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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Course schedule

(Prej[mina'y s:pe@ule - subject o frequent adjustment.)
Date IF&W Reading |Topic

i'1 i Wed 8/28/2013 Cﬁap 1 Fievféw of basic principles;Scattering theory m

2 |Fn, 830/2013 [Chap. 1 [Scattering theory continued

[3 Imon, 8/02/2013 [Chap. 1 |Scattering theory continued

4 Wed, 9/04/2013 [Chap- 2 lAccelerated Coordinate Systems i

|6 |Fri, 9/06/2013 [Chap. 3 ICalculus of variations |ﬁ

6 |Mon, 9/09/2013 [Chap. 3 [Calculus of variations -- continued

7 [wed, 9/11/2013 [Chap. 3 (Calculus of variations applied to Lagmnglanslﬂs

/8 [Fri, 81372013 [Chap.3 Lagrangian mechanics ez

/s |Mon, 8/16/2013 [Chap.3 &6 _|Lagrangian mechanics leg
‘_G |Wed, 9/18/2013[Chap. 3 &6  |Lagrangian mechanics |=_9
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WFU Physics Colloguium

TITLE: Embedded metal nanoparticles as light-driven, localized
heaters within pelymeric solids

SPEAKER: Prof

aura |

Physics Department
North Carolina State University

TIME: Wednesday September 18, 2013 at 4:.00 PM
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

Metal strangly absord o

(or only a very weak) raciative relaxation by which {o release this energy As a result the
absorbed energy is efficiently converted to local heal (3 photothermal effect) With an
effective cross-section of up 1o 10 times its physical size. each particle acts 35 3 “super-
sized” absorber even when terial

resuling in dramatic heating onginating at the particles. Thus. with spatially-uniform
Hiumination, one can metaphorically reach inside the sample and apply heatto
pre-selected subsets (e.g.. causing them to dramatically change properties due fo

actuation 7 or surface
of s0ngly 3fiecting the remainder of the malerial. This is particularly true for sold,
poly e can result heating. 1l

discuss recent resulls demenstrating selective healing, measurement of average
Internal sample temperatures close 1o and far from particies, and how this temperature
gradient changes as a function of inadiation intensity.
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Summary of Lagrangian formalism (without constraints)

For independent generalized coordinates g (¢):

L=L({g,®}d,®)}1)

doL_oL_
dt o4, 0q,
Note that if o 0, then 1671‘ =0
dt oq,
= B—L = (constant)
9/18/2013 PHY 711 Fall 2013 -- Lecture 10

Examples of constants of the motion:

Example1: one-dimensional potential :
L=1m(&+y*+2)-V(2)

d . .
= Imx =0 = mi=p, (constant)

d . .
=—my=0 = my=p, (constant)

dt
d . oV
=>—mi=——
dt 0z
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Examples of constants of the motion:

Example 2: Motion in a central potential

L=dm(i +r2¢*)-v(r)

= imrzqi =0 = mr’g=p, (constant)
t

A 2 4
:dimf:mrﬁz—ﬂzip“’ 7(';7[/
t

or mr* or
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Recall alternative form of Euler-Lagrange equations:
Starting from :

L=L({g,®}d,®}1)

doL_aL
dt 0q, 0Oq,
dL oL oL oL
Alsonote that: —= ) —q_ + I
dr g oq, z aq, P
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Additional constant of the motion:

If a—L:O;
ot

then : 4 L—Za—_Lq(T :6—L:0
dt > 04, ot

=L- Z;‘an =—F (constant)
o 4,

Example1: one-dimensional potential :
L=im(i+37+2)-V(2)

= %(gm(;'c2 432+ 2=V (2) = mi —my? —mz*)=0

= _(%m("‘z +30+ Z‘2)-*- V(z)): —E (constant)
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Additional constant of the motion -- continued:

If a—L:O;
ot

then : (L Z —qﬂ ] =0

o4,

=L- Zﬂ =—F (constant)
4

Example 2: Motion in a central potential
L= %m(ﬁz + r2¢z )— V(r)

