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Abstract. Recently, an enormous amount of effort has been devoted to extending the gamma and
beta functions because of their nice properties and interesting applications. The contribution of
this paper falls within this framework. We devote our attention here to investigate some approx-
imations for a class of Gauss hypergeometric functions by the use of some discrete Jensen’s type
inequalities.
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1. INTRODUCTION

In various areas of applied mathematics, several types of special functions become
essential tools for scientists and engineers. For instance, we cite the gamma and beta
functions that are very useful in modeling many phenomena arising in mathematical
physics, probability theory, information theory and so on. Thus, many researchers
have been interested by generalizing and extending these special functions, as we can
find in a wide bibliography as for instance in [2, 3,6—10] and in the related references
cited therein.

In the current work, we are interested in giving further approximations for some
classes of these generalizations. So, we will provide an overview on some generalized
Gauss hypergeometric functions that will be used. We begin by recalling the Gauss
hypergeometric function (GHF) that was defined in [9, p.1]

2F1(a,b;c;z) == i)(azz;f)" z—r;, Re(a) > 0, Re(b) >0, Re(c) >0, (1.1)
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provided that this series is convergent. Here, the notation (A),, for Re(A) > 0, refers
to the Pochhammer symbol defined by

(A +n)
Mn:=AA+1)..A+n—1)= —+-

where I'(x) := [ " le~'dt, Re(x) > 0, is the standard gamma function.
The (GHF) can be written in terms of the classical beta function as follows [3]

and (M) =1,

1 - "

Y (@uB(b+nc—b)~, (1.2)

2Fl(aab;C;Z) = m
) n=0

provided that 0 < Re(b) < Re(c), where B(x,y) := [y (1 — )~ 'dr,
Re(x) > 0, Re(y) > 0, is the standard beta function. The formula (1.2) was deduced
from the following integral representation, [9, p.20]

1 e

[ T A=) TP A =) e, 2] < L. 1.3

B O s )

The confluent hypergeometric function (CHF), also called Kummer’s function, was

defined in [4] by the following formula

o (O)n 2"

1F1(bsciz) i= 5
nz:‘;) (¢)n n!

provided that this series is convergent. It can be written in terms of the classical beta

function as follows [ 1, p.504]

2Fi(a,b;c;z) =

Re(b) > 0, Re(c) >0, (1.4)

1 >0 7
Bl ) L Bl me=b) 5, 0<Re(®) <Fef). (1)

1F1(b;c;z) =
In integral form we have, [0]
1 1
1Fi(b;e;z) = B(bc—b)/o ub_l(l —u)c_b_lez"du. (1.6)

The extension of Euler’s beta function given by Chaudhy et al. in [2] has motivated
Ozergin et al. to introduce in [6] the following generalized beta function

1
BE,OL’B)(x,y) ::/ t"*l(l —t)yfl 1Fi ((X;B;p> dr, (1.7)
0 t(1—1)
where Re(a) > 0,Re(P) > 0,Re(p) > 0.

Based on (1.7), Ozergin et al. defined in [6] the generalized Gauss hypergeometric
function (GGHF) and the generalized confluent hypergeometric function (GCHF),
respectively, as follows

@pp)y poy. ] - (o) e
o F) (a’b’c’z)'_B(b,c—b)ng()(a)an (b+n,c b)n!’ (1.8)
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1 — &

(@p) z
L o COJ AN A R 1.9
B(b,c—b)n;) p (btme=b) s (1.9)

1F1(°°’B;p)(b;c;z) =
It is clear that
PP (a,bseiz) = 2Fi (a,b;¢:2) and (F P (byesz) = 1Fi(biciz). (1.10)

In [6], the authors gave integral representations of (GGHF) and (GCHEF) as follows

zFl(a’ﬁ;p)(a,b;C;Z) (1.11)
_1X/ltbl(l—t)Cbl(l—Zt)a]F] aB —D dr ’Z’ <1
B(b,c—b) Jo t(1-n)) T T T
lFl((Xﬁ;P) (b;c:2) (1.12)

1 lb 1 —p
- P =) e R (o By ——— ) dr
B(b,c—b)x/o (=077 e ‘( Bt(l—t)>

The fundamental goal of this paper is to state some inequalities concerning the special
functions evoked above by the use of discrete Jensen’s type inequalities.

2. STATEMENT OF MAIN RESULTS

To establish our main results, we will need the following lemma which concerns
the so-called discrete Jensen’s inequality [5, p.6].

