Chapter 25

Electric Potential




Outline

» 25.1 Potential difference and electric Potential

» 25.2 Potential Difference and electric field

» 25.3 Electric Potential and Potential energy due to point

charges




25.1 Potential difference and electric
Potential

» When a charge q moves in a uniform electric field E
from point A to point B, the work done by the field on
the charge is equal to the negative of the work done by
the external agent causing the displacement.

» When analyzing electric and magnetic
fields, it is common practice to use the
notation ds to represent an infinitesimal
displacement vector

B
AU = —gﬂj E-ds
A
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25.1 Potential difference and electric
Potential

» Potential difference between two points in E field is

defined as the change in potential energy of the
system when a test charge is moved between the

points divided by the test charge
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» The potential difference ( AV) between A and B depends only on

the source charge distribution (consider points A and B without the

presence of the test charge), while the difference in potential

enerqy ( AU) exists only if a test charge is moved between the

point




25.1 Potential difference and electric
Potential

> Units of Potential Difference:

[ Joules ]:[i}=vmt=v
Coulomb C

» 1J of work must be done to move a 1-C charge through a potential

difference of 1V.

> Therefore, we can interpret the electric field as a measure of the rate

of change with position of the electric potential
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25.1 Potential difference and electric
Potential

> What is an electron Volt (eV)?

» The energy a charge-field system gains or loses when
charge of magnitude e(electron or a proton) is moved

through a potential difference of 1V

leV=160x10""C-V=1.60x10"17]




25.1 Potential difference and electric
Potential

» Quick Quiz 23.6

In this figure, a negative charge is placed at A and then moved to B.
The change in potential energy of the charge—field system for this

process is

1- Positive

2- Negative

3- Zero




25.1 Potential difference and electric
Potential

» Example

A proton is released from rest at x =2.00 cm in a constant electric field with

magnitude 1.50x 103 N/C, pointing in the positive x-direction.

(a) Calculate the change in the electric potential energy associated with the proton
when it reaches X=5.00 cm.

(b) An electron is now fired in the same direction from the same position. What is
its change in electric potential energy associated with the electron if it reaches x=
12.0 cm?

(c) If the direction of the electric field is reversed and an electron is released
from rest at x=3.00 cm, by how much has the electric potential energy changed

when the electron reaches X= 7.00 cm?



25.2 Potential Differences in a Uniform
Electric Field
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Because Eis constant, we can remove it from the integral sign; this gives

B
AV= —EJ ds = —Ed (25.8)
A

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 25.2a.




25.2 Potential Differences in a Uniform
Electric Field

» A system consisting of a positive charge and an electric fiel
loses electric potential energy when the charge moves in the
direction of the field

» An electric field does work on a positive charge when the charge

moves in the direction of the electric field

» As the charged particle gains kinetic energy, the charge—field

system loses an equal amount of potential energy.

» A system consisting of a negative charge and an electric field

gains electric potential energy when the charge moves in the

direction of the field



25.2 Potential Differences in a Uniform

Flectric Field

The field does positive work
on it and the potential energy
decreases (AU = —)
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n it and the potential energy
creases(AU = +)

The field does negative work
on it and the potential energy
increases(AU = +)

The field does positive wor
on it and the potential en
decreases (AU = —)



25.2 Potential Differences in a Uniform
Electric Field

Equipotential surface

Vg = V¢




25.2 Potential Differences in a Uniform
Electric Field

» Quick Quiz 25.3

The labeled points in the Figure are on a series of equipotential
surfaces associated with an electric field. Rank (from greatest to
least) the work done by the electric field on a positively charged
particle that moves from A to B; from B to C; from C to D; from D to
E.




25.2 Potential Differences in a Uniform
Electric Field

» Quick Quiz 26.3

For the equipotential surfaces in this figure, what is the approximate

direction of the electric field?

1/ Out of the page
2/ Into the page

3/ Toward the right edge
of the page

4/ Toward the left edge of
the page

5/ Toward the top of the
page

6/ Toward the bottom of
the page




25.2 Potential Differences in a Uniform
Electric Field

» Example 25.1

A battery produces a specified potential difference AV between condu
attached to the battery terminals. A12-V battery is connected between
parallel plates, as shown in in the Figure. The separation between the plate
d=0.30cm, and we assume the electric field between the plates to is unifo

Find the magnitude of the electric field between the plates




25.2 Potential Differences in a Uniform
Electric Field

» Example 25.2

A proton is released from rest in a uniform electric field that
has a magnitude of 8.0 X 104 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.

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

(C) Find the speed of the proton after completing the
0.50 m displacement in the electric field.

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




25.3 Electric Potential and Potential Ener
Due to Point Charges

» The electric potential created by a point charge g at any distanc

r from the charge is given by




25.3 Electric Potential and Potential Ener
Due to Point Charges

» The total electric potential at some point P due to several poin

charges is the sum of the potentials due to the individual charge
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25.3 Electric Potential and Potential Enerd
Due to Point Charges

» The potential energy of a system of two charged particles

[ = .’i’, E]ﬂﬂ
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» The potential energy of a system of Three charged particles
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25.3 Electric Potential and Potential Ene
Due to Point Charges

» Example 25.3

A charge ¢ = 2.00 pC is located at the origin, and a charge

go = — 6.00 pnC 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, () m.

(B) Find the change in potential energy of the system of

two charges plus a charge g5 = 3.00 pC as the latter charge
moves from infinity to point P (Fig. 25.12b).
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Chapter Problems

1) A proton is moved from the negative plate to the positive plate of a
parallel-plate arrangement. The plates are 1.5cm apart, and the electr
field is uniform with a magnitude of 1500N/C.

a) How much work would be required to move a proton from the
negative to the positive plate?

b)What is the potential difference between the plates?

c) If the proton is released from rest at the positive plate, what speed will
it have just before it hits the negative plate?

Problem 5 Page 787

A uniform electric field of magnitude 290 V/m is directed in the positive x
direction. A +13.0 puC charge moves from the origin to the point (X, y) =
(20.0 cm, 50.0 cm). What is the change in the potential energy of the

harge field system?




Chapter Problems

Problem 16 Page 788

Given two 2.00-pC charges, as shown in Figure P25.16, and
a positive test charge ¢ = 1.28 X 107 C at the origin,
(a) what is the net force exerted by the two 2.00-uC
charges on the test charge g7 (b) What is the electric field
at the origin due to the two 2.00-pC charges? (c) What 1s
the electric potential at the origin due to the two 2.00-uC
charges?
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Chapter Problems

Problem 17 Page 788

At a certain distance from a point charge, the magnitude of the electric
field is 500 V/m and the electric potential is —3.00 kV. (a) What is the

distance to the charge? (b) What is the magnitude of the charge?

Problem 20 Page 789

Two point charges, Q1=5.00nC and Q2=3.00nC, are separated by
35.0cm. (a) What is the potential energy of the pair? What is the
significance of the algebraic sign of your answer? (b) What is the electric

potential at a point midway between the charges?
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Chapter Problems

7) A charge ¢ = 4.0 pC is moved 0.25 m horizontally to point P in a region where
an electric field is 150 V/m and directed vertically as shown. What is the change in the

electric potential energy of the charge?

Al 400, el Bl e (3 i) g8 Lo, (e 98 LS L g g ally V/m Vo
a)—2.4 x 107]
b)+1.5 % 10 ) A A} JE
¢)-1.5x10™) ®
d)+2.4x 107 q
e) zero joules
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