Electromagnetic
Induction

e B 3. Ancelliptical loop having resistance R, of semi major axis a,
TOPIC Magnetic Flux, Faraday's : @ and semi minor axis b is placed in a magnetic field as shown
and Lenz's Law = in the figure. If the loop is rotated about the x-axis with

T e ] angular frequency o, the average power loss in the loop
1. Twoconcentric circular coils, C, and C,, are placed in the due to Joule heating is : [Sep. 03,2020 ()]
XY plane. C, has 500 turns, and a radius of 1 cm. C, has 200 B B
turns and radius current 20 cm. C, carries a time dependent 4
current I(¢) = (57— 2t +3) AWheret is in s. The emfinduced -
X
in C, (inmV), at the instant = 1 s is ; . The value of x is g A a
. [NA Sep. 05, 2020 ()] y Y
2. A small bar magnet is moved through a coil at constant 2d?b? B e’
speed from one end to the other. Which of the following (@) — or (b) zero
series of observations will be seen on the galvanometer G 5 s
attached across the coil ? [Sep. 04,2020 (I)] © nabBw (d) na’h’B o
N R R
@j 4. A uniform magnetic field B exists in a direction

perpendicular to the plane of a square loop made of a

- (pa” —magnet metal wire. The wire has a diameter of 4 mm and a total
c b length of 30 cm. The magnetic field changes with time at a
Three positions shown describe : (1) the magnet’s entry steady rate dB/dt = 0.032 Ts~!. The induced current in
(2) magnet is completely inside and (3) magnet’s exit. the loop is close to (Resistivity of the metal wire is
(1) () 3) 1.23x 108 Qm) [Sep. 03,2020 (II)]

(@ 043A (b) 0.61A (c) 0.34A (d) 0.53A

5.  Acircular coil ofradius 10 cm is placed in a uniform magnetic
field of 3.0 x 10> T with its plane perpendicular to the field
initially. It is rotated at constant angular speed about an
axis along the diameter of coil and perpendicular to
magnetic field so that it undergoes half of rotation in 0.2 s.
The maximum value of EMF induced (in pV) in the coil will
be close to the integer . [NA Sep. 02, 2020 (D]
In a fluorescent lamp choke (a small transformer) 100 V of
reverse voltage is produced when the choke current
changes uniformly from 0.25 A to 0 in a duration of 0.025
ms. The self-inductance of the choke (in mH) is estimated
to be . [NA 9 Jan. 2020 I]
7. Attime ¢t = 0 magnetic field of 1000 Gauss is passing
perpendicularly through the area defined by the closed
loop shown in the figure. If the magnetic field reduces
linearly to 500 Gauss, in the next 5 s, then induced EMF
in the loop is: [INA 8 Jan. 2020 I]
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16 cm

4em r

(@ S56pv  (b) 28uV  (c) 48uv  (d) 36uv
Consider a circular coil of wire carrying constant current
I, forming a magnetic dipole. The magnetic flux through
an infinite plane that contains the circular coil and
excluding the circular coil area is given by ¢, .The
magnetic flux through the area of the circular coil area is
given by ¢,. Which of the following option is correct?

[7 Jan. 2020 1]

@ 0=8 O® 6>4 © <4 @ &=—0,
A long solenoid of radius R carries a time (¢) - dependent
current /(f) = I #(1-t). Aring of radius 2R is placed coaxially
near its middle. During the time interval 0 < ¢ < 1, the
induced current (/) and the induced EMF(V,) in the ring
change as: [7 Jan. 2020 1]
(@) Direction of /, remains unchanged and V, is maximum

atr=0.5
(b) At¢=0.25 direction of / reverses and V, is maximum
(c) Direction of /, remainsunchanged and V,is zeroat £=0.25
(d) Atr=0.5 direction of I, reverses and V, is zero
Aloop ABCDEFA of straight edges has six corner points
A(0,0,0), B{S, 0,0), C(5, 5, 0), D(0, 5,0), £, 5,5) and
F(0,0, 5). The magnetic field in this region is
1

B =(3{ + 4k)T. The quantity of flux through the loop
ABCDEFA (in Wb) is . [INA 7 Jan. 2020 I]

A planar loop of wire rotates in a uniform magnetic field.
Initially, at £ = 0, the plane of the loop is perpendicular to
the magnetic field. If it rotates with a period of 10 s about
an axis in its plane then the magnitude of induced emf will
be maximum and minimum, respectively at:[7 Jan. 2020 II]
(@ 2.5sand7.5s (b) 2.5sand5.0s

