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Abstract

In this paper we introduce the idea of generalized Nevanlinna type (o, 3)
and generalized Nevanlinna weak type («, ) of an analytic function in the
unit disc. Hence we study some growth properties of Nevanlinna’s charac-
teristic function relating to the composition of two analytic functions in the
unit disc on the basis of generalized Nevanlinna type («, 3) and generalized
Nevanlinna weak type («, 3) as compared to the growth of their correspond-
ing left and right factors, where «, 8 are continuous non-negative functions
defined on (—o0, +00).
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1 Introduction, Definitions and Notations

A function f, analytic in the unit disc U = {z:|z| < 1} is said to be of
finite Nevanlinna order [1] if there exists a number p such that the Nevanlinna
characteristic function of f denoted by

2

T(r,f) = 217T/log+ ‘f (T‘ew)‘dﬁ
0

satisfies T (1) < (1 —r) # forall 7 in 0 < o (1) < r < 1. The greatest lower
bound of all such numbers  is called the Nevanlinna order of f. Thus the Nevan-
linna order p(f) of f is given by

. log T (r)
= limsup—————.
p(f) iy r—

Similarly, the Nevanlinna lower order \(f) of f is given by

Af) = liminfw.
r—1 —log(l—r)

Now let L be a class of continuous non-negative functions « defined on
(=00, +00) such that a(x) = a(xg) > 0 for x < z with a(x) T +o0 as z —
+o00. Further we assume that throughout the present paper o, ay, a2, as, 5 € L.
Now considering this, Biswas et al. [2] have introduced the definitions of the gen-
eralized Nevanlinna order (v, 3) and generalized Nevanlinna lower order («, 3) of
an analytic function f in the unit disc U which are as follows:

Definition 1.1. [2] The generalized Nevanlinna order (o, ) denoted by p(®P)[f]
and generalized Nevanlinna lower order (., 3) denoted by \“P)[f] of an analytic

function f in the unit disc U are defined as:

(e, ) [f] — limsu a(exp(Tf(r))) and )\(a,,ﬁ) [.ﬂ — lim infOé(eXp(Tf(T))) )
S ) o)

Clearly p(log log r,log r) [f] =p (f) and )\(log log r,log ) [f] =) (f) .

Now in order to refine the growth scale namely the generalized Nevan-
linna order (a, ), we introduce the definitions of another growth indicators, called
generalized Nevanlinna type («, ) and generalized Nevanlinna lower type («, ()
respectively of an analytic function f in the unit disc U which are as follows:
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Definition 1.2. The generalized Nevanlinna type (o, ) denoted by o(®P)|f] and
generalized Nevanlinna lower type (o, ) denoted by 7P| f] of an analytic func-
tion f in the unit disc U having finite positive generalized Nevanlinna order («, [3)
(0< Pl f] < 00) are defined as :

o@P[f] = limsup

and 7 @P)[f] = liminf

It is obvious that 0 < @ *P)[f] < o(@P)[f] < oc.

Analogously, to determine the relative growth of two analytic functions
in the unit disc U having same non zero finite generalized Nevanlinna lower or-
der (v, B), one can introduce the definitions of generalized Nevanlinna weak type
(cr, B) and generalized Nevanlinna upper weak type («, 3) of an analytic function
f in the unit disc U of finite positive generalized lower order (a, 3), A& [f] in
the following way:

Definition 1.3. The generalized Nevanlinna upper weak type («, [3) denoted by
7(@B)[ f] and generalized Nevanlinna weak type (v, §) denoted by 7(*P)[f] of an
analytic function f in the unit disc U having finite positive generalized Nevanlinna
lower order (a, B) (0 < N @P)[f] < o0) are defined as :

7@Af] = limsup

and 7P [f] = liminf

It is obvious that 0 < (@A) [f] < F(@H)[f] < oc.

