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Chapter 29 Solutions

up

out of the page, since the .,
charge is negative. (

no deflection

into the page

At the equator, the Earth's magnetic field is horizontally north. Because an electron has
negative charge, F = qv x B is opposite in direction to v x B. Figures are drawn looking down.

Down x North = East, so the force is dlrected
North x North = sin 0° = 0: |Zero deflect|0n| @@
West x North = Down, so the force is dlrected - i\/ 4 ~

Southeast x North = Up, so the force is m (d)

Fe=qvxB; |Fg|(-j)=—-e|v|ixB 0 y
Therefore, B = \B\(—k) which indicates the |negative z direction| 2 Z)_'x

Fg = quB sin 6= (1.60 x 107° C)(3.00 x 10 m/s)(3.00 x 107! T)sin 37.0°

Fg=1(8.67 x 107 N

L 8.67 x 107 N
- M 167 %102 kg

= [5.19 x 101° m/s?|

F=ma=(1.67 x 107%7 kg)(2.00 x 10*® m/s?) =3.34 x 1074 N = qvB sin 90° hd v« B

F 334 x 107N -
B=— = =) 7 =12.09x10™T B
v (1.60 x 107 C)(1.00 x 10" m/s)

The right-hand rule shows that B must be in the -y direction to yield a
force in the +x direction when v is in the z direction.

© 2000 by Harcourt, Inc. All rights reserved.



2 Chapter 29 Solutions

*29.6 First find the speed of the electron: AK = % mv?2 = e(AV) = AU
2(160x107%° C)(2400 3/ C
v 22aV) ( )3(1 ):2.90><107m/s
Vm \ (9.11><10' kg)

(@ Fe, max = QvB = (1.60 x 10™%° C)(2.90 x 107 m/s)(1.70 T) =

(b) Fg min= @ occurs when v is either parallel to or anti-parallel to B

29.7 Gravitational force: Fq=mg = (9.11 x 107! kg)(9.80 m/s?) = |8.93 x 1070 N down|
Electric force: Fe = GE = (~1.60 x 10° C)100 N/C down = [1.60 x 10" N up|
; . _ _(_ -19 6 M 0O s NG 0O
Magnetic force: Fg=quxB= ( 16010 C)Eé.oo x10° T Ex %o.o x10° 2 N
FE=-4.80x10"Y Nup= |4.80 x 1071 N down|
29.8 We suppose the magnetic force is small compared to gravity. Then its horizontal velocity

component stays nearly constant. We call it v i.

2:

From Vy

vyi’ +2a,(y - ;) the vertical component at impact is —/2ghj. Then,

Fg = qv x B =Q(vi - /2gh j) x Bk = QuB(~j) - Q,/2gh Bi

Fg = QuB vertical + Q+/2gh B horizontal

Fg =5.00 x 10 C(20.0 m/5)(0.0100 T) j + 5.00 x 10~° C4/2(9.80 m/5?)(20.0 m) (0.0100 T) i

Fg = [(1.00 x 10°° N) vertical + (0.990 x 10" N) horizontal|

29.9 Fg = qvB sin 6 so 8.20 x 1073 N = (1.60 x 10™*° C)(4.00 x 10® m/s)(1.70 T)sin 6

sin 8=0.754 and 6 =sin"1(0.754) =



Chapter 29 Solutions

29.10 gE = (~1.60x107%° C)(20.0 N/ C)k =(-3.20 x 107 N)k
2F=gE+qvxB=ma
(—3.20 x 10718 N)k ~1.60 x 10719 C(1.20 x 10* m/s i) x B = (9.11 x 10°31)(2.00 x 102 m/s?)k
—(3.20 x 1078 N)k — (1.92 x 10715 C - m/s)i x B = (1.82 x 10718 N)k

(1.92 x 10 C - m/s)i x B = - (5.02 x 10728 N)k

The magnetic field [may have any x-component|. B, = @ and By = [-2.62 mT

29.11 Fg=qvxB
i j ok
vxB=|+2 -4 +1=(12-2)i+(1+6)j+(4+4)k =10i +7j+8k
+1 +2 -3

lvxB|=102+7% +8% =14.6 T(In /s

|Fa|=q/vxB|=(160x107° C)(14.6 Trm/s) = |2.34 10 N

i j K
29.12 Fe=qvxB=(-160x107%) 0 370x10° 0
140 210 0

Fg = (—1. 60 x107° C)[(O -0)i+(0-0)j+ (0 -(1.40 T)(3,70 x10° m/s)) k] _ (8.29 <1014 k) N

29.13 Fg=ILBsin 8 with Fg = Fg=mg
. m .
mg = ILB sin 0 SO —Lg:IBsme
m (oo cm/mU0 -
1=2.00A and — =(0.500g/cm =5.00x10"“ kg/m
L =(0500g )%OOOg/kgH g
Thus (5.00 x 1072)(9.80) = (2.00)B sin 90.0°

B =0.245 Tesla| with the direction given by right-hand rule:

© 2000 by Harcourt, Inc. All rights reserved.



