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PHYSICS FOR JEE MAINS & ADVANCED

| SOLVED EXAMPLES '

Ex.1 A circular coil of radius R is moving in a magnetic field B with a velocity v as shown in the figure.

Find the emf across the diametrically opposite points A and B.
Sol. emf= BVI =2RvB

cffective

Ex.2  Find the emf induced in the rod in the following cases. The figures are self explanatory.

1 y 1B

V
(@ o) B (©) V

4 B

Sol. (@ here V||B So vxB=0
emf= /-(VxB)=0
)  here V|7
Soemf= /-(¥xB)=0
(©  here B 7
Soemf= /-(¥xB)=0

Ex.3  Find the emf across the points P and Q which are diametrically opposite points

of a semicircular closed loop moving in a magnetic field as shown.Also draw ® B
the electrical equivalent circuit of each branch. B . —V
- a Q
Sol. here v || £

Soemf= /-(¥xB)=0

Induced emf=0 pe—/ \\\\——2Q P Q
. o . . S R
Ex.4  Figure shows a rectangular loop moving in a uniform magnetic field .Show the
electrical equivalence of each branch. q ®B q—V
Q

BV

Sol. BV
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Ex.5

Sol.

Ex.6

Sol.

Ex.7

Sol.

Ex.8

Sol.

Ex.9

Sol.

Find the emf across the points P and Q which are diametrically opposite points

of a semicircular closed loop moving in a magnetic field as shown. Also draw ®B
the electrical equivalence of each branch. b a

pe—/AW\——Q

I f=2B
nduced em av 2Bav

A rod of length 1 is rotating with an angular speed o about its one end which

is at a distance ‘a’ from an infinitely long wire carrying current i. Find the emf : o

induced in the rod at the instant shown in the figure.

. . ,
Mol Hoo1 T |
E=|———— x(t).(dr) = E= dr
J‘27t(a+rcose) (re). (dr) 2n J(;a+rcose
[
|
_ Ryio a a+/cosO
=— | /- In
21 cos 0 cosO a
A rod PQ of length 27 is rotating about its mid point C, in a uniform magnetic X B

field B which is perpendicular to the plane of rotation of the rod. Find the P—%_Q
induced emfbetween P Q and PC. Draw the circuit diagram of parts PC and CQ. c

20
Bw¢* Bw/

£ —0:emf, — BOC -—’\/\/\N‘—ﬁ—*—{lz—’\/W\/‘—-
emf, =0;emf, = S b & 2
Figure shows a rod of length ¢ and resistance r moving on two rails shorted by "\40(\1”“9

. . . . 0 R

aresistance R.A uniform magnetic field B is present normal to the plane of rod by ©B
and rails .Show the electrical equivalence of each branch.

Fixed conducting
thick rails

BNV

Find the velocity of the moving rod at time t if the initial velocity of the rod is v

d —F a
and a constant force F is applied on the rod. Neglect the resistance of the rod. R3 et VA o
) -
At any time t, let the velocity of the rod be v . dg B @
iy (dt
i
—F q
g N
. -q
ilB <—i ®B
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Applying Newtons law: F —ilB =ma ..
Also Bfv=iR= 4
c
Applying Kcl,
.. dq _Bwv d . BV
1:11+E:T+a(BKVc) or i= T-IrB!iCa

2

dv
Putting the value ofiineq (1), F— v_ (m+ B2/*C)a=(m + B%*/*C) m

d
(m+B22C) ———— =t

P B*(?v
R
Integrating both sides, and solving we get
B
FR | ROM+CB)

VT B2,2

Ex.10  Find the mutual inductance of a straight long wire and a rectangular loop, as

shown in the figure |
@ b
b X
Sol.
X
' dr
Wi X+a i i
_Fo _ 0
do=2 xbdr = o= [ xbar
X
b a
M= /i = M—”Lln{n—j
2n X
w
P ) Q
Ex.11  Arod PQ oflength ¢ is rotating about end P, with an angular velocity . Due to centrifu- /

gal forces the free electrons in the rod move towards the end Q and an emf is created. ) [
Find the induced emf.

Sol. The accumulation of free electrons will create an electric field which will finally balance the centrifugal forces and a
steady state will be reached. In the steady state m w’x = e E.

x=/ 14 2 2,2
= . m.® X
VP_V = J.E.dX:J‘ < dx :M
Q 2o y € 2e

Ex.12  Which of the two curves shown has less time constant.

Sol. curve 1
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Exercise # 1

1.

An inductor coil stores energy U when a current i is passed through it and dissipates heat 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 :

4U U 2U 2P
O~ ®) 5 © 5 ®) T

A metal rod of resistance 20 Q is fixed along a diameter of conducting ring of radius 0.1 m and lies in x-y plane. There
is a magnetic field B= (50T)1A< . The ring rotates with an angular velocity ® = 20 rad/s about its axis. An external
resistance of 10 Q is connected across the centre of the ring and rim. The current through external resistance is

1

(A) %A (B) %A ©3A (D) zero
L,=3H
“BEC00™

Two inductor coils of self inductance 3H and 6H respectively are connected
with a resistance 10€2 and a battery 10 V as shown in figure. The ratio of total

energy stored at steady state in the inductors to that of heat developed in S
resistance in 10 seconds at the steady state is(neglect mu

tual inductance between L and L, ): “10 V00
A L B L C L D)1

()10 ()100 ()1000 (D)

A non conducting ring of radius R and mass m having charge q uniformly
distributed over its circumference is placed on a rough horizontal surface. A
vertical time varying uniform magnetic field B = 4t? is switched on at time t=0.
The coefficient of friction between the ring and the table, if the ring

starts rotating at t =2 sec, is :

4gmR 2gmR 8gR
Fqmy (B) Zqmy (©) oqR

mg

A)

A conducting wire frame is placed in a magnetic field which is directed
into the paper. The magnetic field is increasing at a constant

rate. The directions of induced currents in wires AB and CD are :
(A)BtoAandDto C (B)AtoBand Cto D
(C)AtoBandDto C (D)BtoAandCtoD

When the current in the portion of the circuit shown in the figure is 2A
and increasing at the rate of 1A/s, the measured potential difference a
V. —V, =8V.However when the current is 2A and decreasing at the rate of

1A/s, the measured potential difference V,—V, =4V. The -
values of R and L are :
(A) 3 ohm and 2 Henry respectively (B) 2 ohm and 3 Henry respectively R

(C) 10 ohm and 6 Henry respectively (D) 6 ohm and 1 Henry respectively
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7.

10.

11.

54

The battery shown in the figure is ideal. The values are €= 10 V,R=5€2, L=2H
. Initially the current in the inductor is zero. The current through the T ¢ R L

battery at t = 2s is
(A)12A (B)7A (O)3A (D) none of these

In the figure shown a square loop PQRS of side 'a' and resistance 't' is
placed near an infinitely long wire carrying a constant current I. The sides
PQ and RS are parallel to the wire. The wire and the loop are in the same Q

plane. The loop is rotated by 180° about an axis parallel to the long wire I+ Rl
and passing through the mid points of the side QR and PS. The total Il
amount of charge which passes through any point of the lea _f’ S
loop during rotation is : ca=
(A) *;O—gf m2 (B) “;_f‘ n2
uOIa2 . . .
© o (D) cannot be found because time of rotation not give.

Fig. shows a conducting loop being pulled out of a magnetic field with a constant speed v. Which of the four plots
shown in fig. may represent the power delivered by the pulling agent as a function of the constant speed v.

Pa
5 C
—sV B
>V
(A)A (B)B
(]e (D)D

A conducting rod AB moves with a uniform velocity v in a constant magnetic field as shown in fig.

A
v—>
B

(A) The rod becomes hot because of Joule heating  (B) The end A becomes positively charged
(C) The end B become positively charged (D) The rod becomes electrically charged

A conducting ring lies fixed on a horizontal plane. If a charged nonmagnetic particle is released from a point
(on the axis) at some height from the plane, then :

(A) an induced current will flow in clockwise or anticlockwise direction in the loop depending upon the
nature of the charge

(B) the acceleration of the particle will decrease as it comes down

(C) the rate of production of heat in the ring will increase as the particle comes down

(D) no heat will be produced in the ring.
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12.

14.

15.

16.

17.

18.

A uniform magnetic field, B = Bt (where B, is a positive constant),
fills a cylindrical volume of radius R, then the potential difference R
in the conducting rod PQ due to electrostatic field is :

5 02 P Q
(A) BytR2 + £ (B) Byly[R? == 5

(C) Byl VR? —¢? (D) ByRVR?* —¢? ]

When induced emfin inductor coil is 50% of its maximum value 1oz o
then stored energy in inductor coil in the given circuit will be : - VWA
(A) 2.5m] (B) 5mJ

O©)15mJ (D)20mJ T
Some magnetic flux is changed in a coil of resistance 10 ohm. As a i (@amp)

result an induced current is developed in it, which varies with time as 4

shown in figure. The magnitude of change in flux through

the coil in Webers is (Neglect self inductance of the coil)

(4)2 (B)4 B “
©)6 D)8 o

Abar magnet is released at one end from rest coaxially along the axis of a very long fixed, vertical copper tube. After
some time the magnet

(A) will move with an acceleration g (B) will move with almost constant speed

(C) will stop in the tube (D) will oscillate

A conducting disc of radius R is placed in a uniform and constant magnetic
field B parallel to the axis of the disc. With what angular speed should the disc
be rotated about its axis such that no electric field develops in the \@
disc.( the electronic charge and mass are e and m)

eB ¢B
(/\)2— B) —
m m
C 2Tm D nm
© B D) B

A closed circuit consists of a resistor R, inductor of inductance L and a source of emf E are connected in
series. If the inductance of the coil is abruptly decreased to L/4 (by removing its magnetic core), the new
current immediately after this moment is : (before decreasing the inductance the circuit is in steady state)

(A) zero (B) E/R © 4% D) —

A solenoid having an iron core has its terminals connected across

an ideal DC source and it is in steady state. If the iron core is

removed, the current flowing through the solenoid just

after removal of rod

(A) increases (B) decreases

(C) remains unchanged (D) nothing can be said
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19.

20.

21.

22.

23.

24.
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When the current in a certain inductor coil is 5.0 A and is increasing at the rate of 10.0 A/s, the magnitude of
potential difference across the coil is 140 V. When the current is 5.0 A and decreasing at the rate of 10.0 A/s,
the potential difference is 60 V. The self inductance of the coil is :

(A)2H (B)4H (C) 10H (D) 12H

The SI unit of inductance, the Henry, can be written as:
(A) Weber/ampere (B) Volt—second/ampere
(C) Joule/(ampere)? (D) Ohm-second

In the circuit diagram shown

R
A R
L
(A) time constant is L/R (B) time constant is 2L/R
(C) steady state current in inductor is 2&/R (D) steady state current in inductor is &/R

A conducting loop rotates with constant angular velocity about its fixed diameter in a uniform magnetic field
in a direction perpendicular to that fixed diameter.

(A) The emf will be maximum at the moment when flux is zero.
(B) The emf will be '0" at the moment when flux is maximum.
© The emf will be maximum at the moment when plane of the loop is parallel to the magnetic field

(D) The phase difference between the flux and the emf is ©/2

A super conducting loop having an inductance 'L' is kept in a magnetic field which is varying with respect to time.
If ¢ is the total flux, € = total induced emf, then:
(A) ¢ = constant (B)I=0 (©)e=0 (D)e=0

A conducting rod of length ¢is moved at constant velocity ‘v’ on two

parallel, conducting, smooth, fixed rails, that are placed in a uniform
constant magnetic field B perpendicular to the plane of the rails as shown

. . . B —V
in figure. A resistance R is connected between the two ends of Rz ® 0

®
X
the rail. Then which of the following is/are correct : S * m—

(A) The thermal power dissipated in the resistor is equal to rate of work done by external
person pulling the rod.
(B) If applied external force is doubled than a part of external power increases the velocity of rod.
(C) Lenz’s Law is not satisfied if the rod is accelerated by external force
(D) If resistance R is doubled then power required to maintain the constant velocity v, becomes half.