However some works about the Nevanlinna theory in the field of unit disc
are done in different directions, e.g., one may see [6, 7, 8]. The concept of gener-
alized order (o, 3) of entire function was first introduced by Sheremeta [9] where
a, f € L. Several authors made close investigations on the properties of entire
functions related to generalized order («, ) in some different directions. For the
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purpose of further applications, Biswas et al. [2] introduced the definitions of
the generalized Nevanlinna order (o, 3) and generalized Nevanlinna lower order
(c, B) of an analytic function f in the unit disc U. In this paper the authors stud-
ied about some growth properties of Nevanlinna’s characteristic function relating
to the composition of two analytic functions in the unit disc on the basis of gen-
eralized Nevanlinna type (v, 5) and generalized Nevanlinna weak type («, 3) as
compared to the growth of their corresponding left and right factors. This paper is
a continuous part of the previous paper [2] of this present authors. The standard
definitions and notations in the theory of entire functions are not explained here, as
those are available in [1, 3, 4, 5].

2 The main results

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

Theorem 2.1. Let f and g be any two non-constant analytic functions in the unit
disc U such that 0 < @9 [f o g] < c(@B)[f 0 g] < 00, 0 < F2P)[f] <
0@28)[f] < o0 and per[f o g] = o2 f]. Then

FBfogl . explai(exp(Tioqg(r)))) _ 7 @8)[f o g]
SEAf] = I ey ) = oA
im su exp(a (exp(Troq(r)))) U(al’ﬂ)[fog]
= IS b (aalexp(Ty (1))~ zld]f]

Proof. From the definition of o(*>)[f] and (%) [f o g], we have for arbitrary
positive € and for all sufficiently large values of l—ir that

exp(an(exp(Tyey(r))) = (211 og] — <) (e (5 (2 T>)>p(alﬁ)[fog] ,
2.1)

and

exp(anlexp(Ty(r))) < (o171 + ) (exp (5 (2 )))H "

(2.2)
Now from (2.1), (2.2) and the condition p(®1-8)[f o g] = p(@2:B)[f], it follows for
all sufficiently large values of ﬁ that

exp(an (exp(Tjog(1)) _ 7@ D[ o g] — ¢
exp(aa(exp(Ty(r)) ~  ole2d[f]+¢
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As e (> 0) is arbitrary , we obtain from above that

lim infeXp(al(eXp(TfOQ(T)))) > gl [fog]
r—+1 exp(az(exp(Ty(r)))) - o(@2:B)[f]

Again for a sequence of values of ﬁ tending to infinity, we get that

exp(a1 (exp(Tyog (1)) < (7P [f o g] +¢) (eXp <5 <1 ! r)))"w”fwl
(2.4)

(2.3)

1
1—-r>

explas(exp(Ty (1)) = (29 [] — ) (exp (5 (1 ! )))pwm |

r

(2.5)
Combining (2.4) and (2.5) and the condition p(®1)[f o g] = p(@2P)[f], we get for
a sequence of values of ﬁ tending to infinity that

and for all sufficiently large values of

exp(as (exp(Tog(r))) _ 7 9)[f o] + 2
explaz(exp(T; (M) ~ a@[f] e

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

lim infGXp(Ozl (exp(To4(r)))) < 1,0 [f o]
r—1 exp(ag(exp(Ty(r)))) — ale2d[f]

Also for a sequence of values of r tending to infinity, it follows that

explealexp(Ty(r) < (5] +) (enp (5 (12 )))H g

r

2.7)
Now from (2.1), (2.7) and the condition p(®*:8)[f o g] = p(@2)[f], we obtain for
a sequence of values of ﬁ tending to infinity that

(2.6)

exp(on (exp(Tyey(r)))) _ 7@ f og] — ¢
exp(az(exp(T¢(r)))) — G@2B[f]+e

As e (> 0) is arbitrary, we get from above that

limsupeXP(Oél(eXp(Tfog(r)))) > glonp) [f og]
r—1 eXp(OQ(eXp(Tf(r)))) = Flaz,8) [f] :

