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Abstract:

In this paper, we study the growth of solutions of the second order linear complex differential
equations f'' + A(z)f' + B(z)f = 0 insuring that any nontrivial solutions are of infinite order. It is assumed
that the coefficients satisfy the extremal condition for Yang’s inequality and the extremal condition for
Denjoy’s conjecture. The other condition is that one of the coefficients itself is a solution of the differential

equation f"' + P(z)f = 0.
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Introduction:

Since Wittich’s work in (1), the solution’s
growth of linear complex differential equations
became one of the interesting topics in complex
analysis. The Nevanlinna theory of meromorphic
functions is used to study this topic. The reader
must have a background on the basic results and
standard notations in Nevanlinna theory, for more
details we refer the reader to see, for example, (2).
The order of growth is used to measure the growth
of entire functions.

In this paper, we consider the second order
linear complex differential equation (2ndLCDE)

f'+A@f +B@)f =0 1)

where A(z)and B(z) # 0 are entire functions. It is
well known that all solutions of Eq. (1) are entire
functions provided thatA(z) andB(z) are entire
functions, and if at least one of the coefficients is
transcendental and f;,f, are two linearly
independent solutions of Eq. (1), then at least one
of f1, f> is of infinite order. Hence, most solutions
of Eq. (1) have infinite order. Besides, there are
equations of the form Eq. (1) that has a nontrivial
solution of finite order; for example, f(z) = e“isa
solutionof f" +e“f'—(e 2+ 1)f =0.

We shall study the growth of solutions of
Eqg. (1) when its coefficients satisfy extremal and
conjecture conditions and the coefficient A(z) itself
is a solution of the following differential equation

f"+P)f =0 (2)
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where  P(z) =a,z"+--+ag a, #0 is

polynomial.

a

Materials:

In what follows, we introduce some basic
concepts in Nevanlinna theory of meromorphic
functions. For an entire function f, the order of
growth and lower order of growth are defined by (3)
logtlog*M(r, f)

logr

p(f) = lim sup
r—oo

and
. logTlog™M(r,f)
#(f) = lim inf logr
respectively, where M(r, f) = max;-, |f(2)| and
log*a := max {0,loga} for a = 0.
The next concept due to Yang depends on the
following result:

Theorem 1 (4) Assume that f is entire function of
lower finite order. Let g be the number of Borel
directions with order > u and p be the number of
finite deficient values of f, then p < q/2.

Definition 2 (4) The entire function f is extremal
for Yang’s inequality if the assumptions of
Theorem 1 is satisfied with p = q/2.

Definition 3 (5, 6) Let E < [0, ). We define the
Lebesgue linear measure of E by

m(E) = b[ dt
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Definition 4 (7) Let E < [1,0). We define The
logarithmic measure of E by

dt

my (E) = ¢

E
We define the upper and lower logarithmic densities
of E by

my (EN[L7])

logdensE = lim sup logr

T—00
and
m; (EN[1,7])
logr
logarithmic

logdensE = lim inf

_ r—>00
respectively. E  has if
logdensE = logdensE.

density

Now we recall a conjecture due to Denjoy.

Definition 5 (8) (Denjoy’s Conjecture) Let f be an
entire function of finite order p. If f hask distinct
finite asymptotic values, then k < 2p.

We say that an entire function f is an extremal
function for Denjoy’s conjecture if it has a finite
order p and has k = 2p distinct finite asymptotic
values.

Definition 6 (9) Let f(z) = ¥, a,z* be an
entire function. f is said to has Fejer gaps if

OOE ! < 3

— <

n—1/1” ®

and f has Fabry gaps if the gap condition (3) is

replaced with
A

—n—>oo,a5n—>oo
n

(4)

Remark: The Fabry condition (4) is a weaker than
Fejer condition (3), and the entire function which
has Fabry gaps has positive order, see (9 p. 651).

