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Abstract

In this paper, some inequalities involving the extension of k-gamma function are
presented. Consequently, some previous results are recovered as particular
cases of the present results.
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1 Introduction

In recent years, some extensions of the well known Euler’s classical gamma function have been
considered by several authors. Also many properties and inequalities concerning these functions
have been examined; see for example, [Akugre and Nantomah (2019)], [Askey (1978)], [Diaz and
Pariguan (2007)], [Diaz and Teruel (2005)], [Kokologiannaki and Krasnigi (2013)], [Krasnigi and Qi
(2014)] and [Nantomah et al. (2016)]. The Chaudhry-Zubair extension of the gamma function is
defined as [Chaudhry et al. (1997)]

'y (2) :/ tzfleftfgdt, Re(b) > 0, Re(z) > 0, (1.1)
0
and satisfies the recursion relation and reflection formula respectively as

Tp(z4+1) = 2Tp(2) + b0 (2 — 1),
Io(—2z) = b 7T (2).

In the case b = 0, The Chaudhry-Zubair extension of the gamma function conclude with the classical
gamma function. Mubeen have introduced the following extension of k-gamma function [Mubeen et
al. (2016)]

tk _pkyi—k

Lo i(2) = / t*"te”® TR dt, Re(z)>0,b>0,k>0. (1.2)
0
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Note that, when b = 0, T'; » (2) tends to the k-gamma function defined by [Diaz and Pariguan (2007)]

oo k
T (2) :/ t*"le"Fdt, k>0,Re(z)>0. (1.3)
0

Also, when k = 1, T'y () tends to I'y(z) and if both b = 0 and k£ = 1, then I', »(z) tends to Euler’s
classical gamma function I'(z).

Some properties of the extended gamma k-function Iy, . (z) are given in [Mubeen et al. (2016)] as
follows:

Dor(x + k) = 2Ty p(z) + 6" Ty (@ — k), b>0,k >0 (difference formula),

by i (—x) =Ty x(z), Re(b) >0,k >0 (reflection formula).

Throughout of this work, N indicates the set of natural numbers and No = NU {0}.
By differentiating repeatedly (1.3) with respect to z, one can obtain

ko pky

[e3e] —k
Iy (2) :/0 £ (Int)™e” ® " dt, Re(z)>0,b>0,k >0 (1.6)

where m € N.

In this paper our goal is to give some inequalities concerning the function Fz(f,?(%) for x > 0 by using
similar techniques as in [Nantomah et al. (2017)] and [Atugba and Nantomah (2019)]. Our results are
also generalizations of some known results in the literature.

2 Main Results

In this section we present our main results by using Hélder’s, Minkowski’s and Young’s inequalities
among other algebraic tools.

Lemma 1 (Mitrinovi€ (1970)). (Hélder'’s Inequality) Let o, 8 € (0,1) and o+ 8 = 1. If f(z) and g(x)
are integrable real valued functions on [0, o), then the inequality

| @< [ @i+ [ lgr ]’ @)
holds.

Theorem 1. Letz,y > 0,b > 0,k > 0, ,8 € (0,1), « + B8 = 1, m,n even, m,n € Ny and
am + Bn € No. Then the extension of k-gamma function satisfies the inequality
(am+pn) m ar_ n B
r " (aw 4 By) < [P @] [T @]
Proof. By using the equation (1.6), we obtain
(am+pBn) pki—k

i k
Fb,k (CHE =+ ﬁy) = / t‘)‘z+3y71(1n t)amﬁ»ﬁne—%f T dL.
0

Then since o + 8 = 1, and m, n are even we have

(am+Bn)
Ty (az + By)

/ ta(x_l)(lnt)ame(_%c_ bktk_k )04 tﬁ(y—l)(ln t)ﬂne(_%_ bktk_ )’8 dt
0

[/wtwfl(lnt)’”e(’%*bkt‘:k)r[/wt””*l(lnt)"e(*%*bkfk)r,
0 0

by using Hélder’s inequality (2.1) and the result follows. O

IN
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Remark 1. By letting k = 1 in the Theorem 1, we obtain the Theorem 3.1 of [Atugba and Nantomah
(2019)].

The following definition is well known in the literature; see for example Zhang (2012).

Definition 1. Let f : [a,b] C R — (0,00). Then f is called a log-convex function, if
flaz + (1= a)y) < [f@)[f)]'*

holds for any z,y € [a,b] and « € [0, 1].