(2.8)
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Also for all sufficiently large values of

=
1 p1) [ fog]
explan(exp(Tyey(r) < (5 gl +) (e (5 (1)) .
2.9
In view of the condition p(®1-A)[f o g] = pl@2.8)[f], it follows from (2.5) and (2.9)
for all sufficiently large values of 1~ that
eXp(al(eXp(Tfog(r))» _ o P[fogl+e
exp(az(exp(Ty(r)))) ~— g@2A[f] —e
Since ¢ (> 0) is arbitrary, we obtain that
g EPOUEDTyey (1)) _ 09 [f 0 o0
r—1 exp(ag(exp(Ty(r)))) gla2B)[f]
Thus the theorem follows from (2.3), (2.6), (2.8) and (2.10) . O

The following theorem can be proved in the line of Theorem 2.1 and so
its proof is omitted.

Theorem 2.2. Let f and g be any two non-constant analytic functions in the unit
disc U such that 0 < a@P)[f o g] < ol@P)[f o g] < 00, 0 < F@3H[g] <
o(®[g] < o0 and g9 f o g) = p*sI[g). Then

B fogl . explar(exp(Trog(r)))) _ 7 @0)[f o g]
o(@s.0)[g] = h]qu_)l{lf exp(a3(exp(Tgir)))) = F(@3.8) 9]
im su exp(a (exp(Troq(r)))) ole1B)[f o g]
= I o (as(exp(Ty(1)) ~  adg

Theorem 2.3. Let f and g be any two non-constant analytic functions in the unit
disc U such that 0 < o(®18)[f o g] < 00, 0 < 0(@28)[f] < 00 and p'“1P)[f o g]
= pl@2:B)[f]. Then

i EPOLED Ty (1)) _ oD fog] o explon (exp(Tyey(r)))

r=1 exp(az(exp(Ty(r))) = ol2A[f] = vo1™ exp(ag(exp(Ty(r)))) -

Proof. From the definition of ¢(®2:%) [f], we get for a sequence of values of 1%7,
tending to infinity that

exp(az(exp(Tf(r)))) > (a‘“?’ﬂ) [f] - e) <exp (ﬁ (1 1 T>>>p(a2ﬁ)m :
@.11)
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Now from (2.9), (2.11) and the condition p(®#)[f o g] = p(@2P)[f], it follows for
a sequence of values of ;= tending to infinity that

exp(a(exp(Trog(r))) _ oD [fogl+e
exp(aa(exp(Ty(r)))) — ol2d[f]—¢ °

As € (> 0) is arbitrary, we obtain that

exp(a1(exp(Tyog(r)))) _ o P)[f o g]

lim inf 2.12
P eolealeotty ) = o .
Again for a sequence of values of ;= tending to infinity that
1 ple1:8)[fog]
exp(an(exp(Tyog) > (5 o) =) (0 (5 (1)) .
(2.13)

So combining (2.2) and (2.13) and in view of the condition p(®tA)[f o g] =
pl@2:8)[f], we get for a sequence of values of ;= tending to infinity that

exp(a(exp(Tyog () _ o 0)[f o] ~ 2
exp(an(exp(Ty(r)) ~  oed[f] +c

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

. eXp<a1(eXp(Tfog(r)))) g1 [f 9]

1 . 2.14

P eplaslea T/ () eI =
Thus the theorem follows from (2.12) and (2.14) . O

The following theorem can be carried out in the line of Theorem 2.3 and
therefore we omit its proof.

