


❖We knew that the electric fields produced by stationary charges and the 

magnetic fields produced by moving charges.

❖ In this chapter explores the effects produced by magnetic fields that vary 

in time.

❖ Experiments conducted by Michael Faraday in England in 

1831 and independently by Joseph Henry in the United 

States that same year showed that an emf can be 

induced in a circuit by a changing magnetic field. 

❖The results of these experiments led to a very 

basic and important law known as Faraday’s law 

of induction. 

❖ An emf (and therefore a current as well) can be induced in various    

processes that involve a change in a magnetic flux. 

▪ Introduction



▪ How an emf can be induced by 

a changing magnetic field.

▪ Consider a loop of wire connected to a sensitive 

ammeter.

A. When a magnet is moved toward the loop, the 

galvanometer needle deflects in one direction, 

arbitrarily shown to the right. 

B. When the magnet is brought to rest and held

stationary relative to the loop , no deflection is 

observed. 

C. When the magnet is moved away from the loop, 

the needle deflects in the opposite direction.

Finally, if the magnet is held stationary and the 

loop is moved either toward or away from it, the 

needle deflects. 

D. we conclude that the loop detects that the magnet 

is moving relative to it and we relate this detection 

to a change in magnetic field. Thus, it seems that 

a relationship exists between current and changing 

magnetic field.

a current is set up even though no batteries are 

present in the circuit! We call such a current an 

induced current and say that it is produced by an 

induced emf .

An emf is induced in the circuit when 

the magnetic flux through the circuit

changes with time.



▪ The experiment conducted by Faraday

A primary coil is connected to a switch and a battery. The coil is wrapped around an iron ring, 

and a current in the coil produces a magnetic field when the switch is closed. A secondary coil 

also is wrapped around the ring and is connected to a sensitive ammeter. No battery is present in 

the secondary circuit, and the secondary coil is not electrically connected to the primary coil. 

Any current detected in the secondary circuit must be induced by some external agent.

At the instant the switch is closed, the galvanometer needle deflects in one direction and then 

returns to zero. The current in the primary circuit produces a magnetic field that penetrates the 

secondary circuit which changes from zero to some value over some finite time, and this 

changing field induces a current in the secondary circuit.

When switch is opened, the needle deflects in the opposite direction and again returns to zero. 



❖Faraday concluded that an electric current can be induced in a circuit 

(the secondary circuit in our setup) by a changing magnetic field.

❖The induced current exists for only a short time while the magnetic field 

through the secondary coil is changing, so that an induced emf is 

produced in the secondary circuit by the changing magnetic field.

❖ An emf is induced in the circuit when the magnetic flux through the circuit 

changes with time.





A conducting loop that encloses an area A in 

the presence of a uniform magnetic

field 𝑩 The angle between 𝑩 and

the normal to the loop is 𝜃









Selected Solved Problems (Chapter # 31)



❖ In previous section, an emf is induced in a stationary circuit placed in a magnetic 

field when the field changes with time.

❖Here, motional emf is the emf induced in a conductor moving through a 

constant magnetic field.

o Straight conductor of length 𝑙 is moving through a

uniform magnetic field directed into the page. 

o The conductor is moving in a direction perpendicular 

to the field with constant velocity under the influence 

of some external agent.

o Electrons in the conductor experience a magnetic force 

that is directed along the length 𝑙, perpendicular to both 

𝑉 and 𝐵 .
o Electrons move to the lower end of the conductor and 

accumulate there, leaving a net positive charge at the 

upper end. 

o Electric field 𝐸 is produced inside the conductor.

o Magnetic force is downward 𝑞𝑉𝐵 on charges 

remaining in the conductor is balanced by the

upward electric force 𝑞𝐸. 



Thus, a potential difference is maintained between the ends of the 

conductor as long as the conductor continues to move through the 

uniform magnetic field.



▪ Consider a circuit consisting of a conducting bar of length 

𝑙 sliding along two fixed parallel conducting rails

▪ A uniform and constant magnetic field 𝐵 is applied 

perpendicular to the plane of the circuit.

▪ As the bar is pulled to the right with a velocity 𝑉 under 

the influence of an applied force റ𝐹𝑎𝑝𝑝,

▪ Free charges in the bar experience a magnetic force 

directed along the length of the bar. 

▪ This force sets up an induced current because the 

charges are free to move in the closed conducting path.

▪ In this case, the rate of change of magnetic flux 

through the loop and the corresponding induced 

motional emf across the moving bar are proportional to 

the change in area of the loop. 

▪ If the bar is pulled to the right with a constant velocity, 

the work done by the applied force appears as internal 

energy in the resistor R.

❑ How a changing magnetic flux causes an induced current in a closed circuit. 



▪ The area enclosed by the circuit at any instant is 𝑙𝑥, where 𝑥 is the position of the bar.

▪ Magnetic flux through that area is

𝑥 changes with time at a rate 
𝑑𝑥

𝑑𝑡
= 𝑣 , we find that the induced motional emf is

▪ The resistance of the circuit is R, the magnitude of the induced current is



▪ The applied force does work on the conducting bar, thereby moving charges through 

a magnetic field. Their movement through the field causes the charges to move along 

the bar with some average drift velocity, and hence a current is established.

▪ The bar moves with constant velocity, the applied force must be equal in 

magnitude and opposite in direction to the magnetic force.

❑ The power delivered by the applied force is
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