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Abstract 
 

In this study, homotopy perturbation method was applied for the approximate solution of 
a mathematical model of substance abuse and domestic violence. The system of model 
equations developed was transformed into series of differential equations which enables the 
series to converge which gives the approximate solution required. 

 
Keywords: substance abuse; domestic violence; homotopy pertubation method (hpm) 
 
 

1     Introduction 
 

Domestic Violence the violence occurring in the family or domestic unit, including, inter alia, physical 
and mental aggression, emotional and psychological abuse, rape and sexual abuse, incest, marital rape, 
or rape between regular or occasional partners and cohabitants, crimes committed in the name of 
honor, female genital and sexual mutilation, and other traditional practices harmful to women, such 
as forced marriages [3]. Intimate partner violence is a more specific term defining one of the most 
common forms of violence against women which refers to a pattern of assaultive and coercive 
behavior by an individual against her/his partner that may include physical injury, psychological abuse, 
sexual assault, progressive isolation, stalking, deprivation, intimidation, and reproductive coercion [10]. 
Domestic violence is now considered as a global health issue and a threat for women’s health [5,10]. 
The worldwide prevalence of IPV among all ever partnered women was 30.0% [4]. 5.3 million cases 
of domestic violence among women 18 years of age and older is happening in the U.S., leading to 
about 2 million injuries and 1,400 deaths every year [10]. 
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      Domestic violence is not only against women, but men have also been found to be abused by their 
partners [5]. One of the most common risks found in several cases of domestic violence is that the 
perpetrators were tested positive for drugs and/or were under the influence of alcohol, some studies 
found that there are strong correlations between alcohol addiction, drugs and marijuana during the 
act of violence [7,3,5]. 
 

        Homotopy Perturbation Method (HPM) is a power series expansion method used in the solution 
of nonlinear partial differential equations which transforms the original non-linear differential 
equations into a series of linear differential equation [8,6]. [1] obtained the approximate solution of a 
deterministic mathematical model of zika virus using Homotopy Perturbation Method. [8] applied 
HPM in solving non-linear differential model equations. [6] solved a mathematical model of Ebola 
Virus disease transmission dynamics using HPM, the model is a coupled non-linear differential 
equation.[9] applied HPM to solve a system of non-linear ordinary differential equations used to model 
Rabies disease. The results obtained was compared with Runge-Kutta fourth order and nonstandard 
finite difference method and it shows to be a reliable method of solution. 
 

       Mathematical Model has been formulated to study dynamics of domestic violence [2]. In this 
work, a new mathematical model was formulated in cooperating violent individuals who are substance 
abuser.    
 

2    Model formulation 
 
𝑑𝑆

𝑑𝑡
= Λ − 𝛽𝐴𝑆 − 𝛽1𝑉𝑆 − 𝜇𝑆,      (1) 

𝑑𝐴

𝑑𝑡
= 𝛽𝐴𝑆 + 𝛽2𝐴𝑉 − (𝜙1 + 𝛿1 + 𝜀 + 𝜇)𝐴,   (2) 

𝑑𝑉

𝑑𝑡
= 𝛽1𝑉𝑆 − (𝜅1 + 𝜙2 + 𝜃 + 𝜇)𝑉,    (3) 

𝑑𝑉𝑎

𝑑𝑡
= 𝛽2𝐴𝑉 + 𝜅1𝑉 − (𝜙3 + 𝜃 + 𝜇)𝑉𝑎,   (4) 

𝑑𝑉𝑣

𝑑𝑡
= 𝜏𝑉𝑣 + 𝛼𝑉𝑉𝑣 + 𝛼𝑏𝑉𝑎𝑉𝑣 − (𝜙4 + 𝛿2 + 𝜇)𝑉𝑣,  (5) 

𝑑𝑅

𝑑𝑡
= 𝜙1𝐴 + 𝜙2𝑉 + 𝜙3𝑉𝑎 + 𝜙4𝑉𝑣 − 𝜇𝑅,   (7) 

 
Variables: 
 

