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Questions from Chapter 
Q.No.1: Define electromagnetic induction 
Ans: When a conductor moves in a magnetic field then an emf is produced in it which is called 
induced emf and the current generated is called induced current. This phenomenon is known as 
electromagnetic induction. 
Q.No.2: Upon what factors the induced current depends?  
Ans: The induced current depends upon following factors 

(i) The speed of the conductor  
(ii)  Resistance of the loop. 

Q.No.3: How the induced current can be increased? 
Ans: The induces current can be increased by 

(i) Using a stronger magnetic field 
(ii) Moving the conductor faster 
(iii) By increasing number of turns on coil 

Q.No.4: Name some methods in which emf is induced in a loop by producing a change in the 
magnetic flux 
Ans: There are some methods mentioned below in which an emf is induced in a loop by producing a 
change in the magnetic flux: 

i) Due to relative motion between magnetic and coil 
ii)  By changing the area of coil in the uniform magnetic field 
iii) By rotating the coil of constant area in constant magnetic field 
iv) By phenomenon of mutual induction 
v) By using electromagnetic instead of permanent magnet 

Q.No.5: How the emf is produced? Explain  
 Ans: The relative motion of conductor and magnet causes the induced emf. This relative motion 
changes the magnetic flux through the conductor. This change in flux induced the emf. 
Q.No.6: Define motional emf 
Ans:  
Definition: The emf induced by the motion of a conductor across a magnetic field is called motional 
emf.  
Formula: It is denoted by the given formula     𝜀 = 𝑣𝐵𝐿 𝑠𝑖𝑛𝜃  
Q.No.7: State Faraday’s law of electromagnetic induction 
Ans: 
Statement:  Faraday’s law states that “The emf induced in the coil of N loops is equal to the negative 
rate of change of flux with time” 
Formula: it is denoted mathematically as    

            𝜀 = −𝑁
𝛥𝛷

𝛥𝑡
 

Q.No.8: What indicates the minus sign in the expression of Faraday’s law? 

Ans: The Faradays law is mathematically described as  𝜀 = −𝑁
𝛥𝛷

𝛥𝑡
.   

The minus sign in this formula indicates that the direction of the induced emf is such that it opposes 
the change of flux. 
Q.No.9: State Lenz’s law 
Ans:  
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Statement: The lenz’s law states that “ The direction of the induced current always so as to oppose 
the change which causes the current”. 
This law follows the law of conservation of energy. 
Q.No.10: Define the phenomenon of mutual induction 
Ans:  
Mutual induction: The phenomenon in which a changing current in one coil induces an emf in the 
other coil is called mutual induction. 
Formula:  Mathematically it is denoted as  

            𝜀𝑠 = −𝑀
𝛥𝐼𝑃
𝛥𝑡

 

Q.No.11: Upon what factors the mutual induction of two coils depends? 
Ans: The mutual induction of two coils depends upon following factors 

(i) the number of turns of the coils,  
(ii) their area of cross-section,  
(iii) their closeness together  
(iv)  the nature of the material by which the coils are wound. 

Q.No.12: Define the term “mutual inductance” 
Ans:  
Definition: It is defined as the ratio of average emf induced in the secondary coil to the time rate of 
change of current in the primary coil. The units of mutual inductance are Henry (H).   
 Formula: Mathematically it is denoted as        

                                                 𝑀 =
𝜀𝑠

𝛥𝐼𝑃
𝛥𝑡 

 

Q.No.13: Define the term “Henry” 
Ans: If one ampere currents flows in one second in the primary coil and produced the emf of one volt 
in the secondary coil then these coils have one Henry of mutual inductance. 

1𝐻 =
1𝑉

1𝐴
1𝑠 

 

Q.No.14: Define the phenomenon of self induction 
Ans:  
Definition: The phenomenon in which a changing current in a coil produces an emf in itself is called 
self induction. 
Formula:  Mathematically it is denoted as  

                                        𝜀 = −𝐿
𝛥𝐼

𝛥𝑡
 

Q.No.15: Upon what factors the self induction of a coil depends? 
Ans: The self induction of a coil depends upon following factors 

(i) the number of turns of the coil, 
(ii) its area of cross-section  
(iii)  core material. 

 
Q.No.16: Define the term “Self inductance” 
Ans:  
Definition: It is defined as the ratio of emf induced in the coil to the rate of change of current in the 
same coil. The units of self inductance are Henry (H).   
Formula: Mathematically it is denoted as        
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                                                 𝐿 =
𝜀

𝛥𝐼
𝛥𝑡 

 

Q.No.17: Why the self induced emf is called back emf?   

Ans: The equation of emf in self induction is given as    𝜀 = −𝐿
𝛥𝐼

𝛥𝑡
.  

The negative sign in this formula indicates that the self induced emf opposes the change that 
produced it. That’s why the self induced emf is called back emf.   
Q.No.18: Define the term ‘energy density’ 
Ans:  
Definition: Energy density is defined as “The energy stored per unit volume inside the solenoid”  
Formula: Energy density is mathematically denoted as  

µ𝑚 =
1𝐵2

2µ𝑜
 

Q.No.19: Differentiate between Generator and Motor 
Ans:  

Generator Motor 

It is a device which converts mechanical energy 
into electrical energy  

It is a device which converts electrical energy 
into mechanical energy  

It is a source of electricity It is a source of mechanical energy 

It operates by mechanical means It operates by electrical source 

Q.No.20: At which principle, an electric generator based? Explain 
Ans: The principle of an electric generator is based on Faraday’s Law of electromagnetic induction. 
When a coil is rotated in a magnetic field by some mechanical means, magnetic flux through the coil 
changes and thus an induced emf is induced in the coil. 
Q.No.21: How you can get the maximum value of induced emf in an A.C. generator? 
Ans: The emf induced in AC generator is given as     𝜀 = 𝑁𝜔𝐴𝐵 𝑠𝑖𝑛𝜃 
If  𝜃 = 900  

                       Then                                               𝜀𝑜 = 𝑁𝜔𝐴𝐵 𝑠𝑖𝑛900  
𝜀𝑜 = 𝑁𝜔𝐴𝐵 

                       Which is the maximum value of induced emf. 
Q.No.22: What do you know about armature? 
Ans: Number of coils are wounded around an iron cylinder which is rotated in a magnetic field. This 
assembly is called armature. 
Q.No.23: What do you know about term load? 
Ans: The device in the circuit that consumes electric energy is called load. 
Q.No.24: Define the term transformer. Name its types 
Ans:  
Definition: A transformer is an electrical device to change a given alternating emf into a larger or 
smaller alternating emf 
Types: There are two types of transformer 

(i) Step up transformer  
(ii) Step down transformer  

Q.No.25: In the coils of transformer, there is no electrical connection then how power is 
transferred from the primary to secondary coil?  
Ans: In the transformer there is no electrical connection between two coils but they are magnetically 
linked. The change in flux in one coil produced the emf in the other coil so the power is transferred 
from primary to secondary coil by means of flux. 
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Q.No.26: How many types of transformer are there? Explain them  
Ans: There are two types of transformer. Step-up transformer and step-down transformer, 
 
 
 
 

Step-up transformer: Step-down transformer: 

If number of turns in secondary coil are greater 
than primary coil then secondary voltage will also 
be greater than primary. This is called step-up 
transformer. 

If number of turns in secondary coil are less than 
primary coil then secondary voltage will also be 
less than primary. This is called step-down 
transformer.  

