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Problem Solutions

- 19.1

19.2

19.3

19.4

The direction in parts (a) through (d) is found by use of the right hand rule. You must
remember that the electron is negatively charged and thus experiences a force in the
direction exactly opposite that predicted by the right hand rule for a positively charged
particle.

(@) [horizontal and due east | (b) @rizontal and 30° Nof E |

() [horizontal and due east | (d) , F = quBsin@ = quBsin(180°) =0

(a) For a positively charged particle, the direction of the force is that predicted by the
right hand rule. These are:

@) @ plane of page and to 1efﬂ (b") ﬁnto the pagﬂ

() [out of the page (d) Eplane of page and toward the toﬂ

© (#) [outofthe page] |

(b) For anegatively charged particle, the direction of the force is exactly opposite what |
the right hand rule predicts for positive charges. Thus, the answers for part (b) are-

[reversed from those given in part (a) |-

Since the particle is positively charged, use the right hand rule. In this case, start with
the fingers of the right hand in the direction of ¥ and the thumb pointing in the

direction of F. As you start closing the hand, the fingers point in the direction of B after
they have moved 90°. The results are

(a) (b) Eward the right | (c) [toward bottom of pa@

Hold the right hand with the fingers in the direction of ¥ so that as you close your hand,

the fingers move toward the direction of B. The thumb will point in the direction of the
force (and hence the deflection) if the particle has a positive charge. The results are

(@) Eward top of pagﬂ (b) l out of the page I, since the charge is negative.

@ @
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19.5 Gravitational force: 19.8
E =mg= (911 x10™ kg)(9-80 m/s’)= 893 «10°° N downward
Flectric force:
F,=qE=(-160 %107 C)(-100 N/C)= 1.60x10™7 N upward
Magnetic force:
F,=quBsin® = (-1.60x10™ C)(6.00x10° m/s)(50.0x10° T)sin(90.0°)
~480x107 Nin direction opposite right hand rule prediction
19.6 From F= quBsin®, the magnitude of the force is found to be

1

50.0%107 T)sin(90.0°)= 496x107" N

direction of v, so they move

hand, the thumb points
ive charge) i

F=(160x10" C)(6:2x10° mys)(

_hand-rule (fingers point westward in
ou close the

d the direction of B asy
the direction of the force exerted on a proton (a posi

Using the right
downward towar
southward. Thus,

toward the southl.
197 The gravitational force is small enough to be ignored, 0 the magnetic force must supply
the needed centripetal acceleration. Thus,
Uz x o q Br 6
mZ- = quBsin90”, Or g where r=R¢ +1000 km=7.38x10" m
r

> (1.60x10™ C)(4.00x10” T)(7.38%10° m) _

U=
1.67x107 kg

v isandf:" is norT

required.

ownward as

thward, ¥ will be directed d




19.8

19.9

19.10
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The speed attained by the electron is found from %mv2 =fcﬂ(AV) ,or

AV)  [2(160x107 C)(2400 V
s NN ( _3)1( ) 2 90x107 m/s
m 9.11x10™ kg

(a) Maximum force occurs when the electron enters the region perpendicular to the
field.

E,.. =|glvBsin90°

=(1.60x10™ C)(2.90x10” m/s)(1.70 T) =[7.90x10™ N

(b) Minimum force occurs when the electron enters the region parallel to the field.

E, =|g|oBsin0°=[0]

(1.67x107 kg)(2.0x10® m/s?)

_EF _ma_ .
B—‘?” qv  (1.60x10™ C)(1.0x107 —

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.

The force on a single ion is

F, =quBsiné
=(1.60x10™ C)(0.851 my/s)(0.254 T)sin(51.0°) =2.69x10® N

The total number of ions present is

N =[3.00x1oﬁ“ ﬂf—](wo cm® ) =3.00x10%
cm

Thus, assuming all ions move in the same direction through the field, the total force is

F=N-F =(3.00x10")(2.69x10™ N)=
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19.11

19.12

19.13

19.14

CHAPTER 19

From F=BI Lsin@, the magnetic field is
F/L 0.12 N/m —
B-:.__———:.'__————-———‘= 8.0x10 T
I[sinf (15A)sin90° _
The direction of B must be tohave F in the —y direction when 1 is

in the +x direction.

Hold the right hand with the fingers in the direction of the current so, as you close the
hand, the fingers move toward the direction of the ma gnetic field. The thumb then
points in the Qirection of the force. The results are

0 0 o R
(d) [toward top of page (e) () [out of the page

Use the right hand rule, holding your right hand with the fingers in the direction of the
current and the thumb pointing in the direction of the force. As you close your hand, the
fingers will move toward the direction of the magnetic field. The results are

(a) (b) [toward the right| (0) toward the bottom of the page

In order to just lift the wire, the magnetic force exerted on a unit length of the wire must
be directed upward and have a magnitude equal to the weight per unit length. That s,
the magnitude is

% =BIsinf = (—’;}] g giving B= [%]-f;gnqg

To find the minimum possible field , the magnetic field should be perpendicular to the
current (6=90.0°) . Then,

m g g (1kg (10" cm 9.80 m/s’
B sl— 1T anm 0500 2> —— | 7= A a0, 2057
e ( ] ) 15in90.0° [ cm[103 g)[ 1m ) |(2.00A)(1)

