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Pearson Physics Level 30 
Unit VI Forces and Fields: Chapter 11 

Solutions 
 

Student Book page 545 

Concept Check 
Since the baseball moves perpendicular to Earth’s gravitational field, it follows a 
parabolic path toward home plate. 
 

Student Book page 547 

Concept Check 
Both vector arrows point toward the centre of the charged sphere, indicating that the 
direction of the field is the same. However, the longer vector arrow at position I indicates 
that the magnitude of the field is stronger there. 
 

Student Book page 548 

Example 11.1 Practice Problems 
1.  Given 
 magnitude of the ion’s charge q2 = 1.60 × 10−19 C 
 magnitude of the electric field E  = 1.00 × 103 N/C 

Required 
 magnitude of the electrostatic force on the ion ( eF ) 
 Analysis and Solution 
 To determine magnitude of the electrostatic force on the ion, use:  

 e

2

F
E

q
=  

 

e 2

3 N1.00 10
C

F E q=

= × 19(1.60 10 C−⎛ ⎞
×⎜ ⎟

⎝ ⎠
16

)

1.60 10 N−= ×

 

 Paraphrase 
 The magnitude of the electrostatic force on the ion is 1.60 × 10−16 N. 
2.  Given 
 magnitude of the electrostatic force on the small charged sphere eF  = 3.42 × 10−18 N 

magnitude of the electric field E  = 5.34 N/C 
 Required 
 magnitude of the charge on the small sphere (q2) 
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 Analysis and Solution 
 To determine the magnitude of the charge on the small sphere, use: 

 

e

2

e
2

183.42 10 N

F
E

q

F
q

E
−

=

=

×
=

N5.34

19
C

6.40 10 C−= ×

 

 Paraphrase 
The magnitude of the charge is 6.40 × 10−19 C. 
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Example 11.2 Practice Problems 
1.  Given 
 magnitude of the electric field E  = 40.0 N/C 
 r = 2.00 cm 
 Required 
 magnitude of the charge producing the electric field (q) 
 Analysis and Solution 
 To calculate the magnitude of the charge producing the electric field, use: 

 

2

2

N40.0

kqE
r
E r

q
k

=

=

=
C

2(2.00 10 m−⎛ ⎞
×⎜ ⎟

⎝ ⎠
2

2
9

)

N m8.99 10 ⋅×
2C

121.78 10 C−= ×

 

 Paraphrase 
 The magnitude of the charge is 1.78 × 10−12 C. 
2.  Given 
 magnitude of the electron’s charge q = 1.60 × 10−19 C 
 magnitude of the electric field E  = 5.14 × 1011 N/C 
 Required 
 distance from the electron to point P in the field (r) 
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 Analysis and Solution 
 To determine the distance from the charge,  

 

2

9 N8.99 10

kqE
r

kqr
E

=

=

×

=

2

2

m
C
⋅ 19(1.60 10 C−⎛ ⎞

×⎜ ⎟⎜ ⎟
⎝ ⎠

11

)

N5.14 10×
C

115.29 10 m−= ×

 

 Paraphrase 
 The distance from the electron is 5.29 × 10−11 m. 

Concept Check 
Similarities between gravitational and electrostatic fields: 

• Both fields exert force from a distance (action at a distance). 
• The force exerted for point charges or masses follows the inverse square law. 

Differences between gravitational and electrostatic fields: 
• Gravitational fields are due to mass, whereas electrostatic fields are due to charges. 

 • Gravitational fields produce forces of attraction only, whereas electrostatic fields 
 produce either attraction or repulsion. 
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Example 11.3 Practice Problems 
1.  Given 

 

1 2

6
1

6
2

2
to

1.50 10 C

2.00 10 C

3.30 10 mq q

q

q

r

−

−

−

= ×

= ×

= ×

 

  
Required 

 net electric field at point P, 2.10 × 10−2 m left of q1 ( netE ) 
Analysis and Solution 
As shown in the following diagram, the electric field at point P created by q1 is 
directed away from q1 to the left. 

 The electric field at point P created by q2 is directed away from q2 to the left. 
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 Use vector addition to determine the net electric field at point P: 
 netE =  

1qE  + 
2qE  

 The distance between q1 and point P is: 
 

1

2
to P 2.10 10 mqr

−= ×  
 The distance between q2 and point P is: 

 2

2 2
to P

2

3.30 10 m 2.10 10 m

5.40 10 m
qr

− −

−

= × + ×

= ×
 

 Consider right to be positive. 

 

1 2

1 2

net

1 2
2 2

P to P to

29
2

N m8.99 10
C

q q

q q

E E E

kq kq
r r

= +

⎛ ⎛⎞ ⎞
⎜ ⎜⎟ ⎟= − + −

⎟ ⎟⎜ ⎜⎠ ⎠⎝ ⎝

⋅×
= −

6(1.50 10  C−⎛ ⎞
×⎜ ⎟

⎝ ⎠

29
2

2 2

N m) 8.99 10
C

(2.10 10  m)−

⎛ ⎞ ⋅×⎜ ⎟
⎜ ⎟ + −⎜ ⎟×
⎜ ⎟⎜ ⎠⎝

6(2.00 10 C−⎛ ⎞
×⎜ ⎟

⎝ ⎠
2 2

7 6

7

)

(5.40 10  m)

( 3.058 10 N/C) ( 6.166 10 N/C)

3.67 10 N/C

−

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟×
⎜ ⎟⎜ ⎠⎝

= − × + − ×

= − ×

 

 Paraphrase 
 The net electric field at point P is 3.67 × 107 N/C [left]. 
2.  Given 

 

1 2

19
1

19
2

11
to

1.60 10 C

1.60 10 C

5.29 10 mq q

q

q

r

−

−

−

= − ×

= + ×

= ×

 

  
 Required 
 net electric field at point P on an imaginary line midway between the two charges 

( netE ) 
 Analysis and Solution 

The electric field at point P created by the electron (q1) is to the left. 
 The electric field at point P created by the proton (q2) is to the left. 
 Use vector addition to determine the net electric field at point P: 
 netE =  

1qE  + 
2qE  

The distance between q1 and point P and q2 and point P is 

 1

11

to P

11

5.29 10 m
2

         2.645 10 m

qr
−

−

×
=

= ×

 

 Consider right to be positive. 
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1 2

1 2

net

1 2
2 2

P to P to

29
2

N m8.99 10
C

= +

⎛ ⎛⎞ ⎞
⎜ ⎜⎟ ⎟= − + −

⎟ ⎟⎜ ⎜⎠ ⎠⎝ ⎝

⋅×
= −

q q

q q

E E E

kq kq
r r

19(1.60 10  C−⎛ ⎞
×⎜ ⎟

⎝ ⎠

29
2

11 2

N m) 8.99 10
C

(2.645 10  m)−

⎛ ⎞ ⋅×⎜ ⎟
⎜ ⎟ + −⎜ ⎟×
⎜ ⎟⎜ ⎠⎝

19(1.60 10 C−⎛ ⎞
×⎜ ⎟

⎝ ⎠
11 2

12 12

12

)

(2.645 10  m)

( 2.056 10  N/C) ( 2.056 10  N/C)

4.11 10  N/C

−

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟×
⎜ ⎟⎜ ⎠⎝

= − × + − ×

= − ×

 

 Paraphrase 
 The net electric field at point P is 4.11 × 1012 N/C left, or toward the electron. 
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Example 11.4 Practice Problems 
1.  Given 

 A

B

A

B

A

B
1

to P

1
to P

2.00 C
2.00 C

1.00 10 m

1.00 10 m

72.5 to the horizontal

72.5 to the horizontal

q

q

q

q

q
q

r

r

θ

θ

−

−

=
=

= ×

= ×

= °

= °

 

 Required 
 net electric field at point P ( netE ) 

Analysis and Solution 
Since qA is a positive charge, the electric field created by qA at point P is directed 
away from qA and away from point P along the imaginary line between qA and P. 

