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15-1 Electrostatic Force
Vocabulary Electrostatics: The study of electric charges, forces, and fields.

The symbol for electric charge is the letter “q” and the SI unit for charge is the
coulomb (C). The coulumb is a very large unit.

1 C ! 6.25 " 1018 electrons or
1 electron has a charge of 1.60 " 10#19 C.

Electrons surrounding the nucleus of an atom carry a negative charge.
Protons, found inside the nucleus of the atom, carry a positive charge of
1.60 " 10#19 C, while neutrons (which also reside in the nucleus) are neutral.
It is important to remember that only electrons are free to move in a
substance. Protons and neutrons usually do not move.

When two objects with like charges, positive or negative, are brought near
each other, they experience a repulsive force. When objects with opposite
charges, one negative and one positive, are brought side by side, they
experience an attractive force. These forces can be described with 
Coulomb’s law.

Vocabulary Coulomb’s Law: Two charged objects attract each other with a force that is
proportional to the charge on the objects and inversely proportional to the
square of the distance between them.

F $

This equation looks very similar to Newton’s law of universal gravitation. As
before, the sign $ means “proportional to.” To make an equation out of this
proportionality, insert a quantity called the electrostatic constant, k.

k ! 9.0 " 109 N % m2/C2

The magnitude of Coulomb’s law can now be written as an equation.

electrostatic force ! or F !
kq1q2

d2
(electrostatic constant)(charge 1)(charge 2)

(distance)2

q1q2

d2
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Like all other forces, the electrostatic force between two charged objects is
measured in newtons.

Solved Examples

Example 1: Anthea rubs two latex balloons against her hair, causing the balloons to
become charged negatively with 2.0 ! 10"6 C. She holds them a distance of
0.70 m apart. a) What is the electric force between the two balloons? b) Is it
one of attraction or repulsion?

Solution: It is not necessary to carry the sign of the charge throughout the
entire exercise. However, when determining the direction of your final
answer, it is important to remember the charge on each object.

Given: q1 # 2.0 ! 10"6 C Unknown: F # ?
q2 # 2.0 ! 10"6 C Original equation: F #
d # 0.70 m
k # 9.0 ! 109 N $ m2/C2

Solve: F # # # 0.073 N

b) Because both balloons are negatively charged, they will repel each other.

Example 2: Two pieces of puffed rice become equally charged as they are poured out of
the box and into Kirk’s cereal bowl. If the force between the puffed rice pieces
is 4 ! 10"23 N when the pieces are 0.03 m apart, what is the charge on each of
the pieces?

Solution: Because both charges are the same, solve for both q’s together. Then
find the square root of that value to determine one of the charges.

Given: F # 4 ! 10"23 N Unknown: q # ?
d # 0.03 m Original equation: F #
k # 9.0 ! 109 N $ m2/C2

Solve: q1q2 # # # 4 ! 10"36 C2

This is the square of the charge on the pieces of puffed rice. To find the charge
on one piece of puffed rice, take the square root of this number.

q # # 2 ! 10"18 C24 ! 10"36 C2

14 ! 10"23 N 2 10.03 m 22
9.0 ! 109 N #m2>C2

Fd2

k

kq1q2

d2

19.0 ! 109 N #m2>C2 2 12.0 ! 10"6 C 2 12.0 ! 10"6 C 210.70 m 22kq1q2

d2

kq1q2

d2
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Practice Exercises

Exercise 1: When sugar is poured from the box into the sugar bowl, the rubbing of sugar
grains creates a static electric charge that repels the grains, and causes sugar
to go flying out in all directions. If each of two sugar grains acquires a charge
of 3.0 ! 10"11 C at a separation of 8.0 ! 10"5 m, with what force will they
repel each other?

Answer:

Exercise 2: Boppo the clown carries two mylar balloons that rub against a circus elephant,
causing the balloons to separate. Each balloon acquires 2.0 ! 10"7 C of charge.
How large is the electric force between them when they are separated by a
distance of 0.50 m?

Answer:

Exercise 3: Inez uses hairspray on her hair each morning before going to school. The
spray spreads out before reaching her hair partly because of the electrostatic
charge on the hairspray droplets. If two drops of hairspray repel each other
with a force of 9.0 ! 10"9 N at a distance of 0.070 cm, what is the charge on
each of the equally-charged drops of hairspray?

Answer:
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Exercise 4: Bonnie is dusting the house and raises a cloud of dust particles as she wipes
across a table. If two 4.0 ! 10"14-C pieces of dust exert an electrostatic force of
2.0 ! 10"12 N on each other, how far apart are the dust particles at that time?

Answer:

Exercise 5: Each of two hot-air balloons acquires a charge of 3.0 ! 10"5 C on its surface
as it travels through the air. How far apart are the balloons if the electrostatic
force between them is 8.1 ! 10"2 N?

Answer:

15-2 Electric Field
Vocabulary Electric Field: An area of influence around a charged object. The magnitude of

the field is proportional to the amount of electrical force exerted on a positive
test charge placed at a given point in the field.

electric field ! or E #

The SI unit of electric field is the newton per coulomb (N/C).