To find the direction of the field, hold the right hand with the thumb pointing upward

(direction of the force) and the fingers pointing southward (direction of current). Then,

as you close the hand, the fingers point ecastward. The magnetic field should be directed
eastward |-




19.15

19.16

19.17

19.18
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F =BILsin&=(0.300 T)(10.0 A)(5.00 m)sin(30.0°)=| 7.50 N
(a) The magnitude is
F =BILsin8= (0.60 x10* T) (15 A)(10.0 m)sin(90°)=| 9.0x 10° N

F is perpendicular to B. Using the right hand rule, the orientation of F is found to
be [15° above the horizontal in the northward direction |.

(b) F=BILsing=(0.60x10* T)(15 A)(10.0 m)sin(165°) =: 2.3x10° N [

and, from the right hand rule, the direction is | horizontal and due west |

For minimum field, B should be perpendicular to the wire. If the force is to be

northward, the field must be directed .

To keep the wire moving, the magnitude of the magnetic force must equal that of the
kinetic friction force. Thus, BILsin90°= 4, (mg), or

s (m/L)g (0.200)(1.00 g/cm)(9.80 m/s’)( 1kg \(10* cm ) _
= Tein90° (1.50 A)(1.00) {103 g [ }‘

I1m

To have zero tension in the wires, the magnetic force per unit
length must be directed upward and equal to the weight per
unit length of the conductor. Thus,

b9 9.9.9.9.9.4

i_m| =BI=~n~1—g-,or
L

(m/L)g (0040 kg/m)(9.80 m/s’)

e 3.60 T ~[0309 A]

From the right hand rule, the current must be if the force is to be upward
when the magnetic field is into the page.
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19.19 For the wire to move upward at constant speed, the net force acting on it must be zero.
Thus, BILsin@=mg and for minimum field 6=90°. The minimum field is

_mg _(0.015 kg)(9-80 m/s*)

p="2 =[020T
1L (50A)(015m)

| For the magnetic force to be directed upward when the current is toward the left, B must
| be directed |out of the page|.

1 19.20 The magnitude of the magnetic force exerted on a current-carrying conductor ina

| magnetic field is given by F= BI0sin@ , where B is the magnitude of the field, £ is the
| length of the conductor, ['is the current in the conductor, and 6 is the angle the

-‘ conductor makes with the direction of the field. In this case,

F =(0.390 T)(5.00 A)(2.80 m)sin& = (5.46 N)sing
':\ (a) If §=60.0°, then sing=0.866 and F=

“ (b) If §=90.0°, then sin@=1.00 and F =

| () If §=120°, then sing=0.866 and F =

| 19.21 For each segment, the magnitude of the force is given by F =BILsin#, and the direction

: is given by the right hand rule. The results of applying these to each of the four
I segments are summarized below.

*! Segment L (m) 0 F(N) Direction

i ab 0.400 180° 0 _ "

’1@ be 0.400 | 90.0° | 0.0400 | negativex d ¢ a

' ‘ cd 0.4002 | 45.0° | 0.0400 negative z ,

| parallel to x-z h PR

| 3 plane at 45° to £

| da 040042 | 90.0° | 00566 | rvand +z A Ash A
directions
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19.22  The magnitude of the torque is 7= NBIAsin@ , where & is the angle between the field
and the perpendicular to the plane of the loop. The circumference of the loop is

27zr=2.00 m, so the radius is 7= 1.00 m and the area is A = 7zr? =—1- e

b/

Thus, 7=(1)(0.800 T)(17.0x10° A)(l m2]5m90.0°= 4.33x10° N-m
T

19.23 Theareais A=zab=27(0.200 m)(0.150 m)=0.0942 m?. Since the field is parallel to the
plane of the loop, =90.0° and the magnitude of the torque is

7=NBIAsin@

=8(2.00x10 T)(6.00 A)(0.094 2 m?)sin90.0° =[9.05x 10~ N-m

The torque is directed to make the left-hand side of the loop move toward you and the
right-hand side move away.

19.24 Note that the angle between the field and the perpendicular to the plane of the loop is
6=90.0°-30.0°=60.0°. Then, the magnitude of the torque is

7=NBIAsin6#=100(0.80 T)(1.2 A)[(0.40 m)(0.30 m)]sin60.0° =

With current in the —y direction, the outside edge of the loop will experience a force
directed out of the page (+z direction) according to the right hand rule. Thus, the loop

will rotate ]ciockwise as viewed from abovgl.
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19.25 (a) Let & be the angle the plane of the loop makes
with the horizontal as shown in the sketch at the
right. Then, the angle it makes with the vertical is
¢=90.0°- 6. The number of turns on the loop is

R L __400m _.o
circumference  4(0.100 m)

The torque about the z axis due to gravity is

T, =mg 2 cos@ |, where 5=0.100 m is the length
) 2

of one side of the loop. This torque tends to rotate
the loop clockwise. The torque due to the magnetic
force tends to rotate the loop counterclockwise about
the z axis and has magnitude 7,, = NBIAsind. At

equilibrium, 7,, =7, or NBI(s*)sing=mg(scos6)/2.
This reduces to

g M8 _ (0.100 kg)(9.80 m/s?)
2NBIs  2(10.0)(0.0100 T)(3.40 A)(0.100 m)