4 Chapter 29 Solutions

Goal Solution

A wire having a mass per unit length of 0.500 g/cm carries a 2.00-A current horizontally to the south.
What are the direction and magnitude of the minimum magnetic field needed to lift this wire vertically
upward?

G: Since 1=200A south, B must be to the east to make F upward according to the
right-hand rule for currents in a magnetic field.

The magnitude of B should be significantly greater than the earth’s magnetic field (~50 uT), since we
do not typically see wires levitating when current flows through them.

O: The force on a current-carrying wire in a magnetic field is Fgz =11 x B, from which we can find B.

A: With 1 to the south and B to the east, the force on the wire is simply Fg =11 Bsin90°, which must
oppose the weight of the wire, mg. So,

B:i;j gomp_[9.80 m/s? Eﬂlozcm/m

=== =0.245T
Il 1 10 g 20A cmEH 0°g/k gE

L: The required magnetic field is about 5000 times stronger than the earth’s magnetic field. Thus it was
reasonable to ignore the earth’s magnetic field in this problem. In other situations the earth’s field
can have a significant effect.

29.14 Fg = IL x B = (2.40 A)(0.750 m)i x (1.60 T)k = [(-2.88 ) N

29.15 (a) Fg=ILBsin 8=(5.00 A)(2.80 m)(0.390 T) sin 60.0° = [4.73 N
(b) Fg=(5.00 A)(2.80 m)(0.390 T) sin 90.0° = |5.46 N

) Fg = (5.00 A)(2.80 m)(0.390 T) sin 120° = [4.73 N

29.16

mg _ (0.0400 kg/m)(9.80 m/s2)
L

360T =10.109 A
The direction of | in the bar is .

X X X X X X
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29.17 The magnetic and gravitational forces must balance. Therefore, it is necessary to have Fg =
BIL =mg, or | =(mg/BL) = (A g/B) [A is the mass per unit length of the wire].

(1.00 x 107% kg/m)(9.80 m/s?)

Thus, 1= =[196 A| (if B =50.0 uT)
(5.00 x 107° T)

The required direction of the current is , since East x North = Up.

29.18 For each segment, 1=5.00A and B=0.0200 N/Amj
Segment L Fg=1(LxB)
ab —-0.400 m j @

be 0.400 m k [(40.0 mN) (= i)] .
cd -0.400 mi+0.400 m j

[(40.0 mN)(-K)] Pt

29.19 The rod feels force Fg = I(d xB) = Id(k) x B(-j) = 1dB(i) | B l

l

PN
The work-energy theorem is  (Kirans * Krot); + AE = (Kirans *+ Krot); ‘%
2

0+0+Fscos€=%mv +%Iw2 I

y
_1 2\ v =3 mv? <
IdBLcos 0° mv +5 ( mR )ERD and IdBL = Zmv }_»x @
\
zZ

<
<

»|
1

[41dBL / 4(48.0 A)(0.120 m)(0.240 T)(0.450 m)
V= = =11.07 m/s
\ 3m \ 3(0.720 kg)
29.20 The rod feels force Fg = I(d x B) = Id(k) x B(~j) = IdB(i)
The work-energy theorem is (Kirans * Krot); + AE = (Kirans * Krot),

0+0+Fscost9:%mv2+%la)2

AV IE l41dBL
IdBLcos 0° —lmv +1(1lmRr2)=" and v=| ——
( )[RD \ 3m

© 2000 by Harcourt, Inc. All rights reserved.
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29.21

*29.22

29.23

*29.24

29.25

Chapter 29 Solutions

(@)

(b)

The magnetic force on each bit of ring is 1 ds x B =1 ds B radially

inward and upward, at angle 8 above the radial line. The radially
inward components tend to squeeze the ring but all cancel out as

forces. The upward components | ds B sin 6 all add to

1 2B sin B up| .

