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Summary. The method developed by C. E. Watkins and J. H. Berman in N.A.C.A. Report 1099 and 
N.A.C.A. Technical Note 3009 is used to obtain the vel0city potential on a triangular (or related) wing with 
subsonic leading edges oscillating in a supersonic flow. A symmetric mode of oscillation is considered which is 
represented by a polynomial expression in the co-ordinates of the points of the wing. This polynomial expression 
is of higher degree than those of the above two papers. The results enable the first few terms of a power series 
in frequency for the velocity potential to be obtained. 

1. Introduction. It is shown in Re f s . l  and 2 how to obtain theoretically the velocity potential 
: on the surface of a flat plate triangular (or related) wing with subsonic leading edges oscillating 
harmonically i n a  supersonic flow when the mode of distortion of the wing can be represented by a 
polynomial expression in the co-ordinates of the points of the wing. The surface potential is obtained 
as a power series in the frequency, the coefficients of which are polynomial expressions in the 
co-ordinates of the points of the wing. The coefficients in the latter polynomial expressions depend 
on the free stream Mach number and the leading-edge sweepback; they are polynomial expressions 

in 1/M 2 with coefficients which are functions of P0 =/~,A. 
: T h e  coefficients of the powers of frequency in the expression for the surface potential are 
increasingly more laborious to obt,ain with each increase in the power of frequency. They also 

'become more laborious to obtain when the degree of the polynomial representing the distortion is 
increased. Only the first few terms of the power series are determined in this paper when  the mode 
of distortion is given by a not very high degree polynomial. Numerical values of the functions of 
P0 referred to above which are appropriate to these first few terms are given for a set of values of P0. 

In Ref. 2 an expression for the surface potential is given to the third power in frequency when the 
distortion is represented by a polynomial expression of the second degree. A polynomial expression 
of the second degree does not however in general give an adequate representation of the modes of 
distortion of actual wings. A polynomial expression which represents the symmetrical distortion of a 
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wing rather better than a second degree polynomial expression is considered here and the surface 
potential may be obtained to the third power of frequency by using the tables given. If the two 
highest degree terms in the polynomial expression for the distortion are omitted then tables which 

enable the surface potential to be obtained to the fifth power of frequency may be prepared with 

very little additional work; these tables have been prepared and are given in the Report. 

2. Discussion. We consider an infinitely thin symmetrical triangular wing oscillating in a 

supersonic potential flow. It is assumed that at any instant the displacement of any point on the 
surface of the wing from the plane of equilibrium of the wing is small in comparison with the linear 
dimensions of the wing. The projection of the wing onto the equilibrium plane will be a triangle 
and it will be assumed that the line of symmetry of this triangle is in the direction Of the main 
stream. It is assumed also that the leading edges of the wing are subsonic. 

(The velocity potential on the Surface of any other thin wing with straight subsonic leading 
edges swept back symmetrically, and supersonic trailing edge(s) will be the same as if this wing 
were part of a symmetrical triangular wing since the velocity potential on the surface of the wing is 
independent of conditions behind it). 

A system of rectangular axes is chosen with origin at the apex and x-axis along the axis of 
symmetry of the wing projection, with z-axis at right angles to the equilibrium plane in adirection 
we shall call downwards, and y-axis mutually at right angles. 

The velocity potential ¢ of the disturbed flow satisfies the linearised condition of tangential flow: 

on the equilibrium plane, where W (x, y, t) and Z(x ,  y ,  t) represent respectively the downwash 
velocity and the downward vertical displacement at a point x, y on the wing at time t. 

The displacement of points on the wing in a harmonic oscillation is to be given by a polynomial 
in x and y. We shall consider here only a symmetric oscillation in which the displacement is given 
by a polynomial of the third degree in x and y~: 

Z(x ,  y ,  t) = e i°jt (19o + Pl x + P2Y ~ + Pa x2 + p~xy ~ + PsY ~ + P6 x3 + pTx2y ~ + psXy 4 + PgY 6) (2) 

where the coefficients P0, Pa, • • • , P9 are in general complex so that phase differences between the 
different components of the displacement may be taken into consideration. A fairly general 
symmetrical oscillation may be represented by such a polynomial expression. 

By substitution of Z(x ,  y ,  t) from Equation (2) into Equation (1) the following expression is 
obtained for the downwash: '~ 

W(x ,  y ,  t) = e i~l (Po + Pa x + P2fi2Y 2 + P3 x~ + P4xfi~Y 2 + Psfl~Y 4 + 

where 

-Po = vpa + i po, G = 2vp  + i pl, G 

2Vp7 + i op4 
G = 3 vp6 + i, ps, P,  - 

ioap7 ioaps 
P8 =i°@6, P ~ -  fi~ , P s -  fi~ , 

Vp4 + i, op2 
[32 

vp8 + i p5 
P5 

i p9 
P 9 -  88 

(3) 

, ( 4 )  



The governing equations of the flow are linearised and so the potential on the surface may be 

expressed as the sum of the separate potentials associated with the different terms of the downwash 

expression (3): 

¢ = e+, (P0¢0 + P1¢I + P~¢~ + P~¢~ + v , ¢ ,  + P5¢5 + 

+ P0¢o + P,¢7 + e8¢8 + P9¢0) • ' (5) 

There is a difference of sign between the potentials at the upper and lower sides of the wing 

surface and for this reason it is necessary to stipulate the side on which the potential is obtained. 

The  results in this paper all refer to the upper side of the wing (z = - 0). 

I t  may be well to remark here that there is some confusion as to which sides the values of the 

potential are given for in Refs. 1 and 2. If  the above convention of taking the z-axis downwards is 
used the potentials are correct if they are for the upper side of the wing. In particular, the 

potentials ¢0, ¢1, ¢~ may be obtained directly from Ref. 2, and it is only for completeness that means 
of obtaining them are given here. 

The first few terms of the  power series in frequency for the surface potential ¢3" are given by the 

following formulae: 

¢o = V(a ~ x ~ - / )  [.o + (i~)~x + ( i ~ ) ~ ( ~  + a~5~/) + 

+ (i~)~(a,x~ + as~y~)  + 

+ (i~)5(agx 5 + aaoxZfi~y ~ + a~xfi 'ya)] (6) 

¢~ = ~/(a~x ~ - y~) [box + ( i~)  (b~x ~ + b2fi~y 2) + (i~)~(bsx 8 + b,xfl2y 2) + 

+ (i~)8(bsx 4 + b6x2fl2y ~ + b7fi'y 4) + 

+ (i~)4(bsx 5 + bgxSfi2y 2 + b~oxfi4y ~) + 

+ ( i~ )5(bux  6 + b~2x'fi2y z + b~3x2fi'y 4 + b~,fi6y6)] (7) 

¢ ~ =  V ( ; ~  ~ - / )  [(~o ~ + q ~ / )  + (i~) ( ~  + c ~ / )  + 

-k (i~)2(c4x ¢ q- CsX~flZy 2 -k c+,e4y 4) q- 

+ (i~)'(qoX ° + q ~ y ~  + q ~ ' y "  + q~°y~) + 

+ (i~,)5(qS + q ~ 3 ~ y  ~ + c ~ ' y "  + qTx3°y°)] (8) 

¢~ = V ( a ~ - y ~ )  [(do~ ~ + d~/~/) + (i~) (4~ ~ + 4~/3~y~) + 

+ (i~,)~(d~x~ + 4 x ~ y  ~ + d ~ y ~ )  + 

+ (i~).(40~ ~ + ~, /3~y~ + ~ / 3 , y ,  + ~/30y0) + 

+ (i~)~(d~,x r + dx~x~fl~y ~ + d~x~3"y ' + d~TXfi~y~)] (9) 
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¢~ = V ( A ~ - y ~ )  [(~o~. + ~,~y~) + ( i~) ( ~ + ~.x~y~ + ~ y ~ )  + 

+ (i~)2(esx5 + ~ 3 2 y 2  + ~ 3 ~ y 9  + 

+ (i~)3(esx ~ + egx4~2y 2 + eloX2fl4y 4 + ellf16y 6) + 

+ (i~)4(~12x7 + e~3xS~2y2 + ~14~3~y~ + ~5~6y6) + 

+ (i~,)5(~16~6 + ~xO~y2 + ~ 6 ~ y ~  + ~o~2~6yo + ~6~6y6)] 

¢5 = ~ / ( ~ 2 _  y2) [(fox~ + A~2~2y2 + f ~ y ~ )  + 

+ (i~) ( /~5 +f~3~2y2 + f ~ y ~ )  + 

+ (i~)2(£~6 + f ~ 2 y 2  +A~2~y~ +L~6y6) + 

+ (i~)~(A6~ 7 +A~5~2y 2 +A2x.~4y~ +A3x~6y 6) + 

+ (i~)4(f14x 6 +f15x6f12y 2 +f16x4~4y 4 +f17x2136y 6 +fxsfl6y 6) + 

+ (i~?(A,~ o + A S ~ 2 y  ~ +f2~xS~y, +A~x~6y6 +f~ .~y , ) ]  

¢6 = V(~2x 2 - y  2) [(go~" + g~2y2)  + (i~) ( g ~  + gzx~2y2 + g~y~)  + 

+ (i~)2(gsx 5 +g6x3~2y 2 +gTxp4y 4) + 

+ (i~)3(gsx 6 +ggx4~2y 2 +gxoX2fl4y 4 +gllf16y 6) + 

-b (iN)4(glex 7 + g~3xS~2y 2 -k g14x~4y ~ + g t s x ~ y  ~) + 

+ (i~)~(gl~x s +g~Tx~fl2y 2 +g~sx4fiay ~ +g~,x2fi6y 6 +g26flSy6)] 

¢7 = v/(A 2~2 - y  2) [(hox ~ + h~2~2y~ + h2~y~) + 

+ (i~) (h~5 + h~x~y2 + hs~y~)  + 

+ (i~)2(h~ ~ + h~x~y~ + h6~2~y ~ + h9~6y 6) + 

+ (i~)a(hzo x7 + h~xSfi2y 2 + h~2x~fl~y ~ + hl~Xfi~y 6) + 

+ (i~)a(h~4x 6 + h~sx6fl2y 2 + h~6xafi~y ~ + h~vxefi6y 6 + h~sfl6y 6) + 

+ (i~)5(h~x ~ + h26xTfi2y ~ + h2~xSfi~y ~ + h2~x3fi~y ~ + h~3xfl6y6)] 

¢~ = ~/(~2~2_y2) [(~o~5 + k ~ 2 y 2  + k~x~y~) + 

+ (i~z) (~,~6 + k,~,~222 + ~5~2~,y, + ~6~6y6) + 

+ ( i ~ ) ~ ( ~  + k~xs~y2 + k ~ y ~  + ~1o~6y 6) + 

+ (i~,)~(~6 + k~2~6~2y~ + k ~ 4 ~ y ~  + k~x2~6y6 + ~d~y~)] 

¢9 = ~ / (~2~2_y2)  [(~oX~ + m ~ 2 y 2  + m2~2~y~ + m~Z~y~) + 

+ (i~,) ( m S  + ~ [ ~ 2 y 2  + mox"~y~ + mT~6y 6) + 

+ (i~)2(msx 6 + m9x6fl2y 2 + mxoX~flay 4 + mllx2fl6y 6 + m~2[36yS) + 

+ (ie)3(m~x" + m~.~7~222 + m~5[~y,  + m~x,~2o + m , ~ y 6 ) ]  
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In these formulae we have: 11} 
a i = a( + a~" ~-~ + a/" - ~  (16) 

• 1 1 
bi b( + b(' ~ + bi" - ~  

etc. The quantities a(, ai", ai" , b(, bi" , b(" etc. are functions of P0 which are tabulated in Table 1 

for a set of values of Po in the range 0 ~< P0 ~< 1. This range ofp0 covers the supersonic speed range 
over which the leading edges are subsonic. The values of the quantities, a(, ai", ai", bi', bi", b(" etc. 
can be obtained for any value of P0 by interpolation in these tables: 

If any of the quantities ai" , a~", hi" , b~" etc., which are required for the evaluation of coefficients 
written 'down in Equations (6) to (15) are not tabulated in Table 1, then the reason is that the 
"quantity is identically zero. 

The theory behind the derivation of these formulae is given in Appendix 1. 

3. Calculation of Generalised Aerodynamic Forces. For a flutter calculation it is assumed that a 
wing deforms in a finite number only of independent modes. We therefore assume that the displace- 
ment of a point on the wing at time t in any deformation is given by the equation 

~b 

z(x, y, t) = Z f~(x: y) q~(t) (17) 
j = l  

where fj(x, y) gives the shape of the j th  mode and q~(t) is the j th  generalised co-ordinate. If all 
• the fj(x, y) are linearly independent then the n generalised co-ordinates are independent. 

The potential of a wing which deforms according to the equation 

Zj(x, y, t) = fj(x, y) q~(t) (18) 

will be denoted by 

• j ( x , y , t ) ,  j = 1 , 2 , . . . , n .  

When the wing deforms according to Equation (17) we shall write: 

¢(x, y., t) 
for the potential on its upper surface and 

~l(~, y, t) 

for the lift distribution over it, the lift being assumed positive when it acts upwards. 
Since the governing equations of the airflow are linearized, the principle of superposition is 

applicable and we may write 

¢(~, y, t) = I~ %(~, y, t). (19) 
j = l  

In a small displacement with 3qj small and arbitrary 

~ z  = y~ f j (~ ,  y )  ~fj  
j = l  

the virtual work done by the air forces is 

ff ° f f  - l(x, y ,  t) ~ Z d x  dy = - ~: ~qj l(~, y, t)L.(~, y) d~ dy (20) 
J = l  

w i n g  w i n g  

the minus sign being introduced because the directions of positive lift distribution and displacement 
are opposite. 
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In such a small displacement, however, the virtual work is given by 

Z Qj(t) 8qj (21) 
J = l  

where Qj(t) is the generalised aerodynamic force in the j th mode at time t. 
Comparing (20) and (21) we get, since the 8qj are independent 

= - ~ f  l(x, y, t)f,(x, y ) dx dy .  (22) Oj(t) 
wing 

When the wing is deforming harmonically we may write, as is common in linear problems, 
qi qio e~t and: q)j(x, y, t) .~ tx .,'~ -, d °'t . . . . .  = = v-j~ ,.~Juj0 , j = 1, 2, , n. The potentials on the upper and 
lower surfaces of the wing are equal but of opposite signs, so that applying the linearised Bernoulli 
equation we obtain the following equation for the lift distribution: 

l(x,y, t) = 2p ~ V + 

"( ) = 2 p ' ~  V + ioo~,, qko ei~t. (23) 
lc=l  

Substituting for l(x, y, t) from (23) into (22) we get 

Qj(t) = - 2 p d ° ' t T ~ l q k o f f ( v  +i~o~.k)f j(x,y)dxdy (24) 
wing 

= Z Qj,   qT,0 (25) 
k = l  

where 

Q,, k = - 2p f f (v ~ + ioJ~z,) fj(x, y)dxdy. (26) 

wing 

The Q~,/~ are to be obtained for j, k = I, 2, ...., n. 
If each of the fj(x, y) is a polynomial of at most the third degree in x and yZ, and the wing 

under consideration has symmetric subsonic leading edges and supersonic trailing edge(s), then the 
upper surface potentials ~l,(x, y) may be obtained from the results of this paper. The surface 
potentials ~k(x, y) will take the form 

~k(x ' y) = V,(A~,x~_y2) x {a polynomial in x and y~} 

and therefore 

g + ic°~k - %/(;~x ~_y2) x {a polynomial in x and y2}. 

In order to determine the Qj, l~ it will therefore be necessary to evaluate the double integrals 

Ip, q = ~/(A2x2_yZ) dxdy (27) 
wing 

for different values of the positive integers p and q. 

We show here how to evaluate the integralover the wing.with straight leading and trailing edges 

shown in Fig. 1. 



Evidently 

I io  ' q ~ 2 

If  the change of variables 

xPy2q 

h a l f - w i n g  

dx  dy . (28) 

= Ax - y 
(29) 

is made, the half-wing shown shaded in Fig. 1 is transformed to the area of the (e, 4/) plane shown 

shaded in Fig. 2. 

I f  the slopes of the leading and trailing edges are A and 7 respectively, and the root chord of the 

wing is c, then the  integral (28) becomes 

where 

- (e + ~)~(e- ~)~ 
I~,q (2A) ~'+~2~0'-~ o ~ -~ . ,~  v e  

(30) 

1-(;) 

b =  l 
The value of the integral [z~, q can now be obtained quite easily from (30). An illustration with 

p = 1, q = 0 is given as an example: 

With the substitution 

this becomes 

- (e+~) v e  .i~,o (2~)~ 3o V~ ~ • 

where 

(a -  b~)~ + 2(a-  b,D~ '~ & 2 

I a 
~7 = ~ sin20, 

1 / (32) = 8c ~ - -  cos20 sin~O dO - 

I~. o - ~%/'b ] c°s'lO + b c°s<'O sin~O dO - 3 c2 

(' D(' ('+;) 
I l l  

(33) 

L 



The integrals occurring in (32) are incomplete Beta functions, the values of which can be found 

either from tables or by direct evaluation. The procedure for other values of p, q is similar. 
If the wing considered has a tip of finite chord length then the expressions derived for the 

potential will not be correct over the whole of the wing. They may in some cases be correct over 
most of the wing and the error introduced by assuming that they are correct over the whole wing 
may be insignificant. In this case the area of integration is not triangular and the evaluation of the 

integrals (27) is a little more involved. However, in this case too, the transformation of variables (29) 

may be carried out with advantage. 

Achnowledgement. Acknowledgement is due to Mrs. S. R. Dowse who carried out extremely 

lengthy and tedious calculations in connection with this work. 



V 

M 

a 

x ,  y ,  Z 

t 

Z(x, y, t) 

W(~, y, t) 

¢.o 

Po 

(p0 ' )  2 

¢(x, y, z, t) 

K '  

E, 

P 

Y 

c 

LIST OF SYMBOLS 

Free stream velocity 

Free stream Mach number 

Speed of sound 

= V ( M 2 - 1 )  

Rectangular co-ordinates fixed relative to the equilibrium position of the 
wing with z positive downwards 

Time 

Displacement of a point on the wing 

Downwash velocity on wing surface 

Circular frequency of oscillation 

= M~'w/Vp ~ 

Tangent of half-apex angle 

= /~;~ 

= 1 - -  p0  ~ 

Disturbance velocity potential 

Complete elliptic integral of the first kind 

= f,,l~ dO 
d o  V ( i  - (p0 ' )  ~ s i n  , e )  

Complete elliptic integral of the second kind 

f 
~'/~ 

= , , / ( 1  - (po ' )  ~ s i n  ~o) do 
d O  

Air density 

Slope of trailing edge (see Fig. 1) 

Root chord 
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APPENDIX I 

The Theory of the Method 

The velocity potential of the disturbance flow about a thin oscillating wing satisfies the partial 

differential equation 

~ ¢  02¢ ~2¢ 1 (0  ~)~ 
0x_ ~ + ~ +  0z ~ -  a 2 ~ +  V~x ¢ (34) 

where a is the speed of propagation of small disturbances. The main boundary condition satisfied 

by the velocity potential is 

where Z(x, y,  t) is the downward vertical displacement of any point of the wing. In a harmonic 
oscillation we write 

W(x, y,  t) = w(x, y)#~t. (36) 

We shall consider the potential about a wing for which 

w(x,  y )  = x , y ~ .  (37) 

¢1)( x, Y,  z ) e  i~°t = 

where 

When w(x, y) is given by a polynomial expression the potential is obtained by simple superposition 
of results obtained using w(x, y) from Equation (37) with different values of p and q. 

The function 

[ 1 1 m(~, ~7) ~ e - i~  e i~, x - ~ > %/(f12(y-n)e+[32zZ ) .(38) 
I r  R . 

o, x ~ < V @ ( y -  ~ ) ~ + ~ )  

and 

M o )  M2o)  

a~ 2 V ~  

R = # ( ( x  - ¢)~ - ~ 2 ( y _  7)2 _ ~2~2} 

satisfies the differential equatioti (34) and corresponds to the potential about a pulsating doublet 
located at the point (~, 7, 0) of magnitude m(~, ~)e i~t pointing in the direction of positive z. 

The differential equation (34) is satisfied if the wing area is regarded as a pulsating doublet layer. 
The strength distribution of this layer is to be determined from the condition that the boundary 
condition (35) is also satisfied. The velocity potential of the disturbance flow about this doublet 
layer will then be the velocity potential of the disturbance flow about the oscillating wing. 

Let us consider a doublet layer covering the wing and of strength 
o3 
"~ a.D~(~, ~)e ~°t (39) 

n=0 

at the point (~, ~7, 0). Here a~ is independent of ~, ~7 but depends on ~o. 

11 



With the aid of Equation (38) we can write down the velocity potential function corresponding 
to flow about this doublet layer 

¢x(x, y ,  z)d,o t d f f - - = - -  X a~ D ~ ( ~ , 7 ) ~ -  
7/" ~ = 0  

R d~ d~, 

the area of integration r being the part of the wing 
point x, y, z. 

We can write Ct(x, y, z) after expansion of cos ( M  R)  in powers of ~ in the form " 

y, z) = l S [ ane_   z o f f  1 ~r o ~z D,~(~, 7) ~ d~d7 

?, 

The downwash velocity at z = 0 due to this layer is 

7-01( x, Y, z ) e  i~°t 
where 

(40) 

cut off by the forward Mach cone from the 

(41) 

(44) 

(45) 

(46) 

(47) 

( i ~ )  '~ 

n! 

We may now write Equation (42) in the form 

w 1 = x~y~ + w 1' 
where 

w~ '=  rr 1-1im~.o n=o ~ a~e-~  ~=~N -(2r~i \M]  ~ D~(¢, 7)R2m-~dCd7 . 

12 

1 lim ~3 a~e-~'~ff~z~ D~(¢, ~7) dCd7 = ~ a,~e-i'~*x~+2°Y q 
77" z--->0 n = 0  n = 0  

9" 
oo 

= e ~ x ~ y q  ~ a~x ~ 
~ = 0  

= xPyq 
if we choose 

ff (~¢11 = - l l i m  ~ [a e - i~a~  1 
,17. z-->-O ~ = 0  

r 

( - 1)m D~(~, 7)R ~m-1 d~ d 7 (42) 
+ a~e-~,~=lZ (2m) V. Nr ~ 

We take the functions D~(~, 7) to be the functions which satisfy the integral equations 

1 
1 lim D D~(~, 7) -~ d~ d7 x~+~S (43) 

~" z - ~ 0  
¢ 

for n = 0, 1, 2 , . . . .  We show in Appendix II  how the Equations (43) may be solved for a triangular 
wing. 

We have therefore 



It is to be observed that w~' may be written as a power series in ~ beginning with the term in ~' .  
Let us superimpose on the doublet layer (39) a doublet layer of strength 

52 gnD=(~:, I)e ~* (48) 
~ = 0  

at the point (f, t ,  0). The downwash velocity i~e i°~ at z = 0 due to this layer is obtained from 
Equation (42) by replacing a n and Dn(¢, ~?) by a-~ and/gn(~, ~7) respectively. This gives 

~x = - l im Z L '~ ~ Dn(~ e, ~7) d~&? 
"Tr z--+O n = 0  

+ a-ne-¢=z Oz---Tm=~ (2m) ! ~ /~,(f, ~) Rzm-~ d~: &7 

If we arrange that 

(49) 

. . o = f f  
_1 lim ~] ~ e - - * ' ~ x -  D~(~:, V d~ d v = 
7/" z - + O  n = 0  n O Z  2 

r 

1 lim 2 ~ a,~e ~*>~: ~ D~(~, ~)Rd~&7 
"/r z-->O n = 0  

then we shall cancel the terms in N2 and N3 in the Expression (47) for w/. 
If we take the D~,(~:, ~/) to be the functions which satisfy the integral equations 

(50) 

o=ff_ 1. o=ff 1 lira ~ D~(¢, .q) ~ dIdv - lim - -  D=(~:, V)ndId~ 
~" z - + 0  ~ z - + 0  ~Z'2 

r 

for n = 0, 1, 2 . . . . .  , and take 

(51) 

(52) 

then Equation (50) will be satisfied. The downwash velocity due to the doublet layer of strength 

a n D.(~, ~) + ~ D.(~, ~) (53) 
, n = 0  

w2e i~ot 

W= = x'yq + w2' (54) 

is then 

w h e r e  

and 

1 . o f f  z % ' = - l i m  ~] ane -i~z ~ ( -1)m (~ ]2m ~, 
z-+o ,~=o m=2 (2m)[ \M] -O-z -fi D~(~, ~7)R2m-ld~d~7 

r 

® ~ ~o ( - 1 ) ~ / ~ \ = ~ O ~ r r -  

• - -  t ) ( = = )  
H-11im N ~ a n  e~== Z (2m) 1 ~r  

qr z--->-O n = 0  m = l  • 
r 

It is to be observed that w 2' may be written as a power series in N beginning with the term in N4. 

13 



Let us superimpose on the doublet layer (53) a doublet layer of strength 

cO 

n = 0  

at the point (~, ~, + 0). The  downwash velocity at z = 0 due to this layer is N~e i~ where 

~ = _1 lim E 3,~e -i~'~ O~ 1 

" ff- 1 
I f  we arrange that 

cO 

l l i m  E 
7/" z - + 0  n =  0 

 'ff = - a e - i ' 5 ~ -  D~($, v ) R d S d  v 
7T g-->O ~ * = 0  

1 lira ~ ~ a,~e -i~* 
6zr ~->o .=o ~ D~(~, v)Rad~&? 

then we shall cancel the terms in ~a and ~5 in the expression (55) for w3'. 
I f  we take the bn(~, ~) to be the  functions which satisfy the integral equations 

l l i  m  ,ff , o, f f  D. (  ~, "rl) ds~ d~ = - lira ~ D. (  ~, ~) R d~ d'r 1 
"l'i" z--> O "ri" z.-> O ~ Z 

1 lim ~ D.(~, v)R3d~&7 
6~ =-~o 

f o r n  = 0, 1, 2 , . . . . , a n d t a k e  

an = \ ~ j  

(56) 

the Equation (58) will be satisfied. The downwash velocity due to the doublet layer of strength 

'~),= 0 

is then 

where 
~03 ei~ot 

(57) 

(58) 

(59) 

14 

and w 3' can be expressed as a power series in c~ beginning with the term in ~6. 
By superimposing doublet layers in this manner we can satisfy the boundary condition (46) 

and (47) to any finite power of frequency that we desire. The strength of the corresponding doublet 
layer will be expressible as a power series in frequency and it will not be necessary to retain any 

w3 = x~yq + w 3' (62) 

(61) 

(60) 



powers of frequency greater than this finite power in the expression for the doublet strength. 
If for example we are interested in powers of frequency only up to the fifth the only terms which 
must be retained in the expression for the strength of the doublet layer are 

5 ~2 3 [ ~ 2 ~ z  
2 a~D~(~, ~7) + \ ~ ]  2 a~/3~(~, V) (63) a~D~((,  ~1) + 5j~i ~ n=o ,,=o n=O 

The velocity potential corresponding to the flow about the doublet layer of strength (63) is 
obtained by using Equation (40). It may be shown that (see, for example, Ref. 3) 

1 
lim ~r 3z K(~:, r/) ~ d~: d~ 

z-- -~--  0 
1" 

= K(x,y) } 
and (64) 

lim o - ~ _ o ~  K(~, ~) R ~ - ~ d t d ~  = 0 m >1 

Thus from (41) we get by using the Formulae (64) that the potential on the surface of the wing 
correct as far as terms of the fifth power in frequency is given by 

[~ (i~)~ ~ ~ (i~)~ 
¢(x, y,  - o) = o ~ D~(x, .v) + 2M-~ ,~o T i -  D~(x, y)  

+ \2-M~! ~ (i~)~ ,~=0 n-V/3~(x ,  y) e -i~: (65) 

15 



APPENDIX II 

The Solution of The Integral Equations 

We consider now the triangular wings whose leading edges have equations 

y =  _+_~x. 

