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SUBORDINATION AND SUPERORDINATION RESULTS
ASSOCIATED WITH FRASIN DIFFERENTIAL OPERATOR

PREM PRATAP VYAS AND AMIT SONI

ABSTRACT. Using a differential operator DY, , f(z) and making use of binomial
series, we introduce and study some differential subordination and superordi-
nation results for analytic functions in the open unit disk. These results are
obtained by investigating appropriate classes of admissible functions.

1. INTRODUCTION AND DEFINITIONS

Let H(D) denote the class of analytic functions in the open unit disk D = {z €
C: |z] < 1} and S(D) denote the subclass of H(ID) consisting of functions which are
also univalent in D. Further, for a € C and n € N consider H[a,n] be the subclass
of H(D) consisting of function of the form f(z) = a + apz™ + anp 12" + ..., with
Ho = H[0,1] and H1 = H[1,1]. Let A denote the class of the functions #H[a, 1] which
are normalized by the condition f(0) = 0 = f/(0) — 1 and have representation of
the form

fR) =24 anz", z€eD. (1)
Given two functions f € H(D) and g € H(DD), we say that f is subordinated to
g in D and write f(z) < g(z), if there exists a Schwarz function w, analytic in D,
with w(0) = 0, |w(z)| < |2|, z € D, such that f(z) = g(w(z)) in D. In particular, if
g(z) is univalent in D, we have the following equivalence: f(z) < g(z), z € D <=
f(0) = g(0) andf(D) C g(D). We denote by Q the class of functions ¢ that are
analytic and injective on D \ E(q), where

E(q) = {C €D ;igéq(Z) = 00}7

and are such that ¢’(¢) # 0 for ¢ € D \ E(q). Further let the subclass of Q for
which ¢(0) = a be denoted by Q(a) with Q(0) = Qp and 9Q(1) = O;.
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For a function f in A and making use of the binomial series
(1—\™ = Z <’;"> (-1)N  (meN={1,2,..}, j e Ng=NU{0}),
§=0

Frasin [5] (see also, [18]) defined the differential operator Dy,  f(z) as follows:

Df(z) = f(2), (2)
Dy af(2) = (L= N)"f(2) + (1= (1= X)™)zf'(2) 3)
:Dm,)\f(z)a /\>07 mGN, ( )

()

Dy 2 f(2) = DA (D7 f(2)) (@ €N).
If f is given by (1), then from (4) and (5) we see that

D&\ f(2) =z + Z (n—1)> (@)(—1)%% anz", a€Ng.  (6)
J
j=1

Using the relation (6), it is easily verified that
O (N)2(Dy, A f(2)) = D f(2) = (1= C7"(N) Dy, 1 (2), (7)

where C7*(\) =37, (T)(—l)j'*‘l)\j.

Here we observe that for m = 1, we obtain the differential operator D', f(2) defined

by Al-Oboudi [3] and for m = A = 1, we get Salagean differential operator D [11].
Let Q and A be any set in C, let p be analytic function in D with p(0) = a and

let (7, s,t;2) : C3 x D — C, then Miller and Mocanu [8] studied implication of the

form
{¥(p(2), 20/ (2), 2%p" (2); 2) : z€D} CQ = p(D) C A. (8)

If A is a simply connected domain containing the point a and A # C, then the
Riemann mapping theorem ensure that there is a conformal mapping ¢ of D onto
A such that ¢(0) = a. In this case (8) can be rewritten as

{¢(p(2),20'(2),2°p"(2); 2) : z€D} CQ = p(2) < q(2). 9)

Further, if Q is a simply connected domain and €2 # C, then there is a conformal
mapping h of D onto 2 such that h(0) = v(a,0,0;0). If in addition, the function
P(p(2), 2p'(2), 220" (2); 2) is analytic in D, then (8) can be rewritten as

P(p(2),20'(2),2°p"(2); 2) < h(z) = p(2) < q(2). (10)

In this article, for suitable defined classes of admissible functions, involving the
differential operator Dy, , f(z) with binomial series, we study implications of the
form (9) and (10). Through the simple algebraic check of admissible functions, we
get various subordination, superordination and differential inequalities that would
be difficult to obtain directly. Aghalary et al. [1], Ali et al. [2], Baricz et al. [4],
Prajapat et al. [10] and Soni et al.[14] have considered similar problem for various
linear and multiplier operators. To investigate our results, we need the following
definitions and lemmas.

