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Maharashtra Board Solutions Class 12
Physics: Chapter 12- Electromagnetic
Induction

Class 12: Physics Chapter 12 solutions. Complete Class 12 Physics Chapter 12 Notes.

Maharashtra Board Solutions Class 12 Physics: Chapter
12- Electromagnetic Induction

Maharashtra Board 12th Physics Chapter 12, Class 12 Physics Chapter 12 solutions
1. Choose the correct option.

i) A circular coil of 100 turns with a cross-sectional area (A) of 1 m?2 is kept with its
plane perpendicular to the magnetic field (B) of 1 T. What is the magnetic flux
linkage with the coil?

(A) 1 Wb
(B) 100 Wb
(C) 50 Wb
(D) 200 Wb
Answer:
(B) 100 Wb

ii) A conductor rod of length (I) is moving with velocity (v) in a direction normal to
a uniform magnetic field (B). What will be the magnitude of induced emf produced
between the ends of the moving conductor?
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(A) BLv
(B) BLv?
(C) 12BIv
(D) 2BIv
Answer:
(A) BLv

iii) Two inductor coils with inductance 10 mH and 20 mH are connected in series.
What is the resultant inductance of the combination of the two coils?

(A) 20 mH
(B) 30 mH
(C)10 mH
(D) 203 mH
Answer:
(A) 20 mH

iv) A current through a coil of self inductance 10 mH increases from 0to 1 Ain 0.1
s. What is the induced emf in the coil?

(A)0.1V
(B) 1V
(C)10V
(D) 0.01V
Answer:

(A)0.1V
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v) What is the energy required to build up a current of 1 A in an inductor of 20
mH?

(A) 10 mJ

(B) 20 mJ

(C)20J

(D)10J

Answer:

(A)10 mJ

2. Answer in brief.

i) What do you mean by electromagnetic induction? State Faraday’s law of
induction.

Answer:

The phenomenon of production of emf in a conductor or circuit by a changing magnetic
flux through the circuit is called electromagnetic induction.

Faraday’s laws of electromagnetic induction :

(1) First law ; Whenever there is a change in the magnetic flux associated with a circuit,
an emf is induced in the circuit.

(2) Second law : The magnitude of the induced emf is directly proportional to the time
rate of change of magnetic flux through the circuit.

[Note : The phenomenon was discovered in 1830 by Joseph Henry (1797-1878), US
physicist, and independently in 1832 by Michael Faraday (1791 -1867), British
chemchemist and physicist.]

ii) State and explain Lenz’s law in the light of principle of conservation of energy.
Answer:
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Lenz’s law : The direction of the induced current is such as to oppose the change that
produces it.

The change that induces a current may be (i) the motion of a conductor in a magnetic
field or (ii) the change of the magnetic flux through a stationary circuit.

Explanation : Consider Faraday’s magnet-and- coil experiment. If the bar magnet is
moved towards the coil with its N-pole facing the coil, as in Fig., the number of magnetic
lines of induction (pointing to the left) through the coil increases. The induced current in
the coil sets up a magnetic field of its own pointing to the right (as given by Amperes
right-hand rule) to oppose the growing flux due to the magnet. Hence, to move the
magnet towards the coil against this repulsive flux of the induced current, we must do
work. The work done shows up as electric energy in the coil.

|
Field lines of ()
the induced

current

Motion

(b)

Lenz's law and Faraday's magnet and coil
experiment. The solid curves in (a) and (b) are the lines of
magnetic induction of the bar magnet and the dashed curves

are those of the induced current.

When the magnet is withdrawn, with its N-pole still facing the coil, the number of
magnetic lines of induction (pointing left) through the coil decreases. The induced
current reverses its direction to supplement the decreasing flux with its own, as shown
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in Fig.. Facing the coil along the magnet, the induced current is in the clockwise sense.
The electric energy in the coil comes from the work done to withdraw the magnet, now

against an attractive force. Thus, we see that Lenz’s law is a consequence of the law of
conservation of energy.

