JEE Advanced Physics 10 Years Topicwise Questions with Solutions
ELECTROMAGNETIC INDUCTION-ALTERNATING CURRENT

A series LCR circuit is connected to a 45 sin (@f) Volt source. The resonant angular frequency of the
circuit is 10° rad s ' and current amplitude at resonance is Ip. When the angular frequency of the source is

»=8x10"rad sfl, the current amplitude in the circuit is 0.05 Ip. If L = 50 mH, match each entry in List-1

with an appropriate value from List-II and choose the correct option. [JEE(Advanced) 2023]
List-1 List-11
(P)  IpinmA (1) 444
(Q) The quality factor of the circuit 2) 18
(R)  The bandwidth of the circuit in rad s | (3) 400
(S) The peak power dissipated at resonance in Watt 4) 2250
(5) 500
A)P—>2,Q—>3,R>5S—>1 B)P->3,Q0->1L,R>4S—>2
C)P>4,Q—>5R—>3,S—>1 D)P—>4,Q—>2,R>1,S>5

A thin conducting rod MN of mass 20 gm, length 25 cm and resistance 10 Q2 is held on frictionless, long,
perfectly conducting vertical rails as shown in the figure. There is a uniform magnetic field By = 4 T
directed perpendicular to the plane of the rod-rail arrangement. The rod is released from rest at time t = 0
and it moves down along the rails. Assume air drag is negligible. Match each quantity in List-1 with an

appropriate value from List-II, and choose the correct option.

[Given: The acceleration due to gravity g= 10 msZande ' = 0.4] [JEE(Advanced) 2023]
®© @® ©® B®
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1
®  ©® © ©
List-1 List-1T
(P)  Att=0.2 s, the magnitude of the induced emf in Volt (1) 0.07
(Q) Att=0.2s, the magnitude of the magnetic force in Newton (2) 0.14
(R) Att=0.2s, the power dissipated as heat in Watt (3) 120
(S)  The magnitude of terminal velocity of the rod inm s | 4 0.12
(5) 2.00
AP->5Q>2,R>3,S>1 BP—->3,Q>1,R—>4S->5
COP>4Q0->3,R>1,S—>2 D)P—>3,Q—>4,R—>2,S>5
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3.

A rectangular conducting loop of length 4 cm and width 2 cm is in the xy-plane, as shown in the figure.
. . . . . . 3. 1. .
It is being moved away from a thin and long conducting wire along the direction 7x+— y with a

constant speed v. The wire is carrying a steady current I = 10 A in the positive x-direction. A current of
10 pA flows through the loop when it is at a distance d = 4 cm from the wire. If the resistance of the loop

1s 0.1 Q, then the value of v is ms .

[Given: The permeability of free space py =4 x 107 NA_Z] [JEE(Advanced) 2023]
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Consider an LC circuit, with inductance L = 0.1 H and capacitance C = 107 F, kept on a plane. The area
of the circuit is 1 m?. Tt is placed in a constant magnetic field of strength By which is perpendicular to the
plane of the circuit. At time t = 0, the magnetic field strength starts increasing linearly as B = By + Bt with
B=0.04 Ts™' . The maximum magnitude of the current in the circuitis _ mA.

[JEE(Advanced) 2022]
A small circular loop of area 4 and resistance R is fixed on a horizontal xy-plane with the center of the

loop always on the axis N of a long solenoid. The solenoid has m turns per unit length and carries

current I counterclockwise as shown in the figure. The magnetic field due to the solenoid is in N

direction. List-I gives time dependences of n in terms of a constant angular frequency . List-II gives the

AZHémZIZ

. . . s
torques experienced by the circular loop at time t = 0’ Let o=
®

[JEE(Advanced) 2022]
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List-1 List-1T
I A N P 0
M %(sinmtfrcosmtk) (P)
I n n .
{0 L(sinooti+cosa)tj) Q@ _%
2 4
111 A - R .
(It L(sinooti+coswtk) ® 3—Oci
2 4
v A - S A
() L(cosoati+sin03tk) ®) gj
2 4
(T) _3_0ti
4

Which one of the following options is correct?

