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Last time

• electric field lines

• electric field from a point charge

• net electric field from many charges

• effect of fields on charges



Warm Up Questions

Which expression relating force to electric field is correct?

(A) F = m0E

(B) E = q0F

(C) F = q0E

(D) F = E
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Warm Up Questions

What are the units of electric field?

(A) Nm

(B) N/C

(C) Nm2/C2

(D) C/N
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Warm Up Questions

q1 = q3 = 5.00 µC, q2 = −2.00 µC, and a = 0.100 m.
The resultant force exerted on q3 is Fnet,3 = (−1.04 i + 7.94 j) N.

What is the electric field at the location of q3 due to the other two
charges?

696 Chapter 23 Electric Fields

same sign as in Figure 23.6a, the product q1q2 is positive and the electric force on one 
particle is directed away from the other particle. If q1 and q2 are of opposite sign as 
shown in Figure 23.6b, the product q1q2 is negative and the electric force on one par-
ticle is directed toward the other particle. These signs describe the relative direction 
of the force but not the absolute direction. A negative product indicates an attractive 
force, and a positive product indicates a repulsive force. The absolute direction of the 
force on a charge depends on the location of the other charge. For example, if an x 
axis lies along the two charges in Figure 23.6a, the product q1q2 is positive, but F

S
12  

points in the positive x direction and F
S

21  points in the negative x direction.
 When more than two charges are present, the force between any pair of them is 
given by Equation 23.6. Therefore, the resultant force on any one of them equals the 
vector sum of the forces exerted by the other individual charges. For example, if four 
charges are present, the resultant force exerted by particles 2, 3, and 4 on particle 1 is

F
S

1 5 F
S

21 1 F
S

31 1 F
S

41

Q uick Quiz 23.3  Object A has a charge of 12 mC, and object B has a charge  
of 16 mC. Which statement is true about the electric forces on the objects?  
(a) F

S
AB 5 23 F

S
BA  (b) F

S
AB 5 2 F

S
BA  (c) 3 F

S
AB 5 2 F

S
BA  (d) F

S
AB 5 3 F

S
BA  

(e)  F
S

AB 5 F
S

BA   (f) 3 F
S

AB 5 F
S

BA

Example 23.2   Find the Resultant Force

Consider three point charges located at the corners of a right triangle as shown in 
Figure 23.7, where q1 5 q3 5 5.00 mC, q2 5 22.00 mC, and a 5 0.100 m. Find the 
resultant force exerted on q3.

Conceptualize  Think about the net force on q3. Because charge q3 is near two 
other charges, it will experience two electric forces. These forces are exerted in dif-
ferent directions as shown in Figure 23.7. Based on the forces shown in the figure, 
estimate the direction of the net force vector.

Categorize  Because two forces are exerted on charge q3, we categorize this exam-
ple as a vector addition problem.

Analyze  The directions of the individual forces exerted by q1 and q2 on q3 are 
shown in Figure 23.7. The force F

S
23  exerted by q2 on q3 is attractive because q2  

and q3 have opposite signs. In the coordinate system shown in Figure 23.7, the 
attractive force F

S
23  is to the left (in the negative x direction).

 The force F
S

13  exerted by q1 on q3 is repulsive because both charges are positive. The repulsive force F
S

13  makes an 
angle of 45.08 with the x axis.

S O L U T I O N

Figure 23.6 Two point charges 
separated by a distance r exert a 
force on each other that is given 
by Coulomb’s law. The force F

S
21 

exerted by q2 on q1 is equal in mag-
nitude and opposite in direction to 
the force F

S
12 exerted by q1 on q2.
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Figure 23.7  (Example 23.2) The 
force exerted by q1 on q3 is F

S
13. The 

force exerted by q2 on q3 is F
S

23.  
The resultant force F

S
3 exerted on q3 

is the vector sum F
S

13 1 F
S

23.

(A) (−1.04 i + 7.94 j) N

(B) (−1.04 i + 7.94 j) N/C

(C) (−0.208 i + 1.59 j) MN/C

(D) (−2.08 i + 15.9 j) N/C

1Figure from Serway & Jewett, pg 696, Ex 2.



Warm Up Questions

q1 = q3 = 5.00 µC, q2 = −2.00 µC, and a = 0.100 m.
The resultant force exerted on q3 is Fnet,3 = (−1.04 i + 7.94 j) N.

What is the electric field at the location of q3 due to the other two
charges?
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Overview

• electric field of a dipole

• continuous distributions of charge



Electric Dipole

electric dipole

A pair of charges of equal magnitude q but opposite sign,
separated by a distance, d .

dipole moment:

p = qd r̂

where r̂ is a unit vector pointing from the negative charge to the
positive charge.
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Fig. 22-8 (a) An electric dipole.The
electric field vectors and at point
P on the dipole axis result from the dipole’s
two charges. Point P is at distances r(!) and
r(") from the individual charges that make
up the dipole. (b) The dipole moment of
the dipole points from the negative charge
to the positive charge.
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22-5 The Electric Field Due to an Electric Dipole
Figure 22-8a shows two charged particles of magnitude q but of opposite sign,
separated by a distance d. As was noted in connection with Fig. 22-5, we call this
configuration an electric dipole. Let us find the electric field due to the dipole of
Fig. 22-8a at a point P, a distance z from the midpoint of the dipole and on the
axis through the particles, which is called the dipole axis.

From symmetry, the electric field at point P—and also the fields and
E
:

(") due to the separate charges that make up the dipole—must lie along the
dipole axis, which we have taken to be a z axis.Applying the superposition princi-
ple for electric fields, we find that the magnitude E of the electric field at P is

(22-5)

After a little algebra, we can rewrite this equation as

(22-6)

After forming a common denominator and multiplying its terms, we come to

(22-7)

We are usually interested in the electrical effect of a dipole only at distances
that are large compared with the dimensions of the dipole—that is, at distances such
that z # d. At such large distances, we have d/2z $ 1 in Eq. 22-7. Thus, in our ap-
proximation, we can neglect the d/2z term in the denominator, which leaves us with

(22-8)

The product qd, which involves the two intrinsic properties q and d of the
dipole, is the magnitude p of a vector quantity known as the electric dipole moment

of the dipole. (The unit of is the coulomb-meter.) Thus, we can write Eq. 22-8 as

(electric dipole). (22-9)

The direction of is taken to be from the negative to the positive end of the
dipole, as indicated in Fig. 22-8b. We can use the direction of to specify the
orientation of a dipole.

Equation 22-9 shows that, if we measure the electric field of a dipole only at
distant points, we can never find q and d separately; instead, we can find only their
product. The field at distant points would be unchanged if, for example, q were
doubled and d simultaneously halved. Although Eq. 22-9 holds only for distant
points along the dipole axis, it turns out that E for a dipole varies as 1/r 3 for all
distant points, regardless of whether they lie on the dipole axis; here r is the dis-
tance between the point in question and the dipole center.

Inspection of Fig. 22-8 and of the field lines in Fig. 22-5 shows that the direc-
tion of for distant points on the dipole axis is always the direction of the dipoleE
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Electric Dipole (Example 23.6, B)
Evaluate the electric field from the dipole at point P, which is at
position (0, y).

 23.4 Analysis Model: Particle in a Field (Electric) 703

(B)  Evaluate the electric field at point P in the special case that uq1u 5 uq2u and a 5 b.

Conceptualize  Figure 23.13 shows the situation in 
this special case. Notice the symmetry in the situa-
tion and that the charge distribution is now an elec-
tric dipole.

Categorize  Because Figure 23.13 is a special case of 
the general case shown in Figure 23.12, we can cat-
egorize this example as one in which we can take the 
result of part (A) and substitute the appropriate val-
ues of the variables.

S O L U T I O N

P

y

r

a
q

a
–q

x

u

u

u u

! "

E
S

 

E2
S

E1
S

Figure 23.13  (Example 23.6) 
When the charges in Figure 
23.12 are of equal magnitude 
and equidistant from the origin, 
the situation becomes symmet-
ric as shown here.

