PHYSICS

Q.1 Rate of increment of energy in an inductor with T
time in series LR circuit getting charge with IR
battery of e.m.f. E is best represented by : Sol. l
[inductor has initially zero current ]

du d Considering a projected length 2R on thering, in
dt a vertical plane. This length will move at\a speed
(A) (B) dt . .
v perpendicular to the field.
This results in an induced emf:
t —t e =Bv (2R) in the ring
d_U d InRing ““A”’ : ea=B(-V (2R)
dt a In Ring “B”": eg5B(V) (2R) -B (\V) (2R) = 4
© 0) n Ring “B”: eg=B(V) (2R) B (-V) (2R)
BVvR
i Note- There willybe no potential difference across
t a diameter-due to rotation.
_ . [A]

Sol. Rate of increment of energy in inductor Q.3 “Areopper disc of radius 0.1 m is rotated about
_du _d lug Y di itsyeentre with 20 revolution per second in a
Tt dt\2 T dt uniform magnetic field of 0.1 T with its plane
Current in the inductor at time t is : perpendlcular. to the flgld._ The emf induced

‘ across the radius of the disc is -
izio[1-e 7 |and 3 =l ¢ < (A) = volt B) X volt
di = 20 10
(C) 20 = millivolt (D) 100 = millivolt
qu uz ot [C]
— =L er(1-e7) 2
dt T Sol. .= BwR
d—U-Oatt-Oandt-oo 2
dt - - _ 0.1x(2n%20) (0.1)
Hence E is best represented by, : 2
du =20 = x 103 volt
dt
Q.4 A current | = 10 sin(100x t) amp. is passed in
first coil, which induces a maximum e.m.f of 5t
volt in second coil. The mutual inductance
t— e e -
between the coils is

Q.2 Two identical conducting ring A and B of radius (A) 10 mH (B) 15 mH
R are¥in pure rolling over a horizontal (C) 25 mH (D) 5 mH O]
condicting plane with same speed (of center of Sol.  Letl=losinat,

. . L where lo=10, ® =100

mass) v but in opposite direction. A constant dl
magnetic field B is present pointing inside the then e=M at
plane of paper. Then the potential difference
between the highest points of the two rings, is: =M d o sin ot

OEC o

=M lpw cosmt
(A) Zero (B) 2BVR - Emax = Mloo
(C) 4BVR (D) None of these 5t=M x 10 x 100%
[A] M = 5mH
EM.I.



Q.5 AB and CD are smooth parallel rails, separated y
by a distance L and inclined to the horizontal at
X X X X
an angle 6. A uniform magnetic field of
X
magnitude B, directed vertically upwards,
exists in the region. EF is a conductor of mass X *D c X
m, carrying a current I. For EF to be in v
equilibrium : I |
N
(A) B
—>t t
| |
N
©) (D)
(A) | must flow from E to F Q_)
(B) BIL =mg cos 6 t t
(C)BIL=mg sin 6 Sok, ¥[B]
Let 2a be the side of the triangle and b the length
(D) BIL =mg AE.
sol.  [A] AH _ GH
N o AE EC
Ccos
N S GH= AH EC
AE
N SIiN O e y F=BIL b vt a
= a=a—|— vt
b b
a
> FG=2GH=2[a—BVt}
NcosO=mg ../(1) % x K % %
[® indicates current I"is-flowing into the paper] x y A « y
Nsin 6 =\BIL .....(2)
X X X X
) ) BIk = G
. tane .= m—g X X X X
X X X X
. . . D E C
Q/6 An equilateral triangular loop ADC of uniform
specific resistivity having some resistance is Induced e.m.f., e = Bv(FG) = 2Bv (aivtj
pulled with a constant velocity v out of a
e 2Bv a
uniform magnetic field directed into the paper. .. Induced current, | = E: = {agvt}
Attimet =0, side DC of the loop is at the edge or 1 =k — kot
of the magnetic field. The induced current (1) Thus, | —t graph is a straight line with negative
versus time (t) graph will be as : slope and positive intercept.
EM.I.



