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RELATIVE ORDER AND RELATIVE TYPE BASED
GROWTH PROPERTIES OF ITERATED P ADIC
ENTIRE FUNCTIONS

TANMAY BISWAS

ABSTRACT. Let us suppose that K be a complete ultrametric alge-
braically closed field and A (K) be the K-algebra of entire functions
on K. The main aim of this paper is to study some newly developed
results related to the growth rates of iterated p-adic entire functions
on the basis of their relative orders, relative type and relative weak

type.

1. Introduction and Definitions.

Let us consider K be an algebraically closed field of characteristic 0,
complete with respect to a p-adic absolute value |-| (example C,). For
any o € Kand R €]0, +o00, the closed disk {z € K : |[z—a| < R} and the
open disk {x € K : |z — a| < R} are denoted by d (o, R) and d (o, R™)
respectively. Also C(a,r) denotes the circle {x € K : |z — a| = r}.
Moreover A (K) represent the K-algebra of analytic functions in K i.e.
the set of power series with an infinite radius of convergence. For the
most comprehensive study of analytic functions inside a disk or in the
whole field K, we refer the reader to the books [12,13,18,20]. During
the last several years the ideas of p-adic analysis have been studied

Received July 14, 2018. Revised November 15, 2018. Accepted November 19,
2018.

2010 Mathematics Subject Classification: 12J25, 30D35, 30G06, 46S510.

Key words and phrases: p-adic entire function, growth, relative order, relative
type, relative weak type, composition.

© The Kangwon-Kyungki Mathematical Society, 2018.

This is an Open Access article distributed under the terms of the Creative com-
mons Attribution Non-Commercial License (http://creativecommons.org/licenses/by
-nc/3.0/) which permits unrestricted non-commercial use, distribution and reproduc-
tion in any medium, provided the original work is properly cited.


https://doi.org/10.11568/kjm.2018.26.4.629

630 Tanmay Biswas

from different aspects and many important results were gained (see [2]
to [11], [14-17,21]).

Let f € A(K) and r > 0, then we denote by |f|(r) the number
sup{|f (x)|||z| = r} where |-| () is a multiplicative norm on A (K) . Sim-
ilarly for the entire function g € A (K), |g| (r) is defined. The ratio %
as r — oo is called the growth of f with respect to g in terms of their
multiplicative norm on A (K).

However, if f € A(K) is not a constant, the |f|(r) is strictly in-
creasing function of r and tends to +oo with r therefore there exists its
inverse function |f|: (]f (0)],00) — (0, 00) with Sliglo|f| (s) = oc.

Throughout the paper, log denotes the Neperian logarithm. Taking
this into account the order (resp. lower order) of an entire function

f € A(K) is given by (see [5])

p(f) _ . sup log(log|f|(r))
M) T A logr

The function f € A(K) is said to be of regular growth when order
and lower order of f are the same. Functions which are not of regular
growth are said to be of irregular growth.

Boussaf et al. [5] also introduce the definition of type (resp. lower
type) of an entire function f € A(K) which is also another type of
growth indicator used for comparing the relative growth of two entire
functions defined in A (K) having same non-zero finite order in the fol-
lowing way:

o(f) _ gy Sup loglf](r)

F(f) = m g e Where 0.<pp < oo,

Analogously for 0 < Ay < oo, one may give the definition of weak
type 7y and the growth indicator 7 of an entire function f € A(K) in
the following way:

7(f) _ ppp, sup log|f[(r)
7(f) _TEIJPOO inf A

However the notion of relative order was first introduced by Bernal [1].
In order to make some progress in the study of p-adic analysis, recently
Biswas [9] introduce the definition of relative order and relative lower
order of entire function f € A (K) with respect to another entire function
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g € A(K) in the following way:

po(f) . sup loglgl (If] (r)
)\g (f) TETOO inf logr :

Further the function f € A (K), for which relative order and relative
lower order with respect to another function g € A (K) are the same is
called a function of regular relative growth with respect to g. Otherwise,
f is said to be irregular relative growth.with respect to g.

Next, we introduce the notion of relative type and relative lower type
f € A(K) with respect to g € A(K) in the following manner in order
to compare the relative growth of two p-adic entire functions having
same non-zero finite relative order with respect to another p-adic entire
function :

DEFINITION 1. Let f, g € A(K) be such that 0 < p, (f) < co. Then
the relative type o, (f) and relative lower type o, (f) of f with respect
to g are defined as:

oy (F) _ y sup Lol (1)

Eg (f) r—-+00 inf rpg(f)

Likewise, to determine the relative growth of two p-adic entire func-
tions having same non-zero finite relative lower order with respect to
another p-adic entire function, one may introduce the concept of rela-
tive weak type in the following way:

DEFINITION 2. Let f, g € A(K) be such that 0 < A\, (f) < co. Then
the relative -weak type 7, (f) of f with respect to ¢ is defined as:

gl (f1 ()
7, (f) = hmgr)\T .

r=4-00

Analogously, one can define the growth indicator 7, (f) of f with
respect to g with finite positive relative lower order A, (f) as

o e 9l e)
()= m S
Now in the line of Lahiri and Banerjee [19], one may introduce the

concept of the iteration of f with respect to g where f, g € A (K) in the



632 Tanmay Biswas

following manner:

flx) = f)
flg(@) = [lg(x)) = fa(x)
flo(f () = flg(fi(x)) = f(g2(x)) = f3(x)
Flg(fe. (f(x) or g(z))..ce..... )) = fu (z), according as n is odd or even

9(f (gn-2(2))) = g (fn-1(x)) = gn (z) -
Clearly all f,, € A(K) and g, € A(K).

Likewise for any two non constant entire functions h, k € A (K), we

may define the iteration of ]/h\] (r) with respect to |k| (r) in the following
manner:

— —

Bl = Tl ()
k(101 ) = Tl (1l () = ol (1)
(m] (6] (W ))) = Ta

(B (v (101 (18T (121 0))) ) = Toal (1)

when n is odd,

|7<?|< ......... <|??| (ﬁﬂ (ﬁﬂ(r))))) = | (),

when n is even .

and

Obviously |h,| () is an increasing functions of r.
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The main aim of this paper is to establish some newly developed
results related to the growth rates of composite p-adic entire functions
on the basis of their relative orders, relative type and relative weak type.

