Ch?
S'c,\ul'(nj L‘necuf Sjs}ems ot DE

;}n 7%1'5 c/mp)lc/, we  wif/ /earn }‘oaw /o so)ue
P e B ’l'nea/ 5)/5/-0" O)C ODE§ 070 e ﬁ/m:

4 0

Nm=mQue Xy o Xa o, Xplto).= X, Homoe. Sy;k;g
Xz/ = Qn| x\ 0 Aqz X’L p, Xz ({'o) = xo w’.H" COVIJI'“M}'.
2
CDBF/;'C\'fn“S

|

u)he.fe )(|/ - f’_i(_\_ anc[ X-‘: = C’Xz.
dt dt

» We can write this linear sy;)le,m w/'nj matrix éfm;

o

X = Ax , )(O:X(o) = (x') where (1)

o

X2

| 7/’ \ X A QA2
Y= X\, e (e ( ! y A = [ ]
| ) X2 Az, Qn

| \
. Note that x -:.[X‘ -:,(X‘ (H) is vecloy of unknowns
| X

(%)
[’} X C@UECJ er_ (oe lCI["C\\ELV\+ MCLILﬁ\x
Xo - X(O)Z/X‘) S \/€C1L:>\/ op ;'m‘))‘o.j (oncﬁf*\‘o\nj

0

X

1
!
QUBSA\OW \-\-o\/b \“O So\\f‘e_ Hhe \\‘mea/‘/ Sjs*ew\ ‘
— of o ODE% 7

ﬂ% HSSUMG_ e)(ponemﬂ‘aj 50)04‘\\0;/\ oF H\Q ﬁvrm
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rt 212
X(t) =3 e

wWhete r €IR s an el‘je,m/aluc 2
NoNzZeNro

\{ = IKZ s the co(fcsfonJl'@ /efjenvecl-o;/

_given \oj
\é: (Hl> : 3\ ’Bzé'R
4
i - vt
.HMC?/ AN PR () 8 c
3 %
eNoimeslioliliile & i el X e )=

K(wﬂ ol e I)\% = (f} 3¢ where I:[é :;;

-

o S\NCE —% \S NONZEeN© VE—CL@T = we mu;" }’IOJ\}e

iy e

L

e s S s it e

—_—

- //h;‘f means the sgvase medrix A-rT

'S 5;n9U,M
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j‘f So[ue ”)e /:'nea/ 5};/0,,\ of s oDEf (1) s

—> Fffswl SOer ~X~, 743/ Hve fl.‘genVcJUCJ f,#"’i
—> Second  solve x© ﬁpr Hhe correjpondn'v el'jcnvea#or;

: -+ &, od N,
— 1‘ So/ulw‘on Xu/’!'):% g |
{
d
— {. SO\U}r\Ot’I X-¢ H‘) = .% eY,:Zt
2

— C\BM&N&J So‘d"\‘ov\ X({-) - C X;(f) + CZX'LH‘)

it it
= G .g e,' 4+ Co %23
|

o

._)T-o ﬁnd C, anA C, we_  use tHe \'n'l)')‘c-.l Jecte vy X

RQ\MQ'(\( ﬂefe are H\re_ﬁ POfS/‘AIe cases ,C(
He Valves of e elgenvalves ¥ and 1

If 4G €R , then we will spdy the

Sa/uﬁn‘on n Secti'on Z.5

D IFf = A3 M, then we will shucly the
SoluL\‘oV\ n sechon .6

235 x T oL A G/R, then we will S»Lqu He

So'ul-\'o.r\ in sechion £ &

E' ), B (0) 5 f‘r;'vfaJ So/ul[l'on For (1) .or F;-So/u/nbn.

