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COEFFICIENT BOUNDS AND DISTORTION THEOREMS FOR
CERTAIN SUBCLASSES OF UNIVALENT FUNCTIONS

GAGANDEEP SINGH, GURCHARANJIT SINGH

ABSTRACT. This aim of this paper is to establish the coefficient estimates,
distortion theorems, growth theorems and inclusion relations for certain new
subclasses of univalent functions in the open unit disc E = {z : |z| < 1}. The
results established here, will generalize earlier known results.

1. INTRODUCTION

Let A denotes the class of analytic functions in the unit disc E = {z : |z| < 1},

which are of the form -
z)=z+ Z anz" (1)
n=2

and normalized by f(0) = f’(0) —1 = 0. § is the class of functions in A, which are
univalent in F.

By U, we denote the class of Schwarzian functions w(z) = >~ ; ¢, 2™, which are
analytic in the unit disc F such that w(0) = 0, |w(z)| < 1.

For two functions f and g analytic in E, f is said to be subordinate to g
(symbolically f < g) if a Schwarzian function w(z) € U can be found for which
f(2) = g(w(z)). Under the assumption that g is univalent, we have f < g if and

only if f(0) = ¢(0) and f(F) C g(F).

The well known classes of starlike and convex functions are denoted by &* and
K respectively and defined as

=<qf:f€eARe ) >0,z€F
{reseam (5) »0cs)

IC—{f:feA,Re<( /((ZZ))))>O,Z€E}.

2010 Mathematics Subject Classification. 30C45, 30C50.

Key words and phrases. Subordination, Univalent functions, Quasi-convex functions, Coeffi-
cient estimates, Distortion theorem, Inclusion relation.

Submitted Jan. 25, 2022. Revised March 6, 2022.

163

and



164 GAGANDEEP SINGH, GURCHARANJIT SINGH JFCA-2022/13(2)

The classes S* and K are related by the Alexander relation [1] as f € K if and only
if zf" € S*.

!
Kaplan [3] introduced the class C of functions f € A such that Re (f (Z)> > 0,

h'(z)
!/
Zf((§)> > 0 where g = zh' is starlike. The func-
g(z

tions in the class C are known as close-to-convex functions. Subsequently, Noor [6]
introduced the class C* of quasi-convex functions defined as

C*{f:fEA,Re((Z]'Z/((ZZ)))I)>O,hE/C,ZGE}.

Every quasi-convex function is convex and close-to-convex and so is univalent. Also
fecC*if and only if zf" € C.

h € K or equivalently Re(

Singh and Singh [10] discussed the class C} as

! !
C: = {f:fGA,Re((Zf/(z))> >0,g€8*,z€E}.
9'(2)
For -1 < B < A < 1, Xiong and Liu [11] and Singh and Singh [10] studied the
classes C*(A, B) and C*(A, B) respectively, which are the subclasses of quasi-convex
functions defined as:

. .. (2f'(2)) 1+ Az
C(A,B){f.feA, W) <1+Bz,helc,zeE}
and ( )
. s zf'(z)) 14+ Az .
CS(A,B)_{f.feA, 72 <1+Bz,geS,zeE}.

Some other subclasses of quasi-convex functions were studied in [8, 9, 10].

For -1 < D < C <1and 0 < «a < 1, Polatoglu et al. [7] defined the class

1+ D+ (C—-D)(1-
P(C, D; ) which consists of the functions p(z) such that p(z) < + 1D+ (1 n Dz)( oz)]z.

For o = 0, the class P(C, D;«) agrees with P(C, D), which is a subclass of A in-
troduced by Janowski [2].

Noor [6] introduced the class Iy which includes the functions f € A such that

/
Re (f/gz)) > 0 where g € C*. Obviously, C* C C C ;.
g'(z

Throughout this paper, we assume that

—1<D<B<A<(C<1,0<a<l,zekFk.

Motivated and stimulated by the above work, we now introduce the following sub-
classes of univalent functions:

Definition 1 Let K1 (A, B; C, D; «) be the class of functions f € A which satisfy

the condition
(2) - 1+ [D+(C—-D)(1—-a)lz
g'(2) 1+ Dz ’
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where g(2) =z + > o0, b,2" € C*(A, B).

The following observations are obvious:
(i) K1(A, B; C, D;0) = K1(A, B;C, D).
(ii) £1(1,-1;C, D;0) = K1(C, D).

(iii) K1(1,—-1;1,—-1;0) = K;.