Definition 1.1. ( [8], Definition 2.3a, p.27). Let € be a set in C, ¢(z) € Q
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and n € N. The class of admissible functions ¥,, (€2, ¢) consists of those functions
1 : C3 x D — C that satisfy the admissibility condition

Y(r, s, t;2) & Q,

whenever

r=4q(¢), s=k(q'(¢) and 8‘%(2+1)>k%(§;/;(<§)+1),

for €D, ( € 9D\ E(q) and k > n. In particular, ¥1 (€, q) = ¥(£,q).
Definition 1.2. ( [9], Definition 3, p.817). Let 2 be a set in C and ¢ € H][a,n]
with ¢'(z) # 0. The class of admissible functions ¥/ (2, ¢) consists of those function
1 : C? x D — C that satisfy the admissibility condition

P(r,s,t;C) € Q,

whenever

2q'(2) t 1 (24" (2)
= = — < —
r=gq(z), s - and %(s +1) < m?R( 70 —|—1),
for €D, ( € 9D and m > n > 1. In particular, ¥} (Q,q) = ¥'(Q, q).
Lemma 1.1. ( [8],Theorem 2.3b, p.28). Let ¢ € ¥, (R,q) with ¢(0) = a. If
p € Ha,n] satisfies

¥ (p(2),20'(2), 2% (2):2) €

then p(z) < ¢(2).
Lemma 1.2. ( [9], Theorem 1, p.818). Let ¢ € ¥/ (2, ¢) with ¢(0) = a. If p € Q(a)

and 1/1(]9( ), zp'(2), 220" (2); )ES( ), then
Qc {w(p(z),zp’( ), 2%p" (2); ) :2€D },

implies ¢(z) < p(z).
For some recent investigations of subordination and superordination results and
sandwich results in analytic function theory, one can find in ([6], [7], [12], [13], [15],

[16], [17]).
2. MAIN RESULTS

First we define the following class of admissible functions that will be required
in our first result.
Definition 2.1. Let Q be aset in C, ¢ € Q) Ho. The class of admissible functions
O (Q,q) consists of those functions ¢ : C3 x D — C that satisfy the admissibility
condition
o(u,v,w; z) ¢ £,
whenever

u=q(¢), v=CNk(q Q)+ (1-CF"(N)a(C)

1 jw—(1-C"(N)u ¢q"(¢)
Mcy(x){ o= (= CI V) 2p+2) 2 k(2 700 +1),
for zeD, (€ ID\E(q), k> 1,A>0,meN,j € Ny =NU{0}.

Theorem 2.1. Let ¢ € ®5(2,¢9),A >0,m € N,j e Ng=NU{0}. If f € A
satisfies

and

{p(D, 1 f(2), DEH f(2), DTl f(2);2) 1 2 € D} C Q, (11)
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then
Dgl,kf(z) = q(Z)7 (Z € D)
Proof. Let us consider the analytic function p(z) in D by
p(z) = Dy, 3 f(2):

By using recurrence relation (7), we get

Dy f(z) = C(N2p' (2) + (1= O (A))p(2)
and

D2 f(2) = (C'(N)*2%" (2) + C7 (N2 = CF'(A)2p' (2) + (1 = CF*(N))?p(2).
Define the transformation from C? to C by
u=r, v=(C/"(\)s+(1-C"(\))r and w = (C’]’-n()\))zt—&—CJm()\)(2—0}"(/\))3—1—(1—0]7”(/\))27“.
Let o(r, 5,1 2) = ¢(u, v, w; 2)

= 6 (1, € (Vs (1=CJ (W), (CF () H4-CJ (M) (2= C () s+ (1=CJ (X)) i 2 ).
By using the above equations, we obtain
6 (p(2), 2/ (2), 22" (2): 2) = & (D S (2), DL F(2), Dt (2);2)

and hence (11) becomes

¥ (p(2), 20/ (), 2" (2)57) € Q.

