EMI and AC ALLEN
EMI and AC

SOLUTIONS

EXERCISE - O

1. Ans. (C)

¢ = B.A=BAcosd (6=90°)
2. Ans. (A)

According to size law, current in both will decrease.
3. Ans. (D)

Flux will be zero as B will be perpendicular to area vector.
4. Ans. (C)

Lenz law.
5. Ans. (C)

Lenz's Law
6. Ans. (B)

Len'z Law.
7. Ans. (C)

dBA Bd

E= —Z—(f -? _EH(RO + t)z

E =2nB (Ro + t) Anticlockwise.
8. Ans. (B)

¢ =B.A

2

E=%=Ax‘é—f:u1?%—f=@xo.1= 1.57 x 1073V

i=5=392x107%,
9. Ans. (B)

(A) Inc dot will induced cross (upper half)
Inc dot will induced cross (lower half)
(B) Inc dot — cross (upper half)
Dec dot — dot (lower half)
(C) Dec dot — dot (upper half)
Inc cross — dot (lower half)
Hence ls=Ic>Ip

10. Ans. (D)
Concept - Mutual induction
d21 =M I1 I 1
do dil >t
[ o VR ¥ St
T 2 dt

L) Madl
> | R2 R, dt

According to graph I = constant
IR
[dI, =[] === |t
M21

I1 = - (constant) x t
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ans. (A)

Induced EMF is such that it opposes the cause of flux change.

Ans. (C)
¢ = BS = BnR?= Bn(Ro + t)2
d¢
eind dt
Since flux is increasing e;, is anticlockwise
Ans. (D)
Vi =Bv(4r)
V2 =-B(2v)(2r)
Vi-V,=AV=8Bvr
Ans. (D)
No flux change.
Ans. (C)
em = (V x B).T
. Ba)(PQ)Z _ Ba)(LZ-I-lZ)
2 2
= +(—Bv,j + Bvyi) (Ui +6,))
ein = B(L Y, — V)
gin < (f2Ve —taVh)
Ans. (A)
V, =V = Blv
=4x1x20
=80V
qqa = +80x10
= +800 uC
qg = —800 uC
Ans. (B)
E =Bty

Ans. (A)

=—2n(R,+t)B

1 2
AE =— Bw!
2

Vp > VQ
So current from P — Q
Ans. (C)
mw?x = eE
ma)Z{’Z

JEdx = —

Ans. (B)

)
B. (at centre) Fo (q_)

R T
_ ko qw
B_4-T[ R

¢ =B.mr? e, =

_ Hoer?
T 4R

N
N

dp _ , dB_ My ,qdw
at - " a@t T ™ Rdt

()

[44]
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21.

22,

23.

24.

25.

26.

Ans. (A)
¢ = nr? [cos wtj+ sin ot (-1)] . [By] + B,k],

d
¢2 = Bynrzcos ot, E = |d_(f| = By onr? sin ot
Ans. (A)

2
BwL?\ LxL
B( 7R >T‘M9L

V=0onL
Ans. (A)

X
B(x) =B (1+3)
&1 = (&in)ap = Blvg vt

=By (1+3)d.v,

= B.dv, (1 +§)

— Vo

[ws] 4—Q-—>:>I><

B(x+d):Bo(1+%)

<—d—>C

Cnet = &2 — &

=Bodv0(a+%+%—1%) v/

> X
(x+d)

Xl

— b Od Yo
a
Ans. (C)

B Ba)(PQ)Z B Ba)(L2+12)
=777 = 2
Ans. (C)

For (A): V, -V, :%Bcoﬁz =V, -V, :—%Bmfz

For (B): V, -V, =Bv(= B(%fjﬁ =%B(M2 =V, -V, :—%Bcoﬂz

FOI‘(C):VA—VB=0
2
1 1 ( 3 3
For (D): V.-V :—Bmﬁz——Bw(—j =ZBwl*=V,-V, =——Bol*
(D): Vs =V, 2 2 2 8 478 g
Ans. (C)

d—(r::s:BVud

€1

www.allen.in
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27.

