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Exi
ODE[y"- y = 07 y = y(x)

order

Find a function to plug in for

y to solve
the equ.

X

Let y
= e.

X

Then y'= e , y"= e
.

So,

y y
=
e- e= 0

so y
= e
+ solves the

ODE.



&ef : An ODE is called

#near if it is of the form

an(x)y+an .. (x)y
*-+

... + a ,(x)y+ a(x(y = x)

un

#yI
-
~

that is, the
coefficients of y

(k)
terms

only have x's and
constants in themEmi
-

EX:

x y"-3y' + \(x)y = 2
W b(x)

az(x)a , (x) = -
9
- (x) =

2/n(x)2
= X

is a linear ODE.



E: y'-13xy = 10 ear

Ex: Oy"+ 10 x y = X
3 not
linear
-

&

Ex: (3y(0) Sxsin(x)y = sin(y)- -
v

~

not
*

linear
-

-

&ef : The real number line

is denoted by IR
- 1 . 5 IR

e
- 2

- I



Lef: An en interval I is

an interval of the form

I = (a,b)
=tai

T
-

or I = (a,minin-
a x < D

deta,dIR

- xXxX



↓Lef : A real-valued function f

is aolution to an n-th

order ODE on an open
interval

I if

Of , fit",,...,
I'v exist on
I

and & When you plugf
and its

derivatives into
the ODE

it solves the equation
for

all X in
I

.

In addition, sometimes
one is

given what
f(x) , f(xol, ...

f(n
-

(x)

must equal for some
Xo in F.

This extra condition
turns the

ODE into an initial-value problem
--



E: Let's show that

f(x) = e is a solution
to

y '- y = 0
· t

on the
interval I= (- X , r)

1

P
Both f and

f'exist on I .

② If you plug
in y =

f = e
*

and y = f = e
* then

works

* for

y'- y = e- e
T
= 0 [all X

in I

So
,
f solves yo-y = 0 on I

.



Ex: Consider the ODE

y"- 4y = 0

on I = ( - a , d)
2x

Let f(x) = ce where

is any
constant.

Let's show - solves the

ODE on I = (- , d).
2x these

O f(x) = ce
2x J all

deed
f(x) = 2c on

2X
I = (

- x , d)
f"(x) = 4

② Plugging these into
the ODE

we get (y = f, y = f , y= f")



y"- 4y = 4ce2 4(ce
*Y = 0

2x
solves y"- 4y=So

, y =
ce

on I
= (- +, d) .

Note: a can
be any

number

So we just found
an infinite

# of solutions to y"4y =
0

on I = (
-y ,

A) -

210eY -te
Some are : 22 ↓ - ~u

c = 2 C = 10 c =-
-
-

Ex : Consider the initial
value

-

problem
y"- 4y = 0 initialy(0) = 5, y'(0)

= 10 = conditions



We want to solve this on I
= C- *, d)

2x

We know y = ce
solves

y"- 4y = 0 .

can we
make it

also

satisfy y(0)
= S, y'(d)

= 10 ?

y(0) = 5
becomes

2X z(0)

y = Ce 2X
5 = cl

y = zc 7 So need o

S

5 = CC-
I

5 = C
-

becomes
y'() = 10 2(0)
10 =
2

10 =
2C

5 = c



So
, y
= S e2X will solve
-

c = 5

y"- 4y = 0[y(0) = 5, y'(d) = 10
on I = c- D , n)



# Consider the non-linear

ODE

ey= yz

ut +(x=wherec is a

constant.

I her ,

2

f(x5
- ( -x)) - 1) = c x] E(-x)

Then , (f(x)= (*)= c



Su, f'(x) = (f(x))2

Thus
,
f solves d = y?

↓
You can say that f(x)

=

-X

solves y = y
2

un
I = (-x, c)

I ↓ H CI(((D)

OR you
could say that

f solves y= y2 on F = ( ,
x)

.

" Ie
-




