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Often'stated'as'“magnetic'fields'do'no'work”.''Another'way'to'think'about'it''
is'that'magnetic'fields'do'not'have'a'scalar'potential'associated'with'them.''
'
But,'magnetic'fields'often'seem'to'be'“doing'work”!''Nonetheless,'it'always''
turns'out'to'be'some'other'part'of'the'system'that'actually'does'the'work.''
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!  Current'is'just'lots'of'charge'carriers'flowing!'

!  To'get'force'on'current'carrying'wire,'just'add'up'
forces'on'charged'particles'
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Figure 8.4.4 A magnetic dipole near a bar magnet. 
 
The dipole experiences an attractive force by the bar magnet whose magnetic field is 
non-uniform in space. Thus, an external force must be applied to move the dipole to the 
right. The amount of force   Fext  exerted by an external agent to move the dipole by a 
distance x! is given by 
 
   Fext!x =Wext = !U = "µB(x + !x) + µB(x) = "µ[B(x + !x) " B(x)] , (8.4.13) 
 
where we have used Eq. (8.4.11). For small x! , the external force may be obtained as     
 

 ext
[ ( ) ( )]B x x B x dB

F
x dx

µ µ+ ! "= " = "
!

, (8.4.14) 

 
which is a positive quantity since / 0dB dx < , i.e., the magnetic field decreases with 
increasing x. This is precisely the force needed to overcome the attractive force due to 
the bar magnet. Thus, we have  

 
    
FB = µ dB

dx
= d

dx
(
!
µ !
!
B) . (8.4.15) 

 
More generally, the magnetic force experienced by a dipole  

!
µ  placed in a non-uniform 

magnetic field B
!

 can be written as 
 
     

!
FB = !(

!
µ "
!
B) , (8.4.16) 

where  

 ˆ ˆ ˆ
x y z
! ! !" = + +
! ! !
i j k  (8.4.17) 

 
is the gradient operator. 
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