‘g’

International Journal of Mathematics and Soft Computing LUMSC
Vol.5, No.1. (2015), 31 - 44. ISSN Print : 2249 — 3328

ISSN Online: 2319 — 5215

Triple simultaneous Fourier series equations involving associated
Legendre function

Gunjan Tripathi®, K.C. Tripathi?, A.P. Dwivedi®

'Dr. Ambedkar Institute of Technology for Handicapped,
Awadhpuri, Kanpur
trigunjan@gmail.com

“Defence Institute of Advance Technology
Pune.
kctO5ster@gmail.com

*Bharat Institute of Technology, Meerut.
apdwivedi@rediffmail.com

Abstract

In this paper, we have considered the two sets of triple series equations of the first kind and
second kind, which are the generalization of dual series equations involving Associated Legendre
functions and solved the two sets of series equations involving a spherical or spheroidal boundary
when different conditions are prescribed on different parts of the boundary.
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1 Introduction

Triple series equations are useful in finding the solution of mixed boundary value problems of
electrostatics, elasticity and other fields of mathematical physics [8]. Collins [2] solved the triple series
equations, for the first time and since then authors like Lowndes [5] Dwivedi and Gupta [3, 4], Parihar
[7], Melrose and Tweed [6] obtained the solutions of the triple series equations involving different
types of special polynomials.

In this paper, we are concerned with triple series equations of the form:
(i) Triple Series Equations of the First Kind

3 (20 + 2m + AT (cos6) = 1,(6), 0<f<a (1.1)
n=0
S AT (cos0) = £, (0), a<0<p (1.2)
n=0
3 (2n+ 2m+ AT (cos6) = (), B<O<n (1.3)
n=0

31



32 Gunjan Tripathi, K.C. Tripathi and A.P. Dwivedi

(i) Triple Series Equation of the Second Kind

> ByTnlh(coso) = gy(6), 0<O<a (1.4)
n=0
> (2n+2m+1)B T, (Cos6) = g, (6), a<0<p (1.5)
n=0
D BuTain(cos6) = g5 (6), p<O<nx (1.6)
n=0

In above equations f (@) and g;(0),i =1, 2, 3 are prescribed functions of the variable @ and the

equations (1.1) to (2.3) are to be solved for the unknown coefficients A, and B,. T (cos®) is the
associated Legendre function of degree n + m and order —m of the first kind.

2 Preliminary Results

2.1 Inversion Theorem for Associated Legendre Polynomials

If the expansion

f(0)= i (2n+2m+1)C,T,;™ (cosd) (2.1)
n=0

is valid for 0 <@ < 7 and that it can be integrated term by term, the coefficient C, are given by

C, - %(—1)m [ (0T (cosw)sinxdx (2.2)

Also we have the result,

S,,(0, X) =iTr;Tn (cos@)T.™ (cosx) (2.3)
n=0
z—(_l)m > [ (2.4)
. nzz(; JO P, (cosr)cosmyd¥
_ (=" Imin(%,Sz) s°Mds (2.5)
LTk

where S, = 25ingcos§x, S, = 25in§cos§¢9 and both S; and S, are positive for all 6 and x,

since 0<@,Xx<mwand S :2cosgcosgtan%.

Finally, in order to get an integral representation of the associate Legendre polynomial

T, (cos@), we make use of the following results:

9
it £(6) = 00 4, a<o<p 2.6)
« (cosu—cos @)z
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s :
and f'(6’):j 9'(u) —du, a<0<p
2 (cos@—cosu )z

_1dp f(Hsing
ﬂdua(

then g(u) -d0, a<u<p

cosé—cosu)z

ﬂ ' A
and g'(u)=£i f'(8)sing

~d0 ,a<u<p
u (cosu—cos6)z

3 The Solutions of the Triple Series
3.1 Equations of the First kind

In order to solve the triple series equations of the first kind, we set

i(2n+2m +1) AT, (cosd) =h(0), a<0<p

n=0

Using Equations (2.1) and (2.2) in equation (1.1), (1.3) and (3.1.1), we get
A =%(—1)’“{ jo”‘ AGR| f h(x) +L’]’ f3(x)}Tr;fﬂ1 (cosx)sinxdx