Definition 7 (5) Let 0 < a < 8 < 2m, we put
S(a,B) = {zla < arg(z) < B},
S(a,B,r) ={zla <arg(z) <B,|z| <r}
and let S(a, B) be the closure of S(a, ). Let A be
an entire function with (0 < p(4) < ). Setp =
p(A)andS = S(a,B). A is said to be blows up
exponentially in S if for any 6 € («, B) the equation

. loglog |A(rei9)|

lim =
logr
holds. Also A is said to be decays to zero
exponentially in S if for any 8 € (a, 8) the equation

loglog |A(re"9)|_1 _
logr B

1—00

1 —00

holds.
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Before we give the next definition, we
introduce the following result:

Lemma 8 (10) Let f be an entire function with
(0 < p(f) < ). Then an angular domain S(«, )
exists with 8 —a > n/p(f), where a and g are
constants, such that

loglog|f(rei9)|
m =
logr
forall 6 € (a,p).

r(f) )

r—oo

Definition 9 (11) A half straight line Lg : argz =
6 from the origin is called a radial line of order
p(f) of fif f satisfies (5), and an angular domain
S(a, B) is called the radial angular domain of order
p(f) of f if for every 8 € (a, B), Ly is a radial line
of order p(f) of f .

The following result is obtained by Gundersen:

Theorem 10(12) Assume thatA(z) and B(z) are
entire functions satisfying one of the following
conditions:

) A(z) < p(B);

i) A(z) is a polynomial
transcendental entire function;
Then every nontrivial solution of Eq. (1) has infinite
order.

and B(z) is a

The authors in (13) proved the following results:

Theorem 11 (13) Assume thatA(z)is an entire
function with finite order and with finite deficient
value, B(z) is a transcendental entire function with
u(B) < 1/2 .Then any solution f # 0 of Eqg.1 has
infinite order.

Long, J. R. and Qiu, K.E. (14) proved the following
result concerning both Eqg. 1 and Eq. 2:

Theorem 12 (14) Suppose that A(z) is a nontrivial
solution of Eq. (2), and B(z) is a transcendental
entire function with u(B) < 1/2 and p(A) # p(B).
Then any solution f # 0 of Eq. (1) has p(f) = oo.

J. Long in (15) proved the following result under
the assumption that one of the coefficients of Eq.1
satisfy the extremal condition:

Theorem 13 (15) Suppose thatA(z)is an entire
function extremal for Yang’s inequality, and B(z)
is an entire function with Fabry gaps. Then every
nontrivial solution of Eq. (1) has infinite order.
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Methods of Work:
In this section, we shall survey some results that
we will be used to prove our results.

Lemma 14 (16, 17) Let (f,I") be a pair contains a
finite order transcendental meromorphic function f
and

I = {Uer, 1), Gez ), s (kg Jig)}
denote a set of distinct integers order pairs
satisfying k; > j; = 0,i = 1,2,...,q. Let £ > 0 be
a constant. Then the following hold:
i) There is E; c [0,2m) with zero linear measure,
such that, when ¥, € [0,2m)\E;, then a real
constant Ry = Ry(yo) > 1 exists such that, for z
with argz =1y, |z| = R, , and for each (k,j) €
I', we have
f® ) 6
f9(2) (6)
ii) There is E, € (1,) with m;(E,) < o, such
that, for each z with|z| € E, U [0, 1] and, for each
(k,j) € I', we have (6).
iii) There is E; c [0,00) with linear measure is
finite, such that
f® )
fO@)
for each z with |z| € E; and (k,j) € T.

