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1. Introduction

For better understanding of the main results, here in this part of the paper we give some basic and
important concepts. We start from the very basic definition, which we denote by symbol 2. The class
A consists of all analytic functions in the open disk

D={z:2z€C and |7 <1},
and if f (z) is contained in 2, the relations
f(0)=0 and f'(0)=1

are satisfied. In addition, the family & C U includes all univalent functions. The coefficient conjecture
stated by Biberbach [1] in 1916 contributed to the field’s emergence as a viable area of future research,
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despite the fact that function theory was formed in 1851. De-Branges [2] proved this conjecture
in 1985. Between 1916 and 1985, many of the world’s leading scholars attempted to confirm or
reject the Bieberbach conjecture. As a result, they found a number of subclasses of the S family
of normalised univalent functions that are linked to different image domains. The &* and K, classes of
starlike and convex functions, respectively, are the most fundamental and important subclasses of the
functions class &, which are described as

S = {feG:EReZ;;S)>O (zeb)}
and / )
K =: {fe@:ﬂ%e(zjjj,g))) >0 (zeD)}.

Robertson [3] established the concept of quasi-subordination between holomorphic functions in 1970.
Two functions 77 (z),%1(z) € U are related to the relationship of quasi-subordination, indicated
mathematically by 7, (z) <, %> (2), if there exist functions ¢ (z),u(z) € U so that z,;(g) is regular
in © with

p@I<1, w0 =0 and |u(2) = ll,

obeying the relationship
F1@=0@F @) (D). (1.1)

Furthermore, by selecting
u(z)=z and ¢()=1,

we gain one of the most useful geometric function theory ideas known as subordination between regular
functions. In fact, if 7, (z) € S, then, for 7, (z) , > (z) € U, the subordination relationship has

F1(2) <F2(2) = [F1(D) cF2 (D) with F1(0) = %> (0)].

By taking u(z) = z, the above definition of quasi-subordination becomes the majorization between
holomorphic functions and is written mathematically by

F1(2) < F2(2) (F1(@,F2()eN).
That is
F1(@) < F2(2),

if the function ¢ (z) € A having the condition |¢ (z)| < 1 such that
¢ (2)F2(2) = F1(2) (ze®). (1.2)

MacGregor [4] developed this concept in 1967. Several papers have been written in which this concept
has been utilized. The work of Srivastava and Altintas [5], Goyal and Goswami [6, 7], Cho et al. [8],
Li et al. [9], Aouf and Prajapat [10], Goswami and Aouf [11], El-Ashwah and Panigraht [12] and Tang
et al. [13,14] are worth noting on this subject. For some recent study on this topic, we refer the readers
to see [15-19].
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Ma and Minda [20] examined the general form of the family S* in 1992, and it was given by

zf’ (2)
f@

where A (z) is analytic function having the condition A’ (0) > 0 and in D its real part is greater than 0.
In addition, with regard to A (0) = 1, the function A (z) maps D onto a star-like shaped area. Ma
and Minda [20] investigated on growth, distortion, and covering theorems, along with other aspects.
Various sub-families of the normalized holomorphic class 2 have been explored as a particular example
of class & (A) in recent years. Some of them are listed below:

S"(A) =: {fee: <A(2), (zeib)}, (1.3)

(i) Choosing A(z) as

1+ Mz
A(7) = -1<N<MX<K1),
) T+ N- (-1<N<M<1)
then we obtain the class given by
1+M
6*[M,N]E(5*( - Z),
I +Nz

where S*[M, N] is the functions class define in [21], see also [22, 23]. Furthermore, the class
S* ({) given by

S (=6 [1-24,-1] O=<¢<,
where S* ({) is the class of starlike function of order .

(i) The following class:
S, =S'(AQ@) (A@ = VT+2),
was studied in [24] by Stankiewicz and Sokdl.