Since tan @ = tan(90.0° - @) = cot ¢, the angle the loop makes with the vertical at
equilibriumis  ¢=cot™ (14.4)= :
(b) At equilibrium,

7,, =NBI(s*)sind

=(10.0)(0.010 0 T)(3.40 A)(0.100 m)’ sin(90.0° - 3.97°)

=[3.39x10° N-m |
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19.26  The resistance of the loop is

pL _(1.70x10°® Q-m)(8.00 m)

R==— = =136x107 Q
A 1.00x10™ m
and the current in the loop is I = AV, GION =735A

R 136x10° Q

The magnetic field exerts torque 7= NBIAsin® on the loop, and this is a maximum
when sinf=1. Thus,

Trax =NBIA =(1)(0.400 T)(73.5 A)(2.00 m)* =[TI8 N m]|

19.27 The magnitude of the force a proton experiences as it moves perpendicularly to a
magnetic field is

F=quBsing=(+e)vBsin(90.0°) = cvB

This force is always directed perpendicular to the velocity of the proton and will supply
the centripetal acceleration as the proton follows a circular path. Thus,

?}2
evB=m— or v=—"-0
r m

and the time required for the proton to complete one revolution is

T= 2zr _ 2mr  27mm
v erB/m eB

If it is observed that T =1.00 us, the magnitude of the magnetic field is

g 2am _ 27(1.67x107 kg)

el (160x10™ C)(1.00x10 s)

=[6.56x107 T
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19.28 Since the path is circular, the particle moves perpendicular to the magnetic field, and the
2

. : : : ) v mo
| magnetic force supplies the centripetal acceleration. Hence, m—= quB,or B=—.But
| r qr

the momentum is given by p=mov =/2m(KE ), and the kinetic energy of this proton is

1.60x107™ ]

KE =(10.0x10° eV) =1.60x10™ J. We then have
leV

_\2n(KE) \fl 67x107 kg)(1.60x107 J) ]

qr (1.60x10™ C)(5.80x10" m)

_ 19.29 For the particle to pass through with no deflection, the net force acting on it must be
| zero. Thus, the magnetic force and the electric force must be in opposite directions and
have equal magnitudes. This gives

|' E,=F,or quB=gE which reduces to

.

i.; 19.30 The speed of the particles emerging from the velocity selector is v=E/B (see Problem
| 29). In the deflection chamber, the magnetic force supplies the centripetal acceleration,
| mo’ mo _m(E/B) _mE

o quB= ,Or r=—0=
=4 r T 4B 4B " 4B

! Using the given data, the radius of the path is found to be

Il %
Q! . (2.18x10™ kg)(950 V/n:) - 1,50x10° m =[0150mam]

(1.60x10™ C)(0.930 T)

19.31 From conservation of energy, (KE+PE); = (KE + PE),, we find that mv +qV;=0+4V,,

or the speed of the particle is

V V zq 1 60x107™ C 250 V) .
26 =5.66x10* m/s
2.50x10™ kg

2
; . T mo
The magnetic force supplies the centripetal acceleration giving qub =—"

—26 4
" L _mv =(;1.50><10 kg)(5.66x10 m/9)=1.77x10*1 m=

4B (1.60x10™ C)(0.500 T)
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19.32 Since the centripetal acceleration is furnished by the magnetic force acting on the ions,
2

foB= mu

or the radius of the path is r = m_g . Thus, the distance between the impact
q

points (that is, the difference in the diameters of the paths followed by the U,,; and the
U,y isotopes) is

2v
Ad = 2(7235 - ?‘235) =;§(m238 _mzas)

2(3.00x10°
. - ) (238 u-235 u)(1.66><10‘” k_gJ
(1.60x107 C)(0.600 T) u

or Ad=3.11x10" m=

19.33 In the perfectly elastic, head-on collision between the a-particle and the initially
stationary proton, conservation of momentum requires that m,v, + m,v, =m,v, while

conservation of kinetic energy also requires that v, —0= —(vﬂ, = vp) or v, =v,+7,. Using

the fact that m, =4m, and combining these equations gives

m, (v, +vo)+(4mp)va = (4mp)v[, or v, =30,/5
3 3(5 3
and v, =(3v,/5)+v,=80,/5 Thus, v, =g =§(§vp)=gvp

After the collision, each particle follows a circular path in the horizontal plane with the
magnetic force supplying the centripetal acceleration. If the radius of the proton’s

trajectory is R, and that of the alpha particle is , we have
2
v
q,0,B=m,—~ or R=—2Ff=_FF
R q,B eB

2 4m,)(3v,/8
and qavaB=mgv—“ or r="ala =( *’)( r/ )=§ Be¥s || 2 5
r q,B (2e)B 4{ eB 4

19.3¢ Imagine grasping the conductor with the right hand so the fingers curl around the

conductor in the direction of the magnetic field. The thumb then points along the
conductor in the direction of the current. The results are

