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1. Two parallel conducting plates are brought to a potential difference of 4000 V and a
small object of mass 4 mg and charge 0.2µC accelerates from rest at one plate. With
what speed in m/s will it reach the other plate?

Solution: The work done by the electric field is qV , where q is the charge and V is
the potential difference. Thus the kinetic energy is K = qV . Solving 1

2
mv2 = qV for

the velocity v gives v =
√

2qV/m, yielding v = 20m/s.

2. Consider a dipole with dipole moment p oriented at an angle θ with respect to a
constant electric field E. At what angle θ in degrees is the torque τ a maximum, and
what is the magnitude of τ for this orientation?

Solution: The torque is maximum when the dipole is oriented perpendicular to the
electric field. Thus θ = 90◦ and τ = pE.

3. Five capacitors, each of capacitance C , are connected as shown in the figure. What is
the equivalent capacitance of the arrangement?

 

Solution: It’s best to do this in stages. Capacitors add in parallel, so the arrangement
can be immediately simplified to 2C, C and 2C in series. The equivalent capacitance
can be found from Ceq = 1/2C + 1/C + 1/2C, giving Ceq = C/2.

4. A Gaussian surface, in the shape of a rectangular box, can be used to find the electric
field from a distribution of charge. What symmetry must be exhibited by the charge
distribution for this to work?

Solution: The charge must exhibit planar symmetry so that the electric field lines are
perpendicular to at least one side of a rectangular box.

5. An electron is located a distance x0 to the right of the midpoint of a vertically oriented
electric dipole as shown in the diagram. The direction of the force on the electron is
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Solution: The dipole is oriented so that the negative charge is at the base of the
arrow and the positive charge is at the tip. The net horizontal is easily seen to cancel
and each charge gives a positive upward component to the negatively charged electron.
Thus the total force on the electron is upward.

6. A conducting spherical shell has inner radius r and outer radius R, as shown in the
diagram. A point charge of −q is located at the center of the sphere and a charge of
+Q is placed on the conducting shell. What is the surface charge density at the outer
surface of the conducting shell?
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Solution: The charge in the shell will distribute itself on the inner and outer surfaces
in such a way that the field inside the conductor is zero. Using Gauss’ law, we draw
an imaginary surface inside the shell (radius between r and R). Since the total flux
through the surface is zero, the total enclosed charge is zero and therefore the charge
on the inner surface must be q (to cancel the charge −q in the center). Thus the total
charge on the outer surface is Q−q. The outer charge density is therefore (Q−q)/4πR2.

7. Capacitor C1 is charged by the voltage V when the switch is in position 1 as shown in
the figure. The switch is then moved to position 2 and the charge redistributes between
the two capacitors. After this redistribution, what is the charge on C1?

V C1 C2 

1 2 

2



Solution: When the switch is in the initial position, the initial charge on C1 is clearly
C1V . When the switch is moved into the final position, a charge Q must flow from
C1 to C2 until the potential differences across the capacitors are equal. This leads to
the condition: (C1V − Q)/C1 = Q/C2. Solving for Q yield the final charge on C1 as
Q1 = C1V − Q = C2

1V/(C1 + C2).

8. Two particles have charges +Q and −Q are placed on the x axis at x = −1m and
x = +1m, respectively. Where should a third charge be placed so that there is no net
force exerted on it?

Solution: There is no place where the force is cancelled. One way of seing this is
to notice that the two charges form a dipole which has an electric field everywhere in
space. More directly, we can see that there is no solution on the x axis. A charge
placed anywhere between the two charges will move one way or the other (depending
on the sign of the charge). There is no solution on the y axis either since any charged
placed there will move either left or right. If it is placed to the right (or left) of both
charges, the force on the nearer charge can never be cancelled by the force from the
further charge since both charges are the same.

9. A pair of metal spheres separated by a large distance are connected by a conducting
wire. The radius R1 of one sphere is half as large as R2, the radius of the second.
Which statement is true?

Solution: Both spheres are conducting and are connected to each other by a conduct-
ing wire, which maintains them at the same potential. Thus V1 = V2.

10. A muon (with a mass 200 times larger than that of an electron and having the same
charge) and an electron are each accelerated across the same region of constant E field.
Which has the larger magnitude of acceleration?

Solution: The force is the same, but the electron is lighter so it has the larger accel-
eration.
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