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Problems set # 1 Physics 169 February 4, 2015

1. (i) Compare the electric force holding the electron in orbit (r = 0.53 × 10−10 m) around

the proton nucleus of the hydrogen atom, with the gravitational force between the same electron

and proton. What is the ratio of these two forces. (ii) Would life be different if the electron were

positively charged and the proton were negatively charged? Does the choice of signs have any

bearing on physical and chemical interactions? Explain.

2. The nucleus of 8Be, which consists of 4 protons and 4 neutrons, is very unstable and sponta-

neously breaks into two alpha particles (helium nuclei, each consisting of 2 protons and 2 neutrons).

(i) What is the force between the two alpha particles when they are 5.00 × 10−15 m apart, and

(ii) what will be the magnitude of the acceleration of the alpha particles due to this force? Note

that the mass of an alpha particle is 4.0026 u.

3. Suppose that 1.00 g of hydrogen is separated into electrons and protons. Suppose also that

the protons are placed at Earth’s North Pole and the electrons are placed at the South Pole. What

is the resulting compressional force on Earth?

4. Three charge particles are placed at the corners of an equilateral triangle of side 0.500 m.

The charges are +7.00 µC, +2.00 µC, and −4.00 µC. Calculate the magnitude and direction of

the net force on the 7.00 µC charge. See Fig. 1.

5. A charge of 6.00 × 10−9 C and a charge of −3.00 × 10−9 are at a distance of 60.0 cm. Find

the position at which a third charge of 12.0 × 10−9 C can be placed so that the net electrostatic

force on it is zero.

6. An airplane is flying through a thundercloud at a height of 2, 000 m. (This is a very danger-

ous thing to do because of updrafts, turbulence, and the possibility of electric discharge.) If there

are charge concentrations of +40.0 C at height 3, 000 m within the cloud and −40.0 C at height

1, 000 m, what is the electric field ~E at the aircraft?

7. Two positive point charges are a fixed distance apart. The sum of their charges is QT . What

charge must each have in order to (i) maximize the electric force between them, and (b) minimize it?

8. An electron is released a short distance above Earths surface. A second electron directly be-

low it exerts an electrostatic force on the first electron just great enough to cancel the gravitational

force on it. How far below the first electron is the second?

9. (i) How much negative charge and how much positive charge are there on the electrons and

the protons in a cup of water (0.25 kg)? Note Avogadro’s number is NA = 6.022 × 1023, and each
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8. Suppose that 1.00 g of hydrogen is separated into elec-
trons and protons. Suppose also that the protons are
placed at the Earth’s north pole and the electrons are
placed at the south pole. What is the resulting compres-
sional force on the Earth?

9. Two identical conducting small spheres are placed with their
centers 0.300 m apart. One is given a charge of 12.0 nC
and the other a charge of ! 18.0 nC. (a) Find the electric
force exerted by one sphere on the other. (b) What If?
The spheres are connected by a conducting wire. Find
the electric force between the two after they have come to
equilibrium.

10. Two small beads having positive charges 3q and q are fixed
at the opposite ends of a horizontal, insulating rod, ex-
tending from the origin to the point x " d. As shown in
Figure P23.10, a third small charged bead is free to slide
on the rod. At what position is the third bead in equilib-
rium? Can it be in stable equilibrium?

Section 23.4 The Electric Field
What are the magnitude and direction of the electric field
that will balance the weight of (a) an electron and (b) a
proton? (Use the data in Table 23.1.)

14. An object having a net charge of 24.0 #C is placed in a uni-
form electric field of 610 N/C directed vertically. What is
the mass of this object if it “floats’’ in the field?

15. In Figure P23.15, determine the point (other than infin-
ity) at which the electric field is zero.

13.

Figure P23.7 Problems 7 and 18.
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11. Review problem. In the Bohr theory of the hydrogen
atom, an electron moves in a circular orbit about a proton,
where the radius of the orbit is 0.529 $ 10!10 m. (a) Find
the electric force between the two. (b) If this force causes
the centripetal acceleration of the electron, what is the
speed of the electron?

12. Review problem. Two identical particles, each having
charge % q, are fixed in space and separated by a distance
d. A third point charge ! Q is free to move and lies initially
at rest on the perpendicular bisector of the two fixed
charges a distance x from the midpoint between the two
fixed charges (Fig. P23.12). (a) Show that if x is small com-
pared with d, the motion of ! Q will be simple harmonic
along the perpendicular bisector. Determine the period of
that motion. (b) How fast will the charge ! Q be moving
when it is at the midpoint between the two fixed charges,
if initially it is released at a distance a && d from the
midpoint?

Figure P23.12
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16. An airplane is flying through a thundercloud at a height of
2 000 m. (This is a very dangerous thing to do because of
updrafts, turbulence, and the possibility of electric dis-
charge.) If a charge concentration of % 40.0 C is above the
plane at a height of 3 000 m within the cloud and a charge
concentration of ! 40.0 C is at height 1 000 m, what is the
electric field at the aircraft?

