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I 
NATIOHAL ADVISORY CCMCTTEE FOR AERONAUTIC: 

TECHNICAL NOTE MC . 1265 

BOUNDARY-INDUCED UPWASH FOR YAWED AND SWEPT-BACX 

WINGS IN CLOSED CIRCULAR WIND TUNNELS 

By Bertram J • Elsenstadt 

SUMHARY 

The tunnel-induced velocltlos fcr yawed and swept-back airfoils 
in a closed circular vl.ad tunnel were determined» Th« calculations 
were performed for elemental horseshoe vorMces hiving one tip of 
the bound vortex on the tunnel axis for a range if yaw angles and 
bound-vortex lengths. Frun these results, the correction for com- 
plete yawed and swept-back wings of arbitrary ..»pan loading may be 
obtained by a superposition of solutions. 

Chart3 and tables of the induced velocity normal to the plane 
of the tunnel axi3 and bound vortex are presented. In addition, 
formulae are glvsn for obtaining the tunnel-induced velocity normal 
to any other plane containing Lhe tunnel axl3 • These velocities 
are noeded for 3wept-back wingo at high angles of attack, where the 
tunnel axis and the i,wo halves of the wing do not all lie in the 
same plane. Curves are presented for converting the tunnel-induced 
velocities into corrections to the geometric angle of attack of 
the wing. 

For the case of tho unyawed wing, comparison of the present 
results for the induced velocities along the tunnel axis with those 
obtained by Irmgard Lets and by J. M. Burgers shcw3 tgreement with 
Burgers' results. Since the method of Lotz wis used in the present 
study, it would appear that her computations were incorrect. 

A proof of the validity of tho method presented by Lotz is 
given in the appendix. 

INTRODUCTION 

Wind-tunnel testing of yawed and swept, airfoils has con- 
siderably Increased with the development of maneuvers involving 
flight it larg* angles of aidesllp and with the development of 
Interest in the use of awepi wings for transonic, supersonic, and 
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tnllless aircraft. The corresponding tunnel corrections have 
been difficult to derive, inasmuch as the problem 1B not redijcible, 
ao with a straight wiyawei airfoil, to that of a two-dimensional 
potential flov. Pectanmler +unrelB, however, nay be treated by 
the methci of Images, an was <*one in reference 1 in which correc- 
tions for 7- by 10-foot closed tunnels are given. The boundary 
conditions for tunnels of circular croBS-oection cannot be satis- 
fled by the uns of images alone. The purpose of the present 
study is to develop a method for treating this case of the closed 
circular tunnel and to evaluate the corrections for a range of 
conditions. 

The method iiBed follows essentially that of reference 2 in 
which the tunnel-induced potential is broken \xp  Into two parts - 
that of a reflection vortox system which makes the tunnel a 
streamline far from the airfoil, nnd a residual potential, whose 
effect is zero at infinity. In order that the results be readily 
applicable to both yawed and swept airfoils, the bound vortex of 
the elemental horseshoe vortex simulating the wing was assumed 
to have one tip at the tunnel axis, so that, for example, a 
ewept-back wing with fairly uniform loading would be represented 
by two such swept-back vertices, and a yawed wing with uniform 
loading by one swept-back and one swept-forward vortex. Since 
the bound vortices meet the tunnel axis, the results are applicable 
only to wings with lifting lines that approximately fulfill this 
condition. 

Computations were nade for a range of sweep angles between 
-U50 and U"j°, and a ranee of spans up to 0.9 of the tunnel radius, 
so that results for arbitrary loadings may be found by superposition. 
The Induced velocities nomial to the plane of the horseshoe vortex 
were computed for a ranrß  of locations in this plane. In addition, 
data are given by which the induced velocity normal to any plane 
containing the tunnel axia may be computed. These velocities are 
shown to be of interest for highly swept wings at large angles of 
attack. 

No attempt has been made to describe the methods for converting 
tho induced velocities to corrections to the measured aerodynamic 
Parimeters, inasmuch as such nethodn are described In reference 1. 
Methods for adjusting the results for compressibility effects have 
also not been discussed, inasmuch as the basic concepts and procedures 
are now well known. 

STMBOLS 

ty       angle of yaw or sweepback of bound vortex 

\tr0     angle of yaw or sweepbaok of bound vortex In horizontal plane 
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B length of bound vortex 

P0 tunnel radius 

a s/r0 

x, y,  z rectangular coordinates (<jee fl?. 1) 

x, r, fl cylindrical coordinates (see fig. 1) 

Ji H» I */r0> y/rQ.  
z/ro 

P 

•l 

H 
r 

*i 

i 

r/r0 

variable of lntacratlon 

potential of elemental horeeehoe vortex 

tunnel Iniuced potential 

potential of reflection vortices 

residual potential, 4 - $1 

circulation of elemental horseshoe vortex 

m*h Fourier coefficient of - 
Uitr0 a($p • ft.) 

oz| 

&T lr-r„ 

z-0 

Z*0 

as 
1 + "8 - S z-0 

angle of attack about fixed horizontal axis 

ang?.e between piano of airfoil and plane of horseshoe 
vortex 

twice ajctle between plpne of horseshoe vortox and 
horizontal plane 

' 
• 



X &1 

C.      lift coefficient of win« 

L      lift of win*» 

S      vin3 area 
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ANALYSIS 

The il—idl horseahoa vortex is illustrated in figure 1. 
It consists of a bonod vortex of constant stren.rth, of length s, 
and rveephack an^ie ty,    with one tip on tho tunnel axis and two 
trailing vortlceu running in tho downstream direction from the 
tips. The two coordinate systems used herein (fig. 1) are related as follows: 

y • r cos 9 

z s r sin 0 

and am disposed so that the x-axlo coincides with the tunnel axis, 
and tho xy-plane is tho plane of the horseshoe vortex. 

Lot 90(x, r, 0) lie the potential of the elemental horseshoe 
vortex. The velocity normal to tho tunnol wall, r a r0, induced 
hy this vortex ia 

d$o(x, r, gj 
Sr  " 

^=r„ 
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The problem consists of finding a function ft (x, r, 9) which is 
hnmonic inside the cylinder r • Cfe end for which 

a(»o + ft) 
(1) 

The function   ft   la then the potential of the additional flow due 
to the tunnel vails. 

The nortlcular external reflection vrrtex system chosen to 
TVOC« t^e tunnel a strearline nt JnfJnity is nhovn In figure 1. 
It consists of twe seal-infinite vortex linen,  r-ne in the direction 
of positive   x,    and the othe»  in the direction of positive   y, 

\p, —~TT» °)-    The potential 
of this vortnx system is designated   fti_. 

joined at the p^int    (r, y,  t) 

Tlie residual potential vhich makes the tunnel a streamline 
evoryvhere Is depi.jnatrd   tt0.    Then, 

*l+*2 

find hy equation (1) 

3r   |p 

a»o+ **> I 
(?) 

r-r 

This potontinl   ftp    ie harwnie for    r < r(1,    because it Is 
the dtffei-ence of tvn harmonic functions; moreover, the derivative 
of   ft o    normal to the tunnel V*ll app->x>a?hes r*vc as   Ixl   approaches 
Infinity     The function in sought in the form of an Infinite series 
<-f harmonic fUBotions of  ihe type   [X(x) P(J-) S(-.')]•    If for a 
hovndo'l harmonii function of peri-d    2«    In    9,    and of arbitrary 
period   21    in   x,    such a representation exists,  it must take the 
following fom (referonee 3, chapter 1): 

• 

• 

• 
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m  •  L - 

vhOi* JB la th« m**1 order Bee-iel function of the first kind, "and 
ti» A's, B'S, C'a, and D'a ai-e constants to be determined. Subsequently 

I    will be undo to approach ir.firity. 

