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Pormulae and tableshave been obtained for the accurate and 
rapid calculation of tlx3 surface slopes and curvatwxs of tho 
RAE 100-104 aerofoil sections, and of mort3 general "rooftop-typo" sections. 
In particular, the surface slopes of the F& 102 and 104 shapes have boon 
evaluated for awEcation with a "tangent-plane" method of model constructic 

1. Introduction 

by Squim' 
The acmfoil sections no% dcsignatcd RUG 100-104 won3 SuggcstOd 

(1945 rind their ordinates have alxady bcon listed at ClOsClY- 
spaced intor\nls i . More recently, thoir surface slopes and cmtms 
have boon laquilod in oonnoction with n "tnngnntqdanc" method of model 
constzuction, and the msults may be of \,i&r interest and usofulnoss, 
e.g., for the calculation of the slmplc-wvc flax round ecrofolls moving 
at high spoodsll‘. 

The sections WIT design& to have a "rooftop-typo" of velocity 
distribution, but the trailing-edge regions wrc modified to provide wedge- 
slzpcd. tails, as discussed later. Algebraic fomulac h?vo been rlcrivod 
for the vnlues of dy/dx anti $y/dx relating to rooftop sections, in 
terms of transcendental functions which hove been tnbulatcd. The valws 
of dy/dx for the IO r cent thick T&Z 102 and 104 sections have bcon 
ovalusted (sco Tablo 1 , and an be 11~1carly scnlcd for othor thicknoss- 
chord ratios. 

2. General Charnctcristics of F&E 100-104 Section Shapes 

Forward of the trailing-dgo modification the or&nstds of thu 
RAE 100-104 shapes arc given by tho rclction2r* 

Y = 63 P,(x) + f,(x) I + c f,(x) . ..(l) 

Qnorc x [r &(I - cos B)] dcnotcs t'o chordxiso 6istahc.c behind tho 

leading/ 

~~~__~~~~__--~_L___-----_~_-----_-_____I__~___~__~~~_~~~~~-- 

%x-o gonoral rooftop sections ari: given b$ 

y = a f,(x) + b fi(x) t c f2(x) . 

pUblx.hsd mth the Permission of the Dlrcctor, Natlorxd Innysical Laboratory. 
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leading edge. ThC constants a and. c together with tho position of 
maximum velocity X, [ = +(I - cos O,)5, proscribo tho wlooity 
distribution ontlm basis of Goldstein's Approxination I, Tho auxiliary 
functions fr(x) nrc of tho gcncric form 

fr(x) = Ar(cos o - COS eija log,[sin 4 )e - O,//sin &(O + .Oi)] + B, sin e + C, sin 28 
. ..(2) 

and haw boon tabulated at closely-spaced intervals of 
and Richards3. 

x by Goldstein 

It is important to note that the rooftop sections from which 
the RAE series is dorived have a point cf infloctlon mar tho trailing-odgo 
and a non-zero trailing-edge radius. 
(Mlativo to e.) 

Squiro seloctcd tho value of o 
so as to make thC tangont at the inflection point pass 

through 'tho trailing-o&go, ona tho rooftop section was moaifiod to have 
this wedge-aha@ tcil. 'Our calculations would enable morn accurate 
~aluos of n and o to bo dotorminod than those givon in Rcf.2, but in 
order to avoid confusion wo have uso$ the lnttor values throughout, rind 
have merely indicstod the difforonco botveon tho surfnco slope at thC 
corrospon&ing inflection point and the slop0 giwn by the tail ordinatw 
quctod in Rcf.2. 

3. Formulno for Surfooo Slopcs~d Curvatures --- 

Tho functions df,,/dx nncl c?fd&, rcquirca for tho 
detorminaticn of dy/dx and @y/&? 'mspoctivcly from equation (2), 
can bo oxprcssod in tho forms 

+ B; coscc 8 + c; cot 0 + D; sin e . . ..(3) 

a= f, -= 
a2 

1~; log, [sin 5 (O - Oil/sin 4te + e,)l 

+ B; COSW e + c; COS e COSde + D; COsCC30 + E; CCt 8 . . ..(4) 

Tho constants A& etc., dopond only on the value of 4 and am given 
by the fomwlao m the Appendix. 

Tho transcotintal functions arising in oqCi%tlans (3) and (I) 
cro tabulotcd against x inTable 3', so as to cxpcdite the calculction 
of ay/ax alla a=yw for a KL& rang0 of rooftop sections. Table 2 
contains thcz vnluos of cW,/d.x, for X, = 0.4 and 0.6, which licr~ 
evaluated in the determination of dy/c?x for tho RAR 102 and 104 so&ions 
($00 Teblc 1). 