(c) 5.0sand7.5s (d) 5.0sand 10.0s

A very long solenoid of radius R is carrying current
I(t) = kte™ (k >0), as a function of time (¢ >0). Counter
clockwise current is taken to be positive. A circular
conducting coil of radius 2R is placed in the equatorial
plane of the solenoid and concentric with the solenoid.
The current induced in the outer coil is correctly depicted,
as a function of time, by: [9 Apr. 2019 IT]
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Two coils ‘P’ and ‘Q’ are separated by some distance. When
a current of 3A flows through coil ‘P’, a magnetic flux of
107 Wb passes through ‘Q’. No current is passed through
‘Q’. When no current passes through ‘P’ and a current of
2A passes through ‘Q’, the flux through ‘P’ is:
[9 Apr. 2019 1I]
(@) 6.67x10*Wb (b) 3.67x10°Wb
(c) 6.67x10°Wb (d) 3.67x10*Wb
The self induced emf of a coil is 25 volts. When the
current in it is changed at uniiform rate from 10 A to 25
A in 1s, the change in the energy of the inductance is:
[9 Jan. 2019 II]
(@ 7407J (b) 437.5]
(c) 540J (d) 637.5]
A conducting circular loop made of a thin wire, has area
3.5 x 10 *m? and resistance 10Q. It is placed perpendicular
to a time dependent magnetic field B (t) = (0.4T) sin (50mnt).
The the net charge flowing through the loop duringt=0
sandt= 10 ms is close to: [9 Jan. 20191]
(@ 14mC (b) 7TmC (c¢) 21mC (d) 6mC
In a coil of resistance 100Q), a current is induced by
changing the magnetic flux through it as shown in the
figure. The magnitude of change in flux through the coil is

[2017]
(@ 250 Wb 10

(b) 275Wb Curten:

() 200 Wb t

(d) 225Wb — Tme °°

A conducting metal circular—wire—loop of radius r is placed
perpendicular to a magnetic field which varies with time as

-t
B= Bye /T , where B, and t are constants, at time t = 0. If
the resistance of the loop is R then the heat generated in

the loop after a long time (t — ©) is;

[Online April 10,2016]
@ n2r4Bg (b) n2r4Bg
27R 27R
2. 4512 2 402
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When current in a coil changes from 5 Ato2 Ain 0.1 s,
average voltage of 50 V is produced. The self - inductance

of the coil is : [Online April 10,2015]
(@) 6H (b) 0.67H
(¢ 3H (d 1.67H

Figure shows a circular area of radius

N
R where a uniform magnetic field B is
going into the plane of paper and
increasing in magnitude at a constant
rate.

In that case, which of the following graphs, drawn
schematically, correctly shows the variation of the induced

electric field E(r)? [Online April 19, 2014]
E E |
|
@ T i ®) T/\
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A coil of circular cross-section having 1000 turns and 4
cm? face area is placed with its axis parallel to a magnetic
field which decreases by 102 Wb m2in 0.01 s. The e.m. .

induced in the coil is: [Online April 11,2014]
(@) 400mV (b) 200mV
(c) 4mV (d 04mV

A circular loop of radius 0.3 cm lies parallel to amuch bigger
circular loop ofradius 20 cm. The centre of the small loop
is on the axis of the bigger loop. The distance between
their centres is 15 cm. If a current of 2.0 A flows through
the smaller loop, then the flux linked with bigger loop is
[2013]

(@ 9.1x10 ' weber (b) 6x10711 weber
(¢) 3.3x10 ' weber (d) 6.6x 1072 weber
Two coils, X and Y, are kept in close vicinity of each other.
When a varying current, /(¢), flows through coil X, the
induced emf (¥(¢)) in coil Y, varies in the manner shown
here. The variation of I(¢), with time, can then be
represented by the graph labelled as graph :

[Online April 9, 2013]
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A coil is suspended in a uniform magnetic field, with the

plane of the coil parallel to the magnetic lines of force.

When a current is passed through the coil it starts

oscillating; It is very difficult to stop. But if an aluminium

plate is placed near to the coil, it stops. This is due to :

[2012]

(a) developement ofair current when the plate is placed

(b) induction of electrical charge on the plate

(c) shielding of magnetic lines of force as aluminium is a
paramagnetic material.

