Chapt er 29

7

(a) If the currents are parallel, the two magnetic fields are in opposite directions in the region
between the wires. Since the currents are the same, the net field is zero along the line that runs
halfway between the wires. There is no possible current for which the field does not vanish. If
there is to be a field on the bisecting line the currents must be in opposite directions. Then the
fields are in the same direction in the region between the wires.

(b) At a point halfway between the wires, the fields have the same magnitude, poi/27r. Thus
the net field at the midpoint has magnitude B = poi/7r and

. arB  7(0.040m)(300 x 1076 T)
Z: =

=30A.
Lo 47 x 1077T -m/A

15

Sum the fields of the two straight wires and the circular arc. Look at the derivation of the
expression for the field of a long straight wire, leading to Eq. 29-6. Since the wires we are
considering are infinite in only one direction, the field of either of them is half the field of an
infinite wire. That is, the magnitude is poi/4m R, where R is the distance from the end of the
wire to the center of the arc. It is the radius of the arc. The fields of both wires are out of the
page at the center of the arc.

Now find an expression for the field of the arc at its center. Divide the arc into infinitesimal
segments. Each segment produces a field in the same direction. If ds is the length of a segment,
the magnitude of the field it produces at the arc center is (uoi/4mR?)ds. If 0 is the angle
subtended by the arc in radians, then Rf is the length of the arc and the net field of the arc is
pot6/4mR. For the arc of the diagram, the field is into the page. The net field at the center, due
to the wires and arc together, is

pot |, pot  poib _ pot
B= + — = 2-10).
4R 4nR 4nR 4nR ( )

For this to vanish, § must be exactly 2 radians.

19

Each wire produces a field with magnitude given by B = pi/27r, where r is the distance from
the corner of the square to the center. According to the Pythagorean theorem, the diagonal of
the square has length v2a, so r =a / V2 and B = pyi / v2ma. The fields due to the wires at the
upper left and lower right corners both point toward the upper right corner of the square. The
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fields due to the wires at the upper right and lower left corners both point toward the upper left
corner. The horizontal components cancel and the vertical components sum to

,u()’i ° 2,u0i
Bue = 422 cos45° = 122
T 2na eo8 Ta

_ 2047 x 1077 T - m/A)(20A) _

8.0x 107°T.
7(0.20m) x

In the calculation cos45° was replaced with 1/ v/2. In unit vector notation B = (8.0 x 107°T)].

21

Follow the same steps as in the solution of Problem 17 above but change the lower limit of
integration to — L, and the upper limit to 0. The magnitude of the net field is

B ot R /0 dz _ potR 1 x 0 Mot L
4 J_p (*+R?P3/2 4nm R? (*+R)V?|_, 4nR\I2+ R?
4 10~7 T - m/A)(0. A 1
_4r x 10 m/A)(0.693 A) 0.136m 132 % 10-"T.
47(0.251 m) /(0.136 m)2 + (0.251 m)?

31

The current per unit width of the strip is ¢/w and the current through a width dz is (i/w) dx.
Treat this as a long straight wire. The magnitude of the field it produces at a point that 1s a
distance d from the edge of the strip is dB = (uo/27)(i/w) dz/z and the net field is

Copei [TUdr ope | d+w

2w Jg T 2mw d
_ (4m x 1077 T -m/A)4.61 x 107°A) In 0.0216 m+0.0491 m
2m(0.0491 m) 0.0216 m

=223 x1071T.

35

The magnitude of the force of wire 1 on wire 2 is given by
ot1ia/27r, where 4, is the current in wire 1, 4, is the current
in wire 2, and r is the separation of the wires. The distance

between the wires is 7 = y/d3 +d3. Since the currents are

in opposite directions the wires repel each other so the force
on wire 2 is along the line that joins the wires and is away
from wire 1.

To find the x component of the force, multiply the magnitude of the force by the cosine of the

angle 0 that the force makes with the z axis. This is cos @ = dy/4/d3 + d3. Thus the  component
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of the force is

- Hot1iy  da
v 27 d% + d%
@27 x 1077 T - m/A)(4.00 x 1073 A)(6.80 x 1073 A) 0.0500 m
B 2 (0.024 m)? + (5.00 m)?
=8.84 x 1071 T.