< |z|(k=Dp—1+8)

< |z| k=D (p+e)

()

Lemma 15 (15) Suppose that f(z) = Y%, a,z*n
is a finite order entire function with Fabry gaps, and
g is an entire function with (0 < p(g) < ). Then,
for any given ¢ € (0,¢), where ¢ = min{1,p(g)},
there is a set F < (1,00) with logdens(F) =1,
where n € (0,1) is a constant, such that for any z
with |z| =r € F,

logL(r.f) > (1—&)logM(r; f);

> rP(9)-¢

wherelogL(r, f ) = miny, =, |f (2)|, logM(r,f) =
maX|Z|=r|f(Z)|-

logM(r, g)

Lemma 16 (18) Suppose that A is an entire function
extremal for Yang’s inequality. Assume that there is
argz =0 with 6, <6 <6;,,, 1 <j<gq, such
that

loglog|A(re'?)|

lim sup logr = p(4)
where  argz = 0,G=12,...,q) are Borel
. . Vs
directions of A. Then 6, — 6; = ETR

Lemma 17 (8) Suppose that f be an extremal
function for Denjoy’s conjecture. Then, for any
0 € [0,2m), either A(0) is a Borel direction of f, or
there is a constant ¢ € (0, /4 ), satisfying
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loglog|f ()| _

lim lOg|Z| _p(f)'

|z| > 00
ze(S(0-0,0+0)—E)
where E € S(6 — a,60 + 0), and satisfies

lim m(S(@ — 0,0 +0;r,0)NE)=0

T—>00
Lemma 18 (10) Suppose that f is an entire function
with (0 < p(f) < ). Then an angular
domainS(a, B) exists with § — a = n/p(f), where
a and [ are constants, such that

loglog|f(rei9)| B
m logr =p(f)
forall 6 € (a,p).

)

r—oo

Lemma 19 (3) Let f # 0 be a solution of Eq. 2.
Pute; = mna—f%)andsj = 5(6},6,41)J =
0,1,2,..,n +1 and 6,44 =60y +2m. Then f
satisfies the following properties:

1) In each sector S; , f either blows up or decays to
zero exponentially.

2) If f decays to zero in S; for some j, then it should
blow up in S;_; and S;,,. However, it is probable
for f to blow up in many adjacent sectors.

3) If f decays to zero in S; , then f has at most
finitely many zeros in any closed sub-sector within
4) If f blows up in S;_; and S; , then for each & >
0, in each sector S(6; — ¢,6; + €), f has infinitely
many zeros, furthermore, as r — oo,

n(S(6; —¢,6; +¢7),0,f)
B 21,
= (1 + O(l))mr

where n(S(6; — €,6; + &,7),0,f) is the number of
zerosof finS(6; —¢,6; + €,71).

n+2

Lemma 20 (5) Suppose that f is an entire function
with (1/2 < u(B) < o). Then a sector S(a,B) =
{z:a < argz < f} exists with f —a > n/u(B),
such that

loglog|f(rei9)|

logr = u(f)

holds for each rays argz =6 € (a,f), where
0 <a<pf <2m

lim sup

T—00

Lemma 21(18) Suppose that f is analytic function
in D =S(a,f)N{z:|z| > 1y} and continuous in
Dand a,B,7, are constants with0 < —a <
2mand 1y > 0. Assume that there is a constant
M > 0suchthat |f(z)| <M forz € aD. If
loglogM(r,D, f) 8

logr < b —«a

lim inf

T—00
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whereM(r, D, f) = max|z=r|f (2)],

VASI))

then|f(2)| <
M forall z € D.

Lemma 22 (12) Suppose that A(z) and B(z) are
two entire functions such that for real constants
a,f,04,6,, where a >0, >0 and 6, <86,, we
have
|A(2)| = exp{(l + o(1))a 12|}
and
|B(2)| < exp{o(1)|zI}

as z — o in §(64,6,) = {z:0; < argz < 0,}. Let
>0 be a given small constant and let S(8, +
§0,—¢e)={z:0+e<argz<0,—¢e}. Iff#0
is finite order solution of Eqg. (1), then the following
conclusions hold:
1) There is a constant b(# 0) such that f(z) — b as
z > o inS(6, + &0, — £). Furthermore,

|f(2) — b| < exp{—(1 + 0(1))at ||}
asz — o inS(0; + &,6, — ).
2) For each integer k > 1,

|F® ()| < exp{—(1 + o(1))a |z|P}
asz — o inS(0; + &,6, — ).