(a) [toward the left| (b) (c) [lower left to upper right |
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19.35 Treat the lightning bolt as a long, straight conductor. Then, the magnetic field is

- _(4xx10*’ T-m/A)(1.00x10* A)

=2.00x107° T=|20.0 uT
27r 27(100 m) )

19.36 Model the tornado as a long, straight, vertical conductor and imagine grasping it with
the right hand so the fingers point northward on the western side of the tornado. (that
is, at the observatory’s location) The thumb is directed downward, meaning that the

| j conventional current is downward or negative charge flows upward | :

The magnitude of the current is found from B= s I/27r as

| _27rB _ 272(9.00x10° m)(1.50x10™® T)

" 47x107 T-m/A = BA]

| 19.37 From B=y,I/2zr , the required distance is

I (47x107 T-m/A)(20 A)

= = = 3 =
r 27B 2:?:(1.7><10‘3 T) 24x107 m

i 19.38 Assume that the wire on the right is wire 1 and that on the left is wire 2. Also, choose the
i positive direction for the magnetic field to be out of the page and negative into the page.

(a) At the point half way between the two wires,

B, =B, ~B,=—| tl  thls |t (p )
2zr,  27r, 2zr

(10.0 A)=-4.00x10"° T

i _(47x107 T-m/A)
i ~ 27(5.00x10% m)

.[
'f or B,, =/40.0 T into the page|
)

He

(b) Atpoint P, B t=+31_32=;_10{___]

| 5 _(4mx107 T-m/A) 500A 500 A

[ it 7 10.100m 0200 m

] =[5.00 4T out of page |
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() Atpoint P,, B,, =-B,+B, = 2&{_1_14. !&J
T

net —
hon

_(47x107 T-m/A)r 500 5004 ]

= +
- 27 [ 0.300m 0.200 m

=|1.67 uT out of page ‘

19.39  The distance from each wire to point P is given by /@
WV c ¢

1 Z 2 i
# =E\/(o.2oo m)’ +(0.200 m)* =0.141 m 2/

At point P, the magnitude of the magnetic field
produced by each of the wires is

47x107 T-m/A)(5.00 A .
p=tal | JAYS04) T A
27y 27(0.141 m) B

Carrying currents into the page, the field A produces

at P is directed to the left and down at -1 35°, while B

creates a field to the right and down at - 45°. Carrying currents toward you, C produces
a field downward and to the right at — 45°, while D’s contribution is downward and to
the left. The horizontal components of these equal magnitude contributions cancel in
pairs, while the vertical components all add. The total field is then

B, =4(7.07 uT)sin45.0°=[20.0 4T toward the bottom of the page |

19.40  Call the wire carrying a current of 3.00 A wire 1 and the other wire 2. Also, choose the
line running from wire 1 to wire 2 as the positive x direction.

(a) At the point midway between the wires, the field due to
each wire is parallel to the y axis and the net field is B,

Bue!=+Bly_32y=‘ug(11—1rz)/2ﬂf I I

47x107 T-m/A
= ( / )(3.00 A-500A)=-4.00x10" T

T‘}] ! e
= T 27(0.100 m)

or B,, =|4.00 uT toward the bottom of the page |
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(b) At point P, 7, =(0.200 m)~/2 and B, is directed at 6, =+135°.

.I- The magnitude of B, is AP

47rx107 T-m/A)(3.00 A
1 B, = 4ah _( /A) ) 012 uT 1
; 27r, 27(0.200v2 m)

| The contribution from wire 2 is in the —x direction and
| has magnitude

5 _ toly =(47£X10'7 T-m/A)(5.00 A)
2 g, 27(0.200 m)

=5.00 uT

!_ Therefore, the components of the net field at point P are:
|

B, =B, cos135° + B, cos180°
]: =(2.12 4T)cos135° +(5.00 4T)cos180° =—6.50 uT
'| and B, =B, sin135°+ B, sin180°=(2.12 4T)sin135°+0=+1.50 4T

Therefore, B,,, =,/B: +B} =6.67 uT at B, =-6.50 uT

, 3 9-1B, =1.50 uT
| B net
:] f=tan™ u =tan™ 650 27 =77.0°

!1 B, 1.50 4T

| or B =[6.67 4T at 77.0° to the left of vertical |

! 19.41 Call the wire along the x axis wire 1 and the other wire 2. Also, choose the positive
' direction for the magnetic fields at point P to be out of the page.

. I I L 1
Atpoint P, B, =+B, —B, =%—%:%[f-f}
1 2 1 2

_(47x107 T-m/A)(700A  6.00 A

or net [
27 3.00m 4.00m

J =+1.67x107 T

B,. =[0.167 4T out of the page |
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1942  Since the proton moves with constant velocity, the net force acting on it is zero. Thus,
the magnetic force due to the current in the wire must be counterbalancing the weight of
the proton, or quB=mg where B=I/27d . This gives

qup,l

ond M8, 0r the distance the proton is above the wire must be

o qoil _ (160x10™ C)(230x10* m/s)(47x10”7 T-my/A)(1.20x10° A)
27mg 27(1.67x107 kg)(9.80 m/s?)

