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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: 



Crossed electric/magnetic fields and the discovery of the 
electron 
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Crossed electric/magnetic fields: the Hall effect. 
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They pile up on the right 
producing an electric field 
that cancels the magnetic 
sideway pull. 
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This proves that 
charge carriers 
are negative, if  
they were positive, 
the ΔV, which is 
something we can 
measure, would  
have the opposite 
sign. 
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As electrons move 
through B 
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We get micro 
information from 
macroscopic 
measurements! 
 
You can measure 
vd directly! 



Ions are injected in the  
region of crossed E and B 
fields, which fixes their 
velocity. 
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Then they enter the region 
of pure B field, where the 
radius of their trajectory 
depends on q/m, 
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Magnetic force on a wire. 
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Sample problem 29-7 
iLBFF == 31

θiBRdiBdLdF ==

By symmetry, F2 will only  
have a vertical component, 
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Notice that the force is the same as that for a straight wire, 

L L R R 
and this would be true no 
matter what the shape of  
the central segment. 



Torque on a current loop: The basic principle behind electric 
motors. 

Same kind of idea as dipoles in  
electric fields, no net force, but a net torque. 
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Magnetic dipole: 

Exploiting the analogy with electric dipoles of the construction we 
just presented, we define, 

NiA== µdipole Magnetic N=number of turns in coil 
A=area of coil. 
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As in the electric case, dipoles tend to align with the field. 

Where µ  is a vector of magnitude µ and direction perpendicular to the 
area of the coil, orientation given by right hand rule. 
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Summary: 
•  Crossed electric and magnetic fields can be 

used to control precisely the velocity of 
moving charges as a function of mass and 
charge. 

•  Moving charges within wires interact with 
magnetic field producing forces 
proportional to the current and length of 
wire. 

•  Loops of wire behave like dipoles in 
magnetic fields. 


