
Physics 162: Practice Questions for the Midterm

Professor Greenside

1. (9 points) For one point each, give the approximate magnitude as a power of ten for the following
quantities (no justifications are needed):

(a) The number of electrons that are transferred to a rubber or silk rod by rubbing the rod with silk
or fur.

(b) The drift speed of electrons in copper metal in meters per second.

(c) The speed of electrons in copper metal in meters per second.

(d) The number of electrons per cubic meter in a metal like copper.

(e) The typical capacitance in farads of a capacitor used in an electronic circuit.

(f) The ratio of gravitational force magnitude to electric force magnitude between the proton and
electron of a hydrogen atom.

(g) The dielectric breakdown strength for air, in volts per meter.

(h) The voltage difference ∆V in volts that will accelerate an electron from rest to one tenth the
speed of light, 0.1c.

2. An electroscope is negatively charged by touching it with a negatively charged plastic rod. The
electroscope leaves spread apart and the plastic rod is then removed. Then a positively charged
glass rod is brought close to the top of the electroscope but without touching the electroscope.

(a) (3 points) Predict what happens to the leaves of the electroscope as the glass rod is brought
close to the top of the electroscope: do they spread further apart, closer together or don’t change
positions?

(b) (3 points) Explain briefly how conservation of charge plays a role in this problem.

3. Three point particles with charges of q1 = q > 0, q2 = −2q, and q3 = q are placed respectively at
x-coordinates x1 = −d, x2 = 0, and x3 = d on the x-axis of a coordinate system, with d > 0 some
positive length. Find an approximate concise expression for the electric field vector E(y) (direction
and magnitude) at a location (x, y) = (0, y) far away on the positive y axis.

4. Explain how to choose the signs and nonzero magnitudes of three points charges such that, when the
charges are placed in fixed positions at the three corners of a square of side L, the electric field vector
E at the fourth corner is zero.

5. Consider two large planar sheets of plastic that are hung vertically and that are separated by a dis-
tance d, say one sheet is the plane y1 = 0 and the other sheet is the plane y2 = d. (This is in an (x, y, z)
Cartesian coordinate system, so y = 0 is the set of all points (x, 0, z), i.e. an x− z plane perpendicular
to the y-axis at y = 0.). Assume by rubbing one sheet with silk and the other sheet with wool, you
create a uniform positive charge density σ1 = σ0 > 0 on the first sheet and a uniform negative charge
density σ2 = −3σ0 on the second sheet.

1



(a) Write down mathematical expressions for the total electric field vector E (direction and magni-
tude) at the points:

P1 = (0, d/2, 0), P2 = (0,−3d, d), and P3 = (d, 2d, 3d), (1)

in terms of d and σ0.

(b) Write down an expression for the magnitude of the force per unit area (N/m2 or pressure p) that
the sheet with charge density σ1 exerts on the sheet with charge density σ2. What is the direction
of the force acting on the sheet at y2?

(c) Assuming that the charge density σ0 corresponds to a deficit of approximately 1010 electrons per
square centimeter, estimate to the nearest power of ten the ratio of the pressure acting on sheet 2
compared to atmospheric pressure at sea level, which is about 105 N/m2 to the nearest power of
ten.

6. Explain how to derive Ohm’s law I = (1/R)∆V from a microscopic understanding of how point charged
particles of charge q and mass mq are accelerated by an electric field inside a wire such that the charged
particles undergo collisions with an average collision time of τ that is independent of the strength of the
electric field. Your answer should also yield an expression for the resistance R in terms of microscopic
quantities such as nq, q, mq, and τ .

7. Explain how to derive the rule for the effective capacitance of two capacitances in series, and the rule
for the effective capacitance of two capacitances in parallel.

8. By considering a plate capacitor with parallel plates of area A separated by a small distance d, with
charges ±Q on each plate and by using the formula U = Q2/(2C) for the energy stored in a capacitor,
explain how to deduce that electric fields contain an amount of energy per unit volume given by
(ϵ0/2)E

2.

9. Consider a non-conducting cylindrical shell radius R, length L and uniform surface charge density σ.
One can show (see the answer to the last question of the file

http://www.phy.duke.edu/~hsg/162/files/answers/answers-1-23-2015.pdf

that the z-component Ez(z) of the electric field at a location z on the axis of the shell (where z = 0 is
the center of the shell) is given by

Ez(z) = 2πKσ

[
1 +

(
z − L/2

R

)2
]−1/2

−

[
1 +

(
z + L/2

R

)2
]−1/2

 . (2)

Using the generalized binomial theorem,

(a) show that this expression reduces to the correct electric field of a point charge for z ≫ L,R.

(b) also show that this expression reduces to the correct expression for the z-component Ez(z) on the
the axis of a ring in the limit L ≪ R.
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10. Consider an infinitely long solid non-conducting cylinder of radius R with uniform charge density ρ > 0.
If an infinitely-long cylindrical hole of radius a < R is drilled somewhere inside the cylinder and parallel
to the axis of the cylinder, determine whether the electric field inside the hole is uniform (has a constant
direction and magnitude) or not. Note: in a homework problem, you showed that an empty spherical
hole inside a uniformly charged sphere did have a uniform electric field inside. So does the result extend
to cylinders?

