PHYSICS GR # EMI & AC

SECTION-I

Single Correct Answer Type 9Q.[3M (-1)]

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

v,i+v,]j. The potential difference between A and C is proportional to :-
X yJ p

(A)vi + Vyl2 B)vi + Vyll O vi,~ Vyll D)vli ~ Vyl2
2. A uniform but time varying magnetic field is present in a circular region of radius R. The magnetic field
is perpendicular and into the plane of the loop and the magnitude of field is increasing at a constant rate

o.. There is a straight conducting rod of length 2R placed as shown in figure. The magnitude of induced

emf across the rod is
R’
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3.  Inthecircuit shown, X is joined to Y for a long time, and then X is joined to Z. The total heat produced

inRzis:
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4. A nonconducting ring (of mass m, radius r, having charge Q) is placed on a rough horizontal surface (in
aregion with transverse magnetic field). The field is increasing with time at the rate R and coefficient of
friction between the surface and the ring is p. For ring to remain in equilibrium p should be greater than:-
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5. A composite rod of length / is one fourth insulator and remaining conductor is made to rotate freely with
angular velocity o, in a space free of any gravitational, electric & magnetic field. Then potential difference
across the conducting region will be (rotation is about insulating end).
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A resistor of 500 Q and an inductor of 0.5 H are in series with an AC voltage source which is given by

V= 100\/5 sin (1000 t). The power factor of the combination is :

1 1
(A) ﬁ (B) ﬁ (©)0.5 (D) 0.6

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 and t = RC is Capacitive time constant). Which of the following

statement is correct? [JEE Main-2013]
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(A) Work done by the battery is half of the energy dissipated in the resistor
(B)Att=1,q=CV/2
(C) Att=21,q=CV(l-¢e?)

(D) At t=7,q=CV(l-¢)

An LCR circuit is equivalent to a damped pendulum. In an LCR circuit the capacitor is charged to Q,
and then connected to the L and R as shown below. If a student plots graphs of the square of maximum
charge (Q3,,.) on the capacitor with time (t) for two different values L and L, (L, >L,) of L then which

of the following represents this graph correctly ? (plots are schematic and not drawn to scale)
[JEE Main-2015]

R L
0000
| |
11
C
Q: L, Qi Q(J (For both L, and L,)
(A) L, (B)
t
t
Qi/Iax Ll Ql%/lax L2
L\ L)
© (D)
t t




In an a. c. circuit, the instantaneous e.m.f. and current are given by
e=100sin30t

T
i=20sin [30t —Zj

In one cycle of a.c., the average power consumed by the circuit and the wattless current are, respectively.
[JEE Main-2018]
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Multiple Correct Answer Type 6 Q.[4M (-1)]

10.

11.

12.

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

(1) (2
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(A) “ﬁ_ (B) ng_ ©) “ﬁ_ (D) ng_

For the circuit shown. Which of the following statements is correct :-

6Q2 2H

12Q 40

(A) Its time constant is 0.25 second

(B) In steady state, current through inductance will be equal to zero

(C) In steady state, current through inductor is 2A

(D) Current grows to 1.5A int = /n+/2

A thin conducting rod of length ¢ is moved such that its end B moves along the X-axis while end A
moves along the Y -axis. A uniform magnetic field B = B | exists in the region. At some instant,

velocity of end B is v and the rod makes an angle of 6 = 60° with the X-axis as shown in the figure.
Then, at this instant

x(f)

J3v

20
(C) e.m.f. induced in rod AB is B/v./3 (D) e.m.f. induced in rod AB is B/v/2./3

2v
(A) angular speed of rod AB is ® = @ (B) angular speed of rod AB is ® =



13.

14.

