Characteristic Polynomials for Homogeneous Linear
ODEs

O‘?}gc*"’\\ﬂ%"
e Jntrodvce on bow do determine e homojwem salvhon.

. Crea-l'ima charsctovishc e;val—ims.

. 5olviw3 livear lﬁomoJWerrs Avd-oder oveg w,‘.ma the oty o the chavedmzhc ezvavh'o'w.

Recz\\: Falling Object witth Air vesistauce

. Td"’a' -ftrf(,c'- f:ma or E=Ma|\
ot
E‘maa ¢ Fowe duve o anvf-hj: wa._- Mg, 9<0
\& * Furee e o 2iv res@once - ﬁ":‘*z-k'j‘ ’ K>o
- e _—
W F= Fgm + Fm-'mt
floor my" =wg - Ky

'3“ =q- '-:;“J' or 3||+-K—3\ -q =0 «—— Aud-oder, livear  avh, bowy
w

Reel\: Solvhome +o  ud-Order lwezyr- ODE,

¥ 3H+P3|+29=.Fl+) : P’?‘f‘ﬂ ove «FN(/HWG ta,.-é

e lp P =0, Hen He ong iy bowp.
o P PO $0, Haem the oDE ic wou-bowo.

¥ Solvheme: |a= yh 4 ”P

" ,F(+)=o)+aw p=0.
o Lf, ,F(ﬂ# 0, Hen al, 193 fction ot szhzfes He OVE.

Recell : Expovienhizl  Growta/ Dcoag

¥ a' = kv ,.'ar sowe usteut K

+ :
3(4() =pe «— expvenhz|

¥ Veifiohon pucess
= At
a' = Ake " .
3‘ = l’.a — AKGK:KA@“.e —> |=| \/

Topics Page 1



Gpri qu_IM 249 5,1Q+wi

¥ Explove Newton's Law QF Wobtion F=wma .

— Newhuno Aud Law o) Wotion

—Fd‘r(c = wdes - accelevatiom
—
F=wm3

— Hookels Lew for ex+walhng o comfye»m;l > sfying
Ffpriv\

g = —KxX — uvbhete K i we 9@«“«9 tvstent
—> Frichom cﬁ,ue"'ilﬂl
FFV“'H"” = -b@ —> where b v He fmpa-r/-ivv:' tongtomt

L Ve‘ooi'}'a (1s+ devivarbive u_f, )
¥ Cfiovwing' ove wth covgtout coe_F(«n‘cith;

—2 Let xU) Ye e posifim He olject ot fwe €.

F = F—fﬁoﬁm + Fﬁp*wlg + Fﬂ*mal
;—:-\ — JEN i

fichon ~ Foprin

= Fectems|
d
!

mx" - (-bx') = (-kx)

0O «——v zafvwina w cdorwsl .fu-rceg

my" + bx'+ Kx [

or

]

M+ b y's kx =0
W A

¥ To 93w|p|3-f‘3 e OVE, We let m=|.

"+ bx'+ ¥x =20 «— d-order homojweovb livear ODE

Topics Page 2

et * es by
" . ﬁmma o wormal
¢ M99
1 . -‘Lr}o‘HO‘M
¥20  xzo X770 position

m e 97a+m

Ae +

bhovi Zewt | .

J

free 19 “coucelied ! ot

m?ra heomse obyet @

7—3__, M@ «—— ecceleyehon (Aud deivelve e foaiJ%tM M'rm x4))



) .,

"+ bx'+ ¥x =20 «— wd-order howmpgemeovs liver ODE
with  vetout ucﬁ%c)ew\-s

Characterizhe Equatiovn

X"+ bx'+ kx =0 <«— dudvder, howo, livesr, subv
With ougtant Coeftio ents
Let x=e'° for swe r cougtant.

l‘hn'al solvhon (Augztz)

£
%= ref
e
' = cte

x" +bx'+ ky =0
rre“rbrets ke =0
(8
e“(rr+brrk)=0 e #o0

)

rP4br+ K = 0 <— characteishc czvah’m

Rooto of e Cherecteishc Equatim

« I} o digtinct rel nots 1, % 2z, them
X =G cm ¥ C2 Cﬁe
T r is 3 repeated real wot =1 =7z, them

8 4
X = C|er + Cz‘tcre

*TX C iy 3 owmplex covvgate ot =+ i

x = &% (Cieos(pe) + Gsn(pe))

Porzontal Spring - Mass Model

x"+bx'y kx = ©

Topics Page 3



* Exewple: x"+0x'+4x =0

"

*+or+4 =0

¥ 26 = =35 | dishnt resl wots
r=-5i\r5—' < }

\x = -2+ 5

€3t -3+F)+
x4)= Ge ryCe <—— overclamped
X
X&)
0 L

* Examgle: x"+4x'y4x =0
!

trd4r+r4 =0

!

r=-2 (wmt. o 3) <— repezted resl vot
XN = GE * ke — exally domgedd

X

*E)

—

o +

s Exawmple: Y'+x'+ d4x =0

V

Prc+ 4 =0

"

r=-1\ ‘.E <— cowplex ujvgate wots
2 A

X&) = éyzf(m s (V5 €) + Czen (T2 t)) e uvno(erclamfed

Topics Page 4



X )

. ExamFle‘. x"+ 4w =0

|

"+4 =0
v

r==* %‘l <— cowplex amjugwl'e rw!’(\?ore'g iW'Pj;V'BVQ)
&=0 p=2

@) = Cieos(24) ¥ (zsim(ze) «—— wdaumped

* ()

ANEVAN
VARV

Topics Page 5



