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The aim of this research paper is to find explicit expressions of
oF[-n,a; 2a+1; 2]

and

-n,a.
2 [2n+i’ 2}

eachfori=0,41,4£2,43,44,45. Known results earlier obtained by Kim etal. and Chu
follow special cases of our main findings. The results are derived with the help of
generalizations of Gauss second, Kummer and Bailey summation theorems for the
series ,f; obtained earlier by Lavoie et al.
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1 Introduction
The generalized hypergeometric functions with p numeratorial and g denominatorial pa-
rameters are defined by [1]

O1y.0..,0
»Fq Vs z | =pFylan,....0p; Bry..., Bys 2]
ﬁlwn’IBq

[e¢]

B ; B+ (Bg)n 0t (1.1)

where (@), denotes the Pochhammer symbol (or the shifted factorial, since (1), = n!) de-
fined for any complex number « by

al@+1)---(@+n-1), ifneN={1,2,...},
1, ifn=0.

(a)n =

Using the fundamental functional relation I'(« + 1) = «I'(«), (), can be written as

(@), = % (n eNp:=NU {0}),

where I is the well-known gamma function.
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It is well known that the series ,F, converges for all zif p < g and for |z| <1ifp =g +1,
and the series diverges for all z# 0 if p > g + 1. The convergence of the series for the case
|z| =1 when p = g + 1 is of much interest.

The series gaFylon, ..., 000 P1,..., By 2] with |z| = 1 converges absolutely if (3B —
> o;)>0.

The series converges conditionally if z#1and 0 > (3" Bj— ) _«;) > —1. The series diverges
if Q2B -2 o) =<-L

It should be remarked here that whenever the hypergeometric function ,F; and the gen-
eralized hypergeometric functions ,F,; can be summed in terms of gamma functions, the
results are very important from the application point of view. This function has been ex-
tensively studied by many authors (see, e.g., Slater [2] and Exton [3]). We begin by recalling

the well-known and classical Gauss second summation theorem (see [4])

A ab 1] TGIGarsb+y) 12)
Na+b+1)' 2| TGa+Hrio+ly

the Kummer summation theorem (see [4])

a,b FrQ+iarQ+a-»)
2F ;-1 = - T (1.3)
l+a-b I'1+a)l'(1+ 5a-Db)
provided R(b) < 1 for convergence, and the Bailey summation theorem (see [4])
al-a 1 F(3or(5e+3)
2F1 el I 12 f ? I~ (1.4)
c 2 F(EC‘I- Ea)r(ic—§a+§)

In 1996, Lavoie, Grondin and Rathie [5] generalized the above mentioned classical sum-
mation theorems in the following form.

Generalization of the Gauss second summation theorem:

ab 1
21 .z
sla+b+i+1) 2

~ F(%)F(%a + %b + %i+ %)F(%a— %b— %i + %)

1 1 1 1
F(ia— §b+ 2 + §|l|)

A, B;
X 1 Iy L 1.1 g ipn T oL 1 1. i (1.5)
F(5a+§)F(§b+ §l+§—[7]) F(Ea)r(§b+§l—[§])
fori=0,41,+2, 43, +4, +5.

As usual, [x] denotes the greatest integer less than or equal to x and its modulus is de-
noted by |x|. For i = 0, we get Gauss second summation theorem (1.2). The coefficients A;

and B; are given in Table 1.
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Table 1 The coefficients Ajand Bjfor-5<i <5

i A; B;
5 f[( +6)? - 3(a-b-6)? (@+b+6?-La-b-6)?
(a +b+6)a-b-6)-11(a+b+6) -la+b+6)a-b-6)-17(a+b+6)
( -b-6)+20] +3a-b-6)+62
4 %( +@+b-3) “2a+b-1)
f—(a b+3)a-b-3)
3 —%(3a+b 2) $a+3b-2)
2 fa+b-1) -2
1 -1 1
0 1 0
-1 1
-2 Ya+b-1) 2
-3 1Ba+b-2) Sa+3b-2)
-4 Ja+b+N)a+b-3) 2a+b-1)
-ta-b+3)a-b-3)
-5 (a+b-47-Lta-b+4) (@+b-472-1a-b+4)?
+la+b-4a-b+4) -la+b-Aa-b+4)
+4a+b-4+La-b+4) +8(a+b-4+a-b+4+12

