
Please write your name on your exam.Use Letter size paper only.Do not staple your test.PHYS 703 Final ExamDe
ember, 20101. [10 points℄ The time-averaged potential of a hydrogen atom is given by
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)where q is the magnitude of the ele
troni
 
harge, and α−1 = a0/2, a0 beingthe Bohr radius. Find the distribution of 
harge (both 
ontinuous and dis
rete)that will give this potential and interpret your result physi
ally.2. [10 points℄ A diele
tri
 sphere of radius a and diele
tri
 
onstant ǫ is im-mersed in an initially uniform ele
tri
 �eld ~E = E0k̂. Find the ele
tri
 potentialinside and outside the sphere. Spe
ify the multipoles that arise in ea
h regionand explain any �normally forbidden� behavior in the r-dependen
e.3. [10 points℄(a) An ele
tron is pre
essing in the xy-plane around a uniform magneti
 �eld
~B = B0k̂. When the momentum ve
tor rotates by an angle θ, by how mu
hdoes the spin rotate? Assume that the spin and momentum are initially aligned.Use 
lassi
al physi
s with the assumption that the g-fa
tor of the ele
tron is 2.[Hint: 
ompare the di�erential equation for the rate of 
hange of momentumwith that for the rate of 
hange of spin.℄(b) Consider the toroidal magnet in Fig. 1. The average radius of thetorus (distan
e from 
enter of the hole to toroidal matter) is R, the magneti
permeability is µ, there are n turns per unit length and a 
urrent I is �owingin the 
oils. What are the boundary 
onditions for magneti
 �elds at the sli
edfa
e of the material? What are the B-�elds in the torus and in the thin gap ofwidth w?4. [10 points℄ Find the potentials and �elds due to a 
urrent I in a longstraight wire whi
h is turned on at time t = 0.5. [10 points℄(a) Write down the ele
tri
 �eld for an ele
tromagneti
 plane wave of angularfrequen
y ω, polarized in the dire
tion ǫ̂ and propagating with wave-ve
tor ~k inva
uum.(b) Use the Maxwell equations to �nd the magneti
 �eld in terms of theele
tri
 �eld.



(
) Obtain 
onditions between the quantities mentioned in part (a) usingthe Maxwell equations.(d) Use the Maxwell equations to obtain the wave equation for the �elds andshow that this is satis�ed by your �elds of part (a).(e) Write down an expression for the ele
tri
 �eld of a right-
ir
ularly polar-ized wave.

Figure 1: E:/ToroidalMagnet.jpg