Analyze  Based on the symmetry in Figure 
23.13, evaluate Equations (1) and (2) from 
part (A) with a 5 b, uq1u 5 uq2u 5 q, and f 5 u:

(3)    Ex 5 ke 
q

a 2 1 y 2  cos u 1 ke 
q

a 2 1 y 2  cos u 5 2ke 
q

a 2 1 y2  cos u

 Ey 5 ke 
q

a 2 1 y 2  sin u 2 ke 
q

a 2 1 y 2  sin u 5 0

From the geometry in Figure 23.13, evaluate 
cos u:

(4)   cos u 5
a
r

5
a1a 2 1 y 2 21/2

Substitute Equation (4) into Equation (3): Ex 5 2ke 
q

a 2 1 y 2 c a1a 2 1 y 2 21/2 d 5 ke 
2aq1a 2 1 y 2 23/2

(C)  Find the electric field due to the electric dipole when point P is a distance y .. a from the origin.

S O L U T I O N

In the solution to part (B), because y .. a, neglect a2 com-
pared with y 2 and write the expression for E in this case:

(5)   E < ke 
2aq

y 3

Write the components of the net electric field 
vector:

(1)   Ex 5 E1x 1 E 2x 5 ke 
0 q1 0

a 2 1 y 2  cos f 1 ke 
0 q 2 0

b 2 1 y 2  cos u

(2)   Ey 5 E 1y 1 E 2y 5 ke 
0 q1 0

a 2 1 y 2  sin f 2 ke 
0 q2 0

b 2 1 y 2  sin u

▸ 23.6 c o n t i n u e d

Finalize  From Equation (5), we see that at points far from a dipole but along the perpendicular bisector of the line 
joining the two charges, the magnitude of the electric field created by the dipole varies as 1/r 3, whereas the more 
slowly varying field of a point charge varies as 1/r 2 (see Eq. 23.9). That is because at distant points, the fields of the two 
charges of equal magnitude and opposite sign almost cancel each other. The 1/r 3 variation in E for the dipole also is 
obtained for a distant point along the x axis and for any general distant point.

 



Electric Dipole (Example 23.7)

 23.4 Analysis Model: Particle in a Field (Electric) 703

(B)  Evaluate the electric field at point P in the special case that uq1u 5 uq2u and a 5 b.

Conceptualize  Figure 23.13 shows the situation in 
this special case. Notice the symmetry in the situa-
tion and that the charge distribution is now an elec-
tric dipole.

Categorize  Because Figure 23.13 is a special case of 
the general case shown in Figure 23.12, we can cat-
egorize this example as one in which we can take the 
result of part (A) and substitute the appropriate val-
ues of the variables.

S O L U T I O N
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a
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E2
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E1
S

Figure 23.13  (Example 23.6) 
When the charges in Figure 
23.12 are of equal magnitude 
and equidistant from the origin, 
the situation becomes symmet-
ric as shown here.

Analyze  Based on the symmetry in Figure 
23.13, evaluate Equations (1) and (2) from 
part (A) with a 5 b, uq1u 5 uq2u 5 q, and f 5 u:

(3)    Ex 5 ke 
q

a 2 1 y 2  cos u 1 ke 
q

a 2 1 y 2  cos u 5 2ke 
q

a 2 1 y2  cos u

 Ey 5 ke 
q

a 2 1 y 2  sin u 2 ke 
q

a 2 1 y 2  sin u 5 0

From the geometry in Figure 23.13, evaluate 
cos u:

(4)   cos u 5
a
r

5
a1a 2 1 y 2 21/2

Substitute Equation (4) into Equation (3): Ex 5 2ke 
q

a 2 1 y 2 c a1a 2 1 y 2 21/2 d 5 ke 
2aq1a 2 1 y 2 23/2

(C)  Find the electric field due to the electric dipole when point P is a distance y .. a from the origin.

S O L U T I O N

In the solution to part (B), because y .. a, neglect a2 com-
pared with y 2 and write the expression for E in this case:

(5)   E < ke 
2aq

y 3

Write the components of the net electric field 
vector:

(1)   Ex 5 E1x 1 E 2x 5 ke 
0 q1 0

a 2 1 y 2  cos f 1 ke 
0 q 2 0

b 2 1 y 2  cos u

(2)   Ey 5 E 1y 1 E 2y 5 ke 
0 q1 0

a 2 1 y 2  sin f 2 ke 
0 q2 0

b 2 1 y 2  sin u

▸ 23.6 c o n t i n u e d

Finalize  From Equation (5), we see that at points far from a dipole but along the perpendicular bisector of the line 
joining the two charges, the magnitude of the electric field created by the dipole varies as 1/r 3, whereas the more 
slowly varying field of a point charge varies as 1/r 2 (see Eq. 23.9). That is because at distant points, the fields of the two 
charges of equal magnitude and opposite sign almost cancel each other. The 1/r 3 variation in E for the dipole also is 
obtained for a distant point along the x axis and for any general distant point.

 

The y -components of the electric field
cancel out, Ey = 0.

x-components:

Ex = E1,x + E2,x

Also E1,x = E2,x

Ex = 2

(
ke q

r2
cos θ

)

=
2ke q

(a2 + y2)

(
a√

a2 + y2

)

=
2ke a q

(a2 + y2)3/2



Electric Dipole (Example 23.7)

 23.4 Analysis Model: Particle in a Field (Electric) 703

(B)  Evaluate the electric field at point P in the special case that uq1u 5 uq2u and a 5 b.

Conceptualize  Figure 23.13 shows the situation in 
this special case. Notice the symmetry in the situa-
tion and that the charge distribution is now an elec-
tric dipole.

Categorize  Because Figure 23.13 is a special case of 
the general case shown in Figure 23.12, we can cat-
egorize this example as one in which we can take the 
result of part (A) and substitute the appropriate val-
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Figure 23.13  (Example 23.6) 
When the charges in Figure 
23.12 are of equal magnitude 
and equidistant from the origin, 
the situation becomes symmet-
ric as shown here.

Analyze  Based on the symmetry in Figure 
23.13, evaluate Equations (1) and (2) from 
part (A) with a 5 b, uq1u 5 uq2u 5 q, and f 5 u:
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(C)  Find the electric field due to the electric dipole when point P is a distance y .. a from the origin.

S O L U T I O N

In the solution to part (B), because y .. a, neglect a2 com-
pared with y 2 and write the expression for E in this case:
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Write the components of the net electric field 
vector:

(1)   Ex 5 E1x 1 E 2x 5 ke 
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0 q 2 0

b 2 1 y 2  cos u

(2)   Ey 5 E 1y 1 E 2y 5 ke 
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▸ 23.6 c o n t i n u e d

Finalize  From Equation (5), we see that at points far from a dipole but along the perpendicular bisector of the line 
joining the two charges, the magnitude of the electric field created by the dipole varies as 1/r 3, whereas the more 
slowly varying field of a point charge varies as 1/r 2 (see Eq. 23.9). That is because at distant points, the fields of the two 
charges of equal magnitude and opposite sign almost cancel each other. The 1/r 3 variation in E for the dipole also is 
obtained for a distant point along the x axis and for any general distant point.
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(B)  Evaluate the electric field at point P in the special case that uq1u 5 uq2u and a 5 b.
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result of part (A) and substitute the appropriate val-
ues of the variables.
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Figure 23.13  (Example 23.6) 
When the charges in Figure 
23.12 are of equal magnitude 
and equidistant from the origin, 
the situation becomes symmet-
ric as shown here.

Analyze  Based on the symmetry in Figure 
23.13, evaluate Equations (1) and (2) from 
part (A) with a 5 b, uq1u 5 uq2u 5 q, and f 5 u:
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a 2 1 y 2  cos u 1 ke 
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a 2 1 y 2  cos u 5 2ke 
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a 2 1 y 2 c a1a 2 1 y 2 21/2 d 5 ke 
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(C)  Find the electric field due to the electric dipole when point P is a distance y .. a from the origin.

S O L U T I O N

In the solution to part (B), because y .. a, neglect a2 com-
pared with y 2 and write the expression for E in this case:

(5)   E < ke 
2aq

y 3

Write the components of the net electric field 
vector:

(1)   Ex 5 E1x 1 E 2x 5 ke 
0 q1 0
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Finalize  From Equation (5), we see that at points far from a dipole but along the perpendicular bisector of the line 
joining the two charges, the magnitude of the electric field created by the dipole varies as 1/r 3, whereas the more 
slowly varying field of a point charge varies as 1/r 2 (see Eq. 23.9). That is because at distant points, the fields of the two 
charges of equal magnitude and opposite sign almost cancel each other. The 1/r 3 variation in E for the dipole also is 
obtained for a distant point along the x axis and for any general distant point.

