Chapter 29

1. (a) The magnitude of the magnetic field due to the current in the wire, at a point a
distance r from the wire, is given by
B=fd
2mr
With r = 20 ft = 6.10 m, we have

(4nx107 T-m/A)(100A)
B= =33x10°T=334T.
21 (6.10m)

(b) This is about one-sixth the magnitude of the Earth’s field. It will affect the compass
reading.

2. Equation 29-1 is maximized (with respect to angle) by setting 8 = 90° ( = #/2 rad). Its
value in this case is

dBmax = IU_OId_Sz :
47 R

From Fig. 29-34(b), we have B =60x10"" T. We can relate this Bpax to our dBmax by

setting “ds” equal to 1 x 10°m and R = 0.025 m. This allows us to solve for the current:
i =0.375 A. Plugging this into Eq. 29-4 (for the infinite wire) gives B, = 3.0 uT.

3. (a) The field due to the wire, at a point 8.0 cm from the wire, must be 39 4T and must
be directed due south. Since B = ui/2r,

_ 2nrB 27m(0.080m)(39x10°° T)
1 = =

=16A.
Ho 4t x107 T-m/A

(b) The current must be from west to east to produce a field that is directed southward at
points below it.

4. The straight segment of the wire produces no magnetic field at C (see the straight
sections discussion in Sample Problem — “Magnetic field at the center of a circular arc
of current”). Also, the fields from the two semicircular loops cancel at C (by symmetry).
Therefore, Bc = 0.

5. (a) We find the field by superposing the results of two semi-infinite wires (Eq. 29-7)
and a semicircular arc (Eq. 29-9 with ¢ = zrad). The direction of B is out of the page, as
can be checked by referring to Fig. 29-6(c). The magnitude of B at point a is therefore

1127
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B, _2( j Mol _ Mol (1 ij (47 x10 Tm/A)(lOA)( ) 10x10° T
4zR ) 4zR 2R\7z 2 2(0.0050 m) T 2

upon substituting i = 10 A and R = 0.0050 m.
(b) The direction of this field is out of the page, as Fig. 29-6(c) makes clear.

(c) The last remark in the problem statement implies that treating b as a point midway
between two infinite wires is a good approximation. Thus, using Eq. 29-4,

; -7
B = 2( Lyl j Mol _ (Arx107'T-m/A)(10 A) _8.0x10T.
2nR) 7R 7(0.0050 m)

(d) This field, too, points out of the page.

6. With the “usual” x and y coordinates used in Fig. 29-37, then the vector r pointing
from a current element to P is F=-si+Rj. Since dS=dsi, then |dSxTF|=Rds.

Therefore, with r =+/s* + R?, Eq. 29-3 gives

dB:ﬂ 2IR dzs 32 °
4z (s°+R”)

(@) Clearly, considered as a function of s (but thinking of “ds” as some finite-sized
constant value), the above expression is maximum for s = 0. Its value in this case is

dB,, = 4, ds/4zR?.

(b) We want to find the s value such that dB=dB,_, /10. This is a nontrivial algebra

exercise, but is nonetheless straightforward. The result is s =+/107"-1R. If we set
R =2.00 cm, then we obtain s = 3.82 cm.

7. (a) Recalling the straight sections discussion in Sample Problem — “Magnetic field at
the center of a circular arc of current,” we see that the current in the straight segments
collinear with P do not contribute to the field at that point. Using Eq. 29-9 (with ¢ = 0
and the right-hand rule, we find that the current in the semicircular arc of radius b
contributes y,i8/4mh (out of the page) to the field at P. Also, the current in the large
radius arc contributes p,i6/4ma (into the page) to the field there. Thus, the net field at P

is

_ i (1 1)_(4nx10‘7T-m/A)(0.411A)(74°-7z/180°)( 11 J
4 \b a 4 0.107m 0.135m
~1.02x107T.
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(b) The direction is out of the page.

8. (a) Recalling the straight sections discussion in Sample Problem — “Magnetic field at
the center of a circular arc of current,” we see that the current in segments AH and JD do
not contribute to the field at point C. Using Eq. 29-9 (with ¢ = z) and the right-hand rule,
we find that the current in the semicircular arc H J contributes x,i/4R, (into the page) to
the field at C. Also, arc D A contributes x,i/4R, (out of the page) to the field there. Thus,
the net field at C is

g Ll (i 1 ] _ (47T><10_7T-m/A)(O.281A)[ 1 .

_— - j=1.67x10‘6T.
4 \R R, 4 0.0315m 0.0780m

(b) The direction of the field is into the page.

9. (a) The currents must be opposite or antiparallel, so that the resulting fields are in the
same direction in the region between the wires. If the currents are parallel, then the two
fields are in opposite directions in the region between the wires. Since the currents are the
same, the total field is zero along the line that runs halfway between the wires.

