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THE FREQUENCY OF THE ZEROS

OF SOME DIFFERENTIAL POLYNOMIALS

Abstract. Let ρp(f) and σp(f) denote respectively the iterated p-order and the
iterated p-type of an entire function f. In this paper, we study the iterated order and
the fixed points of some differential polynomials generated by solutions of the differential
equation

f
′′ +A1(z)f

′ +A0(z)f = 0,

where A1(z), A0(z) are entire functions of finite iterated p-order such that ρp(A1) =
ρp(A0) = ρ (0 < ρ < +∞) and σp(A1) < σp(A0) = σ (0 < σ < +∞).

1. Introduction and statement of results

In this paper, it is assumed that the reader is familiar with the funda-
mental results and the standard notations of the Nevanlinna value distri-
bution theory of meromorphic functions (see [9, 15]). For the definition of
the iterated order of an entire function, we use the same definition as in
[10], [4, p. 317], [11, p. 129] . For all r ∈ R, we define exp1 r := er and
expp+1 r := exp(expp r), p ∈ N. We also define for all r sufficiently large
log1 r := log r and logp+1 r := log(logp r), p ∈ N. Moreover, we denote by
exp0 r := r, log0 r := r, log−1 r := exp1 r and exp−1 r := log1 r.

Definition 1.1. Let f be a meromorphic function. Then the iterated
p-order ρp(f) of f is defined by

(1.1) ρp(f) = lim sup
r→+∞

logpT (r, f)

log r
(p ≥ 1 is an integer),

where T (r, f) is the Nevanlinna characteristic function of f . If f is an entire
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76 B. Belaïdi

function, then the iterated p-order ρp(f) of f is defined by

ρp(f) = lim sup
r→+∞

logpT (r, f)

log r
= lim sup

r→+∞

logp+1M(r, f)

log r
(p ≥ 1 is an integer),

where M(r, f) = max|z|=r |f(z)| . For p = 1, this notation is called order and
for p = 2 hyper-order (see [9, 15, 18]).

Definition 1.2. (See [4, 11].) The finiteness degree of the order of an
entire function f is defined by

(1.2)

i(f) =



















0, for f polynomial,

min {j ∈ N : ρj(f) < +∞} , for f transcendental for
which some j ∈ N with ρj(f) < +∞ exists,

+∞, for f with ρj(f) = +∞ for all j ∈ N.

Definition 1.3. [7] Let f be a meromorphic function. Then the iterated
p-type of f , with iterated p-order 0 < ρp(f) <∞ is defined by

(1.3) σp(f) = lim sup
r→+∞

logp−1T (r, f)

rρp(f)
(p ≥ 1 is an integer).

If f is an entire function, then the iterated p-type of f , with iterated p-order
0 < ρp(f) <∞ is defined by [3]

σM,p(f) = lim sup
r→+∞

logpM(r, f)

rρp(f)
(p ≥ 1 is an integer).

For p = 1, this notation is called the type of f (see [13]).

Remark 1.1. For entire function, we can have σM,1(f) 6= σ1(f). For
example, if f(z) = ez, then we have σM,1(f) = 1 and σ1(f) =

1
π
. However,

it follows by Proposition 2.2.2 in [11] that σM,p(f) = σp(f) for p ≥ 2.

Definition 1.4. (See [10, 12].) Let f be a meromorphic function. Then
the iterated convergence exponent of the sequence of zeros of f(z) is defined
by

(1.4) λp(f) = lim sup
r→+∞

logpN(r, 1/f)

log r
(p ≥ 1 is an integer),

where N
(

r, 1
f

)

is the counting function of zeros of f(z) in {z : |z|<r}, and

the iterated convergence exponent of the sequence of distinct zeros of f(z)
is defined by

λp(f) = lim sup
r→+∞

logpN(r, 1/f)

log r
(p ≥ 1 is an integer),

whereN
(

r, 1
f

)

is the counting function of distinct zeros of f(z) in {z : |z|<r}.
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The frequency of the zeros of some differential polynomials 77

Definition 1.5. (See [12].) Let f be a meromorphic function. Then the
iterated exponent of convergence of the sequence of fixed points of f(z) is
defined by

(1.5) τp(f) = λp(f − z) = lim sup
r→+∞

logpN
(

r, 1
f−z

)

log r
(p ≥ 1 is an integer),

and the iterated exponent of convergence of the sequence of distinct fixed
points of f(z) is defined by

τp(f) = λp(f − z) = lim sup
r→+∞

logpN
(

r, 1
f−z

)

log r
(p ≥ 1 is an integer).

