HH o085 Simple Harmenic Motion
Consicler —a_mam offaches o a Spang. The
oy [EStorng Brce PBllows

Accoma;@ & Newion§ aocond] G, the dvramica i capte
by the. following ifferental 89;20_2970:’\
X

F— moL — b =KX =mMm g intrecluce 6%*—'/;'%- '

The abore EOM czn be simpliiesf ,
‘é’%-f-w)( 3% X—C;Cosco?‘: X=CSinwt Eoth

 lisf the diffrential et
Fent their Cinear Combirals

XE)Y= G Cos@ t) + G Sin(gt) = /4003(@-¢+¢)

Check- vellcity vit)= X =~ — ASin(egtrd)
%%
occeloration Ql) = _gi-?_f"; — At oS (Gt ).

_321:@( = —ACO CbS(COt—f—(,’é)— i} X/é)

i]j

%) Slfr‘p@z penclillum s The forces can be cecomposed
| | targent andl normald directionns .

Teergent zngQ : —MgSInG
PO fores T=M3cose

de
E

Department of Physics National Tsing Hua University




PBR-=

Write clown the. B?aadm of-"/mhaﬁ;
feengent ofirection — F = MAe

1" | L TR —mds = me cﬁl oG SE=L&L)

dt?_
LR ol direcbion — J—‘ = mu%e N
L7‘— Mg Cose = m( m@("/@)

Sfmp@:@ the EOM o the fangent direction,

j?z-f- (——-) SINg =0 infrocluce. (0 = F

In pnﬂop@a we can finel #\6 d)/mm:ca o/—o the Q/g@z O=0&).

{_?f@__/. COQ@ =0 W&GC@%EW-% SH-M. ur

Therefire, the qerer® sclution s (&)= AcoS(tgt+$)

Sone simplo. Kinematics Br SHM.  The period T o defined
Qb the minimum fime duchthat C(E)= OE+T
ACos(wit+p) =ACeS (t+@QT+¢) —» L@;ﬁmﬂ

/‘B‘“GTWW
The ﬁech\oy b cdefined as imporfant £

w, AV
.

Department of Physics National Tsing Hua University




Page 3

preportional to the volune.

Cenvervent (o »el X=0
where Fj+Fy =0.

> R Ry T(RAR)8 T —(AR8) X <X

o o B W' e L W

anedoam%eEOMz‘Ev%ez‘%ﬁng%oQ -
~(A8)x = 60%4)0/&- dt"- {PL)X 01

- Ifs dynamies o Smoéa harmonic. OSoi
natzasy /?6376{2/101 o _COQ-_ %_ e
o ° /8L

s -
The freguercy grows ao thedeity
/;8: rafio e /Pa becwm&/geﬁ What
L appens when 2/
1 i pfi/Ps

%, Conserwr@ quantity. For SHM, the queoi‘my oS o/eaméeol
by Xt)= AcS(at+@ ). Because A i the maximesn

diplecement ard thus corresponds To the amplfude..

= = ""/4(,0 S‘I\I)(C%t+¢) ~where 6()2= %—

=i COOQXQ'-* U Aw [Q)S(&J@-gé)-f-sm (wt+<zb)] Aco

/“T—Y_“GYTTMT\

ot =-Condl™~ ey not chrrnge with fime. ‘.:L

Department of Physics National Tsing Hua Uni



prge
mb 77)6 éaMz.Q Conue/%m o To wnte the "conrervation
ST o' in Mightly ditferent form.

1!#

/%7’7‘\0(/3/\ the Comervation OF energy & NOT ap powerfaX
as Newtons EOM, L remains vialiol every, when Mewioruzen

D SHM wun phase space

For N partictes mowing o 3Ds,oac2 %econ'eqwméf/@pﬁmz
Spoace (v 6N cimensionall.

'E_—LKX‘E_'“%E ZE/:Q /\_\>x

hzageofaymv’ﬁe hase. Space. co ,1
a2, EQQJPM (_JQ.) ( ) i Po=/omE
Xo) | x=[Ek
Note that the ﬁage&ogxm%e,dmemw Simiar o tat
i Lotka- ellerra modkl) for pradator-pray ecosyotem. Why
203 We would Show-lafer that SHM & a genenc result

for Stable eguilibricem wholer perfarbations .

In cdadical) mechanica, one can Charge The enelgy

Contiruendly . However, n Quantum wovd, L o observedd ch
_expenments that the area_erclpsed by the frajectory i phas
Space o quantizel, [%pdx = (h+ £ 4 Panck \,

Condfant- a\ /o
N=012,3 - ez, \E

Department of Physics National Tsing Hua University




%e ?“@,-,ﬁzahbﬂ m&z ,,yy;@@‘%ﬂj'%e enelgr/
o Quantized ap below

—ZJIE (PrEyh — | E= (hrf) b, | k=

The ene/@y Cfamﬁmﬁm & cpsely refated to Einteins
Qasumphion Br phatend  E= NDAF = Nhw = O, Kw, 2R, - ---
ZHhW, (8 the So-called Zemw-pointerergy — important

but offen can be cgroved i expenments.

@ W/\y SH/VI écAoComrrmg\mﬁwe 4
For simplicity, Connicler LD moation wroler the //\%m of
deme. potential proffk.. Near the Stabbe equulibriem,

V)
A D/(x) VX)) + £ Ak Cx=x, i

te. fhe force Sa,ﬁaﬁea Hoa(feo.@cw)
: R F=-KGx,) where X, i» the Sablde
X s @qwﬁabwcm\pmnfj
Therefere, as borg Ce=Xo) &6 small, the Slynamucs e
raagl\@/ X-X, = ACos (ao

BXEPT,

50130978 j\\ -

(CE

Departmeht of Physics National Tsing Hua University




