International Journal on Science and Technology (IJSAT)

E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

=°

Study of Differential Equations of First Order
and First Degree Python Proramming

Dr.Ramesh B.Ghadges

Assistant professor & Head Department of Mathematics, Kalikadevi Arts, commerce & Science college,
Shirur kasar Dist. Beed. (M.S)

Abstract:

Differential equations are an important mathematical tool used to represent relationships involving
quantities and their rates of change. First-order and first-degree differential equations have applications in
physics, engineering, Traditionally, these equations are solved analytically using mathematical techniques
such as separation of variables, substitution, integrating factors, and exact differential methods. The
development of computer programming has made it possible to solve, analyze, and visualize differential
equations efficiently. Python is particularly useful because it provides powerful mathematical and
scientific-computing libraries such as SymPy, NumPy, and Matplotlib. First-order and first-degree
differential equations and demonstrates how Python. The study explains the mathematical theory of first-
order differential equations, discusses important solution methods, and provides Python programs for
implementing these methods. Examples are presented to demonstrate the relationship between analytical
mathematics and computational techniques. The results show that Python can significantly simplify the
process of solving and visualizing differential equations while also providing an effective environment for
learning mathematical concepts.
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1. Introduction:

A differential equation is an equation containing an unknown function and one or more of its
derivatives. Differential equations are used to describe changing systems and processes. For example,
population growth, radioactive decay, motion of objects, electric circuits, heat transfer, and fluid flow can
all be represented using differential equations.

A differential equation involving only the first derivative of the dependent variable is called a first-order
differential equation. If the highest power of the first derivative is one, the equation is said to be of first
degree. A general first-order differential equation can be represented as

[F(X,y,y)=0] where (y'=\frac {dy}{dx}).

A particularly important form is [ \frac{dy}{dx}=f(x,y). ]

The solution of a differential equation is a function that satisfies the equation over a specified interval.
First-order and first-degree differential equations are among the fundamental topics in differential calculus
and mathematical modeling. Understanding their solution techniques provides a foundation for studying
higher-order differential equations and more advanced mathematical models. With modern computational
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tools, differential equations can also be studied using programming. Python provides a convenient
environment in which mathematical equations can be First-order and first-degree differential equations
with practical Python programming.

Objectives of the Study:

To study the basic concepts of differential equations.

To understand first-order and first-degree differential equations.

To implement differential-equation solutions using Python.

To graphically represent solutions using Python.

To compare mathematical and computational approaches.

To demonstrate practical applications of differential equations.

To develop a foundation for further study of computational mathematics.

Basic Concepts of Differential Equations:

A differential equation is an equation involving an unknown function and its derivatives.
For example, [ \frac{dy}{dx}=3x"2] is a differential equation.

Another example is [ \frac{d"2y}{dx"2}+y=0. ]

The first equation is first order, while the second equation is second order.

Order of a Differential Equation:

The order of a differential equation is the order of the highest derivative occurring in the equation.
For example, [ \frac{dy}{dx}+y=x ] is a first-order differential equation.

Similarly, [ \frac{d"2y}{dx"2}+4\frac{dy}{dx}+4y=0 ] is a second-order differential equation.

Degree of a Differential Equation:

The degree is the power of the highest-order derivative after the equation has been expressed as a
polynomial in its derivatives. For example, [ \left(\frac{dy}{dx}\right)"2+y=0 ]

is first order and second degree. In contrast, [ \frac{dy}{dx}+y=x ] is first order and first degree.

First-Order and First-Degree Differential Equations:

A first-order, first-degree differential equation contains the first derivative of the dependent variable and
that derivative occurs to the first power.

General form can be written as: [ \frac{dy}{dx}=f(x,y). ] [ \frac{dy}{dx}=x+y, ]

[ \frac{dy}{dx}=xy, ] and [ \frac{dy}{dx}+2y=3x. ]

These equations can have different forms and therefore require different solution methods.
Variable-separable equations Homogeneous differential equations linear differential equations

Exact differential equations Bernoulli-type equations.

Python:

Python Implementation

import sympy as sp

X = sp.symbols ('x’)

y = sp.Function ('y")

equation = sp.Eq(sp.diff(y(x), x), x*y(x))
solution = sp.dsolve(equation)

IJSAT260311550 Volume 17, Issue 3 (July-September 2026) 2



https://www.ijsat.org/

International Journal on Science and Technology (IJSAT)

E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

=°

print(solution)
The dsolve (') function in SymPy is designed to obtain symbolic solutions of differential equations.

