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SOME REMARKS ON THE CENTRAL INDEX BASED
GROWTH PROPERTIES OF ENTIRE FUNCTION

TANMAY BISWAS, CHINMAY BISWAS, SARMILA BHATTACHARYYA

ABSTRACT. In complex analysis, several research works have been done using
the concepts of different growth indicators of entire functions such as order,
lower order etc. In past decades, the study of the growth properties regarding
entire function has usually been done using the concepts of maximum modulus
and maximum term. On the other hand, Biswas (J. Korean Soc. Math. Educ.
Ser. B Pure Appl. Math., 25(3) (2018), pp. 193-201 and Uzbek Math. J.,
2018 (2), (2018), pp. 153-160) has initiated to study some growth properties of
composite entire functions using the concepts of central index. Considering the
idea, here in this paper, we have compared the central index of the composition
of two entire functions with their corresponding left and right factors. Mainly,
we have established some results related to the growth rates of composite
entire functions on the basis of central index using the ideas of (p,q,t)L-th
order, (p,q,t)L-th type and (p,q,t)L-th weak type.

1. INTRODUCTION, DEFINITIONS AND NOTATIONS
Let f(z) be an entire function defined in the open complex plane C. For

o0

entire function f(z) = " an2™ on |z| = r, the maximum modulus function My (r),
n=0

the maximum term function ps () and the central index vy (r) are respectively

defined as ‘m‘ax|f (2) ], mg()){(|an|r") and max {m : uy (r) = |am|r™}. Clearly, cen-
z|=r n>

tral index vy (r) of an entire function f(z) is the greatest exponent m such that

|@m 1™ = py (r). All the functions My (r), puy (r) and vy (r) are real and increas-

ing. Taking another entire function g(z), the ratios J\IVZE:; as r — 400 is called the

comparative growth of f(z) with respect to g(z) in terms of the maximum moduli.

Similarly, the ratios Z £ E:g as 7 — +oo is called the comparative growth of f(z)
g

2010 Mathematics Subject Classification. 30D35, 30D30.

Key words and phrases. Entire function, central index, (p,q,t)L-th order, (p,q,t)L-th type,
(p,q,t) L-th weak type.

Submitted March 20, 2024. Revised April 14, 2024.

1



2 T. BISWAS, C. BISWAS, S. BHATTACHARYYA JFCA-2024/15(2)

with respect to g(z) with the maximum terms. Though the central index vy (r) is

much weaker than My (r) and gy (r) in some sense, from another point of view,

the limiting value of the ratio Vfgr; as 7 — +00, is also called the growth of f(z)

with respect to ¢g(z) in terms of the central index. Considering these, in this pa-
per, we compare the central index of composition of two entire functions with their
corresponding left and right factors.

To start the paper, we first recall the the following definitions:

Definition 1.1. The order p(f) and the lower order A(f) of an entire function
f(z) are defined as:

log log M log log M
o(f) = limsup 288 M) A (F) = Tim g 28108 Mr ().
r—s+4o0 log r r—+00 log r
Later, He et al. [8] gave an alternative definition of order and lower order
of an entire function f(z) in terms of its central index in the following way:

p(f) = limsupM and \(f) = liminfw.
r—s+4oo lOgT r—+oo logr

However, Biswas [4, 5] used central index to establish some results in the
growth properties of entire functions. After these works, we have investigated
some results using the central index in growth of the the composition of two entire
functions.