𝑆 = Susceptible Individuals  

𝐴 = Substance Abusers  

𝑉 = Violent Individuals 

𝑉𝑎 = Violent Individuals who are substance Abusers  

𝑉𝑣 = Victims of Domestic Violence  

𝑅 = Recovered  
 
Parameters: 

𝛽 = Contact Rate 

𝜙 = Recovery/ Treatment rate 
 

𝛿1 = Substance abused induced death rate  

𝛿2 = Violence induced death rate  
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𝜅1= movement from 𝑉 to 𝑉𝑎 

𝜃 = Rate at which 𝑉 and 𝑉𝑎 are caught  

𝜀 = rate at which substance abusers are apprehended  

𝜏 = Victim recruitment  

𝛼 = contact that results into domestic violence  

𝑏 = parameter defined by increase in violence due to substance abuse   
 

3     Method and materials 
 

To illustrate the HPM, we consider the following non-linear differential equations given by  

𝐾(𝑈) − 𝑓(𝑟) = 0, 𝑟 ∈ Ω,     (8) 
 
subject to the boundary conditions;  

𝐵 (𝑈,
𝜕𝑈

𝜕𝑛
) = 0, 𝑟 ∈ Γ,      (9) 

 

where 𝐾 is the general differential operator, 𝐵 is the boundary operator, 𝑓(𝑟) is the analytical 

function and Γ is the boundary of the domain Ω. The operator can be divided into two major parts 
L and N being the linear and non-linear component respectively, where equations (8) can be re-
written as  
 

𝐿(𝑈) + 𝑁(𝑈) − 𝑓(𝑟) = 0, 𝑟 ∈ Ω.                                          (10) 
 
The HPM is structured as follows: 
 

𝐻(𝑣, 𝑝) = (1 − 𝑝)[𝐿(𝑣) − 𝐿(𝑢0)] + 𝑝[𝐴(𝑣) − 𝑓(𝑟)] = 0,      (11) 
 
where 
 

𝑣(𝑟, 𝑝): Ω ∈ [0,1] → 𝑅, 
 

and 𝑝 ∈ [0,1] is an embedding parameter and 𝑢0 is the initial approximation that satisfies the 

boundary conditions. The solution to equation (11) can be assumed as power series in 𝑝 as follows: 
 

𝑉 = 𝑉0 + 𝑝𝑉1 + 𝑝2𝑉2 +…                                                       (12) 
 

Setting 𝑝 = 1, the approximate solution of (1), therefore can be obtained as 
 

𝑈 = lim
𝑝→1

𝑉 = 𝑉0 + 𝑝𝑉1 + 𝑝2𝑉2 +…                                          (13) 
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4     Solution of the model equation 
 
𝑑𝑆

𝑑𝑡
− Λ + 𝛽𝐴𝑆 + 𝛽1𝑉𝑆 + 𝜇𝑆 = 0,         (14) 

𝑑𝐴

𝑑𝑡
− 𝛽𝐴𝑆 − 𝛽2𝐴𝑉 + (𝜙1 + 𝛿1 + 𝜀 + 𝜇)𝐴 = 0,      (15) 

𝑑𝑉

𝑑𝑡
− 𝛽1𝑉𝑆 + (𝜅1 + 𝜙2 + 𝜃 + 𝜇)𝑉 = 0,       (16) 

𝑑𝑉𝑎

𝑑𝑡
− 𝛽2𝐴𝑉 − 𝜅1𝑉 + (𝜙3 + 𝜃 + 𝜇)𝑉𝑎 = 0,       (17) 

𝑑𝑉𝑣

𝑑𝑡
− 𝜏𝑉𝑣 − 𝛼𝑉𝑉𝑣 − 𝛼𝑏𝑉𝑎𝑉𝑣 + (𝜙4 + 𝛿2 + 𝜇)𝑉𝑣 = 0,     (18) 

𝑑𝑅

𝑑𝑡
− 𝜙1𝐴 − 𝜙2𝑉 − 𝜙3𝑉𝑎 − 𝜙4𝑉𝑣 + 𝜇𝑅 = 0,        (19) 

 
with initial conditions 

𝑆(0) = 𝑆0; 𝐴(0) = 𝐴0; 𝑉(0) = 𝑉0; 𝑉𝑎(0) = 𝑉𝑎0
; 𝑉𝑣(0) = 𝑉𝑣0

; 𝑅(0) = 𝑅0. 
 