It ia convenient to introduce the nondimenaionnl variables: 

B-* 

1" *J 

*b 

P = « X. 

(?) 

O • x:- 

The series for «2 then bocoaes 

y 
m     n 

Bin m" yAyn cci 
«D^ + B      ein 2* 

V nn ' ¥) 

+ cos aiflCan cm »6 + iw^T *)}.(* p)( 

• 

-— 
' 

w 

• 

• 

• 
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Since *. 5*r ~2     i LJ 
ftr *n *P 

tortasX 
aifferentiation giw 

Ar r-i'o P"1 

••SE4-4- 
r   \ \     V"   <lsin rf (vCOB T+ v oln 

.1 
+ cor. vfl (C— con SS + iu oln if)] if Jffl'(x) CO 

M&ltty the howvlary oooAlttOB at tho 
*-» antat he made oijval to 

tunnel vail hy 

»SBa,sr-=—» 

to?       |i»r0 

,    the velocity ***** TlT*££** Vhlrh la ^/t^^tmn vertices, !• CD This fraction, vtixcu * 
ltMlY.cei hy the horoeshoe anl rafl 
th" Blot-Savart law ae 
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'    * -rtM co„taln„ 
•* *«» tenaa.   j^ 

'-*rc        WöJ>_ %(fi sin mo 

na of »««ationa (5) 

'&n Jo8ai5+ .      „.    _-\. 

ein JS2 tin 

^ - IJan 

. 
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10 

_ . fro» eq«a«°ö *W 

Thus, I1"" 
_ . from eauatlon 1*1 
Thus, iro,a 1 

S       The t*1*    X <f" 

a contl-ouB va ^ ^ct to q> 00 ^ 

la repl«590 W Jo 

limit IB 

r 

1 
j;p} COB <ilP    &'     1 

. ,*„ form»-1- 

i 

• 
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The tern 

11 

A o roe \|f 
ä" I--0  '«ro |l - i) cus \|f 

1 +        ;g con ^       "I 

" H- " -_-   1 - Tg cog ty      "I 
• L ^^O^CJO^ +~(l - i, er cot '/)2J 

(9) 

1o tho velocity duo to tho reflection vortices. OTie tern 

*" ST    l3 oMa*ned fcy differentiating the serioB for li 

term 1)5' t^ira. 'fr.s  reries (a Fowler series in C)  is very suitably 
•mngad '<r  IhJo differentiation normal to tho plane of the 
vertex, since 

-_Li*2 
y>0 

;.=0 

a«, 
3F 

ran», defining   ^ (n) - 1   vhen   „ > 0    «A   ^ („J . (-!)•   ^ 
n < 0    sires 

2        ÜT i ? * 8» W * / ^g^ « /" *„ cos «, - 5, u 

(10) 

_____ 

- 

• 

. 
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12 

^ total correction to the vertical velocity in the *» 

of the airfoil is then 

w - w + w2 
(ID 

METHOD OF COMPUTATION 

The determination of w2 la dependent upon an evaluation of 
the functions nJJs,)    and performance of the operations indicated 
in equatlon(lO). In making these calculations, it must he remembered 
that the functions %(£) and, therefore, the final upwash 
velocity due to the tunnel vail deponls upon the parameters a 
and •>)/;  consequently, a different computation must he performed for 
each ccriMnatlon of those two parameters • The pi'esent computations 
wero primmed for o =• O.U5 and 0.90 and for >lr » 0°, tl5°, *^0°, 
and thy.   Tho fimctlons $a(§) were calculated for those values 
of a   end V and for mal, 8, 3, h,  5. Only tho first three 
functionr ftaCI) were used, since pm(e,) for hlrSier values of m 
vc-e for.-. I to he too smnll to affect the rpsults  The calculation 
of %(£} required tho expansion of 

?(«0 + *i!| «F(£,9) 

in a Fourlor serleB. For ||| > 10, this calculation could he 
done analytically hy first expanding F(§,S) in a power series 

Tn order \ 
to   I.    Terms of order   ^    and higher were Ignored. 

In order to 
in    £.    Terms or orot-r    -r    —— —— _     .     . 

£ „x <.     kllu   fft 0)    was computed for the desired 
to obtain    g,<£> f°* W < 10' m'9)   .   \    ^ . nuBorlcal Fourier 
values of   5    and for 30° **£**£J £*£\ntecral 
analysis was performed for each value or    _ 

f"  %(3) cos q(ß - S) 4P 

„as then evaluated hy hreaWng   *(£)    into two parts (fig. 2): 

• 
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For |?|> 10, f^HZ)    is Wean equal to g^?.).    For |i|  £ 10,  ^(S) 
Is defined by the three streicht lines intersecting the surre    '•m('-j) 

at the points   5 - -10, -AS;   5 - -19, AS;  and £ - &, 10     The 

equations of theie atairtit lines ere also knovn analytically.    The 
f.motion   tijn11^) la tSiMi defined by equation (1?). 

Since   %f(fi    is *hufl knewn either as a linear function of   g 
or ao an inverse power series in   A.    the expression 

5 

j^ gJ-W cos q(3 - JU dP 

may >c 'r.trgr\ted to r've si-aple functions plus integrals cf the 

form    '      ~ iLI»! flß    and    /    £2£_lß dp.    Those lattsr integrals 
t'o ^0       * 

are tabulated In itftnBN U-    Fach of tho scpai-ate loops of   Sn^Cß) 
was oxj.vuilod in a Fourier series by numerical methods,  and the 
integral 

/: 
g^MP)  cos q(p  - 5)  dp 

was then obtained analytically. Thn Integral 

r >.(P) cos q(P - £) dp 

was then finally cbtnincd in the form 

2 sin q"lm(q) + 2 cos q£l^(q) 

• . 

„ 
1 - 
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The functions la(<j) and ^(q) have bean given In table I 
fir values of q running frun 0 to 2« in steps of 005«. Integra- 
tion with respect to q over this vanre '"as enough to ensure 
essentially complete convergence to thei** limiting values of all 

J-i(Iqp) 
the Integrals invclvin/r q. The functions —-———r were 

ipqVfiq) 
obtained, fcr these came values of q and vwicus values of p, 
by UBe of tho tablja of reference U  and the relation between the 
drrlvativer of BeMel funrtirns and the functions theupelves 
(reference 5). Thece r-esults are presented in table II- The 
product 

'Tg(ipq) 

was dotenained for various values of the position parameters p 
ar.d £  and of tho wine pfronotors a   and \i/. The final integra- 
tion vttfe respect to q wes performed numerically by use of 
Wcd'ilo'e l'o/siul* (rcf..:ence 6). 

T::e -"unctione 

m If   JnCipq) 
«y0 Wm'(iq)  " I       EJnO) COS q(ß - I)  dp 

V-OD 

obtained as described are  presented in table III. Tho velocity 
correction wg is thon obtained by sunning these functions as 
indicated in equation (10); the velocity correction wj Is 
computed by use of equation (9), and tho total tunnol Induced 
velocity w is thus obtatnod. 

An additional computation was performed to f^.nd tho tunnel- 
wall corrections for the limiting casi, of a wine with rero op.in 
but with fin'.to lift. The functione CHCS) simplified so that 
tho Integral with respect to 0 reduced to an expression involving 
simple functions and the tabulated Be«—1 functions, KQ and K± 
(reference 3). The 3uoond lnte{»ration was thon performed in tho 
some way. 

