5?6 707 77 o.8qo 952 40 0.135 1?0 45 1.21• 690 0A 
1. 3'51ri0 I. 833 316 oc 1.685 14 7 13 o. 527 430 45 C.A91 574 60 o. I 35 915 12 1.280 730 32 
1.3545 l. 8l4 670 25 I .666 181 33 o.528 171 81 C.692 196 97 0.136 109 99 I. 2A 1 770 SA 
l. JS.'50 I. 836 C?5 00 1.687 21, 46 o.528 904 84 a.Raz A\9 4A o. 1 36 305 06 1.282 611 46 

1. 35 ~ '5 1.837 380 25 I .688 249 53 o. 529 636 55 0.8Q3 442 14 0.136 500 32 I. 263 852 95 
t.3HO I. A36 736 00 l.6A9 283 54 a. 530 37 2 93 0.894 064 96 0.1 ':tb 6Q5 79 1.264 895 07 
l.35f5 1. 840 092 25 l.690 317 49 o. 531 107 99 0.894 6A7 93 a. 136 89 I 45 1.285 93 7 60 
I. l5 70 1.841 449 00 1.691 351 37 o. 531 843 73 C.895 311 05 0.1J7 087 32 1.2H 961 15 
I. 3575 1-1142 806 25 l.6Q2 H5 10 Q.532 580 15 C.A95 934 32 O. I 37 283 38 1.288 025 12 
1. 3580 I. 844 16 .. 00 1.693 4le 55 0.533 317 24 c.sq6 557 74 0.137 479 f4 1.289 069 71 
1.3 ~£11: I. 845 522 25 1.1,q1i 452 f4 0.534 055 01 C.897 181 31 0.137 676 10 1.290 114 93 
I. 3 SQQ I. 846 881 00 1.695 486 ?7 o. 5)4 793 45 o.897 805 04 O.IH 872 1b 1. 2•1 160 76 
l.35S5 1.e,,e 240 25 l.69t 515 e2 o.535 532 58 c.sqe 428 91 o. 136 06S 62 1.202 207 22 
1.3600 I. 84• 600 00 1.697 553 32 o.536 212 36 c.egq 052 94 0.138 2bb 6A 1.2cn 254 30 



H8Lf 111-FU~CTIONS OF THE Uh(T R>0IUS SPIRAL 1'7 
TABLE II 1-FOhCTI0NS D'UNE SPIRALE OE RAYON UNI TA(~f 

------------------------------------------------------------------------------------------ 
A/ R= STIR LC /R 9 l/3 B=♦+C f 

=LS/A= ---------------------------------------------------- 
• VL s /. DEG •NT SF( 
===a=••=••••••••=••••••••••••••••••••••••••••••••••••••••••••••=:•••••••••=••~•=••••~•••:: 
1. 12 0'5 0.626 890 H l .685 51 q 33 49 57 14.l 16 1• 4.7 16 32 31. 7 0 6 n.o 
I. J 2 I 0 0.627 440 74 1.686 He eo 4q 5q 30. 3 16 Jq so. I 16 n 16.2 0 6 13.q 
1. 1215 o. 627 qql 08 l .687 e0e 53 50 I 46. 5 16 40 35. 5 16 J4 0.1 0 6 14.8 
1.3270 o. 628 54 l 82 I .6e9 ORe 51 50 4 2.9 16 41 71. 0 16 14 45. 3 0 b l5.7 
I. 3725 o. 62 9 002 96 I .600 718 75 50 ' 1•.2 16 ',7 6.4 10 15 ?•.A 0 b 3b .b 
1. l 2 ,o o. 629 644 49 I .691 469 25 50 B JS. 6 16 42 51.9 16 lb 14.4 0 6 3 7 .'i 
I. 1?35 0.630 1% 43 1.0•2 659 S9 50 10 52.1 16 4} 37 .4 lb ,. 58 •• 0 l8 .4 
1. 3 240 o. 61,0 74q 77 l.6Sl P5C 99 50 ll 6.b 16 44 22. 9 16 37 4l.5 0 3°. l 
l.324~ 0. b JI 301 5 I l. 1,g5 042 25 50 15 zs. 2 16 45 •• 4 16 J~ 28. I 0 b 40.3 
1.3750 0.611 854 65 1.6% 2 33 76 50 I 7 4 I. 8 16 4S 51,. q 1' 

,. 17.B 0 ' "1.2 
1.1255 0.612 408 19 l.6Q7 475 51 50 IQ 58.5 16 4t-. 3q_ 5 16 JQ 57 ·'" 0 6 4 2. 1 
l • 37,0 Q.632 962 14 I. 698 61 7 51 50 22 15.2 It, 4 7 25.1 16 40 42.0 0 6 4 3 .o 
l. l 2b 'i 0.633 516 49 l.69Q BOS 7S 50 24 12. 0 16 48 IO. 7 l 6 41 26.7 0 b 44.0 
1. 1270 o. 634 071 24 I. 70 I 002 l l 50 26 48.8 16 4R "i6. 3 16 47 11 .4 0 6 44_q 
I. 3715 Q.63' 62b JO l.702 lC5 C7 50 2• 5. 7 16 4q 41. Q 16 42 lib. l 0 " 4 5 .13 
I. J ?qc o. 635 181 9< l.703 Jae 09 50 l l 72.1 16 50 21.b 1. 4J 40.8 0 6 46.7 
I. 12R 'i o. 1-35 717 9 l 1.704 5P I ]~ 50 JJ 3q. b 16 51 l 3. 2 lh 44 25.5 0 b 47.7 
1. l2S0 0.636 294 26 I. 705 774 87 50 JS '>b. 1 16 51 SA.q lb 4S l0.J 0 b 48.6 
t.l?'Pj o. 616 85 l 06 I. 706 SOP 64 50 38 I 3. 8 16 52 44 .6 l 6 45 55.1 0 b 49.5 
1.1100 0.h37 408 ?4 I. 708 167 bb 50 40 10.q 16 SJ JO. J 16 4' )Q.8 0 6 50.5 

1. 3 305 0.617 065 A? I. 70q 356 S2 50 42 48.l 16 54 16 .0 16 47 24.6 0 6 51.4 
1.311 a o. 638 ~23 RI 1.110 551 43 50 45 5.l lb 55 I. 8 16 48 9.4 0 6 52.4 
l. 3 31 ~ 0.630 0A2 21 1.711 746 20 50 47 22. 6 16 55 47.S 16 4A 54. J 0 b 5 J. J 
I. 3 320 o. 63q 641 02 I. 712 94 I 2 l 50 40 40.0 16 56 ,1. 3 16 49 JS. I 0 6 54.? 
1. 3 ~? 'i o. 640 200 2• l. 711,,i 136 46 50 51 5 7 .4 16 57 lo. l 16 50 73.9 0 b 55.2 
1. 3B0 0.640 750 a, l. 715 ll 1 q7 50 54 14.8 16 58 4.9 16 51 a.a 0 b 56.1 
l.} 3 35 o. 641 319 BS 1.110 527 12 50 56 12. l 16 58 50. 8 16 51 'i).7 0 6 57.l 
l. B40 o. 64 l BAO 34 I. 7 I 7 721 71 50 SA 4q_q 16 50 lb. 6 lb 52 38.6 0 b 58.0 
1. 3 J41'j 0.642 441 IS I. 718 SI• Sb 51 I 7.5 17 0 22.5 16 51 23. 5 0 6 5g .o 
I. 3 }50 o. 64 J 002 45 1.720 116 45 5 l J 25. I 17 I 8.4 16 54 8.4 0 6 5g_q 

l.3355 0.643 564 l! I. 7 21 313 1 B 51 5 42.9 I 7 l 54.3 16 54 5 3.4 0 7 o.s 
l. 31t-0 o. 644 126 21 1. 722 510 16 51 R Q.6 17 2 40. 2 lb 55 38.3 0 1 I .o 
1. 3 3,- 'i o. 644 6•A 71 1.121 107 ~B 51 10 18.4 I 7 3 26. I 16 56 23.3 0 2.8 
1.3370 o. 645 251 62 1. 724 S04 85 51 12 16.J 17 4 I 7. I 16 57 A.3 0 3.8 
l. 33 75 o. 645 B 14 94 1.726 IC2 56 51 14 54.2 l 7 4 58. l 1, 57 5 3. 3 0 4.7 
1 .BAO o. 646 378 oe 1.121 300 52 51 17 12.2 l 7 5 44. l 16 58 38.3 0 5.7 
1. 338 5 0. 64h 042 Bl 1.728 49e 72 51 1q 10. 2 17 6 30. I I 6 59 2 3 .4 0 6.7 
1.3190 0.64 7 507 30 1.729 607 16 51 21 48.3 17 7 lb. I 17 0 8.4 0 7 ., 
I. 33q5 O. 64R 072 37 I. 7JC P95 E4 51 24 6.4 l 7 B ?.I 17 0 53.5 0 8.6 

r 1.3400 O. bltl3 637 76 l. 732 c04 76 51 26 24. 5 I 7 8 48.2 17 l 3A .6 0 .. , 
1. 340'> 0.64Q 203 57 l. 7 3} 2• J QJ 51 28 47.. 8 17 0 34.3 17 23.7 0 l0 .6 
1.3410 o. 649 760 7S 1. 734 403 34 51 31 I .0 17 10 20. 3 17 A.8 0 l 1.5 
1.3415 0.650 336 4l 1.n5 6S2 ss 5 I l l lCJ.4 I 7 11 6.5 17 ' 51.Q 0 12.5 
I .3'20 0.650 903 49 I• 73b 802 e1 51 35 37. 7 1 7 11 52 .6 17 4 39. 1 0 l 3 .'i 
l. 3 4 2', 0. 65 l 470 97 1. 738 C9l co 51 J7 56.2 17 12 3A. 7 17 5 24 .? 0 14.5 
1.3430 O.b'il 038 s e t.739 20' 37 51 40 \4.7 17 ll 24 .CJ 17 ' Q.4 0 7 15.5 
1.34:!5 o. 65 2 607 17 1. 740 401 SB 51 47 33. 2 17 14 11.1 l 7 6 54.b 0 16.5 
1.3HC o. 65 l 175 91 I. 74 l 694 Bl SI 44 51.8 11 14 57. J l 7 3q. A 0 17.5 
l. 3441\ 0.653 745 06 1.742 895 c1 51 47 l0.4 l 7 15 4) • 5 I 7 2 5.0 0 18.4 
l. l4'i0 o. 654 314 6] 1. 744 CS7 24 51 49 2q.1 I 7 lb 20.1 l 7 q 10. J 0 1q.4 

1. 3451; 0.6'>4 8A4 b? 1. 74 ~ 2se so SI 51 47.8 l 7 l 7 15.q 1 7 0 55.5 0 7 20.4 
l.34t0 0.b55 455 OJ l. 746 500 60 51 54 b.6 17 I 8 2.2 17 10 40.8 0 21.4 
1.1,0 0.65b 025 Bt 1. 74 7 702 63 s l 56 l5. 5 17 18 48.5 17 II ?6. I 0 22.4 
l.34iC o. 656 5q7 12 t.748 S04 SI 51 58 44.4 17 IS 34.8 I 7 12 11.4 0 7 23.4 
l. '\4 i 5 0.657 168 7S 1.750 107 4? 57 I J.3 17 70 21.1 17 12 '>6. 7 0 24.4 
1.3480 0.657 740 BS I. 751 310 16 52 l 22.l 17 21 7.4 I 7 l l 42.0 0 25 .4 
I .1485 o. b58 lll 41 1.752 1513 14 52 5 41.4 ! 7 21 53. 8 17 14 27 .4 0 16.4 
1.34<;0 0.658 AR6 36 I. 75 J 7l 6 36 52 H 0.5 17 22 40.2 I 7 15 12.1 0 21 .,4 
1. 34-qc; 0.b59 450 7 3 1.754 SIC p I S2 IC 19.6 l 7 2l 76. 5 l 7 15 SA.I 0 7 1 B .5 
1 .1500 O. t.hO 0ll 5' l. 7t;b l 7' 50 52 12 JB.8 1 7 ~4 12. q l 7 l' 43.5 0 7 JQ. 5 

1.3505 o. 660 607 75 I. 75 7 321 ., 57 14 58.l 17 24 5q • 4 17 17 28.9 0 7 '\Q. 5 
l. 3 51 0 0.661 182 40 l. 7 ..;A ~H '7 5l 17 17.4 17 25 4"-. R I 7 IP 14. 3 0 JI. 5 
I. 351 5 0. 66 l 757 47 l. 7,;q 7'5 C6 52 IS 16. 7 17 2h 12. 2 l 7 IA s s , 1 0 12.s 
t. 31370 o. 66? ll2 q7 l.H,C Q4Q 58 S2 21 56.l 17 21 18.7 17 10 45.2 0 31.5 
1. 3 ._ 2 5 0. bb? S0A QC l. 7,-,7 145 4l 52 24 15.6 I 7 28 5.2 I 7 20 30 •• 0 14.5 
1.1530 0.663 4A5 25 l. 76 l 150 51 52 2h 15. I 17 28 51. 7 l 7 21 16. l 0 35 ·" 
1. 3 5 '? ~ 0. b64 062 OJ t. 764 •s5 eJ 52 28 54-. 7 I 7 20 ,a.2 17 27 l .6 0 16 -~ 
1. 3540 o. 664 6JO 2, l. 765 761 JP 52 JI 14. 3 I 7 JO 74.8 17 22 47.l 0 17.~ 
I. 154 5 0.665 216 SQ l. 7t-it; S67 15 52 l3 34. 0 17 JI 11. l 1 7 2' 12. 7 0 J8.7 
1. 3'PiC o. f-165 704 96 l.7'8 173 16 s2 H 53.7 17 31 57. q 17 24 18.2 0 3q. 7 

1.3555 0. bbb 371 46 l. 7('1'1 '.!1'1 40 52 ,a l J .4 17 32 44.5 17 25 ,.s 0 40.7 
l. 35,0 o. 666 957 3Q 1.770 585 87 52 40 33.J l 7 J3 JI.I 17 25 4q. 3 0 41.A 
l. 3565 o. 667 5Jl 75 1.771 1.:;7 57 52 41 53.1 17 34 17. 7 17 2' 34 .q C 7 42.A 
1.3570 o. 668 111 54 1.112 qq9 50 52 45 13. l 17 15 4.4 17 27 20 .5 0 4 3.8 
1. ,,1 ~ 0. hh8 6ql 77 1. 7 74 206 66 52 47 l3. 0 17 35 51. 0 17 28 6.1 0 44,.Q 
l.35E0 0.669 272 43 I. 775 414 04 52 4q 53.1 I 7 36 37. 7 I 7 28 51.8 0 45.9 
l. 35e 5 o. (>69 853 52 t.776 621 66 52 52 I J. l 17 l7 24.4 17 2Q 37 .4 0 47.0 
I. 3590 0.670 435 05 1.777 829 50 52 54 Jl.) l 7 JA 11.1 I 7 30 2J. I 0 4PI .o 
1. 15r;5 o. 67 l 017 0 l 1. 77q 037 56 51 56 53.5 17 JB s r , 8 17 l l 8.A 0 4q.,Q 
l.36C0 0.671 599 40 l. 780 145 86 52 59 13. 7 I 7 JQ 44.6 1 7 l1 54.5 0 50.1 



14A lA8L E 111-FU•CflONS OF THF UNIT RADIUS SPIRAL 
T 4AL F 111-FCNCTIONS DI U"lf SPIRALF DE RA.YCN UNITA.lRE 

1 ------------------------------------------------------------------------------------------ 4/Jh: L5/R X/R Y/R 0/R P/R LT /R 
=LS/A= 
·VITlo 
---2z••••=•=••••==••==•••••••=••=•••••=••=•=•=••••••••••••••=•••••••••••••••••••••••••••~• 
I. 36C5 1. 850 %0 75 1 .698 586 7' 0.537 012 85 O.A9q 677 11 o. 138 463 94 1.294 307 01 
I. 3610 I. 852 321 00 l .6q<; 62G C9 o. 5 37 754 0 I c.voo 301 44 0.138 661 40 1. 2•5 350 33 
I. 3615 I. 853 682 25 I. 700 653 ~1 o. 538 405 84 c.voo 025 01 o. 138 859 06 1.296 399 29 
I. 1,20 1. 8';5 044 00 I. 70 l 686 59 0.530 238 36 c.001 550 54 0.130 056 97 I. 291 448 87 
1.3625 1.856 406 25 1.102 710 13 o. 530 081 55 c.002 175 32 ·0.130 254 97 1. 2'98 499 07 
1.3630 I. @5 7 769 00 1. 703 752 BC C.540 725 41 c. 902 800 24 0.139 453 23 t. 2QQ 549 90 
l .'H:'35 1.859 132 25 1.704 785 80 o. 541 469 96 c.003 425 32 0.1 39 651 69 I.JOO 601 lb 
I. 3640 I. 860 4% 00 1.705 Ble 12 0.542 215 19 C.904 050 54 0.139 ~50 35 I. 301 65 l .. 
l. 3t1, 5 I. 8b I 8b0 25 I• 706 851 51 0.542 %1 C9 Q.904 675 92 0.140 049 21 I. 102 706 15 
1.3650 1.863 225 00 1.707 884 JI 0.543 101 b8 0.905 JOI .. o. 140 248 27 I. 303 759 49 

l.3f55 1. 8b4 500 25 I. 708 917 C5 0.54-'t 454 .. 0.905 927 12 0.140 447 53 I. 104 811 '6 
1. 3t-t-0 I. 865 956 oc 1.709 940 67 0.545 202 88 C.006 552 94 0.140 6'6 99 1.305 86A 06 
I. ,,_f 15 1. R6 7 ll?. 2 5 1.110 987 2 2 o. 545 951 50 Q,.QQ7 178 91 0.140 846 65 I. 306 92 J 2• 
I. '\6 70 I. 86A 6A9 oc I. 712 014 09 0.546 700 80 C.907 805 03 0.141 046 52 I. 307 979 15 
1. 3fli75 I. 870 056 25 I. 713 C47 cs o.547 450 18 0.908 HI JO 0.14 l 246 58 1. 309 035 64 
I. 3680 l. 87 I 424 oc I. 714 075 35 o. 548 201 44 C.909 OH 71 0.141 446 85 I. 310 092 76 
1.3615 1.872 102 25 I. l I 5 Ill t2 0.548 952 79 C.909 684 28 o. 14 l 647 11 I. 31 I 150 52 
1. l690 I. 874 161 oc l.lH 141 17 c. 540 104 81 c. 910 310 99 0.141 84 7 98 1. 312 208 01 
1. 3605 1.875 530 25 I. 717 175 84 0.550 4'7 51 0.910 937 85 0.142 048 85 1.313 267 93 
1. vrco l. ~76 900 oc 1.718 20 7 @2 o. 551 210 89 c ,» 11 564 86 0.142 24q 92 I. 314 327 58 

l.37C~ 1.878 270 25 1.719 23q 13 C.551 564 95 C.912 192 02 0 .142 ,51 19 I. 315 18 7 87 
1.3110 I.SH 641 00 1.120 271 54 o. 552 71q 70 C .q 12 819 12 o.142 652 67 I. J 16 448 80 
1. 3 71 '5 I. 88 I 012 ?5 1.721 303 28 0.5B 475 12 0.913 H6 78 0.142 85At 34 l. 317 510 36 
1.3720 I. 882 384 00 1. 722 334 93 o. 55, 231 2J o. 91• 074 38 0.143 056 22 l. 318 572 56 
I .372S I. ft83 156 25 l. 7 23 366 45 o. 554 988 01 0.9l't 102 12 o. 14 3 258 30 I. Jlq 635 3q 
1.J1,o 1. BAS 12q 00 l. 724 301 97 o. 555 745 ,R 0.915 HO 02 o. 143 ••o 50 I. 320 608 86 
1. 3 73 ~ 1.886 502 25 l. 725 47q 36 o. 556 503 63 C.915 958 06 0.143 663 07 l. 321 762 97 
t. 371i0 I. 887 876 00 l. 7 26 HO 66 0.557 262 46 0.916 586 2, 0.1,J 865 76 l. 322 82 7 12 
I. 3745 1. 88Q 250 25 1.727 491 88 0.558 021 97 0.917 214 58 0.144 068 65 l. l23 eq3 10 
l.'750 1.890 h25 oc 1.728 5? 3 cc 0.558 782 17 c,« 11 843 06 o. 144 271 74 I. 324 050 13 

1.11,s 1. eq2 000 25 l. 719 554 C3 o. 559 5H C5 C.918 471 6S O. l"4 475 OJ 1. 326 025 eo 
I. 3 7f0 l. 803 376 00 1.730 58• 97 O. 5b0 30• 61 o.cq9 100 46 0.144 678 53 I. 327 093 10 
1. 3 7t 5 1.eq4 752 25 I. 7ll 615 e2 o. 561 C66 85 C.91q 72q 38 0.144 882 23 I. 328 161 C5 
1. 3770 1. 896 129 00 1.732 646 58 o. 56I 820 11 C.9 20 358 .. 0.145 086 14 I. 329 22q 64 
I. 3 715 l. RQ7 506 25 1.133 677 24 o. 562 593 38 C.920 087 b5 0.145 200 2' 1.330 2qe 88 
1.3780 I. 898 884 00 1. 73"i 707 81 0.563 357 67 0.921 617 01 0.1,5 404 55 1.331 368 75 
1. 3 7A'i I. 900 262 25 I .135 ne 7q o. 564 122 "' C.922 246 51 0.145 60q 07 I. 332 43q 27 
I. 31qo 1. 901 64 l oc l. 736 708 66 o. 564 888 30 0.922 876 16 0.145 qo3 78 1.333 510 44 
l. 3 lG r; t. QQ'\ 020 25 I. 737 7q5 55 o. 565 654 63 0.023 505 q5 0.146 108 70 I. 334 582 25 
l.3AOO 1.qo4 400 00 I. 738 829 13 0.5bb 421 66 0.924rt 135 89 0.146 HJ 83 I. 335 654 10 

1. 380~ 1. 905 780 25 1. 73q 85q 22 0.567 189 36 c.924 765 qa o. 146 51q 15 I. 336 727 80 
1. 3810 1. 907 161 00 1.7"0 880 21 o. 56 7 957 75 o.q25 396 20 0.146 724 68 l. 337 80 I 55 
I. 3815 r. so e 542 25 1.741 910 IC 0.568 7 26 82 0.926 026 58 0.146 930 42 I. 338 875 q4 
1. 3870 l. 909 924 00 l. 742 "" 88 0.569 496 58 C.926 657 oq o. 147 I 36 36 1.339 950 98 
I. S87 5 I. q11 306 25 I. 743 978 57 o. 5 70 267 02 C.027 287 75 0.147 342 50 l.J•l 026 6 7 
I. 38 30 I. 912 689 oc I. 745 ooe lb 0.571 038 14 0.927 •1s 56 0.147 548 85 I. 342 103 01 
t.38~5 1.914 072 25 1.746 037 64 o. 571 809 q5 C.928 549 51 o. 14 7 75~ •o 1.3"3 180 00 
1. 38"i0 1.915 456 00 I. 741 067 02 o. 572 582 45 C.92Q 180 60 o. 147 %2 15 1.344 25 7 64 
1. 3A"i 5 1.•1• 840 25 1.748 C56 30 o. 573 355 62 0.929 811 84 o. 148 l6q II I. 345 335 q3 
1.3A50 1.q1s 275 00 l.74q 125 47 0.574 129 4q 0.030 ••3 22 0.148 376 28 I. 346 414 87 

I. 3 85 5 I. 919 610 25 l. 750 154 54 0.574 904 03 0.931 074 75 0.148 583 65 I. 347 4q4 ., 
t. )ftl,Q 1.920 9% 00 1. 75 I 181 50 0.575 670 26 C.931 706 42 Q.148 791 22 l. 348 574 71 
1.3!f5 1.922 382 25 1.752 212 35 o. 576 455 18 C.9 32 338 23 0.148 qqq 00 I. 349 655 61 
1.,870 1. q23 769 00 1.753 241 C9 o. 577 231 78 o. 932 970 18 0.1,q 206 98 1.350 737 17 
1.3815 1.925 156 25 1.754 26S 13 o. 5 78 cos 07 0.933 602 28 0.14s 415 17 I. 351 s1 q 37 
1.3880 1 ... 26 544 00 1.755 29e 26 o. 5 78 78 7 o• 0.934 234 52 0.149 623 S7 1.352 902 23 
l.'8f5 I. 927 032 25 I. 7 56 326 68 o.579 565 70 c. q34 866 91 0.149 832 17 I. 353 q85 75 
1. 3 aso t. CJ29 321 00 I. 757 354 98 0.580 345 04 0.935 4q9 43 O. 150 o•o 97 I. 355 069 qJ 
1.,eq~ I. 930 710 25 I. 758 183 18 O. 58 l 125 07 0.936 132 10 0.150 249 •8 I. 356 154 76 
1.3900 1.932 100 00 1.759 411 26 o. 581 905 7q c ,» 36 764 91 0.150 459 20 I. 357 240 24 

1.1905 1.q33 490 25 1.760 43q 23 0.582 687 19 C.937 Hl 86 0.150 668 62 1. 358 326 39 
l.l<Jto 1.q34 881 00 1. 76 l 467 oq o.583 46q 27 c.qJ8 030 96 0.150 8 78 25 I. 359 "13 1q 
I. 39 l '5 I. 936 272 25 1.762 49• 83 J. 584 252 05 C .938 664 1q 0.151 088 08 1.360 500 66 

J 
1.3920 1. 937 664 00 1. 763 52 2 45 o. 585 035 5 I 0.939 297 57 o. 151 2qe 12 1. 361 588 78 
1.H25 1.939 0S6 25 1.764 54q 96 o. 585 a1q 65 o.q1q 931 OS 0.151 508 36 l. 362 677 56 
I. 3q10 1.9,o 449 00 I. 765 571 36 0.586 604 "" o.q40 564 75 O. ISi 718 81 I. 363 767 01 
1.3SJ5 1.941 842 25 l. 766 604 63 0.587 JOO 00 C.Q4 l 198 56 0.151 ozq 47 I. 164 857 12 
I. 3q40 I. 9• J 236 00 I. 76 7 631 7q 0.588 176 21 o.q41 832 50 0.152 1"0 34 1.365 947 88 
l.H,~ 1.q't4t 630 25 1.768 658 83 o.588 961 10 o.01t2 466 5• 0.152 151 41 I• 36 7 039 31 
1.3950 1 .... 0 02s 00 I. 769 685 74 0.589 750 68 O.Q43 100 81 0.152 562 68 I. 368 131 41 j 1.H55 1.9 .. 7 420 75 1.110 112 54 c. 590 538 95 0.943 735 18 0.152 774 17 1. 36 .. 224 17 
1. 3960 1.948 816 00 1. 771 739 22 0.591 327 90 C.Q't4 369 68 0.152 q95 86 1.370 311 59 
I. 396 5 1.950 212 25 I. 772 765 11 0.592 117 54 0.945 004 33 0 .153 I q7 75 I. 371 411 M 
l.H70 1 ... 51 60• 00 I. 773 792 20 o. 5q7 90 7 87 o.q1ts 639 12 0.153 40<1 86 1.372 506 ... 
1.3915 l. 953 006 25 I. 774 818 5C 0.593 698 89 0.Q46 27• 05 0.153 622 11 I.HJ 601 86 
1.3980 1.95 .. 40♦ 00 1. 775 f44 69 o. 5q4 4qo 5q o.q46 909 11 O.IB •1• 6• 1.374 697 95 
1.1985 1.955 802 25 I. 776 eio 74 o.5q5 282 98 o.q47 544 32 o. 154 0"7 41 1.315 194 70 
1.1••0 l.957 201 00 I. 777 8"6 67 0.5Q6 076 06 o.q•a 179 67 0.15• 260 35 1. 376 8"2 13 
1.3q9~ 1. 958 600 25 l. 778 922 48 o. 596 86. 83 c. Q48 815 16 0.154 473 49 1. 371 990 22 
1.4000 1.%0 000 00 1.7H 948 15 o. 597 664 29 0.94Q ,so 78 o. 154 686 83 1.379 088 9q 



U8lf 11 r-,u•cTION5 Of' THf U• IT uorus s,rRAL l4S 
UALE 111-FO~CTIONS O'UNE SP ! .. LE DE RAYON UNIUIRE 

------------------------------------------------------------------------------------------ 
A/ Rz ST /R LC/0 8 1n 8•♦+C 

:11L S /A:ic ---------------------------------------------------- 
= v[s7R DEG MNT SEC 
2::ic••:ics••••2:a••2:a2•••••••••••••••••••••••••••••••••••••.saa:icaa:••••••••••••••••aa■aa:11:2s:,c 
1. 360"5 O.b1Z 182 2 3 1.781 454 3e 53 I 34.0 17 40 31.3 17 32 40.2 0 7 51.2 
I .3/dO 0.672 765 50 1.782 HJ 13 53 3 54. 3 17 41 18. I I 7 J3 25.q 0 ~l.2 
I. 361 c; 0.673 HS 20 1.783 872 10 53 6 14.7 17 42 4.S 17 34 11.6 0 53.J 
l. ,t 2C o. 67 3 933 34 1.785 CBI 30 53 8 35. I 17 42 51. 7 I 7 34 51.4 0 54. 3 
l.3625 o. 67'9 517 •1 1.786 2•0 72 53 10 55.6 1 7 43 38.5 l 7 35 43.2 0 llilj.lt 

1. H1lO 0.675 102 q7 1.787 500 n 53 13 10. 2 I 7 44 2a;.4 17 36 28.S 0 '.ib.4 
l. 36 ~ "; o. 675 688 38 1.788 710 74 53 15 36.8 17 45 12 • 3 17 37 14.7 0 57.5 
t.H·loO O. b76 ,74 27 l.78S S20 34 53 17 5 7. It I 7 45 SQ .. l I 7 38 o.o 0 58.6 
l. lt-4 5 o. 676 860 60 !.HI 130 66 53 20 18. I 17 46 46.0 l 7 38 46.,4 0 5S •• 
1. \6 ~o o. 67 7 447 37 !.7S2 341 20 53 22 38.S I 7 47 ll. 0 17 JS 37.2 0 8 0.7 

1. 36 ~ '.i 0.678 034 5E 1.7B 551 q7 53 24 59.7 I 7 48 19.9 11 40 I 8. I 0 8 1.8 
1. 36t0 0.678 622 23 1. 7q4 762 S5 53 27 20. 5 17 49 6.8 I 7 41 4.0 0 8 7 .9 
1. 36t '5 o. 67Q 210 31 J.7•5 9 74 I b 53 29 'tl.4 17 49 53.8 17 41 4c; .,q 0 8 3.9 
1.3610 o. 67q 7Q8 R5 1.797 185 sq 53 32 1.4 17 50 40.8 17 42 35. 8 0 8 5.0 
I. 36 75 Q. t:AO 3A 7 83 I. 7 GB 397 24 53 34 23. 4 l 7 51 17.8 I 7 43 21.1 0 8 6. l 
I. 3680 O. e ao Q77 25 1. 70c; 609 11 53 36 "4.5 I 7 52 14. 8 I 7 44 7.6 0 8 7.7 
l. 368 5 0.6Sl 567 11 I.BOO 871 21 53 Jq 5.6 17 53 1.s 17 44 53.6 0 8 8. 3 
t.36GO o. 68 2 15 7 41 1.002 03 3 51 53 41 26.7 17 53 4A., q I 7 45 30.f> 0 •.4 
l. 369'5 O. b87 748 17 I. 803 246 C5 5' 43 4 7. q I 7 54 36. 0 I 7 46 25.5 0 IO .4 
l.1700 O.bBl BS 37 1. R04 458 80 53 46 9.2 17 55 23. I I 7 47 11. 5 0 11. 5 

l. l 7C5 o. 683 Sll 01 I .805 t71 77 SJ 48 ,a. 5 l 7 56 10.2 I 7 47 57.5 0 8 12 .6 
1.1710 O. bA4 573 IC 1.806 ea• so 5 3 50 5 I. 9 17 56 57.3 I 7 48 41.6 0 8 I 3. 7 
l. l7l '5 Q.685 115 6 l 1.808 098 36 53 53 13.3 17 57 44.4 17 49 29 •• 0 A 14.8 
I. 3720 o. 685 708 62 1.809 311 S9 53 55 34. 8 I 7 58 31.6 I 7 50 15.7 0 8 15 •0 

1.1715 o. &86 102 05 l.810 525 e3 53 57 56. J I 7 59 18.8 I 7 51 l.8 0 8 17.0 
l. l 7 '.10 o. 686 e95 ., l. 811 7,9 ee 54 0 I 7. 9 18 0 6.0 I 7 5 I 47.8 0 8 I B. I 
I. 3 735 o. 687 4QQ 75 I. 8 I 2 Q54 16 54 2 3q_ 5 IS 0 53. 2 I 7 52 33.s 0 8 I 9. 2 
l. l 74C o. 688 CA5 01 1.814 16A " 54 5 l. 7 18 1 40. 4 17 5 3 20.1 0 8 10. 3 
1. 17'- 5 O. bAR 680 25 l.AIS 383 35 S4 7 22.9 18 2 27 .6 17 54 b.2 0 8 11.4 
1.1750 0.6Aq 175 93 t .R 1 t: s9e 27 S4 s 44 • 7 IS 3 l'+.q I 7 54 51.3 0 8 72.b 

I. 37 '55 o. &sq 811 06 l. 81 7 Pll 40 54 12 6.5 18 .:/. 7 17 5s 38.5 0 23.7 
I. 3760 0.690 468 64 1.a10 C7e 75 54 14 28. 4 18 49 ."i I 7 56 24. 7 0 24.8 
l.3H5 O. f>Ql 065 67 1.810 244 ll 54 lb 50.4 18 , •• 8 17 57 10.s 0 75 .9 
I. 3 77 C O. &SI 663 I 5 l.871 460 cs 54 IS 12. 3 18 6 24. l I 7 57 5 7. l 0 27.0 
l. l 7 i ~ Q. 6S1 761 OS 1.821 1-76 CB 54 21 Jilt .4 lA T 11. 5 17 58 43.l 0 2A. I 
I. 3780 o. 692 85S H 1.823 en 2e 54 n 56.5 18 7 58.8 I 7 59 29.6 0 A 2•.J 
1. 1 7A 5 o. t,q3 458 32 l.A25 108 69 54 26 18.6 I 8 8 '+6.2 18 0 15.8 0 8 ,0.1+ 
1. nso o. t,Q4 057 o, 1.826 ? 25 '7 54 28 40.R IA 0 33.6 IA 1.1 0 31.5 
I. l 7<; c; 0.69' 657 31 l. i:\7 7 542 l & 54 JI 3. l 18 10 21 .o 18 48 • 4 0 31.7 
l. 3ACO 0. 6Q5 257 59 1.878 75q 71 54 33 25.3 18 11 R04 I 8 :'4. 7 0 33.S 

1. 3 PC '5 o. 695 e5R u l. 82<. S?b 47 54 '5 4 7. 7 I 8 11 5'i ,.q IR 3 71.0 e '" .9 
I. 38 I 0 O.b'H, 459 H I. 8 31 14) 94 54 '" 10. I 18 12 4 3 • 4 18 7.3 0 H>.l 
I. J8 I 5 o. 697 060 Q' I .8 37 411 61 54 40 32. 5 18 13 "\0,.8' I A 4 53.7 0 37.7 
J.)820 o. 697 "" 00 I.BB 029 51 54 42 55. I 18 14 18 ·" 18 5 40.0 0 18.3 

!.3R25 o. 698 265 50 I. 8 3 4 84 7 to 54 45 l 7. 6 IA 15 5 .9 1• 26.4 0 3q,. 5 
I. 38 30 o. 698 868 45 l.H36 C65 Sl 54 47 40.2 18 15 51.4 18 12.A 0 40 .6 
l. 38 '.I 5 0.699 4 71 87 1.837 184 43 54 50 7.9 18 lb 41 .o I 8 59. 2 0 8 41. '3 
1.3840 o. 700 075 7 5 l. 8 ,a 503 I 5 54 52 25.6 18 l 7 78. 5 IR 8 4'-. b 0 8 42 .o 
I. Je45 o. 700 680 OG I. 839 721 CB 54 54 48.3 18 18 16. I lR 9 )2.0 0 8 44. t 
1.3850 O. 70 l 284 a• l. Ai.O S4 l 22 54 57 l l. 7 18 19 3. 7 18 10 l 8. '- 0 8 4'i _., 

1.3855 o. 701 8QQ 15 l. 84 2 I f.O 57 54 59 34.0 18 IS 'i l. l 18 II 5.0 0 46.4 
l. lA e o 0. 701 4S5 87 \ .84 3 JAO I 1 55 I 56.9 IA 20 3q. 0 18 II '> 1 .4 0 4 7 ,.'5 
1. 3Af '5 0. 701 101 06 1. 84 4 5ss 87 5< 4 19,.q 18 71 1&.b IA 17 37 .9 0 R 48.7 
J.3870 o. 703 708 71 l. 84 "i E 19 84 5S 6 42.9 18 21 14.3 IA I 3 2'1 .4 0 8 4q _q 
1.,'3875 o. 704 1 I 5 82 l ,.8'17 04C co 55 9 b.O IR 23 2.0 IR 14 11.0 0 8 5 I .O 
1. 1s ea o. 704 921 40 1.848 2t0 3e 55 11 29. I JR 2 l 40. 7 18 14 57. 5 0 8 52. 2 
I. 388 5 o. 705 531 44 1.84G 480 S5 55 13 52. 3 Id ,. 37.4 18 I 5 44 • 1 0 8 53 .4 
1. 38',Q o. 706 l Js 96 1.850 70 I 71 55 I b 15.5 18 75 75 .1 I 8 16 10.0 0 A 54. 5 
l. lRG '5 O. 10h 748 93 I. 851 G22 11 55 18 38. 8 lR 26 12 .9 18 17 17.2 0 '5'5. 7 
I. 3SCO o. 707 :?58 31 I. 85 3 143 so 55 21 2. l 18 17 0.7 18 lA 3.8 0 '56 .9 

1.1005 0.101 cos 2• 1. 854 365 2G 55 21 25.5 18 27 48. '5 I A 18 50.4 0 8 58. I 
I. JS I 0 0.708 57A h7 l.855 s es es S5 25 48. q 18 28 16. l I 8 JS 37.1 0 • 'iQ. 2 
l. 3 91 ~ o. 709 l8Q 5 I l.A56 ace 68 55 2d I 2 .4 18 19 14 .J 18 20 13.7 0 0 0.4 
1. 3qzo o. 709 800 81 1.858 C3C 67 55 30 35. S lA lO 11.0 IA 21 10.4 C Q I .6 
l. lG7 'i o. 710 417 62 I. A 5S 7S2 87 55 37 'iq,.-=, 18 30 "-9.8 18 21 57.0 0 Q 2. S 
1,.3q30 o. 71 l 024 oe l.AbO 4 75 27 55 15 23.2 I A 31 4 7. 7 18 12 43.7 0 9 4.0 
I. 19~ ') O. 71 I 637 & I I. St I 6G7 e1 55 n 46.9 18 32 15 .6 18 23 30 .4 0 G 5. 2 
I .1940 0.711 250 8 I I. 862 970 66 S5 40 10.6 18 33 23.5 IR 24 I 7 .2 0 Q 6.4 
l. '3<;4'.i o. 71 2 864 4E l. Rb-'t 141 to 55 42 34.4 18 34 l I. 5 18 25 '-9 0 • 7.6 
I. lQ'iO 0.713 478 6) 1.865 366 es 55 44 58. 2 I 8 34 59. 4 18 25 50. 7 0 Q B.A 

I. 3 <; ~ '5 o. 714 OS 3 24 l. A6t;, s so 25 55 47 12.1 18 35 47 • '- 18 26 3 7 .4 0 9 10.0 
I. 1>60 o. 714 708 34 l. 86 7 813 84 55 4g 41'. l Ia 30 35 .4 I A 17 24. 2 0 Q 11.7 
1.1'it"i o. 715 373 9C l. 8bq C37 61 55 52 t cv t I 8 37 23 .4 18 18 11.0 0 9 12.4 
l. 3<; 70 o. 715 939 S5 I. 870 20 I 62 55 54 34. l IA JB l 1 .4 18 28 S 7. 8 0 9 I 3.6 
1. 3 <, 7c; o. 716 556 47 1.871 485 80 S5 56 58. 2 18 38 ~Q.4 IA 29 44.6 0 9 14.R 
l.3S80 o. 71 7 171 4t 1.872 710 I 8 55 59 12. 4 18 3S 't 7. 5 18 30 31.5 0 q 16.0 
I. SS85 o. 71 7 790 Sl 1.en S 14 7t 56 I 41'.6 18 40 15. 5 18 11 I B. 3 0 9 11.2 

1.3GG0 o. 71 8 408 se l. R75 l 5q SJ 56 4 10.s 18 41 :n.6 IA 32 s.2 0 Q 18.4 
I. 3 GS S o.11q 02 7 3 I I. A 76 ~A4 4S 56 6 3 5. 2 18 42 11. 7 18 12 52.l 0 • 19.6 
l .4000 o. 71 g 64' 21 1.877 ocs 66 56 8 54.5 18 41 59. 8 I 8 33 Jq .o 0 9 zo .9 



150 TA8lE 111-Fu,cr IONS OF THE UNIT RADIUS SP I ~Al 
TABLE 111-FONCTIONS 0' UNE SPIRAlE OE RAYON UNITAIRE l ------------------------------------------------------------------------------------------ A/ A::c l S /R X/ R Y/R Q/R P/R l T /R 

=LS /A• 
=VLSiR 
--•••••••=:aa:azzz••••••••z••••••••••z•••••••••••••••••••••••=•2=••••••••••••••••••••••••• 
I. 4005 1.%\ 400 25 l.180 973 10 o. 598 459 41 C.950 086 55 o. 154 900 39 1.)80 188 42 
l.4010 1.%2 801 00 1.781 q9q 12 0.599 255 26 C. S50 122 45 O. l 55 ll4 15 l. 38 l 288 51 

1 1.401 "i 1.964 202 1< I.181 014 41 0.600 051 78 0.951 358 49 O. l 55 328 12 1. 382 3n 30 I 1.40~0 1.%5 604 00 I .1A4 C49 50 0.600 848 99 c. 951 qq4 68 0.155 542 30 l. 383 490 15 
1. 4015 1.%7 006 15 1.785 074 59 o. 601 646 89 c. 952 631 00 O. l 55 756 69 I. 384 592 87 
l. 4010 l .Q68 40s 00 l. 786 (09 48 o. 602 '45 48 C.S53 267 46 O. l 55 971 18 I. 385 695 67 
l .40 35 1.%9 812 25 1.787 124 24 0.603 244 75 O.•B 904 06 O. l 56 186 09 1.386 799 14 
1.4C40 1.971 21, cc I. 78e 14 e e1 0.604 044 72 c. q54 540 79 Q.156 401 10 1. 38 7 903 2A 

1 l. 404'5 l.972 620 25 1.789 l 7 3 16 0.60• a,5 37 c. q55 177 67 o. I 56 616 32 l.389 008 10 
1.4050 l. q74 015 00 1.790 197 72 0.605 6'6 71 C.S55 814 68 O. l 56 831 75 I. 390 11 3 e o 
l.40~5 1. 975 430 25 I.Hl 221 s, C.606 448 74 o. g50 •5l 83 0.157 a, 1 JR l.391 219 77 
1. 4060 l.97~ 816 00 l. 791 246 C? o. 607 251 46 C.957 OBS l 2 O. I 57 263 23 I. 392 126 62 
I .406'i 1 .. q7a 242 25 1.1q3 U9 q7 a. 608 054 87 C.957 726 5• 0.157 479 2A l. 303 •34 15 
1.4010 1.cna 649 00 l., 794 191 77 0.608 858 q7 O.S58 164 10 0.157 6S5 5< l. 3g4 542 15 

1 l.401S 1. SB 1 056 25 1. 795 31 7 4• 0. b09 661 76 c. q5q 001 AO o. l 5 7 912 02 l. 3S5 651 24 
l.40AO l. 982 4'4 QC 1.796 34C q7 C.610 46S 24 0.959 610 64 o. l 58 128 70 l. )Q6 760 80 
l.408~ l.S83 872 25 l.797 3Ht 36 0.61 l 275 4l C.960 277 6l 0.158 H5 59 1. 3q7 871 OS 
I. 40Q0 l. 985 28 l 00 1.7"8 JA7 ,c 0.6 l 2 082 27 C.960 915 72 O. l 5 R 562 6S I. 3q9 9R1 SB 
l .-4QQ'5 1. 986 600 75 1. Jqq 410 70 Q.612 BBS 62 c.q6l 551 97 O. l 58 780 00 l.400 OSJ 5q 
l.'100 l. QAA 100 oo, I .BOO 433 66 0.613 6SA 05 C.962 l 92 35 0.158 g97 52 1.,01 205 BA 

1.1'1C5 1. 98Q 510 25 l.ROl 4'.:6 •e 0.614 506 SB C.Q62 830 87 o. 1-;q 215 25 1.402 318 85 
1 .4 l I 0 1.sqo 921 00 1.802 41q 15 0.615 ll 6 60 Q.S63 46Q 53 o. l5q 433 lB 1.403 432 51 
1.41 I 5 I. 9S2 332 25 1.801 501 ,e 0.616 l 26 91 C.964 108 12 O. l5Q 651 33 l .404 546 B6 
1.4170 1. 9Q1 744 00 I.A04 524 C5 o. 616 q37 q1 C.964 7'7 25 Q. l 5g 86S 60 l.405 661 eo 
1.,125 I. qg5 156 25 l.805 546 2• 0.617 749 60 Q.Q65 386 31 a. 160 088 26 l .406 777 60 
1. 41 :!O 1. SS6 569 QC l .806 568 37 o. 618 561 SB 0.966 025 5 l O. l60 307 03 1. 407 8S4 00 
1.4115 l. 9q7 S82 25 1.RQ7 5SQ ll o. 6lq 375 05 C.Q66 664 85 Q.160 526 02 1.4oq Oll cs 
1 .41"0 l.999 396 oc l.808 612 o9 C.620 188 81 C.967 104 12 O. l60 745 22 1.410 128 87 
1.4145 2.000 810 25 l .RQQ 633 73 0.621 003 21 C.967 q.3 q2 0.160 964 63 l.411 2'7 33 
1.4150 2.002 225 00 I.RIO t;'ilj 21 0.621 818 ,1 O.S68 583 66 0.161 184 25 1.,12 166 4R 

l.'155 2. 003 640 25 l .81 l 676 54 0.622 634 25 O.Q69 223 54 Q.l6l ,04 08 1. 4l 3 486 33 
1.41~0 2. 005 05h QC l. 812 6q7 72 0.623 •50 77 o. Q69 863 55 0.16 l 624 12 t .414 606 86 
l.41t5 2.006 472 75 l. R 1 l ne 1• o. 674 76 7 q9 c. 9 70 503 bq 0.1,1 844 37 l .415 728 oq 
1.,110 2. 007 889 00 l.814 73g 62 0.625 085 90 0.971 141 qJ O. l 62 064 83 l .416 850 00 
l .4 I 7 5 2.ooq 306 25 1.815 76C 34 o. 625 qo4 50 C.qll 78• 18 O. lb? 285 50 1.417 S72 61 
l .4180 2.010 12, 00 1.816 780 ~o 0.626 72 3 Jg C.972 •2• 91 o. 16 2 506 38 l .419 095 91 
I.• l A 5 2.012 l42 25 l. 81 7 ec1 31 0.627 54 3 77 c.973 065 bl o. 162 727 48 1. 420 2 lS QI 
l .4 l s o ?.013 561 CC l.818 821 56 0.628 364 45 o.qn 706 •2 0.162 9•8 78 I. 421 3'4 60 
\.41'i'.: 2.01' sea 25 I.Rl9 B4 l 65 0.62q 185 Bl O.Q74 347 37 0.163 170 30 I. •n ••• qo 
l.42CO 2. 016 •oo QC 1.820 e61 5e 0.630 007 87 C.974 988 •5 o. 163 3"2 0~ l.473 596 Cl 

I .42C5 7. 0 l 7 820 2 5 l. 82 l ee 1 15 C.630 830 62 c.975 629 67 0.163 611 q7 1.,24 722 85 
1 .,no 7. 019 241 00 1.022 SQQ % 0.631 654 06 0.Q 1h 271 02 0.16 3 816 12 l. •25 850 32 
1 .421 '.: 2.020 662 25 1.en ~2C 41 o. 632 478 2C C.S76 Sl2 50 0.16' 058 4e 1.,26 S78 50 
I. •220 2.022 OB• 00 l.R24 qJq 70 0.6B 303 02 0.977 55• ll Q.164 281 05 1.,28 107 37 
1.4275 2.023 506 2 5 l.825 <l'.:8 82 Q.634 l 28 54 C.978 195 86 Q. l64 503 84 l. ,2s 236 ~4 
l. 4230 2.024 qzq 00 1.826 q77 78 o. 634 o5• 75 o. Q18 837 74 0.16' 726 84 1.430 367 21 
l .423 '.: 2. 026 152 25 l.A?7 SQ6 5e o. 635 781 65 a.• 1• 4 7g 75 0.16" 950 05 1.431 498 IA 
l .4240 2.021 776 00 1.829 015 21 0.636 609 24 C.980 12 l 90 0.165 I 73 '7 l.432 62 q 86 
l.42'i 5 ,. 029 200 25 l. A JC 033 67 0.637 •H 53 C.080 764 l 7 0.165 397 ll I. 433 762 21 
1.4 250 2.0)0 625 oc l .831 C51 ~7 0.638 266 51 0.981 406 58 0.165 62C g5 l.43' 895 31 

t .1i21;1; 2. 032 050 25 1.832 C70 IC 0.6 3g 0% 18 O.S82 049 l 2 o. 165 845 01 l. 436 029 OS 
l.4UO 2.0~1 476 oc 1. 8 ~ 3 CRB C6 0.619 n6 55 c. q f!2 6Sl Jq a. 166 06• 2• 1.,37 163 58 
1 .426'i 2.034 S02 25 l.BH 105 86 C.640 757 60 0.9R3 334 60 O. l66 203 77 l.'38 298 77 
1.,210 2. 036 32Q OC I. R35 123 4A 0.041 589 35 O.S83 077 S3 O. lhh 518 '7 1.•1• 41• 67 
1. 4?1 '; 2. 03 7 756 25 l.836 140 03 o. 042 421 80 O.QF\4 620 60 0 .166 743 18 1 ... 0 571 21 
I .4 78C 2.0H 184 oc l. All l 58 7 l 0.643 254 03 C.S85 263 79 0.166 %8 50 1.441 70~ 58 
l. 4?85 2. 040 612 75 I .8 38 175 37 0.644 088 76 C.98S S07 l 2 o. 167 l93 84 I. 4•2 846 60 
l .4 zqo 1. 042 04 l 00 1. A3Q l S2 25 Q.644 q21 28 C.S86 550 5A 0. 16 7 •1• 38 1. 44 3 S85 12 
I. 4 2q 5 2. 04 3 470 25 1.840 20• Cl 0.645 JSR 50 c. 987 1•• 17 0.167 645 15 1.445 124 75 
1., 300 2. 044 900 00 l .841 2?5 60 0.646 sg4 40 C.987 All AS o. 16 7 R7l 12 1 •• 46 264 90 

1.4 ~05 2. 046 330 25 I .842 242 Cl o. 04 7 431 00 0.988 481 74 0.168 097 31 1.4'7 405 75 
l .431 O ,. 04 7 761 00 1.843 25e 24 Q.648 268 30 c.9eq l 15 12 o. 168 323 71 t.448 5'7 32 
l .4 ~ 15 2. 040 102 25 l .844 774 30 0.649 106 7q C.9AS 769 83 0.168 550 33 1 • .\49 689 60 
l .4120 2. 050 624 00 l.845 ?90 l 8 o. 04q 94' q7 C.QqO 414 07 0.168 777 l6 l .450 832 5g 
1.4125 2. 052 056 25 l.846 305 88 o. 650 784 3-4 a.OSI 058 .. O. lb9 oo• 20 1. 45 l 076 2• 
l.41.,0 2. 053 48S oc l. C\4 7 37 l 40 o. 65 l 62• •1 C.QQl 702 g4 O. l6S 231 46 I. 453 120 7l 
I .4 ll 5 -z. 054 •22 25 l .848 316 74 0.652 46 5 l 7 o. Q92 347 57 o. 169 458 ., 1.454 265 84 
1.41'0 2.056 356 oc 1.840 35 l 90 0.653 306 62 C.QQ2 oqz 33 0.169 6A6 61 l. •55 •ll ,o 
I .4 ~4 5 2. 05 7 790 25 1.850 366 e1 0.65• 1,a 77 0.093 637 22 O. l6S Sl4 51 1.456 558 25 
1.,150 2. 059 2?5 oc I .8 5 l ~et t7 o. 6':14 gq l 6l O.QQ4 2R2 21 O. l 70 142 62 1.457 70< 53 

J l .4 ~'3 5 2.060 660 25 l .8 52 ~96 28 o. 655 815 15 C.994 927 JR 0.170 170 g5 1.458 8~3 5 l 
l .4 ](O 7. 062 096 00 l.R53 •10 70 o. 656 67S JR Q.QQ'j 5 72 65 O. l 70 5go 40 1.460 002 25 
l .4 'lf 5 2. 063 532 2 5 l.8~4 424 G4 O.b~7 524 30 c.•96 ll8 05 a. 110 828 25 1.,61 151 6~ 
1.4 ~10 2.064 S6S 00 1.855 418 ~9 0.658 369 n c.qqh 863 58 O. l 7 l 057 22 I .462 JO l 84 
l .4 l 1" ?.066 406 75 t. P.':~ 4~2 86 o. t,5Q 216 2, o.qq7 500 2• 0.111 286 •o I. 46 3 452 7l 
l.4HO ?. 067 BH CC l.8S7 •66 5• O.bbO 06 3 24 C.S98 155 03 0.171 515 AO l.464 604 l I 
l .• 185 2. 069 282 25 I. 858 480 Cl 0.660 910 94 c. QQ8 AOO 04 O. l 7 l 745 42 l. •65 7~6 63 
t .4 ~qo 2.010 l?l oc l.85S 4g3 ~ 3 0.661 759 31 C. qqq 446 9q O. l 71 075 25 I .466 909 6 7 
1 .4 ,c; o; ?.012 160 2~ l. 860 506 44 o. 662 608 4? 1.000 OS3 16 0.172 205 29 l .468 063 ,1 
l •" 4CC 2.073 s oo oc l. 861 s IS 36 o. 66 3 45e zc 1.000 73g 45 0.11? 4'3'5 ·~ 1.,6. 21 7 G2 



TABtf- 111-FUNCT IONS 0~ TWf UIIIT RADIUS s,r~•L 151 
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------------------------------------------------------------------------------------------ 
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= VLS77i DEG MNT SEC 
--==-=zz::az::a~=-•===•===•••••••••••••••• _•••••••••••••••••••••••••••••••••----•-----•-=- 
I. 40 C 5 0.120 265 6C I.A78 835 Cl 56 II 23.9 18 41 48.0 18 34 25.9 0 s 22.1 
I .4010 o. 720 8A5 46 I. 880 060 56 56 13 48.4 18 44 36. I 18 35 12.8 0 s 23., 
l.401", 0.121 505 A I I. 8SI 786 ~I 56 16 12.9 18 45 24. 3 18 35 5S.8 0 s 24.5 
1.4070 o. 177 I ?6 63 l.8A2 512 25 56 18 H.5 18 46 12. 5 18 36 46.1 0 s 25.8 
1.4025 o. 722 747 S4 1.883 Be 38 56 21 2.1 18 47 0.1 18 37 B.7 0 9 21.0 
t.40'10 o. 723 36S n 1. q94 S64 10 56 2l 26.8 18 47 4A.Q 18 38 20. 7 0 Q 28.2 
1. 4C ?'i o. 173 SS2 oc \.886 IS! 21 56 25 5 I. 5 18 48 37 .2 18 H 1.1 0 s 2S.5 
l.4040 o.724 H4 H l .8A 7 417 s2 56 ,a lb. 2 18 4S 25.4 18 3S 54.7 0 s 30. 7 
1.404 ~ o. 725 71q OC !.BAA 644 El 56 30 41. l tA 50 13. 7 t A 40 41.8 0 Q 31.Q 
l. 4C50 o. 725 Bbl 71 t .AAg en so 56 33 5. s 18 51 2.0 18 41 28.8 0 s 33.2 

l .4C'i'i o. 726 4A5 S! l.8Q\ cos t A 56 35 30. 9 18 51 50.3 l A 42 p;.q 0 s 34. 4 
1 .. 4060 o. 121 110 61 1.as2 326 65 56 37· 55.8 18 52 3A.6 18 43 2 .s 0 s 35.7 
I. 40f ~ o. 727 ns 81 1.qq3 5•4 3C 56 40 20.s 18 53 21.0 18 ,1 s o ,» 0 Q 36.Q 
\.4C10 0.17R 361 ,e 1.sq4 7A2 15 56 •2 46.0 IA 54 l 5. l 18 '4 37.1 0 q 38.2 
1. 4C 1 a: o. 728 SA7 64 l. Aqf ClO t e 5S 45 11.1 18 55 L1 18 45 ?4.3 0 Q 39.4 
I .. 4C PO a .. 1;,q 6t• 2€ 1. Aq7 2'H~ 41 56 47 16. 3 t A 55 52.1 I 8 46 1 l .4 0 s 40.7 
l .. 4CA 'i o. 730 241 47 1. 9q9 466 8? 56 50 I. 5 IA 56 40. 5 tA 46 58.6 0 s 4}.Q 
l.4C<i0 a.no 86S 04 I• qgq 605 41 56 52 26.8 I 8 5 7 ?J\ .q 18 ., 45.1 0 Q 43.? 
1. 4cc; 5 o.n1 40 7 t 5 l .QOC S24 20 56 54 52.l t 8 58 1 7. 4 18 48 ~2 .,q 0 s 44 • r; 
t.4\CO o. 73 2 125 76 1.so2 1'3 1 7 56 57 I 7. 5 18 50 5.8 t 8 4S 20. I 0 Q 45. 7 

1. 4 l C5 o. 732 754 8" t .S03 ~8? 33 56 5< 4 ,.o 18 50 54. 3 18 50 7.3 0 s 47.0 
l. 41 l 0 o. 733 3H4 .. 1.qo4 '11 61 S7 2 8.5 IQ 0 42 .. 8 I A 50 54 .,t, 0 s 4A .. 3 
I. 4115 o. 734 C 14 52 I.SOS 841 20 57 4 H.0 ts l 1 • 3 I 8 St 41.8 0 s 4q_-, 
I. 4170 o. 734 645 OS 1.QQ7 07C SI 57 ' 5Q .6 IS }q.,q 18 52 2S. I 0 s s:.Q.A 
l. 41 t' i:; o. 7'i", 276 I 0 1.sce 300 eo 57 s 25.3 10 A.4 IA 5 3 16.l o s 52.1 
l. 41 '0 o. 735 S07 72 1.qoq 510 es 57 11 5 I .O \Q 5 7. 0 tA 54 3.6 0 Q 53.4 

rr I. 41 l 5 O. 13b 510 1. l.QJQ 761 15 57 14 I 6. 7 IS 4', .6 18 54 50.S 0 Q 54.7 
l .4 l'-0 0.7H 172 33 ! .St I sst 00 57 16 42.5 lS 34.). 18 55 38.2 0 s 55 _q 
1 .,4 l 4'i o. 73 7 A05 3e l .,qi~ 222 ?l 'i7 IS 8.4 ts ~ ??.8 18 5• 25.6 0 Q "17 .2 
l. 41 ':O o. 738 4 38 s l I .. g 14 453 C4 57 21 H.3 [Q 7 \l.4 18 57 12.s 0 s 58 .i:; 

t. 41115 s; o. nq 072 S7 I. s I 5 ... 03 57 24 o. 7 IS 8 o. t t A 5A 0.3 0 Q SQ.A 
l .4 I e o o. 7]Q 707 51 1 .qlb 915 21 57 ?6 26.2 IS 8 4A. 7 IR 58 4 7 • 7 0 10 1.1 
t .4 t f5 o. 140 342 55 t. st A 146 s, 57 28 5~. 3 IS s l 7 .4 18 50 3s.o 0 10 2.4 
l.4110 o. 740 q7~ OS 1.g1q 378 10 57 31 18.4 ts 10 26. t IS 0 l'J. 4 0 10 J.7 
1. 4 I 15 o. 74 1 614 ll \.,Q20 60S 81 57 31 44.,b Is II 14.q IS I s.s 0 10 5.0 
t.4180 o. 742 250 67 1.s21 841 71 57 36 to.a t Q 12 3.6 \Q I 57.3 0 10 6.3 
t. 41 E ~ o. 74? 88 7 7 t t.S23 073 7S 57 38 ·n.1 IS 12 57 .4 ts 2 44.8 0 10 7.~ 
1 .. 4 lqQ 0.743 525 26 1. g24 306 04 57 41 1 .4 IS " 41. l IS J ?2.7 0 10 8.Q 
1 .. 41 Q 5 o. 744 163 JO 1.ns sie • 1 57 43 2Q. 8 10 14 7q. Q 10 4 i«, 7 0 10 10.2 
I .4 2CO o. 744 eot A5 l. Q2b 771 cs 57 45 56.2 lo 15 IR. 7 IS 5 7 .2 0 10 I I. 5 

I .,4 2C '5 o .. 745 440 St }.QJA 003 e1 57 48 22. 1 \Q 16 7.6 \Q 'i 54 .. 1 0 10 12.8 
t.4210 o. 746 080 47 l .q 7q 2]6 el 57 50 4S.2 IS lb 56 .. 4 IS 6 42.2 0 I 0 14.2 
I. 4215 O. 74h 720 51 1.930 46S S8 57 53 15.8 19 1 7 45.3 IS 1 7Q.8 0 10 15.5 
l. 4 770 o. 74 7 JS\ 10 t.031 703 29 57 55 42.4 \Q 18 34. l 10 H 17.3 0 10 16.8 
1. 422 5 o. 148 00? 17 I. S32 Sl6 7S 57 'i8 S • I IS IS 21.0 IS q 4.S 0 10 18. I 
1. 4 ?30 o. 741! 64 J 1t 1 .. q"i. 110 45 '" 0 35. A IS 20 11 .s 19 s ~7. i; 0 10 ts .'i 
1 .. 4 215 o. 74Q 285 85 t.035 •o4 30 58 3 2.b IS 21 0.9 IS 10 40.l 0 10 20.A 
l .. 47'40 o. 74q 928 45 l.QJ6 638 37 58 5 zq. 4 l9 21 4q_ 8 IS II 21.1 0 10 2 2. I 
l. 424 5 o. 750 511 56 t.S37 872 51 58 1 56. 3 10 22 18.8 19 12 15.3 0 10 23.4 
1.4250 o. 75 t 215 17 t.OH 106 87 58 10 23.2 IS 2 J 2 7. 1 IS I l 3.0 0 10 24.8 

t .4 711: 5 O. 7'i l 850 3C 1.940 ?41 4 I 58 12 50. 2 [Q 24 16. 7 \Q l l c;o .. 6 0 10 26.l 
t.4UO o. 752 503 •• 1.941 5 76 12 58 15 t 7. 3 IS 25 5.8 IS 14 38. 3 0 10 21. 5 
t.4?f5 o. 753 l4S oq l .94 2 8 t l Ct 58 I 7 44 ·" l S 25 54. 8 19 15 l t .. o 0 10 2A.8 
1.4270 o. 753 794 H 1. q44 C46 Cb 58 20 I I. 5 10 26 43.8 ts 16 13.7 0 10 30. 2 
1.4275 o. 1'i4 440 93 t.945 2e1 2s 58 22 3R. 7 IS 21 l2. S IS 17 t. 4 0 10 31. 5 
l.42e0 o. 755 087 62 I .946 ': l 6 68 58 ?5 s.s IS ?8 n.o \Q 17 4q. I 0 10 12.s 
I. 428 5 o. 755 73' Bl l .Q4 7 752 25 58 77 3 J. 2 IQ ?S It.I l S IP 36 .. Q 0 10 14. 2 
I. 4 2SO o. 756 382 55 l .. <:;49 GA7 SQ 58 30 o. 6 IS 30 0.2 IS \Q ?4.6 0 I 0 35.6 
t. 4 2S 5 0.757 C30 11 I. 950 22 3 so '>8 32 28. 0 IS so 4q. 3 ts 20 12.4 0 10 36.q 
I .4 300 o. 15 7 679 54 l .Qlj\ 459 S8 58 34 55.5 IS l l 38.5 ts 21 0.2 0 10 38.3 

t .4305 o. 758 328 BC 1.q52 6S6 22 58 H 2 J. 0 IS l? 21.1 10 ?t 4A.O 0 10 ,q.b 
l. 4 31 O o. 758 S7A 5S 1. Q5 l 032 63 '>8 30 50. 5 t Q 33 I h. 8 [Q 22 35.8 0 I 0 41 .. o 
1 .. 4 31,; o. 759 678 oc I .S55 1,s 22 58 42 18.1 IS 34 h.O ts 2 J 21. 1 0 10 47. .4 

1. 4 320 O. 1h0 2N 12 l .9'>6 405 S7 SA 44 45.8 Io l4 55. 3 [Q ?• lt.5 0 10 4 3 .13 
1 .4 ':!i' 5 o. 760 S.l 00 1.qi:; 7 642 88 5A 47 I J. 5 IS JS 44. 5 IS 24 5q_4 0 10 45. t 
t .4 310 o. 761 582 91 l.Q5R e 1s S7 58 4S 41.3 ts 36 JJ. 8 IS 2' 4 7 .2 0 10 46 .. 5 
l .. 413 5 o. 76? 235 31 l.Q6Q 117 21 5A 5? s.i 19 37 23 .o IQ 2b 35 • l 0 10 4 7 .9 
l .4 340 o. 762 888 22 l .st I 354 63 58 54 36. 9 ts 38 12 • 3 IS 21 23.1 0 10 4q. 'J 
l .. 4 :34-; o. 763 541 65 I. S62 sqz ?l 58 57 4.9 ts Jg 1.6 \Q 28 11.0 0 10 50.6 
1.4 350 O. 7h4 I S5 60 I .S63 e2s S5 58 5S 32. 8 19 3S s o ,» IS 28 58.9 0 10 'i 2 .o 

1. 4 ~5 5 o. 764 850 08 l. gt:5 Of1 et 5S 0.8 IS 40 40. l IS 2s 46.9 0 10 5 3 .4 
I .4'1~0 o. 765 505 oe 1.966 105 S4 5S 4 28.S 10 41 2s. 6 Is JO 34.8 0 10 54.8 
1. 4 3f 5 o. 766 160 bC t .,Qf,7 544 I 1 59 b 57 • 0 IS 42 19.0 IS 31 72.8 0 10 56.2 
1 .4 ~ 10 o. 766 816 65 1.968 782 51 5S s 25.2 Is 4J A.4 Is 12 10.8 0 10 5 7 .6 
t • 4 315 o. 76 7 473 23 1.no 021 13 5S ti 53.4 10 43 57.8 IS 32 58.8 0 10 5S.0 
1.4)80 0.768 130 31 1.s11 25S eb 5S 1, 21.7 19 44 47.2 19 33 46.8 0 II 0.4 
l .4 :39 ! o. 768 78 1 S7 t.S72 4~8 74 50 16 50. I I q 45 36.7 19 34 34.9 0 II t.8 
1.4390 0. 7bq 446 13 I .973 737 79 5S IS l 8.4 IS 46 26. I ts 35 2?.S 0 11 3.2 
t. 4 3S 5 0.110 104 82 t .. 974 S77 co 5S 21 46.q 19 ,1 t 5 .6 ts 36 11.0 0 II 4.6 
l .44CO o. 170 764 04 t .076 216 J7 5S 24 15.4 IS 48 5. I IQ 36 5g. l 0 tt 6.0 



IS? TABLE 11 t-FU~CTIONS OF THE U"-1 T RADIUS SPIRAL 
f ARL E I I 1-FO~C TI ONS 0' UNE SPIRAL F. OE RAYCN UNIT AIRE l ------------------------------------------------------------------------------------------ I 1\/ R= L ~ / P X/P V/P C/R P/R LT /R 

"'l SI A= 
•'fCTI• 
=--2--c::-s:=-=s-------•---=-z=-=---•=-=•--=--"'=~=•=••,.==zss:::---=--••DSSC:z:2-ssac~:-•z• 
t. 4405 ?, 075 040 ?5 l.Abl 532 cs O.bb4 308 bR 1.001 385 88 0.112 bbb 03 I .470 37 3 14 
l.441C 2. C1t> 481 OC 1. A6 3 ';44 03 O.bb5 JSS A5 I. 002 032 43 0.112 8% 72 1.471 52S 08 

' 1 .44 l '5 2. 071 •22 ? ' l .Rt::4 55b q7 0. bbb 011 71 l .002 b1S II O. l 73 127 b3 1.472 6R5 74 
I .4'- 20 2. C79 364 oc l .8t:'"i 5bG 12 O.bbb 864 27 1.001 325 q1 0.1n 358 75 t.473 84 3 13 
I .4 4 2 5 2. 080 R06 25 1.866 SAi c, O. bb 1 717 52 1.003 q72 AS 0.173 s•o OR 1. 4 75 001 25 
I. 4410 ?, CB 2 ?4S oc l. "6 7 '5Q2 P3 0,668 571 47 I .004 bl9 QQ 0.1n 821 b4 1. 4 76 lbO 10 
1. 44 ~ lj ?,OA3 hQ? ?5 l,Ab8 604 3q O.t,t,q 42h II l .005 2h1 09 o. 174 053 40 I. 4 77 ,1 q '" l .4440 ?. OR 5 I lb oc 1. At:q '15 1b C.b10 281 45 l .005 "914 40 0.174 2A5 ~· 1,478 479 GQ 
1. 4445 2. OHb S80 25 1.870 62b <? 0.671 137 4A l.OOb Sb I 84 0.174 517 59 l. '979 641 OJ } l .44 s;o 2. 08A C25 oc 1.,n1 6'7 •s C.671 qq4 21 l .007 20S 40 0 • 174 750 00 l,480 B02 80 

' I. 445 '5 2. o~q 470 2' 1,872 <48 ,s O,b12 8 51 b1 I .OC7 857 OS O. l 7't •a2 64 I. 481 %5 30 
I. 4 4f-0 2.0CJO q lb cc I.fill t5S 22 0.67l 709 75 I .OCB 504 90 o. 175 215 48 l,4A3 12 8 54 
! • 4lo6", 2. 09 2 102 2s l. R 74 bbS ,a 0. b 14 508 50 I .OOQ 152 84 0.175 448 55 , • 4~4 292 51 
! • 4 4 70 2. QQJ ROS oc I .8 75 01q 7S a. 675 42 e Ob 1.oos 800 QI O. l 7"i b8 I n l. 485 457 22 
I .44 7 "i ?. QQ "i 2S6 25 1. R 76 tBG 71 a. 6 76 2S8 2b 1.010 44q OG 0.175 0)5 )3 l ,486 622 bb ! 1.44~0 7.Qqh 704 oc l. R 7 7 b9C: 40 o. 6 77 140 lb 1.011 097 41 0, l 7b 149 04 }.487 788 83 
1. 4 4R' 2. OSA 1s2 2s l. R 78 IC9 CI o.,., 78 010 74 i .o u 745 8S O. l 76 3B2 q7 1.488 q55 74 
1. 44 GO 2. OQS 601 oc 1.879 718 ~t O.t,18 871 01 I.012 394 41 0.11, bl7 12 l,490 123 3q 
1. 44qi:; 2. IOI 050 25 I. 880 121 49 0, b 7q Bb 01 I. 0 I 3 043 10 O. 11b 851 48 1. 491 291 78 
1. 4 500 ?. 102 500 00 I.RBI 130 42 O.bBO 599 6R 1.0 I 3 6ql QI 0.111 OAS Ob 1.-4qz 460 91 

1 .4 ":i05 2. I 03 950 25 I, R82 745 15 0.681 464 05 1.014 340 85 o. 177 320 86 l ,4S3 b30 78 
1.4'-.10 2. 105 401 oc t.881 7 ": 3 66 O,b82 329 12 t.014 SBQ 91 0.177 555 88 t.4CJ4 80 I )Q 
1 .4c; l ~ 2. IOh 852 25 t.884 7b I G7 0.683 194 RB I. 015 b3S OQ 0.111 7Q I 11 1,495 S72 74 
1. 4 ~ ;o ?. 108 304 OC 1.885 170 C6 o. 684 Ob I 33 I .o is 28R 40 o. l 78 02b 56 1. 497 144 83 
1.It':25 J. lOQ 756 25 1,886 111 Q4 Q.684 928 4A 1.016 937 RJ 0.118 2h2 23 1 .4Q8 31 7 bh 
l .4 '5 30 2. l l l 209 oc l .A87 785 b I o. 685 796 32 I. 01 7 5A7 3S O. I 7A 498 II 1.499 4q I 24 
I .4 "i ~'> 2. 112 bh2 2' 1.888 79, C1 0,68h bb4 8b I.018 237 07 0.178 734 21 1. 500 bb5 57 
l.4540 2. 114 l l 6 00 1.aa• 800 12 O.b81 534 10 1.018 88b 87 o. 1 78 97C 53 1,501 840 63 
l. 454 5 2. 115 5 70 25 l,RQO R07 35 0.688 404 03 l.O!S 536 79 o. 179 207 07 l. 503 Olb 45 
1.4~50 2. 11 7 025 oc l,AQl R 14 If o. "i89 274 b5 1.020 18b 84 0.17CJ 443 82 1. "iQ4 193 01 

l.415 'S 15 2. 118 4RO 25 1.892 820 lb C. 6Q0 145 QB I .020 837 01 0.179 b8C 80 I. 505 370 32 
I .4'5to 2. I IQ 93b 00 1. RQ3 P27 14 Q.6Q\ 017 Q9 1.021 487 30 0.179 q11 qq 1. 506 548 37 
1.456 5 2. 121 "!q2 25 l .8CJ4 833 JC O. 6CJl 8SO 70 1.022 lH 71 o. 180 155 40 1. 507 727 18 I l .45 70 2.122 849 OC t.8CJ5 8JQ 25 o. t,Q2 764 II 1. 022 7R8 25 0.180 393 02 1,508 sos 74 
l. 4":i7'i 2. 124 30b 25 l. RCJ6 844 G7 o. 6CJ3 bl8 21 I. 023 438 QI 0.180 630 87 1. 51 0 087 C4 
I. 4 liRO 2. I ?S 764 oc 1.807 850 4 7 0.6Q4 513 01 1. 024 089 bq 0.180 868 93 l, 5 I l 268 10 I 
I. 4 r;f!'i 2. 1?7 222 2~ l,A98 855 1b O.b95 388 50 1,024 740 SQ 0.181 107 22 1. 512 449 91 
1.4-;c;io ?. 12S bRI oc 1.asq BbO 82 0.696 _264 bQ l .025 Jq I bl 0.181 '345 12 I. 513 632 48 
1 .4 .:c;5 2. 110 140 25 l.900 e6 5 ,o o. 6q7 141 57 I .026 042 75 o. 181 584 44 I. 514 815 79 
1. 4b00 2.l31 600 00 1.901 P70 21 0.698 019 15 1.02b bQ4 02 0.181 823 38 I. 515 qoq 87 

I .46Qr; 2,IB ObO 2~ 1.90? 874 Ob 0.6q8 897 42 1.021 345 41 0,182 062 53 1. 51 7 184 69 
l .4t, 10 2. 134 521 00 1.903 87 8 83 Q.6qq 11b 3q I .027 99b QI 0.182 301 91 I. 518 370 28 
I. 46 l 'l ?. 13 5 S82 2~ 1.qo4 882 1b o. 100 65b 06 I. 028 648 54 0.182 541 50 I. 51 Q 556 62 
I .4620 ?. l, 7 444 oc 1.sos 88b 48 o. 701 536 42 l.02Q 300 2q o. I 82 7A I 32 1. 520 743 17. 
1.462 r; 2. 138 906 25 1,906 eas % 0.102 417 47 1.ozs S52 lb 0.183 021 35 1. 5Zl 931 58 

1 
1. 46 30 2,140 369 00 1.907 a•1 22 0. 703 299 23 1,030 604 14 0,183 261 60 1.523 120 1• 
1.463r; 2.141 8'2 25 1.qo5 806 24 0.704 181 b1 1.031 25b 25 0.183 502 07 1.524 309 57 
I .4t.:40 2. 14 3 2qh 00 1.qoq asg C4 0.705 064 81 1. 031 908 48 0.183 742 11 1,525 499 7l 
1.4645 ~.144 760 25 l ,GIO QOI so 0.705 q4a b5 1.032 560 83 O,IR3 983 68 I, 52b 690 bl 
1.4650 2. 14~ 225 00 1.•1 I 903 93 0.706 833 IQ l.033 213 29 o. 184 224 81 I. 527 8A2 21 

l. 4(: ~ "i 2. 147 690 25 1,912 906 Cl 0.101 718 41 I.OH 865 88 o. 184 466 16 1.529 074 70 
l .46t-O 2. 14q 156 OC I. Ql 3 907 GO 0.10a 604 34 1.034 518 5q 0.184 707 73 1. 530 2b1 89 
l. 46t ~ 2. 150 b22 2~ l. q l 4 QQG 53 0.10s 490 % l .035 171 41 O. la, 949 52 1.531 •61 a, 
1.46 70 2. 152 C8• 00 I.SIS 5!C 53 0.110 378 27 I .035 824 3b 0,185 1q I 52 1.532 65b 57 
1.467'5 2. 15 3 556 25 l.Ql6 912 QQ 0.111 2bb 28 1.03b 477 42 0, 185 •B 75 I.SH 852 Oh 
1.4680 2. 15 5 024 oc 1.017 Sl3 Cl 0. 712 154 Q9 1.037 130 60 0.185 6 76 20 1. 535 048 31 
l .4613'5 2. 156 492 2~ I. SI 8 Q\3 70 0. 713 044 39 1.037 783 •o 0.18 5 918 87 t.536 245 34 
l. 46«:0 2. 15 7 961 00 1 .Q 19 Sl4 14 0. 713 9'4 49 1.0 38 437 32 O. l Bb lbl n 1,537 443 11 } l .46<,r; 2. 15g 430 25 1.920 Gl4 35 0. 714 825 28 I .03g 090 85 0.186 404 81 I. 538 641 69 
l. 4 7CO 2. i s o 900 00 1.921 914 32 o. 71.,5 71b 11 1.039 744 50 O,!Rb 648 20 1. 539 841 03 

1.4705 2. lb2 370 25 I .922 914 cs o. 716 bOB q5 1.040 3S8 28 o. 186 891 1b 1. 541 041 13 
1 .. 4 7 l 0 2. 16 3 841 00 1,923 Q\ 3 53 o. 71 7 50 I 83 l .041 052 lb 0.187 135 53 I. 542 242 01 
l .4 7 I "i 2. 165 31 2 25 1.924 912 11 0.718 395 41 1.041 10b l 7 o. 187 379 52 I. 54 3 443 b1 
1.4 7 20 2. lbb 784 oc 1,925 QI! 11 0.11 q 2aq 68 1 .042 3b0 2s o. 187 b23 73 l. 544 h46 09 
t .4 72 r; 2. lb 8 25b 25 l. q26 910 52 0.120 184 b4 I. 043 014 53 0.187 6h8 17 1,545 849 2s 
l.473C 2. lbQ 729 00 1.s21 909 Cl o. 72 l 080 30 1.043 bbB 89 0.188 112 82 I. 547 05 3 27 
l,4735 2. 171 202 25 1. •28 907 7.q o. 721 Q1b bb t.044 323 37 0,18A 35 7 70 1,548 258 02 
l .4 740 ?. 1 7 2 b 1b oc 1.92q 905 31 o. 722 873 71 I. 044 q77 Qb O. I 88 602 RO 1. 549 463 5b 
l. 4 74 5 2. 174 150 25 1.930 so, CB 0.723 771 46 1.045 b32 bb 0.188 848 12 1. 550 6bQ 87 
1.4750 2. l 75 625 00 I. 931 QOO ~· 0. 724 hb9 90 l,046 287 49 0.1 aq OS3 bb I. 551 81b QS 

J 
1. 4 7 ~ r; 2. 17 7 100 25 1.932 fQ7 eo o. 725 569 04 1.046 942 43 O. lBc;J 339 42 1. 553 08• 82 
1 .4760 2. l 78 57b 00 l .q33 fQ4 AB 0.12b 468 87 1.0-47 597 4R O. I RQ 585 40 1.55' 20, 47 
1.4165 2. I RO 052 2 ~ 1.934 eSI 65 0.121 3bq 40 I .048 252 b5 0.189 831 bl I. 555 502 91 
1.4770 2. 18 l 529 00 1. 935 888 17 Q. 728 210 b3 1.048 SOl .. o. I QO 078 03 1,556 1\ ~ 12 
I. 4775 2. 18 3 006 25 1 ,q)t 884 43 a. 1 zq 172 55 1.04q 563 34 O. lQQ 324 68 1. 557 qz4 12 
I .4 780 2,184 484 00 1.q37 880 44 0.730 075 lb 1 .050 218 Bb O, IQO 571 55 I. 55'1 135 QO 
1.4785 2,185 962 25 l .938 81b \q 0.730 •1a 47 1.050 874 49 O. lQO 818 64 1.560 348 47 
1 .41qo 2. 18 7 441 00 \ .Q30 871 bQ 0.731 882 48 1. 051 530 24 0.191 065 % l. 5b I 5<.l 82 
1. 4 7<; Iii 2. l 88 920 25 l.Q40 eo6 54 0. 732 787 18 1,052 186 I 0 O. ISi 313 4q I .562 775 •6 
I .48CO 2.190 400 00 1.941 P.61 Q2 0. 733 b02 57 1.052 842 08 o. 19 I Sb! 25 1. 563 990 89 
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TABLE 111-FO~CTIOHS D1UNf SP l•ALE DE RAYON UNIUl•E 

------------------------------------------------------------------------------------------ 
A/A• Sf,. LC/• • 113 &•♦•c • C 
•LSO• ---- - - - ---- - ------ -- -- - - -- -- -- - --- -- ---- - - - - ----· - - - - 
• VL s ,. DEG •NT SEC 

-------·-------------·········--····-····--··-·········----·········------------------- 1. 4At0'5 0.n1 423 79 1.971 455 H 59 2• 41.9 1" .. 54.6 1" 31 0.2 D II 7.4 
1.4'10 o. 772 Cl4 07 1.<111 t95 SI ,. 2• 12.5 19 49 44.2 19 18 ]5.J 0 II B.Q 
1.4415 0.112 744 sq t.'179 935 H 5. JI 41.l 19 50 J). 7 19 )9 l).4 0 II 10.1 
I. 4420 o. 111 406 23 I .981 175 ., 5. J4 ••• 19 51 2].J 19 40 11.6 0 II 11.1 
1.4425 o. 1'14 068 II 1.982 415 to 59 ]6 38.5 19 52 12.8 IQ 40 59.7 0 II 13. I 
l.44l0 o.774 no 53 I .981 t5' 92 59 n 7.] 19 53 2.4 19 41 '7.9 0 II H.5 
1.443 5 0. 775 ]91 48 l.984 ... ,. ,. 41 36.2 19 53 H.I 19 42 36. I 0 II 16.0 
l.4"40 o. 776 056 96 1.986 137 C3 59 '4 5.1 19 54 41.7 19 43 24.] 0 II 17 .4 
1.4 .. 45 o. 776 720 98 1.987 ]11 n 59 46 )4.0 19 55 11.] 19 44 12. 5 0 II 18.8 
I .4450 0.111 )85 5' I .988 ti! 11 59 49 J.O 19 56 21. 0 19 45 0.1 0 11 20 .l 

1. 4-'tll!:!i o. ne 050 64 1.H9 !59 e7 59 51 12.1 19 57 10.1 19 45 49.0 0 II 21.7 
I .4460 o. 778 716 21 t.991 IOI 11 59 54 1.2 19 58 0.4 19 46 37.2 0 II 21.2 
1.4415 0.779 ]82 44 I .•92 ]42 54 59 56 JO. l 19 5R 50.I 19 '1 25.5 0 II 24.6 
1.44 jQ 0.1,0 049 16 1.99] 584 10 59 58 59.6 19 59 )9. 9 19 48 IJ.8 0 II 26.0 
I .4415 o. 780 716 41 I .994 f25 e2 60 I 28.8 20 0 29.6 19 49 2.1 0 II 27.5 
I .4480 o. 78 I 384 21 I. 996 C67 69 bO ] 58. I 20 I 19.4 19 49 50.4 0 II 28 •• 
1.4H5 0.7'2 052 54 l,9Q1 ]09 12 60 6 27.5 20 2 Q.2 19 50 38.B 0 II 30." 
1.44qo o. 782 721 '2 t.998 5~1 9C bO 8 56.9 20 2 59.0 19 51 21. I 0 II 11.9 
1.4495 0.7B 390 84 l .q9q 794 23 60 II 26 ... 20 l 48.8 19 5.1 15.5 0 II ]).] 
I. 45CO o. 784 ObO 81 2.001 0)6 11 60 ll 55.9 20 4 38.b IQ B ].8 0 II ]4.8 

t .4,c5 o. 784 731 l2 2 .002 21q 34 60 16 25. 4 20 5' 28. 5 19 5, 52.2 0 II H.2 
I .4510 0.785 402 l8 2.001 522 12 60 18 55.1 20 b 18.4 19 54 40.6 0 II 37.7 
1.4515 a. 786 OH 9@ 2.004 1b5 C5 60 21 24.7 20 1 e.2 1• 55 29.1 0 II 39.2 
I .4 570 0.786 14b I 3 2.006 008 I J 60 23 54.5 20 1 58.2 19 5h 17.5 0 II lt0.1 
1.4~25 o.1e1 418 BJ 2.001 251 ]6 60 lb 24.2 20 e 48.I 19 57 5.9 0 II 42.1 
l.4HO o. 788 092 07 2.ooe 494 74 60 28 54. I 20 9 18.0 19 57 54.4 0 II 43.6 
1.4535 o. 788 1b5 87 2. ocs ne 27 60 JI 7].9 20 10 78.0 IQ 58 42.9 0 11 45.l 
1.4540 0.789 440 22 2.010 •Bl 94 60 33 5].9 20 II 18.0 19 59 ]1.4 0 II 46.6 
1.4545 0. 790 115 II 2.012 225 7b 60 16 23.8 20 12 7.9 20 0 19.9 0 II 48.1 
1 .4550 0.1•0 790 5b 2 .O I 3 469 n 60 38 5 3.9 20 12 58.0 20 I e.4 0 II 4q .h 

1.4555 0.1•1 466 56 2.014 71 l es 60 41 24.0 20 13 48.0 20 56.9 0 II 51.0 
1,45to o. 792 14) II 2.015 Q58 II 60 43 54.1 20 1' 38.0 20 lt5.'5 0 II 52.5 

~ I .4565 o. 792 820 21 2.017 202 51 60 46 24.] 20 15 28. I 20 34.t 0 II 54.0 
1.4510 0.79] 497 87 2.018 447 06 60 48 54. 5 20 lb IR.2 20 4 22.6 0 II 55.5 

I 1.4515 0.104 11b OQ 2.01• 691 16 60 51 24.8 20 17 8.3 20 5 11. 2 0 II 57.0 
\ .4580 o. 794 854 86 2.020 9l6 60 60 53 55.1 20 17 58.4 20 5 59.8 0 II 58.5 
I .458 5 0.795 534 19 2.022 I Bl 58 60 56 25.5 20 18 48.5 20 6 48.5 0 12 o.o 
1.4590 o. 706 214 01 2.023 426 11 so 58 5b,O 20 19 3R.1 20 1 ]7.1 0 12 1.6 
1.4595 o. 7q6 894 51 2 .024 611 98 61 I 26.5 20 20 28.8 20 e 25.8 0 12 3. I 
1,46CO 0.1n 575 57 2.025 917 ]9 61 3 "i1. 0 20 21 19.0 20 q 14.4 0 12 4.b 

l.4H5 o. 798 257 O! 2.021 162 q4 bl 6 27. b 20 22 Q.2 20 10 3.1 0 12 6. I 
1.4610 0.798 939 20 2.028 408 6l bl e 58.] 20 22 5q_4 20 10 51.8 0 12 1.h 
I .4615 o. 799 621 88 2.029 654 47 61 II 29.0 20 23 4q.7 20 II 40.5 0 12 9. I 
t.4b20 O. ROO 305 12 2.010 900 44 61 I) 59.7 20 24 39.9 20 12 29.2 0 12 10.1 
1. 4625 o. 800 988 QJ 2.0 32 146 56 61 16 lO. 5 20 25 30.2 20 13 18.0 0 12 12.2 
1.4610 C.801 673 JC 2.0ll 392 8.1 61 19 1.4 20 26 20.s 20 14 6.7 0 12 IJ. 7 
t .4635 o. 802 35A 23 2.034 bVi 20 bl 21 ]2.3 20 27 10.8 20 14 55.5 0 12 15.] 
I .4640 0.80l 04l 71 2.015 885 73 61 24 3.] 20 28 1.1 20 15 

""· 3 
0 12 16 .A 

1.4645 o. 803 729 BC 2.017 132 40 bl 2b l4. 3 20 28 51.4 20 16 JJ.t 0 12 18.] 
1.4650 a.ea, 416 43 2.038 379 21 61 2Q 5.] 20 29 4 I .e 20 17 21.9 0 12 19.9 

rr t.4655 o. 805 103 63 2.039 b26 15 61 JI )6.5 20 30 32 .2 20 IA 10.7 0 12 21 .4 
1.46'0 0.805 7QI ]Q 2.040 873 23 bl 34 1.b 20 ll 22. 5 20 18 59.6 0 12 2) .o 
t .46'5 0.806 479 71 2.042 I 2C 45 61 ]b 38.B 20 32 12. 9 20 19 ·~-" 0 12 24.5 
1.4610 o. 807 168 6~ 2.04] ,01 so hl 3Q 10.1 20 )3 3.4 20 20 37.l 0 12 20.1 
1.467 5 o. 807 858 IC 2.044 bl5 29 61 41 4 l. 4 20 ll 5].8 20 21 26.2 0 12 21 .b 
t .4'80 O.BOA 548 15 2.045 862 91 bl .. 12.8 20 34 44. 3 20 22 15.1 0 12 29. 2 
1 .46fl ~ o. 809 2]8 11 2.047 11 C n 61 46 44.2 20 l5 34. 7 20 23 4.0 0 12 30.8 
1.4690 o. 809 929 95 2 .048 )58 5b hi 49 15.7 20 36 25.2 20 23 52.9 0 12 32.3 
1 .4695 O. BIO 621 72 2.049 6C6 58 61 51 4 7. 2 20 ]7 15.7 20 24 41.8 0 12 3).9 
I .4 7CO o.e11 314 05 2 .050 854 74 61 54 18.8 20 38 6.) 20 25 10.e 0 12 35 .5 

l.4 7C5 0.812 006 97 2.052 10] 02 61 56 50. 4 20 38 '56. 8 20 26 19.8 0 12 n.o 
1.4710 o.e12 100 45 2.0 5] 351 .. 61 59 22. I 20 ]9 4 7 .4 20 Z7 e.e 0 12 ]8.6 
1.411 5 O. RI] ]04 52 2 .054 600 00 62 I 53.9 20 40 38. 0 20 21 57.B 0 12 40.2 
1.4720 0.814 089 lb 2.055 848 68 bl 4 25.6 20 41 28.5 20 28 46.8 0 12 41.8 
1.4725 o.e14 784 H 2.0H 097 49 bl 6 57.5 20 42 19. 2 20 29 ]5.8 0 12 43.4 
1.4730 0.815 480 I 7 2 .058 34b 4l 62 9 29.4 20 " •.e 20 JO 24.B 0 12 lt4.9 
1. 4 7~5 o. 81b 176 55 2.05Q 595 51 62 12 1. 3 20 44 0.4 20 31 13.9 0 12 46.5 
1.4740 O. 8th en 51 2.060 844 11 62 14 33.3 20 44 5 I. I 20 32 1.0 0 12 48.1 
1.4 74 ! O. Bl 7 571 05 2.062 C94 04 67 17 5.3 20 45 41.8 20 37 52.1 0 12 49.7 
I .4750 0.818 26• 17 2.063 lO .. 62 19 ] 7 .4 20 46 l2. 5 20 33 4 I .2 0 12 51.l 

l .4 7,'!i o.818 907 81 2.0b4 593 08 62 22 9.6 20 47 21.2 20 34 30. 3 0 12 52 .9 
1.4160 o.81• 667 16 2 .065 842 79 b2 24 41.8 20 48 I 3 .9 20 35 19.4 0 12 54.5 
1.47t5 o. 120 36 7 Ol 2.0,1 C92 63 62 11 14.0 20 4q 4.7 20 36 8.5 0 12 5b.l 
I .4710 0.821 067 49 2 .068 342 60 62 29 4b.3 20 49 55.4 20 Jb 57.7 0 12 57.7 
1.47iS o. 821 1b8 5l 2.0b9 592 69 b2 l2 18.7 20 50 46.2 20 37 46.9 0 12 5q .4 
l.47e0 o.e22 470 16 2.070 842 90 b2 34 51.1 20 5 I n.o 20 38 36. I 0 I] 1.0 
I .4 785 0.12) I 72 38 2.012 Qq] 25 62 37 23.5 20 52 27.8 20 39 25.l 0 13 2 .6 
I ,4790 o. 82) 875 19 2.on '4l 71 62 39 56.0 20 53 18.7 20 40 14.5 0 1 l 4.2 
l .4 7c; '> o. 824 578 58 2.074 !:'i4 30 b2 42 28.6 20 54 9.5 20 41 ,.1 0 n 5.R 
I .48CO o. 825 282 57 2.075 845 01 62 45 I. 2 20 55 0.4 20 41 52.9 0 ll 7.5 

I 



ls, TABLE 11 I-FUNCTIONS OF THE UNIT RAOIUS SPIRAL 
TABLE II 1-FCNCTIONS D'UNE SPIRALE OE RAYON UNITAIRE } --- -- ----- --- - ---- - --------- -- ---- -- ------ --- ---- ------ ----- -- -------------------------- -- 

A/R• L S/R X/R y /R 0/R P/R LT /R 
=LS/A• 
•fil7ii 
···············---=••···-··~-----~=-••···••===••·•··•E&&&&a&~=-=zaz:=&a&&&aza&&S~---■---- 
l .4805 2. l QI 880 25 l. 942 856 65 o. 734 598 67 I .053 498 11 0.191 809 23 I. 565 206 60 
1 .4810 2.!Q3 161 00 I .94 3 851 12 0. 735 505 45 1.054 154 38 o. 1•2 05 7 43 1. 566 423 11 I 

} l.4815 2. t•• 8•2 25 1.944 845 33 0. 736 412 93 1.054 810 10 0.102 305 86 I. 56 7 640 40 
l .4820 2.196 324 00 1.9'5 839 28 0.7H 321 II I. 055 467 13 0.102 ss, 50 I. 568 858 49 
l .482 5 2. 1•1 806 25 I .946 832 97 0.738 229 98 1.056 123 68 0. lQ 2 803 38 1.570 011 37 
l.4@30 2.[qq 289 00 1.947 826 39 0. 739 139 55 l .056 780 34 o. [Q3 052 47 1. 57 l 2•7 04 
l.48l5 2.200 772 25 t. 94A 81 q 56 o. 740 049 81 1.057 H1 12 O. I 93 30 I 78 1. 572 517 51 
l .4840 2.202 256 oc 1.q4q @l 2 46 0.740 960 11 I. 058 094 01 o. 193 551 32 1. 573 7H 11 
1.48•5 2. 203 740 25 1.950 805 cq o.741 812 42 1.058 751 01 o. 193 801 08 1.574 960 83 ) l .4850 2. 205 225 00 1.951 79 7 46 0.742 784 11 1.059 408 12 o. 194 051 01 1.576 183 M 

l.4@55 2. 206 710 25 l .q 52 7@G 56 0. 743 6"7 81 l .060 065 35 o. 194 301 28 1.577 407 33 
l .4860 2.208 196 00 l .q53 781 40 0.744 611 55 \.060 722 69 o. \Q4 551 71 1.578 631 7A 
l.4@15 2.200 682 2 5 1.954 112 % 0.745 525 98 1.001 380 14 o. 194 802 36 l. 579 857 C2 
l .4R10 2. 21 I 109 00 .I .Q55 764 26 o. 746 441 II 1.062 037 71 0.195 053 24 1. 58 I 083 07 
l.4@75 2. 212 656 25 I .956 755 29 0.747 356 93 l.062 695 38 O. I 95 304 34 I. 582 309 s2 ' 

~ 
l.4fUIO 2 • 214 144 00 l .957 746 C5 0.748 273 45 l.063 353 l 7 o. 195 555 66 I. 583 537 57 
l. 488 "i 2.215 632 2 5 l.958 716 54 o. 749 190 66 1.00, Oil 01 o. 195 807 21 1. se, 766 02 
l .4890 2.211 121 00 l .Q59 726 75 0.750 108 51 l.064 669 08 o. 196 058 98 I. 585 995 21 
l .4895 2. 218 610 25 l.960 716 69 o. 751 027 17 l.065 327 21 o. [Q6 JIO 98 l. 587 225 31 
1.4900 2. 220 100 oc l.061 106 36 o. 751 946 46 I .065 985 .. 0.\96 563 20 l. 588 456 20 

l.4905 2 • 221 590 25 1.962 695 75 0.752 866 45 I .066 643 79 C.196 815 64 1. 589 687 87 
1 .4q10 2. 22J 081 oc l. Q63 684 87 o. 753 787 14 \.067 302 25 6.101 068 31 1. 5qo •20 35 
\.4<l1 'i 2. 274 517 25 I .964 673 71 0.754 708 52 I .067 960 81 0.197 321 20 l.5Q2 153 ., 
1.4920 2.226 064 00 1.965 662 27 0.755 630 59 1.068 619 49 o. 197 574 31 I. 593 187 1' 
l.4Q25 2. 227 556 25 I .966 650 56 o.756 553 36 1.06• 218 28 Q. lQ7 827 65 1. 504 622 " 1.4930 2.22q o,9 00 I .967 638 56 o.1s1 476 82 t.069 q37 18 o. 198 08 l 22 1. 595 858 " l.4'135 2. 230 542 25 I .968 626 29 o. 758 400 98 1.010 596 19 0.198 335 00 l. 5q7 QQ4 87 

} 
l.4qlt0 2.232 036 oc l .qbq 613 73 o. 75q 325 83 1.011 255 31 O. I 98 589 02 \.598 332 21 
1.494 '5 2. 233 530 2 5 I .97C 600 90 0.760 25 l 38 1.011 914 54 o. 1qe 843 25 l. 5q9 570 H 
I .4950 2.215 025 oc I .971 5€7 1@ c. 761 177 62 1.012 571 88 0.199 097 72 l .600 809 1, 

1 .. 4', 5 5 2. 216 520 2~ 1.972 ': 14- 3@ 0.762 104 55 1.073 233 33 Q.19Q 352 40 1.602 049 11 
1.4960 2. 238 016 00 I .971 560 69 o. 763 OH 18 1.073 en 89 o. \Q9 607 JI l. 603 28Q 7l 
1.45, 5 2. 239 512 25 1 .Q74 546 72 0.763 960 51 I. 074 552 S5 o. \Q9 862 4S I. 60' 531 ll i \.4S70 2. 241 009 oc [ .975 5 32 •6 0.764 88Q 52 l .075 212 B o. 200 117 81 1.605 773 36 
1.4c;7r; 2. 242 506 2~ 1.976 517 91 0.765 819 23 1.075 872 22 0.200 173 40 l.607 016 4 l 
1 .4qA0 2. 244 004 00 1.977 503 08 o. 766 74q •• I .076 532 21 0.200 629 21 \.608 260 2• 
1.45@5 2. 245 502 2 5 \.978 ,e1 G6 0.161 68C 74 1.011 192 Jl 0.200 885 25 l.609 504 QB 
1.1tqqo 2. 24 7 001 00 1.979 ,12 55 o. 768 012 53 1.011 852 52 0.201 141 51 l. 610 750 4q 
l .4qc; 5 2. 248 500 25 1.980 456 85 o. 769 545 Cl I. 078 512 84 0.201 198 00 I. 611 906 81 
l. SOCO 2.250 000 00 1.981 440 86 0.110 478 19 1.079 173 21 0.201 65• 71 I .613 243 9q r 

I .5005 2. 251 500 25 1.982 42• 58 o. 111 412 07 l.079 833 80 0.201 911 65 l.614 491 q7 J 1.so10 2. 253 COi 00 1.qe3 40@ co 0.112 346 64 I .080 494 .. 0.202 168 8 I l. 615 740 78 
I. 5015 2.25' 502 25 1.984 391 13 0.113 281 90 l. 081 155 19 0.202 426 21 I. 616 990 42 
1.5020 2.256 004 00 1.985 373 97 o. 774 217 85 1,081 816 05 0.202 683 82 l. 618 240 88 
l.5025 2. 25 7 506 25 I .986 156 51 o. 775 154 50 1. 082 477 01 0.202 941 66 1.619 •9? 18 
I. 5010 2.25• oo• 00 l .Q81 338 75 o. 776 C9l 84 I .083 138 08 0.203 199 73 1.020 744 30 
1.501S 2 • 260 512 25 l.988 ?20 70 o. 177 C29 81 t.083 799 26 0.203 458 02 I. 621 997 25 
1.5040 2. 262 016 00 I .Q89 302 35 o. 111 968 60 I. 084 460 54 0.203 716 55 l.623 251 03 
1.i:;Q'i':i 2. 26 3 520 25 1.990 2@3 1C o. 778 Q08 02 1.085 121 q3 0.203 975 29 I. 624 505 ,.. 
1. 5C 1:0 2. 265 025 00 1.99 I 264 15 o. 779 848 14 \ .085 783 43 o. 204 214 26 I. 625 761 C9 

l.5055 2. 266 530 25 1.992 24 5 50 0.160 788 94 I .086 445 03 0.204 403 46 l.627 017 37 ) l .5060 ?. 268 036 00 1.993 22 5 94 0.781 730 44 1.087 106 74 o. 204 752 89 l. 628 274 4q 
l. 5Cf5 2. 269 542 25 I .994 206 C9 0.782 672 64 l. 087 768 56 o. 205 012 54 \.629 532 44 
I. 5070 2. 271 049 oc 1.995 185 53 o. 783 615 52 1.088 HO 48 0.205 272 42 l.630 791 23 
l.5075 ?. 272 556 25 l .996 165 47 c. 784 5S9 10 1.osq 092 50 0.205 532 52 1.632 050 8S 
1.5080 2.274 064 00 1.qcq 144 7l o.1e5 503 37 l. 089 754 63 0.205 792 86 I .633 31 l 32 
1. s cs 5 2.275 572 25 1.998 123 64 o. 786 448 33 1.090 416 81 0.206 053 41 1.634 572 62 
I.SOSO 2. 277 081 oc 1.999 102 26 0.181 393 9q 1.091 01q 21 0.206 314 20 I .635 834 11 I 1 .'jQQ"i 2. 278 590 25 2.000 080 ~7 0.788 340 14 1.001 741 65 o. 206 575 21 l.637 0~1 75 
1. 5100 2. 2 80 100 00 2.001 058 58 o. 789 287 38 1.092 404 20 0.206 836 45 I. OA 361 ~8 I 
1.5105 ?. 281 610 25 2.002 036 28 c. 790 235 12 I .093 066 86 0.201 097 92 1.619 626 25 
1 .5\10 ?.281 121 00 2.003 013 66 o. 791 183 54 1.093 729 62 0.201 359 61 1.640 891 11 
I.'> 11 ~ 2. 284 632 25 2.003 9qo 74 o. 1•2 132 66 1.094 392 48 0.207 621 54 1.642 158 13 
l.5120 2. 286 144 oc 2.004 96 7 50 c. 7q3 082 47 1.095 055 45 0.207 881 6Q 1.643 42 5 34 } 1.5125 2.287 656 25 2.005 S43 95 o. 794 032 97 1.095 718 52 0.208 146 06 1. 644 6Q1 40 
l. 51 lO 2. 2 OQ 100 00 2.006 <20 co o. 7q4t 084 I 1 1.096 381 6q 0.208 408 67 I .645 962 30 
l.5135 2.2QO 682 25 2.001 895 92 o. 795 930 05 1.097 044 97 0.208 671 50 1. 64 7 232 05 
1.5140 ?. 292 196 00 2.008 e11 47 o. 706 888 63 l .097 708 35 0 .208 931t 56 1.648 502 6~ 
I.514 5 2.2Q3 710 25 2.000 846 62 0.7Q7 841 90 l.098 371 83 0.209 197 84 1.649 774 IL 
l.5150 2.205 225 00 2.010 821 49 0.798 795 86 l.09Q 035 47 0.209 46 l 36 l.651 046 V 

1 
l. 515 5 2.296 740 25 2.011 796 cs o. 799 750 51 1.059 699 10 0.209 725 10 1.652 319 58 
l.5160 2. 298 256 00 2.012 11c 29 o.eoo 705 86 1.100 362 90 0.209 98'1 07 \. 653 593 60 
!.5H5 2.299 112 25 2.013 744 21 o. 801 661 8Q 1. 101 026 1• 0.210 253 27 1.654 868 4 7 
1.5170 2. 301 289 00 2.014 717 81 o.eo2 618 62 1.101 690 79 0.210 517 70 l.656 144 IS 
I .5175 2. 302 806 25 7..01~ 6Ql OA 0.803 576 04 1. I 02 354 88 0.210 782 35 I .657 420 78 
l.5180 2. 304 324 oc 2.016 6'4 04 o. 804 534 15 1.103 019 08 0.211 047 2, 1.658 698 22 
l .518 5 2. 305 842 25 2.017 636 67 0.805 492 95 1.103 683 38 0.211 112 35 1.659 H6 52 
I• 51 GO 2. 307 361 00 2.016 608 SA 0.806 45 2 44 I, 104 3H 7Q 0.211 577 65 1.661 255 69 
I. 5 I 9 5 2.308 880 25 2.01• sec 96 0.807 ,12 62 I. 105 012 29 0.211 843 26 1.662 535 71 
1.s 200 2. 310 400 00 2 .020 552 ,2 0.808 373 49 I. I 05 676 90 0.212 109 Oh I. 663 816 59 



TAftlf 111-fU~CTI OH5 Of' Tt,E U"I T RADIUS SPIRAL l 5s 
UBlE I I 1-F0~CTI0NS 0' UNE SP l~AlE Cf RAYO~ UN[TAJPE 

------------------------------------------------------------------------------------------ 
A/ A= ST t• LC /A e 1/J 8•~+C ~ 

=LSI>• ---------------------------------------------------- 
• l'LS/R DEG MNT SEC 
---=-2••===•==•=••==••:••···--·-·····-··········--·-·--·--·······=••····••==•••=••=••·••== 
I ,.4 RO': O. B2S QR7 14 2.077 C95 85 h2 ., 33.q 20 55 SI. 3 20 42 42.2 0 13 •• I 
1.4810 o. 826 6Q2 31 2.078 346 e1 62 50 6.6 20 56 42. 2 20 '3 31.5 0 I 3 10. 7 
1. 4 r-1 5 o. 827 ]QR 01 2.Q7Q 5~7 e9 62 52 39. 4 20 57 33. 1 20 44 20.8 0 I} 12.4 
I. 4R20 o. 82R 104 42 2.0AO A4~ o• 62 55 12.2 20 5R 24.I 20 45 LO. I 0 13 14.0 
I. 487 'i 0. 87R 811 37 ,.oe2 100 41 62 57 45.o 20 5q 15.0 70 45 5Q .4 0 13 15.6 
l. 4~ ~O O.Azq 51A 9 I 2.0B3 35 I 85 63 0 1B. 0 21 0 h.O 70 46 48.7 0 13 l 7. 3 
I .4A 3'i O.AlO 721 05 2. oe, 6C3 4 l b3 2 50 •• 21 0 57.0 70 47 3A. l 0 I l 18.Q 
l. 4 fl40 O.AJO Q3S 7, z .o» ~ R55 C9 63 5 24. 0 21 4A.O 20 4H 71.4 0 1, 20 .t, 
I .4 84 5 o.,n1 ~45 l? 2.087 106 eQ b3 7 5 7 • 0 21 )Q .o ?O 4Y 16.8 v 1, 22.7 
1. 4 B'lO O. A32 ,ss 05 ? .0'3R 35A Pl 63 1-0 JO. 2 71 10. I 70 so 6.2 0 I 3 ?J.o 

I. 4fl55 O.B1l 065 58 2.0BG ,10 PS 63 11 3. 3 71 4 2 I. I 70 50 55 .6 0 I' 7'i. 5 

1 ·" e e o 0.83' 776 71 2. oso St:~ 0 l ,1 I 5 3b. b 21 s I 2. 2 ?O 51 45.0 0 1, 21. i 
l .4H ~ O.A14 4Rq 44 2.002 11':: 2P 1,3 18 Q. 8 21 6 l. l 70 57 34 .4 0 I 3 l ~- q 
l.4€i0 o. 835 200 17 2.og3 3b 7 07 63 20 • l. 2 21 b 54. 4 20 5 l l 3.q ,, 30. 'i 
I • 4 p 1~ o. 83"'> QD 71 ?.O<H b ZC I 7 63 2l 16. 6 71 7 415. '-I 20 54 I l. 3 I 3 32.7 
1 • 4 P€0 O. 81b 627 24 2.0Q5 8 72 7Q 63 25 50. G 21 R 'H,. 7 70 55 7." ll 3).q 
l.41H'i o. 817 34 I lQ 1.otn 125 51 bl 26 23. 5 21 Q 21.e 70 5s '52. 3 11 35 .l'i 
I .48CQ O. 8 3A 050 I! .?.000 ~ 7R 38 63 30 57. 0 21 10 IQ.O 70 Sb 41.8 0 I 3 37.2 
1. 4 ac;s 0.8lA 171 4R 1.aq9 <JI 34 63 ll lO .b 2l ll 10. 2 70 5 7 31. 3 0 ll H.9 
l.4900 o. 8 ,q 4R7 44 7.100 BR4 47 63 3b 4.1 71 12 I .4 ?O 5A ,0.8 0 l l 40.b 

l.4qC5 O. A40 104 0 l 2. 1 oz I 3 7 ti bl 38 H.q 71 12 51.b 20 5q 1 C.4 0 l l 42.l 
I. 4q l 0 o. 840 Q?l I q 2.103 190 ~ I 63 41 I I. 7 21 13 43.9 20 5q i;q .9 0 t s 44.0 
1.4015 G. 84 l 638 QT 2.10, ~-- 'l bl 4l 45. 5 21 14 15. 2 21 0 49.5 n 13 45. 7 
I. 4Q20 o. 842 '57 n 2.105 8Q7 "5 b' 46 l Q. l 21 15 26.4 71 3g. l 0 l' 4 7. 4 
1. 4c;;>~ 0.841 C 1b 37 2. I 07 15 I 4Q 03 4S 5 3. 2 71 16 I 7. 7 21 28.7 I) l l 4Q. I 
1.4930 o. 843 795 QG 2.108 405 74 bl 51 21.2 21 17 Q. I 21 18. 3 0 1 l 50 .fl 
l.4G35 o. 844 516 72 2. 1 09 ,ss 1 C 63 54 l. 2 71 IA Q.4 71 4 7.q 0 13 52.5 
t .49t.0 O. A4'l 237 06 2. I l 0 GI 3 C7 63 56 35. 2 2l 18 51. 7 71 4 S 7 .b 0 '' 54.7 l .4G4 S o. 845 958 5, 7. 112 167 15 63 5q Q. 3 21 IQ 4 3. l 21 5 4 7. 'J 0 l' 55 .9 
t .4QS9 o. 846 6AO 5q 2.111 471 33 64 I 43. 5 71 20 34. 5 21 b 31, .o 0 ll 51 .b 

l .495'5 o. 84 7 401 28 2. I 1' t75 '3 64 4 17.7 21 21 7~.q 21 1 26.6 0 l l ii;g. "\ 

l .4'H·O 0.848 126 50 2. I 15 9:30 o, 64 b 52.0 21 22 17.3 71 R 16.J 0 l 4 I .O 
l. 4c:;t, 5 o. 848 850 51 7. 11 7 IA4 54 h4 Q 26. 3 21 23 8 •• 21 a 6.0 0 14 ?.R 
I .4G10 o. 849 5 75 05 2. 118 43~ 16 64 12 0.6 21 74 0.2 21 q 5 5. 7 0 14 4.5 
t .41i1'l o. 850 JOO 72 2. 1 I G fQ3 ea 64 14 15. I 21 24 51. 7 II 10 45.5 0 14 b.2 
1.4qfo o. 851 07, 00 7.120 Q48 71 64 17 Q.5 21 25 43.2 71 11 35.2 0 14 a.o 
l. 4GA 'l o. 851 752 40 2. I 22 ?C3 65 64 IQ 44.Q 21 76 34. 7 71 1 Z 25.0 0 14 9.7 
1.4990 o. 857 47Q 4 l 2.123 4 58 69 1,4 22 18. 6 21 27 2b • 2 21 ll 14.8 0 14 l L .4 
l.49G5 o. 853 707 OP 2. I 24 71 l 83 64 24 53. 2 21 28 11. 7 21 14 4.6 0 14 l 3. 2 
I .5CCO o. A51 Q,S 35 2.125 G6Q 08 64 27 27 .9 n 2Q Y.3 71 14 1:>4.4 0 14 14.9 

1.5CC~ o. 854 6'4 25 2. I 27 ?24 43 64 30 '.6 21 30 0.9 21 15 44 • 2 0 14 16. 7 
l. 501 0 O. ASS )q] 17 2.12s .,. ea 1,4 ,2 37 .4 21 30 52.5 21 16 34. I 0 14 l 8 .4 
1. 501 5 o. 856 173 qz z.12Q 135 ,,. '4 35 "· 2 21 31 44.l 21 17 23 •• 0 14 20.2 
1.5020 o. 856 854 7C 2.130 QQI 10 64 37 47.l 21 32 35.7 21 1B 13. 8 0 14 21.9 
l. 502 5 0.857 5A6 II 2.132 146 86 64 40 22.0 21 Jl ?7.3 21 IQ 3.7 0 14 73.1 
1.50)0 O.R58 31B 14 2.D3 507 17 64 47 57. 0 21 34 lQ.O 21 IQ 53.6 0 14 25 .4 
I. 503 5 o. 85Q 050 8 I 2.134 758 ,a 64 45 32.1 21 35 10. 7 21 20 43.5 0 14 27.2 

I!. 1.5040 0. R';<il 784 11 2. I 36 C 14 74 b, 48 7.1 21 lb 2.4 21 21 33.4 0 14 29.0 
I. 504 5 o. 860 518 04 2 .137 27C GO 64 50 42. 3 21 lb 54. I 71 22 23.3 0 14 JO. 7 
1.5050 Q. 86 I 252 6C 2. l 3B 527 16 64 53 I 7. 5 21 37 45.A 21 n ll.3 0 14 32.5 

1. 5011i ~ o. A61 qA7 79 2. I 39 7P3 !I 64 55 15:,. 7 71 ,a 31.b 21 24 3.l 0 14 34.J 
, • 50t0 o. 862 7?3 bl ,.141 C39 G7 64 5B ?A.O ?I 3q 2Q. 3 71 24 53.l 0 14 36. I 
l.50f5 O. Al'il 460 o• 7. 142 2% 52 65 I 3.3 21 40 21. I 21 25 4 J. l 0 14 3 7 .a 
1. s c rc O. Bb4 IQ7 IS 2.143 553 17 65 ' 38. 7 21 ,, I 17 .Q 71 26 33.3 0 14 l0.6 
l.5C75 o. 864 034 93 2.144 BOS S? 65 6 14. 2 21 42 4.7 ll 27 23.l 0 14 41.4 
1.5CAO o. 865 673 31 2.146 066 76 65 8 4Q.7 21 " 56 .6 21 2A 13. l 0 14 4 l. 2 
l. 5CP: Iii o. 866 417 33 2.147 32 3 tQ 65 II 25. 2 21 4l 4A .4 21 29 3.4 0 14 45.0 
1. scs o o. 86 7 151 q9 2.148 58C n 6S I,, o. 8 71 44 ,0.1 21 20 5'.l."i 0 1 4 4h.R 
I. 5095 O. Ab 7 an 2s 2.14G 837 e5 65 16 3b. 5 21 45 ,2.2 21 rn ,3.5 0 14 4A.b 
I. 51 00 O. 86A 633 2 l 2.151 C95 07 65 ,. 12. 2 ll 46 24. l 71 JI 3 ~. b 0 14 '>0 .4 

