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ABSTRACT

The aim of present paper is to discuss the application of certain products
involving H -function ( [8], [9] ) and a generalized polynomials [12] in obtaining a solution

of the partial differential equation

2 2
N
concerning to a problem of angular displacement in a shaft. The result so established may be
found useful in several interesting situation appearing in the literature on mathematical
analysis, applied mathematics and mathematical physics.
1. Introduction. As an example of the application of H -function ( [8],[9] ) and generalized
polynomials in applied mathematics, we consider the problem of determining the twist ¢ (x,t)
in a shaft of circular section with its axis along the x-axis. Now the displacement ¢ (x,t) due
to initial twist must satisfy the boundary value problem, if we assume that both the ends x = 0

and x = o of the shaft are free.

0%% , 024
- R — L (L1)

where R is a constant.

00(0,1) o
0 X
and vy (x0) = f (), ...(1.2)

Let
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—mal &
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p.q L N 2w ) J
The generalized polynomials defined by Srivastava [12] is as follows:
My M (ny/my 1 Ing/mgl (_nl)ml 1 =", s
S = .
Dy ’XS] Z Z ! !
nl """ ns (11=0 (xs=0 (11 O(,s
- %1 %s
A[nl,ocl,...,ns,ots]X1 X 5 ...(1.4)

where n =012..vi=(1., s m .. m_arbitrary positive integers and the coefficient

A[”l’o‘l sin Lo ]oare arbitrary constants, real or complex.

The H -function defined by Inayat-Hussain ( [8],[9]) as

| @B G Py ]

ﬁmyn[z] = H | z
p.a P.g L (bj,Bj)Lm,(bj,Bj;Aj)mﬂyqJ
1 :
where i =+/-1,
m 8 B
[T rb -BOJ] (ra-a +a )y’
vi(E) = = p : .(1.6)
A .
[T ra-b +pey "J] '@ -ag)
j=m+1 j=n+1

where g; (j = 1,...,p) and b; (j = 1,...,q) are complex parameters, a; > 0 (j = 1,...,p) (not all zero
simultaneously) and the exponents B; (j = 1,...,n) and Aj (j = m+1,...,q) can take on non-integer
values, when these exponents take integer values, the H -function reduces to the familiar H-
function due to Fox [7].

The condition for the absolute convergence of the defining integral for the H -function

given by Buschman and Srivastava [2] as
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m n q p
QE.Z BJ+Z Bjozj—'z Aij—.Z ocj>0, ..(1.7)
j=1 j=1 j=m+1 j=n+1
1
and larg (2) | < — 1 Q , ...(1.8)
2

where Q is given by (1.7).
The behaviour of the H -function for small values of | z | follows easily from a result recently
given by Rathie [11]. We have

Ho [ =0(z|") a=mn [Re (o /B ) |z] — 0, ...(1.9)
P, q 1< j<m J J

2. The main integral: The integral to be established here is

Jm (cos nuXVsin K) (cos KYHSml """" ms|ry (tan KW l
ok (Djk 200} K 2(1)) N o nsle

2u-o-1
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= — oLy — . :
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1 s 1 S
[ L
| (A-p+— =% kja.hiD,
o o _m+l,n+1| h i=1
An ;o ;.5n ,a Jy ..y SH z4
1’ s7 s 01 s |
p+2,q+1 1 S
L (;*u#»zfz kioci,h),
i=1

S
(-3 kioti,Zh)
i=1
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(@popBp@peiy g

20
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|

b
where k >0(i=1,., s), h>0, 20 >Re |(c—2k —’)| >0 (G = 1,...m), m is an arbitrary
' B
\ i)

positive integer and the coefficient A (ny,0u ;...; ns, o] are arbitrary constants, real or complex.
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3. Evaluation of (2.1): The integral in (2.1) can be established by making use of the H -
function in terms of Mellin-Barnes contour integral given by (1.5) and the definition of a
generalized polynomials given by (1.4), then interchanging the order of summation and
integration, evaluate the inner integral with the help of a result given by Chaurasia and Gupta (
[2], p.59] ), and we arrive at the desired result.

4. Solution of the problem posed: The solution of the problem to be established is

/ / — -
1 [n,/m,1 [ng ms]( nl)mlml ( ns)msas
X, ) =
b0 = = 3 - % ' '
2 T o =0 as_o (ll. (XS.
S
2v+22 kiai+1
oy a 2 i=1 m+1,n+1
AM ,a 50 ,a ]y Ty 8 ——  H
vt soos s r(2v) p+2,q+1
[ L : 1
| (17v+zfz ki, hi), (aj,aj;Bj),(aj,aj)Ml’p,(mZ ko, 2h) |
| h i=1 i=1 | v X v Rt
.|z4 | cos cos ,
| L L e JU e )
L (E_HZ_'Zl kjogsh), (bj,lij)l’m,(bj,Bj;Aj)erLq J
i=

...(4.1)
which holds true under the same conditions needed for (2.1).
5. Derivation on (4.1): The solution of the problem can be written as ( [6], Churchill 1941,
p.125 (4)].