Theorem 2.4. Let f and g be any two non-constant analytic functions in the unit
disc U such that 0 < o(@18)[f o g] < 00, 0 < 0(®3:8)[g] < 00 and pl®1F)[f o g] =
p(O‘SvB) [g] Then

oxp(on (exp(Tyeg (1) _ o@D fog] _ L explay(exp(Tre(r))
N pasen@, () = ol P eplas(exp(Ty(1)))

The following theorem is a natural consequence of Theorem 2.1 and The-
orem 2.3:
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Theorem 2.5. Let f and g be any two non-constant analytic functions in the unit
disc U such that 0 < 7@P)[f o g] < ol@B[f o g] < 00, 0 < FO2A[f] <
o(@29)[] < o0 and p@H[f o g] = p(©@>P[f]. Then

explen(Exp(Tpog(r)) (7@ fog] o og
- 5(0427/5)[f] ’ g(%ﬁ)[f]

B e (an(exp(T; ()

< max {U(alﬁ) [f o] gloh) [f og] } < lim supexp(al(exp(Tng(T))))

ro1 exp(ag(exp(Ty(r)))) -

5(e2,8) [f] T ole2,0)[f]
Analogously one may state the following theorem without its proof:

Theorem 2.6. Let f and g be any two non-constant analytic functions in the unit
disc U such that 0 < 7@19)[f o g] < c(®P)[f 0 g] < o0, 0 < F@P)[g] <
o(@:P)[g] < 00 and pl*1P)[f o g] = pl@3:0)[g]. Then

exp(a (exp(Tyog(r) _ {awl@ [fog) o?[fog] }
glesBg] 7 olashg]

It p(aa(em(By(n)

gl [fog] olA[f o g]
< max
glesfg] 7 olasbg]

< Tim sup SR (XP(Trog (1))
r—1 exp(as(exp(Ty(r))))
Now in the line of Theorem 2.1, Theorem 2.3, Theorem 2.5 and Theorem
2.2, Theorem 2.4, Theorem 2.6 respectively one can easily prove the following six
theorems using the notion of generalized Nevanlinna weak type and therefore their
proofs are omitted.

Theorem 2.7. Let f and g be any two non-constant analytic functions in the unit
disc U such that 0 < 7@P)[f o g] < F@B[f 0 g] < 00, 0 < 7(@2A[f] <
728)[f] < oo and NP [f o g] = N@2P)[f]. Then

rAfog L explon(ep(Treg(r) _ @[ oy
Feg] = P ep(aalenTy () S @y
e PP (Trog(r)) _ 7P [f o g]
= o b (aa(exp Ty ()~ @[]

Theorem 2.8. Let f and g be any two non-constant analytic functions in the unit
disc U such that 0 < 7@0P)[f o g] < 00, 0 < 7(@2P)[f] < 00 and NP [f o g] =
Ne2B)[f]. Then

i PO (L)) T Fog] o exp(an (exp(Tyey(r))

r=1 " exp(ag(exp(Ty(r)))) — 7le2A)[f] r—1 exp(ag(exp(T(r))))
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Theorem 2.9. Let f and g be any two non-constant analytic functions in the unit
disc U such that 0 < 7@P)[f o g] < 7B [f o g] < 00, 0 < 7(@2A[f] <
7220 f] < 0o and N@VP)[f o g] = A@2B)[f]. Then

hminfexp(al(eXp(Tfog(r)))) < min 7 [fog] T a1,5)
r—1  exp(az(exp(Ty(r)))) — T2 B)[f] ag,g

L Jreipog) FeMpog L exp(al(eXP(Tfog(T
= { rla2A)[f] 7 Fla2f)[f] = fimsy exp(avz(exp(T(r ))>)

Theorem 2.10. Let f and g be any two non-constant analytic functions in the unit
disc U such that 0 < 7(@1:5) [fog] < 7(01,8) [fog] < o0, 0 < +(as,B) [g] < F(as,B) 9]
< 00 and \@1.8) [fog] = A\ as.8) [g]. Then

feIfog) o explan(exp(Tyog(r)) _ T[S o g]
Ty S R e, )) = Ay
im su exp(a1(exp(Troq(r)))) 7(enh) [f oyl
= s (as(ep(Ty(r) @by