 Since qB is a positive charge, the electric field created by qB at point P is directed 
away from qB and away from point P along the imaginary line between qB and P.  

 The distance between qA and P is 1.00 × 10−1 m. 
The distance between qB and P is 1.00 × 10−1 m. 

 Resolve each electric field into x and y components. Use vector addition to 
determine the resultant electric field. 

 Determine the magnitude of the electric field created by qA at point P: 

 

to PA

A
A 2

29
2

N m8.99 10
C

q

kqE
r

=

⋅×
=

(2.00 C⎛ ⎞
⎜ ⎟
⎝ ⎠

1 2

12

)

(1.00 10 m)

1.798 10 N/C

−×

= ×
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 Since the charge and the distance to point P are the same, BE  also equals 
121.798 10 N/C× . 

The directions of AE  and BE  are shown to the right. 

  
 The x and y components for AE  are shown below: 

  
 Ax

E  = (1.798 × 1012 N/C)(cos 72.5°) 
       = 5.407 × 1011 N/C  

 A y
E  = (1.798 × 1012 N/C)(sin 72.5°) 

         = 1.715 × 1012 N/C 
 Similarly, 
 Bx

E  = –(1.798 × 1012 N/C)(cos 72.5°) 
        = −5.407 × 1011 N/C 
 By

E  = (1.798 × 1012 N/C)(sin 72.5°) 

= 1.715 × 1012 N/C 

 
11 11

net (5.407 10  N/C) + ( 5.407 10  N/C)

 0

× − ×=
=

x
E  

12 12
net

12

(1.715 10 N/C) (1.715 10 N/C)

3.43 10 N/C

× + ×

×

=

=
y

E
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 Since net x
E  = 0, net net y

E E= . Since the angles with respect to the x-axis are the same, 
the direction of netE  is 90.0o. 

 Paraphrase 
 The net electric field at point P is 3.43 × 1012 N/C [90.0°]. 
2.  Given 

 A

B

A

B

A

B
2

to P

2
to P

4.00 C
4.00 C

2.00 10 m

2.00 10 m

60.0 to the horizontal

60.0 to the horizontal

q

q

q

q

q
q

r

r

θ

θ

−

−

=
=

= ×

= ×

= °

= °

 

 Required 
 net electric field at the third vertex of the triangle, point P ( netE ) 
 Analysis and Solution 
 Since qA is a positive charge, the electric field created by qA at point P is directed 

away from qA and away from point P along the imaginary line between qA and P. 
 Since qB is a positive charge, the electric field created by qB at point P is directed 

away from qB and away from point P along the imaginary line between qB and P.  
 The distance between qA and P is 2.00 × 10−2 m. 
 The distance between qB and P is 2.00 × 10−2 m. 
 Determine the electric field created by qA at point P: 

 

A

A
A 2

to P

29
2

N m8.99 10
C

q

kqE
r

=

⋅×
=

(4.00 C⎛ ⎞
⎜ ⎟
⎝ ⎠

2

)

(2.00 10 m−× 2

13

)

8.990 10 N/C= ×

 

 Since the charge and the distance to point P are the same, BE  also equals 
138.990 10 N/C× . 

 The directions of AE  and BE  are shown to the right: 
 The x and y components for AE  are shown below: 
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 Ax
E  = (8.990 × 1013 N/C)(cos 60.0°) 

         = 4.495 × 1013 N/C  
A y

E  = (8.990 × 1013 N/C)(sin 60.0°) 

          = 7.786 × 1013 N/C 
Similarly, the components of BE  are: 

Bx
E  = −(8.990 × 1013 N/C)(cos 60°) 

         = −4.495 × 1013 N/C 
By

E  = (8.990 × 1013 N/C)(sin 60°) 

        = 7.786 × 1013 N/C 
 net x

E  = Ax
E  + Bx

E  

          
13 13(4.495 10  N/C)  ( 4.495 10  N/C)

 0 N/C
× + − ×=

=
 

net y
E  = A y

E  + By
E  

          
13 13

14

(7.786 10  N/C) +  (7.786 10  N/C)

1.56 10  N/C

× ×

×

=
=

 

 Since net x
E  = 0, net net y

E E= .  
Since the angles with respect to the x-axis are the same, the direction of netE  is 
90.0o. 

 Paraphrase 
 The net electric field at point P is 1.56 × 1014 N/C [90.0°]. 
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11.1 Check and Reflect 
Knowledge 
1. An electric field is a region of electrical influence surrounding a source charge, 

whereas an electric force is the electrical influence of the field on a test charge placed 
in the electric field. The force is only produced when another charge is placed in the 
field, whereas the field can exist without the presence of the test charge. 

2. A field theory was necessary to explain “action at a distance.” 
3. The test charge must be small enough so that it does not change the electric field 

produced by the source charge. 
4. An electric field is a vector field because it has magnitude and direction. 
5. The differing lengths of the vector arrows indicate differing magnitudes of the electric 

fields at different positions around charges. The different directions of the vector 
arrows indicate different directions of the electric fields. 

6. Since 1
2

kqE
r

= , then: 

 (a) If the magnitude of the source charge is halved, the magnitude of the electric field 
 must be halved. 
(b) If the sign of the charge is changed, only the direction of the electric field 
 changes, not the magnitude. 
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(c) If the magnitude of the test charge is halved, there is no effect on the magnitude of 
 the electric field produced by the source charge. 

Applications 
7. (a) To determine the electric field of the charge, use:  

 

2

2
9 N m8.99 10

kqE
r

=

⋅×

=
2C

6(4.50 10 C−⎛ ⎞
×⎜ ⎟⎜ ⎟

⎝ ⎠
)

(0.300 m 2

5

)

4.50 10  N/C= ×

 

 The electric field is 4.50 × 105 N/C [right]. 
 (b) To determine the electric force on the charge, use:  

e

e

5 8

3

(4.50 10 C)(2.00 10 C)

9.00 10 N

F
E

q

F E q
−

−

=

=

= × ×

= ×

 

 The electric force is 9.00 × 10–3 N [right]. 
8. (a) To determine the electric field of the charge, use:  

e

2

6

4

5.10 10 N
2.50 10 C

2.04 10 N/C

F
E

q
−

−

=

×
=

×

= ×

 

The electric field of the charge is 2.04 × 104 N/C [toward the larger sphere]. 
 (b) To determine magnitude of the charge, use:  

 

2

2

4 N2.04 10

kqE
r
E r

q
k

=

=

×
=

(0.0400 m
C

⎛ ⎞
⎜ ⎟
⎝ ⎠

2

9

)

N8.99 10×
2m⋅

2C
93.63 10 C−= ×

 

 The larger charge is +3.63 × 10−9 C. 
9.  Given 

 

1 2

1

2

to

3.00 C
2.00 C

1.20 mq q

q
q

r

= −
= −
=
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 Required 
 (a) net electric field at point P, midway between the two charges ( netE ) 
 (b) point between the two charges where the net electric field is zero (

1 toPqr ) 
 Analysis and Solution 
 (a) The electric field at point P created by q1 is to the left. 
 The electric field at point P created by q2 is to the right. 
 Use vector addition to determine the net electric field at point P: 

 netE =  
1qE  + 

2qE  
  The distance midway between the two charges is: 

 
1.20 m

2
0.600 m

r =

=
 

 Consider right to be positive. 

