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EXERCISE (S-1)

HCV Worked out Examples(Chapter No. 38 - 2.3.4.5.6,7,8,9,10-18,20)

1.

A rectangular wire loop of sides 8 cmand 2 cm with a small cut is moving out of aregion of uniform
magnetic field of magnitude 0.3 T directed normal to the loop. What is the emf developed across the cut
if the velocity of the loop is 1 cm s in a direction normal to the (a) longer side, (b) shorter side of the
loop? For how long does the induced voltage last in each case ? (NCERT)

A horizontal straight wire 10 m long extending from east to west is falling with a speed of 5.0 ms?, at
right angles to the horizontal component of the earth’s magnetic field, 0.30 x 10* Wb m2,

(a) What is the instantaneous value of the emf induced in the wire ? (NCERT)
(b) What is the direction of the emf ?

(c) Which end of the wire is at the higher electrical potential ?

Awire forming one cycle of sine curve is moved in x-y plane with velocity V = fo + Vy] . There exist
amagnetic field B = —B 012 . Find the motional emf develop across the ends PQ of wire.
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A rectangular loop with a sliding connector of length | = 1.0 mis situated in a uniform magnetic field
B = 2T perpendicular to the plane of loop. Resistance of connector is r = 2Q. Two resistances of 62
and 3Q are connected as shown in figure. Find the external force required to keep the connectormoving
with a constant velocity v =2my/s.
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A horizontal wire is free to slide on the vertical rails of a conducting frame as shown in figure. The wire has a
mass mand length | and the resistance of the circuit is R. Ifa uniform magnetic field B is directed perpendicular
to the frame, then find the terminal speed of the wire as it falls under the force of gravity.

X X X X X X

A jet plane is travelling towards west at a speed of 1800 km/h. What is the voltage difference developed
between the ends of the wing having a span of 25 m, if the Earth’s magnetic field at the location has a
magnitude of5 x 10~ T and the dip angle is 30°. (NCERT)
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7. Figure shows a metal rod PQ resting on the smooth rails AB and positioned between the poles of a

permanent magnet. The rails, the rod and the magnetic field are in three mutual perpendicular directions.
A galvanometer G connects the rails through a switch K. Length of the rod =15 cm, B=0.50T,
resistance of the closed loop containing the rod = 9.0 mQ Assume the field to be uniform.(NCERT)
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(@ Suppose Kisopenand the rod ig moved with a speed of 12 cm s in the direction shown. Give the
polarity and magnitude of the induced emf.

(b) Isthere an excess charge built up at the ends of the rods when K is open? What if K is closed?

(c) With K open and the rod moving uniformly, there is no net force onthe electrons in the rod PQ even
though they do experience magnetic force due to the motion of the rod. Explain.

(d) What isthe retarding force on the rod when Kiis closed?

(e) How much power is required (by an external agent) to keep the rod moving at the same speed
(=12 cm/ s) when Kiis closed? How much power is required when K is open?

(H How much power is dissipated as heat in the closed circuit? What is the source of this power?

(99 What isthe Induced emf in the moving rod if the magnetic field is parallel to the rails instead ofbeing
perpendicular?

8. A 1.0 mlong metallic rod is rotated with an angular frequency of 400 rad s about an axis normal to the
rod passing through its one end. The other end of the rod is in contact with a circular metallic ring. A
constant and uniform magnetic field of 0.5 T parallel to the axis exists everywhere. Calculate the emf
developed between the centre and the ring. (NCERT)

HCV Exercises (Chapter N0.38 - 1,3,5,6,7,9,11,13-16,21,23,26,27,31,32,34,36,38,40,41,44,46,48,50,53-
55,57,59,62,63)

HCV Worked out Examples(Chapter No. 38 - 19)

9. A rectangular wire loop of sides 8 cmand 2 cmwith a small cut is stationary but the current feeding the
electromagnet that produces the magnetic field is gradually reduced so that the field decreases fromits
initial value of 0.3 T at the rate 0f0.02 T sL. Ifthe cut is Joined and the loop has a resistance 0f 1.6 Q,
how much power is dissipated by the loop as heat ? What is the source of this power? (NCERT)

10.  There exists a uniform cylindrically symmetric magnetic field directed along the axis of a cylinder but
varying with time as B = kt. If an electroniis released from rest in this field at a distance of ‘r’from the axis
of cylinder, its acceleration, just after it is released would be (e and mare the electronic chargeand mass
respectively)

11.  Asquare loop of side 12 cmwith its sides parallel to X and Y axes is moved with a velocity of 8cms
in the positive x-direction in an environment containing a magnetic field in the positive z-direction. The
field is neither uniform in space nor constant in time. It has a gradient of 103 T cmr! along the negative
x-direction (that is it increases by 10-2 T cnm! as one moves in thenegative x-direction), and it is decreasing
in time at the rate of 10-3T s, Determine the direction andmagnitude of the Induced current in the loop
if its resistance is 4.50 mQ (NCERT)
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HCV Worked out Examples(Chapter No. 38 - 21,22,23,25,27,28,29)

12.  Along solenoid with 15 turns per cm has a small loop of area 2.0 cn? placed inside the solenoid normal
to its axis. If the current carried by the solenoid changes steadily from 2.0Ato 4.0 Ain 0.1 s, what is the
induced emf in the loop while the current is changing ? (NCERT)

13.  Adcircular coil of radius 8.0 cmand 20 turns is rotated about its vertical diameter with an angular speed
of 50 rad st in a uniform horizontal magnetic field of magnitude 3.0 x 102 T. Obtain the maximum and
average emf induced in the coil. If the coil forms a closed loop of resistance 10, calculate the maximum
value of current in the coil. Calculate the average power loss due to Joule heating. Where does this
power come from (NCERT)

14. It is desired to measure the magnitude of field between the poles of a powerful loud speaker magnet. A
small flat search coil of area 2 cm? with 25 closely wound turns, is positioned normal to the field direc-
tion, and then quickly snatched out of the field region. Equivalently, one can give it a quick 90° turn to
bring its plane parallel to the field direction. The total charge flown In the coil (measured by a ballistic
galvanometer connected to coil) is 7.5 mC. The combined resistance of the coil and the galvanometer is
0.50 Q. Estimate the field strength of magnet. (NCERT)

15.  Alinecharge A per unit length is lodged uniformly onto the rim of a wheel of mass M and radius R. The
wheel has light nonconducting spokes and is free to rotate without friction about its axis see figure. A
uniform magnetic field extends over a circular region within the rim. It is given by,

B=-B)k (r<a;a<R)
=0 (otherwise)
What is the angular velocity of the wheel after the field is suddenly switched off ? (NCERT)

16.  Currentinacircuit falls from5.0 Ato 0.0Ain 0.1 s. If an average emfof 200 V induced, give anestimate
of the self-inductance of the circuit. (NCERT)

17.  Anair -cored solenoid of length 30 cm. area of cross-section 25 cm? and number of turns 500, carries
acurrent of 2.5 A. The current is suddenly switched off in a brief time of 10-3s. How much is the average
back emf induced across the ends of the open switch in the circuit? Ignore the variation in magneticfield
near the ends of the solenoid. (NCERT)

18. Inthe given circuit, find the ratio of i to i, where i, is the initial (at t = 0) current and i, is steady state (at
t = o0) current through the battery.

60 2mH
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19.

20.

21.

22,

23.

24,

25.

L
Find the dimension of the quantity ROV where symbols have usual meaining.

In the circuit shown, initially the switch is in position 1 for a long time. Then the switch is shifted to
position 2 for a long time. Find the total heat produced in R,.

AN

2 L
1S ‘
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An emf of 15 volt is applied in a circuit containing 5 H inductance and 10 Q2 resistance. Find the ratio of
the currents at time t = o and t = 1 second.

In the circuit shown in figure switch S is closed at time t = 0. Find the charge which passes through the
battery in one time constant.

L R
E S

Aninductor of inductance 2.0mH,is connected across a charged capacitor of capacitance 5.0uF and
the resulting LC circuit is set oscillating at its natural frequency. Let Q denote the instantaneouscharge on
the capacitor, and | the current in the circuit .1t is found that the maximum value of Q is 200uC.

(a) when Q=100uC,what is the value of | d1/dt|?

(b) when Q=200 uC ,what is the value of | ?

(c) Find the maximum value of I.

A pair ofadjacent coils has a mutual inductance of 1.5 H. If the current in one coil changes from Oto 20
Ain0.5s, what is the change of flux linkage with the other coil ? (NCERT)

(a) Obtain an expression for the mutual inductance between a long straight wire and a square loop of
side a asshown In figure.

(b) Now assume that the straight wire carries a current of 50 Aand the loop is moved to the right witha
constant velocity, v =10 m/s.Calculate the induced emf in the loop at the instant when x=0.2 m.Take
a=0.1 mand assume that the loop has a large resistance. (NCERT)

HCV Exercises (Chapter N0.38 - 12.65,66,69,74,77,81.85,88,90.91,94,95,98)
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EXERCISE (S-2)

1. Two straight conducting rails forma right angle where their ends are joined. A
conducting bar contact with the rails starts at vertex at the time t =0 & moves ®B
symmetrically with a constant velocity of 5.2 m/s to the right as shown in figure. 52ms
A0.35 T magnetic field points out of the page. Calculate: 44

(i) The flux through the triangle by the rails & bar at t=3.0s.
(if) The emf around the triangle at that time.
(i) Inwhat manner does the emfaround the triangle vary with time .

2. Awire is bent into 3 circular segments of radius r = 10 cm as shownin figure. Each segment is a quadrant
ofacircle, ab lying in the xy plane, bc lying inthe yz plane & ca lying in the zx plane.

() Ifamagnetic field B points in the positive x direction, what is the magnitude of the emf developed
in the wire, when B increases at the rate of 3 mT/s ?

(i) What is the direction of the current in the segment bc.

3. Consider the possibility of a new design for an electric train. The engine is driven by the force due to the
vertical component of the earths magnetic field on a conducting axle. Current is passed down one coil,
into a conducting wheel through the axle, through another conducting wheel & then back to the source
via the other rail.

(i) What current is needed to provide a modest 10 - KN force ? Take the vertical component of
theearth's field be 10 uT & the length of axle to be 3.0 m.

(if) How much power would be lost for each Q of resistivity in the rails ?
(i) Is such a train unrealistic ?