[Note : The above law was discovered by Heinrich Friedrich Emil Lenz (1804-65),
Russian physicist.]

iii) What are eddy currents? State applications of eddy currents.
Answer:

Whenever a conductor or a part of it is moved in a magnetic field “cutting” magnetic field
lines, or placed in a changing magnetic field, the free electrons in the bulk of the metal
start circulating in closed paths equivalent to current-carrying loops. These loop currents
resemble eddies in a fluid stream and are hence called eddy or Foucault currents [after
Jean Bernard Leon Foucault (1819-68), French physicist, who first detected them].

Applications :

(1) Dead-beat galvanometer : A pivoted moving-coil galvanometer used for measuring
current has the coil wound on a light aluminium frame. The rotation of the metal frame in
magnetic field produces eddy currents in the frame which opposes the rotation and the
coil is brought to rest quickly. This makes the galvanometer dead-beat.

(2) Electric brakes : When a conducting plate is pushed into a magnetic field, or pulled
out, very quickly, the interaction between the eddy currents in the moving conductor and
the field retards the motion. This property of eddy currents is used as a method of
braking in vehicles.

iv) If the copper disc of a pendulum swings between the poles of a magnet, the
pendulum comes to rest very quickly. Explain the reason. What happens to the
mechanical energy of the pendulum?

Answer:

As the copper disc enters and leaves the magnetic field, the changing magnetic flux
through it induces eddy current in the disc. In both cases, Fleming’s right hand rule
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shows that opposing magnetic force damps the motion. After a few swings, the
mechanical energy becomes zero and the motion comes to a stop.

Joule heating due to the eddy current warms up the disc. Thus, the mechanical energy
of the pendulum is transformed into thermal energy.

v) Explain why the inductance of two coils connected in parallel is less than the
inductance of either coil.

Answer:

Assuming that their mutual inductance can be ignored, the equivalent inductance of a
parallel combination of two coils is given by

1Lparallel =1L1+1L2 or L a1 = L1L2L1+L2
Hence, the equivalent inductance is less than the inductance of either coil.
Question 3.

In a Faraday disc dynamo, a metal disc of radius R rotates with an angular
velocity w about an axis perpendicular to the plane of the disc and passing
through its centre. The disc is placed in a magnetic field B acting perpendicular
to the plane of the disc. Determine the induced emf between the rim and the axis
of the disc.

Answer:

Suppose a thin conducting disc of radius R is rotated anticlockwise, about its axis, in a
plane perpendicular to a uniform magnetic field of induction B (see the figure in the
above Note for reference). B points downwards. Let the constant angular speed of the
disc be w.

Consider an infinitesimal element of radial thickness dr at a distance r from the rotation
axis. In one rotation, the area traced by the element is dA = 21rdr. Therefore, the time
rate at which the element traces out the area is

dAdt = frequency of rotation x dA = fdA

where f = w21 is the frequency of rotation.
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. dAdt=w21T (2 TIr dr) = wr dr

The total emf induced between the axle and the rim of the rotating disc is
le|=/BdAdt=/ROBwrdr=Bw|ROrdr=BwR22

For anticlockwise rotation in B pointing down, the axle is at a higher potential.
Question 4.

A horizontal wire 20 m long extending from east to west is falling with a velocity
of 10 m/s normal to the Earth’s magnetic field of 0.5 x 10“ T. What is the value of
induced emf in the wire?

Answer:
Data:1=20m,v=10m/s.B=5x10°T
The magnitude of the induced emf,

le| = Blv = (5 x 10°)(20)(10) = 102V =10 mV
Question 5.

A metal disc is made to spin at 20 revolutions per second about an axis passing
through its centre and normal to its plane. The disc has a radius of 30 cm and
spins in a uniform magnetic field of 0.20 T, which is parallel to the axis of rotation.
Calculate

(a) The area swept out per second by the radius of the disc,
(b) The flux cut per second by a radius of the disc,

(c) The induced emf in the disc.

Answer:

Data: R=0.3m, f=20rps, B=0.2T

(a) The area swept out per unit time by a given radius = (the frequency of rotations) x
(the area swept out per rotation) = f(1r?)
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= (20)(3.142 x 0.09) = 5.656 m?