(iii) By taking A(z) = 1 + sinz, the family S*(A(z)) leads to the class &, , which was investigated by
Cho et al. [25]. On the other hand, the function class given by

S = G ()

was studied in [26] (see also [27]).
(iv) The class S} = S* (A(z)) with A(z) = 1+ §§—f§, J = 1+ V2 is studied in [28]. While the following
families:
Seos = &7 (cos(2))
and

S . = & (cosh(z))

cosh -

were considered, respectively, by Abdullah et.al [29] and Bano and Raza [30].

For some more recent and interesting investigations on some subclasses of analytic and bi-univalent
functions, we may refer the readers to see [31-34].
Now, we choose the nonvanishing holomorphic functions /; (z) and &, (z) in © with

hy (0) = hy(0) = 1.
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Then, for the classes which we described in this article, contain such function f (z) € 2 whose ratios

% and ¢ (z) are subordinated to &, (z) and 4, () , respectively, for certain holomorphic function ¢ (z)

with ¢ (0) =1 as

Z
L9 ) and q@) < @)
zq (2)
Instead of 4 (z) and h; (z) , we will now select certain specific functions. These choices are
hy (z) = cosz,
or
h () = Vl+z,
or
h (2) = €,
or
4 2
h@)=1+-z+27
1(2) 33+ 3%
and

h, (z) =1 + tanhz.

We now investigate the following new subfamilies by using the above-mentioned concepts:

ﬁos:{feal: G <cosz& q(2) < (2), zetg}, (1.4)
7q (2)
TeL:{fe‘H:%< \/1+z&q(z)<h2(z),zeb}, (1.5)
ﬂxf{feﬂt&<ez&q(z)<hz(z),zeb}, (1.6)
7q (2)
Tmr:{fe‘ll: f@ <1+iz+%zz&q(z)<h2(z), zeb}. (1.7)
729 (2) 3 3

We will examine majorization problems for each of the above-mentined families in this article:

7:005’ 7:‘5.[:, /(-:e:xp and 7:car-
2. Main results

To proved majorization results for the families Feos, For, Fexp and Feqr, we need the following
lemmas.

Lemma 2.1. Let q(z) < 1 +tanhz and |z| < r. Then, q (z) satisfies the following conditions:
1 —tanhrsec’ r < |g(z)| < 1 + tanh rsec® r 2.1)

and
2

2q'(z) rsecr
'q(z) S0P -tann 2.2)
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Proof. 1f g(z) < 1 + tanh z, then
q(z) = 1 + tanh u(z),

for certain Schwartz function u(z). After a very simple computations, we now get

2q'(2) _ zu'(2) sec hu(z)

= . 2.3
q(2) 1 + tanh u(z) 2.3)
Let u(z) = R(e™), with |z = r < R, —r < 6 < &. Upon certain simple computation, we get
. tanh? (R *(Ry) — tan® (R h* (R
R(sec 12 (Re,e))) - ail (Rx) sec” (Ry) anz( y) sec i” (Rx) ’
tanh” (Rx) tan* (Ry) + 2 tanh” (Rx) tan? (Ry) + 1
(R:=u@; r:=z),
where
y=sinf, x =cosf, y,x € [-1,1].
Now, we can write
1 < sec’ (Ry) < sec’R < sec’r.
So, we have
R (sec hzu(z)) > sec h’R > sec h*r. 2.4)
Let us suppose
|tanh (Re™) |2 _ tanh?(R cos 7) sec*(R sin 7) + tan?(R sin ¢) sec h*(R cos 1) _ (). 2.5)

1 + tan2(R sin 7) tanh?*(R cos )

A simple computation give us that 0, £7 and +7 are the zeros of ¥'(6) in [-x, 7]. We observe that
‘P(g) — tan®(R) and W(0) = ¥(x) = tanh(R).