Take the x-axis east, the y-axis up, and the z-axis south. The field is
B =(52.0 uT) cos 60.0° (-k) +(52.0 uT) sin 60.0° (-j)

The current then has equivalent length: L' =1.40 m(-k)+0.850 m(j)

Fg = IL'xB =(0.0350 A)(0.850j - 1.40k)m x(-45.0j-26.0k)107° T

Fg =3.50x107% N(-22.1i —63.0i) =2.98x10™° N(-i)=[2.98 N west

2rr =2.00 m so r=0.318 m

W=1A=(17.0 x 102 A)[n(o.318)2 m2] =[5.41 mA . m2
T=uxB so 1=(541%x10° A -m?(0.800T)=[4.33 mN - m

T=pBsin 6 so  4.60 x 10 N - m = p(0.250) sin 90.0°

H=184x102A m?=[18.4 mA - m2

r=100(0.800 T)(0.400 x0.300 m?)(1.20 A)sin60°

Note that 6 is the angle between the magnetic
moment and the B field. The loop will rotate so
as to align the magnetic moment with the B field.
Looking down along the y-axis, the loop will

rotate in a direction. @) (0)

7= NBAI sin 6 T\
a




29.26

29.27

*29.28

(@)

(b)

@)

(b)

©

(d)

Chapter 29 Solutions 7

Let 6 represent the unknown angle; L, the total length of the wire; and d, the length of one
side of the square coil. Then, use the right-hand rule to find

U =NAI = %gdzl at angle 6 with the horizontal.

At equilibrium, 21=(UxB)-(rxmg)=0

OiLBd .. Omgdd .

JLBU o_ Ay _ _ OmgdJ _OiLBdQg
O 4 Dsm(90.0 6) 02 Dsm9—0 and — =

02 D5|n¢9 DTDCOSQ

O
= tan LB L 15,1 H(8.40 AY4.00 m)(0.0100 1)) EEIR
HmgH H 2(0.100 kg)(9.80 m /%) H

Ty = g—"‘fd cosf= %(3.40 A)(4.00 m)(0.0100 T)(0.100 m) cos 3.97° =

From 1 = u x B = IA x B, the magnitude of the torque is IAB sin 90.0°

Each side of the triangle is 40.0 cm/3.
Its altitude is 4/13.32 - 6.672 cm = 11.5 cm and its area is

A= 7(115 cm)(13.3 cm) = 7.70 x 103 m?

Then 7=(20.0 A)(7.70 x 10° m?)(0.520 N - s/C - m) =

Each side of the square is 10.0 cm and its area is 100 cm? = 107> m?.

7=(20.0 A)(102m?)(0.520 T) =

r=0.400 m/2m=0.0637 m

A=mr?=127x102%m?

7=(20.0 A)(1.27 x 102 m?)(0.520) =

The circular loop experiences the largest torque.

Choose U = 0 when the dipole moment is at 6 = 90.0° to the field. The field exerts torque of
magnitude uBsin@ on the dipole, tending to turn the dipole moment in the direction of
decreasing 6. Its energy is given by

2 . 0
u-o :I90.0° HBSInGdQ:”B(_COSG)‘go.m =-uBcos6 +0 or U=-u-B

© 2000 by Harcourt, Inc. All rights reserved.



8 Chapter 29 Solutions

*29.29 (a) The field exerts torque on the needle tending to align it with the field, so the minimum
energy orientation of the needle is:

| pointing north at 48.0° below the horizontal |

where its energy is Ui, = —uBc0os0° = —(9.70 x107% AEn‘nz)(SS.O x107° T) =-5.34%x107" )

It has maximum energy when pointing in the opposite direction,

south at 48.0° above the horizontal |

Where its energy i Upay = —4B 005 180° = +(9.70x 10 A[m?)(55.0x107° T) = +5.34x107 J

(0) Upin *W =Upa: W =Upgy ~Upin = +5.34x107 J-(-5.34x107 J) = [1.07 1]

2930 (@) T=uxB, SO 7= x BOO=pB sin 8 = NIAB sin 6

Tmax = NIABSIN90.0° = 1(5.00 A)[ 7(0.0500 m)Z](B.OO x107 T)=

(b) U=-pM, so -uB<sU<+uB

Since uB =(NIA)B =1(5.00 A)[ 71(0.0500 m)Z](s.oo x107 T) =118 p,

the range of the potential energy is: | -118 Wl <U < +118 uJ|

2931 (a) B=50.0x10°T; v=6.20x10%m/s

Direction is given by the right-hand-rule:

Fg =qvB sin 6

Fg = (1.60 x 107 C)(6.20 x 106 m/s)(50.0 x 107 T) sin 90.0° = |4.96 x 107" N

2 2 -27 6 2
mv mv (1.67 x 107" kg)(6.20 x 10° m/s)
(b) F=—— o} r= = =11.29 km
2932 (a) 3 mv2=q(Av) 2(320 x 102 kg) v2 = (1.60 x 1029 C)(833 V) v =913 km/s

2

mv
The magnetic force provides the centripetal force: qvB sin G:T
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mv (3.20 x 107%® kg)(9.13 x 10* m/s)

- gBsin90.0° (1 60 x 102° C)(0.920 N - s/C - m)

© 2000 by Harcourt, Inc. All rights reserved.