I. 510 5 O. 86Q 374 81 2.152 ?52 JB 65 21 4 7.9 21 47 16 .o 21 37 23.7 0 14 52.7 
I. 5110 o. 870 117 04 2.153 609 79 65 24 23. 8 21 48 7.q 21 33 13.Q 0 14 54. I 
I. 5115 o. 870 85S •t 2.154 867 29 65 26 59. 6 21 48 5q.q 21 14 4.0 0 14 ljllj .q 

I. 5120 o. 871 603 •1 2.156 124 BB 65 zq 15. 5 21 4Q 51. 8 21 34 s,.2 0 14 57. 7 
I .5125 0.872 347 5q 2.157 382 56 65 32 11. 5 21 50 43.8 21 35 44. ~ 0 14 59.5 
1. s I 30 Q.R73 OQ2 41 2. I 58 .-c 33 65 34 4 7. 5 21 51 35. 8 21 lb 34.5 0 15 I. l 
1.5135 o. 813 837 87 2.159 A98 IQ 65 37 23.6 ll 52 27.Q 71 37 24. 7 0 15 3. 7 
1.5140 0.874 583 9e 2.161 156 15 65 3Q 59. 7 21 51 19.9 21 JR 14.q 0 15 5.0 
I. 514 5 o. 875 330 74 2.162 414 I q 65 42 35.9 21 54 12.0 21 3Q 5. I 0 15 6-~ 
I. 5150 o. 876 078 I 5 2.163 '72 32 65 •5 12.l 21 55 4.0 21 JQ 55.4 0 15 8.7 

L5155 o. 876 826 22 2.164 930 54 65 47 48.3 21 55 Sb.I 21 40 ,5.6 0 15 10.5 
1.5160 a.an 574 93 2. 166 188 84 b5 50 24. 7 21 56 48.2 21 41 35.Q 0 15 12.3 
1.5165 0.87B 12, 31 2.lb7 447 24 65 51 1.0 21 5 7 40.3 21 47 26.1 0 15 14. 2 
I. 51 10 0.879 074 ll 2.168 705 72 65 55 37 .5 21 58 12.5 21 41 16.4 0 15 16.0 
I. 5115 O.BH 825 02 2. 169 064 ?8 65 5R I J.S 21 5Q 24.6 21 '4 6.7 0 15 17 .Q 

I. 51 eo O. B80 576 36 2. I 71 222 9, 66 0 50. 5 22 0 16.B 21 44 57.1 0 15 IQ.8 
1.5185 O. 8B1 32B 35 2.1 72 481 67 bb 3 27. l 22 I 9.0 21 ,5 47.4 0 15 21.6 
I. 5190 0.8A2 CBI 0 I 2.173 740 50 66 b 3.7 22 2 I. 2 21 46 37.B 0 15 23.5 
l. 5195 O. B82 834 31 2.1 74 Q99 40 bb 8 40.4 22 2 53.5 21 47 28. I 0 15 25.l 
I. 52CO 0.883 588 31 2.176 258 JQ 66 II 17. I 22 3 45. 7 ll 48 18. 5 0 I 5 27.2 



IS6 TARLE 111-Fu•CTIONS OF THE UNIT RADIUS SP lfUL 
TA8lf 11 I-l=rPI.CTIONS 01 UNE SPIRALE nr RAYON UNJTA[Rf ) ------------ ------------------------------------------------------------------------------ A/ R = LS /R X/P Y/R Q/R P/R l T /R 

=LS/A• 
=VLS/R 
---=::=•==•••••~•=-=•--•----------•--••=•--=-•=--•r•----•==-=-•-=---••--•••••••••=•r••~=•• 
1. 5205 2. 111 no 2S 2 .o 21 523 q5 a.so• 335 06 I. 106 341 6C 0.212 175 o• 1.665 098 34 
l.'1210 2. 313 '41 00 2.072 4q4 S5 0.810 207 31 I. I 07 006 41 0.212 6'1 34 I. 666 380 % 

} 
I .5215 2. 314 %2 25 2.023 465 n O. Al I 260 25 I. I 07 671 32 0.212 •01 A3 l.t67 664 44 
1.s220 2. 316 '84 oc 2.0?4 435 SA 0.812 223 Ag 1.108 336 l? 0.213 174 54 I .668 948 1• 
1. C"j2; 5 ?. 318 006 2~ 2 .ozc: 405 sq 0.813 188 2 l 1.1 CQ Oat 43 0.21, HI 48 I .670 233 00 I l.5230 2. 31 q s2q oc 2.026 375 68 o. 81 ... 1q n 1.100 666 .. 0.213 708 65 1.671 570 CT 
l. 52':! 5 7 • 321 052 25 2.021 34 5 C3 o. 815 11 A OJ 1.110 131 gs 0.213 q76 OS 1.672 807 C2 
I .5 240 2. 322 5 76 oc 2 .078 ! 14 C5 o. 816 0A5 33 I. I 10 qqJ 35 o. 214 24 3 68 I. 6 74 oq4 85 
l.52<5 2. 324 too 25 2.02• 2A7 74 o. 8 l 7 052 4 l 1.111 662 86 0.714 511 54 l. 6 75 363 54 ' ) I. 5750 2. 32 5 675 00 2.010 2'51 c• O. 8 l A 020 10 I. I 12 12A 47 0.214 11" 61 I. 676 673 10 

I. 52 ~ '5 2. 327 150 25 2.0JI 71q II o. 818 •es 65 l. I 12 904 l 7 0.215 047 95 I. 677 063 S4 
l.52'0 2. 32 8 676 oc 2.0J2 I e6 ;q c. 8\ q 057 80 I.I 13 659 gs o. 215 316 50 l. 679 254 85 
l. 5 26 S 2. 1,0 202 2s 2.03~ l 54 13 o. 820 q27 65 1.114 325 88 o. 215 SA5 21 l.680 54 7 04 
I. 5 270 2. 33 l 720 oc 2 .034 l 2 l 14 o. 821 898 18 I. I 14 991 88 0.215 8~4 28 I. 681 840 II 
l.5275 2.333 256 25 7.035 C61 S.l O. A22 86q 40 I. l 15 657 98 o. 216 123 52 l. 68 J 134 05 ' 

1( 
I. 5280 2. 'B4 7A4 oc 2.0:lf C54 14 0.823 "41 JI 1. l 16 324 18 0.216 ,n 0A I. 684 428 87 
l.52AS 2. 'Hb 312 25 2.011 02C 12 Q.824 813 •1 1-116 ••o 48 0.216 662 68 I. t85 124 SA 
l.5200 2.1n 641 00 2.031 •AS 11 o. 825 161 20 1.117 656 8A 0.216 q32 61 1.687 021 IS 
l.52~5 2. ,3q 370 2s z.c,e GSI CT o. 826 76 l 18 1.118 323 37 0.211 202 76 1.688 318 62 
I• 5 JOO 2. 34 0 •oo 00 2.0Jq Gib CJ O.A27 735 84 I. I 18 •0• % 0.217 473 15 1.68G 616 q7 

l. 5 Jor; ?. 34? 4'0 2~ 2.0,0 880 ts o. 828 111 20 I. I 19 656 65 0 .21 7 1, 3 11 I. 6qQ 916 20 
1.5310 ?. .. l4 3 961 00 2.041 844 G2 o. 820 6A7 24 l .120 323 43 0.21A 014 62 1.6"2 216 ,2 
I. 5 3 l 5 2. 3'5 4q2 25 2.042 808 84 0.830 663 q7 1.120 sso 31 0.218 285 6q I .6q3 517 }2 
1.5320 2. 347 024 oc 2.043 112 42 o. 81 l 641 39 I. I 21 657 2q 0.218 SS7 00 1.6H 91q 71 
I. 5 l2S 2. 348 556 25 2.044 735 t5 0.832 610 50 1.122 324 37 0.218 82 8 54 1.696 121 9q 
l. 5 330 2.350 089 00 2.045 6"8 54 o. 8JJ 5qa JO I. I 22 001 54 o. 2 l q 100 31 1.697 425 66 
I. 5 ~ 35 2.351 622 2~ 2.046 661 C1 0.6l4 571 7A I. l 23 65A 81 o. 219 372 31 1 .. 6°8 730 21 

} l. 5 340 2.3B 156 oc ? • 04 7 6?1 25 0.835 557 gs 1. 124 326 IA 0.71g 644 54 I. 700 035 66 
1.5345 2. 354 6•o 25 2 .048 SAS CA 0.836 538 8l I. I 24 qo3 64 o.n• 917 00 1.101 34 2 Cl 
l •1'-l'iO 2. 356 27S oc 2.0,q !4t: ~6 0.837 520 36 1.125 661 1• o .. J.20 10• 60 I. 702 64q 24 

1.5 35 5 2. 35 7 760 2 S 2.050 5C7 6q 0.838 502 59 I. I 26 328 85 0.220 462 62 1. 701 957 37 
I. 5 J,o 2. 35g 206 00 2 .051 468 46 o.a3q 485 51 1.126 096 50 o. 220 735 11 I. 705 266 40 
1 • 51t5 2. 360 832 2~ 2 .052 428 88 o. 840 469 12 l. 1?7 664 44 0.221 oo• 16 I. 706 576 37 

~ 
1 .. 5 370 7. 362 369 oc 2 .a 53 388 94 o. 841 45 J 41 1. 128 332 38 o. 221 282 11 I. 707 88 7 14 
l.5375 2. 363 •06 25 2 .0'>4 34A 65 0.842 4J8 Jg I. 12q 000 41 0.221 5'56 62 I. 709 1q9 80 
I. 5 380 2. 305 444 00 2.055 30@ 00 o. 84 J 424 06 1.12• 668 54 o. 221 830 70 1.110 511 48 
l. 5'38 '! 2.366 982 25 2.056 266 sq o. 844 410 42 1.130 ll6 76 0.222 105 01 1.111 825 co 
l. 5 ~qo 2. 368 521 oc 2. 057 225 62 o. 845 397 40 l. I 31 005 08 o. 22 7 379 56 I. 713 13" 43 
I. '395 2. 370 060 25 2.058 I e J GO o.846 385 1• I.Ill 673 4q 0.222 654 33 I. 714 454 75 
l.5400 2. 371 600 oc 2. o s s 141 8 l a.841 173 60 I. I 32 341 90 0.222 92g J3 I. 715 770 98 } 
I .5 •o 5 2. J7 J 140 25 z .o ec 09S 36 0.848 362 70 I. I 33 010 5q o. 22, 204 57 I. 717 088 12 I 1.5410 2. 374 681 oc 2.061 056 54 0.84Q 352 49 1.133 67" 29 0.273 480 a, I. 718 406 16 
l.541S 2. 376 222 2~ 2.067 Oil 37 0.850 1,2 96 I. I 34 348 07 0.223 755 74 1.11• 725 12 
I. 5"20 2. 377 764 QC · 2. 062 <6S 83 0.851 334 12 I. I 35 016 q5 0.224 031 67 l. 721 044 98 
1. 'i4? i:; 2.379 306 25 7.061 025 G2 0.852 12 5 96 1.135 685 q3 o. 224 301 84 I. 122 365 75 
1. r;4 ?O 2. 380 84q oc 2 .06• 881 ts o. 853 318 49 1.1 36 354 go o.224 584 24 I. 723 687 43 

I I. 1>4 35 2. 382 J02 25 2.065 837 Cl 0.854 JI I 10 1.137 024 15 0.224 860 86 1.725 010 02 
l .. S"40 2. 38 J 036 oc 2.066 7G2 co 0.855 305 60 1.137 6q3 40 0.225 137 73 1.126 333 53 
l .. 'i445 2. 38 5 480 2s 2.001 746 62 0.856 JOO 10 1.1 38 362 75 0.225 414 82 1.121 657 gs 
l .. 5-4 50 2. 38 7 C2S 00 2.068 10C 88 0.857 2•s 45 1.1 39 037 I 8 0.225 6"2 14 I. 72 8 qs3 2• 

I .. '34'i5 2. 188 570 25 2.Q6q 6~4 76 0.858 2q I 41 1.13g 701 71 0.225 ... 70 1.730 309 54 ) 1. 54j\Q 2. ,.o I 16 or. 2 .070 608 21 0.859 288 05 1.140 HI J3 0.22, 247 40 I. 731 636 71 
l. 51tt5 ?. 39! 662 25 2.011 561 41 0.860 285 37 I. I •t 041 05 o. 2 26 525 57 l. 732 964 ea 
l. 5470 2. '39l 209 oc 2.012 1;14 18 o. 861 283 37 1.141 710 85 0.226 803 77 1. n4 293 81 I 1.547 5 2. 394 756 25 2.073 ••• 57 a. 862 282 06 1. I 42 380 74 o. 221 082 26 1.135 623 15 
1.5480 2.396 304 00 2.074 418 59 a. 863 281 44 1.143 050 73 0.221 360 98 L. 736 q54 60 
l.5<f5 2. 3"7 852 25 2.075 37C 23 0.864 281 50 I .143 120 81 0.221 639 94 1. ne 286 38 
1.54qo 2. 39g 401 oc 2 .. 076 321 49 0.865 282 24 1.144 1•0 98 0.221 q1q 12 1. 73 ~ 61• ca j I I. 54q5 2.400 q50 25 2.011 272 )8 0.866 283 66 I .145 061 24 0.228 1qe 54 1.740 q5 2 11 
l.'i5OO 2.402 500 oc 2.018 222 sq o. 86 7 285 11 1. 145 731 58 o. 228 478 20 1.142 28 7 26 ) 

I. 55C5 l 
2 .. 404 050 25 2 .01q l 73 C2 0.868 288 57 I. 146 402 02 0.,28 75@ C8 1.743 622 75 

I. 5 5 IO 2.405 601 00 2.080 122 11 c. 86q 2"2 04 1.147 072 55 o. 220 038 20 L. 744 95q 16 
I. 5 515 2.407 152 25 2.081 012 1 J o. 810 296 20 1.147 743 11 0.229 318 55 1. 746 2% 50 
1. ,;-::20 2.408 704 00 2.082 021 12 o. 871 301 04 l.148 413 88 o. 229 509 14 t.747 634 16 f 

1 l .. 5 ~ 2 5 7.410 256 25 2.082 %G 12 0.872 306 56 I .14q 084 68 o. 229 879 96 1.748 973 96 I .S530 2. 411 so• oc 2.083 017 94 0.873 312 77 l. l 4Q 755 57 o. 2130 16 I 01 I. 750 314 12 
I .. 55 ~ 5 2. 413 362 25 2.084 865 11 0.874 Jig 65 1.150 426 55 o. 230 '42 30 1.751 655 20 
1.5540 2.414 •1• 00 2.085 813 22 0.875 32? 22 1. I 51 0•1 61- 0.230 773 6-2 I. 752 007 21 I. s 54 s 2.416 470 25 2.086 760 28 0.876 335 48 I. I 51 768 11 0.211 005 57 L. 754 340 16 l .. s~ ~o 2.4lij 025 00 2.081 706 GS o. 877 344 41 1.152 440 CI 0.231 28 7 56 1. 755 684 05 ( 

J 
1-5555 2.41g 580 25 2.oee 653 24 0.878 354 03 I. I 53 111 35 o. 231 569 78 1.757 028 @8 
.5560 2.421 I 36 00 2.089 5qq 13 0.81• 364 32 I. I 53 782 77 o. 731 852 24 I. 758 374 65 
I. 55t5 2. 422 ••2 25 2.oqo 1;44 64 0.880 37 5 JO 1.154 454 28 o. 232 134 03 !. 759 721 36 
j.5570 2. 424 24• oc 2.0•1 49q 75 0.881 386 % 1.155 125 87 o. 232 H7 85 1. 761 069 01 
1-55 75 2.425 806 25 2.on 434 48 0.882 399 30 1.155 797 56 o. 232 701 01 I. 762 417 ti 
.5580 2.427 364 00 2.003 378 80 0.883 412 32 I. 156 469 J3 o. 232 984 40 I. 763 767 15 

l.5585 2.428 •22 25 2.094 322 74 0.884 426 02 I. I 57 141 1• 0.233 268 02 1.765 117 t4 I. 5500 2.430 '>81 00 2.005 266 2@ 0.885 440 40 1.157 Al3 14 0.233 551 88 I. 766 46• 08 
.. 5!.i~ ! 7.432 040 25 2.096 20• 43 0.886 455 46 1.158 485 17 0.233 835 •e I. 767 821 47 
• 56CO 2.433 600 00 2.oq1 152 18 O.R87 471 21 1.15g 157 29 o. 2~4 120 JI 1.769 174 81 



TAftl! 111-rui,c YI ON5 Of' T~ UNIT OADIU5 5PIUL ·1'7 
TAftlE 111-FO~CTIONS o•uNE SP IRALE OE RAYON UNITAIRE 

----------------------------------------------------------------------------------------- 
A/R• ST /R LC/R e 1n ••♦•c • C 
•LS/Ii• --------------------------------------------------- • VlITR DEG IINT SEC 

-----------------··------·--···················--·-·----------·············-·······-···· 1.52(5 0.884 3H 95 2.177 517 47 66 13 53.9 22 4 38 .o 21 49 ••• 0 15 29.1 
l.'210 o. 885 098 25 2.111 776 62 66 16 30.7 22 5 30.2 21 49 59.3 0 15 31.0 
1. 5215 o. 885 854 21 2.180 035 86 66 19 7.6 22 6 22.5 21 50 49.7 0 15 32.8 
1. 5220 o. 886 610 84 2.181 295 18 66 21 44.6 22 1 14.9 21 51 40.1 0 15 H.7 
1.5225 0.887 368 14 2.182 554 51 66 24 21.6 22 8 1.2 21 52 30.6 0 15 36.6 
1.5210 o. 888 126 10 2. 183 114 06 66 26 58.6 22 8 59.5 21 53 21 .o 0 15 38.5 
l. 5235 a.see 884 7J 2.185 on 63 66 2'1 35. 7 22 .. 51 ... 21 54 11.5 0 15 40.4 
1 .5240 0.819 644 03 2.186 H3 27 66 31 12.8 22 10 44.3 21 55 2.0 0 15 42.3 
1.5245 a.no 404 00 2.181 592 '19 66 34 50.0 22 11 36. 7 21 55 52.5 0 15 44.2 
1.5250 0.891 164 64 2.181 852 1'1 66 H 27.3 22 12 29.l 21 56 43.0 0 15 46.1 

1.5255 0.01 925 95 2.1'10 112 H 66 40 4.6 22 13 21 .5 21 57 33.5 0 15 48.0 
1.5260 o. 8'12 687 94 2.191 372 62 "" 42 42.0 22 14 14.0 21 58 24. I 0 15 49.9 
l.5H5 o. 893 450 H 2. I 92 t32 65 66 45 19.4 22 15 6.5 21 5Q 14.6 0 15 51.8 
1.5270 0.894 213 92 2. I 93 en 76 66 47 56.8 22 15 58.'9 n 0 5.2 0 15 53.7 
l.521~ o. 8'14 q77 93 2.1'15 152 94 66 50 34.3 22 16 51.4 22 0 55.8 0 15 55.6 
1.5280 o. 895 742 62 2. 196 413 20 66 53 11.9 22 17 44.0 22 I 46.4 0 15 57.6 
I. 528 5 0.896 507 98 2.1n 673 54 66 55 49.5 22 18 36.5 22 2 37.0 0 15 59.5 
1.52qo o. 897 2H 02 2. 198 933 q4 66 58 21.2 22 19 29.l 22 3 27.6 0 16 1.4 
1.52'!5 o. 8Q8 040 7J 2.200 194 43 67 1 4.9 22 20 21.6 22 4 18. 3 0 16 3.3 
1.5rno o. 898 808 B 2.201 454 ,e 67 3 42.6 22 21 14.2 22 5 8.9 0 16 5.3 

1.5305 o. 899 576 21 2.202 715 61 67 6 20.5 22 22 6.8 22 59.6 0 u 7.2 
1.5310 o. 900 344 98 2.203 976 31 67 8 58.3 22 22 59.4 22 6 50.3 0 16 9.2 
l.5~15 o.901 114 42 2.20, 231 C9 67 11 J6.3 22 23 52.1 22 1 41.0 0 16 11.1 
1.5320 0.901 884 55 2.206 4'17 93 67 14 14.2 22 24 44.7 22 8 31.7 0 16 13.0 
1.53H o. '102 655 37 2.201 758 85 67 16 52.2 22 25 37.4 22 .. 22 .4 0 16 15.0 
t.5l:!0 0.'103 426 87 2.109 019 83 67 l'I 30.3 22 26 30. 1 22 10 13.2 0 16 16.'I 

r l.5H5 0.'104 l'l'I 07 2.210 z eo 9q 67 22 8.5 22 27 22.s 22 II 3.'I 0 16 18.9 
1.5340 0.904 971 94 2. 211 542 CI 67 24 46.6 22 28 15.5 22 11 54. 7 0 16 20.9 
1.5345 o. '105 745 51 2.212 803 21 67 27 24.9 22 29 8.3 22 12 45.5 0 16 22 .8 
l. 5 '350 0.906 519 11 2.214 064 47 67 30 3.1 22 30 1. 0 22 13 36.3 0 16 24.8 

l .5!5 5 o. '>07 2'14 72 2.115 325 ea 67 32 41.5 22 30 53.8 22 14 27. I 0 16 26.8 
l.53f0 o. '108 070 37 2.216 587 19 67 35 19.9 22 31 46.6 22 15 17.9 0 16 28.7 
1.53t5 0.908 846 70 2.211 848 65 67 37 58.3 22 32 39.4 22 16 8.7 0 16 30.7 
1.5370 0.'109 f23 74 2.219 110 18 67 40 36.8 22 n 32.3 22 16 59.6 0 16 32.7 
1.5375 o. 910 401 46 2.220 371 H 67 43 15. 3 22 34 25. I 22 17 50.4 0 16 34. 7 
1.5380 0.'111 1n 89 2.221 633 44 67 45 53.9 22 15 u.o 22 18 41.] 0 16 36. 7 
1.5385 o.n1 959 01 2.222 895 16 67 48 32.6 22 36 10.9 22 19 12.2 0 16 H.7 
t.5?qo 0.912 738 83 2-224 156 q5 67 51 11.3 22 37 3.8 22 20 21.1 0 16 40. 7 

r 1.5395 o. '113 519 35 2.225 418 80 67 53 50.0 22 n 56.7 22 21 14.0 0 16 42.7 
1.5400 0.914 ]00 5! 2.226 680 71 67 56 21.8 22 ]8 49.6 22 22 4.'I 0 16 44.7 

u I .5405 0.9H 082 50 2.211 '142 6q 67 59 1.1 22 3Q 42.6 22 22 55.9 0 16 46. 7 
1.5410 o. '115 865 I] 2.22, 204 13 68 I. 46.6 22 40 35.5 22 23 46.9 0 16 48. 7 
1.5415 o. 916 648 46 2 -~30 466 83 68 4 25.5 22 41 ,8.5 22 24 37.8 0 16 50.7 
1.5420 0.917 432 4< 2.231 l28 C9 68 7 4.5 22 42 21. 5 22 25 28.8 0 16 52.7 
1.5425 0.918 217 24 2.212 991 21 68 9 43.6 22 43 14.5 22 26 19.8 0 16 54.7 
I. 5430 0.,19 002 69 2.234 253 49 68 12 22.1 22 44 7.6 22 27 10. 8 0 16 56.7 
1.5435 Q.919 788 85 2.215 515 83 68 15 1.1 22 45 0.6 22 28 1.9 0 16 58.8 
1.5440 0.920 5 75 71 2.236 778 '3 68 17 41.0 22 0 53.7 22 28 52.'I 0 17 o.s 
l .5445 0.921 363 H 2.231 040 68 68 20 20. l 22 46 46.8 22 29 43.'I 0 17 2.8 
1.5450 0.'122 151 58 2.239 303 20 61 22 59.6 22 47 39.9 22 30 35.0 0 17 4.'I 

1.5455 o. 922 940 58 2.240 ,t, 77 68 25 39.0 22 48 33.0 22 31 26.l 0 17 6.9 
t.54f0 o. 923 no 30 2. 241 821 40 61 28 18.4 22 49 26.l 22 ]2 11.2 0 17 8.'I 
t.54f5 0.924 520 7J 2.243 0'11 Cl 61 30 57.9 22 50 19.3 22 H e.1 0 17 11.0 
1.5470 0.925 311 87 2.244 353 82 68 H 37.4 22 51 12.5 22 33 59.4 0 17 13.0 
1.5415 0.926 103 74 2.245 f 16 ti 68 36 11.c 22 52 5.7 22 34 50.6 0 17 15.I 
1.5410 o. 926 896 32 2.246 n, 46 68 38 56.6 22 52 58.9 22 35 41.7 0 17 11.1 
1.54!5 o. 927 689 62 2.241 142 37 68 41 36.3 22 53 52.l 12 36 32 .9 0 17 l 'I. 2 
1.5490 0.928 483 64 2.249 405 32 68 44 16.0 22 54 45.3 22 37 24.1 0 17 21.3 
I .5455 o. 929 27~ u 2.250 668 33 68 46 55.8 22 55 31.6 22 38 15.1 0 17 23.3 
l.55CO 0.910 OH 84 2.251 931 39 68 49 ]5.6 22 56 31.9 22 39 6.5 0 17 25.4 

t.5505 0.910 870 03 2. 253 194 50 68 52 15.5 22 57 25.2 22 3'I 57.7 0 17 27.5 
1.5510 o.931 666 94 2.254 457 67 68 54 55.4 22 58 18. 5 22 40 48.'I 0 17 2'1.6 
1.5515 0.9]2 464 5 8 2.255 120 88 68 57 35.4 22 59 11.s 27 41 40.2 0 17 JI .6 
I. 5' 20 0.933 262 95 2.256 984 15 69 0 15.4 23 0 5. I 22 42 31.4 0 17 33.7 
1. 552 5 o. 9,4 062 04 2.258 247 4f 69 2 55. 5 23 0 58.5 22 43 22.1 0 17 35.8 
1.5530 o. 9)4 161 86 2.259 510 82 69 5 35.7 23 l 51.'I 22 44 14.0 0 17 ]7.9 
1.,,:!5 0.935 662 41 2.260 774 24 6'1 8 15.8 23 2 45.3 22 45 5.3 0 17 40.9 
1.5540 0.936 461 69 2.262 037 70 6'1 10 56. I 23 3 38. 7 22 45 56.6 0 17 42.1 
1.5545 0.937 265 71 2.263 3CI 20 69 13 36.4 23 4 32.1 22 46 47.9 0 I 7 44.i' 
1.5550 o.,38 068 45 2.264 '64 76 69 16 16.7 23 5 25.6 22 -47 39.3 0 17 46.3 

1.5555 0.'38 en 93 2.265 eze 36 6'1 18 57. l 23 6 19.0 22 48 30.6 0 17 48.4 

l. '' to o.•39 676 15 2.267 092 00 69 21 )7.6 23 1 12.5 22 49 22.0 0 17 50.5 
1.55'5 o .... o 481 11 2.268 355 t9 6'1 24 18.1 23 8 6.0 22 50 13.4 0 17 52.6 
I. 55 lO ••• 41 216 IC 2.269 olq 43 69 26 58.6 23 8 59.5 22 51 4.1 0 17 54.8 
1.55i5 0 .... 2 0'13 23 2.270 183 21 69 29 39. 2 23 9 53. I 22 51 56.2 0 17 56.9 
1.5580 o. 942 900 4C 2.212 14 7 03 6'1 32 19.9 23 10 46.6 22 52 47.6 0 17 59.0 
l.5'15 0.943 708 31 2.273 41C qo 6'1 35 o. 6 23 11 40.2 22 53 1•. I 0 18 1.1 
1.5590 0.944 516 97 2.274 674 81 69 37 41. 3 23 12 33.8 22 54 30.5 0 18 3.3 
I .5 5S5 o. 945 326 37 2.2 75 93E 76 69 40 22.2 23 13 27 .4 22 55 22.0 0 18 5 •• 
I. 5 600 0.946 136 5 I 2.211 202 76 69 43 3.0 23 14 21. 0 22 56 13.5 0 18 7.5 



158 TA8Lf 111-PU~CTIONS Of THE u.ir UOIUS S'IUL 
TABLE 111-FOM:TIONS D'UNE SPIOALE OE •AYON UNITAl•E 

} --------------------------------------------------------------------------------------- A/Rw: LS t• X/R Y/R Qt• P/R LT/• 
•LS /A• ' -nsr« 
··-··---·-····----··-··---··--------------------·-·--··---····-········------·-·----·- 1.5605 2.435 160 25 2.098 094 53 a.au 487 63 1.159 829 50 0.234 404 87 1.110 529 10 
l.'61e 2. 436 '21 00 2.0'1'1 036 48 0.889 504 73 1.160 501 79 0.234 681 61 1.111 884 34 
1.5615 2.431 282 25 2.099 H8 03 0.890 522 51 I. I 61 174 17 o.2H 974 10 1.113 240 53 
1.5620 2.439 844 00 2.100 '119 19 0.8'11 540 '11 1.161 846 64 0.235 259 '11 1.114 597 69 
1.5625 2.441 406 25 2.101 959 ~4 o.9n 560 II 1. 162 519 19 0.235 545 41 1.115 9'5 H 
1.,5630 2.442 '169 00 2. 102 eoo 29 0.893 579 93 1.163 I'll 83 0.235 831 20 1.111 314 96 
l,HH 2.444 532 25 2.103 14C 24 0.894 600 43 I. I 63 9f>4 55 0.236 117 18 1.118 n• a9 
1.5640 2.446 C'l6 00 2.104 6H 19 0.895 621 60 1.164 537 36 0.236 403 38 1.780 035 81 
1.5645 2.447 660 25 2.105 618 93 o. 8'16 643 46 1.165 210 26 0.236 689 82 1.181 397 81 ' ) 1.5650 2.449 225 00 2. 106 557 t6 0.8'11 665 •• 1.165 883 24 0.236 '116 50 1.782 160 72 

!. 56 55 2,450 790 2~ 2.101 495 59 0.898 689 20 1.166 556 30 0.237 263 41 !. 784 124 59 
l.5uo 2.452 356 00 2.108 433 'II 0.899 713 09 1.167 229 45 0.2n 550 56 1.185 489 43 
l.5M5 2. 45 3 '122 25 2.10• 311 41 0.900 731 66 1.167 902 69 0.237 an 94 1. 786 855 23 
1.5 670 2. 455 489 00 2.110 308 53 C.901 762 90 1.168 576 00 0.138 125 56 t.788 222 00 
1.5675 2.457 056 25 2. 111 245 23 0.902 788 82 1.169 249 40 o. 238 41] 41 1.1n SR• 14 

, 

~ 
t.5•eo 2.458 624 00 2.112 I 81 51 0.903 815 42 1.169 922 ... o.2Ja 701 50 !. 790 958 44 
l,H85 2.460 192 25 2,113 117 3e 0.904 842 10 1.110 596 46 0.238 989 83 I. 792 328 12 
1.5690 2.461 761 00 2.114 052 e4 0.905 870 65 1.111 270 11 0.239 278 39 I. 7'13 6'18 11 
I ,5,9 5 2. 463 330 25 2.114 'IP7 @9 C.906 899 2R 1.111 943 84 o. 239 567 18 l. 795 070 40 
1.5 700 2.~64 900 00 2.115 922 52 o. 907 928 58 1.112 611 66 o.239 856 21 I. 796 443 00 

1.57(5 2.466 470 25 2.116 !56 73 0.908 958 57 1.173 291 57 0.240 145 48 I. 797 816 57 ) 1,5710 2.468 041 00 2. 117 790 53 0.909 989 22 1.173 965 55 0.240 434 98 !.H'I I'll 13 
1. 5115 2.469 612 25 2. I 18 723 52 0.911 020 56 1. 174 639 62 0.240 724 72 1.800 566 66 
1,5120 2.471 184 00 2. I 19 656 88 0.912 052 57 1.175 313 11 o. 241 014 70 1. 801 943 11 
1.5725 2. 472 756 25 2.120 589 43 o.•111 085 25 1.175 '188 00 o.241 304 91 1.803 320 66 
1. 5 7~0 2.474 329 00 2.121 521 55 0.914 118 61 1.176 662 31 0.241 5'15 35 1.804 699 14 
1.5735 2.475 902 25 2.122 453 26 0.915 152 64 1.111 336 71 0.241 886 04 1.806 078 59 } l.5HO 2. 411 476 00 2.123 384 54 0.f:116 187 35 1.178 Oil 19 0.242 176 96 1. 807 459 04 
1.5745 2.4H 050 25 2.114 315 40 0.917 222 74 I. I 78 685 75 0.242 468 II 1.808 840 47 
1,5750 2.00 625 00 2.125 745 84 0.918 258 80 1.179 360 39 0.242 75q 51 1.810 222 88 

1.5155 2.482 200 25 2. IU 175 85 0.919 295 53 1.180 035 II 0.243 051 14 1.811 606 29 
1,5760 2. 481 776 00 1.121 105 44 0.920 332 93 1.100 709 91 0.243 343 00 I. 812 990 68 
l,5H5 2.485 352 H 2.12a 034 60 0.921 HI 01 I. I 81 384 80 0.243 635 10 1.814 376 07 
1.5770 7..486 92• 00 2.128 961 34 0.922 40• 77 1.182 059 1b 0. 24 3 927 44 I. 815 762 45 
1,5775 2,4AA 506 25 2.129 891 f4 o. 923 449 20 1.182 734 AO o.244 220 02 1.817 1 ... 82 
1.5780 2.-\qo 084 00 2.130 819 52 o. "24 48• 30 I. 183 409 93 0.244 512 83 1,818 538 19 
l.57e5 2.491 662 25 2. 131 746 57 0.925 530 07 1.184 085 13 0.744 805 88 1. 819 927 5< 
1.5790 2,491 241 00 2. I l2 673 59 o.•26 571 52 1.184 760 42 o.245 099 16 1.821 317 n 
1.5 79 5 2.4q4 820 25 2.133 600 57 0.927 613 63 1.185 435 78 0.245 392 69 1.822 709 28 1 1.5800 2.496 400 00 2.134 526 73 0.928 656 43 1.186 Ill 23 0.245 686 45 1.824 IOI 64 

1. 580 ~ 2.4Q7 980 25 2.135 452 45 0.929 699 89 1.186 786 75 0.245 •80 45 I. 825 495 00 I 1.58 IO 2. 499 561 00 2-.136 377 73 0.930 144 02 1. 187 462 35 o.246 274 6R 1.826 889 H 
1.5815 2.501 142 25 2.137 302 58 o.q)l 788 83 !. I 88 138 03 o. 246 569 15 1.828 284 74 
1,5820 2-502 724 00 2.138 227 00 0.932 834 31 1.188 !13 79 0.246 863 86 1.829 681 II \ .5e2, 2. 504 306 25 2.135 150 SP 0.933 880 46 !. I 89 489 63 0.247 I 58 81 I. 831 078 49 
t.5,no 2. 505 88• 00 2.140 074 51 0.934 927 28 1.190 165 54 0.?47 453 99 1.832 476 88 
1.5815 2.507 472 25 2.140 997 62 0.935 974 77 1.190 841 54 o. 24 7 749 41 1.8H 876 2A 
1.5@40 2.509 056 00 2.141 920 28 0.937 022 93 1.191 517 61 o. 248 045 07 1.815 276 69 
1.584' 2. 510 640 25 2.142 842 50 0.938 071 76 I. IQ2 193 76 0.248 340 97 1.836 678 12 
l,5!50 2.512 225 00 2.143 764 28 0.939 121 26 I. 192 869 q9 0.248 637 10 1.838 080 55 

I .5 855 2. 513 810 25 2.144 685 61 0.940 171 43 !. 193 546 29 0.248 933 47 1.839 484 00 
1.5860 2. 515 396 00 2.145 606 50 0,941 222 27 I. 194 222 68 0.249 230 08 1. 840 888 47 
I. 586 5 2. 516 982 25 2.146 526 95 0.942 273 78 I. I '14 8'19 13 o. 249 526 'll 1.842 293 96 
1•~870 2.518 56• 00 2.147 446 56 0.943 325 96 1.195 575 67 o.2•q 824 01 I. 84 3 100 46 
l.5eH 2.520 156 25 2.148 366 51 0.9-44 378 81 1.196 252 28 o. 250 121 34 1.845 107 98 
1,5880 2. 511 744 00 2.149 285 62 0.945 432 3l 1.196 928 97 o. 250 418 90 1.846 516 53 
1. 5t'lfl~ 2. 523 332 25 2.150 204 29 0.9'>6 486 51 1.197 605 74 0.250 716 70 t.847 926 10 
I .5 850 2. 524 921 00 2.151 122 50 0.947 541 H 1.198 282 58 0.251 014 7l I• 849 336 69 
1.5895 2. 526 510 25 2. I 52 040 26 0.948 596 ... l.198 95'1 50 0.251 313 01 1.850 1H 31 
1.5•00 7. 528 100 00 2.152 957 58 0.949 653 08 1. 199 636 49 o. 251 hi I 52 I. 852 160 95 J 
I. 59C 5 2. 529 690 25 2.153 874 44 o. 950 709 94 1.200 313 56 O. 25 I 910 2A 1.853 574 62 
1,5910 2. 531 281 oc 2.154 11?0 85 0.951 161 46 1.200 990 70 o. 252 209 27 1.854 99q 33 
l. 5CJ1' 2.532 872 25 2.155 7C6 80 0.952 825 65 1.201 667 92 o. 25 2 508 50 I. 856 405 M 
1.5920 2. 5J4 464 oc 2.156 622 31 0.953 884 ~I I. 202 l45 21 o. 25 2 807 96 1. 857 821 83 
I. 592 5 7. 536 056 25 2.157 ,31 35 o. 95.\ '144 03 I .7.03 022 58 o. 251 107 67 I. 859 239 61 
1.5• lO 2.537 64. 00 7.158 451 54 0.956 004 2J 1.203 100 03 o. 253 407 61 1,8M 658 46 
1.5935 2. 539 242 25 2.159 366 ce 0,957 065 08 1.204 377 54 o. 253 707 80 I. 862 078 33 
1.5940 2. 540 836 00 2.160 279 75 0.958 126 60 I .205 055 13 0.254 008 22 1.863 499 24 
1.5945 2. '42 430 25 2.161 192 97 o.•5• 188 79 1.705 712 AO o. 254 30~ 88 I. 864 921 I• 
1.5950 2. 54'> 025 00 2,162 105 13 0.960 251 65 1.206 410 54 0.254 609 78 1.866 344 16 

) 1.,.15, 2. 545 620 25 2. 163 018 02 o. 961 JI 5 17 1.207 088 35 0.254 910 92 1.867 768 21 
1., •• 0 2.547 216 00 2.163 92' 16 o.962 379 35 I .7.07 766 24 0.255 212 30 I. 869 1"3 2• 
1.5165 1.,.. 812 25 2.164 841 23 0.963 H4 20 1,208 444 20 0.255 513 91 1.no 619 41 
1.5970 ,.,,o 409 00 2.165 752 14 o .... 4 509 71 1,209 122 21 0.255 81~ 77 1.872 046 5A 1.,.,, Zo'HZ 006 25 2.166 662 58 0.965 575 ... 1.2C9 aoo 34 0.256 117 87 1.873 474 1• I.'!1,eo J.'M) 604 00 2.167 572 56 0.'166 642 13 1.210 478 51 0.256 420 20 l.8T4 904 05 ) 1.,05 2. 55'!1 202 25 2.168 482 07 0.'167 710 23 1.21l 156 76 0.256 722 77 1. 876 334 37 
1.5.,,0 2. 556 Ht 00 2.1 .. 391 12 0.968 118 40 I. 211 835 09 0.257 025 59 1.877 765 73 
1.59q5 2. 558 490 25 2.170 z,, 70 o.,69 847 23 1.212 513 48 0.257 128 64 l.8T9 198 15 
1.6000 2. 560 000 00 2.111 207 81 c.no •16 72 1.213 I'll 95 0.257 631 93 I. 880 631 63 



T At'L f 11 I-FUhCTION5 OF THE Ufl.'f T MADfUS SP IA Al I 50 
TABLE 111-FOCTI ONS O'UNF SP IPA.LE CE RAYON UNIT Al PF 

------------------------------------------------------------------------------------------ 
A/ R• ST /R L<: /P 8 1/ J e•••c • •LS/A• ---------------------------------------------------- 
·l'L!n DEG M~T SEC 
2s•••••••••••••••~•s•=••••••=••••••••z•=•===••=•••••••=•••••=•=•=••=•••••••••~••==~~-•~••= 

I.H05 o. 946 94 7 40 2.278 •66 79 69 45 43 _q 2l l 5 \4.6 27 57 4.0 0 l8 0.1 
1.5610 o. C>4t7 750 OJ 2.279 BC 86 69 '" 24.q 73 l' 8.J 27 S7 56. 5 0 IA 1 I. 9 
l. 5t: l I: Q.94JI 57l 47 2.280 904 C. 60 51 5. 9 73 17 2. 0 >7 58 48.0 0 IA 14.0 
I. 5670 o.q4q JA4 55 2.2R2 25c: l l 60 5l 4 7 .o l3 I 7 55. 7 22 50 l9.5 0 18 16. 2 
I .5625 0.050 108 43 2.283 5?3 32 69 56 28.1 23 18 49.4 23 0 Jl.l 0 l8 18.J 
l .56~0 o. 95 l 01' 07 2.2~4 7A7 55 69 59 9.3 2' 10 43. l 23 2?.6 0 I A 20 .... 

1.56 35 0.951 828 46 2 .lat C51 82 70 1 50.5 2' 20 36 .8 73 l4. 2 0 IR 22.6 
1 .5t:40 o. qs,2 644 6C 2.287 316 11 70 4 3 l. 8 23 21 30.6 23 5.8 0 l8 24.8 
I. 564 5 0.951 461 49 2.7A8 58C 47 70 7 l '• 1 2' 22 24.4 ?J ' 57 .4 0 18 71.D 
1. 5650 o. q54 279 l 5 2.289 P.4-. •5 70 q 54. 5 23 23 18.2 73 4 40_0 0 18 29.2 

1. 5t5 "i o. 95 5 097 56 7.20l 1 DO 7b 70 l 2 35. 0 2J 24 12. 0 21 ~ 40.b 0 18 31.' 
1.56tr. o. 95 5 Ol6 71 2 .792 373 71 TO 15 17.4 2' 25 5.8 n I, 32. l 0 lA l 3 .'> 
1. 5tf"i Q.056 7'6 65 2. 703 •1• 19 70 1 7 58.9 21 25 i:;o.6 73 23.9 0 i s 35.7 
1 .5610 0. 0lj 7 551 14 2.2c4 002 Tl 70 20 40.5 l3 lb 53.5 2 ! l 5.6 0 18 37 _q 

l.505 o. q5 8 3 7A H 2. 2Qb 1h 7 75 70 23 22. I 21 21 4 7 .4 23 0 7.J 0 l8 40. l 
I .'Sf. EO o.q-5,q 201 01 2.7'H 431 e4 70 26 ,.0 21 2A 41. l ?J 0 5° .o 0 l8 42.1 
l. '56 f'5 0. Cl60 023 00 2.298 606 45 70 2H 45.5 2' 20 15.2 71 10 50. 7 0 18 44 .'> 
l.5690 0.060 84 7 73 2.799 961 I 0 70 '1 77.J l3 Jll 20. 1 2' ll 47 .4 0 l8 4~.7 
1.5695 O.Q6l 672 74 2. JOI 225 11 70 '4 0.2 2, J 1 73.l 23 17 14. l 0 18 48.q 

1 .5 TCO 0.962 407 52 2. ,02 49C 4. 70 lb ':it.I ?J 32 l 7. 0 ?3 1 J 25 .o 0 18 5 l. I 

r 1 .5 7( Si 0.%1 123 57 2.,03 755 72 70 JO 33. 0 21 3l 1 l .o 2, 14 l 7 _,., 0 I 8 51.4 
1. 5 7 l 0 o. q64 150 30 7.305 010 9H TO 42 15.0 73 14 5.0 73 l5 9.4 0 l 8 55 ., 

1. '5 71 ':i o. q64 g77 08 2. 306 284 78 10 44 57.0 7J 3' c;q. 0 23 lb l. 2 0 l 8 57.H 
1.572C o.qt,c; so, 34 2.JOT ~"' c; ,c 70 47 Jq. 1 23 15 53. 0 23 l~ 5 J.O 0 \0 o.o 
l .5725 0.%6 635 4e 2. ,as fl4 4'. 70 50 21.1 23 36 47.l ;n 17 44.8 0 lO 2.3 
1.5no 0. qb 1 465 39 2.,lo C79 3' 70 SJ J.5 73 J7 41. 7. 23 I 8 l6. 7 0 19 4 .s 

r 1. 5 7 ~ i;, 0. 96R 206 oe 2. 31 l 3H 24 70 5S 45.7 23 3H 35.2 23 10 28. 5 0 19 6. 7 
1. 5 740 0.91',9 l27 5', 2. Jl 2 609 l7 TO 5A 2R.l 21 39 2q .4 73 20 20.4 0 l9 o.o 
1.57'.5 o. 969 g50 79 2.Jl3 874 13 71 10.4 23 40 23.5 lJ 2 l 12. 2 0 lS l l .2 
1. 5 750 0.970 7gz 8 l 2. ll 5 l ~q ll 71 52.8 21 41 1 7 .6 21 22 4.1 0 l9 lJ.s 

1. 5 75 5 0.971 67b 62 2. 3 l 6 404 12 Tl ' 35., 23 42 l 1. A 23 22 56.0 0 l9 l 5. 7 
l. '5 7f0 0.972 461 20 2. l l 7 66S 15 Tl q 1, •• 23 43 5.0 23 23 41.9 0 10 lA.0 
l.57f! 0.97' 7.q6 57 2.318 S34 20 71 12 o.• 23 44 0.1 2, 74 3".9 0 10 20.3 
1.5710 0.974 132 n 7. 320 l09 71 71 14 43.0 2J 44 r;4. 3 2J 25 31.8 0 10 22.5 
I .5 7 1 5 o. 974 069 67 2. 32 l 464 JT 7l l 7 25.6 21 45 4R.5 73 26 21. 7 0 19 24.8 
l.57AO 0.975 807 40 2. 327 179 4S Tl 20 8.3 23 46 42. R 23 27 15. 7 0 19 27.l 
I. 5 78,. 0.9H, 645 92 2 .12 3 994 n Tl 22 5 l. 1 23 47 37.0 23 28 7. 7 0 l9 29 ·" 
1. '5 }<;Q 0.977 4A5 23 2. 32 5 259 79 71 25 JJ. 9 23 4S Jl.3 ?J 2A 50,. 7 0 l9 31 ., 
l. 5 7t; 5 o. 978 125 J3 2. 326 524 o• 71 28 16.8 2J 49 25.6 23 20 51. 7 0 l9 J 3 .o 
1.58CO c.<H9 lbb 72 2. 327 79C lB 71 JO 5<J. 7 23 50 l0.9 7' JO "'·7 0 10 3b.2 

1. s ac s C.980 007 9 l 2. 3 29 055 4C Tl 33 47. 7 21 51 l', .2 23 31 35.7 0 IS 38.5 
l .5 8 l 0 O.ORO 850 10 2. 330 32C 63 71 36 25.7 23 52 A.6 23 32 27.8 0 l9 40.R 
1.5815 o. q1:11 60 J b1 2.311 ~P.'5 eo 71 39 R.6 23 53 2.0 73 J J 1 a.a 0 19 4 3. l 
1. 5820 0.982 537 74 2.J32 851 l6 71 4l 5 l. 9 23 53 57.3 23 '4 l l .O 0 19 45 .4 
1. 5 87 5 0.983 382 6 l 2.33" 116 45 Tl 44 35.1 23 H 51.7 73 3< 4.0 0 19 47.7 
I. 58 30 0.984 228 28 2.335 361 75 Tl 47 l8.4 23 55 46 .1 23 35 56. l 0 10 50.0 
1. 5RJ5 0.085 OH H 2.336 647 07 71 50 1 .6 71 56 40.5 2l 16 48. 2 0 l9 52.J 
1. se40 0.9A5 922 03 2.337 912 41 Tl 52 45.0 23 57 35. 0 21 37 40. 1 0 10 54.1 
l. 5845 0.986 770 II 2 .339 177 76 71 55 z~.4 23 5A ;>Q,.5 2, 38 32. 5 a 10 57.0 
l. 5 f!~O 0.9~7 6l O 00 2.340 443 12 71 58 11.8 23 50 21.Q 23 39 24 .b 0 lO 50., 

l. '5 8': 'i 0.9A8 468 6S 7.341 7C8 50 7Z 0 55.J 24 0 18.4 23 40 l6.8 0 20 1 .b 
l. 5P.t0 o. 91119 JI 0 18 2. 142 973 89 72 J J8.8 24 1 l 2.9 7J 4 l s.o 0 20 4.0 
l. s e e '5 o. 990 l 70 49 2.3 .. 2H 29 72 6 22.4 24 7. 7.5 23 •2 l. 2 0 20 ,.1 
1. se 10 0.991 022 61 2.H5 !i04t 70 72 0 6.l 24 3 2.0 23 42 53 .4 0 20 H.7 
1.~1!15 0.991 875 5~ 2 • 34i6 77C l 2 72 11 4q_5 24 3 5t-i .6 73 43 45 .6 0 20 11.0 
l.5880 0.992 720 27 2. 14! 035 56 72 l• B.5 24 4 51.2 23 .. ~7-8 0 20 l l .4 
l.5H5 o. QQJ 583 83 2. 349 301 cc 7 2 l 7 l T. 3 24 5 4'> .a 73 45 JC. 1 C 20 15.7 
I. 5890 0.9Q4 <SO 20 2. 350 566 45 12 20 1 .2 24 6 40. 4 71 46 22. J 0 20 l A. l 
1.5895 o. 99,a; 2°5 3@ 2.J5l 8Jl 92 72 2? •5.l 74 7 ,5.0 7J 47 14 .6 0 20 20.4 
l.5900 0.996 152 39 2. }53 007 38 72 25 20.0 7• 8 29. 7 23 48 6.9 0 20 2 2 .8 

1.59(5 o. 997 OlO 2 l 2. 354 362 E6 12 28 l 3. 0 24 9 24. 3 23 48 50.7 0 20 25.2 
1 .5910 o. qq7 868 85 2.355 628 H 12 30 5 7. I 24 10 l9.0 2' 49 51.5 0 20 71 .f. 
1.ss1 5 o. 998 12R 37. 2.356 eo1 81 7 2 J3 41.2 24 ll 13.7 23 50 43.8 0 20 29.9 
l. '5970 o. 999 5A8 61 2.358 l59 33 72 36 25. 4 24 12 8.5 23 5l 36.l 0 20 Jl.3 
1. 5c;2 5 1.000 440 72 2 .15a 4 24 83 72 39 9.6 24 l 3 J.2 23 52 28.5 0 20 34 .. 7 
1. 59l0 1. OOl 3l l 6' 2.36C 690 34 17 4 l 53.R 24 l J 57.9 21 53 20 .9 0 20 37.l 
1.5035 1. 002 174 •2 2.3bl S55 es 72 44 38.2 24 14 52.7 7l 54 1 3.2 0 20 3q. 5 
1. 5940 1. OOJ 038 02 2.)63 221 36 12 47 22.5 24 15 47.5 23 5< 5.6 0 20 41.0 
l. 5q-4 5 l.OOJ 002 44 2. 364 4 P.6 88 12 50 6.9 24 lb 42. 3 23 55 58.0 0 20 44.J 
1.'5950 I. 004 767 60 2.l65 752 ~q 72 52 51.4 24 I 7 H.l 23 56 50.4 0 20 46.7 

l.5955 I. 005 61J H 2.161 Cl7 01 12 55 35.9 24 18 12 .o 23 57 42.9 0 70 49. l 
1.5960 I. Q06 500 7C 2.368 7R3 44 17 SA 20.s 24 lO 26.8 23 58 35. 3 0 20 51.5 
l.5H5 I. 007 368 45 2.369 548 96 73 I 5. l 24 20 21.7 23 5q 27.8 0 20 53.q 
1 .'170 1.008 2 J7 04 2. )10 814 48 7J J 4q.e 2• 21 lb.b 24 0 20. 2 0 20 'S6.4 
l. 5G i5 l.OOQ 106 47 2 • J 72 CHO OC 7J 6 34. 5 24 22 l l. 5 24 1 l2.7 0 20 58.8 
l.sseo 1. 000 H6 74 2.'73 345 5? 7J 0 10.3 7.4 23 b.4 74 2 5.2 0 21 l.2 
1 • 508S 1. 010 847 85 2. 374 611 04 7J 12 4. l 24 24 l .4 24 2 57.7 0 2l 3 .6 
1.59~0 1. 01 l 719 80 2.375 876 56 7J l4 4q.o 24 74 56. 3 24 3 SC. 3 0 2 l 6. l 
I .5G95 1. 012 ';02 5g 2.111 142 C7 73 1 7 J4. 0 24 25 51.J 24 4 47.8 0 21 8.5 
l .sOCO I. 01 J 4'6 2 l 2. 3 7f! 407 58 73 70 \Q.O 24 26 46. 3 74 5 35.3 0 21 l l .o 



160 TABLE 111-fUM:TIONS Of THE UNIT UDIUS S'IRAL 
HALE 111-FONCTIONS 0'UNE SPIRALE Of RAYON UNIUIRE 

} ------------------------------------------------------------------------------------------ ,, .. LS/R X/R Y/R Q/R P/R LT/R I •LS/A• 
•l'CT7R ·--------------··---------------·······-·-······-------·-·-·······--------------·-·-- 1.6005 2. 5i, I 600 25 2.112 115 45 o. 971 986 88 t.213 870 49 0.257 9J5 46 1.aa2 066 16 
1.,010 2. 563 201 00 2.1n 022 62 0.97) 057 M I. 214 S49 10 0.2H 239 23 1.111 ,01 14 ' 1.,015 2. 564 802 25 2.17J 929 31 c.o74 129 17 1. 215 227 78 o. 258 543 24 1.884 93A 39 ) 1.u20 2.566 404 00 2.174 1)5 54 0.975 201 31 I. 215 906 53 0.258 847 •• 1.886 l76 10 
1.,025 2.568 006 25 2.17' 741 29 o. 976 274 12 1.216 585 35 0.259 151 98 1. 887 814 87 
1.6030 2. 569 609 00 2.176 646 57 0.977 H7 58 1.217 264 75 0.259 456 71 1.889 254 70 
1.,035 2. 571 212 2' 2.177 "1 37 o. 978 421 11 1.211 943 21 o. 259 761 68 1.890 6"5 60 
1.6040 2. 572 11• 00 2.118 455 69 0.979 06 49 1.211 622 24 0.260 066 89 I. 892 137 56 
1.6045 2. 574 420 25 2.lH 359 S4 0.980 571 •• 1. 219 301 H 0.260 372 34 1. 891 580 59 

} 1.6050 2.516 025 00 2.110 262 •1 o.°qs1 648 04 1.21 .. 980 52 0.260 678 03 1.895 024 60 

l.60, 5 2.577 630 25 2.181 165 !O 0.082 724 81 1.220 659 77 0.260 983 96 I.H6 469 86 
1.6010 2. ~1'1 n• 00 2.112 OH 22 Q.983 802 23 I. 221 HO 08 0.261 290 I] I. 8<>7 n6 II 
1.600 2.580 A42 25 2.182 970 15 a. 4'84 880 32 I .2 22 018 47 o. 261 596 54 1 .899 363 42 
l.6C10 2.582 .... 00 2.183 871 60 o.985 959 06 1.222 697 92 0.261 90~ 19 1.900 811 •2 
I .6015 2.5h 056 25 2.184 772 56 o.•11 038 41 1.223 377 44 o. 262 210 08 1.•02 261 28 \ 1-6080 2.585 664 00 2. 185 673 C5 0.988 118 53 1.2?4 057 03 0.262 517 21 1.903 711 A3 
1.6 ca 5 2.587 272 25 2.186 513 05 0.989 1'>9 25 1.224 736 69 0.262 824 5A , ... 05 163 •• l l.6QQQ 2. 588 ••1 00 2. 18 7 47? 56 0.990 280 62 1.225 416 42 0.2'3 132 19 1. 906 616 16 
l.6Qc;5 2.590 490 25 2. I A8 371 59 c.qcn 362 66 I. 226 096 21 0.263 440 04 1.908 069 95 
1.6100 ?.f\q2 100 00 2.18• 270 13 o. 992 445 35 1.2H 776 08 0.2~3 74! 14 1.009 .524 !2 

1.6105 2.593 710 25 2.100 168 1e o.003 528 70 1.227 456 01 o. 21,4 056 47 1.910 980 78 ' } 1.6110 2.595 12 I 00 7.191 065 14 o.qq4 612 10 1.228 136 01 0.264 365 04 I .912 437 83 
I .61 I 5 2.596 932 25 2. 191 %2 82 o.qq5 697 37 1.22A e16 07 o. 264 673 86 1.913 @IQ5 96 
1.6120 2.598 544 00 2.192 859 40 0.996 782 68 1.22q 496 21 0.264 982 91 1.915 355 1q 
1-6125 2. 600 15• 25 2. I q3 155 49 o.qq7 868 66 1.230 176 41 o.265 292 21 1. 916 815 50 
1.6130 2.601 769 00 2.194 651 oq o. 998 955 29 I. 2 30 856 68 0.265 601 75 1.918 276 91 
1 .61 ~ ~ 2. 603 382 25 2.195 546 1q 1.000 042 57 1.231 537 01 0.26~ 911 52 1.919 13q 41 

\ 1.6140 2. 604 ... oc 2.196 440 eo 1.001 130 51 1.2 32 217 41 0.266 221 54 1.921 203 01 
1.6 14 5 2. 606 610 2~ 2.197 334 92 1.002 219 II I. 7 32 E91 88 0.266 531 80 1.922 667 70 
1.6150 2. 608 225 00 2.198 228 ~'3 1.003 30A 36 1.2n 578 41 0.266 842 30 1. 924 133 50 I 
1.6155 2.609 840 25 2.199 121 65 1.004 398 26 1.234 259 01 o. 26 7 15 3 05 1.925 600 39 
l.61•0 2. 611 456 00 2.200 014 28 1.005 488 82 1.234 939 67 0.267 464 03 1.927 068 30 
l.61,5 2. 613 072 25 2.200 906 40 1.006 580 Cl 1.235 620 40 0.267 775 76 1.928 SH •• ' ) 1.6170 2. 614 689 oc 2.201 798 02 1.001 671 90 1.236 301 20 0.268 086 12 1.930 007 70 
l.617S 2.616 306 25 2.202 68S 15 1.008 764 41 1.236 982 06 o. 268 3<>8 43 1.931 479 01 
1.6180 2.6\1 924 00 2.203 579 77 1.009 857 58 1.237 662 q9 0.268 710 38 1. 932 951 43 
I .618 5 2.619 542 25 2.204 4H eq 1.010 951 41 1.238 343 98 O.Zf,'9 022 57 1.9'4 424 96 
1.6 i so 2. 621 161 oc 2.205 359 •c 1.012 045 88 1.239 025 03 0.269 335 00 1.915 899 60 
1.6195 2. 62 2 780 25 2.206 248 •1 1.013 141 01 1.239 706 15 0.269 647 67 1.9H 375 35 
I .6200 2. 624 400 00 2.201 137 27 I. 014 236 19 1.240 38 7 33 0.269 ~60 59 1.938 852 22 

I .62C5 2. 626 070 75 2.2oe 025 31 1.015 333 21 1.241 068 58 0.270 273 75 I .940 HO 20 
1.6210 2. 627 641 00 2.201 912 91 1.016 430 29 I. 241 74q •• 0.270 587 14 I .941 809 31 
I .6215 2.629 262 25 2.2oq 799 99 1.017 528 02 1.242 431 27 0.27C 900 79 1.943 289 53 
1.6220 2.630 884 00 2.210 686 56 1.018 626 41 1.243 112 70 0.211 214 67 1.944 770 87 
1.6225 2. 632 506 25 2.111 572 62 L.Olq 72 5 44 1.243 794 20 0.211 528 1• 1.946 253 33 
l .& 230 2.634 129 OC 2.212 458 18 1.020 825 12 1.244 475 77 o. 271 843 16 1.q47 736 92 
l .6 215 2.6H 752 25 2.213 HJ 22 1.021 925 45 1.745 157 39 0.217 157 77 1.949 221 63 
1.6 240 2.637 376 00 2.214 227 74 I. 023 026 42 1.245 839 08 0.212 472 62 1.950 707 47 
1.624- ~ 2.639 000 25 2.215 Ill 76 1.024 I 28 05 1.246 520 84 0.27? 787 71 1.952 194 44 
I .6 750 2. 640 625 00 2.215 995 26 I. 025 2JO H 1.247 202 65 0.273 103 04 I. 953 682 54 

1.625 5 2.642 250 25 2.216 878 24 1.026 333 25 1.247 884 52 0.2n 418 62 1. q55 171 76 
l.6UO 2.641 876 00 2.21 7 760 71 1.027 436 82 1.248 566 46 0.273 734 44 1.956 662 1' 
l.62f 5 2.645 ,02 25 2.218 642 66 1.028 541 04 1.249 248 •• 0.274 050 50 1.958 153 62 
1.6770 2.647 ll9 00 2.219 524 09 1.029 645 91 1.249 930 52 0.274 366 80 1.q59 646 26 
1.627 5 2. 648 756 25 2.220 405 00 1.030 751 42 1.250 612 64 o.n• 683 35 1.961 140 03 
l.62eo 2.650 384 oc 2.221 285 39 1.031 857 58 1.251 294 83 0.275 000 14 1.962 634 94 
1.628 5 2.652 012 25 2.222 165 26 1.032 964 38 I. 251 q77 01 0.215 117 17 I. 964 131 00 
1.~2•0 2. 653 641 00 2.221 044 61 1.034 071 83 1.2 52 659 '1 0.275 634 •• 1.965 628 19 
1.629 ~ 2. 0.55 270 25 2.223 923 43 1. 035 179 93 1.253 341 74 0.275 Q51 96 1.967 12~ 53 
1.6300 2. 656 soc 00 2.224 801 74 1.036 218 67 1.254 024 16 0.210 269 72 1.968 626 02 

1.6305 2.658 530 2~ 2.225 679 51 1.037 39@ 06 I. 254 706 65 0.276 587 72 1.010 126 65 
1.0310 2.660 161 00 2.226 556 76 1.038 508 09 1.255 389 19 0.276 905 96 I. 971 628 44 
1.6 315 2.661 792 25 2.221 433 4q 1.039 618 76 1.256 071 79 0.211 224 45 1.973 131 37 
1.6320 2.663 424 00 2.22e 309 6e 1.040 730 08 1.756 754 46 0.277 54 3 18 1.974 635 46 
1.6325 2.665 056 25 2.229 185 35 1.041 842 04 1. 2 57 437 18 0.211 862 15 1.976 140 10 
1.ono 2. 666 68• 00 2.230 060 4q 1. 042 954 65 1.258 119 96 0.278 181 31 1.977 64 7 10 
1.6 33 5 2. 668 322 25 2.230 935 10 1.044 067 89 I .758 802 80 0.278 500 82 1.979 154 66 
1.63<0 2. 669 9S6 oc 2.231 80s 17 1.045 I 81 78 1.259 485 70 0.218 820 53 I .9AO 663 37 
1.6345 2.671 590 25 2.232 682 12 1.046 296 32 1.260 168 66 0.279 140 41 1.982 173 25 
1.6350 2.673 225 00 2.233 !§15, 73 1.047 411 49 1.260 851 67 0.279 460 66 1.983 684, 29 

l. 6 3 ~ 5 2.614 860 25 2.234 428 21 1.048 527 31 1.261 534 75 0.279 781 09 1.985 196 49 I ) 1.6 360 2.676 496 00 2.235 300 15 1.049 643 76 1.262 217 88 0.210 IOI 76 1.986 709 86 
l.6H5 2. 678 132 2~ 2.236 171 56 1.050 760 86 1.262 901 07 0.280 422 68 1.988 224 40 
1~6]10 2.679 769 00 2.237 042 43 1. 051 178 60 1.263 584 31 0.280 743 84 1.989 740 II 
1.6175 2. 681 406 25 2.237 912 76 1.052 •• 6 ·98 1.264 267 62 0.281 065 25 1 •• 91 256 98 
1.6380 2.683 - 00 2.238 782 55 1.054 115 99 1.264 950 98 0.211 386 89 1.•02 715 03 

J 
1.6385 2. 684 612 25 2.2 39 651 81 1.055 235 65 1.265 634 40 o. 281 708 78 1 .... 294 26 
1.1,3qo 2.,u 321 00 2.240 no 52 1.056 355 95 1.266 317 87 0.282 030 92 1.tt5 814 66 
I .6 39 5 2.07 •60 25 2.241 388 69 1.057 476 8ft 1.267 001 40 0.282 353 30 I .997 331, 24 
, .... co 2. 689 600 00 2.242 256 12 1.0•1 591 45 1.267 684 9<> 0.2•2 675 92 1.998 e~q co 
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TABLE II 1-F0,Cf!0NS o•uNE SPIRA.LE OE RAYON UNITAIRE 

----------------------------------------------------------------------------------------- 
AIR• Sf,. LC/R 8 Ill O•♦•C ♦ C 

•LS/A• ---------------------------------------------------- 
·I/Lill DEG IINT SEC --- . ·····- -- ·- ----- ------- ----· ---- ·- ..... --- ···--· - .,. ----- -- -- ···········- ------ ------·-·· 
!.6CC5 1. 014 )40 71 2.3H 67' 09 73 2J 4.0 24 21 41.3 24 6 27 •• 0 Zl 13.4 
!.6CI0 1.015 216 o• 2.380 ~38 59 73 25 49. I 24 2A 36 .4 24 7 20.5 0 ZI I 5.9 
I .60 I 5 1. 016 "2 22 2.382 204 09 73 28 34. 2 24 2• 11.4 24 8 13.1 0 21 18.3 
t.6020 1.016 "69 25 2.383 469 5~ n 31 I 9.4 24 30 26. 5 24 9 5. 7 0 21 20.8 
I .6C2 5 !. 017 841 lJ 2. 384 B5 06 n 34 4.7 24 31 21 .6 24 9 58.3 0 21 23.3 
t.6030 1.018 725 86 2.386 000 54 n 36 50.0 24 32 16. 7 24 10 ,o.• 0 21 25.7 
1.6035 !. 019 605 45 2.387 266 01 73 39 H.3 24 33 11.8 24 11 43.6 0 21 28.2 
I .6 040 1. 020 485 •9 2.388 531 41 73 42 20. 7 24 H 6.9 24 12 36.2 0 21 30. 7 
I .6045 1.021 367 I~ 2.389 796 ~2 n 45 6. I 24 35 2.0 24 13 28.9 0 21 33.2 
t.6050 1.022 249 34 2.391 0t2 37 73 47 51. 6 24 35 51.2 24 14 21 .6 0 21 35.7 

t.6C55 1.023 132 36 2.392 327 ao n 50 37 • 2 24 36 52.4 24 15 14.2 0 21 38.2 
l .6C60 !. 024 016 24 2.3"3 593 23 n 53 22. 8 24 37 47.6 24 16 1.0 0 21 40.6 
1.6065 I.OH 900 98 2.394 858 64 73 56 8.5 24 38 42.8 24 lb 59.7 0 21 43.1 
1.6070 1. 025 786 5e 2.306 124 C4 73 58 54. 2 24 39 38. I 24 17 52.4 0 21 45.6 
1.6 07 5 !. 026 673 05 2.397 389 43 74 I 39.9 24 40 33. 3 24 IR 45.2 0 21 48.2 
1 .6 csc 1.on 560 Jq 2.3"8 654 et 74 4 25. 7 24 41 28 .6 24 19 37.9 0 21 50.7 
I .e c e s !. 028 448 59 2.39~ 920 17 74 7 11,6 24 42 23.9 74 20 30.7 0 21 '3.2 
1-60~0 I• 029 337 66 2.401 185 52 74 9 57.5 24 43 IQ.2 24 21 23.5 0 21 55.7 

1.60~5 1. 030 227 61 2.402 '50 86 74 12 43. 5 24 .. 14.5 24 22 16.3 0 21 58.2 
1.6100 1.031 118 42 2.403 716 18 74 15 29.5 24 45 9.A 24 23 9.1 0 22 0.8 

1.61C5 I. 032 010 II 2.404 9e1 •e 74 18 15.6 24 46 5.2 24 24 1.9 0 22 3.3 
I .6110 1.032 902 68 2.406 246 77 74 21 1. 7 24 47 0.6 24 24 54.7 0 22 5.8 
1.6115 1.033 796 12 2.407 512 C4 74 23 4 7.9 24 47 56.0 24 25 4 7 .6 0 27 8.4 
1.6120 1. 034 690 44 2.408 777 30 74 26 34. I 24 48 51.4 24 26 40.5 0 22 10.9 

. I .6125 1. 035 585 64 2.410 042 53 74 29 20.4 24 49 46.8 24 27 33.3 0 22 13.5 
1.61 ~o 1.036 481 72 2.411 307 75 74 32 6.7 24 50 42.2 24 28 26.2 0 22 16.0 

r, 1.6135 1.011 378 68 2.412 512 95 74 34 53.t 24 51 37.7 24 29 19.l 0 22 18.6 

) I .6140 I. 03R 276 53 2.413 838 13 74 37 39.5 24 52 l3.2 24 30 12.0 0 22 21.1 
I .6145 t.039 175 76 2.415 103 2• 74 40 26.0 24 53 28.7 24 31 5.0 0 22 23.7 
1.6150 I. 040 C7" 88 Z.416 !61! 42 74 43 12.5 24 54 24.2 2" 31 57.9 0 22 26.3 

1.6115, I. 040 "75 38 2.417 f:'!3 54 74 45 5~.t 24 55 19. 7 24 32 50.9 0 22 28.R 
1.61'0 1. 041 876 78 2.418 898 63 74 48 45.7 2" 56 15. 2 24 33 4 3.8 0 22 31.4 
1.610 I. 042 779 07 2.420 163 70 74 51 32 ... 24 57 10.8 24 34 36.8 0 22 34.0 
I .6 l 70 !. 0"3 682 25 2 .421 428 75 74 54 19. 2 24 58 6.4 24 35 29.8 0 22 36.6 
1 .6 l 71j 1. 0"4 586 32 2."22 t9l 77 74 57 6.0 24 59 2 .o 24 36 22.8 0 22 39.2 
1.6180 I. 0"5 491 29 2.473 958 77 74 59 52.8 24 59 57.6 24 37 15.8 0 27 41 .8 
I .618 5 1. 0"6 397 16 2.42~ 213 75 75 2 39. 7 25 0 53.2 24 18 8.9 0 22 44.4 

1.6190 1.047 303 •2 2.426 488 70 75 5 26. 6 25 I 4R,9 24 39 1.9 0 22 47.0 
1.6195 1.048 211 59 2.427 753 62 75 R 13.6 25 2 44.lj 24 39 55.0 0 22 49.6 
1.6200 1. 049 120 I 5 2. 4 2• 018 52 75 II o. 7 25 3 40. 2 24 40 48.0 0 22 52.2 

1.,205 I. 050 029 62 2.430 283 3• 75 13 47. 8 25 4 35 •• 24 41 41. I 0 22 54.8 
1.6210 I. 050 940 00 2 .4 31 548 22 75 16 J4.q 25 5 31.6 2" 42 34.2 0 22 57.4 
I .6 2 I 5 I. 051 851 28 2.432 813 04 75 19 22.1 25 6 27.4 24 41 27.3 0 23 o. I 
1.6220 1. 052 761 46 2.414 077 82 75 22 •.4 25 7 23. I 24 .. 20.4 0 23 2.1 

I 1.6225 I. 05 3 676 56 2.4 35 342 57 75 24 56. 7 25 • 18.9 24 45 13.6 0 23 5.l 

' I .6 230 I. 054 590 57 2.4'6 607 29 75 27 ... 1 25 9 1 ... 7 24 46 6.7 0 23 8.0 
I .6235 !. 055 505 48 2.437 871 98 75 30 31.5 25 10 10.5 24 46 59.9 0 23 10.6 
I .6 240 1. 056 421 32 2.439 136 64 75 33 18.9 25 II 6.3 24 47 53. I 0 23 13. 3 
1.6245 I. 057 HR Ot 2.440 401 27 75 36 6.4 25 12 2.1 24 "8 46.2 0 23 l'§.9 

1.6 250 I. 05A 255 7) 2.441 665 87 75 38 5 ... o 25 12 58.0 24 49 39.4 0 23 18.6 

I .6 255 1. 059 174 3 I 2.442 930 43 75 41 41.6 25 13 53 •• 24 50 32.7 0 23 21.2 
1.6260 !. 060 091 81 2.lt44 IQ4 q5 75 .. 29. 3 25 14 .. 9.8 24 51 25.9 0 23 23.9 
I .6 265 1.061 01 .. 2) 2.445 459 45 75 47 17.0 25 15 45. 7 24 52 19.l 0 23 26 .5 
1.6270 !. 061 935 5e 2.446 723 90 75 50 4.8 25 16 41.6 24 53 12.4 0 23 29.2 
1.6 211!: 1. 062 85 7 85 2.447 ~88 33 75 52 52.6 25 17 37.5 24 54 5.6 0 23 31.9 
I .6 280 I. 063 781 04 2.44Q 252 71 75 55 40. 5 25 18 33. 5 24 54 58.9 0 23 34.6 
1.6 28 ~ 1. 064 705 17 2.450 517 C6 75 58 28.4 25 19 2Q.5 2 .. 55 52.2 0 23 37.3 
1.6290 !. 065 630 72 2 .451 781 37 76 I 16.4 25 20 25.5 24 56 45.5 0 23 40.0 
t .6 2q !: I. 066 ~S6 2C 2.453 045 64 76 4 4.4 25 21 21.5 74 57 38.8 0 23 4 2 .6 
I .6300 I. 067 483 12 2.454 309 88 76 6 52.5 25 22 17.5 24 58 32.l 0 23 45d 

1.6305 I .068 410 9f 2.455 l!:74 07 76 9 40.6 25 23 13.5 2" 59 25.5 0 23 48.l 
1.6310 !. 06S 339 75 2.456 838 22 76 12 28.8 25 24 9.6 25 0 18.8 0 23 50.8 
1 .6 ~ 115 I. 070 269 47 2.458 102 34 76 15 17.0 25 25 5.7 25 I 12.2 0 23 53.5 
I .6320 I. 071 200 12 2.45Q :!6t: 41 76 18 5. 3 25 26 1.e 25 2 5.6 0 23 56. 2 
t.6 32 5 1.072 131 72 2.46C 63C .. 76 20 53.7 25 26 57.9 25 2 59.0 0 23 ~8.9 
1.6]:!0 1.073 064 26 2.461 894 43 76 23 42.0 25 27 54.0 25 3 52 ... 0 24 I .6 
1.6 335 1.073 q97 74 2 ... 63 158 37 76 26 30.5 25 28 50.2 25 4 .. 5. 8 0 24 4.4 
l.h:!"0 1.074 932 I 7 2 ... 64 422 28 76 29 19.0 25 2• 46. 3 25 5 39.2 0 24 7. I 
1.6345 I. 075 867 55 2 ... 65 686 13 76 32 7.5 25 30 42.5 25 6 32.7 0 24 9.8 
1.6350 1.076 803 87 2 ... 66 94~ 95 76 34 56. I 25 31 38.7 25 1 26. I 0 24 12.6 

1.6!5' 1.011 741 14 2.468 213 71 76 37 44.8 75 32 34.9 25 8 19.6 0 24 15.3 
1.6)60 1.078 679 J6 2.4bQ 477 43 76 40 33.5 25 33 31.2 25 q 13.1 0 24 18. I 
l .6 ,, 5 1.01" 6IR 53 2.470 741 II 76 43 22. 2 25 34 27 .4 25 10 6.6 0 24 20.8 
1.6370 1. 010 558 66 2.472 004 73 76 "6 11. 0 25 35 23.7 75 11 0.1 0 24 23.6 
1.6)75 1. 081 4q9 75 2.473 268 31 76 48 59.9 25 36 20.0 25 II 53.6 0 24 26 .4 
1.6)80 I. 082 441 79 2,474 5H 84 76 51 48.8 25 H 16. 3 25 I 2 47.1 0 24 29, I 
I .6 315 1.on 384 79 2 ... 75 795 33 76 5' 37.7 25 38 12.6 25 13 40.7 0 Z4 31.9 
l.6H0 1. 084 328 75 2 ... 77 C5e 76 76 57 26.7 25 ,. 8.9 25 14 34.2 0 24 H.7 
1.63"5 !. 085 273 68 2.478 372 14 77 0 15. 8 25 40 5.3 25 15 21.a 0 24 )7.5 
1.6400 1. 086 219 56 2. 4 79 585 47 77 3 4.9 25 41 1.6 25 16 21.4 0 24 .. o.3 



162 TAeLE 111-fU~CT IONS Of T~E UNIT UOIUS SPIUL 
TAeL E I I 1-FONCTIONS o•uNE SPIRALE OE RAYON UNITAIRE r ------------------------------------------------------------------------------------- A/R• LS/R X/R Y/R Q/R P/R LT /R 

•LS/A• 
•VLS/R 
•••••-••••••••••••••••••••••••••••••••••••••••••••••s•••••••••••••••••••••••••••••••••••• 
1.640 5 2. 6•1 2<t0 25 2.243 123 41 1,059 120 66 1,268 368 63 0.282 ••1 71 2.000 38? 94 
1.6410 2.6qz Ill 00 2.243 ~89 ~5 1,060 843 51 1.26q 052 33 o. 283 321 H z.001 'l08 06 
1.6415 2.6qlt 522 25 2.244 !55 q5 1.061 %1 00 1.26Q 736 08 0.283 645 24 2.003 04 37 
1.64 20 2.6~ 164 00 2.245 121 40 1,063 091 12 1.270 419 89 o. 283 9U 14 2.00<t %1 86 
1.6425 2.6n 106 25 2.246 586 30 1.064 215 88 1.211 103 76 o.284 292 61 2.006 490 54 
t.6430 2.6'l9 449 00 2.241 450 66 1,065 341 28 1.211 161 68 0.284 616 77 2.008 020 41 
I.H35 2. 101 oq2 25 2.248 314 41 1.066 467 31 1.212 471 65 0.284 941 0'I 2.009 551 48 
t.M40 2. 107. 736 00 2.249 111 73 !.067 593 q7 1.273 155 68 0.2A5 265 67 2.011 083 73 
l.6'i4ri 5 2. 104 380 25 2.250 040 43 1,068 721 27 1,273 839 16 o. 285 ,.o 4~ 2. 012 617 18 I 

I 1.6450 2. 706 025 00 2.250 902 59 l,06'l 849 21 1.714 523 'lO o.285 915 54 2.014 151 83 

l.641;!5 2.101 670 25 2,251 164 19 1.010 911 78 1 .275 208 09 o. 286 240 85 2.015 687 68 
I .64 to 2.109 316 00 2,252 625 24 1.012 106 99 t.275 892 34 0.286 566 3q 2.011 224 72 
t .64'5 2.110 962 25 ?.253 4!5 14 1.073 236 82 I. 216 576 64 o. 286 802 Io 2.018 762 97 
l,647C 2. 112 609 00 2.254 345 f8 1.074 361 30 1.217 260 99 0.287 218 22 2.020 302 43 
I .6415 2.11 ... 256 20 2.25'5 2C5 06 t.015 498 40 1.211 q ... ~ 40 o. 287 544 50 2.021 843 08 ' 1,6480 2.11, 904 00 2.256 063 89 1.016 630 14 I .278 629 86 0.2A7 871 03 2.023 384 95 
t.64f 5 7.117 552 25 2.256 922 16 1.011 762 51 1.279 314 37 0.288 197 80 2 • 024 928 03 I I .6450 2.110 201 00 2,251 7H n !.078 895 51 1.210 998 03 0.288 524 81 2,026 412 31 
l.64S5 2. 720 850 25 2,258 637 C2 1.080 02'l 14 I .280 683 55 0.2A8 852 01 2. 02 8 011 81 
I .6 5CO 2.122 500 00 2.25'l 493 fO I. 081 163 40 1.281 361 22 0.28'l 17q 58 2.02q 564 52 

I .6 5C5 2. 724 150 25 2.260 349 1.082 298 30 1.282 052 94 o. 289 501 32 2.031 112 45 ' ) 63 
I .6 510 2. 725 801 00 2.261 205 10 1.083 "33 82 1.282 131 11 o. 78'l 835 31 2.012 661 60 
t.6 5 I 5 2. 721 452 25 2,262 060 co 1. 084 569 98 I. 283 "12 5' o.2qo lb 3 55 2.034 21 I 97 
1.6 '520 2.72q 104 00 2.262 qi4 33 1.085 706 76 I. 284 101 41 o. 290 492 03 2.035 763 55 
1.6 525 2.no 756 25 2,263 768 II 1.086 844 11 I. 284 792 34 0.290 820 16 2.031 316 37 
I .6530 2,732 ,.C9 oc 2,264 621 31 1.081 982 21 1. 285 411 32 o.2q1 149 13 2.038 A70 40 
1.6535 2. 734 062 25 2,265 413 55 1.089 120 88 1.286 162 35 o. 291 418 95 2.040 42' 67 I } I .6540 ?.. 1,-; 716 oc 2.266 326 C2 1.090 260 18 1.286 8,.7 :} 0.201 808 41 2. 041 982 16 
1.6 54 5 2. n 1 370 25 2.267 111 57 1.091 400 II 1,287 532 o. 2q2 13A ti 2. 043 539 sq 
I .6 550 2.139 025 oc 2.268 028 45 1.092 540 66 1. 288 211 73 0.292 4b8 06 2. 045 098 84 

1.65 55 2.Ho 680 2~ 2.268 878 81 1.oq3 681 h 1. 288 902 96 0.292 7q~ 26 2.046 659 03 
t.65rn 2. 742 336 00 2.269 728 59 l.0C:14 82 3 64 l. 2eq 588 24 o. 2'l3 12 8 10 2. 048 220 46 
I ,'5t 5 2. 74 3 qqz 25 2.210 511 81 1.oqs 966 08 1.2qo 273 57 o.2q3 45~ 38 2. 04q 783 13 1 1.6570 2.145 649 00 2.211 426 45 1.on 1oq 13 t.290 958''l5 o.zq3 1QO 31 2.051 34 7 01 
I .6 575 2.147 306 25 2.212 214 52 i .ose 252 82 1.2q1 644 3A o. zqi. 121 49 2. 052 912 18 
1 .6"f!0 2. 148 %4 00 2.2n 122 Cl 1.oq9 397 12 1.292 32'l 86 0.204 452 q1 2.~54 418 57 
I .6 58 5 2.750 67.2 25 2,213 ~68 92 I.too 542 06 1.zq3 015 38 0.2Q4 784 57 2,056 046 20 
I .6 5qo 2. 152 281 oc 2.214 e Is 26 I. IOI 687 6 I 1.2q3 100 96 o. 2q5 116 49 2. 051 615 09 
1.6,G'S 2. 153 q40 2~ 2.275 661 02 1.1oz 833 7q t.2Q4 386 58 o. 2°"i 448 64 2.059 185 22 
I.HOO 2. 155 600 00 2.276 506 1q 1.103 qAQ 5q 1.295 012 25 0.295 181 04 2.060 156 60 I } I ,66C 5 2. 151 260 25 2.211 35C 7q 1.105 128 02 I. 2q5 151 q7 o.zq6 113 69 2. 062 329 24 
1.6610 2. 15 8 q21 00 2.278 l'l4 81 1.106 716 07 1.2% 443 13 0.2Qt, 446 58 2.063 Q03 13 
I.HIS 2.160 582 25 2 .21q 038 25 1.101 424 74 I. 297 12• ~5 0.2% 119 12 2. 06 5 418 28 
l.6620 2. 762 244 00 2 .2 79 881 10 1. 108 514 03 1,297 BIS 41 o. zq1 113 10 2. 06 7 054 68 
1.6 675 2. 76l 906 25 2.280 723 37 1.1oq 123 q4 I. 298 501 37 o.2q1 446 13 2. 068 632 35 
1.66~0 2. 165 56'l 00 2.2e1 565 C5 I. 110 874 48 1.299 187 21 0.291 180 61 2.010 211 28 
1.605 2.161 232 25 2.282 406 15 I. I 12 025 63 1.209 873 28 o.2q9 114 B 2.011 791 47 I 1.6640 2. 1,a 8% QC 2.783 246 66 I. I 13 111 41 I ,300 559 32 0.2Q8 449 09 2.013 317. 91 
I ,664 5 2.110 560 25 2,284 086 59 I.ti• 329 80 1. 301 245 42 Q.298 783 1C 2. 014 955 66 
I.M50 2. 112 225 DC 2.284 525 n I. l 15 482 81 I. 301 931 56 0.299 118 56 2.076 539 66 

l .b655 2.113 890 25 2.285 H4 61 1,116 636 45 1.102 617 75 0.2'l9 453 66 2.078 124 93 
l.66t:0 2.115 556 00 2.286 602 82 I. I 11 1qo 10 1.303 303 'l8 o.2q9 789 01 2.019 111 47 
l.6H5 2.111 222 25 2.281 44C 3q I, I 18 945 56 1.303 qoo 26 o. 300 124 61 2.081 zqq 20 
t.6670 2.118 889 QC 2.288 211 36 1.120 IOI 05 1.304 676 58 0.300 460 45 2.082 MB 39 
I .6615 2.780 556 25 2.2aq 113 14 I. I 21 257 15 I. 305 362 95 o. 300 1q6 53 2.Qij4 478 11 
l.6t80 2. 78 2 224 00 2.289 949 52 1.122 413 81 1.306 o40 36 0.101 132 86 2,086 070 42 
1.6~8 ~ 2. 783 892 25 2.2qo 784 11 1.123 571 21 1.306 735 A2 o. 301 46q H 2. 087 66 3 37 
I ,6690 ?. 785 561 QC 2.2q1 619 30 1.124 129 16 1.307 422 32 0.301 806 21 2.089 257 59 
1.6655 2.181 230 25 2.2n 453 30 1,125 887 13 1.308 108 A1 o. 302 143 ,. 2. oso 853 II 
I .6700 2. 188 900 00 2.293 286 70 1.121 046 q1 I .308 795 46 o. 302 480 65 2.092 449 91 

l.67C5 2.1qo 570 25 2.294 11 ~ 50 • I. 128 206 11 1.3oq 482 10 o. 302 818 21 2.oq4 048 01 
t.6110 ?. 1n 241 00 2.294 951 1C 1.12q 36 7 12 1.310 168 11 o. 303 156 02 2.095 647 40 
1.,115 2. 793 917 25 2. 2'l 5 783 3C 1.130 578 14 I. 310 855 50 0.303 404 QA 2. QQ1 24A OA 
t. 6 170 2. 795 584 oc 2.296 614 30 I. 131 689 18 I. 3 11 542 26 0.303 832 38 2.008 850 06 
1.6 775 7. 7Q7 7S6 25 2.707 444 10 I. I 32 852 03 1.112 2,Q 01 o. 304 110 03 2.100 45 3 34 
1.6730 2. 1qs 929 00 2.298 214 49 1.134 014 89 I. 312 915 qz 0.304 soq 12 2.102 05 7 93 
1.67'2'5 2.800 602 25 2. 299 103 68 I. 135 178 37 1. 311 602 81 0.104 848 76 2. 103 663 et 
t.6 74 0 2. 802 276 oc 2.299 932 26 1.136 342 45 1.314 289 75 o. 305 188 05 2. 105 211 00 
1.6745 2,803 950 25 2.30C 760 24 l.!H 507 15 t.114 q76 1' 0.105 527 58 2.106 AH 50 
I .6750 2. 805 625 DC 2.301 !87 61 I. I 38 672 46 I. 315 663 75 o. 305 867 36 2.108 4sq 31 

) I .6155 2.101 300 25 2.302 414 37 1.139 838 38 1,316 350 81 o. 306 201 38 2. II 0 100 43 
l,6HO 2. 808 976 oc 2.303 240 53 1,141 004 q1 I .111 OH q1 0.306 541 65 2. II I 112 86 
l,f>H5 2.110 f>52 25 2. 304 C66 C7 1.142 11?. 04 1.317 175 06 o. 306 BAB 11 ?.113 326 ft 
1.6710 2. 812 32'l oc 2.104 891 01 1. 143 339 19 I. 3 18 412 24 o. 107 228 94 2.114 9,.1 67 
l,f>115 2.8H 006 25 2. 305 715 33 t.144 508 15 t."'1Q 099 41 0.107 569 95 2.116 558 C6 
1.6780 2.8B 684 00 2,306 53'l 04 1.145 677 II I. 319 786 74 o. 307 911 21 2. 111 175 16 
l.6H5 2. 81 l 362 25 2.,01 362 13 1.146 846 68 1.120 474 05 o. 308 252 11 2.1n 794 79 
1.6790 2. 1119 041 00 2.308 184 61 1.148 016 86 1. 321 161 40 o. 308 5•'4 46 2.121 415 15 1 l.6H5 2.820 120 25 2.309 006 48 1.149 181 64 I. 121 848 78 o. 308 q3. 46 2.123 036 83 
!.68(0 2.11n 400 00 2.309 127 13 1.150 359 03 I. 322 536 21 o. 30° 278 11 2.124 659 84 



U8U 111-,u~tTIONS Of THf U~IT UOIUS s,1ut 16' 
;,; U8lE 111-FC~CTIONS 0' U"'IE SPIRAlE OE RHON UNITAIH ----------------------------------------------------------------------------------------· 

A/fh ST /R LC/R e Ill e-♦•c C 
•l~/A• ------------ -------- -- -------------------- ---- ---- -- .vrr,r OEG MNT SEC --· - . --- . ---- -- ..... -·. ---- - - .. - ... ---· - - - ... --- .... -- - .... - -- - .. -- -- . - -- -- . - ·- -- .. -- - . - ~ 
I .1>4C' 1.011 166 42 2.4"0 8•e 75 11 5 54. I 25 41 58.0 25 17 1,.0 0 24 4l.l 
t.6"10 1.011 114 24 2.482 111 98 11 8 4l. l 25 42 54.4 25 18 6 .6 0 24 ... 5 .t 
1.6415 I. 019 C6l Ol 2.481 175 15 11 II l2 .6 25 41 50.9 25 1q 2.2 0 H 48.1 
1.6420 I. O'IO 012 H 2.484 638 27 77 14 21.9 25 44 47.3 25 19 55.8 0 24 51-' 
1.6425 1.090 963 51 2.465 SOI l4 11 17 11.2 25 45 43. 7 25 20 49.5 0 24 54.i 
1 .64t 30 I .091 fl5 21 7.467 164 35 77 20 0.1 25 46 40.2 25 21 43. I 0 24 5 7 .J 
l .6<fi 3'!i I. ooz 867 92 2.488 421 31 77 22 50. I 25 47 l6. 7 25 22 36.8 0 24 59.• 
1.64.liiO I. 0'13 821 H 2.469 69C 21 11 25 39. 7 25 46 33.2 25 23 JO. 5 0 25 2. 
1.64'5 1. 094 716 22 2.4qo 953 05 11 28 29. 2 25 49 2Q.7 25 24 24.2 0 25 5. 
1 .6450 I. 095 HI 84 2.497 215 84 11 31 18.9 25 50 26. 3 25 25 17.9 0 25 8.' 

I .6455 1.006 688 .. 2.4q3 416 57 77 14 e. 5 25 51 22 .8 25 26 11.6 0 25 11.: 
\.64t:0 I. oq1 646 02 2.494 7'1 24 77 16 56.3 25 52 1q.4 25 27 5.4 0 25 14. 
l.b4t:5 1. 096 604 60 2.496 001 86 77 39 48. I 25 53 16.0 25 27 59.1 0 25 u,., 
1.64i0 I. 009 564 15 2.497 266 41 77 •2 n.q 25 54 12.0 25 28 52 .9 0 25 19.I 
1.6.75 1.100 524 70 z.4qe 528 90 77 45 21. 6 25 55 9.l 25 2• 46.b 0 25 22 .1 
1.6480 I. IOI 486 24 2.4qq 191 33 11 48 17.7 25 56 5.9 ?5 JO 40.4 0 25 25. 
I .648 5 1. 102 448 77 2.501 051 71 77 51 1.1 25 57 2.6 ?5 31 14.2 0 25 28. 
t.6HO 1. 103 412 30 2.502 l 16 02 77 53 57. 7 25 57 5q.z 25 12 28.0 0 25 31. 
l .64q5 1.104 376 82 2.503 578 26 77 56 47.8 25 58 55.9 25 33 21 •• 0 25 34. 
I .6 500 I. 105 142 14 2.504 E4C 45 77 5q 38.0 25 59 52.7 25 14 15. 7 0 25 37.1 

I .6 5C5 I. 106 308 66 2.506 102 56 78 2 28.2 26 0 49.4 25 15 9.5 0 25 JQ.I 
1.6510 1. 107 276 l8 2.507 364 62 78 5 18.4 26 I 46. I 25 16 J.4 0 25 '2. 
1.6515 I. 108 244 90 2.508 H6 61 78 8 6.7 26 2 42.9 75 16 57 .J 0 25 45. 
1. 6520 1.109 214 41 2.509 688 53 78 10 59. I 26 3 39. 7 25 37 51.2 0 25 48. 
l .652~ I. 110 184 •6 2.511 150 39 16 ll 49. 5 26 4 16.5 25 38 45.1 0 25 5 l .1 
1.6510 I. 111 156 50 2.512 412 18 76 16 39.9 26 5 33.3 25 3q 1q.o 0 25 54. 
1.6515 I. 112 12• 05 2.5 ll 67l 91 16 19 J0.4 26 6 10. I 25 40 32 .q 0 25 57. 
l.b540 I. 113 102 61 2.514 935 56 78 22 21.0 26 1 21.0 25 41 ?h .8 0 26 o. 
l. b'54 ! I. 114 011 19 2.516 197 15 16 25 11.6 26 8 23.9 25 42 20.8 0 26 3. 
1.6550 I. I 15 052 7e 2.517 <Se 61 16 28 2.2 26 q 20. 7 25 43 14. 7 0 26 6. 

1 .65 ! '5 I. I 16 02• H 2.516 720 II 16 30 52.q 26 10 17.6 25 .. 6.7 0 26 8. 
1.65'0 t. II 7 007 01 z.51q 9e1 49 16 ll 4 J. 7 26 II 14.6 ?5 45 2.1 0 26 11. 
l .61St: ! I. I 1 7 9R5 66 2.571 242 79 18 36 34.5 26 12 11.5 25 45 56. 7 0 26 l4. 
I .6 5 70 I. I 18 9~5 31 2. 5 22 504 n 78 H 25.4 26 13 8.5 25 46 50. 7 0 26 17. 
1.6 5 75 1.11q q46 02 2.523 765 19 16 42 16. 3 lb 14 5.4 15 47 44.7 0 26 20. 
t.65eO I. 120 qz7 74 2.525 026 28 78 45 7.3 26 15 2.4 25 48 18.8 0 26 21. 
1.6585 l. l21 910 48 2.526 28 7 29 16 47 58. 3 26 15 59.4 25 49 12.6 0 26 26. 
I .6 590 1.122 894 26 2.527 548 21 78 50 lt9.4 26 16 56. 5 75 50 26.9 0 26 29. 
I .6 59 5 I. 123 57q 06 2.528 809 C9 78 53 40.5 26 17 53.5 25 51 20.9 0 26 32. 
1.6600 I. I 24 864 90 2.510 069 88 16 56 JI. 7 26 18 50 .6 25 52 15 .o 0 26 35. 

1.6605 1.125 851 11 2. 5 l I 330 59 16 59 22 .9 26 19 ';7.6 25 51 9.1 0 26 3R. 
I.MIO I. 126 839 68 2.532 5q1 21 79 2 14.2 26 20 44.7 25 54 1.2 0 26 41. 
l.h615 1.111 828 63 2. 513 851 rq 79 5 5.5 26 21 41.8 ?5 54 57 .4 0 26 ... 
t.6620 I. I 28 816 61 2.535 112 27 79 1 56.9 26 22 39.0 25 55 51.5 0 26 4 7 ., 
I .6625 l. 129 809 64 2.5 36 372 H 7q 10 48.3 26 23 16. I 25 56 45.6 0 26 50. 
1.6610 l.llO 801 72 2.537 632 99 79 I l J9.8 lb 24 33.3 25 57 39.8 0 26 53. 
1 .tit:~ 5 I.Ill 794 84 2.518 893 21 79 16 31.3 2b 25 30.4 25 58 34.0 0 26 56. 
1.bt:40 I. 132 789 00 2.540 153 39 79 1• 22.9 26 26 27.6 25 5q 28.2 0 26 5q. 
l .bf: 45 1.133 784 22 2.541 411 47 79 22 14.5 26 27 24.8 26 0 22.l 0 27 2. 
1.6650 1.134 780 48 2.542 671 47 79 25 6.2 26 28 22. I 76 I 16.6 0 27 5. 

l .b6'511i I. 135 111 8C 2.543 q33 38 7q 27 58. 0 26 2• 19. 3 26 10.8 0 27 8. 
l.66t0 I. 136 776 17 2.545 191 22 79 JO 4q. 6 26 30 16.6 26 5.0 0 27 11. 
l.66t5 1.137 775 6C 2 • 546 •52 96 79 31 41 .6 26 31 IJ.q 26 59. l 0 27 14. 
1.6670 I. 13 8 776 09 2.547 712 63 79 36 33.5 26 32 11.2 26 4 51.5 0 27 11. 
t .661 Iii I.IH 171 64 2.548 s12 21 7S Jq 25.4 26 3l 8. 5 26 5 4 7 .8 0 27 20. 
l .l)f:80 I. 140 160 25 2.550 231 10 79 42 11 •• 26 34 5.8 26 6 42.1 0 27 23. 
I .668 5 I. 141 783 q3 2.551 4q1 10 79 45 •• 5 26 35 3. 2 ?6 7 36.4 0 27 26. 
1.6690 1. 142 788 67 2.552 750 42 79 48 1.6 26 36 0.5 26 8 30.7 0 27 29. 
I.H•5 1. 14 3 7q4 4e 2.554 009 65 7q 50 53. 8 26 16 57 .q 26 9 25.0 0 27 32, 
I .6 7CO t .14-'t 801 l6 2.555 268 80 79 53 46.0 26 17 55.3 26 10 I q.J 0 27 36. 

I .6 7C5 1.145 aos l I 2.556 !27 es 7q 56 38. 2 26 18 52.7 26 II 13.7 0 27 39, 
I .6 710 1.146 618 33 2.557 766 82 79 59 30. 5 26 3q 50.2 26 12 8.0 0 27 42. 
I .6 715 I. 147 828 41 2. 559 045 69 AO 2 22.9 26 40 4 7 .6 26 ll 2 .4 0 27 45, 
1.6720 1. 148 93q 61 2.560 304 47 80 5 15.3 26 41 45. I 26 l3 56.8 0 27 48 I 
t .6 72-J I .149 851 61 2. 561 563 17 80 8 1.6 26 42 42.6 26 14 51.2 0 27 51, 
l.6 730 I. 150 665 20 2. 562 821 11 80 II 0.3 26 43 40.1 26 15 45.6 0 27 54, 
1.67'!5 1. 151 679 62 2.564 060 27 80 13 52.8 26 44 37 .6 76 16 40.0 0 27 57, 
1.6740 I. 15 7 695 13 2.565 138 69 80 16 45.5 26 45 35.2 26 17 34.4 0 28 o, 
I .6 74 5 1.151 911 72 2.566 597 01 80 19 38.t 26 46 32. 7 26 18 28.9 0 28 3, 
1.6750 1.154 929 40 2.567 655 21 80 22 30.8 26 47 30. 3 26 19 23. 3 0 28 1, 

1.6755 1. 155 946 17 2.569 113 36 80 25 23.6 26 48 27.9 26 20 17 .8 0 28 10, 
1.6'60 1.156 968 04 2.570 371 40 80 28 16.4 26 49 75.5 26 21 12.3 0 28 13, 
t.6H5 1.1'1 99q 00 2. 571 629 34 80 31 s. l 26 50 73. I 26 22 6.8 0 z9 16, 
1.6110 1.IH 011 06 2.572 187 18 80 34 2.2 26 51 20.7 26 21 1.3 0 21 19, 
I .6715 I. 11>0 034 21 2.574 144 92 80 16 55.2 26 52 18.4 26 23 55.1 0 28 22, 
1.67'0 1.161 056 47 2.575 402 S6 80 JO 48. l 26 51 16. I 26 24 50.3 0 28 251 
I .6 78 5 I. 162 081 62 2.576 660 II 80 42 41.3 26 54 IJ.R 26 25 "'"·' 0 28 281 
1.6 7SO 1.163 110 21 2.577 917 55 80 45 34.5 26 55 11.5 26 26 3•.4 0 28 32 
I .6 7q5 1.164 117 16 z.51• 174 90 80 48 21.1 26 5b 9. 2 26 27 34.0 0 26 35 
I .6 "00 1.165 166 53 2.510 432 14 80 51 Z0.9 26 57 1.0 26 28 28 .5 0 28 38 
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TABLE 111-FO•CTIONS D'UNE SPIRALE OE RAYON UNITAIRf 

- ---- ----- --------- --------- -- -- ---------- -------------- ------ ------------------ ---- ---- -- ., .. LS/R X/R Y/R Q/R P/R l T /R 
•LS/A• 
•fil7R 
•••••••••-•••.,.••••••s••••-••••••••••••••••a-••••••••za=-•••s••••2a2s:-:11••••••••••-•••••••••• 
1.oec5 2.824 080 25 2. 310 6'8 36 t. l 51 531 03 I. 323 223 68 0.3oq 621 20 2.126 284 18 
I .6P I 0 2. 815 761 00 2. 31 t 4~8 1e t.152 703 63 I. 323 911 19 o.3oq %3 94 2.121 qo9 8b ) 1.6815 2.827 4'2 25 2. 312 287 71 1.153 870 84 1.324 598 74 0.110 306 93 2.12• 536 88 

1.6820 2. 87q 124 oc 2.313 tot 55 I. I 55 050 65 I. 325 286 32 0.310 650 16 2.131 165 23 
.6825 2. 830 806 25 2. 313 924 70 1. 156 225 06 1. 325 q13 q5 o. 310 9o3 64 2.132 704 q2 

1.6810 2. 832 489 00 2.314 742 23 I. I 57 400 08 I .326 661 61 0. 311 337 37 2.134 425 ~5 
.6P35 2.834 IP 25 2 .315 55q 14 1.158 5 75 70 1. 327 34q 32 O. 31 l 681 34 2.136 058 33 
'.6840 ?. 835 856 oc 2.316 375 43 t.159 751 93 1.328 OH 06 0.312 025 56 2.137 6q2 05 
.li~-'5 2. 837 540 25 2. 31 7 IQ! CQ I. 160 q2e 75 1.378 724 84 o. 312 310 03 2.t~• 32 7 ll ) .6MO 2.81• 225 00 2. 318 006 I 3 1.162 106 18 1. 32q 412 65 0.312 714 74 2.140 %3 55 

.6e!5 2. 840 910 25 2.318 e2G 54 1.16 3 284 21 I.HO 100. 51 0.313 05q 71 2. 142 601 l2 

.68,o 2. 842 506 00 2.319 634 32 1.164 462 84 I.HO 798 40 o. 313 404 01 2.144 240 45 

.68t5 2. 84i"i 282 25 2.12c 447 48 1.165 642 07 I.HI 4 76 33 0.111 750 37 2.145 88 0 q4 

.6870 2. 845 %• 00 2.121 160 00 1.166 821 •o t.332 164 2• O. ll4 OQ6 07 2.147 527 n 

.6875 2. 84 7 656 25 2.322 071 •c I .168 002 33 I. 3 32 852 30 o. 314 442 03 2.14q 166 00 1 ,6810 2.94q 344 00 2. 322 ~83 16 l.16q 183 36 1. 333 540 34 o. 314 788 22 2. I 5 C 810 57 
0688 5 2. 85 I 032 25 2.323 693 79 1.170 364 QB !.334 228 41 o. 315 134 67 2. I 52 456 50 
,68QO 2. 85 2 721 00 2.324 503 7q I. I 71 54 l 21 l.H4 •t6 52 0.315 48 l 36 2.-154 103 81 
.68Q 5 2.A54 410 15 1.325 313 16 1.1 72 730 03 I. 335 604 67 o. 315 828 30 2. 155 7152 48 
.6.00 2.856 100 00 2. 326 121 8• 1.173 q\3 45 1. J 36 292 86 o. 316 175 49 2. 15 7 402 52 

.6qo~ 2. 85 7 1qo 25 2,326 •2• 98 t. 175 0"7 47 1.336 •81 08 o.316 522 q3 2.159 053 q4 

.6.10 2. 8s• 481 00 2.327 737 44 1.176 282 08 I. l37 669 33 0.316 870 61 2.160 706 74 
6915 2. 861 172 25 2.328 544 26 1.177 46 7 18 1.338 357 61 Q.317 218 54 2.162 360 GI 
.6920 2. 862 864 00 2.32q 3-SO 45 I. I 78 65 3 09 1.33q 045 q5 0.111 5M 72 2.1~4 016 47 
.6925 2. 864 556 25 2.130 !55 qq 1. 179 8H 48 1.33. 734 31 o. 317 q15 14 2. 165 673 41 
6930 2. 8h6 249 00 2.330 G60 89 1.181 026 47 1.340 422 10 0.118 263 82 2.lb7 331 n 6q35 2. l!6 7 94? 25 2.331 765 15 1.182 214 06 t.Hl Ill 13 0.318 612 74 2.168 q91 44 
.6940 2. 86• 6:\h 00 2.332 5'8 77 1.183 402 23 I.HI 799 59 0.318 961 •1 2. 170 652 54 
.6«i4 '5 2. 871 330 25 2. 333 371 75 1.184 SSL 00 1.342 488 09 0.11• 311 32 ?.172 315 03 
.6950 2.873 025 00 2. 334 174 08 1.185 780 37 1.343 I 76 62 o.3t9 660 q9 2.173 978 GI 

.6955 2.874 720 25 2.334 S75 77 1.186 q70 32 I. 343 865 18 0.320 010 qo 2. 175 644 19 
,6HO 2.876 416 00 2.335 776 82 I. 188 160 RT 1.344 SB 78 o. 320 361 06 2. 177 310 87 
.6.65 2.878 112 25 2.336 577 21 1.18~ 352 00 1. 345 242 41 C.320 711 46 2.t 78 978 q5 
.6.10 2.879 809 00 2.337 376 96 I. 1•0 54 3 73 t.345 93 I 07 0.321 062 12 7. 180 648 43 
6q15 2. 88 I 506 25 2.338 176 Ch 1.1•1 736 04 1. 3411 61• 77 0.321 413 02 2.182 31 O 32 
,Meo 2. 883 204 00 2.338 q74 51 1.1"2 •28 95 1.347 308 49 Q.321 764 17 2,183 9q1 61 
6•es 2. 884 •02 25 2. 339 772 31 1.1q4 127. 44 1.347 qq1 25 o. 32? 115 57 2,185 665 17 
69•0 2.886 601 oc 2.340 5t9 46 1. 1q5 316 52 1.348 686 05 0.122 467 22 2.187 340 43 6qc;'j 2-888 300 25 2.341 365 q5 1,196 511 t• 1.34. 374 87 0.322 81 q II 2.189 016" 96 
7000 2. 890 000 00 2.342 161 8C l.!Q7 706 45 1.350 063 73 0,323 17! 26 2.1•0 6.4 •t 

7005 2. 891 700 25 2.342 ~56 9q I. 198 •02 2• !.350 752 61 0.323 5 23 65 2.192 374 27 
70! 0 2.9n 401 00 2.343 751 52 1.200 0•8 72 I. 351 441 53 0.323 , 76 28 2. 194 055 06 
7015 2.895 102 25 2.344 545 40 t. 201 2•s 74 I. 352 uo 48 0.324 22• 17 2.195 737 26 
1070 2.896 804 00 2. 3,.5 338 62 I. 202 4q3 34 1.352 et0 46 0.324 582 31 2.1n 420 •o 
7025 2.9q8 506 25 2.346 ll l 18 1.203 691 52 t. 353 508 47 0.3?4 q35 6• 2.19• 105 ~6 
7030 2.qoo 209 00 2.346 923 c• 1.204 890 2• 1.354 1q7 51 o. 325 289 32 2.200 792 45 
70B 2. 901 q12 25 2.347 714 33 I. 206 o•• 64 1.354 886 58 0.325 643 20 2.202 480 37 
7040 2.903 616. 00 2.348 504 •2 I. 207 28~ 58 1. 355 575 68 0.325 9q7 33 2.204 169 73 
7045 2.905 320 25 2.34tq 294 84 1. 208 490 10 I. 356 264 81 0.3?6 351 70 2.205 860 53 
7050 2.•01 025 00 2.350 084 10 1.209 691 20 t.356 q53 q7 0.120 706 33 2.207 552 76 

7055 2. 908 730 25 2.350 872 70 1.210 892 88 I. 357 6H 16 Q.327 061 20 2.20• 246 43 roeo 2. 910 436 00 2.351 t6C 63 1.212 095 14 1.358 332 38 o. 327 416 32 2.21c 941 55 
C65 2. 91? 142 25 2.352 441 GO 1.213 297 qq 1.35• OZI 62 o. 3?7 771 69 2.212 638 12 

~C70 2.913 849 oc 2,353 234 ,o I. 214 501 41 t.359 710 90 o. 328 127 31 2.214 336 14 
015 2.915 556 25 2.354 020 44 I. 215 705 42 t.360 400 20 o. 128 4R3 17 2. 216 035 60 
ro80 2. 91 7 264 00 2.354 eos 71 1-216 •10 00 I. 361 peq 53 0.128 8'3q 29 z. 217 736 52 
~085 2.•n8 972 25 2.355 590 31 1.218 115 16 t.361 778 89 o.3n 195 65 2.219 438 89 oqo 2.'120 681 oc 2.356 374 ?4 1. 219 320 •o t. 362 468 2A 0.329 552 26 2.221 142 73 
70'9~ 2. 92? 390 25 2.357 ! 5 7 50 1.220 527 21 1.363 157 70 o. 12• 90• 12 2.222 848 O? ( 7100 2.924 100 00 2.357 94C 08 1.221 734 II 1.363 84 7 14 0.110 266 23 2. 224 554 7R 

po, 2.925 AIO 25 2.358 722 co I. 222 q41 58 1.364 536 61 0.330 623 58 2.226 26 3 00 
7110 2.•21 52 I 00 2.35q 503 24 1. 224 14q 62 1.165 226 It 0.330 981 1• 2.227 •12 60 
l 115 2.920 232 2l 2.360 283 81 1.225 35 e 24 I. 365 915 63 0.331 33q 04 2.229 683 es 
p20 2. •10 ... ,. 00 2.361 063 70 1.226 56 7 .. I. 366 605 18 0.331 697 14 2. 231 3'16 48 r12, 2.9)2 656 25 2.361 842 'II 1.227 777 21 1.367 294 75 0.332 055 4q 2.233 110 58 
1130 2. q34 369 00 2.362 621 45 I. 228 •81 55 1.367 •84 36 0.332 414 oq 2.234 826 17 h ~s 2."36 082 25 2. 363 39q 31 1. 230 1•8 47 1.36" 673 99 o. 332 772 94 2.236 S.3 23 
1140 2.Ql7 706 00 2.364 176 49 1.231 409 96 1.36. 36'3 64 0.333 132 04 2.238 261 78 
fl45 2.93" 510 25 2.364 953 00 1.212 622 02 1.no 053 32 0.333 491 38 2.239 981 81 
150 z. 941 225 00 2.365 72P. 82 I. 233 834 66 1.370 743 02 O.B3 850 98 2.241 703 37. 

p55 2. 942 q40 25 2.366 503 96 t.235 047 86 I.HI 412 75 o.334 210 82 2.243 426 33 
p to 2. q'9-4 656 cc 2.367 278 42 1.236 261 63 I. 372 122 5 l 0.334 570 91 2. 245 I so e, 
HS 2 •• ,.6 n2 25 2.368 052 19 1.2H 475 •8 t.372 812 28 0,334 931 25 2.246 876 82 
170 2 .... 8 Qllq 00 2. 368 825 ?8 t.238 690 89 t.373 502 o• o.335 2•1 84 2.20 604 31 
t i5 z.94q 906 25 2.36• ~en ~e 1.239 906 38 t.374 191 •1 0.335 652 68 2.250 333 30 
110 2.95 I 524 00 2.370 36• 40 1.241 122 43 1.374 881 77 0.336 013 77 2.252 063 7q 
185 2.951 242 25 2.n1 14C 41 I. 242 339 05 1.375 571 64 0.336 315 10 2.253 1'15 79 
1•0 2.954 •61 00 2. 3 71 910 78 I. 243 556 23 t.376 261 54 o. 336 736 69 2. 255 52° 20 
195 2. 956 680 25 2.372 680 43 1.244 773 99 1.376 951 46 0.3'37 098 52 2.257 264 30 
200 2. 958 400 00 2. 373 449 3q 1.245 9s2 31 1.377 641 41 o. 337 460 61 2.259 000 83 
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TAR LE 111-FO~CTIONS 0' UNE SP IRALE OE RAYON UNITAIRE 

------------------------------------------------------------------------------------------ 
A/R= STIR LC/R 8 1/3 8•$+C • C 
•LS/J• ---------------------------------------------------- 
•VLS/R OEG MNT SEC 
•~•••••~•••••••••=•••••••••••••••••••••••••••••••••a••••••••=••••••••••=•••••••••••••••••• 
I .68C5 1.166 1% 32 2.581 669 28 80 54 14.2 26 56 4.7 26 29 23. I 0 2e 41 .Ii 
r. e e I 0 I. 167 277 22 2.562 g46 32 80 57 7.5 26 59 2.5 26 30 11.1 0 28 41t.A 

l .6e l 5 I. 16 8 25• 24 2.56' 203 26 61 0 0.9 27 0 0. 3 26 31 12. 3 0 28 48.0 

\.be20 1. l6Q 2<>2 37 2.565 46C 09 61 2 54.4 27 0 58. I 26 3? 7 .o 0 2e 5 I. 2 
I .6A25 1.110 326 62 2.586 716 e2 81 5 47. q 27 I 56. 0 26 33 1.6 0 26 54.4 

l .b6 30 I. I 71 161 g9 2.567 973 45 81 8 41.4 27 2 S3.8 26 B 56.2 0 26 5 7 .6 

1.6835 l. I 7 2 3Q8 4. 2 .5 89 22• 96 81 ll 35 .o 27 3 5 I. 7 26 34 s c ,» 0 29 0.8 
l .b 840 1.173 '36 IC 2.5go 4 P.6 38 81 14 26 .6 27 4 4g.5 26 35 45.6 0 2q 4.0 
1 .6 A45 1. l 74 474 85 2.5•1 142 68 81 17 22.3 27 5 47.4 26 36 40.3 0 29 7.2 
l.6P.50 l. 175 514 72 2.5"2 998 88 81 20 16. l 27 6 45.4 26 37 35.0 0 2• 10.4 

l .b85 5 1. I 7b 555 72 2.594 254 97 81 23 9.9 27 43.3 26 H 2q. 7 0 2g 13.6 
l.6Bf0 1. 177 5g7 H 2. 5q5 51C 95 81 26 ~.B 27 4 l. 3 2b JQ 24 .4 0 2• 16.g 

l .b8t: I;: I. I 78 6• I I 3 2.5Q6 766 82 Bl 28 57. 7 27 9 3Q.2 2b 40 I•• I 0 29 20. I 
I .6870 1. 179 685 54 2.5Q8 C22 58 81 31 51. 6 27 10 37.2 26 41 13.9 0 2• 23.3 
1 .6e 1':i I. I RO 731 Of 2.5gg 278 23 81 34 4'>.6 27 11 35. 2 26 42 8 .6 0 2• 26 ·"' 
I .6 f fO l. l RI 777 77 ?.b00 531 77 81 H 3g. 7 27 12 33. 2 2b 43 l .4 0 29 zq.e 
I .bP~ 5 I. IR? 8?5 60 2 .bOl 79g 20 81 40 33.8 27 I 3 31.l 2b 43 58 .2 0 29 33.1 
I .l.lAC:O I. IR 3 f74 5e 2.603 0'4 51 81 43 28. 0 27 14 2°. 3 26 H 53 .o 0 2Q 3b.l 
l .68<i5 I. 184 "24 7C 2.604 299 7 2 81 46 22. 2 27 15 27.4 26 45 47.8 0 29 '.\Q.h 

1.6QCO I. I R5 975 97 2 .b05 554 ec 81 4g lb.5 27 16 25. 5 26 46 '-2 .6 0 zq 4 2 ,.q 

1 .,1-,gc 5 l. 187 C2R •c 2 .6Ct 6Cs 77 81 52 10.6 ?1 1 7 21.6 2, 47 31.4 0 29 46.2 
1.1,q10 I. I 68 061 ge 2.60A 064 t3 81 55 5. 1 ?1 18 21. 7 ?b .. 32 .l 0 29 4q_4 

I .6g 1 5 I. 11\Q 136 71 2.609 HG H Al 57 ljQ .6 27 IQ \Q.Q 26 49 21.1 0 29 52.7 
1. bQ20 l. lQO I Q2 60 2.610 5 74 00 R2 0 54.0 27 70 16. 0 2b 50 22.0 0 2• 56.0 
\.6925 1. IQl 24Q 65 ?.61\ 828 51 62 l 48.6 27 21 16. 2 26 51 l 6.Q 0 29 59.3 
1 .bQ ?O 1. 102 307 86 2.613 oez fQ 62 b -43.l 27 22 14.4 ?6 52 l l .8 0 30 2.6 
l .6935 l. 193 367 24 ? .61 '- 337 l 7 A2 Q 37.A 27 n 12.6 n 53 6, 7 0 30 5,9 

I .6<;40 1. 104 42 7 H 2.615 5°1 32 62 l 2 12. 5 27 24 10.A 2b 54 I .6 0 30 9.2 
1 .6Q4 !: l. 195 4RQ 49 2,616 fl'i5 35 R2 l 5 77.2 27 25 q. I ?6 54 Sb.'5 0 30 12., 
1 .6 q50 1.1% 552 3 7 2.618 CQS ?6 R2 JR ?2, 0 27 n 7.3 26 55 51. 5 0 10 l 5. c 

1. l)Q')5 l. 1Q7 616 42 2.619 353 OS A2 ? l 16. 8 71 27 5.6 7b 56 46.4 0 lO 1•.2 
l .6Q6C 1. 198 6~ I 65 ;,.1,20 1:06 72 87 24 I l. 7 27 ZR 3. q 26 57 4 I ,4 0 30 22.5 
I. t,qt 5 1. 109 748 05 2.621 asc 26 ~2 27 6,6 27 29 2,2 2h 5P 1ti. 3 0 30 2S.9 
1.6c; 70 1.200 8 l 5 64 2.623 Ill e s 82 30 I. 6 77 30 o.5 2, 59 J 1. 3 0 3C ]Q.? 

