
Chapter 29
Sources of the Magnetic Field



Magnetic Fields

The origin of the magnetic field is moving charges. 

The magnetic field due to various current distributions can be calculated. 

Ampère’s law is useful in calculating the magnetic field of a highly symmetric 
configuration carrying a steady current. 

Magnetic effects in matter can be explained on the basis of atomic magnetic 
moments.

Introduction



Biot-Savart Law – Introduction

Biot and Savart conducted experiments on the force exerted by an electric 
current on a nearby magnet. 

They arrived at a mathematical expression that gives the magnetic field at some 
point in space due to a current. 

The magnetic field described by the Biot-Savart Law is the field due to a given 
current carrying conductor. 

▪ Do not confuse this field with any external field applied to the conductor from 
some other source.
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Biot-Savart Law – Observations

The vector  is perpendicular to both  and to the unit vector  directed 
from  toward . 

The magnitude of  is inversely proportional to , where  is the distance 
from  to . 

The magnitude of  is proportional to the current and to the magnitude  
of the length element .   

The magnitude of  is proportional to ,  where  is the angle between 
the vectors  and . 

d ⃗B d s ̂r
d s P

d ⃗B r2 r
d s P

d ⃗B ds
d s

d ⃗B sin θ θ
d s ̂r
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Biot-Savart Law – Equation

The observations are summarized in the mathematical equation called the Biot-
Savart law: 

 

The constant  is called the permeability of free space. 

dB =
μ0

4π
Id s × ̂r

r2

μo

μ0 = 4π × 10−7 T ⋅ m/A
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Total Magnetic Field

is the field created by the current in the length segment . 

To find the total field, sum up the contributions from all the current elements 
 

 

▪ The integral is over the entire current distribution. 

The law is also valid for a current consisting of charges flowing through 
space. 

▪ For example, this could apply to the beam in an accelerator.

d ⃗B ds

Id s

B =
μ0I
4π ∫

d s × ̂r
r2
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 Magnetic Field Compared to Electric Field

Distance  

▪ The magnitude of the magnetic field varies as the inverse square of the 
distance from the source. 

▪ The electric field due to a point charge also varies as the inverse square of 
the distance from the charge. 

Direction 

▪ The electric field created by a point charge is radial in direction. 

▪ The magnetic field created by a current element is perpendicular to both the 
length element  and the unit vector .  d s ̂r
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 Magnetic Field Compared to Electric Field, cont.

Source 

▪ An electric field is established by an isolated electric charge. 

▪ The current element that produces a magnetic field must be part of an 
extended current distribution. 
▪ Therefore you must integrate over the entire current distribution.
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Calculate the magnitude of the magnetic field at a point  from a long, thin conductor carrying a 
current of .

25.0 cm
2.00 A

Problem 29.01:

The magnetic field is given by


B =
μ0I
2πr

= (4π × 10−7 T ⋅ m /A)(2.00 A)
2π(0.250 m)

= 1.60 × 10−6 T
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Magnetic Force Between Two Parallel Conductors

Two parallel wires each carry a steady 
current. 

The field  due to the current in wire  
exerts a force on wire  of .

B 2
1 F1 = I1ℓB2
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Magnetic Force Between Two Parallel Conductors, cont.

Substituting the equation for the magnetic field ( ) gives 

 

Parallel conductors carrying currents in the same direction attract each other. 

▪ Parallel conductors carrying current in opposite directions repel each other.

B2

F1 =
μoI1I2

2πa ℓ
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Magnetic Force Between Two Parallel Conductors, final

The result is often expressed as the magnetic force between the two wires, . 

This can also be given as the force per unit length: 

 

The derivation assumes both wires are long compared with their separation 
distance. 

▪ Only one wire needs to be long. 

▪ The equations accurately describe the forces exerted on each other by a 
long wire and a straight, parallel wire of limited length, . 

FB

FB

ℓ
=

μ0I1I2

2πa

ℓ
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Two parallel wires separated by  repel each other with a force per unit length of . 
The current in one wire is  . (a) Find the current in the other wire. (b) Are the currents in the same 
direction or in opposite directions? (c) What would happen if the direction of one current were reversed and 
doubled?