We seek the solution of the integral equation 

1 lim ~ D~(~, rl) -R d~ d~ x~+Py q 
~ z.--~O 

f 

which is the Equation (43) obtained in Appendix I. 
We make the change of variables 

= ~ /~  ] 

1 
in the integral and obtain the integral equation 

x~+~y q = _1 lim ~ d~ 1 
~+0 - ~ / { ( ~ -  ~)~ - 3 ~ ( Y -  ~ ) ~  - 3 ~ }  

where ~ is the smallest root of 

( x -  ~)~ - / ~ ( y -  ~ ) 2  - ~ 'z~  = O. 

We shall seek a function D~(~, ~r~) of the form 

Now 

D~(~, c~) = ~n+v+q+lF.,(a). 

(~- ~)~ - 3 2 ( y -  ~ ) ~  - Z~z2 = 

Ft (1 -3~)  

= (1 -/3~cr e) [ ( S -  ~)~ - N 2] 

X 

s - 1 - / ~ . ~  (a - 3 ~ o )  

N = 1 - ~ .  (0-~)~ + ~(1-~2o~) 

0 =  y _ 
X 

where 

From (72) we see that 

~1= S - N .  

By substituting 

S -  ~ = Ncosh~- 

16 

(~x_y)2 + z~(1_3~,~) l ] 

(66) 

(67) 

(68) 

(69) 

(7o) 

(71) 

(72) 

(73). 

(74) 

(75) 



into the inner integral Of (70) a form of integrand which does not becorne infinite at the upper limit 
~1 is obtained. The integral equation then becomes 

x ~ + P + q O q  = 7r-1 .-+01ira b~  J_a (l~-fi~ ~ I 2  ,-o N cosh z) ~+p+q+2 dz 

lliml_fi2(n+p+q+2) fa F~((r)dcr 
= ~r .-->o - x  (1-3~2) 312 x 

~ e o s h  ~Arn+p+q c o s h  "r x - c o s h .  d .  
d 0  

'~ F~,(cr) dcr (e°sh-lSN~+~+q+2( ~ cosh 

x [S+(n+p+q)cosh ~-1 cosh r&-t  (76) 

w e  shall go to the limit z = 0 before performing the integrations and treat the resulting integrals 
as principal value integrals. The result is 

~cosh No '~+p+q x ~+~+~0~ = - 3~(,~+p+q+2) (+~ S~(~)d~ - 1  

x -- cosh ~- cosh ~-dr (77) 

where 
N O = lim N 

~ - + 0  

3x 
(78) 

By means of straightforward differentiation it is easy to show that 

~+,+~+1 IN ° (~o )~+~+~+1] •+22+q - -  c o s h .  = ~On+~+q+1 

(.+p+q+l),( 1 - -  (-No) n+p+q+z 1 --~2a2] for 0 > a 

(No) ~+~+q+2 1 =~2q2] for O < 

(79) 

The behaviour at 0 = ¢ will be accounted for automatically by the principal value integrals which 
occur. 
Also 

i3mNon+p+q(~__o \ n+~o+q-~l'-] " s = o (8o) - c o s h  ) J~=°°~h-1 N0 

f o r m  = 0, 1 , 2 , . . . . , n + p + q .  

17 
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Hence if we differentiate Equation (77) ( n + p +  q+ 1) times with respect to 0 we obtain 

f Ceosh ~oo I ( ~ 0 0 - c o s h r )  x 
0 = - f i ~ ( n + p + q + 2 )  '~ F~(cr) da - i  s 3~+~+q+i ~+v+q+l 

~-7 _ ~ ( 1 - / 3 ~ ) a l ~ 0  a0~+v+q+~ N°~+~+~ S 

x cosh r dr  

- f i 2 ( n + p + q + 2 ) !  

"/7" 
(5..)~+~+~+1 If° - G(~)d~ fi°~-l~o cosh a - ( - No)~+v+q+2( 1 - f12~2)~+v+q+5,= r dr  

(~ F ,~(a)d¢  (eosh *~V ° cosh -rdr] 
+ 3o (No)~+~+~+~(1 _5~)~+~+~+~t~ 3o 

( - 1)-+~+~+~= (~ +P + q+ 2) ,x-+~+~ V ( 1 - 5 = o  ~) d-a  (o - ~) +~+~+. de (81) 

Therefore F~,(cr) must satisfy the following principal value integral equation 

-a ( 0 -  (r) ~+v+q+a - O. (82) 

The  integral Equation (82) is satisfied by the function 

where 

G ( ~ )  = y, Bd;. (83) 
.q=O 

f j = # ~ / ( a  2 - ~ )  j =  0, 1 ,2  . . . . .  , n + p + q  (84) 

and the Bj, j = 0, 1, 2, . . . . , n + p  + q are constants. 

With F~(c;) given by Equation (83) the result of further differentiation of the right-hand side of 
Equation (77) is zero. It then follows by Taylor 's  Theorem that the right-hand side of Equation (77) 
is a polynomial in 0 of degree (n + p  + q) when F~(a) is given by the Equation (83). The  coefficients 
Bj must  be determined so that this polynomial is x~+~+qO q. A convenient way of doing this is to 
differentiate Equation (77) and express the fact that 

E ;m '1 0 (x'~+~'+qO ~ = (85) 
-Jo=o q !x ~+v+q m = q 

for m = 0, 1, 2, . . . . , n + p + q. This leads to (n + p  + q + 1) linear simultaneous equations for the 
(n + p  + q + 1) constants B~.. The  solution of Equation (67) is then found after solving these equations. 

The simultaneous equations corresponding to particular values of n + p and q are given in 
Appendix III .  

Having determined D,,(~, 7) we have to determine/9~(~, 7) as the solution of 

1 1 a 2 f I  1 lira ~ D,~(~:, ~) ~ de &7 = - lim ~ D,~(¢, ~) R de d~ 
77 Z--->0 "/T Z - - ~ 0  

1" I '  

which is the Equation (51) obtained in Appendix I. 

(86) 

18 



I f  we repeat the procedure following Equation (67) and put  

~(~, ~) = ~+~+~+~/v  (~)  

we arrive at the integral equation for fin(a) 

Now 

~- d-~ ( i - ~  t~ do / / 

x sinh2r dr  

~oo~ ~ONo~+~+q+2( S )~+~+q+a fi2(n+p+q+4 ) (,~ F,~(cOd , --1 S 

- - ~- J - ; t  (1 - /3  ~{rz) al~ Jo  Noo - cosh r x 

x cosh r dr  

s )  1 ONo 
~¢ - )V-~ N o  00 ' 

S )  1 ~N o 

~ > 0  

e < 0  

(87) 

(88)  

(89) 

and repeated differentiation evidently shows that any order derivative of ~ with respect to 0 has 

¢ - as a factor when  ~ > 0 

fie, + as a factor when  cr < 0. 

S 
Since these factors are zero at 0 = 0 it follows that derivatives of ~ of all non-zero orders with 

respect to 0 are zero at 0 = 0. The  effect of the variation with respect to 0 of the upper  limit of the 

integral 

--1 S 



Therefore 
F~(e) must satisfy 

differentiating Equation (88) with respect t o  0, 

-o 
_~ (0- ~)~+~+¢+~ 

(n+p+q+3) times, we find that 

(93) 

and this equation is satisfied by 
n + p + q - F 2  

-P~(cO = 2 /3jf~. (94) 
j=0 

where the/3j ,  j = 0, 1, 2, . . . . , n + P  + q + 2 are constants. 
Also using the result of Equation (92) and Taylor 's  Theorem we find that I is a polynomial of 

degree (n+p+q+2) in O, whence the left-hand side of (88) is a polynomial of degree (n+p+q+2) 
in 0. We know from previous considerations with F~(e) that the right-hand side of Equation (88) 
is a polynomial of degree (n+p+q+2) i n 0  and so F~(~r) will be the solution Of our Integral 
Equation (88) provided that we determine the /~j so that these polynomials are identical. These 
constants/?j, are conveniently determined by expressing the fact that Equation (88) and the results 
of differentiating it up to (n + p  + q + 2) times hold when 0 = 0. This leads to (n + p  + q + 3) linear 
simultaneous equations for the (n + p  + q + 3) constants/3~.. 

The  simultaneous equations corresponding to different values of n, p and q are given in 
Appendix III .  

Again having determined D,~(~, ~) and D~(~:, ~?) we have to determine/3~(~, ~) as the solution of 

1-1im ~ 5  D,~(~, ~)Rdfd,? 
7/" z-->0 

1 lim ~ D~(~, v) R~ d~ & 
, 677' z--->0 

?, 

(95) 

(96) 

a ff=  aed, _1 lira ~ D. ( s  e, r]) ~ = 
z-->0 ?,. 

which is the Equation (59) obtained in Appendix I. 

If  we repeat the procedure following Equation (67) and put  

/3,~(~, ~ )  = ~+~+q+s&(~) 

we arrive at the integral equation for fin(a) 

foo  -l (s_N ° cosh >--q+  × 
j _ ~ ( ~ t ~ . ,  o " 

(97) 

f~2 ( + h  
x [ 2 S -  (n + p  + q + 4)N 0 cosh r] sinh2r dr  - ~ J - a  F~(~r) (1 - fl~2)1/~ d~ x 

--1 S ~ oosh ~oo No2(S_ No cosh r) ~+v+q+l [4S - (n + p  + q + 6)N o cosh r] sinh% dr  X = 

o 0  

= - 1  £ '  

+ p + q + 6 )  x 
~r _ (1-fi~,7~) 8/2 J ~,o 



We can show, in the same way as we did for Equation (88), that the left-hand side of Equation (97) 
is a polynomial of degree (n +p + q+ 4) in 0. By differentiating Equation (97) (n +p  + q+ 5) times 
with respect to 0 we find that P~(cr) must satisfy 

f +" = 0  
( 0 -  

(98) 

and this equation is satisfied by 

P,~(a) = 2 /~Jj (99) 
j=0 

where the /~j , j  = 0, 1, 2, . . . .  , n + p  + q + 4 are constants. 
The /~j. may be determined by expressing the fact that Equation (97) and the results of 

differentiating it up to (n+p+q+4) times hold when 0 = 0. This leads to (n+p+q+5) linear 

simultaneous equations for the (n +p + q+ 5) constants/~j. 
The simultaneous equations corresponding to different values of n, p and q are given in, 

Appendix III. 
The functions D,~(~, ~), D~(~, 7),/3~(~, ~) can now be found by the above described procedure. 

Any further functions D,~(~, r~) etc. necessary for determining the velocity potential correct to 
higher powers of frequency than the fifth can be determined in the same way but the numerical 

process rapidly becomes very tedious. 

° 2 1  " 



APPENDIX III  

Some Subsidiary Equations 

The expreasions for the potential functions ~ which occur in Equation (5) may, w i th  the aid 
of Equation (65) and the results of Appendix II, be written as 

l ( 1 )  (i~)2 P2 j -2xP1  j + x2Po, j ~ Po, ¢j  = ~/()t~x ~ _ y 2 )  Po, j + ( i ~ ) ( P l ,  j - X P o ,  j) + ~ - -  , , - 

3 p 3 x -  ( i~ )3 (P~ , j -3xP2~+3x2Pl~ -x3Po ,  j ~-~ 1,~' + ~ P o d )  
+ - 6 -  ' ' - 

(i~) 4 ( 6 p 12x 
+ - f4-  P4,.~ - 4xPs, j + 6x~P2, ~ - 4xaP~, j + x4Po, j, - -~5 ~, J + ~ f f  Pl, j 

6x ~ - + 6 p 
~ P o ,  j ~-~ o,j) 

( i~)  5 ( 10 - 
+ ~ .Ps'J - 5xP~,j + lOxZP3,~ - lOx~P2,~ + 5x~P~,~ - xSPo,~ _ - ~ p a , ~  

30x_  30x ~ _ 10x ~ _ 30 = 30x ) } 
+ ~ffP2, j  ~ P~,J + ~ / f i  Pod + ~ P ~ , j  - ~ P o , ~ '  + . . . .  (100) 

./ = 0, 1,2, 3 , . . . . , 9 .  

where the Pk,~, P~,,,~ and/3k, ~- are polynomials in fiy/x a n d x  as expressed below. The  coefficients of 
these polynomials are obtained by solving sets of linear equations with coefficients W~,~ ~, W=,~ ~ 
and W~ ~ which are functions of P0. These sets of simultaneous equations are written down 
immediately after the polynomials P~,~, P~,~ and fi~,~ and the expressions for W~,~ ~, ~ r , p ,  
W~, , ~  are then given. 

The expressions for the Pk,~, Pk,~, P~,~, with ~b = ~y/x are: 

( i ) j  = 0 :  P o ,  o = A o  

P1, 0 = XA1 

P~.o = ~ ( B ~  + B,I~)  

P3.o = ~3(C~ + C~1#) 

p~, o = xa(E~ + E . ~  + E ~ # )  

P,.o = ~(FI~ + F~I#~ + F ~ # )  

Po, o = x~( ~ + ~(~) 
Pl, o = x"( C~  + U~14~ ~) 

-fi2,'0 = x4(E11-4- E21~ 2 -t- J~31~ 4) 

Po, 0 = x~(E'~l+ E21# + P31#) 

22 
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(ii) j =  1 : P o , 1 =  

PI,1 = 

P~,I = 

P3,1 

Pa, 1 = 

P5,1 

&j1 

(iii) j = 2 :Po ,  2 = 

P1,2 

P2,2 

4,2 

.P5, 2 

&j 9, 

(iv) j =  3:Po ,  a =  

P1,3" 
P2,3 

P3,3 = 

P4,3 

P5,3 

, 3 ~- 

x &  ] 

x~( B l l  + B21C) 

x3(Cll + C~IC) 

x~(E~ + E~1¢ ~ + V.~l#) 
x~(F~ + F,.~¢~ + F,~¢ ~ ) 

~(Cl l  + C~¢~ + C~1¢ ~ + C~¢°) 
x~(C~ + C~¢~) 

~5(&, + _p~l# + &1¢") 

X6(Cl1 + (~21¢ 2 + G-31¢ 4 ..~ G~41¢6) " 

xs(&, + &l,/, ~ + &,¢) 
*"(011 + 0=1¢ = + 0=1¢ 4 + 0~1¢") J 

x~( Bl~ + B2~C) 

~ ( c ~  + c~¢~)  

x'(E,. + E~,~¢~ + E~¢') 

~(g,~ + H~¢~ + H ~ #  + H,~¢°) 

~(~;~+ ~ ¢ ~  + ~ ¢ ~  +~,~¢°) [ 

x~(~l~ + G,~¢ ~ + G~¢ ~ + ~ ¢ ~ )  I 

x~(Bll + B~1¢ ~) 

x3(Cll + C21C) 

x~(E~ + E~,¢ ~ + E ~ # )  

~(F~I + F~¢~ + F ~ # )  

xV(HL1 + H~1¢ ~ + Hale ~ + Hale 6) 

.~(EI~ + R~¢ ~ + R~l#) 

x~(~11 + F~1¢ ~ + F~1¢ ~) 
x°(Gl~ + G~1¢ ~ + C~1¢ ~ + G~1¢ ~) 
~ ' ( ~  + H~1¢ ~ + ~ 1¢  ~ + ~1¢°) 

X6(~11 --~ G21¢ 2 --{- G31¢ 4 --{- G,II¢ 6) 

x~(H~ + P~,¢~ + H~1¢ ~ + ~ # )  
t 

J 
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( v ) j  = 4 : 

(vi)  j = 5 : 

91,4 

G, 4 

P3,4 = 

G, 4 = 

P5,~ = 

~, 4 

P0, 4 

G ,  5 

Pl,  5 = 

P2, 5 = 

P3,5 

P4,5 : 

P5,5 = 

e2j 5 = 

g~ 5 

~ ( E ~  + G~¢ ~ + G~¢9 

~ ( F ~  + G~¢ ~ + G~¢9 

~(G~ + G~¢ ~ + G~¢ ~ + G~¢9 
~ ( H ~  + H~¢~ + H~¢~ + H~¢o) 

~(J~  + A~¢~ + A~¢ ~ + Y~¢~ + 4~¢ ~) 
~(G~ + G~¢ ~ + G~¢ ~) 

~(~ + G~¢ ~ + H~¢~ + H~¢o) 

I 
~(E~ + G~¢~ + G~¢9 

~ffG~ + G~¢ ~ + G~¢9 

~(G~ + G~¢~+ G~¢~+ G~¢ °) 
~'(H~ + H~¢~ + H~¢~ + H~¢~) 

~(J~  + A~¢ ~ + A~¢* + A~¢ ~ + A~¢9 
x~(Kl~ + K~¢~ + G~¢ ~ + G~¢o + G~¢9 

~(G~ + G~¢ ~ + G~¢ ~ + G~¢ °) 
~ (H~ + G~¢ ~ + G~¢'  + G~¢ °) 
xs(Y13 + %3¢~ + A~¢ ~ + %~¢° + %W) 

~,(K-~, + G , ¢ '  + G , ¢  ~ + G , ¢  ° + G . ¢  ~) 
~(%~ + %~¢~ + %~¢~ + G ¢  ° + G ¢  ~) 

(105)  

(lO6) 

( v i i ) j  = 6 : P0, 6 = 

P 1 6  = 

P '4  6 = 

P3,6 

94,6 

P5,6 ~ 

Po,6 ~ 

G ,  6 

.Po, 6 

P1, 6 

x~(C11 + G~C) 

~(G~ + GW. ~ + G~¢9 
~ (F~  + F.¢~ + G~¢9 

~°(G~ + G~¢ ~ + G~¢ ~ + G~¢ °) 
~'(H~ + H~¢~ + H~¢~ + H~¢~) 

~(Y~ + A~¢ ~ + A~¢ ~ + Y~¢~ + A,¢ ~) 
~(G~ + G~¢ ~ + G~¢9 

~(G~ + G~¢ ~ + G~¢9 
~ ' ( ~  + G . ¢  ~ + H~¢~ + G~¢9 

X8(]11.~ - J21¢ 2 -}- ]31¢ 4 ~- ,]41¢6 -[- ,]51¢ 8) 
~'(G~ + G~¢ ~ + G~¢ ~ + ~ ¢ ° )  

24 
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(vii i) j  = 7 : Po.7 = x~(Ex~ + E~2~ h2 + Ea2¢ t) 

P~.7 = *5(F~ + F22~ h2 + Fa'~¢ t) 

P~,~ = .~(c~ + c~¢~ + c ~ #  + G~¢o) 

p~,~ = x:(H~ + H ~ #  + H~o# + H~¢~) 

P4,~ = ~ ( J ~  + 4 ~ #  + 4~¢ ~ + J~¢~ + &~¢3) 
P~,~ = ~(KI~ + K~¢~ + K~¢ ~ + K ~ °  + K ~ )  

Po,~ = ~o(G~+ G~¢~ + G~¢~ + G~W) 

_~,~ = .~(K~ + K%¢~ + K%# + K~,~¢ o + K'~W) 

P~,~ = ~(&~ ÷ g~¢~ + g ~ #  + g~¢o + g~¢~) 

(lo8) 

( ix) j  = 8 :  

( x ) j  = 9 :  

Po.s = xa(F*a + F,a¢ ~ + Faa~ h4) 

P1.8 = x6(Gla -I- G2a¢ 2 + aaa¢ a -t- G¢a~/s 6) 

p~,~ = .~(H~ + H~¢" + H.~#  + H~¢°) 

P~, s = ~(5~ + 5~¢" +.1~# + &~¢° + &3¢~) 

Po,~ = ~(Kq~+ E%¢. + H~¢~ + ~ ¢ ~ )  

Po, o : ~ ( a ~ ,  + c~4¢ ~ + a~¢~ + a..~o) "1 
! 

P1,9 = xT(H~4 + H24¢ 2 + Ha4¢ 4 + H4~¢ 6) / 

P~,, = ~ ( I ~  + 4~¢ ~ + 4~¢ ~ + J .¢o + &~#) L 
P.~,~ = ~O(K~4 + K~¢~ + ~ ¢ ~  + K . #  + K ~ )  

! 
Pl, o = ~(F.I,  + K-~.# + K3,¢" + K . #  + K-~d, ~) j 

(lO9) 

(110) 

It is to be noticed that we have given only  enough results in the last two cases to determine the 

potential to the third power of frequency. The  potential may be determined to the fifth power  of 

frequency in all the other cases from our results. 
The  simultaneous linear equations for the coefficients in the above polynomial expressions may 

be expressed in matrix form. 
The square matrix with element W~,2~, 2q in the (qq-1)th row and ( p + l ) t h  column will be 

writ ten [W,~]. The  order of this matrix will be (½n+ 1) x (½n+ 1) or ½(n+ 1) x ½(n+ 1) according 

as n is even or odd. 
The  equations may then be written*, with I denoting the unit matrix of appropriate order, as: 

(I) Wo, o°Ao = 1 

W1, o°A1 = 1 

* TO clarify the notation, the matrices [W2] and [I/F-a] are written out in full. 
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LB,, B,~J LW,,o' 

LC~ c~d 

W~, 2 LB~I B~A 

[W<I] IEII El2-~131 : FW4,o 0 W4,2 0 W,I.,4" l FJ~ll El, E181 =-~ 

LE,, E,, E,, L W~,o ~ w,,,~ w,¢j  E., E,, E,, 

E vol V" 
[&, F,~, F,, 1 
kF31 F3~ F38 

= I  

[wd 

[wd 

Gii G12 Gas G141 

Gsi G2z G~8 G241 

G3i G82 G38 G~[ 

G~I G4~ G48 G4~ J 

[ H~ g~ H1. g~ 1 
/'/21 H22 H23 H24[ 
H~ H~ H.. H~4 
H~ H~2 H4. H~ 

R1 R~ R~ J~4 Rf 

= I  

= I  

= I  

[W.] -K~I K~2 KI~ g~4 K~- 

K~I K~ K~3 K~4 K~5 

= I  

Note: The last column in the Y matrix and the first and last in the K matrix will not be required. 
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(-) r,~'=] p q  : ~o F~o,o o] 
L~d Lmo, o~j 

LC~d LW,,o~J 

:[ 
LE81 -E82J w2: o ~ 

= [~,o ° 

LR~ -R~J W~io * 

W2, °] [Bll "~12] 

w~, °] [c1~ %] 
W~, ~ LQ c~J 
mo, i ~ 

/ ~  *~ ~q /~.,o ~ 

w , , ~  w , , ? j  

/~21 -~22 /~23] 1~'5,02 W5,22 ~--542] [-/221 F22 F23 / 
/ ~ ~ ~q / ~:°~ ~°~' ~ ° ° ' / ~  '~ ~ j  

L ,o w~,~o ~,,°J 

[w~] 

_.&l .t..&~ .&~ 

W6, 0 2 ~r6, 2 2 W6, 4 2 W6, 6 2 

W'6,0 ¢ W6.24 W6,44 W6,64 
W'6, 06 ~r6, 26 W6, 46 W6, 66 

_ W6, 0 8 ~r6, 2 8 W6, 4 8 W6, 6 8_ 

Gn Gi2 Gi3 
G2i G~ G~a 

G3i G32 .G~3 
G41 G4~ G~3 

GI~] 
G~4[ 

G34[ 

[w.] 
W~, o ~ W~, ~ W~, ~ W~, ~ 

W~, o ~ W~, ¢ W~, ~" W~, ~ 

W, 8 7, 6 . _ 7,0 WT,~ 8 WT,~ 8 W, 

27 

H12 H13 Hq 
H~ H23 H24] 
Ha~ H3a H84 
g ~  H~ g ~  



(III) [W4] ['Ell] = FW">.,00 ~,,oo] p,q _, r~o, oO]. 

