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< Productrule V-(AxB)=B-(VxA)—A-(VxB)

1. (9%, 9%)

(a) Two metal objects #1 and #2 are embedded in weakly conducting material of conductivity
o . Show that the resistance between them is related to the capacitance of the arrangement by
R=¢,/oC.

(b) Suppose you connected a battery between #1 and #2 and charge them up to a potential
difference V. If you then disconnect the battery, the charge will gradually leak off. Show that

V=Ve" '* and find the time constant, 7, in terms of g and o.

2. (8%, 8%) Find the self-inductance L of a solenoid (radius R, length /, current /, and »
turns per unit length),

(a) Using the flux relation ® =L/
(b) Using the energy relation W ==L/ 2

3. (8%, 8%) Suppose the ends are spherical surfaces, centered at the apex of the cone.

(a) Calculate the resistance in this case. (Let L be the distance between the centers of the
circular perimeters of the caps.)

(b) Find the resistance when a =5b. (Hint: Use b=a+A, where A approaches zero.)




4. (8%, 8%) A charged parallel-plates capacitor (with uniform electric field E=EZ) is
placed in a uniform magnetic field B = B X, as shown in the figure.

(a) Find the electromagnetic momentum in the space between the plates.

(b) Suppose we slowly reduce the magnetic field. This will induce a Faraday electric field,
which in turn exerts a force on the plates. Show that the total impulse is equal to the

momentum originally stored in the field.

5. (8%, 8%) The rate at which work is done on the free charges in a volume Vis:
aw oD
?='J/‘(E~Jf)dr,where Jf IVXH—E.

(a) Show that the Poynting vector becomes: S=ExH,

(b) and the rate of change of the energy density in the fields is: 62% = -5+ H vy

6. (8%, 10%)
(a) Write down Maxwell’s equations in matter in terms of free charges p, and current J .,
(b) Write down the equations for conservation of charge, energy, and momentum. Please

explain the symbols you use as clear as possible.




1. (a)

1= JJ -da, where the integral is taken over a surface enclosing the positive charged conductor.
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(b)

O=CV =CIR=-CR ZQ = O(t)=0,e"*

V(t)= o0 _ %e*’“ec =V,e"'", where r = RC = )
C C o

2. (a) Using the flux relation
D, = J.B-da = pnl x TR = pnaR’I

= L= urxln’R’.
®, . = NO, =nlx ynzR*I = pyzxln’R°I = LI

total

(b)Using the energy relation
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8n =& (ExB)=EB)Yy = p,,= Igede = &,E,B,Ady
v

(v)
@E-dl:—dﬁ:—d—BZd
dt dt
Ed)~EO)=-"21d = E(d)-E©0)=d“2
dt dt

F= —cAE(d)-E(0) = aAdC;—ljir

I= jo“’ Fdt = -0 Ad(B(t =) — B(t =0))y = c AdB,§

E=Z = 1= o AdBy = ¢,E,B,Ady as before
€

5. (a) and (b)
aw oD
= !(E-J_,)dr = }[(E-(VXH)—E-E)dT

Productrule: E-(VxH)=-V-(ExH)+H-(VxE)

Faraday's law: VxE = _oB

ot

aw OB oD
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6. (a)

OB
V-D= VxE+—=0
Pr o
V-B=0 V><H—a—D=Jf
ot

(b) Conservation of charge

2—’? =-V-J, where p is the charge density and J is the current density.
Conservation of energy

0
— (U H U, ) ==V S,
at( mech em)

where u__, 1s the mechanical energy density, u__ is the electromagnetic energy density,

mec

and J is the Poynting vector.
Conservation of momentum
& (G +2a) =V ()
at mech em s

where g . is the mechanical momentum density, g is the electromagnetic

momentum flux density, and T is the Maxwell stress tensor.
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