4.00 cm 2.00 × 10−4 N/m
5.00 A

Problem 29.12:

(a) The force per unit length that parallel conductors exert on each other is, from, . Thus, if 
, and , the current in the second wire must be





(b) Since parallel conductors carrying currents in the same direction attract each other, the currents in these conductors 
which repel each other must be in opposite directions.


(c) The force is directly proportional to the product of the currents. The result of reversing the direction of either of the 
currents and doubling the magnitude would be that the force of interaction would be attractive and the magnitude of the 
force would double.

F/ℓ = μ0I1I2 /2πd
F/ℓ = 2.00 × 10−4 N/m, I1 = 5.00 A d = 4.00 cm

I2 =
2πd
μ0I1 ( F

ℓ )
= [

2π (4.00 × 10−2 m)
(4π × 10−7 T ⋅ m /A)(5.00 A) ] (2.00 × 10−4 N/m)

= 8.00 A
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Two parallel wires are separated by  , each carrying  of current in the same direction. (a) 
What is the magnitude of the force per unit length between the wires? (b) Is the force attractive or repulsive?

6.00 cm 3.00 A

Problem 29.13:

(a) The force per unit length that one wire exerts on the other is , where  is the distance separating the 
two wires. In this case, the value of this force is





(b) The force one wire exerts on the other is an attractive force.

F/ℓ = μ0I1I2 /2πd d

F
ℓ

= (4π × 10−7 T ⋅ m /A)(3.00 A)2

2π (6.00 × 10−2 m)
= 3.00 × 10−5 N/m
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Andre-Marie Ampère

1775 – 1836 

French physicist 

Credited with the discovery of 
electromagnetism 

▪ The relationship between electric 
current and magnetic fields 

Also worked in mathematics

Section  29.3



 Magnetic Field for a Long, Straight Conductor: Direction

The magnetic field lines are circles 
concentric with the wire. 
The field lines lie in planes 
perpendicular to the wire. 
The magnitude of the field is constant 
on any circle of radius a. 

The right-hand rule for determining the 
direction of the field is shown.
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Magnetic Field of a Wire

A compass can be used to detect the 
magnetic field. 
When there is no current in the wire, 
there is no field due to the current. 
The compass needles all point toward 
the Earth’s north pole. 

▪ Due to the Earth’s magnetic field
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Magnetic Field of a Wire, cont.

Here the wire carries a strong current. 
The compass needles deflect in a 
direction tangent to the circle. 
This shows the direction of the 
magnetic field produced by the wire. 
If the current is reversed, the direction 
of the needles also reverse.
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Magnetic Field of a Wire, final

The circular magnetic field around the 
wire is shown by the iron filings.
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Ampere’s Law

The product of  can be evaluated for small length elements  on the 
circular path defined by the compass needles for the long straight wire. 

Ampere’s law states that the line integral of  around any closed path 
equals  where  is the total steady current passing through any surface 
bounded by the closed path: 

Ampere’s law describes the creation of magnetic fields by all continuous current 
configurations. 
▪ Most useful for this course if the current configuration has a high degree of symmetry. 

Put the thumb of your right hand in the direction of the current through the 
amperian loop and your fingers curl in the direction you should integrate around 
the loop.

B ⋅ d s 𝑑→𝐬

B ⋅ d s
μoI I

∮ B ⋅ d s = μ0I
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29.3 Rank the magnitudes of 
 for the closed paths  

through  in the figure from 
greatest to least.

∮ B ⋅ d s a
d

Quick quiz:

Section  29.3
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Notice the italics in the shaded box. We can choose any path and any surface 
bounded by that path. In most cases, we choose paths that are simple, such as cir-
cles or rectangles. Also, in most cases, we choose the flat surface bounded by the 
path. Imagine a drumhead: the circular rim is the path and the flat drumhead 
membrane is the surface. If the membrane vibrates, however, there are instants of 
time when the path remains fixed, but the surface is not flat; the membrane bows 
upward or downward from its equilibrium position. We will see in Chapter 33 a 
situation in which we need to consider a surface other than the flat one bounded 
by the path.