 

What happens as we move infinitely far from
the dipole? (y >> a)

The constant a in the denominator has less
and less affect on the function. We can see
that the field function approaches Efar =
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Electric Dipole (Example 23.7)

 23.4 Analysis Model: Particle in a Field (Electric) 703

(B)  Evaluate the electric field at point P in the special case that uq1u 5 uq2u and a 5 b.

Conceptualize  Figure 23.13 shows the situation in 
this special case. Notice the symmetry in the situa-
tion and that the charge distribution is now an elec-
tric dipole.

Categorize  Because Figure 23.13 is a special case of 
the general case shown in Figure 23.12, we can cat-
egorize this example as one in which we can take the 
result of part (A) and substitute the appropriate val-
ues of the variables.
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Figure 23.13  (Example 23.6) 
When the charges in Figure 
23.12 are of equal magnitude 
and equidistant from the origin, 
the situation becomes symmet-
ric as shown here.

Analyze  Based on the symmetry in Figure 
23.13, evaluate Equations (1) and (2) from 
part (A) with a 5 b, uq1u 5 uq2u 5 q, and f 5 u:

(3)    Ex 5 ke 
q

a 2 1 y 2  cos u 1 ke 
q

a 2 1 y 2  cos u 5 2ke 
q

a 2 1 y2  cos u

 Ey 5 ke 
q

a 2 1 y 2  sin u 2 ke 
q

a 2 1 y 2  sin u 5 0

From the geometry in Figure 23.13, evaluate 
cos u:

(4)   cos u 5
a
r

5
a1a 2 1 y 2 21/2

Substitute Equation (4) into Equation (3): Ex 5 2ke 
q

a 2 1 y 2 c a1a 2 1 y 2 21/2 d 5 ke 
2aq1a 2 1 y 2 23/2

(C)  Find the electric field due to the electric dipole when point P is a distance y .. a from the origin.

S O L U T I O N

In the solution to part (B), because y .. a, neglect a2 com-
pared with y 2 and write the expression for E in this case:

(5)   E < ke 
2aq

y 3

Write the components of the net electric field 
vector:

(1)   Ex 5 E1x 1 E 2x 5 ke 
0 q1 0

a 2 1 y 2  cos f 1 ke 
0 q 2 0

b 2 1 y 2  cos u

(2)   Ey 5 E 1y 1 E 2y 5 ke 
0 q1 0

a 2 1 y 2  sin f 2 ke 
0 q2 0

b 2 1 y 2  sin u

▸ 23.6 c o n t i n u e d

Finalize  From Equation (5), we see that at points far from a dipole but along the perpendicular bisector of the line 
joining the two charges, the magnitude of the electric field created by the dipole varies as 1/r 3, whereas the more 
slowly varying field of a point charge varies as 1/r 2 (see Eq. 23.9). That is because at distant points, the fields of the two 
charges of equal magnitude and opposite sign almost cancel each other. The 1/r 3 variation in E for the dipole also is 
obtained for a distant point along the x axis and for any general distant point.
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Electric Dipole (Example 23.7)

 23.4 Analysis Model: Particle in a Field (Electric) 703

(B)  Evaluate the electric field at point P in the special case that uq1u 5 uq2u and a 5 b.

Conceptualize  Figure 23.13 shows the situation in 
this special case. Notice the symmetry in the situa-
tion and that the charge distribution is now an elec-
tric dipole.

Categorize  Because Figure 23.13 is a special case of 
the general case shown in Figure 23.12, we can cat-
egorize this example as one in which we can take the 
result of part (A) and substitute the appropriate val-
ues of the variables.
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Figure 23.13  (Example 23.6) 
When the charges in Figure 
23.12 are of equal magnitude 
and equidistant from the origin, 
the situation becomes symmet-
ric as shown here.

Analyze  Based on the symmetry in Figure 
23.13, evaluate Equations (1) and (2) from 
part (A) with a 5 b, uq1u 5 uq2u 5 q, and f 5 u:

(3)    Ex 5 ke 
q

a 2 1 y 2  cos u 1 ke 
q

a 2 1 y 2  cos u 5 2ke 
q

a 2 1 y2  cos u

 Ey 5 ke 
q

a 2 1 y 2  sin u 2 ke 
q

a 2 1 y 2  sin u 5 0

From the geometry in Figure 23.13, evaluate 
cos u:

(4)   cos u 5
a
r

5
a1a 2 1 y 2 21/2

Substitute Equation (4) into Equation (3): Ex 5 2ke 
q

a 2 1 y 2 c a1a 2 1 y 2 21/2 d 5 ke 
2aq1a 2 1 y 2 23/2

(C)  Find the electric field due to the electric dipole when point P is a distance y .. a from the origin.

S O L U T I O N

In the solution to part (B), because y .. a, neglect a2 com-
pared with y 2 and write the expression for E in this case:

(5)   E < ke 
2aq

y 3

Write the components of the net electric field 
vector:

(1)   Ex 5 E1x 1 E 2x 5 ke 
0 q1 0

a 2 1 y 2  cos f 1 ke 
0 q 2 0

b 2 1 y 2  cos u

(2)   Ey 5 E 1y 1 E 2y 5 ke 
0 q1 0

a 2 1 y 2  sin f 2 ke 
0 q2 0

b 2 1 y 2  sin u

▸ 23.6 c o n t i n u e d

Finalize  From Equation (5), we see that at points far from a dipole but along the perpendicular bisector of the line 
joining the two charges, the magnitude of the electric field created by the dipole varies as 1/r 3, whereas the more 
slowly varying field of a point charge varies as 1/r 2 (see Eq. 23.9). That is because at distant points, the fields of the two 
charges of equal magnitude and opposite sign almost cancel each other. The 1/r 3 variation in E for the dipole also is 
obtained for a distant point along the x axis and for any general distant point.
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Big-O Notation (Example 23.7)

 23.4 Analysis Model: Particle in a Field (Electric) 703

(B)  Evaluate the electric field at point P in the special case that uq1u 5 uq2u and a 5 b.

Conceptualize  Figure 23.13 shows the situation in 
this special case. Notice the symmetry in the situa-
tion and that the charge distribution is now an elec-
tric dipole.

Categorize  Because Figure 23.13 is a special case of 
the general case shown in Figure 23.12, we can cat-
egorize this example as one in which we can take the 
result of part (A) and substitute the appropriate val-
ues of the variables.
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Figure 23.13  (Example 23.6) 
When the charges in Figure 
23.12 are of equal magnitude 
and equidistant from the origin, 
the situation becomes symmet-
ric as shown here.

Analyze  Based on the symmetry in Figure 
23.13, evaluate Equations (1) and (2) from 
part (A) with a 5 b, uq1u 5 uq2u 5 q, and f 5 u:

(3)    Ex 5 ke 
q

a 2 1 y 2  cos u 1 ke 
q

a 2 1 y 2  cos u 5 2ke 
q

a 2 1 y2  cos u

 Ey 5 ke 
q

a 2 1 y 2  sin u 2 ke 
q

a 2 1 y 2  sin u 5 0

From the geometry in Figure 23.13, evaluate 
cos u:

(4)   cos u 5
a
r

5
a1a 2 1 y 2 21/2

Substitute Equation (4) into Equation (3): Ex 5 2ke 
q

a 2 1 y 2 c a1a 2 1 y 2 21/2 d 5 ke 
2aq1a 2 1 y 2 23/2

(C)  Find the electric field due to the electric dipole when point P is a distance y .. a from the origin.

S O L U T I O N

In the solution to part (B), because y .. a, neglect a2 com-
pared with y 2 and write the expression for E in this case:

(5)   E < ke 
2aq

y 3

Write the components of the net electric field 
vector:

(1)   Ex 5 E1x 1 E 2x 5 ke 
0 q1 0

a 2 1 y 2  cos f 1 ke 
0 q 2 0

b 2 1 y 2  cos u

(2)   Ey 5 E 1y 1 E 2y 5 ke 
0 q1 0

a 2 1 y 2  sin f 2 ke 
0 q2 0

b 2 1 y 2  sin u

▸ 23.6 c o n t i n u e d

Finalize  From Equation (5), we see that at points far from a dipole but along the perpendicular bisector of the line 
joining the two charges, the magnitude of the electric field created by the dipole varies as 1/r 3, whereas the more 
slowly varying field of a point charge varies as 1/r 2 (see Eq. 23.9). That is because at distant points, the fields of the two 
charges of equal magnitude and opposite sign almost cancel each other. The 1/r 3 variation in E for the dipole also is 
obtained for a distant point along the x axis and for any general distant point.
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Big-O Notation (Example 23.7)

 23.4 Analysis Model: Particle in a Field (Electric) 703

(B)  Evaluate the electric field at point P in the special case that uq1u 5 uq2u and a 5 b.