Furthermore, we see that

max{¥(0), lI’(g),‘l’(ﬂ)} = tan’(R). (2.6)
Hence,
tanh R (¢)| < tan(R) < tan . 2.7)
Similarly, we demonstrate that
sec h*r < |sec hzu(z)| < sec’r. (2.8)

Now, from well-known inequality for schwarz function u(z), we attain

_ 2 w2
L-w@P _1-R _ 1

u'(2)] < = < i
e P R g

(2.9)

Now using (2.7)—(2.9) in (2.3), we get (2.2). O
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Lemma 2.2. Suppose that q(z) < 1 + sinz (|z] < r). Then q satisfies the following conditions:

1 —coshrsinr < |g(z)] < 1+ coshrsinr (2.10)
and ) 0
W@ reoshr @.11)
q(2) (1 =r2)(1 —sinhr)
Proof. For proof see [35]. |

Theorem 2.1. Let f (z) € A, g € Fros and also assume that f (z) < g (z) in D. Then, for|z| < ry,
I @I <18’ @I,
where ry is the smallest positive root of the equation
((1 - - 2r) cos ¥ — rsinh r) (1 —tanr) — rcosrsec’r = 0. (2.12)
Proof. If g € ¥, then by the subordination relationship, we get

g(2)
7q (2)

= cos u(z).

Now, by some simple computations, we obtain

8@ _ g @ w/(@)sinu(z)

= 2.13
g(2) q(2) cos u(z) 13

Now by using (2.7)—(2.9) and (2.11) along with Lemma 2.1, we have

'g(z) 3 |2
g (@) |1 4 WQ _ w@sinue)
q(z

) cos u(z)

|z]

zu’ (z) sin u(z)
cos u(z)

r(l — rz)cos r(1 —tanr)

29’ (z)
q(2)

<
1=

(2.14)

(1-r2)(1 —tanr)cosr —rcosrsecr—rsinhr(l —tanr)’

From (1.2), we can write

f@=¢gQ@. (2.15)
Differentiating (2.15) on both sides, we obtain

f@Q=9¢@g@+¢@s

) (¢ @)+ ¢ (2) 80 )g' (). (2.16)
g ()

Also, the Schwarz function ¢ (z) satisfies the following inequality:

L-l¢ @F _1-1¢' @

-]z 1-r

9" (2)] < (z€D). (2.17)
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Now applying (2.14) and (2.17) in (2.16), we attain

r(l — |’ (z)lz) cosr(l —tanr)

(1 -=r2)cosr(1 —tanr) —rcosrsec2r—rsinhr(l —tanr) |

I @I <1g" @I+

which by putting
1" @Dl=n O0O<p<1 (2.18)

becomes the inequality

I @I<Ei (g (I,

where
r(1-1¢’ (2)F)cosr(1 - tanr)

((1 =r?)cosr—rsinhr) (1 —tanr) — rsec2rcosr’

B (np) =6 () +
To determine ry, it is sufficient to choose

ri=max(rel0,1):E,(r,n) <1,¥ne0,1]),
or, equivalently,

rp=max(re€[0,1): ®(r,n) >0,Vn € [0,1]),

where

@, (r,n) = ((1 P -r(1+ n))cosr— rsinhr)(l —tanr) — rcosrsec’r.

Obviously, if we choose n = 1, then we can see that the function @, (r,77) gets its minimum value,
namely,

min (@ (r,7),n € [0,1]) = @ (r,1) = O, (1),

where

O, (r)= ((1 - - 2r) cosr — rsinhr)(l —tanr) — rcos rsec’ r.

Next, we have the following inequalities:
®,(0)=1>0and P, (1) = -0.5934 <0,

There is indeed a r| so that @, (r) > O for every r € [0, r;], where r, is the smallest positive root of
Eq (2.12). Thus, we have completed the proof of our result. O

Theorem 2.2. Let f(z) € A, g € F=r and also assume that f (z) is majorized by g (z) in D. Then, for
|zl < 1o,

" @I <lg’ @I,

where r; is the smallest positive root of the equation
(1-2r = 5r) (1 - tanr) — 2rsec’ r = 0. (2.19)
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Proof. If g € F=,. Then, a holomorphic function u (z) in D occurs with #(0) = 0 and |« (z)| < |z| so

that @
g\Z

= /1 .

