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INTEGRAL TRANSFORMS OF THE GALUE TYPE STRUVE
FUNCTION
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ABSTRACT. This paper refers to the study of generalized Struve type function. Using
generalized Galué type Struve function (GTSF), we derive various integral transforms,
including Euler transform, Laplace transform, Whittakar transform, K-transform and
fractional Fourier transform. The transform images are expressed in terms of the gener-
alized Wright function. Interesting special cases of the main results are also considered.
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1. INTRODUCTION AND PRELIMINARIES

Integral transforms have been widely used in various problems of mathematical physics
and applied mathematics (for some recent works, see, e.g., [16, 15, 6, 13]). Integral trans-
forms with such special functions as (for example) the hypergeometric functions have been
played important roles in solving numerous applied problems. This information has in-
spired the study of several integral transforms with verity of special functions (see [5]).
The present paper deals with the evaluation of the FEuler transform, Laplace transform,
Whittakar transform, K-transform and Fractional Fourier transform of the Galué type
Struve function recently introduced by [12]. Special cases of the results are also pointed
out briefly.

For the convenience of the reader, we give here the baisc definitions and related notations
which is necessary for the understanding of this study.

Definition 1.1 (Generalized Galué type Struve function [12]). The generalized form of
Struve function, named as generalized Galué type Struve function (GTSF), is defined as:

3 —c)* 2k+p+1
aw]);éle(Z) — Z ( C) (E) p , a E N’ Z7p7 b,C 6 (C (1)
T S DOk )T (ak + B bg2) 12

where A > 0,€ > 0 and p is an arbitrary parameter.
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For the detailed definition of the Struve function and its more generalization, the interested
reader may refer to the research papers Bhowmick [3],[4], Kanth [8], Singh [17], [18] and
Singh [19].

Particularly, if we set A = a = 1,u = 3/2 and £ = 1 in the equation (1), it reduces
to generalization of the Struve function which is defined by Orhan and Yagmur [14] as
follows:

[e.e]
(—c)¥ 2\ 2k+p+1
Hppe(2) = Z 3 ) (*) , z,p,b,ceC. (2)
oo D43 T (ktp+557) 22
Details related to the function H,,, . (z) and its particular cases can be seen in Baricz [1],

[2], Mondal and Swaminathan [11] and Nisar et al. [13].

Definition 1.2 (Euler Transform [20]). The Euler transform of a function f(z) is defined
as

1
B{f(2);a, b} = / 212" (2)dz a,beCR () >0, R() >0,  (3)
0
Definition 1.3 (Laplace Transform [20]). The Laplace transform of a function f(z), de-
noted by F(s), is defined by the equation
F) = (LN 6) =LA (ish = [ e f(2)dz (R(5) > 0) (4)

provided the integral (4) is convergent and that the function f(z), is continous for z > 0
and of exponential order as z — oo. The operator (4) may be symbolically written as

F(s)=L{f(2);s} or f(z)=L"{F(s);2}. (5)
Definition 1.4 (Whittakar Transform [22]).
1 1
® s . s+tw+ () T (F—w+()
¢ 1W dz = (2 2
/0 e 2z rw (2)dz Ti—7+0 , (6)
where R (w £ () > —1/2 and W;, (2) is the Whittakar confluent hypergeometric function
I'(—2w) I (2w)
Wiw(z) =" Mr0w(@)+ =77 M:r-w(2), 7
o) = e M )+ ey M ) )
where M, (z) is defined by
1
M, (z) = 2Y/2Hwe=1/22 <2 tw—T;2w+1; z> . (8)

Definition 1.5 (K-Transform [7]). K-Transform is defined by the following integral equa-
tion ~

Rl (2)inl = glpiol = [ 022K, (02) ) 9
where R (p) > 0; Ky, (z) is the Bessel function of the second kind defined by [7]

K ) W (2
V(@)= (52) " Wow (22),

where Wy, (.) is the Whittakar function defined in equation (7).
The following result given in [10], will be used in evaluating the main results:

oo
+
/ tP 1K, (ax) de = 207247 PT <p Y
0

>;§R(a)>0;%(p:|:v)>0. (10)
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Definition 1.6 (Fractional Fourier Transform [9]). The fractional Fourier transform of
order a,0 < a < 1 is defined by

Uo (W) = Sa [u] (W) = /R ety (1) dt. (11)

When a = 1, equation (11) reduces to the conventional Fourier transforms and for
w > 0, it reduces to the Fractional Fourier transform defined by Luchko et al. [9].

