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Constants

e = 1.6× 10−19C mp = 1.67× 10−27 kg me = 9.1× 10−31 kg ǫo = 8.85× 10−12 C2/N·m2

milli (m) = 10−3 micro (µ) = 10−6 nano (n) = 10−9 pico (p) = 10−12

k = 1/(4πǫo) = 9× 109N·m2/C2 Sphere: A = 4πR2 V =
4π

3
R3

1. Two uniformly charged spheres, A and B, are placed at a large distance from each other, with their centers on the x
axis. The charge on sphere A is q, whereas that on sphere B is 2q. If the electrostatic force on sphere A is F î, that on
sphere B is

(1) −F î (2) F î (3) −2F î (4) 2F î (5) −
1

2
F î

2. In each of the four configurations labeled A, B, C, D in the figure, five charges
are equally spaced along the x axis. All charges have the same magnitude, e,
but some of them are +e and some −e. Rank the magnitude of the force on
the middle charge for the different configurations, with the largest first and
the smallest last.

+  −  +  +  −

+  −  +  −  +

+  +  +  −  −

+  +  +  −  +

A

B

C

D

(1) C, D, A, B (2) C, A, D, B (3) C, B, D, A (4) A, C, D, B (5) D, C, A, B

3. A particle with positive charge Q is on the y axis a distance a from the origin, and a particle with positive charge q is
on the x axis a distance d from the origin. What is the value of d for which the x component of the electrostatic force
on the second particle is the largest?

(1) a/
√
2 (2) a (3)

√
2a (4) 2a (5) 2

√
2a



4. Three particles, each charged with 1.0 nC, are placed on three corners of a
square of edge lengths a = 1.0 m, as shown. What is the magnitude of the
electric field at the empty corner, labeled A?

a

a

A

(1) 17 N/C (2) 27 N/C (3) 12 N/C (4) 24 N/C (5) 31 N/C

5. A line of charge of length L and charge per unit length, λ, is located on the x
axis, as shown in the figure. Which expression below gives the x component
of the electric field, Ex, at a distance D from the left end of the line? D
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6. A glass rod forms a semi-circle of radius r = 5 cm with a charge of +q dis-
tributed uniformly in the upper quadrant and −q distributed uniformly in the
lower quadrant. What is the direction of the electric field at the center P of
the semi-circle?

+q

−q

Pr
x

y

(1) −ĵ

(2) ĵ

(3) î

(4) −î
(5) The electric field is zero.

7. Two thin concentric spherical shells made of copper have net charges of q1 =
−46 nC, q2 = 69 nC and radii of r1 = 15 cm, r2 = 34 cm as shown in the
figure. What is the surface charge density on the inner surface of the smaller
shell, with radius r1, in units of C/m2?

q
2

q
1

r
2

r
1

(1) 0 (2) −6.51× 10−7 (3) 6.51× 10−7 (4) −3.25× 10−7 (5) 3.25× 10−7

8. Three very large parallel planes are separated by distances d and 2d. They
carry charges, whose densities are +σ, −2σ, and +3σ, as shown in the figure.
What is the magnitude of the electric field at point A in the middle between
the second and third plates? (Hint: Electric fields are vectors that add as
such.) A

2dd

+σ  −2σ       +3σ

(1)
2σ

ǫ0
(2)

σ

ǫ0
(3)

σ

2ǫ0
(4)

3σ

2ǫ0
(5)

3σ

ǫ0



9. The figure shows four solid spheres, A, B, C, D, each with charge Q uniformly
distributed throughout its volume. For all spheres, point P is at the same
distance from the center of the sphere, as shown. Rank the spheres according
to the magnitude of the electric field they produce at point P , greatest first.