To complete the proof, we need to show that the admissibility condition for ¢ €
D (€, q) is equivalent to the admissibility condition for ¢ as given in Definition
2.1. On the other hand, we note that

1 w— (1—CJ"(N)u
C}"(A){ v (= 2} +2,

this shows that ¢ € ¥(,q). Hence by Lemma 1.1, we have p(z) < ¢(z). This
completes the proof of Theorem 2.1.

If Q # C is a simply connected domain, then 2 = h(ID) for some conformal
mapping h of D onto Q. In this case, the class @5 (h(D), q) is written as g (h, q).
The following result is an immediate consequence of Theorem 2.1.

Corollary 2.1. Let A > 0,m € N, j € Ny = NU{0} and ¢ € g (h,q) with q(0)=0.
If f € A satisfies

t
Z41=
s

¢ (D%Af(z)aD%TAl (Z)’D%Tff(Z);z> < h(z), (12)
then
Dy, f(2) = q(2), z e D.

Our next result is an extension of Theorem 2.1 to the case when the behavior of ¢
on JD is not known.
Corollary 2.2. Let A > 0,m € N,;j € Ny = NU{0},2 C C and ¢q € S(D) with
q(0) = 0. Let ¢ € ®x(Q,q,) for some p € (0,1), where ¢,(z) = q(pz). If f € A
satisfies

& (Dinf(2), Dt (2), Dt f(2):2) €
then

Dpaf(z) <q(z), z€D.
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Proof. Corollary 2.1. yields that under the hypothesis Dy, y f(2) < g,(2). The
result is now deduced from ¢,(z) < g(z).

The following main result is similar to corollary 2.1.

Theorem 2.2. Let h,q € H(D) with ¢(0) = 0, also set ¢,(z) = q(pz) and h,(z) =
h(pz). Suppose that A > 0,m € N,j € Ny = NU {0} and ¢ : C3 x D — C satisfies
one of the following conditions:

(i) ¢ € @y (h,q,) for some p € (0,1), or

(ii) there exist po € (0,1) such that ¢ € ®g(h,,q,) for all p € (po, 1).

If f € A satisfies (12), then

Dy, £ f(2) < q(z), ze€D.

Proof. The proof is similar to the proof of a known result ([8], Theorem 2.3d,
p-30) and so it is omitted here.

The next theorem yields the best dominant of the differential subordination.
Theorem 2.3. Let A > 0,m € N,j € Ny = NU {0} andh € S(D). Suppose that
¢ : C3 x D — C and the differential equation

6(a(2), 7" (N2d () + (1= (€ (V)a(2),

(C7"N)*22q" () + CF"(N)(2 = CF*(N)2q (2) + (1 = (CF* (V) *q(2); 2) = h(z)

has a solution ¢ with ¢(0) = 0, which satisfies one of the following conditions:

(i) g € Qo and ¢ € Dy(h,q),

(i) ¢ € S(D) and ¢ € g (h,q,), for some p € (0,1), or

(iii) ¢ € S(D) and there exist pg € (0,1) such that ¢ € @y (h,,q,) for all p € (po, 1).
If f € A satisfies (12) then

Dyaf(z) <q(2), zeD

and ¢ is the best dominant.

Proof. By applying corollary 2.1 and Theorem 2.2, we deduce that ¢(z) is a
dominant of (12). Since ¢ satisfies the subordination Dy, , f(2) < ¢(2), it is also a
solution of (12) and therefore ¢ will be dominated by all dominants of (12). Hence
q is the best dominant.

