
 

 

ELECTROMAGNETISM        23 JULY 2013 

Lesson Description 

In this lesson, we: 

 Discuss the magnetic effect of an electric current 

 Discuss electromagnetic induction and faraday’s law 

Key Concepts 

Magnetic Effect of an Electric Current 

Remember that a magnetic field is the area in which a magnetic object experiences a magnetic force. 

When a current flows through a conductor a magnetic field is created around the conductor. The 

direction of the magnetic field is defined as the direction in which a north pole of a compass will point.  

When a current passes through a conductor a magnetic field is created around the conductor.  The 

magnetic field has the following properties: 

 it is in a plane perpendicular to the current-

carrying conductor 

 it is strongest close to the conductor 

 the direction of magnetic field is given by the 

direction in which a compass needle points  

 if the current is reversed then the magnetic field 

direction is reversed 

 it is continuous, but represented by magnetic field 

lines 

 it is three dimensional 

Magnetic Field around Conductors 

For a straight conductor the magnetic field around the 

conductor is circular in pattern.  The direction of the 

magnetic field can be found using the right hand rule.  

The right hand rule states that if the straight conductor 

is held in the right hand so that the thumb points in the 

direction of the conventional current then the curled 

fingers so the direction of the magnetic field.  

The field around a circular conductor is given below: 

  



 

 

 

When several coils are placed together, a solenoid is formed. 

When a current is passed through a solenoid, an 

electromagnet is formed. The magnetic field around a solenoid 

is similar in pattern as the pattern around a bar magnet. 

The strength of the magnetic field around a solenoid depends 

on 

 the number of coils (known as turns) 

 the strength of the current 

 the type of metal placed in the core of the solenoid  

 

Electromagnetic Induction 
When a magnetic field moves relative to a conductor it induces a 

current inside the conductor.  The induced current depends on 

 the speed of the movement of the magnet relative to the 

conductor 

 the magnitude of the change in magnetic flux 

 the number of turns in the solenoid 

The induced current flows in such a direction that its magnetic field 

opposes the changing magnetic field that induced it.  

The direction of the induced current can be determined by the right 

hand rule.  With the right hand hold the solenoid so that the fingers 

curl in the direction of the current and the outstretched thumb 

points in the direction of north pole.  

Magnetic flux 
Magnetic flux is the product of the perpendicular component of the magnetic field (B) and the area (A) 

through which it cuts.  

Magnetic flux can be calculated using the following equation: 



 

 

             

Φ = magnetic flux – measured in weber (Wb) 
B = magnetic field strength – measured in tesla (T) 
A = area – measure in m

2
 

Θ = angle between B and the normal to the area A. 

Faraday’s Law of Electromagnetic Induction 

Faraday’s Law of electromagnetic induction states that when a magnetic field moves relative to a 

conductor, an emf is induced in the conductor.  The induced emf in the conductor is directly 

proportional to the rate of change of the magnetic flux. 

   
    

  
 

Ɛ = induced emf (V) 
N = number of turns  
Φ = change in magnetic flux (Wb) 
t = time (s) 

The magnitude of the induced emf depends on 

 area covered by the magnetic field 

 strength of the magnetic field 

 rate of change of magnetic flux 

 number of turns 

Questions 

Question 1  

Michael Faraday, a self-educated English physicist and chemist discovered that when the magnetic 

field through a loop is changing, a current is induced in the loop.  This discovery led to the 

development of the electricity supply industry. 

a.) State, in words, Faraday’s law of Electromagnetic Induction.   
 

One complete wire loop has an area of 0,1m
2
 and resistance of 10.  The magnetic field 

perpendicular to the plane of the loop initially has a magnitude of 0,2T and is reduced to zero 
uniformly in a time of 10

-4
s. 

 
Calculate the following: 

b.) Change in magnetic flux       
c.) Induced emf        
d.) Resulting induced current.       

Question 2 

A window with an aluminium frame, PQRS, 

measures 80 cm  60 cm. It is hinged along the side 
RS, as shown in the following diagram. 
 
When you close the window, the magnetic field is,         

1,9  10
–4

 T perpendicular to the window. 
 

a.) Calculate the magnetic flux through the 
window. (4) 

b.) You now open the window so that the 



 

 

plane of the window is parallel to the magnetic field. What is the magnetic flux 
through the window now?  

c.) Calculate the average emf induced in side PQ of the window frame if the window is 
opened in a time of 0,15 s.  

Links 

 Faraday’s Law simulation: http://phet.colorado.edu/en/simulation/faraday 

 Faraday’s Law simulation: http://phet.colorado.edu/en/simulation/faradays-law 

 Electromagnetic induction: http://www.youtube.com/watch?v=KGTZPTnZBFE 

http://phet.colorado.edu/en/simulation/faraday
http://phet.colorado.edu/en/simulation/faradays-law
http://www.youtube.com/watch?v=KGTZPTnZBFE