The electric field around a charged object is a vector and can be represented
with electric field lines that point in the direction of the force exerted on a unit
of positive charge. In other words, electric field lines point away from a
positive charge and toward a negative charge, as shown in the diagram.

F
qo

electric force
test charge
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219.0 ! 109 N #m2>C2 2 14.0 ! 10"14 C 22> 12.0 ! 10"12 N 22kq1q2>F

219.0 ! 109 N #m2>C2 2 13.0 ! 10"5 C 22> 18.1 ! 10"2 N 22kq1q2>F
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A3. Silver: 10 500 kg/m3

Earth: 5540 kg/m3

A5. 1.5 ! 10"3 m
A7. b) 21 m
A9. a) 9.0 ! 103 N

b) 10. N
A11. a) 3.03 times bigger

Chapter 10
1. 122°F
3. a) "148°C

b) "234°F
5. 437°C
7. b) 3.96 ! 10"4 m3

9. 347 000 J
11. 31.8°C
13. 9630 J
15. 3.9 ! 106 J

A1. Hottest: 462°C
Coldest: "218°C

A3. 2.0 ! 10"3 m
A5. 3.1 ! 10"4 m2

A7. 1990 cm3

A9. 79.7°C
A11. 0.019 kg
A13. 1300 J

Chapter 11
1. 0.67 s
3. a) 200 N/m
5. a) 0.63 s
7. 2 s
9. a) 3.1 s

11. 0.65 m
A1. 0.0023 s
A3. 20 N/m
A5. a) 0.5441 s
A7. 6.28 s
A9. b) 0.0400 m

Chapter 12
1. 0.013 m
3. 0.4 m/s
5. 188 Hz
7. b) "5.26 m/s
9. 813 Hz

11. 0.300 m
13. 394.0 Hz

A1. 0.0085 m
A3. a) 0.688 m
A5. 40 m
A7. a) Toward: 501.5 Hz

Away: 498.5 Hz
b) 3.0 Hz

A9. 15.0 m/s
A11. 20.4 m/s
A15. 628 m/s

Chapter 13
1. 19 700 s
3. 3.80 ! 10"7 m
5. 40°
7. a) "36 cm
9. 28.9°

11. 1.39
A1. 260 s

A3. 20°
A5. c) "12.0 cm
A7. a) #
A9. b) alcohol: 2.21 ! 108 m/s

water: 2.26 ! 108 m/s
A11. 20.7°
A13. a) 42.5°

Chapter 14
1. 11.1 cm
3. a) 0.0508 m
5. a) 20 times

b) 30 cm
7. 8 times
9. b) 2.7 diopters

11. 0.40 m
13. a) 8.8 ! 10"4 m
15. 2.4 ! 10"6 m

A1. 12.0 cm
A3. 2.4 cm
A5. 24 cm
A7. 0.17 m
A9. a) "4.0 diopters

b) 0.29 m
A11. "0.17 diopters
A13. 7130 m

Chapter 15
1. 1.3 ! 10"3 N
3. 7.0 ! 10"13 C
5. 10. m
7. 1.9 ! 1013 N/C
9. 18 ! 105 N/C to the right

11. 8800 V
13. 4.0 ! 10"3 m

A1. 1.5 ! 10"11 N
A3. 4.2 ! 10"13 C
A5. a) 0.043 m
A7. 1.3 ! 107 N/C
A9. a) 0.14 m

A11. 450 000 J
A13. 600 000 V

Chapter 16
1. 10 800 s
3. 27.5 $
5. 1.52 V
7. 2.0 ! 104 V
9. 0.8 A

11. a) 240 V
c) 18 A

13. a) 1.5 A
b) 80 $

15. $8.10
17. a) 3 $

b) 4 A
19. Series: 10. V

Parallel: 120 V
21. a) 5 $

b) 85 $
A1. a) 15 600 s
A3. 100. $
A5. 5 ! 10 "9 A
A7. 14.17 A
A9. $1.2 ! 106

A11. 0.25 A
A13. a) 3.0 $

b) 12 A

Chapter 17
1. 4.2 ! 10"14 N
3. a) 6.0 ! 10"3 T
5. a) Zero

b) 1.4 ! 10"5 Wb
7. 8.4 ! 10"8 V
9. a) 12 V

A1. 1.1 ! 10"10 N
A3. 8.6 ! 10"14 N
A5. a) 1.3 ! 10"3 N

b) zero
A7. a) 1.1 ! 10"5 V
A9. a) 4800 V

Chapter 18
1. 2.15 eV
3. 1040 nm
5. 150 000 m/s
7. a) 1.96 eV

b) 5.22 ! 10"7 m
9. 823 nm

11. a) 657 nm Red
b) 488 nm Greenish Blue
c) 445 nm Violet

13. 1.85 ! 1016 atoms
15. 1.13 ! 1014 atoms

A1. 2.9 ! 1020 Hz
A3. 2.42 eV
A5. 1.7 ! 10"19 m
A7. Sodium: 1.68 eV Yes

Iron: 0.244 eV Yes
Gold: "0.676 eV No

A9. 7.72 eV
A11. 2.18 ! 104 atoms
A13. 8.18 ! 1024 atoms
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