CHAPTER 27: Magnetism

Responses to Questions

10.

The compass needle aligns itself with the local magnetic field of the Earth, and the Earth’s magnetic
field lines are not always parallel to the surface of the Earth.

The magnetic field lines are concentric circles around the wire.

With the current running to the left, the field is directed )i
counterclockwise when looking from the left end. So, the field

goes into the page above the wire and comes out of the page

below the wire.

The force is downward. The field lines point from the north pole to the south pole, or left to right.
Use the right hand rule. Your fingers point in the direction of the current (away from you). Curl them
in the direction of the field (to the right). Your thumb points in the direction of the force
(downward).

Fis always perpendicular to both Band /. Band / can be at any angle with respect to each other.

Alternating currents will have little effect on the compass needle, due to the rapid change of the
direction of the current and of the magnetic field surrounding it. Direct currents will deflect a
compass needle. The deflection depends on the magnitude and direction of the current and the
distance from the current to the compass. The effect on the compass decreases with increasing
distance from the wire.

The kinetic energy of the particle will stay the same. The magnetic force on the particle will be
perpendicular to the particle’s velocity vector and so will do no work on the particle. The force will
change the direction of the particle’s velocity but not the speed.

Positive particle in the upper left: force is downward toward the wire. Negative particle in the upper
right: force is to the left. Positive particle in the lower right: force is to the left. Negative particle in
the lower left: force is upward toward the wire.

In the areas where the particle’s path is curving up towards the top

of the page, the magnetic field is directed into the page. Where the T PN
particle’s path curves downward towards the bottom of the page, (L) m—— - == R
the magnetic field is directed out of the page. Where the particle is

moving in a straight line, the magnetic field direction is parallel or anti-parallel to the particle’s
velocity. The strength of the magnetic field is greatest where the radius of curvature of the path is the
smallest.

(a) Near one pole of a very long bar magnet, the magnetic field is proportional to 1/ r.

(b) Far from the magnet as a whole, the magnetic field is proportional to l/ r.

The picture is created when moving charged particles hit the back of the screen. A strong magnet
held near the screen can deflect the particles from their intended paths, and thus distort the picture. If
the magnet is strong enough, it is possible to deflect the particles so much that they do not even reach
the screen, and the picture “goes black.”
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11.

12.

14.

15.

16.

17.

18.

The negative particle will curve down (toward the negative plate) if v > E/B because the magnetic
force (down) will be greater than the electric force (up). If v < E/B the negative particle will curve
up toward the positive plate because the electric force will be greater than the magnetic force. The
motion of a positive particle would be exactly opposite that of a negative particle.

No, you cannot set a resting electron into motion with a static magnetic field. In order for a charged
particle to experience a magnetic force, it must already have a velocity with a component
perpendicular to the magnetic field: 7' = gvBsind. If v=0, F = 0. Yes, you can set an electron into
motion with an electric field. The electric force on a charged particle does not depend on velocity:
F=qFE.

The particle will move in an elongating helical path in the direction of the electric field (for a
positive charge). The radius of the helix will remain constant.

Consider a positive ion. It will experience a force downward due to the applied electric field. Once it
begins moving downward, it will then experience a force out (in the direction of the red arrow)
because of its motion in the magnetic field. A negative ion will experience a force up due to the
electric field and then, because it is a negative particle moving up in the magnetic field directed to
the right, it will experience a force out. The positive and negative ions therefore each feel a force in
the same direction.

The beam is deflected to the right. The current in the wire creates a magnetic field into the page
surrounding the beam of electrons. This results in a magnetic force on the negative particles that is to
the right.

Yes. One possible situation is that the magnetic field is parallel or anti-parallel to the velocity of the
charged particle. In this case, the magnetic force would be zero, and the particle would continue
moving in a straight line. Another possible situation is that there is an electric field with a magnitude
and direction (perpendicular to the magnetic field) such that the electric and magnetic forces on the
particle cancel each other out. The net force would be zero and the particle would continue moving
in a straight line.

No. A charged particle may be deflected sideways by an electric field if a component of its velocity
is perpendicular to the field.

If the direction of the velocity of the electrons is changing but their speed is not, then they are being
deflected by a magnetic field only, and their path will be circular or helical. If the speed of the
electrons is changing but the direction is not, then they are being accelerated by an electric field only.
If both speed and direction are changing, the particles are possibly being deflected by both magnetic
and electric fields, or they are being deflected by an electric field that is not parallel to the initial
velocity of the particles. In the latter case, the component of the electron velocity antiparallel to the
field direction will continue to increase, and the component of the electron velocity perpendicular to
the field direction will remain constant. Therefore, the electron will asymptotically approach a
straight path in the direction opposite the field direction. If the particles continue with a circular
component to their path, there must be a magnetic field present.

Use a small current-carrying coil or solenoid for the compass needle.
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20.

21.

22.

23.

Suspend the magnet in a known magnetic field so that it is aligned with the field and free to rotate.
Measure the torque necessary to rotate the magnet so that it is perpendicular to the field lines. The

magnetic moment will be the torque divided by the magnetic field strength. =i x B so

T = uB when the magnetic moment and the field are perpendicular.

(a) If the plane of the current loop is perpendicular to the field such that the direction of Ais
parallel to the field lines, the loop will be in stable equilibrium. Small displacements from this
position will result in a torque that tends to return the loop to this position.

(b) If the plane of the current loop is perpendicular to the field such that the direction of A is anti-
parallel to the field lines, the loop will be in unstable equilibrium.

The charge carriers are positive. Positive particles moving to the right in the figure will experience a
magnetic force into the page, or toward point a. Therefore, the positive charge carriers will tend to

move toward the side containing a; this side will be at a higher potential than the side with point b.

The distance 27 to the singly charged ions will be twice the distance to the doubly charged ions.

Solutions to Problems

(a) Use Eq. 27-1 to calculate the force with an angle of 90° and a length of 1 meter.

F=1/Bsinf — ; = IBsin@ = (9.40A)(0.90T)sin90° =[8.5N/m

(b) % = [Bsin€ =(9.40A)(0.90T)sin35.0° =[4.9N/m

Use Eq. 27-1 to calculate the force.

F=1Bsin6=(150A)(240m)(5.0x10°T)sin68° =

The dip angle is the angle between the Earth’s magnetic field and the current in the wire. Use Eq.
27-1 to calculate the force.

