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Lorentz Force
Ԧܨ ൌ ݍ ܧ ൅ Ԧݒ ൈ ܤ

• Electric force can accelerate objects by 
changing their speed and/or direction.

• Electric force can do work, ாܹ ൌ ׬ ܧݍ · Ԧݏ݀

• Magnetic force can only accelerate objects by 
changing their direction.  (Acts perpendicular to 
velocity.)

• Magnetic force does not do work, 

஻ܹ ൌ ׬ Ԧݒݍ ൈ ܤ · ݐԦ݀ݒ ൌ 0 (where ݒԦ ൌ ௗ௦Ԧ

ௗ௧
)

Magnetic Forces on Currents

Consider charges moving in a wire in a magnetic 
field.
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Magnetic Forces on Currents
Curved wires

Ԧܨ ൌ න݀ܨԦ

Ԧܨ ൌ ܫ න݀ݏԦ ൈ ܤ
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Example: A section of current-carrying wire is in a 
uniform magnetic field, as illustrated.  Determine the net 
force on the wire.

ܤ

ܫ ݔ

ݕ

ܴݖ

ܽ ܽ

Example: A section of current-carrying wire is in a 
uniform magnetic field, as illustrated.  Determine the net 
force on the wire.

ܤ

ܫ
ݔ

ݕ

ݖ
ܴ

ܽ ܽ



10/9/2018

2

Example: A quarter of a circular loop of current-carrying 
wire is in a uniform magnetic field, as illustrated.  
Determine the net force on the wire.
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Magnetic Forces on Current Loops
Rectangular Loops
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Magnetic Forces on Current Loops
Rectangular Loops
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Magnetic Forces on Current Loops
General Loops

Magnetic Forces on Current Loops
General Loops

Approximate loop by set of rectangular loops.

Magnetic Forces on Current Loops
General Loops

Approximate loop by set of rectangular loops.
Interior sections cancel.
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Magnetic Forces on Current Loops
General Loops

Approximate loop by set of rectangular loops.
Interior sections cancel.  ܨԦTotal ൌ 0

Magnetic Forces on Current Loops
General Loops

Approximate loop by set of rectangular loops.
Interior sections cancel.  ܨԦTotal ൌ 0

Magnetic Torques on Current Loops
Rectangular Loops
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Magnetic Torques on Current Loops
Rectangular Loops
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Ԧ߬௅ ൌ
ܾ
2
െଓ̂ ൈ ܤܽܫ ෠݇

Ԧ߬௅ ൌ
1
2
ଔ̂ܤܾܽܫ

Ԧ߬ோ ൌ
1
2
ଔ̂ܤܾܽܫ

Ԧ߬Total ൌ IABȷ̂

ܫ

ܤ

Ԧ௅ܨԦோܨ
ܽ

ܾ ݔ

ݕ

ݖ

Magnetic Torques on Current Loops
Field not necessarily in plane of loop

ܤ ߠ

Ԧܣ ܫ

Ԧோܨ

Ԧ௅ܨ

ܾ
2

߬௅ ൌ
ܾ
2
sin ߠ ܤܽܫ

߬ோ ൌ
ܾ
2
sin ߠ ܤܽܫ

߬Total ൌ ܤܾܽܫ sin ߠ

Ԧ߬ ൌ Ԧܣܫ ൈ ܤ

Magnetic Dipole Moment

Ԧ߬ ൌ Ԧܣܫ ൈ ܤ

Can be written as

Ԧ߬ ൌ Ԧߤ ൈ ܤ

Where

Ԧߤ ൌ Ԧܣܫܰ

(ܰ is the number of wire loops.)
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Magnetic Dipole Moment

Ԧߤ ൌ Ԧܣܫܰ

Torque: Energy:

Ԧ߬ ൌ Ԧߤ ൈ ܤ ܷ ൌ െߤԦ · ܤ

Magnetic Dipole Moment

Ԧߤ ൌ Ԧܣܫܰ

Torque: Energy:

Ԧ߬ ൌ Ԧߤ ൈ ܤ ܷ ൌ െߤԦ · ܤ

Recall electric dipoles.

Ԧ߬ ൌ Ԧ݌ ൈ ܧ ܷ ൌ െ݌Ԧ · ܧ

Example: A magnetic dipole is in a uniform magnetic 
field.  Under what conditions is (a) the torque a 
minimum, (b) the torque zero, (c) the potential energy a 
minimum, (d) the potential energy zero?

Ԧߤ ൌ Ԧܣܫܰ

Torque: Energy:

Ԧ߬ ൌ Ԧߤ ൈ ܤ ܷ ൌ െߤԦ · ܤ

Galvanometer

What causes the forces on the needle?

Hyperphysics has nice interactive graphics showing how dc and 
ac motors work.