Lemma 23 (19) Let (f,I') denote a pair that
consists of a transcendental meromorphic function
f(z) and a set
[ = {(ky,ja), Uezj2), o (Kqrdg)}

of distinct pairs of integers satisfying k; > j; = 0
fori = 1,2,...,q. Let a >0 and € > 0 be given
real constants. Then the following hold.
i) There is a set E; c [0,2m) that has linear
measure zero, and there is a constant ¢ > 0 that
depends only on a and I' such that if ¢, €
[0,2m)\E;, then a constant R, = Ry(pg) > 1
exists such that for all z witharg z = ¢, and
|z| = r = Ry, and for all (k, j) € I', we have
f®(2)
fO@

k—j

T(ar,f)
< c< ! ©)

In particular, if f has a finite order p(f ) < oo, then
(9) is replaced with:

()
f.—(z) (10)
fO@)

ii) There is a set E, c [1,00) that has finite
logarithmic measure, and there is a constant ¢ > 0
that depends only on a and I' such that for all z
with |z| =r € E, U [0, 1]and for all (k,j) € I, the
inequality (9) holds. In particular, if p(f) < oo,
then the inequality (10) holds.

iii) There is a set E; < [0, o) that has finite linear
measure, and there exists a constant ¢ > 0 that

log*rlogT(ar, f)>

< c|z|k=Dp(H)-1+€)
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depends only on a and I' such that for all z with
|z| = r ¢ E5 and for all (k,j) € I', we have
fO@ <c(T €log T k=111
| < CTanrtlog T(ar, A (1)
In particular, if p(f) < oo, then (11) is replaced
with

)
o)

< c|z|k=DPR+e)

(12)

Results and Discussion:

In what follows, we generalize Theorem 13
in which the condition on B(z)is replaced with the
condition thatB(z)is an extremal function for
Denjoy’s conjecture:

Theorem 24 Let A(z) be an entire function
extremal for Yang’s inequality, and let B(z) be an
extremal function for Denjoy’s conjecture. Then
every nontrivial solution of Eq. (1) is of infinite
order.

Proof: Suppose that there exists a nontrivial
solution f of Eqg. (1) withp(f) < oo, we hope
getting a contradiction. Because B(z) is entire
function, then by Lemma 15, for any given ¢ €
(0,p(B)/4), there is a set E; S (1,00) with
logdens(E;) > 0, such that for all z with z =r €
E;, the following
|B(2)| > exp(r?®)¢) (13)
hold. By Lemma 14 (ii), there is a set E, S (1, o)
with m;(E;) < oo, such that for all z satisfying
|z| € E; U [0, 1], the following
f® ()
f(2)
hold.

Let a; < oo, 1 < i <p be all the deficient
values of A(z). Thus we have 2p sectors §; =
{z 1 0 <argz < 0j+1}, j=12,..,2p such that
A(z) has the following property: in each sector S;,
either there is some a; such that

< |z|2P0),

k=12 (14

log

|A(z) — a]
> C(6),6141,£,6(a;, A)) Tz 4) (15
holds for z€S(H;+¢€0;,,—&71,0),

whereC (9]-,9]-+1,e,6(ai,A)) =Cis a positive
constant, or there is 6; < argz < 6}, such that

loglog|A(rei‘9)| — p(4)

lim sup

T —00

hold.

Observe that if there exists some a; such
that (15) holds in S;, then there exists argz =6
such that (16) holds in S;_; and S;. ;. If there exists

16
logr (16)
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8 € (6;,0;41) such that (16) holds, then there are
a; (a;) such that (15) holds in S;_; and S;.q,
respectively.

We do not loss the generality if we assume
that there is a ray argz = 6 in S; such that (16)
holds. Therefore, there exists a ray in each sector
83,85, ., S2p—1, such that (16) holds. By using
Lemma 16, all the sectors have the same magnitude
n/p(A). Thus there exists a sequence z,
r,ewith r, - oo as n — oo, and finite deficient
value a;, where n, €E; — (E,U[0,1])and
0 € (6;,0;41),j = 2,4, ...,2p such that

|A(rnei9) - aj0| < exp(—CT (1, 4)) (17)

|B(1,e%)| > exp(r,”®B)~¢) (18)
and

[P (me'®) 2p(f) _

W <1 , k=12 (19)
hold.