(A) I-Q, [P, [II->S, IV>T

(B) I->S, 1T, llI->Q, IV>P

(C) I->Q, lI-»P, llI-S, IVH>R

(D) I T, I-Q, lII-P, IV>R

A long straight wire carries a current, [ = 2 ampere. A semi-circular conducting rod is placed beside it on
two conducting parallel rails of negligible resistance. Both the rails are parallel to the wire. The wire, the
rod and the rails lie in the same horizontal plane, as shown in the figure. Two ends of the semi-circular rod
are at distances 1cm and 4 cm from the wire. At time t = 0, the rod starts moving on the rails with a speed
v = 3.0 m/s (see the figure).

A resistor R = 1.4 Q and-a capacitor Cy = 5.0 uF are connected in series between the rails. At time
t =0, Cyp is uncharged. Which of the following statement(s) is(are) correct ? [JEE(Advanced) 2021]
[o = 4m x 107’ Slunits, Take In 2 = 0.7]
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(A) Maximum current through R is 1.2 % 10°° ampere

(B) Maximum current through R is 3.8 x 10°° ampere
(C) Maximum charge on capacitor Cy is 8.4 x 10" coulomb

(D) Maximum charge on capacitor Cyp is 2.4 X 10'? coulomb
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Question Stem for Question Nos. 7 and 8

Question Stem
In a circuit, a metal filament lamp is connected in series with a capacitor of capacitance C puF across a
200 V, 50 Hz supply. The power consumed by the lamp is 500 W while the voltage drop across it is
100 V. Assume that there is no inductive load in the circuit. Take rms values of the voltages. The

magnitude of the phase-angle (in degrees) between the current and the supply voltage is o.

Assume, n\/g ~5.
7.  The value of C is . [JEE(Advanced) 2021]
8.  The value of ¢ is . [JEE(Advanced) 2021]

Paragraph for Question Nos. 9 and 10

A special metal S conducts electricity without any resistance. A closed wire loop, made of S, does not allow any
change in flux through itself by inducing a suitable current to generate a.compensating flux. The induced current
in the loop cannot decay due to its zero resistance. This current gives rise to-a magnetic moment which in turn
repels the source of magnetic field or flux. Consider such a loop;, of radius a, with its center at the origin. A
magnetic dipole of moment m is brought along the axis of this loop from infinity to a point at distance » (>> a)

from the center of the loop with its north pole always facing the loop, as shown in the figure below.

The magnitude of magnetic field of a dipole m, at a point on its axis at distance r, is &—3 , where g is the
Tr

permeability of free space. The magnitude of the force between two magnetic dipoles with moments, m; and m,

. . . . . . kmym
separated by a distance r on the common axis, with their north poles facing each other, is 14 2 where
r

k is a constant of appropriate dimensions. The direction of this force is along the line joining the two dipoles.

[JEE(Advanced) 2021]
a@ m

1 v 1

9. _When the dipole m is placed at a distance r from the center of the loop (as shown in the figure), the current

induced in the loop will be proportional to [JEE(Advanced) 2021]
m m’ m m?

(A)—= B)—- ©—= D) —
r r r r

10. The work done in bringing the dipole from infinity to a distance r from the center of the loop by the given

process is proportional to [JEE(Advanced) 2021]
2 2 2
m m m m
A)—= B) —= O — (D) —-
r r r r
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12.

13.
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A light disc made of aluminium (a nonmagnetic material) is kept horizontally and is free to rotate about its
axis as shown in the figure. A strong magnet is held vertically at a point above the disc away from its axis.
On revolving the magnet about the axis of the disc, the disc will (figure is schematic and not drawn to scale)-

[JEE(Advanced) 2020]

)

\

e —

(A) rotate in the direction opposite to the direction of magnet’s motion

(B) rotate in the same direction as the direction of magnet’s motion

(C) not rotate and its temperature will remain unchanged

(D) not rotate but its temperature will slowly rise

The inductors of two LR circuits are placed next to each other, as shown in the figure. The values of the
self-inductance of the inductors, resistances, mutual-inductance and applied voltages are specified in the
given circuit. After both the switches are closed simultaneously, the total work done by the batteries
against the induced EMF in the inductors by the time the currents reach their steady state values
is mlJ. [JEE(Advanced) 2020]

R, =5Q

R, =10Q2

M=5mH

re

A conducting wire of parabolic shape, initially y = xz, is moving with  y ® B

. - LA )
velocity V.=V;1i in a non-uniform magnetic field B=B, (1 + (%) Jk, :

P A
as shown in figure. If Vy, By, L and J are positive constants and A¢ is V=V
the potential difference developed between the ends of the wire, then
the correct statement(s) is/are: [JEE(Advanced) 2019] > X
(A) |A¢| remains the same if the parabolic wire is replaced by a straight 0 JL

wire, y = X initially, of length V2L
(B) |A¢| is proportional to the length of the wire projected on the y-axis.