AS/ 

__________________________________--_-______-_~_____-____-_-_~__-_-~_-~ 
*It shouldbe notod that tho short list of-vQluCs of coecc O given in 

Rof.3 contains somo inaccurccics in tho last two places of doctils. 
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As an alturnativc: to tic forcgoiw proccdurc, num0rical 
differcncim of the section ordinates could bc usod to orsvidc som0-ubat 
lass accumto vnlucs of dy/dx and day/dxa. In or&r-to avoid 
d&fficultios near tha TLOSC, it is then best to wit0 @ = 2y cosac e, 
to cvaluatc dp/dx rather than dy/aX, and to us0 the relations 

ay a 
- = G- sin 0 + * cot 0, . ..(5) 
ax ax 

aaY aa * a* 
-- 
a2 

= &-sin O + 2-- cot 8 - 2* cosoc3 0. 
dxa 

. ..(6) 
ax 

Rcforcnccs 

No . Author( 5) 

1 H. B. Squinz 

Title. etc. 

Tzblcs of acrofoil sections for hi& 
spo0a aircraft. 
Rfi'. Aaro. lfcmo. 27. (1945). 

2 R. C. Pankhurst and Cfilcdatcd pressure distributions for the 
H. B. Squirt R.A.E. 100-104 aerofoil sections. 

R.A.E.T-chnical Notc No.Aero.2039. 
&ont Paper No. 80. 1~D.rch, 1950. 

3 S. Goldstein and Approximate tw0-dimension91 ocrofoil 
E. J. Richards theory, Part III. C.F.70. (1942). 

4 D. IV, Holder, Pressure moasuwmonts in a suporswic 
A. Chirwck and tunnel on a tw-Gncnsionsl wrufoil 
R. J. North of RLE 104 section. C.P.62. (1951). 

The writers .sru indehtcd to Miso L. M. Esson for nssistsnco dth 
the computitionnl work for this papnr. 
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Emssims for Coefficients hL etc.. in Equations (3) and (41 

= 11; sin 0%; &(;(e$ - sin % cos %I; (sin 0, - et ccs 0,); 0J . ..(6.2‘ ' 

i k: ; B:; C:; D:] 

; 

.  

+ 
I + coso, 

c 
i 2 cot0 0 1 

E ----A 
1 

+A-- 
7tsinae, 

; ---1-, 
xsinp x mina o* 2(1 + cmoj 

1 2(sinfll - O,cc.sO,) I 
+ "r '-- + . ..(A.L) 

I + COFq nsir?O, 1 + coq 

x(1 + ccs oi) [A;; B;; C;; D;] 

_-_.- ---. 
= [I; r--- -; x- Oi + sin O1 cosfli); sin 4 + 7t - 0, 00s 4; x - Oil . ..(s.5) 

-4 ~(1 + ccs Oi) iA;; B:'; C;; D:'; E:'] 

-- -. 
= 11; sin 0,; - + (7F - 0, + sin 0, ccs 0,); tsin 0, + 'x - 0, ccsOl); - 'x - 0 1 

. ..(A.6) 

!rABLE I( 
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Sw.-faco Slopes for F&E 102 2nd 104 Sections. (10,;Thick). 

x 

-s-w- 
0 

0.001 
0.002 
0.003 
o.oa4 
0.005 
0.006 
0.007 
0.0075 
0.008 
0.009 
0.01 
0.012 
0.0125 
0.014 
0.016 
0.018 
0.02 
0.025 
0.03 
0.035 
0.04 
0.05 
0.06 
0.07 
o.q5 
0.08 
0.09 
0.1 
0.12 
0.14 
0.15 
3.16 
0.18 
0.2 
0.22 
0.24 
0.25 
0.26 
0.28 
0.3 
0.32 
0.34 
---- 

-----.-m-v 
w 

dx 
.--e-e_-, 

w 
1.8&8201 
1.304228 
1.062733 
0.918477 
0.819830 
0.746863 
0.690037 
0.665951 
0.644137 
0.606039 
0.5737wc 
0.521567 
0.510493 
0.&808!+8 
0.447889 
0.J1.20475 
0.397186 
0.351412 
0.317264 
0.290441 
0.268586 
0.234638 
0.209020 
0.188650 
0.179891 
0.171867 
0.157632 
0.145302 
0.124719 
0.107897 
0.100489 
0.093604 
0.081094 
0.069880 
0.059622 
0.050073 
0.045502 
0.041040 
0.032364 
0.023904 
0.015517 
hOa 

Fm 102 

tan-’ “” (dogs.) 
ax 

.__-__------------ 

‘6:*:: 
521521 

$‘;g 
;& 

34:607 
33.662 
32.787 
31.217 
29.845 
27.545 
27.004 
25.680 
24.127 
22.806 
21,662 
19.362 
17.602 
16.195 
15.034 
13.205 
11.806 
IO.684 
10.198 

9.752 

:*21: 
7:109 
6.158 
5.738 
5.348 
4.636 
3.997 
3.412 
2.867 
2.605 
2.350 
1.854 
1.369 
0.889 
0.404 

_--------. 