d=5.40x10"? m=

1943 (a) From B=yI/2nr , observe that the field is inversely proportional to the distance

from the conductor. Thus, the field will have one-tenth its original value if the
distance is increased by a factor of 10. The required distance is then

r'=10r=10(0.400 m)=[4.00 m

(b) A point in the plane of the conductors and 40.0 cm from the center of the cord is
located 39.85 cm from the nearer wire and 40.15 cm from the far wire. Since the
currents are in opposite directions, so are their contributions to the net field.
Therefore, B,,, =B, —B,, or

g MI(1 1 (47x107 T-m/A)(2.00 A) 1 1
" om\n n) 27 03985m 04015m

=7.50x10"° T=

(c) Callr the distance from cord center to field point P —— F ——
and 2d =3.00 mm the distance between centers of :

the conductors.
_________ o

=#OI[ 11 )JDI( 2d ] i i-(—-r—d-—-»i

" 2x\r-d r+d) 2\ - : oy :
47x107 T-m/A)(2.00 A 3

7.50x10-1"T=( m/A)( )( 3.00x10° m J

27 \r?-2.25x10° m?

The field of the two-conductor cord is weak to start with and falls off rapidly with
distance.
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(d) The cable creates field at exterior points, since a loop in Ampére’s law

i encloses zero total current.

47x107 T-m/A)(10.0 A)
19.44 (a) P Bl :( m/A)( )
il L 27d 27(0.100 m)

={2.00x10™* N/m (attraction)

(b) The magnitude remains the same as calculated in (a), but the wires are repelled.
Thus, %= 2.00x10™ N/m (repulsion)

19.45 In order for the system to be in equilibrium, the repulsive magnetic force per unit length
on the top wire must equal the weight per unit length of this wire.

Thus, —JE: % =0.080 N/m, and the distance between the wires will be
7T

L _ (47x107 T-m/A)(60.0 A)(30.0 A)
~27(0.080 N/m) 277(0.080 N/m)

=45%x10° m =

19.46 The magnetic forces exerted on the top and bottom segments of the rectangular loop are
equal in magnitude and opposite in direction. Thus, these forces cancel, and we only
need consider the sum of the forces exerted on the right and left sides of the loop.
Choosing to the left (toward the long, straight wire) as the positive direction, the sum of
these two forces is

i' P L %11123[1 1 )

'_ 2rc  2z(c+a) 27 \c c+ta

1

(47x107 T-m/A)(5.00 A)(10.0 A)(0450 m)( 1 1 ]
1 T — —

i e T \0.100m 0.250 m

| =+2.70x107° N=[2.70x10° N to the left |
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19.47 The magnetic field inside a long solenoid is B = y;nl = 4, (%)I . Thus, the required

current is

BL _ (1.00x10™ T)(0.400 m)

. ] E
wN (47107 T-m/A)(looo)_S'18><10 &

I=

1948 (a) From R=pL/A, the required length of wire to be used is

R4 (5009)[7(0500x10° m) /4]
L= = =577 m
Yo, 1.70x10°% Q-m

The total number of turns on the solenoid (that is, the number of times this length of
wire will go around a 1.00 cm radius cylinder) is

L 57.7 m
2zr  27(1.00x107 m) [
(b) From B= y,nl, the number of turns per unit length on the solenoid is

4o B _ 4.00x10 T
#1  (47x107 T-m/A)(4.00 A)

=7.96x10° turns/m

Thus, the required length of the solenoid is

N 919 turns

N ~0.115m=[115
n 7.96x10° turns/m o

1949 The magnetic field inside the solenoid is

cm m

B = piynl, = (4107 T-m/A)[(SO “““5][100 ““]](15.0 A)=5.65x107 T

Therefore, the magnitude of the magnetic force on any one of the sides of the square
loop is

F =BI, Lsin90.0° = (5.65x10 T)(0.200 A)(2.00x10™ m)=|2.26x10™ N
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19.50

19.51

19.52

CHAPTER 19

The forces acting on the sides of the loop lie in the plane of the loop, are perpendicular
to the sides, and are directed |away from the interior | of the loop. Thus, they tend to

stretch the loop but do not tend to rotate it. The torque acting on the loop is

(a) The magnetic force supplies the centripetal acceleration, so quB =mv*[r . The
magnetic field inside the solenoid is then found to be

g _ (9-11x10™ kg)(1.0x10°* m/s)

=T -6 =
gr  (1.60x107° C)(2.0x10™ m) s

(b) From B=ynl, the current is the solenoid is found to be

- B _ 2.847x10° T

#on (47x107 T-m/A)[(25 turns/cm)(100 cm/1 m)]

=9.1x10™* A=

When the plane of the coil makes an angle of 35° with the field direction, the
perpendicular to the plane of the coil makes an angle of =90°-35°=55° with the
magnetic field.

Thus, the torque exerted on the loop is

7=NBIAsing=(1)(0.30 T)(25 A)[ #(0.30 m)’ ]sin55° =
Since the magnetic force must supply the centripetal acceleration, quB = mv*[r or the
radius of the path is r=muv/qB.

