
The Electric Potential
• The potential energy per unit charge, U/qo, is 

the electric potentialthe electric potential
– The potential is independent of the value of qo

The potential has a value at every point in an– The potential has a value at every point in an 
electric field

• The electric potential is
UV =• The electric potential is 
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The Electric Potential
• The potential is a scalar quantity

– Since energy is a scalar

• As a charged particle moves in an electric field, it will 
experience a change in potential

UΔ

• The difference in potential is the meaningful quantity
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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 fieldconvenient point in the field
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The Electric Force is a Conservative 
ForceForce

Potential energy can be definedPotential energy can be defined 
only if the force is 
conservative, meaning that the 

k d th ti l itwork done on the particle as it 
moves from position i to 
position f is independent of the 
path followed between i and f.



Charged Particle in a Uniform FieldC a ged a t c e a U o e d

• A positive charge is released 
from rest and moves in the 
direction of the electric field

• The change in potential is 
negative

• The change in potential energy 
is negative

• The force and acceleration are 
in the direction of the field
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A Uniform Field



A Uniform Field



The Electric Potential
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Energy and the Direction of 
Electric Field

• When the electric field is 
directed downward,  point B
is at a lower potential than 
point Apoint A

• When a positive test charge 
moves from A to B, the 
h fi ld lcharge-field system loses 

potential energy



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 fieldcharge 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
Th h d i l i ki i l h• The charged particle gains kinetic energy equal to the 
potential energy lost by the charge-field system
– Another example of Conservation of Energyp gy



Directions

• If qo is negative, then ΔU is positive
• A system consisting of a negative chargeA system consisting of a negative charge 

and an electric field gains potential energy 
when the charge moves in the direction ofwhen the charge moves in the direction of 
the field

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



EquipotentialsEquipotentials
• Point B is at a lower potential 

than point A
• Points B and C are at the same 

potential
• The name equipotential q p

surface is given to any surface 
consisting of a continuous 
distribution of points havingdistribution of points having 
the same electric potential



Work and Electric Potential

• Assume a charge moves in an electric field 
without any change in its kinetic energy

• The work performed on the charge is
W = ΔV = q ΔV

Units:
• 1 V = 1 J/C

– V is a volt

12
– 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-fieldOne 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 
diff f 1 ldifference of 1 volt
– 1 eV = 1.60 x 10-19 J



Potential and Point ChargesPotential 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 at rA = ∞
• Then the potential at some point r is 

q
e

qV k
r

=

– The superposition principle:
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E and V for a Point ChargeE and V for a Point Charge
• The equipotential lines are 

the dashed blue lines
• The electric field lines are 

the brown lines
• The equipotential lines are 

everywhere perpendicular 
to the field linesto the field lines
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Quiz 1: What is the potential at P?Quiz 1: What is the potential at P?
P
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Quiz 2
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The Electric Potential Inside a 
Parallel-Plate CapacitorParallel Plate Capacitor

qEsU = EdVVV ==ΔqEsUelec =

EsV =
EdVVVC =−=Δ −+

d
VE CΔ

=
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Potential Difference in a Uniform FieldPotential Difference in a Uniform Field
• The equations for electric potential can be simplified if the electric 

field is uniform:
B B

V V V d E d EdΔ ∫ ∫E
• The negative sign indicates that the electric potential at point B is 

lower than at point A

B A A A
V V V d E d Ed− = Δ = − ⋅ = − = −∫ ∫E s s

lower than at point A
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Finding the Electric Field from the 
P t ti lPotential

VE CΔ
=

s
E

Δ
−=
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Electric Field from Potential

• In general, the electric potential is a g p
function of all three dimensions

• Equipotential surfaces must always beEquipotential surfaces must always be 
perpendicular to the electric field lines 
passing through thempassing through them

• Given V (x, y, z) you can find Ex, Ey and Ez
as partial derivativesas partial derivatives

x y z
V V VE E E
x y z

∂ ∂ ∂
= − = − = −

∂ ∂ ∂
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Electric Potential for a Continuous 
Charge DistributionCharge Distribution

• Consider a small chargeConsider a small charge 
element dq
– Treat it as a point charge

• The potential at some 
point due to this charge 
element iselement is 

e
dqdV k
r

=

e
dqV k
r

= ∫
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V Due to a Charged ConductorV Due to a Charged Conductor
• Consider two points on the 

surface of the charged 
conductor as shown

• E is always perpendicular to 
the displacement ds

• Therefore, E · ds = 0
• Therefore, the potential , p

difference between A and B is 
also zero
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V Due to a ChargedV Due to a Charged 
Conductor 

• V is constant everywhere on the surface of a charged 
conductor in equilibrium

ΔV = 0 between any two points on the surface– ΔV = 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 is zero inside the conductor, 

we conclude that the electric potential is constant 
everywhere inside the conductor and equal to theeverywhere inside the conductor and equal to the 
value at the surface
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E Compared to V
• The electric potential is a 

function of r
Th l t i fi ld i f ti• The electric field is a function 
of r2

• The effect of a charge on the 
di itspace surrounding it:

– The charge sets up a vector 
electric field which is 

l t d t th frelated to the force
– The charge sets up a scalar 

potential which is related to 
ththe energy

25



Cavity in a ConductorCavity in a Conductor
• Assume an irregularlyAssume an irregularly 

shaped cavity is inside a 
conductor

• Assume no charges are 
inside the cavity
Th l t i fi ld i id• The electric field inside 
the conductor  must be 
zerozero
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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
F ll th b t A d B• For all paths between A and B,

0
B

B A A
V V d− = − ⋅ =∫ E s

• A cavity surrounded by conducting walls is a field-
free region as long as no charges are inside the cavity

A∫
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