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Abstract The main aim of this paper is to prove some results related to the growth rates of
composite entire and meromorphic functions on the basis of their generalized relative type («, 3)
and generalized relative weak type («, 3), where « and 8 are continuous non-negative functions
defined on (—o0, +00).

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 [9, 10, 14]. We also
use the standard notations and definitions of the theory of entire functions which are available in
[13] and therefore we do not explain those in details. Let f be an entire function and My (r) =
max{|f(z)| : |z| = r}. When f is meromorphic, the Nevanlinna’s characteristic function T (r)
(see [9, p.4]) plays the same role as My (r). Moreover, if f is non-constant entire then T’ (r) is
also strictly increasing and continuous function of r. Therefore its inverse 7', L (T4(0),00) —
(0, 00) exists and is such that gli}m T !(s) = oo. If f is non-constant then it has the following
property: o

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

Now let L be a class of continuous non-negative functions « defined on (—oo, +00)
such that a(z) = a(xg) > 0 for z < x¢ with «(z) T 400 as ¢ — +oo. Forany a € L, we
say that « € LY, if a((1 + o(1))z) = (1 + o(1))a(x) as * — +oo and a € LY, if a(exp((1 +
o(1))z)) = (1 4+o(1))a(exp(x)) as x — +oo. Finally for any o € L, we also say that o € Ly, if
alex) = (14 o(1))a(z) as 29 < x — +oo for each ¢ € (0,400) and a € Ly, if a(exp(cz)) =
(1+ o(1))a(exp(z)) as zg < x — oo for each ¢ € (0,+0c). Clearly, Ly C LY, L, C L and
L, C Ly. Further we assume that throughout the present paper oy, oy, 3, B1, f2 € L; unless
otherwise specifically stated.

The value

o a(log My(r))
Ploplf] =limsup—gq 3~ (@c LB eL)

introduced by Sheremeta [12], is called generalized order (v, 3) of an entire function f. During
the past decades, several authors made close investigations on the properties of entire functions
related to generalized order (o, 3) in some different direction. For the purpose of further appli-
cations, Biswas et al. [4, 5] have rewritten the definition of the generalized order (o, §) of entire
function in the following way after giving a minor modification to the original definition (e.g.
see, [12]) which considerably extend the definition of y-order of entire function introduced by
Chyzhykov et al. [7]:
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Definition 1.1. [4, 5] The generalized order («, 3) denoted by p(,g) [f] and generalized lower
order («a, 3) denoted by A(a,8) [f] of an entire function f are defined as:

Pla,p) Lf] = liriligopow and A\, g) [f] = ngli&fow where o € L.

If f is a meromorphic function, then

Pl [f] = 1im supow and A(q5) [f] = lim iﬁw

r—+00

, where o € L.

Using the inequality T (r) < log My (r) < 3Ty (2r) {cf. [9]}, for an entire function f,
one may easily verify that

) = timsp G = s S
) QL0 L ales(Ty ()
a d)\(a’ﬁ) [f] o lr—>+ocf (r) lr—>+oof 5(7~) ’

when « € L,.

Now in order to refine the growth scale namely the generalized order («, 3), Biswas et
al. [5, 6] have introduced the definitions of another growth indicators, called generalized type
(v, B) and generalized lower type («, 3) respectively of @ meromorphic function which are as
follows:

Definition 1.2. [5, 6] The generalized type («, 3) denoted by o(, ) [f] and generalized lower
type (o, ) denoted by &, g [f] of meromorphic function f having finite positive generalized
order (v, ) (0 < p(a,g)[f] < 00) are defined as :

) . xp(a(exp(T ())))
(a,8) /] 170%4’0(? (exp(B(r)))Ptemlf]

exp(a(exp(Ty (r )))) L
) o

Bl

E(Q”g)[f] = liminf OtELz)

ree (exp(6(r))

If f is an entire function, then

o = limsu exp(a(M;(r))) n
e e

.. exp(a(M¢(r
Tamlfl = I}Lnﬂ&g(expp((ﬂ(i));/’((a);)[ﬁ’ (e € Ly).

