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Abstract: Recently the authors obtained several Laplace transforms of convolution type integrals involving
Kummer’s function 1 F; [Appl. Anal. Discrete Math., 2018, 12(1), 257-272]. In this paper, the authors aim at
presenting several new and interesting Laplace transforms of convolution type integrals involving product of
two special generalized hypergeometric functions ,Fp by employing classical summation theorems for the
series , Fq, 3F>, 4F3 and 5 F, available in the literature.
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1 Introduction and motivation

In the theory of hypergeometric and generalized hypergeometric functions, there exist a remarkably large
number of hypergeometric summation formulas which can be expressed in terms of the Gamma functions. In
particular, for specified values of the argument, usually, 1, -1 and 1/2, the hypergeometric function , F; and
the generalized hypergeometric function 3F, reduce to the the well-known classical summation theorems
such as the Gauss, Gauss second, Bailey and Kummer ones for the ,F; series, as well as the Watson, Dixon
and Whipple ones for the 3F, series, Whipple second for ,F5 and Dougall for 5 F, play an important role in
the theory of generalized hypergeometric functions (cf. [1]).

Precisely, such theorems are given below so that the paper may be self-contained.

¢ Gauss’s summation theorem

a,b _I(I(c-a-b) _ o _
zFl[ c M‘m—gl(%b’d (Re(c - a - b) > 0); (1.1)

® Gauss’s second summation theorem

, 1{ a,b ’1]_F(%)F(%(a+b+l))_
2

Ja+b+1) 12] rla+ Hridp+ 1) = Qa(a, b); (1.2)
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¢ Bailey’s summation theorem

a,l-a |1 rEorip+1)
F ’ = = 2 2 2 — 0s(a, b); 5
2 1[ b ’2} rGb+iarib-Lla+1) 3(a, b) (1.3)
e Kummer’s summation theorem
a, b r+ia)r1+a-»)
T = Q4(a, b); 14
21[1+a—b } F(1+G)F(1+%a—b) 4(a, b) (1.4)

¢ Watson summation theorem

a,b,c H _T

F
3 2[%(a+b+1),26

=Qs(a, b, c) (Re(2c-a-b) > -1); (1.5)

¢ Dixon’s summation theorem

a,b,c
SN
302 l+a-b,1+a-c

_F(1+%a)l"(1+a—b)1"(1+a—c)1"(1+%a—b—c)
- F(1+a)F(1+%a—b)l"(l+%a—c)l"(1+a—b—c)

=Q¢(a, b, c) (Re(a -2b-2c) > -2); (1.6)
¢ Whipple’s summation theorem

1_
a, a,c M

B
302 e,1+2c-e

~ 2172¢ g [(e)[ (1 + 2¢ - e)
r(fa+3e)r(3-%a+je)r(c+ia-te+Hr(c-3a-ie+1)

=0(a,c,e) (Re(c) > 0); 1.7)

¢ Second Whipple’s summation theorem

F[ a,1+3a,b,c ~ }zf(a—b+1)1"(a—c+1)
s la,a-b+1,a-c+1 Ta+1)IT(a-b-c+1)
= Q8(a’ b, C); (1~8)
¢ Dougall’s summation theorem
1+1
5F4[1 a,1+3a,c,d,e 1}
sa,a-c+1l,a-d+1,a-e+1

T'(a-c+1)TI'(a-d+1)I'(a-e+1)I(a-c-d-e+1)
" T@+1)l(a-d-e+1)l(a-c-e+1)T(a-c-d+1)
=Qq(a,c,d,e). (1.9)

Very recently, the authors [2] derived various interesting Laplace transforms by making use of the follow-
ing general product theorem [3, p. 43, Eq. 3.2.28]:

oo t
g1(t) g2() = e“{ fr(@) fot - T)dr}dt,
[
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for a pair of generalized hypergeometric functions [3, p. 43, Eq. 3.2.29]:

79_St{ /tfu_l(f—r)v‘lqu{ Elcg ’kT] ”'Fq'[ EZ%
d 0

uv , k ",
= TGores” p”Fq[ (63))11 E} p'+1Fq’[ (ch)/)v

K(t - r)} dr}dt

kﬂ , (1.10)

where Re(u) > 0, Re(v) > 0, Re(s) > Owhenp < ¢, p’ < ¢’ or Re(u) > 0, Re(v) > 0, Re(s) > Re(k), Re(s) > Re(k’)
whenp =q,p’ = ¢ forthecasep=q =1=p’ = q' [3, p. 43, Eq. 3.2.30] viz:

/

oo t
/e_St{/TH_l (t—T)v_l 1F1|:i ‘kT‘ 1F1[ Z,
0 0
a,v

= () (v) sf’H’zFl{ a’cy ‘g 2F1[ ¢

K (t - T)} dr}dt

kﬂ (1.11)

for Re(c) > 0, Re(c’) > 0, Re(s) > Re(k), Re(s) > Re(k’), |s| > |k| and |s| > |K|.

