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Abstract— This paper mainly focus on the application of 

differential equations to real world system which considers 

some linear models, such as equation with separable 

variables. From this we get some idea how differential 

equations are closely associated with physical applications 

and also how different problems in different fields of science 

is formulated in terms of differential equations. 
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I. INTRODUCTION 

Differential Equations are mathematically studies from 

several perspectives, mostly concerned with their solutions 

as the set of functions that satisfy the equation. The simplest 

differential equations admit solutions given by explicit 

formulas; however, some properties of solutions of a given 

differential equation may be determined without finding 

their exact form. 

Many of the principles in science and engineering 

concern relationships between changing quantities, since 

rates of change are represented mathematically by 

derivatives, such principles are often expressed in terms of 

differential equations. Many fundamental problems in 

biological, physical sciences and engineering are described 

by differential equations. Physical problems have motivates 

the development of applied mathematics, and is true for 

differential equations that helps to solve real world problems 

in the field. 

To formulate and use differential equations in real 

world system, first identify the real world problems that 

need a solution. Then make some simplified assumptions 

and formulate a mathematical model that translates the real 

world problem into a set of differential equation. Now, 

apply mathematics to get mathematical solution then 

interpret the results. Several techniques for solving first and 

higher order differential equations in physical world are 

described in [1,2].  In [3], how differential equations arise in 

modeling physical situations and their appearance as a result 

of geometrical consideration are explained in detail. In this 

paper we discuss the formation of differential equations, 

their solution method and the role of these equations in 

modeling real life problems. 

II. FORMATION OF FIRST ORDER DIFFERENTIAL EQUATIONS 

The emphasis here is on the formation of differential 

equations from physical situation then solving the resulting 

equations. There are many situations where the rate of 

change of some quantity x is proportional to the amount of 

that quantity. A typical example is the problem of growth in 

which the rate of change of population of a certain species, 
dp

dt
 at any time t is proportional to the value of p at that 

instant. Hence the relation 
dp

dt
∝ p, that is 

dp

dt
 = kp where k is 

the growth constant and is positive. The solution is p = Aekt. 

In many real life applications, people are not so 

interested in the general solution of the given differential 

equation but only in the particular solutions satisfying a 

given initial condition. 

There are many physical problems which can lead 

to first order differential equations of variables separable 

type. The following are some of them. 

A. Population Growth 

The population of a given species is decreased at a constant 

rate of n people per annum by death and emigration. The 

population due to birth is increased at a rate of μ percentage 

of the existing population per annum. 

Let N denote the initial population then the 

population of x after t years is given by 
dx

dt
 =

μx

100
 – n the 

solution is x – 
100n

μ
 = Aeμt/100 

B. Exponential decay 

The rate of decay of a radioactive substance at time t is 

proportional to the mass x(t) of the substance left at that 

time. 

We have  
dx

dt
 = –μx, where μ is a positive constant. 

The solution is x = Ae-μt 

C. Diffusion 

A porous pot containing a substance of concentration of x 

mgcm-3 is placed in a large vessel containing the same 

solution, but of higher concentration c mgcm-3. The 

concentration of the solution in the pot will increase due to 

diffusion. Assuming that c is constant, the rate of increase of 

concentration of the solution in the pot is proportional to the 

difference in concentration. Thus x satisfies the differential 

equation 
dx

dt
 = k(c − x)where k is a positive constant. 

The solution is t −
c

k
= Ae−kx 

D. Evaporation 

A wet and porous substance loses its moisture at a rate 

proportional to the moisture content, x(t). Therefore, the 

equation is 
dx

dt
= − kx where k is a constant. The solution is 

x = Ae-kt. 

E. Spread of Disease 

Let N be the number of population that are infected at time t 

and P be the total number of population which is susceptible 

to infection. The rate of change of N is assumed to be 

proportional to the product of N and (P – N). Hence the 

equation is  
dN

dt
 = kN(P − N). The solution is N = AekN(P – N )t 
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F. Chemical Reaction 

If the temperature is kept constant, the velocity of a 

chemical reaction is proportional to the product of the 

concentration of the substances which are reacting. If x 

represents the amount of the substance formed in the 

reaction. 

