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LECTURE 3:
ELECTRICPOTENTIAL
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Outlines

o Electric Potential
o Potential Difference
o Potential Differences Iin a Uniform Electric Field




Electric Potential

o The potential energy per unit charge U/q, IS
Independent of the value of g, and has a value at every
point in an electric field
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Potential Difference

o The change in potential energy of the system when a

test charge i1s moved between the points divided by the

test charge q,
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Potential Differences in a Uniform Electric
Field




* The negative sign Indicates that the electric

potential at point B Is lower than at point A;
that Is, Vg < V,.

Electric field lines always point In the
direction of decreasing electric potential, as
shown In Figure




Example 1
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Figure 25.3 A uniform electric
field directed along the positive
xaxis. Point s at a lower electric
potential than point A. Points
Band Care at the same electric
potential.

Change in potential energy
when a charged particle is
moved in a uniform electric field

It gq 15 neganve, then AU Equation 25.7 18 posiive and the situation 1s reversed:
A system consisting of a negative charge and an electric field gains electric po-
tential energy when the charge moves in the direction of the field. If a negative
charge is released from rest in an electric field, it accelerates in a direction opposite
the direction of the field. In order for the negative charge to move in the direction of
the field, an external agent must apply a force and do positive work on the charge.

Now consider the more general case of a charged particle that moves between A
and Bin a uniform electric field such that the vector s is not parallel to the field lines,
as shown in Figure 25.3. In this case, Equation 25.3 gives

B B
AV= —J E-ds = —E-J ds = —E-s
A A

(25.8)

where again we are able to remove E from the integral because it is constant. The
change in potential energy of the charge-field system is

AU= gy AV=—qE"s (25.9)

Finally, we conclude from Equation 25.8 that all points in a plane perpendicular to a
uniform electric field are at the same electric potential. We can see this in Figure 25.3,
where the potential difference Vg — Vy is equal to the potendal difference Vi — V.
(Prove this to yourself by working out the dot product E-s for s, where the angle f
between E and s is arbitrary as shown in Figure 25.3, and the dot product for sy,
where fl = 0.) Therefore, Vg = Vi, The name equipotential surface is given to any
surface consisting of a continuous distribution of points having the same electric
potential.

The equipotential surfaces of a uniform electric field consist of a family of parallel
planes that are all perpendicular to the field. Equipotental surfaces for fields with
other symmetries are described in later sections.




Example 2

o A battery produces a specified potential
difference AV between conductors
| attached to the battery terminals. A 12-
B V battery is connected between two
parallel plates, as shown in the figure.
The separation between the plates is d
= 0.30 cm, and we assume the electric
field between the plates to be uniform.

Find the magnitude

of the electric field between the
plates.




Example 25.1 The Electric Field Between Two Parallel Plates of Opposite Charge

A batery produces a specified potential difference AV
between conductors attached to the battery terminals. A 12V
battery is connected between two parallel plates, as shown in
Figure 25.5. The separation between the plates is d = 0.30 cm,
and we assume the electric field between the plates to be
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Figure 25.5 (Example 25.1) A 12-V battery connected to two
parallel plates. The electric field between the plates has a mag-
nitude given by the potential difference AVdivided by the plate
separation d.

uniform. (This assumption is reasonable if the plate separa-
tion is small refative to the plate dimensions and if we do not
consider locations near the plate edges.) Find the magnitude
of the electric field between the plates,

Solution The electric field is directed from the positive
plate (A) to the negative one (B), and the positive plate is at
a higher electric potential than the negative plate is. The
potential difference between the plates must equal the
potential difference between the batery terminals. We can
understand this by noting that all points on a conductor in
equilibrium are at the same electric potential’; no potential
difference exists between a terminal and any portion of the
plate to which it is connected. Therefore, the magnitude of
the electric field between the plates is, from Equation 25.6,

- v

- = 40% 100V
T om x0Tt X V/m

E

The configuration of plates in Figure 25.5 is called a
parallelplate capacitor, and 15 examined in greater detail in
Chapter 26,




Example 3

o A proton is released from rest in a
uniform electric field that has a
magnitude of 8.0 % 104 V/m. The
proton undergoes a displacement of
0.50 m in the direction of E.

o (A) Find the change in electric
potential between points A and B.

o (B) Find the change in potential
energy of the proton—field system for
this displacement.

o (¢) Find the speed of the proton after
completing the 0.50 m displacement
In the electric field.
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Example 25.2 Motion of a Proton in a Uniform Electric Field

A proton is released from rest in a uniform electric field that
has a magnitude of 8.0 % 10*V/m (Fig. 25.6). The proton
undergoes a displacement of 0.50 m in the direction of E.

(A) Find the change in electric potential between points A

and B.