In this paper, by using product theorem for Laplace transform for a generalized hypergeometric func-
tions, we employ the classical summation formulas (1.1) to (1.9) in order to derive several new Laplace trans-
forms of convolution type integrals involving »,Fp, wherep = 1, 2, 3, 4.

2 Laplace transforms of convolution type integrals involving
product of two special ,F,(x) functions

In this section, we present various new Laplace type integrals by using product theorem of the Laplace trans-
forms for a pair of two special generalized hypergeometric functions ,Fp.

For this, if wesetp = q=1,p ' =q' =2andp = q = p’ = q' = 2, respectively in (1.10), we obtain the
formula

Jeol Jrumorn ] 4
0 0 ’

a,b,v
d,e

K (t- T)} dr}dt

=IGrv)s™v,F; [ a’cy ’g 3F2[ K} , (21)

S

where Re(u) > 0, Re(v) > 0, Re(s) > Re(k), Re(s) > Re(k’), |s| > |k| and |s| > |k’| and

]oest{ /tr“l(t—r)"l 2F2{ Z’Z ‘kf} ze{ Z:’ Z'/ k’(t—r)} dr}dt

0 0

=T+ e [ 0 (]or

a,b,v

k/

S

where (Re(u) > 0, Re(v) > 0, Re(s) > Re(k), Re(s) > Re(k'),|s| > [k| and |s| > |K'|.

Similar results can be written involving 5 F3 and 4 F.

Now by employing Gauss’s summation theorem, Gauss’s second summation theorem, Bailey’s summa-
tion theorem, Kummer’s summation theorem, Watson’s summation theorem, Dixon’s summation theorem,
Whipple’s summation theorem, Whipple’s second summation theorem and Dougall’s summation theorems
(1.2) to (1.9), we get the following thirty-nine interesting results asserted in the following statements. We re-
mark in passing that in all there exists forty-five results of this type. Out of forty-five results, six results have
already been recorded in [2].
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Theorem 2.1. For Re(s) > 0, Re(b) > 0, Re(b’) > 0, Re(c — a - b) > 0 and Re(c’ - a’ - b’) > 0, the following
result holds true:

co t
_ _ I a a
/e St{/‘l’b 1(t—T)b 11F1|: ’T5i| 1F1|: ’
Cc C

0 0

=T(b)T(B)s? Q,(a, b, c)Q,(d, b, ).

(t- T)S} dr } dt

where Q1(a, b, c) is given in (1.2).

Proof. The proof of this theorem is quite straight-forward. In order to prove this result, setting k = s, k' = s,
u=bandv =b'in (1.11), we have

oo t

!
/e"St{/Tb"1 (t-1)° "11F1[ a “rs} 1F1{ a/
. c c
0 0

S CCORR N “’C” HEA

(t- T)S} dr } dt

a,b
C/

1} . 2.3)

We now observe that the , F; twice appearing on the right-hand side of (2.3) can be evaluated with the
help of Gauss’s summation theorem (1.1), which yields at once the desired formula in Theorem 2.1. O

The remaining results, which are given in the following theorems, can also be proven in a similar lines by
applying appropriate summation theorems (1.1) to (1.9) in (1.10). So we prefer to omit the details.

Theorem 2.2. For Re(s) > 0, Re(b) > 0, Re(b’) > 0 and Re(c - a - b) > 0, the following result holds true:

/

oo t
/e‘“{ /‘rb_l(t— T)b/_l1F1[ Z ‘TS} 1F1 [ La' +ab/ +1) ‘%(f— T)S} dT}dt
0 0 ’

=TI s Qi(a, b, 0) Qa(a’, b),
where Q(a, b, c) and Q5(a, b) are given in (1.1) and (1.2), respectively.