~.  ~] L ~o. o ~] 

P q  /~"°' ~ , ,q  L&d - ~ |~1,o'[ 
L&d L~', o' ~-, ,'J L)T,,otJ 

[wd [;;; *q--r .,,,o 

Le.... ..o.a... 
@,: @,,_1 LW,,o° w,,~, ° 

~r4,40] F'u~ll "EI'] 1 ~W~,O 0 Wg.,~.0]" ['~Ii BI,] 

~""I P" ~"'I - ~ l ~'°' ~""I L~,, ~,,J 
w,,,'I LE,, E< I~,,o' ~,,,' I 
m,.Ai LW,,oO W,.,~] 

I'0 
Oo 

:~: [p,, pq -- [~,,oO ~,,o ~"'°l P': ~"] -' r : ° °  ~"'°l [ < ~q 
1" ~q / :'°= :'" : " = / 5 '  :' [HH_];: H++I |W~,o' : , , '  : , , ' [  L::-&+] IWa, o ~IWa'°' : , , ' [  Pi/'8'''] L C'`I C',,J 

P,d Lm+,o o w~,o m o LW+o o 

[wd 

1 %2 %3 

1" %2 %3 

1 %2 %3 

1 %2 %~ 

-m..oO too,? wo,~o m~,oo 

W~.o , wo.=* w,.a~ w~ ~, 
mo.oO m~.~o mo.,o mo.oo 

_ , 6 ,  6 _ 

0--11 G12 ~3] 1 

/ 

" W 4  ' 0 0 

W4, 0 2 
W4, 0 4 

W4, 0 6 
8 

. 4, 0 



T h e  e x p r e s s i o n s  f o r  W,~,.m P, W~.~ P, Wn,,m t", w i l l  n o w  b e  g i v e n :  

W o ,  o 0 = E t  

1 
W~,o o - ( l _ p o  ~) 

1 
W, o _  
• ~,o 2(1 _ po2)~ 

1 
W2' °2 - 2(1 - poZ) 2 

W.,~, 20 = po ~ W~, o ~' 

[Oo2K ' + ( 1 -  2po2)E '] 

[(5po 2 - 3po~)K ' + ( 2 - 1 % o ~ +  6po4)E '] 

2 t [2poZK ' - (1 + Po )E  ] 

1 
W2, 22 - 2(1 - po~) 2 [(5P° '  - 3P°~)K'  + (6 - 10po 2 ÷ 2po4)E '] 

1 
Wa, o ° - 6(1 - po2) z [(27p°~ - 31 po 4 + 12po6)K ' + (6 - 55 po 2 + 65 po 4 - 24po6)E']  

1 
W3, o z - ~(1 - po~) 3 [(9P°~ - p o ' ) K '  - (3 + 7Oo ~ - 2po4)E '] 

1 
W3,2 ° = ~ po~W3,o 2 

1 [(2po ° + 9po 4 - 3 po2)K ' + (6 - 15po 2 + 5po 4 - 4poO)E ~] W3'2~ - 2 ( 1 - p o 2 )  3 

1 
W4, o ° - 8(1 - po~) 't [(56p°~ - 92p°4 + 72°°°  - 20p°S)K '  + (8 - 117po 2 + 2O2po~- 149po 6 + 40poS)E '] 

3 
W4' °2 - 4(1 - poZ) 4 [(17po ~ - 2po ~ + ,%6)K'  - (4 + 18po ~ ± 8po 4 + Zpo6)E'] 

1 
W4' °4 - 8(1 - po2) 4 [(8P°~ + 8P°4)K '  - (1 + 14po 2 + po4)E '] 

1 
W4, ~ ° = ~ Po~" W~. o ~ 

W4, 2 2 - 
3 

4(1 - ,002) 4 [ - (2P°2 - 10p°4 - 10p°6 + 2P°S)K'  + (4 - !3po 2 + 2,004 - 13po 6 + 4poS)E '] 

W4, 2 ¢ - 
1 

[(po 2 - 2po 4 + 17po6)K ' - (2 - 8po 2 + 18po 4 + 4p06)E '] 
8(1 p02) 4 

W4, 4 0 = Po 4 W4, 0 4 

W4, 42 = 6po ~ W4, 2 ~ 

1 
W4, 44 - [ - (20po ~ - 72po 4 + 92po ° - 56poS)K ' + (40 - 149po 2 + 202po 4 - 117po 6 + 8poS)E '] 

8(1 po~) 4 
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W5, o 0 - 
1 

4 0 ( 1  - poS) 5 [ (400p°8  - 833p°~  + 9 9 4 p ° ~  - 5 5 3 p ° s  + 1 2 0 p ° ~ 6 ) K '  

+ ( 4 0  - 8 5 9 p o  ~ + 1 , 9 1 0 p o  ~ - 2 , 1 1 5 p o  6 + 1 , 1 3 6 p o  8 - 2 4 0 p o l O ) E  ' ]  

W5,  0 8 - 
1 

4 ( 1  - po2) 5 [ ( 1 1 5  po 2 - 2po  a + 19po 6 - 4 p o 8 ) K  ' - ( 2 0  + 151  po ~ - 74po  ~ + 39po  6 - 8OoS)E ']  

V~5, 0 4 - 
1 

8(1  - pos)  5 [ (550°8  + 7 4 p ° a  - P°6)K'  - (5 + 108po  8 + 17po  4 - -  2 p o 6 ) E  ']  

1 ws, o = p°SWS' o8 

1 
Ws, 28 - 4 ( 1  - po8) 5 [ - (6p°e  - 49p°4  - 112po6 + 35p0  s - 8 p o ~ ° ) K  ' 

+ ( 1 2  - 4 7 p o  8 - 2 2 p o  4 - 127po  6 + 7 2 p o  s - 16po~° )E  '] 

W5,  4 _ 
8(1  - po~) 5 

[(3 po ~ - 2po  ~ + 131  po 6 - 4 p o S ) K  ' - (6  - 31 po 8 + 108po  ~ + 53  po e - 8poS)E  '] 

1 
W5,  4 ° = -g po4 W., o 4 

1 
W s '  ~ - # ( 1  - po2) 5 [(3P°~ - 2P°6 + 131  po s - 4 p o ~ ° ) K '  - (6po  8 - 31po  4 + 108po  6 + 53po  s - 8po:tO)E '] 

1 
Ws, ~ - 8(1  - poe) 5 [ - (20p°~  - 91p°4  + 154p°~ - 2 0 3 p ° s  - 8 P ° I ° ) K '  

+ ( 4 0  - 187po  8 + 3 4 2 p o  4 - 3 2 3 p 0  ~ + 16po  s - 1 6 p o l ° ) E  ' ]  

1 
W e'  °° - 2 4 0 ( 1  - poS) 6 [ ( 3 ' 2 4 0 p ° 2  - 7 ' 9 8 9 p ° ~  + 1 3 , 0 0 5 p o  6 - 1 0 , 8 5  l p o  s + 4 , 7 1 5 p o  lo - 8 4 0 p o l S ) K  ' 

+ ( 2 4 0  - 7 , 1 5 2 p o  8 + 1 9 , 0 7 4 p o  4 - 2 8 , 2 8 4 p o  e + 2 2 , 8 0 2 p o  s - 9 , 6 4 0 p o  1° + 1,680polS)E '] 

1 
W6'  °8 - 16 (1  - poS) 6 [ (900p°8  + 174p°~  + 3 0 0 p ° 6 -  114po  s + 20po~O)K ' 

+ ( - 1 2 0  - 1 , 3 8 3 p o  ~ + 5 9 1 p o  a - 561p06  + 2 3 3 p o  s - 4 0 p o l ° ) E  ' ]  

1 
We,  o ~ - 16 (1  - poS) 6 [ (435p°8  + 7 9 7 p ° 4  + 45p°6  + 3 p ° S ) K '  + ( - 3 0  - 9 3 4 p o  8 - 3 5 2 p o  ~ + 42po6 - 6poS)E  ']  

1 
W6,  0 6 - -  

2 4 0 ( 1  - poS) 6 

1 
W6, o = p68 W6, o8 

[ ( 2 7 0 p o  8 + 7 4 0 p o  4 + 2 7 0 p o 6 ) K  ' + ( - 15 - 6 2 5 p o  8 - 6 2 5 p o  4 - 1 5 p o e ) E  '] 

1 
W6, 2 ~ - 16 (1  - po~) 6 [( - 24p°8  + 3 1 5 p o  4 + 1 , 2 4 5 p f  - 4 3 5 p o  s + 2 1 9 p o  lo - 4 0 p o l S ) K  ' 

+ ( 4 8  - 2 1 6 p o  8 - 3 6 6 p o  ~ - 1 , 4 0 4 p o  6 + 1 , 0 2 6 p o  s - 4 4 8 p o  1° + 8 0 p o l S ) E  ']  
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W 6 ,  2 4 - 
1 

16(1 - .0o2) 6 [(12p°2 + 3 0 p ° 4 +  1'196.0°6 + 30'°°6 + 1 2 p ° I ° ) K '  

+ ( - 24  + 153.0o 8 - 769po ~ - 769.066 + 153.0o 8 - 24polO)E '] 

1 
W6 ' 6 , _  240(1  - .0o 2~) [(3.0°2 + 45.0°4 + 797.0°6 + 435 .0°8 )K '  + ( - 6 + 42.002 - 352.004 - 934.006 - 30poS)E '] 

1 
W6, 4 0 = i g  .0°4W6' °4 

W6,~ ~ = .002W6,9. 4 

W 6 ,  4 4 - 

, W 6 ,  4 6 - 

1 
16(1 - .0oZ) 6 [( - 40p°z  + 2 1 9 . 0 ° 4 -  435.0°6 + 1'245.0°8 + 315po 10 - 24po12)K ' 

+ (80  - 448po  2 + 1 ,026po 4 - 1 ,404po 6 - 366p6 s - 216p0 lo + 48po12)E '] 

1 
240(1  - po2) 6 [(20.0°2 - 114po 4 + 300.0o 6 + 174.0o s + 900.0o~°)K ' 

+ ( - 4 0  + 233po 2 - 561po 4 + 591.0o 6 - 1,383.008 - 120polO)E '] 

We, 6 0 = po 6W6,  0 6 

W 6 , 6 2 =  1 5 p o 4 W 6 , ~  G 

W6,6 4 =  15po2W6, 4 6 

~ 6 ,  6 6 - -  
1 

240(1  - .008) 6 [( - 840.0°8 + 4 ' 7 1 5 . 0 ° 4 -  10,851.0o 6 + 13,005p66 - 7,989.00 Io + 3,240.0o12)K ' 

+ ( 1 , 6 8 0  - 9,640.0o 2 + 22,802.0o 4 - 28 ,284po  6 + 19 ,074po  6 - 7,152.0o lo + 240po12)E '] 

W T ,  o 0 ~-- 
1 

1 ,680(1  - .008) 7 [(29 '400.0°2 - 8 2 ' 0 7 1 p ° 4  + 172,161.0o 6 - 191,049.0o s + 124 ,659po  lo - 44,460.0012 

+ 6,720.0o14)K ' + ( 1 ,680  - 66,648.008 + 2 0 3 , 4 9 9 p o  4 - 380,697.006 + 4 0 9 , 4 4 9 p o  s - 2 5 9 , 8 0 3  po 1° 

+ 90 ,600po  12 - 13 ,440.0ola)E '] 

W T ,  0 2 - 
1 

80(1  - po2) 7 [(7 '980.0°8 + 4 ,131 .0o4+ 4 ,839po  6 - 2,271.0o s + 801.0o lo - 120po12)K '  

+ ( - 840  - 13,827.0o 2 + 3 ,561po  4 - 7 ,593po  6 + 4 ,73  lpo  s - 1,632polO + 240.0o12)E '] 

W T ,  0 4 - 

1 
48(1  - po2) 7 [(3 '885.0°2 + 9 '573.0°4 + 1'827.0°6 + 87.0°s - 12.0°1°)K'  

+ ( - 2 1 0  - 8,961.0o 8 - 6 ,537po  ~t + 501.0o 6 - 177.0o s + 24.0olO)E '] 

I 
WT, 06 - 240 (1  - .0o2)  7 [ (2 '415p°Z + 8'595.0°4 + 4 ' 3 6 5 p ° 6  - 1 5 p ° 8 ) K '  

+ ( - 105 - 5,955.002 - 8 ,865po  4 -  465.006 + 30po s ) E ' ]  

1 
WT.~ ° = ~ Po2WT.o ~ 
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~/V7 ' 2 _ 
1 

[( - 120po 2 + 2,475po :1 + 14,589po 6 - 4 ,569po 8 + 4,3 l l p o  1° - 1,566p612 + 2 4 0 p o ~ ) K  ' 
80(1 -- p02) 7 

+ (240 - 1,200po 2 - 4 ,473 po a - 17,421po 6 + 13,773po s - 8,991po ~° + 3,192po ~2 - 480po14)E '] 

W T ,  2 4 - 
1 

48(.1 - po2) 7 [(60p°2 + 495p°4 + 12,507po6 + 2,013po s + 333po ~° - 48pot2)K ' 

+ ( - 120 -f- 915po 2 - 6,339po 4 - 11,193p66 + 1,959po s - 678po 1° + 96po12)E '] 

W T ,  2 0 
1 

240(1 - p o ~ )  7 [(15p°2 + 465p°4 + 8 '595p°6 + 6,315po 6 - 30po~°)K ' 

+ ( - 30 + 255po 2 - 3,045po 4 - 11,775po ° - 825po ° + 60pol°)E '] 

1 
W~, o = ~ po~W~, o 4 

3 
2 WT, ~ -~ po~ WT, 2 4 

1 
WT, ~ - 48(1 - po2) 7 [ ( -  120p°2 + 7 6 5 p ° 4 -  1 '575p°°  + 10,55 lpo 8 + 6,219po l o -  576po 1~ + 96po14)K ' 

+ (240 - 1,560po 2 + 4,275po 4 - 8,097po 6 - 8,079po s - 3,123po lo + 11176po 12 - 192po~4)E '] 

1 
WT, 4 ° = -240(1 - po2) 7 [(60p°2 - 405p°~ + 1,455po 6 + 3,705po s + 10,665po lo - 120pot~)K ' 

+ ( - 120 + 825po 2 - 2,415po 4 + 2,775po 6 - 14,205po s - 2,460po lo + 240pot~)E '] 

1 
WT, o ° = ~ po G WT, 06 

WT, G 2 = 3po4W7,2 ° 

W7,64 = 5po=WT,46 

1 
WT, 66 - 240(1 - po2) 7 [ ( -  840p°2 + 5 ' 5 3 5 p ° 4 - 1 5 ' 4 3 5 p ° 6  + 2 3 ' 6 5 5 p ° 8 -  16'785p°1° + 18'990p°12 

+ 240po14)K ' + (1 ,680 - 11,280po 2 + 32,175po ~ - 50,325po 6 + 45,525Po s - 32,535po lo 

- 120po 12 - 480po14)E '] 

1 
W8, °° = 13,440(1 - po~) 8 [(295'680p°2 - 904 '500p°4 + 2 ' 3 6 7 ' 5 4 0 p ° 6 -  3 '265 '320p°s  + 2 '844 '360p°1°  

- 1 ,522,980po 12 + 460,740po 14 - 60,480po16)K ' + (13,440 - 687,480po 2 + 2 ,324,115po ~ 

- 5 ,298,420po 6 + 7 ,122,930po s - 6 ,029,460po 1° + 3 ,155,475po 12 - 936,600po 14 

+ 120,960poX6)E '] 

1 __ 8 10 12 Ws, 02 - 480(1 - po2) s [(78'960p°2 + 75 '645p°~ + 8 3 ' 7 0 0 p ° 6 :  39 '090p°  + 21,420po - 6,435po 

+ 840pol~)K ' + ( - 5 ,720 - 150,450po 2 - 2,880po ~ - 107,580po 6 + 85,560po s - 44,370po 1 °  

+ 13,080po 1 ~ -  1,680po14)E '] 
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1 
[(38,640po ~ + 125,340po ~ + 47,760po 6 + 3,720po 8 - 480po lo + 60po~8)K ' 

W8, o4 = 192(1 - poS) s 

( - 1,580 - 94,545po 8 - 114,900po 4 - 1,350po 6 - 3,420po s + 975po t° - 120po~8)E '] 

Ws, 06 - 
1 

480(1 - poZ) s [(24'045p°~ + 109 '260p°4 + 78 '030p°6 + 3 '660p°S + 45p°~°)K '  

+ ( - . 8 4 0  - 62,490po 2 - 132,840po 4 - 19,740po 6 + 960po 8 - 90pol° )E  '] 

1 
Ws, o s = 13,440(1 - poS) s [(16'800p°2 + 90 '720p°4 + 90 '720p°6 + 16 ' 800p°S )K '  

+ ( - 525 - 44,940po 8 - 124,110po 4 - 44,940po 6 - 525poS)E '] 

1 
Ws, 2 ° = ~ po ~ W~, o ~ 

1 
Ws, 22 = 480(1 - poe) s [( - 720p°2 + 22 '710p°4 + 182'970p°6 - 37 '620p°S + 78 '180p°~° - 41'490p°1~ 

+ 12,690po ~4 - 1,680poX6)K ' + (1 ,440 - 7,800po 8 - 53,205po 4 - 237,060po 6 + 179,970po s 

- 161,940po lo + 85,995po 18 - 25,800p614 + 3,360po16)E '] 

1 
W8, 4 _ 192(1 - poS) s [(360p°8 + 6 '285p°4 + 146 '220p°6 + 54,510po 8 + 9,300po ~ ° -  1,875p618 

+ 240po~4)K ' + ( - 720 + 6,420po ~' - 59,310po 4 - 165,840po ~ + 14~220po 8 - 13,140po 1° 

+ 3,810po 12 - 480pol4)E ' ]  

Ws, 2 6 
1 

480(1 - poS) s [(90p°2 + 5,010po 4 + 102,420po 6 + 102,420po s + 5,010po ~° + 90po~8)K ' 

+ ( - 180 + 1 ,8 i5po  8 - 29,640po 4 - 159,030po 6 - 29,640po 8 + 1,815po ~° - 180po12)E '] 

Ws, 28 ~-- 
1 

13,440(1 - poS) s [(45p°~ + 3 '660p°4 + 78 '030p°6 + 109 '260p°S + 2 4 ' 0 4 5 p ° l ° ) K '  

+ ( - 90 + 960po 8 - 19,740,Oo4 - 132,840po G - 62,490po s - 840po l° )E  '] 

1 
Ws'4° = 70 P°4Ws'°4 

2 
W~, ~ = ~- po 8 W.,  8 4 

W 8 4 4  - 
1 

192(1 - poS) s [( - 480p°8 + 3 '480p°~ - 6,120po 6 + 110,640po s + 110,640po ~o - 6,120po ~z 

+ 3,480po 14 - 480po16)K ' + (960 - 7,080po 8 + 22,515po 4 - 58,020po 6 - 131,790po s 

- 58 ,020po 1° + 22,515po 18 - 7,080po a4 + 960po16)E '] 

W8, 4 6 - 
1 

480(1 - poS) s [(240p°2 - 1,875po 4 + 9,300po 6 + 54,510po 8 + 146,220po 1° + 6,285po 18 

+ 360po14)K ' + ( -  480 + 3,810po 8 -  13,140po 4 + 14,220po 6 -  165,840po s -  59,310po 1° 

+ 6,420po 12 - 720po14)E '] 

(82496) 
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1 
Ws' 48 = 13,440(1 - po2) s [(60p°2 - 480/3°4 + 3 '720p°6 + 47 '760p°8 + 125'340p°1° + 3 8 ' 6 4 0 p ° l Z ) K '  

+ ( - 120 + 975po 2 - 3,420po ~ -  1,350po 6 - 114,900po s - 94,545po 1° - 1,680po12)E '] 

1 
Ws, 6 ° = ~ p6 6W8, 6 6 

Ws, 6 2 = po ~W8, 6 

5 
Ws, 6 4 = ~ po 2 Ws, 4 6 

1 
Ws' 66 - 480(1 -/3o2)8 [( - 1 '680p°2 + 12'690p°4 - 41,490po 6 + 78,180;3o8 - 37,620po 10 + 182,970/3o12 

+ 22 ,710po 1 4 -  720po16)K ' + ( 3 , 3 6 0 -  25,800,0o2 + 8 5 , 9 9 5 p 0 4 -  161,940po 6 + 179,970po 8 
- 237,060130 lo - 53,205po 1~ - 7,800pola + 1,440po16)E '] 

1 
W8, G 8 = 13,440(1 - po2) 8 [ ( 8 4 0 p ° Z -  6 '435p°a  + 2 1 ' 4 2 0 p ° 6 -  39 '090p°s  + 83'700p°1° + 75'645p°12 

+ 7 8 ,9 6 0 # o l a )K  ' + ( - 1,680 + 13,080po 2 - 44,370po ~ + 8 5 , 5 6 0 p o  6 - 107,580#o 8 - 2 ,880po lo 

- 150,450po 12 - 6 ,720po 14) E ' ]  

Ws, 8 ° = po 8 W8, 0 8 

1/V8,8 ~ = 28po6Ws, 28 

W8, s ~ = 70po 4 W8, k s 

We, 86 = 28/302 Ws, 68 

1 
Ws' 88 = 13,440(1 - po2) 8 [( - 60 '480p°2 + 460 '740p°4  - 1 '522 '980p°6  + 2 '844 '360p°8  - 3 '265 '320p°1°  

+ 2,367,540p01~ - 904,500po1~ + 295 ,680po16)K'  + (120 ,960  - 936,600po ~ + 3 ,155 ,475po 4 

- 6,029,460p06 + 7 ,122 ,930po 8 - 5 ,298,420po 1° + 2 ,324 ,115po  12 - 687,480po 14 + 13,440po16)E '] 

1 
Wg' °° = 120,960(1  - po2) 9 [ ( 3 ' 2 6 5 ' 9 2 0 p 0 2 -  10 '671 '900p°~  + 34 '219 '215p°6  - 56 '073 '780p°8  

+ 61 ,165 ,770po  1° - 43,700,760p012 + 19,844,415po 1~ - 5 ,213,040po 16 + 604 ,800polS)K ' 

+ ( 1 2 0 , 9 6 0 -  7,777,320p92 + 28 ,368 ,075po  4 -  77 ,195 ,610po  6 + 124,355,130po 8 

- 131,649,960po1° + 91 ,905 ,795po 1 2 -  40 ,935 ,390pota  + 10,577,280po 16 - 1 ,209,600polS)E '] 

1 
Wg' °2 = 3 ,360(1 - po2) 9 [ (861 '840p°2 + 1 '306 '695p°4  + 1 '555 '200p°6  - 604 '710p°8 + 492 '540p°1° 

. - 222,345po 1~ + 58,140po l a -  6 ,720po16)K ' + ( -  6 0 , 4 8 0 -  1 ,774,230po 2 -  714,885po a 

- 1 ,703,160po 6 + 1 ,493,610po 8 - 1 ,035,570po 1° + 458 ,595po 12 - 117,960po 1~ + 13,440po16)E '] 

1 
W~, o a - 960(1 - po2) ~ [ (423 '360p°2 + 1 '766 '715p°4  + 1 '102 '860p°6  + 157'410p°8 - 12'540p°1° 

+ 3,195po 1 2 -  360pot4)K ' + ( - 1 5 , 1 2 0 -  1 ,088,715po 2 -  1 ,997,220po 4 -  297,810po 6 

- 61,860po 8 + 25,845 po 1° - 6,480po 1~ + 720po14)E '] 
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• W 9 ,  0 6 - -  
1 

1,440(1 - p o 2 )  9 [(263'655p°~ + 1,502,160po4 + 1,474,650po ° + 198,540po ° + 1,815po 1° 

- 180po12)K ' + ( - 7 ,560 - 7 1 6 , 4 7 5 p o  2 - 2 ,086 ,140po4- -639 ,810po  6 + 12,660po s - 3,675po ~° 

+ 360poi2)E '] 

W9, 08 
1 

[(184,275po 2 + 1,235,220po4 + 1,599,570po 6 + 422,100po s - 525poX°)K ' 
13 ,440(1  - po2) 9 

+ ( -  4,725 - 5 1 4 , 2 9 0 p o  2 -  1,883,910po a -  1,013,040po ° -  25,725poS + 1 ,050poi°)E '] 

1 
Wg, 20 = ~ Po 2 Wg, o 3 

1 
Wg, 32 = 3,360(1 - po2) 9 [( - 5 '040p°2 + 236 '250p°4  + 2,461,665po 6 - 69,480po s + 1,433,790po 1° 

- 950,250po i2 + 435,465po i 4 -  115,200po 16 + 13,440potS)K ' + ( 1 0 , 0 8 0 -  57,960po 2 

- 654,765po 4 -  3,477,570po 6 + 2 ,263,050po s - 2,831,160po1° + 1,999,275po ~2 - 898,470po ~4 

+ 233,760po x° - 26, 880polS)E '] 

~/V9, 24 - 
1 

[(2,520po 2 + 78,435po4 + 1,879,260po 6 + 1,236,690po 8 + 281,340po ~° - 48,765po ~2 
960(1 - po2) 9 

+ 12,600po i4 - 1,440po16)K ' + ( - 5 ,040 + 51,660po 2 - 620,175po 4 -  2 ,539,380po 6 

- 172,890po s - 232,680po io + 100,545po i2 - 25,560poi  4 + 2 , 8 8 0 p o i 6 ) E  '] 

Wg, 26 - 

W9, 38 

W 9 4 0  

1 
1,440(1 - po2) 9 [(630p°2 + 57 '645p°4 + 1,331,880po 6 + 1,786,950po s + 260,370po t° + 3,525po 10- 

- 360po14)K ' + ( - 1,260 + 14,805po 2 - 320,160po 4 -  2 ,288,370po 6 - 865,080po s + 25,845po 1° 

- 7,140po 12 + 720poi4)E '] 

1 
[(315po 2 + 41,580po ~ + 1,016,610po 6 + 1,818,180po s + 564,795po 1° - 840po~2)K ' 

13 ,440(1  - po2) 9 

+ ( - 630 + 7,875po 2 - 215,040po '1 - 1,883,910po 6 --  1 , 3 1 2 , 2 9 0 p o  s - 38,325po i° + 1,680poi2)E '] 

1 
P04 Wg, 04 

2 
Wg, 4 ~" = 7 po 2 W~, 2 ~ 

~ 9  , ,14 - -  
1 

960(1 - po2) 9 [ ( -  2 '400p°2 + 1 9 ' 4 4 0 p ° 4 -  16'965p°6 + l ' 3 4 3 ' 5 8 0 p ° s  + 1 '970 '370p°1°  

14 16 18 t + 5 9 , 2 2 0 0 o 1 2 + 8 8 , 5 3 5 0 o  - 2 4 , 1 2 0 0 o  + 2 , 8 8 0 0 o  ) K  + ( 4 , 8 0 0 - 3 9 , 4 8 0 p o 2 +  142,515po 4 

6 8 10 12 - 497,010po - 2 ,055,990po - 1,244,520po + 388,875po - 183,030po 14 + 48,960po 4~ 

- 5 , 7 6 0 p o l S ) E ' ]  

1 
W9, 46 = 1,440(1 - po~) 9 [ ( 1 ' 2 0 0 p ° 2 -  10 '665p°4 + 74 '160p°6 + 778'650p°S + 2 '245 '500p°1°  + 339'975p°12 

+ 13,260po i4 - 1,440po16)K ' + ( - -  2,400 + 21,630po 2 - 85,905po 4 + 6 8 , 2 8 0 p o  6 --  2 , 1 5 3 , 5 5 0 p o  8 

- 1,367,550po lo + 102,855po i2 - 26,880po 14 + 2 , 8 8 0 p o i 6 ) E  '] 
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W9, 4 8 

W9,6  

1 
13,440(1 - 0 o 2 )  0 [(3000°2 - 2 '7450°4 + 33 '6600°6 + 641 '8500°8 + 1 '956 '240p°1°  + 813'0150°1~ 

- 1,680po14)K'  + ( - 600 + 5,5650o 2 - 22,5000o ¢ - 39,090po 6 - 1,546,8600o s - 1 ,773,3150o l° 

- 67,2000o12 + 3,3600o14)E '] 

1 
T4 P°6 W°' °6 

3 
Wo, . 2 = ~ po~ Wg, 2 ~ 

3 
W . , ~  = ff po~Wo,4 8 

1 
Wg' 66 = 1,440(1 - po2) 9 [( - 5 '040p°2 + 4 2 ' 8 7 0 p ° 4 -  160'515p°6 + 366 '120p°8 + 159'990p°1° 

+ 2 ,357,010po 12 + 698,805,Oo14- 21,480po 16 + 2 ,880polS)K ' + ( 1 0 , 0 8 0 -  87,000po 2 