Table 2 The coefficients Cj and D; for-5 <i <5

i G D;

5  —4(a-b+6)2+2ba-b+6)+b? 4a-b+6)%+2bla-b+6)-b?
+22(a-b+6)-13b-20 ~34(a-b+6)-b+62

4 2a-b+3)a-b+1)-(b-1b-4) -4a-b+2)

3 (3b-2a-15) a-b+1)

2 (a-b+1) -2

1T 1

0 1 0

-1 1

-2 (a-b-1) 2

-3 (2a-3b-4) (2a-b-2)

4 20a-b-3)a-b-1)-bb+3) 4a-b-2)

-5 4a-b-42-2ba-b-4?-b? 4a-b-4)72+2ba-b- 4) b?
+8(a-b-4)-7b +16(a-b-4)-b+1

The generalization of the Kummer summation theorem:

ab ) _2‘“F(%)F(1—b)r‘(1+a—b+i)
Niva-b+i | T(L—b+1G+1i)
{
X -
F(za b+l l+1)F(2 +%i+§—[%)
D;
16
"TQa—b+liv HrGa+ Li- [g])} (16

provided R(b) <1+ é for i = 0,£1,£2, 43,44, £5. For i = 0, we get Kummer summation
theorem (1.3). The coefficients C; and D; are given in Table 2.
The generalization of the Bailey summation theorem:

E;
T(—a+ L +Ii) {F(%b—— +3)0Gh+ 5a-[51)

[a,l—an 1} 2B (1 - a)
2F o=
b 2
F;

i F(%b—%a)F(%b+%a—%—[%])} 17
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Table 3 The coefficients Ejand F;for-5<i <5

i E; F;

5  —(4b2-2ab-a’-22b+13a+20) 4b’+2ab-a?-34b-a+62
4 2b-2b-4-@a-Na-4) —4(b-3)

3 (@-2b+3) (a+2b-7)

2 b-2 -2

T4 1

0 1 0

-1 1 1

2 b 2

-3 2b-a a+2b+2

-4 2b(b +2)-ala+3) 4b+1)

-5 (4b’-2ab-a’+8b-7a) (4b% +2ab-a’ +16b-a+12)

for i = 0,£1,42,43,+4,+5. For i = 0, we get Kummer summation theorem (1.3). The
coefficients E; and F; are given in Table 3.

On the other hand, in the investigation of a model of biological junction with quantum-
like characteristic based upon Toeplitz operators, Samoletov [6] obtained, by using the

principle of mathematical induction, the following sum containing factorials

" (DR 2k + 1) (~1)" -1\
; -k +1)! a1 ( T ) (& No), (18)

where, as usual

2 +1)!
@na=1-35-.-2n+1) = D

2"n!
@m=2-4-6---(2n) = 2"n,

0Nl = (-1 =1.

In terms of the familiar gamma function and the Gauss hypergeometric function,

Samoletov [6] also rewrote the sum (1.8) in its equivalent form

I‘(%VH%)

- —n,%’ .| 1 T(bnrD)” if n is even,
241 2' - T F(ln+1)
T -—2=Z, ifnisodd.

Tr(Gne3)

Later on, Srivastava [7] pointed out that result (1.8) can be obtained quite simply from the

known result [8]

-n,a
F ;2
2 1|:2ﬂ—1 }

_F(a—% 1+ (=1)" F(%n+%) 1-(-1)" F(%n+1)
- . |

2 I’(a+%n—l) 2 F(a+%n)

(1.9)
2

by setting a = % In the same paper, Srivastava [7] obtained for a = %, equivalent expres-

sions of (1.9) by using Plaff-Kummer transformation and Euler transformation.
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The aim of this paper is to find explicit expressions of

-n,a
F, ;2
2 1|:2a+i i|
-n,a
F ;2
2 1|:2n+i i|

each for i = 0,41, £2, £3, +4, £5. The results are derived with the help of the generalized

Gauss second summation theorem, the generalized Kummer summation theorem and the

and

generalized Bailey summation theorem for the series ,F; obtained earlier by Lavoie et al.

