



































































































































Liman Operators Uk linear algebra to

solve PDEs

Ex Ltu Ux

th gu

them
operators

Utv L tuk Liu

c V C Uu
c is a constant

Non Ex Ltu U Ux






































































































































Heat equation is linear

I

Ut k4 is linear

means Lu Ut kUx is
linear operator

Set of solutions Luso
is a vector space

Additionof
two solutions
Ntv Scalar

General notation product d u are
solutions

U 0 homogeneous linear
equation

he f f not ten fraction

inhomogeneous linear equals



principle of superposition linearly

If Ui Uz are solutions to a linear

homog egri then so is

C Uit Gus for any G GEIR

Separation of variables Most important
topic of the
class

ID heat equation

Ut kU PDE

UG.tl Uh 17 0 BL
UH ol fix IC



Idea Ignore IC at first
Look for Sdn's

ULX.tl 41 7 GIT

Ut 0 1 2 G'Lt

Uxx of cx Git

Ut kUxx

fix G'ft 44 1 Git

I
X

t t t
fan of t fan of X G

A is
a constant



We get a system of ODES

G'It X'K Gets

Y 1 1 110 1 7

BG Uloitto 410 Gato
Ullitto 4cL Got o

4101 414 0

Otherwise Git so for all f which

gives a solution

44 1 444 and 914
o

Eigenvalue problem

like matrix equation Au v



i What are values d for which there're
no 7th Solh's

What are the Sdn's

Case 1 Dao

Y ex C ushFIXthefinhfix

463 0 7 4 0

414 0 usiah Leo

Cr v

gyro µ n

Cash a 0 41 1 9 6

41.3 0 14 0 41 1 0



Case d o 91 1 9 nsrax

thsinrix

4103 0 7 4 0

414 0 sis QL o

TIL hit D Mh

41 1 sin n
x

Another method of proving A o

by integration by parts

4 ay
461 0 14 0

J if d af 4 dx

144 x Ol ol Ii 1401524



so n 1445 dy

storax
If 410 then X O

On the other hand

G'it Kd Gct

G etat e
kh t

So we find solns
UH f sin hTg e

kn
t

n I l Z f

with IC

U X o sin HEX



If fix
n
Cn sight x

then we find unique solos

UX.tl
n

Cn signify e
k I t

From Fourier Expansion

any continuous function f such that

f lot ft o can be written as
too

fix E Cn sinnixh 4

So general soln
Tw Kh Th

UK it 7 2 Ch sinning It
h 4



Question How to find Cn

In HWI If 4 Un are

othegonal basis i.e Vi Y 7 0

n when it
W I Civi then

i 4

W UmCm
Vm Vm

Similar formula holds for
too

fix E Cn sinnixh 4

In HNL JffinhIxfish x dx

40
min

I m n



So J fix fin TIX dx

Ej J Cn Isin'ExsinmExd

Cm E
2J fix Csinmfpdso Cm

L

Define the dot product Inner product

of two functions fix gtx by

cf.gs Jet fix gixsdx



So L Sin TEX sina.LI f
O m

m h
I