4. A rectangular loop of dimensions | & wand resistance R moves with constant velocity V to the right as
shown inthe figure. It continues to move with same speed through a region containing a uniform magretic
field B directed into the plane of the paper & extending a distance 3 W. Sketch the flux, induced emf &
external force acting onthe loop as a function of the distance.
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5. A long straight wire is arranged along the symmetry axis of a toroidal coil of rectangular et

cross—section, whose dimensions are given in the figure. The number of turns on the @)
coilisN, and relative permeability of the surrounding medium is unity. Find the amplitude hI
of the emfinduced inthis coil, if the current i = i_cos wt

flows along the straight wire.

6. Auniform magnetic field B fills a cylindrical volumes of radius R. Ametal rod CD of length I is placed

inside the cylinder along a chord of the circular cross-section as shown in the figure. Ifthe magnitude of
magnetic field increases in the direction of field at a constant rate dB/dt, find the magnitude and direction
of the EMF induced in the rod.

7. Avariable magnetic field creates a constant emf E in a conductor ABCDA. The resistances of portion
ABC, CDAand AMC are R , R, and R, respectively. What current will be shown by meter M? The
magnetic field is concentrated near the axis of the circular conductor.

A
© 17
D c
8. Inthe circuit shown inthe figure the switched S and S, are closed at time t = 0. After time t = (0.1) In2

sec, switch S, is opened. Find the current inthe circuit at time t = (0.2) In 2 sec.
Sl

9. Find the values of i and i, 100§ 300
(i) immediately after the switch S is closed. W
(ii) long time later, with S closed. 100V 200
(iif) immediately after S is open. [

(iv) long time after S is opened.

10.  Suppose the emf of the battery, the circuit shown varies with time t so the current is given by i(t)=3+5t,
where i is in amperes &t is in seconds. Take R =4Q, L =6H & find an expression for the battery emf
as function of time. R i

T
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12.

13.

14.

Arectangular frame ABCD made of a uniform metal wire has a straight connection

between E & F made of the same wire as shown in the figure. AEFD isasquare A E B
of side 1 m & EB = FC = 0.5 m. The entire circuit is placed in a steadily |7 37 5|
increasing uniform magnetic field directed into the place ofthe paper & normal YK X X §
to it . The rate of change of the magnetic field is 1 T/s, the resistance per unit X
length of the wire is 1 Q/m. Find the current in segments AE, BE & EF. D F C

Two parallel vertical metallic rails AB & CD are separated by 1 m. They are connected at the two ends
by resistance R, & R, as shown inthe figure. Ahorizontally metallic bar L of mass 0.2 kg slides without
friction, vertically down the rails under the action of gravity. There is a uniform horizontal magnetic field
of 0.6T perpendicular to the plane of the rails, it is observed that when the terminal velocity is attained,
the power dissipated inR, & R, are 0.76 W & 1.2 W respectively. Find the terminal velocity of bar L
&valueR, &R,

AW IC
L

| |
Ry

BL_MWW—_Ip

A metal rod OA of mass m & length r is kept rotating with a constant angular speed m in a vertical plane
about a horizontal axis at the end O. The free end Ais arranged to slide without friction along a fixed

conducting circular ring in the same plane as that of rotation. Auniform & constant magnetic induction B
is applied perpendicular & into the plane of rotation as shown in figure. An inductor L and an external
resistance R are connected through a switch S between the point O & a point C on the ring to forman

electrical circuit. Neglect the resistance of the ring and the rod. Initially, the switch is open.
AY

X X X X X X

(a) What is the induced emf across the ternL1inaIs of the switch ?
(b) (i) Obtainan expression for the current as a function of time after switch S is closed.
(i) Obtain the time dependence of the torque required to maintain the constant angular speed,
given that the rod OA was along the positive X-axisatt = 0.

A pair of parallel horizontal conducting rails of negligible resistance shorted at
one end is fixed on a table. The distance between the rails is L. A conducting
massless rod of resistance R can slide on the rails frictionlessly. The rod is tied
to a massless string which passes over a pulley fixed to the edge of the table. A
mass m, tied to the other end of the string hangs vertically. A constant magnetic
field B exists perpendicular to the table. If the system is released from rest,
calculate:

(1) the terminal velocity achieved by the rod.

(i) the acceleration of the mass at the instant when the velocity of the rod is half the terminal velocity.
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16.

17.

18.

19.

20.

In the LR circuit shown, what is the variation of the current | as a function of time? The switch isclosed
at time t = 0 sec.

3V

A magnetic field B = (Bjy/ a) k is into the plane of paper in the +z direction. B and a are positive
constants. Asquare loop EFGH of side a, mass mand resistance R, in x-y plane, starts falling underthe
influence of gravity. Note the directions of x and y axes in the figure. Find

(6] X

®®®
@

O ®
I®
®®

y

(@) the induced current in the loop and indicate its direction,
(b) the total Lorentz force acting on the loop and indicate its direction,
(c) an expression for the speed of the loop, v(t) and its terminal value.

The horizontal component of the earth’s magnetic field at a place is 3 x 10~ T and the dip is tan-1(4/3).
A metal rod of length 0.25 m placed in the north-south position is moved at a constant speed of 10
cm/s towards the east. Find the e.m.f. induced in the rod.

Two concentric and coplanar circular coils have radii a and b(>>a)as shown in figure. Resistance ofthe
inner coil is R. Current in the outer coil is increased from 0 to i, then find the total charge circulating the

inner coil.
"

A metal rod of resistance 20Q2 is fixed along a diameter of a conducting ring of radius 0.1 mand lies on

x-y plane. There is a magnetic field B = (50 T) k.The ring rotates with an angular velocity o = 20

rad/sec about its axis. An external resistance of 10Q2 is connected across the centre of the ring and rim.
Find the current through external resistance.

A triangular wire frame (each side = 2m) is placed in a region of time variant magnetic field having dB/dt
=+/3 T/s. The magnetic field is perpendicular to the plane of the triangle. The base of the triangle AB has
aresistance 1 Q while the other two sides have resistance 20 each. The magnitude of potential difference
between the points Aand B will be
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21.  Auniformmagneticfield of 0.08 T is directed into the plane of the page and perpendicular to it asshown in the
figure. Awire loop in the plane of the page has constant area 0.010 n?. The magnitude of magnetic field
decrease at a constant rate 0f 3.0 x 10~ Ts~. Find the magnitude and direction of the induced emfin the
loop.

academy

22.  Auniform but time varying magnetic field B = Kt-C ; (0<t < C/K), where K and C are constants and
tis time, is applied perpendicular to the plane ofthe circular loop of radius ‘a’ and resistance R. Find the
total charge that will pass around the loop.

23.  Acharged ring of mass m = 50 gm, charge 2 coulomb and radius R = 2m is placed on a smooth
horizontal surface. Amagnetic field varying with time at a rate of (0.2 t) Tesla/sec is applied onto the ring
ina direction normal to the surface of ring. Find the angular speed attained inatime t, = 10 sec. Assume
that the magnetic field is cylindrically symmetric and covering the entire ring.

24.  Two resistors of 10Q2 and 202 and an ideal inductor of 10H are connected to a 2V battery as shown.
The key K is shorted at time t =0. Find the initial (t = 0) and final (t — o) currents through battery.

L=10H

R=10Q 20Q

| /K

25.  Two caoils, 1 & 2, have amutual inductance = M and resistances R each. Acurrent flows in coil 1, which
varies with time as; 1, = kt?, where k is a constant and 't' is time. Find the total charge that has flown
through coil 2, betweent=0andt=T.

26.  Acapacitor Cwitha charge Q, is connected across an inductor througha switch S. Ifat t =0, the switch
is closed, then find the instantaneous charge g on the upper plate of capacitor.

++
Q—=C L

/.S
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EXERCISE (0O-1)
(Single Correct Type Questions)

A square of side 2 meters lies in the x-y plane in a region, where the magnetic field is given by

B=B, (2 i+3j+4 kj T, where B, is constant. The magnitude of flux passing through the square is:-

(A) 8 B,Wh. (B) 12 B Wh. (C) 16 B_Wh. (D) \4x29 B,Wb

Statement-1 : When amagnet is made to fall freely through a closed coil, its acceleration is always less
than acceleration due to gravity.

and

Statement-2 : Current induced in the coil opposes the motion of the magnet, as per Lenz’s law.

(A) Statement-1 is true, Statement-2 is true ; Statement-2 is a correct explanation for Statement-1
(B) Statement-1 is true, Statement-2 is true, Statement-2 is NOT a correct explanation for Statement-1
(C) Statement-1 is True, Statement-2 is False

(D) Statement-1 is False, Statement-2 is True

In the given figure the centre of a small conducting circular loop B lies on the axis of bigger circular loop
Aand their axis are mutually perpendicular. An anticlockwise (when viewed from the side of B) current
in the loop A start increasing then :-

(A) current induced in the loop B is in clockwise direction (when viewed from above the B)

(B) current induced in the loop B is in anti-clockwise direction (when viewed from above the B)

(C) current must induced in the loop B but its direction can not be predicted

(D) no current is induced inthe loop B

o .

o
-----

A vertical bar magnet is dropped from position on the axis of a fixed metallic coil as shown infig- 1. In
fig.11 the magnet is fixed and horizontal coil is dropped. The acceleration of the magnet and coil are a,
and a, respectively then :-

|
Fig.() Wy Fig. (1) ms
CDﬁ"Bd fixed LN

Wa>g.4,>g (B)a>g.a<g (O)a<g.a,<g (D)2,<g,a>g

Two identical coaxial circular loops carry a current i each circulating in the same direction. Ifthe loops
approach each other

(A) the current in each will decrease

(B) the current in each will increase

(C) the current in each will remain the same

(D) the current in one will increase and in other will decrease
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10.

In the arrangement shown in given figure current from Ato B is increasing in magnitude. Induced current
in the loop will

— 3

A B

(A) have clockwise direction (B) have anticlockwise direction
(C) be zero (D) oscillate between clockwise and anticlockwise

Three identical conducting circular loops are placed in uniform magnetic fields. Inside each loop, there
are two magnetic field regions, separated by dashed line that coincides with a diameter, as shown.
Magnetic fields may either be increasing (marked as INCR) or decreasing (marked as DECR) in magnitude
at the same rates. If I, I, and | _ are the magnitudes of the induced currents in the loops A, B and C
respectively then choose the CORRECT relation :-

A1, >1=1, B)1,=1.>1 O 1, =1=1 D) I.>1,>1,
Asquare coil ABCD is placed in x-y plane with its centre at origin. Along straight wire, passing through

origin, carries a current in negative z-direction. Current in this wire increases with time. The induced
current in the coil is :

Al

(A) clockwise (B) anticlockwise (C) zero (D) alternating

A short circuited coil is kept on the ground and a magnet is dropped on it as shown. The coil shows
(when viewed from top)

. : . : . 5
(A) anticlockwise current that increases in magnitude
(B) anticlockwise current that remains constant
(C) clockwise current that remains constant -

(D) clockwise current that increases in magnitude
The variation of induced emf (g) with time (t) in a coil if a short bar magnet is moved along its axis with

a constant velocity is best represented as [JEE 2004(Scr)]

e

s== (00000
(A) E /S ® %Lt (©) m ©) |\
t t t
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11.