% 
- 
ax 

__---__-_. 

I.%$31 
1.212994 
0.988643 
0.854663 
0.763066 
0.695331 
0,6J.&2593 
0.6202& 
0.600006 
o.564668 
0.534719 
0.486352 
0.476090 
0.441626 
0.418106 
0.392734 

“o*;;~~g 
01297375 
0.272655 
0.252544 
0.221370 
0.197919 
0.179340 
0.171360 
0.1wJ70 
0.151170 
0.140037 
0.121562 
0.106590 
0.10004~ 
0.093992 
0.083083 
0.073422 
0.064707 
0.056723 
0.052954 
0.049311 
0.042348 
0.035740 
0.0294q 
0.023283 

-- ~.. -__. 

RlLE 104 

tan-l $ (dory.) 

1 

90.000 
59.804 
50.498 
WC.673 
40.519 

29.452 
28.134 
25.936 
25.459 
24.162 
22.690 
21.442 
20.365 
18.205 
16.561 
15,251 
14.173 
12.482 
11.195 
10.167 

9.724 

5.713 
5.370 
4.749 
4.199 
3.702 

:*Fg 
2:823 
2.425 
2.047 
1.684 
1.334 

_-_-_--___-__-__ 
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T&G 1 (Continued). 

- - -e-e__ -  - - - - -_-- - - -_-__-_-__-- - - -  

f-- F&El02 . L-------- 
ay x 1 - 

I L=a .--,-----LLi,,-,,-- 
0.35 0.002709 
0.36 -0.OOl740 
0.36 -0.011240 
0.4 -0.023232 
at2 -0.034938 
wdt -0.043576 
0.45 -0.047374 
0.46 -0.050908 
0.48 -0.057318 
0.5 -0.062993 
0.52 -0.068046 
0.54 -0.072554 
i*,'z 

o:58 

-0.076569 -0.074620 

-0.080134 
0.6 -0.083279 
0.62 -0.086029 
0.64 . -0.08&03 
0.65 -0.089454 
0.66 -0.090416 
0.68 -0.092080 
0.7 -0.093403 
0.72 -0.094393 

-- 

-- 

0.74 -0.095053 
0.75 
0.76 

-0.095261 
-0.095387 

0.78 
0.8 I 

- - - - - - - - - - - - - - - - - - - - - I - - - - - - - - - - I -  

tan-’ z (h3s.) 
0.155 

-0,100 
-0.644 
-1.331 
-2.001 
-2.495 
-2,712 
-2.914 
-3.281 
-3.604 
-3.893 
-4.150 
-4.268 
-4.379 

-5.052 
-5.112 

?% age 1 
Toil I -0.095507 -5.456 

RAE 104 

dY 
- 
ax 

0.020281 
0.017311 
0.011438 
0.005615 

-0.000206 
-0.006076 
-0. OOY 047 
-0.012052 
-0.01a1pp 
-0.024597 
-0.031357 
-0.03863a 
-0.042551 
-0.046708 
-0.056123 
-0.069503 
-0.082639 
-0.04'320 
-0.094925 
-0.098162 
-0.103714 
-0.108235 
-0.111~0 
-0.114713 
-0.115857 
-0.116825 
-0.118246 
-0.119004 

.--------- 

-o.119096 

-0.119151 
_---_--e 

me 

.L- 

1 -- 
L 

------------. 

tnn-’ $ (%4s.) 

--------------. 
1.162 
0.992 
0.655 
0.322 

-0.012 
-0.348 
-0.518 
-0.691 
-l&3 
-1.409 
-1.796 
-2.213 
-2.437 
-2.674 
-3,212 
-3.976 
-4.724 
-5.218 
-5.423 
-5.606 
-5.921 

I;*;;; 

:$;z 
-6:663 
-6.744 
-6.786 

----".--------1 

-6.792 

-6.795 
~-------_-. 