Let 
 

𝑆 = 𝑎0 + 𝑝𝑎1 + 𝑝2𝑎2 +…     (20) 

𝐴 = 𝑏0 + 𝑝𝑏1 + 𝑝2𝑏2 +…     (21) 

𝑉 = 𝑐0 + 𝑝𝑐1 + 𝑝2𝑐2 +…     (22) 

𝑉𝑎 = 𝑑0 + 𝑝𝑑1 + 𝑝2𝑑2 +…     (23) 

𝑉𝑣 = 𝑒0 + 𝑝𝑒1 + 𝑝2𝑒2 +…     (24) 

𝑅 = 𝑥0 + 𝑝𝑥1 + 𝑝2𝑥2 +…     (25) 
 
Applying HPM to equation (14) – (19) using (20) – (25)  
we have the followings:  
 
From equation (14) 
 

(1 − 𝑝)
𝑑𝑆

𝑑𝑡
+ 𝑝 [

𝑑𝑆

𝑑𝑡
− Λ + 𝛽𝐴𝑆 + 𝛽1𝑉𝑆 + 𝜇𝑆] = 0.  (26) 

 
Substituting (20) – (25) into (26) and simplifying we have  
 

(𝑎0
′ + 𝑝𝑎1

′ + 𝑝2𝑎2
′ + ⋯ ) + 𝑝(𝑎0 + 𝑝𝑎1 + 𝑝2𝑎2 + ⋯ )(𝛽(𝑏0 + 𝑝𝑏1 + 𝑝2𝑏2 + ⋯ ) +

𝛽1(𝑐0 + 𝑝𝑐1 + 𝑝2𝑐2 + ⋯ ) + 𝜇) − Λ = 0.       (27) 
 
Comparing the coefficient we get  
 

𝑝0: 𝑎0
′ = 0        (28) 

 𝑝1: 𝑎1
′ + 𝛽𝑎0𝑏0 + 𝛽1𝑎0𝑐0 + 𝜇𝑎0 = 0    (29) 

𝑝2: 𝑎2
′ + 𝛽(𝑎0𝑏1 + 𝑎1𝑏0) + 𝛽1(𝑎1𝑐0 + 𝑎0𝑐1) = 0.   (30) 
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From (15), 
 

(1 − 𝑝)
𝑑𝐴

𝑑𝑡
+ 𝑝 [

𝑑𝐴

𝑑𝑡
− 𝛽𝐴𝑆 − 𝛽2𝐴𝑉 + (𝜙1 + 𝛿1 + 𝜀 + 𝜇)𝐴] = 0.        (31) 

 
Substituting (20) – (25) into (31) and simplifying we have  
 

(𝑏0
′ + 𝑝𝑏1

′ + 𝑝2𝑏2
′ + ⋯ ) + 𝜔1𝑝(𝑏0 + 𝑝𝑏1 + 𝑝2𝑏2 + ⋯ ) − 𝑝(𝑏0 + 𝑝𝑏1 + 𝑝2𝑏2 +

⋯ )(𝛽(𝑎0 + 𝑝𝑎1 + 𝑝2𝑎2 + ⋯ ) + 𝛽2(𝑐0 + 𝑝𝑐1 + 𝑝2𝑐2 + ⋯ )) = 0.    (32) 

 
Comparing  
 

𝑝0: 𝑏0
′ = 0         (33) 

 𝑝1: 𝑏1
′ + 𝜔1𝑏0 − 𝛽𝑎0𝑏0 − 𝛽2𝑏0𝑐0 = 0     (34) 

𝑝2: 𝑏2
′ + 𝜔1𝑏1 − 𝛽(𝑎0𝑏1 + 𝑎1𝑏0) − 𝛽2(𝑏1𝑐0 + 𝑏0𝑐1) = 0.   (35) 

