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peated. Which is traveling faster when the collision occurs, the
proton or the electron? Justify your answer.

9. The potential is constant throughout a given region of space.
Is the electric field zero or nonzero in this region? Explain.

10. In a region of space where the electric field is constant every-

where, as it is inside a parallel plate capacitor, is the potential

constant everywhere? Account for your answer.

11. A positive test charge is placed in an electric field. In what
direction should the charge be moved relative to the field, such
that the charge experiences a constant electric potential? Explain.

12. The location marked # in
the drawing lies midway be-
tween the point charges +g
and —g. The blue lines la-
beled A, B, and C are edge-on
views of three planes. Which
one of these planes is
an equipotential  surface? A c
Why?

13. Imagine that you are
moving a positive test charge
aleng the line between two identical point charges. With regard to
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the electric potential, is the midpoint on the line analogous to the
top of a mountain or the bottom of a valley when the two point
charges are (2) positive and (b) negative? In each case, explain
your answer. :

14. Repeat question 13, assuming that you are moving a negative
instead of a positive test charge.

15. The potential at a point in space has a certain value, which is
not zero. Is the electric potential energy the same for every
charge that is placed at that point? Give your reasening.

16. A proton and an electron are released from rest at the mid-
point between the plates of a charged parallel plate capacitor. Ex-
cept Tor these particles, nothing else is between the plates. Ignore
the attraction between the proton and the electron, and decide
which particle strikes a capacitor plate first. Why?

17. A parallel plate capacitor is charged up by a battery. The bat-
tery is then disconnected, but the charge remains on the plates.
The plates are then pulled apart. Explain whether each of the fol-
lowing quantities increases; decreases, or remains the same as the
distance between the plates increases: (a) the capacitance of
the capacitor, (b) the potential difference between the plates,
(c) the electric field between the plates, and (d) the electric poten-
tial energy stored by the capacitor. Give reasons for your an-
SWETS.

Note: All charges are assumed to be point charges unless specified otherwise.

$9mM Solution is in the Student Solutions Manaal. www Solution is available on the World Wide Web at http://www.wiley.com/college/cutnell

£ This icon represents a biomedical application.

Section 19.1 Potential Energy,
Section 19.2 The Electric Potential Difference

= 1. ssm & Suppose that the electric potential outside a living cell
is higher than that inside the cell by 0.070 V. How much work is
done by the electric force when a sodium ion (charge = +e)
moves from the outside to the inside?

2. A particle has a charge of +1.5 uC and moves from point A
to point B, a distance of 0.20 m. The particle experiences a con-
stant electric force, and its motion is aleng the line of action of
the force. The difference between the particle’s electric potential
energy at Aand B is EPE, — EPEz = +9.0 X 107" J. (a) Find
the magnitude and direction of the electric force that acts on the
particle. (b) Find the magnitude and direction of the electric field
that the particle experiences.

3. Just as you touch a metal door knob, a spark of electricity
(electrons) jumps from your hand to the knob. The electric poten-
tial of the knob is 2.0 X 10* V greater than that of your hand.
The work done by the electric force on the electrens is 1.5 X
107 J. How many electrons jump from your hand to the knob?

4, The anode (positive terminal) of an X-ray tube is at a potential
of +125 000 V with respect to the cathode (negative terminal).
{(a) How much work (in joules) is done by the electric force when

an electron is accelerated from the cathode te the anode? (b) If
the electron is initially at rest, what kinetic energy does the elec-
tron have when it arrives at the anode?

z 5, ssm In a television picture tube, electrons strike the screen af-

ter being accelerated from rest through a potential difference of
25 000 V. The speeds of the electrons are quite large, and for ac-
curate calculations of the speeds, the effects of special relativity
must be taken into account. Ignoring such effects, find the elec-
tron speed just before the electron strikes the screen.

6. A particle with a charge of —1.5 uC and a mass of 2.5 X
10~® kg is released from rest at point A and accelerates toward
point B, arriving there with a speed of 42 m/s. (a) What is the po-
tential difference V; — V, between A and B? (b) Which point is
at the higher potential? Give your reasoning.

7. An electric car accelerates for 8.0 s by drawing energy from
its 320-V battery pack. During this time, 1300 C of charge pass
through the battery pack. Find the minimum horsepower rating of
the car.

*8. A typical 12-V car battery can deliver about 7.5 X 10° C of
charge before dying. This is not very much. To get a feel for this,
calculate the maximum mumber of kilograms of water (100 °C) that
could be boiled into steam (100 °C) using energy from this battery.