An LR series circuit with a battery is connected at t =0. Which of the following quantities are zero just after the
connection ?

(A) current in the circuit

(B) magnetic field energy in the inductor

(C) power delivered by the battery

(D) emf induced in the inductor
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26.

27.

A conducting ring is placed in a uniform magnetic field with its plane perpendicular to the field. An emf'is induced
in the ring if

(A) it is rotated about its axis (B) it is translated

(C) it is rotated about a diameter (D) itis deformed

An LR series circuithas L=1 H and R=1 Q. It is connected across an emf of 2 V. The maximum rate at which energy
is stored in the magnetic field is :

(A) The maximum rate at which energy is stored in the magnetic field is I1W
(B) The maximum rate at which energy is stored in the magnetic field is 2W
(C) The current at that instant is 1 A
(D) The current at that instant is 2 A
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Exercise # 2

1. The radius of the circular conducting loop shown in figure is R. . . . ‘
Magnetic field is decreasing at a constant rate o.. Resistance per unit : A@)B( :
length of the loop is p. Then current in wire AB is (AB is one of the x X x
diameters) : . . :
(A) Iz{—g fromAto B (B) I;_;x fromB to A ©) ZRTu fromAto B (D) Zero

2. A square frame of wire of side | and resistance R moves in its plane with \ \ b \ X
a uniform velocity v perpendicular to one of its sides. A uniform and : : : : V%) :\
constant magnetic field B exists along the perpendicular to the plane X X X % X <X
of the loop in fig. The current induced in the
3loop is -
(A) 2BIu/R anticlockwise  (B) Blu/R anticlockwise  (C) Blu/R clockise (D) zero

3. Consider the conducting square loop shown in fig. If the switch is
closed and after some time it is opened again, the closed loop will |:|

show }_/
s

(A) a clockwise current-pulse
(B) an anticlockwise current-pulse
(C) an anticlockwise current-pulse and then a clockwise current-pulse

(D) a clockwise current-pulse and then an anticlockwise current-pulse

4. Solve the previous question if the square loop is completely enclosed in the circuit containing the switch.
(A) a clockwise current-pulse
(B) an anticlockwise current-pulse
(C) an anticlockwise current-pulse and then a clockwise current-pulse

(D) a clockwise current-pulse and then an anticlockwise current-pulse

5. A small, circular loop of wire is placed inside a long solenoid carrying a current. The plane of the loop contains the
axis of the solenoid. If the current in the solenoid is varied, the current induced in the loop is
(A) anticlockwise (B) clockwise (C) zero
(D) clockwise or anticlockwise depending on whether the resistance in increased or decreased.

6. Two circular coils A and B are facing each other as shown in figure. A B

The current i through A can be altered
(A) there will be repulsion between A and B ifi is increased

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

(C) there will be neither attraction nor repulsion when 1 is changed

(D) attraction or repulsion between A and B depends on the direction >
of current.

It does not depend whether the current is increased or decreased.

58



ELECTROMAGNETIC INDUCTION

10.

11.

In figure a bar magnet is moved along the axis of a copper ring, an anticlockwise (as seen from the side of magnet)
current is found to be induced in the ring. Which of the following may be true ?

(A) The north pole faces the ring and the magnet moves away from 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 fromit. e ]

(D) The south pole faces the ring and the magnet moves towards it ¥__/

A horizontal solenoid is connected to a battery and a switch (figure). A

conducting ring is placed on a frictionless surface, the axis of the ring !
being along the axis of the solenoid. As the switch is closed, the AT Ty

ring will |_/

(A) move towards the solenoid

(B) remain stationary
(C) move away from the solenoid
(D) move towards the solenoid or away from it depending on

which terminal (positive or negative) of the battery is connected to the left end of the solenoid.

Two identical conductors P and Q are placed on two frictionless fixed P Q g

conducting rails R and S in a uniform magnetic field directed into the

plane. If P is moved in the direction shown in figure with a constant

speed, then rod Q R V—o

(A) will be attracted towards P S

(B) will be repelled away from P

(C) will remain stationary

(D) may be repelled or attracted towards P

In the figure shown, the magnet is pushed towards the fixed ring \\

along the axis of the ring and it passes through the ring. A l|B D]

(A) when magnet goes towards the ring the face B becomes south /I B & A are right & left
pole and the face A becomes north pole »  faces respectively

(B) when magnet goes away from the ring the face B becomes northpole and the face A becomes south pole
(C) when magnet goes away from the ring the face A becomes north pole and the face B becomes south pole

(D) the face A will always be a north pole.

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

(A) the current in each loop will decrease
(B) the current in each loop will increase
(C) the current in each loop will remain the same

(D) the current in one loop will increase and in the other loop will decrease
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12.

13.

14.

16.

17.

18.

60

c D
A square coil ACDE with its plane vertical is released from rest in a IL
E

horizontal uniform magnetic field B of length 2L. The acceleration of
the coil is

2L
(A) less than g for all the time till the loop crosses the magnetic field completely

(B) less than g when it enters the field and greater than g when it comes out of the field
(C) gall the time

(D) less than g when it enters and comes out of the field but equal to g when it is within the field

A and B are two metallic rings placed at opposite sides of an infinitely long straight @

conducting wire as shown. If current in the wire is slowly decreased, the direction
of induced current will be :

(A) clockwise in A and anticlockwise in B (B) anticlockwise in A and clockwise in B
(C) clockwise in both A and B (D) anticlockwise in both A & B

A metallic ring with a small cut is held horizontally and a magnet is allowed to fall vertically through the ring
then the acceleration of the magnet is :

(A) always equal to g
(B) initially less than g but greater than g once it passes through the ring
(C) initially greater than g but less than g once it passes through the ring
(D) always less than g

Awire of length ¢ is moved with a constant velocity V ina magnetic field. A potential difference appears across the
two ends

(A)if vl 7 B)if V| B © if /]| B (D) none of these

A neutral metallic ring is placed in a circular symmetrical uniform magnetic field with its plane perpendicular
to the field. If the magnitude of field starts increasing with time, then:

(A) the ring starts translating (B) the ring starts rotating about its axis
(C) the ring slightly contracts (D) the ring starts rotating about a diameter
In the given arrangement, the loop is moved with constant velocity v in <
b
auniform magnetic field B in a restricted region of width a. The time —
for which the emfis induced in the circuit is: T
b

2b 2a oe
(A) — (B) —

v v

a+b 2(a—b)
(© &x®) o) =

v v

The resistanceless wire AB (in figure) is slid on the fixed rails with a constant velocity. If the wire AB is replaced by
aresistanceless semi circular wire, the magnitude of the induced current will

(A) decrease % —>v
(B) remain the same

(C) increase

(D) increase or decrease depending on whether the semicircle bulges towards the resistance or away from it.
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19.

20.

21.

22.

23.

24.

A uniform magnetic field exists in region given by B=3i + 43 +5 k. Arod of length 5 mis placed along y—axis is

moved along x —axis with constant speed 1 m/sec. Then induced e.m.f. in the rod will be:
(A) zero (B)25v (C)20v (D)15v
A thin semicircular conducting ring of radius R is falling with its

plane vertical in a horizontal magnetic induction Ié . At the position MNQ the speed of the ring is v then the
potential difference developed across the ring is:

BvnR?

)
Z

(A) zero (B)

and M is at higher potential

3

(C) mRBV and Q is at higher potential (D) 2 RBV and Q is at higher potential.

An equilateral triangular loop ADC having some resistance is pulled

A
with a constant velocity v out of a uniform magnetic field directed
into the paper. At time t = 0, side DC of the loop is at edge of the
magnetic
field. The induced current (i) versus time (T) graph will be as D . X G
i i i i
A) (B) © D) b‘
>t t t t
. . . P
Figure shows a square loop of side 1 m and resistance 1 Q. The mag- B=0
netic field on left side of line PQ has a magnitude B = 1.0T. The work
done in pulling the loop out of the field uniformly in 1 s is v
A1 (B)10J
(©0.17J (D)100] :
A constant force F is being applied on a rod of length ' ¢ ' kept at rest on ®B
two parallel conducting rails connected at ends by resistance R in R 2 |

uniform magnetic field B as shown.
(A) the power delivered by force will be constant with time

(B) the power delivered by force will be increasing first and then it will decrease
(C) the rate of power delivered by the external force will be increasing continuously

(D) the rate of power delivered by external force will be decreasing continuously before becoming zero.

For the situation shown in the figure, flux through the square loop is :

Hoia a Hoib a
(A)( e jfn(za—bj (B) [ o J(n[%—a)

Hoib a Woia ), (28
© (42 )m(5%) o (1522
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25.

26.

27.

28.

29.

30.
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AB and CD are fixed conducting smooth rails placed in a vertical plane
and joined by a constant current source at its upper end. PQ is a A C
conducting rod which is free to slide on the rails. A horizontal uniform
magnetic field exists in space as shown. If the rod PQ is released

from rest then, . Pog——=Q.
(A) The rod PQ may move downward with constant acceleration el b

(B) The rod PQ may move upward with constant acceleration
(C) The rod will move downward with decreasing acceleration and finally acquire a constant velocity
(D) either A or B.

Along conductor AB lies along the axis of a circular loop of radius R. If

the current in the conductor AB varies at the rate of I ampere/sec

ond, then the induced emf in the loop is

IR
(B) % (©) % (D) zero

HoIR

IV

A rod of length 10 cm made up of conducting and non-conducting

material (shaded part is non-conducting). The rod is rotated with

constant angular velocity 10 rad/sec about point O, in constant and ©
uniform magnetic field of 2 Tesla as shown in the figure. The induced

emf between the point A and B of rod will be o

(A)0.029v (B)0.1v (C)0.051v (D) 0.064v

A conducting rod of length ¢ rotates with a uniform angular velocity ® about its perpendicular bisector. A uniform
magnetic field B exists parallel to the axis of rotation. The potential difference between the two ends of the rod is

1
(A) 2Bw 2 (B) E ®B /2 (C)Bw¢? (D) zero

A semicircular wire of radius R is rotated with constant angular velocity

o about an axis passing through one end and perpendicular to the ®B
plane of the wire. There is a uniform magnetic field of strength B. The
induced e.m.f. between the ends is: ’

(A) BwR?/2 (B) 2 B ®R? (C) isvariable (D) none of these

A conducting ring of radius r with a conducting spoke is in pure rolling on a

horizontal surface in a region having a uniform magnetic field B as shown,
v being the velocity of the centre of the ring. ) Syt

Then the potential difference V, -V, is

AE B3Bvr
&) = (B) =
C—Bvr D3Bvr
©) = ) =~
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31.

32.

33.

In a cylindrical region uniform magnetic field which is perpendicular to the plane of the figure is increasing with
time and a conducting rod PQ is placed in the region. If C is the centre of the circle then
(A) P will be at higher potential than Q.
(B) Q will be at higher potential than P.
(C) Both P and Q will be equipotential.

(D) no emf will be developed across rod as it is not crossing / cutting any line of force.

Figure shows a conducting disc rotating about its axis in a perpendicu- R

Ll

lar uniform and constnat magnetic field B. A resistor of resistance R is
connected between the centre and the rim. The radius of the disc is
5.0 cm, angular speed ®=40rad/s,B=0.10TandR=1Q.

The current through the resistor is
(A)5SmA (B)50A (O)5A (D) 10mA

A cylindrical space of radius R is filled with a uniform magnetic induc-

tion B parallel to the axis of the cylinder. If B changes at a constant
rate, the graph showing the variation of induced electric field with

distance r from the axis of cylinder is

E Ea

A) (B) \

Two different coils have self-inductance L, =8 mH, L, =2 mH. The current in one coil is increased at a constant rate.
The current in the second coil is also increased at the same 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 i,, V| and
W, respectively. Corresponding values for the second coil at the same instant are i,, V, and W, respectively. Then

(D)

[JEE - 94]
1 I
A —=— (B) -L=4
i, 4 iy
©¥2_y 0 21
W V

A uniform magnetic field of induction B is confined to a cylindrical region of radius R. The magnetic field is

dB
increasing at a constant rate of e (Tesla/second). An electron of charge q, placed at the point P on

the periphery of the field experiences an acceleration :

1 eR dB
(A) e toward left (B) l_eR —dB toward right
2 m dt 2 m dt
R dB
©) eR dB toward left (D) zero P
m dt
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36.