(b) At a point halfway between they have the same magnitude, wi/27r. Thus the total
field at the midpoint has magnitude B = wi/nr and

. arB m(0.040 m)(300x10°°T)
| = =

=30A.
1y 4107 T-m/A

10. (a) Recalling the straight sections discussion in Sample Problem — “Magnetic field
at the center of a circular arc of current,” we see that the current in the straight segments
collinear with C do not contribute to the field at that point.

Equation 29-9 (with ¢ = 7z) indicates that the current in the semicircular arc contributes
L1 /4R to the field at C. Thus, the magnitude of the magnetic field is

5 Ko _ (4mx107T-m/A)(0.0348A)
4R 4(0.0926m)

=1.18x107"T.

(b) The right-hand rule shows that this field is into the page.

11. (a) By = 14,/ 27r; where iy = 6.5 Aand ry = dy + d; = 0.75 cm + 1.5 cm = 2.25 cm,
and B, = i, / 271, where r; = d> = 1.5 cm. From Bp; = Bp, We get

. .[r 1.5cm
L= [sz = (6.5A)(2 o5 ch =43A.
| .
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(b) Using the right-hand rule, we see that the current i, carried by wire 2 must be out of
the page.

12. (a) Since they carry current in the same direction, then (by the right-hand rule) the
only region in which their fields might cancel is between them. Thus, if the point at
which we are evaluating their field is r away from the wire carrying currentiand isd —r
away from the wire carrying current 3.00i, then the canceling of their fields leads to

r :9:16'0 cm =4.0 cm.
4 4

Hol _ Ho (3i)
2zr  2z(d-r)

(b) Doubling the currents does not change the location where the magnetic field is zero.

13. Our x axis is along the wire with the origin at the midpoint. The current flows in the
positive x direction. All segments of the wire produce magnetic fields at P, that are out of
the page. According to the Biot-Savart law, the magnitude of the field any (infinitesimal)
segment produces at P, is given by

dB = Ml SING

4nt r? o

where @ (the angle between the segment and a line drawn from the segment to P;) and r
(the length of that line) are functions of x. Replacing r with vx*+R? and sin @ with
R/r = R/+/X* +R? , we integrate from x = —L/2 to x = L/2. The total field is

B inRIL/z dx _ MR 1 X bz Mol L
dm S (@ Re) O Ar R (x4 R2)C e 2nR 12 4 aR?
4nx107 T-m/A)(0.0582 A
_ (4 /AN ) 0.180m _5.03x10° T,
21(0.131m) |/(0.180m)? + 4(0.131m)?

14. We consider Eq. 29-6 but with a finite upper limit (L/2 instead of o). This leads to

B— y7x L/2

S 2nR J(L/2)?+R?

In terms of this expression, the problem asks us to see how large L must be (compared
with R) such that the infinite wire expression B, (EQ. 29-4) can be used with no more
than a 1% error. Thus we must solve

B.—-B
B

=0.01.
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This is a nontrivial algebra exercise, but is nonetheless straightforward. The result is

200R

v201

15. (a) As discussed in Sample Problem — “Magnetic field at the center of a circular arc
of current,” the radial segments do not contribute to B, and the arc segments contribute

L=

~141R = %zl4.l.

according to Eg. 29-9 (with angle in radians). If k designates the direction “out of the

page” then

1, (0.40A)(7rad) - My (0.80A)(27/3rad) -
47z(0.050 m) 47[(0.040 m)

B= k=—(1.7x10"° T)k

or |[B|=1.7x10°T.

(b) The direction is —k, or into the page.
(c) If the direction of iy is reversed, we then have

 H (0.40A)(rrad) Lt (0.80A)(27/3rad) »

é =
47(0.050m) 47(0.040m)

k=—(6.7x10° T)k

or |[B|=6.7x10°T.

(d) The direction is —IA<, or into the page.

16. Using the law of cosines and the requirement that B = 100 nT, we have

2, p2_Rp?
Hzcos‘l(—Bl +BZB B ]:144",
o 2

1

where Eg. 29-10 has been used to determine B; (168 nT) and B, (151 nT).

17. Our x axis is along the wire with the origin at the right endpoint, and the current is in
the positive x direction. All segments of the wire produce magnetic fields at P, that are
out of the page. According to the Biot-Savart law, the magnitude of the field any
(infinitesimal) segment produces at P is given by

dB = ol sdeX

Ant r?
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where & (the angle between the segment and a line drawn from the segment to P,) and r
(the length of that line) are functions of x. Replacing r with vx*+R?® and sin @ with
R/r = R//x* + R? , we integrate from x = —L to x = 0. The total field is

B IR J-O dx ALY X 0 fl L
" in —L(X2+R2)3/2 " 4 R? (X2+R2)]/2 L 47R 12 4 R?
4mx107 T-m/A)(0.693 A
_ (4 /AN ) 0.136m ~1.32x107 T
47(0.251m) |/(0.136m)? + (0.251m)?