Lemma 1. Let I be a nonempty interval of R and let f: I — R be a convex
function. For any xo,Xx1,X2,...,X, € I and mo,my,ma,...,m, >0, with Y} _omy >0,
we have

2.1

1 (ZZ;() my xk) < ZZ:Onmk f (xk) ‘
Yi—o Mk Y i—o Mk

If f is concave then inequality (2.1) is reversed.
Our first main result reads as follows.

Theorem 1. Let oo > 0, > 0,0 < b < ¢, z1 > 0 and 7o € R. Then the following
inequality

. r . . r—1
(mf“"‘”’) (b;c;mzz)) < F%FP) (1 e: 7 25) x (]Ff“’ﬁ’” (b;c;m)) 2.2)

holds for any r € (—o0,0] U[1,00). In particular, we have

r—1

<1F1(b;c;Z1Z2)> < 1Fi(byc;7yz0) X (1F1(b;c;zz)> . (2.3)

Ifr €[0,1] then (2.2) and (2.3) are reversed.
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Proof. We consider the following positive sequences

(.B) z5
xk:zllc andmk:BP l’ (b—f—k,c—b)ﬁ, kZOa

and the function f defined on (0, +e0) by f () = ¢ which is convex if r € (—eo,0] U
[1,00), and concave for r € [0, 1].
Assume that r € (—eo,0] U [1,00). Applying (2.1), we get

r r—1
(Z mkxk> < <Z mkx,r{> X (Z mk> . 2.4)
k=0 k=0 k=0

In another part, we have

S o (ef) 2 (0B:p)
Y mc=Y By (b+k,c—b)H:B(b,c—b)1Fl PP (b e;z0), (2.5)

k=0 k=0

(o] oo k
Y moe=Y B (bt ke —5) S g e 1) FOP) (breizis) 26)

k=0 k=0 k!
and
= = r k
Y mxp=Y BYP(b+k,c—b) (Zlsz) = B(b,c—b) 1 F PP (bic:222).
k=0 k=0 :

Letting n — o in (2.4) and then substituting these three latter expressions in (2.4) we
get the desired inequality. Taking p = 0 in (2.2), we obtain (2.3).

If r €[0,1], f is concave and Lemma 1 asserts that (2.2) and (2.3) should be
reversed. O

Note that, if r € [1,0) is integer then (2.2) is still valid for any z; € R. In another
part, a simple mathematical induction shows that (2.2) can be generalized as recited
in the following result.

Corollary 1. Let o > 0, > 0,0 < b < ¢, z1 > 0and 22,23,...,2: € R. Then we
have

( lFl(oc,B;p) (b; c: HZi)> < ]Fl(oc,B;p) (b; a7 HZ") % ( ]Fl(aﬁ;P) (b; c HZ,‘))
=1 i=2 i=2

2.7)

r—1

forany r € (—eo,0]U[1,00). In particular, we have

r—1

Fi(bie;| |zi) | < 1Fi(bseszi] |zi) x| 1Fi(bses] | : (2.8)
(1n(eT12) ) < (e 1e) = (1T
Ifr€[0,1] then (2.7) and (2.8) are reversed.

It is worth mentioning that (2.7) and (2.8) can be reiterated many times as ex-
plained in the following example.
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Example 1. Let r =3 and z1,22,z3 € R. If we apply (2.7) two times, we get

. 3 , _ 2
(1F1(Q’B’p) (b;C;1122Z3)) < 1F1((X’B’p)(b;c;z?zzzs) X (1F1(Q’B’p) (b;C;Zzz3))

< AR (b es2inazs) x (R (b es Bzs)
X 1F1(°°’B;p)(b;c;z3).
If moreover 0 <z; < 1,0 <z <1 and z3 > 0 then there holds
(1F1(°"B;p) (b;c;Z1Z2Z3))3 < 1F1(°"B;”) (byc;212223) X lFl(O"B;”)(b;c;ZZQ)
X 1P (b ¢ 23).
Now, we state our second main result.

Theorem 2. Letr ot > 0,8 > 0,a > 0,0< b <c¢, 0<z < 1and|z2| < 1. Then the
following inequality

. r . r—1
(zFl(“’B”’) (a,b;c;mzz)) < 2F PP (a,b;¢32520) % (2F( PP (a,brc; Zz)) (2.9)

holds for any r € (—o0,0]U[1,0). In particular, we have

U
r—1
(zFl (a,b;c;2122) ) (a,b;c;71z2) X <2F1(a,b;c;z2)> ) (2.10)
Ifr €10,1] then (2.9) and (2.10) are reversed.