Next, according to Lemma 17, we consider two
cases. We consider one of the sectors §;,1 <j <
2p,say S; = S5(64,65). This implies

> CT(r,,, A)

lo - 20
g|A(rne19) —aj,| (20)

holds for all z = r,,e'® € S;and sufficiently large n:

Case 1 Suppose that the ray arg z = 6 is not Borel
direction of B(z), where 68; < 6 < 08,. By Lemma
17, there exist a constant ¢ € (0,7/8 ) such that

loglog|B(2)| _

li = p(B),
im log|Z] p(B)

|z| -0
ze(S(0—0,0+0)—E3)
where E; € S(0 — 0,6 + o) satisfying

lim m(S(@ —0,60 +0;1r,0)NE;) =0

T—00

LetA = {z:argz = € E,}. Then there exists a
sequence z, = o as n = o,{z,} € (S5(6 — 0,0 +
o) — E3) N (S; — A) such that
loglog|B(z,)|
A gzl p(B), (21)
Combining (18), (19), (20), (21) and Eq. (1) we get
exp(r,"B)=¢) < |B(1,e¥))|
- fll(,rneie)

~ | f(1e'®)

. fl rneie
+[A(re)| ﬁ
< 1,221+ |A(r,e)])
<D (1 + |aj |
+ exp(—CT (13, A)))

holds for all sufficiently large n. This is a
contradiction.

Case 2 Suppose that the rayargz = 0is Borel
direction of B(z), where 6, <6 < 6,. By using
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Lemma 18, there exists an angular domain S(8,, 6,)
with § — a > m/p(B), such that
loglog|B(rei‘p)| _

li =p(B 22
r1—>r£10 sup logr p(B) (22)
forany 6; < ¢ < 6, where 0 < 6, < 6, < 2m.
Let S be the radial angular domain of

orderp(B)ofB(z). Then, it follows that Borel
direction of B(z) either lie inside of S or lie on the
boundary of S. Obviously, S(6,,6,) is a radial
angular domain of order p(B) of B(z). Hence, if
argz = 0is on the boundary of S(6,,6,), without
loss of generality, say 6 = 0,, then there exists a
constant§ > Osuch thatS(6 —&,6) < S(6,,6) N
S5(64,6,), and (22) holds forany 8 — § < ¢ < 6.
By Lemma 14(i), there is ¢, € S(6 —4,0) and
R = R(¢pp) > 1, such that (14) holds for all » > R.
Note that (17) holds for argz = ¢,, and
loglog|B(re'®o)|
lOgT - p(B),

Thus there is a sequence 7, with r;, - o as
n — oo, such that (14) and (15) hold for |z| =r =
Ty
From (14), (18), (19), (20) and Eqg. (1) we get a
contradiction as above. Therefore the result hold in
the case argz = 6 is on the boundary of S(«, ).
If argz = 0 lie inside of S(a, ), then there exists a
constant & >0 such thatS(6@ —46,0+9) <
S(a,B) N S(aq, B1). Using similar procedure used
in the case argz = 6 is on the boundary of S(a, ),
we also get a contradiction. This completes the
proof.

lim sup

Tr—00

In the following, we modified Theorem 12
to obtain the following result in which the condition
p(A) # p(B)is replaced withu(B) # p(A)and the
condition u(B) < 1/2 is deleted:

Theorem 25 Let A(z) be a nontrivial solution of
Eg. (2), and let B(z) be a transcendental entire
function with u(B) # p(A). Then every nontrivial
solution of Eq. (1) has infinite order.

Proof: By Theoremal0 and Theorem 11 it is
enough to prove the Theorem in case < u(B) <
p(A). Suppose that there exists a nontrivial solution
f of Eg. (1) with p(f) < 0. We must get a

contradiction.  Put 9]-=% and S; =

{z:0; <argz < 6;,1}, where 0<j<n+1 and

0n42 = 0y + 2m We consider two cases according
to Lemma 19.

