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Sources of the Magnetic Field

CHAPTER OUTLINE

30.1 The Biot-Savart Law

30.2 The Magnetic Force Between Two Parallel Conductors
30.3 Ampere’s Law

30.4 The Magnetic Field of a Solenoid

30.5 Gauss’s Law in Magnetism

30.6 Magnetism in Matter

[ An asterisk indicates a question or problem new to this edition|

ANSWERS TO OBJECTIVE QUESTIONS

0Q30.1 (i) Answer (b). The field is proportional to the current. (ii) Answer
(d). The field is inversely proportional to the length of the solenoid.
(iii) Answer (b). The field is proportional to the number of turns.
(iv) Answer (c). The field does not depend on the radius of the
solenoid. All the questions can be answered by referring to Equation

30.17, B= N

0Q30.2  Answer (c). Newton’s third law describes the relationship.

00Q30.3 (a) No. At least two would be of like sign, so they would repel. (b)
Yes, if all are alike in sign. (c) Yes, if all carry current in the same
direction. (d) No. If one current-carrying wire repelled the other two,
those two would attract each other.

0Q30.4  Answer (a). The contribution made to the magnetic field at point P
by the lower wire is directed out of the page, while the contribution
due to the upper wire is directed into the page. Since point P is
equidistant from the two wires, and the wires carry the same
magnitude currents, these two oppositely directed contributions to
the magnetic field have equal magnitudes and cancel each other.
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356 Sources of the Magnetic Field

0Q30.5 Answer (a) and (c). The magnetic field due to the current in the
vertical wire is directed into the page on the right side of the wire
and out of the page on the left side. The field due to the current in the
horizontal wire is out of the page above this wire and into the page
below the wire. Thus, the two contributions to the total magnetic
field have the same directions at points B (both out of the page) and
D (both contributions into the page), while the two contributions
have opposite directions at points A and C. The magnitude of the
total magnetic field will be greatest at points B and D where the two
contributions are in the same direction, and smallest at points A and
C where the two contributions are in opposite directions and tend to
cancel.

0Q30.6 (i) Answer (b). Magnetic field lines lie in horizontal planes and go
around the wire clockwise as seen from above. East of the wire the
field points horizontally south.

(ii) Answer (b). The direction of the magnetic field at a given point is
determined by the direction of the conventional current that creates
it.

*0Q30.7 (i) Answer (d). (ii) Answer (c). Current on each side of the frame
produces magnetic field lines that wrap around the tubes. The field
lines pass into the plane enclosed by the frame (away from you) and
then return to pass back through the plane outside the frame (toward

you).
0Q30.8  Answer (a). According to the right-hand rule, the magnetic field at

point P due to the current in the wire is directed out of the page, and
the magnitude of this field is given by Equation 30.14: B = u,I/2nr.

00Q30.9 Answers (c) and (d). Any point in region I is closer to the upper wire,
which carries the larger current. At all points in this region, the
outward directed field due the upper wire will have a greater
magnitude than will the inward directed field due to the lower wire.
Thus, the resultant field in region I will be nonzero and out of the
page, meaning that choice (d) is a true statement and choice (a) is
false. In region II, the field due to each wire is directed into the page,
so their magnitudes add and the resultant field cannot be zero at any
point in this region. This means that choice (b) is false. In region III,
the field due to the upper wire is directed into the page while that
due to the lower wire is out of the page. Since points in this region
are closer to the wire carrying the smaller current, there are points in
this region where the magnitudes of the oppositely directed fields
due to the two wires will have equal magnitudes, canceling each
other and producing a zero resultant field. Thus, choice (c) is true
and choice (e) is false.
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0Q30.10 Answer (b). Wires carrying currents in opposite directions repel. In
regions II and III, the field due to the upper wire is directed into the
page. The lower wire, with its current to the left, experiences a
downward force in the field of the upper wire.

0Q30.11 Answers (b) and (c). In each case, electric charge is moving.
0Q30.12 Answer (a). The adjacent wires carry currents in the same direction.

0Q30.13 Answer (c). Conceptually, for there to be magnetic flux through a
coil, magnetic field lines must pass through the area enclosed by the
coil. The magnetic field lines do not pass through the areas of the
coils in the xy and xz planes, but they do through the area of the coil
in the yz plane. Mathematically, the magnetic flux is ®z = BA cos6,
where gis the angle between the normal to the area enclosed by the

coil and the magnetic field. The flux is maximum when the field is
perpendicular to the area of the coil. The flux is zero when there is no
component of magnetic field perpendicular to the loop—that is,
when the plane of the loop contains the x axis.

0Q30.14 The ranking is e > ¢ >b > a > d. Express the fields in units of y,
(ampere/cm):

(a) for along, straight wire,
Uyl /2mr = ,uo[3/27r(2):|: Uy [0.75/ 7] (ampere/cm)
(b) for a circular coil,
Nl /27 = 11, (10)(0.3)/2(2) ]= 11, [0.75] (ampere/cm)
(c) for a solenoid,
Nl /= 5[ (1 000)(0.3)/200 = 1, [1.5] (ampere/cm)
which is also
(47x107 T-m/A)[1.5 A/(0.01 m)]=0.19x 107 T=0.19 mT

(d) The field is zero at the center of a current-carrying wire.
(e) 1mTislarger than 0.19 mT, so it is largest of all.
0Q30.15 The ranking is C > A > B. The magnetic field inside a solenoid,

carrying current I, with N turns and length L, is B = unl = u, (%)I .

N, I 1
Thus, BA:M, B, =H0Yal ~ B, and B,
L, 2L, 2

_ .Uo(zNA)I

= 4B,.
L,/2 A
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ANSWERS TO CONCEPTUAL QUESTIONS

CQ30.1

CQ30.2

CQ30.3

CQ30.4

CQ30.5

CQ30.6

No. The magnetic field created by a single current loop resembles
that of a bar magnet — strongest inside the loop, and decreasing in
strength as you move away from the loop. Neither is the field
uniform in direction — the magnetic field lines loop through the loop.

Yes. Either pole of the magnet creates a field that turns the atoms of
the domains inside the iron to align their magnetic moments with the
external field. Then the nonuniform field exerts a net force on each
domain toward the direction in which the field is getting stronger.

A magnet on a refrigerator door goes through the same steps to exert
a strong normal force on the door. Then the magnet is supported by a
frictional force.

The Biot-Savart law considers the contribution of each element of
current in a conductor to determine the magnetic field, while for
Ampere’s law, one need only know the current passing through a
given surface. Given situations of high degrees of symmetry,
Ampere’s law is more convenient to use, even though both laws are
equally valid in all situations.

Apply Ampere’s law to the circular path
labeled 1 in the picture. Because the current
has a cylindrical symmetry about its central
axis, the line integral reduces to the
magnitude of the magnetic field times the
circumference of the path, but this is equal to
zero because there is no current inside this
path; therefore, the magnetic field inside the
tube must be zero. On the other hand, the ANS. FIG. CQ30.4
current through path 2 is the current carried

by the conductor; then the line integral is not equal to zero, so the
magnetic field outside the tube is nonzero.

Magnetic field lines come out of north magnetic poles. The Earth’s
north magnetic pole is off the coast of Antarctica, near the south
geographic pole. Straight up.

Ampere’s law is valid for all closed paths surrounding a conductor,
but not always convenient. There are many paths along which the
integral is cumbersome to calculate, although not impossible.
Consider a circular path around but not coaxial with a long, straight
current-carrying wire. Ampere’s law is useful in calculating B if the
current in a conductor has sufficient symmetry that the line integral
can be reduced to the magnitude of B times an integral.
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CQ30.10

CQ30.11

CQ30.12
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Magnetic domain alignment within the magnet creates an external
magnetic field, which in turn induces domain alignment within the
first piece of iron, creating another external magnetic field. The field
of the first piece of iron in turn can align domains in another iron
sample. A nonuniform magnetic field exerts a net force of attraction
on the magnetic dipoles of the domains aligned with the field.

The shock misaligns the domains. Heating will also decrease
magnetism (see Curie Temperature).

Zero in each case. The fields have no component perpendicular to
the area.

(@) The third magnet from the top repels the second one with a
force equal to the weight of the top two. The yellow magnet
repels the blue one with a force equal to the weight of the blue
one.

(b) The rods (or a pencil) prevent motion to the side and prevents
the magnets from rotating under their mutual torques. Its
constraint changes unstable equilibrium into stable.

(c) Most likely, the disks are magnetized perpendicular to their flat
faces, making one face a north pole and the other a south pole.
One disk has its north pole on the top side and the adjacent
magnets have their north poles on their bottom sides.

(d) If the blue magnet were inverted, it and the yellow one would
stick firmly together. The pair would still produce an external
field and would float together above the red magnets.

In the figure, the magnetic field created by

wire 1 at the position of wire 2 is into the B, . Fon
paper. Hence, the magnetic force on wire 2 is ‘plj ® \F—~
in direction (current down) x (field into the ph l
paper) = (force to the right), away from wire Iy

1. Now wire 2 creates a magnetic field into ) B |

the page at the location of wire 1, so wire 1 Eom 5\ ®2 >

feels force (current up) x (field into the = Q

paper) = (force to the left), away from wire 2. ANS. FIG. CQ30.11

(a) The field can be uniform in magnitude.