__ 
'- 
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HFSUI.TS AND DircUFSIOH 

Til« velocities     v     normal to tho xy-plano have 'been 

converted to the nondl'scnaiontJ. form Unr0w Tills function 
To COB \|/ 

1P preeontod for diffe-ent values of the position und vlng 
n .rtipt.jyp in figures 3 t>> 7 M*-1 tibia IV-    W"3 values given 
for   a m 0.25    and   * • 0>7    vere obtained hy a numerical 
interpolation-   The reciprocals of +he upvaah vnlo^itf.os were 
usel in this interpolation,  since l/w tends to vary linearly with 
a,    as is shown hy the . o- it 'on 

|I O   COS  V    J V 

for the upvash Telocity at an unyaved win« (reference 7)• 

Tho variation alonr. the tunnel axis of the indwod velocity 
w has heen computed hy Lots (i-oference 2) and Bur-ers (refer- 
nnco P)1 for -ehe cpoclul case of a vin; at. Mro oiH'lo of yav. 
The3e values are not in crmplcte agreement with each other. The 
rrsiüts obtained heroin for this case, by methods essentielly 
eimilar to those of Lotr, chock tho rnsults ottainod hy Burgers 
(fig. 8). In ro?cr?r.cQ 2, moreover. Lot: has stated that tho 
induced velocity obtained Yy  the calculrxtionn of Burgers (refer- 
once P) d;es not have a maximum- An extension of those calculations 
aiiowed, twwver, th'it 1 maximum is ohtained. It must accordingly 
he concluded that b tz is in or-or hcth ac to results end accusation. 
Burners' taf.thod was not used in tho present work hecauce it 
appeared frcm preliminary ptuciy to he vory unwieldy. Closer 
inspection, however, h-ir since Indicated that the computations 
involved would probably have heen less laborious then thoBe needed 
with the method of Lot-. 

X.'inga at Hii* Angles of Attack 

In »•oneral, a ytued wing in a wind tunnel *e rotated sbout 
its quai-tor-chord line and this unTle of rotation o is the ancle 
of attack off tho wing. In correcting for tho tunnel-induced 

1Altho->(<h reforenco 8 in published under the Joint authorchip 
of von Kiman and Burners, the preface states that the chapter 
cited herein was contributed hy Burgers. 

 . 

• 

• 
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velocity,  it la assumed that only the velocity norraal to the plane 
of the lifting; lino and fre<*-rti«9m direction,  +he xy-plane, hae 
any effect on the lift.    The correction ie made to the angle of attack and la given by 

Al * ton AT -  -— (13) 
7 cos * 

vhere   w   ia the tunnel-induced velocity normal to the xy-pjane 
end   V coo ty   in the component of the free-etreaa velocity nontal 
to the axle of rotation.    It ia thie velocity,   w   vhich is 
tabulated herein in terms of the paraoeter . Then, 

To cooiV 

or   b v  4*roV 

«- correction »ay „, ^^ ^ 

to. 

Special consideration muot be given to the case of awopt-back 
winpa.   For thie <-see,  the wine in rota+ed about a flx«*d horizontal 
axie normal to the tunnel ixls,  the y0-axin.    As this anrle of 
rotation   a   vriee, the a*uß.e of yaw  C'(defir.ed as the ancle 
between the lifting line and the nlnne oeroendicular to the free- 
stream direction) ani the ancle   $/?   between -the xy-plane and the 
xy0-plane vary also (fig. 9.    Tho xy-plar.e is etlll the plane of 
the x-axis and the lifting line.) Tho dependence takes the form 

cos * ' COS *o ^^VrtA 

(15) 

V 
• 
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vhwe V'0 la the angle of yew at rerc angle of attack. ThlB 
variation of th» yv» angle mviBt to taken Into account In uclnß 
the charts and tahi.es of th*B report. 

The iealred correction to a la etlll the one associated 
with the ckanpe In 31ft and therefore depends again only on the 
velocity w norual to the jy-plane. A change In the angle a, 
however, Involves a ch&nge In the vertlcul velocity norual to 
the xy0-p?ano. In order to ohtaln the same lift, the correction 
to the ant£.e a mint he such that the additional vertical 
velocity associated with It mua+ have tho component w normal 

w 
to the »y-plane.   This velocity Is   -^j 

and thus 

Aa =  tan AB •» 
V cos 

(16) 

/jWTVW_\ 
*•." uü cos yl 

V a cos ^ 
lHtV0V  COS 

Tho circulation «.tout each semi span of the swept-huek: wing 
resiO-to In a fcrco normal to tho xy-plone.    The lift force measured 
in tho tunnel, however,  Is the vertical component of thle force 
i<nd, therofoi-e, the equation connecting the lift and circulation Is 

pV (?or0 cos ty) 

cos 

The angle correction then hecomes 

'lutro* 
£e 4 (17) 

vTo cos *• . .•- 

in flguroB 10, 11, and 12. 

-   , 
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For vnlues of   jf   of about 30° or lece,    w^l(",p)    Is, to a 
good approximation,    cce 0 v(5,-P oca 0)    and therefore can be 
obtained readily fro» figure 3 or teble IV.    This approximation 
is moot accurate for snail values of   p   vhore   vf   is ccnparatively 
large,  and is least accurate for large values of   p   vlwe   v4   is 
e very small part of the total correction.    For this reaeon, the 
approTCinsition may he considered adequate over the entiro range of 
values of   p. 

The preceding diocuoslon concerns only one of the difficulties 
associated with calculations for high anglas of attrn:-.    At 
leact two otlier sources of eo-iprr.it le lnccci'racy cay he pointed 
out, althou$i no effort has been made here to evaluate their 
effects:    (1) the pronounced distortion of the trailins vortex 
systen at high vr.-J.ea of attac1.:, and (2) the fact that the cvitar 
of B svept-beck wing nay not bo on the tunnel BJC'F at h?gh 
angles of attack, because the axis of rotation cf the wing Is 
usually behind the wing roots. 

Lancley M?aio-tal Aeronautical Laboratory 
National Advisor Ocramittce for Aeronautics 

Lwi^ley Field,  V*., October 9,  19^ 
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APTHICT 

JROOF DF TAUDITT OK KETBM» 

In this appendix the formal expreaol n .if equation (8) for 
the tunnel-induced potential will be called   *«'     •    The derivatives 
obtained by the fonail dif erenttntlon of this expression «HI be 
cillod the derivatives >;f   4>g'•  '    and will be written S3 ordinary 
derivatives-   Tho harr.onie function which catIafle-3 equation (2) 
will be called   Op- 

(1) _.   ._, „* c*> It is necraocry to prove that »2   a tg and V?« •v»„. 
The proof will cone* dt of the proofs of the following atateMBtai 

{r,\(-) Th" function   4>a*  *    converge to an hamoni-: function 
9n '      for   p <J 1    aal  7O2'        converges to  VJo *W   p < p_ < 3 . 

(8) 
ItM 

r~» r. 
DJ, (8J 

57" 
r«o 

Then by the uniouone3s theoren for binmls filiations (refer- 
ence 9),  It fcllown that   Jg*1' " *2#   T:iia *hüorc??a and thi ot* -.-a 
usf-d horoin, which ere dörlvod la reference 9 for boiUidod regicna, 
ure lTBaedleti.ly «rtenrilfl« to the Infinite» region of the pzveont 
problem for fotloM lihl^h approach ram as   £   approachoa infinity. 

In o'rdor to jnra the firat •tetonent. it la mfflolast to tbov. 
thut tho infinite lotognl« and the Inflnlto aoriea appearing in   BgW 
converge unlforuly with respect to   5,  p, S    (Harnacfc-'e first 
theorem on convergence, wftHBM 9). 

