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

Visualize: Please refer to Figure Ex34.7. 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.



I"#$#Y&'()*+  Assume that the magnet is a bar magnet with field lines pointing away from the north end.
,-J0*-1)+  As the magnets move, if they create a change in the flux through the solenoid, there will be an
induced current and corresponding field. According to Lenz’s law, the induced current creates an induced field
that opposes the change in flux.

2*3)+ 405When magnet 1 is close to the solenoid there is flux to the left through the solenoid. As magnet 1
moves away there is less flux to the left. The induced current will oppose this change and produce an induced
current and a corresponding flux to the left. By the right-hand rule, this corresponds to a current in the wire into
the page at the top of the solenoid and out of the page at the bottom of the solenoid. So, the current will be right
to left in the resistor.

465When magnet 2 is close to the solenoid the diverging field lines of the bar magnet produce a flux to the left in
the left half of the solenoid and a flux to the right in the right half. Since the flux depends on the orientation of
the loop, the flux on the two halves have opposite signs and the net flux is zero. Moving the magnet away
changes the strength of the field and flux, but the total flux is still zero. Thus there is no induced current.



34.9. Visualize: Please refer to Figure Ex34.9. 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.

Solve: The current shown produces a field to the right inside the solenoid. 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.



"H#S%H&)*+, Assume the plane of the loop is perpendicular to the field direction.

-/01+.2*,  Please refer to Figure Ex34.10. The flux is due to the field through the area of the triangle. Only the
left half gives a contribution ag the field strength is zero on the right half.

3(44*, 516The flux is ® = A-B. Take A to be into the page, perpendicular to the triangle, and thus parallel
to B . In this case ® = AB where A is the area of half of the triangle. This smaller triangle has a base of 10 cm
and height 20sin60° cm =17.32 cm. Thus,

1
O =A4B :5(0.10 m)(0.1732 m)x0.10 T=8.7x10* Wb
576The flux is directed into the loop. According to Lenz’s law, the induced current will try to prevent the

decrease of flux. To do this, the field of the induced current will have to point into this loop. This requires the
induced current to flow clockwise.



34.11. Model: Assume the field is uniform.
Visualize: Please refer to Figure Ex34.11. If the changing field produces a changing flux in the loop there will
be a corresponding induced emf and current.

Solve: (a) The induced emfis £= |d(1)/dt| and the induced current is / = £/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 ® = AB. Thus,

£ :‘A%‘ - ‘72'}”2% =|7(0.050 m)*(0.50 T/5)| =3.9x107 V =3.9 mV

& 3.93x10° V
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.
(b) As in part (a), E= A(dB/dt)=3.9 mV and 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) 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 £ = |[d®/dt| =0 V/m and I =0 A. There is no induced current.

Assess:  Note that the induced field opposes the change.

=2.0x107 A=20 mA



34.12. Model: Assume the field is uniform.
Visualize: Please refer to Figure Ex34.12. The motion of the loop changes the flux through it. This results in
an induced emf and current.

Solve: The induced emfis &£ = [d®/dt| and the induced current is / = &/R. The area A4 is changing, but the field

B is not. Take A4 as being out of the page and parallel to B, so ® = AB and d®/dt = B(dA/df). The flux is
through that portion of the loop where there is a field, that is, 4 = Ix. The emf and current are

£=B % =B % = BIv=|(0.20 T)(0.050 m)(50 m/s)| =0.50 V
_E_050V _ o
R 0.10Q

The field is out of the page. As the loop moves the flux increases because more of the loop area has field
through it. To prevent the increase, the induced field needs to point into the page. Thus, the induced current
flows clockwise.

Assess: This seems reasonable since there is rapid motion of the loop.



34.13. Model: Assume the field strength is changing at a constant rate.

Visualize:
N = 1000 turns
X X X X /%X X
% X
% X
x x
% X
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The changing field produces a changing flux in the coil and there will be a corresponding induced emf and
current.
Solve: The induced emf of the coil is

o
dt

dB

dt

SZN‘ 3
x107 s

‘=N =NA‘ ‘=N7rr2

d—B‘ =(10°)=(0.010 m)z(ﬂj =31V
dr 10

where we’ve used the fact that B is parallel to 4.
Assess:  This seems to be a reasonable emf as there are many turns.



34.14. Model: Assume the field is uniform across the loop.
Visualize: Please refer to Figure Ex34.14. There is a current in the loop so there must be an emf that is due to

a changing flux. With the loop fixed the area is constant so the change in flux must be due to a changing field
strength.

Solve: The induced emfis &£ = |dD/dt| and the induced current is / = &/R. The B field is changing, but the area
Ais not. Take A as being into the page and parallel to B, so ® = AB and dd/dt = A(dB/df). We have

R (150x10°A)(0.20Q)
"4 (0.080m)

The original field and flux is into the page. The induced counterclockwise current produces an induced field and
flux that is out of the page. Since the induced field opposes the change, the field must be increasing.

dod

ao|_ dB
dt

dB
_:>_
dt

dt

=4.7T/s




34.50. Model: Assume there is no resistance in the rails. If there is any resistance, it is accounted for by the
resistor.

Visualize: Please refer to Figure P34.50.The moving wire will have a motional emf that produces a current in
the loop.

Solve: (a) At constant velocity the external pushing force is balanced by the magnetic force, so

2%y (0.50 TY (0.10 m)’(0.50 m/
Fra = Froa —np=Eip=[ B IB=BIV=( ) (010 m) ( S)=6.25><10’4Nz6.3><10‘4N
pus ¢ R R R 2.00Q
(b) The power is

P=Fv=(6.25x10" N)(0.50 m/s)=3.1x10™* W

(c¢) The flux is out of the page and decreasing and the induced current/field will oppose the change. The induced
field must have a flux that is out of the page so the current will be counterclockwise.
The magnitude of the current is

/- (B_lvj _ (050 T)(0.10 m)(0.50mis) o o,

2,00
(d) The power is
P=PR=(125x102 A) (2.0Q)=3.1x10* W

Assess: From energy conservation we see that the mechanical energy put in by the pushing force shows up as
electrical energy in the resistor.