Substituting the expression (3.1.2) for A, in equation (1.5), we get

>-Tate0s0) (" [ 100+ 00+ 1 |

xT . (cosx)sinxdx = f,(6), a<0<p

Interchanging the order of summation and integration, we get

L gm j“ f (x)+Iﬂh(x) +j” f.(X) irm (cosO)T™ _(cosx) x sinxdx = f,(0), @ <0< f
2 o ! a A 3 T m+n m+n -2 L=
Using the expression given by (2.3) in (3.1.4), we obtain

%(—1)mjfh(x)sm(e, x)sindx = F (6), a<0<p

where ) - f2(0)—%(—1)’“[ j: £,(X)S,, (6, X)sindx + j; £,(x)S,, (0, x)sindx}
Now using the summation result in terms of integral (2.5) in the equation (3.1.5), we get
2 1(—1)2”“ 2
9 B min(s;, s;) s°Mds i :F(H), 0{<9<ﬂ
I h X)J0 7 sindx
(s -s)(s2 7))

[24

7(ss,)"

After breaking into parts, and noting that S;> S, when @ > x and S;< S, when x > 6 we have

33

@.7)

(2.8)

(2.9)

(3.1.1)

(3.1.2)

(3.1.3)

(3.1.4)

(3.1.5)

(3.1.6)

(3.1.7)
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£ a—Mm 0 2m

sin 0 [ hegsint™mxx IOS2 s 0s 7o

’ [(s£-9°)(s2-7) |

2m 3.1.8

+jﬂh(x)sin1—m><xjsl s 0s dx |=F(0), a<0<p (3.18)

0 0r(2 2\ 2\12

Cal Caty
Making change of variables by putting the values of S, S, andS,, we get
2m
in-"ol .o 1 (Zcosie.coslx.tanlu)

SO hogsin' e | 2 2 2 du

o 270 [(cosu—cosé?)(cosu—cosx)}}/2

(200519 COS1 X.tan 1u)2m F(0) 0<p (3.1.9)
5 0.c0s x.tan- = , a<0< 1.

+Iﬂh(x)sinl‘mxdx.£j 2 2 2 du

’ 20 [(cosu—cose)(cosu—cosx)]%
Now inverting the order of integration, we get
2-msin 9 cog-m € gamegsom O . tan2" Y 52‘mh(x)cot+m§.sinx 0 tanzm%

2 2 2 2 4y~ dx du
2r % (cosu _Cosg)% (cosu —cosx)% “ (cosu—cose)%
,2"h(x)cot™ S sink tanz”‘%
X dx + du

a

(cosu — cosx)}/2 0 (cosu — 0039)%

_ X .
ﬂ2 mh(x)cotmf.smx (3110)
X dx |=F(6), a<f<p
¢ (cosu — cosx)%
Breaking the last term in to part, on the left hand side, we get
22m tan’miecoszmie tanzmg eh(X)COtmi.SinX 0 tanzm%
2 “ 2 du % dx + du
2z % (cosu - Cosg)% “ (cosu — cosx)}/2 “ (cosu — cose)%
eh(x)cotmi.sinx . tan2m Y ﬂh(x)cotmf.sinx ) tan2m Y
x.[ — % —dx+ 2__dux 2 dx+ 2__du
Y (cosu — cosx)% 0 (cosu — cosé?)}/2 ¢ (cosu — cosx)% “ (cosu — cose)%
X .
2 h(x)cot™ = .sinx (3.1.11)

[ ——2—dx}=F(0),

a<f<p
¢ (cosu — cosx)}/2
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2m U mX 2m U
10 tan > ﬁh(x)cot E.smx _ n0 1 tan 5
du dx tan" Z.F(0) 2 4
27 e (cosu—cosé?)% v (cosu—cosx)% 2 2770 (cosu—cosé?)}/2

X .
2 h(x)cot"‘E.smx

—£< X,
“ (cosu — cosx)}/2
The above equation can be rewritten as
P H(u)tanzm% 01 tanzm% ﬂh(x)cot"‘g.sinx
—— <4 du=F(f)tan" — — du d
“ (cosu — cose)% 2 2z (cosu — cose)% “ (cosu — cosx)%

X .
h(x)cot™ = .sinx
where, H(u):ij'ﬂ 2 ix

2787 (cosu — cosx) 2
In view of the equations (2.6) and (2.8), equation (3.1.13) gives

ZmE
2 d v singdo

7 dude s cosu)%

cot

H(u)= {tanm%HF(e)