+ 331,275po 4 -  728,010po 6 + 929,850po s - 2,324,280,ool° - 1,455,165po la - 155,310po 1~ 

+ 43,680po 16 - 5,760polS)E']  

1 
Wg, 68 = 13,440(1 - po2) 9 [(2 '520p°2 - 21,885 po ~ + 84,060po 6 - 173,070po s + 745,980po lo + 1,466,595po 12 

+ 1,343,160po 14 - 6,720po16)K ' + ( - 5 ,040 + 44,400,0o2 - 173,3550o 4 + 393,6600o 6 

- 630,930po s - 551,460po 1° - 2 ,338,1550o 12 - 193,2000o 1~ + 13,440po16)E '] 

1 P° 8 Wg, o 8 W . , 8  ° = 

Wg, 82 = 4po 6 Wg, 28 

Wg, s 4 =  14poaWo, 48 

28 
W~, 8 ~ = -~ po2W~, G 8 

Wg, 8 8 

Wo, 0 0 

1 
13,440(1 - ,o02)9 [( - 60,480po 2 + 520,380po 4 - 1 ,976,505po 6 + 4 ,339,980po 8 - 6 ,040,710po lo 

+ 5,887,680,Oo12 - 1,773,225po 14 + 2,530,080po 16 + 13,440po3S)K ' + (120 ,960  - 1,055,880po 2 

+ 4 ,077,435po 4 - 9 ,128,490po 6 + 13,026,330po 8 - 12,279,720po lo + 6,652,275po 12 

- 4 ,759,470po 14 - 67,200po16 - 26,880polS)E '] 

1 

2(1 - po 2) ( P ° 2 K '  - P°2e') 

W o ,  0 2 - 
1 

2(1 - po ~) (P°ZK'-  E') 

W1, o 0 - 
1 

6(1 - vo2) ~ [(3P°~ - P°4)K' - ( 4 p ° 2 -  2P°~)E'] 

2 = __ W 2 o  2 W l ,  o 
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W 2 ,  0 0 - 

W 2 ,  0 2 - 

" W 2  ' 0 4 - 

W 2 ,  2 0 - 

~ ' 2 ,  2 2 - -  

Wsi ¢ - 

W3, 0 0 - -  

W 3 ,  0 2 - -  

1 

24(1  - poS) ~ 
[(12po 2 - 7po 4 + 3po6)K  ' - (19po 2 - 17po 4 + 6po6)E '] 

1 
4(1 - po2) 3 [(7P°2 + P ° 4 ) K '  - (2  + 7po 2 - t~o4)E '] 

1 
24(1  - po2) 3 [(5P°8 + 3 P ° 4 ) K '  - ( 1 +  7po2)E '] 

1 
24(1  - po2) 3 [(3P64 + 5 p ° 6 ) K '  - (7P°4 + P°6)E ' ]  

4 ( 1 - p 0 8 )  3 
[(po 4 + 7po6)K  ' + (po 2 - 7po 4 - 2po6)E '] 

1 
24(1  - po2) 3 [(3P°2 - 7p°4 + 1 2 p ° 6 ) K '  - (6 - 17po 2 + 19po4)E '] 

1 [(60po 2 _ 44po 4 + 44po 6 _ 12poS) K ,  _ (107po 2 _ 126po4 + 91po 6 _ 24poS)E,  ] 
120(1  - p o 2 )  4 

1 
12(1 - poS) 4 [(33p°2 + 14p°4 + P ° G ) K '  - -  (6 + 46po 2 - -  6po 4 + 2po6)E '] 

W 3 , o  4 ~" - -  W 4 , o  4 

1 
W, o 

~ 2  = - - "  120(1  - p02) 4 

1 
• Wa, 2 2 = 12(1 - po2) 4 

[(15po 4 + 34po 6 -  poS)K ' - (38po 4 + 12po 6 -  2p6S)E '  ] 

[(6po 4 + 44po 6 - 2poS)K ' + (3po 2 - 34po 4,_ 21po 6 + 4poS)E '] 

~ r 3 , 2 4  ~ - -  W 4 , 2  4 

m 

W4,  o 0 - -  

W 4 ,  02 ~-- 

W 4 ,  04 -~- 

W 4 , 0 6  = 

~ r 4 ,  20 - 

W 4 ,  2 2 "~ - -  

1 
[ (120po 2 - 93po 4 + 174po 6 - 93po s + 20po lO)K ' 

240(1  - po2) 5 

+ ( - 234po 2 + 315,Oo 4 - 360po 6 + 191,Oo8 - 40polO)E ' ]  

1 
16(1 - poS) 5 [(64p°2 + 55p°4 + 10p°6 - P ° S ) K '  + ( - 8 - 109po 2 - 4po 4 - 9po 6 + 2poS)E '] 

1 
16(1 - poS) 5 [(47p°2 + 74p°4 + 7 p ° 6 ) K '  + ( - 4 - 95po 2 - 30po 4 + po6)E '] 

1 
240(1  - poS) 5 

1 

240(1  - po2) 5 

W 4 ,  8 4 - 

[(39po 2 + 74po 4 + 15po6)K ' + ( - 3 - 82po 2 - 43po4)E  '] 

[(30po ~ + 93po 6. + 4po ~ + p o ~ O ) K  ' + ( - 81po 4 - 56po 6 + 11po ~ - 2po~°)E '] 

1 
o~(1 - poS) 5 [( 13 po 4 + 112po 6 + po s + 2 p o l ° ) K  ' + (4po 2 - 67po 4 - 82po 6 + 21 po 8 - 4 p o l ° ) E  '] 

1 

l~"lot, - po2) 5 [(2P°~ + p°4 + 112,Oo6 + 13poS)K ' + ( - 4 + 21po ~ - 82po 4 - 67po 6 + 4poS)E '] 
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W 4 ,  2 6 - 
1 

240( 1 - po2) 5 [(p°2 + 4p°4 + 93p°6 + 30poS)K ' + ( - 2 + 11 po 2 - 56po 4 - 81 poe)E '] 

m 
W 4 ,  4 0 - -  

l 
240(1 - p02)5 [(15p°G + 74p°s + 3 9 p ° t ° ) K '  + ( - 43p°6 - 82pos - 3po~°)E'] 

W 4 ,  4 2 - 
1 

16(1 - p62) 5 [ ( 7 p f  + 74po 8 + 47po3O)K ' + (po 4 - 30po 6 - 95po 8 - 4polO)E '] 

W 4 ,  4 4 m 
1 

16(1 - po2) 5 [( - p°4 + 10p°6 + 55p°S q- 6 4 p ° l ° ) K '  + (2P°2 - 9p°4 - 4po6 - 109p°s - 8P°~°)E'] 

W 4 ,  4 6 m 

W 5 ,  0 0 m 

m 
W 6 ,  0 2 

W s ,  0 4 - 

1 
240(1 - po2) 5 [(20p°2 - 93p°4 + 174p66 -- 93p°8 + 120p°~°)K'  

+ ( - 40 + 19 lpo 2 - 360po 4 + 315 po e - 234poS)E '] 

1 
1,680(1 - po2) 6 [(840p°2 - 59 lP°4 + 2 '043p°6 - 1,569po s + 677po ~o - 120po~2)K' 

+ ( - 1,758po 2 + 2,460po 4 - 4,134po 6 + 3,296po s - 1,384po 1° + 240po12)E '] 

1 
[(g40po 2 + 642po 4 + 216po 6 - 22po s + 4poX°)K' 

80(1 - p o 2 )  6 

+ ( - 40 - 859po 2 - 309p04 - 1 0 9 p o  6 + 4 5 p o  s - 8polO)E '] 

1 
[(325po 2 + 759p64 + 195po 6 + poS)K TM + ( -- 20 -- 728po 2 - 534po 4 + 4 p o  6 - 2poS)E'] 

48(1 - ;o2) 6 

6 = _ V G ,  o 6 

m 
W s ,  2 0 ~ - 

~pr5,  2 2 - 

m 
~/V5 ' 2 4 m 

, 

1,680(1 - po2) 6 [(210p°4 + 876p°6 + 174p°s + 24p°1° - 4po12)K' 

+ ( - 597po 4 - 759po 6 + 117po s - 49po 1° + 8po12)E'] 

1 
80(1 - po2) 6 [ ( 9 5 p ° 4  + 993p°6 + 153po s + 47po ~o - 8pot2)K'  

+ (20po 2 - 466po 4 - 984po 6 + 230po s - 96po lo + 16po32)E '] 

1 
48(1 - po2) 6 [(6P°2 + 40p°4 + 930p°6 + 300p°S + 4 P ° I ° ) K '  

+ ( - 12 + 79po 2 - 491po4 - 879po 6 + 31po s - 8polO)E '] 

6 = _ 

1 
Ws' 4° = - 1,680(1 - po2) 6 [(105p°6 + 683p°8 + 4 9 5 p ° 1 ° -  3P°12)K' 

+ ( - 316po 6 - 898po s - 72polo + 6pot2)E '] 

1 
Ws' 42 - 80(1 - po2) 6 [(50p°G + 664p68 + 570p61° - 4P°~2)K' 

q- (Sp04 = 213po 6 - 989po s - 91po16 + 8pol~)E '] 
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Ws, 4 4 _ 1 [( - 3po 4 + 55po  o + 53  l p o  .s + 7 0 5 p o  ~° - 8po12)K ' 
4 8 ( 1  - po2) 6 

+ (6po 2 - 32po  4 - 74po  6 - 1 , 0 4 4 p o  s - 152po  lo + 16pG~2)E '] 

z5,4 6 ~ - -  W 6 , 4  6 

1 
[ ( 6 , 7 2 0 p o  2 - 3 , 4 6 8 p o  4 + 2 5 , 2 0 3 p o  ° - 2 4 , 0 5 7 p o  8 + 1 5 , 6 9 7 p o  1° - 5 , 5 7 5 p o  x2 

Wo, 00 = - 1 3 , 4 4 0 ( 1  - po2) 7 

+ 8 4 0 p o 1 4 ) K  ' + ( _ 1 4 , 9 0 4 p o  ~ + 1 9 , 9 1 7 p o  ' ~ -  4 9 , 1 9 1 p o  G + 5 1 , 8 4 7 p o  s - 3 2 , 7 0 9 p o  1° + 1 1 , 3 6 0 p o  12 

- 1 , 6 8 0 p o 1 4 ) E  ']  . 

W6, 0 3 1 [ ( 3 , 4 8 0 p o  ~ + 7 , 7 6 1 p o  4 + 4 , 2 0 9 p o  G -  2 0 1 p o  s + 131po  ~ ° -  2 0 p o 1 2 ) K  ' 
4 8 0 ( 1  - po2) 7 

+ ( - 2 4 0  - 7 , 5 1 2 p o  2 - -  6 , 3 0 9 p o  4 - -  1 , 8 3 3 p o  ° + 7 6 1 p o  s A 267polO + 4 0 p o 1 2 ) E  ']  

W6, 0 4 - 1 [ (2 ,580po2  + 8 ,487po4  + 4 ,083poS  + 213poS _ 3poXO)K , 
1 9 2 ( 1  - po2) 7 

+ ( - 1 2 0  - 6 , 2 4 9 p o  2 - 8 , 2 8 3 p o  4 - 6 8 1 p o  ° - 33po  s + 6po1°) E ' ]  

W6, 0 6 
1 

[ ( 2 , 1 4 5 p o  2 + 8 , 1 2 5 p o  4 + 4 , 8 3 5 p o  ° + 2 5 5 p o S ) K  ' 
4 8 0 ( 1  - po2) 7 

+ ( - 9 0  - 5 , 3 4 5 p o  2 - 8 , 8 6 5 p o  4 - 1 , 0 7 5 p o  6 + 15poS)E  ']  

_ 1 [ ( 1 , 8 7 5 p o  2 + 7 , 6 5 5 p o  4 + 5 , 3 0 5 p o  ° + 5 2 5  p o S ) K  ' 
Wo, o 8 = - 1 3 , 4 4 0 ( 1  - po2) 7 

+ ( - 75  - 4 , 7 3 5 p o  2 - 8 , 8 6 5 p o  4 - 1 ,685po6)  E ' ]  

_ 1 [ ( 1 , 6 8 0 p o  4 + 9 , 2 1 3 p f  + 3,957/008 + 6 2 7 p o  1° - 137po  ~2 + 20po14)K ' 
W6, s ° = - 1 3 , 4 4 0 ( 1  - po2) 7 

+ ( - 4 , 9 8 6 p o  4 - 1 0 , 2 5 7 p o  6 + 4 7 1 p o  ° - 827po  lo + 2 7 9 p o  1~' - 4 0 p o 1 4 ) E  ']  

W6, 2 8 - 
1 

[ ( 7 8 0 p o  4 + 9 , 9 3 9 p o  ° + 3 , 8 3 1 p o  8 + 1 , 0 4 1 p o  1° - 2 7 1 p o  12 + 4 0 p o Z 4 ) K  ' 
4 8 0 ( 1  - po2) ~ 

+ ( 1 2 0 p o  2 - 3 , 7 2 3 p o  4 - 1 2 , 2 3 1 p o  ° + 1 , 6 2 3 p o  s - 1 , 6 2 1 p o  :to + 5 5 2 p o  12 - 80po: t4)E ' ]  

1 [ (24po  2 + 4 4 1 p o  4 + 9 , 0 0 9 p o  ° + 5 , 5 1  l p o  s + 3 8 7 p o  ~° - 1 2 p o 1 2 ) K  ' 
Wo, 24 - 1 9 2 ( 1  - po2) v 

+ ( - 4 8  + 3 8 4 p o  2 - 3 , 5 7 3  po 4 -  1 1 , 1 9 3  po ° - 8 0 7 p o  s - 147po  ~° + 24po~2)E  ']  

W6, 2 6 ~-- 
1 

[ (12po  ~ + 4 2 3 p o  4 + 7 , 8 4 3 p o  6 + 6 , 6 7 7 p o  s + 4 0 5 p o l ° ) K  ' 
4 8 0 ( 1  - po2) 7 

+ ( - 2 4  + 2 0 7 p o  2 - 2 , 6 5  l p o  4 - 1 1 , 1 9 3 p o  6 - 1 , 7 2 9 p o  s + 3 0 p o l ° ) E  '] 

_ 1 
Wo, 2 s = - 1 3 , 4 4 0 ( 1  - po2) 7 [(9P°2 + 3 8 1 p ° 4  + 7 ' 0 9 1 p ° °  + 7 ' 0 3 9 p ° s  + 8 4 0 p ° l ° ) K '  

+ ( - 18 + 159po  2 - 2 , 2 5 7 p o  4 - 1 0 , 6 1 1 p o  ° - 2 , 6 3 3 p o S ) E  '] 
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~76, 40 ~. _ 1 13,440(1 - /002)7  [(840p°6 + 7 '039p°s  + 7'091po~° + 381po12 + 9 p o t a ) K '  

+ ( - 2,633p66 - 10,611po s - 2,257polO + 159po 12 - 18pola)E '] 

m 

W6, 42 
1 

480(1 - po2) 7 [(405p°6 + 6'677p°S + 7'843p°~° + 423p6~2 + 12po la )K '  

+ ( 30po 4 - 1,729p66 - 11,193 po s - 2, 651 po 1° + 207pot2 - 24pola)E '] 

f6, 44 m 
1 

192(1 - po2) 7 [( - 12p°a + 387p°6 + 5,51 lpo s + 9,009po ~o + 441po lz + 2 4 p o t a ) K '  

+ (24po ~ - 147po a - 807po 6 - 11,193po s ± 3,573po ~o + 384po ~ - 48po~a)E '] 

W6, 46 - 
1 

480(1 - po2) v [(40p°~ - 271p°a + 1,041po 6 + 3,83 lpo s + 9,939po ~o + 7 8 0 p o ~ ) K '  

+ ( - 80 + 552po2 - 1,621po a + 1,623po 6 - 12,23 lpo 8 - 3,723po lo + 120po12)E '] 

1 
W6' as = - 13,440(1 - poz) 7 [ ( 2 0 p ° 2 -  137p°a + 627p°6 + 3'957poS + 9 '213pot°  + 1,680po12) K '  

+ ( -  40 + 279po 2 -  827po a + 471po 6 -  10,257po s _  4,986polO)E, ] 

1 
W6' t° = - 13,440(1 - po2) 7 [(525p°s + 5 '305p° t°  + 7'655p°~2 + 1'875pola)K' 

+ ( - 1,685po s - 8,865po lo - 4,735po12 - 75pola)E ' ]  

W 6 6 2  - 
1 

480(1 - po2) 7 [(255p°s + 4 '835p°~° + 8,125po .2 + 2,145poXa)K ' 

+ (15po 6 -  ! ,075po s -  8 , 8 6 5 p o~ o-  5 ,345po1~-  90pota)E ' ]  

m 

W6, 64 - 
1 

192(1 - po2) v [( - 3p°6 + 213p°S + 4 '083p°a° + 8'487po~2 + 2 '580pota)  K '  

+ (6po 4 - 33po 6 - 681poS - 8,283polo - 6,249po12 - 120pola)E ' ]  

[~6, 66 
1 

~-80(1 - po2) 7 [( - 20p°a + 13 lpo 6 - 201po8+  4,209po ~o + 7,761po~2 + 3 ,480po la )K ,  

+ (40po 2 - 267po a + 76 lpo 6 - 1,833 po 8 - 6 ,309po t° - 7, 512po 12 - 240pola )E ' ]  

1 
W6, 6 s = - 13,440(1 - po2) 7 [ ( 8 4 0 p ° 2 -  5 '575p°4 + 1 5 ' 6 9 7 p o 6 -  24'057poS + 2 5 , 2 0 3 p o ~ ° -  3,468polZ 

+ 6 , 7 2 0 p o l a ) K '  + ( - 1 ,680 + 11,360po 2 - 32,709po 4 + 51,847po 6 - 49 ,19  lpoS + 19,917polo 

- 14,904po12)E']  

1 
UVT' °° = - 120,960(1  - po2) s [ ( 6 0 ' 4 8 0 p ° 2 -  12'732p°4 + 3 3 3 ' 6 8 4 p o 6 -  359'640po8 + 318,696po 1° 

- 170,028po 12 + 51,300po 14 - 6 ,720po16)K'  + ( - 140,856po 2 + 162,939po 4 - 624, 852po6 

+ 801,762poS - 675,444po 1° + 352,25 ipo  12 - 104,280po 14 + 13,440po16)E'] 
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m 

WT, 0 2 
1 

3,360(1 - po2) s [(31,080po 2 + 98,739po 4 + 79,452po 6 + 3,570po s + 2,988p6 ~° - 909po ~2 

+ 120po14)K ' + ( -  1 , 6 8 0 -  72,528po 2 -  107,208po 4 -  40,656poG + 11,616po s -  6,192po ~° 

+ 1,848po 12 - 240po14)E '] 

w 

WT, 04 m 
1 

960(1 - po2) s [(23,100p62 + 102,588po 4 + 78,744po 6 + 10,680po s -  84po 1° + 12po12)K ' 

+ ( - 840 - 59,541po 2 - 124,596po 4 - 29,502po 6 - 708po s + 171po 1° - 24po12)E '] 

WT, 0 6 
1 

1,440(1 - po2) s [(19'215p°2 + 96 '900p°4 + 86'490p°~ + 12 '420p°s  + 15p°a°)K '  

+ ( - 630 - 50,790po 2 - 127,020po 4 - 3 6 , 5 4 0 p o  6 - 30po s - 3 0 p 6 1 ° ) E  ' ]  

m 

o 8 = - o 8 

~rT, 20 = 
1 

- [(15,120po4 + 106,437po 6 + 78,036Po s + 17,790p61° - 3,156po 12 + 933po 14 
120,960(1 - po2) s 

- 120po16)K ' + ( -  46,554po 4 -  141,984po 6 -  18,348po s -  13,032po1° + 6,534po 1 2 -  1,896po 14 

+ 240pol~)E '] 

WT, 2 2 
1 

3,360(1 - po2) s [(7,140po 4 + 110,286po G + 77,328po s + 24,900po lo - 6,228po 12 + 1,854po 14 

- 240po16)K ' + (840po 2 - 33,567po 4 -  159,372po G - 7,194po s - 25,356p6 I° + 12,897po 12 

- 3,768po 14 + 480po16)E '] 

WT, 2 4 - 
1 

960(1 - po2) s [(120p°2 + 4 '545p°4 + 98 '172p°6 + 96 '486p°S + 16'020p°x° - 35 lp612 + 48po14)K ' 

+ ( - 240 + 2,280po 2 - 30,294po 4 - 146,424p66 - 38,388po s - 2,592po x° + 714po ~2 - 96po:t4)E '] 

D 

WT, 2 6 ~--- 
1 

1,440(1 - poZ) 8 [(60p°2 + 4,110po 4 + 86,160po 6 + 106,980po 8 + 17,700po ~° + 30pol~)K ' 

+ ( - 120 + 1,245po 2 - 23,040po 4 - 141,570po 6 - 51,5"40po s + 45po :t° - 60po~2)E '] 

D 

W ,28 = _ W ,28 

1 
WT, 40 = - 120,960(1 - po~) s [(7 '560p°6 + 79 '836p°8 + 109'728p°1° + 17'640p°12 + 312po 1 4 -  36po16)K ' 

+ ( - 24,537po 6 - 134,292po s - 57,654po lo + 2,004po 12 - 633pol 4 + 72po16)E'] 

1 
~--~7, 42 = - 3,360(1 --po2) s [(3 '675p°6 + 74,148po 8 + 117,474po ~o + 19,380po 12 + 41 l p o ~ 4 -  48po16)K ' 

+ (210po 4 -  15,786po 6 - 136,716po 8 - 64,692po ~o + 2,682po~2 - 834po1~ + 96po~6)E '] 

WT, 4 4 - 1 [( - 60po 4 +3,240;o06 + 62,136po s + 127,968po 1° + 21,060po 12 + 792po14 
960(1 - po2) s 

- 96po16)K ' + (120po 2 -  825po 4 -  8,532po 6 -  131,862po s -  77,844po 1° + 5,31qpo 1 2 -  1,608po ~4 

+ 192po16)E '] 

#1 



1 
W7 6 = _ 1,440(1 - poS) s [ ( 1 2 0 p ° 8 -  945p°~ + 5 '580p°6 + 50'010p°S + 132'300p°~° + 27'855p°~8 

+ 120po14)K ' + ( - 240 + 1,920p08 - 6,660po a + 3,840p06 - 131,880po s - 82,800po 10 

+ 1,020po 18 - 240pola)E '] 

~ , d  = - ~ , 4  8 

1 
IY7' 6° = - 120,960(1 [(4'725p°S + 59 '820p°~° + 111,870po 18 + 38,700p0 ~ 4 -  75potT)K ' 

po~) s 

+ ( -  15,690po s -- 109,560p0 ~ ° -  86,940po ~ 8 -  3,000po~4 + 150po~6)E '] 

1 
1~7, 68 = - 3,360(1 - poS) s [(2,310po s + 53,640po 1° + 116,100po 18 + 43,080po 1 ~ -  90polT)K'  

+ (105po 6 - 9,840po s - 106,650p0 ~o - 95,340po 18 - 3,495po ~4 + 180po:tT)E '] 

WT, 6 4 - 
1 

[( - 15po 6 + 1,860po 8 + 45,510po 1° + 118,380po 18 + 49,425po14 - 120polT)K ' 
960(1 - poS) s 

+ (30po ~ - 180po 6 - 6,540po s - '  97,920po 1° - 106,290po 12 - 4,380po ta + 240polT)E '] 

1 
I~7 66 = - 1,440(1 - poS) s [( - 60p°4 + 450p°6 + 0p°s + 43'260p°1° + 111,420po 18 + 6 0 , 2 1 0 p o  14 

- 240polT)K ' + (120po 8 - 915po 4 + 3,060po 6 - 11,730po s - 80,940po 1° - 118,035po t8 

- 7,080po 1. + 480potT)E '] 

I G ,  G8 = _ W ~ 6 8  

1 
Wo, o ° = ~ W~,~ ° 

W o ,  o 8 ~-- 
3 

4(1 - poS) 8 [( - p°8 - P ° 4 ) K '  + 2p°2E']  

1 
Wo, o , = ~ G , o  8 

3 
G ,°° = ~ 6  ~ , o  

G o  8 = - 6 - - 1  /~2, o 
' p o  2 

B 

Wl,  o 4 = - 3 W 2 , o  * 

1 
Ws'°° = 60 P°sW4"°8 

W 2 ,  0 2 - 

1 
16(1 - poS) 4 [(12p°8 + 32p°4 + 4P°6)K '  + ( - 3 lpo 8 - 18po 4 + poT)E '] 

W2' °4 - 16(1 [(19p° 8 + 26po 4 + 3 poT)K"  + ( - 2 - 36po 8 - 10po4)E '] 
poS) 4 
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1 
6 = ' 0  4 W2,o T 6 W ,  

1 
W2'2° = 16 P°4W4"°4 

~V2,  2 2 m 
1 

16(1 - po2) 4 [(3p°4 + 26'o°6 + 1 9 p ° S ) K '  + ( - 10p°4 - 36'o°6 - 2P°S)E ' ]  

W 2 ,  2 4 m 
1 

16( 1 - 'oo2) a [(4'o°4 + 32'oo 8 + 12'oo8)K ' + (po 2 - 18'oo 4 - 31 po 8) E ' ]  

1 
6 ~ , 2 4  w2,2 y6W4 

1 
W3, o ° = IT0 'o°2 W~, o 2 

1 
- - ,  2 = [ (6%02 + 241po 4 + 82po 6 + poS)K , + ( _ 167po 2 _ 220,004 + 5po 6 _ 2poS)E '] W3o 8o ( 1 - pg )~  

W 3 ,  04 - 16(1 - 'oo2) 5 [(31P°2 + 74p°4 + 2 3 p ° 6 ) K '  + ( - 2 - 69po 2 - 56po ~ - po6)E '] 

m 
W~,o 8 = - 3W4, o 6 

1 
W~,2 ° = ~ 'ooqG, o ~ 

1 
W~, 22 = 80(1 - 'oo2) 5 [(15e° 4 + 184'oo 8 + 187pd - 2 'oo l ° )K ' + ( - 53'oo 4 - 298po 6 - 37po 8 + 4 p o l ° ) E  '] 

__ 

G ~ = ~ , 4 2  
' p O  2 

W~,~ 8 = _ 3~-4,28 

1 
W4,o ° = ~ 'oo2WG, o 2 

1 
W~, o 2 = 160 (1  - po=)" [ ( 1 2 % ° 2  + 6 8 7 p ° 4 +  441p°6  + 33p°8 - P ° t ° ) K '  

+ ( - 354po 2 -  834po ~ -  84p88 - 10po s + 2po*°)E ' ]  