Equation for step up transformer:  
According to step up transformer, 𝑉𝑆 > 𝑉𝑃  so 
𝑁𝑆 >  𝑁𝑃  

Equation for step down transformer:  
According to step down transformer, 𝑉𝑆 < 𝑉𝑃  so 
𝑁𝑆 <  𝑁𝑃  

  
Q.No.27: What you can say about the electrical power in an ideal transformer? 
Ans: For an ideal transformer, the input power of primary is nearly equal to the output power of the 
secondary i.e 

  𝑃𝑜𝑢𝑡 = 𝑃𝑖𝑛  
 Which implies that   𝑉𝑠𝐼𝑠 = 𝑉𝑃𝐼𝑃  
But for actual transformer,     𝑃𝑜𝑢𝑡 < 𝑃𝑖𝑛  
Q.No.28: How you can minimize the loss during transmission in a transformer? 
Ans: The expression of power is given as 𝑃 = 𝐼2𝑅. In order to minimize the loss during transmission, 
it is not possible to reduce R because it requires the use of thick copper wire which is very expensive. 
So we have to reduce the value of ‘𝐼’. So at power stations, step-up transformers are used which 
stepped up the voltage thousands times and reducing the value of current and power is transmitted 
at low current to long distances without much power loss. 
Q.No.29: What you can say about the electrical power in actual transformer? 
Ans: Only in an ideal transformer, the output power is nearly equal to the input power but in an 
actual transformer, the output power is always less than the input power. 
Mathematically it is expressed as       𝑃𝑜𝑢𝑡 < 𝑃𝑖𝑛  
Q.No.30: Explain the main causes which produced power losses in a transformer 
Ans: There are two main causes of power loss in transformers, eddy currents and magnetic 
hysteresis.  
Eddy currents: When the flux generated by the coils passes through the core of transformer then 
induced currents are set-up in a direction perpendicular to the flux which tries to stop the flow of flux 
are called eddy currents. 
Magnetic hysteresis: The energy lost during magnetization and demagnetization of the core material 
in each cycle is called Hysteresis. 
Q.No.31: How the power losses due to the flow of eddy currents will be minimize?  
Ans: In order to minimize the power loss due to the flow of eddy currents, the core is laminated with 
insulation in between the layers which stops the flow of eddy currents and power loss will be 
minimize. 
Q.No.32: Define the efficiency of the transformer 
Ans: The ratio of the output power to the input power is called efficiency of the transformer.  

E =
output power

input power
× 100% 
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Q.No.33: How the efficiency of the transformer can be increased? 
Ans: The efficiency of the transfer can be increased by minimize the energy losses in following ways. 
(i) The insulation between laminations sheets should be perfect so as to stop the eddy currents.  
(ii) The resistances of the primary and secondary coils should be kept minimum.  
(iii) The primary and secondary coils should be wound in such a way that flux coupling between 

them should maximum.   

Exercise Questions  
Q.No.15.1: Does the induced emf in a circuit depend on the resistance of the circuit? Does induced 
current depends on the resistance of the circuit? 
Ans: 
Dependence of emf on resistance: 
Induced emf does not depend on the resistance of circuit which is described below.  

Formula of induced emf is given as  ɛ = −𝑁
𝛥Ф

𝛥𝑡
.  

This formula shows that emf depends upon the flux but not resistance of circuit. 
Dependence of current on resistance: 
Induced current depends on the resistance of circuit as described below. 

 Formula of induced current is given as  𝐼 =
𝑉

𝑅
.  

This formula shows that induced current depends upon the resistance of circuit. 
Q.No.15.2: A square loop of wire is moving through a uniform magnetic field. The normal to the 
loop is oriented parallel to the magnetic field. Is an emf induced in the loop? Give a reason for your 
answer 
Ans: No emf will not induced in this situation because there is no change in flux. 

 Formula of induced emf is given as   ɛ = −𝑁
𝛥Ф

𝛥𝑡
.  

When the normal to the loop is oriented parallel to the magnetic field then both magnetic field and 
area will not change. And there is no change in flux. That’s why there will be no induced emf 
Q.No.15.5: Does the induced emf always act to decrease the magnetic flux through a circuit?  
Ans: No, emf does not always act to decrease the magnetic flux.  Emf always opposes the cause 
that produced it. As the change in flux produces the emf. And emf opposes the change that 
produced it. 
If the flux increases then induced emf tend to decrease it and if the flux decreases then induced 
emf tend to increase it 
Q.No.15.8: How would you position a flat loop of wire in a changing magnetic field so that there is 
no emf induced in the loop?   
Ans: There will be no emf induced in the loop if the angle between area of the loop and magnetic 
field will 900.  

Formula of emf is given as       ɛ = −𝑁
𝛥Ф

𝛥𝑡
  

Where    ∆𝜙 = 𝐵. 𝛥𝐴 = 𝐵𝛥𝐴 𝑐𝑜𝑠𝜃  
If 𝜃 = 900 then   ∆𝜙 = 𝐵. 𝛥𝐴 = 𝐵𝛥𝐴 𝑐𝑜𝑠900 = 0  

      ɛ = −𝑁
(0)

𝛥𝑡
= 0    

Hence emf will also be zero 
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Q.No.15.9: In a certain region the earth’s magnetic field point vertically down. When a plane flies 
due north, which wingtip is positively charged? 
Ans: West wingtip will be positively charged. Direction of velocity is along north and direction of 
magnetic field is vertically downward then by right hand rule the direction of magnetic force will be 
along west. So west wingtip will be positively charged as shown in figure. Magnetic force is given as  
F=q v×B 

 
Q.No.15.10: Show that ɛ and Δφ/Δt have the same units.   
Ans:  

𝐿. 𝐻. 𝑆 = ɛ =
𝑊

𝑞
=

𝐽

𝐶
 

𝑅. 𝐻. 𝑆 =
∆𝛷

𝛥𝑡
=

𝐵∆𝐴

∆𝑡
=

𝐹∆𝐴

𝐼𝐿∆𝑡
=

𝑁𝑚2

𝐴𝑚𝑠
=

𝑁𝑚

𝐴𝑠
=

𝐽

𝐶
 

𝐻𝑒𝑛𝑐𝑒 𝐿. 𝐻. 𝑆 = 𝑅. 𝐻. 𝑆 
Q.No.15.11: When an electric motor, such as an electric drill, is being used, does it also act as a 
generator? If so what is the consequence of this?   
Ans: Yes electric drill can be act as a generator. If the mechanical energy is provided to the coil of drill 
to rotate it in a magnetic field then it can produce electrical energy. 
 For that purpose we need (i) Permanent magnetic and (ii) External source to produce mechanical 
energy.  
Q.No.15. 12: Can a D.C motor be turned into D.C generator? What changes are required to be 
done?  
Ans: Yes D.C motor can be turned into D.C generator. Following changes should require for 
conversion: 

(i) Permanent magnetic should replace instead of electromagnet 
(ii) Arrangement for the rotation of coil required 

Q.No.15.13: Is it possible to change both the area of the loop and the magnetic field passing 
through the loop and still not have an induced emf in the loop?  
Ans: Yes it is possible to change both the area of the loop and the magnetic field passing through the 
loop and still not have an induced emf in the loop  

Formula of induced emf is given as ɛ = −𝑁
𝛥Ф

𝛥𝑡
= −𝑁

𝐵𝛥𝐴

𝛥𝑡
. 

As the flux is product of magnetic field and area. If we change both field and area in such a way that 
their product will remain same then flux will be constant and change in flux will be zero so emf will 
also be zero. 

