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=tl
2nr

With » =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. The straight segment of the wire produces no magnetic field at C (see the straight
sections discussion in Sample Problem 29-1). Also, the fields from the two semi-circular
loops cancel at C (by symmetry). Therefore, B¢ = 0.



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 = u,i/2nr,

. 2mrB 2m(0.080m)(39x107°T)
1= =

=16A.
A 4nx107 T-m/A

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



4. (a) Recalling the straight sections discussion in Sample Problem 29-1, we see that the
current in segments AH and JD do not contribute to the field at point C. Using Eq. 29-9
(with ¢ = m) and the right-hand rule, we find that the current in the semicircular arc H J
contributes u,i/4R, (into the page) to the field at C. Also, arc D A contributes 1,i/4R,

(out of the page) to the field there. Thus, the net field at C is

ot [L_Lj :(41t><107T-m/A)(0.281A)[ 1 I

- j:l.67><10‘6T.
4 (R R 4 0.0315m 0.0780m

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



5. (a) Recalling the straight sections discussion in Sample Problem 29-1, 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 ¢ = 6) and the right-hand rule, we find that the current in the
semicircular arc of radius b contributes 1,i8/4nb (out of the page) to the field at P. Also,
the current in the large radius arc contributes u,i6/4ma (into the page) to the field there.

Thus, the net field at P is

5 M0 (l_lj_(4n><10‘7T-m/A)(O.411A)(74°-ﬂ'/180°)( 1 j
4 \b a Arr 0.107m 0.135m
=1.02x107T.

(b) The direction is out of the page.



6. (a) Recalling the straight sections discussion in Sample Problem 29-1, we see that the
current in the straight segments collinear with C do not contribute to the field at that point.

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

gt _ (4mx107 T-m/A)(0.0348A)
AR 4(0.0926m)

=1.18x107"T.

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



7. (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, i/2mr. Thus the total
field at the midpoint has magnitude B = t4i/mtr and

. w8 7(0.040m)(300x10°T)
i= =

=30A.
Uy 4mtx107 T-m/A




8. (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 » away from the wire carrying current i and is d — r away from
the wire carrying current 3.00i, then the canceling of their fields leads to

Uyl 1, (30) - r_i=16.0 cm

=4.0 cm.

2xr 2m(d—r) 4 4

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



9. (a) Bp1 = toiy/2nry where iy = 6.5 Aandr; =d; + d, =0.75 cm + 1.5 cm = 2.25 cm, and
Bpy = toir/2mry where r, = d, = 1.5 cm. From Bp; = Bp; we get

i =i, [F—Z] = (6.5 A)[ 1'255“’“ ] —43A,

n 2.25cm

(b) Using the right-hand rule, we see that the current i, carried by wire 2 must be out of
the page.



10. With the “usual” x and y coordmates used in Fig. 29-40, then the vector r pointing

from a current element to P is 7 = —s i+ R_] Since ds = ds i 1 then ]ds X r | =R ds.
Therefore, with r =4/s* + R’ , Eq. 29-3 becomes

Mo iR ds
dB = 4m (svaRz)32

(a) 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
AdBax = o i ds /ATR?,

(b) We want to find the s value such that dB = %a’BmaX. This is a non-trivial algebra

exercise, but is nonetheless straightforward. The result is s =~/10° — 1 R. If we set R =
2.00 cm, then we obtain s = 3.82 cm.



11. 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 ¢ is B = Hl Thus,
2nd

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

Mgy (4mx107" T-m/A)(0.350A)(1.60x107" C)(200m/s) :

= Mg Nt ) o
= 2072; ((_J)Xk)_ ond 272(0.0289 m)

=(=7.75x10 " N)i.




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

B.= “voil . Hoizzuoiz( 4 _lj
Yo 2rn(L+x) 2mx 2n \L+x x

using Eq. 29-4 and the fact that i; = 4 i,. 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 B,: L, i, /2nL. To proceed further, we must determine L.
Examination of the datum at x = 10 cm in Fig. 29-42(b) leads (using our expression
above for B, and setting that to zero) to L = 30 cm.

(a) The maximum value of B, occurs at x = L = 30 cm.
(b) With i, =0.003 A we find W, i, /2nL = 2.0 nT.

(c) and (d) Fig. 29-42(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.



13. Each of the semi-infinite straight wires contributes 1,i/4nR (Eq. 29-7) to the field at

the center of the circle (both contributions pointing “out of the page”). The current in the
arc contributes a term given by Eq. 29-9 pointing into the page, and this is able to

produce zero total field at that location if B, =2.00B,, . s> OF

Hid 5 o0 [ﬂj
4TR 41tR

which yields ¢ =2.00 rad.



14. Initially, Byet, = 0, and Buety = By + 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

Bnety = Bnetx tan(300)
B”— B3 = 2(Woi/2md) tan(30°)
where By =W, i /2nd and B, = ,i/2nd” Since tan(30°) = 1/A[3 , this leads to

g 3d
TA3E2

(a) With d = 15.0 cm, this gives d” = 7.0 cm. Being very careful about the geometry of
the situation, then we conclude that we must move wire 1 to x =—7.0 cm.

(b) To restore the initial symmetry, we would have to move wire 3 to x =+7.0 cm.



15. Each wire produces a field with magnitude given by B = wyi/2nr, 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 2a, sor :a/ V2 and B= i / 2ma.
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 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

i i 2(4nx107 T-m/A)(20 A
B, =4 c0s45°:2’u°l: ( i )( )

=8.0x107T.
e 2na Ta 7(0.20 m)

In the calculation cos 45° was replaced with 1/ V2 . The total field points upward, or in
the +y direction. Thus, B, =(8.0x10~ T)}'.

total



16. We consider Eq. 29-6 but with a finite upper limit (L/2 instead of e0). This leads to

_ Moi L/2
2R A|R* + (L2)*

B

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.

