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ABSTRACT. The present paper is concerned with certain generalized sub-
classes of alpha-quasi-convex functions in the open unit disc £ = {z : |z| <
1}. We establish some properties such as the coefficient estimates, distortion
theorems, growth theorems and radius of quasi convexity for these classes.
Various earlier known results will follow as special cases.

1. Introduction. Let A denote the class of functions f which are an-

alytic in the unit disc £ = {z : |z| < 1} and further normalized by f(0) =
f(0) — 1 = 0 and having the Taylor series expansion of the form

(1) flz) = Z—i—Zakzk.
k=2
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functions, quasi-convex functions, alpha-quasi-convex functions.
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We denote by U, the class of Schwarzian functions which has the expansion

of the form -

w(z) = Z crz”,
k=1
and which are analytic in the unit disc £ and satisfying the conditions

w(0) =0, |w(z)| < 1.

For two analytic functions f and ¢g in E, we say that f is subordinate
to g, if there exists a Schwarzian function w € U such that f(z) = g(w(z)) and
is denoted by f < g. Further, if g is univalent in F, then f < g if and only if
f(0) = g(0) and f(E) C g(E).

By S, 8" and K, we denote the well known classes of functions f € A,
which are respectively univalent, starlike and convex in the unit disc E. It is
obvious that f € K if and only if zf' € S*.

Kaplan [5], introduced the class C of close-to-convex functions as follows:
A function f € A is said to be close-to-convex if there exists a convex function

h € K such that 72)
z
E.
Re <h/(z)> >0,z €

Further, Noor [8] introduced the class C* of quasi-convex functions. A
function f € A is said to be quasi-convex if there exists a convex function h € K

such that ) )
Re <%> >0,z€ F.

Every quasi-convex function is convex. Obviously f(z) € C* if and only if 2 f' € C.
Mocanu [7], introduced the class of alpha-convex functions which is de-
noted by My,(0 < a < 1). A function f € M, if it satisfying the conditions
f(2)f'(2) # 0 and
/ / /
@) G

Re {(1 — ) a

f(z) f'(2)

In particular, My = §* and M; = K. Miller et al. [6], proved that all alpha-

convex functions are univalent and the class M, is a linear combination of the
classes 8™ and K.

Using the idea of of alpha-convex functions, Noor [9] established the class

Q,(0 < a < 1) of alpha-quasi-convex functions f € A and satisfying the condition

f'(z)  =f'(2)

Re{(l—a)h/(z) + Wz) }>0,h€IC,Z€E.

}>0,26E.
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Obviously, Qp = C and Q1 = C*. It can be observed that Q, forms a linear com-
bination of the classes of close-to-convex functions and quasi-convex functions.
Aouf [2], introduced the class P[4, B;n], (0 < n < 1), which is a sub-
class of A that consists of the functions p analytic in F and subordinate to
1+[B+(A-B)(1 -
+ 1B+ I 77)]27 (-1 < B < A<1). For n =0, the class P[A, B;n]

1+ Bz
reduces to P[A, B], the class introduced by Janowski [4].

The various subclasses of close-to-convex functions and quasi-convex func-
tions were extensively studied by many authors such as the classes C*(a, ),
Ci(a, ), C*(A,B),Ci(A,B),C*(A,B;C,D), Ci(A, B; C, D) were studied respec-
tively by Selvaraj and Stelin [13], Selvaraj et al. [14], Xiong and Liu [18], Singh
and Singh [16]. Apart from this, various subclasses of alpha-quasi-convex func-
tions such as Q, (1 —26,—1;1—2v,—1), C«(B,7), Qu(A4, B), Cx(a, f) were inves-
tigated respectively by Noor [9], Noor and Al Aboudi [11], Selvaraj and Thiru-
pathi [15] and Selvaraj and Logu [12].

Throughout the paper, to avoid repetition, we make the following as-
sumptions:

- 1< D<B<ALC<LL,0<a<,0<n<l,z€ E.

