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Abstract. In this paper, we study the problem of uniqueness on mero-
morphic functions involving in differential polynomials and obtain some
results which extend and improve the theorems of M. Fang and W. Hong
et al.

1. Introduction and main results

In this paper, a meromorphic function means meromorphic in the open
complex plane. We use the usual notations of Nevanlinna theory of mero-
morphic functions as defined in [3], [6]. By E we denote a set of finite
linear measure, not necessary the same at each occurrence. For a noncon-
stant meromorphic function f and a complex number a, and by E(a, f),
Eyy(a, f) we denote the set of zeros of f — a (counting multiplicity), and
the set of zeros of f — a with multiplicity < k (counting multiplicity);
Nyy(r,1/(f — a)) stands for the counting function of simple a-points of f
and N (r,1/(f —a)) stands for the counting function of a-points of f
with multiplicity > k, where k is a positive integer and each a-points is
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counted only once. In addition, S(r, f) stands for any quantity satisfying
S(r,f)=o(T(r, f)) (r — oo, r & E) (see [6]). Let

1 _ 1 _ 1
% (rps) =T (nym) +Fe(nrs)

W. Hayman in [2] obtained the following result.

Theorem A. Let f be an entire function, n > 1 be a positive integer. If
frf' #1, then f is a constant.

Recently, corresponding to Theorem A, M. Fang and W. Hong in [1]
proved the following two theorems.

Theorem B. Let f be an entire function, n > 2 be a positive integer. If
f™(f = 1)f" #1, then f is a constant.

Theorem C. Let f and g be transcendental entire functions, n > 11 be a
positive integer. If E(1, f*(f —1)f") = E(1,9™(g — 1)¢'), then f = g.

Motivated by Theorem C, we obtain the more general results which im-
prove Theorem C.

Theorem 1.1. Let f and g be distinct nonconstant meromorphic functions,
n > 10 be a positive integer. If E(oco, f) = E(oco,g) and Es)(1, f*(f—1)f') =
E3)(1,9"(g — 1)g'), then

(n+2)1+h+...4+h")h
(n+ )1+ h+...+ 0y
(n+2)(1+h+...+h")
(n+ 1)1+ h+...+h)

f=

(1.1)

where h is a nonconstant meromorphic function.

Corollary. Let f and g be nonconstant entire functions, n > 7 be a positive
integer. If E3)(1, f*(f —1)f") = E3)(1,9"(9 — 1)g'), then f = g.

Clearly, Corollary is an improvement of Theorem C.
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2. Some lemmas
Let us introduce some lemmas which will be used to prove Theorem 1.1.

Lemma 2.1 ([5]). Let f be a meromorphic function and p = aof™ +
arf" '+ ...+ an, where ag(Z 0),a1,...,a, are small functions related
to f, that is T(r,a;) = S(r, f), 7=0,1,... ,n. Then

T(r,p) =nT(r,f)+ S(r, ).

Lemma 2.2. Let F, G be two meromorphic functions such that E(oo, F) =
E(c0,G) and E3)(1,F) = E3)(1,G), then one of the following cases must
occur:

Q) %T(n F) + %T(r, Q) < Ny <r, ;) b (r, é) +ON(r, F)

+S(r,F)+ S(r,G);
(i) F-G=1;
(ili) F = G.
Proof. Let
F// 2F/ G/l 2G/
H_<F’_F—1>_<G’_G—1>' (2.1)

If H # 0, since E3)(1,F) = Es3)(1,G), then Ey(1,F) = E)(1,G), a
simple computation on local expansion shows that H(zp) = 0 if zp is a
simple zero of F' — 1 and G — 1. Hence, we get

Ny <7‘, . L 1> <N (n ;) . (2.2)

By the first fundamental theorem, we have

N (n 11{) < T(r,H) + O(1). (2.3)

From (2.1), we get m(r,H) = S(r, F) + S(r, G), thus by (2.2) and (2.3),
we get

Ny (7‘, . L 1) < N(r,H) + S(r, F) + 5(r,G). (2.4)

Noticing that E(co, F') = E(co,G), we say that any pole of F', G cannot
be a pole of H. In addition, since Es)(1, F) = E3)(1,G), we can also easily
see from (2.1) that any k-fold (k < 3) zero-point of ' — 1 and G — 1 is not
a pole of H. Hence

1 — 1 — 1 — 1
Nl) <T’F—1> SN(4 <T,F’—1> +N(2 (T,F> +N(2 <T‘,G>
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+N(4<7«,Gl_1)+No< ;,)+No< Gl,)+5(rF)+S(rG) (2.5)

where Ny(r,1/F") is the counting function corresponding to the zeros of F”
which are not zeros of F(F — 1), and Ny(r,1/G’) is the counting function
corresponding to the zeros of G’ which are not zeros of G(G — 1).

Noticing

_ | 1 1 _ 1
N<T’F—1> 2N1>< F—1)+N(4<T’F—1>

1 1
<= — :
_2N<r,F_1>, (2.6)

and

— 1 — 1

N (rgms) e (rams) + Ve (e

1

<= . 2.