Ampère’s law describes the creation of magnetic fields by all continuous current 
configurations, but at our mathematical level it is useful only for calculating the 
magnetic field of current configurations having a high degree of symmetry. Its use 
is similar to that of Gauss’s law in calculating electric fields for highly symmetric 
charge distributions.

Q UICK QUIZ 29.3  Rank the 
magnitudes of $ B

S  
? d sS for the 

closed paths a through d in 
Figure 29.11 from greatest  
to least.

Q UICK QUIZ 29.4  Rank the 
magnitudes of $ B

S  
? d sS for the 

closed paths a through d in Fig-
ure 29.12 from greatest to least.

EXAMPLE 29.6   

1 A 
5 A 

b

a

d

c

2 A 

Figure 29.11  (Quick 
Quiz 29.3) Four closed 
paths around three 
current-carrying wires.

a
b
c

d

Figure 29.12  (Quick 
Quiz 29.4) Several closed 
paths near a single cur-
rent-carrying wire.

 Example 29.5     The Magnetic Field Created by a Long Current-Carrying Wire

A long, straight wire of radius R carries a steady current I that is uniformly dis-
tributed through the cross section of the wire (Fig. 29.13). Calculate the mag-
netic field a distance r from the center of the wire in the regions r $ R and  
r , R.

S O L U T I O N

Conceptualize  Study Figure 29.13 to understand the structure of the wire and the cur-
rent in the wire. The current creates magnetic fields everywhere, both inside and outside 
the wire. Based on our discussions about long, straight wires, we expect the magnetic 
field lines to be circles centered on the central axis of the wire. In Example 29.1, we used 
a for the distance from a wire of negligible radius. In this example, the wire has a radius 
R. We will use r for the distance from the center of the wire and compare regions both 
inside and outside the wire.

Categorize  Because the wire has a high degree of symmetry, we categorize this example 
as an Ampère’s law problem. For the r $ R case, we should arrive at the same result as was 
obtained in Example 29.1, where we applied the Biot–Savart law to the same situation.

Analyze  For the magnetic field exterior to the wire, let us choose for our path of inte-
gration circle 1 in Figure 29.13. From symmetry, B

S
 must be constant in magnitude and 

parallel to d sS at every point on this circle.

2

R

r

1

d sS 

I

Figure 29.13  (Example 29.5) A 
long, straight wire of radius R car-
rying a steady current I uniformly 
distributed across the cross section 
of the wire. The magnetic field at 
any point can be calculated from 
Ampère’s law using a circular  
path of radius r, concentric with 
the wire.
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29.4 Rank the magnitudes of 
 for the closed paths  

through  in the figure from 
greatest to least.

∮ B ⋅ d s a
d
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Notice the italics in the shaded box. We can choose any path and any surface 
bounded by that path. In most cases, we choose paths that are simple, such as cir-
cles or rectangles. Also, in most cases, we choose the flat surface bounded by the 
path. Imagine a drumhead: the circular rim is the path and the flat drumhead 
membrane is the surface. If the membrane vibrates, however, there are instants of 
time when the path remains fixed, but the surface is not flat; the membrane bows 
upward or downward from its equilibrium position. We will see in Chapter 33 a 
situation in which we need to consider a surface other than the flat one bounded 
by the path.

Ampère’s law describes the creation of magnetic fields by all continuous current 
configurations, but at our mathematical level it is useful only for calculating the 
magnetic field of current configurations having a high degree of symmetry. Its use 
is similar to that of Gauss’s law in calculating electric fields for highly symmetric 
charge distributions.

Q UICK QUIZ 29.3  Rank the 
magnitudes of $ B

S  
? d sS for the 

closed paths a through d in 
Figure 29.11 from greatest  
to least.

Q UICK QUIZ 29.4  Rank the 
magnitudes of $ B

S  
? d sS for the 

closed paths a through d in Fig-
ure 29.12 from greatest to least.