 

1 2

1 2

net

1 2
2 2

P to P to

2
9 N m8.99 10

= +

⎛ ⎛⎞ ⎞
⎜ ⎜⎟ ⎟= − +

⎟ ⎟⎜ ⎜⎠ ⎠⎝ ⎝

⋅×

= −

q q

q q

E E E

kq kq
r r

2C
(3.00 C

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

)

(0.600 m

2
9

2

N m8.99 10

)

⋅×

+
2C

(2.00 C
⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

)

(0.600 m 2

10 10

10

)

7.492 10 N/C 4.994 10 N/C  

2.50 10 N/C

= − × + ×

= − ×

 

 (b) The electric field at point P created by q1 is to the left. 
 The electric field at point P created by q2 is to the right. 
 The distance between q1 and point P is: 
  

1 to Pqr  
 The distance between q2 and point P is: 
  

2 1to P toP1.20 mq qr r= −  
 Since the net electric field between the two charges is zero, at point P, 

 

1 2

1 2

1 1

1

1 2
2 2

P to P to

2 29 9
2 2

2 2
toP q toP

toP

N m N m8.99 10 (3.00 C) 8.99 10 (2.00 C)
C C

( m) (1.20 m)

0.661 m

q q

q q

q

q

E E

kq kq
r r

r r

r

=

⎛ ⎛⎞ ⎞
⎜ ⎜⎟ ⎟=

⎟ ⎟⎜ ⎜⎠ ⎠⎝ ⎝
⎛ ⎞ ⎛ ⎞⋅ ⋅× ×⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠=

−

=

 

 Paraphrase 
 (a) The net electric field at point P is 2.50 × 1010 N/C [left]. 
 (b) The net electric field is zero, 0.661 m left of the −3.00 C charge. 
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Extension 
10. Since the electric fields produced by the charges are all equal at the intersection of the 

diagonals and in opposite directions, then all the fields cancel each other out, and the 
net electric field at the intersection of the two diagonals is zero. 

 
Student Book page 561 

Example 11.5 Practice Problems 
1. The work done against the electrostatic forces is W. The electric potential energy gain 

is ΔEp. In a conservative system, pE WΔ = , so 

p

19   1.60 10 J

W E
−

=Δ

= ×
 

 The work done on the charge is 1.60 × 10−19 J. 
2. The work done against the electrostatic forces is W. The change in electric potential 

energy is ΔEp. In a conservative system,  

 
f i

p

p

p p

19 19

19

8.00 10 J 6.40 10 J

1.60 10 J

E W

W E

E E
− −

−

Δ =

= Δ

= −

= × − ×

= ×

 

 The work done on the charge is 1.60 × 10−19 J. 
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Example 11.6 Practice Problem 
1. The work done against the electrostatic forces is W. In a conservative system, 
 pE WΔ = , so 

p

5 4.00  10  J

W E= Δ

= ×
 

 The work done on the charge was 4.00 × 105 J. 
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Concept Check 
The charge would possess twice as much electric potential energy. However, the electric 
potential remains the same. 
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Example 11.7 Practice Problems 
1. To calculate the voltage, use: 

60 J   
5.0 C

   12 V

EV
q
Δ

=

=

=

 

 The potential difference is 12 V. 
2. To calculate the energy, use: 

 

p

p

2(500 V)(2.00 10 C)
10.0 J

E
V

q
E Vq

−

Δ
=

Δ =

= ×
=

 

 The energy gain is 10.0 J. 
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Example 11.8 Practice Problems 
1.  Given 

 p 160 J

2.00C

E

q

Δ =

=
 

 Required 
 potential difference between the two positions ( VΔ ) 
 Analysis and Solution 

The voltage is the electric potential difference between two positions: 
 V = ΔV  

To calculate the electric potential difference, use pE
V

q
Δ

= . 

 

p

160 J
2.00 C
80.0 V

E
V

q
Δ

=

=

=

 

 Paraphrase 
 The potential difference between the two positions is 80.0 V. 
2.  Given 

 
4

19

4.00 10 V

1.60 10 C

V

q −

Δ = ×

= ×
  

 Required 
electric potential energy gained by the charge ( pEΔ ) in joules (J) and electron volts 
(eV) 
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 Analysis and Solution 
 The voltage is the electric potential difference between two positions and can be 

determined as: 
  V = ΔV  
     = 4.00 × 104 V 

 

( )( )

p

p

4 19

15

4.00 10 V 1.60 10 C

6.40 10 J

−

−

Δ

Δ

× ×

×

=

=
=

=

E
V

q
E Vq  

 Convert to electron volts: 
15

p (6.40 10 J−Δ ×=E 19
1 eV)

1.60 10 J−×
44.00 10 eV

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

×=
 

 Paraphrase 
 The electric potential energy gained by moving the charge between the two positions is 

6.40 × 10−15 J or 4.00 × 104 eV. 
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Example 11.9 Practice Problems 
1. Given 
 E = 2.2 × 104 V/m 

 dΔ  = 5.0 × 10−4 m 
 Required 
 voltage between the plates (V) 
 Analysis and Solution 

The voltage between the plates is the electric potential difference, V V=Δ . 
 To calculate the voltage between the plates, use: 

 
4 V2.2 10

m

VE
d

V E d

Δ
=
Δ

Δ = Δ

= × 4(5.0 10 m−⎛ ⎞
×⎜ ⎟

⎝ ⎠
)

11 V=

 

 Paraphrase 
 The voltage between the plates is 11 V.  
2. Given 
 E  = 3.00 × 106 V/m 

 dΔ  = 5.00 × 10−3 m 
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 Required 
 voltage between the electrode faces (V) 
 Analysis and Solution 
 The voltage is the electric potential difference between the electrode faces: 
  V = ΔV  

6 V3.00 10
m

Δ
Δ

Δ Δ

×

=

=

=

VE
d

V E d

3(5.00 10 m−⎛ ⎞
×⎜ ⎟

⎝ ⎠
4

)

1.50 10 V×=

 

 Paraphrase 
 The voltage between the electrode faces is 1.50 × 104 V.  
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11.2 Check and Reflect 
Knowledge 
1. An electric field vector is an arrow indicating the magnitude and direction at a 

particular point of the electric field surrounding a charged object. An electric field line 
is a line drawn from the charged object to infinity or from infinity to the charged 
object. It shows only the direction of the electric field. The density of the electric field 
lines indicates the magnitude of the electric field. 