(d) electromagnetic induction in the aluminium plate
giving rise to electromagnetic damping.

Magnetic flux through a coil of resistance 10 Q is changed

by A¢in 0.1 s. The resulting current in the coil varies with

time as shown in the figure. Then |A¢) is equal to (in weber)

[Online May 12, 2012]
i(f)
4
>1(s)
0.1
@ 6 (b) 4
(© 2 d 8

The flux linked with a coil at any instant '#' is given by
¢ =102 —50¢+250. The induced emfat £ =3sis  [2006]
(@ -190V (b) 10V
(¢ 10V (d 190V
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An infinitely long straight wire carrying current 7, one side
opened rectangular loop and a conductor C with a sliding
connector are located in the same plane, as shown in the
figure. The connector has length / and resistance R. It
slides to the right with a velocity v. The resistance of the
conductor and the self inductance of the loop are
negligible. The induced current in the loop, as a function
of separation r, between the connector and the straight
wireis : [Sep. 05,2020 (ID)]

one side opened long
conducting wire loop

uy L
4nt Rr

o 1l

@ n Rr

(b)
2u I o vl

© % & @D o e
The figure shows a square loop L of side 5 cm which is
connected to a network of resistances. The whole setup is
moving towards right with a constant speed of 1 cm s™'. At
some instant, a part of L is in a uniform magnetic field of 1
T, perpendicular to the plane of the loop. Ifthe resistance
of L is 1.7 &!, the current in the loop at that instant will be
close to : [12 Apr. 2019 1]

v=1 cm/sec
OO | —
(ONOJIONO) 1
(ONO) A C
[ONOIKOXO;

(cjoXoXo}

5 cm

(@) 60pA (b) 170 pA
(c) 150pA (d) 115pA
The total number of turns and cross-section area in a
solenoid is fixed. However, its length L is varied by
adjusting the separation between windings. The
inductance of solenoid will be proportional to:

[9 April 2019 1]
(c) /L2 (d) /L

@ L (b) L2

29.

30.

31.

32.

33.

A thin strip 10 cm long is on a U shaped wire of negligible
resistance and it is connected to a spring of spring constant
0.5 Nm! (see figure). The assembly is kept in a uniform
magnetic field of 0.1 T. If the strip is pulled from its
equilibrium position and released, the number of
oscillations it performs before its amplitude decreases by
a factor of e is N. If the mass of strip is 50 grams, its
resistance 10Q2 and air drag negligible, N will be close to :

[8 April 2019 I]

10 cm

(@) 1000 (b) 50000 (c) 5000 (d) 10000

A 10 m long horizontal wire extends from North East to
South West. Itis falling with a speed of 5.0 ms~!, at right
angles to the horizontal component of the earth’s magnetic
field, of0.3 x 10 Wb/m?. The value of the induced emf'in
wireis : [12 Jan. 2019 II]

(@ 15x103V (b) 1.1x103V

() 2.5%x103V (d 03x103V

There are two long co-axial solenoids of same length /.
The inner and outer coils have radii r; and r, and number
of turns per unit length n; and n,, respectively. The ratio of
mutual inductance to the self-inductance of the inner-coil

1S: [11 Jan. 2019 1]
n A

@ ®
m.n m

© @

A copper wire is wound on a wooden frame, whose shape
is that of an equilateral triangle. If the linear dimension of
each side of the frame is increased by a factor of 3, keeping
the number of turns of the coil per unit length of the frame
the same, then the self inductance of the coil:

[11 Jan. 2019 I1]
(a) decreases by a factor of 9
(b) increases by a factor of 27
(c) increases by a factor of 3

(d) decreases by a factor of 9./3

A solid metal cube of edge length 2 cm is moving in a
positive y-direction at a constant speed of 6 m/s. There
is a uniform magnetic field of 0.1 T in the positive
z-direction. The potential difference between the two
faces of the cube perpendicular to the x-axis, is:

