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SOME GROWTH ASPECTS OF SPECIAL TYPE OF
DIFFERENTIAL POLYNOMIAL GENERATED BY
ENTIRE AND MEROMORPHIC FUNCTIONS ON THE
BASIS OF THEIR RELATIVE (p,q)-TH ORDERS

TANMAY BISwAS

ABSTRACT. In this paper we establish some results depending on
the comparative growth properties of composite entire and mero-
morphic functions using relative (p, ¢)-th order and relative (p, ¢)-th
lower order where p,q are any two positive integers and that of a
special type of differential polynomial generated by one of the fac-
tors.

1. Introduction, Definitions and Notations

Let us consider that the reader is familiar with the fundamental results
and the standard notations of the Nevanlinna theory of meromorphic
functions which are available in [8, 11,15, 16]. We also use the stan-
dard notations and definitions of the theory of entire functions which
are available in [17] and therefore we do not explain those in details. Let
f be an entire function defined in the open complex plane C. The max-
imum modulus function My (r) corresponding to f is defined on |z| =7

as My (r) = |f (2)]- In this connection the following definition is

T zl=r

relevant:
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DEFINITION 1. [2] A non-constant entire function f is said have the
Property (A) if for any ¢ > 1 and for all sufficiently large r, [M; (r)]* <
My (r7) to holds. For examples of functions with or without the Property
(A), one may see [2].

When f is meromorphic, one may introduce another function 77 (r)
known as Nevanlinna’s characteristic function of f, playing the same role
as My (r). Now we just recall the following properties of meromorphic
functions which will be needed in the sequel:

Let ng,nq,no,..,n, are non negative integers. For a transcendental
meromorphic function f, we call the expression M[f] = fmo (fM)™ (f@)™ ..
(f(k))nk to be a monomial generated by f. The numbers vy, = ng + ny
+ ng + ... + ng and Ty = ng + 2ny + 3ng + ... + (k + 1)ny are called re-
spectively the degree and weight of the monomial. If M; [f], Ms[f], ...,
M,,[f] denote monomials in f , then

QU = ar My [f]+ a2 M[f] + ... + an My [f],

where a; # 0(: = 1,2,...,n) is called a differential polynomial generated

by f of degree vq = max{yy; : 1 <j < n} and weight I'g = max{I'y;, :

1 < j < n}. Also we call the numbers 7o = 1£nj£1 vmj; and k (the
1eQ i< s

order of the highest derivative of f ) the lower degree and the order of
Q [f] respectively. If 7o = g, Q [f] is called a homogeneous differential
polynomial. o

However, the Nevanlinna’s Characteristic function of a meromorphic
function f is characterize as

Ty (r) = Ny (r) +my(r),

wherever the function Ny (r,a) (N (r,a)) known as counting function
of a-points (distinct a-points) of meromorphic f is defined as follows:

r

Ny (r,a) :/nf (t.a) = ny <0’a>dt+nf (0,a)logr

t
0

_ rm G
Nf(r,a):/nf(t’a> tnf( ’a)dt+ﬁf(0,a)logr :
0

in addition we represent by ny(r,a) 7y (r,a)) the number of a-points
(distinct a-points) of f in |z| < r and an oo -point is a pole of f. In
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many occasions Ny (r,00) and N (r,00) are symbolized by N (r) and
Ny (r) respectively.

On the other hand, the function my (r, 00) alternatively indicated by
my () known as the proximity function of f is defined as:

my (r) = %/logfr K (re’) | df, where

log" x = max (log z,0) for all z > 0.

Also we may employ m (7“, ﬁ) by my (1, a).

If f is entire, then the Nevanlinna’s Characteristic function T’ (r) of
f is defined as

Ty (r) =my (r).
Moreover for any non-constant entire function f, T (r) is strictly in-
creasing and continuous functions of r. Also its inverse T L (T (0)], 00) —

(0, 00) is exists where sllrgonl (s) = 0.

Now let us consider that z € [0,00) and k € N where N be the set of
all positive integers. We define exp" z = exp (exp* " z) and logh 7 =

[k—1]

log (log x) Also we denote that log[o]x =, log[_”x = expux,

expl? 2 = 2 and exp™"z = logz. Further we assume that throughout
the present paper a,p, q, m and n always denote positive integers. Now

considering this, let us recall that Shen et al. [13] defined the (m,n)-¢
order and (m, n)-p lower order of entire functions f which are as follows:

DEFINITION 2. [13] Let ¢ : [0, +00) — (0,400) be a non-decreasing
unbounded function and m > n. The (m,n)-¢ order p™™ (f,¢) and
(m, n)-p lower order A™™ (f ) of entire functions f are defined as:

— log!™ M;(r log™ M
= logl" o (r) r—oo log" g (r )

If f is a meromorphic function, then

myn — log!" U T (r mm) log™ =1 T (1
P (f ) = hmTf() and A\ (f, ) = ?f()
r—oo  log go(?“) —oo log 90( )
Further for any non-decreasing unbounded function ¢ : [0,4+00) —

(Oa +OO) if we assume lim M

o o o(r) 1 for all @ > 0, then for any
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entire function f, using the inequality T (r) < log M (r) < 3T} (2r)
{cf. [8]}, one can easily verify that (see [13])
o — log™ M;(r —log™ VT (r
p( ’ )<f7 ¢) = lim [n] f( ) = lim [n] f( )
e log™p(r) o roee log™ g ()
and
[m] [m—1]
log? My(r) _ - log” T (r)

oo log™ o (1) oo logh o (1)

If we take m = p, n = 1 and ¢ (r) = logl” U7, then the above
definition reduce to the following definition:

DEFINITION 3. The (p,¢)-th order and (p,q)-th lower order of an
entire function f are defined as:
— log!™ M (r)

log”! M (r)
(p.a) = lim and \(P9) = lim —=> 1\
P roo Jogldly () roo  logldly

If f is a meromorphic function, then

— loglP=UT logP=HT
lim o8 AT #(r) and \P9 (f) = lim v H A 7(r)
rooo Jogldy roo logldy

pPD (f) =

Definition 3 avoids the restriction p > ¢ of the original definition
of (p,q)-th order (respectively (p, q)-th lower order) of entire functions
introduced by Juneja et al. [9]. An entire or meromorphic function for
which (p, ¢)-th order and (p, ¢)-th lower order are the same is said to be
of regular (p, q) growth. Functions which are not of regular (p, ¢q) growth
are said to be of irregular (p, q) growth.

