PHY 711 Classical Mechanics and
Mathematical Methods
10-10:50 AM MWF Olin 103
Plan for Lecture 10:
Continue reading Chapter 3 & 6
1. Constants of the motion

2. Conserved quantities
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9/16/2014

Course schedule

(Preliminary schedule -- subject to frequent adjustment.) rrr>

Date F&W Reading|Toplc [assignment

1 |Wed, 8/27/2014 Chap. 1 Review of basic principles \ﬂ
|2 |Fri, 8/29/2014 Chap. 1 Scattering theory \g
3 |Mon, 9/01/2014 Chap. 1 Scattering theory continued ‘ﬁ
4 Wed, 9/03/2014 Chap. 2 coordinate systems ‘ﬂ
5 |Fri, 9/05/2014 Chap. 3 Calculus of variations. ‘g
|6 [Mon, 9/08/2014 Chap. 3 Calculus of variations. #6
7 [wed, 9/10/2014 Chap. 3 Hamilton's principle b7
|8 |Fri, 9/12/2014 Chap.3 &6 |Hamilton's principle #8
1@ |Mon, 9/15/2014 Chap. 3 &6 |Lagrangians with constraints #9
» 10Wed, 9/17/2014 Chap.3&6 |Lagrangians and constants of mation #10
11 |Fri, 9/19/2014
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Wad. Sept. 17, 2014
Physics Colloguium:

9/17/2014

Andrea Belanger Awarded

Poster Prize

Ryan Godwin Awarded
Predoctoral Fellowship

Department Recognizes 2014

Dark snerqy and matter
Prof, Erickeek, UNC-CH
Olin 101 4:00 PM
Refreshments at 2:30 P
Olin Lobby

Sat Went20,20
Annual Alumni Reception
Winston Hall at 10 AM
Family friendly demo show
and reception - a joint
venture of the Physics,
Biology. and Chemistry
Departments, welcoming all
alums and their families




WFU Physics Collogquium

TITLE: The Dark Sector's First Minute
SPEAKER: Professor Adrienne L. Erickcek,

Department of Physics and Astronomy,
University of North Carolina at Chapel Hill

TIME: Wednesday September 17, 2014 at 4:00 FM
PLACE: Room 101 Olin Physical Laboratory

Refreshments will be served at 3:30 PM in the Olin Lounge. All
interested persons are cordially invited to attend.

ABSTRACT

There are two unknown actors on the cosmic stage: the dark encrgy that is accelerating the
Universe's expansion and the dark matter that dominates galaxies and clusters. | will
demonstrate how we can gain powerful insights into the naturs of dark enrgy and dark
matter by investigating their behavior in the most energetic environment ever ralized: the
early Universe. First, | will show that the early Universe exposes z critical flaw in
chameleon gravity, which is 8 medified gravity theory that provides cark energy while
mimicking genera! relativity within the Solar System. Second. | will describe how the
abundance of dark matter microhalos probes the early Universe's own mystery: the origin
of the initial density fluctuations that seeced cosmic structures. Finally, | will show that
microhalos also provide a new window on the dynamics of the extremely early Universe
and the origing of dark matter,
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Summary of Lagrangian formalism (without constraints)
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For independert generalized coordinates g, (¢):

L=L({g,O}g,O}1)

doL oL
dt o4, oq,
Note that if o =0, then ii =0
oq, dt o,
oL
= —— =(constant)
4
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Examples of constants of the motion:
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Example1: one - dimensional potential :
L=tm(e+y*+22)-V(2)

d . .
=—mx=0 = mx=p, (constant)

dt
d . .
:Zmy:() = my = p, (constant)
d . oV
=>—mz=——
dt 0z
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Examples of constants of the motion:
Example 2: Motion in a central potential

L=%m(f2+r2(b2)—V(r)
d . 2.
:Emr =0 = mr°g=p, (constant)

d oV P,,, 6V
= —mi=mre’ ——=
di or  mr’ Br
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Recall alternative form of Euler-Lagrange equations:
Starting from :

L=L({g, O}14,O}1)

doL_aL g
dt 0q, 0q,
oL oL
Also note that: — = » —— G, +—
dt zan .t zaqa o
_d 3 oL . +57L
dt\ 5 oq, 1o )"
d oL . oL
=—|L- G, |=—
dt ot
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Additional constant of the motion:
If oL =0;
ot

then [L Z ] %Ly
6qa ot
= L- Zafqg =—F (constant)
- 04,

Example1: one -dimensional potential :
L:lm(x + 4z ) V(z)
:di(%m(x2 + 37422V (2)—mi —mp® —mi)=0
;2
= —(Lm(# + 2+ 2)+V(2))=—F (constant)

