Announcements
1. Reminders

 Homework 1s important! If you need more time for your
homework, extensions are possible 1f you ask.

 Rework exam for < 10 extra credit points (goes in
general “extra credit” accumulation) -- due 2/14/05

2. Comment on HW #3 for Assignment 10

3. Continue discussion of magnetic forces and sources of
magnetic fields
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3. [HRWE 29 P.037] A 2.4 kg copper rod rests on two horizontal rails 2.4 m apart
and carries a current of 41 A from one rall to the other. The coefficient of static
friction between rod and rails i1s 0.47. What is the smallest magnetic field (not
necessarily vertical) that would cause the rod to slide?

I T Side view
(Horizontal component
\2 contributes to levitation)
Top view
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Peer instruction question

XXX XXXXXXX . .

& A current 1s flowing to
X X X X X X X X . .
I —— left in a magnetic field
XXXXEX Ii(]%(>§ X X pointing into the screen.
XXXXXX XX Which arrow represents
KK A KKK AKX X X the direction of the
X X K X K K X X X x magnetic force on the
XX XK K KKK X X wire?
XXX XXXXXXX

B (into screen)
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Example

What is the direction
of the magnetic force?

Figure P23.1%.
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Example
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Net forces on a current loop:

XXXXXXX XXX F...=LIB (up)
XXXXXXXXXX
XXXXXXX XXX

X X X kXX X X X
0

X X XXX X ¥ x'x

|
X XWIH X X % maximum torque on loop:
X X X XXX XXX X

t=dL IB

Frac= L 1B (down)

B (into screen)
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Edge view of coil:
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T=0dL N IB cos ¢
number of coils
length of coil perpendicular to
field and pivot
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Edge view of coil: What is the net torque on

the coil when 1t 1s 1n the
upright configuration as
shown?

(A)dL N IB
(B) 2dL N IB
(C) % dL N IB
(D) 0
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Magnetic “moment” associated with the current loop

X X X X XXX XXX
X X X XXX XXX X t=dL N IB cos ¢
X X X X XXX XXX ——

X X X XK XX X X X u=ANI

P back¥ A frofiea—<t H
0
EEEITE i)
XXW\IHXXX
X X X X XXX XXX T=uxB

B (into screen)

2/11/2005 PHY 114 -- Lecture 11 9



Magnetic moment associated with current loop:

") @ ...

u

/ B
Torque: Potential energy:
T=uxb U=-p-B
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MRI — Magnetic resonance imaging

=—u- B plus time varying B, = signal from p of protons

Ref: http://www.cis.rit.edu/htbooks/mri/inside.htm
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Sources of magnetic field:
1. Ferromagnetic materials -- bar magnet

2. Currents and moving charges

2/11/2005 PHY 114 -- Lecture 11

12



Magnetic dipoles Electric dipole

e /\\O \ m /
G - N/AW
N TN
= 7TON
) E
C;\ B /_’.7
Magnetic field lines associated Electric field lines

with bar magnet

There are no magnetic “charges” (monopoles)
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Sources of magnetic field — currents

Biot-Savart law
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Field from a single moving charge:

le’to qV;(f
At r
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Digression on the right-hand rule: B = |

X r
thumb  palm fingers
palm fingers  thumb

fingers thumb palm
I
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Integrating the Biot-Savart equation

Ty ol
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(when L - 00)
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Peer instruction question

( O —»

1

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:

E :Holllzx
2na
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Online Quiz for Lecture 11
! Sources for magnetic fields -- Feb. 11, 2005

In vour text, there is a formula for the force between two current-carrying wires of
the form:

Fp  nolidy

[ 2Ta

Match the following statements (A), (B), and (C) with the diagrams 1., 2., and 3.

P

I

3 A. The wires 1 and 5 attract eachother.
- A B. The wires /1 and > repel eachother.
C. The wires 1 and 5 exert no force on eachother.
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2. [HRWE 30 P .025] Four long copper wires are parallel to each other, their cross sections forming the
corners of a square with sides a = 58 cm. A 25 A current exists in each wire in the direction shown in
Fig. 30-53. What are the magnitude and direction of B at the center of the square?

[

Cu I’r](c%nt flowing Current flowing
out of page \ / Into page

=

Flgure 30-53.
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Visualizing B field lines using 1ron filings

T=uxB
/
filings move until T = 0 =» filings align along B field lines

4 4 — b 4
) | o)
= e
ds
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Ampere’s law

fB-ds=p,l;,

1. Forr > R:
B(2nr)=p,l, = B="Halo

27r

2
r Wolor
(2r) MOOR2 21R?
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Magnetic field in the solenoid geometry

Binterior = Ho Tnl/number 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:

| i‘;B.ds’:“OIin
it ’g’ L Bl OwO= N
""“‘m““—ar NI
x i Bin = lJVOI = Honl
: : Si ¢
:4_ n= N/l
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