[10 Jan. 2019 1]
(b) 6mV
(d 2mV

() 12mV
(c) ImV
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34. An insulating thin rod of length / has a linear charge 39. A square frame of side 10 cm and a long straight wire
X carrying current 1 A are in the plate of the paper. Starting
density p(x) = Po 7 on it. The rod is rotated about an from close to the wire, the frame moves towards the right
i -1
axis passing through the origin (x = 0) and perpendicular with a constant speed of 10 ms™ (see figure).
to the rod. If the rod makes n rotations per second, then
the time averaged magnetic moment of the rod is: I=1A
[10 Jan. 2019 1] B
T 3
(@ mnpl (b) Enpl
b ; €& x —>
© el @ npt
35. Acoil of cross-sectional area A having n turns is placed in v
a uniform magnetic field B. When it is rotated with an
angular velocity o, the maximum e.m.f. induced in the coil
will be [Online April 16, 2018] 10 om
3 BA
(@) nBAw (b) En ® The e.m.finduced at the time the left arm of the frame is at
1 x =10 cm from the wire is: [Online April 19, 2014]
(©) 3nBAw (d) ZnBA® @ 2uv (b) 1uv
36. An ideal capacitor of capacitance 0.2 puF is charged to a © 0'75.“\] .(d). 05uv .
potential difference of 10V. The charging battery is then 40. A metallic rod of 1ength 0’ is tied to a string of 1eggth 20
disconnected. The capacitor is then connected to an ideal and made to rotate with angular speed ® on a horizontal
inductor of self inductance 0.5mH. The current at a time table with one end of the string fixed. If there is a vertical
when the potential difference across the capacitor is 5V, is: magnetic field ‘B’ in the region, the e.m.f. induced across
[Online April 15, 2018] the ends of the rod is [2013]
(@ O0.17A (b) 0.15A (c) 034A (d) 0.25A
37. A copper rod of mass m slides under gravity on two smooth
parallel rails, with separation 1 and set at an angle of 6 J ;§
with the horizontal. At the bottom, rails are joined by a :
resistance R.There is a uniform magnetic field B normal to
the plane of the rails, as shown in the figure. The terminal
speed of the copper rod is: [Online April 15, 2018] “ H
B
2Bo/? 3Bl’
R a b
’ @ = ® =
mgR cos0 mgR sin6 4Bo!* 5Bo!?
@ T (b) T © @
B’I B’I 2 2
mgR tan 0 mgR cotd 41. A coil of selfinductance L is connected at one end of two
(c) le (d) le rails as shown in figure. A connector of length /, mass m

38.

At the centre ofa fixed large circular coil of radius R, a much
smaller circular coil of radiusr is placed. The two coils are
concentric and are in the same plane. The larger coil carries
a current I. The smaller coil is set to rotate with a constant
angular velocity » about an axis along their common
diameter. Calculate the emfinduced in the smaller coil after a

time t of its start of rotation. [Online April 15, 2018]
pol o . Hol 2 .
——r- simot b) ——oonr”smomt

@ Sx ®

(c) M—OIomr2 sinot (d) M—OI(;)rz sin ot
2R 4R

can slide freely over the two parallel rails. The entire set up
is placed in a magnetic field of induction B going into the
page. Atan instant = 0 an initial velocity v is imparted to
it and as a result of that it starts moving along x-axis. The
displacement of the connector is represented by the figure.
[Online May 19, 2012]
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This question has Statement 1 and Statement 2. Of the
four choices given after the Statements, choose the one
that best describes the two Statements.

Statement 1: Selfinductance ofa long solenoid of length
L, total number of turns N and radius r is less than

TugN 2,2
7 .
Statement 2: The magnetic induction in the solenoid in

/4
Statement 1 carrying current /is Ho in the middle ofthe

solenoid but becomes less as we move towards its ends.
[Online May 19, 2012]
(@) Statement 1 istrue, Statement 2 is false.
(b) Statement 1 is true, Statement 2 is true, Statement 2 is
the correct explanation of Statement 1.
(c) Statement 1 is false, Statement 2 is true.
(d) Statement 1 is true, Statement 2 is true, Statement 2 is
not the correct explanation of Statement 1.
A boat is moving due east in a region where the earth's
magnetic field is 5.0 x 10> NA™! m™! due north and
horizontal. The boat carries a vertical aerial 2 m long. Ifthe
speed of the boat is 1.50 ms™!, the magnitude of the induced

emfin the wire of aerial is: [2011]
(@ 0.75mV (b) 050mV
(c) 015mV (d ImV

A horizontal straight wire 20 m long extending from east to
west falling with a speed of 5.0 m/s, at right angles
to the horizontal component of the earth’s magnetic field
0.30 x 10~* Wb/m?. The instantaneous value of the e.m. .
induced in the wire will be [2011 RS]
@ 3mV (b)) 45mV (¢) 15mV (d) 60mV
A rectangular loop has a sliding connector PQ of length /
and resistance R Q and it is moving with a speed v as
shown. The set-up is placed in a uniform magnetic field
going into the plane of the paper. The three currents /;, ,
and / are [2010]

46.

