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Announcements

1. Reminders 

• Homework is important! If you need more time for your 
homework, extensions are possible if 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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Peer instruction question

× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
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× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×

I

B (into screen)

(A)

(B)

A current is flowing to 
left in a magnetic field 
pointing into the screen. 
Which arrow represents 
the direction of the 
magnetic force on the 
wire?
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Example 

What is the direction 
of the magnetic force?
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Example

B
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Net forces on a current loop:

× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×

I
I

I
I

FfrontFback

L

B (into screen)

Ffront= L IB (up)

Fback= L IB (down)

d

maximum torque on loop:

τ =dL IB

τ
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Edge view of coil:

front
back

d

φ

τ =dL N IB cos φ

length of coil perpendicular to 
field and pivot

number of coils



2/11/2005 PHY 114 -- Lecture 11 8

Edge view of coil: What is the net torque on 
the coil when it is in the 
upright configuration as 
shown?

(A) dL N IB 

(Β) 2dL N IB 

(C) ½ dL N IB 

(D) 0
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Magnetic “moment” associated with the current loop

× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×

I
I

I
I

FfrontFback

L

B (into screen)

dτ

τ =dL N IB cos φ

µ = ANI

A

τ = µ × B

µ

I
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Torque:

τ = µ × B

µ

I

Magnetic moment associated with current loop:

A IA

µ

µ = NI A

µ
B

Potential energy:

U = − µ ⋅ B



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

Ref:   http://www.cis.rit.edu/htbooks/mri/inside.htm

MRI – Magnetic resonance imaging

U = − µ ⋅ B   plus time varying B1 signal from µ of protons
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Sources of magnetic field:

1. Ferromagnetic materials  -- bar magnet

2. Currents and moving charges
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Magnetic dipoles

Magnetic field lines associated 
with bar magnet

B

Electric dipole

Electric field lines

E

There are no magnetic “charges”  (monopoles)
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Biot-Savart law

2
0 ˆ

4π
µ

r
Idd rsB ×

=

Sources of magnetic field – currents

Field from a single moving charge:
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B    I      × r

thumb      palm         fingers

palm        fingers       thumb

fingers    thumb         palm

Ir

B

Digression on the right-hand rule:
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Integrating the Biot-Savart equation
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Peer instruction question

a
I1

I2

Two long wires with currents I1 and I2 are separated by a 
vertical distance a as shown.  What is the direction of 
the magnetic force that I1 exerts on I2?

(A)upward         (B) downward        (C) out of the screen  

(D) to the left
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a
I1

I2

Magnitude of the magnetic force between two parallel wires:

X

a
XIIF

2π
µ 210=
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C

A

B
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Current flowing 
into page

Current flowing 
out of page
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Visualizing B field lines using iron filings

τ = µ × B

filings move until τ = 0 filings align along B field lines
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Ampere’s law

inId∫ =⋅ 0µsB
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Magnetic field in the solenoid geometry

Binterior = µ0 n I

Helical form                    Tight coil form Ideal form

number of coils/unit length
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Details of  the solenoid field:

inId∫ =⋅ 0µsB

Ampere’s law:
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