11. Consider three point charges with values = 2q, q2 = −q, and 3q placed in an otherwise empty universe.
What are all the distinct flux values Φ =

∮
E • dA that you can get by considering all possible closed

surfaces in space? Please justify your answer briefly.

12. (6 points) A spherical metal shell with radius R and charge Q > 0 is placed inside a spherical metal
shell with radius 2R and charge −2Q such that their centers coincide. If the inner shell is then grounded
and electrostatic equilibrium is attained, the inner shell’s final charge will be

(a) 0 (b) Q (c) −Q (d) 2Q (e) −2Q (f) some other value.

13. A solid metal square slab of area A = L2, small thickness d ≪ L, and net charge Q > 0 is placed
parallel to and in between infinite nonconducting planes with surface charge densities of σA and σB

respectively. In electrostatic equilibrium, what are the surface charge densities σ1 and σ2 on the two
sides of the metal slab?

Note: For this problem, ignore the fact the electric field will not be uniform near the edges of the slab.

14. An immobile ring of radius R has a uniform linear charge density λ > 0. At a large distance from the
ring, a proton with speed v and mass m is placed on the axis of the ring so that it moves along the
axis towards the ring. If the proton comes to a stop a distance d from the center of the ring, what is
the speed v of the proton in terms of R, λ, and d?

15. (a) (10 points) Given an infinitely-long hollow cylindrical non-conducting zero-thickness shell of
radius R that is coated with a uniform surface charge density σ > 0, use Gauss’s law to explain
why the electric field E is zero everywhere inside the shell.

(b) (10 points) The infinitely long charged shell of part (a) is now cut in half and separated to give
two half-infinite hollow cylindrical shells. Explain why the electric field vector E at any point on
the circular end face of a half-infinite shell must be perpendicular to the end face (parallel to the
axis of the shell).

Suggestion: assume the opposite, that there is some E vector on the end face that is not perpen-
dicular, and deduce a contradiction by a superposition argument that takes advantage of your
answer to part (a).

(c) (10 points) Show that the magnitude E of the electric field vector at the midpoint of the end
face of a half-infinite cylindrical shell of radius R and surface charge density σ is this expression
that does not depend on R:

E =
σ

2ϵ0
. (3)

Note: Gauss’s law cannot be used here because the electric field near the end of this half-infinite
shell has a complicated geometry that does not have enough symmetry. Instead, get the answer
by superposition and integration.
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(d) (10 points) Use the above results to deduce and give the direction and magnitude of the electric
field vector E at the midpoint of the end face of a semi-infinite solid cylinder of radius R and
volume charge density ρ.

16. Electrically charged objects in dry air start to discharge spontaneously via sparks when the electric
field magnitude E exceeds about 3× 106 V/m.

(a) Assume that a Duke basketball is uniformly coated with electrons until it just starts to discharge
spontaneously. To the nearest power of ten, what is the electric potential V in volts of the
basketball’s surface relative to infinity where V = 0?

(b) Is the electrical potential at the center of this electrified basketball larger, the same, or smaller
than the potential on the surface? Make sure to explain your reasoning briefly.

(c) If the air is let out of the basketball so that it flattens into a thick disk of the same radius and same
charge, will the electric potential at the center of the disk be larger, the same, or smaller than
that of the fully inflated basketball? Explain your reasoning briefly. (No calculation is needed
here, just qualitative reasoning.)

Note: the National Collegiate Athletic Association (NCAA) requires a basketball for men to have a
circumference in the range 29.6–30 inches or 0.752–0.762 meters, and requires a basketball for women
to have a circumference in the range 28.5–29 inches. For estimating to the nearest power of ten, it
doesn’t matter which basketball you consider.

17. An infinite line with linear charge density λ is placed along the axis of an infinite non-conducting
cylinder of radius R with uniform charge density ρ.

(a) What is a condition relating λ and ρ that will make the electric field outside the cylinder every-
where zero?

(b) Assuming λ < 0 and ρ < 0, use Gauss’s law to derive formulas for the electric field vector E
(direction and magnitude) for a point inside the cylinder (0 < r < R) and for a point outside the
surface (r > R).

(c) Calculate the change in electric potential (the voltage difference) between a point A a distance R/2
from the axis and a point B a distance R from the axis, i.e., evaluate the line integral:

∆V = −
∫ B

A

E · dl. (4)

As you move a point positive charge from R/2 to R, does its potential energy increase or decrease?

18. Consider the following electronic circuit consisting of four identical parallel plate capacitors of capaci-
tance C connected in a square with four wires coming out to points A, B, C, and D:
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(a) What is the effective capacitance CAB between points A and B?

(b) What is the effective capacitance CBD between points B and D?