Q.7 In a LR circuit connected to a battery the rate at Q.10 A superconducting loop of radius R has self
which energy is stored in the inductor is plotted inductance L. A uniform and constant maanetic
against time during the growth of current in the ' g
circuit. Which of the following best represents field B is applied perpendicular to the plane of
the resulting curve ? o, . . .
the loop. Initially current in this loop is zero.
Rate Rate
The loop is rotated by 180°. The current in the
loop after rotation is equal to -
2
(A) (B) (A) zero (B) BTELR
Time Time 2BnR? BrR?
o (©) (D)
Rate ate L 2L
Sol. [C]
Flux cannot change in a'superconduction loop.
© (D)
Ad = 2nR? B
Time Time Initially currentwas zero, so self flux was zero.
Sol.  [A] -, Finally Li = 27R? x B.
U= 1 LI,
2 i 2R’ x B
Rate = d—U =Ll ﬂ L
dt dt
At ;;g;IO: 0 Q)1  Two circular coils can be arranged in any of the
dl three situations shown in figure. their mutual
Att=oo, | = lg but o = 0, therefore, rate = 0 inductance will be
Q.8 A voltmeter is connected across the tetminals-of ) O
a dc motor joined to a suitable pattery:, When © ©
the motor is used to rotate a.machine X and —
current flows, the volt meter - i (i) (iii)
(A) reads the e.m.f. of the_ battery Fig.
(B) read§ th? back e.mAf,in‘the motor _ (A) maximum in situation (i)
(C) reading is a measure ofithe power supplied . o
toX (B) maximum in situation (ii)
(D) reads the energy"per coulomb supplied to X (C) maximum in situation (iii)
[D] (D) the same in all situations [A]
D 4 . . l. As th li f ils will
Q.9 A conducting ring R is placed on the axis of a So S t_ & mutua mductan.ce 0_ FWO coils will be
baremagnet M. The plane of R is perpendicular maximum when there is minimum leakage of
to this axis, M can move along this axis. magnetic flux. In situation (1) we find that,
M R magnetic flux linked with one coil threads fully
R @ through the other coil.
(A) M will repel R when it is moving towards R ..Mutual inductance is maximum in situation (1)
(B) M will attract R when it is moving towards R Therefore the answer is (A).
(C) M will repel R when moving towards as Q.12  Consider the situation shown in figure. If the
well as away from R switch is closed and after some time it is opened
(D) M will attract R when moving towards as again, the closed loop will show-
well as away from R [A]
EM.I.



Q.13

Q.14

Q.15

s O
—

(A) an anticlockwise current-pulse

(B) a clockwise current-pulse

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

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

Consider the situation shown in figure. The
wire AB is slid on the fixed rails with constant
velocity v. If the wire AB is replaced by a
semicircular wire, the magnitude of the induced
current will-

X X X X
A
X X X X
V €—
X X X X
X X X BY x

(A) increase

(B) remain the same

(C) decrease

(D) increase or decrease depending on whether
the semicircle bulges towards the resistance
or away from it 121

Consider the following statements-

(@ An emf can be induced by moving a
conductor in a magnetie field.

(b) An emf can.be “induced by changing the
magnetic-field.

(A) Both,a and,b are true

(B).a is true but b is false

(C) bis'true but a is false

(D) Both a and b are false [A]

Consider the situation shown in figure . If the
current I in the long straight wire xy is increased
at a steady rate the induced current in loop A
and B will be -

Q.16

Sol.

