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Abstract— This paper is advocated to a general study on 

differential equation and its type. Differential equations can 

describe nearly all systems undergoing change. Differential 

equations are Important in engineering and science branch 

besides a well as social science and biology and economics 

etc. they are important in modeling virtually every physical, 

tech. or biological process from celestial motion to bridge 

design. This paper also advocates that uses of differential 

equation in various form. Many fundamental laws in physics 

and chemistry can be formulated as differential equations. 

As we know biology and economics, differential equation 

are used to model the behavior of complex system. Many 

mathematicians have studied the nature of these equations 

for hundreds of years and they are many well developed 

solutions techniques and which are use full for us in present 

era. My main purpose in this paper is to help the student 

grasp the nature and significance of differential equations 

and to this end. So the primary purpose of differential 

equation is to serve as a tool for the study of change in the 

physical world. A general book on the subject without a 

reasonable account of its scientific applications would there 

for we as futile and pointless. this paper gives the basic and 

deep knowledge first order differential equation and second 

order differential equation.. 
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I. INTRODUCTION 

A differential equation is mathematical equation that relates 

some function with its derivatives. The functions of the 

differential equation represent their rate of change and the 

equation defines a relationship between two variables. Some 

properties of solutions of a given differential equation may 

be determined without finding their exact form. The 

techniques for solving the differential equations based on 

numerical approximations were developed before 

programmable computers. A differential equation is an 

equation containing the dependent and independent 

variables and different derivatives of the dependent 

variables. The order of a differential equation is the order of 

the highest derivative in the equation. Differential equation 

can be divided in many parts commonly used differential 

equations are ordinary and partial differential equation linear 

and nonlinear differential equation, homogeneous and in-

homogeneous equations. An equation involving one 

dependent variable and its derivatives with respect to one or 

more independent variables is called a differential equation. 

Many of the general laws of nature—in physics, chemistry, 

biology, and astronomy—find their most natural expression 

in the language of differential equations. Applications also 

abound in mathematics itself, especially in geometry, and in 

engineering, economics, and many other fields of applied 

science. It is easy to understand the reason behind this broad 

utility of differential equations. The reader will recall that if 

y = f(x) is a given function, and then its derivative dy/dx can 

be interpreted as the rate of change of y with respect to x. In 

any natural process, the variables involved and their rates of 

change are connected with one another by means of the 

basic scientific principles that govern the process. When this 

connection is expressed in mathematical symbols, the result 

is often a differential equation. 

II. TYPE OF DIFFERENTIAL EQUATION 

Differential equations can be divided into many parts 

commonly used differential equations are ordinary and 

partial differential equations linear and non-linear 

differential equations, homogeneous and inhomogeneous. 

1) Ordinary Differential Equation:A differential equation 

is called ordinary, if the unknown function depends on 

only one argument. The term ordinary is used in 

contrast with the term partial differential equation 

which may be with respect to more the one independent 

variable. 

2) Linear Differential Equations: a differential equation is 

linear if the unknown function and its derivatives have 

degree one. When dependent variable y and all its 

derivatives occur in the first degree only and are not 

multiplied together.    
𝑑𝑦

𝑑𝑥
+ 𝑃𝑦 = 𝑄 

When non-linear differential equation are formed 

by the products of the unknown function and its derivatives 

are allowed and its degree > 1.  

Linear Second Order Differential Equations with 

Variable Coefficient  

(Homogeneous and Non-homogeneous Equations): 

A general second order differential equation with variable 

coefficients is of the form  

𝑎2(𝑡)𝑦" + 𝑎1 (𝑡)𝑦′ + 𝑎0(𝑡) = 𝑓(𝑡)              (1) 

Written in the standard form 

𝑦" +  𝑃(𝑡)𝑦′ + 𝑞(𝑡)𝑦 = 𝑔(𝑡)   (2) 

Homogeneous equation a condition for the linear 

independence of solutions: two solutions 𝑦1 (𝑡) and 𝑦 2(𝑡) of 

the homogeneous differential equation  

𝑦" +  𝑃(𝑡)𝑦′ + 𝑞(𝑡)𝑦 = 0                     (3) 

It is called a homogeneous equation otherwise the 

equation is non-homogeneous. 

So a second order ordinary differential equation has 

the general form of this equation.  

y”= f( t, y, y’) 

is said to be linear if f is linear in y and y’.  

y”= g(t) – P (t)y’- q(t)y 

Otherwise the equation is said to be non-linear and 

a second order linear equation often appears as  

p(t)y”+ Q (t)y’+ R(t)y = G(t) 

Partial Differential Equation:  

A partial differential equation is one involving 

more than one independent variable, so that the derivatives 

occurring in it are partial derivatives. For example, if w = f 

(x,y,z,t) is a function of time and the three rectangular 

coordinates of a point in space, then the following are partial 
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differential equations of the second order: 02w 02wa'w axe 

Dy2 az2 = v; ta2w a2w a2w\ 612 V--,2 iTyT a 7 )= at 

a2(a2w, 021v + 52w1 = a2w ay2 az 2 ) at2 These equations 

are also classical, and are called Laplace's equation, the heat 

equation, , and the wave equation, respectively. Each is 

profoundly significant in theoretical physics, and their study 

has stimulated the develop-ment of many important 

mathematical ideas. In general, partial differential equations 

arise in the physics of continuous media—in problems 

involving electric fields, fluid dynamics, diffusion, and 

wave motion: Their theory is very different from that of 

ordinary differential equations, and is much more difficult in 

almost every respect. For some time to come, we shall 

confine our attention exclusively to ordinary differential 

equations. 

 

III. CONCLUSION 

As we know that some parts of mathematics perhaps number 

theory and abstract algebra in which high standards of 

rigorous proof may be appropriates at all levels but in 

elementary differential equation a narrow insistence on 

doctrinaire exactitude tends to square the juice out of the 

subject. This paper gives the knowledge of differential 

equation in depth as Einstein formula𝐸 = 𝑚𝑐2, Newton’s 

law, wave equation, harmonic equation in quantum 

mechanics and potential theory. So we can say this paper 

gives the deeply knowledge to apply the differential 

equation in our mathematics.    
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