This is a non-trivial algebra exercise, but is nonetheless straightforward. The result is

_ 200R

V201

L =14.1R = £~~vl4.1
R



17. 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

_ Myisin@

4 r* b

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

_ MR f/z dx _ MR 1 x L2 i L
dm SR (2 g2)? o Am R (g p2)7 e 27R P4 aR?
4mx107 T-m/A)(0.0582 A

_ /AN ) 0.180m —5.03%10" T,

2m(0.131m) J(0.180m)* +4(0.131m)?



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

B’ + B — Bz)
— -1 £21 2 — 0
0 = cos ( BB, =144°.

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



19. 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

_ Myisin@

4 r* b

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

B MR f dx _ MR 1 x 0 Ui L
dn tr(per)’ An R (2ar) e AR R

4mx107 T-m/A)(0.693 A
_( /A ) 0.136m a0

- 47(0.251m) J(0.136m)* +(0.251m)’




20. In the one case we have Bsman + Bpig = 47.25 UT, and the other case gives Bsmail — Buig
= 15.75 uT (cautionary note about our notation: B,y refers to the field at the center of
the small-radius arc, which is actually a bigger field than Byi!). Dividing one of these
equations by the other and canceling out common factors (see Eq. 29-9) we obtain

1 1
+
Vsmall rbig -3

1 1

Fsmall  Fbig

The solution of this is straightforward: 7Zsmar =% I'vig. Using the given fact that the big

radius 4.00 cm, then we conclude that the small radius is 2.00 cm.



21. (a) The contribution to B¢ from the (infinite) straight segment of the wire is

_ Ml
“onR’

The contribution from the circular loop is B, = % Thus,

: 41x107 T-m/A)(5.78x107 A
Bc=Bc1+Bcz=ﬂ[1+lj—( Al )(l+lj:2.53x10‘7T.
2R\ = 2(0.0189 m) n

B, points out of the page, or in the +z direction. In unit-vector notation,

B.=(2.53x107 T)k

(b) Now B, LB, so

[ 1 (4mx107 T-m/A)(5.78x10° A) [ |
B. =B +B2, =2 14~ [1+— =2.02x107T.
) A I 2(0.0189 m) s 8

and EC points at an angle (relative to the plane of the paper) equal to

tan ™' {hj =tan"’ (1] =17.66°.
B., T

In unit-vector notation,

B, =2.02x107"T(cos17.66° +sin17.66°k) = (1.92x107 T)i+(6.12x10° T)k



22. Letting “out of the page” in Fig. 29-50(a) be the positive direction, the net field is

“vo il (1) . “vo iz
4R 2m(R/2)

B:

from Egs. 29-9 and 29-4. Referring to Fig. 29-50, we see that B = 0 when i, = 0.5 A, so
(solving the above expression with B set equal to zero) we must have

o= 4, /i) =4(0.5/2) = 1.00 rad (or 57.3°).



23. Consider a section of the ribbon of thickness dx located a distance x away from point
P. The current it carries is di = i dx/w, and its contribution to Bp is

dB, = U, di _ ,uozdx.
2mx  2mxw

e - 4mx107 T-m/A)(4.61x10° A
B, = [dB, =22 [ @:ﬂln[lﬂj—( A )ln(1+0'0491J
I W 27(0.0491 m) 0.0216

=2.23x107"T.

and B, points upward. In unit-vector notation, B, =(2.23x10"'T)]



24. Initially we have

" 4mR 4mr

using Eq. 29-9. In the final situation we use Pythagorean theorem and write

2 2
2 Wo i Q UoiQ
B" =B + B/ :(4nR) +(4nr) :

2
If we square B; and divide by B , we obtain

From the graph (see Fig. 29-52(c) — note the maximum and minimum values) we estimate
Bi/B;=12/10 = 1.2, and this allows us to solve for » in terms of R:

T3 W) A2 127

r=R 1221 = 23cm or 43.1 cm.

Since we require » < R, then the acceptable answer is » = 2.3 cm.



25. (a) Recalling the straight sections discussion in Sample Problem 29-1, 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 16 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)

. :2(\/5#01}_2( V2u,i J: Vapi _N2(4mx107 T-m/A)(13 A)

87a 8n(2a)) 8ma 877(0.047 m)
=1.96x10°T =2.0x10°T.

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



26. By the right-hand rule (which is “built-into” Eq. 29-3) the field caused by wire 1’s
current, evaluated at the coordinate origin, is along the +y axis. Its magnitude B is given
by Eq. 29-4. The field caused by wire 2’s current will generally have both an x and a y
component which are related to its magnitude B, (given by Eq. 29-4) and sines and
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. 29-54) then its components are

Bzx = Bz siné‘z, Bzy = —Bz COS@z.

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, siné)* + (B, — Bycos®)* = B> + B, —2 By By cosbh.
(since sin® + cos® =1), which we could also have gotten directly by using the law of

cosines. We have B} = U, i; /2R = 60 nT and B, = W, i, /2R = 40 nT, so with the
requirement that the net field have magnitude B = 80 nT, we find

2, p2_ g2
92=cos_1(Bl 251232 Bj — cos™(=1/4) = 104°,

where the positive value has been chosen.



27. Eq. 29-13 gives the magnitude of the force between the wires, and finding the x-
. L . ___d
component of it amounts to multiplying that magnitude by cos¢ \lim . Therefore,

the x-component of the force per unit length is

5 _ Hoil izdz _ —11
L - 27t(d12+d22) = 8.84 X107 N/m.



28. Using a magnifying glass, we see that all but 7, 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:

lﬁl_@(_i_l+z+z+i_sJ
2d d d 2d

which yields | F |/ £=8.00x107 N/m .