Bio conver^nce of tho infinite integrals dopende upon tho 
characteristics of tho functions   (^(r,).    The ch.iractcrletica 
uood In tho following dlaouonlon, «blob ere easily verified by 
expenaion of   F(£,ü) in a Fovricr aerien .ore: 

(a) Tho functions   £,,(5)    ari bounded -ind continuous for all 
values of   §   and approach zero aa  |?,j approaches Infinity 

from &L?! 5Srlr^V03,  JSm(v)/^.   exut -and are abaolutely latagnfcla fro« mlnusj infinity to pluj infinity. 

(c) Aa  £_*«, gn(£) + Bm(.g) . o(1^2) 

• 

•• 
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22 

An integration hy I«* tf**" 

J-00 

CCB q(P - £) 
WP) Bin q(ß " ?J 

i r fe'(p) cinq(p **5 * 
/  \   -a f*1 that the lntcrJral crawerpca 

Xt fcUova from **•*£   a) and W ** « ^ prlB,,„,, „lM 

ft*  «>°-   *o»r-P-ty<^ - J£m)__    I«, 
of the integral ccnYcr«oB for   4-0.    «*•    Jg^J 
heunaed for all V^UCB of   ,,    the unction 

(in)  tt-e» 
».'. 

iqJm
:0 

hie no n 
singularities nntf  the r-onverfon^e of the Integral 

with respect to   q   need only ho cone'dered in the Infinite region 
of   q.   Since for   p<J 1 (reference U), 

wm'(iqj| = 

it is Deficient to prove that 

r'"1 

I 
MM 
|     ^(P) COB q(ß - I) dp    -Aa 

q 

• 
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convorgee in order to prcvo t!»t the original integral converges 
unifoimly in £, Pi 0    in the region p $1. Fron the integration 
by parts and properties (a) and (b) it follows that 

"1 jnj^tt-itt-ö»!?*»^ 

which converges. Therefore f|JI g_(ß) cos q(0 - 5) dp 
dq 
-- converges . 

In order to complete tho proof of tho first statement, the 
infinite sorter of infinite Integrals mist also bo chovn to converge 
uniformly in ?, p, G for p^l. 

If 

Qytft,  p,  0) 9 SÜU& r   ^y>    dq   j     Ca(0) coo q(P - *)   in 
•    i/o   iqJ '(iq)       U-» 

can be shown to be less in tbooluto value then   K^n^   wlioro   K 
ie MI irbttrary ccnet«mt, the proof wtll be complete, for then 

nfeM' 

9) 
T2P=M 

Gn(£,  P, 0) 4  K   >      4<€ 

for M fluff icientlj- lartw. The functions t'm(") ire the Fr.urJer 
4jtr 

coefficients of a function W^ S'(£, 0) which has continuous 

first and second doriwtives. Thorefors- (rfiforonco 10, p. PU), 
there exists a Bequence of functions, t^lä), uniformily bounded 
in m, such that 

•Pg^S) • 0,(5) 

• 

• 
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llm  £^    F \ 
r -* r0  5r    Intro >^ 

»in mf» 1 
IT 
/  dq / ^(B) coe q(ß -£) d0 
WO   l/-« 

Frrm «is remark following theorem 7, reference 11, It follows that 

and since the Fourier expansion of a function i.'hlch Is continuous 
and hae contlnuoua firet derivatives converges to the genoratlnj 
function, 

Ma »2<*> 
r—>r0  är 

SO, 
3r" 

«*b 

The second statement hao thus been provod and the vilidity of the 
operations performed in tho analysis has toon established. 

• 
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TABLF I.- VALUE! OF THE HMCTICIfS    lB(q)    «a    ^(q)    re« 

VARIOUS TMMEP OF   0,   f,  f 

[«B(i. «. *) • iB(q. », -v); V' •» V" "V* "» •*'] 

0 m 0.115, y . -k5° 0 . O.kl \» «-SO0 

«/« hf«) V«) 12(«) M«) 1}(«) k3<0 h(«) MO «2(0 M«> >,(«) k,(0 

0 
.01 

1.170« 
1.1663 0.0509 0.156k 0.0208 -0.0283 -0.0093 1.2716 0.0kk6 0.1819 0.0219 -0.0150 -0.0107 

.10 .90» .0521 .1681 .0211 - .01k7 -.0079 1.0111 0.' -• .203k 0209 -.Okkl -•0099 

.11 .6006 .0522 .1198 .022k -0259 -.0071 .68lk •Ok62 .1500 .0202 -.0350 -009k 

.20 .3900 .0518 .078k .023k -.Olio -.007k •kk73 .Ok68 .1038 .OI89 -.0302 -.010k 

.85 • 3279 .0516 .07kO .0226 - .0191 -.0078 • 38k3 .Ok6l .1018 .0170 -.0102 - .0107 
• 10 • 33k3 

.3026 
.0509 .08k5 .0217 -.0288 -.007k 3990 .Okkk .1165 .0152 -.0356 -.0097 

• 35 •0U92 .08l6 .0210 - .0219 -.0071 .165k .0k2k 
!o968 

.01k2 - .03k7 -.0088 
.1« •2233 .01(70 .0686 .0207 -.0l8l -.0071 •2931 .Oko8 •01k2 -.030k -.OO89 
.It's • 1977 .Ok5k .0612 .0200 -.0166 -.0075 .2kk5 .Okoi .0»H .0111 -.0281 -.0092 
.V) .18» .Okkl .0585 .0182 -.0166 -.007k .2265 .0186 .08k2 .0163 -.0281 -.0090 

•JJ .1007 .Okl8 .OI183 .0177 -.0113 -.OO69 .1997 .0362 •07kk .017k -.026k -.OO81 
.60 .121.7 .0389 .038« .0172 -.0121 -.0065 .1557 .0136 .019k .0188 -.0219 -.0079 
.61 .0978 .0158 .011k .0170 -.0107 -.006k .123k .0315 .Ok96 .0900 -.OI89 -.OO81 
•70 •0frP9 •0333 .0291 .0159 -.OO96 -.0061 .1121 •0297 .0k6l .020k -.0180 -.0079 
.71 .077l> .0111 .0257 .01k6 -.OO89 -.0017 •0993 

.0801 
.0277 •Oklk .0197 - .0168 -.007k 

.80 .0621 .02"9 .0201 .0119 -.0072 -.0053 .0257 .OlkO .0182 -.Olkk -.0069 

.81 .0101 .0261 .0171 .0112 -.0019 -.0050 .065k .02k0 .029k •Ol6k -.0185 -.OO67 

.10 .0k°8 .0"»i .017k .0121 -.0017 -.00k9 .0612 .0210 .0292 •OlkO -.0119 -.0061 
•99 .Ok66 .0221 .016k .0112 - .art -.00k5 .0593 .021k .0873 •011k -.0111 -.0060 

1.00 .0377 .0208 .011k .0102 -.00k7 -.OOkl •Ok91 •0197 .0888 .0091 -.0099 -.005k 

1.01 .029k .0192 .0112 .0046 -.0038 -.0039 .0191 .0181 .0192 .0075 -.0085 -.0051 
1.10 .0270 .0175 .0108 .0088 -.001k -.0016 .0162 .0168 .OlBk .006? -.0078 -.001.1 
1.19 .02k2 .0162 .0097 .0071 -.0010 -•0033 .0330 .0152 .016k .0070 -.0072 -.00k5 
1.20 .0175 .015k .0072 .0066 -.0027 -.0029 •02k9 .01k2 .0126 .007"' -.0060 -.OOko 
1.21 .0111 •01U2 .0052 .0060 -.0021 -.0026 .017k .012 .0098 .0090 -.00k9 -.0015 
1.10 .0108 .0110 .00k8 .0055 -.00X! -.002k .016k .0117 .0096 .0105 -.00k7 -.0012 
l.ii .0113 .Oil" .00k7 .00k8 -.0021 -.0022 .0167 .0109 .0090 .0118 -.OOkk -.0011 
i.'. .00 05 .010" .OO36 .00k -.0017 -.0020 .011k .0101 .007k .012k -.0016 -.0029 
l.Ul .om .0098 .0028 .0038 -.001k -.0018 .0110 .OO9O 