1 
W4' °4 = 192(1 - po2) 8 [(552'°°2 + 2 '034 ' °°4  + 1,188'oo 8 + 66poS)K  ' 

+ ( - 24  - 1 ,365po 2 - 2,187'oo 4 - 267'oo 6 + 3poS)E '] 

1 
W4, 08 - 160(1  - po2) 6 [(23 lpo  2 + 705'oo 4 + 329'oo 6 + 15'oo8)K ' + ( - 12 - 546po 2 - 664'oo 4 - 58'oo6)E '] 

3 6 ~ , o  8 = g ~ o  
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1 
W4, 2 ° - 4 , 4 8 0 ( 1  - po2) 6 [ (435p°6 + 797p°8 + 45p°~° + 3P°~2)K '  

+ ( - 30po 4 - 934po 6 - 352po s + 42po 1° - 6pol~)E '] 

1 
W4 ' 2 _ ] 6 0 ( 1  - po2) 6 [ (3%64 + 498p°6 + 708p°s  + 42p°~° + 2P°12 )K '  

+ ( - 11 lpo  4 - 909po 6 - 285po s + 29po 1° - 4polZ)E '] 

1 
W4' 34 - 192(1  - po2) 6 [ ( 1 2 % ° 4  + 1 ,791po 6 + 1 ,791po 6 + 129po~O)K'  

+ (12po ~ - 546po 4 - 2 ,772po  6 - 546po s + 12po l ° )E  '] 

1 
W4, 36 - 1 6 0 ( 1  - po2) 6 [(2P°~ + 42p°4 + 708p°6 + 498p°8  + 3 0 p ° I ° ) K '  

+ ( - 4 + 29po 2 - 285po 4 - 909po 6 - 11 lpoS)E '] 

3 
W4,} = W°,26 

W 4 ,  4 0 D 

Vl/r4, 4 3 m 

V/f4 ' 4 4 m 

1 
4 , 4 8 0 ( 1  - po2) 6 [ (270p°s  + 740p° I °  + 2 7 0 p ° ~ 2 ) K '  + ( - 15P°6 - 625p°8 - 625p°~° - 15p° I~)E ' ]  

1 
160(1 - po2) 6 [(15p°6 + 329p°8 + 705p°1° + 23 lpo12)K ' ' 

+ ( - 58po 6 - 664po 8 - 546po lo - 12poa2)E '] 

1 
192(1  - po2) 6 [(66p°6 + l ' 1 8 8 p ° s  + 2 ' 034p°~°  + 5 5 2 p ° ~ ) K '  

+ (3po 4 - 267po 6 - 2 ,187po  s - 1,365polO - 2 4 p o ~ ) E  '] 

'1 
W4, 46 - 160(1  - poZ) 6 [( - p°4 + 33p°6 + 441p°8 + 687p°~° + 120p°~2)K '  

+ (2po 2 - 10po 4 - 84po 6 - 834po 8 - 354polO)E '] 

3 
W4, 8 = W6, ? 

1 
Ws, o ° = po2W;,o 

W 5 ,  0 3 

W s ,  0 4 - 

W s , o  - 

1 
1 ,120(1  - po2) 7 [ (840p°2 + 6 ' 5 4 9 p ° 4  + 6 ' 7 6 5 p ° 6  + 1 ' 2 2 7 p ° s  - 25p°1° + 4 P ° 1 2 ) K '  

+ ( - 2 ,598po  2 - 9 , 6 0 % o  4 - 3 ,033po  6 - 163po s + 5 lpo 1° - 8po12)E '] 

1 
960(1  - po2) v [ ( 3 ' 8 4 % ° 2  + '20 '253p°4  + 19 '017p°6  + 2 ' 9 6 7 p ° s  + 3 P ° ~ ° ) K '  

+ ( - 120 - 10 ,25 lpo 2 - 27 ,177po  4 - 8 ,499po  6 - 27po s - 6polO)E '] 

1 
480(1  - po2) 7 [ (1 ,605po 2 + 7 ,185po  4 + 5 ,775po  6 + 7 9 5 p o S ) K  ' 

2 4 6 + ( - 60  - 4 , 125po  - 8 ,865po  - 2 ,295po  - 15poS)E '] 

4 4  



E 

W ,o s = _ :3W ,os 

1 
,2  ° = WT, o 

1 = 

Ws, ~;3 = 1,120(1 _ po~)7 

+ ( - 807po 4 - 9,123po 6 - 5,661po s + 335po ~° - 120po ~2 + 16po~4)E '] 

1 
W5 ' ~t = %0(1  - po~) ~ [(915p°~ + 16 ,347pf  + 24,093po s + 4,713po 1° + 12po~)K ' 

+ (60po ~" - 3,879po ~t - 28,923po ~ - 13,341po s + 27po 1° - 24po12)E '] 

1 
W5 ' ~,6 _ [(6po ~ + 339po 4 + 6,339po 8 + 7,401po s + 1,275po~O)K , 

480(1 po2) ~ 
+ ( -- 12 + 111po 2 -- 1,863po 4 - 10,029p06 -- 3,537po s -- 30p01°)E '] 

W 5 , 2  s = _ 3Ws,  s 

1 
? = o s 

[(210p04 + 4,55 lp06 + 8,871po s + 1,677po 1° + 59p0 TM - 8po14)K ' 

1 
Ws, 2 _ 1,120(1 - po2) 7 [ ( 105p f  + 2,993po s + 8,407po lo + 3,867po 1 2 -  12pol~)K ' 

+ ( - 421po 6 - 6,537po s - 8,039po lo - 387po~2 + 24po~)E ' l  

1 
Ws, h a - 960(1 - ,002)7 [(465p°~ + 10'821p°8 + 24'939p°~° ÷ 9'879p'°~2 - 24p°la)K" 

+ (15po 4 -  1,917po 6 - 21,939po s - 21,423polO - 864po 1~ + 48po14)E '] 

= 2 1 W6,G ~ 
Ws, k s = - ~ po--- ~ 

S o m e  of the  W~. ~P, W~, ~ ,  W~, ~"  given here  are also g iven  in Refs. 1 and  2. I t  is to be  no ted  

h o w e v e r  tha t  our  express ions  differ b y  cons tan t  factors  f r o m  those  in Refs. 1 and  2. T h e s e  factors  

have  been  i n t roduced  here  to p rov ide  some  s impl i f ica t ion  of  the  ma t r ix  equa t ions  for  A0, A1, etc., 

at  the  beg inn ing  of this Appendix .  T h e  m e t h o d  of evaluat ion  of the  Wn, m ~, Wn, m P, Wn, m P is 

exp la ined  in A p p e n d i x  IV. 

I t  is poss ib le  to solve these  ma t r i x  equat ions  analyt ical ly so as to obta in  the  Cj- of  E q u a t i o n  (100) 

as analyt ical  func t ions  of  x, y ,  M and  Po. T h i s  process  is ve ry  tedious,  as it involves  the  invers ion  

and  mul t ip l i ca t ion  of  mat r ices  the  e lements  of  w h i c h  are func t ions  of  Po- T h e  mat r ices  ob ta ined  

f r o m  these  ma t r ix  opera t ions  have  e lements  w h i c h  are m o r e  compl i ca t ed  func t ions  of  Po t han  are 

those of  the  original matr ices .  T h e  final resul ts  are ra ther  compl i ca t ed  func t ions  and  in o rder  

that  these  be  of  pract ical  value numer i ca l  values  for  t hem,  at least i n  part ,  m u s t  be  given.  

I f  the  end  resul ts  are to be  numer ica l  values  it is jus t  as wel l  to solve these  ma t r ix  equat ions  for  

a set of  values  of  Po- All the  matr ices  on w h i c h  opera t ions  have  to be  p e r f o r m e d  are t hen  numer i ca l  

matr ices  and  advan tage  m a y  be  t aken  of the  ma t r ix  rout ines  w o r k e d  out  for  the  D E U C E  digital 

c o m p u t e r  for  p e r f o r m i n g  these  operat ions .  T h e  solut ion  of these  equat ions  in the  p re sen t  work  has 

been  ob ta ined  by  this means .  

45 



APPENDIX IV 

The  Eva lua t ion  o f  S o m e  Integrals 

The integral expressions for the W~,. p, ~ - ,  ~o and W~, v occurring in Appendix III  are:' 

f 
~Io --I S 

W a m  ~ = (n + 2)fi 2+m-p +a am ~/ (~  _ ~2) de tim ~ x 
' ~rxnpl _,~ (1 -fi2c;~)a!z o-+o 

F x - cosh r cosh r dr  

-- ~oo S - N  ocosh r  W~,'~v - ~rx~+2p I (1 -fi2e~)*/2 de lira 30P 
• - -  0 - + 0  d O  

x [2S - (n + 4)N 0 cosh r] sinh% dr 

X 

(i12) 

and 

where 

then have to be evaluated in 
Now 

z ~ =  

& = M~_~ - po'"M~ (118) 

+i 1 de (119) 
M~ = _ ( 1 - 5 ~ ) ~  ~/(Z~- ~ ) '  

and 
PO = 

Po' = 

J~ = ~ -a  (1 -fi2c~2)~÷1/2 c°sh-1  de  (116) 

L~ = 82 - de  (115) 
_ ( 1 - ~ . e ~ ) -  

(+a V~(A~_ e2) d~ (114) 
¢ = o_ -W--YeT 

The procedure of Appendix II leads directly to these integrals. The values of these integrals are 
zero whenever ( m - p )  is odd, for the inner integral is an odd function of e when p is odd, and an 
even function of e when p is even. 

The inner integrals in the above expressions are quite simple to evaluatel Integrals of the form 

x [4S - (n + 6)N 0 cosh r] sinh4r dr (113) 

and 

order to obtain the outer integrals. 

I ._  1 + L~ (117) 

BA, (120) 

V(1 -po~). (121) 
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(111) 

52+m-~ _AT~ n+l 
W~,= m ~ - 7rx~+~P ! -a+a c;~%/(A~-c;2)(1-fi2e~)l'~de lira ~ o - + o  do No 2 S - N o  cosh r x 



The M~ satisfy the recurrence relationship: 

(2n - 2)po'2M,~ = ( 2 n -  3) (2 - poe)M,~_t - (2n - 4)M,~_~ 

Then knowing that 

M o = ~ r  

1 
i I -:-- 77--~ 

Po 

(122) 

(123) 

we can find I n and L~ for any n using the above formulae in a step by step procedure. 

By substitution of ~ = )snu (124) 

into integral (116) we obtain 

J~ = log -- du (125) 
a - K % )  dn u ] d ~  

where K(po) is the complete elliptic integral of the first kind. 
The J~ satisfy the recurrence relationship: 

( 2 n -  1)po'2J, = [4n - 6 - ( 2 n -  2)po 2] J~_l - ( 2 n -  5)J~_~ - 2po~P~ (126) 
where where 

K(PO) C/'t 4 U 
P~ = dnZ~_~-~ u du . (127) 

d --K(Po) 

The P~ satisfy the recurrence relationship: 

(2n - 2)po'2P ~ = [4n - 10 - ( 2 n -  3)po2]P~_~ - (2n - 8)P~_~ (128) 

Jo = 2~rK(po')- 2-Z [E(po ' ) -  1] 
po 2 

J1 = [E(po' )  - po'] 
po ~ 

3 ~  Po=y 

/ 
1 

Then knowing that 

~'po ~3 zr 
P1 = + ( 2 -  3po ~) 

po 4 2po 4 

(129) 

( 1 3 o )  

where K(po' ) and E(po' ) are complete elliptic integrals of the first and second kinds respectively, 
we can find J~, for any n using the above formulae in a step by step procedure. (Note: the Formulae 
(129) can be obtained quite easily from the formulae 804.01 and 804.02 of Ref. 4.) 

We shall illustrate the process by evaluating W~, ~. 
We must first of all evaluate 

oo " ( ) 
NON02 S a 

o~0 U ao ~ - cosh ~- cosh .d~" (131) 
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and this according to Appendix I I  is 

~oosh 700 2 ( ~  cosh r d r  lim - cosh ~- = 
o->o ,Jo a02 

fi2x2 ( 19 1 3 1 ) 
(1 _]~2e2)a;~. 7 4 /~2~2 + ~ i  

Therefore 

( I  - f i%~2)2 (3fi ~e~ + ~)  c°sh-1 " 

w=2 2 =  _ 4t 2 [7 1 9 1  3 fi~__a~ 
' 7r2~ -x (1 _fi2¢~)a 4 fi2~2 + ~ da 

(132) 

+ ~.~ 3_;~ ( _ p ? / ~ ~ )  (3~2~ + ~) cosh-~ pc d,~ 

,rr 74 La - 7L2 + ~ Ia  - ~ Oo2J3 + Po2J2 - 3po2J~ 

Then  using formulae of this Appendix we obtain 

~ p o  2 
L 2 - 2p o, 

L a = 7rP°--~2 [4 - 3p02] 
8po '3 

~" [8 - 24po 2 + 15po ~] ira = 8p0,a 

y~ = _2~ [E(po ' )  - Oo'] 
po 2 

2~T ~T 
E(po' ) [1 - 20o 2] + Pa0"T-o2P-- ~ [-- 2 + 5po 2] 3po2po '2 

27F 

4 = 3~7o,2 K(po') + - -  

4 = 4~(3-2oo  2) 2~ E ' [3 13pg + 8poq ~ , [24 - 128pg + 84poq 
15po, 4 + 15po2po, ~ (Po) -- 12po Po 

(133) 

and on substitution into (133) we obtain 

1 
W2, 22 = - -  [ ( -  3po 2 + 5po4)K(po ') + ( 6 -  10po 2 - 2poe)E(po')] 

po t4 

(134) 

(135) 

The Expression (135) for W~,22 contains no terms which are not multiplied by either K(po'.) or 
E(po' ) even though such terms occur in the Expressions (134). It  is observed that the expressions for 
all the lIVe, m p, ~-z~,mP and W~,~ ~ contain no terms which are not multiplied by either K(po' ) or 
E(po' ). In deriving these expressions therefore such terms can be ignored completely and it is 
possible to obtain the correct expressions by considering only the J~ in equations like (133) and 
assuming that the recurrence relationship for it is given by (126) with the term - 2po2P~ omitted. 
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T A B L E  1 

Po 

0"00 
0"05 
0-10 
0-15 
0- 20 
0"30 
0.40 
0"50 
0"60 
0-70 
0"80 
0"90 
1"00 

ao  / 

1.0 
O. 995166 
O- 984258 
O- 969438 
O- 951926 
0.912011 
O. 869069 
O. 825726 
O. 783484 
O. 743167 
0.705177 
0" 669662 
0" 636620 

t 
a 1 

0 
-0.008317 
-0-025541 
-0-046638 
-0-068847 
-0.110681 
-0.144886 
-0.170508 
_=0"188515 
-0"200386 
-0"207540 
--0"211168 
--0"212207 

a2 t 

0 
-0.001263 
-0-002774 
-0-003110 
-0-001912 
+0.004279 
+0.013095 
+0.022207 
+0.030380 
+0.037161 
+0.042507 
+0.046559 
+0.049515 

a 3  t 

0.083333 
0.080536 
0-075042 
0-068639 
0-062167 
0.050426 
0.040903 
0.033434 
0.027605 
0.023031 
0.019405 
0-016500 
0.014147 

t 
a 4 

0 
+0-000088 
+0-000392 
+0-000795 
+0.001108 
+0.001016 
-0.000058 
-0.001713 
-0.003536 
-0.005271 
-0.006795 
-0-008068 
-0-009095 

i 
a 5 

0 
-0-001508 
-0-003954 
-0.006167 
-0.007819 
-0.009534 
-0.009859 
-0.009502 
-0.008860 
-0-008126 
-0:007392 
-0.006699 
-0.006063 

t 

PO a6 '  a (  a s  ~ a 9  ~ a l o  t a l l  r 

0.00 
0.05 
0.10 
0.15 
0-20 
0.30 
0.40 
0.50 
0-60 
0-70 
0.80 
0.90 
1.00 

0 
-0.000004 
-0.000029 
-0.000084 
-0.000159 
-0.000263 
-0.000209 
-0.000005 
+0.000284 
+0-000597 
+0-000899 
+0.001168 
+0.001398 

0 
-0.000089 
-0.000076 
+0.000104 
+0.000371 
+0.000899 
+0.001261 
+0-001459 
+0.001545 
+0-O01560 
+0-001533 
+0.001481 
+0.001415 

0.003125 
0.002883 
0.002469 
0.002056 
0.001696 
0.001155 
0.000800 
0.000568 
0.000411 
0-000304 
0.000228 
0.000174 
0.000135 

0 
0.000000 

+0.000002 
+0.000005 
+0.000015 
+0.000037 
+0.000044 
+0.000027 
-0-000009 
-0-000054 
-0 .000101 
-0.000146 
-0.000186 

0 
+0.000007 
+0.000023 
+0.000027 
+0.000015 
-0.000044 
--0.000107 
--0-000157 
-0-000191 
-0.000213 
-0.000226 
-0.000233 
-0.000235 

0 
-0.000074 
-0.000165 
-0.000222 
-0.000246 
-0-000240 
-0-000207 
-0-000172 
-0-000140 
-0.000114 
-0.000092 
-0.000075 
-0.000061 

Po 

0"00 
0"05 
0'10 
0"15 
0" 20 
0"30 
0"40 
0"50 
0"60 
0"70 
0"80 
0"90 
1 "00 

a2  I' 

0 

0.001955 
0.005813 
0.010258 
0.014649 
0.022188 
0.027667 
0.031332 
0.033615 
0.034902 
0.035490 
0-035559 
0-035368 

~3 Ir 

-0.083333 
-0.082291 
-0.080105 
-0.077353 
-0.074329 
-0.068076 
-0.062026 
-0.056407 
-0-051282 
-0.046648 
-0.042476 
-0.038730 
-0.035368 

a4  tr 

0 
-0.000235 
-0.001042 
-0.002403 
-0-004159 
-0.008120 
-0-011847 
-0.014902 
-0-017247 
-0-018899 
-0-020049 
-0-020790 
-0-021221 

a5 tt 

0 
0.001741 
0.004956 
0-008431 
0-011665 

.0-016797 
0-020128 
0-022029 
0-022895 
0-023043 
0.022710 
0-022063 
0.021221 

a6  tt 

0 
0.000025 
0-000120 
0-000325 
0-000662 
0-001650 
0.002814 
0-003926 
0-004879 
0-005643 ~ 
0"006230 
0"006664 
0"006973 

it 
a 7 

0 
+0.000246 
+0-000420 
+0-000278 
-0-000145 
-0.001439 
-0.002832 
-0.004033 
-0.004956 
-0.005611 
-0-006034 
-0.006270 
-0.006366 

(82496) 
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T A B L E  1--continued 

Po 

0"00 
0"05 
0"10 
0"15 
O-20 
0"30 
0-40 
0"50 
0"60 
0"70 
0"80 
0"90 
1 "00 

a 8 n 

-0 .00625 
-0.005933 
-0.005353 
-0.004-724 
-0-004129 
-0-003130 
-0-002386 
-0.001840 
-0.001438 
-0.001139 
-0.000913 
-0.000740 
-0.000606 

~9 tt 

0 
-0.000003 
-0.000013 
-0-000034 
-0-000076 
-0-000239 
-0.000477 
-0.000740 
-0.000988 
-0.001204 
-0.001380 
-0.001520 
-0-001628 

~10 ~t 

0 
-0.000021 
-0.000088 
-0.000157 
-0-000173 
-0 .000072 
+0.000160 
+0.000432 
+0.0O0688 
+0.000905 
+0.001077 
+0.001207 
+0-001291 

a l l n  

0 
0.000166 
0.000404 
0.000589 
0-000707 
0.000787 
0.000756 
0.000684 
0.000602 
0.000523 
0.000452 
0.000390 
0.000337 

a 6  Itt 

0 
0.000015 
0.000066 
0.000150 
0-000252 
0-000469 
0.000657 
0.000802 
0.000905 
0.000976 
0.001021 
0.001048 
0-001061 

C/7 Ill 

0 
-0.000212 
-0-000592 
-0.000988 
-0 .001342 
-0.001874 
-0.002188 
-0.002345 
-0.002394 
-0.002374 
-0-002312 
-0-002224 
-0.002122 

DO a 8  tit aO m 010 tl/ gll tp 

0"00 
0"05 
0"10 
0"15 
0.20 
0"30 
0-40 
0-50 
0"60 
0"70 
0"80 
0"90 
1 "00 

0.003125 
0.003065 
0.002946 
0-002803 
0-002653 
0.002361 
0-002096 
0-001862 
0.001657 
0.001477 
0.001320 
0.001182 
0.001061 

0 
-0 .000006 
-0.000026 
-0-000064 
-0-000117 
-0 .000249 
-0.000383 
-0.000497 
-0.000587 
-0.000654 
-0.000703 
-0.000736 
-0-000758 

0 
0.000016 
0-000127 
0-000282 
0.000461 
0-000817 
0.001108 
0.001313 
0.001444 
0.001516 
0-001544 
0-001541 
0.001516 

0 
-0-000100 
-0 .000264 
-0.000429 
-0.000570 
-0.000767 
-0.000871 
-0.000913 
-0.000915 
-0.000891 
-0.000853 
-0.000808 
-0-000758 

Po 

0.00 
0.05 
0.10 
0.15 
O. 20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0-90 
1-00 

b o' 

1.0 
O. 986849 
O. 958717 
O. 922800 
O- 883079 
0.801330 
0.724183 
O. 655218 
O. 594969 
0.542781 
O. 497637 
O. 458494 
0-424413 

bl' 

0 
-0.010843 
-0.031089 
-0.052859 
-0-072671 
-0-102123 
-0.118697 
-0 .126094 
-0.127755 
-0.126064 
-0.122525 
-0.118050 
-0.113177 

b 2' 

0-166667 
0.161071 
0.150084 
0.137277 
0.124333 
0.100852 
0-081806 
0.066868 
0.055211 
0.046062 
0.038811 
0.033000 
0.028294 

ha' 

0 
-0.000999 
-0.001597 
-0.000726 
+0.001413 
+0.007328 
+0-012920 
+0-017069 
+0.019774 
+0.021348 
+0.022122 
+0.022355 
+0.022231 

b 4' 

+0.083333 
+0.076011 
+0-063180 
+0.050138 
+0.038709 
+0.021823 
+0.011325 
+0-004926 
+0-001027 
-0.001346 
-0.002771 
-0.003597 
-0.004042 

b 5 ' 

0 
+0-000073 
+0.000277 
+0.000459 
+0.000474 
-0-000035 
-0-000894 
-0.001732 
-0.002401 
-0.002881 
-0.003201 
-0.003397 
-0-003503 
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TABLE 1--continued 

po bo' b( b( b( G '  bd 

0-00 
0"05 
0-10 
0"15 
0-20 
0.30 
0"40 
0"50 
0"60 
0"70 
0.80 
0"90 
1"00 

0 
-0.001866 
-0.004259 
-0-005753 
-0.006337 
-0.005938 

0.0125 
0.011530 
0.009876 
0.008225 
0-006784 
0.004619 

0 
-0.000004 
-0.000020 
-0-000057 

•-0-000082 
-0.000075 

0 
-0-000054 
+0.000039 
+0.000240 
+0-000447 
+0.000680 

+0.003125 
+0.002514 
+0.001645 
+0-000948 
+0.000468 
-0.000044 

-0.004815 
-0.003665 
-0.002680 
-0-001885 
-0.001260 
-0.000776 
-0.000404 

0.003202 
0.002270 
0.001644 
0.001215 
0.000913 
0.000697 
0.000539 

+0.000012 
+0-000129 
+0.000238 
+0-000326 
+0.000391 
+0.000437 
+O-0OO466 

+0.000724 
+0.000676 
+0.000591 
+0-000496 
+0.000403 
+0.000317 
+0.000241 

-0.000237 
-0.000292 
-0-000290 
-0-000265 
-0.000233 
-0.000201 
-0-000171 

0 
0.000000 

+0.000001 
+0.000007 
+0.000010 
+0.000013 
+O.O00OO7 
-0.000005 
-0.000019 
-0-000032 
-0.000042 
-0.000049 
-0.000054 

po b~( b13' b~4' bs" b~" bd 

0.00 
0.05 
0.10 
0.15 
0-.20 

• 0.30 
0.40 
0.50 
0.60 
0-70 
0.80 
0.90 
1.00 

0 
+0.000005 
+0.000012 
+0.000010 
-0-000013 ,' 
-0.000050 
-0.000072 
-0-000080 
-0.000080 
-0-000075 
-0-000068 
-0.000059 
-0.000050 

0 
-0.000086 
-0.000154 
-0.000163 
-0.000145 
-0-000087 
-0.0OOO40 
-0.000010 
+0.000009 
+0-000019 
+0-0O0024 
+0.000025 
+0.000026 

0-000372 
0.000324 
0.000252 
0.000190 
0-000143 
0-000082 
0.000049 
0.000030 
0.000019 
0-000013 
0-000008 
0.000006 
0.000004 

0 
0.001720 
0.004771 
0.007856 
0-010490 
0-014068 
0.0.15820 
0.016430 
0.016382 
0-016003 
0-015442 
0.014805 
0.014147 

-0.083333 
-0.080550 
-0.075148 
-0.068922 
-0-062664 
-0.051279 
-0.041898 
-0.034378 
-0.028387 
-0.023604 
-0-019766 
-0.016666 
-0.014147 

0 
-0.000185 
-0.000802 
-0.001752 
-0-002835 
-0.004820 
-0.0O6219 
-0.007050 
-0.007466 
-0-007612 
-0-007588 
-0.007461 
-0.007276 

Po bd bT" bd b; G" bd' 

-0.0125 0.00 
0-05 
0"10 
0.15 
0"20 
0"30 
0-40 
0.50 
0.60 
0"70 
0-80 
0-90 
1.00 

0 
0-002233 
0-005796 
0.008979 
0-011375 
0.013918 
0-014464 
0.013964 
0.012982 
0.011822 
0,010643 
0-009524 
0.008488 

-0-011866 
-0-010706 
-0.009449 
-0.008258 
-0-006261 
-0-004771 
-0.003679 
-0.002875 
-0-002277 
-0.001825 
-0.001479 
-0.001213 

-0 
0-000016 
0-000081 
0.000222 
0.000433 
0.000933 
0-001381 
0.001706 
0.001915 
0.002033 
0.002089 
0-002104 
0.002088 

0 
+0-000183 
+0-000156 
-0.000194 
-0-000663 
-0.001654 
-0-002352 
-0.002737 
-0.002892 

• -0.002894 
-0.002803 
-0-002648 
-0.002493 

-0.006250 
--0.005434 
-0-004140 
-0.002957 
-0.002008 
--0.000771 
-0.000118 
+0-000211 
+0.O00361 
+O.0O043O 
+0.000443 
+0-000431 
+0.000404 