2. (a)  

 
 (b)  

  
 (c)  
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(d)  

  
 (e)  

  
3. Electric potential is the change in the amount of electric potential energy stored per 

unit of charge, whereas electric potential energy is the total amount of electric energy 
at a point. 

Applications 
4. (a) To calculate the electric force on the proton, use: 

 

e

e

N150
C

F
E

q

F E q

=

=

= 19(1.60 10 C−⎛ ⎞
×⎜ ⎟

⎝ ⎠
17

)

2.40 10 N−= ×

 

The electric force on the proton is 2.40 × 10−17 N [downward]. 
 (b) To calculate the gravitational force on the proton, use: 

 

g

g

N9.81
kg

F
g

m
F gm

=

=

= 27(1.67 10 kg−
⎛ ⎞

×⎜ ⎟⎜ ⎟
⎝ ⎠

26

)

1.64 10 N−= ×

 

The gravitational force on the proton is 1.64 × 10−26 N [downward]. 
5. (a) Since charges accumulate at points or corners, the charge will be more concentrated 

at the corners of the box than on the faces. 
 (b)  
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6. To calculate the magnitude of the electric field, use: 

 

2

2
9 N m8.99 10

kqE
r

=

⋅×

=
2C

8(1.60 10 C−⎛ ⎞
×⎜ ⎟⎜ ⎟

⎝ ⎠
)

(0.300 m 2

3

)

1.60 10 N/C= ×

 

The magnitude of the electric field is 1.60 × 103 N/C. 
7. Given 

1 2

6
1

6
2

to

3.2 10 C

6.4 10 C
0.40 mq q

q

q
r

−

−

= − ×

= − ×
=

 

 Required 
 net electric field at point P, midway between the two charges ( netE ) 
 Analysis and Solution 
 The electric field created by q1 at point P is to the left. 
 The electric field created by q2 at point P is to the right. 
 The distance midway between the two charges is: 

  
0.40 m

2
0.20 m

r =

=
 

 Since the two electric field vectors are along the same line, the net electric field can be 
determined by adding the individual field vectors. 

 netE =  
1qE  + 

2qE  
Consider toward the −6.4 μC charge to be positive. 

 

1 2

1 2

net

1 2
2 2

toP toP

2
9 N m8.99 10

q q

q q

E E E

kq kq
r r

= +

= − +

⋅×

= −
2C

6(3.2 10 C−⎛ ⎞
×⎜ ⎟⎜ ⎟

⎝ ⎠
)

(0.20 m

2
9

2

N m8.99 10

)

⋅×

+
2C

6(6.4 10 C−⎛ ⎞
×⎜ ⎟⎜ ⎟

⎝ ⎠
)

(0.20 m 2

5 6

5

)

7.19 10 N/C  1.44 10 N/C

7.21 10 N/C

= − × + ×

= ×

 

 Paraphrase 
 The net electric field at point P is 7.21 × 105 N/C [toward the −6.4 μC charge]. 
8. To determine the electric energy gained by the charge, use:  

  

p

p

3

3

(1.00 10 V)(2.00 C)

2.00 10 J

E
V

q
E Vq

Δ
=

Δ =

= ×

= ×
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 The electric energy gained by the charge is 2.00 × 103 J. 
9. Given 

1

2

5
1

5
2

to P

toP

1.0 10 C

5.0 10 C
0.15 m

r 0.45 m
q

q

q

q
r

−

−

= − ×

= + ×
=

=

 

Required 
net electric field at point P ( netE ) 
Analysis and Solution 

 The electric field created by q1 at point P is to the left. 
The electric field created by q2 at point P is to the right. 

 The distance between q1 and point P is: 
  

1 to P 0.15mqr =  
 The distance between q2 and point P is: 

 2 to P 0.15 m + 0.30 m

0.45 m
qr =

=
 

 Since the two electric field vectors are along the same line, the net electric field can be 
determined by adding the individual field vectors. 

 netE =  
1qE  + 

2qE  
 Consider right to be positive. 

 

1 2

1 2

net

1 2
2 2

P to P to

2
9 N m8.99 10

q q

q q

E E E

kq kq
r r

= +

= − +

⋅×

= −
2C

5(1.0 10 C−⎛ ⎞
×⎜ ⎟⎜ ⎟

⎝ ⎠
)

(0.15 m

2
9

2

N m8.99 10

)

⋅×

+
2C

5(5.0 10 C−⎛ ⎞
×⎜ ⎟⎜ ⎟

⎝ ⎠
)

(0.45 m 2

6 6

6

)

4.00 10  N/C 2.22 10  N/C

1.78 10  N/C

= − × + ×

= − ×

 

 Paraphrase 
 The net electric field at point P is 1.78 × 106 N/C [left]. 
10. (a) To determine the magnitude of the electric field between the plates, use:  

   4

4

12.0V
6.00 10 m

2.00 10  V/m

VE
d

−

Δ
=
Δ

=
×

= ×

 

 The electric field between the plates is 2.00 × 104 V/m.  
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(b) To determine the electric energy gained by the charge, use:  

 

p

p

6

5

(12.0V)(3.22 10 C)

3.86 10 J

E
V

q
E Vq

−

−

Δ
=

Δ =

= ×

= ×

 

 The electric energy gained by the charge is 3.86 × 10−5 J. 
Extensions 
11. Charges accumulate on the outside surface of a hollow charged object, so the outside 

surface will be charged while the inside surface will not be charged.  
This effect protects the occupants inside a car if lightning strikes the car. 

12. Charges accumulate on the outside surface, so only the electroscope connected to the 
 outside surface will be affected. 
13. No. Work is done only when there is a change in electric potential, similar to carrying 

an object parallel to the surface of Earth. No work is done on the object if it does not 
change its vertical position relative to the surface of Earth. 

 
Student Book page 571 

Example 11.10 Practice Problems 
1.  Given 

q = –3.00 × 10−9 C 
 

ipE = 3.20 × 10−12 J 
 Required 

kinetic energy (
fkE )  

 Analysis and Solution 
This system is conservative, so the loss of electric potential energy is converted to a 
gain of kinetic energy, according to the law of conservation of energy: 

 
i i f fp k p kE E E E+ = +  

 To determine the kinetic energy of the negative charge, calculate 
fkE .  

 
i i f f

f

f

p k p k

12
k

12
k

3.20 10 J 0 J 0 J

3.20 10 J

E E E E

E

E

−

−

+ = +

× + = +

= ×

 

 Paraphrase 
 The kinetic energy of the negative charge is 3.20 × 10−12 J. 
2.  Given 

q = −2.00 × 10−6 C 
 vf = 5.20 × 104 m/s 
 m = 1.70 × 10−3 kg 
 Required 
 electric potential energy lost by the charge (

ipE ) 
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 Analysis and Solution 
This system is conservative, so a loss of electric potential energy is converted to a 
gain of kinetic energy, according to the law of conservation of energy: 

i i f fp k p kE E E E+ = +  
 Therefore, the initial potential energy of the negative charge was all converted to 

kinetic energy. 
 To determine the kinetic energy of the sphere just before it strikes the positive 

charge, use: 2
k

1
2

E mv= . 