.OO82 
.0063 .012k -.0033 -.0026 

1.50 .0067 .0086 .003k .OO36 -.001k -.0017 .0116 .0071 .0117 -.0031 -.0085 

1.55 .0085 .0079 .0037 .0011 -.001* -.0015 .0139 .007k .0077 .0103 -.0031 -.0083 

1.60 .0071 .0068 .0010 .0029 -.0011 -.0011 .0120 .0066 .0065 .OO85 -.0026 -.0083 

1.65 .00k8 .0058 .0021 .0027 -.0011 -.001k .00 "7 .0017 .0011 .OO65 -.0023 -.0028 

1.70 .0010 .ooufi .0020 .0027 -.0011 -.001k .0077 .00k8 .0010 .00k8 -.0083 -.0082 

1.71 .oow .OOkO .0071 .0026 -.0C11 -.0013 .00*5 .OOkl .OCiO .0017 -.0021 -.0081 

l.Bo .0059 .0032 .0015 .0023 -.0009 -.0012 .0068 .003k .OOkl .0013 -.0018 -.0021 

1.05 .0005 .0021) .0008 .0022 -.000« -.0012 •0039 .002? .0010 .0037 -.0011 -.0020 

1.00 .3002 .0017 .0008 .0022 -.0006 -.0011 •0013 .0023 
.0018 

.0027 .00k 3 -.001k -.0019 

1.91 .0012 .0011 .0011 .0021 -.0006 -.0010 .OOkl .0011 .OOÖ3 -.001k -.0019 

2.00 0 .000k .0011 .0021 -.0003 -.0009 .OOkk .0011 .0010 .00'* -.0012 -.0017 

ItATTOWL AOTI90RT 
COWOTTEE FOT AEROHAUTICS 
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TABU I.- rants or fits I—   lB(q)   Jos  ^(«) - c-ntmuad 

« • 0.90 »• -k5° a • 0.90 f, - 00 

«/« ti(q) *1«> Mi) Mi' «i(0 ki(l) hd) »l(9) «?(9) Mi) li(l) Mi' 

0 0 O.I58I 0 0.1722 0 -0.1139 0 0-1119 0 0.1597 0 -0.121k 
.05 l.i2ko .1161 .2266 .1717 -.0209 - .Ulk 1.^916 •1173 2k°7 .1178 -0273 -.1839 
.10 l.fSjl .lflok .2672 .169k -.01» -.1128 l.lflOl 1628 .8995 .1598 - .01.90 -.1838 
.11 .»786 .1978 .2017 .167"» -.0920 -.111 • .9950 •1707 .P161 I>J -.066k -.1838 
.20 • 1770 .2071 

.20% 
.lk?l .1117 -.0161 -.1106 .6171 •1791 .18*5 .16U -.07kl -.1286 

•25 .9099 .1163 .iCU -.0912 -.1088 .1692 1791 .1982 119k -^."s -.1215 
.TO .137? .1090 .I813 .1608 -.0100 -.1067 .608k .171n .2300 .1*67 -.0716 -.1801 
• 31 .k90r .1088 .1773 .1159 -.010? -.10kl .1680 .1620 .8853 .11k3 -.0759 -.1186 
M .kOl" .1817     lklk .1110 -.0500 -.1009 .k6k1 .1561 .1961 .1116 -.0776 -.1161 
Mi .119k X*a\   .18k3 .11(71 - .Oklk -.0080 .191k .Ilk • .1802 1'.93 -.07k6 -.llkl 
.50 .1125 .1760     .1192 .lklO -.0189 -.OOkk .1676 •lk99 .1760 .lkko -.0688 -.1117 

55 .26«« .1690 .1017 
.07« 

•1336 -.0131 -.0006 .1210 .lk2k .1605 1109 -.06k3 -.1086 
.60 •2013 .111.1 .lift -.0279 -.0165 .2k87 .llkO .111k .l'kl -.0597 -.1011 
M .19« Mkt .0600 .1193 -.0281 -.08"! .1966 .1866 .1112 .1290 -.Oiki -.1018 
.70 .nff» .1110 .012k 1115 - .0159 -.0778 .1766 .1197 .1015 .1811 -.Ok78 -.0979 
•71 .1166 .1211 .0">29 .1032 -.0107 - 0733 .llkO •118k .0917 .1168 - .01.20 -MIS 
.flo .0868 .1163 .0291 •0990 -.0070 -.of*r .1212 .10kl .0711 .1C99 -0'79 -0897 
*5 .0«52 .1090 .0202 0°72 - .noiii -.061.1 .1002 .0978 o6'7 .1016 -.0^25 -.08lk 
90 .0622 .1029 .0173 •0796 .0007 -.0195 .OOkfl 

.085k 
O899 .Ol86 .C076 -.0269 -0°11 

•95 .O96O .001k .0110 .0723 .0010 -.P'-.TO .0 16= .0532 .001k -.0231 -.0768 
1.00 .03*1 .om .0091 .06H .0061 -Oj05 .0676 0803 .Okll .0811 -.OI80 -.078* 

1.09 .0210 .O^k -.0006 O989 .00% -.OU62 .0919 .07kO .0112 .0718 -.01'. 3 -.0682 
1.10 .ni<u jmy? -.0Ck .0126 .0100 -.01.30 .0k09 .06"6 0891 .071k -.0110 -.06l9 
1.19 .Olkl .0633 -.0012 .0k71 .0122 -.0179 .Ok» .0618 .023p .0610 -.0C7k -.0197 
1.» -.0015 .0129 -.0101 .0kl9 .0131 -.O'kO .0266 .0566 .0163 .0637 -.005k -.0557 
1.« -.01'9 .OblU - .01 'O .0368 .01'i5 -.0102 .oiki .0121 .0100 .0577 -.0031 -.0517 
1.10 - .0161 .0387 -.OlliO .0120 .0199 -.0267 .0126 .Ok71 .0073 .0586 -.00C8 -.okno 
1.15 -.0118 .0197 -.0139 .0279 .OI63 - .033k .0111 .Ok?3 .0052 .0' '1 .0C13 -.Okkl 
l.l« -.0210 .0011 -.0153 .0816 .0161 -.0201 .OOkl .0382 .0011 .Ok 18 .0037 -.OkoS 
l.kl -.02Un -.0071 -.0160 .0201 .0119 - .017k -.0007 .01k6 -.0001 .'    11 .00k2 -.0176 
1.90 -.0306 -.0199 - .Ollil .0167 .0161 - .01k8 .0011 0117 -.0011 .0'63 .OO63 - oiki 

1.99 - .0112 - .0317 -.0120 .0117 .0161 - .012k .0070 .0290 -.001* .0388 .00 =1 - .0315 
l.fiO - .0161 - .0219 -.0126 .0111 .0153 -.0102 .0029 .0266 .0015 .O.""o6 .0090 -.0287 
IA -.0110 - .03" • - .01'k .0091 01k2 -•0C"2 -.0025 .02k7 -.0016 .0267 .0092 -.0261 
1 70 -.0177 -.01% -.012? .007k •0137 -.0C6k -.0028 .0221 -.oc6l .c * .OCOk - .08'6 
1.71 -.0116 -.012" -.0111 .0060 .01U -.0Ck7 -.001k .0207 -.0062 .0331 .000k -.0218 
i.ao - .01 v; -.0066 - .0119 .OOkP .0121 -.0012 -.OOkO .0191 -0077 .03C1 .ocs« -.0190 
1.8i - .0113 - •  < I - .0121 •0019 .0112 -.0019 - .O0."l .0178 -.0098 XI' .OO80 -.OI60 
1.90 -OI29 .0017 - .0100 .0011 .0101 -.0007 -.0080 .0160 -.0098 .'VO .0071 -.0110 
1.91 -.007' .P0T> -0091 .0021 .010C .OCOk -.OCkl .Olkk -.00il3 .   ' 0C7^ - .011 
2.00 - .0017 .0116 -.0079 .0011 .OOOli .001' -.0011 .0112 -.>v.v .0116 .007' - .0116 