12.

13.

14.

15.

16.

Aconducting wire frame is placed in a magnetic field which is directed into the paper. The magneticfield
is increasing at a constant rate. The directions of induced currents in wires AB and CD are

C e

KBK x XDX
(A)BtoAandDto C (B)AtoBandCtoD
(C)AtoBandDto C (D)BtoAandCtoD

A conducting loop of radius R is present in a uniform magnetic field B perpendicular to the plane of
the ring. Ifradius R varies as a function of time ‘t”, asR =R + t. The e.m.finduced in the loop is

X X X X X X X X

X X X X X X X X
X X X X X X X X

(A) 2n(R, +1)B clockwise (B) n(R, +1)B clockwise
(C) 2n(R, +t)B anticlockwise (D) zero

Acthinwire of length 2m is perpendicular to the xy plane. It is moved with velocity v = (2 i+3 }+ ﬁj m\s

A

through a region of magnetic induction B = (?+ 2 Jj Whb/m? . Then potential difference induced between

the ends of the wire :
(A) 2 volts (B) 4 volts (C) O volts (D) none of these

A square loop of side a and resistance R is moved in the region of uniform magnetic field B (loop
remaining completely inside field) ,with a velocity v through a distance x . The work done is :

B/2vx 2B?/%vx 4B?/?vx
B) — C) —
R (B) R ©) R

There is a uniform magnetic field B normal to the xy plane. Aconductor ABC has lengthAB =1, parallel
to the x-axis, and length BC = I, parallel to the y-axis. ABC moves in the xy plane with velocity

(A) (D)0

v, ?+ v, ] . The potential difference between Aand C is proportional to :-

(A)v I+ vyl2 (B)vl,+ vyl1 QC)vl,- vyl1 D)v I - vyl2

A uniform but time variant magnetic field exists in a cylindrical region directed along the axis of cylinder
of radius R. The graph of induced electric field at a given time v/s. r is (r = distance from axis)

\

(A) (B) (©) 1 (D)

e
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18.

19.

20.

21.

22,

Ametal disc rotates freely, between the poles of a magnet in the direction indicated. Brushes P and Q
make contact with the edge of the disc and the metal axle. What current, if any, flows through R?
(A)acurrentfromP to Q

(B) acurrentfromQtoP N |

(C) no current, because the emf in the disc is opposed by the back emf N
(D) no current, because the emf induced in one side of the disc is @?
opposed by the emf induced in the other side.

(E) no current, because no radial emf is induced in the disc S |

Acopper rod AB of length L, pivoted at one end A, rotates at constant angular velocity w, at rightangles
to a uniform magnetic field of induction B. The e.m.fdeveloped between the mid point C of the rod and
end B is

Bol? Bol?
A B
A=, (B) =

3Bwl? 3Bwl’

D

© = (D) =5
The e.m.f. induced ina coil of wire, which is rotating in a magnetic field, does not depend on
(A) the angular speed of rotation (B) the area of the coil
(C) the number of turns on the coil (D) the resistance of the coil

Aring of resistance 10Q2, radius 10cm and 100 turns is rotated at a rate 100 revolutions per second
about its diameter is perpendicular to a uniform magnetic field of induction 10mT. The amplitude ofthe
current in the loop will be nearly (Take : w2 = 10)

(A) 200A (B)2A (C) 0.002A (D) none of these

A uniform but time varying magnetic field is present in a circular region of radius R. The magneticfield is
perpendicular and into the plane ofthe loop and the magnitude of field is increasing at a constantrate .
There is astraight conducting rod of length 2R placed as shown in figure. The magnitude of induced emf
across the rod is

le al

) 2R -1
nR’%a R nR%a
C D
> © 5 () =
Figure shows a uniform magnetic field B confined to a cylindrical volume and is increasing at a constant
rate. The instantaneous acceleration experienced by an electron placed at P is

(A) tR% (B)

(A) zero (B) towards right (C) towards left (D) upwards
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23.

24,

25.

26.

27.

28.

Statement-1 : For a charged particle moving from point P to point Q the net work done by an induced
electric field on the particle is independent of the path connecting point P to point Q.

Statement-2 : The net work done by a conservative force on an object moving along closed loop is zero.
(A) Statement-1 is true, statement-2 is true and statement-2 is correct explanation for statement-1.
(B) Statement-1 is true, statement-2 is true and statement-2 is NOT the correct explanation for statemert-1
(C) Statement-1 is true, statement-2 is false.

(D) Statement-1 is false, statement-2 is true.

Inan L-R circuit connected to a battery of constant e.m.f. E switch S is closed at timet = 0. Ife denotes
the magnitude of induced e.m.f. across inductor and i the current in the circuit at any time t. Then which
of the following graphs shows the variation of e withi ?

A |\ ® ‘(c>.( o

Acurrent of 2Alis increasing at a rate of 4 A/s through a coil of inductance 2H. The energy stored in
the inductor per unit time is :-
(A)2JIs (B)1J/s (C)161J/s (D) 4JIs

Two identical inductance carry currents that vary with time according to linear laws (as shown in figure).
In which oftwo inductance is the self induction emf greater?

I

t
(A)1 (B)2
(C) same (D) data are insufficient to decide

The current in the given circuit is increasing with a rate a = 4 amp/s. The charge on the capacitorat an
instant when the current in the circuit is 2 amp will be :

E=4V
_

R=1Q

—
L=1H C=3puF

(A)4uC (B) 5uC (C)6uC (D) none of these
Along solenoid of N turns has a self inductance L and area of cross section A. When a current i flows

through the solenoid, the magnetic field inside it has magnitude B. The current i is equal to:
(A) BAN/L (B) BANL (C) BN/AL (D) B/ANL
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29.

30.

31.

32.

33.

34.

35.

36.

The network shown in the figure is part of a complete circuit. If at a certain instant, the current I is 5A and
itisdecreasing at arate of 10° As™ then V_-V , equals

1t 5mH
Ae—>— MM — |—m5n—e B
1

(A) 20V (B)15V (C)10V (D)5V

InProblem 29, if | is reversed in direction, then V-V, equals
(A)5V (B)10V (C)15V (D)20V

Two resistors of 10Q2 and 20Q2 and an ideal inductor of 10H are connected to a 2V battery as shown.
The key K is shorted at time t = 0. Find the initial (t = 0) and final (t — o) currents through battery.

L =10H

1 1 2

—A,—A —A,—A ZA=A —A=A
(A) 15 10 ®) 10 15 (©) 10 15 (©) 15 25
An inductor coil stores U energy when i current is passed through it and dissipates energy at the rate of
P. The time constant of the circuit, when this coil is connected across a battery of zero internal resistance
IS -
24U 5 Y o2y 5 2
(A - (B) 5 © > (ke

Asmall coil of radius r is placed at the centre of a large coil of radius R, where R >> r. The coils are
coplanar. The coefficient of mutual inductance between the coils is :-

Kol

MOnrz (D)
2R?

2R?

Kol

W 2 (B) 22—

2R

(©)

A long straight wire is placed along the axis of a circular ring of radius R. The mutual inductance of this
systemis :-

R R
() 5 B) o © 7 (D)0

Two coils are placed close to each other. The mutual inductance of the pair of coils depends upon-
(A) 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

A small square loop of wire of side | is placed inside a large square loop of wire of side L(L >>1). The
loop are coplanar & their centres coincide. The mutual inductance of the system is proportional to :

l 2 L 2
™ T ® - © = o) =
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37.

38.

39.

40.

41.

42.

43.

L, C and R represent physical quantities inductance, capacitance and resistance. The combination which
has the dimensions of frequency is

1 R 1 R C
(A) R—Cand T (B) Eamd \/E ©) JLC ) T

A coil of inductance 5H is joined to a cell of emf 6V through a resistance 10Q at time t = 0. The emf
across the coilattimet=1In /2 sis:
(A) 3V (B)1.5V (C)0.75V (D)4.5V

For L-R circuit, the time constant is equal to
(A) twice the ratio of the energy stored in the magnetic field to the rate of dissipation of energy in the
resistance

(B) ratio of the energy stored in the magnetic field to the rate of dissipation of energy in the resistance
(C) half the ratio of the energy stored in the magnetic field to the rate of dissipation of energy in the
resistance

(D) square of the ratio of the energy stored in the magnetic field to the rate of dissipation of energy in the
resistance

1 (o)

In the adjoining circuit, initially the switch S is open. The switch ‘S is
closed at t = 0. The difference between the maximum and minimum
current that can flow in the circuit is

10Q

(A) 2Amp (B) 3Amp
(C) 1LAmp (D) nothing can be concluded A4
Find the ratio of time constant in build up and decay in the circuit as shown in figure :-

R

VW
2R L
—\ AN \N—— 3558 —
/. I |
v

A)1:1 (B)3:2 (©)2:3 (D)1:3

In the circuit shown, X is joined to Y for a long time, and then X is joined to Z. The total heat produced
iNRIs:

R,
MWV
X 7
—— I ————"
L Y
" W\—
_|E R]
LE® LE® LE® LE’R,
(A) 5R2 (B) 2r? ©) 2RR, (B) R

Ina L-R decay circuit, the initial current at t =0 is I. The total charge that has flown through the resistor
till the energy in the inductor has reduced to one—fourth its initial value, is

(A)LIR (B) LI/2R C)LI 2R (D) None
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44,

45.

46.

47.

48.

49.

The inductor ina L—C oscillation has a maximum potential difference of 16 V and maximum energy of
640 wJ. Find the value of capacitor in uF in L-C circuit.
(A)5 (B)4 (€3 (D)2

A condenser of capacity 6 uF is fully charged using a 6-volt battery. The battery is removed and a
resistanceless 0.2 mH inductor is connected across the condenser. The current which is flowing through
the inductor when one-third of the total energy is in the magnetic field of the inductor is :-

(A)0.1A (B)0.2A (C)0.4A (D) 0.6 A

dl
Inan LC circuit the capacitor has maximum charge ¢. The value of (a] is:
C
L |1
I

Yo Yo 0 Mo
P ic ®) Jte 2LC O Tc
(Multiple Correct Type Questions)
The dimension of the ratio of magnetic flux and the resistance is equal to that of :
(A) induced emf (B) charge (C) inductance (D) current

Two circular coils Aand B are facing each other as shown in figure. The current i through A can be
altered

A B

O

(A) there will be repulsion between Aand B if i is increased

(B) there will be attraction between Aand B if i is increased

(C) there will be neither attraction nor repulsion when i is changed

(D) attraction or repulsion between Aand B depends on the direction of current. It does not depend
whether the current is increased or decreased.