Q.17

® 1 ®

y

(A) clockwise in A and anticlockwise in B

(B) anticlockwise in A and clockwisetin B

(C) clockwise in both A and B

(D) anticlockwise in both A.and B [A]

In the circuit shewn)the cell is ideal. The coil has
an inductance of 4H and zero resistance. F is a
fuse of zero resistance and will blow when the
current ‘through’ it reaches 5A.The switch is
closed att="0. The fuse will blow -

+
2V|— s
(A) after 5 sec
(C) after 10 sec
e=Ld
dt

4H

(B) after 2 sec
(D) almost at once  [C]

i=0.5t
5=0.5t
t=10sec

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

E.M.I.



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

——————— ‘f-—————— 3"——— (B) less than g when it enters the field and
/ K greater than g when it comes out of the field
(C) g all 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 D]
1 1i Q.20 A conducting rod AB of length"™ ="%"m is
© — moving at a velocity v = 4 m/s making-an angle
(A) there will be repulsion between A and B if i 30° with its length. A uniformymagnetic field
is increased B = 2T exists in a direction perpendicular to the
(B) there will be attraction between A and B if i plane of motion. Then-
is increased % X 4 XV %
(C) there will be neither attraction nor repulsion 9 y N 7 9
when i is changed A 30° B
(D) attraction or repulsion between A and B
X X X X X
depends on the direction of current, it does
?d d hthI tf: ut' e d (M. Va-Ne =8V (B) Va-Va=4V
not depend whether the current is increase (©) Vs Va=8Y (D) Ve-—Vaz 4V [B]
or decreased [A]
Q:21 “In the given arrangement, the loop is moved
Q.18  Two identical coaxial circular loops carry a with constant velocity v in a uniform magnetic
field B in a restricted region of width 'a’. The
current i each circulating in the same direction. time for which the emf is induced in the circuit
If the loops approach each other- 1S
) ) ;
(A) the current in each loop will decrease b X X X
. R X X X
(B) the current in each loop will increase >y y
X X
(C) the current in each loopyWill, remain the b>2 X X X
same %
X
(D) the current in one loop will increase and in
a2 ® 2
the other loop\willdecrease [A] % v
(C) (@+b) (D) 2(a-b) [B]
\Y \Y
Q.19 A square,coil ACDE with its plane vertical is
(Cleaged” from resE in ahorizontal uniform Q.22 A uniform magnetic field exists in region given
magnetic field B of length 2L. The L .. )
acceleration of the coil is- by B=3i+4j+5k. A rod of length 5 m is
C Dx placed along y-axis is moved along x-axis with
A £ L constant speed 1 m/sec. Then induced e.m.f. in
B the rod will be-
X X X X
(A) zero (B) 25 volt
2L | x X X X
(C) 20 volt (D) 15 volt [B]
X X X X
EM.I.