18. In the one case we have Bsman + Bpig = 47.25 T, and the other case gives Bsmai — Bbig
= 15.75 uT (cautionary note about our notation: Bsmay refers to the field at the center of
the small-radius arc, which is actually a bigger field than By;g!). Dividing one of these
equations by the other and canceling out common factors (see Eq. 29-9) we obtain

@/ ) + @/ rbig) _ 1+ (N / rbig)
(l/ Irsmalll) - (1/ r-big) 1- (r:small / rbig)

The solution of this is straightforward: Fsman = Ibig /2. Using the given fact that the
i =4.00 cm, then we conclude that the small radius is r,,, = 2.00 cm.

small

19. The contribution to B_, from the first wire is (using Eq. 29-4)

net

- o A A
5 - Holy |z _ (4nx107"T-m/A)(30 A) k= (3.0x10° T)k.
2y, 27(2.0 m)
The distance from the second wire to the point where we are evaluating B_, isr, =4 m —
2m=2m. Thus,

net

_ Mol 2 _ (4nx107 T-m/A)(40 A):

= (4.0x10°° T)i.
2rr, 27(2.0m)

0o

2

and consequently is perpendicular to B,. The magnitude of B_, is therefore

net

| B |=4/(3.0x10° T)? +(4.0x10° T)? =5.0x10° T.
20. (a) The contribution to B¢ from the (infinite) straight segment of the wire is

Hol
B. =1-0%
" 27R
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The contribution from the circular loop is B, = g—g Thus,

B.=B.,+B

—ﬂ—oi(l 1j:(4nx10‘7T-m/A)(5.78><10‘3A)( 1

= 1+= |=2.53x107"T.
2R 2(0.0189 m) j

V4 T

B. points out of the page, or in the +z direction. In unit-vector notation,
B. =(2.53x107T)k

(b) Now, B, L B, so

i [ 1 (4nx107T-m/A)(5.78x10° A 1 )
B, =+/B2, + B, :‘2’—°R 1+—2:( 2(0.018)§ - ) 1+ =202x10"T.

T

and I§c points at an angle (relative to the plane of the paper) equal to

tan™! [hj =tan (ij =17.66°.
Be, T

B. =2.02x107 T (c0s17.66°i +5in17.66°K) = (1.92x10 T)i+(6.12x10° T)k .

In unit-vector notation,

21. Using the right-hand rule (and symmetry), we see that B net points along what we will
refer to as the y axis (passing through P), consisting of two equal magnetic field y-
components. Using Eq. 29-17,

B, |=2%% sing
2rr
where i =4.00 A, r = r=,/d? +d?/4=5.00 m, and

f=tan d; =tan‘l(MJ:tan‘l(ﬂj:SB.l".
d,/2 6.00 m/2 3

Hol g _ (47 =107 T-m/A)(4.00 A)
nr 7(5.00 m)

Therefore,

|B' _/JOi

net | —

sin53.1°=2.56x10" T.

22. The fact that B, = 0 at x = 10 cm implies the currents are in opposite directions. Thus,
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L+x X

_ Holy _ﬂoiz _/uoiz( 4 1)
Vo 2x(L+X) 27zx  2x«

using Eq. 29-4 and the fact that i, = 4i, . To get the maximum, we take the derivative with

respect to x and set equal to zero. This leads to 3x* — 2Lx — L% = 0, which factors and
becomes (3x + L)(x — L) = 0, which has the physically acceptable solution: x = L . This
produces the maximum By: uoi/2nL. To proceed further, we must determine L.
Examination of the datum at x = 10 cm in Fig. 29-49(b) leads (using our expression
above for By and setting that to zero) to L = 30 cm.

(&) The maximum value of By occurs at x = L = 30 cm.
(b) With i, =0.003 A we find g4 i, /27 = 2.0 nT.

(c) and (d) Figure 29-49(b) shows that as we get very close to wire 2 (where its field
strongly dominates over that of the more distant wire 1) B, points along the —y direction.
The right-hand rule leads us to conclude that wire 2’s current is consequently is into the
page. We previously observed that the currents were in opposite directions, so wire 1’s
current is out of the page.

23. We assume the current flows in the +x direction and the particle is at some distance d
in the +y direction (away from the wire). Then, the magnetic field at the location of a

proton with charge q is B = (x,i / 2zd)k. Thus,

In this situation, vV = v(—]) (where v is the speed and is a positive value), and q > 0. Thus,

AL ((_])X 12)—_ #iQV 5 __ (4mx107 T-m/A)(0.350A)(L.60x10™*C)(200m/s) :
2nd 2nd 27(0.0289 m)

= (~7.75x 10> N)i.

