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Uniqueness of meromorphic functions that share three sets 11

By ABHIJIT BANERJEE (Kolkata)

Abstract. We employ the notion of weighted sharing of sets to prove three unique-
ness theorems which will improve and supplement two recent results of LU and Xu [11]
related to a well known question of Gross.

1. Introduction, definitions and results

In this paper by meromorphic functions we will always mean meromorphic
functions in the complex plane. It will be convenient to let F denote any set of
positive real numbers of finite linear measure, not necessarily the same at each
occurrence. For any non-constant meromorphic function h(z) we denote by S(r, h)
any quantity satisfying

S(r,h) =o(T(r,h)) (r— oo,r ¢ E).

Let f and g be two non-constant meromorphic functions and let a be a finite
complex number. We say that f and g share a CM, provided that f — a and
g — a have the same zeros with the same multiplicities. Similarly, we say that f
and g share a IM, provided that f — a and g — a have the same zeros ignoring
multiplicities. In addition we say that f and g share co CM, if 1/f and 1/g share 0
CM and we say that f and g share co IM, if 1/f and 1/g share 0 IM. Let S be a set
of distinct elements of CU{oco} and Ey¢(S) = (J,cg12 ¢ f(2) —a = 0}, where each
zero is counted according to its multiplicity. If we do not count the multiplicity
the set J,cg{z : f(z) —a = 0} is denoted by Ef(S). If E¢(S) = Ey(S) we say
that f and g share the set S CM. On the other hand if E;(S) = E4(5), we say
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that f and ¢ share the set S IM. Evidently, if .S contains only one element, then
it coincides with the usual definition of CM (respectively, IM) shared values.

Inspired by the Nevanlinna’s five and four value theorem, in 1970s F. GROsS
and C. C. YANG started to study the similar but more general questions of two
functions that share sets of distinct elements instead of values. For instance, they
proved that if f and g are two non-constant entire functions and S;, Sy and S3
are three distinct finite sets such that f=1(S;) = ¢=1(S;) for i = 1, 2, 3, then
f =g. In [6] GROSS posed the following question:

Can one find two finite sets S; (j = 1,2) such that any two non-constant
entire functions f and g satistying E¢(S;) = E4(S;) for j = 1,2 must be identical?

FANG and XU [5] considered the case of meromorphic functions and proved
the following result.

Theorem A. Let S; = {0}, So = {2 : 2> — 22 — 1 = 0} and S5 = {c}.
Suppose that f and g are two non-constant meromorphic functions satisfying
O(c0; f) > & and ©(o0; g) > 3. If E¢(S;) = Ey(S;) for j = 1,2,3 then f = g.

Dealing with the question of GROSS in 2002 QUuI and FANG [12] and in 2004
Y1 and LIN [15] also obtained some different types of results corresponding to
Theorem A. In [16] ZHANG generalised Theorem A. In 2001 the idea of gradation
of sharing of values and sets known as weighted sharing has been introduced in
[9], [10] which measures how close a shared value is to being shared IM or to being
shared CM. We now give the definition.

Definition 1.1 ([9], [10]). Let k be a nonnegative integer or infinity. For
a € CU{oo} we denote by Ej(a; f) the set of all a-points of f, where an a-point
of multiplicity m is counted m times if m < k and k + 1 times if m > k. If
Ei(a; f) = Ex(a;g), we say that f, g share the value a with weight k.

We write f, g share (a, k) to mean that f, g share the value a with weight k.
Clearly if f, g share (a,k) then f, g share (a,p) for any integer p, 0 < p < k.
Also we note that f, g share a value a IM or CM if and only if f, g share (a,0)
or (a,00) respectively.

Definition 1.2 ([9]). Let S be a set of distinct elements of CU{oo} and & be
a nonnegative integer or co. We denote by E¢(S, k) the set UscsEx(a; f).
Clearly Ef(S) = Ef(S, OO) and Ef(S) = Ef(S, 0).

