MAGNETIC FIELD AND MAGNETIC FORCES

27.1.

217.5.

27.11.

IDENTIFY andSeT Up:  Apply Eq.(27.2) to calculaté . Use the cross products of unit vectors from Sactid0.
ExecuTe: V=(+4.19x10 m/jji +(- 3.88 10 m)3

(@ B=(1.40 )i
F=quxB=(-124x10° §(1.40)|( 418 10 njisxi~( 38510 Jisi]
fo:O,fo:—IZ

F =(-1.24<10° (140 J(- 3.85 10 njfsk)=(- 6588 10 )

EVALUATE: The directions ofé andB are shown in Figure 27.1a.
y

3 The right-hand rule gives thaitx B is directed
x out of the paper (direction). The charge is
negative sd= is opposite tov x B;

v

Figure 27.1a

F is in the—z- direction. This agrees with the direction calculanéth unit vectors.
(b) Execute: B =(1.40 T)k
F=quxB=(-124x10° §(1.40 )| (+ 4.19 10 njixk~( 3850 hi/sk]

F=(-7.27x10* N(-j)+(6.68 10 N =[( 6.68 10 Ji+( 7.37 T0 )N

EVALUATE: The directions oV andB are shown in Figure 27.1b.

F
5 / The direction ofF is opposite tai xB since
g q is negative. The direction &f computed
/ \V from the right-hand rule agrees qualitatively
R with the direction calculated with unit vectors.
vV XB
(by :ighl—hand rule)
Figure27.1b

IDENTIFY:  Apply F =|g|vBsingand solve fow.
SET UP:  An electron hagy=-1.60x 10*° C.
15
-k AO0XI07 N _g 49516 nf ¢
|g/Bsing  (1.6x 10" C)(3.% 10 T)sin60
EvALUATE: Only the componenBsing of the magnetic field perpendicular to the velpcibntributes to the
force.

EXECUTE: Vv

IDENTIFY andSeT Up: &, :IE [dA
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27.15.

Circular area in they-plane, soA=7r? = rr(0.0650 n)2 = 0.01327 frand dA is in thezdirection. Use
Eq.(1.18) to calculate the scalar product.
ExecuTe: (a) B=(0.230 Tk ;B andiA are parallel(p=0°) so B (€A = BdA.

Bis constant over the circular area®p=[ B [dA =B dA=B[dA=BA=(0.230 T)(0.01327 f13 3.06 10 V
(b) The directions of8 anddA are shown in Figure 27.11a.

B @A = BcospdA
with p=53.1°

Figure27.11a

B and ¢ are constant over the circular areaCBQ:IE [dlA = J' BcospdA=B cosaIdA: B cogA
®, =(0.230 T) cos537 0.01327%= 183 10 )
(c) The directions of8 anddA are shown in Figure 27.11b.

- B @A =0 sincedA and@ are perpendicular={ °9

90° — (B 5 —
. ®, = [BA=0.

Figure 27.11b

EvALUATE: Magnetic flux is a measure of how many magnetidfilmes pass through the surface. It is

maximum whenB is perpendicular to the plane of the loop (pasra is zero wher8 is parallel to the plane of
the loop (part c).

(a) IDENTIFY:  Apply EQ.(27.2) to relate the magnetic forEe to the directions off andB . The electron has
negative charge sb is opposite to the direction &fx B. For motion in an arc of a circle the accelerat®n
toward the center of the arc $6 must be in this directiora=Vv?/R.

SET UP:
Vo X B
Vi
vy 0 As the electron moves in the semicircle,
its velocity is tangent to the circular path.
% . The direction ofV,xB at a point along
A B B the path is shown in Figure 27.15.
«——>
0.100 m
Figure27.15

EXECUTE: For circular motion the acceleration of the elewtsy,, is directed in toward the center of the circle.

Thus the forceF, exerted by the magnetic field, since it is theydotce on the electron, must be radially inward.