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

(a) The magnetic force on wire 1 is

. 25(4nx107 T-m/A)(3.00A)" (10.0m) ,
24nd 1 247(8.00x10”m) :

ﬁ_,uoizl(l 11 1}225/,101'21

" on \d 2d 3d 4d

=(4.69x107N)j

(b) Similarly, for wire 2, we have

2 .2
F =t (L+iJj=5”—<>’lj=(1.88xlo-4N)j.
2n \2d 3d 12nd

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

(d) F, =—F,=(—1.88x10N)j, and

(e) F, =—F, =—(4.69x107*N);].



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

s E LR Hoi” o  Moi® 3 (0
F=F,+F,+F,|=2F,cos0+F,=2 cos45°+ =
1 12 13 14 12 13 {27{:61) 2\/5756[ 2\/5” a

4nx107 T-m/A)(15.0A)
_ 3 m/A)( ) 12x10° N,
NG (8.50x1072m)

The direction of 131 is along 7= (i—j)/ V2 . In unit-vector notation, we have

P (1.12x107° N/m)

1 V2

(1—1)=(7.94x107* N/m)i +(—7.94x10~* N/m);j



31. We use Eq. 29-13 and the superposition of forces: F, = F,, + F,, + F},. With 8= 45°,
the situation is as shown next:

lﬁts 8
o
Fo

Wl

The components of 134 are given by

2

:2 45° .2
By = —Fy  Fy cos =t " COS45"__ 341

2ma 2\/57'561 41ta
and
2 2. o .2
F, =F,~F, sing =l _ M sin45 _ Ml
2Ta 2\/§na 4mta
Thus,

12

_ 2
Fi=(F2+F2)" :[(‘W ) *(W H i, 10 (4mx107 T-m/A) (7.50A)
4 4x 4y

41ta 4mta 47ta 47(0.135m)
=1.32x10"*N/m.

and 134 makes an angle ¢ with the positive x axis, where

F,
¢=tan™' (ij =tan”' (— l) =162°.
Fy, 3

In unit-vector notation, we have



A

F, =(1.32x107* N/m)[cos162°1 +sin 162°]] = (=1.25x10™ N/m)i + (4.17x107° N/m);]



32. (a) The fact that the curve in Fig. 29-57(b) passes through zero implies that the
currents in wires 1 and 3 exert forces in opposite directions on wire 2. Thus, current i,
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. 29-57(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
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 Fi» = Wiy i» /2md. 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 F; 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= Wo i1 i, /21d and obtain i, = 0.50 A.

(b) The direction of i, is out of the page.



33. The magnitudes of the forces on the sides of the rectangle which 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:

_ [t LMy
FJ_ sides — J.a 27[)/ dy

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

,uoilizL(l 1 j JINAN
F: _— =
2n \a a+d) 2ma(a+b)
(4nx107 T-m/A )(30.0A)(20.0A)(8.00cm)(300x10 m)

= =3.20><10_3N,
2m(1.00cm + 8.00cm )

and F points toward the wire, or +3 . In unit-vector notation, we have
F=(3.20x10"N)j



34. 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

d B-ds = g1, (7i—6i+3i+i)=5p,i =5(4mx107 T-m/A ) (4.50x10° A) =2.83x10° T-m.



35. (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-ds =, =—(20A)(4nx107T-m/A) = -25x10°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 E#;E ds = i, =0.



36. We use Ampere’s law: §1§-d§ = Ui, where the integral 1s around a closed loop and i

is the net current through the loop.

(a) For path 1, the result is

q B-ds =1, (~5.0A+3.0A)=(-2.0A) (4nx107 T-m/A)=-2.5x10"°T m.

(b) For path 2, we find

q,B-ds =11, (~-5.0A~5.0A-3.0A)=(~13.0A) (41x107 T-m/A)=—1.6x10"T-m.



37. We use Eq. 29-20 B= u,ir/2za’ for the B-field inside the wire (7 <a ) and Eq. 29-17
B=u,i/2rxr for that outside the wire (» > a).

(a) At r=0, B=0.

. —7
(b) At r=0.0100m, 5 Lal _ (4x107 T-n/A)170A)(0.0100m)

. . =8.50x107T.
27a 27(0.0200m)

i (4mx107 T-m/A)(170A)(0.0200m)

5 - =1.70x107T.
27a 272(0.0200m)

(c) At r=a=0.0200m, B=

(d) At r=0.0400m , B=tul _(Amx107T-m/A)(170A)
' " 2 272(0.0400m)

=8.50x107*T.



38. (a) The field at the center of the pipe (point C) is due to the wire alone, with a
magnitude of

— luoiwire — :LlOiwire
“ 2r(3R) 6mR

For the wire we have Bp, wire > B, wire. Thus, for Bp = B¢ = B¢, wire, iwire must be into the
page:

luOiwire :uol
B,=B, . —B, . = - .
P Thwie ERRE opR 2m(2R)

Setting B¢ = —Bp we obtain iy = 3i/8 = 3(8.00x107°A)/8=3.00x10"A .

(b) The direction is into the page.



39. Forr<a,

B(V):ﬂoienc :&

2nr  2mr

. 2
J; J(r)2nrdr=& J;JO (£j2nrdr=M.
2n a 3a

(a) At r=0, B=0.

(b) At r=a/2, we have

B(r)= Ut (4mx107 T-m/A)(310A/m*)(3.1x10° m/2)?

=1.0x107"T.
3a 3(3.1x107°m)

(c) At r=a,

Uy (4mx107 T-m/A)(310A/m?)(3.1x107° m)
3 3

=4.0x107"T.

B(r=a)



40. It is possible (though tedious) to use Eq. 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 = pgin = i (%)

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



41. It is possible (though tedious) to use Eq. 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 = pgin = i (%)

where i =0.30 A, /=0.25 mand N =200. This yields B =0.0030 T.



42. We find N, the number of turns of the solenoid, from the magnetic field
B=ujn=ujiN/l: N=Bl/u,. Thus, the total length of wire used in making the

solenoid is

2Bl 2m(2.60x107 m)(23.0x107 T)(1.30 m)
to  2(4mx107 T-m/A )(180A)

21nrN = =108 m.