10 Chapter 29 Solutions

mv
29.33 For each electron, |g|vB sin 90.0° = —— and v=——

The electrons have no internal structure to absorb energy, so the collision must be perfectly
elastic:

K

Tmvg +0=1mvi; + Imvg,

[2B%RZ 0 (e2B%R20_ e2B2
K=1m Lo+lm 2= R? +R3
2 m2 2 E m2 E om ( 1 2)
e(1.60 x 107 C)(0.0440 N 3/ C [in)? ) )
K= 0.0100 m)? +(0.0240 m)?| = [115 keV
2(9.11x107% kg) [( Y ) ]
o mv? qRB
29.34 We begin with qvB = R+ SO V=~

2nR _ 2mR_2mm

The time to complete one revolutionis T = = =
% MRBO  gB

Om O
. 2mm 2
Solving for B, B = T =16.56%x10™°T
— 12 _ 2q(av)
29.35 q(av) =3mv or v_\“c m
2 [ |
Also, qvB =" so r:mv:m\/Zq(AV) - ‘52m(A2V)
r g BV m | B
2m, (AV
Therefore, rs = Lz)
eB
o _2my(av) _ 2emg)av) _ cemy(av)o_
T8 e H e H"
Oq e e
2(4m_)(AaV)  2m.(AV)O
and r02:2ma(A2V): ( P)(2 ):2 mp(2 ) =2r,2
0qB (2¢)B H e H

The conclusion is: g =rg :ﬁrp
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Goal Solution

29.35 A proton (charge +e, mass my), a deuteron (charge +e, mass 2my), and an alpha particle, (charge
+2e, mass 4m,) are accelerated through a common potential difference AV. The particles enter a
uniform magnetic field B with a velocity in a direction perpendicular to B. The proton moves in a
circular path of radius r,. Determine the values of the radii of the circular orbits for the deuteron ry and

the alpha particle r, in terms of rp,.

G: In general, particles with greater speed, more mass, and less charge will have larger radii as they
move in a circular path due to a constant magnetic force. Since the effects of mass and charge have
opposite influences on the path radius, it is somewhat difficult to predict which particle will have the
larger radius. However, since the mass and charge ratios of the three particles are all similar in
magnitude within a factor of four, we should expect that the radii also fall within a similar range.

O: The radius of each particle’s path can be found by applying Newton’s second law, where the force
causing the centripetal acceleration is the magnetic force: F=qv xB. The speed of the particles can be
found from the kinetic energy resulting from the change in electric potential given.

A: An electric field changes the speed of each particle according to (K +U). =(K+U),. Therefore,

assuming that the particles start from rest, we can write gAV = %mvz.

mv2

The magnetic field changes their direction as described by XF =ma:  qvBsin 90°= e

mv_m 20AV _1 [2mAV
B g8V m BV ¢

thus r=

1 ‘2mpAV
For the protons, = E\/

2(2m,)AV
For the deuterons, LA ) \/er

BV e

_ 1 2(4mp)AV ‘
For the alpha particles, g B\ =v2r,

L: Somewhat surprisingly, the radii of the deuterons and alpha particles are the same and are only 41%
greater than for the protons.

2
29.36 (a) We begin with qvB = % or gRB=mv. But, L=mvR = qRZB.

25
Therefore, R= \/L = 4'(30 x10 © JIs = ) =0.0500 m =

‘B \3(1.60x10 19 c)(1.00x10 T

Lo 4.00%x107% )3 _
MR~ (9.11x 10 kg}(0.0500 m)

(b) Thus, v= 8.78 x10° m/s

© 2000 by Harcourt, Inc. All rights reserved.
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29.37

29.38

29.39

29.40

29.41

Chapter 29 Solutions

_qB _(160x107° C)(5.20T) _

w=-"— — |4.98 x 108 rad/s|
m 167 x10% kg
% mv? = q(AV) so v= \ 2(av)
Cm
[= mv. s (= m./2q(AV)/ m
~ B - qB
, . m (AZV) and (r)? = m (sz)
qg B Q9 B
_g8’r’ 3y ([@)B() m _q {r)° _eeer(f
= and (m)=“"L—2/1 5o — ==
2(AV) 2(AV) m q r? UOedRO
E=1mv? =e(aV) and evBsin90°= mv?/R
g=v_m 2e(AV) _1 [2m(AV)
eR eRV m RY e
! -27 6
_ L 206710 kg0.0x10° V) _ [y
5.80x10% m | 160x107° C
A - (7.94x107% m)(1.60x 10 (180 T)
9B v 4.60x10° m/s

- O 1u O
m=4.97 x107%" k =[2.99u
9BL66 <107 kgH

The particle is singly ionized: either a tritium ion, | H" |, or a helium ion, gHe+

3

Fg=F o} qvB = gE where v=+2K/m. K is kinetic energy of the electrons.

