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Abstract

Hundreds of special functions have been employed in applied mathe-
matics and computing sciences for many centuries due to their outstanding
features and wide range of applications. When considering the relevance
of these consequences in the evaluation of generalized integrals, applied
physics, and many engineering areas, the illustration of image formulas in-
volving one or more variable special functions is significant under various
definite integrals. In this paper, it is devoted to study the various inte-
gral identities involving incomplete Fox-Wright functions and Srivastava’s
polynomials. It is shown that the integrals of the Fox-Wright functions
are also the Fox-Wright functions but of greater order. Due to the fact
that our results are unified, a substantial number of new results can be
constructed as special instances from our leading results. The results
obtained in this work are general in nature and very useful in science,
engineering and finance.

Keywords: Incomplete Gamma function, Incomplete Fox-Wright-function, Gen-
eralized family of polynomials.
MSC 2020: 33B20, 33C60, 33E12.

*Corresponding author

109 Nishant et al 109-123



J. COMPUTATIONAL ANALYSIS AND APPLICATIONS, VOL. 33, NO. 1, 2024, COPYRIGHT 2024 EUDOXUS PRESS, LLC

1 Introduction and Preliminaries

Several integral formulas have been established that include variety of special
functions and play a major role in certain physical problems [21]. Such functions,
in addition, are frequently connected to a variety of issues in various branches
of mathematics. Therefore, a notable researcher has produced several integral
formulas in turning a particular category of special functions [14], for instance
Nisar et al. [9] evaluated unified integrals associated with the Struve function;
Suthar et al. [19] evaluated unified integrals associated with the hypergeometric
function; Choi et al. [2], Choi et al. [3], Menaria et al. [8], Nisar et al. [9], Suthar
and Habenom [20] established certain integrals involving Bessel type functions.

In this study, under certain known integrals, we look at the possibility of
having some new integrals that include incomplete Fox-Wright functions as well
as family of polynomials. The integral formulas established in the present work
are very useful to obtain the transformations of various simpler special func-
tions. The findings from this research are of a generic nature and are extremely
beneficial in the fields of engineering, economics, and chemical sciences, digital
signals, image processing, finance and ship target recognition by sonar system
and radar signals.

For our ends, we begin by looking back on the preceding incomplete Fox-
Wright functions (see [18] also), p\I/((ﬂ) and p\I/((IF), with both the p numerator
and ¢ denominator parameters, introduced by Choi et. al [4]:

7 (flaslax%(f‘a%’f)l 5 _ G 7(f1+§1€,$) §):2F(f‘7+§]£)i€
s [ (8, ))1q: ° } =2 i-1T(g; +8;0) o

(1)

£=0

and
[e’¢) p
s (1,51, 2), (1, )2, U= Z T'(f1 + F1¢,x) j=2 I'(f; + 5,0 Zj
L gja®j 1,q5 ?:1 F(gj-l-@Jf) o0’
(2)
where, §;, &; € R, §;, g; € C and series converges absolutely Vz € C when
A=1+309_18;—>"_1F; >0 (see [7,16]).

The incomplete Fox-Wright functions, p\I',g"Y) and p\I/éF) fulfill the decompo-
sition formula given below:

£=0

pUP [+ p U] = 5T [e], (3)

where, ,¥,[z] is Fox-Wright function [22].
Srivastava’s polynomials [15] or broader category of polynomials of index
n(n =0,1,2,...) are described as follows (see [1,13] also):

[n/m]
gm _ (_n)msA s 4
n[x]_ Z S' 7175'1:’ ()
s=0 ’
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where m € Z* and A,, s(n, s > 0) are real or complex numbers arbitrary con-
stant. The notations “[.]” and (—n),,, respectively represent greatest integer
function and Pochhammer symbol. Numerous well-known polynomials are pro-
vided by Srivastava’s polynomials as special cases for appropriately specializing
the coefficient A, ;.

