


❑ In chapter 31, an emf and a current are induced in a circuit when the magnetic 

flux through the area enclosed by the circuit changes with time.

1. When the switch is closed, the current does not 

immediately jump from zero to its maximum value 

𝜀/𝑅
2. As the current increases with time, the magnetic flux 

through the circuit loop due to this current also increases 

with time. This increasing flux creates an induced 

emf in the circuit.

➢ The direction of the induced emf, it is also called a back emf

3. The direction of the induced emf is such that it would cause an induced current in the 

loop (if the loop did not already carry a current), which would establish a magnetic field 

opposing the change in the original magnetic field. Thus, the direction of the induced emf 

is opposite the direction of the emf of the battery.

❖ This effect is called self-induction because the changing flux through the circuit and 

the resultant induced emf arise from the circuit itself. The emf set up in this case is 

called a self-induced emf.



A second example of self-induction

➢ A coil wound on a cylindrical core and the current in the coil is either increases or decreases 

with time.

➢ The current is in the direction as shown in (a), a magnetic field directed from right to left is 

set up inside the coil.

➢ As the current changes with time, the magnetic flux through the coil also changes and

induces an emf in the coil.

➢ The polarity of this induced emf must be such that it opposes the change in the magnetic field 

from the current.

➢ If the current is increasing, the polarity of the induced emf is as shown in (b)

➢ If the current is decreasing, the polarity of the induced emf is as shown in (c)



➢ From Faraday’s law that the induced emf is equal to the negative of the time rate of 

change of the magnetic flux. 

➢ The magnetic flux is proportional to the magnetic field due to the current, which in 

turn is proportional to the current in the circuit. 

➢ Therefore, a self-induced emf is always proportional to the time rate of change 

of the current. 

For any coil, we find that

where L is a proportionality constant—called the inductance of the coil

➢ From Faraday’s law, the inductance of a closely spaced coil of N turns carrying a current I and 

containing N turns is 



where it is assumed that the same magnetic flux passes through each turn.

❑ Inductance is a measure of the opposition to a change in current. 

The SI unit of inductance is the henry (H) which is 1 volt-second per ampere 







Selected Solved Problems (Chapter # 32)



➢ The emf induced in an inductor prevents a battery from establishing an 

instantaneous current, the battery must provide more energy than in a circuit without 

the inductor.

➢ The energy supplied by the battery appears as internal energy in the resistor, while 

the remaining energy is stored in the magnetic field of the inductor.

Recognizing

1. 𝜀𝐼 as the rate at which energy is supplied by the battery.

2. 𝐼2𝑅 as the rate at which energy is delivered to the resistor. 

3. we see that 𝐿𝐼 (𝑑𝐼/𝑑𝑡) must represent the rate at which energy is being 

stored in the inductor. 



➢ The energy stored in the inductor at any time

➢ To find the total energy stored in the inductor when the current is 𝐼



▪ Energy density of a magnetic field

▪ Consider a solenoid whose inductance 

▪ The magnetic field of a solenoid

Because 𝑨𝒍 is the volume of the solenoid, the magnetic energy density, or 

the energy stored per unit volume in the magnetic field of the inductor is

▪ The energy density is proportional to the square of the field magnitude.
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