However the above definition is very useful for measuring the growth
of entire and meromorphic functions. If p = [ and ¢ = 1 then we write
A0 (f) = p (f) and A (£) = AO (f) where p® (f) and AD (f) are
respectively known as generalized order and generalized lower order of
entire or meromorphic function f. For details about generalized order
one may see [14]. Also for p = 2 and ¢ = 1, we respectively denote
P>V (f) and XY (f) by p(f) and X (f) which are classical growth indi-
cators such as order and lower order of entire or meromorphic function
f.

In this connection we just recall the following definition of index-pair
where we will give a minor modification to the original definition (see

e.g. [9]) :
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DEFINITION 4. An entire function f is said to have index-pair (p, q) if
b < p? (f) < oo and pP~19=1 (f) is not a nonzero finite number, where
b=1if p=qand b= 0 for otherwise. Moreover if 0 < p®% (f) < oo,
then

pP~9 (f) = oo for n <p,
Qo () =0 for n<g.
plPtmatn) (fy =1 for n=1,2,---
Similarly for 0 < A9 (f) < oo, one can easily verify that
AP0 () = 00 for n <p,
APa=m) (£) = () for n <gq,
Aprnatn) (6y =1 for n=1,2,---

Analogously one can easily verify that the Definition 4 of index-pair
can also be applicable for a meromorphic function f.

In order to compare the growth of entire functions having the same
(p, q)-th order, Juneja, Kapoor and Bajpai [10] also introduced the con-
cepts of (p, q)-th type and (p, ¢)-th lower type of entire function. Next
we recall the definitions of (p, ¢)-th type and (p, ¢)-th lower type of en-
tire function where we will give a minor modification to the original
definition (see e.g. [10]):

DEFINITION 5. The (p, g)-th type and the (p, q)-th lower type of entire

function f having non-zero finite positive (p,q)-th order p®9 (f) are
defined as :

log=1 Af
) and P9 (f) = lim o8 f(p(:)) :
r—00 [71] pPa)(f) r—00 [q 1] P (f)
<logq 7“) (log r)

Likewise, to compare the growth of entire functions having the same
(p, q)-th lower order, one can also introduced the concept of (p,q)-th
weak type in the following manner :

DEFINITION 6. The (p, q)-th weak type of entire function f having
non-zero finite positive (p, ¢)-th lower order A\®9 (f) is defined as :




904 Tanmay Biswas

Similarly one may define the growth indicator 7@ ( f) of an entire func-
tion f in the following way :

_ o log" My (r
=(p.q) (f) = lim ic@(»‘l))(f) ’
<log[q_1] 7’)

L. Bernal [1,2] introduced the relative order between two entire func-
tions to avoid comparing growth just with exp z. In the case of relative
order, Sdnchez Ruiz et al. [12] gave the definitions of relative (p, ¢)-th
order and relative (p,q)-th lower order of an entire function with re-
spect to another entire function and Debnath et al. [6] introduced the
definitions of relative (p, ¢)-th order and relative (p, ¢)-th lower order of
a meromorphic function with respect to another entire function in the
light of index-pair. In order to keep accordance with Definition 3 and
Definition 4, we will give a minor modification to the original definition
of relative (p, q)-th order and relative (p, ¢)-th lower order of entire and
meromorphic function (see e.g. [6,12]).

0 < AP (f) < oo0.

DEFINITION 7. Let f and g be any two entire functions with index-
pairs (m, q) and (m, p) respectively. Then the relative (p, ¢)-th order and
relative (p, ¢)-th lower order of f with respect to g are defined as

o log M, (M (7) log!” M ! (My (1))

A9 () =

r—00 logl@ r r—00 logl® r

If f is a meromorphic and ¢ is entire, then

— logP T (T (r logl?! T2 (T (r
i T 0Dy~ 87T 0 0)

r—00 logl? r r—00 logl? r

A9 () =

Further an entire or meromorphic function f, for which relative (p, q)-
th order and relative (p, ¢)-th lower order with respect to an entire func-
tion g are the same is called a function of regular relative (p,q) growth
with respect to g. Otherwise, f is said to be irregular relative (p,q)
growth with respect to g.

In this paper we prove our results for a special type of differential
polynomials. Actually in the paper we establish some new results de-
pending on the comparative growth properties of composite transcen-
dental entire or meromorphic functions using relative (p, ¢)-th order and
relative (p, ¢)-th lower order and that of some special type of differential
polynomials by one of the factors.
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2. Lemmas

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

LEMMA 1. [3] Let f be meromorphic and g be entire then for all
sufficiently large values of r,

L) g 1)

Tpog (1) < {1+ o)} 40

LEMMA 2. [3]Suppose that f is a meromorphic function and g be an
entire function and suppose that 0 < u < p, < 0o.Then for a sequence
of values of r tending to infinity,

Tfog(r) = Ty (exp (1)) -

LEMMA 3. [7] Let f be an entire function which satisfies the Property
(A), 3>0,6>1and o> 2. Then

BTy (r) < Ty (ar‘s) .

LEMMA 4. [5] Let f be a transcendental meromorphic function and
F = f*Q[f] where Q [f] is a differential polynomial in f, then for any
a>1
Ty (r) = O{Tr(r)} asr — oo
and Tp (r) = O{T¢(r)} asr — oo.

LEMMA 5. Let f be a transcendental meromorphic function and g
be a transcendental entire function with 0 < A\, (m,p) < p, (m,p) < oo
where m > 1. Also let F = f*Q|[f] and G = ¢°Q [g] where Q [f] and
Q [g] are differential polynomials in f and g respectively. Then for any
a>landfp >1

(m,p) [p] -1 _ logPl =1 (m,p)
AP (g) < i_mlog [p]TG (Tr(r)) < Tim o8 []TG (Tr(r)) < p( )(g).
pmP) (g) T 1 5eo log T4y (r) r=o0 log” T, (1) Amp) (g)

Proof. Let us consider that oy, 1,7 and n are all constant greater
than 1. Now we get from Lemma 4 for all sufficiently large positive
numbers of r that

(1) Tp(r) < ay-Ty(r)
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and

2) Te(r) > Bi Ty (r).