The rest of the paper is organized as follows. In section 2 incomplete Fox-
Wright function and Srivastava polynomial are combined, and various integrals
like: Oberhettinger type integrals, Lavoie type integral, MacRobert type in-
tegral and integral defined by Srivastava and Panda have been established. In
section 3, we develop the particular instances of the main findings by specializing
the parameters. In section 4, the paper is completed by presenting concluding
remark of the paper.

2 Main Results

In this part, we use some existing integral identities which shall be helpful to
develop new results involving incomplete Fox-Wright functions, p\Ilt(ﬂ) and p\I/((IF),

2.1 Integral defined by Srivastava and Panda
Srivastava and Panda [17] defined and studied the following integral

/ u N u40)7 du = — S (5)
0

with R(¢) > R(w) > 0.
Theorem 1. If A, 5, 9, 9, 2 > 0 and R(s) > R(w) > 0, then

/ u® w4 0) 7 ST (u A+ v) 7 p\I!gF) [zu” (u+ v)~]du
0

/)y
=0v7"° Z slms An, s v
s=0
\I’(F) (fl,gl,x),(w—l—s%,ﬁ),(g—w—i—s(g—%),9—19),
P+2% e+t (¢ + s0,92),
(F:8i)2.p5 -2 | (6)
95,95)1,45

Proof. To demonstrate the outcome (6), we begin with L.H.S. Let us consider

I= /OO u® Hu+v)"° Sﬁ[u”(u—!—v)fé’]p\lfgr)[zuﬁ(u—i—v)*Q]du. (7)
0
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Using the definitions (2) and (4) in (7), we obtain

oo [n/m]
I = w—1 —s (7n)m5An . s¢ —s0
PG RN D e WT

s=0
y i T(f1+ 81l 2) [T T(F5 + 856) 2 ul (u + v) 42
1 T(g; +&;0) 0

2 T(fr + 816 2) [T TGy + §50) A
T T(g; + 60) 0!

du

£=0

[n/m
(_ )ms
- Z Zl An, s

s=0 ’ =0

[eS)
X/ UW+S%+Z§_1(U/+'U)_<_Sg_endu
0

pau (_n)msA > F(fl + 3814, x) ?:2 F(fﬂ + %]é) ¢

- z::o ! rar 7 T(g; + &,0) 0!

" T(w + s3c + L) (s + so + €92 — w — s3c — £0) yF—ct () +(0-2) (
I'(s+ so+£92) ’

using (5))

iab> e i L(h + 8l o) [T D5 +850)

D@+ 53+ O)D(s —w + s(0 — 22) + U2 = D)) 2D
(s + so+££02) 0 :

Next, using (2) we achieved the desired outcome (6). O

The proof of below theorem is similiar to Theorem 1, so it is claim here
without proof.

Theorem 2. If A, 5, 0, 9, 2 >0 and R(s) > R(w) > 0, then

[ s sl o)) U e (u0)
0

[n/m] (—n) :
T —Y)ms s(se—
=¥ ; ol Ap, sv 9%
\Ij(’Y) (flvglvx)v(w+3%’ﬁ)’(<_w+s(g_%)79_19)7
p+2 q+1 (g + SQ7 Q),
(F5:8i)2,ps Ly0-0 _ ()
(95:85)1,45
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2.2 Oberhettinger type integral

Oberhettinger [11] gives an integral formula as (see [10] also):

/OOO a7 (w4 2k du = 2k <k>w L@@ —@) )

2 Nw+es+1) '
with w,¢ € Cand 0 < (w + @) < (¢ +73).

Theorem 3. If A >0, 5> 0,9 >0, w,s €C and 0 < (w+w) < (s+73), then

/ u® N u+ kA V4 2ku) T ST u p\Il((IF) [z u?]du
0

= 2(k) " (k/2)% Y (s (;“) x
s=0 '

o® [ G1.81,2), (2@ + 253¢,20), (¢ = @ = 532, =), (5. §))2.p ()’
p+2¥ 11 (I+@+<+559), (85, 6)1,4; i

