
TOPIC 11.1: Electromagnetic 

Induction 

Physical Laws of electromagnetic 

induction 



11.1 Electromagnetic Induction 

• Describe the production of an induced emf 

by a changing magnetic flux and within a 

uniform magnetic field 

 

• Solving problems involving magnetic flux, 

magnetic flux linkage and Faraday’s Law 

 

• Explaining Lenz’s Law through the 

conservation of energy 

 



11.1 Electromagnetic Induction 

• Quantitative treatments will be expected 

for straight conductors moving at right 

angles to magnetic fields and rectangular 

coils moving in an out of fields and rotating 

in fields 

 

• Qualitative treatments only will be 

expected for fixed coils in a changing 

magnetic field and a.c. generators 



11.1 Electromagnetic Induction 

• Data booklet reference  



Production of an induced e.m.f. within a 

uniform magnetic field 

1. Induced current only appears when there is relative motion 

between the coil and the magnet 

2. Moving the coil or magnet at greater speeds increase the current 

3. Direction of current reverses whenever either the pole of magnet 

facing the coil reverses, or the direction of movement of the 

magnet relative to the coil reverses.  



Production of an induced e.m.f. within a 

uniform magnetic field 

Diagrams show what happens to the electrons in a metal rod that is moving 

through a uniform , unchanging magnetic field.   

1. Free electrons in the wire are moving upwards with the rod in an external 

magnetic field that acts into the page. A force acts on each electron to the right. 

(Fleming’s left hand rule) ( B-into page; v – upwards /blue arrow; hence F is 

right/red arrow) 

2. Electrons accumulate at the right end (R) of the rod making it negatively 

charged, and a lack of electrons at the left end (L) makes it positive. 



Production of an induced e.m.f. within a 

uniform magnetic field 

3. Hence a potential difference exists between L and R, L being at the higher electric 

potential. When there is no external connection between L and R, no current will flow. If 

the circuit is closed between L and R, a current will flow. A current has been generated, 

or induced. 

 

4. When the ends of the rod are connected to an external resistor, the rod behaves as 

a source of electrical energy which drives the electrons around the resistor. Since the 

rod provides the energy to the electrons, it is said to have an induced emf within its 

ends. (just like sources of electrical energy as batteries have emf within them) 



Lenz’s law  

The direction of the flow of electrons / conventional current / within the rod (previous 

example) can be deduced in two ways. Either use Fleming’s left-hand rule to work out 

the force direction from first principles; or use Fleming’s right-hand rule on the given B-

direction and F-direction on the rod to determine the direction of conventional current I. 

Electron current is then opposite in direction to the conventional current .  



Lenz’s law  

The direction of the induced emf is such as to oppose the 

change in magnetic flux that causes it (‘it’ refers to the induced 

emf).    



Lenz’s law applied to a conducting rod   



Magnetic flux and magnetic flux density 

In the earlier example, an applied force on a rod moves it and cuts 

the magnetic field strength at right angle.  

Since the rod moves at a constant speed v , the applied force must 

overcome an opposing force produced by the induced current on the 

rod. This opposing force is actually the magnetic force given by BIl, 

where I is the induced current, B the magnetic field strength and l 

the length of the rod.  

 

Hence the energy needed to supply in a time t to move the rod is 

force x distance = Bil x; where x is the distance moved in t. 

 

Therefore induced emf  = energy supplied  charge moved  

= BIlx/It = Blv   ; since v = x/t.    

     = Blv    



Magnetic flux and magnetic flux density 

The magnetic field strength B is numerically equal to the magnetic 

flux density.  

The magnetic flux   is defined as 

the magnetic flux density passing 

through a plane area normal to the 

direction of the flux density. 

 

Mathematically, the flux density B 

at right angle (i.e. normal) to the 

plane area A is Bcos; where  is 

the angle between the directions of 

B and the normal line to the plane 

area A.  

 

Hence  = B A cos  

 

 



Magnetic flux and magnetic flux density 

1. When the direction of flux density B is parallel to the normal 

line to the plane area A;  = 0 . The magnetic flux is 

maximum;  = BA cos 0 = BA.  

 

2.   When the direction of flux density B is at right angle to the    

       normal line;  = 90 . The magnetic flux is minimum at  = 0. 

 
3. B is measured in units of the Tesla (T); and area in units of m2;  

      hence the units of magnetic flux  is in units of Tm2 or Weber  

      (Wb). One Wb is equivalent to 1 Tm2.  

 

4.  Since B =  / A. ( 1 T = 1 Wb m-2). This explains why B is known  

     as the flux density (flux per unit area). 



Magnetic flux and magnetic flux linkage 



Faraday’s Law 

The magnitude of the induced e.m.f. is directly proportional to the 

rate of change of magnetic flux linkage 

Laws of electromagnetic induction 

Lenz’s Law 

The direction of the induced e.m.f. is such that if an induced 

current were to flow, it would oppose the change in magnetic flux 

which causes it. 

The negative sign expresses Lenz’s law.   



Laws of electromagnetic induction 

From the expression in the previous slide, an induced e.m.f. can be 

produced in a coil in several ways. 

 

- A wire or coil cuts an unchanging magnetic field (e.g. a moving 

rod) 

 

- A changing magnetic field changes its strength as it passes a 

stationary coil (e.g. a magnet is moved through a solenoid) 

 

- A coil can change its size or orientation in an unchanging 

magnetic field (e.g. a.c. generator) 

 

- Combinations of these changes can occur 



Problem Solving: Lenz’s Law 

1.  Determine whether the magnetic flux is increasing, 

decreasing, or unchanged. 

2.  The magnetic field due to the induced current points in 

the opposite direction to the original field if the flux is 

increasing; in the same direction if it is decreasing; and 

is zero if the flux is not changing. 

3.  Use the right-hand rule to determine the direction of the 

current. 

4.  Remember that the external field and the field due to the   

induced current are different. 

Faraday’s Law of Induction; Lenz’s Law 



Laws of electromagnetic induction 



 

1. The graph shows the variation of magnetic flux with time through a coil of 500 

turns. Calculate the magnitude of the emf induced in the coil. (250V) 

 

 

 

 

 

 

 

 

 

Worked Examples 



2. A flat circular coil of diameter 30 mm has 500 turns and is situated 

so that the   plane of the coil is at right angle to a uniform magnetic 

field of flux density 20 mT. The flux density is reduced to zero and 

then increased to 20 mT in the opposite direction at a constant rate. 

The time taken for the whole operation is 60 ms. What is the average 

value of the e.m.f. induced in the coil? (0.24V) 

Question 3  