The notion of weighted sharing of set has rendered an useful tool in order to
deal with the problem of Gross. Recently in [1]-[3], Theorem A has been improved
resorting to the above notion.
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It is to be noted that to prove the uniqueness of meromorphic functions
in Theorem A and all its subsequent improvements some additional suppositions
have been taken under consideration. Also in all the stated results no investigation
has been carried out on further relaxation of the nature of sharing the set {co}.

In 1999 FANG considered the uniqueness problem of admissible meromorphic
function sharing three sets on unit disc without the aid of any extra condition at
the expense of allowing the range set S; to be slightly modified. FANG [4] proved
the following result.

Theorem B. Let 1 = {0,2}, Sy = {z: 2* — 22 =1 =0} and S5 = {oo}. If
E¢(Sj,00) = Ey4(S;j,00) for j =1,2,3 then f = g.

LU and Xu [11] improved Theorem B for non-constant meromorphic func-
tions in the complex plane by relaxing the nature of sharing of the range sets.
They [11] proved the following two theorems.

Theorem C. Let S; be given as in Theorem B. If E;(S1,0) = E,4(51,0),
Ef(SQ,S) = Eg(Sg,S), Ef(Sg, ].) = Eg(Sg, ].), then f = g.

Theorem D. Let S; be given as in Theorem B. If E¢(S1,00) = Eg4(S1,00),
Ef(52,2) = Eg(5272), Ef(Sg, ].) = .Eg(Sg7 1), then f =g.

The purpose of the paper is to investigate the possibility of further relaxing
the sharing nature of the range sets. The following three theorems are the main
results of the paper.

Theorem 1.1. Let S; be given as in Theorem B. If E¢(S1,0) = E4(51,0),
E(S2,3) = Ey(S2,3), E4(S3,0) = E,(S3,0), then f = g.

Theorem 1.2. Let S; be given as in Theorem B. If E;(51,1) = E4(51,1),
Ef(S2,2) = Eg(52,2), Ef(Sg, 1) = Eg(Sg, 1), then f =g.

Theorem 1.3. Let S; be given as in Theorem B. If E;(51,0) = E,4(51,0),
Ef(52,2) = EQ(SQ,Q), Ef(53,2) = Eg(5372), L’hen f = g.

Remark 1.1. Theorem 1.1 and Theorem 1.2 improves Theorem C and The-
orem D respectively. Also Theorem 1.3 improves Theorem B.

Though for the standard definitions and notations of the value distribution
theory we refer to [7], we now explain some notations which are used in the paper.

Definition 1.3 ([8]). For a € CU{oco}we denote by N(r,a; f |= 1) the count-
ing function of simple a points of f. For a positive integer m we denote by
N(r,a; f | < m)(N(r,a; f |> m)) the counting function of those a points of f
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whose multiplicities are not greater(less) than m where each a point is counted
according to its multiplicity.

N(rya; f | < m) (N(r,a; f | > m)) are defined similarly, where in counting
the a-points of f we ignore the multiplicities.

Also N(r,a; f |<m), N(r,a; f | > m), N(r,a; f | < m) and N(r,a; f | > m)

are defined analogously.
Definition 1.4 ([10]). We denote by No(r,a; f) = N(r,a; f)+ N(r,a; f | > 2).

Definition 1.5 ([9], [10]). Let f, g share a value a IM. We denote by
N.(r,a; f,g) the reduced counting function of those a-points of f whose multi-
plicities differ from the multiplicities of the corresponding a-points of g.

Clearly N.(r,a; f,g) = N.(r,a;g, f) and in particular if f and g share (a, p)
then N.(r,a; f,g) < N(ra; f | >p+1) = N(r,a;9 | 2p+1).

2. Lemmas

In this section we present some lemmas which will be needed in the sequel.
Let F and G be two non-constant meromorphic functions defined in C as follows

F=f-f G=g¢-g (2.1)

Henceforth we shall denote by H and & the following two functions

F// 2F/ G// QG/
H=|"—_— ) - = — 2.2
(F-75)-(&-35) @2
and o o
o= — . 2.

