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Differential Equations

1. Definition of Differential Equations

Differential Equation: is any equation which contains one derivative or more. The

derivative may be either ordinary derivative or partial derivative.

Aaidia Ll ALl (S g6 SST o) JBY) e 3as) g AELia e s sind Al Aalaal) o cdlalal) Aalell
A s Al 5l dgaliic )

" r_ _ d2y dy_ —
y"+4y' -3y =2X or W+4& 3y =2x

Solution of the Differential Equation is finding an equation without any

derivatives, and when substituted in the differential equation achieved.
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1.1 Classification of Differential equation:
Differential equation divided into:
1) Ordinary Differential Equation: independent variable = 1 4:aliic ¥ dloaléill Aatadl)

Ordinary Differential Equation (ODE): is an equation containing one independent

variable.
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For Example:
y = x?
dy
T 2x or y=2x -
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y=f(Xx)

where:
y: is dependent variable ize jaie

x: is independent variable Jsiwe juaie

2) Partial Differential Equation: independent variable > 1 4 jall Zoloalal) ddalal)

Partial Differential Equation (PDE): is an equation containing more than one
independent variable.
e e e ST e g giad Al Aalaall 4 5 130 el bl daleal)

For Example:

Z=X%+Yy?

dz _ . _
&—Zx or 2/=2x - z=f(x,y)
%ZZy or /=2y - z="f(xy)
dx ’
where:.

z: is dependent variable

x & y: is independent variable

1.2 Order of differential equation: dlaléill datad) s

The number of highest derivative in a differential equation. A differential equation

of order 1 is called First order, order 2 is called Second order ....... etc.
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For Example:
y+y=x First order
y+2y —y=sinx Second order

1.3 Degree of the differential equation: 4sléalisl) Aataal) 4 )

The highest power which is raised to the highest-order derivative existed in
differential equation.

Aoloalail) Asadl) b 48 o) e 3ga g0 il e s
For Example:
1-y"+2y'—y=0  thedegreeisl
2—y"+3y"+Inx=5 thedegreeisl

2
3—(d—yJ+d—y+tan x=0 thedegreeis3

dx? | dx
_d?y (dy) ,dy _ -
4 WH{&j 2&_0 thedegreeisl

Note: if highest-order derivative found inside the root or any form of fraction, the

degree of this differential equation cannot be determined (undefined degree).
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For example:

2
d y+d_y:

o T~ (undefined degree)

2 3
% +cos (372,') =5x (undefined degree)
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1.4 Types of Differential Equation

There are two types of differential equation according to degree it:

a) Linear Differential Equation: is a differential equation without nonlinear term
and all of its terms are of first degree.

b) Non-Linear Differential Equation: is a differential equation that contain

nonlinear terms such as: siny, e¥,Vy, y2, yy or Iny.
dainall puaiall Je (g ging (o2 Aalaall 3508 (e 2a IS (5 6K o) g (linear) dabaa Aabeal) moa S

Jlie IS5 o Alabeall 3 g0a aal eday O o)) cangy ol ¢ oY) A 0l (e il 5 (y)

siny,e’,\Jy ,y% yy'oriny

For example

(1)— y"+yy'=x (Non - Linear because yy')

N 2,3
(2)- d_g/ +xd—y:sinx (Non — Linear because d Z/ )
dx dx dx

(3)— y"+4xy'+2y=cosx (Linearbecause) x (ol waixi¥

2
(4)_%+g_y+ Iny =0 (Non- Linear becauseln y)
X X

2 2 2
(5) —d—2/+ X ay +tany =4 (Non- Linear because dy and tan y)
dx dx dx
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1.5 Solution of the differential equation: 4l dseall Ja

There is multi-solution for the differential equation:

1. General Solution: it is a solution that contain one or more essential constant.

Y e aal g g ia) i e s ging 3l Jall @l sa caladl Jall
For Example:
dy
—=f0 - [dy=[f®-dx+c
where c: is essential constant
Alialal) Adabaal) 455 5 (e JB) ) (g gl A HLBAY) Sl Al 2ae Laily

2. Particular Solution: it is a solution obtained from general solution by finding
the values of essential constants. it depended on:
6 sing bale s A LEAY) cul ) ad sl Alall Jall (e agde Juani (53 Jall Gl ga zoalal) Jal)
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a- Boundary conditions for static problems

YR 0 O R YO S R

yix=0)=0 yix=1)=0

b- Initial conditions for dynamic problems

VWA

For Example: Initial conditions at (t=0)

AW

|

.r\\\\:l\

E-mail: mohammed.ali.saihood@uomus.edu.iq




Math : 33lall sl
J*mg.‘s.\;ﬁé,e,i:WJ:\ﬂ\eu\
Second : 4aal

2025-2024 : Azl pal) dded)
Differential Equations 5 _yalaall ) gis

3. Singular Solution: solution cannot be found from general solution.
Al Jall (e agle J geanll (S I ) Jall lld ga z3LaN Jal

4. Complete Solution: it is a solution that by which can get all the solutions of the

differential equation.
Aoloalill Aalaad) Jsla aen e Jgeanll (e ) Jall @lld a1l Jal)

Example (1): Prove that y =ae*+ be2* is a general solution for the

differential equation y —y — 2y = 07?

Solve:

y—y—2y=0

y=ae™*+be

Yy =—ae ™+ 2be

Y =ae>+4b e

sub y,¥,and y in above D. E:

~ae*+4be>* +ae*—2be?* —2ae*—2be* =

0=0 - ok

Problems:

H.W: Prove that each of the following differential equation has the given general

solution for all values of the constant a and b:
1) y—-6y+9y=0, y=ae3*+bxe¥

2)y+()?+1=0, y=Inj|cos(x+a)|+b
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