Theorem 2.3. For Re(s) > 0, Re(b) > 0, Re(1 — a’) > 0 and Re(c - a - b) > 0, the following result holds true:

Jeol [ nvin] ]
0 0

=I(b)I(1-a)s* 1 0y(a, b, ) Qs(d, b'),

%(t - T)S} d‘r} dt

where Q(a, b, c) and Q3(a, b) are given in (1.1) and (1.3), respectively.
Theorem 2.4. For Re(s) > 0, Re(b) > 0, Re(b’) > 0 and Re(c — a - b) > 0, the following result holds true:

!

oo t

e st - F {a ‘TS} F { a
/ {/ -k eshm| L5
0 0

=I(b)T(b") s Q1(a, b, ) Qu(d’, b),

—(t- T)S} dr}dt

where Q(a, b, ¢) and Q,(a, b) are given in (1.1) and (1.4), respectively.
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Theorem 2.5. For Re(s) > 0, Re(b) > 0, Re(c’) > 0 and Re(c — a - b) > 0, Re(2¢’ - a’ - b’) > -1, the following
result holds true:

oo t

_ _ _ " b

e st /Tblt—T01F[a’TS}F[ a,
/ (=" "k c 202 Hd +b +1),2¢
0 0

_I®r)
- o

(t- T)S} dr} dt

Q1(a, b, c)Qs(a’, b', ),
where Q(a, b, ¢) and Qs(a, b, c) are given in (1.1) and (1.5), respectively.

Theorem 2.6. For Re(s) > 0, Re(b) > 0, Re(c’) > 0, Re(c - a - b) > 0 and Re(a’ - 2b’ - 2¢’) > -2, the following

result holds true:
oo t
/e"St{/Tb"l(t—T)c/"llFl[ a ‘TS]
c
0 0

a,b
Xze[ Led b 1id —c ’(t—T)S}dT}dt
() Ir(c’
= % Ql(a’ b’ C) 96((1,, b/’ CI))

where Q(a, b, ¢) and Qg¢(a, b, ¢) are given in (1.1) and (1.6), respectively.

Theorem 2.7. For Re(s) > 0, Re(b) > 0, Re(c’) > 0 and Re(c — a — b) > 0, the following result holds true:

oo t
" st b-1 -1 a a,1-a
e T t-1 F [ ‘Ts} F [
/ {/ O A B A
0 0

_T)r()
- =

(t- T)s} dr } dt

Ql(a, by C) 07(61/, C/) e/),
where Q1(a, b, ¢) and Q(a, c, e) are given in (1.1) and (1.7), respectively.
Theorem 2.8. For Re(s) > 0, Re(b) > 0, Re(c’) > 0 and Re(2¢’ - a’ - b’) > -1, the following result holds true:

oo t
—st b-1 c’-1 a 1
t-— F =
0/e {/T (=1 1{%(a+b+1)‘2”]

0
a,b

X F[
202 1@ +pv +1),2(

(t- ‘r)s} d‘r}dt

_TB)I(C)

gh+c’ QZ(a!b) 05([1/, b/y C/)y

where Q;(a, b) and Qs(a, b, c) are given in (1.2) and (1.5), respectively.

Theorem 2.9. For Re(s) > 0, Re(b) > 0, Re(c’) > 0 and Re(a’ - 2b’ - 2¢’) > -2, the following result holds true:

oo t

_ _ /_ 1
/e“{/rbl(t—‘r)c LF, 1 a =75
) ) [7(a+b+1) ’2 }

a,b

><2Fz{l+a’—b’ 1+d -

‘(t - T)s} dr}dt
c

_I(O)I(c)

Sb+c/ ‘QZ(a’ b) Q6(a/a b/a C/),

where Q,(a, b) and Q¢(a, b, c) are given in (1.2) and (1.6), respectively.
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Theorem 2.10. For Re(s) > 0, Re(b) > 0 and Re(c’) > 0, the following result holds true:

oo t

_ _ /_ 1
/e St{/‘rb Y- Yy 1 a =15
) ) [§(a+b+1) )2 }

a,1-ada
x ze{ ¢ 1420 ¢ (t—‘r)s}dr}dt
r(b)r(c
= % Qz(ay b) 97((1/) C/y e/)’

where Q;(a, b) and Q(a, c, e) are given in (1.2) and (1.7), respectively.