H iTimi«. AT7VTH0KT 
"CtPOTTEE POP ATOWAUrTnr 
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TMI* I.- TMOTS OF THE »WCTIOir   l„(qi    MB   *Jin) - rontlnwd 

a a r .'.". *• -19° 9 . O.Ul * . 0 r 

th lit«) *i(q. i2(0 M«> 1,(0 k,U) ii(q) *lU. »2<0 MO l3(q) *,(q) 

0 
•05 

1.9708 
1.1832 

l.*708 
1.3*63 

0 
0 

0 
0 

0 
0 o.o**»i 0.1891» 0.0110 -0.0-93 -o.oo"i» 0.1956 -0.01*02 

.10 1.072? .021»* .?176 .ou" - .0lt°8 -.0071 1.1086 0 .2261 0 -.0526 0 

.1* .7268 .02° 1 .1662 .0126 -. 01-09 -.0068 •7>»79 0 .1728 0 - .01*32 0 

.80 ."•790 .0111 .1191 .01U* - .03W» -.ood .l»8N> 0 .12*6 0 -.0-66 0 

.85 .Ul6l .0111 .1?06 .011*8 - .0186 -.0086 .U875 0 .1296 0 - .01*21) 0 

.30 .i»3*o .02*6 .l'Tl .OlUO - .• .Mi 1 -.0071» .1»515 0 .1U38 0 -.0*01 0 
•J9 .woo- .02*8 .UU* .0111 -.OUiJ -.0063 .l»ll»9 0 •1U2U 0 -.01*90 0 
.l>0 .12?8 .02U3 .11S0 .0115 -.0I40U -.0063 .1127 0 • lU2li 0 - ,0'.38 0 
•l»9 .271? .0211 .10% .0137 -.0335 -.006' .2816 0 .1197 0 -.01*21 0 
•90 .2921 .0206 .101*8 .0133 -.038U -.006k .2669 0 .112^ 0 - .Ol*l>7 0 

.55 .2211 .0181 .09">9 .0122 - .0161 -.0095 .2183 0 .1017 0 -.0102 0 

.60 .17*1 .0167 .077'' .0117 - .0112 -.0091 .W33 0 .085I 0 - .Oil»* 0 

.6* .1199 .0161 .0668 .0119 -.0880 -.0053 .1'iUl 0 .0736 0 -.0311 0 
70 .1266 .0192 .0623 .0118 -.0268 -.0093 .1322 0 .O687 0 -.030* 0 

:B .1126 •0139 .0*61* .0118 - ,02>»8 -.ooiiS .1196 0 .06?0 0 -.0291 0 
.0918 .0113 .OV78 .0108 -.0219 • .00l»5 .097"« 0 .0921» 0 -.0260 0 

.8* .0798 .0133 .0U26 .010* - .0198 -.00l»2 0799 0 .Ok6o 0 - .0233 0 
•90 .071b .on"» .oun .0102 - .0188 -.OOU* •0775 0 .01*39 0 -.022U 0 
•99 .070'. .0127 .0387 .OO96 - .017"' -.oouu .0718 0 .OlOP 0 -.0?lli 0 

1.00 .09W ...... .0333 .0091 - .0159 -.OOkO .0602 0 .0353 0 - .0191 0 

1.05 .01*83 .0116 .0?90 .0088 - .OlU -.00'9 .01*81» 0 .0107 0 -.0166 0 
1.10 .0U53 .Olli .027? .0081> - .0130 -.OO36 .01*70 0 .0289 0 - .0152 0 
1.15 .OUW .0101 •0?l»U .0077 -.0119 -.0037 .OUM. 0 .0262 0 - 011*0 0 
1.00 .0310 .ocu .0196 .0072 - .0103 -.00' .0326 0 .0£1" 0 -.0122 0 
1.25 02U6 .ootiu .0199 .0069 -.O089 -.003? .021U 0 .OI83 0 -.0102 0 
1.30 .0210 .0076 •Ol'i? .006* -.OO^l -.0010 .0206 0 •0173 0 -.00*/e 0 
i.J5 .0211 .0066 .0115 .006? -.0075 -.0028 .02U1 0 .0163 0 -.008* 0 
1.U0 .0199 .0096 .0108 .005? -.0066 -.0026 .02?? 0 .013"* 0 -.0071» 0 
1.1« .01U6 .00U9 .0090 .009U -.0096 -.0023 .0182 0 .0117 0 -.006k 0 
1.50 .0171 .00U6 .0091 .0050 -.OO52 -.0021 .0197 0 .0116 0 -.0059 0 

1.55 .0191 •OOUl .O09li .00V* -.0OU9 -.0019 .0232 0 .OllU 0 -.0055 0 
1.60 .0172 •O03B .OO76 .00)11 -.OOUl -.0017 .0211 0 .0093 0 -.001*6 0 
1.69 .01JJ .00 B .OO58 .0036 -.0031» -.0016 .0165 0 .0069 0 -.0037 0 
1.70 .0120 .0036 .0092 .0032 -.0029 - .001 >» .01>*6 0 .0051* 0 -.0030 0 
1.T5 .0121» .003? .00U8 .0028 -.0027 -.0011» 0199 0 •00U8 0 -.0028 0 
1.8o .0105 .002* .0017 .002U -.0022 -.0011» •0133 0 .0033 

.001* 
0 -.0021 0 

1.8-5 .0068 .0020 .0021» .0020 -.0016 -.001- .008q 0 0 -.0011» 0 
1.90 .006* .0017 .0019 .0016 -.0019 -.0013 .0076 0 .0019 0 -.0012 0 
1.9* .0077 .0011 .0021 .0013 - .OOliv -.0011» .OO9O 0 .0022 0 -.0012 0 
2.00 .0077 .000 > .0019 .0010 -.0012 -.OOU .OO89 0 .0029 0 -.0010 0 

IIATTOEAI. MWI30RT 
cowrrns FOR AEMIWIICS 

. 