37.

38.

39.

40.

41.

42.

43.

Two inductors L, and L, are connected in parallel and a time varying current i flows as shown. The ratio of currents

i,/i, at any time t is L,
(AL, (B)L/L, 00—
L2 2 i i
) ——L D) L2
©) 5 ®) —2 T ——
(L, +L,) (L, +L,) iy N

A wire of fixed length is wound on a solenoid of length '¢' and radius 'r'. Its self inductance is found to be L. Now if

same wire is wound on a solenoid of length g and radius %, then the self inductance will be:

(A)2L (B)L (©)4L (D)SL
60 2mH

W 0000
current, and i, is steady state (at t = o0) current through the battery :

(A)10 (B)03 1 %ﬂ §4Q

©12 D)1.5 T

In the given circuit find the ratio of i, to i,. Where i, is the initial (at t = 0)

In an LR circuit current at t = 0 is 20 A. After 2s it reduces to 18 A. The time constant of the circuit is
(in second):

(A)In (%] (B)2
© 2 (D)21n (Ej
In (l()j 9

Two coils are at fixed locations. When coil 1 has no current and the current in coil 2 increases at the rate 15.0 A/s the
e.m.f. in coil 1 in 25.0 mV, when coil 2 has no current and coil 1 has a current of 3.6 A, flux linkage in coil 2 is

(A) 16 mWb (B) 10mWb (C)4.00 mWb (D) 6.00 mWb

In a series L-R growth circuit, if maximum current and maximum induced emf in an inductor of inductance
3mH are 2A and 6V respectively, then the time constant of the circuit is :

(A) 1 ms. (B) 1/3 ms. (C) 1/6 ms (D) 1/2 ms

Two coils of self inductance 100 mH and 400 mH are placed very close to each other. Find the maximum mutual
inductance between the two when 4 A current passes through them

(A)200mH (B)300mH (©)100 «/E mH (D) none of these

A rectangular loop of sides “a“ and ‘b * is placed in xy plane. A very long wire is also placed in xy plane such that
side of length “a ‘ of the loop is parallel to the wire. The distance between the wire and the nearest edge of the loop
is “d‘. The mutual inductance of this system is proportional to:

(A)a (B)b (O RY! (D) current in wire
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44.

45.

46.

47.

The frequency of oscillation of current in the inductor is:

1 1 L 2L
A) —— B) ———— — B850 —— 88505
3,LC 6m4LC |1C
| | il
©€) — D) ——— | 12C€
JL C 271 4/LC I

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

BoR o7k Ho
()= B =3 © D)0

- iy , , . i w—
A circuit containing capacitors C, and C,as shown in the figure are in steady 20V R

state with key K, closed. At the instant t = 0, if K, is opened and K, is K

closed then the maximum current in the circuit will be : C,=2pF C,=2uF

]: K,

L=0.2mH

(A) 1A (B) %A

(O)2A (D) None of these

In the given LC circuit if initially capacitor C has charge Q on it and 2C has charge 2Q .The polarities are as shown
in the figure. Then after

c
closing switch Satt=0 <S~’><t=—0+i —
(A) energy will get equally distributed in both the capacitor just after closing the switch. T
(B) initial rate of growth of current in inductor will be 2Q/3CL
(C) maximum energy in the inductor will be 3Q%2C
(D) none of these

L

I
SIS
2C
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m) [Assertion & Reason Type Questions] -

In each of the following questions, a Assertion of Statement -1 and Statement - 2 of Reason.

66

(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

Statement-1 :

Statement-2 :

Statement-1 :

Statement-2 :

Statement-1 :

Statement-2 :

Two coaxial conducting rings of different radii are placed in space. The mutual inductance
of both the rings is maximum if the rings are coplanar also.

For two coaxial conducting rings of different radii, the magnitude of magnetic flux in one
ring due to current in other ring is maximum when both rings are coplanar.

A resistance R is connected between the two ends of the parallel smooth conducting rails.
A conducting rod lies on these fixed horizontal rails and a uniform constant magnetic field
B exists perpendicular to the plane of the rails as shown in the figure. If the rod is given a
velocity v and released as shown in figure, it will stop after some time. The total work done
by magnetic field is negative.

®B Aixed

R —> v

If force acts opposite to direction of velocity its work done is negative.

Consider the arrangement shown below. A smooth conducting rod, CD, is lying on a smooth
U-shaped conducting wire making good electrical contact with it. The U-shape conducting wire
is fixed and lies in horizontal plane. There is a uniform and constant magnetic field B in vertical
direction (perpendicular to plane of page in figure). If the magnetic field strength is decreased,
the rod moves towards right.

D rod
B
perpendicular
to page

C

In the situation of statement-1, the direction in which the rod will slide is that which tends to
maintain constant flux through the loop. Providing a larger loop area counteracts the decrease in
magnetic flux. So the rod moves to the right independent of the fact that the direction of
magnetic field is into the page or out of the page.
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Exercise # 3

1. A square loop of conducting wire is placed symmetrically near a long straight current carrying wire as shown.
Match the statements in column-I with the corresponding results in column-II.

Column-I Column-II
(A) If the magnitude of current I is increased (P) Current will induce in clockwise direction
in the loop
(B) If the magnitude of current I is decreased (Q) Current will induce in anticlockwise direction
in the loop
(C) If the loop is moved away from the wire (R) wire will attract the loop
(D) If the loop is moved towards the wire (S) wire will repel the loop

(T) loop will rotate when current changes.

2. The magnetic field in the cylindrical region shown in figure increases at a constant rate of 10.0 mT/s Each side
of the square loop abcd and defa has a length of 2.00 cm and resistance of 2.00 Q . Correctly match the
current in the wire 'ad' in four different situations as listed in column-I with the values given in column-II.

Column-I Column-I1
(A) the switch S is closed but S, is open (P)5x107A,dtoa
(B) S, is open but S, is closed (Q)5x107A,atod
(C) both S, and S, are open (R)2.5x10%A,dtoa
(D) both S and S, are closed. (S)2.5x10%A,atod

(T) No current flows
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m) [Comprehension Type Questions] -
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Comprehension # 1

L,R
—e—T00000 ——
An inductor having self inductance L with its coil A B
resistance R is connected across a battery of emf €. When
the circuit is in steady state at = 0 an iron rod is inserted
into the inductor due to which its [
inductance becomes n L (n > 1). |‘|€
After insertion of rod which of the following quantities will change with time ?
(1) Potential difference across terminals 4 and B.
(2) Inductance.
(3) Rate of heat produced in coil
(A) only (1) (B) (1) &(3) (C) Only (3) D) (D), (2) &(3)
After insertion of the rod, current in the circuit :
(A) Increases with time (B) Decreases with time
(C) Remains constant with time (D) First decreases with time then becomes constant
When again circuit is in steady state, the current in it is :
(A)I<e/R (B)I>¢/R (O)I=¢/R (D) None of these

Comprehension # 2

Figure shows a conducting rod of negligible resistance that can slide on smooth U-shaped rail made of wire
of resistance 1Q2/m. Position of the conducting rod at t = 0 is shown. A time t dependent magnetic field
B = 2t Tesla is switched on at t = 0.

L] ° L] [ ] L] L] [ ] L]
° [ o [ ] [ ] o [ ] [
£
o 8f]e ° ° ° ° ° °
N Conducting
[ ] [} [ ] [ ] [ [ ] [ ] Ro.d
[ ] [ ] [ ] =.40C. [ ] ®
L] [ J ® L] [ J L]
The current in the loop at t = 0 due to induced emf is
(A) 0.16 A, clockwise (B) 0.08 A, clockwise
(C) 0.08 A, anticlockwise (D) zero

At t =0, when the magnetic field is switched on, the conducting rod is moved to the left at constant speed 5
cm/s by some external means. The rod moves remaining perpendicular to the rails. At t = 2s, induced emf has
magnitude.

(A)0.12V (B)0.08 V (C)0.04V (D)0.02V

Following situation of the previous question, the magnitude of the force required to move the conducting rod
at constant speed 5 cm/s at the same instant t = 2s, is equal to
(A)0.16 N (B)0.12N (C)0.08N (D) 0.06 N
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Exercise # 4

1.

10.

The north pole of a magnet is brought down along the axis of a horizontal

circular coil (figure )As a result the flux through the coil changes from 0.4

Weber to 0.9 Weber in an interval of half of a second. Find the average emf

induced during this period. Is the induced current clockwise
or anticlockwise as you look into the coil from the side of the magnet? Q

If flux in a coil changes by A¢ , and the resistance of the coil is R, prove that the charge flown in the coil

during the flux change is . (Note : It is independent of the time taken for the change in flux)

The flux of magnetic field through a closed conducting loop of resistance 0.4 Q changes with time according
to the equation @ =0.20t>+ 0.40t + 0.60 where t is time in seconds. Find (i) the induced emf at t = 2s. (ii) the
average induced emfint=0 tot=>5 s. (iii) charge passed through the loop int=0to t = 5s (iv) average current
in time interval t =0 to t = 5 s (v) heat produced int=0 to t = 5s.

A conducting loop confined in a plane is rotated in its own plane with some angular velocity. A uniform and
constant magnetic field exist in the region. Find the current induced in the loop

B(T)
(a) The magnetic field in a region varies as shown in figure. 0.03 +
Calculate the average induced emf in a conducting loop of area
10 m? placed perpendicular to the field in each of the 10 ms
intervals shown. (b) In which interval(s) is the emf not constant? 001
Neglect the behavior near the ends of 10 ms intervals. 0 20 30 40 tms)

A heart pacing device consists of a coil of 50 turns & radius 1 mm just inside the body with a coil of 1000
turns & radius 2 cm placed concentrically and coaxially just outside the body. Calculate the average induced
EMF in the internal coil, if a current of 1 A in the external coil collapses in 10 milliseconds.

A solenoid has a cross sectional area of 6.0x10* m?, consists of 400 turns per meter, and carries a current of 0.40 A.
A 10 turn coil is wrapped tightly around the circumference of the solenoid. The ends of the coil are connected to a
1.5 Q resistor. Suddenly, a switch is opened, and the current in the solenoid dies to zero in a time 0.050 s. Find the
average current in the coil during this time.

A metallic ring of area 25 cm? is placed perpendicular to a magnetic field of 0.2 T .It is removed from the field
in 0.2 s. Find the average emf produced in the ring during this time .

Figure illustrates plane figures made of thin conductors which are located in a uniform magnetic field directed
away from a reader beyond the plane of the drawing. The magnetic induction starts diminishing. Find how the
currents induced in these loops are directed.

S © Os
(a) (b) (c) ()

A closed circular loop of 200 turns of mean diameter 50 cm & having a total resistance of 10 Q is placed with
its plane at right angle to a magnetic field of strength 107 Tesla. Calculate the quantity of electric charge
passed through it when the coil is turned through 180° about an axis in its plane.
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11.

12.

14.

15.

16.

17.

18.

19.

20.

A uniform magnetic field B exists in a cylindrical region or radius 1 cm as
shown in figure. A uniform wire of length 16 cm and resistance 4.0 QQ is
bent into a square frame and is placed with one side along a diameters of

xX X
X X X X
xX X

the cylindrical region. If the magnetic field increases at a

X X X x

constant rate of 1 T/s find the current induced in the frame.