Thus τp(f) = λp(f − z) is an indication of oscillation of distinct fixed points
of f(z).

Since the beginning of the last four decades, a substantial number of re-
search articles have been written to describe the fixed points of general tran-
scendental meromorphic functions (see [17]). However, there are few studies
on the fixed points of solutions of differential equations. It was in the year
2000 that Z. X. Chen first pointed out the relation between the exponent
of convergence of distinct fixed points and the rate of growth of solutions of
second order linear differential equations with entire coefficients (see [8]). In
[14], Liu and Zhang investigated fixed points and hyper order of some higher
order linear differential equations with meromorphic coefficients. In [16],
Wang and Yi investigated fixed points and hyper order of differential poly-
nomials generated by solutions of second order linear differential equations
with meromorphic coefficients.

Let L(G) denote a differential subfield of the field M(G) of meromorphic
functions in a domain G ⊂ C. If G = C, we simply denote L instead of L(C).
Special case of such differential subfield

Lp+1,ρ = {g meromorphic: ρp+1(g) < ρ},

where ρ is a positive constant. In [12], Laine and Rieppo gave an improve-
ment of the results of [16] by considering fixed points and iterated order and
obtained the following result.

Theorem A. [12] Let A(z) be a transcendental meromorphic function of

finite iterated order ρp(A) = ρ > 0 such that δ(∞, A) = lim
r→+∞

m(r,A)
T (r,A) = δ

> 0, and let f be a transcendental meromorphic solution of the equation

(1.6) f ′′ +A(z)f = 0.

Suppose, moreover, that either:
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78 B. Belaïdi

(i) all poles of f are of uniformly bounded multiplicity or that

(ii) δ(∞, f) > 0.

Then ρp+1(f) = ρp(A) = ρ. Moreover, let

(1.7) P [f ] = P (f, f ′, . . . , f (m)) =
m
∑

j=0

pjf
(j)

be a linear differential polynomial with coefficients pj ∈ Lp+1,ρ, assuming

that at least one of the coefficients pj does vanish identically. Then for the

fixed points of P [f ], we have τp+1(P [f ]) = ρ, provided that neither P [f ]
nor P [f ]− z vanishes identically.

Remark 1.2. (See [12, p. 904].) In Theorem A, in order to study P [f ],
the authors consider m ≤ 1. Indeed, if m ≥ 2, we obtain, by repeated
differentiation of (1.6), that f (k) = qk,0f + qk,1f

′, qk,0, qk,1 ∈ Lp+1,ρ for
k = 2, . . . ,m. Substitution into (1.7) yields the required reduction.

Recently, the author has studied the relationship between solutions of
the differential equation

(1.8) f (k) +Ak−1(z)f
(k−1) + · · ·+A1(z)f

′ +A0(z)f = 0 (k ≥ 2),

and entire functions with finite iterated p-order and have obtained the fol-
lowing result.

Theorem B. [3] Let A0(z), . . . , Ak−1(z) be entire functions, and let i(A0)
= p (1 ≤ p <∞). Assume that max{ρp(Aj) : j = 1, 2, . . . , k−1} ≤ ρp(A0) =
ρ(0 < ρ < +∞) and max{σp(Aj) : ρp(Aj) = ρp(A0)} < σp(A0) = σ (0 <
σ < +∞). If ϕ(z) 6≡ 0 is an entire function with finite iterated p-order
ρp(ϕ) < +∞, then every solution f 6≡ 0 of equation (1.8) satisfies

(1.9) λp(f − ϕ) = λp(f − ϕ) = ρp(f) = +∞

and

(1.10) λp+1(f − ϕ) = λp+1(f − ϕ) = ρp+1(f) = ρ.

Consider the linear differential equation

(1.11) f ′′ +A1(z)f
′ +A0(z)f = 0,

where A1(z), A0(z) are entire functions of finite iterated p-order.