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

_uiN _ (4nx107T-m/A)(0800A)(500)

=533x107*T.
2mr 27(0.150m)
(b) The outer radius is » = 20.0 cm. The field there is
i 4nx107 T-m/A)(0.800A)(500
5otV _ ) J500) _ 4 oox10+T.

2mr 21(0.200m)



44. The orbital radius for the electron is

poy_ mv
eB ey ni
which we solve for i
my (9.11x107'kg)(0.0460)(3.00x10° m/s)

l’_ —

epnr (1.60x107° C)(4nx107 T-m/A)(100/0.0100m)(2.30x107 m)
=0.272A.



45. (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, 1 B, respectively. For the net field B to be at 45° with the axis
we then must have By = B,,. Thus,

luolw

B =uin=B_ = ,
s IUOS w 27Cd

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

at 6.00A —477cm.

d = =
2min 2m(200x 107 A)(10 turns/cm)

(b) The magnetic field strength is

B=+2B,=2(4nx107 T-m/A)(20.0x107 A)(10turns/0.0100m)=3.55x10~T.



46. 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=2mr/v, =2mtml/eB.

Now, the time to travel the length of the solenoid is =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 8
where @ = 30°. Using Eq. 29-23 (B = Wwin) with n = N/L, we find the number of
revolutions made is /7= 1.6 x 10°.



47. The magnitude of the magnetic dipole moment is given by £ = Nid4, where N is the
number of turns, i is the current, and 4 is the area. We use 4 = nR?, where R is the radius.
Thus,

4= (200)(030A)n(0.050m)’ =047 A -m’ .



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

B, _2i/R, 2R _,
B, i/R, R,

a

(b) The ratio of their magnetic dipole moments is

. 2 2
&:21141, :2sz :2(lj :l =0.50.
u, iA R 2

a




49. (a) The magnitude of the magnetic dipole moment is given by ¢ = Nid, where N is the
number of turns, i is the current, and 4 is the area. We use 4 = nR?, where R is the radius.
Thus,

4= NitR* = (300)(4.0A)m(0.025m)’ = 2.4A-m* .

(b) The magnetic field on the axis of a magnetic dipole, a distance z away, is given by Eq.
29-27:

p=to X

2n 2

We solve for z:

=46cm .

(ﬂo ﬂ]‘” :[(4nx107T-m/A)(2.36A-m2) "

2n B 2m(50x 10 T)



50. We use Eq. 29-26 and note that the contributions to B, from the two coils are the
same. Thus,

2uiR’N  8u,Ni 8(4mx107 T-m/A)(200)(0.0122A)
2[R2+(R/2)2T/2 5\5R 535 (0.25m)

B,= =8.78x10°T.

B, is in the positive x direction.



51. (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:ﬂoin+ﬂoin:ﬂ_0i(l+lj:(41t><10‘7T-m/A)(0.0562A)( Lo, j

dra. 4nb 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 4 =(ma’+mh>)/2 which means the magnetic dipole moment
has magnitude

T

0.0562A)
- 2 +b2 :7[(—
| | 5 (a )

[(0.0572m)> +(0.0936m)*]=1.06x10" A -m”.

(d) The direction of 7 is the same as the B found in part (a): into the paper.



52. 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.

(a) The dipole moment of path abcdefgha is

A ~ ~

A=y g oy & Hopghg + Hege o = (iaz)(j—i+ i) = iazj

=(6.0A)(0.10m)’ j=(6.0x102 A-m*)]j.

(b) Since both points are far from the cube we can use the dipole approximation. For
(x, ,2)=1(0,5.0m, 0)

=(9.6x107" T)j.

e -6 . 22 g
50, 5.0 m, O)z&%:(l.%xlo T m/A)(6‘03><10 m*-A)j
21y 21(5.0 m)



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

fhyi, (4mx107T-m/A)(15A)

= =79%x107T.
2R, 2(0.12 m)

B =

(b) The torque has magnitude equal to

T=| fi,X B, |= i1, B, sin90° = N,i, A, B, =N, i, B,
=7(50)(1.3A)(0.82x10m)" (7.9x107°T) =1.1x10“ N-m.



54. Using Eq. 29-26, we find that the net y-component field is

. n2 .
_ Wo 11 R B Uo 1o R2
2R + z10)

B,

where z,> = L* (see Fig. 29-68(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. 29-68(b) corresponding to B, = 0 would be
impossible without it (physically, this means that one of the currents is clockwise and the
other is counterclockwise).

(a) As y — oo, only the first term contributes and (with B, = 7.2 x 107° T given in this case)
we can solve for i;. We obtain i; = (45/16m) A = 0.90 A.

(b) With loop 2 at y = 0.06 m (see Fig. 29-68(b)) we are able to determine i, from

MO il R2 MO i2R2

2(R2+ L2)32 = 2(R2+y2)

32 .

We obtain i, = (1174/13 /50m) A = 2.7 A.



55. (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 ¢ = rad). 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

B —of M), Hdm M1 1)
4mR 4nR  2R\m 2

Withi=10 A and R = 0.0050 m, we obtain B, =1.0x107T.

(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,

B, = 2( Kot ):8.0><10‘4 T.
2TR

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



56. Using the Pythagorean theorem, we have

. 2 \2
B*= B >+B) = (“"“q’j +(”°’2)
G 4R TR

which, when thought of as the equation for a line in a B* versus i,° graph, allows us to
identify the first term as the “y-intercept” (1 x 107'%) and the part of the second term
which multiplies i,” as the “slope” (5 x 107'%). The latter observation leads to the
conclusion that R = 8.9 mm, and then our observation about the “y-intercept” determines
the angle subtended by the arc: ¢ = 1.8 rad.