Gauss’s law for magnetism implies that magnetic field lines never
start or stop. If the field is uniform in direction, the lines are parallel
and their density stays constant along any one bundle of lines.
Therefore, the magnitude of the field has the same value at all points
along a line in the direction of the field. (b) The magnitude of the
field could vary over a plane perpendicular to the lines, or it could be
constant throughout the volume.
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SOLUTIONS TO END-OF-CHAPTER PROBLEMS

Section 30.1 The Biot—-Savart Law

2
*P30.1 (a) Each coil separately produces field given by B = %Rw at
2(R*+x%)
the point halfway between them. Together they produce field
2
2B= % =450x10" T

_ 50(47x107 T-m/A)I(0.012 m)*
[(0.012 m)* +(0.011 m)* ]"

_9.05x10° T-m’/A |
431x10° m’

450%10° T A
I = =
210x10° T L2LomA
(b) AV =IR=(0.0215A)(210 Q)=[451V
() P=(AV)I=(451V)(0.0215A)=[96.7 mW

P30.2 Imagine grasping the conductor with the right hand so the fingers curl
around the conductor in the direction of the magnetic field. The thumb
then points along the conductor in the direction of the current. The
results are

(a) [toward the left| (b) |out of the page| (c) |10wer left to upper right

P30.3 The magnetic field is given by

47%107 T-m/A)(2.00 A
= Mol _ )( )_ 1.60x10° T
27y 27[(0.250 m)

P30.4 Model the tornado as a long, straight, vertical conductor and imagine
grasping it with the right hand so the fingers point northward on the
western side of the tornado (that is, at the observatory’s location). The
thumb is directed downward, meaning that the conventional current is
downward. The magnitude of the current is found from B=uyI/2xra as

_2mrB_ 2m(9:00x10° m)(1.50x 107" T)

I
Uy 4x107 T-m/A

=675 A

Thus, the current is |675 A, downward|.
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P30.5 (@) Use Equation 30.4 for the field produced by each side of the
square.

ull . .
B= sin @, —sin 6
47w( ! 2)

where 0, =45.0°, 6, =-45.0°, anda = é

ANS. FIG. P30.5

Each side produces a field into the page. The four sides altogether
produce

I, .
=4B=4£;a(sm91—smez)

B

center

= M 145,00 sin(-45.0%)]

/)2
_ 2l [ 2 }_2‘/2“0[
Cnl N2 me

- 2J2(47x107 T-m/A)(10.0 A)
- 7(0.400 m)

=242 %107 T =| 28.3 uT into the page

(b) For a single circular turn with 4/=27R,

ul  porl (47107 T-m/A)(10.0 A)

2R~ 4( 4(0.400 m)

=| 24.7 uT into the page

P30.6 Treat the magnetic field as that produced in the center of a ring of
radius R carrying current I: from Equation 30.8, the field is B= ‘;—;{I

The current due to the electron is

_g_ e ev

" At 27R/v 27R
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362 Sources of the Magnetic Field

so the magnetic field is

=N_ol=ﬂ(ﬂ)=&ﬁ

2R 2R\27R) 4n R’

_(47r><10‘7 T.m/A](1.60>< 10 C)(2.19%10° m/s)
An (529x107" m)’

=[125T]

P30.7 We can think of the total magnetic field as the superposition of the

and

field due to the long straight wire, having magnitude H

directed into the page, and the field due to the circular loop, having

magnitude Kol

field is:

and directed into the page. The resultant magnetic

B= (1+lj‘u—ol - (1+l)(4” x107 T-m/A)(1.00 A)
2R 2(0.150 m)

n
=5.52x10° =|5.52 uT into the page

P30.8 We can think of the total magnetic field as the superposition of the

field due to the long straight wire (having magnitude 2%; and
T

directed into the page) and the field due to the circular loop (having

magnitude Kol

field is:

and directed into the page). The resultant magnetic

_ 1 u
B=|1+ " (directed into the page
[ ELR ( page)

P30.9 Wire 1 creates at the origin magnetic field:

B I & I
B, = ol right hand rule = Hoty (8N = Holy j
2y 2ra 2ra

(a) If the total field at the origin is —>% 28l 5 _ Holy +B, then the second
g j=tolj

2ra - 2rwa
wire must create field according to B, - Ml j= Holy @
" 27a 27 (2a)

Then I, =|21, out of the paper|.
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q on w2l sy el
(b) The other possibility is B, + B, = m(—])—%] +B,. Then,

= 3u o4 Ul -
B, =—"1(—j|=—"22 @andlz& into the paper|.
> 27a ( ]) 2rn(2a) - ? L Pap

The vertical section of wire constitutes one half of an infinitely long,
straight wire at distance x from P, so it creates a field equal to

_ 1l
B_E(anj

Hold your right hand with extended thumb in the direction of the
current; the field is away from you, into the paper.

For each bit of the horizontal section of wire ds is to the left and r is
to the right, so ds x t =0. The horizontal current produces zero field at
P. Thus,

B= ol into the paper

4 x

Every element of current creates magnetic field in the same direction,
into the page, at the center of the arc. The upper straight portion
creates one-half of the field that an infinitely long straight wire would
create. The curved portion creates one-quarter of the field that a
circular loop produces at its center. The lower straight segment also

creates field l‘u—OI
22xr
The total field is
B= 1 il +l,u_01+1_,u01 into the page
22xr 4 2r 22mr
= ‘Lé—orl(% + %) into the plane of the paper
= (70'284 15‘%1) into the page
r
Along the axis of a circular loop of radius R,
_ MR
B=
2(x*+R?)
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364 Sources of the Magnetic Field

32
B, |(x/R)+1]| '
I
where ) = B
2R

B Along Axis of Circular Loop
1

0.8
o 2
02
0] . 2 - . .
0 1 2 3 4 5
xR
ANS. FIG. P30.12
x/R B/Bo
0.00 1.00
1.00 0.354
2.00 0.089 4
3.00 0.0316
4.00 0.014 3
5.00 0.007 54

P30.13  We use the Biot-Savart law. For bits of wire along the straight-line
sections, ds is at 0° or 180° to 1, so dsxt = 0. Thus, only the curved
section of wire contributes to B at P. Hence, d§ is tangent to the arc and
t is radially inward; so d§x 1 =|ds|1sin90°® =|ds|®. All points along
the curve are the same distance r = 0.600 m from the field point, so

B=|

all current

aB|= [ LA Lyt 1
4r

r? 47 r? 47 r?

where s is the arc length of the curved wire,

s=r6=(0.600 m) (30.00)(32—”} 0.314 m

o
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Then,

B=(10" T- m/A)%(osm m)

B=| 262 nT into the page

!

-
-
-

P.<:j’3z).0°

e
~
~

ANS. FIG. P30.13

P30.14 (a) Above the pair of wires, the field out of the page of the 50.0-A
current will be stronger than the (—1A<) field of the 30.0-A current,

so they cannot add to zero. Between the wires, both produce
fields into the page. They can only add to zero below the wires, at
coordinate y = — |y | . Here the total field is

_ Mol Mol
2nr 27rr 458

M| 500A  ( ~y 300A/
- 27| (|y|+0.280 m)( ) (1)
50.0]y| = 30.0(|y| +0.280 m)

50.0(-y)=30.0(0.280 m - y)
~20.0y = 30.0(0.280 m)

y=-0.420 m
y
50;\
30.A -
®:-
ANS. FIG. P30.14

(b) Aty =0.100 m the total field is
27rr 27rr cz@
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2w

50.0 A ~\ 300A [ -
. ( (0.280—0.100) m (_k) * 0100 m (—k)j

~1.16x10™ T(—ﬁ)

B_(47r><107 T~m/Aj

The force on the particle is
F= qv X B
= (-2x10* C)(150x 10° mys))(i)
x(1.16x10™ N-s/C-m)(-k]|

=|3.47x10 N(-j)

(c) Werequire F, =3.47x107 N(+§) =gE=(-2x10" C)E,

so E=|-173x10%j N/C |.

P30.15 Label the wires 1, 2, and 3 as shown in ! ,CT)\]
ANS. FIG. P30.15(a) and let the magnetic TN
field created by the currents in these y //a } B Sy 3 I
— — — a i
wires be B;, B,, and B,, respectively. A.\_\_ B A (:?
|

(@) Atpoint A:

= ()
and B, = Hol :
27(3a)

The directions of these fields are
shown in ANS. FIG. P30.15(b).
Observe that the horizontal

components of B, and B, cancel ANS. FIG. P30.15()
while their vertical components B, |, B
both add onto B,. Therefore, the 45,071 45.0°
net field at point A is: \<:>/
® -
B, = B, c0s45.0° + B, cos 45.0° + B, 1 “
I 2 1 B,
= éuo [ﬁcos%.oo + 5} ’
d ANS. FIG. P30.15(c)
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L

A

4 x107 T-m/A)(2.00 A)[ 2 1}
—=C0s45°+ —
2(1.00x102 m)  [V2 3

B, =| 53.3 uT toward the bottom of the page

(b) At point B: B, and B, cancel, leaving

_ Ml
> 27(2a)

(47x107 T-m/A)(2.00 A)
" 27(2)(1.00x107 m)

B

=| 20.0 uT toward the bottom of the page

. ol J779 B o
c) AtpointC: B,=B,=—"%__and B, = with the directions
© P ! ? 27'[(&\/2) > 2rma

shown in ANS. FIG. P30.15(c). Again, the horizontal components
of B, and B, cancel. The vertical components both oppose B,

giving
Mol o|_ Mol .uol{ 2 ° }_
B, =2| ———-c0s45.0° |- =—— —=cos45.0°-1|=
c [27:((1\/5) ] 2na 2mal\2 @
P30.16 (a) ANS. FIG. P30.16 shows the various vectors.
A
20 kA
1
21.4 ym
T

}—7 50 m—— N

Vil

ANS. FIG. P30.16

(b) The upward lightning current creates field lines in
counterclockwise horizontal circles.
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B= AL [righthand rule]
2rr

(47x107 T-m/A)(20.0x10° A)
- 27(50.0 m)
= 8.00x107 T north

The force on the electron is

north

F=gqvxB
=(-1.6x10™ C)(300 m/s west)x(8.00x10° T north)

=—(3.84x10™ N down)=|3.84x10" N up

(c) From Equation 29.3,

9.11x107°" ke) (300 m/s
p=0 _ ( 8) ( ) =[2.14%10° m|.