We know that a differential equation bears a relation to all derivatives of
its solutions. Hence, linear differential polynomials generated by its solutions
must have special nature because of the control of differential equations. The
main purpose of this paper is to investigate the growth and the fixed points
of the linear differential polynomial gf = d1f

′ + d0f , where d0(z), d1(z) are
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The frequency of the zeros of some differential polynomials 79

entire functions, generated by solutions of equation (1.11). Instead of looking
at the zeros of gf − z, we proceed to a slight generalization by considering
zeros of gf −ϕ, where ϕ is an entire function of finite iterated p-order, while
the solution of respective differential equation is of infinite iterated p-order.
We obtain some estimates of their iterated order and fixed points.

Theorem 1.1. Let A1(z), A0(z) be entire functions, and let i(Aj) = p
(j = 0, 1), (1 ≤ p < ∞) such that ρp(A1) = ρp(A0) = ρ (0 < ρ < +∞)
and σp(A1) < σp(A0) = σ (0 < σ < +∞). Let d0(z), d1(z) be entire func-

tions such that at least one of d0(z), d1(z) does not vanish identically with

max{ρp(dj) : j = 0, 1} < ρp(A0), and let ϕ(z) 6≡ 0 be an entire function with

ρp(ϕ) < ∞. If f 6≡ 0 is a solution of equation (1.11), then the differential

polynomial gf = d1f
′ + d0f satisfies

λp(gf − ϕ) = λp(gf − ϕ) = ρp(gf ) = ρp(f) = ∞,(1.12)

λp+1(gf − ϕ) = λp+1(gf − ϕ) = ρp+1(gf ) = ρp+1(f) = ρp(A0) = ρ.(1.13)

Applying Theorem 1.1 for ϕ(z) = z, we obtain the following result.

Corollary 1.1. Under the hypotheses of Theorem 1.1. If f 6≡ 0 is a

solution of equation (1.11), then the differential polynomial gf = d1f
′ + d0f

satisfies τp(gf ) = τp(gf ) = ρp(gf ) = ρp(f) = ∞ and τp+1(gf ) = τp+1(gf ) =
ρp+1(gf ) = ρp+1(f) = ρ.

In the following, we obtain a result which is an application of Theo-
rem 1.1.

Theorem 1.2. Let P (z) =
n
∑

i=0
aiz

i and Q(z) =
n
∑

i=0
biz

i be nonconstant

polynomials where ai, bi (i = 0, 1, . . . , n) are complex numbers, anbn 6= 0
such that |bn| > |an| . Let hj(z) ( 6≡ 0) (j = 0, 1) be entire functions with

max{ρp(hj) : j = 0, 1} < n (1 ≤ p < ∞). Let d0(z), d1(z) be entire func-

tions such that at least one of d0(z), d1(z) does not vanish identically with

max{ρp(dj) : j = 0, 1} < n, and let ϕ(z) 6≡ 0 be an entire function with

ρp(ϕ) < +∞. If f 6≡ 0 is a solution of the equation

(1.14) f ′′ + h1(z) expp {P (z)} f
′ + h0(z) expp {Q(z)} f = 0,

then the differential polynomial gf = d1f
′ + d0f satisfies

λp(gf − ϕ) = λp(gf − ϕ) = ρp(gf ) = ρp(f) = ∞,(1.15)

λp+1(gf − ϕ) = λp+1(gf − ϕ) = ρp+1(gf ) = ρp+1(f) = n.(1.16)

Applying Theorem 1.2 for ϕ(z) = z, we obtain the following result.
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80 B. Belaïdi

Corollary 1.2. Under the assumptions of Theorem 1.2, if f 6≡ 0 is a

solution of equation (1.14), then the differential polynomial gf = d1f
′ + d0f

satisfies τp(gf ) = τp(gf ) = ρp(gf ) = ρp(f) = ∞ and τp+1(gf ) = τp+1(gf ) =
ρp+1(gf ) = ρp+1(f) = n.

2. Auxiliary lemmas

We need the following lemmas in the proofs of our theorems.

Lemma 2.1. (See Remark 1.3 of [10].) If f is a meromorphic function with

i(f) = p ≥ 1, then ρp(f) = ρp(f
′).

Lemma 2.2. [12] If f is a meromorphic function with 0 < ρp(f) < ρ
(p ≥ 1), then ρp+1(f) = 0.