47.

48.

49.
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p
RQ RQ SV, RQ
1
L Q E
Blv 2Blv
L=-l=——, =
(@ 1 2= %R R
Blv 2Blv
b [:[ =—,1=
b Li=1 3R 3R
Blv
L=1,=1="2
(© L=l R
Blv Blv
L=L="2 [=22
d hL=Ih R 3R

Two coaxial solenoids are made by winding thin insulated
wire over a pipe of cross-sectional area 4 = 10 cm? and
length =20 cm. If one of the solenoid has 300 turns and the
other 400 turns, their mutual inductance is [2008]
(Hy=4mx10 “TmA™)

(@) 2.4nx10°H (b) 4.8nx10*H

() 4.8nx10°H (d) 2.4nx10*H

One conducting U tube can slide inside another as shown
in figure, maintaining electrical contacts between the tubes.
The magnetic field B is perpendicular to the plane of the
figure . If each tube moves towards the other at a constant
speed v, then the emfinduced in the circuit in terms of B, /
and v where [ is the width of each tube, willbe  [2005]

(@ —Blv (b) Blv
() 2 Blv (d) zero
A metal conductor oflength 1 m rotates vertically about one
of its ends at angular velocity 5 radians per second. If the
horizontal component of earth’s magnetic field is 0.2x1074T,
then the e.m.f. developed between the two ends of the

conductor is [2004]
(@ SmV (b) 50pv
(© Suv (d 50mV

A coil having n turns and resistance RQ is connected with
a galvanometer of resistance 4RC2. This combination is
moved in time ¢ seconds from a magnetic field IV, weber to
W, weber. The induced current in the circuitis ~ [2004]
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_m-m) _niry )
(a) Rnt (b) 5 Rt
" -m) n(W, —W,
© "3 Rm @ -~
5 Rnt Rt

50. Two coils are placed close to each other. The mutual

51.

inductance of the pair of coils depends upon [2003]

(@) the rates at which currents are changing in the two
coils

(b) relative position and orientation of the two coils

(c) the materials of the wires of the coils

(d) the currents in the two coils

When the current changes from +2 Ato—2Ain 0.05 second,

an e.m.f. of § V isinduced in a coil. The coefficient of self

-induction of the coil is [2003]

(@ 02H () 04H (c) 08H (d O0.1H

A conducting square loop of side L and resistance R moves
in its plane with a uniform velocity v perpendicular to one
of its sides. A magnetic induction B constant in time and
space, pointing perpendicular and into the plane at the
loop exists everywhere with halfthe loop outside the field,
as shown in figure. The induced emf is [2002]

++++++
l++++++

+
+
+||++++++
+|++++++ E—yi
+ [|[++++++
+ [|[++++++
+|++++++
+ ++++++

(@ zero (b) RvB (¢) vBL/R (d) vBL
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(5)
For coil C|, No. of turns N, = 500 and radius, =1 cm.
For coil C,, No. of turns N, =200 and radius, R =20 cm

I=(5 —2z+3):%=(101—2)

WoIN
(I)small =BA= (%} (TCI"Z)

Induced emfin small coil,

e:@: [“Oszﬂl’le di _ (HoNlsz’z\

—_— —=|—|(10r-2
dt 2r dt L 2R J ( )
Atr=1s
o (poNlNznrz\ Q=4 uONlNznr2
2R R
-7 -4
_ 4410 X200><500><10 n
20 107

=80x7m2x1077 x10x10% x1072

4
=8x107* volt=0.8 mV:; — x=5.

(b) Case (a) : When bar magnet is entering with constant
speed, flux (¢) will change and an e.m.f. is induced, so
galvanometer will deflect in positive direction.

Case (b) : When magnet is completely inside, flux (¢) will
not change, so galvanometer will show null deflection.
Case (c) : When bar magnet is making on exit, again flux
(¢) will change and an e.m.f. is induced in opposite direction
so galvanometer will deflect in negative direction i.e.
reverse direction.