A coil ACD of N turns & radius R carries a current of | Amp & is placed on
a horizontal table. K is a very small horizontal conducting ring of radius
placed at a distance Y from the centre of the coil vertically above the coil K
ACD. Find an expression for the EMF established when the ring K is Y

allowed to fall freely. Express the EMF in terms of R
instantaneous speed v & height Y. A ¢ —°P

Find the total heat produced in the loop of the previous problem during the interval 0 to 5 s

Figure shows a square loop of resistance 1 Q of side 1 m being

moved towards right at a constant speed of 1 m/s. The front edge

enters the 3 m wide magnetic field (B=1T) att=0. Draw the graph 1 mI

of current induced in the loop as time passes. (Take

anticlockwise direction of current as positive) —3m—
Q

A metallic wire PQ of length 1 cm moves with a velocity of 2 m/s in a
direction perpendicular to its length and perpendicular to a uniform
magnetic field of magnitude 0.2 T. Find the emf induced v
between the ends of the wire. Which end will be positively charged.

Two straight long parallel conductors are moved towards each other. A constant current iFis flowing through
one of them. What is the direction of the current induced in other conductor? What is the direction of
induced current when the conductors are drawn apart.

A right angled triangle abc, made of a metallic wire, moves at a uniform

speed v in its plane as shown in the figure. A uniform magnetic field 5
B exists in the perpendicular direction of plane of triangle. Find the Ve
emf induced (a) in the loop abc, (b) in the segment bc, (¢) in the b a

segment ac and (d) in the segment ab.

The two rails, separated by 1m, of a railway track are connected to a voltmeter. What will be the reading of the
voltmeter when a train travels on the rails with speed 5 m/s. The earth’s magnetic field at the place is 4 x 10 *T,
and the angle of dip is 30° .

A metallic metre stick translates in a direction making an angle of 60° with its length. The plane of motion is
perpendicular to a uniform magnetic field of 0.1 T that exists in the space. Find the emf induced between the
ends of the rod if the speed of translation is 0.2 m/s.

of induction B, the vector B being perpendicular to the plane xy. At aA ®

A wire bent as a parabola y = kx? is located in a uniform magnetic field \ 4 /
the moment t = 0 a connector starts sliding translation wise from the

parabola apex with a constant acceleration a (figure). Find the emf of
electromagnetic induction in the loop thus formed
as a function of y. 0 X
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21.

22.

23.

24.

25.

26.

27.

28.

A circular conducting-ring of radius r translates in its plane with a constant velocity v. A uniform magnetic field B
exists in the space in a direction perpendicular to the plane of the ring. Consider different pairs of diametrically
opposite points on the ring. (a) Between which pair of points is the emf maximum? (b) Between which pair of points
is the emf minimum? What is the value of this minimum emf?

Consider the situation shown in figure. The wire CD has a negligible c 10 Q
resistance and is made to slide on the three rails with a constant 2Tcm
speed of 50 cm/s. Find the current in the 10 Q resistor when the
switch S is thrown to (a) the middle rail (b) bottom rail. me B=0A1T
(Neglect resistance of rails) D

A square frame of wire abed of side 1 m has a total resistance of 4 Q. It is

pulled out of a magnetic field B=1 T by applying a force of 1 N (figure). b
It is found that the frame moves with constant speed. Find (a) this constant

speed, (b) the emfinduced in the loop, (c) the potential difference between

the points a and b and (d) the potential difference a d
between the points ¢ and d.

Figure shows a wire of resistance R sliding on two parallel, conducting fixed
thick rails placed at a separation /. A magnetic field B exists in a direction ®B
perpendicular to the plane of the rails. The wire is moving with a constant
velocity v. Find current through the wire.

Figure shows a smooth pair of thick metallic rails connected across a bat-
tery of emf € having a negligible internal resistance. A wire ab of length ¢
and resistance r can slide smoothly on the rails. The entire system lies in
a horizontal plane and is immersed in a uniform vertical magnetic field B. g ——
At an instant t, the wire is given a small velocity v towards right. (a) Find
the current in the wire at this instant. (b) What is the force acting on the
wire at this instant. (c) Show that after some

time the wire ab will slide with a constant velocity. Find this velocity.

|
o

A long U-shaped wire of width ¢ placed in a perpendicular uniform and
constant magnetic field B (figure). A wire of length / is slid on the U-
shaped wire with a constant velocity v towards right. The resistance of
all the wires is r per unit length. At t=0, the sliding wire is close to the left
edge of the fixed U-shaped wire. Draw an equivalent circuit diagram at
time t, showing the induced emf as a battery. Calculate

the current in the circuit.

— =~ —>
<

A wire of mass m and length ¢ can slide freely on a pair of fixed, smooth, c
vertical rails (figure). A magnetic field B exists in the region in the direc-

tion perpendicular to the plane of the rails. The rails are connected at the

top end by an initially uncharged capacitor of capacitance C. Find the

velocity of the wire at any time (t) after released.

Neglecting any electric resistance. (initial velocity of wire is zero)

Consider the situation of the previous problem. (a) Calculate the force needed to keep the sliding wire moving with
a constant velocity v. (b) If the force needed just after t = 0 is F, find the time at which the force needed will be F /2.
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29.

33.

36.

37.
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- B, »
The magnetic field in a region is given by B = Toxk , where L is a fixed length. A conducting rod of length L lies

along the X-axis between the origin and the point (L, 0, 0). If the rod moves with a velocity v = v, 3 , find the emf

induced between the ends of the rod.

Figure shows a fixed square frame of wire having a total resistance r placed —
coplanarly with a long, straight wire. The wire carries a currenti givenbyi=1i,

cos (27t/T). Find (a) the flux of the magnetic field through the square frame, (b) i

the emf induced in the frame and (c) the heat developed in the 5

frame in the time interval 0 to 10 T.

In the figure there are two identical conducting rods each of length ‘a’
rotating with angular speed o in the directions shown. One end of

each rod touches a conducting ring. Magnetic field B exists
perpendicular to the plane of the rings. The rods, the conducting
rings and the lead wires are resistanceless. Find the magnitude

and direction of current in the resistance R.

A straight wire with a resistance of r per unit length is bent to form an angle 2a.. Arod of the same wire perpendicular
to the angle bisector (of 2a) forms a closed triangular loop. This loop is placed in a uniform magnetic field of
induction B. Calculate the current in the wires when the rod moves at a constant speed V.

A metal rod of length 15 x 102 m rotates about an axis passing through one end with a uniform angular
velocity of 60 rad s™'. A uniform magnetic field of 0.1 Tesla exists in the direction of the axis of rotation.
Calculate the EMF induced between the ends of the rod.

A thin wire of negligible mass & a small spherical bob constitute a simple pendulum of effective length /. If
this pendulum is made to swing through a semi-vertical angle 0, under gravity in a plane normal to a uniform
magnetic field of induction B, find the maximum potential difference between the ends of the wire.

A bicycle is resting on its stand in the east-west direction and the rear wheel is rotated at an angular speed of 50
revolutions per minute. If the length of each spoke is 30.0 cm and the horizontal component of the earth’s magnetic
field is4 x 10 T, find the emfinduced between the axis and the outer end of a spoke. Neglect centripetal force acting
on the free electrons of the spoke.

A closed coil having 50 turns is rotated in a uniform magnetic field B=2 x10 ~* T about a diameter which is
perpendicular to the field. The angular velocity of rotation is 300 revolutions per minute. The area of the coil
is 100 cm 2 and its resistance is 4 Q. Find (a) the average emf developed in half a turn from a position where
the coil is perpendicular to the magnetic field, (b) the average emf in a full turn, (c¢) the net charge flown in
part (a) and (d) the emf induced as a function of time if it is zero at t=0 and is increasing in positive direction.(e)
the maximum emf induced. (f) the average of the squares of emf

A conducting disc of radius R is rolling without sliding on a horizontal

surface with a constant velocity 'v'. A uniform magnetic field of strength

B is applied normal to the plane of the disc. Find the EMF induced

between (at this moment)

(a) P& Q (b) P& C. (©Q&C P
( Cis centre, P&Q are opposite points on vertical diameter of the disc)
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39.

40.

41.

42.

44.

45.

46.

47.

48.

The current in an ideal, long solenoid is varied at a uniform rate of 0.01 A/s. The solenoid has 2000 turns/m and its
radius is 6.0 cm. (a) Consider a circle of radius 1.0 cm inside the solenoid with its axis coinciding with the axis of the
solenoid. Write the change in the magnetic flux through this circle in 2.0 seconds. (b) Find the electric field induced
at a point on the circumference of the circle. (¢) Find the electric field induced at a point outside the solenoid at a
distance 8.0 cm from its axis.

A circular loop of radius 1m is placed in a varying magnetic field given as B = 6t Tesla, where t is time in sec.

(a) Find the emfinduced in the coil if the plane of the coil is perpendicular to the magnetic field.

The figure shows an inductor of 2 H through which a current increasing at the rate of 5A/sec, is flowing. Find the
potential difference V. -V_,.

i, increasing with the rate 5A/sec

—>—JEom .
X L=2H y

Auniform field of induction B is changing in magnitude at a constant rate dB/dt. You are given a mass m of
copper which is to be drawn into a wire of radius » & formed into a circular loop of radius R. Show that the
induced current in the loop does not depend on the size of the wire or of the loop. Assuming B perpendicular

m dB
to the loop prove that the induced current i = An05 dt where p is the resistivity and & the density of
np
copper.
1A
In the circuit shown find (a) the power drawn from the cell, (b) the power 2H 3

consumed by the resistor which is converted into heat and (¢) the power S '|'
given to the inductor.

Figure shows a part of a circuit. Find the rate of change of the current, as shown.
5V > 3V

10H

What is the magnetic energy density (in terms of standard constant & r) at the centre of a circulating electron
in the hydrogen atom in first orbit. (Radius of the orbit is r)

Find the energy stored in the magnetic field inside a volume of 1.00 mm?® at a distance of 10.0 cm from a long wire
carrying a current of 4 A.

The network shown in Fig. is a part of a complete circuit. What is the A 10 15V 5mH B
potential difference V, — V,, when the current I is 5A and is decreasing ? IB 0000
at a rate of 103 (A/s)?

Suppose the EMF of the battery, the circuit shown varies with time t

so the currentis given by i(t) =3 + 5t, where i is in amperes & t is in

seconds. Take R=4 Q,L=6 H & find an &
expression for the battery EMF as a function of time.

A solenoid of resistance 50 Q2 and inductance 80 Henry is connected to a 200 V battery. How long will the
current take to reach 50 % of its final equilibrium value? Calculate the maximum energy stored.
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54.
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60.
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A coil having resistance 20 Q and inductance 2 H is connected to a battery of emf 4.0 V. Find (a) the current at 0.20 s
after the connection is made and (b) the magnetic field energy in the coil at this instant.

A coil of resistance 4 Q is connected across a 0.4 V battery. The current in the coil is 63 mA . 1sec after the battery
is connected. Find the inductance of the coil. [e! ~ 0.37]

A solenoid has an inductance of 10 Henry and a resistance of 2 Q. It is connected to a 10 volt battery. How
long will it take for the magnetic energy to reach 1/4" of its maximum value?

An LR circuit has L = 1.0 H and R = 20 Q. It is connected across an emf of 2.0 V at t = 0. Find di/dt and
Ldi/dtatt=50 ms.

A coil of negligible resistance and inductance 5H, is connected in series with a 100 Q resistor and a battery of emf
2.0 V. Find the potential difference across the resistor 20 ms after the circuit is switched on. (e*4=0.67)

Consider the circuit shown in figure. (a) Find the current through the battery a long time after the switch S is closed.
(b) Suppose the switch is opened at t =0. What is the time constant of the decay circuit? (¢) Find the current through
the inductor after one time constant.

|/
" s

An inductor-coil of inductance 20 mH having resistance 10 Q is joined to an ideal battery of emf 5.0 V. Find the rate
of change of the magnitude of induced emfat (a) t=0, (b) t=10 ms.

Show that if two inductors with equal inductance L are connected in parallel then the equivalent inductance
of the combination is L/2. The inductors are separated by a large distance.