(C) |Ad|= %BOVOL for =0

(D) |Ag| :§BOVOL for =2
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14.

15.

16.

A 10 cm long perfectly conducting wire PQ is moving, with a ® B P ®

velocity lcm/s on a pair of horizontal rails of zero resistance. ®
One side of the rails is connected to an inductor L = 1 mH and L

a resistance R = 1Q2 as shown in figure. The horizontal rails, R _> fem/s

L and R lie in the same plane with a uniform magnetic field

B = 1 T perpendicular to the plane. If the key S is closed at ® S _Q ® ®
certain instant, the current in the circuit after 1 millisecond is x X 1073A, where the value of x is
[Assume the velocity of wire PQ remains constant (1 cm/s) after key S is closed.

Given:e ' =0.37 , where ¢ is base of the natural logarithm] [JEE(Advanced) 2019]

In the figure below, the switches S; and S, are closed simultaneously at t = 0 and a-current starts to flow
in the circuit. Both the batteries have the same magnitude of the electromotive force (emf) and the
polarities are as indicated in the figure. Ignore mutual inductance between the inductors. The current I in

the middle wire reaches its maximum magnitude I ;o at time t = t. Which of the following statement(s) is

(are) true? [JEE(Advanced) 2018]
R L R 2L
—AAAAAA—TTTTTT ==\ A—T T ST DT
AV 1 il V4
s .

v \Y
Al =— B)I  =—
(A) La R (B) La IR

L 2L
C) 1=—/n2 D) t=—1/n2
©) R (D) R
A circular insulated copper wire loop is twisted to form two loops of area A x X
and 2A as shown in the figure. At the point of crossing the wires remain
electrically insulated from each other. The entire loop lies in the plane (of the X X
paper). A uniform magnetic field B points into the plane of the paper. At t =0, x x
the loop starts rotating about the common diameter as axis with a constant
angular velocity o in the magnetic field. Which of the following options is/are * x x x
correct? [JEE(Advanced) 2017] x x §x X
areai2A
(A) The rate of change of the flux is maximum when the plane of the loops is i
. X X 1 X X
perpendicular to plane of the paper i

(B) The net emf induced due to both the loops is proportional to cos wt % . %
(C) The emf induced in the loop is proportional to the sum of the areas of the o < ;

two loops

(D) The amplitude of the maximum net emf induced due to both the loops is equal to the amplitude of

maximum emf induced in the smaller loop alone
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18.

19.
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In the circuit shown, L =1 uH, C =1 pF and R = 1 kQ. They are connected in series with an a.c. source

V =V sin ot as shown. Which of the following options is/are correct ? [JEE(Advanced) 2017]
CIF pe1ko

—wWh—

L=1puH

V sinot

(A) The frequency at which the current will be in phase with the voltage is independent of R.
(B) At ® ~ 0 the current flowing through the circuit becomes nearly zero
(O) At o >> 10° rad.sfl, the circuit behaves like a capacitor.

(D) The current will be in phase with the voltage if ® = 10% rad.s .

A source of constant voltage V is connected to a resistance R and two
ideal inductors L; and L, through a switch S as shown. There is no

mutual inductance between the two inductors. The switch S is initially

open. At t =0, the switch is closed and current begins to flow. Which

of the following options is/are correct?
(A) The ratio of the currents through L; and L, is fixed at all times (t > 0) [JEE(Advanced) 2017]
L2

(B) After a long time, the current through L; will be Y
L, +L,

L,

(C) After a long time, the current through L, will be v
L, +L,

(D) At t =0, the current through the resistance R is %

The instantaneous voltages at three terminals marked X, Y and Z are givenby  [JEE(Advanced) 2017]

Vx =V sin ot
. 2n
Vv =Vj sin (oat + ?j and

Vz =Vp sin (mt +4?nj

An ideal voltmeter is configured to read rms value of the potential difference between its terminals. It is

connected between points X and Y and then between Y and Z. The reading(s) of the voltmeter will be:-

ms rms 1
(A) Viv =V, (B) Vyz :VO\/;

(C) Independent of the choice of the two terminals (D) Viv' =V, \/%




JEE Advanced Physics 10 Years Topicwise Questions with Solutions

20.

