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Lecture 14: 02/29/2024
 Announcements

  Leap Day
Eclipse
Written HW4 due Tuesday

 Last Time
 Exam Review

 Today
Online HW Review
Written HW explanation
Potential from field
Field from potential
Electric potential of point charges
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Electric Potential:
What’s a volt anyway?
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Electric Potential:

Is also called voltage.  They are the same thing.

Electric potential is measured in Volts.  (SI unit)

The term potential ties back to potential energy because 
potential IS the potential energy per unit charge.

Every problem on Online HW5 required either this 
formula or

U=QV V=
U
Q

Δ V=−EΔ x
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HW5 Review – Problem 1:

Positive charges always move to lower potential.  
Negative charges “go uphill”

U=QV V=
U
Q
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HW5 Problem 3:

Energy is conserved K i+Ui=K f+Uf
1
2
m v i

2
+U i=

1
2
m v f

2
+Uf→

1
2
m02+qV=

1
2
m v2+0

1
2
m02+q 4V=

1
2
m (2 v)2+0

Uelectric=QV
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HW5 Problem 4:

Δ V=−EΔ x
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HW5 Problem 7:

ΔUchemical=Δ Uelectrical

Δ Uchemical=mglass Cglass Δ T+mAl CAl Δ T+mmilk Cmilk Δ T

Δ Uelectrical=Q V

HW5 Problem 7:
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HW5 Problem 13:

a) What’s “E” in the gap?
b) What’s the potential?
c/d) Now what are these things with numbers?
e) An electron is released from the negative plate.  At 
what speed does it strike the positive plate?

Δ V=−EΔ x

E= σ
ϵ0
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HW5 Problem 12
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HW5 Problem 12

V=−∫a⃗

b⃗
E⃗⋅d r⃗
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Voltage from Electric Field:

If the electric field is constant, then:

If it depends on x:

If it’s constant but not along         :  

If it depends on x, y, and z:           

Δ V=−EΔ x

Δ V=−∫a

b
Ed x

Δ V=−E⃗⋅Δ r⃗Δ r⃗

Δ V=−∫a⃗

b⃗
E⃗⋅d r⃗



Work
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HW Written 4 Problem 7
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E=−
Δ V
Δ x
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Positive charges will move to lower voltage

Negative charges move to higher voltages.

E=−
Δ V
Δ x



  

V (x)=−∫Edx

Ex=−
dV
dx

Potential
(Voltage) in 1-D



  

You are told that the electric potential is zero

At some point “P”.   Which statement is correct?

A. A  charge placed at P would feel no electric force

B. The electric field at P is also zero.

C. The electric field at P is negative

D. Both A and B

E. not enough information given to decide
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HW Written 4 Problem 8

Where is V=0?

Where is E=0?

V (x)=3x−2x2
−x3



21



22

Potential is a scalar!!  Superposition is EASY!!

Δ V r ∞=k
Q
r
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HW Written 4 Problem 10a

What is the potential in the center of an equilateral 
triangle with side “a” and equal charges q?

Δ V r ∞=k
Q
r
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HW Written 4 Problem 10b

What is the potential in the center of the base of an 
equilateral triangle with side “a” and equal charges q?

Δ V r ∞=k
Q
r
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Potential of point charges … Why?
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Voltage from Electric Field:

If the electric field is constant, then:

If it depends on x:

If it’s constant but not along         :  

If it depends on x, y, and z:           

Δ V=−EΔ x

Δ V=−∫a

b
Ed x

Δ V=−E⃗⋅Δ r⃗Δ r⃗

Δ V=−∫a⃗

b⃗
E⃗⋅d r⃗
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Electric Field from Voltage:

If the electric field is constant, then:

If it depends on x:

. 

If it depends on x, y, and z: 

E=−
V
Δ x

E=−
dV
dx

E⃗=−∇ V
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Work and dot product and conservative force

W=F⃗ cos(θ)Δ r=F⃗⋅Δ r=−Δ U
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Electric potential of TWO large plates
(Area “A” separation “d”) … 
Electric field is doubled because two charged 
plates of opposite sign.

V=−E⃗⋅Δ r⃗=Ed

E⃗=
−σ

ϵ0
î

V=
σ

ϵ0
x=

σ

ϵ0
d



38

W=F⃗⋅Δ r⃗=Q E⃗⋅Δ r⃗

What does work have to do with Electric Potential?

What if force or Electric field are not constant?

W=∫ F⃗⋅d r⃗=Q∫ E⃗⋅d r⃗

Δ U=−W=QV=−Q∫ E⃗⋅d r⃗

therefor V≝−∫ E⃗⋅d r⃗



  

Voltage of a point charge:
(Or a spherically symmetric charge)

If A goes to infinity:

 VAB=−∫A

B kq
r2

r⋅dr

 VAB=kq
1
rB

−
1
rA



Δ V∞B=kq
1
rB

V=
kq
r

It takes work to move a charge in from 
infinity toward another charge.

+ A → B
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Recap

We learned that E=-dV/dx
We learned V=kQ/r (for a point)
We learned the potential is a scalar!
Because of the dot product, only the field along 
the direction of motion contributes to potential 
(or kinetic energy change)

We learned that there are only a couple of 
formulae for potential and they will defeat many 
beasts in the fearsome jungle of physics!
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Frightened creatures in the jungle at night ...
T = period of a wave (1/f)

T = tension in a string

   =  wavelength

   = charge/length

V = Voltage (potential)

v = velocity (e.g.                   )

k = Coulomb’s constant

k = The wave number

K = kinetic energy

  

v=√ Tμ

K=
1
2
m v2

E=k
q

r2

k=
2π
λ

λ v=f λ

λ=
Q
Lλ
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Frightened creatures in the jungle at night (2)

E = Electric field

    = Permittivity of free space

= charge of an electron (or a proton)

= the base of natural logarithms

 

  

E=
1

4π ϵ0

q

r2

ϵ0

E= λ
2π ϵ0r

E= σ
2ϵ0

E= σ
ϵ0

e

e
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