Also from Lemma 4, we get for all sufficiently large positive numbers
of r that

Now from (1) and (3) it follows for all sufficiently large positive num-
bers of r that

T (Tr(r) < Tg" (on - Ty (r))

(5) i.e., chl (Tr(r)) < T;1 (you - Ty (1))

Again from (2) and (4), it follows for all sufficiently large positive
numbers of r that

13 1) > 15 (577 0)

1
: —1 -1
(6) ie., Tg (Tp(r)) > T, (% Ty (r)> :
Now from (5) and (6), we for all sufficiently large positive numbers
of r that
(7) log" Tg' (T (r)) < log" T, (vau - Ty (1))

and

(8) log T (Tp(r)) > log T, (% - Ty (T)) :
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Now for the definition of (m, p)-th order and (m, p)-th lower order of
g, we get for all sufficiently large positive numbers of r that

1
Tg (eXp[pl} |:10g[m—2] Tf (7,):| p(m,p)(g)Jrs) < Tf (7’)

1

(9) e, log" T (T (r) 2 (pm?) (g) + )

log™ 1Ty (r)

and

Tg (exp[p—l] (log[mfﬂ (7051 A Tf (T))) A(myp)(g)s) 2 (7a1 . Tf (7’))

1
i.e., expP~l (log[m_m (yaq - Ty (7’))) NP e T, (yay - Ty (1))
(10)

, 1
i.e.,

() (g) — <)

Therefore from (7) and (10) , it follows for all sufficiently large positive
numbers of r that

(11) log? T (Tr(r)) <

log™ Ty (r) + O(1) > log? T, (yay - Ty (1)) .

1

() (g) — <)

Therefore from (9) and (11), it follows for all sufficiently large positive
numbers of r that

log” " (T (r)) (p‘m”’) (g)+€) log™ Ty (r) + O(1)
logP T (Ty (1)) — \A™P) (g) — ¢ log™ 1Ty (r)

log™ Ty (1) + O(1).

ol et (m.p)
(12) i, T8 T (Tr() _ p™(g)

r—oo]og?) T, (Ty () — A (g)

Similarly, from (8) it can be shown for all sufficiently large positive
numbers of r that

log” T (T AUmp)
r—oolog? T4 (T (1)) — p™P) (g)
Therefore from (12) and (13), we obtain that
(m.p) [l =1 — logP =1 (m.p)
A (g) L og T (T(r) _ e tos T (1) _ 9 ()
PP (g) = rSaclogl?! Tt (T (1)) — roeelogl? To1 (T (r)) — AU (g)

Thus the lemma follows from above. O]
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LEMMA 6. Let f be a transcendental meromorphic function and g
be a transcendental entire function with regular (m,p) growth where
m > 1. Also let F = f*Q|f] and G = ¢°Q [g] where Q [f] and Q [g] are
differential polynomials in f and g respectively. Then for any o > 1 and
f > 1, the relative (p, q)-th order and relative (p, q)-th lower order of F'
with respect to G are same as those of f with respect to g.

Proof. 1f g is of regular (m, p) growth with m > 1, then from Lemma
5 we get that

log” 751 (T,
(14) lim 128" Ta (Tr(r)
r—oo]ogl?! T1 (Ty (r))

Now in view of (14), we obtain that

— loegP (T
pqu) (F) — Tim 0og G ( F(r))

r—00 10g[q}7”

log" T (T () log? T (Te(r)
= l1m - 11m

=00 log[q}r r—00 10g[p] T\ Ty (r)

= P () 1= P (1)

In a similar manner, )\g;,q) (F) = AP0) (f).
Thus the lemma follows. O

3. Main Results

In this section we present the main results of the paper.

THEOREM 1. Let f be a transcendental meromorphic function and
h be a transcendental entire function with regular (a,p) growth where
a> 1. Alsolet F = f*Q|[f], H = hQ [h] where Q[f] and Q [h] are
differential polynomials in f and h respectively, )\gf ) (f) > 0 and g be
an entire function with finite (m, n)-th order. If h satisfies the Property
(A), then for every positive constant A and each n € (—o00, 00),

{1087 T (T, (1) }
(i) lim - =0ifg=m
00 log[p] Tt (T (expld rA))

1+n
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and
1+
{log[Per*qfl] Th_l (Tfog (7“))} K
(1) lim -
=00 log[p} Ty (Tr (expld r4d))
where A > (1 +n)p™™ (g), a > 1 and vy > 1.

=0ifqg <m,

Proof. Let us consider that ¢« > 2 and 6 — 1% in Lemma 3. If
1+n <0, then the theorem is obvious. We consider 1 + 7 > 0. Let us
we choose € such that

A

1 : )\(Py‘J)
(15) 0<8<m1n{h (f),1Jr77

— ptm (9)} :

Since T}, ' (r) is an increasing function of 7, it follows from Lemma 1,
Lemma 3 and the inequality T, (r) < log M,(r) {cf. [8] } for all sufficiently
large positive numbers of r that

T (Tyog (1))
i.e., Tyt (Trog (1))
i.e., logP T, (Thog (1))

T ({1 + o(1)} Ty (M, ()
B (T Ty (M, (1))’
log” T3, (Ty (M () + O(1)

INCININ

(16) i.e., log? Tt (T (1)) < (pép’q) (f) + 5) log!? M, (r) + O(1).

Now the following cases may arise :
Case L. Let ¢ > m. Then we have from (16) for all sufficiently large
positive numbers of r that

(A7) T T, (Tyey (1)) < (o (1) + ) 1og" ™Y M, (1) + O(1).

Now from the definition of (m,n)-th order of g in terms of maximum
modulus, we get for arbitrary positive ¢ and for all sufficiently large
positive numbers of r that

log"™ M, (r) < (p"") (g) + ) log"lr
(18) i.e., log™ M, (r) < (p"™™ (g) + ¢) log .

Also for all sufficiently large positive numbers of r it follows from (18)
that

(19) log!™ 1 M, (r) < p(e" " @)+e).
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So from (17) and (19) it follows for all sufficiently large positive num-
bers of r that

(20)  10g¥ T (Tpeg (1) < (o7 () ) ("7 0) 1 01),

Case II. Let ¢ < m. Then we get from(16) for all sufficiently large
positive numbers of r that
(21)

log?! Tt (Thog (1)) < (pép’q) (f)+ 5> exp™ =9 log™ M, () + O(1).