Definition 2 Let K/ (A, B;C, D;a) denote the class of functions f € A and
satisfying the condition

(2) - 1+ [D+(C—-D)(1-a)z
R (2) 1+ Dz ’

where h(z) = z+ >, d,2" € C:(A, B).
We have the following observations:

(i) K1(A, B;C, D;0) = K} (A, B;C, D).

(ii) K1 (1,-1;C, D;0) = K{(C, D).

(ii) K (1,—-1;1,-1;0) = K.

The paper is concerned with the study of the classes Ki(A, B;C, D;«) and
K (A, B; C, D; ). We obtain the coefficient estimates, distortion theorems, growth
theorems and inclusion relations for the functions in these classes. Some earlier
established results follow as special cases.

2. PRELIMINARY RESULTS
1+ D+ (C—-D)(1 - a)w(z)
B 1+ Dw(z)

Ipn| < (C — D)(1 —a),n > 1.

Lemma 2 [10] If g(z) = z + >_.2 , by2™ € C*(A, B), then for A — (n —1)B >
(n—2),n >3,

Lemma 1 [7] If P(z) =1+4> 77 pnz", then

1 (n—1)(A-B)

bp| < = + —F—=.
n 2n
Lemma 3 [10] If g(z) € C*(A, B), then for |z| =7 < 1,
for B # —1,
A-B lo 1— Br . 1+ A4 <14 ()] < A—-B o 1—r n 1+ A
A+ B2 P\ 11 )TarBarn) S0 a1y er) T e B — )
and for B = —1,
1+A4 A 1 1+ A4 A 1

— —(1-A4)<|d < — —(A-1).
2r(1+7")2+r(1+7“)+2r( )_|g(2)|_2r(1—7“)2 r(l—r)+2r( )

Lemma 4 [10] If h(z) = 2+ Y. ,~ ,dn2" € C:(A, B), then for A — (n — 1)B >
(n—2),n >3,
| <1+ (A—B)(n—l)(Zn—l).
6n
Lemma 5 [10] If h(z) € CX(A, B), then for |z| =r < 1,
for B# -1, B#0,
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Ly < |W(2)| € Ly, where
(B-1) 1+r (B-1) A 1 1 A ( ) (2+7)
Llr(B+1)3Og‘1—Br+{B(B+1)2B}W+2[1+BB(B+1)} 1+7r)2
_ (B-1), |1+Br| [ (B=1) Al 1 1 A B-112-7
L2‘T(B+1)3log‘ 1= [B(B—i—l)Q_B} =3 [1+B B(B—i—l)} =L
and for B = —1,
A (BA+DR+r) | 24+ DB +3r+r?)
1+7r 2(1+4r)? 3(1+47r)3
, A (3A+1)(2—7") 2(A+1)(3—3r +17?)
<)l < 1-— 2(1—r)2 3(1—r)3 '

Lemma 6 [4] Let —1 < Dy < D; < C; < Cp <1, then

1+Cyz 1+ Csyz
1+D12’ ].-I—DQZ

3. THE crass K1(4, B;C, D; «)
Theorem 1 Let f(z) € K1(A, B;C, D; ), then for A—(n—1)B > (n—2),n > 2,

an < 1 2 DAZB) (€2 DL 0)n =) [1+(A‘Bi<”‘2> -2

2n n

The bounds are sharp.
Proof. In Definition 1, using Principle of subordination, we have

1) =90 (1 ) e e ®)

On expanding (3), it yields
14+ 2a9z +3a32%2 + ... + napz"~ 1 + ...

= (14 2boz+3b32> + ...+ nbp 2" P+ ) (14 prz+pez® + 12" 4.0, (4)
Equating the coefficients of 2"~! in (4), we have
nay, = nby, + (0 — V)p1bp—1 + (n — 2)paby—o... + 2pp_2bs + pr—_1. (5)
Applying triangle inequality and Lemma 1 in (5), it gives
nlan| < nlbs] + (C — D)1 — ) [(n — 1)|bp—1| + (n — 2)|bp—2]-.. + 2]ba| + 1] . (6)

Using Lemma 2 in (6), the result (2) is obvious.
For n =2, equality sign in (2) holds for the functions f,, defined as

PERYEE: D+ (C — D)(1 - a)]d;2" / 1 L As
o 1+ Délz” 0 (]. — (522)2 1+ B532n ’
where |51| = |52| = ‘53| =1.