(@) The time for the electron to travel the semicircular path (of length 77 ) is

_mr_n(mv)_zm_ 7(9.11x10™ kg)
v ovlgB) 4B ~ (1.60x10™ C)(0.0100 T)

=1.79%10"° s=

nr
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(b) The radius of the semicircular path is 2.00 cm. From r =mu/qB , the momentum of
the electron is p = mv = gBr, and the kinetic energy is

. (mo) @B (1.60x10™ C)*(0.0100 T)*(2.00x10? m)’
mv = = =

KE= 2m 2m 2(9.11x10™ kg)

paf

. 1keV
KE = (562)( 10 18 ])(W) =

19.53 Assume wire 1 is along the x axis and wire 2 along the y axis.

(a) Choosing out of the page as the positive field direction, the field at point P is

Bep _p (b _L)_ {47107 T-m/A)( 500A 3.00AJ
i hnon 2 0.400m 0.300 m

=5.00x107 T =[0.500 4T out of the page|

(b) At 30.0 cm above the intersection of the wires, the field +z
components are as shown at the right, where fb/w:ﬂ
y: z 3 +
Myl e J
B, =-B =-"—-
27y
_? -
_ (47x107 T-m/A)(5.00 A) GRS / 1,=500 A
27(0.300 m)
47x107 T-m/A)(3.00 A
and B, =B, =l | /AN ) 22.00x10% T
27y 27(0.300 m)
The resultant field is

B
B=[B2+B? =3.89x10° T at f=tan™ (B—?] =-59.0°

x

or B=[3.89 4T at59.0° clockwise from +x direction |




_ #4(mg) (0.100)(0.200 kg)(9.80 m/s?) i
I (10.0 A)(0.500 m) =[3.92x107 1]

19.55 The magnetic force acting on each type particle supplies the centripetal acceleration for
that particle. Thus, 4B = mp? /r or r=mv/gB.

After completing one half of the circular paths, the two types of particle are separated by
the difference in the diameters of the two paths. Therefore,

2v
Ad =2(r, —r1)=E§(mz—ml)

_ 2(1.00x10° m/s)
~ (L60x10™ C)(0:200 T)

=2.13x1072 m=

19.56 Let the leftmost wire be wire 1 and the rightmost be wire 2.

[(23.4-20.0)x10% kg]

(a) At point C, B, is directed out of the pageand B, is into the page. If the net field is
zero, then B, =B, , or

Mol el =110 ] 10.0 A (15‘0““): 30.0 A
_2;7[?'_1 2”_?.2 rg“”ng 1 2 r ( 3 ) 500 cm

2

(b) At point A, B, and B, are both directed out of the page, so

(47x107 T-m/A
27(5.00x107 m)

B, =B+B, = {—;‘TQ—(II +1,)= (30.0 A+10.0 A)

=lL60>< 10™ T out of the pagEJ




19.57 (a)

(b)

19.58 (a)

(b)
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Since the magnetic field is directed from N to S (that is, from left to right within the
artery), positive ions with velocity in the direction of the blood flow experience a
magnetic deflection toward electrode A. Negative ions will experience a force
deflecting them toward electrode B. This separation of charges creates an electric
field directed from A toward B. At equilibrium, the electric force caused by this field
must balance the magnetic force, so

quB=gE = q(AV/d)

AV 160x10™° V

* °7Bd ~(0.0400T)(3.00x10° m) = (133 mys]

The magnetic field is directed from N to S. If the charge carriers are negative
moving in the direction of v, the magnetic force is directed toward point B.
Negative charges build up at point B, making the potential at A higher than that at
B. If the charge carriers are positive moving in the direction of ¥, the magnetic force
is directed toward A, so positive charges build up at A. This also makes the
potential at A higher than that at B. Therefore the sign of the potential difference

| does not depend on the charge of the ions |.

Since the distance between them is so small in comparison to the radius of
curvature, the hoops may be treated as long, straight, parallel wires. Because the
currents are in opposite directions, the hoops repel each other. The magnetic force
on the top loop is

E =[%I112)L=%12(2m) _MI'r
" 27d 27d d

(47x107 T-m/A)(140 A)*(0.100 m
1.00x107° m

) =| 2.46 N upward

2F, =ma,=F, —mg

————-9.80 m/s* =107 m/s* upward
&
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19.59

19.60

CHAPTER 19

The magnetic force is very small in comparison to the weight of the ball, so we treat the
motion as that of a freely falling body. Then, as the ball approaches the ground, it has
velocity components with magnitudes of

v, =0, =20.0 m/s, and

v, = \/vﬁy +2a,(Ay) = \/O +2(-9.80 m/s?)(~20.0 m) =19.8 m/s

The velocity of the ball is perpendicular to the magnetic field and, just before it reaches
the ground, has magnitude v=,v} +v] =28.1 m/s. Thus, the magnitude of the magnetic

force is

E, =quBsiné

=(5.00x107 C)(28.1 m/s)(0.010 0 T)sin90.0°=[1.41x10° N

We are given that the field at points on the axis of the disk varies as B = k/h® , where kis
a constant and h is the distance from the midplane of the disk. At the surface of the disk,

_ thickness _ 1.0 mm
2 2

B=5.0x10"T and h =0.50 mm

Thus, k=Bk’=(5.0x10" T)(0.50 mm)’. The distance from the center plane of the disk
to the height where B=5.0x10" T is then