28.

29,

30.

31.

32.

Ans. (A)
E@2nR) = — £ [B(r?)]
_r%dB
2R dt
TZ

= Edt = —ﬁdB

= FE =

Ans. (A)
For cylindrical region

Bot for¢/<R

=Bx)l%for€>R

Ans. (A)
nR2By = E x 27tr
TR? R?B,
E=—B8, =
2nr 2r
qE q R*By qBoR?
Cm T m 2r T 2mr
Ans. (A)
B = Kt?
- - d¢ AdB
E-dl=—=——
f dt dt

= E-2nr =nr?- 2Kt
= E=Krt

Ring starts moving when torque due to electric field becomes greater than torque due to limiting

friction
QEr = uMgr
= Q.Krt.r=pMgr

uMg
QKr

Ans. (D)

= t=

Induced electric field in non conservative in nature. Therefore work done by this field is path

dependent.
Ans. (A)

$E.dl =

|

B.A

QU

t

d
= E2nr=nr2—Kt
dt

rK
= EF=——
2
eF erK
= q=——" = —
m 2m

Directed along tangent to the circle of radius r, whose centre lies on the axis of cylinder.

[46]
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33. Ans. (A)
B
E= Ad—
dt
1 20
= — X —
100 At
At=20x10-3sec=20 ms
34. Ans. (C)
Magnetic field lines and induced electric field lines always from closed loop.
35. Ans. (A)

¢ = Bnrz = (16 - 4t2)mr?

__do_ 8nrt

Cina = dt /_\

emd:J.E-dﬁ P

10

8nr’t = E2nr
= E= % =4rt R=2m

At t=2sec
E=8Volt/m

36. Ans. (C)
y= %Liz
di 2 di
ac 2 at
=2xX2X4
= 16//s.
37. Ans. (A)
di
e= _LE

di_
ac > OPe

|Slope|1 > |Slope|2
e1> e

38. Ans. (A)
B =vyn;

- ()

¢T=B.AN=Li:>i=#
39. Ans. (B)
Uol i
¢ =g
2
— Homr
M==3r

www.allen.in [47]
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40.

41.

42,

43.

44,

45.

Ans. (D)

No flux linked, M = 0.

Ans. (B)

Mutual inductance, M:¢—N _$m

IM IN
I N) 3 s

=7 )Jon=7Xx 1.8 X 10

= <IM =3
=2.7%x10-3 Wb

Ans. (C)

For figure (A)
Leq =L+2L+2M

For Figure (B)
Leq =L+2L-2M

—3L+2VI2L =3L-2-VIZL

V2 7z
=5L=1L
AL = 4L
Ans. (B)
_do_ g, di
“a a
4 A
10 10
= Ai=24
Ans. (A)
¢ =at(T-t)=aTt-at?
d¢
€ind __E
einda =—-a(T - 2t)
€na _(2at—aT)

1. =
ind R R

H={ iRt ITM

B J.o (4a°t* + a*T? — 4a°Tt )dt _1(402']"3 e

R "R
a’T?
3R
Ans. (B)

di ,
— = —10%4/s
at
vi—iR+v+1% =y
! at = Vs

Vy,—5%x1+15—-5x1073(=103%) = Iy
Vg =V, =15V

44T’ J

15V

[48]
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46.

47.

48.

49.

50.

Ans. (A)
In L-R circuit,
V, = Vye Rt/s (i)
i =io(1— e RS)
Ans. (B)
Inductor opposes the introduction change of current due to which induced emf in generated in
inductor.
Ans. (A)
Att > o0

Req=R L 2L

_2LxL 2L T
eq — 3 -

L

~
w
q

W‘g

V.(t) =V —iR
Ldi _3Rt
= —=V—v(1—e ZL)
dt
_Ldi —3Rt
lw—Ve 2L

i, . ¢ 3Rt
J,Ldi = [ ve 2L dt
t

Li

2LV —3Rt
= 2L
—3R ‘e

0
. _ 2V -3Rt/2L
1—3—R[1—e t/2L]