Magnetic field in the regions shown is varying with respect to time then potential difference across the

length of the rod :-

conducting

/rod of length

£ is placed

as shown
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Rod is along the diameter

Magnetic field is confined
within the cylindrical boundary

11

Magnetic field is confined
within the square boundary

I

(A) is zeroin case 11

(B) is non-zero in case I

(C) is zero in both the cases

(D) is zero in case I and can not be determined in case I

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 cos(ot), with I, = 1A and = 500 rad s7! starts flowing in it with the initial direction

7
shown in the figure. At t=£ , 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 Advance-2014]

B D

@ ' }—A —_ 50V

C=20puF 7

L

R=10Q

7
(A) Magnitude of the maximum charge on the capacitor before t= % is 1 x 107C.

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

(C) Immediately after A is connected to D, the current in R is 10A
D)Q=2x103C



15. A circular insulated copper wire loop is twisted to form two loops of area A 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 paper). A uniform magnetic field g points into the plane of the paper. Att=0,
the loop starts rotating about the common diameter as axis with a constant angular velocity  in the
magnetic field. Which of the following options is/are correct? [JEE Advance-2017]

X X
X X
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o
(A) The rate of change of the flux is maximum when the plane of the loops is perpendicular to plane of
the paper
(B) The net emf induced due to both the loops is proportional to cos ot
(C) The emf induced in the loop is proportional to the sum of the areas of the two loops
(D) The amplitude of the maximum net emf induced due to both the loops is equal to the amplitude of
maximum emf induced in the smaller loop alone
SECTION-III
Numerical Grid Type (Ranging from 0 to 9) 2Q.[4M (0)]
1.  Acircular wire loop of radius R is placed in the x-y plane centred at the origin O. A square loop of side

a (a<<R) having two turns is placed with its centre at z = /3 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

2

a
z-axis. If the mutual inductance between the loops is given by ;32 R’ then the value of p is :-
[JEE 2012]
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2.

1
The power factor of the circuitis E . If the capacitance of the circuit is (125 1) pF. Find the value of A.

2 sin (100t)

)
7
10Q  0.1H
C

SECTION-1V

Matrix Match Type (4 x 5) 1 Q. [8 M (for each entry +2(0)]

1.

You are given many resistances, capacitors and inductors. These are connected to a variable DC voltage
source (the first two circuits) or an AC voltage source of 50 Hz frequency (the next three circuits) in
different ways as shown in Column II. When a current I (steady state for DC or rms for AC) flows
through the circuit, the corresponding voltage V| and V, (indicated in circuits) are related as shown in

Column I. Match the two [JEE 2010]
Column-I Column-II
< V; > V; >
6mH 3uF
(A) T=0,V, isproportional to I (P)
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Subjective Type 12 Q. [4 M (0)]

1.

A uniform magnetic field B fills a cylindrical volumes of radius R. A metal rod CD of length 1 is

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

An inductor of inductance 2.0mH,is connected across a charged capacitor of capacitance 5.0pF and the
resulting LC circuit is set oscillating at its natural frequency. Let Q denote the instantaneous charge on
the capacitor, and I the current in the circuit .It is found that the maximum value of Q 1s 200uC.

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

(b) when Q =200 nC, what is the value of I ?
(¢) Find the maximum value of I.

(d) when I is equal to one half its maximum value, what is the value of |Q|

An LCR series circuit with 100€2 resistance is connected to an ac source of 200 V and angular frequency
300 rad/s. When only the capacitance is removed, the current lags behind the voltage by 60°. When only
the inductance is removed, the current leads the voltage by 60°. Calculate the current and the power
dissipated in the LCR circuit.

In an LR series circuit, a sinusoidal voltage V = V_sin ot is applied. It is given that L. = 35 mH,

®
—~— =50Hz and n =22/7. Find the amplitude of current in the steady state and

R=11Q,V_ =220V, =
rms 27

obtain the phase difference between the current and the voltage. Also plot the variation of current for
one cycle on the given graph. [JEE 2004]
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Two straight conducting rails form a right angle where their ends are joined. A conducting bar contact
with the rails starts at vertex at the time t = 0 & moves symmetrically with a constant velocity of
5.2 m/s to the right as shown in figure. A 0.35 T magnetic field points out of the page. Calculate:

(1) The flux through the triangle by the rails & bar at t=3.0s.