B

1
1 —
5 | (5.0x1072 T)(0.50 mm)’ ° 1
h= k]3 = ( )(Jj ) =[1.0x10* T (0.50 mm) =5.0 mm
50x10™ T

The distance of this position above the surface of the disk is

_ thickness _

1.0
> 5.0 mm- ;nm:

x=h




19.61 First, observe that (5.00 cm)’

+(12.0 em)’ =(130 cm)’. Thus, the

triangle shown in dashed lines is a right triangle giving

o =sin (Ei}i“l]: 67.4°, and f=90.0°-a=226°

13.0 cm

At point P, the field due to wire 1 is

_ ik _(47:><10-7

B,

T-m/A)(300A) _ T

or, 2m(5.00%107 m)

and it is directed from P toward wire 2, or to the left and at

67.4° below the horizontal. The field due to wire 2 has

magnitude

5 _ bl _(4mx107 T-m/A)(300A) .
27 = 2 = H
27t, 277(12.00x10 m)

and at P is directed away from wire 1 or to the right and at

22 .6° below the horizontal.

Thus, B, =-B,cos674°=—4624UT By= _B, 5in67.4°=—-11.1 4T

B, =B,cos22.6°=+462 4T By =-5; sin22.6°=-1.92 4T

and B, =By, +B,, =0, while B, =By, By =-13.0 uT.

The resultant field at Pis

B=[13.0 4T directed toward the bottom of the pagi-\

19.62 (a) The magnetic force acting on the wire is directed upward and of ma

F, =BILsin90°=BIL

Thus, a,=

3F, F,-mg__ Bl

=—" —g,0r

mom (m/L)

_ (4.0x107 T)(204) 5
S /st {62 /']

13.0cm

rzé;

gnitude
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(b) Using Ay =voyt+%ayt" with v, =0 gives

(e [2(ay) _ [2(050 mz) T
\J a, 6.2 m/s

Label the wires 1, 2, and 3 as shown in Figure 1,
and let B,, B,, and B, respectively represent the

magnitudes of the fields produced by the
currents in those wires. Also, observe that
0 =45° in Figure 1.

Atpoint A, B, =B, = ,1101/27:(.51\5) or

- _(47x107 T-m/A)(20 A)
TP 27(0.010 m)V2

u,] _(47:><10'7 T-m/A)(2.0 A)
27(3a) 272(0.030 m)

and B, =

These field contributions are oriented as shown in Figure 2.
Observe that the horizontal components of B, and B, cancel

while their vertical components add to B, . The resultant

field at point A is then

B, =(B, +B,)c0s45°+B, =53 4T , or

=28 T

=13 4T

--0
’
—

L= e
’
ra

-~

&
Cb[\:\ .
\

&

N

|

B,
Figure 2

B, =[53 4T directed toward the bottom of the page |

(47x107 T-m/A)(2.0 A)

AtpointB, B =B,= Al _

Mol
d B, =
BT 0n(2a)

shown in Figure 3. Thus, the resultant field at B is

2714 27(0.010 m)

=40 uT

=20 uT . These contributions are oriented as By

B, =B, =[20 4T directed toward the bottom of the page |




At point C, B, =B, = 4,1 [27r(a~/2) =28 uT while

B, = 4l /27wa =40 uT . These contributions are oriented
as shown in Figure 4. Observe that the horizontal
components of B, and B, cancel while their vertical
components add to oppose B, . The magnitude of the
resultant field at C is

B =(B, +B,)sin45°— B,

= (56 uT)sin45°~40 ut=0]

64 (a) Since one wire repels the other, the currents must be in [opposite directions | .

19

==

own at

(b) Consider a free body diagram of one of the wires as sh
the right.

2F, =0 = T cos8.0°=mg B
=
O

mg
cos8.0°

or T=

SF, =0 = szTsirlS.O":( i )sinS.O"
c0s8.0°

2
or F, =(mg) tan8.0°. Thus, ‘u;i_ ; =(mg)tan8.0° which gives

Uy [27

- \[ d[(m/ L) g]tan&{]"

Observe that the distance between the two wires is

d=2[(6.0 cm)sin8.0°|=1.7 cm, 50

(1.7x107 m)(0.040 kg/m)(9.80 m/s’)tan8.0°
2.0x107 T-m/A -
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(b) Since the magnetic force supplies the centripetal acceleration for this particle,
quB=mv*[r or the radius of the path is r =mv/qB . The speed of the particle may be

|
19.65 Note: We solve part (b) before part (a) for this problem.
| written as v =,/2(KE) / m , so the radius becomes

| e 2m(KE) _{2(1.67x107 kg)(5.00x10° eV)(1.60x10™ J/eV)
- g8 (1.60x10™ C)(0.0500 T)

| =6.46 m

Consider the circular path shown at the right and
observe that the desired angle is

- i 1.00111)_ . _1[1.00m]_ =
i_ a_sm[ o il vy g T

! (a) The constant speed of the particle is v=,/2(KE)/m , so
! the vertical component of the momentum as the particle leaves the field is

p, =mv, =—mvsina=—m(,/2(KE)/m)sina=—sino:,}zm(KE)

