Electric Potential
&
Electric Potential Energy



The force on a test charge g, in an E-field:

- -

qu,field = qoE

To move a charge around in an electric field, work 1s by the field (and
by an external agent).

Wfield = —Wext. agent
Recall: deield — qu,field . d§
B =2 N
So... Wrieta = qo J, E - dS = —AU

where d5s is a differential displacement along some path from Point 4
to Point B.

Since Fg, 4 1s @ conservative force, what does this imply about how AU
depends on the path taken from Point 4 to Point B?

No path dependence!



A mechanical analogy may by helpful...

U, O U
: :
W ® 6o

Because “opposites’ attract and “likes™ repel, assemblies
of charge possess (electric) potential energy.

We’ll see that like universal gravitation, it 1s often
convenient to define U = 0 when the charges are infinitely
far apart (at r = o).



Defining Potential

Again, consider a mechanical analogy: Gravitational Potential

We can define gravitational potential, “GP”, as

m
the “gravitational potential energy per unit mass.” 1
U h
: h
Thatis, GP = <2 = 22 = gh
m m

y

Note that GP depends only on location in space. There 1s no

U, = mgh

gravitational potential energy until a mass m 1s placed at a location where

the gravitational potential 1s nonzero.

Twice the mass, then twice the U, and twice the work to move it.

Ten times the mass, then ten times the U, and ten times the work.



Defining Electric Potential

Similarly, moving a particle with twice the charge in an electric field
requires twice as much work.

Moving a particle with ten times the charge means ten times the work.

We define Electric Potential, V, as the

the “electric potential energy per unit charge.” That 1s,
Ug

do

V =

where V 1s measured in (Joules/Coulomb) and 1 (J/C) = 1 “Volt”
and depends only on the location 1n space.



Potential Difference

AV = Vﬁnal lmtlal (AU /QO) ( erld /QO)

B—>
Av=—f B.ds

A

Again, since the Fy, 4 1S conservative,

AV 1s path independent.



Example: Uniform E-field

>

If g, > 0, then AU < 0 (particle moves to a lower U.)



Uniform E-field (cont’d)

>—>
. d_ . E
— >
0
o g
S
C_) >
A

= —Ed'cos0 = —Ed

For path A—-B — C, AV= —Ed + (— fB E- d§) = —Ed
0, since E L d§

AV,e = AV, implies V= V. rione path BC



Equipotential Contours/Surfaces

Paths along which the electric potential 1s constant
are referred to as equipotential contours.

o0V, T0V

1l

Question:

If E points to the right,
1s V higher or lower on
the left side?

vvyyvyy

100V 80V 60V

Answer: V 1s higher on the left side.



Question

To move an electron from 90 V to 70 V does an
external agent do positive work, negative work or
zero work?

A) W >0 B) VVext<0

ext

C) W, =0 D) Not enough information.



Question

To move an electron from 90 V to 70 V does an
external agent do positive work, negative work or
zero work?

A) Wo>0  B) W,,<0

ext

C) W, =0 D) Not enough information.



Electric Potential from a Point Charge

AV = Vg — VA=—ff§°d§, where E = %‘F.
_ _ (Bka, ;2
Then, AV = — | —7-ds

where 7 - ds = dscosf = dr (the projection of ds along 7).

T, B B k 1 1
DAV = [P g = g (L1,
.

A 1"2 ra

/| Letting r, = oo, then V, = 0, and
s . e
VB — A VB —_—

rp



Some things to note:

* For a point charge, V" at a location P 1n space depends
only on radial the coordinate » from the charge.

* Electric potential obeys superposition. So, for two or
more points charges:

_ _ ON N d4i
Ve =Vip + Vopt+ Vapt ... + Vyp=2im1 Vip = k 2=

* Vpi1s an algebraic sum rather than a vector sum. Thus,
it 1s generally easier to calculate V', than to calculate Ep.



Electric Potential Energy

Now bring a ¢, from oo and ”

place it a distance r,, from g,: ©
qi

kq1q->
12

U = q,V; = for the 2-particle system.

If instead you bring ¢, first, then bring g, from oo
and place 1t a distance r,, from g,, then...

UE — q1V2 — %4192 (the Same.)

12



Now, what happens when you then
bring 1n a third point charge and

place 1t at P near the first two? & 12
qi

Then AU = Uf — Ui — q3Vp — CIB(Vl + Vz)

Vi3

The total electrical potential energy of the 3-particle
system1s Us = U; + AU = U; + q3V; + g3V, or

4 4 4
C11612_|_ C11613_|_ d243

Uf —
12 13 23

To calculate the total Uy, you must sum over every pair of
charges. U, does not obey superposition!

q>



Electric Potential from a Dipole

AtP: Vo= i Vi=V,+V = k( —Q):kq(r_—r_,_

T+ Tr—

Forr > d: /

- —1, = dcosfO

and r,7_ =~ r?,

Thus V = kq dcos@ _ kpcos@ .

r2 ’

since p = qd.

Where r, = r_(as in the case of any point in the xz-plane),
V=0.
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