2k C2(750)(160 % 10—19)d’ 2

E=vB=,—B=

om g o) - Rz



29.42
(@)
(b)
29.43
29.44
29.45 (a)
(b)
29.46

Chapter 29 Solutions

K= % mv? = q(AV) so V= \/

mv _my2q(AV)/m _1 /Zm(AV)

2
mv

Fol= Bl =— =

Fel =l <B=" == BY g

2(238 x 1.66 x10727)2000] 1 [J i
My3g = =8.28x10 “m = (8.28 cm
238 \/ 160x 10719 (1200

Yo - Mo - (23805 _, g6,
Fgs | Myss 23504

The ratios of the orbit radius for different ions are independent of AV and B.

2500 V/m

=7.14x10* m/s
0.0350 T

In the velocity selector: V= % =

v (218 x107%° kg)(7.14 x10* m/s)

In the deflection chamber: r= =10.278 m
98 (160x10™° C}(0.0350 T) 0278 m
K= 3 mv2 (34.0x10° ev)(L60x107%° 3 /eV) = 2(167 x 10777 kg)v?
2
mv 1.67 x 107%7 kg)(8.07 x 10’ m/s
v =807 x 107 m/s r=og = ( 9)( ) —loTe2m
q (1.60 x 1071 C)(5.20 T)
mv?2
FB = QVB = _R
v _gBR _gB _ (1.60x10719C)(0450T) _ -
W= "R ~m " = |4.31><10 rad/s|

1.67 x 107%" kg

BR 1.60 x 107 C)(0.450 T)(1.20 m
V= qm _ X X ) _ 5.17 x 10’ m/s

1.67 x 107%" kg

mv 4.80 x 1078 kg - m/s
= = s =[300T
ar "~ (160 x 101 C)(1000 m)

© 2000 by Harcourt, Inc. All rights reserved.
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1.00 cm

25.0 N
— 102 - o = =
29.47 =tan™ 55 =682° and R= Sinesze ~108cm R-g >

Ignoring relativistic correction, the kinetic energy of the electrons = -l S om

is 10 em
% mv?2 = q(AV) so v:\zq(mAV):1.33><108 m/s
. mv? . .
From the centripetal force - qvB, we find the magnetic -
field

mv _ (9.11x107%! kg)(1.33x108 m/s)
B= = = -701 mT
[gR  (160x107*° C)(1.08 x107% m) -

2048 (a) Ry=— s0  n=—+ = ! =(7.44x10% m™3

ng Ry (160x107 C}(0.840x 10 m*/C)

1B

b) AVy =
(b) H =t

L nqt(?VH) _ (7.44 x 1028 m‘3)(1. 60 x 10‘192()(.;2(’(:200 x107° m)(15.0 x107 V) 9T

t(AV 6 2
2949 1 _t(AVy) _ (35.0x107° V)(0.400 x10 m) _ 370 X 10° M3/C
nq IB (21.0 A)(1.80 T)
. B .
29.50 Since AVy = nat and given that 1 =50.0 A, B =130 T, and t = 0.330 mm, the number of

charge carriers per unit volume is

IB
n= —— ={1.28x10°m™
e(AVH)t

The number density of atoms we compute from the density:

- 8.92 gl mole6.02 x10% atoms10° cm®0_
0T m® HeasgHH  mole H1m® H

8.46 x 10%® atom/m?

So the number of conduction electrons per atom is

n _ 128x10%°
— ==t =152
Ny 8.46x10% 152
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_nqt(avy,) _ (8:48%10% m™®)(160x10™° C)(5.00x 10 m|(5.10x 107 V)

29.51 B =

I 8.00 A

B=432x10"°T=

Goal Solution

In an experiment designed to measure the Earth's magnetic field using the Hall effect, a copper bar 0.500
cm thick is positioned along an east-west direction. If a current of 8.00 A in the conductor results in a Hall
voltage of 5.10 pV, what is the magnitude of the Earth's magnetic field? (Assume that

n = 8.48 x 1028 electrons/m3 and that the plane of the bar is rotated to be perpendicular to the direction of

B.

G:

(O

The Earth’s magnetic field is about 50 uT (see Table 29.1), so we should expect a result of that order of
magnitude.

The magnetic field can be found from the Hall effect voltage:

(B gV

H nqt |

From the Hall voltage,

(8.48x10% &"/m?)(1.60x 10 C/e7)(0.00500 m)(5.10 x 102 V) .
B= o =4.32x10° T=43.2 4T

The calculated magnetic field is slightly less than we expected but is reasonable considering that the
Earth’s local magnetic field varies in both magnitude and direction.