A superconducting loop of radius R has self inductance L. A uniform & constant magnetic field B is applied
perpendicular to the plane of the loop. Initially current in this loop is zero. The loop is rotated about its diameter by
180°. Find the current in the loop after rotation.

The average emf induced in the secondary coil is 0.1 V when the current in the primary coil changes from 1 to 2 Ain
0.1 s . What is the mutual inductance of the coils.

Two inductances L, & L, are connected in series & are separated by a large distance.
(a) Show that their equivalent inductance is L, + L..
(b) Why must their separation be large?

The mutual inductance between two coils is 0.5 H. It the current in one coil is changed at the rate of 5 A/s, what will
be the emf induced in the other coil?

A small square loop of wire of side / is placed inside a large square loop of wire of side
L(L >> /). The loops are co—planar and their centres coincide. Find the mutual inductance of the system.
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Exercise #5 Q Part#1 > [Previous Year Questions| [AIEEE/JEE-MAIN]

1.

Two coils are placed close to each other. The mutual inductance of the pair of coils depends upon :
[AIEEE 2003]
(1) the rates at which currents are changing in the two coils
(2) relative position and orientation of the two coils
(3) the materials of the wires of the coils
(4) the currents in the two coils

When the current changes from +2 Ato—2 A in 0.05 second, an emf of 8 V is induced in a coil. The coefficient of self-

induction of the coil is : [AIEEE 2003]
(1)0.2H (2)0.4H (3)0.8H (4)0.1H

In an oscillating LC circuit the maximum charge on the capacitor is Q. The charge on the capacitor when the energy
is stored equally between the electric and magnetic field is : [AIEEE 2003]
Q2 2)Q/y3 (U2 “Q

A coil having n turns and resistance R Q is connected with a galvanometer of resistance 4RQ. This combination is
moved in time t seconds from a magnetic field W Weber to W, Weber. The induced current in the circuit is :
[AIEEE 2004]

(WZS;{WI)A @) _n(W2 -W)HA @) - (W, =WDA @) - n(W, - W)A
nt 5Rt Rnt Rt

In a uniform magnetic field of induction B, a wire in the form of semicircle of radius r rotates about the diameter of
the circle with angular frequency . Ifthe total resistance of the circuit is R, the mean power generated per period of

ey

rotation is : [AIEEE 2004]
Br’e Brr’w)? Brrw)? (Buro?)?
@ ) (Brr o) 3 (Brw)” @) —
2R 8R 2R 8R

A metal conductor of length 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 0.2 x 10~* T, then the emf developed between the two ends of
the conductor is : [AIEEE 2004]
1)5pv 2)50 uv 3)5SmV (4)50mV

One conducting u tube can slide inside another as shown in figure, maintain-
ing electrical contacts between the tubes. The magnetic field B is perpendicu-
lar to the plane of the figure. If each tube moves towards the other at a con-
stant speed v, then the emf induced in the circuit in terms of B, ¢

and v, where / is the width of each tube, will be : [AIEEE 2005, 4/300]

(1)Btv (2)-Btv

(3) zero (4)2Btv

A coil of inductance 300 mH and resistance 2Q is connected to a source of voltage 2V. The current reaches half of
its steady state value in : [AIEEE 2005]
(1)0.05s (2)0.1s (3)0.15s (4)0.3s L

An inductor (L =100 mH), a resistor (R =100 2) and a battery (E =100 V) are
initially connected in series as shown in the figure. After a long time the R
battery is disconnected after short circuiting the points A and B. The current A B

in the circuit, 1 ms after the short circuit is : [AIEEE 2006] |
(H1A (2)1/eA 3)eA 4)0.1A
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Two coaxial solenoids are made by winding thin insulated wire over a pipe of cross-sectional area A =10cm? and
length = 20 cm. If one of the solenoids has 300 turns and the other 400 turns, their mutual inductance is
(By=4mx107 TmA™): [AIEEE 2008]

(1)4.8nx10*H (2)4.8tx 10°H (3)24nx 10*H (4)2.4nx10° H

An inductor of inductance L =400 mH and resistors of resistances R, =2 Q and R, =2
Q) are connected to a battery of emf 12 V 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]
12 5 -1/0.2
1) —=e?'V (2)6(1-e )V
t
B 12etV 4)6e>tV
E>+ y 1
. g . L
A rectangular loop has a sliding connector PQ of length ¢ and resistance R /
Qland it is moYlng with 2'1 spszed v as shown. The set-up is placed in a R Qfé RO fé v RO
uniform magnetic field going into the plane of the paper. s 3
The three currents I, I, and I are : [AIEEE 2010] I I
> D —
l, Q
Blv 2B/v Biv 2B/lv
Il =-1,=—,1= )L =1,=—I=
(WL ===~ R R R O T
Biv Biv Biv
I =1,=I=— Hl,=l,= — [= —
$4=L R @h=h="% 3R

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

[AIEEE - 2011]

(1) m/LC @) g LC 3) 2m/LC ) JLC

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 2m long. If the speed of the boat is 1.50 ms™, the magnitude of the induced emfin
the wire of aerial is : [AIEEE - 2011]
(1) ImV (2)0.75mV (3)0.50mV 4)0.15mV

A horizontal straight wire 20 m long extending from to 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 x10* Wb \ m?. The instantaneous Value of the e.m. f.
induced in the wire will be : [ATIEEE 2011]
(1) 3mV (2)45mV 3)15mVv (4)6.0mV

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 :

(1) developement of air current when the plate is placed.

(2) induction of electrical charge on the plate

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

(4) Electromagnetic induction in the aluminium plate giving rise to electromagnetic damping.
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17.

18.

19.

20.

21.

22.

A metallic rod of length ‘1’ is tied to a string of length 21 and made to rotate

with angular speed ® on a horizontal table with one end of the string :

fixed. If there is a vertical magnetic field ‘B’ in the region, the J °—WW-E5:]

e.m.f. induced across the ends of the rod is: [JEE-Mains 2013]
2Bol’ 3Bol’

1 2

0 o ]
4Bol’ 5Bol’

3 4

3 2 (C)) 7

A circular loop of radius 0.3 cm lies parallel to a much bigger circular loop of radius 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 : [JEE-Mains 2013]
(1)9.1 x 107" weber (2) 6 x 10" weber

(3)3.3 x 107" weber (4) 6.6 x 10~ weber

<

In an LCR circuit as shown below both switches are open initially.
Now switch S is closed, S, kept open. (q is charge on the capacitor é
R

and t = RC is Capacitive time constant). Which of the following
statement is correct ? [JEE-Mains 2013]

(1) Work done by the battery is half of the energy dissipated in the resistor C S
2

2)Att=1,q=CV/2 t=1t q=CV/2 TTTT

(3)Att=21,q=CV(1-¢e?) t=21t q=CV(l-¢?) L

(4)Att:%,q:CV(lfe*1)

A R
S c
In the circuit shown here, the point ‘C’ is kept connected to point
‘A’ till the current flowing through the circuit becomes constant.

L
Afterward, suddenly, point ‘C’ is disconnected from point ‘A’ and [

connected to point ‘B’ at time t = 0. Ratio of the voltage across

resistance and the inductor at t = L/R will be equal to : [JEE-Mains 2014]

I-e e
1H-1 @ — 3 e @1
0.03H  0.15kQ
An inductor (L = 0.03H) and a resistor (R = 0.15 kQ) are connected in 000
series to a battery of 15V EMF in a circuit shown below. The key K| K
has been kept closed for a long time. Then at t = 0, K| is opened and /
key K, is closed simultaneously. At t = 1 ms, the current in the circuit
illbe (¢° = 150) [JEE-Mains 2015] ||_/K1

willbe (e’ = -Mains 2015

|

15v
(1)6.7mA (2)0.67mA (3) 100 mA (4) 67 mA

An arc lamp requires a direct current of 10 A at 80 V to function. Ifit is connected to 2220 V (rms), 50 Hz AC supply,
the series inductor needed for it to work is close to [JEE-Mains 2016]
(1)0.08 H (2)0.044H (3)0.065H (4)80H
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P partsll > >

[Previous Year Questions|[IIT-JEE ADVANCED]

Marked Questions are having more than one correct option.

1.

Two infinitely long parallel wires carrying currents I = I sin ot in opposite directions are placed a distance 3a apart.
A square loop of side a of negligible resistance with a capacitor of capacitance C is placed in the plane of wires as
shown. Find the maximum current in the square loop. Also sketch the graph showing the variation of charge on the
upper plate of the capacitor as a function of time for one complete cycle taking anticlockwise direction for the

current in the loop as positive. [ JEE-2003 (Mains) |
Q()
L ]
o s T2 T ! a a
3a

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 [JEE 2005 (Scr.) ]
(A0 (B) along +z direction
(C) along clockwise as seen from + Z (D) along anticlockwise as seen from + Z

Comprehension Type

Comprehension # 1 ‘ M
The capacitor of capacitance C can be charged (with the help of a resistance R) R§§ c s,
by a voltage source V, by closing switch S, while keeping switch S open. The ' 5
capacitor can be connected in series with an inductor ‘L’ by _"O'UW_I Sz
closing switch S, and opening S,. [JEE 2006 | L
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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 t, charge on the capacitor is CV/2

(B) after time interval 21, charge on the capacitor is CV(1 —¢e?)

(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 27, charge on the capacitor is CV(1 —e™)

After the capacitor gets fully charged, S, is opened and S, is closed so that the inductor is connected in series with
the capacitor. Then, [JEE 2006 ]

(A) att= 0, energy stored in the circuit is purely in the form of magnetic energy
(B) at any time t > 0, current in the circuit is in the same direction

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

(D) at any time t > 0, instantaneous current in the circuit will have maximum value V L’ where C is the capacitance

and L is the inductance.
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If the total charge stored in the LC circuit is Q, then for t > 0 [JEE 2006]
t ]

JLC
t
7c)

i
(A) the charge on the capacitor is Q = Q, cos (5 +

(B) the charge on the capacitor is Q = Q, cos (g
. d’Q
(C) the charge on the capacitor is Q =-LC dt_2
1 d*Q

(D) the charge on the capacitor is Q = —

JLC dt?

Comprehension # 2

Modern trains are based on Maglev technology in which trains are magnetically elevated, which runs its EDS
Maglev system.

There are coils on both sides of wheels. Due to motion of train current induces in the coil of track which elevate 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 is a net downward force due to gravity.

The advantage of maglev train is that there is no friction between the train and the track, thereby 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 elevated and as it moves forward according to Lenz law there is an electromagnetic drag force.

What is the advantage of this system ? [JEE 2006]
(A) No friction hence no power consumption (B) Electric power is used

(C) Gravitation force is zero (D) Electrostatic force draws the train

What is the disadvantage of this system ? [JEE 2006]

(A) Train experiences upward force according to Lenz’s law
(B) Friction force create a drag on the train

(C) Retardation

(D) By Lenz’s law train experience a drag

Which force causes the train to elevate up ? [JEE 2006]
(A) Electrostatic force (B) Time varying electric field
(C) Magnetic force (D) Induced electric field

Comprehension #3

Electrical resistance of certain materials, known as
superconductors, changes abruptly from a nonzero value to T.(B)/
zero as their temperature is lowered below a critical
temperature T-(0). An interesting property of T.(0)
superconductors is that their critical temperature becomes
smaller than T, (0) if they are placed in a magnetic field, i.e.,
the critical temperature T, (B) is a function of the magnetic
field strength B. The dependence of T (B) on B is shown in O B
the figure.

[JEE -2010]
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In the graphs below, the resistance R of a superconductor is shown as a function of its temperature T for two
different magnetic fields B, (solid line) and B, (dashed line). If B, is larger than B,, which of the following graphs
shows the correct variation of R with T in these fields?

R

B, ///
%,
@ sl |®& ®)
o T O T
R R
|
© [? )
(0] T O T

10. Asuperconductor has T (0) = 100 K. When a magnetic field of 7.5 Tesla is applied, its T . decreases to 75 K. For this

material one can definitely say that when :
(A)B=5Tesla, T (B)=80K
(C)B=10Tesla, 75K <T(B)<100K

Match the Column

(B) B=5 Tesla, 75K <T(B)< 100K
(D) B=10Tesla, T (B)=70 K

11.

