
i

A differentiform it an

expression of the
form

W Peay doc Q ay dy

se dy ry dy w

If y yea
is a sot to the

differential equation

dy gtx
dx

so plugging in



Pdx Q Gc die o

ne Pt Q Ex dx o

So saying y is a son to

the diff eg n the same thy
as saying W O

Note that the differential equation

y
a fix y

can be written

as

w flag doc dy

Often times when an Soke on



ODE the Solution is given

implicity

EI wa k duty dy
This corresponds to

g
this is separable

Sy dy f x da

t y fate

22 92 C

Any lol y Sah his say C

her some C



Can explicity son for
y in this

case
y t.fi defined

for HIS F

def Flay we define the

differential of F df as

de Ia de dy dy

def A differential form w

Ii called exact if we df

for some function F

EI k da t

y dy
w

is exact ble w de

F x Eye



What does exactness mean fr

differential equations

what's going
to happen

wa de Sol's to w o

are going to be given by

Fay C for some C

cry
we de Flay C

II dz o by chain
race

W o by above

Jo Fay C 15 a Sol to

differential eg



Ex w 2x door 4g dy
exact ble w de

F Katy
this means that x'ty C

is the general solution to
w o

How to Sid F such that w de

In this example not too bad

de deg dat Eydy

Saying de aw

IE 2x af 4y

Fay Kt glys and Flay y'thea

From this we see Katya is



One such chain of F that works

Two questions now

Given co can we tell if it's

exact or not

If w is exact how can

we tell what it comes from

TIM w Pdx rQ dy PQ
continuously differentiable

If w is exact then

85

If dfyadg holds in some

rectangle R then



w is exact in R

Why is this theorem
true

co de P E Q Eg

PQ diff F twice differ table

8Edy Ex often

mixed partials are equal

If g a dgc we want F

sit We dF

PE P Flay Pdx gigs

g fide g'ly



E f Ey de glyl

Q E ble w exact

a 8 by assumption

Q S da ugly

Q Q they rgly
O heyl g ly

can solve this differential equation

and take glyl as any solution



EI w y
da t 3xy dy

w in exact

dy Bye

I 3g

To hid F we follow the above

procedure

we dF E doc II dy

dig y a Foxy ay glyl

Ey 32cg't g ly

Since w i exact Y Zay

Zay 32g t g ly



g'ly so

we can take gly 20

So wa df Fay Xy

Solution to w o are givin

by xy
C

EI wa Casey y
dx 4g 3273yd

Wii exact ble

ax 34

Gx 3g

To find F



IE lexy y

Fay My ay gey

deg 3 x 3xy g y
w is exact IF 49 3 3329

4 3
2

3292 35 3
2 t g'lyl

Hye g ly

gey 2g is a

Choice of Sol

Fay 323 xy 2g

co de and the Sol's to



we 0 are

Body ay'r2y C

Rmf You could always instead

start w d
a and integrate

first then deff w.n.tt x

E.g 2.6.25 in the textbook

If you've taken
3213

this procedure should
remind

you of checking
if a vector

field is conservative or

not and finding a potential
function



To summarize

to find F sit w de

set Ee P and integrate

to get Foxy fp doc f g ly

Differentiate to set up
a

differential equation so you
can

solve for gey



Infants
we just

showed how to

Solve Play Q ay Ma O

when co Pdx r Qd is exact

What do we do when we's

not exact

Theme fiddle with what

we know how to do on ht it

works

Let's try and find some

function gu play
Sit

yaw
is exact so yaw de



IE sup E MQ

then by doing what we did

earlier the level cures

Fay C still solve

W 0

Such a fuchsin p is called
an

integuatiyfts for w

Unfortunately find j on integrating

factor in general
is extremely

hard

Usually we look for special types
of integrating failure

related

to the specific ODE



I

E W G 2g dx Zay dy
ther w it not exact ble

day 4g

IE 2g

Let's try and find pe
so that

law is exact

Let's be optimistic let's look for

µ plod that only depends
on K

jaw p x try de Zay p dy
need

party of C Zay p



p xt2y g p Cray't
t p gcarry

Gym

2xyy Ey gu Zay p

typ type zig

Gyp Ey y

3M xp this is separable

I y

Is fr is a choice that
Solves this



Mw lazy doc 37dg
IT going to be exact

Now need to And F sit

jaw dF

pw 32 dx Ee d

dE 323

Fay t FI gey

dig get gley
by exactness also had

E



dy s

22 Eet g'ly

g y
o

gly
o si a choice

that works

So Foxy t EE

and jaw
IF and

so I Iz C are the

solution to w 0



when does Pdx r Qd
have a integrating factor

depending only on x

µ Pdx yQ dy de

IE pep of MQ

GGP da GQ

µ n'Qt 8

n 185 8 y

if tF depend

only on K then we get

a separable equation
we



Can Solve

Similarly it f É_
depends only on y get

on

integrating factor depending

only on y



EI Gy 2 doc x xy dy

Not exact

dig a x

8 2x g

Need to hid on integrating
factor to some w 0

h tco Fx

I x ex yl e f

µ I p has solution



µ Yx so
jaw

is exact

Mw Cy E dx x y dy

IE y E

Fay xy
Zenbelt gey

dog x t g ly

yaw
exact so dig a x y

x y at g ly

y gist

can take gig
x Ey

So Flay a Ky 29 1 1 Ey



works and Fay C

gries the
solutions to W O

tomogenous equations

tishomogetfns
dea if

Gltxity EGG y

ex

Iya
2x my y

ln

are all homogenous

Ky ya Sincxtyl not

homogenous

W is homogenous if P Q

de



homogenous of
same degree

Homogenous
differential equations

em all he soled by

the substitution.LYdy vdxtxdy

Ex wa Cocky dx try dy
1 homogenous of degree

2

ya
xx dy x duty doc

w x I dx Xx adv rdx

w e x 2271 dx 23 du

to solve w 0



to solve w O

1 2
3 doc xx dy o

Itv dk xx der

Idk z
du which

is

separable

C Intel la 1 2 21

E 1 2
211

4

Ey 1 24

Ce x 21,4

C x 2 x'y it Sol



to w 0