O

BuIL W& laoK 7[;9\/ non ;lr;'v\‘ol So/uLl\On ﬁvr (I)
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RecJ le,[c.fen{‘ E)“Sen \,/oluu

YV huln el

Exp Fnc/ e ﬂenefa_' So,u}»l'o;q ﬁ/ the lineawr Sjsk'”"-

C Xy e Xal o O
Y Xyt X, X (O)==c6

X

4

X2

Nole that X - (:/) / X:(:) : on(i) ’ ﬂ:[t‘ ‘\]

e /l‘/f/57l wE SOIUC *' 7@( Y, and Y =)

Gl Sl
)A-rI/:O —..:) Y = 6

‘L‘/') LO \JI

11|

Z 2
(l-r) — L fei=ge :)Q—Y)-.—.H :)\\-—r):z
6/‘/4;&/ [- 5" e WP =) )’,‘ ! L } el:gen\/aluej are
O e == e = real A.‘Fﬂe{e_ﬁ
. To ﬁna/ He e:‘jenvec\(or% - 5') COﬁ’C}[anl'/ﬁ o the
2 R
e,:‘ﬂenv ve 1= | e So\ve

\J

PRS- rg) /'-qf\ \-‘r\)(i):(;)
o .

. [t enowgh to take  ZJ =
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Tke ge=io= g wis (el
/ ¢ | 5 -
/
Hence, the 1 solobion is X(t) = gt

ﬁ\‘\j eﬂua.lUQ fz —— we SO\\J:‘

.ﬂ /:ncl e efjcm/eclor \§ s (j)

COYYES ond)i'n Lo the
e 4 J

z

e T T,
\t‘
(VN
i
)

V
’—\
N v
\-’
i
—_——
© G
NaF QT T
U
A
= | n
|

N_
———
B
T
\
—_——
© O
\/

2 \
Toke gl D P = =S ’—'( ‘)-‘—()
d ‘

Heace, the 2 seluhon s X lt) = ~§

5 He/z(,p/ M@ jeﬂ 50/° SR,

X(+) = ¢ X (t) + G X (t)

U

-T; 7[;»46] the COnj,[ayuB' Ci anc/ C2 We uvse tne 1C

—

7 G AL B B
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!
r3)2<,{1)+c2 1)
\—Z -2 \2.

3 =T St j::) =2
-2 :-ZC) +1C1

So )\'he jw' SO) be €l b i 7 B B

-4 3¢t
X(f):z{z’)e 3 (’)c
: -2
_t 3t
E% 18 9 \
: (—‘1) s (-z) i

——— J

ZE

femark @ 06 = (1) €7 ond  mio= [1)e°

7). 2

A

oye Mo ;‘ndependenjr 50’01'1‘0)4 Simle

‘ét It 2t 2t 2t
\./J(X,/é)/ )g{f))(f) :) ) f{ S H e o W e o
—2'f 2e |

Hence/ {X, ('é'), Xz(H} fm’m Iﬁmrjemwl—w{ Se} oﬁ So)u)w‘oh

@.IF r, and rv owe neja}f\/t, then oOvigin Is
aymp/ﬂﬁl'cdﬁ Szl-ﬂ.ble E?~ POI‘H‘{' 9¥(—

‘I{’ , anc Y, ase POSI‘JI'\/Q, Fhen Orn‘gl'r\ S

Unstable Eg. ,DOff)'f %—$—>~

e I ry <o , Mhen org,‘n 's saddle pou'n+

Which s vnsloble E?- /)0/'n7l ;&(_ or 4%
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2)7
érp }/mc/ fuwo l'na/fpendenfsc/ultl‘ons /Q/ Jhe S/SIZCM

/ , 2
X ':-( )}(
sl ey
.Fn'fs}l solve 9(—' 7@)/ Y MGI Yo > )ﬂ"YI/ =

=V <Ae s SR == O

) B =Y y_r_.“fr.*.rz_‘f —
T S s~
(0 D (e,
R W Bl e:genl/ch/es are
(eal d:pfefe&ﬂf

J)

o lo fnc/ Hhe e/jcn Vec/ar _3 = (31) correspondmf} o the

Qljen\foslu‘ﬁ— Al e we. So\ue -)(—-

— e e |- 1, 2 9 0
3} = = | | = )
( 'LH, 0) ( 2 V_,-')(yl/ (O
e
S

gl):( O) =) Ey\ougl\ Fo Sef‘ g‘+ZUL:O

h 2 C‘j = —2Y.
L s S R ) (—'z)
F : + % ot
Hen(e, e l} 50,”/"\\0” RS () s %‘ er = ! ;L) e