2m9
1 ca tan E ;

dg
210 (cosy —cose)%

h(x)cot™ X sinx

dxra <0< p
* (cosv - cosx)%

Changing the order of integration of the above equation, we get

cot2m Y . 0 .y
H (W) = Fy () - — 2 [ o 00 il
2z du “(cosﬁ—cos&)%(cose—cosu)%
mX mX .
ﬂh(x)cot E.smx ﬁh(x)cot E.smx

<[’

X |, x| —————&——dx|, a<f<pf
(cos9 — cosx)}/2 “ (cosv — cosx)%

om U m 6 .
where cot ) F(6).tan E.sme

v
RW=—2o

do
7 duie (cos@—cosu)%

Using the result given by

d pu singdé sinu(cos3 — COSa)%

du % (cosv — cos«9)}/2 (cosf - cosu)}/2 (cosa — cosu)}/2 (cosv —cosu)

Equation (3.1.16) becomes

weo<p (3112

X, a<0<p

(3.1.13)

(3.1.14)

(3.1.15)

(3.1.16)

(3.1.17)

(3.1.18)
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u .
cot2™ Y sinu o tan2" S(COSS—COSa)% ﬁh(x)cotmi_sinx
H (u) = Fy(u) - 2 [/ 2 x| a<6<
! 2 1l c0s9 — cosu e p
27°(cosa — cosu)’2 ( ) “ (cos&—cosx)%

(3.1.19)
Now, in view of the equations (3.1.6) and (2.9), the solution of the equation (3.1.14) is given by

h(X)COtmEXSinX:—Zi ﬂMdu (3.1.20)
2 dx 7 (cosx—cosu)}/2
Using equation (3.1.20), we obtain
h(x)cot™ L sin
J~ﬁ (x)oot ™ x.sinx . 2 y H (s)sinsds (3.1.21)
X = x du
“ (cosS—cosx)% (cos.9—coss)}/2 “ (cosa —coss)%(cosg—coss)
From equations (3.1.1) and (3.1.19), we get
cot2™ Ly sinu , tan" 149(cos¢9 - COSa)%
H(u)=F,(u) - 2 de
7 (cosa — cosu)}/2 0 (cosg - cosu)
N 1 B H (s)sinsds a<0<p (3.1.22)
(cos@ — cosa)% “ (cosa —coss)}/?(cose—coss)
Changing the order of integration in equation (3.1.22), we obtain
cot?™ Ly sinu
: B H (s).sin ssinuds
H(u)= Fl(u) - 2 “ }/ }/
7 (cosar — coss)” 2 (cosa — cosu)” 2
1
. tan®" - 0do
XJ’ 2 L a<0<p (3.1.23)
0 (cosé — coss)(cosé — cosu)
Equation (3.1.23) can now be rewritten as
H () +i2jﬂ H(S)AG, U)ds=F(U), a<0<p (3.1.24)
Vs a
cot?™ Ly sinusins
where As, u) = 2 B(s, u) (3.1.25)
(cosa — coss)% (cosa — cosu)}/2
1
. tan®" - 0
and B(S, U) :‘[ 2 do (3126)
0 (cosé — coss)(cosd — cosu)
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Equation (3.1.24) is a Fredholm integral equation of the second kind which determines H(u). h(x)
can be found from equation (3.1.20). Finally, the value of unknown coefficients A, can be computed
with the help of the equation (3.1.2) which satisfies the equations (1.1), (1.2) and 1.3).

PARTICULAR CASE

If we put o=0 in equations (1.1), (1.2) and (1.3), they reduce to the dual series equations and the
solution obtained agrees with the solution obtained for dual equations.