A bar magnet is moved along the axis of copper ring placed far away from the magnet. Looking from the
side of the magnet, an anticlockwise current is found to be induced in the ring. Which of the following
may be true?

(A) The south pole faces the ring and the magnet moves towards it.

(B) The north pole faces the ring and the magnet moves towards it.

(C) The south pole faces the ring and the magnet moves away fromiit.

(D) The north pole faces the ring and the magnet moves away fromiit.
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50.

51.

52.

53.

54.

55.

AB and CD are smooth parallel rails, separated by a distance I, and
inclined to the horizontal at an angle 6. A uniform magnetic field of
magnitude B, directed vertically upwards, exists in the region. EF is a
conductor of mass m, carrying a current i. For EF to be in equilibrium,

(A) i must flow fromEto F (B) Bil=mg tan 6

(C) Bil=mgsin©6 (D) Bil=mg

In the previous question, if B is normal to the plane of the rails

(A)Bil=mgtan 6 (B) Bil=mgsin6
(C)Bil=mgcos 6 (D) equilibrium cannot be reached

A conducting rod PQ of length L = 1.0 m is moving with a uniform speed v = 20 m/s in a uniform
magnetic field B =4.0 T directed into the paper. A capacitor of capacity C = 10 uF is connected as
shown infigure. Then

(A) q, = +800uC and g, = - 800uC ) :P )
(B) g, = — 800uC and g, = + 800uC QI .y

(©)g,=0=q, X X X X
(D) charge stored in the capacitor increases exponentially with time X xQl x X

An LR circuit with a battery is connected at t =0. Which of the following quantities is not zero just after
the circuitis closed ?

(A) current in the circuit (B) magnetic field energy in the inductor
(C) power delivered by the battery (D) emfinduced in the inductor
The switches in figures (a) and (b) are closed att =0 c R L R
(A) The charge on C just aftert=0is EC.
(B) The charge on C long aftert=01is EC.

. . . |—/ |—/
(C) Thecurrent in L just aftert =0is E/R. E ® E "

a

(D) ThecurrentinL long aftert =0is E/R.

Current growth in two L-R circuits (b) and (c) as shown in figure (a). Let L, L,, R, and R, be the
corresponding values in two circuits. Then :-

(AR, >R, (B)R,=R, ©)L,>L, D)L, <L,
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57,

58.

59.

Aninductor L, aresistance R and two identical bulbs B, and B, are connected to a battery through a
switch S as shown in the figure. The resistance of coil having inductance L is also R. Which of the
following statement gives the correct description of the happenings when the switch S is closed?

(A) The bulb B, lights up earlier than B, and finally both the bulbs shine equally bright.
(B) B, lights up earlier and finally both the bulbs acquire equal brightness.

(C) B, lights up earlier and finally B, shines brighter than B,.

(D) B, and B, light up together with equal brightness all the time.

Infigure, alamp P is in series with an iron-core inductor L. When the switch S is closed, the brightness
of the lamp rises relatively slowly to its full brightness than it would do without the inductor. Thisis due to

P I
]
B
(A) the low resistance of P (B) the induced-emfin L
(C) the low resistance of L (D) the high voltage of the battery B

Two different coils have self inductance 8mH and 2mH. The current in one coil is increased at a constant
rate. The current in the second coil is also increased at the same constant rate. At a certain instant of time,
the power given to the two coils is the same. At that time the current, the induced voltage and the energy
stored in the first coil are | , V. and W, respectively. Corresponding values for the second coil at the
same instant are L, V, and W, respectively. Then .

[ L, W, v, 1
(A) 1, T4 (B) 1, - ©) W, - (D) V, 4

Initially key was placed on (1) till the capacitor got fully charged. Key is placed on (2) at t = 0. The time
when the energy in both capacitor and inductor will be same-

J_ J_

(H (2
o

™

5n\/_ ©) 5n\/_ TC€

(©)
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(Comprehension Type Questions)

Paragraph for Question Nos. 60 to 62

60.

61.

62.

The fact that a changing magnetic flux produces an electric field is basic to the operation of manyhigh
energy particle accelerators. Since the principle was first successfully applied to the acceleration of
electrons (or b particles) in a device called the betatron, this method of acceleration is often given that
name. The general idea involved is shown in figure.

An electromagnet is used to produce a changing flux through a circular loop defined by the doughnutshaped
vacuum chamber. We see that there will be an electric field E along the circular length of the doughnut,
I.e. circling the magnet poles, given by

2makE d—d)
dt

Where a is the radius of the doughnut. Any charged particle inside the vacuum chamber will experience
a force qE and will accelerate. Ordinarily, the charged particle would shoot out of the vacuum chamber
and becomes lost.

However, if the magnetic field at the position of the doughnut is just proper to satisfy the relation
Centripetal force = magnetic force

mv?

or

=qvB

then the charge will travel in a circle within the doughnut. By proper shaping of the magnet pole pieces,
this relation can be satisfied. As a result, the charge will move at high speed along the loop within the
doughnut. Each time it goes around the loop, it has, in effect, fallen through a potential difference equal to

d
the induced, emf, namely€ = L)

at Its energy after n trips around the loop will be

L]

Doughnut shaped
vacuum chamber

S

Working of betatron is not based upon which of the following theories :-

(A) Changing magnetic flux induces electric field

(B) Charged particle at rest can be accelerated only by electric fields

(C) magnetic fields can apply a force on moving charges which is perpendicular to both magnetic
field and motion of the particle

(D) Beta particles are emitted in radioactive decay process.

Variable magnetic flux :-

(A) Canchange sinusoidally

(B) Should either increase or decrease all the time

(C) Must becomes zero when induced field is maximum
(D) None of these

Magnetic field which keeps the particles in circular path must :-

(A) Remain a constant every where

(B) Increase gradually which is proportional to K.E. of the particle
(C) Increase gradually which is proportional to speed of the particle
(D) None of these
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Paragraph for Question No. 63 to 66

63.

64.

65.

66.

The adjoining figure shows two different arrangements in which two square wire frames of same resistance
are placed in a uniform constantly decreasing magnetic field B.

hX

i

X
X
X

XXX
x x x| x
x xOxd 2

x x| x x
a o
X X X X X X

X

=
)\D‘)\)\(gxx
%IXXXX
O x| [x~x| x
o

X

Ge——0x ¢
I

X X X X X X
X X X X X X

X X X X X X
X

= e
X

The value of magnetic flux in each case is given by

(A) Case I: @ =n(L>+ ¢?)B; Case II: ® = (L2- /?)B
(B) Case I: @ = (L? + ¢?)B; Case II: ® = n(L* + /?)B
(C) Case I: @ = (L*+ ¢?)B; Case II: = (L>2- /%)B
(D) Casel: @ =(L + ¢)?B; Case ll: ® =n(L-/)°B

The direction of induced current in the case | is
(A) fromatobandfromctod (B) fromatobandfromftoe
(C)frombtoaandfromdtoc (D) frombtoaand frometo f

The direction of induced current in the case Il is
(A) fromatobandfromctod (B) frombtoaand fromftoe
(C)frombtoaandfromctod (D) fromato band fromdtoc

If I and 1, are the magnitudes of induced current in the cases | and I1, respectively, then
AL =1, (B) I, >1, Q) 1<, (D) nothing can be said

Corporate Office: NAIVEDHYAM, Plot No. SP-11, Old INOX, Indra Vihar, Kota (Raj.) 324005 | Call : 0744-2799900

21
Online Partner UNACADEMY -



(-~ NUCLEUS -

EXERCISE (0O-2)

(Single Correct Type Questions)

1. For each of the experiments (1, 2, 3, 4) shown in figure. Choose the CORRECT option(s) which
shows the direction of current flow through the resistor PQ? Note that the wires are not always wrapped
around the plastic tube in the same way.

SRy e

academy

(1) S to be closed (2) Sto be opened
—
|—.}j PMJQ _.|— PWJ
(3) Resistor coil PQ (4) Resistor coil PQ
moves to right moves to left
@) ) ©) (4)
(A)PtoQ PtoQ PtoQ PtoQ
(B)PtoQ QtoP PtoQ QtoP
(C)QtoP QtoP QtoP QtoP
(D)QtoP QtoP PtoQ PtoQ
2. An electron is moving in a circular orbit of radius R with an angular acceleration o.. At the centre of the

orbit is kept a conducting loop of radius r, (r <<R). The e.m.f induced in the smaller loop due to the
motion of the electron is

: . er
(A) zero, since charge on electron in constant  (B) “Z—Roc

poer?
° (D) none of these

©
3. Anon conductlng ring (of mass m, radius r, having charge Q) is placed on a rough horizontal surface (in
aregion with transverse magnetic field). The field is increasing with time at the rate R and coefficient of
friction between the surface and the ring is . For ring to remain in equilibrium p should be greater than

% % Top view
Qr QrR Qr 20rR
A g B) mg (©) 3mg (D) “ng

4. Asquare wire loop of 10.0 cmside lies at right angles to a uniform magnetic field of 20T. A 10 V light
bulb is in a series with the loop as shown in the fig. The magnetic field is decreasing steadily to zero over
atime interval At. The bulb will shine with full brightness if At is equal to

X X x X x|x
X X X X x|x

X x X x X x X
X Ix X x X x|
X Ix X x X x| X
X x X x X x X

X X

(A) 20 ms (B) 0.02ms (©)2ms (D) 0.2ms
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The figure shows an apparatus suggested by Faraday to generate electric current from a flowing river.
Two identical conducting plates of length a and width b are placed parallel facing one another on opposite
sides of the river following with velocity u at a distance d apart. Now both the plates are connected by
a load resistance R. Then the current through the load R is :- (Consider vertical component of the
magnetic field produced by earth is B and the resistivity of river water is p.)

B,ub B,ub BV—Ud
(A) R (B) od © R pd (D) None of the above
+ -
ab ab

The radius of a coil decreases steadily at the rate of 10-> m/s. A constant and uniform magnetic field of
induction 10~ Wh/m? acts perpendicular to the plane of the coil. The radius of the coil when the induced
e.m.f. inthe coilis ImV, is

D R Q0 0
(A)Em (B);m (C)Em (D);m

A composite rod of length / is one fourth insulator and remaining conductor is made to rotate freely with
angular velocity o, in aspace free of any gravitational, electric & magnetic field. Then potential difference
across the conducting region will be (rotation is about insulating end).