Also we obtain from (18) for all sufficiently large positive numbers of
r that

expl™ 4 log!™ M, (r) < expl™ 4 log (7" (0)+)
(22) i.e., exp™ @ log™ M, (r) < expm—a-Y p(P @)k

Now from (21) and (22) we obtain for all sufficiently large positive
numbers of r that

log” T;7! (Tyoq (1)) < (ng’q) (f)+ 5) expl™ 4~ pl" W ote) 4 O(1)

(23) i.e., logPt™ U =1 (Ty, (r)) < (P77 0F) L O(1).

Again in view of Lemma 6, we get for all sufficiently large positive
numbers of r that

log[p] Tgl (TF (exp[q] T’A)) > <)\g”q) (F) — 5) log[q] expl? (TA)

i.e., logl! T (Tp (eXp[‘ﬂ rA)) > <)\hp’q) (f) — 5) logl? expld! (rA)

(24)., log® ! (Tr (exp[‘ﬂ rt)) > (/\ELP’Q) (f) — 5) r.

Now if ¢ > m, we get from (20),(24) and in view of (15) for all
sufficiently large positive numbers of r that

{10g[p] T}:l (Tfog (’I”))}1+n (p;lp,q) (f) i 5) 1+n r(p(ms”) (g)+€)(1+n) + 0(1)
IOg[P] Tf}l (TF (exp[‘ﬂ TA)) = (AEL;DJI) (f) — E) rA

1+n

{0 T 7y 01}
, lim

r—00 ]Og[P] Tﬁl (TF (exp[q] TA))
which proves the first part of the theorem.

i.e. =0,
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Again when ¢ < m, we obtain from (23),(24) and (15) for all suffi-
ciently large positive numbers of r that

1+n
S 141 (P (g)+e) (14n) o)
{log[p+ q-1] T; 1 (Ttog (7”))} r (1 + r(p(m,n)(g)Jrs))

log? 73! (T (expldl #4)) (A9 (f) =) r

1+n
_{togh T (1, (1) }
r.e., lim =
P00 log[p] Tf}l (Tr (exp[q] rAY)

This proves the second part of the theorem. O

REMARK 1. In Theorem 1 if we take the condition p"? (f) > 0

instead of )\Elp ) (f) > 0, the theorem remains true with “ limit inferior”
in place of “limit ”.

In view of Theorem 1 the following theorem can be carried out:

THEOREM 2. Let g and h be any two transcendental entire functions
where h is of regular (m,p)-growth where m > 1. Also let f be a
meromorphic function, g is of finite (m,n)-th order, A" (g) > 0 and
p\PD (f) < oo. If b satisfies the Property (A), G = ¢°Q[g], H = h"Q []
where Q) [g] and Q) [h] are differential polynomials in g and h respectively,
then for every positive constant A and each n € (—00, ),

1+n
{log" T, (1), (1)) |
i) lim =0ifg>m
O g T (T (epi ) Y
and
I L+
e 0]
(¢7) lim =0if g < m,

rooo JoglP T (T (expltl 74))
where A > (1 +n)p™™(g), B>1and vy > 1.

The proof is omitted.

REMARK 2. In Theorem 2, if we take the condition pP™ (g) > 0

instead of A"™ (g) > 0, the theorem remains true with “limit replaced
by limit inferior”.
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THEOREM 3. Let f be a transcendental meromorphic function and
h be a transcendental entire function with regular (m,p) growth where
m > 1. Also let F' = f*Q|[f], H = h"Q [h] where Q [f] and Q [h] are
differential polynomials in f and h respectively, g be an entire function,
PP (f) < oo and AP (f o g) = co. Then for every A (> 0),

1og! T (T, (1)
r=oologlll -1 (T (r4))
where a > 1 and v > 1.

Y

Proof. 1If possible, let there exists a constant 3 such that for a sequence
of positive numbers of r tending to infinity we have

(25) log[p] Th_1 (Tog (1)) < B+ log[p} Tgl (TF (rA)) .

Again from the definition of pg”) (F) and in view of Lemma 6, it

follows for all sufficiently large positive numbers of r that

log T (Tr (rA)) < (pg’”) (F) + &t) logl r 4+ O(1).

(26) e, log? Ty (Tw () < (pgm (f) + 5) logdr + O(1).

Now combining (25) and (26) we obtain for a sequence of positive
numbers of r tending to infinity that

log? T (Thog (1)) < 8- <p§;’”‘1) (f)+ 5) log r + O(1)
ie, AV (fog) < B- (pﬁf’” (f) +8) :

which contradicts the condition )\Elp 9 (fog) = oo. So for for all suffi-
ciently large positive numbers of r we get that

log[”] Th_1 (Tpog (r)) > B - 1og[p] TI?TF (TA) ,
from which the theorem follows. O]

In the line of Theorem 3, one can easily prove the following theorem
and therefore its proof is omitted.

THEOREM 4. Let g and h be any two transcendental entire func-
tions where h is of regular (m,p) growth where m > 1. Also let f be a
meromorphic function, G = ¢°Q[g], H = h"Q [h] where Q [g] and Q [h]
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are differential polynomials in g and h respectively, pép ) (9) < oo and

Aﬁf"’) (f o g) = co. Then for every A (> 0),
0gP T (T (1)
Mo T4 (T ()
where > 1 and v > 1.

REMARK 3. Theorem 3 is also valid with “limit superior” instead of

“limit” if )\gp,q) (fog) = oo is replaced by pﬁf”‘” (fog) = oo and the

other conditions remain the same.

REMARK 4. Theorem 4 is also valid with “limit superior” instead of
“limit” if Agp’q) (fog) = oo is replaced by pgp’q) (fog) = oo and the

other conditions remain the same.

COROLLARY 1. Under the assumptions of Theorem 3 and Remark 3,

logP~U7-1(T . — Jogl U=t .
hm 0g - hl(fg(r))zooandlim 0og - hl(fg(/r))zoo
r=logl ™ Ty (T (r4)) r=logl ! Ty (T (r4))
respectively.