In the particular case ¢(z) = Mz, M > 0, and in view of Definition 2.1, the class
of admissible functions ® g (2, ¢) is denoted by ® (2, M), as described below.
Definition 2.2. Let € be a set in C and M > 0. Suppose A > 0,m € N,j € Ny =
N U {0}. The class of admissible function ® (€2, M) consists of those functions
¢: C? x D — C such that

qb(Mew, (14 (k — 1) (V)Me?, (13)

(CPOPL+ (14 (k= DOP ()2 = O () Me:2) ¢ 9,

whenever z € D, R(Le~ %) > Mk(k —1), § € R, and k > 1.
Corollary 2.3. Let A\>0,m e N,j € Ng=NU{0} and ¢ € g (Q,M). If f€ A
satisfies
& (Do (2), DEELF(2), Dt f(2):2) € 2,
then
‘D,‘il’,\f(z)‘ <M, zeD.
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In the special case Q@ = ¢(D) = {w : |w| < M}, the class ®5(Q, M) is simply
denoted by @ (M) and thus Corollary 2.3 can be written in the following form.
Corollary 2.4. Let A > 0,m € N,j € Ny = NU{0}and ¢ € dg(M). If f € A
satisfies

(6 (D5 (), D £(2), DR (2):2) | < M,

then
| Do\ f(2)] <M, zeD.

Corollary 2.5. Let A > 0,m € N,j € Ng = NU{0}and M > 0. If f(z) € A
satisfies
|DeHA(z) = Dot ()] < MCp (),
then
| D A f(2)] <M, zeD.

Proof. Let ¢(u,v,w;2) = v —u and Q = h(D), where h(z) = MzC]"(\) and
M > 0. To use Corollary 2.3, we need to show that ¢ € &5 (2, M). That is, the
admissibility condition in definition 2.2 is satisfied. This follows since

[6(Me, (14 (k= 1)C () Me™, (C ()L + (1+ (k = DEP A2 = €' (V) Me™s 2)|

= (14 (k= 1)CT"(A\)Me™ — Me™| > MCT'(N),
whenever z € D, § € R and k > 1.The required result now follows from Corollary
2.3. Theorem 2.3, shows that the result is sharp. The differential equation z¢'(z) =
Mz has a univalent solution ¢(z) = Mz, which in view of Theorem 2.3 is the best
dominant.
Definition 2.3. Let € be a set in C and ¢ € @1 NHy. The class of admissible
functions ®1(12,q) consists of those functions ¢ : C3> x D — C that satisfy the
admissibility condition

d(u,v,w; z) ¢ Q,

whenever ¢(¢) # 0, we have u = ¢(¢),

kCq'(C)
q(¢)

§R< 1 (wv+2u23uv)> Zk?ﬁ(cq/,(C)-l-l),

=)

; +¢q(¢) and

Cr(N) v—u q'(¢)
where A > 0,m € N,j € Ng =NU{0},z €D, ( € OD\E(q), and k > 1.
Theorem 2.4. Let A > 0,m € N,j € Ng = NU{0} and ¢ € D 1(22,q9). If f(z) € A

satisfies " s s
D* z) D% z) D¢ z
o (DRI DRRIG) DERIE) Y ol o
Dm,/\ (Z) Dm,,\f(z) Dm,)\ (Z)
then o
Dy f(2)
——— <q(z), zeD.
Dy, \f(2)
Proof. Define the analytic function
DLl f(z
p(z) = Lf() e D.

Ds@,)\f(z)’
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Logarithmic differentiation gives
DO¢+2 2
Dt~ opoy
Dy f(2)

Dy f(2) (2
and A7 = O (N2 +p(2)
22 1 2 2 / 2 . ’ »
S e e ) (o + 25 - (5)?)
Cr NS +p(2)

Now, we define the transformation from C? to C by:

s
u=r, v:ij()\);—i—r,

O s+ (O (2 (¢ + £ - (27)

J

wzC’]m()\);%—r—F

7 r
Let
1/’(Ta5at; Z) = QS(’LL,’U,’UJ;Z)
= o(r PO+, (14)

Ci"(A)s + (O}n()\))z(f - ($)2>
m ; Z) .
crN)E +r
Using the above equations, it follows that