24. Initially, we have Bpety = 0 and Bretx = B2 + B4 = 2(uo i /27d) using Eq. 29-4, where
d =0.15 m. To obtain the 30° condition described in the problem, we must have

B

B, tan(30°) = B/-B,= 2( Kol jtan(30°)
’ 27d

net,y —

where B3 = o i /2nd and B; = i/ 2zd’. Since tan(30°) = 1/[3, this leads to
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(@) We now make the assumption that wire #2 must be at —n/2 rad (-90°, the bottom of
the cylinder) since it would pose an obstacle for the motion of wire #1 (which is needed
to make these graphs) if it were anywhere in the top semicircle.

(b) Looking at the & = 90° datum in Fig. 29-57(b)), where there is a maximum in Bpet «
(equal to +6 uT), we are led to conclude that B, =6.0 4T —-2.0 4T =4.0 4T in that

situation. Using Eq. 29-4, we obtain

. 27RB, 27(0.200 m)(4.0x10° T)
i, = = a =4.0A.
Ho A4z x107"T-m/A

(c) The fact that Fig. 29-57(b) increases as & progresses from 0 to 90° implies that wire
1’s current is out of the page, and this is consistent with the cancellation of Bpe y at
6, =90°, noted earlier (with regard to Fig. 29-57(c)).

(d) Referring now to Fig. 29-57(b) we note that there is no x-component of magnetic field
from wire 1 when &, = 0, so that plot tells us that B,y = +2.0 ¢T. Using Eq. 29-4, we find
the magnitudes of the current to be

-6
. _27RB, _ 27(0.200m)2.0x10°T) _,

2 47x107 T-m/A

(e) We can conclude (by the right-hand rule) that wire 2’s current is into the page.

31. (a) Recalling the straight sections discussion in Sample Problem — “Magnetic field
at the center of a circular arc of current,” we see that the current in the straight segments
collinear with P do not contribute to the field at that point. We use the result of Problem
29-21 to evaluate the contributions to the field at P, noting that the nearest wire segments
(each of length a) produce magnetism into the page at P and the further wire segments
(each of length 2a) produce magnetism pointing out of the page at P. Thus, we find (into
the page)

oo ) o Bt | Bl T

8na 8n(2a) 8ma 87r(0.047 m)
=1.96x107°T ~2.0x10°T.

(b) The direction of the field is into the page.
32. Initially we have
B = £0lf , told
47R  4rxr

using Eqg. 29-9. In the final situation we use Pythagorean theorem and write
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cosines of some angle. A little trig (and the use of the right-hand rule) leads us to
conclude that when wire 2 is at angle & (shown in Fig. 29-61) then its components are

B,.=B,sing,, B, =-B,cosg,.

The magnitude-squared of their net field is then (by Pythagoras’ theorem) the sum of the
square of their net x-component and the square of their net y-component:

B* =(B,sin#,)* +(B, - B,co0sd,)’ = B? + B, —2B,B, cos 4, .

(since sin?d + cos?d =1), which we could also have gotten directly by using the law of
cosines. We have

B, = —gonT, B,=%%—40nT.
27R 27R

With the requirement that the net field have magnitude B = 80 nT, we find

2 2 2
-1 (M} =cos '(—1/4) =104°,

where the positive value has been chosen.

35. Equation 29-13 gives the magnitude of the force between the wires, and finding the x-
d;
d,”+dy’

component of it amounts to multiplying that magnitude by cos¢ = Therefore,

the x-component of the force per unit length is

X

L 2z(d?+d2) 27[(0.0240 m)? + (0.050 m)?]
=8.84x10"" N/m.

F, _ uii,d,  (4nx107T-m/A)(4.00x10~° A)(6.80x10™° A)(0.050 m)

36. We label these wires 1 through 5, left to right, and use Eq. 29-13. Then,

(a) The magnetic force on wire 1 is

= il (1+ 1 1 1 j1_25ﬂ0i2| 5 25(47x107 T-m/A)(3.00A) (10.0m)]

"oz \d 2d 3d 4d )’ 24rd 247(8.00x10°?m)

=(4.69x10*N) J.

(b) Similarly, for wire 2, we have
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= :”20—:' (%+%)j =i§’—:;:] =(1.88x107*N) j.

(c) F3 =0 (because of symmetry).

(d) F, =—F, =(~1.88x10*N)j, and

(€) F, =—F, =—(4.69x107* N)j.