Corollary 1. Letx > 0,b >0,k > 0,,8 € (0,1), a+ 8 = 1, m even and m € Ny. Then the

m)

function T'\") () is log-convex.
Proof. From the Theorem 1 by letting m = n we get
i (aa + ) < [0 @] [T )]
which completes the proof. O
Corollary 2. Letxz > 0, b > 0 and k > 0. Then the function Ty 1. (x) satisfies the inequality
Lok (@) (2) 2 [Oy (@))%,
Proof. From the log-convexity property of T'; () we have [InT x(z)]” > 0. Then

v Tyr(@)] | Ton(@)Dy (x) — [Ty 4 (2)]?
InTyi(z)] = [F:,:(x)} = l[)r‘kb,k(x)P L >0,

and the proof completes. O

Corollary 3. Letxz > 0,b >0, k >0, m € Ny and m even. Then the inequality
L3 @) < T @™ (@)
holds.

Proof. Letn =m+2, a =3 = 1 and z = y in the Theorem 1. O

Definition 2. We introduce the extended k-digamma (k-psi) function ¢ 1 (xz) as the logarithmic
derivative of Ty (),

d L B
_dur _ D _ " Int % ko dt
Yo,k () dr 0T k() Ty k() Fb,k(x)/o e

m)

and more generally the extended k-polygamma function ¢z(,,k (z) by

m dm+1
s () = 7o mTex(2)

forb,k >0, m=1,2,...andz > 0.
From the difference formula (1.4), we get
InTyp(z+k)=Inz+Inlyi(z) +klnb+InTy x(z — k).
Then,

Yoo+ 8) = 2+ Ga(z) + Yoo — ) 22)
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Theorem 2. The function 1 () is increasing for x > 0.

Proof. Since I'y x(z) is log-convex function we have [In Fbyk(x)]” > 0forall z > 0. Then,
v _ Dop@lis(@) = Chou@)”
[T,k (2)]? -

by using the Corollary 2. O

Gop(x) = [InTy k()]

Theorem 3. The following reflection formulas hold true forb,k > 0, m = 1,2,... and x > 0,

Yo,k () + Yo,k (—z) = Inb, (2.3)

(m) m m
Yo (@) = (=1)" ) (). (2.4)
Proof. By using the reflection formula (1.5), we have
zlnb+InTyp(—z) =InTh x(x),

and taking the derivative of both sides in the last equation, we obtain the equation (2.3). Also taking
the derivatives of the equation (2.3) repeatedly, we get the equation (2.4). O

Theorem 4. Letz,y > 0,b>0,k >0, m € No, meven, a,8 € (0,1), a4+ 8 =1ands > 0. Then
the inequality

Iy (ax + By + 5) < [y (@ + )] [0 (y + 5)])°
is valid.

Proof. By using the equation (1.6) and Hélder’s inequality, we have

F,(:Z)(aac-i-ﬂy—i—s) =/ t((WrBerS)*l(lnt)me*tT* K dt
0
ik gk

_ /Oo taersafa(ln t)am 6( e~ )a tﬁy+sﬁfﬁ(ln t)Bme(f%fT)B
0

oo k k,—k a oo k k,—k B
< [/ £ (Ing) e~ F Tk dt] [/ e (Ing)me” TR dt]
0 0

= [0y (x + 8)]*[T87) (y + )17

Hence;
F(m) < F(m) @ F(m) B
bk (az 4+ By +s) < | bk (z + )] bk (y+9)]".
O

Theorem 5. Letxz,y > 0,b >0, a,c,k >0, m € No, m even, o, 8 € (0,1) and o + 8 = 1. Then the
function Ty, . (z) satisfy the inequality

AT 1o pea(m) , C
I (0.

Fl(:,z)(ax +ecy) < [Fl(:,:) 3
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Proof. Similarly, by the Hélder’s inequality, we obtain

Fgf';>(ax+cy):/ et (Ing) ™ e~ T Fdt
: 0

_ /oo tazfa(ln t)cx'm e(,%, bkfi;k )& tc’y*ﬁ(lnt)ﬁm 6(7%7#)6
0

® az ko pky—k o7 X ¢y _ _i_bkt—k B8
< [/ £ (Int)™ e TR dt] [/ tF Ynt)me R dt] ,
0 0

establishing the result. O

Lemma 2. [Mitrinovi¢ (1970)](Young’s Inequality) If a and b are nonnegative, o, 8 € (0,1) and a+ =
1, then the inequality

a®b? < aa+ Bb (2.5)
holds.