DERIE) Diti@) DEfe) N\
Dy, F) Do) D))

m%m§+r+

J

¥ (p() 20/ (), 2% ()i 2) = 0 (

Hence this implies that w(p(z)7 2p/(2), 22p" (2); z) € 0.
Hence proof is completed, if it can be shown that the admissibility condition ¢ €

®.1(9,q) is equivalent to the admissibility condition for ¢ as given in Definition

1.1. Note that

t 1 wv + 2u? — 3uw
LA ( )
s C(N) v—u
Hence ¢ € ¥U(Q,q) and by Lemma 1.1, we get p(z) < ¢(z), which completes the
proof.
In the case when Q # C is a simply connected domain with Q@ = h(ID) for some
conformal mapping h : D — Q, the class @51 (h(D), g) is written as @ 1(h, ¢). The
following result is an immediate consequence of above theorem.
Corollary 2.6. Let A > 0,m € N,j € Ny = NU {0} and ¢ € @y 1(h,q) with
q(0) = 1. If f € A satisfies

D f(z) D f(z) D)
¢<Di‘fz,xf(2>’Dz,*;f(zyp;-::ff(zyz <hz), 2€D

then .
D%)\f(z)
—— =<q(z), zeD.
Dm’)\f(z) )
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In the particular case g(z) = 14+ Mz, M > 0. The class of admissible function
®r1(€, q) is simply denoted by @ 1(Q, M).

Definition 2.4. Let € be a set in C and M > 0. The class of admissible functions
®.1(Q, M) consists of those functions ¢ : C3 x D — C such that

) ) kCT(N)
¢(1+M69,1+M69(1+W), (16)
(CMN)2(L + kMe™) + (1 4+ Me') ((1+ Me)? + 3kC7*(\) Me™) q
(1+ Mei®)2 + C7(N) (kMei®) Z) ¢

whenever z € D, A > 0,m € N,j € Ny = NU {0}, R(Le~ ) > (k — 1)kM, for all
real 6 and k > 1.
Corollary 2.7. Let A>0,meN,j € Ng=NU{0} and p € Py 1 (2, M). If f€ A

satisfies
Dptlf(z) Daiif(z) Dptif(z)
¢ a.’ ’ oz—;—l ’ a-;-2 12 €
Dm,)\f(z) Dm,)\ f(2) Dm,)\ f(2)
then 41
Dy I (2)
A 1< M, zeD.
‘ D;flﬁ/\f(z)

In the special case Q@ = ¢(D) = {w : |w — 1| < M}, the class @5 1(Q2, M) is denoted
by ®p,1(M) and Corollary 2.7 takes the following form.
Corollary 2.8. Let A >0,m € N,j € Ng =NU{0} and ¢ € @y 1(M). If f(z) € A

satisfies - o i3
D< z) D% z) D¢ z
(DRI DRRIC) DRt
Dm,)\f(z) Dm,)\f(z) Dm,)\ (Z)
then 1
Dy f(2)
’7—1’<M, 2 eD.
Dp \f(2)

Crollary 2.9. Let A > 0,m € N,j € Ny = NU {0} and M > 0. If f € A satisfies
| (D%Tf (=) Dpiy <z>)‘ MOy (M)

Def(z)  Diaf(2) M+1 "
then -
Dy, N (2)
A 1‘ <M, zeD.
D%,Af(z)

Proof. This follows from Corollary 2.7 by taking ¢(u, v, w; z) = v—u and Q = h(D),

M
where h(z) = C}’T()\)izl, M > 0. To use Corollary 2.7, we need to show that

M +
¢ € Oy 1(M), that is the admissibility condition (16) is satisfied. This follows since,
. ECT(N) ,
. — 0 ,0
¢(U,U,w,z)|—’1+Mez <1+m)—(1+M€1 )
MEk M