43

(a) Two of the currents are out of the page and one is into the page, so the net current enclosed
by the path is 2.0 A, out of the page. Since the path is traversed in the clockwise sense, a current
into the page is positive and a current out of the page is negative, as indicated by the right-hand
rule associated with Ampere’s law. Thus é¢,c = —¢ and

fﬁ ds=—pgi=—(@4r x 1077 T-m/A)2.0A)=—2.5%x 107°T -m.

(b) The net current enclosed by the path is zero (two currents are out of the page and two are
into the page), so § B - dS= pigienc = 0.

53

(a) Assume that the point is inside the solenoid. The field of the solenoid at the point is parallel
to the solenoid axis and the field of the wire is perpendicular to the solenoid axis. The net field
makes an angle of 45° with the axis if these two fields have equal magnitudes.

The magnitude of the magnetic field produced by a solenoid at a point inside is given by By, =
Lolsoi™, Where n is the number of turns per unit length and i, is the current in the solenoid.
The magnitude of the magnetic field produced by a long straight wire at a point a distance r
away is given by Byire = [o%wire /27T, Where iy is the current in the wire. We want ponis, =
Lotwire/277. The solution for r is

vire 6.00 A
r= =
2mnie 2m(10.0 x 102m~1)(20.0 x 1073 A)

This distance is less than the radius of the solenoid, so the point is indeed inside as we assumed.
(b) The magnitude of the either field at the point is

=477 x 10>m=4.77cm.

Biol = Byjire = poNiso) = (47 x 1077 T -m/A)(10.0 x 10°m~")(20.0 x 107> A)=2.51 x 107> T.

Each of the two fields is a vector component of the net field, so the magnitude of the net field
is the square root of the sum of the squares of the individual fields: B = \/ 2(2.51 x 103 T)2 =
3.55x 107> T.

57

The magnitude of the dipole moment is given by u = NiA, where N is the number of turns, ¢
is the current, and A is the area. Use A = 7R?, where R is the radius. Thus

© = NimR? = (200)(0.30 A)r(0.050 m)* = 0.47 A - m” .

Chapter 29 179



65

(a) Take the magnetic field at a point within the hole to be the sum of the fields due to two
current distributions. The first is the solid cylinder obtained by filling the hole and has a current
density that is the same as that in the original cylinder with the hole. The second is the solid
cylinder that fills the hole. It has a current density with the same magnitude as that of the original
cylinder but it is in the opposite direction. Notice that if these two situations are superposed, the
total current in the region of the hole is zero.

Recall that a solid cylinder carrying current ¢, uniformly distributed over a cross section, produces
a magnetic field with magnitude B = uoir /27 R? a distance r from its axis, inside the cylinder.
Here R is the radius of the cylinder.

For the cylinder of this problem, the current density is

1 1

J=te

A 7(a? —b?)
where A (= m(a® — b*)) is the cross-sectional area of the cylinder with the hole. The current in
the cylinder without the hole is
)
. ia
1 = JA1 :7TJCL2 = m
and the magnetic field it produces at a point inside, a distance r; from its axis, has magnitude

. . 2 .
_ Mot _ potria Ho?Ty

2ra2  2maX(a® — b?) B 2m(a? — b?) "

The current in the cylinder that fills the hole is

B,

72
. , b
L=mI =

and the field it produces at a point inside, a distance r, from the its axis, has magnitude

,Lboizrz _ ,Lboirzbz _ ,lLo’iT’z

2rb? 2wb*(a? — b)) 2m(a? —1?)

At the center of the hole, this field is zero and the field there is exactly the same as it would be
if the hole were filled. Place r; = d in the expression for B; and obtain

wotd (47 x 1077 T - m/A)(5.25 A)(0.0200 m) _s
= = =153 x107°T
2m(a® — b?) 27[(0.0400 m)? — (0.0150 m)?]
for the field at the center of the hole. The field points upward in the diagram if the current is
out of the page.
(b) If b =0, the formula for the field becomes

_ poid
2ra?