Mathematically ɛ = −N
ΔФ

Δt
= −N

BΔA

Δt
 

As Ф = constant  so 𝛥Ф = 0 
Hence emf will also be zero 
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Q.No.15.14: Can an electric motor be used to derive an electric generator with the output from the 
generator being used to operate the motor?  
Ans: No it is not possible. If it is possible then it will be self operating system which is against the law 
of conservation of energy.   
Q.No.15.15: A suspended magnet is oscillating freely in a horizontal plane. The oscillations are 
strongly damped when a metal plate is placed under the magnet. Explain why this occurs?    
Ans: Oscillations are strongly damped due to opposition of eddy currents. When a magnet is 
oscillating then flux changes around it. Due to which an induced emf as well induced current are 
produced. That induced current called eddy current which opposes the oscillation of magnet.  
Q.No.15.16: Four unmarked wires emerge from a transformer. What steps would you take to 
determine the turns ratio?  
Ans: Transformer consists of two coils called primary and secondary. First of all separate the coils by 
checking their continuity with the help of ohmmeter. After separation of coils find the values Vp and 
Vs. Now turns ratio can be calculated by using the formula 

𝑁𝑆

𝑁𝑃
=

𝑉𝑆
𝑉𝑃

 

Q.No.15,17: (a) Can a step up transformer increase the power level?  
 (b) In a transformer, there is no transfer of charge from the primary to secondary. How is, 

then the power transferred?     
Ans: 

(a) No a step up transformer cannot increase the power level but can increase the voltage level.  
For an ideal transformer, 𝑃𝑜 = 𝑃𝑖𝑛    
And for an ordinary transformer, 𝑃𝑜 < 𝑃𝑖𝑛     

       (b)  In a transformer, coils are not electrically linked but they are magnetically linked.  So charge 
from primary to secondary is transferred through flux  

Q. No.15.18: When primary of transformer is connected to a.c. mains the current in it  
(a) is very small if the secondary circuit is open, but 
(b) increases when the secondary circuit is closed, Explain these factors   
Ans: 

(a) The current in the primary of transformer is very small when secondary circuit is open 
because load at output is zero so energy is not consumed 

(b) The current in the primary of transformer becomes large when secondary circuit is closed 
because energy consumes at output. According to law of conservation of energy, to equalize 
the power on the both sides, primary current becomes large. 
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Long Questions 
15.2 MOTIONAL EMF:  

DEFINITION: 
The emf induced by the motion of conductor across magnetic field is called motional emf.  
FORMULA: 
It is mathematically expressed as 

𝜀 = −v𝐵𝐿𝑠𝑖𝑛𝜃 
EXPLANATION:  
We know that when a conductor moves across a magnetic field then an emf is induced between its 
ends. The ends of conductor behave like the terminals of the battery. When the ends of the 
conductor joined by a wire to make a closed circuit , a current flow through it.  
For the derivation for the formula of motional emf, consider a conducting rod of length L placed on 
two parallel metal rails separated by distance L. The galvanometer connected between the ends of c 
and d for detection of current. This formed a complete conducting loop abcda as shown in the figure.  
A uniform magnetic field B is applied directed into the page. When the rod is at rest, galvanometer 
indicates no current. If the rod moves towards right then 
galvanometer indicates current  flowing through the loop.  
So definitely current is induced due to motion of conducting 
rod across the magnetic field.  
CALCULATION: 
When the rd moves across the magnetic field then it acts as a 
source of emf which is given as  

𝜀 = 𝑉𝑏 − 𝑉𝑎 = ∆𝑉 
Magnetic force: 
When the rod moves, a charge q with in the rod also moves 
and experiences a magnetic force which is given as 

𝑭 = 𝑞 v × 𝑩 
The magnitude of force is  

𝐹 = 𝑞v𝐵 𝑠𝑖𝑛𝜃 
Since angle between v and B is 90𝑜  

𝐹 = 𝑞v𝐵 
Electric force:  
By applying the right hand rule, we see that F is directed form a to b in the rod. As a result charge will 
move towards the top end of the conductor. As more and more charges moves towards the top end 
of conductor, a deficiency of charges produced at the bottom of conductor a.  
Due to this an electric field is set up which is directed from b to a. So electric force on the charge is 
given as 
       𝐹𝑒 = 𝑞𝑬  
 Equilibrium: 
The system reaches an equilibrium state when both magnetic and electric forces on the charge are 
balanced. If 𝐸𝑜 is the electric intensity then 

𝑞𝐸𝑜 = 𝑞v𝐵 
𝐸𝑜 = v𝐵 
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Motional emf: 
The motional emf 𝜀 will be equal to the potential difference 𝑉𝑏 − 𝑉𝑎 = ∆𝑉 between the two ends of 
the moving conductor in this equilibrium state.  
As electric field intensity is given by negative of gradient therefore 

                                                                                  𝐸𝑜 =
∆𝑉

∆𝑟
=

∆𝑉

𝐿
   

Or        ∆𝑉 = −𝐿𝐸𝑜 = −(𝐿v𝐵) 
The motional emf 

𝜀 = ∆V = −𝐿v𝐵 
This is the magnitude of motional emf. However if the angle between v and B is  𝜃, then 

𝜀 = −𝑣𝐵𝐿 𝑠𝑖𝑛𝜃 
CONCLUSION: 
Due to induced emf positive charges would flow along the path abcda, thus the induced current will 
be in anticlockwise. As the current flow, quantity of charges at the top decreases so the electric 
intensity decreases but magnetic force remains same.  
 

15.3 FARADAY’S LAW AND INDUCED EMF:  
STATEMENT: 
Faraday’s law states that “ The average emf induced in a conducting coil of N loops is equal to the 
negative of the rate at which the magnetic flux through the coil is changing with time” 
FORMULA: 
It is mathematically expressed as 

𝜀 = −𝑁
∆ɸ

∆𝑡
 

EXPLANATION:  
We know that motion emf in a rod moving perpendicular to the magnetic field given as 
                 𝜀 = −v𝐵𝐿 _______(𝑖) 
The induced emf can be expressed in terms of magnetic flux. For this purpose, consider the 
experiment shown in the figure. 
 Suppose a conducing rod of length L moves from position 1 to position 2 during the time interval ∆𝑡. 
The distance travel by the rod is ∆𝑥. So the velocity of the rod is given as 

v =
∆𝑥

∆𝑡
 

by putting the value of velocity in above mentioned equation (i) 
we get 

𝜀 = −
∆𝑥

∆𝑡
𝐵𝐿 

By rearranging the above equation we get 

𝜀 = −
𝐵 𝐿 ∆𝑥 

∆𝑡
_______(𝑖𝑖)  

As the rod moves through distance ∆𝑥 then change in its area is 
given as 

𝛥𝐴 = 𝐿 ∆𝑥 
By putting the value in equation (ii) we get 

𝜀 = −
𝐵𝛥𝐴

∆𝑡
_______(𝑖𝑖𝑖) 

As the flux is denoted as 
ɸ = 𝐵𝐴 
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And change in flux is given as  
𝛥ɸ = 𝐵𝛥𝐴 

So by putting change in flux in equation (iii) we get 

𝜀 = −
𝛥ɸ

∆𝑡
 

If there is coil of N loops instead of single loop then induced emf will become N times as given below 

𝜀 = −𝑁
𝛥ɸ

∆𝑡
 

CONCLUSION: 
Hence it is concluded that change in flux is necessary for the induction of emf. Although above 
expression is derived on the basis of motional emf but it is true in general. This conclusion was first 
arrived by Faraday. So it is known as Faraday’s law of electromagnetic induction.  The minus sign 
indicated that the direction of emf is such that to oppose the change in flux. If the flux increases then 
induced emf tend to decrease it and if flux decreases, induced emf tend to increase it.  
 

