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Example 1:

Two point charges are located on the x-axis, q1 = -e at
x = 0 and q2 = +e at x = a.

a.) Find the work that must be done by an external
force to bring a third point charge q3 = +e from
infinity to x = 2a.

b.) Find the total potential energy of the system of
three charges.
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Example 2:
A positron has a mass of 9.11 x 10-31 kg and a charge of +e =
+1.60 x 10-19 C.  Suppose a positron moves in the vicinity of a
stationary alpha particle, which has a charge of +2e = 3.20 x
10-19 C.  When the positron is 1.00 x 10-10 m from the alpha
particle, it is moving directly away from the alpha particle at a
speed of 3.00 x 106 m/s.

a.) What is the positron’s speed when the two particles are
2.00 x 10-10 m apart?

b.) What is the positron’s speed when it is very far away from
the alpha particle?

c.) Suppose the moving particle were an electron heading
away the alpha particle.   What is the furthest distance
away from the alpha particle that the electron reaches?
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Example 3:

An electric dipole consists of two point charges, q1 =
+12 nC and q2 = -12 nC, placed 10 cm apart.
Compute the potentials at points a, b, and c by adding
the potentials due to either charge.
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Example 4:

A charge q = 2 µC is moved through a uniform field
directed to the right as shown in the figure above.
Find the work done by the field when the charge
moves from:

a.) a to b b.) b to c c.) a to c d.) c to a
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Example 5:

A solid conducting sphere of radius R has a total
charge Q.  Find the potential everywhere, both
outside and inside the sphere.
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Example 5: Charged Spherical Conductor

Er

r

! 

Q
4"#0R

2

! 

E = 0

! 

E" 1
r2

R

  

! 

Vr "V# = "
v 
E $ dv r 

#

r
%

! 

Vr " 0 = "
Q

4#$0r
2 dr

%

r
&

! 

Vr =
"Q
4#$0

dr
r2%

r
&

! 

Vr =
Q
4"#0

1
r
$ 
% & '

r

! 

=
Q
4"#0

1
r
$ 0

% 
& 
' 

( 
) 
* 

! 

=
Q
4"#0

1
r
$
1
%

& 
' 
( 

) 
* 
+ 

! 

Vr =
Q

4"#0r
  r > R( )

R

+
+ +

+

+

+

+
+

+

+

+

+

Q
! 

r2 ="

! 

V" = 0

! 

r

! 

Vr = ?
! 

r > R( )Example 5:

  

! 

Vr "VR = "
v 
E #dv r 

R

r
$

! 

Vr "VR = " 0dr
R

r
#

! 

Vr =
Q

4"#0R
  r < R( )

! 

Vr "VR = 0

! 

Vr =VR

R

+
+ +

+

+

+

+
+

+

+

+

+

Q
! 

r2 = R

! 

VR =
Q

4"#0R
  

! 

r

! 

Vr = ?

! 

r < R( )Example 5: Example 5: Charged Spherical Conductor

Vr

r

! 

Q
4"#0R

! 

V " 1
r

R



Electric Potential 19

Example 6:

A solid insulating sphere of radius R has a total
charge Q uniformly distributed throughout its
volume.  Find the potential everywhere, both outside
and inside the sphere.
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Example 7:

A solid insulating sphere of radius R has a total
charge Q uniformly distributed throughout its
volume and is concentric with a conducting shell of
inner radius 2R and outer radius 3R that has a total
charge of -2Q.  Find the potential for:
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b.) 2R < r < 3R
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Example 8:
A ring-shaped conductor with radius a in the y-z plane
carries a total charge Q uniformly distributed around
it.  Find the electric potential at a point P that lies on
the axis of the ring at a distance x from the origin.
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V =
Q

4"#0a

! 

V =
Q

4"#0 x2 + a2

Example 8:

! 

V =
Q

4"#0 x2 + a2

! 

