Phjﬂcs 5S¢ (Hoffan) Rwdins-. HIL 21-2.5 443 13- 134]
Letture 45 o Georg S 4 82
Thura @p‘l' |b, 2010 or Morn 24-33

Math: Fourer Andﬂas
Pit(js]co: Corvhnucus lmdMM Loaves

Last tme: \ .
Coupl&d oecllators = coupled linear Ierertal equachons

Normal mode. = soluhon 10 which oll masses oscllate, af
the same Q@@ueﬂcg L, ond with a seche amplitude. o

_a Lot
e (G)e”

L/fw/\—’ Rosu_llaﬁ port
&mphfude/ fUCHO =fime endence
=gpotal dependence

For N d@aru,s € Lrecdom, we have N normal medes

Most genera! solubon = sum of normal medes

> D p 01(%) HW't Oi(%) ot
%M—Hﬂ____ Z{?C(L(CFZ(/(AL,(Q‘(”)C o, Bb (qL(L)BQ—L . E
L= el Q‘M[d) &"”a')

Can Bad normal modes by:
* brute Brce,
* p\(\ﬂélc&\ intuhon
* lncar olaebra
x* or mal\fy

kCommuﬁng Sjrvwwﬁy matrix
(roals for :
*oke m

N-=Co 2 conbrucus ave equahon
% Fuce andusis: any periodic funchon cdn b woren
05" 0 sum of snes and cosines

O

Suppese, that v e N wasses, comnected by springs
1 n-2 n-i

n nt | nt2

= = =

%n_, Xon %n,-,

Eli(}&‘hl)’\ DQ motion 'gf the, r\H" Mass:
mg/cz X = —k(%n ‘76/\-1\ “K(%r\‘%nﬂ)

Xna K K

O Y2

dl Y-t [ K ;ZK k Y-t
= | % Sy 2k I %

dtl Xlnr\r ( " K Kl Xlnr\r (

o o F e e

For mﬂ 6]\}@(\ N, ve cadd sove this ( ety
& @Jmlé@ﬂwddcrm‘mam K& on NxN M}X)

Bur instead, lets st fake fhe comhnuum limit N->co
Rrst we need T do o Mle bit & convenient f\&lab&hrzﬂ,

Lets cal the dispacements of the prasses 5n instead of
this porws up the notahon an o ke instead, o the
alu'rhbf)um posiﬁm 4 the. N mass,

Let Hhe passes stort our I apat, S0 Zn= K- = M.

Now e ma)w 05 wel wrte 3 s o fnchon of xS0
5= posttion of n? pass = 5(xn)

T(,éi'u'l[tbf.lw‘f\ posifion of " mass

Now S(x) locks ke 2 corbruos funchen, but 1o defred onlﬁ at
the discrete points oA interval b

5x) Wil become & contrucus Linchen F D> 0.




| ! | \
[

= Zn) :—"‘>5(7Gw+ b:'? 3 (%nrz) 18 (ar3) =0

| , X |

! X : bx . X !

%n /’rn-*-( sz_ xnn}
Rewrite e equation K rphon using tese new coordinates

m_ﬁ_; 506y = -k [3x) - 306~ 50)] - K[ 5(%) - 526+ 0]

Let's do some wdiciobs mulbpluing and  dhvic D
J 50t b f _’%ﬁ B 5(76'— ;iA
m & - v A
g‘% mﬁm lc Ax e
Now make. b amaler:
S0vt %) ~R(0) _ (%)~ 5(-1X)

Note: &, = &(x)
jntl g S(%—": AX’)

fim Mo [
Dx—>0 AX
i 00 S e
l}go\ao -z _Q_____’_%UG _‘%) = 5
S| md* - d*
> &‘d—g,_g(%)” k8 T

The vass torm has become, g\;o= linear massdms@

D, = M0 . _Mass in kg
“oow lagﬁ\ ob @Vin\ﬁ inm
The @r)rzﬁ constant has become, Kdx=“elashc madulus” = E

(similar Yo Younds modulus, withour
the fetor css-sechond orea)

Remepber that the ng constont Kk of a ng 15
in\;@rsalﬂ propor'ﬁoi@lp jb s Natural lcnﬂf? J

eg P Yo ot a 6@@ in half: W

each hatf has sp"v:ﬁ constant A

3 3

or double @ qulﬁ . (@leoss t \Rolox—
= Wil expend tuce ss mudh as each Of“ﬁinal
= 3pnng censfant s o as bfj

So 1t kes sense Mo talk doou 4 gpring constant
per unit of inverse, léﬂﬁﬁ’\ = K/ (/) =kl

Modifed Hooke's law :
F=-kbL=-E£E

elashe meduls

Puﬂ%nﬁ this al bﬁdhaﬁr

9z ot QOANEINUOUJ
El -2, 50y, v
e S0ut)= E 5. 5000) oM
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