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Magnetism is a familiar concept. Mankind has been using magnets 
since time immemorial. 

We know that magnetism through our experience with two kinds 
of objects: 

The basic idea is that static charges interact through electrostatic 
forces, like the ones we studied in the course up to now. Charges 
that move generate this new type of force called magnetism. 

In magnets, the moving charges are the electrons in the atoms that 
make the materials. In electromagnets, they are the charges that  
make up the current in the wire. 
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So the situation is very similar to electrostatics, if we substitute 
“poles” where we used to say “charge”. 

However, a key difference is that no isolated poles occur in  
nature. They all occur in pairs. It’s like if one imagined a world 
without isolated charges, just dipoles. 

Cut a magnet in half, you still have two magnets with two poles 
each! 
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Fields: 

Very much like that of  
electric dipole: 



An important difference in electric and magnetic fields is how 
they act on charges. 
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Charges that do not move, do not feel magnetic forces. 

Magnetic forces are perpendicular to both the velocity of charges 
and to the magnetic field (electric forces are parallel to the field). 

Since magnetic forces are perpendicular to the velocity, 
they do no work! 

Speed of particles moving in a magnetic field remains constant 
in magnitude, the direction changes. Kinetic energy is constant 
(no work). 

Magnetic versus electrostatic forces: 







Cathode ray tube   (TV tube) 

Hot cathode emits electrons 
Get accelerated by positive plate 

Might be deflected using plates 
Produce point of light on screen. 

In a magnetic field: B 
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Circular motion: Since magnetic force is transverse to motion, 
the natural movement of charges is circular. 

B into blackboard. 
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In general, path is  
a helix (component of 
v parallel to field is 
unchanged). 



Example: aurora borealis 

Example: synchrotron 

Linear accelerator (long). 

Fermilab, 
Batavia, IL (1km) Suppose you wish to accelerate charged 

particles as fast as you can. 



Units of B 

[F] = [q] [v] [B], therefore  Newton = Coulomb m/s [B] 
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K. F. Gauss (1777-1855) 
W. Weber (1804-1891) 

Nikola Tesla (1856-1943) USA 



Summary: 
•  Magnetostatic forces operate very much like 

electrostatic forces, but… 
•  There are no isolated magnetic poles, the 

simplest magnetic field looks like a dipole. 
•  The force law has a vector product between 

velocity and field: no velocity, no force, and 
forces are perpendicular to the field. 

•  Moving charges spiral in magnetic fields, 
they do not gain kinetic enegy. 