Ex = "
dV
dx

= "
d
dx

Q
4#$0 x2 + a2
% 

& 
' ' 

( 

) 
* * 

! 

Ex = "
Q
4#$0

d
dx

x2 + a2( )"
1
2

! 

Ex =
Q
8"#0

x2 + a2( )$
3
2 2x( )

! 

Ex =
Qx

4"#0 x
2 + a2( )

3
2
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Example 9:
Positive electric charge Q is distributed uniformly
along a line with length 2a, lying along the y-axis
between y = -a and y = a.  Find the electric potential at
point P on the x-axis at a distance of x from the origin.

-a

y

x

a

Q

P

y

-a

x

a

Q

P

(0, y)

(x, 0)

! 

=
Q
2a
dy

! 

dq

! 

= "dy

! 

r = x2 + y2

! 

= k "dy
x2 + y2

! 

dV = k dq
r

! 

V = k "dy
x2 + y2#a

a
$

! 

= k" dy
x2 + y2#a

a
$

! 

from integral tables( )  dy
x2 + y2

" = ln x2 + y2 + y( ) +C

Example 9:



! 

V = k" dy
x2 + y2#a

a
$ = k"ln x2 + y2 + y( )]

#a

a
! 

from integral tables( )  dy
x2 + y2

" = ln x2 + y2 + y( ) +C

! 

V = k" ln x2 + a2 + a( )# ln x2 + a2 # a( )( )

! 

V = k"ln x2 + a2 + a
x2 + a2 # a

$ 

% 
& & 

' 

( 
) ) 

! 

V =
Q

8"#0a
ln x2 + a2 + a

x2 + a2 $ a

% 

& 
' ' 

( 

) 
* * 
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V

x

! 

V =
Q

8"#0a
ln x2 + a2 + a

x2 + a2 $ a

% 

& 
' ' 

( 

) 
* * 

! 

V =" at x = 0( )
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! 

V =
Q

8"#0a
ln x2 + a2 + a

x2 + a2 $ a

% 

& 
' ' 

( 

) 
* * 
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! 

Ex = "
dV
dx

= "
d
dx

Q
8#$0a

ln x2 + a2 + a
x2 + a2 " a

% 

& 
' ' 

( 

) 
* * 

% 

& 
' ' 

( 

) 
* * 

! 

Ex = "
dV
dx

=
"Q
8#$ 0a

x 2 + a 2 " a

x 2 + a 2 + a

% 

& 
' 
' 

( 

) 
* 
* 

x 2 + a 2 " a( ) 12( ) x 2 + a 2( )"
1
2 2x( ) " x 2 + a 2 + a( ) 12( ) x 2 + a 2( )"

1
2 2x( )

x 2 + a 2 " a( )
2

! 

Ex =
"Q
8#$0a

x 2 + a2 " a( ) x 2 + a2( )
" 12 x( ) " x 2 + a2 + a( ) x 2 + a2( )

"12 x( )

x 2 + a2 + a( ) x 2 + a2 " a( )

! 

Ex =
"Q
8#$0a

x x 2 + a2 x " ax " x x 2 + a2 " ax
x 2 + a2 x 2 + a2 " a2( )

! 

Ex =
"Q
8#$0a

"2ax( )
x 2 + a2 x 2( )

=
Q

4#$0x x 2 + a2
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Example 10:
A negative charge -Q is uniformly distributed around a
semicircle of radius a.  Find the electric potential at the
center of curvature P.  Express your answer in terms of
a, !, and "o.

y

P

xa

a

-a

-Q

y

P

xa

a

-a

-Q

! 

dq

! 

"

! 

r = a

! 

" =
#Q
$a

% 
& 
' 

( 
) 
* 

! 

V = k dq
a

"

! 

=
k
a

dq"

! 

V =
"kQ
a

! 

=
" "#$a( )
4$%0a

! 

=
"
4#0! 

=
k
a
"Q( )

! 

dV = k dq
r

! 

= k dq
a
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