Y SRS

e—lo 7[:%/ Hie eagmveclcr—g (i) coym;/oondn'nj lo Me

etgenvalve v, = 5 we solve x°

= O
(H—GI)‘ZL:(S) =) \zr 2{2/2’\:(0)
\ Y=Ya 2
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( '7' 2’)(%' ) :(0) .—-jEmaugh ’-c Se.?L Zzl -ZL-:_o
2 = Te % =) -Zz: ZZ,

o ke 2, mri Sy S )% ( (‘)

od 1)
Hence, /e 2 solvfion IS XorllE)-= %e = (1) C

o //; SAow X,/{-) cmol X2 fl‘) oxe ;hc/cpenc/em{‘ =)
5+

- st 6t st

wnm, o)) = |~ S, z_ye-€ =_se 2o

A S )

HM(P/ X,({—) amo/ )(z /{-) aoxre._ u‘n.clepenc[cn# Solu “\bhs

ond so i z\’(('l‘), X /f)j porms )CMCJQW\OMM Se,“ oc SOIU}‘\bm

ﬂ; 9gen sol. s x(t)= C, X (£) + €2 Xolt)

t
=G, (~Z) +CL<‘)é
\ 2

Q} Find ~ the &/‘jen\/a,luaf of e s)z:/eM:

e B R SN ot S SRl o AL
/ Vet
(-3—Y)(—2"r) —Z: o e N Y S ety
8
6+’3r' +7_r*r7'..z:o One. can ﬁncj\l\’

r"+ S e = O : -+

IO S VA W S ( ) = X lt)= (\'/;)C
Vi—=slee Vo calf t
'uje,mla.luz:u ::)X,[t):t\f') C.V
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}l?—ff/:o =) —C

AL NI o i (L U ki (o,

V= "?—iﬂ"j. = '_'Ei?"._
',z 2 Z

o £ | c@m/a/ex C&envdwg

.ﬁ 7[mc/ He e@enveclor % :(H'> C@rrcsponcl»’nj ‘o Hie

|
, . |
e:jenva]ue ;= —l—1 we Selve ¥ ¢
|

p-n1)3,2(5) =[] 3’n)(;'):(2)

===y = )(B,)' o) & <2*i -\)(5,‘:/0 ‘
5 3-(-1-1)/ U )\ 0 5 -wn/\d:) |O
(2400 - Y, =0 2 Y =(2+i)]
| i )
T Ke yI:I = gy = 24 :‘7'%,:!;‘): )

J c
\ O \‘?_-\- '
', ff can }ye. skow" anj’ Hf\c {d e\'gen\lefler%z: (;;) :(2_\)
| c./in'ch 15 Con)x)ﬁad‘e. 0{\4\ . o s5ee Ma"

| e selile’ e =
- STUDENTS-HUB.com Uploaded By: Jibreel Bornat




(r-an)isle) >[50 SR

NO!Q Y —-l‘f" 2—\. 2y )( %‘) ' 'o)
5 "Z"i %L \O
QZ —'\> 2\ SR e = %z:kz—f)%\

: |
Take 2=t Bas (1) 23.= @l):(z-;)
st . it (~1=1)t

. Hence, 1 C@m//e,x So/utllon \$ X’M):-Z,C = /2‘ ‘)e

+

d . L ) E

2 CQM/9/€X So/U/‘me 1S Xa H—):éé :( | )Q

d

2=

o BWL we neecl o ﬁnc/ feal velvecl So’u}ﬂ'onsz
So we uvse Eu[cf Forw\u'a\ ‘o 'F\‘ACJ He
First recl Solt)/‘l‘on (U(t) _veal parf') oncl he
second veal solubhon (V(¢) — \'mogl'nafj pau’(’)

. We qp/j/ [U/C/ Eprmu‘a el Fhex on X [-{) or X, /f) ;

(- B |)'/: 2Tl e )£ - e S =

— ! e — , e Eu/e.\/ );ar’mu/ou//
Xy , S

2+ 4% el ‘e - (OSO® «) sian,

— p-’ \- \_ - AL pr—

[ e

-t
=] e ( )(Cosf_{sfn'l')

