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Dynamics of Stochastic SIRS Model

R. Rajaji

Abstract This article presents a SIRS epidemic model with stochastic effect. For
the stochastic version, we prove the existence and uniqueness of the solution of this
stochastic SIRS model. In addition, sufficient conditions for the stochastic stability
of equilibrium solutions are provided. Finally, numerical visualization is presented
to justify our results.

1 Introduction

Mathematical modeling is an important tool used in analyzing the spread of
infectious diseases. One of the vital models in epidemiological patterns and
disease control is SIR model. Kermack and McKendrick [5] initially suggested and
analyzed the deterministic SIR model. After that, many authors have examined the
deterministic SIRS model [2, 9].

The deterministic SIRS model can be written as

dα

dt
= l − bαβ − mα + cγ,

dβ

dt
= bαβ − (k + m + a)β,

dγ

dt
= kβ − (m + c)γ.

(1)

where α(t), β(t), and γ (t) denote the number of susceptible, infective, and recov-
ered individuals at time t, respectively, l is the recruitment rate of the population,
m is the natural death rate, a is the death rate due to disease, b is the infection
coefficient, k is the recovery rate of the infective individuals, and c is the rate at
which recovered individuals lose immunity and return to the susceptible class.
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Estimation of Upper Bounds for Initial
Coefficients and Fekete-Szegö Inequality
for a Subclass of Analytic Bi-univalent
Functions

G. Saravanan and K. Muthunagai

Abstract In this article we have introduced a class R̃Σ(η, q, ς), η ∈ C−{0} of bi-
univalent functions defined by symmetric q-derivative operator. We have estimated
the upper bounds for the initial coefficients and Fekete- Szegö inequality by making
use of Chebyshev polynomials.

Keywords Bi-univalent · Chebyshev polynomials · Symmetric q-derivative
operator

2010 Mathematics Subject Classification 30C45, 30C15, 30C45

1 Introduction

Let A be the class of all normalized functions of the form

f (z) = z +
∞∑

n=2

anz
n (1)

which are analytic in the unit disk U. A holomorphic, injective function on U is said
to be univalent on U. Let S, the subclass of A, be the class of all univalent functions
on U.
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Coefficient bounds for a new subclass of Bi-univalent
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Abstract. In this article, two new sub classes of bi-univalent functions have been introduced. The classes have been defined, using
Symmetric Q-Derivative Operator and the bounds for functions belonging to these classes have been obtained by using Faber
Polynomial Techniques.

INTRODUCTION

The class of all normalized functions of the form

f (z) = z +

∞∑
n=2

anzn (1)

which are analytic in the open unit disk U be denoted by A. Denote by S, the subclass of A, of all univalent functions
in the open unit disk U.

A function f (z) ∈ S is said to be bi-univalent in U, if its inverse has an analytic continuation to |w| < 1. The
class of all bi-univalent functions is denoted by Σ.

The concept of bi-univalent functions was introduced by Lewin [1] who proved that if f (z) is bi-univalent,
then |a2| < 1.51. This result has been improved to |a2| ≤

√
2 by Brannan and Clunie [2]. There is an extensive study

on the estimates of the initial coefficients of bi-univalent functions (see [3, 4, 5, 6, 7, 8, 9, 10]).

Koebe’s one-quarter theorem asserts that the image of the unit disk U under every univalent function f ∈ S
contains a disk of radius 1

4 . Thus every function f ∈ S has an inverse f −1, satisfying f −1( f (z)) = z, (z ∈ U) and
f ( f −1(w)) = w,

(
| w |< r0( f ); r0( f ) ≥ 1

4

)
, where

f −1(w) = w − a2w2 + (2a2
2 − a3)w3 − (5a3

2 − 5a2a3 + a4)w4 + · · · (2)

For 0 ≤ α < 1, let S ∗(α) [11] and C(α) [11] denote the subclasses of S consisting of starlike and convex functions of
order α in U. Analytically these classes are characterized by the inequalities

f ∈ S ∗(α)⇔ Re
(

z f ′(z)
f (z)

)
> α
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Dynamics of Stochastic SIRS Model

R. Rajaji

Abstract This article presents a SIRS epidemic model with stochastic effect. For
the stochastic version, we prove the existence and uniqueness of the solution of this
stochastic SIRS model. In addition, sufficient conditions for the stochastic stability
of equilibrium solutions are provided. Finally, numerical visualization is presented
to justify our results.