Proof. By Theorem 3 we obtain for all sufficiently large values of r
and for K > 1,

log" T (Tog () > K - log T3 (T (r*))
e g VT (Tpog () > {logP 1" (7 (7))}

from which the first part of the corollary follows.
Similarly using Remark 3, we obtain the second part of the corollary.
m

COROLLARY 2. Under the assumptions of Theorem 4 and Remark 4,
logP~t =1 (T . — JoglPUr=1(T .

lim Og[pq] h_l( fog (1)) — o0 and Tim Og[pq] h_l( fog (1)) — >
r=oolog? N T (T (r4)) rooolog? N T (T (r4))

respectively.

In the line of Corollary 1, one can easily verify Corollary 2 with the
help of Theorem 4 and Remark 4 respectively and therefore its proof is
omitted.
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THEOREM 5. Let f be a transcendental meromorphic function and
h be a transcendental entire function with regular (a,p) growth where
a>1. Also let F' = f*Q|[f], H = h'Q[h] where Q[f] and Q [h] are
differential polynomials in f and h respectively, g be an entire func-
tion such that p™™ (g) < A\P? (f) < p\P9 (f) < oo. If h satisfies the
Property (A), then

log[p] Tl;l (Tyoq (1))

1) lim =0ifg>=m
( ) r—00 log[]?—l] Tgl (TF (exp[qfl} T)) q
and
loglPtm—a=1p=1 .
(i) lim —2 h Trea () i o

roeologlP ™ Tt (T (expla—17))
where o > 1 and v > 1.

Proof. As p™™ (g) < AP? (f) | we can choose & (> 0) in such a way
that

(27) P (g) + e < APD (F) —e.

From the definition of relative (p, ¢)-th order and in view of Lemma
6, we obtain for all sufficiently large positive numbers of r that

log[p] Tgl (TF (exp[q_l] r)) > (Aﬁ_’;"” (F) — 6) log[‘ﬂ exp[q_” r

ire., Tog T (T (expltr)) > (AP (f) = ) logl® explé "y

(28) ie., log? T3 (T (explt17)) > (U (h-<)

Now if ¢ > m, combining (20), (28) and in view of (27) we have for
all sufficiently large positive numbers of r that

(M) () e
0P T Ty 1) _ (7 (D) +2) 17799 4 01
log? T (T (expletr)) S

. T 10g[p] T, (Tyoq (1))
1.€., lim =
rooologlP ™ Tt (T (expla—1 7))

This proves the first part of the theorem.
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When ¢ < m, combining (23) and (28) it follows for all sufficiently
large positive numbers of r that

logh*t s T (T, (1) _ ™99 4 0(1)
log? ! T2 (T (expla—1] 7")) SO0 n—e)

Since p™m (g) < AP? () and & (> 0) is arbitrary, we get from above
log """ T, 1 (Treq (1))

im —
rocloglP N T (T (expli—tlr))

which is the second part of the theorem. O

THEOREM 6. Let f be a transcendental meromorphic function and
h be a transcendental entire function with regular (a,p) growth where
a> 1. Also let F' = f*Q|[f], H = h'Q[h] where Q[f] and Q [h] are
differential polynomials in f and h respectively, g be an entire function
such that A" (g) < /\,(lp’q) (f) < p(pq) (f) < oo. If h satisfies the
Property (A), then

log? ;71 (T,
(Z) h_m Olg 1h ( fg(r))
r—oologlP U T2t (T (expla=U 7))

=0ifg>m

and
o dog? T (T (1)
(77) lim T—
roclog? N Tt (T (exple—tl 7))
where o > 1 and v > 1.

=0ifg<m

Proof of Theorem 6 is omitted as it can be carried out in the line of
Theorem 5.

THEOREM 7. Let f be a transcendental meromorphic function and
h be a transcendental entire function with regular (a,p) growth where
a> 1. Also let F' = f*Q|f], H = h'Q[h] where Q[f] and Q [h] are
differential polynomials in f and h respectively, g be an entire function
with finite (m, q)-th order withm > g and 0 < AP? (f) < pi"? (f) < oc.
If h satisfies the Property (A), then

mlog[p+m_q] Th_l (Tfog (7)) < p(m’q) (9)

rooo ogl?) T (T (r) A%p,q) (f)
where a > 1 and v > 1.
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Proof. Since ¢ < m, we get from(21) and in view of Lemma 6, for all
sufficiently large positive numbers of r that

log"* =0 Tt (Tyoq (r)) < log"™ M (r) +O(1)

o, ORI T (Tyeg (1) Tog My (1) +0(1) __logfr
log Ty (T (1))~ log Lo T (T (r))
—loglPtm=d 771 (T, [m] [d]
t.e., lim o8 ( fog (7)) < lim log™ M, (r) + O(1 ) lim 10g1 !
r—+00 log[P] T (TF ( )) r—00 log[Q] r —00 log[P] TI-_I (TF (’f‘))
—loglPtm=d -1 (T, (m.q)

i.e., lim o8 7 (Tyog (1)) < plma) (9) - ( % _ ,0( ; (g)
re log? Tyt (T (7)) AP (Y AP (f)

This proves the theorem. O

In the line of Theorem 7 we may state the following theorem without
proof.

THEOREM 8. Let g and h be any two transcendental entire functions
where h is of regular (m,p) growth. Also let f be a meromorphic func-
tion, G = ¢°Q|[g], H = h'Q [h] where Q [g] and Q [h] are differential
polynomials in g and h respectively, pﬁlp’q) (f) < oo, Aﬁf’”) (9) > 0 and
p™™ (g) < oo where m > q. If h satisfies the Property (A), then

—log" ™I T Ty, (1) _ p"™ (9)

r—00 1Og[p] Tgl (TG (1”)) - Agp,n) (g)
where § > 1 and v > 1.