 
From (16), 
 

(1 − 𝑝)
𝑑𝑉

𝑑𝑡
+ 𝑝 [

𝑑𝑉

𝑑𝑡
− 𝛽1𝑉𝑆 + (𝜅1 + 𝜙2 + 𝜃 + 𝜇)𝑉] = 0.       (36) 

 
Substituting (20) – (25) into (36) and simplifying we have  
 

(𝑐0
′ + 𝑝𝑐1

′ + 𝑝2𝑐2
′ + ⋯ ) + 𝑝(𝑐0 + 𝑝𝑐1 + 𝑝2𝑐2 + ⋯ )(𝜔2 − 𝛽1(𝑎0 + 𝑝𝑎1 + 𝑝2𝑎2 + ⋯ )) = 0   

(37) 
 
Comparing  
 

𝑝0: 𝑐0
′ = 0,       (38) 

 𝑝1: 𝑐1
′ + 𝜔2𝑐0 − 𝛽1𝑎0𝑐0 = 0,     (39) 

𝑝2: 𝑐2
′ + 𝜔2𝑐1 − 𝛽1(𝑎1𝑐0 + 𝑎0𝑐1) = 0.   (40) 

 
From (17), 
 

(1 − 𝑝)
𝑑𝑉𝑎

𝑑𝑡
+ 𝑝 [

𝑑𝑉𝑎

𝑑𝑡
− 𝛽2𝐴𝑉 − 𝜅1𝑉 + (𝜙3 + 𝜃 + 𝜇)𝑉𝑎] = 0.          (41) 

 
Substituting (20) – (25) into (41) and simplifying we have  
 

(𝑑0
′ + 𝑝𝑑1

′ + 𝑝2𝑑2
′ + ⋯ ) + 𝑝𝜔3(𝑑0 + 𝑝𝑑1 + 𝑝2𝑑2 + ⋯ ) − 𝑝(𝑐0 + 𝑝𝑐1 + 𝑝2𝑐2 + ⋯ )(𝜅1 +

𝛽2(𝑏0 + 𝑝𝑏1 + 𝑝2𝑏2 + ⋯ )) = 0.                                                                    (42) 
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Comparing  
 

𝑝0: 𝑑0
′ = 0,        (43) 

 𝑝1: 𝑑1
′ + 𝜔3𝑑0 − 𝛽2𝑏0𝑐0 − 𝜅1𝑐0 = 0,    (44) 

𝑝2: 𝑑2
′ + 𝜔3𝑑1 − 𝛽2(𝑏1𝑐0 + 𝑏0𝑐1) − 𝜅1𝑐1 = 0.   (45) 

 
From (18), 
 

(1 − 𝑝)
𝑑𝑉𝑣

𝑑𝑡
+ 𝑝 [

𝑑𝑉𝑣

𝑑𝑡
− 𝜏𝑉𝑣 − 𝛼𝑉𝑉𝑣 − 𝛼𝑏𝑉𝑎𝑉𝑣 + (𝜙4 + 𝛿2 + 𝜇)𝑉𝑣] = 0.          (46) 

 
Substituting (20) – (25) into (46) and simplifying we have  
 

(𝑒0
′ + 𝑝𝑒1

′ + 𝑝2𝑒2
′ + ⋯ ) + 𝑝(𝑒0 + 𝑝𝑒1 + 𝑝2𝑒2 + ⋯ )(𝜔4 − 𝜏 − 𝛼 − 𝛼𝑏(𝑑0 + 𝑝𝑑1 + 𝑝2𝑑2 +

⋯ )) = 0,                          (47) 

 
Comparing  
 

𝑝0: 𝑒0
′ = 0,        (48) 

 𝑝1: 𝑒1
′ + 𝜔4𝑒0 − 𝜏𝑒0 − 𝛼𝑒0 − 𝛼𝑏𝑒0𝑑0 = 0,    (49) 

𝑝2: 𝑒2
′ + 𝜔4𝑒1 − 𝜏𝑒1 − 𝛼𝑒1 − 𝛼𝑏(𝑒0𝑑1 + 𝑒1𝑑0) = 0 ,  (50) 