Several known as well as new results have also been obtained from our main findings.

2 Main results
The results to be established are

F —n,a'2
2 2a+i

2'T(HMN(@r(1-a)
(2a +i),I'(a+ %(i + i)
x { A Bi } (2.1)

F(ln+ DMA-a—tn— () TCInFQE-a-Lln— (1))

for i = 0,41,+2,+£3,4+4,£5. The coefficients A; and B; can be obtained from Table 1 by
changing a by —n and b by 1 — 2a — i — n, respectively, and

-n,a
F ;2
g 1|:—2r1—i :|

2T+ )T (n+i+1)
S T@a+i+DM(m+1+ 13+ i)
5 {Eir(% - %a)(%l + %alf[%])n +Fil“(l - %ﬂ)? + %q +[£Dn }
F(d—la-[50) F(-5a-[5)

. (2.2)
2

for i = 0,+1,£2,43,44,£5. The coefficients E; and F; can be obtained from Table 3 by
changing a by —n and b by 1 — a — n, respectively.

3 Proofs of (2.1) and (2.2)

In order to derive (2.1), we proceed as follows. Expressing ,F; as a series, we have

-ma_ | _ "~ (-n),(a), 2"
2h1 |:2a+i’ 2i| - Z Qa+i), !

r=0
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On reversing the series, we have

-n,a. _ “ (-mpr( @)y 2"
2F1 |:26l+i, 2j| - Z (2d+i)n—r (}’l—}’)!.

r=0

Using the well-known identities

(=)@
D= a—m),
and
(m—r)= L (0<r<nm),
(_n)r

we have, after a little algebra,

7 [ -ma, 2} (2@ 120 =i,

2a+i - 2a +1i), = 1-a-n)2r!

Summing up the series, we finally have

F, |: -na 2j| _ (2% [—”’1—2ﬂ_i_”. 1:|. (3.1)

2a+i N (2a+i)n21 l—a-n 2

Now it can be easily seen that the ,F; on the right-hand side can be evaluated with the
help of generalized Gauss second summation theorem (1.5) and after a little simplifica-
tion, we easily arrive at the right-hand side of (2.1). Further, in (3.1), if we use the Plaff-
transformation [1]

2Fy |:a,lz; Z:| =(1-2"F |:a,c—b; —L:| , (3.2)

it takes the following form

-nma (=2)(a), —ma+i
F ;2| = ——,F ; =11, 3.3
21|:2a+i } Qa+i), " | 1-a-n (33)
The »F; on the right-hand side can now be evaluated with the help of generalized Kummer

summation theorem (1.6) and after a little algebra, we obtain the following equivalent form
of our first result (2.1)

|:—n,a } 2T (1 -a-)r-a)
2F 52| =
2a+1i

CQa+i),D(1-a-LG-i)

{ CL
X -
F(l-a-3i-3m0(5+35i-3n-[F])

(3.4)
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for i = 0,41, +£2,43, +4, +5. The coefficients C; and D; can be obtained from Table 2 of
C; and D; by changing a by —n and b by a + i, respectively. Similarly, in (3.1), if we use the

Euler transformation [1]

b —a,c—b
2F1 |:a ; Z:| =(1-2*"F |:C “e ; Z:| , (3.5)
c c
it takes the following form
-n,a (=1)"(2)~* (), l-a,a+i 1
F ;2| = ——F——— 5 F s —|. 3.6
“{mﬂ’ } Qa+i), ' 1-a-n2 (36)

The 3 F; on the right-hand side can now be evaluated with the help of generalized Bailey
summation theorem (1.7) and after a little simplification, we get the following equivalent

form of our first result (2.1)

L2
2a+1i

[—n,a } 2'T(T (@) (1-a)
2b1 p2|= , T
(2a +i),I'(a+ 5@ +i]))

X { E
TF(-in+ Hr@-a-1in-[%)
F;
i . 3.7
"redmrG-a-tn- [gn} ®7)