I .60 7 5 t.201 884 40 2.624 3h6 QS el l? 5b. 1 27 30 58.0 27 0 26.J 0 10 32., 
l .6G80 l. 202 954 l~ 2.625 t7C 16 A2 35 51. 8 27 11 ',1. 1 27 1 21. l 0 lO 35 .9 
l .t-,q1;5 1. 204 Ol5 48 2.626 P7l 2 I 82 36 4h. q 27 32 5'5. 6 n ? 16.4 0 ,o H.1 
1 .6Q<:O 1. 205 OQJ 8 1 2.628 1?6 I' A2 41 42.1 27 13 54.0 27 ' l l .4 0 30 42.~ 
l .6',Q"i 1.206 111 12 2.t-2q 378 q; 82 44 17.l 71 34 52.4 27 6. 4 0 30 46.C 

1. 1CC0 1. 207 24~ C2 2. b '.\O n1 6C A2 47 32. 6 27 ,5 50.0 27 I .5 0 ,o 40 -~ 

t. 70C '5 l, 208 l2l •2 7 .6 ~ l ea• l 4 A2 50 78. 0 27 lb 4Q.' ?1 < "56.6 0 30 5 2 .1 

I. 70 I 0 I. 20S 3qg 0 I 2.tr·n IH 5t ~? 53 23.4 27 H 4 7 • f:I 71 6 51.6 0 JC 5 6. f 
t. 701 'i l.?lO 477 ,1 2.634 386 84 82 56 18.9 27 36 41,. 3 27 7 46. 7 0 lO s0 .t 
1. 70?0 I, 211 5Sb BC 2.6]5 '4 l co 82 5g 14 .4 27 39 44. 8 27 A '4 l .8 0 31 l.( 

I. 7075 I. 212 637 50 Z.616 891 Cl Bl 2 9.9 21 40 43.3 27 9 l7 .o 0 3 I b.l 
I.7010 1. 21 l 71 q 40 2.6?8 144 Sl Al 5 5.5 27 41 4\.6 71 10 lZ. 1 0 l l 9 ., 

\.7C35 l. 214 802 51 2.639 l96 t6 63 A I. 2 27 42 40.4 27 II 21.2 0 1 l t 3.l 
I. 7040 I. 215 P86 81 2.640 648 3 l R3 10 56. q 27 43 39. 0 27 12 22.4 0 3 I lb.I 
1. 70'4', I. ?16 •12 H Z.641 es, ec 63 13 52. 7 27 44 37.6 27 13 17 .5 0 l l 20 .( 
l. 70'50 1. 218 cs• IC 7.643 I 51 17 83 16 48.5 77 45 lb. Z 27 14 12. 7 0 l 1 73 ·' 

I. 7055 \.219 147 07 2.644 4C2 JO 63 I q 44.3 21 46 34.8 27 15 7 •• 0 31 26 .i 
I. 70f0 I. 220 ? lb 2• 7.645 65~ •9 83 22 40.1 27 47 33 .4 27 16 l. l 0 31 10. 
1. 70t '1 l. 271 l?b 65 2.646 S04 44 Bl 25 36. 2 27 4A 12. I ?1 16 58 ,3 0 31 33.I 
1. 70 70 1. 222 4IR 27 2. 648 155 27 83 ZR 32.2 27 49 30. 7 27 17 53. 5 0 31 3 7 •! 
l. 7C15 1.223 51 l ll 2. ~.c.g 405 ~ 5 83 3 l 28. 3 21 50 zq. 4 27 18 48. 8 0 3 I 40. 
I. 7060 I. ??4 605 2C 2.650 6S6 50 Pl '4 ?4. 4 27 51 2R. I 27 j c 44.0 0 ll 44. 
t.7Cf5 I. 225 700 51 2.t51 see 91 83 17 20.6 27 52 26. q 27 20 39. l 0 ll 41.1 

i l. 7090 I, 226 7g7 06 7 .65 3 157 1e 83 40 16.9 27 53 25.o 27 21 34.5 0 ll 5 I. 
,j 1.7C55 1.2?7 894 Bl 2 .t: 54 4C7 JC 63 43 13.1 27 54 24.4 27 22 29.8 0 31 54 .1 

l.7100 l,226 9g3 .4 2.655 657 29 63 46 •• 5 27 55 23.2 27 23 2'i. l 0 l l -;s.1 

I. 71C5 I.?10 OQ4 IC 2 .656 QCJ 14 83 4Q 5.6 27 56 21.• 27 24 20.4 0 37 1. 
1. 7 110 1. 23 I I Q5 5g 2.658 156 85 83 52 2,l 27 57 20.8 27 25 15. 7 0 32 5. 
I. 7 l l 5 1. 232 296 B ?.659 406 41 63 54 58.8 27 58 lQ.6 27 lb 11.1 0 32 8. 
l. 71 ?O 1. ?l 3 402 12 2,.f.bO 655 e3 63 57 55.l 71 5Q 16.4 27 27 6 .4 0 32 I 2. 
l. 7 l t 5 l. 734 507 S5 2.661 905 ll 84 0 5 I. g 28 0 17.3 27 28 l .8 0 32 \5. 
t. 7130 l. 235 614 OJ 2.6b3 154 25 84 1 4~.5 28 l 16. 2 ?1 2R i:;. 1. l 0 32 19. 
1. 71 ~ '> ).236 721 77 ?.664 403 23 64 6 45.2 28 2 15. l 27 zq 52 .5 0 32 22. 
I. 7 1 '0 1 .237 630 17 2.665 652 06 64 9 42.0 26 l 14.0 27 lO 47 .9 0 32 26. 
l.714"> 1. 7'f' 941 02 2.666 goo 77 84 12 36.6 28 4 12. g 71 ll 4 3. 3 0 32 2Q. 

l.715C l. 240 052 53 2.666 149 )2 84 15 15. 6 26 5 l l .Q 21 32 38. 7 0 32 33. 

1. 11 ~ 5 I. 241 165 31 2.669 397 72 84 18 32. 5 28 6 10.8 27 B 34.t 0 32 36. 
l. 7160 I. 242 279 35 2.670 t45 se 84 21 2•. 4 28 7 •.0 27 34 2".5 0 32 40. 
1.7 H5 I. 24 3 394 66 2.6 71 a•4 06 84 24 26.5 28 8 8.8 27 35 25.0 0 32 43. 
I.7170 1. 244 511 n Z.673 142 Ol 64 27 23.5 28 Q 7.8 27 16 20.4 0 32 47. 
I. 7 I 75 \. 245 62Q 08 2.6 74 369 64 64 30 20.6 26 10 6.Q 27 3 7 15.9 0 32 5 I. 
1.7180 1. 246 746 21 2.675 637 49 84 l3 17.8 28 II 5.9 27 lA 11.4 0 12 54. 
I. 71R5 I. 24 7 668 6 l Z.676 884 qq 84 36 15.0 28 12 5.0 27 39 6.9 0 32 5 6. 
t. 7190 1. 246 990 2S 2.678 112 l4 64 39 12.2 28 13 4.1 27 40 2 .4 0 ll 1. 
t. 7 t<P.i I. 250 113 16 2 .6 79 37~ 54 84 42 9.5 28 14 J. 2 27 40 57 .Q 0 ll 5. 
1. 7200 J. 751 237 51 z.6eo 626 58 84 45 6.9 26 l 5 2.1 27 41 53 .4 0 33 6. 
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- - ----- --- - --- - - ---- -- --- - - -- - - -- - - --- - -- - - --- - - - - - - - - --- - - -- - -- - - -- -- - ---- - -- -- -- - - - - 
AIR• LS/R X/R Y/R Q/R P/R LT /R 
•LS/A• 
•l'ITlJ 
•••• •••••• •• • • •=-••• •• ••--•--•••• •• • • •• •••••••• • ""••••• ... •• asaaa • • aaa-.a:2••••• ••••••• •*•• ••• • """" 
l. 7205 2. "60 120 25 2.3H 217 61 !. 24 7 211 19 I. 378 331 37 0.337 822 94 2.260 738 86 
!. 7?10 ?. 961 841 00 2. 374 c;e, 25 1,248 430 64 1,319 021 36 0.318 185 52 2. 262 478 42 
1.7215 2.96] 562 25 2.375 752 14 1.249 650 65 1.3 79 11 I 38 0.338 548 35 2. 264 219 49 
I. 721.0 ?.965 284 00 2.,16 518 33 !. 250 871 23 1.380 401 41 0.338 "11 43 2. 265 962 09 
I, 7225 2. 967 006 25 2.311 283 e4 1. 252 092 37 l. 381 091 H o. 339 274 75 2.267 706 21 
l. 7 2'!0 2,%8 729 00 2.378 C48 64 1. 253 314 08 1.381 781 55 o. JJq 638 33 2.269 451 86 
l. 7235 2.970 4~2 25 2.378 812 75 I. 254 536 34 1,382 471 65 0.340 002 16 2. 271 l99 04 
I. 7 ?40 2.q1z 176 oc 2. 37S 576 16 I. 255 759 17 I. 383 161 17 o. 340 366 23 2. 272 S47 75 
l. 7 245 2. 973 900 25 2.380 338 ee 1.256 982 56 I. 383 851 91 0.340 730 55 2.274 697 99 
1,7250 2. 975 625 00 2,381 100 89 I. 258 206 51 1,384 542 08 0.341 095 13 2.276 H9 77 

l. 7 25 !: 2. 917 350 25 2.381 e62 21 1.259 431 02 1.385 232 26 o. 341 459 95 2 • 278 203 09 
1.1uo 2.979 C76 00 2,382 622 82 1.260 656 09 1. 385 922 46 0.341 825 07 2. 279 957 96 
l,7U5 2.980 802 25 2.383 382 74 I. 261 881 72 I. 3R6 612 69 0.342 ISO 14 2.281 714 37 
!. 7 270 2,982 529 oc 2.384 141 95 1,263 107 90 1,381 302 94 0.342 555 91 7.283 472 32 
I. 7275 2.984 256 25 2.384 900 45 1.264 334 64 I. 3 87 993 20 o.347 921 73 2,285 231 83 
1.12eo 2. 985 984 00 2.385 658 76 I. 2~5 561 94 1.388 683 49 0.343 287 80 2 • 286 9'12 so 
I. 728 5 ?.987 712 25 2.386 415 15 I. 266 789 80 I. 389 373 79 0.343 654 II 2,288 755 50 
1:1no 2.989 441 00 2,387 171 14 1. 268 018 21 1.390 064 11 o. 344 020 68 2.290 519 68 
I. 1295 2,991 170 25 2.]Rl 927 ., I. 269 247 18 l,'90 754 46 0.34' 387 50 2.292 285 ., 
l. 7300 2.992 900 00 2.388 682 ,o I. 270 416 71 1. 391 444 82 0.344 75' 56 2. 294 052 71 

l. 730 5 2.qq4 610 25 2,389 • 3, 67 1.211 706 18 1. 392 135 20 o. 145 121 88 2. 295 821 57 
l, 7310 z.qq6 361 00 2.190 190 22 1.272 937 " I. 392 R25 60 0.345 489 44 2.297 5g2 01 
1,7315 ? • 998 092 25 2.39C 943 C1 1.274 168 60 1.393 516 01 o. 345 857 25 2. zqq 364 01 
1.1,20 2.999 824 oc 2.391 695 20 1,275 400 33 1. 3q4 206 45 o.346 225 12 2. 301 137 50 
!. 712 5 3. 001 556 25 2.392 446 63 1,276 632 62 l,H4 896 90 0.346 593 63 2. 302 912 74 
1. 7330 3. 003 289 00 ?,393 197 ll 1.211 865 46 1.395 58 7 37 0.346 962 19 2. 304 689 •8 
l.7l35 l. 005 022 25 2.1•3 S47 33 1.279 098 85 1.196 277 85 0.347 331 00 2.306 467 79 
t. 7 3 .. 0 ,. coo 756 oc 2.3Q4 6% 60 I. 280 332 79 l. l<l6 %8 36 o. 341 700 06 2.308 24 7 60 
1.1345 3.008 490 25 2. 395 445 16 1,281 56 7 28 I. 397 658 88 0.348 069 37 2.310 029 18 
I. 1150 •• 010 225 00 2,H6 193 Cl I• 2R2 80? 32 1.398 349 42 o. 348 438 •3 2. 311 R12 26 

1.1355 3. 011 960 25 2.396 940 14 1,2H 037 91 1.,qq OH 97 o. 348 808 74 2.313 596 93 
t.7:H•0 3,013 606 00 2.397 686 54 1. 285 274 04 1.1<10 no 54 o. 34<1 I 78 79 2.315 38 3 20 
l,7H5 3. OIS 432 25 2. 3g9 432 23 1,286 510 73 1.400 471 " o. 34q 549 10 2.317 171 C6 ) 
l. 7 ~70 3. 01 7 169 00 2.399 177 ?C l,H7 747 95 1.401 Ill n o. 349 919 66 2. 318 %0 53 
1,73B 3,018 906 25 2.3<1Q 921 44 I. 288 985 13 I ,401 802 34 o.,so 290 46 2.320 75 l 60 ! 1,7380 3.020 644 00 2.400 66' 96 I. 290 224 05 1.402 492 •8 o. 350 661 52 7,'22 544 28 
l,73M 3.0?2 382 25 2,401 407 76 I. 29 I 462 91 1,403 183 62 o. 351 0'2 •• 2.324 330 56 
l.n•o 3.024 121 oc ,.402 149 e3 1.292 702 32 I .403 !74 29 0.351 404 38 2.326 134 46 
1-1395 3. 025 860 ?5 2,402 891 18 1,293 942 27 1.40-4 564 96 0.351 776 l 9 2. 327 931 97 
.1,co 3,027 600 oc 2,403 01 81 1,295 182 11 1,405 255 66 o. 352 148 24 2. 329 HI 10 

r• HC5 3. 029 340 25 2.40M 311 1C I. 296 423 81 1,405 946 36 o. 352 5?0 54 2. 331 531 85 
• 7410 3,031 081 00 2.405 110 87 1.291 665 38 1.406 637 08 o. 352 893 10 2. 333 334 23 
,7415 3,032 822 2! 2,405 849 30 I. 208 907 50 I .407 327 82 0.353 265 OQ 2,335 138 23 
.142c 3,034 564 00 2 .406 587 01 1.300 15 0 16 1.408 018 56 0.353 638 q5 2. 336 943 86 
• 7425 3. 036 306 25 2.407 323 99 I. 30 I 393 36 1,408 709 32 o. 3'54 012 26 2. 338 751 12 
, 7430 3,038 049 oc 2,408 06C 24 I. 302 637 10 I ,4Qq 400 10 0.354 3M 81 2. 340 560 Cl 
• 7435 3. QJq 792 25 2.408 795 75 1.303 881 38 1.410 oso 88 0.354 759 61 2.342 370 55 
• 7440 3.041 536 00 2,409 !530 53 1,305 126 20 1,410 781 68 o. 355 133 66 2. 344 18 2 72 
• 144~ 3. 043 280 25 2,410 2H 57 1. 306 371 55 1,411 472 50 o. 355 507 •6 2. 345 g9o 54 
.7450 3. 045 025 00 2.,10 997 88 1.307 617 44 I .412 163 32 o. 355 882 51 2. 341 R12 co 

.74~5 3. 046 770 25 2.,11 730 46 1.308 86 3 81 1.412 854 16 0.11, 25 7 31 2.349 629 II 
,1HO 3,048 516 00 2.412 462 29 1. 310 110 83 1.413 545 00 a. 356 632 36 2,351 447 87 
• 7.ftf.~ 3. 050 262 25 2.413 I 93 39 I. 31 I 358 H 1,414 235 86 0.357 001 66 2. 35' 268 2• 
-1410 3. 052 009 oc 2,413 9 23 75 I. 312 606 36 1.414 926 74 o. 357 383 21 2.355 090 36 
• 7415 3. 05 3 756 25 2.414 653 37 1,313 854 93 1.415 ,11 62 o. 3~7 759 01 2,356 914 10 
• Hao 3,055 504 oc 2.415 382 2! 1.315 104 02 1.416 308 51 o. 358 I 35 06 2. 35 8 739 49 
• 7oltA'5 3.057 252 25 2.416 110 !R I. 316 353 65 1.416 999 42 o. 358 51 I 36 2.360 566 56 
• 7490 3. 05 9 001 00 2,416 8 '11 7e 1. 317 603 82 1.417 690 33 o. 358 887 91 2.362 395 ?• 

~ • 74q ~ 3. 060 750 25 2.,11 564 43 I. 318 854 51 1.418 3Rl ?6 o. 35q 264 71 2. 364 2, 5 69 ' , 75CO 3,06? 500 oc 2.41~ ?•c 34 1.320 105 13 1.419 017. 19 o. 3'.i<I 64 l 75 2. 3b6 05 7 11 

• 75C I; 3. 064 250 25 2.419 Cl5 5C I. 321 357 49 I .419 763 14 o. 360 019 05 2. 1, l 891 53 
• 7510 3. 066 001 00 2,41• 739 91 1. 322 609 11 I ,420 454 oo o. 360 396 60 2. 36 9 726 97 
.151, 3. 067 752 25 2.420 463 58 !. 311 862 58 I. 421 145 05 0.160 174 40 2.1 l! 564 C9 
.757.0 3.0h-Q 504 00 7.421 186 50 I. 325 115 92 1.4 21 B36 03 o. 301 15? 44 2.373 402 a• 
.1,25 3,071 256 25 2.421 SOB 61 1.326 369 19 I ,422 527 01 O. 36 l 53C 74 2.3B 243 3q 
~ 7 5 30 3. 073 009 00 2.4?7. 63C 09 1. 37.1 624 18 1.423 218 00 o. 361 90• 29 7.371 085 58 
i" 7'535 3. 074 762 25 2,423 3~0 76 I ,328 879 10 I ,423 909 00 0. 362 288 09 2.378 929 47 
• 7540 3. 076 516 00 2.424 0 70 t8 1,330 134 55 1.424 600 01 o. 362 66 7 I 3 2.380 775 05 
• 7545 3.078 270 25 2,424 789 85 I, HI 1qo 52 I. 425 291 02 o. 363 046 43 2.382 6? 2 34 
• 7'!i50 3. 080 025 00 2.4?5 508 26 I. 332 647 01 1. 42'5 982 OS o. 36'3 475 •• i.3A4 471 33 

.7555 3. 081 780 25 2 .4 26 225 qz 1.333 904 03 I .426 673 08 o. 363 805 77 2. 386 322 C7 

.7560 3. as, 536 00 2.426 94 2 e3 1. 335 161 57 1,427 364 12 o. 364 185 82 2. 388 174 43 
• 7565 3, Qq5 292 25 2.4?1 658 9f 1,336 419 63 I ,428 055 I 7 0,3'4 56' II 2.390 028 55 
.7570 3. 087 049 00 2.428 374 37 1.337 678 21 I .428 746 27 o. 364 946 66 2,391 RR4 39 
• 7515 3. 088 806 25 2.429 OR9 00 I. 338 937 32 1.420 437 28 o. 365 327 46 ?. 3q3 741 05 
.7~80 3. oso 564 00 2.429 802 e7 1.140 196 94 1,430 128 15 o. 365 708 50 2.3.5 601 23 
,75E5 3. 092 322 2~ 2.4~0 51~ 99 1. 341 457 09 l ,410 819 42 o. '366 ORS 80 2. 397 462 24 
r15QO 

3. °"" 081 00 2,431 228 34 1,342 717 75 1.431 510 50 0.166 471 34 7. 3qq 324 97 
• 1~', r; 3. 095 A40 25 ?.431 c;3q 94 I. 343 978 93 1,432 201 5g 0.366 65~ 14 ?.401 189 44 
.7t-00 3. oq1 000 00 2,432 65C 77 1.345 240 63 I .432 892 OA 0.367 ?35 1• 2. ,03 05 5 64 



TABLE 111-FUNCT!Of<S OF THE UNIT RAO I US SPIRAL 16' 
UHE I 11-fONCTIONS 0' UNE SPIRALE OE RAYON UNI TA IRE 

------------------------------------------------------------------------------------------ 
A/ p,., ST /R LC/R 8 Ill &•♦+c ' •LSO• ---------------------------------------------------- 
·'ICTIT DEG MNT SEC 
•:• •• • ••••--••••••• • -•••• ■z•• • • ••• • ••-• •••,.-=• •• sa •••• :1s:11s•• •••""• ••• •• •• aa■s •••-= •••• •••••• ""' 
1.7205 1.2H 363 04 2.681 8)J 47 84 48 4.3 28 16 t.4 27 42 4~.o 0 33 12. 
I. 7 210 1.253 45q 87 2.68' 120 20 84 51 1. 8 28 17 0.6 27 43 .\4.5 0 33 16.1 
1.7215 1.254 61 7 9e 2.684 36t 77 84 53 5q. 3 28 17 59.8 27 44 40. I 0 33 19. 
I. 72?0 I. 255 74 7 40 2.685 613 19 84 56 56. 9 28 18 59.0 27 45 35.6 0 33 23 .: 
1. 7 22 5 \.256 878 10 2 .686 859 46 84 59 54 .5 28 19 58.2 27 46 31.2 0 33 26 •1 
I. 7730 \.258 010 II 2.688 105 56 85 2 52.2 28 20 57 .4 27 47 a.a 0 33 30 .t 
1.12~5 I. 259 I" 42 2.689 351 51 85 5 At9.9 28 21 56.6 27 48 22 .4 0 33 34.; 
1. 7 740 1. 260 278 03 2 .690 507 )0 85 8 41. 1 2R 22 55.9 27 49 18. 1 0 33 37 .I 
1. 124 5 I. 261 413 95 2.691 842 n 85 II 't5. 5 28 23 55.2 27 50 13. 7 0 33 41. 
I. 7 250 t.262 551 18 2.693 088 30 85 14 4 3.4 28 24 54. 5 27 51 9.3 0 33 45.: 

1. 7 25~ 1. 263 689 72 2 .1,94 333 70 R5 17 4\.3 28 25 53.8 n 52 5.0 0 33 At8 .,f 
1.12m 1.264 829 q 2. 1,9': 578 e4 85 20 3q. 3 2• 26 53.1 27 53 0.6 0 33 52 ·' 
1.120 1.265 970 74 2.6% e23 e2 85 23 37. 3 28 27 52.4 ?1 53 56. 3 0 33 56. 
1.1 ?10 1. 26 7 113 2J 2.698 068 64 85 26 3 'j.,-'t 28 28 51.8 27 54 52.0 0 33 59 ., 
1. 7 2 i'i I. 268 257 04 2.6q~ ? 13 JC 85 29 33. 5 28 2q 51.2 27 55 47.7 0 34 3 ·' 
I. 7 280 I. 269 402 18 2. 700 557 78 85 3? 31. 7 28 30 50. 6 27 56 43.4 0 3' 7 ., 

I .7285 1. 270 548 64 2.1c1 802 II 85 35 29. q 28 31 so.a 27 57 39.1 0 34 10.1 
t.7290 l. 771 696 43 2.703 046 27 85 38 28. 2 28 37 'i-9.4 27 58 34.9 0 34 \4. 
1. 7 29': I. 27 2 845 56 2. 704 290 26 85 41 26 .. 6 28 H 48.9 27 59 30.6 0 34 18., 
1.1,co 1. 273 ~96 0 I 2.705 5'4 08 85 44 25 .a 28 34 48.l 28 0 26.4 0 34 22.1 

l .130'i I. 275 147 81 2.706 77 l 74 85 ,., 23.4 28 35 47 .8 78 22. I 0 34 25. 
1.7310 1. 276 300 94 2.708 021 23 85 50 21.9 28 ,6 47.3 28 17.9 0 34 29.4 

1. 7315 1.211 455 42 2.709 264 55 85 53 20. 5 28 37 46.8 H 11.7 0 34 33. 
1. 7 320 I. 278 61 l 74 2.71C 507 69 85 56 19. I 28 ,a 46.4 78 9.5 0 34 36.1 
1 .1 ~25 1. 279 768 41 2. 711 750 67 85 59 I 7. 7 28 39 45.9 28 5.3 0 34 .ftO.t 
1. n10 1. 780 926 91 2. 712 9~3 48 86 2 16.4 28 40 45.5 78 6 I.I 0 34 ... 
I. 7 3 3 5 I. 282 086 ]q 2. 714 2H II 86 5 15.2 28 41 45.! 28 6 57.0 0 34 48. 

', I. 7 340 1. 283 248 02 2. 715 ,re 57 86 8 14.0 28 42 44.7 2R 7 52 .A 0 34 5 I .1 
I. 7345 t.2R4 410 60 2.716 720 86 86 II 12. 8 28 '3 44 • 3 28 8 4A.1 0 34 515 ., 

1.7350 1. 28 5 574 54 2. 71 7 %2 98 86 14 11. 7 28 44 43.q 28 9 44.6 0 34 59 .i 

I. 7355 I. 286 73• 85 2.7l0 204 C\ 86 17 10. 7 28 45 43.6 28 10 40.4 0 35 3. 
1.73m I. 28 7 906 52 2. 7 20 446 68 86 20 9. 7 28 46 43.2 28 II 36. 3 0 35 6. 
\. 73f5 1. 28Q 074 56 2.721 68R 26 8~ 23 8. 8 28 47 42.9 28 12 32. 2 0 35 10. 
1. 7370 1. 2QQ 243 97 2.722 92S 67 86 26 7. 9 28 48 42 .6 28 13 28. 2 0 35 14 .1 

I. 73 75 1.791 414 H 2. 774 170 91 86 29 7. I 28 49 42 • .ft 28 14 24. I 0 35 18. 
!.7'80 1. 202 586 92 2.725 411 Sb 86 32 •• 3 28 50 42.1 28 15 20.0 0 35 22. 
t. 7 lR 5 l. 29 3 1h0 46 7.726 652 84 86 35 5.5 2R 51 41.8 18 16 16.0 0 35 25.' 
I. 7300 1. 7q4 915 H 2. 717 8S3 53 8, 38 4.9 28 52 41 .6 2" 17 11 .q 0 35 29. 
1. 7 lQ5 1. 200 Ill 68 2.729 134 05 86 41 4.2 28 53 41.4 28 18 7 .9 0 35 ll. ' 
l. 7400 1. 797 289 37 '2.73C 174 3e 80 44 J.7 28 54 41.2 28 19 3.9 0 35 37. 

1. 74C 5 I. 298 468 45 2. 7 31 fl4 53 86 47 3. I 28 55 41 .o 78 19 -;q.q 0 35 41 •I 
I. 7410 1. 299 648 93 2.n2 854 5C 86 50 1.1 78 56 40.9 28 20 55.9 0 35 45.I 
t.7''1'5 I. 100 810 BC 7. 734 Q04 ?O 86 53 2.2 2R 57 40. 7 78 2 l 5 I .9 0 35 48 .! 
1. 74 70 1. 307 014 Ot 2. 735 333 P9 Rh 56 I .9 28 58 40.6 78 27 47 .9 0 35 52. 
t.7425 1. 30 3 1q8 7 J 2. 736 573 31 86 59 I .6 28 59 40. 'i 28 2, 44 .o 0 35 56 .1 
1.7430 1. 304 384 RC 2. 7 ]7 812 54 q7 2 1.3 20 0 40.4 28 24 40.Q 0 36 a., 

t.7435 1. 105 512 78 ').. 7341 051 59 87 5 I.I 29 I 40.4 28 25 36. I 0 36 4. 
1.7440 I. 306 761 1, 2.74C 290 45 87 8 0.9 79 2 40.3 28 26 32. I 0 36 8. 
l. 7 445 I. 307 951 46 2.741 529 I 3 87 II a.a 29 3 40. 3 28 27 28.2 0 36 12.1 
l.7450 1. 309 14) 11 2.742 767 6 I 87 14 o. 7 29 4 40.2 28 28 24.3 0 36 I 5. 

l. 7415 5 I. 310 '!36 JC 2. 744 CC5 ~ I 87 17 a. r 29 5 40.2 76 29 20 .4 0 36 19. 
1. 74t-0 I. 311 1530 84 2.745 244 C2 87 20 o. 8 29 6 40.3 28 30 16.6 0 36 1 l. 
1.74£5 1. 112 7 26 81 Z.746 4RI 93 87 73 0.9 2q 7 40.3 2R 31 12. 7 0 36 21. 
1.7470 1. 31 3 924 2 I 2.747 71S 66 87 26 1.0 20 8 40. 3 28 32 8 .8 0 36 3 I. 
t.7475 l. 315 12' OJ 2.748 957 Io 87 29 I. 2 79 9 40.4 78 33 5.0 0 36 35. 
1.7480 1.316 l2l 29 2.750 194 54 R7 32 I. 5 79 10 40.5 18 34 1.1 0 36 39. 
1. 74 f 5 I. 31 7 ~?4 97 2.751 431 69 87 35 1.8 29 II 40.6 28 ]4 57.3 0 36 43. 
1. 7490 I. 318 178 IC 2.752 f68 b4 87 38 2. I 79 12 40. 7 28 JS 53.5 0 36 47. 
I. 74S5 I. 3l 9 932 s e 2. 753 9C5 41 87 41 2.5 29 11 40.8 28 36 49.7 0 36 5 I. 
!.75CO 1. 171 138 67 2.755 141 97 87 44 3.0 29 14 41.0 28 37 45.9 0 36 55. 

1. 7 !:C5 1. 372 346 12 2.756 378 35 87 47 3. 5 29 15 41.2 28 38 42.t 0 36 59. 
I. 7 510 I. 323 555 01 2.1,1 6 l4 52 87 50 4. I 29 16 41.4 28 30 38.3 0 37 3. 

i I. 7 515 1. 324 765 37 2. 758 850 50 87 53 4.7 29 17 41.6 28 40 34.6 0 37 7. 
l.B70 !. 325 977 18 2.760 086 28 87 56 5. 3 29 18 41.8 28 41 30.8 0 37 10. 
1.7525 1. 327 190 44 2.761 321 86 87 59 6.0 29 l9 42. 0 28 41 27. I 0 37 14. 
I. 7 5 30 I. 128 405 16 2.762 557 25 88 2 6.8 29 20 42. 3 28 43 23.4 0 37 18. 
1 • 7~35 1. 329 621 34 2.763 792 43 88 5 7. 6 2• 21 42.5 28 44 I 9. 7 0 37 22. 
1.7540 I.HO 8'8 99 2.765 02 7 41 88 8 8.5 zq 22 42.8 28 45 1'>.9 0 37 26. 
1.1545 1.332 058 II 2.766 U2 19 88 II 9.4 29 21 43. I 28 46 12.3 0 l7 JO. 
1.7550 1.333 278 10 2.767 496 77 88 1' I 0.4 29 24 43. 5 78 47 8.6 0 37 34. 

I. 7555 I. 334 500 76 2. 768 731 15 88 17 11.4 29 25 43. 8 28 48 4.9 0 37 38. 
1.75f0 1.335 724 JC 1.769 ~65 JJ 88 20 12.5 29 26 44.2 28 49 1.2 0 37 42. 
1. 7565 t.no .... 32 2. 771 199 29 88 23 13.6 29 27 44. 5 28 49 57 .6 0 37 46. 
! • 7570 t.1'8 175 82 2. 772 433 06 88 26 14.8 29 28 44.9 28 50 53.0 0 37 5 I. 
1.7515 t.H9 .. 03 81 2. 773 666 62 88 29 16.0 29 29 45.3 28 51 50.3 0 H 55. 
I. 7580 l. l"'O 633 2' 2 • 774 89~ 97 88 32 I 7. 3 29 30 45.8 28 52 46. 7 0 37 59. 
1. 7585 1.341 a., 25 2.776 133 12 88 35 18.6 29 31 46.2 28 53 43.1 0 38 3. 
1.7590 I. 343 096 72 2.777 366 06 88 38 20.0 29 31 46. 7 28 54 39.5 0 38 7. 
1.7595 l. 344 3'0 6P 2.118 598 10 88 41 21.4 20 33 47.l 28 55 35.9 0 38 11. 
t.76CO t. 34~ ~66 14 2.7H 831 31 88 44 22. 9 20 34 4 7 .6 78 56 32.3 0 38 15. 



168 TABLE 111-FUP<CTIONS OF THF U"T RADIUS SPIRAL 
TABLE 111-FO~CTIONS D'UNE SP I RALE DE RAYO~ UNITAJRE ---------- ----- -------------------------------------------------------------------------- AIR• L S/R X/R y /R 0/R P/R LT/R 

::rlS / i• 
•VIT711 
···-··-····--····--·-··--·--·~----··-----------------·-·······••::r••·········-------------= 1.16(5 3.(l'lq 360 25 2.4B 36C 84 1. 346 502 85 1.4B 583 11 o. 361 617 0 2 .404 923 58 
1.7610 3. 10 I 121 00 2.4 34 C1C 14 I. 34 7 765 58 1.43• 274 AB 0. 36A 000 03 2.406 1<>1 26 
I. 7615 3.102 882 25 2.434 71B 68 I. 349 02 8 83 1.4 34 965 98 o. 368 382 82 2.408 664 69 
l. 7670 3.104 64' oc 2.415 486 45 !. 350 297 59 1.435 657 09 O. 36A 765 87 2.410 537 86 
I. 762~ 3. 106 406 25 2.'36 I 03 45 I. 351 556 61 1.43b lo8 21 o. )6Q 1•9 16 2.412 412 79 
1.1,.,0 3.108 169 00 2.436 89S 69 !. 1S2 821 66 I .4 37 039 33 O.Jbq S12 11 ?.414 289 47 
1. 7635 3.109 "32 2~ 2.4 ~, ms 16 !.3S4 086 96 1 .437 no 46 o. 3,iq 916 50 2.416 lb 1 90 
t. 71l40 3. 111 606 oc 2 .4 38 309 86 I. 355 352 18 I .438 4Zi 59 0.37C 300 5S 2.418 048 10 
1.7H5 3. 113 460 25 2.41Q Cll 79 1.356 "619 II l.43Q 112 72 o. 310 684 84 2. 419 930 05 
1.7650 1-115 225 oc 2.439 716 95 I. 351 885 9S 1.430 B03 86 O.Hl 069 30 2.421 Rl3 76 J l. 7f: 5 ~ l. 116 990 25 2. 4'-0 419 34 1.359 153 29 t .440 494 99 0.371 454 19 2.423 699 Z1 
I. 7660 3. 11 A 7'6 00 ~-441 IZC 05 1. 360 421 15 1.441 186 14 0.111 83<> 23 2.425 586 54 
1.76t~ 3.120 522 25 2.441 821 7S !. 361 689 sz l .441 R17 28 0.312 224 53 2. 421 475 58 
I. 76 70 3. 122 ?RO oc 2.442 52 I ~5 1.362 958 19 1.442 568 43 0.112 610 01 2.42Q 166 41 } 1.7675 3. 124 056 25 2 .44 3 221 14 I. 364 221 18 1.443 259 58 O. HZ 995 81 2.431 259 01 
I. 7680 3.125 824 00 2.443 s I 9 65 1. 365 497 67 1.4-43 950 13 o. 313 38 I 91 2. 433 1 '-3 40 
l. 76~ 5 3. 121 592 2~ 2.44.li 617 3q J.366 768 06 l .-'t44 641 89 0.373 768 21 2. 435 049 ss 
l. 76qo 3. 12• 361 oc 2.445 314 34 I. 368 038 96 l.445 HJ 05 0.374 154 75 2.436 94 7 5S 
I.Hs5 3. I' I 110 25 2.446 010 52 1. 3~q '.HO 37 1. 44h 024 20 o. 374 S4l ,, 2 .438 847 l? 
1.1100 1.112 =oo 00 2.lt46 705 02 1.370 582 28 1.446 715 36 o. :.H4 928 59 2.440 748 88 

l .11C5 3. 134 670 25 2.447 40( 53 I. HI 854 69 l .447 406 52 0.375 31 5 89 2.442 6S2 zs 
1.1110 3. 136 441 00 2.448 □•4 31 1.373 127 61 t.41tR 0•1 68 o. 315 703 43 2.444 551 42 
1.1115 3. 138 212 25 2.448 181 42 J.374 401 03 1.448 788 85 o. 376 091 23 ?.4-'tb 464 40 
1.1120 3.IH 984 oc 2.44q 41q 6R I. 375 674 95 l.41t9 480 01 o.376 4H 21 2. 41t8 373 19 
1.1125 3. 141 756 ZS 2.450 111 17 1.376 949 31 I .450 171 I 7 0.376 867 57 2.450 28 3 80 
1 .11 ~o 3.141 529 oc ?.4CQ se t "' !. 378 224 29 l.4'i0 862 33 o. 371 256 11 ?.452 196 ?7 
1.1135 3.145 302 25 2 .41:i l 5Sl 78 1.379 499 10 I .451 553 50 o. ~11 644 91 ?.454 110 47 
I. 114C 3. 147 076 oc 2.452 24C 90 1.380 775 62 I .452 244 S6 0.378 033 9S 2.456 026 54 
1., 77'9 '5 3. 148 850 25 2.452 •z• 23 1.382 052 04 I .452 935 82 0.178 421 25 2.457 944 44 
l. 77'>0 1.150 625 oc 2.453 tl6 78 1.383 328 95 1 .453 6?6 9R 0.378 812 19 2.459 864 18 

1. 11'j 5 3. 152 400 25 2.454 3C3 54 J.384 606 )6 l .454 318 14 o. 31q 202 59 2.461 785 74 
1.1uo 3. 154 176 oc 2 ·" 51t qas 5C I. 385 884 26 1.455 009 30 0.319 592 61 7. 463 709 15 
1.77'5 3. 155 952 25 ?.455 614 68 I. 387 162 66 I .455 100 45 0.319 9R2 93 2. lth'5 '34 40 
1.1170 3. 157 12• 00 2.456 35q Ob I. 388 44 I 56 I. 456 301 61 0.380 373 41 2. 461 561 49 
l. 771'5 3. 159 506 25 2.457 042 65 1.3R9 120 95 I .457 082 76 c. 380 764 21 7. 46q 490 43 
1.1180 3. 16 I 284 oc 7.lt'i 7 17 5 .. 1.191 000 83 I .457 113 91 O. 3Rl 155 31 2.471 421 22 
~-17€5 3. 16, 062 25 2.458 407 .. 1.392 281 20 1.lt~8 465 06 0. 381 546 61 2.47) 3'i3 87 • 11so 1. 164 841 00 2 .45Q 088 64 1.39) 562 01 I .459 156 ?O Q.381 HB 15 2.47S 2S8 38 
1.77q5 3. 166 620 2~ 2.459 760 05 1. 394 84 3 42 1.4,;q 847 34 o. 382 329 95 2.411 224 75 
1.7800 3. 16 8 400 00 2.460 448 65 1.396 125 21 1.460 538 48 0.382 121 99 2.479 16 2 08 

1.1805 1. 170 180 25 2.461 127 46 J.397 407 60 1.461 229 62 o. 183 114 29 2.481 103 09 
:-7810 3. 171 961 00 2.461 805 47 I. 398 690 42 1.461 920 75 o. 383 506 83 2.483 045 06 
.7815 3. 113 142 25 2.462 482 68 1.3"9 913 73 1.462 611 88 o. 383 8"9 63 2.484 se a 9J 
,.1870 3. 175 524 oc 2.463 159 C9 1.401 25 7 53 1.463 303 00 O. JA4 292 67 2.486 934 65 
,.1825 3.171 306 25 2.463 834 69 1.402 541 82 1.463 994 12 o. 384 685 97 2.488 882 26 
1.1830 3.\79 089 00 2.464 509 50 J.403 826 59 1.464 685 24 0.385 079 51 2.490 831 76 
,.7e~5 3. 180 872 25 2.465 183 49 1.405 111 84 1.465 376 35 0.385 473 31 2.492 781 16 
:-1840 3. 182 656 oc 2.465 856 69 1.406 197 58 1.466 067 45 0. 385 867 ,5 2.494 136 .. 
• 1845 3. 184 440 25 2.466 529 01 1.407 683 81 J.466 158 55 0.386 261 65 2 .496 69 l 62 
j. 7 850 1.186 225 00 2.467 20C 65 1.408 970 51 1.467 449 65 o. Jl:'6 656 19 2 .4qe 648 7 I 

.1e~s 3.188 010 25 2.467 811 43 1.410 251 10 1.468 140 14 0.387 050 9q 2.500 607 69 
• 18t0 3. lRQ 796 00 2.468 541 ~9 1.411 545 31 t.468 831 82 o. 387 446 03 2. 502 568 50 
.18fS 3. 19 I 582 25 2.46S 210 55 1.412 833 52 1.lt69 527 90 0.387 841 33 2. 504 531 39 
.1810 3. 19] 369 00 2.469 818 89 1.414 122 15 1.470 213 97 0.388 236 87 2. 506 4% 11 
.1815 3. 195 156 25 2.470 546 43 1.415 411 26 J.410 905 04 o. 388 632 66 2.508 462 7S 
.18PO 3.196 944 00 2.411 213 15 1.416 100 85 1.471 596 10 O. 3R9 028 11 2. 510 431 H 
.1885 3. 198 132 2~ 2.411 879 06 1.417 q90 91 1.472 281 15 o. 38Q 425 00 2.512 401 80 I. 7 890 3. 200 521 00 2 .412 544 16 1.419 28 I 46 1.472 978 19 o. '3!3Q 821 55 2. 514 374 22 \J .H55 3. 202 310 25 2.473 208 .. 1.420 512 48 1.473 669 23 o. 3qo 218 34 2.516 34B S7 
• HCO 1.204 100 DC 2.413 811 90 1.421 86 3 97 1.-'t 74 360 26 0.3QQ 615 38 2. 518 324 85 

• 7'905 3. 205 890 25 2.414 !31t 55 1.423 155 94 1.415 051 2B 0.391 012 6B 2.520 303 08 
1-1910 3.201 681 00 2.415 196 39 1.424 448 38 1.415 742 30 o. 391 410 22 2.522 283 25 
.1915 J.2oq 412 25 2.475 1115 7 4C 1.425 741 30 J.416 433 30 0.391 BOB 01 2.524 265 16 
.1920 3. 211 264 00 2.476 517 60 1.427 034 69 J.471 124 10 0.392 7.06 06 2.526 249 43 
• 1 q;,; 3.211 OS6 25 2.411 176 q1 I .42B 328 55 1.411 815 2• o. 392 604 35 2.528 235 45 
.1930 3. 214 849 00 2.477 835 53 1.429 622 88 I .418 506 21 o. 393 002 89 2.530 221 43 .1q ~5 3. 216 642 25 2.478 40 3 26 I .430 917 68 1.479 197 24 0.393 401 69 2.532 213 38 
.1940 3.218 436 oc 2.479 I 5C 17 J.432 212 95 1.47q 888 20 0.393 800 73 2.534 205 7• 
.H45 1.210 210 25 2.4 79 806 26 1.433 508 6q I .480 570 15 o. 'lQ4 200 02 2. 536 199 17 
.1qr;o ,.222 025 00 2.480 46 I 53 J.434 804 9□ 1.481 270 09 0.394 50G 56 2.538 195 02 

.H55 J.223 820 25 2.481 115 q7 1.436 101 57 I .481 961 02 o. 394 qqc; 36 2. 540 192 85 

.7960 3. 225 616 oc 2.481 769 58 1.437 398 71 I .482 651 94 Q.395 399 40 2. 542 1•2 66 

.1,H 3. 227 412 25 2.482 422 !7 1.438 696 32 I. 483 342 85 0.395 799 69 2.54-'t 194 45 

.n10 3. 22'1 209 00 2.483 014 33 1.439 994 39 t .484 033 75 o. 306 200 23 2.546 198 24 

.7975 3.231 006 25 2.4e3 725 46 1.441 292 q3 1.484 724 64 0.396 601 02 2.548 204 01 
• 1,90 ,.zaz eo4 00 2.484 375 76 1.442 591 93 J .485 415 52 o. 3'11 002 06 2.550 211 10 
.H85 3.234 602 25 2.485 025 23 1.443 891 39 1.486 106 3B o. 397 403 35 2. 552 221 56 1 .HQO 3.236 401 00 2.485 673 ~1 1.445 191 31 1.486 7Q"P 24 o. 397 804 89 2.554 233 31 
.7995 l. 238 200 25 2.486 321 68 1.446 491 10 I .487 488 08 0.398 206 68 2.556 241 12 
.8000 3. 2'-0 000 00 2.486 9f.B H 1.447 HZ 55 J.488 118 91 0.109 608 72 2.558 262 91 



TABLE (ft-FUNCTIONS OF THE U~IT RAO(US ~PIRAL 
TABLE [tl-FONCTIONS 01UNf SPIRALE OE RAYON UNITAIRf 

Io• 

------------------------------------------------------------------------------------------ 
A/R= 

=LS/A• 
= V[s7ii 

ST /R LCI• I /3 8•~+( 

OEG MNT SEC 

1.7605 
l.H:10 
l.Hd5 
l. 7670 
I. 76?5 
1.1no 
I. 7 t 35 
1. 71'-40 
1. 7 64 '5 
l.7f50 

1. 7t:-5 5 
l. 1ht- 0 
l. 7t- t "> 
I. 76 10 
I. 7 t- 7 5 
l. 7f-8C 
L, 76€ 5 
I. 7600 
I. 7C<; 5 
1.1100 

1. 11cc; 
1. 7 7 l 0 
I. 7 7 1 5 
I. 1170 
J. 7 7 J "> 
l. 7 7 lO 
I. 7 7~ 5 
l. 7140 
1. 7745 
1. 7 750 

l. 7 7"i ._ 
l. 7 71')0 
I .11t-·"' 
1. 7 7 70 
1. 771"> 
1. 7780 
t. 7 7E "'· 
l. 77<;0 
1. 7JCi5 
1. 1 ecc 

1.78C'l 
I. 7810 
I. 7 A I'; 
1.7870 
l. 7 e7 5 
1.nno 
I. 7 p?"' 
I. 7 8 40 
1. 7 84 5 
I. 7 P"iC 

I. 78'">"'l 
1. 7 P,1-,Q 
I. !Ht: 5 
I. 7 A 70 
I. 7 8 7 c-, 
1. 7 fl P.C 
I. 78~5 
I. 7 8 < 0 
l.78<;-i 
I. 7 sr o 

l. t c r .. 
1. 7 q I 0 
I. 79 l 5 
1. 7q7r 
I. 197" 
I. Jc; '!C 
I. 7G~ '1 
l.7Q40 
\.7945 
I. 7050 

I. 7G'55 
1. 79t-0 
I. 79t '5 
l. 7G70 
l. 7c 1 "> 
1. 7G EO 
l. 7G85 
l.7QGO 
1. 79qo; 
1 .8000 

1-3~6 803 10 
1.346 041 56 
l.°'40 281 56 
1.350 52, cs 
1. 35 I 7b6 O 6 
1. 353 010 ss 
t.354 l5h 65 
1.355 504 22 
1. 35h 7'il 33 
1.358 003 96 

1.35q 256 13 
t. 360 ">09 8 4 
1. 361 765 cs 
I. 36 l 02 I B ~ 
l. 364 280 22 
l.J65 540 11 
1. 36 6 80 I 5 ~ 
l.368064">5 
l. 36 9 32 9 1 C 
1.370 595 2? 

l. 37 l P.h?. 9 l 
1. 373 132 lt 
l.3744(}7 Q<, 
l. 375 675 39 
1.376 q40 17 
\.378 ll4 q3 
1. 3 7q 502 0 fl 
l.31:!0 780 81 
l. 382 Obi 14 
l."383 34'\ o e 

l.3~462b58 
\.3A5 911 70 
l. 'l87 19~ 4? 
l.3qf1'-tAh7"> 
l. 'l8Q 11b ()Q 
I. 3Q 1 0h8 2 5 
I. 3u l 'lh 1 4 7 
1. '\Q 3 6°'1':> ? ·' 
1. 3Q4 G'>:> ,-.,4 
l. "\<-16 2'>0 b½ 

l. lQ :r 15,;l) 3 7 
t. '.\O.li A51 ~p 
J. 4iJ0 P)<o h~ 
1.401 '-i5'1 2? 
1.40? 7f,"> 46 
I. 401.i 07'\ 1i 4 
I. 40 "i 3 8' 8 P 
1.400 6Q4 07 
l.40~ OOb q; 
l.40Q 3.?I 4.., 

\.410 tH filJ 
l.411 Q"i5 4', 
l. '-t 1 l 2 74 qt 
l. to 14 SQt, I~ 
l.41"' q l Q O? 
J.417 l43 ~p 
1.4lfl 56Q Al 
1.4lQ AQ7 7'5 
1.4?1 271 l1 
1.427 'i5H t,<; 

1.423 SQ\ 7C 
l.47&i 226 43 
l.476 502 8~ 
l.477 GOO QG 
1.1o7q 240 fl~ 
l.430 '>82 42 
1.431 921;, 72 
l.4'l3 710 14 
1.434 617 4fi 
1.435 <;65 Ob 

l.417 316 le 
1.438 668 14 
1. 440 0?. l 84 
J.44[ 377 ?9 
l.442 734 4E 
l.444 CQ3 44 
l. 445 4 54 l 5 
l.446 fll6 b2 
1.448 180 Rt 
l.44Q 54h 87 

2.781 063 67 
2.782 295 72 
2. 783 '521 62 
2.7BS 75G ?S 
2. 105 qc;ic 16 
2.7B7 222 Cl 
2.7SB 451 05 
2.Hs 6e3 es 
2.79C 914 49 
2.792 144 88 

2.793 375 C6 
2.7S4 605 02 
2., 7Q5 834 7b 
2.1q7 C64 2E! 
2.798 203 5e 
2.. 799 '527 t:6 
2.aoo 751 51 
2.601 SBC 16 
?.R03 zo e SF 
7.804 '-36 78 

J .8C'5 t:t:4 75 
2.~06 eq7 49 
2.80R 1?0 01 
2.soc; 341 ?t 
2.t,10 ",74 !7 
? • BI I BO I 21 
7..811 C27 e? 
?.614 ?54 21 
l.815 48C 3b 
l.Al6 706 28 

2. A 1 7 c;3 l QC 
l.fl\O Jt;7 44 
2.8l0 lA2 t-1 
2.A?l t:C7 60 
2.822 8l~ 42 
2.874 C5t c;o; 
2-825 281 ?' 
l.B2t: <o s zq 
2.~?7 729 II 
2.H?B q"i? r,q 

:?.83C I r e C4 
7. R.., 1 1G9 l '- 
2. B 32 62? QC 
2.tl,'l3 fi44 t:3 
?.835 (67 Cl 
l.8~6 2t!G 15 
2.837 5\1 cs 
?.838 73? 7C 
l.P~q 954 11 
:, • A4 J l 7"i ?fl 

?.Ato2 396 JO 
?0Rl.! t-16 F!8 
l. fi4 4 e ?- 7 ~ r, 
?.JJ4t- (57 4.:; 
2.R47 717 4l 
l.A48 4<;7 IC 
).,849 716 53 
7.Ro;o <n5 12 
?.A5? 1c:1, b5 
7.A':1 lJi P 

2. 854 c-,q l 75 
2.ec:15 PCQ c;: 
l.857 071 85 
2.858 24": 51 
2. 8"9 ,,.2 c;z 
2.86C 6AC 07 
?..Bbl 8G6 <;? 
2.863 Ill fl 
2. R64 32 q qq 
2.86'5 546 11 

2.866 761 <;7 
l.867 q77 57 
?.B6S IS2 SQ 
2.s10 407 c;a 
2.871 622 70 
Z.812 P.37 ~4 
2.874 051 63 
2.B75 265 65 
2.876 47c; 4C 
2.a11 692 es 

88 47 24.5 
68 50 ?6. I 
BB 53 27.7 
88 56 7q_4 
88 59 31. 1 
sq 2 32.9 
sq 5 34.8 
SQ A 3b. 7 
sq II 38.6 
89 14 40.6 

89 17 42.7 
so 20 44.8 
89 23 47.0 
89 26 49.2 
e= 29 51.4 
BS 32 53.7 
l:39 35 St- .• 1 
89 3A 58.5 
~9 42 1.0 
sq 45 3.s 

AS 48 6. l 
as 51 B.7 
Rq 54 tl .. '-i 
qq 5 7 14. l 
90 0 16.9 
so 3 19.7 
90 6 22.6 
qo 9 ?5.5 
so 12 26.5 
90 15 3\.5 

90 18 14.6 
90 21 37.B 
90 24 40.Q 
90 27 44.2 
so 30 4,. s 
')O l":\ 50.8 
QQ 3~ ""14.2 
90 "]'1 'i7.7 
90 41 1.2 
'10 46 4.7 

qo 49 a.3 
Q0 o;z ll.O 
so 5S 15.7 
so 
91 
SI 
9\ 

',I\ \<L4 
I 2 3. 2 
4 l 7. l 
7 31. C 

QI 10 ~•.S.o 
q l 1 1 19. 0 
q l I,-. 4 1. 0 

'l l tu 4 7. 2 
'H 22 s r • 3 
SI 2'> 55.5 
q l ?/.I 5,q,. 8 
91 31 4. I 
Q) 3', H. <; 
91 ~8 12.Q 
q I 41 l 7. c. 
q1 44 27.0 
QI 47 ?t...S 

QI so 11.2 
q 1 53 '.\5. 8 
Q\ 5t, 40.6 
QJ 5q 45.4 
02 z so.2 
97 S i;i:;. l 
92 q o.o 
02 12 s.c 
9l 15 10. l 
02 18 15. 2 

S2 21 ?O. l 
qz 24 75.5 
S2 21 30.B 
9? 30 36. \ 
92 33 41.4 
92 36 46.8 
92 39 52.3 
G2 lo2 57.8 
92 46 3. 4 
92 49 9 .. 0 

29 35 48.2 
79 16 48.7 
2Q 3 7 4q. 2 
79 lA t.Q.8 
zo 39 50. 4 
29 40 "il.O 
29 41 51.,b 
29 42 52 .. 2 
29 43 52.9 
29 44 53.5 

zq 45 s4.Z 
20 46 54. Q 

zq4755,.1 
7q 48 5t..4 
294°57.l 
2Q 50 57.Q 
?9 5l 58.7 
2Q 5? 5Q.5 
zq 54 o.3 
?9 55 1.2 

29 56 
29 5 7 
79 58 
7q 59 
30 0 
30 I 
JO ? 
30 3 
,a 
30 

30 47 
30 4q 
,o 49 
30 50 
30 5\ 
30 52 
30 5l 
30 54 
30 5c-, 
-~o ',b 

2.0 
?.9 
l. B 
4.7 
5.6 
6.6 
7.5 
6.5 
9.5 

10. 5 

30 6 I I. 5 
30 7 ll .. 6 
30 8 1 3.6 
10 Q } 4. 7 
30 IO I 5. B 
10 11 16. q 
30 12 I B. I 
..,0 l 3 19. 2 
30 l 4 70. 4 
'lO 15 ?I • 6 

30 16 72. fl 
10 17 74.0 
30 IR 75. 2 

· 10 I q 26. °' 
30 20 71.1 
10 21 7Q.O 
"l.Q ll 30.1 
30 ? 3 l l. 7 
30 24 31.0 
10 25 \4.3 

30 )t-, 15.7 
-,,0 l T 37. l 
vo 21::1 1R.5 
30 7q 39.Q 
10 30 4 I • 4 
30 31 4?. 8 
30 12 44. 3 
30 B 45.8 
30 34 4 7. 1 
30 15 4H.8 

10 H, '>0.4 
10 17 5 l. q 
10 Jq SJ. 5 
10 3q c-,5. l 
JO 40 t;b.1 
30 41 ">8 .4 
30 4 1 0. 0 
10 44 I. 7 
}O .. ~ 1. 4 
10 46 5. l 

6.8 
8.5 

IO. l 
I?. 0 
l"L8 
15 -~ 
l 7. 4 
l q. 3 
?I • I 
21. 0 

?B 57 
28 'i8 
?B 59 

0 
I 
? 
3 

?• 
2S 
29 

26.B 
2'.:. 2 
21.1 
1B. 2 
14.6 
11.1 
7 .6 
4.2 
0.1 

'":i 5 7. 7 

7q ti 53.8 
2s 1 50.3 
29 8 46.Q 
79 9 43-~ 
29 i o SO.I 
?S 11 36. 7 
?S 12 33.3 
29 l 3 29.9 
29 14 2L5 
29 IS 23.2 

20 16 19.8 
zq 11 16.5 
79 18 l~-2 
7q 19 9.9 
7q 20 b.6 
2q 21 3.3 
?S 21 60.0 zq 22 56.7 
29 23 53.c-, 
20 24 50.2 

?9 25 47.0 
29 20 43.7 
zq 7.7 40.5 
?9 2P ?7.1 
29 2Q 14.l 
79 30 30.9 
29 31 27.B 
zq 37 2'-.6 
z9 13 21.4 
7q 14 I fl. 3 

29 35 15.2 
29 lb l?-1 
79 37 A.9 
z9 1~ ~-IJ 
7q 3Q 2. !:I 
7q 39 59.7 
7q 40 56.6 
7q 41 ~3.'> 
lQ 47 50.5 
20 43 47.<; 

2q 44 44.4 
lQ 45 41.4 
?9 46 38.4 
79 47 35.4 
7a 48 32.4 
zq 4q 29.5 
7q 50 76.5 
70 <; l 2 3. 5 
29 "i2 z c ,« 
7q 53 17.7 

7q 54 14.7 
2q5511.B 
JQ 56 A.9 
)Q 57 6.0 
2° SH ~-2 
7q 5Q C.3 
7q 5q C-.7.,4 
'30 0 54.6 
·,o l 51. 7 
30 7 48.9 

rn 1 46. l 
10 4 3. 3 
10 40. 5 
,o f.. 3 7. 7 
10 7 14. q 
..,0 t3 32. 2 
•o c; 79.4 
30 10 26.7 
·,o l l 2 3 .o 
'0 I? ? I. 2 

0 38 19.4 
0 36 23.5 
0 36 27.5 
0 3P 3l.6 
0 38 35.7 
0 38 39.8 
0 38 '-t4.,Q 
0 38 48. I 
0 36 52.2 
0 '3A 5t:.• 

0 3q 0.5 
0 3Q 4.6 
o 3S a.a 
0 39 12.0 
0 39 17.J 
0 3S 21.) 
0 39 2~.4 
0 39 29.6 
0 39 33.R 
0 1° 38.0 

0 3g 42.? 
0 39 
0 39 
0 39 
0 39 
0 40 
0 40 
0 40 
0 40 
0 40 

46 .4 
50.6 

3.; 
1.5 

11 .R 
16.0 
20.J 

0 40 24.6 
0 40 28.8 
0 40 'll.l 
0 40 37.4 
0 40 41.7 
0 40 46.0 
0 40 50.li 
0 40 C-.4.b 
0 40 58.9 
0 4 I 1. 1, 

0 41 1.b 
0 41 11.0 
0 4 l I 6. l 
0 41 70. '> 
0 41 7.5 .,; 
a 41 29.4 
0 41 33. 7 
0 41 3A. I 
0 41 4 7. °' 
0 41 46.o 

0 41 5 l. • 
0 4 l 55. 7 
0 4] 0.1 
0 47 4 • <; 
0 47 e.0 
o 47 13.4 
0 4? 17.P 
0 42 22.3 
o 42 26.1 
0 42 3 I • 2 

0 42 1">.6 
o 42 40. 1 
0 4l 44.6 
0 42 49.,J 
l) 42 53.h 
0 4 7 'i8. 1 
;J 4 3 2 .,, 
J 4 3 7. 1 
0 4 3 1 1 .b 
0 4 J I 6. 1 

0 4~ 2fJ.T 
0 43 25.7 
o 4? 
0 4 3 
0 4 3 
0 4 3 
0 41 
0 43 
0 4 l 
0 44 

4 3. 5 
4 8. 0 
52 ,.h 
c; 1. l 

1 • 9 



I 70 TABLE 111-FU~CTIONS CF THE U~IT RADIUS SPIRAL 
TABLE 111-F0~CTI0NS O'UNE SPIRALE OE RAYON UNITAIRE 

-------------------------------------------------------------------------· ---------------- A/ 11= L S/R X/R y /R 0/R P/R LT /R 
=LS/A= 
=I/TT71[ 

==~•==••--•-•=•••==•-------=•=•==•=••==•-------==••=••••=••===••=•==••·-·--·-------------- 
1.8005 3. 241 BOO 25 2 .48 7 614 80 1.449 0S3 85 I .468 86S n 0. 3SS Oil 01 2.560 280 72 ) I .AO I 0 J. 243 _601 oc 2.488 26( II I. 450 3S5 61 1 _49q 560 54 o. 3q9 413 55 2. 562 300 55 
I .AQl 5 3. 245 402 25 2 .466 SC4 58 1.451 6S7 84 !.4S0 251 33 o. "'qq 816 34 2. 564 322 40 
1.8020 3. 24 7 204 00 2.48S 546 21 I• 453 000 52 l.4Gl0 S42 II Q.400 2IS 36 2. 566 346 26 
I .a 025 3. 24S 006 25 2.4QQ [Q[ 0 I 1.454 303 65 1.491 632 BB 0.400 67.2 67 2. 568 37 2 IS 
1 .80?0 3. 250 BOS 00 2.4S0 832 SB 1.455 607 74 t.4S2 323 63 o. 401 026 21 7.570 400 13 
1.6035 J.252 612 25 2.4S I 474 IC t.411i6 911 2s 1. 493 014 J7 0.401 429 QQ 2.572 430 12 
1 .ac40 3. 254 416 00 2.4S2 114 ]A t.456 21 5 7S \.4G3 705 10 Q.401 634 a, 2. 574 462 14 
1.80'- ~ 3. 256 220 25 2.4S2 1'5] •2 I .459 520 74 1. 494 105 61 0.402 2'8 37 7. '576 4% 21 
I .6050 3. 25 8 025 00 2.4q3 3Q2 42 1.460 626 15 1.495 086 51 0.402 M2 AS 2. 578 532 34 1 
1.605 5 3.259 830 25 2.494 C3C 16 I. 462 137 01 I. 4S5 777 \q 0.403 047 64 2.580 570 51 
I .A0f0 3. 26 I 636 oc 2.494 66 7 IC 1.463 438 31 1.496 467 66 0.403 452 67 2. 582 610 75 
l.80f5 3. 263 H2 25 2 .495 303 17 1.464 745 07 l .497 158 SI 0.403 857 S6 2. 584 65l OS 
I. 6070 l. 265 249 00 2.40~ GJ6 40 [.466 052 26 l .4CJ7 64Q 15 0.404 263 4Q 2. 566 6g7 41 
I. BC 15 3. 26 7 056 2 5 2.496 572 78 l.467 359 S4 l.4S8 510 77 0.404 66S 26 2. 566 743 64 
1.acao 3. 266 664 cc 2.4S7 206 31 I. 466 666 04 t .499 230 36 0.405 075 3 I 7.5S0 7S2 ?5 
I .608 5 1. 270 6 72 25 2 ... 01 63S 00 1.469 S76 60 1,.4Q0 920 Q7 o. 405 481 5q 2.592 642 q4 
I. 8CG0 1.212 46 I oc 2.,n 47( 64 1.471 265 5S 1.500 bl I 55 0.405 8A8 13 7. 594 6S5 61 
1.eoc; i; 3.27' no 25 2.4qq IOI 83 [.472 5S5 04 1.50\ 302 10 0.40h 2S4 SI 1. 5q6 Q50· lb 
I. A I 00 3.276 100 00 2.4qq 731 S7 !. 47) 904 92 [.501 qq2 65 0.406 701 S4 2.c;qq 007 21 

J l.8tC5 l. 711 910 25 2.500 361 26 1. 4 75 215 26 1. 502 b63 I 7 0.4C7 I0Q 22 2. b0I 0b6 15 
I. 81 IO 3.27S 72\ 00 2.500 989 70 1.476 52b 01 1.503 373 6A 0.407 516 75 7.601 177 10 
1.8 I I 5 3.281 532 25 2.501 f\7 28 [.477 637 25 l .504 064 I 7 0.407 q24 53 2.605 ISO '4 
I.A I 20 3. 283 344 00 2.502 244 01 l.47Q 148 SI 1.504 754 64 0.408 332 % 2.607 255 5S 
I .8 I 75 3.265 156 25 2.502 6t9 es l .480 461 01 [.505 445 I 0 0.408 740 84 2.609 322 95 
l .8 l ~0 3. 266 969 00 2.503 4S4 92 I. 461 773 55 1.506 135 54 0.40Q 149 36 2 .611 3S2 42 
l.Al~5 3.268 782 25 2. '504 11 S 08 I .48 3 066 52 1.506 625 96 0.40Q 558 14 2.613 4b4 02 
1.6140 3. 790 596 00 2.504 742 JS l. 484 3S9 S4 1.507 516 H 0.40Q S'7 I 7 2.fl5 537 14 
1.6145 3.292 410 25 7. .505 ~64 P5 I. 465 71 3 79 l. "iCA 206 74 C.410 376 44 2. U 7 61 l 56 
l. A 150 3,.zq4 27.S 00 2.505 98b l,4 I. 487 02 8 08 I .508 8S7 II a .410 785 S7 2.619 6Sl Sb 

l. Bl '55 3. 206 040 2 5 2.5C6 6C7 17 I. 468 342 Bl I. 50S 587 45 0.411 195 74 2.621 771 68 
l .A 160 1.2Q7 A56 00 2.507 227 05 l.48S 657 97 1.510 ?.71 78 0.41 l 605 77 2.67.l A53 s, 

\1 t. 8 lt 5 3. 29S 672 2 5 2.507 646 06 t.4QQ G73 57 I. 510 %8 08 0.412 016 04 2. 6:>5 OJA 3, 
1. BI 70 3. 301 489 oc 2.506 464 22 1.492 269 5q I. 51 I 65A 37 0.412 476 56 2. 62A 074 8A 
1.6 I 75 1.101 306 25 2."i0Q ORI 50 l. 4q3 t06 05 I. 5 12 348 63 0.412 837 33 2. b 10 113 5A 
I. A !AO ,. 305 124 00 7.509 697 SJ 1.4q4 G22 q5 I. 5 I 1 OJA 86 0.41~ 248 JS 7.612 204 44 
l. Al .A~ 3.306 g42 75 7.510 313 4q l.4Q6 240 27 1.i:; 13 72g II 0.411 65S 62 7. 634 2Q7 4b 
1.8 lQ0 3. 308 7bl 00 2. 5 I 0 02, [Q 1. 4Q7 558 02 l.'H4 4[Q 11 0.414 071 14 2.636 392 6S 
I .8 I G 5 1.310 580 25 2 • 511 542 02 I .498 87b ?I I. 515 \OS 50 0.414 487 SI 2. b36 490 01 
1.8 7.00 ,. 312 400 00 2. 5 I 2 154 96 I. 500 194 82 t.5\5 7SS 66 0.4\4 sq4 Q1 2. 640 5AS S4 

1. R 20 '5 3. 314 220 25 2.512 76 7 C6 !. 501 51 3 66 1.516 489 60 0.41 5 307 19 2. 642 691 25 
t. 6 ?I 0 3. 316 04\ 0C 2.513 ~ 1 P. 1c I. 502 833 32 1.517 l 7S 92 0.415 719 71 2. 644 7S• 14 
I ,.P: 7 l '5 J.317 867 25 2,Sl} GBB 66 1. 504 15 3 21 I. 5 I 7 670 02 Q.416 132 47 2. 646 so i n 
1.817.0 3.3[S 664 oc 7. 514 5ga 15 I. 505 473 53 I. 5 IR S60 I 0 0.416 54~ .. ?.64Q 009 50 
l. R 2; 5 3. 32 I 506 75 2.515 206 17 I. 506 794 27 I. "il q 250 I< 0.416 S58 75 2. 6"i l I I 9 s, 
l. A 7 ?0 3. Pl 32S 00 2. 5 IS P 14 51 [.506 115 1,3 1.519 940 18 0.4 l 7 372 26 2.653 232 63 
I .A? ?"i 1.325 152 75 2. "i lb 421 38 1. 5QQ 4'1 07 I. 520 610 IS 0 .417 7A6 02 2. 6"i5 34 7 51 
I. 821, 0 3. 326 S7b oc 2.517 C27 36 I. 5 I 0 75S 03 I. 521 320 I 8 C.4IA 200 OJ 2.657 464 59 
I. 8 74 5 3. 326 BOO 25 2.517 t~2 SC I. 512 061 45 1. 522 010 14 Q.416 6[1, 28 2.65Q 583 89 
l. Fl 7'>0 l. ·no 625 00 ?.SIB 736 75 I. 5 I 3 404 30 1.577 700 08 0.41Q 078 7Q 2. 661 705 1,0 

I .A 25 5 3. 33 2 450 25 2.518 e•c 12 1. 514 727 57 1. 523 390 00 0.4lq 443 55 2. 66 3 629 \I, 
I .BU•O l. '334 27' 0C 2.5[9 442 62 I. 516 051 26 1.5 24 079 9q 0.4JQ 858 55 2. 665 G55 II 
~ • 8 2 t I': 1. 336 102 2 s 7. ,;70 04• 23 I. 51 7 375 36 1. 524 76Q 76 0.470 273 80 2 .668 083 11 
l. 8210 3.137 Q7S 00 2.s20 , .. G7 \.518 6qs 68 1.525 45q bO o. 420 689 31 2. 670 713 14 
\. 8 7.15 ,. 33Q 756 25 2.521 24" p I. 520 0?.4 R2 I .s 26 \49 42 0.47 t 105 06 2. 672 346 41 
I. A ?PO ,. '4 l 'R4 00 2. 521 e43 8 I I. 52 I 350 I 7 I. 576 839 21 0.421 521 06 2. 6 74 481 3' 
l,S7PS l. 34 l 412 25 2. 52 7. 44I GI I. 572 675 S3 1.s77 528 98 0. 47 I <l17 31 2. 676 618 50 
1 ·" 290 3. 145 241 00 2.523 039 12 I. 524 002 II l ."i2A 71 A n o. 4 27 ,51 80 7. 67A 757 92 
I .A 7q r, 3. 34 1 070 25 2.573 05 " [.525 32 8 70 l. 578 sos 4S Q.472 770 5< 2.6RO 8SQ 61 
l.A100 ,. 34 8 SQQ oc 2.524 230 GI I. 576 655 71 l. "i7Q 5qa 14 0.471 I A7 54 ?.683 04 l 55 

I. R 305 3. 350 730 25 2.52• E?5 47 1.527 96 3 12 I. 530 267 6 I 0.4? 3 604 7G 2.665 1sg 77 
I .A~ 10 3. 352 561 00 2 .5 25 4 IS 15 1. 52Q 310 Q4 I. 510 q17 45 Q.424 022 28 2.687 BA 2s 
I. A'.! 1 ': 3. 31i4 3qz 25 2.526 011 s• I. 510 6H I 8 I. 5 31 667 07 0.474 440 02 2.68~ 46Q 01 
I. R 320 3. 356 224 00 2.526 601 65 I. 531 %7 82 [.SJ?. 356 6S 0.4 24 858 01 2. b9 l 642 06 
l.RJ25 J. 35 8 056 2S 2. 577 194 e7 I.531 2q6 66 1.533 046 22 0 .475 776 25 2.6Q1 797 JO 

·• A 3 ?O 3. 35 Q 88Q 00 2 .527 765 00 [. 534 626 32 l. r, 33 7'5 7S 0.42'i 6Q4 73 2. 6Q5 S5 5 01 
I .A -i ?5 1. 36 I 727 25 2.578 3 74 24 I. 535 S56 I A I. 514 425 26 0.47t-. 11 ~ 47 ?.6Q8 114 Sl 
I. A '.!40 l. 'lh 3 556 QC 2.52A S62 5q I. 5'7 286 44 I. 515 114 74 o. 426 532 4S 2. 700 771 I 5 
I, H ~4 5 ,. 365 390 25 2. 52C:: 550 C5 l.51A 617 II I. 535 Bo• 10 Q.4 ?6 951 <8 2.702 441 61 
l. 8 l5C 3. 16 7 275 oc 2. S 30 llb t7 1.539 S48 16 1. 'i3f. 4Sl 67 0.421 171 1, 2. 704 608 50 

J. S 355 3. 36Q 060 25 2.530 722 70 I. 541 2 7Q 65 I. 5 37 16 3 01 0 .427 7QQ AQ 2. 706 777 6S 
.63'0 3.370 6% 00 2.531 107 07 I. 542 611 52 I .537 677 36 0.42 R 210 87 2. 708 q4g 12 
.83'5 3. 372 7'2 2S 2.531 ESC Sb 1. 'i43 941 60 I. 5 38 56 I 72 0.4 ?8 6ll 09 7. 711 12 2 s I 

1.RJ70 3.374 569 oc 2.532 473 S5 l.'545 276 47 l,53S 251 o, 0.42Q 051 57 2. 713 299 a, 
.6375 3. 376 406 25 2.533 (56 OS !. 546 609 54 I. 5 3S S40 ll 0.429 4 72 2s 2. 715 477 "" ,6380 3. 176 244 0C 2.531 07 25 t. 54 7 S43 01 1. 540 62S 56 o. 4zq 6SJ 26 2. 71 7 656 77 
• R 3 f 5 l. 380 062 25 2. 51'i 21 7 55 I. 54S 276 86 I. 541 318 79 0.4 vo 314 46 2. 71S S4 I 41 J .e~qo 1.JR[ 971 oc 7.. "i 34 7St C< 1,550 611 14 l. "i42 007 QH o. 4 30 715 Q< ?. 722 026 80 
.AlQt; 1,363 760 25 2.5,5 37 5 4S 1.551 945 80 1.542 6q7 14 0 .41 l 157 60 l. 724 214 17 
.. A4C0 3. 36 5 600 oc 7. 5 3 ~ c5J cs [.551 26C a, 1. "i43 386 7R o. 4 ~ 1 57S 62 2. 7?6 404 G2 
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------------------------------------------------------------------------------------------ 
A/fbr. ST /R LC/R 113 B•♦+C C 

=LS/A= ---------------------------------------------------- 
• VLS/R OEG MNT SEC 
====•=•==s=s========•=•=======•==•=•==••==••===•======••=••••••••••==•=•••••=••••••••••••= 
1.8005 l. 450 914 65 2.878 006 11 02 52 14. 7 30 57 24.0 30 13 I e. 5 0 .. 6.4 r l.ROlO 1.4'2 284 21 2.880 t i s 06 q2 55 20.4 30 58 26. 8 30 14 15.8 0 .. 11.0 
I .AO l 5 l. 453 t55 55 2.881 33 l 74 02 58 26. l ,o 59 7A., 7 30 1 5 l 3. I 0 44 15.1-: 
1.eo;;o 1. 45 5 028 6 7 2.882 ~ 4 4 16 q3 l J7. 0 31 0 30. 7 30 lb 10 .4 0 .. ?.0.3 
l .8C;: '5 l. 45b 403 5< 2.AB~ Bt !C 93 H.8 31 l 32.6 30 17 1.1 0 44 ?4.9 
I. 8030 1. 45 7 780 2q 2., AA4 %8 l 7 q3 4 3 .. 7 31 2 14 .6 30 IH 5.1 0 44 2S.5 
t .80":! '5 l. 45q 158 7S l. ijRb l 7S 77 q3 10 4q.,7 !l 3 36 .6 30 lS 2 .4 0 '4 34.2 
l.8040 1. 460 53• 09 ?. • 887 391 10 q3 13 55.7 31 4 38.6 30 lS ',9.8 0 .. 38.8 
1 .8C'4 '5 1. 4h l S2 l 7C ?.,ARB 602 16 q3 17 1.8 31 s 40.6 ,o >O s r , l 0 44 41.5 
l. 8050 l. 46 3 3QS ll ?. • BBS 812 q4 q3 20 1.q n 6 4?., 6 30 21 54.5 0 44 48.l 

1,. AO i:;,; l. 464 6SO R~ 2.8Sl 073 44 q3 23 14. l 3l 7 44., 7 30 22 51,9 0 44 52.8 
l. 8Cf0 1. 466 078 37 2.892 733 6e 03 26 20-" 31 8 4f,. 8 30 23 4Q.3 0 .. 57 .t:; 
I ,8Ct 5 l, 46 7 467 73 2.893 443 63 q3 2S 2b.6 31 q 48.q 30 24 46. 7 0 45 2.2 
1. ao ro 1. 468 858 s t 2.eq4 651 31 03 32 ,3.0 ll 10 Sl.O 30 25 44.l 0 45 6,9 
l.8015 1. 4 70 251 92 2.8~5 862 71 q3 35 3<1.4 31 ll 53.l JO 26 4 l .5 0 45 II .6 
I. 8080 l. 4 71 646 75 2.eq1 C7l 83 93 38 4~.R 31 12 i:;r;. 3 30 27 1Q.0 0 45 16,l 
l.8CE5 I, 4n 043 4 1 2.Rq8 2RO t7 03 4 l 52.3 31 13 5 7 .,. 30 28 36,4 0 45 21,0 
l.BCGO l. 474 441 q4 'l. aqq 48G 14 q3 44 va , 8 31 14 5Q.6 JO 2s B,S 0 45 25.7 
l. AOC 5 t. 475 841 29 2.900 607 52 03 48 5.4 31 16 l. 8 30 30 31. 3 0 45 30.5 
1 .8 l 00 I. 4 7 7 244 50 2,SCI S05 52 q3 5l 12, l 31 l 7 4,0 JO l l 28 ,8 0 45 35.2 

I .Al C 5 1. 478 648 55 2.SC3 113 24 93 54 18.8 31 18 6.J 30 32 26. l 0 45 39,9 
l, 81 l 0 I. 4 80 054 40 2. qc" 32C OP q3 57 25,5 31 lS e.s 30 33 73.8 0 45 H.7 

l, 8 l l 5 l, 48 I ltb7. 22 2.9C5 577 e3 94 0 32. 3 ll 20 10.s 30 34 21, 3 0 45 4Q."i 
l. Al 20 l,482 87 l 85 2.006 734 70 04 l 39. 2 Jl 21 13, l 30 35 18,8 0 45 H,2 
1.8 l 25 l.4R4 281 34 2,S07 S4 l 28 94 6 46. l 31 27 15.4 30 36 16.4 0 45 5S.0 
1.8130 1. '4R5 6% 71 2 .so9 147 58 q4 9 '>3.0 31 23 I 7, 7 30 37 I 3,9 0 46 3.8 

l 
l.8135 1. 487 111 95 2.s10 353 5g q4 l 3 o.o 31 24 20.0 30 3A 11,4 0 46 8.6 
1.8140 1. 48 B 52S 07 2.911 55q 31 q4 16 7. l 31 ?.5 22,4 30 3S 9,0 0 46 13 .4 
l.8145 1.48g S48 07 2.s12 764 75 q4 lS 14. 2 31 26 24,7 30 40 6,6 0 46 18 .2 
l.8150 I. 4Sl 368 S6 2,S13 St9 90 94 22 21.3 ,1 27 27.l 30 41 4, I 0 46 23,0 

LB 15~ 1. 4Q2 791 74 2.Sl5 l 74 75 q4 25 28, 6 31 28 29.5 30 42 1,7 0 46 27,A 
l .8 l 60 1. 4Q'4 21 b 42 2,916 37G 32 q4 28 35. 8 31 29 31, 9 ,o 42 5S. 3 0 46 32.b 
1.81'5 1. 495 641 9S 2,Sl7 583 to q4 31 43.l 31 30 34.4 JO 43 56.Q 0 46 37.4 
l. 81 70 1. ",Q7 071 47 2,Sl8 787 58 q4 34 50.5 31 31 ~6.8 30 44 54.5 0 46 42.3 
l. 81 75 1.498 501 86 2,919 SOl 21 q4 37 57.S JI 32 ]Q.3 30 45 52 ,2 0 46 47.l 
1. 8 1 eo 1. 4qq 934 15 2.s21 l q4 t7 94 ',l 5,4 31 33 41.8 30 46 49. 8 0 46 52.0 
l .A 18 5 I. 501 36R 37 2,922 3q 7 78 q4 44 12, 9 31 34 44.3 30 ., 47.5 0 46 56.8 
1.8 !SO I. 502 P04 50 2,923 ,oo 5S 94 ., 20, 5 31 35 46.8 30 48 45. l 0 47 l. 7 

r. l. 8 I 9 '5 I. 504 242 56 2.024 8C3 l C q4 50 28.l 31 36 49.'t 30 49 "2,8 0 47 6.6 
1.8 200 1,505 682 54 2.926 CC5 32 q4 53 35. 8 31 37 5 l, q 30 50 40. 5 0 47 ll,5 

l. R 20'; 1,507 124 46 2,927 207 24 94 56 43.5 Jl 38 54.5 30 51 38, l 0 47 16.4 
l.8210 l. 508 568 32 2.028 408 87 94 5q 5 l. 3 ll 3q 57,l JO 52 35. 8 0 47 21, J 
l. R 21 "i l. 510 014 l?. 2,S?S 610 lS q5 2 5q. l 31 40 5q. 7 30 53 33.5 0 47 26.2 
1-82?0 l. 51 l 461 86 2.930 Pl l 22 q5 6 7,0 31 42 2,3 30 54 3 I. 3 0 47 31. 1 
l.8225 l, 51 2 Sl l 55 2.S32 Oll 94 q5 q 14.9 31 43 5.0 30 S5 29.0 0 47 36.0 
1 .8 2~0 1,514 363 20 2.933 212 37 q5 12 22.9 3l .. 7.6 30 5b 26.7 0 47 40.9 
I .8 2 35 l. 515 816 80 2 .934 412 49 q5 15 30,9 31 45 10.3 30 57 24,5 0 47 45 .q 
I, 8140 l. 51 7 272 37 2 .Q35 612 31 95 18 39.0 31 4b 13,0 30 58 22, 2 0 47 so.a 
1,8 2 • 5 l. 518 729 SC 2.936 Ell 83 95 21 47.2 31 47 15,7 30 59 20.0 0 47 55.7 
l, 8 250 l. 520 l8S 4 l 2.938 Cl l 05 q5 24 55,4 31 48 18,5 31 0 17.8 0 48 o.l 

l. 8 255 I, 52 l 650 as 2,q39 209 S6 q5 28 3.6 31 49 21.2 31 15.5 0 48 5.7 
1.auo l, 523 114 35 2.9 .. 0 408 56 95 ll 11.9 ll 50 24.0 31 l 3., 0 48 l O ,6 
1.8 2t5 l, 524 570 80 2 .<:141 6C6 86 05 34 20, 2 31 51 26.7 31 ll.l 0 48 15.6 
l .8210 l, 526 047 23 2,S42 804 85 05 37 28, 6 31 52 7q, 5 31 4 8.9 0 48 20.6 
l. 8 27 5 I. 52 7 516 66 2.944 CO2 54 95 40 37.l 31 53 37 ,4 31 5 6.8 0 48 25,6 
l. 8 280 l.528 988 08 2.945 199 92 g5 43 45.6 31 54 35. 2 31 6 4 ,6 0 48 30.6 
l .8 28 5 1.530 461 51 2 .q46 3S6 SB q5 4b 54,l 31 55 38.0 31 7 2 .4 0 48 35 .e 
1. 8 ;,qo 1. 53 l Hb q4 2.947 5q3 74 q5 50 2.1 31 56 40.Q 31 8 0.3 0 48 40.6 
I. 8 2S5 l. 533 414 38 2. q"e 790 19 q5 53 11.4 31 57 43.8 3l 8 58.2 0 48 45 -~ 
I. 8 ?00 l.534 8Sl 84 2.q4q 986 33 95 S6 20, l 31 58 46. 7 31 q 56 .o 0 48 50. 1 

1. 8 30, l,536 375 32 2,951 1 e2 15 95 5q 28. q 31 59 -4q. 6 31 10 53.9 0 48 55. 1 
1. 8 310 l, 537 858 82 2.s52 377 66 96 2 37.7 32 0 52, 6 31 ll 51.8 0 40 0.1 
l. 8 315 l, 539 344 35 2,953 ~12 e6 9h 5 46.5 32 l 55.5 31 12 49.7 0 49 5 ., 
1. 8 320 l. 540 831 92 2,S54 767 74 % 8 55.4 32 2 58,5 31 13 4 7 .6 0 4q 10.1 
l. A~ 1S l. 542 321 52 2.q55 %2 31 Q6 12 4.4 32 4 l. 5 31 14 45.5 0 •• 15-1 
1.e:no 1. 54 l bl3 16 2,957 156 56 96 15 13,4 32 5 4,5 31 15 43.5 0 4q 21.1 
1 .8 J? S 1. 545 306 85 2,S58 35C 5C % 18 22,5 32 6 7.5 31 16 41.4 0 49 26. l 
I .8 J40 I. 546 802 60 2.959 544 12 96 21 31.6 32 7 10, 5 3l 17 39.3 0 40 31.1 
l. 8 345 l, 548 300 4C 2.960 737 42 96 24 40.8 32 8 13 ,6 ll 18 37.3 0 49 36.' 
I. 8 J'50 1. 549 800 25 2,%1 930 40 96 27 50.0 37 9 16, 7 3l 19 35. 3 0 4q 4 l .i 

l.RV5'5 1,551 102 18 2.963 123 06 96 30 5q,3 32 10 19.8 3l 20 3 J.2 0 49 '"•I 
l ,8360 l, 5'2 80h 17 2.964 315 40 S6 34 8, 6 32 11 22.9 'l 21 31.2 0 49 5 l .\ 
1,8 l~5 1. 554 112 24 2.965 507 43 96 37 18.0 32 12 26. 0 31 22 20.2 0 " 56-1 1.e:no l, 555 820 39 2.Q66 699 12 % 40 27.4 32 13 2s.1 l l 23 27 .2 0 50 1.• 
I. 8 37 5 l. 55 7 330 62 2.967 8SO 50 96 43 36.S 32 14 32. 3 31 24 25.2 0 50 1, I 
l. 8180 l, 55 8 842 q4 2,969 081 55 % 46 46.4 32 15 35.5 31 25 23.3 0 50 12 .; 
1 .8 ?85 l, 5b0 357 35 2.s10 272 28 % 4q 56.0 32 16 l8. 7 31 26 21. 3 0 50 I 7 ., 
I. 83SO 1. '-61 873 81 2.971 462 t9 96 5' 5.6 32 17 41.9 3l 27 19,l 0 50 22 .1 
l .8195 l. 563 Jg;? 48 2. Q11 ~57 H % 56 lS,3 32 lR 45. l 31 2R 17,4 0 50 21. 
1 .8400 t. 564 Ql) 20 :? ,.Q73 ~42 ~2 96 59 25,1 32 10 48.4 3l 2S I 'i. S 0 50 32 ., 



117 TABLE 11!-~UftCllllkS C~ THf Uft!T RlO!US SPIRlL 
TABLE 111-FOOCT!OHS O'UNE SP IRALE OE RAYON UHITAIPE ------------ ------------------------------------------------------------------------------ 

A/ R"' LS /R X/R Y/R Q/R P/R LT /R 
=LS/~• 
,ITT71f 
=---•-•-•-••==•••••••••••••••••••••••••••••••••••••••••••••••zzaz•===••••=z••=•••••••••••• 
I .R405 ,. 387 440 25 2.5H 529 76 I. 55• 616 30 1.544 075 38 0.432 001 8• 2. 72 8 5n '7 
l .8410 3. 3ftS 281 00 2 .5 J7 105 56 1.555 S52 14 1. 544 764 4S 0.432 42• 29 2. no 792 39 
1.8 • 1 5 1. JQ l 122 25 2.537 68C •5 1.H7 288 J7 I. 545 453 40 Q.432 84 7 00 2. 732 sss f9 
l .8470 3.302 %4 00 2.538 254 45 I. 558 624 Q8 1.546 142 50 0.433 269 % 2. 7'5 18Q 36 
l. R'ic t5 3. 3q4 806 25 2.538 f27 ~· 1.559 961 S9 1. ~46 831 48 Q.4 33 60 3 16 2. 737 30 I 4 I 
.R410 3. 'Q6 640 00 2.539 3S9 72 I. 561 299 l9 1.~47 520 43 0.4'.!lt l 16 ~ l 2. 719 595 ~s 
.R4~5 ,. 3Q8 497. 15 2.53G q1 cc 1.562 637 18 1.548 10S 34 0.434 540 31 2. 741 802 6S 
.R440 3.400 13, oc 2.540 '541 37 1.563 975 35 1. 548 8S8 2? 0.4 34 %4 26 2. 744 o i I 91 
./344 5 3. 40? lA0 1! 2.541 l IC e4 I. 565 313 _Sl 1. 549 587 08 0.435 3S8 45 2. 746 223 5s 
• 84"i0 3.404 C25 00 1.541 67" 40 1.%6 652 86 \.550 175 89 0.415 A\2 so 2. 14A 4'7 SQ 

• /3455 3.40" 870 25 2.542 241 04 \.567 992 18 I. 550 %4 68 0.436 137 59 7. 150 654 04 
.Bltt-0 3.407 716 00 7.. 542 BI 3 18 1._569 331 90 I. 551 653 4' Q.4 3f. '67 53 2. 1i:,2 872 SO 
• Sitt: 5 3. 40q %2 25 2. 5'- 3 3 7q • I !.570 671 99 I. 557. 341 lS 0 .431 087 71 2. 755 094 I q 
• Alo 70 l. -'tl l 409 00 2.543 9H 57. t.572 012 47 1.553 030 84 0. 4 l7 5 l 3 15 2. 75 7 311 91 l .84i5 1.411 15' 1 ! 2. 544 •08 5' 1.573 35 l 13 1.553 71• 40 0.431 0J8 R3 2. 75q 544 06 
• A't80 3.415 104 00 2.545 C7l ,2 I. 574 694 56 t. 554 408 II 0.418 3'4 76 2. 7t- I 172 64 
.R4f!'5 3. It lb 052 25 2.545 03 7S 1.576 036 l8 I. s 55 006 69 o. 418 1qo 94 2. 7b4 003 67 
• 84<;0 3.41R 801 00 2. 54b lSS 05 I .577 178 11 l. 5 55 185 74 0.'t 1<J 211 3• 2. 7bb 237 14 
.8495 3. 420 650 25 2.546 755 H l. 578 12C 54 I. 556 473 7h a. 43q 644 04 2. 768 473 C7 
.8500 l. 422 500 00 2.547 314 83 l. 580 06 3 29 1.i:,57 161 24 0.440 070 .., l. 170 111 46 

.8505 l. 424 350 2 5 2.'547 873 J4 l. 58 l 406 4 I 1,557 850 6g 0. 440 4S8 IJ 2. 772 S52 10 J .8~10 3. 42b 201 0C 2.548 43C G3 I. 582 749 91 1.558 5 39 I 0 0.440 S15 S4 1. 175 105 67 

.81!: l '5 3. 428 052 25 2.548 087 • I 1. 584 09 3 78 l. 5'5° 227 47 0.441 353 20 2. 777 441 41 
• 8520 3. 4zq qo4 0C 2. r;4q 543 30 I. 585 438 03 l .r;sq Q\S 81 0.441 7A I II 2. 77g oaq 6A 
• 852 '5 ,. 411 756 25 7.55C csa 20 I. 586 781 64 I. 560 604 I 2 0.44 2 109 21 2. 7A I S40 " • A '5 ?0 3. 43l 609 00 2. 550 652 11 I. 588 117 63 1.561 292 38 0.442 6'1 6A 2. 784t 193 ,1 
.8"> ~5 3. 43"> 462 25 7.551 2C~ 10 l.58S 477 98 1. s,1 SAO 61 0.44 l oo, 33 J.UH-, 44S 40 f } .., 8540 3.437 316 oc 2. ';'i l 157 I 7 1. !l"iqo 818 71 I. 5h2 6b8 81 o. 44 "3 495 2} 2. 7A 8 107 63 
8'54t5 l. 'tl<J 170 25 2. 551 306 J2 I. 591 l64 80 1,563 356 97 0.443 S74 18 2. 1<JO %8 l7 
8 550 3. 441 025 00 2. 5 52 858 54 1. 5q3 511 26 l. 5b4 045 os 0.441.i '53 17 7. 793 2H 62 

.8555 3. 442 880 25 2.553 407 84 1. 5q4 e5s 08 1. '564 733 17 0.444 783 41 2. 7q5 497 38 

.8560 "· 't44 736 00 2.553 "56 2C 1. s se 205 27 l. '5b5 421 22 0.445 213 30 2. 79 7 76S 67 

.8565 l. 44b 502 25 2.554 SC 3 65 I. 597 552 83 1. 5b6 I0S 22 Q.445 64 3 44 7..800 036 4A I( • R 510 3. 44 6 4'9 00 2. 555 050 16 I. 5S8 QQQ 7S 1.566 7S7 1g 0.44tb 07~ 81 2. 802 109 81 

.A5i5 3.450 306 25 2.55' 5q5 75 1.600 24S 03 I .567 485 13 0.446 504 45 2.804 585 6S 

.85A0 3. 452 164 00 2. 556 140 41 I. 601 5S7 67 I. 568 I 73 02 Q.446 035 3l 2. 806 864 II 

.8585 3. 454 022 15 2.556 684 14 1. 602 946 67 1.56A 860 87 o. 44 7 366 45 2.809 l45 08 .e s;qo 3.455 881 00 2.557 226 G3 I .604 296 03 I. 569 548 69 0.44 7 1"7 82 2. 81 I 428 00 
• A 5<;i. 3. 45 7 740 25 2.557 7>8 ao I. 605 645 75 I. 5 70 236 47 0.448 220 44 1,811 714 68 
,8H0 ).45q 600 oc 2.558 3C9 13 1 .bOh SS5 83 I .s10 •24 20 0.448 66 I 30 1.816 003 31 

,8605 3. 46 l 460 25 2.558 849 73 I. 608 346 26 I.511 61 I 90 o.44q OS) 41 2.818 2s4 54 
.8610 3. 463 321 DC 2. "i5<J 38A 80 l .60Q 697 06 1. 512 29S 56 o.44q 525 77 2.820 58~ 32 
.861! 3. 46'5 182 25 2.55Q S26 s, 1.61 I 048 10 I. 577 S87 IA 0.44g ••8 38 2.812 884 6• 
,8620 3. 46 7 044 00 2 .. 560 464 12 I .612 399 10 I. 573 674 7' o. 450 39 I 23 7..825 I~ 3 f5 
, e e 21!: 3. 4b8 S06 25 2 .561 000 38 1.613 75 l 55 l. 574 362 2s Q.450 824 33 2. 827 485 I• 

J 
,8630 l.470 7h9 00 2.56\ 535 71 I. 615 103 76 l. 'i 75 049 79 Q.451 25 7 67 2.s2q 789 33 
,Bt35 3.472 632 25 2.562 070 09 1.616 456 31 1. 'i75 737 25 0.4"i 1 6Q I 27 2. 812 096 OR 
t8640 "3. 4 74 4% 00 2. 56 2 f03 ~4 I .617 809 22 I.SU 414 66 o. 452 125 10 2.834 405 43 
• 86"5 l.'t76 360 25 2.503 136 04 l.61S 162 47 l .577 112 03 0.452 55S 1• J. ij'.\6 11 7 40 
861!:0 3.478 225 00 2. St:~ 667 6 l I• 620 516 08 I. 577 79g 36 0.452 qq3 52 2. 83Q 031 98 

8655 3.480 090 25 2.564 198 23 1.62 I 870 03 I. 518 486 65 0.453 428 10 2. 841 349 20 
R660 '• 4R l S56 oc 2.51'-4 127 S2 I. 623 224 32 t.t;7Q 173 0Q 0.4'53 862 01 2.R4l 66• 04 

1866', 3.483 822 15 2.565 256 66 1.624 578 S1 l,57S 86 I II 0.454 zq7 S9 2. B'tt; 9SI 5l 
8670 ,.485 689 00 2.565 784 45 I. 625 SB S5 l. '580 548 27 o. 454 7'3 31 2. 848 116 ,. 
861'i 3.487 556 25 2.566 ?11 31 1.627 289 28 l. SAi 2 35 39 o. 455 168 87 1.850 644 41 
8680 3.4R9 424 00 2. 566 e:n 21 1,628 644 95 I. 581 92 2 •• o. 455 604 68 7.852 S74 83 
8685 1. 4Ql 292 25 2 ;5b7 362 18 1.630 000 S1 1.582 60S 50 0.4'56 040 74 2.855 307 97 
86QO 3.493 161 00 1.567 886 Is 1.631 357 32 l.5A3 296 4• 0.4tS6 411 o, 2. 6'- 7 643 67 
86G5 3.4ql'j 010 25 2. 5'8 409 26 1.6¼2 7 l4 02 I. 5 83 983 43 0.456 q13 ss 7. 9-;q 982 Qq 
8 700 3.4qt, soo 00 2.568 S31 38 l. 6 34 071 05 I. 584 670 34 0.457 35C 38 1.862 323 18 

8 70 5 3.498 770 2! 2.56S 4'5 2 55 I .635 428 42 I. 585 35 7 IS o. 457 161 42 2. 864 666 96 
8710 3. 500 64\ 00 2.56S S77 1A 1.636 786 13 I. 586 044 01 0.45A 124 11 2. 86 7 Oil 4l 
8715 3. 501 517. 25 2.57C 492 cs I .6 38 144 I 7 I. S86 730 78 0 .45R 662 24 2. 8hS 362 5q 
8710 1.504 3A4 00 2.571 010 37 1,639 502 54 1.587 417 50 0.4S9 100 02 2. 87 I 714 4S 
8 725 3. 506 256 25 1.571 527 14 I .640 86 I 26 I. 588 104 18 o.•5s 538 05 2 .8 74 069 Cl 
8 7 'aQ ~. "i0R 129 00 2.572 044 15 1.642 220 ,o I. 5 RS 790 81 o.4i;q Q76 32 2.876 426 1 l 
8735 3.510 002 25 2. 571 '55<; 61 I .643 579 68 l. 5 89 477 40 o. 460 414 Al 2.878 786 31 
8740 3. 511 876 00 2.573 014 11 1.644 93" 38 1.590 163 S4 0.4b0 853 59 2. RB I \4S 03 
8745 3. 5 I 3 750 25 2.573 587 68 1.646 2•• 42 I. 590 ~50 44 0.461 292 60 2,883 514 48 
8750 3. 51 5 625 0C 2.574 100 77 I .64 7 659 78 I. 591 516 89 0.461 731 BS 1. 885 887. 67 

A755 3.517 500 25 2. 574 6 I l 91 1.64q 020 48 I. 592 221 29 0.462 I 71 35 2.868 253 6\ 
8760 3,519 376 00 2. 5 75 122 60 1.650 38l 50 I. 592 909 65 0.462 bl I 10 2. eso 627 2s 
lRlt- ~ 3.521 252 25 2.575 612 ~2 1. 651 742 84 I. 5S3 595 % Q.4b3 051 o• 2.893 003 12 
8770 3. 523 12q 00 2. S 76 141 cs I. 653 104 51 I .594 282 22 0.463 4g I 12 7.8Q~ 382 n 
8775 ,.525 006 25 2. 5 76 t48 so 1. 6';4 466 51 1. r;q4 9'8 .. 0.4'3 931 80 2. 897 764 88 
8780 3. 526 884 00 1.577 155 74 1.655 828 82 I. 595 654 60 0.4b4 377. 53 2.qoo 149 61 
0785 3. 52ft 762 25 2.S77 661 63 \.657 IS I 46 1.596 HO 7? o. 464 813 50 2. qo2 537 12 
RHO ,.s,o 641 oc 1.578 166 5S I. 656 554 •2 I. 597 026 80 0.465 2S4 72 2.904 qz7 •2 
8 7q 5 3.532 520 25 2. c; 78 61C 51 I. 65S S\1 70 I. 597 712 A2 o. 465 6% IA 2.qo1 310 51 
A8C0 3. ,;34 400 0C 7. 5 79 173 51 l.66 l 281 30 I. 5S8 398 79 0.4b6 IH 89 2.909 716 40 



TAfHE I I 1-Fu•CTIONS CF !HF UNIT RADIUS SP IP AL 111 
TABLE 111-FO•CTIONS O'UNE SPIRALE OE RAYON UN r r A IRE 

---·-------------------------------------------------------------------------------------- 
A/ R= ST /R LC/R 8 l/3 8•••C • C 
:L S/j=- ---------------------------------------------------- 
=VTTlR OEG •NI SEC 
===••••=•=-==-===••::a=zz2s::::::::z&::z:s••==-==•=====•••=••••••••=•:=••••2•••••••-••••=•=-••• 
l. 8 "iC c:; 1. 56b 436 Ol 2 .q 75 Oll q4 q7 34.9 32 20 SI. 6 JI 30 I 3.5 0 50 36. I 
I. 84 I 0 1. 56 7 060 •e 2.•u 221 04 q7 s 44.7 32 2 l ',4. q l I 1 l 11.6 0 50 43.l 
l .Ali 1 5 l. 56S 488 05 2 _g 7 7 4CS 80 01 8 5li .b 32 22 58.2 JI 32 s.1 0 50 4111.S 
1. 84, 20 1. 571 017 2~ 2 _q75 ';<;8 24 S7 12 4.5 32 24 l. 5 31 B 1.8 0 50 53.7 

l. R42 '> 1. 572 54R 5P 2.979 786 35 q7 15 14. 5 32 25 4.8 JI 34 5.9 0 50 se.o 
1 .84 ,o 1. 514 OR2 04 2 .980 q14 I 3 q7 18 24.b 12 26 8.2 31 35 4.0 0 51 4.2 
l. A4 ~ '5 l. 575 bl 1 65 2.•82 I 6 I ST q1 21 34.7 37 21 1 l .6 31 lb 2.2 0 51 •• 4 

I.A 41,0 I. 517 15'5 H 2 .•e3 l4B es q7 24 44.8 32 28 14.9 11 37 O. l 0 51 14.6 
I .P -44- ~ 1. '5 78 tS5 3C 2.Q84 5 35 •• q7 21 55.0 32 2• IR. 3 31 17 58.4 0 51 19 ,.Q 

l. 8450 I. "iA0 2'1 " 2 .•RS 72 l S l n Jl 5. J 32 30 2 l. 8 31 38 56.b 0 51 2s.2 

l. ~4'5 '5 I. ',Al 781 5e '? .986 908 02 07 3• 15.6 32 JI 75.2 11 39 54. R 0 51 30.4 
1.A4f0 l. SA 3 327 ., 2.qep COl ea n 37 25. q 32 37 28.6 31 40 52 .9 0 51 35.7 
1 .A 4t 5 l. 584 87b 52 7 .qflQ 779 21 q7 40 36.3 32 ll 32. l 31 41 51. l 0 51 41 .o 
1. Bli 70 1. 5Rb 471 14 2.990 464 34 97 43 46.8 37 34 ,s. 6 l l 47 4Q. 3 0 5 I 46. J 
l. A4 715 l. 5A7 OHO 15 2.Q0l 649 10 q7 4h 57.3 32 35 3q. I ll 43 4 7. 5 0 51 51.6 
l. A4PO l. 5A9 535 1~ 1.qqz 833 52 97 50 7.9 32 16 42. 6 31 44 45. 7 0 51 56.9 
I. 84 f ~ 1. 5q1 092 53 2. 9q1.i Cl7 61 97 53 18.5 32 37 46.2 'I 45 43.9 0 52 2.2 
l. 81.iQ0 t. '5Q2 651 0 I 2.995 101 35 S7 56 29.2 ,2 38 49.7 l l 46 42.2 0 52 7.5 
1.81.i0'i 1. '5Q4 21 l 6S 2.906 ~e" 76 q7 5q 39.9 37 3q S3.3 31 47 40.4 0 51 12.• 
1.e soo 1. 5q:; 111 5 7 2.q91 507 82 98 2 50. 6 32 40 56 .q 31 48 38. 7 0 52 18.2 

I. 8 505 1. '5Q 7 341 67 2.998 7SC 54 9A 6 I. 5 ,z 41 0.5 31 49 ~6.9 0 52 23.6 
l.RSLO l. 598 911 98 2.9q9 932 97 •a 9 12.3 32 43 4.1 31 50 35. 2 0 52 2 8 •• 
1.R131 r: 1. 600 482 51 3.001 114 S5 98 12 23.3 32 44 1.8 JI 51 33.5 0 52 34 .3 
1. 8';20 (.602 055 26 3.002 2S6 64 98 15 34.2 3? 4S I I. 4 31 52 31. e 0 52 )9. 1 
1 .R 52':i 1.603 630 21 3.003 417 se •e 18 45.3 32 46 15. I JI 51 30. l 0 52 45.0 
I .R5 30 1. 605 201 47 3. 004 t58 97 98 2 l 56.3 32 47 18.8 31 54 28.4 0 52 '50.4 
1 .a i; 1 ~ 1. 606 18b 9' l.OC5 839 ,2 98 25 7. 5 32 48 22.5 31 55 26. 7 0 52 55.8 
I.A540 1. 608 368 64 3 .001 019 92 •• 28 18.7 12 4q 26. 2 31 56 25.0 0 53 1.2 
l.854S l. 60q q52 60 3.008 109 ee <a ll JQ.g l2 50 vo , 0 31 57 23. 3 0 53 b.b 
I.R550 I. 61 l 53a 81 3.000 37q 48 •R 34 41.2 32 51 33. 7 3 l 5R 71.7 0 53 12.[ 

1.8555 1.613 \?1 20 l .010 55e n 9R 37 51.5 32 57 37. '5 31 59 20.0 0 S3 I 7 .5 
I .8500 1.614 7 IR 03 3.0 l l 737 " 98 41 3.9 32 53 4).3 12 0 18.4 0 53 2 2 .9 
I. 85t 5 1.616 ll l 05 3.Cl2 916 le 9R .. lS.3 32 54 4'>. 1 32 l 16. 7 0 53 28 .,, 
I. 85 70 I. 6 I 7 S06 34 3.014 cq4 le •e 47 26.8 32 55 48.9 32 1 15. I 0 53 B.R 
I. 8 515 l.blQ 503 92 3.015 212 12 98 50 38 .4 32 56 52. e 32 3 13.5 0 53 39. l 
l. A 580 1. 671 103 78 l.O l t 44q 71 98 53 50.0 32 57 56. 7 32 4 11.9 0 53 44.8 
1. e 5E s 1. 62 2 705 94 3. 0 l 7 bU es •e 57 1.6 32 5q o.5 32 5 10.3 0 53 50 .2 
1. e 5qo 1. 624 310 3~ 1.018 803 e3 9q 0 13.3 lJ 0 4.4 32 6 8.1 0 53 ,;5. 1 

I. A '59 ~ I. 625 917 l 5 l. 0 I 9 980 OS qq 3 15. l B 1 8.4 32 1 1.1 0 54 1. 2 
l .A 600 l. 62 7 526 22 3.02 l l '56 12 9q 6 36. 9 l3 2 12. 3 31 5 .6 0 54 0.1 

l. A60'5 1.62• 137 60 3.012. 331 e1 q9 q 48.7 J3 l 16. 2 32 q 4.0 0 54 12.2 
I. Ab I 0 1. 610 751 3C 3.073 507 I 7 qq ll O.b B 4 70.2 32 10 2.s 0 54 11.1 
l. Rb I 5 l. 6l2 lh 7 3J 3.02li 682 16 9q 16 17.b l3 5 24. 2 11 11 o.9 0 54 n.1 
1 .8 670 1. 6"\3 S85 69 3.025 e se 79 99 \q 24.6 J3 b 28. 2 31 11 59.4 0 54 2 e ·1 
l .86 25 1.635 600 38 J.027 Cll Ob 9q 22 36.6 lJ 1 12.2 32 12 57 .9 0 54 34. 
t .8630 1.617 22• 4 I J.078 704 97 qq 15 48.7 3J 8 36 • 1 32 13 56 .4 0 54 39 _q 
1.86 3 ': 1. 638 B54 RC l.029 378 51 9q 2• 0.9 lJ q 40.3 32 14 54.8 0 54 45.1 
1 .8640 1. 640 482 ~, 3 .030 lj51 69 9q 32 l l. I 3l 10 44.4 32 15 53.3 0 54 51.0 
l. R64 5 1.642 112 63 l .Ol I 114 51 qq 15 25. 4 33 II 48.5 32 16 51.9 0 54 56.~ 
I. 8t- '5C 1. 643 745 08 3. 012 896 Sb qq 38 37. 7 33 12 52 .6 32 17 50.4 0 55 2 ., 

1. A f-'5,:; 1. 645 l 79 91 3.0?"i CtS 04 99 41 so, 1 D 13 56.7 32 18 48.0 0 55 7 .! 
1.86f0 1. 64 7 017 11 3 .0"!5 74C 76 9q 45 2.5 l3 15 o.e 32 19 4 7. 5 0 55 13.1 
l .A tit '5 l.648 656 69 3.036 411 11 99 4R 15.0 13 16 s.o 31 20 46.0 0 55 1•.i 
I.A610 1. 6,;o 7qs be l.037 5B3 10 qq 51 27. 5 ll 17 0.2 32 21 44 .6 0 55 24 ., 
l.Rl:75 1. 651 943 01 3 .038 753 71 qq 54 40. 1 l3 18 13.4 12 12 43. I 0 55 30.j 

l.86FO l .6'53 se• 11 J. 039 S13 96 99 S7 52.7 " 19 17.6 32 B 41.7 0 5~ 35 .1 
J .8~R ': l. 655 218 03 l .04 l CS3 el 100 l 5.4 33 20 21.8 32 24 40.3 0 55 4 I •I 
I. Rbqo I. 6'>h 890 4q l .042 1b3 34 100 . 18. I 13 21 70. 0 32 25 38 .9 0 55 4 7 ., 
I. 86q 5 1. 6'5 R 544 47 3.04 3 437 47 100 1 30.9 3l 12 30.3 31 26 37.5 0 55 52 .I 
I. ij 700 l. 6b0 200 81 3 .044 601 13 100 10 43.7 33 23 34 .6 '2 71 16 .1 0 55 5 8. ' 
1.•=11c ~ I. 66 l es• 7C ,.01,5 H9 el 100 13 5t-.6 33 24 38 .9 32 28 34. 7 0 56 "·' l .s 7 l 0 I. b63 520 q6 3.046 937 61 100 l 7 9. 5 33 25 43. 2 32 29 33.3 0 56 9.1 
l .A 715 1.66'5 184 6S 3.0t..8 I 05 26 100 10 1?. 5 33 26 47.5 32 10 32.0 0 56 15 ., 
l. A 720 l. 666 850 7q 3.0li9 171 52 100 23 35. 5 ll 21 51.R 31 31 30.b 0 56 21. l 
I. 8 7 7 ~ l. 66 8 5\q 37 3 .050 439 40 100 26 48.6 13 28 '5b • 2 32 32 2•. 3 0 56 26 .1 
L.8710 \.670 190 41 l. 05 I t05 SI 100 30 I. 8 3l lO O.b 12 33 n.9 0 56 3 2. 1 
1 .R 7 ~ '5 l. 671 863 q l l.052 112 C4 100 3l 15. 0 33 31 5.0 32 34 26.6 0 56 l 8 .1 
1.8 74C l. 1-17 ~ 539 9e 3 .053 S37 79 100 lb z s, 2 33 32 9.4 32 35 25.3 0 56 44.I 
1 .s 14 '; l. 6 75 218 l l 3.055 103 16 LOO )q 41.5 l3 n Il.8 31 lb 24 .o 0 56 49 ,.( 

l. A 7"i0 l .67' eo• 23 3.056 168 15 100 42 '>4. 9 33 H 18. 3 32 31 27.1 0 56 5 5 .( 

1.A7!:'5 l.678 !i82 63 l.057 4 32 75 100 46 8.3 Jl 15 21.8 32 18 2 I .4 0 57 1.1 

l .A 760 1.680 268 52 ~.0'51: 596 q9 100 4q 2 l. 7 lJ 36 11. 1 31 3q 20.1 0 57 1. I 
l.RH5 I.OR! S56 QC l. 05S 1bC 82 100 52 35. 2 33 31 JI. 7 32 40 18 .8 0 57 12 .I 
I .A 110 1. bA 3 647 79 3.060 914 18 LOO 55 1.ie. e l3 38 36. 3 32 41 17.5 0 57 l 8. 1 
I .8 775 I. 685 341 18 ).062 ce r 35 100 59 2.4 J3 3q 40.8 31 41 16.3 0 57 24. . 
I .87e0 1.687 037 cs 3. 01:-3 2SC (4 IOI 1 11-.0 13 40 4'5. 3 32 41 15.0 0 57 30. 
l .8 78 5 \.bRR 735 51 3.064 412 35 I 01 5 29. 1 l3 41 49. 9 32 44 13.d 0 57 36. I 
1.8790 l. 690 436 4t J .065 574 26 101 8 43.5 J3 41 54. 5 32 45 12 .6 0 57 41.1 
1. A 7qi; 1 • ~9? 139 q5 l .01:6 ,, 5 79 101 11 57.3 J3 43 50. l 32 46 11. 3 0 57 41.1 
I .8800 1. 693 845 97 3. 06 7 896 s l 101 15 l I. 2 33 45 3.7 12 47 10.1 0 57 53 ., 



114 U8lE 111-FUHCTIONS OF THE UNIT RADIUS SPIRAL 
UALE 111-FC•CTIONS D'UNE SPIRALE OE RAYCN UNITAIRf ---- --- - ----- --------- - --- ------------- ------------------ --------- -- ----- - -- -- --- - -- 

A/ Rz L SIR X/R Y/R Q/R P/R LT /R 
•LS /A• 
=ITTlo 
•=••••=2~•••:z4z:aaaaaaa:z•••••••••••••••••••••••••••••••••••••:•••c•••••••••••••••=•za••= 
I. 880 5 3. 536 280 25 2.579 H5 55 I .66 2 645 22 1.599 084 72 0.'tb6 579 84 2.912 115 09 
1.881 0 1.5H 161 oc 2.580 176 fl 1.664 009 45 I. 599 110 60 0.467 022 04 2.914 516 50 I } I. A e 15 1.HQ 042 25 2.58C 676 12 1.665 374 00 1.600 456 42 Q.467 464 48 2 .916 920 90 
1.8820 1. 541 97.4 00 ?.581 175 85 1.666 738 87 1.601 142 20 Q.467 907 17 2.919 328 04 
l.AA2 5 3. ,;4 3 806 25 2.581 674 02 1.668 104 05 1.601 827 q3 0.'t68 350 10 2.•21 738 01 
1.88 30 3. 54', 689 00 2.5n 111 n 1.669 469 54 1.602 513 61 0.468 793 28 ? • q24 150 81 
1. 8 8 ~ 5 3.547 572 25 >. • 582 ,u 46 1.670 835 34 1.603 199 24 0.469 236 70 2. 97.b 566 45 
I .A840 l. <;4q 4SS oc 2. <;R3 162 7? I. 6 72 201 46 I .603 884 82 0.469 680 37 2.928 984 94 
1.8 St.. I; ,.551 340 25 2.583 6<7 Cl I .673 567 88 I .604 570 34 0.470 124 ?8 2.931 406 28 
I. 8850 1. 5S 3 225 00 2.584 150 33 t. 6 7t, 934 62 1.605 255 82 0.4 70 568 44 2.933 830 4q 

1.sess 3. 555 110 25 2. 584 '42 68 l. 6 76 301 66 I. 605 941 25 0.471 012 84 7.936 257 •6 
I. 8860 l. "'i56 9•6 00 2.585 134 06 I. 677 669 01 t .60f. 626 62 o. 411 457 4g ?.9':!A 6A7 so l.s 86 5 3. 'i'i8 RA2 25 2.se5 624 46 l .o 7q 036 66 I .607 311 94 0.4 71 902 3A 2. 941 120 12 
l. A810 1. 560 7"9 00 l. "ifth 113 es 1.680 404 62 I. 607 q97 21 0.472 347 52 2. g43 556 03 1 1.ss;s 3. 562 656 25 2.586 60? 35 I. 68 l 772 88 I .608 682 43 0. 4 72 792 90 2. g45 994 61 
1. 0ei:ic 3. 564 544 0C 7.587 CAS e1 I. 683 141 4S I .609 36 7 60 o. 4 73 238 52 2. 048 436 14 I t • P.A.A5 3.566 432 25 2.587 576 3 I l.684 510 32 I .610 052 71 Q.473 684 Jg 2. q,;c 880 54 

• A RQ0 3. 56 8 321 00 2.5ee 061 86 l. 685 879 4q 1.610 7'1 11 0.474 130 SI 2. 953 127 R6 
1 • Apqc; 1.570 210 75 l.588 ~4t- 41 1.687 248 9s 1.611 42 2 78 0 .. 4 74 '76 87 2. Q'55 778 10 
.A9C0 3. 5 72 100 00 2.58g 02G GS l .6A8 618 7 2 I .612 107 74 Q.475 073 47 2.958 211 26 

.8 90 5 3.57] 900 25 2. '5t3G ~ 12 57 I. 689 ssa 79 I .612 792 64 o.47s 47C 31 2 .960 6R7 36 

.BQI0 3. 57'> 881 00 7.'5Ag 9q4 18 1.691 359 15 I .613 477 49 0.475 917 41 2.963 146 39 
• AG 1 '- 3. 577 112 25 2. i:;qo '74 e I l.>92 729 BO l.bl'- 162 ?P o. 416 364 74 ? ,.0t,5 608 17 
.80?0 3. ";7g 664 00 2.SQ0 9S4 46 l.6Q4 100 76 1.614 847 02 0,.476 812 37 2.%8 01' 10 
.ACi;':i l., 5A 1 556 25 2.5Sl 433 I 3 l. 6Q5 4 72 00 I .615 531 71 0.477 260 14 7.010 541 10 
• s 9 ~o ~. SR l 44q 00 7,.5q1 910 81 l.696 843 54 1.616 216 34 0.477 708 21 2.973 012 05 
.~ 9 "J~ l. 58'> 342 2! ?.592 38 7 ~? I .6•8 215 37 1.616 SQQ 92 0.4 78 I 56 52 2.97'i 48S BA ! 