=—— 7> CP'(N\)———
|1+ Me?| — Ci ()\)1+M

for z €D, # € R and k > 1. Hence the result is easily deduced from Corollary 2.7.
We define the following class of admissible functions that will be required in our
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first result.
Definition 2.5. Let Q be a set in C and ¢ € Q1 (\H1. The class of admissible
functions @y 5(€2,q) consists of those functions ¢ : C3 x D — C that satisfy the
admissibility condition

P(u,v,w;2) ¢ Q,
whenever

u=q((), v=4q(C)+k(q()C]"(N)

I jw—u ¢q"(¢)
Y (e >
%(ij()\){v—u 2}) 2 k(2 700 +1),
for zeD, A>0,meN,jeNy=NU{0}, ( € ID\E(q), k> 1
Theorem 2.5. Let ¢ € Py o(Q,¢q). If f € A satisfies

{¢(D;,Af<z>’ DEAIG) DRSE), E]D} o

and

z z
then
D& z
%f() <q(z), ze€D.
Proof. Let us consider the analytic function p(z) in D by
D'?:L A ( )

Differentiating logarithmically with respect to z and using (7), we obtain

DoHrlf( )

z

=p(2) + CJ"(\)z2p'(2)

and
a+2 ( )

S (O PR () + O ONCT ) + 2)2 () + ()
Now, define the transformation from C3 to C by
u=r, v=r+(C*(A)s and w=r+ CJ*(A)(C](N) +2)s + (C]"(N))*t.
Let ¢(r, s,t; 2) = ¢(u, v, w; 2)
= 6(r,r + (CF" ()3, + NN +2)s + (CJ (X)) 2).
By using the above equations it follows that

D2\ f(z) Dot Dyt
0((2). 29/ (2), 5 )=¢>< 2218) Do 1) f”,>

z z ’ z
and consequently we have that

1&(19(2),219’( ), 2°p"(2); ) € Q.

Thus, the proof is completed if it can be shown that the admissibility condition
for ¢ € ®p2(9,q) is equivalent to the admissibility condition for ¢ as given in
Definition 1.1. Note that

t 1

;“:m(%”)’
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this shows that ¢ € ¥(Q, q). Hence by Lemma 1.1, we have p(z) < q(z).

If Q # C is a simply connected domain, then Q = h(D) for some conformal mapping
h of D onto €. In this case, the class @ 2(h(D),q) is written as ®p2(h,q). The
following result is an immediate consequence of the above theorem.

Corollary 2.10. Let A > 0,m € N, j € Ng = NU{0}, ¢ € @y 2(h, q), with q(0)=1.
If f € A satisfies

a a+1 o+2
¢><Dm,xf(z) Doy f(z) Dy (z);z> < h(z),

)

z z ’ z

then

D¥ z

%() < q(2), z € D.
In the particular case ¢(z) = 1+ Mz, M > 0, and in view of Definition 2.5, the class
of admissible functions @ 2(2, q) is denoted by ®p 2(Q2, M) as described below.
Definition 2.6. Let 2 be a set in C and M > 0. The class of admissible function

P p2(Q, M) consists of those functions ¢ : C3 x D — C such that
¢>(1+Mei9, 1M e (14kCT (A)), 14+(CT(N)? L+ M (14kCT (M) (CT (M) +2)); z) ¢ Q,

whenever A > 0,m € N,j € Ny = NU{0},z € D, R(Le %) > Mk(k - 1), 0 € R,
and k > 1.

Corollary 2.11. Let A > 0,m € N,j € Ng = NU{0},and ¢ € Py o(Q,M). If
f € A satisfies

) )
z z z

¢<D$:L,Af(z> DR (2) D%Tff(z);z> ca.
then

z ’ '

In the special case Q@ = ¢(D) = {w : |w — 1| < M}, the class @y (2, M) is denoted
by ®p,2(M) and the above Corollary takes the following form.
Corollary 2.12. Let A > 0,m € N,j € Ny =NU{0},and ¢ € Ppo(M). If f € A

satisfies
' qz)(Dz;,Af(z) Dat f(z) DR f(z) )_1

) ) 3 z

z z z

< M,

then
D« z
‘"“f()1‘ <M, zeD.
z

Corollary 2.13. Let A > 0,m € N;j € Ny = NU{0},and M > 0. If f(z) e A
satisfies

Dot r(z D~ z
BTG DRATO)| iy
z z
then
D« z
‘"“f()l‘ <M, zeD.
z

Proof. This follows from corollary 2.10 by taking ¢(u,v,w;z) = v — u and
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Q = h(D), where h(z) = C]*(\)Mz.