3m,w’¢’
4e

1 m,w’¢?
4 e

1 m,w’ ¢’
16

15 m,w’¢?
32 e

(A) (B) (©) (D)

Acircular loop wire of radius r rotates about the z—axis with angular velocity . The normal to the loop
is always perpendicular to the z—axis. At time t=0, the normal is parallel to the y—axis. An external

magnetic field 8 = B j+ B k is applied. The EMF &(t) induced in the loop is

X

(A) nr*eB, sin ot (B) nr*wB, cos ot (C) nr*wB, sin wt (D) nr’wB, cos ot
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10.

11.

12.

A uniform magnetic field 20 T exists on right side of the boundary in a gravity free space as shownin
figure. The given circular arc of radius 2 cm made of conducting wire of total resistance 4Q is rotated
around point O at a constant angular speed 2 rad per second. Power required to maintain the constant

. . . T T .
angular velocity between time interval t = Esto t= §s is:

20T

X
X
X
X
X
X

XX XX XX

(;\J
%QI'I%
X X XoX X X

(A) 64 nW (B)32uW (C)128 W (D) 16 p W

The block of mass (M) is connected by thread which is wound on a pulley, free to rotate about fixed
horizontal axis as shown. Auniform magnetic field B exists in a horizontal plane. The disc is connected
with the resistance R as shown. Calculate the terminal velocity of the block if it was released fromrest.
Treat pulley as uniform metallic disc of radius L.

X

1 B
X X X

X X X X X X
X
X
X
X X X X X X
X X X X X X

x & x
\ |/
X X >y
VW
oM
4mgR 3mgR 2mgR 3mgR
(A) BZLZ (B) 4BZL2 (C) BZLZ (D) ZBZLZ

A conducting rod moves with constant velocity v perpendicular to the long, straight wire carrying a
current I as shown compute that the emf generated between the ends of the rod.

Iﬂ%

uoull povoll 2],[00” uoull

(B) (D)

r 2nr r 47r

(A)

A metallic rod of length L and mass M is moving under the action of two unequal forces F, and F,, (directed
opposite to each other) acting at its ends along its length. Ignore gravity and any external magnetic field. If
specific charge of electrons is (e/m), then the potential difference between the ends of the rod issteady state
must be

(A) |R —FymL /eM (B) (R —F,)mL/eM
(C) [mL/eM]In[F,/F,] (D) None of these
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13.

14.

15.

16.

17.

Two parallel long straight conductors lie on a smooth surface. Two other parallel conductors rest on
them at right angles so as to form a square of side a initially. A uniform magnetic field B exists at right
angles to the plane containing the conductors. They all start moving out with a constant velocity v. Ifr is
the resistance per unit length of the wire the current in the circuit will be

Bv Br
(A S (B) m (C)Bwr (D)Bv

An equilateral triangle ABC of side a is placed in the magnetic field with side AC and its centre coinciding
with the centre of the magnetic field. The magnetic field varies with time as B = kt. The emf induced
across side AB is

(A) ?azk (B) Zero (C) %azk (D) @azk

The magnetic field in aregion is given by B = BOF 1+ 5&12 .Asquare loop of edge - length d is placed
a
with its edge along x & y axis. The loop is moved with constant velocity v = voi . Theemf induced in
the loop is
V,B,d? V,B,d? V,B,a’
A 0™=0 B 0™=0 C 0™=0
() == (B) =2 — (€ =5

When a “J’ shaped conducting rod is rotating in its own plane with constant angular velocity w, about one

(D) None

of its end P, in a uniform magnetic field B directed normally into the plane of paper) then magnitude of
emf induced across it will be X X X X X X X x

X X X X X X

()]
X X X X X X X X

(A) Bo(Z L2 (B)%BwLZ ©) = B(o(L2+I) © 1Bor?

Arectangular coil of single turn, having area A, rotates in a uniform magnetic field B an angular velocity
wabout an axis perpendicular to the field. If initially the plane of coil is perpendicular to the field, then the
average induced e.m.f. when it has rotated through 90° is

A oBA 5 oBA oBA D 20BA
o ®) . (©) =

T
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18. Infigure (a) a solenoid produce a magnetic field whose strength increases into the plane of the page . An

induced emf is established in a conduction loop surrounding the solenoid, and this emf lights bulbs A and
B. Infigure (b) point P and Q are shorted. After the short is inserted

P Solenoid P
A @ B ‘ B
Q Q
Figure (a) Figure (b)
(A) Bulb Agoes out bulb B gets brighter (B) Bulb B goes out bulb A gets brighter

(C) BulbAgoes out bulb B gets dimmer (D) Bulb B goes out bulb A gets dimmer

19.  Anelectric current i, can flow either direction through loop (1) and induced current i, in loop (2).
Positive i, iswhencurrent is from'a’ to ‘o' in loop (1) and positive i, iswhen the current is from'c'to 'd'
in loop (2). In an experiment, the graph of i, against time 't' is as shown below

\ loop (1)

i

\ loop (2)

Which one(s) of the following graphs could have caused i, to behave as give above.
i i

(A) o (B) 0

i, i, .

(©) t (D) °

20. In the circuit shown, the cell is ideal. The coil has an inductance of 4H and zero ;
resistance. F is a fuse of zero resistance and will blow when the current through [ e
it reaches 5A. The switch is closed at t =0. The fuse will blow : szv\
(A) just after t=0 (B) after 2s
(C) after 5s (D) after 10s

21.  The circuit shown has been operating for a long time. The instant after the switch in the circuit labeled S
is opened, what is the voltage across the inductor V, and which labeled point (A or B) of the inductor is
at a higher potential ? Take R, =4.0Q,R,=8.0Q,and L=2.5H.

L SR
£=12v

(A)V =12V ;Point Ais at the higher potential (B) V| =12V ; Point B is at the higher potential
(C) V =6V ; Point Ais at the higher potential (D) V, =6V ; Point B is at the higher potential
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22,

23.

24,

(Multiple Correct Type Questions)

Figure shows a conducting rod of negligible resistance that can slide on smooth U-shaped rail made of
wire of resistance 1 Q/m. Position of the conducting rod at t = 0 is shown. Atime dependent magnetic
field B =2t Tesla is switched on at t = 0. After the magnetic field is switched on, the conducting rod is
moved to the left perpendicular to the rails at constant speed 5 cm/s by some external agent.

L]
20cm
B * L] * .

Conductlng
* Rd&d

/
> * L] - *

[ ]
<—l 4OCm—>

(A) The current in the loop at t = 0 due to induced emfis 0.16 A, clockwise

(B) Att = 2s, induced emf has magnitude 0.08 V

(C) The magnitude of the force required to move the conducting rod at constant speed 5 cm/s at t = 2s,
isequalto 0.08 N

(D) The magnitude of the force required to move the conducting rod at constant speed 5 cm/s at t = 2s,
isequalto 0.16 N

Athin conducting rod of length ¢ is moved such that its end B moves along the X-axis while end Amoves
along the Y-axis. A uniform magnetic field B = B i exists in the region. At some instant, velocity of end
B is vand the rod makes an angle of 6 = 60° with the X-axis as shown in the figure. Then, at this instant

x(1)

2V . \/§V

(A) angular speed of rod AB is = @ (B) angular speed of rod AB isw = EYh

(C) em.f. induced inrod AB is B/v /3 (D) e.m.f. induced inrod AB is B/v/2 /3

Two parallel resistanceless rails are connected by an inductor of inductance L at one end as shown in
the figure. A magnetic field B exists in the space which is perpendicular to the plane of the rails. Now a
conductor of length 7 and mass m is placed transver se on the rails and given an impulse J towards the
rightward direction. Then choose the CORRECT option (5).

Ba

J
J

/ 3J°L
(A) Velocity of the conductor is half of the initial velocity after a displacement of the conductor d = 1B85°m
(B) Current flowing through the inductor at the instant when velocity of the conductor is half of the

2

4L m

initial velocity isi =
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. . I . i 3J°L
(C) Velocity of the conductor is half of the initial velocity after a displacement of the conductor d = B2m

(D) Current flowing through the inductor at the instant when velocity of the conductor is half of the

2
initial velocity isi= ,|—
y mL

Figure shown plane figure made of a conductor located in a magnetic field along the inward normal tothe
plane of the figure. The magnetic field starts diminishing. Then the induced current

P

(A) at point P is clockwise (B) at point Q is anticlockwise
(C) at point Q is clockwise (D) at point R is zero

Two circular coils P & Q are fixed coaxially & carry currents |, and |, respectively

(A)ifI,=0 & P moves towards Q, a current in the same direction as | isinduced in Q

(B) if1, =0 & Q moves towards P, a current in the opposite direction to that of I, is induced in P.
(C) when I = 0and I, 0are in the same direction then the two coils tend to move apart .

(D) whenl = 0and I, 0 are in opposite directions then the coils tends to move apart.

Acircuit element is placed ina closed box. At time t = 0, constant current generator supplying a current
of 1amp, is connected across the box. Potential difference across the box varies according to graph
shown in figure. The element in the box s :

V(volts)

8

2

t(s)

(A) resistance of 2Q (B) battery of emf 6V
(C) inductance of 2H (D) capacitance of 0.5F

Two coils Aand B have coefficient of mutual inductance M = 2H. The magnetic flux passing through cail
Achanges by 4 Weber in 10 seconds due to the change in current in B. Then

(A) the change in current in B in this time interval is 0.5 A

(B) the change in current in B in this time interval is 2A

(C) the change in current in B in this time interval is 8A

(D) a change in current of LAin coil Awill produce a change in flux passing through B by 4 Weber.
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29.

30.

31.

32.

33.

(Comprehension Type Questions)

Paragraph for Question Nos. 29 and 30

In the figure shown a uniform conducting rod of mass m and length | is
suspended in vertical plane by two conducting springs of spring constant K.
Upper end of spring are connected to each other by capacitor of capacitance
C. Auniform horizontal magnetic field (B,) perpendicular to plane of spring
exists in space. Initially rod is in equilibrium but if centre of rod is pulled
down and released, it performs SHM. Assume that the spring is small and
neglect the magnetic force of interaction between circular section of springs
& self inductance of rod.