(c) If each capacitor has a maximum allowed voltage difference Vmax beyond which the capacitor
self destructs, should you connect a battery of emf 1.5Vmax between points A and B or between
points B and D to avoid any capacitor from self destructing?

(d) A battery with emf V is connected between points A and B with point A connected to the positive
terminal as indicated by the + sign near A, and the circuit reaches electrostatic equilibrium. What
is the charge Q3, both sign and magnitude, on the plate of capacitor C3 indicated by the arrow?

(e) For the case in which a battery with emf V is connected between points A and B, which capacitor
has (or capacitors have) the largest amount of energy? The least amount of energy?

19. Two cylindrical copper wires have identical mass and carry the same current I but wire 1 is twice as
long as wire 2. For each of the following properties, state whether the property for the wire 1 is larger,
the same, or smaller than the property for the wire 2. Justify your answers briefly.

(a) the voltage difference ∆V across the ends of the wire.

(b) the electric field magnitude E inside the wire.

(c) the resistivity ρ.

(d) the average time τ between collisions of electrons with lattice ions.

(e) the drift speed vd.

(f) the electron number density ne (number of electrons per unit volume).

20. In an xyz-Cartesian coordinate system, an infinite non-conducting planar surface with surface charge
density σ > 0 is placed on the plane x = 0, and an infinite non-conducting planar surface with charge
density −σ is placed on the plane y = 0.

Give explicitly (with brief verbal explanation and justification) the electric field vectors E at the four
points A = (x, y, z) = (1, 2, 0), B = (−1, 1, 0), C = (−2,−2, 0), and D = (2,−1, 0) shown in the xy
plane:
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and draw these vectors qualitatively on this figure. The planes go into and out of the plane of this
picture along the x and y axies.

21. Consider a half-infinite charged line obtained by coating the x axis for x > 0 with a uniform linear
charge density λ > 0. Calculate explicitly the electric field vector E at the point (x, y) = (0, L) that
lies a distance L above the end of this charged line.

22. A point particle with charge q is placed at the tip of a hollow truncated non-conducting cone (like
an upside-down ice cream cone without the ice cream and with its top cut off) that is covered with a
uniform surface charge density σ. The slant length of the cone is L and the angular width of the cone
is 2θ as shown:

Derive and give an explicit algebraic expression (no integrals remaining) in terms of the given pa-
rameters q, σ, θ, and L for the force F on the charge q due to the lower half of the cone of slant
length L/2.
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Two hints: use superposition, and use as a label a coordinate x that runs along the side of the cone,
with x = 0 corresponding to the vertex P and x = L corresponding to the base.

True or False Questions (2 points each)

For each of the following statements, please circle T or F to indicate respectively whether the statement is
true or false. No justification is needed.

1. T / F If one tries to measure the electric field magnitude E(P ) at a point P outside the surface
of a charged metal sphere by measuring the ratio F/q where F is the magnitude of a force acting on
a small test charge q at P, then the ratio F/q will always be less than E.

2. T / F If an electric dipole is placed near a non-conducting infinite plane with uniform surface
charge density σ ̸= 0, then the net force on the dipole is zero, no matter what the orientation of the
dipole.

3. T / F If an electric dipole is placed near an non-conducting infinite wire with uniform linear
charge density λ ̸= 0, then the net force on the dipole is zero, no matter what the orientation of the
dipole.

4. T / F It is possible for a charged particle to move from a region of low electric potential to a
region of high electric potential and have its electric potential energy decrease.

5. T / F Electromotive force emf and the the potential difference between two points in space are
the same thing.

6. T / F If the plates of a parallel plate capacitor are moved apart while parallel to each other and
while the capacitor is connected to a battery with emf E , then the charges on the plates will decrease
in magnitude.

7. T / F If a solid non-conducting sphere with radius R and with uniform charge density ρ ̸= 0 is
placed near an infinite non-conducting plane with surface charge density σ ̸= 0, then the total force on
the sphere can be calculated by treating the sphere as point particle at its center, with charge equal
to the total charge of the sphere.

8. T / F If a solid non-conducting sphere with radius R and with uniform charge density ρ > 0 is
placed near a point particle with charge Q, then the total force acting on the sphere can be calculated
by treating the sphere as a point particle at its center with charge equal to the total charge of the
sphere.

9. T / F A small negatively charged bead can slide without friction along an infinitely long straight
wire, and the wire is placed along the axis of a circular ring of radius R and uniform linear charge
density λ > 0. Then if the bead is placed at rest at any position on the wire except the center of the
ring, the bead will undergo periodic motion.

10. T / F At two distinct points A and B on an equipotential surface (surface of constant electric
potential), the electric field vectors E must have the same magnitude.
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11. T / F An electron at rest in space will start to move in the direction of decreasing electric
potential.

12. T / F If the electric field is everywhere zero in some region of space, then the potential V is zero
in that region.

13. T / F For two charges Q1 = 2e and Q2 = −e, there is only one point on the infinite line connecting
the two charges where the electric potential relative to infinity is zero.
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