(b) The time rate at which a given radius cuts magnetic flux
= ddmdt = B f(11r?)

= (0.2)(5.656) = 1.131 Wb/s

(c) The magnitude of the induced emf,

le|] =d®dmdt=1.131V

Question 6.

A pair of adjacent coils has a mutual inductance of 1.5 H. If the current in one coil
changes from 0 to 10 A in 0.2 s, what is the change of flux linkage with the other
coil?

Answer:

Data: M=15H, 1,,=0, l;;= 10A, Af=0.2s

The flux linked per unit turn with the second coil due to current |, in the first coil is
@, = M,

Therefore, the change in the flux due to change in I, is

Azy =M(Al) = M(l4s—1;;) = 1.5 (10 - 0)

=15Wb

[Note: The rate of change of flux linkage is M(Al,/At) = 15/0.2 = 75 Wb/s] .
Question 7.

A long solenoid has 1500 turns/m. A coil C having cross sectional area 25 cm2
and 150 turns (N,) is wound tightly around the centre of the solenoid. If a current
of 3.0A flows through the solenoid, calculate :

(a) the magnetic flux density at the centre of the solenoid,
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(b) the flux linkage in the coil C,

(c) the average emf induced in coil C if the direction of the current in the solenoid is
reversed in a time of 0.5 s. (uo = 41 x 107 H/m)

Answer:

Data:n=15x%x10>m,A=25x 10* m?

N. =150, | = 3A, At = 0.5s,

Mo =41 x 107 H/m

(a) Magnetic flux density inside the solenoid,

B = u nl = (41 x 107)(1500)(3)

=5.656 x 10° T = 5.656 mT

(b) Flux per unit turn through the coils of the solenoid, ®,, = BA
Since the coil C is wound tightly over the solenoid, the flux linkage of C is
Nc®,, = NcBA = (150)(5.656 x 1072)(25 x 10)

=2.121 x 10° Wb = 2.121 mWb

(c) Initial flux through coil C,

®, = Ncd,, =2.121 x 10° Wb

Reversing the current in the solenoid reverses the flux through coil C, the magnitude
remaining the same. But since the flux enters through the other face of the coil, the final
flux through C is ®; = -2.121 x 10° Wb

Therefore, the average emf induced in coil C,
e = —~Of-O1At=—(-2.121-2.121)x10-30.5

=2x4242x10°=8.484 x 10°V = 8.484 mV
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Question 8.

A search coil having 2000 turns with area 1.5 cm? is placed in a magnetic field of
0.60T. The coil is moved rapidly out of the field in a time of 0.2 second. Calculate
the induced emf across the search coil.

Answer:

Data: N = 2000, A;= 1.5 x 10 m? A; =0,

B =0.6T, At=0.2s

Initial flux, N®; = NBA, = 2000(0.6)(1.5 x 10*)

=0.18 Wb

Final flux, N®; = 0, since the coil is withdrawn out of the field.
Induced emf,e = -NAPMAt=—NOf-D1At

.. e=-0-0.180.2=0.9V

Question 9.

An aircraft of wing span of 50 m flies horizontally in earth’s magnetic field of 6 x
10° T at a speed of 400 m/s. Calculate the emf generated between the tips of the
wings of the aircraft.

Answer:

Data:1=50m, B =6 x 10°T, v =400 m/s
The magnitude of the induced emf,

le| = Blv = (6 x 10°)(400)(50) = 1.2V
Question 10.

A stiff semi-circular wire of radius R is rotated in a uniform magnetic field B about
an axis passing through its ends. If the frequency of rotation of the wire is f,
calculate the amplitude of the alternating emf induced in the wire.

h Jiwww.in reer.
ectromagnetic-induction/

g’ll Sl Sl i S i



https://www.indcareer.com/schools/ncert-solutions-for-4th-class-maths-chapter-14-smart-charts/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-12-physics-chapter-12-electromagnetic-induction/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-12-physics-chapter-12-electromagnetic-induction/

@ll 194 il Wi

Answer:

In one rotation, the wire traces out a circle of radius R, i.e., an area A = TTR?.
Therefore, the rate at which the wire traces out the area is

dAdt = frequency or rotation x A = fA

If the angle between the uniform magnetic field B and the rotation axis is 6, the
magnitude of the induced emf is

le|= BdAdt cos® = BfA cos8 = Bf(TTR?)cos6
so that the required amplitude is equal to Bf(TTR?).
Question 11.

