Lecture 11— Laayangian Mechanics

A. Newtonian Mechanics of In'l'cfacﬁn? Particles

We havt talked about e stabistics part of statistical
Mmechanics , now we need a guick review of . mechanics park.
Aside e u)hj tw mulkiple vawes ;| Stafishical Mechanics or Sfatistical
t'ﬂ.rmodjnam'és? they ave eguimlent . Tar former emphosizes Y

connechion bo Phygi 5.

'ﬂ“- mechanicy tka.t 30(‘. IW"LJ o tot-(’fbdtdvvy th{its s [\[Cu)'foﬂian
menanics. for a setof N Pm-éic/es, Newfon's Second law 15
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Offen, fiw 4ovce ona pardicle can be descvibed by a pofenhal U
Tlm, are (elafed by
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1€ Yore ave o exteymal foras, and only itlerochoms berween
parbicles, ben 4 otal pofential U can be simplified to
& sum of palrwice frilals bedoieon tur porticles -
A= Zzu;]((_l&-.gj[) Wi (V;j) P paveise pofondial
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we ave 60;”3 © need to Compare Newdondan yechaunics 4o +wo
obher 4ypes of mechanict (Lagrangian and  tami fonian’) ,co

T want b do a simple example . Ve will alse waut a solped
walcm b discuss 2 neept of phase space.

Grample : Harmonic Oscillator

\’\/\/\/". Spring pofential : U= L hx?
| —»

fe=—1

=2 particle mass i m
ikal CD"\C‘;'HO“-G" XYD=X , v (o) =V,
Newdon's equation of mobiom:
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f__"_f WX=0 W isa%necgvenoy [53{%‘4--2‘3
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Twis 1s & S2cond erdor , homo gencous oBB: w? is always positin,
s0 Solutions ave g',w,n loy'.
L) Asin (0t + Beos (wh) | AR are constants
Sdvine & A and P Lrom e imitial con dikion




(o) = .A sin(0) + B (os(®) = B= %o
V(%) = .E- s Ad eos (wd) — Buwsin(uwh)

Vo) = Aw 5(0) ~ pw sin(o) = Aw= Vo, A= T8
G, e final goluhon to

X&) = Yo gin (W) & 7o coy (wb)
V() = ‘Va €% (W) — A, W sin (WH)

|2 Lagran @ian Mechanic$

Lagrange Hmought of mechanics differently tuan Newhn- RBather
Yuan %?ul’—fwb of {ovas aud inertia, he Hought tmat MNaturve in
some ways always ackd optiwally. So, i twis way of Mminking,
e eguations H4uat govern dy mamics  minimize somthing . Thic
smu-b\irs is called o a.va\(jg:to

S= f‘b»,‘(ﬁi ) ii;t>

4 aenemli'zu:l coordinad<S
VALY % 4{ generalized veloatics
. a -
sckon VogEngien ey

A shorthand for: L(4,, 44,190 41, G190 )
The g{ne'fatized coordinales can e x,y, ;, or they can be a
coordinade ranstermation like r, 6 ¢ in spwrical cow divafes. The
generslind velocities are time duvivmfives of fre genermlizd
coordinates. Mathematicnlly, duis (s vepresented as
= ¥ (g, ) B2y '--/§u>
f‘.:_".‘a,(ﬁ),)‘j») m)in)




e Ly (1(‘ iw"’)ﬁu) Z”; :5N Cfu; Loyemy L))
Thwe lagvanginan ts lik o “cost" twat twe pardicles pay.
T action is a sum of Bt o5ty and minimi gjr\é_ ‘e qediom
ofwes hS b path er trajeetovg with bhe least cost.

/u:nmzu.«é tue achion funchonal giws e Buler —Logrange
%m{fims for e i papdicle

s a_L_) _ oL _ .

J_E( a%i b%;““O 6"/21 jN
The Lagmnaz'wn s given (7

L= K(‘}i)— UL[@O k: kEineHe energy

- Wt petential tnergy

%) 4 gystem "wants 40 chawt a patn tuat balances kinetic
endgy and pofential energy.

Lebs show that Ewe Buler-Logrange guations give us Hre same
“wing oS Newton's Y Law .
Eapivaltnce of L«ﬁmngian and Nedtoncan Mec hanics :

Euler - Lagrange eﬁuwﬁon 1  perticle , constant m
é—( _é_L;) - Q_/L. =0 %z %
c[t a% a% % = 5§ = VU
Lugmnaian :
L=k-W k= gnv
P“+ +oae+lner : /dmes-\.‘: d.q:em! on X

e Lsel3ne)] - &) -0
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df[”“'] * ax D @m;;—"g,; 2 Ima=F

o) O Lagrangian way of doira mechanics is eguiceleat-
why leayn ct 7
* It can solve some prblems much mort easily.
- onfr[em& with con sprainds
— problems in d: fferent coordinates (no messy coordinafe
Hran sty ms)
The Eulev-Lagrange B3 i invanant 49 coovdinete tonstoras
([?’90JF in bwok). This is fi reason fov “peneralized coovdinates:
o Dt comes Upin stat dthermo. st of your Life"; fed Chiang
* Alditional physical Frincty(,e,/ Way of understanding fue wor(d.’
o Connechon ¥ Hamildomian mechanics (rext)
To conclude, |ets solve an example problem witn ot
F)Lam!;(g: Pendulum  wifn o Lagraagran

13, «
-y What i5 euv” general z2ed coordinate?
(o) =6, 7 " 670yYT Could be any.
9(0) = éo ( Qis tw easiest
Lmg
- _‘—, L = k-W
AR L

Vhat js tme Einefic energg :

K: -%’m"ll'z = V‘"Q = K= szrq'bz
What is the potential €r\eV97?
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