F =I{Bsin0 = (45A)(1.6m)(5.5x10°T)sin41° =|2.6x 10N

To have the maximum force, the current must be perpendicular to the magnetic field, B

F F
as shown in the first diagram. Use ? = 0.257max to find the angle between the wire
and the magnetic field, illustrated in the second diagram.
F F B
— =025 5 Bsin@=025[B — O=sin"0.25=
¢ { - 4

wire

(a) By the right hand rule, the magnetic field must be pointing up, and so the top pole face must be

a| South pole].

() Use Eq. 27-2 to relate the maximum force to the current. The length of wire in the magnetic
field is equal to the diameter of the pole faces.
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F (7.50x10°N)
F =B - [=—= =3.4091A ~|3.41A
€8 (0.100m)(0.220T)

(c) Multiply the maximum force by the sine of the angle between the wire and the magnetic field.

F=F,,sin0=(7.50x10>N)sin80.0° =

6. The magnetic force must be equal in magnitude to the force of gravity on the wire. The maximum
magnetic force is applicable since the wire is perpendicular to the magnetic field. The mass of the
wire is the density of copper times the volume of the wire.

F,=mg — IIszﬂ(%d)zfg N
pud’g  (89x10°kg/m*)7(1.00x10°m)" (9.80m/s’)
4B 4(5.0x10°T)

This answer does not seem feasible. The current is very large, and the resistive heating in the thin
copper wire would probably melt it.

=|1400 A

1

We find the force using Eq. 27-3, where the vector length is broken down into two parts: the portion
along the z-axis and the portion along the line y=2x.

7 N 7 i+2j
£,=-0250mk :O.ZSOm[ JEJ]

- Lo S, ~ . i40b X

F:HXB:[(II+£2)><B:(20.0A)(0.250m)(—k+I%JJX(O.M&T)
~on L 2a 8] 3 "

=(1.59N)[—kx1+ﬁjx1j——(l.59]+1.42k)N

F=‘F‘=\/1.592+1.422 N =[2.13N]

6 =tan™ (ﬂ] =[41.8° below the negative y-axis|

-1.59 N

8. We find the force per unit length from Eq. 27-3. Note that while the length is not known, the
direction is given, and so /=1i.

Fleixﬁzlfixﬁ -

B i i k

FB s = “ o 11’1’1
L =-J7ixB=(3.0A 1 0 0 |=(-0.75j—1.08k )N

£ e ( ) ( ! ) /m(IOOCm]

020T -036T 0.25T

=|-(7.5j+11k)x10” N/em

9. We find the net force on the loop by integrating the infinitesimal force on each infinitesimal portion
of the loop within the magnetic field. The infinitesimal force is found using Eq. 27-4 with the

current in an infinitesimal portion of the loop given by Id =7 (— cos @i +sin 49]) rdé.

F= jldi xB= If;ﬁ_ao (—cos 6i +sin Hj)rdex Bk = ]Borf:”_go (cos Oj+sin Qi)dé?
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10.

11.

12.

27-6,

IBOr(sin dj—cos 6’;)

= [Bor[sin(Zir ~8,)j—sin@,j—cos(27 -6, )i+cos H(ﬂ

%

=|-21B,rsin 6,

The trigonometric identities sin(27 —@)=—sin@ and cos(27 —6)=cos @ are used to simplify the
solution.

We apply Eq. 27-3 to each circumstance, and solve for the magnetic field. Let B = B, i+ Byj + le:i.

For the first circumstance, 7 =1i
P
F,=1¢xB=(82A)2.0m 0
B B

X ¥y

=(-16.4Am) B j+(164Am) B k =(-25))N —

NDU [« R )

25N
B =0; (-164Asm)B, =-25N — B, =———=0.1524T; B, unknown
! ’ 16.4A+m

For the second circumstance, /=1 j

i k
E,=1/xB=(82A)[0 20m 0 |=(25N)i+(-164Am)Bk=(2.5-50k)N —
B, 0 0.1524T

50N
(-16.4A*m)B, =-50N — B =————=03049T
16.4A+m

Thus B = (0.30%+0.1512)T.

We find the force along the wire by integrating the infinitesimal force from each path element (given
by Eq. 27-4) along an arbitrary path between the points a and b.

F= j)‘[df xB = Ijz(idx +jdy) xBOR = IBOjl(—jdx—i- idy) =1B, (—ij+ Ayi)

The resultant magnetic force on the wire depends on the displacement between the points a and b,
and not on the path taken by the wire. Therefore, the resultant force must be the same for the curved
path, as for the straight line path between the points.

The net force on the current loop is the sum of the z
infinitesimal forces obtained from each current
element. From the figure, we see that at each
current segment, the magnetic field is
perpendicular to the current. This results in a
force with only radial and vertical components.
By symmetry, we find that the radial force
components from segments on opposite sides of the loop cancel. The net force then is purely
vertical. Symmetry also shows us that each current element contributes the same magnitude of force.
2

F=[1dixB=-IBk[dl=—I(Bsin0)k(2zr)=|-27IB———k
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The maximum magnetic force as given in Eq. 27-5b can be used since the velocity is perpendicular
to the magnetic field.

Fyy = qvB=(1.60x107°C)(8.75x10° m/s) (0.45T) =
By the right hand rule, the force must be directed to the .

14. The magnetic force will cause centripetal motion, and the electron will move in a clockwise circular
path if viewed in the direction of the magnetic field. The radius of the motion can be determined.

-3
Fmax=qu=mv—2 R rzﬂ:(9.11><10 1kg)(1.70x1o“m/s):

r 4B (1.60x107°C)(0.480T)

15. In this scenario, the magnetic force is causing centripetal motion, and so must have the form of a
centripetal force. The magnetic force is perpendicular to the velocity at all times for circular motion.
2 Cmv (6.6x107kg)(1.6x10"m/s)

v
F =gvB=m— B=—= =(1.8T
e SEEMES gr 2(1.60x10™C)(0.18m)

16. Since the charge is negative, the answer is the OPPOSITE of the result given from the right hand rule
applied to the velocity and magnetic field.
(a) left
(b) left
(¢) upward
(d) inward into the paper
(e) no force
(H downward

17. The right hand rule applied to the velocity and magnetic field would give the direction of the force.
Use this to determine the direction of the magnetic field given the velocity and the force.
(a) downward
(b) inward into the paper
(c) right

18. The force on the electron due to the electric force must be the same magnitude as the force on the
electron due to the magnetic force.