EXAMPLE 29.6   

1 A 
5 A 

b

a

d

c

2 A 

Figure 29.11  (Quick 
Quiz 29.3) Four closed 
paths around three 
current-carrying wires.

a
b
c

d

Figure 29.12  (Quick 
Quiz 29.4) Several closed 
paths near a single cur-
rent-carrying wire.

 Example 29.5     The Magnetic Field Created by a Long Current-Carrying Wire

A long, straight wire of radius R carries a steady current I that is uniformly dis-
tributed through the cross section of the wire (Fig. 29.13). Calculate the mag-
netic field a distance r from the center of the wire in the regions r $ R and  
r , R.

S O L U T I O N

Conceptualize  Study Figure 29.13 to understand the structure of the wire and the cur-
rent in the wire. The current creates magnetic fields everywhere, both inside and outside 
the wire. Based on our discussions about long, straight wires, we expect the magnetic 
field lines to be circles centered on the central axis of the wire. In Example 29.1, we used 
a for the distance from a wire of negligible radius. In this example, the wire has a radius 
R. We will use r for the distance from the center of the wire and compare regions both 
inside and outside the wire.

Categorize  Because the wire has a high degree of symmetry, we categorize this example 
as an Ampère’s law problem. For the r $ R case, we should arrive at the same result as was 
obtained in Example 29.1, where we applied the Biot–Savart law to the same situation.

Analyze  For the magnetic field exterior to the wire, let us choose for our path of inte-
gration circle 1 in Figure 29.13. From symmetry, B

S
 must be constant in magnitude and 

parallel to d sS at every point on this circle.

2

R

r

1

d sS 

I

Figure 29.13  (Example 29.5) A 
long, straight wire of radius R car-
rying a steady current I uniformly 
distributed across the cross section 
of the wire. The magnetic field at 
any point can be calculated from 
Ampère’s law using a circular  
path of radius r, concentric with 
the wire.
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Example 29.05: The Magnetic Field Created by a Long Current-Carrying Wire

Calculate the magnetic field at a 
distance  from the center of a wire 
carrying a steady current . 

The current is uniformly distributed 
through the cross section of the wire. 
Since the wire has a high degree of 
symmetry, the problem can be 
categorized as a Ampère’s Law 
problem. 

▪ For  this should be the 
same result as obtained from the 
Biot-Savart Law.

r
I

r ≥ R,
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Field Due to a Long Straight Wire – Results From Ampere’s Law

Outside of the wire,  

Inside the wire, we need , the current inside the amperian circle. 

r > R

∮ B ⋅ d s = B(2πr) = μ0I → B =
μoI
2πr

I′￼

∮ B ⋅ d s = B(2πr) = μ0I′￼→ I′￼= r2

R2 I

B = ( μ0Ir

2πR2 )
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Field Due to a Long Straight Wire – Results Summary

The field is proportional to  inside the 
wire. 

The field varies as  outside the wire. 

Both equations are equal at .

r

1/r
r = R
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Magnetic Field of a Solenoid

A solenoid is a long wire wound in the 
form of a helix. 

A reasonably uniform magnetic field 
can be produced in the space 
surrounded by the turns of the wire. 

▪ The interior of the solenoid
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Magnetic Field of a Solenoid, Description

The field lines in the interior are  

▪ Nearly parallel to each other 

▪ Uniformly distributed 

▪ Close together 

This indicates the field is strong and almost uniform.
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Magnetic Field of a Tightly Wound Solenoid

The field distribution is similar to that of a bar magnet. 

As the length of the solenoid increases, 

▪ The interior field becomes more uniform. 

▪ The exterior field becomes weaker.
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Ideal Solenoid – Characteristics 

An ideal solenoid is approached when: 

▪ The turns are closely spaced.  

▪ The length is much greater than 
the radius of the turns.
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Ampere’s Law Applied to a Solenoid

Consider an amperian loop (loop 1 in the diagram) surrounding the ideal 
solenoid. 

▪ The loop encloses a small current. 