THEOREM 9. Let f be a transcendental meromorphic function and
h be a transcendental entire function with regular (a,p) growth where
a> 1. Also let F' = f*Q|f], H = h'Q[h] where Q[f] and Q [h] are
differential polynomials in f and h respectively, g be an entire function
with finite (m,n)-th lower order and 0 < A;Lp’Q) (f) < p(p ) (f) <oo.Ifh
satisfies the Property (A), then
_ log[p] Tg (TF(eXp [4] ( )))
i
5 LogP T3 (Tyeq (expll 1)
—log? T (T (expld
(#7) lim 08 " Tyy” (Tir(exp (r))) = ooifg>m
r—>oolog[P] Th— (Tfog (exp[n 1] r))

orm#1, g=m—1and \™" (g) < A

(4)

o ifg>m and A > 1,
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and
log® T=1 (T ld] (pA
(O T—— (f(eXp D) _ 0 if m > q+1 and
r—)oologp q Th (Tfog(exp[n—l} T’))

A > A (g)

where o > 1 and v > 1.

Proof. From the definition of )\%’,’8) (W (f)) and in view of Lemma

6, we obtain for arbitrary positive € (> 0) and for all sufficiently large
positive numbers of r that

log[p] Tgl (TF(exp[‘ﬂ (TA))) > <)\g’q) (F) — 5) r

(29) ie., logP ' (Te(expl? (r1))) > (/\EZP’Q) (f) — 5) .

Also from the definition of (m,n)-th lower order of g, we get for a
sequence of positive numbers of r tending to infinity that

log!™ M, (exp™ 7)< (A (g) +e) log!™ (exp™1 1)
i.e., log™ M, (exp[”_l] r) < ()\(m’") (9) +¢)logr
(30) i.e., logt™ M, (exp" 7)< log (A (9)+e)
(31).e., log™~1 M, (exp["’” r)

Case I. Let ¢ > m. Then it follows from (16) for a sequence of
positive numbers of r tending to infinity that

log T~ (Toq (eXp["] r)) < (pgp’q) (f)+ 6) log!? M, (exp™ r) + O(1)

PO (g) )

IN

i.e., log” ;7! (Tpog (exp™ 7)) < (pgp’q) (f) + 8) log!™ M, (exp!™ r)+0(1)

(32)
i.e., log? T, (Tpog (exp™ 7)) <

(pﬁf"” (f)+ 5) (/\(m’”) (9) +¢) r+0(1).

Case II. Also let ¢ > m or m # 1, ¢ = m—1. Then also we obtain from
(31) and (16) for a sequence of positive numbers of r tending to infinity
that

i.e., logl! Tt (Tfog (exp["_” r)) < (pglp’Q) (f)+ 6) logl! Mg(exp["_l] r)+ O(1)
i.e., logl! Th_1 (Tfog (exp[nfl} r)) < (pép’q) (f)+ 6) loglm 1l Mg(exp[nfl} r)+ O(1)
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(33) i.e., logl”! Th_]L (Tfog (exp[”*” r)) <

<p§LP7Q) (f) + 6) T(A(W,n)(!])‘i‘&) + 0(1)

Case III. Again let m > ¢+ 1. Then we get from (30) and (16) for a
sequence of positive numbers of r tending to infinity that

log 73" (Teq (expl" ) ) < (o7 (f) + <) logl?) My(expl”=r) + O(1)
i.e., log! T, (Tfog (exp[” 1 r)) < (pzpm (f)+ s) logl4=™ 1og!™ Mg(exp["*l] r)+0(1)
i.e., log” T- (Tfog (exp[" 1 r)) < (pzp’q) (f) + 5) expl™ = logl™ M, (exp™ 1 r)+0(1)
ie., log? T, (Tfog(exp[nfﬂ ") < (pif”‘” (f) +€) explm=t log r(A™ @) 1 0(1)

i.e., logl”! T, ! (Tfog(exp["*” r)) < (pép’q) (H+ 8) explm—a—1l A (g)+e) 4 0(1)

(34) i.e., loglPtm=a=tlp-1 (Tfog(exp[”_l] r)) < p(A")+e) O(1).

Now if ¢ > m and A > 1, we get from (29) and (32) of Case I for a
sequence of positive numbers of r tending to infinity that

logh 73" (Tre(expl™ (+)) (A9 () =) e
log Tt (Tyoq (expl 1)) (pgf D (F) + 5) (At (g) + )7+ O(1)

from which the first part of the theorem follows.

Again combining (29) and (33) of Case II we obtain for a sequence
of positive numbers of r tending to infinity when ¢ > m or m # 1,
g=m—1
(35)

loa Ty (Tr(expl () _ (A2 (f) =) r
log T, " (Tyoy (expl=1r)) ~ ( P (f) +2) 1A 0(1)

As A" (g) < A we can choose € (> 0) in such a way that
(36) Amn) (g) 4o < A,
Thus from (35) and (36) we get that
e log! Tt (Tr(expld (r))) _
r=oologlP Tt (T, (explt=11 7))
This establishes the second part of the theorem .
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When m > ¢+ 1 and A > A™") (g), it follows from (29) and (34) of
Case I1II for a sequence of positive numbers of r tending to infinity that
0 T (Tr(espld (1) (W7 (=)
o T, (Tl 7)) — 70019 1 O1)
Now from (36) and (37) we obtain that
= log T (Tr(expld (r1))) _
7"—>°°log[p+m*q*” T}fl (Ttog(expln=tlr))

This proves the third part of the theorem.
Thus the theorem follows . O

(37)

In the line of Theorem 9 we may state the following theorem without
proof.

THEOREM 10. Let g be a transcendental entire function and h be a
transcendental entire function with regular (m,p) growth where m >
1. Also let f be a meromorphic function, G = ¢°Q|g], H = h'Q [h]
where Q [g] and Q [h] are differential polynomials in g and h respectively,
p\PD () is finite, AP (g) > 0 and A™™ (g) < oo. If h satisfies the
Property (A), then
— logP T (Te(exp™ (r?)))

im

r=20 logl T, (Teg (expll 1))

—log T (T (expl™

(1) lim o8 (Ta(exp™ (7)) = ocoifqg>m
r=oologlP Tt (T, (expln=11 7))

orm#1, g=m—1and \'"™" (g) < A

(1) = oo ifg>mand A>1,

and

_ logl?! T’1 T (expl™ (r4
(i) Tim — ot oo™ () s g1 and
r—oo]oglPtm—a- ]T (Tjoq(expn=17))

A > A (g),

where > 1 and v > 1.