It is obvious that 0 < 7, g)[f] < 0(a,p)[f] < 0.

Analogously, to determine the relative growth of two entire functions having same non-
zero finite generalized lower order («, 3), Biswas et al. [35, 6] have introduced the definitions of
generalized weak type (o, 3) and generalized upper weak type («, 3) of a meromorphic function
[ of finite positive generalized lower order (v, (3), A(a,5)[f] in the following way:

Definition 1.3. [5, 6] The generalized upper weak type («, 3) denoted by 7, 3)[f] and general-
ized weak type («, 3) denoted by 7(, 4)[f] of a meromorphic function f having finite positive
generalized lower order (v, ) (0 < A4, 5)[f] < 00) are defined as:

) i xp(a(exp(T ()))) an.
(a,8) /] ITHHX? (exp(B(r)))*e !

. . <<xp<T<>>>> X
Tealdl = limin® (exp(5 (r)))mm[fw( € La).
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If f is an entire function, then

expla(My()

Taplf] = limsup xp 50 el 2
- — piming SP@(M(r))
T(a,B) [f] = nglig(exp(ﬁ(r)))’\(a@m R (Oé S Ll).

It is obvious that 0 < T, ) [f] < T(a,)[f] < o0.

Mainly the growth investigation of entire and meromorphic functions has usually been
done through their maximum moduli or Nevanlinna’s characteristic function in comparison with
those of exponential function. But if one is paying attention to evaluate the growth rates of any
entire and meromorphic function with respect to a new entire function, the notions of relative
growth indicators (see e.g. [1, 2, 11]) will come. Now in order to make some progress in the
study of relative order, Biswas et al. [5] introduce the definitions of generalized relative order
(o, B) and generalized relative lower order («, 3) of a meromorphic function with respect to
another entire function in the following way:

Definition 1.4. [5] Let a, 8 € L;. The generalized relative order («, 8) and generalized relative
lower order («, 3) of a meromorphic function f with respect to an entire function g denoted by
Plap)[flg and A, 5)[f]4 respectively are defined as:

(T, (1 (1)) o(T; (T (1))
o = limsup—2———""2 and A\, = liminf —4——~ %
Plas)flg = limsup 50) (a,8)[flg = limin 30
Now in order to refine the above growth scale, Biswas et al. [5] have introduced the
definitions of other growth indicators, such as generalized relative type («, 3) and generalized
relative lower type («, 3) of meromorphic function with respect to an entire function which are
as follows:

Definition 1.5. [5] Let o, # € L. The generalized relative type («, 3) denoted by o(, g[f], and
generalized relative lower type («, ) denoted by 7, g)[f], of a meromorphic function f with
respect to an entire function g having non-zero finite generalized relative order («, 3) are defined
as:

X TN i~ a2 )

= i = :
9(a,5)[f]g = lim sup 97 500 (exp(B(r)))Piemlfls

r=oo (exp(B(r)))

Analogously, to determine the relative growth of a meromorphic function f having same

non zero finite generalized relative lower order («, 3) with respect to an entire function g, Biswas

et al. [5] have introduced the definitions of generalized relative upper weak type («, 3) denoted

by 7(a,5)[f]4 and generalized relative weak type («, 3) denoted by 7(, 4)[f]y of f with respect
to g of finite positive generalized relative lower order («, 3) in the following way:

Definition 1.6. [5] Let o, 8 € L;. The generalized relative upper weak type («, 3) denoted
by 7( s)[f]y and generalized relative weak type (a, ) denoted by 7, g)[f], of a meromorphic
function f with respect to an entire function g having non-zero finite generalized relative lower
order (o, 3) are defined as:

exp(a(T7 (T (r exp(a(T= (T (r
gy = timsup ST OOy 2, — tim e U5 0)

roset (exp((r)) e P (exp(B(r) s

In this paper we wish to prove some results related to the growth rates of composite en-
tire and meromorphic functions on the basis of their generalized relative order («, ), generalized
relative type («, 3) and generalized relative weak type (a, 3).