2. Lemmas

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

The following lemma due to A. Escassut [12] which can also be found
in [5] or [7].

LEMMA 1. [12] Let f, g € A(K). Then for all sufficiently large values
of r,

|[fogl(r) = [fI (gl (r)) -

+00
LEMMA 2. Let f(z) = > a,2" € A(K). Then for any positive
n=0
integer m > 1,

(F1 )™ < 1F1 ™)

+oo
Proof. Since f(z) = > a,2" € A(K). Then for all > 0 we have
n=0

|f| (r) = sup|a,|r". So We_obtain that
n>0

(1) (L1 (r))™ = suplan[™r™" .
n>0
Further, we get that

(2) |fl (™) = igrg\an\rm” :

As we take the supremum value for large r, therefore n # 0 and |a,| < 1.
Hence the lemma follows from (1) and (2). O

LEMMA 3. Let f, g, h, k € A(K). Then for all sufficiently large
values of r,

(i) Thal (1l (r)) < [k] (Ig] (%)) when n is even
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where

((a) 6 =m"™ ! wherever m is least positive integer with
n(F) sk (9)} < max{pn (), (9)} <m;

—

IA
.

s

(b) § = m2"" wherever m is least positive integer with
0<pn(f) <1< pelg) <my

(c) 0 =m?2 wherever m is least positive integer with
0<pr(g) <1 <pn(f)<m;

( (d) 6 =1 while 0 <max{ps (f),px(9)} <1;
and

(id) [hal (1fal (7)) < B (1£] (%)) when n (n # 1) is odd
where

((a) & =m"™ ! wherever m is least positive integer with
1L <min{ps (f),px(9)} <max{pn(f),pr(9)} <m;

) §= m"z  wherever m is least positive integer with
0<pn(f) <1< p(g)<my

) d > wherever m is least positive integer with
0<pr(g) <1<pn(f)<m;

(d) 0 =1 while 0 <max{pn(f),pe(g)} <1.

Proof. Case L. Let 1 < min{py (f),px (9)} < max{py(f),pr(9)} <
oo. Now we consider that m is least positive integer such that 1 <
min {pp, (f), px (9)} < max{p (f),px (9)} < m. Also suppose that py (f)+
e <m and py (g) + & < m respectively where ¢ (> 0) is arbitrary. Now
in view of Lemma 1, Lemma 2 and for any even integer n, we get for all
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sufficiently large values of r that

ful (1) =

ieo [ (1ful (1) =

(3) iee, [l (Ifal (r) <
ieo (1l () <

iee (1l () <

ieo Thal (Ifal () <

e, Thal (1fal (7)) <

iee, Thol (1l (1) <

ieey Thal (|l (1)) <

Therefore

Similarly,

oal (£l () < TR (151 ("

11 (gna] ()
0] (1] (|91 (1))
(g () e+
(g (7)™

91 (1 foa] ™))

K] (1] (| faz] (™))
(| fns| (rm))PE@+2)
(| fual (™))™

famal (7).

_1>> when n is odd and n # 1 .

Thus (i) (a) and (i7) (a) of lemma are proved.
(9)} <1 < max{py(f),p(9)} <

Case II. Let 0 < min{pp (f), px

Q.

- )) when n is even .

[oal (1l (7)) < ] (1] ("

635

Sub case (A). Let 0 < pp, (f) <1 < pi(g9) < 0o. Now we consider
that m is least positive integer such that 0 < p, (f) <1 < p (9) < m.
Also suppose that pp, (f) + e < 1 and pi (9) + & < m respectively where
e (> 0) is arbitrary. Now in view of Lemma 1, Lemma 2 and for any
even integer n, we get from (3) for all sufficiently large values of r that

RICAISIRE (I G)
e LS () < lol (1 fumal ()
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o TRl (Ul (7)< KT (gl (1 e 2|<>>>
@ufn\(r)) < (|fumsl () x4
iee Thal (1fal (7)) < (Lol ()"
iee, ol (1fal (1)) < 1 fucal ()

Therefore

R (1 f] (1)) < |/€| (lgl ( m2- >> when n is even .
Similarly,

@('fn’ (r)) < ]/h\] (\f] (rmnTl)) when n is odd and n # 1 .

Thus (7) (b) and (éi) (b) of lemma are proved.

Sub case (B). Let 0 < px(9) <1 < py(f) < 0o. Now we consider
that m is least positive integer such that 0 < pg (g9) < 1 < pi (f) < m.
Also suppose that pi (9) +¢ < 1 and py, (f) + € < m respectively where
e (> 0) is arbitrary. Now in view of Lemma 1, Lemma 2 and for any
even integer n, we get from (3) for all sufficiently large values of r that

RISl () < (gams] (7))
er f ) < Lol (1ol ()

S Tl (fal ) < TR (ol 7))
@um(r» < (| fas| (rm)ertate
iy Thal (1fl (1)) < ([frusl ™)

Therefore
)) when n is even .

|| ([ fn] (r)) < ‘/k\‘ Og‘ (T.m

Similarly,
mn\| (|ful () < |/h\| (|f| (rnT_l>> when n is odd and n # 1.
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Hence (i) (¢) and (i) (¢) of lemma are established.

Case III. Let 0 < max{pn(f),pr(g9)} < 1. In this case we can
choose an arbitrary (> 0) in such a manner so that p, (f) +¢ < 1 and
pr (9) +e < 1 hold. Now reasoning similarly as in the proof stated above
one can easily deduce the conclusion of (7) (d) and (i7) (d) of lemma, so
its proof is omitted.

This completes the proof of the lemma. O

LEMMA 4. Let f, g, h, k € A(K). Then for all sufficiently large
values of r,

(i) Tl (1£a] (1)) 2 T#] (19l () ) when n is even,

where

( (@) § = m"™ ! wherever m is least positive integer with

% <min{A, (f), M\ (9)} <max{A, (f), \e(9)} <1;

—~

) § =mz2~! wherever m is least positive integer with
<X (9) 1< N (f) < o0

IS

) 6 = m?2 wherever m is least positive integer with
<M (f) £ 1< X (g) < oo

2=

d) 0 =1 whilel <min{A, (f), M\ (9)} <o0.