Our main results are expressed in terms of the generalized Wright hypergeometric func-
tion ,14(2) [23] (see, for detail, Srivastava and Karson [21]), for 2, a;,b; € C and oy, 55 € R,
where (a;,8; #0;i=1,2, ..., p;j =1, 2, ...,q), is defined as below:

_ (ai, i), = I Tlas + azk)2*
Pal®) = s [ (by. 8,1 ’z] B kzzo 1, Db + Bik) kL (12)

under the condition:

q p
Zﬁj — Zai > —1.
j=1 i=1

2. INTEGRAL TRANSFORMS OF aw;\’ﬂcg (2)

In this section, we evaluate the following Euler transform, Laplace transform, Whittakar
transform and K-transform of Generalized Galué type Struve function.

Theorem 2.1 (Euler Transform). For a € N, p,b,c,r, s € C, we have

B {aw;))\,’lﬁc,g (1»1/22') ;T s} = <\£5>p+1 I (s)

(p4r+1.2),(L1): —] (13)

X91)3 (M,,\),<§+%+1,a>,(p+r+s+1,2); 4

where R (r) > 0,R(s) > 0,A >0, >0 and p is an arbitrary parameter.
Proof. Using (1) and (3), we get

1
B{apiie (1) ) = [ (2 g (222)

00 2k+p+1
— Z (_C)k > <x1/2> /1 22k+p+7“+171 (1 o Z)S_l dZ,
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2k+p+1
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:Z (—c) — <$2 ) B(p+r+1+2k,s),

k=0 F(Ak+u)F(ak+g+T)

1 o )
_ <$1/2>p+ Z F(p+r—|—1+2k:)F(5) <(_C$)1/2>
? k=0 T(Ak+M)F(§+*’+TQ+ak;) T'(p+r—+s+1+2k) 2

In accordance with the definition of (12), we obtain the result (13). This completes the
proof of the theorem. O
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Corollary 2.1. ForA=a=1, u=3/2 and £ =1, equation (13) reduces in the following

form B
P
B {Hp,b,c (xl/Qz) ;T s} = (3:12/2> T (s)

- (p+r+1,2),(1,1);
L (p+E+1,1) (pHr+s+1,2),(3/2,1);

Theorem 2.2 (Laplace Transform). For a € N, p,b,c € C, the following formula holds:

ptl (p+2,2),(1,1); _
A H 1/2_ ). _ @ —(p+2) 14) s\ ) —cx
L{awpbc,g (,I Z>73} < 5 ) S 2¢3 [ (M;A)7<§+%+]—,a), s (15)

45k
where A > 0, > 0 and p is an arbitrary parameter.

4

_ﬂ . (14)

Proof. Using (1) and (4), it gives

L {aw;\,lfc,g <x1/2z) ;s} = /0 e~ aw;‘fci < 1/2 ) dz,
00 2k+p+1
Z (—c)F <$12/2> /OO kAPl zs g
-0 0

T\ +p)T (ak+§+l’+72)

:1:1/2>p+1 i T(p+ 2 + 2k) (_C$1/2>2k . { Lp+2+2k—1 }
2 < sS(¢,
2 ) SrOkemr (ak e tg2) |2 T(p+2+2K)

which in view of definition (12), yield to the result (15). O

Again, for A\=a =1, =3/2 and £ = 1, result (15) reduces in the following form:

Corollary 2.2. The Laplace trsnform of the generalized Struve function, defined by (2),
s given by

2\ 2) (11): Cen
L{H,,. (¢"%2) 55} = <*2f> s 0’*%%[ (v Jﬁp;ffi)ft;)?’ D M]' (16)

Theorem 2.3 (Whittakar Transform). If a € N, p,b,c € C and R({) > 0, R(w £ () >

—1/2, then
0 p+1
tc_le_%WTw aw)‘“ 124) dt = <\/5>
[ it (= (4
(w+C+p+3/272)a(—w+C+p+3/2a2)>(171)§ —CX
X313 P b — 1> (17)
(:U’?)‘)a(E+§+17a>7(_7—+€+p+272)7 4

provided R (e) > |R (w)| —1/2,R(p) > 0,A > 0,£ > 0 and p is an arbitrary parameter.
Proof. On using (1), the left hand side of (17) (say L) can be written as

2k+p+1
0 _\k 1/2
0 e C0)S 0 )(27
0

=0 T (N o) T (ak + 2 + 242

2k+p+1
o0 k 1 0
-y (—o) zt/ / e PRIy gy
P (M4 )T <ak: +2 4 b“‘) 2 0
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Now, on using (6), we obtain