On the other hand, Shen et al. [13] defined the (m,n)-¢ order and (m,n)-¢
lower order of entire function f(z) which are as follows:

Definition 1.2. [13] Let ¢ : [0,400) — (0,4+00) be a non-decreasing unbounded
function and m > n. The (m,n)-¢ order pt™™ (f @) and (m,n)-¢ lower order
N (f o) of entire function f(z) are defined as:

o , log™ 1 My (r
P (frp) = hmsupng()
rotoo log™ (1)

(m+1] p s
and X (f, ) = liminngTf(r)
oo logt™ g(r)

If we take m = p, n = 1 and o(r) = logl¥™ r-explt+1] L(r), where L = L(r)
is a positive continuous function increasing slowly i.e., L(ar) ~ L(r) as r — o0

for every positive constant ‘a’ i.e., hm LL(('; T)) =1, then Definition 1.2 turns into

the definitions of (p,q,t)L-th order and (p q,t)L-th lower order of an entire function
f(2) (for details, see [3]) which are as follows:

log p+1] ps
pPEOL(f) = limsup £(r)
r—+00 log[q] r + expltl L(r)
+1] M
and )\(p’q’t)L(f) = liminf s(r)

r—+oo log[q] 4 explt] L(r )

Further, Shen et al. [13] also established the equivalence of the definition of
(m,n)-¢ order of entire function in terms of maximum modulus and central index
under some conditions. For details about it, one may see [13]. In view of Lemma
3.4 of [13] and Definition 1.2, one may write the following Definition.
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Definition 1.3. [1] Let f(z) be an entire function and vy (r) be the central index
of f(z), then

log?!
pPOL( ) = lim sup og” vy (r)
r—-+oo logl? 7 + explt] L(r)

and
log!”! vy (r)

APGOL(£) — Jim inf .
r=+oo Jogld r 4 expl L(r)

In order to compare the relative growth of two entire functions having
same non zero finite (p,q,t)L-th order, Biswas [3] have introduced the definitions
of (p,q,t)L-th type (respectively (p,q,t)L-th lower type) of entire function having
finite positive (p,q,t)L-th order in the following manner:

Definition 1.4. [3] Let f(z) be an entire function with non-zero finite (p,q,t)L-th
order pP YL (). The (p,q,t)L-th type denoted by o P9I f) and (p,q,t)L-th lower
type denoted by E(T”q’t)L(f) are respectively defined as follows:

. logl?! M (r)
@)L £) = limsu f
7 ) r—»—i—og logl= 7. explt+1] L(r)]p" =95 (f)

and

log!”! M (r)
FPGOL( P — lim inf f .
7 (f) P logld= . explt+1] L(r)]p@ @05 (f)

Considering the above, here in this present paper, we attempt to prove
some results related to the growth rates of composite entire functions on the basis
of central index using the ideas of (p,q,t) L-th order and (p,q,t) L-th type of an entire
function. In fact, some works in this field using central index have been already
explored in [1, 2, 4, 5, 11, 12]. We have used the standard notations using the
theory of entire functions which are available in [10].

2. MAIN RESULTS

In this section, first we present some lemmas which will be needed in the
sequel.

Lemma 2.1. [7] Let f(z) and g(z) be any two entire functions with g (0) = 0. Also
2

let B8 satisfy 0 < <1 and c(B) = %. Then for all sufficiently large values of

/"7

My (c(B) Mg (Br)) < Myog (r) < My (Mg (r)).

Lemma 2.2. ([[8], Theorems 1.9 and 1.10, or [9], Satz 4.3 and 4.4]) Let f(z) be
any entire function, then

r

t
log pis (1) = log |ao| + /VfT()dt where ag # 0,
0

and forr < R,

M) < g ) {or () +

Now we present the main results of the paper.
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Theorem 2.1. Let f(z) and g(z) be any two entire functions such that pt™ ™ (g) <
+o00 and 0 < pmmDL(f). Then for m > q and for any constant E,

lim inf loglP =0y 4 (r) _ o)
r—+400 log[m} ve(2r) + explt] [L(exp(vy (47)log (e - 2r) + E))] p(mnOL(f)

where exp[L(exp(v, (2r)log (e - 1) + E))] = o{log™ ve(r)} asr — 4oo.