37. We use Eq. 29-13 and the superposition of forces: F, = F, + F,, + F,,. With 6= 45°,
the situation is as shown on the right.

The components of If4 are given by

2

Mol i COS 45° _ 34,1’

F,,=—F;—F,c0s0=—
4x 43 42 ona 2\/571:& Ama
and
2 2 o o 2
F,, =F,—Fysing=tol Al SNAS7_ihl”
2na 2\/2ra 4ma
Thus,

P NS L 2 10 (4nx107 T-m/A)(7.50A)
F4=(F42x+F42y)]/2=H3ﬂol j +(”ol ” _VI0ui* 10 (4nx /A)(750A)

4ma 4ra 4ra A (0.135m)
=1.32x10"N/m

and F, makes an angle ¢ with the positive x axis, where

F
¢=tant| 2 :tanl(—ljzmzo.
F,. 3

In unit-vector notation, we have
F, =(1.32x10* N/m)[c0s162°i +5in162°]] = (~1.25x10™* N/m)i + (4.17x10° N/m)j

38. (@) The fact that the curve in Fig. 29-64(b) passes through zero implies that the
currents in wires 1 and 3 exert forces in opposite directions on wire 2. Thus, current iy
points out of the page. When wire 3 is a great distance from wire 2, the only field that
affects wire 2 is that caused by the current in wire 1; in this case the force is negative
according to Fig. 29-64(b). This means wire 2 is attracted to wire 1, which implies (by
the discussion in Section 29-2) that wire 2’s current is in the same direction as wire 1’s
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current: out of the page. With wire 3 infinitely far away, the force per unit length is given
(in magnitude) as 6.27 x 107" N/m. We set this equal to F,, = z,i, / 27d . When wire 3
is at x = 0.04 m the curve passes through the zero point previously mentioned, so the

force between 2 and 3 must equal Fi, there. This allows us to solve for the distance
between wire 1 and wire 2:

d = (0.04 m)(0.750 A)/(0.250 A) = 0.12 m.
Then we solve 6.27 x 107" N/m= i1 i, /22d and obtain i, = 0.50 A.
(b) The direction of i, is out of the page.
39. Using a magnifying glass, we see that all but i, are directed into the page. Wire 3 is

therefore attracted to all but wire 2. Letting d = 0.500 m, we find the net force (per meter
length) using Eq. 29-13, with positive indicated a rightward force:

which yields |F |/ ¢=8.00x10"" N/m .

40. Using Eq. 29-13, the force on, say, wire 1 (the wire at the upper left of the figure) is
along the diagonal (pointing toward wire 3, which is at the lower right). Only the forces
(or their components) along the diagonal direction contribute. With 8 = 45°, we find the
force per unit meter on wire 1 to be

= £ . E Hol” o, My’ 3 i’
F=|F,+F;+F,|=2F,c0s0+F,=2 cos45°+ =
1= 1P Rt Rl = 2R, . {znaJ 2J2ma 227 | a

3 (4nx107 T-m/A)(15.0A)’

_ —1.12x107> N/m.
227 (8.50><10’2m)

The direction of F, is along F:(f—])/\/?. In unit-vector notation, we have

_(1.12x107°

V2

41. The magnitudes of the forces on the sides of the rectangle that are parallel to the long
straight wire (with i; = 30.0 A) are computed using Eq. 29-13, but the force on each of
the sides lying perpendicular to it (along our y axis, with the origin at the top wire and +y
downward) would be figured by integrating as follows:

3 NM) (& 3) = (7.94 107 Nim)i + (=7.94x 10~ N/m)j
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_ J'a+b I 44, 14
J_S|des
2ny

Fortunately, these forces on the two perpendicular sides of length b cancel out. For the
remaining two (parallel) sides of length L, we obtain

= Mol L [1_ 1 j: Holyi,b

2z \a a+d 27ra(a+b)
47 %107 T-m/A)(30.0A)(20.0A)(8.00cm)(300x107?m
:(ﬂX X ) ) )(300~ )=3.2ox103N,
27z(1.00cm + 8.00cm)

and F points toward the wire, or +]. That is, F :(3.20><10*3N)] in unit-vector notation.

42. The area enclosed by the loop L is A= (4d)(3d) =6d*. Thus
 B-ds = pi = s jA=(4mx107 T-m/A)(15A/m*)(6)(0.20m)" =45x10° T-m.

43. We use Eq. 29-20 B = u,ir / 27za* for the B-field inside the wire (r <a) and Eq. 29-17
B =i/ 2zr for that outside the wire (r > a).

(@ At r=0, B=0.

(b) At r=0.0100m, B= it (A4zx107 T-m/A)(L70A)(0.0100m)
' " 2za’ 27(0.0200m)?

=8.50x107*T.