Conceptualize  Figure 23.13 shows the situation in 
this special case. Notice the symmetry in the situa-
tion and that the charge distribution is now an elec-
tric dipole.

Categorize  Because Figure 23.13 is a special case of 
the general case shown in Figure 23.12, we can cat-
egorize this example as one in which we can take the 
result of part (A) and substitute the appropriate val-
ues of the variables.
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Figure 23.13  (Example 23.6) 
When the charges in Figure 
23.12 are of equal magnitude 
and equidistant from the origin, 
the situation becomes symmet-
ric as shown here.

Analyze  Based on the symmetry in Figure 
23.13, evaluate Equations (1) and (2) from 
part (A) with a 5 b, uq1u 5 uq2u 5 q, and f 5 u:

(3)    Ex 5 ke 
q

a 2 1 y 2  cos u 1 ke 
q

a 2 1 y 2  cos u 5 2ke 
q

a 2 1 y2  cos u

 Ey 5 ke 
q

a 2 1 y 2  sin u 2 ke 
q

a 2 1 y 2  sin u 5 0

From the geometry in Figure 23.13, evaluate 
cos u:

(4)   cos u 5
a
r

5
a1a 2 1 y 2 21/2

Substitute Equation (4) into Equation (3): Ex 5 2ke 
q

a 2 1 y 2 c a1a 2 1 y 2 21/2 d 5 ke 
2aq1a 2 1 y 2 23/2

(C)  Find the electric field due to the electric dipole when point P is a distance y .. a from the origin.

S O L U T I O N

In the solution to part (B), because y .. a, neglect a2 com-
pared with y 2 and write the expression for E in this case:

(5)   E < ke 
2aq

y 3

Write the components of the net electric field 
vector:

(1)   Ex 5 E1x 1 E 2x 5 ke 
0 q1 0

a 2 1 y 2  cos f 1 ke 
0 q 2 0

b 2 1 y 2  cos u

(2)   Ey 5 E 1y 1 E 2y 5 ke 
0 q1 0

a 2 1 y 2  sin f 2 ke 
0 q2 0

b 2 1 y 2  sin u

▸ 23.6 c o n t i n u e d

Finalize  From Equation (5), we see that at points far from a dipole but along the perpendicular bisector of the line 
joining the two charges, the magnitude of the electric field created by the dipole varies as 1/r 3, whereas the more 
slowly varying field of a point charge varies as 1/r 2 (see Eq. 23.9). That is because at distant points, the fields of the two 
charges of equal magnitude and opposite sign almost cancel each other. The 1/r 3 variation in E for the dipole also is 
obtained for a distant point along the x axis and for any general distant point.
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Electric Dipole (Example 23.7)

As we move away from the dipole (red line, r−3) the E-field falls
off faster than it does for a point charge (blue line, r−2).

The negative charge partially shields the effect of the positive
charge and vice versa.

point charge, ∝ 1
r2

↓↑
dipole, ∝ 1

r3



Continuous distribution of charge

In previous example, we added up the field from each point charge.

But what about the case of a charged object, like a plate or a
wire?

In just -1 Coulomb of charge, there are more than a quintillion
excess electrons!

You do not want to add up the effect of each one by one.

Solution: treat the charge as a continuous distribution with some
charge density.
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Continuous distribution of charge

In previous example, we added up the field from each point charge.

But what about the case of a charged object, like a plate or a
wire?

In just -1 Coulomb of charge, there are more than a quintillion
excess electrons!

You do not want to add up the effect of each one by one.

Solution: treat the charge as a continuous distribution with some
charge density.



Charge Density

charge density

The amount of charge in per unit ‘volume’ of an object.

(Here ‘volume’ could be volume, area, or length)

By convention, different symbols can be used in different cases:

symbol description SI units

λ charge per unit length C m−1

σ charge per unit area C m−2

ρ charge per unit volume C m−3

For a wire, usually use charge per length.
For a plate, charge per area.



Continuous distribution of charge (Ex. 23.7)

A rod of length `, has a uniform positive charge per unit length λ
and a total charge Q.

Calculate the electric field at a point P that is located along the
long axis of the rod and a distance a from one end.

 23.5 Electric Field of a Continuous Charge Distribution 705

If the charge is nonuniformly distributed over a volume, surface, or line, the 
amounts of charge dq in a small volume, surface, or length element are

dq 5 r dV   dq 5 s dA  dq 5 l d,

Problem-Solving Strategy   Calculating the Electric Field

The following procedure is recommended for solving problems that involve the 
determination of an electric field due to individual charges or a charge distribution.

1. Conceptualize. Establish a mental representation of the problem: think carefully 
about the individual charges or the charge distribution and imagine what type of 
electric field it would create. Appeal to any symmetry in the arrangement of charges 
to help you visualize the electric field.

2. Categorize. Are you analyzing a group of individual charges or a continuous charge 
distribution? The answer to this question tells you how to proceed in the Analyze step.

3. Analyze.

(a) If you are analyzing a group of individual charges, use the superposition prin-
ciple: when several point charges are present, the resultant field at a point in space 
is the vector sum of the individual fields due to the individual charges (Eq. 23.10). 
Be very careful in the manipulation of vector quantities. It may be useful to review 
the material on vector addition in Chapter 3. Example 23.6 demonstrated this 
procedure.

(b) If you are analyzing a continuous charge distribution, the superposition principle 
is applied by replacing the vector sums for evaluating the total electric field from 
individual charges by vector integrals. The charge distribution is divided into infini-
tesimal pieces, and the vector sum is carried out by integrating over the entire charge 
distribution (Eq. 23.11). Examples 23.7 through 23.9 demonstrate such procedures.

 Consider symmetry when dealing with either a distribution of point charges or a 
continuous charge distribution. Take advantage of any symmetry in the system you 
observed in the Conceptualize step to simplify your calculations. The cancellation 
of field components perpendicular to the axis in Example 23.8 is an example of the 
application of symmetry.

4. Finalize. Check to see if your electric field expression is consistent with the mental 
representation and if it reflects any symmetry that you noted previously. Imagine 
varying parameters such as the distance of the observation point from the charges or 
the radius of any circular objects to see if the mathematical result changes in a rea-
sonable way.

Example 23.7   The Electric Field Due to a Charged Rod

A rod of length , has a uniform positive charge per unit length l 
and a total charge Q. Calculate the electric field at a point P that 
is located along the long axis of the rod and a distance a from 
one end (Fig. 23.15).

Conceptualize  The field d E
S

 at P due to each segment of charge 
on the rod is in the negative x direction because every segment 
carries a positive charge. Figure 23.15 shows the appropriate 
geometry. In our result, we expect the electric field to become 
smaller as the distance a becomes larger because point P  is farther from the charge distribution.
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Figure 23.15  (Example 23.7) The electric field at P 
due to a uniformly charged rod lying along the x axis.

continued



Continuous distribution of charge

 23.5 Electric Field of a Continuous Charge Distribution 705

If the charge is nonuniformly distributed over a volume, surface, or line, the 
amounts of charge dq in a small volume, surface, or length element are

dq 5 r dV   dq 5 s dA  dq 5 l d,

Problem-Solving Strategy   Calculating the Electric Field

The following procedure is recommended for solving problems that involve the 
determination of an electric field due to individual charges or a charge distribution.

1. Conceptualize. Establish a mental representation of the problem: think carefully 
about the individual charges or the charge distribution and imagine what type of 
electric field it would create. Appeal to any symmetry in the arrangement of charges 
to help you visualize the electric field.

2. Categorize. Are you analyzing a group of individual charges or a continuous charge 
distribution? The answer to this question tells you how to proceed in the Analyze step.