0 
-0.000001 
-0.000007 
-o.ooo'o21 
=0.000048 
-0.000131 
-0.000223 
-0.000300 
-0.000356 
--0.000393 
-0-000416 
-0.000429 
-0.000432 
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T A B L E  l~continued 

Po b12" b j  hi,it' bs" bg,,, blo,,, 

0"00 
0"05 
0"10 
0"15 
0-20 
0"30 
0"40 
0"50 
0"60 
0-70 
0-80 
0-90 
1-00 

0 
-0.000022 
-0"000050 
-0.000051 
--0.000047 
+0-000087 
+0-000233 
+0-000349 
+0-000427 
+0-000473 
+0-000492 
+0-000490 
+0-000488 

0 
+0.000199 
+0.000412 
+0-000509 
+0-000512 
+0.000411 
+0-000283 
+0-000176 
+0-000097 
+0.000041 
+0.000002 
-0-000025 
-0.000039 

--0.000744 
--0.000670 
--0.000551 
--0-000440 
--0-000349 
-0-000221 
-0-000144 
-0-000096 
-0-000065 
-0-000046 
-0"000033 
-0-000024 
-0-000018 

6 
0.000009 
0.000040 
0.000086 
0-000135 
0'000219 
0-000274 
0-000305 
0-000318 
0-000321 
0.000318 
0-000312 
0"000303 

0 
-0 .000200 
-0.000465 
-0.000706 
--0-000881 
--0-001056 
--0-001080 
--0.001031 
--0.000950 
-0-000858 
-0-000768 
--0-000683 
-0-000606 

0"003125 
0"002965 
0"002681 
0"002374 
0"002083 
0"001594 
0"001225 
0"000949 
0"000742 
0.000586 
0-000467 
0.000375 
0.000303 

Po b11" b j '  b13" b14" 

0"00 
0"05 
0-10 
0"15 
0-20 
0-30 
0-40 
0"50 
0-60 
0-70 
0-80 
0"90 
1 "00 

m 

m 

0 
0-000003 
0.000014 
0.000033 
0-000058 
0-000108 
0-000147 
0-000172 
0-000187 
0-000194 
0-000196 
0.000195 
0.000193 

0 
0-000038 
0-000098 
0-000194 
0-000292 
0-000442 
0-000520 
0-000547 
0-000541 
0-000517 
0-000483 
0.000447 
0-000409 

0 
-0-000121 
-0.000298 
-0-000435 
-0-000521 
-0-000582 
-0-000563 
-0-000510 
-0-000448 
-0-000387 
-0-000332 
-0-000282 
-0-000241 

0.000372 
0.000347 
0.000305 
0-000261 
0.-000222 
0-000160 
0-000117 
0-000086 
0-000065 
0-000050 
0-000038 
0-000030 
0-000024 

PO CO t CI" C2" ~ Cg" C4" C5; 

0-00 
0-05 
0.10 
0.15 
O- 20 
0.30 
0-40 
0-50 
0-60 
0-70 
0-80 
0-90 
1. O0 

0 
0-000411 
0-001501 
0-003089 
0-004973 
0.009077 
0.013089 
0.016717 
0.019876 
0-022570 
0.024839 
0-026730 
0.028294 

0-333333 
0.333331 
0.333296 
0.333188 
0.332969 
0"332104 
0"330617 
0.328521 
0"325875 
0.322751 
0-319225 
0-315365 
0-311236 

0 
-0.000016 
-0.000079 
-0.000278 
-0.000626 
-0.001716 
-0.003155 
-0.004751 
-0.006379 
-0.007963 
-0 .009462 
-0 .010852 
-0"012126 

0 
-0.000013 
-0.000126 
-0 .000462 
-0.001097 
-0.003335 
-0.006735 
-0.011009 
-0.015853 
-0 .02100i  
-0"026238 
-0.031403 
-0"036378 

0 
0-000000 

-0 .000002 
+0-0000O5 
+0.000030 
+0.000162 
+0.000404 
+0.000730 
+0.0O1112 
+0.001529 
+0.001962 
+0.002399 
+0.002829 

0 
+0-000004 
-0.000029 
-0.000140 
-0.000331 
-0.000859 
-0.001395 
-0-001765 
-0-001873 
-0-001687 
-0.001219 
-0.000506 
+0.000404 
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T A B L E  1--continued 

DO C6 t CTt C8 t C9 t Clo' Cl1' 

0"00 
0-05 
0-10 
0-15 
0-20 
0-30 
0-40 
0"50 
0"60 
0"70 
0"80 
0"90 
1 "00 

0.008333 
0.008332 
0.008316 
0.008273 
0-008195 
0.007936 
0.007568 
0-007131 
0.006661 
0.006183 
0.005716 
0.005270 
0.004850 

0 
-0.000001 

0.000000 
+0-000001 
+0.000001 
-0-000008 
-0-000034 
-0-000078 
-0-000137 
-0-000209 
-0.000289 
-0.000377 
-0-000470 

0 
-0.000001 
-0.000008 
-0.000019 
-0-000024 

0.000000 
+0-000079 
+0-000197 
+0-000323 
+0.000429 
+0-000495 
+0-000511 
+0.000470 

0 
-0 .000002 
-0.000018 
-0.000059 
-0 .000124 
-0.000307 
-0-000518 
-0.000719 
-0-000891 
-0-001026 
-0 .001124 
-0-001188 
-0.001225 

0 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.0O00O2 
0.000006 
0.000013 
0.000022 
0.000034 
0.000047 
0.000062 

0 
0-000000 
0.000000 

+O.O00O02 
+O.0000O4 
+0.O000O9 
+0.0O0O08 
+0.000001 
-0.000015 
-0 .000034 
-0.000053 
-0.000069 
-0.000076 

DO C12 s C18 s £14' Cl~' C16' C17' 

0.00 
0.05 
0.10 
0-15 
O- 20 
0-30 
0-40 
0-50 
0-60 
0.70 
0.80 
0.90 
1-00 

0 
0.000000 

-0-000004 
-0.000011 
-0.000019 
-0-000030 
-0-000028 
-0-000012 
+0-000015 
+0.000047 
+0.000080 
+0.000110 
+0.000138 

0.000149 
0.000149 
0.000148 
0.000144 
0-000140 
0-000127 
0-000112 
0-000096 
0.000082 
0-000069 
0.000058 
0.000049 
0.000041 

0 
0"000000 
0"000000 
0"000000 
0:000000 
0"000000 
0-000000 
0.000000 

-0-000001 
-0-000002 
-0.000003 
-0.000005 
-0.000007 

0 
0.000000 
0.000000 
0.000000 
0.000000 

-0.000001 
-0.000002 
~0"000002 
-0"000001 

0"000000 
+O'OOO002 
+0"000005 
+0"0O0007 

0 
0.000000 
0-000000 
0.000000 
O.O00000 

+0.000003 
+0.000005 
+0.000007 
+0.000O07 
+0.000005 
+0.000002 
-0.000001 
-0.000006 

0 
0-000000 

-0.000001 
-0.000002 
-0.000004 
-0.000008 
-0 .000012 
-0 .000014 
-0.000016 
-0-000016 
-0.000015 
-0 .000014 
-0.000013 

Do c4 # ~C5 # C6 H C7 I/ £8 tt £9 ~t 

0-00 
0.05 
0.10 
0.15 
0-20 
0.30 
O. 40 
0.50 
0.60 
0.70 
0-80 
0-90 
1.00 

0 
0-000001 
0-000009 
0.000032 
0.000070 
0.000185 
0.000333 
0.000494 
0.000656 
0.000812 
0.000958 
0-001092 
0-001213 

0 
-0.000008 
-0-000011 
+0.000019 
+O.000101 
+O.00O438 
+0.000983 
+0.001679 
+0.002464 
+0.003287 
+0.004110 
+0.004909 
+0-005659 

-0.008333 
-0.008333 
-0-008329 
-0-008319 
-0.008298 
-0.008223 
-0.008103 
-0.007947 
-0.007762 
-0.007556 
-0.007335 
-0.007105 
-0.006871 

0 
0.000000 

-0 .000002 
-0.000007 
-0.000019 
-0-000063 
-0-000130 
-0-000213 
-0.000304 
-0.000400 
-0.000493 
-0.000583 
-0 .000674 

0 
+0.000006 
+0.000013 
+0.000039 
+0.000074 
+0.000139 
+0.000150 
+0.000080 
-0-000081 
-0-000320 
-0-000622 
-0.000947 
-0.001347 

0 
0.000002 
0.000013 
0.000045 
0.000101 
0.000281 
0.000525 
0.000801 
0.001084 
0.001356 
0-001606 
0-001831 
0-002021 
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T A B L E  1--continued 

Po 

0-00 
0"05 
0"10 
0"15 
0-20 
0"30 
0.40 
0"50 
0"60 
0"70 
0"80 
0"90 
1"00 

t;lO" 

0 
0-000000 
0.000000 
0.000001 
0.000003 

ell ~t 

0 
0-000000 
0.000000 

-0.000003 
-0.000009 

C12 ~t 

0 
-0.000001 
+0.000005 
+0.000018 
+0-000035 

q3" 

-0 .000298 
-0-000297 
-0.000296 
-0.000293 
-0-000288 

0-000012 
0.000028 
0.000050 
0.000075 
0.000104' 
0.000134 
0.000163 
0-000197 

-0.000033 
-0 .000062 
-0.000087 
-0.000096 
-0.000082 
-0.000048 
-0-000013 
+0.000089 

+0.000075 
+0.000102 
+0.000106 
+0.000085 
+0.000044 
-0.000015 
-0-000085 
-0.000157 

-0.000273 
-0.000252 
--0.000230 
-0-000207 
-0.000185 
-0-000164 
--0-000146 
-0.000129 

C14 ~t 

0 
0.000000 
0.000000 
0.000000 
0-000000 

-0 .000002 
-0 .000004 
-0.000008 
-0-000013 
~0.000019 
-0.000026 
-0.000031 
-0-000040 

C15 u 

0 
0-000000 
0.000000 
0.000000 
0-000000 
0.000003 
0.000008 
0.000016 
0-000023 
0.000028 
0.000030 
0-000027 
0-000017 

PO C16 n C17U Clom 1 Cll;n Cl 8;"t C18m 

0"00 
0-05 
0"10 
0"15 
0.20 
0"30 
0"40 
0.50 
0-60 
O" 70 
0"80 
0"90 
1-00 

0 
0-000000 

+0.000001 
+0.000001 
+0-000001 
-0 .000004 
-0 .000014 
-0 .000024 
-0-000033 
-0.000038 
-0.000037 
-0.000031 
--0-000024 

0 
0-000000 
0.000001 
0.000004 
0-000008 
0.000018 
0.000028 
0.000036 
0-000042 
0.000046 
0.000048 
0-000048 
0.000047 

0 
0-000000 
0.000000 
0.000000 
0-000001 
0.000002 
0.000005 
0.000008 
0-000011 
0.000014 
0.000018 
0-000021 
0-000024 

0 
0-000000 

--0.000001 
--0.000002 
--0.000004 
--0-000008 
--0.000009 
--0.000006 
+O-OOO0O2 
+0.000013 
+O.O00O28 
+0-000045 
+0.000063 

0 
0-000000 

-0.000001 
-0 .000004 
-0.000009 
-0.000028 
-0.000053 
--0.000081 
--0-000109 
--0.000135 
--0.000160 
--0.000180 
--0-000197 

0.000149 
0-000149 
0.000149 
0.000148 
0,000148 
0.000145 
0.000142 
0.000137 
0.000132 
0-000127 
0.000122 
0.000116 
0-000111 

PO C1 ~'Im C15"It C16m [ ' C17m 

0"00 
0"05 
0"10 
0-15 
0"20 
0"30 
0"40 
0.50 
0-60 
0-70 
O" 80 
0.90 
1"00 

0 
0-000000 
0.000000 
0.000000 
0.000000 

-0-000001 

0 
0-000000 
0.000000 

+0.000001 
+0.000002 
+0-000005 

0 
0-000000 

-0.000001 
-0.000002 
-0.000003 
-0.000003 

0 
0.000000 
0.000000 

-0.000002 
-0.000003 
-0.000009 

-0 .000002 
-0.000004 
-0-000006 
-0.000008 
-0.000011 
-0.000013 
-0-000015 

+0.000008 
+0.000009 
+0.000009 
+0.000006 
+0.000001 
-0.000001 
-0.000015 

0.000000 
+0.000008 
+0-000019 
+0.000032 
+0.000047 
+0-000062 
+0.000077 

-0.000015 
-0.000022 
-0.000029 
-0.000034 
-0.000039 
--0.000043 
-0.000046 
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T A B L E  1- -con t inued  

Po do' dl' d(  da' da' d 5' 

0-00 
0-05 
0-10 
0.15 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 

1-0 
O. 976006 
O. 927628 
O. 869941 
O. 810408 
O. 699207 
O. 605486 
0.529124 
0.467214 
0.416717 
0.375112 
O. 340444 
0-311236 

0.166667 
0.161071 
0.150084 
0.137277 
0.124333 
0.100852 
0.081806 
0-066868 
0-055211 
0.046062 
0.038811 
0-033000 
0-028294 

0 
• -0-012840 

-0.034283 
-0.054311 
-0.069844 
-0.087467 
-0.092857 
-0.091955 
-0.088208 
-0.083368 
-0-078281 
-0-073340 
-0-068714 

0.333333 0 
0.313092 -0.000779 
0.276445 -0.000766 
0.237552 +0.000651 
0.201751 +0.002834 
0.144498 +0.007224 
0.104457 +0-010239 
0.076720 +0-011873 
0.057264 +0.012570 
0-043369 +0-012704 
0-033269 +0.012519 
0.025807 +0.012162 
0-020210 +0.011722 

+0.083333 
+0.070413 
+0-050404 
+0.032879 
+0.019699 
+O-004O08 
-0.003119 
-0.006068 
-0.007013 
-0.007002 
-0.006552 
-0.005926 
-0.005255 

Po d6' d 7' ' d  s' d(  dlo' dll' 

0.00 
0-05 
0.10 
0.15 
0.20 
0.30 
0.40 
0-50 
0.60 
0.70 
0.80 
0.90 
1 . 0 0  

0.0375 
0.034591 
0.029629 
0-024675 
0:020352 
0-013857 
0.009607 
0-006811 
0.004934 
0.003644 
0.002738 
0.002090 
0.001617 

0 
+0.000058 
+0.000195 
+0.000231 
+0-000144 
-0-000337 
-0.000845 
-0.001217 
-0 .001449 
-0.001577 
-0.001636 
-0.001650 
-0.001637 

0 
-0.002082 
-0-004101 
-0-004793 
-0.004548 
-0-003219 
-0-001918 
-0.000962 
-0.000316 
+0.000097 
+0-000350 
+0.000492 
+0.000559 

+0.025 
+0-021586 
+0-016455 
+0-012017 
+0-008657 
+0.004444 
+0.002255 
+0.0O1102 
+0,000486 
+0.000155 
-0.000018 
-0.000106 
-0.000147 

0 
-0-000002 
-0-000010 
-0.000020 
-0.000040 
-0.000009 
+0.000049 
+0.000102 
+0.000141 
+0.O00167 
+0-000182 
+0.000191 
+0.000195 

0 
-0.000027 
+0.000099 
+0.000292 
+0.000382 
+0-000429 
+0.00O366 
+0.000277 
+0-000192 
+0.000120 
+0-000065 
+0-000023 
-0.000007 

Po d l ( ,  d13' d14' dis' " d16' d l (  

0-00 
0"05 
0"10 
0.15 
0"20 
0"30 
0'40 
0"50 
0"60 
0"70 
0"80 
0"90 
1 "00 

+0-003125 
+0-002086 
+0.000876 
-0.000131 
-0.000258 
-0.000481 
-0.000439 
-0.000340 
-0.000246 
-0.000170 
-0.000113 
-0.000072 
-0.000044 

0-001860 
0-001618 
0.001260 
0.000951 
0.000715 
0.000411 
0.000245 
0.000151 
0.000096 
0.000063 
0.000042 
0-000029 
0-000020 

0 
0.000000 

+0.000001 
+0.000002 
+0.000005 
+0-000004  
-0.000001 
-0.000007 
-0.000012 
-0.000015 
-0.000018 
-0-000019 
-0-000020 

0 
+0.000004 
+0.000005 
-0.000014 
-0.000022 
-0.000036 
-0.000039 
-0.000036 
-0.000031 
-0-000025 
-0.000018 
-0-000012 
-0-000008 

0 
-0.000089 
-0.000125 
-0.000105 
-0.000066 
-0.000009 
+0.000019 
+O.O0O030 
+0.000031 
+0.000028 
+0-000022 
+0:000018 
+0-000013 

+0.000744 
+0.000578 
+0.000372 
+0.000226 
+0.000133 
+0-000041 
+0-000007 
-0.000005 
-0.000009 
-0.000009 
-0.000008 
-0.000006 
-0.000005 
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, T A B L E  1--continued 

Po d~" ds" d6" dT" d8" dg" 

0-00 
0-05 
0.10 
0.15 
0.20 
0"30 
0-40 
0-50 
0.60 
0.70 
0.80 
0-90 
1.00 

0.001534 
0.003969 
0.006103 
0.007656 
0.009247 
0-009601 

-0.083333 
-0.078317 
-0.069352 
-0.059935 
-0-051289 
-0-037361 
-0.027434 

-0 .0125 
-0.011866 
-0.010706 
-0.009449 
-0.008258 
-0.006261 
-0.004771 

0 
-o.oools4 
--0-000639 
-0.001307 
-0.001969 
-0.002954 
-0.003456 

0 
0-002598 
0-006109 
0.008599 
0.010049 
0.010610 
0.009760 

0.009380 
0.008923 
0.008391 
0.007854 
0-007344 
0.006871 

-0.020414 
-0.015405 
--0.011782 
-0-009123 
-0.007142 
-0.005659 

-0.003679 
--0.002875 
-0.002277 
-0.001825 
-0.001479 
-0.001213 

-0.003637 
-0.003638 
-0"003546 
-0.003410 
-0.003253 
-0.003099 

0.008489 
0.007198 
0.006034 
0.005036 
0.004228 
0-003503 

-0.025000 
-0.022735 
-0.018987 
-0.015363 
-0.012273 
-0.007802 
--0.005008 
-0-003257 
-0.002142 
-0.001418 
-0.000940 
--0.000617 
-0-000404 

Po dlo" d j '  d12" dl~" d14" d j  

0.00 
0.05 
0.10 
0.15 
O- 20 
0-30 
0.40 
0.50 
0.60 
0.70 
0-80 
0-90 
1-00 

0 
0.000011 
0.000060 
0-000161 
0-000289 
0.000541 
0.000713 
0.000806 
0.000846 
0.000853 
0-000842 
0-000817 
0-000794 

0 
+0.000115 
--0.000013 
-0-000348 
-0.000804 
-0.001394 
-0.001652 
-0.001691 
--0.001611 
--0-001480 
-0-001327 
-0.001179 
-0.001027 

-0.006250 
--0.004836 
--0-002905 
-0-001429 
-0.000471 
+0.000463 
+0.O0O731 
+0.000740 
+0-000658 
+0.000552 
+0.000450 
+0.000357 
+0.000286 

--0.002232 
--0-002009 
-0-001653 
-0.001321 
-0.001048 
-0.000664 
-0.000431 
--0.000287 
-0-000196 
-0.000137 
-0"000098 
-0.000071 
-0.000052 

0 
-0.000001 
-0.000005 
-0.000015 
-0.000031 
-0.000073 
-0.000108 
-0.000131 
-0-000144 
-0.000150 
-0.000152 
-0.000149 
-0.000148 

0 
-0-000009 
-0.000035 
-0.000044 
+0.000016 
+0-000108 
+0.000181 
+0.000222 
+0-000238 
+0.000238 
+0.000232 
+0.000218 
+0.000198 

Po 

0"00 
0-05 
0-10 
0"15 
0"20 
0"30 
0"40 
0.50 
0"60 
0"70 
0-80 
0-90 
1"00 

d16 ~ 

0 
+0.000219 
+0-000372 
+0.000379 
+0.000319 
+0.000163 
+0.000049 
-0.000018 
-0.000053 
-0-000068 
-0-000071 
-0.000066 
-0.000062 

dlv" 

-0-001488 
-0-001229 
-0.000873 
-0.000591 
-0.000394 
-0.000168 
-0.000066 
-0.000019 
+0-000002 
+0-000010 
+0.000013 
+0.000013 
+0.000012 

dlo "l 

0 
0"000006 
0'000026 
0'000052 
0"000077 
0"000112 
0"000128 
0"000132 
0"000131 
0"000127 
0"000122 
0"000116 
0'000111 

d11" 

0 
-0 '000158 
-0 '000367 
-0"000512 
-0"000589 
-0"000614 
-0"000560 
-0"000484 
-0"000409 
-0"000341 
-0 '000284 
-0"000236 
-0"000197 

d12" 

0.003125 
0.002844 
0.002383 
0.001939 
0.001563 
0.001012 
0-000662 
0-000439 
0.000294 
0.000199 
0.000135 
0.000092 
0.000063 

0.000372 
0.000347 
0.000305 
0.000261 
0.000222 
0.000160 
0-000117 
0-000086 
0.000065 
0.000050 
0.000038 
0.000030 
0.000024 
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T A B L E  1--continued 

Po 

0"00 
0.05 
0.10 
0.15 
0-20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 

d14" 

0 
-0 .000002 
-0-000008 
-0.000019 
-0.000031 
-0.000051 
-0.000063 
-0.000068 
-0-000070 
-0.000070 
-0-000068 
-0.000066 
-0.000063 

d j "  

0 
0.000019 
0.000074 
0.000137 
0.000189 
0.000247 
0.000258 
0.000246 
0.000223 
0.000197 
0.000172 
0.000150 
0-000129 

d16 m 

0 
--0.000140 
--0.000303 
--0.000395 
--0.000429 
--0.000404 
--0.000335 
--0.000265 
-0.000205 
-0.000156 
-0.000119 
-0.000090 
-0.000068 

0.000744 
0.000657 
0.000523 
0.000403 
0.000307 
0.000177 
0.000103 
0.000060 
0.000035 
0.000020 
0.000011 
0.000005 
0.000002 

PO eo t elt e2~ e3t e4t est 

0.00 
0.05 
0.10 
0.15 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.9O 
1.00 

0 
0-000395 
0.001422 
0.002811 
0.004348 
0.007361 
0.009934 
0.011966 
0.013497 
0.014607 
0.015377 
0.015878 
0.016168 

0-333333 
0.333319 
0.333170 
0-332726 
0.331872 
0.328769 
0.323882 
0.317512 
0.310022 
0.301750 
0.292986 
0.283962 
0.274858 

0 
-0.000009 
-0 .000082 
-0.000268 
-0.000566 
-0.001393 
-0.002348 
-0.003292 
-0.004154 
-0.004905 
-0.005537 
-0.006055 
-0.006467 

0 
-0-000005 
-0 .000184 
-0-000742 
-0-001759 
-0.005053 
-0.009524 
-0.014538 
-0.019598 
-0.024375 
-0.028675 
-0.032414 
-0.035570 

0.016667 
0.016663 
0.016632 
0.016545 
0.016389 
0.015871 
0.015135 
0.014262 
0-013322 
0-012367 
0-011432 
0-010539 
0-009701 

0 
0.000000 
0.000000 
0-000008 
0.000033 
0-000138 
0.000301 
0.000495 
0.000700 
0-000903 
0-001094 
0-001268 
0.001421 

Do " e6 t e7~ e8~ e9t el°~ ellt  

0.00 
0.05 
0-10 
0.15 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 

0 
0.000000 

- 0 . 0 0 0 0 5 4  
-0.000196 
-0 .000404 

- 0 . 0 0 0 8 5 9  
-0.001157 
-0.001175 
-0.000905 
-0.000401 
+0.000268 
+0.001027 
+0.001813 

0.008333 
0.008326 
0-008262 
0-008096 
0.007822 
0.007015 
0.006015 
0.004973 
0-003987 
0.003104 
0.002344 
0.001706 
0.001176 

0 
0-000000 
0-000000 

+0-000001 
0-000000 

-0.000009 
-0.000027 
-0.000053 
--0.000084 
--0.000119 
--0.000154 
--0.000189 
--0-000223 

0 
-0-000001 
-0-000007 
-0-000012 
-0-000008 
+0.000035 
+0-000114 
+0.000200 
+0-000264 
+0-000292 
+0.000283 
+0.000234 
+0-000164 

0 
-0.000003 
-0.000033 
-0.000101 
-0-000199 
-0-000427 
-0.000629 
-0-000766 
-0-000831 
-0.000839 
-0-000806 
-0-000747 
-0.000671 

0.000595 
0.000595 
0.000590 
0.000579 
0.000561 
0.000509 
0.000448 
0.000385 
0.000328 
0.000277 
0.000233 
0.000196 
0.000165 
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T A B L E  1--continued 

~0 e12 t e l3  t e l4  t e15 t e l6  t el7 t '  

0.00 
0.05 
0.10 
0.15 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 

0 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000002 
0.000004 
0.000008 
0.000012 
0.000017 
0.000022 
0.000028 

0 
0.000000 
0.000000 

+0.000001 
+0.000003 
+0.000004 

0.000000 
-0.000010 
-0.000022 
-0.000033 
-0.000041 
-0.000043 
-0 .000044 

0 
-0.000001 
-0.000005 
-0.000011 
-0.000017 
-0.000017 
-0.000001 
+0.000025 
+0.000052 
+0.000074 
+0.000092 
+0.000103 
+0.000107 

+0-000149 
+0.000148 
+0-000144 
+0.000134 
+0.000120 
+0.000085 
+0.000052 
+0.000024 
+0.000001 
-0.000009 
-0-000018 
-0.000022 
-0.000025 

0 
0-000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

-0.000001 
-0.000001 
-0-000002 
-0.000002 
-0.000003 

0 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

-0.000001 
0.000000 

+0.000001 
+0.0O0003 
+0.000003 
+0.000004 
+0.000005 

PO e18 t e19 ~ 820 ~ e5" 86 ~ e7 tt 

O0 
05 
10 
15 
20 
30 
40 

0.50 
0.60 

70 
80 

0.90 
1 O0 

0 
0.000000 
0.000000 
0.000000 

+0.000001 
+0.000003 
+0.000004 
+0.000003 
+0.OO0001 

0.000000 
-0.000004 
-0.000008 
-0.000009 

0 
0.000000 

-0-000001 
-0-000006 
-0-000007 
--0.000009 
-0.000011 
-0.000011 
-0.000009 
-0.000007 
-0.000005 
-0.000003 
-0.000001 

0.000010 
0.000010 
0.000010 
0.000010 
0-000009 
0-000008 
0-000006 
0-000005 
0-000003 
0.000003 
0-000002 
0.000002 
0-000001 

0 
0.000001 
0.000008 
0-000025 
O-000051 
0.000122 
0.000203 
0-000281 
0-000352 
0.000414 
0-000465 
0-000509 
0-000539 

