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1 (a) (15) Consider a ring of charge of radius R with a constant linear charge density, A.
The riug is in the zy plane, with center at the origin. Determine the total charge and dipole

moment of the disk.

(b) (10) Determine the potential at a point which is on the z—axis, a finite distance d > R
away from the center.
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(e)(15) Now determine the potential V(7" ), in terms of an expansion in Legendre polynomials,
at any point where r > R. Hint: (1 + :-'.-'Ti"!2 = 1#1 m+% 1-'2'-1% x? + ... Keep the two

most important nﬁn-vamshmg terms.
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2. {20} Suppose the charge density of a given system can be well approximated by p(7) =

Q L jﬁ'{a — ), where @ is quantity with dimensions of charge, a is a size parameter and
E(z} = 1 for positive values of = and vanishes for other values of . There are positions r > a
large enough so the p(r) can be taken to vanish. For such positions, determine the non-

vanishing potential V{r,#), caused b}' the given charge density. Hint: what age the cha,rge
and dipole moment of the system? T_“_[ =N r—,,.n—P (- F). S-‘d""‘ Pa ) = _._
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3. A very long wire is placed along the z axis, with current I flowing upward. A point P is
a distance s away from the wire.

(a) (12) Obtain an expression for the vector potential A at the point P. Your answer shonld
be in the form of an integral in which every symbol is defined. Do not evaluate the integral.
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(b) (8) The magnetic field has at the point P has a magnitude By = £2. State the direction
of the magnetic field.
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(¢) (L% A particle of mass m and charge ¢ > 0 is placed at rest at the point P. Determine
what happens to the charged particle, and state your answer in one circled sentence.
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(d) () A particle of mass m and charge ¢} > 0 is placed at the point P, moving upward
with an initial Epeed ':_r.;. Determine what happens to the charged particle. The guantity vy

is very small: vy < 4291, Thewe 1g aw 'H ra('_'""x“i’ ‘-Il:c:rrg
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4, Two isolated square conducting plates, of side L and separation d are charged with surface
densities +o > 0 on the upper plate and —o on the lower plate. Two dielectric slabs, each of
thickness d/2 and area L x L are inserted between the plates, one slab above the other as in
the figure. The permeabilities are ¢; and e;. Assume that d < L. Determine:

(a) (12) D everywhere between the plates.

(b) (11) E everywhere between the plates.

(¢) (15) The bound surface charges on the three dielectric surfaces.

(d) (11) The capacitance.

{e) (11) The electrostatic energy stored.
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5. (a) (8) Using pictures showing the directions of the currents, fields, and forces, prove that
parallel but opposite currents repel each other.
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(b) (12) A square loop with sides of length 2a lies in the xy plane with its center at the origin
and sides parallel to the z and y axes. A counterclockwise current (if one looks down the

z—axis) I runs around the loop. Determine the magnetic field B(z) on the 2 axis. LessJe ox) "ﬂ'l_.?
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