Getting motivated by the above works, now we are on the stage to introduce the
following subclasses of alpha-quasi-convex functions with subordination:

Definition 1. Q,(A, B;C, D;n) be the class of functions f € A which
satisfy the condition
f'(z)  (f'(z)  1+[D+(C—D)1-n)=

=y T we 1+ Dz ’

where h(z) = z + Z brz" € K(A, B).
k=2

The following observations are obvious:

(i) Qu(1,-1;1,-1;0) = Q,, the class introduced by Noor [9].

(iil) For A=1-28, B=—-1,C =1-2v,D = —1 and n = 0, the class
Q.(A, B;C,D;n) reduces to Qu(1 —28,—1;1 — 2, —1;0), the class introduced
by Noor [9].

(iii) Qn(1,-1;C,D;0) = Q,(C, D), the class studied by Selvaraj and
Thirupathi [15].

(iv) Q1(A, B; C,D;0) = C*(A, B; C, D), the class introduced and studied
by Singh and Singh [16].
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(v) ©1(1,-1; (2a—1), 5;0) = C* (v, B), the class studied by Selvaraj and
Stelin [13].
(vi) Q1(1,—-1;C, D;0) = C*(C, D), the class studied by Xiong and Liu [18].

Definition 2. Let Q) (A, B;C, D;n) denote the class of functions f € A
and satisfying the condition that
f'(z) | (f'(2))  14[D+(C—D)1-n)

(1—04)9/(2)—}—04 J(z) = 1+ Dz ’

o
where g(z) = z + Z dp2" € S*(A, B).
k=2
We have the following observations:
(i) 93 (1, —1;(2a—1)B, 5;0) = Cx(«, B), the class studied by Selvaraj and
Logu [12].
(ii) Q1(A,B;C,D;0) = C.(A, B;C, D), the class introduced and studied
by Singh and Singh [16].
(iii) Qi (A, B;1-28,-1;0) = C;(A, B), the class introduced by Noor [10].
In this paper, we study some geometric properties of the classes Q, (A, B;
C,D;n) and Q, (A, B;C,D;n). We investigate the coefficient estimates, distor-
tion theorems, growth theorems and radius of quasi convexity for the functions
in these classes. For particular values of the parameters A, B,C, D, « and 7, the
results already proved by various authors will follow as special cases.

2. Preliminary results.

Lemma 1 ([2]). If

+[D+ (€= D)1 —n)w(z)
1+ Dw(z)

[ee]
=1+ ppz" € P[C,D;n),
k=1

P(z) = -

then
Ipn| < (C —D)(1 —n),n>1.

Lemma 2 ([3]). Ifg(z) € S*(A, B), then for A—(n—1)B > (n—2),n > 3,

H —(j —1B).

T =2

\d\<
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Lemma 3 ([3]). If g(z) € S*(A, B), then for |z| =1 < 1,
(1—B7“) B < lg(2)] <r(1+B’r) B ,B #0;
re " < |g(2)| < re", B = 0.
Lemma 4 ([17]). Ifh(z) € K(A, B), then for A—(n—1)B > (n—2),n > 3,
1 n
|bn| < nl 1;[2 (j—-1)B

Lemma 5 ([17]). If h(z) € K(A,

-

then for |z| =r <1,

S~

B),
n#] <he)l < 5 [0+ BrE -1],B 20

—Ar 1 r _
[1—e ] S\h(z)|§z[e’4 —1],B=0.
1+ [D + (C - D)(1 — n)w(z)

e
—

Lemma 6 ([1, 2]). If P(z) =

1+ Dw(z) ’
—1<D<C<1,w(z) €U, then for |z] =r < 1, we have

C—-D)(1—n)r .

_(1—[D+((C—D))((1—7?))]r)(1—Dr)’ if Ri < R,
/
R 2) > { 5 V/(I=D)(1=[D+(C=D) 1= (+[D+(C=D)1=n)]r*) (1+Dr?)
P(z) C—D)(I-n (A7)

1—[D+(C—D)(1—n)]Dr? C+D C—-D .