2052 (a) AV = S0 nat_ B O0B0T _yg45905 T
nqt | AVy  0.700x107° V Vv
Then, the unknown field is B= g%tgAvH)

B=(114x10° T/V)(0.330 107 V) =0.0377 T =

® _q1ax105 * $0 n:gl.14><105 Tot
\Y, v gt
n=l14x10° 0 0.120 A =[4.29x10% m3

VD(l. 60 x 10720 c)(z.oo x1073 m)

© 2000 by Harcourt, Inc. All rights reserved.
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29.53
(@)
(b)
29.54
29.55 (a)
(b)
29.56

psinge= M p-¥ o8 0
alvesingo = B° nas¥ a2

The time it takes the electron to complete rrradians is

6  6m (rrrad)(9.11 x 1073 kq) )
t: -_ = _B = 19 = 179 X 10 S
w (1.60 x 107'° C)(0.100 N - s/C - m)

2p2,.2 -19 2 -2 . \2
Br® _¢(1.60x107" C)(0.100 N3/ Cm)“(2.00x10™“ m)
K,=dmv2=4 = = [351 keV]

e 2 om 2(911)( 10—31 kg) -

> Fy=0: +n-mg =20
> Fx=0: —pgn + 1Bd sin 90.0° =0
_ pkmg _ 0.100(0.200 kg)(9.80 m/s?)

B="19 = (o0A©500m _ - [392mT

The |e|ectric current experiences a magnetic force| . J

I(h x B) in the direction of L.

The sodium, consisting of ions and electrons, flows along the pipe 4
transporting no net charge. But inside the section of length L,
electrons drift upward to constitute downward electric current ||z

J x (area) = JLw.

The current then feels a magnetic force  I|h xB| = JLwhB sin 90°

This force along the pipe axis will make the fluid move, exerting
pressure
F_ JLwhB

area hw

The magnetic force on each proton, Fg=qv x B =qvB sin 90°

downward perpendicular to velocity, supplies centripetal force, guiding it 1.00 m &
into a circular path of radius r, with

g = IV d S
qvB = — an r= 38 r

We compute this radius by first finding the proton's speed: K = % mv?

2(5.00 x10° eV)(1.60x107%° J/eV
Lol 1A )( )

=3.10x10' m/s
Tm | 1.67 x107%" kg




(b)
(@)

*29.57 (a)
(b)
(c)
29.58

Chapter 29 Solutions

mv _ (1.67 x 102" kg)(3.10 x 10" m/s)(C - m)
- (1.60 x 107%° C)(0.0500 N - s)

. . 100m 1m — >
From the figure, observe that sin = r = 576 m

The magnitude of the proton momentum stays constant, and its final y component is

Now, r= =6.46 m

_q_B

~(1.67 x 1077 kg)(3.10 x 107 m/s) sin(8.90°) = |-8.00 x 102 kg - m/s|

If B=B,i+B,j+B,k, Fg =av xB =e(v; i) x(B,i +B,j+B,k) = 0+evB, k - ev;B,]

Since the force actually experienced is Fg = F;j, observe that

| B, could have any value|, (B, =0, and

If v=-v;i, then Fg =qvxB=e(~v;i)x (B, i +0j~F/evik) = [Fi]]

If g=—e and v =v;i, then Fg =qv xB = —¢(v; i) x (B, i +0j—F;/ev; k) = ﬂ

Reversing either the velocity or the sign of the charge reverses the force.

A key to solving this problem is that reducing the normal force (up)
will reduce the friction force: Fg =BIL or B=Fg/IL .
nj| g B
When the wire is just able to move, XF, =n+Fgcosf-mg=0 Sf I T{( N
—~—@®-
so n=mg-Fgcos6 W l%
Y B
_ _ DA mg
and f = u(mg - Fgcos 6) o)
Also, >F, =Fgsing—-f=0
i — - i — - pmg
so Fgsin@=f: Fgsin@=pu{mg-Fgcosf) and Fg=—T""""——
B B H(mg - Fg cos ) B sing+ ucoso

We minimize B by minimizing Fg: dh:(um )(COS:_”S”]:)Z
sin @+ cos

=0 O wusinB8=cosf
de

Thus, 6= tan'lﬁl%ﬁ: tan™(5.00) = 78.7° for the smallest field, and

_Fe oo (m)
IL 01 Osin@+pcos@

. go.zoo)(g.so m/sz)g 0.100 kg/m

=0.128 T
min A 150 A Fpin 78.7° + (0.200) cos 78.7°

| Bmin =0.128 T pointing north at an angle of 78.7° below the horizontal

© 2000 by Harcourt, Inc. All rights reserved.
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29.59

29.60

29.61

*29.62

Chapter 29 Solutions

(@)

(b)

The net force is the Lorentz force given by F=gqE+quvxB= q(E +v % B)

F =(3.20 %107 (4i - 1j - 2k) + (2i + 3j - 1K) x (2i + 4] + 1K)| N

Carrying out the indicated operations, we find: F=|(352i-160j)x107® N
OF, O 3 52 .
6=cos™* D—XD: cos* @ 4 4°
F (3.52)2 +(1.60)?