- 

- 
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I.- TXLDB OF TB •—•   t,(«)    J»   lfc(0 - Ca»clu««d 

a • 0.90, f - -19° a • 0.90, *• 0° 

«/• lx(«) -i<q> 12(«) Uq) Ijtt) k}(«) lj.(«) *iCo) Mi) M«) 13(4) Ml) 

0 0 00683 
.097* 

0 0.0867 0 -O.0691 0 0 0 0 0 0 
xn I.6383 .257"» .0W3 -.0317 -.0751 1.6661 0 .2672 

.3386 
0 -.0*60 0 

•10 1.1.3*3 .0863 .-•161 .0911 -.0>i86 -.0736 l.*620 0 0 - .0731 
-.0862 

0 
.15 1.0071 •0927 .2575 .0901 -.0799 -.072" 1.0180 0 .3686 0 0 
20 .68jk .10*2 .2091 .0-W- -.0910 

-.O857 
-.07!* .6872 0 .220k 0 -.09*6 0 

•25 .61*3 .IO69 .2272 .0902 
0897 

-.0721 .6270 0 .2*3* 0 -.1018 0 
.to .661k .10*» .3636 -.O98O -.0717 .6803 0 .28*7 0 -.1106 0 

• T» .fi!*?9 .0876 .2629 .0932 -.1010 -.0711 .6.25 0 .27*6 0 -.1202 0 

.M .«"9 «862 .2355 *f83 -.1076 -.0701 •5300 0 .2593 0 -.1211 0 

*5 .u»(*r .0866 .2210 .OP77 -.1066 - 069* 
-.06B3 

•*563 0 .2563 0 -.1209 0 

.10 •W97 .ons-. .»80 .0863 -.1023 .»*00 0 .2*79 0 -.1195 0 

•55 .3716 .0832 .203k .0"« -•0990 -.0671 .3839 0 .2321 0 -.1167 0 

.60 •2979 •07*7 .1772 .082k -.0953 -.065P .3106 0 .2059 0 -.1128 0 

.65 .2*53 .07*6 .«76 .08(A -.0906 -.06*6 .3585 0 .1866 0 -.1108 0 

.70 .2203 •0707 .i*p* •078-> -.0"*6 -.0629 .2389 0 .1781 0 -.1037 0 

.7? .198» .066* .1*67 .0798 -.0792 -.06lli .2138 0 .1662 0 -.0991 0 

.GO .na .062) .1206 •072C 
.0696 

-X75I 
-.0708 

-.0-.9: 
-.0581 

•1771 0 .1*88 0 -.0950 0 
.85 JMB .05P7 .1092 .1533 0 .1362 0 -.0907 

-.0866 
0 

.90 .1353 jviv: .10W .0669 -.0657 -.056-. .1*92 0 .1307 0 0 

•95 .1280 .0517 i  .097'' .06*1 -.0611 -.05*8 .1*21 0 .1229 0 -.0826 0 

1.00 .1089 .0*8*1 .0P70 .0611 -.0*72 -.0531 .1201 0 .1101 0 -.078* 0 

xm .0890 .0*55    .0781 .««79 -.0V,1 -.0513 .1013 0 .0993 0 -.07*1 0 

1.10 .08?6 .0»22 .07 < .05->l -.0*86 r.0*9* .0959 
.0*85 

0 .0931 
.0852 

0 -O699 0 

l.r. .0760 .O^BT .0«7* .0^22 -.0**6 - .o't6 0 0 -.0653 0 

1.20 .0^02 .0*82 .o-°s .OI19U - .0*1* - .0*57 .0715 0 .07*9 0 -.0613 0 

1!« .0»»° .0'?5 .0^12 .0*66 -.Ol8l -.o*n .0568 0 .0651 0 -.0567 0 

1.30 .Ott* .0207 .0*7* .0139 -.01*6 -.0*18 .05*2 0 .0596 0 -.0526 0 

l.« .OkO' .0270 .0**7 .Olli, - .0*17 -.0»8 .0538 0 .05U6 0 -.0*88 0 

l O'"' .02*8 .0'97 .0-/7 -.0295 -.0378 .0*66 0 .0*76 0 -.0*50 0 

XM .0269 .0229 •o-W 0*i5o -.0271» -.0>58 .oUo" 0 .0*15 0 -.0*15 0 

1.50 .0295 .0213 .03"i9 .0337 -.0219 -.0338 .0.39 0 .0387 0 -.038» 0 

l.r;5 .03 IB .0196 .0339 •0315 -.0225 -.0318 .0*8l 0 .0360 0 -.0355 0 

l.6o .0290 .Ol«" .030k .0257 -.0209 -.029? 
-.0281 

.O'.'il 0 .0311 0 -.0327 0 

1.6* .022>t .olio .026? .0270 -.OI96 .0373 0 .0263 0 -.0302 0 

1.70 .020k .0172 .02*9 .02»" -.0180 -.0263 .035» 0 .0235 0 -.0277 0 

I.T5 .0207 .OlSl .0232 .0229 -.0161 -.or";:. .0156 0 .021» 0 -.0258 0 

l.-'c .01« .OIJI .0201 .0212 -.01*6 -.0226 joyo? 0 .0192 0 - .02*7 0 

1.'. .013'' .01*1 .01«? .019'' -.0113 -.0310 .0262 0 ,0»1 0 -.021? 0 

i.oe .OCX .01»'- .0112 .0176 -.0119 -.01?* .0217 0 .0139 0 -.0202 0 

\.<y- .nm* .01311 .Cl»6 .OlSl - .0101 -.0177 .0228 0 .0139 0 -.OlPP 0 

2.00 .009» .012' .0131 .' !'••' -.0087 - .OlS* .0212 0 .0125 0 - .0173 0 
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TMut in.- roam or itt 1 

rat TAHOOB TAUBS or ».'„».»» 
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[V». r. E, •) • -rj«. -*, -t •)] 

• • o. 
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.I 
.« 
••> 

-0.0 
'.1 

?_I>T 
<•• 30" • •»* *.0° 

0.0 

0.67'f 

!**% 
.in» 
.in« 

-.0107 
-.17» 
-.1211 
-.»78 

0.767« 
.«3« 
.*011 
.3*n 
.1116 

-0*91 
-.30)0 
-•3**9 
-.»Pi 

O.55« 
•MM 
.»81 
.nor 
•22 -•as? 

-.37*5 
-•»97 

•58 
SB 

0 
1S»T 

«87 
ill! 

p • 0.2 

0.9 e.«763 
-.6 .•»537 
..1 .Mil 
-.• ----- 
-.3 • 31*9 
-.1 •MWM 
0 
.1 
•a 

.1171 

-10111 

.1. -.1770 

.6 -.119» 
,9 -.1110 

0.6010 
.6?17 

.!«** 

-.3*90 

-.tllM 

0.0MR 

.oil« 

.0?S7 

.0167 

.0053 

-.0069 
- .0170 
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0.10-« 
.1031 

.CA'. 

-.01" - «u 
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.0011 

0 

0 

0 

0 

0 
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..1*ft. 
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.312" 
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.011 
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-0171 
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."'09*3 
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p • 0.1 
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.0311 

.OI87 

MM 

.0090 
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TABU XXI •- TAUES Of IB FUKTXUB   F« - Continued 

5 

• . 0.« 

t-kjo • • 10* *-W» f a 0° 

»v       'a »1 »1 »2 '3 »1 »2 »3 »1 »2 *3 

0 a 0 

-0.9 0.6126 0 0 0.5271 0 0 0.k659 0 0 O.k076 0 0 
-.6 4M 0 0 ."•72? 0 0 • 3957 0 0 .1157 0 0 
-A .5019 0 0 .k090 0 0 .1206 0 0 .2267 0 0 
-.2 .kite 0 0 • 121k 0 0 2228 0 0 .1162 0 0 
0 .1008 0 0 •2U7 0 0 .1078 0 0 0 0 0 
.3 1697 0 0 .os«i 0 0 -01k6 0 0 -.1162 0 0 
.k .0270 0 0 -.OkOI 0 0 -.13k0 0 0 -2267 0 0 .« -.1131 0 0 -.1620 0 0 -2397 

-•»8j 
0 0 -.3157 0 0 

•9 -•8970 0 0 -mo 0 0 0 0 -.k076 0 0 

pa 0.2 

•0.9 0.61« 0.059k 0.0068 0.5325 0.0567 0.007k O.kTIO 0.0107 0.006k 0.kll6 o.okn 0.0016 
-.6 .167« .0677 .0101 •k75« .0652 .0112 •1968 .05k2 .0087 . V •0kl2 .00k' 
- .k ."OTT .0717 .0006 ...... ...... .3268 •0517 .0071 .2291 .0119 .OOkO 
-.1 i  ...... ...... .170" .0661 .0092 
.#2 >1«9 .070T .0090 —... .2250 .0k28 .006? .U78 4176 •0020 
-A ...... ...... ...... .2708 .0622 .0069 
0 .1053 -co.'. .0090 .2139 W& .0091 .1088 .0289 .00-1 0 0 0 
.1 ...... ...... ...... .1320 .I'kV .0099 ...... ...... ...—. -*-... ...... ...... 
.2 .IT« •051k .0090 