-~ St i B2 Ry,

_ A =[D+(C-=D)1=n)])(1+[D+(C—D)(1—n)r?
where R; = (= D)1+ Dr?) and

1-[D+(C-D)(A—n)r

Ry =
2 1— Dr

3. Properties of the class Q,(A, B; C, D;n).

Theorem 1. Let f(z) € Q.(A,B;C,D;n), then for A— (n—1)B >
(n—2),n>2,

1 1 T
anl < = )n+an2]{(n1H - 1B)

]:

n—1 k
+ (C - D)(l _77) |:1 + —~ (k‘ _1 1)! jZQ(A_ (] - 1)3):| } :

(2)
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The bounds are sharp.

Proof. In Definition 1, using Principle of subordination, we have

/ / Y 1+[D+(C_D)(1_77)]w(z)
g -l +arEy =) ( ).

1+ Dw(z)
w(z) eU.

On expanding (3), it yields

(1 —a)[l +2a22 +3az2® + --- +napz" ' +---]
+all 4 4az 4+ 9az2® + - + n2a, 2" 4 -]

= (14 2byz 4+ 3b32% 4+ - +nb 2" L4 0)
X(L4p1z+poz® + -+ pp12™ ).

(4)

Equating the coefficients of 2"~ in (4), we have
(5) [(1—a)n+an?a, = nb,+ (n—1)piby_14 (n—2)pobp_2... + 2pp_2bo +pp_1.
Applying triangle inequality and using Lemma 1 in (5), it gives

(6) [(1 = c)n+an?lay|
< nfbp| +(C = D)1 —=n) [(n = 1)|bp—1] + (n = 2)[bp—2| + - - - + 2[b2| + 1].

Using Lemma 4 in (6), the result (2) is obvious.
For n = 2, equality sign in (2) hold for the functions f,(z) defined as

(1= a)fn(2) + a(zfi(2))

) — (14 B 5" <1+[D+(C—D)(1—n)]52z”>7

1+D(522’n
B#0,|01] =1,|6| = 1.

O
Remark 1.
(i) For A=1,B=-1,C=1,D = —1,n =0, Theorem 1 gives the result
due to Noor [9].
(iil) For A=1-28,B=-1,C=1-2v,D = —1,n = 0, Theorem 1
agrees with the result due to Noor [9].
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(iii) On putting A =1, B = —1,7 = 0 in Theorem 1, we can obtain the
result proved by Selvaraj and Thirupathi [15].

(iv) For a = 1,7 = 0, Theorem 1 gives the result proved by Singh and
Singh [16].

(v) On putting « = 1,A =1,B = —-1,C = 2a—1)3,D = B,n = 0,
Theorem 1 agrees with the result due to Selvaraj and Stelin [13].

(vi) Fora =1,A=1,B = —1,n = 0, Theorem 1 gives the result proved
by Xiong and Liu [18].

Theorem 2. If f(z) € Qu(A, B;C, D;n), then for |z| =r,0 <r <1, we
have

fora=0,B #0,

® [ (S o

<|f(2)] S/O’“<1+[D+(C—D)(1—n)]t> 1+ B at

1+ Dt
fora=0,B=0,

"1 (14 [D+(C—D)(1—n)t
<‘f(z)‘</OZ< 1+ Dt

and for0 < a<1,B #0,

(10) l/o’" [1/08(1_[D+(C_D)(1_”)]t> (l—Bt)%dt} ds < |f(2)|

) (Aedt — 1)dt,

« s 1 - Dt

L (R

for0<a<1,B=0,

(11) i/o E /O (1 — [DHlC__DIZ)(l _”)]t) (1+AeAt)dt} ds < [f(2)]

. Aia O’" E /0 <1 +[D + (1C+—D1;)(1 - n)]t> (At — 1)64 ds.

Estimates are sharp.
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Proof. From (3), we have

(12) |- 0 () + alef ()] = W(a)| | —HE T el

= [N (2)|P(2)],w(z) €U.

