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Abstract: Integral Transforms draw the attention of many researchers and hence various types of Integral Transforms
introduced time-to-time (Debnath [2], Snedon [4]). Integral Transforms play a key role in the field of Special Functions. In this
paper, authors studied Laplace Transforms (this is one of the renowned Integral Transform) of several well-known Special
Functions.
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Introduction

In the present article, we define some well known Special Functions and derive Laplace transform of it. First of all we define
the Laplace transform of f(t) as

e 0]
L{f (®)}=] e St (t)dt, Re(s) >0 1)
0
The following well-known Special Functions defined as (Rainville[3], Srivastava and Manocha [5]). Define Pochhamer symbol
(@), by the equation

(a)n :a(a+1)(a+2)...(a+n—1) 2

n
=11 (a+m-1), (02D (a)=1, a=#0
m=1
It is clear that (1), = n!. The function (o ), is called the factional function . The results given below are very useful in the study
of Special Functions.
1. If nis a positive integer, then
I'o+n
1(“(05) (el

where o is neither zero nor a negative integer.

2. If o isnotan integer, then TC(-a-n) (-1
r(1-a) (a)n

o |a Zn
3. (1-2)“%= ;0( )2'
4. (a)n_kz(li)a—(n))z’ 0<k<n

In particular, when

(~)¥ n1

(-ny

a=1, then (n—k)./:
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s (@ =2"(3) ()

The function F(a, b; c; z) is defined as

o (a), (), 2"

F(a,b;c;z)= ¥
n=0 (c)n n! 3
where c is neither zero nor negative.
a, b;
The function F(a, b; c; z) is also written as F z
C,
A Hypergeometric function Fq is defined as
p
- IT (&)
aly a2 1ty a 1 o0 k n n
F R S S B @)
Pa| b,b,,..,b; n=o d n!
172" I b))
m’n
m=1
The Bessel’s function is define as
k. 2k+1
© (—)*t
InMO=% 57— ®)
T 022K N wen k)
Also, the Legendre Polynomial is defined as
n
o),
Pa(t)= = 6
h(® k§0 kI(n-2k)! ©)
The Hermite Polynomial is defined as
n
EJ (- ni(2nyn—2K
=y > 7 e 7
Hn(®) IEO k!(n—2k)! )
The Laguerre Polynomial is defined as
k k
n (-)"(+a),t
I—n(a)(t): 2 k'(i)n (8)
K=0 .(n—k)!(1+a)k
The class of Polynomial set Mn(“)(t) is defined as per Khan M.A.[1],
2
2] (K (orn—2k
(=D*(2) )

Mn% (t)=
n~ (0 kEOk!(n_Zk)!(a)n_k

MAIN RESULTS

Throughout the discussion, we assume the validity of integration term by term in the summation.

1. Laplace Transform of Hypergeometric Function
From equations (1) and (4), we can write
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On the simplification, we arrived at

ferl 3]

2% (a) (b)n r(n+1)
7n§0 Hpnt s+l

S

2. Laplace Transform of confluent Hypergeometric functions

From equations (1) and (4), we can write

This immediately gives,

Jnfy

a 0
((l))nnl J- e—Sttn dt
n=0 n-o0

T
_Slo_.s

3. Laplace Transform of Generalised Hypergeometric Functions
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By putting p=2 and g=1 in above equation, we obtain result 1, while by putting p=1 and g=1 we get  result 2
of section 2.

4.  Laplace Transform of Bessels functions

From equations (1) and (5), we obtain
L{In(t)}

0 (_1)k t2k+n

-y
k=0 22X Mkir(Len+k)

RS IE L

0 k=0 22KMiir(ten+k)

— § (_1)k « efstt2k+n dt

k=0 22K*Miir(zen+k) o
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2 (-)K I(2k+n+1)
K=0 22k+nk!l"(1+n+k) g2k+n+1

102 () r(n+1) r(2kendd) 1
ToN (2o 22Ky T(n+k+l)  T(n+l) 2K
From results 1 and 5 of section1, this can be written as

L {Jn(t)}

1+n;

5. Laplace Transform of LegendrePolynomials
Equations (1) and (6), Yields

L{tﬂ Pn(t)} =O(jj e e (1)t

n

» @J (<1 (;Jn_k(Zt)n_Zktﬂ

Ty ki(n-2k)!