Casel: Suppose that A(z) blows up exponentially
in each sector S;, where 0 < j <n + 1, that is, for
any 6 € (6;,0,41), we have
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loglog|A(re‘9)|

A 23
lim logr p(4) = (23)
Then for any given constant ¢ € (0 " (A)) and
n € (O, M) we have
|A(2)]
n+2_
2exp{(1+0(1))a|z| z " (24)

1B(2)| < exp(|z|“®*T) < exp(|z|PW~21)

nt2_

< exp {0(1)|Z| 2 ’7} (25)
as z—> o in Si(e) ={z:0; +e <argz <0,
€}, 0<j<n+1, where o is a positive constant
depending on &. Combining (24), (25), and Lemma
22, there exist corresponding constants b # 0 such
that

|f (z) — bl < exp{—(1

Fo(alzl'z ™ (26)
as z - o in 5;(2¢), 0 < j < n + 1. Therefore, f is
bounded in the whole complex plane by Lemma 21.
So, by Liouville's Theorem, f is a nonzero constant
in the whole complex plane. This contradicts the
fact that Eq. (1) doesn't have nonzero constant
solutions.

Case 2: There is at least one sector of the n + 2
sectors, such that A(z) decays to zero exponentially,

say Sjp(6) ={z:0;, +e<argz<¥6 — &},
jo€{0,1,..,n + 1}. That is, for any 0 €
(6}, 8j,+1),we have

. loglog A—(rlei9)| n+2

rh_)ngo logr 2 @7
Since > < u(B) < p(A), by Lemma 20 we see that

there exists a sector S(a,B) with f—a =
n/(p(B)), 0 < a < B <2m such that for all the
rays arg z = 6 € (a, ) we have
loglog|B(rei9)|
logr > u(B) (28)

Observe that u(B) < p(A). Thus there exists a
sector S(a’,B"), where a < a’ < B’ < B, such that
(27) and (28) hold for all 6 € (a',8"). By using
Lemma 23 (i), there exists 6 € (a',8") and R > 1
such that
fe(re'®)
Ty | S k=12 (29)
holds for all » > R. Note that (28) holds for 6 = 6,.
Thus there is a sequence (r,) with 7, = oo as
n — oo, such that

|B(1,e%)| = exp(r,HB)~¢) (30)
holds for every 0 < e < u(B). Therefore, we
conclude from (27), (28), (29), (30) and Eqg.1 that

lim sup

Tr—00

Zp(f)'
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exp(r,#B)=¢) < |B(1;,e%))|
f”(r e'f0)
Fre®o)
1o 6o
+ |A(r )| ff—((:::igo))
< Tan(f)(l
+0(1)) (31)

holds. Obviously, for all sufficiently large n this is a
contradiction. This completes the proof.

Acknowledgements

The authors would like to thank everyone
who contributed to complete this work and show it
in this form. Also, the authors would like to thank
Department of Mathematics / College of Science /
Mustansiriyah University for their support in
accomplishing this research.

Authors' declaration:

- Conflicts of Interest: None.

- Ethical Clearance: The project was approved by
the local ethical committee in Mustansiriyah
University.

References:

1. Wittich HA. Neuere Untersuchungen (ber
eindeutige analytische Funktionen, Edition 2, Berlin,
Heidelberg: Springer; 1955. 166.

Laine IL. Nevanlinna Theory and Complex
Differential Equations, Berlin, New York, Walter de
Gruyter: 1993. 341.

Jianren L, Tingmi W, Wu X. Growth of Solutions of
Complex Differential Equations with Solutions of
another Equation as Coefficients, CMFT. Theory.
2018; 2018: 1-14

Yang L. Deficient Values and angular Distribution
of Entire Functions. Trans. Amer. Math. Soc. 1988;
308: 583-601.