Find time period of oscillation of rod :-

m B2/°C m+B?%/°C B2/’C+m
21, | — 2 2
(A) “\/ K (B) 2n K ©) ﬂ\/ K (D) ﬂ\/—ZK

Choose correct options from following :-

(A) Electrical energy stored in capacitor is maximum when rod is at its lower extreme position
(B) Electrical energy stored in capacitor is maximumwhen rod is at its mean position

(C) Current in rod is maximum at mean position of rod

(D) If magnetic field is switched off then mean position of rod will change

Paragraph for Question No. 31 to 33
A conducting ring of radius a is rotated about a point O on its periphery as shown in the figure ina plane
perpendicular to uniform magnetic field B which exists everywhere. The rotational velocity is .

Choose the correct statement(s) related to the potential of the points P, Q and R

(A)V,-V,>0and V-V <0 (B)V,=V,>V,

(C) Vo>V, =V, (D) V,-V,=V, -V,

Choose the correct statement(s) related to the magnitude of potential differences
1 1

(A) V, =V, =~ Bod (B) V-V, = - Bod’

(C) V-V, = 2B’ (D) V, -V, = 2Bwa?

Choose the correct statement(s) related to the induced current inthe ring
(A) Current flows from Q > P >0 >R > Q

(B) Current flows from Q >R >0 >R > Q

(C) Current flows fromQ—P——> OandfromQ——R— 0O
(D) No current flows
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The flux linked with a coil at any instant 't is given by :¢ = 10t*— 50 t + 250.The induced emf at
t = 3s is- [AIEEE-2006]
(1) - 190 Vv (2)-10V (3) 10V (4) 190 V
An inductor (L = 100 mH), a resistor (R = 100Q) and a battery YE(BEB%ESGET ,
(E =100 V) are initially connected in series as shown in the figure. 3z
After a long time the battery is disconnected after short circuiting the 2R
points Aand B. The current in the circuit 1 ms after the short circuit A | 2
is E
(1) /e A 2 eA (3)0.1A 4 1A [AIEEE-2006]

In an AC generator, a coil with N turns, all of the same area A and total resistance R, rotates with
frequency o in a magnetic field B. The maximum value of emf generated in the coil is -

[AIEEE-2006]
(1) NABRw® (2) NAB (3) NABR (4) NABo

An ideal coil of 10 H is connected in series with a resistance of 5Q and a battery of 5 V.2s after
the connection is made, the current flowing (in ampere) in the circuit is- [AIEEE-2007]

(1) (2-¢ (2) e (3) e (4) 1-¢7)

Two coaxial solenoids are made by winding thin insulated wire over a pipe of cross-sectional areaA= 10
cm?and length = 20 cm. If one of the solenoids has 300 turns and the other 400 turns, their mutual

inductance is (p, =47 x107 TmA ™| [AIEEE-2008]
(1) 2.4 nx 105H  (2) 4.8 nx 10“H (3) 4.8 = x 10°H (4) 2.4 7 x 10“H
Aninductor of inductance L =400 mH and resistors of resistances R, = 2Q and R, = 2Q are connected

to a battery of emf 12V as shown in the figure. The internal resistance of the battery is negligible. The
switch S is closed at t = 0. The potential drop across L as a function of time is:-  [AIEEE-2009]

—

1) 6(1 - ™)V (2) 12e5V (3) 65 V ) %e’“v

In the circuit show below, the key K is closed at t = 0. The current through the battery is : [AIEEE-2010]

VR, +R,;) \ VRR, \Y%
(1) —rpgr, att=0andp-att=c (@ R g att=0and z-att=c
VR 1 ) VR,R,
(3)—att OandTatt:oo (4)R—att Oand \/Watt ©
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8.

10.

11.

12.

13.

A rectangular loop has a sliding connector PQ of length ¢ and resistance RQ 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 I, 1, and | are :- [AIEEE-2010]

P

%
RQEE RQ—-‘P 2ro
A Y,
T O
Biv Biv Biv 2BV
M h=hL=5g 1735 @l =-L=—7"1=—
_, _ Buw _ 2Btv _ | - - Biv
(3)|1_|2_3R’|_ 3R (4)|1_|2_|_ R

A boat is moving due east in a region where the earth's magnetic field is 5.0x10-°NA-'m= due north
and horizontal. The boat carries a vertical aerial 2m long. If the speed of the boat is 1.50 ms*, the magnitude
of the indueced emf in the wire of aerial is :- [AIEEE-2011]
(1) 0.50 mV (2) 0.15 mV (3) 1 mV (4) 0.75 mV

A horizontal straight wire 20 mlong extending from east to west is 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 Wh/n?. The instantaneous
value of the e.m.f. induced in the wire will be :- [AIEEE-2011]
(1) 6.0 mv (2) 3mv (3) 4.5mVv (4) 1.5mv

A fully charged capacitor C with intial charge g0 is connected to a coil of self inductance L att =0.
The time at which the energy is stored equally between the electric and the magnetic fields is :-

(1) 2r/LC ) JLC (3) nJ/LC ) %JE [AIEEE-2011]

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 :- [AIEEE-2012]
(1) Electromagnetic induction in the aluminium plate giving rise to electromagnetic damping

(2) Development of air current when the plate is placed

(3) Induction of electrical charge onthe plate

(4) Shielding of magnetic lines of force as aluminium is a paramagnetic material

A metallic rod of length 'I' is tied to a string of length 2l and made to rotate with angular speed w on
a horizontal table with one end of the string fixed. If there is a vertical magnetic field 'B' in the region,

the e.m.f. induced across the ends of the rod is : [JEE Main-2013]
2Bol® 3Bol? 4Bw!? 5Bol?
(1) = (2 =, (3) = (4) =,

Corporate Office: NAIVEDHYAM, Plot No. SP-11, Old INOX, Indra Vihar, Kota (Raj.) 324005 | Call : 0744-2799900

31
Online Partner UNACADEMY -



NUCLEUS -

academy

14.

15.

16.

17.

A circular loop of radius 0.3 cm lies parallel to a much bigger circular loop of radius 20 cm. The centre
ofthe small loop is on the axis of the bigger loop. The distance between their centres is 15 cm. Ifa current
of 2.0 Aflows through the smaller loop, then the flux linked with bigger loopis:- [AIEEE -2013]
(1) 9.1x107* weber (2) 6x107** weber  (3) 3.3x10* weber (4) 6.6x10~° weber

Inan LCR circuit as shown below both switches are open initially. Now switch S, is closed, S, kept
open, (q is charge on the capacitor and t = RC is Capacitive time constant). Which of the following

statement is correct? [JEE Main-2013]
(1) Work done by the battery is half of the energy dissipated in the resistor
Vv
(2)Att=1,q=CV/2 % ! Ls
(3) At t = 21, q = CV(1-€2) R
T C |‘Sz
(4)Att = 5 4= CV(1l-e?) fmims\

In the circuit shown here, the point ‘C” is kept connected to point ‘A’ till the current flowing through
the circuit becomes constant. Afterward, suddenly, point ‘C’is disconnected from point ‘A’ and conrected
to point ‘B’ at time t = 0. Ratio of the voltage across resistance and the inductor at t = L/R willbe equal

to: [JEE Main-2014]
AsC A\/\I;\N\:
— pg L
l-e e
(1) -1 @ =~ @) 15 (41

An inductor (L =0.03 H) and a resistor (R = 0.15 kQ) are connected in series to a battery of 15V
EMF in a circuit shown below. The key K, has been kept closed for a long time. Thenat t = 0, K,
is opened and key K, is closed simultaneously. At t = 1ms, the current in the circuit will be (e° = 150):-

[JEE Main-2015]

0.03H 0.15kQ
GO00 AN
/%
: /%
15V
(1) 6.7 mA (2) 0.67mA (3) 100mA (4) 67TmA
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18.

19.

20.

21.

22,

23.

24,

A power transmission line feeds input power at 2300 V to a step down transformer with its primary
windings having 4000 turns. The output power is delivered at 230 V bv the transformer. Ifthe current in
the primary of the transformer is 5A and its efficiency is 90%, the output current would be:

[JEE Main-2019]

(1) 45A (2) 50 A (3) 35A (4) 25 A

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 auniform 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 : [JEE Main-2019]
(1) 2mv (2) 6 mVv 3)12mv (4)1mv

The self induced emf of a coil is 25 volts. When the current in it is changed at uniform rate from 10 A
to 25 Ain 1s, the change in the energy of the inductance is : [JEE Main-2019]
(1) 7407 (2) 43757 (3)637.5J (4)540J

There are two long co-axial solenoids of same length 1. the inner and outer coils have radiir, 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 is : [JEE Main-2019]

n, 212 n, i n,
1) - (2 =% @) = (4) N,

In the figure shown, a circuit contains two identical resistors with resistance R = 5Q and an inductance
with L =2mH. An ideal battery of 15 V is connected in the circuit. What will be the current throughthe
battery long after the switch is closed? [JEE Main-2019]

(1) 3A (2)7.5A (3)6A (4)5.5A

Consider acircular 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 areais given by ¢,. Which of the following option
Is correct? [JEE Main-2020]

(1) d)i:_ d)o (2) q)i: d)o (3) ¢i< d)o (4) ¢i> d)o

Along solenoid of radius R carries a time (t) - dependent current I(t) = I t(1 -t). Aring of radius 2R is
placed coaxially near its middle. During the time interval 0 <t <1, the induced current (l.) and the
induced EMF (V, ) in the ring change as : [JEE Main-2020]
(1) Att=0.25 direction of I reverses and V,, is maximum

(2) Direction of I, remains unchanged and V, is maximumat t= 0.5

(3) Direction of I remains unchanged and V__ is zero at t = 0.25

(4) Att=0.5direction of I reversesand V_ is zero
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28.