(i1) The emf around the triangle at that time.

(1i1) In what manner does the emf around the triangle vary with time .

®B

5.2m/s
<)

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

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

(a) the induced current in the loop and indicate its direction,

(b) the total Lorentz force acting on the loop and indicate its direction,

(c) an expression for the speed of the loop, v(t) and its terminal value.

In the circuit shown in the figure the switched S, and S, are closed at time t =0. After time t=(0.1) In 2
sec, switch S, is opened. Find the current in the circuit at time t = (0.2) In 2 sec.




10.

11.

12.

A zero resistance coil of inductance L connects the upper ends of two vertical parallel long conductors.
A horizontal sliding conductor, free to slide up and down, always maintaining contact with the vertical
conductors, starts falling from rest at t = 0, due to its own weight mg. A uniform magnetic field of
magnitude B exists in the region horizontally and perpendicular to the plane of the conductors. The
distance between the vertical conductors is ‘I’. After what time does the conductor come back to its
starting position? Also find maximum speed achieved.

In the LR circuit shown, what is the variation of the current I as a function of time? The switch is closed

at time t =0 sec.

A box P and a coil Q are connected in series with an ac source of variable frequency. The emf of source
is 10 V. Box P contains a capacitance of 1uF in series with a resistance of 32€) while coil Q has a
self-inductance 4.9 mH and a resistance of 68€2 series. The frequency is adjusted so that the maximum
current flows in P and Q. Find the impedance of P and Q at this frequency. Also find the voltage across
P and Q respectively.

A long solenoid of radius a and number of turns per unit length n is enclosed by cylindrical shell of
radius R, thickness d (d <<R) and length L. A variable currenti=i sin ot flows through the coil. If the
resistivity of the material of cylindrical shell is p, find the induced current in the shell. [JEE 2005]




ANSWER KEY GR # EMI + AC
SECTION-I

Single Correct Answer Type 90Q.[3M (-1)]

1. Ans. (O) 2. Ans. (D) 3. Ans. (A) 4. Ans. (B)

5. Ans. (D) 6. Ans. (A) 7. Ans. (C) 8. Ans. (O)

9. Ans. (A)

Multiple Correct Answer Type
10. Ans. (A,C) 11. Ans. (A,C,D)
14. Ans. (C,D) 15. Ans. (A, D)

SECTION-III

Numerical Grid Type (Ranging from 0 to 9)
1. Ans. 7 2. Ans. 4

SECTION-1IV
1 Q. [8 M (for each entry +2(0)]

Matrix Match Type (4 x 5)

1. Ans. (A)-R,S,T; (B)-Q,R,S,T; (C)-P,Q; (D)-Q,R,S, T
Subjective Type

2

1. Ans. 1dB R’ -

2 dt 4

3. Ans. 2A, 400W 4. Ans. 20 A, rt/4,
6.Ans.V=1ms", R =047Q, R =0.30Q

7 A ()__Boav
-Ans. (@)i=—p

Bld*t
(c)V= B:d? I—e ™

0

8. Ans. 67/32 A

11. Ans. 77Q, 97.6€Q2, 7.7 V,9.76 V

12. Ans. (A, D)

12. Ans. [

6Q.[4M (-1)]
13. Ans. (A, D)

2Q.[4M(0)]