Wu X, Jianren L, Hettokangas J, Qiu K. Second-
Order Complex Linear Differential Equations with
Special Functions or Extremal Functions as
Coefficients. EJDE. 2015; 2015(143): 1-15,
available from: https://ejde.math.txstate.edu.

Habib H, Benharrat B. Hyper-Order and Fixed
Points of Meromorphic Solutions of Higher order
Linear Differential Equations. Arab J. of Math. Sci.
2016; 22: 96-114.

Jianren L, Jun Z. On Hyper-Order of Solutions of
Higher order Linear Differential Equations with
Meromorphic Coefficients. Adv Differ Equ . 2016;
2016(107): 1-13.

Jianren L. Growth of Solutions of Second order
Linear Differential Equations with Extremal
functions for Denjoy’s Conjecture as
Coefficients. KODAI MATH J. 2016; 47(2): 237-
247.



Open Access

2020, 17(2):530-536

Baghdad Science Journal

P-1SSN: 2078-8665
E-ISSN: 2411-7986

9.

10.

11.

12.

13.

14,

Hayman WK, Rossi JF. Characteristic, Maximum
Modulus and Value Distribution, Trans. Amer.
Math. Soc. 1984; 284: 651-664.

Wang S P. On The Sectorial Oscillation Theory of
f"+A(2)f =0, Ann. Acad. Sci. Fenn. Ser. A |
Math. Diss. 1994; 92: 1-60.

Dai C J, Ji S Y. Radial Line of order p and its
relation to the distribution of Borel directions, J.
Shang Norm. Uni. Nat. Sci. 1980; 22: 16-24.
Gundersen G. Finite order Solution of Second order
Linear Differential Equations. Trans Amer. Math.
Soc. 1988; 305: 415-429.

Wu P C, ZHU J. On the Growth of Solutions to the
Complex Differential Equation f"' + Af' + Bf = 0,
Sci. China Press and Springer-Verlag Berlin
Heidelberg. 2011; 54(5): 939-947.

Jianren L, Qiu, KE. Growth of Solutions to a
Second-Order  Complex  Linear  Differential

3..'\..?..«23

o

15.

16.

17.

18.

19.

Equation. Math. Pract. Theory. 2015; 45(2): 243-
247.

Jianren L. Growth of Solutions of Second order
Complex Linear Differential Equations with Entire
Coefficients. Filomat. 2018; 32(1): 275-284.
Gundersen G. Estimates for the Logarithmic
Derivative of a Meromorphic Function, Plus Similar
Estimates. J. Lon. Math. Soc. 1988; 37(2): 88-104.
Jianren L, Heittokangas J, Zhuan Y. On the
Relationship Between the Lower order of
Coefficients and the Growth of Solutions of
Differential Equations, J. of Math. Anal. and Appl.
2016; 444(1): 153-166.

Jianren L, Wu X. Growth of Solutions of higher
order Complex Linear Differential Equation. Taiw.
J. of Math. 2017; 21(5): 1-17.

Jianren L, Chunhui Q, Wu P. On the Growth of
Solutions of a class of higher order Linear
Differential Equations with Extremal Coefficients
Abst. and Appl. Anal. 2014; 2014: 1-7.

CEiaS Lgidlalaa (i) g Lpaiad) Auda) A balisl) ciyalaall Jslal) gai Jga

Opesa (Ao Gl

-

TduaDAl

oo 1+ A f! +B(Z)f—0uLJM_u)l\uA4_\L;J\m.\de_\LauJ\ GYabeall Jslall gad (o2 Canll a4
LJ.J\ ngumum‘sm\j\bﬂ\}&bm\)ﬂ‘su\)nbﬂ\u).«\.ud\dsmu\ua)s.\ AJ@JJA)JQ@)L@JA.QAI_’)J;J)S;&\
.f”+P(Z)f— 0 laletl) Aabeall Ja 4iust o GO Lalaall aa) o 58 AV

ol 1) iy A ¢ i) gaill 4 ) ¢ saill A5 ) A AN (5 painn (ped sApalifal) Cilall)

536