0 
0.000001 
0.000002 
0.000058 
0.000175 
0.000577 
0.001133 
0-001759 
0.002383 
0-002967 
0-003488 
0-003962 
0-004312 

-0.008333 
-0.008331 
-0.008316 
-0.008273 
-0-008197 
-0 .007942 

- 0 - 0 0 7 5 7 8  
-0-007146 
-0-006678 
-0-006200 
-0-005729 
-0~005275 
-0.004850 

Po e8"  e9 ~ e lo  ~ e l l  u e12 e13 ~ 

0'00 
0'05 
0'10 
0'15 
0"20 
0"30 
0 '40 
0"50 
0"60 

70 
0-80 
0 90 
1 O0 

0 
0.000000 

-0.000001 
-0.000005 
-0.000013 
-0.000039 
-0.000075 
-0 .000114 
-0.000153 
-0-000191 
-0-000225 
-0.000257 
-0.000280 

0 
0.000000 

+0.000013 
+0.000034 
+0.000056 
+0.000074 
+0.000027 
--0.000095 
-0"000272 
-0.000485 
-0-000717 
-0-000973 
-0.001169 

0 
0-000001 
0.000024 
0"000081 
0"000172 
0.000430 
0"000729 
0.001013 
0.001255 
0.001443 
0.001577 
0-001660 
0.001708 

=0-000595 
--0-000595 
-0.000593 
-0.000587 
--0.000577 
-0.000546 
-0.000505 
-0.000459 
-0.000413 
-0.000369 
-0.000329 
-0.000292 
-0.000259 

0 
0-000000 
0.000000 
0.000001 
0.000002 
0.000007 
0.000015 
0.000025 
0"000036 
0"000047 
0"000058 
0'000068 
0"000077 

0 
0.000000 

-0 .000001 
-0.000003 
-0-000008 
-0 .000024 
-0.000038 
-0.000039 
-0.000026 
+0.0000O1 
+0.000042 
+0.0O010O 
+0.000141 
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T A B L E  1--continued 

P o  el4  u el5 # el6tt elT" elSn e19" 

0.00 
0"05 
0"10 
0-15 
0-20 
0-30 
0"40 
0-50 
0-60 
0-70 
0"80 
0-90 
1"00 

0 
+0-000001 
+0.000007 
+0.000021 
+0-000037 
+0-000062 
+0.000060 
+0.000033 
-0.000013 
-0.000070 
-0.000127 
-0.000180 
-0.000230 

-0.000298 
-0.000297 
-0.000293 
-0-000282 
-0.000265 
-0-000219 
-0-000168 
-0.000121 
-0.000080 
-0.000047 
-0.000021 
-0 .000002 
+0.000012 

0 
0.000000 
0.000000 
0.000000 
0.000000 

-0.000001 
-0 .000002 
-0.000004 
-0.000006 
-0.000008 
-0.000010 
-0.000013 
-0.000015 

0 
0.000000 
0.000000 
0.000000 
0.000000 

+0.000003 
+O.OO0O06 
+0.000009 
+0.000011 
+0.000011 
+0.0O0O07 
--0.000003 
-0.000006 

0 
0.000000 

+0.000001 
0.000000 

-0.000001 
-0.000006 
-0.000013 
-0.000018 
-0.000019 
-0.000016 

- 0 . 0 0 0 0 1 0  
-0.000003 
+0.OO0O07 

0 
0.000000 
0.000002 
0.000007 
0.000012 
0.000023 
0.000031 
0.000034 
0.000034 
0.000030 
0-000026 
0.000022 
0.000017 

PO e20" 

0.00 -0.000021 
0.05 -0.000021 
0.10 -0.000020 
0.15 -0.000020 
0.20 -0.000019 
0.30 -0.000017 
0.40 -0.000014 
0.50 --0.000011 
0.60 --0.000009 
0.70 --0.000007 
0.80 --0.000006 
0.90 --0.000005 
1.00 -0.000004 

el2 m 

0 
0.000000 
0.000000 
0.000000 
0-000000 
0-000001 
0.000002 
0.000004 
0.000005 
0.000006 
0-000007 
0-000008 
0.000009 

e13 m 

0 
0-000000 

-0-000001 
-0 .000002 
=0-000003 
-0-000004 
-0-000002 
+0-000003 
+0-000011 
+0-000019 
+0-000029 
+0-000039 
+0-000047 

e14 m 

0 
0-000000 

-~-000001 
-0-000005 
-0.000012 
-0.000031 
-0.000053 
-0.000073 
-0.000090 
-0-000103 
-0.000112 
-0.000118 
-0.000121 

e15 n~ 

0.000149 
0.000149 
0.000148 
0.000147 
0.000144 
0.000137 
0.000126 
0.000115 
0.000104 
0.000093 
0.000082 
0.000073 
0.000065 

el6  m 

0 
0.000000 
0.000000 
0.000000 
0.000000 

-0.000001 
-0.000001 
--0.000002 
-0.000003 
-0.000003 
-0.000004 
-0.000005 
-0.000005 

Po 

0"00 
0"05 
0"10 
0"15 
O" 20 
0"30 
0"40 
0"50 
0"60 
0"70 
0-80 
0"90 
1.00 

el7 m 

0 
0.000000 
0-000000 
0-000000 

+0-000001 
+0-000002 
+0.000003 
+0.0O0003 
+0.000001 
-0 .000002 
-0.000007 
-0.000011 
-0.000016 

818 m 

0 
0-000000 

-0-000001 
-0-000001 
-0-000002 

0-000000 
+0-000005 
+0-000013 
+0-000021 
+0-000030 
+0-000039 
+0.000046 
+0-000051 

e l9  m 

~0 
0.000000 

-0-000001 
-0-000003 
=0-000006 
-0-000013 
-0.000020 
-0-000026 
-0.000030 
-0.000033 
-0 .000034 
-0 .000034 
-0.000034 

e2o m 

0-000010 
0.000010 
0.000010 
0-000010 
0.000010 
0.000009 
0.000008 
0.000007 
0.000006 
0.000005 
0.000005 
0.000004 
0.000004 
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T A B L E  1--continued 

Po 

0"00 
0"05 
0"10 
0-15 
0"20 
0"30 
0"40 
0"50 
0"60 
0"70 
0"80 
0"90 
1"00 

fo' 

0 
0-000000 
0-000006 
0-000025 
0-000065 
0.000224 
0.000492 
0.000851 
0.001279 
0.001750 
0.002243 
0.002742 
0.003234 

A, 

0 
0-000250 
0-000998 
0.002234 
0.003933 
0.008570 
0.014530 
0.021393 
0.028774 
0.036357 
0.043897 
0.051219 
0.058205 

A, 

0.2 
0-200000 
0-200000 
0.199999 
0.199995 
0.199967 
0.199890 
0.199736 
0.199482 
0.199113 
0.198619 
0.197998 
0.197251 

H 

0 
0-000000 
0-000000 

-0.000003 
-0.000009 
-0.000047 
-0.000127 
-0.000258 
-0.000436 
-0.000655 
-0.000906 
-0.001181 
-0.001470 

0 
0 

-0.000002 
-0.000016 
-0-000059 
-0.000331 
-0.000994 
-0.002158 
-0.003850 
-0.006035 
-0.008631 
--0.011549 
--0.014698 

f~' 

0 
0-000000 

-0-000001 
-0-000006 
-0.000024 
-0.000138 
-0.000429 
-0.000958 
-0.001756 
-0.002823 
-0-004134 
-0-005656 
-0.007349 

po L' I7' L' £ '  Ao' f11' 

0.00 
0.05 
0.10 
0-15 
0-20 
0-30 
0-40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 

0 
0.000000 
0.000000 
0-000000 
0.000001 
0-000005 
0-000017 
0.000041 
0.000077 
0.000127 
0.000190 
0.000264 
0-000347 

0 
0-000000 

--0"000001 
--0"000003 
--0-000009 
--0"000033 
-0"000054 
-0.000035 
+0.000065 
+0.000272 
+0.000611 
+0.001074 
+0.001660 

0 
.+0.000003 
+0-000011 
+0-000021 
+0-000027 
+0.0O0003 
-0.000093 
-0.000264 
-0.0O0487 
-0.000731 
-0.000957 
--0"001145 
--0"001272 

0-002381 
0.002381 
0-002381 
0.002380 
0.002379 
0.002371 
0.002351 
0.002317 
0.002270 
0.002209 
0.002139 
0-002061 
0.001978 

0 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

-0"000002 
--0.000004 
--0.000009 
--0.000017 
--0"000028 
- -0-000041  
--0-000057 

0 
0.000000 
0.000000 
0.000000 
0.000000 

+0.000003 
+0.0O0010 
+0.000022 
+0.000032 
+0.000035 
+0.000019 
--0.000016 
--0"000075 

Po 

0"00 
0.05 
0-10 
0-15 
0"20 
0-30 
0-40 
0"50 
0-60 
0"70 
0"80 
0"90 
1"00 

A; 

0 
0.000000 
0-000000 

-0-000002 
-0.000005 
-0-000019 
-0-000038 
-0.000053 
--0-000054 
-6.000041 
-0.000005 
+0.000041 
+0.000094 

0 
0.000000 
0-000000 

-0.000001 
-0-000003 
-0.000013 
-0.000034 
-0-000065 
-0-000104 
-0.000146 
-0-000188 
-0.000228 
-0.000264 

A; 

0 
0-000000 
0-000000 
0-000000 
0.000000 
0-000000 
0.000000 
0-000000 
0-000001 
0-000002 
0-000003 
0.000005 
0.000007 

I 

0 
0.000000 
0.000000 
0-000000 
0-000000 
0.000000 

-0.000001 
-0-000002 
-0.000004 
-0.000007 
-0.000009 
-0.000009 
-0-000006 

A¢ 

0 
0-000000 
0.000000 
0-000000 
0-000000 
0-000000 
0-000003 
0.000007 
0.000012 
0.000020 
0.000019 
0-000017 
0-000017 

0 
0-000000 
0-000000 
0-000000 

-0.000001 
-0-000003 
-0-000007 
-0-000010 
-0-000013 
-0-000013 
-0-000011 
-0.000009 
-0-000007 

I 
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T A B L E  1--continued 

po As' Lg' Lo' f~,' L~' f d  

0"00 
0"05 
0"10 
0-15 

0"20 
0"30 
0"40 
0"50 
0"60 
0"70 
0"80 
0"90 
1.00 

0.000025 
0.000025 
0-000025 
0.000025 
0-000025 
0.000024 
0-000023 
0.0O0022 
0.000021 
0.000019 
0.000017 
0.000016 
0.000014 

0 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

-0.000001 

0 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000001 
0.000002 
0.000001 

0 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

-0.000001 
-0.000003 
-0.000003 
-0.000003 
-0.000009 

0 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0-000000 
0.000000 
0.000001 
0.000002 
0.000002 
0.000003 
0.000003 

0 
0-000000 
0-000000 
0.00.0000 
0.000000 
0.000000 

-0.000001 
-0.000001 
-0.000002 
--0.000002 
-0.000003 
-0.000003 
-0-000003 

Po A" fT" A" L" Ao" A~" 

0"00 
0"05 
0"10 
0"15 
0"20 
0"30 
0"40 
0"50 
0"60 
O" 70 
0"80 
0"90. 
1-00 

0 
0.000000 
0.000000 
0.000000 
O.OOO0O1 
0.000003 
0.000009 
0.000019 
0.000032 
0.000047 
0.000065 
0.000085 
0-000105 

0 
0.000000 
0.000000 
0.000001 
0.000006 
0.000034 
0.000101 
0.000219 
0,000389 
0.000606 
0.000861 
0.001145 
0.001449 

0 
-0.000003 
-0.000012 
-0.000025 
-0.000042 
-0.000073 
-0.000085 
-0.000060 
+0.0O0O09 
+0.000124 
+0.000283 
+0.000480 
+0.000707 

-0.002381 
-0.002381 
-0.002381 
-0.002381 
-0.002381 
-0.002379 
-0.002375 
-0.002367 
-0.002354 
-0.002337 
-0.002312 
-0.002290 
-0.002261 

0 
0.000000 
0.000000 
0.000000 
0-000000 

-0.000001 
-0-000003 
-0.000008 
-0.000014 
-0.000022 
-0.000032 
-0.000044 
-0.000057 

0 
0.000000 
0.000000 
0.000000 

+0.000001 
0.000000 

-0.000008 
-0.000031 
-0.000076 
-0.000148 
-0.000244 
-0.000366 
-0.000509 

Po 

0"00 
0-05 
0-10 
0-15 
0-20 
0"30 
0"40 
0"50 
0"60 
0"70 
0"80 
0"90 
1 "00 

A2" 

0 
0.000000 
0.000000 
0-000001 
0-000005 
0.000023 
0.000059 
0.000109 
0.000166 
0.000218 
0.000258 
0.000281 
0.000283 

A3'.' 

0 
0-000000 
0-000000 
0.000000 
0.000002 
0-000008 
0.000023 
0.000049 
0.000084 
0.000127 
0.000176 
0.000228 
0.000283 

AJ 

0 
0.000000 
0.000000 
0-000000 
0-000000 
0.000000 
0.000001 
0.000002 
0.000003 
0.000005 
0.000008 
0-000012 
0.000016 

f15" 

0 
0.000000 
0.000000 
0-000000 
0-000000 

-0.000001 
-0-000001 

0.000000 
+0-000004 
+0.000014 
+0.000031 
+0-000055 
+O-000087 

+ 
+ 

AJ 

0 
0-000000 
0-000000 
0.000000 
0-000001 
0.000001 
0.000000 
0-000007 
0-000020 
0-000038 
0.000060 
0.000083 
0.000105 

AT" 

0 
0.000000 
0-000000 
0.000000 
0.000000 
0.000003 
0-000010 
0.000018 
0:000027 
0-000035 
0-000040 
0.000041 
0.000039 
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T A B L E  1--continued 

po L s" A." .f2o" .f~d 52" 53" 

0.00 
0.05 
0.10 
0.15 
0.20 
0.30 
0.40 
0-50 
0.60 
0.70 
0.80 
0-90 
1.00 

-0 .000050 
-0.000050 
-0-000050 
-0.000050 
-0.000050 
-0.000049 
-0.000048 
-0-000047 
-0.000045 
-0.000043 
-0.000041 
-0-000038 
-0.000034 

0 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0-000000 

-0.000001 
-0.000001 
-0.000001 
-0.000002 
-0.000003 

0 
0-000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

+0-000001 
+0.0000O1 

0.000000 
-0.000002 
-0.000004 
-0.000009 

0 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

-0.000001 
-0.000001 
-0.000001 
+0.0O0001 
+0.000004 
+O.O00009 
+0.000014 

0 
0.000000 
0-000000 
0.000000 
0.000000 

+0.000001 
+0.O0OOO1 
+0.000001 

0-000000 
-0-000002 
-0.000005 
-0.000008 
-0.000010 

0 
0"000000 
0"000000 
0"000000 
0"000000 
0'000001 
0.000001 
0"000003 
0.000004 
0-000005 
0-000006 
0.000007 
0.000008 

Po 

0'00 
0"05 
0"10 
0"15 
0- 20 
0"30 
0"40 
0"50 
0' 60 
0'70 
0"80 
0"90 
1-00 

A J  

0 
0.000000 
0.000000 
0.000000 
0-000000 
0-000000 

A,,, 

0 
0.000000 
0.000000 
0-000000 
0-000000 
0-000000 

A6" 

0 
0.000000 
0.000000 
0-000000 
0-000000 

-0-000001 
0-000000 
0.000000 
0.000000 
0.000001 
0.000001 
0.000001 
0.000002 

0.000000 
+0.000001 
+0.000003 
+0.000005 
+0.000009 
40.000013 
+0-00O018 

-0.000003 
-0.000006 
-0.000010 
-0.000013 
-0.000016 
-0.000017 
-0.000018 

AT" 

0 
0.000000 
0.000000 
0.000000 
0-000000 
0-000000 

-0.000001 
-0.000003 
-0.000006 
-0.000010 
-0.000014 
-0-000019 
-0 .000024 

.f18" 

0.000025 
0.000025 
0.000025 
0.000025 
0.000025 
0.000025 
0-000025 
0.000024 
0.000024 
0.000024 
0.000024 
0-000023 
0-000023 

A(,, 

0 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

-0.000001 
-0.000001 
-0-000001 

po Ao" A?" fd" &" 

0.00 
0.05 
0.10 
0.15 
0- 20 
0-30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 

0 
0.000000 
0.000000 
O.O00000 
0-000000 
0-000000 
0-000000 
0.000000 

-0.000001 
-0.000002 
-0.000003 
-0.000005 
-0.000008 

0 
0.000000 
0.000000 
0.000000 
0.000000 
0-000000 
0-000001 
0.000002 
0.000004 
0.000006 
0.000008 
0.000011 
0.000013 

0 
0.000000 
0.000000 
0.000000 
0.000000 

-0.000001 
-0-000001 
-0-00O002 
-0-000003 
-0.000003 
-0.000002 
-0.000001 

0.000000 

0 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

-0-000001 
-0-000001 
-0-000002 
-0.000003 
-0.000004 
-0.000005 
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TABLE 1--continued 

Po go' g~' g( g3' ga' gd 

0"00 
0-05 
0-10 
0-15 
0"20 
0"30 
0"40 
0"50 
0"60 
0-70 
0"80 
0"90 
1-00 

1 " 0  
0-963166 
0-893345 
0-815631 
0.740564 
0.611740 
0.512629 
0.437167 
0.379006 
0.333349 

0.296831 
0.267104 
0-242522 

0.5 
0.474164 
0-426529 
0-374829 
0-326084 
0.245351 
0.186263 
0.143588 
0.112474 
0.089430 
0.072080 
0.058806 
0-048504 

0 
-0.014397 
-0.035815 
-0-053009 
-0-064176 
-0-073019 
-0.072379 
-0.068209 
-0.063068 
-0.057961 
-0.053244 
-0.049012 
-0-045271 

0.5 
0.453919 
0.377252 
0-303311 
0-241148 
0-152514 
0.098220 
0.064584 
0.043239 
0.029364 
0.020166 
0.013955 
0-009701 

0.075 
0.069182 
0.059258 
0-049349 
0-040703 
0.027714 
0.019214 
0.013622 
0.009868 
0.007287 
0.005476 
0-004179 
0.003234 

0 
-0.000605 
-0-000180 
+0-001342 
+0-003267 
+0-006214 
+0.007704 
+0.008221 
+0.008222 
+0.007971 
+0.007611 
+0-007212 
+0-006810 

Po 

0-00 
0-05 
0.10 
0.15 
0.20 
0.30 
0.40 
0-50 
0.60 
0-70 
0-80 
0-90 
1.00 

+0.083333 
+0.064168 
+0.038101 
+0-018499 
+0.006055 
-0.005648 
-0.008873 
-0-008953 
--0.007961 
--0.006711 
-0-005500 
-0-004449 
-0.003577 

g( 

0.1125 
0-099348 
0-078995 
0.060727 
0.046323 
0.027188 
0.016373 
0.010118 
0.006392 
0.004109 
0.002683 
0-001770 
0.001176 

5 

0 
+0.000049 
+0-000134 
+0-000162 
-0.000015 
-0.000373 
-0.000650 
-0.000809 
-0.000885 
-0.000910 
-0-000906 
-0-000886 
-0.000857 

g (  

0 
-0-002192 
-0-003703 
-0.003627 
-0.003022 
-0.001501 
-0.000453 
+0.000148 
+0.000454 
+0.000578 
+0.000609 
+0-000582 
+0-000532 

glo' 

+0.0375 
+0.029928 
+0.019958 
+0-012543 
+0.007626 
+0.002521 
+0.00050O 
-0.000258 
-0:000496 
-0-000527 
-0-000470 
-0.000396 
-0.000321 

g11' 

0-007441 
0-006472 
0.005039 
0.003805 
0.002860 
0.001645 
0.000980 
0.000605 
0-000385 
0.000251 
0.000169 
0.000116 
0.000081 

Po 

0"00 
0"05 
0"10 
0-15 
0-20 
0"30 
0-40 
0"50 
0"60 
0.70 
0.80 
0.90 
1.00 

gd 

0 
-0.000002 
-0-000011 
-0-000043 
-0.000017 
+0-000011 
+0.000044 
+O.000067 
+0.0O0082 
+0.00O089 
+0.0O0093 
+O.0O0094 
+0.000093 

gx; 

0 
-0.000007 
+0-000125 
+0.000210 
+0-000288 
+0-000251 
+0.000169 
+0.000094 
+0.000037 
-0.000003 
-0.000026 
-0.000039 
-0-000045 

g:~' 

+0"003125 
+0"0O1640 
+0"000248 
-0"000394 
-0"000588 
-0-000525 
-0-000341 
-0.000192 
-0.000093 
-0.000031 
-0.000001 
+0-000017 
+0.000024 

g15' 

+0.005580 
+0.004509 
+0.003118 
+0.002079 
+0-001380 
+0-000615 
+0-000278 
+0.000124 
+0.000053 
+0.000020 
+0.000004 
-0.000003 
-0.000005 

&6' 

0 
0'000000 

+0"000001 
+0"000001 
+0"0000O2 
+0"000001 
-0-000002 
-0.000005 
-0.000007 
-0.000008 
-0.000008 
-0.000009 
-0-000009 

g17' 

0 
+0.000004 
+0.000008 
+0.000002 
-0-000017 
-0.000023 
-0.000021 
-0.000016 
-0.000011 
-0.000004 
-0.000002 
-0.000001 
+0-000002 
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T A B L E  1--continued 

Po gls' g19' g2o' g f  g6" gT" 

0"00 
0"05 
0"10 
0-15 
O" 20 
0"30 
0"40 
0"50 
0"60 
0"70 
0"80 
0"90 
1 "00 

"0 
-0.000085 
-0.000093 
-0.000052 
-0.000017 
+0.000023 
+0.000032 
+0.000028 
+0.000021 
+O-O00014 
+0.000O07 
+0.0OO004 
+O.000OO2 

+0.001116 
+0.000758 
+0.000386 
+0"000155 
+0.000062 
-0.000016 
--0.000028 
-0.000023 
-0.000016 
-0.000011 
-0.000007 
-0.000004 
-0 .000002 

0.000253 
0.000206 
0.000145 
0.000099 
0.000068 
0.000033 
0.000017 
0.000009 
0.000005 
0'000003 
0.000002 
0.000001 
0.000001 

0 
0.001381 
0.003329 
0.004796 
0.005686 
0.006293 
0.006145 
0.005743 
0.005286 
0.004845 
0.004444 
0.004091 
0.003773 

-0.083333 
-0.075719 
-0.063243 
-0.051335 
-0.041240 
-0.026751 
-0.017674 
-0-011925 
-0.008207 
-0.005748 
-0.004087 
-0.002914 
-0.0O2156 

-0 .0375  
-0.034601 
-0.029693 
-0 .024812 
-0.020532 
-0.014063 
--0.009779 
-0.006936 
-0.005017 
-0.003695 
+0.002765 
-0.002097 
-0"001617 

, , " 4  

Po gs" gg" glo" g11" g J  gl f  

0"00 
0"05 
0"10 
0"15 
0.20 
0"30 
0"40 
0"50 
0"60 
0"70 
0"80 
0"90 
1-00 

0 
-0.000131 
-0.000519 
-0.000986 
-0.001391 
-0 .001872 
-0.002031 
-0 .002024 
-0-001945 
-0-001839 
-0-001726 
-0.001620 
-0 .001512 

0 
0.002828 
0.006083 
0.007904 
0.008442 
0.007821 
0.006455 
0.005107 
0.003976 
0.003081 
0.002382 
0-001818 
0-001449 

-0 .0375  
-0.032406 
-0.024797 
-0.018221 
-0.013216 
-0.006876 
-0.003545 
-0.001777 
-0.000826 
-0.000312 
-0.000040 
+0.000097 
+0.000168 

-0 .004464 
-0.004017 
-0.003306 
-0.002642 
-0.002096 
-0.001328 
-0.000862 
-0.000575 
-0.000393 
-0-000275 
-0.000196 
-0 .000142 
-0-000105 

0 
0.000008 
0.000047 
0.000116 
0.000196 
0-000323 
0.000389 
0.000412 
0.000413 
0-000403 
0.000387 
0.000370 
0.000350 

0 
+0.000087 
-0.000118 
-0.000479 
-0.000757 
-0.001071 
-0.001111 
-0.001025 
-0.000896 
-0 .000762 
-0.000632 
-0.000506 
-0.000433 

Po g14" g150 g j  g17" glf  g J  

0"00 
0"05 
0"10 
0-15 
O" 20 
0"30 
0"40 
0"50 
0-60 
0-70 
0-80 
0-90 
1-00 

-0 .00625 
-0:004180 
-0.001788 
-0.000293 
+0.000485 
+0.000953 
+0.000879 
+0.000686 
+0-0O0499 
+0.000348 
+0.000237 
+0-000158 
+0-000099 

-0.006696 
-0.005695 
-0~004272 
-0.003095 
-0.002229 
-0.001168 
-0.000628 
-0.000345 
-0 .000193 
-0-000107 
-0-000059 
-0-000032 
-0-000016 

0 
0.000000 

-0.000003 
-0.000010 
-0.000020 
-0.000041 
-0.000055 
-0.000062 
-0.000065 
-0.000065 
-0 .000064 
-0.000063 
-0.000060 

0 
-0.000013 
-0.0O0O2O 
+0.000003 
+0.000031 
+0.000093 
+0.000125 
+0.000135 
+0.000132 
+0.000124 
+0.000109 
+0.0O0O90 
+0.000083 

0 
+0.000218 
+0.000314 
+0.000257 
+0.000171 
+0.000027 
-0.000045 
-0.000071 
-0 .000074 
-0.000066 
-0.000055 
-0.000045 
-0,000034 

-0 .002232 
-0.001665 
-0.000995 
-0 .000544 
-0.000282 
-0.000043 
+0.000029 
+0.000043 
+0.000040 
+0.000031 
+0.00O024 
+0.000017 
+0.000012 
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T A B L E  1--cont inued 

I 

P o go.o" g l o-" g ~ 3" g14" g15" g16 'tr 

0-00 
0.05 
0.10 
0.15 
O. 20 
0.30 
0:40 
0-50 
0.60 
O. 70 
0.80 
0.90 
1.00 

-0.000362 
-0.000305 
-0-000228 
-0-000165 
-0-000119 
-0-000064 
-0-000035 
-0.000021 
-0.000012 
-0.000008 
-0.000005 
-0.000003 
-0.000002 

0 
0-000005 
0-000018 
0-000034 
0-000046 
0-000061 
0.000065 
0.000064 
0.000061 
0.000058 
0-000054 
0.000051 
0.000047 