Remark 1 (i) On putting @ = 0 in Theorem 1, we can easily get the result for
the class K01 (4, B; C, D).
(ii) For A=1,B = —1,a = 0, Theorem 1 yields the result for the class K1 (C, D).
(iii) For A=1,B=-1,C =1,D = —1,a = 0, Theorem 1 agrees with the result
due to Noor [6].
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Theorem 2 If f(z) € K1(A, B;C, D; ), then for |z] = 7,0 < r < 1, we have,
for B # —

1—-[D+(C—-D)(1—a)]r —Br A
( e ) [r(1+3)2l"9(11+€ ) + (1+115;)r 1+r):| (=)l

= (1 e (f+_DDr)(1 - a)]r) [r(fﬁ_- 5)2 log <1l+_§r) T +IB+)(;1— r)] ;

[D+(C—D)(1-a _
fo ( +(1 Dt)(l = ) {t(l-}-B)?lOg (11+€t) + (1+}B§é+t)} dt < [f(2)]

" (14 [D+(C—D)1-a)t A-B 1-t Lra
<
_/0 ( 1+ Dt t(1+B)2109 1+ Bt +(1+B)(1*t) &
(9)
and for B = —1,
— (o= —a)|r
(1 [DJr(l—DDr)(1 ! ) [7 27"(11++AT)2 + (H—T) + 2r(1 o A)} = |f/(Z)|

1+ [D+(C—-D)1—-a)r 14+ A A 1 .
= ( 1+ Dr ) [2r(1—r)2 A= *%(A_l)}’ (10)

[D+(C-D)(1-a) A
Jo ( 1-Dt all ) {_2t%1++t)2 + (1+t) + 55 (1~ A)} dt < [f'(2)]

</0r<1+[D+(C—D)(1—a)]t)[2t1+A A +1(A_1)}dt.

1+ Dt 1—102 t1—1t) 2
(11)
Estimates are sharp.
Proof. From (3), we have
7=l [FHEHEE DO OO g eu. 2

It can be easily proved that

1—[D+(C—-D)1-a)r
1—Dr

1+ [D+(C—D)(1— a)]w(z)

1+[D+(C—-D)(1—a)r
1+ Dw(z) '

- 1+ Dr
(13)

As g(z) € C*(A, B), so using Lemma 3 and (13) in (12), the results (8) and (10)

can be easily obtained. On integrating (8) and (10) from 0 to r, the results (9) and

(11) are obvious.

Sharpness follows for the function f,, defined in (7).

S ‘

Remark 2 (i) On putting @ = 0 in Theorem 2, we can easily get the result for
the class K1 (4, B; C, D).
(ii) For A = 1,B = —1,a = 0, Theorem 2 agrees with the result for the class
K1(C, D).
(iii) For A=1,B=—-1,C =1,D = —1,a = 0, the result due to Noor [6] can be
easily obtained from Theorem 2.

Theorem 3 Let —1 <Dy =D <(C; <(Cy<1land0<ay;<a; <1, then

Kl(A,B;Cl,Dl;al) C ]Cl(A,B;CQ,DQ;ag).
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Proof As f € K1(A, B;Cy,Dy; 1), so

fi(z2) 14D+ (Cr = D)1 — )]z
g'(2) 14+ Dz '

As -1 <Dy =D;1 <C; <Cy<1land0<ay<a; <1, we have

—1§D1+(1—O&1)(01 —D1) < Ds+ (1 —a)(Cy— Ds) < 1.

So by Lemma 6, we obtain

f'(2) L1t [D2 + (C2 — Do)(1 — az)]z
g'(2) 14 Doz

which implies f € K1(A4, B; Ca, Dy; as).

)

Theorem 4 If f € K1(A, B;C, D; ), then
1
lag| < Z[2+3(A—B)+2(C—D)(1—a)] (14)
and

7T (C—-D)(1-a)
< 4= A 7
las] < g+ 6
The estimates are sharp.
Proof. Using the principle of subordination in Definition 1, we obtain

1'(z) _ 1+ [D+(C—-D)(1- a)]w(z)

[4+3(A—B)}+1D2+@

27A—35B]. (1
. oG [P8+274-35B]. (15)

g'(2) 1+ Dw(z)
On expanding and comparing the coefficients, it leads to
as = by + Wﬁ (16)
and
az = by + %(C —D)(1—a)baey + W[CQ — D2+ %bg — éD%?. (17)
For g(2) =z + > po, bpz* € C*(A, B),
|ba| < %[2+3(A—B)} (18)
and
|bs| < %[8+(A—B){11—4B}]. (19)

Also it was proved in [5], that for any complex number -,
|c2 —vei] < max{1, |y} (20)

Using (18), (19) and (20) along with the inequality |c1] < 1 in (16) and (17), the
results (14) and (15) are obvious.
The results are sharp for the functions defined in (7).
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4. THE crass K} (A, B;C, D; «)
Theorem 5 Let f(z) € K| (4, B;C, D;«), then for A—(n—1)B > (n—2),n > 2,
<n—1)(2n—1><A—B>+<O—D><1—a><n—1>[ L (1=2)(4n-3)(4 - B)

6n 2 18n
(21)

lan| < 1+

The results are sharp.