Ans. (A)

Att=0 inductor is open circuit
|4 2 1

t — oo inductor is short circuited
, 2 1
L= % = EA
Ans. (A)

L 2><%Li2 L
T=—=—"—=—

R i2R R

www.allen.in [49]
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51. Ans. (B)
Build up circuit

2R L

=L/2R

—

Deca

o <

’ED=L/3R

00000

52. Ans. (A)

Ener —le E 2
gy > R,

53. Ans. (B)

1
Energy of inductor is = Zth (initial value)

= Currenti=

!
2
w_-3)
“"RTTr
54. Ans. (C)

U:lu%Pzﬂarzﬁ
2 R

55. Ans. (A)
Initially all capacitor behave like close circuit and all induction behave like open circuit

60
] 40
20 | 50 - o o
340

I [
e=12V 12V

12 _4

9 3

[50] www.allen.in
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56. Ans. (A)

QZ
— =640 (1
2 W (1)

Q._
=16V -(2)

From (1) and (2)
Q _ 640x10°°

2 16
= Q=80x106C

57. Ans. (A)
Let g = qo sin ot
I= dq =(q,0Ccosnt
dt
dl _d’q

2 .
d_t —F :—qo(D sinmt

I
d_ maximum at sin ot = -1
t

IR
de),, "

1
m—\/ﬁ

58. Ans. (B)
When the total energy stored in 300 uF goes into 1200 pF capacitor its voltage is maximum.

&=

V=50
59. Ans. (D)

1 1
Total energy = Initial energy on capacitor = E CV2, Magnetic field energy = ELIZ

1 11
= L= =x= CV2
2 3 2

2 -6
. \/CV z\/6><10 ><6>_<36 064
3L 3x2.0x10

60. Ans. (D)
Net current through ammeter = zero.

[51]
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61.

62.

63.

64.

Ans. (A)

i3=i1+i2
3 . 4
= 5| =sinwt +—coswt
5 5

=5 (sin wt. cos 53° + cos wt . sin 53°)

=5 sin (ot + 53°)

Ans. (D)
T/2
j Vdt
0 Area under V-t curve
<V>= T/2 = T
J dt 2

T
T
_V
NR)
Ans. (D)
. T
e=10]| sin| ot +—
sofoe )
i=55in(mt+£j
4
Ab = 2_22375—275:1
4 6 12 12
Ans. (B)
i ~ Yo _30042x100x10°
XC
= 3042 mA
i —i_O
rms \/E
irm5:30mA

[52]
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65. Ans. (A)
®wL=90x103x2nrx1000=180n
1 1 1000

wC 05x10-6x2rx1000 7
—> Circuit is inductive V, > Vi

= Voltage leads the current

80w
V3
At resonance,
_ 1 _ 1
®TVIC J90x10-3x0.5x10-6
1 10° 2

10*

“Jasx10-° 15xvZ 3
66. Ans. (B)
V.=V, +V, =120V

V., = 20082 5y
J2
Vi +Vi =V,

= 120° +V? =200?
V? =40000-14400
V, =~/25600
V, =160

=l 100 44
R 40
67. Ans. (A)

68. Ans. (D)

www.allen.in [53]
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69. Ans. (A)

z=100 (:%J cos¢=£= 100

z=R (= xL=Xx¢)=

70. Ans. (D)
Current in circuit :
%4 _ 250 _ 250
1= = 7525 ~ 50
Vi=1X,=5x%x25=125V
andV¢=1Xc=5x%x75=375V
voltage on capacitor is more than that of supply voltage because the phase difference
between V; and V¢ is 180° (i.e. out of phase).

71. Ans. (A)

= 54

o
Q= ﬁ highest Q = lowest Ys

72. Ans. (C)
tand):oaL—i X — X
oC R
® 1
When —=1 ie. O=—=0
, NIT

tanp=0as in plot
As Rincreases tan¢ decreases for a given o.