Then x satisfy the equation: 
dx

dt
 = k(a − x)(b − x). 

The solution is 

(a – x)1/(b – a) (b – x)1/(a – b) = Ae-kt 

G. Bank Interest 

The amount of interest receive on the bank account is 

proportional to the balance. For k > 0, they compound only 

daily rather than continuously. If we measure this time in 

years, the model predicts that x = x0ekt, where x0 is the initial 

investment and k is the interest rate. We obtain x = x0 

(1+
𝑘𝑡

𝑛
 ) n where n is the number of interest periods 

throughout the year, the difference is small when n = 365. 

Then 

lim
𝑛→∞

(1 +
𝑘𝑡

𝑛
)

𝑛

= ekt 

III. FORMATION OF SECOND ORDER DIFFERENTIAL 

EQUATIONS 

A. Motion of object falling under gravity with air 

resistance 

According to Newton’s first law of motion, a body with 

either remains at rest or will continue to move with constant 

velocity unless acted upon by an external force. This implies 

that if the net force acting on a body is zero then 

acceleration of the body is zero. According to Newton’s 

second law of motion, the net force on a body is 

proportional to its acceleration, provided the net force acting 

on the body is not zero. That is if F ≠ 0, is net force, m is the 

mass of the body and a is the acceleration then F = ma. 

Let x(t) be the height of the object at time t, 

measured positively on the download direction. Assume that 

the gravity is g, the acceleration due to gravity is a = d2x/ 

dt2, which is a constant. 

Then F = ma = mg. Air resistance encounter 

depends on the shape of the object under the circumstances, 

the most significant effect is a force opposing the motion 

which is proportional to a power of the velocity. 

So F = ma = mg – kv and d2x/ dt2 = g – 
k

m
 

dx

dt
  which 

is a second order differential equation. 

Since v = 
dx

dt
  then  

dv

dt
 = g −  

k

m
 v 

That is 
dv

dt
+ 

k

m
v = g 

The solution is  v = g
m

k
− Ae-kt/m 

B. Escape Velocity 

Let x(t) be the height of the object at time t measured 

positively upwards from the centre of the earth. Newton’s 

law of gravitation states that 

F = ma = – kmM/x2 where m is the mass of the 

object and M is the mass of the earth, k > 0. 

Then a = d2x/ dt2 = – kmM/x2. Define the constant 

g as the acceleration due to gravity by d2x/ dt2 = – g, when x 

= R, is the radius of the earth. So k = gR2/M. Therefore d2x/ 

dt2 = – gR2/x2. Let v = 
dx

dt
  so that d2x/ dt2 = 

dv

dx
  

dx

dt
 = 

dv

dx
v 

Thus v = 
dv

dx
 = –gR2/x2. That is v dv = –(gR2/x2) dx 

Integrating the equation we obtain that 

v2/2 = gR2/x + C for some arbitrary constant C. If v 

increases as x increases and if v is not sufficiently large, v = 

0 at some height xm. 

So C = –gR2/xm and v2 = 2R2g (1/m – 1/xm) 

Suppose that the surface of the earth with velocity 

v = V when x = R, we have V2 = 2R2g(1/m – 1/xm) implies 

V2 /2R2g = (1/R – 1/xm). 

That is 1/xm = (1/R) – (V2/2R2g) = (2Rg – V2)/2R2g 

Therefore xm = 2R2g/(2Rg – V2) 

If V2 < 2Rg then 2R2g/(2Rg – V2) fall back and if 

V ≥ √2Rg to escape. Thus the velocity is √2Rg. 

IV. CONCLUSION 

As a conclusion many fundamental problems in physical 

science, engineering and biological are described by 

differential equations. 
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