Q.23 Asolid conducting sphere of radius R is moved Fig.
with a velocity V in a uniform magnetic field of (A)AtoBand CtoD
= . ~ (B)BtoAandCto D
strength B such that B is perpendicular to V. (C)AtoBandDtoC
The maximum e.m.f. induced between two (D)BtoAand DtoC [A]
points of the sphere is- Sol. N pole moves closer to coil CD and S pole
(A) 2 RBV (B) RBV moves closer to coil AB on rotation of magnet.
RBY According to Lenz's law, N pole shoulddevelop
(C) V2 RBV (D) — [A] at the end corresponding to C.
.. Induced current flows from C to D
Q.24 A vertical rod of length ¢ is moved with Also S pole should develop, at the end
. . corresponding to B.
constant velocity v towards East. The vertical
o .. Induced current flows from A to B
component of the earth's magnetic field is B and Therefore the answeris.(A)
the angle of dip is 6. The induced e.m.f. in the
rod is- Q.27 A closed [ coil\ consists of 500 turns on a
(A) Blvcot 6 (B)Blvsin6 rectangular, frame of area 4.0 cm? and has a
(C) Btvtan © (D) Bfv cos 6 [A] reSistance of 50 ohm. The coil is kept with its
plane perpendicular to a uniform magnetic field
Q.25 A rod of length 10 cm made up of conducting of 0.2 weber/meter. The amount of charge
and non-conducting material (shaded part is flowing through the coil if it is turned over
non-conducting). The rod is rotated with (rotated through 180°) will be-
constant angular velocity 10 rad/sec about point (A) 1.6 x 10 C
O, in constant magnetic field of 2 tesla as shown '
. . . (B)1.6x10°C
in the figure. The induced emf between the )16 x 10 C
point A and B of rod will be- (€) 16
-2
x x X x x (D)16x10°C [C]
XX ey dAx
X X / X Q.28 A rod of length ¢ rotates with a small but
x 213&' ® Yy X uniform angular velocity ® about its
% *oox perpendicular bisector. A uniform magnetic
x Ox x x x - - - -
field B exists parallel to the axis of rotation.
(A) 0.029'volt (B) 0.1 volt o
The potential difference between the two ends
(C) 0.051veolt (D) 0.064 volt [C] ]
of the rod is-
Q.264._The magnet in fig. rotates as shown on a pivot (A) zero (B) 1 B2
through its centre. At the instant shown, what 2
are the directions of the induced currents (C) 0B 2 (D) 2 wB/2 [A]
0 5 0 U
Q.29 A conducting wire frame is placed in a magnetic
field, which is directed into the paper. The
N magnetic field is increasing at a constant rate.
AAA A AAA A The directions of induced currents in wires AB
A B c D and CD are
EM.I. | 6 |



Fig.
(A)AtoBandCto D
(B)Bto Aand Cto D
(C)AtoBandDtoC
(D)BtoAandDto C [D]

Al
'
’
1

'Y
(A) clockwise in A, anticlockwise in B
(B) anticlockwise in A, clockwise in B
(C) clockwise in both A and B
(D) anticlockwise in both A and\B [A]

Sol. In the given question the magnetic field directed Q32 A thin copper w.|re of Teggth 100 rr.letres 1S
into the paper is increasing at a constant rate. wour_1d asa soler10|d oflength £ and radlus_r. Its
- induced current should produce a magnetic self inductance 'S_ fOL_Jnd to be L. Now 'T the
field directed out of the paper. Thus same length of wire is wound as a solenoid of
current in both loops must be anticlockwise. length 7 but-"of radius /2, then its self
C inductance will be-
A (A4 I (B)2L (C)L (D) L2
[C]
B D Q.33 7 A square frame with side a as shown in Fig. is
Fi moved with a velocity v from a long straight
. '. . . wire carrying current 1. Initial separation
Induced emf on right side of loop will be mose between straight long wire and square frame is
as area of its loop on right side is more. x. Find the emf induced in the frame as a
oo dp A dB function of distance x.
Todt o dt
e A
Hence the net current inducedwin the complete 4 +—3a—
loop will be along DCBAD. ‘Therefore the
answer is (D). —>V
— X —Pp|
Q.30 55 x 10* magnetic flux lines are passing
through a e0il of resistance 10 ohm and number ]
of turns, 1000, If the number of flux lines ) Fig.
reducesito~'5 x 10° in 0.1 sec. The (A) Hola®v (B) Holaxv
electromotive force and the current induced in 2nx(x +a) 2nx(x +a)
the,coil will be respectively- c 1ola?v o) 7 A
(A)5V,05A  (B)5x10%V,5x104A ©) x(x+a) (D) Zero [Al
(C)50V,5A (D) none of the above [A]
Sol. €= HO—IaV
. . - 2
Q.31  Consider the situation shown in figure. If the ™ |
current | in the long straight wire XY is and 2 = _Holav
increased at a steady rate then the induced emf's 2n(x+a)
in loops A and B will be- Enet = €1 — €2
_bolav|1l 1
2t | X X+a
EM.I.