Proof. To demonstrate the outcome (10), we begin with L.H.S. Let us consider
I:/ u® Hu 4k 4+ Vu? + 2ku) T ST u”] [zuﬂ]du (11)
0

Using the definitions (2) and (4) in (11), after simplification we obtain

_ [Tf] (_n)msA S L(f + 816 2) [T (s + 850 o
e —T(g; + 6,0) 0

s=0 ’ ¢=0
% / uw+s%+219—1(u + k4 M)—qdu
0
L N it o) [ TG + 850 ,

= An s
Z s! (g] + Qﬁ]f) 4

w+5%+€19
T'(2w + 2s3c + 200 (s — w — s3¢ — £09) .
2ck™° .
X 26k~ ( ) T o totontid) , (using (9))

Next, using (2) we achieved the desired outcome (10). O

The proof of below theorem is similiar to Theorem 3, so it is claim here
without proof.
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Theorem 4. If A >0, 5> 0,9 >0, @, €C and 0 < (w+7w) < (s+73), then

/ u® Hu+ b+ vV + 2ku) T ST u”] p\I/((]'Y) [z u”]du
0

— 2¢(k) S (k/2)" & (_n)msA kN
- §( ) ( / ) Sz:% S! n, s § X

() (f17317x)’(2w+28%’219)7(§_w_S%a _ﬁ)a(fjagj)lp; U
+2 0 z (%)
Pt (1 + @+ +s9), (87, 85)1,4 2

2.3 Lavoie type integral

Lavoie [5] gives an integral formula as:

[ () e (122 e (2) RO

4 3
with @, € C and R(w), R(s) > 0.

Theorem 5. If A >0, 32> 0,0> 0,9 >0, >0, w,¢ € C and R(w), R(s) >

0, then
/OOO u=l (1 . %)%_1 (1— w2t (1 _ %)H
x S [u” (1- g)h (1-w? (1- Z)Q]

X p\I!gF) {zuﬁ (1 - 5)219 (1 —u)?? (1 - Z)Q} du

w [n/m] 2s
2 2 (_n)’ms 2
(5) X (5)

s=0 3

r
X pt2 ‘I’EH-)1

(flagl7m)7(w+8%719)7(§+8979)7(fj7gj)2,p; 9 29
(w+§+s(%+g),19+Q),(gj,(’Sj)l,q; Z(g)

Theorem 6. If A >0, x> 0,0> 0,9 >0, >0, w,s € C and R(w), R(s) >
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0, then

% p+2\1/(7)

|: (flaghx)a (w + s, 19)7 (C + S0, 9)7 (fjagj)Zp )
q+1

(w+s+s(x+0),9+92),(8;,8,)1.4; - \3 :

The proof of above theorems are immediate consequences of definitions (1),
(2), (4) and (13), hence they are given without proof here.

2.4 MacRobert type integral

MacRobert [6] gives an integral formula as:

1 T(w@)T(s)

1
w—101 _ ,\s—1 —u)] Ty = —— <
/0 ” (I —u)* " au+ b(1 — u)] du a®bs T(w + )

(16)

with R(w), R(¢) > 0 and |u| < 1.

Theorem 7. If A >0, 3> 0,0> 0,9 > 0,2 >0, R(w), R(s) >0 and |u|] < 1,
then

/01 u® (1 —u) Hau + b(1 —u)] "7 ¢
x Sy [u”(l —u)?au+b(1 — u)]_”_g}
X p\I/gF) E u? (1 — ) [au + b(1 — u)]fﬁ*g] du
[n/m]

1 (—1)m s 1
ambs Zo s! Ans as” bse
S=

(fl,glax)y(w+S%aﬁ)a(g+SQ7‘Q)7(fjagj)2,p; z
(@ +s+ s+ 0),0+ 02), (g5, 8;)1,4; @’ b?