21.

22,

A conducting loop in the shape of 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 constant rate of 10 A s . Which of the following
statement(s) is(are) true? [JEE(Advanced) 2016]

10cm 90°

(A) The induced current in the wire is in opposite direction to the current along the hypotenuse.

(B) There is a repulsive force between the wire and the loop

(C) If the loop is rotated at a constant angular speed about the wire, an additional emf of [h] volt is
s

induced in the wire

0

(D) The magnitude of induced emf in the wire is (M—j volt.
T

Two inductors L; (inductance 1 mH, internal resistance 3 €2) and L, (inductance 2 mH, internal resistance 4Q),
and a resistor R (resistance 12 Q) 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 (Imax/Imin) drawn from the battery is.
[JEE(Advanced) 2016]
A rigid wire loop of square shape having side of length L and resistance R is moving along the
x-axis with a constant velocity vo in the plane of the paper. At t = 0, the right edge of the loop enters a
region of length 3L where there is a uniform magnetic field By into the plane of the paper, as shown in the
figure. For sufficiently large vy, the loop eventually crosses the region. Let x be the location of the right
edge of the loop. Let v(x), I(x) and F(x) represent the velocity of the loop, current in the loop, and force
on the loop, respectively, as.a function of x. Counter-clockwise current is taken as positive.
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Which of the following schematic plot(s) is(are) correct ? (Ignore gravity) [JEE(Advanced) 2016]
F(x)
N

\ B) 5 'L i 3L iLX
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24.
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Paragraph for Question No. 23 and 24

In a thin rectangular metallic strip a constant current I flows along the positive x-direction, as shown in

the figure. The length, width the thickness of the strip are /, w and d, respectively.

A uniform magnetic field B is applied on the strip along the positive y-direction. Due to this, the charge
carriers experience a net deflection along the z-direction. This results in accumulation of charge carriers
on the surface PQRS and appearance of equal and opposite charges on the face opposite to PQRS.
A potential difference along the z-direction is thus developed. Charge accumulation continues until the
magnetic force is balanced by the electric force. The current is assumed to be uniformly distributed on the

cross section of the strip and carried by electrons.

€ / S
% """"""" i Y
5 l$d e M X
P z

Consider two different metallic strips (1 and 2) of the same material. Their lengths are the same, widths
are w; and w; and thicknesses are d; and ds, respectively. Two points K and M are symmetrically located
on the opposite faces parallel to the x-y plane (see figure). V| and V; are the potential differences between

K and M in strips 1 and 2, respectively. Then, for a given current I flowing through them in a given

magnetic field strength B, the correct statement(s) is(are) [JEE(Advanced) 2015]
(A) IfW1 = W7 and d1 = 2d2, then Vz = 2V1 (B) Ile = W3 and d1 = 2d2, then Vz = V1
(C) If wy = 2w and d; = dp, then V, =2V (D) If w; = 2w, and d; = d, then V, =V,

Consider two different metallic strips (1 and 2) of same dimensions (length /, width w and thickness d)
with carrier densities n; and np, respectively. Strip 1 is placed in magnetic field B; and strip 2 is placed in
magnetic field By, both along positive y-direction. Then V; and V; are the potential differences developed

between K and M in strips 1 and 2, respectively. Assuming that the current I is the same for both the

strips, the correct option(s) is(are) [JEE(Advanced) 2015]
(A) If By = B and n; = 2nj, then V, =2V, (B) If B; = B; and n; =2ny, then V, =V,
(C) If B; =2B; and n; = np, then V, = 0.5V, (D) If B; = 2B; and n; = ny, then V, =V,
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25. At time t = 0, terminal A in the circuit shown in the figure is connected to B by a key and an alternating

current I(t) = I[pcos(wt), with Iy = 1A and o = 500 rad s starts flowing in it with the initial direction

shown in the figure. At t:;—n, the key is switched from B to D. Now onwards only A and D are
®

connected. A total charge Q flows from the battery to charge the capacitor fully. If C =20 pF, R =10 Q

and the battery is ideal with emf of 50 V, identify the correct statement (s). [JEE(Advanced)2014]
, B D
hil
) T c=20uF T 20V
AMWW—
R=10Q