Lemma 2.3. [2, 5] Let A0, A1, . . . , Ak−1, F 6≡ 0 be finite iterated p-order
meromorphic functions. If f is a meromorphic solution with ρp(f) = +∞
and ρp+1(f) = ρ < +∞ of the equation

(2.1) f (k) +Ak−1(z)f
(k−1) + · · ·+A1(z)f

′ +A0(z)f = F,

then λp(f) = λp(f) = ρp(f) = +∞ and λp+1(f) = λp+1(f) = ρp+1(f) = ρ.

Lemma 2.4. Let f, g be meromorphic functions with iterated p-orders 0 <
ρp(f), ρp(g) < ∞ and iterated p-types 0 < σp(f), σp(g) < ∞ (1 ≤ p < ∞).
Then the following statements hold:

(i) If ρp(g) < ρp(f), then

(2.2) σp(f + g) = σp(fg) = σp(f).

(ii) If ρp(f) = ρp(g) and σp(g) 6= σp(f), then

(2.3) ρp(f + g) = ρp(fg) = ρp(f).

Proof. (i) By the definition of the iterated p-type, we have

σp(f + g) = lim sup
r→+∞

logp−1 T (r, f + g)

rρp(f+g)
(2.4)

≤ lim sup
r→+∞

logp−1(T (r, f) + T (r, g) +O(1))

rρp(f+g)
.

Since ρp(g) < ρp(f), then ρp(f + g) = ρp(f). Thus, from (2.4), we obtain

σp(f + g) ≤ lim sup
r→+∞

logp−1 T (r, f)

rρp(f)
+ lim sup

r→+∞

logp−1 T (r, g) +O(1)

rρp(f)
(2.5)

= σp(f).
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On the other hand since

(2.6) ρp(f + g) = ρp(f) > ρp(g),

then by (2.5), we get

(2.7) σp(f) = σp(f + g − g) ≤ σp(f + g).

Hence by (2.5) and (2.7), we obtain σp(f + g) = σp(f). Now we prove
σp(fg) = σp(f). Since ρp(g) < ρp(f), then ρp(fg) = ρp(f). By the definition
of the iterated p-type, we have

σp(fg) = lim sup
r→+∞

logp−1 T (r, fg)

rρp(fg)
(2.8)

≤ lim sup
r→+∞

logp−1(T (r, f) + T (r, g))

rρp(f)

≤ lim sup
r→+∞

logp−1 T (r, f)

rρp(f)
+ lim sup

r→+∞

logp−1 T (r, g) +O(1)

rρp(f)

= σp(f).

Since

(2.9) ρp(fg) = ρp(f) > ρp(g) = ρp

(

1

g

)

,

then by (2.8), we obtain

(2.10) σp(f) = σp

(

fg
1

g

)

≤ σp(fg).

Thus, by (2.8) and (2.10), we obtain σp(fg) = σp(f).
(ii) Without loss of generality, we suppose that ρp(f) = ρp(g) and σp(g) <

σp(f). Then, we have

(2.11) ρp(f + g) ≤ max {ρp(f), ρp(g)} = ρp(f) = ρp(g).

If we suppose that ρp(f + g) < ρp(f) = ρp(g), then by (2.2), we get

σp(g) = σp(f + g − f) = σp(f)

and this is a contradiction. Hence ρp(f +g) = ρp(f) = ρp(g). Now, we prove
that ρp(fg) = ρp(f) = ρp(g). Also we have

(2.12) ρp(fg) ≤ max {ρp(f), ρp(g)} = ρp(f) = ρp(g).

If we suppose that ρp(fg) < ρp(f) = ρp(g) = ρp
(

1
f

)

, then by (2.2), we can
write

σp(g) = σp

(

fg
1

f

)

= σp

(

1

f

)

= σp(f)

and this is a contradiction. Hence ρp(fg) = ρp(f) = ρp(g).
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Lemma 2.5. Let A1(z), A0(z) be entire functions, and let i(Aj) = p (j =
0, 1), (1 ≤ p < ∞) such that ρp(A1) = ρp(A0) = ρ (0 < ρ < +∞) and

σp(A1) < σp(A0) = σ (0 < σ < +∞). Let Bj (j = 0, 1, 2) be entire functions

such that at least one of B0(z), B1(z), B2(z) does not vanish identically with

ρp(Bj) < ρp(A0) (j = 0, 1, 2). Then

(2.13) h = B0A0 +B1A1 +B2 6≡ 0.