(a) Asweknow, emf ¢ = NABw cos ot , Here N=1

Average power,
g’ A*B%*0? cos® ot A B’ (1j
<P>=<—>=<———F—>="—"|7
R R R 2

Therefore average power loss in the loop due to Joule
heating

2 2;2p2
<po= n-a“b°B (032)

2R

(b) Given,
Length of wire, /=30 cm
Radius of wire, 7=2mm=2 x 103 m

Resistivity of metal wire, p =1.23x10°Qm

Emfgenerated, | e |= a4 = Z—lj(A)

- (- $=B.A))

Hints & Solutions

. e
Current, i = —
R

. . /
But, resistance of wire, R = pz

2 3,2
_|4B|(4) :0.032x{nxix10 } —0.61 A
dt| pl 1.23x107 % 0.3
1s)
Here, B=3.0x10°T,R=10cm=0.1m
2n w
o=—-—-""
2T 0.2
Flux as a function of time ¢ = B- 4 = AB cos(wt)
—dé

Emfinduced, e = % = ABwsin(wt)

Max. value of Emf=4ABw=mnR?Bw

=3.14x0.1x0.1x3x1075 x——
0.2

=15x10° V=15 pVv

(10)Given dI=0.25-0=0.25A

dt=0.025 ms

Induced voltage

E, ,=100v

Self-inductance, L="?

Using, Eing = A0 S 100- L(Lsg)
At .025x10

=L=103H=10mH

(a) According to question, dB = 1000 — 500 = 500 gauss
=500 x 10T

Timedt=5s

Using faraday law

Induced EMF, e:‘—@ :‘Aﬁ
dt dt

dB _ 1000500
dt 5

x10% =102 T/sec

16 cm

2 cm

4 cm

< —
\ 7 |

Area, A=ar of o -2 ar of A= (16 x 4—2 x Area of triangle) cm?
1 2
= 64_2XEX2X4 cm

=56 x 10*m?
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10.

11.

B
e Einduced = ‘A%‘ =56x10" x107° =56 x10°°V =56V

(d) Asmagnetic field lines form close loop, hence every
magnetic field line creating magnetic flux through the inner
region (¢,) must be passing through the outer region.
Since flux in two regions are in opposite region.

¢[ = _¢0

(d) According to question,
I(y=1(1-1)

SI=1t =12

¢=B.A

&= () * (TR?)

(- B=pgnland A=nR?)

—d¢
dt

&

VR =
VR
Vg = nonmR* 1y — 2141)

o]—

1
= Vp=0atr= 75
(175.00) y

E(0,5,5)

b
z (5,0’0) X

Flux through the loop ABCDEFA,
¢ =B.A = (31 +4k).(251 + 25k)
= ¢=(3 x25)+ (4 x 25)= 175 weber
(b) We have given, time period, 7= 10s
Angular velocity, ©=—= =2
ngular velocity, 05
Magnetic flux, ¢(t)= BA cos ot
—d¢

Emfinduced, E = — BAosinot = BAwsin (o)
. ) T
Induced emf, | ¢ | is maximum when wt = 7

= t=—=25s

wlavla

For induced emf to be minimum i.€ zero

12.

13.

14.

15.

16.

b
wt=n = t=—=35s
n

5

.. Induced emfiszeroatt=5s
(a) 0=B4

= (“0 n[)A

=, n (kt e*)A

4o d
== =—pgndk—(t
e Hon dt(e

—out
dt )
= —pgndk[t(-1)e”* + e * x1]
= —pgndkle”™ (1-1)]

¢e_— nondk [efoct (1-1)]

i=—

R R
Att=0,i=>-ve

(@) Ocoil =(NQ) o< i
9 _ i

o D3
0 i 2

2 2
or 0 =50 =3x107 =6.67x 104 W
(b) According to faraday’s law of electromagnetic induc-

—do
t

tion, e=

Lxé:25 :>L><1—5: 25 or LZEH
dt 1 3

Change in the energy of the inductance,
I A 2 2
AE—EL(ll —12)—E><§><(25 -10%)

:%><525:437.5J

[Bonus]

Ad 1 1 -3
=—T=_A(Br—-B:)=—x3.5x10
Net charge Q R 10 (B —B;) 10

[0.4sinE —Oj
2

1 -3
=—(3.5x10 04-0
10( x10°7)( )

=1.4x10"4
No option matches, So it should be a bonus.
(a) According to Faraday's law of electromagnetic

d
induction, € =—-

dt
Also,e=iR
L do .
iR=—" = [do = R[iat
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17.

