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Last time

Method of Frobenius Generalizes solutions to Euler's
egin

For an equation of the form t o is a regular
singular point

In EplE u t gittu O
with p Eput g gut search for a solution

possiblyof the form fractional powersrtn
Nlt E ant

n o

Substitute in solve for r and the an's via resulting recurrence

formula The power r is determined by the Indicial Equation

Flr rtr l t por 90 0

The two solutions are determined by the two roots of F

Usually do serves a the unknown constant in the solution

Mechanically very similar to solvig Euler's Equation or finding

a series solution to a nonsingular equation

Next Laplautrasforms
Motivating example

when solving A I T nm linear system if we
knew A then justapply it to both sits

A AI I A5 D

Alternatively if we knew some other matrix which had
13



the property that

13 A diagonal

BA tridiagonal
each of these m b the
linear system very easy to
solve

BA E BI
Cansomething similar be done for DE Can we find some

other linen operator T such that

TLu Tg is much easier to solve than Lu g
Definition The LaplaceTransform of a fuckin f defined on

0 EEL is

FIs Tfls estfu dt

III f estfu dt
e'in test s

i s
Example fIt ewt w real

F s estent dt elin stt It

e
w s't T if s o

if sea

iIs s ws I Ewz s utis w

Since eint coswt t isinwt we have

T coswths
w

Tlsinwt s III



Assumptions on f in order for Tf to exist
Lenina If f is piecewise continuous and then exists M C 70 such

that I fall 2 Me't t 30 then Tfls exists for S c

Sketch Fcs ffestf.LI dt E e't Ifk Idt
eSt M e't dt

Mf das'tde LA iff s c

We will apply the operator T to both sides of Lu g In
order to do this we need the quantity Tri Theft

Tu estn'Iti dt integratebyparts

estultil Est ult dt

Wo t s estult dt Wo t STuls

Therefore if Ffs fIs then THS Ho sFts

Likewise Tf K s Fls sflo f lo
Proof alsoby integratingby parts Aside To remember integration

by parts
nu n'V ur

Inteynle both sides
I
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Now apply to 2nd order constant coefficient inh s DE

Tlau t but ten Tg
a sus suto Ho t b sus ulol cuts Gls
solve for Uts

as bs c Uls Gts a Salo Ho t bald

s Glsl.la sulo tulo tbu
as bs c

If this quantity is the heroin Laplacetransform of

some function 011T then the solution must be
ult 414

Under suitable conditions the function nlt can be determined

directly from Uls by applying the InverseLaplaceTransform

nlt LTb t

The computation of T requires complex analysis and is Transform

therefore beyond our scope Wemust useTable ownLa Pai

T It f tuts ds Fourier Mellin integral

Example y 5g14g e ylol I ylo i

TakingLaplaceTransform of bothsides

sails syn y'lol 51161 ylo 4Tls 2 for S 2

5TH s I 5sYls 51 474 2



Yls S2 S3 4 Iz t s 6

Vs s 41151 Iz t S 6

Yest is.ie ysItcsITysT sfIksT
Partial fractions

iscsi I tis I Es4 s l

s als l t bls4 S to
Esp If 4 IT a b l 35 1 b I

a46 0 D Yb a 4g

I tf atIs216411513

Therefore Yls I 2
12 tf 1 2 45tf

Estate tasty

Andso it mustbe that y.lt Et t2et e4t

PrypertiesoflaplaceTransforms

PropI If Fb Est fth dt then

Fstf tflat dt F s

Straightforward computation

F s e f st fit dt Zeist FH dt

foote
St fit dt



Example Previously we saw that

Meat ls Fa s a

soTIte.at ls7 fssta ap

Property If Tf F then T eatfltills Ffs a

Compute Esteatfly dt e
attFH dt Flsa

Examine
This Est t dt IT

Andusing Prop2 Tleatt 2 Same as before

Property If Tf F and Tff'Ys sFts Ho
then Tl I f Is switch integration

order
A I

e
St fade dt f f Estdt th deo

L fest fade

Est ft DT Is Est ft de F

Other unhl LaplaceTransforms
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