2 Main Results

First we present two lemmas which will be needed in the sequel.



Some growth properties of composite. - - - 445

Lemma 2.1. [3] Let f be meromorphic and g be entire then for all sufficiently large values of r,

Ty (r) < {1+ o(l)}@%mwm

Lemma 2.2. [8] Let f be an entire function which satisfies the Property (A), 5 > 0, § > 1 and
a > 2. Then

BTy (r) < Ty (047’5) .
Now we present the main results of the paper.

Theorem 2.3. Let f be a meromorphic function and g, h be any two entire functions such that
0 < )\@,g])[f]h < P(a,,ﬂl)[f]h < 00, a(azwgz)[g] < oo and h satisfies the Property (A) where
Bi(r) < exp(aa(r)). Then

lim sup al(T{l(Tﬂg) () < U(&zﬁz)[g] 'p(alqﬁl)[f}h'
rtoo o (Ty (T (B (exp(Ba(r))) ez 0))) Nargylfln

Proof. Let us suppose that A > 2 and § — 1+ in Lemma 2.2. Since 7}, ' (r) is an increasing
function of r, it follows from Lemma 2.1, Lemma 2.2 and the inequality T} (r) < log M,(r) {cf.
[9] } for all sufficiently large values of r that

T, (Tygy(r)) < T, ({1 +0(1)} Ty (M, (r)))
ice., (T, ' (Trg(r)) < (AT, (Tr(My(r))))°)
ice., ar(T, ' (Tyg)(r)) < (14 o0(1)ar (T}, (Tr(My(r))))
ice., (T, ' (Tyig)(r)) < (14 0(1)(p(ay,p0) L fln + )81 (My(r))

ey a1 (T (Tyig) (1) < (14 0(1))(pray o) [fn + €) explaa (M (1))

(14 0(1)) (P(a. ) [T + ) (0, ) [9] + €) (exP(Ba(r)) )12 19. 2.1)

Now from the definition of A, s, [f]n, we obtain for all sufficiently large values of r
that

ar (T, (T (B (exp(Ba (1)) P2 ))) > (N, g0y [f]n — ) (exp(Ba(r))) a9l (2.2)

Therefore from (2.1) and (2.2), it follows for all sufficiently large values of r that

ar (T, (T (1)) -
ar (T (T (7 (exp(Ba(r))) Ptz l9)))

(L +o(1))(prar, o) f1n +€)(0(ay,8,)lg) + £)(exp(Ba(r)))Pieap2l9]
()\<04| ,B81) [f]h - 5)(exp(ﬁ2(7«)))P(a2,ﬁz)[9]
i.e.,lim sup—————— (,7}‘_] (Ty()(r))) < Ttonp) 9] Pl [
rtoo oy (T, (T (By ' (exp(Ba(r))) o2 19))) YN
Thus the theorem is established.O

Remark 2.4. In Theorem 2.3, if we replace the condition “o(,, 5,)[g] < 00" by “7(4, 5,)[9] <
00” and other conditions remain same, then the conclusion of Theorem 2.3 remains valid with
“/\(Oé2 aylgl” and “7(,, g,)[g]” instead of “p(a, g,)[9]” and “o(q, 5,)[g]” respectively.
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Remark 2.5. In Theorem 2.3, if we replace the conditions “0 < X(o, 5,)[f]n < p(ay,8)[f]n < 007
bY “pay.p)[fIn < 00 and A4, g,)[g]x > O where k is an entire function” and other conditions
remain the same, then Theorem 2.3 remains valid with

“aa(Ty (T, (85 (exp(Ba(r))e221)))” and “Na, 5, [9]1”

instead of

“ai (T, (Tf(ﬂ1 (exp(ﬂz(r)))”“zﬁz)[g])))” and“)\(m_ﬂl)[f]h”respectively.