THEOREM 11. Let f be a transcendental meromorphic function and
h be a transcendental entire function with regular (a,p) growth where
a> 1. Also let F' = f*Q|f], H = h'Q[h] where Q[f] and Q [h] are
differential polynomials in f and h respectively, g be an entire function
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with finite (m,n)-th order and 0 < /\,(f’q) (f) < pl(lp’Q) (f) < oco. If h
satisfies the Property (A), then

1 log!?! T (TF(eXp ‘1]( )))
=00 Jogl?! T (Tyo, (expl?l 1))

logl! T (Tp(exp[q]( )))
r)
orm#1, g=m—1and pi™" (g) < A

(4)

= ooifg>m and A > 1,

(7d) lim = ooifg>m

r—00 10g[13] T (Tfog (exp[n 1]

and

log!?! T’1 Tr(expld (r4
(i) lim —— o1 Telexp® (1)) e g1 and
o T (T explt 7))

A > plmm(g),

where o > 1 and v > 1.

THEOREM 12. Let g be a transcendental entire function and h be a
transcendental entire function with regular (m,p) growth where m >
1. Also let f be a meromorphic function, G = ¢°Q|g], H = h'Q [h]
where Q [g] and Q [h] are differential polynomials in g and h respectively,
p\PD () is finite, AP™ (g) > 0 and p™™ (g) < oo where ¢,n are all
positive integers with m > n. If h satisfies the Property (A), then

[p] -1 [n] (,.A

(7) lim log THﬁ (Le(exp™ (1)) = ooifg>mand A > 1,

P 1og T T, (Tyeg (expl 7))
(i) lim log" Ty (Te(exp™ (r*)))
r—mbg[p}T (Tpoq (exp=117))

= ooifqg>m

orm#1, g=m—1and p™" (g) < A
and

log!?! T (T, (] (A
(797) lim [p(jfn 1 (Talexp™ (7)) = ooifm>q+1 and
r—oolog T (Tyog(explr=1r))

A > pmm)(g),

where > 1 and v > 1.

We omit the proof of Theorem 11 and Theorem 12 as those can be
carried out in the line of Theorem 9 and Theorem 10 respectively.
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THEOREM 13. Let f be a transcendental meromorphic function and
h be a transcendental entire function with regular (a,p) growth such
that 0 < AP? (f) < pP? (f) < 0o where a > 1. Also let g be an entire
function with non zero finite order, F' = f*Q|[f], H = h"Q [h| where
Q [f] and Q [h] are differential polynomials in f and h respectively. Then
for every positive constant A and every real number «,

T log[p} Th_1 (Tfog(exp[”*l] r)) _

T o0 — 1+Oé
7 {logh Tt (Tr(r) §

where a > 1 and v > 1.

)

Proof. If a be such that 1 + a < 0 then the theorem is trivial. So

we suppose that 1 + a > 0. Now from the definition of pg’q) (F) and in

view of Lemma 6, it follows for all sufficiently large positive numbers of
r that
logh T\ T (1) < ( P2 () 4 5) logl” r + O(1)

"
i.e., log?P T TR(r?) < <p§f”q> (f)+ 5) log!lr + O(1)

1+«
(38) i, {logh T, Tr(rY) ) <

[14+qa]

<p2p7q) (f) + 5> l+a <1og[fﬂ 7") lta 1+ <p2p,q) (f)O:_l)5> logl 7

Now from Lemma 2 we get for a sequence of positive numbers of r
tending to infinity that

(39) log? T, ' Tyog(exp™ M) > ()\Elp’q) (f) — 5) loglt™ (expl" =t r)".

Now from (38) and (39) we have for a sequence of positive numbers
of r tending to infinity that

( ’ ) -1 n— H
log!”! Ty 1 Tpo g (expl™ =1 1) N ()\hpq (f) = 8) logl4™ ! (expl™—117)

o 2 [1+a] "
log?! T Tw (r4) ( (p,9) )Ha ( [a] )Ha o)
{ H } ph (f) + € IOg r 1 + (/);lp‘q) (f)-‘,—E) log[q] r
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log[q_l] (exp["_l] 'r)'u
(log[‘ﬂ r) e
from above. O

Since — o0 as r — 00, then the theorem follows

THEOREM 14. Let f be a transcendental meromorphic function, g be
an entire function and h be a transcendental entire function with regular
(a, p)-growth such that 0 < Aﬁf’q) (f) < pﬁf”@ (f) < o0 and o™™ (g) < 0o
wherea > 1 and ¢ = m—1. Also let F' = f*Q[f] and H = h"Q [h] where
Q [f] and Q [h] are differential polynomials in f and h respectively. If h
satisfies the Property (A), then

m IOg[p] Th_l (Tfog (’I“)) < O-(m,n) (g) . pgp,q) (f)
r—$00 o) < o
— ]Og[l’} Tgl (TF (exp[q] <log[n_1} T)P (9))) /\hpq (f)

where o > 1 and v > 1.

Proof. Since ¢ = m — 1, we get from (16) for all sufficiently large
positive numbers of r that

e, log? T 71 (Tyo, (1)) < (pﬁqu) (f) + g) log™ = M, (r) + O(1)

(40) i.e., log? T71 (Tyo, (1)) <

(mom) (g
<p§lp7Q) (f) + 5) (O-(m,n) (9) + 5) (log[n—l] T)” (9) L 0(1) '

Now from the definition of A»? (F) and in view of Lemma 6, we
obtain for all sufficiently large positive numbers of r that

logh -1 <TF (expm (1ogt 7,>p<m,n><g)>> - (39 (F) &) (g T>p<m,n>(g)

(m,n)

> (Aép’q) (f)— 5) (log["_l} r) ) .

Therefore from (40) and (41), it follows for all sufficiently large pos-
itive numbers of r that

log?! T, ! (Tpoq (7))

<
(m,n) —
log!?! Tgl <TF <exp[fJ] (log[n_” r)p (g)>>




Some growth aspects of special type of differential polynomial 923

(m,n)
(o9 (1) +¢) (o™ (9) + &) (1og™ 1) Y+ oq)

()\Elp,q) (f) — e) <]Og[n—1] r) p(mm) (g)

[p] -1 (m,n) X))
ie., @ log”' T}, (TfOQ (1)) g < g ((i)q) Py, (f)
logl?l ;71 <TF <exp[q] (log[”_” r) )) Ap ()

Thus the theorem is established. O

REMARK 5. In Theorem 14, if we replace “c(™™ (g)” with “G(™™ (g)”,
then Theorem 14 remains valid with “ limit inferior” replaced by “ limit
superior”.