)

X pr2¥oih

. (17)

Theorem 8. If A >0, 3> 0,0> 0,9 > 0,02 >0, R(w), R(s) >0 and |u|] <1,
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then

| = 0 e b))
0

x S [u”(1 — u)?fau + b(1 — w)] =]
X p\IJgV) [zu?(1 — u)®?[au + b(1 — )]~ "] du

[n/m]
1 (_n)ms 1
= A
a® bs ; s! ™ g pse
) (fl,glyx),(w+5%77~9)7(§+597~Q)7(fj78;j)2,p; z
X pr2¥yis apa |- (18)
(@+s+s(e+0),9+2),(9;,8)1,4; @b

The proof of above theorems are immediate consequences of definitions (1),
(2), (4) and (16), hence they are given without proof here.

3 Particular Cases

By appropriately specializing the coefficient A,, s, specific special cases of de-
rived findings can be developed to identify many spectrums of the existing poly-
nomials. Only two special cases are given here and the remaining we kept for
interested readers. If we put m = 2 and A, s = (—1)° in the broad category

of polynomials (i.e., S2[z] = z™/*H, (ﬁ), where H,,(z) is Hermite polyno-
mial [1,15] ) of above theorems, then we obtain the following respective corol-
laries.

Corollary 1. If A, 5, o, 9, 2 > 0 and R(c) > R(w) > 0, then

o0 n n ].
wtE oy 40y 5 H, [ —————— | OO (0 + v) Y] du
/ (u+0) T |
[n/2]
_ = (_1)8 s(x—p)
- gn!;os!(n_%)!v o
\I/(F) (fl,Sl,x),(w—l—s%,ﬁ),(g—w—l—s(g—%),9—19),
(75, 8i)2ps Lo-0 | (19)
(95,%5)1,4;
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Corollary 2. If A >0, », o, ¥, 2> 0 and R(s) > N(w) > 0, then

& n n 1
uFtEE 4 0) 572, | —————— U 2 0? (u + )" ?du
A (u+0) T |

[n/2]
_ ! S0
o ot Z s' (n— 23 x

(F1,81,2), (w+ s36,9), (s —w + s(o— »), 2 —0),
(s + s0,12),

p+2\1'¢(17|-)1

(F5:85)2.p 9—0
0By zZv ] (20)

Corollary 3. If A >0, 2> 0,0 >0, w,c € C and 0 < (w+ @) < (¢ +79),
then

o0
/ tﬁ”_“""%’l"1 + k4 Vu? + 2ku) ‘H(
0

) p\IIEIF)[z u®]du

NG
(n/2] s k S
= n! —
2(k) (R/2)" Zs'n—Qs (2> .
\I/(F) (fl,%l,x),(2w+23% 219) (C— w — 87, 19) (f]asj)lp; k v,
rt2¥as (t@totsnd), (@6, )
(21)
Corollary 4. If A >0, > 0,9 >0, w,c € C and 0 < (w+ @) < (¢ +7),
then
/ uTTEE w4k + /2 + 2ku) 0 H, ( )p\llf;’)[zuﬂ]du
0 2V u*
[n/2] St
(-1)° k
| _
2(k) ™ (R/2)7 nzs'n—Qs) 2 .
Lo (f1, 81, @), (2 + 285¢,20), (¢ — @ — 832, =V), (§;, 8)2.p Z(E)ﬂ
ettt (1+ @ + <+ 535,9), (85, )1, 4 2
(22)

Corollary 5. If A >0, %> 0,0>0,9> 0,2 >0, w,s € C and R(w), R(s) >
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0, then

/OO uw-l—%%—l (1 . E)Q(W"'%”‘)_l (1 _ u)2("+%9)_1 (1 _ E)<+%g—1
0 3 4

1
21/ue (1— %)% (1 - u)2e (1 - %)°

X p\I/gF) {z u? (1 - g)w (1—u)?? (1 — u)Q} du

4
Qo= 10N

x H,,

+2\I’(F) |: (fla%lvx)v (w + s, 19)7 (C + S0, ‘Q)v (fj7gj)2,p;

et (@+<+s(Ge+0),90+92),(95,8;)1,45 ~ '3 ‘
(23)
Corollary 6. If A >0, 2> 0,0>0,9> 0,2 >0, w,s € C and R(w), R(s) >
0, then
oo " 2(w+ 2 x)—1 " uN\ St+Eo—1
w+gx—1 1— E) 2 1— 2(s+3%0)—1 R
/0 b ( 3 (1-w) ( 4)
1
x H