Theorem 2.11. For Re(s) > 0, Re(c’) > 0, Re(1 - a) > 0 and Re(2¢’ — a’ - b’) > -1, the following result holds

true:
oo t
-st -a ;.\ ¢'-1 a 1
/e {/T (t-1) 1F1[b‘2‘rs}
0 0

a,b
1@ +p' +1),2(
_ Il -a)(c)

gl-a+c’

Xze{

(t- T)s} dr } dt

Qs(a, b) Qs(a’, b, ),

where Q3(a, b) and Qs(a, b, c) are given in (1.3) and (1.5), respectively.

Theorem 2.12. For Re(s) > 0, Re(c’) > 0, Re(1 - a) > 0 and Re(a’ - 2b’ - ¢’) > -2, the following result holds

true:
oo t
-st -a (-1 a |l
/e {/T (t-1) 1F1[b‘213}
0 0

a,b’
x ze[ lid - b 1+d —c ‘(t—r)s}dr}dt

_I(1-a)I(c)

sl-a+c’

05(a, b) Q¢(d’, b, ),

where Q3(a, b) and Qg(a, b, c) are given in (1.3) and (1.6), respectively.

Theorem 2.13. For Re(s) > 0, Re(1 - a) > 0 and Re(c’) > 0, the following result holds true:

]oe“{/tra (t—r)c/’llFl[Z ‘%TS}
0 0

a,1-a

* ze[e’ 1+2c -e

/

(t- T)S} dr}dt

_I(1-a)(c)

gl-a+c’

Qs(a, b) Q;(a’, c’, €',

where Q3(a, b) and Q+(a, c, e) are given in (1.3) and (1.7), respectively.

Theorem 2.14. For Re(s) > 0, Re(b) > 0, Re(c’) > 0 and Re(2¢’ — a’ - b’) > -2, the following result holds true:

oo t
_ _ " a
/eSt{/Tbl(t_T)C 11F1{1+a—b ‘_Ts]
0 0
a,p _F(b)F(C/) WA
szz[ L+ b + 1), 2 (t—‘r)s}d‘r}dt— W(h(a,b)Qﬂa ,b', ),
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where Q4(a, b) and Qs(a, b, c) are given in (1.4) and (1.5), respectively.

Theorem 2.15. For Re(s) > 0, Re(b) > 0, Re(c’) > 0 and Re(a’ - 2b’ - ¢’) > -2, the following result holds true:

oo t
—st b-1 c'-1 a
-0 R | -]
/e {/T (t-1" "k l+a-b s
0 0

a,b’
X ZFZ[ 1+a -b,1+a -c ‘(t—r)s}dr}dt
r(v)r(c
=TI 0,0, oy, v, ),

where Q4(a, b) and Q¢(a, b, c) are given in (1.4) and (1.6), respectively.

Theorem 2.16. For Re(s) > 0, Re(b) > 0 and Re(c’) > 0, the following result holds true:

oo t

= i . 4
/est{/rb 1(t—T)C 11F1{1+a_b ‘—‘rs}
0 0
a,1-da r)r(c
x ze[ o 142c o (t—‘r)s}dr}dt = %[h(m b)Q;(’,c,e),

where Q4(a, b) and Q+(a, c, e) are given in (1.4) and (1.7), respectively.

Theorem 2.17. ForRe(s) > 0, Re(c) > 0, Re(c’) > 0,Re(2c—a—-b) > -1 andRe(2c’ - a’ - b’) > -1, the following
result holds true:

oo t
-st -1y \C'-1 a, b
0/e {O/T t-1 2Fz{%(a+b+1),2€ ‘TS}

a,b

Xze{ 1
1@ +b' +1),2c

(t- T)S} dr } dt

_TI@r()

gc+c’

Qs(a, b, ) Qs(a’,b', ),
where Qs(a, b, c) is given in (1.5).

Theorem 2.18. ForRe(s) > 0,Re(c) > 0,Re(c’) > 0,Re(2c—a-b) > -1 andRe(a’-2b' - c’) > -2, the following
result holds true:

oo t

-st c-1 _ -1 a,b
/e {/T (t-1) 2F2[%(a+b+1),2c ’Ts]
0 0

a/, b/

X2Fz[l+a’—b’ 1+a -

‘(t - T)S} dr}dt
c

_ () I(c")

Sc+c’

Qs(a, b,c)Qe(a’, b, "),

where Qs(a, b, ¢) and Q¢(a, b, ¢) are given in (1.5) and (1.6), respectively.
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Theorem 2.19. For Re(s) > 0, Re(c) > 0, Re(c’) > 0 and Re(2¢’ — a’ - b’) > -1, the following result holds true:

oo t
-st -1y  \¢'-1 a, b
O/e {,O/T (t-17) 2FZ{%(a+b+1),2c ‘TS}

a,1-a
szz[ 12 e (t—r)s}dr}dt
Ir(c)r(c
= % Qs(a, b, ) Q;(a’, ¢, €),

where Qs(a, b, ¢) and Q5(a, c, e) are given in (1.5) and (1.7), respectively.

