Chapter 17

Electric Potential Energy and
the Electric Potential




Consider gravity near the surface of the Earth

* The gravitational field is “uniform.” This means It always
points in the same direction with the same magnitude. This
explains why g Is a constant near the surface of the earth.

* We could consider the gravitational potential energy (mgh)
as made of two parts.

(1) mass which depends on the object, and

(2) the “gravitational potential” (V5 = gh) which only
depends on the elevation. We could then write the
gravitational potential energy as: Ug = mgh = mVg

e Every elevation has the same gravitational potential
regardless of mass, but the potential energy depends on
mass.
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Now consider an Electric field

 The electric potential (V) depends only on the position of
a charge In the electric field. Every position has the
same electric potential.
* The electric potential energy (Ug) depends on two
things:
(1) the charge of the object (g), and
(2) the electric potential.
o AUL = qAV
e Electric potential Is a scalar
S| units of electric potential Is joules/coulombs which Is
given the name volts (V)
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Positive charge plays the role of mass using this “gravitational
analogy”.



Electric fields, Electric potential and Work

. Electric fields are conservative fields. (They must be
conservative for potential energy to be defined.)

. W,,, = -W, =AU, = -JF-ds = -JgEds

AU_/q = AV =-|E.ds

Notice:

e This equation is similar in formto F/q = E

e There Is a relationship between V and E

. We only measure changes in electric potential and
potential energy, not absolute values.

Yet, gAV= AU, Is often written simply as qV= U,

. The sign of the charge matters. Negative particles have
an increase of potential energy when they move to a

lower potential.
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Interactive Question

Which statement best explains why It is possible to define
an electrostatic potential in a region of space that contains
an electrostatic field.

A) Work must be done to bring two positive charges
closer together.

B) Like charges repel one another and unlike charges
attract one another.

C) A positive charge will gain Kinetic energy as it
approaches a negative charge.

D) The work required to bring two charges together
IS Independent of the path taken.

E) A negative charge will gain kinetic energy as it
moves away from another negative charge.



Interactive Question

Which is true concerning the work done by an external
force In moving an electron at constant speed between
two points In an electrostatic field?

A) ltis always zero.

B) It is always positive.

C) Itis always negative.

D) It depends on the total distance covered.

E) It depends only on the displacement of the electron.



Electric Potential for a Uniform Electric Field

AV =-|E.ds = -E- |ds = -E's
Let’s say the field Is along the x axis:
AV = —E,AX



Interactive Question

A 1 uC point charge is moved from point A to B in the
uniform electric field shown. Which statement is true

concerning the potential energy of the point charge?
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A) It Increases by 6 pJ.
B) It decreases by 6 |uJ.
C) It decreases by 9 puJ.
D) It increases by 10.8 pJ
E) It decreases by 10.8 puJ



Electric Potential for a Point Charge

We usually define the potential at o to be 0, so V,=0,

V =kqg/r



Equipotential Surfaces

e Equipotential surfaces are imaginary surfaces that are at
the same potential. For gravity, equipotential surfaces
are lines of constant elevation.

* Equipotential surfaces are always perpendicular to field
lines (AV = -|E.ds).

* No work Is required to move a charge along an
electrostatic equipotential.

Positive Charge Uniform Field






Interactive Question

The picture shows equipotential lines. Where Is the
electric field the greatest?
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Interactive Question

A proton is moved from the point labeled “I” to the point

labeled “f”. In which case(s) does the potential energy
Increase?
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A)l only
B) Il only
C) Il only

D) More than one of the above
E) None of the above



Interactive Question

An electron Is moved from the point labeled “I”’ to the

point labeled “f”. In which case(s) does the potential
energy increase?
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A)l only

B) Il only

C) Il only

D) All of the above

E) None of the above



Interactive Question

An electron Is moved from the point labeled “I”’ to the

point labeled “f”. In which case(s) does the potential
Increase?
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A)l only

B) Il only

C) Il only

D) All of the above

E) None of the above



Problem: A proton is released from rest in a uniform
electric field of magnitude 8x10% VV/m. After the proton
has moved 0.5 meters,

(a) What is the change in electric potential?

(b) What is the change in potential energy?

(c) What is the speed of the proton?
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Interactive Question

An object with mass m and
charge —q is projected with
speed v Into the region between

two plates. The potential o — . !
difference between the plates is '
V and their separation isd. The

change in Kinetic energy as the

particle traverses this region Is:

A) —-qV/d B) 29V/mv

C)qV D) —qV
E) mv4/2




Interactive Question

The electric potential at a certain point in space IS

12V. What is the electric potential energy of a -3uC
charge placed at that point?