12.

80

Column I gives certain situations in which a straight metallic wire of resistance R is used and Column II gives some
resulting effect. Match the statements in Column I with the statements in Column II.

[IIT-JEE 2007]
ColumnI Column IT
A) A charged capacitor is connected to the P) A constant current flows through
ends of the wire the wire
(B) The wire is moved perpendicular to its Q Thermal energy is generated
length with a constant velocity in a uniform in the wire
magnetic field perpendicular to the
plane of motion.
© The wire is placed in a constant electric field R) A constant potential difference
that has a direction along the length develops between the ends
of the wire. of the wire.
D) A battery of constant emf is connected S) Charges of constant magnitude appear

to the ends of the wire.

Statement -1
A vertical iron rod has a coil of wire wound over it at the bottom end. An alternating current flows in the coil. The rod
goes through a conducting ring as shown in the figure. The ring can float at a certain height above the coil.

——

at the ends of the wire.

[JEE 2007]
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14.

Statement - 2

In the above situation, a current is induced in the ring which interacts with the horizontal component of the magnetic
field to produce an average force in the upward direction

(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.

The figure shows certain wire segments joined together to form a coplanar loop. The loop is placed in a perpendicu-
lar magnetic field in the direction going into the plane of the figure. The magnitude of the field increases with time.
I, and I, are the currents in the segments ab and cd. Then, [JEE 2009]

A>T,
B)I,<I,
(©) 1, is in the direction BA and I, is in the direction CD
(D) 1, is in the direction AB and I, is in the direction DC

Two metallic rings A and B, identical in shape and size but having different
resistivities p, and py, are kept on top of two identical solenoids as shown in
the figure. When current I is switched on in both the solenoids in identical
manner, the rings Aand B jump to heights h, and hg, respectively, withh, >h.
The possible relation(s) between their resistivities and their masses

m, and mg is(are) [JEE 2009]
(A)p,>pgand m, =my (B) p, <pgandm, =my
(C)pA>pBand m, >my (D)pA<pBand m, <mg

A long circular tube of length 10 m and radius 0.3 m carries a current I
along its curved surface as shown. A wire-loop of resistance 0.005 ohm
and of radius 0.1 m is placed inside the tube with its axis coinciding with

the axis of the tube. The current varies as I = I cos (300 t) where I is O
constant. If the magnetic moment of the loop is N p, I sin X

. I
(300 t), then ‘N’ is [JEE -2011]
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Which of the field patterns given below is valid for electric field as well as for magnetic field? [JEE - 2011]

/ /

(A) ° (B) °
7

K y
Oy ° Myly | Iy z

/N " 45°

>
A circular wire loop of radius R is placed in the x-y plane centered at <
the origin O. A square loop of side a (a << R) having two turns is

placed with its center at z = \/5 R 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 mutual inductance kR
2 0 y
, then the value of p is

Hod
2P2R

between the loops is given by

[IT-JEE-2012] x

A current carrying infinitely long wire is kept along the diameter of a circular wire loop, without touching it. The
correct statement (s) is (are) : [IT-JEE-2012]
(A) the emf induced in the loop is zero if the current is constant.

(B) The emf induced in the loop is finite if the current is constant.

(C) The emf induced 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.

Two inductors L, (inductance 1 mH, internal resistance 3Q2) and L, (inductance 2 mH, internal resistance 4€2), and
aresistor R (resistance 12Q) are all connected in parallel across a 5V battery. The circuit is switched on at time t =
0. The ratio of the maximum to the minimum current (I /1 . ) drawn from the battery is [IIT-JEE-2016]

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 the triangular loop is in counterclockwise
direction and increased at a constant rate of 10 A s™'. Which of the following statement(s) is(are) true?

[IIT-JEE 2016]

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

n
(B) If the loop is rotated at a constant angular speed about the wire, an additional emf of (?Oj volt is induced

in the 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
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SECTION-1: STRAIGHT OBJECTIVE TYPE

In the figure shown a square loop PQRS of side 'a' and resistance 'r' is placed near an infinitely long wire
carrying a constant current I. The sides PQ and RS are parallel to the wire. The wire and the loop are in the
same plane. The loop is rotated by 180° about an axis parallel to the long wire and passing through the mid
points of the side QR and PS. The total amount of charge which passes through any point of the loop during
rotation is :

I Ta Q | R
A) 2o o @) 22 mo i)
2mr r I a
2 .
Hola . . . a _f ¢S
© - (D) cannot be found because time of rotation not give. —
A wooden stick of length 37 is rotated about an end with constant
angular velocity @ in a uniform magnetic field B perpendicular to
the plane of motion. If the upper one third of its length is coated TR
with copper, the potential difference across the whole length of I éI 28252;
the stick is 3¢
9Bw/’ 4B/’
A B)
A) 5 ( 5
5B/’ Bol’
C D
© 2 (D) 5
PQ is an infinite current carrying conductor. AB and CD are smooth
conducting rods on which a conductor EF moves with constant velocity V ARG
as shown. The force needed to maintain constant speed of EF is. P
2 - I Er 1F
1 oIV (b IV (b1 !
(A) —| 2 Y pn |2 @) | B Y| 2|~ v
VR| 2n a | 2n a/|R .
v (v IV (b otk
© | B2 Lon| 2] X o) [ yp(2
2n a/| R | 2m a

Rate of increment of energy in an inductor with time in series LR circuit getting charge with battery of e.m.f. E is best
represented by: [ inductor has initially zero current ]

du
dy U dt du
@< B & © (D)

t ' t S >
l t | t

A wire of fixed length is wound on a solenoid of length '¢' and radius 'r'. Its self inductance is found to be L. Now if
1
same wire is wound on a solenoid of length by and radius % , then the self inductance will be :

(A)2L B)L (C)4L (D)8L
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11.

84

Figure shows three regions of magnetic field, each of area A, and in each

region magnitude of magnetic field decreases at a constant rate a. If E is \

induced electric field then value of line integral @E .dr along X
Qe 7

the given loop is equal to

(A) aA (B) —aA (©)30A (D) -30A

In an ideal transformer, the voltage and the current in the primary are 200 volt and 2 amp respectively. If the
voltage in the secondary is 2000 volt. Then value of current in the secondary will be :

(A) 0.2 amp (B) 2 amp (C) 10 amp (D) 20 amp

A superconducting loop of radius R has self inductance L. A uniform & constant magnetic field B is applied
perpendicular to the plane of the loop. Initially current in this loop is zero. The loop is rotated by 180°. The current
in the loop after rotation is equal to

BrR? 2B R’ BrR?
(A) zero B) o) ——— D)
L L 2L
In the figure shown the section EDFG is fixed. A rod having resistance 'R'is moved with D E
constant velocity in a uniform magnetic field B as shown in the figure. DE & FG are Ci ®8l—v
smooth and resistanceless. Initially capacitor is uncharged. The charge on the capacitor: T
G F
(A) remains constant (B) increases with time
(C) increases linearly with time (D) oscillates.

Arectangular loop of sides “‘a‘ and ‘b * is placed in xy plane. A very long wire is also placed in xy plane such that
side of length “a‘ of the loop is parallel to the wire. The distance between the wire and the nearest edge of the loop

is “d ‘. The mutual inductance of this system is proportional to :
(A)a B)b (©)1/d (D) current in wire

In the figure shown, the magnet is pushed towards the fixed ring along the axis of the ring and it passes through the

ring.
\
\
1
Al s TS
,l B & A are right & left
y, faces respectively
A) when magnet goes towards the ring the face B becomes south pole and the face A
becomes north pole
(B) when magnet goes away from the ring the face B becomes north pole and the face A
becomes south pole
© when magnet goes away from the ring the face A becomes north pole and the face B

becomes south pole
D) the face A will always be a north pole.
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12.

13.

14.

16.

17.

18

19.

Switch S is closed for a long time at t = 0. It is opened, then : R,
AN
. . . .. 1 Lé? A
(A) total heat produced in resistor R after opening the switch is 7 ? R,
—— 00000 —
L
, 1L
(B) total heat produced in resistor R, after opening the switch is — —82 (Lj R
2 R R, +R, — |
€ S
R, L ¢

. . L1
(C) heat produced in resistor R, after opening the switch is — —_—
2 (R, +R,)R

(D) no heat will be produced inR,.
A rod of length ¢ having uniformly distributed charge Q is rotated about one end with constant frequency 'f". Its
magnetic moment is.

nfQr? © 2nfQL?
3 3

(A) nfQP (B) (D) 21 fQ P

A vertical rod of length ¢ is moved with constant velocity v towards East. The vertical component of the earth's
magnetic field is B and the angle of dip is 0. The induced e.m.f. in the rod is :
(A)B ¢ veot© (B)B ¢ vsin©O (C)B ¢ vtan O (D)B ¢ vcos O

Two identical cycle wheels (geometrically) have different number of spokes connected from centre to rim. One is
having 20 spokes and other having only 10 (the rim and the spokes are resistanceless). One resistance of value R is
connected between centre and rim. The current in R will be :

(A) double in first wheel than in the second wheel

(B) four times in first wheel than in the second wheel

(C) will be double in second wheel than that of the first wheel

(D) will be equal in both these wheels.

A constant force F is being applied on a rod of length '/' kept at rest on two parallel

conducting rails connected at ends by resistance R in uniform magnetic field B as ®B
shown.

. . . . R ( |—
(A) the power delivered by force will be constant with time F
(B) the power delivered by force will be increasing first and then will decrease

(C) the rate of power delivered by the external force will be increasing continuously
(D) the rate of power delivered by external force will be decreasing continuously.

A uniform magnetic field exists in region given by B=3i+ 43' +5k. Arod of length 5 m is placed along y—axis is

moved along x —axis with constant speed 1 m/sec. Then induced e.m.f. in the rod will be:
(A) zero (B) 25 volt (C) 20 volt (D) 15 volt

In a L-R growth circuit, inductance and resistance used are 1 H and 20 Q respectively. If at t =50 millisecond,
current in the circuit is 3.165 A then applied direct current emfis :

(A)200V (B) 100 V

(©)s0v (D) Data is insufficient to find out the value. P
Figure shows a square loop of side 1 m and resistance 1 Q. The magnetic field on left B=0
side of line PQ has a magnitude B = 1.0T. The work done in pulling the loop

out of the field uniformly in 1 s is Y
A1 (B)10J

(©)0.1J (D) 100J d
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A and B are two metallic rings placed at opposite sides of an infinitely long straight conducting wire as
shown. If current in the wire is slowly decreased, the direction of induced current will be :

(A) clockwise in A and anticlockwise in B

(B) anticlockwise in A and clockwise in B

(C) clockwise in both A and B @

(D) anticlockwise in both A & B

A vertical conducting ring of radius R falls vertically with a speed V in a horizontal

uniform magnetic field B which is perpendicular to the plane of the ring :

(A) A and B are at same potential A B
(B) C and D are at same potential

(C) current flows in clockwise direction

. . S D
(D) current flows in anticlockwise direction \%
Two identical conducting rings A & B of radius R are in pure rolling over a horizontal conducting plane with
same speed (of center of mass)v but in opposite direction. A constant magnetic field B is present pointing
inside the plane of paper. Then the potential difference between the highest points of the two rings, is :

(A) zero (B)2 Bvr ( A )
(C)4Bvr (D) none of these

An inductor L and a resistor R are connected in series with a direct current source of emf E. The maximum rate

at which energy is stored in the magnetic field is :

N E? 5 E? c 4E? o 2E?