1 
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( 
( 
( 
( 
( 
( 
( 
( 
( 
c 
( 
C 
c 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

““““I 

x 

““““B 
0 

).OOl 
I.002 
I.003 
I.004 
I.005 
~006 
LOair 
LW5 
I.008 
).OOP 
I.01 
j.012 
j.012: 
j.014 
~016 
)&I8 
1.02 
1.025 
j.03 
LO35 
j.04 
I.05 
~06 
j.07 
].a75 
1.08 
I.09 
I.1 
1.12 
I.14 
I.15 
1.16 
1.18 
1.2 
1.22 
f.24 
I.25 
1.26 
1.28 
I.3 
r.32 
1.34 
.____- 
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Table 2 

values of hxiliary btions atrJii~ for Xi = 0.4 WKI 0.6. 

“““““““L” 
afo - 
dx 

-----m- 

8.8T8362 
5.660098; 
4.584692 

2.128314 
2.07&565 
1.9370035 
1 .78a1355 
U~+9612~ 
1.5m79 
1.313469~ 
1.143374 
1.007501 
0.895112 
0.717164 
0.579978 
0.469190 
0.42wiP 
0.376825 
0.298037 
0.229676 
0.116250 
0.025586 
Q.013238 
;*gg5 

,0:160293; 
0.2021245 
0.236196 
~0.2505605 
no.263235 
0.2836835 
,0.297730 
0.305292 
0.305925 

,“-. 
““. 

I ” 

2.860248 
2.G259935 
2.444993 

1.617213 
1.549773 
1.42wo 
1.327327 
1.256637 
1.204m4 
1.1180025 
I.059745 
1.0137135 
0.99@55 
0.97-?&65 
0.948158 
0.9227625 
0.880223 
o.wo375 
0.827225 
0.810676 
o.7787435 
0.7463225 
0.712657~ 
0.676977 
0.658164 
0.638587~ 
0.5967855 
0.550771 
0.4995305 
0.441Gl9~ 
.--_---. 

“““““_“““” 

af, - 
ax 

.““““““““” 

l.4;4885 
I.0425145 
0.8528605 
0.7400335 
0.6631935 
0.606589 
0.562688 

0.34151P5 
,":;d83 

0.266064 
0.2514315 
0.2295755 
0.214011 

0.173396 

o.1G37915 
0.163971 
0.1653935 
;*;;;;;;5 

0:171300 
0.176877 
0.1833945 
0.191633 
0.20206 2 
___-__-. 

9.6706455 
6.8011175 
5.5228615 
4.756789 
,":$g5 

3.536623; 
3.407193 
3.289792 
3.0043145 
2.909608 
2.626150 
2.565765 
2.40%77,5 85 
2.22261~~ 
2.Fi?2-h5 
l.9419365 
j.685717 
4.492366 
l.33888d5 
1.212624 
1.014063 
O.Q62O@5 
0.7399595 
0.687030 
0.63f34315 
0.5519075 
0.476767 
0.3514895 
0.2500855 
o.20602p5 

K$z2 
0:031673; 
9.022396~ 
.0.069867 
~0.0914475 
a1117265 
-0. 14a7255 
.0.1814245 
.0.210263 
.0.2355795 
.____---. 

5.366008 
3.8136885 
3.129615 
2.7239265 
2.448482 

1.7738335 
1.634633 
1.605353 

1.056505 
1.007547 
0.934755 

0.704807 

0.5577825 
0.535393 
0.511724 
0.4865655 
.-__--- 

‘1 

o.3382035 
0.30927% 
0.286832~ 
0.277349 
0.2687765 
0.253&&j 
0.241244 
0.220999 
0.216724 
0.205326 

0.134816' 
0.127257 
0.1159235 
O.lO25 
0.101697 
0.099184 
0.096955 

0.085643 
0.0826d 
0.031499 
o.OOO6O75 
0.079377 
0.078760 
0.078657 
0.07YOO5 
0.0793355 
0.079766 
O.O8Op2l5 
0.082467 
0.0&411 
0.0867745 
----- 

TAELE 2 (Continued)/ 



-o- 
%BLE 2 (Continusd) 

x 

“--VT- 
0.35 
0.36 
0.38 
0.4 

::i$ 
3.45 
0.46 
0.48 
0.5 
0.52 
3.54 
2.55 
0.56 
2.58 
3.6 
3.62 
2.64 
3.65 
I.66 
2.68 
3.7 
3.72 
3.74 
3.75 
1.76 
1.78 
3.a 
3.82 
3.64 
I.85 
I.% 
3.88 
3.9 
3-92 
3.925 
3.94 
0.95 
0.96 
0.975 
3.90 
3.9075 
1.0 
-----_ 

.- 

‘3x 

,---w-.---m 

-0.303347 
-o.29a5505 
-0.280505: 
-o.23a2705 
-0.194OT6 
-0,170206 
-0.lblO015 
-0.153005 
-0.1396955 
-0.129000 
-o.i201ya5 
-0.112839 
-0.109601 
-0.106617 
-0.101318 
-0.096786 
-0.092905 
-0.0895895 
-0.088123 

;;*$$$5 

-0IOS2467 
-0.080921 
-0.07976 65 
-0.0793355 
-0.079005 
-0.078657 
-0.078760 
-0.079377 
-0.0806075 
-0.081499 
-0.oa2610 
-0.0856435 
-0.090150 
-0.096955 
-0.099184 
-0.1078025 
-0.li59235 
-0.127257 
-0.1566775 
-0.1736195 
-0.216724 
- w 
.------ . ..--- 

- . :  

clx 

,----_vm-_-. 