For this case, we also have mx=p_andmy=p,

=S E= p‘+p’+ Lmz* +V(z)
2m  2m
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Additional constant of the motion -- continued:
If —=0;
ot

then : [L Z—qgj % =0

aq,

=L —Z%q‘, =—E (constant)
s Uy
Example 2: Motion in a central potential
L=1m(i? +7°¢* )~V (r)
= di(% m(};2 + r2¢3z )* V(r)— mi? — mr2¢2 ): 0
;2

= _(% m(’;z + r2¢z)+ V(r)): —E (constant)
For this case, we also have mr’p = P,

P,
2mr?

=E=

S+ L mF 24V (r)
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Other examples

22 q L
L:%m(x2 +37 +zz)+%Bo(—xy+yx)

oL =0 = mz = p_ (constant)
0z
E= Ziqo'

aq,
:m(jc2 +5° +z'2)+2180(—5cy+yx)
C

I+ +z'2)—2130(—xy+y'x)
C

2
:%m(;’cz +57 +z'2):%m(xz +y2)+&
2m
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Other examples

L=im(#+52+2)-LBiy
c
oL =0 = mz=p. (constant)
0z :
oL =0 = mx=p, (constant)
ox ’
oL .

E=) —q,—-L

z - 04,

:m(x2+y2+z'2) quy
—im(i+32+2 )+ LBy
c

2 2
=i+t 2 ) =iyt + Loy Pe
N ( Y ) 2™ 2m  2m
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Lagrangian picture
For independent generalized coordinates ¢, (f):

L=L({g,(Ohlg,0}1)
d OL oL

didq, oq,
= Second order differential equations for g, (¢)

Switching variables — Legendre transformation
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Mathematical transformations for continuous functions of
several variables & Legendre transforms:

z(x,y) < x(y,2)?7?
oz

z(x,y) = dz= P dx + % dy
x(y,z) = dx= ™ dy + —j dz

Y.
o :_(82/8y)
o). (oz/ox),
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But:

Mathematical transformations for continuous functions of
several variables egendr transforms continued:
z(x,y) = dz=| — dx+(?
Let u=|— and v= o
8x ) 8y R
Define new function
w(u,y) = dw a—wj d J
ou
For w=Z-ux, dw = dz —udx — xdu —A‘dey*% xdu
(aw) (aw) (62]
= | — | =—x — | == | =V
ou), ), \),
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For thermodynamic functions:

Internalenergy: U =U(S,V)

dU =TdS - PdV
dU:(in dS+[8—U] av
as ), )

(8] e
as ), v ),

Enthalpy: H=H(S,P)=U+PV

OH OH

dH:dU+PdV+VdP:TdS+VdP:(EJ dS+(—] dP
P N

oP

8, )
as ), oP ),

9/16/2014
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Name Potential Differential Form
Tnternal energy E(S,V,N) AR =TdS — PdV + pdN

. N N 1 P: n
‘ntropy VLN = —dE+ =dV — Zd!
Entropy S(E,V,N) a5 T(’I:+ Ta\ Td\
Fnthalpy H(S.P.N)=FE+PV | dH = TdS + VdP + pdN
Ilelmholtz free energy | F(T,V,N) = L - TS5 | dF = —5dT — PdV + pdN
Gibbs free energy GT.P,N)=F + PV | dG = —8dT + VdP + pdN
Landau potential QT V.u)=F—uN | dd=—-8dT — PdV — Ndu
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Lagrangian picture
For independent generalized coordinates ¢ (¢):
L=Lllg,O}g, }1)
d oL oL _
dt 0q, 0Oq
= Second order differential equations for g_(¢)
Switching variables — Legendre transformation
Define:  H=H({g, ()}, {p,(O}ht)
. oL
H=Y4,p,~L where p, =——
- 4,
. . 0oL oL . oL
dH = Z(qupo +pdg, ———dq, —— dqg] -—dt
- 04, 04, or

17/2014 PHY 711 Fall 2014 - Lecture 10




Hamiltonian picture — continued

H=H({g, 0} {p,0Oht)
oL

H= q -L where =—
é:qopg Pe

oL oL oL
i = ¢.dp, + p.dj, -~ dg. — = dg. |- L ar
Z“,[qg A s %J a

I

(g g )P
>\ Oq ap. ot

o I

=>q, = = = =
"%, eq, dieq, " e, @
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oM oL _d oL, oM aL__on

ot
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