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Complex Conjugate Eigenvalves

Solve 3 9-4 -3 , x0)= -4)

?  EVP
3.

-  4
= 0 7-3-7 d ,  =+ 3 6 3 1 1 = 3 6 3  i

11=353 i 3 - 363 i
- 4 3-35: (0)

(3-353i) 4, +912= 0

w e Know one now wi l l
z e r o  a n t  s o  s e l e c t

the  row  w i th  the  eas ies t
look ing egh.

I  p ick  the

component of t
w / o

Complex demoninator

n ,
$ (I-S:)N,

3

- 1+63 i
n

3

w e  d o  n o t  n e e d  o r  u s e
t h e s e

? build vector

S i n c e a n d  s o

= - 3 1 3 1
3

- 1 - V 3 i

"  gen  sok
-363it3 Bit

- 1 +  3 i

? For 2ndwesh onet hat both the Real I Imag. parts fe

yeild solutins to the ODE indridually.

? The same works here in systems...
So we need not persue tr and de case.

3

11-831



3 6 3 i  t
S i n c e  X i  ( t )  = 0 , 2

3
-1+631 the conjugate

of Xelt|

we need and focus on X, (t).

? Use Enters een: cio =coso tisin o

Xi(t) = (cos 3534) +i sin (3134))- 1+031

" multiply throngh...
3 cos (353t) + Bisin(3(3x)

X, (6)
- Cos (35t) -i sin(3(3+) +Ni Cos (3134) -53sin(31st)

? sepeate into Re and Imparts:

3 cos (363+)

X, (+1 = -Cos (3536) - 135in (35t)

3 sin (3636)

55 cos 3556)-514(363+)

each

gen

partis a Lih. Indy.Solm

s o l n o f * ' =  ( -
3 i s

- 4

3 cos (3537)

-Cos (3(86) -53 sin (358t)

3 sin (353+)

o f  t h eO D E .

C.2
55 cos (3587) - sin (3657)

n o



o agely the initial

8(0) = C, 1

C o n d i t i o n

3 - 1
+ C z

-  1 - 1 3 . 0

/ = c ,3 1 0 ( 5
50l

6 , = 2 3 , = -10/353

?specitie soles to the IVP
3c0s 3537

x ( t )  =
-Cos(355+) 55 sin (353+)/

3 ? 0

1 3 . 1 - 0

3C, =2
1+5862=41

{(0)= (4) 7

_10 /35in (368+)
353

55cos (318+) - sin(3551

? parametriz egns,: XiCt) = 2c05 (358t) - Ng sin (355 €)

Xalt) ==co5 (3156)-255 sin (3636) -13 Cos(St) + sin (315+) )

? Phase pirtrait (desmos) ?Imag. 14ñ leizen lines

+=2 *No Real partih 1
so no decay spiral
or growth spiral

+ =

X

( 2,-4) I.C.
t = 0

STABLE Solu t ion



?  E V P

solve $= (313) 2,2601=(-10)

det (IA-dI) = 0

1 3 4 3 1 + 0 8 1 - 4 4 + 6 8 = 0
11, 2=2+8i

4)

x  =  2 + 8 i

bottom egn:

3-(2+81) -13
5 1 - (2+8i)

5M. +11-(278: 12 = 0 4
(1-8i)M2

n, =* (1+81) 12
b u i l d  v e c t e r :

=

1 + 8 1

5 5

? Complex sem (X, only)

X =  2 1
s i t

1 + 8 ;

5

(+8: )

Irecall we need not?
persue te

? FoIL and sprate int Re and Im parts.

X, (t) = e2€ (
10s 88-851481 2t

5  c o  ( 8 2 )
t i e

Scus (8t)+sinst

S s i n s t



?gen sol

I C :

t = 0 .

8 cos/8t)tsin (8t)

5 sin (8t)
5 cos8t

( 3 )  =  0 1 ( 5 ) + 6 1  ( 8 )

C,+862=37 6, =-2, (2=5/8
5c, = 10 .

? Specific solm

X I + =
-  2e2 t

Cos(8t)-8sinst

5 cos (8t)

? parameter egns (suplifo abore)

s i n g t

c o s  8 t  +  2 5

2 t

e

8  C o s ( 8 t )  +  s i n  ( 8 t )
1160 .16 .

5 s in  (8 t )

act  as  an
amplitade

X 2 ( 4  = - 1 0 /

? plot x,(t)&X, (t)
XI(+)

sing't

? phase plane

X2 (+)

u n s t a b l e

n o d e I C .our
b le

R e ( t )  >  0 )
2 > 0



Alt. 8.2 6. Complex Conjugate eigenvalues w/Formula

For =IX ?Lét eigenvalues

? Let h=at ib/be the eigenvers. Real

? Soln: W, (t) = eltz, W. (t) =e ne
Complexsolution

? Use Euler's Identity

x I <

Tung

t h e n

? Focus

cos(pttie Sin (Bt)) (atib)

on just W, and FOIL: Real parts

W1=é

= eotg

Imagina, Parts.

? But recall Re (W.) is asolution toto X=AX as cellas
the Im (w.) is also a solutis of t':=/AX

50



? Then the gener solution is a Lin Comb.

Re (W.) I Im (W.)

I The conjugate of W, is We and only a sigh
change is present so the need not
persue the results at We

The Formula

Gen. Solutron X(t) = C. X,(t) +<2X(t)

where Xi (t) = et cos(pt) ãmeHe sin(st)
and z(t) = e sin(pt ta ? cos (pt)

1=xtiß

EX Solve =

E V P :

vectors:

1 - 2 2
- 3 - 1

' - 1 . - ( - 2 + i )

=0 ? 1 + 4 1 + 5 = 0 ?1=-211

1 - 0

build n, =

use the"Formula

2 1 0 % - n , - ( 1 t i ) n , = 0

1- n,=(1-i)Ma

12, n= (i)ti(0)

-e sin(t) 0) ?

+  6 2


