CHAPTER 7

71 EiGENVALUES AND
E CENVECTORS



EiGENVALUES AND EIGENVECTORS
[et T:-R'- R be o {inmr ‘l:ranSE)rmorEon.

If there 15 o norero vector v andl o real number A such. that
T

(v) = AV

then v 15 clled an eigem/ecfor Jor T anol M 1 calleof on
&qwl/a(t{e j(gr T

Note: [f v is an eigervector then all norzero multipks of v
are Lgenvectors ~— ling of &1genvectors
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air-gun is the source of shock waves - compressed
air is more environmentally friendly than explosives

hydrophones - there are up to 3000
hydrophones on a 3000m cable

and Many,

man\/ more




Exampes
t TR=R, Ty =(xy)  reflechion owr y-oxis.
€i9MVeCon5:{(O|\()3\(4 6} and f(X.o\: Ho}
egevalues: +1 and - {.
2T R=TR, Ty = (x7y)  scoleby 2

eiQCnVec’for’sz TRl’ io}
e{garNalues: 7



ExampLES
3 T-R= ]Rl’ Txy)= ( é?ig gg)( )Y() rotation blf o
ewgenvectors : R*- {0] il O=0m @ otheriise
e\genvalues: | or noﬂ'n'ng.
4T R-TR T(y)=(%0) projechnto %-oxs.

QiQCHVec’tbt’S ; {(X,oj t X O}
e{garNalues: \



FXAMPLES
5 T-’TR?’—JRS, Thy.2)= (-%,-y,2) rotation b\{ T gbout z-ax15
eigenvectors: § (W) # (0,00], {(0,02): 240f
e\gen\Ialues: -1 and| 1
6. T R=T, Tly)=(x) Hip over y=x

eigrvectors: {(y,x): Y # o} , Tx): %#0]
e\gmv(;lues: 1 and -1



A /Vlons Co,m,m ExpLE

7 Ty = = (xy,X) L 4

Whot are the elng@TJgs(rsf E\d them o qcloral cal lxj Salve.:

)m))\(ﬂ There s a noreo

- (o)) S o
(1 )-(a)-o ()0
(1-NEN-1=0

(1‘\10(?) -0 )\%z-%go
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7 Ty = ( = (%Y, %) L_ﬁ Lii

By the above caleulotbion, the only possible eigenvales are

A= |+\fs -f

e here. any elgmw.ctors wrﬁf\‘ﬂlese, e Valuas7 Save :
ol (1] M)

~s x+ \{‘ ;\\i(( (x\() (l’;‘ff)/z) o ((I—'fs)/z>

So we have, el Vec‘\’ofs 01; e 1) and ﬂ with
eigenvalues ( |+\f§)/7, and ( I \@)/1 respe \/e\\j



Recree ror Fooing Eicenvaues & EIGENVECTORS
Soy A s an nxn matrix.
. To Find eigenvolues, solve
det(A-NI)=0
2 For each epnvalue N\ solve
Av= W or (A-xI)v=0

ﬂle Po\qnom{al OleJc (A-)\I) iS Cqued 'the CharaCWI'S‘HC
po\qnorm‘al o A He roots are exoctly the egenvalues of A



FaoiNg Eicenvaiues & EIGENVECTORS
Finol the eige,nva‘ues and eigaVectors og the %llowinq madinces,

oy (C8) (43



Cowving THE CragacTERISTIC RoLYNomiAL

Sometimes it s o{nmcup( o {'\mo"Hne rosts ofr\ ‘H’IQ,
chaactristic polynomial.

[t sometimes works o Ouess 1oots. Ore S‘buJ(ﬂw 1S to
opess the divisors of e Constort ferm (plus or minus).

EXAN(PLE. ‘r_ino{ the eigenva\ues ond ei%mvec[o s oy

172 -1
1 0 1
4-4 5

Charoctenstic Eo\\llnomial: X=X +1IN-6.

Guess: £1,42,13 +(, as yoots...
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(GoosLE PAGE RAMK

Say the wternet hos pages 1., R
Denote the importance. of the (tn poge Tt by ()

To determine 1m tance, each S 1 \/crte, $p|iJc uoll
amongsf Owtqoiflgr [inks, BUT %S%iérom fmpor'l:anjc 52%5 \%Et
more we.{tilﬂ‘l:. (C\n’\c\«n andl ng??)i

T(R): 2 Im}/[j (%)

How 1o Compl,d'& :[7 Make o madriX: ‘
.. - { I B links 1o P
L O of\r\erwmse,
(ondition () 15 equivalent fo: H(T)= T,

~>the importonice. Vector 115 an ewenvector for H
with eigernvalue 1.
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FxavmLE P — ? — SCP
BLCHh T
000000 %m0 .06
%0000 0 07
Y2 0000000 .03
H= 01 000000 \ ~ T=/.06
00% %00 Y% O .09
OOO‘/a‘/zOO‘/L .10
0000300 " 18
0000 1'% 0 | 21

~~— So poge B 15 most wmportant.




GoocLE PAGE RANK
n real (e N=25 billon!
How o find I 7

ldeor: Herate. Take any vector v, say v=ey.
The sequence H* (V) agproaches (HUL line f]nraag]n) T

In above eXample, H*(es)~T

Principle: A linear Jtmns{;rmajabn Pulls most vectors towaydls
the (leading) eigenvector: Seethe next (Zcmm,!



