CHAPTER 21 | Coulombs’ Law

1 | The charges of an electron and a positron are −𝑒 and +𝑒. The mass of each is
9.11 × 10−31 𝑘𝑔. What is the ratio of the electrical force to the gravitational force
between an electron and a positron? (𝐴𝑛𝑠: 4.16 × 1042 )

2 | A neutron consists of one “up” quark of charge +2𝑒/3 and two “down” quarks
each having charge −𝑒/3. If we assume that the down quarks are 2.6 × 10−15 𝑚
apart inside the neutron, what is the magnitude of the electrostatic force between
them? (𝐴𝑛𝑠: 3.8 𝑁)

3 | In the figure, three charged particles lie on an
𝑥 -axis. Particles 1 and 2 are fixed in place.
Particle 3 is free to move, but the net electrostatic
force on it from particles 1 and 2 happens to be zero. If 𝐿23 = 𝐿21 , what is the ratio
𝑞1 /𝑞2 ? (𝐴𝑛𝑠: −4.00)

4 | Two identical conducting spheres, fixed in place, attract each other with an
electrostatic force of 0.108 𝑁 when their center-to-center separation is 50.0 𝑐𝑚.
The spheres are then connected by a thin conducting wire. When the wire is
removed, the spheres repel each other with an electrostatic force of 0.0360 𝑁. Of
the initial charges on the spheres, with a positive net charge, what was
(a) the negative charge on one of them (𝐴𝑛𝑠 − 1.00 × 10−6 𝐶) and
(b) the positive charge on the other? (𝐴𝑛𝑠 3.00 × 10−6 𝐶)

5 | In the figure, particle 1 of charge +1.0 𝜇𝐶 and particle 2 of charge −3.0 𝜇𝐶 are
held at separation 𝐿 = 10.0 𝑐𝑚 on an 𝑥 axis. If particle 3 of unknown charge 𝑞3 is
to be located such that the net electrostatic force on
it from particles 1 and 2 is zero, what must be the
(a) 𝑥 (𝐴𝑛𝑠: −14.00 𝑐𝑚) and
(b) 𝑦 coordinates of particle 3? (𝐴𝑛𝑠: 0.00)

6 | In the figure in front, what are the magnitude
and direction of the net electrostatic force on
particle 4 due to the other three particles?
(𝐴𝑛𝑠: 6.16 × 10−24 𝑁, 208°)
𝑞1 = −3.20 × 10−19 𝐶, 𝑞2 = +3.20 × 10−19 𝐶
𝑞3 = +6.40 × 10−19 𝐶, 𝑞4 = +3.20 × 10−19 𝐶
𝜃1 = 35.0°
𝑑1 = 3.00 𝑐𝑚, 𝑑2 = 𝑑3 = 2.00 𝑐𝑚

7 | In the following figure, particles 2 and 4, of
charge −𝑒, are fixed in place on a 𝑦 axis, at 𝑦2 =
−10.0 𝑐𝑚 and 𝑦4 = 5.0 𝑐𝑚. Particles 1 and 3, of
charge −𝑒, can be moved along the 𝑥 axis. Particle
5, of charge +𝑒, is fixed at the origin. Initially
particle 1 is at 𝑥1 = −10.0 𝑐𝑚 and particle 3 is at
𝑥3 = 10.0 𝑐𝑚.
(a) To what 𝑥 value must particle 1 be moved to
rotate the direction of the net electric force on particle 5 by 30° counterclockwise?
(𝐴𝑛𝑠: −6.05 𝑐𝑚)
(b) With particle 1 fixed at its new position, to what 𝑥 value must you move particle
3 to rotate back to its original direction? (𝐴𝑛𝑠: 6.05 𝑐𝑚)

8 | The figure ahead shows an arrangement of
four charged particles, with angle 𝜃 = 30° and
distance 𝑑 = 2.00 𝑐𝑚. Particle 2 has charge
𝑞2 = +8.00 × 10−19 𝐶; particle 3 and 4 have
charges 𝑞3 = 𝑞4 = −1.60 × 10−19 𝐶. What is
the distance 𝐷 between the origin and particle
2 if the net electrostatic force on particle 1 due
to the other particles is zero? (𝐴𝑛𝑠: 1.92 𝑐𝑚)