(i) belong to smaller R. compared to (2) and (3) curves.
Hence, (a) - (1)
(b) - (2)
(c)-(3)
73. Ans. (D)

fmax

Af half of max power

74. Ans. (B)

= Quality factor

i*is maximum for Il and equal for I and II and minimum for IV

So, I, >1, =I,>1,

[54] www.allen.in
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75. Ans. (C)

cos ¢ =

N |

O)L—i‘=R
oC

1
N7
1
100x.1—-——[=10
100C

1 =20
100C
76. Ans. (B)

C =500 pF

X X
tan®, =?L; tan®, =?C

X.—X
tanf=—t—_"1L

X, X
tan® =?C—?L =tan6, —tan6,
77. Ans. (C)

<P> = irms Vims COS(A(I))

_ 2 20082
20 N2
=1004/6 Watt
78. Ans. (B)

cos(45°—15°)

79. Ans. (A)

80. Ans. (D)

"=y, —y*

o'<®, = T'>T, and constant

Xc o

www.allen.in
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81. Ans. (D)
Amplitude of pendulum will vary as

A = Aoe-*, § = damping constant

E = lkAz — lkAoefzst
2 2
E — Eoefzﬁt

At t=0,E =45]
At t=155 E=15]
1

So 15=45¢21 = §=—1/(n3
30
82. Ans. (A)
Damping force, F :—bd—x
dt

=—bx, [cooe*‘”"t —my(1+ o, t)e ™ ]
2, —ot

= bx,w,te
Fis maximum when
dF
=0

dt

= bx,o} [e“”"t — o te™ ™ ] =0

t=i=isec=0.01s
0‘)0
83. Ans. (B)
1 1
CJLC \25x107 x12x10°°

=1.825x10°% rad

@

2
2L 2x25

N =\/(1.825><103)2 ~(1.2x10°) =1.4x10°

84. Ans. (A)

x10° =1.2x10°

Charge decays exponentially means oscillation is overdamped:

3(20)0:£>L

2L JLC

el
C

R>1002Q

[56]
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85. Ans. (D)

®, =+/0, -2y Maximum amplitude

®, =, for power maximum

o, >0,
86. Ans. (C)

\/?/ r r’ 8
o=,[—.1- - =
m 4mk mk 100
o):\/E\/l—i:\/OSSE
m 4mk m

For undamped

T1=2—n=27c\/E
® k

For damped
0] 0.98k
T,-T, \/ o5
Change = 2—1 x100:%x100 ~ 1% increases

1
87. Ans. (AC)
Since flux of wire on the loop is zero therefore emf will not be induced.

Be®| ®B

88. Ans. (ABCD)
Let velocity of wire at time t is v, then

e=Bvw/

q=C8,i=d—q=CB£ﬂ
dt dt

F-Fn=ma

89. Ans. (AC)
At t =0, Inductor behaves as open circuit.

So A1=A3= 5—021 andA2=0
100+50 3

v, =100[1]
3
1
V2 = V4 :50(§j

www.allen.in [57]
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90. Ans. (AB)

At an instantatt=tsec

Initially / = mu (U = initial velocity)

v=L

M
Motional EMF = BV/

Induced EMF in inductor = L%

BVE:Lﬂ
dt

jL.di = BﬁjV.di
0 0

Li = Blx

Force on rod = iB/
By NLM

-iBl =ma

_BZUZX B

ma

h

Tt=0 t=t
B
|
2 L

() F
V4
...(ii) |

—>
X

...(iii)

[58]
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EMI and AC
_+\/§ i mL
2 m b
2
_t 3J°L
4B*(*m
From equation (iii)
_Bix
L
3
4 Lm
91. Ans. (ABC)
Att=0
. 40+40+20
Resistance of ckt= | ——
100
R=1r
¢0=B.A=(2t) 40x20 |_16t
100x100 100
1
e
ot 100

B = 2t (outer)

=——=0.16V, So, current 12%20.1614

«—40cme——

20

®m

3 T

According to lenz low, induced emf will be opposite to it.