15.5 MUTUAL INDUCTION:  

DEFINITION: 
A phenomenon in which changing current in one coil induces an emf in the other coil is called mutual 
induction. 
FORMULA: 
It is mathematically expressed as 

𝜀𝑠 = −𝑀
∆𝐼𝑝

∆𝑡
 

EXPLANATION:  
Consider two coils placed very close to each other to observe the phenomenon of mutual induction 
as shown in the figure. These two coils are called primary and secondary coils. 
Primary coil:  
One coil is connected with a battery through a switch and a rheostat. This is called primary coil.  
Secondary coil:  
The coil which is connected with the galvanometer to observe induced emf and current is known as 
secondary coil. 
Faraday’s law: 
If the current in the primary changed by varying the resistance of the rheostat, the magnetic flux in 
the surrounding region changes. This change in flux around the primary coil also couples with the 
change in the flux in the secondary coil.  
According to faraday’s law, the emf induced in the coil is proportional to the rate of change of flux 
which is given as 

𝜀𝑠 = −𝑁𝑠

∆ɸ𝑠

∆𝑡
_______(𝑖) 

Where 𝑁𝑠 is the number of turns in the secondary coil.  
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Relation between flux and current: 
Let the flux passing through the coil of one loop is ɸ𝑠. Net flux passing through the coil of 𝑁𝑠 loops is 
𝑁𝑠ɸ𝑠.  
As this flux is proportional to the magnetic field produced by the current 𝐼𝑝  in the primary and 

magnetic field is proportional to the 𝐼𝑝  as well so 

𝑁𝑠ɸ𝑠  ∝  𝐼𝑝  

Hence  
𝑁𝑠ɸ𝑠 =  𝑀𝐼𝑝  

 
Mutual inductance: 
M is called proportionality constant called mutual inductance of two coils. 
Definition: 
It is defined as ratio of average emf induced in the secondary to the rate of change of current in  the 
primary  
 It formula is given as  
 

𝑀 =
𝜀𝑠

∆𝐼𝑃
∆𝑡 

 

Units: 
SI units for the mutual inductance M is Vs A-1 which called as Henry. 
Definition of Henry: 
If there is rate of change of current in primary coil is one ampere per second and causes an induced 
emf of one volt in the secondary coil then mutual inductance of coils will be one Henry. 
Dependence:  
It depends upon  

(i) Number of turns 
(ii) Their cross sectional area 
(iii) Their closeness together 
(iv) The nature of core material upon which two coils are wound 

Now by rearranging the equation (i) we get 

𝜀𝑠 = −
∆(𝑁𝑠ɸ𝑠)

∆𝑡
 

By putting the value   
𝑁𝑠ɸ𝑠 =  𝑀𝐼𝑝  

 

𝜀𝑠 = −
∆(𝑀𝐼𝑝)

∆𝑡
 

 

𝜀𝑠 = −𝑀
∆𝐼𝑝

∆𝑡
 

CONCLUSION: 
Hence it is concluded that emf induced in the secondary coil is proportional to the rate of change of 
current in the primary coil.  
Negative sign indicates that emf is is such a direction that it opposes the change of the current in the 
primary coil.   
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15.6 SELF INDUCTION:  

DEFINITION: 
A phenomenon in which changing current in one coil induces an emf in the same coil is called self 
induction. 
FORMULA: 
It is mathematically expressed as 

𝜀 = −𝐿
∆𝐼

∆𝑡
 

EXPLANATION:  
Consider a coil is connected in the series with a battery and rheostat a shown in the figure. Magnetic 
flux through the coil is due to current in it. If the current is changed by varying the rheostat quickly 
then magnetic flux through the coil changes that causes the induced emf in the emf in the coil. Such 
an emf induced is called self induced emf.  
 
Faraday’s law: 
According to faraday’s law, the emf induced in the coil is proportional to the rate of change of flux 
which is given as 

𝜀 = −𝑁
∆ɸ

∆𝑡
_______(𝑖) 

Where 𝑁 is the number of turns in the coil.  

Relation between flux and current: 
Let the flux passing through the coil of one loop is ɸ. Net flux passing through the coil of N loops is 
𝑁ɸ.  
As this flux is proportional to the magnetic field produced by the current 𝐼 in the coil and magnetic 
field is proportional to the 𝐼 as well so 

𝑁ɸ ∝  𝐼 
Hence  

𝑁ɸ =  𝐿𝐼 
 
Self inductance: 

L is called proportionality constant called self inductance of the coil and represents as 𝐿 =
𝑁ɸ

𝐼
  

Definition: 
It is defined as ratio of  emf induced in a coil to the rate of change of current in it. 
 It formula is given as  
 

𝐿 =
𝜀

∆𝐼
∆𝑡 

 

Units: 
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SI units for the self inductance L is Vs A-1 which called as Henry. 
Dependence:  
It depends upon  

(i) Number of turns of the coil 
(ii) its cross sectional area 
(iii) The nature of core material upon which  coil is wound 

By winding the coil around a ferromagnetic core, magnetic flux and inductance can be increased.   
Now by rearranging the equation (i) we get 

𝜀 = −
∆(𝑁ɸ)

∆𝑡
 

By putting the value   
𝑁ɸ =  𝐿𝐼 

 
 

𝜀 = −
∆(𝐿𝐼)

∆𝑡
 

 

𝜀 = −𝐿
∆𝐼

∆𝑡
 

CONCLUSION: 
Hence it is concluded that induced emf in a coil is proportional to the time rate of change of current 
in the coil.  
Negative sign indicates that emf is is such a direction that it opposes the change of the current. That 
is why the sometimes self induced emf is called back emf. This is exactly according to Lenz’s law.  
Because of self inductance, coils of wire are known as inductors are widely used in the electronics. In 
AC, inductors behave like resistors.   
 

15.7 ENERGY STORED IN AN INDUCTOR  

DEFINITION: 
Energy stored in an inductor in its magnetic field due to passage of current in called magnet energy 
stored in an inductor.  
FORMULA: 
It is mathematically expressed as 

𝑈𝑚 =
1

2

𝐵2

𝜇𝑜
(𝐴𝑙) 

EXPLANATION:  
Consider a coil connected to a battery and switch in the series as 
shown in the figure.  
When the switch is turned on then voltage is applied V across the 
ends of the coil and current through it rises from zero to maximum value 𝐼.  
 
Work done: 
Due to change of current, an emf is induced which is opposite to the battery. Work is done by the 
battery to move charges against the induced emf.  
Work done by the battery in  the moving a small charge ∆𝑞 is 

𝑊 = ∆𝑞 𝜀𝐿__________(𝑖) 
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According to self induction, emf induced in the coil or inductor is equal to the change in current in 
the same coil. So emf is given as 

𝜀𝐿 = 𝐿
∆𝐼

∆𝑡
 

By putting the value of 𝜀𝐿  in above mentioned equation (i) we get 

𝑊 = ∆𝑞 𝐿
∆𝐼

∆𝑡
 

By re-arranging the above equation we get 

𝑊 =
∆𝑞

∆𝑡
 𝐿 ∆𝐼_________(𝑖𝑖)  

Total work done can be calculated by putting the value of change in current ∆𝐼 and average current 
∆𝑞

∆𝑡
 in equation (ii) 

Change in current: 
As the initial current is 0 and final current is 𝐼. So the change in current is denoted as 

∆𝐼 = 𝐼 − 0 = 𝐼 
Average current: 
Average current can be represented as 

𝐼𝑎𝑣 =
∆𝑞

∆𝑡
=

0 + 𝐼

2
=

1

2
𝐼 

By putting these values in the equation number (ii) we get 

𝑊 =  
1

2
𝐼 𝐿 𝐼 

𝑊 =
1

2
𝐿 𝐼2 

Potential energy: 
This work is stored as potential energy in the inductor. Hence the energy stored in the inductor is  