Proof. In view of the first part of Lemma 2.2, we may obtain that
2r

ve(t

log puy (2r) = log|ao| + /#dt > log|ag| + vy (r)log2 {cf. [6] }. (1)
0

Also from Cauchy’s inequality, it is clear that

py (r) < My (r) {cf. [14] }. (2)
So for any constant K, one may obtain from (1) and (2) that
v (r)log2 <log My (2r)+ K {cf. [6] }. (3)

Therefore in view of (3) and the second part of Lemma 2.1, we obtain for all
sufficiently large values of r that

Vfog(r)log2
i.e., logl”! (Vog(r)log2)

log Myoq (2r) + K <log My (M, (2r)) + K,
log! (log My (M, (2r)) + K),
logP*Y M, (M, (2r)) + O(1), (4)

VAN VANRVAN

i.e., log”! Viog(T)

v Vog(r) <

(PO (f) + €)[log' My (2r) + expld L(M,(2r))] + O(1).  (5)
Further for any constant F, one may get from Lemma 2.2, that
log My(r) < vg (r)logr+logv, (2r) + E {cf. [6] }.
Therefore from above we obtain that
log My(r) < wvg(2r)logr+uv,(2r)+ E,
i.e., logMy(r) < vy(2r)(1+logr)+E,
i.e., Mg(2r) < explyy(4r)log(e-2r)+ E. (6)
From (5) and (6) for all sufficiently large values of r,we have
1087 Vpegr) < (PP 1O (1) + ) 1og My (2r) + (o710 () +-2)
x [exp [L(exp(v, (47) log (e - 2r) + E))]] + O(1),

i.e., log

i.e.,logl! Viog(r) <
(p(p’q’t)L(f) +eé)- 1og[q] M,y (2r)

(pPaDLE(f) 4 ) - [expl [L(exp(v, (47) log (e - 2r) + E))]] + 0(1)}
(p@aDL(f) + ) - logl¥) M, (2r) ’

x[l—i—

ienlog® vie,(r) < (pPEVL(F) +€) - logl? M, (2r)
X {1 L exp[L(exp(y, (4r) log (e - 2r) + E))] + 0(1)]
log!?! Mgy(2r) ’
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i.e,JoglPt e (r) <log(pP @O (f) + &) 4 logltt M, (2r)

exp " Llexply (1)l e 2r) + ) + O}
IOg[q] Mg(2r) .

+ log {l-i-

. exp!!I[L(exp (v, (47) log(e-2r)+ E))]+O(1)
Taking log (1 + =2 L fog[ql Mgg(2r) )

~ explt] [L(exp(vgq(4r)log(e-2r)+E))]+O0(1)
logldl a1 (2r)

, we get for all sufficiently large values of r,

1ogP W 1 ro () < logl?™ M,y (2r) 4 log(pP @O (f) 4 ¢)
. exp[L(exp(vy (4r) log (e - 2r) + E)] + O(1)
logl?! M, (2r)

)

i.e., logPt1 Viog(T) < logla+! M, (2r)
v S Lol ) log e 27)+ )
logl? Mgy(2r) - logla ! Mgy(2r)
O(1) + log!®) My (2r) - log(pP#DE(f) + 8)}
log[q] My(2r) - log[qul] Mgy(2r)

i, logPta v (r) < logltt M, (2r)+

log [1+ expl[L(exp(v, (4r) log (e - 2r) + E))]

o+l
kH log! ]Mg(Qr)
=q

N O(1) + logl? M, (2r) - log(p®aDL(f) + 5)}
atl '
kH log!*! M, (2r)

=q

Again using log(1 + x) ~ x for

expll[L(exp(v, (47) log (e - 2r) + E))]

xr =

q+1 &
kH log! ]Mg(2r)
=q

o(1) + log[q] M, (2r) .1Og(p(p,q,t)L(f) +€)
q+1 & ’
ch log! }Mg(2r)