Proof. First, we suppose that B0 6≡ 0. Then by Lemma 2.4, we have
ρp(h) = ρp(A0) = ρ > 0. Thus h 6≡ 0.

If B0 ≡ 0, B1 6≡ 0, then h = B1A1 + B2 and ρp(h) = ρp(A1) > 0. Hence
h 6≡ 0.

Finally, if B0 ≡ 0, B1 ≡ 0, B2 6≡ 0, then we have h = B2 6≡ 0.

Lemma 2.6. [3, Corollary 1.8] Let A0(z), . . . , Ak−1(z) be entire functions,

and let i(Aj) = p(j = 0, . . . , k − 1), (1 ≤ p < ∞). Assume that ρp(Aj) = ρ
(j = 0, . . . , k − 1), (0 < ρ < +∞) and max{σp(Aj) : j = 1, 2, . . . , k − 1} <
σp(A0) = σ (0 < σ < +∞). Then every solution f 6≡ 0 of (1.8) satisfies

i(f) = p+ 1 and ρp+1(f) = ρ.

Lemma 2.7. Let A1(z), A0(z) be entire functions, and let i(Aj) = p
(j = 0, 1), (1 ≤ p < ∞) such that ρp(A1) = ρp(A0) = ρ (0 < ρ < +∞)
and σp(A1) < σp(A0) = σ (0 < σ < +∞). Let d0(z), d1(z) be entire

functions such that at least one of d0(z), d1(z) does not vanish identically

with max{ρp(dj) : j = 0, 1} < ρp(A0). If f 6≡ 0 is a solution of (1.11), then

the differential polynomial

(2.14) gf = d1f
′ + d0f

satisfies

(2.15) ρp(gf ) = ρp(f) = ∞, ρp+1(gf ) = ρp+1(f) = ρp(A0) = ρ.

Proof. Suppose that f 6≡ 0 is a solution of equation (1.11). Then by Lemma
2.6, we have ρp(f) = +∞ and ρp+1(f) = ρp(A0) = ρ. Differentiating both
sides of equation (2.14) and replacing f ′′ with f ′′ = −A1f

′−A0f , we obtain

(2.16) g′f = (d′1 + d0 − d1A1)f
′ + (d′0 − d1A0)f.

Set

(2.17) α0 = d′0 − d1A0, α1 = d
′

1 + d0 − d1A1.

Then by (2.14), (2.16) and (2.17), we have

d1f
′ + d0f = gf ,(2.18)
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α1f
′ + α0f = g′f .(2.19)

Set

(2.20) h = d1α0 − d0α1 = d1(d
′
0 − d1A0)− d0(d

′
1 + d0 − d1A1).

Then from (2.20), we can write

h = B0A0 +B1A1 +B2,

where Bj (j = 0, 1, 2) are entire functions such that at least one of B0(z),
B1(z), B2(z) does not vanish identically with ρp(Bj) < ρp(A0) (j = 0, 1, 2).
Thus, by Lemma 2.5, we have h 6≡ 0. By h 6≡ 0 and (2.18)–(2.20), we obtain

(2.21) f =
d1g

′
f − α1gf

h
.

If ρp(gf ) < ∞, then by (2.21) and Lemma 2.1, we get ρp(f) < ∞ and this
is a contradiction. Hence ρp(gf ) = ∞.

Now, we prove that ρp+1(gf ) = ρp+1(f) = ρ. By (2.14), Lemma 2.1 and
Lemma 2.2, we get ρp+1(gf ) ≤ ρp+1(f) and by (2.21) we have ρp+1(f) ≤
ρp+1(gf ). This yield ρp+1(gf ) = ρp+1(f) = ρp(A0) = ρ.

Lemma 2.8. [3] Let hj(z) (j = 0, 1, . . . , k − 1) (k ≥ 2) be entire functions

with h0 6≡ 0, ρp(hj) < n (1 ≤ p < ∞), and let Aj(z) = hj(z) expp(Pj(z)),

where Pj(z) =
n
∑

i=0
ajiz

i (j = 0, . . . , k− 1) are polynomials with degree n ≥ 1,

ajn (j = 0, 1, . . . , k − 1) are complex numbers. If |a0n| > max{|ajn| : j =
1, . . . , k−1}, then every solution f 6≡ 0 of equation (1.8) satisfies i(f) = p+1
and ρp+1(f) = n.