3.2 Equations of the Second kind

To solve the triple series equations (1.4), (1.5) and (1.6), let us suppose

o k, (6) 0<f<a S
m 1 k(0), <
;(Zn +2m+1)B,T.™ (cosd) _{—kz(a), f<ten (3.2.2)
Applying the inversion theorem (2.2) in equations (1.2), (3.2.1) and (3.2.2) we get
1 o ﬁ V.4 _ .
B, :E(_l)m UO ky (X) + L d,(x) +Jﬁ kz(x)}TW’ﬂ1 (cosx)sinxdx (3.2.3)
Substituting this expression for B, in equation (1.4) and (2.6), we get
1 m -m a B n
T os0) [0+ [ 5,0+ Tl |
(3.2.4)
a0, 0<f<a
XTI (cosx)sindx = {Q;W f<0<n (3.2.5)
Interchanging the order of summation and integration, we get
1 a B z S
20" 1700+ [ 0200+t | T o)
T (cosx) x sindx = 9(0), 0<0<a .20
m+n - 93(9)’ ﬂ<9<ﬂ. (327)
Using the result (2.3) in equations (3.2.6) and (3.2.7), we have
(3.2.8)
1_ m e n . B M(e), 0<B<a
[0+ 0[S x)smxdx—{—N(e), o (3.2.9)
where, M(@):gl(ﬁ)—%(—l)m [ 6203,(6, x)sinxalx (3.2.10)
and N (9)=g5(0) —%(—1)’“jf 9,(X)S,, (6, X)sinxdx (3.2.11)

Now using the summation result (2.5) in terms of integral in equation (3.2.8), we obtain
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2.%(_1)2m J.ak < J-min(Sl,Sz) Szmds sindx
m 1 ’
7($,8;)7 |70 0 [(sf—sz)(szz—sz)}%
min(S;, S,) Szmds . =M (0), 0<b<a (3212)
+I k (x)_[ [(512_32)(522_32”% sindx
sin”"6 k, (x)sin* ™ xdx s*ds
Lo, (s7-57)(s2-s7)]
+[“ K, (0sint™xax [ * 5°ds
J.O 1 J.O |:(812—82)(822—82):|%
S2Mds =M (0), 0<O<a (3.2.13)

+JZ kz(x)sinl‘mxdxjsl

*[(s2-57)(si-s)]

Now changing the variables by substituting the values of S;, S; and S in equation (3.2.14), we get

0  x. u)"
2C0S—C0S—tan—
( 2 2 2) q

[(cosu —cosd)(cosu — cosx)]%

sinmg

Iog kl(x)sinl’mxdx.fX u.

u

2m
0 X, U
" 100 (Zcoszcosztan 2)
+ j Ky (X)sint M xdx = d
° ® [(cosu —cos)(cosu — cosx)]%

2m
%
(Zcoszcosztanzj " M), 0<O<a (3.2.14)

X . 1 ¢0
+| ky(x)sin™xdx=
'[ﬂ 2 IO [(cosu —cos®)(cosu — cosx)}%

Inverting the order of integration, we have

2-Msin 9 cosm & g2mcog2m O ) tan2m Y
2" 2 2 2 4y
2z ® (cosu —cose)%
L2 kl(x)cotml.sinx tan2m Y
X,[ 2 dx + —du
" (cosu —cosx)}/2 (cosu— cose)y
27"k, (x)cot™ X sinx 3.2.15
[ 2___dx|=M(@), 0<f<a (32.15)

# " (cosu —cosx) 2
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22 tan ‘mgcotzmg ) tanzm%du . kl(x)cotmg.sinx Ig tanzm%
dx + du
2r ® (cosu —cose)% " (cosu —cosx)% % (cosu —cos&)%

ko (x)cot™ X sinx

dx |=M (8), 0<O<a
A (cosu —cosx)%
The above equation can be written as
1 .0 tan2m Y . k (x)cot™ X sinx Xkz(x)cotml.sinx 1
—.[ 2__du J. dx + 2 dx |=tan™"=OM (@), 0<O<a
27 °0 (cosu —cose)% " (cosu —cosx)% ’ (cosu - cosx)% 2
(3.2.16)
Equation (3.2.16) is now reduced to the following form
u X .
tan®" 1 pxke()cot™ 2 sinx —tan" M), 0<o<a (3.2.17)
—du J(u)+— dx 2
(cosu — cosg) 2 798 (cosu - cosx) 2
where ., ):_”J. « ki (X)oot” E sinx dx (3.2.18)
(cosu —cosx)%
Solution of the equation (3.2.17) can be given, with the help of the results (2.6) and (2.8), as
Ky (x)cot™ m Ly sinx cot2™ Y 4 MO tan?" * 9.sing
J(u)+—j 2 dx = Z—I 2 do O<u<a
(cosu — cosx)% 7 du-o (cose—cosu)%
(3.2.19)
Now equation (3.2.19) becomes
k,(x)cot™ X sinx
72 Py
M, (U) = 3 (u) +ij 22 4 O<u<a (3.2.20)
77 (cosu —cosx)}/2
cot?mY M (0) tan™ L osing
where M. (U) = 2 d pu 27 (3.2.21)
1 (u) = | do
du“o (cos@—cosu)%

Again from equation (3.2.9), we have, %(—1)”‘ an k (X) + J'; kz(x)}sm(e, x)sinxdx=N(0), B<O<n

Using the summation result in terms of integral by equation (2.5), we get
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1 _1\2m ) m
—ZIZS(Sl)m Ioakl X J.Omm(Sl'SZ) s*ds }/.sindx
7(5;,S,) |:(512_52)(822_82):| 2
r min(Sy, S,) §2mys .