B (160x10™° C) (8.00x10™ T)

(d) |Thjs distance is negligible compared to 50 m, so the electron does|

Imove in a uniform field.|

(e) Use Equation 29.4, w=qB/m, which is equal to 27N /At, where N
is the number of revolutions:

N (1.60x10™ C)(8.00x 107 T)(60.0x 10 s)

2mm 27 (9.11x10™ kg)
=134 revolutions|
I, . .
P30.17  Apply the Equation 30.4, B= f £ y (sin@, —sin®,), to each of the wires.
T
a a

For the horizontal wire (H), sin6, = ————=and sinf, = ———

boJi e C

because 6, measures to the wire’s end point on the —x-axis and 6,
measures to the wire’s end point on the +x-axis. For the left vertical

. d
wire (VL) and the right vertical wire (VR), sin6, = W and sin 6, =
1 because both angles measure to the wire’s end points on the +y-axis.

a a

6, | 6,
ﬁ((j><>/ \lllz+(l3

ANS. FIG. P30.17
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Take out of the page as the positive direction, and into the page as the
negative direction. The field at the origin is

By =|By.|~|By| +|Bux|

Y U S /7 & B S B
Frel N e vy I e W e
- Hol 1- 4

rr G e
ol 2d ol 2a
= 2— -
dra\ " 2 +a* ) And\Jd?+a?
_ Myl d— d’ _ a’
2 ad Ji2+a> i +a

2, 2
_ Mol (d d +a )_ Mol (d— /a2+d2)

T omad\ \/dz v 22 ) 2mad
_ Mol 2, 2
- 2Md(\/a +d* -d)

I
The field is negative: magnetic field at the origin is ‘u—o(\/ a’+d* - d)

into the page.

P30.18 (a) We use Equation 30.4 in the chapter text
for the field created by a straight wire of
limited length. The sines of the angles
appearing in that equation are equal to
the cosines of the complementary angles
shown in our diagram. For the distance a
from the wire to the field point we have

tan30° = — 7= 0.288 7L. One wire
L2

ANS. FIG. P30.18(a)
contributes to the field at P

B= Hol (cos@, —cosb,) = Al
4ra 47(0.2887L)

CouI(1732) 1501
47(02887L)  mL

(cos30°-cos150°)
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Each side contributes the same amount of field in the same
direction, which is perpendicularly into the paper in the picture.

1.50u,1 |_[ 45041
L L |

So the total field is 3

(b) As we showed in part (a), one whole side of the triangle creates
Ul (1.732)
4ma
the triangle will be half as far away from point P, and have a

tield at the center . Now one-half of one nearby side of

geometrically similar situation. Then it creates at P, field

1,[(1.732)  2u,1(1.732)
4 (a/2) 4ra

The two half-sides shown crosshatched in the picture create at P,
tield

o 2101(1732) | 4u1(1.732) _ 6u,l
4ma 47(0.2887L) nL

The rest of the triangle will contribute somewhat more field in the
same direction, so we already have a proof that the field at P; is

ronger.

ANS. FIG. P30.18(b)

P30.19  Assume that the wire on the right is wire 1 and that on the left is wire
2. Also, choose the positive direction for the magnetic field to be out of
the page and negative into the page.

(@) At the point half way between the two wires,

B =-B -B :—{“Oll +“012}:_
e TH T 2 2,

o (1 41
27271’(1 2)

_ (47x107 T-m/A)
~ 27(5.00x10% m)

(10.0 A)=-4.00x10° T

or B, =[40.0 uT into the page |
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(b) Atpoint P,

Bnet :+B1_B2 :&|:+I_1_I_2i|
2l 1, 1,
B - 47 %107 T-m/A[ 5.00 A 3 5.00 A }
net = 27 0.100m 0.200 m

=5.00 uT out of page

(c) Atpoint P,
Bnet:_B1+B2:&|:_I_1+I_2i|
2l 1, 1,

_4mx107 T-myAl 500A 500 A }
e 2 L 0300m  0.200 m

=|1.67 uT out of page|

B

Call the wire carrying a current of 3.00 A wire 1 and the other wire 2.
Also, choose the line running from wire 1 to wire 2 as the positive x
direction.

B]
o S ©--1%
I I
B,
ANS. FIG. P30.20(a)

(@) At the point midway between the wires, the field due to each
wire is parallel to the y-axis and the net field is

B, =+B,, —B,, =1t (I, - 1,)/27r

net

Thus,
_ (47x107 T-m/A)

B, = (3.00 A—5.00 A)=-4.00x10° T
27(0.100 m)

or B.,= |4.00 uT toward the bottom of the page|

(b) Refer to ANS. FIG. P30.20(b). At point P, 7, =(0.200 m)~/2 and B,
is directed at 6, = +135°. The magnitude of B is

I, (4mx107 T-m/A)(3.00 A)

27, 27(0.200v2 m)

=2.12 uT

1=
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BZ !
1
rl/ :rz
1
© SA— o-F
I] IZ

ANS. FIG. P30.20(b)

The contribution from wire 2 is in the —x direction and has
magnitude

47x107 T-m/A)(5.00 A
B, = Hol, — ( / )( ) =5.00 uT
2rr, 27(0.200 m)

B, = —6.50 uT

B 9B, =150 T

net
ANS. FIG. P30.20(c)
Therefore, the components of the net field at point P are:
B, =B, cos135°+ B, cos 180°

= (2.12 /,LT)cos 135°+ (5.00 ,uT)cos 180°=-6.50 uT
and
By =B, sin135°+ B, sin180° = (2.12 uT)sin135°+0 =+1.50 uT

Therefore,

B, =+B2+B2 =6.67 uT

at O=tan™ B.| =tan! 6.50 uT =77.0°
B, 150 uT

in ANS. FIG. P30.20(c), which is 77.0° + 90.0° = 167.0° from the
positive x axis. Therefore,

Bret = |6.67 uT at 167.0° from the positive x axis|.
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Section 30.2  The Magnetic Force Between
Two Parallel Conductors

Let both wires carry current in the x direction, the first at y = 0 and the
second at y = 10.0 cm.

- . (47x107 T-m/A)(5.00 A) .

B= :uOI k= ( / )( ) k

P30.21

(a) =
27r 27(0.100 m)
B=|1.00x10" T out of the page
.V
,=8.00 A
—t—»— y=10.0cm
1,=5.00 A é@v

ANS. FIG. P30.21(a)
(b) Ey=17xB=(8.00A)[(1.00 m)ix(1.00x107 T)k]
(8.00x10° N)(-j)

ANS. FIG. P30.21(b)

F, =| 8.00x10™ N toward the first wire

(47 %107 T-m/A)(8.00 A), -
27(0.100 m) (&)

(c) B= Kol (—ﬁ):

1.60x10° T)(-k)

\T

ANS. FIG. P30.21(c)

—

B=[1.60x107" T into the page

(d) F,=17xB=(500A)[(1.00 m)ix(1.60x10° T)(-k||
=(8.00x10° N)(+j)
1%

ANS. FIG. P30.21(d)
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F, =|8.00x 10~ N towards the second wire

P30.22 (a) The force per unit length that parallel conductors exert on each
other is, from Equation 30.12, F/¢=pu,I,1,/27d . Thus, if

F/t=2.00x10" N/m, I, =5.00 A, and d = 4.00 cm, the current in
the second wire must be

2rcd ( P)
=" 2
Mol \ 4

~ 27(4.00x107 m)
| (47107 T-m/A)(5.00 A)

=[8.00 A]

(b) Since parallel conductors carrying currents in the same direction
attract each other (see Section 30.2 in the textbook), the currents in
these conductors which repel each other must be in

}(2.00>< 10* N/m)

|lopposite directions.|

(c) From Equation 30.12, 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

lof the force would double|.

P30.23 (a) From Equation 30.12, the force per unit length that one wire
exerts on the other is F//=pu,I,1,/2nd, where d is the distance

separating the two wires. In this case, the value of this force is
F (47x107 T-m/A)(3.00 A)’

r_ A =(3.00x10° N/m
! 2n(6.00x10- m)

(b) We can answer this question by consulting Section 30.2 in the
textbook, or we can reason it out. Imagine these two wires lying
side by side on a table with the two currents flowing toward you,
wire 1 on the left and wire 2 on the right. The right-hand rule that
relates current to field direction shows the magnetic field due to
wire 1 at the location of wire 2 is directed vertically upward.
Then, the right-hand rule that relates current and field to force
gives the direction of the force experienced by wire 2, with its
current flowing through this field, as being to the left, back
toward wire 1. Thus, the force one wire exerts on the other is an

force.
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Carrying oppositely directed currents, wires 1 and 2 repel each other.
If wire 3 were between them, it would have to repel either 1 or 2, so the
force on that wire could not be zero. If wire 3 were to the right of wire
2, it would feel a larger force exerted by 2 than that exerted by 1, so the
total force on 3 could not be zero. Therefore wire 3 must be to the left
of both other wires as shown. It must carry downward current so that
it can attract wire 2. We answer part (b) first.

Wire3  Wire | Wire 2

\ & 4150 A Y4.00 A

d 20 cm

ANS. FIG. P30.24
(b) For the equilibrium of wire 3 we have

1, (1.50 A)I,  11,(4.00 A)I,

Flon3 :Fz

o’ 2nd  27(20.0 cm+d)
1.50(20.0 cm + d) = 4.00d
d= 302.05;m =|12.0 cm to the left of wire 1 |

(@) Thus the situation is possible in just

(c) For the equilibrium of wire 1,

1,1, (1.50 A)  11,(4.00 A)(1.50 A)

27(12.0 cm) 2m(20.0 cm)

I,= %(4.00 A)=|2.40 A down |

We know that wire 2 must be in equilibrium because the forces on
it are equal in magnitude to the forces that it exerts on wires 1 and
3, which are equal because they both balance the equal-
magnitude forces that 1 exerts on 3 and that 3 exerts on 1.