Lemma 2.9. [10] Let f be a meromorphic function for which i(f) = p ≥ 1
and ρp(f) = ρ, and let k ≥ 1 be an integer. Then for any ε > 0,

(2.22) m

(

r,
f (k)

f

)

= O(expp−2

{

rρ+ε
}

),

outside of a possible exceptional set E1 of finite linear measure.

To avoid some problems caused by the exceptional set we recall the fol-
lowing lemma.

Lemma 2.10. [1, p. 68] Let g : [0,+∞) → R and h : [0,+∞) → R

be monotone non-decreasing functions such that g(r) ≤ h(r) outside of an

exceptional set E2 of finite linear measure. Then for any α > 1, there exists

r0 > 0 such that g(r) ≤ h(αr) for all r > r0.
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3. Proof of Theorem 1.1

Suppose that f 6≡ 0 is a solution of equation (1.11). Then by Lemma 2.6,
we have ρp(f) = ∞ and ρp+1(f) = ρp(A0) = ρ. Set w(z) = d1f

′ + d0f − ϕ.
Since ρp(ϕ) < ∞, then by Lemma 2.7 we have ρp(w) = ρp(gf ) = ρp(f) =
∞ and ρp+1(w) = ρp+1(gf ) = ρp+1(f) = ρp(A0) = ρ. In order to prove
λp(gf − ϕ) = λp(gf − ϕ) = ∞ and λp+1(gf − ϕ) = λp+1(gf − ϕ) = ρ, we
need to prove only λp(w) = λp(w) = ∞ and λp+1(w) = λp+1(w) = ρ. By
gf = w + ϕ, we get from (2.21)

(3.1) f =
d1w

′ − α1w

h
+ ψ,

where

(3.2) ψ =
d1ϕ

′ − α1ϕ

h
.

Substituting (3.1) into equation (1.11), we obtain

(3.3)
d1
h
w′′′ + φ2w

′′ + φ1w
′ + φ0w = −(ψ′′ +A1(z)ψ

′ +A0(z)ψ) = A,

where φj (j = 0, 1, 2) are meromorphic functions with ρp(φj) < ∞ (j =
0, 1, 2).

Now, we prove that ψ(z) 6≡ 0. Assume that ψ(z) ≡ 0. Then from (3.2)
and (2.17), we obtain that

(3.4) d′1 + d0 − d1A1 = d1
ϕ′

ϕ
.

First, if d1 ≡ 0, then by (3.4), we get d0 ≡ 0 and this is a contradiction.
Suppose that d1 6≡ 0. Since d1 6≡ 0 and ρp(ϕ) = α < ∞, we obtain by using
Lemma 2.9 and the equation (3.4) that

T (r, d′1 + d0 − d1A1) = m(r, d′1 + d0 − d1A1)(3.5)

≤ m(r, d1) +O(expp−2

{

rα+ε
}

)

= T (r, d1) +O(expp−2

{

rα+ε
}

)

holds for all r outside a set E ⊂ (0,+∞) with a finite linear measure m(E) <
+∞. Then by (3.5) and Lemma 2.10, we obtain

ρp(A1) = ρp(d
′
1 + d0 − d1A1) ≤ ρp(d1) < ρp(A0)

and this is a contradiction. Hence ψ(z) 6≡ 0. By ψ(z) 6≡ 0 and ρp(ψ) < ∞,
it follows by Lemma 2.6 that A 6≡ 0. Then by h 6≡ 0 and Lemma 2.3, we
obtain λp(w) = λp(w) = ρp(w) = ∞ and λp+1(w) = λp+1(w) = ρp+1(w) =
ρp(A0) = ρ, that is, λp(gf − ϕ) = λp(gf − ϕ) = ρp(gf ) = ρp(f) = ∞ and
λp+1(gf − ϕ) = λp+1(gf − ϕ) = ρp+1(gf ) = ρp+1(f) = ρp(A0) = ρ.
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4. Proof of Theorem 1.2

Suppose that f(z) 6≡ 0 is a solution of equation (1.14). Then by Lemma 2.8,
we have ρp(f) = ∞ and ρp+1(f) = n. By using Theorem 1.1, we obtain
Theorem 1.2.