𝑈𝑚 =
1

2
𝐿 𝐼2_____(𝑖𝑖𝑖) 

In case of capacitor, energy stored in the electric field between the plates and in  the inductor, 
energy is stored in the magnetic field.  
Potential energy in terms of magnetic field: 
The magnetic energy can be stored in the terms of magnetic field B of a solenoid which has turns per 
unit length area of cross section A.  
As we know that 

𝑁ɸ = 𝐿𝐼 
So  

𝐿 =
𝑁ɸ

𝐼
 

By putting the value of inductance L in the equation (iii) we get 

𝑈𝑚 =
1

2
 (
𝑁ɸ

𝐼
)𝐼2 

𝑈𝑚 =
1

2
 𝑁ɸ𝐼______(𝑖𝑣) 

The magnetic field strength inside the solenoid is given as 
       𝐵 = 𝜇𝑜𝑛𝐼  

As        𝑛 =
𝑁

𝑙
 

So        𝐵 = 𝜇𝑜
𝑁

𝑙
𝐼 
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𝐼 =
𝐵𝑙

𝜇𝑜𝑁
 

And magnetic flux is described as  
ɸ = 𝐵𝐴 

by putting the value of current and magnetic flux in  equation (iv) we get 

𝑈𝑚 =
1

2
 𝑁(𝐵𝐴)

𝐵𝑙

𝜇𝑜𝑁
 

𝑈𝑚 =
1

2
 
𝐵2

𝜇𝑜
(𝐴𝑙) 

Energy density: 
Energy density can be defined as the energy stored per unit volume inside the solenoid. Hence it can 
be represented as   

𝜇𝑚 =
1

2
 
𝐵2

𝜇𝑜
 

15.8 ALTERNATING CURRENT GENERATOR  
DEFINITION: 
A device that converts mechanical energy into electrical energy is called AC generator.  
PRINCIPLE: 
Principle of an electric generator is based of Faraday’s law of electromagnetic induction. When a coil 
is rotated in a magnetic field by some mechanical means, magnetic flux through the coil changes and 
due to this emf is induced in the coil.  
EXPLANATION: 
Let a rectangular loop of wire of area A is placed in a uniform magnetic 
field as shown in the figure. The loop is rotated about z axis with a 
constant angular velocity ω.  
Construction: 
One end of the loop is attached to a metal ring R and the other end to the R/. 
These rings are called slip rings. These rings slide against stationary carbon 
brushes to which external circuit is connected.   
Induced emf: 
To calculate the induced emf in the loop. Consider its position is rotating 
antilock wise. The figure shows the top view of the coil. The vertical side ab of the loop is moving 
with velocity v in the magnetic field B.  
If the angle between v and B be 𝞱 then motional emf is denoted as 

𝜀 = v𝐵𝐿 𝑠𝑖𝑛𝜃 
Emf along ab and cd: 
The direction of induced current in the wire ab is the same as that of 
force. So the emf will be induced across the both sides ab and cd 
represented as 

𝜀𝑎𝑏 = v𝐵𝐿 𝑠𝑖𝑛𝜃 
𝜀𝑐𝑑 = v𝐵𝐿 𝑠𝑖𝑛𝜃 

Emf along bc and da: 
The net contribution of emf by sides bc and da is zero because the force acting on the charges inside 
bc and da not along the wire. So the emf will be induced across the both sides ab and cd represented 
as 

𝜀𝑏𝑐 = 0 



               ASIM GHAFOOR ZARTASH (M.PHIL PHYSICS)                                        CONTACT # 0341-7662601                  

17 

                                                (UNIQUE NOTES BY UNIQUE SCIENCE ACADEMY)   2020 VERSION 

𝜀𝑑𝑎 = 0 
Net Emf: 
Since the total emf is represented as  

𝜀 = 𝜀𝑎𝑏 + 𝜀𝑏𝑐 + 𝜀𝑐𝑑 + 𝜀𝑑𝑎  
𝜀 = v𝐵𝐿 𝑠𝑖𝑛𝜃 + 0 + v𝐵𝐿 𝑠𝑖𝑛𝜃 + 0 

𝜀 = 2v𝐵𝐿 𝑠𝑖𝑛𝜃______(𝑖) 
If the loop is replaced by the coil of N turns the total mf in the coil will be 

𝜀 = 2𝑁v𝐵𝐿 𝑠𝑖𝑛𝜃 
As the coil rotates then it should have angular velocity. Then linear and angular velocities are related 
as 

v=𝑟𝜔 
By putting this value in above mentioned equation (i) 

𝜀 = 2𝑁(𝑟𝜔)𝐵𝐿 𝑠𝑖𝑛𝜃 
By rearranging above equation 

𝜀 = 𝑁𝜔(2𝑟𝐿)𝐵 𝑠𝑖𝑛𝜃 
As area is denoted as 
 𝐴 = 2𝑟𝐿 

𝜀 = 𝑁𝜔A𝐵 𝑠𝑖𝑛𝜃_____(𝑖𝑖) 
If angle is 90𝑜  then emf will be maximum which is represented as 

𝜀𝑜 = 𝑁𝜔A𝐵  
By putting this value in equation (ii) we get 

𝜀 = 𝜀𝑜𝑠𝑖𝑛𝜃 = 𝜀𝑜sin(𝜔𝑡) 
Formula for Current: 
If R is the resistance of the coil then current is represented as 

𝐼 =
𝜀

𝑅
=

𝜀𝑜sin(𝜔𝑡)

𝑅
 

𝐼 = 𝐼𝑜𝑠𝑖𝑛(𝜔𝑡) 
The equations of emf and current can be represented in form of frequency as given below 

𝜀 = 𝜀𝑜sin(2𝜋𝑓𝑡) 
𝐼 = 𝐼𝑜sin(2𝜋𝑓𝑡) 

Variation of current: 
The above mentioned equations indicate the variation of current as a function of angle 𝞱 which is 
described in the graph given below according to different positions of one loop of coil 
 
 
 
 
 
 
 
 
 
When the angle between v and B is 0𝑜  then plane of loop is perpendicular to B and current is zero. As 
the 𝞱 increases then current will also increases and at 90𝑜 , the loop is parallel to B, current is 
maximum. On further increase in 𝞱 current decreases and at 180𝑜  current becomes zero as the loop 
is again perpendicular to B. At 270𝑜  current is again maximum but reverse in direction as the loop is 
parallel to B. At 360𝑜  one rotation is completed then loop is again perpendicular to B and current will 
be zero. The current alternates in direction once in one cycle. Such a current is alternating current.  
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Armature: 
Number of coils are wound around an iron cylinder which is rotated in a magnetic field to produce 
electricity in large amount. This assembly is called armature. Armature is rotated by a fuel engine or a 
turbine run by waterfall.    
APPLICATION: 
AC generator is used to generate alternating current.  
 

15.12 TRANSFORMER  

DEFINITION: 
 An alternating device which is used to increase or decrease the given emf called transformer.  In 
other words it can step up or step down the given emf.  
 
