MAGNETIC FIELD AND MAGNETIC FORCES

27.1.

27.3.

IDENTIFY and SET UP:  Apply Eq.(27.2) to calculate F. Use the cross products of unit vectors from Section 1.10.
EXECUTE: 7 = (+4.19x10* /s )4 (-3.85x10* m/s) j

(a) B =(1.40 T)i

F =gix B =(~124x10" C)(1.40 T)[ (4.19x10* )% - (3.85x10° m/s)}/;iJ
F§t =0, f'xt =—k

F =(~124x10" C)(1.40 T)(-3.85x10* mys )( = (-6.68x10* N)k
EVALUATE: The directions of ¥ and B are shown in Figure 27.1a.

- The right-hand rule gives that ¥ x B is directed
x out of the paper (+z-direction). The charge is
negative so F is opposite to v x B;

Figure 27.1a

F isinthe —z- direction. This agrees with the direction calculated with unit vectors.
(b) EXECUTE: B =(1.40 T)k

F =gix B =(~124x10" C)(1.40 T)[ (+4.19x10* m/s) %k — (3.85x10" mys) fi k]

F=(-727x10% N)(- %(6.6&10‘41\1) [(6 68x10 N)# (7.27x107 N) j J

EVALUATE: The directions of ¥ and B are shown in Figure 27.1b.

F
B / The direction of F' is opposite to v x B since
o g is negative. The direction of F computed
/ \1, from the right-hand rule agrees qualitatively

i with the direction calculated with unit vectors.
VX B
(by right-hand rule)

Figure 27.1b

IDENTIFY: The force F on the particle is in the direction of the deflection of the particle. Apply the right-hand
rule to the directions of ¥ and B . See if your thumb is in the direction of F , or opposite to that direction. Use
F= |q| vBsing with ¢ =90° to calculate F.

SET Up: The directions of ¥, B and F are shown in Figure 27.3.

EXECUTE: (a) When you apply the right-hand rule to % and B, your thumb points east. F is in this direction,
so the charge is positive.

(b) F =|g|vBsing=(8.50x10" C)(4.75x10* m/s)(1.25 T)sin90°=0.0505 N

EVALUATE: If the particle had negative charge and ¥ and B are unchanged, the particle would be deflected
toward the west.
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27.5.

27.7.

27.15.

kl’

-

S
Figure 27.3

IDENTIFY:  Apply F =|g|vBsin¢ and solve for v.

SETUP: An electron has ¢ =-1.60x107" C.

_F 4.60x107"° N
lg|Bsing  (1.6x107" C)(3.5x107 T)sin60°

EVALUATE: Only the component Bsing of the magnetic field perpendicular to the velocity contributes to the

force.

IDENTIFY: Apply F=gvxB.

SETUP: ¥$=v j, with v, =—3.80x10'm/s. F,=+7.60x10° N, F, =0,and F,=-520x10" N .

EXECUTE: (a) F,=q(v,B.—Vv.B)=¢qv,B..

7y

B.=F,/qv,=(7.60x10" N)/([7.80x10™° C)(-3.80x10°m/s )]=—0.256 T

EXECUTE: v =9.49%10°m/s

F =q(v,B. —v.B.)=0, which is consistent with F as given in the problem. There is no force component along
thﬂe direction of the velocity.

F.=q(v.B,-v,B)=—qv,B . B =— Fz/qu =-0.175T.

(b) B, is not determined. No force due to this component of B along ¥ ; measurement of the force tells us nothing
about B,

(¢c) B-F=BF,+BF,+B.F,=(-0.175 T)(+7.60x10~ N)+(-0.256 T)(-5.20x10"~ N)

B-F=0. Band F are perpendicular (angle is 90°) .

EVALUATE: The force is perpendicular to both % and B, so ¥- F is also zero.

(a) IDENTIFY:  Apply Eq.(27.2) to relate the magnetic force F to the directions of ¥ and B. The electron has

negative charge so F is opposite to the direction of ¥ x B. For motion in an arc of a circle the acceleration is
toward the center of the arc so F must be in this direction. @ =v*/R.