3. SUPERORDINATION RESULTS FOR THE OPERATOR D2 | f(z)

The differential superordination results of the operator Dy, | f(z) defined by (6)
is investigated in this section. For this purpose, the class of admissible function is
given as follows:

Definition 3.1. Let © be a set in C and ¢ € Ho with z¢'(z) # 0 The class of
admissible functions ®’;(,q) consists of those functions ¢ : C3> x D — C that
satisfy the admissibility condition

¢(u7 v? w; C) 6 Q?
whenever u = q(z),

o= G () + (A - Cma(2)

m
1 w— (1-0m(\)%u 1..72q"(2)
R( - - —2p+2) < =R +1),
(Cj (/\){ v—(1-C7"(\)u } ) m ( q(z) )

forzeD,(€dD, A>0,meN,jeNyg=NU{0}and m > 1.
Theorem 3.1. Let A >0,m € N,j € Ng =NU{0} and ¢ € % (Q,q). If f € A,
D2\ f(2) € Qp and (Df}w\ f(2), DERLf(2), D2 (z);z) e S(D),
then

0 ¢ { D5 f(2), D F(2), DR f(); = €D},

implies that ¢(2) < Dy, \f(2), z€D.
Proof. With p(z) = Dy, , f(2) and

= o, (O () + (1= CP )1 (CP P CP N2 C (s +(L-CPO)Prs )
we have
QC {w<p(z),zp’(z),z%”(z);z) iz € D}.

Since

1 w— (1 —CJ"(N)?u
Cm()\){ v—(1=C(\)u

J
the admissibility condition for ¢ € ®;(€2,¢) is equivalent to the admissibility con-
dition for 7 as given in Definition 1.2. Hence ¢ € ¥/ (9, ¢) and by Lemma 1.2,
a(z) < p(2).

If Q # C is simply connected domain, then @ = h(ID) for some conformal mapping
h(z) of D onto €2, and then the class @ (h(D), q) is written as % (h,q). Proceed-
ing as in the previous section, the following result is an immediate consequence of
Theorem 3.1.

Corollary 3.1. Let A > 0,m € N,;j € Ng = NU{0}, ¢ € Ho, h € S(D) and
¢ € ®y(h,q). If f(z) € A,

t
Sl = —2}—|—2,
S

Dz‘%)\f(z) € Qp and

6(Dgaf(2), Dot f(2), D f(2);2) € S(D),
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then
h(z) < 6(Dg af(2), Dl £(2), Dt () 2) (17)
implies that q(z) < Dy, \ f(2).

The following theorem proves the existence of the best subordination for an
appropriate ¢.
Corollary 3.2. Let A > 0,m € N,j € Ng = NU{0}, h € H(D) and ¢ : C3xD — C.
Suppose that the differential equation

6(a(2), € (V)2 (2) + (1= (€ (V)a(2),

(CT(N)?22¢"(2) + CT' (N2 = CT*(N)zd (2) + (1 = (C]* (V) *q(2); Z) = h(2)
has a solution ¢(z) € Qo. If ¢ € &, (h,q), f € A,
Dy, \f(z) € Qo and

6 (D5 S (2), DL F(2), D2 f(2);2) € S(D),
then
M=) < 6(Dg S (2), D £(2), Dt (2); 2,
implies
4(z) < D3 Af(2), 2€D
and ¢ is the best subordinant.
Proof. The proof is similar to the proof of Theorem 2.3 and is therefore omitted.
By combining corollary 2.1 and corollary 3.1, we obtain the following sandwich-type
result.
Corollary 3.3. Let A > 0,m € N,j € Ny = NU{0}, h1,q1 € H(D) and hy € S(D).
Suppose also that g2 € Q1 with ¢1(0) = ¢2(0) = 0 and ¢ € g (ha,g2) NPy (h1,q1).
If f(2) € A,
Dy, \f(z) €HoN Qo and