To the right of the long, straight wire, current I creates a magnetic
field into the page. By symmetry, we note that the magnetic forces on
the top and bottom segments of the rectangle cancel. The net force on
the vertical segments of the rectangle is (from Equation 30.12):

FoF+F :M( 1 _ljizuolllzé a7
175 c+a c 2n | c(c+a)
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g (47 x107 N/A?)(5.00 A)(10.0 A)(0.450 m)
B 2r

>

—0.150 m
(0.100 m)(0.250 m)

F=(-270x1071) N =(-27.0x 101} N =|-27.0i uN

V
| C e —>|

ANS. FIG. P30.25

P30.26  See ANS. FIG. P30.25. By symmetry, we note that the magnetic forces
on the top and bottom segments of the rectangle cancel. The net force
on the vertical segments of the rectangle is (from Equation 30.12)

F=F +F :M 1 _1 i::uolllzé —a ,1\
175 2n \c+a c 2r | c(c+a)

Mol 1,0
2n |c(c+a)

} to the left

P30.27  To attract, both currents (I, = 20.0 A, and I,) must be to the right. The
attraction is described by (from Equation 30.12)

£:u01112
¢ 2ma
So I, = E2na
¢ uoly
=(320x10° N/m) 270500 m) =40.0 A
(47x107 T-m/A)(20.0 A)
20 Ay
,2‘
ANS. FIG. P30.27
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The zero-field point must lie between the two wires: this point cannot
be above the upper wire or below the lower wire because the fields in
these regions have the same direction, out of the page above the upper
wire, and into the page below the lower wire. Let y represent the
coordinate of the zero-field point above the lower wire; then,

r, = (0.500 m) — y and r, = y represent the respective distances of
currents I; and I, to the zero-field point. Taking the positive direction
to be out of the page, at the zero-field point,

B=-B,+B,
0=— /,L011 + ;uolz
2nr, 2wt

Eliminating and solving for r,,

L. L rlzrzi—l - (O.SOOm)—yzyI—

non 2 2

Then,

(0.500 m):y“—l+1)

2
)= (E-ISOO Hj) _ ((zgf)ogm)j -
1 .
+

I +1
I 40.0 A
2

P30.28  From Equation 30.12, we find the separation distance between the
wires as

F _ Ll s g= Hol, 1!
l 2ma 2nF,

Substituting numerical values,
(47 x 107 T-m/A)(10.0 A)(10.0 A)(0.500 m)
a =
27(1.00 N)
=1.00 x 10° m = 10.0 um

This is the required center-to-center separation distance of the wires,
but the wires cannot be this close together. Their minimum possible
center-to-center separation distance occurs if the wires are touching,
but this value is 2r = 2(250 ym) = 500 ym, which is much larger than
the required value above. We could try to obtain this force between
wires of smaller diameter, but these wires would have higher
resistance and less surface area for radiating energy. It is likely that the
wires would melt very shortly after the current begins.
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P30.29  This is almost a standard equilibrium
problem involving tension, weight, and a
horizontal repulsive force; however, here
we must consider the magnetic force per
unit length and the weight per unit
length. The tension makes an angle 6/2 =
8.00° with the vertical. The mass per unit X/
length is A = mg/L. The separation
between the wires is a=2/sin6/2.

ANS. FIG. P30.29

(a) Because the wires repel, the currents are in | opposite directions |.

(b) For balance, the ratio of the horizontal tension component
T sin 6/2 to the vertical tension component T cos 6/2 is equal to
the ratio of the horizontal magnetic force per unit length F;/L to
the vertical weight per unit length F,/L:

Tsin6/2 F,/L
Tcos6/2 F,/L

But,

2
F,/L=IBsin90.0° = B = | Fol _ ol
2wa  2ma

Fg/L:lg

Rearranging and substituting gives

2 2
tan0/2:‘u01 /27”1: “?I
Ag 27(2/sin6/2)Ag
Solving,
12 =28 (tang)2)(sin6)2)

H,

o _| 4m(0.060 0 m)(40.0x 10 kg)(9.80 m/s*)
- (47x107 T-m/A)

x (tan 8.00°)(sin 8.00°)

[=|678 A

(c) |Smaller. A smaller gravitational force would be pulling down on

the wires, requiring less magnetic force to raise the wires to the

same angle and therefore less current.
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Section 30.3  Ampere’s Law

_2zrB_ 27(1.00x107° m)(0.100 T)

P30.30 From §B-d/=y), I= =[500 A]

U, 4 x107 T-m/A

P30.31 (a) From Ampere’s law, the magnetic field at point a is given by

I .
B, = 50—”, where ], is the net current through the area of the
Tr,

circle of radius r,. In this case, I, = 1.00 A out of the page (the
current in the inner conductor), so

(47 x107 T-m/A)(1.00 A)
" 27(1.00x10° m)

=| 200 uT toward top of page

Hol,
T rb

(b) Similarly at point b: B, = , where I, is the net current through

the area of the circle having radius ;. Taking out of the page as
positive, [, =1.00 A -3.00 A =-2.00 A, or I, = 2.00 A into the page.
Therefore,
(47107 T-m/A)(2.00 A)

27(3.00x10” m)

b

=| 133 uT toward bottom of page

47x107 T-m/A)(900)(14.0x10° A
P3032 (1) B _ NI _ /A)(900)( )

inner = 360 T
2rr 27(0.700 m)

) B =HN_ (47 %107 T-m/A)(900)(14.0x10° A)
e 2mr 27(1.30 m)

[t

P30.33  Let the current I be to the right, in the positive x direction. The proton
travels to the left, and is a distance d above the wire. Take up as the
positive y direction. At the proton’s location, the current creates a field

I
B=*" in the positive z direction. The weight of the proton and the

magnetic force are in balance:

mg (—i) + qv(—i) X %(R) =0

() 1)
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d= qoiyl
2rmg

(1.60x10™ C)(2.30x10* m/s)(47x107 T-m/A})(1.20x10° A)
- 2m(1.67 x 107 kg)(9.80 m/s?)

=[540 cm |

P30.34  We may regard the sheet as being

composed of filaments of current ] ds J, (out of paper)

S

directed out of the page. According to the
Biot-Savart law, the field contributionata g, |
point has the direction ds xr, where t l
points from the current filament to the I
point. Consider the field contributions at an |
arbitrary point P to the right of the sheet. L —
Draw a line normal to the sheet that passes
through P. Consider the contributions to
the field at P from two filaments that lie
along the same vertical line and are ANS. FIG. P30.34
equidistant from the normal (and P). The

upper filament contributes +z and +x field components, but the lower
filament +z and —x field components. The resulting field from both
filaments points in the +z-direction. By similar reasoning, the magnetic
field at any point on the left side of the sheet points in the —z direction.
These same arguments hold for any point within the sheet. Also, the
same reasoning shows that for any pair of filaments that lie on the
same vertical line, the magnetic field at a point midway between them
is zero. Thus, the field has no horizontal component within the sheet.

.Q......l.
_ L - 4
o
=

=

Therefore, each filament of current creates a contribution to the total
field that is parallel to the sheet and perpendicular to the current
direction. They create field lines straight up to the right of the sheet
and straight down to the left of the sheet.

From Ampere’s law applied to the suggested rectangle,
$B-ds=pl:  B-20+0=u,J ./

Therefore the field is uniform in space, with the magnitude

B — nu“OJs
2

P30.35 (a) In B= ; of , the field will be one-tenth as large at a ten-times
r

larger distance: 400 cm|.
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(47x107 T-m/A)(2.00 A) 1 1
2 0.3985m 0.4015m

- [750mT]

(c) Call r the distance from cord center to field point and
2d = 3.00 mm the distance between conductors.

gkl 1 1 ) ul 2d
2a\r—d r+d) 2mr*—d?
750x107° T

(3.00x10” m)
r*—(225%10° m)’
( )

=(2.00x107 T-m/A)(2.00 A)

s0 r=[1.26m .

The field of the two-conductor cord is weak to start with and falls
off rapidly with distance.

(d) The cable creates | zero | field at exterior points, since a loop in

Ampere’s law encloses zero total current. Shall we sell coaxial-
cable power cords to people who worry about biological damage
from weak magnetic fields?
P30.36 By Ampere’s law, the field at the position of the wire at distance r from
the center is due to the fraction of the other 99 wires that lie within the
radius 7.

$B-ds = p,l:

2 2
B-27r=p,| 991 2 || - g Ho(99]) r 1, (990)(
7R 2zr (R 2R \R

ANS. FIG. P30.36
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The field is proportional to r, as shown in ANS. FIG. P30.36. This field

points tangent to a circle of radius r and exerts a force F=I/xB on the
wire toward the center of the bundle. The magnitude of the force is

2
E_ IBsin @ = I[M(Lﬂsm%": 1y (99)1 (L)
l 27R \R 27R \R
(47 x107 T-m/A)(99)(2.00 A)’

) 27(0.500x 10> m) (0.400)

=6.34x10" N/m

(@) [6.34x10° N/m

(b) Referring to the figure, the field is clockwise, so at the position of
the wire, the field is downward, and the force is

linward toward the center of the bundle|-

(c) B o 1,50 Bis greatest at the outside of the bundle. Since each wire

carries the same current, F is | greatest at the outer surface |.

P30.37  We assume the current is vertically upward.