 ( )( )

2
k

23 4

6

1
2
1 1.70 10 kg 5.20 10  m/s
2
2.30 10 J

E mv

−

=

= × ×

= ×

 

 
i i f f

i

i

p k p k

6
p

6
p

0 J 0 J 2.30 10 J

2.30 10 J

E E E E

E

E

+ = +

+ = + ×

= ×

 

 Paraphrase 
 The electric potential energy lost is 2.30 × 106 J. 
 

Student Book page 572 

Concept Check 
• When the initial motion of the charge is perpendicular to the plates, the charge will 

travel parallel to the electric field lines and perpendicular to the plates. 
• When the initial motion of the charge is parallel to the plates, the charge will accelerate 

and travel in parabolic motion through the parallel plates.  
 

Student Book page 573 

Example 11.11 Practice Problems 
1.  Given  

q = +3.20 × 10−19 C 
V = 4.00 × 104 V 

 m = 6.65 × 10−27 kg 
 Required 

final speed of the alpha particle just before it strikes the negative plate (v)  
 Analysis and Solution 
 The initial electric potential energy of the alpha particle at the positive plate is: 
 

ipE  = Vq 
 Since it is at rest, its initial kinetic energy is:  
 

ikE  = 0 J 
 The final electric potential energy of the alpha particle at the negative plate is:  
 

fpE  = 0 J 
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 This system is conservative, so a loss of electric potential energy is converted to a 
gain of kinetic energy, according to the law of conservation of energy: 

i i f fp k p kE E E E+ = +  

 To solve for the speed of the alpha particle, use 2
k

1
2

E mv= . 

( )( )

i i f f

i f

p k p k

p k

2

2

4 19

27

6

0 J 0 J

10 J 0 J
2

1
2
2

2 4.00 10  V 3.20 10  C

6.65 10  kg

1.96 10  m/s

E E E E

E E

Vq mv

Vq mv

Vqv
m

−

−

+ = +

+ = +

+ = +

=

=

× ×
=

×

= ×

  

 Paraphrase 
 The final speed of the alpha particle just before it strikes the negative plate is 

1.96 × 106 m/s. 
2.  Given  

 
6

4
k

6.00 10 C

3.20 10 J

q

E

−

−

= − ×

Δ = ×
 

 Required 
voltage between the two parallel plates (V) 

 Analysis and Solution 
 The voltage is the electric potential difference between two positions and can be 

determined as: 
 V =ΔV  
 From the law of conservation of energy, potential energy lost is kinetic energy 

gained. 

 i i f f

i f

p k p k

p k0 J 0 J

E E E E

E E

+ = +

+ = +
 

 Therefore, the potential energy of the charge is 43.20 10 J−× . 
  To calculate the electric potential difference, use: 

 

p

4

6
3.20 10 J
6.00 10 C
53.3 V

E
V

q
−

−

Δ
=

×
=

×
=

 

 Paraphrase 
 The voltage between the two parallel plates is 53.3 V. 
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Student Book page 574 

Example 11.12 Practice Problems 
1.  Given  
 dΔ  = 1.2 × 10–2 m 
 E  = 1.7 × 105 V/m 

 m = 3.0 × 10−15 kg 
 q = 2.6 × 10–12 C 

tΔ  = 6.0 × 10–6 s 
Required 

 sketch of motion of charge between plates 
 distance positive charge moves toward negative plate ( dΔ )  

Analysis and Solution 

  
 First find the electric force on the electron. 

 ( )( )
e

12 5

7

2.6 10  C 1.7 10  V/m

4.42 10  N

F q E
−

−

=

= × ×

= ×

 

 Use the value for the electric force to calculate acceleration toward the negative plate. 

 7

15

8 2

4.42 10  N
3.0 10  kg

1.47 10  m/s

F ma
Fa
m

−

−

=

=

×
=

×

= ×

 

 Calculate the distance the charge moves toward the negative plate using the equation 
2

i
1 ( )
2

d v t a tΔ = Δ + Δ . Because there is no initial speed in the vertical direction, 

 ( )

2

28 6
2

3

1 ( )
2
1 m1.47 10  6.0 10  s
2 s
2.6 10  m

d a t

−

−

Δ = Δ

⎛ ⎞= × ×⎜ ⎟
⎝ ⎠

= ×
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 Paraphrase 
 The positive charge moves a distance of 32.6 10  m−×  toward the negative plate. 
2.  Given  
 q = 1.60 × 10–19 C 
 m = 9.11 × 10−31 kg 

v = 2.3 × 103 m/s 
E  = 1.5 × 102 V/m 

 dΔ  = 1.0 × 10–2 m 
 Required 
 time taken for electron to fall 1.0 × 10–2 m ( tΔ ) 
 Analysis and Solution 
 First find the electric force on the electron. 

 ( )( )
e

19 2

17

1.60 10  C 1.5 10  V/m

2.4 10  N

F q E
−

−

=

= × ×

= ×

 

 Use the value for the electric force to calculate acceleration toward the positive 
plate. 

 17

31

13 2

2.4 10  N
9.11 10  kg

2.63 10  m/s

F ma
Fa
m

−

−

=

=

×
=

×

= ×

 

 Calculate the time it takes the charge to move toward the positive plate using the 

equation 2
i

1 ( )
2

d v t a tΔ = Δ + Δ . Because there is no initial speed in the vertical 

direction, 

 

2

2

1 ( )
2

2

2 1.0 10  m

d a t

dt
a

−

Δ = Δ

Δ
Δ =

×
=

( )
13 m2.63 10  × 2

8

s
2.8 10  s−= ×

 

 Paraphrase 
 It takes the electron 82.8 10  s−×  to fall 1.0 × 10–2 m toward the positive plate. 



 
 Pearson Physics Solutions Unit VI Chapter 11   Copyright © 2007 Pearson Education Canada 
 

23

Student Book pages 575–576 

11.3 Check and Reflect 
Knowledge 
1. Charged particles move parallel to electric fields. 
2. No. A charge placed in the field is used only to determine the force of the electric field 

at a point in the electric field produced by the source charge. 
3. Both charges have the same electric potential. The larger charge has more electric 

potential energy. 
Applications 
4. Given 
 

e
q −  = −1.60 × 10−19 C 

p
q +  = +1.60 × 10−19 C 

 V = 220 V 
 

e
m −  = 9.11 × 10−31 kg 

 
p

m +  = 1.67 × 10−27 kg 

 Required 
speeds of the charges (v) 

 Analysis and Solution 
 The initial electric potential energies of the charges are: 

ipE  = Vq 
 Since they are at rest, their initial kinetic energies are: 

ikE  = 0 J 
 The final electric potential energies of the charges are: 

fpE  = 0 J 
 This system is conservative system, so a loss of electric potential energy is converted 

to a gain of kinetic energy, according to the law of conservation of energy: 
 

i i f fp k p kE E E E+ = +  
 For the electron:      

 