—~

\

and
(i) Thal (14 () > Th (11 (r) ) whenn(n # 1) is odd

where

((a) 6 =m"™ ! wherever m is least positive integer with
o <min {0 (), A (9)} < max { (f), M (9)} < 1;

) d = m"z  wherever m is least positive integer with
< )\k(g) <1< )\h(f) < 005

=

) 6= m"z  wherever m is least positive integer with
<M (f) <1< XN (g) < o005

-

d) 0 =1 whilel <min{\, (f),\(9)} < o0

—~

\
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Proof. Case I. Let 0 < min {\, (f), A\x (9)} < max{\, (f),\x(9)} <
1. Now we consider that m is least positive integer such that + <

min { A, (f), A\ (9)} <max{\, (), \ (9)} < 1. Also suppose that A?(f)—
£ > % and A\ (g) —e > % respectively where ¢ (> 0) is arbitrary. Now
in view of Lemma 1, Lemma 2 and for any even integer n, we get for all
sufficiently large values of r that

@(‘fn’(r)) > (’gn71|(7’))()‘h(f)*5)
i, |h(1fal (7)) > (Ignos] (7))

3=

e (Sl () = lgual (r

)
e, |h[([fal (7)) = gl (’fH‘(T%»

e, Tl (Fal () 2 (Ifucel (v
e, [l () 2 (Ifucel (v
iccos Thal (1l (1) 2 el (77

Therefore,

|/hn\| ([ful () = |/7<?| <|g| (Tﬁ>> when n is even .

Similarly,

[al (1l (1)) = 0] (11 (777) ) when n (n 1) s odd .

Thus (i) (a) and (ii) (a) of lemma are established.
Case II. Let 0 < min{\, (f), M (9)} <1 <max{ . (f), \(9)} <

0.

Sub case (A). Let 0 < A\ (9) <1 < A\, (f) < 0o. Now we consider
m is least positive integer such that = < Ay (g) < 1 < A\, (f) < oo.
Also suppose that A, (g) — e > % and A\, (f) —e > 1 respectively where
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e (> 0) is arbitrary. Now in view of Lemma 1, Lemma 2 and for any
even integer n, we obtain for all sufficiently large values of r that

@Ofn’(?”)) > (|gn_1|(r)>(/\h(f)_5)
en B (Il ) = gl (| frzz| ()

e Thal (1l (7)) = TK] (191 (| fus] (7))

e Tal (1l (1)) = (e () 50
., Thal (Iful (r)) > <|fn_zr<r>>%

Therefore,

@ (|fal (r)) = l/k\] (|g| <7“m7511)) when n is even .

Similarly,

il 50l (9) 2 1 (171 (757 ) ) when o 1) s 0.

Thus (7) (b) and (i7) (b) of lemma are established.
Subcase (B). Let 0 < A\, (f) <1 < M (9) < 0o. Now we consider
m is least positive integer such that W% < M(f) <1< M(g) < o0

Also suppose that Ay (9) —e > 1 and A, (f) —e > L respectively where
e (> 0) is arbitrary. Now in view of Lemma 1, Lemma 2 and for any
even integer n, we get for all sufficiently large values of r that

@ﬂfnw")) > (|gn_1|(r))(’\h(f)—e)
e, bl (Ifal (1) > (lgn_1l (r))i

e ISl () = lgaal (r7)
e., |/h\|(‘fn|(7’)) > gl (|f” 2| (Ti)>

.. el (1£al (1)) = T#] (Igl (1f2] (7)) )
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i Tha (Ifu (7)) > <|fn_2|(ri>>(xk<g)—a>
e el (1l (1) = (1l (r7))

ice.y Thal (1fal (7)) 2 [fucal ()

Therefore,

ﬁl:‘ (|fa] () = \/k\\ <|g| (?“mlg>) when n is even .

Similarly,

1
T

il 50100 2 T (191 (757 ) whe 1 1) i 0d.

Thus (i) (¢) and (ii) (¢) of lemma are established.

Case III. Let 1 < min{py (f),pr(9)} < oco. In this case we can
choose an arbitrary (> 0) in such a manner so that A\ (¢) —¢ > 1 and
An (f)—e > 1 hold. Now reasoning similarly as in the proof stated above
one can easily deduce the conclusion of (7) (d) and (i7) (d) of lemma, so
its proof is omitted.

This completes the proof of the lemma. O

3. Main Results

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

THEOREM 1. Let f, g, k, h € A(K) be such that 0 < A\, (f) <
pn (f) < oo and 0 < A\ (g) < oco. Then for every positive constant p and
every real number «,

ol (1] (1))

lim — =00

= Log il (1716}

where n is any integer such that n > 1.
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Proof. First let us consider n to be an even integer. If a be such that
1+ a < 0 then the theorem is trivial. So we suppose that 1 + a > 0.
Now it follows from the first part of Lemma 4, for all sufficiently large
values of r that

— 1 Ak(9)—e
(4) Bl (fal ) 2 (1)
where ¢ satisfies the conditions of Lemma 4.

Again from the definition of py, (f), it follows for all sufficiently large

values of r that

G)  {losml 1A} < (on () +2)™ " u logr)

Now from (4) and (5), it follows for all sufficiently large values of r that

— 1\ Ak(g)—e
(5 ) () |
{log Al (1o} ™ (2 () +2) g (logr)

Ap(g)—e
% 5 00 as r — 0o, therefore from above we obtain that

(log )
i ol (1] (7)) 1
= Llog [n] (11()) }

Similarly, with the help of the second part of Lemma 4 one can easily
derive the same conclusion for any odd integer n (£ 1).
Thus the theorem follows from above. m

Since

= oo for any even number n.
+a

REMARK 1. Theorem 1 is still valid with “limit superior” instead of
“limit " if we replace the condition “ 0 < A, (f) < pn (f) < 00” by “
0< M\ (f) < o007,

In the line of Theorem 1, one may state the following theorem without
its proof:

THEOREM 2. Let f, g, k, h € A(K) be such that 0 < X\, (f) < o0
and 0 < g (9) < pi (9) < oo. Then for every positive constant p and
every real number «,

[l (1
M A [/ A1C) N

T Log ] (o)}
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where n is any integer such that n > 1.

