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

Plan for Lecture 13:

Finish reading Chapter 6

1. Canonical transformations

2. Hamilton-Jacobi formalism

9/25/2013

Course schedule

(Preliminary schedule -- subject to frequent adjustment )

|Date '8W Reading |Topic
[1 |wed, 8/28/2013[Chap. 1 [Review of basic principles;Scattering theory [#1
2 [Fri, 81302013 [Chap. 1 Scattering theory continued 2
[3 [Mon, 9022013 [Chap. 1 Scattering theory continued [
4 |Wed, §/04/2013 |Chap. 2 IAccelerated Coordinate Systems M
5 |Fri, 9/06/2013 |Chap: 3 (Calculus of variations #5

6 [Mon, 908/2013 [Chap. 3

(Calculus of variations -- continued

7 Wed, 8/11/2013 |Chap. 3

ICalculus of variations applied to Lagrangians |a;76

8 |Fri, 9/13/2013 [Chap. 3 Lagrangian mechanics [
9 |Mon, 9116/2013 [Chap. 386 |Lagrangian mechanics [e8
10 Wed, 9/18/2013|Chap. 3& 6 |Lagrangian mechanics 9
11 [Fri, 972012013 [Chap. 3&6 [Lagrangian & Hamiltonian mechanics #10
12 Mon, 9/23/2013 [Chap. 3 &6  |Hamiltonian formalism 11
3 |Wed, 9/25/2013|Chap. 3& 6  [Hamiltonian formalism le12
*4 [Fr, 92772013 [Chap. 346 |Hamiltonian formalism 13
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WFU Physics Colloquium
TITLE: Wermholes, Warp Drives, and Negative Energy
SPEAKER: Professor Thomas Roman,

Department of Mathematical Sciences ,
Central Connecticut State University

TIME: Wednesday September 25, 2013 at 3:00 **
PLACE: Room 101 Olin Physical Laboratory

** Note the early starting time

Refreshments will be served at 2:30 PM in the Olin Lounge. All
interested persons are cordially invited to attend.

ABSTRACT

“This talk discusses "wormholes”, shortcuts trough space and time, and the type of faster-
than-light travel known as "warp drive” Both of these lopics have been staples of science

fiction for many years. However, serious scientific work has actually been done on these

subjects, primarily in the 1690's, notably by such people as Kip Thome and his students at

Caltech. Such objects require & very unusual form of energy, known as "negative energy”

In classical physics, all observed forms of matter have positive energy Remarkably, the

1aws of quantum theory not only allow, but actually predict, the existence of negative

energy. Howaver, work done over the fast several decades has shown that these same

laws also limit its macroscopic effects, and therefore have profound implications as o

whether wormholes and warp drives are likely to be physically realizable:
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Review:
Liouville’s theorem:

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

Let D denote the "distribution" of particles in phase space :

D= D({ql "'qu}7{P1 "'psN}vt)
Liouville's theorm shows that :

dD . o
i = Dis constant in time

dt
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Proof of Liouville’e theorem:

' vp
Continuity equation :
oD

l ‘ " Ezfv-(vD)

Note :in this case, the velocity is the 6N dimensional vector :
v =(f,Eyee Fy s Py Pysee-Py)

We also have a 6 N dimensional gradient :
V=(V,,V, ...V, V.V, ...V, )
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Notion of “Canonical” distributions
4,=4,00,-0,}R-~PL1)  foreacho

_po'({Ql Q }{P“-P}Z) for each &

Zpgqa b ht)=

Apply Hamilton's principle :

. OH .
= P =—
%= *~ %0,

;PJQU*H({Qc},{Pc}‘JF%F({ BYAY

‘51{?5@01?({@},{@}) & o yofi-0




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

2. pods~H. Ap. )=

2P0, (0P bo)+ § Flla, b 0.h)

Srla,) {QJ}J)—Z[[SF)% [SQF]Q]ZF

dt - \\ 94,
2 -(2 i- bb)-
5 o[ 2 .- Ao, bie b
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oF
L&
ot

= H({0, AP, }.t)=H(lg, . {p, 1t)
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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!

0 _OH ? __oH
oP 20,

Suppose : Q, =£=0 and P, =_6i=
oF, a0,

= Q,,P, areconstants of the motion

0

Possible solution — Hamilton-Jacobi theory:

Suppose: F(lg, 110, }1)= -2 £,0, +S(g, . 17, }1)
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ZP g, —H(lg, }\p, }t)=
5.0, Qa},{Pa}J%i[*ZPgQJ slla e, 1)
os oS as
=-#( ZPQ +Z[ . " ap P"} ot
Solution :
oS oS
Do _% Qo' - a
N oS
H({Q, }.AP, },t)= H(lg, . 1p, 11)+ =
‘When the dust clears :

Assume {0Q_},{P.}, H  are constants; choose H =0
Need to find S({g, },{P, }.7)

o

oS 8S
e
0q.,

oS oS
H 3 ) =0
- [{qg}{%} ] &

Note: Sis the"action":

Zpaq -H(lg, b {p, 1) =

P e Sy

Zpaq -H(lg, b {p, 1) =

S r0 - llg:Hie ) )4 sn0. st 1 210)

] (Zp g, -, o, e ))dt j(;’t (s({q[,},{p[,},t))jdt




Differential equation for S:

{22

2
Example: H({q}, {p},t)=p—+%ma)2q2
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2m
Hamilton - Jacobi Eq:  H| {g}, s .t +8S
oq ot
1 (asY 1 os
—| = | +—meo’q¢" +—=0
2m\ Oq 2 ot
Assume:  S(q,t)=W(q)—Et (E constant)
Continued:
1 (asY 1 as
—| = | +=m&’q* +—=0
2m\ Oq 2 ot
Assume:  S(q,t)=W(q)—Et (E constant)
2
BN AN W
2m\ dgq 2
W omE=~(mofq
dg

W(g)=[2mE~(mo) ¢’ dg
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Continued:
W(q)= J' 2mE7(ma))2q2dq

1 >~ E . 71[ maq )
=—q+2mE — +—sin +C
2! (mof q* o \2mE

S(q,Et)—fq J2mE —(mwf ¢* +—sm (’”“’q

V2mE -
aiIQ:lsin"[ nod jft
)

CE 2mE

)
;
&5}

=q(1) = sin(w(t +Q))

maw
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