Solutions for conceptual questions
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The induced current will be counterclockwise (ccw).

As the bar moves upward through the constant magnetic field region, the area of the loop decreases, so the flux through the loop
decreases. By Lenz’s law, any induced current will tend to oppose the decrease. Using right hand rule we know that magnetic field
inside the loop due to a ccw current comes out of the plane. Therefore a ccw current will create a stronger magnetic field inside
the loop, tending to increase the flux.

34.2
One has to push the loop against a repulsive force.

As the loop enters the region between the poles the magnetic flux linked with the loop increases. Therefore the motion of the loop
in the magnetic field induces a current in the loop in the direction shown. This induced current tends to oppose the flux increase
by creating a magnetic field opposite in direction to that which existed due to the magnetic poles. In other words the induced
current is such that the force the loop experiences due to this current opposes the loop to enter the region between the
poles(Lenze's law) . The magnetic poles of the induced current loop are also shown in the diagram . The net magnetic force on the
loops 1is to the right.

34.3
Yes.

As the loop falls the magnetic flux linked with the loop decreases hence there is an induced current in the loop in the direction
shown in the diagram. The net force due to this current is up since there is only an upward force on the top side of the loop and no
force on the bottom side since it is not in a magnetic field. Whereas the other two sides experience forces which are equal and
opposite in direction and hence they cancel each other.
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a. Clockwise. Since the 'dot' field is increasing hence the induced magnetic field is'cross',i.e. into the page and by the right-hand
rule the induced current is clockwise.

b. No current. A changing magnetic flux induces a current but here it is constant.

c. Counterclockwise. Since the 'dot' field is decreasing hence the induced magnetic field is'dot',i.e. Out of the page and by the
right-hand rule the induced current is counter clockwise.

34.6

a. No current. No magnetic flux is changing, so no magnetic field is induced.

b. Clockwise. An increasing counterclockwise (from above) current in the lower loop creates an increasing upward-point magnetic
field in the upper loop. Thus the flux through the upper loop is increasing, and an induced downward magnetic field is created,
resulting from a clockwise current in the upper loop.

¢. No current. The current through the lower loop is constant, so there is no change in the flux through the upper loop.

d. Counterclockwise. The decreasing current in the lower loop causes the flux through the upper loop to decrease, inducing an
upward magnetic field.
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The figure 34.20 illustrates how current is induced an a coil due to an approaching magnetic pole.

a. Clockwise from above. The increasing flux through the loop is due to the upward-pointing field of the magnet, so the induced
magnetic field is downward.

b. Yes, up. The induced downward field is like a magnet with its north pole on the bottom, which is repulsed by the bar magnet.

c. Yes, down. By Newton’s third law, the bar magnet experiences an equal and opposite force and hence is pushed down.

a. Left to right. As seen from the side of the approaching magnet the current inside the coil should be clockwise so that the
induced magnetic pole on the left side of the coil is 'south' and it tends to repel the approaching magnet(Lenze's Law), hence the
magnet’s field inside the coil points from right to left(opposite to the increasing magnetic field).This induced clockwise current
actually flows from left to right of the current meter.

b. No current. The flux through the coil is not changing.

c. Right to left. Flux through the loop decreases as the magnet is withdrawn. There fore to prevent this change(Lenze's Law) the
induced current flows in such direction that a north pole is induced at the left side of the coil and it attracts the south pole of the
retreating bar magnet. Hence the current as seen from the retreating bar magnet side is counterclockwise. Therefore this time the
induced current flows from right to left in the current meter.



Exercise and problems

34.1. Visualize:

As shown in the diagram lets assume that the antennae is vertical, the magnetig field in into the paper and the car is moving
horizontaly. Then using Equation 34.3. for the emf induced in a strait wire in a magnetic field we have .

£ = vIB
Which gives us,

E 1.0V ]
=—= =2.0x10" m/
B~ (1.0 m)(5.0x10° T) : ’

Assess:  This is an unreasonable speed for a car. It’s unlikely you’ll ever develop a volt.

34.2. Model: Assume the magnetic field is uniform.
Visualize:
10 cm

e
!