3. Analyze.

(a) If you are analyzing a group of individual charges, use the superposition prin-
ciple: when several point charges are present, the resultant field at a point in space 
is the vector sum of the individual fields due to the individual charges (Eq. 23.10). 
Be very careful in the manipulation of vector quantities. It may be useful to review 
the material on vector addition in Chapter 3. Example 23.6 demonstrated this 
procedure.

(b) If you are analyzing a continuous charge distribution, the superposition principle 
is applied by replacing the vector sums for evaluating the total electric field from 
individual charges by vector integrals. The charge distribution is divided into infini-
tesimal pieces, and the vector sum is carried out by integrating over the entire charge 
distribution (Eq. 23.11). Examples 23.7 through 23.9 demonstrate such procedures.

 Consider symmetry when dealing with either a distribution of point charges or a 
continuous charge distribution. Take advantage of any symmetry in the system you 
observed in the Conceptualize step to simplify your calculations. The cancellation 
of field components perpendicular to the axis in Example 23.8 is an example of the 
application of symmetry.

4. Finalize. Check to see if your electric field expression is consistent with the mental 
representation and if it reflects any symmetry that you noted previously. Imagine 
varying parameters such as the distance of the observation point from the charges or 
the radius of any circular objects to see if the mathematical result changes in a rea-
sonable way.

Example 23.7   The Electric Field Due to a Charged Rod

A rod of length , has a uniform positive charge per unit length l 
and a total charge Q. Calculate the electric field at a point P that 
is located along the long axis of the rod and a distance a from 
one end (Fig. 23.15).
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 at P due to each segment of charge 
on the rod is in the negative x direction because every segment 
carries a positive charge. Figure 23.15 shows the appropriate 
geometry. In our result, we expect the electric field to become 
smaller as the distance a becomes larger because point P  is farther from the charge distribution.
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Figure 23.15  (Example 23.7) The electric field at P 
due to a uniformly charged rod lying along the x axis.

continued

We need to add up the charge of each little “particle” dx. Each
has charge λ dx.

To be perfectly accurate, we would make the length of dx→ 0.
This is an integral:

∑
λ∆x →

∫
λ dx



Continuous distribution of charge (Ex. 23.7)

 23.5 Electric Field of a Continuous Charge Distribution 705

If the charge is nonuniformly distributed over a volume, surface, or line, the 
amounts of charge dq in a small volume, surface, or length element are

dq 5 r dV   dq 5 s dA  dq 5 l d,

Problem-Solving Strategy   Calculating the Electric Field

The following procedure is recommended for solving problems that involve the 
determination of an electric field due to individual charges or a charge distribution.

1. Conceptualize. Establish a mental representation of the problem: think carefully 
about the individual charges or the charge distribution and imagine what type of 
electric field it would create. Appeal to any symmetry in the arrangement of charges 
to help you visualize the electric field.

2. Categorize. Are you analyzing a group of individual charges or a continuous charge 
distribution? The answer to this question tells you how to proceed in the Analyze step.

3. Analyze.

(a) If you are analyzing a group of individual charges, use the superposition prin-
ciple: when several point charges are present, the resultant field at a point in space 
is the vector sum of the individual fields due to the individual charges (Eq. 23.10). 
Be very careful in the manipulation of vector quantities. It may be useful to review 
the material on vector addition in Chapter 3. Example 23.6 demonstrated this 
procedure.

(b) If you are analyzing a continuous charge distribution, the superposition principle 
is applied by replacing the vector sums for evaluating the total electric field from 
individual charges by vector integrals. The charge distribution is divided into infini-
tesimal pieces, and the vector sum is carried out by integrating over the entire charge 
distribution (Eq. 23.11). Examples 23.7 through 23.9 demonstrate such procedures.

 Consider symmetry when dealing with either a distribution of point charges or a 
continuous charge distribution. Take advantage of any symmetry in the system you 
observed in the Conceptualize step to simplify your calculations. The cancellation 
of field components perpendicular to the axis in Example 23.8 is an example of the 
application of symmetry.

4. Finalize. Check to see if your electric field expression is consistent with the mental 
representation and if it reflects any symmetry that you noted previously. Imagine 
varying parameters such as the distance of the observation point from the charges or 
the radius of any circular objects to see if the mathematical result changes in a rea-
sonable way.

Example 23.7   The Electric Field Due to a Charged Rod

A rod of length , has a uniform positive charge per unit length l 
and a total charge Q. Calculate the electric field at a point P that 
is located along the long axis of the rod and a distance a from 
one end (Fig. 23.15).
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 at P due to each segment of charge 
on the rod is in the negative x direction because every segment 
carries a positive charge. Figure 23.15 shows the appropriate 
geometry. In our result, we expect the electric field to become 
smaller as the distance a becomes larger because point P  is farther from the charge distribution.
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Figure 23.15  (Example 23.7) The electric field at P 
due to a uniformly charged rod lying along the x axis.
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Continuous distribution of charge (Ex. 23.7)

 23.5 Electric Field of a Continuous Charge Distribution 705

If the charge is nonuniformly distributed over a volume, surface, or line, the 
amounts of charge dq in a small volume, surface, or length element are

dq 5 r dV   dq 5 s dA  dq 5 l d,

Problem-Solving Strategy   Calculating the Electric Field

The following procedure is recommended for solving problems that involve the 
determination of an electric field due to individual charges or a charge distribution.

1. Conceptualize. Establish a mental representation of the problem: think carefully 
about the individual charges or the charge distribution and imagine what type of 
electric field it would create. Appeal to any symmetry in the arrangement of charges 
to help you visualize the electric field.

2. Categorize. Are you analyzing a group of individual charges or a continuous charge 
distribution? The answer to this question tells you how to proceed in the Analyze step.

3. Analyze.

(a) If you are analyzing a group of individual charges, use the superposition prin-
ciple: when several point charges are present, the resultant field at a point in space 
is the vector sum of the individual fields due to the individual charges (Eq. 23.10). 
Be very careful in the manipulation of vector quantities. It may be useful to review 
the material on vector addition in Chapter 3. Example 23.6 demonstrated this 
procedure.

(b) If you are analyzing a continuous charge distribution, the superposition principle 
is applied by replacing the vector sums for evaluating the total electric field from 
individual charges by vector integrals. The charge distribution is divided into infini-
tesimal pieces, and the vector sum is carried out by integrating over the entire charge 
distribution (Eq. 23.11). Examples 23.7 through 23.9 demonstrate such procedures.

 Consider symmetry when dealing with either a distribution of point charges or a 
continuous charge distribution. Take advantage of any symmetry in the system you 
observed in the Conceptualize step to simplify your calculations. The cancellation 
of field components perpendicular to the axis in Example 23.8 is an example of the 
application of symmetry.

4. Finalize. Check to see if your electric field expression is consistent with the mental 
representation and if it reflects any symmetry that you noted previously. Imagine 
varying parameters such as the distance of the observation point from the charges or 
the radius of any circular objects to see if the mathematical result changes in a rea-
sonable way.

Example 23.7   The Electric Field Due to a Charged Rod

A rod of length , has a uniform positive charge per unit length l 
and a total charge Q. Calculate the electric field at a point P that 
is located along the long axis of the rod and a distance a from 
one end (Fig. 23.15).

Conceptualize  The field d E
S

 at P due to each segment of charge 
on the rod is in the negative x direction because every segment 
carries a positive charge. Figure 23.15 shows the appropriate 
geometry. In our result, we expect the electric field to become 
smaller as the distance a becomes larger because point P  is farther from the charge distribution.
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Figure 23.15  (Example 23.7) The electric field at P 
due to a uniformly charged rod lying along the x axis.
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Question

The figure here shows three nonconducting rods, one circular and
two straight. Each has a uniform charge of magnitude Q along its
top half and another along its bottom half. For each rod, what is
the direction of the net electric field at point P?

For (a) it is:

(A) up

(B) down

(C) left

(D) right
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The figure here shows three nonconducting rods, one circular and two
straight. Each has a uniform charge of magnitude Q along its top half
and another along its bottom half. For each rod, what is the direction of
the net electric field at point P? x x x 

y y y 

–Q 

+Q 

P P 

+Q 

+Q 

+Q 

–Q 

P 

(a) (b) (c)

Problem-Solving Tactics

Circular arc, with point P at the center of curvature, as
in Fig. 22-11. Express the adding component of in terms
of u.That introduces either sin u or cos u. Reduce the result-
ing two variables s and u to one, u, by replacing ds with r du.
Integrate over u from one end of the arc to the other end.