57. We refer to the center of the circle (where we are evaluating B) as C. Recalling the
straight sections discussion in Sample Problem 29-1, we see that the current in the
straight segments which are collinear with C do not contribute to the field there. Eq. 29-9
(with ¢ = m/2 rad) and the right-hand rule indicates that the currents in the two arcs
contribute

Hyi(m/2) _ Hyi(m/2)
4nR 4nR

to the field at C. Thus, the non-zero contributions come from those straight-segments
which are not collinear with C. There are two of these “semi-infinite” segments, one a
vertical distance R above C and the other a horizontal distance R to the left of C. Both
contribute fields pointing out of the page (see Fig. 29-6(c)). Since the magnitudes of the
two contributions (governed by Eq. 29-7) add, then the result is

B — 2 ll'lOZ — #Ol
4nR 2TR

exactly what one would expect from a single infinite straight wire (see Eq. 29-4). For
such a wire to produce such a field (out of the page) with a leftward current requires that
the point of evaluating the field be below the wire (again, see Fig. 29-6(c)).



58. We use Eq. 29-4 to relate the magnitudes of the magnetic fields B; and B; to the
currents (7, and i,, respectively) in the two long wires. The angle of their net field is

0= tan '(B,/B)) = tan" (i /i) = 53.13°.

The accomplish the net field rotation described in the problem, we must achieve a final
angle "= 53.13° —20° =33.13°. Thus, the final value for the current i, must be i,/tan8”
=61.3 mA.



59. 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,

|§net|=2}2%sin9

where i =4.00 A, r = r=1d*>+d*/4=5.00 m, and

6 =tan’! (ﬁj =53.1°

1
2d,

Therefore, |§net |=2.56x107"T.



60. The radial segments do not contribute to B (at the center) and the arc-segments

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

§ _ Hoi!n rad! IA( . Moz(%rad)lz uoz(grad)f(
T 4m(4.00m) " | 4m(2.00m) © ~ 4m(2.00 m)

where i =2.00 A. This yields B = (1.57x 107 T) k, or | B|=1.57x107T.



61. (a) The magnetic field at a point within the hole is the sum of the fields due to two
current distributions. The first is that of 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 is in the opposite direction. If these two
situations are superposed the total current in the region of the hole is zero. Now, a solid
cylinder carrying current i which is uniformly distributed over a cross section, produces a
magnetic field with magnitude

B — /’loirz
2nR

at 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

L S
A ﬂ'(a2 —bz)’

J=

where 4 = ni(a® — b?) is the cross-sectional area of the cylinder with the hole. The current
in the cylinder without the hole is

. 2
., a
Il =JA=nJa" = m

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

B = Mol i1 _ Hoina” __ Min '
' o2nd® 2ma’(a®-b%) 2m(a® D)

The current in the cylinder that fills the hole is

and the field it produces at a point inside, a distance 7, from the its axis, has magnitude

_Holr _ pinb® i

*Uoomb’  2mb(a*-bY) 2m(a?-b%)




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

B Uyid (4Tt><10_7T-m/A)(S.ZSA)(O.OZOOm)

= = > ——=1.53x10"T
27t (a’ -b%) 272[(0.0400m)* —(0.0150m)*]

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

p=Hd
2na

This correctly gives the field of a solid cylinder carrying a uniform current i, 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.

(c) Consider a rectangular path with two long sides (side 1 and 2, each with length L) and
two short sides (each of length less than b). If side 1 is directly along the axis of the hole,
then side 2 would be also parallel to it and also in the hole. To ensure that the short sides
do not contribute significantly to the integral in Ampere’s law, we might wish to make L
very long (perhaps longer than the length of the cylinder), or we might appeal to an
argument regarding the angle between B and the short sides (which is 90° at the axis of
the hole). In any case, the integral in Ampere’s law reduces to

§ E ) d§ = lu Oienclosed
rectangle
J‘sideI B-ds + J.sidez B-ds = luOiinhole
(Bsidel - BsideZ)L =0
where Bgige 1 1s the field along the axis found in part (a). This shows that the field at off-

axis points (where Bgige 2 1S evaluated) is the same as the field at the center of the hole;
therefore, the field in the hole is uniform.



62. We note that when there is no y-component of magnetic field from wire 1 (which, by
the right-hand rule, relates to when wire 1 is at 90° = «/2 rad), the total y-component of
magnetic field is zero (see Fig. 29-76(c)). This means wire #2 is either at +m/2 rad or
—7/2 rad.

(a) We now make the assumption that wire #2 must be at —mt/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 8, = 90° datum in Fig. 29-76(b)) — where there is a maximum in By
(equal to +6 UT) — we are led to conclude that By = 6.0 uT — 2.0 uT = +4.0 uT in that
situation. Using Eq. 29-4, we obtain i, = B1, 2R /L, =4.0 A .

(c) The fact that Fig. 29-76(b) increases as 6, progresses from 0 to 90° implies that wire

1’s current is out of the page, and this is consistent with the cancellation of By, at 6 =
90°, noted earlier (with regard to Fig. 29-76(c)).

(d) Referring now to Fig. 29-76(b) we note that there is no x-component of magnetic field
from wire 1 when 6, = 0, so that plot tells us that B,, = +2.0 uT. Using Eq. 29-4, we have
i» = By 2mR /|, = 2.0 A for the magnitudes of the currents.

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



63. Using Eq. 29-20 and Eq. 29-17, we have

5 Mol 5 Mol
B=| 2 |y |B |l
| 1| (ZTEszl | 2| 27'51"2

where 7 =0.0040m,

§1\=2.8><104‘T, 7, =0.010m and |B,|=2.0x10"* T. Point 2 is

known to be external to the wire since \§2|< \B’l |. From the second equation, we find i =
10 A. Plugging this into the first equation yields R = 5.3 x 10~ m.



64. Eq. 29-1 is maximized (with respect to angle) by setting &= 90° ( = w/2 rad). Its value
in this case 1S dBmax = Wo i ds /ATR?. From Fig. 29-77(b), we have Bpa.x = 60 X 1072 T,
We can relate this By« to our dBpax 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.