Proof. Here, we consider the following positive sequences,
k

xe =25 and my = ()i B (b 4+ ke — b)%, k>0,
with the same function f(z) =", t € (0,00). The details are similar to those of the
proof of Theorem 2 and therefore omitted here for the reader. O

We also left to the reader the routine task for formulating analogous statements
as those of Corollary 1 and Example 1 when | F; (b;c;z) is replaced by »Fi (a,b;c;z).
Otherwise, another main result is stated in the following.

Theorem 3. Ler o> 0, > 0,0 < b < cand z1,z2 > 0. Then we have

Fl(a,B;p)(b+1;c+1;ZZ)> (2.11)
lFl(OC,B;p) (b;C;ZZ)

1F1(Q’B;p) (b;c;z122)
lFl(Oﬁaﬁ;P) (b;ci22)

b
> exp (CZz(logm) 1
Proof. We also consider the following sequences

(@p) %
xe =275 and my =By" (b+k,c—b)k%,kzo
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and the concave function defined on (0, +o0) by f(7) = logt. Applying the reverse of
(2.1), we get (after a simple manipulation)

n n 1 n
log [ Y mex | > Licome logxk 0 Y omg | (2.12)
k=0 Li—0 Mk k=0
In another part, we have
y (oga1) ¥ 5P ) 2
my logxx = (logzy B, (b+k,c—b
k=0 k=1 (k—1)!
> p(h) 5 () 4
_ ) _ 2 _ " _ 72
= zz(logzl)k:ZlB,, (b+k,c—b) oD zz(logzl)];)Bp (btk+1,c=b) 3.
This, with (1.9) and the fact that B(b+1,c —b) = %B(b7 ¢ —b), respectively yields
Z my logxy = z2(logz)B(b+1,c — D) 1F1(°°’B;p)(b +Lice+1;22)
k=0
b :
= —aa(logz1)B(b,c—b) FFP (4 1ot 1520). (2.13)
Letting n — o0 in (2.12) and then utilizing (2.5),(2.6) and (2.13), we get
log (B(b, c—D) 1F1(Q’B;p)(b;c;11zz)>
bzl FPP (150 +1; .
> 7Z2( 0g21) 1 (11 — (b+15¢+ 1;22) +log (B(b,cfb) lFl(oc,[s,p)(b;c;zz)> :
¢ 1FL PP (byesz0)
which, after simple algebraic operations, is equivalent to (2.11). g

From the previous theorem we can deduce the following result.

Corollary 2. Leto > 0, > 0,0 < b < cand z1,22,...,2, > 0. Then we have

(B:p) (1. .yn )

1F (b,CvHizlzl) n b 1F1((X’B’p)(b+ Lie+1;z,)

) >[]exp [ —zx(logzi) @) . (2.14)
1F7 (b eszy) i=1 c 1Fy 0 (b eszn)

Proof. According to (2.11) we have

1F1(°°7B ) (b;c;Hi-;l z,-)
. Fl(mﬁ;p)(

b i\ GECPP (b1 et 157,)
2 exp <cZn (10g Ezi) lFl(a7B;p)( )

from which the desired inequality follows by simple elementary properties of logar-
ithm and exponential. g

b;c;zn) b;c;zy)

Remark 1. It is worth noting that inequalities similar to (2.11) can be established
by considering logarithmic functions of different bases.

Finally, the following main result is also stated.
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Theorem 4. Let oo > 0, > 0,a>0,0<b < cand0 < z1,z5 < 1. Then we have

o FBP)( PP (a4 1,b+ e+ 1522)

c¢B(b,c—b) 2F1(a’[3;p) (a,b;c;22)
(2.15)

a,b;c;7122)
F B

ab
>exp | —z2(logzy)
a,b;c;z2) ¢

Proof. We consider here the following positive sequences
(@.p) 3
xp = 25 and my = (a)i By~ (b—i—k,c—b)k—z',kzo

and also the concave function f(¢) =logz,t € (0,0). The remainder of the proof is
similar to that of the previous theorem and we therefore omitted here. O

Remark 2. By similar way, we can deduce from (2.15) a generalized inequality
analogous to (2.14). We left it to the reader.

3. CONCLUSION

In this paper, we focused on establishing some approximations for the generalized
Gauss hypergeometric and the generalized confluent hypergeometric functions. Em-
ploying the discrete Jensen’s inequality, several analytic inequalities involving these
functions have been provided. Related to these inequalities, we consider that it will
be interesting to study in a future work the following two subjects. The tightness of
the bounds in the inequalities pointed out throughout this paper and their applications
in studying the behavior of the evoked hypergeometric functions.
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