SET UP:
Vo X B
v As the electron moves in the semicircle,
its velocity is tangent to the circular path.
R The direction of ¥, x B ata point along
A B the path is shown in Figure 27.15.
——>

0.100m

Figure 27.15
EXECUTE: For circular motion the acceleration of the electron 4, is directed in toward the center of the circle.
Thus the force F, , exerted by the magnetic field, since it is the only force on the electron, must be radially inward.
Since g is negative, F, ;18 opposite to the direction given by the right-hand rule for v, x B. Thus B is directed

into the page. Apply Newton's 2nd law to calculate the magnitude of B : ZF’ =ma gives ZFmd =ma
F,=m(V*/R)
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27.22.

27.30.

27.35.

F, =|q|vBsing =|q|vB, so |q|vB=m(*/R)

my  (9.109x107" kg)(1.41x10° m/s)

== =1.60x10"* T
|a| R (1.602x107™ €)(0.050 m)

(b) IDENTIFY and SET UpP:  The speed of the electron as it moves along the path is constant. ( F, » changes the
direction of ¥ but not its magnitude.) The time is given by the distance divided by v,.

EXECUTE: The distance along the semicircular path is 7R, so ¢ = =R = MLSQHD
v, 1.41x10° m/s

EVALUATE: The magnetic field required increases when v increases or R decreases and also depends on the mass
to charge ratio of the particle.

=1.11x107" s

IDENTIFY: For motion in an arc of a circle, a :V—I: and the net force is radially inward, toward the center of the

circle.

SETUP: The direction of the force is shown in Figure 27.22. The mass of a proton is 1.67x107 kg .

EXECUTE: (a) F is opposite to the right-hand rule direction, so the charge is negative. F = ma gives

la|BR  3(1.60x10™" €)(0.250 T)(0.475 m)
m 12(1.67x107% kg)

(b) F, =|q|vBsing=3(1.60x10""" C)(2.84x10° m/s)(0.250 T)sin90°=3.41x10" N..

w=mg =12(1.67x107 kg)(9.80 m/s*) =1.96x107>* N . The magnetic force is much larger than the weight of the

particle, so it is a very good approximation to neglect gravity.
EVALUATE: (c) The magnetic force is always perpendicular to the path and does no work. The particles move
with constant speed.

=2.84%10° m/s .

2
|q|vBsin¢:mvE. $=90°and v=

° o

L L ]

(] .

L ] L ] L] L] L]
Figure 27.22

IDENTIFY: For no deflection the magnetic and electric forces must be equal in magnitude and opposite in
direction.
SETUP: v=E/B for no deflection.

EXECUTE: To pass undeflected in both cases, £ =vB =(5.85x10°m/s)(1.35 T) = 7898 N/C.

(@) If ¢ =0.640x10"° C, the electric field direction is given by —( f‘@( (—k)) =1, since it must point in the opposite
direction to the magnetic force.
(b) If ¢=—0.320x10"° C, the electric field direction is given by ((—f&x (—k)) = 1 since the electric force must

point in the opposite direction as the magnetic force. Since the particle has negative charge, the electric force is
opposite to the direction of the electric field and the magnetic force is opposite to the direction it has in part (a).
EVALUATE: The same configuration of electric and magnetic fields works as a velocity selector for both
positively and negatively charged particles.

IDENTIFY: Apply F =IIBsing.

SET UP: Label the three segments in the field as a, b, and c. Let x be the length of segment a. Segment b has
length 0.300 m and segment ¢ has length 0.600 cm — x. Figure 27.35a shows the direction of the force on each

segment. For each segment, ¢ =90? The total force on the wire is the vector sum of the forces on each segment.
EXECUTE: F, =1IB=(4.50 A)x(0.240 T). F, =(4.50 A)(0.600 m—x)(0.240 T). Since f‘” and E are in the
same direction their vector sum has magnitude F,. = F, + F, =(4.50 A)(0.600 m)(0.240 T) = 0.648 N and is
directed toward the bottom of the page in Figure 27.35a. F, =(4.50 A)(0.300 m)(0.240 T)=0.324 N and is
directed to the right. The vector addition diagram for FM and Fb is given in Figure 27.35b.

F= \/Fai +F = \/(0.648 N)*+(0.324 N)* =0.724 N. tanf = IZj" = ggji II:II and 6 =63.4? The net force has
0.

magnitude 0.724 N and its direction is specified by 8 = 63.4° in Figure 27.35b.
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EVALUATE: All three current segments are perpendicular to the magnetic field, so ¢ =90° for each in the force
equation. The direction of the force on a segment depends on the direction of the current for that segment.