polazv Q.36 The frequency of oscillation of current in the
- 2nx(x +a) inductor is-
L 2L
L 1
Q.34 In the circuit shown X is joined to Y for a long
time and then X is joined to Z. The total heat [ C
produced in Rz is — H
R, [ 12C
WW s
7 (A) —— (8) ——<
_m_o X 3/LC 6n,LC
I © == (o) —— (6]
——wWw Joc 2nJLC
1
Fig. ) ) )
) ) Q.37  Two inductor coils of self inductance 3H and
(A) £2 (B) £2 6H respectively are connected with a resistance
2Rj 2R} 10 Q and a.battery 10 V as shown in figure.
LE? LE2R Theratio of-total energy stored in the inductors
© (D) 2 [A] to“\that of heat developed in resistance in
2R;R 3
12 2R} 10°seconds at the steady state is-
. . E L;=3H
Sol. Steady state current in L = i :R— Energy
1
1 E 2 L2:6H
stored in L == L| — | = heat produced in R
2 | Ry
LE2 eIV
during discharge = —- .
o A = (B) —
10 100
.35  How many meters of a thin wire aresrequired to 1
© Y many mete ; © —— (D)1 6]
design a solenoid of lengthlmdand L = 1mH? 1000
Assume cross-sectional diameteris very small — . .
> Q.38  Find the steady state current through L1 in the
(A)10m (B) 40 m Fig. —
(C)70m (D) 100 m [D] /S R
Sol. Length of the wired = nlo2xr and L = pon?lonr? . WW—
or n= L T =
tolonr? Vo | —+ 70000\
/0000 \————
Thusy |I= / L 5 lo2nr L.
Holomr Fig.
_ |Llg4n A o ) Yol
ZTCr— “0 R R(L1+L2)
(C) _ Voo (D) None of these
_ 1073 x1x 4n - 100m R(L; +L,)
| 4nx107 [C]
EM.I. | g |



V, .. . .
Sol. lo :?0 divide the current in L1 and L2 like

resistors 11 = lg
L, +L,

Q.39 A square wire frame of side a is placed a
distance b away from a long straight conductor
carrying current I. The frame has resistance R
and self inductance L. The frame is rotated by
180° about OO’ as shown in Fig. Find the
electric charge flown through the frame —

<+“—b—>|g
I _____ A
1
a 1
1
a_ | _____ i
el
'
Fig.
2uia’ Lol b+a
A) ——— B) ——I
B ko ®) 2R % ha
TR b+a
C) —1I D)N f th
© >nR Ogeb—a (D) None of these
[C]
sol. == |d0, di
R | dt dt
. 1 Ap 1 fhb+a
=|idt==[A¢+0] =— ==
a=| glAe*OI=pr=g ), BadX

b . .
:lJA +a 1 gia y = Kol Iogeb+a
R Jb-a 2mX 27R b=a

Q.40  Find the steady state curreft, through L1 in the
Fig. —

Voly

Vo
W= ®) R(L,+L,)

— D) None of these
R(L; +L,) )

[C]

Sol.

Q.41

Sol,

Q.42

V, . . .
lo ZFO divide the current in L; and Ly like

L,
1+L;

resistors 11 = Ip

Mutual inductance in Fig. shown is —

«—2
A b
<
Fig.

Hob a

A) Zero B) —— loge —

(A) (B) o g b
) Mg [1+9 ©) Mo g, (1+3
21 a 2 b

[C]
_ Kol _
B=—— d¢ =Bhd
21y o y

A circular coil is placed in uniform magnetic
field such that its plane is perpendicular to field.
The radius of coil changes with time as shown
in the figure . Then which of the following
graph represent the induced emf in the coil with

L

t(s)
e e
(B)
ol 1 2 ‘t
"N
ol 1 2 °t
[B]

E.M.I.