Calculate the value of induced emf between the ends of an axle of a railway
carriage 1.75 m long traveling on level ground with a uniform velocity of 50 km
per hour. The vertical component of Earth’s magnetic field (B,) is given to be 5 x
10°T.

Answer:

Data: | =1.75 m, v =50 km/h = 50 x 518 m/s.
B,=5x10°T

The area swept out by the wing per unit time = 1v.
.". The magnetic flux cut by the wing per unit time
= ddmdt = B,(Iv)

=(5 x 10°°)(1.75)(50 x 518)= 121.5 x 10°

=1.215 mWhb/s

Therefore, the magnitude of the induced emf,

le| =1.215 mV
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[Note: In the northern hemisphere, the vertical com ponent of the Earth’s magnetic
induction is downwards. Using Fleming’s right hand rule, the port (left) wing-tip would be
positive.]

Question 12.

The value of mutual inductance of two coils is 10 mH. If the current in one of the
coil changes from 5A to 1A in 0.2 s, calculate the value of emf induced in the
other coil.

Answer:

Data: M =10 mH =102 H, I;; = 5A, I;;= 1A,

At=0.2s

The mutually induced emf in coil 2 due to the changing current in coil 1,
e, = ~MAI1At=—MI1f-I1iAt

=-(10?) (1-50.2) = 0.2V

Question 13.

An emf of 96.0 mV is induced in the windings of a coil when the current in a
nearby coil is increasing at the rate of 1.20 A/s. What is the mutual inductance (M)
of the two coils?

Answer:

Data: |e,| = 9.6 x 102V, dl,/dt = 1.2 A/s
le;| = MdI1dt

Mutual inductance,

M = |e2|dI1/dt=9.6x10-21.2

=8x10%H
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Question 14.

A long solenoid of length |, cross-sectional area A and having N, turns (primary
coil) has a small coil of N, turns (secondary coil) wound about its centre.
Determine the Mutual inductance (M) of the two coils.

Answer:

We assume the solenoid to be ideal and that all the flux from the solenoid passes
through the outer coil C. For a steady current Is through the solenoid, the uniform
magnetic field inside the solenoid is

Then, the magnetic flux through each turn of the coil due to the current in the solenoid is
®cs = BA= (Uonl)(TTR?) oo (2)

Thus, their mutual inductance is

M =NO®CSIS = yomTR*nN ................ (3)

Equation (2) is true as long as the magnetic field of the solenoid is entirely contained
within the cross section of the coil C. Hence, M does not depend on the shape, size, or
possible lack of close packing of the caoil.

replacing n with N/l and N with N,. M = A = N1N2I
[Note: The answer given in the textbook misses out the factor of 1.] .
Question 15.

The primary and secondary coil of a transformer each have an inductance of 200
x 10°H. The mutual inductance (M) between the windings is 4 x 10°H. What
percentage of the flux from one coil reaches the other?

Answer:

Data: L, =Lg=2x10"H,M=4 x 10°H
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M = KLPLS----- v

The coupling coefficient is

K = MLPLSV=4x10-6(2x10-4)2=4x10-62%x10-4

=2 x 10?2

Therefore, the percentage of flux of the primary reaching the secondary is
0.02 x 100% = 2%

Question 16.

A toroidal ring, having 100 turns per cm of a thin wire is wound on a nonmagnetic
metal rod of length 1 m and diameter 1 cm. If the permeability of bar is equal to
that of free space (M), calculate the magnetic field inside the bar (B) when the
current (i) circulating through the turns is 1 A. Also determine the self-inductance
(L) of the coil.