= (0"

k=0 LMk +p) T (ak+ +b+2)

2k+p+1
(2T G e G p 2k ) T (5w Chp 2kt 1)
2 TA-7+(tp+2kt1) ’

+1 o 2%
<x1/2>p LA+w+C+p+2k+1) T (A —w+C+p+2k+1) <(—cm)1/2>
o0 Tkt p) D=7+ C+p+2k+ 1T (ak+2+282) 2

which in accordance with the definition (12), yield the desired result (17). O

Corollary 2.3. If we set, A\ = a =1, = 3/2 and £ = 1, then formula (17) reduces in
the following form

0o p+1
-1 -t 2, g (VE
/0 eI Wy, () Hyyo (:c t) dt ( > >

(W+C+p+3/2,2), (~w+C+p+3/2,2),(1,1); —cx] as)
(3,1),(p+5+1,1),(-7+C+p+2,2); 4 |

Theorem 2.4 (K-Transform). Let us assume a € N;p, b, ¢, p € C, then the following result

holds true:
oo \/E p+1
/O P K, (wt) awg;gqu (xl/ 2t> dt = 2rtP=lyl=pp <)

X313 [

2

<p+pJQFU+171> ) (erp;UJrl, 1 7(17 1)7 —CX
(1,2, (B+%+1,a);

where X (w) >0, R (p£v) >0. A >0, >0 and p is an arbitrary parameter.

X 3tbo

w2

Proof. Using definition (1), the left hand side of (19) (say L) can be expressed as

2k+p+1
0o 0 k 1/2
0

— T (\e+p)T (akz+ + b2

2tp+1
k 1/2 00
(—c) - x2 / (PR R ) i,
k:gF)\k+u) (ak—l— - +> 0

Msz Mg

(=) (xl/ >2k+p+1
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9P HP+H2k—1 1—p—p—2k <(P +tp+ 22k +1) =+ U) ’

+ptutl +p—v+l 2%k

Qotp11-pmp (ﬁ)erl o T (p pQU —I—k) r (p p2v —i—k) ((—cx)1/2>

= w — :
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Hence, on using (12), we obtain the required result (19). O
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Further, if we take A = a = 1,4 = 3/2 and £ = 1, equation (19) reduces in the following
result:

Corollary 2.4. The following integral holds true:
00 p+1
/ "1 K, (wt) Hy . (x1/2 t) dt = 20 TP~ 1l=pp (?)
0

EE e ]

2
3.1, (p+5+1,1);

3. FRACTIONAL FOURIER TRANSFORMS (FFT) oF aw;\’gbcg (2)

Now, we present the fractional Fourier transform of the generalized Struve type function
as follows:

Theorem 3.1. Suppose a € N, p,b,c € C, then

p+1 oo
%ot ()] = (F) X !
p? 7C7 '2k 2 2k+ +2 2k 1
2 =5 (0) 22 () [C g2t

'(2k+p+2) <<_C$)1/2>2k o
F(Ak+u)r<ak+%+HT2> 2 )

provided ¢ > 0, A > 0,& > 0 and p is an arbitrary parameter.

Proof. Using (1) and (11), it gives

S [awptee (+721) ] @)

S 2k+p+1
= [y (o)t (xl/%) )
R k=0 F()‘k+H)F(ak+%+l”2rJ) 9

2k4p+1
i (—C)k 21/ /ew(1/<)tt2k+pﬂdt,
ko T(Me+p) T (ak+§+b+72) 2 R

If we set iw/9t =, then
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B \/5 p+1 oo 1
- <2> Z (i)2k+p+2w(2’“+f’+2)/< (—1)2kFrH

k=0
2k
I'(2k+p+2) (—cx)Y/?
PO+ )T (ak+2+22) \ 2
This completes the proof of the theorem. O

Finally, if we put A = a = 1,u = 3/2 and £ = 1, then result (21) reduces to the
following corollary:

Corollary 3.1. Fractional Fourier transform of the generalized Struve type function is

given by
p+1
e (0] = ()
oo 2k
3 1 T (2k +p+2) (—cx)t/? (22)
0 (P2 ()Gt D (k4 ) T (k4 P+ 52) 2

Lastly, we conclude this paper by remarking that, the integral transform formulas de-
duced in this paper, for generalized Galué type Struve function (GTSF), are significant
and can lead to yield numerous transforms for variety of Struve functions. The transforms
established here are general in nature and are likely to find useful in applied problem of
sciences, engineering and technology.
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