
Week 12

Applications of
Linear Algebra



Spectneltheoreme
Recall : • A c- 112

" "

ni symmetric if At -_A

• ② c- 112
""

is orthogonal if QTQ -

- I

Th_ (spectnel Theorem for symmetric matrices )
Tf A c- IR

""

is symmetric
,

then :

it All eigenvalues of A one real

Ci ) Eigenvectors of A corresponding
to distinct

eigenvalues are orthogonal .

Iii) A can be diagonalized by an orthogonal matrix ,

i.e.
,

there exits on orthogonal matrix Q c- 112
""

at
.

QTAQ =D
,

where 1) in diagonal .

Remand To diagonals're a symmetric A by an orthogonal
matrix Q : - find a hen's for each eugenspace

and use Cpom - Schmidt to make it

orthonormal
.

- by spectral th , orthonormal bees of
all

eigempaces jointly form on orthonormal bars

for IR
"

- form the matrix Q using
the orthonormal lori,

vectors as columns .
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① Solving linear recursions /difference equations

Examine : Fibonacci sequence
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Diagonalize A :

P -H
,
RAP = # E.)

⇒ A =P 1¥ IIP"
,

P
"

= ¥1.4

⇒ A
"
-

- pl E) P
"

-

-¥
. 1) (÷ It:*

and :| -- A" I :| __Fn=¥?⃝
-



Golden ratio in nature :
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② Markov Chains me finance



③ Linear differential equations

I = Ay ,

where y =/
"

i / , y
'

. / ÷
,
;)

Yn

The solution set comih of
h

c-⇐⇒ that notify the equation ,
and it has a structure of a vector space :

if y

'
= Ay and I -- AE

,

then

4-+E)
'

= It I
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= A- It AE = A late

and (✗at = A y
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A--1%2 ) is diagnosable : A = PDP
"

,

P =/ ! ! ) , D= /I :)

Change of variables : I =P I ( i.e . I =P
"1)

y
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i. e. wi = w
,

Wi = -w
,

⇒ wilt ) = Get
Walt / = C, e-

t

⇒ I =P us =/ ? f) fit u

c.
it "

general solution
=/ 7

,
=3 Get + Czét

Solution net has
Y
,
= Cret + czét .

dimension 2 .



④ Google PageRank algorithm
Maumee matrix of the internet

websites
• • •

'

\ !
i.
. -
-

- -
- - -IF

* probability
: head on number

of links from itoj .

Calculate approximate eigenvectors .

⑤ Networks : -
electrical

- social

- transport
-

diuore transmission

⑥ Image / signal processing



⑦ 3D computer Graphics : - CGI effects on films
- computer games
- design .

Work in pi .
Geometric tromfonnotiom : - rotations

- reflection>
- scaling ,

etc

one in fact linear transformations 1123→ 1123

± 1- As

for a suitable A :

-

rotation if Aoi orthogonal with det(A) =p

- reflection -

- - - ditch -- -1

Representing shapes :
points are represented

by E , , E . - . In c- IÑ

ms
'matrix of coordinates

✗ c- IR
> ✗ h



Shading / rendering

compute the

⇐
.

.
.

'÷÷÷t:angles using
eye

Animate : Perform atamfomokon

✗↳AX

and draw / render the new shape

incrementally ( A 's irony in time ) .



⑨ Machine learning -
neural networks

⑤ Data science /analysis

linear regression as least ignores
method

① Cooling theory ( QMUL module)

- linear codes are vector spaces

over finite fields Fp = Ztpzf

?⃝ Cryptography (QMUL module )