.0231' "Ö2Ü6 .CO6T 
- .015k •cut .0031 -.117p -0176 -.0020 

k .0270 0*9 .006k ...... ...... ...... -1395 -.0061 .0005 -.2291 - .0119 -.00«) 
.6 • .1190 -.0159 .0071 ..16M. 0008 .OO6O -.2k26 -0211 .0007 -.1188 ..0kl2 -.00k8 
•9 -.'Okk -0079 .0021t -.3177 -.0200 .0010 -•36k9 -.0328 -.0010 -.kll6 -.Okll -.0016 

«a 0.8 

-co oW 0 .lli"? 0.011k 0.1ko9 O.lklS 0433k 
. 7 .dow .1662 .0102 . . ; .Ml.'. Un6 .OMl 0.kl52 O.II9? O.Okll ...... ......   
./ • "7" .m- .W^l ...... ...... ...... ...... ...... ...... 0.2919 0.099k n.0117 
*  L ......   ,!i->"li •1727 .060' 
_   •> ...... ...—. ...... ...... ...... ...... .291k .1271 .OkPk ...... ...... ...... 
.  **     .1"»92 .I6*k .06"1 ......   ...... .1283 .(AT* .0169 
-.1 ...... . .... ...... *-*... ...... ....••> •1755 -C97I .Ok» ...... ...... ...... 
0 .1166 .i6:>6 .0012 Met .l>«k .0626 .11H7 •0767 •**9 0 0 0 ... ...... .okST •053k ...... ...... ...... 

• "•       .0919 •vfl .050k 
.00 36 .0100 

-.1283 -.<*TC -.0169 

', ...... ...... ...... • j£& .<s."o ...... ...... ...... ...... ...... ...... 
« - .0!-90 .c6W .0'7k ...... ...... ...... ...... ...... ...... -8919 -•W» -.0117 .*, ...  - .17-57 -.0025 JOl '0 -•»76 -.oV* -.0125 ...... ...... ...... 
.- • .19k • . 1 014 
.1 -. 1" .MT .00 "• -.1 - c-f • -.007k 
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TABLE ni.- VALUES Or THE FUWrTCOKC   Ta - Ontlnu«! 

« 

» • 0.45 

*-*5° Jra 30° • - 15° ^-0° 

rl h '3 'l 'a '3 'l '2 'l ri | 'a 'l 

P- 0.7 

-0.9 
-.7 

0.7115 
.6477 

0.1k91 
.14og 

0.0114 
.0146 

0.66*9 0.1576 0.0:05 

.5576 .1519 .0434 O.5061 0.15"' o.otfif 
-•5 
-.4 
-.3 

.5517 .1417 •0331 0.4038 0.1322 0 0411 
.4447 .1350 •0405 

• 1179 .ll4-> .0177 
•3977 .lOO1* .0118 .1769 

0 

.061? 

3 

.0204 

0 
-.1 
0 
.1 

.1 

.4 
5 

.6 

.7 
9 

.1519 

.0653 
-.0246 

0617 
.0134 
.0010 

.0127 

.0035 
.1741 .0661 •0lfl9 .125? .0511 .010c 

-.0*85 -.00:i .0046 -.0204 
-.1997 -.0577 -.01*6 

.,2?U? - .05ft) 

-.1016 

- .010" 

- .021? 
-.2866 •.04^7 -.0075 

--4159 -.1251 -.0'27 
-.4018 -.1122 -.0411 

-.in 71 
-.•v>rr 

-.0835 
-.1097 

-.0151 
- .0207 -.5540 -.1150 - .0 '08          1  

p - 0.9 

-0.7 
-.6 
-,^ 
-.li 

0 

.5 

.6 

.7 

0.5n^9 0.222" c.r"i* 
      0.*OT" cr>4° 0.07'9 

0.4167 

.10*1 
c 

-.4-67 

0.1851 

"ÖP9P1 
0 

,-• 07^6 

.0387 
0 

0.537' 

.la8q 

o.il; 

,0110 

O.C'-Ky 

•0319 

•''7,'n 

.1*1 

.1 0" 

.1440 

.0770 
- .or ' / 
-.0"-2 

-07;4 
.0600 
.0164 
.0062 

- .0216 

.4224 

.2613 

.0711 
-.1270 
-.3064 

.1"V 

.1395 

- 0421 

.07*0 

.C'i71 
0242 

-.ons 
-.2206 -.04» -.0069 -.S^Sl 

-.1        -.   - 
-.1461 -.041* 

. 
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TOU III.- VALUES OF IKE lURIOaS   r- - ConeluAad 

4 

a • O.90 

*- ">5° * - 30° • - 15° t - 0° 

'l '2 F3 'l '2 '3 'l »2 F3 Fl '2 F3 

p. 0.7 

-0-9 
-.7 
-.6 
-.5 
-.k 
-•3 
-.2 
-.1 

0 
.1 
.2 
•3 
.It 
•5 
.6 
•7 
•9 

0.6U2U 
.621)0 

0.2110 
.236O 

0.0635 
•0798 

0.551)7 0.2017 O.O652 

•5092 .2367 .O962 0*339 0.221)2 O.O&70 
.57» .2561 •0990 0.3112 0.1510 O.0682 

.itlt86 .2507 .1192 
•3105 .Mil .101" 

.3589 .21)35 1339 •I39O .071)2 0376 
.1906 
.1221) 
.0512 

.11)75 

.US') 

.0785 

.0898 

.0761) 

.0588 
• 333* .21)36 .r<ou •2389 .2089 •1307 0 0 0 

.096b .11)63 .1050 -I39O -.07")2 -.0376 
.0008 .0185 

-.053"» .0662 .061)3 
-.05W .0911 .0701) -.1510 -.O682 

-.1926 -.0117 .0213 -.271)5 -.0717 -.0306 
- .210U 
- .3*13 

.0157 
-.Olt6o 

.0311) 
-.0003 -.3522 -.0903 -.0805 

P - 0.9 

-0.7 
-.6 
-•5 
-.it 
-.2 
0 
.2 
A 
•5 
.6 
•7 

0.5521 
.5326 

0.2956 
• 3132 

0.1369 
.1586 

0.1)867 O.2619 0.1279 
0.63U2 0.3220 0.1U57 

0.31)08 O.2160 0.1277 
•5759 .3U88 .1820 .1)781 

.3862 

.26II 

.1060 
-.O636 

• 3392 
.3383 
.293U 
.2021 
.O83I 

•2032 
.2362 
.2356 
.1887 
.1080 

.3896 
.2787 
.1256 

-.0263 
-.1800 

.2822 

.21)79 

.I6k7 
•0503 

-.0622 

.17P5 

.1805 

.11)05 

.0650 
- .0121) 

.1560 
0 

-.1560 

-.3*08 

.1103 
0 

-.1103 

-.2160 

•0733 
0 

-.0733 

-.1277 

.3581 .3363 .2296 

0259 .17M .1556 

-.1518 .0602 .0812 -.2157 -O3O9 
-.0770 

.025> 
-.0081 --35U2 -.1658 -.0780 

1MTI0HAL ADnSORT 
COMaTTEE FOR AHKJHADTICS 

~ 
. 
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