Qualifying Exam August 2009

EM-A
Solution:

(@) Apply Gauss’ Law to each cavity, with a Gaarssurface just in the conductor, so that

the electric field is zerof = 0). This impliesgﬂi E-da =0 = Qgenc = O = (pt. charge)
+ (surface charge). From this:

Surface A: Since pt charge hside, charge on surface ig.—
Surface B: Sincg = 0 inside gsurs = 0.

Surface C: pt. charge g so surface charge ig+

Surface D: no pt charge g, = 0.

(b) Spherical surface with chargg.—-From symmetryo = 4_q

ma?

(c) For surface C we don’t have symmetry. We @ntbat the total charge on this surface is

+q but we cannot determing without more information about the detailed shapéhe
surface and the location of the charge within taty.

(d) Since surface B contains no charge, agd= 0 we havé& =0 at both | and II.

(e) A Gaussian surface just inside the sphere gas=+q-g+q=+q . This charge will
distribute itself uniformly on the surface regasdleof the nature of the cavities in the

interior, s0 0 = ——.
4maR?
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EM-B SOLUTION

The initial (total) charge i® —C;V,. After the connection, the potential energy sidarecapacitoid
flows into capacitor 2. Part of the energy disgpan Joule heating of resistor R.

So, the energy equation is:

d(q*> Q-q)7 2 2

a(m T2, )T IRECTR

WhereQ —q(t) is the charge of the second capacitor €nyl= ¢ . After differentiating we get the
equation:

+1(1+1> 0
7R\, 7 ¢,) 17 ke,

In order to make this differential equation easjntegrate, substitutez = q — Cg . %
2 1 2

Then: z=i( Q. Clcz)+icl+cz-(q g-ﬁ)=0 which leads to %+l(1+ 1)-z=0

aw\17¢, a+e,) TR oG TG GGy R\c; ' ¢
. —(+2) o o
This is solved by :z = z,e R\¢1 2/ where z(t) =q(t) —Q andz, = Q
C1+C, C1+C,

Therefore,

tr1 1
) =z2="=2 e Rete)
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EM -C1 SOLUTION

From Faraday’'s Law:

The circuit is equivalent to: -

o e
\_/
‘N\’E
W
()
K/

The induced current:

1, _ 04 _ 04
Riot Ry + Ry
We get:
V,=I'R, = Ry
T 1T R 4R,
V. 'R, = R
e 27 R, +R,
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EM—-C2 SOLUTION
The electric current in the wire is equal to :
Je = ene(Ve — vy)
Wherev, andv; are the average velocities of the electrons amgl iespectively. In particular, one sees
that there is no current if the velocities areghme.

Let's move to the non inertial coordinate systerwinch the ions are at rest. Now it is clear thate is
a force acting on the electrons in the tangentrakton:

F, =mear

Wherer is the radius of the loop amd. is the mass of the electron. An effect of suchdads equivalent
to the tangential electric field:

F, mgar
Et = —=
e e

As we know, the interaction with the ions doesnesult in unbounded increase of the electron speed.
According to Ohm’s law it gives rise to the current

_ AU EAl  mear
T AR pAl ep

The magnetic field at the center of the loop isdfare:

_ Ho 2nrL _ Kol _ HoMet

S 4m or? 0 2r 2ep
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EM-D1 SOLUTION

(@) The surface charge density is ¢ = 3¢,E, cos 8. Theforce acting on a small piece of surface dSis:

2

g
dF = —ndS
2¢g,

Where dS = R?sin6 dfd¢, n = (sinf cos¢,sinfsin¢,cos ) isthe normal vector to the sphere.
Hence, the force acting on the upper sphereis:
Vs

, (" 7 . o? 5 , [z, . s 9me,
Eupper = R j d(,bj do smegn(gb,e) = e,mR*(3E,¢,) '[ df sind cos®°0 = e,
0 0 0 0

(b) Inthe casewith atotal charge Q, the surface charge density is:

Q
o =3¢,E, cosf +W
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EM - D2 SOLUTIONS

LetZ || H. The equations of motion are:

dui €F
m— = —Fyu

Whereu is the particle’s velocityr is the proper time any is the electromagnetic field tensor.

In the present case, the only nonzero componeriig afe

Fio = +2 = H
d?x d d? dx . d?z a2t
Therefore: —=w1—y : —y=—w1— : =0 ~0
dr? dt dr? dt dt2 dr2

2

. _ %o — 2 2.2
From the last equation of (3) we havect = —1 where &, = c/p? + m?c

£ = mc? ar _ &
=mct =&
The energy of the patrticle , is time independent since magnetic forces do oikw
Integrating the equations farandz, separating real and imaginary partswand expressing
throught, we find:

c
x = Ry cos(w,t + a) +p—gly+xo
e

CPoy
eH

y = —R;sin(w,t + @) — + v,

Z = —vy,t

We see that the particle moves in a helix albbutThe radius of the helix B = Ry| where:
Ry = C:_:IJ- and p,; = \ pgx + pgy
27 |Voz|

The frequency of rotation isw = |ap|, whereapr = eHc/EThe pitch of the helix isw— =

21E|Vog| _ pozc2

oo where |v,,| = —
Finally, the angle a is determined by the follogvaquations:sin a = —Z"" , COSaQ = —Zﬂ
ol ol
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