} • RG4f) 3.587 236 00 2.50? F63 73 1. 6QQ 587 4g 1.617 585 44 0.478 605 07 7. q77 %2 6Q 
• 894 5 3. 589 130 25 2.5S3 ?37 S6 I. 700 S5S qo 1.618 269 90 0,.4 79 05 3 87 7.QA0 442 48 
.AGlljO 3. 50 I 025 00 2.593 Pll 71 I. 702 3l2 60 I .618 954 32 0.4 79 502 92 2.982 925 27 

.a9~~ 3.597 920 25 2.594 284 ., 1. 703 705 58 1.619 638 67 0.479 952 20 2. 985 411 05 

.89fQ 3. 594 816 0C 2.594 756 24 1. 705 078 85 1. 620 322 01 0.480 401 73 2.987 899 84 
• A<it "; 3. 506 712 25 2.505 227 02 1. 706 452 41 1.621 007 21 Q.480 851 51 2.S90 3g I 65 
• 8 970 ~-598 609 00 2. t:;q'5 6g6 el 1.101 826 25 I. 621 6•1 40 o. 48 l 30 I 52 2. 9•2 R86 47 
.AS75 3.600 506 25 2. '5G6 10 fl I. 7Qg 200 38 1.672 HS 5' Q,.4Al 751 78 ,. qq5 384 3 ~ 
.AGRO 3.602 404 00 2. 596 6 33 43 1.110 574 78 I .6 23 050 60 0.482 202 29 2. qq7 A85 21 
8SP5 3.604 302 25 2 .597 100 26 I. 711 949 47 I .623 74 3 62 Q,.4A7 t,<; 3 03 3. 000 3Aq 14 
8950 3.606 201 00 2. 5q 7 566 cs I. 713 124 44 l .6 74 427 58 0.483 104 02 J. 002 896 12 

r-R c,g5 3.6QR 100 25 2.5Q8 03C Q3 I. 714 609 68 I. 625 Ill 48 Q,.48 3 555 2, 3. 005 406 15 

\\ t 
.9cco 3.610 000 00 2.598 4S4 11 1. 716 075 21 I .6?5 N5 32 0.484 oo- 74 1. 007 9 I 9 24 

,.QQ0'5 3. 611 =oo 25 2 ,.'5Q8 057 63 I. 71 7 451 01 l.626 479 11 0.484 458 46 3.010 43S 40 
.Q0l0 3. 613 801 00 7.'599 41S 48 I. 718 82 7 09 I .627 162 84 0.484 910 42 ,.012 954 64 
9015 J. 615 107. 2~ 2.5q9 eso ~5 1. 720 203 44 l .627 846 50 0.48'5 362 63 3. 01 5 476 co 
.9020 3. 61 7 604 0C 2.60C 340 7 I 1. 721 5~0 06 1.62A 530 11 0.485 815 08 3. 01 R 002 37 
.9025 3. 619 506 2 \ 7.600 79S CB I. 7?2 056 96 I. 6?9 213 67 0.4 Rf: 26 7 11 3.020 S30 R8 
.90~0 3. 6ll 409 00 7.601 256 96 1.724 334 13 1.,2g 897 16 0.486 120 10 3.023 067 50 
1.903 5 ~- 673 312 25 7.601 71 3 83 I. 725 711 S7 I .6 30 580 5q 0.48 7 173 88 3.025 sq 1 23 
.9040 3. 62'> 216 00 7.602 169 70 I. 727 OBS 28 1. 6 ~l 7.63 "6 0.487 627 30 3 .02 8 135 01 
904'; 3.627 120 25 2.6C2 U4 5e 1.728 467 26 1.631 g47 28 0,.4 ~A ORO g7 I. 030 676 as 
,9050 3. 629 075 0C 2.603 078 45 I. 729 845 51 l .6 37 h'O 5' 0.4ee S 34 87 3. 0l 3 720 1 s 

1QC5'5 3. 630 930 25 2.603 511 33 1.7H 274 02 1.633 )l J 17 0.4 88 99q 02 3.035 76 7 40 
,q 01-0 3 • 6 32 836 00 2.60~ 083 70 I. 7 32 602 80 1.,13 996 85 0.489 44, 41 l,. 0lA 317 ea 
90/ 5 3. 634 742 25 2.60• 434 01 I. 733 9131 A4 l .6 34 670 •2 0.48Q 8•8 05 1. 040 871 35 
,Q070 3., 6l6 64g 0C 2.604 EP3 S3 l. 13r; 361 I~ I .6 35 362 ., 0,.4QO 352 •2 ,. 04 3 47 8 07 •c,s 3.638 556 25 2.605 ~37 ac l. 7l~ 740 71 1.6~6 Q4S 88 Q,.490 SOR 04 3.045 081 % 
9C80 3.640 464 0C 2.6C5 18C 65 1.73A l?0 54 1.,36 728 11 Q,.4QJ 26 3 40 3. 04P 551 C7 
9CP 5 3.b4'2 372 2~ 2 .606 227 51 1. 739 500 63 1.637 411 60 0.491 7 IO 01 3. 05 I 11 7 21 
0CQ0 3. 644 2Rl QC 2.606 e73 ~5 1.740 BBC 97 1. 6 38 Qg4 l6 0.492 l 74 85 3.0S3 686 12 
Q0<;'5 3. 046 t•o 25 2.607 I IA (g 1. 742 261 58 I .6 38 111 06 o.,92 610 04 3.0% 259 3h 
9100 l. 64A 100 00 2.,01 562 C2 1. 74 3 642 44 1. b 3q 45q 7C o. 4Q3 0A7 27 J.058 ~3'- 27 

0 IC 5 3.650 010 25 ?.see 004 85 I. 745 023 56 l .640 14? 28 Q,.493 543 84 3.061 414 28 
01 to 3. 651 921 00 2.608 446 H 1. 746 404 93 1.640 824 7Q 0.494 000 66 ).003 096 SA 
9115 3. 653 8 32 25 ?.608 88 7 47 I. 747 786 55 I. 641 507 24 0.494 457 71 3. o-.« 5R 2 10 

11 q I 20 3. 655 744 00 2.609 327 26 1.74q 168 43 l .642 18S 63 Q,.4Q4 915 0 I 3. 069 170 86 
912'5 ,. 6'5 7 656 25 2.60G 766 C4 1.750 5~0 55 I .642 871 05 o.,4qs; 37 2 55 1.071 762 87 
q 1 ~o 3. 6"iq 569 00 2. s I 0 203 e2 1. 751 S32 93 1.643 554 21 Q.,4Q5 810 33 3.0 74 ]SR 13 
Ql~S 3.66( 482 25 2.61( 640 58 I. 75 3 315 56 1.644 2,6 41 0.496 2e8 " 3. 076 Q56 '5 
9140 3. 663 396 00 2.611 OH 32 I. 754 698 43 t .hlt4 018 54 0.496 746 62 l.079 •ss 44 
914 '5 ,. 66'5 310 25 2 .611 511 C5 I. 756 CBI 55 1.645 600 61 0.497 20'; 12 3.0'3 2 163 51 
q150 3. 66 7 ?25 00 2.611 044 11 I. 757 464 92 1.646 28? 61 0.497 663 87 3. 084 771 R6 

q I 5 5 3. 66Q 140 25 2.612 37 7 48 I. 758 848 53 1. 646 964 55 Q.,408 122 86 3.087 383 51 
q1~0 3.671 056 0C ?.612 so• 16 I. 760 232 30 l. 647 646 42 Q,.4Q8 5A2 QQ , . oeq ••8 46 
916 5 3. 677 072 25 2 .6 l ~ 2 'Vi E3 1. 761 616 40 l.648 128 n 0.,499 041 56 "· 092 61 s 71 
Ql70 3. 674 880 00 2.613 66° 45 I. 76 3 000 83 1.640 QQ0 97 o. 4Q0 501 21 3.0•5 236 2S 
q175 3.676 806 25 2.614 098 12 l. 764 3R5 40 1.649 691 64 Q,.4qq 961 2] 3.097 R6 3 IA 
~180 ,. 618 724 oc 7.614 525 74 I. 76S 110 27 1.,50 373 75 o. soo 421 42 3.100 491 41 
R 18 5 3. 680 642 25 2.614 q52 33 I. 76 7 155 28 I .651 054 7g c.5oo 881 86 3. 103 12 2 se 
9IQQ 3.6R2 561 00 2.615 177 SI I. 768 540 57 1. 651 736 21 o. 50 I 34 2 54 3.105 757 8• 
~ I G 5 3. 684 480 25 7 .615 802 47 I. 769 •26 10 } ,.hr;,2 417 6R 0.501 AOJ 4'5 3. 108 396 16 
9700 ~-686 400 00 2-616 226 co 1.771 311 87 1.653 Qqg 02 o. 502 2~4 61 3. 111 CH 80 
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l .RAO 5 1. 6q5 ~"i4 5, l. 065 C ~ 7 H 101 18 25. I 13 '6 R.4 1? 4R 8.S 0 57 5q 
1 .8 A I 0 1. 6q7 765 60 1 .070 718 C4 IOI 21 39.0 33 47 13. 0 l? 4q 7. 7 0 58 s 
1. A 815 t. 6QR q70 12 l .071 s rs 01 IOI 24 5 l. I 31 4A 11. 1 17 50 6. 5 0 58 II 
I. 8820 1.700 69S 5S ,.012 ~ 1 7 59 IOI 2A 7.1 B 49 ?t.4 32 51 5. 3 0 5A I 7 
I .A A? S l. 702 414 3S ?.073 <% 78 IOI 31 21. 3 " 50 27.1 12 57 4. 2 0 58 22 
1." e 30 I. 70 4 115 73 1.0 74 e s s " 101 34 35.4 ll 51 31. 8 12 5 l 3.0 0 SA 28 
1 .HA'Hj 1. 705 asq 6e J.076 CI J 57 101 37 4q_7 JJ 52 36 .6 12 54 I. 8 0 58 34, 

I .A A40 I. 707 5% 2 l ,.011 I 71 57 101 41 3.9 Jl sr 41.1 l2 55 0.1 0 58 40 
I. 8A4,; l. 1oq l Is )t 1.078 1?9 58 1.) l .44 18.3 Jl 54 46. I >2 5S 50 _,., 0 58 46 
1. Afl '50 I. 711 04 7 IC J. 0 79 486 79 IOI 47 '2.6 JJ 55 50. q )2 56 r;e .4 0 58 52 

I. RPc:: i;; l. 717 7R I .. 1.08c t4 l < 1 I 01 SC 4 7. l 13 56 55. 7 32 57 5 7. 1 0 58 58 
l. 8ll t-0 l. 714 S l A 4C 1.0P I 800 C3 10 I 54 I. 5 JJ 58 0.5 17 58 50.? 0 59 4 
l. AP6'5 1. 7th 7,; 1 9 7 1.087 S56 cs I 01 S7 16. I " S9 5.4 '7 s• 5<. I 0 59 10 
l .A 8 70 I. 71 A 000 17 3.0R'- Ill t1 102 0 JO. 7 34 0 10.2 33 0 54 .o 0 S9 16 
1.ft8i"i 1 ~ 7 t q 745 QC 1 .oe i: no PS 102 1 45.3 l4 I 15. I 3 3 I 52 .9 0 59 72 
l.RRPO 1. 72 1 40, 46 l.086 42 I 70 102 0 so, 0 14 ? 20. 0 3J 5 I .8 D 50 28 
I .8 BE 5 1. 72 3 247 57 ~ .OB 1 5 76 17 102 10 14.7 34 1 24 _q 3J 50.R 0 5• '4 
1 .R aso I. t r« 995 )3 J.088 7lC ll 102 l 3 7q_ 5 34 2s.0 1 l 4 4Q. 7 0 50 40 
I. fl. ec; '5 l. 726 750 75 3 .OBS 8Rl 74 102 16 44.4 34 14. 8 1) s 48.b 0 5q 46 
1.8900 I. 7 28 508 8) ). OSI Cl6 S5 107 IS 59.3 14 Jq. 8 '3 6 4 7 ,.6 0 5S 52 

1. s sc s 1.110 2hS se 3. QQ2 1 aq 75 102 23 14. 2 34 7 44. 7 33 7 46.6 0 5S 58 
I .89 I 0 I. 732 CJ3 0 I 1.0S3 342 15 102 26 ?S. 2 34 8 4q.1 33 8 45.5 I 0 4 
I .B g l ~ 1.733 79q 12 3.oq4 4q4 14 102 2S 44.2 34 9 54 • 7 3) q 44.5 I 0 I 0 
I. 8'i70 I. 735 567 02 3.QQS <45 77 102 37 59.4 34 10 o;q.s 31 10 lo 3. 5 I 0 16 
1. aq,7 5 1. 737 339 41 3.0G6 796 89 102 36 14.':i 34 12 4.8 33 II 42 • S I 0 22 
I. ag ~O l.7JQ 11' 61 3.097 047 05 102 30 29.7 34 13 9.9 33 12 4°1 .s I 0 18 
I .89 35 1. 740 890 57 3. QQq 098 01 102 42 45.0 34 14 15 .o Jl 13 40.5 I 0 34 
t.B<HQ I. 742 670 14 3. I 00 74 7 S5 102 46 0.3 34 Is 20.1 '3 14 3Q.i; I 0 40 
1.8S45 l. 744 4'2 4S l. l 01 "!'i 7 49 102 4q 15.6 14 1• 25. 2 )3 1s 18. "i I 0 46 
I .8SSO 1. 746 237 56 1. 102 546 61 102 52 31. 0 34 17 30. 3 31 16 31.b I 0 52 

I .sq'.: i; I. 748 025 38 3.103 <95 31 102 55 46. 5 34 18 "'5. 5 '1 17 36.6 0 SB 
1. aqt:o 1. 749 e15 91 3.104 843 61 102 s• 2.0 34 1• 40. 7 3) IA 35.7 I 5 
t.A'H':i I. 751 609 23 3.105 GS! 4q 103 7 17. 6 34 20 45.q 3) IS 34.7 I II 
I. 8'i 10 1. 7':i 3 40, 7q 1.107 138 5S 103 5 31. 2 34 21 SI. I 33 20 33.8 I 17 
1. a s 1 o; 1. 75 5 204 12 3 .108 286 00 103 8 48. q 34 22 50. 3 13 21 32.9 I 23 
I .8G80 t. 7'5 7 005 71 l.109 4 32 0 103 12 4.6 34 24 I. 5 31 22 32 .o 1 29 
1.89 E 5 I. 7S8 810 oe l. I 10 ":78 e4 103 15 20. 4 34 ?S b.8 33 21 3 I. 1 I 35 
1 .aaQQ 1. 1no 61 7 2' J. I 11 724 04 103 18 36. 2 34 26 12. I 33 24 30. 2 1 41 
1. e s s 5 I. 762 427 18 3. 112 8 7C 01 103 21 57.0 34 n 17.3 l1 25 29. 3 48 r l .90CO l. 71'>4 no 92 , • I 14 Cl4 S7 103 25 8.0 34 28 22.1 33 26 28 .4 54 

1.9005 1. 766 055 47 1. I 15 l 5S SC 103 28 24.0 34 2s 78. 0 JJ 27 27. 5 2 0 
l.QQlO 1. 767 873 83 J. I 16 303 61 103 31 40.0 34 30 33. 3 3J 28 26. 7 2 6 
1 .SC I 5 1. 7b9 6q5 01 3.11 7 44 7 JO 103 14 56. I 34 31 38. 7 l1 2S 25.8 2 12 
1.9070 1. 771 5 I 9 01 3. I I 8 SSC ~ 7 103 38 12.2 34 '2 44.l 33 JO 25.0 2 19 
I .902 5 1.773 345 A4 3.119 733 41 103 41 28.4 34 33 4q.5 33 31 24. I 2 2, 
l.SC30 1. 775 175 52 J .120 875 n 103 44 4-'l.6 34 34 54.q JJ 32 23. 3 2 3 I 
1.9035 I. 777 COA 04 J. I 22 Cl7 e2 103 48 0.9 '4 36 0.3 33 11 27. 5 2 31 
1.qo40 1. 778 841 41 3. I 23 I 59 39 103 51 11.2 34 37 5. 7 33 34 2 I .6 2 44 
1 .qo4 !: t.7AO 6A I 65 1.124 300 53 103 54 31.6 34 JA 11. 2 l1 35 20.8 2 50 
1.qoc;o I. 78? 572 7 S J. I 2 5 '41 24 103 57 SO.I 34 JS 16.7 31 16 20.0 2 50 

t .QQ")'i t.784 366 73 3. 126 581 ~2 104 6.6 34 40 :n.2 31 17 19 .2 3 1 
l.QOt-0 1. 7~1;, 213 S9 3. I 27 771 37 104 4 21.1 34 41 27.7 J3 38 I 8.4 3 ~ 
l .9Ct: ':: 1. 788 061 31 3.128 86( 79 104 7 39.7 34 42 33.2 JJ Jg 11.1 1 I 5 
1 .QC 10 I. 789 SI 5 99 3. I 25 599 78 104 10 5b. 4 34 43 18. 8 JJ 40 16.q J 21 
I• OQ 15 l. 7° l 771 55 ,.131 I 38 ]4 104 14 I J. 0 34 .. 44.3 33 41 16. I 3 2 ! 
1. 908( I. 793 6 lO 01 1.132 276 46 104 I 7 29.8 34 45 4q_9 JJ 42 15 .4 3 34 
I .908 5 l.7S5 491 15 1.1:n 414 15 104 20 4b.6 34 46 ss.s ,1 4' I 4.6 3 41 
1.ooao l. 7a 7 355 70 3.134 551 41 104 24 3.5 34 48 I. 2 JJ 44 13.S J 41 
l .QQC 5 1. 7qq 222 94 3. I 15 ,es 23 104 27 20.4 34 4q 6.8 JJ 45 13. 2 J 51 
1.9100 1. 801 093 13 ,.11, 824 61 \04 JO , 1. 3 34 50 12. 4 13 4. 12.5 3 6( 

1.q1c5 I. 802 966 26 J. l 37 960 50 104 JJ 54.3 34 51 18. I 33 47 11. 7 4 
I .s 110 l.A04 841 14 3.1 39 CS6 C7 104 37 11.4 14 52 23. 8 13 48 11.0 4 Ii 
1.q 11 'i 1.806 111 19 3. I 4C 2 31 14 104 40 28.5 34 51 2s. 5 )3 4S 10. 3 4 II 
I .9 120 1. 808 603 42 3.141 365 78 104 43 45.7 14 54 35.2 ) 3 50 9.6 4 7\ 
1.912 5 I. Al 0 488 42 3. 142 409 97 104 47 2. s 34 55 41.0 Jl 51 9.0 4 31 
1.9130 I. 8 I 2 376 40 3 .143 '33 72 104 50 20. I 34 56 46. 7 " 52 8.J 4 31 
t .91 J'i 1. 814 267 1e 3.144 76 7 C1 104 53 37.5 34 57 52.5 Jl 53 7 .6 4 4' 
1.9140 I.Bib l~l 36 1.145 859 50 104 56 54.8 34 58 58.3 11 54 7.0 4 5 I 
1 .a l'i'5 I. 81 8 058 35 ).147 C31 32 105 0 12.1 35 0 4. I 33 55 6.3 4 5' 
1.Sl50 1. 819 958 35 1.148 164 30 10' 3 2q. 1 JS I 9.9 )3 56 5.7 5 • 
1.ql"i'.i l. 621 861 38 1.14q 295 83 105 6 47.3 l5 15.8 )1 57 5.0 5 II 
l.Sl60 I. 821 767 .. 3. I 50 426 52 105 10 4.8 35 11. 6 31 58 4.4 5 I' 
1.9165 I. 82 5 676 54 1. I 51 ~ 'i 7 56 105 13 22. 5 35 4 27.5 " 5S 3.8 5 2' 
I .s I 70 I. 827 588 69 3.152 <87 76 105 16 40.l 35 5 33.4 14 0 3. 2 5 31 
L .q l /5 1.829 501 as 1. I 5 J 817 50 105 IS 57.9 35 6 3q_ 3 34 I 1.6 5 31 
1 .9 I PO 1. 83 l 421 16 3. I 54 S46 ED 105 23 15.6 35 7 45. 2 34 2 2.0 5 4 
I .918 5 I. 83 3 343 49 J. I 56 0 75 65 105 26 33.5 35 8 51.2 34 3 1.4 5 41 

L 1 .qic110 1. 835 267 91 1. I 57 2C4 04 105 79 ';l.4 35 Q 57. I 14 o.8 5 51 
l .q 19'.: 1.eH 195 41 l.158 311 59 105 33 s.3 35 II 3. I 34 0.2 6 
1.s200 1.839 126 00 ,.159 459 4e 105 16 27.3 35 12 s.1 34 s 5S.7 6 
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.Q210 1.&QQ ?'-1 DC ,.617 CJC CC 1.774 C.!!4 09 t.6~4 461 51 0.50:\ 187 6S 3.116 'Bl 20 
.Q21'> 3.bq2 162 ?'5 2.617 o4QO "7 1.775 470 !i6 L.65'5 142 65 Q.50:\ 64Q 53 1.tlB 9A2 QA 
.<D?.O 1.694 084 OC 2.617 <;Q<; <;\ 1.776 A'57 2'5 l.6'i5 ,,23 72 0.'>04 111 h'5 3.121 f.3A l'i 
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.Q240 1. 701 776 OC 2.6\Q 1577 4? 1.782 406 10 1.6',A '547 3? Q .. 505 Qh2 54 3. l,2 7q7 ',A 
.q24"i 3.703 700 25 2.61<; <;<Ji 71 L.783 7q4 12 1.t,5g 220 0'> 0.'>06 47i::, R7 1.114 q1-,", 26 
.q750 ,.70'i 675 00 2.6?'.C 4C'i Cl l.7A'i 1R2 17 l.A'i9 QQR 71 O.':i06 APQ 4) l.l)7 t,40 qq 
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.Q 75 ~ 
• g 7t0 
.Q2(:5 
~9 ?.70 
(Q27S 
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.Q 2 f ': 
.Q 290 
.9795 
.s voo 
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3. 101 s s o 75 
3. 70Q 471) o c 
1.111 402 215 
l. 713 37t.J 00 
'· 71 S 256 2 5 
l.717 lA4 00 
,.71q 117 7-=; 
3.77104100 
l. 1.?7 q10 25 
3.774 QOQ 0C 
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1. 72R 761 00 
3.no 69? 2s 
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l.820 070 ?5 
l.R?, 025 OC 
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15t': 'l.8278(J22'i 
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ljRl:i 3. R35 722 21: 
5QO 3.837 681 QC 
595 l.83q 640 25 
~co 3.R4l boo oo 

2.67C e11 21 
.?.1:-'l 22A 4g 
?.621 e s s t'Ci 
2.b22 047 85 
?.bl2 4";5 <;8 
2.622 et.3 ce 
7.673 zt:q t'- 
2.623 674 17 
2.62'- 078 17 
2.6?4 4el 13 

2.62• 8A3 Cb 
2.625 2A3 q5 
2.6?5 bA3 Pl 
2.026 082 62 
2.626 4110 4C 
2.626 e11 14 
?.b21 212 P4 
?.627 667 4g 
2.6?8 061 11 
2.628 4';) t9 

2.,20 e41 22 
2.t,20 235 71 
?.bH 675 16 
2-6~0 013 ':I: 
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7.bJO 711 23 
2.6~1 112 ~c 
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2.tdl5 713 et 
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?.Olb e25 5? 
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2.637 q77 67 
2.1,1e zqz q3 
2.cd8 6'i7 14 
J.,t,JQ 020 2Cl 
2.blG ~e2 38 
2.6lQ 743 40 

2.640 103 ~7 
2.64C 4f.2 28 
2.64( P70 12 
? .6-'t 1 l 76 pq 
2.h4l 532 tl 
2.641 es, 26 
2 .642 ?ltO 84 
2.642 '593 ~b 
?.642 G44 81 
2.h43 2G': 20 

2.643 64'9 52 
2.643 c;c;2 11 
2.644 33a <:l5 
2.644 68t: 06 
2.645 011 10 
2.645 37"i 07 
2.645 717 G7 
2.ti46 O"iG ea 
2.646 400 56 
2.bAb 1'-0 74 

1. 786 5 70 44 
1.101 s s a q4 
l.78Q.347 b'S 
l.7Q0 1,1, 'i8 
1.107 125 74 
l.7Q3 515 10 
1. 1q4 qo4 t:,q 
1.1qt, zq4 4R 
1.1q7 684 50 
l.7CIQ 074 72 

1.aoo "65 15 
1.001 ass 80 
1.803 246 65 
1.80 .. 637 71 
1.80b 028 Q8 
1.801 420 45 
I. 808 812 I 3 
l.RlO 204 01 
\.8115Q60Q 
1.012 988 J8 

1.814 180 86 
1.815 773 54 
1.817 161'-i 42 
I.RIB 55q 50 
t.A!Q q52 77 
l.R21 346 23 
1.an nq a• 
1. 824 1 3 l 74 
1.825 5)7 78 
1.826 G22 00 

1.828 316 42 
1.~2q 711 02 
1.831 105 81 
1.832 so o 78 
l.8JJ 895 Q4 
l.815 291 28 
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1.838 082 50 
l.8l9 478 38 
1.840 874 44 

l.842 270 67 
1.841 667 os 
1.845 063 bb 
1.84b 460 41 
I. 84 7 85 7 l4 
1. 94q 254 44 
1.850 651 70 
l.852 04Q 14 
1.853 44b 74 
1. 854 844 50 

l.856 242 4'\ 
1.851 640 53 
1.a5q o s e 1a 
1.860 437 20 
1.801 e35 78 
l. 86 l 2 l 4 51 
1.864 633 41 
l.Bbb C32 46 
l.R67 431 66 
l.8t,A 811 07 

1.870 230 53 
1.871 630 IQ 
1.873 OJO 00 
1.874 42g qt, 
1.015 a vo 01 
1.877 210 32 
1.878 630 72 
1.800 0,1 21 
1.881 431 q5 
l.A82 AJ2 78 

1.660 58.q 30 
l .661 26° 87 
l.66l 950 27 
l.66? ":130 ,-,-, 
I .1>63 HO Q1-, 

1.btil QqJ 20 
l.664 671 37 
l.6t-5 351 46 
l .666 o u 4Q 
l.t.ti6 711 44 

l.bb7 3Ql 3? 
l.bbA 071 ll 
1.668 750 87 
1.669 4'\0 '53 
1.670 110 I? 
1.670 789 64 
1.611 460 og 
l.672 148 46 
l.677. 827 76 
t.673 506 qR 

1.674 186 13 
1.674 865 21 
1.675 544 .?1 
l.676 22l l "\ 
1.676 sot qq 
t.o77 580 7t:, 
l."-7R 25CI 46 
l.67R 93A OQ 
l.67Q 616 t.3 
1.6PO 205 IO 

).f-)80 973 50 
1.081 051 82 
1.682 BO Ob 
l.b8l 008 22 
l.68l 6R6 31 
l.,C,84 364 32 
t .685 047 25 
1.685 720 11 
l.686 397 88 
l.6€'7 075 'i8 

1.687 753 19 
l.68R 430 73 
J.b8Q 108 IQ 
l.68Q 785 'i7 
I.6QQ 462 87 
l .bQI 140 09 
l.bQI 817 7' 
I .6Q2 4ca4 zca 
l.bq317l'l7 
I .,t,ql 84 8 1 7 

1.694 524 q9 
1.1,qi; 201 72 
l.bQ5 818 17 
l.6q6 554 q5 
t.ti97 2"\1 44 
l.6Cfl CJ07 84 
1.oq9 5R4 11 
l.bqq 2b0 41 
l .699 9"\6 57 
!.700 612 ,.,.,_, 

l.701 28R 64 
1.701 9h4 155 
1.702 640 JS 
1.703 316 12 
1.70"3 qq1 17 
1.704 667 3"> 
1.705 l42 83 
1.706 CIA 24 
l.706 691 55 
1.101 368 70 

0 ... 01 1s? 24 
0.507 Al7 ?.A 
0.50R ?Al "it- 
0.508 74t- oa 
0.509 .?10 A'- 
0.50Q 675 ij5 
0.510 141 10 
C."il0 606 SR 
Q.511 072 JO 
0.511 538 2b 

0.512 004 46 
Q.512 470 •1 
0.-.;17 q37 -:;c; 
0.513 404 50 
0.513 871 66 
0.514 33g 06 
0.514 '106 70 
0."il5 ?74 57 
0.515 742 60 
0.516 211 04 

0.516 b1q b3 
Q."i17 148 46 
0.517 617 53 
C.518 OA6 84 
0.518 556 38 
o.s1q 02• 11 
Q. 'ilO 4Q6 10 
0.5\g 9h6 45 
0.520 416 9'i 
0.52c qo1 69 

0.5?1 378 bO 
o. 521 849 88 
o.522 121 3J 
o. 522 7QJ 02 
0.523 264 04 
0.523 737 ll 
o.524 ?oq 51 
0.524 hR? 15 
o.525 155 02 
0.'525 62A 14 

o. 526 101 4Q 
o. 526 575 oe 
0.'527 048 QQ 
0.5?7 S22 Q7 
O. 527 go7 27 
O.t;?A 471 80 
Q.llj2fl 946 'i7 
0.570 471 'i8 
0.529 896 83 
0.530 372 "!l 

o.s~o 84A 01 
0.531 323 qq 
0.5Jl AOO te 
0.53? 716 61 
o.s,2 753 71 
0.533 2JC 17 
Q.511 707 31 
0.534 184 fA 
o.5,4 667. zq 
0.5,5 140 14 

0.515 618 27 
0.536 0S6 53 
O."i3t, 'i75 08 
Q.537 OB 87 
o. 5'7 53? aq 
o.sia 012 15 
o.s1e 491 64 
Q.5'8 HI 37 
0.539 451 ~, 
0.530 Q31 52 

3.14(1?017 
3.143 002 ~l 
'• 14 'i t:A A G ~ 
1. J4A 17~ ',7 
1. l 'i l 071 t: I 
'• 151 7h8 JQ 
l. l'i6 468 27 
1. I '>G l 71 e1 
J.lbl 87Q CO 
1. 164 5RO 6"> 

1.167 301 e4 
~-110 021 59 
3.177 742 AQ 
1.\75 467 7r;, 
3. 178 l Q6 IQ 
1. PIO Gl~ 21 
l. lR3 6h3 1n 
3.1A6 401 O'i 
1.1~9 145 67 
J. 1q1 an ~z 
3.lQ4 b42 31'.J 
1.1q7 196 11 
3.200 l"i3 41'> 
1.202 Q\4 48 
3.205 ~7Q l"i 
1.?0f' 447 50 
3.211 ?IQ ''°' 
3.211 qq5 2~ 
3-216 774 6'1 
3.219 557 fQ 

3.222 144 67 
l.225 135 ?S 
3.2?7 97q 57 
).230 727 f::4 
J. 233 52Q 46 
l.216 315 O'i 
3.23Q 144 42 
3.241 q57 57 
1.244 774 'i2 
3.247 5q5 21 

3.250 41Q ,n 
3.?5, 24A 22 
3.256 CAO .i,4 
1.?'i8 Ql6 51 
3.261 756 42 
1. 21-,4 600 "\Q 
1.21,7 447 A'- 
1.770 ?,qq ,q 
1.213 l "14 A I 
3.27h 014 l4 

J.278 877 JA 
~.?Al 744 o:;4 
3.2&4 t,l', f~ 
1. 787 490 67 
,. zqo lf.9 t:"> 
1. zq 1 ?"' z "'" 
1.7Q6 119 51 
, .• 799 030 43 
J.301 Q?5 ll 
,. 304 824 73 

3.307 727 14 
3. 310 614 08 
3.Jll 545 OS 
3.316 -460 C7 
3.319 110 14 
3.322 302 ?A 
1.325 22Q 4q 
"3. 328 160 7q 
J.JJl 096 1q 
3. 1,4 015 69 

1 

I 
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AIR• ST /R LC/R 8 1/3 8•♦•C • C 
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·I/Lill 0EG MNT SEC 
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t.9205 t.141 059 IC 3.160 1586 52 105 39 45.3 35 13 15. I 34 6 59.1 6 16 
1.9210 1. 842 996 50 3 .161 7 l 3 II 105 43 3.4 35 14 21.1 34 1 58.5 6 22 
1,.G2 l 5 1. 844 •36 43 3.162 81• 24 105 46 21 .6 35 15 27. 2 34 6 51.0 6 29 
\.9220 1. 846 879 48 3.163 9~4 GI 105 4q 39.8 35 16 33. 3 34 9 57.5 6 35 
I .9115 I. 848 825 67 l.165 cso 13 105 52 58. 0 35 11 30.3 34 10 56,.q 6 •2 
1 .92 !O 1. 850 115 00 3 .166 214 ~o 105 56 16.3 35 18 45.4 34 II 56.4 6 49 
1.9 2!5 I. 85 2 121 47 l.l67 339 20 105 5q J4. 7 35 19 51 .6 34 12 S5.9 6 55 
I .q 240 1.854 683 II 3.16e 463 C5 106 2 53.1 35 20 H.1 34 13 55.4 1 2 
1.0245 1. 856 6'1 o I l.169 5P6 43 106 6 I I. 5 35 22 3.8 34 14 54.9 7 8 
1.92~0 I. 858 603 89 3.110 70• 36 106 9 30.0 35 23 10.0 34 Is 54.4 1 15 

I .9255 I. 860 569 06 3.171 831 !2 106 12 48.6 15 24 16.2 ~4 16 53.9 1 22 
1.9260 1. 81.2 531 41 3.172 953 e2 106 16 1.2 35 25 n.4 34 17 53.5 1 28 
1.92t5 1. 864 508 ·~ 3.174 C75 36 106 19 25.8 35 26 28.6 34 18 53.0 1 35 
1.•210 I• A66 ·~· 12 3.175 196 44 10~ 22 44.5 35 21 34.8 34 \0 52.5 7 •2 
1.Q215 1. 868 46I 7C 3.176 311 05 106 26 3.3 35 28 41.1 34 20 52. I 1 ',9 

, •• 280 1.810 "42 91 3.111 437 20 106 29 22.1 15 20 47 • .,. 34 21 51 .6 55 
I .9285 1.872 HI " 3.178 556 ee 106 32 41.0 35 30 53. 7 34 22 51 .2 2 
1.9290 1. 814 H5 02 3.179 676 09 106 35 59. 9 35 31 60.0 34 21 50.A 9 
l .92qlj 1. 876 405 95 3.180 794 e4 106 39 18.9 35 n 6.3 34 24 50. 3 A 16 
1.9100 I. 878 400 13 3. I 8 I 913 II 106 42 37.9 35 34 12.6 3• 25 49.9 8 22 

1.q·rn5 I.BAO 391 5@ 3. I 8 J ClC ~2 106 ',5 57. 0 35 35 19.0 34 26 .ft9. 5 A 29 
1.9310 1.882 398 31 3.184 148 26 106 49 16.t 35 36 25.4 34 27 49. l 8 36 
l ,.q ! 15 1.884 402 33 J.185 265 ll 106 52 35. 3 35 JI ll.8 34 28 48. 7 8 • J 
I .9320 1.886 409 63 3.186 381 52 106 55 t:;4. 5 35 38 38. 2 34 20 48.J 8 40 

1.9 32 5 I. 888 420 24 3.187 497 45 106 59 13.8 35 39 44.6 34 JO 41.q • so 
l.H30 1. 890 434 16 3. I 88 '12 e9 107 2 33. I 35 40 51 .o 34 JI 47 .6 9 3 

f 1.a·nis t.8'12 451 3q 1.18q 121 er IOI 5 52. 5 35 41 51.5 34 32 41.2 9 10 
I .q340 l. 894 471 95 3.190 842 JI 107 9 11.q 35 43 4.0 34 33 46.8 9 ll 
l.9345 l. 896 495 85 1.1q1 q56 H 107 12 31.4 35 44 10.5 34 34 46.5 9 ?4 
l .QJ~O l. 8Q8 521 10 3.103 ci• 94 107 15 50.• 35 45 l7 .o 34 35 46.2 q JO 

l •• 35 5 1.900 551 1C 3.194 I !l 01 107 19 10. 5 35 46 21. 5 34 36 •5. 8 9 37 
l .Q1t0 1.902 561 66 J.l95 ?95 60 107 22 30. I 35 41 10.0 34 31 45.5 9 .. 
l.9H5 1. 904 624 9q 3.196 407 12 107 25 4q_9 35 48 36.6 3', 38 45.2 9 5 l 
l .9170 1.906 665 10 l.191 519 35 107 29 9.6 35 49 4).2 34 3q 44.9 9 58 
l.Q175 1.qoe 10• 80 3.19A 63C 50 107 32 2q.4 35 50 4q. 8 34 •o 44.5 10 5 
l .9JR0 1.q10 151 30 3.199 141 11 107 35 4q.2 35 51 '16.4 34 41 44. 2 10 12 
l.9385 1.912 808 2 I 3. 200 e~ l 36 107 3q q.l 35 53 3.0 34 42 ... a 10 Io 
I _q3qo 1.914 862 54 1.201 961 06 107 42 29. I 35 54 9.7 34 4l 43.1 10 26 
I .9395 I. 916 920 2~ J.203 070 2• IOI 45 49. 1 35 55 16.4 34 44 43.4 10 3~ 
1 ·••co I. 91A 9A I 41 3.204 lH 02 107 49 9.1 35 56 23 .o 34 45 43.t 10 H 

I .940'5 t.nl 046 IC 3.205 287 21 107 52 29. 2 35 57 2Q. 1 34 46 42 .9 10 46 
1.9410 l.'123 11• 18 l. 206 395 04 107 55 49.4 35 58 36. 5 34 41 42 .b 10 SJ 

1 ••• t 5 I. 925 185 12 1.201 502 31 107 59 9.6 35 59 43.2 34 48 42.J II 0 
l .9420 1.n1 260 14 3.208 6C9 10 I0A 2 2S. B 36 0 49.9 34 49 42. l II 1 
l .Q42 5 1..ozq l39 23 3.209 715 40 108 5 50. 1 36 I 56. 1 34 50 4 I .9 II 14 
t .94'0 1.931 421 22 3.210 e21 21 108 9 10. 5 36 J J.5 34 51 41.6 II 21 
l .94 35 1.qJ3 506 IC 3. 2 I I qzt 53 108 12 30.9 36 4 IO. J 3" 52 41.4 11 ?I 
1.0440 l. 935 5•5 1.C J.213 031 36 108 15 5 I .4 36 5 11.1 34 53 ,1.2 II 1, 
l .9't4 5 I. 917 6"8 21 3.214 135 6q 108 19 I I .9 36 6 24. 0 34 54 4 l .o II ·~ l.Q450 t.939 784 25 J.215 239 54 108 22 12.5 36 1 J0.8 34 55 40.8 ll SC 

1.9'9'5 ~ 1.941 881 82 3. 2H 342 eq 108 25 5 J. 1 lb 8 31.1 34 56 4C.6 ll Sl 
1.04~0 1. 04 3 986 94 3. 211 445 1" 108 29 13.7 36 9 4.C..6 34 57 <\0.4 12 • 
l.94t5 1. 946 093 62 3.21@ 54! 10 108 32 34.5 36 10 51.5 14 58 40.2 12 11 
1.9470 l. 948 203 86 J.2lQ 649 ~6 108 35 55.2 36 II 58.4 14 59 40.1 12 18 
1 .9415 1.950 317 6A 3. 220 7Sl 33 108 39 16.l 16 13 5.4 15 0 39.9 12 21 
I .Q4PO I. 95 2 415 09 1.221 @52 19 108 42 36. 9 36 14 12., 35 I JS. 1 12 1, 
l .04fl 5 1.054 556 08 3.222 952 56 108 45 57 .s 36 15 I 9. 3 35 2 39.6 12 JI 
I .9490 1.956 680 68 J.224 052 43 108 49 18.8 36 16 26. 3 35 3 39 •• 12 ·~ t .9495 1. q5 8 808 9C ,.225 151 AC 108 52 39.q 36 17 33.l 15 4 3q. l 12 s• 
1.9500 1.%0 q40 74 J.226 250 67 108 56 1.0 36 18 40.J 35 5 39.2 l l I 

1.9505 I. 963 076 2 l 3.221 349 OJ 108 59 22. I 36 I• 41.'t 35 6 31:1.0 13 , 
I .9 510 1.965 215 33 1.22e .. ~ so 1oq 2 43. J 36 20 54.4 35 1 38 .9 I 3 II 
t.9 5 I 5 1.967 358 09 J. 229 544 25 109 6 4.5 36 22 1. 5 15 B 38 .8 13 2j 
t.S520 1.qt,q 504 5} J. 2 30 64I II 109 9 25.8 36 23 8.6 35 9 38. 7 I 3 21 
1.95; 5 t.911 654 63 J. 2 JI 131 46 109 12 41. I 36 ?4 I 5. 7 35 10 38 .6 13 J 1 
1 .9~]0 1. 97"\ 808 42 3. 2 !2 833 30 10• 16 8.5 36 25 22.1 35 II 38.5 11 4< 
1.9535 I. 915 %5 90 J.2 33 928 64 109 19 30.0 36 26 30.0 35 12 38.4 ll SI 
I .9540 1.918 121 08 3.235 023 46 109 22 51. 5 1, 21 31.2 35 13 38.4 l l 51 
I .9545 I. 980 201 98 J.236 117 78 109 26 I 3.0 36 28 44.3 15 14 38. 3 14 I 
t .S550 1. 982 460 60 l. ?31 211 59 109 29 34.6 36 29 51.5 35 15 38. 2 14 i: 
1 .01;5 '5 l.Oft', 632 95 3.218 304 !9 100 32 50. 3 36 10 56.8 35 16 38.2 14 2( 
I .s 5f0 I. S86 9os 05 3.239 397 68 109 30 IB.0 36 J2 6.0 35 I 7 38. I 14 21 
l .9 5t '.; 1.981 q5a 9C 3.240 .es Sb 10• 39 H.1 36 ll I 3. 2 35 18 38. I 14 3 
l .o '5l0 l.4J~l 172 52 J.241 581 72 109 ',J I. 5 30 34 20.5 35 IS n.o 14 4l 
l.9'15 I• qqJ 35q 91 3.242 672 SI 109 46 23.4 36 35 27. B 35 20 38.0 14 41 
l .9580 1.995 551 OB 1.2•1 u, 70 109 •• ·~-3 36 36 35.t 35 21 39.0 14 ,1 
1.958 5 1.s91 146 05 J.244 8~3 S2 109 53 7.J 36 H lt2. 4 35 22 38 .o 15 • 
I .95qo 1.q~9 ... 83 3.2',5 Q"i 3 63 109 56 29. J 36 18 49.R '5 23 38 .o 15 I 
t .95G5 2. 002 147 42 3.241 032 82 109 5q 5 I. 3 36 Jq 57.1 35 2' 38 .o I 5 I' 
1.sooo 2.004 353 A4 l. 248 l 21 48 110 3 13.4 36 ~ I 4.5 35 25 38 .o 15 21 
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fCTn 
: ,c,a ,.,.,.,. a::ic =••Ea=•••,.,.•••••••••••••••._..•••••••••••••••••••••• •• a,a.az •••••••• a••••• .a••• :,caaa •• 
,9605 3. 843 560 25 2 .641 078 85 1.884 ZH 75 1.708 043 93 0.540 411 96 3. 336 91q 32 
9610 3. 845 521 00 2.641 416 38 I. 885 634 86 1.708 718 99 a.Ho 892 6Z 3.339 927 07 l qtl5 3. 841 482 25 2.641 152 84 1.887 036 10 l. 709 393 97 0.541 373 5Z l.HZ 878 .. 
9620 l. 849 444 00 2.&48 088 Z3 1.888 437 49 1.110 068 -~ o. l:i41 854 66 3. 345 835 01 \\ qb25 3. R5 I 406 25 2.648 422 53 I.BRO 839 00 1.110 743 65 o.542 336 03 3.348 ns 22 
9630 3. 85 3 36q 00 2.648 755 17 l. 9qt 240 66 1.111 41R 31 o. 542 817 64 3.351 75q 60 
Qf, 15 3.R55 332 2~ 2.649 C81 92 I. 892 642 .. 1.112 097 99 0 • .-;4 3 299 41 3. 3S4 728 16 
Q640 3. 85 7 296 00 2 .. 6,40 41• 00 I, 894 044 36 I. 712 76 7 s3 o.543 JAi 55 3.357 700 n 
q~~5 3.85Q 260 25 7.64'i 749 00 1.eq5 446 41 1.713 441 qq 0.544 263 86 3. 360 617 BA 

~ 
q650 3. 86 I 225 00 2.650 017 92 !. 896 84 e SA 1.11, 116 35 0.544 146 40 3. 363 65• 06 

~655 3. 86 3 rso 25 2 .6 50 4C5 16 1. 9qe 250 89 1. 714 790 63 o. 545 22q 11 3. 366 644 41 
6t0 l. Rf,,"i 156 oc 2 .650 n2 51 l.8QO 653 32 1.715 464 81 o.545 712 18 3. 360 634 12 
60 3. 861 122 25 2 .651 058 19 1. so t 055 88 I. 716 138 QI o.s;'-6 19S 4l 3.372 62R 02 

~6 ,o 3. 86Q C89 00 Z.651 3e? 7q 1. scz 458 S6 1.716 812 •z Q.,Cj46 ,rn qo ,. 315 626 \8 ( 

1 675 3. 871 056 27 2 .,61j l 106 31 1.•03 861 36 t. 711 486 es o.547 \62 61 l.318 628 61 /I Q6AO 3.87} 024 00 2.652 OZP. 14 1 .sos 264 z• 1. 7 IA 160 68 0.547 646 S6 3.381 635 3, 
R6F"i 3. 874 9qz 2~ ? .652 350 09 l.,QQt, 667 34 1.718 834 42 0.548 1 lO 74 3. 384 646 34 ,l q6QQ 3.876 %1 00 2.652 67C 36 1. 908 070 50 1.11• 508 08 o. '548 615 15 3. 387 66\ 66 
9695 l., 87'1 q30 Z5 Z .652 9A9 54 t.90Q 413 79 1.120 181 64 o. 54q oq9 79 3.390 68 l 30 
s rno ':\. A80 •oo 00 2.653 307 64 1.•10 817 19 1.120 855 ll o. 54q 584 67 3.)QJ 705 76 

nos 3. 8"2 870 25 2.i>53 624 65 I. 912 zeo 11 I. 7 21 528 50 0.55 C 069 78 3.396 733 57 d Q710 3. 884 841 00 2. 6'i3 9•o 58 I. 91 l 684 34 1.722 201 7q o. 550 '55 I Z 3. 3q9 766 23 
?71 ~ 3. R8h 812 7~ 7.654 255 42 I .915 ce e 08 1.1zz 874 qq o.sst 040 70 3.402 803 2, 
1720 l.888 784 00 2.654 Cf:Cj 17 I .•16 4q1 q4 I. 723 54 e 10 O. 5S I 52' 51 3. 405 844 66 
ll7 2"i 3. HQQ 756 25 2 .b'i't €81 84 l. 011 895 •1 t. 724 22 l 12 o.ssz 012 55 3.408 890 45 
1130 3. a•z 72• 00 2.655 193 41 \ .919 2•q 99 l. 724 8•4 05 o. 552 49R R3 3 .411 940 64 
7 3': ,. 8Q4 1oz 2S 2.655 50 3 OQ t.920 704 17 t.725 566 eo 0,552 •es 34 3.414 905 24 

~ 
740 3.8gb blb 00 Z.655 813 30 1.922 108 47 I. 776 230 b~ 0.553 4 72 08 ,. 41 f! 054 2, 
745 3.898 650 Z5 2.656 IZ l 61 l.9?3 512 86 l. 726 912 28 o. "i'i) .,. OS l.471 I 1 7 17 
750 3.000 625 00 2.6S6 4 78 8' l. Q24 011 37 I. 727 S84 84 o.554 446 25 1.424 185 t7 I 

755 3.902 600 25 2.656 734 96 l. 926 321 07 I. 7 ZB 257 3 l a. c;54 q33 69 "· 42 7 257 OA 
1,0 1.qo4 576 oc 2.657 039 QQ l. Q2 7 726 68 l. 7 28 Q?O 68 0.555 421 30 ,.4,0 334 87 
HS 3. 906 5'i2 2~ 2 .b">1 343 S4 l. qzq Ill 40 I. 1zq 601 g7 o. 'i'i5 •09 26 1. 413 416 14 J 170 3. 90 8 S2Q 00 2,651 64. JS l. 930 536 39 1.no 274 1 s o. 55,., 3q7 ~Q 3. 43t- 501 QS I 
775 3. 91 o 506 25 7.651 c49 55 l. 031 04 l 40 l. 7 30 q46 25 o.556 eas 76 3.439 592 27 
lfC 3. Ql 2 4A4 oc 2.658 2"i'il ZI t.033 346 50 1.131 618 25 0.557 374 35 3. 442 6R7 10 
7f 5 ,. 914 467 z~ Z.658 54 8 78 I.• l4 75 l 70 t.132 zao \6 Q.557 861 1 B J .. 445 786 41 
790 3. •to 441 00 2.658 84 7 u l.936 \56 qq 1. 732 961 q7 o. 5'58 352 24 3.448 e•o 3q 
7S 5 ,. Q\ 8 420 75 2.659 144 64 l .937 562 38 !. 7)3 633 ,9 o. "i"i8 84 l 53 3.451 9qa R6 
AOO 3. 020 400 00 2.65q 440 •2 l. 938 967 86 l. 7 34 305 ll o. "i"iQ 3' I 06 3 .45'i ll 1 •• 
8C5 3.n2 380 25 2,659 7H 1l 1. 940 37, 4Z 1. 7 34 976 84 0.550 820 81 3.458 22• 51 \1 
810 3. 9?4 36 l 00 2.660 030 zo t .941 77q OH l.135 648 27 0.560 310 AO 3.461 3SI n 
P\5 3. 926 347 Z5 2.660 3Z 3 1 q I. 943 184 83 1 .136 3\ q 61 0.560 80 I 01 3. 464 478 54 
"- 20 1.qz9 374 00 2,660 615 o• l.Q44 5qo 66 t. 73t, 900 85 Q.S61 291 46 3 .46 7 60• 08 
825 1.030 306 25 2.660 905 ea I, 945 S% 57 1. 737 662 00 0.561 78 2 14 3.470 746 cs 
@30 3.937 ?89 OC 2.661 195 se t. 94 7 402 51 l.138 333 05 0.562 273 05 ,. 4 73 886 1h 
815 ,. q34 27Z 75 2 .66 I 4f!4 18 , •• ,a 808 66 1. 7)Q 004 01 0.562 764 JO 3.417 03 2 17 
840 3. 936 Z56 OC 2.661 771 67 1.950 214 82 1.n• 674 86 o. 563 255 56 l. 480 !AZ 16 
84 5 3. 938 240 ZS 2.662 058 01 I. 951 621 07 1.740 345 62 0.5ti":\ 74 7 16 3 .48 3 336 88 
850 3. Q40 7?5 00 2.662 ~4} '6 l. q53 021 39 I. 141 016 20 o. 564 238 qq 3.486 406 20 

~55 3.942 ZIO ZS 2.662 t21 55 l. q5.ft 433 80 I. 141 686 86 O."ib4 731 OS l.48q 660 41 
~to ,. q44 196 cc 2.662 91C 64 \. 955 840 27 1. 747 351 3' 0.565 22 3 34 3. 492 ez• 25 
t 5 ,. q46 IR2 25 2.663 192 t3 l. q5 7 246 83 I. 74l 027 70 0.565 715 86 3.496 002 83 

870 1.<Ut8 169 00 2.66 ~ 473 •t l _q5A 653 46 I. 143 6•7 q7 Q. 56h 208 62 l.4QQ !RI 15 e1 ': 3.•50 156 2S 2.6h3 751 2q 1,960 06C 16 1. 744 368 15 O."i66 701 60 3. 502 364 ?l 
BP.a l.952 \44 00 2.664 03 I q7 l.961 466 q3 1. 745 038 2Z 0.567 194 8 I 3.505 SS7 OR r,s 3. q'54 132 ZS 2.664 309 54 l. Q62 873 17 1. 745 70A 20 o. 561 6A8 25 3,508 144 72 
r9o 3. g56 121 00 2.664 586 00 1.q64 2AO 6A I. 11th 378 08 o. 5<8 181 qz 3. 511 S42 " BS 5 3. q5 8 110 Z5 2 .66't E61 36 1. 965 687 66 l. 747 047 A6 a. '5t,.q 675 R? 3. 51 "i 144 41 
0co 3.Q6Q 100 00 2.66 5 135 bl t.Q67 o•4 70 I. 741 1l 7 55 o. 56Q 16• 95 3.5\8 351 49 

~05 3.962 cso ZS 2.665 408 75 l. q68 501 81 1. 748 387 I 3 o. 56q 6~4 3 I 3. 521 563 40 
;1 a 3. q64 081 oc 2.665 68C 7q 1.969 908 98 1.149 056 61 o. 5 70 I 58 90 3. 574 780 I 7 
,is ,. q66 072 75 7.665 951 71 1. 971 316 21 I. 149 125 99 0 • 570 653 72 l.528 001 81 
PO ,. q68 064 00 2.666 ZZI 53 1. 912 723 51 1.750 305 2R 0.571 l4A 17 l. 531 ZZ8 32 
• 2 5 3. 970 0S6 2~ 2.666 490 24 1. q7" 130 86 I. 751 064 46 o.s11 644 04 3. 534 45q n 
l'O l.972 C49 00 Z.666 757 e4 !.975 538 Z1 1. 7"il H3 54 o. S72 1,9 55 3. 537 606 05 
Pis 3.974 042 25 Z.667 a 24 l3 I. 976 945 74 I. 752 402 S2 o.s12 6'5 2• 3. 540 931 28 
140 3. q76 036 00 Z.667 289 71 I. q79 353 27 1.751 071 40 0.573 131 24 3.544 18 3 45 

I" ,.Q78 030 2~ 2.607 .. , 9e 1. g7q 760 85 I. 753 140 18 Q.573 6Z7 43 3. 54 7 434 57 
50 1. Q8Q 025 00 2 .'16 7 817 I 3 I, 98\ 168 48 I. 754 408 86 o. 574 123 "' , • 550 bqo 6S 

,~s '3. 982 020 Z5 Z.668 079 17 l. 98Z 576 16 1. 755 077 43 0.574 620 50 3.553 05 I 71 t:~ 3.984 016 00 2.668 34C 10 1.983 981 90 1.155 745 01 o. 5 75 11 7 !8 3., !i"i 7 711 16 
3. '186 012 25 Z.668 s•• •2 I. 985 391 68 1. 756 414 28 0,575 614 48 3.560 488 et 

10 3. 98 e cos 00 2.668 e5e ,z I. 986 799 5 I l. 757 082 54 0.576 Ill 81 3. 56 3 764 88 
15 3. 9qo 006 25 2.bbG 116 21 1.988 207 39 1.757 750 7l 0.576 60• 37 3. !i" 1 045 •• 80 3. 9'92 004 oc 2 .hb<l 31? te I. 989 615 31 1.758 418 17 0.517 107 16 3.570 332 13 
!5 '3. qq,4, 002 Z5 2.66Q 628 04 1. 991 02 3 78 I. 75q OR6 73 0,517 605 IA 3. 573 623 34 
so 3. S96 001 00 Z.669 P,112 2e I. 9qz 431 zo 1.1s• 7S4 50 0.578 103 ,z 3. 516 QIO 62 
S5 3. 9Q8 000 25 2.67C 135 4\ 1.993 839 34 I, 760 422 34 0.578 601 eo 3.58C 221 00 
00 4. 000 coo 00 2.670 ~e1 42 1. 995 24 7 4l t.761 oe• qq 0.57Q 100 SQ 3.S83 sn 4S 



T ABL f 111-FU/',(T I CNS cs THE UN fl RADIUS SPfRAL 11 
TARLE 11 I-Fri"4CTIO"IS 0 t UNF SPIRALE OE PAYO'-1 UN ff A IR J:" 

----------------------------------------------------------------------------------------- 
A/ R= ST /A LC /P e 1n 8=~♦( 

=LS/A= --------------------------------------------------- 
=\ILSIR DEG ~NT SEC 
- - ,. -- _:,::.,.,.,., • .,..,.:,: ,.,.,. __ -- _:,: _,. --- .. - _,..,._ "''" -- -- -- _:,: ____ :,: - - -- - -- - - _::,c._.,."' - - _,.,.,.,.,:,:: -:C• *"'"' .. ""''" -z ,,.,. __ ,. :,c - 
t .96C'i l. OOb 564 I 0 3. 24' 20s 63 110 6 35. 6 36 42 I l .q 15 26 38.0 I 15 13. 
1..,q610 2.008 778 2C 3.25C 2S7 ,1 11 0 Q 57.8 36 43 1q.3 35 21 38. 0 l 5 41, 
I. qt, l c: 2. 010 9% 17 l. 2 ~ I ~fl4 3A 110 I 3 20. I 36 44 76.7 l5 2A 38.o 15 48, 
! .9"170 2. 011 ll A 00 J. 2 52 47C ~ 7 110 16 42. 4 l6 45 34. l ,5 2• 38.0 15 56. 
I .qt:2" 2.015 44 3 71 3. 2 53 5'i 7 (4 110 20 4.8 )6 4b 4} .6 '5 30 38. I 16 3. 
l .ot: 30 2. 01 7 67l 32 l. 2'i4 '42 58 110 21 21.2 36 47 49. l 35 3 l 3P. I lb 11, 
I .qt,~ 'i 2. Cl 9 906 82 3.755 771 bO 110 26 49. 7 36 48 56,. 6 15 37 38. 2 lb 18, 
l .Ot40 7.072 144 24 3. 756 812 I 0 L 10 30 12. 2 36 50 4.1 35 33 30 .2 16 25, 

r I .qt4'5 2,024 '"5 5q ,.2 5 7 8% C7 110 33 34. 8 36 51 11.6 '5 14 38.3 16 B. 
l .9t-5C 2. 026 6l0 8' '.\. 75P q?q 'l 110 l6 'i7. 4 36 s7 10.1 JS 15 38.3 16 40, 

l I .'H::c:~ 2,078 ••o 07 3. 7 e o cu 44 110 40 70. I l6 53 26. 7 35 16 38.4 16 48, 
l .qt:i<-O 7.0ll I' l 74 l. 761 144 SJ 110 43 4?. 8 16 54 34. 3 35 37 3A.5 lb S5, 
1.ot,t,1: 2.033 ,oo ,. 3. 262 226 b9 110 47 ,. 6 36 55 41.9 '5 lH 3fl.6 17 l, 
I .qfiJO 2.035 651 5r '· 263 JOB Cl 110 50 28. 4 36 56 49. 5 ,5 lS 38. 7 I 7 10, 
Lq6l'i ?. O'.\ 7 Sib 6 I 3.264 :lBA "' 110 5) 5 I .1 36 57 57.1 l5 40 38. q I 7 I A, 
I. 96~0 2. 040 165 72 l.205 469 10 110 57 )4. 3 36 59 4.8 15 41 18.q I 7 25. 
1. C)fift5 2. 042 45A 84 3. 766 54 8 84 Ill 0 37.3 37 0 12 .4 15 42 JG. 0 11 3 3. 
l .q1-,90 ?. 044 715 99 1.267 678 C5 Ill 4 o. 3 37 I 20. I '5 41 3°.1 I 7 4 I. 
I .96G 5 l. C4 7 Cl 7 If "•2td! 106 17 Ill 1 23. 4 37 7 71.B 35 44 39. 2 I 7 4A, 
1 .9 700 l. 049 ]07 3G J.?69 7A4 H6 Ill 10 46. 5 37 l 15. c; " 45 1q.4 17 56, 

I .0705 7. 051 501 67 3.27C 862 47 Ill 14 9. 7 37 4 4 3. 2 15 46 19. 5 16 3, 
1.9710 ?. 0')3 8A5 02 3. 211 q~q 54 Ill I 7 ·n.o 17 5 51.0 35 47 39.7 18 II, 
l .9 71 'i 2. 056 182 .. 3.?7 3 016 C7 Ill 20 56. 3 37 6 58.8 15 46 39. 8 18 IQ, 
l .9 7 ?O 2.058 481 90 J.274 C92 C7 Ill 24 19.b 37 q ,.5 " 40 40.0 18 26, 
1. o 7 2'> 2. 060 7HQ 5P l.275 107 52 Ill 27 4 3.0 37 Q 14. 3 JS 50 40. l IS ,4, 
l.9"130 7. c, 3 009 }2 J.276 7.4? 44 111 31 6. 5 37 10 72.2 35 51 40.1 18 41, 
I .9 7 ~5 2. 065 41 l I e 1. 7 77 '16 El Ill 14 10.0 37 II 30.0 35 52 40. 5 I A 4q 
l .011oo 2.067 731 I ~ 3.278 JOO 65 Ill 37 53.6 37 12 37 .9 '5 53 40.b I 8 S7 
1.0 74 5 7.070 053 33 3.? 79 461 G4 Ill 41 I 7 .2 17 13 45 • 7 35 54 40.8 19 4 
l .9 750 2.012 179 64 3.260 ';16 69 Ill " 40. 0 37 I 4 lil. b 35 55 4 I .o 19 12 

l. 9 7i;i; 2. 074 710 12 l. 281 6CB GC Ill 46 4.5 n lb I. 5 :p; 5b 4 l. 2 IS 20 
l .9 7t0 7.011 044 16 3.782 660 56 Ill 51 26. 3 37 I 7 9.4 ,5 57 41.4 19 28 
1.01 t '5 2. 070 310 65 3.283 751 te Ill S4 52.1 37 I 8 17.4 35 58 41.6 19 35 
1,.9770 2.081 726 77 J.284 822 25 Ill 58 16.0 37 19 25. 3 15 59 41.9 19 43 
1. q 11'; 2. CA4 074 01 3. 785 89 2 2P 112 I v;1.Q n 20 33. 3 36 0 42.l 10 51 
l. q 78C 7. 086 425 5) 3. 2 86 9'1 76 112 5 J.9 37 21 41.J 16 I 42. J 19 59 
t.<nP5 ?.OBA 761 JC l.?88 OlC 68 112 8 27.9 37 22 49.3 '6 2 42.6 20 b 
!.S7GC z. 0°1 1, I 33 3. 2 89 c9q Cb 112 II 52.0 37 23 'i7. 3 16 ' 41.8 20 14 
1.9g5 7. 093 505 62 3 .290 166 es 112 15 16. I 17 25 5. 4 '6 4 43.0 20 22 
I .q AOO 2. ovs 674 2C ~ .. 291 234 17 11 2 16 40. l 17 ?b 13.4 36 5 43. 3 20 10 

l .9 t'C'5 2. OQft 24 7 Ot 3.292 300 90 112 22 4.5 17 27 21.5 16 ' 4 3 .6 20 n 
~ l .9 610 2. 100 624 " 3.?Gl 367 C7 112 25 78.8 17 28 n.6 36 1 43.8 20 45 

l .9 At~ 2. 101 005 73 3.2Q4 4)2 to 112 28 53. 1 37 29 ·H.7 16 6 1,4. l 20 51 
l .9A70 2.105 3Sl 55 3 .2 95 407 76 112 " 17.5 17 10 45.R 36 Q 44.4 21 I 
1.9875 7. IO 7 781 71 1.296 ~62 27 112 JS 41.9 n 31 1;4.0 lb 10 44. 7 21 9 
l .QP 30 2. 110 I 76 2 3 J.2G7 626 72 112 39 6.4 37 33 2.1 36 11 45 .o 21 17 
l .98 ~5 2. 112 575 12 1. 298 689 62 112 42 31.0 37 14 10. 3 36 12 45 .2 21 2s 
1 .o £140 2. I 14 978 39 3.299 752 46 112 45 55. 5 37 15 16. 5 16 13 45.5 21 33 
1 .q,R'i", 7. 11 7 386 05 1.100 614 74 112 49 20. 2 17 36 26. 7 36 14 45.9 21 40 
1 .Q~50 7. 119 70A ll 1. JO I P.1b 46 11 2 57 44.9 37 37 35.0 36 15 46.2 21 48 

l .9F 55 2. 172 214 60 1. 102 Sl7 62 117 56 Q,6 37 36 4 3. 2 36 lb 46.5 I 21 56 
1 .9fl,_O 2. 124 615 52 3.101 G96 n 112 5S 34.4 17 39 5 I. 5 16 17 4b.6 22 4 
1 .Q P.h 5 2.121 060 68 3.105 058 26 11 l 2 5q. 3 37 ,o 59. 8 36 16 4 7. I 22 12 
I .9 870 2. 129 490 6G l.306 117 74 ID b 24.2 17 42 A.I 36 IQ 47 .5 22 20 
1 .ofn':> ?.Ill 9211 98 3 • 107 176 05 113 Q 49. I 37 4l 16.4 36 20 4 7 .8 22 28 
l .9flAO 2. 134 361 75 3.106 235 co 113 13 14. I 37 44 24. 7 36 21 48.2 22 16 
l .9fl8 5 2. l 36 607 0 I 3. JOG 292 16 113 16 3q. 2 37 45 33. I 36 27 48 .5 22 44 
I .9 eoo 7. l lQ 254 10 3.310 350 00 113 20 4.3 37 46 41.4 36 23 46 .9 22 52 
\. 9 A9 5 2. 141 707 oe 3. 311 406 t5 113 2 l 2S.4 17 47 -'tq. B 36 24 49.J 23 0 
1.9no 2. l"-4 163 91 3. 112 46 2 73 11 3 26 54. 6 37 46 58. 2 36 25 49.6 23 8 

1 _q9c5 2. 146 625 29 3. 31 3 518 25 113 JO 19.9 37 50 6.6 36 26 50.0 23 16 
l.CJQlO 2. 14 9 0°1 24 1. 314 573 19 11 l 33 45.2 37 51 15. I l6 21 50.4 23 24 
l .991 '5 2. 151 561 75 3. 315 627 56 11 3 37 10.6 17 52 23.5 16 2A 50.8 21 32 
1.qc17.o 2.154 016 86 J. 316 681 37 113 40 l6,.Q 37 53 32. 0 1b 20 51. 2 7l 40 
1.0<?2'5 2. 156 516 5t 3.317 734 60 113 44 1.4 37 54 40.5 36 30 51.6 23 48 
1.9930 7. 159 000 A9 3.318 761 26 113 47 21.0 37 55 49.0 16 JI 52 .o 23 57 
t .,qq 3 ~ 2. 161 489 84 3.319 e~c; 14 11 l 50 52. 5 37 56 57.5 36 32 52 .4 24 5 
l.9G40 2. 16 3 983 41 3.320 190 65 113 54 18. I 37 58 6.0 36 33 52.8 24 13 
1.9q411::. 2. 166 481 68 1.,21 941 16 113 57 43.8 37 59 14.6 16 34 5 3.2 24 21 
1.q950 2. 168 9A4 6C J.322 992 14 114 I 9. 5 38 0 21.2 36 35 53. 7 24 29 

1.9955 2.171 492 20 3.124 041 G2 114 4 35. 3 38 11. 8 36 16 54. I 24 31 
I .9Gf0 ?. l 74 004 50 3.325 091 13 114 8 1.1 36 40.4 36 37 54 .5 24 45 
I .9Gt 5 2.176 521 52 3.126 13G 75 114 II 21.0 38 49.0 16 36 55.0 ?4 5~ 
1.0910 2.179 043 25 3. 127 167 60 114 14 53.0 38 4 57.7 36 39 5 5.4 25 2 
1.9975 2.181 569 73 3. 328 235 26 114 18 18.9 36 6 6.3 36 40 55.9 25 IQ 
t.QqRO 2.184 100 96 3.329 282 15 114 21 45.0 18 1 15 .o 36 41 56.3 25 II 
1.qq95 2. 186 636 St 3.330 328 45 114 25 11.1 38 8 z~.1 36 42 56.8 25 2! 
\.9900 7. 169 177 H 3. 311 374 17 114 28 37.2 36 9 32. 4 36 41 57 .3 25 H 
I .9995 2. 191 723 31 3. 332 419 }C 114 n 3.4 38 10 41.1 16 44 57 .8 25 4l 
?.0000 2. 194 271 10 3.133 461 85 114 35 zo.b 38 II 4q,.q 36 45 58.2 25 51 



so TA8lf 111-PUIICTIO~S Of THE U~IT RADIUS SPIRAL 
TARLE 111-FO~CTIO~S D'UNE SPIRALF Of RAYON UNITAl~f 

!I/ R.: 
~ I /j: 

'ILS!R 
LS/R X/R Y/R CIR P/R LT /R 

==--=-••······--·-·-·····························-·••=••==•=============•••==~--=•===-~== .occs 4.002 ooo 25 2.670 638 31 1.996 655 55 t.761 757 54 o.57< 5q9 51 3.586 5,q 01 
,0010 lt.004 001 00 2.67C eee CR 1.998 061 72 1.7h2 424 Q8 o.~AO oqa 67 l.~90 l~~ ~o 
,0015 4.006 002 25 2.671 116 74 1.qqQ 471 ~2 1.761 092 "31 0.5AO '5Q~ 05 J.5Q3 477 t-A 
DO?.O 4.008 004 00 2.671 3A4 27 7..000 880 16 1.763 75q ~4 0.581 oq1 65 3.596 804 72 
0025 4.010 006 ?5 2.671 t:-:tQ 6Ci 2.002 28R -'t3 1.764 426 67 0.'5A1 i:;cn 4q 3.1-00 \31) c;, 
0030 4.0ll OOCJ 00 7.671 675 9«; 2.003 696 73 1.76", ocn 69 0.5A2 097 55 3.F,03 474 ~4 
QQHj 4.Ql4 o i > 25 2.672 12Q 17 2.QQlj 105 06 1.765 76Q 61 0.5~? '5Q7 'J4 J.6Q6 816 Qf, 

0040 4-016 016 or, 2.672 ~bl 22 2.006 513 42 1.766 427 42 0.5A3 098 '3~ 3.610 164 7q 
004'i 4.QlR o,o /5 2.~72 f0'i lf 7.001 921 81 J.767 094 12 o.,,n 5q9 Ot.i 3.611 517 Rh 
o o so 4.070 0?5 oc ,.672 P.45 c;1 z .co» ·no 27. 1.161 1,-,0 17 o.5P4 100 at- 3.61h R7"' 1° 

\ 
{ 

0055 
o o-,o 
GOt'l 
00 70 
o c i'i 
iOOPO 
0CP5 
oo so 
ocs 5 
0100 

p!05 
0 I IO 
p I l 5 
0120 
01?5 
0 l '30 
OP':< 
0 l 40 
11'5 
l l SO 

15~ 
/IM 
pss 
11 70 
11 15 
1'0 
l fS 
1qo 
105 
2CO 

205 
?I 0 
?Is 
no 
22 5 
no 
2-:!« 
240 
74 5 
2~0 

4.022 030 2~ 
4• 0?4 036 o c 
4. O?t, C42 2 "i 
4.0?B C4Q OC 
4.0'.'0 05f'I 25 
4.0°'2 0h4 OC 
4.03.C. 077 2'; 
4.0lh cs t 00 
4.038 oso 2s 
4. 040 100 00 

4.042 110 25 
4.044. \?l oo 
4.046 ll? 25 
4. 04A 144 00 
4.050 l'i6 25 
4.052 lhQ 00 
4.054 182 25 
4. 056 1q6 00 
4.0SA 210 75 
4,. 060 775 00 

4.062 240 75 
4• 0,-,4 256 00 
4.0hh 272 25 
4. 068 2Rq OC 
4.070 '306 25 
4.072 374 00 
4.074 342 215 
4.076 1hl DC 
4.078 3HO 25 
4. ORO 4CO OC 

4.0R-' 420 715 
4,.084 44\ 00 
't.OA6 "1h7 25 
4.088 4R4 00 
4. 090 506 25 
4. QQ2 "i?Q 00 
4.0Q4 '552 25 
4,.Qqt-, ';76 oc 
4• 098 h00 25 
4. too t:7'1 oc 

2'5'; 4.102 t:50 25 
7,-,0 4.104 h1h 00 
P65 4.106 102 2• 
~70 4,.lQR 770 00 
~>?'i 4. 110 l'ift 75 
12Po 4.112 7A4 OC 
7e5 4.114 Rl2 25 
~qo 4.Jth8410C 
2Q5 4.118 870 25 
100 4.1?0 900 QC 

105 4.122 930 25 
~10 4.124 961 00 
:ns 4.l26Qq22s 
j?O 4. !2S 074 00 
l?S 4.131 0S6 25 
no 4. 113 c8q oc 
n,; 4. 135 122 2-: 
!"10 4.t,71560( 
l,s 4. tH i so 2s 
150 4.141 225 00 

15'i 4. 14'3 260 2~ 
160 4. 145 206 00 
!65 4. IH 312 2S 
170 4. l4S 36S 00 
115 4.151 406 25 
180 4.1~3 444 oo 
P5 -4. L.-;'5 4fl2 zc: 
s o 4.1-;1 521 oo 
<;5 't. lSQ 5hO 25 
00 4.\61 600 00 

2.673 CP.5 66 
2.,n 124 11 
?.fd3 ~t:1 t7 
2.67l 1qR ca 
7.674 0l3 Jg 
Z. h 7At 21-i 7 71 
2.674 500 ?I 
l.674 7'l2 Ol 
2.674 <;t-;2 7l 
2.611j 1,;2 ~c 
2.,,75 42C 74 
7.675 64P 06 
2.b7<, 874 25 
? .6 H:. oc;c; re 
7.h76 321 21 
7.676 546 C4 
2.676 767 71 
2.67b gA8 25 
?.677 207 66 
2.6 77 ,.75 g4 

7..677 t:4~ ca 
2.677 pc;q LC 
;>.678 073 98 
2.678 287 73 
2.678 voe 3'i 
2.67A 71 l 84 
2.678 °22 ll'i 
2.67'i 131 4C 
2.67Q "'?iq 4fl 
2.67G 541': 42 

2.67~ 752 23 
7.b1q <;i:;6 go 
2.6RC 11-C 44 
7.680 362 84 
2.6RO St'-4 10 
2.hAO 7t:4 22 
2.bBC 963 ?O 
7.6Pl t•l C5 
7.hAl l'i7 75 
i' .bR l c: 'i 3 !? 

2.681 7'<7 74 
2.h81 <;41 Ol 
2.682 131 17 
7.1:,ez 324 11 
2.f.A2 ~1' Cl 
2.682 7C2 7"i 
Z.6A2 PqQ 3l 
7..68! 07t 76 
2.683 2'2 05 
?..683 446 1g 

2.oe1 t2q IG 
2.683 et l CS 
2.6e3 GS! 76 
2.684 171 32 
2.684 34q 74 
2.684 527 Cl 
2 .684 703 14 
2.0"4 e18 17 
2.68!5 011:1 qr; 
2.,85 224 63 

2.68!5 3qt; 17 
2.685 566 55 
2.68~ 735 7q 
2.681 GC3 BP 
2.686 070 A2 
2.680 236 61 
2.6~6 401 24 
2.SA6 564 73 
2 .686 727 Cb 
2.,86 Pee 25 

2.010 738 66 
2.012 147 13 
2.013 55S 61 
2.014 qn4 17 
2.016 ~17 6'> 
2.011 781 1q 
2.0lg 189 7h 
2.020 5Q8 34 
2.07.7 006 q3 
2.023 415 54 

2.074 P?4 15 
?.026 232 7A 
2.027 641 42 
2.02• 050 07 
2.030 459 1? 
2.031 ~67 37 
2.031 776 OJ 
7.0l4 6A4 70 
2.0J6 og~ 36 
2.0H ~O? 02 

2.038 q1C 6A 
2.040 310 34 
2.041 72A 00 
2.04l!H,~4 
?.044 545 ZR 
7.045 Q'ii QI 
2. 04 7 36 2 54 
2.048 771 15 
?..050 l 7Q 74 
2.0'il 5813 33 

2.052 c;q6 A9 
?.054 405 44 
7.oi:;o; All s e 
2.057 272 4q 
2.05a 630 q9 
?.060 c1g 4'! 
?.061 447 90 
2.062 856 32 
2.064 ?h4 71 
1.0,-,5 l'-i7':I. o s 

2.067 OAl 41 
?.06A 4AQ 17 
7.0t,<.J eq7 qq 
?.07l 106 23 
2.077. 714 44 
2.074 122 t-0 
2.075 51C 74 
?.076 91A H3 
2. om 346 88 
2. 01q 754 9q 

2.081 162 85 
2.082 57( 78 
2.08) 978 65 
2. OA5 386 48 
2.086 7g4 26 
2.0A8 201 9g 
2. oaq so s 66 
2.oq1 011 29 
2.092 424 86 
2.oq1 832 31 

2.oqs 2H 83 
2.0Q6 647 23 
2.098 054 56 
2.oqq 461 84 
2.100 8oq 05 
2.102 21, 20 
2.101 683 28 
2.10s 09C 30 
2.106 4q7 24 
2.107 S04 12 

1.768 427 21 
1.760 093 60 
1.769 7r;q BB 
1.770 47h 05 
1.771 QQ2 12 
1.771 751\ 07 
1.772 4?.3 9? 
1.771 089 h6 
1.771 755 30 
t.774 420 A2 

1.775 08h 24 
t.775 75! 'i5 
1.776 4lh 75 
l. 7 77 OR l 84 
l.777 746 A? 
1.778 411 69 
1.770 07h 45 
1.11q 741 10 
1.780 40'- t,4 
1. 781 070 07 

1. 781 714 3f! 
t. 78? ,oA i;o 
1.7A' 067 hq 
1.18, 776 67 
t.7e4 3<.JO 'i4 
L 7A5 054 11 
l. 785 71 7 05 
1.786 '381 49 
t. 787 044 Ql 
1.787 70A 23 

t.788 371 42 
l. 7 89 034 5 I 
1.7B9 697 4B 
1.1<rn 360 34 
l. 791 02 J 08 
1. 791 ~A5 71 
1.1q2 J4e 22 
1.1q3 010 62 
1.1q1 677 91 
1. 794 :n5 o s 

1.1<;4q911, 
l.7Q'i 1-ir;q 07 
1. 79,-, 3?0 AQ 
1.796 q02 60 
l. 7q7 644 I q 
I. 7 q5 305 6 7 
I. 7q9 qt, 7 fl2 
l.7Q9 628 76 
l.AOO 2AQ 3q 
l .AOO 950 lQ 

l.BOl 611 ZR 
1.so2 212 os 
l.R02 932 71 
l.803 503 24 
1.804 2S3 66 
1.804 Ql3 96 
l.A05 574 11 
1.806 7.34 19 
1.806 9q4 11 
1.807 551 95 

1.808 213 SO 
1.80a A73 2• 
l.80Q 532 70 
I.RIO lSZ 04 
1.810 851 2' 
!.All 510 35 
1.812 169 33 
l.Al2 828 lq 
t.813 486 g2 
1.814 145 53 

0.584 hOl 25 
O.'iA'i 102 67 
0.5A5 604 11 
0.5Rb 106 19 
0. 5A6 h08 28 
o. "i8 7 1 IO t-1 
0.587 613 15 
O. "iHB 11 "i 9 J 
0.58A 618 q3 
o.s8• 17? 15 

0.589 AZ~ 60 
C,.5Q0 1/q 2R 
o .... qo 633 1e 
O.'ic,q 137 30 
Q.'>Ol 641 65 
0.542 146 22 
Q.5°2 651 02 
O.SQ1 1">6 05 
0.">01 6,-.l zq 
0.50.:. lt6 77 

Q.'i94 f\72 41: 
0.505 178 38 
O."iQ'i 6R4 "i? 
O."iqt- lQO A9 
C.5Q6 6Q7 4A 
o. s(.n 7.04 10 
o.r:-,,07 111 13 
o .... 98 210 t:o 
0.5Q8 7?6 08 
o.599 2n 7q 

c.59q 741 12 
0.600 249 87 
o.tioo 1c;e 2s 
0.001 2u e5 
0.601 775 67 
0.602 284 71 
o.~02 793 q8 
0.601 103 46 
0. 60 3 ~ l 3 1 7 
Q.604 371 11 

Q.604 833 ?6 
0.605 343 6) 
O.t,05 8'i4 2?- 
0.606 )t,5 05 
0.600 87f QO 
O.h07 387 1'i 
0.h07 BOA fl: 
Q.6QA 410 54 
0.60rl 972 46 
Q.609 414 t-0 

0.609 q4t, 97 
C.610 45<; 5'> 
0.610 972 3t. 
0.ht l 4~5 39 
O.bll q9A 6' 
0.612 51? 10 
0.613 025 7S 
0.611 i:;1q t,Q 
0.614 0'i3 82 
o.614 ">68 te 

0.615 082 73 
0.615 5q7 51 
0.616 112 52 
0.616 627 74 
O.Al7 14'3 lA 
0.617 6'58 84 
C.bl8 174 72 
0.61A 6°0 82 
0.619 207 13 
0.6lq 723 67 

1.620 21q 78 
1.623 608 6'i 
3.626 qA2 A? 
1.6'.\0 3h2 10 
1.633 747 10 
3,.h17 137 2"> 
1. 640 '53,? 7A 
,.643 q33 64 
1.647 1":\Q 91 
1. 650 7'i l ,;9 

). 654 168 69 
1.657 591 22 
1.6hl Olq 20 
1. '164 4">2 65 
\.667 Aql i;q 
,.671 1"'6 0? 
1.674 785 g7 
1.678 241 46 
1.CAl 707 41'.J 
3.6A5 l6Q OA 

1.6R8 6'-1 26 
3,.hQ2 llQ 01 
1. t;q5 60? 4? 
3.6qq QQl 44 
3.702 5A6 10 
3. 706 086 4? 
3. 70Q 5Q 2 4 3 
3.711 104 11 
3.716 62! ,;5 
3. 720 144 70 

3. 723 67, '59 
3. 171 200 2,; 
,.110 748 70 
3. 734 2q4 94 
3. 737 84h qq 
'3.74140488 
3. 744 qf-18 62 
3.748 'i18 24 
1.75211371 
3.755 605 11 

3.15q 28? 45 
'.\.762 R75 71 
?i.7,.,6 474 c;) 
3.770 OBO 12 
1. 773 6°1 11 
3. 777 ,oA 51 
1.7RO Ci31 73 
1.7A4 5hl Cl 
1. 7A8 lQh ~'i 
1.1qt 837 77 

1.1q5 485 10 
3.7Q<, 138 115 
1.802 79fl 73 
3.806 4,-.,4 6H 
3.RtO 116 RO 
3.Al3 815 12 
3.817 49g 66 
1.821 lQO 41 
3.824 AR7 4'i 
3.A28 '590 7'i 

3.812 300 J3 
3.836 016 21 
3.819 738 46 
3. 84 l 46 7 04 
3.R47 201 q8 
3.850 q43 3?. 
1.854 691 Oh 
3.858 445 24 
3. 862 205 Ab 
3.865 c;77 q5 

) 

' j 

J 

II 



UBL! 111-PUNCTIONS DI' THf ut<IT UOIUS Sl'IUl 
TABLE 111-FONCTIONS D'UNE Sl'IUlf DE •AYON UNITAI•E 

------------------------------ -------------------------------------- ., .. sr1• lCI• • 1/3 l•♦+C • C 
•lS/A• ----------------------------------------------- -~ DEG IINT SEC ·-····----···---·--··--·····-····--·---------------··-------·----------·------ 2-DNS ,.1•6 921 91 3.)34 507 12 114 31 55. 9 31 12 51.6 36 46 M.1 Z5 S9 

2.0011 2. l99 1H 95 3.)35 551 20 114 42 22.2 31 14 1.4 36 41 59.Z 26 I 
2.0015 2.201 •53 15 1.316 59} 99 114 45 48.6 11 15 16.2 36 48 51.7 26 16 
2.0020 l • .M4 ,21 62 3.H7 636 19 114 49 15. 1 11 16 25.0 36 50 e.z 26 i4 
2.0025 Z.ll7 091 21 3.)31 677 11 114 52 41.6 31 17 H.9 }6 51 0.1 26 H 
2.0030 ,.20• 677 12 3.339 711 13 114 56 1. I 31 II 42.7 36 52 1.2 26 41 

2.0035 2. 212 262 H 3.340 759 27 114 ,. 34. 7 31 19 51.6 36 53 1.1 26 49 
2.0040 2. 214 151 .. 3.341 7'19 II 115 3 1.4 38 21 o.5 36 54 2. 3 26 51 
2.0045 2. 217 445 99 3.342 138 36 115 6 21. I 38 22 9.4 36 55 2.1 27 6 
2.00,0 2. 220 045 27 3.341 177 C2 115 9 54.1 38 23 18.} 36 56 3.4 27 14 

2.0055 2.222 649 52 3.344 H5 01 115 13 21.6 31 24 21.2 36 57 3 •• 27 23 
2.0060 2. 225 258 76 3.345 952 55 115 16 48.5 31 25 36.2 36 58 4.4 27 31 
2.0065 2.221 173 00 3.346 '89 0 115 20 15.4 31 26 45.1 36 59 5.0 27 40 
2 .0070 2.230 492 25 3.341 025 71 115 23 42.4 38 27 54.1 37 a 5.6 27 41 
2.0075 2.231 116 53 3.349 061 39 115 27 9.4 31 29 3.1 n I 6. 1 27 51 

2.00,0 2. 235 745 86 3.350 096 41 115 10 16.4 11 30 12.1 37 2 6. 7 21 5 
2.0015 2.211 310 25 1.151 130 •5 115 14 3.6 18 11 21.2 37 3 1.1 21 13 
2 .eese 2.241 01• 72 3.152 164 84 115 37 30.7 31 32 JO. 2 37 4 7 •• 21 22 
2.0095 2. 24} 664 21 3.353 191 12 115 40 58.0 31 33 19.3 37 5 1-4 21 30 
2.0100 2.246 111 95 3.354 230 10 115 44 25.2 31 34 48.4 37 6 9.0 21 H 

,r 

I 2.0105 2.2u %1 74 3.155 262 ee 115 41 52.5 31 35 57. 5 37 1 9.6 ze 47 
2.0110 2. 251 621 67 3.356 294 36 115 51 19.9 11 37 6.6 17 • 10.2 28 56 
2.0115 2. 254 293 75 J.357 325 23 115 54 47.3 31 31 15.1 37 9 10.1 2• 5 
2.0120 2.256 964 00 3.356 355 50 115 51 14.1 31 39 24 •• 37 10 11.4 29 13 
2.0125 2.259 639 44 3.359 315 16 116 1 42.3 31 40 34.l 37 II 12.0 29 22 
2.0110 2. 262 320 01 3.360 414 22 116 5 9.9 31 41 43.3 37 12 12.6 2• 30 
2.0135 2.265 005 94 J.361 442 66 116 • 37.6 31 42 52. 5 37 13 l}.3 29 39 

I 
2.0140 2. 267 697 03 3.)62 470 50 116 12 5.2 31 44 1. 7 n 14 13.9 29 47 
2.0145 2.210 191 37 3. 363 4H 74 116 15 H.O 31 45 11.0 37 15 14.5 29 56 

~ 2.0150 2.273 094 97 3.364 524 16 116 19 a.a 31 46 zo , 3 37 16 15.2 30 5 

2.0 I 55 2. 275 IOI 86 3.)65 550 37 116 22 21.6 31 47 29.5 37 17 15.1 30 13 

p 2.0160 2. 271 514 04 3.366 575 77 116 25 56. 5 31 41 11.1 37 11 16.4 30 22 
2.0165 2.281 211 54 3.367 60C 55 116 29 24.4 31 49 48.l 37 19 17. I 30 31 
2.0110 2. 283 954 36 3.361 624 72 116 12 52.4 38 50 57.5 37 20 11.1 30 39 
2.0175 2.286 612 54 3.369 641 21 116 36 20.5 31 52 6.1 37 21 11.4 30 48 
2.0110 2.289 416 01 J.370 671 23 116 39 48.6 38 53 16.2 37 22 It. I 30 57 

2 .o 115 2.2,2 154 99 3. 371 693 55 116 43 16. 7 38 54 25.6 37 23 19.8 31 5 
2.0190 2.294 899 31 3.372 715 27 116 46 44.9 38 55 35.0 37 24 20.4 31 14 
2.0195 2.2,r 6 .. 03 3.373 736 36 116 50 13.2 31 56 -44.4 37 25 21.1 31 2l 
2.0200 2. 300 404 1' 3.374 756 83 116 53 41. 5 38 57 53.8 37 26 21.8 31 32 

2 .020 5 2.303 164 79 3.375 776 69 116 57 9.8 31 59 3.3 37 27 22.5 31 40 
2.0210 2.305 930 86 3.376 795 93 117 0 38. 2 39 0 12. 7 37 28 23.2 31 4~ 
2.0215 2. 301 702 40 3.377 114 54 117 4 6.7 39 I 22.2 37 29 23.9 31 51 
2.0220 7..311 479 45 3.378 132 ~4 117 1 35.2 39 2 31.7 37 30 24.6 32 1 
2.0225 2.314 262 01 3.379 849 91 117 II 3.7 39 3 41.2 37 31 25.3 32 15 
2.0230 2.317 050 10 3.380 866 65 117 14 32.4 39 4 50.8 37 32 26.0 32 21 
2.0235 2. 319 843 H 3.381 882 78 117 18 1.0 39 6 0.3 37 33 26. 7 32 31 
2.0240 2. 322 642 94 3.382 898 27 117 21 29. 7 39 1 9.9 37 34 27 .5 32 42 

2 .024 5 2. 325 447 73 3. 383 913 15 117 24 58.5 39 8 19.5 37 35 21.2 32 51 
2.0250 2. 328 258 12 3.314 927 39 117 21 27.3 39 9 29.l 37 36 28.9 33 0 

2.0255 2,331 OH 13 3.385 941 01 117 31 56.2 39 10 38. 7 37 37 29. 7 33 I 
2.0260 2.3H 895 71 3.386 954 00 117 35 25.l 39 II 48.4 37 31 30.4 33 II 
2.0265 2. 336 723 08 3.387 966 36 117 31 54.1 39 12 58.0 37 39 11.1 33 2f 
2.0210 2.339 556 05 3. 388 971 09 117 42 23.1 39 14 7. 7 37 40 31.9 33 3! 
2.0275 2. 342 394 71 3.389 989 II 117 45 52.2 39 15 17 .4 37 41 32. 7 33 4~ 
2.02'0 2.345 219 08 3.390 999 65 117 49 21.1 39 16 27.1 37 42 33.4 33 51 
2.02!5 2.348 089 17 3.392 009 48 117 52 50.5 39 17 36.8 37 43 34.2 34 l 
2.0290 2. 350 945 01 3.393 011 68 117 56 19. 7 39 18 46.6 37 44 34.9 34 II 
2.029 5 2.353 106 61 3.394 027 25 117 59 49.0 39 19 56.3 37 45 35. 7 34 2( 

2.0100 2. 356 673 99 3.395 035 18 118 3 18.3 39 21 6.1 37 46 36.5 34 21 

2.0305 2. 359 547 17 3.396 042 47 111 6 47.7 39 22 15.9 37 47 37.3 34 31 
2.0JIO 2. )62 426 16 3.397 049 13 118 10 17.1 39 23 25.7 37 48 38. I 34 41 
2.0315 2. 365 310 99 3.398 055 15 111 13 46.6 39 24 35.5 37 49 38.9 34 51 
2.0320 2.368 201 67 3.399 060 53 118 17 16.2 39 25 45.4 37 50 39. 7 35 ! 
2.0325 2. 371 098 22 3.400 C65 27 118 20 45.8 39 26 55.3 37 51 40.5 35 ll 
2.0330 2. 374 000 67 3.401 069 37 111 24 15.4 39 21 5.1 37 52 41.3 35 2l 
2.0B5 2.316 909 02 3.402 C72 82 118 27 45.J 39 29 I 5.0 37 53 42. I 35 31 
2.0340 2.379 82) 31 3.403 075 64 118 31 14.8 39 30 24.9 37 54 42.9 )5 4/ 
2.0345 2. 312 743 54 3.404 en 8 I 118 34 .... 6 39 31 34,9 37 55 41.7 35 51 
2.0350 2.315 169 73 3.405 079 34 118 38 14.5 39 32 44.1 37 56 44.5 36 ( 

2.01,, 2. 391 601 91 3.406 080 23 Ill 41 ....... 39 n 54.8 37 57 45.4 36 ' 
2.0360 2. 391 '140 10 3-407 ceo 47 118 45 14. 3 39 35 4.8 37 58 46.2 36 11 
2 .o ]6 ~ 2. 394 414 31 3.408 010 06 118 48 44.3 39 36 14.8 37 59 47.0 36 2· 

2-0370 z. 1•1 434 56 3.40. 079 00 118 52 14.4 39 37 24.8 38 0 47.9 36 31 
2.0375 2.400 )90 87 3.410 011 30 Ill 55 44.5 39 38 34.8 38 I 41. 7 36 4t 
2 .0310 2.403 313 27 J.411 CH 95 118 59 14. 7 39 39 44.9 38 2 .... 5 36 51 
2.01n 2.406 )21 11 3.412 071 95 119 2 44.9 39 40 55.0 38 3 50.4 37 j 

2.0390 2.409 2U 39 3.413 061 30 119 6 15. 1 39 42 5.0 38 4 51.3 37 1! 
2.0~5 Z.41Z 277 15 3.414 063 9~ 119 9 45.4 39 43 15.1 38 5 52. I 37 21 
2.0400 Z.415 264 07 3.415 C5• 04 119 13 15. I " ... 25. 3 38 6 53.0 37 31 



L82 U8LE 111-fUl<CTIOf<S OF THE UNIT RADIUS SPIRAL 
TABLE 111-FONCTIONS 0'UNE SPIRALE OE RAYON UNITAIRE 

-------------------------------------------------------------------------------------- A/Az LS/R X/R Y/R Q/R P/R LT t• 
iLS/Az 
'l'CT7R 
"'• ··- -- - --- ···--- ··---- --· -- .............. ------ ............ - ---- ............... ---- - .. ·- .0405 4.16) 648 25 2.681 048 28 2.109 310 92 !.814 804 02 0.620 240 42 1.869 746 53 
.0410 4.165 681 00 2.681 201 16 2.110 71 7 66 1.815 462 30 0.620 7'7 39 3.an 526 62 
.04 I 5 4.167 722 25 2.687 364 88 2. 112 124 31 1.816 120 64 0.621 274 58 3.87T 313 24 
.0,20 4.169 764 oc 2.687 521 46 2.1n SlO 8• 1.816 118 76 0.621 791 ~8 3.881 106 41 
.042 5 •• 171 806 25 2.687 676 !8 2. 114 931 40 1.817 H6 76 o.622 309 61 J. 884 906 15 
.04 30 4.173 Hq oc 2.687 831 14 2.116 343 83 1.818 094 64 o.on 827 45 J.888 712 4ft 
.0435 4.175 892 25 2.687 9R4 25 2. I 17 750 17 1.818 752 H 0.623 345 5 l ,. 802 52 5 42 
.0440 4.117 936 oc 2.688 136 21 2. 119 156 43 1.819 410 02 0.623 863 78 3.896 344 99 
.04.fi~ •• 179 980 25 2.688 287 01 2.120 562 62 !.820 067 53 0.624 382 28 3.900 171 21 ( 0450 4.182 025 QC 2.688 436 65 2. I 21 968 71 1.820 724 91 0.624 900 •• 3.904 004 II 
04511ri 4. 184 070 2, 2.688 ~85 14 2. I 23 374 72 !.821 382 17 0.625 419 •1 J.•01 843 70 
0460 4.186 116 oc 2.688 732 48 2.124 780 65 1.822 039 30 0.625 939 06 3. q1 I 690 01 
0465 4. 188 162 25 2.688 818 66 2.126 186 H !.822 6'>6 31 0.626 458 42 3.915 543 06 
.0470 •.190 209 00 2.689 023 6R 2.121 592 23 !.823 353 19 0.626 978 00 3.'119 402 86 
-0415 •• 192 256 25 2.689 167 54 2.128 991 88 1.824 009 95 0.627 4q7 79 3.92 3 269 44 
.04@0 4.194 304 00 2.619 310 25 2. 130 403 44 1.824 666 58 0.628 017 80 ,.'127 142 82 
0485 4. l"f6 352 25 2.689 451 80 2. 131 808 01 1. 825 323 09 0.628 538 03 3.931 023 03 
.0490 4.\98 401 00 2.689 ,q2 1• 2. 133 214 28 1. 825 qrq 47 0.629 058 47 3.9H 910 08 
0495 4.200 450 25 2.689 Bl 42 2. 134 619 55 !.826 635 73 0.629 579 13 3.938 803 99 
0500 4. 202 500 00 2.6n 869 49 2.136 024 72 1.827 291 86 0.6JC 100 00 ,.q42 704 79 

0505 4.204 550 25 2.690 006 40 2.137 429 80 1.821 947 86 0.630 621 09 3. 946 612 51 
0510 4. 206 601 00 2.690 142 16 2.11R 834 17 1. 828 603 73 0.611 142 3q ,.qa;o 527 15 
0515 4. 208 652 25 2.690 276 15 2.140 239 64 I .829 259 48 Q.631 M3 92 3.9H 448 14 
0,1.0 4. 210 704 00 2.690 410 19 2.141 644 40 I. 829 •15 II 0.637. 185 65 3.9~8 37T 31 
0525 4. 712 756 21 2.690 542 .6 2.1,1 049 06 !.810 570 60 0.632 707 60 3. q62 312 es 
0530 4. 214 809 00 2.690 613 57 2.1,4 45• 61 1. 831 225 97 0.633 229 17 J.966 255 47 
05]5 ,.210 862 25 2.690 eo1 52 2.145 85,l 05 1. 831 881 21 0.633 752 15 J.970 205 11 
0~40 4.218 916 00 2.,90 932 31 2. 14 7 262 38 I .R 32 536 32 0.634 274 74 3.'Hlt 161 80 
0545 ,.no 970 25 2.691 059 9• 2.148 666 60 1 .033 191 30 0.634 191 ~5 3.978 125 59 
0550 4. 22 3 025 00 2.691 1"6 41 2. I 50 070 71 1.833 846 16 0.635 320 58 3.982 096 49 

)>555 4.225 080 25 2.691 311 71 2. 151 474 70 l.R34 500 88 0.635 843 82 J.986 074 57 
p560 4.2')7 136 00 2.69 I 435 85 2. I 52 818 57 1.835 155 48 o. 636 367 27 3.'9QQ 050 10 
05H 4. 22Q 192 25 2.691 558 n 2.154 282 33 ! .835 809 95 0.636 890 94 3.tJCJ4 052 07 
0510 4.211 249 QC 2.691 680 64 2. I 55 685 97 I. 836 464 29 0.637 414 82 3.998 051 64 gas 7'> 4.233 306 25 2.691 eo1 29 2.157 089 •8 1.837 118 '9 0.637 Q)8 91 4.002 058 43 
5'0 4.?3~ 3M, 00 2.691 920 78 2. I 58 492 88 l.,8'l7 772 57 o.638 463 22 4.006 072 48 p~es 4.131 422 25 2.692 019 10 2. 159 896 15 I .338 426 52 o.638 987 74 4.C!O ocn 80 

0590 It. 2lCJ 481 00 2.6°2 I 56 26 2.101 zq0 30 l.830 080 34 Q.639 512 48 4.014 12? 41 
g5s 5 4. 24 I 540 25 2.692 272 25 2.162 702 J2 1.839 TH 01 0.640 017 43 4.018 158 35 
600 .,._ 241 600 oc 2.692 3ft 1 01 2.164 105 21 !.840 387 59 0.640 562 59 4.022 201 63 

?6C5 4. 2it>5 660 25 2.692 500 73 2.165 507 97 1 .e,1 041 01 o.641 087 96 •• 026 25? 27 
0610 •• 24 7 721 00 2.692 613 23 2. 166 •10 60 J.A41 694 H o. 641 613 55 4.030 310 31 
?615 4. 24CJ 782 25 2.692 12, 56 2.168 313 10 I. 842 34 7 48 o. 64:? 139 35 4.034 375 11 
670 4. 251 844 00 2.6S2 83"r 12 2.10• 71 ~ 47 I. 8•3 000 51 0.642 665 36 •• 038 ... 67 
'25 4. 25 3 qob 25 2.692 94 3 11 2.171 117 10 1.843 653 41 0.643 101 59 4. O"Z 529 03 
630 •• 25' 969 00 2.693 051 54 2.112 519 79 1.8<\4 306 u 0.643 118 03 4.046 616 88 
615 It. 7'i8 032 25 2.693 158 20 2.1 n 97.1 75 1.844 958 82 0.644 744 68 it..oi;o 712 25 
640 4.260 C96 oc 2.6S3 263 70 2.175 32 3 51 1.845 611 37 o.~44 771 54 4. 054 815 JS 
645 4.262 lbO 25 2 .693 36R 02 2. I 76 725 24 1.8.\6 263 69 o.645 298 bl 4.058 925 62 
650 4.264 2?5 00 2.693 411 I e 2. 1 78 126 7T !.846 915 •3 Q.645 825 oo lt.0h3 043 67 

655 4. 266 290 25 2.693 573 16 2. 179 528 lb 1.847 568 04 0.646 353 40 4.067 169 34 
6>0 4. 26PI 3•~ oc ?.693 673 98 2.180 929 40 !.848 220 01 0.646 881 II 4.071 307 65 
665 4.270 422 25 2.693 773 63 2. 182 330 50 1.848 871 85 Q.641 40S 03 4.015 443 62 
670 •• 272 489 oc 2.693 812 II 2. 183 731 44 1.849 52 3 56 0.0,1 931 16 4.07" 592 28 
'15 '"· 21.-. 5'6 25 7..693 969 42 2.185 132 24 1.850 175 13 0.64R 465 50 4.otn 748 66 
6RO 4.276 624 oc 2 .694 065 56 7..186 512 88 1. 850 826 56 Q.648 904 05 4.QR7 OJ 2 17 
6!5 •• 778 692 25 2 .694 160 53 2. I A 7 933 37 1.851 477 n 0.649 527 87 ,.en 0A4 ~s 
f.C:Q 4. 280 761 oc 2.60'9 254 33 2. 189 333 71 I. 852 129 04 o. 650 OS! 79 4.096 ?f,4 32 ' 6S5 4.282 930 25 7.6CJ4 346 96 2.190 1'1 89 I. 8 5? 780 07 0.650 580 98 4.100 451 8? l 7CO 4. 281t 900 00 7.. 601t 438 42 2. 1°2 133 91 I .8 53 430 07 Q.651 110 37 4.104 '47 Is 

10 5 4.286 910 25 2.6q't 5?8 10 2.193 533 78 1.854 061 13 0.6S I bJq 9A 4.108 sso 15 
~10 4.289 04! oc 2.601t 611 82 2.10" ~H 48 1. 854 732 36 0.65? 10° 80 4.113 Ohl " ~15 4.291 112 25 2.694 705 16 2. 196 333 02 I .855 382 85 0.652 699 82 4.117 2~0 4A 
20 •• 293 184 00 2.694 792 53 2. I 97 732 40 1. 856 033 21 o.os 3 230 06 •• 121 SOT " 725 "· 2°5 756 25 2.004 878 13 2. 1 QQ 131 61 1 .A 56 683 43 0.6 53 760 50 4.125 142 40 
no It. iq1 3zq oc 2 .694 562 55 2.200 510 bb 1.857 331 51 0.654 291 16 4.129 985 35 
~l5 4.2q9 402 25 2.695 045 80 2. 20 I q2q 54 !. R51 983 46 0.6~4 872 07 "· 134 2" Jl 
740 •• 301 476 00 2.605 127 88 2.203 328 25 1 .85A 631 21 0.655 353 10 4.138 49S 16 
45 4. JOJ 550 25 2.695 20@ 7q 2.204 726 78 I. 859 282 94 0.655 as, 38 4.142 762 48 

150 4. 305 6?5 oc 2.6911!i 288 52 2. 206 125 15 1. 859 937 48 0.65" 41S 81 4.14 7 037 11 

!5 4. JO 7 700 2~ 2.695 :!6 7 c e 2.207 523 34 1 .860 5RI AS 0.6',6 947 H 4.151 321 CB 
160 "· JQq 776 oc 2.6°5 ... 46 2.208 921 36 l. R6 l 7.31 14 0.657 470 48 4. 15 5 ~I? 67 
,~5 4. 31 I 852 25 2.695 57C 67 2.210 Jl9 19 1. 86 I 880 76 0.6'5f\ 011 60 4.159 912 35 
70 4.313 "29 00 2.695 595 10 2. 211 716 as 1. ~62 57.9 2s 0.6.;8 543 93 4.164 2l0 JO 
75 4.316 006 2~ 2 _ _,,a5 660 56 2.213 114 33 1. 863 178 10 Q.65q 01, 46 4.168 536 50 
EO 4. 318 084 00 2.695 742 74 2.214 5 l 1 63 I .861 826 80 0.659 609 21 4.172 860 97 
!5 4.120 162 25 2.695 e 1 i 75 2.215 508 75 I. 864 475 37 0.6h0 142 16 4.117 193 76 
so 4.322 241 00 2.605 8R4 08 2.211 30S 68 J. 865 12 3 A 1 o.t::60 615 32 4.181 534 e7 
55 "· 374 320 25 2.6"5 553 74 2.218 702 42 1 .865 7T2 10 0.661 208 68 4. I 85 884 35 
00 4. 37.6 400 00 2.6,cH, 021 22 2.220 09R 98 1.866 420 2s Q.661 142 ?6 4.190 242 22 



U8LE II I-FUNCTIONS OF THE UNIT RAOIUS SP I RAl 18} 
UHE 111-FOHCTIONS o•uNE SP IRALE OE RAYON UNI UIRE 

----------------------------------------------------------------------------------------- 
AIR• STIR lC/R 8 111 e-s-c • C 

•LS/A• -------------------------------------------------- -vcm DEG MNT SEC 
- ,. ......... -------- ------- ---· •••• -- •••••••• - .,. ••••••••• -- •• - ··- -------- ••••• ------------ -■ 
2.0405 2.419 257 17 3.416 053 43 119 16 46.2 39 45 ]5.4 38 1 5].8 37 41.1 
2.0410 l.4ll 2'6 47 3.417 047 17 119 20 16.7 39 46 45.6 38 8 54. 7 37 50.f 
2.0415 2.424 l61 ., 3.418 C40 25 119 23 47.2 39 41 55.T 38 9 55.6 38 O. I 
2.0420 2.427 273 H 3.419 C32 n 119 27 17.8 39 49 5.9 38 10 56.5 38 9. ~ 
2.0425 2.4]0 2'11 78 3.420 (24 44 119 30 4B.4 39 50 16. I 38 II 57.4 38 I 8 .! 
2.0430 2.433 316 09 3.421 015 55 119 34 IS.I 39 ~! 26.4 38 12 58.2 38 28. I 
2.0435 2.436 346 69 3.422 C06 01 119 37 49.8 39 36.6 38 13 59. I 38 )1 -~ 
2.0440 2.439 383 62 3.422 SS5 eo 11•· 41 20.6 39 53 46.9 38 15 o.o 38 46.I 
2.0445 2. 442 426 89 3.423 S84 94 119 44 51.4 39 54 57.1 31 16 o ,» 38 56.4 
2.04'0 2.445 416 53 1.424 q73 41 119 48 22.3 39 56 1.4 18 11 1.8 39 5.1 

2.0455 2. 448 532 55 3.425 %1 22 IIS 51 53.2 39 51 11.1 38 IR 2.1 39 15.( 
2.0460 2. 451 594 98 3.426 S48 31 119 55 24. 2 39 58 28.l 38 19 ,. 1 39 24 • .i 
2.0465 2.454 66 3 83 3.421 934 e6 119 58 55. 2 39 5q 38 .4 38 20 4.6 39 33.1 
2.0470 2.451 739 I] 3.428 920 68 120 2 26.3 40 0 48.8 38 21 5. 5 39 43., 
2.0475 2. 460 820 89 3.429 905 84 120 5 51.5 40 I 59. 2 38 22 6.4 3q 52. 1 
2.0480 2. 4',J 909 15 J.430 890 33 120 q 28.1 40 3 9.6 38 23 7 .3 40 z., 
2'.041!5 2.467 003 92 3.431 874 15 120 12 59.9 40 4 20.0 38 24 8.] 40 11.1 
2.04<0 2.410 105 22 J.432 857 30 120 16 11.2 40 5 30.4 38 25 9.2 40 2 l ., 
2.0495 2.41] 213 01 3.433 839 79 120 20 2.5 40 6 40.8 38 26 10. I 40 10.1 
2.0500 ,2.476 321 50 3.434 821 61 120 23 ]].9 40 1 51. 3 38 27 11.1 40 40., 

2 .o 50 5 2.479 448 53 3.435 802 76 120 27 5.4 40 9 1.8 38 28 12.0 40 49.1 
2.0510 2. 482 516 18 3.436 783 23 120 30 36.9 40 10 12. 3 38 29 13.0 40 59 • i 
2.0515 2.485 710 47 3.437 763 C4 120 34 8.4 40 II 22.8 38 30 1].9 41 8.• 
2.0~20 2.488 851 42 3.438 142 17 120 37 40.0 40 12 33.3 38 31 14.9 41 18.1 
2.0525 2. 491 999 05 3.439 720 63 120 41 11.1 40 13 43.9 38 32 15.9 41 28.( 
2.0530 z.4q5 153 39 ].440 6S8 41 120 44 43.4 40 14 54.5 38 33 16.8 41 37.1 
2.0535 2.49ft 314 47 3.441 675 52 120 48 15. I 40 16 5.0 38 34 17 .8 41 41.I 
2.0540 2.501 482 29 3.442 6~1 95 120 51 46.'9 40 I 7 15.6 38 35 18.8 41 56.i 
2.0545 2. 504 656 89 3.443 627 10 120 55 18.8 40 18 26. 3 38 36 19. 7 42 6.I 
2. 0 5 ,o 2. 507 838 29 3.444 602 78 120 58 50. 7 40 19 36.9 38 37 20. 7 42 16.1 

2.0555 2. 511 026 50 3.445 577 18 121 2 22.1 40 20 41.6 38 38 21. 7 42 25.' 
1.0560 2.514 221 56 3.446 550 90 121 5 54.7 40 21 58. 2 38 39 22. 7 42 35. 
2.0565 2. 517 423 48 3.447 523 93 121 q 26.8 40 23 8.9 38 40 23. 7 42 45.1 
2 .o 5 70 2.520 632 2s 3.448 496 29 121 12 58.9 40 24 19.6 38 41 24. 7 42 55 .1 
2.0575 2. 523 848 02 3.4•9 467 96 121 16 11.0 40 25 30.] 38 42 25. 7 43 4. 
2.0580 2.527 070 68 3.450 438 95 121 20 3. 3 40 26 41. I 38 43 26. 7 43 14.l 

2.05!5 2.530 300 29 3.451 409 26 121 23 35.5 40 27 51.8 38 44 27.7 43 24.+ 
2 .0590 2. 533 536 89 3.452 378 e8 121 27 7.9 40 29 2.6 38 45 28. 7 43 33.i 
2.0595 2. 536 780 49 3.45] 347 ,2 121 30 40.2 40 30 13.4 38 46 29. 7 43 4]. 
2.0.00 2. 540 031 12 3.454 316 01 121 34 12. 7 40 31 24. 2 38 41 30.T 43 53.1 

2 .060 5 2. 543 288 81 3.455 283 63 121 37 45.1 40 32 35.0 38 48 31. 7 44 3. 
2.0610 2. 546 5H 51 3.456 250 51 121 41 17. 7 40 33 45.9 38 49 32. 7 .. 13. 
2.0615 2.549 825 42 3.457 216 69 121 44 50.] 40 34 56.8 38 50 ]3.8 44 21.1 
2.0620 2.553 104 41 3.458 182 19 121 48 22.9 40 36 7.6 38 51 34.8 "' 32. 2.0625 2.556 390 54 3.459 146 qq 121 51 55.6 40 37 18.5 38 52 35.8 44 42. 
2.0630 2.559 683 84 3.460 111 11 121 55 28. 3 40 38 29.4 38 53 36.9 44 52. 
2.0635 2. 562 984 35 3.461 074 53 121 59 1.1 40 39 40.4 36 54 37 .9 45 2. 
2.0640 2. 566 292 01 3.462 037 25 122 2 H.9 40 40 51. 3 38 55 38.9 45 12.1 
2.0645 2. 569 607 04 3.462 999 2s 122 6 6.8 40 42 2.3 38 56 40.0 45 22. 
2.06!0 2.572 929 28 3.463 960 62 122 q 39.8 40 43 13. 3 38 51 41.0 45 32. 

2.0655 2. 576 258 81 3.464 •21 27 122 13 12.8 40 44 24.3 38 58 42. I 45 42. 
2.0660 2. 579 595 66 3.465 881 21 122 16 45.8 40 45 35.3 38 59 43.1 45 52. 
2.0665 2.582 939 87 3.466 840 46 122 20 18.9 40 46 46.3 39 0 44.2 46 2. 
2.0670 2.586 291 44 3.467 799 01 122 23 52. I 40 47 57.4 39 I 45.2 46 12. 
2.0615 2. 589 650 40 3.468 756 86 122 27 25. 3 40 49 8.4 39 2 46.3 46 22. 
2-0~80 2. 593 016 79 3.469 714 01 122 30 58. 5 40 50 19.5 39 3 47.4 46 32. 
2.06!5 2.596 390 63 3.410 670 46 122 34 31.8 40 51 30.6 39 4 -48.4 46 42. 
2.06~0 2.599 771 93 3.471 626 20 122 38 5.2 40 52 41.7 39 5 49.5 46 52. 
2.0695 2.603 160 74 3.472 581 25 122 41 38.6 40 53 52.9 39 6 50.6 47 2. 
2.0700 2.606 557 01 3.473 535 59 122 45 12.0 40 55 4.0 39 1 51. 1 47 12. 