+| K, (x) sindx [=N(8), f<O<a

I’B 0l |:(812—82)(Sz_32):|%
sin‘me[ “ (X) sin " xdlx 5 $2Mds '

.[0 1 -[0 [(SE—SZ)(SZZ—SZ)J%
5 $2Mds (3.2.22)

=N(9), B<O<n

[k, (x)sint™xdx
.[9 2 0 [(812—82)(822—82)]%

Now making change of variable in equation (3.2.22)

2c0s6 2tanu X"
2c08x 2

sin”™g

I ky (X)sin®™xdx. 1]: du.

[(Cosu —cosd)(cosu — cosx)}%

( 2c0s 2.tanu jzm

2.008X 2 du

4 . 1-m 1 ¢x
+ j K, (X)sin™ " xdx.= j 7
/ [ (cosu — cos8)(cosu — cosx) ]2

( 2c0s6 2.tanu )Zm

0 =N(9), p<bO<nx 3.2.23
+.[sz(x)sin1’mxdx.l I 2005 2 @7 ( )
¢ 0 [ (cosu - cos®)(cosu - cosx)}%
Inverting the order of integration in equation (3.2.23), we get
27"sin"™g 2.22™cos?Mo a2 U 27mi () SOL X cot™x tan2m Y
2cos "0 2 J"" 2 qu J'“der P 7 2 4y
2r % (cosu —cosg)2 (cosu — cosx)y ® (cosu —cose)%
“m cot™x om U
x2 Ko (¥ ginx . tan L 2Ky (X )Zsmx —=N(9), B<O<x (3.2.24)
X
R (cosu — cosx)” 2 p (cosu cos@)y " (cosu — cosx)}/
1 8 tan?™ T i ky(X)cot™ - x.sinx tan?" >
— 2 2 dx = tan —0N(9)——I — A _qy

2z °F (cosu—cos&)}/2 ’ (cosu—cosx)y (cosu — cose)y
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1 .
1 . 1 k tm=
k, (x)cot™ = x.sinx tan®™ — »(X)co X.SINX
[ (X0t g L[ X[ 2 dx, B<6<x (3.2.25)

" (cosu—cos)’? 27 (cosu — cos<9)}/2  (cosu— Cosx)%
Equation (3.2.25) now becomes

p k(u)tanzm%u 1 J(u)tanzm%u
2 gu—tan"YoN(@) - [——— 2 qu
# (cosu - cost) 2 2 ° (cosu —cosg) 2

1 1 .
tan®™ ~u k, (x)cot™ = x.sinx
L 2 dux [ 2

1 (3.2.26)
2m 70 (cosu—cose)%

dx, f<b<n
p (cosu —cosx)%

1 ex kz(x)cotmix.sinx
K(u) =— 2 dx,
(cosu — cosx)}/2

(3.2.27)

Substituting the value of J(u) from (3.2.26), we get

) k(u)tanzmlu tan2" Ly

2 e lone) [ 2
? (cosu —cos&)% 2 ® (cosu —cos&)%

ety ”kz(x)cotm%x.sinx

2 du

ks (x)cot™ %x.sinx 1.5 1
X, t =5
(cosu — cosx)% 2770 (cosu — cosﬁ)% " (cosu —cosx)%

Ml(u)—%.l‘ﬁ

dx, f<O0<rx

(3.2.28)

p k(u)tanzm%u 1 . Ml(u)tanzm%u
2 ju=tan"1oN@)- [ —— 2 4y
# (cosu - cost) 2 2 ° (cosu —cosg) 2

1 tanzm%u ﬁkz(x)cotmlx.sinx
-— du dx, f<O0<rx

27°% (cosu —cos@)% 7 (cosu —cosx)%

(3.2.29)