Theorem 2.20. For Re(s) > 0, Re(c) > 0, Re(c’) > 0, Re(a — 2b - 2¢) > =2 and Re(a’ - 2b’ — ¢’) > -2, the
following result holds true:

oo t
—st c-1 -1 a,b ’
t- F
/e {/T (t-7) 22[1+a—b,1+a—c TS}
0 0

a,b
Xze[ led - b 1id —c ‘(t—r)s}d‘r}dt

_TOTC) o (a,b,0) 0ela’ b, ).

ge+c’

where Qg(a, b, c) is given in (1.6).

Theorem 2.21. For Re(s) > 0, Re(c) > 0, Re(c’) > 0 and Re(a - 2b - 2c¢) > -2, the following result holds true:

oo t

_ _ _ b

oSt /TClt—TC 1F{ a, ‘TS}
/ ( )b l+a-b,1+a-c
0 0

a,1-a

XZFZ{ e,1+2c'-¢ (t—‘r)s}d‘r}dt
/
= %06(61’ b’ C)Q7(al, C/’ e/)y

where Qg(a, b, ¢) and Q(a, c, e) are given in (1.6) and (1.7), respectively.

Theorem 2.22. For Re(s) > 0, Re(c) > 0 and Re(c’) > 0, the following result holds true:

oo t

/e—st /Tc_l(t_r)c'_lez[ a,l-a ‘TS}
e,1+2c-e

0 0

a,1-a

e,1+2c -¢

(t- T)s} d‘r}dt

Xze{

= WONC) Q(a,c,e)Q,(d,c,e),

gc+c’

where Q5(a, c, e) is given in (1.7).
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Theorem 2.23. For Re(s) > 0, Re(b) > 0, Re(¢’) > 0 and Re(c - a - b) > 0, the following result holds true:

oo t
/e"“{ /Tb_l (t—T)C/"llFl[ a "rs}
. c
0 0
a,1+3id,p
XBFg[%a’,a’—b’+1,a’—c’+1 (t T)S}d‘l’ dt
_I(b)I(c"

Sb+c/ ‘Ql(as b’C) QS(a/» b/, C/),

where Q4(a, b, ¢) and Qg(a, b, c) are given in (1.2) and (1.8), respectively.

Theorem 2.24. For Re(s) > 0, Re(b) > 0, Re(c’) > 0,Re(c—a—-b) >0andRe(a’ -c' -d' -¢e’ +1) > 0, the
following result holds true:

oo t

/e"“{/‘rl’"1 (t—T)CI"llFl[z ’TS}
0 0
a,1+3id,d, e
) 4F4[ la,ad-c+1,d-d +1,a - +1 ‘(t T)s}d'r dt
/
= F(l;lfc(/c ) Ql(a’ b7 C) 99(a/’ C/’ d/’ e/)s

where Q1(a, b, ¢) and Qy(a, c, d, e) are given in (1.2) and (1.9), respectively.

Theorem 2.25. For Re(s) > 0, Re(b) > 0 and Re(c’) > 0, the following result holds true:

oo t

—st b-1,,  _yc'-1 a 1
/e {/T (t-1) 1F1[%(a+b+1)’21's}
0 0
a,1+3id,p
xaF}{%a’,a’—b’+1,a’—c’+1 —(t T)S}dT dt
/
- O 0,0, 1) 0sta', b, ),

where Q,(a, b) and Qg(a, b, c) are given in (1.1) and (1.8), respectively.