E 88x10°V/m
F=F — gE=qB —» v=—=———"'_
PR =1 B 715x10°T

If the electric field is turned off, the magnetic force will cause circular motion.

31 6
Fquszmv—z R r:ﬂ:(9.11x10 kg)(1.173x10 m/s)=

r gB  (1.60x107"°C)(7.5x10°T)

=1.173x10°m/s ~|1.2x10° m/s

(a) The velocity of the ion can be found using energy conservation. The electrical potential energy
of the ion becomes kinetic energy as it is accelerated. Then, since the ion is moving
perpendicular to the magnetic field, the magnetic force will be a maximum. That force will
cause the ion to move in a circular path.

/ZqV
— _1 2 —
initial_Eﬁnal - qV_EmV > V=

m

E
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2
Fmaxzquzmv— -
r
29V
mv ™ 1 my 1 [2(6.6x1077kg)(2700V)

= = :-31X1072m
qB qB B\ 0.340T

q 2(1.60x107°C)

(b) The period can be found from the speed and the radius. Use the expressions for the radius and
the speed from above.

2mV

1
27— B
27r 2rr B\ q  2zm 27(66x107ke)

="t =T - ~[3.8x107s|
r v \/zw

g8 2(1.60x10"°C)(0.340T)

m

20. The velocity of each charged particle can be found using energy conservation. The electrical
potential energy of the particle becomes kinetic energy as it is accelerated. Then, since the particle is
moving perpendicularly to the magnetic field, the magnetic force will be a maximum. That force

will cause the ion to move in a circular path, and the radius can be determined in terms of the mass
and charge of the particle.

L2 2qV
E . .=FE.. — qV=5mv — v=
m
2qV
2 m L
F. =qvB=m~ o\ om 1 [2mV

max =m— — =T = =
r qB qB B q
l 2mV ’ﬁ
r_d:B qd = mp :QZ\/E —> I":\/Er
R A R —
B q, q,
I 2myV m,
B m 4
n_ BV e Nm &5 r —r
o1 emy g, 2
BY\ g, q,

B
21. (a) From Example 27-7, we have that » = m_; ,and so v= ﬂ. The kinetic energy is given by
q m

2 2 292
rqgB rq B
K=im’ = %m(ij -9 and so we see that .

m 2m

(b) The angular momentum of a particle moving in a circular path is given by L = mvr . From

B
Example 27-7, we have that » = m—;, and so v= el . Combining these relationships gives
q m

B
Lzmvrzmirz qBr|.
m
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22. The force on the electron is given by Eq. 27-5a.

i j k
F,=¢vxB=—¢[7.0x10'm/s —6.0x10°m/s 0|=—e(4.2-4.8)x10' Tem/sk
~0.80T 0.60T 0

~(1.60x10™°C)(-0.6x10° Tom/sk) = 9.6 x 10 *Nk ~[1x10 "Nk

23. The kinetic energy of the proton can be used to find its velocity. The magnetic force produces
centripetal acceleration, and from this the radius can be determined.

2
K=im’ — v= 2K qu:mv N Loy
m r qB
2K
\/ﬂ \/2 6.0x10°eV)(1.60x10™ J/eV)(1.67x10kg) =
qB (1 60><10 ¥C)(0.20T) om

24. The magnetic field can be found from Eq. 27-5b, and the direction is found from the right hand rule.
Remember that the charge is negative.
82x10"°N

Fmax — —
Fo =078 = B=0 _(1.60><1019C)(2.8><106m/s)_

The direction would have to be for the right hand rule, applied to the velocity and the
magnetic field, to give the proper direction of force.

The total force on the proton is given by the Lorentz equation, Eq. 27-7.

i j K
E,=g(E+VxB)=¢|(3.0i-42j)x10'V/m+[6.0x10'm/s 3.0x10°m/s -5.0x10"m/s
0.45T 0.38T 0

(1.60 10“"(:)[(3.0% —4.2j)+(1.9i-2.25j+ 0.9312)] x10'N/C

(1.60x107°C)[ (491 - 6.45)+0.93k) | x10° N/C
=(7.84x10"°1-1.03%10*j+1.49x 10 k) N/C

=([(0.78i - 1.0§+ 0.15k) [x10™*N

26. The force on the electron is given by Eq. 27-5a. Set the force expression components equal and
solve for the velocity components.

i j k
FB:qu]é - in+F;j=—evx v, v, =—evszi—e(—vaz)j -
0 0 B
F 3.8x10°N
F—-eB, o v -t 3% = 2810 ms

eB.  (1.60x10™°C)(0.85T)
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27.

28.

29.

F 2.7x10"°N

J

B (1.60x10°C)(0.85T)

F =evB — v = =-2.0x10°m/s

v =|-(2.0i+2.8)) x10° m/s

Notice that we have not been able to determine the z component of the electron’s velocity.

The kinetic energy of the particle can be used to find its velocity. The magnetic force produces
centripetal acceleration, and from this the radius can be determined. Inserting the radius and velocity
into the equation for angular momentum gives the angular momentum in terms of the kinetic energy
and magnetic field.

2K ’
K=imy’ — v= [— qu=ﬂ S o=
m r qB

2K
261 "™ | 2mk
L=mvr=m,— =
m qB qB

From the equation for the angular momentum, we see that doubling the magnetic field while keeping
the kinetic energy constant will cut the angular momentum in half.

Lival =7 Linisa
The centripetal force is caused by the magnetic field, and is given by Eq. 27-5b.

2

F=qusin€=qviB=mv—L -

r
9.11x107"'kg)(3.0x10° in45°
T n;‘; = ( X(16O f?g_lgcg(o'zlgé‘s))SIH =4.314X1075mz

The component of the velocity that is parallel to the magnetic field is unchanged, and so the pitch is
that velocity component times the period of the circular motion.

oy ™

2xr gB 2mm

T: = =
\ v, qB

27m . 27(9.11x10'kg) -
p=vT =vcos45’ (—)=(3.0x10 m/s)cos45° :

qB (1.60x10™C)(0.28T)

(a) For the particle to move upward the magnetic force
must point upward, by the right hand rule we see that T T 0
the force on a positively charged particle would be
downward. Therefore, the charge on the particle must r
be pegativd OXO)

(b) In the figure we have created a right triangle to relate r { y
the horizontal distance £, the displacement d, and the P
radius of curvature, 7. Using the Pythagorean theorem © G// ©
we can write an expression for the radius in terms of -7
the other two distances.