= clockwise sense current.
(B)Att=t

L 20x (405t
d):B'A:(Zt)[ 1OE)><100 )J

40t — 5t

6= 250

|- o _40-10¢
ot 250

40-20 _ 0.08v

Att=2, ¢|=

(C) Att=2
o _(20+30+30
100

€=0.08V,B=2t=4,/=20cm=0.2m

i=£-098_414
R 08
For constant velocity
=iB/ =(0.1) (4) (0.2)

F=0.08 N

jmle/mzo.BQ

(40-5t)cm

20cm|

5cm/s

Initial
~it=0

www.allen.in
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92. Ans. (BD)
(B) When Q is brought towards P, north and south poles, will be induced

at P as shown in the figure which is as a result of current in P is 11{ \ N il\%{ \
opposite direction as current in Q. S il ‘;S
b
(D) Not due to induction effect but because of magnetic force between [ ,,"
them, if the currents are in opposite direction in the loops, the loops p Q

will repel each other.
93. Ans. (AD)

u=vcotH
v 2v
@ = T5ing = 730
Consider an imaginary conducting loop ABC.
e.m.f. in this loop = motional e.m.f. in the rod

<

< c >
O L

Bdxy) _ B, L4y v

—goar =g v x| =y O S — %
Biv cos 26 X B
© 2sin®

94. Ans. (AB)
Current must flow from E to F
In equilibrium
Fgcos8 =mg sin6

. sinf
#B =mg cos @
ilB = mg tan 6

95. Ans. (BC)

By using e = %Blzm

ForpartA0; e,, =e —e, :%Blzm
1 2 9
For part OC; e, =e, —e, =EB(31) ©=2 Bw??

e, —e, =4Bl'o
96. Ans. (ACD)
Since inside flux is decreasing.

= To increase flux (lenz law) current in loops must be clockwise.
P

Current cannot flow in a single wire connecting two independent loop.
Minimum two wires are required.

[60] www.allen.in
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97. Ans. (AB)
Conceptual
98. Ans. (ABD)
dp d ,dB
emf=¢ =—=—(B.A)=nR"—
4 dt dt( ) dt

99,

100.

For wooden ring E (ZR) = tR? -

= E, zl(an—Bj
2 dt

1 dB
For copperring E, = g(nRE)

E, >E,
Resistance of wooden ring = oo

. : . €
Current induced in wooden ring = z =0

Electric field which is induced on wooden ring will be in tangential direction, so there will be torque

acting on charge Q on the same ring i.e. the ring will rotate.

Ans. (ABCD)
[Edi _498
dt

E2n\x*+d* =mnR*k, where (C:I—f:k}

R’k r
E:—;W:qu.dx
0

dx

T qR’k d _ qR*kn
0 Zx/x2 +d? \/d2 +x° 4

=_[ qE cos0.dx =
0

Ans. (ACD)
From faraday’s law Vo L

oi
Rate of change of current is constant (V = —La—;j
v, L 2 1

=2

Vv, L 8 4
Power delivers to the two coils is same i.e.,
. . hov, 1
Vi =V, = —=—=—
b v, 4

1
Energy stores W= =Li’

24

www.allen.in
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101. Ans. (AC)

g+Lﬂ:0
C dt
2

d’q

dt?

For given situation

2
dt* LC

+0’q=0

= q=qocostandi=-qom sin ot

2

q

According to given conditions

1

2 2
cos” ot .
405 ©° _ ELqéooz sin® ot

2C
= cot?mt = sin2wt
n 3t 51t 7w

t= — —

:(’OIII
4 4 4 4

1
2

- t_nx/ﬁ 371\/E 57‘C\/E 771:\/E
4 ) ) )

4 4

102. Ans. (AD)
Conceptual
Ans. (BC)
L=100x10-3H
C=10x105F
R=100Q
V'=5sin 500t
® =500

103.

XL=COL

=500x100x107° =50Q

When turns is doubled
Locn?
=> X, becomes 4 times

Ake,

d
When k=4

C becomes 4 times
th

= Xcbecomes Z

C=

times

104. Ans. (ACD)

Vi +V} =100
V. -V,|=120
130* =V2 + (V. -V, )’

V. >V, socircuitis capacitive.

4

1

X =
¢ 500x10x10°

=200Q

[62]
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105.