T B) % © R D)=

In the circuit shown in figure, the switch S was initially at position 1. After sufficiently C

long time, the switch S was thrown from position 1 to position 2. R s 2
The voltage drop across the resistor at that instant is : :KL::: 1
(A) zero (B)E

C £ LC D f th |

( )R (D) none of these Ir5

A uniform magnetic field of induction B is confined to a cylindrical region of radius R. The magnetic field is

dB
increasing at a constant rate of o (tesla/second). An electron of charge q, placed at the point P on the

periphery of the field experiences an acceleration :

1 eR dB
(A) _ e towards left (B) 1eR dB towards right
2 m dt 2 m dt
R dB
©) %E towards left (D) zero s

AB is a resistanceless conducting rod which forms a diameter of a conducting
ring of radius r rotating in a uniform magnetic field B as shown. The resistors

R, and R, do not rotate. Then current through the resistor R, is : ‘a
Bor’ Bor? Bor? Bor? ‘g

(A) R, (B) R, © R R, (R, +R) (D) XR,+R,)
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27.

28.

29.

30.

AB and CD are fixed conducting smooth rails placed in a vertical plane and
. . . . - AL C -
joined by a constant current source at its upper end. PQ is a conducting .. B (A)9_ L.
rod which is free to slide on the rails. A horizontal uniform magnetic field
exists in space as shown. If the rod PQ is released from

rest then, b . Q.
(A) The rod PQ will move downward with constant acceleration .
(B) The rod PQ will move upward with constant acceleration Bl T b

(C) The rod will move downward with decreasing acceleration and finally

acquire a constant velocity L
(D) either A or B. S
A conducting ring of radius r with a conducting spoke is in pure rolling on
a horizontal surface in a region having a uniform magnetic field B as shown,
v being the velocity of the centre of the ring. Then the potential difference

Sy’

V,—V,is- .o B
A @ B 3Bvr C —Bvr D 3Bvr
(A) = (B) = ©) = (D) =

A metallic ring of mass m and radius r with a uniform metallic spoke of same mass m
and length r is rotated about its axis with angular velocity ® in a perpendicular

uniform magnetic field B as shown. If the central end of the spoke is connected to < x x
the rim of the wheel through a resistor R as shown. The resistor does not rotate, its x o ox o x o ox Fx
one end is always at the center of the ring and other end is always in contact with the ring. A force F as shown
is needed to maintain constant angular velocity of the wheel. F is equal to (The ring and the spoke has zero

resistance)
A B’or? B B’or’ C B or? b B or?
(A) 8R (B) 2R © 2R (D) 4R

A closed circuit consists of a resistor R, inductor of inductance L and a source of emf E are connected in
series. If the inductance of the coil is abruptly decreased to L/4 (by removing its magnetic core), the new
current immediately after this moment is : (before decreasing the inductance the circuit is in steady state)

(A) zero (B) E/R ©) 4% D) —

A magnetic field (B), uniform between two magnets can be determined

measuring the induced voltage in the loop as it is pulled through the gap at

uniform speed 20 m/sec. Size of magnet and coil is

2cm x lem x 2cm and 4cm % 6¢m as shown in figure. The correct variation of

induced emf with time is : (Assume at t = 0, the coil enters in

the magnetic field) :
E.

E

0.408B]

0.408
500 /\
A) 2500 3000 (B) of—-200 (1 sec)

2500 3000
-0.40B -0.40B [~
E E
0.80B
0.80B
500
C D 0f 500 /_\ t(p sec
) 2500 3000 (D) 200 a0
-0.80B -0.80B [~
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32.

33.

34.

36.

The plane of a square loop of wire with edge length a=0.2 m is

perpendicular to the earth's magnetic field B, at a point where a a

B, = 15 uT. The total resistance of the loop and the wires

connecting it to the galvanometer is 0.5 Q. If the loop is suddenly F F
collapsed(such that area of the loop becomes zero) by horizontal

forces as shown, the total charge passing through

the galvanometer is :

(A) 0.4 uC (B)0.75 uC

(©)0.9uC (D)1.2uC

A current flows through a rectangular conductor in the presence of uniform
magnetic field B pointing out of the page as shown. Then the potential difference b

V, =V, is equal to. (assume charge carriers in the conductor to : i
be positively charged moving with a drift velocity of v) P
(A) Bvb (B)-Bvb / /

(C)Bve (D) -Bve ﬁ

A conducting circular ring and a conducting elliptical ring both are
moving pure translationally in a uniform magnetic field of strength B
as shown in figure on a horizontal conducting plane then potential ®B 4a
difference between top most points of circle and ellipse is : W b conducting
(A)12va (B)4vBa —@ ‘}a_”e
(©)8vBa (D)2 vBa

2a
—

A small circular wire loop of radius a is located at the centre of a much larger circular wire loop of radius b as
shown above(b>>a). Both loops are coaxial and coplanar. The larger loop carries a time (t) varying current
I =1, coswt, where I, and o are constants. The magnetic field generated by the current in the large loop
induces in the small loop an emf that is approximately equal to which of the following.

2 2
n}lolo a n}lolo a .
A) ———— o coswt B) ————omwsinot
L()I()im sinot Mim cos ot

The number of turns, cross-sectional area and length for four solenoids are given in the following table.

Solenoid Total Turns Area Length

1 2N 2A
2 2N A
3 3N 3A
4 2N 2A

The solenoid with maximum self inductance is :
(A)1 (B)2 ©)3 D)4
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37.

38.

40.

41.

Assume Earth's surface is a conductor with a uniform surface charge density . It rotates about its axis with angular
velocity ®. Suppose the magnetic field due to Sun at Earth at some instant is a uniform field B pointing along earth’s
axis. Then the emf developed between the pole and equator of earth due to this field is. (R, = radius of earth)

1 3
(A) EBmRﬁ (B) BoR? (©) EBoaRi (D) zero

A circuit containing capacitors C, and C, as shown in the figure —||—WWIVQWW—
are in steady state with key K, closed. At the instant t =0, if K is 20V

opened and K, is closed then the maximum current in the circuit
C.,=2pF C,=2pF

will be : .- L :

(A 1A (B) % A K.
—mzscum_]

(©)24 (D) None of these L=0.2mH

In the given circuit having an ideal inductor of inductance L, resistor of resistance R and an ideal cell of emf
€, the work done by the battery in one time constant after the switch is closed is

2 2 L R
€ ¢’L
A) — B) —e¢
W = ®B) —
©) g’L D) &’L
Rz CRZ |I /.
g s

SECTION-11: MULTIPLE CORRECTANSWER TYPE

A conducting rod of length ¢is moved at constant velocity ‘v’ on two

parallel, conducting, smooth, fixed rails, that are placed in a uniform
constant magnetic field B perpendicular to the plane of the rails as shown R: ®B —V,

in figure. A resistance R is connected between the two ends of X ®
the rail. Then which of the following is/are correct : L
(A) The thermal power dissipated in the resistor is equal to rate of work done by external
person pulling the rod.
(B) If applied external force is doubled than a part of external power increases the velocity of rod.
© Lenz’s Law is not satisfied if the rod is accelerated by external force
(D) If resistance R is doubled then power required to maintain the constant velocity v, becomes half.

In the figure shown ‘R’ is a fixed conducting fixed ring of negligible resistance and radius ‘a’. PQ is a uniform
rod of resistance r. It is hinged at the centre of the ring and rotated about this point in clockwise direction with
a uniform angular velocity . There is a uniform magnetic field of strength ‘B’ pointing inwards. ‘r’ is a
stationary resistance

(A) Current through ‘r’ is zero. ®B

2
(B) Current through ‘r’ is 2Boa’ .

(C) Direction of current in external ‘r’ is from centre to circumference.

(D) Direction of current in external ‘r’ is from circumference to centre.
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42.

43.

44

45.

46.

47

920

A circuit consisting of a constant e.m.f. 'E', a self induction 'L' and a resistance 'R’
is closed at t = 0. The relation between the current I in the circuit and time t is as
shown by curve 'a' in the figure. When one or more of parameters E, R & L are
changed, the curve 'b' is obtained.The steady state current is same in both the
cases. Then it is possible that:

(A) E & R are kept constant and L is increased.

(B) E & R are kept constant and L is decreased

(C) E & R are both halved and L is kept constant

(D) E & L are kept constant and R is decreased

In the circuit diagram shown
(A) time constant is L/R R
(B) time constant is 2L/R
(C) steady state current in inductor is 2&/R L
(D) steady state current in inductor is &/R

1|
il
m
A

A conducting loop rotates with constant angular velocity about its fixed diameter in a uniform magnetic field.
Whose direction is perpendicular to that fixed diameter.

(A) The emf will be maximum at the moment when flux is zero.
(B) The emf will be '0' at the moment when flux is maximum.
© The emf will be maximum at the moment when plane of the loop is parallel to the magnetic field

(D) The phase difference between the flux and the emf is ©/2

An ideal inductor, (having initial current zero) a resistor and an ideal battery are connected in series at time
t=0. Atany time t, the battery supplies energy at the rate P, the resistor dissipates energy at the rate P, and
the inductor stores energy at the rate P,.

(A) P, =P, +P, forall timest. (B) P, <P, forall times t.

(C) P, <P, only near the starting of the circuit. (D) P, > P, only near the starting of the circuit.

SECTION - 111 : ASSERTION AND REASON TYPE

Statement-1:  Two coaxial conducting rings of different radii are placed in space. The mutual inductance
of both the rings is maximum if the rings are also coplanar.

Statement-2 :  For two coaxial conducting rings of different radii, the magnitude of magnetic flux in one
ring due to current in other ring is maximum when both rings are coplanar.

(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.

Statement-1: A resistance R is connected between the two ends ®B Kfixed

of the parallel smooth conducting rails. A conducting rod lies on
these fixed horizontal rails and a uniform constant magnetic R —> V
field B exists perpendicular to the plane of the rails as shown in
the figure. Ifthe rod is given a velocity v and released as shown
in figure, it will stop after some time. The

total work done by magnetic field is negative.

Statement-2:  If force acts opposite to direction of velocity its work done is negative.

(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
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48.

49.

STATEMENT-1: Consider the arrangement shown below. o

A smooth conducting rod, CD, is lying on a smooth U-shaped D

conducting wire making good electrical contact with it. The U-shape B

conducting wire is fixed and lies in horizontal plane. There is a uniform perpendicular
and constant magnetic field B in vertical direction (perpendicular to to page

plane of page in figure). If the magnetic field c

strength is decreased, the rod moves towards right.

STATEMENT-2 : In the situation of statement-1, the direction in which the rod will slide is that which tends to
maintain constant flux through the loop. Providing a larger loop area counteracts the decrease in magnetic flux. So
the rod moves to the right independent of the fact that the direction of magnetic field is into the page or out of the
page.

(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.

STATEMENT-1 : No electric current will be present within a region having uniform and constant magnetic
field.

STATEMENT-2 : Within a region of uniform and constant magnetic field E, the path integral of magnetic

field gSBd? along any closed path is zero. Hence from Ampere circuital law éﬁ-dzzpol (where the

given terms have usual meaning), no current can be present within a region having uniform and constant
magnetic field.

(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.

Statement-1 : Electric field produced by changing magnetic field is nonconservative.

Statement-2: For the electric field E induced by a changing magnetic field which has closed lines of force,
PEd/ =0

(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

SECTION -1V : COMPREHENSION TYPE

Comprehension # 1

A fan operates at 200 volt (DC) consuming 1000 W when running at full speed. It's internal wiring has
resistance 1 Q. When the fan runs at full speed, its speed becomes constant. This is because the torque due
to magnetic field inside the fan is balanced by the torque due to air resistance on the blades of the fan and
torque due to friction between the fixed part and the shaft of the fan. The electrical power going into the fan
is spent (i) in the internal resistance as heat, call it P, (ii) in doing work against internal friction and air
resistance producing heat, sound etc., call it P,. When the coil of fan rotates, an emf is also induced in the
coil. This opposes the external emf applied to send the current into the fan. This emf is called back-emf, call
it'e".

Answer the following questions when the fan is running at full speed.

The current flowing into the fan and the value of back emf'e' is :
(A) 200A, 5 volt (B) 5A,200 volt (C)SA, 195 volt (D)1A ,0volt
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52.

53.

Comprehension # 2

54.