©

g = X

o O 0O
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d’+r
2d

Since the momentum is perpendicular to the magnetic field, we can solve for the momentum by

relating the maximum force (Eq. 27-5b) to the centripetal force on the particle.

2 2 2
qB,(d” +1

F =quO:ﬂ —)p=mv=qBor=—O( )

r 2d

’ :(r—d)2+fz—> r=

30. In order for the path to be bent by 90° within a distance d, the radius of curvature must be less than
or equal to d. The kinetic energy of the protons can be used to find their velocity. The magnetic
force produces centripetal acceleration, and from this, the magnetic field can be determined.

2K ’
K=im’ — v=[|— qu:m_v - ="
m r qr
2K
B>mv_m m _(2Km)”2
ed ed ed’

The magnetic force will produce centripetal acceleration. Use that relationship to calculate the
speed. The radius of the Earth is 6.38x10°km, and the altitude is added to that.

F = B Y @B (1.60><lO'lgC)(6.385><10°217n)(0.50><10'4T) 1310 s
r m 238(1.66x10"kg)

Compare the size of the magnetic force to the force of gravity on the ion.
F, qB (160x107°C)(1.3x10°m/s)(0.50x107T)

_B _

F  mg 238(1.66x10 kg (9.80m/s’)

g

=2.3x10°

, we may ignore gravity. The magnetic force is more than 200 million times larger than gravity.

32. The magnetic force produces an acceleration that is perpendicular to the original motion. If that
perpendicular acceleration is small, it will produce a small deflection, and the original velocity can
be assumed to always be perpendicular to the magnetic field. This leads to a constant perpendicular
acceleration. The time that this (approximately) constant acceleration acts can be found from the
original velocity v and the distance traveled £. The starting speed in the perpendicular direction will
be zero.

qvB
F =ma =qvB — a =

m
gj dez _(18.5x10°C)(5.00x10°T)(1.00 x10'm)
Ny

d =v,t+1i tz—iq—(
L=Vl tya . 2(3‘40><1()_3kg)(155m/5)

~[8.8x107m]

This small distance justifies the assumption of constant acceleration.
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33.

34. (a) Since the velocity is perpendicular to the magnetic field,

35.

(a) Inthe magnetic field, the proton will move along an arc of a
circle. The distance x in the diagram is a chord of that circle,
and so the center of the circular path lies on the perpendicular
bisector of the chord. That perpendicular bisector bisects the
central angle of the circle which subtends the chord. Also recall
that a radius is perpendicular to a tangent. In the diagram,

6, = 0, because they are vertical angles. Then 6, = 6,, because

they are both complements of &,,s0 6 =6,. We have 6, =6,

since the central angle is bisected by the perpendicular bisector
of the chord. &, = @, because they are both complements of 6, ,

and @, = 6, because they are vertical angles. Thus

6,=0,=0,=0, =0, =0, and so in the textbook diagram, the angle at which the proton leaves
i .

: L my : S
(b) The radius of curvature is given by r = _B , and the distance x is twice the value of rcosé .

27 5
x=2rcosé’=2ﬂcos¢9=2(1.67xm kg)(l.3><10 m/s) cos45° =

4B (1.60x10™°C)(0.850T)

the particle will follow a circular trajectory in the x-y plane 0
of radius ». The radius is found using the centripetal
acceleration.
2 30
my
qvB = w2 Q;
r qB 0 N

From the figure we see that the distance o is the chord
distance, which is twice the distance »cos®. Since the ©
velocity is perpendicular to the radial vector, the initial direction and the angle ¢ are

complementary angles. The angles ¢ and & are also complementary angles, so 6 =30°.

a=2rcosf = 2mv, cos30° = x/gﬂ
9B, 9B,

(b) From the diagram, we see that the particle travels a circular path, that is 2¢ short of a complete
circle. Since the angles ¢ and € are complementary angles, so ¢ =60°. The trajectory distance

is equal to the circumference of the circular path times the fraction of the complete circle.
Dividing the distance by the particle speed gives ¢,,.

Lt 2m(360°—2(60°)]_z_ﬁﬂ(2} dzm

“ 360° v, 4B,\3) [3¢B,

Vo Vo

The work required by an external agent is equal to the change in potential energy. The potential
energy is given by Eq. 27-12, U = —jisB.

@ W=AU= (_ﬁ.ﬁ)fml B (_ﬁ.ﬁ)inmal - (ﬁ.ﬁ)initial - (ﬁ.ﬁ)ﬁnal - NIAB(COS Hiﬂiﬁal —cos eﬁnal)
= NIAB(cos0° — cos180°) =

(b) W =NIAB(cos,,,, —cosb, )= NIAB(cos90° - cos(-90°)) = @

initial
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36.

38.

39.

40.

With the plane of the loop parallel to the magnetic field, the torque will be a maximum. We use Eq.
27-9.

T 0.185meN

. : [T
NIABsin® (1)(4.20A)7z(0.0650m)" sin90°

T=NIABsin — B=

(a) The torque is given by Eq. 27-9. The angle is the angle between the B-field and the
perpendicular to the coil face.

1 ’
r=NIABsin:9=12(7.10A){7z(0 E;Omj :|(5.50X105T)Sin24°= 4.85x10”° meN

(b) In Example 27-11 it is stated that if the coil is free to turn, it will rotate toward the orientation so
that the angle is 0. In this case, that means the edge of the coil will rise, so that a
perpendicular to its face will be parallel with the Earth’s magnetic field.

The magnetic dipole moment is defined in Eq. 27-10 as g = NI4A . The number of turns, N, is 1.
The current is the charge per unit time passing a given point, which on the average is the charge on
the electron divided by the period of the circular motion, / = e/ T . If we assume the electron is

moving in a circular orbit of radius , then the area is 77°. The period of the motion is the
circumference of the orbit divided by the speed, T = Zﬂr/ v. Finally, the angular momentum of an
object moving in a circle is given by L = mrv. Combine these relationships to find the magnetic
moment.

e 2_ezzrzv_ﬂ_emrv e

re = = = =—mrv= iL
27rr/ v 2zr 2 2m 2m 2m

€ -
U=NIA=—rr =
T

(a) The magnetic moment of the coil is given by Eq. 27-10. Since the current flows in the
clockwise direction, the right hand rule shows that the magnetic moment is down, or in the
negative z-direction.

fi= NIA =15(7.6 A)ﬂ(@f (-K)=—4.334k Aom? ~

(b) Weuse Eq. 27-11 to find the torque on the coil.
7=fixB= (—4.334 k A-m2) x(o.ssi +0.603—0.6512)T =

P——

2.6i—2.4j) meN

(c) Weuse Eq. 27-12 to find the potential energy of the coil.
U =—fisB =—(-4.334 k Aem?)(0.551+0.60j-0.65k| T = —(4.334A:m”) (0.65 T)

=[-2.81]

To find the total magnetic moment, we divide the rod into infinitesimal pieces of _—
thickness dy. As the rod rotates on its axis the charge in each piece, (Q/d)dy, ]
creates a current loop around the axis of rotation. The magnitude of the current
is the charge times the frequency of rotation, @w/2z. By integrating the

T T[T T =

moment.