Aouf [2], proved that

Let F'(z) = (1 —a)f'(2) + a(zf'(2))".
As h(z) € K(A, B), so from Lemma 5, we have
)7, if B #0;

" {(1 ~Br)'5 < |W(2)] <

(1+2B
S+ A S W) s 5

[Ae?" —1], if B=0.

Using (13) and (14) in (12), it yields

(1 D+ (10__1)1:)(1 —n)]?“) (1 - Br)*F < |F'(2)]

(15) <<1+UL+$:;?G_UW>(1+BMﬁf’ e
(1 D+ (10_—D1:)(1 - 77)]?“) % [1+ Ae=4r]
< |F'(2)] < <1 Lt (1C+_Dl¢)~)(1 - nﬂr) % (et =] im0

On integrating, (15) yields
/T<1—[D—|—(C—D)(1—?7)]t>(1_Bt) dt<|F( )|
0

1— Dt
" 14 [D+(C—D)1- t> .
" </0< T (1+ Bt)“F dt, #£0;
(1—[D+C D)( t)l 4 A dt < |F ()
1— Dt

<0/ <1+[D+ (C — D)( "7)]1531
0

dt, if B=0.
1+ Dt

o~ |

\
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This implies

/Or <1 — D+ (10__1)1;)(1 - n)]t) (1— Bt)* 52 dt

<A =) f(2) + azf'(2)|
" (14 [D+(C—D)1—n)]t
<[

(1+Bt) 5 dt, if B#0;

/r (1 —[D+ (1011:15))51 - ?7)]75>
i .

< (1= a)f(2) +azf'(2)|
" (14 [D+(C—-D)1-n)t\ 1 . e
</O < T Dt )Z[AeA—l]dt, if B=0.

For oo = 0, the resluts (8) and (9) are obvious from (17).
Also for 0 < @ < 1 and on integrating (17), the results (10) and (11) are obvious.
Sharpness follows for the function f,(z) defined in (7). O

Remark 2.

(i) On putting A = 1, B = —1,n7 = 0 in Theorem 2, we can obtain the
result proved by Selvaraj and Thirupathi [15].

(ii) For « = 1,7 = 0, Theorem 2 gives the result proved by Singh and
Singh [16].

(iii) On putting a = 1,A = 1,B = —-1,C = 2a — 1)3,D = ,n = 0,
Theorem 2 agrees with the result due to Selvaraj and Stelin [13].

(iv) Fora =1,A=1,B = —1,n = 0, Theorem 2 gives the result proved
by Xiong and Liu [18].

Theorem 3. Let F'(z2) = (1 —a)f'(2) + a(zf'(2))", where
f(2) € Qu(A, B;C, D;n), then

(17)
[1+ Ae~ ] at

= N—

(1—Ar (C—D)(1—n)r .
1-Br (1—[D+(C—D)(1—r?)}r)(1—Dr)’ if Bi < Ry,

1-Ar 4 (C+D)—n(C-D)
(ZF/(Z))/ N 1-Br (C-D)(1—-n)

F(2) + 9/ =D A DHO-D) A=) (D D) A=)} (1 Dr?)
(C=D)(1=7)(1=77)

1—-[D+(C=D)(1—n)]Dr?) _
\_2( ([C—D)(l—n)(ljr]Q) ) if R1 > Ra,



54 G. Singh, G. Singh

where R1 and Ro are defined in Lemma 6.

Proof. As f(z) € Qua(4, B;C, D;n), we have

(1= 0 e) + aef (1) = (o) (TS i),

Here F'(2) = (1 — a)f'(2) + a(zf'(2))’. So on differentiating it logarithmically,
we get
('(2)" _ (=) | 2P'(2)

F'(2) h'(z) P(z) -

(19)

Now for h € K(A, B), we have

(zh'(2)) 1—Ar
(20) Re( 1 (2) > “ 1B

So using Lemma 6 and inequality (20) in equation (19), the result (18) is obvious.
Sharpness follows if we take the function f,(z) to be same as in (7). O

Remark 3.