"oyl (- 57 (1 _upe (1 - 2)°

X p\I/g"Y) {z u? (1 — %)219 (1—u)?? (1 - Z)Q} du

2>2w [n/2] (_l)s <2>23%

= | = n! 7 a4 Y

(3 ;s!(n—%)! 3

% \IJ(’Y) (f17817x)a(w_'_szvﬁ)?(C+SQ7Q)’(fj7%j)2=p; (2)219
P21 (@+s+50e+0),0+2), (87, 6)1,4; -3 |

Corollary 7. If A > 0, 2 > 0,0 > 0,9 > 0,2 > 0, R(w), R(s) > 0 and

10
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|u| <1, then

1
/ uw—&-%%—l(l _ u)c-i—%g—l[au +b(1 — u)]—w—c—%(%-l-a)
0

1
x H,,
(2\/u"(1 —u)?au + b(1 — u)}”9>
X p\IJEIF) E u? (1 — w)?[au+ b(1 — u)]*’yfg} du
ol [”f} (—1)* 1
ambs = sl(n —2s)! a¥ bee

(flaglax)a(w+S%aﬁ)a(§+SQ7Q)7(fj’§j)2,p; z

)
: Y . (25
p+2 (@4 +s(x+0),9+92),(8;,8;)1,4; @b ] (25)

q+1

Corollary 8. If A > 0, 3¢ > 0,0 > 0,9 > 0,2 > 0, R(w), R(s) > 0 and
|u| <1, then

1
/ WP )t B gy 4 b(1 — )] R E G
0

x H,, !
(2\/11"(1 —u)elau+ b(1 — u)}"9>
X p\Il((ﬂ) E u?(1 — w)?[au+ b(1 — u)}*’%n] du
ol [gé} -1 1
a@bs g sl(n — 2s)! as* bse

x p+2\I’((11)1

(fl:%lax)a(w+S%aﬁ)a(g+8:97 Q))(fjagj)lp; z (26)
(@+s+s(+0),0+2),(g;,8))1,4; b7

!
Again, by setting m =1 and A4,, s = 5

(=1)m s
s # r in the general class of polynomials (i.e., S}[x] = 2") of above theorems,
then we obtain the following respective corollaries.

for s =r and A, s = 0 for

Corollary 9. If A >0, 5, 9, 9, 2> 0 and R(s) > R(w) > 0, then
(oo}
/ uP T (g )T p‘llgr) [z (u + v)~?]du
0

— p@—str(x—0) « p+2\I/(F) (f1, 81, 2), (@ + 3¢, 9),

o (c+ro,92),
(c—@m+r(e—2),2-9),(8)2p; 02 Y
(gj7®j>1,q§
11
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Corollary 10. If A >0, 5, 0, ¥, 2 >0 and R(s) > R(w) > 0, then
/ uP T (g )T p\IJ((;’) [z (u +v)~9]du
0

wW—CT71r(»x— ’S’ 71‘7 w+r%7ll97
=0 strix—e) X p+2\I/<(11)1 (fl ! ) E§+T97 _Q),)

(c—mw+r(e—2),2—1),(f8)2.p;

22 | og)
(8, 65)1.q5 ]

Corollary 11. If A >0, 2> 0,9 >0, w,c € Cand 0 < (w + @) < (s +5%),
then

o]
[ e 2R P

0
— 20(k) 5 (k/2)= 7 x

‘II(F) (f1,31,$),(2w+27'%,2'[9)7(§—w—7"%, _ﬁ)’(fjasrj)Qpa k 9
+2 I+ @+ +7rx,9),(8,85)1,45 2 (5)