In view of (2.6), (2.8) and equation (3.2.29), we have

[

am 1 1
cot m—u d cu singd o aMl(H)tanzm—Q tansze

K(u) = 2 — [tanmle.N(e)_j T 2492 g4
7 dup (cose—cosu)% 2 0 (cosv—cose)}/2 “ (cosv —cos)’2

Ky (x)cot™ 1 X.Sinx
X 2 dx |,
4 (cosv — cosx)%

B<u<m (3.2.30)
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Equation (3.2.30) is now reduced to

1 1 1 .
cot®™ =y nzm—ede _ky(x)cot™ > x.sinx
K = Ny0)+ M () - —— 2L [0SR0, 7 &, feu<n
# (cosé - cosu) % (cosd - cosx)}/ P (cos—cosx) 2
(3.2.31)
ml
cot®™ —u A N(@)tan™ —asma
N, (u) = d ©) (3.2.32)
du’s (cosd - cosu) }/
and
— ZmE Zml
M ()= cot 2u d cu singdo - M (0)tan Egde (3.2.33)
,(U)=
7 duls (cose—cosu)% ° (cosH—cosx)%
Changing the order of integration in the equation (3.2.31), we get
t2m
K (u) = Ny (u) + M, (u) - j tan" ede
K ml .
d u singd@ # Ko(Qootmoxsink. | g\ o (3.2.34)
— dx
du s (cosH—cosu)%(cose—cosu)% p (cose—cosx)%
We know that, d singdé sinu(cosé — cosﬂ)y
dus (cos9— cose)y 2(cosf — cosu)}/ (cosg - cosu)y cosf — cosu)}/
Using the above result in equation (3.2.34), we get
cot®™ %usinu 4tan?" %0(005(9 - cosﬂ)%
K(u) =Ny (u) + M, (u) - 7 7
7%(cosB —cosu)’2| ** (cosd) — cosu)
ml -
. Ka(x)cot Ex.smx B<u<n (3.2.36)

X
A (cosf — cosx)}/2

Now with the help of the results (2.7) and (2.9), the solution of the equation (3.2.27) is given by

Kz(x)cotmix.sinx:—Zi ﬂmdu (3.2.37)
2 dx “x (cosx—cosu)}/2
From (3.2.37) we obtain
k,(x)cot™ L X.Sinx
=Kz (X)COLT 5 X, 2 z K (s)sinsds (3.2.38)

y=
d (cose—cosx)% (cosé — cosﬂ)y A (cosp— coss)}/ 2(cos@ — coss)
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Putting the value from (3.2.36), we get

cot?" %usinu 4 tan”" %9(0030 - cosﬁ)%

K(u) = Ny(u) + M,(u) -

72(cos ﬂ—cosu)% a (cos6 —cosu)
y 1 7 k(s)sinsds B<u<z (3.2.39)
(cosd - cosﬁ)% i (cosp - cosu)% (cosd —cosx)
Changing the order of integration in equation (3.2.39), we get
1
cot?™ =y ,
7 k(s).sinsds
K= Ny + M, (0) -2 [ o -
a (cosp —cosu)’2(cosf3 — coss)’ 2
1
tan®™ = 6d6
xjﬁ 2 , B<u<n (3.2.40)
a (cosd — coss)(cosd — coss)
Equation (3.2.40) can now be rewritten as
K+~ JTKOR(S, wds =Ny () + M) B<u<n (3.2.41)
T
cot?™ Ly sins sinu
where R(s, u) is symmetric kernel, _ 2 (3.2.42)
R(s, U)=— S(s, u)
(cosp - coss)}/2 (cosp - cosu)%
1
2m +
and (s, u=[” o™ 5940 (3.2.43)
’ a (cos@ — coss)(cosd — cosu)

Equation (3.2.41) is a Fredholm integral equation of the second kind which determines K(u) and
from equation (3.2.37) K,(X) can be found. After that, we can calculate the value of J(u) from
equation (3.2.20) and consequently K;(X) can be found with the help of equation (3.2.18). Finally,
the unknown coefficients B, can be computed with the help of the equation (2.2) which satisfies the
equations (2.4), (2.5) and (2.6).

PARTICULAR CASE
Let B=x. Then the equations from (2.4) to (2.6) reduce to the dual series equations and the

solution obtained agrees with the one that was obtained earlier by Collins [9].
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