Bz=

This correctly gives the field of a solid cylinder carrying a uniform current %, at a point inside
the cylinder a distance d from the axis. If d = 0, the formula gives B = 0. This is correct for the
field on the axis of a cylindrical shell carrying a uniform current.
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(c) The diagram shows the situation in a cross-sectional

plane of the cylinder. P is a point within the hole, A is B y! B,
on the axis of the cylinder, and C is on the axis of the
hole. The magnetic field due to the cylinder without the
hole, carrying a uniform current out of the page, is labeled |
B and the magnetic field of the cylinder that fills the hole, a
carrying a uniform current into the page, is labeled B,. The / :

line from A to P makes the angle #; with the line that joins T/ N
the centers of the cylinders and the line from C' to P makes / :

the angle 6, with that line, as shown. B, is perpendicular , l

to the line from A to P and so makes the angle 6; with the /0 :
vertical. Similarly, B, is perpendicular to the line from C A d C
to P and so makes the angle 6, with the vertical.

The x component of the total field is

HolTy
(@ — 1)

Hoir2

Bch = Bz sin92 — B] SiIl91 = m

sinf, — sin 6,
Mot

= m [7’2 Sil’l02 — T sin91] .

As the diagram shows, 7, sinf, = ry sin#;, so B, = 0. The y component is given by

_ _ _ Hoir) o7
By = B2C0592+Bl COSH] = m COng + m C0891
= % [r2cos 6, + 7 cosb] .
The diagram shows that r, cos 8, + | cos 8; = d, so
_ hotd
Y 2m(a? — b2’

This is identical to the result found in part (a) for the field on the axis of the hole. It is independent
of r1, rp, 81, and 6,, showing that the field is uniform in the hole.

71
Use the Biot-Savart law in the form

0 tAS X T

—

B:

=

I

T r

Take A5'to be As], and 7 to be zi+yj+zk. Then Asx 7= As]x(zity]j+zk) = As(zi—zk),
where ] x 1= —k, ] x] =0, and ] x k =1 were used. In addition, » = /22 +y2+ 22. The
Biot-Savart equation becomes

iAs(z1— zk)
(.772 + y2 + z2)3/2 :

5 _ Ho
B = —_—
47
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(@) Forx=0,y=0,and z=5.0m,

47 x 1077 T - m/A (2.0 A)(0.030 m)(5.0 m) 1

E =
47 (5.0m)?

=2.4x1071°T) 1.

(b) Forz =0, y=6.0m, and z =0, B=0.
(c) Forx =7.0m, y=7.0m, and z =0,

47 x 1077 T-m/A (2.0 A)(0.030m)(—7.0m) k

B= 4 [(7-0m) + (7.0 m)*J*/

=43 x 107" 1)k.

(d) Forz=—-3.0m, y=—4.0m, and z =0,

47 x 1077 T-m/A (2.0 A)0.030m)(3.0m)k

B= 4 [(—3.0m) + (—4.0m)2]3/2

=(1.4x1071°T)k.

71
First consider the finite wire segment shown on the right. Y
It extends from y = —d to y = a—d, where a is the length '
of the segment, and it carries current ¢ in the positive y
direction. Let dy be an infinitesimal length of wire at
coordinate y. According to the Biot-Savart law the mag-

nitude of the magnetic field at P due to this infinitesimal
length is dB = (uo/4)(isin/r*) dy. Now r? = y>+ R? T
l

and sinf = R/r = R/\/y*>+ R?, so nTTT x
7
_ Mo iR dy]/

dB = (02 + RO /2 dy

and the field of the entire segment is

a—d d ]

a—d .

o . Y i
B=2=2iR — 2 dy = /4T — +
4 /—d (y> + Y “O/WR VR2+(@—dP VR +d

R2)3/2

where integral 19 of Appendix E was used.

All four sides of the square produce magnetic fields that are into the page at P, so we sum their
magnitudes. To calculate the field of the left side of the square put d = 3a/4 and R = a/4. The

result is I ; 4
Ho Ho 41
Bg=—— | —=+—| === —(1.66).
e 47ra[\5 m} 3 o 00
The field of the upper side of the square is the same. To calculate the field of the right side of
the square put d = a/4 and R = 3a/4. The result is

_,u047;|:3 1}_”041'

Bight = — — | ——=+—= —(0.341).
M4 36 | VI8 V10 ( )

31 a
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The field of the bottom side is the same. The total field at P is