Aloop ABCDEFA of straight edges has six corner points A(0,0,0), B(5,0,0), C(5, 5, 0), D(0, 5, 0),

E(0, 5, 5) and F(0, 0, 5). The magnetic field in this region is B = (3? + 4IA<) T. The quantity of flux through
the loop ABCDEFA (in Wh) is [JEE Main-2020]

Aplanar loop of wire rotates in a uniform magnetic field. Initially, at t = 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: [JEE Main-2020]
(1)5.0sand 7.5s (2)2.5sand5.0s (3)5.0sand 10.0s (4)25sand7.5s

At time 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, inthe next 55, then
induced EMF inthe loop is : [JEE Main-2020]

16cm

v

4em | 3

(1) 56 1V (2) 36 uV (3) 28 uV (4) 48 uV

Ina fluorescent lamp choke (a small transformer) 100 V of reverse voltage is produced when the choke
current changes uniformly from 0.25 to 0 in a duration of 0.025 ms. The self-inductance of the choke (in
mH) is estimated to be : [JEE Main-2020]
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The variation of induced emf (&) with time (t) ina coil if a short bar magnet is moved along its axis with
a constant velocity is best represented as [T JEE- 2004(Scr]

—

(000001
A)E e %Lt © h_ © |\
t t t

In the circuit shown A and B are two cells of same emf E but different internal resistances r, and r,
(r,>r,) respectively. Find the value of R such that the potential difference across the terminals of cellA

is zero a long time after the key K is closed. [T JEE- 2004]
B = L
& B R —ww —N—
r|1_|r2 i _wi, [
2L I I
o ¢
s/
An infinitely long cylindrical conducting rod is kept along + Z direction. A constant magnetic field is also
present in + Z direction. Then current induced will be [T JEE-2005 (Scr)]
A0 (B) along +z direction
(C) along clockwise as seen from + Z (D) along anticlockwise as seen from+ Z
A field line shown in the figure. This field cannot represent. [T JEE-2006]
(A) magnetic field (B) electrostatic field
(C) induced electric field (D) gravitational field

Paragraph for Q. No.5to7
The capacitor of capacitance C can be charged (with the help of a resistance R) by a voltage sourceV,
by closing switch S, while keeping switch S, open. The capacitor can be connected in series with an
inductor ‘L’ by closing switch S, and opening S,. [T JEE-2006]
Y
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Initially, the capacitor was uncharged. Now, switch S, is closed and S, is kept open. If time constant of

this circuit is t, then

(A) after time interval 1, charge on the capacitor is CV/2

(B) after time interval 2t, charge on the capacitor is CV(1-&72)

(C) the work done by the voltage source will be half of the heat dissipated when the capacitor is fully
charged.

(D) after time interval 2t, charge on the capacitor is CV(1-e™) [T JEE-2006]

After the capacitor gets fully charged, S, isopened and S, is closed so that the inductor is connected in
series with the capacitor. Then,

(A) att=0, energy stored in the circuit is purely in the form of magnetic energy

(B) atany time t >0, current in the circuit is in the same direction

(C) att >0, there is no exchange of energy between the inductor and capacitor

(D) at any time t > O, instantaneous current in the circuit may V\/%

Ifthe total charge stored in the LC circuit is Q,, then for t >0

(A) the charge onthe capacitor isQ = Q, cos(g " t ]

JLC
L t
B) the charge on the capacitoris Q = O, cos| = — ——
L. d%Q
(C) the charge on the capacitoris Q =-LC a2
t
1 d’Q

(D) the charge on the capacitoris Q = - — —=

JLC dt?

Paragraph for Q. No. 8to0 10
Modern trains are based on Maglev technology in which trains are magnetically leviated, which runs its
EDS Maglev system. There are coils on both sides of wheels. Due to motion of train, current inducesin
the coil of track which levitate it. This is in accordance with Lenz's law. If trains lower down then due to
Lenz's law a repulsive force increases due to which train gets uplifted and if it goes much high then there
isanet downward force due to gravity. The advantage of Maglev train isthat there is no friction between
the train and the track, there by reducing power consumption and enabling the train to attain very high
speeds.Disadvantage of Maglev train is that as it slows down the electromagnetic forces decreases and
it becomes difficult to keep it leviated and as it moves forward according to Lenz law there there is an
electromagnetic drag force. [T JEE-2006]

What is the advantage of this system ?
(A) no friction hence reduced power consumption (B) no electric power is used
(C) gravitation force is zero (D) electrostatic force draws the train

What is the disadvantage of this system:

(A) By Lenz's law train experience a drag

(B) Friction force create a drag on the train

(C) Retardation

(D) Train experiences upward force according to Lenz's law
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10.  Which force causes the train to elevate up ?
(A) electrostatic force (B) time varying electric field
(C) magnetic force (D) induced electric field
11. Column I gives certain situations in which a straight metallic wire of resistance R is used and Columnligives
some resulting effects. Match the statements in Column I with the statements in Column II.
[1IT JEE- 2007]
Column-I Column-11
(A)  Acharged capacitor is connected to the ends of (P)  Aconstant current flows
the wire through the wire
(B)  The wireis moved perpendicular to its length with (Q)  Thermal energyis generated in
constant velocity in a uniform magnetic field the wire
perpendicular to the plane of motion.
(C)  Thewireisplaced in aconstant electric field that (R)  Aconstant potential difference
has a direction along the length of the wire develops between the ends of
the wire
(D)  Abattery of constant emf is connected to the S Charges of constant magnitude
ends of the wire appear at the ends of the wire
12.  The figure shows certain wire segments joined together to form a coplanar loop. The loop is placed ina
perpendicular magnetic field in the direction going into the plane of the figure. The magnitude of the field
increases with time. I, and 1, are the currents in the segments ab and cd. Then
A1 >1, x Cx x bx x
B <! [F)
(C) 1, isinthe direction ba and I, is in the direction cd L 3
(D) I, isinthe directionab and I, is in the direction dc R
13. Two metallic rings Aand B, identical in shape and size but having different resistivities p, and p,, are
kept on top of two identical solenoids as shown in the figure. When current I is switched on in boththe
solenoids in identical manner, the rings Aand B jump to heights h, and h,,, respectively, withh, >h_. The
possible relation(s) between their resistivities and their masses m, and mis (are) : [T JEE-2009]
A B
— —
= =
— —
= =
(A) py>pgand m, =m, (B) p, < pyand m,=m,
(C)p,>pgandm, >m, (D) p,<pgand m,<m,
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15.

16.

Column-I1 gives certain systems undergoing a process. Column | suggests changes in some of
theparameters related to the system. Match the statements in Column | to the appropriate process(es)from
Column-11. [T JEE- 2009]

Column-I Column-11
(A)  Theenergyofthe systemisincreased (P) System : Acapacitor, initially uncharged
Process : It is connected to a battery
(B)  Mechanical energy isprovidedtothe (Q)  System:Adgasinanadiabatic container fitted

system, which is converted into energy with an adiabatic piston
of random motion of its parts Process: The gas is compressed by pushing
the piston
(C) Internal energy of the system is (R)  System:Agasinarigid container
converted into its mechanical energy Process : The gas gets cooled due to colder

atmosphere surrounding it

(D)  Mass of the system is decreased S System : A heavy nucleus, initially at rest
Process : The nucleus fissions into two fragments
of nearly equal masses and some neutrons are
emitted

M System : Aresistive wire loop
Process : The loop is placed ina time varying
magnetic field perpendicular to its plane.

Which of the field patterns given below is valid for electric field as well as for magnetic field?

[T JEE-2011]
(A) {_>}<_} (B) _’>%% (©) (D)

Acircular wire loop of radius R is placed in the x-y plane centred at the origin O. Asquare loop of side

a (a<<R) having two turns is placed with its centre at z = J3R along the axis of the circular wire loop,

as shown in figure. The plane of the square loop makes an angle of 45° with respect to the z-axis. If the
2

1,

mutual inductance between the loops is given by Zp% R’ thenthe value of p is [IIT JEE- 2012]
i
R L y
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18.

19.

20.

Aloop carrying current 'I' lies in the x-y plane as shown in the figure. The unit vector K is coming out of

the plane of the paper. The magnetic moment of the current loop is [T JEE-2012]
y

AL

A) a%Ik ®) (gﬂjazll? ©) —(gﬂ]azll? (D) (2n+1)a%Ik

A current carrying infinitely long wire is kept along the diameter of a circular wire loop, withouttouching
it. The correct statement(s) is (are) [T JEE-2012]
(A) The emfinduced in the loop is zero if the current is constant.

(B) The emfinduced in the loop is infinite if the current is constant.

(C) The emfinduced in the loop is zero if the current decreases at a steady rate.

(D) The emf induced in the loop is finite if the current decreases at a steady rate.

Paragraph for Q.No. 19 & 20
Apoint charge Q is moving in a circular orbit of radius R in the x-y plane with anangular velocity o. This

can be considered as equivalent to a loop carrying a steady current % . Auniform magnetic field along
T

the positive z-axis is now switched on, which increases at a constant rate from 0 to B in one second.
Assume that the radius of the orbit remains constant. The application of the magnetic field inducesan emf
in the orbit. The induced emf is defined as the work done by an induced electric field in moving a unit
positive charge around a closed loop. It is known that for an orbiting charge, the magnetic dipole moment
is proportional to the angular momentum with a proportionality constant y. [NT JEE-2013]

The change in the magnetic dipole moment associated with the orbit, at the end of the time interval
of the magnetic field change is

BQR?
= (D) BQR’

The magnitude of the induced electric field in the orbit at any instant of time during the time interval

of the magnetic field change is

A 2R (B) % (C) BR (D) 2BR

(A) ~BQR® B) 2% © 7

Paragraph for Q.No. 21 & 22

Athermal power plant produces electric power of 600 kW and 4000 V, which is to be transported to a
place 20 km away from the power plant for consumers' usage. It can be transported either directly with
a cable of large current carrying capacity or by using a combination of step-up and step-down transformers
at the two ends. The drawback of the direct transmission is the large energy dissipation. In the method
using transformers, the dissipation is much smaller. In this method, a step-up transformer is used at the
plant side so that the current is reduced to a smaller value. At the consumers' end, a step-down transformer
is used to supply power to the consumers at the specified lower voltage. It is reasonable to assume that
the power cable is purely resistive and the transformers are idealwith a power factor unity. All the
currents and voltages mentioned are rms values. [T JEE -2013]
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21.

22,

23.

24,

25.

