Physics 452: Homework #20
Due Thursday, Apr. 2, 5:00PM, 2009

1.If A(7,t)=zA, sin(kx— o¢) and ¢(7) = 47; ,compute £ and B.
r

o

2. By installing A(F.,1)= A, (F.t)x+ A, (7.1)3+ A, (F.r)z show explicitly that

X

Fpprons = q{—Vq) - ?)—'? +7x(Vx A)} and

Frpronts = V(—mcﬂ/l -] —qo+qv- A) - %Vv (—q0+gv-A) are equivalent.
HINT: Straight away, you can write V(,/l —v2/c? ) =0, V,;(0)=0,and V,(v-A)=A.

Note also that oA # aA .
ot dt

3. Nonrelativisitically, we have F = dp _ dmv _ ivv 1 mvz) . In this case, determine the

dt dt dt (2
Lagrangian, canonical momentum, and Hamiltonian for a charged particle experiencing
electromagnetic potentials ¢ and A. Show that quantization leads to the following form

of the Schrédinger equation: i %—T = %(—ihv —GA) W+ 0¥ .
m

4. For the fields in problem 1, justify our use of

2
:iha—wz—h—vz‘l’+q ¢
ot 2m 4me r

o

¥ + gwA,zcos(wr) ¥ in chapter 9 of the textbook, starting from

h g 1 \2
h—=—(—iiV—qgA) ¥ + g0V .
= 5 IV —aA] ¥ a0

HINT: Note: (-inV - q[\)2 Y= (—h2V2 +ihgV-A+ingA-V +q¢*A® )‘I‘ where

_iﬁxf
n

V-AY=(V-A)¥+A-V¥. Also, V-A=0 for our field. Nextlet W¥(7,t)="F(7.r)e ,and

obtain an equation for ¥ . You may also make the dipole approximation kx<<1.