2.0705 2.609 960 95 3.474 489 22 122 48 45.5 40 56 15.2 39 8 52 .8 47 22. 
2.0110 2. 613 372 41 3.475 442 15 122 52 IS.I 40 57 26.4 39 q 53.8 41 32. 
2.0715 2.616 791 46 3.476 394 38 122 55 52.7 40 58 37.6 39 10 54.9 47 42. 
2.0720 2.610 218 15 3.477 345 90 122 59 26.4 40 59 48.8 39 II 56.0 47 52. 
2.0725 2.62] 652 49 3.478 296 71 123 3 0.1 41 I o.o 39 12 57.1 48 2. 
2.0730 2.627 094 52 3.479 24~ 81 123 6 ]].9 41 2 11.3 39 13 58.2 48 I 3. 
2.0735 2.630 544 25 3.480 196 20 123 10 7.7 41 ] 22 .6 39 14 59. 3 48 23. 
2.0740 2.634 001 72 3.481 144 88 123 13 41.6 41 4 33.9 39 16 0.4 48 33. 
2.0745 2.637 466 94 3.482 092 85 123 17 15. 5 41 5 45.2 39 17 1.5 48 43. 
2.0750 2. 640 ,1s 96 3.483 040 10 123 20 49.5 41 6 56.5 39 18 2.6 48 5]. 

2.0755 2.644 420 80 3.483 986 65 123 24 23.5 •1 8 7.8 39 19 ]. 7 49 4. 
2.0760 2.647 909 48 3.484 932 48 123 27 57.6 41 q 19.2 39 20 4.8 49 14. 
2.0rt5 2.6'1 406 03 3.485 877 60 123 31 31. 7 41 10 30.6 39 21 6.0 49 24. 
2.0110 2.654 910 48 3.486 822 00 123 35 5. q 41 II 42.0 39 22 7. I 4, 34. 
2.0715 2.651 422 85 3.487 765 68 123 )8 40.1 41 12 53.4 39 23 8.2 49 4'. 
2.0110 2 ... 1 '143 II 3.481 708 65 12) 42 14.4 41 14 4.8 39 24 ,.1 4, 55. 
2.0lf5 2 ... 5 471 50 3.489 650 89 Ill 45 0.1 41 15 16.2 39 25 10.4 50 5. 
2.07'10 2 ... ., 007 82 3.490 592 42 123 49 23. I 41 16 21.1 39 26 11.6 50 16. 
2.07"5 2.672 552 I! 3.491 53' 23 123 52 57.5 41 17 39. 2 39 27 12. 7 50 26. 
2.0800 2. 676 104 61 3.492 473 32 123 56 32.0 41 18 50. 7 39 28 13.8 50 ]6. 



184 TA8lE I I 1-FU•Cfl ONS OF THE us r r RA.OIUS SPI .. L 
TABLE I I 1-FC•CTI ONS D' UNE SPIRALE OE RAYON UNITAJRE ·------------- ---------------------------------------------------------------------------- A/Ra LS /R XIS V /R Q/R P/R LT /R 

,LS/h 
,vCT7J 
••••••••a&aaa,•••••••aaaaaa&a&aaa&&&a&&&:a,aa&&&aaa:aa&a&aC~a~aaaaaaaaaaaaaaaa&aaaa&a&&a&& 

•.oec, 4.328 480 25 2.696 088 02 2. 221 495 35 I. 8>7 0'8 26 0.662 27' 04 4.194 608 5\ 
·.os 10 ... 3,0 561 00 2.6Q6 I 53 65 2. 222 8•! 52 I. 867 716 13 Q.662 810 01 4. \98 9A 3 25 
'.oat 5 4. ll 2 642 B 2.6% 218 10 2. 224 28 7 5 I I .R68 363 87 Q.66 3 3H 22 4. 203 366 46 
1• 0A 20 4. 3llt 724 oc 2.6% 281 37 2.225 683 30 I .869 Oil 46 0.663 AH 62 4,207 758 18 
'.0825 4. 336 806 25 2.696 343 47 2.221 078 90 1.869 658 91 Q.664 413 23 4.212 158 44 '.oe ?o 4.338 889 00 2.696 404 38 2.228 4 74 30 1.870 306 22 0.664 "48 05 4.216 567 26 
1.0AV.5 4. 340 972 25 2.6Q6 464 12 2.229 86• 50 l .870 o53 40 0.665 483 01 4.220 984 6A 
1.oe,o 4.34) 056 oc 2.696 5?2 69 2.231 264 50 l .871 600 42 0.666 OIR 30 4.225 410 72 ·.oe•~ 4. 345 140 25 2.6% 580 C7 2. 232 659 30 1.877. 247 31 0.666 553 74 It. 22Q 845 42 
'.0@50 4. 347 225 00 2.696 636 27 2. 234 053 90 !.872 894 Q6 0.66 7 089 38 4. 234 288 80 

.0855 4. 349 310 25 2.6% t91 30 2. 2 35 .. ~ 29 1.873 540 67 0.667 6ZS 23 4.238 740 89 

.0860 4. 351 3q6 00 2.696 745 15 2. 236 842 48 J.874 187 13 0.668 !hi 28 4.243 201 73 

.0865 4.3H 482 25 2.696 1n 81 2.238 236 46 l .874 833 45 0.668 697 54 4. 21it 7 671 35 
-0870 4. 355 569 00 2.696 849 30 2. 2 39 630 23 I .875 479 63 Q.b6Q 234 00 4.252 149 76 ) -08 75 4.357 656 21 2.696 ~9S 61 2.241 07 3 79 1.876 125 66 0.669 770 6 7 4.256 637 02 
.0880 4. 359 744 oc 2.696 SH 74 2.242 417 14 l.8 76 771 56 0.6 70 307 55 4. 26 l 13 l 14 
.08E5 4. 361 832 25 2.696 S96 69 2.243 810 28 l .877 417 31 0.610 844 63 4.265 638 16 
.0890 4. 363 n1 oc 2.6n C4l 46 2. 245 201 20 l .A 78 062 91 o. 6 71 381 91 4.270 152 II 
• 0895 4. 366 010 25 2 .697 CRS 05 2.246 5S5 90 1.8 78 708 38 0.671 919 40 4.774 675 02 
0900 4. 368 100 00 2.697 133 46 2. 24 7 9A8 39 1.8n 3'il 70 0.,12 4157 10 4.279 206 qz 

.o sc s 4. 370 190 25 2.607 176 t8 2.249 lRO 65 1.879 998 87 o.t12 90• 09 4.283 74 7 e4 ;J ro910 •• 372 ZR l 00 2 .697 218 73 2.250 772 70 I.ARO 641 90 0.673 5S3 10 4.288 297 82 

.001s •• 374 372 2~ 2.697 25S 59 2.252 164 52 I .881 288 70 Q.6 74 071 40 4.2q2 856 aq 

.ono 4. 376 464 00 2.697 zq9 28 2.253 556 12 I.RBI 9B 54 Q.674 609 q1 4.297 425 07 
i.0<)25 4.378 556 25 2.697 337 7e 2. 2'4 '47 49 I .887 578 13 0.675 (48 63 •• 302 002 41 
10•10 4. 380 649 00 2 .697 375 IC 2. 2'56 338 63 l .883 22 2 59 o. 6 75 687 55 4.306 58R o2 
.oq35 4.187 742 25 2 .697 4 I l 24 2.257 729 55 I. 881 e6o 90 0.676 226 67 4. 311 184 60 
.0940 4. )R4 836 00 2.697 446 20 2.259 120 24 I. 884 511 06 o. 676 7'6 00 4.115 7d• 64 
ros.5 4.386 930 25 2.697 479 97 2.260 51 0 69 I. 885 155 08 0.677 305 52 4. 320 403 so 
.0950 4.18<1 025 00 2.697 512 56 2.261 900 91 1.885 798 95 0.677 845 76 4. 325 027 48 

ro915 4,391 120 25 2.697 543 97 2.263 290 90 1.886 442 67 0.678 385 Jq 4. 32S 660 41 
,0960 4. 393 216 00 2.697 5 74 20 2.264 680 65 J. 887 08~ 25 Q.,618 925 33 4. l34 302 71 
10965 4. 395 312 25 2.697 603 2• 2.266 070 16 l. 887 729 68 0.679 465 67 4.338 954 4' 
0970 4. 397 409 00 2.,91 631 10 2.26 7 459 43 J .888 372 97 0.680 006 21 4. 343 615 60 .oc; 75 4.399 506 75 2.691 t51 77 2.268 848 46 1.889 016 11 o.680 546 96 •• 348 286 24 

109,0 4.40! 604 00 2.697 683 27 2.210 237 24 I .889 659 10 0.681 087 90 4.352 966 41 
1°9E5 4.403 702 25 2.697 107 58 2. 271 625 79 !.890 301 95 0.681 629 05 4.357 656 17 
0990 4.405 801 00 2.697 BC 70 2.273 014 09 1.890 944 64 0.682 170 40 •• 362 35 5 42 
loq~5 4. 40 7 900 25 2.697 152 t• 2.114 402 13 1.891 587 19 0.682 711 96 4. 36 7 064 B 
IOCO 4.410 000 00 2.697 773 40 2.215 789 94 I .892 229 60 0.683 253 71 4.371 782 90 

1005 4.412 100 25 2.607 792 97 2.211 177 49 1.892 871 85 0.681 795 67 4. 376 511 I 5 
1010 4.414 201 00 2.697 RI! 36 2.278 564 78 1.893 513 95 0.684 337 82 4.SBI ;,,4q 13 
1015 4.416 302 25 2.697 ~ze 56 2.279 951 83 1.aq4 I 55 •1 0.6R4 BRO 18 4.385 QQ6 86 
1070 "· 418 404 00 2.697 844 58 2.281 338 62 1.8'4 797 72 0.685 47? 74 4. 3qo 754 3q 
1025 4.420 50h 25 2.697 859 47 2.282 725 15 I. 805 4H 38 0.685 965 50 4. l<)5 521 7S 
1030 4.422 6Qq 00 2.001 en 06 2. 284 Ill 43 1.896 080 89 0.686 508 46 4.400 zq8 96 
1015 4.424 712 25 2.697 885 5l 2,285 497 44 1.896 722 25 0.687 051 62 4.405 086 CB 
1040 4.426 816 00 2.697 896 80 2.286 883 19 1.897 363 46 0.687 5q4 08 't.4oq 88 3 14 
1045 4.478 920 21 2.697 906 90 2.288 268 68 I .898 004 52 0.688 13A 54 4.414 oqo 16 
1050 4.431 025 00 2.6q7 915 80 2.289 653 91 I .898 645 43 0.688 682 30 4.419 507 20 

1055 4.4H 130 25 2.001 923 52 2,291 038 87 1.899 286 19 0.689 226 26 4.424 314 28 
lOtO 4.415 236 00 2.oq1 S30 06 2. 292 42 3 56 1.89q 926 80 0.689 770 42 4.429 171 44 
I 06 5 ... 417 342 25 2.697 915 41 2.293 807 98 1.900 567 26 0.690 314 78 lt.434 018 71 
1070 •• 439 44~ 00 2.697 039 57 2.295 192 14 1.901 207 57 0.690 859 34 4.438 876 ls 
1015 4.'t4! 556 25 2.697 942 54 2.296 576 02 1.001 847 n o.1:iq1 404 10 4. 44 3 74 3 77 
1080 4.443 664 00 2.697 ... 33 2.297 959 62 1.902 481 74 o.691 949 06 4.lt48 621 63 ices 4.445 112 25 2.697 944 93 2.299 342 95 1.903 121 59 0.692 494 21 't.4'.B 509 75 
1090 4.44 7 881 00 2.697 944 l5 2.300 726 00 1.003 767 2• 0.6° 3 039 57 4.458 408 18 
1095 4.449 990 25 2.697 942 58 2.102 108 78 1.904 406 84 0.6qJ 585 12 4.41,l lib 96 
1100 .... 5 2 100 00 2.697 93S 62 2. 303 491 27 1.905 046 24 0.694 130 87 4.468 236 11 

1105 4.45'> 210 25 2.697 935 47 1. 304 !73 40 1.905 685 49 O. bq4 676 83 4 .413 165 69 
\110 lt.456 321 00 2.697 930 14 2. 306 255 42 1.000 324 58 0.695 222 97 4,478 !OS 72 
lll1t "· 4'58 •n 21 2.691 923 62 2.307 637 06 1.006 963 53 0.695 769 32 4.483 056 25 
1120 .... 460 544 00 2. 697 q 5 91 2.309 018 42 1,901 602 32 0.6q6 315 86 4.488 017 32 
1125 4.462 656 25 2.697 901 02 2.310 39q 49 1.908 240 95 0.69h ij62 61 •• 492 9R8 96 
1130 4.464 769 00 2.6Q7 896 9l 2. 311 780 21 1.908 97q 43 0.6~7 409 54 lt.4Q7 971 22 
ll~5 4.466 882 25 2.697 e85 66 2. 313 160 16 1.909 51 7 76 0.697 q56 68 4.502 %4 ll 
H•o 4.46~ q96 00 2.691 873 20 2.314 540 95 1.910 I 55 94 o.~qe 504 01 4.507 967 74 
1145 4.471 110 25 2.691 859 55 2.315 920 85 !.910 793 96 o.oqq 051 54 4.512 982 08 
1150 4.473 225 00 2.697 e•• 12 2.317 300 46 1.911 431 82 0.699 S99 27 4.518 007 20 

i155 4.415 340 25 2.697 !28 69 2.318 679 77 I .912 069 53 0.100 147 19 4.523 043 13 
11'>0 4.•n •56 00 2.697 811 48 2,320 058 77 1.• 12 707 09 0.100 6Q~ 31 4.528 089 91 
p6, 4.419 572 25 2.697 793 08 2.321 431 48 J.913 344 49 0.101 24 3 63 4.533 147 60 I 110 4.481 6ft9 00 2.691 773 49 2.l22 815 89 1.013 981 74 0.101 792 14 4. SJ 8 216 22 
175 4.483 806 25 2.697 752 71 2.324 193 99 1.914 618 83 0.102 340 85 4. 543 295 81 

1180 •.05 924 00 2.697 7l0 75 2.325 571 79 1.015 255 77 o. 702 889 76 4.548 386 43 lies 4.408 042 25 2.697 107 59 2.326 949 28 J.915 892 55 0.703 4 38 86 4.553 488 II 
l1so o1t.4qo 161 00 2,697 683 25 2.328 326 46 1.916 529 IA 0.703 988 15 4. 55 8 600 90 
1195 "'-492 280 25 2.697 657 71 2. 329 703 33 1.917 165 65 o. 704 531 64 4.563 724 83 
I 200 4.49-4 400 00 2.697 63( 99 2.331 079 88 1.917 801 96 o. 705 087 33 It. ~68 859 94 



TA8lf 111-fU~CTIONS Of H<E UNI f UDIUS SPIRAL IA 
H8Lf II 1-fONCTI ONS o• UNE SPIRALF OE RAYON UNlfAIRE 

----------------------------------------------------------------------------------------- 
AIR• ST /R LC /R 8 111 &•♦•c • C 
•LS/A• --------------------------------------------------- 
•vITi• DEG MNT SEC 

--------------······--················---------------------------------····-·------------ 2.080 ~ 2. 679 665 13 3 •• 93 ,12 6q 124 0 6.6 ,1 20 2.2 Jq 2~ 15.0 50 '1. 
2.0810 2.483 233 H 3.4q4 351 J3 124 3 41.2 41 21 13. 7 Jq 30 16.1 50 57. 
2.0815 2.686 810 5e 3.4q5 2Aq 25 124 7 15.8 41 22 25.3 39 31 11.3 51 8. 
2.oe20 ?..690 3q5 57 3.4q6 226 45 124 10 50.5 41 23 36.8 3q 32 18., 51 18. 
2.0825 2. 6'13 q99 76 3.491 162 ~2 124 .. 25.3 41 24 4A.4 3'1 33 1q.6 51 28. 
2.01no 2.697 5qo 20 3.4q8 cse 67 124 18 o.o 41 26 o.o 3'1 H 20.1 51 JS. 
2.0815 2. 701 !C:19 qo }.4oq C33 6'1 I 24 21 )4,.Q 41 27 11.6 3'1 35 21.9 51 4q. 
2.0840 2. 704 817 91 3.,qq S67 •8 124 25 q.8 41 28 21.3 39 36 23.0 52 o. 
2.0 R't '5 2.109 ... 24 3.50( qo1 54 124 26 

""· 8 
41 zq l4.9 3q 37 24.2 52 10. 

l 2.0850 2.112 076 q3 3.501 834 1e 124 32 1q.8 '1 30 46.6 3q JR 25.3 52 2 I. 

2.oe55 7. 715 722 01 3.502 766 48 12• 35 54. 8 ,1 11 58.3 Jq 19 it.5 52 31. 
2.0860 2.119 373 50 3.503 6'17 86 124 3q 2q.q 41 33 10.0 39 40 21.1 52 42. 
7. 0 Rf 5 2. 72l OH 45 3. 504 628 50 124 43 5. I 41 34 21.7 39 41 28.6 52 52. 
7.0870 2. 726 701 87 3.505 a;5e 41 124 .. 40.3 41 35 33 •• }q •2 30.0 53 3. 
2.oe75 2. 730 37A 8C 3.506 487 5A 124 50 15.6 41 36 45.2 3q 43 31.2 53 14. 
2.08eo 2.734 064 2@ 3.507 416 01. 124 53 50.q 41 37 57.0 39 44 32 .4 53 24. 
2.oees 2.737 758 32 3.508 343 13 124 57 26. 2 41 39 8.7 3" 45 33.5 53 35. 
2.osqo 2. 741 460 q6 1.5oq 2 70 70 125 I I. 7 41 ,o 20.6 3" 46 3,. 7 53 45. 
2. 0 8~ 5 2.145 172 24 3. 5 I 0 106 q3 12 5 4 37. I 41 41 32. 4 Jq 41 35.q 53 56. 
2.oqoo 2. 748 8°2 18 3.511 122 42 125 8 12. 7 41 42 44.2 3" 48 37. I 54 7. 

2.0'105 2. 75 2 620 A2 3.512 C47 18 125 II 48. 2 41 43 56. I 39 4q 38.3 54 17. 
2.0910 2. TS6 358 18 3. 5 I 2 '17 I I 9 12 5 15 7 3. 8 41 45 7.9 3" 50 39.5 54 28. 
7.0G t '; 2. 1b0 104 ,c 3.513 894 47 125 18 59. 5 41 46 19.8 39 51 40.6 54 39. 
7.0970 2. 76 3 859 21 3.51' 61 7 00 125 22 35. 2 41 '7 31.7 39 52 4 I .s 54 49. 
2.0'125 2. 76 7 622 94 3.515 ne 60 125 26 11.0 41 48 43.7 39 53 4 3.0 55 o. 
2.0930 7. 171 H5 51 3.516 659 85 125 29 46.9 41 49 55.6 1q 54 44.2 55 11. 
2. oq," 2. 775 177 oc 3.517 56( 15 125 33 22.1 41 51 7.6 3'> 55 45.4 55 2 2. 
2.0940 2. 778 967 3~ 3.518 HQ 71 125 36 58. 7 41 52 19.b 3q 56 46.6 55 32. 
2 .oq4 5 2. 782 766 73 3.51q 416 53 125 •o 34. 7 41 53 ]l.6 H 57 4 7 .8 55 .3. 
2.oq50 2. 786 575 06 3.520 ~"36 60 125 .. 10.7 •t 5• 43. b 3q 58 4q.o 55 54. 

2.0955 2. 790 H2 40 3.5 21 253 qz 12 5 47 46.8 41 55 S5.6 3q 59 50. 3 56 5. 
2.0960 2.7q4 218 70 3. 522 170 4q 125 51 22.9 41 57 7.6 40 0 51.5 56 16. 
?.0965 2. 7q9 054 27 3. 52 3 C86 32 125 54 59.1 41 5A 19. 7 40 I 52.7 56 27. 
7.0G70 2.801 89R 86 3. 524 COi 3q 125 58 35 •• 41 59 ,1.8 40 2 S3.9 56 n. 
2.oc15 2.805 152 60 3.524 <:l l 5 71 126 2 11.1 42 0 43.9 40 3 55.1 56 48, 
7.0~BO 2.809 615 53 3.525 82q 29 126 5 48.0 42 I 56 .o 40 4 56. 3 56 5q, 
2.oqe5 2. 61 3 487 67 3. 526 742 II 126 q 24. 4 42 ' 8.1 40 57 .5 57 IO, 
2.o•qo 2. 81 7 369 07 3.527 654 I 7 126 13 0.8 42 4 20.3 40 6 58 .8 57 21, 
2.o•s5 2.821 25• 15 3.52R 565 4q 126 16 37.3 42 5 32.4 40 7 60.0 57 32, 
?. I 000 2. 825 15Q 75 3 .52q 476 04 126 20 13.9 42 6 44 .6 40 9 I .2 57 43, 

2.10(5 2. 82'1 069 II J.530 3A5 es 126 23 50.5 42 7 56. A 40 10 2.4 S7 54, 
2.1010 2.832 9K7 86 3.531 294 89 126 27 27.2 42 9 q.1 40 II 3.7 58 5, 
2. IO I 5 2.836 q16 01 3. 532 203 18 126 31 3.9 42 10 2 I. 3 40 12 4 _q 58 1,. 
2. IC20 1. 840 853 66 3.533 I IC 71 126 34 40.6 42 II H.5 40 13 6. I 58 27, 
?.1025 2. 844 800 H 3.534 Cl7 48 126 38 17.4 42 12 45. 8 40 14 7 .4 58 JR, 
2. I 030 2. 848 757 44 3. '534 923 49 126 41 54. 3 .2 13 58. I 40 15 8.6 58 4q, 
2.1035 2. A5? 723 66 3'. 5 35 82e 74 126 •5 31.2 42 15 10., 40 16 q. 8 59 o, 
2. l 040 2. 856 699 4e 3. 536 733 23 126 .9 8.2 42 16 22. 7 40 17 11.1 59 II, 
2.\045 2. 860 664 95 3.537 636 G5 126 52 45.2 42 17 35. I 40 18 I?. 3 59 22, 
2. l O ~O 2. 864 680 oe 3.53e 539 q1 126 56 22.3 42 18 4 7 .'t 40 19 I 3.6 5q H, 

7. l O! 5 2. A68 684 92 3.53~ 442 II 126 59 59.4 42 19 59.8 40 20 14.8 I 59 45 
7. I 060 2. 87? 6S9 51 3.540 343 54 127 3 36. 5 42 21 12. 2 40 21 16.1 I 59 56, 
2. l Qt- 5 2.876 723 sq 3. 541 244 21 127 7 13.8 42 22 24.6 40 22 17. 3 2 0 7 
2- 10 70 2. 8AO 758 08 3.542 144 10 12 7 10 5 I .o 42 23 37. 0 40 23 I 8.6 2 0 I 81 
?. IO 15 2. 884 802 I 3 3. 543 C43 23 127 14 28.4 42 24 49. 5 40 24 l 9.8 2 0 79 
2.IOAO 2. BAA 856 08 3.543 q41 60 127 18 5.7 42 26 1.9 40 25 21. I 2 0 40 
2.lOP5 ?. 8S2 91q 95 J. 5-.4 en 19 127 21 43.2 42 27 14.4 40 26 22. 3 ? 0 52 
2.IOGO 2.896 '193 80 3. 545 136 Cl 121 25 20. 7 42 28 26.q 40 27 23.6 2 I 3 
2.1oq5 2. 901 077 65 3.546 632 C6 !'27 28 58. 2 47 2" 1a. 4 40 28 24.8 2 I 14 
2.1100 2. qQ5 I 71 55 3. 547 527 34 127 32 35. 6 42 30 51.9 40 29 26.1 2 I 25 

2. I 105 2.qoq ;>75 51 l. 5"'8 421 85 127 36 13.4 42 32 4.5 40 30 27.4 2 I 37 
2. I 110 2. 913 · 389 63 3_54q 315 56 127 3q 51. I 42 33 17. 0 40 31 28.6 7 I 48 
2.t 115 2.917 513 BS 3.550 208 54 127 •1 28.8 42 34 29.6 40 37 79 .9 7 I 59 
2. I 120 2. qz l 648 35 3.551 100 72 127 4·1 6.6 42 35 42.2 40 33 31. I 2 2 11 
7. I I 2 5 7. 92 5 7q3 05 3.551 qqz 12 171 50 44.5 42 36 54.6 40 34 32.4 2 2 22 
2. I 130 7. 9?9 ~46 03 3.552 P82 75 127 54 22.4 42 18 7.5 40 35 33. 7 2 2 " 2. I 135 2. 934 113 32 3.553 772 60 127 58 o. 3 42 39 20.1 40 36 35.0 2 2 45 
2.1140 2. 93 8 268 q7 3. 55• 661 68 128 1 38.3 42 40 '2. 8 40 37 36. 2 2 2 56 
? • I 14 5 2.942 475 01 3.555 549 97 128 5 16 • 3 42 41 45.4 40 38 37 .5 2 1 8 
2. l 1,0 2. 946 671 4q 3. 556 '17 48 128 8 54.-'t 42 47 5A.I 40 1q 38.8 2 3 19 

2. l t '..i5 2. '150 8 7A 44 3.557 324 21 12A 12 32. 6 42 44 10.9 40 ,o 40.0 2 3 30 
2.1160 2. 95 5 os s q I J.558 210 16 I 2 8 16 10.8 42 45 23 .6 40 41 41. 3 2 3 42 
2.1165 2. 95 9 323 q4 3.55q oqs 32 128 19 49.t 42 46 lb. 4 40 42 42.6 2 3 53 
2.1 I 70 2.%3 562 56 3.559 979 70 128 23 27 .4 42 47 4Q.I 40 4' 43.9 2 4 5 
2.117 5 2.%7 911 83 3.560 863 30 128 27 5.7 42 4q 1.q 40 44 45. I 2 4 16 
2.1180 2.972 071 77 3.561 H6 II 128 30 44. l 42 50 14.7 40 45 46.4 2 4 28 
2.118! 2. 976 34'2 43 3.562 628 13 128 34 22 .6 42 51 27.5 40 4h 4 7. 7 ? 4 39 
2. l 190 2.00 023 86 3. 563 5oq 36 12A 38 1.1 42 52 ~0.4 40 ., 49.0 2 • 51 
2-1 lClj 2. S84 q\6 09 l.56-. !eq e1 128 41 39.7 42 53 53.2 40 48 50.3 2 5 2 
2.1200 2.989 219 I 7 3.565 2M 47 178 45 18.3 42 55 b. I 40 49 5 I .6 2 5 14 
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TABLE 111-f□~CTIONS O'UNE SP I RALE OE RAYON UNITAJRE ------------- -- -- - ------ - -- -- --- - -- ---- ---- - ---- - --- --- ---- - - ---- - ----- - --- --- --- -- -- - - . - 

A/R,,. LS/R X/R Y/R 0/R P/R LT /R 
'LS /A• 
·Yls7R 
Zz•z*•••••zazaaaaa,,.sa%a::aaz2zsaaaaaaaa=•za=zzaaaaaaa:zaz::zzaaaz••"'•••••••••zaaaazzzza•• 

•• 1 205 4. 496 520 25 2.697 603 08 7.332 456 13 l .91~ 438 12 0. 705 637 21 4. ~ 74 006 20 
• l 210 4.498 641 oc 2.6q7 573 G8 2. 333 832 06 l. 919 074 12 o. 706 187 28 4.~79 163 91 
.1115 4.500 7'2 25 2.697 543 69 2.335 20 7 67 1 .919 709 96 0.706 737 55 4. 584 332 es 
.1120 4.502 884 oc 2 .6q7 512 21 2.336 582 97 1.920 345 64 0.707 2se 02 4.589 513 14 
.! 225 4.505 006 25 2.697 <19 " 2.337 95 7 04 1.920 981 11 0.101 838 68 4. 5~4 104 S4 
.i no 4.507 129 00 2.697 -.5 68 2. 339 332 60 1.921 616 54 0.108 380 53 4.599 007 9q 
.1215 4.500 252 25 2.697 410 63 2.340 106 93 1.972 251 16 0.708 940 58 4. 60') 12 2 62 
.! 240 4.511 376 OC 2.607 :n4 30 2. 342 08C 93 1 .922 886 81 o. 709 4° 1 82 4. 610 348 70 
124 5 4. 511 500 25 2.697 336 96 2.343 454 bl 1.923 521 71 o. 710 043 25 4. 615 586 54 
12~0 4.515 625 00 2.601 298 J4 2.344 en 97 1. 924 156 4S 0.110 5q4 88 4.620 e15 91 

rl255 4.517 150 25 2.607 25 e 54 2.346 200 q9 1.924 7q 1 03 o. 711 146 10 4.626 006 G5 
.1260 4.519 816 OC 2 .,h97 217 54 2. 341 513 68 1.025 425 45 o. 711 608 71 4. 631 369 10 
-1265 4.522 002 25 2.697 175 35 2.348 946 04 1."26 059 71 0.112 250 •2 4. 636 654 21 
.12 70 4.524 120 00 2.697 131 97 2. 350 318 Ob 1 .926 693 87 0.712 803 32 4.641 050 S? 
• I 215 4.526 256 25 2.697 081 40 2.351 689 15 l. qz7 321 16 Q.713 355 01 4t .64 7 258 60 
.1280 4.528 384 00 2.607 04 l 64 2.353 061 10 1.927 %1 54 0.713 9oe 70 't.652 578 74 
.!HS 4.530 512 25 2 ,.696 GG4 1C 2.354 432 12 1.928 595 11 0.714 461 67 4.6':)7 010 74 
-1290 4.532 641 00 2.696 G46 56 2.355 802 79 1.02• 228 63 o. 715 014 84 4. 663 254 n 
• 12 C'j 4.514 110 25 2.696 807 2) 2.357 1n 12 1.929 861 94 0.115 568 21 4. 668 610 75 
f 1100 4.536 900 00 2.696 846 71 2.358 54 3 10 1.030 4q5 ce 0.716 121 76 4.673 978 85 

I 1105 4.530 o so 2!: 2.6% 7G 5 cc 2.359 S 12 14 1.931 128 07 Q.716 675 50 4. 6 7c; 359 co 
1310 4. 541 161 00 2.696 74 2 10 2 • 361 282 04 1 •• 31 760 89 0.111 229 44 4. 684 751 40 
1115 4. 54 3 2•2 25 2.696 68e 01 2. 362 65C 98 1 .9 l2 393 55 0.111 783 57 4.690 156 13 
1120 4. 54 5 424 00 2.6G6 632 12 2.364 019 58 1.033 026 05 0.11a 331 88 4.695 571 03 
l 32 5 4.547 556 25 2 .6S6 576 25 2.365 387 82 1.933 65e JS Q.718 802 39 4. 701 002 26 
l ~ '.!O 4. 54Q 680 00 2.696 518 59 2.366 75 5 71 1 •• 34 200 57 0. 719 447 09 4. 706 443 8S 
I 335 4.551 822 25 2.696 459 74 2. 368 12 3 24 1.034 92? 58 0.120 001 98 4.111 807 es 
1'40 4.551 956 OC 2.69f. 3r;c; ts 2. 369 490 42 l .035 554 44 0.120 557 06 4.717 164 33 
l 34 5 4.556 090 25 2.696 336 46 2.370 85 7 24 1 .036 186 13 0.111 11? 34 4.12 2 843 33 
1350 4.558 225 00 2.696 276 03 2. 372 22 l 60 1 .036 61'7 66 0.121 667 80 4.728 314 88 

I 35 5 4. 560 360 25 2 .696 212 41 2.373 580 7q 1.on 449 02 0.122 223 45 4.733 830 05 
1 160 4. 562 496 00 2.690 14 7 61 2. 374 955 52 1. 038 080 23 0.122 77q 29 4., 739 355 es 
1165 4. 5b4 632 25 2 .696 081 H 2.376 320 89 1. 938 711 27 0.723 335 32 4. 744 885 44 
1370 4. 566 769 00 2.696 014 42 2. 311 685 90 1.939 342 14 0.123 80 l 54 4. 750 427 16 
1 3 i !: 4. 568 906 25 2.695 H6 04 2. 379 050 51 1 •• 39 972 86 0.724 447 95 •• 755 982 89 
1380 4.571 044 00 2.695 876 47 2.380 414 7q 1.940 603 41 0.725 004 54 4. 76 l 550 so 
1 3E5 4.573 182 25 2.695 805 71 2. 381 778 60 1.941 233 79 o. 7 25 561 33 4. 767 131 82 
1100 4.575 321 00 2.695 7l3 16 2.383 142 21 1.941 864 01 0.726 118 31 4.172 725 71 
1305 4. 57 7 4'0 25 2.605 66C 62 2.384 505 35 l .Q"i2 4q4 07 0. 726 675 47 4. 778 312 62 

I 4QQ 4.579 600 00 2.695 586 28 2.385 868 12 1. 94 3 123 q7 0.121 232 82 4.183 95 2 61 

~•cs 4.581 740 2S 2 .695 510 76 2.387 23 C 51 l. q43 753 69 0.171 100 36 4.789 585 71 
410 •• 583 881 00 2-~•5 434 05 2.388 592 53 1 • 944 383 26 0.728 348 09 4.795 212 03 

1415 4. 586 022 2 !: 2.695 356 14 2.389 954 16 1.945 012 66 0.728 906 01 4. 800 891 56 
1420 4. '>AR 164 00 2.605 211 C4 2.391 315 41 1. q45 641 e• 0.129 464 11 4.1306 564 38 
425 4. 590 30& 25 2.6G5 I S6 76 2. 392 616 21 1. 946 210 06 o.no 072 40 "· 812 250 53 
410 4. '592 449 00 2.695 115 28 2. 394 036 75 1.946 sqq 86 0.730 5AO 88 4.817 050 o• 
43 i; 4. 5q4 502 25 2.695 032 61 2.395 396 84 1. 04 7 528 60 0. 731 13• 54 4.873 663 09 
440 4.59b 736 00 2 .694 948 75 2.196 75& 54 1.948 157 11 o. 731 608 39 4.829 380 60 
44 5 4. 598 880 25 2 .694 863 70 2.398 115 85 l. 948 785 S7 0.131 257 43 "· 83'5 170 66 
450 4.601 025 00 2 .601.i 111 46 2. 399 414 11 1 .940 411 81 Q.732 IHb 66 4. 840 AA 3 34 

455 4.603 170 25 2 .6 c;4 690 03 7.400 8B 29 1. 950 041 88 0.713 JU 07 "· e46 650 ~· 460 4.605 316 00 2.,604 601 41 2.402 191 42 1. 950 669 79 o. 713 915 67 4.852 431 76 
465 4.607 467 25 2.694 511 59 2.403 549 15 1 .951 297 53 o. 734 4q 5 45 4.858 226 61 
470 4.f,QO 609 00 l.694 420 ~· 2.404 906 48 l.Q"Sl 025 10 o. 735 o s s 42 4. Rt,4 035 30 
475 4. 611 756 25 2.6qt, 328 40 2.406 263 41 1. 052 552 50 0. 735 615 58 4. a&q 857 00 
4PC 4.613 904 OC 2.1-,qt, 235 Cl 2.407 619 q4 l. 953 l 70 71 o. 736 175 92 4.875 604 43 
485 4.616 052 ?5 2.b91, 140 44 2.408 G76 06 1.053 806 80 o. 736 736 44 4.881 544 q7 
4s□ 4.618 201 00 2. (\q" 044 67 2.410 331 78 1. 9'.>4 433 70 0. 737 297 15 4. 8A 7 409 SR 
495 4.620 150 25 2.603 q47 12 2.411 087 09 l .9 5115 060 43 o. 737 A 58 05 4. 803 28 8 32 
500 4.62? 500 oc 2.603 849 57 2.413 042 00 1. 955 6"6 qq 0.718 41 q 13 4.aqq 181 24 

50 5 "· 624 650 25 ?.6Q3 750 23 2.414 306 49 l .Q'.>6 313 JO 0.738 980 30 4. gos 088 40 
510 4. b?b 801 OC 2.693 649 71 2.415 750 57 1•956 919 61 o.13q 541 84 4.011 oo» 8A 
515 4.6?R 952 2~ 2.6G3 54 7 99 2.41 7 104 23 l .9'i7 565 67 0.740 103 48 4.916 q4S 68 
l;?Q 4.611 104 00 2.6q3 44 5 08 2.41H 457 48 l .Q58 1°1 55 0.740 665 20 4.Q22 805 07 
!:LIS 4.6}3 256 25 2.693 34C G8 2.419 810 12 l .058 817 21 o. 741 'J..')1 30 4.028 860 64 
530 4.6l5 409 00 2.001 235 10 2.471 1&2 73 1.95g 442 82 o. 741 780 48 4. q34 8H •• ~ 3'5 4. 637 562 2 ~ 2.603 129 22 2.422 514 73 1 • 9f0 068 20 0.742 351 85 4.940 811 7< 
540 4. 6,9 716 00 2.691 021 55 2.423 866 30 1.960 603 40 o. 742 S14 40 4.q46 842 27 
54 5 4. 641 870 25 2.692 912 60 2. 425 21 7 45 l.Q6l 318 44 o. 74 3 417 14 4.952 865 52 
550 4. 64'-t 02 5 oc 2.692 802 65 2. 426 56 8 1 7 1.061 q43 31 0.744 040 05 4. 958 so, 55 

~cs; 4.64t6 !AO 2• 2.692 691 41 2.427 918 47 } .Q62 568 01 0.744 &03 15 4.qt,4 056 42 
560 4. 648 316 00 2.6S? 578 98 2.429 268 33 1 .963 192 53 Q.74'i 166 44 4.971 074 20 
56 5 4,. 650 492 25 2.692 465 ~7 2.430 617 11 1 .963 816 AO o. 745 779 90 4.977 106 " 1510 4.652 649 00 2.692 350 56 2.431 966 78 1. 064 441 01 0.746 2°3 55 •• 98 3 204 75 
5i 'i 4,. 6'54, 806 25 2.692 134 56 2.433 315 35 1.965 065 QA o. 741! 857 38 4_9gq 317 64 
5PO 4. 65.6 %4 00 2.692 11 7 38 2 .434 663 49 l.S65 688 s2 0.747 421 ,. 4.095 44S 60 
~es 4.659 122 21 2.691 go9 00 2. 436 011 18 1 .0&6 312 50 0.747 9•5 58 ,.001 588 97 
•o 4.661 ?Sl 00 2 .691 8H 44 2.417 158 45 1.966 036 09 0.746 54q 06 5.007 747 54 

5G5 4. 663 440 75 2.601 75e ~9 2.4l8 705 27 I .9f:.7 559 41 0.140 1 14 51 5. 013 921 40 
6CO 4. 66") 600 00 2.b9l 6H 75 2.440 051 65 1.968 18? 56 o. 749 679 75 5. 020 110 81 
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TABLE 111-FCSCTIOSS D'UNE SP tRALE OE RA YON UNITAIRE 

------------------------------------------------------------------------------------------ 
A/ R• ST /R LC/R 0 1/J 8•♦•C ♦ C 

=-LS/ A• --------------------------------------------------- 
•1/ITTR DEG MNT SEC 

•=••-·-··••=-••=••··••=••·····••=-••·······••=-••-················••=-•••=•=••······-···~-=== 
2. I 205 2. 993 533 I 3 3.566 1'8 34 128 '8 56.9 42 56 IS .O 40 50 ~2-8 5 26.1 
2. I 210 2.997 858 03 3. 56 7 026 42 128 52 35.7 42 57 31.9 40 51 54.t 2 5 n.e 
2.1215 3.002 193 90 3 .56 7 903 10 128 56 14.4 42 58 44.8 40 52 55.4 2 5 49 .4 

I I 
2.1 '220 3. 006 540 79 3.5, e HC 19 128 59 53.2 42 59 57.7 40 5, 56.7 2 6 1.0 
2.1 ns 3.010 e•8 74 3. 569 655 89 129 3 32.t 43 I 10.1 40 54 58.0 2 6 12. 1 
2. 1 2~0 3. 015 267 79 3. 5 70 53C ac 129 7 11.0 4' 2 23. 7 40 55 59. 3 2 6 24.4 
2.1235 3. 019 64 7 99 3 .5 71 404 91 129 10 so. 0 43 3 16. 7 40 57 O.h 2 6 36.1 
2. I 240 3. 024 039 3e J.572 278 22 12~ 14 29.0 43 4 49. 7 40 58 1.9 2 • lt7 .8 
2. 1 2" '5 3. 02 8 442 00 3.573 150 74 129 18 8.1 43 .. 7.7 40 59 3.2 2 6 S9.5 

2.1250 ,. 032 855 91 3. 574 02 2 46 12• 21 4 7. 3 43 1 15.8 41 0 4.5 2 1 11.3 

2 .12'!: 5 3. 0"' 7 281 14 3.57' 8"3 38 179 25 26.4 43 8 28.8 41 5.7 2 1 23. I 
2.1260 l. 04 l 711 73 3.575 763 50 129 29 5.7 4,J q 41.9 41 1. 0 2 1 34 .8 
2. I 26 5 3. OCtb 165 74 3.576 632 e2 129 32 45.0 43 10 55 .o 41 8.J 2 7 46.6 
2.1270 J. 050 625 21 J.517 501 34 129 36 24.3 43 12 8.1 41 4 q.6 2 7 58.5 
2.1215 J. 055 096 19 3. 5 7E 369 06 129 40 3.7 43 IJ ll.2 41 5 10.9 2 R 10. 3 

2.1200 3. 059 578 71 3. "i 79 235 se 129 43 43.1 43 " 3't. 4 41 6 12. 2 2 e 22. I 
2.1285 3. 064 072 83 J.580 102 09 129 47 22 .6 43 15 47.5 41 1 13. 5 2 8 J', .o 
2. I 290 1. 06 e 578 6C J.580 96 7 40 129 51 2.2 43 11 0.7 41 8 I 4 .8 2 A 45.9 
2.1 ;,q-; 3.013 096 05 J.581 831 QO 129 54 41.8 43 18 13. 9 41 q 16. I 2 8 57.8 
2.1300 J.077 625 24 J. 582 695 e o 129 5A 21.4 43 19 27.1 41 10 17.4 7 9 9.7 

2.1 '!O!: 3.082 166 21 3.5e3 558 49 130 2 1.1 43 20 40.4 41 II 18.7 9 2 I .6 
2.1~10 3. OR6 719 0 I 3. 581t 42C 57 130 5 40. e 43 21 53.6 41 12 20.0 9 33.6 
2-1~15 3.091 283 68 3.5 85 281 e4 130 9 20.6 43 23 6.9 41 13 2\.3 9 45.'5 
7 .13'20 1. 095 860 29 3. 586 142 30 I JO 13 o.s 43 24 20. 2 41 14 2 2 .6 9 '57. '5 
7.1325 3. 100 448 a, 3.587 001 95 130 \6 40.'t 43 25 33 .5 41 15 23.9 10 9 .5 
2.1330 3. 105 049 46 3. 587 8<C 79 130 20 20.4 43 26 ',6.8 41 \6 25.3 10 21.5 
2.1335 3.109 662 11 3.5ae 718 82 130 24 0.4 43 28 0.1 41 17 26.6 10 l].6 

2.1340 3. I 14 286 91 3. 58S 576 04 130 27 40.4 43 2s 13.5 41 18 27.9 10 lt5 .6 
2.1345 3. I 18 92 J 86 3. 590 432 44 I JO 31 20.5 43 30 26. 8 4\ 19 29.2 10 57.7 

?.1350 3. 173 57' 02 J.591 288 03 \JO 35 0.7 43 JI 40.2 41 20 10.5 II Q .ij 

'2.1 3 ~5 3. 128 234 46 3.592 142 80 130 38 40.9 43 32 53.6 41 21 3 I. 8 2 II 2 I .9 
2.1360 3. I 32 so0 21 3. 592 9S6 75 130 42 21.2 43 34 7.1 4\ 22 33. I 2 II 34.0 
2. I 36 5 3. 137 504 32 3 .5q3 849 89 \ JO. 46 I. 5 43 35 20.5 41 23 34.'t 2 II 46.1 
2.1370 J. 1'2 2S2 85 3.5Q4 702 21 130 49 41.9 43 36 34. 0 41 24 35. 7 1 II 58.1 
2.1375 3. 147 003 85 3. '5Q'5 553 11 \JO 53 22.3 43 37 It 7 .4 41 25 37 .o 2 12 10 .4 
2. I JfO 3. 15 I 727 37 3. 5Q6 404 39 \JO 57 2.e 43 39 0.9 4\ 26 38.3 2 12 22 .6 
2. l 38 5 3. 156 463 46 J.597 2134 25 I JI 0 43.3 43 40 14.4 41 27 39.6 2 I 2 34.8 
2.1 l90 3. 16 l 212 It 3 .59 E 103 2q I JI 4 23.8 43 41 27.9 41 2A 40.9 2 12 4 7 .0 
2.1 39 !: 3. 165 973 54 J.598 951 ~I 131 e 4.5 43 42 41. 5 41 2S 42. 2 2 12 SS.2 
2.1400 3.170 747 64 3.599 798 so I l I II 45.2 43 43 55. I 41 JO 4 3.6 2 13 11.s 

2• l 405 3. I 75 534 52 3.600 t45 47 131 15 25.9 43 45 8.6 41 3 I lt4.9 2 1l 23.8 
2.1410 3.180 334 2l 3.601 491 21 131 \9 6.7 43 46 12. 2 41 32 4t6.2 2 13 36. I 
2.1415 3. \85 \46 81 3 .602 33< I l I JI 22 It 7. 5 43 47 35.8 4\ l3 47 .5 ? 13 .4,8 .4 
2.1420 J. 189 972 35 3.603 180 22 I JI 26 28.4 43 48 49. 5 41 34 48.8 2 14 o. 7 
2.\425 3. l 94 810 "' 3 .60-'t 023 49 Ill JO 9.3 43 50 3.1 41 35 50. I 2 14 13.0 
2.1430 J. 199 662 42 3.604 865 92 Ill 33 50. 3 43 51 \6. 8 41 36 51 .. 4 2 14 25 ·" 
2.14 35 3.204 527 07 3 .605 7C7 53 13 I J7 3 I. 3 43 52 30. lt 41 37 52.7 2 14 37.1 
2. 14',0 3.209 404 87 3.606 51tP. 30 Ill 41 12.4 43 53 44.1 41 38 54.0 7 14 50. I 
2. l 1t4 5 J. 214 2S5 8e 3.607 388 25 13 I 44 53.6 43 54 57.9 41 3• 55. 3 2 15 2.5 
2.14!:0 3. 219 200 15 3.608 227 36 131 4A 34. e 43 56 I I .6 41 40 56. 6 2 15 14.9 

?. 1455 3. 224 I 17 7J J.60S 065 65 131 52 16.0 43 57 25.3 4\ 41 58 .o 2 15 27 .4 
2 .1460 J.229 048 6S 3.60S so3 09 I 31 55 5 7. 3 43 58 39. I 41 42 59.3 2 15 39.8 
2. I 465 3. 233 99l 07 J. 610 ·739 71 131 59 38.7 43 59 52. 9 41 44 0.6 2 15 H.J 
2.14 JO 3.238 950 94 J.611 575 49 132 J 20. I .. I 6.7 4\ 45 1.9 2 16 ••• 
2.1475 J. 24 3 922 34 3 ., 12 410 43 132 7 1.5 44 2 20.5 41 46 3.2 2 16 I 7 .3 
?.1480 J. 248 S07 35 3.61 J 244 53 132 10 43.0 44 3 34. 3 41 47 4.5 2 16 zq.s 
2. I 48 5 3.253 906 00 3.614 071 80 132 14 24.6 44 4 48.2 41 48 5.8 2 16 42 .4 
2.1490 3.258 918 31 3.614 910 23 137. 18 6.2 44 6 2. I 41 49 7 • l 2 16 51t.9 
2. I 4q5 3. 26 3 944 50 3.6 I 5 741 82 I 32 21 47.8 44 7 I 5. 9 41 50 8.4 2 17 7 .5 
2. I 500 3. 268 984 47 3.616 572 57 132 25 29.5 44 8 29.8 4\ 51 9.7 2 17 20.1 

2. I 50 5 3. 274 038 31 3.617 402 48 132 29 11. J .. 9 43.8 41 52 11.0 2 17 32. 7 
2. I 510 3. 279 106 10 3.618 231 55 132 32 5J.I .. 10 57. 7 41 53 12. 3 2 17 45 .4 
7. I 515 3.284 187 90 3.619 059 77 132 36 35.0 44 12 11.1 41 54 13.7 2 17 5e.o 
2.1~20 3.289 283 76 3 .619 887 15 132 40 16.9 44 13 25.6 41 55 15.0 2 18 10. 7 
2. I 52 5 3. 2S4 393' 7-'t 3.620 713 69 132 43 58.S 44 14 19.h 41 56 16. 3 2 18 2 3.4 
2. I 530 3.299 517 QO 3.62 I 539 38 132 47 40.s 44 15 53.6 41 57 17.6 2 18 36. I 
2. 15 3 5 3.304 656 30 3.622 364 23 I 32 51 22.9 44 17 7.6 41 58 18.9 2 18 48 .8 
2. l 54'0 3. 309 809 0 I 3 .623 I 88 22 132 55 5.1 .. 18 21.7 41 59 20.2 2 19 I .5 
2. I 545 3. 314 976 OB 3.624 011 J7 132 58 47.2 44 19 35. 7 42 0 2\.5 2 19 \4.3 
2.1,,0 J. 320 157 58 3.624 833 68 133 2 29.5 44 20 49.8 42 I 22.e 2 19 27 .o 

2.1555 3. 325 353 57 3.625 <55 13 I l3 6 11. 7 44 22 3.9 42 2 24.l 2 19 39.8 
2.15•0 3.330 564 II 3.626 475 73 133 9 54.l 44 23 18.0 42 3 25.4 2 \9 52 .6 
2.156! 3.H5 789 26 3.627 295 48 Ill 13 36.4 44 24 32. I 42 4 26. 7 2 20 5 .4 
2.1510 3. 341 029 08 3.628 114 38 133 17 18.9 44 25 46. 3 42 5 2e.o 2 20 I 8. J 
2.1575 3. 346 283 65 J.628 932 42 133 21 1.4 44 27 0.5 42 6 29.3 2 20 31.2 
2.i,eo 3. 351 553 0 I J.629 749 62 133 24 43.9 44 28 \4.6 42 7 30.6 2 20 44.0 
2. I 595 3. 356 837 25 3.630 565 q5 133 28 26.5 44 29 28.8 42 8 31.9 2 20 56 .9 
2. I 5SO 3. 36 2 136 41 3.63 l 381 43 133 32 s.1 44 JO 43.0 42 9 33.2 2 21 9.8 
2. I 5q 5 3. 36 7 450 57 3.632 196 06 133 35 51.8 44 31 57. 3 42 10 34.5 2 21 22.e 
?.1600 3. 372 779 79 3.633 009 83 133 3q 34. 5 44 33 11. 5 42 II 35.8 2 21 35. 7 



l 88 TA!\LE 111-FU,CT!ONS OF THE ux t r .. 0IUS ~,Jllt.t,L 
UBLF 111-Fo,cTI ONS 0' UNE SP[RALF DE R.AYON lJNrTAIRf 

------------------------------------------------------------------------------------------ A/Rz LS /R X/R Y/R Q/R P/R LT/R 
•LS/~• 
•\CTTR 

----------------------------==--------=------------=•=••••=•===•=•=•---------------------- 2.160,:; •• 66 7 760 75 2 .69 I 51 3 e2 2. 441 397 58 1.%8 805 54 o. 750 24' 17 5.026 315 6• 
2.1610 4.669 G7. I DC 2.691 ~8<; 3C 2. 442 74' 07 1 .960 •2e ,s o. 750 ROS 27 5.032 536 o, 
2.1615 4.672 082 25 2. 6S I 263 70 2 •.... 4 088 12 1.970 050 09 o. 71i l 374 54 5.038 712 01 
2.1670 4.674 24' oc 2.6SI 137 c• 2.4'5 412 71 1.970 673 44 0.751 S40 00 5. 045 023 73 
;. 162'> •• 676 ,06 25 7..6SI 009 20 2.,.6 776 86 1.971 205 7' o. 752 sos 64 5. QS I 2S I 18 
2.100 4.67R 560 00 2.690 e so 13 2.,49 120 55 1.q71 G 17 84 0.753 071 46 5.057 574 44 
'• l t:. 35 4., 6RO n2 25 2.690 749 87 2.4'9 463 7q 1.s12 539 78 o. 753 637 46 5. 06 3 873 60 
')., l 6-40 4.687 89~ DC 2.690 618 41 2.450 8C6 57 1.073 161 55 0.754 203 64 5.070 188 72 
2. lt·45 4.685 060 25 2.69C ,es 77 2.,s2 148 90 1.073 783 14 0.754 770 00 5.076 519 86 
7. .16 50 4.,687 225 DC 2.690 3 ': 1 95 2. 453• 490 77 I. 974 40• 56 o. 7i; 5 3'6 " 5.082 e, 1 10 

7. l t: ': '> "'• 6ACi 390 75 2.69C 210 q 7..454 832 18 l. 975 025 80 0.755 qo3 25 5.089 no 50 
7.. I 660 4.,6Q\ 556 DC 2.,6Q0 DAO 73 7. .,456 173 13 I. q 75 646 87 o. 756 470 14 5.0S5 610 14 
7.. 1(:6 '> 4.693 722 2~ 2 .689 943 34 2.,s1 Sil 61 1. ()76 267 76 o. 7', 7 017 22 5. I 02 006 OS 
2.167C 4.69') 889 00 2.6BS eo• 76 2.45R 853 61 1.970 888 48 o. 757 604 47 5. 108 • 18 41 
;,. 1 t, 1S 4. f)QF\ 056 25 2.689 0.4 e q 2. 460 1°3 IR 1 .. q77 509 02 0.758 171 so 5.114 847 19 
7.!6e0 4.,700 224 00 2.6A9 524 04 2. 461 532 26 I. 978 12S 39 o. 758 73q 51 5. 121 2•2 48 
2. I 6E 5 4.702 392 75 2.68G 181 GC 2.467 87C 88 I. 978 74q 58 Q.,7':)q 307 29 s.121 754 36 
2.l6C:Q 4. 704 561 00 2.6ftq 238 57 2.464 200 02 1.,q7q 369 60 o. 7c-;9 ~75 25 '>.134 232 91 
2. 1'S5 4., 706 730 2~ 2.68<. CS4 C5 2.465 54' 69 l .97S 98G .. 0. 7h0 44 3 40 5.14 C 728 20 
?. l 700 4. 708 900 00 2.688 s•a 15 ?.461, 883 ,s 1.980 60S 10 o. 7'1 011 71 5. 147 240 30 

2.1 7C5 4. 711 C70 25 2.688 801 46 2.468 nc 5q I .SB! 228 5q o. 761 580 21 5.153 76S 28 
2. I 710 4. 713 241 DC 2.688 653 18 2. 469 55~ 83 1 .se1 84 7 so 0., 7h7 148 88 5.1~0 115 27 
2. I 715 4.715 412 2 5 2.6RB 504 12 2.470 892 5q 1. S87 467 03 a. 762 717 n 5.166 878 20 
2. I 770 4., 71 7 584 00 2.688 '53 '7 2.4 72 22 7 87 I.S83 085 q9 o. 76 3 286 76 5.173 45 B 7q 
?. 1 72 '5 4. 719 756 25 2.688 207 C4 2.473 562 66 t.Qfn 704 77 0.1b3 855 96 5.1~0 05 5 56 
2.173C 4.721 q70 DC 2.688 049 22 2 ... 74 896 q7 1.se• 323 37 o. 764 ,25 33 5.186 670 OS 
2.1 715 4.724 102 25 2.687 9q5 21 2."76 230 7q l.,Q84 S41 RO o. 71.4 9q4 es 5.191 301 96 
2. l 740 4. 726 276 00 2.687 740 01 2.477 564 12 I. S85 560 04 o. 765 504 62 5.IS9 S5 I 24 
?. l 74 5 4.,728 450 2S 2.687 583 •• 2."78 BS6 96 1.086 178 II 0.7t,h I 34 52 5.206 6\R 02 
2.1750 4. 710 625 00 2.687 426 Cl 2.480 22S , 1 t. QP6 796 00 a. 766 704 60 5. 213 302 37 

2. I 75 5 4. 732 800 25 2.b81 26 7 12 2.4fH 561 16 I. SR7 413 71 o. 767 274 e6 5.220 004 36 
2.1760 4. 714 S76 oc 2.687 107 3q 2.4F\2 8S2 53 1. 988 031 25 o. 11-i1 845 29 5.226 724 CR 
2.1765 4.,737 152 2 5 2.686 S4b 27 2.484 22 l 39 1. sea 648 60 o. 768 415 BG 5.233 461 61 
2.1770 4 • 7l Q 37q 00 2.686 783 96 2.485 553 75 l. 989 265 78 a. 768 986 67 5.240 217 03 
2. l 71'l 4. 741 506 25 7.. 686 620 47 2.486 88, 62 I. 989 882 77 0.11-,q 557 63 5. 246 090 41 
2.1780 4., 743 684 00 2.686 455 BO 2.488 212 se I .S90 499 59 0.110 128 76 5.253 781 84 
2.17@5 4., 74'.i 862 25 2 .6P.6 z e s q4 2.489 541 84 1 .ss1 116 23 0. 77C 700 06 5.260 591 )9 
2.17G0 4., 748 041 00 2.686 122 so 2.490 870 20 1.991 732 6S 0.111 271 54 5.267 410 16 
2. 1 7~ i:; 4. 750 770 25 2.685 954 67 2.492 198 ·04 1.s92 3"8 07 0.111 843 19 5.21, 265 7.l 
2. I 800 4. 75? 400 00 2.685 785 26 2.493 525 38 1.,qq;, %5 06 0.112 415 01 5.281 12S 66 

7.180S 4. 7'i4 580 25 2.685 U4 <7 2 .494 852 21 l. q93 580 08 o. 772 087 01 5.288 012 50 
2. I A I 0 4. 756 761 0C 2.685 "42 89 2.496 178 53 1.qq4 1% 72 o. 771 55q 17 5.2q4 914 00 
7.1815 •• 758 942 25 2.,e5 269 G3 2.4q7 504 33 I .9S4 B 12 28 0.774 131 52 5.301 ~3" 07 
2. I 820 4. 161 124 00 2.685 095 JQ 2.4<>8 829 62 1.095 42 7 05 0.71ft 704 03 5. 308 772 85 
2.182 5 4. 76 l 306 25 2. 68ft q20 46 2.500 154 39 1.qq6 047 85 0.775 276 72 5.315 730 42 
2. I 830 4. 765 489 DC 2.6B• 74 3 q5 2. 501 478 64 l .qq6 657 86 0. 775 84S 58 5.322 706 BA 
7.1835 4. 71-, 1 672 25 2. 68ft 560 76 2.502 802 37 1.qq7 272 6S 0.776 ,22 61 s;.3zq 702 31 
2.1840 4. 769 856 DC 2.6B• 3e7 38 2.504 125 58 I.S97 887 34 0.716 9q5 Bl 5.336 716 80 
2. I 8"5 4.772 040 25 2.68-4 207 32 2.505 448 27 I. S98 501 Bl o. 777 56S 19 5.341 750 43 
2.ieso 4.774 225 00 2 .684 026 C9 2. 506 770 42 I .999 116 10 0.778 142 73 5.350 803 zs 

2.1855 4. 176 ,10 25 2.683 e43 67 2.508 092 06 1.qqq 730 20 o. 778 716 •5 5.357 875 48 
2. I 860 4. 77 A 596 00 2.681 60C 06 2. 509 • 13 16 2.000 344 13 0.110 200 34 5.364 967 07 
2.1865 4. 78 0 782 25 2.6 83 475 28 2. 510 733 73 2.000 957 87 o.11q 864 40 5.372 078 17 
2.1870 4. 782 969 00 2.683 289 31 2. 512 053 17 2.001 571 42 0.780 • 38 63 5. 379 208 85 
2. I 8 75 •• 785 156 25 2.683 102 17 2.513 313 28 2.002 184 80 0.781 013 03 5. 386 350 22 
2.1880 4. 78 7 344 DC 2.682 q13 84 2.514 692 25 2.002 797 99 o. 781 587 60 5. 3q3 520 35 
2. I 88 5 4.789 532 25 2.682 724 34 2.516 010 69 2.003 411 00 o. 782 162 3• s.,oo 719 3b 
2. I 8S0 4. 791 721 00 2.682 533 65 2. 517 328 58 2.004 023 82 o.1a2 737 25 5.,01 929 31 
2. I BG5 4. 793 910 25 2.682 341 78 2.518 6.5 93 2.004 636 .6 0.783 312 33 5.415 15S 32 
2.1900 4. 7q6 100 00 2.682 148 7l 2.519 962 74 2.005 248 92 0.783 887 58 5.422 40S 48 

2. I 9C 5 4. 1q0 290 25 2.681 9S4 51 2 • 521 279 01 2 .005 861 19 0.784 463 00 5 .,29 679 e1 
2.1910 4.eoo 481 00 2 .681 759 10 2. 522 5q4 73 2.006 4 73 28 0.785 0l8 59 5. 436 S70 59 
2.l<l}lj •• 802 672 25 2.681 562 52 2.523 909 SI 2.001 085 I q 0.785 614 35 5.44. 281 74 
2.1920 4. 804 864 DC 2.6~1 364 75 2. 525 224 53 2.007 696 91 o. 786 ISO 27 5.451 613 42 
2.1 S25 4. 807 056 25 2. OBI 165 81 2.526 538 61 2.008 308 44 0.786 766 37 5.458 %5 71 
2.1930 •• 809 249 00 2. 680 S65 69 2.527 852 13 2.008 91S 7q o. 781 342 63 lj.ft66 338 73 
2.IB5 •• 811 442 25 2.680 7'4 39 2. 52S 165 09 2 .oos 530 96 0.787 91S 06 5."73 732 56 
2.1940 4. 813 636 00 2.680 561 91 2.530 "77 51 2.010 141 q4 0.788 495 66 5.,a1 14 7 31 
2.1945 4. 815 830 25 2 .680 358 25 2.531 789 36 2.010 752 73 o. 789 072 ,2 5.488 58 3 07 
2.1s50 •• 818 025 DC 2.6ft0 153 •2 2. 533 100 65 2. 0 II 303 34 Q.789 64S 36 5.4% 030 95 

2.l~B 4. 820 no 25 2.679 94 7 41 2. 534 ,11 39 2 .0 11 973 77 C.790 226 "6 5.503 518 04 
2. 19bO 4.822 416 00 2.679 740 22 2. 535 721 56 2.012 584 00 0.7<>0 803 72 5.511 017 44 
2.H65 4.824 612 25 2.bH SH e6 2. 537 031 16 2.013 194 05 0.791 381 16 5.518 538 27 
2 .1, 10 •• 826 809 00 2.679 322 32 2.538 340 20 2.011 803 92 0.7SI 958 76 5. 526 080 61 
2.1915 4.120 006 25 2 .6 79 Ill 60 2.539 648 67 2.014 •13 60 o. 792 536 52 5.533 644 58 
7. IS!O •• 831 20, 00 2.678 89S 71 2.540 956 57 2.015 023 09 o. 793 114 46 5.541 210 27 
2. I 9 P.5 4.~H 402 25 2 .6 78 H6 .. 2.542 263 90 2.015 632 39 0.793 6Q2 56 5.548 en 80 
2.1990 •.ns 601 DC 2.678 472 •o 2. 543 570 66 2.016 2"1 51 0. 794 270 82 5.556 46 7 26 
2. I 99 5 4.e37 800 25 2.671 256 98 2.54' e76 84 2.016 850 44 o. 794 849 25 5.564 118 77 
2.2000 4. 840 000 00 2.671 040 38 2.5,o 182 45 2.011 •59 I 8 0.10,; 427 85 5. 5 7 I 792 42 



TABLE IV-FUNCTIONS Of THE STANDARD SPIIIAL 
TABLE IV-FONCTIGNS OE LA SPIRALE NORMALISEE 

A• 25 /tit 

191 

A/R ST LC e 

" " 
25 1.0000 8. 537 H.123 28 38 52 •• 

OEG MNT SEC 

9 31 H.3 0 1 13. 2 

1AOLE IV-FUNCTIONS OF THE STANDARD SPIRAL 
TABLE IV-FONCTIONS OE LA SPIKALE NORHALISEE 

A • 30 M 

A/R ST LC 8 

" 
30 
35 

1.0000 
0.8511 

10.2H 
8 .683 

29.b68 
25.560 

28 38 52.• 
21 2 50.7 

OEG MNT SEC 

9 31 H.3 
1 o 2•.o 

0 1 13. 2 
0 0 28 •• 

TABLE IV-FUNCTIONS OF THE STANOARO SPIRAL 
TABLE IV-FONCTIONS OE LA SPIRALE NORHALISEE 

A • 35 M 

AIR ST LC 

H H 

35 
•o 
.5 

1.0000 
0.8750 
0.1118 

11,952 
10. 353 
9. 15• 

3'.013 
10.,26 
21.112 

28 38 52., 
21 56 c.1 
1119,8.7 

DEG HNT SEC 

9 Jl lt"t.3 
1 18 1 .5 
5 •6 20. I 

D I 13. 2 
0 U 32. 8 
0 0 lb. l 

··••=••········-- K •l8.0b3 238 9~R 

TABLE IV-FUNCTIONS OF THE STANOAkD SPIRAL 
TABLE IV-FG~CTJQNS OE LA SPlkALE NORMALISE~ 

A • "tO M 

A/R ST LC 

DEG HNT SEC 

•o 1.0000 13. 059 39.557 28 38 52., 9 31 't"t.3 0 I 13. 2 
•5 0.8889 12,031 35.3lC 22 38 7.3 1 32 ... 0 0 3b .0 
50 0.8000 10.112 31,855 18 20 ,.1 0 b 22.5 0 0 19. I 
55 0.1213 9. 702 29.001 15 9 ... 5 2 52.3 0 0 10.8 
eo O.bbb1 8 .931 .lb.608 12 '3 56.6 • 14 32. 5 0 0 b •• 

••••••z ••••=••••z 
K •21.H5 91 7 32" 

······-···------- 
TABLE IV-FUNCTIONS OF THE STANOARO SPIRAL 
TABLE 1V-FONCTIONS Ge LA SPl~ALE NlJRIU,L ! SEE 

A . •5 " - --- -- - - ---- - -------- ------------- -- ---------- ------ ------ - ----- --- --- -- • AIR ST LC 8 • ----------------- ----------------------------------- 
" H OEv HNT SEC 

--·········--·--·--·-···········--·--·······························~----- •5 1.0000 15. 307 ... 502 28 38 s2., 9 31 -lt ... 3 0 I l;. 2 
50 0.9000 13. 715 40.206 2j 12 17.2 7 H 2•.9 0 0 38.8 
55 0.8182 12 •• 05 36.635 19 10 39.0 6 23 11.1 0 0 21.9 
60 o. 7500 11.135 33.631 16 6 52.0 5 22 ... 0 0 13.0 
65 0.023 10."t-\2 31.07'1 13 H 50.3 • 3' 28.8 Q 0 6.0 
70 0 ••• 29 9.682 28.8H ll 50 21.0 3 5b ,1.9 0 u 5. I 
75 0 •• 000 9. 028 26.~61 10 16 "· 7 3 26 12. 5 0 0 3 •• 
80 0 .5625 ~ .<lt58 25.28• 9 3 51.7 3 I l"t.9 0 0 2.3 .................... 

K = ltt.97b 52 7 26" 
••••••••••••a•••• 



192 TABLE JV-FUNCTIONS OF THE STANDARD s,1uL 
TABLE IV-FONCTJONS OE LA SPIRALE NORHALISEE 

A• 50 H 

A/R LS Q LT 

H 

······--·--·-------------------····-···-····----·-···-····-····-····------ •5 1,1111 55, 55b 53.'7b 11.12, 21.,29 2.B 19 37 ,80. 
50 1.0000 50.000 48. 76't 8. 18b 2,, 793 2.0b5 33, 7dl 
55 0.9091 ,; • .s5 ""• b85 b.185 22. 599 I. 55b 30,579 
so 0.8333 •l,bb1 ,1. 16 7 •• 781 20.no 1.200 21,955 
65 0,1b92 38,.b2 38,12b 3.769 19.175 0,9H 25.7b0 
10 0.71'3 35. 71• 35,,93 3. 023 17.818 o. 7 57 23,891 
15 O.bbb1 33. 333 33.lb9 2.,bO lb.b39 O.blb 22,280 
80 0, b 2 50 31.250 31.131 2,029 15.b05 o.508 20.875 
85 0,5882 n.,12 29,32• I, b93 ••• 691 O.'t2't 19.639 
90 0, 5 5 5b 27,778 21.112 1,,26 13.878 0,357 18,5'2 

95 0.52b3 26,316 26,265 1,213 u.1,9 0,30• 17 ,5<>2 
100 0.5000 25.000 2,.961 l.O'tl 12,,93 0.260 l6.b80 

::a:zaa •• aaaa.as:zs.a 

K •0.229 183 12' ..... ,..,.. ... ,. .... ,.. 
TABLE IV-FUNCTIONS Of THE STANDARD SPIRAL 
T ASL E IV-FONCTIONS oe LA SPJRALE NOR HALI SEE 

n 

A/R LS Q LT 

M 

50 1.1000 60. 500 58.323 11. 81:ib 29.885 3,01 I '1,135 
55 1,0000 55.000 53,6.1 '9.00"t 21.212 2,271 37. 159 
so 0,9167 50.417 49.53't o. 972 25.061 l,H• 33,927 
b5 0,8,b2 'tb. 538 45. 9'tb 5.503 23,170 1,382 31,237 
70 0,7857 43.214 42, BO• 4.•Hb 21. 539 I, 108 2d,955 
75 0. 7 333 'tO. 333 ,o.o,J 3.596 20.11• 0,901 2b,99I 
80 0.6875 31.813 37.602 2.967 18,871 0,7'3 ,5.282 
85 0.6471 35.588 35-•33 2. 't 76 47.1b8 O.b.20 2 3, JdO 
90 Q.blll 33, bl I l.3.'t9't 2,087 lb. 786 ll,5l2 22,448 
95 0,5789 31.84.l 31. 753 1,715 15.906 0.4't4 Ll.2~9 

100 0 ,5 500 30.250 30,181 I. 523 15, 113 0.381 20~ 191 } 105 O. 5238 28 .810 28,755 I, Jib 14.39b l).329 19,225 ' l lO ll,5000 21. 500 27.457 l.14~ 13,7'3 I). 28b 18,H8 
115 0.478) 26. 304 26,270 1,002 13. lo4tb 0. 251 11. 5•a 
120 0. 4 S 83 25.208 25,181 0.882 12.000 O,UI lb ,815 

"'•:•••a•:s-a:•••== 
• •O, 18~ ,01 5•' 
a:,c:z,c•aaaaaaaa::: 

TABLE JV-FUNCTIONS OF THE STA~OARD SPIRAL 
TABLE !V-FONCTJONS OE LA SPikALE NURIUL I SEE 

A = oO M 

• A/R LS X Q p LT 
-------------------------------------------------------- 

M " ::o:a,::s •• =:z c :::"' z: a::,t •""'•:a::,: ::zsa••• • •"' t::c ••:z:z '"'""'• = = "'"""':zz;r '""'a.::::::===== •=•aaaa aa& ••• :: 

55 1,0909 b5. 't55 63,175 l,l • b5& 32,H5 3.2u5 't't.4 7't 
so 1.0000 bO, 000 58,517 9.823 29,752 2,'16 ,o.537 
65 0,9231 55.385 5,. 388 1. , •• 21.526 1.9~4 37,280 
70 o),8571 51 .. 429 50. 739 6,237 25.599 1. 507 1,.511 
15 0,8000 ,s. 000 47.511 5. 083 23,918 1,275 32. 173 
80 0. 7 500 ,s.ooo 't't.645 .,195 22,HI 1,052 30. 125 
85 o. 7059 42.353 42.0~I 3. 502 21.133 0.877 2d,328 
90 I,) .. b667 'tO.OOU 39,803 2,953 19.967 o. 139 26.736 
95 0,b3lb 37,895 37. 7'4 2. 512 18. 922 0 ,629 2 5,3 lb 

j 100 0,6000 3b. 000 35.884 ,.155 I 7,981 o.539 2',0,1 

105 O,HH 34. 286 3't. l 94 1.802 17, 126 Q.406 22.889 
110 O.H55 32,727 32.055 1 .. 020 Lc , 352 0 .,05 21.844 
115 0,5217 31. JO• 31,2H 1.,18 15. 643 0,3:>5 20 .890 
120 0.5000 30 .ooo 2<:.1.953 1.249 ••• 992 o. 312 20,0lb 
125 u.•aoo 28.800 28.762 1,105 14. 39't 0,21b 19,213 
130 0.,015 27.092 27,66I o. 982 lJ,64I \). 24b 18.'73 
1•0 0.,280 25. 11, 25,693 o. 787 12. d54 o), 197 11. 150 

·--=-=:-- ,.,. "'- ---"'- • •O. 159 15• 94' 
••••• .,.., •••• :,;:::== 



TA8lf. 111-flHICYIGIOS OF lHt' UNIT UOIUS SPIAAl 189 
TAUE 111-FONCTIONS D'UNE SPIRAlE OE RAYON UNITAIRE 

------------------------------------------------------------------------------------------ 
A/ R• ST /R lC/R e 1/3 e•♦+C • C 

=LS/A• ---------------------------------------------------- 
·YLST/i. OEG HNT SEC 

2~•······--•=••·············---·-············-·······--·································· 
2.16C5 3.378 124 13 3.613 P22 ,. 133 43 17.3 44 34 25.8 42 1? 37.1 2 21 48.7 
2.1610 3. 383 48l 67 3.6l4 634 79 133 47 0.2 44 35 40.1 42 13 3~ .4 2 22 1.7 
?. I 615 3. 388 858 46 3.6 35 445 S8 1 n 50 43.l 44 36 5'-".4 42 14 39. 7 2 22 14. 7 
?.16?0 3. 394 248 5e ~.6 3t 256 31 133 54 26.0 44 38 8.7 42 15 41.0 2 22 21.1 
2.1,25 3. 3c;a9 654 o• 3 .h37 OM 78 133 5A •.o 44 39 23.0 42 16 42. 3 2 22 40. 7 

'l.16:?0 3.405 075 06 3 .6 37 e74 39 134 I 52.1 44 40 37 .4 42 17 43.6 2 22 53.8 
2. t t,,~'j 3.410 511 5f 3.638 682 14 134 5 35. 2 44 41 st. 7 42 IA 44.Q 2 23 b.q 

2.1640 3.415 %3 65 3.63S 489 02 134 9 18. 3 44 43 6.1 42 19 46. l 2 21 20.0 
?. l t:4 '5 ,. 421 _.l 41 3.640 ?S5 Cl 134 13 1. 5 44 44 20.5 42 20 4 7 .4 2 23 B.I 
2. 1 ~ ,o 3.4?6 914 90 3.64 l 100 18 134 16 44.8 44 45 14.q 42 21 48. 7 2 23 46 .2 

?. l f ! '.: 3. 4"2 414 19 3.641 9C4 47 134 20 2A.I 44 46 4q.4 42 72 50. 0 7 23 5q _4 
2.1660 3.•H s2s 35 ,.1a•2 707 e9 "" 24 11.• 44 48 3.8 42 23 5 I. 3 2 24 12.5 
?.1665 3.443 460 45 3.643 51C 44 I 1• 27 54.9 44 49 18.3 42 24 52.6 2 24 25.7 
2.1670 3_44q 007 57 3.644 312 12 134 31 38. 3 44 50 32.8 42 25 53.9 2 24 l8.q 
2. 16 75 l. 4~4 570 76 3.645 112 9~ 134 35 2 I. 8 44 51 47.3 4? 26 55.2 2 24 52.1 

2.16f0 3.460 150 12 3.645 912 87 134 39 5.4 44 53 1.8 42 27 56.4 7 25 5 .4 

2. l6E 5 3. 465 745 10 3.646 711 93 134 42 ... 9.0 44 54 In. 3 42 28 57.7 2 2' 18.6 
?. 1690 l.471 357 5e 3.647 510 l 3 134 46 32.7 44 55 30.Q 'v- 29 59.0 2 25 31.Q 

2.16q' 3.476 985 Al 3.64e 30 7 45 134 50 16.4 44 56 45.5 42 31 0.3 25 45.2 
,. 1700 3.482 HO 53 3.64CJ 103 so 134 54 0.2 .. 58 0.1 42 32 I .6 25 58.5 

2. l 70~ 3.48A 2Sl 74 3 .649 899 48 l 34 51 44.0 44 59 14. 7 42 33 2 .8 7 76 11.8 
2. I 710 3. 49 J %9 55 3 • 650 6Q4 18 135 I 27.9 45 0 29.3 42 34 4. l 2 26 2,.2 
2. l 715 l.4CJ9 664 02 3. 651 488 00 I J 5 5 l l .8 45 I 43.9 47 35 5.4 2 26 38 .6 

1.112c l.505 375 2.; 3.652 28C 94 135 8 55.8 45 2 5A .6 42 36 6.6 2 26 51.• 
7. l 725 3. 511 103 27 3.653 C73 01 135 12 39.A 45 4 13.3 42 37 7 .9 2 27 5.3 
?.11?0 3. 516 R48 20 3.653 864 20 l 35 16 23.9 45 5 28.0 42 3A s.2 2 27 18.8 
2.1 ns 3. 522 610 IC 3.654 654 50 135 20 8.0 45 6 42 • 7 42 39 10.5 2 21 32.2 
2.1 7-40 3.528 389 04 3.655 443 93 135 23 52.2 45 1 57.4 42 40 11.1 2 27 45.7 
7. I 745 3. 534 185 IC 3.656 232 4e 135 27 36.4 45 9 12.1 42 41 l 3.0 2 21 59.2 
2.111:0 3.53Q •9e H 3.657 020 14 135 3 I ?0.1 45 JO 26.9 42 42 l 4. 3 2 28 12.1 

2. 1755 3. 545 e78 92 3.657 806 S2 135 35 5.1 45 11 41.7 42 43 I 5. 5 2 28 2h.2 
2.J 760 ,. 551 67n 82 3.65A 592 82 135 38 49.5 45 12 56.5 42 44 16.8 2 28 39.7 
2.17f5 3. 55 7 542 I 6 3.65S 377 el 135 42 33.9 45 14 I l. 3 42 45 18.0 7. 28 53.3 
2.1110 3. 563 425 02 3.660 16 I q5 l 35 46 18.4 45 15 26.l 42 46 Is. 3 2 29 6.8 
2. I 715 3. 569 325 47 3.660 945 19 135 50 ?.9 45 16 41 .o 42 47 70.h 2 29 20.4 
2.11eo 3. 57'i 24 3 60 3.661 721 55 135 53 4 7 • 5 45 17 55.8 42 48 21 .8 2 2• 34.0 
7.1 H5 3.581 179 49 3 .662 509 Ol 135 57 32.2 45 19 10.1 42 49 73. I 2 2• 47.7 
2. l 790 3.587 133 22 3.663 ]89 58 l 36 l 16.9 45 20 ?S.6 42 50 24. 3 2 30 I. 3 
2. I 795 3.5"3 104 87 3.664 069 27 136 5 1.6 45 21 40.5 42 51 25.6 2 30 15.0 
2.1800 3. 5qq 094 53 3.664 80 06 136 A 46.4 45 22 55.5 42 52 26. 8 2 30 28.1 

2. I 805 3.605 102 27 3. 665 625 % 136 12 31. 3 45 24 10.4 42 53 ?8.l 2 JO 42.4 
2. I 810 3.611 128 18 3.666 402 q7 136 16 16.2 •5 25 25.4 42 54 29.l 2 30 56.1 
2.181 ~ 3.617 172 3! 3.667 17" CG 136 ?O 1.2 45 26 40.4 42 55 JO. 5 2 31 9.A 
2.1820 3. 62 3 234 85 3.66 7 954 31 136 23 At6.2 45 21 'i5.4 42 56 31.8 2 31 23.6 
2.1825 3.629 H5 7e 3.668 729· ,. 136 27 31. 2 45 29 10.4 42 57 33.0 2 31 37.4 
2. I 830 3.635 415 22 3.66G 502 07 136 31 16.3 45 30. 75.4 42 5A 34. 3 2 31 51.2 
1.11!3~ J.641 533 u 3 .610 274 61 136 35 1.5 45 31 40.5 42 59 35. 5 2 32 5.0 
2.IA'O 3. 647 669 98 3.671 046 ?5 136 38 46.7 45 32 55.6 43 0 36. 7 2 32 18.8 
2.1845 3. 65 3 825 47 3 .6 71 816 58 136 42 32.0 45 34 10.1 43 I 38. 0 2 32 32.7 
7. I 850 J. 659 9q9 8 l 3.6 72 586 83 l 36 46 17.3 45 35 25.8 43 2 39.2 2 37 ... 6.6 

2.1855 l.666 193 11 3.h73 355 77 136 50 2.1 45 16 40.9 43 40.4 2 33 0.5 
2.1860 3. 6 7 2 405 .. 3.674 123 81 136 53 48. l 45 37 56.0 43 4 lo l.6 2 33 14.4 
2. I 865 3.678 636 89 3.674 e90 94 l 36 57 33.6 45 39 11. 2 43 5 42.Q 2 33 28.3 
2.1e10 3.684 887 56 l.675 657 I A l 37 I 19. l 45 40 26.4 43 44.I 2 33 42.3 
2. l 8 75 3.691 157 53 3.676 422 51 tl7 5 4.7 45 41 41.6 43 45. l 2 33 56.? 
?.1880 3. 697 446 90 3.677 186 S4 137 8 50.3 45 47. 56.8 43 8 46.5 2 34 10.2 
2.18E5 3. 703 755 76 3.677 950 47 137 12 36.0 45 44 12.0 43 9 47.7 2 34 24.2 
2.1850 3.710 ce4 I 9 J.67e 713 ca l 37 16 21.1 45 45 27.? 43 10 49.0 2 34 38. 3 
2. I 89 5 3. 71g 432 30 3.6 79 474 e o 137 20 7. 5 45 46 42.5 43 II 11:iO. 2 2 34 52.3 
2.1900 3. 722 800 I 8 3.680 235 ,c 137 23 53.3 45 47 57.8 43 12 5 I .4 2 35 6.4 

2. 1905 3. 72q 187 91 J.68C 595 50 137 27 39.2 45 49 l 3. I 43 l 3 52.6 2 15 70.5 
2. l 910 3. 735 595 61 J.681 754 48 137 31 25.I 45 50 28.4 43 14 5 3.8 2 35 34.b 
2.1s15 3. 742 023 35 3.682 512 56 137 35 11.1 45 51 41.7 43 15 55 • 0 2 35 4R.7 

?.19?0 J. 748 471 24 3.683 269 73 137 38 57.2 45 52 59. l 43 16 56.2 2 36 2.9 
2.1925 ,. 7'j4 939 37 3.684 025 98 137 42 43. 3 45 54 14.4 43 l 7 57 .4 2 36 J7.0 
2.19 JO 3. 761 427 84 3.684 781 32 Ill 46 29.4 45 55 29.8 4) 18 58.6 2 36 31.2 
2. I 915 3. 767 936 H 3.685 535 75 137 50 15.6 4' 56 4'i.2 41 19 59.B 2 36 45 .4 
2. l <140 ,. 774 466 19 3.686 289 ?1 137 54 l .8 45 58 0.6 43 21 1.0 2 36 'i9. 7 
2. I q45 3. 181 016 26 3.687 o•t 87 137 57 48.1 45 59 16.0 43 22 2. l 2 37 13.q 
2. I 950 3. 787 587 07 3.687 793 55 l 38 l 34.5 46 0 31.5 43 23 3.3 2 37 28.2 

7.ISS5 ,. 794 178 72 1.68ft 54' 32 13A 5 20.9 46 47.0 43 24 4 .5 2 37 42 .5 
2.1960 3. 800 791 30 3.689 294 17 138 9 , .. 46 2.5 43 25 5. 1 2 37 156.A 
?.!HS 3. 807 424 92 l.690 043 10 ll8 12 53. 9 46 4 18.0 43 26 6. q 2 38 11.1 
2.1no 3. ~14 079 67 3.690 791 12 138 16 40.4 46 5 33.5 43 21 8 .o 2 38 25.4 
2.1 fi j' 3. 820 755 67 3.691 538 21 138 20 21. 0 46 6 4Q.O 43 28 9.2 2 38 39.8 
2.1980 3. 827 453 02 3.692 284 38 138 24 l 3. 7 46 8 4.n 43 29 10.4 2 38 54.2 
2.105 3. 834 171 8 I 3.693 C29 63 138 28 0.4 46 9 20. l 43 30 11.6 2 39 8.6 
2.lCJ~O 3. 1140 ~12 15 3 .693 773 96 138 31 47. 2 46 10 35 .1 43 31 12.1 2 39 21.0 
2.19S5 3. 847 674 16 3.694 517 37 138 35 34.0 46 11 51. 3 43 32 I 3.9 2 39 37 .4 
2.?000 3. 854 457 93 3.695 2~q 85 138 39 20.8 46 13 6.9 '3 33 15.0 7 39 51.Q 



ISO TABLE IV-FUNCTIONS OF THE STANDARD SPIRAL. 
TABLE IV-FONCTIONS OE LA SPlkALE NORHALISEE 

A • 25 H 

AIR LS LT 

25 I .0000 25 .ooo 24. 382 

K •0.916 732 47' 

12.397 1.012 

TA8Lc IV-FUNCTIONS GF THE STANDARD SPIRAL 
TA6LE IV-FONCTIONS OE LA SPIKALt NGRHALISEE 

A • 30 H 

11, •• 90 

l 
AIR LS Q LT 

30 
35 

1.0000 
0.8571 

29.259 
25.3b9 

AIR 

30.000 
25.714 

LS 

4.9il 
3.118 

K •0.630 ol9 77' 

H.810 
12. 8UO 

TABLE IV-FUNCTIONS OF THE STANDARD SPl~AL 
TABLE IV-FONCTIGNS Oc LA SPlkALE NO,HALISEE 

A • 35 H 

Q 

H 

35 
40 
45 

1.0000 
0.8750 
0.1118 

35.0UO 
30. 625 
21.222 

TABLE IV-FUNCTIONS Of THE STANDARD SPIRAL 
TABLE IV-FONCTIONS OE LA SPIRALE NORHALISEE 

A• 40 H 

AIR LS Q 

H 

40 
45 
50 

"55 
60 

1.0000 
o.B889 
o.8000 
0.7273 
0.0067 

40.0uO 
35. 556 
az .uoo 
29.091 
26.667 

H.135 
30.179 
2o.SH 

39.012 
H.005 
31.6H 
28.888 
20.535 

5.730 
3.867 
2.121 

H 

6.549 
4.630 
3.388 
2. 552 
1.968 

K •0.358 098 62' 

17.355 
15.238 
13.570 

19.834 
17.686 
15.946 
l<>.512 
13.311 

1.239 
u. 783 

I.H5 
u.912 
O.b8~ 

I .652 
1.164 
0.850 
u.o,o 
0 •• 91 

TABLE IV-FUNCTIONS Of THE STANDARD SPIRAL 
TABLE IV-FONCTluNS OE LA SPlkALE NORHALISEE 

20.268 
17.200 

l T 

.l.3.b.ftb 
20.57• 
18.230 

LT 

27.02" 
23.900 
21.4"9 
19.40 
17.824 

AIR LS LT 

H 

45 1.0000 45.000 u.a8e 7.307 22.31' 1.858 30.403 
50 0.9000 40. 500 39.841 5.404 20.140 1.359 27.230 
55 0.8182 36.818 36 •• 08 4.075 18.341 l.023 24.091 
60 0.7500 33. 750 33-•8• 3.146 16. 831 0.789 22.5H 
65 o,..•923 31. 15<> 30.915 2 •• 1& 15. 5•7 0 •• 21 20. 8 32 
70 O.H29 28.929 28.805 I .98o l't.alt"t't 0,497 19.329 
75 0 •• 000 21.000 .l6,9l3 1.616 13,H5 0.405 18.031 
Su 0,5625 25.313 25.2',9 l.332 12.6•6 0.333 16.897 ----------------- • •0.282 942 12' 

--•••••z••••••••• 



TA BLE IV-FUNCTIONS OF THE STANO ARD SPIRAL 193 
TABLE IV-FONCTIONS OE LA SPIRALE N0RIOLJSt:E 

---------------·--------------------------------------------------------- 
A . 50 H 

----- ----------- --------------- - -------- --- - -- ----- -- - ---- -- -- - - -- -- - - - 
R A/R ST LC • ------------- - -- ----------------------------------- 
H " DEG HNT SEC 

aaaa •'""••••••• •••••••••=•••=•a =z•z• a:a:11a:sz:a:aaaaaa • aaa:a aa.aa:aaaaaaaa a.a: a: 

45 1.1111 19. 216 54. 620 35 22 4.0 11 45 3. l 0 2 18.2 
50 1.0000 11.01, 49.ltit 1 28 38 52.4 9 31 H.3 0 I 13. 2 
55 D.9091 15 .,02 •5.111 l3 40 33 •• 1 52 '9.9 0 0 ,1.2 
60 0.8333 1'.050 41.'t'lt't 19 53 39. 7 • 37 28.8 0 0 24.4 
65 a. 1092 12.ns 38. 31~ 16 57 5. I 5 38 46.6 0 0 l 5. l 
70 0.71H 11.979 35. 611 " 36 5E!,.b • 52 9.8 0 u 9.7 
75 Q.0667 11. lOlt> 33.260 12 43 ,o.o 4 ,. 32. 5 0 0 o.4 
80 0.6250 10.'55 31.197 11 ll 20.1 3 •3 4't.4 0 0 •• 3 
85 0. 5 8 82 9.832 29.373 9 5• 4o.o 3 18 12.; 0 u 3.0 
90 0.5556 9.280 27. 748 8 50 31.0 2 >b 't8.2 0 0 2.1 

95 0. 5 263 8.188 26.293 1 56 8. 5 2 38 41. 3 0 0 I. 5 
100 0.5000 8.3.6 24. 98 3 1 9 •3.1 l 2J 13.2 0 0 1.1 

aaa•••••••••&~••a 
K •13. 75C 987 08• 
:aaaa•••••••••••& 

TABLE IV-FUNCTIONS GF THE STANDARD SP IH.Al 
TABLE IV-FONCTIONS OE LA SPIRALE NORHALI SEE 

-- ------ ---- ------ -- -------- -- -- - -- - - --- - -- -- - ------ -- ------------------ 
A . 55 H 

-------------------------------------------------------------------------- 
R A/R ST LC 8 $ -------------- - ----------------------------------- 
H " OEli HNT SEC 

···············-------·······-·········•·······••••=••··••2zaEaaaaaaEaaaaa 
50 1.1000 20.897 59.522 H 39 50.2 l! Ji o.1 0 2 10.0 
55 1.0000 18. 781 s,. 39 l 28 18 52.• 9 31 .. lt .. J 0 j 13.2 
60 0.9167 17.093 so.on 24 • 19.9 6 0 43.3 0 0 'tl .It 
65 o.e,62 15. 705 'tb.l.1't 20 30 'tO.'t • 49 ltb. 7 0 G Zt>.8 
70 0.7857 H.537 '3.032 17 41 8.5 5 53 25. 1 0 0 11.2 

~ 75 0.7333 13. 538 ,0.20• 15 2• 22.3 5 1 5b.l 0 0 11.3 
60 0. 6 8 75 12.672 37.719 13 32 lb.2 4 30 41.0 0 0 1.1 
85 0.6'71 11.912 35. 519 II 59 'tO.O 3 59 48.0 0 0 5.3 
90 0.6111 ll.2•J 33.559 10 41 55.5 3 J3 54. 7 0 0 3.8 
95 0. 5 7 89 10. 6'3 31. 802 9 3• 7. 9 3 II !>9.9 0 0 2.1 

100 o.5500 10.105 3C.219 39 57 .o 2 >3 I 1.2 0 0 2 .o 
105 0.5238 9.620 2 8. 78 5 51 37. I 2 37 10.9 0 0 1.5 
110 0.5000 9.180 21.,81 • 't3. l 2 23 13. 2 0 0 1.1 
115 0.'783 8. 779 26.289 6 33 9.8 2 ll 2., 0 0 o.• 
120 o.,583 8.412 25. l 96 6 I 5.0 2 0 21.0 0 0 0.7 ··-------- ........... 

K •II. 36• •>2 13" 

------··········· 
TABLE JV-FUNCTIONS OF THE STAMARO SPIRAL 
TABLE I V-F ONC Tl ON S OE LA SPIRALE NOR HALI SEE 

- --- ·-- -- - --- - - ---- ------- - - - - - -- - --- --- - - ----- - - --- --- ------- ---- ---- - - - - - • . 60 H 
- --- --- - - --- --------------- ----- --- ----- - ----- --- --- - - --------------- -- -- 

AIR ST LC 8 ♦ C 
-------- --------- ----------- ----------------------- 

H H UtG HNT SEC 
• •• • ••• ••• •• • -•••• • •••••••a••••••••••••••••••••••••• •a•• ••••.a••••••••••• a:a 

55 1.0909 22.582 blt ... 30 H 5 36.I II 19 48.3 0 ;/. 3.7 
60 l .0000 20.,s9 59.336 28 38 52.4 9 31 '4.3 0 I 13. 2 
65 0.9231 18. 787 5•.939 24 2' 36.! 8 1 lb.,8 0 0 't5. Z 
10 0.8571 17. 366 51.121 21 2 50.7 1 0 28.0 0 0 28.9 
75 0.8000 10. 158 ,1. 162 18 20 •• 1 • 6 l2.5 0 0 19. I 
80 0.7500 15. 11' -\'t. e .. 2 16 6 52.0 5 22 4.4 0 0 13.0 
85 0.7059 14. 202 •2.236 " 16 2 7. 8 • •5 20.2 0 0 9.0 
90 0.6667 13.396 39.912 12 '3 56.b 4 " 32.5 0 (J 6.4 
95 0.6316 12.080 37. 828 II 25 38.1 3 48 l8.3 0 0 ... 

100 0.6000 12. 037 35.948 10 18 '1.1 3 26 1z.5 0 0 1., 

105 0.57H 11.,58 J-\ .. 2't5 9 21 15. 9 3 1 2.8 0 0 2.5 
110 O.H55 10.932 32. 69 5 8 "Ji 2't .. 0 2 50 2•. I u 0 1.9 
115 0.5217 10.,53 31.279 1 '1 53.8 2 35 5b. 5 0 u 1.5 
120 0.5000 10 .015 29.979 1 9 43.1 2 23 IJ.2 0 0 1.1 
125 0.,800 9.612 28. 783 • 36 1.1 2 II 59. 7 0 0 0.9 
130 o.,615 9.2•1 27 .o 78 6 6 9.0 2 2 2.3 0 0 o. 7 
1,0 o.•2&6 6.576 25. 705 5 15 ,2.1 l •5 13.8 0 0 0.5 

········-----·-~- K . 9.5-\9 29• 59• 

---------••=••--- 



TABLE JV-FUNCTIONS Of THt STANUARD SPIRAL 
TABLE lV-FONCTIONS DE LA SPJKALE NORMALISEC 

A/R LS LI 

---: ::,c_,._.,. __ :c ____ ,._ :c:"' --- ----- - _,._,. ,. ____ - "'"' r:--"' - - ,. __ -- - -"'- -- -- - --"'"'"'- - -"' -- 

oO l .0833 70. 41 7 68. 03C 13. 439 34. 13Uts .:l.4Ul 47.1320 
65 1.uooo b.5.000 t3. 394 10. b4l 32.£31 l..b84 43.'d~ 
70 Q.9280 00.357 59. 245 8. 559 i.9.9'.n 2, l >4 40.b37 
75 \).8667 5o. 333 ,s. 544 b. 981 20.035 1. 7 ~4 37.837 
80 0.012s s.:::.813 ,2. 240 S. 1bo ze , 311 l .447 35 .,11 l 
85 0. 1 b4 7 49. 700 't9.283 4. tHS l.4. 1bl. l. l07 33.287 
90 J.7222 4b.94<t 40.626 4. Ucl .n.4l'i 1 .018 31. 4U9 
9S Q .b842 44.474 <t4. 2 J l 3. 450 2<.190 0.86c 29. 7 35 

100 V. b 500 42. 2 50 42.06.? 2. "Ibo .11,094 U.743 l.8.l.33 
105 J s o L 9U 40. 2 38 40.0<il 2 • ';,b3 20. 094 0.042 2b.d77 

110 o. 5909 38.409 38,292 2.230 19. l H> o .558 2 ~.64 7 
115 0.5052 30. 7 39 36.64!> l.953 18. 354 IJ.489 24 • 52b 
120 o.5417 35.208 35.133 l. 719 11. sqt 0.430 ,!J.499 
125 O. S'- 00 33. 800 33.7H 1. 52 l lo. 890 0.381 22.555 
I 30 0. 5 000 32. 500 32.449 l.353 16. 242 Q.3j8 l l .b84 
140 IJ.'t6't3 30. l 79 J0.144 1,083 lS. 1.183 0 .211 20. l 31 
150 0.4333 28. lb7 28.142 O. ddl 14.079 0.2,0 l ts. 78b 
160 ().4063 26 .4Ub 20,388 0. Tlb l>,200 v,ld2 l 7.610 

-"'--:"'--"'-""-.:z::s.z 

• •O, 135 oil 31' 
"'- - "" - - - - ::z "',. :0:: - :0:: "'"' 

I A8L l IV-F-UNCTIONS Gf THE ST ANDARO SP JRAL 
TA8L E lV-flJNCTIO,._S DE LA S.PJKALE •'iORMAL I SEE 

A .:: 70 M 

A/O l S LI 

- __ .,. --=>- - _,.,.:: --- -- ~ -- --- ------- --: Zt- ------""'"'"'----'"""-=•"''"'""---Z:- .,.._. ::r: :::: :a: :i: -· 
05 l.07t9 75. 385 72.U89 1,.225 37. 274 3 _59q 51. I 7l 
10 1.oouo 70. 000 ea. 210 ll.40D ""· 710 L.8~1 47.l<lJ 
75 o.q333 b~. 3.33 b't.105 •• 358 3-!. 4b l 2 .3:i~ 4 3. 9 9b 
80 -J .8 7 50 bl. 250 ti 0. 358 7. 7 J4 30. 4 7b 1.944 41.l51 
85 D,8235 5,. 64 7 Sb. 98 8 b.463 20. 713 J.. 622 J8.ti65 
9D 0. 7178 S't. 't't4 53. 94 e :, • 4)3 2f.lH l. 368 3b.'t 12. 
95 0. 7 3b8 51,579 51.200 4.b't3 2'). 72b 1. lb't 34. ~ 20 

100 0.701,)0 49. oco 48.707 3.9S5 2<t. 45 l 0.998 32.770 
105 0.bbt,7 4b.bb1 'tb. ct3 7 3. 4't5 z s • l'IS 0.Ub3 3 l. 192 
110 O.b364 44. S't5 44. 363 2 _q99 22. l.42 0, 7 51 e»: Tb l 
115 0.6087 42. b09 4.Z • -'lb3 2,025 21. 280 O.b51 2.8.457 
120 0.5833 40. B 33 40. 7 l 5 2.311 LO. 397 u. ~ 1H 2, • .264 
llS ovse oo 39. 200 3<i. l 04 2.04~ 19. 584 u. 512 ;o.16 7 
l 30 D.5385 3 7. 69L .H.bl3 l.dl'i i s , t:U3 J.4~5 2 5. l So 
140 Q.5000 35.000 3't. 94 '> 1. 457 17.491 O.J64 23.352 
150 iJ.'tbbT 32. 66 7 32. 028 1,185 lb. 327 u , 296 21. 791 
lbO I,) .43 75 JO. 025 30. '>97 0. 9 76 I 5. 308 0. 244 20.420 
I 70 0 .4118 28 .tL~4 LB.803 0.814 14 .4V8 u.2D4 19 .L 2 3 
180 0,3889 2.1. c::22 21.201 t).b8b 13. b\J~ 0.112 18. J. 54 
190 0.3684 2~. 789 2>.778 o . 583 12 .. 8'13 U. l 'tb l 7. 197 

.... ,. ..... =.:z: .......... ,., 

• a:0. l 1 b 930 lb' 
...... ~·•- .. ::=-•=a:===- 

r ASL E IV-FUNCTIONS OF THE ST A/It DARO SPIRAL 
TABLE IV-FONCTIONS Di LA SPIKAU: NlJRMALI SE t. 

1 

) 
} 

A• 75 H 

A/R LS LI 

10 1.0 714 HO. 3 5 7 77. 750 1s.010 3'il. 741 3. 7~9 54.526 
75 l ,0000 75.000 13.14 7 l<, 279 37.190 3.097 5D. b 7l 
8D 0.93 JS 70. 313 bB. 96 7 10, 158 34.931 2. ~57 4 7. 35H 
85 0.8824 bb • l 1b 65.181 8. 494 32,922 2.lH 4't.4 73 
90 0.8333 b2. 500 bl. 7 51 7. l 72 31, i z s l. HO! 41 .933 
95 o. 7895 59. 2 ll 58.038 0.100 29.510 l .532 39.b1b 

100 0.7500 56. 250 55.8C7 5. 244 28,051 l .315 37.057 
105 0.7H3 53. 571 53.224 •• 534 2b.12H l .13<> 35.837 
llO 0.681H 51.130 so. 86 l 3.947 25. 522 0,989 H.188 
l 15 Q.0522 48. 913 48.b~2 3.45b 2't. 420 O.&b5 32.686 

J 



TABLE IV-FUNCTIONS OF THE STANDARD SPIRAL 195 
TASLE IV-FUNCT I CNS OE LA SPIRALE ~ORMAL IS EE 

- -- - -- ---- - ---- ---- ---- -- -- - --- - - ----- --- --- -- ---- --- ---- --- - ------- - - - - 
A . 65 M 

- --- -- ------- ------------- ----------------------------- ------------- ---- - 
R AIR ST LC ~ 

----------------- ----------------------------------- 
M " O~G Mr,T SEC 

=••=•=••----------••=••······~---------=--•~-----------==•~-----·····•·=•= 60 1.0833 2,.210 69.3o\!> H 37 I 7. 3 l! 10 n.2 0 !>8 .o 
65 1.0000 22. 196 64,.281 2ll 38 52.4 9 ,1 4"t. 3 0 13.2 
10 0 .9 286 20 .... b.c? 59.860 2, •2 5.4 b 13 l.lt.9 0 u 4o.9 
75 0.8667 19.03• 55.981 21 31 3.9 I 9 50.4 0 0 30.9 
80 0.8125 17. 789 52.557 18 5• 4J. 5 b 17 53 .5 u 0 21 .o 
85 0.76'7 lo. 705 •9.517 lo •5 9. 3 5 3• 48., 0 0 l't.,6 
90 0.7222 15. 750 46. 80 3 1' 5b 34. 4 • 58 <itl. l 0 0 1u. 3 
95 o.oe,2 l't. 902 H.365 13 24 4(J. 8 4 26 b .[ 0 0 1.'-., 

100 0.0500 14. 14.3 'ti. lbb 12 6 u., 4 l 59.0 0 0 5.5 
105 0 .6190 13. 460 •0.172 10 58 .. 2.1t 3 39 30. 0 0 0 4. l 

110 0. 5909 12. 8't0 38. 357 10 0 11.1 3 20 o.o 0 0 J.l 
115 o.5o52 12.276 .Jb. b'i 7 9 9 7.8 3 3 o. 2 0 u 2 •• 
120 o.5417 11. 7ti0 35.175 24 19. 3 2 48 4.6 0 0 I. b 
125 0.5200 11.28b 33.773 .. 47. 0 2 ,. 54.2 0 0 l. 4 
130 0.5000 10. do\9 32.•77 7 9 't3. l 2 2, 13.2 0 0 1.1 
I 40 0 ,.'tb't3 10.011 30.163 10 31.3 l 3 29. 7 0 0 0.7 
150 0.'333 ~. 397 ae , l 56 a 4b.Q 1 47 34t. B 0 0 o.5 
160 a .4063 8. b08 26.398 4 43 40.9 I 34 lJ.3 u u 0.3 

=•==• .... -= .. =•====• 
K . ti. 1.36 678 75• 
-==•-•=••-=z-•-•- 

TABLE: IV-FUNCTIONS OF THE STANO ARO SPIRAL 
TABLE IV-FONCf IONS Gt LA SP(RALC NORMAL I SEE 

-------------------------------------------------------------------------- 
A = 10 " -- - - --- -- --- - -------- ----- - ------- - ----- ------ -- - ---- ------------ -- --- -- 

R AIR ST LC 8 ~ 
----------------- ----------------------------------- 

" M DEG MNT SEC 

IT • c•= =••:a•••• :a :a=•"' :a :a•:"""'"'"'"'•• c••••= • c az:= •= ==• ="' •••=•=cs az== "'"' ===z a=•====== 
6'> 1 .o 769 25. 962 7't. 264 33 13 29.2 11 2 35. 3 0 :>4. 4 
70 1.0000 l3.904 b9. l2!> 28 38 52. 4 9 31 4-Ct.3 0 13.2 
75 0.9333 22.179 6't. 78 .. .!4 .,, 19.8 8 i s 18.3 0 u l.t8. J 
80 Q.8 750 20 • 700 t>0.85.i n 5o L. 7 7 lo 1. 5 0 0 32.o 
85 Q.8235 l <J. 429 57.353 19 2, "".; b .lo u.1 .0 0 ,2., lj 
90 o. 7778 18. JU8 54.223 I 7 19 48. 7 s •• 20. 1 0 J lti.l 
95 o.7.loa 17. 315 51.41G 15 33 l't.3 10 53. l 0 0 11.1 

100 0.70CO 1 ... ,21 48. 8t,fj 14 2 14.9 40 )b.'i 0 J 8.b 
IOS o.•~67 1s. 629 4b. Sb't 12 43 So.6 4 14 )2. 5 0 0 ... 
110 Q.b3b4 1'.907 .C,4.46't 11 36 .. , 3 51 ':tb.o 0 J ,.8 

115 u.6087 14.2•9 't2. S4"i 10 36 51. 6 3 32 13.S 0 0 3. 7 
120 0.5833 13.649 40.781 9 .. 53.7 3 14 !>5.0 0 0 2.9 
125 o s s e oo 13 .097 39.151 8 59 i.3 l 59 3b. 5 0 0 2.2 
130 0.5385 12. 589 37.657 8 18 2L.3 2 .6 5. 7 0 v I. 8 
140 0.5000 11. 084 3'9.976 7 9 43.l 2 23 13.2 0 0 1.1 
150 0.4t667 10.901 32.61t9 6 14 19.S 2 • 45.9 0 0 a.8 
l 60 0.4375 10. 21 7 30.013 5 29 o., l 49 39.b 0 " o., 
170 0.4 l I• S.614 z e; B lit • 51 2b.l l 37 8.4 0 0 0.4 
180 0.3889 9 .079 21. 215 4 19 57.2 1 26 38. 8 0 0 u.3 
l 90 0. 3 684 8.600 25. 1a, , 53 l ti. o 1 11 46.0 0 J 0 • .1 

= .... ,,. ••• ,.=•=""'"··· 
K . I .O I> HOS 74• 
••aa,.az::11aaa1aa•;az:111 

TABLE IV-FUNCTIONS CF THE STANDARD SPIRAL 
TASLE JV-F~NCTIOhS DE LA SPJkALt NvR,...AL I 5-EE 

-------------------------------------------------------------------------- 
A . 75 " -------------------------------------------------------------------------- 

R AIR ST LC 8 t 
----------------- - ------ -- - ----- -- ---- -- ---- ------ - - 

" " "~" MNT St C 
"""" - - 10sa,. •• •• • :11•:s•• _,.,. • ,:ra=a-•• z • _,."" - ,. _,. --• --"-"""' - as .. --" - - ,a-"' :s2 •- •z :a:11:: -• aa.:a: .:= - 

70 1.0714 21. (>~() 79. 18 7 32 ',j 11. a 10 ,., !>3. u 0 1 ,1 .o 
75 1.0000 25.bll 74.170 28 38 ~l .It q 31 4'to.3 0 I 13. 2 
80 0.9375 23. 8 77 o9.7ll l5 10 't3. 1 22 4't. 9 ,) 0 49. 6 
85 0.8824 2~. 382 65.732 22 18 1 j." 25 30.0 v 0 34. 5 
90 0 .8 333 .21 .o 76 bl .166 19 53 J~. 1 37 28 .8 0 v 2't ·" 
95 o.19~s 19.921 )ij. 9) 5 II 51 1c,. 2 50 48. 7 0 0 17.7 

I 00 o. 7 500 18. 89l 56.C52 lb b 52. C , a .. , 0 0 13.C 
I 05 0.7143 l 7. 969 )3. 't 17 '4 36 58. 6 4 5.! 9.b J v 9.7 
110 o.oe1u 17 .134 51. 0 l• I J 19 3.8 lb 13.9 0 0 7. j 
115 0.6522 lb. 375 'tli. tUS 12 ll 5.• J Jo. 2 0 0 '>.o 



190 

120 
125 
l 30 
1•0 
l 50 
100 
170 
180 
190 
200 

210 
220 

0.0250 
0.0000 
o.5109 
0.5357 
0.5000 
o.•b88 
o.••12 
0.41.67 
0.3947 
0 .3750 

0.357 I 
0.3409 

•o.875 
45.000 
43. 269 
40.179 
37.500 
35. I 5b 
33. 088 
31. 2 50 
29. 005 
28 .125 

26. 7db 
25. 508 

K :c0.101 859 161 

TABLE IV-fUNCTlO~S OF THE STANDARD SPIKAL 
TABLE 1V-F0NLTIONS OE LA SPlRALE NORMALJSE~ 

A "' 80 /II! 

A/R LS 

75 l.06b7 
80 1.0000 
85 0.9412 
90 0.8889 
95 0.8•21 

100 0.8000 
l05 0.761.S 
110 0.7273 
115 0.6957 
121,) O.b667 

125 0.6'900 
130 0.6154 
140 0.5714 
150 0.5333 
1.60 o.svoo 
l 70 0.41Cb 
urn 0.4444 
190 0.4211 
700 0.4000 
z ro ll.3810 

220 0.3636 
230 0.347d 
2'0 0.3333 
250 l.i.3200 

A/R l S 

80 
85 
90 
95 

100 
105 
l 10 
l l 5 

. l 20 
125 

130 
t •o 
l 50 
100 
170 
180 
190 
200 
210 
220 

1.0625 
l .0000 
0.9't44 
0.894 7 
V. 8':i00 
0.8095 
0.1121 
o. 7391 
0.7083 
0.6800 

a .o s as 
o s e o 11 
0.5bb7 
0.5313 
o.5000 
0.'722 
0.4414 
o.•250 
0.40-'t8 
0.3864 

e s , 333 
so .ooo 
75. 294 
71. l l l 
67 •. H>8 
64.000 
60. 952 
58. 182 
55 • b52 
53. 333 

51. 200 
't<,J .231. 
45. 714 
42.6b7 
40. 000 
3 7. 64 7 
35. S56 
33. b84 
32. 000 
30. 416 

24 .091 
27.62b 
26 .667 
2':> .600 

90.Jl3 
85.000 
80.278 
lb. 053 
7 2. 250 
08.810 
b'). 682 
6.l. H26 
60. 208 
5 7. 800 

55.577 
51.607 
-\8. 16., 
•5.150 
.<t2.5UU •o. 139 
311.026 
3b. 125 
3' •• 05 
32.8•1 

'tb. e s 1 
44.854 
43 .150 
40.0CjjC 
37.'t4l 
35.114 
33. 05 7 
3l.22t 
29.587 
28. l l l 

lb. 115 
25.560 

t:12. c I J 
lb.023 
73.830 
IQ. 009 
()6. 52 t: 
e r, 348 
60. 44 l 
57 • 17b 
5;. 321 
53.011 

50. 980 
49.055 
4 ',. 593 
42.580 
J'i.'B8 
31.bOl 
35. 521 
B.65f 
31. s su 
JV. 400 

29. 078 
2 7. 8 lt: 
2b. t,5f 
25. S'i~ 

3. 0•3 
2 .o94 
2. 396 
l. 9 l 9 
l. Sbl 
1. 280 
1.073 
0.904 
a. 104 
0.059 

15. 811 
13. 097 
10.901 
9.261 
7.891 
o. 777 
5. 802 
s. 10.:1 
4. 470 
3. 937 

3.485 
3.099 
2.483 
2.020 
l.665 
L.388 
l. l lG 
0.9~5 
O.tJ5j 
o. 737 

U.641 
O. 'l6l 
o •.. q ... 
0. 437 

K =0.089 ',24 661 

a1.•11 
82. 899 
78.696 
74. 843 
71.313 
68.074 
6 5. 099 
e z , 35c;, 
SQ.831 
S7.492 

55. 324 
51.'32 
48.0't3 
'tS .. 066 
't2.43"9 
• o. 089 
37. 988 
36. 096 
H.382 
32. &2J 

lo. blO 
l 3. 916 
ll.766 
10.03.i:: 
8. bl GI 
7 .'t58 
6.495 
s.oGJO 
5.012: 
"· 't3 7 

3. 94t7 
3.163 
2. 513 
2.121 
l. 769 
1.490 
l .26t, 
l. 08 7 
O.li39 
0.817 

23.408 
22 • 41b 
21. 615 
20. 01b 
18. 7<t0 
11.;71 
lb. 539 
15. bll 
14. 800 
14. OoO 

13. 391 
1£. 783 

•2. 21 l 
39.o,69 
37. •02 
35 • .J 7 l 
3J. 544 
31.891 
30. 391 
29. 02J 
n.112 
i.b.b2J 

ZS. 56 4 
24.SHb 
22.837 
21.319 
19. 9GIO 
18. 8J.b 
17. 11l 
r e , 8Jd 
l?. 9GI l 
15. 2J5 

14.543 
L3.1Hl 
13. 332 
12. 799 

TABLE lV-FUN(TION~ L,f- THE STA,-..OARD SPIRAL 
TAtiLE IV-FOM .. TlONS Ot LA SPlkALE 1>.;uk~ALISE:E 

A = 85 M 

u 

44t. b8 l 
42. l 4tl 
39. 8 7't 
37.82' 
35.968 
34. 282 
32. ,.4 
3l.H5 
30. 041 
2t,.d49 

27. 746 
25. 7 14 
24. 063 
2£..503 
.ll .. .l.39 
20.0ol 
1.9. U07 
18 .. 058 
ll.19'1 
io.417 

o. 702 
o.oH 
0.599 
0.480 
J.390 
0.322 
u.268 
0.220 
0.192 
U .. 1&5 

0.142 
0.12' 

.3.9~9 
3 • .304 
2.100 
l.. 328 
l .982 
l. 700 
l ... 70 
l .2 79 
l. l20 
0 .. 986 

,J. 8 73 
0.71b 
U.b2l 
0.505 
J.4lb 
0 .j4 7 
J.293 
J .249 
1).2 13 
ll.184 

O.lbO 
o. 140 
o. 123 
0.109 

4.200 
3 .5 £.0 
2 .. 9o2 
2.5n 
2.105 
1.812 
l .bl9 
l.42& 
l .l5b 
1.111 

0.988 
o. 792 
0.044 
0.531 
O.H2 
0.373 
0.317 
0.212 
J.235 
0 .2tJ4 

H.313 
30.051 
28.688 
20.815 
25.020 
23.•52 
22.070 
20.a.2 
19.HJ 
18.755 

n 

LT 

57.88' 
54.049 
50.722 
47 .801 
45.212 
42.898 
.. O.dlti 
3d .93 l 
31.210 
JS .b'ttl 

3't.209 
32.882 
JO.519 
28.475 
2b.6H9 
2 5. l 14 
23. 710 
22.405 
2 l. ,'tO 
,rn • .J2J 

19 .398 
18.554 
L 7 .. 7d l 
l 7. 009 

J 

LT 

I 
I 

bl .L4S 
;7.427 
54.087 
5 l. l .3't 
48.500 
46.134 
4J.994 
42.049 
40. 2 72 
3&.b42 

37.140 
34 .'tb6 
32.l'.>5 
30.13b 
28.357 
lb. 171 
25.3b4 
24. 094 
22.945 
,d.900 

) 
.J 



TABLE Yb-YAlUES OF DESIGN ElEMENTS RElATED TO DESIGN SPEEDS ANO cue. CUtlYf RAllill Z49 
TABLE "'-YAlEUtt5 DES ELEMENTS OE DESIGN FONC. OE LA YITESSE ET OU RAYON DE COURWE CIRC. 