0.409486 
0.374668 
0.293764 

-0.090767 
-0.149480 
-0.2016665 
-0.248695 
-0.291472 

;;*;;;42;5 

-0:366/oj 
-0.4000315 
-0.4309455 
-0.4597115 
-0.473364 
-0.4865655 
-0.511724 
-0.535393 
-0.5577825 
-0.579115 
-0.589462 
-0.5996425 
-0.619666 
-0.6395665 
-0.659853 
-0.6812435 
-0.6926675 
-0.704807 
-0.732236 
-0.7664165 
-0.8127535 
-0.8273545 
-0.88?&45 
-0.934755 
-1.007547 
-1.2000405 
-1.3230155 
-1.605353 
- M 

v-. 

_-_---_-__ 
af 
2 

d.x 
m------w-- 
0.208347 
0.2155495 
0.233967 
0.266412 
0.298110 
0.314287 
0.319807 
0.324029 
0.3292075 
0.3306665 
o.32aa615 
0.3240535 
0.3205725 
0.3163S85 
0.305933 

1 

0.247001 
0.2355795 
0.210263 
o.iaiu45 
0.1487255 
0.1117285 

E';:kg' 
010223965 

-0.031673 
-0.09369 5 2 
-0.l65575 
-0.206029~ 
-o.2500a55 
-0.3514895 
-0.476767 
-0.6384315 
-0.687030 
-0.8620875 
-1.014063 
-1.212624 
-1.685717 
-1.941936: 
-2.5657655 
- 03 

I c 
9. ,_-----_---. --. 

Clf I 

0 
ax ,----------. 

-0.2&'001 
-0.2576345 
-0.276625 
-0.2926~3~ 
-0.305933 
-0.3163885 
-0.3205725 
-0.3240535 
-0.3288615 
-0.3306665 
-0.3292075 
-0.324029 
-0.313807 
-0.314287 
-0.29a110 
-0.266412 
-0.233967 
-0.21".5495 
-0.206;U 
-0.202066 
-0.1916335 
U.ld33945 
-0.l76877 
-0.171800 
-0.169747 
-0.1679995 
-0.1653935 
-0.163971 
-0.1637915 
-0.165003 
-0.1662095 
-0.167879 
-0.17289 2 
-0.180895 
-0.1934685 
-0.4976545 
-0.214011 
-0.2295755 
-0.2514315 
-0.3085255 
-0.3415195 
-0.4256355 
- w 

.------- L 

= 0.6 
----------. 

elf i - 
dx 

m-----aC-. 
0.473364 
0.4597115 
0.4309455 
;*gg;5 

0:3306J+5 
0.3114755 
0.291472 
0.248695 
0.2016665 
0.149480 
0.090767 
0.058302 
0.0232075 

-0.0580745 
y;::a;5 

-$W-;; 
. 

-O.&l61y5 
-0.4995305 
-0.550771 
-0.5967855 
$g;;5 

. 
-0.67697; 
-0.7126575 
-0.7463225 
-0.778743 
-0.81087 2 
-0.827225 
-0.8440375 
-0.880223 
-0.922762 

2 -0.97784 5 
-0.994855 
-1.058745 
-l.lqaoo25 
-1.200884 
-1.420440 

r; ':g;;~ ." 
- N 

---------- 
a a I. 
dx 

--------- 
0.088123 
0.0895895 
0.092905 
O.OY6786 
0.101318 
0.106617 
0.10960f 
0.112839 
0.120198r: 
0.129000~ 
0.1396955 
0.153005 
0.161001~ 
0.17020~ 
0.?94096 
0.2382705 
0.280505~ 
0.2985502 
0.303347 
0.305925 
0.305292 
0.297730 
0.283683: 
0.263235 
0.250560 
0.23619 2 
0.202124: 
0.160293~ 
o.loy6oa; 
0.048453; 
0.013238* 

-0.025586 
-0.116250 
-0.229676 
-0.376825 
-0.421059 
-0.579978 
-0.717163~ 
-0,8T5112- 
-1.313469~ 
-1.537279. 