Theorem 2.26. For Re(s) > 0, Re(b) > 0, Re(c’) > 0 and Re(a’ — ¢’ - d’ - e’ + 1) > 0, the following result holds
true:

oo t

_ _ r_ a 1
e st /‘rblt—‘rClF[ ’f‘rs}
/ (t-1" "k La+b+1) 12
0 0
a,1+1id,d, e
F[ ’ 2702 70 t—‘rs}dr dt
ot ld,d-c+1,d-d+1,a' - +1 -7

_ I'(b)I'(c)

s 22(ab) Qo(d', ', d', e,

where Q,(a, b) and Qq(a, c, d, e) are given in (1.1) and (1.9), respectively.
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Theorem 2.27. For Re(s) > 0, Re(c’) > 0 and Re(1 - a) > 0, the following result holds true:

oo t
-st -a(p _\¢'-1 a 1 }
/e {/T -0 hR [y [
0 0
a,1+1d, b
X3F3[la/ a/—b’+21 o1 —(t—‘r)s}dr}dt
24 )

ra-ar(
- % Q3(a, b) Qs(d’, b', ),
where Q5(a, b) and Qg(a, b, ¢) are given in (1.3) and (1.8), respectively.

Theorem 2.28. For Re(s) > 0, Re(c’) > 0, Re(1 — a) > 0 and Re(a’ — ¢’ - d' - e’ + 1) > 0, the following result
holds true:

/me’“{/t'r"’ (t—T)Cl’llFl[Z ’%TS}
0 0

! 1.,/ !/ /
a,l1+sa',d,e
F[ ’ 252 % ‘t—rs}dr dt
*ata id,d -c+1,d-d+1,a -¢e' +1 -1

(1 -ar(c
= (STEC/() ‘Q3(a’ b) 99(a/a C/’ d/’ el):
where Q3(a, b) and Qq(a, c, d, e) are given in (1.3) and (1.9), respectively.

Theorem 2.29. For Re(s) > 0, Re(b) > 0 and Re(c’) > 0, the following result holds true:

oo t

e 5t /Tb_l t—1)°t F[ a ‘—Ts}
/ ( )k l1+a-»b
0 0
a,1+1d, b
x F[ ’ 27> - t—Ts}dT dt
303 ld,a -V +1,d-c+1 (t-17)

_I(O)I(c)

Sb+cl .Q4(ﬂ,b) .Qg(a/, b/, C/)’

where Q4(a, b) and Qg(a, b, c) are given in (1.4) and (1.8), respectively.

Theorem 2.30. For Re(s) > 0, Re(b) > 0, Re(c’) > 0 and Re(a’ - ¢’ - d’ - €’ + 1) > 0, the following result holds
true:

co t

_ _ ,_ a
e St (- 1)° 1F{ )—Ts]
/ {/ (E-7""F l1+a-b
0 0
a,1+3id,d, e
F{ ’ 270 ‘t—TS]dT dt
X 4ty %a’,a’—c’+1,a’—d’+1,a’—e’+1 ( )

_TB)I(C)

Sb+cl 94(61! b) 99(a/9 Cl, d/, e/)y

where Q4(a, b) and Qq(a, c, d, e) are given in (1.4) and (1.9), respectively.
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Theorem 2.31. For Re(s) > 0, Re(c) > 0, Re(c’) > 0 and Re(2¢ — a - b) > -1, the following result holds true:

oo t

-st -1y  ¢'-1 a,b
/e {/T (-7 2Fz[%(a+b+1),2c ’TS}

0 0
a,1+1d,p
x 3F3[ 1 2 —(t—T)S}dT dt
fa',d -b+1,d-c+1

Irc)r(
- TOTED 050, b, 0 05t 1/, ),

where Qs(a, b, c) and Qg(a, b, c¢) are given in (1.5) and (1.8), respectively.

Theorem 2.32. For Re(s) > 0, Re(c) > 0, Re(c’) > 0,Re(2c—a-b) > -1andandRe(a’ - ¢’ -d' - e’ +1) > 0,
the following result holds true:

oo t

—st c-1 (4 ¢'-1 a,b
/e {/T (t-7) 2FZ[%(a+b+l),Zc “rs}

0 0
a,1+1a’,d,e
F[ ’ 2702 70 ‘t—‘rs}dr dt
Xt ld,d-c+1,d-d +1,a’ - +1 -7
_I(o)I(c)

T ‘QS(aa b) C) QQ(a/y C/’ d/a e,))
where Qs(a, b, ¢) and Qy(a, c, d, e) are given in (1.5) and (1.9), respectively.

