The Electric Potential

» The potential energy per unit charge, U/q,, 1s
the electric potential

— The potential 1s independent of the value of q,

— The potential has a value at every point 1n an

electric field
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e The electric potential is VvV =—
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The Electric Potential

The potential 1s a scalar quantity
— Since energy 1s a scalar

As a charged particle moves in an electric field, it will
experience a change in potential
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The difference in potential is the meaningful quantity

We often take the value of the potential to be zero at some
convenient point in the field



The Electric Force 1s a Conservative
Force

An alternative path for ¢, to move from i to f

4 Potential energy can be defined
E};}, /\ only if the force is

l k conservative, meaning that the
Approximate the path using circular arcs Work done on the par_-tICIe as it
and radial lines centered on g Mmoves from pOSItIOﬂ 1 tO

\ position f is independent of the
& path followed between i and f.

The electric force does zero work as ¢,
moves along a circular arc because the force
is perpendicular to the displacement.

q,
O ® —_— e
i f
All the work 1s done along the radial
line segments, which are equivalent
to a straight line from 1 to f.




Charged Particle in a Uniform Field

A positive charge 1s released
from rest and moves in the
direction of the electric field

The change 1n potential 1s
negative

The change 1n potential energy
1S negative

The force and acceleration are
in the direction of the field




A Uniform Field

The gravitational field does work
on the particle. We can express the
Y work as a change in gravitational

potential energy.
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The net force on the particle 1s down.
[t gains Kinetic energy (i.e., speeds up)
as 1t loses potential energy.
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The electric field does work on the
particle. We can express the work as
a change in electric potential energy.
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The particle 1s “falling”
in the direction of E.
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A Uniform Fiel
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The potential energy of a positive
charge decreases in the direction of E.
The charge gains Kinelic energy as it
moves toward the negative plate.
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The potential energy of a negative
charge decreases in the direction
opposite to E. The charge gains
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from the negative plate.



The Electric Potential

AV >0

A positive charge speeds up C 5 O
as it moves through a negative .

potential difference. Potential =,

' ' i : A positive charge slows
energy is transformed into eavans | e charge slc

- : s lown as 1t moves through ;
kinetic energy. F ek N WRUMEL 8
@4_6') positive potential difference.
> Kinetic energy is transformed
AV<0 into potential energy.

T

Direction of increasing V
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Energy and the Direction of

Electric Fi

When the electric field 1s
directed downward, point B
1s at a lower potential than
point A

When a positive test charge
moves from A to B, the
charge-field system loses
potential energy
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More About Directions

* A system consisting of a positive charge and an
electric field 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

* The charged particle gains kinetic energy equal to the
potential energy lost by the charge-field system

— Another example of Conservation of Energy



Directions

 If g, 1s negative, then AU 1s positive

* A system consisting of a negative charge
and an electric field gains potential energy
when the charge moves 1n the direction of

the field

— In order for a negative charge to move in the
direction of the field, an external agent must do
positive work on the charge



Equipotentials

« Point B is at a lower potential

than point A

 Points B and C are at the same
potential

« The name equipotential

surface is given to any surface
consisting of a continuous

distribution of points having
the same electric potential




Work and Electric Potential

* Assume a charge moves 1n an electric field
without any change 1n 1ts kinetic energy

* The work performed on the charge 1s
W =AV =q AV

units:
e 1V=1J/C
— Vs avolt

— It takes one joule of work to move a 1-coulomb
charge through a potential difference of 1 volt "



Electron-Volts

* 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) 1s moved through a potential
difference of 1 volt

— 1eV=160x10"]



Potential and Point Charges

The electric potential is independent of the path between points A and B
It is customary to choose a reference potential of V=0 atr, = o
Then the potential at some point r is

V =k,
I

— The superposition principle:

V =keZ%
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E and V for a Point Charge

* The equipotential lines are
the dashed blue lines ‘ |
* The electric field lines are 1A
the brown lines . , £
« The equipotential lines are (>
everywhere perpendicular
to the field lines ’ b S

(b)
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Quiz 1: What 1s the potential at P?

P

4 cm

+2 nC —1 nC
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MULTIPLE CHOICE. Choose the one alternative that best completes thestatement o answers the question.