B I
® —
«
]
F,
O e
f“h
I B
> @® b
a
l F”(
Ef
(a)
Figure 27.35

27.40. IDENTIFY: The magnetic force F, » must be upward and equal to mg. The direction of F, »» 1s determined by the
direction of [ in the circuit.

SETUP: F, =1IBsing, with ¢=90°. I = % , where V' is the battery voltage.

EXECUTE: (a) The forces are shown in Figure 27.40. The current / in the bar must be to the right to produce
F, »» upward. To produce current in this direction, point @ must be the positive terminal of the battery.

1B VIB (175 V)(0.600 m)(1.50 T)
T ¢ Rg  (5.00 Q)9.80 m/s?)

EVALUATE: If the battery had opposite polarity, with point a as the negative terminal, then the current would be
clockwise and the magnetic force would be downward.

() F,=mg . lIB=mg . m =321kg.

A FH
B 4 T)
mg
Figure 27.40

27.43. IDENTIFY: The periodis 7 =2zr/v,the current is O/t and the magnetic moment is = I4

SETUpP: The electron has charge —e . The area enclosed by the orbit is 7.
EXECUTE: (a) T=2m/v=1.5x10"s
(b) Charge —e passes a point on the orbit once during each period, so I =Q/f=e/t=1.1mA..
(©) u=IA=Im"=93x10" A-m’
EVALUATE: Since the electron has negative charge, the direction of the current is opposite to the direction of
motion of the electron.
27.44. IDENTIFY: 7 =IABsing,where ¢ is the angle between B and the normal to the loop.

SET UP: The coil as viewed along the axis of rotation is shown in Figure 27.44a for its original position and in
Figure 27.44b after it has rotated 30.0°.

EXECUTE: (a) The forces on each side of the coil are shown in Figure 27.44a. F,+ F, =0and F,+F,=0. The
net force on the coil is zero. ¢ =0° and sing =0, so 7=0. The forces on the coil produce no torque.

(b) The net force is still zero. ¢ =30.0° and the net torque is

7=(1)(1.40 A)(0.220 m)(0.350 m)(1.50 T)sin30.0° = 0.0808 N -m . The net torque is clockwise in Figure 27.44b
and is directed so as to increase the angle ¢ .

EVALUATE: For any current loop in a uniform magnetic field the net force on the loop is zero. The torque on the
loop depends on the orientation of the plane of the loop relative to the magnetic field direction.
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normal

(a)

Figure 27.44

27.46. IDENTIFY: 7 =jixB and U =-uBcos¢, where y1=NIB . t=uBsing .
SETUP: ¢ is the angle between B and the normal to the plane of the loop.
EXECUTE: (a) ¢=90°. = NIABsin(90°) = NIAB, direction P& j=—-i U=—-uBcos¢=0.
(b) ¢=0. = NIABsin(0) =0, no direction. U =— uBcos¢ =— NIAB.
(¢) $=90°. t= NIAB sin(90°) = NIAB, direction — P& j=i! U=—puBcos¢=0.
(d) ¢=180°:7 = NIAB sin(180°) =0, no direction, U = — uB cos(180°) = NIAB.
EVALUATE: When 7is maximum, U =0. When |U | is maximum, 7=0.

27.52. IDENTIFY: Apply Eq.(27.30).
SETUP: A=yz. E =E/z. |¢|=e.

_JB, IB, Bz B,

lqlE. 4lqlE. 4lqlE  w|glE

ne (78.0 A)(2.29T)

(2.3x107* m)(1.6x10™° C)(1.31x107* V)

EXECUTE: n

=3.7x10% electrons/m’

EVALUATE: The value of n for this metal is about one-third the value of n calculated in Example 27.12 for copper.
27.61. IDENTIFY and SET UP:  Use Eq.(27.2) to relate ¢,¥, B and F. The force F and @ are related by Newton's 2nd law.

B =—(0.120 TYES = (1.05x10° m/s)(—3i + 45 12k), F=125N

(a) EXECUTE: F =gV xB

F = q(~0.120 T)(1.05x10° m/s)(= 35k + 4 Pk + 128 k)
Pik=— e i Bk =0

F =—q(1.26x10° N/C)(+3 & 4i) = —q(1.26x10° N/C)(+4% 3 j)

The magnitude of the vector 4 3jis /3’ +4* =5. Thus F =—¢g(1.26x10° N/C)(5).