(a) Consider a circle of radius r slightly less than R. It
encloses no current, so from

$B-ds=p,l, . gives B2rr)=0,
we conclude that the magnetic field is ,

(b) Now let the r be barely larger than R. Ampere’s ANS. FIG.
law becomes P30.37(a)

B(27R) = o,

B — ‘LLOI
2 R

SO tangent to the wall |.

By the right-hand rule, the field direction is
counterclockwise fj (as seen from above). ANS. FIG.

(c) Consider a strip of the wall of horizontal width ds P30.37(b)
and length /. Its width is so small compared to
27R that the field at its location would be essentially unchanged if
the current in the strip were turned off.

Ids

The current it carries is I, =
2w R

up.
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The force on it is

= - = lds ol ~
dF—IsﬂxB—ﬁ(fﬁj [upxmtopage}

2
= % radially inward

The pressure on the strip, and therefore, everywhere on the
cylinder, is

P_d_F_/JOIdesL_ uoI?

> = > inward
dA (27R) lds (27 R)

The pinch effect makes an effective demonstration when an
aluminum can crushes itself as it carries a large current along its
length.

Take a circle of radius r, or r, to apply

9S]§ -ds = u,I, where for nonuniform

current density I = J JdA. In this case B

is parallel to ds and the direction of ] is
straight through the area element dA, so

Ampere’s law gives ANS. FIG. P30.38
$Bds = u,[]dA
(@) Forr <R,

3
2nnB = u, J.O1 br(2rrdr) = ‘I.L027l'b|:% - 0}

and B= %( 1obr?) (inside)

(b) Forr,>R,

2nr,B =, JOR br(2zrdr)

3

and B= ‘u‘éﬂ (outside)
rZ
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P30.39  Each wire is distant from P by
(/=0.200 m) JI3A A C i{/
r=NC+022=1/\2 7 By Be |
7,0\

and each wire produces a field at P of N 0.200 m
equal magnitude By B,
B D
B= Bl e 0.200 m f?}
2rtr )
Carrying currents into the page, A ANGS. FIG. P30.39

produces at P a field to the left and

downward at -135°, while B creates a field to the right and downward
at —45°. Carrying currents out of the page, C produces a field downward
and to the right at -45°, while D’s contribution is downward and to the
left. All horizontal components cancel; thus, all remaining components
are vertically downward. The magnitude of the resulting field is

o Mol o Mol 1 2ul
B, =4Bcos45.0°=4 cos45.0°=4 — =
’ 2y 27(¢N2) N2 me
2(47rx107 T-m/A)(5.00 A
- ( / )( )=2.00><10*5 T
7(0.200 m)

The magnetic field is | 20.0 uT toward the bottom of the page |.

Section 30.4  The Magnetic Field of a Solenoid
P30.40  The magnetic field inside of a solenoid is B= uynl = y,(N/L)I. Thus,
the number of turns on this solenoid must be

_BL _ (9.00 T)(0.500 m)
ol  (4mx107 T-m/A)(75.0 A)

=[4.77 x10* turns|

N
P30.41 The magnetic field at the center of a solenoid is B = u, 71 , SO

B (1.00x10™* T)(0.400 m)
I=—= — =[31.8mA
o (4rx107 T-m/A)(1000)

P30.42  In the expression B=Nu,l/{ for the field within a solenoid with
radius much less than 20 cm, all we want to do is increase N.

(a) Make the wire as long and thin as possible without melting when
it carries the 5-A current. Then the solenoid can have many turns.
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(b) Assmall in radius as possible with your experiment fitting inside.
Then with a smaller circumference the wire can form a solenoid
with more turns.

P30.43 (a) The field produced by the solenoid in its interior is given by

30.0 :
— mj(15.o A)(-)

B =p,nl (—i) =(4mx107 T- m/A)[

B=—(565x107 T)i @

The force exerted on side AB of the square current loop is
(F,),, =ILxB=(0.200 A)

X [(2.00 x10™ m)jx (5.65x 107 T)(_i)}

(E;)  =(226x10" N)k @

3.0

ANS. FIG. P30.43

Similarly, each side of the square loop experiences a force, lying
in the plane of the loop, of

226 uN directed away from the center of the loop |.

(b) From the above result, it is seen that the net torque exerted on the
square loop by the field of the solenoid is [zero]. More formally,
the magnetic dipole moment of the square loop is given by
fi=IA=(0200 A)(2.00x 10 m)’ (i) =-80.0 uA-m* i N
The torque exerted on the loop is then

%=[ixB=(-80.0 uA-m? i)x(-5.65x107 T 1)=[0]
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P30.44  The number of turns is N = M =750. We assume that the
0.100 cm

solenoid is long enough to qualify as a long solenoid. Then the field

Nu,l
within it (not close to the ends) is B = %, SO

B¢ (8.00x10° T)(0.750 m)
Ny, 750(47x107 T-m/A)

=6.37 A

The resistance of the wire is

 (1.7%10® Q-m)27(0.050 0 m)750
R=Pﬂw1re=( )2 ( ) =510 Q

A 7(0.050 0107 m)’

The power delivered is

P=IAV =I"R=(6.37 AY(5.10 Q)=[ 207 W

The power required would be smaller if wire were wrapped in several

layers.
P30.45 (a) From R = pL/A, the required length of wire to be used is
L= R4 . The total number of turns on the solenoid (that is, the
P

number of times this length of wire will go around a 1.00 cm
radius cylinder) is

L Ra (5000)7(0500x10° m) /4]
2zr 27rp  272(1.00x10° m)(1.7x10° Q-m)

N =

=(9.2x10? turns|

(b) From B = pynl, the number of turns per unit length on the
solenoid is

2
n=2b 4.00x10~ T =7.96x10° turns/m

ol (4mx107 T-m/A)(4.00 A)

Thus, the required length of the solenoid is

N 9.2 x10% turns
L=—= =012m=|12 cm
n  7.96x10° turns/m
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Section 30.5  Gauss’s Law in Magnetism
P30.46 (a) The magnetic flux through the flat surface S, is

(®;),,, =B A =BrR’cos(180—6)=| -BrR* cos

(b) The net flux out of the closed surface is zero:
(q)B )ﬂat + ((DB )curved = 0

Therefore,

(®5).,.... =| BTR? cos6

P30.47 The fluxis defined as ®,=B-A

(@) The flux through the shaded faceis ®; =B A, + B,/ A + B, A, The

shaded square’s area is in the yz plane, so it counts as an x
component of area. Here
A,=A,=0.Then,

®,=[B-dA=B-A=(5{+4j+3Kk) T-(2.50x10° m)’i

®,=3.12x10" T-m*=3.12x10° Wb=| 3.12 mWb

(b) For a closed surface, 9S]§ .dA=0, so (Pp) s = ggﬁ dA = IEI

P30.48 (a) ®,=B- A =BA where A is the cross-sectional area of the
solenoid. Then,

@, =(“°5HJ(MZ)

(47x107 T-m/A)(300)(12.0 A)r
0.300 m L
=7.40x107 Wb=[7.40 uWb

£(0.012 5m)’|

© @,=BA=pA={ 43 ()

B

o (47 x107 T-m/A)(300)(12.0 A)
- (0.300 m)

x 7t[ (8.00)° - (4.00)" ](10° m)’

=[2.27 uWb
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Section 30.6  Magnetism in Matter
P30.49 (a) The Bohr magneton is

u=(927x10-24—])[N'm] 11 LA
p ' T)U 1] JAN-s/C-m )| C/s

=927x10*A -m?

The number of unpaired electrons is
_ 8.00x 102 A -m?
T 927x10%* A-m

(b) Each iron atom has two unpaired electrons, so the number of iron
atoms required is

N
2

=(8.63x10% e |
2

= %(8.63 x10%)=4.31x10* iron atoms

Thus,

_ (4.31x10" atoms)(7 900 kg/m’) _
8.50 x 10® atoms/m?°
P30.50  The magnetic moment of one electron is taken as one Bohr magneton
Ug. Let x represent the number of electrons per atom contributing and n
the number of atoms per unit volume. Then nxy, is the magnetic

moment per volume and the magnetic field (in the absence of any
currents in wires) is B = y,nxu, =2.00 T.. Then

_ B
Hollgn

4.01x10® kg

Fe

X

2.00T
(8.50x10% m™)(4zrx107 T-m/A)(9.27x10™ N-m/T)

=[202]

Additional Problems

P30.51 The magnetic field inside of a solenoid is B = yynl = u,(N/L)I. Thus,
the current in this solenoid must be

BL (2.00x10° T)(6.00x10” m) _

=[318 A|

I= =
1N (47 x107 T-m/A)(30.0)
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*P30.52 Call the wire along the x-axis wire 1 and the other wire 2. Also, choose
the positive direction for the magnetic fields at point P to be out of the
page. At point P,

Bngu_(r_r_J

B =
2y, 2mr, 2m\n ot

net

Substituting numerical values,

_(4nx107 T-m/A)(7.00 A 6.00A
et 2r 300m 4.00 m

)= +1.67x107 T

B, =|0.167 uT out of the page

net

P30.53 (a) Suppose you have two 100-W headlights running from a 12-V

battery, with the whole I = i = 200 W

AV 12V
through the switch 60 cm from the compass. Suppose the

dashboard contains little iron, so u = i,. Model the current as
being from a long, straight wire. Then,
p= Mol (47x107 T-m/A)(17 A)

= ~10° T
21T 27(0.6 m)

=17 A current going

(b) If the local geomagnetic field is 5 x 10~ T, this is

~ 107" times as large, | enough to affect the compass noticeably.