Solution Because the positively charged proton moves in
the direction of the field, we expect it to move to a position
of lower electric potential. From Equation 25.6, we have

AV=—Ed=—(80 % 10°V/m)(0.50m) = —4.0x 101V

(B) Find the change in potential energy of the proton—field
system for this displacement.
Solution Using Equation 25.3,

AU= gy AV=¢ AV
(1.6 % 1079 C)(—4.0 x 107V)

—6.4 % 10°1%]

The negative sign means the potential energy of the system
decreases as the proton moves in the direction of the elec-
tric field. As the proton accelerates in the direction of the
field, it gains kinetic energy and at the same time the system
loses electric potential energy.

(C) Find the speed of the proton after completing the
0.50 m displacement in the electric field.
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Figure 25.6 (Example 25.2) A proton accelerates from A to B
in the direction of the electric field.

Solution The charge-field system is isolated, so the mech-
anical energy of the system is conserved:

AK+AI=1D
I[%mv"} -0 +eAV=10
—(2eAV)

m

o=

\/ —2(1.6 % 10719C) (— 4.0 ¥ 101V)
1.67 % 107" kg

2.8 % 106 m/s

What H? What if the situation is exactly the same as that
shown in Figure 25.6, but no proton is present? Could both
parts (&) and (B) of this example still be answered?




Electric Potential and Potential Energy due

to Point Charges




Electric Potential due to Point Charges

o The electric potential created by a point charge at any
distance r from the charge is

v = fef
I




For a group of point charges, we can write the total electric
potential at P in the form




Potential Energy due to Point Charges

o |f two-point charges are separated by a
distance r,, the potential energy of the pair
of charges is given by

Mo -~ {2
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Example 4

charge g1=2.00 uC is located
at the origin, and a charge
g2=-6.00 u C is located at
(0, 3.00) m, as shown in
Figure a.

(A) Find the total electric
potential due to these charges
at the point P, whose
coordinates are (4.00, 0) m.

(B)Find the <change in
potential energy of the system
of two charges plus a charge
g3 =3.00 u C as the latter

—6.00
ey
300 m
J')
il 1 - K
2.00 uC
e 400 m —— -
(a)
¥
—6.00 uC
i—
S04 m
— (O (O—=
2.00 pC 3.00 uC
e 400 m 4’|

(b)




EXample 25.3

A charge g, = 2.00 pC is located at the origin, and a charge
gz = — 6.00 uC is located at (0, 3.00) m, as shown in Figure
25.12a.

(A) Find the total electric potential due to these charges at
the point F, whose coordinates are (4.00, 0) m.

Solution For two charges, the sum in Equation 25.12 gives

ﬁ,:kf(£+£]

M Ta

Vp= (899 x 10" N-m*/C?)

» (z.m} x107°C  6.00 lu‘ﬁcj
4.00 m 5.00 m

= —620x10°V

(B) Find the change in potential energy of the system of
two charges plus a charge g4 = 3.00 uC as the latter charge
maves from infinity to point P (Fig. 25.12h).

Solution When the charge g4 is at infinity, let us define
[;=10 for the system, and when the charge is at F,
Lir = g3 Vp: therefore,

AU= gsVp— 0= (3.00 X 107°C)(—6.20 X 10°V)

= —1.80 % 1077%]

Therefore, because the potential energy of the system has
decreased, positve work would have to be done by an

The Electric Potentlal Due to Two Polnt Charges

external agent to remove the charge from point P back to
infinity.

What If? You are working through this example with a
classmate and she says, “Wait a minute! In part (B), we ig-
nored the potential energy associated with the pair of
charges g, and g,!" How would you respond?

Answer Given the statement of the problem, it is not nec-
essary to include this potential energy, because part (B) asks
for the change in potential energy of the system as g3 is
brought in from infinity. Because the configuration of
charges q, and ¢ does not change in the process, there is
no AL associated with these charges. However, if part (B)
had asked to find the change in potential energy when all
three charges start out infinitely far apart and are then
brought to the positions in Figure 25.12b, we would need to
calculate the change as follows, using Equation 25.14:

[r= h(glgg + FILE] + ?2?3)

. Tz Tia Tag
= (899 x 10 N-m~/C%)
y ( (2.00 % 107°C){—6.00 x 107°C)

3.00m
L (200 % 1075 C)(3.00 x 107°C)
4.00 m
, (800X 1070 C)(—6.00 x m'ﬁ{:)]
5.00 m
= —548 X 1072 ]




—6.00 p . —Iﬁ.lir:l]_.u%.ﬁ
[ o [ "4
.00 m S3.00 m
£ o |, Lo A
200uC 2.00 uC S.Hﬂﬂ
-—-l-ﬂﬂm;-‘ o 400 m —|
{a) (b)

Figure 25.12 (Example 25.3) (a) The electric potential at Pdue to the two charges q
and gz is the algebraic sum of the potentals due to the individual charges. (b) A third
charge g4 = 5.00 pC is brought from infinity to a positon near the other charges.
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