Theorem 2.11. Let f and g be any two non-constant analytic functions in the unit
disc U such that 0 < 7@15)[f o g] < 00, 0 < 738 [g] < 0o and \P)[f o g] =
3B [g]. Then

g P (exp(Trog (1)) 718 f o g] e sup, P (@1 (exP(Trog (1))
lim inf exp(az(exp(T,(r)))) = 7(a3,8)[g] = imanp exp(az(exp(Ty(r))))

Theorem 2.12. Let f and g be any two non-constant analytic functions in the unit
disc U such that 0 < 7(1:8)[fog] <71 fog] < oo, 0 < (@38 [g] < F(@3:8)[g]
< 0o and N1 P)[f o g] = A3:P)[g]. Then

B e (as(exp (T, (1))

. F@B)fog] FerB)f o gl < Lo s, P01 (XD (Trog (1))
- rlesB)[g] 7~ Fl@s.B)[g] ~ o1 explag(exp(Ty(r))))

exp(on (xp(Tyog (1)) o { T(a: ﬁ)g[o]g] ’ T(a:ﬁ)f[f{[o]g} }
r(3.8)[g T\3P) g

We may now state the following theorems without their proofs based on
generalized Nevanlinna type («, 3) and generalized Nevanlinna weak type («, 3):
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Theorem 2.13. Let f and g be any two non-constant analytic functions in the unit
disc U such that 0 < @0P)[f o g] < ol@vB)[f o g] < 00, 0 < 7(@2A[f] <
7(220)[f] < oo and p'*P)[f o g] = N@2P)[f]. Then

7B (fogl . exp(ai(exp(Tiog(r)))) _ T@A)[f og]
ey S I e, () S @]
(o (exp(Tyey (1) _ 0 I(f og)
< D (@ lexp(Ty ()~ r@sd)f]

Theorem 2.14. Let f and g be any two non-constant analytic functions in the unit
disc U such that 0 < ¢(®19)[f o g] < 00, 0 < 72 [f] < o0 and pl®1P)[f o g] =
Ne2B)[f]. Then

. cexp(ar(exp(Trog(r) _ o [fog] o exp(an(exp(Troy(r))))
lim inf < < lim sup .
r—1  exp(az(exp(T¢(r)))) 7(2,8) /] r—1  exp(az(exp(Ty(r))))
Theorem 2.15. Let f and g be any two non-constant analytic functions in the unit
disc U such that 0 < 78 [f o g] < 0@ A[f o g] < 00, 0 < 728)[f] <

?(OLQaB) [f] < 0 and p(alvﬁ) [f o) g} — )\(Oéz,ﬁ) {f] Then

explan (exp(Tyog () _ {am(h@ ogl o Plfog) }
- rleaB)f] 7 Fead|f]

B p(an(exp(T3(1)))

gl [fog] ol@F[f o g]
= max{ rle2B)[f] 7 Fle2h)[f]

s, P01 (€xD(Trog (1))
= T exp(aa(exp(T(r))))

Theorem 2.16. Let f and g be any two non-constant analytic functions in the unit
disc U such that 0 < 7@9[f o g] < F@1A)[f 0 g] < 00, 0 < F2A[f] <
o(@2B)[f] < oo and N1 B[ f o g] = pl@2B)[f]. Then

(a1,B) (a1,B)
TP 0 9] i g ER1(exD(Treg () _ T P[f 0 g]
o] =T explazlexp(Ty(r)) o d]f]
7(a 7/8)
< lim sup RSP Tog(1))) T[S 0 g]
P e aa(exp(Ty(r) ~ @[]

Theorem 2.17. Let f and g be any two non-constant analytic functions in the unit
disc U such that 0 < 718 [f o g] < o0, 0 < 0P| f] < 0o and N “P)[f o g]
= p@2B)[f]. Then

<

i PP (Trog(r)) _ T [fog] (. exp(on(exp(Tyog(r))))
I (oL (1) = o@Af] P (an(exp(T (1))
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Theorem 2.18. Let f and g be any two non-constant analytic functions in the unit
disc U such that 0 < 7@0P)[f o g] < F@B)[f 0 g] < 00, 0 < F@2A)[f] <
o(@2B)[f] < oo and N P)[f o g] = pl@2B)[f]. Then