P30.54  Use Equation 30.7 to find the field at a distance from a current loop
equal to the radius of the loop:

B = Hola® _ Hola® _ Hola®
2(&12 + x? )3/2 2(a2 + a2)3/2 2(2a2)3/2
_ Mla® ol

- 25/2a3 - 25/2a
Solve for the current:
25/2ﬂB
H,

Let a be the radius of the Earth and substitute numerical values:

I

_2?R.B_ 2°%(6.37 x 10° m)(7.00 x 10” T)
T 47 x 107 T-m/A
=2.01x 10" A

I
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P30.55

P30.56

P30.57

Sources of the Magnetic Field

This current would instantly vaporize any wire of reasonable size. For
example, if we imagine a 1.00-m segment of copper wire 10 cm in
diameter, a huge wire, this current delivers over a terawatt of power to
this short segment! Furthermore, the power delivered to such a wire
wrapped around the Earth is on the order of 10* W, which is larger
than all of the solar power delivered to the Earth by the Sun.

On the axis of a current loop, the magnetic field is given by

B= ‘u'OIRz
2
2(x*+R?)”
where in this case I = 2 q/ i The magnetic field is directed away
/o
from the center, with a magnitude of
g HOR
2
an(x*+R?)

11,(20.0 rad/s)(0.100 m)*(10.0x 10 C)
= ) , PR
47 (0.050 0 m)” +(0.100 m)’ |

=143x107"" T=| 143 pT

On the axis of a current loop, the magnetic field is given by

B — ‘u'OIRz
3/2
2(x*+R?)
where in this case I = q . Therefore,
(27/w)
g M@R’q
2
4m(x*+R?)"
when x = %, then
Uoszq | Heq®

47:(31{2)3/2 | 2.557R

Consider a longitudinal filament of the strip of width dr as shown in
the sketch. The contribution to the field at point P due to the current dI
in the element dr is

dp = Ml
2nr

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Chapter 30 391

where dl=1 (@] Then,
w
b+, “
B=[dB= 0

ANS. FIG. P30.57
P30.58 (a) The horizontal component of Earth’s magnetic field is given by

_u,NI_(4mx107 T-m/A)(5)(0.600 A)

Bh = Bcoﬂ
2R 0.300 m

=[12.6 uT

(b) Refer to ANS. FIG. P30.58. We obtain the total magnetic field from

B, =Bsing —B=—0r = 126 H1 et
sing sin13.0°
B
B,

n

ANS. FIG. P30.58

P30.59  In ANS FIG. P30.59(a), the upper sheet acts as conventional current to
the right. Consider a patch of the sheet of width w parallel to the z axis
and length d parallel to the x axis. The charge on it, Ag=ocwd, passes a
point in time interval At=d/v, so the current it constitutes is
Ag/At =cwd/(d/v)=cwv and the linear current density is

J.=owv/w=o0v.

y / . + . SE
J X / - -
i d

ANS. FIG. P30.59(a)
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We may use Ampere’s law to find the magnitude of the magnetic field
produced by a sheet because of the translational symmetry along the z
axis. In ANS. FIG. P30.59(b), we look at the upper sheet as it
approaches us: the upper sheet (and z-axis) lies in a horizontal plane
and the conventional current is out of the page. Choose a closed
rectangular path of width w centered about the upper sheet. Because
the current it out on the page, we expect the field to point to the right
below the sheet and to the left above the sheet.

For the loop, the term B-ds is non-zero along the sides parallel to the
sheet and zero along the sides perpendicular to the sheet. From
Ampere’s law, we find the magnitude of the magnetic field on either
side of the sheet:

$B-ds =yl

B(2w) =, (J,w)

p=MoJs _H, OO

2 2
H_(_i
B ds
ds B

—+)_

ANS. FIG. P30.59(b)

Therefore, the upper sheet creates field B = .Uonsf( above it and

.Uons(_f() below it. Similarly, the lower sheet in its motion toward the
right constitutes conventional current toward the left. It creates

magnetic field % U, v(—lz) above it and % U, vk below it.

(a) Between the plates, their fields add to

1N v(—ﬁ) =| uyo v into the page |.

(b) Above both sheets and below both, their equal-magnitude fields
add to | zero |.
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(c) The upper plate exerts no force on itself. The field of the lower
plate, % U, v(—lz) will exert a force on the current in the w by 4

section, given by

A

= [IxB=cwodix %,uoa v(—k) = %,uooszdi

el
~)

The force per area is

F, 1 p0°0*wd;
i 2 wd )

g

= % U,0°0" up toward the top of the page

(d) The electrical force on our section of the upper plate is

- o [ owd 4
E ... =(ocwd -j)= -j
q lower ( )260( ]) 260 ( ])
2 2
The electrical force per area is down = down. To
2¢e,wd 2¢,

2

h 1 5, .
ave — {00 = we require

0

v= . We will find out in Chapter 34 that this speed

1
Vi &
is the speed of light. We will find out in Chapter 39 that this
speed is not possible for the capacitor plates.

P30.60 (a) Use Equation 30.7 twice for the field created by a current loop

HoIR?
2(x? +R?)”

ava
A

ANS. FIG. P30.60

B, =
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394  Sources of the Magnetic Field

If each coil has N turns, the field is just N times larger.

Ny, IR? 1 1
B=B,+B,= b > oz T 5 PR
2 (4R [(R-xF+R?]
Ny, IR? 1 1
B= 37 372
2 | (RP+x*)" (2R*+x*-2xR)
2
b) 9B_NHR® [—é(zx)(aﬁ +R) P 22 0R 427 - 2xR) (2x—2R)}
dx 2 2 2
Substituting x = g and canceling terms, Z—B =0 |.
x

Z:f _ —3N§OIR2 [(xz N Rz)-w 5 (x4 Rz)—7/2

+ (ZRZ +x%— 2xR)_5/2 —5(x— R)2 (sz LA 2xR)_7/2}

5 _

dx*

P30.61  We have a pair of Helmholtz coils whose separation distance is equal
to their radius R. To find the magnetic field halfway between the coils
on their common axis, we use Equation 30.7 to find the field produced
on the axis of a loop the distance x = R/2 from its center:

HoIR? HoIR® —  pl
i 32 53 for 1 turn
2| (R2+R*[" [3+1]°R* 140R

Again substituting x =§ and canceling terms, 0.

B=2

For N turns in each coil,

g MNI _ (47x107 T-m/A)100(10.0 A)
" 140R 1.40(0.500 m)

=1.80x10"° T=| 1.80 mT

P30.62  Model the two wires as straight parallel wires (!). From the treatment
of this situation in the chapter text (refer to Equation 30.12), we have

TN
2ra

(@ EK=

_ (47x107 T-m/A)(140 A)’[(27)(0.100 m)]
- 27(1.00x10 m)

=|2.46 N upward

B
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y / ) + . SE
J X / - -
) d

ANS. FIG. P30.62

Hola®
2(a”+x7%)

the magnetic field produced a distance x above the

(b) |Equation 30.7, B, = 575 is the expression for

center of a loop. The magnetic field at the center of the
loop or on its axis is much weaker than the magnetic
tield just outside the wire. The wire has negligible
curvature on the scale of 1 mm, so we model the lower

loop as a long straight wire to find the field it creates at

the location of the upper wire.

(c) The acceleration of the upper loop is found from Newton’s
second law:

ZP = mloopaloop = PB - mloopg:

Fy— g 246 N-(0.021 0 kg)(9.80 m/s?)
Mg (0.021 0 kg)

aloop =

=| 107 m/s* upward

P30.63  In the textbook Figure P30.63, wire 1 carries current along the x axis
and wire 2 carries current along the y axis.

Choosing out of the page as the positive field direction, the field at
point P is

B=Bl—BZ:ﬂ(I—1—I—2J

2\, 1,

(47x107 T-m/A) ( 500 A 3.00 A
2r 0.400m 0.300 m

) =5.00x107 T

The result is positive; therefore, the field at P is

@

(b) [out of the page|
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(c) At 30.0 cm above the intersection of the wires, the field
components are as shown in ANS. FIG. P30.63, where

Holy
B =_B =_Hol1
Y Y

(47x107 T-m/A)(5.00 A) .
- =-3.33x10° T
27(0.300 m)

-7
and B, =B, =talz (47x107 T-m/A)(3.00 A)

= =2.00x10° T
2nr 27(0.300 m)

74
v +x

/ I,=500A
ANS. FIG. P30.63
The resultant field is

B
B=/B;+B; =3.89x10° T at 9=tan‘1(B—y]:—59.0°

X

or B=|3.89 uT in the xy plane and at 59.0° clockwise

| from the +x direction |

P30.64 (a) The magnetic field at the center of a circular current loop of
radius R and carrying current I is B= u,I /2R. The direction of
the field at this center is given by the right-hand rule. Taking out
of the page (toward the reader) as positive, the net magnetic field
at the common center of these coplanar loops is

ul, I
Bnet:BZ_B1: 20r2_ 20r1
2 1

_ (4mx107 T-m/A)( 300A 500A )
2 9.00x10” m 12.0x10” m
=-5.24x10" T —|B,,|=(5.24 uT

(b) By our convention above (out of the page is positive), the result of
part (a) tells us that the net magnetic field is |into the page|.
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P30.66

(©)

(a)

Chapter 30 397

To have B, =0, it is necessary that I,/r, =1,/r,, or

p, = {%}1 - (g'gg i](lz.o cm) =
1 .