65. Eq. 29-4 gives

. 2nRB  2m(0.880m)(7.30x107°T)
1= =

=32.1A.
U 4tx107T-m/A




66. (a) By the right-hand rule, the magnetic field El (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 (El = Bz) we observe that only the x-components survive, yielding
B +B, =(2ﬂ cos 150°ji:(—3.46><10-5T)i
2n/

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

2mr
My

=15A

i, =(346x107)

where r=+/3 ¢/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)



67. (a) The field in this region is entirely due to the long wire (with, presumably,
negligible thickness). Using Eq. 29-17,

3] =‘2‘°Tirwz4.8x103T

where i,, =24 A and » = 0.0010 m.

(b) Now the field consists of two contributions (which are anti-parallel) — from the wire
(Eq. 29-17) and from a portion of the conductor (Eq. 29-20 modified for annular area):

|B|= Mol Holoe _ Mol Myl -’ —nR;
2nr 2 2 2mr \ MR, — TR}

where » = 0.0030 m, R; = 0.0020 m, R, = 0.0040 m and i. = 24 A. Thus, we find
|B|=9.3x107*T.

(c) Now, in the external region, the individual fields from the two conductors cancel
completely (since i. = iy): B =0.



68. (a) We designate the wire along y = r4 = 0.100 m wire 4 and the wire along y = rp =
0.050 m wire B. Using Eq. 29-4, we have

+ B, =—tolaj Hols §_ 55 0x10° Tk,
2nr, 2Ty,

(b) This will occur for some value 7z < y < r4 such that

Holy _ MHolp .
2n(r,—y) 2n(y-ry)

Solving, we find y = 13/160 = 0.0813 m.

(c) We eliminate the y < rp possibility due to wire B carrying the larger current. We
expect a solution in the region y > r, where

ﬂOiA — ll'lOiB .
27t(y—rA) 2n(y—ry)

Solving, we find y = 7/40 = 0.0175 m.



69. (a) As illustrated in Sample Problem 29-1, the radial segments do not contribute to
BP and the arc-segments contribute according to Eq. 29-9 (with angle in radians). If k
designates the direction “out of the page” then

U, (040A)(nrad) [ Mo (0.80A) (% rad) 0

B =
47(0.050 m) 47(0.040m)

which yields B=-1.7x10"KT, or | B|=1.7x10°T.

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

_ Ho(040A)(mrad) P 1,(080A) (2= rad) 0

B=
47(0.050 m) 47(0.040 m)

which yields B =(—6.7x10°T)k, or | B |=6.7x10°T.

A

(d) The direction is =k, or into the page.



70. We note that the distance from each wire to P is r = a’/ V2 =0071m. In both parts,
the current is i = 100 A.

(a) With the currents parallel, application of the right-hand rule (to determine each of
their contributions to the field at P) reveals that the vertical components cancel and the
horizontal components add, yielding the result:

B= 2(ﬁ]c0s45.0° —4.00x10* T
21r

and directed in the —x direction. In unit-vector notation, we have B = (—4.00x10™* T)i.

(b) Now, with the currents anti-parallel, application of the right-hand rule shows that the
horizontal components cancel and the vertical components add. Thus,

B= 2(ﬁ}in45.oo —4.00x10° T
21r

and directed in the +y direction. In unit-vector notation, we have B = (4.00x10™ T)j .



71. Since the radius is R = 0.0013 m, then the i = 50 A produces

=" —00077 T
21R

at the edge of the wire. The three equations, Eq. 29-4, Eq. 29-17 and Eq. 29-20, agree at
this point.



72. The area enclosed by the loop L is 4 =1(4d)(3d) =6d” . Thus

d B-ds = pyi=p1,jA=(47x107 T-m/A) (15A/m*) (6) (0.20m)’ =4.5x10° T-m,



73. (a) With cylindrical symmetry, we have, external to the conductors,

-t
2nr

which produces ic,c = 25 mA from the given information. Therefore, the thin wire must
carry 5.0 mA.

(b) The direction is downward, opposite to the 30 mA carried by the thin conducting
surface.



74. (a) All wires carry parallel currents and attract each other; thus, the “top” wire is
pulled downward by the other two:

= Ho L(50A)(32A) 1, L(50A)(50A)
A= 2m(0.10m) 27(0.20m)

where L = 3.0 m. Thus,

F\ =17x10™N.

(b) Now, the “top” wire is pushed upward by the center wire and pulled downward by the
bottom wire:

= ML(50A)(3.2A) 4, L(5.0A)(5.0A)

| F| =2.1x10°N.
27m(0.10m) 2m(0.20m)




75. We use B(x,,z) = (1, /4n)iAs x7/r* , where AS = Asj and 7 = xi+ yj+zk . Thus,

- 7 iAst(xf+yj+zl€) Mo As(zf—xlz)
B(x,y,z):(—) S . 32 32
4m (x +y +z ) 4n(x2+ys+zz)

(a) The field on the z axis (at z= 5.0 m) is

(4mx107T-m/A)(2.0A)(3.0x10” m)(5.0m)i

B(0,0,5.0m)= = (2.4x107™° D).

4m (0 +0’ +(5.0m)2)3/2

(b) B (0, 6.0 m, 0), since x =z = 0.
(c) The field in the xy plane, at (x, y) = (7,7), is

_7 . _2 —_— 2 A
5(7.0m.7.0m,0) = 4m¥107 T-WAQOAGOA0? MICTOMk |y 301y

4c((7.0m)" +(7.0m)’ +0? )3/2

(d) The field in the xy plane, at (x, y) = (-3, —4), is

_7 . _2 % A
B(_3.Om’_4'0m’0):(4nx10 T-m/A)(2.0A)(3.0x10 m)(g.Om)kz(lelo_wT)k

4m((-3.0m)’ +(~4.0m)" +0° )3/




76. (a) The radial segments do not contribute to 1_5’>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

Uo CTE rad) A~ Mot CTTC rad) A
Am(4.00m) £~ 4n(2.00m) X

E)p =
where i = 0.200 A. This yields B =—2.75x 10k T, or | B| =2.75x 107 T.

