Announcements

1. Remember — Reworked exams are due now (11 AM on
Wednesday (2/19/03)).

2. Presentation opportunities — after spring break if there 1s
sufficient interest. Collect additional problems for
presentations...

3. Because of Monday’s snow day, due date for HW’s 12 & 13
are shifted to Friday and Monday, respectively. (HW 14 also
due Monday.)

4. Today’s topics
a. Magnetic dipole interactions
b. Sources of magnetic fields
c. Faraday’s law
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Magnetic moment associated with current loop:
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Torque: Potential energy:
T=uxBb U=-plB
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MRI — Magnetic resonance imaging

U=-p B plustime varying B, = signal from [l of protons

Ref: http://www.cis.rit.edu/htbooks/mri/inside.htm
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Sources of magnetic field — currents

Biot-Savart law
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Field from a single moving charge:

B ~ Ho qvif‘
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Digression on the right-hand rule: B & I x r

thumb  palm fingers
palm fingers  thumb

fingers thumb palm
I
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Integrating the Biot-Savart equation

ty
Mol ,
Br"—"12
2 2ma
’/’ a
0
_ +
L(—» OL—> X
ds = dx X
r +L
B:uojldszxr:p()[ijdle : a :H_oli L
An° r A, x"+a \Nx*+a?) 2ma \NI?+4?
\ ) \ )
Y Y
sin 0 =]
(when L - 00)

02/19/2003 PHY 114 -- Lecture 12 7



Peer instruction question
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Two long wires with currents /;, and /, are separated by a
vertical distance a as shown. What is the direction of
the magnetic force that /, exerts on /,?

(A)upward (B) downward (C) out of the screen
(D) to the left
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Magnitude of the magnetic force between two parallel wires:

LI, X
2Ta

F=Fo
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Magnetic field from current loop:
y

B = MOJ’
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Visualizing B field lines using 1ron filings
T=uxBb

/
filings move until T = 0 =» filings align along B field lines
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Ampere’s law
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Field due to two wires:

Suppose that there are two wires perpendicular to the
screen both with currents flowing into the screen. What 1s
the magnitude and direction of the magnetic field at the
point P?

02/19/2003 PHY 114 -- Lecture 12

13



Magnetic field in the solenoid geometry

Binterior = Ho MMnumber of coils/unit length

Exterior

Interior

Helical form Tight coil form Ideal form
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Details of the solenoid field:

Ampere’s law:
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Magnetic flux:

O, =[B-dA =BAcosb

Faraday’s law:
c__ do ,
dt

=>» A changing magnetic flux produces an emf!
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Faraday’s law:

dD, d[B-dA d(BAcos0)

=-&
dt dt dt
d—BAcos€)+Bd—Acose—BAsin€)@ =-&
dt dt dt
generator

metal detector
inductors
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Simple example:
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do , (induced current creates magnetic
dr Blv=-& field opposing B. )
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