Q.43  If a Bismuth rod is introduced in the air coil as Q.46  In figure , wires P;Q; and P,Q,, both are
shown then current in the coil - moving towards right with speed 5 cm/sec.
Resistance of each wire is 2Q. Then current
through 19Q resistor is —
@ X XP;x XP,x x
V =10 sin wt Txx x x | x x
Fig. 4 cm
g X X | X X X X 1QQ
(A) increases l x x| xx |xx
B) remains unchanged
EC% decreases ’ X XQX XPpx x B =17esla
(D) None of these [A] (A)O (B) 0.ImA
) o ) (C)0.2mA (D) 0.3 mA [B]
Sol. L will decrease as Bi is diamagnetic
| -lwill increase
T L Q.47 A conducting rod of resistance r moves
Q.44  As a result of change in magnetic flux linked to uniformly witha constant speed v. If the rod
the closed IOOp shown in Flg, an emf V volt is keeps moving uniform|y, then the amount of
induced in the loop. The work done in taking a L
charge Q coulomb once along the loop is — force required is —
R —=>V
Fig. - -
(A) QV (B) 2QV ) vB?/? ®) 2vB%/?
©Qvz (D) Zerg [A] R (R+1)
Sol. QV because induced electric field so“generated
is non conservative i.e. ifE. dh=V. © vB*/? (D) zero [C]
(R+r)
Q.45 In the figure, the magnet is moved towards the Sol. F=1/B
coil with a speedwwv, and induced emf is e. If VBl
magnet and coil recede away from one another = R+1)
each moying“with speed v the induced emf of
the coihwil=be- _ vB?/?
Coil (R+1)
Magnet Q.48 A heavy block is attached to the ceiling by a
spring that has a force constant ‘k’. A
..................................... conducting rod is attached to block, The
A combined mass of the block and the rod is m.
The rod can slide without friction along two
vertical parallel rails, which are a distance L
(Ae (B) 2e apart. A capacitor of known capacitance C is
(C)el2 (D) 4e [B] attached to the rails by the wires. The entire
system is placed in a uniform magnetic field B.
Find the time period T of the vertical
EM.I.



oscillations of the block. Neglect the electrical
resistance of the rod and all wires —

k
]
X X X
. X~ X X
rail <— x S

C
2)2 2
(A) 2n /m+CB L (B) 2r /m +CBL
k k
2 212
(© 4ch% (D) None of these [A]

—> rail

mg — k(x +y) — BZKZC(;—\II =ma.. (2)

mg — kx — ky — B2/?Ca = ma

-k
a=——
m+ B?¢%Ca y

Comparing equation of a by a = — 0%y

o= |— X
m+ B2/%C
2, 2
po2m_, [mecBl
) k

Q.49  Along solenoid‘ef radius 2 cm has 100 turns/cm
Sol. and is surrounded by a 100 turn coil of radius 4
cm having,a total resistance 20Q. If current
9_|
A Bov B changes=ftom 5 A to — 5A, find the charge
‘) through galvanometer.
Y
I | . .
ks L OO
Using Kirchoff ’s equation
d ©
+q - y
E—BZV—O [Where V=E] Fig.
(A) Zero (B) 800 puc
q= CBv (C) 400 uC (D) 600 pC [B]
__dg dv Sol. ¢ =Bnar? e =d0_ N2 9B
i= it =CB/ Tt dt dt
=N 2 di
Magnetic force on AB baror hlock = Bi/ = NN
dv 2
Fmangzfzc a |:£andAQ:|At:MAt
R
kx 100 x tx (2x1072)% x10* x 47 x10 " x10
AQ =
20
A B =8 x 1074 =800 uC
lmg
Q.50 A thin circular ring of area A is held
For initial equilibrium,
perpendicular to a uniform magnetic field of
kx = mg « (D)
induction B. A small cut is made in ring and a
K(x+Y) galvanometer is connected across the ends such
FmagI % that total resistance of the circuit is R. When the
—l—t y ring is suddenly squeezed to zero area, the
Mg charge flowing through the galvanometer is -
EM.I.



(B) —

(A

O) -+

(C) ABR