( )( )

i i f f

f

f

f

f

p k p k

k

k

19
k

17
k

0 J 0 J

220 V 1.60 10 C

3.52 10 J

E E E E

Vq E

Vq E

E

E

−

−

+ = +

+ = +

=

× =

= ×

 

 To determine the speeds of the charges, use 2
k

1
2

E mv= . 
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 For the electron: 

 

2
k

k

17

31

6

1   
2

2

2(3.52 10  J)
9.11 10  kg

8.79 10  m/s

E mv

Ev
m

−

−

=

=

×
=

×

= ×

 

For the proton: 

 

( )( )

i i f f

f

f

f

f

p k p k

k

k

19
k

17
k

0 J 0 J

220 V 1.60 10 C

3.52 10 J

E E E E

Vq E

Vq E

E

E

−

−

+ = +

+ = +

=

× =

= ×

 

 2
k

1
2

E mv=  

 

k

17

27

5

2

2(3.52 10  J)
1.67 10  kg

2.05 10  m/s

Ev
m

−

−

=

×
=

×

= ×

 

 Paraphrase 
 The speed of the electron is 8.79 × 106 m/s, and the speed of the proton is 

2.05 × 105 m/s. 
5.  Given 

e
q −  = −1.60 × 10−19 C 
V = 2.5 × 104 V 

e
m −  = 9.11 × 10−31 kg 

 Required 
 speed of the electrons (v) 
 Analysis and Solution 
 The initial electric potential energy of the electrons is: 

ipE  = Vq 
 Since they are at rest, their initial kinetic energy is: 

ikE  = 0 J 
 The final electric potential energy of the electrons is: 

fpE  = 0 J 
 This system is conservative, so a loss of electric potential energy is converted to a 

gain of kinetic energy, according to the law of conservation of energy: 
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( )( )

i i f f

f

f

f

f

p k p k

k

k

4 19
k

15
k

0 J 0 J

2.5 10 V 1.60 10 C

4.0 10 J

E E E E

Vq E

Vq E

E

E

−

−

+ = +

+ = +

=

× × =

= ×

 

 To determine the speed of the electrons, use 2
k

1
2

E mv= . 

   

k

15

31

7

2

2(4.0 10  J)
9.11 10  kg

9.4 10  m/s

Ev
m

−

−

=

×
=

×

= ×

 

 Paraphrase 
The maximum speed of the electrons is 9.4 × 107 m/s. 

6. To determine the magnitude of the charge, use:  

 

p

p

14

4

19

1.92 10 J   
3.20 10 V

   6.00 10 C

E
V

q
E

q
V

−

−

Δ
=

Δ
=

×
=

×

= ×

 

 The magnitude of the charge is 6.00 × 10−19 C. 
7. To determine the work done on the charge, use:  

 

p

6

4

   (120 V)(2.00 10 C)

   2.40 10 J

E
V

q
WV
q

W Vq
−

−

Δ
=

=

=

= ×

= ×

 

 The work done on the charge is 2.40 × 10−4 J. 
8. Given 
 

e
q −  = 1.60 × 10−19 C 

 V = 2.00 × 104 V 
 

e
m −  = 3.34 × 10−27 kg 
Required 

 (a) speed of the ion at the positive plate (v) 
 (b) speed of the ion midway between the two plates (v) 
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 Analysis and Solution 
 (a) The initial electric potential energy of the ion is: 

ipE  = Vq 
 Since it is at rest, its initial kinetic energy is: 

ikE  = 0 J 
 The final electric potential energy of the ion is: 

fpE  = 0 J 
 This system is conservative, so a loss of electric potential energy is converted to a 

gain of kinetic energy, according to the law of conservation of energy: 

 

( )( )

i i f f

f

f

f

f

p k p k

k

k

4 19
k

15
k

0 J 0 J

2.00 10 V 1.60 10 C

3.20 10 J

E E E E

Vq E

Vq E

E

E

−

−

+ = +

+ = +

=

× × =

= ×

 

 To solve for the speed of the ion, use 2
k

1
2

E mv= . 

 

k

15

27

6

2

2(3.20 10  J)
3.34 10  kg

1.38 10  m/s

Ev
m

−

−

=

×
=

×

= ×

 

 (b) Midway between the plates, the ion will gain half the kinetic energy,  
 so Ek = 1.60 × 10−15 J: 

 

2
k

k

15

27

5

1
2

2

2(1.60 10  J)
3.34 10  kg

9.79 10  m/s

E mv

Ev
m

−

−

=

=

×
=

×

= ×

 

Paraphrase 
 (a) The speed of the ion at the positive plate is 1.38 × 106 m/s. 
 (b) The speed of the ion midway between the plates is 9.79 × 105 m/s. 
9. (a) In a conservative system, 

  

p

2 8

5

(6.0 10 V)(3.0 10 C)

1.8 10 J

W E

Vq
−

−

= Δ

=

= × ×

= ×

 

The work done on the charge is 1.8 × 10−5 J. 
 (b) Given 
 q  = +3.0 × 10−8 C 
 V = 6.0 × 102 V 
 m  = 3.0 × 10−5 kg 
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 Required 
 maximum kinetic energy of the returning charge (

fkE ) 
 Analysis and Solution 
 The initial electric potential energy of the charge is: 

ipE  = Vq. 
 Since the charge is at rest, its initial kinetic energy is: 

ikE  = 0 J. 
 The final electric potential energy of the charge is: 

fpE  = 0 J. 
 This system is conservative, so a loss of electric potential energy is converted to a 

gain of kinetic energy, according to the law of conservation of energy: 

 

( )( )

i i f f

f

f

f

f

p k p k

k

k

2 8
k

5
k

0 J 0 J

6.0 10 V 3.0 10 C

1.8 10 J

E E E E

Vq E

Vq E

E

E

−

−

+ = +

+ = +

=

× × =

= ×

 

 Paraphrase 
The maximum kinetic energy of the returning charge is 1.8 × 10−5 J. 

 (c) To solve for the final speed of the returning charge, use: 

   

2
k

k

5

5

1
2

2

2(1.8 10  J)
3.0 10  kg

1.1 m/s

E mv

Ev
m

−

−

=

=

×
=

×

=

 

 The final speed of the returning charge is 1.1 m/s. 
10.  Given 
 v = 5.45 ×  106 m/s 
 E  = 125 N/C 
 dΔ  = 6.20 ×  10–3 m 
 Required 
 (a) (i) sketch of electric field lines between plates 
 (ii) sketch of the motion of the electron through the capacitor 
 (b) electric force ( )eF  
 (c) acceleration of the electron ( a ) 
 (d) horizontal distance electron travels ( dΔ ) 

Analysis and Solution 
 (a) (i)  
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 (ii)  

 
 (b) The electric force on the electron is given by  

 

e

e

N125 
C

F
E

q

F Eq

=

=

= 191.60 10  C−⎛ ⎞
− ×⎜ ⎟

⎝ ⎠
( )

172.00 10  N−= − ×

  

 The electron moves toward the positive plate, or down. 
 (c) The acceleration of the electron is given by  

 
17

31

13 2

2.00 10  N
9.11 10  kg

2.20 10  m/s

F ma

Fa
m

−

−

=

=

− ×
=

×

= − ×

 

 The electron moves toward the positive plate, or down. 
 (d) Find the time it takes the electron to fall a distance of 6.20 ×  10–3 m using the  

 equation ( )2
i

1
2

d v t a tΔ = Δ + Δ , where iv  = 0. 