▪ There is a weak field external to the solenoid. 

▪ A second layer of turns of wire could be used to eliminate the field. 

Ampere’s law can also be used to find the interior magnetic field of the solenoid. 

▪ Consider a rectangle with side  parallel to the interior field and side  
perpendicular to the field. 
▪ This is loop 2 in the diagram. 

▪ The side of length  inside the solenoid contributes to the field. 
▪ This is side 1 in the diagram. 
▪ Sides 2, 3, and 4 give contributions of zero to the field.

ℓ w

ℓ
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Ampere’s Law Applied to a Solenoid, cont.

Applying Ampere’s Law gives  

The total current through the rectangular path equals the current through each 
turn multiplied by the number of turns. 

Solving Ampere’s law for the magnetic field is  

 

▪  is the number of turns per unit length. 

This is valid only at points near the center of a very long solenoid.

B = μo
N
ℓ

I = μonI
n = N/ℓ

∮ B ⋅ d s = ∫
path1

B ⋅ d s = B ∫
path1

ds = Bℓ

∮ B ⋅ d s = Bℓ = μ0Nl
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A long solenoid that has  turns uniformly distributed over a length of  produces a magnetic field 
of magnitude  at its center. What current is required in the windings for that to occur?

1000 0.400 m
1.00 × 10−4 T

Problem 29.23:

The magnetic field at the center of a solenoid is , so
B = μ0
N
ℓ

I

I =
B

μ0n
= (1.00 × 10−4 T)(0.400 m)

(4π × 10−7 T ⋅ m /A)(1000)
= 31.8 mA
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Magnetic Flux

The magnetic flux associated with a 
magnetic field is defined in a way 
similar to electric flux. 

Consider an area element dA on an 
arbitrarily shaped surface. 

The magnetic field in this element is .  

 is a vector that is perpendicular to 
the surface and has a magnitude equal 
to the area .

⃗B
dA

dA
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Magnetic Flux, cont.

The magnetic flux  is  

 

The unit of magnetic flux is  

▪  is a weber

ΦB

ΦB = ∫ B ⋅ dA
T ⋅ m2 = Wb

Wb
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Magnetic Flux Through a Plane, 1

A special case is when a plane of area 
A makes an angle  with . 

The magnetic flux is . 

In this case, the field is parallel to the 
plane and .

θ dA
ΦB = BA cos θ

ΦB = 0
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Magnetic Flux Through A Plane, 2

The magnetic flux is . 

In this case, the field is perpendicular to 
the plane and . 

▪ This is the maximum value of the 
flux.

ΦB = BA cos θ

Φ = BA
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Gauss’ Law in Magnetism

Magnetic fields do not begin or end at any point. 

▪ Magnetic field lines are continuous and form closed loops. 

▪ The number of lines entering a surface equals the number of lines leaving 
the surface. 

Gauss’ law in magnetism says the magnetic flux through any closed surface is 
always zero: 

This indicates that isolated magnetic poles (monopoles) have never been 
detected. 

▪ Perhaps they do not exist 

▪ Certain theories do suggest the possible existence of magnetic monopoles.

∮ B ⋅ dA = 0
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A rectangular loop of width  and length  is located near a long wire carrying a current . The distance between the wire and the closest side 
of the loop is . The wire is parallel to the long side of the loop. Find the total magnetic flux through the loop due to the current in the wire.

a b I
c

Example 29.07: Magnetic Flux Through a Rectangular Loop




Express the area element as  and substitute:





Integrate from  to  :


ΦB = ∫ B ⋅ dA = ∫ Bd A = ∫
μ0I
2πr

d A

d A = bdr

ΦB = ∫
μ0I
2πr

bdr =
μ0Ib
2π ∫

dr
r

r = c r = a + c

ΦB =
μ0Ib
2π ∫

a+c

c

dr
r

=
μ0Ib
2π

ln r
a+c

c

=
μ0Ib
2π

ln ( a + c
c ) =

μ0Ib
2π

ln (1 +
a
c )