B p(an(exp (T3 (1)

(a 76) 7(0{ ):8)
gmaX{T A og) FrAly Og]}glims eXp<a1<exp<Tfog<r

exp (o (exp(Trog(r)))) - rh[fog] Flavh)[f
Flaz,8) [f] ’ g(az,ﬂ

@[] g@A[f] 1 exp(az(exp(Ty(r ))))

Theorem 2.19. Let f and g be any two non-constant analytic functions in the unit
disc U such that 0 < 7@18)[fog] < (@18 [fog] < 00, 0 < 7(@3:8)[g] < F(@3:8)[g]
< 0o and p®P)[f o g] = N@3:B)[g]. Then

gf[fogl - exp(ai(exp(Tiog(r)))) _ 7 P)[fog]
g S e, () S ey
im su exp(ai(exp(Troq(r)))) U(al’ﬂ)[fog]
< D (s (exp(Ty(n) ey

Theorem 2.20. Let f and g be any two non-constant analytic functions in the unit
disc U such that 0 < o(®vP)[f o g] < 00, 0 < 73 [g] < 00 and pl®P)[f o g] =
3B [g]. Then

i SR OP(Teg (1) _ a @D fog] 1 exp(on (exp(Teg(r))

r—1 exp(ag(exp(Ty(r)))) — 7FesBg] — ;51 exp(az(exp(Ty(r))))

Theorem 2.21. Let f and g be any two non-constant analytic functions in the unit
disc U such that 0 < 7@19)[fog] < (@18 [fog] < 00, 0 < 7(@3:8)[g] < F(a3:8)[g]
< 0o and p®P)[f o g] = N3:B)[g]. Then

e (s (exp (T, ()

- 7B [fog] ol@Bfog] o sup, P (@1 (exP(Trog (1))
= { s B)g] " 7OsB)[g] }Sl o explas(exp(Ty(1))

explan (exp(Tyog () _ {am(m ogl o PDlfog) }
N rlesBg] 7 FlesAg]

Theorem 2.22. Let f and g be any two non-constant analytic functions in the unit
disc U such that 0 < 7(®v8)[fog] <718 [fog] < 00, 0 <738 [g] < o(@3:8)[g]
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< oo and NvP)[f o g] = p(@s:B)[g]. Then

T Dfogl _ . cexpa(exp(Trog(r))) _ 7+7[f o g]
o(@s.6)[g] = 11£n_>1{1f exp(ag(exp(Tg?r)))) = 7(@3,8)[g]
im su exp(ai (exp(Toq(r)))) _ TP)[f o g]
< ISP (s (ep(Ty ()~  o@ g

Theorem 2.23. Let f and g be any two non-constant analytic functions in the unit
disc U such that 0 < 719 [f 0 g] < 00, 0 < 0@ [g] < 0o and N1 [f o g] =
p(a3a5) [g] Then

Tro =(1,8) Tro
hminfexp(al(exp( tog(7)))) < T [fog] < limsupexp(oq(exp( i g(r))))‘
r>1 exp(az(exp(Ty(r)))) o(es:8)[g] r—1 exp(as(exp(Ty(r))))
Theorem 2.24. Let f and g be any two non-constant analytic functions in the unit
disc U such that 0 < 7(18)[fog] <F(@1:B)[fog] < 00, 0 < 7(@3:H)[g] < g(@3:8)[g]

< oo and NV [f o g] = p(@3:B)[g]. Then

lim inf exp(az(exp(T,(r))))

T(alyﬁ) [f o g] ?(alug) [f ) g]
< max
glesBg] * olesf)[g]

exp(an (exp(Tyog(r)) _ { r Al og) 7Pl ol }
B alesfg] 7 oleaf)g]

- exp(on (exp(Trey (1))
= e eplas(exp(Ty(r))
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