-2.076456~ 
- w 
_-_--_-_-- 



- - -  

m-m 

.----me, 
x 

--e-w__, 
0 

0.001 
o.cil2 
0.003 
0.004. 
0.005 
0.006 
0.007 
0.0075 
0.008 
0.009 
0.01 
0.012 
0.0125 
0.014 
0.016 
0.018 
0.02 
0.025 
0.03 
0.035 
0.04 
0.05 
0.06 
0.07 
0.075 
0.08 
3.09 
3.1 
3.12 
3.14 
3.15 
3.16 
1.18 
1.2 
1.22 
1.24 
I.25 
L2G 
I.28 
).3 
I.32 
I.34 
I.35 
).3G 
I.38 
I.4 
I.42 

0.44 
0.45 
0.46 
0.48 
0.5 
---d"em 
1 -X 
-e--m 

- -  

i 

._I-- 

-9 - 

TABLE 3a 

Values of Transcendental Functions for the Determination 
of d.fJc3.x and a"flJax". 

----mm 

co9 c 
--mm_- 

1.0 
0.998 
0.996 
0.994 
0.992 
0.99 
0.988 
0.986 
0.985 
0.984 
0.982 
0.98 
0.976 
0.975 
0.972 
0.968 
0.964 
0.96 
0.95 
0.94 
0.73 
0.92 

:*;8 
0:86 
0.85 
W% 
0.82 
0.8 
0.76 
0.72 
0.7 
0.68 

2 
0:56 
0.52 
oe5 
0.42 

z:p 
0.36 
0.32 
0.3 
0.2il 
0.24 

E6 
0.12 
0.1 
0.08 
0.04 

0 

,  

m-m 

_-.. 

-x60 

.-s-m. 

.-we 

,  

,m-_, 

!  

---mm- - - - - ,  

sin 0 
--.s..------, 

0 
0.063213T 
0.0893532 
O.lOT3801 
0.1262379 
O.g410674 

xg;; 
011725543 
0.1781685 
0.1888809 
0.1989975 
0.2177705 
0.2222047 
0.2349809 
0.2509502 
0.2659022 
0.2800000 
0.3l224TT 
0.3411744 
0.36755~5 
0.3919l84. 
0.4358837 
0.4749737 
0.5102940 
0.5267827 
0.5425064 
0.5723635 
0.6000000 
o.&9923d 
0.6939741 
0.7141428 
0.7332121 
0.7GC3749 
0.8000000 
0.828@26 
0.8541663 
0.0660254 
0.8772685 
0.8979978 
0.91G5151 
0.9329523 
0.9474175 
0.9539392 
0.96u0000 
0.9707729 
0.9797959 
0.7071170 
0.9927739 
0.3949~4 
0.7967949 
0.9791977 
1.0 

.--"-1-m-. 
sin 0 

- _ 
-1 

---------me, 
cosec 0 

--------_-_, 

15.8:T300 
11.191537 
9.14243x 
7.9215531 
76'pf3@3;; 

5:9971700 
5.7952759 
5.6126657 
5.2943411 
5.0251891 
4.5919897 
4.5003516 
4.2556659 
3.9848545 
3.7607807 
3.5714286 
3.2025631 
2.9310519 
2.7206478 
2.5515518 
2.2941573 
2.1053798 
1.9596545 
1.8983160 
1.0430245 
I.7471414 
1.66G6667 
I.5386436 
I.4409760 
1.4002GOl 
1.3638G18 
1.3014403 
1.2500000 
1.2q0114 
1.1707323 
l.1547005 
1.1399019 
1.11358C5 
l.0910895 
1,071C662 
1.0555003 
l.O@2cIJ.$ 
1.04166q 
l.03OlO71 
1.02062q 
1.0130511 
1.0072787 
I.0050378 
1.0032154 
1.0008010 
1.0 

----------. 
cosec 0 

.-_ I _ - 

.-m-e_- ---_-, 

cot 0 

. - - -  - - - - - -  _I 

15.;87661 
14.146771 
9.0875787 
7.8581807 
7.0179239 
6.3967316 
;.;;;;;g 

515228630 
5.199@1.30 
4.9246853 
4.4817820 
4.3878428 
4.1365073 
3.8573391 
3.625392G 
3.4285714 
3.0424349 
2.7551888 
2.5302025 
2.3474277 
2.0647416 
1 .a527342 
1.6853029 
1.6135686 
I*5401405 
1.4326557 
1.3333333 
1.1693692 
1.0375028 
0.9301961 
0.9274260 
0.6329267 
0.7500000 

2 ;;;;;02 
0:5773503 
0.5471529 
0.4099789 
0.4364350 
0.3058710 
0.3377603 
0.3%4055 
0.2916667 
0.2472257 
0.2041241 
0.1620802 
0.120&'34 
0.1005038 
0.0002572 
0.0400320 

0 
---------. 