T

T

2r d 6

dj
infinitesimal magnetic moments from each piece, we find the total magnetic 1
j_

= Jan=[Aar= [ (e27) 55 |- 971 vy = 290
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41. From Section 27-5, we see that the torque is proportional to the current, so if the current drops by
12%, the output torque will also |[drop by 12%|. Thus the final torque is 0.88 times the initial torque.

42. In Section 27-6, it is shown that the deflection of the galvanometer needle is proportional to the
product of the current and the magnetic field. Thus if the magnetic field is decreased to 0.860 times
its original value, the current must be increased by dividing the original value by 0.860 to obtain the
same deflection.

_ _ 1 initial Binitia _ (63 'OIUA) Binitia _
(]B)initial - (IB)ﬁnal - Iﬁna] - ? = W =

final initial

5|
»

From the galvanometer discussion in Section 27-6, the amount of deflection is proportional to the
. . I . .
ratio of the current and the spring constant: ¢ oc ; Thus if the spring constant decreases by 15%,

the current can decrease by 15% to produce the same deflection. The new current will be 85% of the
original current.

L = 0.850 0, = 0'85(46IUA) =
44. Use Eq. 27-13.

0oL BN _[50

m B (0.46T) (0.0080m)

45. The force from the electric field must be equal to the weight.

3.3x10™°kg)(9.80m/s*)(0.010
el = ()| > gt N HIODMIONOM) o]

eV (1.60x107")(340V)

46. (a) Eq.27-14 shows that the Hall emf is proportional to the magnetic field perpendicular to the
conductor’s surface. We can use this proportionality to determine the unknown resistance.
Since the new magnetic field is oriented 90° to the surface, the full magnetic field will be used
to create the Hall potential.

¢, B! €, 63mV
AL sp=H B =—""(0.10T)=|0.53T
%H BJ_ L %H 1 12mV ( ) -
(b) When the field is oriented at 60° to the surface, the magnetic field, Bsin60°, is used to create
the Hall potential.
! 0.10T
Bl sin60° =2 p _5pr =93 mV ( : ) [Tt
€y 12mV sin60°

47. (a) We use Eq. 27-14 for the Hall Potential and Eq. 25-13 to write the current in terms of the drift
velocity.

¢4, v,Bd 1

K, =—H_-__ d7" _ _
" IB [en (td)vd]B ent
(b) We set the magnetic sensitivities equal and solve for the metal thickness.

2.3
enlt :enlt _)tm:Z_Slszill(?z—9mm‘3(O'lsxloi3m):

m-m

This is less than one sixth the size of a typical metal atom.
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(¢) Use the magnetic sensitivity to calculate the Hall potential.

) 1B _ (100 mA)(O.lT)
6 =KylB= ent (1‘6X10—19c>(3><1022m’3)(015)(10731’11)

=14sz

48. (a) We find the Hall field by dividing the Hall emf by the width of the metal.

E, = & _65uV =2.167x10"*V/m~[2.2x10*V/m

d 0.03m
(b) Since the forces from the electric and magnetic fields are balanced, we can use Eq. 27-14 to
calculate the drift velocity.

4
y, = £ 2067310 V/m _ 5 769,10 mys ~[2.7x10 /s

B 0.80T
(c) We now find the density using Eq. 25-13.
1 42 A

ey, (1.6x107°C)(6.80x10*m}(0.03m)(2.709 x10*m/s

= |4.7 x10*electrons/m’ |

We find the magnetic field using Eq. 27-14, with the drift velocity given by Eq. 25-13. To
determine the electron density we divide the density of sodium by its atomic weight. This gives the
number of moles of sodium per cubic meter. Multiplying the result by Avogadro’s number gives
the number of sodium atoms per cubic meter. Since there is one free electron per atom, this is also
the density of free electrons.

pby % Z%Hnetz%Het[pNAj
v,d (ljd 1 I\ m,
ne(td)
(1.86x10°V)(1.60x107°C)(1.30x10m) (0.971)(1000 kg/m*)(6.022 x10* ¢/mole)
12.0 A 0.02299 kg/mole

- [0:8207T]

50. (a) The sign of the ions will not change the magnitude of the Hall emf, but will
determine the polarity of the emf|.
(b) The flow velocity corresponds to the drift velocity in Eq. 27-14.

0.13x107°V
( )

&
= vBd =2 =[0.56
¥ (0.070T)(0.0033m)

51. The magnetic force on the ions causes them to move in a circular path, so the magnetic force is a
centripetal force. This results in the ion mass being proportional to the path’s radius of curvature.

quszQ/r - mqur/v - m/rqu/Vzconstant=76 u/22.80m

m T6u m T6u

20— — m,,,=70u 26— - m, ,=72u
21.0cm 22.8cm ' 21.6cm 22.8cm ’
76 76
a1 LN m, , =73u T LN m,,, =74u

219cm  22.8cm 222ecm  22.8cm

The other masses are |7O u,72u,73u,and 74 u |
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52.

53.

54.

The velocity of the ions is found using energy conservation. The electrical potential energy

of the ions becomes kinetic energy as they are accelerated. Then, since the ions move
perpendicularly to the magnetic field, the magnetic force will be a maximum. That force will cause
the ions to move in a circular path.

2
BR
qu:% S v

2

m 2m 2V

2 2 p2p2 2 p2
BR B°R R°B
qV:%mv2=lm(q )=q - 1
m

The location of each line on the film is twice the radius of curvature of the ion. The radius of
curvature can be found from the expression given in Section 27-9.
gBB'r 2mE
= - = — y =—-
E gBB' gBB'
2(12)(1.67x10 kg )(2.48 10" V/m)

v (1.60x10™°C) (0.58T)’

m

=1.8467x10"m

2, =2.0006x10"m 2r, =2.1545x107m
The distances between the lines are

2, =21, =2.0006x10m —1.8467x 10 °m = 1.539 10" m ~
2r, = 2r, =2.1545x 10" m - 2.0006 x 10 m = 1.539 x 10" m ~

If the ions are doubly charged, the value of ¢ in the denominator of the expression would double, and
so the actual distances on the film would be halved. Thus the distances between the lines would also
be halved.