Zq@y - ViTu@

After some simple computations, we now have

728’ (1) L+ zq' (2) N zu’ (2)

= . (2.20)
g(2) q(@ 20 +u@)
Utilizing (2.9) , we get
|zl e’ (2)] < |z (1 + |u (2)]) < l(+1) _ I T
200-w@D = 2(1-1f) " 2(1-k?) 20—k 20 -r)
By virtue of (2.9) and Lemma 2.1, we get
8@ | _ Izl
g (2) 1 - Q| _ | 2@
q(2) 2(1+u(z))
2r(1-72)(1 - tanr)
(2.21)

< )
T 2(1-r)(1 —tanr) —2rsec’r—r(l —tanr) (1 + r)

Now, by using (2.21) and (2.17) in (2.16) , we get

2r(1-1¢’ @)F) (1 - tanr)
(1-r2)(1 —tanr) —2rsec’r—r(1+r)(1 —tanr)|

If @I <1g’ @I () + 5

The required results are obtained by the same computations as in Theorem 2.1, along with the use
of (2.18). O

Theorem 2.3. Let [ (2) € U, g (2) € Fexp and also assume that f (z) < g(2) in D. Then, for |z| < r3,

I @I <18’ @I,
where r3 is the smallest positive root of the equation
(1-r=3r)e")(1 —tanr) - re"sec’ r = 0. (2.22)
Proof. 1f g € Fexp. Then, by subordination relationship, we have

£§@) o
—— ="
zq(2)
Now, after some easy computations, we obtain
728 (@) L+ q (z) i (z)e"?
g () q(2) et

(2.23)
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Now by using (2.7)—(2.9) in conjunction with Lemma 2.1, we have

'g(z) _ |2
g @l |1+ 2@ 4 argen)
q(2) et
B |z]
29’ (@) ! (e

1 -

et(2)
re” (1 - rz) (1 —tanr)

T e (1-r2)(1—tanr) —re’sec2r—re’ (1 —tanr)

q(z)

(2.24)

Now, by using (2.24) and (2.17) in (2.16) , we get

re’ (1 — ¢’ (z)lz) (1 —tanr)

"(1-=r)(1 —tanr) —re"sec2r —re" (1 —tanr) |

If @I <18’ @)

p(2)+
e

The required results is obtained by the same computations as in Theorem 2.1, along with the use
of (2.18). ]

Theorem 2.4. Let f (z) € A, g(2) € Fewr and also assume that f (z) < g (z) in D. Then, for|z] < ry,
If @I <lg" @I,
where r4 is the smallest positive root of the equation
((3(1=7)=6r)¥=4r(1 +r)(1 - tanr) - ¥3rsec’ r = 0 (2.25)
with P
Y=(1+=r+=r|.

3 3

Proof. If g € F.,-. Then by subordination relationship, we have

g ()
7q (2)

_ 1.2 2 2
=1+ 3u(z)+ 3(u(z)) .

After some simple computations, we now have

W@ @ 3 @I+uE) 026
g () 9@ 1+ fu@+ @)’ '
Now, by using (2.7)—(2.9), we have
§@| _ Iz
g (@ W@ | 3u@U+uE)
'1 + q(2) li%u(z)+%(u(z))2
3r(1-r2)(1 - tanr) ¥
(2.27)

<
“3(1-r)(1-tanr)¥Y —P3rsectr—4r(1+r)(1 —tanr)’
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where

4 2
‘I’:(1+§r+§r2).