5.0 m/s

Since a motional emf was developed the field must be perpendicular to V . The positive charges experienced a magnetic force to
the left. By the right-hand rule if the force experienced by positive charge is to the left and the velocity is downward then the field

must be out of the page so that V x B is to the left since qvx B is the force experienced by moving charges.
Solve: This is a straightforward use of Equation 34.3

E = vIB
. We have

:E: 0.050 V —010T
vl (5.0m/s)(0.10 m)

Assess: This is reasonable. Laboratory fields are typically up to a few teslas in magnitude.



34.5. Model: Consider the solenoid to be long so the field is constant inside and zero outside.
Visualize:
Solenoid (9

N\

Q

60°

. The field of a solenoid is along the axis. The field is constant inside the solenoid so we will use Equation 34.10
- —>
®, =A-B

The flux through the loop is only nonzero inside the solenoid. Since the loop completely surrounds the solenoid, the total flux
through the loop will be the flux through the solenoid cross section,

®=A,, B, =A, B, =nr}B,cos0=7(0.010 m)’(0.20 T)=63x10" Wb

sol™sol

When the loop is tilted it still encloses the solenoid . Now initially the area of the loop was perpendicular to the field but now it is
tilted hence we can use the formula

&, = A B = ABcosf

Where the effective area through which the field lines pass remains the same because when the loop is tilted the component of B

in the direction of A is less, but the effective area of the loop surface through which the magnetic field lines cross is increased by
the same factor. Hence the flux remains the same asthe previous case as long as the loop is enclosing the solenoid.

34.7. Model: Assume the field strength is uniform over the loop.

1

According to Lenz’s law, the induced current creates an induced field that opposes the change in flux.

Solve: The original field is into the page within the loop and is changing strength. The induced, counterclockwise current
produces a field out of the page within the loop that is opposing the change. This implies that the original field must be
increasing in strength so the flux into the loop is increasing.
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The changing current in the solenoid produces a changing flux in the loop. By Lenz’s law there will be an induced current and
field to oppose the change in flux.

We assume that the solenoid is long enough such that there is not field outside the solenoid, and therefore the flux through the
cross section of the solenoid is the flux through the loop.

Solve: The current shown produces a field to the right inside the solenoid(using right hand rule). So there is flux to the
right through the surrounding loop. As the current in the solenoid increases there is more field and more flux to the right
through the loop. There is an induced current in the loop that will oppose the change by creating an induced field and flux
to the left. This requires a counterclockwise current when seen from the left end of the solenoid.

34.11. Model: Assume the field is uniform.

(a) B increasing (b) B decreasing (¢) B decreasing
at 0.50 T/s at 0.50 T/s at 0.50 T/s
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X XX X
X X@EX X
® ® o X X@X X
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If the changing field produces a changing flux in the loop there will be a corresponding induced emf and current.

(a) The induced emf is E= |d /dt | and the induced current is / =E*R. The field B is changing, but the area 4 is not. Take A to
be out of the page and parallel to B, so ® = 4B. Thus,

E= ‘A‘;—f = ‘mz ‘;—ﬂ = |7(0.050 m)*(0.50 T/5) =3.9x107 V =3.9 mv

[_E_3.93><1()’3 \Y%
R 02Q

The field is increasing out of the page. To prevent the increase, the induced field needs to point into the page. Thus, the induced
current must flow clockwise.

=2.0x107 A=20mA



(b) As in part (a), E= A(dB/dt) =3.9 mV anq I =20 mA. Here the field is into the page and decreasing. To prevent the decrease,
the induced field needs to point into the page. Thus the induced current must flow clockwise.

(c)The diagram illustrating the expression of magnetic flux is as follows

(b) B

The angle 6 between
A and B is the angle
at which the loop
has been tilted.

The magnetic
flux through
the loop is
®, =A-B.

Now A (left or right) is perpendicular to B and so A-B=0 Whb. That is, the field does not penetrate the plane of the loop. If ® =
0 Wb, then E = |d®/dt| = 0 V/m and I = 0 A. There is no induced current.

Assess: Note that the induced field opposes the change.

34.27.

