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Ordinary Differential Equation
Definition of a Differential Equation

A differential equation is an equation involving derivatives or differentials. The
following are some examples of differential equations.

Ex.1. (")?+3x=2(")° where y'=dydx,y" = d?/dx?

d
Ex. 2. _y +X — y2
dx x
d’Q _ dq :
— — 4+ —_
Ex. 3. 0r2 3 o 2Q =4 5sin (2t)
Ex. 4 &y _ Xty +y) dx + X)dy=20
X4 T, rXEydx+(y-X)dy=
d:v  d?*v
Ex. 5. — +— =
dx? dy?

Equations such as those in examples (1 — 4) involving only one independent
variable are called ordinary differential equations. Equation such as that of example
5 or more independent variables are called partial differential equations.

Order and degree of a differential equation

Order: (highest derivative), Degree: (Power of highest derivative)

EX. 6.

1- x*y+y+(x*-4)y=0 Ordinary, Order 2, Degree 1
dy\* (d*y\°
— | +|—=] + =e* .

2- dx3 dx?) " x2+1 Ordinary, Order 3, Degree 2
d*u d*u d*u

T2 —5—=+t—=5=0 :

3- dx axtay? = dy Partial, Order 4, Degree 1

4 0%y _ g2 0%y Partial, Order 2, Degree 1
dt? dx?
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3- Solution of first order ordinary differential equations (O.D.E.)

1- First order: variable separable

A first order differential equation can be solved by integration if it is possible to
collect all y-terms with dy and all x-terms with dx, that is, if it is possible to write
the equation in the form:

M(x) dx + N(y) dy =0

than the general solution:

JM(x)dx+ [N(y)dy =¢
Where:

c is an arbitrary constant

Ex. 1. : Solve the differential equation:-

d
&y _ (1+y*e*

dx
Solution

. 1

e dx—1+y2dy=0
d

jexdx—j 24 —f

1+y2
e*—tan"ly=¢
tanly=e*—c

Email (tayser.sumer.gaaz@uomus.edu.iq)



Al-Mustagbal University
Department (Al S dnnigl) ilyiss)
Class (4Ll
Subject (3 el )
Lecturer (Ol ew yuad 3.a)
1%t/2" term - Lect. (Ordinary Differential Equation)

y = tan(e* —¢)
Ex. 2. : Solve the differential equation:-

dy 1

_— = =O
dx xy

Solution

d dx
dy  dx _
y X

d d
y X

0

Iny+Inx=c

Inxy =c
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Ex. 3. : Solve the differential equation:-

dy .

L — Xy

dx €
Solution

dy e*

dx eY

feydy =fexdx

e =e*+c¢
IneY =In(e* + ¢)

y=In(e* + ¢)

H.W.: Solve the differential equation:-

1)x%+3y:2 Given y=0, x=0
2) X2y -3)dx + (x*+1)dy=0
) x¥(y?+ 1) dx+yvad +1 dy=0

Hx2(y+1)dx+y>(x-1)dy=0
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2 - First order: homogenous

An equation of the form:

ay __ .Y
Frdal Gup R C)

Is called a homogenous equation. In this equation, the variable cannot be separated but
can be transformed by a change of variable into an equation where the variables can
be separated.

To transform a homogenous equation such equation (1) into an equation whose variable
may separate,

We introduce the new independent variable:

v y 1 X

x'v vy

bstitute in (1 +Xx —=F
supstitute In V+X \'
() l ()

dx dv
+ =0
x  v—-F(v)

this equation is a variable separable

Then after solving this equation, the original eq. maybe obtained by substituting % for
V.

Ex. 1.: Show that the equation is homogenous and find solutions satisfied condition y(1)
=1:-

dy —(x*+y?)
dx  2xy

Solution
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x2 2 2
dy ot _ 1+(3)
dx | Zxy | 2y

x2 X
dy 1+ v?
dx _< 2v >—F(v)
d dv
_y+ =
X o (14v?
2v
dy dv
7+ + 1+ v2 0
v 2v
dy dv
7+2v2+1+v2_0

2v
d 2vdv
dy _

x 14+ 3v2

1
jx‘ldx +§j(1 + 3v2)7 1. 6vdv = f 0dx

1
Inx +§ln(1 +3v?) =c¢
3lnx + In(1 + 3v?) = 3¢
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Inx3 (1+3v?) =3¢
2
x3 (1+3i’—2)=e3c=c’ Let ¢’ =e3¢

x3+3xy? =c'

(13 +3(D)(1)? = ¢’

x3+3xy? =4
Ex. 2.: Solve the differential equation:-
(x% + y*)dx + xydy = 0
Solution

xydy = —(x? + y?)dx

X2 y2 2

d_y_—(x2+y2)__<?+ﬁ)_‘<1+(§))

dx Xy B Xy B Y
x? X

dy —-(1+v?)

= e W

dx+ dv _0

x v—FW)
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dx+ dv — 0
x (—(1+v2)> B

v

dx dv

dx vdv

=0
X +2v2+1

1
fx‘ldx + Ef(sz + 1)1 2vdv = f 0dx

1
In x +Eln(2v2 +1)=c

2lnx +In(2v? + 1) = 2¢

In(x?)(2v2 + 1) = 2¢
2y?

ln(xz) (X_Z + 1) = 2c

In(2y? + x%) = 2¢

2y% + x?% = e?¢

2y +x% = ¢’
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H.W.: Solve the differential equation:-

1) (x2+y?)dx +xydy=0
2) x2dy + (y2—xy) dx=0

3) x €”x dx + ydx — xdy = 0
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