 
From (19), 
 

(1 − 𝑝)
𝑑𝑅

𝑑𝑡
+ 𝑝 [

𝑑𝑅

𝑑𝑡
− 𝜙1𝐴 − 𝜙2𝑉 − 𝜙3𝑉𝑎 − 𝜙4𝑉𝑣 + 𝜇𝑅] = 0.       (51) 

 
Substituting (20) – (25) into (51) and simplifying we have  
 

(𝑥0
′ + 𝑝𝑥1

′ + 𝑝2𝑥2
′ + ⋯ ) + 𝑝𝜇(𝑥0 + 𝑝𝑥1 + 𝑝2𝑥2 + ⋯ ) − 𝑝𝜙1(𝑏0 + 𝑝𝑏1 + 𝑝2𝑏2 + ⋯ ) −

𝑝𝜙2(𝑐0 + 𝑝𝑐1 + 𝑝2𝑐2 + ⋯ ) − 𝑝𝜙3(𝑑0 + 𝑝𝑑1 + 𝑝2𝑑2 + ⋯ ) − 𝑝𝜙4(𝑒0 + 𝑝𝑒1 + 𝑝2𝑒2 + ⋯ ) = 0 
               (52) 
 
Comparing  
 

𝑝0: 𝑥0
′ = 0,          (53) 

 𝑝1: 𝑥1
′ + 𝜇𝑥0 − 𝜙1𝑏0 − 𝜙2𝑐0 − 𝜙3𝑑0 − 𝜙4𝑒0 = 0,   (54) 

𝑝2: 𝑥2
′ + 𝜇𝑥1 − 𝜙1𝑏1 − 𝜙2𝑐1 − 𝜙3𝑑1 − 𝜙4𝑒1 = 0.   (55) 

 
Given that  
 

𝜔1 = (𝜙1 + 𝛿1 + 𝜀 + 𝜇); 𝜔2 = (𝜅1 + 𝜙2 + 𝜃 + 𝜇); 𝜔3 = (𝜙3 + 𝜃 + 𝜇); 𝜔4 = (𝜙4 + 𝛿2 + 𝜇).    
(56) 
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From (28), 
 
 
 

𝑎0
′ = 0.        (57) 

 
Implying, 
 

𝑎0 = 𝑆0,        (58) 
so that  
 

𝑏0 = 𝐴0,        (59) 

𝑐0 = 𝑉0,        (60) 

𝑑0 = 𝑉𝑎0
,        (61) 

𝑒0 = 𝑉𝑣0
,        (62) 

𝑥0 = 𝑅0.        (63) 
 
From (29),(34),(39),(44),(49) and (54) integrating we have  
 

𝑎1 = (−𝑆0(𝛽𝐴0 + 𝛽1𝑉0 + 𝜇))𝑡,     (64) 

𝑏1 = (𝐴0(𝛽𝑆0 + 𝛽2𝑉0 − 𝜔1))𝑡,     (65) 

𝑐1 = (𝑉0(𝛽1𝑆0 − 𝜔2))𝑡,      (66) 

𝑑1 = (𝛽2𝐴0𝑉0 − 𝜅1𝑉0 − 𝜔3𝑉𝑎0
)𝑡,     (67) 

𝑒1 = (𝑉𝑣0
(𝜏 + 𝛼 + 𝛼𝑏𝑉𝑎0

− 𝜔4))𝑡 ,     (68) 

𝑥1 = (𝜙1𝐴0 + 𝜙2𝑉0 + 𝜙3𝑉𝑎0
+ 𝜙4𝑉𝑣0

− 𝜇𝑅0)𝑡.   (69) 

 
Solving (30),(35),(40),(45),(50) and (55) integrating and substituting (64) – (69) we have 
 

