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THEOREM 1 Eigenvalue Solutions of X’ = Ax
Let A be an eigenvalue of the [constant] coefficient matrix A of the first-order

linear system s
Size. wnxn

dx_

> — = Ax.
dt X

If v is an eigenvector associated with A, then

> ppteies X(1) = ve*!

not all 2eros

is a nontrivial solution of the system.

The Eigenvalue Method

Ste_? 1 ¢ Fiad all e(’%enva'ues of A.
We will consider only +the case where the e(‘ae,nvalues ave all distinct .

Step 2: For each efae,n\/a\ue A, —Fzml an  efgen vectsr v,
A

Theve ave a(waas TnFTr\T"@.{)/ Man)l G.?@e,nvec{—urs,

but it’s enough R Pick one

This gives us n"h’ncarl/ imﬂe_FenJent" vectors.

S{'AFS'- Each eigenvalue A with efgenvecfor v
ontribuies ore “derm o the aeneral colutfon  of x'=Ay:
K Each veal ETae,n\/a[ue A with eigenvecfor Vv

contributes a term ert y

¥ Each COMF""X C"Vjuﬂa'b& Patc A= ?‘}’Z) and 7‘?-2']

a|+l>|l. al—b1l.

with eigen vectors V= a,+b, | and V:az—b,_i ) res?ec:f'?\/e.[)/,

a,,-l'E,,? an- En?

At M=
Contributes HFwo ferms ¢ eV + L&V




Remark: These are C@M?lex'\/ﬂ(ueﬁl *F(/mc;Hans,

WE, want -f/h& (‘w[—\/mlue,cu ﬁcrmg or\/)/

(For s?mFITLH)r) [ will demonstate —his assuming A s 2><2>
Let [ﬂ;] A
f c-di
Recall:
Reurite e(F+ZDt = c.Pte(ozt

My . Bt (W ;[g;D = e (o5 i Ge)

§l

eF’“(cos (40 +1 i [7f)>([qc]+ ;[E«D
H:m) o ((:os{7’c) [?] — tin (7£)[5J> +eft i(cosC‘l\E) [S] + Sin @9[?])
R

N
real Tm’{; “Nwa‘_mr/ Fart

We 99;% two \ineavly ‘maleremlen-f- veal-valued colutions:
t
ef ( (‘,os(7{;) [Z] — gin (70[3_]) and e,Ff( C°SCTL') [5] + S7n (719) [ZJ )

Rem: You can uce either eTﬂeﬂVn{qc Pt ?(‘ ot ?—7/]



Ex: Find a general solution of the system

=3
—— =4x1 —3x5,
dt 1 2
X2 _ 344
—= = 3x X7.
dt 1 2
Ane: The mateix —Erm of Fhic system s X1 -4 =31 %4
Xz' 3 4%
ez

(54794? i> FVQ,VTOMSI)/ we Com*(;w(:wl tat  the :Facnvalues of A are 4 =27 and 4t37

1 .
CS’EQ—F 9—) Fve,v'touS,y we 'FOMHA on eTae,n\/ec{-pr of 4-27 hich TS [;J= [:J""[Tj
EK.L (A '(r\{o /—% .
St u\’)L (ano\ an e?a envecter of 4+27T uhich s {1] 1-?[_1} >

a4 n{e&
Cg“{:eF 3} We ae;b £wo  real-valued lr’newl)/ TnJePenJe_w(: Solutions

eﬂ( cos (-24) [ﬂ —sinfat) {ﬂ> and e‘,HLCCoSC— 1) [01] t <infat) [;}>

Recall: tos (-x) = cos(x) and stn(x)=-Sink)
A \feal-vafueol ﬂet/\erm| solution s CoS Gg.&):CoS(gé)) _57,—.(.115);9,@.6)

X®: é”( tos (24) m +sin(3t) [ﬂ) + e‘f{(ascyc) [ﬂ ~ <in(36) [;D

C( e+‘£ tos CZ'&) + C,z e“"{: ~Qin C;-é)
sin (3¢t) Cos(34)

U

Cq e‘H" s () — ¢, et oua (z£)
Cy et sin ) + Co et sap)

"(;f C1) Cz < }R
in matviy -ﬁrm)

Mou can also write

x1(7) = e**(c1 cos 3t — ¢ sin 3¢),

x2(t) = e*(cq sin 3t + c3 cos 3¢), WC" Cye2 € R



Ex: Frad 4 e (um? o\)vﬁ) Solufion 4o —{he [VF

% = 4.\’] *3.\’2, ><( (o\ = I'
X3 (0) 0

dx2
— = 3x1 + 4x3.
di itial Condifion

Xq|
A_nj We COMTM‘E&O‘ a 39"‘*(‘7‘[ colution to the  systew, [XJ‘[

x1(t) = e* (¢c1 cos3t — ¢5 sin 3¢),
x2(t) = e4’(c1 sin 3t + ¢ cos 3t), ‘("\" Cyca € R

CoﬂoQF{ rowns:

‘w\roSc —the initial

- = C
{= Xy (0) = eo (C1 (oS CO) - Cy 3'”(”)) } => 1 1

0=¢C
0= ()= e° (CcSin(e) * (s o5 (o)) 2

_ “
The Solwtion <o ~Ehe (VP is ()< e CoS(}-{;)

X2 () = %% sin(e)