 
3

2

2(6.20 10  m

dt
a

−

Δ
Δ =

×
=

13

)
m2.20 10  × 2

8

s
2.37 10  s−= ×

 

The time taken to travel horizontally equals the time taken to travel vertically. 

Since motion in the horizontal direction is uniform, use the equation dv
t

Δ
=
Δ

. 

 6 m5.45 10  
s

d v tΔ = Δ

= × 82.37 10  s−⎛ ⎞
×⎜ ⎟

⎝ ⎠
( )

0.129 m=

 

 Paraphrase 
 (b) The force due to the electric field on the electron is 172.00 10  N−×  [down]. 
 (c) The acceleration of the electron is 13 22.20 10  m/s×  [down]. 
 (d) The electron will travel a horizontal distance of 0.129 m. 
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Extensions 
11. Since each charge will gain the same amount of kinetic energy, the same amount of 

work is done on each charge. Since each charge travels the same distance, then the 
same amount of force is applied to each charge. Therefore: 

 

+

+ +

e p

e e p p

If
then,

F F

F ma
m a m a

−

− −

=

=
=

 

 The mass of the electron is smaller than that of the proton, so the electron must have 
a greater acceleration and will reach the plate sooner. 

12. Since pE
V

q
Δ

= , a high electric potential and a low electric potential energy mean that 

a small charge must be present. 
13. The electron undergoes uniform motion in the horizontal direction but uniformly 

accelerated motion in the vertical direction. Therefore, its path between the charged 
plates is parabolic rather than circular. 

 
Student Book pages 578–579 

Chapter 11 Review 
Knowledge 
1. Three theories that attempt to explain “action at a distance” are the historical effluvium 

theory, the current field theory, and the modern string theory. 
2. A charge placed near a charged object will experience a force. It will not experience a 

force near an uncharged object. 
3. The arrow points in the direction of the field, and the length of the arrow indicates the 

magnitude of the quantity. 
4. An electric field vector has a definite length determined by the magnitude of the 

quantity. An electric field line is a line drawn from the charged object to infinity or 
from infinity to the charged object. It shows only the direction of the electric field.  
The density of the electric field lines indicates the magnitude of the electric field. 

5.  

      
      
6. The density of the electric field lines indicates the magnitude of the electric field. 
7. (a) Electric field lines for a negative charge originate at infinity. 
 (b) Electric field lines for a positive charge originate at the centre of the charge and 

 extend to infinity. 

8. eF
E

q
=  and 2

kqE
r

=  
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9. Electric charges achieve static equilibrium when all the electrostatic forces acting on 
 the charged object are balanced. 
10. At the pointed surface, electrostatic forces between charges on the surface do not run 

parallel to the surface because they have a tangential component. As a result, the 
tangential component of the force of repulsion is greater toward the pointed surface 
than in the other direction, with the result that the charges will accumulate at the 
pointed surface. 

11. (a) The chosen zero reference point around a point charge is at infinity. 
 (b) The chosen zero reference point between two oppositely charged parallel plates is 

 at either inside surface of the plates. 
12. Ep = W (to move the charge to the point around the charge) 
13. The electric field around a point charge is non-uniform so the electric force on a 

charge in that field would vary with position. The electric force on a charge between 
charged plates would be uniform because the electric field between oppositely 
charged plates is uniform. 

14. (a) Work done equals potential energy gain. 
 (b) Potential energy would be converted to kinetic energy and vice versa without loss. 
Applications 
15. The potential energy at A would be higher than that at B because the zero reference 
 point is chosen at infinity. 
16. The leaves of the electroscope that is touched to the outside surface would diverge, 

indicating the presence of a charge. The electroscope touched to the inside surface 
would not be affected because there is no charge accumulation on this surface. 

17. (a) To calculate the electric field at a point, use: 

 

2

2
9 N m8.99 10

kqE
r

=

⋅×

=
2C

6(2.30 10 C−
⎛ ⎞

×⎜ ⎟⎜ ⎟
⎝ ⎠

)

(2.00 m 2

3

)

5.17 10  N/C= ×

 

 The electric field is 5.17 × 103 N/C [away from the positive charge]. 
 (b) To calculate the electric force on the charge, use: 

 

e

e

3 N5.17 10
C

F
E

q

F E q

=

=

= × 6(2.00 10 C−⎛ ⎞
×⎜ ⎟

⎝ ⎠
2

)

1.03 10 N−= ×

 

 The electric force would be 1.03 × 10−2 N [toward the positive charge]. 
18.  Given 

 
1

2

5.00 C
2.00 C

1.20 m

q
q
r

= −
= −
=
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 Required 
 (a) net electric field midway between the two charges ( netE ) 
 (b) point between the two charges where the net electric field is zero (

1 to Pqr ) 
 Analysis and Solution 
 (a) The electric field created by q1 at point P is to the left and is a negative vector 

 quantity. 
 The electric field created by q2 at point P is to the right and is a positive vector 

quantity. 
 The distance midway between the two charges is: 

  
1.20 m

2
0.600 m

r =

=
 

 Since the two electric field vectors are along the same line, the net electric field 
can be determined by adding the individual field vectors. 

 netE =  
1qE  + 

2qE  
 Consider right to be positive. 

 

1 2

1 2

net

1 2
2 2

P to P to

2
9 N m8.99 10

q q

q q

E E E

kq kq
r r

= +

= − +

⋅×

= −
2C

(5.00 C
⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

)

(0.600 m

2
9

2

N m8.99 10

)

⋅×

+
2C

(2.00 C
⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

)

(0.600 m 2

11 10

10

)

1.249 10  N/C 4.994 10  N/C

7.50 10  N/C

= − × + ×

= − ×

 

 (b) The electric field created by q1 at point P is to the left and is a negative vector 
 quantity. 

 The electric field created by q2 at point P is to the right and is a positive vector 
quantity. 

 The distance between q1 and point P is 
1 to Pqr  

 The distance between q2 and point P is: 
2 1to P to P(1.20 m )q qr r= −  

 Since the net electric field between the two charges is zero, then at point P: 

 

1 2

1 2

1 2
2 2

P to P to

2
9 N m8.99 10

q q

q q

E E

kq kq
r r

=

⎛ ⎛⎞ ⎞
⎜ ⎜⎟ ⎟=

⎟ ⎟⎜ ⎜⎠ ⎠⎝ ⎝

⋅×
2C

(5.00 C
⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

1 to P

)

( mqr

2
9

2

N m8.99 10

)

⋅×

=
2C

(2.00 C
⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

1 to P

)

(1.20 mqr−

1

2

to P

)

0.735 mqr =

 

 Paraphrase 
 (a) The net electric field midway between the two charges is 7.50 × 1010 N/C [toward 

 the −5.00 C charge]. 
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 (b) The position between the two charges where the net electric field is zero is  
 0.735 m from the −5.00 C charge. 