Remark 2.6. In Theorem 2.3, if we replace the conditions “0 < A, ,)[f]n < p(a,,5)[f]n < 00
and O’(a“gz)[g] < o0” by “p(a],ﬁl)[f]h < 00, )\(a2ﬁ2)[g]k > 0 and T(az,b’z)[g] < oo where k is
an entlre function” and other conditions remain the same, then Theorem 2.3 remains valid with

az( ( 9 (B (exp(ﬂz(r)))N@zﬂz)[g])))” “Nao, ﬁ2>[ ]x” and “Tlen, ) [g]” instead of
ar (T, (T (By ! (exp(Ba(r))) o2 229)))”, “N o, o) [£]n” and o/, 3,)[g]” respectively.

Using the notion of generalized lower type («, 3) we may state the following theorem
without its proof because it can be carried out in the line of Theorem 2.3 .

Theorem 2.7. Let f be a meromorphic function and g, h be any two entire functions such that
0 < )\(ahﬁl)[f]h < P(al,ﬁ,)[f]h < 00, 5(%/32)[9] < oo and h satisfies the Property (A) where
B1(r) < exp(az(r)). Then

lim inf a1 (T (Tri5) () < Tlrp 9] Prar a0/
ree oy (T, (Tr(Br ! (exp(Ba(r))) o ¥1))) Ao [f1n

Remark 2.8. In Theorem 2.7, if we replace the conditions “0 < X4, 5,)[f1n < p(ay,8) [f]n < 00
and E(az,&)[g] < o0” by “p(a]7ﬂl)[f]}b < 00, /\(a“@z) [g]k > 0 and 5(a2762)[g] < oo where k is
an entlre funct10n and other conditions remain the same, then Theorem 2.7 remams Vahd with

“aa(T (T (B (exp(Ba(r)))? aeald)))” and “A(q, 4, [g]1” instead of “a (T, (T5 (B; (exp(Ba(r))) 22217
and ¢ )\(a] 1) [f]n” respectively.

Remark 2.9. In Theorem 2.7, if we replace the condition “G(,,, g,)[g] < 00" by “T (4, s,)g] < 00”
and other conditions remain the same, then the conclusion of Theorem 2.7 remains valid with

“an (T, (T (87 (exp(Ba(r))) o2 9)) ) and “7 o, 5,)[g]”

instead of

“an (T, 1 (Ty (B! (exp(Ba(r)))Pt=2£2191)))” and “(an,)9]” respectively.

Remark 2.10. In Theorem 2.7, if we replace the conditions “0 < X, 3,)[f]n < p(a,,5)[f]n < 00
and (4, 5,)[9] < 00" by “pra, a)[f1n < 00, Aay,)l9lk > 0 and 74, g,)[g] < oo where k is an
entire function” and other conditions remain the same, then the conclusion of Theorem 2.7 re-
mains valid with “as (T, (T, (85 ' (exp(Ba(r))) e l91))), “Nan,g)lg]r” and “T(,, 5,)[g]” in-
stead of

St (Ty, (T (B (exp(Ba(r))) == #191)))”, “A(, ) [f1n” and o, 5, [9]” respectivelly.

Now we state the following theorem without its proof as it can easily be carried out in
the line in the line of Theorem 2.3.

Theorem 2.11. Let f be a meromorphic function and g, h be any two entire functions such that
0 < Nay,plfln < 000r0 < pia, s)[fln < 00, 0(ay,8,)lg] < 00 and h satisfies the Property (A)
where 31 (r) < exp(ax(r)). Then

lim inf . (T’”rl (T(g)(r)))
r—+00 (Th_] (Ty (/81_1 (exp(,@z(r)))p“‘lﬁﬁ[g])))

Remark 2.12. In Theorem 2.11, if we replace the condition “o 4, 5,)[g] < 00" by “7(4, 5,)[9] <
00" and other conditions remain same, then Theorem 2.11 remains valid with

“an (T, (T (B (exp(Ba(r))) o2 9))) ) and “7(q, 5, (9]

> O(a,B,) [g}

instead of

“an (T, (T (B (exp(Ba(r))) t=219])))” and “O(ay,8,)|9]” TeSpectively.
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Remark 2.13. In Theorem 2.11, if we replace the conditions “0 < A, g,)[f]n < 00 or 0 <
Plar,pn)[fln < 007 by “A(o, g [f]n < 00 and A4, ,)[g]x > O where £ is an entire function” and
other conditions remain same, then