Theorem 2.33. For Re(s) > 0, Re(c) > 0, Re(c’) > 0 and Re(a - 2b - 2¢) > -2, the following result holds true:

oo t

—st -1y yc'-1 a,b
/e {/T (t-7) 2F2[1+a—b,1+a—c‘m}

0 0
a,1+1d,p
F [ A —(t- }d dt
30 ld,d-b+1,d-c'+1 (t-7)s T}
I'(c)r(c
= % QG(ay b9 C) QS(aI’ b/, C/)’
where Qq¢(a, b, ¢) and Qg(a, b, c) are given in (1.6) and (1.8), respectively.

Theorem 2.34. For Re(s) > 0, Re(c) > 0, Re(c’) > 0, Re(a — 2b - 2¢) > -2 and Re(a’ - ¢’

-d -e'"+1)>0,the
following result holds true:

oo t

-st -1y  \C'-1 a,b
/e {/T (t-7) 2F2[1+a—b,1+a—c’m]

0 0
a,1+1id,d,e
F[ ’ 2= = 't—TS}dT dt
At id,a -cd+1,d-d +1,a-¢e+1 (t-1)
_I(c)I(c")

T ‘QG(a’ b’ C) 99(a/, C/’ d/’ e/)’

where Qg¢(a, b, c) and Qq(a, c, d, e) are given in (1.6) and (1.9), respectively.
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Theorem 2.35. For Re(s) > 0, Re(c) > 0 and Re(c’) > 0, the following result holds true:

oo t

-st c-1 -1 a,l-a ’
t- F
/e {/T ( T) 22{6,1_‘.2(:_6 Tsi|
0 0
a,1+3d, b
x 3F3[ 14 a/—b'+21 o en —(t—T)S}dT}dt
270 )
/
= % 97((1, c, e) -Qg(a/, b/, C/),

where Q;(a, c, e) and Qg(a, b, c) are given in (1.7) and (1.8), respectively.

Theorem 2.36. For Re(s) > 0, Re(c) > 0, Re(c’) > 0 and Re(a’ - ¢’ - d’' - e’ + 1) > 0, the following result holds
true:

oo t

_ _ _ a,1l1-a
/eSt{/TCI(t—T)C 12F2{ ‘TS}

e,1+2c-e
0 0
a,1+1d,d,e
F[ ’ 270 52 ‘t—rs}dr dt

At ld,d -c+1,d-d+1,d -¢e+1 -7

=1"(c)1"(c’)

SCJrC/ Q7(a1 c, e) Q9(61/’ C/a d/, e/)’

where Q(a, c, e) and Qq(a, c, d, e) are given in (1.7) and (1.9), respectively.

Theorem 2.37. For Re(s) > 0, Re(c) > 0 and Re(c’) > 0, the following result holds true:

oo t
_ _ ,_ a,1+ia,b
/e“ /TC Lit-1)° 13F3[ ) 2 —Ts}
sa,a-b+1l,a-c+1
0 0

a,1+1a,p
x F[ ’ 27> - t—‘rs}d‘r dt
303 ld,a -V +1,d-c'+1 (t-17)

_T()r()

o Qr(ace) 7(d, €,

where Q5(a, c, e) is given in (1.7).

Theorem 2.38. For Re(s) > 0, Re(c) > 0, Re(¢’) > 0 and Re(a’ - ¢’ - d’' - €’ + 1) > 0, the following result holds
true:

oo t

_ _ ,_ a,1+La,b
/e“ /TCl(t—T)C 13F3[1 2 —Ts}
sa,a-b+1l,a-c+1
0 0
a,1+1d,d,e
F{ ’ 270 72 t—TS}dT dt
x4t ld,d-cd+1,d-d +1,a'-¢e +1 -1

_I(c) I(c"

sc+c/

Qgla, b, c) Qo(d’, ', d', "),

where Qg(a, b, ¢) and Qq(a, c, d, e) are given in (1.8) and (1.9), respectively.
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Theorem 2.39. For Re(s) > 0, Re(c) > 0,Re(c¢’) >0,Re(a—-c-d-e+1)>0andRe(a’ -c'-d' -€e' +1) >0,
the following result holds true:

oo t
1
—st c-1 -1 a,1+5a,d,e
e (-1 F[ 2 'rs}
/ {/ (t=1)" " aFs la,a-c+1,a-d+1,a-e+1

0 0

a,1+3id,d, e
x 4F4|

id,d-c+1,d-d +1,a -¢+1

‘(t - T)S} dr}dt

_I(c)I(c"

Sc+c/

Qo(a,c,d,e) Qo(d’, ', d', e),
where Qq(a, c, d, e) is given in (1.9).
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