=q

_|_

we get from above for all sufficiently large positive values of r,

expll[L(exp(v, (4r) log (e - 2r) + E))]

log[p+2] Vfog(r) < 10g[q+2] Mgy (2r) + q+1
kH log!*! M, (2r)
=q

O(1) + logl My(2r) - log(p®P@OE(f) +¢€)
q+1 &
kH log! ]Mg(27‘)
=q

+
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Continuing this process, we get

logPrm—a+1l Viog(r) < logltm—a+1l Mgy(2r)

+exp“] [L(exp(vy (47)log (e - 2r) + E))]
qg+m—q k

11 log® M, (2r)
k=q

O(1) + logl? M, (2r) - log(p®aDE(f) 4 €)
qg+m—q (k]

kH log™ M,(2r)

=q

_|_

9

i.e.,loglPTm—a+1] Viog(r) < logIm+1l Mgy(2r)
Jrexp[t] [L(exp(vy (47)log (e - 2r) + E))]
i log!*! M, (2r)
k=q

O(1) + logl® My(2r) -log(p®aOL(f) +¢)
i log™ M, (2r)
k=q ;

+

)

ie., logPtm=atl . (7)< (pmmOE(g) 4 &) [logl™ 2r + expl! L(2r)]
expl[L(exp(v, (4r)log (e - 2r) + E))]
I log!*! M, (2r)

k=q
o(1) + logl M, (2r) -log(p®aOL(f) + )

i log!#! My(2r)
k=q

+

+ (7)

Again we have for a sequence of values of r tending to infinity that
log!™ v(r) > (pmmbE(f) — 5)[log["] r + expl L(r)],

[m]

log"™ v (r)

(m,n,t)L ! : (8)
(plmmOE(f) —€)
Hence from (7) and (8), it follows for a sequence of values of r tending to infinity
that

i.e., log™ r + explt L(r) <

pmnOL(g) + e

[p+m—g+1]
IOg Vf"g(r) < (p(m,n,t)L(f) — €

) -log™ ve(2r)

expl?! [L(exp(vy (47)log (e - 2r) + E))]
i log!® M, (2r)
k=q

+

O(1) + logl? M, (2r) - log(p®aOL(f) 4 ¢)

UC k
1T log™ M, (2r)
k=q

_|_

)

log[p+m_q+l] Vfog(T)

1o (2r) + expl [L{exp(vy (4r) log (¢ -2r) + B))]

i.e,
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PO (g) 4o
p(WL,n,t)L(f)fE
expltl[L(exp(v4(4r) log(e-2r)+E))]
1+ logﬂ"] v (2r)
O(1) Hlogl") M, (2r) log (0% (f) te)
oxpM[L(oxp (v (4) log &2 T )]

logl™ v (2r) o k
[1 + explt! [L(exp(vg (4r§ log(e-2'f‘)+E))]] ’ kl;[q IOg[ ] M9(2T)

1+

_|_

)

log[erquJrl] l/fog(r)

log™ v (2r) 4 expl[L(exp(v, (47)log (e - 2r) + E))]
p(m,n,t)L(g)+€
p(7n,n,t)L(f)75

exp [L (exp(vg (4r) log(e-2r) T E))]
logl™l vy (2r)

1 oQ)
kﬁ logl*l My (2r) explt][L(exp(vg(4r) log(e‘2r)+E))]'kﬁ log(*l My (2r)
o=q =q

i.e,

<

1+

+

logl™l vy (2r) ]
explt![L(exp(vg(4r) log(e-2r)+E))]

log(pP D" (f)+e)
expl!l[L (exp(vy (4r) log(e-2r)+ E))]-, I 10g) 21, (2r)
=q

1+

+

[1 + logl™! vy(2r) ] (9)

<P (exp(vy (4r) log (e 2+ B))]
Since expll[L(exp(v, (2r) log (e - 7) + E))] = o{log!™ ve(r)} as r — +oo and (> 0)
is arbitrary, we obtain from (9) that

[p+m—q+1] (m,n,t)L
lim inf log Vfog(T) < P : L(g).
r—-+oo Jogl™] vi(2r) + expl[L(exp[(vy (4r)log (e - 2r) + E)] plmmL( f)
Thus the theorem is established. O

Now one can easily state the following theorems without their proofs as
those can be carried out in the line of Theorem 2.1.