17. Two point charges are located on the x axis. The first is
a charge % Q at x " ! a. The second is an unknown
charge located at x " % 3a. The net electric field these
charges produce at the origin has a magnitude of
2keQ /a2. What are the two possible values of the
unknown charge?

18. Three charges are at the corners of an equilateral triangle
as shown in Figure P23.7. (a) Calculate the electric field at
the position of the 2.00-#C charge due to the 7.00-#C and
! 4.00-#C charges. (b) Use your answer to part (a) to de-
termine the force on the 2.00-#C charge.

19. Three point charges are arranged as shown in Figure
P23.19. (a) Find the vector electric field that the 6.00-nC
and ! 3.00-nC charges together create at the origin.
(b) Find the vector force on the 5.00-nC charge.

Figure 1: Problem 4.
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under the influence of the forces exerted by the three
fixed charges. Find a value for s for which Q is in equilib-
rium. You will need to solve a transcendental equation.

Two small spheres of mass m are suspended from strings of
length ! that are connected at a common point. One
sphere has charge Q ; the other has charge 2Q. The strings
make angles !1 and !2 with the vertical. (a) How are !1 and
!2 related? (b) Assume !1 and !2 are small. Show that the
distance r between the spheres is given by

66. Review problem. Four identical particles, each having
charge " q, are fixed at the corners of a square of side L. A
fifth point charge # Q lies a distance z along the line per-
pendicular to the plane of the square and passing through
the center of the square (Fig. P23.66). (a) Show that the
force exerted by the other four charges on # Q is

Note that this force is directed toward the center of the
square whether z is positive (# Q above the square) or neg-
ative (# Q below the square). (b) If z is small compared
with L, the above expression reduces to F ! #(constant)z k̂.
Why does this imply that the motion of the charge # Q is
simple harmonic, and what is the period of this motion if
the mass of # Q is m?

F $ #
4k e q Qz

[z2 " (L2/2)]3/2   k̂

r ! " 4ke Q  2!

mg #1/3

65.

69. Eight point charges, each of magnitude q, are located on
the corners of a cube of edge s, as shown in Figure P23.69.
(a) Determine the x, y, and z components of the resultant
force exerted by the other charges on the charge located
at point A. (b) What are the magnitude and direction of
this resultant force?
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Figure P23.69 Problems 69 and 70.
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67. Review problem. A 1.00-g cork ball with charge 2.00 %C is
suspended vertically on a 0.500-m-long light string in the
presence of a uniform, downward-directed electric field of
magnitude E $ 1.00 & 105 N/C. If the ball is displaced
slightly from the vertical, it oscillates like a simple pendu-
lum. (a) Determine the period of this oscillation.
(b) Should gravity be included in the calculation for part
(a)? Explain.

68. Two identical beads each have a mass m and charge q.
When placed in a hemispherical bowl of radius R with fric-
tionless, nonconducting walls, the beads move, and at
equilibrium they are a distance R apart (Fig. P23.68). De-
termine the charge on each bead.

70. Consider the charge distribution shown in Figure P23.69.
(a) Show that the magnitude of the electric field at the
center of any face of the cube has a value of 2.18keq/s2.
(b) What is the direction of the electric field at the center
of the top face of the cube?

Review problem. A negatively charged particle # q is
placed at the center of a uniformly charged ring, where
the ring has a total positive charge Q as shown in Example
23.8. The particle, confined to move along the x axis, is
displaced a small distance x along the axis (where x '' a)
and released. Show that the particle oscillates in simple
harmonic motion with a frequency given by

72. A line of charge with uniform density 35.0 nC/m lies
along the line y $ # 15.0 cm, between the points with co-
ordinates x $ 0 and x $ 40.0 cm. Find the electric field it
creates at the origin.

73. Review problem. An electric dipole in a uniform electric
field is displaced slightly from its equilibrium position, as
shown in Figure P23.73, where ! is small. The separation
of the charges is 2a, and the moment of inertia of the
dipole is I. Assuming the dipole is released from this

f $
1

2(
 " ke q Q

ma3 #1/2

71.

Figure 2: Problem 10.

oxygen atom has 8 electrons. (ii) What is the magnitude of the attractive force exerted by the

electrons in a cup of water on the protons in a second cup of water at a distance of 10 m?

10. Eight point charges, each of magnitude q, are located on the corners of a cube of edge s,

as shown in Fig. 2 (i) Determine the x, y, and z components of the resultant force exerted by the

other charges on the charge located at point A. (ii) What are the magnitude and direction of this

resultant force? (iii) Show that the magnitude of the electric field at the center of any face of the

cube has a value of 2.18 1
4πε0

q
s2

. (iv) What is the direction of the electric field at the center of the

top face of the cube?