(i) For « = 1,7 = 0, Theorem 3 gives the result proved by Singh and
Singh [16].

(ii)) On putting « = 1,A = 1,B = —1,C = 2a—1)8,D = B,n = 0,
Theorem 3 agrees with the result due to Selvaraj and Stelin [13].

(iii) For « = 1,A =1,B = —1,7 = 0, Theorem 3 gives the result proved
by Xiong and Liu [18].

4. Properties of the class Q" (A, B;C, D; 7).

Theorem 4. Let f(z) € QL(A,B;C,D;n), then for A— (n —1)B >
(n—2),n>2,

1 n
lanl < [(1—a)n + an?] (n -1 31;[2 U=1EB)
(21) n—1 k
+(C-=D)(1—n) - (j-1)B)
k:2 ]:2

The results are sharp.
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Proof. From Definition 2, using Principle of subordination, we have

(22) (1-a)f'(2) +a(zf'(2))

_ iy (LEID+(C = D) = nuw(z)
=9() ( 1+ Dw(z)

) ,w(z) € U.
On expanding (22), it yields

Ly .. ]
-1

(1 —a)[l +2a9z + 3a32® + - -+ + na,z"" :
_|_]

+all + dasz + 9azz? + -+ + nla, 2"
= (14 2dyz +3d32% + - +ndpz" 14 --)
X(L4p1z+poz® + -+ pp12™ ).

(23)

Equating the coefficients of 2" ! in (23), we have

(24) [(1 —a)n+an2]an =ndp,+(n—1)p1dp—1+(n—2)pady—2...4+2pn—2do +pn—_1.
Applying triangle inequality and Lemma 1 in (24), it gives

(25) [(1 = a)n + an?]|ay,]|

< nldp| + (C = D)1 —n) [(n = 1)|dp-1] + (n = 2)|dp—2| + -+ - + 2|d2| + 1] .

Using Lemma 2 in (25), the result (21) is obvious.
For n = 2, equality sign in (21) hold for the functions f,(z) defined as

(1 = o) fn(2) + alzfi(2))

- A612"\ (14 [D+ (C — D)(1 —n)]d22"
(26) _ (A-B) 1+ 1
(1 + B(Slz) K 1+ Bz 1+ Dégzn ’

B#Ov‘dl‘ = 17‘52‘ =1.

O
Remark 4.
(i) Fora=XA=1,B=-1,C = 2a—1)38,D = 3,7 = 0, Theorem 4
agrees with the result due to Selvaraj and Logu [12].
(ii) On putting o = 1,7 = 0, Theorem 4 gives the result proved by Singh
and Singh [16].
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Theorem 5. If f(z) € Q. (A, B;C, D;n), then for |z| =r,0 <r <1, we
have

fora=0,B#0,
(27) /0 (1 — D+ (10_—DZZ)(1 - ’7)“> (1— AD(1 — B F2dt

<ist [ (LHEEC DUy 4y sy

fora=0,B=0,

o8) /0% (1— [D+<1c_—th)><1—n>]t> AL A

<|f) < /0 % (1 s (1C+_Dlz)(1 — ")]t> eAt(1 + At)dt,

and for 0 < a<1,B #0,

(29)
2 L ) amana - en'itaf e <1510
= é /0 E /0 (1 H (1C+_DIZ)(1 - Tmt) L+ A+ Bt)AgBdt] o

for0<a<1,B=0,

(30) Aia/o F/OS(1_[D—HC_D)(l_n)]t)e‘At(l—At)dt] ds < |£(2)|

S 1-Dt

< i /0 E /O (1 +1D+ (1C+_DIZ)(1 _ ”)]t> (1 +At)dt} ds.

Estimates are sharp.

Proof. From (22), we have

(31) 11— a)f'(2) +al=f'(2)] = lg'(2) \ — (1C+_D?<S>_ e

=1g'(2)||P(2)|,w(z) € U.
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From (13), we have

Let F'(z) = (1 — a)f'(2) + a(zf'(2)).