; -7
(©) At 1 —a—0.0200m, B fall _ (47x107 T-m/A)(170A)(0.0200m)

> = : =1.70x10°T.
2ra 27(0.0200m)

(d) At r=0.0400m , B=tal _(4mx107T-m/AYI70A)
' T 2nr 277(0.0400m)

=8.50x107"T.

44. \We use Ampere’s law: §I§-d§ = 1,1, where the integral is around a closed loop and i
is the net current through the loop.

(@) For path 1, the result is
§,B-ds =4, (-5.0A+3.0A)= (47107 T-m/A) (-2.0A) =-2.5x10°T-m.

(b) For path 2, we find
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§,B-d5 = 44, (-5.0A-5.0A-3.0A) = (4rx107 T-m/A)(~13.0A) =-1.6x10°T-m.

45. (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,

$B-d5 =—p15i =—(47x107 T-m/A)(2.0A) =—2.5x10°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 §I§-d§ = Lo = 0.

46. A close look at the path reveals that only currents 1, 3, 6 and 7 are enclosed. Thus,
noting the different current directions described in the problem, we obtain

@ B-dS =, (7i—6i+3i+i) =5, 25(4nx10’7 T-m/A)(4.50X10*3A):2.83X10—8T_ m.

47.Forr<a,
Holene — Ho [ Ho [T r /Uo‘Jor2
B(r)=—"2="—"| J(r)2nrdr==>| J,| — |2nrdr =—"—.
() 2nr - 2mr IO (r) 27:10 O(aj 3a
(@ At r=0, B=0.
(b) At r=a/2, we have
2 -7 2 -3 2
B(r):”"‘]or :(47z><10 T m/A)(310A/_T )(3.1x107°m/2) _10x107T.
3a 3(3.1x107°m)
(c) At r=a,
-7 2 -3
B(r:a)=”°;°a=(4“xm T m/A)(3;OA/m )(3.1x10 m):4.0><10‘7T.

48. (a) The field at the center of the pipe (point C) is due to the wire alone, with a
magnitude of
— /uoiwire — zuoiwire
° 27(3R) 62R’

For the wire we have Bp, wire > Bc, wire. Thus, for Bp = B¢ = Bc, wire, Iwire Must be into the
page:
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zuoiwire /uol
B.=B,, . —B, .= - .
P Powire TRRIPE 9 2R 27[(2R)

Setting Bc = —Bp we obtain iyir = 3i/8 = 3(8.00x10°A)/8=3.00x10A..
(b) The direction is into the page.

49. (a) We use Eq. 29-24. The inner radius is r = 15.0 cm, so the field there is

AL (4mx107 T-m/A)(0.800A)(500)

=5.33x10* T.
2rr 27(0.150m)
(b) The outer radius is r = 20.0 cm. The field there is
i 47 x107" T-m/A)(0.800A)(500
o 2N _( ) J5%) _, b0x10+T.

27t 27(0.200m)

50. It is possible (though tedious) to use Eg. 29-26 and evaluate the contributions (with
the intent to sum them) of all 1200 loops to the field at, say, the center of the solenoid.
This would make use of all the information given in the problem statement, but this is not
the method that the student is expected to use here. Instead, Eq. 29-23 for the ideal
solenoid (which does not make use of the coil radius) is the preferred method:

B = uoin = (%)

where i = 3.60 A, £=0.950 m, and N = 1200. This yields B = 0.00571 T.

51. It is possible (though tedious) to use Eg. 29-26 and evaluate the contributions (with
the intent to sum them) of all 200 loops to the field at, say, the center of the solenoid.
This would make use of all the information given in the problem statement, but this is not
the method that the student is expected to use here. Instead, Eq. 29-23 for the ideal
solenoid (which does not make use of the coil diameter) is the preferred method:

B = uoin = (%)

where i =0.30 A, £=0.25 m,and N = 200. This yields B=3.0x10"* T.

52. We find N, the number of turns of the solenoid, from the magnetic field
B=pyin=IN/C N =Bl Thus, the total length of wire used in making the

solenoid is
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2nrB¢ 2m(260x107° m)(230x10°T)(130m)

2nrN = - =108 m.
1o 2(4nx107 T-m/A )(180A)

53. The orbital radius for the electron is

PV mv
eB eugni

which we solve for i:

o (9.11x10"*kg)(0.0460)(3.00x10° m/s)
~epenr (1.60x107°C)(4nx107 T-m/A)(100/0.0100m)(2.30x10m)
=0.272A.

54. As the problem states near the end, some idealizations are being made here to keep
the calculation straightforward (but are slightly unrealistic). For circular motion (with
speed, v,, which represents the magnitude of the component of the velocity perpendicular
to the magnetic field [the field is shown in Fig. 29-19]), the period is (see Eq. 28-17)

T =2arlv, = 2zm/eB.