Sinceq is negative,lfB is opposite to the direction given by the rightthaule for v, x B. Thus B is directed

into the page. Apply Newton's 2nd law to calcuthie magnitude oB: Y F =mé gives) F_,=ma

F, = m(V’/R)

Fs =|g/vBsing=|q|vB, so|gvB=m ¢’ R
_mv _(9.10% 10*" kg)(1.4%¢ 10 m/s)

|o|R (1.602x 10" C)(0.050 m)

(b) IDENTIFY andSET UP:  The speed of the electron as it moves along theipaonstant. £, changes the

1.60x10* T

direction of v but not its magnitude.) The time is given by tistahce divided byy,.

Execute: The distance along the semicircular pathzi?, sot - R :M =1.11x 10" ¢

V, 1.41x10 m/s

EVALUATE: The magnetic field required increases whiéncreases oR decreases and also depends on the mass
to charge ratio of the particle.
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27.30.

27.35.

27.42.

27.44.

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

EXECUTE: To pass undeflected in both casgss vB = (5.85x 13 nf s)(1.35 T 7898N (

(a) If g=0.640x 10° C the electric field direction is given by(jAX(—IZ)) =1, since it must point in the opposite
direction to the magnetic force.
(b) If g=-0.320x 10° C the electric field direction is given b&—f)X(—IZ)) =i, since the electric force must

point in the opposite direction as the magneticdofSince the particle has negative charge, thutrieléorce is
opposite to the direction of the electric field ahd magnetic force is opposite to the directidmai in part (a).
EVALUATE: The same configuration of electric and magnetici§ievorks as a velocity selector for both
positively and negatively charged particles.

IDENTIFY: Apply F =1IBsing.
SeT Up: Label the three segments in the fielchab, andc. Letx be the length of segmeatSegmenb has
length 0.300 m and segmemnibas length0.600 cm-x Figure 27.35a shows the direction of the forceach

segment. For each segmegt: 90°. The total force on the wire is the vector sumhef forces on each segment.
ExecUTE: F, =11B=(4.50 A)x(0.240 T) F, =(4.50 A)(0.600 m-x )(0.240 T SinceF, and F, are in the
same direction their vector sum has magnitége= F, + F, =(4.50 A)(0.600 m)(0.240 T3 0.648 and is
directed toward the bottom of the page in Figur3a. F, = (4.50 A)(0.300 m)(0.240 T3 0.324 and is

directed to the right. The vector addition diagfamF_ and F, is given in Figure 27.35b.
F,. _0.648N

F, 0.324N

magnitude 0.724 N and its direction is specifieddy 63.4 in Figure 27.35b.

EVALUATE: All three current segments are perpendicular taviagnetic field, sgqp=90° for each in the force
equation. The direction of the force on a segmepedds on the direction of the current for thabhsesg.

F :\/FazC +F? :\/(0.648 NY+ (0.324 Nj= 0.7241 tand = and 8=63.4. The net force has

B I
® —>
(¢]
1)
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B (e
F,
I B
— ® b
a
l iz
(@)
Figure 27.35

IDENTIFY: 7 =IABsing. The magnetic moment of the loopds=I1A.

SeT Up:  Since the plane of the loop is parallel to thedfig¢he field is perpendicular to the normal to litep and
@=90°.

EXECUTE: (@) r=1AB=(6.2 A)(0.050 m)(0.080 m)(0.19 B 47 10 v

(b) p=1A=(6.2 A)(0.050 m)(0.080 ny 0.025@ %

EVALUATE: The torque is a maximum when the field is in trenpl of the loop angp=90°.

IDENTIFY: 7 =IABsing, where is the angle betweeB and the normal to the loop.

SeT Up:  The coil as viewed along the axis of rotation igvgh in Figure 27.44a for its original position and
Figure 27.44b after it has rotat@0.C° .
ExecuTE: (a) The forces on each side of the coil are shownguiféi 27.44aF, + F,=0and F,+F,=0. The

net force on the coil is zergz=0° and sing= 0, so 7 =0. The forces on the coil produce no torque.
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(b) The net force is still zerap=30.0 and the net torque is
7 =(1)(1.40 A)(0.220 m)(0.350 m)(1.50 T)€6A.C° = 0.0808 NI n. The net torque is clockwise in Figure 27.44b
and is directed so as to increase the apgle

EvALUATE: For any current loop in a uniform magnetic fielé thet force on the loop is zero. The torque on the
loop depends on the orientation of the plane ofdbp relative to the magnetic field direction.

Figure27.44



