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Circuits  



• What produces a magnetic field? 

• How can we define the magnetic field and the 

magnetic field lines? 

• What happens to a charged particle in a 

magnetic field? 

• Magnetic forces on a current carrying wire. 

• Torque on a current loop. 

• The magnetic dipole moment.  

What we will learn 



Magnetic Fields 
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The definition of B 

We can define a magnetic field, B, by firing a charged particle through 

the point at which is to be defined, using various directions and speeds 

for the particle and determining the force that acts on the particle at that 

point. 

The magnetic force on the charged particle, FB, is defined to be: 

 

 

 

Here q is the charge of the particle, v is its velocity, and B the magnetic 

field in the region. The magnitude of this force is then: 

 

 

 

Here f is the angle between vectors v and B. 



The definition of B 

F does NOT change the speed of the particle but only change its direction 

(only this way it can be accelerated) 



The definition of B 



The definition of B 

The SI unit for B that follows is 

newton per coulomb-meter per 

second. For convenience, this is 

called the tesla (T): 

 

 

 

 

 

 

 

An earlier (non-SI) unit for B is the 

gauss (G), and 



The definition of B 



The magnetic field lines 

The direction of the tangent 

to a magnetic field line at any 

point gives the direction of B at 

that point. 

The spacing of the lines 

represents the magnitude of B 

—the magnetic field is stronger 

where the lines are closer 

together, and conversely. 



The magnetic field lines 



The magnetic field lines 



Crossed fields: Discovery of the 

electron 



A circulating charged particle 

A particle of charge magnitude |q| and mass m 
moving perpendicular to a uniform magnetic field 

B, at speed v. 
 
FB continuously deflects the particle, 

B   v  always  particle follows a circular path.  

 

The magnetic force acting on the particle has a 

magnitude of |q|vB. 
 
For uniform circular motion 
 
 





A circulating charged particle 



A circulating charged particle 





Magnetic Force on a Current 

Carrying Wire 



Magnetic Force on a Current 

Carrying Wire 
Consider a length L of the wire in the figure. All the conduction 

electrons in this section of wire will drift past plane xx in a time        
t =L/vd. 
 
Thus, in that time a charge will pass through that plane that is 

given by 

 

 

 

 

 

 

 

 

 

Here L is a length vector that has magnitude L and is directed 

along the wire segment in the direction of the (conventional) 

current. 



Magnetic Force on a Current 

Carrying Wire 



Magnetic Force on a Current 

Carrying Wire 



Torque on a current loop 

The two magnetic 

forces F and –F 

produce a torque on 

the loop, tending to 

rotate it about its 

central axis.  



Torque on a current loop 

To define the orientation of the loop in the magnetic field, we use a normal 

vector n that is perpendicular to the plane of the loop. Figure b shows a 

right-hand rule for finding the direction of n. In Fig. c, the normal vector of 

the loop is shown at an arbitrary angle q to the direction of the magnetic 

field. 
 



Torque on a current loop 

 

For side 2 the magnitude of the force acting on this side is  

F2=ibB sin(90°-q)=ibB cosq =F4.             F2 and F4 cancel out exactly. 

Forces F1 and F3 have the common magnitude iaB. As Fig. 28-19c shows, these 

two forces do not share the same line of action; so they produce a net torque. 
 
 
 

For N loops, when A=ab, the area of the loop, the total torque is: 

 
 



Magnetic Dipole Moment  

Definition: 
Here, N is the number of turns in the coil, i is the current through the coil, and A is 

the area enclosed by each turn of the coil.  

 

Direction: The direction of   is that of the normal vector to the plane of the coil.  

The definition of torque can be rewritten as:  

 

 

 

Just as in the electric case, the magnetic dipole in an 

external magnetic field has an energy that depends on 

the dipole’s orientation in the field: 

 

 

A magnetic dipole has its lowest energy (-B cos 0=-B) 
when its dipole moment  is lined up with the magnetic 

field. It has its highest energy (-B cos 180°=+B) when 

 is directed opposite the field.   



Magnetic Dipole Moment  

From the above equations, one can 

see that the unit of  can be the 

joule per tesla (J/T), or the ampere–

square meter. 



What have we learnt 

• What produces a magnetic field? 

• How can we define the magnetic field and the 

magnetic field lines? 

• What happens to a charged particle in a 

magnetic field? 

• Magnetic forces on a current carrying wire. 

• Torque on a current loop. 

• The magnetic dipole moment.  