18.

19.

20.

21.

22.

23.

Magnitude of change in flux (d$) = R x area under current
vs time graph

1 1
or, do= 100><5><5><10 =250 Wb

(b) Electric flux is given by
¢=B.A

o= Bonrze*t/T ( B= Boeit/T)

2
B _
Induced Em.f €= do_ 20 i

dt 2
© 2 2412
n°r'B
Heatzjg—: 0
0 R 27R

(d) According to Faraday’s law of electromagnetic
induction,

Ldi
Induced emf, e = ﬂ
dt
SO:L[ 5_2j
0.1sec
L:50x0.1:§ 167 H
3 3

(a) Insidethe sphere field varies linearlyi.e., E oc r with

. . . . 1
distance and outside varies according to E oc =
r

Hence the variation is shown by curve (a)

(a) Given: No. of turns N= 1000

Facearea, 4 =4 cm?=4x 10*m?

Change in magnetic field,

AB=10"2wbm™

Time taken, 1=0.01s= 102 sec

Emfinduced in the coil e=?

Applying formula,

Induced emf, e= ﬂ = N[ﬁjA cosB
dt At

~1000x107 x4x107"

- 107

(a) Asweknow, Magnetic flux, ¢ = B.4

=400mV

1o (2)(20x107%)?

2[(0.2)% +(0.15)°]
On solving
=9.216 x 10711=9.2 x 10! weber
(a) Induced emf
—di
g0 —
dt
(d) Because ofthe Lenz’s law of conservation of energy.
Length of straignt wire, £ =20m Earth’s Magneti field,
B=0.30x 104 Wb/m>.

x (0.3 x1072)?

24.

25.

26.

27.

28.

29.

P-357
(¢) As e:A—d) or Ri:A_d) (- e=Ri)
At At
= Ad=R(i.AY)
= R x area under i — ¢ graph
1
=10 x 5X4 x 0.1 =2 weber
(b) Electric flux, ¢= 102 — 50¢+250
d
Induced emf, e = —74; =—(20¢-50)
e_,=—10V
(d) Magnetic field at a distance » from the wire
p= ol
2mr
Magnetic flux for small displacement dr,
¢ =B-A4=Bldr [+ A=Idrand B.A=BA cos 0°]
I
= ¢=2914r
2mr
Z
I H —v
Z
Z
%
r dr
Emf e 40 Jtoll dr B
dt 2mnr dt 2n r
. . e HO ]Vl
Induce current in the loop, i = — = -—-—
R 2m Rr
(b) Induced emf,
e=Bv/=1x102x0.05=5x10*V
Equivalent resistance,
R=22 17217230
4+2 3
4
5%10
Current, i = %= a =170 uA
noN24
(d) Inductance =
(c¢) Force on the strip when it is at stretched position x

from mean position is

B’I? X

F=—kx— XV <—x—>

Above expression shows that it is case of damped
oscillation, so its amplitude can be given by
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bt 33. (a) Potential difference between two faces
= A= Ajpe 2m perpendicular to x-axis
b =IVB=2x107(6x0.1)=12mV
e 0
= —=4ye > [as per question 4=—] 34. (o) X=/
e e
Q [ | 0]
_2m 2x50x107x10 lé—x—>dx
= 1= B2 0.01x0.01 Magnetic moment, M = NIA
( R ] dQ=pdx
. Y
Given, m=50x 103 kg di=——.0
B=0.1T T
/=0.1m dM=dIxA
R=10Q ‘
P 3
k=0.5N :E,p—o,xnx dx :>M_—OI’ITCJ.X dx
2n { 0
i iod, T =2m,| = =2 L
Time period, ' =21 - s :Z.np!f
so, required number of oscillations, . . d¢ .
35. (a) Induced emfinacoil, €= ——=NBAsin ot
10000 , dt
N = — =5000 Also, e = ¢ sin wt
Maximum emfinduced, €,= nBA®
30. (a) Induced emf, e=Bv/ 36. (a) Given: Capacitance, C= 0.2 uF=0.2x10°F
=0.3x10%x5x10 Inductance L=0.5mH=0.5 x 10> H
=15x103V Current[=?
31. (d) The rate of mutual inductance is given by Using energy conservation
M=pam, i () %CVZ = %CVIZ +%L[2
The rate of self inductance is given by )
-6 102
L:“OHIZTH_IZ (11) EXOZXIO XlO +0
1 6.2, 1 3,2
Dividing (i) by (ii) jMzn_Z =—x0.2x10"" x5 +=x0.5x10"71
L 2 2
o . 1= 3x107'A =0.17A
32. As total length L of th 11 tant
(¢) As total leng O Hie WITe WITL remati constan 37. (b) From Faraday’s law of electomagnetic induction,