©
:J'e
0

Simplification of above equation by using results 2,4 and 5 of section 1, we get

L{tﬂ Pn(t)}
n . (_1)k 1 B
- %J) o (El)z)ﬁkn! (1252):% peT
k

_Zn(;jn @J (-N)ox 1 T(L+n-2k+p3)

nl K=0 k!(%—nj 22k S1+n—2k+ﬂ
k

Hmenly (3122
_2 (Zjnr(Hﬁm) 2| #7(% 272 r(asn-2k+p) 2k
S st 5 k!(%_”j 2k T(Lentp)
k

(3] e ) (3, e

nisttA Dy k!(i—n) (=B-n)oy
2k
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6. Laplace Transform of Hermite Polynomials
From equations (1) and (7), we get
L{tﬁ Hn(t)} =O§ e M (t)at
2]
% st 2] () meagn s
0 K=o k!(n—2k)!
3
L2 (e peneak g,
k=0 ki(n—2k)122K ¢
By using results 2, 4 and 5 of section 1, one can easily show that
> k
2] (41" (-n)y 1 T(1+p+n-2K)
B _oN 2k -
L{t H”(t)}‘z " (12K 22 SeA-2k
M pko2k(_ny (_n, 1
LZJ (-2)"2 ( 2] [ 2+2j I(1+5+n-2K)
—oN 5 k k
k=0 K1 (—l)2k n! 22k Sl+ﬂ+n72k
o (35
71 - L
_n [+pen) tZ_ D222 (o 2
A+ T k! (=B-1)y
o1 $
ontAn) o 2272
J+B+n —B-n 1-p-n.
2 2

7. Laplace Transform of Laguerre Polynomials
From equations (1) and (8), we get

L{ Ln(a)(t)} :Og e St Ln(a) (t)dt

0 (D)),

-y 2 /N
k=0 K{(n—k)(l+a),
Result 4 of section 1, immediately gives us,

o0
e Stk
0
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no(-)¢ (-n), rkda) 1

L{Lﬂ(a)(t)}:(lJra)“kEo Kl (fl)kn! K (L+a),

1
l+a — '1’ -
:( ')” R n S
S 1 e

8.  Laplace Transform of Hypergeomtric finctions

a, b t
F z(1-e7Y)
From equations (1) and (3), we obtain

a, b;
L4F z (@b
1-

:L{ 2 () ®)n Z.q(l—e‘t)r‘}
n

=0 (1)n n!
0 b
=X (a()l“) (n)ln 2"L{a-e"HM}
n= n
x© (a)n (®)n n —st —t\n
Taking
e'=y = dt=—=dy
y
Therefore,
T st _—tyn 70 spq_anf 1
[e>(@-e7)dt = [ y>(1-y) dy
0 1 y
sy DLy (s gy LONOD
0 r'(s+n+l)
Hence,
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g z(l—e_t)
1
® (a), (b)n L) (n+D)
n=0 (l)nnl '(s+n+1)
(a) (b)nz
= Z
n=0 Cs(s+D),nt 1),n
a, b;
— 1 F
=521 g
S+1,
9.
]_+E, §+E,
2 22
. al'(n+2) 7a2
Lit"sinat; = F =
{ } Sn+2 S2
3.
>
It is clear that
tn sin at
{at @?3 (@° (@’
3 & Sy
B tn+1 3 th+3 g5
=a —al gt g e
Therefore,
L(tn sin at)
aF(n+2) a3F(n+4) a5F(n+6)
$n+2 * SN+hg b T
_ar(n+2) a’r(n+4) a51"(n+6)
Sn+2 + N N
_ ar(n+2)|, a (n+2)(n+3) a (n+2)(n+3)(n+4)(n+5)
2 ) ds
Now,
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2 22
a?(n+2)(n+3)  a*(n+2)(n+3)(n+4)(n+5)
=1- + B
3152 5152
Hence the result holds.
10.
1,82, ap; 1+c,3,82 . ... ap;
L tc E _F(1+c)
pq " 1rc P z
7t S
by.bp.......b by.bp......bg c
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1,82 e ap " 8,82 e ap
L1t°pFg =T R a
bybg,bgs || O bybg bgi
I1(a
:Te—sttc § |:( in zntndt
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a
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p
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11. Laplace Transform of the class of polynomial set M (t)
From equations (1) and (9), we obtain
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L {tﬁMn(“)(t): 5| = TestPy (A bat
0

_stt/; LEJ (_1)k (Zt)”’Zk

= é NS kn-2kYa),

On the multiple use of results 2 and 5 of section 1, we can write

L {tﬂM n(a) (t): s}

n
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