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thlToP‘Q; TFéduo\"\Em Og ox—ded 17) lhandle dam(gmg
in coupled oscillador sy slems |
The lextook. dees not ﬁh\S") the 5'\'0\"\5 we have been buildi"?g
towards all sewesk:r, Yes, wWe can calculare te natural
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where A" aconstant nxn coe\C’Qoerr# malnx , ds long as 1+
IS d\a&prm\\zo\o‘e erther over the real or cmv\[:)lex numbers.
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and Jordan canonical ]me Ve?\aces dqumq\\ zqh'uo, discussed 1n
Sechon 7€, This Is muds lesg wommon and beller left+ o a

course in DEs or linear algebr=.

h‘s\‘e(‘ [eve\
[ Reduciion of order | allows us to  redduce any highec
lent- \fwﬂ‘dro\er syclem in ORYR

order SgsLeM of DEs o an equiva |
voﬁabies, We use this Yedanique on H(ﬁher\ oder inear conslant

(Ueﬁaen* Systems of DEs.
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QQC‘\AO\'KO/) OFCJ@ ™e (dea is SlM\'J\e qnd \"e,k\cg on -H,]e tdeq
Cinfaldata Jora PE system. Forany DE syslem which
can be s olued for the highest denvedve of each vangble Qﬂn‘ﬁ“’g
in the syglem | that highest denvatie is thegdetermived by the

vanable and all 0(— i+s denvahwes up to one less Hhan Tagt
denvatie (ﬁf a/l the vqnqlo\ej). This 1nihal data W nformation,
ddemines a unighe soln smce 15 theory ©1e can “Uerale the
denvatve of the DEs b awaluate all Wigher denvahves of
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Hrough Taylor seaes vwePre\genhrHong
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Now lets do reduchion of-order
we heave two new “vc\acdv“ vanades

by

I =™
1o\ Y2 | =
X ¥\I

Yz)

Rewarte the DES using thewy

= ¥\ anch X4 = Xz’

il = A G =Ll
by = A Bl L

~

5 : |
Fualuate / .. o o6 .
U | |2ty —x 71 o [l |o
el | [ yim 2 —we 4 (s 2 ot ) o
s Lo e
:Z/ = X + E
o[ngumlné : |
| |
d Cz,cgzg QC% O l T }deﬁmhmo( new s
|
sonwill be: e A ;——j: }Orglnal DE syslem )
' At et Ak e )
oo vl ol 68l o el
+K leg ave:
whee the egen ved'vrs and egenvales - .
F L VG Lt i
L B -—%Jg} -34S c- 4
. |TZ2% 2 "o : , - P
>\.— -1 @_ U%‘} L\’rz‘; -'Ji#Bi "Z-L—g' i T ¢ dwide each
) \mz golumn \o\ﬁ
L—Ji'\'\' Z ]. _1_ "‘_1__ -\ |+S §QCOﬁd
3-8 R | R
j J i (22(2 e\ 7
H [ I -\ -\ _\ hq\\_/;fciwd)
€n
2w or B, =] | | \ | e
B IR R W, S By ol
w o 3
=Ll v iy i
7"2-- L. z -% 2 Z 7 \{g ‘é L‘Dz ]
b by bz by
= Dubr o aeby nrvbe b, ) Pk ZSQ&S: i



\750\5 Coupled Mass spng syskems + the westof te stony

Lpagged down C")) Hige veal -

To @m e o tHe 2X 2 soln we 9ot
Solng came :ﬁ’UM G cde\@x basis OF‘HAGSUIV‘L SPCLCL C'W)slsf"mg of
o cmplxonugale, vaor parvs : MEE by € b ﬁhommcw)
b [
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hONDgerEWY So\h c@ns\g\-s Jdiran ar\o(‘l"r‘avy hr)earumlamahav] of ‘i‘he
red\ and maginary -Porkg of thege Hwo VG’IFS arndh 1Fwe (macl‘\“’?e?ahewca)
we codld Veﬂ@ This kﬁ hand 5 out n syead we Car)Jqu}r acamine
N\aple\s e soln and vecogntze the abose form,
wlﬂ'\_a Coe@; et maJrn.x ot

I we comder genené, dCuM\Olﬂg
PYD?(JY'h(X\d\ +\> 'H\C 2)(2 \denH)r\j ma+h>¢7 ‘H/\e "MOore (_omplfca-{-ed
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aChnS Jroge‘]’her—_ This is how N\qF}@ comes up wilh the solns,
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whatt-
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= Ax+ [§) e _
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AR E P
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' ——— N -
o rest

ot new equlli brivm
The ud amped agnend Soln Jus\‘ has oscilletrong crlong eacl, fl_sen\;fc}or
a'k '\'V)e na l 'ﬁ‘eqbtﬂ/\C\:eS
(CL(os’( —\(,ZSMG’) b + (C;CUS\BH e 5\2t) b,
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o= G+ Glly= sz s [ @\ &A (Cz }
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nhal \etwties delemming sine cve {Gcients
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2 d = Qa
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< on curve, wi Y(o\=a+az
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s at one comer

of this box.

e soluflon oscillales
be’ﬁ»v@\f\ OPP()S‘I‘('Q

sudes of this box
al Al @even\-frec[\mcieg

L NeY™ repca‘,'\n‘g ({-se/'rfj
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_"QL—'GZ
svice there ts no
Common pen od of
i ‘H/\e mchon,
TAus as {‘—960 -\'\’w’ll\ f\'l/l\n the entve Vﬁhhglc,
[596 MOP,E _]
A Similac loox 15 easil colewlated i€ we stat out at

equiltbrnun (the oNgin ) with Gr\\:j nonzevo bl velvate
which 1nstead Oﬂly oxccile Yhe sine TRMS,

mr\‘!a\ Omdrhohs we g\url- out Somc«,_)/)eve l:ﬁ the

For 9eneml
F the decospled Uavcbag delermnnrs

box. The ghase shifled form o
e box from the qul hudes:
K= Acos(t-50) by + Az coslBt52) o,
= ws(t-80) (Albt) + (s(13t-82) A
—_ —1
=0 =Gz

Damping causes the boundary of the box fo shank with +hwme
s(nce e am?\'\hdes acquive decayiny Q@uqenh&\ factoes,
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Daving fhe undamVeA system adds a thid gscllabiin o
soluion which then expands the box boundantes 0 St e

drving ﬁmchc:h

atfreqonty
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N
- ~ -
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ror—m——————————
v etganvnodes response fund’im\

The soln can wande ™ qny\.))eve i ther exderded boundany rEsim,

The Najnihcfe IQ—;(LO)I YE'P'ESdﬂ’S the Mml\am{;\\we of the
Yesponse ]Cmch&q and as Yo might susped- 99}5 large atthe
Mhmlﬁf‘(}d\cfeg Wwheve hsSonance ocaurs .
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