Acknowledgments. The author would like to thank the referee for
helpful remarks and suggestions to improve the paper.

References

[1] S. Bank, A general theorem concerning the growth of solutions of first-order algebraic

differential equations, Compos. Math. 25 (1972), 61–70.
[2] B. Belaïdi, Oscillation of fixed points of solutions of some linear differential equations,

Acta. Math. Univ. Comenian. 77(2) (2008), 263–269.
[3] B. Belaïdi, Growth and oscillation of solutions to linear differential equations with en-

tire coefficients having the same order , Electron. J. Differential Equations 70 (2009),
1–10.

[4] L. G. Bernal, On growth k-order of solutions of a complex homogeneous linear dif-

ferential equations, Proc. Amer. Math. Soc. 101 (1987), 317–322.
[5] T. B. Cao, Z. X. Chen, X. M. Zheng, J. Tu, On the iterated order of meromorphic

solutions of higher order linear differential equations, Ann. Differential Equations
21(2) (2005), 111–122.

[6] T. B. Cao, H. X. Yi, On the complex oscillation of higher order linear differential

equations with meromorphic functions, J. Systems Sci. Complex. 20(1) (2007), 135–
148.

[7] T. B. Cao, J. F. Xu, Z. X. Chen, On the meromorphic solutions of linear differential

equations on the complex plane, J. Math. Anal. Appl. 364(1) (2010), 130–142.
[8] Z. X. Chen, The fixed points and hyper-order of solutions of second order complex

differential equations, Acta Math. Sci. (Chinese) 20(3) (2000), 425–432 (in Chinese).
[9] W. K. Hayman, Meromorphic Functions, Clarendon Press, Oxford, 1964.

[10] L. Kinnunen, Linear differential equations with solutions of finite iterated order ,
Southeast Asian Bull. Math. 22(4) (1998), 385–405.

[11] I. Laine, Nevanlinna Theory and Complex Differential Equations, Walter de Gruyter,
Berlin, New York, 1993.

[12] I. Laine, J. Rieppo, Differential polynomials generated by linear differential equations,
Complex Variables Theory Appl. 49(12) (2004), 897–911.

[13] B. Ya. Levin, Lectures on Entire Functions. In collaboration with and with a pref-
ace by Yu. Lyubarskii, M. Sodin and V. Tkachenko. Translated from the Russian
manuscript by Tkachenko. Translations of Mathematical Monographs, 150. Ameri-
can Mathematical Society, Providence, RI, 1996.

[14] M. S. Liu, X. M. Zhang, Fixed points of meromorphic solutions of higher order linear

differential equations, Ann. Acad. Sci. Fenn. Ser. A I Math. 31 (2006), 191–211.
[15] R. Nevanlinna, Eindeutige analytische Funktionen, Zweite Auflage. Reprint. Die

Grundlehren der mathematischen Wissenschaften, Band 46. Springer-Verlag, Berlin-
New York, 1974.

[16] J. Wang, H. X. Yi, Fixed points and hyper order of differential polynomials generated

by solutions of differential equation, Complex Variables Theory Appl. 48(1) (2003),
83–94.

Unauthenticated
Download Date | 6/9/19 12:23 PM



86 B. Belaïdi

[17] Q. T. Zhang, C. C. Yang, The Fixed Points and Resolution Theory of Meromorphic

Functions, Beijing University Press, Beijing, 1988 (in Chinese).
[18] C. C. Yang, H. X. Yi, Uniqueness Theory of Meromorphic Functions, Mathematics

and its Application, 557, Kluwer Academic Publishers Group, Dordrecht, 2003.

DEPARTMENT OF MATHEMATICS

LABORATORY OF PURE AND APPLIED MATHEMATICS

UNIVERSITY OF MOSTAGANEM (UMAB)

B. P. 227 MOSTAGANEM, ALGERIA

E-mail: belaidi@univ-mosta.dz

belaidibenharrat@yahoo.fr

Received November 23, 2010; revised version April 5, 2011.

Unauthenticated
Download Date | 6/9/19 12:23 PM


	Code: 10.1515/dema-2013-0442