Straight line, with point P on an extension of the line,
as in Fig. 22-12a. In the expression for dE, replace r with x.
Integrate over x, from end to end of the line of charge.

Straight line, with point P at perpendicular dis-
tance y from the line of charge, as in Fig. 22-12b. In the
expression for dE, replace r with an expression involving x
and y. If P is on the perpendicular bisector of the line of
charge,find an expression for the adding component of 
That will introduce either sin u or cos u. Reduce the result-
ing two variables x and u to one, x, by replacing the
trigonometric function with an expression (its definition)
involving x and y. Integrate over x from end to end of the
line of charge. If P is not on a line of symmetry, as in Fig.
22-12c, set up an integral to sum the components dEx,
and integrate over x to find Ex. Also set up an integral
to sum the components dEy, and integrate over x again to
find Ey. Use the components Ex and Ey in the usual way to
find the magnitude E and the orientation of .

Step 6. One arrangement of the integration limits gives a pos-
itive result.The reverse gives the same result with a minus
sign; discard the minus sign. If the result is to be stated in
terms of the total charge Q of the distribution, replace l
with Q/L, in which L is the length of the distribution.

E
:

dE
:

.

dE
:

A Field Guide for Lines of Charge

Here is a generic guide for finding the electric field pro-
duced at a point P by a line of uniform charge, either circu-
lar or straight.The general strategy is to pick out an element
dq of the charge, find due to that element, and integrate

over the entire line of charge.
Step 1. If the line of charge is circular, let ds be the arc

length of an element of the distribution. If the line is
straight, run an x axis along it and let dx be the length of
an element. Mark the element on a sketch.

Step 2. Relate the charge dq of the element to the length of
the element with either dq ! l ds or dq ! l dx. Consider
dq and l to be positive, even if the charge is actually nega-
tive. (The sign of the charge is used in the next step.)

Step 3. Express the field produced at P by dq with
Eq. 22-3, replacing q in that equation with either l ds or
l dx. If the charge on the line is positive, then at P draw a
vector that points directly away from dq. If the charge
is negative, draw the vector pointing directly toward dq.

Step 4. Always look for any symmetry in the situation. If P
is on an axis of symmetry of the charge distribution, re-
solve the field produced by dq into components that
are perpendicular and parallel to the axis of symmetry.
Then consider a second element dq" that is located sym-
metrically to dq about the line of symmetry.At P draw
the vector that this symmetrical element produces
and resolve it into components. One of the components
produced by dq is a canceling component; it is canceled
by the corresponding component produced by dq" and
needs no further attention.The other component
produced by dq is an adding component; it adds to the
corresponding component produced by dq".Add the
adding components of all the elements via integration.

Step 5. Here are four general types of uniform charge
distributions, with strategies for the integral of step 4.

Ring, with point P on (central) axis of symmetry, as
in Fig. 22-10. In the expression for dE, replace r 2 with
z2 # R2, as in Eq. 22-12. Express the adding component
of in terms of u.That introduces cos u, but u is identi-
cal for all elements and thus is not a variable. Replace
cos u as in Eq. 22-13. Integrate over s, around the cir-
cumference of the ring.
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Fig. 22-12 (a) Point P is on an extension of the line of charge.
(b) P is on a line of symmetry of the line of charge, at perpendicu-
lar distance y from that line. (c) Same as (b) except that P is not on
a line of symmetry.
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Question

The figure here shows three nonconducting rods, one circular and
two straight. Each has a uniform charge of magnitude Q along its
top half and another along its bottom half. For each rod, what is
the direction of the net electric field at point P?

For (a) it is:

(A) up←
(B) down

(C) left

(D) right
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The figure here shows three nonconducting rods, one circular and two
straight. Each has a uniform charge of magnitude Q along its top half
and another along its bottom half. For each rod, what is the direction of
the net electric field at point P? x x x 

y y y 

–Q 

+Q 

P P 

+Q 

+Q 

+Q 

–Q 

P 

(a) (b) (c)

Problem-Solving Tactics

Circular arc, with point P at the center of curvature, as
in Fig. 22-11. Express the adding component of in terms
of u.That introduces either sin u or cos u. Reduce the result-
ing two variables s and u to one, u, by replacing ds with r du.
Integrate over u from one end of the arc to the other end.

Straight line, with point P on an extension of the line,
as in Fig. 22-12a. In the expression for dE, replace r with x.
Integrate over x, from end to end of the line of charge.

Straight line, with point P at perpendicular dis-
tance y from the line of charge, as in Fig. 22-12b. In the
expression for dE, replace r with an expression involving x
and y. If P is on the perpendicular bisector of the line of
charge,find an expression for the adding component of 
That will introduce either sin u or cos u. Reduce the result-
ing two variables x and u to one, x, by replacing the
trigonometric function with an expression (its definition)
involving x and y. Integrate over x from end to end of the
line of charge. If P is not on a line of symmetry, as in Fig.
22-12c, set up an integral to sum the components dEx,
and integrate over x to find Ex. Also set up an integral
to sum the components dEy, and integrate over x again to
find Ey. Use the components Ex and Ey in the usual way to
find the magnitude E and the orientation of .

Step 6. One arrangement of the integration limits gives a pos-
itive result.The reverse gives the same result with a minus
sign; discard the minus sign. If the result is to be stated in
terms of the total charge Q of the distribution, replace l
with Q/L, in which L is the length of the distribution.

E
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dE
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dE
:

A Field Guide for Lines of Charge

Here is a generic guide for finding the electric field pro-
duced at a point P by a line of uniform charge, either circu-
lar or straight.The general strategy is to pick out an element
dq of the charge, find due to that element, and integrate

over the entire line of charge.
Step 1. If the line of charge is circular, let ds be the arc

length of an element of the distribution. If the line is
straight, run an x axis along it and let dx be the length of
an element. Mark the element on a sketch.

Step 2. Relate the charge dq of the element to the length of
the element with either dq ! l ds or dq ! l dx. Consider
dq and l to be positive, even if the charge is actually nega-
tive. (The sign of the charge is used in the next step.)

Step 3. Express the field produced at P by dq with
Eq. 22-3, replacing q in that equation with either l ds or
l dx. If the charge on the line is positive, then at P draw a
vector that points directly away from dq. If the charge
is negative, draw the vector pointing directly toward dq.

Step 4. Always look for any symmetry in the situation. If P
is on an axis of symmetry of the charge distribution, re-
solve the field produced by dq into components that
are perpendicular and parallel to the axis of symmetry.
Then consider a second element dq" that is located sym-
metrically to dq about the line of symmetry.At P draw
the vector that this symmetrical element produces
and resolve it into components. One of the components
produced by dq is a canceling component; it is canceled
by the corresponding component produced by dq" and
needs no further attention.The other component
produced by dq is an adding component; it adds to the
corresponding component produced by dq".Add the
adding components of all the elements via integration.

Step 5. Here are four general types of uniform charge
distributions, with strategies for the integral of step 4.

Ring, with point P on (central) axis of symmetry, as
in Fig. 22-10. In the expression for dE, replace r 2 with
z2 # R2, as in Eq. 22-12. Express the adding component
of in terms of u.That introduces cos u, but u is identi-
cal for all elements and thus is not a variable. Replace
cos u as in Eq. 22-13. Integrate over s, around the cir-
cumference of the ring.
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Fig. 22-12 (a) Point P is on an extension of the line of charge.
(b) P is on a line of symmetry of the line of charge, at perpendicu-
lar distance y from that line. (c) Same as (b) except that P is not on
a line of symmetry.
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Question

The figure here shows three nonconducting rods, one circular and
two straight. Each has a uniform charge of magnitude Q along its
top half and another along its bottom half. For each rod, what is
the direction of the net electric field at point P?

For (b) it is:

(A) up

(B) down

(C) left

(D) right
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The figure here shows three nonconducting rods, one circular and two
straight. Each has a uniform charge of magnitude Q along its top half
and another along its bottom half. For each rod, what is the direction of
the net electric field at point P? x x x 

y y y 

–Q 

+Q 

P P 

+Q 

+Q 

+Q 

–Q 

P 

(a) (b) (c)

Problem-Solving Tactics

Circular arc, with point P at the center of curvature, as
in Fig. 22-11. Express the adding component of in terms
of u.That introduces either sin u or cos u. Reduce the result-
ing two variables s and u to one, u, by replacing ds with r du.
Integrate over u from one end of the arc to the other end.