Corollary 4. Letxz,y >0,b>0, a,c,k >0, m € No, meven, o,B € (0,1) anda+ 8 = 1.
Then the following inequality holds

Féi?(am +cy) < arézz) (%) I /BF,STZ) (%)

Proof. The proof follows immediately by using the Theorem 5 and the Lemma 2.5. O

Remark 2. Letm =n =0anda = b =1 inthe Theorem 5. Then we obtain the Theorem 3.9 and
Corollary 3.10 in [Atugba and Nantomah (2019)].

Lemma 3 (Mitrinovi¢ (1970)). (Minkowski's Inequality) Let1 < p < oo. If f(z) and g(x) are integrable
real valued functions on [0, o), then the inequality

[+ g@ra] <[

oo

e ds]” + [ lator ]’ 28
holds.

Theorem 6. Letz,y > 0,b >0,k > 0, m,n € Ng, m,n even, a,3 € (0,1) andu > 1. Then the
inequality

m n 1 m 1 n 1
5% (2) + T4 ()] < [T (@) + [T ()]
holds for z,y > 0.

Proof. Since z* 4+ y* < (z 4 y)* for 2,5 > 0 and k > 1, by using Minkowski’s inequality we obtain
that

oo k k,—k o k k,—k 1
TP @)+ Tl = [T e E T e [T e e 0 )
0 0

< [/Ow e Ity ] [/Ooo ot mye T a]

and the proof completes. O
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Remark 3. By letting k = 1 in the Theorem 6, we obtain the Theorem 3.12 of [Atugba and Nantomah
(2019)].

Theorem 7. The inequality

0" (@) + T (@)
2

is valid for x > 0, m,r € No, m,r even such thatm > r.

Ty () <

Proof. By direct computation, we obtain the result since we have

m—-nr m--nr m ° 1 r m o, T— 777
Ty )(:r)—&-l“,(,’,j>(as)—2fé’k>(x):/0 [W—F(lnt) —2](1nt) AT Sy Sl
tk bkt_k

:/ [1— (n)" ()™ " e % =5 dt > 0.
0

Theorem 8. Letb, k > 0, m € No andm even. Then for0 < a < 1, the inequalities

rim et < Lok k) Tk
bk ST (k4 ax) T T (k+ ak)

(2.7)

hold true for z € [0,k]. Ifa > 1, then the inequalities (2.7) are reversed.

Proof. From the Corollary 1 we have Fl(:’,z)(a: + k) is log-convex. Then logarithmic derivative of
() (@+k)])°

Fb,k (az+k)

Fgf',z)(x + k) is increasing. Let f(z) = [In Féf’? (z + k)] and g(z) =
Ing(z) =aln Fétz)(z +k)—1In Fé?(ax + k).

Now, taking derivatives of both sides of the last equation, we get

’

g(x)*a z) — f(ax
Lo = alf (@) — f(aa)]

If0 < a<1then g'(m) > 0, since f(x) is increasing and g(z) > 0. Then the inequalities (2.7) follows
for z € [0, k]. Similarly, for a > 1 reverse of the inequalities (2.7) is satisfied. O

Theorem 9. Suppose that s € (0,1), b,k > 0, m € No andm even. Then the inequality
T (2 + 5) < [0 (@)] [0 (@ + 1)]°

is valid for z > 0.

k k,—k
Proof. Let f(t) = t(==)@= D (Ip¢)mi=2) e~ (=9 (% ="57) ang
ko pk—k

g(t) =t (Int)™® e‘s( TR ) Then by using Holder’s inequality we get

b pky—k

oo 1 1—s
D (2 + ) < [/ (t“*”“”(lnt)m“*s)e*(l*)(% T)) Tar] x
’ 0
S k k,—k 1 s
x[/ (= maymee (=) " ar]
0
oo ko pk,—k 1—s oo ko yk,—k s
= [/ N (Int) e F dt] [/ (t"(Int)™e ™ ® =R dt] dt
0 0

= [y ()] [ (z + 1))°,

completes the proof of the theorem. O
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3 CONCLUSIONS

In this study, we establish some inequalities for the extension of k-gamma function by using the
classical Holder’s and Minkowski’s inequalities and other algebraic tools. The established results are
generalizations of some previous results.
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