The coefficients E; and F; can be obtained from the table of E; and F; by changing a by
1-aand cby1-a-n,respectively. It is not out of place to mention here that in (2.1) or its
equivalent forms (3.4) or (3.7), if we take i = 0, £1, £2, 3, +-4, we get the following results

- 2'T(3r1-a
2F |: n;al; 2:| = (2a)nr‘(_%n(i)%)(r(1 _)a_ %n); (3.8)
1 1
X {F(_%n)l"(% —a- %n) - F(—%n 4 %)F(—a— %n) }; (3.9)
1 1
x {F(—%n)l“(% —a-1n) t R — }; (3.10)
-n,a 2"T($)I (1 -a)
21 |:2a+2; :| :_m
a+n+1 2
{r(—%m Df(ca-1n)  TInM(-L-a-1n) }; (3.11)
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np(l -
ZFI[ —n,a’2:| _2T(EIr1-a)

2a-2 (2a-2),
2 (@+n-1) '
X {F(_%H)F(% —a— %n) h F(_%n_'_ %)1—1(2_&_ %n) ], (3.12)
F| ma | 2TQIre-a
“N2a+3 7| ala+)(a+2)2a+3),
(@ +2n+2) (3a+2n+4) ‘
{F(—%n+ Dr(-1-a-1in) - FCImrG-a-Ln) }, (3.13)
-ma_ | 2"T(3)I'(1-a)
#ﬁ[za—g’z}‘___@;igﬁf—
(a+2n-1) (3a+2n+5) .
{F(—%n+%)r(2—a—%n) B F(—%H)F(%—a_% )}' (3.14)
P L 2'T(;)I(1 -a)
2F) 2a+4° " ala+1)(a+2)(a+3)2a+4),
{(a2+4~an+54+2n2+8n+6)
F(~in+HI(-1-a-in)
dla+n+2) .
" I(-imT(-2-a-1in) } (3.15)
-ma_ | 2"T(3)I(1-a)
2B |:2a—4’ 2:| " Gei
{(a2+4an—3a+2n2—8n+2)
N(-in+HrG-a-1n)
4(2-a-n)
F(—%M)F(g—a—%n)}' (3.16)

We remark in passing that the results (3.8), (3.9) and (3.10) are recorded in [8] in another
form which can be easily seen to be equivalent by using the reflection property of the
gamma function. Other results (3.11) to (3.16) are believed to be new.

Special cases
In (2.1) or its equivalent forms (3.3) or (3.7), it is not difficult to obtain the following very
interesting results:

o A
B | T 0 = (ﬁf ; (3.17)
2a (@+3)n
[ —on-1,
| T “;2]::0; (3.18)
2a
_—21’1,6l (%)n
oF ;2= T (3.19)
2a +1 (@+3)n
[ —on-1, 3
2oF " a; 2= (2#3; (3.20)
2a +1 (2a +1)(a + 3)n
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2F

2F1

2F1

2F1

2F

2F;

2F

2Fy

2F1

2F1

»o
ap

2F1

2F1

2F1

—2n,a’2 ~ (3)n )

2a-1 N (a—%)n’

-2n-1la 9| (%)n
2a-1""|  (Qa-1(a-1),

’

—21’1;61' 2| = (%)n(%a‘* %)n .
2a+2 (a+ %)V,(%a+ %),,’
3

a+1)(a+ 5),,’

-2n-la 9| (%)n
2a+2 T

—2”1;11. j| _ (%)n(%d + %)n

2a-2 (@a-DuGa-1),

—2n-1l,a :| (%)n
32| =7
2a -2 (a-1)@a—-3)n

3(n(Fa+ 3

-2n-la B )
2a+3 - (2a+3)(a+%),,(%a+%)n’

—Qm¢2}_ (Dn(Ga+ D),

T@-9,Ga-1),)]

32+ 1),

—2n-1,a
A= WEPE
2a -3 (2a-3)(a-3)(3a -7

’