REMARK 2. In Theorem 2 if we take the condition 0 < A\ (g) < o0
instead of 0 < A, (9) < pi (g) < oo, then also Theorem 2 remains true
with “limit superior” in place of “ limit ”.

THEOREM 3. Let f, g, k, h € A(K) be such that 0 < A\, (f) <
pr (f) < oo and 0 < pg (g) < oco. Then for every positive constant u and
each a € (—00,0),

o i P05 )

"7*log|hl (| f[(expr))
and

=0if p > §(14«)py (9) when n is even,

i) i P05 )"
7 ¥%log [] (| f|(exp )

is any odd integer where § satisfies the conditions of Lemma 3.

=01if p> 51+ a)pn(f) when n(# 1)

Proof. If 1 + a < 0, then the theorem is obvious. We consider that
14+a > 0. Now it follows from the first part of Lemma 3 for all sufficiently
large values of r that

(6) o] ([l (7)) < 720r(059),

where 0 satisfies the conditions of Lemma 3.
Again for all sufficiently large values of r we get that

(7) log ] (|f[(expr®)) = (An (f) — &) " .
Hence for all sufficiently large values of r, we obtain from (6) and (7)
that

(R U1 @0) ™ st
log [2] (|f|(expr#)) — () —e)rm’

where we choose 0 < & < min {\, (f), s = P (9)}-
So from (8) we obtain that

(Il 050 01)

"rlog Al (| f|(exp )
This proves the first part of the theorem.

(8)




Relative order and relative type based growth properties 643

Similarly the second part of the theorem follows from the second part
of Lemma 3.
This proves the theorem. O

REMARK 3. In Theorem 3 if we take the condition 0 < pj (f) < o0
instead of 0 < A, (f) < pn (f) < o0, the theorem remains true with “
limit inferior” in place of “limit ”.

In view of Theorem 3, the following theorem can be carried out :

THEOREM 4. Let f, g, k, h € A(K) be such that 0 < pp, (f) < o0
and 0 < \g (9) < pi(9) < oo. Then for every positive constant p and
each a € (—00, ),

%: i 1+
— (Fral 5] )
rrreelog |k (gl(expr#))

and

= 01if p > §(14a)px (g) when n is even,

— 1+
h,, ol (1
- ( L(|f|()))
"t log [K| (g](expr))

is any odd integer where § satisfies the conditions of Lemma 3.

=0if > (1 + a)pn (f) when n(# 1)

The proof is omitted.

REMARK 4. In Theorem 4 if we take the condition 0 < pg (g) < o0
instead of 0 < A\ (g) < px (9) < oo then the theorem remains true with
“ limit inferior” in place of “limit ”.

THEOREM 5. Let f, g, k, h € A(K) be such that A\, (g) < A\, (f) <
pn (f) < oo and 0 < p (g) < oo. Then for any even number n,

lim w =
r=tee [h] (1£] (r))

where ¢ satisfies the conditions of Lemma 3.

Proof. From the first part of Lemma 3, we obtain for a sequence of
values of r tending to infinity that

(9 [l (1ful (1)) < P90 4e)
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Again from the definition of relative order, we obtain for all sufficiently
large values of r that

(10) 1] (1] (%)) = ro=2),

Now in view of (9) and (10), we get for a sequence of values of r tending

to infinity that
(11) |h"| (‘fn’ (7’)) < r‘s()‘k(g)-i-a) '
h| (If] (r)) — rOOn=e)

Now as Ak (9) < An (f), we can choose € (> 0) in such a way that A, (g)+
e < Ay (f) — € and the theorem follows from (11). O

REMARK 5. If we take 0 < pg (9) < A\ (f) < pr (f) < oo instead of ”
M (9) < A (f) < pn (f) < oo and pi (g) < oo ” and the other conditions
remain the same, the conclusion of Theorem 5 remains valid with “ limit
inferior ” replaced by “ limit ”.

THEOREM 6. Let f, g, k, h € A(K) be such that A\, (f) < Ak (g9) <
pr (g) < 0o and 0 < py, (f) < oo. Then for any odd number n (# 1),
iy Pl UFn[ () _
r+oo k] (lg] ()
where § satisfies the conditions of Lemma 3.

The proof of Theorem 6 is omitted as it can be carried out in the line
of Theorem 5 and with the help of the second part of Lemma 3.

REMARK 6. If we consider 0 < p,, (f) < Ak (9) < pr (9) < oo instead
of 7 M (f) < Me(9) < pr(g9) < oo and pp, (f) < oo ” and the other
conditions remain the same, the conclusion of Theorem 5 remains valid
with “ limit inferior ” replaced by “ limit ”.

THEOREM 7. Let f, g, k, h € A(K) be such that 0 < X\, (f) <
pr (f) < oo and 0 < p (g9) < co. Then

i log[hu (ful (1) _ i (9)
e log [l (|f] (%)) ~ M)

when n is even,

and

i g [l (1721 () _ pn(f)
e log [l (11 ()~ A )

) when n (# 1) is any odd integer
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where ¢ satisfies the conditions of Lemma 3.

Proof. From the first part of Lemma 3, it follows for all sufficiently
large values of r that

log [nal (11l (r))_ 1o K] (19l (+*))
o A1 (171 °)) ~ Tog Al (111 )

tog [ (£l () _ Tog [kl (Igl ()~ logr”
log ] (11 +%) logr®log[R] (] (r*))
vo o gl (5 () _ g loglR (91 (%) logs®
< : —
A rog (119 " o elog i (1)

y —1og|h|(|fn|()) 1y
D log 1] (|f] (%)) =T TN

Thus the first part of theorem follows from above.

Likewise, with the help of the second part of Lemma 3 one can easily
derive conclusion of the second part of theorem.

This proves the theorem. O

THEOREM 8. Let f, g, k, h € A(K) be such that 0 < A (g) <
pr (g) < oo and 0 < pp, (f) < 0o.Then

— log [l (1£al (1) _ px(9)
= log K] (g1 (+4)) ~ M ()

when n is even,

(4)

and

(43) lim log |]ZZ| (1] () < Bn /) when n (# 1) is any odd integer

=t log [k] (|g] (%))~ Mk (9)

where ¢ satisfies the conditions of Lemma 3.