𝑎2 = [−(𝛽(𝑆0𝐴0(𝛽𝑆0 + 𝛽2𝑉0 − 𝜔1) − 𝐴0𝑆0(𝛽𝐴0 + 𝛽1𝑉0 + 𝜇)) + 𝛽1(𝑆0𝑉0(𝛽1𝑆0 − 𝜔2) −

𝑉0𝑆0(𝛽𝐴0 + 𝛽1𝑉0 + 𝜇))]
𝑡2

2
        (70) 

 

𝑏2 = [𝛽(𝑆0𝐴0(𝛽𝑆0 + 𝛽2𝑉0 − 𝜔1) − 𝐴0𝑆0(𝛽𝐴0 + 𝛽1𝑉0 + 𝜇)) − 𝜔1𝐴0(𝛽𝑆0 + 𝛽2𝑉0 − 𝜔1) +

𝛽2(𝑉0𝐴0(𝛽𝑆0 + 𝛽2𝑉0 − 𝜔1) + 𝐴0𝑉0(𝛽1𝑆0 − 𝜔2))]
𝑡2

2
    (71) 

 

𝑐2 = [𝛽1(𝑆0𝑉0(𝛽1𝑆0 − 𝜔2) − 𝑆0𝑉0(𝛽𝐴0 + 𝛽1𝑉0 + 𝜇)) − 𝜔2𝑉0(𝛽1𝑆0 − 𝜔2)]
𝑡2

2
 (72) 

 

𝑑2 = [𝛽2(𝑉0𝐴0(𝛽𝑆0 + 𝛽2𝑉0 − 𝜔1) + 𝐴0𝑉0(𝛽1𝑆0 − 𝜔2)) + 𝜅1𝑉0(𝛽1𝑆0 − 𝜔2) −

𝜔3(𝛽2𝐴0𝑉0 − 𝜅1𝑉0 − 𝜔3𝑉𝑎0
)]

𝑡2

2
       (73) 

 



 E. Azuaba, T.J. Oluwafemi, N.I. Akinwande, D. Bako, and J. Dayap 

 

106                                                 IJMAM, Vol. 5, Issue 2 (2022) ©NSMB; www.tnsmb.org 

                                (Formerly Journal of the Nigerian Society for Mathematical Biology) 
 

𝑒2 = [𝑉𝑣0
(𝜏 + 𝛼 + 𝛼𝑏𝑉𝑎0

− 𝜔4)(𝜏 + 𝛼 + 𝛼𝑏𝑉𝑎0
) + 𝛼𝑏𝑉𝑣0

(𝛽2𝐴0𝑉0 − 𝜅1𝑉0 − 𝜔3𝑉𝑎0
) −

𝜔4𝑉𝑣0
(𝜏 + 𝛼 + 𝛼𝑏𝑉𝑎0

− 𝜔4)]
𝑡2

2
       (74) 

 

𝑥2 = [𝜙1𝐴0(𝛽𝑆0 + 𝛽2𝑉0 − 𝜔1) + 𝜙2𝑉0(𝛽1𝑆0 − 𝜔2) + 𝜙3(𝛽2𝐴0𝑉0 − 𝜅1𝑉0 − 𝜔3𝑉𝑎0
) +

𝜙4𝑉𝑣0
(𝜏 + 𝛼 + 𝛼𝑏𝑉𝑎0

− 𝜔4) − 𝜇(𝜙1𝐴0 + 𝜙2𝑉0 + 𝜙3𝑉𝑎0
+ 𝜙4𝑉𝑣0

− 𝜇𝑅0)]
𝑡2

2
. (75) 

 

Substituting (58) – (75) into (20) – (25) and setting 𝑝 = 1 we have  
 

𝑆(𝑡) = 𝑆0 + (−𝑆0(𝛽𝐴0 + 𝛽1𝑉0 + 𝜇))𝑡 + [−(𝛽(𝑆0𝐴0(𝛽𝑆0 + 𝛽2𝑉0 − 𝜔1) − 𝐴0𝑆0(𝛽𝐴0 + 𝛽1𝑉0 +

𝜇)) + 𝛽1(𝑆0𝑉0(𝛽1𝑆0 − 𝜔2) − 𝑉0𝑆0(𝛽𝐴0 + 𝛽1𝑉0 + 𝜇))]
𝑡2

2
    (76) 