106.

107.

Ans. (CD)

e=e, +e,=200sin ((Dt +Ej e, =200volt
2

200

V, == =100v2 2=4(500)° +(500)" =5002

J2
o _100V2 1
rms 500\/5 5

v, :900x%:180volt /A :400x%:80 volt

v, =500><%= 100 volt

V, =V, -V, =100volt :‘4’:%“‘?‘“‘1@

V2
r' N

Vs

v

V3
Ans. (ACD)

XL = XC
1

2nf.L=——
4 2nfC

6
2nf 2 =10

T 2th.§
T

~10°
4x16
10° 1000

== == —125Hz
f="

f2

1000 XZ =1000V

T

VL=1XL= 2X27'C><

Ans. (BC)
Magnetic flux through the smaller loop due to current in the bigger loop

=(u01_ ol jﬁz_uowz

2nd 2n(2d)) 4nd

2

Mol
4nd

So mutual inductance =

€2
So emf induced in the bigger loop = i[“o_ kt}
dt| 4nd

_ Lk
47d

www.allen.in
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108. Ans. (BD)
g=nR’ sin0a
. € 1 2 .
So current di =— =—dR“asin6d06
dr 2p
So Idu InndR asin® 0d0 anR‘*
3p
109. Ans. (ABD)
Loop equation gives
N 2
L9 g = RoNa@,
di 2(
’ di 1(p0Na2m_Rji
dt L 20
N 2
So to grow current always, % -R>0
2(R
= o> >
HoNa
110. Ans. (C)
T — Fg — (T +dT) = dmw?x — Fg — dT = dmw?x
x T Xm
Adx.wa—f dr =f —w?x dx
/2 2 !
AwB ¢ Mw? ¢ T dx . T+dt dm
_ e 2 _ — 2 _ Y X +
2<x 4) T==r (x 4> ) N Fy
7 " I — T+dT
7= _AwB 2 B\ _ma?(, ¢ : X
T2 \* T2 20 \¥ T2
_ (JwB  mw?\ ,  MwB mwX
T—_<2+22) t—g T3
It is an equation of parabola concave in downward direction.
111. Ans. (B)
le
s a)B mw?{
T(x 0 ="q + T ,
T(a =t/4) = Z(Ba)E + mw E)
: I4
. . x
Ta=o) _ 4 /2
Ta=ys) 3
[64] www.allen.in
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112. Ans. (D)
1
Vs-Va= =Bo(ry,r’
B A 2 ( 2 1) { o . |>(D

1
(A) V, -V, :E(rp2 -r?)>U, (1) r,

V.-V, = %Bco(rR2 —roz)

V.-V, =%Bm((\/§a)2 —02)>0 (2)

(B) from (1) and (2)
(C) From (1), Vo < Vp, Vo= Vp

oo 7)o 5]

v, —V, :%Bw(Zaz):VP -V,

113. Ans. (C)

(A) Vp- Vo= %Bm(ZaZ) = Boa?

) = —Boad®

1
(B) V, -V, = EBoo(r; -r;

1
QV,-V,= EBco(rQ2 17 )=2Bod’

1
(D) V, -V, =§Bm(r§—r;)=o

114. Ans. (D)
Vo-Vp=Vo-Vr=VW;
Ve-Vo=Vr-Vo=V;
No current flows in the circuit.

115. Ans. (A)
HR R_6_.cq
2 4 4
-4
) H£ L_18x107 _ 4 10H
" 212 4 4
116. Ans. (C)
—4
_L/4 £ 1.8x10 _3x1075 =30ps
R/4 R 6
117. Ans. (B)
Steady state current, [ = L = E
R/4 15

www.allen.in [65]
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118.

119.

120.