100 
380 
190 

110 
475 
220 

120 
600 
250 

no 
700 
280 

E IM/MI ; A IMI FOR 2-LANE : A IMI FOR 4-LANE 
E IM/MI ; A IMI POUR 2-VOIES ; A IMI POtJR 4-VOIES 

V IICII/IU 
It IHN !Ill 
"MIi< 1111 

• on 

.. 
I 

0.080 160 196 
o.01~ lhO 200 
o.ou lhO 203 
0.07~ 160 205 
o.on 160 210 O.OFO 190 228 
0.011 160 213 0.01a 190 231 
0.01c 160 216 0.011 1•0 235 
0.067 160 220 o. 075 190 23q 
0.066 160 223 a.on 1•0 243 
o.ot• 160 226 0.011 190 24 7 

O.Ot2 162 22~ 0.010 190 250 
0.061 166 231 0.068 190 253 
0.05• 170 lH o.on I •o 2% 
0.058 173 216 O. Ot5 I so 25• 
0.0'5b 180 240 o.oo I so 264 
0.051 187 2'4 ovo eo 197 268 
0.051 1q4 247 0.058 204 273 
o.o4• 200 250 o. 056 211 2H 
0.047 206 251 o ,o 54 217 2AO 
0.046 212 256 0.052 224 283 

0.044 ZIA 25 8 0.051 230 286 
Q.043 224 2b I 0.049 236 28<;° 
0.041 220 2h3 0.0•8 242 202 
0.040 215 265 o.046 247 2•4 
o.01q 240 2b 1 0.0,5 253 297 
0.0~8 245 26 A 0.044 258 2•c 
0.0::'b 250 270 0.042 264 301 
o.o 1-=i 255 271 0.041 26• 30l 
0.034 265 274 0.030 27q 306 
0.037 274 276 a.on 28• 309 

0.030 
o.02q 
0.028 

NC 

NC NC 

50 

V 
55 

- VITESSE DE BASE bO 
R - RAYON OE COURBURE 65 
A • PARAME TRE DE LA SPIRALE (VALEUR HINIMALE) 70 
e • DEVERS TS 
NC - BN - BOMREMENT NORMAL 80 
RC • DH • DEVEO.S HINIHIJH 115 
SOUS LA LICHE PLF.INE • LES SPIRAi.ES SONT RECOHHANDEES,. 90 
KAIS PEUV!.NT ETRE OKISES POUR DES CONDITIONS 95 
GEOMETRIQUES R.ESTREINTES, 

1()0 
- Les paramitres indiquea sont de■ valeurs 1()5 

111iniaales dicti!es par le diver■• lea criti-res. 110 
de contort et d 'esthitique. (Le unuel de 115 
l 'ARTC donne dee valeura arrondies) 120 

125 
- Autant que possible. des valeur• aupirieure-• a no 

celles indiquies dev-raient itre choisiea: pour 140 
obtenir un -rapport A:R rationnel 150 

- La longueur de la spi-rale est c-alulie ~ partfr lbO 
de 1 "equat Ion Ls • A2/R. Ce rapport devra-it" 

170 au■si donner un noabre rationncl 
1110 

- Les pa-raal!t res ind iqul!,s pour les routes 1 4 190 
votes, s'appliquent aux routes a 4 vcaes 200 
cont fgues avec axe de rotation des changesen,t& 210 
de deve re ~ la lizne centrale et aux chau.sa,es 220 
separl?es evec cet axe au bord adjacent aui 230 
terre-plein 240 

- On dolt apporter une attention particwUe"re au no 
drainage des chauasies larges avec dl?vera: 280 
faible 300 

NOTE: See page 247 for English version o·f' the• no 
,40, 

above text. l50 
380 
400 
420 
450 

o. 00c 220 264 475 
o. 078 220 2b8 500 

o.c77 220 272 525 
o. 075 220 275 5SO 
0.074 220 21• HS 
0.012 220 282 0.080 250 108 1>00 
0.010 220 288 0.011 250 ~l !- ~50 
0.067 220 294 Q.075 250 321 o.080; 2110 342 700 
o. 065 220 7.0q 0.072 250 327 0.01& 2BO 348 750 
0. C63 221 303 0.010 2'50 333 0.075 2~0 355 ~00 
0.061 228 308 0.068 250 338 o.on 280 360 eso 
o. 05Q 235 312 o.066 250 342 0.011 280 361> 900 

o. 057 241 315 0.064 2,2 34 7 0.070 2&0 371 9,0 
0.056 247 31q O.C67 258 351 0.069 Z&O 31b l000 
o. 054 2S3 372 o. 061 2,, 355 0.066 Z!JO 380 1050 
o. 052 259 325 o.o,q 271 358 O.Ob4 282 3114 1100 
o. 051 265 328 0.058 211 362 a.Ohl 288 388 11'0 
c.nso 271 330 0.056 283 36S 0.062 ?9'4 392 1200 
o. 048 276 3H O.C55 28• 368 0.060 JOO 39" 1250 
o. 04 7 282 335 Q.054 z•4 371 o.o,q 301> 300, 1300 
0.045 zn 340 o.c,1 306 376 0.05~ }!ff 405 1-.00 
a. 04 3 303 34 3 o. c4q 316 381 0.054 J?.9 4H 1500 

o. 041 313 H7 327 385 0.05,2 340 416 re oo 
0.01• 322 350 337 H9 o.o,o V~O 421 1700 
c. 038 332 353 346 392 0.048 361 H'> 1800 
o. 035 350 358 3b5 39q 0.045 3AO 432 2000 
0.C33 367 36 7 383 404 0.042 3q9 439 2?00 
0.030 3q1 3Ql 411 0.038 425 441' 2500 
C.026 428 4Zij 4"7 0.034 46, ,.,,, 3000 
o. 023 462 46? 0.030 503 503 350() 
c.020 4q4 •9· 0.021 537 SH -.ooo 

RC 524 524 0.021 548 5'8 0.024 570 570 4'00 

NC ,53 553 RC ,11 577 0.022 601 601 soco 
NC 6:'l b32 RC 6511 .. ,., 6000 

NC 711 l'l I 7000 
~000 
9000 

NC NC NC IC> 000 



< ,v YAOLt V 1-SI ANO ARO SPIRALS' PARAMETERS ANO CONSTANTS 
lABLE VI-PARAMETRES- ET CONSTANTES D'UNE SP IRALE NORPULISEE 

1 ---------~----------------------------------------------------- 
A K 

'--------------------------------------------------~- 
M DEG MNT SEC 

•~••:*••••*•=a==~=====s=====s==:zz=~=========z=zsz2==========z= 
7.5 0.015 2 78 87 0.9t°6 732 47 55.003 948 33 
30 0.010 610 33 0.636 619 77 38. I 'l7 186 34 
35 0.001 795 34 0.467 720 65 28.063 238 95 
40 0.005 968 31 0.358 098 62 21.485 917 32 
45 0.004 715 70 0.282 942 12 16.976 527 26 
50 0.003 819 72 o. 22Q 183 12 13. 750 987 08 
55 0.003 156 79 0.189 407 54 11.364 452 13 

1 60 0.002 6 52 58 0. 159 154 94 9. 549 296 59 I 
b5 ·O. 002 260 19 0.135 611 31 e , 13b 678 75 
70 0.001 948 84 0.116 930 16 7. 015 809 74 

75 0.001 b91 65 0.101 859 16 6. l 11 549 81 l 80 0.001 492 08 o. 089 524 66 5. 371 479 33 
85 0.001 321 70 0.079 302 12 4. 758 127 02 
90 0.001 l 78 93 0.010 735 53 4.244 131 82 
95 0.001 051! 09 0.063 485 63 3.809 137 70 

100 0.000 954 93 0.057 295 78 3. 437 746 77 
110 0.000 789 20 o. 04 7 351 88 2. 841 11 3 03 
120 0.000 663 15 0.039 788 74 2. 387 324 15 
125 ' 0 .ooo 611 15 0.036 669 30 2.200 15 7 93 
13C 0.000 5t5 05 0.033 902 83 2.034 169 69 

140 0.000 487 21 0.02Q 232 54 1.753 952 43 
150 0.000 424 41 O.C25 464 79 1.527 887 45 
160 0.000 373 02 0.022 381 16 I. 342 869 83 
170 0.000 330 43 0.019 825 53 I. 189 531 75 
175 0.000 311 81 0.018 708 83 l. 122 529 56 
180 0.000 2Q4 73 0.017 683 88 1. 061 032 95 
190 0.000 U4 52 0.015 871 41 0.952 284 42 
?00 0.000 2 38 n 0.014 323 94 o. 859 436 69 
210 0.000 216 54 0.012 9CJ2 24 o. 779 534 42 
220 0.000 197 30 0.011 837 97 o. 710 278 26 

22 5 0.000 188 63 0.011 317 68 0.679 061 09 

\ ?30 0.000 180 52 0.010 830 96 O. blt9 857 61 I 
240 0.000 165 79 0.009 9it7 18 o. 596 831 04 
250 0.000 I 52 79 0.009 167 32 0.550 039 48 
zs o 0.000 l "l 26 0.008 't75 71 o. 508 51t2 42 
270 0.000 130 99 0 •. 007 859 50 0.471 570 20 
275 0.000 126 27 0.007 576 3C 0.454 571! 09 
280 0.000 I 21 80 O.OC7 308 14' 0.438 488 11 
290 0.000 113 55 0.006 812 82 0.408 768 94 
300 0.000 106 10 0.006 366 20 0.3Bl 971 86 

32 5 0.000 090 41 o. 005· 4?.4 45 0.325 467 15 
350 0.000 077 95 0.004 677 21 0.280 632 39 
375 0.000 OH 91 0.004 074 37 0.244 461 99 
400 o. 000 059 68 0.003 580 99 0.214 859 1 7 
425 0.000 052 87 0.003 l 72 08 O. l 90 325 08 
lt50 o. 000 047 16 0.002 829 42 o. 169 765 27 j lt75 0.000 042 32 0.002 539 43 0.152 365 51 
soc 0.000 038 20 0.002 291 83 0.137 509 87 
550 0.000 0 31 57 o. 001 894 08 0.113 644 52 
600 o. 000 026 53 0.001 591 55 0.095 49? 97 

650 o. 000 022 60 0.001 356 l 1 0.081 366 79 

J 700 o. 000 019 49 0.001 169 30 0.070 15 8 10 
75 0 a.coo 016 98 0.001 018 59 0.061 115 50 
800 o. 000 0 lit 92 0.000 ·895 25 o. 05 3 714 79 
900 o. 000 011 79 0.000 707 36 0.042 441 32 

1000 0.000 009 55 0.000 572 96 0.034 377 47 
1100 0.000 007 89· o.oco 473 52 0.028 411 I 3 
1200 0.000 006 63 c~ooo 397 89 0.02 3 873 24 
1300 0.000 OC5 65 0.000 339 03 0.020 341 70 
1400 0.000 004 87 0.000 292 33 o.ou 539 52 

I 50C 0.000 004 2" 0.000 254 1,5 0.015 278 87 u °1600 0.000 003 73 c.coo 223 81 0.013 428 70 
I 70C 0.000 003 30 c.oco 198 26 0.011 895 32 
1800 0.000 002 95 0.000 171> 84 0.010 blO 33 
--------------------------------------------------------------- 



197 

120 0, o 2 50 15,682 46,1% 11 II 2b.l 3 '3 44.4 0 0 4,3 
125 0,6000 15,1146 44,935 10 18 41,1 3 26 12. 5 0 0 3.• 
130 0,5169 14,461 43.21t 9 32 6,6 3 10 39.5 0 0 2.1 
140 0.5357 13,419 40,142 8 13 17.9 2 •4 24.3 0 0 1.1 
150 0.5000 12. 519 31,414 7 ·9 43,l 2 23 11.2 0 0 1.1 
160 0.4688 11. 732 35,137 0 17 40.9 2 5 52,9 u 0 \J,B 
110 0,4412 11,019 33,014 5 34 33,3 1 51 30,6 0 0 0,5 
180 0.4161 10,424 31,240 4 58 24,9 I j9 21,9 0 0 0,4 
190 0.3947 9,8H 29,597 4 27 49.8 I 29 10.3 0 \) o.3 
200 0,3750 9,379 28.119 4 1 43,0 1 20 34,l 0 \) u.2 

210 0.3571 8,932 lb, 181 39 14,6 13 4,1 0 0 0,2 
220 0,3409 8,525 25.564 19 <t!>.9 0 35,2 0 0. 0.1 

:•-:1t-::a-----""--= 
K = 6,111 549 81 • 
===a=a=~=======:1t= 

TA8L E IV-FUNCTIONS GF THE STA~DAkD SPIRAL 
TABLE lV-FONCTIONS oe LA SPIRALE NORMALISEE -- -- -- -- - - - - ---- --- -- ---- - ---- -- -- -- - - ------ --- -- - -- --- --- - ------ -- - - - 

A . 80 14 
- - - - -- --- --- - - --- - --- --- -- ---- --- -- - ----- - - - ---- - -- - - --- --- - -- --- - - -- - - - - - 

R A/R ST LC 8 ~ C --------------------------- 
M M OEG MNT SEC 

========:=======:=========a=======•=•======:•============================= 
15 1,0667 29,351 84,112 jl. 35 41.8 lO 50 5,9 0 1 46,0 
80 1.0000 27,318 79,115 28 38 52,4 9 31 44,3 0 1 13.2 
85 0,9412 25,577 74,640 25 22. 3o.o 8 26 41.2 0 0 50.8 
90 0,8889 24,062 70,619 22 38 1.3 1 32 6,4 0 0 36,0 
95 0. 8 421 22,129 06,993 20 18 55,4 0 45 52, 5 0 0 2o.O 

100 0.8000 21,544 63. 709 18 20 4,7 0 0 22. 5 0 o 19,1 
105 0,7619 20,482 60. 124 16 37 48.2 5 32 21,B 0 0 14,3 
110 0,1213 19,524 58.001 15 9 9,4 5 2 52,3 0 0 10 .8 
115 0.0957 18,655 55,507 13 51 49,1 4 31 8, 1 ll 0 8,3 
120 0,6667 17. 862 53,216 12 43 56,6 4 14 32, 5 0 I) 6,4 

125 0.6400 17,135 51,105 II 44 3,0 3 54 36.0 0 0 5.0 

t: 130 0,0154 16,466 49,152 10 50 56, 1 3 36 54, 7 0 0 4.0 
140 0,5714 15,277 45,66C 9 21 15,9 3 7 2,8 (J 0 2.5 
150 0,5333 14,250 42. 628 8 B 55.4 2 42 50.8 0 0 1.7 
160 0,5000 13,353 39.972 7 9 43, l 2 23 13,2 0 0 1, l 
170 o • .P06 12. 5o4 3 7. 621 0 20 39.0 2 6 52. 2 0 (J 0.8 
180 0,44H 11. 863 35.540 39 31,8 1 53 10.1 0 0 0,6 
190 0,4211 11. 236 33.672 j 4 43,9 l 41 34,2 0 0 0.4 
200 0,4000 10. 673 31,991 4 35 1.2 l 31 40,l 0 0 0.3 
210 0,3810 10,164 30,469 4 9 27,l l 23 8.8 0 0 0.2 

220 0,3636 9,701 29,085 3 47 17,3 l 15 45,6 0 0 0.2 
230 0,3478 9,279 27.822 3 27 57,3 I 9 19,U u 0 O. I 
240 0.3333 8,892 26,663 3 10 59,2 l 3 39,6 0 0 O. I 

r 250 0,3200 8,535 25,597 2 56 o.a 0 58 40.2 0 0 O, l 

I 
a•=a===•a=•====•= 
K = 5,371 "79 33• 
=•=~=====z=====~• 

TABLE IV-FUNCTIONS OF THE STANDARD SPIRAL 
TABLE IV-FONCTIONS OE LA SPIRALE NORNALI SEE 

------------------------------------------------------------------ 
A . 85 M - --- ---- - -- - - - - --------- --- - ----- -- ---- --- ----- --- -------- --- --- - --- -- - - - 

R AIR ST LC 9 ~ C 

----------------- - ---- --- - -- - - - - -- - - - -- - -- -- -- - - - - - 
M M DtG HNT SEC 

==== •== • •:&=•= s=•=••••=-=•=::z:z:::zs•:a •• •••s===••.:as:.ca:::: ••==-• .caz::az • ==:z "''"""" 11; .:;,: 
80 l ,0625 31,049 89,040 32 20 26,8 10 45 3.4 0 l 45.5 
85 1.0000 29,026 84,05S 28 38 52.4 q 31 44.3 0 l 13,2 
90 o.q444 21.211 7S,570 25 33 ll,6 8 30 12.0 0 0 51,9 
95 o,eq47 25, 744 75,512 22 56 3, l 1 38 3,5 0 0 37.5 

100 0,8500 24,387 71,832 20 41 53,2 " 53 30,2 0 0 27.5 
105 0,8095 23,174 68,482 18 46 25,6 6 15 8,0 0 0 20.5 
110 0,7727 22,082 65.422 17 6 21.1 5 41 51,5 0 0 15.5 
115 0.1391 21,092 62,618 15 39 2.1 5 12 49.0 0 0 11,9 
120 0.1003 20.191 60.040 14 22 25.3 4 ., 19,2 0 0 9.2 
125 0.6800 19. 365 57,663 13 H 4t8 •• 4 2't 48.9 0 0 7,2 

130 0,6538 18. 607 55,464 12 14 50.6 4 4 51,2 0 0 5.7 
140 0,6071 17. 258 51,529 10 33 36. 9 3 31 6, 1 0 0 3,6 
150 0,5667 16,095 48,112 9 11 57. 0 3 3 50.b 0 0 2.4 
160 0,5313 15. 081 45. 116 8 5 "· 7 

2 41 'tU.b u 0 1,6 
170 0,5000 H,188 42,470 7 9 43, I 2 23 13,2 0 0 I, I 
180 0 ,4122 13. 395 40. 117 b 23 I 7, 9 2 1 45,2 0 0 0,8 
190 0,4474 12. 688 38.009 5 44 0,8 I 5• 39. 7 0 0 l).b 

200 0.4250 12,051 36. 112 5 10 28,3 I 43 29.0 0 0 v.4 
210 0,4048 11,47b 34,395 4 41 36,4 l 33 51 .a 0 \) 0.3 
220 0,3864 10,95.l 32,833 4 16 35,J I 25 31.5 0 0 u.2 



198 

230 0.10% 31.413 31.398 0.11, IS. 704 0.119 20.941 
HO 0 .3 542 30.104 30.092 0.029 IS.USO 0.1,1 20.014 
250 0.3400 28.900 28.890 o.ss, J.4.448 0.139 19.210 
280 0. 3036 25.804 2 5. 19 6 +J.39b 12. 90 I V.099 11.204 

:SE:•••••a•••c••• n K •0.019 30l 12' 

················ 
TABLE IV-FUNCTIONS OF THI: STANDARD SP I KAL 
TABLE IV-fuNCTIGNS DE LA SPIRALE NORMAL! SEE ------------------------------------------------------------------------- r) A . 90 M 

-------------------------------------------------------------------------- 
R A/R LS y Q LT 

-------------------------------------------------------- 
M M 

•--------••a=••••-c=-•••••--=-•c•cc_zcc------""""-=-•-•••==--:----•--•-•=•=z 
85 1.0588 95.29~ 92. 343 11.410 41. 15l 4.402 b4.b06 ] 90 1.0000 90.000 61.116 14. 134 44 • b28 3.111 60.805 
95 0.9414 85.263 83.562 12.,u 4l.341 3.lbb Sl.453 

100 0.9000 81 .ooo 19.681 10.808 40.280 2.118 54.471 
105 0.8571 71.143 76.108 9.355 38.399 2. 350 51.191 
110 0.8182 13. b3b 72. 816 a.1;0 36 .681 2.04b 49.)82 
115 0.7826 70.435 69. 717 7.142 35.108 l. 791 4 7 .189 
l2Q 0.7500 bl. 500 66.'i6B b,.292 33. bbl 1.,78 4>.188 f 

~ 
125 0.7200 64.800 64.366 5.572 32.328 l.3Yb 43.353 
130 0.6923 62. 308 61.951 4.9;7 31.094 1.242 41.664 

140 0.6429 51 .651 57 .bl l 3.973 28.887 0.995 38.658 
150 ~.6000 54.000 53.825 3.233 2o.97l o.ao9 36.0bl 
160 o.5625 50.625 50.498 2.665 25.291 O.ob7 33.194 
l 70 0.5294 47 .647 47.554 2.223 •23. 808 u , 5!":>b 3 I. 797 } 180 o.5000 45.000 44. 93C 1.873 22. 488 0.408 30.025 
190 0.4737 42.632 42.578 1.593 21.307 0.39a 28.440 
200 0.4500 40.500 40. 459 1.)66 clJ. 243 0.342 21.015 
210 0.4286 38.571 38.539 1.180 19.280 J.295 25.726 
220 0.4091 36 • 818 36. 792 1.020 18.405 O.l 57 24.554 
230 0.391.3 35.217 35.197 0.898 17.605 0.225 23.485 

240 0.3750 33. 750 33. 733 0.791 lo. B72 0.198 22.506 
250 0.3000 32.400 32. 386 o. 700 10. 198 0.175 21.605 
280 0.3214 28.929 28.921 0.498 14.463 0.125 19.288 
300 0.3000 27 .ooo 26.995 0.405 13.499 0.101 18.002 
320 0.2813 25.313 25. 309 0.334 12. 656 0.083 16.876 

===:=:=:==== ==== 

\ K =0.070 735 53 • 
---=-= --=---""-"'-'"'- I 

TABLE IV-FUNCTIONS OF THE ST ANDA RD SPIRAL 
TA8LE IV-FONCTIONS DE LA SP Ir.ALE NORMAL! SEE 

-------------------------------------------------------------------------- 
A = 95 M 

-------------------------------------------------------------------------- 
R A/R LS X y 0 p LT 

- --- --- -- - --- --- -- ---- - - -- -- - - - - - - - - -- --- -- ----- - - - -- - -- 
M M 

= == ==== == = =======: =======a::=-================:=:=====::=======:===:==:====== 
85 1.1176 106.176 102. 109 21. 496 52. 405 5.450 72.287 } 90 1.0556 100.278 97.210 iB.213 49.bl; 4.b04 07.972 
95 1.0000 95.000 92.652 15.553 47.107 3.923 64.183 

100 0.9500 90.250 8&.430 13.379 44.820 3.369 60.821 
105 0.9048 85. 952 84. 524 il.587 42.737 2.914 57.813 
110 0.8636 82.045 80.912 10.098 40.833 2.537 55.101 
115 0.8261 78.47U 77. 56S 8. 852 39. 087 2.222 52.o42 
120 0.7917 75. 208 H.473 1. 801 37.481 1.957 50.399 
125 0.7600 12.200 71.600 o.909 30. 000 1. 732 48.345 
130 o. 7308 69.423 68.930 6.148 34.029 1.541 4b.45b 

140 0.6186 64.464 64.123 4.928 32. 175 1.234 43.096 
150 0.6333 60.167 59.925 4.011 30.043 1.004 40.196 
160 0.5938 56.406 56. 231 3.307 28.174 0.828 31.bbb 

l 170 0.5588 53. 088 52.959 2.758 26.523 0.690 35.437 
180 0.5278 50.139 50.042 l.324 25.053 0.582 33.460 
190 0.5000 47. 500 47.426 1.977 23.738 0.495 31.693 
200 0.4 750 45.125 45.068 1.695 22.553 0.424 30.103 
210 0.4524 42.976 42.931 l.465 21.481 0.366 28.667 
220 0.4318 41.023 40.987 1.274 20.505 0.319 27.361 
230 0.4130 39.239 39.211 1.115 19.615 0.279 26.169 ) 
240 0.3958 37.604 37.581 0.982 18. 798 0.245 25.078 
250 0.3800 36. 100 36.081 0.868 18.047 0.211 24.073 j 
280 0.3393 32. 232 32.221 0.618 16. 114 0.155 21.492 
300 0.3167 30.083 30.076 0.503 15.040 0.126 20.058 
320 0.2969 28.203 28.198 0.414 14.101 0.104 18.804 
340 0.2794 26.544 20. 540 0.345 13.271 0.086 17.697 } 350 0.2714 25. 786 25.782 0.317 12.892 0.079 17.192 

.zs::s=rsa ••==-==•== 
K •0.063 485 63' 
-=•-=■■■aa:■a.-..a:s_zz;a 
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230 Q.3b96 10. 4 76 31 .'o07 3 54 •5.7 I 18 15 .o 0 0 u.2 
240 0 .3 5,2 10.038 30.099 J 35 3b. J I 11 52 .o 0 0 0.1 
2 50 O.HOO 9.b36 28.8% 3 18 4..?. l l 0 l 3. 9 0 0 0. I 
280 0 .30 30 8.603 25.801 2 38 2".2 0 52 'td.O 0 0 (I. 1 

==•••=••···••==•= • . •. 758 127 02" 
a••••210aaaa1::•-••a 

TABLE IV-FUNCTIONS Of Tt1E ST ANO ARO SP I HAL 
TABL I:. !V-FONCT lUNS ce LA SP I l<ALE NOkHAL J SEE 

-------·------------------------------------------------------------------- 
A . 90 " -- ------------------------------- ------- ------- ----- --- -- -- ----- --------- 

• AIR ST LC 8 
----------------- -- --------- -- ------- - ------ --- --- -- 

M M DH MNT SEC 
a z.aaaaas:•:;s:a az••• • aa:::a::1aa:az:s•••=.az ":s z:c :o: "' a: .. :.:z=:=• .c :z :o:,saa2 a.:: ::a: :::::: a=•= •.:z :.: 

85 l .O 581:1 32.1"1 'H.970 J2 7 2., 10 ,o j,. ':> 0 'tLJ 

90 1.0000 3u. 733 89.004 28 38 52. 't <; 31 'tit. 3 0 13.2 
95 0 .94 74 2b. 978 84.502 25 42 't.l. 0 Jj l l. ii: 0 0 ~2.9 

JOO 0 .9000 ,l.7.'t29 1:J0.1tl l 2J 1': I 7. 2 '3 2b.9 0 u 38. b 
105 O. 85 I l 2b.0't9 7b.b8l ll 2 ,0.1 0 28.U 0 0 Lo.9 
110 0.8182 24.81V 73.270 19 10 JG,. 0 2J 11.1 0 u 21.9 
l 15 O. HJlt:> .23.bCJO 70.1"2 LI J2 4t. • .l 50 )b .. b 0 0 lb. 8 
120 0.75CO 22. b7 l b1.,Zb3 lo 0 52 .. 0 2l .. , 0 0 lJ.O 
125 0. 7 200 21. 1 Jq 64. so 1 I 4 51 3.8 4 5o 51. l 0 u i o , 2 
l 30 o .o92J 20.88 .. 02. 14S 13 •3 50.J 4 J4 ze.tJ J 0 d .o 

140 0.6429 19. 36 .. 51. 74 7 ll 50 21. 0 ' 50 41.9 0 u 5. I 
150 0.0000 18. 050 53.922 lJ Id 4/. 7 2o 12. 5 0 0 3.4 
100 0.5o-'5 lb. Sl :> so.sos 9 51.7 14. Ii 0 0 2.3 
110 0.529• 15. 912 4 7. 605 8 45 .t, ,o J3.b 0 () 1.0 
180 0. 5000 l 5.022 't't. 9bS 1 9 43. l LJ l 3. L 0 0 1.1 
190 1,).4 737 14. 228 .i.2. ol.)8 • 25 40. !> 8 s e , 1 0 0 o.o 
200 o. • 500 13. 513 40.482 5 ,0 4.3 5o J.H 0 0 u.o 
210 0 .,4,i:: 8b 1,.001 38.557 5 15 42. 7 45 1 J. ti 0 u u. :. 
220 0.,091 12. 281 .lb. 807 4 47 j',., 8 J5 'Ji .c., u 0 
230 u.3913 l l. 74b 35 • .108 ' 23 ll.5 I 21 1t.Lo " 0 u. \ 

2"0 0.3 750 11. 255 33. 743 l <\3. u l 20 34. l 0 0 u., 
2 50 0.3600 ro , 80ft 3.::. 394 ,i 40.0 14 15. 2 " J 0.2 
280 Q.321' 9.645 20.925 51 :15. J u 59 11.1 0 u 0. l 
300 ,J.3 000 9 .002 lL. q99 J4 .. 1.-, u 5 l )3.9 0 u D. I 
320 0.2813 8 .439 2 5. 31 l " SL', 0 4> 19. J a u o.o 

_::: ........ :_ .... _ ..... __ 
f K 4.244 l Jl •2. _._ .... _ .. _.% ....... __ 

TABLE lV-fUNCT IONS OF Tt1f ST ANO ARO SPIRAL 
TABLE lV-FLJNCTIO~S o, LA SP I RALC NORMALl SEt: 

-------------------------------------------------------------------------- • . 95 M 
- -- -- -- ---- - - ----- -- ------ -- -- --- - - ---- - -- ----- - ---- - ---- -- -- --- - - -- --- -- 

AIR 5 T LC 9 
----------------- -- -- --- ------ -- ------ -- --- - - -- --- - - 

M M OCb MNT 5tC 
•=,. z: ,:: • a z:z:>< c•aaa ::r. == :a::s•z• aa:= :z: :a:• aa: ===•: z:= = •=: - z -- a ::I - "":s ca - ""'"' ;1': - - ••:a z: -- "s 

"' l. l l 7b jb • 1b2. lO't •. H7 JS •1 •• l ll >J lo. 4 u ,1.2 
90 l .0550 34 ..... 7 se , 90 l lJ 55 S.9 ,o Jo '+ l. q 0 't l. 4 
95 l .0000 3"'-• ""l 'iJ. ~'t9 ,. 3d !>2." 9 JI 4<t.3 u I lJ.' 
IDO a. 9 500 30.ol9 d9. 4 Jb ./ 5 51 1-,.U '" i i ,» 0 u ;_L 7 
105 U.9048 2~. l lb a;. 31 't 23 21 3.b 4d 2 I. l 0 0 4V. l 
110 0. &b Jo 27.71b ol.539 ll u J. l 1 0 :>U.d 0 \) .)U. j 

115 0.82•1 2b. ,._;3 71:f. 0 7 3 19 l2 51i.b Ju Jo , 7 o v 23. l 
120 0. 7917 2 5. 300 7't. 881 17 5 7 10.b 5d .. 1.b u u 18 .o 
125 0.1000 24. 2 59 71.~33 lb J2 .. <;,. 3 so 4£ .4 0 " 14.U 
I 30 O. 73C& 2 3. 299 tili. 203 ., 17 'J'J.1 5 .. 1. j o 0 ll-1 

140 0 .6 786 21.591 04. 313 13 11 28.3 4 2J 4i. 3 0 " ,., 
150 0.0333 20.133 oc.o;q I lS 2 7. 6 3 4' ..... ; 0 u '• I 
I 00 0.5938 18. 856 ;6. Jl ti 5 5b. ~ J L l 5o. i 0 0 '. l 
l 10 o.5588 i. 7. 731 'l3. OJ 1 5o 4bo0 2 ,. ':d.J u o '. 2 
180 o. '>21a l<>. 744 50. 096 58 4 7.; " J't.' 0 u i .() 
190 o. 5000 l5.H57 't7.ft61 ' .. ,j.1 , l' l 3. l 0 0 ,.1 
200 o •• 750 l;. OoO 4;. oq~ 0 .11 4<,.' " l:, .b u V v.d 
210 0 .'t524 14. 34-0 .. , • 95t, ) 51 45. "1 ; 1 1 ... , 0 u O.o 
220 O.'o3l8 13. 680 41.001 , 20 JO• b •• 't~. tl 0 v u. ') 
2 30 0.4130 13. 089 3'1. Zlb . ,J l't.'1 JI 't4 ob 0 u 0.4 

2'0 0.3958 12. 542 3 7. 59,. 4 29 l '-1. l I ls 40. 1 0 .;, 0. J 
2 50 0.3800 l£.C.J9 3o.092 d u.J l i2 43 .9 u " v. i 
2 80 0.3393 10.747 32.221 l7 52. l I ' 57.2 u u u. I 
300 0.3167 10. u3U 3C.080 52 2 l. 9 0 51 21.2 0 0 U. I 
,20 0.29b</ 9 .,'tOJ 2&.201 Jl t9.b v 5U 29.8 0 u o.o 
HO 0.2 7q4 8.1:149 lb. 5'tL 14 l l. o 44 4J.b 0 0 o.~ 
3 5U J • 2 714 8.'l</o £~. 7b4 0 38. l 0 4l 1.2.7 0 o U.\l 

_ ::,:i&a& z, "'--= 1< ::o ,s #- - 

< . 3. so s lH 10" 
:,,;:aassc=,s.s-s:,,;a•111:=:: 



200 TABlf IY-fUNCJION$ OF THf STANDARD SrlRAL 
TABLE IY-FOHCTIONS DE LA SPIRALE NORMALISEE 

A• 100 M 

AIR LS Q LT 

90 1.11u 
95 1.026 

100 I.HOO 
105 ••• u .. 
110 o.•Ml 
115 o ..... 
120 o.u:u 
125 o. aooo 
ll0 0.7692 
HO 0.7143 

150 0.6667 
reo 0.6250 
170 0.5882 
180 0.5550 
190 0.5263 
200 0.5000 
210 0.4762 
220 0.4545 
230 0.4348 
240 0.4167 

250 0.4000 
280 0.3571 
100 0.3333 
320 0.3125 
HO 0.2941 
350 0.2857 
380 0.2632 
400 0.2500 

A/R 

111.111 
105.263 
100.000 
95.238 
90.909 
...957 
81.333 
80.000 
76.923 
71.429 

•6.667 
62. 500 
58.824 
55. 556 
52 •• 32 
50.000 
.. 7.619 
4;.455 
43.478 
41.667 

40.000 
35.114 
33.333 
31.250 
29 .412 
28. 571 
2<,.llb 
25.000 

LS 

10 •• 951 
102.0H 
97.529 
93.298 
89.369 
85. 722 
82.3H 
79.185 
76.252 
70.965 

66.338 
62.262 
58.6H 
55.423 
52.531 
49.922 
47.558 
45.406 
43.439 
41.635 

39.974 
35. 700 
33.l2l 
31.243 
29.406 
28.567 
26.313 
24.998 

M 

22.248 
19.017 
16.171 
14.187 
12.l70 
10.847 
9.562 
8.471 
1. 539 
•• 046 

... 921 
4.058 
3.385 
2.a53 
2.427 
2.081 
l. 798 
1.564 
le3b9 
1.205 

1.066 
o. 759 
O. bl 7 
o.509 
Q.424 
0. 3,89 
0.10 .. 
0.260 

K •0.057 295 78' 

5'".857 
52.0H 
49. 586 
47.29 .. 
45.197 
43.272 
41.S0O 
39. 864 
38.150 
35.637 

13.279 
31.210 
29.382 
27.756 
20.299 
24.987 
23. 799 
22. 719 
21. 733 
20.828 

19.996 
17.855 
16.665 
15.624 
H. 705 
14. 285 
ll.157 
12.500 

TABLE IV-FUNCTIONS OF THE STANDARD SPIRAL 
TABLE IV-FONCTIONS OE LA SPIKALE NORMALISEE 

A • 110 M 

Q 

H 

100 1 .1000 
105 I .0476 
110 1.0000 
115 0.9565 
120 0.9167 
125 0.8800 
ll0 0.8 .. 62 
140 o. 7857 
150 0.7333 
160 0.6875 

170 0.6471 
180 0.6111 
190 o.5789 
zoo 0.5500 
210 0.5238 
220 ovs oco 
230 0.4783 
240 0.4583 
250 0.H00 
280 o.3929 

300 0.3667 
320 0.3O8 
340 0.3235 
350 0.3143 
380 0.2895 
400 0.2750 
'20 0.2619 
<,50 0.24<,4 
475 0.2316 

121.000 
ll5.238 
110.000 
105.217 
100.833 
96.800 
93.077 
86.429 
80. 667 
75. 625 

71.176 
b 1. 222 
b3.68-\ 
60. 500 
5 7 .619 
55.1)00 
H.609 
50.417 
O.400 
43.214 

.. 0.333 
37.813 
35. 588 
H.571 
31.842 
30.250 
28.810 
26.889 
25.474 

116. 646 
111.81t 
107.282 
103.037 
99.068 
95. 359 
91. 891 
85.609 
80.085 
75.204 

70.865 
66. 988 
63.506 
60 • .!62 
57.511 
54.914 
52 • 540 
50.361 
48.355 
43.189 

40.315 
37. 799 
35.578 
14.563 
31.837 
30.246 
28.806 
26.886 
25.472 

23. 771 
20. 630 
18.009 
15. 806 
13.94 .. 
12.360 
11. 006 
a. 832 
7. 193 
5.93' 

4.951 
4.174 
]. 550 
l.0 .. 5 
2.631 
2.289 
2.004 
l. 764 
1.561 
I.Ill 

0.903 
0.744 
0.621 
0.569 
o. 445 
0. 381 
0.329 
0.268 
0.228 

59.709 
57.o .. 6 
5•.s..; 
52.24'. 
50.121 
48.159 
46.340 
43.077 
40.2:Sb 
37.742 

35.536 
33.572 
31. 812 
30.227 
28.79l 
27 ... 86 
26.293 
25.199 
24.192 
21.603 

20.1<,• 
18.90 .. 
17.791 
17. 28 .. 
1;. 920 
15. 12• 
14 04 
u . 
12. 737 

,.631 
•• 101 
4.130 
3.573 
3.111 
2.726 
2 •• 01 
2.126 
1.891 
1.51S 

l.231 
1.016 
o.a..1 
0.714 
0.607 
0.521 
0.4S0 
Q.391 
0.342 
0.301 

o.267 
0.190 
0.154 
0.121 
0.l0b 
o.097 
0.010 
0.0bS 

6.021 
S.213 
... 5'3 
J.981 
3.508 
3. 107 
Z.1b .. 
2.216 
1.803 
1.486 

1.2,0 
1.0,5 
o.8a9 
0.762 
o.6,8 
0.S73 
o.so1 
1).4'"1 
0.,90 
J.278 

o.zz• 
0.U6 
v.155 
0.142 
0.111 
0.095 
0.082 
0.01>1 
0.057 

K •0.0H 351 88' 

7S.609 
71.l38 
"7.561 
.... 190 
61.157 
58.411 
SS.910 
53.622 
51. 519 
'7. 782 

..... 560 
41. 750 
39.277 
37.083 
3S.123 
33.361 
31.767 
30.320 
28.999 
27.789 

26.676 
23.815 
22 .226 
20.836 
19.610 
19.o,9 
11.s..5 
lb.668 

LT 

82.270 
78.073 
74.317 
70.930 
61 .as.. 
65.00 
62.473 
SJ.909 
H.983 
S0.565 

,1.560 
'4.897 
42. 519 
40.382 
38.451 
36.697 
35.097 
33.631 
32.283 
28.819 

26.895 
25.213 
23.729 
23.U51 
21.230 
20.lb8 
19.208 
17.927 
16.98] 

\ 
j 

'J 
1 
I 

I \ 
J 



TAtlt.E IY-FUltCTIOHS OF TttE STAl<OAIIO SPIAAL 201 
TABLE IY-FONCTIONS OE LA SPl~AlE NORIIAllSEE ---- ---- - --- - ---- - --- -- - -- - - ----- - - --- - ----- - - -- --- - - -- -- - -- --- - - --- - - - - • - 100 II -- -- -------- - - --- --- -- ----- ----- -- ---- -- --- - - --- --- --------- -------- --- - - 

R A/R ST LC 8 • C 
--------- ------- -------------------------------- 

II II DEG MNT UC .. ·-------·. ·······-- -------- ....... -------------- .....•........... ·-- -- 
90 1.1&11 38.0o 109.241 15 22 4.0 II 45 l. I 0 2 18.2 
95 1.052• 3•.147 103.134 31 H 3'.1 10 33 11.1 0 l 39.1 

100 1.0000 34.141 91.193 2a 38 52.,t 9 31 .... 3 0 l 13.2 
105 0.9524 32. 381 94.370 25 59 4.1 8 31 .... 0 0 H.o 
110 0.9091 30.105 90.221 23 40 33.4 1 52 49.9 0 0 '1.2 
115 o.u,. 29. 38b 1,o.405 21 39 42.9 7 12 42.1 0 0 31.o 

,I 120 0.1333 21.101 82.UI 19 53 39.1 • 37 28.i 0 0 2<,.4 
125 o.8000 26.930 19.637 18 20 ,.1 .. 6 22.5 0 0 19 .1 
130 o. 7692 25.857 , •• 62' lo 51 5.1 5 31 'tO.b 0 0 15 • l 
140 0.1141 23.958 11.222 14 36 51.0 4 52 9.11 0 0 9.1 

150 0.4067 22.327 u.520 12 H 56.0 " 14 32.5 0 0 6.4 
160 0.6250 20.909 62.394 11 II 20.l 3 0 At •• At 0 0 4. 3 
170 0.5182 19.604 58.145 9 S4 46.0 3 18 12.1 0 0 3.0 
110 o.5556 18. 5ol 55.497 • 50 11.0 2 56 41.2 0 0 2.1 
190 0.5263 17.576 52. 581 1 5o 8.5 2 3• 41.3 0 0 l. 5 
200 o. 5000 16.692 49.965 1 9 43.l 2 23 13.2 0 0 1.1 
210 0.4762 15.892 41.5'12 0 29 44.0 2 9 54.5 0 0 o.a 
220 o,"5'-5 15.11>7 45.433 5 55 8.3 l 58 22.l 0 0 0.6 
230 0.4348 14.505 "3.401 5 24 55.7 l 48 18.l 0 0 o.5 

} 240 0.4167 U.899 41.653 4 58 24.9 l 39 21.9 0 0 0.4 

\ 250 0.4000 13.341 39.989 4 35 1.2 l 31 40.l 0 0 0.3 
210 0.3571 11.909 35.108 3 39 14.6 l 13 4. 7 0 0 0.2 
300 0.3333 11.114 33.329 3 10 59.2 l 3 39.b 0 0 O. l 
320 0.3125 10.419 31.247 2 47 51. 5 0 55 51.l 0 u 0.1 
340 0.2941 9.106 29.409 2 28 ,1. 5 0 49 33.8 0 0 o.o 

l 350 o.2857 9.525 28.569 2 20 19. 0 0 46 46.3 0 0 o.o 
380 0 .2632 1.173 26.314 l 59 2.1 0 39 40. 7 0 0 o.o 
400 0.2 500 a.134 24.99~ l 41 25.1 0 35 41.6 0 0 o.o 

·········-------- K - ].437 10 11• ········-----··-- r 
TAllE lY-FUNCTIONS Of ,'1E STAl<OARO SP IRAl 
TAIII.E IY-FOl<CTIONS Ot LA s,IRALE NOU•USEE ---------------------------------------------------------------------- • - 110 II ________________ _. _____________________________________________________ 

R A/R ST LC I • ----------------- - --- - - -- - --- - -- ----- - ---- -- -- --- - - 
M " OEG MNT SEC 

···-------■ ----- ··-··-··· •• ·-·-····------· --- ••• ··--- ••• -------- ·--· ••••• 100 1.1000 oH.194 119.041 34 39 50.2 11 31 6.1 0 2 10.0 
105 1.0 .. ,. 39. 550 1u.101 31 26 21.4 10 21 12.6 0 l 36.9 
110 1.0000 31.563 108.713 21 31 52.4 9 31 H.l 0 l 13.2 
115 0.9565 35.117 l04.H2 26 12 39.3 8 43 11. l 0 0 56.0 
120 0.9167 H.111 100.044 24 4 19.9 I 0 43.3 0 0 43.4 
125 0.1100 32.735 96.157 22 II 5.7 1 21 a.o 0 0 33.9 
130 0.1462 u ... 09 92.541 20 30 .. o ... • 49 46. 1 0 0 26.8 
140 0.1157 29.074 84,.063 17 41 1.5 5 53 25. 1 0 0 17 .2 
150 0.7333 27.075 10.408 15 24 22.3 5 1 S•.l 0 0 ll .3 
160 o.u15 25.3 .. 3 75.437 13 32 26.2 .. 30 41.0 0 0 1.1 

170 0.6471 23.125 71.0H II 59 40.0 3 59 u.o 0 0 5.3 
110 0.6111 22.u2 67.111 10 .. 1 55. 5 3 33 54.1 0 0 .l.l 
190 0.5119 21.215 0.605 9 36 1.9 3 11 59.9 0 I) 2.1 
200 o.5500 20.211 60.09 a 39 51.6 2 53 11.2 0 0 2.0 
210 0.5238 19. 241 H.571 1 51 37.l 2 31 10.9 0 0 1.5 
220 0.5000 18. 3hl 5 •• 94.2 7 9 43.1 2 23 13.2 0 0 1.1 
230 0 ... 111 11.558 52.571 6 33 9. 8 2 11 2.• 0 0 0.9 
240 o • ..su 16. 823 50.392 6 1 5.0 l 0 21.0 0 0 0.1 
250 0.4400 1 •• 1 ... 48.310 5 32 ""'·· I 50 54.9 0 0 0.5 
210 0.3929 14.413 4J.203 4 25 17.l l 21 25.4 0 0 0.3 

300 O.)Hl l).450 40.325 3 51 5.6 l 11 1. 1 0 0 0.2 
320 0.101 12. 608 37 .101 3 23 6.5 l 1 ,2.1 0 0 0.1 
340 O.JZJ5 11.106 35.51. 2 59 55.0 0 59 H.3 0 0 0.1 
350 o.3lo 11.526 34.5 .. 2 49 47.0 0 56 u •• 0 0 0.1 
310 o.zn, 10.616 31.140 2 24 2.0 0 ... u.6 0 0 o.o 
400 o.zno 10.015 30.241 2 9 59.4 0 0 19.1 0 0 o.o 
420 O.Hl9 9.604 21.101 I 51 54.3 0 3' 11.1 0 0 o.o 
450 0.2"44 1.964 26.111 l .. 2 42.5 0 34 1,.1 0 0 o.o 
415 0.2316 ••• 92 25.4ll I 32 10.9 0 30 43 •• 0 0 o.o 

••••••••••••••a■■ 
K - 2.141 113 01• ------- ·····----- 



202 TABI.E IV-FUNCTIONS Of THE STANOARO SPIRAL 
TABLE IV-fONC T IONS OE LA SPIRALE NORMALISEE - - - - -- ---- -- - ---- - --- ----- - - -- - --- - - - --- - - - - - --- - --- ----- --- ------- -- --- 

A . 120 M 
-- - - --- -- - -- -- --- ---- --- - - - -- ---- - ---- - -- - -- -- - --- -- -- -- - - -- - -- - --- - --- - 

R AIR LS Q LT 
--- -- -- ---- -- -- - - - -- - - - - ---- - -- - - - --- ---- -- - -- --- - - -- - - 

M M ---- ----· ... - ----- -·-· ............. -- ...... ---- .. - .. -- .................. ··- .. i 110 1.0•09 U0.909 l26.H9 25.316 ., •• 90 •• "10 ¥8.9"8 
115 1.005 125.217 121.557 22.2"7 61.995 5.621 a..812 
120 1.0000 120.000 117.035 19 • 6♦b 59.503 ♦.9So 81.0B 
125 0.9600 115.200 112. 778 11.,28 57.195 4. 390 17.672 
130 0.,231 110. 769 108. 776 15. 52& 55. 051 3.907 7"t.5•1 
1,0 0.1'171 102.857 101.,78 12.,H 51. 198 3.IH b9.0b2 
150 O.MOO 96.000 95.022 10.165 ,r.831 2.5 51 o,.H7 I ) 160 o.noo 90.000 89.291 8.390 ♦'t.182 2.101 60 • .151 
I 10 0.7059 8,. 100 8•.182 1. 003 ,2. 265 1.755 5o.b55 ) 180 0.6667 80.000 19.606 5. 905 l9.9H l."79 51."72 

190 0.6316 75. 789 75.09 5.02, 37.845 1.258 50.632 
200 0.6000 1,.000 11.101 ,.HO 35.961 I .079 "8.082 ' \ 210 o.571" 68.571 66.389 3.125 1,.255 0.932 ,5. 778 
220 0.5"55 65."55 65. 310 3.Hl 32. 703 0.811 H.687 'J 230 0.5217 62.609 62.,9J 2.831 31. 285 0.110 41.780 
2"0 0.5000 60. 000 59.906 2.,97 29.98" 0.025 40.033 
250 o.,dOO 57.600 57.52• 2.210 28.787 0.553 38 ... 27 
280 0.,280 H.,29 51. 385 I. 573 25.107 o.J93 H.301 
300 0:,000 ,8.ooo "7.96~ I .279 23.995 0.320 12.011 }. 320 0.3750 ,5.000 .... 978 1.05, 22.,96 0.2•• l0.v08 

HO 0.3529 "2.353 412. 337 o.879 21.IH 0.220 28.Hl 
350 O.H29 "1.1"l ,1.129 0.806 20. 569 0.201 21.u, 
380 0.3158 37.895 31. 885 0.610 18.9•· 0.157 25.266 
voo 0.1000 lo.000 35.993 o. 5,0 17.999 0.135 2'.00l 
"20 0.2857 H.286 H.280 o.,66 11.1,2 o. 117 ,2.&59 ( l '50 0.2667 32.000 31.996 o.379 15. 999 0.1195 21.335 
,15 0.2 526 30.316 30. 313 0.122 15.157 0.081 20.212 
500 O.HOO 28.800 2 8. 79 8 0.276 i..,oo 0.009 19.201 
525 0.2286 21.,29 21.,21 Q.239 13.11' 0.060 18 • .l&o 
5 50 0.2182 21>.182 26.180 0.208 U.091 0.052 17."55 

5 75 0.2087 25.0'3 25.0,2 Q.182 12. 522 o.oH 16.096 ····-···-·----·- • •0.039 781 H' ········--·-·••--= 
UBI. E IV-FUNCTIONS Of THE STANDARD SPIRAL 
fABLE IV-FONCT IONS OE LA SP l~ALE N<JRMALISEE -- - - -------- - - ------- -- - ------------ ---- -- - ---- - ----- - -- -- - --- --- -- ------- 

A . 125 M --------------------------------------------------------------- 
A/R LS X Q LT ----------------- ---- ------ ---- -- -- - ------ - ---- -- ---- 

M M .. ···-······ - ·-·---- ··-···-·-·-·· ------------· -- ----------. --- .... ---····· 
1 115 1.0870 135.870 131.204 26.095 67.152 6.60b 92.293 

120 1.0"17 i so , 208 126.428 23. 057 ,..."71 5.825 88.183 
125 1.0000 125 .ooo 121.911 20 • .\6-'t bl. 983 5.162 a,.H1 
130 0.9615 120.192 111 .0,9 18.2'0 59.671 •• 595 81~0" .. 
1,0 0.8929 111 •• 01 10~. 8'- 7 1 ... 661 55. 509 3.686 75.01, 
150 0.8333 10,. 167 102.9lti ll.953 51. 8 75 1.001 69.888 

l lbO 0.7813 97 .656 96.751 9.868 ,a.011 2."75 b5 .. lt25 
170 o. 7353 91.912 91.242 8.239 •5.BH 2.01,5 ol.511 
180 Q.b9"' Bo. 806 86.302 6.9.\8 '3.319 I.HI s a.ova 
190 0.6579 82. 23 7 81.853 5.913 ,1.05" l.'81 5't.960 

200 0 .6 2 50 78.125 77.828 5.072 39.0ll 1.210 52.188 
210 0.5952 H.,o5 7".172 ,.38• l7. lo3 1.097 ,9.685 ;7 220 0 .5682 71.023 70. 838 1.81• 35.'81 0.95. H.'13 
230 0.5'35 67.935 67.787 3.339 33.9"3 Q.835 ,5.H2 
HO 0.5208 65.10, 6'.98" 2.940 32. 532 0.735 '3 ... 5 
250 Q.5000 62. 500 62.,02 2.601 31.23" 0.051 '1.701 
280 o.,,64 55.ao, 55.HB I. 852 27.893 0.,03 H.222 
300 0.,161 52.083 52.0H 1.506 2o.035 Q.377 H.736 
320 Q.3906 ,a. sze '8.800 1.2"1 2,. ,09 0.310 32.~62 
HO 0.3676 45.956 ,5.935 I .035 22.9H 0.259 )0.bit5 

350 0.3571 ..... 6'-3 H.625 0.9.9 22. 318 o.zn 29. 768 
310 0.3219 ,1.118 H.106 O.HI 20. 5 5 7 Q.185 27."16 
400 0.3125 39.063 39.053 0.636 19.530 0.159 20.045 
,20 0.2'76 37. 202 37.195 o.5,9 18.600 o.u1 i..ao, 
HO 0.2718 1,.122 3'.717 o ... 6 17.360 0.112 23.150 
"75 0.2632 32.195 32.891 0.380 l6.'t4t7 0.09S 21.931 
500 0.2500 31.250 31.2"1 0.125 15.624 o.oa1 20.13, 
525 0.2311 29. 762 29. 760 0.281 1'.881 0.010 19.a,2 
550 o.2zn 21.,09 28.407 0.2'5 H.20, 0.001 18.940 
S75 0.21H 27 .174 21.112 0.21" 13.587 0.05' 18. 116 



TAil! IY-l'UIICJIOIIS DI' Ttlf STANOAaD Sl'IAM. 20, 
TAKE IV-fOIICT IONS Ill: LA SPIULE NOAIIAI..ISEE 

.. . 120 M 
------------------------------------------------------------------ 

R A/A ST LC • • C 
------------- ---------------------------------- 

" " OE<i NNT SIC 

····-···--··-··----------------------------·-·-······--·-····--··· lM l_.ff9 45.1 ... 121.1u 34 ' u.1 11 19 ♦1.3 0 l 3. 7 
11' 1 .... , 42.9~ Ul.576 31 11 )5.4 lU 22 11.2 0 l 3♦.6 
120 1.•- 40.971 111.612 21 31 ,Z.4 9 31 o.J 0 1 13.2 
lU ·-·- Jt.194 lH.lU 26 24 ,.e I 47 5.0 0 0 57.2 
uo 0~9Ul ll.57♦ 109.171 24 2♦ 34.1 I 7 u.1 0 0 0.2 
1♦0 0.1571 34.133 102.2♦2 21 2 50. 7 7 0 ze.• • 0 21.9 

I uo 0.1000 32.315 95.,.4 11 20 4.7 • • u., 0 0 19. 1 

' 
160 o.7500 30-221 19.61• u 6 52.0 5 22 4.4 0 0 13.0 
170 0.1059 zt.403 14.472 H u H.1 4 0 20.2 0 0 9.0 
110 0.66'7 2,. 793 79.12' 12 0 5, •• 4 H 32.5 0 0 6 •• 

190 o.•ll• 25.359 n.,56 11 25 31. 7 3 41 21.3 0 0 •• 6 
200 0.,000 24.074 71.19t 10 18 47. 7 3 26 12.5 0 0 3 •• 
210 0.57H 22. 915 61.490 9 21 15.9 3 7 2.1 0 u 2.5 
220 O.H55 21.164 t5.390 8 31 24.0 2 50 26.1 0 II 1.9 
230 0.5217 20.906 62.557 7 47 53.1 2 35 5'.5 0 0 1.5 
240 o.5000 20.030 59.958 7 9 0.1 2 21 13-2 0 0 1.1 
250 0.000 19.224 57.5'6 6 1• 1.1 2 11 59.7 0 0 0.9 
210 0.4286 17.157 Sl.409 5 15 42.7 l 45 u.e 0 0 o.5 
300 0.4000 16.010 47.916 4 )5 1 .2 l l1 4U.1 0 0 0.3 
320 o.3750 15.007 44.990 4 l 43.0 l 20 34.l 0 0 0.2 

340 Q.3529 14. 123 .2.346 3 34 •• 9 1 11 22.2 0 0 0.1 
350 0.3429 13.719 41. 137 3 22 3.3 l 1 21.0 0 0 0.1 
380 Q.3151 12.635 37 .891 2 51 24. 7 0 57 1.2 0 0 0.1 
•oo 0.1000 12.002 )5.997 2 34 41.9 0 51 33.9 0 0 0.1 
'20 Q.2'57 11.•JO H.213 2 20 u.o 0 4. 46.3 0 0 a.a 
450 0.2667 10. 668 31.998 2 2 13.~ 0 40 ..... o 0 0 o.o 
475 0.2 526 10.106 30.31' l 49 42.2 a 34 34.0 0 0 a.a 
500 0.2400 9 •• 01 2 •• 799 l 19 a.• 0 33 0.1 0 u a.a 
525 0.221o 9.Hl 27.428 l 29 48. l 0 29 5,.0 0 0 o.o 
550 0 .2182 I. 728 26. lll l 21 At9 ... 0 27 16.5 0 0 o.o 

575 0.2011 e.3♦1 25.00 14 51.1 0 24 57.] 0 0 a.a ··-·····-·-······ k . 2.111 324 15• ··············--· 
TAKE IV-fUNCT IONS Of THE STAillOARO SPIii.AL 
TABLE IV-FOHCTIOHS Of LA SPl•ALE NORMALISEE 

-------------------------------------------------------- 
A . 1.15 " -- ---- ----- - - ------------------- ------ -- ------- ---- -- --- ---------- - -- - - 

R A/A ST LC • • C --------------- -- ------ ----- - ----------- ------- -- 
" " DEG MNT SEC 

--- ••• ··-- -- -····· ---------. ■------·· ··-··········· ·····-----· --- ---- ••••• 115 1.0110 ~.851 133. 714 33 511 41.] 11 14 55.1 0 2 1.0 
120 1.0417 44.'58 121.513 31 5 5. I 10 20 8.3 0 1 33.6 
125 1.0000 42.615 121.,11 21 31 52.4 9 31 44.3 0 l 13.2 
lJO 0.9615 40.191 119.055 26 29 11.7 I 41 46.l 0 0 57. 8 
140 0.1929 37.775 110.121 22 50 1,. 5 1 l6 1-5 0 0 37.0 
150 a.on 35.126 103.610 19 5) 19. 7 • 37 21.1 0 0 2•.'t 
160 0.7113 J2.144 '7.25] 17 2-i 1.0 5 49 n.1 0 0 16.6 
170 o. 7353 30.152 91.'14 15 29 19.3 5 9 36.9 0 0 11.5 
110 0.6944 29.096 16.511 13 41 H.9 4 34 10.5 0 0 1.2 
190 0.6579 27. 535 12.066 12 2J 51.3 6 1 51.5 0 0 5.9 

200 0.6250 2,. 137 71 .993 11 11 26.1 ] 43 64.4 0 0 4.3 
210 0.5952 24.176 74.JOl 10 9 0.7 3 22 57.0 0 0 1.2 
220 0.5612 23.133 10.941 9 14 H.J 3 4 55.6 0 0 2 •• 
230 0.5435 22.02 11.1•9 I 27 42.l 2 49 12.1 0 0 l .9 
240 0.5201 2 l- 739 '5.051 1 4• 16.5 2 35 24.0 0 0 1.5 
250 o.5000 20.116♦ 62.457 7 9 43.1 2 23 u.2 0 0 1.1 
210 0.4464 11.619 55.119 5 42 14.1 54 10.a 0 0 U.6 
300 0.4167 17.JH 52 .066 6 51 24.9 39 21.9 0 0 a.• 
320 O.J90o lo.215 41.115 4 22 16.1 27 25.3 0 0 0.3 
340 0.3676 15. 325 '5.941 l 52 19.1 17 26.4 0 0 0.2 

350 0.1571 14.111 44.'35 ] 39 14.6 l 13 4. 7 0 0 0.2 
310 0.3219 13.710 H.113 3 5 59.6 1 l n.1 0 0 i.l 
400 0.3125 13.024 39.058 2 47 51. 5 0 tS 51.l a 0 0.1 
420 0.2976 12. •OJ 31.19~ 2 12 15. 2 0 50 u.o II 0 O. l 
650 O.l118 11.576 34.720 2 12 37.7 0 46 U.5 0 " 0.1 
615 •• ,.,2 10.960 ]2.¥93 l 59 2.1 0 39 40. 7 a 0 o.o 
500 o •• uoo 10.418 31.249 l 47 25. I 0 ]t •••• 0 0 0.11 
525 o.ZHl 9 .921 29. 761 l 37 26.5 0 )2 21.1 0 0 o.o 
550 0.22'3 9.HO 28.408 l 21 47.1 II 29 35.7 0 0 o.o 
515 0.2174 9.058 21.173 l 21 11. 9 0 27 .... 0 0 o.o 



zo" ... t.zou u.M. u.o..o 0.111 U.OZJ ..... 1 11.u2 ·····------ K •lelJ6 .. 9 ,o• ------ 
TUI.I J-IIIICTlCIIIS Of THE STANOAIUI SPIIIAL f TUU 111-f'CIIIC TlOIU Df LA SPlllAlt -.iALIUf --------- 

" - uo " --------------- • All LS X ' Q , LT -------------- 
" " '( ---····---- _...._ _____________________ 
lZ0 1.11:u , ..... » 1:16.0,U 26.177 ...... •.a0J n .... o I 
125 1.0 .. 00 135.200 Ul.ZH n., .. ... M• ..030 91.55♦ 
130 1.0000 uo.- 12 .. 717 21.zu ....... 2 5.30 11.129 
1-.0 0.92 .. 120.11♦ ua.uo 11.119 59.915 ♦.301 11.21♦ 
150 0., .. 1 1u ... 1 111.111 U.9U ~-070 3.SOI 15.674 ' 

11 HO 0.1125 105.625 104.♦10 11.531 52.Ul 2.H♦ 70.lll 
170 0.1•♦1 "•"12 91.565 9 •• 30 ♦9.565 2.♦15 ••• 574 
110 0.1222 93.1" 93.252 1.123 ... IH 2.036 •2.111 
190 o.u♦2 ... 9♦7 H."61 6.913 ♦♦.393 1.732 59.09 
200 o.uoo H.500 H.12 .. 5.u1 ♦2. 117 1.♦15 56.♦•6 

210 0.6190 '°·",,. 10.111 5-1Z7 -.0.119 1.213 53. 75♦ r 
220 0.5909 r..111 76.51♦ ♦."61 31.170 1.11• 51.29♦ 
230 0.5652 73.♦71 13.291 3.905 J6. 701 0.971 O.051 
2♦0 0.5♦17 10.♦11 70.265 3.01 35.113 0.160 o.H7 
250 0.5200 n.•oo 61.♦11 3.0♦3 33.119 o.r.1 0.110 
2110 o.oo 60.351 •0-217 2.1n 30.H7 0.5♦2 .. o.2u 
JOO 0.♦3J3 ~.333 5 •• 2,♦ 1.r.2 21.151 0.♦♦l 37.573 
320 0.40•: 52.IU 52.777 1.02 26.400 0.363 u.221 
HO 0.312• ♦9.la. ♦9.67' 1.211 2♦--♦9 0.303 33.l♦T 
350 0.311< ♦1.2 .. ♦a.zu 1.110 2♦.139 0.211 32. 199 

310 0.3♦21 ♦♦-♦1♦ ♦♦• 01 0 ... 1 22.234 0.211 29.65♦ 
♦00 0.3250 ♦2 .. 250 42.2H 11.1♦♦ 21.121 0.11. 21.111 
420 0.3095 "°· 231 40.229 0.642 20.111 0.Ul 26.129 
HO 0.2119 37.5~ H.549 0.,22 11.111 0.131 25.039 
HS 0.2731 35.579 35.574 •0.4H 17.lH 0.111 23.721 
500 0.2600 33.IOO Jl.796 0.311 U.199 0.095 22.B5 
525 0.2476 32. 190 32.117 0.329 u.on 0.012 21.461 
550 o.2u4 30.121 30. 725 0.2 .. 15.363 0.012 20.♦16 
515 0.2261 29.391 29.319 · o.250 l♦.•95 o.ou 19.595 
600 o.21u 21.u,1 21.165 0.220 l♦.OU 0.055 11.111 

650 0.2000 26.000 25.999 0.173 u.ooo o.ou 11.33♦ -------------- K •0.0)J 902 13' -------------- 
Ukf IV-FUIICTIOHS OF THE STAHOUO SPIUL 
7411.f IV-fOIICTIOHS OE LA SPIULf NOIINALISH -------------------------- --------- 

A • l♦0 M ----------------------------------------------------------------- 
R AIR LS X y Q p LT 

----------- ----------------------- 
" " ----·············--------·-·-·-----··--·-·-·-·-·--·-········----- 125 l .1200 1,...800 150. 7♦3 31.872 11.313 1.011 10,.112 
130 1.0769 150.769 HS.771 21.♦50 74.5♦1 7.199 102.342 
140 1.0000 l♦0.000 136.5♦0 22.920 .9.421 s.112 9♦.516 
150 0.9333 U0.667 121.209 11.115 6♦.922 ♦.111 11.993 
uo 0.IH0 122.500 120.711 15.♦69 60.9S2 3.117 12.302 
110 0.12H 115.2M 113.975 12.925 S1.♦l1 l.2♦5 11.Ul 
110 0.1111 101.119 107.891 10.907 !l♦.279 2.H6 12.9♦♦ \ 190 0.7368 103.158 102.♦oo 9.216 Sl.♦53 2.321 69.039 
200 0.1000 98.000 91.♦13 1.969 ♦-,902 1.997. 65.540 
210 0.6O,1 U.333 92.173 ••• 19 ... 590 1.1H 6l.3H 

220 0.636♦ 19.091 11.126 5.995 4♦•♦15 1.501 59.S22 
230 0.6011 15.217 a♦.925 5.2♦9 ♦2.560 1.314 s•.914 
2♦0 0.5133 11.661 11.01 ♦.6l2 ♦0.19♦ 1.151 54.527 
250 0.5600 71.♦00 re.201 ♦.091 39.i.1 1.02♦ 52.U4 
210 0.5- 10.000 69.1'1 Z.9U ~.912 0.129 46.105 
300 0.♦Ul 65.333 65.256 2.369 32.65♦ 0.593 U.Hl 
320 8.♦375 •1.2so 61.19♦ 1.953 30.U6 o.♦H ♦0.153 - 0.011 17.6♦7 57.606 1.628 21.111 0.♦07 Jl.♦♦6 
Ht ,.♦0110 56.000 55. ff♦ l.♦93 21.99♦ 0.313 31.34. 
HI 0.)61♦ 51.519 51.555 1.166 2S.1H o.a9z 34.39♦ { - ,.111 .. ♦9.CIOO u.uz 1.000 2•-••1 o.nt 3i1.UJ 
uo a.nu -w. ... 1 ♦6.02 o ..... 23.Ul 0.Zl6 u.11, 
450 0.1111 ~.,,. o.5♦5 o. 103 21.n, 0.11, 29.41♦1 
415 o.zM7 "1.,Z,H u •. z,5 0.597 20.630 0.1♦9 21.u1 
500 0.2- ff.ZOO 39.19♦ o.s12 19.599 0.12a z•.u5 ) 
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b00 0.2083 8.681 26.0H I .. 36. 2 0 24 52.1 0 0 o.o -------------···- • . 2 .zoo 1>1 93• 
•••••••••••••a••• 

IABLE IV-FUNCTIONS OF THE S UNO ARO SPIRAL 
TABLE IV-FONCTIONS Of LA SPIRALE NURMALISEE 

---------------------------------------------------------------- 
A . 130 M - - -- - -- -- -- - - --- ---------- ---- --- ---- -- -------- - -- -- - -- -- -- -- --- - --- --- - - 

R A/~ ST LC e ♦ ----------------- --------------------------------- 
M M DEG MNT SEC 

••••--••.a•••••~•••••••••••••••••••••••••••••••••••••••••••••••••••••• ••a•"" 
120 1.0133 u.541 139.69C 33 37 17.3 II 10 et ;« 0 I ~tl.b 
125 1.0400 lt6.3bl IH.451 30 59 8.0 10 18 10.0 0 I 32. 7 
130 1.0000 44.392 128.561 28 38 52. 4 9 31 H.3 0 I 1-3. 2 
HO 0.921b .0.964 119. 720 2• •2 5.4 8 13 14.9 0 0 'tb.9 
150 0.8bb1 38. 0b1 111.962 21 31 3.9 1 , SIJ.4t 0 0 30 .9 
lbO 0.8125 35.5,S 105. 114 1e 54 43.5 b 11 53.5 0 0 21.0 

,\ 170 0.7oH 33 •• 09 99. 035 lb •5 9.3 5 H H.5 0 0 l't.b 
110 0.1222 31.SUO 93. 005 .. 56 .3'-•" • 58 '1.1 0 0 10. 3 

( 190 O.U42 29.805 88.731 13 24 40.8 • 28 ..1 0 0 7.5 

' 200 0.6500 28.287 84.333 12 6 13.4 4 I 59 .o 0 0 5.5 

210 0.6190 26.920 80.345 10 58 42 •• 3 39 30.0 0 0 4.1 
220 o.5909 ~5.fl8l 76.714 10 0 11.1 3 20 0.b 0 0 3. I 
230 0 .5652 24. 552 73.39' 9 9 7.8 3 3 0.2 0 0 2 .4 
Ho O.Hl7 23.520 70.3"9 8 24 19.3 2 •8 •• 6 0 0 1.8 
250 0.5200 22.573 61.545 7 .. 4 7 .o '- 34 5•.2 0 0 1.• 
210 0.4643 20.1u 60. 326 • 10 31.J 2 3 29. 7 0 0 o. 7 
300 0.4333 18. 794 56.311 5 22 "tib.O I H 3<\.8 0 0 0.5 
320 0.4063 17.ol6 sz , 797 4 0 40.9 I 34 33.3 0 0 0.3 
340 0.3824 lo. 577 49.69• 4 II 17 .3 I 23 45.5 0 0 0.2 
350 0.3714 16.103 48.276 3 57 8. I I 19 2.5 0 o u.2 

380 O.H21 14. 829 H.467 3 21 10.2 I 1 l.3 0 0 0.1 
400 0.3250 14.087 42.2'5 3 I 33.• I 0 11.0 0 0 0.1 
420 0.3095 13.410 40.234 2 4. "-0.0 0 H 53. 5 0 tJ 0.1 
450 0.2889 12. 521 37.553 2 23 21. I 0 ., 't9.0 0 0 0.(, 
475 0.2737 ll.161 35.577 2 8 <\..-.. '9 0 42 54.9 0 0 o.o 
500 0.2000 11.268 33.791 I 56 11.8 0 38 43.9 0 0 o.o 
525 0.2476 10.131 32.189 I 45 23.6 C 35 7.8 0 0 o.o 
550 0.2364 10.243 30. 726 I 36 1.8 0 32 O.b 0 0 o.o 
575 0.2261 9. 798 29. 390 I 27 51.6 0 29 11.2 0 0 o.o 
600 0.2167 9.389 28.166 I 20 41.5 u 26 53.8 0 0 o.o 

650 o.2oou B.667 26.000 0.3 0 22 55. I 0 0 o.o ·······--·-·-·· • . 2.034 109 .... 
•••••••••-•••••a 

TABLE IV-FUNCTIONS OF THE STANDUO SPIRAL 
TOLE IV-fONCTIOHS OE LA S'1RALE NOaMALISEE ---------------------------------------------------- 

A . 140 M ·--------------------------------------------------------------------- 
R A/R ST LC 8 ♦ C --------------- ------- - - --- - - - -- --- --- ----- -- --- - - 
M " DEG "NT SEC .... -------· ----· --------- -------- ·······--· ·- --- . -- ···-------·. ··- ..... 
125 1.1200 54.lOII 15 ... 076 35 5• 9.3 u 56 11.1 0 2 it:S.O 
130 1.0769 5!. 924 148.528 33 13 29.2 II 2 JS.3 0 I s•.~ 
140 1.0000 47. II07 u1.O1 28 31 52.4 9 31 .... , 0 I 13.2 
150 0.93JJ 44.351 129.56' 24 57 19. I 8 18 18.3 0 0 48. 3 
160 0.1750 H.412 121. 704 21 56 o. 1 7 Ii 7 .5 0 0 12.a 

r 110 o.az35 38.157 llo. 706 19 25 't't. 5 6 28 12.1 0 0 22.8 
110 0.7778 36.61b 101. 4<, 1 17 19 41. 7 5 46 20. I 0 0 16. I 

i 190 o.n6a 34.629 102.120 15 33 14.3 5 10 53.1 0 0 11.1 
200 o. 7000 32.155 97. 739 14 2 14.9 4 <,O 36 •• 0 0 1.6 
210 a.on 31. 258 93.129 12 43 56.6 4 .. 32.5 0 0 6.4 

220 0.6364 29.113 11.929 II 36 4 •• l 51 S..b 0 0 ,.s 
2)0 0.b081 28.499 15.087 10 36 51.6 3 32 13.5 o 0 ).7 
240 0.51)3 21.291 11.562 9 •• 53.7 3 1' 55.0 0 0 2.9 
250 a.HOO 20.195 11. 314 8 59 2.3 2 59 38.5 0 0 2.2 
210 o.,NO 23.J<,8 69.951 1 9 43.1 2 23 ll.2 o 0 1.1 
300 o.♦667 21.102 65.299 6 14 19.9 l • ,s.9 0 0 0.8 
320 o.on 20.434 61-225 5 29 o. 2 I ... 39.o 0 0 o.5 
HO 0.4111 !9.229 57.629 • 51 26.1 I 37 a.• 0 0 0.4 

J 
350 0-"'° la.67d 55.984 • 35 1.2 I 31 ..0.1 0 0 0.3 
380 0.)684 11.201 51.568 3 53 U.6 I 17 ♦6.U 0 o 0.2 

400 O.HOO 16.3)9 48.992 3 30 33.7 I 10 11.1 0 0 O. I 
420 0.]JJ] 15.- ..... o 3 10 59.2 I 3 3'1.6 0 0 0.1 
450 0.1111 l<,.522 43.551 2 46 22.2 0 55 27.3 0 0 ~-1 

I 475 0.2947 U.757 41.260 2 29 19. I 0 49 't0.3 0 0 o.o 

I 500 0.2800 13.069 19.197 2 1' 45 •• 0 .... 55.2 0 0 o.o 

( 



2M 

us 0.2 .. 1 JJ.JJJ n.121 0.♦♦Z 11 .... 0.111 i..n1 

} ,to 0.250 n.•34 35.UJ 0.)15 11.111 0.09• 23. 7'9 
'75 ,.205 3♦.011 H.0M 0.111 11.00 o.oo 22.12• 
•oo •• JJ)J 12 ... 1 12 •••• 0.296 1 .. 333 o.oH 21.119 
•to 0.115♦ 30.1,.. 30.152 o.zu u.011 0.051 20.101 

110 0.2- 21.000 21 ... , 0.111 1♦.000 0.0♦1 11 ••• , 
no •• 1167 U.133 2•.111 0.152 U.067 O.OJI 11.♦22 

l ---·--······- • •0.029 232 H' ------ -------- 
THU IV-FUIICTIONS Of THt STAIIDARD s,-1aA1. 
THU IV-FOIICTIONS DE U SPIUlf IIORNALJIH --------------------------------------------------------------- j A . 150" 1 ----------------------------------------------------------- • AIR LS 0 LT --------- 

" " ----------------------·------------····-···--···--···---····-·· HO 1.011♦ 1.a.ll♦ 155.500 30.033 79.♦13 7.5tl 101.osz 
150 1.0000 uo.ooo H6.ZU H.557 7♦.)79 •• lh 101.3♦2 
1.a 0.UJS 1♦0 •• 25 137.933 20.111 0 ... 2 5.11♦ ••. ,u 
110 0.H2♦ IM.JSJ U0.:Ml l••'" ., .... ♦.210 ...... 
llG o.uu 125.000 12).501 l♦.3♦3 ~-250 1 •• ,11 n.1 •• 
190 o.7195 111-♦21 111.21• 12.21. n.01, 3.0., 79.HJ 
200 o.noo 112.50:0 111.Ul 10.♦11 56.102 2.u, 75.JU 
210 0.714J 107.l♦J 10•.♦H ,.o .. 53.OS 2.212 11 •• ,. 
220 o.uu 102.zn 101. 722 1.au 51.0H 1.971 ••• 3,. 
230 0.022 n.au tl.315 •• ,12 ♦a.u, 1.u1 •5.JU 

I 
2♦0 o.u,o u.no tJ.JU •.on .... u 1.sz♦ u.•u 
2'0 0.6000 90.000 at.JO, 5.JH ♦♦.'51 1.1♦1 •0.102 
21G o.nn 10.157 10.1t2 1.au ♦0.u1 o.,.o n.•z• 
JOO o.5000 n.ooo n.an 1.122 37.oo 0.111 50.D♦l ! 1 320 0.4.11 70.3U 10.221 2. 513 n.1♦2 o.•♦1 46.t05 
3♦0 0.012 ... 11. ... 114 2.10 u.ou 0.537 ♦♦.140 
HO o.♦2 .. .4.2 .. ...212 1.961 12.u♦ 0.02 ♦2.1n 
JIG o.39♦7 59.211 59.175 1.537 Zt.5'9 O.JI♦ Jt .... - 0.3150 56.250 5•.222 1.111 za.120 0.330 37.510 
420 o.u11 '3.511 u.s,o 1.u9 24.712 0.215 35. 722 

♦,O 0.3313 so.ooo ♦t.H5 0.,2. 2♦.Hl 0.231 )l.JJt J HS 0.31,a ♦l.:Ma ♦1.:n1 0.1n u.uz 0.197 11.5u 
500 0.1000 ♦5.000 ♦4.Hl 0"675 22.♦H 0.1 .. J0.00l 
§25 0.2157 ♦2.157 42.150 0.513 21.427 0.1 .. 21.574 
550 0.2121 ♦0.909 40.90] 0.507 20.♦H 0.121 21.275 
575 o.2.a9 H.130 J9.U• o.♦♦♦ 19.564 0.111 2 .... 9 
•oo 0.2500 37.500 37.♦t• 0.391 U.749 0.091 25.001 

\ •50 o.2na J♦.'15 J4-•u 0.101 17.J0l o.on ZJ.071 
llG 0.210 JZ.143 u.1♦1 0.2 .. a.on 0.Hl 21.♦29 
750 0.2000 >o.ooo n.H• 0.200 u.ooo o.oso 20.000 

I 
aoo o.un za.u, 21.12♦ o.U.5 14. ,H,2 0.041 11.na 
•so 0.11., 2•.♦11 26.♦70 0.111 l).235 0.03♦ 11.•♦1 
900 o.uu 25.000 25.000 0.11. 12. 500 0.029 U.467 

l ----------- • -a.oz, ... 19' ------------ 
TAILE JV-FUIICTIOIIS Of THt STAl<OAllO s,1RA1. 
TULE IY-fOIICTIONS DE U S'1UU HORIIAI.ISEE --------------------------------------------------------- 

A • IAoO " ------------ • A/0 lS l 0 , LT ----------------------------------------- 
M " ---······----------·-----·------------------------ 150 1.0 .. , 110 ... 1 us.22, Jl.423 11♦•♦21 1., .. 11,., •• 
1.a 1.0000 1.a.000 1s..o .. 2•.1,♦ 79.J.H ••• 01 101.091 
110 0.9♦12 llO.SN 147 ... l 21.t23 1♦.a0♦ 5.5n 101.443 
llG a.a ... 1♦2.222 l♦0.011 u.u1 J0.743 4 •• 5. ,, •• oz 
190 0.1♦21 U♦.7Jl lJl.053 u.112 .,.011 3.963 90.♦ZJ 
ZIO o.aNO u•.- 1u.n, U.ff♦ u.n2 J.♦ol .,_ 196 
210 0.7Ut l2l.to5 120.uz 11.121 •0.112 2.9♦0 11.631 zzo o. 7273 116.M♦ 115.'52 10.201 ,a.ou 2.55. n ... 2 I 

J 2JO o •• .,, 111.10♦ 110 •• 54 ··- H.S♦4 2.2♦0 1♦•♦12 
z♦o o •••• , 104 ... 7 106. l♦l 7.173 u.2O l.972 71.2H 

250 o ... eo 102.♦00 101.,11 •.no 51. 129 1.1♦5 ·•-♦11 ZIG 0.5714 91.429 91.lU 4., .. 45 •• H 1.20 u.011 
JIO ,.nu U.3JJ 15.161 4.0♦0 ♦2.ua 1.011 s•-••9 
320 0.,000 10.000 lt.17' J.J>o ]9.t79 0.Ul 53.377 

1 
J♦O e.♦1 .. 75.29♦ 15.ZOZ 2.111 n.u2 o.u4 50.221 
HO .... 11 13. l♦J 13.04] 2.5♦4 i..na o.u1 ♦a.790 
JIG e.♦211 •1.J .. U.JU 1.,., u •• u , .... 4♦.931 - --- ... ooo .,_.,. 1. 706 Jil •• ,, a.♦21 42.Ul uo -.> ... .a.952 .a.,za 1.♦1♦ 30.♦11 0.JH 40., .. .,. .. ,. .. ..... , 56 .... 1.1•• 21 • •♦1 ··- H.93♦ 

♦n ...... -."s SJ.an 1.01, u.t♦4 •• 255 31.936 - O.)ae --- 51.Ul 0.11♦ 25.591 o.zu 1♦.111 ) ,u ··-· ~.1.z ♦1.u1 0.755 2♦.379 o.U9 Jl.512 , .. a.z9" ♦6.!l♦S 4•-5JJ o.•M 21.211 0.1•~ 31.033 
tlJ a.ZJU ~Ul ... ,u o.n• 22 • .uo 0.1♦♦ 29.613 
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525 0.2661 12 ..... 37.331 2 13.9 0 •o 't't.6 0 0 o ,« 
550 o.2s•5 11.uo 35.635 51 22.3 0 37 1 •• 0 0 0 .o 
575 0.2'35 11.101 1,.oeo ,1 53. 9 0 33 57 .9 0 0 o.o 
600 0.2333 10.194 32.666 33 35. 0 0 31 11.7 0 0 o , o 
650 O.llH 10. 052 30.153 19 "'"·"' 0 lb l't.8 0 0 o ,o 
700 0.2100 9.33' 21.000 I 8 't5.3 0 22 55. I 0 0 o.o 
750 0.1167 •• 111 26.133 0 59 53. b 0 19 57 .9 0 0 0 .o ----------------- • . 1.753 952 '3" ················· 

TAIII.E IY-FUHCTIOHS GF THE STANDARD SPIRAL 
U&LE lV-FONCTlONS OE LA SPIRALE: NOR"Al I SEE: 

------------- ---- - -- --- - --- --- ---- ---- - --- -- - - - --- - - -- --- - --- --- --- --- - - 
1, A . 150 " ---- --- - - - -- - ----- --- --- -- -- - - - - -- - - ---- - -- - -- - - -- - - - - - - - -- - - - --- - -- - -- - - - 

R A/R ST LC 8 • C ----------------- -------------------------------- 
" " OEG MNT SEC 

••••-• • ••••• •••••••••••••• • aaaaaa •• ••••• •••••• • •••••• •••• •••• •••- • ••••• •• 
1.0 1.07 l't 55. 311 151.373 )2 53 11.a 10 55 53.0 0 51.0 
150 1.0000 51.222 1,a.HO 2• 38 52., 9 31 'tit.] 0 13.2 
160 0.9375 H. 755 139 •• 22 25 10 u.1 8 22 "'"'·9 0 u 4t9.b 
170 o.aaH ltlt.1~ lll.'t6.ti 22 18 13-'t 1 25 30.0 0 0 3't. 5 
uo o.8333 •2. l!H 12,.331 19 SJ 39. 7 b 37 28.8 0 0 2't.4 
190 0.7895 )9.8't2 117.911 17 51 19.2 5 5b 4t8. 7 0 0 17.7 
200 o.7500 37. 715 112.105 16 6 52 .o 5 22 •-· 0 0 13.0 
210 0.11,1 35.937 100. till 1' 36 58. 6 • 52 9.8 0 0 9.7 

( 220 o.&a 1e lo\.267 102.021 l3 19 3.8 • 2b 13.9 0 0 7.3 

' 230 0.6522 12. 150 97.630 12 ll 5 •• • 3 lb.2 0 0 5.6 

2'0 0.6250 31.36• 9).591 11 11 26. I 3 •3 't't.'t 0 0 •• 3 
250 0.6000 30.093 19.870 10 18 4-1. 7 3 lb 12.5 0 0 3 •• 
280 0.5357 26.Ud 10.21.ft I 13 17. 9 2 .. H.3 0 0 I. 7 
300 0.5000 25. 037 74t.9't8 7 9 "3.1 2 23 13.2 0 0 I.I 
320 0.4-688 23.- 70.275 b '11 't0.9 2 5 >2.9 0 u 0.8 
HO O.Hl2 22.079 bb.14-9 5 H 33.3 I 51 j\).,b 0 0 0.5 
350 0.4-286 21.,.,. 6 .... 262 5 15 ... 2. 1 I •5 13.8 0 0 ~- 5 
380 0.39•7 19. 7"18 59.195 • 27 <t9.I I 29 16. 3 0 0 0.3 
,oo 0.3750 18. 759 56.238 l ,1.0 l zo 3 .... l 0 0 0.2 
,20 0.3571 17. 86" 53. 5•2 39 l<t.6 I 13 ,.1 0 0 0 .2 

,so 0.3333 16.672 .,9.993 3 10 59. 2 I 3 39.b 0 0 O.l 
"75 0.3158 15.793 '7.363 2 51 2'. 7 0 57 8.2 0 0 0.1 
500 0.3000 15.003 ..... 996 2 H '1.9 0 51 33.9 0 0 0.1 
525 0.2857 1,.2a8 "2.85'9 2 20 19.0 0 .b ••• 3 0 0 c..o 
550 0.2727 13.638 ,o. 901 2 7 51. 0 0 '2 37.0 0 0 o.o 
575 0.2609 u.o,5 39.128 l 56 51. 5 0 )I 59.5 0 0 o.o 
bOO 0.2 500 12. 501 37.o\91 I ,1 25. i 0 35 --··· 0 0 o.o 
650 0.2308 11.539 l._.,61" l 31 32.3. 0 30 30. 7 0 0 o.o 
700 0.210 10. 715 32 • .l.'t2 I 18 55. 7 0 26 18.ta 0 0 o. 0 
750 0.2000 10.000 29.99'9 l a .5.3 0 22 55. I 0 0 o.o 

800 o. 1875 9.375 21. 125 l 0 25.7 0 20 1.6 0 0 o.o 
850 0.1 765 1.12, 26.HO 0 51 ll. 7 0 11 Sll.b 0 u u.o 
900 0.1667 •• )3) 25.ooa 0 ,1 ""·' 0 15 s".9 0 0 o.o ---·-··-········ • . l.527 117 •5• ·····-········--- 

Ult.i IV-FUNCTIONS OF THE STANOAllO SPUU,L 
Ullt.E IV-FONCTIOHS OE LA SPlRALf NOR"All SEE -- - --- ---- -- ----- ----------------- ------- - ---- -- - --- - - -- --- - -- --- - --- - -- - - 

A . 160 " - --- -- -- - - -- - - -- - --------- ------- - - - -- - - - - -- - - --- - - - -- - - - -- -- - - --- -- - - - 
A/0 ST LC Q • --------------- ------- -- - - -- - - -- ---- ----- - --- --- -- 

" " DEG MNT SEC . --------- -- ----- -·-···· --- ----· -· .. ---- - . ··-- ------- ·······-· --- - ··- ..... 
150 l.0667 58. 703 168.22-\ 32 35 "l• I 10 50 5.9 0 I 'tti .a 
160 1.0000 5't.637 151.229 28 38 52 •• 9 31 ""·3 0 l 13. 2 
170 0.9'12 51.153 l't9,.279 25 22 36.0 8 2b 'tl.2 0 0 50. a 
180 0.1119 'tS.12" 1•1 .238 22 38 7.3 7 32 b •• 0 0 3o.O 
190 O.l't2l 't5.'t57 133.915 20 18 55.'t 6 ,s 52.5 0 0 2t>.O 
200 0.1000 'tl .017 127.'tll Ii 20 •• 7 6 6 22.5 0 0 19. 1 
210 o. 7619 't0.9b't 121.At-\9 lb 31 ... 8.2 5 32 21.8 0 0 lit. 3 
220 o. 7 273 39.0't8 1 H,-002 15 9 9 •• 5 2 52. 3 0 0 10 .8 
230 0.6957 37.310 111.015 13 51 '9.l • 37 8.1 0 0 8.1 
2,0 0.,fll667 35. 724t i ce , o\ll 12 '3 50.b • 1' 12.s 0 0 6 •• 

250 0.6,00 ]-\., 270 102.209 11 .. 3.0 3 5• 30.0 0 0 5 .o 
210 0.571• 30.55' 91. 120 9 21 15. 9 3 1 2.8 0 0 2.5 

f 300 o.5n1 28 •• 99 15. 257 8 8 55 •• 2 '2 s ••• 0 0 I. 7 
]20 o.sooo 26. 706 79.9 .. 7 9 't3. l 2 23 11.2 0 0 1.1 
HO 0.'706 25.127 75. 253 b 20 39. C 2 6 52. 2 0 0 0.8 
350 0.'571 2't.'t0b 73.107 5 59 12 .6 I 59 4t3.~ 0 " 0.1 
llO 0.'211 22.'973 b71345 5 • 'tl.9 l •I 3.\.2 0 0 o., 
,oo o.•oao 21.) .. 63.912 • 35 1.2 I 31 ,0.1 0 0 0.3 
'10 0.1110 20.328 60.931 • 9 27.1 l 23 1.1 0 0 0.2 
'50 O.JS56 a.970 50.17'9 3 37 18.0 I 12 25.8 0 0 0.1 

'75 0.)361 l 7. 970 53.117 3 15 1.1 I 5 0.5 0 0 0 .I 
500 o.noo 11.011 51.19' 2 50 o. 8 0 58 ,0.2 0 0 0.1 
525 0.30'8 16.257 o\8. 757 2 39 )S.9 0 53 l2.9 0 0 0.1 
550 0.2909 15. 518 't6.5o\2 2 25 2 7. 9 0 •• 29.3 0 0 o.o 
575 0.27i3 1,.10 H.51S 2 13 5.5 0 •• 21.8 0 0 o.o 
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600 o.Zb67 4Z • .,, 7 '2.661 0.506 21.332 0.126 28.446 \ .,o 0.2462 39.J85 39.381 0.398 19. 692 0.099 26.258 
700 0.2286 36. 571 36.56~ 0.318 18.285 0.080 24.382 
750 0.2 133 34.133 34.132 0.259 17.066 o.06S 22.756 
800 0.2000 12.000 ]l.999 0.213 16. 000 0.0,3 21.3H 

850 0.1882 30. 118 30.117 0.178 15.059 0.044 20.079 
900 0.1778 28.444 28.'4t't't O.ISO 14.222 0.037 U.963 ( 

) 950 0.1684 26. 947 26.947 0.121 l3.H4 0.032 17 .965 I 1000 0.1600 25.600 25.60C 0.109 12. 800 0.021 17.067 

········-------- K •0.022 361 10• ······"'···--·--· 
TABLE IV-FUNCTIONS OF THE STANOARO SPIRAL \ TABLE IV-fONCTIONS OE LA SP IRALE NURHALl SEE -- -- ---- - --- - ---- ----------- ---- -- ------ -------- --- - ---- --- - - - -- -- --- --- - - 

A . 170 H 
----------------------------------------------------------------- 

R A/R LS y Q LT --- --- ---- -- - - -- -- - --- - - ---- ---- - - - -- --- --- - -- - -- -- - - - , I " H 
••••••••••••"'•••••••z••••••••••••••••••••••••••••••••••••••••••••••••••••• 

160 l.062S 180.625 174.954 33.219 89. 362 8.'tUU 122 .490 
170 1.0000 110.000 165. 799 27.831 tt't .. 297 7 .0LO l l't.8S't 
180 0.9't-'t't 160. 556 157.391 23.532 79. 7't6 5.n, 108. l 7' 
190 o. 8947 152.105 l'tlll.68b 20.064 75., blt8 5.045 102.268 
200 0.8500 1,,.500 142.626 17.239 71.911 4.330 97 .ooo 
210 0.8095 137.619 13<.JH l-'t.916 08.5bit 3. 7-'t3 92.267 
220 0. 77 27 131.)64 130.198 12.990 65 .'t87 3.258 87.988 
2 30 o. 7391 l25.b52 124. 718 II. 38C 62 .6 70 2.853 8"t.U98 
HO Q.7083 ILO.H7 I 19. 661 10.oz, 60.082 2.512 80. Sit.ft 
2 so 0.6800 115.600 114.98ft 8. 8 75 57.697 2.223 17.284 

280 0.6071 103. 21, 102.s6• b.326 51. 549 1.583 &8.932 ( 

} 300 0.5067 96.333 96.085 S. l"t6 ,8.125 l .288 64. 309 I 
3 20 Q.5313 90. 313 90.133 4.2'2 •5 .126 1.001 60.271 
340 0.5000 85.000 84.867 3.538 "tl .47d o.•85 56. 713 
350 0."857 82.571 a2.,51 3.2"3 "tl. 2b 7 0.811 55.088 
380 O.lt4 7-'t 1b. 053 JS.HI 2.535 38.014 0.63" 50. 7 28 
-co 0.,250 72.250 72.191 2.174 36.115 0.544 ,8.1•1 i 420 O."t048 68. 810 e a, 763 1.87& 34.397 U.470 45.889 
,so 0.3778 64. 222 64. I 9C 1. 527 32. I Ob 0.382 42.826 
• 75 0.3579 OU. 842 ta0.817 1.298 30.417 0.325 •0.570 

500 O.HOO 51.800 57.781 1.113 28. 897 0.278 38.540 
525 1).)238 5 5. 048 55.03, 0.962 27.521 a.HO 36. 10, 
550 0.3091 52.545 52.533 0.837 26. 271 0.209 35.03" 1 575 0.2957 50. 261 50.251 0.132 25.129 0 .183 33.511 
bOO 0.2833 ,8.101 "8.159 U.bolt4 ~4. 082 0. lo l 32.114 
650 0.2615 "94.462 o\lt."t56 o.so1 22.230 0.127 29.b43 
700 0 .2 4 29 o\l.286 41.282 O.lt\Jo 20.6"2 o. 101 27.525 
750 0.2267 38.533 38.531 0.330 19.26b O.OtlL l5 .. 690 
800 0.2125 36.125 36.123 0.212 18. Ob2 0.068 2-'t .. 084 
850 0.2000 34.000 33.999 0.227 11. 000 o ,u 57 a.bbl , 

} 900 0.1889 32 .111 32.ilC 0.191 lb. 05> Q .. 048 21 .. "t08 
950 0.1 789 30. 421 30.42C 0.162 15.210 O.O'tl 20.281 

1000 0.1 700 28. 900 28. 89~ 0.139 14. ,so 0.035 19.26 7 
10 50 0.1619 21. s2, 27.523 0.120 13. 762 0.030 18 .. 349 
1100 0.1545 20. 273 Lc.272 Q.105 13.136 0.02b 17. 515 
1150 0.1H8 25. I 30 25. 13C 0.092 rz , 5b5 0.023 lb.754 

•.a•••••••z•2•=•':lt 
K •0.019 825 ,] I ···-- .. ·••::11:&~--- 

TABLE IV-FUNCTIONS Of THE STANDARO SP lkAL 
TABLE IV-FONCT IONS OE LA SPIRA.LE NOIHOLISEE -- ---------- - ---- -------- -- - - ------- ---- --- --- -- --- - - - -- --- - -- --- - --- --- - - • . 175 H 

-- -- -- ---- -- - - - -- ---- --- ---- --- --- -- ---- ----- - - - - - - - - - -- --- - -- --- ---- --- - - 
R AIR LS 0 p LT ------------------------ ----- --- ---- - -------------- 
M H 

1 aas=••••••••&••••••••••••••=•••••••••••••••••=•••••a==:===••••,,.••••••••••z 
l60 I .0938 l9l.,40b 184' .. 6 71 37.19S 44. 513 9.42U l 30 .. U8 l 
I 70 1.0294 180.JH 175.155 31.18, &9. 2J 7 7.875 121.913 
180 IJ.97 22 170.139 l e e , 3 78 .£0., 3 7EI 64. 440 b.648 ll4. 782 
190 0.9211 161.184 158.308 lZ.499 80.111 s.001 108."t87 
200 0.87SO 153.125 150.896 19. 336 76. 190 4.tt!t9 I02.li78 
210 0.8333 l"5.833 1"4.085 lb. 73" 72.625 4.202 97 .843 
220 0.7955 ll9. 205 137.818 14. s re 69. 371 3.657 93.294' 
2 30 o.76oq ll3.15; 132.0H 12. 771 60.391 3.202 89.161 
240 0.7292 121.60, 126.705 11.251 63. b52 2.820 •S.387 
2 50 0.1000 122. 500 121.767 9.961 bl. i z s 2.496 81.92'> 

l 
J 



209 

b00 0._Zob1 l•.22't ',2.66.\ 2 13.9 0 •o '+At.b 0 0 o.o 
050. o.z.02 13.129 39.383 .,, 9.0 0 3• o.o 0 0 o.o 
700 0 .2 280 12.191 3b.57C 29 0.1 0 29 !>•.u 0 0 o.o 
750 0.2133 11.378 3'.133 18 13. 7 0 26 •• 5 0 0 o.o 
800 0.2000 10.0,1 31.999 8 0.3 0 22 55.l 0 0 o.o 

850 0.1882 10. o•o 30.117 I 0 5•.2 0 20 18.1 0 0 o.o 
900 0.1116 9 •• 82 28.'4-\4t 0 54 19.5 0 18 •• s 0 0 o.o 
HO 0.1084 8.983 20.947 0 48 't5.4t 0 lb 15.1 0 0 o.o 

1000 0.1600 8. 533 2 >. 60C 0 •• 0.2 0 l• •o. 1 0 0 o.o •...•..•.....•... 
K . 1 .3•2 869 83" .................. 

TABLE IV-FUNCTIONS Of THE STANDARD SPIRAL 
TABLE IV-FONCTIONS DE LA SPISAlt Nllk•ALI SEE 

--------------------------------------------------------------------- 
A . 170 " -- ---- -- -- -- - - ------- -- - - --- -------- - - -- - --- - - - - - - - -,.,- - -- - - - - - - - -- --- - - - - 

R AIR ST LC 8 • C --- -------------- ----------------------------------- 
" M DtG MNT SEC ..•••.....•.•••••••••.••••..•.•.•.•.••........•........•.•••.•........•.•. 
160 1.0025 62.097 178.080 32 20 26. 8 10 •5 3.4 0 l ',5. 5 
170 1.0000 58. 052 168.l 1 ~ L8 38 52.4 9 31 H.3 0 1 13.2 
180 0.9♦♦• 5♦• 55• 159.1♦1 25 33 11.6 8 30 12.0 0 0 51.9 
190 0.8947 51.08 151.025 22 56 3. I 1 38 3.5 0 0 37 .5 
200 0.8 500 ♦8.773 lo\J.6b4t lO 41 53. l b 53 30.2 0 0 27.5 
210 0.8095 .C..6.3"t7 136.903 18 •• 2!>.b • 15 8.0 0 0 20.5 
220 o. 7727 ••• 163 130.8H 17 6 21.1 5 •1 51.5 0 0 15.5 
230 0.7391 ♦2.lh 125.236 15 39 2.1 5 12 -\9.0 0 0 ll.9 
HO o. 7083 •0.381 120.080 1" 22 25.3 • 47 19.2 0 0 9.2 
250 0.0800 38.731 115. 326 13 I♦ 't8.4t • 2't 't8.9 0 0 1.2 

280 0.0011 3 •• 510 103.059 10 33 lb. 9 3 31 8.7 0 0 3.6 
300 0 • 560 7 32.190 90.223 9 II 57.0 3 3 SO.Q 0 0 2.4 
320 0.5313 30.161 9U.233 8 5 .. , 2 "1 •u-• 0 0 1.6 
HO 0.5000 28. 37• 8♦.9"1 1 9 "3 • l 2 23 13.2 0 0 l.l 
350 0."857 27.560 112.520 • •5 30.8 2 15 9.3 0 0 1.0 
380 O.o\4 l"a 25.375 70.0Vi 5 .. o. 8 l 5" 39. 7 0 0 0.b 
,oo 0.,250 2,.102 /2.22" 5 10 28.3 I 0 29.0 0 0 o., 
"20 0.,0♦8 22.951 68.7119 • •l lb.', I 33 51.8 0 0 0.3 
,so 0.3778 21.,18 6♦.208 ,, 5 18.6 I 21 4tO.O 0 0 0.2 
"75 0.3579 20. 2 89 o0.831 3 ,o 10.1 l 13 23.2 0 0 0.2 

500 O.HOO 19.273 57.791 3 18 ,2.1 l • 13.9 0 0 0.1 
525 0.3238 18.35', 55.0',l 3 0 13.7 l 0 •• 5 0 0 0. l 
550 0.3091 17. 519 52. 5.C 2 .. 13.0 0 5♦ ♦4.3 0 0. 0. l 
575 0.2957 16. 757 50.257 2 30 1♦.8 0 ,o •• 9 0 0 o.o 
600 0.2833 16. 0511 H.163 2 17 59.2 0 •5 59.7 0 0 o.o 
050 o.2615 14.822 H.♦5~ l 57 3♦.' 0 39 11.5 0 0 o.o 
700 0.2"29 u.7"3 ,1.28♦ l "1 22. 7 0 33 't7 •• 0 0 o.o 
750 0.2261 12. 8♦5 38. 532 28 18. 7 0 29 26.2 0 0 u.o 
800 0.2125 12.0♦2 36.12', l7 37.1 0 25 52.• 0 0 o.o 
850 0.2000 11.33♦ 33.99~ • "5.3 0 22 55.1 0 0 o.o 

900 0.1889 10.10♦ 32.111 l l 19.7 0 20 2b.b 0 0 o.o 
950 0.1789 10.1♦1 30.,21 0 55 2. 5 0 18 20.8 0 0 o.o 

1000 0.1100 9 ."3♦ 28.900 0 ♦9 ,o.5 0 lb H.5 0 0 o.o 
1050 0.1619 9.175 27.52" 0 ♦5 3.4 0 15 1.1 0 I) o.o 
1100 0.15♦5 8. 751 26.273 0 ,1 3. 2 0 13 '1.l 0 0 o.o 
1150 0.1♦11 1.377 25.130 0 37 33.7 0 12 31.2 0 0 o.o 

···········--·--- K - l.lB9 531 75• --·----·-··-····· 
TABLE IV-FUNCTIONS OF THE STANDARD SPIRAL 
TABLE IV-FONCTIONS OE LA SP I RALE NUR.ALI SH 

--------------------------------------------------------------------- 
A . 175 " - - - --- -- - ---- -- -- --- - -- - - -- -- -- - - -- - ---- --- - - - - - --- -- - -- --- - -- --- --- - -- - - - 

R AIR ST LC 9 ♦ C 
----------------- - -- - - -------- - - -------- - -- - ------ - - 

" M DEG MNT SEC -- .. ·-·-····- .......................... - . -- ..... ---- -- ··--·---···- ------ -- 
160 1.0938 66.059 188.380 ,. 16 10.2 11 23 19. 7 0 2 5.6 
170 1.029, ol.702 177.909 30 21 28.2 10 5 ,2.2 0 l 21.2 
110 0.9722 57 .9,8 lb8.',5b 27 • ,2., 9 0 32 •• 0 I 1.8 
190 0.9211 5•.606 15~.899 2't 18 11.1 8 5 19. l 0 0 44t.6 
200 0.1750 51. 765 152. 130 21 5b c.1 1 18 7 .5 0 0 32.8 
210 0.8333 ♦9.176 1♦5.053 19 >l 39. 7 • 37 28.8 0 0 .2't.lt 
220 0. 7955 A,6.8.,8 138.5110 18 1 3b.8 6 2 ll.8 0 0 18. 5 
230 0. 7609 H.HI l32.65l 16 35 5.7 5 31 21. 1 0 0 H.l 
2♦0 0.7292 ♦2 .823 121.20, 15 13 53.9 5 • 21.0 0 0 11.0 
250 o. 7000 '1.068 122.IH 1, 2 1♦.9 ,, ,o 36.'t 0 0 8.6 



210 1] 
280 0.6250 109.375 108.959 1.101 54.bl8 1.178 73.063 
300 u. 5 833 102.083 101.788 5. 111 50.992 l.'t'tb 08.159 
320 o.H69 95. 703 95.'89 4. 763 't7. 8 la 1.192 63.877 
HO 0.51H 90.07' 89.916 3. 972 45.010 0.994 <>0.104 
350 a.toDo 87.500 8 7. 363 l.642 4tl. 72i" 0.911 58.381 JJ 380 0.,.05 ao. 592 80.502 2.¥46 40.281 0.112 53 • 760 
-.oo o.-.315 76. 563 76. 492 2.441 38.270 o .... o H.066 
420 0.4!67 72.917 72.162 2.109 36.H9 o.s21 48.630 
'50 0.318~ 68.050 u.011 1. 715 1-..021 0.429 45.38' 
475 0.3684 6't.lt7't 64.lt't't 1.458 32. 2J2 11.1•5 42.993 

500 o.J5oo 6!.·250 61.227 1. 250 30.621 o.1u 40.841 l 525 O.J3B 58. 333 58.315 1.080 29.1 .. 0.210 38.895 
550 0.3182 55.682 55.6U 0.939 27.a39 0.235 37.126 ] 575 0.3043 53. 2<>1 53.2'tS 0.822 26.629 0.206 35.511 
600 0.2917 51.042 51.032 o. 724 25.519 0.181 H.OJI 
650 0 .2692 47.115 47 .109 o. 50~ 23. 557 0.142 31.412 
100 c.z soo 43. 750 43.H• 0.456 21.87' 0.114 29.168 
HO 0.2333 40.833 4~.830 0.371 20.410 0.093 27.223 

11 
800 0.2188 38.281 38.279 0.305 19.140 0.076 25.522 
850 0.2059 36. 029 36.028 0.255 18.01' o.oo• 2'.020 

900 0.1944 34.028 H.027 0.21' 11.014 0.054 22.680 
950 0.18'2 32. 237 32.236 o. u2 J.C>. 418 0.040 21.492 

1000 O. l 750 30. 625 30.624 o. 156 IS. 312 0.039 20.417 
1050 0.1667 29.107 29.l66 0.135 14. 583 II.OH 19.'t't5 ) 1100 0.1591 21.841 21.840 o. 117 13.920 0.029 18.561 I 
1150 0 .1522 26.630 20.010 0.101 13.315 0.020 I 1. 154 
1200 0.1458 25.521 25.521 0.090 12.760 0.021 17.014 ----------- ----- K •0.018 708 83' ------·········· 

TA81.E IV-fUNCT IONS Of THE STANOAAO SPIRAL J TA6L E IV-fONCTIONS OE LA SPIRALt NOR MALI SEE 
---------------------------- ---------------- - ---- -- -- ---- ----- -- -- --- -- 

A . 180 " -------------------------------------------------------------------- r] R AIR LS Q p LT 
--- ---- -- ----- -- -- ------- -- - - - - - - - - - -- - - - -- - - - - -- -- - -- 

" M 
•"' • • aaa as•••••"'•••••• •••::11 • • ••••• •• •• •-•• •-•••••••••••a•"'••••._.••"' a•••••••• 

170 l.0588 190.588 us ... tiac H.820 94.305 8.YOo\ 129.215 
180 1.0000 180.000 115.552 29.469 89. 2 :;5 7.433 121.610 
190 0.9474 170. 52<> 107.124 H.lH 8't.b9't 6.HI IH.907 j 200 0.9000 re z , 0011 159.363 21.615 80.559 5.lf.3b 108.943 
210 0.8571 154.286 15:1.211 18. 711 1b. 191 h7~0 103.59' 
220 0.6182 147.273 145. 631 16.300 73.362 't.091 98. 164 
230 0.7626 140. 870 139.554 14.28' 70.215 3.583 94.379 
2..0 0.7500 135.000 133.936 1:1.585 67. 322 3.155 90.370 
2 50 0.7200 129.600 128. 73:I 11.14' .... 055 2.793 ••• 700 
280 0.6429 115.71" 115.221 1. 946 51.115 1.9&9 77.316 

J 300 0.6000 108.000 107. 65 I b.'t6~ 53.942 1.018 72.123 I 320 0 • 5 62 5 101.250 100.997 5.330 50.583 1.33' O 7. 5 89 
340 0.5294 95. 29-. 95.107 ...... 5 47.616 I .112 03.595 
350 0.51'3 92 • 571 92.410 4.070 4b.259 1.020 01. 111 
380 0.4737 85.263 85.156 3.186 42. 614 0.191 50. 8 80 
400 0.4500 81.000 80.911 2. 732 o\O.'t86 0.683 54.029 
420 0 • 42 86 77.143 11.078 .1.360 ,a.s•1 0.590 51.451 ' } 450 0.4000 12.000 71.95' 1.919 35.992 o.<o80 48.0lb 
475 0.3789 68.211 08.175 I. 632 34. 099 O.<o08 't5.'t8b 
500 0.1000 04.800 "4.773 1.399 l-'.395 0.350 43.210 

525 0.3429 01.11, bl. 693 I .209 30.854 0.10, 41.150 
550 0.3273 58. 909 58.892 1.051 29.452 0.201 39.279 
575 0.3110 5<>.348 56.3H o.no .a. I 72 0.230 37.57C 
600 0.3000 54.000 53. 989 0.810 26. 998 0.202 36.004 
05~ 0.2769 49.8..0 49.839 o.•n 24.9"2 0.159 33.231. 
700 0.2571 46.286 46.281 o. 510 23.142 0.126 30.859 
7 50 0.2400 43.200 43.196 0.415 21 .599 u.lu4 28.ti0l 
800 0.2250 40. 500 40.Hl 0.342 20.250 o.ud5 21.001 
8 50 0.2118 38.118 38. llo 0.285 19.059 0 .07 I 25.412 
900 0.2000 36. 000 35.999 0.240 18.000 0.000 2<o.OOI 

950 0.1895 3<o. l05 H.104 0.204 17.052 O.OH 22.731 
1000 0.1800 32.400 32.39'i O. I 75 10.200 o.o .. 21.000 
1050 0.1714 30.i57 30.856 O.IH 15.428 0.038 20.57 2 
1100 0.1636 29.455 29.454 0.131 14. 727 0.033 19.637 l 1150 0.1565 28.IH 28.113 o. 115 14.087 0.029 18. 783 
1200 0.!500 21.000 21.000 0.101 13. 500 0.025 18.000 ! 1250 o.1Ho 25.920 H.920 0.090 12 • 960 0.022 17 ;280 -------····----- ' 

K •ll.017 683 88' -····--··-···--- , 
I ., 

/. 