6 (D8 S (2), DL £(2), Dt f(2); 2) € S(D),
then
hi(2) < 6(Dhaf(2), DK F(2), D F(2):2) < hae),
implies
q1(2) < Dy, 3 f(2) < q2(2), z€D.
Definition 3.2. Let Q be a set in C and ¢(z) € H; with z¢'(z) # 0. The class
of admissible functions ®%; (€2, ¢) consists of those functions ¢ : C3 x D — C that
satisfy the admissibility condition:
¢(u7 v? w; C) E Q?

whenever ¢(z) # 0,u = q(z),
kCq'(€)

q(¢

1 wv + 2u? — 3uw 1 ¢q"(€)

R < —%R 1

(Cm(/\)( v—u )) <% 70 F ):

J

and

v=4q(¢) +C7" (V)

~—
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where A > 0,m e N,j e Ng=NU{0},2€D, ( € 9D and m > 1.

Now we will establish the dual result of differential superordination, concerning
Theorem 2.4.

Theorem 3.2. Let A >0,m € N,j € Ng =NU{0} and ¢ € 4 ,(Q,q). If f € A,

DaJrl P Da+1 ~ Da+2 P Da+3 Py
BE) o o (DRI DERIG) DERIG) Y oy
Dy A (2) Dy Af(2) Dy f(2) DR f(2)
th
en D(y+1 () Da+2f() Da+3 ()
QOcC ¢ muA z myA z m,A 2 . c2eU
Do (Z) ’ Da+1 ’Da+2 ) . )
m,\ m,A f(Z) m,\ f(Z)
implies pas "
m,A
q(z) R ="—F—~, 2€D.
( ) Dm,/\ (Z)

Proof. In view of the proof of Theorem 2.4, we have
@ {v(p() 29 (), 5" ()i )1 2 € D,

and, we can see that the admissibility condition for ¢ € <I>’H’1(Q, q) is equivalent to
the admissibility condition for 1 as given in Definition 1.2. Hence 9 € \II’HJ(Q, q)
and by Lemma 1.2, we get ¢(z) < p(z).

If Q # C is a simply connected domain and Q = h(D) for some conformal mapping
h(z) of D onto €2, then the class @, (h(D), g) is written as @', (h, q). Proceeding
similarly as in the previous section, the following result is an immediate consequence
of Theorem 3.2.

Corollary 3.4. Let A > 0,m € N,j € Ny = NU {0}, ¢(2) € H, h € H(D) and
b€ (o). I f(2) € A,

Dy f(z) DR f(z) DaBif(z) D f(2)
7Df‘n’/\f(z) S Ql and Qb D%’)\f(z) ) Df;j)\lf(z)’ D%Tff(z)’z S S(]D))v
then +1 +2 +3
Dy f(z) Dyl f(z) DRy f(z)
h : ) : ) : ; )
=0 (DW@) De() DL EI) >
implies
Dy (%)
q(z) < m, z € D.

Combining corollary 2.4 and corollary 3.4, we obtain the following sandwich-type
result.

Corollary 3.5. Let A > 0,m € N,j € Ng = NU{0},h1,¢1 € H(D),he €
S(]D))7QQ(Z) e Ql with ql(O) = QQ(O) =1 and ¢ e @H,l(hQ,QQ) M (1)3{71(}“,(]1). If
f(z) € A,

DR f(2) DR f(z) DRRf(z) DRif(2)
Dy, () o e <D:$L,Af<z> Do) Dy ) <
then +1 +2 +3
D;Z,A (2) D;:z,,\f(z) D::z,/\f(z)_
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implies -
a
q1(z) < %;L)\J{((z)) < qa(2). ze€D.
mA
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