1 Introduction

Mathematical modeling is an important tool used in analyzing the spread of
infectious diseases. One of the vital models in epidemiological patterns and
disease control is SIR model. Kermack and McKendrick [5] initially suggested and
analyzed the deterministic SIR model. After that, many authors have examined the
deterministic SIRS model [2, 9].

The deterministic SIRS model can be written as

dα

dt
= l − bαβ − mα + cγ,

dβ

dt
= bαβ − (k + m + a)β,

dγ

dt
= kβ − (m + c)γ.

(1)

where α(t), β(t), and γ (t) denote the number of susceptible, infective, and recov-
ered individuals at time t, respectively, l is the recruitment rate of the population,
m is the natural death rate, a is the death rate due to disease, b is the infection
coefficient, k is the recovery rate of the infective individuals, and c is the rate at
which recovered individuals lose immunity and return to the susceptible class.
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Abstract 

In this article, two new sub classes of bi-univalent functions have been introduced. The 

classes have been defined, using Symmetric Q-Derivative Operator and the bounds for 

functions belonging to these classes have been obtained by using Faber Polynomial 

Techniques. We also have seen our results reducing to the results discussed in various 

other articles and visualized the nature of certain coefficient bounds for classes defined. 
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Estimation of Upper Bounds for Initial
Coefficients and Fekete-Szegö Inequality
for a Subclass of Analytic Bi-univalent
Functions

G. Saravanan and K. Muthunagai

Abstract In this article we have introduced a class R̃Σ(η, q, ς), η ∈ C−{0} of bi-
univalent functions defined by symmetric q-derivative operator. We have estimated
the upper bounds for the initial coefficients and Fekete- Szegö inequality by making
use of Chebyshev polynomials.

Keywords Bi-univalent · Chebyshev polynomials · Symmetric q-derivative
operator
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1 Introduction

Let A be the class of all normalized functions of the form

f (z) = z +
∞∑

n=2

anz
n (1)

which are analytic in the unit disk U. A holomorphic, injective function on U is said
to be univalent on U. Let S, the subclass of A, be the class of all univalent functions
on U.
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Abstract. In this article, two new sub classes of bi-univalent functions have been introduced. The classes have been defined, using
Symmetric Q-Derivative Operator and the bounds for functions belonging to these classes have been obtained by using Faber
Polynomial Techniques.

INTRODUCTION

The class of all normalized functions of the form

f (z) = z +

∞∑
n=2

anzn (1)

which are analytic in the open unit disk U be denoted by A. Denote by S, the subclass of A, of all univalent functions
in the open unit disk U.

A function f (z) ∈ S is said to be bi-univalent in U, if its inverse has an analytic continuation to |w| < 1. The
class of all bi-univalent functions is denoted by Σ.

The concept of bi-univalent functions was introduced by Lewin [1] who proved that if f (z) is bi-univalent,
then |a2| < 1.51. This result has been improved to |a2| ≤

√
2 by Brannan and Clunie [2]. There is an extensive study

on the estimates of the initial coefficients of bi-univalent functions (see [3, 4, 5, 6, 7, 8, 9, 10]).

Koebe’s one-quarter theorem asserts that the image of the unit disk U under every univalent function f ∈ S
contains a disk of radius 1

4 . Thus every function f ∈ S has an inverse f −1, satisfying f −1( f (z)) = z, (z ∈ U) and
f ( f −1(w)) = w,

(
| w |< r0( f ); r0( f ) ≥ 1

4

)
, where

f −1(w) = w − a2w2 + (2a2
2 − a3)w3 − (5a3

2 − 5a2a3 + a4)w4 + · · · (2)

For 0 ≤ α < 1, let S ∗(α) [11] and C(α) [11] denote the subclasses of S consisting of starlike and convex functions of
order α in U. Analytically these classes are characterized by the inequalities

f ∈ S ∗(α)⇔ Re
(

z f ′(z)
f (z)

)
> α
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