~sin(8.90°)/2(1.67x107 kg)(5.00x10° eV)(1.60x10™ J/eV)

or p,

=|-8.00x10™ kg-m/s

19.66 The force constant of the spring system is found from the elongation produced by the

weight acting alone.
10.0x10™ kg}(9.80 m/s?
fome_| g)(_z ) 196 N/m
¥ = 0.50x10™ m

The total force stretching the springs when the field is turned on is




19.67

Thus, the downward magnetic force acting on the wire is

E, = Ktia =18
=(19.6 N/m)(0.80x10* m)-(10.0x10" kg)(9.80 m/s*)
=59%107 N
Since the magnetic force is given by F, =BILsin90°, the magnetic field is

12 Q)(5.9x10” N
B=5—= P“’ :( )( i ): 059T
IL (AV/R)L (24 V)(5.0x107 m)

Each turn of wire occupies a length of the solenoid equal to the diameter of the wire.
Thus, the number of turns on the solenoid is

N s Lsofenoia‘ — 75'0 cm s 750
d 0.100 cm

wire

The length of wire required to make this number of turns on the solenoid is
0 = N (circumference of solenoid)=N (700 g ) = 7507(10.0% 107 m)=75.07 m

and this copper wire has a resistance of

R =,cv(:“~ﬂ—=,oCu 4f =(1.7x10°® Q-m) | g ~=5.10 Q
Awir& ”dwfre 75(0100)(10“2 m)

Near the center of a long solenoid, the magnetic field is given by B= pighl = NI /Ly -
Thus, if the field at the center of the solenoid is to be B=20.0 T, the current in the
solenoid must be

BLsoier:m‘d - (200)(10"3 T)(0750 m)

PN (47x107 T-m/A)(750)

=159 A

and the power that must be delivered to the solenoid is

P=I’R=(159 A) (5.10 Q) =1.29x10° W =|1.29 kW
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19.68 (a) A charged particle moving perpendicular to a magnetic field follows a circular arc
with the magnetic force supplying the centripetal acceleration. Thus,

v erB
evB=m— or v=—
r m

The time required for the electron to traverse the semicircular path it follows while
in the field is then

, _ distance traveled __ zr _ zm 7(9.11x10™ kg)

_mm_ ) _
v “erB/m eB  (1.60x10™° C)(1.00x107 T)

(b) The maximum penetration of the electron into the field equals the radius of the
semicircular path followed while in the field. Therefore, r =2.00 cm =2.00x107? m

and
1.60x10™" C)(2.00%102 m)(1.00x10° T
v=@=( ) = ) )=3.51><10"’ m/s
m 9.11x107™ kg
The kinetic energy is then
KE =—;-mz;2 & %(9.11><10-31 kg)(3.51x10° m/s)’ =5.62x107 ]

" 1leV
or KE=(5.62><10 18 J)[m}=

19.69 With currents in opposite directions, wires 1 and 2 Wire3  Wire 1 Wire 2
repel each another with forces Fr2 and Fa as shown
in the sketch at the right. For these wires to be in F‘.‘“"F F“.‘“’ll:‘. F“.‘“%
equilibrium, wire 3 must exert a force directed to the sif 32 ~12) *13 e =l
right on wire 1 and a force to the left on wire 2. If 1150 A
wire 3 was between wires 1 and 2, the forces it exerts
on these two wires would be in the same directions, 153 4.00 AY

contrary to what is needed. If wire 3 were to the right
of wire 2, the force exerted on it by wire 2 (having
the larger current and being nearer) would always
exceed that exerted by wire 1. Hence, wire 3 could not be in equilibrium. Thus, we
conclude that wire 3 must be to the left of wire 1 as shown above.

—— [ —>1«20.0 cn—>
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(a) For wire 3 to be in equilibrium, we must require that F; =F,,, or

tol 1,0 _ Ul 1,0
2nd  27(d+20.0 cm)

giving d+20.0 Cm=(i—2Jd

1

20.0 cm 20.0 cm
Th y] d= = = 12 t th 1 ft f x 1
® (I2/11)—1 (4.00 A/1.50 A)—l (to the left of wire 1)

(b) If wires 1 and 2 are to be in equilibrium, wire 3 must repel wire 1 and attract wire 2
as shown above. Hence, the current in wire 3 must be directed w . The

magnitude of this current can be determined by requiring that wire 1 be in
equilibrium, or that F, = F,. This gives

Molils0 Ll
27(12.0 cm)  27(20.0 cm)

or

12.0 cm
I.=1 =(4.00 A)(0.600)=|2.40 A
120 a0 000

Note that the same result could have been obtained by requiring that wire 2 be in
equilibrium.

g w0k _(47x107 T-m/A)(5.00 A)

19.70 = =/1.00x10"° T
@) = 27(0.100 m)
(b) %:BIIZ =(1.00x10" T)(8.00 A)=|8.00x10"° N directed toward wire 1
o bl [SESIET TijA)(B00 &)
, =L

=[1.60x107° T
27d 272(0.100 m)

(d) % =B,], =(1.60x10 T)(5.00 A)=|8.00x10"° N directed toward wire 2
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