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Chapter 29 
Magnetic Field 
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29.1 Magnetic Fields and Forces  
• Vector expression for the magnetic force acting 

on a particle with charge q moving with a 
velocity v in a magnetic field B.  

•  Two right-hand rules for determining the 
direction of the magnetic force FB : 
•  a) The fingers point in the direction of v, with B coming 

out of your palm, so that you can curl your fingers in 
the direction of B. The direction of v x B, and the force 
on a positive charge, is the direction in which the 
thumb points.  

•  b) The vector v is in the direction of your thumb and B 
in the direction of your fingers. The force FB on a 
positive charge is in the direction of your palm, as if 
you are pushing the particle with your hand.  
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29.1 Magnetic Fields and Forces  
•  The magnitude of the magnetic force on a charged 

particle is 
 

• Differences between electric and magnetic forces:  
•  The electric force acts along the direction of the electric field, 

whereas the magnetic force acts perpendicular to the magnetic 
field.  

•  The electric force acts on a charged particle regardless of whether 
the particle is moving, whereas the magnetic force acts on a 
charged particle only when the particle is in motion.  

•  The electric force does work in displacing a charged particle, 
whereas the magnetic force associated with a steady magnetic 
field does no work when a particle is displaced because the force is 
perpendicular to the displacement.  
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•  The SI unit of magnetic field is the newton per coulomb-
meter per second, which is called the tesla (T):  

• Because a coulomb per second is defined to be an 
ampere, we see that  

• A non-SI magnetic-field unit in common use, called the 
gauss (G), is related to the tesla through the conversion  

  1 T = 104 G.  
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29.1 Magnetic Fields and Forces  
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29.2 Magnetic Force Acting on a 
Current-Carrying Conductor  

•  The current-carrying wire experiences a force when placed in a magnetic 
field.  

•  The current is a collection of many charged particles in motion; hence, the 
resultant force exerted by the field on the wire is the vector sum of the 
individual forces exerted on all the charged particles making up the current.  
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(a)  Magnetic field lines coming out of the 
paper are indicated by dots, representing 
the tips of arrows coming outward. 
 

 
 
(b) Magnetic field lines going into the paper 
are indicated by crosses, representing the 
feathers of arrows going inward.  



29.2 Magnetic Force Acting on a Current-Carrying Conductor  

• One can demonstrate the magnetic force acting on a 
current-carrying conductor by hanging a wire between the 
poles of a magnet.  
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•  Consider a straight segment of wire of length L and cross-sectional 
area A, carrying a current I in a uniform magnetic field B. 

•  The magnetic force exerted on a charge q moving with a drift velocity 
vd is qvd x B.  

•  To find the total force acting on the wire, we multiply the force by the 
number of charges in the segment nAL, where n is the number of 
charges per unit volume.  

•  The total magnetic force on the wire of  
   length L is  

•  The current in the wire is I = nqvdA.  
 
 
•  where L is a vector that points in the direction  
  of the current I and has a magnitude equal to  
  the length L of the segment.  
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29.2 Magnetic Force Acting on a Current-Carrying Conductor  



29.4 Motion of a Charged Particle in a 
Uniform Magnetic Field  

• Consider a positively charged particle moving in a uniform 
magnetic field with the initial velocity vector of the particle 
perpendicular to the field.  

• Assume that the direction of the magnetic field is into the page. 
•  If the force is always perpendicular to the velocity, the path of the 

particle is a circle.  
 

11 



29.4 Motion of a Charged Particle in a Uniform Magnetic Field  
•  The particle moves in a circle because the magnetic force FB is perpendicular 

to v and B and has a constant magnitude qvB.  

 
•  The radius of the path r,  

•  The angular speed of the particle  

•  The period of the motion (the time interval the particle requires to complete 
one revolution) is 
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Cyclotron frequency 



•  If a charged particle moves in a uniform magnetic field 
with its velocity at some arbitrary angle with respect to B, 
its path is a helix.  

• Equations for r, ω, and T still apply, but v is replaced by  

13 
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•    
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