Answer:

Data:1=1m,d=1cm,n=100cm” =10*m",
| =100 A, ho =41 x 107 H/m

The radius of cross section, r=d2 =0.5cm
=5x10°m

(a) Magnetic field inside the toroid,

B = ponl = (41 x 107)(10*)(100)

=04 x3142=1257T

(b) Self inductance of the toroid,

L = Yo2mRN%A = pgn?A = pon?l(Tr?)

= (41 x 107)(10*)*(1) [m(5 x 10°)?]
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=1m?%x10%=9.87x10°H =9.87 mH
Question 17.

A uniform magnetic field B(t), pointing upward fills a circular region of radius, s in
horizontal plane. If B is changing with time, find the induced electric field.

[Hint : Part of Maxwell’s equation, applied to a time varying magnetic flux, leads
us to the equation §E -dI =-ddpmdt, where E is the electric field induced
when the magnetic flux changes at the rate of dpmdt]

Answer:

The area of the region, A = s, remains constant while B = B(f) is a function of time.
Therefore, the induced emf,

e = ~ddmdt=—ddt(BA)=—AdB(t)dt=—Trs2dB(t)dt

[Note : Emf and electric field are different physical quantities, whose respective Sl units
are the volt and the volt per metre. The question has accordingly been corrected.]

Do you know (Textbook Page No. 274)
Question 1.

If a wire without any current is kept in a magnetic field, then it experiences no
force as shown in figure (a). But when the wire is carrying a current into the plane
of the paper in the magnetic field, a force will be exerted on the wire towards the
left as shown in the figure (b). The field will be strengthened on the right side of
the wire where the lines of force are in the same direction as that of the magnetic
field and weakened on the left side where the field lines are in opposite direction
to that of the applied magnetic field. For a wire carrying a current out of the plane
of the paper, the force will act to the right as shown in figure (c).
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Answer:

Force on a current-carrying conductor in a magnetic field, F =IC xB (Refer unit 10.5).
The field due to acurrent-carrying straight conductor is given by right- hand grip rule. As
shown in the figure below, the combined field due to a permanent magnet and a
current-carrying conductor force the conductor out of the field. The field is strengthened
where the two fields are in the same direction and add constructively while the field is
weakened where the two fields are opposite in direction.

Field due to m%nm
N |\ N N
| A
- I in I in I out
—\' ~@ O

s |\ / S S

Field due to —\" L Conductor forced Conductor forced
current-carmying out of field out of field
conductor

Individual fields Combined fields

Use your brain power (Textbook Page No. 282)
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Question 1.

It can be shown that the mutual potential energy of two circuits is W = Ml,1,.
Therefore, the mutual inductance (M) may also be defined as the mutual potential
energy (W) of two circuits corresponding to unit current flowing in each circuit.

M= WI1I2
M=W[l,=1,=1]
Answer:

Mutual inductance of two magnetically linked coils equals the potential energy for unit
currents in the coils.

1TH=1Tm?’A(=1V's/IA=1Q-s=1J/A?
Use your brain power (Textbook Page No. 284)
Question 1.

Prove that the inductance of parallel wires of length | in the same circuit is given
by L = (pOI1T) In (d / @), where a is the radius of wire and d is separation between
wire axes.

Answer:

If | is the current in each wire, from Ampe’re’s law the magnitude of the magnetic field
outside each wire is

B = poI21r

By right hand grip rule, the direction of the magnetic field due to both the wires are in
the same direction at the point shown. Hence, by the symmetry of the setup, the total
magnetic flux through an area dA = | dr shown is two times that due to one wire.
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Do you know (Textbook Page No. 285)
Question 1.

The flux rule is the terminology that Feynman used to refer to the law relating
magnetic flux to emf. (RP Feynman, Feynman lectures on Physics, Vol Il)

Answer:
Modern applications of Faraday’s law of induction :

Electric generators and motors

Dynamos in vehicles

Transformers

Induction furnaces (industrial), induction cooking stoves (domestic)
Radio communication

Magnetic flow meters and energy meters

Metal detectors at security checks .