Ans. (A)

Vet
W

VOL:3 /
¢

<

o

=
W e 11 v
[T e

R
rm AN —
tan
(<)
-/

Vi =V, sinot

N
o

4
V.=V, Sin(wt+EJ when Vi =2

%
Vo _ —2 (tan wt)
V

L OL

V, 4 1

= —X—
Vv, 3 3
Ans. (B)

Vnet = VL + VR

=3cos30°+2

_ (3\/§+4]V

2

Ans. (A)

Since V, = —L%

= V,sinot=2 sinwt =

= VLL—ZXZZ\EJZ%OSG

or mt=30°

BN
N | =

di . . .
If — is decreasing then V, is increases.

dt

and VS’OHT’C@ = \IVRZ +VLZ

So, V also increases

source

Ans. 6.5V
uNI
b4

B=

EXERCISE - S

(Inside the solenoid away from the ends)

_ NI
(

o A

u,N*A

Total flux linkage = N = ———1

t‘

[66]
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(Ignoring end variations in B)

d
|8|=E(N¢)

_ Total change in flux

av total time

. _47c><10_7><25><10_4
av 0.3x107°

2. Ans.0.75T

x(500)° x2.5=6.5V

tf t

14 o,
Q:Ildt=EJ-8dt :—%(I!:dd):%(d)i_(bf)

t, t,
For N=25R=0500Q,Q=75x10-3C
dr=0,A=2.0x10-4m?, ¢; = 1.5 x 10~ Wb

b= ﬂ =0.75T
A
3. Ans. 2
A
=73

= A0 =qR=Areaofi-tgraph xR
1
=E (4)(0.1)x10=0.2 x 10 =2 Weber

4. Ans. 32
e=(Vx §).feff
e = [20x (3] + 4k)]. [3T + 4]
le| = 32 volt
5. Ans. \V,Bg
E = [Blv]
6. Ans. 2
B% 0%y
R

Reg=4F = = 2N

7. Ans. 4
e=Blv

v = % = —2 X 120m sin 120xt

8=—E x 1.5 x
T 100

1
X 120w sin (120n X —)
80

_ 240m
T 1007w

~ 4 volts

X 1.8 =432V

www.allen.in
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8.

10.

11.

12.

Ans. 1.7 x 105V

e= ‘;‘f = _d(MI)

o= 18 [t (¢+1)

_ ﬂola 1
T 27 X rr+a) XV

e=1.7x10-5V
Ans.

E s

3w 4w

S

Initially while intering flux increase and then constant and then reduces to zero while coming out.
Ans. 5

Aq = Bab =7,5.10"
R

¢i = Bab

by =

0
¢, — ¢, +L[dt
— 0 _ ri f
A R R
Ans. (a) zero, (b) vB(bc), positive at ¢, (c) zero (d) vB(bc), positive at a
Motional emf = BLV
Ans.V=1ms L, R =05Q, R,=0.30Q
At terminal velocity, Fnec = 0

. ., mg 10 R,
BiL=mg=i=——=—A A
9717873 W
Ii+iz=1 (i) i,
i12 Ry =0.76 (i) .
2Ry =12 ...(iii) !
2 2
Vo076 <128 12 30 |
R, R, R, 076 19 —
MW
R,
11=1( K, } 100 _1 1 134
R +R, 3 30 4
19
R L
R, +R,
R1=0.45Q
R2=0.3Q
Zzﬂ:U IR _2x0.3 m/s
R, BL 0.6x1

Terminal velocity =1 m/s

[68]
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(;fffF J

dt
Let E be induced electric filed due to time-changing magnetic flux.

_do 2y dB
EXZT[R—E—(TL'R )E

Potential difference = f_l/iz —Edl

2

g = RdB
2 dt
AV =§Z—fcos€[£— (_71)] =§§—L§cos€ X 1

2

_R_dB_b _1_dB 2 l
AV_§XEXEXZ _EXEX R —(z)

Direction will be from D to C as per Lenz’s law.

. 2

a“tm
14.  Ans. (“0—)

2Rb

-“0 ma2

dp = ¢ — 1 =
_ Uoima?