7 IS

(Cos(-f) F 1 sl'r\(—t))

-t /

COS G el
e A ot

\ 2. cost +smt +1¢cost - 2vsint
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- ¢ | _t - (22’
L X [t) = e ( S oy C/ "
2cost + Sn‘nf_‘/ | Cost' - ? Sl‘n{'
S s e - — e
Ww(t) - feoJ PO\(‘{ V(4) - l‘maﬂinaﬁ far't

Hence, }he gen. SOl e

X(¢t) = G U(t) 4+ C, V(B

-t Cos ¢ ) -t :
3 —sint |
= C, [ ( g CZ. & / :

2¢cost +Sl‘nt/ (Cost ~25/nt)

Remar <

If we +le )(Z li—) we 33{' Hhe sSame ult) and
NS o e - ¢ | o
.- - , >
let)_/z_;)c = e/z‘l,JC = eé_;/(cw%-\-ls»‘nf)

=3 Cosit il okl
oo [
2¢ost +sint _icost 4 2isint

- Cost———\ it i
= ) ( — C/
2cost +sint) 4 cost _ 2 sint

b et k"—\_\

U (t)- read port

———

/ VL) —'m aﬁfna‘rj pour €

Fhe ngaLl‘VQ Sijn 3094 N C,

———————

————

Hhen the ongin s asymp ol cally shable spiral &, poiit

. If ASpre 20 LA o 2 unstable splf‘a.l E? pom*‘

0 If/\io' - (= . <= 5l-abl¢ Eq . Pom{“

% ? Xy @x,
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g@ )Qefea/&d E@en\/a.IU&S r222‘
Y, 5

S e

.1’7[’ we 50/l/€ ')('| /)‘)—-Y'I/:.O ancl we j&IL A CR I,
Hen we solve * (H—YI)é‘:-g) 4—0@‘»«1\3 :(3:)
3

o Nou }‘0 [nc] H)(’ SGCOV)J ej&nVeC/m/\g ( >w¢ so\\./g*

g

Hencc, the l SO/U/IOH IS )= \é E

rt rt
the Clso/u/zlon s Xotlt)= _é& _,_\g‘té,

-ﬁejen- Salliis X[E)= e N el X ()

= ,%e +Cz(§;fe +~f rf)

Exp Selve  this linear S)/S;IC,W\: ,/_-_- Xy =YY —, X(0)=3
= Xp = 94X =FXy X2 l0)=2

. First Find Hhe e\\jeM\laJUE,s lo) Sol\n‘gx‘ = |p-rI]=o

o 1
i 4 =0 = (1-r)(-#-v) -6 =0
i | ~F =Y 4+ Frarsib=o
e 6r 49 =0
(r+3)(r+3) =0
P P fe,Pea}eJ
€\ en\fq.lueg

I\/ow we Ip ol H1€. fjen \/CC[‘or’-g ( ) cOr{csPonleaj
lo Hhe ejenvalue AL S \OJ So\\l\\:\j 7(" =
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a-(s) 57 FRHS

=Y /}/):/v) Sl e
i‘f “‘/ ;’L O -:)5125

m.
f -
. Hence, 15 So/c)r[/‘on A 70 )~ \E é‘i- = ( :) 6.3&
|

-To [’L'O/ Fhe 2’-40' e\'ﬁe"‘\/fc‘ﬂ‘\/ %1: (2‘ > we Solue *3 —;

T — S Z\ |
s (7 M
(s-r1)§. =5 S et
)z
7 )l N =S o

{ Y 2
Ta 2 1L+ K
laKe Z, =K 2 %u'-'-"q+i< =){=(%7',)=(HK )
d (‘9) " !)
= +
. Hence 2“ So/uzz/'c)n I's Xz H‘):\ié%.\.{té’é 2 \
: (AL \=27 131‘: | To be
- =
X‘z/'é'): V)e +('}t€ Canceﬂw}
e I since It
’//h;ﬂ/ )‘%ejen 50/- becomes: 15 ,,w//.,?}e_
| o[\i‘