In dB = %Idg X1, the moving charge constitutes a bit of current
Ty

as in I = nquA. For a positive charge the direction of ds is the
Ho ~ngA(ds)vxt . Next, A (ds) is the
drcr

volume occupied by the moving charge, and nA (ds) = 1 for just
one charge. Then,

direction of v, so dB =

Bt VX
A r

(b) The magnitude of the field is

(©)

(d)

(a)
(b)

(47x107 T-m/A)(1.60x10™ C)(2.00x10” m/s)
B= > sin 90.0°
47(1.00x10° m)

=/320x10"° T

The magnetic force on a second proton moving in the opposite
direction is

Fy=q|9xB|=(1.60x10" C)(2.00x 10" m/s)
x(3.20x107° T)sin90.0°

F,=| 1.02x10™ N | directed away from the first proton

The electric force on a second proton moving in the opposite
direction is

B 2
- keq;qz _(8:99x10" N-m?/C?)(1.60x10™ C)

r (1.00x 10’

F =|230x10% N

e

directed away from the first proton

-7
g Ml :(47r><10 T-m/A)(24.0 A)
27(0.017 5 m)

=1274x10* T

2rr

Because current is diverted through the bar, only half of each rail
carries current, so the field produced by each rail is half what an
infinitely long wire produces.
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Therefore, at point C, conductor AB produces a field

%(2.74>< 10 T) (<), 65

. 1 4 N
conductor DE produces a field of 5(2.74>< 10 T)(—]) , @ BD
produces no field, and AE produces negligible field. The total
field at C is | 2.74x10™ T(j) |

I /

E I D
ANS. FIG. P30.66

() |Under the assumption that the rails are infinitely long, the
length of rail to the left of the bar does not depend on the

location of the bar.

The force on the bar is
F, = [2x B =(24.0 A)(0.035 0 mk x| 5(2.74x10™ T)(-j) |

=1.15x10°i N
The field has magnitude

(d) [1.15x10° N in the
©)

(f) The bar is already so far from AE that it moves through nearly
constant magnetic field.

Yes, length of the bar, current, and field are constant,

so force is constant.
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1.15x10° N)i 5
(g) The acceleration is a = 2F = ( - ) = (0.384 m/sZ)i:
m  3.00x10° kg

v} =] +2ax=0+2(0.384 m/s*)(1.30 m)

so v, =[(0999 m/s)i |.

P30.67 Each turn creates a field of 'LZL—(}{I at the center of the coil. In all, they

create the field
B:‘U_OI i+i+...+i
2 Rl RZ RSO
35
N/
ANS. FIG. P30.67

Using a spreadsheet to calculate the sum, we have

B:‘u_ol( 1 + 1 +..4 1 )( _1 )
2 \5.05 5.15 9.95 /\ 107" m

(47107 T-m/A)I

> (6.931347...)(100 m™)

Therefore, |B=4.36x10"1, where B is in teslas and I is in amperes.

P30.68 The central wire creates field B = % counterclockwise. The curved
biq

portions of the loop feel no force since £xB=0 there. The straight
portions both feel [ZxB forces to the right, amounting to

F,=1,2L ol _ | ol L to the right
2w R TR
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Challenge Problems

P30.69 (a) Let the axis of the solenoid lie along the y axis from y=—/{ toy =
0. We will determine the field at position y = x: this point will be
inside the solenoid if —¢ <x <0 and outside if x <—¢ or x > 0. We
think of solenoid as formed of rings, each of thickness dy. Now I
is the symbol for the current in each turn of wire and the number

of turns per length is (%] So the number of turns in the ring is

(%)dy and the current in the ring is I;,, =1 (%)d}/. Now, we use
Equation 30.7 for the field created by one ring;:

TN
2[(x - y)2 + aZT/Q

where x —y is the distance from the center of the ring, at location
y, to the field point (note that y is negative, sox -y =x+ |y|).
Each ring creates a field in the same direction, along the y axis, so
the whole field of the solenoid is

B =

I. a2 0 2
B = z Bring = Z ‘LLO m;ga 3/2 _>.[ ‘LLOI(N/f)a dyS/Z
all rings 2[(x_y) +a2:| 7[2|:(x_y) +a2}
_ HpINa® dy

= ] 7
2/ 7({|:(x_y)2 +a2:|3
To perform the integral we change variables to u = x -y and
dy = —du. Then,

_ KyINa® % du
20 (u2 + ﬂz )3/2

B=

and then using the table of integrals in the appendix,

X

_ WyINa?® u

B=
20 P +a?

x4/

__ MIN X x+/
20 | 2P +a? \/(x+€)2+a2

HoIN
20

x+/ 3 X
Ja+ 0P +a® NP +a?
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(b) If ¢ is much larger than a and x = 0, we have

B= ILLOIN |:L+ 0:|: ‘UOIN
20 [ r* 20

This is just half the magnitude of the field deep within the
solenoid. We would get the same result by substituting x =—/ to

describe the other end.

P30.70  Consider first a solid cylindrical rod of radius R carrying current
toward you, uniformly distributed over its cross-sectional area. To find
the field at distance r from its center we consider a circular loop of
radius r:

@E B-ds = Holingiae

B2y =y, p=tJr g_Hy

ANS. FIG. P30.70

Now the total field at P inside the saddle coils is the field due to a solid

rod carrying current toward you, centered at the head of vector d, plus

the field of a solid rod centered at the tail of vector d carrying current
away from you.

B, +B, :“T(kaf1+"‘7°](—k)xf2
Now note d+1, =%,. Then,
B, +B, =“—0]1A<><f1—“—°]f<><(a+fl)=u—°]ﬁxlz
2 2 2

= ‘uOT]d down in the diagram
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P30.71 At a point at distance x from the left end of the bar, current I, creates
Holy

2ah +x*

angle O where tan6 = % . This field exerts force on an element of the

magnetic field B = to the left and above the horizontal at

rod of length dx
FolixB=1, o™
dF = Ilgx B= Il 27f\/m righ?ll‘ll;\c?rule
oL, Ldx X A

= P Ty e into the page

JE = /,L01112xdx) (—IA()

27 (h2 +x2
B
X «9\ I
11 | «—
h
6
b
ANS. FIG. P30.71
The whole force is the sum of the forces on all of the elements of the

bar:

f il Lxdx ( 1’;)_#0[112(_1’;)€ 2xdx
27r(h2 +x )  4m K +A?

/

In(/* +x*)

0

_ Mol (_f()
C dn

B Hol, 1 (_f()
- 4r

~ (107 N)(100 A)(200 A)(—R)]n (0.500 cm)* +(10.0 cm)?
- A? (0.500 cm )

[In(1*+ )~ Inh* |

—2x107 N(—12)1n401: 1.20x 107 N(—f()
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P30.72 (a) See ANS. FIG. P30.72(a).

(currents are into the paper)

ANS. FIG. P30.72(a)

at a distance z above the plane of the conductors
ANS. FIG. P30.72(b)
(b) By symmetry, the contribution of each wire to the magnetic field
at the origin is the same, but the directions of the fields are

opposite, so the total field is . We can see this from
cancellation of the separate fields in ANS. FIG. P30.72(a).

(d) We choose to do part (d) first. At a point on the z axis, the
Mol
2n\a® +2°
perpendicular to the line from this point to the wire as shown in

ANS. FIG. P30.72(b). Combining fields, the vertical components
cancel while the horizontal components add, yielding

contribution from each wire has magnitude B = and is

B — .uOI sm9 — :UOI Z — ‘UOIZ
! 2ra* +Z* aa? + 22 \Na? + 22 ﬂ(ﬂl2+Z2)
(47x107)(8.00)z
B =
Y 7(0.0300) + 22 |

32x107z 4 5L -
22 j, where B is in teslas and z is in meters.

B=—22"" 2
9x10™* +z

(c) From part (d), taking the limit z — o gives 1/z — 0; so, the field is
, as we should expect.

(e) The condition for a maximum is:

2 2
dBy — _tuOIZ(ZZ) + Mol =0 or :U_OI (ll —Z ) =0

dz 7r(az+z2)2 7T(lZ2+ZZ) ﬂ(a2+zz)2
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Thus, along the z axis, the field is a maximum at
d=a=3.00 cm |.

(f) Using the equation derived in part (d), the value of the maximum
field is

_ (32x107)(0.030 0) S :
B= ~ >j T=5.33%x10" T=|53.3j uT
9x107 +(0.030 0)
P30.73 (a) From the shape of the wire,

ﬂ:eezr
de

r=f@)=¢" —
and so we have

tan B= :zzleﬁ:45°:7r/4
r

_r
dr /do

ANS. FIG. P30.73

(b) At the origin, there is no contribution from the straight portion of
the wire since dsxt =0. For the field contribution from the spiral,
refer to the figure. The direction of dsXt is out of the page. The
magnitude |d8 x| =sin (37/4) because the angle between ds and

r is always 180° - 45° = 135° = 37/4.
Also, from the figure,
dr = dssin /4 =ds/N2 — ds =2dr
The contribution to the magnetic field is then

(dsxt)| _ p,I |ds|sin6|t]
W | (4n) P

- ()]

dB =|dB|= Hol
(4
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The total magnetic field is

sl 20

: R L0 | I |1 { _| Ml 2n
Substitute r=¢’: B——i[e 9]2 ——ﬁ[ez —eo]— ﬁ(l—ez )

2r

ERNE SO
r? 47r9£r ar Ar (r )

0=0

|out of the page.

P30.74 (a) Consider the sphere as being built up of little spinning ring
elements of radius r, thickness dr, and height dx, centered on the
rotation axis. Each ring holds charge dQ:

dQ=pdV = p(2rrdr)(dx)

ANS. FIG. P30.74

Each ring, with angular speed w, takes a period T =w/27 to
complete one rotation. Thus, each ring carries current

T

The contribution of each ring element to the magnetic field at a
point on the rotation axis a distance x from the center of the
sphere is given by Equation 30.7:

2
Jg = Mo dl
Z(x2 + r2)3/2

dl = a9 _ Zﬂ[p (2mrdr) (dx)] = pordrdx
T

Combining the above terms, the field contribution is of a ring
element is

U p@r°drdx

dB=
2(x2 + 72)3/2
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406 Sources of the Magnetic Field

The contributions of all rings gives
R R 3
B f f U,p® 1 drdx3/2
x=—R r=0 2 (xz +1’2)

To evaluate the integral, let v = 7 + x?, dv = 2rdr, and r* = v — x.