2, —2r, =1.0003x10”m —9.2335x 10 *m = 7.695x 10 m ~
2, =21, =1.07725x 10 m - 1.0003x 10 *m = 7.695x 10 *m ~

The particles in the mass spectrometer follow a semicircular path as shown in Fig. 27-33. A particle
has a displacement of 27 from the point of entering the semicircular region to where it strikes the
film. So if the separation of the two molecules on the film is 0.65 mm, the difference in radii of the
two molecules is 0.325 mm. The mass to radius ratio is the same for the two molecules.

quzva/r — m=gBr/v — m/r=constant

28.0106 28.0134
(ﬁj :(ﬁj - v ‘f4 - r=325Im~|33m
" Jeo r o, r r+3.25x10 "' m

W

Since the particle is undeflected in the crossed fields, its speed is given by Eq. 27-8. Without the
electric field, the particle will travel in a circle due to the magnetic force. Using the centripetal
acceleration, we can calculate the mass of the particle. Also, the charge must be an integer multiple

of the fundamental charge.
2

qu:mv
2 1.60x107"° C)(0.034T)’ (0.027
m:qBr: gBr _neB r:n( X )( . )( m):n(3.3x1027kg)zn(2.0u)
v (E/B) E 1.5x10°V/m

The particle has an atomic mass of a multiple of 2.0 u. The simplest two cases are that it could be a

hydrogen-2 nucleus (called a deuteron), or a helium-4 nucleus (called an alpha particle): .
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56. The radius and magnetic field values can be used to find the speed of the protons. The electric field
is then found from the fact that the magnetic force must be the same magnitude as the electric force
for the protons to have straight paths.

quzmvz/r - v=qBr/m F.=F, — qgE=qvB —
(1.60x107°C)(0.625T)" (5.10x10 " m)

1.67x107kg

The direction of the electric field must be perpendicular to both the velocity and the magnetic field,
and must be in the opposite direction to the magnetic force on the protons.

=[1.91x10° V/m

E=vB=qur/m=

57. The magnetic force produces centripetal acceleration.

) 3.8x10™ kgem/s
B B p=L _ =|24T
qv. my /I’ —> myv=p=qbr — gr (1 60x10" 1°C)(1,0><103m) -

The magnetic field must point to cause an inward-pointing (centripetal) force that steers the
protons clockwise.

58. The kinetic energy is used to determine the speed of the particles, and then the speed can be used to
determine the radius of the circular path, since the magnetic force is causing centripetal acceleration.

L 2K mv’ myv «/

K=-mv — v=,|— gB=— —> r=—o
m r qB qB
\2m, K
h__gB _|m, _ [167x107kg g
roo2m K \\'m, \9.11x107kg

59. (a) There will be one force on the rod, due to the magnetic force on the charge carriers in the rod.
That force is of magnitude F, = IdB , and by Newton’s second law is equal to the mass of the

rod times its acceleration. That force is constant, so the acceleration will be constant, and
constant acceleration kinematics can be used.
ldB v-v, v 1dB

F,=F,=I1dB=ma — a=—3= == > v=—ot
m t t m

(b) Now the net force is the vector sum of the magnetic force and the force of kinetic friction.
F =F—-F =1dB—uF, =1dB—umg=ma —

net

1dB v—y,

e [,
m t t m

(c¢) Using the right hand rule, we find that the force on the rod is to the east, and the rod moves .

60. Assume that the magnetic field makes an angle 6 with respect to the B\
vertical. The rod will begin to slide when the horizontal magnetic force !
(IBfcos @) is equal to the maximum static friction (s, F), ). Find the

normal force by setting the sum of the vertical forces equal to zero. See F, IFN

the free body diagram. s
Fypsin@+F,-mg=0 — F,=mg—F;sinf=mg—I{Bsin0 l
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IBLcOs O = 1, Fy= ~I{Bsinf) — B= £ 18
cos0= uFy=p, (mg sin) T4 (1, 5in 60 +cos )
We find the angle for the minimum magnetic field by setting the derivative of the magnetic field
with respect to the angle equal to zero and solving for the angle.

B _,_ —pmg (14, cos @ —sin )

— —6=tan" g, =tan"0.5=26.6°
do T4 (4, 5in 0 +cos )

. mg _ 0.5(0.40kg)(9.80m/s?)
I(p,sin@+cos@)  (36A)(0.22m)(0.5sin26.6°+c0s26.6°)

The minimum magnetic field that will cause the rod to move is ‘0.22 T at 27° from the Vertical‘.

=0.22T

The magnetic force must be equal in magnitude to the weight of the electron.

mg=qvB — L (9-11x10’31kg)(9.80m/52) )

g8 (1.60x107°C)(0.50x10°T)

The magnetic force must point upwards, and so by the right hand rule and the negative charge of the
electron, the electron must be moving .

1.1x10° m/s

62. The airplane is a charge moving in a magnetic field. Since it is flying perpendicular to the magnetic
field, Eq. 27-5b applies.

F,,. = qvB=(1850x10°C)(120m/s)(5.0x10°T) =

63. The maximum torque is found using Eq. 27-9 with sin@ =1. Set the current equal to the voltage
divided by resistance and the area as the square of the side length.

r=NIAB= N[%]PB = 20(%)(0.050@2 (0.020T)=|3.8x10"*meN

64. The speed of the electrons is found by assuming the energy supplied
by the accelerating voltage becomes kinetic energy of the electrons.
We assume that those electrons are initially directed horizontally, v Ay
and that the television set is oriented so that the electron velocity is —_— Ax-------
perpendicular to the Earth’s magnetic field, resulting in the largest
possible force. Finally, we assume that the magnetic force on the
electrons is small enough that the electron velocity is essentially
perpendicular to the Earth’s field for the entire trajectory. This results in a constant acceleration for
the electrons.
(a) Acceleration:

2elV
_ _ 1 2 _
Uinitial - Kﬁnal - eV — 2 mvx - Vx -
m
Deflection:
. . . _ field
time in field: Ax, , =vit. ., = ltiwe=—"" "
X
2elV B
e |25
Earth 3
qv B, 2e’V
Fy = qvaEanh = may - ay = = = 3 BEarth
m m m

© 2009 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

213



Physics for Scientists & Engineers with Modern Physics, 4" Edition Instructor Solutions Manual

65.