Corollary 12. If A >0, 2> 0,9 >0, w,c € Cand 0 < (w+ @) < (s +53),
then

(oo}
/ Tieh A (T \/1m)_< P\I/((JPY) [z u”)du

0
= 2¢(k) 7 (k/2)7 77 x
(1,81, 2), (20 + 2r3¢,20), (s — @ — 132, =), (§;, §)2,p 5 ) ] |

p+2\1,('7) z
(I4+@+s+729),(85,6)1,4;

q+1

—
SIS

(30)

Corollary 13. If A > 0, »x > 0,0 > 0,9 > 0,2 > 0, w,¢ € C and
R(w), R(s) > 0, then

S 2(w+rsx)—1 u\ s+ro—1
wtrx—1 1— E) 1— 2(s+ro)—1 (1 _ 7)
/0 “ ( 3 (1 =) 4

X p‘I’gF) [zuﬁ (1 _ %)219(1 w2? (1 B Z)Q] i (§>2(w+w)

(T [ (fl,gl,x),(w—i—7"%,19),(§+rg,ﬁ),(fj,3j)27p; . (2)219 ]
3

o
X pr2¥ et (@+s+r(e+0),9+2), (85, 8)1.q;

(31)

Corollary 14. If A > 0, ¢ > 0,0 > 0,9 > 0,2 > 0, w,¢ € C and

12
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R(w), R(s) > 0, then

oo 2(w+rx)—1 w\s+re—1
w+rx—1 1— E) 1— 2(s+ro)—1 (1 _ 7)
/0 “ ( 3 (1 =) 4

X p\I}Eﬂ) |:zu‘9 (1 _ %)20 (1— u)2? (1 B Z)Q} du: <§)2(W+M)

« \I,(’Y) (f1,g1,$),(W‘F7”%,19),(§+7"Q,Q),(fj,gj)27p; Z(
P2 e (@+s+7(c+0),0+2), (8, 8)1,4

wWin
~—
no
<
I

Corollary 15. If A > 0, » > 0,0 > 0,9 > 0,2 > 0, R(w), R(s) > 0 and
|lu] <1, then

1
/ w1 = ) gy 4 b(1 — )] "F OO
0
1

aw-‘r?"%bc—i-rg
(flaglvx)a(w+7‘%aﬂ)a(§+TQ7Q)a(fj7Sj)2,p; z
(@+s+7r(e+0),9+2),(8;,8;)1,4; b7

X p\IIEIF) B u? (1 — w)?[au + b(1 — u)]*‘%g} du =

@

X P+2 ¥ g+1 . (33)

Corollary 16. If A > 0, 2 > 0,0 > 0,9 > 0,2 > 0, R(w), N(s) > 0 and
|lu] <1, then

1
/ (1 = ) e qu 4 b1 — )] TS
0
1
aw-{-?“u b§+7"g
(flaglvx)a(w+r%aﬂ)a(<+TQ7Q)a(fj7gj)2,p; z
(@ +¢+r(e+0),0+2),(g;.8))1,45 007

X p\Il((I"’) E u?(1 — w)?[au + b(1 — u)]*’%n] du =

X p+2\I,(’Y)

VA . (34)

4 Concluding Remarks

The integral formulas concerning combination of a general polynomial system
and incomplete Fox-Wright functions are investigated and the outcomes are
described in terms of those other incomplete Fox-Wright functions. When x =
0, the incomplete Fox-Wright function mentioned by (2) reduces to the Fox-
Wright function ,¥,(t), whose particular cases are known to the number of
special functions arising in the mathematical, physical and engineering sciences.
In addition, a huge number of recognized polynomials may be obtained as a
specific case of general class of polynomials by correctly specialization the factor
A, s. We conclude by stating that the findings mentioned here appear to be
of broad importance and can lead to multiple integrals for a particular class of
hypergeometric polynomials as well as other special functions, which we left for
interested readers.
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