P P P P

A       
B         

C            
D(1) A and B, C, D

(2) The field is equally strong in all of the cases.
(3) B, A, C and D (with C and D equal)
(4) B, A, C, D
(5) D, C, A and B (with A and B equal)

10. A small ball, with a charge of 4 µC on it, is placed in a spherical cavity inside
a spherical conductor, as illustrated in the figure. The net charge on the
conductor is −3 µC. What is the amount of charge on the outer surface of the
conductor? +

(1) 1 µC (2) −7 µC (3) 0 (4) −3 µC (5) 4 µC

11. A solid spherical conductor is given a net positive charge. The electrostatic potential of the conductor is

(1) constant throughout the volume.
(2) largest at the center.
(3) largest on the surface.
(4) largest somewhere between the center and surface.
(5) zero at the center.

12. Two conducting spheres are placed far apart from each other. The smaller of the two carries a total charge Q. The larger
one, whose radius is three times that of the smaller one, carries no net charge. After the two spheres are connected by
a thin conducting wire, the amounts of charge on the smaller and larger spheres are, respectively:

(1) Q/4 and 3Q/4 (2) Q/10 and 9Q/10 (3) Q/3 and 2Q/3 (4) Q/2 and Q/2 (5) −Q and 2Q

13. Eight particles are placed on a square of side length a, as shown in the fig-
ure. Each particle is charged with an amount indicated. What is the electric
potential at the center of the square, if V = 0 at infinity?

+q         +2q        −3q

a
+q                          −q

a

−3q    −2q +q

(1) −4
√
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√
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√
5a) (5) kq/(

√
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14. An electron is moving rightward between two parallel charged plates separated
by distance d = 1.0 cm, as shown in the figure. The plate potentials are
V1 = −30 V and V2 = −20 V. If the initial speed of the electron at the left
plate is 1.0 km/s, what is its speed just as it reaches the right plate?

d

V1                            V2

(1) 1,900 km/s (2) 230 km/s (3) 64 km/s (4) 7.6 km/s (5) The electron will never reach the right plate.



15. A parallel-plate capacitor has plate separation d and capacitance C. If a slab
of metal of thickness d/3 is inserted in the middle of the gap between the two
plates, as shown, what will be the capacitance between the plates?

d d/3

(1) 3C/2 (2) 2C (3) C (4) C/2 (5) 0

16. In the figure, a potential difference of V = 24 V is applied across the arrange-
ment of capacitors with capacitances C1 = C2 = 4.0 µF and C3 = 1.0 µF.
What is the charge on one of the plates of capacitor C1? C

1

C
2

C
3

V(1) 48 µC
(2) 96 µC
(3) 72 µC
(4) 12 µC
(5) 6.0 µC

17. What is the equivalent capacitance, in µF, of the circuit shown if each capacitor
has a capacitance of 1 µF? C

1

C
2 C

3

V

C
4

C
5

C
6

(1) 6/11
(2) 11/6
(3) 5/6
(4) 6
(5) 1/6

18. Wires C and D are made of different materials and have length LC = LD =
1.0 m. The resistivity and radius of wire C are 4.0 × 10−6 Ωm and 1.0 mm,
and those of wire D are 1.0× 10−6 Ωm and 0.30 mm. The wires are joined as
shown, and a current of 2.0 A is passed through the combo. What is the rate
at which energy is dissipated in wire C?

C
D

LC LD

1                   2                  3

(1) 5 W (2) 10 W (3) 3 W (4) 14 W (5) 21 W

19. A 9 V battery is connected to a resistive strip consisting of three sections with
the same cross-sectional area but different conductivities. The figure gives
the electric potential V versus position x along the strip. The conductivity
of section 3 is 3.0 × 107 (Ωm)−1. What is the conductivity of section 1, in
107 (Ωm)−1?

V

 1

 2
 3

x

(1) 6.0 (2) 3.0 (3) 1.5 (4) 4.5 (5) 0

20. A resistor dissipates 0.5 W when a potential difference of 3.0 V is applied. When the potential difference is changed to
1.0 V, what is the power dissipated in this resistor?

(1) 0.056 W (2) 4.5 W (3) 1.5 W (4) 0.5 W (5) 0.17 W