Now we state the following theorem without its proof as it can easily
be carried out in the line of Theorem 14.

THEOREM 15. Let f be meromorphic, g, h be any two transcendental

entire functions where h is of regular (m, p) growth such that /\Elp ) (9) >

0, piP (f) < 00 and o™ (g) < 0o where m > 1 and ¢ = m — 1. Also

let G = ¢°Qlg] and H = h"Q [h] where Q [g] and Q [h] are differential
polynomials in g and h respectively. If h satisfies the Property (A), then

Tm log[p] T}:l (Trog (1)) _ o (mn) (g) - p;lp,q) ()
o VY S o) 7
= logh” T, (TG <exp{n] (log[nfl] T) )) AP ()

where > 1 and v > 1.

REMARK 6. In Theorem 15, if we replace “o™™ (¢)” with “G(™") (g)”,
then Theorem 15 remains valid with “ limit inferior” replaced by “ limit
superior”.

REMARK 7. We remark that in Theorem 15, if we will replace the
condition “ pglp’Q) (f) < od” by © A;Lp’q) (f) < o0” | then

(42)  lim log? T, ! (Tyog (1))

r—00 plmm (g)
gl T (TG <exp[n] <log[”71] 7“) ))

o (g) N ()
N (9)
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REMARK 8. In Remark 7, if we replace the conditions “ )\Elp ) (9)>0

and AP? (f) < 00” with “pP™ (g) > 0 and pP? (f) < 00” respectively,
then we need to go the same replacement in right part of (42).

Using the concept of the growth indicator 7™ (g) of an entire func-
tion g, we may state the subsequent two theorems without their proofs
since those can be carried out in the line of Theorem 14 and Theorem
15 respectively.

THEOREM 16. Let f be a transcendental meromorphic function, g be
an entire function and h be a transcendental entire function with regular

(a, p) growth such that 0 < AP (f) < pP? (f) < 0o and 7, (m,n) < oo
where a > 1 and ¢ = m—1. Also let F' = f*Q [f] and H = h'Q [h] where
Q [f] and @ [h] are differential polynomials in f and h respectively. If h
satisfies the Property (A), then

m 10g[p] Th_l (Tfog (T)) < ?(m,n) (g) . p;lp,q) (f)
r—00 )\(m,n)(g) =~ )\(p,q) (f)
IOg[P] Tﬁl T exp[‘ﬂ (10g[n—1] 7“> h

where a > 1 and v > 1.

REMARK 9. We remark that in Theorem 16, if we will replace the
condition “ 0 < A;Lp’q) (f) < pépﬂ) (f) < oo and 7, (m,n) < oo” by “
0 < AP () < 00 or 0 < pP? (f) < 0o and o™ (g) < 00” | then

lim log" T (Tyog (1))

r—00 pmm (g)
gl ;! (TF (exp[q] <10g["71] 7“) ))

THEOREM 17. Let f be meromorphic, g, h be any two transcendental

entire functions where h is of regular (m, p) growth such that Agp ) (9) >

0, pgp’q) (f) < oo and 7™ (g) < oo where m > 1 and ¢ = m — 1. Also

let G = ¢°Q|g] and H = hQ [h] where Q[g] and Q [h] are differential
polynomials in g and h respectively. If h satisfies the Property (A), then

< o™ (g),

lim 10g[p] Th_l (Tfog (T‘)) ?(mm) <g) . pép,q) (f)
r—00 )\(m,n) -~ ( ,TL) ,
= IOg[P} T <TG <exp["] (log[n—l] r) (9))) AP (g)

where § > 1 and v > 1.
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Further using the notion of (p, ¢)-th weak type we may also state the
following two theorems without proof because it can be carried out in
the line of Theorem 14 and Theorem 15 respectively.

THEOREM 18. Let f be a transcendental meromorphic function, g be
an entire function and h be a transcendental entire function with regular

(a, p) growth such that 0 < A\P? (f) < p'P? (f) < 0o and 7™ (g) < 0o
where a > 1 and ¢ = m—1. Also let F' = f*Q [f] and H = h"Q [h] where
Q [f] and Q [h] are differential polynomials in f and h respectively. If h
satisfies the Property (A), then

lim 10g[P] T];l (Tfog (T)) < 7_(m,n) (g> . pép,q) (f)
Almim) = i) ;
T ogh! Ty (TF <expm (1og17) <g>)> N

where o > 1 and v > 1.

REMARK 10. We remark that in Theorem 18, if we will replace the
condition “ 0 < AP? (f) < pP? (f) < oo and 7™ (g) < 00" by *
0< )\glp,q) (f) <ooor0< pgp’q) (f) < oo and 7™™ (g) < 00” | then

lim 1Og[p] Th_1 (Tfog (1))

r—00 Almm(g)
Togl? T (TF (exp[‘ﬂ (log["_l] r) ! ))

THEOREM 19. Let f be meromorphic, g, h be any two transcendental
entire functions where h is of regular (m, p) growth such that )\,(f ™) (9) >

0, p"? (f) < 0o and 7(™™ (g) < oo where m > 1 and ¢ = m — 1. Also
let G = ¢°Q|g] and H = hQ [h] where Q[g] and Q [h] are differential
polynomials in g and h respectively. If h satisfies the Property (A), then

S ?(m,n) <g) :

I log? T, (Tyey (1)) " (9) o ()
r%o 1 Almn) (g) - )\(P,”)( ) !
log T <TG <exp[n] (log[”_ ]7’> )) no\9

where > 1 and v > 1.

REMARK 11. We remark that in Theorem 19, if we will replace the

condition “ pP? (f) < oo and 7™ (g) < 00” by “ AP? (f) < 0o and
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7mn) (g) < 00” | then

(43) lim log" T, (Tyoq (1))
r—=007  [p] =1 [n] [n—1] At (g)
log” T~ (T | exp!™ ( log r

LT (9) A ()
AW (9)

REMARK 12. In Remark 11, if we will replace the conditions “ A"™ (g) >

0 and Agp’Q) (f) <o’ by “pgp’n) (9) > 0 and p%p’q) (f) < o0” respectively,
then is need to go the same replacement in right part of (43).
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