Theorem 2.2. Let f(z) and g(z) be any two entire functions such that XYL (g) <
+00 and 0 < X OL(f). Then for m > q and for any constant E,
[p+m—q+1] (m,n,t)L
lim inf log Vfog(r) < A : L(Q)y
r—r+oo log[m] vy(2r) + exp[L(exp(v, (47)log (e - 2r) + E))] Amn )L ( f)

where expl!l[L(exp(v, (2r)log (e - ) + E))] = o{log™ vs(r)} as r — +o0.
Theorem 2.3. Let f(z) and g(z) be any two entire functions such that 0 <
AmntL(gy < pmnl(g) < 4oo. Then for m > q and for any constant E,

[p+m—g+1]
lim inf log Vfog(r) <
r=tolog™ vy (2r) + expl[L(exp|(vy (47) log (e - 2r) + E)]

where expl![L(exp(v, (2r)log (e - ) + E))] = o{log™ v,(r)} as r — +oc.

b

Theorem 2.4. Let f(z) and g(z) be any two entire functions such that \P:99L(g) >
0, 0 < AP@DL(f) < 400 and oML (g) < 400 where m < q. Then

lim inf Log") vy (r)
r=+o0 JoglPl vy (explal[log" =Y 2r - explt+1] L(2r)]p™ ™9 (9))
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APaOL (). gmnt)L(g)
- A@.at)L(g) ’
where expld[L(explv, (2r)log (e - r) + E])] = o([log" ! r - expltt 1 L(r)]*) as r —
+00, for some a < p™ N (g) and any constant E.

Proof. Since 0 < A\P@DL(f) < 400, then it follows from (4)and (6) for a sequence
of values of r tending to infinity that

log vjog(r) < (APHOL(F) +2)[10gl?) M, (21)

+ expl] [L(exp(vq (47)log (e - 2r) + E))]} +0(1),

ie., logl? Viog(r) < APEDE(f) 4 ¢) {log[m] Mgy(2r)

+expll[L(exp(v (47) log (¢ - 2r) + E))]] + O(1),

ire., 1og o (r) < APHOE(f) +¢)
X [(U(m’"’t)L(g) + &) [log" 1 2p - explt+1] L(2r)]”(m’n't>L(9)

+ expl'[L(exp(v, (4r) log (¢ - 2r) + E))]| + O(1) . (10)
Also, we obtain for all sufficiently large values of r that
log™ v, (exple)[log!™ 1 1 - explt+] L(r)e™ ™" (9))
> (APaDL(g) — &)log" U r - expltt L ()" (@)
+(AP4DL (g) — ) expl? [L(expllog ! 7 - expltH1 L ()" @],

i.e., log” vy (expl@log" =1 r . explt+1] L(r)]p(m'n’t)L(g))
> (APIDL(g) — log" Uy - expltt L(r))p ™" @),
Now from (10) and above it follows for a sequence of values of r tending to infinity
that
log?! Vfog(T)
log!”! vg(expld] [log["fl] 2r - explt+1] L(2r)]pt™ 01 (9))
AP9OE(f) +2)[(0 ™D (g) +€)log Y 2r - expl ] L2 ")
(A@aH)L(g) — E)[log[n_” 2r - explt+1] L(2r)]p™ 9 (9)
n APLOL(f) + ) expl[L(exp(v, (47) log (e - 2r) + E))]
(AL (g) — s)[log[”_l] 2r - explt+1] L(2r)]p™ 0 (9)
o)

