Problem 1: (5 points)

Write Maxwell’s equations in the integral form.
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Problem 2: (15 points)

Three charges are placed as shown. The distances @ and b are known. The charges ¢, on the x
axis are known and positive. The charge g, at y = -b is unknown. What must be the
unknown charge g, if the electric field is to be zero at x=0, y=H? Here H is known and

positive.
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Problem 3: (20 points)

A rod with resistance R slides without friction on two resistance-free tracks which are connected by
a capacitor, C. A wire, carrying a constant current i, is parallel to the tracks, in the same plane.

a) Find the direction of the current in the loop.
< Explain your answer within this box:
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b) Ignore self-inductance L. Find the charge on the capacitor as a function of time assuming that at
=0 the capacitor was uncharged.

e D o (T
éE_,OQV —,a_tjl%o‘s
#&-Jﬁf}fn

' oLo ow LQW;VPIWH" "o
B&FV'—}ML/’B Q(M' >

0

P. [E.d3 - 5%“\4 °‘° fu 2o




Q) = Qg + QL
_ oty T
QSS = C ’IlazJT /614 :g/

dog |

R T8 =0
_pt — gt

PR vk =0
a

b=

pC
0@ - 0 (T 4 0
Qt=0) = ¢ fusl g & « -0

4. - C 1o bo U~ 0, £
O

—

—

Q) = Cﬁ‘.ﬁi—%—q’:—&é CI'Q

c) Plot the charge as a function of time schematically.
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Problem 4: (18 points)

a) A loop with current i, has radius R. Find the magnetic field created by this current at x=d (see the
figure below). O\E _ 0 . E. —
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b) An infinitely long wire of radius 4 has current i, out of the page. Find the magnetic field

everywhere: at r<A and r>A. P
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c) A negatively charged particle, -g, is at point x = d with a velocity V = Vol.
constant. Find the force acting on the particle at x = d.

, where v is a
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Problem 5: (20 points)

A spherical conducting shell, inner radius 4 and outer radius B, is charged with charge -Q,. It
is surrounded by a conducting spherical shell of inner radius C and outer radius D, which is
charge +20, -~
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y a) Find the charge per unit area on all four surfaces.
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b) Find the el/ctric field at
i) r<A
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v) r>D

c) Sketch the electric field lines.

d) Find the difference in electric potent1a1 between » = 0 and r 00, V(oo) V(0)
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d) A nonconducting spherical shell, inner radius A and outer radius B, has a nonuniform
volume charge density p =cr where c is a known positive constant.

a) Find the electric field at
)r<A4

E=-0 Q.
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Problem 6: (20 points)

a) In a circuit below, R, C, L, and V are given. The switch is kept at position a for a long time. Find the
current and the charge on the capacitor. The problem will not be graded without a direction of current
and charges on the capacitor indicated on the circuit.
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b) The switch is then thrown to position b. Starting from some famous law, derlve the equation that
describes charge O on the capacitor as a function of time. 4 s O)
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b) Solve for the charge on the capacitor as a function of time.
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Problem 7: (7 points)

a) Find the displacement current and the current i in the wire if the electric field between the parallel
plates of the capacitor is E=Esin(w¢). The area of the plates is 4.
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