The proof of Theorem 8 is omitted as it can be carried out in the line
of Theorem 7.

Now we state the following two theorems without their proofs as those
can easily be carried out in the line of Theorem 7 and Theorem 8 re-
spectively and with the help of Lemma 3.
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THEOREM 9. Let f, g, k, h € A(K) be such that 0 < X\, (f) <
prn (f) <ooand 0 < A, (9) < pr(g9) < oo. Then

o dog Rl (1l (7)) Ak (9)
7) lim <
<>Fwwmgmuuuﬂn A (f)

when n is even,

and

O LA AIG)
=t log Al (1] ()

where ¢ satisfies the conditions of Lemma 3.

<1 when n (# 1) is any odd integer

THEOREM 10. Let f, g, k, h € A(K) be such that 0 < X\, (f) <
pr (f) < oo and 0 < A (g) < pi (9) < co. Then

i loglh | ([fal (r))
r—+oo log |/<7| (lg] ()

and

< 1 when n is even,

b 1080l (11 (1) _ A (F)
= log ] (19| () M ()

where ¢ satisfies the conditions of Lemma 3.

(17) when n (# 1) is any odd integer

THEOREM 11. Let f, g, k, h € A(K) be such that 0 < A, (f) < o0
and 0 < A, (g9) < oo. Then for any even number n,

. log@(|fn| () S e (9)
oo log [ (1f] () An(f)

when 0 < pp, (f) < o0

and

— log ol (11l (°)) . M (9)

oo log[k| (o] (1)) Pr(9)

where § satisfies the conditions of Lemma 4.

when 0 < py (g) < oo,

)

Proof. From the first part of Lemma 4, we obtain for all sufficiently
large values of r that

(12) log [l (I£u] () > (i (g) — ) log T .
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Also from the definition of pj (f), we obtain for all sufficiently large
values of r that

(13) log ] (|f] () < (pn (f) + &) logr .

Analogously,from the definition of py (g), it follows for all sufficiently
large values of r that

(14) log [%] (9] () < (& (g) + ) log .

Now from (12) and (13), it follows for all sufficiently large values of r
that

log @ (|fn‘T6)
log [h| (|f](r))

(Ak (g) —¢)logr

= (on () + o) logr

. o [hnl (1521 (7)) _ M (g)
15 i.e., lim — > )
(15) rtoo log [ (|f] () Pn(f)

Thus the first part of theorem follows from (15).

Likewise, the conclusion of the second part of theorem can easily be
derived from (12) and (14).
Hence the theorem follows. O]

THEOREM 12. Let f, g, k, h € A(K) be such that 0 < A\, (f) < o0
and 0 < A\ (g9) < co. Then for any odd number n (# 1),

i 1281l (5] () 2 (6)
rvoe loglhl (1f] (1)) Pn(f)

when 0 < pp, (f) < o0

and

G i (8L (51GD) S ()

rtee log[K] (gl (r)  Pr(9)

when 0 < py (9) < o0,

where § satisfies the conditions of Lemma 4.

The proofs of Theorem 12 is omitted as it can be carried out in the
line of Theorem 11 and with the help of the second part of Lemma 4.

Now we state the following two theorems without their proofs as those
can easily be carried out in the line of Theorem 11 and Theorem 12
respectively and with the help of Lemma 4.



648 Tanmay Biswas

THEOREM 13. Let f, g, k, h € A(K) be such that 0 < A, (f) < o0
and 0 < A\, (9) < pr (9) < oco. Then for any even number n,

» log@ﬂfnl () < prlg)
e loglal (1] () ()

?

when 0 < pp, (f) < 00

and

R i GG
e log k[ (gl (1)

where § satisfies the conditions of Lemma 4.

THEOREM 14. Let f, g, k, h € A(K) be such that 0 < A\, (f) <
pr (f) < 0o and 0 < M\ (g9) < co. Then for any odd number n (# 1) ,

" log@(lfﬁ (r)) S P (f)
= loglk] (lgl (1) Pr(9)

when 0 < pg (g) < 00

and
— log@ﬂfn‘ (Té))
rree og |R[ (| f] (7))

where § satisfies the conditions of Lemma 4.

THEOREM 15. Let f, g, k, h € A(K) be such that 0 < A, (f) <
pn (f) < 00,0 < A\ (g) < o0and 0 < p < pg(g) < co. Then for any
even number n ,

(17) > 1 when py, (f) < o0,

lim — =00
" log |h[ (| f] (expr))

where § satisfies the conditions of Lemma 4.

Proof. From the first part of Lemma 4, we get for a sequence of values
of r tending to infinity that

(16) ol (1l () > (1)@

Again from the definition of p, (f), we obtain for all sufficiently large
values of r that

(17) log [] (|f] (exp ™)) < (pn (f) +) r* .
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Now from (16) and (17), it follows for a sequence of values of  tending
to infinity that

[l (1Fl (F9)) (el

18 — = :
(18) log || (| f] (expr#)) (o (f) +€)rr

As 11 < p (g), we can choose (> 0) in such a way that

(19) 1<pi(g)—e.
Thus from (18) and (19) we get that

. g L)

rlog [ (| f] (expri))
Hence the theorem follows from (20). O

THEOREM 16. Let f, g, k, h € A(K) be such that 0 < A, (f) <
pn (f) < 00,0 < A\ (g) < o0and 0 < pp < pg(g) < co. Then for any
even number n ,

(Il (°
0 ()__
rrrlog k| (|9 (expr))

where § satisfies the conditions of Lemma 4.

Proof. Let 0 < u < po < pi(g). Then from (20), we obtain for a
sequence of values of 7 tending to infinity and A > 1 that

] (1fal () > Alog [1] (|f] (exp o))
(21) i-eey [l (1fnl (%)) > A (N, (f) — )T .

Again from the definition of py (¢), we obtain for all sufficiently large
values of r that

(22) log [K] (|g] (exp ™)) < (pr (g) + ) 1™ .