ﬂ 1) Three charges form an equilateral biangle with 57 cin long sides. What iz the electric potential at
the point indicated with the dot?
2 nC
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—1 nC —1 nC
Al zero B) 1600V C) 1100V 0 550V
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The Electric Potential Inside a
Parallel-Plate Capacitor

n=+442x107" C/m’
d =3 mm
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Potential Difference in a Uniform Field

« The equations for electric potential can be simplified if the electric
field 1s uniform:

B B
Ve =V, =AV =—[ ‘E-ds = -E| "ds = —Ed

« The negative sign indicates that the electric potential at point B is
lower than at point A

AV=15V

++ + + + +
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A battery is a source
of potential.
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Finding the Electric Field from the

E=-

AV,
As

Potential

E , the component of E

A very small in the direction of motion,
displacement 1s essentially constant over
of charge ¢ the small distance As.
E s
.= - \
: \
- A\
As . g
q & - >
i E
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Electric Field from Potential

 In general, the electric potential 1s a
function of all three dimensions

» Equipotential surfaces must always be
perpendicular to the electric field lines
passing through them

* Given V (X, Y, Z) you can tind E,, E, and E,
as partial derivatives
SV VA
ox 7 oy 0z
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Electric Potential for a Continuous
Charge Distribution

e Consider a small charge
element dg

— Treat 1t as a point charge 4

* The potential at some i

point due to this charge .
element is /

d
dv =k, 3 B
I

V:kejdr—q
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V Due to a Charged Conductor

i N % f?d ﬁ?’f
Consider two points on the “%%:X;;Xf;ﬁf
surface of the charged ~J
conductor as shown N : P
E is always perpendicular to K“%a;%ﬁ“x e
the displacement ds A :é’j
Therefore, E - ds=0 i '3 N
Therefore, the potential R :ﬁ-a-ﬂ
difference between A and B 1s —— t—a
also zero N\ -
X X A S
A
w \*J ‘L \%\-& N
/ Y \
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V Due to a Charged
Conductor

* V 1s constant everywhere on the surface of a charged
conductor in equilibrium

— AV = 0 between any two points on the surface

« The surface of any charged conductor in electrostatic
equilibrium is an equipotential surface

* Because the electric field 1s zero inside the conductor,
we conclude that the electric potential is constant
everywhere inside the conductor and equal to the
value at the surface
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E Compared to V

The electric potential 1s a
function of r

The electric field 1s a function
of r?

The effect of a charge on the
space surrounding it:

— The charge sets up a vector
electric field which is
related to the force

— The charge sets up a scalar
potential which is related to
the energy

(c)
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Cavity in a Conductor

e Assume an irregularly
shaped cavity 1s inside a
conductor

* Assume no charges are
inside the cavity

 The electric field inside
the conductor must be
Zero
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Cavity in a Conductor

* The electric field inside does not depend on the charge
distribution on the outside surface of the conductor

 For all paths between A and B,
B
Vo=V, =—| E-ds=0

A cavity surrounded by conducting walls 1s a field-
free region as long as no charges are inside the cavity
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GENERAL PRINCIPLES

Sources of V

The electric potential, like the electric field, is created by
charges.

Two major tools for calculating Voare
q

dmey ©

+ The potential of a point charge V =

+ The principle of superposition

Multiple point charges

Ulse superposition: V= ¥ + Vo + V3 + ...
Caontinuous distribution of charge

+ Divide the charge into point-like A,

+ Find the potential of each AQ,

+ Find V by summing the potentials of all AQ

The summation usually becomes an integral. A critical step is
replacing AQ with an expression involving a charge density
and an integration coordinate. Calculating ¥V is usually easier
than calculating E becanse the potential is a scalar.

APPLICATIONS

Giraphical representations of the potential:

Potential graph  Equipotential surfaces

Contour map

Elevation graph

Consequences of VV
A charged particle has potential energy
U=gVv

at a point where source charges have created an electric
potential V.
The electric force is a conservative force, so the mechanical
energy is conserved for a charged particle in an electric
potential:

K+ U =K+ U
The potential energy of two point charges separated by
distance r is

=Kr]‘lr]‘:= L qugz

dqmey 1

Ugra: r
The zero point of potential and potential energy is chosen to be
convenient. For point charges, we let If = O when r — o,

The potential energy in an electric field of an electric dipole
with dipole moment p is

Ugipote = —PEcosf = —p-E

Sphere of charge Q LT T
I T e T
. ’ -
Same as a point charge g :’ R
ifr =R. 5 \\l‘-..-“ A
LR N L)

Parallel-plate capacitor SR

Ay,

V = Er, where 5 is measured
from the negative plate. The
electric field inside is

E = Av/d

Units
Electric potential: 1 ¥V = 1 I/C
Electric field: 1 Vim = | N/C
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