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Ordinary Differential Equation
Differential equation. A differential equation is any equation which

contains derivatives, either ordinary derivatives or partial derivatives.

F(X,y,)/ 3// g "y(n)):O

Where x is called the independent variable and y is the dependent.
Here are a few more examples of differential equations.

2y" +by'+cy=g(t) (3)
sin (y) =(1- y);-y-+ye (6)
¥ 4+10y"-4y +2y=cos{ ) (7)
2’7 a;‘!; - ou (8)
ox° ot
- T 9)
o . (10)




Order
The order of a differential equation is the largest derivative present | in the

differential equation.

Examples In the differential equations llsted above( 5), (6), (8), and (9 (_) are

second order differential equations, (10) is a third order differential equation

and (7) is a fourth order differential equation.



Ordinary and Partial Differential Equations

Defiﬁition A differential equation is _cz:ﬂléd an ordiﬁary differéntial

- equaﬁon, abbreiriated by ode, if it'has ordiﬁary derivatives in it |
FysY 5y 50y ™)=0 -

Deﬁn;iﬁqg a differential equation is called a partial differential equation,

abbreviated by pde, if it has differential derivatives in it. In the differential
Example: equations above (5) - (7) are ode’s and (8) - (10) are pde’s.




A linear differential equation is any differential equation that can be
written in the following form.

a, () (O +aa () F O+ +a )y (O)+a()r) =) ..y

The important thing to note about linear differential equations is that there are

————————
l—_“,—-c"’

no products of the function, }’( ) and its derivatives and neither the function or

its derivatives occur to any power other than the first power. The coefficients

e ———————————
———

e ———

ao(t), - .a,(¢) and €(t) can be zero or non-zero functions, constant or non-

constant functions, linear or non-linear functions. Only the function, ” ), and

its derivatives are used in determining if a differential equation is linear.



I If a differential equation cannot be written in the form, (11) then it is called a

non-linear differential equation.

Examples Iﬁ*@ - (7) above only (6) is non-linear, the other two are linear

differential equations.

Definition A solution to a differential equation on an interval %<t <£ is any
function y=y(t)

which satisfies the differential equation in question on the interval




Example Show that y(x)=x* |
is a solution to 4x4 9"+ 12"+ 3y =0 forx > 0.

3
2

Solution We’ll need the first and second derivative to do this.

G 32 ey 15 -
y(x)=—§x2 y(x)=zx7

Put these function into the differential equation.

7 s 3
45 (-142 xT) +12x (-—;—x 5)4— 3(::‘))

23 3
15x 2-18x 2 +3x

0

e
2

0
0=0

kS

So, 7 (x)= x 7 does satisfy the differential equation and hence is a solution.




Initial Condition(s) are a condition, or set of conditions, on the solution that
will allow us to determine which solution that we are after. Initial conditions

(often abbreviated i.c.’s) are of the form,
¥)=y, ador ¥V (L)=x

So, in other words, initial conditions are values of the solution and/or its
derivative(s) at specific points.

Note The number of initial conditions that are required for a given differential
equation will depend upon the order of the differential equation as we will see.

3
Example ¥ (x)=x? isa solution to
=2

|42y +122/ 43y =0 ”()

Solution As we saw in previous example the functlon is a solution and we
can then note that

y(4)=4;= -

(a) 8
T LI
y'(4)= 24 =

‘ e el i - t N
and so this solution also meets the initial conditions of ¥(4)=4 and ¥ (4) ==




Definition An Initial Value Problem (or IVP) is a differential equation along
with an appropriate number of initial conditions.

Example The following is an IVP.

42 Y'+12x'+ 3y =0 y{4)=

§7

Example Here’s another IVP.
Ay'+4y=3  y(1)=-4

Definition The general solution to a differential equation is the most general
form that the solution can take and doesn’t take any initial conditions into
account i.e contains a constants same as the order of DE.

Example y(t) =(3/4) +(c/t’) is the general solution to
2y’ +4y=73




Definition The particular solution to a differential equation is the specific
solution that not only satisfies the differential equation, but also satisfies the

given initial condition(s).

Example 6 What is the particular solution to the following IVP?
2y'+4y=3  y(1)=-4

Solution This is actually easier to do than it might at first appear. From the previous
-example we already know (well that is provided you believe my solution to this
example...) that all solutions to the differential equation are of the form.

3 ¢
£) == 4—
All that we need to do is determine the value of ¢ that will give us the solution that we’re
after. To find this all we need do is use our initial condition as follows.