Now, by using (2.27) and (2.17) in (2.16) , we get

3r(1-1¢' @F)(1 - tanr) ¥

@l <lg" @ 1-72)(I—tanr) ¥ — ¥3rsec?r —4r(1—tanr) (1 +7) |’

¢(z)+3(

We obtain the results directly utilizing the same calculation which are presented in the proof of our
Theorem 2.1 in conjunctions with (2.18). O

3. Conclusions

We investigated on majorization problems for a certain subfamilies of regular functions that are
connected to distinct shapes domains. Other subfamilies of these problems can be investigated, such
as the families of meromorphic functions and the families of harmonic functions. One may attempt the
suggested results for different subclasses of g-starlike functions.

Acknowledgement

The first author (Huo Tang) was partly supported by the Natural Science Foundation of China
under Grant 11561001, the Program for Young Talents of Science and Technology in Universities
of Inner Mongolia Autonomous Region under Grant NJYT18-A14, the Natural Science Foundation
of Inner Mongolia of China under Grants 2022MS01004 and 2020MS01011, and the Higher School
Foundation of Inner Mongolia of China under Grant NJZY20200, the Program for Key Laboratory
Construction of Chifeng University (No. CFXYZD202004), the Research and Innovation Team of
Complex Analysis and Nonlinear Dynamic Systems of Chifeng University (No. cfxykycxtd202005)
and the Youth Science Foundation of Chifeng University (No. cfxyqn202133).

Conflict of interest

The authors declare that they have no conflicts of interest.

References

1. L. Bieberbach, Uber dié Koeffizienten derjenigen Potenzreihen, welche eine schlichte Abbildung
des Einheitskreises vermitteln, Sitzungsber. Preussische Akad. Wiss., 138 (1916), 940-955.

2. L. De Branges, A proof of the Bieberbach conjecture, Acta Math., 154 (1985), 137-152.

3. M. S. Roberston, Quasi-subordination and coefficient conjectures, Bull. Amer. Math. Soc., 76
(1970), 1-9.

4. T. H. MacGregor, Majorization by univalent functions, Duke Math. J., 34 (1967), 95-102.
https://doi.org/10.1215/S0012-7094-67-03411-4

5. O. Altintas, H. M. Srivastava, Some majorization problems associated with p-valently starlike and
convex functions of complex order, East Asian Math. J., 17 (2001), 175-183.

AIMS Mathematics Volume 7, Issue 11, 19727-19738.


http://dx.doi.org/https://doi.org/10.1215/S0012-7094-67-03411-4

19737

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

S. P. Goyal, P. Goswami, Majorization for certain classes of analytic functions
defined by fractional derivatives, Appl. Math. Lett., 22 (2009), 1855-1858.
https://doi.org/10.1016/j.am1.2009.07.009
S. P. Goyal, P. Goswami, Majorization for certain classes of meromorphic functions defined
by integral operator, Ann. Univ. Mariae Curie-Sktodowska Sect. A, 66 (2012), 57-62.
https://doi.org/10.2478/v10062-012-0013-1

. N. E. Cho, Z. Oroujy, E. A. Adegani, A. Ebadian, Majorization and coefficient

problems for a general class of starlike functions, Symmetry, 12 (2020), 1-10.
https://doi.org/10.3390/sym12030476

S. H. Li, H. Tang, E. Ao, Majorization properties for certain new classes of analytic functions
using the Sdldgean operator, J. Inequal. Appl., 2013 (2013), 1-8. https://doi.org/10.1186/1029-
242X-2013-86

J. K. Prajapat, M. K. Aouf, Majorization problem for certain class of p-valently analytic functions
defined by generalized fractional differintegral operator, Comput. Math. Appl., 63 (2012), 42-47.
https://doi.org/10.1016/j.camwa.2011.10.065

P. Goswami, M. K. Aouf, Majorization properties for certain classes of analytic
functions using the Sdldgean operator, Appl. Math. Lett., 23 (2010), 1351-1354.
https://doi.org/10.1016/j.am1.2010.06.030

T. Panigraht, R. El-Ashwah, Majorization for subclasses of multivalent meromorphic
functions defined through iterations and combinations of the Liu-Srivastava operator and a
meromorphic analogue of the Cho-Kwon-Srivastava operator, Filomat, 31 (2017), 6357-6365.
https://doi.org/10.2298/FIL1720357P

