Lecture 2 (Sec 5.2)
VP&(* 1)

R The Eigenvalue Metirod for Homogeneous Systems
A hohw genesus Systens of (inear differential eqns:

Y= Ay

a—

hoc B s & constont matvix

Recall: For e 18+ ovder (ihear en
X! le)= AX > @ = xe

Fr te 2™ gder  linen enn :

o X" FLx' ey =0

We  assume  solpns [sofe like X= e,hk
WWin \eadS $o e emaracteristc o

ar® +br+ c =0 > reols vy
% V.
omd garval soln XY= Ce ' +(re *o

We will vy Sowe Haing Simi lav v systems:

Pssumv  Solutiens of e form:

At
x=e v 36,\17[-\”
v,
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P/(Aj ihtv owr 5'(15‘..\.%:

U e N SN )
2 Av=hy
Rewride as- (A', ’\l—)\i =0 whart
= = T- <I,.O)
Solve for A - 0y
ﬁ lo\e.M-N-tj Mgy

s 1s Hu vedor equivalent
6L Hu  Chanderishc ean.

A 0> colhud s exqunveiue

UV S called an agen\edtor

32
. At
So\v\,s \0’0\& \\\i(,: \sze !

Need +o Solve! (_p_(,).j_:y\;:o

This system has a saluwtion when
det (A-AT )=0

M«(Ow\ Y\ = 2> - 13
2 2

A\ |
= ’}‘z’_z)\-3 501
chavacter stic eqn
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N- 20 -3 =0
(N-3)(A+D) =0 —> A=3, -]

for ecadn eigenvalic tHheve is & Cavyespondi hy
&3enved'w

(
A= 3 !n‘ Vi
Vo

To €wnd V" pleg back mio Char eqpn.
(6—;’ ’\11;:) \—r—m =0

52 5, (W\\ m
3 A H

-3V, ¥V, =0 vV, = 3V

So hevey; V, 1s & Free variable

EY

Coose any Value +ov V,
fov Simplichy, ke Vi=|

= (;], A=3
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3
Show Heat Xm‘ eA,t— lm . t(.']

I\

3
Solves -Hm sgs«\-um (3

'}-
e [ ;1 :( e (€ [1])
A H N N st

50 Yes, 3(/(') is a -und avmuntal
Seluton of (%)

The secord Lundamental soln is:
X(z) >‘7—f’ (2)

(
=e V' whwe H=-l, Mﬂz(ﬂ

Va

—

Exarise: Find Hhe &‘qefnvcdw \Lm
Cmrvespav\dihﬂ Yo A= -l

Then he gev\e\m\ coluyion is:

.k
Art \L(\) A

XY= Ce Y e M
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Sumhary

Given X' = A X ()

[ Py Y=Y ke (D) 4o obtein

Hhe eﬁgehvalme problem:  Av=Av

WP

2- Fnd n dgenvalnes Ay dy-oy A
bca §O‘v~{h9 de+ ( QS —A:E) =0

() (=) (
3 Fnd n edgenvecrors VO, ¥ TNV

oy S‘o\viv\ﬁ (& — -—l:_:\)\’_m =

—

. The 34»\%\ Solution st

At Aut . (
XY = Cle _\1(0 + ... + C“eh \_.L"n

Nott : The Brsy example hWad real, diskhd
@(cjan\/a\WS MN=3 and A= -l

Q: What \/\appem When Hre e(ﬁehva“fwj
— oy cenmplex!
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‘PAH 2

Cowplen  eiqenvalne S

:l'\(
S

ﬂgmva,\ue&-’ ded (Q"AE\:O

‘(,x ' ’ = (1-A) + W =0
-1 1-A .
((-)2) =
Cornnye len e‘\gw\va\m’c -\ = *:
AlwayS sShow wp N -+
Conjhgate pairs 2 =1
(A—-A:;:\v =0

C\‘gemved-ovs : i)

A= L+ - Vvl =1]0
ERIHNH

S0 Wy 1S & Afvee voxiable, choose Vi=\

AN

Lec 2 Page 6



SRERIEAR

iV‘ 4+ V=0 — VL=-iV,
- V) +iV,=0 — \, = _\_/_\ —..-.-N\
L
So V, 1s & fvee \/Mia\o\e, \ooSe =\

NEANE

SO0 wWe have Hne 3eme,m( alwtion:

(1+0)t (1=t
Xley= Cle [\‘\ (e ’ [’l—)
. -\

Notc : eigenvedors are also  Capjugate pairs

Re wnke:
(1+3) %

~ ct
€ [\\x = e,%e,d‘ (‘] ¢ = (ost +isint
N L

= 2— (cost +1 gih-&\[\
i
t s
= e | Cost +l$m‘t’43
Leost — sint

= et Cos t + Sih“;\«i
- sint cost

e N~——"
Ve v

—-—
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We want veal “valned sowmbions, so:
@(Mm\ Soluhon

Be()) (1)
L= Ce e My

.-t
X&) = C e tos+ + e% Sint
- -sSint Cos+t

¥ Phase Portvauls:

For a 2D systun , we cam represent e
Solu\ven amp\/\‘\CaMséL W the \Ohase plane.

Ex: y'=[0ot %
- 37

has 030/\\;4:,\\«{?- A|= 3 A= —|
unok Oo:(Y-esPoV\o\ihj — L (2_
ngemvw\—ws Yy =]\ \l
3 'l
ont onk
PM% Since )“:370
Plame yomt (n
since \,;=-| <0
TTwis s 5 Ky Desad Curves
Sadd\e Po\n{' e ancows
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Ex z: Ocvv\.p\e/x eigenvalnes

N fu]*

k= [cost s\nt‘}
—Swt oSt

Whan e eiganvies are cenvplet, Hna
*(‘eSuH-i\Aj phhose Porm1+ & 4 spiral
i Re (A) >o — s*‘mm\ ot
Re()) <o — spiral ih

Ya
k= L,os{:] l_/_\’ [S\v\t‘]
- Sint -~ st
X
‘ Ct'h‘t Los L
(,a§’c -Sint
Ule) = ‘_X \A'(vk[ O]
MAS S o 0 -

Spiva) Vis)= [ ] v (9)= ( )

l\
\
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