d(x 1) = %ao+£ av(cos nvx}(cos TWRt}, ...(5.1)

v=1 K (Y o
where a, = (v =0,1,2,...) are the coefficients in the Fourier cosine series for f(x) in the interval

(0,0). If t = 0 then by virtue of (1.3), we get

(0 20 oos 207 ™™ 0y (an 2y (a2
L 20 ) L 20 ) Ny N L 1 20 ) L 20 ) J
o Irz (tan th 1| = ia +§ a (COS K) ) -(5.2)
pa | L 20) | 2 RN o )

X \ and integrating with respect to x from 0 to o, we
(Q)

Multiplying both sides of (5.2) by (cos i
\

have
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0 k () )k 20)) k 20)) Ny ng
y fn )y (o 2
U 20) U 20)
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p.q L k 2(,0) J 2 0 0 K (O} )
(cos nvxw (cos nux) ax ...(5.3)

a
+VZ::1 VIO\ o )\ o )

Using (2.1) along with orthogonality property of the cosine functions, we get

n_/m n_/m -n -n
(s 1[0 5]( 1)mlal ( s)msns o o
a = Y . Ah ,oo 5.xn ,a ]y *..y °®
v a ! a ! 171 s s 1 s
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s
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H z4 =t

F(2v)\/; p+2.q+1

S
(;—V-*— —-z kiai’h)’(bj’Bj)lvm,

| |
N

..(5.4)

Using (5.1) and (5.4), we arrive at the desired solution in (4.1).

6. Special Cases:
@ Takingm=1,n=3=p =qand replacing z by — z and using

1 =1
a_ 11“(P+1) r(—+-—)
- 2 2

g (y,n,t,P;2
T

(—npz“PJ?rw)rw—gﬂ

(1-7,030), (1-y+ 131, (1-n, 1514 P)
—1,3 | 2
.H | -z
3,3 | ( T )
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L2 )

:
|
|
|
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21—d Tl',_dlz
where a = — [9, p.4121, eq. (5) ]
d I (di2)

The above function is connected with a certain class of Feynman integrals.

We obtain from (2.1)
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valid under the same conditions as those required for (2.1).

And from (4.1), we obtain

1 [nl/mll [ns/ms](_nl)m o (_ns)m o
(b) (X t) = > oY L1 e
20\/; o= as=0 (Xl! asl

1 =
a l1"(P +) T (—+ )
- 2 2
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S
(1-1,L:1+P), (-3 k;a;,2h) |

i=1 | cos (TWX (cos v R W ...(6.2)
\ )

(-n.1;1+P) | (o ) ®

valid under the same conditions as those required for (4.1).

(2) Takingm=1,n=3=p, q=2and replacing z by — (1 +&)? and using
1 —13[ L, LD 01, (-1/2.14) 1

BFd;e)=—- —— H L_ (1+¢g) J [9,p.4121,eq.(5)]

4?1 ve)? a2 01, (-11;1+d)
The above function is the exact partition function of the Gaussian model in statistical
mechanics.

We obtain from (2.1)

2u-o-1
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| 'L 20) U 20)
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valid under the same conditions as those required for (2.1).
And from (4.1), we have
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(L9 | Lo )\ o )
]

valid under the same conditions as those required for (4.1).

(3) (@) On taking n L 0(i=1.., 5), eq. (6.1) reduces in following form

© 2u-o-1 -1 |— 2h —|
U X . 7mX X X
[ (cos Wsm —W (cos —) gl y.n,1.P;2) (tan —) |
o L o )L 20 ) L 20 ) L N 20 ) J
P+1 ! !
ad—lr( + ) rc—+-) 0)221.1—6
_ 2 2 o
P 24P T I'(2p)
(-1 27 a0 (y - )
2
2.4 |— h (l—v+g,h i 1), (l—y,l;l),(l—y+l,l;l),(1—n,1;1+P), (o,2h) —|
H O lozah 2 | ...(6.5)
54 (C=v+ 20, 01, (= 511, (—n.1:14P) |
L 2 2 2 |

valid under the same conditions as those required for (6.1).

(b) On taking n Lo 0(i =1.., 5), eq. (6.2) reduces in following form

1 T
a I'(P+)T(—+—) 2v+1
-1 2 2

d 2
b0 =% r(2v)
2 = P ,2+P T v
(-1 277" (T (y+ )
2
[ c t ]
__2.4 b (I-v+—,h 1), (1-v,1:1), (1-y+ —151),(1-7,1;1+P), (o,2h) | TV X v Rt
H l-za . 2 2 .COS cos ,
54 (Covi 2 L 0D, (- L), (- .11+ P) | Lo )\ o )
2 2 2 |

...(6.6)
valid under the same conditions as those required for (4.1).

4. Letting s = 2 in (2.1) and (3.1), we get a known result recently obtained by Chaurasia
and Lata ( [5], eq.(2.1), p.188).
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5.

Taking Bj=1=A; s=2and K - 0 in (2.1) and (3.1), we find known result recently

obtained by Chaurasia and Godika ( [3], eg. (5), p.79).
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