
Lecture 14: Chapter 32 Beginning, October 20 2005
Magnetism is not the same as electricity: Electroscope and Compass



• Magnetism is a long-range force.
• Magnets have two poles.
• The poles of a bar magnet can be identified by using a compass.
• Materials that are attracted to a magnet are called magnetic 
materials:
Iron, nickel, cobalt, etc.

Magnetic monopole does not exist, whereas electric 
charges do exist separately from electric dipoles

Apparently the earth itself is a 
large magnet.

The origin – currents in its molten 
iron core

Properties of the Magnetic Field



The Discovery of the Magnetic Field

1819 by Hans Christian Oersted:
Magnetism is caused by an electric current



Right-hand rule



Notation



The Magnetic Field

To explain long-range force let 
us introduce magnetic field B:

• A magnetic field created at all 
points in space
• The magnetic field is a vector.
It exerts forces on magnetic 
dipoles:

The force on a north pole is 
parallel to B.

The force on a south pole is 
opposite to B.



The Magnetic Field

Magnetic forces cause a compass needle to become aligned 
parallel to a magnetic filed. What is the origin of B? If it is a 
current, how can we describe B mathematically?

Basic geometry: Right Hand Rule



Let us compare electric and magnetic fields

+

E

• E is created by fixed charges, B is created by moving charges
• The source of E is q, the source of B is qv
• Both fields (E and B) have inverse square distance law (~1/r2)
• E is directed along line-of-sight, B has direction determined by 
right hand rule.
For q>0 it has direction of (qv×r), for q<0 it has opposite direction

Electric Field E
Magnetic Field B



Coulomb and Biot-Savart Laws
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The SI unit of magnetic field strength is tesla, abbreviated as T:
1 tesla= 1T = 1 N/Am – see later
Magnetic permeability constant:
µ0 = 4π × 10-7 Tm/A = 1.257 × 10-6 Tm/A

Biot-Savart law

Coulomb law



Magnetic Field of a Proton
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Find B1, B2, and B3. 
Express your answer 
quantitatively.

What is the force 
exerted on fixed 
charges at positions 
1, 2, and 3? 

End of Lecture 14
Reading: Chapter 32
HW7  


