PHY 711 Classical Mechanics and
Mathematical Methods
10-10:50 AM MWF Olin 103
Plan for Lecture 9:
Continue reading Chapter 3
1. Hamilton’s principle

2. Lagrange’s equations in
presence of magnetic fields
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PHY 711 Classical Mechanics and Mathematical Methods

MWF 10 AM-10:50 PM [OPL 103 http:/iwww.wfu.edul-natalie/t12phy711i |
lInstructor: Natalie Holzwarth |Phone:758-5510 |Office: 300 OPL edu

Course schedule

(Preliminary schedule -- subject to frequent adjustment )

Date F&W Reading Topic !
[1[Wed, 8202012 [Chap 1 [Review of basic principles;Scattering theory  [#1
[2[Fri, 83172012 [Chap 1 Scattering theory continued 2
[3[Mon, 810372012 [Chap 1 [Scatering theory continued 2
[4[Wed, 30572012 [Chap 182 [Scatering theorylAccelerated coordinate frame [4
5/Fri, 910772012 [Chap 2 [Accelerated coordinate frame 3
[6[Mon, 81072012 [Chap 3 [Calculus of Variation &6
\7 Wed, 912/2012 Chap. 3 Calculus of Variation continued
[B[Fri, /1412012 [Chap 3 Lagrangian [z

‘ [9[Mon, 91772012 [Chap 3 Lagrangian I
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Hamilton’s principle:
Given the Lagrangian function: L= L({g, }.{¢, }.¢)=T-U,
The physical trajectories of the generalized coordinates {qc (t)}
Are those which minimize the action : § = [[[L(lg, }, g, }. 1)t

Euler - Lagrange equations :

d oL oL d oL oL
z ————-——14,=0 =foreachc: | ——-—1|=0
“\dtog, o, o, o
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Example — simple harmonic oscillator
=L1mi? U=1imo’s*
zlo
Assumex(0)=0 and x(Z)=0 S= I(T—U)dt

0
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Trial functions  x,(r) = 4sin(ar) 8, =0
X, (1) = dt-(2—1) S, =0.0024%m
1 x,() = Ade”sin(wr) S, =0.1964%m
0.8 Xt
0.6 p
0.4 / X3
02} L — —
0£ | -~
0 0.2 0.4 0.6 0.8
201 prv 711 Fan 2012 Becu
Note: in “proof” of Hamilton’s principle:
(%%—%}:0 for L=1(g,} g, b)=T-U
It was necessary to assume that :
d oU

——— did not contribute to the result.
dt 0q,,

= How can we represent velocity - dependent forces?

9/17/2012 PHY 711 Fall 2012 - Lecture ¢

Lorentz forces:

For particle of charge g in an electric field E(r,#) and magnetic field B(r, ) :

Lorentzforce: F=g(E+ Lvx B)

x—component: F, = g(E, +1(vxB),)

In this case, it is convenient to use cartesian coordinates
L=L(x,y,2,%3,2t)=T-U

T=im(# +j+#)

. (doL oL
x-component: | ———-— (=0
dt ox Ox
oU d oU
Apparently: F =-224 4%
PP v Oox dt ox

Answer:  U=qd(r,)-Li Ar,0)
c

where E(r,t):—V(D(r,z)—E%:'t) B(r,t)=VxAr,z)
C O
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Lorentz forces, continued:
x—component of Lorentz force: F, = g(E, +1(vxB),)
Suppose: U =qa(r,t)-L¢-Alr.7)
c

Consider: F, = —a—U+ 49U

x

ox dt ox
L, 6<D(r,t)+1(x 8Ax(r,z)+y_6Av‘,(r,t)+ZA aA:(r,z)J
Ox Ox c ox Ox Ox
ou q
oLy,
ox c “(r [)

dau _ gqda(rt)_ q(od(r)
dt ox ¢ dt

c
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Pt (r,t)),}+ 04,(r,1) L 04 (r.)
ox oy Oz ot
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Lorentz forces, continued:

p_ 0U dou

t Ox dt ox

U _ o od(r, 1) J(x oa(re), ; 3/1‘,(r,z)+ . 8Az(r,t)]

Ox Ox c ox ox ox
d 6Q _ 72[6Ax(fvf)x+ z?Ax(r,z)yAJr aAv(r")m 6Ax(r,z)]
dt ox% c ox %% oz ot

ox c Ox oy c

Ox oy

c Ot

L oo(r,1) +gy.(514v(r~f)7 aA,(r,t)]Jrgz_[aAz(r,tL aA,(r,t)} q 04,(r,1)

ox c ot c Ox oy c ox

=qE, (r,t)+%(y . (r, 1) 2B, (r,t )= qE, (r,t)+%(vx B(r.7)),
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oz

- oa(rt) ¢ 6Ax(r,t)+1)_{0Av(r,t)7 GAY(r,t)j+gz,[aAz(r,t) ~ GAY(r,t)j

Lorentz forces, continued:

In this case, it is convenient to use cartesian coordinates
L= L(x,y,z,)'c,j/,z',t)z T-U
T:%m(x2+y2+z'2) U =qo(r,)-Li-Ar,¢)

c

where  E(r,7)= —V(I)(r,t)—%w B(r,£)=VxA(r)

L=3m(i# + 2 +2)—qo(r, )+ Li-Ar,7)
c
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Example Lorentz force
L=1m(%*+5? +z'2)—qd)(r,t)+%l"~A(r,t)
Suppose E(r,/)=0, B(r,7)=B,2
A(r,0) =1 B,(y%—x9)

L:%m(x2+)}2+z'2)+2i30(ky—yx)

C

d oL oL d( . gq

—————=0 =>— +—Byy |[+=—B,y=0
di 0f ox dt(mx 2 Y j 2 Y
AL O 5 4y 9py|-9dpi-o
dt oy Oy dt 2c 2c
4oL L oy 4,0

dre: o i
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Example Lorentz force -- continued

L=1m(e + 5 +z'2)+2i80(5cy7j/x)
C

m)'c':—gBojz
c

mi =L B 5%
c

mz=0
Check :

Same result for
Direct application of Newton's laws: mfi* = 9 By
C

Different Gauge : A(r)= B,)%
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