+ 2 N2
po | oo (2-X)do

x=—Rov=x* 2 203/2 o
R [ R R?
— HhP® [ ] o Pdo-2* | 03/2070}196
4 x=—R[ v=x? v=x>
R 2 2
B = tP? [ |20 ; +(2x7)o ™ Rz]dx
4 gL X X
T
PO § | (ko) 227 3- L o
4 | R |«
Hopo B ¥
B=tPL 115X _4x+2R |dx
4 | R
R 2
_ 2HPO H 5 X 4 (R |ix
4 3l R

3 2 2
B:2u0pa) 2R” 4R LoR? |= Uyp@OR
4 3R 2 3

(b) From part (a), the current associated with each rotating ring of
charge is

dl = pordrdx
The magnetic moment contributed by this ring is
du = A(dl)=(rr*)( pordrdx) = nwpr’drdx
The total magnetic moment is
4
+R | VR?=x? +R ( R? —xz)
pu=nwp [ | [ rdr|dx=nop | *————dx
x=—R r=0 x=—R 4
+R Rz _ 42 2
=

= T,
P JR 1

X
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E(pr__[ ( 2R2x2+x4)dx

3 5
_op [R“(ZR) ZRZ(ZR j+£}
4 3 5

5 5
:ﬂa)pRS(z_é+g):7rwa (E): 4mwpR
4 3 5 4 15 15

P30.75  Note that the current I exists in the conductor with a current density

J= s , where
A
A= 7{&12 —é—é} ma”
4 4 2
Therefore | =
P -B
B, -B

ANS. FIG. P30.75

To find the field at either point P; or P, find Bs which would exist if the
conductor were solid, using Ampere’s law. Next, find B, and B, that

would be due to the conductors of radius g that could occupy the void

where the holes exist. Then use the superposition principle and
subtract the field that would be due to the part of the conductor where
the holes exist from the field of the solid conductor.

(@) Atpoint P,

p RI(ET) b wr@2) e wn(@a)
T 2m;r 27(r—(a/2)) 27 (r+(a/2))
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408 Sources of the Magnetic Field

B=B,-B,-B,

=u]7w2F_ 1 1 ]
2z | 4(r—(a/2)) 4(r+(a/2))

B_,uO(ZI) 4r* —a® -2r?
- 2r 4r(r2—(a2/4))

2 2
= ‘I.L_OI|:27’2 az } directed to the left
wr|4r-—a

(b) AtpointP,,

M) g R T(02)
2y 27r\/r2+(a/2)2

B

S

The horizontal components of B; and B; cancel while their
vertical components add.

B=B, - B cosf— B, cosf
_mf(ma’) f pna/4 r

2rr 27r\/r2+(a2/4) \/r2+(a2/4)
_uyf(ma?) r’ _ 1,(21) 2r?
B= [1—2( ] |:1 :|

2rr r? +(a2/4)) o2nr | 4rt+a?

ol 21 +a*
nr| 4r* +a*

} directed toward the top of the page

P30.76 By symmetry of the arrangement, the magnitude of the net magnetic
field at point P is B, = 8B, where B, is the contribution to the field due

to current in an edge length equal to % In order to calculate By, we use

the Biot-Savart law and consider the plane of the square to be the yz
plane with point P on the x-axis. The contribution to the magnetic field
at point P due to a current element of length dz and located a distance z
along the axis is given by the integral form of the Biot-Savart law as
B _ ol f dlxr

0
A~ r?
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ANS. FIG. P30.76
From ANS. FIG. P30.76 we see that

2 2
r=yx*+*/4+z> and ‘d?xf-‘:dzsmezdz _ZL/4+2x .
[/a+x*+z

By symmetry all components of the field B at P cancel except the
components along x (perpendicular to the plane of the square); and

L/2

N

B,, =B,cos¢ where cos¢=

Therefore,
— [ 2 sin @ cos ¢dz
‘BO‘:BOx:H_OJ 2 (P
4 0 r

and at P, B, = 8B,)..

Using the expressions given above for sing, cosg, and r, we find

w21 I/4+x L2
B, =8| —— J. 2 2, 24|72 2. .2 [ zdz
4 )y DP/A+ x>+ 22\ [P /4+x* +z \/L/4+x
CWILTE dz

oo (L/4+x° +.22)3/2
|L/2

WL 1 2
81 (IJZ/‘HXZ)\/L2/4+x2+z2‘0

Il 1 L/2 0
n (L/4+x7)| JI2/a+2> + /4
Therefore,

Kol
27 (x? + [2/4)x* + 22
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410 Sources of the Magnetic Field

P30.77 (a) From Equation 30.9, the magnetic field produced by one loop at
the center of the second loop is given by

2
B:.uoIR2 :‘LLOI(ER ): Mo
2x° 2rx’ 2w x

3

where the magnetic moment of either loop is u=1(7R?).

Therefore,
e ) &
Fleg22 - 4 ol || Bt ) 2
|"‘ 'udx 'udx(2n'x3) H 2 )\ x*
ERCISNETS
o 2mxt 2 A

37, PR* 37 (4mx107 T-m/A)(10.0 A)*(5.00x107 m)’
(b) |FX| =5 . > 1
2 x 2 (5.00x107 m)

=[5.92x10° N
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ANSWERS TO EVEN-NUMBERED PROBLEMS

P30.2 (a) toward the left; (b) out of the page; (c) lower left to upper right
P30.4 675 A, downward
P30.6 125T

P30.8 B= [1 + ljl'zt—g (directed into the page)
T

P30.10 ol into the paper
drx

P30.12  See ANS. FIG. P30.12
P30.14  (a) aty = —0.420 m; (b) 3.47 x 107 N(—j) ; (€) —1.73x10%j N/C

P30.16  (a) See ANS. FIG. P30.16; (b) 3.84 x 10 N up; (c) 2.14 x 10° m; (d) This
distance is negligible compared to 50 m, so the electron does move in a
uniform field; (e) 134 revolutions

P30.18 (a) ifol ; (b) stronger
T

P30.20  (a)4.00 uT toward the bottom of the page; (b) 6.67 uT at 167.0° from the
positive x axis

P30.22  (a) 8.00 A; (b) opposite directions; (c) force of interaction would be
attractive and the magnitude of the force would double

P30.24  (a) The situation is possible in just one way; (b) 12.0 cm to the left of
wire 1; (c) 2.40 A down

P30.26 /.1011126[ 2 to the left
2r |_c (c+a)

P30.28  This is the required center-to-center separation distance of the wires,
but the wires cannot be this close together. Their minimum possible
center-to-center separation distance occurs if the wires are touching,
but this value is 2r = 2(25.0 ym) = 50.0 ym, which is much larger than
the required value above. We could try to obtain this force between
wires of smaller diameter, but these wires would have higher
resistance and less surface area for radiating energy. It is likely that
the wires would melt very shortly after the current begins.

P30.30 500 A
P30.32 (a)3.60 T; (b) 1.94 T
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412 Sources of the Magnetic Field

P30.34 “02] :

P30.36  (a) 6.34 x 10°* N/m; (b) inward toward the center of the bundle;
(c) greatest at the outer surface

2
P30.38 (a) % (for r, <R or inside the cylinder);

3

(b) 'u‘;)ﬂ (for r, > R or outside the cylinder)
7"2

P30.40 4.77 x 10* turns

P30.42  (a) Make the wire as long and thin as possible without melting when it
carries the 5-A current; (b) As small in radius as possible with your
experiment fitting inside. Then with a smaller circumference, the wire
can form a solenoid with more turns.

P30.44 207 W

P30.46 (a) -Bm R*cos8; (b) Bx R cosf
P30.48  (a) 7.40 uWb; (b) 2.27 uWb
P30.50 2.02

P30.52  0.167 uT out of the page

P30.54  This current would instantly vaporize any wire of reasonable size. For
example, if we imagine a 1.00-m segment of copper wire 10 cm in
diameter, a huge wire, this current delivers over a terawatt of power to
this short segment! Furthermore, the power delivered to such a wire
wrapped around the Earth is on the order of 10* W, which is larger
than all of the solar power delivered to the Earth by the Sun.

Hoq®
P30.56 —0o17
2.557R

P30.58 (a) 12.6 uT; (b) 56.0 uT

_N U, IR? [ 1 N 1
2 {(x2+R2)3/2 [(R—x)2+R2
P30.60(b) for full explanation.

P30.62  (a)2.46 N upward; (b) Equation 30.7 is the expression for the magnetic
field produced a distance x above the center of a loop. The magnetic
field at the center of the loop or on its axis is much weaker than the
magnetic field just outside the wire. The wire has negligible curvature
on the scale of 1 mm, so we model the lower loop as a long straight
wire to find the field it creates at the location of the upper wire; (c) 107
m/s* upward

P30.60 (a) B=B,+B,,

:|3/2 ; (b) See
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P30.64 (a)5.24 uT; (b) into the page; (c) 7.20 cm

P30.66 (a)2.74x10*T; (b) 2.74x10™* T (—j) ; (c) Under the assumption that the

rails are infinitely long, the length of rail to the left of the bar does not
depend on the location of the bar; (d) 1.15 x 10 N; (e) +x direction;
(f) Yes, length of the bar, current, and field are constant, so force is

constant; (g) (0.999 m/s)i

1L LL

P30.68 0127 1o the right
TR &

P30.70  See P30.70 for full explanation.

32x107z 4
9x10°+22 "V
where B is in teslas and z is in meters; (e) d = a = 3.00 cm; (f) 53.3j uT

P30.72  (a) See ANS FIG P30.72(a); (b) zero; (c) zero; (d) B=

2 5
P30.74 (a) MoPOR . 4y 4TOPR
3 15
P30.76  See P30.76 for full explanation.
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