=27 8
-y _ (L67x10 )AS0X10) ) _T313% 10° m| =31.3 km
B (L60x10%)(5.00x107%)

No, [the proton will not hit the Earth| .

Let Ax; be the elongation due to the weight of the wire and Ll P
let Ax, be the additional elongation of the springs when the I 1200 240V
magnetic field is turned on. Then Fmagnetic = 2k Axz where k
is the force constant of the spring and can be determined
from k = mg/2Ax;,. (The factor 2 is included in the two
previous equations since there are 2 springs in parallel) ©® ©® ©® ® ©®
Combining these two equations, we find o ® ® ® ®

-—500cm——>

D mg U _mg sz
but Fg|=1|LxB|=ILB
ti B
magne IC EQAX]_ % X]_ ‘ ‘ ‘ ‘
-3
Therefore, where | = 240V =2.00A, B= Mg &x; = (0.0100)(9.80)(3.00 ><10_3) =10.588 T
12.0 Q ILAX;  (2.00)(0.0500)(5.00 x 107%)
Suppose the input power is 120 W = (120 V)I: I~1A=10° A
rev [l minTRmrad] rad

Suppose w = 2000 ~200 —

PP mintU60s (1rev U s
and the output power is 20 W = 1w = T%OO re;dg 7~10"1 Nn
Suppose the area is about (3 cm)x (4 cm), or A~10"° m?
From Table 29.1, suppose that the field is B~1071T

Then, the number of turns in the coil may be found from 7 ONIAB:

0.1 N [in ~ Ngl glo m)glo_l Dguvmg N~10°
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29.63 Call the length of the rod L and the tension in each wire alone T/2. Then, at equilibrium:
SF, =Tsin6-ILBsin 90.0° = 0 or Tsin6=ILB
ZF, =Tcos6-mg= 0, or Tcos8=mg
L
Therefore, tan@= 18 = IB or B= Mtan 0
mg (m/L)g [

(0.0100 kg/m)(9.80 ms?)

B= 500 A tan(45.0°) =

29.64 Call the length of the rod L and the tension in each wire alone T/2. Then, at equilibrium:
SF, =Tsin6-ILBsin90.0° = 0 or Tsin6=1ILB
ZF,=Tcos6-mg= 0, or Tcos8=mg

m/L
tanG:E: IB or B:wtanez M ang
(m/L)g | |
2
. mv
29.65 2F=ma or qvB sin 90.0° = -
v qB
O the angular frequency for each ion is W= = 2rf and
gBO1 _ 10 _(L60x10C)240T)np 1 _ 1 [

A=f,-f, =851 1
27 o, myu0 27m(166x102 kg/u)12.0u  14.0 uC

Af =1, — 14 = 4.38 x 10° 571 = [438 kHz

29.66 Let vy and vg be the components of the velocity of the positron y
parallel to and perpendicular to the direction of the magnetic
field.

(@) The pitch of trajectory is the distance moved along x by the Zﬁm

positron during each period, T (see Equation 29.15).

(2rm0O \
=v,T = 85.0° B
p=v,T =(vcos )%E

=|1.04 x 10% m

0= (5.00 x 10%)(cos 85.0°)(27)(9.11x 10731)
(0.150)(1.60 x 1072%)

mvp mv sin 85.0°

(b) From Equation 29.13, r= Bg = Bg

CEEE 107%1)(5.00 x 10%)(sin 85.0°)
(0.150)(1.60 x 1072%)

=[1.89x10™% m

© 2000 by Harcourt, Inc. All rights reserved.
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A
29.67 7| = 1AB where the effective current due to the orbiting electrons is I = A_(: = %
21R
and the period of the motion is T= v
2 2
q° _mv _ ke
=——or V=0 —=
R W mR
I B3
Substituting this expression for v into the equation for T, we find T= Zn\mzi
' 07Ke
-31 -1143
T:hJ@uxm_ngxm ) 152w s
V(160 x1071%)?(8.99 x 10%)
1.60 x107

Therefore, | r\ [TA‘ 71(5.29 x 1071)2(0.400) = {3.70 x 10°%* N - m

152x10°16

Goal Solution
Consider an electron orbiting a proton and maintained in a fixed circular path of radius

R =5.29 x 10-11 m by the Coulomb force. Treating the orbiting charge as a current loop, calculate the
resulting torque when the system is in a magnetic field of 0.400 T directed perpendicular to the magnetic
moment of the electron.

G: Since the mass of the electron is very small (~10%° kg), we should expect that the torque on the
orbiting charge will be very small as well, perhaps ~10"*° Nih.

O: The torque on a current loop that is perpendicular to a magnetic field can be found from
|T|=1AB sin6. The magnetic field is given, 8 = 90°, the area of the loop can be found from the radius

of the circular path, and the current can be found from the centripetal acceleration that results from
the Coulomb force that attracts the electron to proton.