) =
As h(z) € S*(A, B), so from Lemma 3, we have

(1—Ar)(1—Br)" 5 <|gd(z)| <A+ Ar)(1+Br) 5, if B#£0;
(33) —Ar Ar . .
[1—Ar] <g'(2)] <e™[1+ Arl, if B=0.

Using (32) and (33) in (31), it yields

( D+ ( 10_ Dl; 1—n)]r> (1 - 41— B2 < (o)

" < <1+[D+(1C+D€)( n)lr )(1+Ar)(1+Br)A_—;B, it B #£0;
( D= D=l >6—AT[1 — ar]
<1 ()\<<1+[D+(1C+DZ:)( mir >eA’“[1+Ar], it B =0,

On integrating, (34) gives

r/r <1 — [D—I— (C—-D)(1 —n)]t) (1— AB(1 - Bt)AjBQB )]
0

1—-Dt

1+ Dt
(35) 1—[D+(C—-D)1-n)t
— —At <
/0 < T — At]dt < |F(2)|

14+ Dt

o7

S/r<1+[D+(C_D)(1_n)]t>(1+At)(1+Bt) = dt if B # 0;
0

</0 <1+[D+(C D)( n)]t) 1t Andr B0
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Therefore, we have

<11 —a)f(2) + azf'(2)]

</T <1+[D+(C—D)(1—77)]t> (14 A)(1 + BH T2 dt, it B #0;
0

(36) = 1+ Dt
" (1—[D+(C—D)1-nt\ _
/()( 5T )eAt[l—At]dt
<1 = a)f(2) +azf'(2)|
"1+ D+ (C-D)A—n))t\ o
</0 ( L+ D >6A[1+At]dt, if B=0.

For oo = 0, the resluts (27) and (28) are obvious from (36).
Also for 0 < a < 1 and on integrating (36), the results (29) and (30) are obvious.
Sharpness follows for the function f,,(z) defined in (26). O

Remark 5.

(i) On putting A =1, B = —1,7 = 0 in Theorem 5, we obtain the result
proved by Selvaraj and Thirupathi [15].

(ii) For « = 1,7 = 0, Theorem 5 gives the result proved by Singh and
Singh [16].

(iii) On putting o = 1,A = 1,B = —-1,C = 2a — 1)3,D = ,n = 0,
Theorem 5 agrees with the result due to Selvaraj and Stelin [13].

(iv) Fora =1,A=1,B = —1, = 0, Theorem 5 gives the result proved
by Xiong and Liu [18].

Theorem 6. Let F'(z) = (1 —a)f'(2) + a(zf'(2)), where
f(z) € QL(A, B;C, D;n), then

( 1—Ar A—B)r C—-D)(1—n)r .
j=gr o - (1—[D+((C—D))((1—77))]r)(1—Dr)’ if R < Ry,
1-Ar _ (A-B)r + (C+D)—n(C-D)
( ) (ZF/(Z))/ 1-Br 1—B2r2 (C-D)(1—n)
37) Re >
F'(z) + 9/ A=D) A= [D+HC=D) =) I+[D+(C=D)(A=n)]*)(1+Dr?)

(C=D)(1-n)(1-r?)

1-[D+(C—D)(1—n)]Dr?) ,
i ro e if Ry > Ry,
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where R1 and Ro are defined in Lemma 6.

Proof. As f(z) € Q,(A4, B;C,D;n), we have

1+ [D + (C — D)(1 —n)]w(z)
1+ Dw(z)

(1= ) () + alef (1) =) ( ) =d@re)
Here F'(z) = (1 — a)f'(2) + a(zf'(2))'. So on differentiating it logarithmically,
we get

(2F"(2)) _ (24'(2)) | 2P'(2)

(38) o) g PG

Now for g € S*(A, B), we have
(39) Re <<gg(<)>>) y 1zAr (A= B

~1-Br 1-—B?%?
So using Lemma 6 and inequality (39) in equation (38), the result (37) is obvious.
Sharpness follows for the function f,,(z) to be same as in (26). O
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