Section  29.5
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   29.5    Gauss’s Law in Magnetism
The flux associated with a magnetic field is defined in a manner similar to that 
used to define electric flux (see Eq. 23.4). Consider an element of area dA on an 
arbitrarily shaped surface as shown in Figure 29.19. If the magnetic field at this 
element is B

S
, the magnetic flux through the element is B

S  
? dA

S
, where dA

S
 is a vector 

that is perpendicular to the surface and has a magnitude equal to the area dA. 
Therefore, the total magnetic flux FB through the surface is

 FB ; # B
S  

?  dA
S

 (29.18)

Consider the special case of a plane of area A in a uniform field B
S

 that makes an 
angle u with dA

S
. The magnetic flux through the plane in this case is

 FB 5 BA cos � (29.19)

If the magnetic field is parallel to the plane as in Figure 29.20a, then u 5 908 and 
the flux through the plane is zero. If the field is perpendicular to the plane as in  
Figure 29.20b, then u 5 0 and the flux through the plane is BA (the maximum value).

The unit of magnetic flux is T ? m2, which is defined as a weber (Wb); 1 Wb 5  
1 T ? m2.

Definition of magnetic flux 

B
S

 
u

d A 
S

Figure 29.19  The magnetic  
flux through an area element dA  
is B

S  
? dA

S
5 B d  A cos �, where  

d AS is a vector perpendicular to 
the surface.

Figure 29.20 Magnetic flux 
through a plane lying in a mag-
netic field. a

b

d

The flux through the plane is 
zero when the magnetic field is 
parallel to the plane surface.

A
S

B
S

dA
S

B
S

The flux through the plane is a 
maximum when the magnetic 
field is perpendicular to the plane.

a

b

d

The flux through the plane is 
zero when the magnetic field is 
parallel to the plane surface.

A
S

B
S

dA
S

B
S

The flux through the plane is a 
maximum when the magnetic 
field is perpendicular to the plane.

 Example 29.7     Magnetic Flux Through a Rectangular Loop

A rectangular loop of width a and length b is located near a long wire carrying a cur-
rent I (Fig. 29.21). The distance between the wire and the closest side of the loop is c. 
The wire is parallel to the long side of the loop. Find the total magnetic flux through 
the loop due to the current in the wire.

S O L U T I O N

Conceptualize  As we saw in Figure 29.3, the magnetic field lines due to the wire will be 
circles, many of which will pass through the rectangular loop. We know that the magni-
tude of the magnetic field is a function of distance r from a 
long wire. Therefore, the magnetic field varies over the area of 
the rectangular loop.

Categorize  Because the magnetic field varies over the area of 
the loop, we must integrate over this area to find the total flux. 
That identifies this as an analysis problem.

b
r

I

c a

dr

Figure 29.21  (Example 
29.7) The magnetic field 
due to the wire carrying 
a current I is not uniform 
over the rectangular loop.
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Consider the hemispherical closed surface in the figure. The hemisphere is in a uniform magnetic field that makes an 
angle  with the vertical. Calculate the magnetic flux through (a) the flat surface  and (b) the hemispherical surface .θ S1 S2

Problem 29.27:

(a) The magnetic flux through the flat surface  is





(b) The net flux out of the closed surface is zero:





Therefore,


S1

(ΦB)flat  = B ⋅ A = BπR2 cos(180 − θ ) = − BπR2 cos θ

(ΦB)flat
+ (ΦB)curved

= 0

(ΦB)curved  = BπR2 cos θ

Section  29.5

rather is a function of the radius according to J!5 br, where b 
is a constant. Find an expression for the magnetic field mag-
nitude B (a) at a distance r1 , R and (b)!at a distance r2 . R,  
measured from the center of the conductor.

SECTION 29.4 The Magnetic Field of a Solenoid

23. A long solenoid that has 1 000 turns uniformly distributed 
over a length of 0.400 m produces a magnetic field of mag-
nitude 1.00 3 1024 T at its center. What current is required 
in the windings for that to occur?