(A) Magnitude of the maximum charge on the capacitor before t = g—n is1 x10°C.
®

7
(B) The current in the left part of the circuit just before t = 6_Tc is clockwise.
®

(C) Immediately after A is connected to D, the current in R is'10A

D)Q=2x10°C

10
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SOLUTIONS
Ans. (B)

V =45 sin wt, L=50mH

m0=105rad/s=;:>c

JLC

1 1
Lol 5x1072x10"

=2x10°F
45
IO ZE

o=8x10%rad/s=0.8 ™o
Iy

[=0.05],=—=7Z=20R
20

X, =8x10* x5x107Q = 4kQ

- ! =ix1059:§k9
8x10*x2x107° 16 4

72 =R*+(Xc-X, )

Xc

2
400R? =R? + (%kQJ

Vo _45x8_ 8\ C04A =400mA
R 900 20
)
oo L [LT 8 [5x0 80 S

RNC 900\ 2x10° 90

Q =55 5000 = 4.4
900

Sol.

(P)

«Q

R)

S

From force equation

mgR  20x107°x10x10
16x—
16

!
B N 1 1

MR 20x10°x10 02
s 5t= [—En(2 —V):lz

—5t=€n[2_v}
\%

Now

And

Lv=2(1-¢"

Att=0.2 sec V:2(1_e—5xo.2)
v=2(1-04)
v=1.2m/s

Now att=0.2 sec

The magnitude of the induced emf = E = Bv/

:4><1.2><l= 1.2Volt
4
Att=0.2 sec,
the magnitude of magnetic force = BI/sinf

B/v

=Bx x ¢ x sin 90°

4><4><l><1.3><l

= 4 4 = (.12 Newton
10

Att=0.2 sec, the power dissipated as heat

2

P_ilR=Y _ 1.2x1.2
R 10

P =0.144 watt

Magnitude of terminal velocity

11
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3.

Sol.

Sol.

12

At terminal velocity, the net force become zero
mg = Bi/

Blv, !
R

mg=Bx

~mgR _ 20x107° x10x10
e
B 16><i
16

Vr

vr=2m/s
Ans. (4)

<«—b—>r

t

A

P | —

P e— > —p

J3/2

-~y

R=0.1Q
E= (B1 - B2)be

j= £ Hl (l— ! jbv
R 2nR\d d+a/ ”

-7
=107 =—2X1(()) " Xlo{l—l}xlvy

Ans. (3.98 - 4.02)
Maximum energy will be

2
q_0=lLI(2)
2C 2

2
&:13
CL

9o
I =

¢ JLe
L _Cv
¢ JLC

Sol.

V=emf= AdB

107

I V =(1 x 0.04)

Maximum current Ip = 0.004 = 4mA
Ans. (4)
Ans. (Dropped)

- I . A
D B=—(sin03tj+cosmtk)

ZI2 AZ

poml
2

$=0,6=0,i=0,t=0

(Il) B= (sinmti+cosmt})

poml

NG

¢=1§.A=“0ml

V2
_d¢ _ pymloA .
dt 2

& _ pomloA

R 2R

M=iA = iA(lA<) = Msin(mt)(ﬁ)

J2R

|,LOmZIZ(DA2

2R

(II1) B=

(sincoti + cosmtf{)

-cos(oat) ‘A

n(mt)

i= sin(oat)

sin’ ((x)t)(+3)

t ‘




Sol.

Sol.
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HomlI

NG)
= % _ Homl
AR
_d¢ _ pymloA
a2

_ & _ pymlwA

R V2R

M=iA= iA(ﬁ) = —Mcos(wt)(f()

V2R

212 42
_Holn " ©OA IRO)A cos’ (wt)(—i)

(IV) B= (cosmtj+sinmtf<)

-sin(wt)-A

cos((ot)

cos(ot)

Ans. (C) 1 -Q, II-P, III-S, IV-R
Ans. (A, C)
EMF developed across the emf of semi-

4 . . .

i v v
circular rod = j“—odrv = HolV g = BV o
2mr 2n T
Form given value,
_4nx107"x2x3x0.7
T

E 24x7x107°
Imax = —=—"7T—"7—

R 1.4
Quuae = CoE =24x7x10 ¥x5x107°

E =24x7x107%

=1.2x10°A

=8.4x107'2C
Ans. (100.00)
Ans. (60.00)

500W

R C

—

100V
)

~

A\ %
200V, 50 Hz
JVE+VE =g, = VZ2+100% =200°
V. =100+/3V ()

Ve 10043
Ve 100

tand =

10.

