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13. VJKPM As defined in Eq. 32-38, magnetization is the dipole moment per unit
volume.

GZRTGUU Let O be the magnetization and O be the volume of the cylinder (O ? rt N2 ,
where t is the radius of the cylinder and N is its length). The dipole moment is given by

= OO.

CPCN[\G Substituting the values given, we obtain

22 3 2 25.30 10 A m m 5.00 10 m 7.49 10 J T .O t N .4 . .? ? � 4/11�21 � ? �

NGCTP In a sample with P atoms, the magnetization reaches maximum, or saturation,
when all the dipoles are completely aligned, leading to max / .O P? O

14. (a) From Eq. 32-10,
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Thus, the magnitude of the displacement current is
!
| k

f
| ? 3.2 �10.8 A.

(b) The negative sign in fk implies that the direction is downward.

(c) If one draws a counterclockwise circular loop u around the plates, then according to
Eq. 32-18,

!! uÑ
r
D · f

r
u ?

0
k
f

> 0,

which means that
h h
D fu· > 0 . Thus

h
D must be clockwise.



291

19. (a) A sketch of the field lines (due to the presence of the bar magnet) in the vicinity of
the loop is shown below:

(b) The primary conclusion of Section 32-9 is two-fold:
h
w is opposite to

h
D , and the

effect of
h
H is to move the material toward regions of smaller | |D

h
values. The direction

of the magnetic moment vector (of our loop) is toward the right in our sketch, or in the +z

direction.

(c) The direction of the current is clockwise (from the perspective of the bar magnet).

(d) Since the size of | |D
h

relates to the crowdedness of the field lines, we see that
h
H is

toward the right in our sketch, or in the +z direction.
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30. Combining Eq. 32-27 with Eqs. 32-22 and 32-23, we see that the energy difference is

2 DW DF ?

where B is the Bohr magneton (given in Eq. 32-25). With FW = 4.00 � 10.25 J, we
obtain D = 2.16 mT.!
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39. VJKPM In this problem, we model the Earth s magnetic dipole moment with a
magnetized iron sphere.

GZRTGUU If the magnetization of the sphere is saturated, the total dipole moment is total

= P , where P is the number of iron atoms in the sphere and is the dipole moment of
an iron atom. We wish to find the radius of an iron sphere with P iron atoms. The mass of
such a sphere is Po, where o is the mass of an iron atom. It is also given by 4r T

3/3,
where is the density of iron and T is the radius of the sphere. Thus Po = 4r T3/3 and

P
T

o
?

4

3

3r
.

We substitute this into total = P to obtain

1 33
total

total

34
.

3 4

oT
T

o

Æ Õr
? ¾ ? Ç Ö

rÈ ×

CPCN[\G (a) The mass of an iron atom is

o ? ? � ? �. .56 56 166 10 9 30 1027 26u u kg u kg.d ie j. .

Therefore, the radius of the iron sphere is
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(b) The volume of the sphere is X T
u

? ? � ? �
4 4

182 10 2 53 103 5 3 16r

4

r

4
. .m m3e j and the

volume of the Earth is
33 6 21 34 4

6.37 10 m 1.08 10 m ,G GX T
r r

? ? � ? �
4 4

so the fraction of the Earth s volume that is occupied by the sphere is

16 3
5

21 3

2.53 10 m
2.3 10 .

1.08 10 m
u

G

X

X

.�
? ? �

�

NGCTP The finding that u GX X3 makes it unlikely that our simple model of a

magnetized iron sphere could explain the origin of Earth s magnetization.
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