0 
-0.000139 
-0.000293 
-0.000375 
-0.000400 
-0.000368 
-0.000302 
-0.000239 
-0.000186 
-0.000144 
-0.000112 
-0.000087 
-0-000068 

+0.003125 
+0-002704 
+0.002080 
+0.001545 
+0.001133 
+O.O0O6O8 
+0.000327 
+0.000174 
+0.000090 
+0.000043 
+0.000017 
+0.000002 
-0.000005 

0.001116 
0.001005 
0.000828 
0.000664 
0.000529 
0.0003)7 
0.000219 
0.000146 
0.000100 
0.000070 
0.000050 
0.000037 
0-000026 

0 
+0.000002 
-0.000005 
-0.000011 
-0.000017 
-0.000026 
-0.000029 
=0.000030 
--0.000030 
--0-000029 
--0-000028 
--0.000026 
-0-000025 

PO glT" gls" g19 ut g2o" 

0"00 
0'05 
0"10 
0"15 
0"20 
0"30 
0"40 
0"50 
0"60 
0"70 
0"80 
0"90 
1 "00 

0 
~0.000028 
0.000058 
0.000098 
0.000124 
0.000142 
0.000134 
0.000117 
0.000099 
0.000081 
0.000066 
0.000054 
0.000044 

0 
-0.000138 
-O.OOO290 
-0.000342 
-0.000336 
-0.000267 
-0.000191 
-0.000130 
-0.000086 
-0.000056 
-0.000035 
-0.000021 
-0-000013 

+0.001116 
+0.000926 
+0.000658 
+0-000449 
+0.000301 
+0.000130 
+0.000052 
+0.000016 

0.000000 
-0.000006 
-0.000009 
-0-000009 
-0.000008 

0"000109 
0"000096 
0"000076 
0"000059 
0"000045 
0"000027 
0"000017 
0"000010 
0"000007 
0"000005 
0-000003 
0-000002 
0-000002 

Po 

0-00 
0-05 
0"10 
0"15 
O.20 
0"30 
0.40 
0"50 
0"60 
0"70 
0"80 
0-90 
1"00 

ho t 

0 
0-000387 
0.001340 
0.002543 
0.003782 
0.005968 

" 0-007586 
0-008674 
0.009343 
0.009702 
0.009840 
0-009823 
0.009701 

h 1' 

0.333333 
0-333313 
0-332986 
0.331983 
0.330113 
0.323716 
0.314358 
0.302974 
0-290424 
0-277375 
0-264311 
0-251548 
0.239288 

ho-' 

0-016667 
0.016663 
0.016632 
0.016545 
0-016389 
0-015871 
0.015135 
0.014262 
0.013322 
0-012366 
0.011432 
0.010539 
0.009701 

h~' 

0 
- 0-000009 
-0.000082 
-0.000252 
-0-000500 
-0.001116 
-0-001747 
-0-002303 
-0-002754 
-0.003099 
-0.003349 
-0.003520 
-0.003626 

h; 

0 
-0-000006 
-0-000293 
-0-.001135 
-0-002567 

- 0 - 0 0 6 7 7 1  
-0.011838 
-0-016888 
-0.021408 
-0.025178 
-0.028140 
-0.030359 
-0.031944 

h 5 ' 

0-033333 
0.033315 
0-033156 
0-032738 
0-032034 
0-029902 
0.027164 
0-024208 
0.021295 
0.018574 
0.016120 
0.013951 
0.012053 
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T A B L E  1--continued 

Po 

0-00 
0-05 
0.10 
0.15 
0-20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 

h G' 

0 
0.000000 
O.O00001 
0.000010 
0.000032 
0.000112 
0.000220 
0.000337 
0.000448 
0.000547 
0.000632 
0.000700 
0.000753 

h 7 ' 

0 
-0 .000004 
-0.000075 
-0.000231 
-0.000429 
-0.000755 
-0.000815 
-0.000576 
-0.000111 
+0.000475 
+0.001116 
+0.001730 
+0.002304 

hs' 

+0.008333 
+0.008316 
+0.008162 
+0.007793 
+0.007226 
+0.005734 
+0.004127 
+0.002677 
+0.001493 
+0.000586 
-0"000073 
-0.000536 
-0.000838 

hg' 

0"001786 
0"001784 
0"001770 
0"001737 
0"001682 
0"001528 
0'001343 
0"001156 
0"000983 
0.000830 
0.000698 
0.000587 
0.000494 

blot 

0 
0.000000 
0.000000 
0.000000 

-0.000001 
-0.0000O8 
-0.000020 
-0.000035 
-0.000052 
-0,000069 
-0.000085 
-0.000100 
-0.000112 

hi1' 

0 
-0-000001 
-0-000006 
-0.000006 
+0-000003 
+0.000051 
+0.000113 
+0.000161 
+0.000178 
+0.000158 
+0,000119 
+0.00O061 
-0.000011 

Po h~'  ha3' h14' h15' h~6' hi 7' 

0"00 
0"05 
0-10 
0-15 
0-20 
0"30 
0-40 
0-50 
0-60 
0"70 
0-80 
0.90 
1.00 

0 
-0 .000006 
-0 .000052 
-0.000147 
-0.000266 
-0-000494 
-0-000632 
-0-000666 
-0.000625 
-0 .000544 
-0.000439 
-0.000336 
-0 .000244 

0.001190 
0-001188 
0,001165 
0-001114 
0.001039 
0.000849 
0.000654 
0.000483 
0.000345 
0.000240 
0"000163 
0.000106 
0.000066 

0 
0-000000 
0-000000 
o-ooooo0 
0.000000 
0.000000 
0.000001 
0.O00003 
0.000005 
0.000007 
0.000009 
0.000011 
0.000013 

0 
0-000000 
0-000000 

+0-000001 
+0-000002 
+0.000001 
-0.000004 
-0,000012 
-0.000019 
-0.000023 
-0 .000024 

- 0 . 0 0 0 0 2 4  
-0.000019 

0 
-0-000001 
-0-000005 
-0-000011 
-0-000013 
-0.000003 
+0.000019 
+0.000042 
+0.000059 
+0.000073 
+0.000070 
+0.000065 
+0.0O0061 

+0.000149 
+0.000147 
+O.000137 
+0.000103 
+0-O0009O 
+0-000035 
-0.000006 
-0.0O0O30 
-0-000040 
-0.000042 
-0.000040 
-0.000035 
-0.000030 

Po 

0.00 
0.05 
0.10 
0.15 
O. 20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 

h18' 

0.000052 
0"000052 
0.000051 
0-000048 
0-000045 
0.000037 
0.000030 
0.000023 
0.000017 
0.000013 
0.000010 
0.000008 
0.000006 

h19' 

0 
0-000000 
0-000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

-0.000001 
-0.000001 
-0.000001 
-0.000001 

heo' 

0 
0-000000 
0-000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

+0.000001 
~0'000003 
+O'000003 
+0.000005 
+0.00O003 

h21' 

0 
-0-000005 

0-000000 
0-000000 

+0.000O01 
+0.000002 
+O.00O002 

0.000000 
-0.000001 
-0.000006 
-0.000006 
-0.000006 
-0.000007 

h22' 

0 
0-000000 

-0-000002 
+0-000009 
-0.000007 
-0.000009 
-0.000008 
-0.000005 
-0.000002 

0.000000 
+0.000002 
+0.000003 
+0.000003 

hs3 ~ 

+0.000021 
+0.000020 
+0-000020 
+0-000018 
+0-000015 
+O.OOOO1O 
+0.O0O006 
+0.000O03 
+O.00OOO1 

0.000000 
0.000000 
0.000000 

-0.000001 
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T A B L E  1--continued 

Po h6" hT" hs" h(  hlo" hn" 

0"00 
0"05 
0"10 
0"15 
O-20 
0-30 
0"40 
0"50 
0"60 
0"70 
0"80 
0"90 
1 "00 

0 
0.000001 
0-000007 
0-000019 
0.000038 
0.000083 
0.000128 
0.000167 
0.000199 
0.000223 
0.000240 
0.000252 
0.000259 

0 
-0-000005 
+0-000015 
+0-000092 
+0-000231 
+0.000651 
+0.001160 
+0.001664 
+0.002111 
+0.002482 
+0.002772 
+0.002989 
+0.003143 

-0-008333 
-0.008330 
-0 .008292 
-0.008193 
-0-008024 
-0.007511 
-0.006850. 
-0.006133 
-0.005423 
-0.004757 
-0.004153 
-0.003615 
-0-003143 

-0-000595 
-0-000595 
-0-000593 
-0.000587 
-0.000577 
-0.000546 
-0.000505 
-0.000459 
-0.000413 
-0.000369 
-0.000329 
-0-000292 
-0-000259 

0 
0.000000 

-0.000001 
-0 .000004 
-0.000009 
-0.000025 
-0.000045 
-0.000064 
-0.000082 
-0-000097 
-0-000110 
-0-000119 
-0-000127 

0 
+0.000002 
+0.000012 
+0.000027 
+0.000039 
+0.000026 
-0.000049 
-0.000173 
-0-000324 
-0.000483 
-0.000633 
-0-000769 
-0.000887 

Po h j  h S  h14" h j  h S  hi7 # 

0"00 
0"05 
0"10 
0"15 
0"20 
0"30 
0"40 
0-50 
0"60 
0.70 
0"80 
0"90 
1 "00 

0 
0.000004 
0.000039 
0.000123 
0.000247 
0.000554 
0.000850 
0-001079 
0.001228 
0.001303 
0.001323 
0.001300 
0.001249 

-0 .001190 
-0.001189 
-0.001178 
-0.001150 
-0.001106 
-0.000984 
-0.000841 
-0.000700 
-0.000573 
-0.000463 
-0-000371 
-0.000296 
-0-000235 

0 
0.000000 
0.000000 
0.000000 
0.000001 
0.000004 
0.000009 
0.000013 
0.000018 
0.000023 
0.000027 
0.000030 
0-000033 

0 
0.000000 
0.000000 

-0.000003 
-0.000007 
-0.000016 
-0.000019 
-0-000012 
+0-0000O6 
+0-000032 
+0-000062 
+0-000093 
+0-000124 

0 
+0.000001 
+0.000009 
+0.000022 
+0.000035 
+0.000042 
+0.000020 
-0 .000022 
-0-000072 
-0-000118 
-0.000158 
-0-000188 
-0.000208 

-0.000298 
-0.000296 
-0.000285 
-0.000262 
-0"000228 
-0-000149 
-0-000075 
-0-000018 
+0-000021 
+0-000045 
+0.000057 
+0.000062 
+0.000063 

Po 

0"00 
0"05 
0"10 
0"15 
0.20 
0"30 
0"40 
0.50 
0-60 
0"70 
0.80 
0"90 
1 "00 

hi8" 

-0-000062 
-0 .000062 
-0-000061 
-0.000059 
-0.000057 
-0.000050 
-0.000042 
-0.000034 
-0.000028 
-0.000022 
-0.000018 
-0.000014 
-0 .000012 

hi9" 

0 
0-000000 
0-000000 
0.000000 
0.000000 

-0.000001 
-0.000001 
-0.000002 
-0.000003 
-0.000004 
-0-000005 
-0.000005 
-0.000006 

h2o" 

0 
0-000000 
0.000000 
0.000000 

+0.000001 
+0.000002 
+0.000004 
+0.000005 
+0.000004 
+O.000002 
-0.000001 
-0-000005 
-0-000010 

h j  

0 
0"000000 
0"000000 
O'O00000 

-0"000002 
-0"000007 
-0"000011 
-0"000011 
-0.000008 
-0-000003 
+O-00O004 
+0-000010 
+0.000017 

h2( 

0 
0.000000 

+0.000004 
+0.000010 
+0.000016 
+0.000025 
+0.000028 
+0-000025 
+0-000019 
+0-000013 
+0-O0O0O7 
+0.000002 
-0.000001 

I 

h2f 

-0.000041 
-0.000041 
-0.000040 
-0.000037 
-0.000034 
-0.000026 
-0-000018 
-0-000012 
-0-000007 
-0-000004 
-0-000002 
-0.000001 

0.000000 
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T A B L E  1--continued 

Po hl~" h j '  hi(" h17" his" h j "  

0.00 
0-05 
0.10 
0.15 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1 . 0 0  

0 
0-000000 
0-000000 
0.000000 
0.000000 
0.000001 
0.000001 
0.000002 
0.000002 
0.000003 
0.000003 
0.000003 
0.000004 

0 
0.000000 
0-000000 

-0.000001 
-0.000002 
-0.000001 
+O.000002 
+0.000O06 
+0.000011 
+0.000017 
+0.000022 
+0.000O27 
+0.000031 

0 
0.000000 

-0.000002 
-0.000007 
-0.000014 
-0.000031 
-0.000048 
-0.000061 
-0.000069 
-0.000073 
-0.000074 
-0.000072 
-0.000069 

0.000149 
0.000149 
0.000147 
0.000144 
0.000139 
0.000124 
0.000106 
0.000089 
0.000073 
0.000060 
0.000048 
0.000039 
0.000031 

0.000010 
0.000010 
0.000010 
0.000010 
0.000010 
0.000009 
0.000008 
0.000007 
0.000006 
0.000005 
0.000005 
0.000004 
0.000004 

0 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

-0.000001 
-0.000001 
-0.000001 
-O.O00001 
-0.000002 
-0.000002 
-0.000002 

Po 

0"00 
0-05 
0"10 
0"15 
O" 20 
0"30 
0"40 
0"50 
0'60 
0"70 
0.80 
0.90 
1 . 0 0  

h2o" 

0 
0-000000 
o.oooooo 
0.000000 

+0.000001 
+0.000001 
+O.00O0O1 
+O.OOOO01 
-0.000002 
-0-000004 
-0.000006 
-0.000009 
-0.000011 

h21" 

0 
0-000000 

-0.000001 
-0.000001 
-0.000001 
+0.000002 
+0.000007 
+0.000013 
+0.000019 
+0.0O0O24 
+0-000028 
+0.000030 
+0.000031 

h~o" 

0 
0.000000 

-0.000001 
-0.000004 
-0.000008 
-0-000016 
-0.000022 
-0.000026 
-0.000027 
-0.000026 
-0.000025 
-0.000022 
-0.000020 

h23" 

0.000021 
0.000021 
0.000020 
0.000020 
0.000019 
0.000016 
0.000013 
0.000010 
0.000008 
0.000006 
0.000004 
0.000003 
O.0O0O02 

~0 ko t 

0.00 0 
0.05 0.000000 
0.10 0-000006 
0-15 0.000022 
0.20 0.000056 
0.30 0.000178 
0.40 0.000364 
0.50 0.000594 
0.60 0-000843 
0.70 0.001094 
0-80 0.001337 
0.90 0.001561 
1.00 0.001764 

kl' 

0 
0-000250 
0.000996 
0.002218 
0.003874 
0.008239 
0.013536 
0.019235 
0.024924 
0.030321 
0.035266 
0.039670 
0-043507 

k o' 

0-2 
O- 200000 
O- 199999 
O- 199992 
O. 199971 
O. 199829 
O. 199461 
O. 198778 
O. 197726 
O. 196290 
O. 194485 
O. 192342 
O- 189902 

k~' 

0 
0-000000 

-0-000003 
-0.000002 
-0.000008 
-0.000037 
-0.000093 
-0.000177 
-0.000281 
-0.000401 

• -0.000526 
-0.000652 
-0-000775 

k; 

0 
0-000000 

-0.000003 
-0-000022 
-0.000078 
-0.000396 
-0.001101 
-0.002227 ' 
-0.003721 
-0.005492 
-0.007410 
-0.009401 
-0-011377 

k 5 ' 

0 
+0-000006 
+0-000021 
+0.000036 
+0.000030 
-0.000132 
-0.000615 

• - 0 . 0 0 1 4 8 6  
-0.002729 
-0.004285 
-0.006048 
-0.007946 
-0-009894 
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T A B L E  1--continued 

Po kG' kT' k s ' k o ' kio' kii' 

0.00 
0-05 
0.10 
0.15 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 

0.004762 
0.004762 
0.004762 
0.004761 
0.004758 
0.004741 
0-004702 
0.004635 
0.004540 
0.004419 
0-004278 
0.004122 
0.003956 

0 
0-000000 
0.000000 
0.000000 

• 0.000001 
0.000004 
0-000012 
0.000027 
0.000049 
0.000077 
0.000108 
0.000142 
0.000178 

0 
0-000000 
0-000000 

-0.000003 
-0.000008 
-0 .000024 
-0-000022 
+0.000031 
+0.000160 
+0.000377 
+0.000667 
+0.001026 
+0.001434 

0 
+0.000003 
+0-000010 
+0.000016 
+0.000012 
-0.000054 
-0.000208 
-0.000423 
-0.000649 
-0.000853 
-0 .000972 
-0 .001022 
-0.000989 

0.002381 
0.002381 
0.002381 
0.002378 
0.002371 
0:002332 
0.002249 
0-002122 
0.001959 
0.001772 
0.001576 
0-001378 
0-001187 

0 
0.000000 
0.000000 
0-000000 
0.000000 
0.000000 

-0.000001 
-0-000003 
-0.000006 
-0.000010 
-0.000015 
-0.000021 
-0-000028 

Po ki~' kia' ki4' ki~' kT" ks 't 

0"00 
0"05 
0"10 
0"15 
0"20 
0"30 
0-40 
0"50 
0"60 
0"70 
0"80 
0"90 
1 " 0 0  

0 
0.000000 
0-000000 
0.000000 
0.000000 

+0.000003 
+0-00O008 
+0.000014 
+0.000015 
+0.000007 
-0.000016 
=0.000053 
-0.000100 

0 
0-000000 
0.000000 

-0.000002 
-0.000006 
-0.000018 
-0-000029 
-0.000026 
-0.000007 
+0.000041 
+0.000073 
+O.0001O8 
+0.000161 

0 
0.000000 
0.000000 

-0.000001 
-0.000005 
-0.000025 
-0-000061 
-0.000107 
-0.000155 
-0.000196 
--0.000230 
--0.000256 
-0.000267 

0.000099 
0.000099 
0.000099 
0.000099 
0.000099 
0.000097 
0.000094 
0.000089 
0.000083 
0-000076 
0.000069 
0.000062 

0.000056 

0 
0.000000 
0.000000 
0.000000 
0-000001 
0.000002 
0.000006 
0-000011 
0.000018 
0.000025 
0-000033 
0-000041 
0.000048 

0 
0.000000 
0.000000 
0-000002 
0.000007 
0.000034 
0.000093 
0.000188 
0.000313 
0.000458 
0.000617 
0.000779 
0-000940 

Po k(' klo" kii" ki2" ki3. ki4. 

0.00 
0.05 
0.10 
0.15 
O- 20 
0.30 
0.40 
0.50 
0-60 
0.70 
0.80 
0.90 
1-00 

0 
-0-000003 
-0.000012 
-0 .000024 
-0-000037 
-0.000050 
-0.000026 
+0.000049 
+0.000174 
+0.000342 
+0.000541 
+0.000761 
+0-00O990 

-0.002381 
-0.002381 
=0.002381 
-0.002380 
-0-002379 
-0.002371 
-0 .002351  
-0.002318 
-0-002271 
-0.002211- 
-0 .002140 
-0 .002062 
-0-001978 

0 
0-000000 
0.000000 
0.000000 
0.000000 

-0-000001 
-0"000002 
-0 .000004 
-0-000008 
-0.000011 
-0.000016 
-0.000020 
-0.O0O025 

0 
0-000000 
0.000000 
0.000000 
0-000000 

-0.000001 
-0.000010 
-0.000032 
-0.000068 
-0.000119 
-0.000183 
-0.000256 
-0.000336 

0 
0.000000 
0.000000 
0.000002 
0.000006 
0-000026 
0.000058 
0.000095 
0-000126 
0.000141 

0 .000138 
0-000114 
0.000072 

0 
0-000000 
0.000000 
0-000000 
0.000002 
0-000015 
0.000043 
0.000085 
0.000138 
0-000196 
0.000255 
0.000310 
0-000360 
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T A B L E  1--continued 

L 

PO k15"  

O.O0 -0.000099 
0.05 -0.000099 
0.10 -0.000099 
0.15 -0-000099 
0.20 -0.000099 
0.30 -0.000098 
0.40 -0.000097 
0.50 -0.000094 
0.60 -0.000090 
0.70 -0.000086 
0.80 -0.000081 
0.90 -0.000076 
1.00 -0.000071 

Po 

0.00 
0"05 
0-10 
0.15 
0.20 
0.30 
0-40 
0.50 
0"60 
0"70 
0"80 
0'90 
1.00 

m O' 

0 
O.O00000 
0-000000 
0.000000 
0.000001 
0.000007 
0-000024 
0.000057 
0.000108 
0-000177 
0.000266 
0.000369 
0.000485 

T/~ 1 ' 

0 
0.000000 
0-000005 
0.000026 
0.000081 
0-000371 
0-001031 
0.002168 
0.003822 

0-005974 
0.008582 
0.011559 
0.014828 

m 2'  

0 
0.000179 
0-000714 
0.001607 
0.002855 
0-006401 
0.011285 
0.017381 
0.024514 
0-032477 
0.041071 
0.050085 
0.059342 

m 3 ' 

0.142857 
0.142857 
0-142857 
0.142857 
0.142857 
0.142856 
0-142851 
0.142839 
0.142812 
0-142763 
0.142687 
0.142577 
0.142428 

ffZ4 t 

0 
0.000000 
0.000000 
0.000000 
0.000000 

-0.000002 
-0-000006 
-0.000018 
-0.000038 
-0.000068 
-0-000110 
-0.000163 
-0.000226 

m 5 ' 

0 
0.000000 
0-000000 
O-O00000 

-0.000002 
-0.000025 
-0-000111 
-0.000324 
-0.000723 
-0.001350 
-0-002233 
-.0-003370 
-0-004749 

~0 7~6' m7t m8' m9' mlO' roll' 

0.00 
0.05 
0-10 
0.15 
0.20 
0.30 
0-40 
0.50 
0.60 
0-70 
0.80 
0.90 
1-00 

0 
0.000000 
0-000000 

-0-000001 
-0.000003 
-0.000035 
-0.000164 
-0.000490 
-0.001120 
-0-002143 
-0.003604 
-0.005533 
-0.007914 

0 
0-000000 
O.O00000 
0.000000 

-O.OO0001 
-0-000006 
-0.000030 
-0.000090 
-0.000210 
-0.000409 
-0.000700 
-0-001090 
-0.001583 

0 
0-000000 
O.O00000 
0.000000 
0.000000 
0-000000 
0.000001 
0.000003 
0-000007 
0.000013 
0.000023 
0-000037 
0.000054 

0 
0.000000 
0.000000 
0.000000 
0.000000 

-0-000001 
+O.0OOO01 
+0.000014 
+0.000051 
+0.000129 
+0.000262 
+0.000459 
+0.000733 

0 
0-000000 
0-000000 
0.000000 

-0.000001 
-0.000008 
-0.000032 
-0.000078 
-0.000138 
-0-000185 
-0.000204 
-0:000172 
-0.000023 

0 
+0.000001 
+0-000005 
+0.000011 
+0.000019 
+0.000038 
+0-000049 
+0.000041 
+0.000003 
-0-000066 
-0.000165 
--0.000288 
-0-000419 
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T A B L E  1--continued 

PO ml°~ I m13 / ~141 , ~nlS/ m16 '  ml7t  

0-00 
0"05 
0"10 
0"15 
0.20 
0"30 
0"40 
0-50 
0"60 
0"70 
0"80 
0"90 
1"00 

0.000992 
0.000992 
0-000992 
0-000992 
0.000992 
0.000992 
0.000991 
0.000988 
0.000983 
0.000974 
0.000963 
0.000949 
0.000932 

0 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

-0.000001 
-0.000002 
-0.000003 
-0.000006 
-0.000009 

0 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

+0.000001 
+O.O0O0O1 

0.000000 
' - 0 .000005  

-0.000014 
-0.000033 
-0.000069 

0 
0.000000 
0.000000 
0-000000 
0.000000 

-0.000001 
-0.000001 
+O.O00002 
+0.000011 
+0.000023 
+0.000046 
+0.000086 
+0-000092 

0 
0-000000 
0-000000 
0-000000 
0-000000 

-0-000002 
-0-000009 
-0-000021 
-0.000036 
-0-000051 
-0-000069 
-0.000068 
-0.000068 

0 
0.000000 
0.000000 
0.000000 
0.000000 

-0-000001 
-0.000002 
-0.000006 
-0.000013 
-0.000022 
- 0.000033 
- 0.000045 
-0.000059 

Po 

0-00 
0"05 
O" 10 
0"15 
0"20 
0"30 
0"40 
0-50 
0-60 
0-70 
0-80 
0-90 
1"00 

m8 ~t 

0 
0-000000 
0-000000 
0-000000 
0-000000 
0-000000 
0-000000 
0.000001 
0-000002 
0-000004 
0-000006 
0-000009 
0-000013 

I 
i 
I m9  tr 

0 
0.000000 

0-000000 
0-000000 
0-000000 
0-000002 
0-000008 
0.000024 
0.000052 
0.000097 
0.000160 
0-000240 
0.000337 

7/~i0" 

0 
0-000000 
0.000000 
0.000000 
0.000000 
0.000001 
0.000011 

0.000038 
0.000094 
0.000187 
0-000321 
0.000500 
0.000721 

m l l  rt 

0 
-0.000001 
-0.000005 
-0.000011 
-0.000020 
-0.000043 
-0.000072 
-0.000102 
-0.000126 
-0.000141 
-0.000142 
-0-OOO126 
-0.000093 

m12 rt 

--0.000992 
--0"000992 
--0"000992 
--0"000992 
--0.000992 
--0.000992 
--0.000992 
--0"000991 
--0"000990 
--0-000989 
--0"000986 
--0"000983 
-0.000978 

m13 ~t 

0 
0-000000 
O-O00000 
0.000000 
0.000000 
0.000000 
0-000000 
0-000000 

-0-000001 
-0-000002 
-0-000003 
-0-000005 
-0-000007 

P0 7Y~14 It m15 tt m16 tl m17 tt 

0"00 
0-05 
0"10 
0-15 
0,'20 
0"30 
0"40 
0"50 
0"60 
0"70 
0-80 
0"90 
1"00 

0 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

-0.000001 
-0.000005 
-0.000013 
-0.000029 
-0.000053 
-0.000088 
-0.000133 

0 
0.000000 
0.000000 
0.000000 
0.000000 

+0.000001 
+0.000004 
+0.0OO009 
+0.0O0O11 
+0.000007 
-0.000008 
-0.000045 
-0.000093 

0 
0.000000 
0.000000 
0.000001 
0.000001 
0.000002 
0.000008 
0.000020 
0.000041 
0.000071 
0.000108 
0.000145 
0.000186 

0 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000001 
0.000004 
0.000008 
0.000014 
0.000023 
0.000033 
0.000046 
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