Proof. From Definition 2, using Lemma 1 and Lemma 4 and following the proce-
dure of Theorem 1, the result (21) can be easily derived.

For n = 2, equality sign in (14) hold for the functions f,,(z) defined by

f 1 1+ [D—‘r (C D)(l —a)]élz" /z 14622 14+ Adzz™
B 1+ Do zn o (1 —=d22)3 \ 1+ Bdzzn

) dZ, |51| = |(52| = |63| =1.

(22)
Remark 3 (i) On putting @ = 0 in Theorem 5, we can easily get the result for

the class K} (4, B; C, D).

(ii) For A = 1,B = —1,a = 0, Theorem 5 agrees with the result for the class

Ki(C, D).

(iii) For A=1,B=-1,C =1,D = —1,a = 0, the result for the class K} can be

easily obtained from Theorem 5.

Theorem 6 If f(z) € K1 (A, B; C, D; ), then for |z] = r,0 < r < 1, we have,
for B# —1, B+#0,

1—-[D+(C—-D)(1-a)r +[D+(C—D)1—a)r

)L1 < 1F(2) < Ly

1—Dr 1+ Dr
» (1=[D+(C—=D)(1-a 1+[D+(C-D)(1-a
fo( [ +(1_Dt)( )])Ldt<|f <f0< + [ +(1+Dt)( )]t)LQ,
where
(B 1) 1+7 (B-1) A] 1 1 A )] (2+7)
Li= 5t 1—Br+{B(B+1)2 B} Trr 2 [1+B B(B+1)} 1+r)?
_ (B-1) 1+ Br (B-1) A] 1 1 A (B-1)712-r
L= S99 | 7= +{B(B+1)2_B}1— 2[1 B~ B(B+1)} 1-r)2
nd for B = —1,
8LI—O[D—|—(C’—D 1—a)] BA+1(2+7r) 2(A+1)(3+3r+1r?)
( 1— Dr )[1+r 2(1+r)2 3(1+7r)3 }
< 1f'(2)] < <1+[D+(1O+D1Z) 1—a)r ) {1i« 3 (3A22r11_)(f)2—r) 2(A+;()1(3_—T;%;+r )];
fr(l—[D—i—(C—D)(l—a)]t)[ A BA+D(2+1) 2(A—|—1)(3+3t—|—t2)]dt
0 1—Dt 1+t 2(1+1¢)2 3(1+1t)3
"(14[D+(C—-D)1-a)t A BA+1)(2—1t)  2(4+1)(3—-3t+1?)
glf(z)lg/o( 1+ Dt )[115_ 21— 3(1—t)3 }dt‘

Estimates are sharp.

Proof. Using Lemma 5 and following the procedure of Theorem 2, the results of
Theorem 6 can be easily established.

Sharpness follows for the function f, defined in (22).
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Remark 4 (i) On putting @ = 0 in Theorem 6, we can easily get the result for
the class K} (4, B; C, D).
(ii) For A = 1,B = —1,a = 0, Theorem 6 agrees with the result for the class
K1 (C, D).
(iii) For A=1,B=-1,C =1,D = —1,a = 0, the result for the class K} can be
easily obtained from Theorem 6.

Theorem 7 Let —1 < Dy =D <(C; <(Cy<1land0<ay;<a; <1, then

K1 (A, B;C1,Dy; 1) C K (A, B; Ca, Da; ag).
Proof. Using Lemma 6 and following the procedure of Theorem 3, the proof of
Theorem 7 is obvious.

Theorem 8 If f € K1 (A, B;C, D;«), then

mﬂéip+aAfm+2waxLﬁm (23)
and
11 (C-D)(1-a) 1, (A-DB)

The bounds are sharp.

Proof. Following the procedure of Theorem 4 and using the results that, for
h(z)=z+> " ,d,2" € C:(A,B),

Mﬂﬁip+&A—Bﬂ

and
1

ds| <
ds| < o

81+ (A — B){43 — 12B}],

the proof is obvious.
The results are sharp for the functions defined in (22).
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