2
26V Ax /2e3V , m
Ay = %aytz = % 3 BEarth el = % 3 BEarth (Ax)
m V. m 2eV

X

e ) 1.60x107°C . 2
SmVBE““‘(Ax) _\/8(9.11x10‘“kg)(2.0x103v) (5:0x10°T)(0.18m)

~537x10m z
1.60x107"°C

e 2 -5 2
b Av=|——B._. (Ax) = 5.0x10°T)(0.18
) &y 8Smy ran (A) \/8(9.11x1031kg)(28,000V)( * )(0-18m)
=[14%x10"°m

Note that the deflection is significantly smaller than the horizontal distance traveled, and so the
assumptions made above are verified.

From Fig. 27-22 we see that when the angle & is positive, the torque is negative. The magnitude of

the torque is given by Eq. 27-9. For small angles we use the approximation siné = 6. Using Eq. 10-

14, we can write the torque in terms of the angular acceleration, showing that it is a harmonic

oscillator.

labB
[M

We obtain the period of motion from the angular frequency, using 7 =27z/w . First we determine the

T=—-NIABsin@~—-IlabBO=1,a — az—[ }9:—0)29

moment of inertia of the loop, as two wires rotating about their centers of mass and two wires
rotating about an axis parallel to their lengths.

> (3a+b)mb?
ool L e e, () 2 Baxb)mb?
12\ 2a+2b 2a+2b )2 12(a+b)

2
T=2—ﬂ-=27r 1, Con mb (3a+b) Iy mb(3a+b)
@ \ NlabB 12(a+b)NIabB 3(a+b)NIaB

66. (a) The frequency of the voltage must match the frequency of circular motion of the particles, so

that the electric field is synchronized with the circular motion. The radius of each circular orbit

is given in Example 27-7 as » =—. For an object moving in circular motion, the period is

qB
. 27r ) . .
given by T =——, and the frequency is the reciprocal of the period.
%
T = ﬂ —> f = v = v = Bq
v 2zr YL 2zm

Priilad

qB

In particular we note that this frequency is independent of the radius, and so the same frequency
can be used throughout the acceleration.

(b) For a small gap, the electric field across the gap will be approximately constant and uniform as
the particles cross the gap. If the motion and the voltage are synchronized so that the maximum
voltage occurs when the particles are at the gap, the particles receive an energy increase of
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K = qV,, as they pass each gap. The energy gain from one revolution will include the passing

of 2 gaps, so the total kinetic energy increase is .
(¢) The maximum kinetic energy will occur at the outside of the cyclotron.

o r gBY g8 (0.50m) (1.60x107°C) (0.60T)
=imyv. =1m =1 =

1 1
max 2 max 2

2

m 1.67x107 kg

m

eV \(1MeV
=6.898><10"”J( A j( =~ j=4.3MeV
1.60x10™°5 )\ 10°eV

The protons will follow a circular path as they move through the
region of magnetic field, with a radius of curvature given in Example L)

my . . .
27-7 as r =—. Fast-moving protons will have a radius of curvature a—
qB
that is too large and so they will exit above the second tube. r
Likewise, slow-moving protons will have a radius of curvature that is /
10

too small and so fthey will exit below the second tubd. Since the exit
velocity is perpendicular to the radius line from the center of
curvature, the bending angle can be calculated.

£
sinfd=— —
r

oo b itaB _ . (5:0x107m)(1.60x10 "C)(0.38T)
r my (1.67x107"kg)(0.85x10" m/s)

—sin" 0.214 = [129]

68. (a) The force on each of the vertical wires in the loop is
perpendicular to the magnetic field and is given by Eq. 27-1,
with 8 =90°. When the face of the loop is parallel to the
magnetic field, the forces point radially away from the axis. 6—“
This provides a tension in the two horizontal sides. When the : =0

P
O,

=1}

-

face of the loop is perpendicular to the magnetic field, the force Axis
on opposite vertical wires creates a shear force in the horizontal
wires. From Table 12-2, we see that the tensile and shear
strengths of aluminum are the same, so either can be used to
determine the minimum strength. We set tensile strength multiplied by the cross-sectional area
of the two wires equal the tensile strength multiplied by the safety factor and solve for the wire

diameter.

2 10(14B i . .
E”(ij _10(188) > d-2 (1¢B) _, [10(15.0 A)(0.200 m)(1.35 T)
472 m(F/A) 7(200%10° N/m”

=5.0777x107* m ~[0.508 mm]|
(b) The resistance is found from the resistivity using Eq. 25-3.
R= p£ =(2.65x10*Q+m) 4(0200m) =[0.105Q]
4 ”[5.0777><10'4 mJZ
2
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69. The accelerating force on the bar is due to the magnetic force on the current. If the current is

constant, the magnetic force will be constant, and so constant acceleration kinematics can be used.
2 2
v—-0 v

Vi =y +2aAx > a=——=—

2Ax  2Ax

2

y
m(j ) -3 2
Ax 1.5x107ke )(25
F =ma=1IdB — [=22_ 2 = _( - g)( m/S) _

“e‘ dB  dB  2AxdB  2(1.0m)(0.24m)(1.8T)

Using the right hand rule, for the force on the bar to be in the direction of the acceleration shown in
Fig. 27-53, the magnetic field must be .

70. (a) For the beam of electrons to be undeflected, the magnitude of the magnetic force must equal the
magnitude of the electric force. We assume that the magnetic field will be perpendicular to the
velocity of the electrons so that the maximum magnetic force is obtained.

F,=F, — qB=qE — Bzgzwﬂﬂsuoﬁz
v 4.8x10°m/s
(b) Since the electric field is pointing up, the electric force is down. Thus the magnetic force must
be up. Using the right hand rule with the negative electrons, the magnetic field must be of
the plane of the plane formed by the electron velocity and the electric field.
(¢) Ifthe electric field is turned off, then the magnetic field will cause a centripetal force, moving
the electrons in a circular path. The frequency is the reciprocal of the period of the motion.

