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here we consider ODES 1ordinary differential equations

these are eq s invoking a fet y 1 1 depending on onevariable andits
derivatives

PDE partial differentialeq yah Xu i.emanyvariables

first order YCH f x yall i e only firstderivative involved

n theorder highestinvolved derivative y 4 1

solving ODE means finding ylx that solves ODE

for y x ffx.eu we specifyinitial condition y xo yo

E IIa Xy XER populationgrowth X 0 growth
Xc0 decay

solveby separationof variables

write formally dyI Xdx and integratebothsides

II DE we XI IE
3 buy buy In X X Xo

3 Yuk yo eXIX H



with initial condition yCxo yo e yo

alternatively we could just write

Sdf SXd x s buy Xx t C

y KK e e Aein
A

initial condition at Xo yl x I Ae A initial card atxo o

express A in terms of X andyo A yoe

wecouldplugthatbackin and find yal yo e
t l

4 SomeTypes of Integrable ODESmmmm

integrable findexplicit soc byintegration

y CH fCHgly called separable ODE

unite formally f fugue as gdfy fatDX andintegrate

solve f DI
gk
Statdx

if possible conditions are eg f andof
continuousand

g
non zero



y x f x y called linearhomogeneous ODE

as before J fuk Sfu DX so buy StaidXtc

YG A e
Stadt

y KK flHy t g k called linear inhomogeneous ODE

idea write ylx Uk vix

then IFI II v tu fu u t g

solve did fu and then 0

wehave a KK e It di and next DE C

solution y like
d't

Ct I fdI
HH fixly t gHy l calledBernoulli differential eq

again write yal UHHH

at nut fur tofu
v

Y Yu



solve a fu s u1 1 eEfEld F

and r gun v gun dx

3 IIIT gain dirt C

solution yuh uh
CTI

ul gEIuYxydE

t logistic growth d XyH E
X growthrate k e.g environmental carrying capacity

solve by separation ofvariables seeHW or usingBernoulli formula

y Xy Ey If 1 1 7 gH
frombefore weget ulx e

yate E IIe dir

e E E

solution is y like C

EE
5



second order ODEs y f x y y

Special cases

f f x y no y involved

herewe can justintroduce new variable p y
then weneed to solve firstorder ODE p f Ix p
f fly y no x involved

look for ply s t y ply

y daff dady
d

p p needto solve p p fly p
for p as fat of y
this gives us ply thenwestillneed to solve y ply

Ex harmonic oscillator

Newton secondLaw force mass acceleration F in a

position xCH velocity dd t UH acceleration d dd H aft

harmonic oscillator force F Kx leg Spring
3 ODE mdd z Kx or dd WI w FE
look at u v HH



ddI d yd wax solve v wk

separationof variables Vdv u2xd

Vhf w2x't C
vlxt fq.az dI

dt

need to solve dat fruitt

Sf Sdt

is r Esf tsf
I arcsiuy twarcsiufrc.ir

stearcsiulfzx ttCz

ssoCutiouxCtI sin uttara

or nicer x A Ao Sin tutty
amplitude initial please

initial positionat 7 0 x lol Aosince to

initial velocity at f 0 v lo Aowcosy Vo