In the method using the transformers, assume that the ratio of the number of turns in the primary to that
in the secondary in the step-up transformer is 1 : 10. Ifthe power to the consumers has to be supplied at
200 V, the ratio of the number of turns in the primary to that in the secondary in the step-down transformer
is

(A)200:1 (B)150:1 (C)100:1 (D)50:1

If the direct transmission method with a cable of resistance 0.4 Q km~ is used, the power dissipation
(in %) during transmission is

(A) 20 (B) 30 (©) 40 (D) 50

A conducting loop in the shape of a right angled isosceles triangle of height 10 cm is kept such that the
90° vertex is very close to an infinitely long conducting wire (see the figure). The wire is electrically
insulated from the loop. The hypotenuse of the triangle is parallel to the wire. The current in thetriangular
loop is in countercloskwise direction and increased at a constant rate of 10 As™. Which of the following
statement(s) is (are) true? [ITJEE 2016 (P-1)]

''''' | AN

(A) The magnitude of induced emf in the wire is (i ] volt

L,
(B) Ifthe loop is rotated a constant angular speed about the wire, an additional emf of ( . ] voltis

induced inthe wire.
(C) The induced current in the wire is in opposite direction to the current along the hypotenuse.
(D) There is a repulsive force between the wire and the loop

Two inductors L (inductance 1 mH, internal resistance 3Q2) and L, (inductance 2 mH, internal resistance
4Q2), and aresistor R (resistance 12Q2) are all connected in parallel across a 5V battery. The circuit is
switched onat time t = 0. The ratio of the maximum to the minimumcurrent (1__ /1 . ) drawn fromthe
battery is [NTJIEE 2016 (P-1)]

Arigid wire loop of square shape having side of length L and resistance R is moving along the x-axis with
a constant velocity v, inthe plane of the paper. At t =0, the right edge of the loop enters a region of length
3L where there is a uniform magnetic field B into the plane of the paper, as shown in the figure. For
sufficiently large v,, the loop eventually crosses the region. Let x be the location of the right edge of the
loop. Let v(x), 1(x) and F(x) represent the velocity of the loop, current in the loop, and force onthe loop,
respectively, as a function of x. Counter-clockwise current is taken as positive. [IIT JEE 2016 (P-2)]
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Which of the following schematic plot(s) is(are) correct? (Ignore gravity)

V(X) IA£X)

3 \
3L 4L
Q ®) T
——————>x /
0 L 2L 3L 4L
F(x)

(D) [0 |_ oL 3:L 4L

I | } : E:#X §
0 L 2L 3L 4L /

Acircular insulated copper wire loop is twisted to form two loops of area Aand 2A as shown in the
figure. At the point of crossing the wires remain electrically insulated from each other. The entire loop lies

in the plane (of the paper). A uniform magnetic field B points into the plane of the paper. Att =0, the
loop starts rotating about the common diameter as axis with a constant angular velocity @ in the magnetic
field. Which of the following options is/are correct? [T JIEE 2017 (P-1)]

(A) The rate of change of the flux is maximum when the plane of the loops is perpendicular to planeof the
paper

(B) The net emf induced due to the both the loops is proportional to cos ot

(C) The emf induced in the loop is proportional to the sum of the areas of the two loops

(D) The amplitude of the maximum net emf induced due to both the loops is equal to the amplitude of
maximum emf induced in the smaller loop alone
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28.

29.

A source of constant voltage V is connected to a resistance R and two ideal inductors L, and L, through
aswitch S as shown. There is no mutual inductance between the two inductors. The switch S is initially
open. Att =0, the switch is closed and current begins to flow. Which of the following options is/are

correct? [ITJEE 2017 (P-2)]
| VoL, ANEYYY
(A) After a long time, the current through L, withbe RL,+L, R
L L
V I—1 Vv 1 2

(B) After a long time, the current through L, will be ‘& L +L,

(C) The ratio of the currents through L, and L, is fixed at all times (t > 0)

V
(D) Att =0, the current through the resistance R is r

Inthe figure below, the switches S, and S, are closed simultaneously at t =0 and a current starts to flow
in the circuit. Both the batteries have the same magnitude of the electromotive force (emf) and the
polarities are as indicated in the figure. Ignore mutual inductance between the inductors. The current I'in
the middle wire reaches its maximum magnitude |, at time t =t. Which of the following statements is

(are) true? [NT JEE 2018 (P-1)]
R L R 2L
il -
v | — Vv
A) | —l B) | —i C r—LInZ D r—£|n2

A conducting wire of parabolic shape, initially y = X, is moving with velocity V = Vof inanon-uniform

b
- Y g o .
magnetic field B = By (1+ (Ej ] K, as shown in figure. If\V/, B,. L and B are positive constants and

A¢ is the potential difference developed between the ends of the wire, then the correct statement(s)
is/are: [JEE ADVANCED 2019]

1
(A) |Ag| :EBOVOL forp=0 yA OB

(B) |A¢| is proportional to the length of the wire projected onthe y-axis | |
© |A¢| remains the same if the parabolic wire is replaced by a straight PV = V,i

wire, y=x initially, of length /2|

4
(D) |Ad)| =§BOVOLfor B=2
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30. A 10cmlong perfectly conducting wire PQ is moving with a velocity 1 cm/s on a pair of horizontal rails
of zero resistance. One side of the rails is connected to an inductor L =1 mH and a resistance R =1 Q
as shown infigure. The horizontal rails, L and R lie in the same plane with a uniform magnetic field B = 1
T perpendicular to the plane. Ifthe key S is closed at certain instant, the current in the circuit after 1
millisecond is x x 103 A, where the value of x is
[Assume the velocity of wire PQ remains constant (1 cm/s) after key S is closed.

academy

Given: et =0.37, where e is base of the natural logarithm] [JEEADVANCED 2019]
X B P & ®
|
1 wp | CIV/S
R %
A
® S Q g ®
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10.

11.
13.

14.

EXERCISE (S-1)
(@) 2.4 x 10V, lasting 2s; (b) 0.6 x 10~*V, lasting 8s
(@) 1.5x 10-3V, (b) West to East, (c) Eastern end

mgR
AV, B, 4. 2N 522
Vertical component of B=5.0 x 10#sin30°=2.5x 10*T
e=B/v

e=25x%x10"x25x500=3125V
The emfinduced is 3.1 V (using significant figures). The direction of the wing is immaterial (as long as it is
horizontal) for this answer

(@) le] =vBl=0.12x0.50%0.15=9.0mV ;
P positive end and Q negative end.
(b) Yes. When Kis closed, the excess charge is maintained by the continuous flow of current.
() Magnetic force is cancelled by the electric force setup due to the excess charge of opposite
signs at the ends of the rod.
(d) Retarding force = I1BI

_9mV
ImQ
(e) Power expended by an external agent against the above retarding force to keep the rod moving
uniformly at 12 cms™
=75x103x12x102=9.0x 103 W
® PR=1x1%x9x%x10%=9.0x10°W
The source of this power is the power provided by the external agent as calculated above.
(0)) Zero: motion of the rod does not cut across the field lines. [Note: length of PQ has been considered
above to be equal to the spacing between the rails.]

100V 9. Inducedemf=8x2x10%x0.02=3.2x10°V

x0.5Tx0.15m =75x10°N

erk . ) . . .
om directed along tangent to the circle of radius r, whose centre lies on the axis of cylinder.

Induced emf=12.96x10-°V, induced current = 2.88x102A 12. 75x10°%V
Flux through each turn of the loop = ntr?B cos (wt)
€ = -Naonr?B sin (ot)
€. = —Nonr2B
=20x50x Tt x 64 x 104 x 3.0 x102=0.603 V
e__Iszero overacycle

avi

I, =0.0603A
= Le 1 —0o018W
average 2

The induced current causes a torque opposing the rotation of the coil. An external agent (rotor) must
supply torque (and do work) to counter this torque in order to keep the coil rotating uniformly. Thus, the
source of the power dissipated as heat in the coil is the external rotor.

Bra’h ~
- k 16. 4H 17. E =65V 18. )
MR =65 8 0.8

0.75 Tesla 15.
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4 LE e EL
19. | 20 o 21 o 2. o
23.  (a)10°A/s (b) 0 (c) 2A (d) 1004/3 uC 24. 30 Wh.
25. M :“_o""n(“i]; £=1.7x10°V
27 X
EXERCISE (S-2)
1. (i) 85.22 Tm?; (i) 56.8 V; (iii) linearly 2. (i) 2.4 x10°° V (ii)
fromctob
3. (i) 3.3x 10%A, (ii) 1.1x 10" W, (iii) totally unrealistic
E W ] S
3w 4
L . b 2
4., 5, HoholpN G 0 g 1B g 1P
s 21 a 2 dt 4
F — —i
ER,
1. 8. 67/32 A
R,R, +R,R; +R, R,
9. ()i, =i,=10/3 A, (ii)i; =50/11A;i,=30/11A, (ii))i; =0,i,=20/11A, (iv)i,=i,=0
— 7 . — 3 . — 1
10.  42+20tvolt I ey Allgem g Ailee =55 A
12 V=1msL R, =047Q, R,=0.30Q
2 -Rt/L
1 _ or h—e ] . mgr B2r4
- = 2 - P _ a-RUL
13. (@ E > Bor= (b) (i) | R (i) T > cosot + R (1-eRUh
. mgR g v N
14, (1) Viemina = 5272 ; (i) 5 15. - R e L
. Bgav . . o . .
16. (@i= R inanticlockwise direction, v = velocity at time t,
Ba’t
mgR -
(b) Foe=By2@2VIR, () V= 292 1-e ™
Bia
u ia’n 1
17.  10pVv 18. 0 19. =A 20. 04V
2Rb 3
. 1 1
21.  3pV, clockwise 22. Cna®/R 23.  200rad/sec  24. EA’ EA

2 =Q,sin it+E
25.  kMT?/(R) 26. q4="=% ‘/LC 5
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EXERCISE (O-1)
1. C 2. A 3. D 4. C 5. A 6. A 7. B
8. C 9. A 10. B 11. A 12. C 13. A 14. D
15. C 16. A 17. A 18. D 19. D 20. B 21. D
22. B 23. D 24. A 25. C 26. A 27. C 28. A
29. B 30. C 31. A 32. C 33. B 34. D 35. B
36. B 37. A 38. A 39. A 40. C 41. B 42. A
43. B 44, A 45, D 46. A 47. B 48. A 49. B,C
50. AB 51. B 52. A 53. D 54. B,D 55. B.D 56. A
57. B 58 A,C,.D 59 A,C 60. D 61. B 62. C 63. C
64. C 65 B 66 B

EXERCISE (O-2)
1. A 2. B 3. B 4. A 5. C 6. D 7. D
8. A 9. D 10. A 11. B 12. A 13. A 14. C
15. A 16. C 17. D 18. A 19. D 20. D 21. D
22. A,B,C 23. AD 24. A, B 25. A,C,D 26. BD 27. D 28. B
29. D 30. B 31. B,D 32. C 33. D

EXERCISE (JM)
1. 2 2. 1 3. 4 4. 4 5. 4 6. 2 7. 3
8. 3 9. 2 10. 2 11. 4 12. 1 13. 4 14. 1
15. 3 16. 1 17. 2 18. 1 19. 3 20. 2 21. 1
22. 3 23. 1 24. 4 25. (175) 26. 2 27. 1 28. (10.00)

EXERCISE (JA)

4

1. B 2. g(r1 -1,) 3 A 4, BD 5. B 6. D 7. C
8. A 9. A 10. C 11. (A—Q;(B)>RS;(C)»S;(D)»>PQR;
12. D 13. BD 14. (A)—PQT; (B> Q; (C)—»S;(D)—>S 15. C
16. 7 17. B 18. AC 19. B 20. B 21. A 22. B
23. AD 24. 8 25. AB 26. AD 27. ABC 28. BD 29. BCD

30. 0.63
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