A) +4 ud
B) -4 uJ
C) +36 uJ
D) —36 uJ
E) zero



Calculating the Potential

1) Series of point charges: V = 2. (kig./r;)
2) Distribution of charge: VV = [ (k da/r)
3) From the electric field: AV = —|E.ds

Calculating the Potential Energy

AU, = q AV



Interactive Question

Two test charges are brought separately into the
vicinity of a charge +Q. First, test charge +q IS
brought to a point A a distance r from +Q. Next, +q IS
removed and a test charge of +2q is brought to point B
a distance 2r from +Q. Compared to the electrostatic
potential of the charge at A, that of the charge at B Is

+Q +( +Q +20
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A) greater B) smaller C) the same



Interactive Question
Two test charges are brought separately into the
vicinity of a charge +Q. First, test charge +q IS
brought to a point a distance r from +Q. Then this
charge Is removed and a test charge of -qg Is brought to

point to the same point.

he electrostatic potential

energy of which test charge is greater?
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A) +q
B) -9

C) it Is the same for both.



Calculating the Potential

Problem:. Objects with charges of 2.0 £C are placed on
opposite corners of a square, 0.025 m on each side. On

another corner an object with a charge of —-4.0 4C Is
placed. What is the potential at the fourth corner?




Calculating the Potential Energy

Problem: How much more work does it take to set up
the following situation if g = -3.0 uC, Q = 20.0 uC
and Q"= 5.0 uC to the point shown?
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r,=0.50m

r,=0.58m

r,=0.30 m



Interactive Question

Two positive point charges Q and q are separated by
a distance R. If the distance between the charges is
reduced to R/2, what happens to the total electric
potential energy of the system?

A) It Is doubled

B) It remains the same

C) It increases by a factor of 4

D) It is reduced to one-half of its original value
E) It i1s reduced to one-fourth of its original value



Calculating the Potential for Charge Distributions

Problem: What is the electrostatic potential from aring a
ring of charge with a total charge Q and a uniform charge
density and radius R?

—  +X




Problem: A thin conducting sphere
with a radius of R, Is placed inside the
center of a larger conducting sphere
with radius R,. The total chare on the
smaller sphere Is Q, and on the larger
sphere Q,. If the electrostatic potential
IS zero an infinite distance away from
the spheres, what is the potential at R,,
between R, and R,, and inside R,?




Interactive Question

Two conducting spheres, one having twice the
diameter of the other are separated by some distance.
The smaller sphere (1) has a charge of g and the larger
sphere (2) 1s uncharged. If the spheres are connected
by a thin wire:

no ()

A) 1 and 2 will have the same potential

B) 2 will have twice the potential of 1

C) 2 will have half the potential of 1

D)1 and 2 will have the same charge

E) 2 will have a larger electric field at its surface




Problem: Two spherical objects, one with a smaller
radius R, and one with a larger radius R, have charges on
them of q," and q,’, respectively. The two spheres are
connected by a wire and charge moves from one sphere to
another until they reach equilibrium. What is the ratio of
the surface charge density on one object compared to the

other?




Calculating the Electric Field from the Potential

AV = - [E.ds (1)
In one dimension,

AV = - |E -dx (2)
Take the derivative

dV/dx = -E, (3)

Equations (2) and (3) are identical.

In three dimensions,

0V =-E (4)
Equations (1) and (4) are identical, where,



Problem: We previously saw that the potential for a ring
of charge is given by kQ/(x2 + R?)¥2, Find the electric
field due to this charge distribution.




Problem: The electric potential due to a point charge Q at
the origin may be written as

r X2 +y’+z
Calculate E,, E,, and E,.



The Electron Volt (A non-SI unit of energy)

Problem: An electron is released from rest and allowed to
accelerate across a potential difference of one volt. How
much kinetic energy does the electron have?

| —  The answer is simple: It has
alectron one electron volt of energy.
HO == mmmmmm @_| Orin Sl Units:
Ke + Ue=K, + U,
+ . 4 Ke=U-U.=0-qgV

~ = (-1.6x1072° C)(1 V)
K/\@) 1 V0|t>\/L/ = 1 6x10-19 ]

SoleV=16x10"1]