 
 
PRINCIPLE: 
Transformer works on the principle of mutual induction. According to this principle, the transformer 
consists of two coils wound on the same iron core. Change in current in one coil induces the emf in 
the other coil.  
PRIMARY COIL: 
The coil to which A.C power is supplied is called primary coil 
SECONDARY COIL: 
The coil from which power is delivered to the circuit is called secondary coil.  
WORKING AND CONSTRUCTION: 
Coils of transformer are not electrical connected but they are magnetically linked. When an 
alternating emf is applied to the primary.  
Primary voltage: 
During the time t the flux in the primary changes and due to this back emf induced in the primary 
which will oppose the applied voltage. According to Faraday’s law, self induced emf in primary is 
given by 

𝜀𝑝 = −𝑁𝑝

∆ɸ

∆𝑡
 

If the resistance of the coil is negligible then back emf is equal and opposite to applied voltage which 
is represented as 

𝑉𝑝 = 𝑁𝑝

∆ɸ

∆𝑡
_________(𝑖) 

 
Where 𝑁𝑝  is the number of turns if the coil. 

Secondary voltage: 
Assume that flux through primary also passes through the secondary. As the two coils are tightly 
coupled then change is flux in the secondary also same as the primary so voltage across secondary 
coil is given as 

𝑉𝑠 = 𝑁𝑠

∆ɸ

∆𝑡
__________(𝑖𝑖) 

Turns ratio: 
By dividing equation (ii) by equation (i), we get  

𝑉𝑠
𝑉𝑝

=
𝑁𝑠

𝑁𝑝
_________(𝑖𝑖𝑖) 
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TYPES OF TRANSFORMER: 
There are two types of transformer 

(i) Step up transformer  
(ii) Sep down transformer   

Step up transformer: 
According to equation (iii) if 𝑁𝑠 > 𝑁𝑝  then 𝑉𝑠 > 𝑉𝑝 . It is the condition of 

step up transformer So such a transformer in which voltage across 
secondary is greater than the primary voltage is called step up 
transformer represented in fig (a).  

Step down transformer: 
According to equation (iii) if 𝑁𝑠 < 𝑁𝑝  then 𝑉𝑠 < 𝑉𝑝 . It is the condition 

of step down transformer So such a transformer in which voltage 
across secondary is less than the primary voltage is called step downs 
transformer represented in fig (b).  
ELECTRICAL POWER: 
It is important to note that the electrical power in a transformer is transferred from its primary to 
secondary coil by means of changing flux.  
For an ideal case, input power is equal to secondary power which is represented as 

𝑃𝑝 = 𝑃𝑠  

𝑉𝑝𝐼𝑝 = 𝑉𝑠𝐼𝑠  

Or  
𝑉𝑠
𝑉𝑝

=
𝐼𝑝

𝐼𝑠
 

Where 𝐼𝑝  is the primary current and 𝐼𝑠 is the secondary current.  

TRANSMISSION OF CURRENT: 
The currents are thus inversely proportional to the respective voltages. So in step up transformer, 
when voltage across secondary increases then current will decrease. This is the principle used at 
dams so that step up increases the voltage level and reduces the current so that it can be transmitted 
over long distances without much power loss. Symbol of transformer is given in fig. 
When current flows through the resistor R then power loss due to heat is 
𝐼2𝑅. In order to minimize the loss during transmission, it is not 
possible to reduce R because it requires thick copper wire which is 
very costly. So this can be done by reducing the current by using step 
up transformer at generating power station. Step up transformer 
stepped up the voltage several thousand of volts and power is 
transmitted at low current to long distances without much loss. Inside a 
house a transformer may be used to step down the voltage from 250 
volts to 9 volts for ringing bell or operating a transistor radio.  
POWER LOSSES: 
Only in ideal transformer the output power is nearly equal to the input power. But in actual 
transformer, power in secondary is always less than input due to power losses. There are two main 
causes of power loss, namely eddy currents and magnetic hysteresis.  
Magnetic hysteresis: 
The energy lost during magnetizing and demagnetizing the core material during one cycle of A.C is 
called magnetic hysteresis. It results in the power dissipation and heating of the core material.  
Eddy Currents: 
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The induced currents are set up in a direction perpendicular to the flux are known as eddy currents. 
In order to minimize power loss due to flow of these currents, the core is laminated with insulation in 
between the layers of laminations which stops the flow of eddy currents.  
EFFICIENCY OF TRANSFORMER: 
Due to power losses there is no ideal transformer practically. So output power is always less than its 
input power. The efficiency of transformer is given as 

𝐸 =
𝑜𝑢𝑡𝑝𝑢𝑡 𝑝𝑜𝑤𝑒𝑟

𝑖𝑛𝑝𝑢𝑡 𝑜𝑤𝑒𝑟
× 100 

In order to improve the efficiency, hysteresis and eddy currents should be minimized. For that 
purpose insulation between the sheets should be perfect to stop the eddy currents. Resistance of the 
primary and secondary should minimize. Primary and secondary coils should be wound in such a way 
that flux coupling between them is maximum.  
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                                                         NUMERICALS              

Ɛ1 = 𝑣𝐵1𝐿𝑠𝑖𝑛𝜃 − − − (𝑖) 

Ɛ1

Ɛ2
=

𝐵1

𝐵2
 

0.45

1.5
=

0.22

𝐵2
  

𝑣 = 100 𝑐𝑚 𝑠−1 = 1𝑚 𝑠−1 
𝜃 = 90𝑜 − 60𝑜 = 30𝑜  

Ɛ = 𝑣𝐵𝐿𝑠𝑖𝑛𝜃 

Ɛ = 0.0125 𝑉 

Ɛ =? 

Numerical 15.1: An emf of 0.45 V is induced 
between the ends of a metal bar moving through 
a magnetic field of 0.22 T. What field strength 
would be needed to produce an emf of 1.5 V 
between the ends of the bar, assuming that all 
other factors remain the same? 
Solution:  

Ɛ1 = 0.45 𝑉                          Ɛ2 = 1.5 𝑉 
𝐵1 = 0.22 𝑇                          𝐵2 =? 

Ɛ2 = 𝑣𝐵2𝐿𝑠𝑖𝑛𝜃 --------( ii) 
By dividing both equations, we get 

𝐵2 =
0.22

0.45
×1.5 T 

𝐵2 = 0.73 𝑇 
Numerical 15.2: The flux density B in the region 
between the pole faces of a horse-shoe magnet is 
0.5 Wbm-2 directed vertically downward. Find the 
emf induced in a straight wire 5.0 cm long, 
perpendicular to B when it is moved in the 
direction at the angle of 60o with the horizontal 
with the speed of 100 cms-1 
Solution: 
𝐵 = 0.5𝑊𝑏 𝑚−2                              Ɛ =? 
𝐿 = 5.0 𝑐𝑚 = 5 × 10−2𝑚             

                                Ɛ =  1  0.5 (5 × 10−2)𝑠𝑖𝑛30𝑜  

Ɛ = 1.25 × 10−2𝑉 
Numerical 15.3: A coil of wire has 10 loops. Each 
loop has area of 1.5×10-3 m2. A magnetic field is 
perpendicular to the surface of each loop at all 
the times. If the magnetic field is changed from 
0.05 T to 0.06 T in 0.1 s, find the average emf 
induced in the coil during this time. 
Solution: 
𝑁 = 10                                              𝐴 =1.5×10−3𝑚2 
∆𝐵 = 0.06 − 0.05𝑇 = 0.01 𝑇     ∆𝑡 = 0.1 𝑠 

 

Ɛ = 𝑁
∆𝜑

∆𝑡
 

Ɛ = 𝑁
∆𝐵 𝐴

∆𝑡
 

Ɛ = (10)
 0.01 (1.5 × 10−3)

(0.1)
𝑉 

𝑟 = 2𝑐𝑚 =
2

100
𝑚 = 0.02𝑚 

𝐴 = 𝜋𝑟2 =  3.14  0.02 2𝑚2 = 1.25 × 10−3 𝑚2 

Ɛ = 𝑁
∆𝜑

∆𝑡
 

Ɛ = 𝑁
∆𝐵 𝐴 𝑐𝑜𝑠𝜃

∆𝑡
 

Ɛ = (15)
 0.3 (1.22 × 10−3)𝑐𝑜𝑠50𝑜

(0.2)
𝑉 

Ɛ𝒔 = 𝑀
∆𝐼𝑝

∆𝑡
 

0.8 = 𝑀(200) 

𝑀 =
0.8

200
 𝐻 

𝑀 = 0.004 𝐻 

 
 
Numerical 15.4: A circular coil has 15 turns of 
radius 2 cm each. The plane of coil lies at 40o to a 
uniform magnetic field of 0.2 T. If the field is 
increased by 0.5 T in 0.2 s, find the magnitude of 
induced emf.  
Solution: 
𝑁 = 15       𝜃 = 90𝑜 − 40𝑜 = 50𝑜        
∆𝐵 = 0.5 − 0.2𝑇 = 0.3 𝑇      ∆𝑡 = 0.2 𝑠 

Ɛ =?         