~ F ~ 125N
51.26x10° N/C)  5(1.26x10° N/C)

(b) Y F=misoa=F/m
F =—q(1.26x10° N/C)(+485 3 j) = —(=1.98x 10 C)(1.26x10° N/C)(+4#5 3 ) =+0.250 N(+4#5 3 j)

0250 N
2.58x107"° kg

=-1.98x10° C

q:

Then d@=F/m =[ J(+4i’§ 3j) = (9.69x10" m/s?)(+4#% 3 j)

(¢) IDENTIFY and SETUP:  F is in the xy-plane, so in the z-direction the particle moves with constant speed

12.6x10° m/s. In the xy-plane the force F causes the particle to move in a circle, with Fdirected in towards the

center of the circle.
EXECUTE: Y F =mi gives F =m(v’/R) and R=mv’/ F

v =] +v; =(=3.15x10° m/s)* + (+4.20x10° m/s)* =2.756x 10" m?/s*
F=F+F!=(0250 N)V4> +3* =125 N

mv' _(2.58x107" kg)(2.756x10" m’/s*)
F 1.25N
(d) IDENTIFY and SET UP: By Eq.(27.12) the cyclotron frequency is f = /27 =v/27zR.

R= =0.0569 m=5.69 cm

EXECUTE:  The circular motion is in the xy-plane, so v=/v; +v] =5.25x10° m/s.



27-6

Chapter 27

27.64.

27.67.

27.75.

. 5.25x10° m/s
27R  27(0.0569 m)

(e) IDENTIFY and SET UP Compare ¢ to the period 7 of the circular motion in the xy-plane to find the x and y
coordinates at this ¢. In the z-direction the particle moves with constant speed, so z =z, + v t.

EXECUTE: The period of the motion in the xy-plane is given by 7 = 1 = ;7 =6.80x107" s

f 147x10" Hz
In ¢ = 2T the particle has returned to the same x and y coordinates. The z-component of the motion is motion with a
constant velocity of v, =+12.6x10° m/s. Thus z=z,+v.t=0+(12.6x10° m/s)(2)(6.80x10™* s) =+1.71 m.

The coordinates at =27 arex=R,y=0,z=+1.71 m.

=1.47x10" Hz, and @ =27 f =9.23x10” rad/s

EVALUATE: The circular motion is in the plane perpendicular to B. The radius of this motion gets smaller when
B increases and it gets larger when v increases. There is no magnetic force in the direction of B so the particle
moves with constant velocity in that direction. The superposition of circular motion in the xy-plane and constant
speed motion in the z-direction is a helical path.

IDENTIFY: Apply F =gv xB
SETUP: v=vk
EXECUTE: (a) F =—qvB & qvB j. But F =3F,F% 4F,j, so 3F, =—qvB, and 4F, = qvB,

Therefore, B, :—ﬁ, B, :ﬂand B_is undetermined.
qv qv
2 2
8= 7 B B2 =L Josi6+[ L] B2 =Lo |54 [ 9] B2, o B -+,
qv Y qv Fy qv F) qv

EVALUATE: The force doesn’t depend on B_, since v is along the z-direction.

IDENTIFY: The force exerted by the magnetic field is given by Eq.(27.19). The net force on the wire must be zero.
SET Up: For the wire to remain at rest the force exerted on it by the magnetic field must have a component directed
up the incline. To produce a force in this direction, the current in the wire must be directed from right to left in
Figure 27.61 in the textbook. Or, viewing the wire from its left-hand end the directions are shown in Figure 27.67a.

B
I
F
1 (o
Figure 27.67a

The free-body diagram for the wire is given in Figure 27.67b.
! fj; cos 6

EXECUTE: ) F, =0

F,cos@—Mgsinf =0
Mgsinf .
\ F, =ILBsing

‘ ¢ =90° since B is perpendicular
to the current direction.

y Mg
Figure 27.67b
. M;
Thus (ILB) cos@ — Mgsinf =0 and [ = —th;n 0

EVALUATE: The magnetic and gravitational forces are in perpendicular directions so their components parallel to
the incline involve different trig functions. As the tilt angle € increases there is a larger component of Mg down

the incline and the component of F, up the incline is smaller; / must increase with & to compensate. As
0 —>0,]—>0andas 8 —90°7 — .

