Announcements 4/8/10

Midterm tonight is at 7:30 in SC 101, details are on the
information sheet online

Jake’s question about how magnetite gets magnetized:

« turns out that the crystals in bacteria (50 nm diameter) are
small enough (“single domain”) that they do not need an
external field to magnetize them — internal interactions are
strong enough to align all the spins

« It appears (I’m not completely sure) that bigger pieces of
magnetite do not spontaneously magnetize, but can be
magnetized by relatively weak fields (i.e. Earth’s field)
especially when hot



Problems and questions for class 4/8/10

A pair of parallel conducting rails a distance / apart are connected by a resistor R at the left. A
conducting bar can slide across the rails with negligible friction while keeping electrical contact.
The whole system is in a uniform magnetic field B as shown. You pull the bar at constant
velocity v to the right. (a) What is the direction of the current in the resistor? (b) At what rate do
you do work in pulling the bar? Where does this energy go?
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For the “jumping ring” demonstration, find the induced current in the ring if the magnetic field
strength changes at 120 T/s, the maximum magnetic field strength is 1.0 T, the diameter of the
loop is 10 cm, and the resistance of the ring is 0.01 Q.

An electric generator such as would be found in a hybrid car consists of a rectangular coil 20 cm
by 30 cm, with 1000 turns. The coil sits in a uniform magnetic field of 0.050 T (produced by
permanent magnets). When the car begins to slow down from highway speeds, the loop is turned
at 10 rotations/second by the wheels of the car. What is the peak value of the induced emf in the
coil?
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Key ideas from last time

Induction: Current flows in a conducting loop if the magnetic
flux through the loop is changing

Flux: §E= —\(;074. Un Uniferm fd = @.00(:; s
amount of magnetic field passing through the surface whose
boundary is the loop

like counting field lines passing through the loop

Induced emfis given by k‘éi 4= — ‘2‘\@3 with Tpd= ng_d
at Rigop

Change in flux/induction can be caused by:
moving loop in limited region of B or nonuniform B
loop with changing area or orientation in uniform B
stationary loop with moving source of B

source of B that changes its strength with time

Explain the first one in terms of magnetic forces on moving
charges: “motional emf”
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A long, straight wire carries a steady current /.
A rectangular conducting loop lies in the same
plane as the wire, with two sides parallel to the
wire and two sides perpendicular. Suppose the
loop is pushed toward the wire as shown. Given
the direction of 7, the induced current in the loop
1S
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Physics 4L Spring 08; April 8; Motional emf and Faraday'’s Law 4/8, Question 2 CT 3988
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A long, straight wire carries a steady current /.
A rectangular conducting loop lies in the same
plane as the wire, with two sides parallel to the
wire and two sides perpendicular. Suppose the
loop is pushed toward the wire as shown. The
force on the induced current in the loop by the

magnetic field of the wire 1s

1. repulsive.
2. attractive.
3. need more information

Physics 4L Spring 08; April 8; Motional emf and Faraday's Law 4/8, Question 6 CT 5278
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A pair of parallel conducting rails a distance / apart are
connected by a resistor R at the left. A conducting bar can slide
across the rails with negligible friction while keeping electrical
contact. The whole system is in a uniform magnetic field B as
shown. You pull the bar at constant velocity v to the right. (a)
What is the direction of the current in the resistor? (b) At what
rate do you do work in pulling the bar, and where does the
energy go?
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A conducting ring is held a certain distance above
a loop carrying a decreasing current as illus-
trated below. As viewed from above, the cur-
rent through the bottom loop induces an emf in
the top ring that causes a current in the follow-

ing direction
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Physics 4L Spring 08; April 8; Motional emf and Faraday's Law 4/8, Question 4 CT 4657



A conducting ring is set on top of a solenoid that
initially carries no current (so the solenoid has
no magnetic field). Then, the current to the
solenoid is turned on.
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When current begins to flow in the solenoid, the
ring feels a:

1. force toward the solenoid
2. force away from the solenoid
3. depends on which way the solenoid current

flows.
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For the “jumping ring” demonstration, find the induced current
in the ring if the magnetic field strength changes at 120 T/s, the
maximum magnetic field strength is 1.0 T, the diameter of the

loo iE 10 ¢cm, and the resistance of the ring is 0.01 Q.
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