Now, the time to travel the length of the solenoid is t = L /v, where v is the component
of the velocity in the direction of the field (along the coil axis) and is equal to vcos &
where ¢ = 30° Using Eq. 29-23 (B = win) with n = N/L, we find the number of
revolutions made is t/T = 1.6 x 10°,

55. (a) We denote the B fields at point P on the axis due to the solenoid and the wire as
B, and B, , respectively. Since B, is along the axis of the solenoid and B, is
perpendicular to it, B, L B, . For the net field B to be at 45° with the axis we then must
have Bs = By. Thus,

_ Holy

B. = ujin=0B ,
S ﬂOs w an

which gives the separation d to point P on the axis:

[ 6.00A

d=—%—= =4.77cm.
27i;n - 27(20.0x10°° A)(10turns/cm)

(b) The magnetic field strength is

B=+/2B,=+2(47x107 T-m/A)(20.0x10 A)(10 turns/0.0100 m)=355x10"°T.
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56. We use Eq. 29-26 and note that the contributions to B, from the two coils are the
same. Thus,

244,iR?N 8u,Ni 8(4mx107 T-m/A)(200)(0.0122A)

= = ~8.78x10°T.
2[R2+(R/2)2T/2 5J5R 5J5(0.25m)

B, =

B, is in the positive x direction.

57. (a) The magnitude of the magnetic dipole moment is given by = NiA, where N is the
number of turns, i is the current, and A is the area. We use A = zR?, where R is the radius.
Thus,

4= NinR? = (300)(4.0A)r(0.025m)" =24A-m? .

(b) The magnetic field on the axis of a magnetic dipole, a distance z away, is given by Eq.
29-27:
B=fo X
2n 7°
We solve for z:
13

=46cm .

(o 1\P (473107 T-m/A)(2.36 A-m?)
Z_(__J ) 27(5.0x10°T)

58. (a) We set z = 0 in Eqg. 29-26 (which is equivalent using to Eq. 29-10 multiplied by
the number of loops). Thus, B(0) o« i/R. Since case b has two loops,

B,_2/R_2R_,,
Ba I/Ra Rb

(b) The ratio of their magnetic dipole moments is

. 2 2
Hy _2A 2R, zz(lj -1 _os0.
Mo ARG \2) 2

59. The magnitude of the magnetic dipole moment is given by x = NiA, where N is the
number of turns, i is the current, and A is the area. We use A = zR?, where R is the radius.
Thus,

4 =(200)(0.30A)n(0.050m)” =047 A-m? .

60. Using Eq. 29-26, we find that the net y-component field is
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_ ,uoile _ ;Uoisz
Y 27(R* + 212)3/2 27(R* + 222)3/2 ,

where z,% = L? (see Fig. 29-73(a)) and z,° = y* (because the central axis here is denoted y
instead of z). The fact that there is a minus sign between the two terms, above, is due to
the observation that the datum in Fig. 29-73(b) corresponding to By, = 0 would be
impossible without it (physically, this means that one of the currents is clockwise and the
other is counterclockwise).

(@) Asy — o, only the first term contributes and (with By = 7.2 x 10°° T given in this case)
we can solve for i;. We obtain i; = (45/167) A ~0.90 A.

(b) With loop 2 aty = 0.06 m (see Fig. 29-73(b)) we are able to determine i, from

/u()ile _ ﬂoisz
2(R2+L2)3/2 2(R2+y2)3/2 '

We obtain i, = (117A/13/507) A = 2.7 A.

61. (a) We denote the large loop and small coil with subscripts 1 and 2, respectively.

i, (4mx107T-m/A)(15A)
2R, 2(012m)

B, =79x10°T.

(b) The torque has magnitude equal to

r=|ji,xB,| = 14,B,5in90°= N, i, A,B, = 7N,i,r’B,
= 7(50)(1.3A)(0.82x10?m)’ (7.9x10°T)
~1.1x10°N-m.

62. (a) To find the magnitude of the field, we use Eq. 29-9 for each semicircle (¢ = « rad),
and use superposition to obtain the result:

B Mol N ol T —ﬂ—oi(1+lj— (47x107 T-m/A)(0.0562A) 1 N 1
4zrza 4zb 4 \a b 4 0.0572m  0.0936m
=4.97x107T.

(b) By the right-hand rule, B points into the paper at P (see Fig. 29-6(c)).

(c) The enclosed area is A= (za’ + zb?)/2, which means the magnetic dipole moment
has magnitude
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| i =%I(a2 +b?) :w[(o.%nm)2 +(0.0936m)*]=1.06x10"A-m°.

(d) The direction of z is the same as the B found in part (a): into the paper.