<

+ . 11
(/\(pg,t)L(g) _ 5)[log[”*1} U - eXp[t+1] L<2r)]p<m,n,t>L(g) ( )
Asa < p(m,n,t)L(g) and
exp[t] [L(eXp[Vg (2r)log (e - 1) + E])] = O(UOg["_l] r- eXp[t+1] L(T)}O‘)
as r — +00, we obtain that
expl! (L (exp(vy (4r)log (e 20) + B)] _ (12)

r—ﬂloo [log[n—ll 2r - explt+1] L(QT)]p@n,n,t)L(g) -
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Since e(> 0) is arbitrary, it follows from (11) and (12) that

(p]
lim inf 1087 Vyoq (r)

r=+00 logP! 1, (explal[log" = 2r - explt+1] [(2r)]p" ™" (9))
APaDL (). glmntL(g)
- APa:)L(g) '
Thus the theorem follows. (]

In the line of Theorem 2.4, the following theorems can be easily carried out
and therefore their proofs are omitted:

Theorem 2.5. Let f(z) and g(z) be any two entire functions such that p®99E (g) >
0, 0 < p®PaOL(f) < 400 and o™V (g) < +00 where m < q. Then

- 08 vy2, 1)
im in
r+o0 JoglPl ) (explal[log™ =Y 2r - explt+1] L(2r)]p™ ™9 (9))
p(pf‘bt)L(f) . g(min’t)L(g)
S T ey

where expld[L(explv, (2r)log (e - r) + E])] = o([log" " r - explt1 L(#)]*) as r —
400, for some a < p(m’”’t)L(g) and any constant E.

Theorem 2.6. Let f(z) and g(z) be any two entire functions such that 0 <
AP (f) < pPatL(f) < 400 and o™ (g) < 400 where m < q. Then

(p]
Vfog(’l") < o_(m,n,t)L<g)7

lim inf log
r—+00 Jogl?! v (expld [1og["71] 2r - explt+1l L(2r)]Pm ™01 (9))

where expld[L(explv, (2r)log (e - r) + E])] = o([log" 7 - explt L(r)]%) as r —
+00, for some o < p™ N (g) and any constant E.

Theorem 2.7. Let f(z) and g(z) be any two entire functions such that 0 <
AP (f) < pPatL(f) < 400 and ™™D (g) < 400 where m < q. Then

lim inf 1og[p] Vyoq(r)
r—+oo oglP) v (expld log™ =Y 2p . explt+1] L(2r)]p 0% (9))
plPaVE(f) . 9mn L ()
- )\(p,qJ)L(f) ’

where expld[L(explv, (2r)log (e - ) + E])] = o([log™ 7 - expl™ L(r)]%) as r —
+00, for some o < p™ DL (g) and any constant E.

Theorem 2.8. Let f(z) and g(z) be any two entire functions such that X\ (g) >
0,0 < pPOOL(f) < 400 and "D (g) < +o00 where m < q. Then

lim inf log vyoy(r)
1m 1n
r= 20 log!?) vy (expld [log" ! 2r - explt+1) L (2r)]e 0" ()
pPadL(f) . glmnbk(g)
- )\(P,Q»t)L(g) ’

where expld[L(explv, (2r)log (e - r) + E])] = o([log" " r - explt1 L(r)]*) as r —
+00, for some a < p™ N (g) and any constant E.
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Theorem 2.9. Let f(z) and g(z) be any two entire functions such that \P:9OL(g) >
0, 0 < AXPINL(f) < to00 and 7™ DE(g) < 400 where m < q. Then

lim inf log"” Vyoq(r)
r=+o0 1ogl?l , (explal[log™ 1 27 - explt+1] L(2r) X0 (9))
APaOL () FmntL(g)
- A@.a:t)L(g) ’
where expld[L(explv, (2r)log (e - r) + E])] = o([log" 7 - explt L(#)]*) as r —
+00, for some o < NV (g) and any constant E.