F-1 G-1 (2:3)

Lemma 2.1 ([10], Lemma 1). Let F, G be two non-constant meromorphic
functions sharing (1,1) and H # 0. Then

N(r,1;F|=1)=N(r1;G|=1) < N(r,H)+ S(r, F) + S(r, G).

Lemma 2.2. Let Sy, So and S3 be defined as in Theorem B and F, G be
given by (2.1). If for two non-constant meromorphic functions f and g E¢(S1,p) =
E,(51,p), Ef(S2,0) = E4(S2,0), Ef(S3,0) = E4(S3,0), where 0 < p < oo and
H # 0 then

_ _ 2 _
NG H) SN0 |20+ D+ N (1 fi5 1 2041) + Noln 1iR.C)

+N*(7’, 003 fa g) +N0(Ta Oa f/) +N0(T‘, 0;9,)3
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where No(r,0; f') is the reduced counting function of those zeros of f' which are
not the zeros off(f — %) (F —1) and N(r,0;g') is similarly defined.
PrOOF. First we note that

H B f'l g/ f/ gil + f// gl/ ( 2F/ QG/ >
g .

f-3 9-3 f g \F-1 G-1

Since Ef(S1,0) = E4(S1,0) it follows that if zyp be 0-point of f (g) then either
9(z0) = 0 (f(20) = 0) or g(z0) = 2 (f(20) = 2). Clearly F and G share (1,0).
Since H has only simple poles, the lemma can easily be proved by simple calcu-
lation. (]

Lemma 2.3. Let f and g be two meromorphic meromorphic functions shar-
ing (1,m), where 1 < m < oo. Then

N1 )+ N 8ig) = N33 | =0+ (= ) B3 1)

< S [N( L f) + N(r, 1;9)]

| —

PROOF. Let zy be a 1- point of f of multiplicity p and a 1-point of g of
multiplicity q.

Since f, g share (1,m), we note that the 1-points of f and g upto multiplicity
m are same and as a result when p = g < m, 2o is counted min(2, p) times in the
left hand side of the above inequality whereas it is counted p times in the right
hand side of the same. If p = m + 1 then the possible values of ¢ are as follows.
(i) g=m+1, (ii) ¢ > m+ 2. When p = m + 2 then ¢ can take the following
possible values (i) ¢ = m+ 1, (ii) ¢ = m+ 2, (iii) ¢ > m + 3. Similar explanations
hold if we interchange p and ¢. Clearly when p = ¢ > m+1, 2 is counted 2 times
in the left hand side and p > m + 1 times in the right hand side of the above
inequality. When p > ¢ > m + 1, in view of Definition 1.5 we know z( is counted
m + % times in the left hand side and p# >m+ % times in the right hand side
of the above inequality. When ¢ > p we can explain similarly. Hence the lemma
follows. O

Lemma 2.4 ([13]). Let f be a nonconstant meromorphic function and
P(f)=ao+a1f +asf?+ ...+ anf", where ag,ay,as...,a, are constants and
an # 0. Then T(r, P(f)) =nT(r, f) + O(1).

Lemma 2.5. Let S1, S and S3 be defined as in Theorem B and F, G be
given by (2.1). If for two nonconstant meromorphic functions f and g E¢(S1,p) =
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Eg(Shp)’ Ef(527m) = Eg(‘927m)7 Ef(S?n k) = EQ(S?H k) and ® 7_é 0 then

— — 2
et DN (07 |2+ )+ W (n2f 1 2p41) |
< N(r, 15 F,G) + N.(r,00; f, g) + S(r, f) + S(r, 9).
PROOF. By the given condition clearly F' and G share (1,m). Also we see

3/(f = 35)f" 39(9—3)¢
F-1 G-1
Let 2o be a zero or a %— point of f with multiplicity r. Since Ef(S1,p) = E4(S1,p)

that

b =

then that would be a zero of ® of multiplicity 2r — 1 if » < p and a zero of at
least 2(p+1) — 1 =2p+1if r > p. So using Lemma 2.4 by a simple calculation
we can write

(r,0;®) < T(r,®) < N(r,00;®) + S(r, F') + S(r, G)

(2p+1) {N(no;f | 2p+1)+N(r,§;f \ 2p+1>}
N
N.(r,1;F,G) 4+ N.(r,00; f,9) + S(r, ) + S(r, 9). O

<
<

Lemma 2.6 ([14], Lemma 6). If H =0, and F, G share (c0,0) then F, G
share (1,00) and (00, 00).

