PHY 711 Classical Mechanics and
Mathematical Methods
10-10:50 AM MWF Olin 103

Plan for Lecture 14:

Finish reading Chapter 6

1. Liouville’s theorem

2. Hamilton-Jacobi formalism
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Course schedule

(Preliminary schedule - subject to frequent adjustment.)

[Date F&W Reading [Topic [nssignment
[ [Wed, 8/29/2012 [Chap 1 [Review of basic principles, Scattering theary  [#1
2 [Fri, 8312012 [Chap. 1 Scattering theory continued 7]
3 [Mon, 9/03/2012 [Chap. 1 Scattening theory continued a
4 [Wed, 9/05/2012[Chap 182 [Scattering theoryiAccelerated coordinate frame [#4
6 [Fri, @07/2012 [Chap. 2 [Accelerated coordnate frame 5
6 [Mon, 911012012 [Chap. 3 [Calculus of Variation 8
[T [Wed, 9/12/2012 [Chap. 3 Galculus of Variation continued
8 [Fri, 91472012 [Chap 3 Lagrangian fer
9 Mon, 9117/2012Chap. 386 [Lagrangian )
[10|Wed. 9/18/2012[Chap. 3 &6 [Lagrangian #
11 |Fri, 972112012 |Chap. 3 &6  |Lagrangian #10
[12|Mon, 824/2012 [Chap. 3 &6 Lagrangian and Hamiltonian fern
[13 Wed, 9/26/2012[Chap. 6 Lagrangian and Hamiltonian #12
-14 Fri, 9/28/2012 |Chap. 6 Lagrangian and Hamiltonian #13
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Liouville's theorem:

Imagine a collection of particles obeying the
Canonical equations of motion in phase space.

Let p denote the "distribution™ of particlesin phase space:
p=plagsnhip -

"Pay }v t)

Liouville's theorm shows that :

P _q
dt

= pisconstantin time
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Proof of Liouville’e theorem:

vp
Continuity equation :

Uy, v

Note :in this case, the velocity is the 6 N dimensional vector :
v :(rlvrsz-rNrpupzv“-pN)

We also have a 6 N dimensional gradient :
V:(vn’vrz""vm 'vpl'vpz""vm)
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Notion of “Canonical” distributions
4,=4,40,-0,}{R--P}t)  foreacho
p.=p,(10 0 R R }1)  foreacho
2 pad. —H(lg, } . h)=

> 2.0, - (0,2 b0+ L F(la, b, 1)

dt

Apply Hamilton's principle::

1S no.- Ao nl+ 4 rla g b fi-o

dt
o o oo
oP 20,

o
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Note that it is conceivable that if we were extraordinarily
clever, we could find all of the constants of the motion!

2. pods~Hlg. ) tp. ) 1)=

0.~ 1(i0 P o)+ Flla.} 0:))

& Flebio - (2 b 2 Jo. oo




Note that it is conceivable that if we were extraordinarily
clever, we could find all of the constants of the motion!

o, = J L
oF, 00,
. OH . OH
Suppose : =—=0and P=—=0
pp 0, P, o 20,

= Q,,P, areconstants of the motion

Possible solution — Hamilton-Jacobi theory:

Suppose:  Fllg; 110, ht)= -2 0, +S(la, 17 }1)
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Solution :
_9s _as
Ps *@ = %
o, (P o) =Hg, ) (o, 1)+ S

ot
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When the dust clears:
Assume{Q_},{P,},H are constants; choose H =0
Need to find S({g, },{P. },7)
s os

W, YT

o)

Note: Sisthe"action™:

2. pods ~Hla, .} 1)=

>0, ﬁwff},z>+;[— ;a/gis({qg}, an
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I(Zma o P ]dt f(dz (fg,hir)e ))jdt
=S(a, bR L)
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Differential equation for S:

Aw{Sh s

1
Example: H({g}{p}t)= 5—’” Equ

Hamilton - Jacobi Eq : H[ {§ j =0
oq
2
e +1ma)2q2+a—S:O
2m\ Oq 2 ot

Assume:  S(g,7)= W(q) Et (E constant)
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Continued:

2
L3 +1ma)2q2+a—S:O
2m\ Oq 2 ot

Assume:  S(q,t)=W(q)- Et (E constant)

aw +1ma)2q2:E
2m dq 2

aw
dq

W(q) = [\2mE - (mof ¢*dg

=~2mE —(mw) ¢*
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Continued:
W(q) = [\2mE ~(mo) ¢°dq

1qﬂZmE (moYq? +£sm [qu )+C
2 @

\/ m
S(th)—fq 2mE — q +—sm ( j
os 1. 4f mog |
o _Q_a)sm L/szj !
= 4()) = Y2"E sin(o(t+0))
mao
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