 

𝐴(𝑡) = 𝐴0 + (𝐴0(𝛽𝑆0 + 𝛽2𝑉0 − 𝜔1))𝑡 + [𝛽(𝑆0𝐴0(𝛽𝑆0 + 𝛽2𝑉0 − 𝜔1) − 𝐴0𝑆0(𝛽𝐴0 + 𝛽1𝑉0 +

𝜇)) − 𝜔1𝐴0(𝛽𝑆0 + 𝛽2𝑉0 − 𝜔1) + 𝛽2(𝑉0𝐴0(𝛽𝑆0 + 𝛽2𝑉0 − 𝜔1) + 𝐴0𝑉0(𝛽1𝑆0 − 𝜔2))]
𝑡2

2
 (77) 

 

𝑉(𝑡) = 𝑉0 + (𝑉0(𝛽1𝑆0 − 𝜔2))𝑡 + [𝛽1(𝑆0𝑉0(𝛽1𝑆0 − 𝜔2) − 𝑆0𝑉0(𝛽𝐴0 + 𝛽1𝑉0 + 𝜇)) −

𝜔2𝑉0(𝛽1𝑆0 − 𝜔2)]
𝑡2

2
          (78) 

 

𝑉𝑎(𝑡) = 𝑉𝑎0
+ (𝛽2𝐴0𝑉0 − 𝜅1𝑉0 − 𝜔3𝑉𝑎0

)𝑡 + [𝛽2(𝑉0𝐴0(𝛽𝑆0 + 𝛽2𝑉0 − 𝜔1) + 𝐴0𝑉0(𝛽1𝑆0 −

𝜔2)) + 𝜅1𝑉0(𝛽1𝑆0 − 𝜔2) − 𝜔3(𝛽2𝐴0𝑉0 − 𝜅1𝑉0 − 𝜔3𝑉𝑎0
)]

𝑡2

2
    (79) 

 

𝑉𝑣 = 𝑉𝑣0
+ (𝑉𝑣0

(𝜏 + 𝛼 + 𝛼𝑏𝑉𝑎0
− 𝜔4))𝑡 + [𝑉𝑣0

(𝜏 + 𝛼 + 𝛼𝑏𝑉𝑎0
− 𝜔4)(𝜏 + 𝛼 + 𝛼𝑏𝑉𝑎0

) +

𝛼𝑏𝑉𝑣0
(𝛽2𝐴0𝑉0 − 𝜅1𝑉0 − 𝜔3𝑉𝑎0

) − 𝜔4𝑉𝑣0
(𝜏 + 𝛼 + 𝛼𝑏𝑉𝑎0

− 𝜔4)]
𝑡2

2
    (80) 

 

𝑅 = 𝑅0 + (𝑉𝑣0
(𝜏 + 𝛼 + 𝛼𝑏𝑉𝑎0

− 𝜔4))𝑡 + [𝜙1𝐴0(𝛽𝑆0 + 𝛽2𝑉0 − 𝜔1) + 𝜙2𝑉0(𝛽1𝑆0 − 𝜔2) +

𝜙3(𝛽2𝐴0𝑉0 − 𝜅1𝑉0 − 𝜔3𝑉𝑎0
) + 𝜙4𝑉𝑣0

(𝜏 + 𝛼 + 𝛼𝑏𝑉𝑎0
− 𝜔4) − 𝜇(𝜙1𝐴0 + 𝜙2𝑉0 + 𝜙3𝑉𝑎0

+

𝜙4𝑉𝑣0
− 𝜇𝑅0)]

𝑡2

2
          (81) 

 
Equation (76) – (81) are the general solutions to the model (1) – (7). 
 

5    Conclusion 
 

In this article a semi-analytical approach that is Homotopy Perturbation Method (HPM) was applied 
to obtain the general solution of a substance abuse and domestic violence mathematical model. The 
model equations were transformed into series form so as to convey faster. We concluded that the 
Homotopy perturbation method is a powerful technique to solve nonlinear differential equations. 
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