Straight line, with point P on an extension of the line,
as in Fig. 22-12a. In the expression for dE, replace r with x.
Integrate over x, from end to end of the line of charge.

Straight line, with point P at perpendicular dis-
tance y from the line of charge, as in Fig. 22-12b. In the
expression for dE, replace r with an expression involving x
and y. If P is on the perpendicular bisector of the line of
charge,find an expression for the adding component of 
That will introduce either sin u or cos u. Reduce the result-
ing two variables x and u to one, x, by replacing the
trigonometric function with an expression (its definition)
involving x and y. Integrate over x from end to end of the
line of charge. If P is not on a line of symmetry, as in Fig.
22-12c, set up an integral to sum the components dEx,
and integrate over x to find Ex. Also set up an integral
to sum the components dEy, and integrate over x again to
find Ey. Use the components Ex and Ey in the usual way to
find the magnitude E and the orientation of .

Step 6. One arrangement of the integration limits gives a pos-
itive result.The reverse gives the same result with a minus
sign; discard the minus sign. If the result is to be stated in
terms of the total charge Q of the distribution, replace l
with Q/L, in which L is the length of the distribution.
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:

A Field Guide for Lines of Charge

Here is a generic guide for finding the electric field pro-
duced at a point P by a line of uniform charge, either circu-
lar or straight.The general strategy is to pick out an element
dq of the charge, find due to that element, and integrate

over the entire line of charge.
Step 1. If the line of charge is circular, let ds be the arc

length of an element of the distribution. If the line is
straight, run an x axis along it and let dx be the length of
an element. Mark the element on a sketch.

Step 2. Relate the charge dq of the element to the length of
the element with either dq ! l ds or dq ! l dx. Consider
dq and l to be positive, even if the charge is actually nega-
tive. (The sign of the charge is used in the next step.)

Step 3. Express the field produced at P by dq with
Eq. 22-3, replacing q in that equation with either l ds or
l dx. If the charge on the line is positive, then at P draw a
vector that points directly away from dq. If the charge
is negative, draw the vector pointing directly toward dq.

Step 4. Always look for any symmetry in the situation. If P
is on an axis of symmetry of the charge distribution, re-
solve the field produced by dq into components that
are perpendicular and parallel to the axis of symmetry.
Then consider a second element dq" that is located sym-
metrically to dq about the line of symmetry.At P draw
the vector that this symmetrical element produces
and resolve it into components. One of the components
produced by dq is a canceling component; it is canceled
by the corresponding component produced by dq" and
needs no further attention.The other component
produced by dq is an adding component; it adds to the
corresponding component produced by dq".Add the
adding components of all the elements via integration.

Step 5. Here are four general types of uniform charge
distributions, with strategies for the integral of step 4.

Ring, with point P on (central) axis of symmetry, as
in Fig. 22-10. In the expression for dE, replace r 2 with
z2 # R2, as in Eq. 22-12. Express the adding component
of in terms of u.That introduces cos u, but u is identi-
cal for all elements and thus is not a variable. Replace
cos u as in Eq. 22-13. Integrate over s, around the cir-
cumference of the ring.
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Fig. 22-12 (a) Point P is on an extension of the line of charge.
(b) P is on a line of symmetry of the line of charge, at perpendicu-
lar distance y from that line. (c) Same as (b) except that P is not on
a line of symmetry.
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Question

The figure here shows three nonconducting rods, one circular and
two straight. Each has a uniform charge of magnitude Q along its
top half and another along its bottom half. For each rod, what is
the direction of the net electric field at point P?

For (b) it is:

(A) up

(B) down

(C) left

(D) right←
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The figure here shows three nonconducting rods, one circular and two
straight. Each has a uniform charge of magnitude Q along its top half
and another along its bottom half. For each rod, what is the direction of
the net electric field at point P? x x x 

y y y 

–Q 

+Q 

P P 

+Q 

+Q 

+Q 

–Q 

P 

(a) (b) (c)

Problem-Solving Tactics

Circular arc, with point P at the center of curvature, as
in Fig. 22-11. Express the adding component of in terms
of u.That introduces either sin u or cos u. Reduce the result-
ing two variables s and u to one, u, by replacing ds with r du.
Integrate over u from one end of the arc to the other end.

Straight line, with point P on an extension of the line,
as in Fig. 22-12a. In the expression for dE, replace r with x.
Integrate over x, from end to end of the line of charge.

Straight line, with point P at perpendicular dis-
tance y from the line of charge, as in Fig. 22-12b. In the
expression for dE, replace r with an expression involving x
and y. If P is on the perpendicular bisector of the line of
charge,find an expression for the adding component of 
That will introduce either sin u or cos u. Reduce the result-
ing two variables x and u to one, x, by replacing the
trigonometric function with an expression (its definition)
involving x and y. Integrate over x from end to end of the
line of charge. If P is not on a line of symmetry, as in Fig.
22-12c, set up an integral to sum the components dEx,
and integrate over x to find Ex. Also set up an integral
to sum the components dEy, and integrate over x again to
find Ey. Use the components Ex and Ey in the usual way to
find the magnitude E and the orientation of .

Step 6. One arrangement of the integration limits gives a pos-
itive result.The reverse gives the same result with a minus
sign; discard the minus sign. If the result is to be stated in
terms of the total charge Q of the distribution, replace l
with Q/L, in which L is the length of the distribution.
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A Field Guide for Lines of Charge

Here is a generic guide for finding the electric field pro-
duced at a point P by a line of uniform charge, either circu-
lar or straight.The general strategy is to pick out an element
dq of the charge, find due to that element, and integrate

over the entire line of charge.
Step 1. If the line of charge is circular, let ds be the arc

length of an element of the distribution. If the line is
straight, run an x axis along it and let dx be the length of
an element. Mark the element on a sketch.

Step 2. Relate the charge dq of the element to the length of
the element with either dq ! l ds or dq ! l dx. Consider
dq and l to be positive, even if the charge is actually nega-
tive. (The sign of the charge is used in the next step.)

Step 3. Express the field produced at P by dq with
Eq. 22-3, replacing q in that equation with either l ds or
l dx. If the charge on the line is positive, then at P draw a
vector that points directly away from dq. If the charge
is negative, draw the vector pointing directly toward dq.

Step 4. Always look for any symmetry in the situation. If P
is on an axis of symmetry of the charge distribution, re-
solve the field produced by dq into components that
are perpendicular and parallel to the axis of symmetry.
Then consider a second element dq" that is located sym-
metrically to dq about the line of symmetry.At P draw
the vector that this symmetrical element produces
and resolve it into components. One of the components
produced by dq is a canceling component; it is canceled
by the corresponding component produced by dq" and
needs no further attention.The other component
produced by dq is an adding component; it adds to the
corresponding component produced by dq".Add the
adding components of all the elements via integration.

Step 5. Here are four general types of uniform charge
distributions, with strategies for the integral of step 4.

Ring, with point P on (central) axis of symmetry, as
in Fig. 22-10. In the expression for dE, replace r 2 with
z2 # R2, as in Eq. 22-12. Express the adding component
of in terms of u.That introduces cos u, but u is identi-
cal for all elements and thus is not a variable. Replace
cos u as in Eq. 22-13. Integrate over s, around the cir-
cumference of the ring.
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Fig. 22-12 (a) Point P is on an extension of the line of charge.
(b) P is on a line of symmetry of the line of charge, at perpendicu-
lar distance y from that line. (c) Same as (b) except that P is not on
a line of symmetry.
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Question

The figure here shows three nonconducting rods, one circular and
two straight. Each has a uniform charge of magnitude Q along its
top half and another along its bottom half. For each rod, what is
the direction of the net electric field at point P?