Lemma 2.7. Let S1, Sy and S3 be defined as in Theorem B and F, G be
given by (2.1). If for two nonconstant meromorphic functions f and g E¢(S1,p) =
Ey(S1,p), Ef(S2,m) = E4(S2,m), E¢(Ss,k) = E4(Ss,k), where 0 < p < oo,
2<m < oo and H #0. Then

HT(r, )+ T(r )}
< 2{N(T,0;f)+N(7’,§;f>} +N(r,0; f | Zp+1)+N(T,§;f | 2p+1>
+ 2N(r,00; f) + N.(r,00; f, g) + % [N(r,1;F) + N(r,1;G)]
<mg)NAnhRG)%ﬂnﬁ+S&g)

PROOF. By the second fundamental theorem we get

WIG )+ T0)) < N3 F) 4 N 060) + 8 (735 ) + Flroos
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+N(r, 1,G) + N(r,0;9) + N (r, 3;9) + N(r, 003 g)
- N(](Tv 07 fl) - No(?", 0; gl) + S(T, f) + S(Ta g) (24)

Using Lemmas 2.1, 2.2, 2.3 and 2.4 we see that

_ — 1
N(r 1 F)+ N(r, 1;6) < 5

~ (- 3) Fr 1F.6) < SN L F) 4 N 156+ N0 | 29+ 1)

[Nr,;F)+ N(r,1;G)]+ N(r,1; F | =1)

/9 _ 3\ __
+N <T73;f | >p+]-> —|—N*(T,oo;f,g) - (m_ 2) N*(T71;F,G)
+ No(r,0; f') + No (7,05 g") + S(r, f) + S(r,9). (2.5)
Using (2.5) in (2.4) and noting that N (r, 0; f)JrN(r, %; f) = N(r,0; g)+N(r, %;g)
and N(r,00; f) = N(r,00;g) the lemma follows. O

Lemma 2.8 ([11]). Let Si, So and S5 be defined as in Theorem B. If for two
nonconstant meromorphic functions f and g E¢(S1,0) = E4(51,0), E¢(S3,0) =
Ey(83,0), then S(r, f) = S(r,g).

3. Proofs of the theorems

PROOF OF THEOREM 1.1. Let F', G be given by (2.1). Then F and G share
(1,3) and f, g share (00,1). We consider the following cases.

Case 1. Suppose that ® # 0.
Subcase 1.1. Let H # 0. Then using Lemma 2.4 and Lemma 2.7 with m = 3,
p=0and k =1 and Lemma 2.5 with p = 0 in view of Definition 1.5 we obtain

WI( )+ 70,0} <3{N00s0) + 8 (15:7) |+ W01 )+ N ooi)
+ N(r,00; f | >2) + % [N(r,1; F)+ N(r,1,G)] — %N*(r, LF,G)+ S(r f)
+50,) < SN0 F | 24) + Na(r, 003 1) + Na(r, 05.)

+ 2N (r,00; f | >2) + % [N(r,1,F)+ N(r,1,G)] + S(r, f) + S(r,9)

[N(T,I;F)+N(T,1;G)]+ZN(T,I;F|Z4)+ZN(T71;G|Z4)

N | =
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+ Na(r, 00; f) + Na(r, 005 g) + N(r,00; f | >2) + N(r,00;g | >2)
F8(n 1)+ 8(r,9) € AN 1 ) + N(r, 1)
+ SN (r,00; ) + N(r,00:9)} + S(r, /) + S(r,9)