A

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



77. The contribution to B ¢ from the first wire is (using Eq. 29-4)

_ ()30A /\_ 6 A
B, = M—L2n(2.0m)k =3.0x10°T)k .

The distance from the second wire to the point where we are evaluating B wetiS4m-—2m
=2 m. Thus,

40 A) - .
B,= J%(2—Ill)zi=(4.0><10‘6 T) i

and consequently is perpendicular to B,. The magnitude of ]ﬁ net| 18 therefore

\[3.07+4.0°=5.0 uT.



78. Using Eq. 29-20, |E> | = (‘2%) r, we find that » = 0.00128 m gives the desired field

value.



79. The points must be along a line parallel to the wire and a distance » from it, where r

&:B or

satisfies B, = oy~ Do

wire

. (1.26x10° T-m/A)(100A
=t :( m/A) ):4.0><10-3m.
2nB,,, 21(5.0x107 T)




80. (a) The magnitude of the magnetic field on the axis of a circular loop, a distance z
from the loop center, is given by Eq. 29-26:

__ NugiR’®
2(R2 +ZZ)3/2 ’

where R is the radius of the loop, NV is the number of turns, and i is the current. Both of
the loops in the problem have the same radius, the same number of turns, and carry the
same current. The currents are in the same sense, and the fields they produce are in the
same direction in the region between them. We place the origin at the center of the left-
hand loop and let x be the coordinate of a point on the axis between the loops. To
calculate the field of the left-hand loop, we set z = x in the equation above. The chosen
point on the axis is a distance s — x from the center of the right-hand loop. To calculate
the field it produces, we put z = s — x in the equation above. The total field at the point is
therefore

B_N,uoiRz 1 s 1
2 |(RR+xP)? (RP+x*=2sx+5°)"7 |

Its derivative with respect to x is

daB _ N iR? 3x N 3(x—ys)
dx 2 (R*+x)"?  (R*+x*=2sx+s)"* |

When this is evaluated for x = 5/2 (the midpoint between the loops) the result is

d_B
dx

__NﬂoiRz[ 3s/2 3s/2 }
5/2

2 |(R+5147 (R+5/4-5+5)

independent of the value of s.

(b) The second derivative is

d°B _ NuR*| 3 15¢
dxz 2 (R2 +x2)5/2 (R2 +x2)7/2
B 3 15(x —s)?
(R*+x*>=2sx+5°)"" (R*+x*—2sx+s°)""

Atx =5/2,



Bl _NuiR[ 6 L, 305°/4

i’ 2 (R*+s*/4)% (R*+s*/4)"?

_ NuR*| —6(R* +5*/4)+30s° /4
2 (R*+5°/4)""?

s/2
sP—R?
(R*+s%/4)"*"

} =3Nu,iR’*

Clearly, this is zero if s = R.



81. The center of a square is a distance R = a/2 from the nearest side (each side being of
length L = a). There are four sides contributing to the field at the center. The result is

B, = 4[ Hyi j a _ 2\/5,U0i'
2n(a/2) )| o> +4(a/2) | 74




82. We refer to the side of length L as the long side and that of length W as the short side.
The center is a distance /2 from the midpoint of each long side, and is a distance L/2
from the midpoint of each short side. There are two of each type of side, so the result of
problem 11 leads to

My L + Mol w _
2n(W)2) |12 +a(wj2y  2m(L2) Jw? +4(L)2)

The final form of this expression, shown in the problem statement, derives from finding
the common denominator of the above result and adding them, while noting that

2 2
—LWZF WLZ =W+ 1.
A/ +



83. We imagine the square loop in the yz plane (with its center at the origin) and the
evaluation point for the field being along the x axis (as suggested by the notation in the
problem). The origin is a distance a/2 from each side of the square loop, so the distance
from the evaluation point to each side of the square is, by the Pythagorean theorem,

R= (a/Z)2 +x? =%\/a2 +4x%,

Only the x components of the fields (contributed by each side) will contribute to the final
result (other components cancel in pairs), so a trigonometric factor of

a2 a
R Jd* +4x°

multiplies the expression of the field given by the result of problem 11 (for each side of
length L = a). Since there are four sides, we find

Blx) = 4(2!;;);)(%2 jw ][\/az ilr4x2 ]: 27:(;)(\/#;20\222 +4(a/2)” +4x°

which simplifies to the desired result. It is straightforward to set x = 0 and see that this
reduces to the expression found in problem 12 (noting that - = 22).



84. Using the result of problem 12 and Eq. 29-10, we wish to show that

—2\/§ﬂ°i>’u—°i, or —4\5> !
Ta 2R Ta R

b

but to do this we must relate the parameters a and R. If both wires have the same length L
then the geometrical relationships 4a = L and 2R = L provide the necessary connection:

R
4a=2nR:>a=%.

Thus, our proof consists of the observation that

42 82 1

= 3 >—,
Ta n°R R

as one can check numerically (that 82 / n°>1).



85. The two small wire-segments, each of length a/4, shown in Fig. 29-83 nearest to point
P, are labeled 1 and 8 in the figure below.

Let —k be a unit vector pointing into the page. We use the results of problem 19 to
calculate Bp; through Bpsg:

B = _ \/Eluoi :\/Zuoi
TP 8n(af4)  2ma

\/5/10" _ \/Zuoi

B = B = = 5
T 8n(3a/4)  6ma
B B - Hoi 3a/4 _3u,i
T 4n(a)4) [(35,/4)2+(a/4)2]1/2 Viona’
and
B =B Ml a/4
7T An(3a/4) [(a/4) +(3a/4) ] 3J10ma
Finally,

L Lo A Mol \/5 \/5 3 1 o
BP—;BPn( k)—zm[ s 7o 3@]“{)

2(4nx107 T-m/A) (10A) (2 2 3
- n(8.0><10‘2m)

1 .
—— |(-k
2 6 10 3@]()

=(2.0x107T) (k).