For (c) it is:

(A) up

(B) down

(C) left

(D) right
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The figure here shows three nonconducting rods, one circular and two
straight. Each has a uniform charge of magnitude Q along its top half
and another along its bottom half. For each rod, what is the direction of
the net electric field at point P? x x x 

y y y 

–Q 

+Q 

P P 

+Q 

+Q 

+Q 

–Q 

P 

(a) (b) (c)

Problem-Solving Tactics

Circular arc, with point P at the center of curvature, as
in Fig. 22-11. Express the adding component of in terms
of u.That introduces either sin u or cos u. Reduce the result-
ing two variables s and u to one, u, by replacing ds with r du.
Integrate over u from one end of the arc to the other end.

Straight line, with point P on an extension of the line,
as in Fig. 22-12a. In the expression for dE, replace r with x.
Integrate over x, from end to end of the line of charge.

Straight line, with point P at perpendicular dis-
tance y from the line of charge, as in Fig. 22-12b. In the
expression for dE, replace r with an expression involving x
and y. If P is on the perpendicular bisector of the line of
charge,find an expression for the adding component of 
That will introduce either sin u or cos u. Reduce the result-
ing two variables x and u to one, x, by replacing the
trigonometric function with an expression (its definition)
involving x and y. Integrate over x from end to end of the
line of charge. If P is not on a line of symmetry, as in Fig.
22-12c, set up an integral to sum the components dEx,
and integrate over x to find Ex. Also set up an integral
to sum the components dEy, and integrate over x again to
find Ey. Use the components Ex and Ey in the usual way to
find the magnitude E and the orientation of .

Step 6. One arrangement of the integration limits gives a pos-
itive result.The reverse gives the same result with a minus
sign; discard the minus sign. If the result is to be stated in
terms of the total charge Q of the distribution, replace l
with Q/L, in which L is the length of the distribution.
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A Field Guide for Lines of Charge

Here is a generic guide for finding the electric field pro-
duced at a point P by a line of uniform charge, either circu-
lar or straight.The general strategy is to pick out an element
dq of the charge, find due to that element, and integrate

over the entire line of charge.
Step 1. If the line of charge is circular, let ds be the arc

length of an element of the distribution. If the line is
straight, run an x axis along it and let dx be the length of
an element. Mark the element on a sketch.

Step 2. Relate the charge dq of the element to the length of
the element with either dq ! l ds or dq ! l dx. Consider
dq and l to be positive, even if the charge is actually nega-
tive. (The sign of the charge is used in the next step.)

Step 3. Express the field produced at P by dq with
Eq. 22-3, replacing q in that equation with either l ds or
l dx. If the charge on the line is positive, then at P draw a
vector that points directly away from dq. If the charge
is negative, draw the vector pointing directly toward dq.

Step 4. Always look for any symmetry in the situation. If P
is on an axis of symmetry of the charge distribution, re-
solve the field produced by dq into components that
are perpendicular and parallel to the axis of symmetry.
Then consider a second element dq" that is located sym-
metrically to dq about the line of symmetry.At P draw
the vector that this symmetrical element produces
and resolve it into components. One of the components
produced by dq is a canceling component; it is canceled
by the corresponding component produced by dq" and
needs no further attention.The other component
produced by dq is an adding component; it adds to the
corresponding component produced by dq".Add the
adding components of all the elements via integration.

Step 5. Here are four general types of uniform charge
distributions, with strategies for the integral of step 4.

Ring, with point P on (central) axis of symmetry, as
in Fig. 22-10. In the expression for dE, replace r 2 with
z2 # R2, as in Eq. 22-12. Express the adding component
of in terms of u.That introduces cos u, but u is identi-
cal for all elements and thus is not a variable. Replace
cos u as in Eq. 22-13. Integrate over s, around the cir-
cumference of the ring.

dE
:

dE
:

"

dE
:

dE
:

dE
:

dE
:

dE
:

E
:

x
P

(a)

x
(b)

P

y

x
(c)

P

y
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Fig. 22-12 (a) Point P is on an extension of the line of charge.
(b) P is on a line of symmetry of the line of charge, at perpendicu-
lar distance y from that line. (c) Same as (b) except that P is not on
a line of symmetry.
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Question

The figure here shows three nonconducting rods, one circular and
two straight. Each has a uniform charge of magnitude Q along its
top half and another along its bottom half. For each rod, what is
the direction of the net electric field at point P?

For (c) it is:

(A) up

(B) down←
(C) left

(D) right
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CHECKPOINT 2

The figure here shows three nonconducting rods, one circular and two
straight. Each has a uniform charge of magnitude Q along its top half
and another along its bottom half. For each rod, what is the direction of
the net electric field at point P? x x x 

y y y 

–Q 

+Q 

P P 

+Q 

+Q 

+Q 

–Q 

P 

(a) (b) (c)

Problem-Solving Tactics

Circular arc, with point P at the center of curvature, as
in Fig. 22-11. Express the adding component of in terms
of u.That introduces either sin u or cos u. Reduce the result-
ing two variables s and u to one, u, by replacing ds with r du.
Integrate over u from one end of the arc to the other end.

Straight line, with point P on an extension of the line,
as in Fig. 22-12a. In the expression for dE, replace r with x.
Integrate over x, from end to end of the line of charge.

Straight line, with point P at perpendicular dis-
tance y from the line of charge, as in Fig. 22-12b. In the
expression for dE, replace r with an expression involving x
and y. If P is on the perpendicular bisector of the line of
charge,find an expression for the adding component of 
That will introduce either sin u or cos u. Reduce the result-
ing two variables x and u to one, x, by replacing the
trigonometric function with an expression (its definition)
involving x and y. Integrate over x from end to end of the
line of charge. If P is not on a line of symmetry, as in Fig.
22-12c, set up an integral to sum the components dEx,
and integrate over x to find Ex. Also set up an integral
to sum the components dEy, and integrate over x again to
find Ey. Use the components Ex and Ey in the usual way to
find the magnitude E and the orientation of .

Step 6. One arrangement of the integration limits gives a pos-
itive result.The reverse gives the same result with a minus
sign; discard the minus sign. If the result is to be stated in
terms of the total charge Q of the distribution, replace l
with Q/L, in which L is the length of the distribution.

E
:

dE
:

.

dE
:

A Field Guide for Lines of Charge

Here is a generic guide for finding the electric field pro-
duced at a point P by a line of uniform charge, either circu-
lar or straight.The general strategy is to pick out an element
dq of the charge, find due to that element, and integrate

over the entire line of charge.
Step 1. If the line of charge is circular, let ds be the arc

length of an element of the distribution. If the line is
straight, run an x axis along it and let dx be the length of
an element. Mark the element on a sketch.

Step 2. Relate the charge dq of the element to the length of
the element with either dq ! l ds or dq ! l dx. Consider
dq and l to be positive, even if the charge is actually nega-
tive. (The sign of the charge is used in the next step.)

Step 3. Express the field produced at P by dq with
Eq. 22-3, replacing q in that equation with either l ds or
l dx. If the charge on the line is positive, then at P draw a
vector that points directly away from dq. If the charge
is negative, draw the vector pointing directly toward dq.

Step 4. Always look for any symmetry in the situation. If P
is on an axis of symmetry of the charge distribution, re-
solve the field produced by dq into components that
are perpendicular and parallel to the axis of symmetry.
Then consider a second element dq" that is located sym-
metrically to dq about the line of symmetry.At P draw
the vector that this symmetrical element produces
and resolve it into components. One of the components
produced by dq is a canceling component; it is canceled
by the corresponding component produced by dq" and
needs no further attention.The other component
produced by dq is an adding component; it adds to the
corresponding component produced by dq".Add the
adding components of all the elements via integration.

Step 5. Here are four general types of uniform charge
distributions, with strategies for the integral of step 4.

Ring, with point P on (central) axis of symmetry, as
in Fig. 22-10. In the expression for dE, replace r 2 with
z2 # R2, as in Eq. 22-12. Express the adding component
of in terms of u.That introduces cos u, but u is identi-
cal for all elements and thus is not a variable. Replace
cos u as in Eq. 22-13. Integrate over s, around the cir-
cumference of the ring.
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Fig. 22-12 (a) Point P is on an extension of the line of charge.
(b) P is on a line of symmetry of the line of charge, at perpendicu-
lar distance y from that line. (c) Same as (b) except that P is not on
a line of symmetry.
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Summary

• electric dipole field

• electric fields of charge distribution

Homework
• Collected homework 1, posted online, due on Monday, Jan 22.

Serway & Jewett:

• Ch 23, onward from page 716. Probs: 45, 71, 84