H. Tang, M. K. Aouf, G. T. Deng, Majorization problems for certain subclasses of meromorphic
multivalent functions associated with the Liu-Srivastava operator, Filomat, 29 (2015), 763-772.
https://doi.org/10.2298/FIL1504763T

H. Tang, H. M. Srivastava, S. H. Li, G. T. Deng, Majorization results for subclasses of starlike
functions based on the sine and cosine functions, Bull. Iran. Math. Soc., 46 (2020), 381-388.
https://doi.org/10.1007/s41980-019-00262-y

H. Tang, S. H. Li, G. T. Deng, Majorization properties for a new subclass of 6-spiral functions of
order vy, Math. Slovaca, 64 (2014), 39-50. https://doi.org/10.2478/s12175-013-0185-3

H. Tang, G. T. Deng, Majorization problems for certain classes of multivalent analytic functions
related with the Srivastava-Khairnar-More operator and exponential function, Filomat, 32 (2018),
5319-5328. https://doi.org/10.2298/FIL1815319T

H. Tang, G. T. Deng, S. H. Li, Majorization properties for certain classes of analytic functions
involving a generalized differential operator, J. Math. Res. Appl., 33 (2013), 578-586.

H. Tang, G. T. Deng, Majorization problems for two subclasses of analytic functions connected
with the Liu-Owa integral operator and exponential function, J. Inequal. Appl., 2018 (2018), 1-11.
https://doi.org/10.1186/s13660-018-1865-x

H. Tang, G. T. Deng, Majorization problems for some subclasses of starlike functions, J. Math.
Res. Appl., 39 (2019), 153-159.

W. C. Ma, D. Minda, A unified treatment of some special classes of univalent functions, In:
Proceedings of the Conference on Complex Analysis, 1992, 157-169.

AIMS Mathematics Volume 7, Issue 11, 19727-19738.


http://dx.doi.org/https://doi.org/10.1016/j.aml.2009.07.009
http://dx.doi.org/https://doi.org/10.2478/v10062-012-0013-1
http://dx.doi.org/https://doi.org/10.3390/sym12030476
http://dx.doi.org/https://doi.org/10.1186/1029-242X-2013-86
http://dx.doi.org/https://doi.org/10.1186/1029-242X-2013-86
http://dx.doi.org/https://doi.org/10.1016/j.camwa.2011.10.065
http://dx.doi.org/https://doi.org/10.1016/j.aml.2010.06.030
http://dx.doi.org/https://doi.org/10.2298/FIL1720357P
http://dx.doi.org/https://doi.org/10.2298/FIL1504763T
http://dx.doi.org/https://doi.org/10.1007/s41980-019-00262-y
http://dx.doi.org/https://doi.org/10.2478/s12175-013-0185-3
http://dx.doi.org/https://doi.org/10.2298/FIL1815319T
http://dx.doi.org/https://doi.org/10.1186/s13660-018-1865-x

19738

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

W. Janowski, Extremal problems for a family of functions with positive real part and for some
related families, Ann. Pol. Math., 2 (1970), 159-177.

M. Arif, K. Ahmad, J. L. Liu, J. Sokét, A new class of analytic functions associated with Sadldgean
operator, J. Funct. Space., 2019 (2019), 1-8. https://doi.org/10.1155/2019/6157394

K. I. Noor, M. Arif, Mapping properties of an integral operator, Appl. Math. Lett., 25 (2012),
1826—1829. https://doi.org/10.1016/j.am1.2012.02.030

J. Sokél, J. Stankiewicz, Radius of convexity of some subclasses of strongly starlike functions,
Zeszyty Nauk. Politech. Rzeszowskiej Mat., 19 (1996), 101-105.