Magnetic hard disk and tape, storage and retrieval
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e Graphics tablets
e ATM Credit/debit cards, ATM and point-of-sale (POS) machines
e Pacemakers

Faraday’s second law of electromagnetic induction is referred by some as the “flux rule”.
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Maharashtra Board Solutions
Class 12 Physics

e Chapter 1- Rotational Dynamics
e Chapter 2- Mechanical Properties of Fluids

e Chapter 3- Kinetic Theory of Gases and Radiation

e Chapter 4- Thermodynamics

e Chapter 5- Oscillations

e Chapter 6- Superposition of Waves

e Chapter 7- Wave Optics

e Chapter 8- Electrostatics

e Chapter 9- Current Electricity

e Chapter 10- Magnetic Fields due to Electric Current
e Chapter 11- Magnetic Materials

e Chapter 12- Electromagnetic Induction

e Chapter 13- AC Circuits
e Chapter 14- Dual Nature of Radiation and Matter

e Chapter 15- Structure of Atoms and Nuclei

e Chapter 16- Semiconductor Devices
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About About Maharashtra State Board
(MSBSHSE)

The Maharashtra State Board of Secondary and Higher Secondary
Education or MSBSHSE (Marathi: #gRISE I ATEI (A 10T 3Ta
AT A RANET0T ASSD), is an autonomous and statutory body
established in 1965. The board was amended in the year 1977 under
the provisions of the Maharashtra Act No. 41 of 1965.

The Maharashtra State Board of Secondary & Higher Secondary
Education (MSBSHSE), Pune is an independent body of the
Maharashtra Government. There are more than 1.4 million students
that appear in the examination every year. The Maha State Board
conducts the board examination twice a year. This board conducts the
examination for SSC and HSC.

The Maharashtra government established the Maharashtra State
Bureau of Textbook Production and Curriculum Research, also
commonly referred to as Ebalbharati, in 1967 to take up the
responsibility of providing quality textbooks to students from all
classes studying under the Maharashtra State Board. MSBHSE
prepares and updates the curriculum to provide holistic development
for students. It is designed to tackle the difficulty in understanding the
concepts with simple language with simple illustrations. Every year
around 10 lakh students are enrolled in schools that are affiliated with
the Maharashtra State Board.
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FAQs
Where do I get the Maharashtra State Board Books PDF For free download?

You can download the Maharashtra State Board Books from the eBalbharti

official website, i.e. cart.ebalbharati.in or from this article.
Add image

How to Download Maharashtra State Board Books?

Students can get the Maharashtra Books for primary, secondary, and senior
secondary classes from here. You can view or download the Maharashtra
State Board Books from this page or from the official website for free of
cost. Students can follow the detailed steps below to visit the official website
and download the e-books for all subjects or a specific subject in different
mediums.

Step 1: Visit the official website ebalbharati.in

Step 2: On the top of the screen, select "Download PDF textbooks"

Step 3: From the "Classes" section, select your class.

Step 4: From "Medium", select the medium suitable to you.

Step 5: All Maharashtra board books for class 11th will now be displayed on
the right side.

Step 6: Click on the "Download" option to download the PDF book.

Who developed the Maharashtra State board books?

As of now, the MSCERT and Balbharti are responsible for the syllabus and
textbooks of Classes 1 to 8, while Classes 9 and 10 are under the
Maharashtra State Board of Secondary and Higher Secondary Education
(MSBSHSE).

How many state boards are there in Maharashtra?

The Maharashtra State Board of Secondary & Higher Secondary Education,
conducts the HSC and SSC Examinations in the state of Maharashtra
through its nine Divisional Boards located at Pune, Mumbai, Aurangabad,
Nasik, Kolhapur, Amravati, Latur, Nagpur and Ratnagiri.
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About IndCareer

IndCareer.com is a leading developer of online career guidance resources for the Indian
marketplace. Established in 2007, IndCareer.com is currently used by over thousands of
institutions across India, including schools, employment agencies, libraries, colleges
and universities.

IndCareer.com is designed to assist you in making the right career decision - a decision
that meets your unique interests and personality.

For any clarifications or questions you can write to info@indcareer.com
Postal Address

IndCareer.com
52, Shilpa Nagar,
Somalwada
Nagpur - 440015

Maharashtra, India

WhatsApp: +91 9561 204 888

Website: https://www.indcareer.com
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