To calculate the flux we need to consider the orientation of the normal of the surface relative to the magnetic field direction. We
will consider the flux through the surface in the two parts corresponding to the two different directions of the surface normals(for
the horizontal part of the loop area vector is verticall downward and for the vertical part of the loop it is horizontally directed
towards the right.

Solve: The flux is the sum of the fluxes linked with each half of the loop

D=0+ =A, B+Ay B=A4,Bcos45°+ 4,Bcos45°
=2x(0.050 mx0.10 m)(0.050 T)cos45°=3.5x10"* Wb

34.32. Model: Assume that B changes uniformly with time.
Visualize:




The magnetic strength is changing so the flux is changing and this will create an induced emf. The magnetic field is at an angle &
= 60° to the normal of the plane of the coils. S o _ _

Solve: The flux for a single loop of the coil is . (Dm =A-B Or Cbm - AeffB = ABcost The radius and
angle don’t change with time, but B does.

At any given time the flux linked with one turn of the coil is ®=Trr.r B cos® and therefore the net flux linked with the coil is
number of turns x ®.

There fore according to Faraday’s law, the induced emf is proportional to the rate of change of the net flux linked with the coil
given by,

E = N92| = Nacoso|®B| = Nz coso| 22
dt dt At
1.50 T-0.50 T
=1007(0.010 m)° (cos60°) %‘ =2.6x107 V=26 mV
. S

34.37. Model: Assume the wire is long enough so we can use the formula for the magnetic field of an “infinite” wire.

Visualize:
T Iincreasing at 100 A/s

X X x X X X
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X X x X X X
X X X X X x
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The magnetic field in the vicinity of the loop is due to the current in the wire and is perpendicular to the loop. The current is changing
so the field and the flux through the loop are changing. This will create an induced emf and induced current in the loop.
Solve: The induced current depends on the induced emf and is

Eloop l

do
dt

Ly =—2
loop R R
The flux through a rectangular loop due to a wire was found in Example 34.5. The total flux is

O yolbln(c+aj
2z c

_ b, (C+aj£:(4ﬂx107 Tm/A) (0.020 m)ln(omom
" R2z dt (0.010 Q)27 0.010 m

=1 j(loo Als) =44 uA

c



34.40. Model: Since the solenoid is fairly long compared to its diameter and the coil is located near the center, assume the
solenoid field is uniform inside and zero outside.
Visualize:
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As we have seen in problem 34.5 that the flux through the coil is the same as the flux through the solenoid cross section since
the loop of the coil surrounds completely the solenoid. The solenoid’s magnetic field is parallel to the coil’s axis and creates a flux
through the coil. This flux changes as the solenoid’s current changes, causing an induced emf and corresponding induced current
in the coil.

Solve: The induced current from the induced emf is given by Faraday’s law. We have

1 |d(D d (IUONIJ‘ _ Noil”rciilluoN|dI|

_E _ C
Rl |dt|

coil

2
N cilﬂrc

— Ct oil

dr | R |di\ 1

coil

coil T coil
R R

We used the fact that the coil flux is confined to the area Ay =7y of the coil, not the larger area of the solenoid. The current is
changing uniformly over the interval 0 s <¢<0.02 s at the rate |[d//dt| = 50 A/s so the induced current during this interval is
57(0.0050 m)* (47 x107 T m/A)(120)
ot (0.10 ©2)(0.080 m)

(50 A/s)=3.7x10"A =0.37 mA

The current in the solenoid is changing steadily so the induced current in the coil is constant. The current is initially positive so the
field is initially to the right and decreasing. The induced current will oppose this change and will therefore produce an induced
field to the right. This requires an induced current in the coil coming out of the page at the top, so it is also positive. That is, it is
clockwise when seen from the left.

Leit (A)

0.37 mA

T 1(s)
0.02



34.41.
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Assume that the magnetic field of coil 1 passes through coil 2 and that we can use the magnetic field of a solenoid for coil 1.

The field of coil 1 produces flux in coil 2. The changing current in coil 1 gives a changing flux in coil 2 and a corresponding
induced emf and current in coil 2.