Homogeneous Differential Equations:
A first-order differential equation is homogeneous if it can be written in the form
[ \frac{dy}{dx}=F\left(\frac{y}{x}\right). ]
The substitution
[y=vx]
is commonly used.
Since,
[y=vx,]
differentiating gives,
[ \frac{dy}{dx}=v+x\frac{dv}{dx}. ]
Substitution transforms the original equation into a separable equation
[ \frac{dy}{dx}=1+\frac{y}{x}. ]
Put,
[ y=vx.]
Then,
[ \frac{dy}{dx}=v+x\frac{dv}{dx}. ]
Therefore,
[ vx\frac{dv}{dx}=1+v. ]
Hence,
[ x\frac{dv}{dx}=1.]
[ dv=\frac{dx}{x}. ]
After integration,
[ v=\Injx[+C. ]
Since {v=y/x},
[ \frac{yH{x}=\In|x|+C. ]
[ y=x (\In|x|+C). ]

Linear Differential Equations:

A first-order linear differential equation has the standard form
[ \frac{dy}{dx}+P(x)y=Q(x). ]

The solution is obtained using an integrating factor.

The integrating factor is

[ LF.=eM{\int P(x),dx}. ]

After multiplying the equation by the integrating factor, the left-hand side becomes the derivative of a
product.

[ \frac{dy}{dx}+2y=4x. ]

Here,

[P(X)=2.]

Therefore,

[ LF.=eM{\int2dx}=e"{2x}. ]

Multiplying the differential equation by [e™{2x} (],
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[ er{2xF\frac{dy}{dx}+2eM{2x}y=4xeM{2x}. ]
Thus,
[ \frac{d}{dx}(ye"{2x})=4xe{2x}. ]
Integration gives the solution.
Python Program
import sympy as sp
X = sp. symbols ('x’)
y = sp. Function ('y")
equation = sp.Eq (
sp.diff(y(x), x) + 2*y(x),)
4*x
solution =
sp. dsolve(equation)
print ("Solution:")
print (solution)

Exact Differential Equations:

A differential equation of the form [ M(x,y)dx+N(x,y)dy=0 ] is called exact if
[ \frac{\partial M}{\partial y} \frac{\partial N}{\partial x}. ]

If this condition is satisfied, there exists a function {F(x,y)} such that
[ dF=Mdx+Ndy. ] The solution is therefore [ F(x,y)=C. ]

Consider

[ (2xy+3)dx+(x"2+4y)dy=0. ]

Here,

[ M=2xy+3 ]

and

[ N=x"2+4y. ]

Now,

[ \frac{\partial M}{\partial y}=2x] and

[ \frac{\partial N}{\partial x}=2x. ]

Therefore, the equation is exact.

A potential function (F(x,y)) can be obtained by integration.

Python Programming for Differential Equations:

Python is a high-level programming language widely used in scientific computing. Its extensive collection
of libraries makes it suitable for mathematical calculations.

Important libraries for differential equations include:

SymPy

SymPy provides symbolic mathematics capabilities. It can be used for:
Algebraic manipulation

Differentiation

Integration

Symbolic equation solving

Differential equations
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Simplification

NumPy

NumPy provides numerical arrays and mathematical operations.

Matplotlib

Matplotlib is useful for creating graphs and visualizing differential-equation solutions.

SciPy

SciPy provides scientific-computing algorithms, including numerical integration and differential-equation
solvers.

Python in Differential Equations
Python provides several advantages in the study of differential equations.

Automation
Mathematical calculations can be performed automatically, reducing repetitive manual work.

Symbolic Computation
SymPy can manipulate mathematical expressions symbolically.
NumPy and SciPy provide efficient numerical tools.

Visualization
Matplotlib makes it possible to display solution curves.

Educational Value
Python helps students connect theoretical mathematics with computational implementation.

Reproducibility
A Python program provides a repeatable procedure for performing calculations.

2. Limitations:

Despite its advantages, computational methods also have limitations.

A computer-generated solution does not replace mathematical understanding.
Symbolic solvers may fail for certain equations.

Programming errors can lead to incorrect results.

Interpretation of the mathematical result still requires subject knowledge.
Therefore, Python should be regarded as a tool that supports mathematical.

3. Conclusion:

First-order and first-degree differential equations are fundamental mathematical models for
describing changing systems. This research has examined the definition, order, degree, classification, and
solution methods of first-order differential equations. Important techniques such as separation of variables,
homogeneous substitution, integrating factors, exact equations, and Bernoulli equations have been
discussed.

Libraries such as SymPy allow symbolic computation, while NumPy and SciPy support numerical
calculations and Matplotlib provides graphical visualization.
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The combination of mathematical theory and Python programming makes the study of differential
equations more efficient, interactive, and accessible.

Therefore, Python serves as an effective computational tool for studying first-order and first-degree
differential equations and provides a strong foundation for further research in computational mathematics
and mathematical modeling.
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