< %{T(nf)—l—T(r,g)}—kS(r, )+ S(r,g). (3.1)

(3.1) gives a contradiction.
Subcase 1.2. Let H = 0. From (2.2) we have

1 A
- - _ 1B 2
F-1 c-1 " (32)
where (A # 0), B are constants. Then by Lemma 2.6 F, G share (1,00) and f,
g share (00, 00). Hence by Lemma 2.5 we get N(r,0; f) +N(r, %; f) =S f)+
S(r,g). So when oo is a Picard exceptional value, by the second fundamental
theorem and Lemma 2.8 we see that

Tl ) < W(051) + 8 (7 357 ) + N(r00: ) 4 500 ) < 5(0,),

a contradiction. Now suppose oo is not a Picard exceptional value. We now follow
the same procedure as adopted in [11]. For the sake of convenience we are giving
the outline of the proof. To this end let us suppose there is a point zg € C such
that

f(z0) = oc.
Substituting zp in (3.2) we get B =0 and so

AP = -1 =("-¢*-1). (3.3)

Clearly from above and the fact F' and G share (1,00) we get Ef(S;,00) =
E,(Sj,00) for j =1,2,3 and so from Theorem A we have f = g.

Case 2. Suppose that ® = 0. Now from (2.3) we get (3.3). Now proceeding the
same way as done in Subcase 1.2 we can prove f = g. g

PROOF OF THEOREM 1.2. Let F', G be given by (2.1). Then F and G share
(1,2), and f, g share (00, 1). We consider the following cases.
Case 1. Suppose that ® # 0.
Subcase 1.1. Let H # 0. Then using Lemma 2.4 and Lemma 2.7 with m = 2,
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p=1and k =1 and Lemma 2.5 with p =0, p = 1 and in view of Definition 1.5
we obtain

TG ) + 7000} < 2{W0050) + 8 (1 5:7) |+ N 001 ) + N ooi)
+ N(r,00; f | >2) 4+ N(r,0; f | >2) +N(r,§;f | >2>
+ % [N(r,1;F)+ N(r,1;G)] — %W*(T,I;F,G) +S(r, f)+ S(r,9)

4 11—
< No(r,00; f) + Na(r, 005 g) + gN(T,OO;f | >2)+ gN(Tal;F | >3)
1

+ 3 [N(r,1;F)+ N(r,;G)] + S(r, f) + S(r, 9)

< TN 10)+ N 1)} + 5 NG 001 )+ N (00390} + (0, ) + 5(0,9)

< DUT( )+ T 0)} + 500, ) + S(r.9). -

(3.4) gives a contradiction.
Subcase 1.2. Let H = 0. We now omit the proof since the rest of the proof is
similar to that of Theorem 1.1. O

PROOF OF THEOREM 1.3. Let F', G be given by (2.1). Then F and G share
(1,2), and f, g share (c0,4). We consider the following cases.

Case 1. Suppose that ® # 0.
Subcase 1.1. Let H # 0. Then using Lemma 2.4 and Lemma 2.7 with m = 2,
p=0and k =2 and Lemma 2.5 with p = 0, in view of Definition 1.5 we obtain

TG A) 4 7,00} < 3 {00 4 (1 537) |+ Fows £) 4 B

[N(r,1;F)+ N(r,1;G)] — %N*(nl;F,G)

N =

+ N(r,00; f | >3) +
+ S(r, f) + S(r,9) < N(r,00; f) + N(r,00; g) + 2N (r, 00; f | >3)

+2N(r,00;59 | >3) +

olon 2

N(r, 11 F | 23)+%[N(T71;F)+N(T»1;G)]
50 0) + 8(r,0) < o AN( 13 £) 4 N, 1 g)} + {N(r, 005 f) + N(r, 001 9)}

+S(r, f)+S(r,g) < %{T(r, H+Trg)}+ S, f)+ S(r,9). (3.5)

(3.5) gives a contradiction.
Subcase 1.2. Let H = 0. We now omit the proof since the rest of the proof is
similar to that of Theorem 1.1. (|
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