-, [/ e c,,[(j):i [1)ee"]
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)MF’OPCI’ ndc n

lo
0) = e
X/)-Cl///)+cz 07 —(2)

fgfea/‘CJ fool't =y

o If r<o , then or'gm Vs
le £9- pomrl

l

Yo finel ¢, anel ca = we use ICs: i
/;n | eorigin Is callej\\‘
-

|

l

|

f i_ = Haem orlym
—3 -g ? un ]@b(e
2 I L/ t e I$ s
Heuce X (¢) = e+ e+ / )
/ /7/} /0) L/ if? Poml’
K 7 =y
Exp Solve f//t) = fF(t) +g9(t) Lie)e=t) x,/f):/rf)\;
i _grt) = 2flt) - 38) , glo)=- X ffij(f)/

1) Find cyenva.luea using A ) A- r L= o0
L= *—:.o =) ()-r)(-)-r) -2 =0
) = Sl = —f'-r-Y‘-y—Y'z—Z =0
A IR L o
(f—\fi)(ﬁ-\/};):‘-o
V3 ,V3=-V3 real di flerent

e\gem/ou{ua

o /O 7[./1 (5' ') 7@/ fhe Ca/feapon@ r, = V3 , we solve 7‘(‘

S 1-V3 ) h _ 0

( L -‘—\/5)(51) (0)

(\—\/7)0“‘1, + 31: o =) éz = Q\[} —\);j‘

fki 9‘/:.! :)g =7 :‘—)%:(jl):( | )
1 2 , A r

Vz
st P Yt |\ V3
ch(r/ o7 JO/U//O’I IS X‘(-é) :\g/C =) (\/}- _\) &
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//O‘;Cnc/ \g-:. (gl) ]Q/ #)e (o//f’j/ﬂaﬂjlﬁ Vo= V2 , we selve *7‘:

p-52)4=(2) = ( ’@)c)@

—) (I‘H/?-)Z. + 2& =20
— 2, = - H-\/i)?»,

[oiSe=E n =) Z22 - (/+V3) )‘g ( ,
d £ Y
n
HG”(EI 2 SO/U//OV) /5 X[zL) § f :( )E\/j
e
. m’,jw' 50/' s XA#f)= € XLt) + C; X.t)
e g st R
L E
ey -1-V3

=
o lo ﬁnc/ C and Cp =) we _use ICE

x (o) = ¢ (ﬁ_'_‘)-* ‘e (_._'\@) ; (—-\;)

Cj—4——Cr = \‘)—G)
(Vi—)C, - (14+v3) Cp = =\ = V3 ¢ — V3Cp —(C +C)=~]
\@ Cy —\ﬁ CL — ‘ S\
V3 & V3 G = o0
i W SE S € = G+®@

HMCP/ Hhe -gen: 50) bﬁw”“d'

X(t)= L [\/3_\) (‘_f)

fe | -0

= 7l ( cos hv3t )
2 it -3 = :
I_Gf* g‘rt)ﬁ = (c + € iSinh ﬁf - coshV3?
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@ f//z‘):f/i-)q-gft) Ny
St) =2frH gt , g (o)= -

L{f/é)} = lff/f)g +L§9/£)3
ijff)} = 2L{fle)S -L$9(®)

sF(s) —f(o) = F(s) + G(s)
sG(s) - gle) =2 F(5) — Q(s)

EL)E see D Bl S|GQls)= (5-1) F(s) 4}@
Gl Sl =t e E (3 g Al

;\JIDS/‘I‘/U?IC (Bt S Ty ((S-—I) F(s) -\) ($+1) = =) + 2 F(5)

e R NS By 2 B E
(55°-\) F(s) —s A "¢ =~ 2 Fls) =0

o R R
-] .5—3

l fl = e e N s
/ 5?- 3 7
F(2) = V3 sinhV3t = Bul £r¢) = £It) 4 9(¢)
V3 sinhV3+ = coshvat A g (¢)

Hence, ;(z‘): V3 sinhVit — coshuz ¢

7\{0/* ?ﬂ/‘ from @ uo: hauw: the ﬁem Sol~ 'S

Xt = A2 - [ £(¢) ‘:
%)) |am) ) \V3sinh/Gt - csh/it
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