IDENTIFY: For the loop to be in equilibrium the net torque on it must be zero. Use Eq.(27.26) to calculate the
torque due to the magnetic field and use Eq.(10.3) for the torque due to the gravity force.
SET Up: See Figure 27.75a.
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x Use ZT =0, where

point A4 is at the origin.

Figure 27.75a

EXECUTE: See Figure 27.75b.
-

7,,, = mgrsing =mg(0.400 m)sin30.0°

The torque is clockwise; 7, is

directed into the paper.

Figure 27.75b

For the loop to be in equilibrium the torque due to B must be counterclockwise (opposite to z,.) and it must be

that 7, =7,,. See Figure 27.75c.

n

B
olse/ 7, = fix B. For this torque to be
30 . -
counterclockwise (7, directed out of the
paper), B must be in the +y-direction.
Figure 27.75¢

7, = uBsing = I4Bsin 60.0°
7, =1, gives [4Bsin60.0° = mg(0.0400 m)sin30.0°
m=(0.15 g/cm)2(8.00 cm+6.00 cm)=4.2 g=4.2x10" kg
A4=(0.800 m)(0.0600 m)=4.80x10" m’
5 8(0.0400 m)(sin30.0°)
145in 60.0°
(4.2x107 kg )(9.80 m/s”)(0.0400 m)sin30.0°

B= A =0.024 T
(8.2 A)(4.80x 10" m?)sin 60.0°

EVALUATE: As the loop swings up the torque due to B decreases to zero and the torque due to mg increases
from zero, so there must be an orientation of the loop where the net torque is zero.

27.78. IDENTIFY: Apply F = Il x E to calculate the force on each side of the loop.
SET Up: The net force is the vector sum of the forces on each side of the loop.
EXECUTE: (a) F,, =(5.00 A)(0.600 m)(3.00 T)sin(0°) =0 N.

F,, =(5.00 A) (0.800 m) (3.00 T) sin(90°) =12.0 N, into the page.
For =(5.00 A)(1.00 m)(3.00 T)(O.SOO/I.OO) =12.0 N, out of the page.

(b) The net force on the triangular loop of wire is zero.

(¢) For calculating torque on a straight wire we can assume that the force on a wire is applied at the wire’s center.
Also, note that we are finding the torque with respect to the PR-axis (not about a point), and consequently the lever
arm will be the distance from the wire’s center to the x-axis. 7 =rFsing gives 7,,=r(0N)=0,

T =(0m)Fsing=0 and 7,, =(0.300 m)(12.0 N)sin(90°) =3.60 N-m . The net torque is 3.60 N-m .

(d) According to Eq.(27.28), v = NIAB sin¢ = (1)(5.00 A)(%)(0.600 m)(0.800 m)(3.00 T)sin(90°)=3.60 N-m,
which agrees with part (c).

(e) Since F, is out of the page and since this is the force that produces the net torque, the point O will be rotated

out of the plane of the figure.
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EVALUATE: In the expression 7= NIABsing , ¢ is the angle between the plane of the loop and the direction of
B . In this problem, ¢ =90°.

27.81. IDENTIFY: Apply dF =1Idl x B to each side of the loop.
SETUP:  For each side of the loop, dl is parallel to that side of the loop and is in the direction of /. Since the loop
is in the xy-plane, z =0 at the loop and B, =0 at the loop.
EXECUTE: (a) The magnetic field lines in the yz-plane are sketched in Figure 27.81.

(b) Side 1, that runs from (0,0) to (0,L): F = jldz xB= lj WA B

Side 2, that runs from (0,L) to (L,L): F = j IdlxB=1 j Mﬁé IB,Lj .

0)L 0,y=L

Side 3, that runs from (Z,L) to (L,0): F = j I xB=1 j %“’y(—ﬁ: ~LIB,Li .
L,x=L L,x=L
0
Side 4, that runs from (L,0) to (0,0): F = j IdIxB=1 j

L,y=0 y=0

y dx _o.

(¢) The sum of all forces is F

lolal IB L]
EVALUATE: The net force on sides 1 and 3 is zero. The force on side 4 is zero, since y=0and z=0 at that side

and therefore B =0 there. The net force on the loop equals the force on side 2.

D

B

Figure 27.81