T, (T A
liminf - 041( ( flg )( ))) o < U(azﬁz)[g] (al7ﬁl)[f]h.
T an (T (T (B (exp(Ba(r))) o2 #219))) e, 2) 9]k
Remark 2.14. In Theorem 2.11, if we replace the conditions “0 < (4, 5,)[f]n < oo or 0 <

Plar,p) [f]n < 007 by “pra, g [f]n < 00 and p(a, g,)[9]x > O where k is an entire function” and
other conditions remain same, then

lim inf o1 (T (Ty(5) () < Ttaxp)l9] Plar o0 [l
T_>+°°O‘2( ( (52 (CXP(Bz(T)))p(“Z‘B”[g]))) B p(az,ﬁz)[g]k

Remark 2.15. In Theorem 2.11, if we replace the conditions “0 < A, g,)[f]n < 00 or 0 <
p(al-ﬂl)[f]h < oo and O'(a“gz)[g] < 00” by “A(a]nﬁl)[f]h < 00, )‘(az,ﬁz)[g]k > 0 and T(azﬁz)[g] <

oo where k is an entire function” and other conditions remain the same, then
lim inf al(T_l(Tf(g>(r))) < T(azvﬂz)[g] ) )\(ahﬁl)[f]h
=20 oy (T (T (35! (exp(Ba (T)))A((’Z’ﬁz)[g]))) B e, 9]k

Remark 2.16. In Remark 2.15, if we replace the conditions “A (4, g,)[f]n < 00, A(a,,5,)[g]k > 07
bY “p(ay,8) [f1n < 00, lay,p) 9]k > 07 and other conditions remain the same, then

lim inf al(T};l(Tf(g)(r))) < T(az,ﬂz)[g] ) p(mﬁl)[-ﬂh )
roe0 ) (Ty (T (By ' (exp(Ba(r))) ez e ) Pl ) 9K

Theorem 2.17. Let f be a meromorphic function and g, h be any two entire functions such

that (i) 0 < p(al,ﬁl)[f]h < 00, (i) p(ahﬂl)[f]h = p(az,ﬁz)[g]’ (iii) O'(azﬁz)[g] < 00, (iv) 0 <
O(a,p) [ f]n < 00 and h satisfies the Property (A) where 1 (r) < exp(aa(r)). Then

ar(Ty, (T (1)) - Plarp)Lf] 'U(a2,32>[9]'

lim inf

r—+0 exp(ov (T), (Tf(,@] H(Ba(r))) (a0 ]

)
Proof. In view of condition (i7),we obtain from (2.1) for all sufficiently large values of r that

ay (T, (T (1)) <

(1+ 0(1) (e ) [T+ ) (0 ) [9] + &) (exp(Ba(r)))er ool (2.3)

Again from the definition of o(,, 4,)[f]n We get for a sequence of values of r tending to
infinity that

exp(an (T, (Ty (87 (B2(r)))) = (0(ay ) [f1n — &) (exp(Ba(r)) ool (2.4)

Now from (2.3) and (2.4), it follows for a sequence of values of r tending to infinity
that

(T, (Ty(g)(r)))
exp(on (T (T (87 (B2(r)))))
(14 0(1))(par,80) [f1n +€)(0(an,8) 9] + ) (exp(Ba(r))) 1 s lfln
(U(al,ﬁl)[f]h - 6)(exp(ﬂz(r)))ﬂml,ﬁl)[f]h :

Since ¢(> 0) is arbitrary, it follows from above that

liminf al(T?l(Tﬂ )( ")) < p(o‘lvﬁl)[f]h : U(az,ﬁz)[g].
rrecexp(an (T, (Ty (B (B2(r)))) ~ (e,
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3 >

Remark 2.18. In Theorem 2.17, if we replace the conditions “o(q, g,)[g] < o0” and “0 <
Ol p) [ fIn < 007 BY “Giq, p,)]g] < 00” and “0 < T (4, ,)[f]n < o0” respectively and other
conditions remain same, then Theorem 2.17 remains valid with “G ., 5,)[g]” and “G (4, g,)[f]n”
instead of “o(4, 5,)[9]” and “o(4, 5,)[f]n” respectively.