4
B = Bieg + Buper + Bright + Blower = 2‘—0 = (1.66+ 1.66 +0.341 + 0.341)
T a

47 x 10T -m/A 4(10A) \
- 4.00)=2.0 x 10T
o 0.080m ¢ 00 = 2.0 10

79

(a) Suppose the field is not parallel to the sheet, as shown \:
in the upper diagram. Reverse the direction of the current. |
According to the Biot-Savart law, the field reverses, so it will L
be as in the second diagram. Now rotate the sheet by 180°
about a line that is perpendicular to the sheet. The field,
of course, will rotate with it and end up in the direction :
shown in the third diagram. The current distribution is now T~
exactly as it was originally, so the field must also be as it '
was originally. But it is not. Only if the field is parallel
to the sheet will be final direction of the field be the same
as the original direction. If the current is out of the page, :
any infinitesimal portion of the sheet in the form of a long 1
straight wire produces a field that is to the left above the I
sheet and to the right below the sheet. The field must be as
drawn in Fig. 29-85.

(b) Integrate the tangential component of the magnetic field - ------ 1

i
around the rectangular loop shown with dotted lines. The B :
upper and lower edges are the same distance from the current : T
sheet and each has length L. This means the field has the | 5 !

LB

same magnitude along these edges. It points to the left along
the upper edge and to the right along the lower.

If the integration is carried out in the counterclockwise sense, the contribution of the upper edge
is BL, the contribution of the lower edge is also BL, and the contribution of each of the sides
is zero because the field is perpendicular to the sides. Thus § B -ds=2BL. The total current
through the loop is AL. Ampere’s law yields 2BL = pyAL, so B = poA/2.

81

(a) Use a circular Amperian path that has radius r and is concentric with the cylindrical shell
as shown by the dotted circle on Fig. 29-86. The magnetic field is tangent to the path and
has uniform magnitude on it, so the integral on the left side of the Ampere’s law equation is
$ B-d§ = 2nrB. The current through the Amperian path is the current through the region outside
the circle of radius b and inside the circle of radius r. Since the current is uniformly distributed
through a cross section of the shell, the enclosed current is i(r? — b%)/(a*> — b?). Thus
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and
B Lol r2 — b2
2m(a? —b*) r

(b) When r = a this expression reduce to B = pi/27r, which is the correct expression for the
field of a long straight wire. When r = b it reduces to B = 0, which is correct since there is no
field inside the shell. When b = 0 it reduces to B = pgir /27ra2, which is correct for the field
inside a cylindrical conductor.

(c) The graph is shown below.
B (T)
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89

The result of Problem 11 1s used four times, once for each of P

the sides of the square loop. A point on the axis of the loop /'M
is also on a perpendicular bisector of each of the loop sides. ,
The diagram shows the field due to one of the loop sides, /
the one on the left. In the expression found in Problem 11, /

|
|
|
replace L with a and R with /22 +a2/4 = 1422 + a2 )/ :
!
|

The field due to the side is therefore /

Loia L

B= .
V422 + a2V 4x2 + 242 a/2

The field is in the plane of the dotted triangle shown and i
is perpendicular to the line from the midpoint of the loop

side to the point P. Therefore it makes the angle 6 with the

vertical.

When the fields of the four sides are summed vectorially the horizontal components add to zero.
The vertical components are all the same, so the total field is given by

4B 4B
Biota) = 4B cos 0 = ¢ _ a

2R 4x2+ a2
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Thus
Appia®

Biotal = .
ol w(4x? + a?)Vax? +2a?

For x = 0, the expression reduces to

_ dpgia® 2V 2pgi
total 7Ta2\/§a . )

in agreement with the result of Problem 12.

91

Use Ampere’s law: f B.-ds= Lolenc, Where the integral is around a closed loop and 7y is the net
current through the loop. For the dashed loop shown on the diagram ¢ = 0. Assume the integral
S B -d3is zero along the bottom, right, and top sides of the loop as it would be if the field lines
are as shown on the diagram. Along the right side the field is zero and along the top and bottom
sides the field is perpendicular to ds. If ¢ is the length of the left edge, then direct integration
yields ¢ B - d5 = BY, where B is the magnitude of the field at the left side of the loop. Since
neither B nor ¢ is zero, Ampere’s law is contradicted. We conclude that the geometry shown for
the magnetic field lines is in error. The lines actually bulge outward and their density decreases
gradually, not precipitously as shown.

Chapter 29 185