2
my Br
qB=—— — y=2"
r m

98-

Y m gB  qE (1.60><10719C)(8400V/m) :

2rr 27r 2am 2amv B 27[(9.11><1O’31kg)(4.8><106 m/s)

71. We find the speed of the electron using conservation
of energy. The accelerating potential energy becomes
the kinetic energy of the electron.

eV=im? — v= /ﬂ
m

Upon entering the magnetic field the electron is
traveling horizontally. The magnetic field will cause
the path of the electron to rotate an angle 6 from the
horizontal. While in the field, the electron will travel
a horizontal distance d and a vertical distance /.
Using the Pythagorean theorem, and trigonometric

relations, we can write three equations which relate £
the unknown parameters, 7, /1y, and 6.
tanHZZ_};? sing=2 r2=d2+(r—h0)2—>h0=r—\/r2—d2
- r

These three equations can be directly solved, for the radius of curvature. However, doing so requires
solving a 3" order polynomial. Instead, we can guess at a value for /,, such as 1.0 cm. Then we use
the tangent equation to calculate an approximate value for . Then insert the approximate value into
the sine equation to solve for . Finally, inserting the value of  into the third equation we solve for
hy. We then use the new value of 4, as our guess and reiterated the process a couple of times until
the value of %, does not significantly change.
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0= tant| Lem=L.0em | _ g ago o 33em _oacim
22cm—3.5cm sin28.39°

—hy=7.36cm—(7.36¢m)’ ~(3.5cm)’ =0.885cm

0 tanl(ll cm —0.885 ij Z08.67° > r= 32 _530em

sin28.67°

22 cm—3.5cm

By =7.30 cm —(7.30 cm)’ — (3.5 cm)” =0.894 cm
0 tanl[ll cm—0.894 cm

=7.30cm

" sin28.67°

= 28.65° = > CM
22 cm—-3.5 cm

> hy =7.30cm —/(7.30cm)’ ~(3.5cm)’ =0.894cm

The magnetic field can be determined from the trajectory’s radius, as done in Example 27-7.
2(9.11x107'kg)(25x10°V
gy pomv_m [2eV_ [amV ( el 2):
eB er er\ m er (1.60x10™ €)(0.0730m)

72. (a) As the electron orbits the nucleus in the absence of the magnetic field, its
centripetal acceleration is caused solely by the electrical attraction between
the electron and the nucleus. Writing the velocity of the electron as the
circumference of its orbit times its frequency, enables us to obtain an

equation for the frequency of the electron’s orbit. x J\
2
ke? v (277 l”fo) ) ke?
—=m—=m——— f=— x
r? r r fo Az’mr?

When the magnetic field is added, the magnetic force adds or subtracts from the centfipétai
acceleration (depending on the direction of the field) resulting in the change in frequency.

2
2 2
ke (27rf) % qB f—f2=0
r 27m

T tq (mef )B =m
We can solve for the frequency shift by setting f = f, + Af', and only keeping the lowest order
terms, since Af < f,.

(, +Af)2$%(f0 FAf)-f2 =0

2 2 9B 2 B
ﬂ+2ﬁAf+M+£7ﬂ+%%—ﬂ=O > | Ar=+2

" 4zm

(b) The “£” indicates whether the magnetic force adds to or subtracts from the centripetal
acceleration. If the magnetic force adds to the centripetal acceleration, the frequency increases.
If the magnetic force is opposite in direction to the acceleration, the frequency decreases.

The speed of the proton can be calculated based on the radius of curvature of the (almost) circular
motion. From that the kinetic energy can be calculated.

qBr (qBrjz q9'Br
= m| —— =

2
my )
gvB=—— —> v my" =

r m

K=

o=

1
2
m 2m

19 ,\2 )
Mzﬁ(ﬁ_rf):(l-@xlo C) g(7).018T)
2m 2(1.67x10"kg)

—[26.9x10™1] or —0.43¢V
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74.

75.

76.

T7.

The forces on each of the two horizontal sides of the loop

have the same magnitude, but opposite directions, so these y
forces sum to zero. The left side of the loop is located at ®©
x = b, where the magnetic field is zero, and therefore the '0) N
force is zero. The net force is the force acting on the right T
side of the loop. By the right hand rule, with the current © ra
directed toward the top of the page and the magnetic field © ® |
into the page, the force will point in the negative x o I P ®
direction with magnitude given by Eq. 27-2. L X

b+aJ:_ ]azBOA b

i=|— i

b

F= HB(—E) = luB, (1 -

We assume that the horizontal component of the Earth’s magnetic field is / F,
pointing due north. The Earth’s magnetic field also has the dip angle of

22°. The angle between the magnetic field and the eastward current is
90°. Use Eq. 27-1 to calculate the magnitude of the force.
E

F =I4Bsin0=(330A)(5.0m)(5.0x10”T)sin90°

=|0.083N

Using the right hand rule with the eastward current and the Earth’s magnetic field, the force on the
wire is | northerly and 68° above the horizontal | .

Since the magnetic and gravitational force along the entire rod is ; d |
uniform, we consider the two forces acting at the center of mass of the | a4 | a4 |
rod. To be balanced, the net torque about the fulcrum must be zero. |
Using the usual sign convention for torques and Eq. 10-10a, we solve A ‘ﬁ
for the magnetic force on the rod. 2

S ¢ =0=Mg(td)-mg(+d)-Fy (4d) — Fy=(M-m)g R

We solve for the current using Eq. 27-2.
o F (M-m)g _ (8.0m—m)g _[7.0mg
{B dB dB dB

The right hand rule indicates that the current must flow [toward the lef| since the magnetic field is
into the page and the magnetic force is downward.

(a) For the rod to be in equilibrium, the gravitational torque and the
magnetic torque must be equal and opposite. Since the rod is uniform,
the two torques can be considered to act at the same location (the center
of mass). Therefore, components of the two forces perpendicular to the
rod must be equal and opposite. Since the gravitational force points
downward, its perpendicular component will point down and to the right.
The magnetic force is perpendicular to the rod and must point towards
the left to oppose the perpendicular component of the gravitational force.
By the right hand rule, with a magnetic field pointing out of the page, the
current must flow |downward from the pivod to produce this force.

(b) We set the magnitude of the magnetic force, using Eq. 27-2, equal to the magnitude of the
perpendicular component of the gravitational force, /| =mgsiné, and solve for the magnetic

field.
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Chapter 27 Magnetism

_ . _mgsin@ _ (0-150kg)(9.80m/s2)sin13° ~
B =mgsind — B= T (12A)(1,0m) _

(¢) The largest magnetic field that could be measured is when € =90°.

5 _mgsin90° (0.150kg)(9.80m/s” )sin 90° .
o (12A)(1.0m) =
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