86. (a) Consider a segment of the projectile between y and y + dy. We use Eq. 29-12 to
find the magnetic force on the segment, and Eq. 29-7 for the magnetic field of each semi-
infinite wire (the top rail referred to as wire 1 and the bottom as wire 2). The current in

rail 1 is in the +i direction, and the current in rail 2 is in the —1 direction. The field (in

the region between the wires) set up by wire 1 is into the paper (the —k direction) and
that set up by wire 2 is also into the paper. The force element (a function of y) acting on

the segment of the projectile (in which the current flows in the —j direction) is given
below. The coordinate origin is at the bottom of the projectile.

~ = = N Nono . » , i I |s
dF =dF, +dF, =lcly(—J)><B1 +dy(—])><32 =i[B, +Bz]ldy:{4n(2Rﬂiw—y) + ﬁzy}dy.

Thus, the force on the projectile is

2 .2
F=[aF="F [ N N A
4 R 2R+w—=y y 27 R

(b) Using the work-energy theorem, we have

AK =imv; =W, =]F-ds =FL.

ext

Thus, the final speed of the projectile is

o, N (2wt o, wY), 1"
vf.:(—mj :[—”Lm(H—)L}
' m m 21 R
2(4mx107 T-m/A)(450x10° A)" In(1+12cm/6.7cm)(4.0m)
2m(10x 107 kg)

172

23%x10°m/s.



87. We take the current (i = 50 A) to flow in the +x direction, and the electron to be at a
point P which is » = 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 Eq. 29-4

with Eq. 28-2, we obtain F, = (—ep,i/2mr) (\7 X 12)
(a) The electron is moving down: v = —vj (where v= 1.0 x 10" m/s is the speed) so

F =" ()= 3.2x10 " N,
2mr

or | F |=3.2x107"°N.

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

!

= E(L])= (32107 N) ],
2nr

e

or | F |=3.2x107"°N.

(c) Now, 7 =+vk so }ixﬁxﬁzo.



88. Eq. 29-17 applies for each wire, with r=4/R*+(d/ 2)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(ﬂoij(d/zj: mid s,
220)\ 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 =(1.25x107° T)i.



89. The “current per unit x-length” may be viewed as current density multiplied by the
thickness Ay of the sheet; thus, A = JAy. Ampere’s law may be (and often is) expressed in
terms of the current density vector as follows

ﬁ-dg:ﬂojj-dﬁ

where the area integral is over the region enclosed by the path relevant to the line integral
(and J is in the +z direction, out of the paper). With J uniform throughout the sheet, then
it is clear that the right-hand side of this version of Ampere’s law should reduce, in this
problem, to JA = ppJAyAx = toAAx.

(a) Figure 29-86 certainly has the horizontal components of B drawn correctly at points
P and P’ (as reference to Fig. 29-4 will confirm [consider the current elements nearest
each of those points]), so the question becomes: is it possible for B to have vertical
components in the figure? Our focus is on point P. Fig. 29-4 suggests that the current
element just to the right of the nearest one (the one directly under point P) will contribute
a downward component, but by the same reasoning the current element just to the left of
the nearest one should contribute an upward component to the field at P. The current
elements are all equivalent, as is reflected in the horizontal-translational symmetry built
into this problem; therefore, all vertical components should cancel in pairs. The field at P
must be purely horizontal, as drawn.

(b) The path used in evaluating 3530@ 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 = %uoﬂ.



90. In this case L = 2mr is roughly the length of the toroid so

(N .
B = i (2_717}’) = Honi,

This result is expected, since from the perspective of a point inside the toroid the portion
of the toroid in the vicinity of the point resembles part of a long solenoid.



91. (a) For the circular path L of radius r concentric with the conductor

- (r’ —bz)
ngB-cﬁ =21rB = Uyl = Ul
T

(@ -b)

. 2 g2
Thus, B = Aot r=b )
2n(a2 -b* ) r

(b) At r = a, the magnetic field strength is

Mol a’=b* | _
27t(a2 —bz) a 2na

At r=b,Bocr* —b* =0. Finally, for b=0

B: /’lOl ﬁ: /’l()ir
2na’ r  2ma’

which agrees with Eq. 29-20.

(c) The field is zero for » < b and is equal to Eq. 29-17 for » > a, so this along with the
result of part (a) provides a determination of B over the full range of values. The graph
(with ST units understood) is shown below.
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0.0002]
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92. (a) Eq. 29-20 applies for » < c¢. Our sign choice is such that i is positive in the smaller
cylinder and negative in the larger one.

(b) Eq. 29-17 applies in the region between the conductors.

=t , c<r<b.
2mr

(c) Within the larger conductor we have a superposition of the field due to the current in
the inner conductor (still obeying Eq. 29-17) plus the field due to the (negative) current in
that part of the outer conductor at radius less than r. The result is

. ) 2
p=tol AT ey,
2nr 2mr\a” —b

If desired, this expression can be simplified to read

. 2 2
p=flp el
2nr\a” —=b

(d) Outside the coaxial cable, the net current enclosed is zero. So B =0 for r > a.

(e) We test these expressions for one case. If @ — oo and b — e (such that a > b) then
we have the situation described on page 696 of the textbook.

(f) Using SI units, the graph of the field is shown below:

B
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93. We use Ampere’s law. For the dotted loop shown on the diagram i = 0. The integral
JE-cﬁ is zero along the bottom, right, and top sides of the loop. Along the right side the

field is zero, along the top and bottom sides the field is perpendicular to ds. If ¢ is the
length of the left edge, then direct integration yields &E-OE = B/, 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
discontinuously as suggested by the figure.
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