So combining (21) and (22), we obtain for a sequence of values of r
tending to infinity that

ol (£l (%)) AQw () =)
log [k] (|g| (expre)) (P (g) +€)r*

(23)
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Since po > p, from (23) it follows that

Tl (I
Tl (4l ()
rolog k| (|g] (exp o))
Thus the theorem follows. O]

Now we state the following two theorems without their proofs as those
can easily be carried out in the line of Theorem 15 and Theorem 16
respectively and with the help of the second part of Lemma 4.

THEOREM 17. Let f, g, k, h € A(K) be such that 0 < A\, (g9) <
pr(g) < 00,0 <A, (f) <ooand 0 < pu < pp (f) < oo. Then for any odd
number n (# 1) ,

TRl (1l
S A1)
= 2log [ (] (exp )
where § satisfies the conditions of Lemma 4.
THEOREM 18. Let f, g, k, h € A(K) be such that 0 < A\ (g9) <

pr(g) < 00,0 <A, (f) <ooand 0 < p < pp, (f) < oo. Then for any odd
number n (# 1),

lim —

" log |k| (|g] (expr))

where § satisfies the conditions of Lemma 4.
THEOREM 19. Let f, g, k, h € A(K) be such that 0 < A, (f) <

pn (f) < 00,0 < p(g9) < 0o and A, (g) < p < oo. Then for any even
number n ,

b Pl (51()
r>+oclog [h| (| f] (exp oK)
where § satisfies the conditions of Lemma 3.

Proof. From the first part of Lemma 3, it follows for a sequence of
values of r tending to infinity that

(24) on] (1] (1)) < PPO@F2)

Again for all sufficiently large values of r we get that

(25) log [1] (1] (expr®)) = (hn (f) — &) 7™ .
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Now from (24) and (25) , it follows for a sequence of values of r tending
to infinity that

[al (ful (1)) rfOw(o149)
log [2] (|f] (excpron)) — (M (f) —e)rom
As A\ (9) < p, we can choose € (> 0) in such a way that
(27) Ak(g) +e<p.
Thus the theorem follows from (26) and (27). O

(26)

In the line of Theorem 19, we may state the following theorem without
its proof:

THEOREM 20. Let f, g, k, h € A(K) be such that 0 < p (f) < oo,
0 < pr(g9) < o0 and Mg (g) < < 0o. Then for any even number n ,

lim [Frn] (| ful ()
r—+oolog | k| (g (exp ro+))

where ¢ satisfies the conditions of Lemma 3.

THEOREM 21. Let f, g, k, h € A(K) be such that 0 < A\, (g9) <
pr(g) < 00, 0 < pp(f) < oo and A\, (f) < p < oo. Then for any odd
number n (# 1) ,

b el (1l ()
r—+oolog |k| (|g] (exp ron))

where § satisfies the conditions of Lemma 3.

THEOREM 22. Let f, g, k, h € A(K) be such that 0 < p; (g) < oo,
0<pn(f) <ooand N\, (f) < p < oo. Then for any odd number n (# 1)

Y

il (1 f

N TATG)
r=+oclog |h[ (| f] (expr°r))

where § satisfies the conditions of Lemma 3.

We omit the proofs of Theorem 21 and Theorem 22 as those can be
carried out in the line of Theorem 19 and Theorem 20 respectively and
with the help of the second part of Lemma 3.
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THEOREM 23. Let F, G, H, K, f, g, h, k € A(K) be such that
0<Ap(F)<00,0 <Ak (G) <00,0<p(f)<ooand0 < pg(g) < oo.
Then for any two integers m(# 1) and n(# 1)

() lim — L] ([Fn] (1)
r—>+00‘hn’ (’fn‘ (7“)) -log ’h’ (’f| (7"))

= O

and

—

[ Hn| (| (r))

(i1) lim — = 00,

r 40 Bl ([ ful (7)) - logl/k‘\l (lg] (r))

when

( 0°pr (9) < Ak (G) for m,n both even

82pn (f) < Mg (F) for m(# 1),n(# 1) both odd
(28)
82pn (f) < Mg (G) for m even and n(# 1) odd

L 020k (9) < Ay (F) for m(# 1) odd and n even,

where ¢ satisfies the conditions of Lemma 3.

Proof. We have from the definition of relative order and for all suffi-
ciently large values of r that

(29) log ] (|f] () < (pn (f) + &) logr .

Case I. Let m and n are any two even numbers.
Therefore in view of first part of Lemma 3, we get for all sufficiently
large values of r that

(30) @ (Iful (1)) < (T)J(Pk(9)+s) .

So from (29) and (30) it follows for all sufficiently large values of r
that

(B1)  [hn] (|l (7)) -Tog [A] (1] () < (1) @*% (5, (f) + &) log .

Also from first part of Lemma 4, we obtain for all sufficiently large
values of r that

— (Mg (G)—¢)
)

(32) [Hn| (|l (1)) = (r)
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Hence combining (31) and (32) we get for all sufficiently large values
of r that,

(Mg (G)—¢)
5

[Honl (Bl (1)) g (r)
[oal (1l (r)) -Yog B (£ (r)) — ()" (on (/) + €) logr
Since 6%px (9) < Ak (G), we can choose (> 0) in such a manner that
(34) 0% (pr (9) +2) < (A (G) —¢)
Thus from (33) and (34) we obtain that

(35) lim — |Hm|(|Fm|(Q) = o0
"l ([ fal (1)) - log [A] (|1 (7))
Case II. Let m(# 1) and n(# 1) are any two odd numbers .
Now in view of second part of Lemma 3, we get for all sufficiently
large values of r that

(36) ol (1l (r)) < (r)Pr09)

So from (29) and (36) it follows for all sufficiently large values of r
that

(87)  [hal (|ful () - log [A] (1] () < (1) @D (o, (f) + &) logr .

Also from second part of Lemma 4, we obtain for all sufficiently large
values of r that

(3%) [Honl (|Fl (1) > (r)

Hence combining (37) and (38) we get for all sufficiently large values
of r that,

(g (F)=¢)
3

(g (F)—¢)

[Honl (1Bl (1)) . ()
ol (1l (1)) - og ] (11 (1))~ ()" (pn (1) + €) logr
As 8%pp, (f) < A (F'), we can choose (> 0) in such a manner that
(40) 0 (pn (f) +) < (Am (F) —e) .
Therefore from (39) and (40) it follows that

) . [H,.] (IF] () .

