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HWO02 Solutions

CHAPTER 17: Electric Potential

Answers to Questions

3.

10.

(@) Electric potential, a scalar, is the electric potential energy per unit charge at a point in space.
Electric field, a vector, is the electric force per unit charge at a point in space.

(b) Electric potential energy is the work done against the electric force in moving a charge from a
specified location of zero potential energy to some other location. Electric potential is the
electric potential energy per unit charge.

There is no general relationship between the value of V" and the value of . Instead, the magnitude
of E is equal to the rate at which ¥ decreases over a short distance. Consider the point midway
between two positive charges. E is 0 there, but V' is high. Or, consider the point midway between
two negative charges. E is also 0 there, but V is low, because it is negative. Finally, consider the
point midway between positive and negative charges of equal magnitude. There E is not 0, because
it points towards the negative charge, but V' is zero.

Two equipotential lines cannot cross. That would indicate that a region in space had two different
values for the potential. For example, if a 40-V line and a 50-V line crossed, then the potential at the
point of crossing would be both 40 V and 50 V, which is impossible. Likewise, the electric field is
perpendicular to the equipotential lines. If two lines crossed, the electric field at that point would
point in two different directions simultaneously, which is not possible.

The equipotential lines are drawn ™~ |\ | | Ll s
so that they are perpendicular to
the electric field lines where they ” -
Cross.

© 2005 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the
publisher.

26



Giancoli Physics: Principles with Applications, 6" Edition
Solutions to Problems

3. The kinetic energy gained is equal to the work done on the electron by the electric field. The
potential difference must be positive for the electron to gain potential energy. Use Eq. 17-2b.

poe-Te gy s (- 1.60x 10" C)(2.3x 10"V =
q
: —(—1e)(2.3x104v)=

5. The magnitude of the electric field can be found from Eq. 17-4b.

V., 220V
E-= ba:—%: 38X104V/1T1
d 58x10"m

10. By the work energy theorem, the total work done, by the external force and the electric field
together, is the change in kinetic energy. The work done by the electric field is given by Eq. 17-2b.

Vchtcmal * VVclcctric = KEﬁna] - KEinitial ° Vchtcrnal - q( I/b - I/a) - KEﬁnal 2
W~ KEq, _ 15.0x107°7- 4.82x107°)
(Vb _ V;) - external final - 8 50 10>6C - |- 120)( 102V
q -8.50%

15. Use Eq. 17-5 to find the charge.

V:LQ . Q:(‘””o)rV:ﬁ ! ﬁ(O.ISm)(IZSV)=

4ne, r 8.99x 10’ Ngm*/C’

20. By energy conservation, all of the initial potential energy will change to kinetic energy of the
electron when the electron is far away. The other charge is fixed, and so has no kinetic energy.
When the electron is far away, there is no potential energy.

Einitia] . Eﬁna] - PEinitial . KEﬁnal - m; %mvz
r
2k(-¢)(0)  [2(899x10° Ngm’/C?](-1.60x10°C) (- 1.25x 107 C
" mr 9.11%10 kg (0.325m)

= [3.49x 10" m/s

21. By energy conservation, all of the initial potential energy of the charges will change to kinetic energy
when the charges are very far away from each other. By momentum conservation, since the initial
momentum is zero and the charges have identical masses, the charges will have equal speeds in
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opposite directions from each other as they move. Thus each charge will have the same kinetic

energy.
k 2
initial ~ Eﬁnal - PEinitial - KEﬁna] - g - 2(%’”‘}2) -
»|(8.99x10° Ngm?/C?)[9.5x 107°C)
v o, ( X gm/ )( X ) = |4.8x 10’ m/s

mr (1.0x10"°kg) (0.035m]

32. The voltage is found from Eq. 17-7.

0 165x10°C
0=CV - V===—"—":1174V
C 9.5x10°F -

36. Let O, and ¥, be the initial charge and voltage on the capacitor, and let O, and ¥, be the final
charge and voltage on the capacitor. Use Eq. 17-7 to relate the charges and voltages to the
capacitance.

0:=CV Q:CV, 0,-0=CV-Cn=C(r,-7) -
0,-0 _18x10°C _

C: = = |7.5x10F
v,-V, 24V

42. Use Eq. 17-9 to calculate the capacitance with a dielectric.

-2 2
ok Ksogz (2.2)(8.85x 107 CZ/Nsz)M:

(1.8 107 m]

47. The capacitance can be found from the stored energy using Eq. 17-10.

PE: IOV C:2(PE): 2(12OOJ)2:

o e (5.0x10°V]

48. The two charged plates form a capacitor. Use Eq. 17-8 to calculate the capacitance, and Eq. 17-10
for the energy stored in the capacitor.

oA PE = %QZ - led : (4.2X 10'4C)2(1.5x 10'3m) .

C-= = 3
d C “eyd 7(885x10™C*/NIm?)(8.0x 107 m)
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