N. E. Cho, V. Kumar, S. S. Kumar, V. Ravichandran, Radius problems for starlike
functions associated with the sine function, Bull. Iran. Math. Soc., 45 (2019), 213-232.
https://doi.org/10.1007/s41980-018-0127-5

R. Mendiratta, S. Nagpal, V. Ravichandran, On a subclass of strongly starlike functions
associated with exponential function, Bull. Malays. Math. Sci. Soc., 38 (2015), 365-386.
https://doi.org/10.1007/s40840-014-0026-8

L. Shi, H. M. Srivastava, M. Arif, S. Hussain, H. Khan, An investigation of the third Hankel
determinant problem for certain subfamilies of univalent functions involving the exponential
function, Symmetry, 11 (2019), 1-14. https://doi.org/10.3390/sym 11050598

S. Kumar, V. Ravichandran, A subclass of starlike functions associated with a rational function,
Southeast Asian Bull. Math., 40 (2016), 199-212.

A. Alotaibi, M. Arif, M. A. Alghamdi, S. Hussain, Starlikness associated with cosine hyperbolic
function, Mathematics, 8 (2020), 1-16. https://doi.org/10.3390/math8071118

K. Bano, M. Raza, Starlike functions associated with cosine function, Bull. Iran. Math. Soc., 47
(2021), 1513-1532. https://doi.org/10.1007/s41980-020-00456-9

B. Khan, Z. G. Liu, T. G. Shaba, S. Araci, N. Khan, M. G. Khan, Applications of g-derivative
operator to the subclass of bi-univalent functions involving g-Chebyshev polynomials, J. Math.,
2022 (2022), 1-7. https://doi.org/10.1155/2022/8162182

Q. X. Hu, H. M. Srivastava, B. Ahmad, N. Khan, M. G. Khan, W. K. Mashwani, et al., A subclass
of multivalent Janowski type g-starlike functions and its consequences, Symmetry, 13 (2021),
1-14. https://doi.org/10.3390/sym13071275

M. G. Khan, B. Ahmad, N. Khan, W. K. Mashwani, S. Arjika, B. Khan, et al., Applications of
Mittag-Lefller type Poisson distribution to a subclass of analytic functions involving conic-type
regions, J. Funct. Space., 2021 (2021), 1-9. https://doi.org/10.1155/2021/4343163

H. Tang, M. Arif, M. Haq, N. Khan, M. Khan, K. Ahmad, et al., Fourth Hankel
determinant problem based on certain analytic functions, Symmetry, 14 (2022), 1-17.
https://doi.org/10.3390/sym14040663

M. Arif, M. Ul-Haq, O. Barukab, S. A. Khan, S. Abullah, Majorization results
for certain subfamilies of analytic functions, J. Funct. Space., 2021 (2021), 1-6.
https://doi.org/10.1155/2021/5548785

©2022 the Author(s), licensee AIMS Press. This

@ AIMS Press

is an open access article distributed under the
terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0)

AIMS Mathematics Volume 7, Issue 11, 19727-19738.


http://dx.doi.org/https://doi.org/10.1155/2019/6157394
http://dx.doi.org/https://doi.org/10.1016/j.aml.2012.02.030
http://dx.doi.org/https://doi.org/10.1007/s41980-018-0127-5
http://dx.doi.org/https://doi.org/10.1007/s40840-014-0026-8
http://dx.doi.org/https://doi.org/10.3390/sym11050598
http://dx.doi.org/https://doi.org/10.3390/math8071118
http://dx.doi.org/https://doi.org/10.1007/s41980-020-00456-9
http://dx.doi.org/https://doi.org/10.1155/2022/8162182
http://dx.doi.org/https://doi.org/10.3390/sym13071275
http://dx.doi.org/https://doi.org/10.1155/2021/4343163
http://dx.doi.org/https://doi.org/10.3390/sym14040663
http://dx.doi.org/https://doi.org/10.1155/2021/5548785
http://creativecommons.org/licenses/by/4.0

	Introduction
	Main results
	Conclusions