~4=y(1)= §+§- A

So, the actual solution to the IVP is.




Thank ) (:IT]

You can find me at:
saad.m@sc.uobaghdad.edu.iq

Any questions?
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Separable

ODEs A separable differential equation is any differential equation that we can write in the
following form. d
ﬁqu; = M (x)
X

To solve this differential equation we first integrate both sides with respect to x to get,

o

Simply, we integrate both sides as following:

j\f dl—ju



~ ™

1 010 Solve the following differential equation
-

ample

dy ) | 1
—=0)y"x "(1)=—
dx ’ J/( ) 25
y2dy = 6xdx
Jfﬁv = Jﬁx dx
1 )
——=3x"+c
‘F

1 2

_y—_%(l) +c c=-28
25

~—=3x" 28




~
! 02 0 Solve the following IVP

ampl 3x* +4x -4
ample S e (1)

Y 2v—4

=3

(2y—4)dv =(3x" +4x—4)dx
[(2y—4)dy=[(3x" +4x—4)dx
v —4y=x"+2x" —4dx+c
let’s apply the initial condition at this point to determine the value of c.
(3 —4(3)=(1) +2(1) —4(1)+¢c  c=-2
»—dy—(x*+2x7 —4x-2) =0

So, upon using the quadratic formula on this we get.

4i\/l6—4(1)(—(:¢3 +237 —4x-2))
v(x)= ;




~ ™

| 02 ) 4i2\/4+(x3+2x3—4x—2)

ample v(x)= ;

— D 4232 — 4y 42

We are almost there. Notice that we’ve actually got two solutions here (the “+”) and we only want a
single solution. In fact, only one of the signs can be correct. So, to figure out which one is correct we
can reapply the initial condition to this. Only one of the signs will give the correct value so we can use
this to figure out which one of the signs is correct. Plugging X = 1 into the solution gives.

3=y(1)=2£V1+2-4+2=241=3,1

In this case it looks like the “+” is the correct sign for our solution. So, the explicit solution for our
differential equation is.

y(x):ZJr\fngerz —4x+2
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1 03 10 :
w Solve the following IVP

ample

e’ dy=(2x—4)dx
J.ey dy = J(Zx—él)dx
e’ =x’—4dx+c
Applying the initial condition gives
1=25-20+c c=—4

This then gives an implicit solution of.

: 2
e =x —4x—-4

v(x)= ln(x2 —4.1:—4)

V'=e’(2x—4)
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1 04 1 :
w Solve the following IVP

ample dr 1"

| | %: 0
—dr =—do
re 0
[ l,; dr :J id@
J e 7]
1
— = ln‘@‘ +c
-
Now, apply the initial condition to find c.
| |
——=In(l)+c c=——
2 ( ) 2

- : o Solving for r gets us our explicit solution.
So, the implicit solution is then, 8 g P

1
7=
3=In|f

L mfp|-L
r 2



Thank ) (:IT]

You can find me at:
saad.m@sc.uobaghdad.edu.iq

Any questions?



Homogeneous|e)» <=

[ Saad Al-Momen

SOLUTIONS OF

DIFFERENTIAL EQUATIONS
Second Class

Department of Mathematics

College of Science - University of Bag

>

a



Definition

A function f(x,y) is said to be homogeneous function
of order n if

f(tx, ty) = t"f(x,y)



1 010

ample
g f(x,n): Xz'\':’l\n%
s

Puwty) « YN S

= +52 +tt?.')t\“ 3
X

=+* (sz‘-\-j"\w%» = tzf(xlj)






Definition

An equation of the form

P(x,y)dx + Q(x,y)dy =0
IS said to be homogeneous equation Iif the functions

P(x,y) and Q(x,y) are homogeneous and of the same
order.

The homogeneous equation can be rewritten in the

form
dy y
Z =F|=
dx (x)
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o = -
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C :&L
V)

Now , Subsitube Va 3,5(

o
> CcX = i %QX:\S

3 - s
el % P SRay

3 S(X-) =~ x>



Equation of the form
(ax + by + ¢ )dx + (a,x + by + ¢,)dy = 0

) .




IODEs ’ "
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You can find me at:
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We are looking for u(x, y) such that
d(u-M(x,y)) _

d(u-N(x,y))

oy

Special Cases

v ux,y) = u(x)
v ulx,y) = u®y)

ox



If

= F(x) then
[.F.= u(x) = el F®ax

L=y = G(y) then

ILF.=u(y) = el GOy
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1st Order
Linear ODEs
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1st Order
Linear ODEs
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