12 Q. [4 M (0)]

2. Ans. (a)10*A/s (b) 0 (¢) 2A (d) 100,/3 uC

5. Ans. (i) 85.22 Tm?; (ii) 56.8 V; (iii) linearly

in anticlockwise direction, v = velocity at time t, (b) F_ =B *a*V/R,

Rt

10. Ans. — v e L
R

~ (ponijmcos (;Jt)na2 (Ld)
B p2nR




GR # EMI & AC

PHYSICS
SOLUTIONS
SECTION-I
Single Correct Answer Type
1. Ans.(O)
Sol. AV =(VxB).7
[(in + Vyj) X Bl;} . (ﬁliA + Ezj)
= (—VXBj + VyBi) . (ﬂli + Ezj)
=-v.Bl, +v B/,
|AV| oc (fo2 - Vyfl)
2. Ans. (D)
Sol.
B C
= — — = 7R2
[ Edl+[ Edi+| EBdl=——o
AB BC CA 4
2
0+Ae+0= R o
4
3. Ans.(A)
Sol. Current through inductor
E
1=—
R

1

Energy stored in inductor = heat produced

2
_lie il E
2 2 (R,

4. Ans. (B)

dB
Sol. E(2nr)=nr’ e (induced electric field)

E=|X EZER
2)dt 2

7, =pmg(r)

r
Thea = Q [E Rj r

9Q.[13M (-1)]



QrR

“’minmg r= r
_ QrR
min ng
5. Ans. (D)
Sol. eE =m w’r
m,o’r e 114 3014
E — p < <
e i
4 2
|AV| = IEdK = I MO g insulator
12
! eE
2 2 2 2
AV]= B f e O] mo 157 | e —
2e 16 32e mor
6. Ans.(A)
Sol. R=500Q
X, =0 xL=1000x 0.5=500
R
cos ¢ = R” + Xi
7. Ans. (O)

Sol. For charging of capacitor
q=CV ({1 -e™9) 1=RC

here t =21
q=CV(1-¢e?=CV(l-¢?)
8. Ans. (O
Sol. As damping is happening its amplitude would vary as
Q...
/\ 7\"7\"7\"7\-
AVATA

The oscillations decay exponentially and will be proportional to e™ where y depends inversely on L.
So as inductance increases decay becomes slower
.. for

L, L,

9. Ans.(A)
Sol. P =V 1 cosO

avg rms rms

)



(2]

wwatt
-2
wattless current=1__ sin0
I, .
— —=sin®
2
20
= E sin45°
=10 amp.
Multiple Correct Answer Type 6 Q.[4M (-1)]
10. Ans. (A,C)
. . . g di d’q ¢ d’q . .
Sol. For given situation E+LE= 0 :¥+E=O:d7+m q=0=q=q,cos ot & i =—q,0sinot
2 scos’ot 1
According to given conditions ;—C = %Li2 = % = Eng(DZ sin® ot
= cot'ot=1 = at=1,2% 28 7T [(,):L]
cotrot = (»0—4747474 ......... \/ﬁ
11. Ans. (A,C,D)
2H
Sol. 4@ 40
j L6V
I I
L
T= R o = 8
2_1
T8
equivalent diagram.

Rt
izz[l—e_L J
R
2
i :E 1 _e_/o.252
8

i=15A
12. Ans. (A, D)
Sol. u=vcot0

\% 2v

0): = —
/sin® /3¢

1
Consider an imaginary conducting loop ABC. ¢ = [E XYJ B



B d(xy) B [ dy }
in thi = i i = ——— 72/ _ ——|yv—xul||"—=-u
e.m.f. in this loop = motional e.m.f. in the rod > dt ) [Y ] dt

B/vcos20
= 2sin0
13. Ans. (A,D)
Sol. Component of electric field along rod is zero

14. Ans. (C,D)
Sol. As current leads voltage by 7/2 in the given circuit initiallty, then ac voltage can be represent as

V =V, sinwt
. . . dq
q=CV gsinot = Q sin wt, 1= e
Where, Q=2 x 103 C
Att=7rn/6w; 1= —73 I, and hence currrent is anticlockwise.

[ . in .
Current 'i' immediately after t = 6o S
®

. Vo +50

1

=10A

e Charge flow =Q, -Q =2x10°C

(Tn/6w)
Hence C & D are correct options.
15. Ans. (A, D)

Sol. ¢ = |BJ|A|cosB

= BAcos (mt)
d .
€= ——¢=BAmsm(mt)
dt X X X
. QR
. X X
S0, € & —— oc sin (ot
dt (wt) x X X
X X X X
] b
SO, maximum when , ot =0= —.