Sol.

11.

Sol.

12.

Sol.

S d=60° ....(ii)
|
P=1_¢& cos¢p =——
ms - rms d) 7z 2
z 2
~z=40Q ....(iii)
R 1 R
cosp=—=—=—
Z 2 40
.. R=20

& x. =~/z2 —R? =407 — 202 =20:3Q
1

—=—=203 .. C=100
oC

Ans. (A)
Ans. (C)

Ans. (B)

When the magnet is moved, it creates a state
where the plate moves through the magnetic
flux, due to which an electromotive force is
generated in the plate and eddy currents are
induced. These currents are such that it
opposes the relative motion = disc will rotate
in the direction of rotation of magnet.

Note : This apparatus is called Arago's disk.
Ans. (55.00)

Mutal inductance is producing flux in same
direction as self inductance.

1 1
U =5L11f +5L21§ +MI,1,

= U=%x(10x10_3)12 +%><(20><10_3)><22

+(5%x107) x 1 %2
=55mJ

13



JEE Advanced Physics 10 Years Topicwise Questions with Solutions

13.

Sol.

14

Ans. (A, B, D)

LB+1
_L+(B+1>LB}

A =V,B,| L+

~|Ad|=B,V, [1 +ﬁ] ‘L

|Ad| oc L .. option '2'is also correct
Ifp=0

Ap=VoBo[L+L]

Ad =2VBoL = option (3) is incorrect

Ifp=2

Ad=V,B, [L + H

4
Ap = EVOBOL option (4)is correct

A¢ will be same.if the wire is repalced by the
straight wire of length V2L and y=Xx

-+ range of y remains same

B
Y4 y:XQ
L
2L V=v,i
X
0 L

.. option (A) is correct.

14.

Sol.

15.

Sol.

Ans. (0.62 to 0.64)
Since velocity of PQ is constant. So emf
developed across it remains constant.

e =Blv where ¢ = length of wire PQ

Current at any time t C =
is given by L y
_Re N
1——{1—6 LJ N O b A
R y[
t
_ Biv (1 _ *T) T
—1x1073
=1x ﬁ X L Xl 1_el><1073
100 100 /1
1 - 1
=——x(=¢e") = x(1-0.37
1000 ( ) 1000 ( )
i=0.63x10° A =x=0.63
Ans. (B, D)
R L R 2L
—AMAMA—TTTIID—T—\AAA— TN —
— i, N i,

imax = (iZ - il)max

Ai=(p—i1) = %[1 —e_(%)t}—x[l —e(_%ﬂ
V[ A3)]

R
d(Ai)
dt

For (Ai)max




16.

Sol.

17.

Sol.
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2L
t= ?€n2 — time when 1 is maximum.

v ) )]

_X‘[l_l}‘ _1v
R|L4 2 4 R
Ans. (A, D)

X X
XBX

chE

X X X X
X

|1max

X X X
¢ = |BJ|A]cosO
= BAcos (wt)

£= —@ = BAu)sin(u)t)
dt

d¢

0, € & — oc sin (wt)
dt

so, maximum when , ot =0 = T

Net emf will be difference of emfs in both
loops because their polarities are opposite.

eNet = €24 — €4= B(2A)wsinot — B(A)wsin(mt)
=B(2A — A)wsinot = BA®sinmt

Ans. (A, B)

1
oL ———

Wy = 10° rad/s

- Vo

1, = >
\/R2 +(00L—1j
oC

co=0,i0=0

For o >> wy, circuit behaves as inductor.

18.

Sol.

19.

Sol.