211 

210 0.6250 1•.591 10~.190 11 11 26.l 3 0 ...... 0 0 ♦.3 
300 o.51n H.122 101.952 9 •• 53. 7 3 i♦ 55.0 0 0 2.9 

l 320 O.H69 31.969 95 •• 08 I H 4.0 2 51 19.♦ 0 0 1.9 
HO O.H♦7 30.075 90.003 7 35 22.1 2 31 o.o 0 0 1.4 
350 0.5000 29.210 B7.♦3'l 7 9 0.1 2 23 u.2 0 0 1. 1 
380 O.H05 26. 893 80.552 6 4 12.a 2 1 30.2 0 0 0.1 
400 0.♦315 25. 50 76. 531 5 29 0.2 1 ♦9 39.6 0 0 0.5 
420 o.,1n H. 323 72.892 • 58 24. 9 1 39 27 .9 0 0 o.4 
450 O.JU9 22 • 698 U.038 • 19 57 .2 1 26 31.1 • 0 0.3 
475 0.368♦ 21.501 h.oo 3 53 18.6 1 17 46.0 " 0 0.2 

500 O.HOO 20.♦H 61.HO 3 30 33.7 1 10 11.1 " 0 0.1 
525 0.3333 19.450 58.325 3 10 59.2 1 3 39.a 0 0 0.1 
550 o.3182 18. 565 55.675 2 5♦ 1.1 u 58 O.l 0 0 0.1 
575 0.3043 17.757 SJ.256 2 39 12.9 0 53 4.2 0 0 0.1 

( 600 0 .2917 17.017 51.038 2 26 13 •• 0 ♦8 .. ..... 0 0 o.o 
650 0.2692 15.707 ♦7.113 2 4 35.6 0 ♦l 31.1 0 0 o.o 
700 0.2500 l♦.515 0.1 .. 1 47 25.8 0 35 ♦8.6 0 0 o.o 
HO 0.2333 13.1>12 ♦0.132 1 33 35. 0 0 31 11.7 0 0 o.o 
800 0.2188 12.761 31.210 1 22 15.0 0 27 25.0 0 0 o.o 
850 0.2059 12.010 36.029 1 12 51. 5 0 24 11.2 0 0 o.o 

~ 
900 0.19<\lt 11.3♦3 H.027 1 • 59.3 0 21 39.8 0 0 o.o 
950 0.1842 10.H6 32.2.36 0 58 19.6 0 19 26.5 0 0 o.o 
1000 0.1750 10.209 30.625 0 52 38. 4 0 17 32.8 0 0 o ,» 
1050 0.1&67 9. 722 29.166 0 ♦7 H.8 0 15 H.9 0 0 o.o 
1100 0.1591 9.2&0 27.8♦1 0 0 30.3 0 14 30.1 0 0 o.o 

r 1150 0.1522 1.111 26 •• 30 0 39 0.2 0 13 i..1 0 0 o.o 
1200 O.IH8 8 .507 25. 521 0 36 33.♦ 0 12 11.1 0 0 o.o 

( -----------······ l K - 1. 122 529 56" ---·-······-··-·"" 
TABLE IV-FUNCTIONS Of' THE STANOAAO SPIRAL 
TABLE IV·FONCTIONS De L,A SPIAALE NOA MALI SEE ----··----------------------------------------------------- 

A - 180 H ----------------------------------------------------------------------- 
R A/A ST LC a • C 

----------------- - - -- -- -- - -- - --- ---- ---- -- -- -- --- - - 
H " DEG HNT SEC 

• -- ••••• - - -- ••••• - ••• -- • - - - -- - - • ·- -- ---- ••••••••• --- -- •••• -- -·--· - •••• ■- •• 
170 1.0518 65 ... 9. 117.940 32 7 2.5 10 •o 37.5 0 1 o.3 
180 I .0000 61.♦66 118.008 28 38 52. • 9 31 4•.3 0 1 13.2 
190 0.9474 57.955 lb9.00S 25 42 42.0 8 33 21.2 0 0 52.9 
200 0.9000 s,. 851 160.122 23 12 17. 2 7 H 26.9 0 u 38.8 
210 0.8571 52.099 151.3•2 21 2 so. 1 7 0 2e.o 0 0 l8.9 
220 0 .8182 49.621 146.5♦1 19 10 39.0 b 2.l 11.1 0 0 21.9 
230 0.1826 47.380 l♦0.283 17 32 46.2 5 so 38.b 0 0 lb• B 
240 0.7500 4s.1,2 13♦.526 16 6 52"lo0 5 22 4 •• 0 0 13 .o 
250 o. 7 200 ♦3.478 12•.213 H 51 3.8 4 Sb 51.1 0 0 10 .2 
280 0.0429 38. 729 115.495 11 50 21. 0 3 56 H.9 0 0 5. I 

300 0.0000 36.111 107.845 10 18 't7.7 3 2b 12. 5 0 0 3.4 
320 o.so2s .33.831 101.137 9 3 51. 7 3 1 1•.9 0 0 2.3 
HO o.529• 31.824 95.211 8 I 't5.b 2 •o 33.o 0 0 1.0 
350 0.5143 30. 909 92 •• 9~ 7 H 37.5 2 31 11.1 0 0 1.3 
380 o.♦111 28.455 &5.2U 6 H 't0.5 2 8 l2 • 7 0 0 o.8 
400 o.,soo 27.026 110.963 5 ♦8 4.3 1 So 1).8 0 0 O.O 
420 0.4286 2!>.135 77.114 5 15 't£. 7 4> 13.8 0 I) o. 5 
,so 0.4000 2♦.01s 71.980 4 35 1.2 31 ,0.1 0 0 0.1 
475 0.3789 22.148 t8. 195 4 • 49. 9 22 lO.'t 0 0 0.2 
500 0.3600 21 •• 09 64. 788 3 42 'tt>.O 14 15.2 0 0 0.2 

525 0.3429 20 .• S78 61.705 3 22 3.3 I 7 Ll.O 0 0 0.1 
s so 0.3273 19. 0•2 58.902 3 4 6.2 l l 22.0 I) u 0.1 
575 0.3130 18. 787 5o.l42 2 48 z e ,« 0 So 8.8 0 0 0.1 
000 0.3000 18. 003 53.995 2 3♦ 41.9 0 51 33.9 0 0 0.1 
050 0.2769 l0.618 49.84l 2 II 't8. ', 0 43 50.3 0 0 o.o 
700 0.2571 15.430 •6. 283 1 53 39.'t 0 37 53.1 0 0 o.o 
750 0.2400 14 •• 01 H.19f I 39 0.4 0 33 0.1 0 0 o.o 
BOO 0.2250 ll.501 40.499 I 27 1.J 0 29 0.3 0 l) o.o 
850 0.2118 12. 706 3•.117 I 17 4.9 0 lS ",l.b 0 0 o.o 
900 0.2000 12.000 35.999 1 8 45.3 0 22 55. I 0 0 o.o 

950 0.1895 11.369 H.lOS I 1 42. 5 0 20 H.2 0 0 o.o 
1000 o.uoo 10.900 32.400 0 55 41.5 0 18 33.11 0 0 o.o 
1050 0.1 714 10.286 30.857 0 50 30. 8 0 lb 50.3 0 D o.o 
1100 0.1636 9 .818 29.♦5♦ 0 46 l.O 0 15 20.s 0 0 o.o 
1150 0.1565 9.391 28.IH 0 42 6.6 0 1• 2.2 0 0 o.o 
1200 o.uoo 9.000 21.000 0 38 ♦0.5 0 12 53.5 0 0 o.o 
1250 0.14♦0 8.hO 25.92C 0 35 38. 6 0 11 52.9 0 0 o.o 

••••••••••••••r•• 
K . 1.001 OJ2 95• 

---···--·--·-·•~- 



212 TA&LE IV-FUNCTIONS Of THE STANDO0 SPIRAL 
TA6LE IV-fGNCTI0NS D< LA SPIRAL< N0RMALI SEE 

------------------------------------------------------------------------ 
A . 190 " - - - - -- -- - - - - - ----- --- --- -- - -- ---- - ------------- ---- --- --- ------- - - --- - - - 

AIR LS X Q LT ------------------------------ - --- ---- ---- - --- - - --- 
" " . --· ...... -- -- . -- -- - . -- ... - . - ... --- - ..... -- . ·-- - - - - - ....... -- -- --- - . - ... - - . 
170 1. 1176 212.353 20♦.218 ♦2 .993 10♦• 811 10.~oo l♦♦.57'o 
180 1.0550 200. 550 19•-•20 36.•26 99.Z.9 9.208 135.9•• 
190 1.0000 190.000 185.305 31.106 9•-21• , .... 128.366 
200 0.9500 180.500 l lo.85~ 20.158 i9. 6•1 o.73& 121.0•2 
210 0.90•8 171.905 169.0"7 23.IH 85.H5 5.821 115.625 
220 0.8630 lh.091 161.823 20.191 8l.oo7 5.0H ll0.l02 
230 0 .826 l 156.957 155.139 11.10 .. 78.175 -'t."t't't 105.283 
HO 0, 7911 150.H7 H8.9♦6 15.602 7♦• 903 3.9H 100.798 
250 0.7600 lH.♦00 lH.200 13.818 12.ouo 3."tc,5 96.091 J 280 0 ,o 786 128.929 128.Hl 9.857 ..... 351 2 •• 69 80.192 

300 0.6333 120. 333 119.850 8.021 60.086 2.008 80.392 
320 0.5938 112.813 112 ... 62 6,61" 5o.H8 1 .o55 75.331 
HO 0 .5 588 106,170 105.918 5.511 53.0•5 1.380 70.875 f I 350 O.H29 103.IH 102.919 5.058 5 l. 53♦ 1.266 68.HO 
380 o. 5000 95.000 9 ... 852 3.95♦ ♦7."75 0.989 63.385 
♦00 0,♦150 90.250 90.135 3. 391 .5.106 o.eo 60.201 
•20 o •• sz. 85.952 85. 862 2.929 ♦2.961 0.733 57.333 
•50 0 •• 222 80. 222 80.159 2.382 ♦11.100 0.59~ 53.50• 
HS o.voco 10. 000 75.951 2,026 37. 992 0.501 50.68" 
500 0,3 800 72. 200 12.102 1.137 3b.09'e ,J.♦H .a.1♦0 

525 0.3619 68. 762 68. 732 1. 501 H.316 0.315 .. 5.852 
550 O.H55 65.b3b c5.bl3 l.J05 32.81" 0.320 .. 3.166 
575 0.330• 62.183 02.10• I. 1•2 ll.38~ o.286 "1,862 
600 0.3167 60.167 so , 152 1.005 30.081 ,J.251 .0.110 
650 0.2923 H.538 55.528 0,791 27.168 0,198 31.029 
700 0.271" 51. 571 51.56♦ o •. •33 25.785 0,158 H.383 
750 0,2533 ♦8.133 •e.128 0.515 2•.066 O.li9 32.091 
800 0,2375 .s.125 ♦5.121 o. •2• 22. 562 0.100 JO.OBS 
850 0.2235 ♦2.'71 'e2.'t68 o. 35• 21.235 0.088 28.315 
900 0.2111 .0.111 •0.109 0.298 20. 055 O.OH 26.Hl 

950 0.2000 38.000 37.998 o.2s1 19. 000 0.063 25,33♦ 
1000 0.1900 3o.100 36.099 0.211 18. 050 11.05• 2♦.067 
1050 o.1e10 3♦• 381 H.380 0.188 17.190 O.OH 22,921 
1100 0.1727 32.818 32. Bl 1 0.101 16,♦09 o.o.i 21.879 
1150 o.1652 31.391 31.391 0.1"3 15.o9o 0.016 20.928 
1200 0.1583 30. 083 30. 083 0.120 15. 0•2 0,031 20,050 
12 so 0,1520 28.880 28.880 0.111 1 ..... 0 0,028 19.253 
1300 O.Ho2 27. 769 <7. 7o9 0.099 13.885 J.025 18,513 

~ 1"00 0.1357 25.7116 25.785 o. 019 12. 893 0.020 11.191 

--------········· • •0.015 871 •l' ········-------- 
TABLE IV-FUNCTIONS Gf THE STAl,0AR0 SP lRAL 
TABLE IV-FONCTIONS OE LA SPIRALE NORMA LI SEE 

---------------------------------------------------------- 
A . 200 " ---- --------- ----- --- ------ ----- --------------------------- 

R A/R LS X w p LT 
--- ------ - -------- -------- ---- ------ -------------------- 

" " •••• ••• • •• •• • •• ••• .. ••••• aasa ••••••as•••••••••••••••• a :ii•• a••••••••••• a••••• 
180 1.1111 222. 222 213.903 ....... 95 i ov, 715 11. 277 151.lll 
190 1,0526 210.520 20 •• 150 38. 03• 10 •• 195 9.bl't H2.o7o 
200 1.0000 200.000 195.058 32. 7"3 99. 112 8.259 135.122 
210 0.952• 190.Ho 186.596 28.37' ""· 589 1.1"6 128.380 
220 0,9091 181.818 17d.738 2•.HO 90.39• 0.221 122.31" 
230 0.8696 173.913 111 ...... 21,69• 80.5-'t't 5.'t51 116.822 
HO 0.8333 l06.bb7 lti<\. 666 19,125 83. 000 •• 802 111.821 
250 0.8000 160.000 158,369 16,9•2 19. 7 2 8 •• 2>1 101. H• 
280 0.71♦3 1.2.857 1"1,930 12.091 71.27• 3.030 95.565 
300 0.6667 133.333 132. 670 9,8"2 66.551 2.'tb!> 89.120 

320 0.0250 125.000 1i,.sz- 8,116 02 ... 21 2.012 83.500 
HO 0.5882 117 .6"1 117.295 o.710 58.705 l.b9't 18.555 
350 o.511• 1H.28o 113.981 6.206 57.092 1.553 76.297 
380 0.5263 105.iol 105.061 ... 853 52. 598 1.21, 70,Ho 
,oo o.sooo 100.000 99.8H •• 162 ♦9.97" l..O'tl 66.721 
"20 0."162 95. 238 95.110 3. 596 .. 7.599 O.H9 63.535 
•50 a ...... 88.889 88. 802 2.92• ••• uo 0.731 59.290 
•15 0 ... 211 a •• 211 H.IH 2.,81 .2. 09• 0.622 56, lo3 
500 o.•ooo 80.000 19.9•9 2.112 39.991 o.533 53.351 
525 o.1a10 lo.190 16.150 1,8"2 38. 089 o.♦61 50.808 

550 0. 3630 12.121 72.695 1.002 36.358 0 • .01 't8.<\'ib 
575 0.3'4,71 69. 565 ti 9. 5't0 1 •• 02 J•. 718 0,351 •o.316 
600 0.3333 66.667 oo.6"6 1.2H 33,330 0.309 •••• 52 
650 0.3077 61.538 b 1. 525 0,971 30.761 0.2.1 H.030 
700 0.2857 57.IH 51.133 a. 111 28.570 a.is, 38,099 



TAtll.E IV-FUNCTIONS CF THE STANO ARO SPIRAL }IJ 
TABLE IV-FONCTIONS DE LA SP I KALE NORMALISEE ------------------------------------------------------------------ • - 190 " ------------------------------------------------------------------ 

R AIR ST LC • • C 

---------------- --------------------------------- 
" " DEG MOH SEC ······--·-··. ············-·- ........ ··-----·-·-· ··-··· -- ------ ......... 
170 1.1!76 73.52 .. 201.091t 3!> H ... 1 11 53 l».9 0 2 23.2 
110 1 .0556 68. 893 lH.801 31 55 9.9 lo l6 .1.9 0 1 u., 
190 1.0000 6'..881 187. 891 28 31 52 ... 9 ll H.l 0 1 11.2 
200 u.9580 61. 358 118.812 25 51 11. 0 a l6 11.9 0 0 53. I 
210 o.,o,a 58. 232 110.621 23 27 3 •• 1 ,1 21.1 0 0 '". 1 
220 o.a.36 55.02 lU.079 21 22 3.1 1 6 50.8 0 0 311.3 
230 o.82u 52. 90. 156.H6 lY .12 59.6 • JO 36. 7 0 0 2.1. 2 
240 0.1911 50.613 1,9.761 17 H 16.8 5 58 H.6 0 II 18 .o 
250 0.1 .. 00 o.s1, 10.865 16 .12 .9.3 5 lO '2.4 0 0 14.0 
210 0.6186 ,1.19' 128. 62 5 ll 11 28.3 4 23 ,2.1 0 II I.I 

300 0.6333 ,0.20 120.111 11 29 27.6 3 ., H.5 0 0 ,.1 
320 0.5938 37.716 112.657 10 5 sa.2 3 21 5•.2 0 0 3.2 
HO O.HH 35.,75 106.061 8 56 ~6.6 2 58 53.3 0 0 2.2 
]50 O.H29 i..,52 103.0'3 8 26 32.5 2 "' ,9.ll 0 0 1.9 
310 0.500G 31. 114 9'.9H 7 9 0.1 2 23 13.2 0 0 1.1 
,oo 0.'150 311.120 90.199 6 27 49.2 2 9 15.b 0 0 o.8 
'20 0.'524 28.619 85.912 5 51 ,s., I 51 1'.I 0 0 0.6 
,so o • ..i22 26. 76I 80.194 5 6 25.6 1 ,2 8.1 0 0 o., 
'15 0.,000 25. 3•9 15.978 • 35 1.2 1 31 ,0.1 0 0 0.3 
500 0.3800 2'.019 12.IU 4 • 12.1 I 22 4.1.9 0 0 0.2 

5H 0.3619 22.uo 61.1'9 3 '5 7. I I 15 2., 0 0 0.2 
550 O.H55 21.06 65.626 3 25 1.1 I 8 22., 0 0 0.1 
5H a.no• 20.933 62.7H 3 1 ,0.1 I 2 H.5 0 u 0.1 
600 0.3161 20.oo0 60.160 2 52 21. 9 0 51 21 .2 0 0 o. 1 
650 0.2923 U.516 55.5H 2 26 52.0 0 •• 57 .3 0 0 o ,o 
100 0.211, 11.19.l 51.5"8 2 6 38.l 0 42 12.1 0 0 o.o 
150 0.2533 lo.0'6 0.131 1 50 11.8 0 36 ••• 3 0 0 o.o 
100 0.2.115 15.00 '5.123 1 36 57.3 0 32 19. 1 0 0 o.o 
150 0.2235 1'.158 ~~-,.,~ 1 25 53.1 0 28 31.1 0 0 11.0 
900 0.2111 13.371 ,o.11c 1 16 36 •• 0 25 32.1 0 0 o.o 

950 0.2000 12.667 31.999 I I '5.3 0 22 55.1 0 0 o ,o 
1000 0.1,00 12.01, 36.09~ I 2 3.1 0 20 '1.0 0 0 u.o 
1050 0.1810 11.,., 3'.311 0 56 16.9 0 18 H.6 0 0 o.o 
1100 0.1121 10.9,0 32.818 0 51 , ... , 0 17 5.6 0 0 o ,c 
1150 0.1052 10., .. 31.391 0 .6 55.2 0 15 38 •• 0 0 o.o 
1200 0.1513 10.028 JO.OU 0 0 5. 5 0 14 21.a 0 0 o ,o 
1250 0.1520 ., •• 21 21.110 0 39 ,2.a 0 13 l<lt.l 0 0 o.o 
1300 0.102 9.257 21.169 0 36 ,1.0 0 12 1'.3 0 0 o.o 
1,00 0.1151 8.595 25.716 0 31 39.5 0 10 33.2 0 0 o.o ······-··-· ···--- K • 0.952 28' '2" 

······-··-···---- 
Ulll.E IV-FUHCT IONS OF THE STANOARO SPIRAL 
TABLE IV-FONCTIONS DE LA SPIRALE NOA"ALISEE ------------------------------------------------------- A . 200 " --------------------------------------------------------------------- 

R .,~ ST LC • • C -------------- - - ------------------ ------- ----- 
" " OtG MNT SEC ····-·-···········--·-····-···--·····--·--·--·-··-·····---····-------··- 110 1.1111 76.172 211.412 35 22 ,.o 11 •5 3.1 0 2 11.2 
190 1.0526 72.29' 201.661 .31 .. 3 • .1 10 33 11.1 0 I 39. 7 
200 1.0000 ... 2,. 191.111 21 31 52., 9 31 ... 3 0 I u.2 
210 0.952• 64.163 Ill.HI 25 59 •• I I 38 ... , 0 0 54.6 
220 0.9091 61.609 110 ... 2 2.3 ,o 33 •• 1 52 '9.9 0 0 ,1.2 
230 0.16 .. 51.112 I 12.111 21 39 ,2. 9 7 lZ ,2. 7 0 0 31.6 
2'0 0.1333 56. 201 105.775 19 53 39. 7 • 37 21.a 0 0 i.., 
250 o.aooo 53.859 159.213 II 20 4.7 6 6 22.5 0 0 19. I 
280 0.110 47.9U i.2 ... , 1' u Sl.6 • 52 ,.a 0 0 ,.1 
300 0.6667 .... 55 133.0'1 12 '3 S..6 • 1• 32.5 0 0 ••• 
320 0.6250 '1.119 12'.111 11 11 26.l 3 0 4 ••• 0 0 ..3 
3'0 o.5112 39.321 117.'91 9 5' .6.0 3 11 12.l 0 0 3.0 
350 o .511• 31.192 l1'.150 9 21 is., 3 1 2.1 0 C 2.5 
380 0.52U )5 • 152 105.113 1 5• 1.5 2 38 '1.3 0 0 1.5 
,oo 0.5000 33.38.l 99.Ul 7 9 '3.l 2 2J 13.2 0 0 I.I 
•20 0.,162 31.115 95.lh • 29 ... o 2 9 5♦.5 0 0 o., 
450 0.4 .. 4 29.657 118. 850 5 39 31.1 I 53 10. 1 0 0 o.• 
♦75 0.'211 28.091 ... 111 5 • H.9 1 '1 1,.2 0 0 o., 
500 0.,000 26.613 1,.,11 • 35 1.2 1 31 ,0.1 0 0 0.3 
525 0.1110 25.uo 16.173 • 9 21.1 1 2J 1.1 0 0 0.2 

550 o.uu 2♦.253 12. 7 ll l ♦1 17.3 1 15 o .• 0 0 0.2 
575 O.J♦TI 23. l96 69.55" 3 27 57.J I 9 19.0 0 0 o. 1 
600 O.lJU 22.229 66.651 l 10 59.2 1 3 n.• 0 0 0.1 
650 0.1011 20. 511 61.532 2 ,2 ... o 0 5' 1'.6 0 0 0.1 
100 0 .2 857 19.051 Sl.139 2 20 19.0 0 .. .6.3 0 0 o.o 



214 

) 750 O.Z667 H.333 53.3Z7 0.432 2•.444 o.1sa 35.558 
800 0.2500 50.000 <,9.995 0.521 24.999 0.130 33.H5 l 850 0.2353 "7.059 "7.055 o.♦H 23. 529 0.109 31.374 
900 0.2222 ..... 44<, 4<t.H2 0.346 22.222 0.091 29.631 
•so 0.2105 42.105 42.103 0.311 21. 052 o.on 28.071 

1000 0.2000 40.000 39.991 0.267 20. 000 0.0.1 26.667 1 IOSO 0.1905 31.095 31.094 0.210 19.047 o.osa 25.397 
1100 0.1818 36.364 36.363 0.200 18.182 o.oso H.2H 
1150 0.1 739 34. 783 H.782 0.175 17.391 0.044 23. 1&9 
1200 0 .1"67 33.333 33.333 0.154 16.667 0.039 22.222 
1250 O.l-600 32. 000 JI. 99~ 0.137 16.000 0.034 21.334 
1300 0.153d 30. 769 30.76~ 0.121 15.385 0.030 20.513 

) HOO 0.1429 28. 571 28.511 0.091 H.28b 0.02, 19.0"8 
1500 0.1333 26.467 26.666 0.019 13.333 0.020 17.778 ······-··------- K •O.O l• 323 9"' ·······•--•=-•--·- 

TABLE IV-FUNCTIONS OF THE S TAhOARO SP IRA~ 
TABLE IV-FONCTIONS Of LA SPIRALE NORMALISEE 

-- -- -- ------- - ---- -------- ---------- ----- ----- ----- - - - -- ------ --- ---- --- - - 
A . .!10 M 

------------------------------------------------------------------- 
R A/R LS y Q LT 

- ------ -- - -- - --- ------ - -- ---- - - - - - - - -- -- -- -- --- ---- -- - - - ii M M 
11: -- • --- --- -- - ----- -- ,. ----- ------ •• ·- -------- --- - ... . ------ ••• ··- --- - • ----- •• 

190 l .1053 232.105 221. 59" .-.o. 012 ll•.62't ll.658 l57.U7l 
200 1.0500 220.500 213. 893 39.04t6 !09.143 10.02u 149."10 
210 1.0000 210.000 204. 810 34.380 104.131 8.67 2 1"1.878 
220 o.9545 200.455 196.334 29.993 9~.538 7.554 135.119 
230 0.9130 191. 739 188."34 2b.312 95.317 o.bl.9 129.009 
240 0. 8 7 50 183.750 181.075 23.203 9l."2U 5.831 l.23.'t5i't 
2 50 0.8'00 176. ,oo 174.217 20. !>61 b7.835 5.lb3 118.llb 
280 o. 7500 157.500 l5b.259 l't. 682 7U.5H 1 •• a 1 105.438 
300 0.1000 1,1.000 140.120 11.95• H.353 l.995 98.310 
320 0.6563 137.813 lH.175 9.859 b8.800 l..'tb9 92.099 

340 0.41 lb 129. IOo 129.235 8.225 64.77" 2.059 86.b36 
3 50 0.6000 126.000 125.592 1.543 42.932 l .d88 84.143 
380 o.5526 llb.053 115.782 5.897 57. 981 l.'t76 77 .'o63 
-co 0.5250 110.250 110.041 5.050 55.090 l.265 73. 5 73 
420 0.5000 105.000 lO'o.83b •• 370 52."73 l.093 70.057 
450 o.~667 98.000 91.88• 3. 55', ,a.901 0.889 65.37• 
475 O.H21 92.842 92. 753 3.0.22 'tb .. 'tOb o. 756 bl .926 

(f 500 0.4200 88.200 88.131 2.592 44.089 O.<>'t8 58.824 
525 0.4000 0,.000 83. 94b l.239 41.991 0.5b0 5b.Ol9 
5 50 0.3818 80.182 80.139 l.947 'tO. 08<1t o.,s1 53.'tb9 

5 75 o.3652 1b • 696 76.662 1. 70♦ 3U.3'2 o ..... 51.142 
bOO v.3 500 73.500 73.472 l.500 36. 745 0.375 "9.010 
650 0.3231 b1.84b b7.828 l.180 H.920 0.295 ,5.237 
700 0.3000 63.000 62. 987 0.9.5 31 ... 98 O.l36 ,2.00 .. 
7 50 0.2800 58.800 58. 791 0.708 29. 398 0.192 39.203 
800 0.2625 55. 125 55.118 0.633 21. 541 0.158 3b.752 
850 0.2471 51.882 51.87d 0.528 25. 9..C 0.132 H.590 
900 0.2333 "9.000 "8.996 o.445 i.., .. 0.111 32.bb8 
950 0.2211 4b •• 2l 46.418 0.378 23.210 0.095 30.948 

1000 0.2100 "4.100 "4.098 0.324 22. 050 0.001 29.401 

10 50 0.2000 42.000 <tl. q99 0.280 21.000 0.010 28.001 
1100 0.1909 40.091 'o0.090 0.2 .... 20.0,5 0.001 26.728 
1150 0.1826 38.3"8 38.347 0.213 19.174 v.053 2 5 • 5bb 
1200 0.1 750 3b. 750 3b. 749 0.188 i s , 375 0.047 2".500 
1250 0.1680 35. 280 35.279 0.166 l7 .o,o 0.0'1 23.520 
1300 O. lol5 33. 923 33.922 0.148 16.961 0.031 22.u• 
1400 0.1500 31.500 31.500 0.118 15. 750 0.030 21.000 
1500 o. 1400 29.400 29.400 0.09b 14.700 il.024 19.600 ··-·······--···-- K •0.012 992 2,• ................... 

TABLE IV-FUNCTIONS OF THE STANDARD SPIRAL 
TABLE IV-FOHCTIONS OE LA SPIRALE NORMALISEE 

--------------------------------------------------------------------- • . 220 " -- -- -- -- -- --- - --- ---- --- - - - -- - - - -- --- --------- - ---- - - - - - -- - --- --- - --- - -- - - 
R A/R LS X y Q p LT ----------------------------------------------------- 
M " ....... ·-- ... --- . ·-· --- - ------ ··- .. ·····- ·····- ..................... - - . ·- 
200 1.1000 242.000 233.291 47.H2 119.539 12.043 lb<t.539 
210 1.0416 230.474 223.632 41.260 11,.091 10.,21 15b. 146 
220 I .OOOll 220.000 214.563 34.017 109. 090 9.085 lH.434 
2)0 0.9565 210.435 206.013 31 •• 12 104.488 7 .9b3 1,1.09 
240 o.un 201 ... 1 198.llb 27. 889 100.243 7.016 135. 709 
250 0.1100 193.400 190.718 2♦.721 9b.318 o.2u 130.095 
280 o.1s,1 172.857 111.211 17.665 66.155 ♦.4)1 115.119 
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( 150 0.2667 17.780 53.330 2 2 13.9 0 40 ♦4.6 0 0 o.o 
800 0.2100 11,.6bl 4'1.9'11 I 41 25.1 0 35 48.6 0 0 o.o 
850 o.2:u1 15.bU U.0S7 I 35 '1.8 0 JI u.2 0 0 o.o 
900 0.2222 a.11, 0.4H l H 53.0 0 21 11.• I) 0 o.o 
950 0.2105 14.0lb 42. 104 I 16 11.0 0 25 23.6 0 0 o.o 

1000 o.ieoo u.1i.. 39.999 l 8 "5.3 0 22 5S.l 0 0 o.o 
1050 o. I 'I05 12.699 38.095 I 2 21.8 0 20 ♦7.l 0 0 o.o 
1100 0.111, 12.122 36.163 0 56 49.3 0 18 5 •• 4 0 0 o.o 
11'0 o.1719 11.594 3♦• 712 0 51 59.3 0 lT 1, •• 0 0 o.o 
1200 0.1 .. 7 11.111 33.333 0 "7 44.8 0 15 H.9 0 0 o.o 
1250 0.16to I0.6b7 12.000 0 44 0.2 0 14 ♦0.1 0 0 o.o 
1300 O. I 538 10.257 30.769 u 40 41.0 0 u 33.7 0 0 o.o 
1400 0.1429 9.524 28.57\ 0 JS •• 7 0 11 • l ~ t» 0 0 o.o 
1500 0.1111 8.889 26.667 0 30 H.5 0 10 IJ.2 0 0 o.o ___ ._ ____________ 

K - 0.859 436 69" -----·········-- 
TABLE IV-FUNCTIONS OF THE STANDARD SPIRAL 
U8Lf IV-FOHCTIONS OE LA SPlkALE NORMALI SEE 

----------------------------------------------------------- 
A . 210 " - ---- - - ---- - - --- -- ---- --- -- -- - - -- ---- --- ----- ----- - ----- -------- -- --- - - 

R A/R ST LC 8 • C 
----------------- ----------------------------------- 

" " DEG M~T SEC 
,.,.. ...... ---· -----,. ......... -- .............................. ---- -----. --- ..... 

190 I .1053 80.227 228.279 1• 59 "7.2 II 37 H.9 0 2 ll .a 
200 1.0500 75.696 217.536 31 35 3.5 JO JO 2.9 0 I 38.2 
210 1.0000 71. 711 207.676 28 38 52 •• 9 ll 44.3 0 I 13.2 
220 0.9545 68. lb8 198.612 26 6 9. 8 8 H e.o 0 0 55.3 
230 0.9130 64.990 190.2b3 23 52 56.2 7 50 5o.4 0 0 42.3 
HO o.ano 62.118 182.550 21 56 0.1 7 18 1.5 0 0 32.8 
250 0.8400 59. 506 175 •• 26 20 12 50.2 • •3 51.1 0 0 25.6 
280 o.noo 52.899 156.9.J 16 6 52.0 5 22 ... 0 0 13.0 
300 o. 7000 49. 282 140.608 1' 2 1',.9 • •o 36.4 u 0 d.6 
320 0.6563 ... 141 137.529 12 20 I 5.4 4 • 39.3 0 0 5.8 

3'o0 0.6170 43.38" 129 •• 96 10 55 43.8 l 38 30.5 0 0 4.0 
350 0.6000 42.13\l 125.819 10 18 H.I J lb 12.5 0 o 3.4 
380 0. 5 526 38.770 IJ5.932 8 44 56.8 2 5" 50.9 0 0 2.1 
400 0. 5 250 Jo. 817 IJ0.157 7 53 45.9 2 37 5J.8 0 0 1.5 
420 o.5000 35.052 10•.927 7 9 43.1 2 2J u.2 o 0 I.I 
HO o.4667 32. 704 97.9"8 6 1' 19.9 2 4 "5.9 0 0 0.8 

\ H5 0.4421 30.976 n.801 • 35 58. 0 I 51 58 .8 0 0 o.5 
500 0.4200 29 •• 22 88.170 5 l 12.6 I "1 3.8 0 0 o •• 

\ 525 0.4000 28.011 83. 970 4 35 1.2 I 31 40. I 0 0 0.3 
550 0 .3818 20.741 80. lbl • 10 35.2 I 23 JI., 0 0 0.2 

575 o.3o52 25.576 76. 680 3 49 16. 2 I 16 l5.2 0 0 0.2 
600 u.3500 H.509 13 • .ae 3 30 33. 7 I 10 11.1 0 0 0.1 
650 0.3231 22.021 07.838 2 59 24.i 0 59 ,a.2 0 0 0.1 
700 0.1000 21.00, 62AH 2 H 41. 9 0 51 33.9 0 0 0.1 
750 0.2800 19.603 58. 796 2 1" 't!i.6 0 .. 55.2 0 0 o.o 
800 0.2625 18.377 55.122 I 58 26.5 0 39 28 .8 0 0 o.o 
850 0.2471 l7.29b 51.880 I 4. 55.0 0 ]♦ 58.3 0 0 o.o 
900 0.2333 16.334 48.998 I 33 35.0 0 31 11.7 0 0 o.o 
950 0.2211 15.475 41>.420 I 23 59.5 0 27 59.8 0 0 o.o 
1000 u.2 100 1,. 701 .4. 09S I 15 48.1 o 25 lo.O 0 o o.o 

1050 0.2000 1 •• 001 H.9S9 I 8 45.3 0 22 55. I 0 0 o.o 
1100 0.1909 13. 3b't 4 o. 090 I l 38.8 0 ,o 52 .9 u u o.o 
1150 0.1826 12 .163 38.3'7 0 57 19.0 o 19 0.1 0 0 o.o 
1200 o. I 750 12.250 36.750 0 52 18. • 0 17 12.6 0 o o.o 
12 50 0.1680 11.760 35.280 ll •8 30.8 o lb 10.3 0 o o.o 
1300 0.1015 11.)08 33.923 0 .. 51.2 o 1, 57. I 0 " o.o 
1,00 0.1500 IU. 500 31.500 0 38 •o.s 0 12 53.5 0 0 o.o 
1500 0.1400 9.800 29.400 0 33 41.4 o II 13.8 0 0 o.o ................. 

K . o. 779 534 42" 
-------······-··· 

TABLE IV-FUNCTIONS GF THE STANOARO SPIRAL 
U6LE IV-FONCTIONS G~ LA SPl•ALE NORMA LI SEE 

-------------------------------------------------------------------------- 
A - 220 " ----------------------------------------------------- -- -- - . - . ----------- 

A/R ST LC Q • C 
--- -------------- ----------------------------------- 

" " DEG MNT SEC 
• ••• ••••• ••• • •• •• • •••••••••a• a a•• a•••••••••• :r.aaa •••.a:•••••• a.a aaaa aa aaa •• • • • 

200 1.1000 83. 519 2JB.oa• H 39 50.2 11 JI &.7 0 2 10.0 
210 1.0476 79.099 221.•06 JI 26 28. 4 10 27 12 •• 0 I 3o.q 

1 220 1.0000 75.12• 217.565 28 38 52. 4 9 31 -.4.3 0 I 13.2 
230 0.9565 71.574 208.484 20 12 J9.3 8 43 11.1 0 0 5o.o 

(. 2'o0 0.91-7 68.373 l00.089 24 • 19.9 0 '+l.J 0 0 43 ., 
2 50 0.1100 65.4b9 192.313 22 II 5.7 23 1.0 0 0 H.9 
280 o. 7157 51.147 172.126 17 41 8.5 53 25. 1 0 0 17 .2 



216 

300 o.1333 161.333 16C.l 71 1,. 386 80.,n 1.000 107.91,6 
320 0.6875 151.250 150.407 ll.867 75.'t84t 2.913 101.130 
HO 0.6Hl 142.353 Hl.130 9.902 71.073 2.H9 95.121 

350 0.6286 138.286 137. Hl 9.081 69.053 2.273 9l.380 
380 o.5789 127.368 121.011 1. 101 63.625 1.111 85.038 
400 0.5500 121.000 120. 723 o.090 60.454 1.524 80.164 
'20 O.SZJB 115.238 ll5.021 5.2o3 51. 583 1.317 76.901 
HO 0.4119 107.H6 107.402 4.280 53.152 1.011 71. 757 
'75 0.4632 101. 895 101. 718 3.6,0 50.928 0.910 ol.971 
500 Q.H00 96. 800 96. 709 3.121 48. 385 O. 7Ml 64.565 
525 o.419u 92.190 92.119 2. 697 <\b.083 0.074 bl.485 

~ 
550 0.4000 88 .ooo 87.9H 2.H6 43.991 0.587 58.bBb 
575 0.3826 h.174 84.129 2. 053 42. 019 0.513 56.132 

l,QO o.'3667 BO.bbl 80.630 1.807 40.321 0.452 53.791 
650 0.3385 74.462 74.HI 1.421 37.227 O.H5 49.050 
100 u.110 69.143 c9. l26 1.138 34.56~ 0.285 40.101 
750 0.2933 64. 533 ••• 521 o.n5 32.205 0.231 43.026 ,. 
800 0 .2 750 00.500 60.'t91. 0.102 10.2,9 o. 191 't0.33b 
850 0 .2 588 56.941 56.935 0.636 28.HO 0.159 37.963 
900 0.2444 53.178 53. 773 o. 536 20. 888 0.13' 35.854 
950 0.2 316 50.9'7 50.944 0.455 25.4 73 0.114 33.966 

1000 0.2 200 48.400 48.3n 0.190 24.200 0.098 32.208 
1050 u.20<15 ltb.095 46.0~3 0.337 2j.Q47 0.084 30.731 ll 1100 0.2000 '4.000 H.9~e 0.291 22. 000 0.073 29.334 
1150 0.1913 42.087 lt2.080 0.251 21.043 0.064 28.058 
1200 0.1833 40.333 40.332 o. 220 20.166 0.056 26.889 
1250 0.1760 38. 720 38. 719 0.200 19. 3o0 o.o,o 25.814 
1300 0.1692 37.231 37.230 0.178 18.615 0.044 24.821 
1400 0.1571 34.571 34.571 0.142 ll.286 0.010 23.048 
1500 0.1467 32.201 32.266 0.116 lb.Ill 0.029 21.511 
1600 0.1375 30. 250 3C.250 0.095 15.125 0.024 20.107 

JOKa&&aaa•••.z•••• 

K •0.011 837 97' . .., ........ ,. ...... 
TA8LE IV-FUNCTIONS Of THE STANDARD SPIRAL 1 TABLE I V-FONC T IONS OE LA SPIRALt NUR•ALI SEE -- ---------- - ----- --------- --------- ---- --- --------- - -- --- - -- --------- - -- 

A . 225" --- --- --- -- - ------- --------- --- -- - ----- - -- --- - ----- - - -- -- -- - - ------ -- -- - - 
R AIR LS Q p LT -- ---- ---------- -- ---- - -- ---------- -------------------- 

r j " M 
=•••••••a&aaa&aazaaaz&a&aaaa&saeaaaaaaaaaa••••••••••••••••••••••===•=szz:z t 210 1.0714 241.071 233.249 At5 • 0.\9 119.224 ll.3'H, Lo3.57U 

2 20 1.0221 230.ll't 223.899 39.338 114. 010 9.931 l5~.o6b 
230 0.9783 220.109 215.122 34.537 109.lZO 8.105 148.538 
240 0.9375 210.938 206.900 30.475 104.793 1 .b 12 142.014 
250 0.9000 202. 500 199. 204 27.019 100.699 6. 79't 130. 118 
280 0.8036 180. 804 176.928 19.314 90. 089 't.8't 7 ld.201 
300 0.7500 rsa, 750 107.420 15. 731 8't. l53 3.944 ll2.97lJ 
320 o. 7031 158.203 157.239 12.979 78.941 3.252 105.808 
340 0.6618 148.897 l't8. l8 ~ 10.831 74.330 2. 712 99.515 
350 0.6429 144.643 144.0Zt 9. 93~ 72.219 2.487 96.045 

380 0.5921 133. 224 U2.815 1 • 1b1 60.5.\'t 1.944 8 8. 9 59 
400 0.5625 126 • 5b3 126.240 6.bb2 03. 22 8 l.bb1 84.'t8b 
't20 0.5357 120. 536 120.268 5. 757 60.227 l.'t'tO eu .'t.i1t't 
450 0.5000 .112.500 112.324 4. 662 56.lZI I.I II 15.061 
4 75 o.'737 106.579 106.445 J. 982 '>3. 207 0.990 11.100 
500 0.4500 101.2so 101.146 3.415 50.008 0.854 b 7. 530 
525 0.4286 96.429 96.3't 7 l.950 ,8.201 0.738 b't. 3 lilt 
550 0.4091 92.045 91.981 2. 506 iltb. Ul2 l).b42 61.38b 
5 75 0.3913 86.043 87.992 2. 2't6 44.013 0.502 58.714 
600 0.3750 84.375 841. 333 I. 917 42. I HI u.'t94 56.265 

650 0 .3462 71.885 77.857 I. 555 38.938 0.389 51.933 
700 0.3214 72.321 72. 302 1. 24', 3<>. LS 7 0.311 48 •• :::21 
750 0.3000 b 7. 500 b7. 't86 1.01, 33. 748 ll.253 4 ).u05 
800 0.281:, 63. 2&1 t].211 0.834 3l. b39 0.209 42.191 
850 0. 2 64 7 59. 559 5~.5~2 O.o95 29. 77b 0.114 39.708 
900 0.2500 56. 2 50 5b • .l45 o. 580 28.1<4 O. l'tb 37. 502 
950 0. 2 308 53. 289 53.285 U.'t98 2<> .O't4 0.125 35.528 
1000 0.2250 50. 625 50.622 o. 427 2'>.312 0.107 33. 151 
1050 u.2143 't8. 2l't 48. 212 o. 3o9 24.107 0 .092 32. l't4 
1100 0.2045 't0.023 'tb. 02 l o. 321 ...::3. vll o.080 30.o83 

1 U50 0.1957 44.022 44.020 0.281 22.0ll 0.010 29.348 
1200 0.1875 42.188 4.::'.. L8b 0.247 .H.09't 0.002 28.125 
1250 0.1800 40. 500 40.49~ 0.<19 20.250 o .u5s 21.000 
1300 0.1731 38. 942 38. 941 0.194 19.411 0.049 2'>.902 
1400 o.1oo1 3b. lbl 36.160 O. I So 18. 080 o.uj9 24. 107 
1500 O. l 500 33.750 33.75C 0.121 10. 875 o ,o 32 22.500 
1000 0.140b 31.04I 31.o40 O. LU-1t I'>. 820 u .U2b 21.094 
1700 0.1324 29.179 29. 779 0.087 14. 690 0.022 19.853 

.:r:=••=:::. ··••.z• =""• 
K •0.011 317 08' 
2a:a:z:a:1::sz::a2:11z: 
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300 0.7333 54.151 160. 816 15 24 22.3 1 5b. l 0 0 11.3 
320 0.6875 50 • b8b 150. 875 l3 32 20.2 4 30 H.O 0 0 1.1 
340 o.o't7l 4 7 • 650 142.076 II 59 40.0 J 59 48.0 0 0 5.3 

350 0.6286 46. 267 138.0'tO 11 19 7.8 3 46 18.1 0 0 4.5 
380 0.57d9 42 • 5 70 127.209 9 36 7.9 3 II 59.9 0 0 2.7 
400 0.5500 40.421 120.877 8 39 57.6 2 53 17 .2 0 0 2.0 
420 0.523d 38.482 115.1'2 7 51 37.1 2 JI 10.9 0 0 I. 5 
4 50 0.4889 35.901 ICl.487 • 50 49.9 2 lo 55.6 0 0 1.0 
'75 0.4632 H.002 101.843 6 8 43.5 2 2 53.8 0 0 0.1 
500 0.4400 32.295 96.760 5 32 't6.4 I 50 5-'t.9 0 0 o.5 
525 0.4190 30 • 753 92.159 5 I 50. I l 40 30.3 0 0 0.4 
550 0.4000 29. 351 81. 975 4 35 I .2 I JI 40.1 0 0 0.3 
5 75 0.3826 28.072 84.154 4 II 37.5 I 23 52.J 0 0 0.2 

600 0.3667 , •• 900 d0.65C l 51 5.6 I 17 I. 7 0 0 0.2 
050 0.3385 2't. 828 7't. 't51 3 lo 54 • 5 I 5 3d.O 0 0 0. I 
100 0.3143 23.053 e9.135 2 49 47.0 0 56 35.6 0 0 0.1 
750 0.2933 21. 515 61. 528 2 27 54. C 0 49 17 .9 0 0 o ,« 
800 0.2750 20.169 t0.496 2 9 59.4 0 43 19.8 0 0 o.o 

t 8 50 0.2 sae 18. 982 56. 938 I 55 8. 8 0 38 22.9 0 ,) o.o 
900 0.2 .. , 11.927 53. 176 I 42 42. 5 0 H 14.l 0 0 o.o 
950 0.2 316 16.984 50. 946 I 32 10.9 0 30 't3.6o 0 0 o.o 

1000 0.2200 16.134 4e.399 I 23 11.6 0 2J 43.9 0 0 o.o 
10 50 0.2095 15. 366 't6. 09't I 15 21. 5 0 25 9.2 0 0 o.o 

1100 0.2000 14. b67 43.999 l 8 45.3 0 22 55. I 0 u o.o 
1150 0.1913 14. 029 42. 086 I 2 5't." 0 20 58. I 0 0 o.o 
1200 0.1833 13. 't't5 40. 333 0 51 46.'t 0 19 15.5 0 0 o.o 
12 50 0.1760 12. 907 38. J2C 0 53 l't. 6 0 11 4't.9 0 0 o.o 
1300 0.1692 12 • .io 37.230 Ii 49 13.6 0 lb 24. 5 0 0 o.o 
1400 0.1571 11. 524 34.571 0 42 26.J 0 H 8.9 0 0 o.o 
1500 0.1,u,1 l0. 756 32.267 0 36 5~. 5 0 12 19.5 0 0 o.o 
1600 0.1375 10.093 30.250 0 32 29.8 0 10 49.9 0 0 o.o ·---------------•= K • o. 710 21d 26" ·------·---------- 

U8LE lY-fUNCT!ONS Of THE STANO ARO SPIRAL 
TABLE IY-fDNCT JONS OE LA SP!RALE NORMAL! SEE 

------ -- - --- - -------- --- -- --- ------- - --- - - - -- - - - - -- - -- -- ------------ --- -- 
A . 225 " -------------------------------------------------------------------------- 

AIR ST LC 8 • --------- -------- ----------------------------------- • • OtG •NT SEC 
•=••••••••s••••••2••••••••••••••••••••••••••••••••••••••••••==•==•••=••••• 

210 1.0714 82.967 237.560 32 53 11.& 10 55 53.0 0 I 51 .o 
220 1.0221 78. )61 227.328 29 57 53.5 9 H 5't.0 0 l 23.8 
2 30 0.9783 75. 008 217.877 27 24 57.1 9 1 14.9 0 I 4.1 
2•0 o.9375 11.032 209.133 25. 10 43.7 8 22 't't.,9 0 0 't9.,6 
2 50 0.9000 68. 573 201.028 23 12 11.2 7 43 26 .9 0 0 38 • 8 
280 0.8036 60. 873 179.967 18 29 55.• • 9 38.8 0 0 19 .. b 
300 0.7500 56.677 168.157 lb b 52.0 5 22 4.4 0 0 13.0 
320 Q.7031 53.0•3 157.774 11 9 47.1 • 43 o.9 0 0 8.8 
HO 0.6618 ,9.860 148.580 12 32 .5.0 4 10 48.9 0 0 6.1 
350 0.6429 48.411 14'.36~ II 50 21.0 3 56 "tl.9 C 0 5. I 

380 0.5921 4"t. 538 133.042 10 2 37.0 3 20 49.2 0 0 3.1 
•OO 0.5625 12.288 126.422 9 3 51. 7 3 l l't.9 0 0 2.3 
•20 o.5357 10.258 120.425 8 13 l 7. 9 " l4.3 0 0 l. 7 
450 o.5000 3J. 55b 112.•22 1 9 .3.1 23 J. 3.2 0 0 I.I 
4 75 0.4737 35. 569 106.519 b 25 40. 5 a 12. 7 0 0 o.a 
500 0.,500 33. 783 101.201 5 '8 4.3 56 0.8 0 0 o.o 
525 Q.4286 32.169 90.392 5 15 42.7 •5 13.8 0 0 0.5 
550 0.,091 30. 702 92.017 • 17 39.8 35 52.9 0 0 0.3 
575 0,3913 29. 36• 88.021 • 23 11.5 21 43.6 0 0 0.3 
b00 0.3750 28.138 84.356 4 1 '3.0 20 l't .. 1 0 0 0.2 

650 0.3462 25. 970 77.872 3 25 57.6 I 8 39.L 0 0 o. I 
700 o.3214 2•.113 72.313 2 57 35.3 0 59 11. 7 0 0 0.1 
7 50 0.3000 22. 504 67 •• 9. 2 34 '1.9 0 51 33.9 0 0 0.1 
800 0.2813 21.097 63.277 2 15 57.9 0 45 19.J 0 0 o.o 
850 0.20.i 19.855 59. 556 2 0 20., 0 40 8.8 0 0 o.o 
900 0.2500 18. 752 56.241 I 47 25,8 0 35 't8.o 0 0 o.o 
950 0.2J68 11.1 .. 53.281 l 36 25.1 0 32 8.• 0 0 o.o 

1000 0.2250 16. 876 50.6H 21 1.1 0 29 0.3 0 u o.o 
1050 0.214.3 16.072 41.213 18 55.7 0 lb 18 •• 0 0 o.o 
1100 0.20,5 15. 312 ,0.022 11 51.9 0 23 58.3 0 0 o.o 

11 50 0.1957 14.67• ... 021 I 5 47.9 0 21 56.0 0 0 o.o 
1200 0.1875 14.063 •2-187 l 0 25.7 0 20 8 .6 0 0 o.o 
1250 0.1100 13. 500 •0-500 0 55 41.5 0 II 33.8 0 0 o.o 
1300 0.1731 12.911 38.9•2 0 51 29 •• 0 17 9.8 a 0 o.o 
1400 O.U07 12.0H 36.160 0 .. 23.8 0 H 47.9 0 0 o.o 
1500 0.1500 11.250 33.150 0 31 40.5 0 12 53.5 0 0 o.o 
1600 0.1406 10.547 31.uo 0 33 59.5 0 II 19.1 0 u o ,» 
1700 0.1324 9.927 29.179 0 30 ••• 0 10 2.2 0 u o.o ·····------------ K . o.619 061 09" 

--------------- 



218 TA8L E IV-FUNCTIONS OF THE STAN OARD SPIRAL l ) TABLE IV-FC.,ri.iCTIONS D~ LA SP 1 KALE NtJRMAL 1 SEE 
-------------------------- ------------------------- ---·---- ---- - - - -- - - - - 

A . 2JO M 

-------------------------------------------------------------------------- 
A/Q LS ~ LT 

-------------------------------------------------------- 
M M 

2•==•••2=••••==•=••····••=••·••=••·••==•••==••···••=••·••=••-···••==••••=• 
210 1.0952 251. 905 Hl.993 49.0tJ.:, 124. "'i~7 ll.430 171.21' 
220 1.0,55 24t0.'t~5 233.37.t. 42. 8 7b i 19. 0't0 l~.83• 102.885 
2 30 L .0000 230.000 n,.316 3 7. 654 ll't.048 9.498 155. 391 
2'0 0.9,83 220. 41 7 215.81' 3J.,D4 109. 438 B.371 l4b.o0l 
250 0.9200 21 l .bUO 207.B42 2~.470 105. 172 7.415 142.413 
280 O.B214 lBd.929 l Bo. 7B9 2 l .074 94.107 5 .. l9u iz e , 712 
300 0.1bb7 17b. 333 l 74.Blb 17.lbb b7. CJ lJ 4.305 118.092 
320 o. 7188 105. 313 10,.213 l't.lb6 Sl".473 :,. 5 :>O lleJ. ~96 
340 O.b1b5 155.58d 154.77b 11.82.:: 17.659 2.9ol 104.Vll 
350 O.b57l 15,l. l 4J 150 ... 0 10. 8't.2 75 .454 2.715 lU l .009 

JBO O.b053 l39.2ll 138.74' 1:1.''79 69. 527 2.u2 92.971 
•C.0 0.5150 132.250 131.889 7. 2 73 bo.065 l.82:0 dl:l.293 
420 o.~4 76 125.952 125.609 ti • .285 02.929 J..513 &4 .Ob 7 ) 450 0.5111 ll7.556 117.355 5. ll2 :>8. 7"" 1.279 76.441 
4 75 0.48'2 ll l. 368 lll.215 't. 34& 5:>.659 1.087 7't. l,9q 
500 0.,000 l05.80U 105.6B2 3. 128 S2. 8&0 0 .s 32 1u. 5 75 
525 0.4381 100. 702 100.b69 3 • .l.21 50. 305 v.806 b 7. zo 1 
550 0.4182 96.182 9b. 106 l.. 802 4o. 079 o. 701 b't. l't 7 r 

~ 
575 0.,000 92.000 91. 941 l.. 1t52 4~. 9'.ilC 0.013 o l .)S't 
oOO 0 .3833 8B. lb 7 88.119 2. l 5b 44. 0 75 0.540 58. 794 

050 0.3538 81.385 Bl. 353 1.698 41,). 687 \J .4.25 54.208 
700 0. 3 2 86 75. 571 75. 5•9 1. 359 37. 7d2 0.340 50.389 
750 0.3007 70. 533 70.518 1.105 3~ .l.b4 o.n• 4 I .028 
800 0.2875 06.125 66. 11'-i 0.911 33 .061 0.22& 44.067 

~ 
B50 0.2 70b 02.235 02. 22 7 o. 75~ 31. l lb O. l9U 4 l .493 
900 0.2550 58.778 5B. 772 Q.b-'tO 29.38B 0.100 39.187 
950 O.H2l 55. b84 55.619 0. 5"" .21.841 I). Ls e 3 7 .12; 

1000 u. 2 300 52 •• 00 Sl... 8~6 0.4bb .£0 .... 't'.il O. l ll ,~.lot! 
1050 0.2190 50. 381 50.37B 0.403 25. 19(; 0.101 33.5&& 
n oo 0.2091 48. 091 't8.08~ O. 3S~ 2,. 04 5 o.o8e 32.Ubl 

ll 50 0.2000 'tb.000 45.9q3 0.307 23.000 0.011 30 .bb 7 
1200 o. 1917 44.083 4't.082 u.210 22.041 O.Uli7 2 9.,jtl~ 
1250 0.1840 42. 320 42. 319 0 • .:!)9 z i , 160 u.ooo 28.214 
1300 O. l 769 40.092 40. s s i 0.212 20.JAto 0 .053 2 7. l 2S 
1400 O.lb1t3 37. 7 &b 37. 785 0. l 70 i s , H'>.l u.042 25.1•1 
1500 O. l 5 33 35.267 35.266 o. l 36 l 7 .633 0.035 23.~ll 
ie oo 0.1'38 33.003 33.0bl O. l l't lo. 531 0.028 22.042 
l 700 o. 1353 31. l 18 31.117 0.095 15.559 il.O.l4 20. 745 

......... = ........ ::::a:: 

K •0.010 e30 90' 
•a•a••aa:••:a:••a= 

TABLE IV-FUNCTIONS OF THE STANDARD SP I R4L 
TA~lf lV-FONCTlONS Cc LA SPIRALE NURMALl5EE 

------- -------------------------------------- -------- - - - - - - --- - - 
A . 240 M 

- ----- - --- -- ------ --- ------ -------- ----- --- ----- - ---- - - - -- -- -- - -- - - - --- - - - 
AIR LS Q LT --- ---- -- --- --------- - -- --- - - ---- - - - - --- -- - --- ---- -- - - - 

" M 
=-•=••••••.a•••••.a•-=•••2•••=•••.a•••••.a•::.••=••••••••.a•.aaa.a••••--••~••••:a.a•:•r 

220 l .0909 ze i .818 252.099 50. 632 129.379 12.e20 l 7 7 .8"ilo 
230 l.0435 250.435 243.113 <lt4.'t94 123. 9SO 11.242 lb9.o24 
240 1.0000 2,0.000 231t. 06Ci 30.291 119.007 9.911 i e z , l 4 7 
2 50 0.9600 230 .400 225.550 34.856 ll4. 389 tt.ltil 155. 3.11,4 
2B0 0.B571 205. 71' 202.956 24.948 102.390 b. 2b7 13B.125 
300 0.8000 192.000 190.043 20. 331 95. b 7 3 5. l \Jl 128.093 
320 0.7500 180.000 l 76. 581 16. 780 &9. 763 4.207 120. 50 l 
340 0 • 7 059 169.'12 168. 363 ,1.1.t.007 B4. 531 3.509 llJ.31 l L 350 o.0851 lb4. 571 163.00lt 12. 8'tb 82.134 3 .21• 110.034 
3B0 O.b3H, 151. 579 150.977 10. 04-9 ,~ .689 2.5lb 10 l. 264 

400 0.0000 14'.000 143.534 8.620 11. 927 2.158 9b. lb3 I 420 o.5714 137.143 136.778 7 .'t't9 OB.511 1.864 9 l. 557 
450 0.5333 128 .ooo 127.741 b.05q bl.957 l.5lb 85 .42.4 1 4 75 o.5053 121 .263 121.oot 5.15• 60.599 l .289 80.9 l l 
500 0.'800 ll5.200 115.041 At.'tl9 57. 515 l. 105 76.853 
525 0.4 5 7l 109.71' 109.595 3.B18 ~"'- 83 7 0.9 55 73 .185 
550 o.,364 i ov, 727 lO,.b32 3. 321 ;L..3't8 o .8 31 c,9.H; l 
575 0.'174 100. l 74 100.098 2.907 50.074 a. 1 j_ 1 bb.o0'.il 
600 0.4000 9b.OOO ~5. 939 2.559 47.qso 0.040 ti"t.02.l 
650 0.3692 88. s i s 88.57• 2.0L3 4t4. 301 o. 503 5S.09 l 

700 O.H29 82 • 28b 82. 25 7 l.612 ,1. 138 0.403 54.8b7 
750 0.3200 76. aoo 10. 780 l.310 3d. 397 0.32& 51.207 
800 0.3000 72.000 71. 985 l.080 35. 998 0.270 4e.uos 
850 0.2824 b7.765 b7. 75• 0.900 33. e s i U.225 45.180 
900 0.2067 64. 000 03. 9~2 0. 7 58 3l. 9~'9 o. i so 42.669 

) 



• TABLE IV-FUNCTIONS Of THE SUNOA~O SPIRAL 219 I TABLE IV-FONCTJONS OE LA SPIRALE NORMAL! SEE 

( - - - --- -- - - - - --- - --- ----- --- --- - - - - - --- --- --- - - -- - - - - - --- - - -- --- - -- - -- - - 
A . 230 " -- - --- -- ---- - ---- -------- -- --------- ----- -- --- -- ---------------------- -- 

AIR ST LC • C 
----------------- --- -- ---- -------- --- -------- ------ 

" " DEG MNT sec 
---····---------~----------·-·········--······················---·-····•·= 210 1.0952 8(,.95& 2'7.900 H 21 52. I 11 2!> 10. 7 0 2 b • 1 

220 1.0455 82. 504 237.278 31 18 .i.2 10 24 38.0 0 l 35.7 
230 1.0000 78.540 227.455 28 38 52.4 9 31 H.3 0 I 13.2 
240 0.95113 74.980 218.358 lb 1g 37.l 8 ., 15.7 0 0 so.b 
250 0.9200 71. 759 209.920 24 14 51.3 8 • 12 .8 0 0 ..... 3 
280 0.8214 u ••• , 187.915 19 19 48.l b lb ll.b 0 0 22.4 
300 o. 7661 59. 2bb 115. 65 7 lb 50 1•.9 5 30 Jl.5 0 0 14.8 
320 o.11ee 55.457 104.823 14 H 58.4 4 55 't9.ft. 0 0 10.0 
HO 0.014>5 52.123 155.227 13 b H.1 4 22 4.b 0 0 7 .o 
350 o.&5 71 50. oOG 150.830 12 22 lb.'t 4 1 19.b 0 0 5.9 

380 0.6053 ••• 552 ll9.003 10 29 'tl. 9 3 29 so •• 0 0 3.6 
400 0.5750 44.198 132.089 9 28 18.2 3 9 23.4 0 0 2 •• 
420 o. 5't 70 42.074 125.827 • 35 2ti.O 2 51 't 7 ·" 0 0 2 .o 
450 0.5111 3q. 249 117. 46b 1 2• 1.7 2 29 39. 3 0 0 1.3 
475 0.4tt't2 37.171 111. 300 6 43 o •• 2 14 I q.2 0 0 o.• 
500 0.4600 35.304 105. 7',7 • 3 42. 8 2 I ll.b 0 0 0.7 
525 0.4381 33.bll 100.121 5 2• 53.q I 49 57 .5 0 0 0.5 
550 o.•1e2 32. 084 %.14. 5 0 35. 4 I 40 11.4 0 0 0.4 
515 0.4000 30. 685 q1.9H 4 .!5 1.2 I 31 40.l 0 0 0.3 
bOO o. 3833 29.404 88. 146 4 12 H.1 I 24 II • .! 0 0 0.2 

b50 0.3538 27 .138 81.370 3 35 12.9 I 11 ..... 2 0 0 0. I 
700 0.3280 25. I 97 /5. 502 3 5 3't. l I I 51 .3 0 0 0.1 
150 0.30b1 23.510 70. '>2b 2 41 H.C 0 53 52 .9 0 0 0.1 
800 0 .2 8 75 22.045 bb.120 2 u 4.5 0 47 21.5 0 0 o.o 
850 0. 2 706 20.748 •2.232 2 5 51.1 0 41 51.0 0 0 o.o 
900 0.2550 19. 595 5&.115 I 52 l 5. 4 0 37 lS.l 0 0 0 .o 
q50 0.2421 18. 503 55.082 I 40 45.1 0 33 H.O 0 0 0 .o 

1000 0.2300 17.035 52.898 I 30 55.1 0 30 18.b 0 0 o.o 
1050 0.21•0 10.1q5 50. 380 I 22 2~.5 0 27 2•. 5 0 0 o.o 
1100 0.2091 10.031 48.090 I 15 a.a 0 25 2.9 0 0 o.o 

1150 0.2000 15.33• (f5.999 I 8 45.J 0 22 55. I 0 0 o.o 
1200 0. I 917 14. 095 H.083 I J e.1 0 21 2 .9 0 0 o.o 
ll 50 0.18,0 14.107 42. 319 0 58 11.1 0 19 23.9 0 0 o.o 
IJOO o. I 709 13.Sb't 40.692 0 53 't8. 2 0 17 So. I 0 0 0 .o 
1400 0.1043 12. 595 31.185 0 4b 23.5 0 I!> 21.8 0 0 o.o 
1500 0.1533 II. 15b 35.206 0 40 z..8 0 13 28.3 0 0 v.o 
lbOO O.H3ti 11.021 33. 062 0 35 31.1 0 II so •• 0 0 o.o 
1100 0. I 353 10.373 31.118 0 31 n.8 0 10 29. J 0 I) J .o 

•:••"''"""' ...... ,. ....... 
• . o .649 857 bl• 
••••••••a•••=••c~ 

TABLE IV-FUNCTIONS CF THE STANDARD SPIRAL 
TABLt 1~-FONCTIONS DE LA SPIRALE NOkMAL I SEE 

- --- -- - - - -- -- ---- --- -- -- --- ------ ------------ - - ----------------------- -- 
A . 240 " --- ------ --- - ---- ------- - --------- -- ------------------ -- ------- --- -------- 

• ., . ST LC 8 ~ 
-------------- ----------------------------------- 

" " 1.H:G MNT sue 
•••2az=•z••••••a==•••••••••••=••••••••s••••••&&aaazaaaaaaaaaaa:~••••••zzac 

220 1.090• 90. 3", 257.721 ... 5 .Jb. l 11 1• 4ij.; 0 , 3. 7 
2 30 I .0435 85.90• 247.151 JI 11 3;." 10 22 17.2 0 I 34.b 
240 1.0000 81. 955 2 37 .3'tCi 28 jij ;2. 4 q 31 .. 't.3 0 I 13.2 
250 o.sooo 78. 388 228.233 lb l4 b.8 8 47 5 .o 0 0 51.2 
280 0.8571 69.41>5 204. •83 LI 2 50. 7 1 0 28 .o 0 0 28 .9 
300 o.eooo 64.bJI 191.128 18 20 •• 1 • • 22. 5 0 0 19.1 
3 20 0. 7500 b0.456 179.308 lb 6 52.0 5 22 4.4 0 0 13.0 
340 o.105q 50.807 168. 94-5 14 lo n.8 .. ,5 20.2 0 0 •• o 
3 50 O.b 857 55.1,e l6At.lt>8 13 28 13.3 • 29 lb.S 0 0 1.b 
380 O.tdlb 50.11• 151.311 II l'> ;t,. 7 3 •8 2ti.3 0 0 4.o 

400 0.0000 48. llt9 143. 793 10 18 47. 7 3 20 12.5 0 0 3.4 
420 0. 5 714 45. 831 130.980 q 21 15.S J I 2.& 0 0 2.5 
450 o. 5 333 't2. 7At"l ll7.885 • 8 ~;. 't 2 '2 5o.13 0 0 I. 7 
4 75 0.505> 40.<4t8't Ill .175 1 18 't8. 8 l 2b 15.0 0 0 1.2 
500 o.vsoc 38.41t9 115.132 • 30 1.1 l 11 :>9. 7 0 0 u.9 
525 0.'571 36.009 10•-•61 5 5q 12. t> 1 5q 43.5 0 0 0.1 
550 0.436't 34.qJq 10,.085 5 27 I 7. 8 I 4q 5 .4 0 u 0.5 
515 o.417• 33.415 100. 140 4 59 27.3 I 3q 48. 7 0 0 o., 
bOO 0.,000 32 .020 q5.q73 • 35 I, l I H 40. I 0 0 0.3 
650 0.3692 29. 552 88.5S7 J 54 20.2 1 18 b.5 u 0 0.2 

70( o.3429 27.'38 82. 27 3 3 22 3. 3 1 1 21.0 0 0 O. l 
75L 0.12110 25.606 7o. 791 2 50 0.8 0 58 40.2 0 0 0. I 
800 0.3000 2'.005 71 .994 2 H 41.9 0 51 33.9 0 0 O. I 
850 0.282' 22.592 o7. 76C 2 17 2.0 0 45 40.b 0 0 o.u 
•oo 0.2067 21.no bJ.9q6 2 2 13 •• 0 •o 44.b 0 0 o.o 



220 

950 0.2526 60.632 60.625 0.6 .. 5 30.315 0.161 't0.4t23 
1000 0.2"00 57.600 57.595 o. 553 28. 79~ 0.138 38.<,02 
1050 0.2286 H.857 5•- 853 0.,1. 21.,28 0.119 36.573 
1100 0.2182 52.36<, 52.361 0."15 2o.18l 0.10• H.910 
1150 i>.2087 50.087 50.085 o.~,. 25.0H 0.091 33 .392 

1200 0.2000 ,.8.ooo 47.998 0.320 2,.000 o.oao 32.001 
1250 0.1920 "6. 080 ,. •. on o.2a3 23. o-c 0.011 30.721 
1300 0.18•6 ..... 308 H.306 0.252 22.15, 0.063 29.539 
1"00 0.17H H-1•.3 "1.H2 0.202 20. 5 71 O.,HO 27 •• 29 
1500 0.1000 38.•oo 38. 399 0.10• 19.200 0.0•1 25.600 
1600 o.isoo 36.000 36.000 0.135 18. 000 0.03• 2". 000 

) 1700 o.i..12 33.882 33.182 0.113 16.9"1 0.028 22.588 
1800 0.1333 32.000 32.000 0.095 lo.000 O.OH 21.333 

-•:a:a•••• .. -••aaa 
K •0.009 9.1 18' 

---------------- 
TAIII.E IV-FUNCTIONS OF THE STANDARD SPIRAL 
TABLE IV-FONCT IONS OE LA SPIRALE NOR"ALI SEE 

- ----------- - ------- ------- ------------- ----- ------------ -- -------- - --- 
A . 250 .. 

---------------------------------------------------------------- 
A/R LS Q LT ----- ------------------------ ------ ---------- ----- -- -- r 

" " I c :a.a.a - •• •• •• • aa-=•• -•••• •• Ola:a•=-• •••••-=•• •• •••=-•:s: a&:rc • •=••••=-•=a cc=•••••••• 
230 I .0870 271.739 262.•08 52.190 13•.30• 13.212 18 .... 586 
HO 1.0"17 260."17 252.855 ... 6.11• 128. 9"1 11.651 176.366 
250 1.0000 250.000 2"3.822 '-'0-~29 lll.966 10. 3~ .. 108.903 
280 0.8929 223.21" 219 .69,. 29.323 111.019 7.312 150.067 
300 0.8333 208.333 205.8H ll.906 101. 1,.9 6.002 l:>9.116 
320 0.7813 195.313 193.501 19. 736 97.H<, •• 9;[ 130.h9 
HO 0.1353 183. 82• 182 .... 85 16.•18 91.088 •• 130 123.021 
350 o.71"3 178.571 111.•ll 15.ll• 89.092 3. 787 ll<J.~SO 
380 0.6579 lo't.47't 163.705 ll.825 82. 109 2.9ol 109.919 
,oo o.6250 156.250 155.655 10.HS 78. 026 2.5•0 lO't .. 376 

•20 0.5952 1•8.810 1,8.3"3 8.768 H.327 2.19' 99.370 
,so 0.5556 ll8.889 138.558 7.132 09. 389 1. 785 92.708 
,15 0.5263 131.579 lll.321 b.000 65. 74 7 I .518 81.808 
500 0.5000 125.000 12". 805 5.203 02.-\01 I.JUI 83.•02 
525 O.H62 119.0"8 118.895 At.'t95 59.498 1.12, 79.419 
550 0.45"5 113.636 113.515 3.910 56. 798 0.978 75.800 
575 0."348 108. 696 108.59~ 1.,22 5<,. 332 0-8~<, 72.498 
bOO 0.4167 104.161 10•.088 3.012 52.070 0.753 b9.'t72 
650 0.38•6 96.15" 96.10 I 2.370 .8.068 0.593 .. ,.121 
700 0.3571 89 .286 89.2"9 1.898 44.637 o.H• 59.536 

750 0.3333 83.333 83.308 1.5"3 •l-662 Q.386 55.565 
800 0.3125 78.125 78. 106 1.211 39. 059 0.318 52.090 
850 0.2941 73.529 73.51b 1.000 36. 762 0.265 49.02't ' 900 0.2778 69 ....... 69.At31t 0.893 34.720 0.223 46.300 
950 0.2632 65. 789 65. 782 o. 759 32.893 0.190 lt].802 
1000 0.2 500 bl. 500 62 •• 9. 0.651 31-2"9 0.163 41..069 
1050 0.2381 59. 524 59. 519 0.51>2 29.761 0.141 39.684 
1100 0.2273 56.818 56.81" o •• 89 28 •• 08 0.122 31.880 
1150 0.217" s•. 3•8 5•.JH 0.,28 21.111 0.107 3o.233 
1200 0.2083 52.083 52.081 o.377 20. 0,1 0.09't H.72. 

1250 0.2000 50.000 --.9.9qe 0.333 25.000 0.083 33.33. 
1300 0.1923 .a. 017 •8. 015 0.296 2•.039 0.01" 32.052 
1,00 0.1786 ••·•o .... 6.2 0.211 22.321 0.059 29.762 
1500 0.1667 41.667 ltl.066 0.193 20. 833 0.0•8 27.718 
1600 0.1563 39.063 39.062 0.159 19. 531 c-o-o 20.0•2 
1700 0.1•11 36. 765 36. 10--. 0.133 18. 382 0.033 24.510 
1800 0.1389 H.722 J•. 722 0.112 17.361 0.028 23. l"tB 

:s•••.o: ... ---•-•::a•-= 
K •0.009 167 32' 
"-•=•••• ••••••••s 

TA81.E IV-FUNCTIONS OF THE STANDARD SP [RAL 
7ABLE IV-FGNCTIONS OE LA SPIRALE NOR MALI SEE -- -------- -- - ----------------------- ---- --- --------- - - -- -- -- -- - -- - - -- ---- - 

A . 200 M 
-- -- - - ----- - -------------------- -- ---------- -- ---- ------ - - ---- - - --- - -- - - 

AIR LS y Q LT ----------------------------------------------- 
M " •• •••••••••• •- ••••••••• •••••••• •• &.& •••-=•••••••a ::a••• s • aa a2 a• aa ••= a a:::az aza aa 
HO 1 .0833 211.667 21i.121 53. 75• 139.232 ll.605 19 l. 280 
250 1.0 .. 00 210 .... 00 262.598 ,1. 735 lll.893 12.000 183.108 
210 0.9286 2.1. •29 236.980 H.237 119.970 8.616 11>2.~•8 
300 0.8667 225.333 222.1 ,. 27.925 112.139 1.011 151.JH 
320 0.8125 211.250 208.96C 23.063 105.2•3 5. 788 l'tl.046 
340 0.7647 198. 824 197.130 19.260 99.129 4.830 1n.1•1 
350 O.H29 193.H3 191.678 17.668 96.327 •• "29 129. 279 ) 380 0.6842 177.895 176.923 13.826 88. 785 3.463 118.939 
•oo 0.6500 169.000 168.2"7 11.803 8-\.314t 2.970 112.931 
,20 0.6190 160.952 160.362 10.253 80.378 2.567 107.509 



r 221 

i 950 0.2526 20.212 60.629 l 49 42.2 0 1• 34.0 0 0 o.o 
1000 0.2400 19. 2oz 57.598 l 39 o.4 0 33 0.1 0 0 o.o 
1050 0.2286 18. 287 5<t.855 l 29 48.l 0 29 56.0 0 0 o.o 
1100 O.Z 182 17 .455 52.362 l 21 49.4 0 27 lb.5 0 0 o.o 
1150 0.2081 16.696 50.086 1 14 51. 8 0 24 57 .J 0 0 o.o 

1200 0.2 000 16.001 41.999 1 8 45.3 0 22 55.l 0 0 o.o 
1250 0.1920 15.360 46.079 .l 3 21.9 0 21 7.3 0 u o.o 
1300 o.1846 H.770 H.307 0 58 35.0 0 19 31. 7 0 0 o.o 
1400 0.1714 13.715 41.142 0 50 30.8 0 16 50.3 0 0 o.o 
1500 0.1600 12. 800 38.400 0 44 0.2. 0 H 40.l 0 0 o.o 

r 1600 0.1500 12.000 36.000 0 38 40.5 0 12 53.5 0 ) o.o 
1700 0.1412 11.294 33.882 0 34 15. 5 0 11 25.2 0 J 1.0 

l 1800 0.1333 10.667 32.000 0 30 33~~ 0 10 11.2 0 0 l.O 

······-·········· I K . o.596 831 04" ................. 

TABLE IV-FUNCTIONS OF THE STANDARD SPIRAL 
TABLE IV-FONCTIONS OE LA SPIRALE NORHALISEE 

--------------------------------------------------------------------- A . 250 M 
-------------------------------------------------------------------- 

R A/R ST LC e t C ---------------- --------------------------------- 
( M M DEG MNT SEC 

.a c:s:"" a::s ,:i as• c =-= .z a•• & •=•=""' ::a:= a az-t;: '"'"" c = • .z: •= =:::11 = =•:::i:== = ,s z111= ■==a z =•::1 • == ;:;:.;:11: c z:"" 11: =::::i:::: = = 
230 1.0010 93.702 267.548 33 50 48.3 11 14 55.1 0 2 1.0 
240 I .0417 89.315 257.026 31 5 5.8 10 20 8.3 0 l 33.6 
250 1.0000 85.370 247.233 28 38 52.4 9 31 44.3 0 1 13.2 
280 0.8929 75. 549 221.642 22 50 16. 5 7 36 8.5 a 0 37.0 
300 0.8333 70.252 207-219 19 53 39.7 b 37 28.8 a 0 24.4 
320 0.7813 65.687 194.505 17 29 1.0 5 49 25.8 0 0 16.6 
340 o. 7353 61.704 183.27.7 15 29 19.3 5 9 34.9 0 0 11.5 
350 0.7H3 59.895 178.055 14 36 58.6 4 52 9.6 0 0 9. 7 
380 0.6579 55.070 16" .. 132 12 23 58.3 4 7 53.5 0 0 5.9 
400 0.6250 52. 273 J.5,.%5 11 11 26. 1 3 43 44.4 0 0 4.3 

420 o.s9s2 49. 752 148.602 10 9 0.1 3 22 57.0 0 0 3.2 
450 o. 5556 46. 402 138. 742 8 50 31.0 2 56 48.2 0 0 2.1 
475 0.5263 43.9110 131.461 ., 56 0.5 2 36 41.3 0 0 1.5 
500 0.5000 41. 729 124.913 7 9 43.l ,I_ 23 13.2 0 0 1.1 
525 0.4 762 39. 731 118.980 6 29 46.0 2 9 54.5 0 0 o.8 
550 0.45•5 37 .917 113.582 5 55 8.3 1 58 22.1 0 () 0.6 
575 0.4H8 3b,263 108.653 5 24 55. 7 l 48 18. l 0 0 0.5 
600 0.4167 34.H7 104. 132 4 58 24.9 l 39 27.9 0 0 0.4 
650 0.38itb 32.068 96.130 ,. 14 16.3 l 24 45.2 0 0 0.2 
700 0.35"/l 29. 773 89.270 3 39 lit.b l 13 4. 7 0 0 0.2 

750 0.3333 27.786 83.322 3 10 59.2 l 3 39.6 0 0 0.1 
BOO 0.3125 Zb.048 78.117 2 47 51. 5 0 55 57 .1 0 0 0.1 
850 0.2941 24.5lit 73.523 2 28 41.5 0 49 33.8 0 0 o.o 
900 0.211a 23. 151 69.,.40 2 12 37.7 0 44 12.5 0 0 o.o 
950 0.2632 21.932 65. 786 l 59 2.1 0 39 40. 7 0 0 o.o 
1000 0.2500 20.835 t2 .497 l 47 25.8 0 35 48.6 0 0 o.o 
1050 0.238] 19. 8,.3 59.522 l 37 26.5 0 32 28.8 0 0 o.o 
1100 0.2273 18 • 941 56.816 l 28 4 7. l 0 29 35. 7 ~ 0 o.o 
1150 0.2174 18.117 54.346 I 21 13.9 0 27 4.6 0 0 o.o 
1200 0.2083 17. 362 52. 082 l 14 36.2 0 24 52.l 0 0 o.o 

1250 0.2000 l<>.667 49.999 8 45.3 0 22 55.l 0 0 o.o 
1300 0.1923 ·16.026 ~s.-016 3 34. 1 0 "i1 !J..lt 0 I) o.o 
1400 0.1786 14.881 44.6it2 0 54 it8.7 0 18 16.2 0 0 o.o 
1500 0.1667 13.889 41.666 0 47 H.8 0 15 54.9 0 0 o.o 
1600 0.1563 13.021 39.062 0 41 57.S 0 u 59.3 0 0 o.o 
1700 0.1471 12. 255 36. 765 0 37 lU.4 0 12 23.5 0 0 o.o 
18QO 0.1389 11.574 34.722 0 33 9.4 0 11 3. l 0 0 o.o 

:a:s•zz=-c•a:o:a:a.a;•:am-=-a 

K . 0.550 039 o• 
""•••••••=•••••a•• 

TABLE IV-FUNCTIONS OF THE STANDARD SPIRAL 
TABLE IV-FGNCTIONS OE LA SPl~ALE NORM ALI SEE 

------------------------------------------------------------------------ 
A - 260 M 

--------------------------------------H--------------------------------- 

- A/R ST LC g • C ------------ --------------------------------- 
M M UEG MNT SEC 

••••••••••••••••••••••••••••••••••••••••.-.••••••••••••••••••••••••••••••a•• 
240 1.0833 97 .081 277.380 33 37 17.3 11 lU 21.2 0 l 58.6 
250 1.0400 92. 722 266.902 30 59 a.o 10 18 10,ll 0 l n.1 
280 0.9286 U.929 239.440 Zit it2 5.it 8 13 14.9 0 0 ,.6.9 
300 0.81>67 76.135 223,924 21 3l 3. 9 7 9 50.it 0 0 30.9 
320 o.8125 71.156 210.229 18 54 43.5 • 17 53.5 0 0 21.0 
HO o.7647 66.819 198.069 16 45 9.3 5 3,. 48.5 0 0 1,..6 
350 0.7429 64.851 192.49C 15 48 32.2 5 15 58.5 0 0 12.2 
380 0.6842 59.609 171.462 13 Zit 40.8 4 28 6.1 0 0 1-5 
400 0.6500 56. 574 Ull.665 12 6 13.4 4 l 59.0 0 0 5.5 
420 0.6190 53. 839 160.69C 10 58 42.4 3 39 30.0 0 0 it.l 



222 ( 450 o.5778 150.222 10.804 a.341 75.041 2.087 100.295 
475 0.54H l't2.316 lU.997 7.095 71.105 1.775 9't.989 
500 0.5200 135.200 lH.953 •• 085 67. 559 1.s22 90.220 
525 0.4952 128.762 128.568 5.258 64.349 1.315 85.909 
550 0.4727 122.909 122.156 4. 574 61.429 1.14' 81.993 
575 0.4522 117.565 117.4•2 4.003 58. 762 1.001 78.420 

1 
600 Q.4333 112.667 112.5•7 3.524 56.317 o.881 75. 146 I 
650 0.4000 104.000 lUJ.933 2.112 51.989 0.693 ,9.357 
700 o.3714 96. 571 96. 525 2.220 48.278 o.555 64.397 
750 O.H67 90.133 90.101 1. 805 45.061 0.451 60.100 

800 0.3250 84.500 84.476 1.487 42.246 0.312 56.H2 
850 0.3059 19.529 79.512 1.v,o 39. 762 0.110 53.026 
900 o.2ae9 75.111 75.098 1.0't5 37.553 0.261 50.079 

J 950 0.2737 11.158 71.H8 a.sea 35.577 0.222 "7.H2 
1000 0.2600 67.600 61.592 0. 762 33.799 0.190 .. 5.069 
1050 0.2"76 64.381 64.375 0.658 32. 189 0.164 •2-923 
1100 o.236't 61.'t55 6l.'t50 0.512 30. 726 0.143 40.971 
1150 o.22u 58. 783 58.179 0.501 29.391 0.125 39.190 
1200 0.2167 56.333 56.330 O.'t'tl 28.166 o.uo 37.557 { 

1250 0.2080 54.080 54.077 0.390 27.040 0.097 36.05't I 
1~00 0.2000 52.000 51.998 0.3't7 26.000 0.087 34.667 
l'tOO 0.1857 48.286 't8.28't 0.278 24.H3 0.069 32.191 
1500 0.1733 't5.067 45.066 0.226 22. 533 0.056 30.045 
1600 0.1625 42.250 "2.2"9 o.186 21.1.25 O.O't6 28.167 
1700 0.1529 39. 765 39. 764 0.155 19.882 0.039 26.510 
1800 O.lH't 37.556 37.555 0.131 18. 778 0.033 25.037 

aaz:,s:a:1:aaa•:1•===:a: 

K =0.008 't75 71, 
••-==-•••=-a=a:=iaa:a 

TABLE JV-FUNCTIONS OF THE STANOARO SPIRAL I ) TABLE lV-FONCTlONS OE LA SPIRALE NORMALlSEE 
----------------------------------------------------------------- A• 270 M ------------ -------------------------------------------- R A/R LS X y Q p LT ----------------------------------------------- 

M M 
••••-•••a••••••••••••-•••••••••••••••••••a••••••••••=-•••••azz•~=~•••••== 

250 l.0800 291.600 281.837 55.325 1,,,,. 163 l't.001 197.980 
280 d.9643 260.357 25't.785 39.730 129.246 10.010 175.578 
300 0.9000 2't3.000 239.0H 32.423 120.839 8.153 163."14 
320 0.8't38 227.813 22't.9U 26. 787 113.427 6.727 152.695 
340 o. 7941 214.412 212.290 22.Hb 106.852 5.61 ... 143.693 
350 o. 7714 208.286 206.4't~ 20.528 103.836 5.148 139.507 
380 0.7105 191.842 190.623 16.069 95. 718 't.02b 128.324 
400 0.6 750 182.250 181.306 13. 788 90.968 3 ... 53 121.832 
't20 0.6429 173.571 172.832 11.919 86.662 2.984 115.974 
't50 0.6000 u,2. 000 161.476 9.698 80.913 2 ... 21 108.184 

475 o.56&.r, l!il.47" 153.074 8.249 76.670 2.064 102.'t56 
500 0.5"00 145.800 145.490 7.075 72.8't8 1.110 97.308 
525 0.51"3 138.857 1)8.614 6.113 69.388 1.529 92.656 
550 0.4909 132.545. 132.353 5.318 66.2"1 1.330 88.431 
575 O.'t696 126. 783 126.629 't.655 b3.366 l .16'o 84.576 
600 o • .r,500 121.500 121.376 4.098 60. 729 l.025 81.0H 
650 0.415" 112.154 112.010 3.224 56~063 0.806 H.798 

J 
700 0.3857 lO'o.1"3 104.085 2.581 52.062 0.645 C.9.H9 
750 0.3600 97.200 97 .159 2.099 't8.593 0.525 64.814 
800 o.3375 91.125 91.095 1.730 45.558 O.'o32 60.760 

850 0.3176 85.165 85.143 1.02 42. 879 0.361 57.184 
900 0.3000 u.ooo 80.984 1.215 40.'t97 0.30 .. S..006 
950 0.28"2 76. 731 76. 724 1.033 38.366 0.258 51.162 

1000 0.2700 72.900 72.890 0.886 36.4t't8 0.221 48.603 
1050 0.2571 69.'t29 69.421 o. 765 3".113 0.191 't6.288 
1100 0.2455 66.273 66.261 o.6.s 33.135 0.166 44.184 
1150 0.2H8 63.391 63.386 o.582 31.C.95 0.146 42.263 
1200 0.2250 60.750 60. 1,u, 0.513 30.3H 0.128 't0.501 
1250 0.2160 51.320 58.311 0.453 29.159 0.113 38.881 
1300 0.2011 56.071 5•.oH 0.403 28.038 0.101 37.386 

l'tOO 0.1929 52.071 52.070 0.323 26.035 0.081 3'o. 715 
1500 0.1800 't&.600 48.599 0.262 24.300 0.066 32.'tOO 
1•00 0.1618 45.563 45.562 0.216 22. 181 o.oH 30.375 
1700 0.1518 42.882 42.882 o. 180 21.Hl o.o.r,s 28.588 
1800 0.1500 40. 500 40.499 o. 152 20.250 0.0311 27.000 
2000 0.1350 36.450 34,.450 0.111 18.225 0.021 24.300 -·······--···- K -0.001 o, so• 

··············- 
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450 0.5778 50. 207 15G.03o q 33 't8. 4t 3 11 13.4 0 0 2.1 
4 75 o.5474 4 7. 540 l'tJ.. l 74 b ,.. sc;. 1 l 51 J8.0 0 0 2.0 
500 0.520v 4~. 145 l35.09C 1 H 't7.0 2 3• 54 .2 0 0 1.4 
525 0.4952 1t2. saz 128. 6 7o 7 l 34. 3 2 20 30.4 0 0 1.1 
5 50 0.4727 41.0lb 122.841 b 24 7,1 2 • 1.0 0 0 o.8 
575 0.4522 39. 22 7 l I 7. 511 5 51 20 .ti I 57 6 .2 V 0 o.o 
000 0.4333 37. 587 112.023 5 2l 'tb. 0 ., 34.8 0 0 0.5 
050 0.4000 3-'t. b8U 103.970 4 35 l ,2 31 40.1 0 0 0.3 
700 0.3714 32.205 9o.551 3 57 8. I 19 2.5 0 0 0.2 
7 50 0.3407 30.055 90.119 j 2• 34.2 8 51.3 0 0 0.1 

800 0.3250 28. 1 7't 84.4"1C I 33.4 I 0 3 I .O 0 0 0, I 
8 50 0.30 59 20. 515 79. 522 40 4c;. 5 0 53 30.'t 0 0 o. i 
900 0. 2 8 89 25.041 75.105 2J 21.1 0 47 4t9.0 0 0 o.o 
950 0.2737 23.722 7 l. 153 8 44. ~ 0 42 54 .9 0 0 o.o 

1000 0, 2 000 U.53b e,7. 597 So 11. 8 0 38 43.9 0 0 o.o 
1050 0.2476 21.40.l t4. 3 78 45 L3. o 0 35 7 .8 0 0 o.o 
ll00 0.236' 20. 480 Ol .. 4t52 3b I. b 0 ,2 o.• 0 0 o.o 
ll '>0 0 .2 20 l 19. 595 58. 78 I 27 Sd.b 0 29 I 7 .2 0 0 o.o 
1200 0.2 I bl 18. 779 ~b. 332 20 41-~ 0 lb 53.8 0 0 o.o 
12 50 0,2080 18.0.2 7 ':>4. 07C. 14 ll.9 0 H 'tl .3 0 u o.o 

1300 0.2000 17.334 51.999 I 8 45. 3 0 22 55. I 0 0 o.o 
1400 O, l ll57 lo. 09b 't8. 285 0 59 17.0 0 19 45. 7 0 0 o.o 
1500 o. 1 733 l>.023 "~- coo 0 51 }8.b 0 I 7 U.8 0 IJ o.o 
1000 0,1025 14-084 412.2 50 0 .,, 23. 3 0 15 , .8 0 0 o.o 
1700 0,1529 13. 255 39. 764 0 40 12. 't G 13 24,l 0 v u.o 
!HOO 0. 1444 12. 519 37. 555 0 35 51.8 0 11 5 7. 3 0 0 u.o 

-••zaa-•-a~a-za•- 

• . 0.'>08 '>42 't2" 
-""~-- .. _ ::c:2•=•- -- 

TABLE lY-FUNCTIONS Of THE STA NO ARO SP(RAL 
TABLE lV-FONCTlONS Ot LA SP I KALE ~ORfrilAL 1 SEC 

··- - - -- -- - ---- -- -- --- - - --- - ------ ------- ---------- ------- - ----- -- ---- - - 
A . .£7C • - - - - -- - - .. - - - - --- ---- - - ---------- ---- ---- -- - --- -------- ---- ---- --- - --- -- --- 

A/R SI L( 

----------------- - - -- - -- -- ----- - -- -- - - - - - -- - -- - --- - - 
M • U<o MNT SEC 

::. :s :,;:: : :: a••• •z • :s:a: :a:: :s :a::::"'"' :,; :: ==•==:ss :: • == =••=:,; •:: ::s a: s s •= :s :zz ;: r::=az:s •••:,;a-,:,;"''""= :s .. 

2 50 1 .oeoo 100. 'tb3 .£67.216 jj ,. 53. b 11 b 2,. 5 0 l :>o ... 

280 O.·h,43 88.blJ 257.805 lb )8 1 7. J ; 1 4 7. 0 u 0 58. t, 
300 U.9000 H2.l81 241 • .23 3 0 12 l 1. l " Zb.'I 0 V 3&. d 
320 0.8't3d 7b.80b 2Jb.5)2 20 2J <t 1. 4 " 4/ 2 7. ':> 0 ;:, 2b. J 
l40 J. 791t l 7 .£. l 54 213.4bt: 18 ) ') f • b 0 . o.s t) u 18,3 
) ,o O. 7 7 l"t 70. 01" 107.401 ;1 ; :,4. J ; 40 -.2.1 0 0 l 5 ... 
.\80 0, 7 10, b4. 33t, l s i . 29'7 1, l7 <tb. l . 49 0,0 0 0 9.4 
•OO ().b 75() bl. tJ52 lt'1.83V l J ' ,. 1 2u ~() . ., 0 I) .. , 
•20 l).o .. 29 56,093 1 7 J. 2'-f2 ll so z i ,« ,. <tl.9 0 0 ,.1 
4 50 J.bOOO 54. lb 7 ltd. 767 10 Ill 4 7. 7 £0 12.:, v V 3.• 

'" ~•. 'Jh 84 51 • .£85 1 :>3. 2'H: 9 1' 2£.3 , • 0 0 u .c:'.. 5 
'.JOO O. '>40G 't8.b'-19 !~5.662 l1 13. 't ., <. 1 0 0 I. 8 
') 2~ U. ", 1 4 ~ 'tb. Jo3 l s s, 749 34 J 7. 'J " H. 1 0 0 l. 3 
'> 50 O.o1t4C'I <t4. l<t3 132 • 'tb(J 0 ;4 14. l 1 d j, 7 0 <., 1.0 
SIS 0 .<tb~b i.;. HO lib. 714 0 18 5g.tj 0 1 •• 2 0 \J u •• 
000 0. 4 5()U 40.S<tO 121. 4't5 ' •• .. ' jo J •• 0 0 O,b 

0 ,0 0 .4154 31.-.11 112. 11 7 4 ,. 34. q Jd , l • 3 0 0 o., 
700 (). 3 ij':, 7 J<t. 733 104.117 1' <t3. 6 lS i.'-t.) 0 0 O,l 
750 O.H,00 32. <tl 3 r.;7. ld.i •l 4b.O l' 1:, .2 v 0 ,) • £ 
800 0.3) 75 30. Jd't c, l .112 ' 1' .. 7. .. ' 1:,.7 0 C, 0.1 

050 O.J l 7b 28. 'J95 HS.755 s, 2'>. C 0 , 7 <td .b 0 0 0, 1 
900 O. 3 000 ,n.oos 80.993 , .. 'tl.'1 0 51 .,3. 9 0 0 o. 1 
9 so 0.284< 25. 583 76. 7 31 18 51.). b 0 4o lb.ft 0 v v.o 
lOOO 0,2 700 2't. lOJ 7 2. e s e 5 ltl.'t 0 41 s e , l t) 0 u.o 
lJ')Q J. 2? 71 }. ; • l 45 o<t. 't2 5 ',) J<t. 4 G JI '>3. l v J u.o 
ii QI) ., .:1.t'J'J 2t:.09J e o , 2 70 43 .l3, 5 C 34 .:Sl .£ 0 V o ,» 
l! 50 I) .2 .l'td 21. 132 td.389 h <t'..1. 0 0 l1 15.u 0 J o.o 
1200 0 .2 2 50 20. 2'>1 eu , 1 .. e l7 1.1 0 ,, 0.3 0 0 o.o 
l.2 50 0.2100 19.'t4l 50 •. H<i 20 ll./ u lo 43 .. 9 0 u o.o 
i s oo 0.2077 i s , O'i) !:lb.07b 1' 8. 7 " 2• 42 .I.J 0 0 O,v 

1400 0.1929 17. 358 52. 0 71 1 j 5!.,. c; C 21 18 .b 0 0 o.o 
l'JOU v, l800 lo. 20U <t8. 5q9 0 55 <tJ.';, V ld 33 .8 0 v I) ,I) 

t e oo 0, 1688 I 5,188 't5.5o.? 0 41l 5o.,; v lb 19.0 0 0 o.o 
1700 0.1588 l"t. 294 «e, Hd2 0 4J 21. 5 () 1, 21, 2 0 0 o.o 
1800 0, l 500 13,500 .,U.500 0 3H .,(,)., v 1< ;3. 5 0 0 1),0 
20()0 0, l 350 12, l50 36.450 0 31 19.o 0 10 lb.~ 0 I) o.o 

a:z•=•~:,;z:zs:•••~• 

• . 0.411 ':>71.J ,o• 
a •:'"""'--=-::a - -- "' -- 



224 Utk.f IV-fUHCJl()fjS OF THE STANDARD SPIRAL 
TAlll.f IV-FONCTIONS Of LA SPIRALE NORMALISEE 

A • 275 M 

LS y 

M 

280 
JOO 
320 
HO 
350 
380 
400 
420 
450 
475 

500 
525 
550 
5H 
600 
650 
700 
750 
800 
850 

900 
950 

1000 
1050 
1100 
1150 
1200 
ll50 
1100 
1400 

1500 
1600 
1700 
isoo 
2000 

" 
0-.9821 
0.9167 
o.e,94 
0.1088 
o.7857 
0.7237 
0.0875 
0.6548 
0.6111 
0.5789 

0.5500 
0.5238 
0.5000 
0.4783 
O.H8l 
0.4231 
0.3929 
o.3667 
0.3438 
0.3235 

0.30§6 
0.2895 
0.2750 
0.2bl9 
0.2500 
0 .2 391 
0 .2 292 
0.2200 
0.2115 
0.1964 

0.1833 
0.1719 
0.1618 
0.1528 
0.1375 

270.0.19 
252.083 
236.321 
222.426 
216.071 
199.0ll 
189.063 
180.060 
168.050 
159.211 

151.250 
144.048 
U7.500 
lll.522 
126.042 
i ie , 340 
IOI.Ol6 
100. 833 
9-lt. 5;1 
88. 971 

H.021 
79. 605 
75.625 
72.024 
"8.750 
65.761 
63.021 
60. 500 
58. I 73 
54.018 

50.417 
47.206 
44.485 
42. 014 
l7.813 

26l.tH 
247.6H 
233.l2t 
220.05! 
214.022 
197.653 
181.U09 
179.234 
167.H I 
158.764 

150.904 
143. 777 
137.285 
131.350 
125.903 
116.253 
107.971 
I00.788 
S4.498 
88.946 

84.00'i 
79. 591 
75.614 
u.015 
68.743 
65.755 
63.016 
60.Ho 
58.170 
54.016 

50.415 
41.265 
44.485 
42.013 
37.812 

42. 705 
l4.86l 
28.807 
24.067 
22.081 
17 .286 
14.834 
12.123 
10.434 
1.876 

7 .613 
b.5111 
5. 723 
5.009 
4.409 
J.469 
2.778 
2.259 
1. 861 
l. 552 

1.307 
1.112 
o.953 
0.823 
0.11 .. 
O,b27 
o.552 
0.08 
o.434 
0.347 

o. 282 
O.H3 
o. 194 
O.lol 
0.119 

I< •0.007 510 30' 

134.004 
125. 304 
117.029 
IIU.818 
107. 694 
99.280 
94. 356 
89. 892 
83. 930 
79.531 

75. 56 7 
71.979 
08. 714 
oS. 732 
"2.998 
51. I 58 
54.007 
50.409 
4 7. 260 
44.481 

42.0ll 
39. 800 
37 .811 
30.010 
34.374 
32.880 
31.510 
30.249 
29. 086 
27.009 

25. 208 
2.1.033 
22.243 
21. 007 
18.900 

I0.1bb 
a.no 
7.237 
o.040 
5.539 
4.332 
1.110 
3.211 
2.612 
2.221 

I .905 
l.b'tb 
I.HI 
1.25J 
1.103 
0.867 
0.695 
0.505 
0.465 
0.388 

0.327 
0.21a 
0.238 
0.200 
0.179 
0.157 
0.138 
0.122 
0.108 
o.os1 

0.07 I 
0.058 
0.049 
0 .041 
o.o3u 

182.304 
lb9.636 
158.092 
149.124 
144. 773 
lH.155 
120.412 
120.lJO 
112.242 
106.297 

100.954 
96.127 
91.742 
87.741 
84.070 
77.597 
72.040 
07.238 
1>3.032 
59.322 

56.025 
53.075 
50.420 
48.019 
H.836 
H.842 
42,ul5 
40.ll5 
38.783 
36.UIJ 

lJ.612 
31.511 
29.o57 
2 8.009 
25.208 

TA81.E IV-FUNCTIONS OF THE STANDARD SPIRAL 
TABLE IV-FONCTIONS OE LA SPIRAL~ NORMALISEE 

A • 280 M --------------------------- 
AIR LS y Q LT 

280 
300 
320 
HO 
350 
380 
400 
420 
450 
475 

500 
525 
550 
575 
600 
650 
100 
750 
800 
850 

900 
950 
1000 
1050 
1100 
1150 
1200 

1.0000 
0.9333 
0.8750 
0.8235 
o.8000 
o. 7368 
0.1000 
0.6067 
0.6222 
0.5895 

0.5o00 
0.5333 
0.5091 
0.4870 
0.067 
0.4308 
0.4000 
0.3733 
O.HOO 
0.)294 

0.3111 
0.2t41 
0.2100 
0.2U7 
0.2545 
0.2435 
0.2333 

210.000 
261.333 
2♦5.000 
230 .588 
224.000 
20o. 310 
190.000 
180.667 
174.222 
165.053 

15b.800 
149. 3l3 
142. 545 
136. 348 
130.6b7 
120.015 
112.000 
104.533 
98. 000 
92.235 

87..lll 
82. 526 
78.400 
74.667 
71.273 
68.174 
65.333 

273.081 
256.U9 
241.434 
227.951 
221.111 
204.801 
194.827 
185. 141 
l 13.57C 
104.555 

l5b.415 
149.0)2 
142. 306 
l 3o. 156 
130.512 
120. 512 
111.928 
104. 483 
97.903 
92.208 

87.091 
82. 511 
78. 388 
74.o51 
71.265 
oB.168 
05.328 

" 
45.840 
37. 4ll 
30.937 
25.851 
2l. 719 
18.571 
15 • 938 
13.178 
11.212 
9. 538 

8.181 
7.069 
b.150 
5.383 
4. 739 
3.72~ 
2.985 
2.427 
2.000 
1.668 

!.405 
1.195 
1.024 
0.885 
0.110 
0.074 
o.593 

131.841 
129.845 
121.904 
ll4.854 
111.619 
102. 905 
97 .804 
93.180 
87. 002 
82 .443 

78. 336 
74.olo 
71.233 
08.142 
65.308 
60.290 
55 • 988 
52.258 
48. 994 
46.113 

43.552 
41.261 
39.198 
37.332 
JS. 635 
34. 080 
32.606 

11.503 
9.421 
7.775 
o • .\89 
5.952 
4.655 
3.993 
3.451 
2.807 
2.387 

2.047 
1.769 
1.538 
1.346 
1.185 
0.932 
O.Ho 
0.001 
0.500 
0.417 

0.351 
0.2'9 
o.u. 
0.221 
0.192 
0.108 
0.148 

189.171 
175.916 
11>4.605 
154.662 
150.142 
131.079 
131.080 
124.768 
116.377 
110.210 

104.068 
99.661 
95.114 
90.900 
87.lo5 
80.447 
74.692 
09.707 
05.340 
61.500 

51.081 
55.023 
52.271 
49.111 
47.518 
45.451 
43.557 



TOLE JY-PUNCTIDHS OP THf SUIODAIIO SPJIIAL zz, 
Ullf JV-fONCfl0NS OE u SPIRALE NOUALISEE ----------------------------------- ----------------- • . 275 " ------------------------------------------------------------------- 

R A/II ST LC • • C 
---------------- --------------------------------- 

" " DEG •T SEC ·-·----------------·-····--·--·----····--·-·····--··--····-····--···· 210 .... 21 92. 073 261.307 21 31 2.0 9 11 n.o 0 I ,.1 
300 1.9167 u.u1 250.111 24 4 19. 9 8 0 0.1 0 0 o.4 
12tl Q.U94 79.11• 234 .19~ 21 9 ZS.9 1 2 u.2 0 0 29.4 
HI 0.INI H.906 221.111 11 H 21.8 • 14 Z9.2 0 0 20.4 
350 1.11n 12.614 215.151 11 41 .. , 5 53 25. 7 0 0 11.2 
llO o.nn 66. 114 191.407 15 0 12.4 4 59 53. 7 0 0 10. 5 
400 .... 75 •J.351 111.5'4 13 32 26.2 4 JO 41.0 0 0 1. 1 
420 ... ,.. .0.214 119.692 12 u 54.2 • 5 l2 • .J 0 0 5.1 
450 o.u11 56.205 lU.795 10 41 55.5 l ll 54.7 0 0 3.8 
475 0.57119 53.ZU 159.012 9 36 7.9 3 11 H.9 0 0 2. 7 

500 0.5500 50.527 l5l.09t 8 39 H.o 2 SJ 11.2 0 0 2.0 
525 0.5218 41.102 Hl.921 7 SI 37.1 2 37 10.9 0 0 1. 5 
550 0.5000 45. 902 137.405 7 9 43.l 2 2; ll.2 0 0 I. l 
575 0.4713 43.895 131.HS .. 33 9.1 2 11 2.4 0 0 u.9 
600 0.4583 42 .ose 125.910 .. I s.o 2 0 21.0 0 0 0.1 
650 0.4231 11.112 11•.105 5 1 40.l l 42 12.9 0 0 o.4 
700 0.3929 lo. 0:12 10¥.007 4 25 11.1 l 21 25.4 0 0 0.l 
750 0.3667 33.626 100.111 3 '1 s. 6 l 17 1.1 0 0 0.2 
800 0.3438 31. 521 94.517 3 23 6.5 I 1 42.1 0 0 0 .1 
850 0.3235 29.605 88.900 2 59 55.0 0 59 51.3 0 0 0.1 

900 O.J~So 28.0lS 14.020 2 40 21.9 0 53 29.o 0 0 0.1 
950 r.2b95 26.S..0 79.599 2 24 2.0 0 41 o.o 0 0 o.o 

1000 1-.2750 ZS. 212 75.o20 2 9 59.4 0 43 19.1 0 0 o.o 
1050 O • .ttlil9 24.0ll 12.020 I 57 54.J 0 39 11.1 0 0 o.o 
1100 o.2500 22.919 ... 141 I 41 25.8 0 15 41.o 0 0 o.o 
1150 0.2JH 21.922 65. 751 I 31 11. 5 0 12 o.a 0 0 o.o 
1200 0.2292 21.008 63.019 I 30 16.2 0 30 5.4 0 0 o.o 
1250 0.2200 20.11>1 60,01 I 2J 11,6 0 21 43.9 0 0 o.o 
1300 0.2115 19. 392 58.172 I 16 55.0 0 25 Jl.3 0 0 o.o 
1400 0.1964 18.001 54. 011 I 6 19, 3 0 22 6.4 0 0 o.o 

1500 0.183J 16.800 50.416 0 57 40,4 0 19 15.5 0 0 o.o 
1600 0.1719 15. 150 41.265 0 50 .... 0 16 ss.5 0 0 o.o 
1700 0.1618 14.829 44,415 0 H 58. a 0 14 59.o 0 0 o.o 
1800 0.1528 14.005 42.014 0 40 1.2 0 13 22.4 0 0 o.o 
2000 0.1375 12.604 31.112 0 ]2 29,8 0 10 49.9 0 0 u.o ----------------- • . 0.454 571 09• 

aaaA.aaaa•aaa■a■- 

TABLE IV-FUNCTIONS Of THE SUNDUD SPIRAL 
UllE IV-f0NCTI0NS DE LA SPIRA LE NORMALISEE ---------------------------------------------------------------------- • . 280 " ------------------------------------------------------------------ 

R AIR ST LC I • C ---------------- --------- 
" " IIEG NHT SEC ··········--·--·---······--·····-·-·············-·····-········-······· 280 1.0000 95.614 216.901 21 JI 52.4 9 ll 44.J 0 u.2 
100 0.9333 18.714 259,137 24 H 19.1 • 11 11.1 D 0 ..a.3 
320 0 .8 750 82. 824 243.401 21 So o. 7 1 11 7.5 0 0 32.1 
]40 0.8235 11.1u 229.412 19 25 44.5 • 21 12.1 0 0 22.8 
350 0.8000 75.403 222.912 11 20 4. 7 • 6 22.5 0 0 19.1 
380 o.nu 69. 251 205.641 15 33 14.J 5 10 SJ. I 0 0 U.7 
400 0.1000 65. 709 195.471 14 2 14.9 4 40 34.4 0 0 1.6 
420 0.6667 62. 516 llo,HT 12 4l 56.6 4 14 12.s 0 0 •• 4 
450 0.4222 58.212 173.932 II 5 28.1 l 41 45.4 0 0 4.2 
475 0.H95 55.176 lh.lJI 9 57 16.4 l 19 2.4 0 0 3.1 

500 O.Sf>OO 52. 389 156.629 8 59 2,J 2 59 ]1.5 0 0 2.2 
525 0.5333 49.87' 149.199 • I 55.4 2 42 , ... 0 0 1.7 
550 0.5091 47.591 142.09 1 25 29.2 2 28 21.s 0 0 1.3 
575 0 • .-10 4S.510 llo.263 .. 47 35.4 2 15 50.1 0 0 1.u 
600 0.4667 43.605 1.30.598 .. 14 19. 9 2 4 45.9 0 0 0,1 
650 •• 43111 40.231 120.569 5 18 57. 5 l ... 11.1 0 0 0,5 
700 0.4000 37.lS. 111.961 4 35 1.2 I 31 40.1 0 0 0.3 
no 0.371J 14.161 104.511 l 59 34.4 l 19 51.3 0 0 0.2 
800 0.1,00 32.471 97.914 l 30 Jl. 7 I 10 11.1 0 0 0.1 
150 I.U94 )0. 754 92.223 3 6 31.1 l 2 10.3 0 0 0.1 

900 O.Jlll a.~ 11.102 2 .. 22.2 0 55 27.J 8 0 0.1 
950 0.2947 n.u4 12.519 2 29 19. I 0 49 46.3 0 0 o.o 

1000 1.JHO •• 137 71.315 2 14 45 •• 0 " '5.2 0 0 o.o 
1050 o., • ., 24.192 74 •• 62 2 2 l.J.9 0 40 .... 4 0 0 e.o 
1100 O.JtH 2).160 71.2'9 l 51 22.3 0 37 1.4 0 0 o.o 
1150 o.ios 22.727 .,.111 l 41 53.9 0 33 '7.9 Q 0 0,0 
1200 O.ZJU 21.119 U.lJl I 33 35.0 0 3l 11.1 0 0 o.o 
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1250 
lJOO 
HOO 

1500 
1600 
1700 
1800 
2000 

0.22'0 
0.215• 
0.2000 

0.1167 
0.1750 
o.ao 
0.1556 
o.i.oo 

62.720 
60. 308 
56. 000 

52.267 
.9.000 
.6.118 
.3.556 
39.200 

62.716 
60.30'9 
55.998 

52. 26 5 
't8. 99~ 
.6.117 
.3.555 
H.200 

0.52', 
O.'t60 
0.373 

0.30• 
0.250 
0.209 
0.176 
0.128 

K •0.001 308 l't• 

31.359 
30. 1 SJ 
28. 000 

26.133 
2-.. 500 
23. 05 9 
2i. 118 
19.600 

O.l3l 
0.111 
0.093 

0.016 
0.063 
0.052 11.0•• 
0.032 

TA8'.E IV-FUNCTIONS OF THE STANDARD SPIRAL 
TABLE IV-FONCTIONS OE LA SPIRALE Nuk~ALISEE 

A ,. 290 M 

H.815 
,0.206 
37.H• 

H.80 
32.661 
30.10 
29.037 
26.lH 

l 
n 
l 

R 

M 

AIR LS LT 

M ..... ----------------- --- ------ ---- -- ----- ~- ······ --- - .. - "' 300 0.9661 
320 0.9063 
HO 0.8529 
j50 0.8286 
380 0.1632 
,oo o. 1250 
HO 0.0905 
,so O.HH 
HS 0.6105 
500 0.5800 

525 0.552' 
550 0.5213 
575 o.so,1 
600 0.033 
650 O.H62 
100 o • .iu 
150 0.3861 
800 0.36H 
850 0.3412 
900 0.3222 

950 
1000 
1050 
llOO 
ll50 
1200 
1250 
1300 
HOO 
1500 

1600 
1700 
1800 
2000 

0.30B 
0,2900 
0.2762 
0.2636 
0.2522 
o.z.11 
0.2320 
0.2231 
0.2011 
0.1933 

o.1813 
0.1706 
0.1011 
O.H50 

210. 333 
262.813 
2,1 .353 
2,0. 286 
221.316 
210.250 
200.238 
116.889 
117.053 
168.200 

160.190 
152.909 
146.261 
1,0.161 
129.385 
120.10 
112.133 
105.125 
98.9,l 
93 .... 

