Announcements 4/1/10

Midterm 2 information handout has schedule of SA sessions and
review for Saturday’s exam. (April Fool — yes, the exam is
Thursday 4/8 :-) )

Friday afternoon office hours: 1:30 — 3 (no junior lab)

Graded homework and self-tests available in lab, then outside
my office after today’s lab



Key ideas from last time

Field of a loop of current on its axis:
tola’

A va)

B(x,0,0) = factor of 2 in denominator!

x = distance along axis
a = loop radius
uola®

Forx>>a, B(x,0,0)=
(x,0,0) >3

Current loop is a dipole: B o< 1/ x>, overall field has dipole shape
Define magnetic dipole moment:
{1 = Ima® in direction of B on axis factor of !
Holt
3

27mx
BTW: Earth’s magnetic field is also a dipole field and is thought
to come from a loop of current inside Earth— but explaining
why there is a current will have to wait for next week!

allows us to write B(x,0,0) = factor of 2m!

Torque on dipoles in external magnetic field (NOT Bipole):
rotates dipole so that {1 aligns with (parallel to) B
T=[XB
magnitude: 7= B=uBsinb
direction:



Problems for class 4/1/10

Suppose the electric motor in a Prius hybrid car has a rectangular coil 10 cm x 20 cm
with 1000 turns. The motor operates at 500 V and has a 50 kW power output. The
magnetic field produced by the magnets in the motor is 0.050 T. What is the torque on
the motor coil when it is in the orientation shown?

Rotating

side view

Suppose each magnetic particle in a bacterium is a sphere 50 nm in diameter made of
material that has a magnetic moment per volume of M = 5 x 10° A/m. What is the energy
required to rotate one such particle from having its dipole moment parallel to the Earth’s
magnetic field to antiparallel to the Earth’s magnetic field? (Assume the strength of the
Earth’s magnetic field is 60 uT.) How does this compare to the thermal energy kgT at
room temperature, which is 4.1x10' J2 Why do you suppose bacteria typically have 10 to
20 of these particles?

A piece of iron is magnetized by placing it between two current loops as shown. What is
the direction of the magnetic moment of the iron?
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Suppose the electric motor in a Prius has a rectangular coil 10
cm x 20 cm with 1000 turns. The motor operates at 500 V and
has a 50 kW power output. The magnetic field produced by the
magnets in the motor is 0.050 T. What is the torque on the motor
coil when it is in the orientation shown?

Rotating

Battery
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Magnet physics: Mazur, Physics: Principles and Practice (Addison-Wesley, to be published).
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Figure 31.3 Interactions between magnetic poles.
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Figure 31.2 The needle of a compass is a small magnet that
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Figure 32.8 The magnetic dipole moment vector z points
along the axis of a (a) current loop and (b) bar magnet. in
the same direction as the magnetic field.
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Figure 31.7 When a magnet is cut in two, each piece retains
both a N and S pole.
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Figure 31.8 («) In a magnetized piece of material, all the el-
ementary magnets are aligned. (b) Cutting the piece in two
exposes two new poles.
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Figure 31.13 Magnetic field line pattern surrounding a bar
magnet.



What is the direction of the force on the lower
current loop due to the upper current loop?
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6. Out of page
7. There is zero net force.



From Nature 440, 110-114 (2 March 2006), “An acidic protein aligns
magnetosomes along a filamentous structure in magnetotactic bacteria,”
by André Scheffel, Manuela Gruska, Damien Faivre, Alexandros
Linaroudis, Jurgen M. Plitzko and Dirk Schiler
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Suppose each magnetic particle in a bacterium is a sphere 50 nm
in diameter made of material that has a magnetic moment per
volume of M = 5 x 10° A/m. What is the energy required to
rotate one such particle from having its dipole moment parallel
to the Earth’s magnetic field to antiparallel to the Earth’s
magnetic field? (Assume the strength of the Earth’s magnetic
field is 60 uT.) How does this compare to the thermal energy
kg T at room temperature, which is 4. 1x10! J? Why do you
suppose bacteria typically have 10 to 20 of these particles?
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