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Practical sources of electrical energy such as batteries and electric generators
are meant to maintain a potential difference. The actual amount of energy
transformed by such a device depends on how much charge flows, as well as the
potential difference (Eq. 17-3). For example, consider an automobile headlight
connected to a 12.0-V battery. The amount of energy transformed (into light and
thermal energy) is proportional to how much charge flows, which in turn depends
on how long the light is on. If over a given period of time 5.0 C of charge flows
through the light, the total energy transformed is (5.0 C)(12.0V) = 60]. Tf the
headlight is left on twice as long, 10.0 C of charge will flow and the energy
transformed is (10.0 C)(12.0V) = 1201].

Table 17-1 presents some typical voltages.

Electron in TV tube. Suppose an electron in the picture
tube of a television set is accelerated from rest through a potential difference
V=V, = W, = +5000V (Fig. 17-4). (@) What is the change in electric
potential energy of the electron? (b) What is the speed of the electron
(m = 9.1 x 10°'kg) as a result of this acceleration?

APPROACH The clectron, accelerated toward the positive plate, will decrease
in potential energy by an amount Are = gV, (Eq. 17-3). The loss in
potential energy will equal its gain in kinetic energy (energy conservation).
SOLUTION (a) The charge on an electron is g = —e = —1.6 X 107 C.
Therefore its change in potential energy is

Ape = gV, = (—1.6 X 1077 C)(+5000 V) = —8.0 x 107"°].

The minus sign indicates that the potential energy decreases. The potential
difference, V,,, has a positive sign since the final potential Vj, is higher than the
initial potential V,; negative electrons are attracted toward a positive
electrode and repelled away from a negative electrode.

(b) The potential energy lost by the electron becomes kinetic energy KE. From
conservation of energy (Eq. 6-11a), Ake + Ape = 0, so

AKE = —APE
%mvz - 0= _Q(Vh - Vu) = —qWa-
where the initial kinetic energy is zero since we are given that the electron

started from rest. We solve for »:

[ 2q%, [ 2(=1.6 x 1077 C)(5000 V :

v f-m o ( 4]‘( ) _ 42 % 107m/s.
Y m \ 9.1 % 10 kg

NOTE The potential energy doesn’t depend on the mass, only on the charge

and voltage. The speed does depend on m.

EXERCISE A Instcad of the electron in Example 17-2. suppose a proton
(m = 1.67 % 10 ¥ kg) was accelerated from rest by a potential difference V,, = —35000 V.
What would be the proton’s (a) change in pi. and (b) final speed?

SECTION 17-1

FIGURE 17-3 (a) Two rocks are at the same
height. The larger rock has more potential energy.
- (b) Two charges have the same electric potential.
The 2Q charge has more potential energy.

TABLE 17-1 Some Typical
Potential Differences (Voltages)

Voltage

Source (approx.)

105V
High-voltage power line  10°-10°V
Power supply for TV tube 10*V

Thundercloud to ground

Electric Potential Energy and Potential Difference

Automobile ignition 10*V
Houschold outlet 102V
Automobile battery 12V
Flashlight battery {4
Resting potential across
nerve membrane 107tV
Potential changes on skin
(EKG and EEG) 10V
I Voa= {
5000V
b
High
voltage

FIGURE 17-4 FElectron accelerated
in TV picture tube. Example 17-2.
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