Theorem 2.10. Let f(z) and g(z) be any two entire functions such that p®49E(g) >
0,0 < pPoOL(f) < 400 and 7™ ™YL (g) < 400 where m < q. Then

i inf 1og[p] Viog(T)
imin
r=+00 JoglPl yy (explal[log" 1 27 - explt+1] [(2r)]A™ "0 (9))
pratL(g) mn i)
p et (g) ’

where expld[L(explv, (2r)log (e - r) + E])] = o([log" ! r - expltt 1 L(r)]*) as r —
+00, for some a < X™™YL(g) and any constant E.

Theorem 2.11. Let f(z) and g(z) be any two entire functions such that A\P4DE(g) >
0, 0 < pPIOL(f) < 400 and 7™ DL (g) < 400 where m < q. Then

i log! w70 (r)
imsu
r%+o<1>)log[p] vy (expld [log" = 7 explt+1] [(7) A0 (9))
praL(f) Fmn L (g)
= APaDE(g) ’

where expl[L(explvy (2r)log (e - r) + E])] = o([log!"~Yr - expltt1 L(r)]*) as r —
+00, for some o < NV (g) and any constant E.

Theorem 2.12. Let f(z) and g(z) be any two entire functions such that 0 <
APatL(f) < pPaDE(f) < oo and T™™DE(g) < 400 where m < q. Then

logl?! v,
lim sup Olg Vfog(r) _
r—too logl?) v; (expld [log" =1 25 - explt+1] [(27)]A™ 9% (9))
plrai(f) . Fmm DL (g)
- /\(p,qi)L(f) ’
where expl[L(explvy (2r)log (e - r) + E])] = o([log!" s - expltt L(r)]*) as r —
+00, for some o < NV (g) and any constant E.

Theorem 2.13. Let f(z) and g(z) be any two entire functions such that 0 <
APatL(f) < pPaDE(f) < oo and T™™DE(g) < 400 where m < q. Then

lim inf NG < Fmn L ()
r=+00 1ogl?l 1 (explal [log" 1 27 - explt+1] [(27)] A0 (9))
f

where expld[L(explv, (2r)log (e - r) + E])] = o([log" " r - expltt1 L(r)]*) as r —
+00, for some o < AV (g) and any constant E.
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Theorem 2.14. Let f(z) and g(z) be any two entire functions such that A\P4DE(g) >
0, 0 < p®PaOL(f) < 400 and 7D (g) < 400 where m < q. Then

- 108 vy2, 1)
imin
r—+o0 log[p] v, (expld [log["_l] 2r - explt+1l L(2r)A" 08 (9))
p(p:Q7t)L(f) . T(m)n’t)L(g)
- )\(P#Ivt)L(g) ’

where expld[L(explv, (2r)log (e - r) + E])] = o([log" 7 - explt1 L(r)]*) as r —
400, for some a < )\(m”“t)L(g) and any constant E.

Theorem 2.15. Let f(z) and g(z) be any two entire functions such that 0 <
APaOL () < pPaODE(f) < 400 and (™™D (g) < +oo where m < q. Then

log!?! .
lim inf - 9(7“)

r—+o0 |ogl?] v (expld) [log™ =Y 27 . explt+1] L(2r) 2™ (9))
o pPEVE(f) oD (g)
- /\(p,qvt)L(f) ’
where expl[L(exply, (2r) log (e - r) + E])] = o([log"~Yr - expltt1 L(r)]*) as r —
+00, for some o < NV (g) and any constant E.

3. CONCLUSION

The main aim of this paper is to establish several results regarding the growth
of composite entire functions in terms of their central index. The study will pro-
vide a scope for further research in different growth measurements. The interested
researchers may be motivated from this idea and they can try to investigate the
growth results of entire function regarding the generalized order using the central
index.

Acknowledgement. The authors are very much thankful to the reviewer for
his/her valuable suggestions to bring the paper in its present form.
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