2
Net emf will be difference of emfs in both loops because their polarities are opposite.
e = €54 — €4 = B(2ZA)osinot — B(A)wsin(wt)
= B(2A — A)osinot = BAwsinmt



SECTION-III
Numerical Grid Type (Ranging from 0 to 9) 2Q.[4M (0)]
1. Ans.7

HoiR®

Sol. Magnetic field at a distance x along axis of a circular coil is given by B(x)= 372

2(R* + %)
Flux linked with N coils of square loop inclined at 6 = 45° with vertical is given by

¢(x) = {%}N(az)(cos%")
2(R2+x?)

1R’ (2) [ a j _ Ho”
3

Asd=Mi SoM= ——=|==57-thusp=7

2[1?2 +(\/§R)2] 2/ 2R
2. Ans. 4
Sol. cosd = R =

JRz r—
oC
SECTION-1IV
Matrix Match Type (4 x 5) 1 Q. [8 M (for each entry +2(0)]
1. AIIS. (A)-R,S,T; (B)'Q9R’SaT; (C)'P’Q; (D)'Q,R’SaT
< V; =§< V; >

Sol. For (p) ! bm 3uF V+V,=V= L% +% —V= LjTZZI +é — 0= L.C. oscillation

e

Y

>

< vz
For (q) Yo 11#0V,=0V,=VandV,=V=IR=V, «I
: 2
Vz
Q
v
0

\/l =§<
6mH
L
Ty
Vs S
I 6mH .
For (r) 1£0,V} +VZ=V? Here X, <2Q SoV, >V,
7\
(O
Vl T 2
mH
(2
v

<

2
\Y%
6 3uF .
For(s)I Herem;«t\/ﬁsoI;tOHereXC>XLsoV2>V1




oy
i 1kQ 3uF
For (t) 1#£0,V? =V} + V7 Here X. <1000 so V, >V,
e
Subjective Type 12 Q. [4 M (0)]
2
1. Ans. id—B R? —l—
2 dt 4
Sol.
1 / 0?
¢ACD = Eﬁ R? _Z B
1 /% |dB
N ) R d
®aco 25\/ 4 |dt
8'/0 +ept Sy/A = €xcp
0 0
¢ dB 02
_ %P Rz _
[ecol 2 dt 4
2. Ans. (a)10*A/s (b) 0 (c)2A (d) 100,/3 uC
——— T
Sol.
| |
[
Q, = 200uC

Given : C=5pF L =2mH
IV =1V,

di

at|  [at

(b) When Q is maximum

Q_; di

(a) i =10*




dQ _
dt
(c) Using energy conservation

2
U _1p

1=0

2C 2

(200x10°)" 4 .
ToxBx100 22Xl

(d) Using energy conservation
Q_?) — lL 1_0 ’ +
2C 2 \ 2

Q
Q lz2c

1..
QZ 5 ng

2
- L
2C~ 4 2C

Q =§Q0 =100+/3

3.  Ans. 2A, 400W
\%

Sol.
60°

> 1

When capacitor is removed
tan60° = L
R

:>XL:XC

=== 4
2C 4

QZ

2C

>1

60°

A%
‘When inductor is removed

tan 60° = &
R

When both are present circuit is in resonance

Z=\(X,-X,) +R* =R

20,
100
P=iR
P =400
4. Ans. 20 A, n/4,

Sol. .. Steady state current i = 20sin n(

4
v, 1

y=220V2 sin ot

’ ~

20 157 oa 2

i =20 sin (wt-1/4)