19.  Given 

 
A

B

6
A

6
B

2.0 10 C

2.0 10 C
53.1 to the horizontal

53.1 to the horizontal

−

−

= ×

= ×
= °

= °
q

q

q

q
θ

θ

 

 Required 
 net electric field at point C ( netE ) 
 Analysis and Solution 
 Since qA is a positive charge, the electric field created by qA at point C is directed 

away from qA and away from point P along an imaginary line joining qA and C. 
 Since qB is a positive charge, the electric field created by qB at point C is directed 

away from qB and away from point P along an imaginary line joining qB and C.  
 The distance between qA and C and qB and C is: 

A

2 2
to C

2

(0.040m) (0.030m)

0.05 m

5.0 10 m

qr

−

= +

=

= ×

 

 Determine the electric field created by qA at point C: 

 

A

A
A 2

to C

2
9 N m8.99 10  

q

kqE
r

=

⋅×

=
2C

6(2.0 10 C−⎛ ⎞
×⎜ ⎟⎜ ⎟

⎝ ⎠
2

)

(5.0 10 m−× 2

6

)

7.19 10  N/C= ×

 

 Similarly, the electric field created by qB at point C is 67.19 10  N/C× . 
 Solve the net electric field using the component method. 

  
 Ax

E  = (7.19 × 106 N/C)(cos 53.1°) 
         = 4.32 × 106 N/C  
 A y

E  = (7.19 × 106 N/C)(sin 53.1°) 

         = 5.75 × 106 N/C 
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 Similarly, 
Bx

E  = –(7.19 × 106 N/C)(cos 53.1°) 
  = −4.32 × 106 N/C 

 By
E  = (7.19 × 106 N/C)(sin 53.1°) 

        = 5.75 × 106 N/C 
The vector sum of all the x components (shown below) 

 ( ) ( )6 6
net 4.32 10  N/C + 4.32 10  N/C

0 N/C
x

E = × − ×

=
 

 ( ) ( )6 6
net

7

5.75 10  N/C 5.75 10  N/C

1.2 10  N/C
y

E = × + ×

= ×
 

 Since net x
E  = 0, netE  = net y

E . Since net y
E  is directed upward, the angle is 90.0o. 

Paraphrase 
 The net electric field at point C is 1.2 × 107 N/C [90.0°]. 
20. (a) To calculate the work done on the charge, use: 

(15.0 N)(0.20m)
3.0J

W F d= Δ

=
=

 

 The work done is 3.0 J. 
(b) The work done against the electrostatic force is W. 

 The electric potential energy gain is ΔEp. 
 In a conservative system: 

 p

3.0 J

E WΔ =

=
 

 The electric potential energy gain is 3.0 J. 
21. To calculate the potential energy at a point, use: 

  

1 2
p

29 N m8.99 10

q qE k
r

=

⋅×

=
2C

6(2.50 10 C−⎛ ⎞
×⎜ ⎟⎜ ⎟

⎝ ⎠
)(3.00 C )

1.20 m
45.62 10 J= ×

 

 The potential energy of the charge at this point is 5.62 × 104 J. 
22. (a)  Given 
 V = 6.00 V 
 dΔ  = 0.0375 m 
 Required 
 magnitude of the electric field between the plates ( E ) 
 Analysis and Solution 
 The voltage between the plates is the electric potential difference: 
 V V=Δ  
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The magnitude of the electric field between the plates is:  

 6.00 V
0.0375 m
160 V/m

VE
d

Δ
=
Δ

=

=

 

 Paraphrase 
 The electric field between the plates is 160 V/m. 
 (b) To determine the electric potential between the plates, use: 

 V160
m

V E dΔ = Δ

= 23.75 10  m−⎛ ⎞
×⎜ ⎟

⎝ ⎠
( )

6.00 V=

 

The electric potential between the plates is 6.00 V. 
23. No work is done when a charge is moved perpendicular to a uniform electric field. 
24. To calculate the electric field, use: 

 7

5

0.070 V
1.0 10 m

7.0 10  V/m

VE
d

−

Δ
=
Δ

=
×

= ×

 

 The electric field is 7.0 × 105 V/m. 
25.  Given 

q = 4.80 × 10−19 C 
 ΔV = 6.00 × 105 V 

Required 
 electric potential energy gained by the charge ( pEΔ ) 
 Analysis and Solution 
 The voltage is the electric potential difference between two positions: 

 56.00 10 V

V V= Δ

= ×
 

 To calculate the electric potential energy, use:  

( )( )

p

p

5 19

13

13

6.00 10 V 4.80 10 C

2.88 10 J

2.88 10 J

E
V

q
E Vq

−

−

−

Δ
=

Δ =

= × ×

= ×

= ×( ) 19
1 eV

1.60 10 J−×
61.80 10 eV

⎛ ⎞
⎜ ⎟
⎝ ⎠

= ×
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 Paraphrase 
 The energy gained by moving the charge between the two positions is 

2.88 × 10−13 J or 1.80 × 106 eV. 
26.  Given 
 q = 3.20 × 10−19 C 
 ΔV = 2.00 × 104 V 

Required 
 electric potential energy gained by the charge ( pEΔ ) in joules (J) and (eV) 
 Analysis and Solution 
 The voltage is the electric potential difference between two positions and can be 

determined as: 

 42.00 10 V

V V= Δ

= ×
 

 To calculate the electric potential energy, use:  

 
( )( )

p

p

4 19

15

15

2.00 10 V 3.20 10 C

6.40 10 J

6.40 10 J

E
V

q
E Vq

−

−

−

Δ
=

Δ =

= × ×

= ×

= ×( ) 19
1 eV

1.60 10 J−×
44.00 10 eV

⎛ ⎞
⎜ ⎟
⎝ ⎠

= ×

 

 Paraphrase 
 The energy gained by moving the charge between the two positions is 

6.40 × 10−15 J or 4.00 × 104 eV. 
27. Measure the force on the known charge, and then determine the strength of the 

 electric field at that point by using eF
E

q
= , where q is the known charge placed in the 

 field. 
(a) If the magnitude of the test charge were doubled, there would be no effect on the field 

produced by the primary charge. 
(b) If the magnitude of the source charge were doubled, the magnitude of the electric 

field would double. 
(c) If the sign of the charge producing the field were changed, the electric field would 

change to the opposite direction. 
Extensions 
28. If electric field lines crossed at a point, the point would have a different magnitude 

relative to other points that are the same distance from the primary charge. 
29. No. Charges remain on the outside surfaces of metal objects. Inside the cage, the bird 

would be safe. 
30. The redistribution of charges on the outside surfaces results from the electrostatic 

forces of repulsion. For a spherical object, the repulsive forces are equal along the 
surface so that charge distributes equally. On an irregular object, the components of 
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the repulsive forces are tangential to the surface and increase toward the point, so 
charges accumulate at a point. 

31. Electrostatic repulsive forces will cause charges to move as far away from each other 
as possible, so they will accumulate on the outside surface. 

32. If you held an electroscope inside a hollow charged sphere, there would be no effect 
on the electroscope. 

33. A lightning rod uses the principle that charges accumulate at a point. This effect 
creates a larger electric field at the tip of the lightning rod, so the lightning strikes the 
rod rather than the building itself. 
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