24. A certain superconducting magnet in the form of a solenoid 
of length 0.500 m can generate a magnetic field of 9.00 T 
in its core when its coils carry a current of 75.0 A. Find the 
number of turns in the solenoid.

25. You are working at a company that manufactures solenoids 
for industrial and research use. A client has ordered a sole-
noid that will be operated by a 1 000-V power supply and 
must be of length , 5 25.0 cm. A cylindrical experimental 
package of radius rs 5 1.00 cm must fit inside the solenoid. 
The client wants the largest possible magnetic field inside 
the solenoid. The thinnest copper wires allowed by your 
company are AWG 36, which corresponds to a wire diame-
ter of dw 5 0.127 mm. You determine the maximum magni-
tude of magnetic field that can be created in the solenoid to 
report to the client.

26. You are given a certain volume of copper from which you 
can make copper wire. To insulate the wire, you can have 
as much enamel as you like. You will use the wire to make a 
tightly wound solenoid 20 cm long having the greatest possi-
ble magnetic field at the center and using a power supply that 
can deliver a current of 5 A. The solenoid can be wrapped 
with wire in one or more layers. (a) Should you make the 
wire long and thin or shorter and thick? Explain. (b) Should 
you make the radius of the solenoid small or large? Explain.

SECTION 29.5 Gauss’s Law in Magnetism

27. Consider the hemispherical closed surface in Figure P29.27. 
The hemisphere is in a uniform magnetic field that makes an 
angle u with the vertical. Calculate the magnetic flux through 
(a) the flat surface S1 and (b)!the hemispherical surface!S2.

28. You are working for a company that creates special magnetic 
environments. Your new supervisor has come from the fin-
ancial side of the organization rather than the technical 
side. He has promised a client that the company can provide 
a device that will create a magnetic field inside a cylindrical 
chamber that is directed along the cylinder axis at all points 
in the chamber and increases in the axial direction as the 
square of the value of y, where y is the in the axial direction 
and y 5 0 is at the bottom end of the cylinder. Prepare a cal-
culation to show that the field requested by your supervisor 
and promised to a client is impossible.

29. A solenoid of radius r 5 1.25 cm and length , 5 30.0 cm has 
300 turns and carries 12.0 A. (a) Calculate the flux through 
the surface of a disk-shaped area of radius R 5 5.00 cm that 
is positioned perpendicular to and centered on the axis of 
the solenoid as shown in Figure P29.29a. (b)!Figure!P29.29b 
shows an enlarged end view of the same solenoid. Calculate 
the flux through the tan area, which is an annulus with 
an inner radius of a 5 0.400 cm and an outer radius of  
b 5 0.800 cm.

SECTION 29.6 Magnetism in Matter

30. The magnetic moment of the Earth is approximately  
8.00! 3 1022 A ? m2. Imagine that the planetary magnetic 
field were caused by the complete magnetization of a huge 
iron deposit with density 7 900 kg/m3 and approximately  
8.50 3 1028 iron atoms/m3. (a) How many unpaired electrons, 
each with a magnetic moment of 9.27 3 10224 A ? m2, would 
participate? (b) At two unpaired electrons per iron atom, how 
many kilograms of iron would be present in the deposit?

ADDITIONAL PROBLEMS

31. A 30.0-turn solenoid of length 6.00 cm produces a magnetic 
field of magnitude 2.00 mT at its center. Find the current in 
the solenoid.

32. Why is the following situation impossible? The magnitude of 
the Earth’s magnetic field at either pole is approximately  
7.00 3 1025 T. Suppose the field fades away to zero before 
its next reversal. Several scientists propose plans for artifi-
cially generating a replacement magnetic field to assist with 
devices that depend on the presence of the field. The plan 
that is selected is to lay a copper wire around the equator 
and supply it with a current that would generate a magnetic 
field of magnitude 7.00 3 1025 T at the poles. (Ignore mag-
netization of any materials inside the Earth.) The plan is 
implemented and is highly successful.

33. Suppose you install a compass on the center of a car’s dash-
board. (a) Assuming the dashboard is made mostly of plastic,  
compute an order-of-magnitude estimate for the magnetic 
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