< ( aoi) @)
Combining (2.5), (2.6), (2.7) with the second fundamental theorem, we can
prove Lemma 2.2 by imitating the proof as did in [4], [7]. So we omit the
details here. O

Lemma 2.3. Let f1, fo be nonconstant meromorphic functions and c1, co,
c3 be nonzero constants. If c1f1 + cafo = c3, then

T(r,f1)<N< f1>+N< f2>+N(r f1)+ S(r, fr).

Proof. By the second fundamental theorem, we have

— 1 —
T(T7f1)<N< fl>+N ruicg +N(T,f1)+S(T,f1). (28)
fi— o
Noticing that

— 1 — 1
N |, a =N <r, ) . (2.9)

fi—— Fa

C1

Thus Lemma 2.3 follows from (2.8) and (2.9). O

Lemma 2.4 ([6]). Let f be a meromorphic function, then

N <7";/> <N (r}) + N(r, f)+ S(r, f).
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3. Proof of Theorem 1.1 and Corollary

3.1. Proof of Theorem 1.1. In order to prove Theorem 1.1, we set

F=f(f-1f, G=g"(g-1)y, (3.1)
and
Fl — 1 fn+2 fn+1 Gl — LgnJrQ o 1 gn+1 (3 2)
n+2 n+1 n+2 n+1 ' '

Thus, E(co, F') = E(00,G) and E3)(1, F) = E3)(1,G). So, by Lemma 2.2,
we consider the following three cases.
Case 1. Suppose that F' and G satisfy (i) in Lemma 2.2:
%T(T7 F)+ %T(r, G) <N <r, ;) + No (T, é) +2N(r, F)
+S(r,F)+ S(r,G). (3.3)
From (3.1), we get

Ny <7‘,}17> + Ny <7’,é) < 2N (r,}) —i—N(r,fil) —i—N(r,;/)
+ 2N <r, 1) + N (r, ! >+N <r, 1,> (3.4)
9 g—1 g

By Lemma 2.1, the first main theorem and (3.2), we have
T(n Fl) :(TL + 2)T(T7 f) + S(Ta f)

<T(r, F)+N< ;1> —N<r,;> +5(r, f)

1 1 1
ST('I",F)“‘N(T,f)“_N T,w —N<T‘,f_1>

! n+1
—N< f,>+S(r f)s

combining with (3.3), (3.4), it will yield

m+mﬂnﬁ<mVO#)+N73i+2 +%WJHQNO§>

f_n—i—l

( 11) < >+S( £)+5(r,9). (3.5)

It follows from E(oo, f) = E(c0,g), (3.5) and Lemma 2.4 that
(n=2)T(r, f) <TT(r,g) + 5(r, f) + 5(r, 9)- (3.6)
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Similarly, we have
By (3.6) and (3.7), we find (n—9)T'(r, f)+(n—9)T'(r,g) < S(r, f)+S(r,9),
which contradicts n > 10.

Case 2. Suppose that F' and G satisfy (ii) in Lemma 2.2: f™(f—1)f"¢g"(g—
1)g’ = 1. From f*(f—1)f'¢"(g—1)¢' =1 and E(o0, f) = E(00, g), it follows
that f and g are entire functions. By the Picard theorem, we deduce f may
possess two values in C': either 0 or 1. Contradiction.

Case 3. Suppose that ' and G satisfy (iii) in Lemma 2.2: F' = G, which
implies that F7; = G1 + ¢, where ¢ is a constant.

First, by Lemma 2.1, we obtain
T(r,f) =T(r.g) + S(r. f) + S(r, 9). (3.8)
We claim that ¢ = 0. Otherwise, if ¢ # 0, Lemma 2.3, (3.2) and (3.8) will
have
T(T,Fl) = (n+2)T(Taf) +S(Taf)
| 1 _
N(Tvi)+N(T77)+N(T7f)+8(rvf)
I G
<5T(r, f) +5(r, f),
which also contradicts n > 10, and hence ¢ = 0, F1 = G;. Let f = hg,
which leads from f # g that
fe m+2)(1+h+...+h")h B n+2)(1+h+...+ 1"
Tt DA +ht. )y YT DA ht . ALY
where n(> 10) is a positive integer, and h is a meromorphic function.
This proves Theorem 1.1. ]

IN

3.2. Proof of Corollary. First, for entire functions f and g, from (3.5)
we obtain (3.6) and (3.7) with “7” replaced by “4”. That is, we can get

(n=2)T(r, f) <4T(r,g) + 5(r, f) + 5(r,9). (3.6)’
and
(n—2)T(r,g) <AT(r, ) + S(r, f) + 5(r, 9). (3.7)
Thus n > 7 and either (1.1) is true or f = g. But (1.1) is not fulfilled
since h # const is entire and
n+2 1- prHl
= 11— p2
has poles (by the Picard theorem).
Therefore f = g, which completes the proof of Corollary. O
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