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o A differential equation is an equation that involves
a function and one or more of its derivatives .

o For example : y
'
= say .

- ①

y is undcstood to be a function of x .

• The order of the differential equation
is order of the

highest derivative in the equation . In ①
,
the order

is I .

o A function for) is solution of the differential
equation if f-

'
ex) = xfcx ) .



/

Differentiable equation .
# = ay .

① The solution to differential equation is a family of

functions - you have
to find all anti derivatives .

e The solution to ① is y = Cex42 for any c.

Chefs : y
'
= C 5%2 . 2¥ = Cette se = xy .



Differentialeqeation.seAnother example from last term ( Math 100 ?) :

population model , radioactive decay ,
etc .

DI = K P
.

dt

Solution : pets = A - ekt
.

How do we findA ?

no Assume at time t
- O
,
lte population PC = Po .

then Pco) = A eko ⇒ A = Po

o Idf P = KP ,
P ( o) = Do .

This is an example of initial value problem .

A differential equation together with an initial condition .



tloudouesobed.ffebntiolequetions.comsick some general differential equation :

Fck) = some function x .

most integration problem we have done can be considered

differential equation :

fF'cxsdx = f some function
a doc

Fox) = f@!e function #c)doc .
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Definition: A separable differential equation is one of
the form dy

da
= fog ) gcse) .

LHS : da Rns : factored into a function
of

doc x and a functionof y .

eg : o dye = x
. y .

da

① dad, = se+1

a scaly
Fx

+ Y = y
?



solvingdffeeentideqeotion.dz
D=

= fog ) gcse) .

o Note that Rns is of the form fcy) gex) and not fly
)+god .

a Separate this egestion .- pull all y -stuff
to the left

and leave all x- stuff on the right .

¥y, dad, = good . tfuji = goes

Integrate both sides wrt x. ffcusriexsdx
Iffy, dad, doc = 18 "" da .

= ffensdu

or Use re- substitution : Iffy, Ay = fgcxsdx .

Y = y
e) .



Example
=
x. I y'= 5. Lot = -

Solie dated = -Hy y

⇒ y dye = - x - separate
doc

⇒ Sy dd÷edx= f-xdx - integrate both sides .

⇒ fydy = - Ix
'
-1C
,
-

don't forget the
constant .

⇒ d y
'
+ C,

=
- Ix't Cz

Z

⇒ I y2= E- ez
- I x" - rearrange

2

⇒ y =#2cg- Cz) - set
⇒ y -ITI - let c= 29- 2oz

Solution is a circle .



Example 4=0 off so = x. O ⇒ay
Sobre dy = say .

- ②
doc

For now, assume y to .

Note that Ito and

Cheek if A =0 in y
-

-
A e'42

i dy
Tg Fa =

"

sati fios ②
⇒ Syd day
,

doc = food >e
y =

o . e'42 = 0

⇒ f dy dy = fxdx dye = O = O- x .

doe

⇒ lnlyl = II t C so
, y=o is a solution and

⇒ lyl = e⇒2 . e' @%
" " )the general solution is y- the"?

⇒ y=
tea ea4z

y ⇐ A eth . daff da,fAe*k)=xg .

A = tee .



Example
sole initial value problem : IIe = I. , yes =3

22+1

⇒ Idea
.

= ÷f,
- separate

⇒ fdydy = fI÷dx - integrate both sides aorta

and substitution .

⇒ enlyl = f du - sub re - of-11 , II = 2x .

doc

⇒ lnlyl = tzenlul + c - don't forget the constant .

⇒ lnlyl = I en loft 'Ll +c c lula) = encore)

= en IMEI to
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Since of-11 SO for all x ,

we can remove obsolete Valle :

⇒ enlist -- en Cixi) + c ⇒ eenlsl = een +C

⇒ ly , = e'RE ⇒ y = test

since ycos =3 , we have 1404 E TEI
⇒ ec = 3

so
, y = I 3M¥ - this is not a single function .

but notice yco) =3 so we take posits're -

i. e y
-
- 3M¥ is the solution .



Example 4

Find a solution of a date + y = y? , y (1) = - I .

First express the
d-fferential equation in a way

easy to separate:
dy
⇒ = Ey

x
-

⇒ fy÷yd¥dx= ft doc

⇒ ftp.ydy-lnlxl + c -
don't forget onstit

⇒ Syfy,, dy = enlxltc
A

use partial factions .



Example 5 M€138
- yes-D

using partial fraction :

Syfy,, dy = STDs
+ Syfy dy .

since I = Acy -1) + By = y CA -113) - A

we get -A- =L and A -113=0

⇒ A = - I
,
13=1

So
, fyztydy-f-y-dg-fyt.de

= - enlist + lnly -11 1- C



Example 4 . ha - limb

Fite together : f y# dy =/ Idk Lay) .

we get : -lnlyl + In ly - II = lnlxltc

⇒ enlby-o.LI = c g
⇒ only - it - enlist

-Enlai -c

⇒ µ1= ec- Y÷= Iec = I 2

ya

using
initial value of y G) =

-1 :

H%÷t=E ⇒ Fife
'
⇒ E- a

so
, Is = z is the solution .

say



Exampk4con

Rearrange to get :

§jyl- =3 ⇒ 20cg = y -I

⇒ y ( I - 2x) = I

⇒ y =
1-

. Done !
I - 2x
=

How to cheek ? differentiateyxddszty-yzdd.sc= da ( Ci - zoos) = - I C'-2×5
? C-2) ⇒ xds⇒= 5-y .

= 2-
C-sexy

and y
'
- y = a

-

= 1-4-242 = 22
(I - 2x )
'

Ll -2×32



Example 4 contd .

-

so
, y
'
- y = x dig .

da Both is satisfied .

Also, y (1) =
1- =

- l

l -ZCD


