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Chapter 25 Electric Potential

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
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Work and Potential Energy

Electric Field Definition:

Work Energy Theorem
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dW = F. ds
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Electric Potential Difference
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Conventions for the potential “zero point”
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25-2 Potential Difference and electric field

. = When a force is “conservative” ie
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*The change in potential energy is directly related to the change in voltage.
AU = gAV
AV = AU/q

* AU: change in electrical potential energy (J)

* . charge moved (C)

* AV: potential difference (V)

All charges will spontaneously go to lower potential energies if they are
allowed to move.

Units of Potential Difference
LJb T Ua

V.. =V, -V, = = —
b b q q

Joules _ i _olt = Vv
Coulomb C

Because of this, potential difference is often referred to as “voltage”

a

MVea

In addition, 1 N/C =1 V/m - we can interpret the electric field as a

measure of the rate of change with position of the electric potential.
So what is an electron Volt (eV)?



Electron-Volts

* Another unit of energy that is commonly used in atomic and nuclear
physics is the electron-volt

 One electron-volt is defined as the energy a charge-field system
gains or loses when a charge of magnitude e (an electron or a proton)
Is moved through a potential difference of 1 volt
1eV=1.60x10"J

Since all charges try to decrease UE, and AU, = gAY, this
means that spontaneous movement of charges result in
negative AU.

AV=AU/q¢g
Positive charges like to DECREASE their potential (AV < 0)
Negative charges like to INCREASE their potential. (AV > 0)
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A uniform electric field directed along the
positive x axis. Point B is at a lower electric

potential than point A. Points B and C are at
the same electric potential.




Example

If a 9 V battery has a charge of 46 C how much chemical
energy does the battery have?

E=VxQ=9Vx46C =414 Joules
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Example

A pair of oppositely charged, parallel plates are separated by 5.33 mm. A
potential difference of 600 V exists between the plates. (a) What is the
magnitude of the electric field strength between the plates? (b) What
is the magnitude of the force on an electron between the plates?

d =0.00533m AV = Ed
AV = 600V 600 = E(0.0053)
E=7 E=113,207.55N/C
g, =16x10"C
-_F__F

qg 16x10™°C

F =1.81x10N



Example

Calculate the speed of a proton that is accelerated from rest
through a potential difference of 120 V

d, =1.6x10"°C
m . =1.67x10"*"kg
p

V =120V
v="7

oW _AK :%mvz
g q q

- \/2qu - \/2(1.6x1019)(120)
m 1.67x10°7

=1.52x10> m/s
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25-3 Electric Potential and Potential energy due to
point charges
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Recall the convention for the potential “zero point”
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Equipotential surfaces are concentric spheres



Superposition of potentials

V,=V,+V,+V,+..
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Example: (a) In figure a, 12 electrons are equally spaced and fixed
around a circle of radius R. Relative to V=0 at infinity, what are the
electric potential and electric field at the center C of the circle due to
these electrons? (b) If the electrons are moved along the circle until
they are nonuniformly spaced over a 120° are (figure b), what then is
the potential at C?

Solution:

(a): V:—K% E=0
R

(b): V=—K%

R

(a) (b)



Potential due to a group of point charges

v=yv =1 34 :

i= 4re, TN, ~6.00 4G
Example (25.3) r 9
(a) The electric potential at P due to the two .-
charges q, and g, is the algebraic sum of the
potentials due to the individual charges. (b) Athird ... 9.
charge g; = 3.00 C is brought from infinity to a T 00m
position near the other charges. e v
Solution For two charges, the sum T
: \ ~6.00 uC.L
Vp =k, (—ff—' + —‘L] TY
.y Yo
Ve = (8.99 X 10° N-m*=/C?) M -
2.00 x 107°C 6.00 X 107°C A
. ( 4.00 m - 5.00 m ) 20040 s0uC x
«— 4.00m 4.(

—6.29 X 10° V (b)



(B} Find the change mn p:::tential energy of the system of

two charges plus a charge g = 3.00 pnC as the latter charge
moves from infinity to point #

Solution When the charge g3 is at infinity, let us define
U; =0 for the svystem,

and when the charge
-[.-:ir = g3 Vp: therefore,

is at M

AU = gaVp — 0 = (3.00 = 107" C){— 6.29 > 107 V)
= —1.89 x 1072]
o= g (192 4195 gﬂﬁ)
L ria ros

= (8.99 = 10° N -m2/C%)
. ( (2.00 = 107 % C)(— 6.00 = 1075 )
S.00 m

N (2.00 = 107% CH(3.00 > 1075 )
4 .00

(3.00 = 107 C)H(—6.00 = 1079 C) )
5.0 m

= —5.48 = 1072 ]



Example

An electric dipole consists of two charges q, = +12nC and q, = -12nC,
placed 10 cm apart as shown in the figure. Compute the potential at

points a,b, and c.
= kZ(—+—

v - 8.99x109(12X1O_9 s —12x10‘9)
: 0.06 0.04

V,=-899V

_kZ(—+—

-9 -9
Vb=8.99x109(12X10 N 12x10 )

lg*-@ " L 3 0.04 0.14
em cm > em Vb =1926.4 V

V. =0V

13.0 cm




Example The Total Electric Potential

At locations A and B, find the total electric potential.

F8.0 % 16052 ¢ - 8.0x10°cC

A B
® -

0.20m 0.20 m 0.40 m

y _[B99x10°N-m*/C°)(+8.0x10°C) (8.99x10° N-m’/C”)(-8.0x10°C)

A = +240V
0.20m 0.60m

399x10° N-m’/C*)(+8.0x10°C) _(8.99x10°N-m’/C?)(-8.0x10°C)

V, = | =0V
0.40m 0.40m




(a) If two point charges are separated by a distance ry,,
the potential energy of the pair of charges is given by
keq,q,r 1, - (b) If charge g, is removed, a potential
keq,r 1, exists at point P due to charge q ,, .

U=V q,

U :ke qqu

r.12
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Example 1. What is the potential energy ifa +2 nC
charge moves from oo to point A, 8 cm away from a +6
uC charge?

The P.E. will be positive at point
A, because the field can do +

work If g Is released.

Potential Energy:

(9 x 10° M) (+6 x 10°C)(+2 x 10°C)
- (0.08 m)

U

[u=135m) | Positive potential

energy