100t —lJ
4

7/
e

:
T T h) T
oN2 T8 T4 T 5778
N

~ ’
~o -~

T 9T/8
T



X, oL (100m)35x107 1
R 11 -

tan 0=

Z=,X2+R? =112

iRMS = E
1142
0 =45°
(i Lags)
220
Locax = T
5.  Ans. (i) 85.22 Tm?; (ii) 56.8 V; (iii) linearly

=20

Sol. att=3sec
1
¢ =BA =0.35 x E x31.2x15.6=85.176 156 {{510
_ do_ pda
dt dt

=-BLV =-0.35 x31.2 x 5.2 =56.8 volt
EMF is varying linearly with time, as L = vT B, are constant.
6. Ans.V=1ms' R =047Q, R,=0.30Q

R,
—ww—

Sol. m=0.2 kg

—=0.76 V =Bv/

2 2
mgv= YV 106
1 2
v=1m/s
v=Bv/=0.6
0.6)°
u=0.76:»R1 ~0.47
R

1

2

(0.6)

=1.2=R, =0.3

2



. Ans. ( . Bgav
. ns. (a)i= R

mgR ( Biazt)
() V= B4 l—e ™

Sol. ¢= (EJ a® = Bjay

a
dy
le| = Bav ‘E =v
. a
(a) i=—2 (asy? ¢7
R
. 1aB,y
a
N
(b) /
iaB,(y+a)
a
iaBO (y + a) iaBOy
Fnet = -
a a
= % =1aB,
a
= ( Bgv J aB,
_ Bla’v
R
(c) For terminal velocity
Bla’v
2F = =
0 mg R
_ mgR
B:a®
2F =ma
Bia*v dv
mg — =m—
R dt
]- dv 3 [ dt
" me Bla’v {m

in anticlockwise direction, v = velocity at time t, (b) F__ =B *a’V/R,

Soiis ACW)



2_2
En[mg— Bya VJ

R ot
Bia® m
R
e Bla’v
m TR -Bla’t
mg mR

ng B;I)lazt
V= Bla? (1 —e ™R J
8. Ans.67/32 A
Sol. When both are closed

_10t
_ 1001, _ =10(1-¢™")
10
att=0.1/n2

i=10(1-e™?) =5
When S is opened (initial currentis 5 A) (i,=5A)

Rt Rt
1_10eL+V[1 eLJ
R

50t 50t
=be ! +@ l-e !
50

At=02/Mm2-0.1/m2=0.1/¢n2
[ = 5o 001m) | 2(1 _ e—50(0A1/n2))

67
32
9. Ans. 2n——
lB IB
Sol. mg—i/B =ma
L gy &_BY
dt dt
mg —i/B= mﬁ
dt
2
L

a ae



10.

Sol.

L dt®
v B*/*v :
FTeR—— (equation of SHM)
B/
O=—
ml,
T=2"
®
att=0 a=g=wA
g
A==
(,02
Vmax = (’OA = (D_g = g
®o o
v gmL
max Bz
_Rt
Ans.— —e¢ L
11
2V 1 | 0
L
/0
2V vRr V
1
'—
0
R 3V
Considering this loop

. .V
i=1, +§ (kirchoffs law)




R R R
11. Ans.77Q,97.6Q,7.7V,9.76 V
P Q
Sol. —H—wWwWwW— — T WWW—
R, R,

For maximum current in series Znet =R

X, =X,
1 1
L=— L
T eC ®~1c

7, = X%+ R: =\/ﬁ+R§ :\/%+R§, ~ 7T

Zo =\X: +R% = \Jo’L? +R = /%+Rg ~97.6

vV _10 _1
Z.. 100 10
V,=iZ,=77
V=i ZQ =9.76

(uoni,mcos cot)na2 (Ld)
p2nR

12. Ans.I=

Area=1d

|

T

\\_/

¢ =27nR

Sol.

NN

p

Resistance =——
Area

e
~

¢ = (u,ni, sinwt) ma’
€ = Y, ni, ma’m cos ot

. : 2
- woni ra’wcos ot (Koni,wcosot)na®Ld

(p2nR p2nR
Ld
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