" | (1fa] (r)) - log [R] (| f] (r))
Case III. Let m be any even number and n(# 1) be any odd number.
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Then combining (32) and (37) we get for all sufficiently large values
of r that

(A (G)=¢)
3

[Honl (1Bl (1)) g (r)
[oal (£l () - Tog IR (11 (1))~ () (o (1) + <) logr
Since §%pp, (f) < Ak (G), we can choose £(> 0) in such a manner that
(43) O (pn () +¢) < Ok (G) —¢)
So from (42) and (43) we get that

(42)

(44) lim —— [Honl (|Fl ()
T by ([ fal (7)) - log [R| (| f] (r))

Case IV. Let m(# 1) be any odd number and n be any even number .
Therefore combining (31) and (38) we obtain for all sufficiently large
values of r that

(Ag(F)—¢)

[Honl (1Bl (1)) . ()
oal (1fal (1)) -og AT (11 (1))~ ()" (on () + ) log
As 6%pi, (9) < Ay (F'), we can choose (> 0) in such a manner that
(46) 0% (pr (9) +2) < (A (F) —¢) .
Hence from (45) and (46) we have

(45)

) . [H,.| (IFn] () .

=529 D, | (| £l (1)) - Tog 1] (| £] ()

Thus the first part of the theorem follows from (35), (41), (44) and
(47) .

Similarly, from the definition of p; (g) one can easily derive the con-
clusion of the second part of the theorem.

Hence the theorem follows. O

REMARK 7. If we consider pi (G) , pu (F) , px (G) and py (F') instead
of A\ (G), A (F), Ak (G) and Ay (F') respectively in (28) and the other
conditions remain the same, the conclusion of Theorem 23 is remains
valid with “limit superior” replaced by “limit”.
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THEOREM 24. Let f, g, k, h € A(K) be such that 0 < py, (f) < o0,
0 < pr (9) < o0 and oy, (g) < 0o. Then for any even number n,

—

[ o (

(i) lim —— <
= <1og ] (11 (exp (@) ) ~ A (/)
and

= log [k (Igl (eXp (r)"P) )) ~ e lg)

where § satisfies the conditions of Lemma 3.

Proof. In view of the first part of Lemma 3 we have for all sufficiently
large values of r that

(Rl (1] () . H(gl ()
tog ] (171 (exp (1)) )~ o] (1] (exp (1))
[onl (1] () _ gl (%) logexp ()™
7 10g|/h\| (’f| (exp (r)ép’“(g)» T () log]/h\| (\f’ (eXp (T)épk(g)»
e, T [l (1l ()

= log [n] (1] (exp (1)) ) -

Tm |k| (‘g‘ (T(S)) . Im log exp (T)épk(g)
r—+o0o (T)5Pk(9) r—>+<x>10g ’h’ <’f’ <exp (7,)5Pk(9)>)

R i (1] (7)) 1 o9
t.e., lim — <o : = .
eiog il (11 (e @)) =7 M M)

Thus the first part of theorem is established.

Similarly, with the help of the first part of Lemma 3 one can easily
derive conclusion of the second part of theorem.

Hence the theorem follows. m



656 Tanmay Biswas

THEOREM 25. Let f, g, k, h € A(K) be such that 0 < A, (f) <
pn(f) < 00,0 < A (9) < pr(g) < oo and oy (g) < oo. Then for any
even number n,

. [l (1l (7)) -
(3) TB_ToologW (lf’ <exp (T)ﬁpk(g)» ) mm{Ah Sontd)

and

o [l (1l (1)) .
(&) T%wlog\/k] (|9’ <exp (T)épk(g)» = i { Ak (9) pr(9) } ’

where § satisfies the conditions of Lemma 3.

Proof of Theorem 25 is omitted as it can be carried out in the line of
Theorem 24 and with help of the first part of Lemma 3.

Now we state the following two theorems without their proofs as those
can easily be carried out with the help of second part of Lemma 3 and
in the line of Theorem 24 and Theorem 25 respectively.

THEOREM 26. Let f, g, k, h € A(K) be such that 0 < pp, (f) < oo,
0 < pr (9) < o0 and o, (f) < 0o. Then for any odd number n (# 1),

= loga] (If] (exp (1)) ~ M)

and

O LA LCo) B N ¢
= logli] (|| (exp (7)) T Awlo)

where § satisfies the conditions of Lemma 3.

if A (9) # 0,

THEOREM 27. Let f, g, k, h € A(K) be such that 0 < A, (f) <
pn (f) <o00,0< A (9) < pr(g9) < oo and oy, (f) < oo. Then for any odd
number n (# 1),

(7) lim

[l (12l (1)) T o)
r=o<tog [l (1f] (exp ()Y - { }

)‘h(f)’ph(f)
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and

@ i LU, () ond
= +<tog K] (|l (exp ("))
where ¢ satisfies the conditions of Lemma 3.

Analogously, one may state the following four theorems without their
proofs on the basis of relative weak type of p adic entire function with
respect to another p adic entire function :

THEOREM 28. Let f, g, k, h € A(K) be such that 0 < pp, (f) < oo,
0 < pr(g) < oo and T (g) < co. Then for any even number n,

[ ] (1 £l (7)) 7 (9) .
(7) lim — < if A
= log Al (1] (exp (@) ~ ML)

(f) #0

and

P ] (1 f] (7)) 7 (9)
(77) lim — < if A
= log 4] (gl (exp (™)) ~ Ak (o)

where § satisfies the conditions of Lemma 3.

THEOREM 29. Let f, g, k, h € A(K) be such that 0 < A, (f) <
pn (f) < 00, 0 < M\ (9) < pi(g) < 0o and Ty (g) < oo. Then for any
even number n,

(9) #0,

o ] (1l (7)) - mlg) Tulg)
O e (1 (e o)) i)

and

=
~~
)
~—
S|
o
~
)
~—

o [l (1 £l (1)) .
" ’“E%’Ologl/fa <Ig| (eXp (7“)&]“(9)» ) mm{kk (9)" P (9)} ’

where § satisfies the conditions of Lemma 3.