-2n,a_ 2:| B (%)n {2(a + 1)(%,1 + %)n

2a+4 _(a+%)n

2(%);«1(%“ + g)n

-2n-1la _ )
2a+4° (a+2)(a+%)n(%a+%)y,’

a
(a+2)(%a+%)n _a+2}’

-2n,a (3 { 2a-3)3a+3)n (a-4)
AT U Gona?), T ac
2a -4 (@-3n (@-2)za-3), (@-2)

_271_1)5. 2| = 2(%);’1(%‘1"'%)71
2a -4 " (a-

|

)

(3.21)

(3.22)

(3.23)

(3.24)

(3.25)

(3.26)

(3.27)

(3.28)

(3.29)

(3.30)

(3.31)

(3.32)

(3.33)

(3.34)

Remarks (1) The results (3.17) to (3.34) were also obtained by Kim et al. [9, 10] by other

means.

(2) In 2010, the results (3.17) to (3.34) were again obtained by Chu [11].

(3) The results (3.17) and (3.18) are also recorded in [1].
(4) It is interesting to compare the results (3.17) and (3.19).

In order to derive (2.2), we proceed as follows. Expressing »F; as a series, we have

—l’l,(l. _ - (_n)r(ﬂ)r 2_}"
2:| - Z (=2n—i), rt’

r=0
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On reversing the series, we have

—Vl,d. _ . (_n)n—r(a)n—r 2"
2h) [—2;4 Y 2] =2 21—y =1

r=0

Using appropriate identities, after a little algebra, we have

JFy —n,a;z :2”(61),7F(n'+i+1)2F1 —n,n+i+1;l . (3.35)
—2n—i rn+i+1) l-a-n 2

The o F; on the right-hand side can now be evaluated with the help of generalized Bailey
summation theorem (1.7), and after some simplification, we easily arrive at the right-hand
side of (2.2). This completes the proof of (2.2).

Remark As mentioned in (2.1), we can also get two more equivalent forms of our sec-
ond main result (2.2) by employing Plaff’s transformation (3.2) and Euler’s transformation
(3.5), but the details are left as an exercise to the interested reader.

Special cases
In (2.2), if we take i = 0, £1, £2, 43, +4, we get the following interesting results:

oF :_ZZ } = (%é%%) (3.36)
o4 :—2::’?; |- (%1)n{(%“>n+ (5 %)} 37
JFi :_2;”_";; 2: - (%l)n {(a ¥ 1)(361 ¥ ;) —a<%a + 1)n}; (3.38)
Fi _2;’1‘2’ 2: - %{(%a) G +”Z:)_(i”_ il }; (3.39)

x{(a+1)(u+n+1)<la+§) —u(u+2)(%a+2) }; (3.40)

2 2
-n,a. - (2n-1)
2h |:—2n+3, 2:| - (n—2)(%)n
{(2a+3n—4)(%a—1)n (n+2a—2)(%a—%)n}
+ ;
(a-2) (a-1)

(3.41)

—-n,a 1
2F ;2= PV e
-2n-3 3(n+1)(3)x

X {(a+1)(a+3)(2a+n+1)<%a+ g)

—a(a+2)(2a+3n+5)(%a+2) }; (3.42)
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—na (2n-1)(2n-3)
2F1 5 = T v, av 1y
n+4 (n=2)(n=3)(3)n
(n? + 24> —5n + dan —8a + 6)(La - 2),
x { (a-1)(a-3)
2a+n-2)(3a-1), ‘

. > } (3.43)
r -n,a. B 1
P c2m-a" 7| T 3+ )+ 2G),

X {(a+1)(a+3)(n2+2a2+4an+3n+8a+2)

. <%a+ §>n —2a(a +2)(a+4)(a+ n+2)(%a+ 3>n}. (3.44)

Remark The results (3.36) to (3.44) have also been recently obtained by Chu [11] by fol-
lowing an entirely different method.

4 Concluding remark

By employing one of the results, that is, (1.9) or its equivalent form (3.10), very recently
Sofo and Srivastava [12] obtained a general sum containing factorials. Generalization of
the general sum obtained by Sofo and Srivastava [12] is under investigation and will be

published soon.
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