SOURCESOF MAGNETIC FIELD

28.3. IDENTIFY: A moving charge creates a magnetic field.

SeT UpP:  The magnetic field due to a moving chargeBis %M
T

EXECUTE: Substituting numbers into the above equation gives

@ B_&quinqo_ 47rx 107 TOm/A (L.& 10° C)(3® T0 m/s)sin3l

4 r? 4T (2.00x 10° m) '

B = 6.00x 10° T, out of the paper, and it is the same at pBint

(b) B = (1.00% 10 TLmM/A)(1.60x 10°*° C)(3.00x 10’ m/s)/(2.00x 10° my

B=1.20x 10" T, out of the page.

(c) B=0 T since sin(180°) = 0.

EVALUATE: Even at high speeds, these charges produce mafjetets much less than the Earth’s magnetic
field.

28.16. IDENTIFY: The long current-carrying wire produces a magrfegid.
SET UP:  The magnetic field due to a long wireﬁis:él—OI .
m

ExecuTe: First find the current: = (3.50x 10" el/s)(1.60x 10™*° C/el) = 0.560 A

=7
Now find the magnetic fielg{mX10" TEMAYO0.560 A)_ 5 g, 157

27(0.0400 m)
Since electrons are negative, the conventionaéotinuns from east to west, so the magnetic fiblaa the wire
points toward the north.
EvALUATE: This magnetic field is much less than that ofHaeth, so any experiments involving such a current
would have to be shielded from the Earth’s magrfetld, or at least would have to take it into cidlesation.

28.21. IDENTIFY: B :él—"l. The direction ofB is given by the right-hand rule in Section 20.7.
mm

SeT Up: Call the wiresa andb, as indicated in Figure 28.21. The magnetic fieldsach wire at point8; andP,
are shown in Figure 28.21a. The fields at pointe3staown in Figure 28.21b.

ExecuTe: (a) At B, B, =B, and the two fields are in opposite directions,sortet field is zero.
J7x

(b) B, =l B, =ZX2-. B,and B, are in the same direction so
2rm, 27,
7
B:Ba+Bn:’u—°| 1+_1 _ (4rx10 TDm/A)(4.00A{ 1 + 1 ;:6-67" 10° T
2m\r, 1, 2r 0.300 m 0.200
B has magnitudés.67 i Tand is directed toward the top of the page.
5cm

(c) In Figure 28.21bB, is perpendicular td, and B, is perpendicular tg,. tand= 20 o andd =14.0%4.

L=h :\/(0-200 m§ + (0.050 nf)= 0.206 andB, =B, .

7
B=B,cosf+B, co¥= B, co8= YL 2(4rx10" TOm/A)(4.0 A)cosl4_(74:7.54ﬂ_|_
27, 277(0.206 m)

B has magnitud&.53 T and is directed to the left.
EVALUATE: At points directly to the left of both wires thetrfield is directed toward the bottom of the page.

28-1



28-2 Chapter 28

By
B 0
\
B, B, (B g7
“ By IR
//9 : \
\
a@® P, ®b Ta [~ \\rb
Py ’ : \
/ g .
S B
Bb ’ N \\
5.0 cm 5.0 cm 20.0 cm e | 8
Sem_ Mo ___ @
25.0 cm
a b
€)) (b)

Figure28.21

28.23. IDENTIFY: The net magnetic field at the center of the sqisatiee vector sum of the fields due to each wire.

SeT Up:  For each wire,B :él—"l and the direction oB is given by the right-hand rule that is illustratad
mm

Figure 28.6 in the textbook.
ExecuTe: (a) and(b) B = 0 since the magnetic fields due to currentpabsite corners of the square cancel.
(c) The fields due to each wire are sketched in Fig@&r23.

B=B,cos48+B, cos45+B, cos43 B, cos#45 B4 co$45 (g&l—j CcG:.
o

r:\/(100m)2+ (10cmj= 1¢ 2crw 0.40 2, s0
_ 4 (4mx107 T A) (100 A)
271(0.10/—2 m)

EvALUATE: In part (), if all four currents are reversedlirection, the net field at the center of the squaould
be to the right.

B cos48= 4.x 10 T, tothele

‘® ®
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28.25. IDENTIFY: Apply Eq.(28.11).
SET UpP: Two parallel conductors carrying current in thensalirection attract each other. Parallel condsctor

carrying currents in opposite directions repel eattler.

Fo Holil oL _ 1,(5.00 A)(2.00 A)(1.20 m)_
2 277(0.400 m)

currents are in opposite directions.

(b) Doubling the currents makes the force increase fagtar of four toF =2.40x 10° N.

EvALUATE: Doubling the current in a wire doubles the magnggild of that wire. For fixed magnetic field,
doubling the current in a wire doubles the forca the magnetic field exerts on the wire.

6.00x 10° N, and the force is repulsive since the

EXeECUTE: (a)

28.30. IDENTIFY: The magnetic field at the center of a circulapli®B :%' By symmetry each segment of the loop
that has lengti\l contributes equally to the field, so the fieldts tenter of a semicirclejshat of a full loop.

SeT UP:  Since the straight sections produce no field,dhe field atP is B =%.
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28.35.

28.63.

28.64.

EXECUTE: B :Z—"FL. The direction ofB is given by the right-hand rulé is directed into the page.

EVALUATE: For a quarter-circle section of wire the magngéld at its center of curvature B = g—‘;.

IDENTIFY: Apply Ampere’s law.
SETUP: g, =4mx107 TOM/A

EXEcUTE: (a) (Bl = il oy =3.83x 10* TOmrand 1, =305 A.

encl

(b) -3.83x 10* TOmsince at each point on the curve the directionllois reversed.

EVALUATE: The line integral(ﬁ [l around a closed path is proportional to the netectithat is enclosed by
the path.

IDENTIFY: Apply Zlf =0 to one of the wires. The force one wire exertshenother depends dr};oZIf =0

gives two equations for the two unknowhandl.
SeT Up:  The force diagram for one of the wires is giverfrigure 28.63.

Tcos O A— — — 4 |

2
The force one wire exerts on the otheFis [/21°—|] L,
Vs

F
«—® Tng wherer =2(0.040 m)sif= 8.362 10 isthe
mg distance between the two wires.
Figure 28.63

EXECUTE: szZO givesT co§=mg and =mg /cék
D F,=0givesF =T sif= fng /cof )sii=mg tah
And m= AL, soF = ALg tard

2
[&j L=ALgtand
2mr

| = Agrtand
\ (/2
| :\/(0.0125 kg/m)(9.80 m/$) (tan 6.00 )(8.362 10 Lnﬁg,z A
2x107 TOm/A
EVALUATE: Since the currents are in opposite directionsiines repel. Wheh is increased, the angl from
the vertical increases; a large current is requenazh for the small displacement specified in ghgblem.
IDENTIFY: Consider the forces on each side of the loop.

SET UpP: The forces on the left and right sides cancel. fohees on the top and bottom segments of the émep
in opposite directions, so the magnitudes subtract.

EXECUTE: F:Ft—Fb:(—#"IW"ej WM e 111
2m )\r, 2t \r, T

t r
£ = /(5.0 A)(0.200 m)(14.0A{ 11

2n 0.100m 0.026

from the wire, so the net force is away from theewi
EvALUATE: The net force on a current loop in a uniform maigrfeeld is zero, but the magnetic field of thergvi
is not uniform, it is stronger closer to the wire.

’_J: 7.97x 10° N. The force on the top segment is away