Remark 2.19. In Theorem 2.17, if we replace the conditions “0 < p(4, 3,)[f]n < 00” and “0 <
U(al,ﬂl)[f]h < 00” by “0< /\(m,,@l)[-ﬂh < p(al,[g])[ﬂh < 00’ and “0 < E(al,ﬂl)[f]h < 00” respec-
tively and other conditions remain same, then Theorem 2.17 remains valid with “A(,, g,)[f]n”
and “G (4, 4, [f]»” instead of “Plar,B1) [f]n” and “Olan.B1) [f]n” respectively.

Remark 2.20. In Theorem 2.17, if we replace the condition “0 < (4, 5,)[f]n < 00" by “0 <
T(ay,8)[f]ln < 00" and other conditions remain same, then Theorem 2.17 remains valid with
“limit superior” and “G 4, g,)[f]n” instead of “limit inferior” and “o(q, g,)[f]n” respectively.

Now using the concept of generalized relative upper weak type («, 3), we may state the
following theorem without its proof since it can be carried out in the line of Theorem 2.17.

Theorem 2.21. Let f be a meromorphic function and g, h be any two entire functions such that

(Z) O < A(O&],B])[f]h S p(oq,ﬁl)[f]h < OO’ (’”’) A(Ot],ﬂ])[f]h = /\(az,ﬁz) [g]’ (ZZZ) T(Oéz,ﬂz) [g] < OO, (ZU)
0 < T(a,,8)[f]n < 00 and h satisfies the Property (A) where B (r) < exp(az(r)). Then

lim inf al(Thil(Tf(g)(r))) < p(al,ﬁl)[ﬂh 'T(Oéz,ﬁz)[g]
- 1 = :
r=tooexp(an (T, (T (B, (82(r)))))) T(on 1) Lf]n

Remark 2.22.In Theorem 2.21, if we replace the conditions “7(,, 5,)[g] < oo” and “0 <
Tlan,g) [ fIn < 007 by “T(q, gy)lg] < 00” and “0 < 74, g,)[f]n < oc” respectively and other
conditions remain same, then Theorem 2.21 remains valid with “7(,, 3,)[g]” and “T (4, g,)[f]n”
instead of “7(,, g,)[9]” and “7(,, g,)[f]n” respectively.

Remark 2.23. In Theorem 2.21, if we replace the conditions “0 < (o, 5,)[f1n < pay.8)[f]n <
o0” and “0 < 74, gy [f]n < 007 by “0 < A(q, g [f]n < 00" and “0 < T4, 5,)[f]n < 00 respec-
tively and other conditions remain same, then Theorem 2.21 remains valid with “A(,, g,)[f]n”
and “7 (o, g,)[f]n” instead of “p(,, ,)[f]n” and “74, a,)[f]n” respectively.

Remark 2.24. In Theorem 2.21, if we replace the condition “0 < 7(4, 5,)[f]n < 00” by “0 <
T(a,p)[fln < 00” and other conditions remain same, then Theorem 2.21 remains valid with
“limit superior” and “7T(,, ,)[f]»” instead of “limit inferior” and “7(,, g,)[f]n” respectively.

Remark 2.25. In Theorem 2.21, if we replace the conditions “A(,, g,)[f]ln = A(as,5,)l9]” and
“Tlang) 9] < 007 bY “Na, ) [fln = Plas,p)[9]” and “o(qa, 5,)[g] < 00” respectively and other
conditions remain same, then Theorem 2.21 remains valid with “o(,, 5,)[g]” instead of “7(,, 4,)[g]”.

Remark 2.26. In Theorem 2.21, if we replace the conditions “0 < A, g,y [f]n < p(ay,8)[f]n <

0™ Nay s [fln = Aan,pl9]” and “0 < 74, 5)[f]n < 00 7 by “0 < p(a, p)[fln < 007,
“Plar,s) [l = Nan,) 9] and “0 < o4, g,)[f]n < 00” respectively and other conditions remain

ER)

same, then Theorem 2.21 remains valid with “o(,, 5,)[f]n” instead of “7,, ,)[f]n”.