L=Ba)N (N =total turns )
and length of winding = (d) N

a
(d=diameter of wire)

self inductance = p Al

(3a’

= “0n2L 1

1
ocazNoca[asN:L/3a:>Noc;]

o

Now ‘a’ increased to ‘3a’

So self inductance will become 3 times

,_db_d(B4) _d(Bi)

dt It dt
_ BdixI _ BV
dt
o (BV B
Also, F=ilB= (T) (I’B) = -
At equilibrium
B
R
0
2 .
mgsin® = B =>V= ngzs12n9
R B-l
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38.

39.

40.

41.
42.

43.

44.

(¢) According to Faraday’s law of electromagnetic
induction,

dé

e=——

7 and ¢ = BAcoswt = Brir? cos ot

d .
= e= ~ (nrchosu)t) =’ Bsin ot (®)

e= Mol nor? sin o ( B= “—O[j
2R 2R
(b) In the given question,
Current flowing through the wire, [ = 1A
Speed of the frame, v=10 ms™!
Side of square loop, /=10 cm
Distance of square frame from current carrying wires
x=10cm.
We have to find, e.m.finduced e = ?
According to Biot-Savart’s law
g Ho Idlsin©

4r X2

_Amx1077 1x107!
B 2
4m (107)

=10

Induced e.m.f. e =Blv
=10°x10"'x10=1pv
(d) Here, induced e.m.f.

@

82—y
«—dx
X

30 5 )
e= I (ox)Bdx = B(,)M
20 2

_5B%w

2
(d)
(b) Self inductance of a long solenoid is given by
HoN24
/
Magnetic field at the centre of solenoid
}loN[
/
So both the statements are correct and statement 2 is
correct explanation of statement 1
(d) Asmagnetic field lines form close loop,
hence every magnetic field line creating magnetic flux
through the inner region (¢,) must be passing through
the outer region. Since flux in two regions are in opposite
region.

)

(a) Induced, emF, e = Bv/
=0.3x10%x5x%20
=3x103V=3mV.

45.

46.

47.

48.

49.

50.

P-359

(b) Due to the movement of resistor R, an emf equal to
Blv will be induced in it as shown in figure clearly,

P
_T_l Blv

ié RQ RO >V éé RQ
1
]2
1, Q
I=5L+1, Also, I =1,
Solving the circuit,
Blv

we get 11 =1, =3—R

and /=21, = Zf]iv

(d) Given, Area of cross-section of pipe,
A=10cm?
Length of pipe, /=20 cm

1y =NV, A4
0
4 x1077 x300x400x100x10™*
0.2
1= PNV, A4
¢
=2.47x 10*H

(c¢) Relative velocity of the tube of width /,
=y—(—v)v=2v

.. Induced emf. = B./ (2v)

(b) Given, length of conductor /= Im,
Angular speed, © =5 rad/s,

Magnetic field, B=0.2x 104 T

EmF generated between two ends of conductor

8_30312 _02x107 x5x1

S50uV
2 2 M
Ao (W, =)
b) =

R, = (R+4R)Q=5RQ)

;= ndh — —n(W, —W)
Rt SRt

(*+ W, & W, are magnetic flux)
(b) Mutual inductance depends on the relative position
and orientation of the two coils.
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51. (d) Induced emf,
__Ao_AULD A

At At At

Al
slel=L—
At

2-(2)]
0.05
8x0.05

= 8=Lx

= L= =0.1H

52. (d) Astheside BCis outside the field, no emf'is induced
across BC. Further, sides AB and CD are not cutting any
flux. So, they will not centribute in flux.

Only side AD is cutting the flux 50 emf'will be induced due
to AD only.
The induced emfis

_—dd _ d(B-4) _—d(BAcos0°)

e_
dt dt dt
X XWI\ X X —V
D&—x—> c

A ‘

e g pdUx¥)
dt dt
dx

. e=—-Bl—=—-B/lv
€ dt