 
 
Numerical 15.5: Two coils are placed side by side. 
An emf of 0.8 V is observed in one coil when the 
current is changing at the rate of 200 A/s in the 
other coil. What is mutual inductance of the coil? 
Solution: 

Ɛ𝒔 = 0.8 𝑉          
∆𝐼𝑝

∆𝑡
= 200 𝐴/𝑠     𝑀 =? 

 
 
Numerical 15.6: A pair of adjacent coils has a 
mutual inductance of 0.75 H. if the current in the 
primary changes 0 to 10 A in 0.025 s. What is the 
average induced emf in the secondary? 

Ɛ = 1.5 × 10−3𝑉 

𝑀 = 4 𝑚𝐻 
 

Ɛ = 1.8 × 10−2 𝑉 
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𝜀𝑠 = 𝑀
∆𝐼𝑠
∆𝑡

 

𝜀𝑠 = (0.75)
(10)

(0.025)
𝑉 

𝜀𝑠 = 𝑁𝑠

∆𝜙𝑠

∆𝑡
 

300 = 500
∆𝜙𝑠

0.025
 

∆𝜙𝑠 =
300 × 0.025

500
𝑊𝑏 

𝜀 = 𝐿
∆𝐼

∆𝑡
 

𝜀 =  2.4 × 10−3  20 𝑉 
𝜀 = 0.048𝑉 

𝑁𝜑 = 𝐿𝐼 

𝜑 =
𝐿𝐼

𝑁
 

𝜑 =
 2.4 × 10−3 (2)

(250)
𝑊𝑏 

What is the change in flux in it if secondary has 
500 turns? 
Solution: 
𝑀 = 0.75 𝐻         ∆𝐼𝑝 = 10 − 0𝐴 = 10 𝐴 

∆𝑡 = 0.025 𝑠       𝜀𝑠 =?       ∆𝜙𝑠 =?   𝑁𝑠 = 500 

 
 

 
 

 
Numerical 15.7: A solenoid has 250 turns and its 
self inductance is 2.4 mH. What is the flux 
through  each turn when the current is 2A? What 
is induced emf when current changes at 20 A/s? 
Solution: 
𝑁 = 250       𝐿 = 2.4 𝑚𝐻 = 2.4 × 10−3𝐻 

𝐼 = 2 𝐴          
∆𝐼

∆𝑡
= 20 𝐴/𝑠        𝜑 =?     𝜀 =? 

 
 
 

 
 
Numerical 15.8: A solenoid of length 8.0cm and 
cross sectional area 0.5 cm2 has 520 turns. Find 
the self inductance of the solenoid when the core 
is in air. If the currently in the solenoid increases 
through 1.5 A in 0.2 s, find the magnitude of 
induced emf in it. (µo=4π×10-7 WbA-1m-1)  

𝑙 = 8.0𝑐𝑚 =
8.0

100
𝑚 = 0.08 𝑚 

𝐴 = 0.5𝑐𝑚2 = 0.5 × 10−4𝑚2 

𝐿 = 𝜇𝑜𝑛
2𝐴𝑙 

𝜀 = 𝐿
∆𝐼

∆𝑡
 

𝜀 =  2.12 × 10−4 
 1.5 

 0.2 
𝑉 

∆𝐼 = 𝐼2 − 𝐼1 = 0.1 𝐴 
∆𝑡 = 0.005 𝑠 
𝜀 = 40 𝑚𝑉 = 40 × 10−3 𝑉 

𝜀 = 𝐿
∆𝐼

∆𝑡
 

40 × 10−3 = 𝐿
0.1

0.005
 

𝐿 =
40 × 10−3 × 0.005

0.1
𝐻 

𝐿 = 0.002 𝐻 
𝐿 = 0.002 × 1000 𝑚𝐻 

 𝑏  ∆𝑈 =? 

𝑈 =
1

2
𝐿𝐼2 

𝑈1 =
1

2
𝐿𝐼1

2 

Solution: 

𝑁 = 520             𝜀 =?    
 𝐿 =?               ∆𝐼 = 1.5 𝐴                ∆𝑡 = 0.2 𝑠  
𝜇𝑜 = 4𝜋 × 10−7𝑊𝑏𝐴−1𝑚−1    

       𝑛 =
𝑁

𝑙
=

520

0.08
= 6500          

𝐿 =  4𝜋 × 10−7  6500 2 0.5 × 10−4 (0.08) H 
 
 
 

 
 
Numerical 15.9: When current through a coil 
changes from 100 mA to 200 mA in 0.005 s, an 
induced emf 40 mV is produced in the coil. (a) 
What is self inductance of the coil (b) Find the 
increase in the energy stored in the coil.  
Solution: 
𝐼1 = 100 𝑚𝐴 = 0.1𝐴      𝐼2 = 200 𝑚𝐴 = 0.2𝐴 

(a)  𝐿 =? 

 
 

As energy is given as 

 

∆𝜙𝑠 = 1.5 × 10−2 𝑊𝑏 

𝜀𝑠 = 300 𝑉 

𝜀 = 48𝑚𝑉 

𝜑 = 1.92 × 10−5𝑊𝑏 
 

𝐿 = 2.12 × 10−4𝐻 
 

𝜀 = 1.6 × 10−3 𝑉 
 

𝐿 = 2𝑚𝐻 
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𝑈2 =
1

2
𝐿𝐼2

2 

∆𝑈 = 𝑈2 − 𝑈1 

∆𝑈 =
1

2
𝐿𝐼2 −

1

2
𝐿𝐼1

2 

∆𝑈 =
1

2
𝐿(𝐼2 − 𝐼1

2) 

∆𝑈 =
1

2
(0.002)((0.2)2 − (0.1)2)𝐽 

∆𝑈 = 3 × 10−5𝐽 
∆𝑈 = 3 × 10−5 × 1000𝑚𝐽 

𝜇𝑚 =
1

2

𝐵2

𝜇0
(𝐴𝑙) 

𝜇𝑚 =
1

2

 7 × 10−5 2

4𝜋 × 10−7
 10 × 108  750  𝐽 

𝜇𝑚 =
3675

2.5 × 10−6
𝐽 

𝐴 = 256 × 10−4 𝑚2 

𝜔 =
𝜀𝑜

𝑁𝐴𝐵
 

𝜔 =
12

 200  256 × 10−4 (0.05)
𝑟𝑎𝑑/𝑠 

𝜔 = 46.8 𝑟𝑎𝑑 /𝑠 

 
 
 
Numerical 15.10: Like any field, the earth’s 
magnetic field stores energy. Find the magnetic 
energy stored in the in a space where strength of 
earth’s field is 7×10-5 T, if the space occupies an 
area of 10×108m2 and has a height of 750 m.   
Solution:  
 
𝐵 = 7 × 10−5 𝑇                    𝐴 = 10 × 108𝑚2 
𝑙 = 750 𝑚                              𝜇𝑚 =? 