W
9]

The value of power 'P " is

(A) 1000 W (B)975 W (©)25W (D) 200 W

The value of power 'P, is

(A) 10000 W (B)975 W (©)25W (D)200 W

Figure shows a conducting rod of negligible resistance that can : : : : : : R : :
slide on smooth U-shaped rail made of wire of resistance 1Q/m. . § e o o o o01. .
Position of the conducting rod at t = 0 is shown. A time N | P, Conducting
t dependent magnetic field B = 2t Tesla is switched on at t = 0. o o Rcld

<.—. f:=.400r.n—.>_
L] L) L) * L] L] L ] L]

The current in the loop at t = 0 due to induced emf'is
(A)0.16 A, clockwise (B) 0.08 A, clockwise
(C) 0.08 A, anticlockwise (D) zero

At t = 0, when the magnetic field is switched on, the conducting rod is moved to the left at constant speed
5 cm/s by some external means. The rod moves perpendicular to the rails. At t = 2s, induced emf has
magnitude.

(A)0.12V (B)0.08 V (C)0.04V (D)0.02V

Following situation of the previous question, the magnitude of the force required to move the conducting
rod at constant speed 5 cm/s at the same instant t = 2s, is equal to
(A)0.16 N (B)0.12N (C)0.08 N (D) 0.06 N

Comprehension # 3

59.

60.

92

A train of mass 100 tons (1 ton = 1000 kg) runs on a meter gauge track(distance between the two rails is 1 m.)
The coefficient of friction between the rails and the train is 0.045. The train is powered by an electric engine
0f 90% efficiency. The train is moving with uniform speed of 72 Kmph at its highest speed limit. Horizontal
and vertical component of earth’s magnetic field are B, = 10T and B,, =2 x 107> T. Assume the body of the

train and rails to be perfectly conducting.

The electrical power consumed by the train is -
(A) .11 MW (B) I MW (C)0.50 MW (D) 0.90 MW

The potential difference between the two rails is -
(A) 100 Vv (B)200 uv (C)400 uv (D) 800 pVv

If now a resistor of 107> Q is attached of between the two rails, the extra units of energy (electricity)
consumed during a 324 km run of the train is (1 unit of power = 1 kW hour) (assume the speed of train to
remain unchanged)

(A) 8 x 10* KW hour (B) 8 x 1073 KW hour (C) 8 x 10° KW hour (D) 8 x 1077 KW hour

SECTION -V : MATRIX - MATCH TYPE

The figure shows a metallic solid block, placed in a way so that its faces are parallel to the coordinate axes. Edge
lengths along axis x, y and z are a, b and c respectively. The block is in a region of uniform magnetic field of
magnitude 30mT. One of the edge length of the block is 25 cm. The block is moved at 4 m/s parallel to each axis and
in turn, the resulting potential difference V that appears across the block is measured. When the motion is parallel
to the y axis, V =24 mV; with the motion parallel to the z axis, V =36 mV; with the motion parallel to the x axis, V=0.
Using the given information, correctly match the dimensions of the block with the values given.
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61.

62.

63.

64.

65.

66.

A) a (1Y) 20cm J
B) b Q 24cm t
© c R) 25cm b
bc l X
D) >y ) 30cm v

<—a—>“/

()] 26cm

Column-I gives situations involving a charged particle which may be realised under the condition given in
column-II. Match the situations in column-I with the condition in column-II.

Column I Column II
(A) Increase in speed of a charged particle (P) Electric field uniform in space
and constant with time
(B) Exert a force on an electron initially at rest (Q) Magnetic field uniform in space
and constant with time.
(C) Move a charged particle in a circle with (R) Magnetic field uniform in space
uniform speed but varying with time.
(D) Accelerate a moving charged particle (S) Magnetic field non-uniform in space

but constant with time
(T) Electric field non—uniform in space but
constant with time.

A square loop of conducting wire is placed near a long straight current carrying wire as

shown. Match the statements in column-I with the corresponding results in I+ :
column-II. :

Column-I Column-II '
(A) If the magnitude of current I is increased (P) Induced current in the loop will be clock ~ wise
(B) If the magnitude of current I is decreased (Q) Induced current in the loop will be anticlockwise
(C) If the loop is moved away from the wire (R) wire will attract the loop
(D) If the loop is moved towards the wire (S) wire will repel the loop

(T) Torque about centre of mass of loop is zero due
to magnetie force Lx
SECTION-VI: INTEGER TYPE |

In the figure, a long thin wire carrying a varying current i =i sin ot lies y w
at a distance y above one edge of a rectangular wire loop of length L
and width W lying in the x-z plane. What emf is induced / T ’
in the loop. o

The magnetic field of a cylindrical magnet that has a pole-face radius 2.8 cm can be
varied sinusoidally between minimum value 16.8 T and maximum value 17.2 T ata

60
frequency of 7 Hz. Cross section of the magnetic field created by the magnet is

shown. At a radial distance of 2cm from the axis find the amplitude
of the electric field (in mN/C) induced by the magnetic field variation.

In the figure shown ABCDEFGH is a square conducting frame of side 2m and resistance 1 £2/m. A uniform
magnetic field B is applied perpendicular to the plane and pointing inwards . It increases with time at a
constant rate of 10 T/s . Find the rate at which heat in watt is produced in the circuit, AB=BC=CD=BH.

A long coaxial cable consists of two thin walled conducting cylinders with inner radius 2cm and outer radius
8cm. The inner cylinder carries a steady current 1A, and the outer cylinder provides the return path for that
current. The current produces a magnetic field between the two cylinders. Find the energy stored in the
magnetic field for length 1 m of the cable. Express answer in nJ (use /n2 = 0.7).
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e ANSWER KEY ®
EXERCISE -1
1. C 2. C 3. B 4. C 5. A 6. A 7. A 8. B 9. B
10. B 11. D 12. C 13. A 14. A 15. B 16. B 17. C 18. A
19. B 20. AB,C,D21. AD 22. AB,C,D23. AC 24. ABD 25. ABC 26. C,D 27. A,C
EXERCISE -2 : PART#1
2. D 1. D 3. D 4. C 5. C 8. D 7. BC 6. A 9. A
11. A 12. D 10. C 14. A 13. B 16. C 15. D 17. B 19. B
18. B 21. B 20. D 23. D 22. A 25. D 24. C 26. D 28. D
27. C 30. C 29. B 32. A 33. A 31. B 35. A 34. ACD 37. A
36. B 39. C 38. B 41. A 40. D 43. A 42. A 45. D 44. B
47. C 46. A
PART # 11
1. A 2. D 3. A
EXERCISE -3 : PART#1
1.A—>QS; B>PR; C>PR; D—>Q,S 2.A—->Q;B>P;C>T;D>T
PART # 11
Comp. #1 : 1. C 2. A 3. C Comp.#2 : 1.A 2.B 3.C
EXERCISE -4

Ad

e Ap 1 Aq Ad 1 . .
=——X— — =—X— Aq:? 3. (i) 1.2 Volt (ii) 1.4 volt (iii) 17.5C

1. 1.0V anticlockwise. 2. IZE AR A AR

(iv) 3.5A (v)86/3 joule. 4.zero 5.(a)-1mV,-2mV,2mV, ImV (b)10 ms to 20 ms and 20 ms to 30 ms.
6.493 uV  7.1.6x10°A 8.2.5mVa 9. (a) In the round conductor the current flows clockwise, there is no current in
the connector; (b) in the outside conductor clockwise; (¢) in both round conductors, clockwise; no current in the

T
connector, (d) in the left-hand side of the figure eight, clockwise. 10. 25t x 103C=0.078 C 11. 3~ 10*A

i
3 Wy R?r? NIyv

. = 13.H=1?R1+0+i*R1=1+0+1 =27 14. 1AT—
2 2 2 :
(R +y )

of 1 2 i3 ¥4 5 t(sec)
1A P

15.4mV, Q 16. Opposite direction, Same direction. 17. (a) zero (b) vB (bc), positive atb

(¢) vB(bc), positive ata (d) zero 18. 1 mV 19. \/§><10sz

94



ELECTROMAGNETIC INDUCTION

2 8
20. V2=u2+2ay=0+2ay = V= \ay = £=BV(2x) = B\2ay xz\/% :w,:sz,/?a - By,/f.

21. (a) at the ends of the diameter perpendicular to the velocity, 2rvB
(b) at the ends of the diameter parallel to the velocity, zero.

1
22. (a)0.1mA (b)0.2mA 23. (a)4m/s (b)4 V(©)3V (d)1V. 24.zero 25. (a) T (e—VvB/), frombtoa

(B ) € ) Bv/ mgt B2’y Byv,L
(b) T(a—va) towards right  (c¢) Bl 26. i= 200+ vi)r 27. m 28. (a) 200+ 1) (b) //v. 29. 5
. . 5.2 2 42 NG
_Meila  (a+b) . _ Moloa 4 a+b sin 2mt _|[2Hole? ), fat
30. (a)$p= on Zn(Tj ; (b)e= T ( b T (c) heat = Tr n b 31.67.5mV

Boa’ .0
fromCtoD 34.B(,/gl sin

32. (BVsina)/r(l +sina) 33. >

2
35.3nx10°V 36. (2) 2.0 x 10°V (b) zero (¢) 50 uC (d) 7x 10 sin (10xt) (e) tmV (f) %x 108y

BRv 3BRv
37. (a) 2BRv (b) —— (¢) —,— 38. (@) 16w x 10719 = 1.6 x 108 Weber (b) 41t x 10 V/m (c) 187 x 10 =5.6 x 107 V/m
po et
0
. _— 14
39. 67 Volt 40. 10V 42. (a)5W((b)3W (¢)2W 43.2.2 A/s,decreasing 44. 128n380mR5 45. 2.55 <107
1 -
46.15V 47. 42 + 20 t volt 48. (L/R) m2 =1.109s, 640 ]  49. (a) g(l—e ) = 017A
1 2.2 2 2
(b)E(l—e )" ~003] 50.40H 51. t=(L/R) (n2=347s 52. —Als, =V 53.2[1-¢%=0.66 V
e(R; +R;) L & \ o
54.(a) RR, (b) R, +R, (c) R 55. (a)—2.5x10°V/s (b)-2.5x 103 x e V/s
2
1 11 1 1 2 L 2Bn R
§6. — = —+—=—+—=>orL =~ 5. -1~ 58 00IH
L, L L, L L L 2 L
o . 2420,/
59. (b) Separation is large to neglect mutual inductance 60. 2.5V 61. M= L
EXERCISE -5: PART -1
1. 2 2.4 3.3 4 2 5 2 6.2 7.4 8 2 9. 2 10.3 1.3 12.2 13.2
14.1 19.3 20.1 21.2 22.3
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PART -1I

q(t)

| _apglyo’c/n2
le %Tmax_fz' A 3 B 4 D 5 C 6. A 7. D 8 C

1. VTM E
9. A 10.B 11.A—>Q;B—>RS;C>S;D—>P,Q,R 12. A 13. D 14. BD15. N=6 16. C 17. 7

18. AC 19.8 20. A,D

MOCKTEST
1. B 2. C 3 A 4. A 5. A 6. B 7. A 8 C 9. B 10.A 11.C 12.C 13. B
14. A 15.D 16.D 17.B 18.B 19. A 20.B 21.B 22.C 23. A 24.B 25. A. 26. A
27.D 28.C 29.D 30.C 31.A 32.D 33.C 34.B 35.B 36.D 37.A 38. A 39.D
40. AB.D 41. BD 42. AC 43. AD 44.A,B,C,.D 45. A,C 46. A 47.D 48. A 49. A
50.C 51.C 52.C 53.B 54.A55. BS6. C57. BS58. CS59. D

60.A>R;B—>S;C>P;D>Q 61. A>P,RT;B »>P,RT;C—>Q,S; D>P,Q,R,S,T

woipWocosot [ 12
62. A>QS;B—>PR— C -PR;D—>Q,S 63. ——— /n

—2+1J 64. ©=240 mN/C

4n y

65. 200 watt.  66. U=140nJ
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