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24-3 ELECTRIC POTENTIAL

Work and potential energy in an electric field

Electrons are continually being knocked out of air molecules in
the atmosphere by cosmicray particles coming in from space.
Once released, each electron experiences an electrostatic force F
due to the electric field E that is produced in the atmosphere by
charged particles already on Earth. Near Earth’s surface the elec-
tric field has the magnitude E = 150 N/C and is directed down-
ward. What is the change AU in the electric potential energy of a
released electron when the electrostatic force causes it to move
vertically upward through a distance d = 520 m (Fig. 24-1)?

(1) The change AU in the electric potential energy of the
electron is related to the work W done on the electron by the

(2) The work done by a constant force Fona particle under-
going a displacement d is

W=F-d (24-3)
(3) The electrostatic force and the electric field are related

by the force equation F = gE, where here g is the charge
of an electron (= —1.6 X 107 C).

Calculations: Substituting for Fin Eq.24-3 and taking the
dot product yield

W =gqE-d = qFEd cos 6, (24-4)
where §is the angle between the directions of E and 4. The
field E is directed downward and the displacement d is

directed upward; so ¢ = 180°. Substituting this and other
data into Eq. 24-4, we find

W = (=1.6 X 1072 C)(150 N/C)(520 m) cos 180°
— 12X 10717

electric field. Equation 24-1 (AU = —W) gives the relation.

=
=)

Equation 24-1 then yields
AU=-W=-12X10"1]J. (Answer)

This result tells us that during the 520 m ascent, the electric
potential energy of the electron decreases by 1.2 X 10714 J,

[

Fig. 24-1 Anelectron in the atmosphere is moved upward
through displacement d by an electrostatic force F due to an
electric field E.

PLUS Additional examples, video, and practice available at WileyPLUS

24-3 Electric Potential

The potential energy of a charged particle in an electric field depends on the
charge magnitude. However, the potential energy per unit charge has a unique
value at any point in an electric field.

For an example of this, suppose we place a test particle of positive charge
1.60 X 107 C at a point in an electric field where the particle has an electric
potential energy of 2.40 X 107Y7 J. Then the potential energy per unit charge is

2.40 X 107177

——— = 150J/C.
1.60 X 107 C /

Next, suppose we replace that test particle with one having twice as much
positive charge, 3.20 X 107" C. We would find that the second particle has an
electric potential energy of 4.80 X 10717J, twice that of the first particle.
However, the potential energy per unit charge would be the same, still 150 J/C.
Thus, the potential energy per unit charge, which can be symbolized as Ulg, is
independent of the charge g of the particle we happen to use and is characteristic
only of the electric field we are investigating. The potential energy per unit charge at
a point in an electric field is called the electric potential V (or simply the potential)
at that point. Thus,
(24-5)

Note that electric potential is a scalar, not a vector.
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CHAPTER 24 ELECTRIC POTENTIAL

The electric potential difference AV between any two points i and fin an elec-
tric field is equal to the difference in potential energy per unit charge between
the two points:

Yy _av

AV =V, — V= .S 24-6
! g q q (246)

Using Eq. 24-1 to substitute —W for AU in Eq. 24-6, we can define the potential
difference between points i and fas

AV =V, -V, = — W (potential difference defined). (24-7)
d q

The potential difference between two points is thus the negative of the work
done by the electrostatic force to move a unit charge from one point to the other.
A potential difference can be positive, negative, or zero, depending on the signs
and magnitudes of g and W.

If we set U; = 0 at infinity as our reference potential energy, then by Eq. 24-5,
the electric potential ¥V must also be zero there. Then from Eq. 24-7, we can define
the electric potential at any point in an electric field to be

W.,
V=- 'q—“ (potential defined), (24-8)

where W,, is the work done by the electric field on a charged particle as that parti-
cle moves in from infinity to point f. A potential V can be positive, negative, or
zero,depending on the signs and magnitudes of g and W....

The ST unit for potential that follows from Eq. 24-8 is the joule per coulomb.
This combination occurs so often that a special unit, the volt (abbreviated V), is used
to represent it. Thus, )
1 volt = 1 joule per coulomb. (24-9)
This new unit allows us to adopt a more conventional unit for the electric field E,
which we have measured up to now in newtons per coulomb. With two unit conver-

sions, we obtain N 1v.C 17
1N/C:<1_c—>< 17 ><1N-m>

1 V/m. (24-10)

The conversion factor in the second set of parentheses comes from Eq. 24-9; that
in the third set of parentheses is derived from the definition of the joule. From
now on, we shall express values of the electric field in volts per meter rather than
in newtons per coulomb.

Finally, we can now define an energy unit that is a convenient one for energy
measurements in the atomic and subatomic domain: One electron-volt (eV) is the
energy equal to the work required to move a single elementary charge e, such as
that of the electron or the proton, through a potential difference of exactly one
volt. Equation 24-7 tells us that the magnitude of this work is g AV;so

leV =¢e(1V)
= (1.60 X 107 C)(1J/C) = 1.60 X 1071 7.

Work Done by an Applied Force

Suppose we move a particle of charge ¢ from point / to point fin an electric field
by applying a force to it. During the move, our applied force does work W, on
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the charge while the electric field does work W on it. By the work —kinetic energy
theorem of Eq.7-10, the change AK in the kinetic energy of the particle is

AK = Kp— K; = W + W. (24-11)

Now suppose the particle is stationary before and after the move. Then K, and
K; are both zero, and Eq.24-11 reduces to

Wapp = —W. (24-12)

In words, the work W,,, done by our applied force during the move is equal to
the negative of the work W done by the electric field—provided there is no
change in kinetic energy.

By using Eq. 24-12 to substitute W,,, into Eq. 24-1, we can relate the work
done by our applied force to the change in the potential energy of the particle
during the move. We find

AU = Uy — U; = Wy, (24-13)

By similarly using Eq.24-12 to substitute W,,, into Eq. 24-7, we can relate our work

Wpp to the electric potential difference AV between the initial and final locations of
th ticle. We find

e particle. We Wy, = g AV. (24-14)
W,ep can be positive, negative, or zero depending on the signs and magnitudes

of gand AV.

24-4 Equipotential Surfaces

Adjacent points that have the same electric potential form an equipotential
surface, which can be either an imaginary surface or a real, physical surface. No
net work W is done on a charged particle by an electric field when the particle
moves between two points / and f on the same equipotential surface. This follows
from Eq. 24-7, which tells us that W must be zero if V; = V}. Because of the path
independence of work (and thus of potential energy and potential), W = 0 for
any path connecting points i and f on a given equipotential surface regardless of
whether that path lies entirely on that surface.

Figure 24-2 shows a family of equipotential surfaces associated with the elec-
tric field due to some distribution of charges. The work done by the electric field

Equal work is done along
these paths between the
same surfaces.

No work is done along
this path on an
equipotential surface.

No work is done along this path
that returns to the same surface.

Fig. 24-2 Portions of four equipotential surfaces at electric potentials V, = 100V, V, =
80 V,V; = 60 V,and V, = 40 V. Four paths along which a test charge may move are shown.
Two electric field lines are also indicated.

CHECKPOINT 2

In the figure of Checkpoint 1, we move
the proton from point i to point fin a
uniform ~electric . field - directed - as
shown. (a) Does our force do positive
or negative work? (b) Does the proton
move to a point of higher or Jower po-
tential?