 
 
 
Numerical 15.11: A square coil of side 16 cm has 
200 turns and rotates in a uniform magnetic field 
of magnitude 0.05 T. If the peak emf is 12 V, what 
is the angular velocity of the coil  
Solution: 
𝐴 = 16𝑐𝑚 × 16 𝑐𝑚 = 256𝑐𝑚2    

𝑁 = 200           𝐵 = 0.05 𝑇         𝜀𝑜 = 12 𝑉  
𝜔 =?                           𝜀𝑜 = 𝑁𝜔𝐴𝐵 

 
 

𝜔 = 420
𝑟𝑒𝑣

𝑚𝑖𝑛
=

420 × 2𝜋 𝑟𝑎𝑑

60
= 43.96 𝑟𝑎𝑑/𝑠 

𝑙 =? 
 𝜀𝑜 = 𝑁𝜔𝐴𝐵 

𝜀𝑜 = 𝑁𝜔(𝑙𝑏)𝐵 

𝑙 =
𝜀𝑜

𝑁𝜔𝑏𝐵
 

𝑙 =
50

 360  43.96  0.5 (0.14)
𝑚 

𝑙 = 0.045 𝑚 
𝑙 = 0.045 × 100 𝑐𝑚 

𝜀𝑜 = 𝑁𝜔𝐴𝐵 
𝜀𝑜 = 𝑁(2𝜋𝑓)𝐴𝐵 

𝐵 =
𝜀𝑜

2𝜋𝑓𝑁𝐴
 

𝐵 =
5000

2 3.14  50  200 (1)
𝑇 

𝐵 = 0.079 𝑇 

Numerical 15.12: A generator has rectangular 
coil consisting of 360 turns. The coil rotates a 420 
rev per min in 0.14 T magnetic field. The peak 
value of  emf produced by the generator is 50 V. 
If the coil is 5.0 cm wide, find the length of the 
side of the coil. 
Solution: 
𝑏 = 5.0 𝑐𝑚 = 0.5 𝑚    
𝑁 = 360           𝐵 = 0.14 𝑇         𝜀𝑜 = 50 𝑉  

 

 
 
Numerical 15.13: It is desired to make an a.c 
generator that can produce an emf of maximum 
value of 5 kV with 50 Hz frequency. A coil of area 
1m2 having 200 turns is used as armature. What 
should be the magnitude of the magnetic field in 
which the coil rotates?   
Solution: 
𝐴 = 1𝑚2                             𝑓 = 50 𝐻𝑧 
𝑁 = 200           𝐵 =?         𝜀𝑜 = 5𝑘𝑉 = 5000𝑉  

 

 
 
 
Numerical 15.14: The back emf in a motor is 120 
V when the motor is turning at 1680 rev per min. 
what is the back emf when the motor turns 3360 
rev per min?    
 

𝜇𝑚 = 1.46 × 109 𝐽 

𝑙 = 45𝑐𝑚 
 

𝐵 = 0.08 𝑇 
 

∆𝑈 = 0.03 𝑚𝐽 

𝜔 = 47 𝑟𝑎𝑑 /𝑠 
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Ɛ1

Ɛ2
=

𝜔1

𝜔2
 

120

Ɛ2
=

1680

3360
 

Ɛ2 =
3360

1680
× 120 𝑉 

𝑉 = Ɛ + 𝐼𝑅 

Ɛ = 𝑉 − 𝐼𝑅 
Ɛ =  240 −  15  0.5 𝑉 

𝑅 = 1.0𝑚𝛺 = 1.0 × 10−3𝛺 

𝐴 = 𝜋𝑟2 =  3.14  0.04 2𝑚2 = 5.03 × 10−3𝑚2 

Ɛ = 𝑁
∆𝜑

∆𝑡
 

Ɛ = 𝑁
∆𝐵 𝐴 

∆𝑡
 

Ɛ =  1 
 0.2  5.03 × 10−3 

 5 × 10−3 
𝑉 = 0.2012 𝑉 

𝐼 =
𝜀

𝑅
 

Solution: 
Ɛ1 = 120 𝑉           𝜔1 = 1680 𝑟𝑒𝑣/𝑚𝑖𝑛 
Ɛ2 =?                      𝜔2 = 3360 𝑟𝑒𝑣/𝑚𝑖𝑛 

 
 
 
Numerical 15.15:  A D.C motor operates at 240 V 
and has a resistance of 0.5 Ω. When the motor is 
running at normal speed, the armature current is 
15 A. Find the back emf in the armature. 
Solution: 
𝑉 = 240 𝑉            𝐼 = 15 𝐴       
𝑅 = 0.5Ω               Ɛ =? 
Applied voltage is given as 

By re-arranging, we get 

 
 
Numerical 15.16: A copper ring has a radius of 
4.0 cm and resistance of 1.0 mΩ. A magnetic field 
applied over the ring, perpendicular to its plane. 
If the magnetic field increases from 0.2 T to 0.4 T 
in a time interval 5×10-3 s, what is the current in 
the ring during this interval?   
Solution: 
𝑁 = 1                     ∆𝐵 = 0.4 − 0.2𝑇 = 0.2 𝑇 
∆𝑡 = 5 × 10−3 𝑠                 𝐼 =? 

𝑟 = 4.0 𝑐m=
4

100
𝑚 = 0.04𝑚 

 

𝐼 =
0.2012

1.0 × 10−3
𝐴 

𝐴 = 35𝑐𝑚2 = 35 × 10−4𝑚2 

Ɛ = 𝑁
∆𝜑

∆𝑡
 

Ɛ = 𝑁
∆𝐵 𝐴 

∆𝑡
 

Ɛ = (10)
 0.5 (35 × 10−4)

(1.0)
𝑉 

Ɛ = 0.0175 𝑉 

𝑁𝑠

𝑁𝑝
=? 

𝑁𝑠

𝑁𝑝
=

12

240
 

𝑃𝑝 = 𝑃𝑠  

𝑉𝑝𝐼𝑝 = 𝑃𝑠  

(240)𝐼𝑝 = 30 

𝐼𝑝 =
30

240
𝐴 

 

 
 
 
Numerical 15.17: A coil of 10 turns and 35 cm2 
area is in a perpendicular magnetic field of 0.5 T. 
The  coil is pulled out of the field in 1.0 s. Find the 
induced emf in the coil as it pulled out of the field  
Solution: 
𝑁 = 10                     ∆𝐵 = 0.5 𝑇 
∆𝑡 = 1.0 𝑠                 𝜀 =? 

 
 
Numerical 15.18: An ideal step down 
transformer is connected to main supply of 240 
V. it is desired to operate a 12 V, 30 W lamp. Find 
the current in the primary and the 
transformation ratio?  
Solution: 
𝑉𝑝 = 240 𝑉                     𝑉𝑠 = 12 𝑉 

𝐼𝑝 =?                                𝑃𝑠 = 30 𝑊 

𝑁𝑠

𝑁𝑝
=

𝑉𝑠

𝑉𝑝
 

For ideal transformer,  

 

Ɛ = 232.5 𝑉 
 

Ɛ2 = 240 𝑉 

𝐼 = 201 𝐴 

Ɛ = 1.75 × 102𝑉 

𝑁𝑠

𝑁𝑝
=

1

20
 

 

𝐼𝑝 = 0.125 𝐴 
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