-cot 0 
-__- --__. 

3958T837 
1401.7456 
764.16192 
497.08541 
356.22171 
271.39607 
215.69450 
194.63563 
176.81028 
148.40064 
126.89Ql 
96.828394 
91.146362 
;; mm; 

53:190494 
455.55393: 
32.846301 
25.180858 
20.138030 
16.611665 
12.074512 
9.3323573 
7.5255549 
6.04077~3 
6.2602733 .._ 
5.3331544 
4.6296296 
3.6426222 
2.7920539 
2.7456472 
2.5369453 
2.2043496 
I.9531250 
;.15;;;,": 

k6oq 
I.4811615 
1.3809301 
1.298$60 
I.2314639 
q.j759145 
1.15ly614 
1.1302007 
1.0930678 
g.0631466 
1.03PG666 
1.02l9954 
1.0151?l97 
1.0096774 
1.002404c 
1.0 

cosec3 0 



I------. 

\ 1’ x, 

X’ \o 
.--L-! 

0 
0.001 
0.002 
0.003 
0.004 
0.005 
0.006 
0.007 
0.0075 
0.003 
0.009 
0.01 
0.012 
0.0125 
0.014 
0.016 
O.OlG 
0.02 
0.025 
0.03 
0.035 
0.04 
0.05 
o.OG 
0.07 
0.075 
0.00 
0.09 

:::2 
0.14 
0.15 
0.16 
0.18 
0.2 
0.22 
Oe24 
0.25 
Os26 
0.20 
0.3 
0.32 
0.34 
--- 

.3- 
I 

‘f 

1 sin 3 
Values of - - log, - lo - Oi/ 

x sin 6 (0 + ol) 

,----------- 

1*1;;;795 
----L-----m 

0 
0.03u7910 
0.043G010 
0.0534609 
0.0610203 
0.0692067 
0,0759106 
0,0020996 
0.0350367 
0.087m29 
0.0933360 
0.0985141 
0.10a2010 
0.1105062 
0.1171020 
0.1256076 
0.1335052 
0.1411g22 
0.1509390 
0.1753203 
o. lgqo60 
0.2053376 
0.2329667 
0.2591043 
0.23429~0 
0.2966626 
0.3009233 
0.3332602 
ym3& 

$545;;; 

0:5123000 
0.5721481 
o.6399199 
0.7198013 
0.0194671 
0.G012915 
y.3;;;; 

. 

1.19w5a7 
0.9003269 

.-_-v--v-- 

--- 

,--------e- 

1.3%3B4 
,-_-_- ____ - 

0 
0.0246009~ 
o.c349392 
0.0428344 
0.0495100 
0.0554107 
0.0607609 
0.0656959 
0.0600362 
0.0703033 
0.0746m 
0.6'07619 
0.0064562 
o.oeo2c44. 
0.0935750 
0.1002437 
0.1065455 
0.1125431 
0.1264900 
0.1393014 
0.1512739 
0.1626009 
0.10301~3 
0.2036616 
0.2225550 
"0. LV3W; 

0:2565374 
0.2759794 
0.3103c10 
0.3447543 
0.3621252 
0.3797152 
0.4150309 
0.4537243 
0.4940597 
0.5377006 
0.561099cI 
0.5fi57031 
0.6399202 
007025652 
0.7777366 
0.0731657 

e--i---. 

m---------- 

1.5;$963 
-----.------ 

0 
0.02014G5 
0.0205180 
0.0349566 
0.04039f33 
0.0452046 
0.0495608 
0.0535770 
oeo554mI 
0.0573246 
0.0608534 
0.0641995 
0.0704465 
0.071929c 
o.qh2203 
0.0816232 
0.0867232 
0.09:5720 
0.1020257 
0.1131340 
0.1227398 
0.131~000 
0,1@6970 
0.143987 
0.1792490 
O.l&q.203 
0.1934732 
0.2~72296 
0.2206356 
0.2467420 
0.2723400 
0.2050746 
0.2970231 
0.3235137 
0.3496992 
0.3766594 
0.4046~70 
0.4192007 
0.4341069 
0.4652991 
0.4YGW7 
0.5349633 
0.5740470 

,-_-I-. 

, -  

, -w -  

I  

--------. 

1.7%542 
._--------. 

