
Topic 1EtifuentialWhat is a

equation ?



DefiIn equation relating an

unknown function and one or

more of its derivatives
is

called a differentialequation (DE).

· If the unknown
function depends

on only a single
independent variable

then the equation
is called an

ordinary
differential equation

(ODE
-depends

· If the unknown
function and

on two or more
variables then

contains partial
desivative

the equation
is called a

partial
differential equation

(PDE)

- tion

of a differential
equa

· The order desivative
-

is the
order of

the highest

that appears
in it.



ODE

3 = y(x) is a
function

of one
variable X

y =
dependent variable

independent variable
X =

order is
&

-

Ex :
-

ODE

E+ y = 0 y = y(x) is
a function

of one
variable X

y =
dependent variable

independent variable
X =

order is
2

-
PDEEi
u = u(X ,

t) is a
function

variables
of two
X and
t
variable⑫ u7 upendependent

dent

X/ t
7i vaniables

order is
2



Def: An ODE is called linear if

it is of the form

aly" +my
* 7 ... + a , (x)y' +mexy

= (x)
~

↑ ↑ ↑ ↑ ↑

-Thatis,thecrefficientsotheytris
-

Ex

x2 y" - 2y+ In (x)y = 5x
E

L
~

~ wi

-S constants
·
i

has X's and

yay" - by + 12xy
= 0 notlinea

W

*ascoefficient



Def: The real number line is
denoted

by R .

-E
2

#!
R

- I
- 2

-remem-

Let: An open interval I is an
-

interval of the form

#R

I = (a
,
b) [

on
E = Ga ,b)

or I = (a ,)
or I

=R=(a , d)↑
*



Def : A real-valued function - is

-

to ur n - th
order

a Section
an open

interval I if

ODE or

for exist on
F

& f , fl , f".....

and & When you plug
f into the

ODE

it solves
the equation

for

all X in I .

addition ,
one

sometimes
is

In
what f(x) ,

f"(xo) · ·

·
f(n- (xo)

given

must equal
for some

fixedXo in F .

In that
case the problem

blem .

is
called an -xialvalue pro



X

Ex: Show that f(x) = e

is a solution to
the ODE

y'-y = 0eorder
I = ( 0,d .

on the interval

defined

D + (x =e
f(x) =e

② We must show
that

f'(x-f(x) = 0
is true

for

all X
in I

.

e - e= 0

This is true
since

I.

for all X
in

#



Ex: Consider the
ODE

y"- 4y = 0

Let's try to find
a

>

Solution On
I = ( 0,p) .⑰2x

C 70

Let f(x) = ce

C is a constant
.

where

Then, 2X

&numfor all
f(x) =

ce

2x *S
in 20

f(x) = 2
2 on

2x I = (-D,d)

f"(x) = 4ce

We must
show that

f"(x) -4f(x)
= 0

for all x
in I = ( +, x)



This is true since 4* 4 ce* O

for all X in I.

an
infinite

Thus, we
have found

number of
solutions

to y'14y = 0,

one for
each

constant a.

Some examples
are

Sex
,
loe-He

What if we were
asked to

find a
solution to the initial

value problem :

sume
ODE

y"- 4y = 0 =

↑

y(0) = 5 3 initial[ conditions

y'(d) = 10

A solution to
this problem

f(0) = Se" S
is f(x) = Se

since

f(d) =10 10



: Consider the non-linear
first order ODE

⑫3"(x) q(x) = x

&

Letf(x)
=

constant.
-I

where
C is a ~

I

Then , ( · (1) = (C - X)
2

P(x) = (c
- xi )= - ( - x

- 2
-

(P(x))= (*) x and 'in

Thus
,
plugging o

in for y

(**) gives
for t in

I
-

= xi
(c - x)2

That is , $(x)
= cty satisfies

(* ).



Note that $(x) and #'(x) only

exist for X + C
.

Thus
,

for example ,
P(x) = x

is a solution
to (A)

on the
interval I

=Cy, C).

M

# C-i·T-
that &

You could
also say I = (C , 0) .

solution to (*) on

is a



Ex: Solve

* = 3
2

3 (**)

where y(0)
= 1

.

We know that
$(x) = x

solves * = y2 for x +
C.

Let's try
to solve $(0) = 1.

c = 1
.

We get to
1 which gives

I

Thus, P(x)
= Fx

solves
(**)

the
interval

-

I = (-
x, ) ·on