THEOREM 30. Let f, g, k, h € A(K) be such that 0 < pp, (f) < oo,
0 < pi(g9) < o0 and 7p, (f) < oo. Then for any odd number n (# 1),

S R L (A [C5) M /)
= log ] (1] (exp () 9)) T M)

if A (f) #0
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and

Gy Bl (fal ) 7l
= logli] (|| (exp (™)) T M l9)

where § satisfies the conditions of Lemma 3.

THEOREM 31. Let f, g, k, h € A(K) be such that 0 < A\, (f) <
pn (f) < 00,0 < A (9) < pr(g9) < oo and 7y, (f) < oo. Then for any odd
number n (# 1),

ifAk(g);«éO,

(7) lim —

[l (1l (7)) () )
eclog il (1] (e ™) { }

An () o (f)

and

R I )

where § satisfies the conditions of Lemma 3.

THEOREM 32. Let f, g, k, h € A(K) be such that 0 < X\, (f) < oo,
0 < A\ (g9) < oo and G (g) > 0. Then for any even number n,

P [l (1£] (%)) 7k (9)
" ’“L_+°°10g|/h\| (Ifl (eXp (7‘)”’“(9)» = o (f)

[l (Sl (7)o {Th(f) 7 ( }
- Ne(9) pr(9) )

if pu (f) < o0

and

i)t (50 0)) _
r=+log |kl (!gy (exp (T)pk(g)>) o (g

where § satisfies the conditions of Lemma 4.

Proof. From the first part of Lemma 4, we obtain for all sufficiently
large values of r that

(48) @ (12l (%)) = (% (9) — ) P19,

Also from the definition of pj, (f), we obtain for all sufficiently large
values of r that

(49)  toglhl (1] (exp (1™?) ) < (ou () +&) @)
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Analogously,from the definition of py (g) , it follows for all sufficiently
large values of r that

(50) log k] (Ig! (exp (1)) ) < (o (9) +2) .

Now from (48) and (49), it follows for all sufficiently large values of
r that

|/h\|(|fn | (%)) . Tk (g) — &) re@
log [A] (!fl (eXp(r)”m)) (o (f) +e)reel@)

L [hal (£ (%)) o (9)
(51) d.e., lim > :
etog il (17 (exp (@)Y~ ()

Thus the first part of theorem follows from (51).

Likewise, the conclusion of the second part of theorem can easily be
derived from (48) and (50).

Hence the theorem follows.

[]

THEOREM 33. Let f, g, k, h € A(K) be such that 0 < A\, (f) <
pn (f) < 00,0 < A (9) < pr(g9) < oo and 7y (g) > 0. Then for any even

number n,

i)

_ ol (£l (7)) o (g9) 7k l9)
etog i (11 (e (01 )) max{p U m}

and

Tl (1l ()

&) TETmlog!k! (!9! (exp( )t )>) - max{ﬂk (9)" Ax (9)

where ¢ satisfies the conditions of Lemma 4.

Proof of Theorem 33 is omitted as it can be carried out in the line of
Theorem 32 and with help of the first part of Lemma 4.

Similarly, we state the following two theorems without their proofs as
those can easily be carried out with the help of second part of Lemma 4
and in the line of Theorem 32 and Theorem 33 respectively.
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THEOREM 34. Let f, g, k, h € A(K) be such that 0 < X\, (f) < o0,
0 < X (g9) <ooanday(f)>0. Then for any odd number n (# 1),

0 i L URIE) w)
r=r+log ] (If] (exp ()" )) o)

if pu (f) < o0

and
il (| fu] (7 7
N L (11 ) N AYs
r=+log k] (lg| (exp (r))) — Pr(9)
where § satisfies the conditions of Lemma 4.

THEOREM 35. Let f, g, k, h € A(K) be such that 0 < A, (f) <
pn (f) <00, 0< A (9) < pr(g9) < oo anday(f) > 0. Then for any odd
number n (# 1),

_ ol (1] (%)) on (f) @n(f)
A tog il (11 (e )y - Ut R

(4)

and

i) = [l (£l (%))

r o]0 [k (lgl (eXP (T)””(f)» o { prla) Aelo) } |

where § satisfies the conditions of Lemma 4.

Similarly, one may state the following four theorems without their
proofs on the basis of relative weak type of p adic entire function with
respect to another p adic entire function :

THEOREM 36. Let f, g, k, h € A(K) be such that 0 < A, (f) < oo,
0 < M\ (9) < 00 and 74 (g) > 0. Then for any even number n,

0 i L U510D) | n)
o<log 1] (1] (exp (1)) ) ~ o (f)

if py (f) < o0

and

o ol (1] (%)) 7 (9)
77)  lim — = if 00,
(&) r—+oolog | k| (’9| (exp (T))‘k(g)>) = rr (9) pilg) <

where § satisfies the conditions of Lemma 4.
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THEOREM 37. Let f, g, k, h € A(K) be such that 0 < A\, (f) <
pn (f) < 00,0 < N (9) < pr(9) < oo and 7 (g) > 0. Then for any even
number n,

SR CALG)) "iio) 0]

etog il (11 (exp ()" @)) T 2

and

r o]0 [ <|9| (eXP (T)A'“(g)» o { o) Aelo) } |

where § satisfies the conditions of Lemma 4.

THEOREM 38. Let f, g, k, h € A(K) be such that 0 < X\, (f) < oo,
0 < X (g9) <ooandy(f)>0. Then for any odd number n (# 1),

Bl (1 (9) ()

(4) lm —— > if pp (f) < o0
~+log il (If] (exp (7))~ (1)
and

r=+oslog k] (lg] (exp (r)Y))) o (9)

where § satisfies the conditions of Lemma 4.

THEOREM 39. Let f, g, k, h € A(K) be such that 0 < A\, (f) <
pn (f) < 00,0 <A (9) < pi(g9) < oo and 7, (f) > 0. Then for any odd
number n (# 1),

o [l (1 () 7w (f) 7))
O gl (1] (e )] = e i)

and

W e (g1 (exp ()™))

where § satisfies the conditions of Lemma 4.

B0 o
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