63. By imagining that each of the segments bg and cf (which are shown in the figure as
having no current) actually has a pair of currents, where both currents are of the same
magnitude (i) but opposite direction (so that the pair effectively cancels in the final sum),
one can justify the superposition.

(@) The dipole moment of path abcdefgha is
[l = ﬁbc fgb +1L_2abgha +lacde fc (Iaz)(]_i\"',l\) = iaZ]
=(6.0A)(0.20m)* j=(6.0x102A-m?)j.

(b) Since both points are far from the cube we can use the dipole approximation. For
(x,v,2)=(0,5.0m,0),

- -6 2,2 =
B(0,50m, O)z;—oﬁ: (1.26x10™ T-m/A)(6.0x10“°m*-A) j

= (9.6x10M T)j.
Ty 27(5.0 m)° (9.6 )]

64. (a) The radial segments do not contribute to I§P, and the arc segments contribute

according to Eq. 29-9 (with angle in radians). If k designates the direction "out of the
page" then

g _Mi(Tzl4rad)p  wi(7z/4rad) o
® 47(4.00 m) 47(2.00 m)

where i = 0.200 A. This yieldsB = -2.75x 108k T, or |B|=2.75x 108 T.

(b) The direction is —k, or into the page.

o1 Hol
B|= r,
Bl (ZERZJ

we find that r = 0.00128 m gives the desired field value.

65. Using Eq. 29-20,

66. (a) We designate the wire along y = ra = 0.100 m wire A and the wire alongy = rg =
0.050 m wire B. Using Eq. 29-4, we have
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68. We take the current (i = 50 A) to flow in the +x direction, and the electron to be at a
point P, which is r = 0.050 m above the wire (where “up” is the +y direction). Thus, the
field produced by the current points in the +z direction at P. Then, combining Eqg. 29-4
with Eq. 28-2, we obtain

F, = (—e,uOi/ZTtr)(V X 12)
(@) The electron is moving down: V = —v] (where v =1.0 x 10" m/s is the speed) so

T\ 16 N[V E
F=—""(-i)=(3.2x107" N)i,
¢ 2nr ( ) ( )
or | Ife |=3,2><]_0_16 N.

(b) In this case, the electron is in the same direction as the current: vV = Vi s0

= —eyoiv A\ 16 A\
e — ( j)—(3.2><10 N)J,

or |F,|=3.2x10" N

(c) Now, V =+vk so F,ockxk=0.

69. (a) By the right-hand rule, the magnetic field B, (evaluated at a) produced by wire 1

(the wire at bottom left) is at ¢ = 150° (measured counterclockwise from the +x axis, in
the xy plane), and the field produced by wire 2 (the wire at bottom right) is at ¢ = 210°.

By symmetry (I§1 = EZ) we observe that only the x-components survive, yielding

B=B,+B,= [2”—0' cos 150°ji = (-3.46x10°T)i
27l

where i = 10 A, / = 0.10 m, and Eq. 29-4 has been used. To cancel this, wire b must
carry current into the page (that is, the —k direction) of value

i, =B

27t =(3.46x10°° T)42”§00'98T7 WENSTIN
My 7T X -m/A

where r = \/§£/2 =0.087 m and Eq. 29-4 has again been used.

(b) As stated above, to cancel this, wire b must carry current into the page (that is, the —z
direction).
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to the sheet and only has a horizontal component. That is, the field at P must be purely
horizontal, as drawn in Fig. 29-83.

(b) The path used in evaluating §I§.d§ is rectangular, of horizontal length Ax (the

horizontal sides passing through points P and P' respectively) and vertical size dy > Ay.

The vertical sides have no contribution to the integral since B is purely horizontal (so the
scalar dot product produces zero for those sides), and the horizontal sides contribute two
equal terms, as shown next. Ampere’s law yields

2BAX = u,AAX = B 2%;101.

82. Equation 29-17 applies for each wire, with r =/R?+(d/2)° (by the Pythagorean

theorem). The vertical components of the fields cancel, and the two (identical) horizontal
components add to yield the final result

Bzz(”oij(dlzj: Hld ~=125x10"° T,
22t )\ v ) 2n(R?+(d/2)’)

where (d/2)/r is a trigonometric factor to select the horizontal component. It is clear that
this is equivalent to the expression in the problem statement. Using the right-hand rule,
we find both horizontal components point in the +x direction. Thus, in unit-vector

notation, we have B = (1.25x10° T)i.

83. The two small wire segments, each of length a/4, shown in Fig. 29-85 nearest to point
P, are labeled 1 and 8 in the figure (below left). Let —k be a unit vector pointing into the
page.

We use the result of Problem 29-17: namely, the magnetic field at P, (shown in Fig. 29-
43 and upper right) is