2
A: The area of the loop is A= mr? = rr(5.29 x1071 m) =8.79%x107% m?

If v is the speed of the electron, then the period of its circular motion will be T =27R/v, and the
effective current due to the orbiting electron is |1 =AQ/At=¢/T. Applying Newton’s second law with
the Coulomb force acting as the central force gives

2 2 3
XF = keqz SLLLA sothat v=q /k—e and T= 2n/mR
R R VmR \ o2,
-31 A1 3
Toop| (910x10°% kg)(5.29x10™ m)® L o6

J@ﬁoxwigcf@BQXNQN[m%Cﬂ

1.60x10%° C

To0x1000 ¢ U(6:29% 107 m)2(0.400 T)=3.70 x10™%* N [in

The torqueis | T|= E%ETAB: |7|=

L: The torque is certainly small, but a million times larger than we guessed. This torque will cause the
atom to precess with a frequency proportional to the applied magnetic field. A similar process on the
nuclear, rather than the atomic, level leads to nuclear magnetic resonance (NMR), which is used for
magnetic resonance imaging (MRI) scans employed for medical diagnostic testing (see Section 44.2).
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29.68 Use the equation for cyclotron frequency w=-— or m= B_ B
m w 2rf

_(1.60x107¥ C)(5.00x1072 T) _

— 3.82 x 10° kg
(2m)(5.00 rev/1.50x107° s)

2069 (a) K=}mv?=6.00MeV =(6.00x10° eV)SLGO x1079 0 XXX X
evl Bin=1.00T
X X X X
K=19.60x107%) X X X x
X X X X
2(9.60x107%% ) . XX
v 1 =339x10" m’s X oxox x
\1.67X10 kg X X X X
2 167 x107% kg)(3.39x10” m/s
Fe=qB=""" 5o R:@:( _1)9( /)20.354m
R qB (160x107%° Cl(100 T)
Then, from the diagram, x =2Rsin 45.0° =2(0.354 m)sin 45.0° = [0.501 m
(b) From the diagram, observe that 6" = .
29.70 (a) See graph to the right. The Hall
voltage is directly proportional to the 120.00
magnetic field. A least-square fit to 100.00 |
the data gives the equation of the best
fitting line as: 80.001
AV (UV) 60.00 -
avy, =(100x107 V/T)B 40.00
20.00 A
(b) Comparing the equation of the line 0.00 ‘ ‘ ‘ ‘ ‘ ‘
which fits the data best to 0.00 020 040 060 0.80 100 1.20
B (T)
AV 01 o
H HﬁntB
observe that: 1 —100x10™ V/T, or t= ! -
nqt nq(l.OO x 10 V/T)

Then, if 1=0.200 A, g=160x107° C, and n=1.00x10% m~3, the thickness of the sample is

. 0.200 A =125x10"* m=10.125 mm

(1. 00 x 102 m‘3)(1. 60 x1071° c)(l. 00x107* Vv T)

© 2000 by Harcourt, Inc. All rights reserved.
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*29.71 (a) The magnetic force acting on ions in the blood stream will

*29.72

Chapter 29 Solutions

(b)

(@)

(b)

©

deflect positive charges toward point A and negative
charges toward point B. This separation of charges
produces an electric field directed from A toward B. At
equilibrium, the electric force caused by this field must
balance the magnetic force,

DAV O
o] qvB=qE = qDTD

-6
or v—AV = 160x10 "V =11.33m/s

~ Bd (0.0400T)(3.00x10% m]

. Negative ions moving in the direction of v would be deflected toward point B, giving

A a higher potential than B. Positive ions moving in the direction of v would be deflected
toward A, again giving A a higher potential than B. Therefore, the sign of the potential
difference does not depend on whether the ions in the blood are positively or negatively
charged.

When in the field, the particles follow a circular 9
path according to qu:mvz/r, so the radius of v Bis directed
the pathis;  r=mv/qB y=h I/\Q out of the page

Bh
When r:h:m—g, that is, when v=q?, the

particle will cross the band of field. It will move
in a full semicircle of radius h, leaving the field at

(2h, 0,0) with velocity v = -vj].

gBh . . . — . _mv .
When v <-—, the particle will move in a smaller |semicircle| of radius r=—<h. It will
i the p B
leave the field at (2r, 0, 0) with velocity .

gBh . . - . mv
When v >-"—, the particle moves in a |circular arc| of radius r =— > h, centered at (r, 0, 0).
- the p B (r.0.0)

The arc subtends an angle given by @=sin"'(h/r). It will leave the field at the point with

coordinates [r(1-cos6), h, 0] with velocity [ Vi =vsin6i +vcosj] .