0 
O.Ol64493 
0.0232797 
0.0205324 
0.0329704 
0.0360007 
0*0404390 
0.0437llO 
0.0452616 
0.04q631 
0.0496362 
0.0523594 
0.0574411 
0.0506472 
0.0621350 
0.0665233 
o.qo6633 
0.074594 
0.0037135 
0.0920495 
0.09YrKJ27 
0.1071024 
0.1206747 
;. ;;2:;3$ 

0:15m9 
0.1563494 
0.167210G 
0.1777450 
0.1901042 
0.2170474 
0.2275023 
0.2372661 
0.2565024 
0.2759794 
Oe2956192 
0.3156554 
.;*;;W& 

0:3575357 
0.3797153 
0.4029700 , 
0.4275551 

-m-w- 

'This Tablc was prcpalod sometim ago under the 6upGrvision 
of Dr. Goldstein, but has not been published hithorto. 

(Continued)/ TABLE 3b 
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TABLE 3b (Continued) 

.------- 

x 
.-----me 

0.35 
0.36 
0.3c 
0.4 
0.42 
wt4 
0.45 
0.46 
0.48 
0.5 
0.52 

2% 
0.56 
0.58 
0.6 
0.62 
O.G4 
0.65 
0.66 
0.60 
0.7 
0.72 
0.74 
0.75 
0.76 
0.70 
0.3 
0.32 
0.84 
O&5 
0.X 
0.33 
0.9 
0.92 
0.925 
0.94 
0.95 
0.96 
0.975 
0.93 
0.9875 
1.0 

-v-v_- 

-----------~------------- 
Xl = 0.3 ! x, = 0.4 

--_----_---m 
0.911cJ+a0 

‘T 

O.C562632 
0.76931Gq 
0.7025653 
0.6434313 
0.6030569 I.0163328 
0.5C20055 0.7463OPO 
0.5639006 0.0092130 
0.5294736 0.7393177 
0.493727G 
0.47OYl51 
O.wc54c37 
0.4335256 0.6030569 
0.4220137 3.5820050 
0.4OOl779 0.5457056 
0.3797153 0.5123000 
0.3604136 
0.3420961 
0.3332602 
0.3246159 
0.307042G 
0.29166lA 
o-2759794 
0,260GYjG 
0.2531727 
0.24571C2 
0.2309647 
0.2163434 
0.2017575 
0.187OYG2 
0.1797020 

o&312231 
0.4537243 
O.&C421 1 
0.427555l 
0.4029780 
0.3797153 
0.3575357 

0.2956192 

OJj2236G 
0.1570037 
0.1411922 
0.12&591 
O.l200769 
0.1062702 
O.OVG3413 
0.005503c 
0.0669820 
0.0597124 
0.0469749 

0 

0.2275C23 
0.2178474 
O.lpEHO42 
0.1777450 
0.1563494 
0.1507679 
0.1332365 
0.1206747 
0.1q1024 
0.0037135 
0.07459Q 
0.05%472 

0 

.---------- ----------- 
x, = 0.5 1 x, = 0.t 

.------e-m _- 

0.5964555 
0.6134024 
0.67C2150 
0.7297037 
0.0019070 
0.8943346 
0.9527724 
1.0240931 
1.2451163 

1.2&163 
1.0240p31 
0.9527724 
0.8943046 
0.0013070 
0.7297037 
0.6702150 
0.6194024 
0.5964.555 
0.57M47G 
0.5549833 
0.49D277 
0.4652991 
0.4341063 
0.4192m7 
0.4046070 
0.3766594 
0.3496992 
0.3235137 
0,2Y-/G231 
0.2050746 
0.2723400 
0.2467428 
0.2206356 
0.1931*732 
0.13642G3 
O.~bb3Pc7 
0.1~d6970 
0.131000:, 
0.1020257 
0.0915720 
o.q19290 

0 
, - - - - -----w-n ---a 

--_------__ 
0.44Wll 
0.4537243 
o.l+313231 
0.5123000 
0.5457056 
0.5028050 
0.603056V 
0.6246624 
0.6723272 
0.7297037 
0.7993177 
0.0392130 
0.9463030 
1.0163320 
1.2347423 

L2:94431 
I.0056833 
0.9329715 
0.0731657 
0.7777066 
0.7025652 
0.6399202 
0.5857C3~ 
o.5610993 
0.537700G 
0.4940597 
0.4537243 
0.415G389 
0.3797152 
0.3621252 
0.3447543 
0.3103n1L3 
0.2759794 
0.2407000 
0.2317372 
0.2036616 
0.103GlG3 
o.1626009 
0.1264900 
0.1125431 
o.ooc23LJ+ 

0 
.--------- 

.- 

; 

JDS. 







C.P No. 129 
(15,253) 

A.R C. Techmcal Report 


