
Chapter 33 Executive Summary Phys270

Moving charges exert forces on each other that augment (add to) Coulomb’s Law

This can be viewed as a two-step process:

1. Moving charges (or equivalently electrical currents) create a magnetic field,

 

!
B(!r) = µ0

4π
q!v × r̂
r2

,

Here  
!v  is the velocity of the moving charge.

This is the analog to the expression for the electric field due to a point charge.

 

!
E(!r) = q

4πε0

r̂
r2

Superposition applies if a number of moving charges are present just as in the case of
electric fields.  As in the case of electric fields, most of your grief will come from trying
to apply the principle of superposition.

2.  A charge moving through a magnetic field feels a force (called the Lorenz force)
given by

 
!
F = q!v ×

!
B .

The total electric and magnetic force on a moving charged particle is the sum of the
contributions due to electric and magnetic fields,

 
!
F = q(

!
E + !v ×

!
B) .

Just to be confusing this is sometimes called the Lorenz force too.

There are a host of consequences of 1. and 2., which will be explored in this
chapter.  An example is parallel currents attract and antiparallel currents repel.

A big complication when discussing magnetic fields is the appearance of vector
cross products. Don’t think that you can slide by without learning how to evaluate them.



Some History

Magnetic materials have been known for over 2000 years.  The first compasses (made in
China) appeared about 1000 AD.  Around the same time Norwegian Vikings navigated to
North America without the use of compasses (I just though I’d through that out there.).
The connection between electricity and magnetism was discovered by Oersted (a Dane)
in 1819.

Magnets have “poles” labeled north and south:

Like poles repel

NS N S
Unlike poles attract

NS NS
If you cut a magnet in half, both halves will have a north and south pole.

NS NS

NS

Cut



Magnets produce fields, which have a distribution unlike that of a point charge.

Rather the field distribution around a magnet is like that of an electric dipole.



33.7   Force on a moving Charge

For a stationary charge we have

 
!
F = q

!
E(!r) .

For a moving charge there is an additional contribution, known as the Lorenz force,

 
!
F = q(

!
E + !v ×

!
B) .

Here,  
!v  is the velocity of the moving charge.

Some facts:

1. For a particle at rest,  
!v = 0 the magnetic field exerts no force on a charged particle.

2. The Lorenz force is proportional to the charge, the magnetic field strength and the
particle’s velocity.

3.  The vector force is the result of the vector cross product of velocity and magnetic
field.

Aside on cross products:     
!
C =
!
A ×
!
B



θ
 
!
A

 
!
B

 
!
C

Let θ  be the angle between  
!
A and  

!
B , always chose this to be less than 180°.

The magnitude of  
!
C is given by 

 
!
C =

!
A
!
B sinθ

The direction of  
!
C  is perpendicular to both  

!
A and  

!
B , and determined by the “right hand

rule”

Right hand rule:  put the fingers of your right hand in the direction of  
!
A , then rotate

them through the angle θ (less than 180°) to the direction of  
!
B .  Your thumb now

indicates the direction of  
!
C .

The order of  
!
A and  

!
B  is important:  

!
C =
!
A ×
!
B = -

!
B ×
!
A

If  
!
A and  

!
B  are parallel, then (θ=0)  

!
C = 0 .

Use of unit vectors and components

While you may be comfortable with the preceding description of the vector cross
product, there will be instances where it is too difficult to use.  For example if you are
given two arbitrary vectors in component form, then how do you find the direction that is
mutually perpendicular to both of them?  In these instances it is much easier to evaluate
the cross product using basis vectors and components. Let’s say we are given  

!
A and  

!
B in

component form in Cartesian coordinates.

 

!
A = Ax î + Ay ĵ + Azk̂
!
B = Bx î + By ĵ + Bzk̂

.

How do we find the components of  
!
C ?



 
!
C = Cx î + Cy ĵ +Czk̂ .

Answer:

Cx = AyBz − AzBy

Cy = AzBx − AxBz
Cz = AxBy − AyBx

(my favorite)

which is the same as taking the pretend determinant

î ĵ k̂
Ax Ay Az
Bx By Bz

.

I prefer the component form above.  It’s easy to remember, the first three components of
each line are in x-y-z order, provided that you remember that x comes again after z, viz.
z-x-y and y-z-x.

Example #1
Example #2

Motion of a charged particle in a magnetic field

Newton’s law:   m
!a =
!
F = q!v ×

!
B

 
m!a = m d!v

dt
= q!v ×

!
B

Note: Lorentz force is always perpendicular to velocity.  There fore the magnitude of
velocity will not change.  This implies the kinetic energy of the particle is constant,

 

d
dt
KE = !v ⋅

!
F = 0 ,

 
KE =

m
2
!v 2

Note also, if velocity is parallel to magnetic field the force is zero and vector velocity is
constant.
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