Ans. (A, B, O)

Since inductors are connected in parallel
Vi, =V,
dl dl
1 —t= L, —=
dt dt
LI =Ly,

L
L, L

Current through resistor at any time t is given by
RT

I=V/R(1—¢ L) where L= Dby
L, +L,
\Y
After long time [ = —
R
L+1L=1 (1)
Lil; =Lylp ..(ii)
From (i) & (ii) we get
_V L, vV L
1= — 5 =
RL+L,~ 7 RL+L,

(D) value of current is zero at t =0

value of current is V/R at t = oo

Hence option (D) is incorrect.

Ans. (C, D)

Potential difference between X & Y = Vx — Vy
Potential difference between Y & Z=Vy - Vg

Phasor of the voltages :
Vy

120°
120°

120°

15
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20.

Sol.

21.

Sol.

16

S Vx—Vy= \BVO

Vrms _ \/EVO
Xy — \/’
2
NO'A
2

Also difference is independent of choice of two

similarly V{7° =

terminals.
Ans. (B, D)

induce electric field
JE \
/ N

dx
X X

by direction of induced electric field, current in
wire is in same direction of current along the
hypotenuse.

Flux through triangle if wire have current i

= j(“—‘)ij(zxdx)=l“—°i

0 27X Om

= Mutual inductance = Ho

Or
di
Induced emf in wire = Fo G_ o x10 = Bo
10t dt ~10x T
Ans. (8)
L1=1mH r|=3Q
_W_/\NV\_
L2:2mH 1'2:4Q
_W_I\M/\_
R=12Q
AN
|y
| | ol
=5V
€ 5
I. =—=—A (Initiallyatt=0
mx SR 12 ( y )
€ 1 1 1
IL,=——=¢| —+—+—
eq (1’] I.2 RJ

(finally in steady state)

:5(l+l+Lj :EA
3 4 12 3
_max _ g

I

min

22.

Sol.

Ans. (C, D)
—V
X X X
X X| x
X X| X
R x x| x
X
X X X
«<x>

When loop was entering (x <L)

¢ =BLx
_ B ppdx
dt dt
le|=BLVzd
i= £ BLY aew)
R R

272
F = i¢B (Left direction) = BLV

(in left direction)

F B’V . dv

—a=—= =V—
m mR dx
272 v 272 X
y&V__BLV jdV:—BL dx
dx mR v, mR |
272
:>V:V()—BL X
mR

(straight line of negative slope for x <L)

BL
I= ?V = (I vs x will also be straight line of

negative slope for x <L)

L<x<3L
X X X X X
x[X X X|x
X X XX
X X XX
X XX x|x
X X X X X
do _

dt
e=0i=0
F=0

x > 4L




23.

Sol.

24,

Sol.

xxxx\l/
<

pa
~

X X
X

X X X X X X

¢XX
X X X X X X

(¢}

I

z

S XX x x X
J,XX

Force also will be in left direction.

BL
i= R (clockwise) a= —

_ B’V } BI

F dx=|dV
R T mR v
272
:>—BL (X—L)ZfoVi
mR
272
Vi=vi- 2L (x 1)

mR
(straight line of negative slope)
I= % — (Clockwise)
(straight line of negative slope)
Ans. (A, D)

ququEzﬂ
W
BI BI
:VzWvadzw =—
newd ned
Vi_d
' V2 dl

~oifdp =2dp = Vo =2V,
&ifdi=dy= V=V,

Ans. (A, O)

As done in the above question

_BL
ned

2712
BV _,dV

dx

ifB1 = B2 & n = an = Vz = 2V1
& ifB1 = 2B2 & n=n= Vz = 0.5V1

25.

Sol.

Ans. (C,D)
Current | = Iy cos (ot)

dq

— =1, cos(mt

g~ locos(@t)
I, .

= q=—sin(ot)
®

= —Lsin(oat)
1 500

= q=(2x107)sin(ot)

So, maximum charge = 2 x 107 C

immediately before t = |
6m

7
Current in left part just before t = 6_n
®

I,v3
=1, cos[(oxﬁ) = —i
60 2
Since current is negative hence current will be
anticlockwise.

50V
50V
~1x10°C 50V

+1x107°C

100V 100 0

7
immediately after t= Sl
60

q=(2x10_3)sin(mx7—nj
6m

=_1x10°C
Current in 10 Q resistance,

I=@=10A
10

At steady state, difference of

capaictor is same as of battery,

potential

So, final charge is
Q¢=Ce=(20 uF) (50 V)=+1x 10" C
change in charge =+10"—(-10")=2x 10" C
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