= L om0 - m -mrg)=

- _(15,,1(,22 + r2¢2)+ V(r)): —E (constant)
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Other examples
Lagrangian for symmetric top with Euler angles &, 5,7 :
L=L(a, By, p.7) = L1 (@* sin® B+ 32 )+ L 1@ cos f+ 7
—Mghcos
Constants of the motion :

a—L*O :ia—L:O Is(dcos/}Jr}'/):p? (constant)

oy dt oy
6—L:0 ia—L—O Lasin® B+1, (acosﬂer)cos,B p,, (constant)
oa dt 0
Z oL .
oq,

1

=31 (a sin” ﬂ+ﬁ') (acosﬂ+;/) + Mghcos
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Other examples
L=1m(s+ 5 +z‘2)+2i30(—xy+y'x)
c

oL
Oz

EZ

=0 = mz=p, (constant)

6%

= mli> + j +z'2)+2‘1 By(= sy + i)
C

sl 57 )L i)
C

2, 2, 22
:%m(x +y +z)
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Other examples L= %m(xz +)./2 + z'z)—gBo)'cy
c

oL =0 = mz=p, (constant)
oz
oL =0 = mx = p, (constant)
ox ’
E=y %y -1

- 04,

=m(+ 57+ z'z)—%Boicy

—im(#+ 57 +22)+ LB iy
C

2 2 2
:%m(x +y +z)
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Lagrangian picture

For independent generalized coordinates ¢, (7):

L=L({g,®}14,O}1)

= Second order differential equations for ¢, (r)

Switching variables — Legendre transformation

PHY 711 Fall 2013 - Lecture

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

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

z(x,y) = dz = 2_2 dx + &% dy
X

y X
x(v,z) = dx= % dy+ @j dz
ox) = (ez/ow)

). (oz/0x),
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Mathematical transformations for continuous functions of
several variables egendr transforms continued:
z(xy):dz— E ?dy

Let us(a—J and v= %
ox ’ ).

Define new function

w(u,y) = dw= (6 )du+ w dy
ou ), ),

For w=z-ux, dw = dz —udx — xdu = udx + vdy —udx — xdu

dw = —xdu + vdy [ij =—x [?J = (Z—ZJ =v
u v ), \av),
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For thermodynamic functions:

Internalenergy: U =U(S,V)

() ()

v ),

dU =TdS - PdV
as
- T:(LU)
as ),

{2
oV Js

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

oP

dH =dU + PdV +VdP =TdS +VdP = (?;1) ds + (aH] dP
P

oH OH
=>T=|—

as ), P
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Name Potential Differential Form
Internal energy E(S,V.N) dE =TdS — PdV + udN
Entropy S(E,V,N) ds = %dE + ;rﬂ' = %ri,\'
Enthalpy H(S.PN)=E+ PV | dH =TdS + VdP + pdN

Helmholtz free energy
Gibbs free energy
Landaun potential

F(LLV,N)=E-T8§
G(T.P.N)=F+ PV
AT, Vo) =F — uN

dF = —8dT — PdV + pdN
dG = —SdT + VdP + udN
dQ) = —5dT — PdV — Ndu
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Lagrangian picture
For independent generalized coordinates ¢, (f):
L =L(lg,O}d, (O}1)
daL_aL_

diéq, o,

= Second order differential equations for g (f)

Switching variables — Legendre transformation
Define:  H =H(lg, (0} {p,(0)},1)

9/18/2013

H=Ydp,-L  wherep, = -
- o4,
oL oL oL
dH =Y\ §,dp, + p,dj, ——-dq, ———dqj, |-—dt
;[qo Pt podd =2 i = o qg] py
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Hamiltonian picture — continued
H=H(lg, O} {p, 0}t)
H:Zq p,—L where p, :6—L
R ° o4,
oL oL oL
dH = i.dp, + p.dq, ———dq, ———dq, |——dt
Z':(qg ot po = dag =5 qa] p
= a—quaJraﬂdpa +6—Hdt
~| o op, ot
. OH oL d oL . OH oL oH
=4, = —=— T =p,=—7T— —_— =
ap,, Oq, dt 0q, 0q, Ot ot
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