Solve: (a) From 0 s to 0.1 s and 0.3 s to 0.4 s the current in coil 1 is constant so the current in coil 2 is zero. Thus
1(0.05s)=0 A.
(b) From 0.1 s to 0.3 s, the induced current from the induced emf is given by Faraday’s law. The current in coil 2 is
_E _ 1, |do, dB, 214 N )| Ny N, |l |
di\ 1, R, |dt|

1 1
-2 L D _ N
> R R *dat| R ¥?*dt| RV

207(0.010 m)" (47x107 T m/A)(20
- (22)(0.020 m)

)20 Als|=795x107° A =79 uA
[20 A

We used the facts that the field of coil 1 is constant inside the loops of coil 2 and the flux is confined to the area 4, =7 7 of coil 2.

Also, we used [, = Nyd = 20(1~0 mm) =0.020 m and |d7/dr| = 20 A/s. From 0.1 s to 0.2 s the current in coil 1 is initially negative so
the field is initially to the right and the flux is decreasing. The induced current will oppose this change and will therefore produce
a field to the right. This requires an induced current in coil 2 that comes out of the page at the top of the loops so it is negative.
From 0.2 s to 0.3 s the current in coil 1 is positive so the field is to the left and the flux is increasing. The induced current will
oppose this change and will therefore produce a field to the right. Again, this is a negative current. Hence 1(0.25 s) = 79 pA right
to left through the resistor.

I (pA)

0 T T — 1(S)

_?9_




34.43. Model: Assume the magnetic field is uniform over the plane of the loop.
Visualize: The oscillating magnetic field strength produces a changing flux through the loop and an induced emf in the loop.

Solve: (a) The normal to the surface of the loop is in the same direction as the magnetic field so that ® = A-B=BA. The
induced emf is

do
dt

dB
dt

2

= = - =11’ wB,|cos wi|
dt

The cosine will oscillate between +1 and —1 so the maximum emf is
E,, =7r’®B, =1’ (27 f)B, =27*(0.125)° (150x10° Hz)(20x10” T)=0.93 V

(b) If the loop is rotated so that the plane is perpendicular to the electric field, then the normal to the surface will be parallel to the
magnetic field. There is no magnetic flux through the loop and no induced emf.

Alternate solution
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34.45. Model: Assume an ideal transformer.
Visualize: An ideal transformer changes the voltage, but not the power (energy conservation).
Solve: (a) The primary and secondary voltages are related by Equation 34.30. We have
N. |4 15,000
V,= Vle =N, :71N2 = WlOO =12,500 yrns

1 2
(b) The input power equals the output power and we recall that P =1AV 5o

LAV, (250A)120V

By =B, = 1AV =LAV, = 1, =
AV, 15,000 V

20A

Assess: These values seem reasonable, because houses have low voltage and high current while transmission lines have
high voltage and low current.

34.51. Model: Assume that the magnetic field is uniform in the region of the loop.

Visualize: Please refer to Figure P34.51. The rotating semicircle will change the area of the loop and therefore the flux through
the loop. This changing flux will produce an induced emf and corresponding current in the bulb.

Solve: (a) The spinning semicircle has a normal to the surface that changes in time, so while the magnetic field is constant, the
area is changing. The flux through in the lower portion of the circuit does not change and will not contribute to the emf. Only the
flux in the part of the loop containing the rotating semicircle will change. The flux associated with the semicircle is

®=A-B=BA=BAcosf = BAcos(27rﬁ)

where =27/t is the angle between the normal of the rotating semicircle and the magnetic field and 4 is the area of the
semicircle. The induced current from the induced emf is given by Faraday’s law. We have

2
= % :% dd—cf = %‘%BACOS(zﬂ'ﬁ‘) = %%Zﬂfsin(Zﬂﬁ)
2 2
_2(020 Tz)(fo(g(;.)OSO m) fsin(27z ft) =4.9x107 fsin(27 ft) A

where the frequency f'is in Hz.
(b) We can now solve for the frequency necessary to achieve a certain current. From our study of DC circuits we know how power
relates to resistance:

P=IR=1=+P/R=\[A0W/1.0Q=2.0 A
The maximum of the sine function is +1, so the maximum current is

20A

m:4.1x102 Hz
I X ) S

I, =49x10"f As=20A= f=
Assess: This is not a reasonable frequency to obtain by hand.

Alternate Solution
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