Remark 2.27. In Theorem 2.21, if we replace the conditions “A(, ) [f]n = Nay,8) 9] “T(an,) 9] <
oo™ and 0 < T(al,ﬁl)[ﬁh < o0 ” by “)\(ah,&)[f]h - p(azaﬁz)[g]”’ “E(Oéz’ﬁz)[g} < oo” and

0 < T(a, 51)[ fln < o0 respectively and other conditions remain same, then Theorem 2.21
remains valid with “G,,, g,)[9]” and “T(,, s,)[f]n” instead of “7(,, 5,)[g]” and “7(4, 5,)[f]n"-

Remark 2.28. In Theorem 2.21, if we replace the conditions “0 < (o, 5,)[fIn < pay.8)[f]n <
0™ Ay ) [f1n = Aan ) [917 “Tas ) [9] < 0™ and “0 < 7o 5 [fln < 00 ™ by 0 <

Plan, )L/ Tn <007 “pray 5 [ = Mao, o) 1917 “Taq 9] < 007 and “0 < (g, 5 [f]n < o™
respectively and other conditions remain same, then Theorem 2.21 remains valid with “7(q, 3,) lg]”

and “G (4, 4, [f]n” instead of “Tlen,0) [g]” and “Tlen,B1) [f]n”.

Remark 2.29. In Theorem 2.21, if we replace the conditions “X(,, 5,)[f1n = Nas,5,)[9]”s “T(an,8) 9] <

00” and “0 < T(q, 8)[fln < 00 7 bY “Nays)lfln = Plans)9]”s “Olan,p)lg] < o0” and
“0 < T(a,,8,)[f]n < 00” respectively and other conditions remain same, then

ar (T, (T (7)) - Aoy g fIn - G(az,ﬁz)[g]'

lim inf < =
T(‘ll»ﬂl)[f]h

r—+o0 exp(a (T, (Ty (B (B2(1)))))
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Remark 2.30. Under the same conditions of Remark 2.29, one can easily verify that

lim sup al(T{l(Tf(g) (T))) < p<0‘l751)[f]h ) U(azﬁﬁz)[g]
r+oo exp(ar (T, (Ty (B (B2(r))))) ~ (oo Lf]n '

Remark 2.31. In Remark 2.29, if we replace the conditions “0 < A, ,)[f]n < p(ay, ) [f]n <

00", “May,alfln = Plas,sldl”s “Olaspmlg] < 00” and “0 < Tq, g)[f]n < 00” by “0 <
)\(Oél,ﬁl)[f]h < o0 4 “p(al,ﬁl)[f]h = )\(az,ﬁz) [g]”’ “T(Ocz,ﬁz) [g} < OO” and “O < E(O&],ﬁ])[f]h < OO”
respectively and other conditions remain same, then conclusion of Remark 2.29 remains valid
with “T(llbﬁz) [g]” and “E(alaﬂl) [ﬂh” instead of “0’(0(2”32) [g}” and “?(Oélyﬁl) [f]h”-

Remark 2.32. In Remark 2.29, if we replace the conditions “0 < A4, g)[f]n < p(ay,8)[f]n <

I

oo, “/\(al,ﬁl)[f]h = p(azﬁz)[g]”, “U(az,ﬁz)[g] < o0” and “0 < ?<0¢I,B])[f]h7< 00"’ by “0 <
Plan.s) [l < 097 “pray, sl fIn = Nanp)9]7s “Tian,8,)[9] < 00” and “0 < T4, g,)[f]n < 00
respectively and other conditions remain same, then

lims 041<T}L_1<Tf(g)(r))> < p(alﬁl)[ﬂh 'T(azﬁﬁ[g]
1m sup I = S — .
rtoo exp(a (T (Ty (BT (B2(7)))))) T (ar,8) [f]n
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