H.526 
a..100 
80.095 
16 • .,5 
13.130 
70.083 
61.280 
6,.692 
60.071 
56.0ol 

52. 51>3 
,9.Hl 
""· 722 ,2.050 

2 i..275 
2 58. • l 5 
2H.100 
237.,lC 
219.H6 
208.802 
199.103 
186.085 
176.09 
167.725 

159.818 
152. 61' 
Ho.OH 
139.976 
129.257 
120.os. 
112.071 
105.080 
98.908 
93.41~ 

88.507 0,. 085 
80.o8, 
76.05 
73.123 
70.077 
t7.275 
6<\.688 
60. 06~ 
56. 065 

52. 561 
,9.HC 
,6. 721 
•2 .050 

.. 2.9H3 
J5.H3 
29.710 
21. 263 
21.353 
18.328 
1S.8't6 
12.896 
10. 972 
9.,11 

8.133 
1.075 
6.193 
5.,s2 
•• 289 
3.,35 
2.193 
2.302 
l.919 
1.617 

1.315 
1.179 
l.018 
0.886 
0.11; 
o. 682 
0.60• 
o. 537 
o.uo 
O.H9 

o.2ae 
o.z.o 
0.202 
0.1'7 

139. l'>J 
130.671 
123.133 
ll4;J.b73 
110.J .. 6 
l°'.883 
99. 930 
93.310 
88.•2• 
0,.021 

80. 033 
76.405 
73.091 
70.051 
64.671 
60.057 
56. 056 
52.555 
,9 ... 5 
'6.718 

't<\e2b0 
42. o,8 
't0.041, 
38.llo 
36. 564 
35.041 
33.639 
32.H5 
JO. 035 
28.0H 

26. 281 
24. 735 
23.361 
21.025 

10.8 30 
8.9.ftO 
, •• 63 
6. 8"t5 
5.35'a 
♦.593 
3.910 
3.229 
2. 746 
2.355 

2.035 
l.770 
l.549 
l..361t 
1.073 
0.859 
0.698 
0.515 
0.480 
u."tO"t 

0.3.ft't 
0.295 
u.255 
0.221 
0.19• 
0. l 7l 
0. l 51 
u.134 
0.107 
1).087 

0.012 
0.060 
0.051 
0.037 

K =-0.00b 812 821 

TABLE IV-FUNCTIONS GF THf STANDARO SPIRAL 
TABLE IV-FONCTIONS DE LA SPIRALE NORHALISEE 

A • 300 M 

189.072 
176.781 
166.060 
161.190 
l♦a. 205 
140.617 
133.&92 
12~.875 
118.251 
112.300 

100.92, 
102.043 
97.590 
93.511 
86.301 
80.126 
14.711 
70.099 
05.972 
62.305 

59.02' 
56.072 
53.,01 
50.973 
.. 8. 756 
,o.12' 
44.855 
,3. 130 ,o. 049 
37.378 

35.0,2 
32.981 
31.1'8 
28.033 

AIR LS LT 1 
M 

300 1.0000 
320 0.9375 
340 0.8824 
350 0.8571 
310 0.7895 
400 0.1500 
420 0.110 
oo o.•0,1 
HS o.•n• 
soo o.•00-0 
525 0.571• 
SIO 0.505 
575 0.5217 
60-0 0.,000 
650 o.,.1s 

" 
300.000 
281. 250 
2.-.10. 
251.10 
2lo.142 
225.000 
214.280 
200.000 
ll9.H4 
110.000 

171.429 
163.636 u •. ,22 
uo.ooo 
l38.<o62 

292. 586 
275. 16 7 
260. 723 
253.69, 
234.552 
223.221 
212.89! 
199.015 
188. 72 l 
179.418 

110.972 
163.275 
156.212 
l<o9. 766 
138. 305 

•9-114 
.. o.u4 
33.918 
31.185 
2"t.4JJ 
20.975 
la.137 
1,. 763 
12 • 561 
l0. 775 

9.312 
a.101 
1.092 
0.20 
••• 12 

148. 759 
139. 725 
131.687 
127.995 
llll.039 
112.204 
106. 911 
99. 83< 
9'.611 
89.903 

85.6)1 
81. 758 
78. 213 
74.961 
69.205 

12 .389 
10.229 
8.541 
7 .8J"t 
0.129 
5.259 
4.545 
3.697 
3.145 
2 •• 97 

2 •. uo 
2.027 
lo7H 
l.562 
1 .228 

202.613 
189 •• 32 
177.892 
17 2.656 
151. 705 
150.626 
1"3.347 
133.680 
126.580 
l20.20"t 

114.446 
109.218 
1114."t49 
100.012 
92.363 

j 
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12 90 0.22 "41 Z0.90 1 62.711 2• 14.1 0 ZI 44.9 0 0 e.o l- t.2154 20.104 60.Jo• 19 44.4 0 2• H.I 0 0 o.o l- o.zooo 11 ... 1 55.999 I 45.3 0 zz s5.1 • 0 •• o l- ,.un 17.42] 52.Z .. 0 59 SJ •• 0 19 57.9 0 II ••• l- e.1no l6.JJ4 41.999 0 52 31.4 0 11 3Z.I 0 0 e.o 
1700 t.1647 u.nJ 44.117 0 46 )7.1 0 u 32.6 • • ••• - o.u5• 14. 519 o.n5 0 41 35. S 0 13 si., • 0 G.O ... 1.1400 u.061 n.200 0 33 41.4 0 11 u.1 • 0 ,.o 

···--····-····-- ~ . 0.01 4H 11• 

-------------- 
TAIILE IY-fUIICf ICIIIS OF THE STANDMtD $,IRAL 
TAIM.E I Y-fOIIC Tl OHS llt LA S, IAALE NOii.NALi SIii 

----------------------------------------------------------- A . 290 N ----------------------------------------------------------------- 
II. A/A Sf LC • • C -------- 
" " ot, NHf SEC ····-·········-··--·-·--··-···-·--···-···-----·-····-····-···-······· JOO 0.9667 u.oz 217.UJ 26 u 11.5 I 54 24.2 0 0 59. 7 
)20 0.9063 19.0J6 U0.141 23 31 41.5 7 49 53.4 0 0 40.5 
J"41 0.029 u.,o~ 245.901 20 50 29. 7 • 5• 21.1 0 0 21.1 ,,. 0.1216 11.005 239.0JO 19 40 3 •• • )2 57 •• 0 0 U.6 
3IO 0.702 14.313 220.413 16 41 5. 3 s 33 21.4 0 0 14.4 
400 o. 7250 70.541 209 •• 05 IS J 29.0 5 0 59.1 0 0 10.6 
420 o.uos •T.109 199. 733 13 )9 29.1 4 J3 1.1 0 0 7.9 
450 0.64H 62.553 116.Hl 11 53 51. I 3 57 52.0 0 0 5.2 
47S o.U05 59.213 11•. 179 10 40 41.8 3 3J 311.2 0 0 J.I 
500 o.s100 s..211 167.919 9 31 13.7 3 12 41.1 0 0 2.1 

525 o.SS24 53.515 ao.ozs I 44 21.2 2 54 47.3 0 0 2.1 
550 o.s2n 51.064 152.171 1 57 52.5 2 39 15.9 0 0 1.• 
575 0.500 41.i129 ..... u. 7 11 13.S 2 25 o.1 0 0 1.2 
400 0.4833 ... 713 140.D12 " 41 32.9 2 13 so.a 0 0 0.9 
•50 0.402 0.1 .. 129.321 5 42 1.1 1 54 2.4 0 0 o.• 
700 0.410 40.01• 120.104 4 55 0.9 1 31 19.9 0 0 0.4 
750 0.3167 37.391 112.105 4 16 59.4 1 25 )9.6 0 0 0.2 
100 0.3625 JS.OS. 105.105 J 45 52.2 1 1~ 11.2 0 0 0.2 
850 0.3412 )2.991 91.926 3 20 4.I 1 • 41.S 0 0 o. I 
900 0.3222 31. IS• 93.433 2 51 27.9 0 59 2,.2 0 0 0.1 

950 o.1os1 29.515 11.s11 2 40 10.5 0 5J 23.4 0 0 o. l 
1000 0.2900 za.0ll 14.091 2 24 33.4 0 41 11. I 0 0 o.o 

" 1050 0.2762 2 •• 102 10.090 2 11 7.1 0 0 42.J 0 0 o.o 
1100 0.2.36 25.0i 76.450 I 59 28.1 g 39 49.4 0 0 o.o 
1150 O.B22 24. 379 u.121 1 ,.9 11.4 0 .,. 2•.1 0 0 o.o 
1200 0.2417 23.363 70. 01 l I 40 n.2 0 3J 27. 7 0 0 o.o 
1250 O.Zl20 22.421 0.211 1 32 u.o 0 JO 50.3 v 0 o.o 
uoo 0.2231 21.565 64 •• 91 1 25 32.2 0 21 30. 7 0 0 o.o 
1400 0.2011 20. 025 60.070 1 13 ,.5.2 0 24 35.1 0 0 o.o 
1500 0.1933 U.690 56.0.6 I " 14.9 0 21 24.9 0 0 o.o 

1400 0.1113 11.,21 52. 562 0 54 21.1 0 II o.4 0 0 o.o 
1700 0.110• 16.491 49.47C 0 511 1.2 0 16 40.4 0 0 o.o 
1100 0.1411 15.574 46.722 g .... 37.0 0 1• s2.1 0 0 o.o 
2000 0.1450 1 ... 017 42.on 0 1• 1 ... 0 12 2 •• 0 ~ o.o 

···-·····-····-- K . o ... oe JU ,.. 
-------~-------- 

TAIM.E IV-FUNCTIONS OF THE STANOAII.O S,IRAL 
TAIM.E IV-fOHCTIONS OE LA SPIii.ALE lj(JlNAllSEE ----------------------------------------------------------------------- 

A . JOO ~ ---------------------------------------------------------------------- 
R .,. ST LC II ♦ C -------- --------------------------------- 
" " OE~ "'" SEC ··---- ---···· ------·· ................... -----------· -----·-·· ... ·•····• .. 
JOO 1.0000 102.444 29•-••o 21 31 52.4 9 31 4 ... 3 0 1 u.2 
320 o.9315 95.,09 211.143 25 10 0.1 8 22 h.9 0 0 49.6 
HO 0.1124 "· 529 ~.2.921 22 11 U.4 1 25 30.0 0 0 H.5 
350 o.es11 ... ,11 ZSS.404 21 2 50.7 1 0 Zil.O 0 0 21.9 
llO 0.7195 1, ... s 235.121 17 51 19.2 5 5• u.1 0 0 17. 1 
400 o.uoo 75.570 224.210 1• • 52.0 5 22 ...4 0 0 u.o 
"20 o.nu 11.IH 211 ••• , 1" u , .. , • 52 9.1 0 0 9.1 
450 ··-' ... 912 199.5U 12 4J S6.6 4 14 u., 0 0 ... 
HS o ... u .J.)91 lil9. U9 11 25 31.1 J 41 U.3 • 0 4.6 
500 o.•- .o.u, 179.Hl 10 18 41.1 3 26 ll.t • 0 3 •• 

525 0.'714 n.211 111.2za 9 21 15.9 3 1 2.1 I I z.5 
550 0.54'5 5 .... 1 lU.475 • 31 24.0 2 50 26.1 0 0 1.9 
'75 O.U'1 52.2 .. 1~4.393 1 H 53.1 2 35 , .. , 0 0 1.s 
600 o.,ooe !M).075 149.196 1 9 43.1 2 2J u.2 0 0 1.1 .,. o .... u -W..J04 131.392 .. 6 9.0 2 2 2.3 0 0 0.7 



lZI 

700 0.♦Zl6 
150 o.♦oeo 
100 0.JU0 
150 •• 3529 
900 0.JUJ 

950 
1000 
1050 
1100 
1150 
1200 
1250 
1300 
1400 
1500 

11>00 
1700 
1100 
2000 
2200 

O.JUI 
0.)- 
1.1157 
0.1117 
o.2- 

·o.21N 
0.2 ... 
1.uH 
1.11♦3 
0.1000 

0.1115 
0.1765 
0.1'61 
o.isoo 
0.13H 

121.,11 
120.000 
112.SQO 
105.H2 
100.000 

94. 131 
90.000 
15.114 
11.118 
11.2.1 
n.ooo 
12.000 
69.211 .4. 21• 
60.000 

5•.250 
52.941 
5Q.0OO 
45.000 
~0 .. 909 

121.40 
lH.923 
112.4♦4 
105.141 
99.9U 

94.113 
19.912 
85. JOC 
11.101 
Ja.252 
74.993 
11.994 
69.226 
.4.212 
59.991 

, •• 20 
52. 940 
49.999 
4♦.999 
40. 909 

K •0.004 360 20' 

UM.E IV-FUN.CTIONS Of THE STANOARO S'1RAL 
UILE IV-FONC110NS DE LA SPIRALE NOUALISEE 

A • 325 M 

R 

" 
A/R LS y Q 

JI0 0.1553 
400 0.8125 
420 0.1111 
450 0.1222 
HS 0.•142 
500 0.6500 
525 0.6190 
,so 0., .. 09 
575 0.,.,2 
600 0.5411 

650 
100 
750 
100 
s so 
900 
950 

1000 
1050 
1100 

11,0 
1200 
1250 
1300 
1400 
1500 
1600 
1100 
1800 
2000 

2200 

0.,000 
0.4•0 
0.4333 
o.♦ou 
0.3124 
0.J•ll 
0.3421 
0.3250 
0.3095 
0.2955 

0.2126 
0.2101 
0.2600 
0.2500 
0.2321 
0.2161 
0.2011 
0.1912 
0.1106 
0.1625 

0.1411 

211.961 
2 .... 061 
Hl.481 
234.122 
222.Joa 
211.250 
201.190 
192.04) 
113 ...... 
176. 042 

1~.500 
150.193 
l40.ll3 
132.031 
124.2•5 
111.i.1 
111-114 
105 •• 25 
100.595 
96.021 

91.841 
18.021 
14.500 
11.2,0 
H.446 
70.411 
... 01, •2. u2 ,1.u1 
52.113 

48.011 

A/R LS 

" 
420 
450 
475 
500 
525 
550 

0.UJJ 
0.1111 
o.u .. 
0.1000 
0.6667 
o •• 364 

Hl.667 
212.222 
251.H5 
a45.0ll0 
233. 333 
222.121 

214.2'5 
2u.200 
2'9.243 
233.Ul 
221. lH 
210.309 
200.453 
191 ... 1 
lll.227 
115.663 

1•2.20 
uo.111 
140.709 
131.941 
124.191 
117.311 
111.146 
105.596 
100.512 
96.004 

91.ll3 
18.009 
84.490 
11.2♦2 
15.Hl 
70.413 
66.013 
62.130 ,._.,9 
52.112 

41.011 

3.933 
3. 19'1 
z.•:.. 
2.1,a 
1.151 

1.514 
1.150 
1.166 
1.014 
0.10 
0.111 
o •• 91 
0.U4 
ll.492 
0.400 

0.130 
0.21, 
o.231 
0.169 
0.121 

2u.11c 
269.142 
256.001 
243.BJ 
232.184 
221.au 

" 
H.5.♦ 
21.121 
24. 931 
20.10. 
11.2a2 
14.121 
12. 111• 
11.u2 
9.163 
1.595 

•. ,u 
5.417 
4.405 
3.U0 
1.021 
2.550 
2.ua 
I. 159 
1.606 
1.397 

1. 222 
1. 076 
0.952 o., .. 
o.ua 
o.ss1 
0.04 
0.37* 
0.319 
0.212 

0.115 

K •0.005 424 H' 

64.2 .. ,,.,n 
,..HI 
52.934 
49. 995 

41.H4 
44.997 
42.155 
40.907 
39.129 
37.49' 
35.999 
34.U5 
32. 142 
30.000 

21.125 
26.410 
25. 000 
22.500 
20.454 

l36.U3 
Ul.551 
125. 369 
117.096 
110.981 
105.♦.I 
100.472 
95.925 
,1.110 
81.951 

81.201 
75.411 
70.396 
66.001 
62.1,ll 
58.U2 
"· 516 
52.101 
50.294 
41.001 

"· 921 ♦..008 
42.241 
41l.624 
11.122 
35.201 
33.001 
]l.06t 
29. 340 
2•.40• 

24,00• 

0.914 
0.100 
o •• ,. 
o.s♦t 
o.♦.J 
0.194 
ll.137 
0.292 
0.254 
0.212 
o.a, 
0.1n 
o.u♦ 
o.1u 
O.lN 

I.NZ 
o ... 9 
O.HI 
0.042 
ll.032 

Q 

" 
33.01 
21.2u 
21.214 
19.92.3 
11 .121 
l~.919 

145.249 
135.697 
128. 631 
122.2n 
a•.415 
111.212 

1.411 
7.235 
... 2s. 
5.019 
4 • .329 
l.JIJ 
3.201 
Z.791 
2.443 
2.uo 

1.02 
l.JS5 
1.102 
0.901 
0.157 
0-•31 
0.'42 
o.u, 
0.402 
0.349 

0.10. 
0.269 
0.211 
0.212 
0.1., 
0.131 
o.1u 
0.095 
0.010 
0.058 

0.044 

TAll.E IV-FUNC1IONS Of' THE STANDARD SPIRAL 
TAILE IV-FONCTIONS OE LA SPIRALE NORMALISEE 

A • 350 fl( 

15.152 
10.021 
75.019 
70 •• 03 
·•-611 

U.166 
•0.006 
'1.10 
'4.'49 
52.171 
50.ll0l 
...002 
46.156 
42.151 
40.~0l 

31.501 
35.295 
33.334 
10.000 
27.213 

l 

l 

LT 

1.403 
6.U9 
5.119 
4.t91 
4.313 
3.153 

IH.622 
111.051 
101.453 
157.043 
141.Ul 
141. 1"4 
lH.316 
121.21, 
122.621 
117.494 

101.422 
1'10 •• '7 
93.932 
U.052 
12.uo 
11.251 
14. 136 
70.427 
61.012 
·~-022 

61.237 
51.685 
56.337 
54.IU 
50.300 
~6.946 
44,011 
41.422 
19.121 
35.209 

32.0118 

LT 

195 •• 11 
112.159 
171.591 
1•1.00 
U5.9H 
141.105 

l 

J 
/· 
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700 0.4286 .. 2.892 128. 521 15 ,2.1 H ll.8 0 0 0.5 
750 0,4000 40.024 119.966 • ]5 l,l 31 40,l 0 0 U.l 
800 0.3750 l7. 518 112.475 4 l 43.0 20 34.l 0 ,, 0.2 
8 50 0.3529 35. 307 105.804 3 H 6.9 11 22.2 0 ~ 0.1 
900 0.3333 ;3.343 99.986 3 10 59.2 l ]9.1> 0 0 0.1 

950 0.3151 31.586 94. 726 2 51 24, 7 0 57 8.2 0 0 0.1 
1000 0.3000 30.006 89.992 2 34 .. 1.9 0 51 H.9 0 0 0.1 
1050 0.2857 28 • 576 n.,oa 2 20 19.0 0 4• o.3 0 0 o.o 
1100 0.2121 27,276 81.81] 2 1 51.0 0 42 J7.0 0 0 u.O 
1150 0.2009 20.090 78.257 l 5b 58.5 0 38 H,5 0 0 o.o 
1200 0.2500 25.002 H.997 l ., 25.8 0 )5 •••• 0 0 o.o 
1250 0.2400 24,002 71. 99 7 l 19 0.4 0 33 u.1 0 0 o.o 
1300 0.2308 23.078 69.2M l 31 32.3 0 30 10. 1 0 0 o.o 
1400 0.2143 21.430 64.28• l 18 55.7 0 26 11 •• 0 0 o.o 
1500 0.2000 20.001 59. 999 l 8 45.3 0 22 55.l 0 0 o.o 

1600 0.1875 U,751 56.249 l 0 25,7 0 20 8.6 0 0 o.o 
1700 0.1105 11.047 52.941 u 53 31.7 0 I 7 50.o 0 0 o.o 
1800 0 .1667 lt.. bbl 50.000 0 ., 'tit. 8 0 15 H,9 0 0 o.o 
2000 0,1500 15.UOO 45,000 0 38 40,5 0 12 53.5 0 0 o.o 
2200 0,1364 13.636 40.909 0 31 57.8 0 lu 39.2 0 0 o.o ------------··--· K . 0.181 971 86" ···-······--····· 

HIII.E IV-fUHCTIOHS Of THt STANDARD SPIRAL 
TABLE IV-fOHCTIOt<S Ot l A SPIULE HOR>ALISEE -------------· -· --- ------------------------------------- 

A . 325 M -----------------------. ------ - - --- --- ------------ - 
VR ST LC 8 • C ---------- ·---- ---- --- -- ,.. _______ - - - 

" " DEG MHT SEC 

···············-··-··-··-·········-······· ---------····················· 180 0,855] 93.150 2 , •• 31 .t 20 ~J 18.8 b 58 H 1 0 0 28,b 
400 0.8125 i8 .... , 202.1a6 18 54 '3.5 b 17 5.1.5 u 0 21 .o 
420 0.1138 14. 552 250.488 17 9 13.7 5 42 H,9 0 0 15. 7 
•50 0.1222 't«, 7~1 214,0ll l• Jlt.'t • 58 ,1.1 0 0 10,3 
475 0.6842 H,512 Ul.127 13 24 40.8 .. l8 b,l 0 0 7,5 
500 0.6500 70. 71 7 210.831 12 6 13 ... 4 I 5',1,0 0 0 5.5 
525 0,6190 6 7. 299 200.86.I lO 5• "t2.'t 3 39 JO.,) 0 0 4,1 
550 0.5909 64.202 191.785 lu 0 II.I l 20 O,b 0 0 3.l 
575 0 5•52 •l.381 183.487 9 1 • 8 3 J 0.2 0 0 2.4 
600 0.5411 58.801 I 15.873 8 24 19.J 2 4" 4.b 0 0 l.b 

r 650 >.\.l'tl 6.1 )81 7 9 H.l l 2J 13.2 0 0 I.I 
700 50,353 HO Ill 6 10 1.3 2 3 l9.1 0 0 o.7 
HO 46,904 140.178 5 22 .\0.0 l H 14.8 0 0 0.5 
100 ,,.on 11 991 4 43 40. I J4 JJ.3 0 0 0.1 
850 41..'t-43 124 5 .. ll P,3 l Z3 45,5 ) u o. 2 
00 .1 6 .. 1 19 J ... 8.6 l h .. ~., 0 0.2 
,so H 071 11 16 I I c. I 1 3. l 0 J u. l 

1000 )5 • .118 105 61 ' l 33 •• I u H.O 0 u 0.1 
1050 9 OD 5H 2 ... ♦G,6 0 5• 53.5 0 0 0.1 
II UO ,2.ou 96,0l~ l lO 2 8 0 ,o 0.9 0 0 o.o 

1150 0 2126 0.621 l I l 6 0 45 •S 6 0 0 o , o 
1200 0.2101 29.3 ... 2 • 0 •2 1,6 0 0 0,0 
1250 a.HOO 28. I 70 l 56 0 38 • 0 0,0 
1300 0.2 500 21. o- .. l 47 0 35 4d. 0 o.o 
1400 0,2321 25. l 51 I Jl 0 so si. 0 o.o 
1,00 0.2167 21.0 l 20 0 2• 5J.8 0 0 o.o 
I 00 0.203. 22.ou. l il u 8 •• o.o 
1700 O • .t.912 0,711 l l 0 0 !t•-· ') 0 o.o 
1800 0.110 1,. 5<>1 0 " u 11 11,0.1 0 u u.o 
2000 0,16 5 17,604 0 45 0 15 7 .8 0 0 o.o 

2200 0.1477 ll>.004 '8,011 0 37 JO. 7 0 12 10.2 0 0 o.o 

rABlf IV fUHCllONS &,f THE SUhOARD SPIRAL 
UBL IY fONtl IONS ~le LA SPIRALt NORMALI SEE 

---------- -- a--- - 
A . 350 R ---------- ------- ________ .,. _______ 

R Al~ ST LC 8 • ----------------------------- 
" " OkG NfH SEC ··-·-·······--- - . ·-·· - - .......... -- .. - -· ....... - ........ -- - ... - ..... - - 420 0,1333 •a.HJ 290. 107 19 H J9.7 6 •37 21.1 0 0 24.4 
HO 0.1111 91.5)9 211.111 17 19 48, 7 5 •• 20.1 0 0 16,l 
475 0.7361 16.573 257.051 15 33 14.J 5 10 53,l 0 0 11 .. 1 
500 0.1000 .,.1.,. 244,H7 14 2 H,9 .. 40 36 ... 0 0 6.b 
525 o.•6e1 11, l .. 5 232.122 12 0 s..• 4 14 )2.5 0 0 6.4 
HO o.•1•• H.534 222.u2 ll 36 .... 3 51 56 ... 0 0 4.e 
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) 515 0.6087 213.0H 212.313 13.12' 10 .... 00 3.285 H2.285 
600 0.5833 20 •• 1., 203.576 11.555 101.985 2.892 136.318 
650 0.5385 188 •• 62 188.066 9.093 9 ... 105 2.275 125.780 
100 0.5000 175.000 11'.121 1.28• 87 .4t~4t 1.an u s , 762 
150 o.♦01 163.333 163.H0 5.92.J 81.63. 1.01 108.95 7 

1 800 o.♦n5 153.125 152.985 •• 882 , ... 539 1.221 102.132 
850 0.4118 1••· 118 14•.0H •• 010 72.042 l.018 ••• 115 
900 o.JH9 136.lll 136.033 :;.'t29 68. 043 0.851 90.768 
950 o., ... l28.94t7 128.888 2.916 o••••• 0.729 85.986 

1000 o.ueo 122 • 500 122.454 2.500 6l.H2 o.•25 ll.683 
1050 O.lUl lib.bbl 116.631 2.100 58.127 O.HO 11.190 
1100 0.1112 111.lh lll.33~ l.879 55.611 0.410 H.252 
1150 0.)043 106. 522 106. ·9~ l.b41t4 53.257 o.u1 71.022 
1200 0.2917 102.083 102.065 l.447 51.039 0.102 oa.002 

1250 0.2800 98.000 97.985 1.280 46.997 0.320 65.339 
1300 0.2692 94.231 94.218 1.138 47.113 0.285 62.825 
1•00 0.2 500 87. 500 87. 491 0.911 43.7'9 0.228 58. 336 
1500 0.2333 81.667 81.661 0.HI 40.832 0.185 H.H7 
1600 0.2188 1b. Sbl , •• 558 0.011 38.lil 0.IB 51.043 
1100 0. 7 ·: ~Q 72. 059 72.056 0.509 36. 029 0.121 48.040 
1800 0.19H 08 .O!>b 68.053 0.429 1•.021 ll.107 45.371 
2000 0.1750 61.250 61.2•9 0.313 30.625 0.078 40.83• 
2200 0.1591 55.682 55.681 0.215 21.a.1 0 .059 37.122 
2500 0.1♦00 .9.0110 49.000 0.100 24. 500 o.o•o 32.067 

----------·--··· K -o.oo• 611 21' 
·········--•-a••· 

TABLE IV-FUNCTIONS OF THE STANO ARO SPIUL 
TABLE IV-FONC Tl CNS OE LA SPIULE N0RMALISEE 

------------------. -------------------------------------------- 
A - 3/5 " -------------------------------------------------------------------------- 

R A/R LS X 0 LT --- ----- - --------------------------- ----------- --------- 
" " ···········---------------------····························-············ 

J 
475 0. 7195 296.053 293.190 ]0.541 lH.548 1.002 198.382 
500 0.7500 281.250 279.033 20.219 140.255 o.573 188.283 
525 0.110 261 .857 266.ll~ 22.671 lll.639 5.b8 l 179.184 
550 0.6818 255."82 254.304 19.13' 1,7.611 -'t.943 170.939 
575 0.6522 24t4t. 565 243.461 17.281 ~22.098 4.327 163.431 
o00 0.6250 234. 375 233 •• 83 15.217 117. 039 3.810 150.563 
050 0.5769 216.3'6 215. 748 11. 978 108.073 2.997 l44.41tl 
700 0 .5357 2U0. 893 200.480 9.595 lull. H• 2.400 134.073 
750 0.5000 117.500 187.207 7.804 93. 701 l .952 125.102 
800 0 •• 088 175. 781 175.569 6.02 87.855 l.609 111.262 

850 o.♦-12 lo5.HI 165.285 5.3o3 82 • 69• 1.3H 110.1•9 
900 0.4101 156.250 156.132 4.519 78-105 1. I 10 10•.208 
950 0.3947 148.026 147.936 3.8•3 73.998 u.901 98.116 

1000 0.1150 140.625 140.555 3.295 70.301 0.824 93.7H 
1050 o.3571 133.929 133.8H 2.844 66.955 0.712 89.305 
1100 0.H09 127.841 127.798 l.'76 63.913 O.bl9 85.242 
1150 0.3261 122.283 122.248 2.167 61.136 0.542 81.534 
1200 0.3125 117.188 117.160 1.907 5d.589 o • .i1 78.135 
1250 0.3000 112.500 112 •• 11 1.687 56.20 0.422 75.008 
1300 0.2885 108.173 108.154 l.500 54. 083 o.375 7 2.122 

1400 0.2"19 100.446 100.434 1.201 50. 22 l 0.100 bb.c,JCJ9 
1500 0.2500 93. 750 93.Hl 0.976 46.873 0.2'eft 62.503 
1600 0.23H 87. 891 87.1184 o. 805 43.9H 0.201 58.596 
170<! 0.2200 82.121 82.116 0.011 41.H9 0.168 55.149 
1800 0.2083 78.125 78.1,l 0.505 39.062 o.i.1 52.085 
2000 0.1875 70. 313 70.310 o.•12 35.156 u. 103 "4tb.81b 
2200 0. 1 705 63. 920 63.919 o. 310 31. 960 u.011 •2-614 
2500 0.1500 5o.250 56.2'e9 0.2ll 28. 125 0.053 37.500 

---------------- K -o.oo• OH 37' 
____________ ....... 

TABLE IV-fUNCT IONS Of THE STANDARD SP lRAL 
TABLE l V-F0NCT IONS OE LA SPlRALE NORM All SEE 

------------------------------------------------------------------~- • . 400 M 
-- -- -- - --- -- - -------- --- --- -- --- -- -- ------ ---- - ---- - - - - ------ --- - - -- - -- - - 

A/R LS Q LT 
------------------------------------------------------ 

" " ------------ -····--- ................................. -- . ---- ·······---- ...... 
550 0.1273 290.909 288.881 25.517 1•5.116 6.395 194.o5.S 
575 0.6957 278.261 27<,.631, , 22.350 138.859 5.599 186.019 
600 0.6667 266 •• 67 265.353 19.684 lH.11' 4.930 171.240 
650 0.6154 246.154 2"5.213 15.497 1,2.930 3.879 104.412 
700 0.5114 228.571 227 • 963 l, •• 16 114.18• 3. 107 152.594 
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575 0 •• 011 11.247 z12.1u 10 36 51.6 3 32 U.5 0 0 l.l 
600 0.513;3 1i1.z"" 203.904 9 "" H.1 3 14 55.o 0 0 2.9 
•50 0.5315 •2.947 111.2u I 11 22.J 2 46 5. 7 0 0 1.8 
700 0.5000 51.420 114.179 7 9 4).1 2 23 u.z 0 0 I.I 

150 0.4661 54.50. lU.241 • 14 19.9 2 4 .... 0 0 0.8 
100 0.437' 51.0l6 153~M3 5 29 0.2 I 49 .... 0 0 o.5 
850 0.4111 41.072 144.0H 4 51 26.l l 37 1.4 0 0 0.4 
900 0.3119 45.395 u•.011 4 19 57.2 l 26 11., 0 0 0.3 
9,0 0.3614 0.001 121.921 3 53 18.6 l 17 ♦o.o 0 0 0.2 

1000 0.3500 .0.841 122.410 3 30 33.7 l 10 11.1 0 0 0.1 
1050 OJl" 31.900 116.651 3 10 59.2 l 3 39.6 0 0 0.1 
1100 o.3112 n.uo lll.351 2 54 l. l 0 58 0.3 0 0 0. l 
1150 0.3043 n.515 106.512 l 39 12.9 0 53 4.2 0 0 0.1 
1200 0.2917 34.034 102.015 2 26 13.4 0 48 44.4 0 0 o.o 

1250 0.2,00 )2.671 97.H3 2 H 45 •• 0 44 55.2 0 0 o.o 
1300 o.2u2 31.41, 94.225 2 4 35.6 0 41 ll.l 0 0 o.o 
1400 0.2500 ~.16\ 17.496 l 47 25.8 0 35 48.6 0 0 o.o 
1500 0.2333 27.224 81 ..... l 33 35.0 0 31 11.7 0 0 o.o 
rsoc 0.2188 25.522 76.S.l l 22 15.0 0 27 25.0 0 0 o.o 
1700 0.2059 24.021 72.057 l 12 51.s 0 24 11.2 0 0 o.o 
1800 0.19"" 22 .... U.054 1 4 59.3 0 21 39.8 0 u o.o 
2000 O. I 750 20.417 6l.H9 0 52 38.4 0 17 32.8 0 0 o.o 
2200 0.1591 U.Sf>l 55.01 0 43 30.3 0 14 30.l 0 0 e ,e 
2500 0.1400 u,. 333 ,9.000 0 33 41.4 0 11 u.8 0 0 o.o 

------------···- k . 0.210 "32 39• ----------·----- 
TAKE JV-FUNCTIONS Of THE STAHOA~O SP IUL 
TABLE IV·FONCTIONS OE LA SPIRALE NOR"ALISEE -- ----- --- - -- - -------------------------------- --- ----- ------ --- --- -- 

A . 375 " -------------------------------------------------------------------- 
R AIR ST LC 8 • C --------------- --------------------------------- 
" " DEG "NT SEC 

• - •• -- -- - ••• - ....................... ----- •••• ----. ■---. ---- ·-- -· -- •••••• -- 
HS 0.1895 99.606 294.117 ll 51 19.2 So 48.1 0 0 17.7 
500 0.7500 94.4•2 280.262 lf> 6 52.0 22 ..... 0 0 13.0 
525 0. 7143 89. 843 267.083 14 36 5 8.6 4 52 9.a 0 0 9.1 
550 O.b8l8 85 ... 61 255.068 13 19 3.8 • 26 13.9 0 0 7.3 
575 0.6522 81.875 244.0H 12 11 5.4 4 3 36.2 0 0 s.o 
bOO 0.6250 78.410 233.978 II II 24>.I 3 43 •••• 0 0 4. 3 
650 o. 5 769 72.306 216.080 9 32 6.6 3 10 39.5 0 0 2.1 
700 0.5357 67.09 .. 200.709 8 13 17.9 2 44 24.3 0 0 1.1 
750 0.5000 •2. 593 l87.37C 1 9 43. l 2 23 13.2 0 0 1.1 
800 0.4688 58.66I 175.687 6 17 4Q.9 2 5 52.9 0 0 0.8 

850 0.4"'12 55.191 ltS.372 3"' 33.3 I 51 30.o 0 0 o.s 
900 004167 52.121 156.198 4 58 H.9 l 19 27.9 0 0 0.4 
950 o.1947 49. 171 147.986 4 27 49.8 I 29 16.l 0 0 0.1 

1000 0.3750 46.897 140. 594 4 l 43.0 l 20 34.1 0 0 0.2 
1050 0.3571 ..... 60 133.904 3 39 14.6 I 13 .. , 0 0 0.2 
1100 0.3409 42.627 1n.a22 1 19 ~!>.9 I .. 35.2 0 0 0.1 
1150 0.32f>I 40. 772 122.267 3 2 .... 3 l 0 55.4 0 0 0.1 
1200 0.3125 39.071 111:115 2 47 51.5 0 55 57.1 0 0 o. I 
1250 0.3000 37. 507 112.490 2 H 41.9 0 51 33.9 0 0 O. l 

r 1300 0.2885 36.00't 108.165 2 23 1.1 0 47 40.5 0 0 o.o 

I 1400 0.2679 33.4 ... 100.441 2 3 19.5 0 41 6.5 0 0 o.o 
1500 0.2500 31.253 93. 746 I 47 25.8 0 35 48.6 0 0 o.o 
1600 0.2344 29.299 117.888 I 34 25.2 0 31 28.4 0 0 o.o 
1700 0.2206 27. 575 82. 718 I 23 38.3 0 27 s2.8 0 0 o.o 
1800 0.2083 26.043 78.123 I 14 36.2 0 2• 52. I 0 0 o.o 
2000 0.1875 23.438 70.312 I 0 25.7 0 20 .... 0 0 o.o 
2200 0.1705 21 .307 63.920 0 49 54>. 5 0 lo 18.8 0 0 o.o 
2500 0.1500 18. 750 So.250 0 38 40.5 0 12 53.5 0 0 o.o 

----------------- K • 0.24"' 461 99• -----------·--·- 
TAKE IV-FUNCTIONS Of THE STANO ARO SPIRAL 
TAKE IV·FONCTIONS Of LA SPIRALE NOR"AU. -- ---------------- ---- ----------------------------. - ~ - __ .,.._ ------- -- 

A . 400" ---------------------------------------------------------------------- 
R A/~ ST LC 8 • C ... ----------------------------------- 
" " DEG "NT SEC 

,,. ___________________________________________________________________ .; ___ 
HO 0.7273 ,, ... 20 290.00, 15 9 9.4 5 2 52.J 0 0 10.8 
515 o ... 51 9).214 211.5J7 u 51 49.1 4 37 1. I 0 0 8.3 
600 0.6667 '9.30, 2H.Ol2 12 43 5 .... .. 14 32.s 0 0 6.4 
1>50 O.f>l54 12.n2 245.162 10 50 56. l 3 3f> 54.7 0 0 4.0 
700 0.5714 76.114 221.,01 9 21 15.9 3 1 2.8 0 0 2.5 
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150 0.5333 213.JJJ 212.902 10.099 10&.595 2.521 1♦2.HJ l IOO 0.5000 200. 000 199.618 8. 32" 99. 94t8 2.082 1)3.4t't3 
no o., 106 158.235 188.005 o.9'tl 9..079 1.1u 125.511 
000 0.4't4't 111. Hi 111.60<\ s.8"9 U.800 l.♦U lli.519 
950 0.♦211 Ut8.4t2l 168.289 't.971t 8".188 l.Z♦'t ll.Z.321 

1000 o.♦000 160.000 159.198 •-265 19.9U 1.0•• 106.102 
1050 0.1110 152.381 152.301 3.b8't 16.111 0.921 101 .015 

} llOO 0.3634 l"t5. 't55 1'5.Hl 3.205 12.111 ~.IOI 90.992 
1150 0.3♦11 139.llO llS.080 2. 805 69.5'1 0.101 92. 111 
1200 0.3333 133. JJJ 133.292 2., ... 66.b60. 0.611 88.903 
1250 0.3200 128.000 127.966 2.18, bl. 99" 0.5't6 85. 3"5 
1300 0.3011 123.011 123.0♦9 1.9"2 61.53" O.o\85 12.061 
l-100 0.2851 ll't.280 11,.201 1. 555 57. l"tO 0.389 76.197 
1500 0.2667 lOb. 66 7 104. 653 l.26't 53.331 0.316 71.116 i 1600 0.2500 100.000 9S.990 1. 0,2 "9· 998 0.200 bb. b 10 

1100 0.2353 .,. us ~ ... 110 o. 868 ♦7.058 0.217 62. 74'8 
uoo 0.2222 88.889 88.883 o. 132 .ft't.'t"" 0.183 59.261 
2000 0.2000 80.000 79.997 o. 533 )9.999 0.133 53.33-'t 
2200 0.1818 1:t.. 121 12.125 o."01 36. 363 0.100 48."t86 
2500 0.1600 .. ,.ooo 63. 999 Q.273 32.000 0.068 't2.667 ) 3000 o.lJH 53. 333 53.333 o. 158 20. 66 7 o.o"o 35. 550 ·······--·""····· K •0.003 580 99' 

••••••••••'""•a••• 

TABLE IV-FUNCTIONS OF THE STA,._OARO SP lRAL 

J 
TA8LE IV-FONCTION5 OE LA 5PIRALE NORl'IAL I se E -- -- -- -- -- -- - - ---------- - - - - - - --- - -- - ------ --- - - --- -- --- -- - --- --- ---- - -- - - • - ,25 H 

- - ---- - - - - -- - - --- - -- - - -- - - ---- - --- - -- - -- - - --- --- - -- - -- -- -- --- --- - - -- - - - - - - 
AIR L5 Q p LT ---------------- -- ----- ------- ---- - - ------ -- --- ---- ----- 

H H -----·-· .... --------- ...... .,. .......................... ··-·--·· ·-· ......... 
650 0.6538 277 .185 2 7 •• 618 19. 736 138.131 1t.1H2 185.102 
100 0.6071 258. 036 257 .161 I 5.815 128. 872 3.958 172.331 
750 O.S.67 2.0.833 2,0.213 12.865 120. 313 3.219 lo0.773 
800 O.Slll 225. 111 22 5. 332 10.605 112. s i e .l.b53 l!';O.b78 
850 0.5000 212. 500 212-168 8.l't't 106.195 l .z rz 1•1. 783 
900 O.'t 722 200.69't 2tJO.'t't5 7 .'t52 100. JO• l.8~'t 133.881t 
950 O.HH 190.132 189.9'1 6.338 95. Ol't I .585 126.82 l 
1000 0.,250 180.025 1110.'18 5.-\34 90. 288 I .359 120.'t68 
1050 a .1to•a 172.02'~ I 11.908 ... 69~ 85. 993 l.l 7't 11♦.723 
1100 Q.386't l6't. 205 u, ... 111 It. OS't 82 • 08 7 1 .02 I 109.502 

ll 50 0.3696 157.065 156.992 3. 57't 111. 520 0.89't 10 ... 7 36 
1200 0 .35't2 150. 521 150.♦62 3. 1.•6 15.251 o. 181 100.368 
1250 O.HOO l't4.500 l't't.'t52 2. 183 72. 2't2 0.090 96.350 
1300 0 .3269 13-.9~2 138. 903 2.4 74 69.'tb5 O.bl9 92.6<\2 
HOO 0.3036 129.018 12•. 990 1. 981 M~50't ll.'t95 10.021 
1500 0.2833 120.,11 120. 397 l.611 60. 205 0.,01 80.2115 
1•00 0.2 650 112.1191 112.871 1.121 S4.'t't3 0.332 15.265 
1700 0.2500 106.250 106.2♦0 I .107 SJ. 123 0.211 70.831 
1800 0.2361 100. 3<\1 100.339 u. 932 50.112 0 • .ll3 66.901 
2000 0.2125 90.313 90.308 0.680 ♦5. 155 0.110 60.210 

i 2200 0.1932 82. 102 82. 09', o. 511 4'-1. 051 0.128 S't. 736 
2500 0.1100 72.250 12.20 o. 3..tt8 30.125 0.081 At8. l07 
3000 O.l'tl7 oo. 208 60.201 o. 201 30. 104 0.050 40. 139 ······--------- K •O.O(ll 172 o•• --······-·------ 

TAII.E IV-FUOICTION5 OF THE ST.OWARO SPIRAL 
TABLE IV-FOfoCTIOM5 OE LA 5PIRALE ~URMALI SEE --------------------------------------------------------------------- • - -,o H 

---- ----- --- - ---------- - ------- - - ---- -- - -- - -- --- -- - - -- --- - --- - ----- - - - 
Al• LS Q LT ---------- -------------- - --- - - --- - - - -- - -- - - - --- -- -- --- 

H " --·-- -·- --- ---·--····--·-- ·---- ------------·-····· .. ---- - - ..... - ··---- ... 7UO 0.6.ft29 28'11.286 2"8.053 19. 865 l't..tt • .ftl 7 't.97't l'il.290 
150 0 •• 000 210.000 269.127 16.163 ll't.85't .ft.O't~ 180. JO• 
800 0.5625 253. 125 252.'92 13.J25 126.'t!,,7 3.33At lb8.97 2 
850 0.529't 238. 235 237.768 11.113 119.0'tO 2. 780 lS.d.987 
900 0.5000 225.000 22.ft.~'t9 9.365 112.'t'tl 2.l't2 150.123 
HO 0.'737 213.158 212.890 7. 96't 106. 534 1.992 l't2. l 99 

1000 O.'t500 202. 500 202.293 o.829 101.215 I .108 ll~.073 
1050 0.,2 .. 192.857 192 •• 95 s. 90~ 96.'tOl l .At76 1~8.028 
llOO 0.,0•1 18♦• 091 l 83. 962 5. 132 92. 024t l.28J 122.112 
1150 0.3913 110.087 l 75.98't 4.-.92 88. 02 b 1.121 ll7.'t27 

I 1200 0.3750 148. 750 168.667 l. 95't BAt. 361 0 .989 112.529 
1250 0.3600 142.000 ltd.932 3 • ..tt96 80.989 0.815 108.024 J 1300 0.3♦62 155. 769 155.113 3., i ro 77.875 ll.11/d 103.866 
1♦00 0.321' l't"t.6't3 l't't. 60't 2.'t90 12.315 0.623 96.4't2 
1500 0.1000 135.UOO IH.973 2.025 o1 • .ft95 !J.506 90.010 
1600 0.2113 120. 563 126. 5't3 l. 668 03. 278 O.'tl 7 a..382 
1700 0.26'1 ll9.ll8 119.103 1 .. 391 59. 556 ll.,3At8 79., 11 
1800 0.2500 112.500 112.4'-89 1.112 56.2't8 0.293 75.00't 
2000 0.2250 101.250 101.2♦, o. 85't 50.62't 0.21.ft • 1. 502 
2200 0 .20♦5 92.0'tS. 92 .. O'tl 0.642 't6. 022 O. i e o 61.365 _J 
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750 0.5133 71.2'8 2u.1,2 8 55 ... ,2 Sb.8 0 0 1.7 
800 0, 5000 bb.1b6 199.861 9 ._3. l 23 IJ,2 0 0 1.1 
850 o ... 706 02.818 188.lll • 20 39. U • 52.2 0 0 u.e 
900 

0 ·"'"'"'"' 
59. 314 117. 70 l 5 39 31.8 53 10.1 0 0 o.• 

950 0.,211 50.182 lb8. l62 5 • .. 3. 9 '1 34t.2 0 0 o., 
1000 0.4t000 53. 3b6 159.954 • 35 1.2 l ll ,0.1 0 0 0.3 
1050 0.311') so. 819 152.HS • 9 27. l l 23 1.1 0 0 0 .2 
1100 o.3636 ,11. sos llt5.42b 3 ,1 17. 3 l IS .. s.o 0 0 0.2 
1150 0.H78 lt6. 393 139.108 3 27 57 .3 l 9 li.O 0 0 0.1 
1200 0.3333 ....... 58 133. 315 3 10 59. 2 l 3 )9 •• 0 0 0.1 
rz so 0.1200 ,2.011 127.985 2 5• o. 8 0 58 ,0.2 0 0 u.l 
1300 0.3077 'tl.03-\ 12l.Ob5 2 -~ 'to4t.O 0 H lolt.b 0 0 O.l 
l.C.00 0.2857 u.101 11,.211 2 20 19.0 0 •• .. ,.1 0 0 o ,» 
1500 0.2667 35,. 560 106.661 2 2 13.~ 0 ,o ..... 6 0 u o.o 
1600 o.zsoo 33. 336 99. 996 l ., 25.8 0 H 'tl.6 0 0 o.o 

1700 0.2151 )l.375 94t.l 14 l 15 9. I 0 ll 0.2 0 0 o.o 
1•00 0.2222 29.631 88. 886 l 2', 53. 0 0 2• u.o 0 0 o.o 
2000 0.2000 26.t.6€ 79.999 l 8 ,s. 3 0 22 55.l 0 " o ,o 
2200 0.1118 2 ... 2.\3 72. 72b 0 5• lt9.3 0 18 50.'t 0 0 o.o 
2500 0.1600 21.JJ• .,.ooo 0 .. 0.2 0 1, ,0.1 0 0 o.o 
3000 O.l Jll 11.11a 51.lll 0 10 Jl.5 0 10 11.2 0 0 o.o ----····--·····-- K . 0.21' 859 17" ····-····--······ 

TA.8LE lV-fUNCT IONS Of THE ST.AhOARO SPIRAL 
TABLE IV-FOIICTIO~S 0~ LA SP I KALE N0RJO1LI SEE 

-- - - - - - - -- -- - - --- - -- - -- -- - - ----- -- - - ------ -- ------ - - - -- - - - --- --- - -- - - -- - - • . ,25 " -------------------------------------------------------------------- .,. ST LC --------------- --- - - ---- --- - - - --- ---- - --- - --- - -- - - 
/'( " " DEG MNT SEC 

I --- ... -- .... - ----------·--········ ------- - ----- ······-··-·-- ..... - -------. 
650 0.6538 93.033 277.321 12 1' 50.6 • • 51 .2 0 0 5. 7 
700 0.6071 ib.291 l'H.6"6 10 3l 36.9 3 31 •• 7 0 0 3-• 
750 0. 56 b7 80.'75 2 ... 0. 558 9 11 57 .o l ) 56.6 0 0 2., 
ace 0.5313 75.'tOl 225.581 5 •• 7 2 '1 't0.6 0 0 l. • 
850 0 .5000 70.939 212.352 9 't3. l 2 2J 13.2 0 0 l.l 
900 0.'722 6t>. 977 200. , •• 6 23 I 7. 9 2 1 'tS .2 0 0 0.8 
950 0 ....... 1 ... 6) .... 38 190.0"7 5 .. o. 8 l 5• 39. 7 0 0 0.6 

1000 0.4250 60. 255 l8C.. 560 5 10 28.3 l •3 29.0 0 0 o., 
1050 o.•o"e 57 • 37il lH.973 • '1 )t>.'t l 33 51.8 0 0 0.) 
1100 0 .3 864 51t. 7b't 16-\.Ha't • 16 35.3 l 25 31.5 0 0 o. 2 

1150 0.3696 52.378 157.031 3 5• 'tS. 7 l 18 15.0 0 0 0 .2 
1200 O .3 S't2 50.192 150.lt"ilS l 15 J•. 3 l 11 52.0 0 0 0.1 
12 50 O.HOO "8-182 1""·"79 3 18 't2. l l • 1).9 0 0 0.1 
1300 0.3269 "6• l'-7 138.925 l 3 ,2. 7 l l i..1 0 0 0. l 
1"00 0.101• '3.015 129.006 2 38 21t.2 0 52 't8.0 0 u 0.1 
1500 0.283l ...O. l-\5 120. "08 2 17 59. 2 0 ,s 59. 7 0 0 o.o 
lt>OU 0.2656 37.bl5 112. ea, l l 16.7 0 ,o 25.5 0 0 o.o 
1700 0.2500 35. "20 106.2'5 l ., 25. 8 0 35 't8.la 0 0 0 .o 
1800 0.2361 33 .... 5.l 100. 3"" l 35 "4t"il. 5 0 31 Sb.S 0 0 o.o 
2000 0.2125 30. lOb 90.310 l lT 37.l 0 25 52-• 0 0 0 .o 

2200 0.1932 21. 308 12. 101 l • 8. a 0 21 22.9 0 0 o.o 
2500 0.1 700 2,.00, 72.2'9 0 .. ,o. 5 0 lb jJ.5 0 0 0 .o 
1000 O.l'tl 7 20. 070 60.208 0 H 29. 8 0 11 29.9 0 u o.o -----···••:a:••·--- 

K . 0.190 325 08• .................. 
TABLE IV-FUNCTIONS Of THE S TANOARO SP lRAL 
TABLE I V-FO~CT IONS OE LA SPIRA.LE NORMAUSEE 

-- --- -- ----- - -------------------- --- ----------------- ----------- ---- ----- • . ,so " - --- --------- -- ----- - --------- ---- -------------- ---- - - ------ ------------ - - 
R A/R ST LC ♦ ----------------- -- ------- ----- - -------- --- - -------- 
" " Of;C.. MNT SEC 

.............. - ----···· ••••• -----···. ··--. ----."' ....... - ••••••• ··••=- - ••• --- •• 
700 0.6't29 96.82.l 218.737 11 50 21.0 3 ,. 'tl.9 0 0 5. l 
150 0.6000 90. 279 2b'i.6ll 10 18 ,1.1 3 lb 12.5 0 0 3 ., 
800 0 .5625 8'.577 252.8"" 9 l 51. 7 3 l 14.9 0 0 2 .) 
850 0.5294 79. Stal 231.02T B l 'tS.o 2 ,o J].t> 0 0 1 •• 
900 0.5000 75 .112 22"·'"" 7 9 't]. l l 2J 11.2 0 0 1.1 
950 0.'737 11.ua 213.0JS • 25 .... o. s 2 8 32.T 0 0 0.8 

1000 o.,500 ., • 566 202. ,01 5 ,a ,.1 l 56 0.8 0 0 o •• 
1050 o .... zeo ..... 337 192.715 5 IS ,2. 1 l •5 13.& 0 0 o.s 
1100 0.,091 01.,os 18"· 03" • ., 39. 8 l 35 52.9 0 0 O.l 
1150 0.1913 58. 721 11,.0 ... 1 • 2l 11.5 l 21 't3.b 0 0 o. 3 

1200 O.HSO So.276 161. 711 • (t].O l 20 H.l 0 0 0.2 
12!>0 0.1.00 s,.022 lU.970 l •2 (tC,. 0 l 1, 15.2 0 0 0.2 
1300 0.3'62 H.9,l US.7'4 ) 25 5 , •• l i 19.l 0 0 0.1 
1,oe 0.121' ~a. 221 l<lt<\.,26 2 57 35. 3 0 S9 11.1 0 0 0.1 
l500 0.)000 4$.009 1) ... , •• 2 1, '1.9 0 51 3).9 0 0 0 .l 
1600 0.2113 '2.lM u •. ,s. 2 l5 57.9 8 u u.1 0 0 0 .o 
1700 0-26~7 19.711 119.111 2 0 z•·" • ~ ,.a 0 0 o.o 
1100 0.2500 37.501 112.05 l '1 25.1 0 )5 .... 0 0 o.o 
2000 0.22w )l.752 101.2,1 l 27 l. l 0 29 ~-3 0 0 o.o 
2200 0.200 lO.Hl 92.044 1 11 ,, .... 9 0 23 sa.3 0 0 o.o 



2H 

2500 
3000 

o.uoo 
0.1500 

81.000 
67. 500 

o.,.H 
o. 253 

K •0.002 829 't2' 

TA8l.E IV-FUNCTIONS OF THE STANOARO SPIRAL 
TASLE IV-FONCTIONS Cf LA SPIRALE NORNALISEE 

A • "75 • 

A/R LS 

800 
850 
900 
950 

1000 
1050 
1100 
1150 
1200 
1250 

1300 
1,00 
1500 
1600 
1700 
1800 
2000 
2200 
2500 
3000 

3500 

o.5938 
0.5588 
o.5278 
0.5000 
0.'750 
o.,s2, 
O.BIS 
0.,110 
o.3958 
0.1800 

0.365• 
0.1393 
0.3167 
0.2969 
0.279, 
0.2b]9 
0.2175 
0.2159 
0.1900 
0.1583 

0.1357 

282.031 
265.••1 
250.69• 
237.500 
225.b25 
21,.881 
205.11, 
196.196 
188.021 
180. 500 

173.558 
lol.161 
150.,11 
1'1.0lb 
132. 721 
125. 3'7 
112.813 
102.557 
90. 250 
75. 208 

80. 998 
6 7. •99 

281.15• 
2M. 795 
250.209 
237.lH 
225.338 
21,.656 
204.~35 
1%.053 
187. 905 
180.,06 

173.00 
161.107 
150.379 
1'0.988 
IJ2. 700 
125.332 
112. so, 
102.551 
90.247 
75.207 

16. 53't 
13. 791 
11 .622 
9.885 
8.'77 
7. 32• 
b.371 
5. 576 
4.90& 
,.1,2 

3.861 
3.091 
2.513 
2.011 
1.727 
1. 4t55 
1.000 
o.797 
0.5'3 
o.1i. 

O. I 98 

K •0.002 539 't3' 

40.500 
n. 750 

140. 870 
132.613 
l.i.5.lbb 
118.688 
112.705 
107 .,01 
102.527 
98.0H 
93. 991 
90.23' 

so. 706 
80.571 
75.202 
70. 503 
06.357 
62.071 
5•.,o5 
51.277 
,5.125 
37.60• 

32 .232 

0.109 
0.001 

,.us 
1.,s1 
2.908 
2.'73 
2.1,0 
1.832 
1.593 
1.39• 
1,227 
1.080 

0.905 
0.773 
0.028 
0.518 
0.'32 
o.3•• 
0,265 
0.199 
~-13• 
0,079 

O.O't9 

TA8l.E IV-FUNCTIONS OF THE SUIODAIW SPIRAL 
TABLE IV-FOIOCTIONS OE LA S~IRALt NORMALISEE 

A• 500 M 

5'.001 
45.000 ) 

7 
LT 

188.328 
177.187 
lb7.300 
151.,01 
150,517 
143.333 
136.805 
130.8'7 
125.388 
120.300 

115.732 
107 -•59 
h,0.291 
9,.020 
aa.,a1 
H. 5 70 
75,211 
08 .. 373 
00. lbS 
50,139 

'2.970 

R LS Q LT 

" " ..... -- -----~ .. -----···-··· -------------- •••• ••aJ••·· ••••••••• ·-:a: --- --- .• 
850 
900 
950 

1000 
1050 
1100 
1150 
1200 
1250 
1300 

l'tOO 
1500 
1600 
1700 
1800 
2000 
2200 
2500 
3000 
3500 

o.5u2 
0.5556 
0,52U 
0.5000 
0.,162 
o.,s.5 
o.,uo 
o.•1•1 
0.400G 
0.]846 

0.3571 
0.3333 
0.3125 
0.29'1 
0.2778 
0.2500 
0.2213 
0.2000 
O.l6b7 
0.1'29 

K •0.002 291 83' 

TABLE IV-FUNCTIONS OF THE STANDARD SPIRAL 
TABLE IV-FONCTIONS Of LA SPIRALE NORMALISEE 

A • 550 M 

A/R LS Q LT ------------------- • 
1050 
1100 
1150 

0.5238 
0.5000 
0.471] 

294.111 
211. 771 
2'3.151 
250.000 
231.095 
221.273 
217.391 
zoa.331 
200.000 
192.308 

178.571 
164>.607 
lS..250 
147 .059 
138.889 
125.000 
113.636 
100."ooo 
83.333 
11.,29 

218.095 
275.000 
26].0'3 

293.231 
277.117 
2•2 • .s, 
249.610 
237. 719 
227.030 
217.197 
208.176 
199.872 
192.203 

178.499 
ao.H5 
156.213 
147.031 
138.868 
124. 988 
113.629 
99. 990 
83.332 
71.428 

287.553 
27,..571 
262.700 

16.926 
14.265 
12.133 
10.•05 
8.990 
7.820 
6. a,5 
b.025 
5.331 
•- 73~ 

3.795 
3.086 
2. 5•3 
2.120 
1.786 
1.302 
0.97M 
0.667 
0,386 
0.243 

IJ.157 
11.'46 
10.ou 

146. 912 
138. 779 
131.495 
12,.935 
118.997 
113.596 
108.663 
104.1'1 
99.979 
96.136 

89,2H 
83.325 
78. 119 
73.525 
t,9 .... 41 
62.498 
50.817 
't9.999 
"l .6ot: 
35, 71' 

1•3.957 
137 ... 28 
131.464 

•• z j e 
3.569 
3.ll35 
2.003 
2.2.9 
1.950 
1,712 
1.507 
1.333 
1.185 

0.9<1t9 
0,772 
0.030 
0,530 
0 ••• 1 
0.3.lb 
1).245 
O.lb7 
0.090 
a.Obi 

3.291 
2.863 
2.506 

196.387 
185.,11 
175.015 
106.803 
158.837 
1, l .bOU 
l't't_.99!:i 
138.9'4 
133.378 
128.2'2 

119.073 
111.129 
10,.1ao 
98.0't9 
92.000 
83.H8 
7 5. 700 
06.068 
55.550 
't 7.bl9 

192.253 
183.•H 
175.483 

l 
} 

) 
l 
J 
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2500 0.11110 21.001 80.999 0 55 41. 5 0 18 33.8 0 0 o.o 
3000 o. 1500 22.500 67.500 0 38 40.5 0 12 53. 5 0 0 o.o 

··--········-·--- K - 0.169 7l>5 27" ................. 
TA81. E IV-FUNCTIONS Of THE STANO ARD SPIRAL 
TABLE IV-FONCTIONS DE LA SPIRALE NORMALISEE ------------------------------------------------------------------------ 

A . H5 M 
----------------------------------------------------------------------- 

R A/R ST LC e • C 
----------------- ------------------------------- 

M M DEG MNT SEC .... -- ------ - -------········ ------ -·-······· ........ -------········ --- ··- .. 
800 0. 59 38 94.289 281.642 10 5 58.2 3 21 56.2 0 0 3.2 
850 0.5588 88.680 265.154 8 5b ~-6 " 58 53.3 0 0 2.2 
900 0.5278 83.719 250.4H 1 H "7.5 2 39 H.2 0 0 I .6 
950 0.5000 79. 285 237.335 1 9 43.l 2 23 13.2 0 0 1.1 

1000 0.4750 75.300 225.497 b 27 49.2 2 9 15.o 0 0 o.8 
1050 0.4524 71.698 214.1111 5 51 45.9 l 57 14.7 0 0 0.6 
1100 0.4318 68.428 205.034 5 20 30.8 l 46 49.8 0 0 o. 5 
1150 O.H30 05.♦"t"t 1'96.132 " 53 14.9 I 37 44.6 0 0 0.4 
1200 o.3958 1,2.110 187.970 4 29 19.2 I 29 "tb.l 0 0 0.3 
12 50 0.3800 60.197 180.458 4 8 12.3 l 22 0.9 0 0 0.2 

1300 0.365" 57.877 173.523 3 49 2~.8 l lb 29.4 0 0 0.2 
1400 0.3393 53. 737 161.137 3 17 52.l I 5 57 .2 0 0 0.1 
1500 0.3167 50.151 150.400 2 52 21.9 0 57 27.2 0 0 0.1 
1600 0 .2969 H.014 Hl.003 2 31 29.6 0 50 29.8 0 0 o.o 
1100 o.2794 ..... 24t1 132. 712 2 14 11.o 0 44 43.8 0 0 o.o 
1800 0.2639 '1 • 787 125.340 I 59 41.9 0 39 53.9 0 0 o.o 
2000 0.2J75 37.607 112.809 l 36 57.3 0 32 19. l 0 0 o.o 

[ 2200 0.2159 H.187 102.5H I 20· 1.1 0 26 42.6 0 0 o.o 
2500 0.1900 30.084 90.249 l 2 3.1 0 20 41.0 0 0 o.o 
3000 0.1583 25.070 75.208 0 43 5.5 0 14 21.e 0 0 o.o 

HOO 0.1357 21.488 6"'·'-'" 0 31 39. 5 0 10 33.2 0 0 o.o ----·······-----· K - 0.152 3b5 51 • ----------······· 
TAM.E I V-fUNCT IONS Of THE STANDARD SPIRAL 
TABLE IV-FONCTIONS oe LA SPIRALE NORMAL I SEE 

---- - ---- ------------------------------------- ---- ----------------- 
A - 500 M -- -- ---- -- -- - -------------------------- ------ ----- ------------------ ----- 

R A/R ST LC 8 • C ------------- -------------------------------- 
M M DEG M~T StC -· ......... -- . ········--··········-······ - .... --- ...... ----- ...... -· ....... 
850 o.58112 98. 320 293.727 9 54 ~.o 3 11 12.J 0 0 J.O 
900 0.5556 92. 803 277.4h 8 50 31.0 2 56 48.2 0 0 2. I 
950 0.520 117.810 262.934 1 !16 I. 5 2 38 41.3 0 0 1.5 

1000 0 .5000 83.011 249.126 1 9 0.1 2 23 13.2 0 0 1.1 
1050 0 .4762 79.402 237.959 • 29 46.0 2 9 54.5 0 0 0.8 
1100 0.4545 7'.135 2Z7.lo5 5 55 1.3 l 58 .12.1 0 0 0.6 
1150 o.Ho 72.525 217.305 5 24 55.7 I 48 18.I 0 0 o.s 
1200 0.4167 .9.'94 201.264 4 511 24.9 I J~ l7.9 0 0 0.4 

t 1250 0.4000 ... 101 199.943 " 35 1.2 JI .. u.1 0 0 o. J 
uoo 0.38'b "-1~ 192.261 4 14 16.3 24 ♦5.2 0 0 0.2 

1400 0.1511 59. 547 171.539 3 39 14. 6 l 13 4.7 0 0 0 .2 
1500 0.3333 S5. 572 1 ...... 3 10 59.2 l 3 39.C> 0 0 0.1 
1600 0.1125 52.095 1,..233 2 47 51.5 0 55 57.1 v 0 u.i 
1700 0.2941 49.0211 147.047 2 28 41.5 0 ~9 H.li 0 0 o.o 
1800 0.2778 .... ~3 138. 880 2 12 37.7 0 "" 12.5 0 0 o.o 
2000 0.2500 '1.671 124.995 I 47 25.8 0 35 't8.6 0 0 o.o 
2200 0.2273 37. 881 113.633 I 28 4 7. l 0 29 35.7 0 0 o.o 
2500 0.2000 33.335 99. 998 l 8 4~.3 0 22 5~.I 0 0 o.o 
3000 0.1667 27.778 83.333 0 47 44.8 0 15 5't.~ 0 0 o.o 
3500 0 .142~ 23.810 71.428 0 H 4. 7 0 ll .ft l..b 0 0 o.o 

················· K . 0.137 509 87" .................. 
TABLE IV-FUNCTIONS Cf THE STANDARD SP IR4L 
TABLE IV-fONCTIONS OE LA SP I RAU NORM4LISEt 

------------------- -- - - -- - - ---- - - -- -- - -- - -- - - --- - - - - - -- - - - -- -- - - - -- - - - - 
4 . 550 M -- -- -- -- ---- - ---- - --- -- -- --- - --- - - - - -- - - -- -- -- - ---- - - - - -- -- - - --- - - - - - - - - - 

A/R ST LC 8 • C ----------------- ----------------------------------- 
M H DEG MNT SEC ...... ------. ------- ----··· ...................... --- ·- -- .. ---- ------· ..... 

1050 o.5238 90 .. 20~ 287.85" 1 51 37.1 l 37 10.9 0 0 1.~ 
1100 o.5000 91.803 274.1109 1 9 43.I 2 23 13.~ 0 0 I.I 
1150 o.4783 87.791 262.191 6 33 9.8 2 II 2.4 0 u 0.9 
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1200 o.,583 252.083 251.805 8.819 125. 995 2.200 168.153 

{ 1250 O.HOO HZ.DOU Hl.773 1.803 120.%2 l.951 1U.H3 
1300 0.,231 232.692 232.506 o.938 116.315 1.135 155.193 
HOO o.n29 216.071 215.9•3 5. 5Sti 108.01'> l.389 lH.093 
1500 0.3001 201.001 201. 51< ,. 511 100.818 1.130 l3't.'t70 
1600 O.HJ8 189.063 188.991 3. 722 ~". 520 0.931 120.0bS 
1700 0.3235 111.9'1 177.892 3.10, BH.962 0.776 ll 8 .. 61.t't 

1800 0 .3056 168.05b 168. 019 2.615 8•.022 0.6S't 112.050 ! 2000 0.2150 151.250 151.228 l.906 75.621 IJ.'t77 100.8H 
2200 0.2 500 137.500 137 •• 87 l.'t32 68. 748 J.358 91.011 
2500 0.2200 121.000 120.993 0.976 o0.1t99 o.21t1t 80.009 
3000 o. 1833 100. 833 100.83C 0.505 50.'tl6 o.i,1 61 .223 
3500 o. I 571 86. •29 Bt,-'t27 0.356 ~3.2l't IJ.08~ 5 7 .020 
4000 0.1375 75.625 15.,bl<lt 0.238 31. 812 o.uoo 50 • .i 1 ' l a:a.:ssa•••••,. •••-= 

K •0.001 89' 08' 
··•-•*••-·••a:a:::a 

TABLE IV-FUNCTIONS OF THE STANO ARO SP lRAL 

1 
TABLE lV-FO"Cl IONS OE LA SPIRALE NORMA LI SEE 

--- --------- - ----------- --- - ------ -------- - --- -- ---- - - ---- ---- ------- --- - - 
A - 600 M ----------------------------------------------------------------- 

R A/R LS Q LT -- - --- - -- - - ----- -- --------------- --------- -- ------- -- - -- 
M M ( 

} ••=•••••=•=•••••=•z=•=•=•••••:•••••••••••==••••••=•==-=-=•2•2=••••••"'••••••: 
1200 o. 5000 300. 000 299.532 ll.'t86 l-'t9. 922 j. 1.23 200 .16• 
i z so o.,soo 288.000 281.bl8 11.049 l-'t.J.936 2. 7b3 192.134 
1300 0.4615 276.923 2 Jb. ooc; ~. 82't 138.409 2.457 18~.125 
l1tOO 0.4t28b l57. 1,3 256.92t 7.867 128.535 l .961 111.so• 
1500 0.4000 240.000 239.846 b.397 119.974 1.000 lb0.05't 
1600 O.) 750 225.000 2.2't .. e9c;; 5.27l 112.•81 l.318 150.039 l 1700 0.3)29 lll.165 211.683 4 .. 395 105.809 l .099 1,1.205 
1800 0 .3 33) 200.000 199.938 3.703 99. 990 Q.Gl2b lH.355 
2000 0.3000 180.0uO l 7',,. Gl64 2.100 as, Gl94 u.o 75 120.013 
2200 0.2727 163. 636 lb3.6l ",i 2.028 81. d l't 0.501 109.099 

2500 0.2400 lH.000 143.988 l. 3di 71..998 0.3'tb 90. 004 
3000 O. 2 000 120.000 119.995 0.800 ~9.999 0.200 80.002 

~ 
35UO 0. l 114 102.851 102.855 O. 5U4 ,1.'t.28 0.126 68.512 
4000 0.1500 90. 000 89. 99q 0.337 ,5.000 O.Ud4 oO .. uOO 
4500 0.1333 80.000 19. 99c, 0.237 'tO.O\JO o.u59 53.334 --- .. ,., "'--=--- .. =-=-=- 

< =0.001 591 ~,. 
zz-:a:•z,., __ ,. ___ ,._ 

TA.BL f lV-fUNCT IONS GF !He STAhOARD SPl~Al 
TABLE: ·IV-FOhCT IONS OE LA SP I KALE NORMAL! SEE 

A/R LS LT 

1500 Q.'t333 28 l .6b7 281 .'ti€ 8.810 140. 792 z.,03 1e 1.eo; 
1600 0 .4Qb3 264. 003 263.883 1.200 132. 00 I l .s 15 ilb.104 
1100 0. 3 82• 2't8. 529 2'ttl. 3c; 7 b • 053 124.243 l.514 lb5 .. 7 33 
1800 0.3611 lH.722 23't,.b22 5.100 111.34' l.275 156. 516 
2000 U .3 2 so 211. 250 211.19 l 3. 118 105. bl; 0.930 l'tO. 85't 
2200 0.29;~ J. 92. 045- 192.009 2. 79't 9o.017 O.b98 ll8.0•3 
2500 0. 2 600 lb9 .. 000 lbB.,981 1. 904 &'t.497 Q.4 7b 112.673 
3000 0. 2 lb 1 140.833 140.826 1. lOt' 70.'t l ~ 0.275 9].j:j',12 
3500 O.IS51 l.LO. 714 120. 111 l). b94 eo, 3~ 7 0.17,j 80.477 
4000 V. l ti2'.> 10~. ti25 10:>.b,D 0., .. b~ 52.SU U.llb 70.411 

4'500 0. l 't4'-' 93. 1:189 '93. 888 o. 3l.t 4b,. 944 0.082 62.593 
,.._,.:azz-zz•--'"--- 
K ::Q.,UOl 356 11' 
zc=-:a:.:ic"'"'• •2-zs- - -- 

TABLE IV-FUNCll01'S CF !Ht ST ANUARO SPIRAL 
T ABlt I V-FuNC I l01'S Ct LA SPIKA LE: NLJRMAU SEE 

As 7UO M 

A/R LI LT 

•z•••••••••sa:zz:,cczc&&&as•:a•zzza::azzz:a:=•=:z:==:=z2+•==:::=zz:z2:az•zz•:asa:z 
1700 0.'118 28S.235 288.0l8 8. l'tl l .. 4.Ul::13 2 .o.;o 192.22~ 
1800 0.3889 212.222 272.061 b.859 l,jQ.,065 l .115 al.536 
2000 0.3500 2,5.000 244t.90B 5.001 122.485 l .250 163.365 
2200 0.3182 222. 721 222.61' 3. 757 lll.35' U.939 l't8.S05 
2500 0.2900 196.000 l95.97C 2 .. 5bl ~7. 99~ o ,« .. 0 l3V.b 77 

j 
LJ 
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1200 0 .4t583 a,. 110 25l.9o0 • l 5. 0 0 z i ,u 0 0 0.1 
12 so U.'t-..OO 80. 7 39 2'1.89~ 5 32 4b ... Sv 54.9 0 0 o.s 
1300 0.,231 11. •2 3 232.009 5 1 1tO. l •2 }2.9 u 0 U.4 
1'00 0 .3 9 29 12.oos 21().014 . 25 l 7. I 28 25.4 0 u o.J 
1500 o.3oo7 07. 251 2t.H.o2t ) 51 5. 0 II 1.1 0 0 u.2 
ie oo O.H38 b].042 ld9.0JJ 3 l3 o.5 l 7 4l.l 0 0 u.l 
1700 0.3235 59. 329 l77.92C l 59 55. 0 0 5s 58. 3 0 0 O. I 

1800 0.3050 So. 030 108.039 2 ,o 28.9 0 53 29.Cl 0 0 0. I 
2000 0 .2150 50.'t.£4 151.2,0 2 9 

'"'· 4 
0 4j 19. t:1 0 u u.u 

2200 O.HOO 45. d.38 137. 49"i I ,1 25. 8 u 3> .. a.o u J o.u 
2500 0. l 200 't0.33b ll0.9S7 I 23 Ll.b 0 21 43.'il 0 0 0 .o 
3000 0 .18 33 33.012 IU0.832 0 )7 4b.'t 0 19 15. 5 0 0 J.O 
3500 0 .1 511 28.810 86.428 0 ,2 lb. 7 0 14 d.9 u 0 o.o 
4000 0.1375 25. 209 75.62 5 0 32 l':o. 8 0 10 49.q V " v.O 

:azc:aaca••••==•= 

• . O.!ll "" ~2• ::aaar:a:a■aaaaa: 

TABLE IV-FUNCTIONS Of THE STAfltOARD SPIRAL 
T AHLE IV-fGNCTIONS oe LA SP I KALE. N0RIOLJ ~l:.l: 

---- -- ------ - ---- - --- ---- ------ ------ --- --- ---------- - -- ------ - - . - -- . ----·. 
A . 600 " - --- -- -- -- -------------------- -- -- - - ----- - - -- ---- -- - -- - - ---- - - -- - - - - - - -- - - .. ,. ST LC 8 ~ ---------------- --- - - ---- - - -- - - -- - -- - -- ---- -- - - - - - - 

" H UtC MNT Sl:C 
a:== :sa •••11:: •• • :IE::i:az•=••• •=•••:a::,:::,: s :a JI.a• :aza za:::a:a:aa "'"': a::cc:: ,o •• zz az •= ==s • "'"' :s a ,:z .,c z. 

1200 0 • 5 000 100.149 .l99. 1<n 1 9 "t3. I 2 2J l ;.J 0 0 1.1 
12 50 O.'t81JO 90.122 287.830 (> 30 1.1 2 II ,9. 1 0 0 u." 
1300 0.4.bl 5 92. 408 2 lo. 783 0 0 9.0 2 l.3 0 v 0.1 
1,00 0.428t 85.783 257.0itb 5 15 ,2. 7 ., I 3. • 0 u 0.5 
1500 0 .vooo 80.049 239.932 • 35 I .2 3l .. 0.1 0 0 o. J 
1000 o. 3750 75 .03> 22'.951 4 I 43 • U 2U j't.l 0 0 O.l 
1700 0.3529 10. bllt 211.128 3 l4 o.9 ll 22 .l 0 V 0. I 
1800 0.3333 bb.btib 199. 973 3 10 !,',I • .l 3 39.o 0 0 0. l 
2000 0.3000 00.012 11c, .. ~84 2 H 'tl.9 u 5 l H.9 u u U. I 
2200 0 .2121 "· 553 103. t,21:: 2 I 51. U 0 '2 j, .o 0 u u.o 

2500 O.HOO 't8.004 l'tJ.995 I ]9 0.4 0 33 O. I 0 0 0 .o r 3000 0.2000 ,0.002 119.998 l " '5.3 0 22. 55.1 0 u u.o 
3500 0.111, 34. 2 80 102. 850 0 50 JC. 8 0 lo >U.3 0 0 o.o 

' 4000 O. l 500 30. ovo 89.999 0 3d 'tO. 5 0 12 53. 5 0 0 o ,» 
'500 0.1333 2b.bb1 60.000 0 .JO H. 5 0 10 11.2 0 0 o.o 

·••:a•=••a::•••=:a:••· 

• . 0.09) 492 97• 
•••:-•-•"'--•~z::i:az 

TABLE IV-FUNCTIONS Of THE SIASDARO SPIRAL 
TA8LE IV-FONCTIONS OE LA SPIRALE NORl"IALISEE 

- - - - -- -- - - -- - ---- - -- - -- -- --- - ----- - - - -- - - -- --- - - ----------------- --- --- -- 
A . 650 " ------------ ------------------------------ ----- ---------- -- ----- - --- - - - - - 

AIR ST LC 8 ~ ---------------- ----------------------------------- 
" OtC MNT StC 

••••••••••••••••••--•••••••••••••••••••••••••:a:••••••~••••=•••=••••zaa::i:z==~ 
1500 o.,1n 93. 908 281.550 , 22 4b.O I ,1 .i4. b 0 0 o.s 
1000 0.,063 88.078 263. 983 • H 40. 9 I 34 JJ. 3 0 u U.J 

[ 1700 o. 3 82• 82. 885 20.470 4 II 11.3 l3 't). 5 0 v 0. 2 
1800 0.3011 78.272 234.678 ;, •• 8.o 1, 'tZ.. 7 0 0 0.2 
2000 0.3250 70.<o35 211.22' 3 I 33., 0 JI .u 0 u U. l 
2200 0.2955 .,.021 192.029 l JO 2.6 0 50 0.9 0 0 G .Q 
2500 0.200G 56. 339 168.991 l 56 I l. 8 0 3d 4j.~ 0 u 0 .o 
3000 0.2101 •b.9-\1 HO. 83C I 20 'tl. 5 0 20 ~d.tt v 0 J.O 
3500 0.1857 ,0.239 120.113 0 59 11. 0 u 19 45.7 0 0 o.o 
4000 O.lo25 35. 209 105.02' 0 ., 23.; 0 I'> 7. 6 0 0 o.u 

'500 O. l 44-'t Jl.297 93.88e 0 35 51. 8 0 ll 5 7. 3 0 0 u.o 

---~------·••=••· • . 0.081 Jbb 19" .. ,., .........•.... 
TASH IV-FUNCTIONS CF THE ~ T A,,0All;0 SPlf<AL 
TABLE IV-FONCTIONS OE LA SPJMALI:: NuRlrU,L I Si: E 

------ -- ---- ------------ ---------- -- - --- -- ------ --· - - - -- --- - - ----- .. - - - -- -- 
A . IUO " -------------------------------------------------------------------------- 

R A/R ST LC ~ C 
--------------- -------------- -------- --- ---- - -- - - 

" " DtG ._T SE(. 
••• ••• •••••• ••••••••••••••••=-••-••••••••••:s••a•:c • •: • ~ z • s::a :a:s -=••••'""• • •• z.: 

1100 0 •• 110 90.l't't 288. 1'3 4 51 2o. I l ,, 8. 4 0 0 0 •• 
1800 0.3889 90.790 272.153 . 19 5 7 .2 l 2<> 38.6 0 0 0.3 
2000 0.3500 81.696 2't-\.959 3 30 33. 7 l 10 11.1 0 0 O. I 
2200 0.3182 7•.2bl 222. 702 l ,. 1.1 0 58 o. 3 0 0 U. I 
2500 0 .2 800 b5,. 3-'tl l 95.98 7 ' 1• It).() 0 .. 55 .l 0 0 o.o 
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3000 0.2333 163.333 163.321 1. •82 81.665 0.371 108.893 
3500 0.2000 140.000 139.991t 0.933 69. 999 0.233 93.335 
-ooo 0.1750 122.500 122.',9) 0 .625 ol.250 0.156 81.008 
'o500 0.1 556 108.889 108. 887 0."39 5't.'t4't 0.110 72.593 
5000 0.1400 98. 000 ~ 1. 999 o. 320 '99.000 o.oso b5.331t 

K •0.001 lb9 30' 

TABLE IS-FUNCTIONS GF THE STANDARD SPIRAL 
TABLE IS-FONCTIONS Of LA SPJRALE NORMALISEE 

A • 750 M 

A/R LS Q 

M • 

2000 0.3750 L81.250 281. I II b.5tt9 L't0.b0l 1. b"t8 18 7. :>'t9 
2200 O. 31tO<J 255.682 255.595 't. 951 l<l.827 1.238 170.485 
2500 0.3000 225.000 224.954 3.375 112-•92 o. 844 150 .o 16 
3000 0. 2 500 187.500 187.482 I. 953 93.141 0.488 125.006 
3500 0.21•3 lb0.7l't 100. 706 1.230 80.)5b 0.30 7 10 7 .1.6 
4000 0.1875 140,625 i-,o, b2 l o. a2, 10.312 0. iOb 93.152 
4500 \J .1667 125.000 124.9'8 o. 519 ez , ~00 0.145 8 3. :,3.-. 
5000 0. I 500 112. 500 11L.'t9S O.'tl2 56. 2 50 0. 10 5 15 .000 

o:.:cs..-aza:2aa:i:.:::1: 

• •O. COi Ul8 59 I 
~•a•::,oo:a:s::aaa••= 

TAtil E IS-FUNCTIONS OF THE STA,OARO SPIRAL 
TABLE lV-FONCTlU'-S DE LA SPlkALC NORM•L I SEE 

• • eoo M 

AIR LS LT 

2200 0.3b.3b 290.~09 290. 7tt2 b.ltU9 l'o5.'33 l .t>U3 193.91H 
2500 0. 3 2 00 256.000 2 55. 933 't.308 127.989 l.092 17(.,. 690 
3000 0.2661 213. 333 213.306 l. 528 100.602 i.l.032 142.232 
3500 0.2l86 182.851 182.8•5 1. 592 ~l. 't2b 0.39d l£1.9U9 
4000 0.2000 100.000 159.99't 1.067 79.999 0.201 lllb.ob9 
4500 Q. l 718 1 .. 2.222 142.219 o. 749 11.111 0.181 9't.tH6 
5000 o. 1600 128,000 127.998 O.~'tb b't.000 v. l 37 85. 334 
6000 O. l 333 l0b.bb1 LOb.bbb 0.316 5;.333 0.079 ll.111 

:iaaaa s:ssa•a• .::.z:,;:: 

• •0.000 ass 25' 
"'•••s•:::i :& ::s:a•aza.:oz 

TABLE I~-f.UNCTIONS CF TH~ ST A,.,_OARO SPIRAL 
TABLE IV-FUrrt(. T IONS DE LA SPlkALE ~ORMALI SEE 

A • 900 M 

A/R LS Q 

3000 O.JOOO 210.000 z e s, 9-'t 5 ~.0't9 lJ~.991 i ,o l 180.0 l 9 
3500 0.2571 231 •• 29 231.,03 2.550 115.110 0.b38 15'.29~ 
.aoo 0.2250 202. 500 202.487 1. 109 101.248 0 .'tl. 7 135.005 
•500 0.2000 180. 000 119. 9~ 3 1.200 a,. 999 U.3UO 120.003 
5000 0.1800 162. 000 161. 99ti 0.815 80.999 0.219 108.001 
6000 0.1500 135.000 13._. 998 o.soc 61. 500 v.121 90.001 

K -=0.000 707 3b' 

TABLE IV-FUNCTIONS OF THE STA~OARO SPIRAL 
TABLE IV-FUNCTIONS DE LA SPIRALE NURMALISEE 

A •1000 i-! 

R A/R LS 

3500 0.2851 285.114 285.06) J. 887 142. ••9 0.912 l90.'t93 
.. ooo 0. 2 500 Hll.000 2~9.976 2.oO• 124,996 0.651 lbO.o 75 
000 0.2222 222.222 222.20~ l .829 lll.109 0.,51 148.153 
5000 0.2000 200.000 199.992 1,333 99. 999 0,333 133.336 
6000 0.1661 166.661 16•.663 0.112 83. 333 0.193 ll 1.112 
1000 0.1.29 H2,8H H2.856 0.'86 11 ... 28 0.121 95.239 ' -----··-········ K •0.000 512 96' ................. 

' ~ 

) 

l 
) 

j 
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3000 0 .23JJ 5 •• •♦8 IU.328 I 33 35.0 0 31 11.1 0 0 o.o 
3500 0.2000 .6.668 139.998 l 8 '5.3 0 22 H.l 0 0 o.o 
•ooo 0.11'0 •o.e1 .. 122 •• 99 0 52 38 •• 0 17 32.8 0 0 o.o ,s.u 0.15'6 36. 297 108.889 0 ,1 35. 5 0 13 Sl.8 0 0 o.o 
sooo II.HOO 32.667 ,a.ooo 0 33 'tJ..~ 0 11 13.8 0 0 o.o 

K • 0.070 158 10• 

TA!k.E IV-FUNCTIONS Of THE STANDARD SPIRAL 
TABLE JV-FONCTIONS OE LA SPIRALE NORMALISEE 

A• 750 M 

R A/R ST LC 8 • C ------------ ---------------------- 
" " OEG IINT SEC ·- ·- ------------- -----·. ----· -- ··------ ---- ---- ·-- -- ····-- ...... - --------- 2000 0.3750 93.19 .. 281.UI .. l .. 3.0 l 20 3".l 0 0 0.2 

2200 O.H09 85. 255 255.6"3 3 19 ,5.9 1 6 35.2 0 0 0.1 
2500 0.3000 75.01" 22".980 2 3' '1.9 0 51 33.9 0 0 0.1 
3000 0.2 500 62. 506 187 ... 92 I "7 25.8 0 35 .. 8.6 0 0 o.o 
3500 0.2143 53. 57" 160.711 1 18 55.7 0 2• 18.b 0 0 o.o 
•ooo 0.1875 "· 876 1"0.623 l 0 25.7 0 20 s •• 0 0 o.o 
"500 0.16b7 •H.6tt7 12".99~ 0 •1 H.8 0 15 54t.9 0 0 o.o 
sooo O. 1500 37 ,soo 112 •• 9~ 0 38 .. o. 5 0 12 53.5 0 0 o.o ----·······--·-·· K - 0.061 115 so• ------------~---- 

TA8LE IV-FUNCTIONS Of THE STANO ARO SPIRAL 
TA8LE IV-FONCTIONS OE LA SPJRALE NORMALISEE 

R 

" 
A/R ST 

A • 100 M 

LC 

" OE~ MNT SE~ .. ---- ...... ······-··-···· ............... ····-- ... ------·---. - ... --------- 
2200 o.3636 97 .010 290.853 3 "7 17.3 l 15 H.6 0 0 0.2 
2500 0.3200 85.355 255.970 2 56 o.8 0 58 .. 0.2 0 0 0.1 
3000 0.2667 71. 120 213. 321 2 2 13. 9 0 •o 't't.b 0 0 o. 0 
3500 0.2286 60.956 182.852 I 29 0.1 0 29 56.U 0 0 o.o 
..000 0.2000 53. 335 159.997 1 8 H.3 0 22 55.l 0 0 o.o 
HOO 0.1718 .. 1 • ..09 1•2.221 u s• 19.5 0 ld 6.5 0 0 o.o 
5000 0.1000 ,2 ."67 127.999 0 H 0.2 0 1' ,u. I 0 o· u.o 
6000 0.1333 35.556 106.666 0 30 33.5 0 10 11.2 0 0 o ,o --------········· • - 0.053 11" 79• 

~----············ 
TAM.E IV-FUHCT JONS CF THE STANO ARO SPIRAL 
TABLE IV-FONCTIONS oe LA SPIRAL E •ORM AL I SEE 

R 

" 
AIR ST 

A• 900" 

LC ♦ 
UE~ M•T StC 

3000 0.3000 90.017 269.916 2 H '1.9 0 51 .JJ.9 0 0 O. I 
3500 0.2571 71.151 231.'17 l 53 J9." C 37 '>J.l 0 0 o.o 
..coo o.22so 67. so, 202 ... 9. l 27 I.I 0 29 U.3 0 0 o.o 
•soo 0.2000 60.002 I 79.997 l 8 ,., • 3 0 l2 55. l 0 0 u.o 
5000 o. I 800 H.001 101. 998 0 55 ,1.s 0 18 33.S u u u.o 
6000 O. I 500 '5.001 13'.999 0 38 4t0. 5, u 12 :iJ.5 0 0 o.o 

----------------~ K • 0.0,2 "l 32" 

-----·-·······--· 
TA!k.E IV-FUNCTIONS OF THE 5 TA NO ARD SPIRAL 
TABLt:. IV-FONCTIONS DE LA SPIRALE •ORMALISEE 

A/R ST 

A •1000 M 

LC 

OE~ MNT SEC 

········-···--------·-·····--·-·····-·······-------·~-------------········ 3500 0.2157 95.253 .lH5.693 2 20 19.0 0 .. 6 ••• 3 0 0 o.o 
,ooo O.HOO 83.3"1 2,9.989 I ., 25. 8 0 35 4M.6 0 0 o.o 
"500 0.2222 7~ .078 222.216 I H 53.0 0 28 1. 7 .o 0 0 o .« 
5000 0.2000 t.6.669 199-~96 I 8 ,,.3 0 2l 55.l 0 0 o ,» 
6000 0.16'7 55.557 166. 665 0 '7 'tit.ti 0 15 5.ft.9 0 u o.o 
l000 0.1'29 '7 .020 1'2.856 0 35 •• 7 0 ll 'tl..b 0 0 o.o ············--··· K . o.oH 371 '7" 

----············· 



TABlf IV-FUNCTIONS Of THE STAl<OARO SPIRAL 
TABLE IV-FONCTIONS Of LA SPIRAL~ NORMALISE£ 

A •l 100 Ii! 

AIR LS LT 

•• •• •••••••• • •••• •••• ••••• •• ••••••••as•• ••••••••a•••• a•= a.1: •= Eaz •=-• ••• • •• • • 
•500 0,2H• 208,889 268.8b5 2,078 13"9 ..... o O.bbq 179,208 
5000 0,2200 2'.2,000 2H.98t 1. 952 120,998 o ... s l<>l.338 
0000 0.1833 20l,o07 201,001 l.130 100,832 0,2d2 lH.'46 
7000 o. 1571 172.857 l 72.855 0.111 Bo,.28 0.178 115.239 
8000 o. 1 375 151.250 151.2,9 0."17 75,025 0.119 100.83' 

K •0.000 ,13 !12' 

TABlE IV-FUNCTIONS Of THE STAl<OARO SPIRAL 
TABLE IV-FONCTIONS Cf LA SPIRALE NORMALISEE 

A •12UO M 

AIR LS Q LT 

" 
5000 O.HOO 288. 000 ·287,976 2,705 llt3.99b U.b9l 192,008 
0000 0.2000 2'0,000 239, 99C 1.000 119,998 o.,ou lb0.U03 
7000 0 ,I 714 205. 71' 205.710 1,008 102,850 0,252 137,1 .. 
81)00 0.1500 180.000 l79,9S8 0.075 90.000 0,109 120.001 
9000 v,1333 100. 000 l59.99~ 0 ... 1 ... 80.000 0,119 lu0.667 

K .. o.ooo 3Q7 89' 

TABLE IV-FUNCTIOl<S OF THE STAhOARO SPIRAL 
TA.till: JV-FO~CTIONS Di LA SPJRALE ~OR,.AllSEE 

A :al300 M 

AIR LS 

bOOO 
7000 
8000 
9000 

0 ,2167 
0,1857 
v,102s 
o. l"'tlt't 

28 l .Oo7 
2'tl. it29 
211,250 
\87,778 

281.051 
2•1, ,21 
.t: 11. 24 t 
l87.77o 

2,204 
1,388 
0,930 
0.053 

fl:. «i.uoc 3.:l9 03' 

TABLE lV-FUNCTIOl<S Cf THE STANOAKO SPIRAL 
TABLE IV-fOl<CTIONS OE LA SPIRALE NURMALISEE 

A •1400 M 

AIR LS Q 

H M 

7 000 
8 000 
9 000 

10 000 

0 ,20U!J 
0,1750 
0, 15 50 
0.1,00 

A/R 

.::'.8U .000 
2,s.oov 
217,118 
190,000 

LS 

I!,~. 989 
24t'w. 9','t 
217. 1"15 
1~5.998 

1.807 
1,250 
0,878 
o.o•o 

K •0.000 292 13' 

l't0.831 
120,113 
105,oH 
93. 88 9 

139.998 
J.22. 't9'? 
IOB,888 
98.000 

o.551 
O.:H7 
0,212 
0. l03 

0.4o7 
0,313 
0.220 
0, 100 

TABlE lV-FUNCTIOl<S Of THE STA~OARO SPIRAL 
TASLF IV-FONCT(ONS De LA SPl~ALc NUR~ALISEE 

A •1500 M 

LT 

187.JtU 
loC.955, 
1"0.835 
12 5. 186 

LT 

ltu,.bl l 
lo3.3l5 
145.18b 
130.007 

LT 

8 000 v. I 875 281.l~ll 281.2H l.b't~ 140.bL"t 0.'12 187.503 ~ 000 O.l6b7 250,000 2,9.995 1.157 124. qqq 0, 289 161).608 
IC 000 0, l 50C 225.000 ZH.997 ~-8·4 112,500 0, 211 15U ,00 I 

.. ., ................ .z 

• -a.ccc ~~<\ 05' -------··'"'·• .. .:•• 

, l 
) 

1 

I } 

l 



TAIII.E IV-FUNCTIONS Of THE SUNOARO s,JRAL 
TABLE IV-FOl<CTIONS OE LA SPIAALE NOR•ALISEE 

A •1600 M 

2'3 

AIR ST LC 8 

~ 000 
10 000 

0.1778 
0.1600 

9,.817 
85. 335 

28•.HI 
255.998 

0 5• 19.5 
0 H 0.2 

DtG •NT SH 

0 18 b.5 
0 1' ,0.1 

0 0 o,o 
0 0 o.o 

K • 0.013 ~28 70• 

TABLE IV-FUNCTIONS Cf THE STANDARD SPIR4. 
TABLE IV-FDNCTIONS DE LA SPIRALE NOR•ALISEE 

A •1700 M - ----- ------ -- ---- -------- --------- -- --- - - -,--- -- -- - ---------- --- ------- - - 
R A/R ST LC 8 • C 

" 
10 000 

" 
0.1100 9b. 335 288.997 o ,9 ,o.5 

DtG •NT SEC 

0 lb 33.S 0 o o.o 

K • 0.011 895 32" 

f 
r 



n 
n 
t \ 

) 
I. J 

' i 
_) 



TA81.E IV-FUNCTIONS Of THE STANOARO SPIRAL 
TABLE IV-FONCTIONS OE LA SPIRALE NORMALISEE 

A •1100 M 

2•1 

R 

M 

AIR ST LC 

OEG MST SEC 

,500 0.2•"" 89.637 208.878 42 't2. 5 0 H ,i.'+-1 0 0 C, .v 
5000 0.2200 80.671 2'1.9S4 I 23 U.b 0 27 '+3.9 0 0 u .v 
6000 0.18H 67. 22't 201.66• 0 57 'tC.'t 0 IY 15. 5 0 u o.v 
7000 O.l57l 5 7. 020 l 72.856 0 42 26.1 0 1' H.9 0 0 o.o 
8000 0.1375 50.H 7 15 l .2•9 0 32 29.8 0 Ill 49 ·"' 0 V Q .o 

K "' 0.028 'tl l 13" 

TABLE IV-FUNCTIONS CF THE STAhOARO SPIRAL 
TABLE IV-FONCTIONS OE LA SPIRALE NORMHIStE 

A •1200 M 

R AIR ST LC 

M DCG MNT StC 

5000 
6000 
7000 
8000 
•ooo 

0.2'00 
0.2000 
0.111, 
0.1500 
0.1333 

fA&LE IV-FUhCTIONS Of THE STAhDARD SPIRAL 
TABLE IV-FONCTIONS DE LA SPl•ALE NORMALISEE 

A •1300 M 

AIR ST LL 

6000 
7000 
8000 
so oo 

0.2lb7 
0.1857 
0.1625 
0.14't't 

96. 008 
80.003 
68. 573 
60.00l 
53.)3' 

93. 89't 
80.'78 
70.'18 
•2-593 

287.989 
2J9.996 
205.712 
l 79. 999 
159.99S 

21:H.M,0 
.241.,25 
211.2'8 
187. 77 7 

l 39 o., 0 jj O. l 0 0 o , o 
I 8 1tS. 3 0 22 55. l u 0 o.o 
0 50 30. 8 0 lb 50.3 0 0 o.o 
0 38 1.tO. 5 0 1, 53.5 0 0 u.o 
0 30 33. 5 0 10 11.2 0 0 o.o 

l 20 •1. 5 
0 59 11.0 
0 '5 23. 3 
0 35 51.8 

K • 0.020 3'tl 70" 

0 ,. 53.8 
0 1• 45.7 
o 15 7 .a 
0 II 57.J 

TABLE IV-FUNCTIONS OF THE STANDARD SPIRAL 
TAILE IV-FOHCTIONS OE LA SPIRALE NORMALISEE 

0 0 o.o 
0 0 o.o 
0 0 o.o 
0 0 o.o 

AIR ST LC 

" 
7 000 
8 000 
9 000 
ro 000 

N 

0.2000 
O. l 750 
o. I 556 
o.i.oo 

93.337 
8l.bo8 
72.59• 
65. 334 

279.995 
2H.9H 
217.776 
195.999 

I 8 •>•3 
0 52 38. 4 
0 41 35.5 
0 33 'tl.'+ 

IH:G IOH SEC 

0 22 )5.1 
0 17 32.8 
0 13 51 .8 
0 11 

0 0 o.o 
0 0 o.o 
0 0 o.o 
0 0 v.o 

K • 0.017 539 52" 

TABLE IV-FuNCTIONS OF THE STANOARO SPIRAL 
TABLE IV-FGNCTIONS Ot LA SPIKALE ~ORMALJSE~ 

AIR ST LC 

M OtG MNT SEC 

000 o.1a15 93. 753 281.2,6 0 25.7 0 20 8.6 0 0 o.o 
S 000 O.lbt>7 83.335 249.9',8 0 ,1 'tAt. 8 0 15 54.9 0 u o.o 

10 000 0.1500 75. 001 22'.99~ 0 38 't0. !> 0 1, 5 3.5 0 0 o.o 
•z•••••••••~••••= 

• . 0.015 l78 87" 

·········-------· 



TABI.E IV-FUNCTIONS OF THE STANOARO SPIRAL 
TABLE IV-FONCTIONS OE LA SPIKALE NORMALISEE 

A •1600 M 

A/R LS 

" 
q 000 
lC 000 

0.1718 
0.1600 

284 ....... 
256.000 

2H.H7 
255.9% 

l.4S8 
1.on 

K •0.000 223 81' 

0.315 
0.213 

TABLE IV-FUNCTIONS OF THE STANOARO SPIRAL 
TABLE IV-FONCTIONS OE LA SPli<AlE oOkMALISEE 

A • l 700 M 

LT 

189.632 
l7C.6b8 

7 

AIR LS LT 

M " 
K •0.000 198 2b' 

) 

) 



b) SIMPLE SPIRAL 

( CLOTHOID) 

b) SPIRALE NATURELLE 

( CLOTHOIDE) 



?46 TARLF V0-VALUES 'lF !)FSIGN !:tF,-fNTS RELATfO TO Cf<i!GN SPEt:05 A/llO ((RC. CURVE R.AOTI 
Tt\BLF vo-VAL[IJRS DES ELFMfNT~ Cf OF.SIGN Fl;N(. IH LA VITFSSF ET nu IH,YCIN QF ClllJR1E CIR(. 

V ( I<,., /HI 
P M (fl; (MI 
A fill IN IM) 

R 11'1 I F ('-'I/'() ; A (MJ f-Ot' /-LA/\E ; A 11.!I FOR 4-LANE 
r IM/M) ; A if-11 POUR ?-VC(fS : A (M) POUR 4-1/()JfS. 

- -- - - ---.. - - - - = - - - - - - - - - s - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - : - - - - - - - - - - - - - - - - 
50 
55 0.060 
60 O.Q5'l 
65 0.057 
70 0.0'--6 
75 o. 055 
AO 0.054 
85 0.05? 
so 0.051 
Q') o.oso 

100 
105 
110 
115 
120 
125 
t ~o 
140 
ISO 
11>0 

I 70 
ISO 
100 
?00 
210 
220 
? 30 
240 
?SO 
?80 

100 
1?0 
140 
1,0 
'80 
400 
4 20 
450 
475 
soo 

52 5 
550 
575 
600 
650 
700 
750 
soo 
•so 
•oo 

q50 
1000 
1050 
l 100 
1150 
1200 
ll 50 
1~00 
1400 
lSOO 

1 600 
1700 
1800 
7000 
2200 
?500 
•ooo 
?500 
4000 
lt500 

5000 
t;OOO 
7000 
fl000 
G000 

10 (';00 

40 
55 
45 

45 50 
45 bl 
45 6' 
46 65 
47 66 
48 68 
49 bq 
50 70 
51 7? 

0.04Q 51 71 
J.048 52 74 
0.04~ 53 75 
0.047 54 76 
0.046 54 77 
0.045 5'> 78 
0.044 55 78 
0.041 57 80 
0.041 "iB 81 
o.o4o ~o 01 

0.03g ~l 84 
0.018 1;1 '35 
0.037 ,-5 81> 
0.035 67 87 
0.035 68 88 
00 Ql4 70 8Q 
0.031 71 so 
0.012 73 Q( 
0. O 3 I 75 91 
o.o?q n g1 

0.0?8 P.2 q4 
0 027 84 95 

5U 
00 
65 

60 
I lO 
as 

70 
190 
110 

80 
?50 
l 30 

ernox = 0.06 

C. 060 65 79 
0.05° b5 80 

0.058 65 82 
0.057 65 83 
C.057 65 85 
0.0';6 65 86 
0.055 65 87 
0 .054 05 88 
C. 051 b5 QQ 0 .060 as 9q 
0.05 / 65 92 o. 059 8' l 01 
0.051 61, 04 0 .058 85 l 04 
o. Q4q 68 9b Q.05b 85 106 

C. 04 t 69 97 o. 055 85 108 
0.047 7l q9 0. 05li 85 11 0 
0.04b 71 100 o. o s 1 85 I I 2 0.060 110 125 
c. 04 5 75 IO? 0. 052 85 l l 4 o.osq 110 127 
0. 04ft 7b 103 O. 05 I 85 11 b Q.058 110 ll9 
0.04' 78 I 04 a. o so 86 l l 8 o. 057 110 I 31 
O. 042 80 106 a. 050 "" I I 9 0.056 l 10 133 
0. 04 I 82 107 o. 040 89 12 l 0. 0'16 llO 1 35 
c. 040 83 108 0.048 91 122 a.ass l 10 l 3 7 0.060 130 l4Q 
Q. o vs S8 Ill a. 0'-6 07 12, 0.053 l 10 142 0. 058 I rn 154 

0.0?" 87 06 Q.034 Q7 116 0 .042 106 1 ~3 0.04Q 115 ls C 0 .054 130 165 
0.025 88 97 c. 03 3 99 l lb tJ.041 108 1 34 0.048 I I 7 151 0.054 130 166 
0.024 92 98 C.032 103 l l 8 o.o,q 113 l 37 o. 046 122 155 Q.052 130 l 70 
0.023 q4 9q o. 0'1 105 l l 9 0 .o 38 11 S I 38 0.045 l 25 15 7 o._051 13 3 l 73 
0.02? q7 qq Q.030 108 120 0.037 l lS 140 0.044 l 28 15S 0.050 13 7 1n 
0.021 100 100 a. 02Q l 12 l 22 Q.036 1?2 142 0.043 132 162 0.048 141 179 
0 020 10 103 o. 028 l l 5 123 0.015 126 143 0.0,2 136 164 0.,04 7 145 18? 

RC 1 C5 1 05 a.on l 18 124 0.034 12• [45 0.040 l 39 166 0.04b l4q 184 

1 ca l OA 0.026 12 l 125 0.033 132 146 0. 039 143 lb8 0.045 15 3 187 
lit Ill o. 025 124 126 o. 032 135 148 0.038 146 l 70 o. 044 156 ta• 
113 l l 1 o. 024 in 12 7 o. 031 138 149 0. 0 38 l 50 172 o. 04 3 lbO I 91 
l 15. l l 5 o. 023 129 129 0.030 1,1 150 0.037 153 l 73 0.042 163 IQ 1 
120 l 20 0.022 13' 13' 0.029 147 152 o. 01c; l 50 176 o.041 170 I OJ 

NC 0.021 139 139 o. 027 153 154 o. 033 165 I 7q o.01q l 76 ?O I 
RC 14' 144 0.026 158 158 o. 0 32 l 71 l ~ l a. o 38 18 3 2 04 

14Q 149 0.025 163 163 Q.031 176 18 3 a.a 36 [SQ 201 
154 154 o. 024 168 168 o ,o 10 1•2 [S5 0.035 194 209 
15ft 158 0.021 I 7' I 73 0.029 la 7 1"7 o.o 34 200 212 

162 16? 0.02? l 78 178 o. 021 1°2 IQ? O.Ol3 205 214 
167 167 o. 021 183 lS3 o. 021 [07 [07 o. 032 211 ?H 
l 71 l 71 c.020 1?7 181 O. o ze 202 202 v.031 2lb 2 I 8 

NC RC 1•1 lOI 0.025 207 207 o. 010 2? l ? 71 
1% 1% Q.024 21 I 21 l 0.02° 226 226 
200 200 0.023 216 2 1h o.o.::A 231 231 
204 2 04 a. 0?'3 ?20 ??C o. 02 7 236 2 3t: 
2CA 208 o. 02 2 ns 225 0.0?7 240 ?40 
216 2 16 0.021 233 231 o. 025 24q 249 
2?4 l?4 qc 242 24 < U.Ol4 .!58 ,,. 

O. 017 q1 l I 3 
0 035 94 l 14 

0.044 100 12q 
0 043 103 l)l 

0.051 110 145 
0 O<;O 112 148 

0.057 130 158 
0055130161 

1 
1 

1 

NC ?49 249 o.on 26 7 261 
257 2 ":--1 a.on 275 2 7S 
26' 7b~ 0.0.? I 2• 1 2 0·, 
/10 ? 19 RC 2°a ?98 

N(. 31 3 3 I ' 
313 q3 

'JC 

I 
J 

NC NC NC NC 



TABLE Vo-VALUES OF DESIGN fLEMENTS MtLAfED ro DESIGN SPfEOS •~o CIR(. CURVE RADII 2~7 
TABLE V0-VALFURS DES ElF.MENTS OF. DESIGN FQNC. OE LA VITJ=SSF F.T OU Q:AYON OE COURAE ((RC. 

00 
340 
t e.o 

100 
420 
1 so 

110 
525 
220 

120 
b50 
2 50 

1 JO 
AOO 
280 

E l/114/11,q : A 1'4) FOR 2-LANE ; A 011) FOR. 4-LANE 
E l"/MI : A (M) POUR 2-VOIES ; A IMI P(lUR 4-VOIES 

V IKM/HJ 
R •IN IM I 
A Mt N ( M) 

R. {MI 

50 
55 

ASSUMED UES IGN SPEED bO 

" - RAO lUS OP CURVF. b5 
A SPIRAL PARAME TER (MlNIMt:M VALL'F.S, 70 . RATE OF SUPERELEVAT!ON 75 
NC - NORMAL CROWN SECTION RO 
H.C: REHOVF. CROWN SECT JUN 85 

00 
BELOW THE HEAVY l!Nf. SPIRALS AKE DES I RA8LF: BUT :"11GHT 05 
BE OMITTEO UNDER RESTRICTED GEOMETRIC SITl'ATl0NS. 

100 
Tho:! tnd l cn t ed pa r ame r e r s are ~.!..!!!~_m val uc s 105 
gove rued b v c omf o r r , supe r e I ever lnn and 110 
aesthet le c r t t e r la, (R. T. ,'..\.. Hanue : 11 5 
prrovides rounded va I ue s ) 120 

- Wherever pos s Ible va Lues in excess of those 1 2~ 
!ndtcated should he se l ec r ed s uc h that the 130 

r 
r a t l~" ,\: R ls a rat t ona l number 140 

150 
Sp t r a l length ,, t a t c ul a t ed hv r he equation i s o 
1., . A: /R, this value shou Id al so p r e t e r eb l v 
be ' rat Ion a l number- \10 
Ind i,:atcd pa r ame t e r Io r Li- Jane hr gt.vavs appl t e « ISO 

'" i..- l aue undivided wl ;h 'i_ profj le cont ro l and 100 

r-1r .:.- Lene d t v l ded ,.:! th mt-di an edae ,,f p avemen t 700 
210 

"' pr--.f i 1 l-' rr-n r rnl 
.? 70 

Cm1: t on sb,,u ?d , .. exe r , t s e d wh1,1 1t I I 1.!!nK J;.i,11,p >lO 
pa r amet e r-. "" f'l a t g, ,1J,,;; rba r ma-, p r oduc e l a r ge- :'40 
pavemrnt nr e a s 1.-!1h t u r i- :,,,!-i r 1 Vt> dr a i nag e 7<;() 

\'.!lTE: Vni r •1,1. i,:, l_l.o j'llt!T .. vet s t on 1 runc a t se ,., J'IO 

tt'X\<' ,· ! ·-d.,,:;- .. ,s. 
~00 
,70 

O.lltC re o \AO '40 
u. ;)',q i e o \S2 ,SQ 

o .() ~R \00 I 8 7 ISO 
.1 .P"i 1 t s o JOO i.o::: 
0. 05f.> ISO 10~ o.u e r l "O 707 .,o 
o.oi::i. "o \SS o.oi;Q ~ so 712 450 
O.O~l h1 ?,1 I O.O~fl 100 21, 4" 
(l. fl~ l 160 704 0 .0">7 lQC UC "-00 

o .O ~ I lb7 zo 1 0.050 100 77) u. C'- C no ?40 '" o ,o 50 lb> .?111 ().0 '.35 loo l2t:- O. C5<-l 2l0 ?44 "i'-1.", 
O.U4Q 1 70 21 2 o. Q"i4 100 ns ('. r.~~ no 74' 57' 
0. Q4ij tn ? I':> O. O, l 100 2"l.2 C. (;'- 7 no ~i; I oOO 
G .o e e ISO 710 0.O"il 1ou 2,e , .... C"',., ?l" ,~ 1 0.01-:11 ,?L,l) ? 77 ,,o 
·J .i)4"1 IA 7 ?74 o. 04Q \ ., z,, "\ G. C" .. 771J lo' o. r .,~ l,) ? ~•. 700 
0.04"\ l 04 ns O. 04A 704 248 :i. C.., ~ 220 ?.t-,9 0. c s 7 2SO 7'--'IJ ISO 
0.04} 200 2'1 o. 047 ? '\ 2,2 c. ('); 22 \ 274 o. C5t-- ;, "-0 /Qr, ,l.UtiO 2RC qt, HOO 
O .·J'"- l 70!'-o 7)4 0. 04~ 217 l."it- '-'• C'- J 7;-~ 7.7rl o. 054 2<0 1.07 'J.O"-Q 2go ).'? 9"iC' 
,1 .o "1Q I\ I ns o. 044 2 ?4 7,c C. C4Q ?3';, 2•l Q.(,'-l 2SO !01 ("'. ;,c 7 2'10 ;,s QOO 

1; • ...) ~ p 7 \ R 240 0.043 2'0 2,' :::. r.t. 7 241 ;,A 1 O. C 52 l"-l -' i., 0.0">1) >RO J 14 050 
o.o:n 274 /4 J 0 .o t.2 21b 266 C. Q4t, 247 201 0. CS\ 2 "i~ )lh O.Q"-."i 2RC )10 1000 
0.01t- no 245 o. 04 l 242 /oS 0,C45 ?.',) ;'Q4 0. C '"•0 ;,,-; ~ ;:i } \L0S4 2S0 l 4 -~ l'l'iO 
'1.0~5 7,S ?4A o. 040 741 J12 J. C44 7sq ?OS U.C'-A 2 '1 3,"4 0.'>'' 2'2 14S 11 OU 
o. 034 240 250 o. 0 )Q 2,J ?15 o. ('4 -~ 265 '01 O,Ct.7 2 77 1/A ("1.0':>7 288 '""-' 11 s a 
0.031 245 252 1.0 ,~ 75H 7 71 C. C'-? l71 1,14 O. C<+t. 2"3 1i2 :J.l'"-1 1,,4 '<' 170" 
o.o "1} 2so 254 O.G 17 2~,4 ISO O.G41 ?1b lO 7 o. C4.., 2•• l'' o.o~o lOO ,~u 12,0 
o.o 32 255 25b o. a 3,-. 2bQ 2n C.C40 282 'l 0 C. C4'::: 2 ·~ 4 3.JP r.. "4Q I Of 164 I 1.00 
o.o ~I) lb> ?65 1). C 3 .. 270 ?Rt !). ( \-~ ~H~l l l S O. C4 ~ \Ob )44 0 •. J .. 7 ~ l 9 '1\ l 1oQQ 
(). 020 274 /74 0 .o "11 2 eo 2°0 f).(:'1 ) n l J l q O. C4 I II' l'i1J 0. )t,J.. ,70 '11 I~ 10 

(1.071 /RJ 2q' o. 0 12 2oq ?0~ U.CV•• "\13 J/4 o. l,;4.) l? 7 lSS 0, !)44 '4U 'S l ltiUO 
o.ou- ?91 242 O. 0 }O 11.n 307 o. (')4 i,',! 327 o.o,q "\\"/ "\t,) J. (lit) 3'·0 )SQ \ l!JO 
.J.(l)"i 100 1~•· 0.0,?G Jlo Jlb (1. c, 3 3Vi' _,' l O. 0 I 1 l4h ,S4 ;J. Qto l J< l ~q4 I A "l~ 
0.0lJ 31,L, "0 o.on 131 "33 "l C.CH 350 3"- a 0. C lC:. ~65 ", 1).Q"\Q ,,.o 40~ 7 10:} 
o.o 72 3ll H?. :'.).02~ 350 J5C U. C2'1 Jo7 ·,o 1 o. ( 13 ] J.j' ,. ' o.11~ 1 )QO 4 l l J">OO 

F1C ]54 )<4 o.on in :H"l 0.021 3<~1 391 O. ClO 40~ 4')~ '). -11.4 475 4?S 7':-(H) 
VP 38 7 'J.0.10 4C• 40P 0.02' 42> 428 o.on 447 447 1).0 ,o 4b; 405 1•)~ _. 

NC SC 44 I 441 o.rn 4'2 4f-,? o. Q,?l. 4R] 4 Al J.027 "ill3 "i03 ~')!JU 
4 71 471 RC 404 494 0.017 S\o 5 lb 0.0?5 'i~ 40UO 

¾C 524 '24 RC 54 R 54" 0. ,,; ? '· 70 S70 l.o"i()O 

NC 55 3 5s, 5 77 '77 '). 17 l bll l SQ\ 'i~OO 
NC b Jl bl? Rf' ,,;, I;,, hOOO ,, ~11 71 I 1000 

AOOO 
Q()QQ 

~( ,.- NC NC l 0 :>JO 



748 TABLE vb-VALUfS OF DESIGN FLE,..fll,jfS REtAffQ TO 0£:SJr,N SPEEDS ANO CIR(. CUPVi::: PAO!! 
TARLf vb-VALEURS OfS fLE'-tfNTS Of DESIGN Fn"lc. OE LA VITF.SSE FT DU PAYOf'.4 Cf COllRtH ClRC. 
----------------------------------------------------------------------------------------- 
V ( K,111/Ht 
R "'41N U,q 
A "'4 (N f I") 

R PO 

so 
55 
so 
05 
70 
75 
AO 
85 
00 
05 

100 
105 
110 
115 
1 ?O 
125 
I ·rn 
140 
1 50 
t so 

1 70 
!AO 
190 
?00 
210 
no 
2~0 
240 
250 
2RO 

300 
3?0 
140 
l50 
aao 
400 
4 ?O 
4 50 
475 
500 

5?5 
550 
5 75 
,oo 
b50 
700 
750 
800 
850 
900 

950 
1000 
1050 
1100 
11 50 
1200 
l? "'0 
1300 
1400 
1500 

1600 
1100 
!AOO 
?000 
7700 
2"i00 
-:1000 
1500 
4000 
4500 

5000 
6000 
7000 
8000 
sooo 

10 000 

0.0"\0 
0. 07R 
o. 075 
0.073 
0.011 
0. Qf.'l 
o. Of> 7 
0.0~5 
o. 064 
o. 002 
0.0t>l 
o. 050 
o. 058 
0.057 
o. 055 
0.054 
0.053 
0.051 
0.04Q 
o. 04 7 

o. 04"i 
0. 044 
0. 047 
0.041 
o. 040 
O.Ol8 
0.037 
O. 03b 
0.035 
0.033 

o. 031 
0.020 
0.028 
0.028 
0 026 

•O 
50 
45 

50 
80 
05 

oO 
J.?0 

E: IM/M) : A p,q f-l)Q 7-LAf\c: ; A ("4) fCQ 4-LA!'l/f 
f l"'/"1) ; A I"-') D(lJQ 2-1/CI~"> ; A IM) PCUR 4-Vrlf'; 

--- ======= =-=== = =:=== = == = == = = = = == = == == =:::i== = := = = ===== =- =-= =-=-= = ::=== = === = = ======== ::===== == ::r=== =;:-= 
4' b5 
48 6A 
40 70 
50 71 
•2 7' 
5' 74 
54 7b C.ORO o5 86 
5 5 77 C.078 05 88 
55 78 0.077 es AO 
Sb 60 0. 01 "i b5 91 

S7 e 1 o. 07'4 ,, O? 
5A 82 0 .07 3 bb 04 
58 Bl 0. C7 l b 7 gs 
5q 84 C.070 bB q; 
so 84 Q. cs s 60 •• 
60 85 C.068 70 qq 
61 6b O.Obb 71 100 
b2 87 o. 064 7 2 1 O? 
tl R9 C.Ob2 73 104 
t4 90 O.Of.O 75 1 Ob 

t4 q 1 o. 05', 76 101 
'.5 qz o. cs 7 77 109 
t6 SJ ovos s 78 110 ., •• 0.054 7q 111 
bR q4 C.052 80 113 
70 05 C.051 so 114 
71 % 0.050 81 115 
73 q7 c. 04 8 82 ! lo 
75 qr c. 04 7 83 11 7 
79 c c 0.044 88 11 ° 
~2 l 00 
84 1 01 
67 IO I 
88 IO? 
S2 1 03 

0.042 
0.040 
0.019 
c.01e 
0 036 

91 121 
q4 122 
q7 124 
oq 124 

10 l 126 

0.053 
o. 05 I 
o. 04q 
a. 048 
0 046 

100 I 41 
101 14 '\ 
100 145 
10/J 146 
11 3 l 4 A 

70 
1 70 
11 0 

emo, =0.08 

0.080 85 I 1 0 
o.01q 85 111 
o. 078 A5 I 12 
o. 076 AS l 1 5 
o. 074 S5 11 A 
0.012 85 l? 0 

a. O 7U Rh 17? o.oeo 110 l 36 
0. Ob~ 88 124 o. 078 110 1 '9 
o. 06 7 89 126 0 .() 11 110 14 1 
0.065 •o 12~ 0.075 110 14 3 
0.064 91 12 9 0.074 110 145 
0.062 g3 131 0.072 110 147 
Q.Obl g4 112 0.011 110 l4S o.oqo 110 lb4 
C.060 q5 114 0.010 110 151 o.orq 110 167 
c.oss % I 15 O.Ob9 110 153 o.ora 130 !6S 
Q.055 oe 139 O.Qb5 112 15 8 0.074 130 175 

0.025 <;4 103 0.035 105 127 o. 045 11s l 49 O.OS4 125 172 0.06 3 1 l6 19? 
0.024 <;7 104 0.034 108 128 0.04 3 118 151 0.051 128 174 O.Ohl !JR 1q5 
0.021 I 00 104 0.032 112 120 0.041 12? 151 0.051 112 17b ovo s s 14 I 10• 
0.022 I OJ 105 0.011 I 1 5 !JO 0.040 12' l 54 c.04q l 3t 178 0.058 145 201 
0.021 105 105 C.030 118 131 0.030 12~ 1 55 0.047 I 39 I BC 0.()'">6 140 201 

RC !CA IOA C.028 121 I 31 o. 037 132 15~ 0.046 143 18 2 0.054 !SS 205 
Ill Ill 0.027 124 132 0.036 135 158 o.045 146 183 0.053 15b 207 
113 l 13 c.021 12b 113 0.035 138 159 0.043 150 1 "5 0.05 2 i e o 2oq 
l l S 115 0.02, 129 133 0.034 141 I eo o. 042 153 I A6 0.0'">0 16 l 211 
120 120 0.024 IH 134 Q.032 147 1 bl o. 040 159 1 88 0.048 170 214 

NC 0.023 139 139 0.030 153 163 o.o-:ia 1<5 1 O 1 0.046 17' 21 7 
0.021 IH 14' 0.02• 158 lb4 o. 036 I 71 1 ° 3 0.044 18 3 220 
0.020 149 149 0.027 161 lb6 o. 0 35 1 76 !S4 0. 047 189 22? 

RC 154 15, o. 026 l~R 168 O.Oll IA2 l1Hi 0.040 194 274 
158 158 0.025 173 1 73 0.0~2 18 7 1 s s 0.039 200 72b 

162 lb2 0.024 1 78 1 re o.ol 1 10, 19S O.Ol7 205 2'A 
16 7 167 0.023 183 163 o. 070 101 200 O.Olb 211 no 
171 171 0.022 187 I ~7 0 .028 202 202 0.015 216 232 

NC 0.021 1 O 1 101 0.027 207 ?07 0.014 221 rn 
o. 020 1% 1% 0. 020 211 211 O.Oll 22b 214 

RC 200 ?00 0.02b 216 216 0.011 2, 1 236 
204 204 0.025 220 220 0.031 2 lb 237 
20P. 208 0. 074 225 125 0.010 240 240 
.?lf:i ?U, 0.023 2'\~ .?33 0.018 24G 249 
??4 2 7.4 o. 021 241 24? 0.021 751:1 258 

O.Oh3 114 lf>l 
a.Obi 115 lb3 
0.059 117 IH 
0.058 118 167 
0 056 122 l 70 

80 
230 
130 

0.072 130 178 
0.070 130 181 
0.06A 130 lA~ 
0.067 1,1 186 
o 065 134 i so 

1 

1 

\ 

NC 0. 0?0 24q 240 0.025 2b 7 167 

J RC 2S7 2'> 1 O.OZ4 21~ 275 I _?r,'") lb 5 o. i)?J ?Sl 2Al 
279 279 0.021 2GA ,se 

t-.i( qc .Hl l 1 l 
n l '" NC 

) 

NC NC NC NC NC r 



n TABLE VII - GREEK ALPHABET 251 

TABLE VII - L'ALPHABET GREC 

Letters 
Lett res Name Norn 

A, a, Alpha Alpha 

B, ~. Beta Beta 
( r, 'Y, Gamma Gamma 

~. 8, Delta Delta 

E, €, Epsilon Epsilon 

Z, t Zeta Zeta 

H, 77, Eta Eta 

c➔, e, Theta Theta 
... 

I, L, Iota Iota 

K, K, Kappa Kappa 

i\, I\, Lambda Lambda 

M, µ, Mu Mu 

N, v, Nu Nu 

'=' t Xi Xi -, 

0, 0, Omicron Omicron 

n, n , Pi Pi 

P, P, Rho Rho 

"5' a, Sigma Sigma -, 

T, T, Tau Tau 

T, V, Upsilon Upsilon 

¢, </>, .p, Phi Phi 

X, X, Chi Chi 

'V, 1/1, Psi Psi 

n, w, . Omega Omega 



TABULATION 
OF SPIRAL

0
S DEFLECTION ANGLES FOR LAYING OUT PUf!POSES 

FROM SPIRAL TABLE m:' 

>.., = m SPIRAL DATA· 
TRANSIT AT THE /l ),._ = m A = m 

l!.>..!A = R = m 

T. S. P. O.S. P. O.S. P. 0. S. 

)._ 

Az 

f 

A/A 

V.l.,>..2 
A 

l!/A 

feA 

ie 3 ~ .. 
Ce 

'-f .e 

'le =a(-})'+ a >..~2lz - C11 

=(4>,. + c,) + (<t>vr;--r;-• c~ )- c,. 
h =½ e;. + i e~ - Ce j 

w,th tne re,otion )./A(=,,½.~=, {I, Al as table ill entry, read ott1eA ,n the column'f e' 
· vRL5 V '1 r.1., -- 

w,th the re,otion VVZ(~~={-e=vf. ,~ ) as table III entry, read off j'evT,"T/n same column 
! 2 A1 A'l 

A, 

2-5-Z.,... 

with the relation .f/A os table filentry, read off C< in the column 'c' 

NOTE: the second ierm, -3
1 0,rs--r(=<!>,,.---.•C,,-,--,-=o~), m,ght be either 

v A, Az v .l..1 A.2 v .l..1 A..2 A2 

positive ,t ).2 is measured from ,ts origin (po,nt d) t0word the S.C point, nr 
negative if ).2 is measured from its origin ( point d) toward the TS. point 

/lA - is the constant interval between the consecutive points 10 ~e laid out 
a ( = 30/n') and oil angles ore expressed In degrees. 
With tne transit at TS the angle ~ c e c om e s ~A obtainable directly from Tobie m 



2--53 
TABULATION 

OF CIRCULAR CURVE'S DEFLECTION ANGLES ANO CHORD LENGTHS FOR 
LAYING OUT PURPOSES FROM CURVE TABLE I OR IA ANO II 

le, = m I C = 
TRANSIT AT THE I , 

I ll~ = m I C = + _le., m I c. = 
POINT I STATION CONSECUTIVE DEFL '1' 

I SIGHTED ore I def I for 

I lenQht angles STATION 

HO.T + 

·- 

m GIVEN P. I STA + 
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Subscript' i' denotes ,nit,ol 
Subscript'e' denotes end or lost 
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