~ 2Rb
15. Ans. 4.6

i= %(1 — e Rt/L)

e—Rt/L]

2
L= m [1 —
Energy stored in magnetic field,
_1, 5
E= le
dE di
— = Li—
dt dt
=222 (1 — e—Rt/LY] x [2- x 200 o-re/L
= 2555 (1= e M) x [z55x e ]
=4.6 mW
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16.

17.

18.

19.

20.

Ans. 10
I R*  nur? 3p,mr?
¢=BAC059=M—°H - x T« cos530 =M
2n 8R 2 160R
o 3 pemrt
I 160 R

Ans.7

- . . . . HoiR*
Magnetic field at a distance x along axis of a circular coil is given by B(x)= — a2

2(R? +x*)

Flux linked with N coils of square loop inclined at 6 = 45° with vertical is given by

o(x)= {%}N(az )(cos45°)

2(R?* +x?)
R*(2 a’ a’
AsP=Mi SoM= HR(2) 72| = :Lt‘;z thus p =7
: 1*\\2) 2R
2| R* +(\3R)
Ans. 2
di
=Lz
%4
di =~k de
L(if - io) = areaunder(V}; — t)graph
4(if—i0)=%><8x2
=24
Ans. 80
According to question, V; = 2V
So IX.=2IR
= oL=2R
. w 2R 8000 1273.88
requency /= 2m 2nL 2m 88 /s
Ans. 5
1 R
z /RZ +Xc?
3 R+10

2 2 2
/(R+10) +X¢

Solving these two equations

R=5Q

[70]
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21.

22,

Ans. 2 ~2H
T

For power factor to be unity

X, =X, (Resonance)

(;)L=i
oC
1 1
L= 2. 2
oC (ZTEXSO) x5x107°
zgzZH.
T

1
Ans. 0.2 mH, ﬁ WF, 8 x 105rad/s

WR =4 x 105 rad/sec

The circuit is in resonance

Vrms:VR:6OV
V.. 60 1

__ _rms

i - _=
e R 120 2
So, 40 = irms X1, ana 40 = irms Xc

1
—wL=80 |~ e 20
_ 80 | _ .1
4x10° 80x4x10°

= L=0.2mH

1
=|C=—
32uf

If the current lags the voltage by 45° then
%

tan45° = Vi —Ve
|74

R

1=0Ve Ly x -r
R

= WL—L=R
wL

Putting the values of L, C and R we get
w =8 x 105 rad/sec.

L |C| 120V
——300000 {| AN
40V 40V 60V

www.allen.in
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23. Ans. 204, /4,

1
.. Steady state current i = 20sin n(lOOt —Zj

V,I“
P 220V2sinwt
/z’—_N\\ . . _E
200, | i =20sin(wt 4)
0|7 ) T 9T/8 L
A T T T, >t
-].\/EO T/8 T/4 / \\S\T/4 e
24. Ans. 4
1 2
1.25R2=R2 + (—j
c

2
O.25R2:(—j;0.5R: 1 ;C= 1 ;RC = 1 sec
oc 500xC 250R 250
T = 4 millisecond; t = 4
25. Ans.77Q,97.6Q,7.7V,9.76 V
For i to become maximum, the circuit must be in resonance so angular frequency of the source will be

1 1
w = =
JLC  4.9x10% x1x10° — Q -
F—ww T —AAA
= W:%xlosrad/sec. iy
So the impedance of P and Q, T o

= Z,=\X’+R? 10v@

2
i) Rlz
®C

= 1; +(32)
;xlOS x107°

z,= 77Q

and z,, =,/Xf +R;
=/(oLY + R

=\/Gx105 x4.9><10—3j+(68)2

[72] www.allen.in
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and z,, :,/Xf +R22
= J(oLY + R

_ \/Gx105><4.9x103j+(68)2

Voltage across P and Q
V, =iz, Vyiz,
%4 %4

= ZP = 0
R, +R, R, +R,

_10 ., V,=9.76V
100

Vp=77V
F A

26.  Ans. ~2sin¢

Py, =<F.V>V=Aw(wt — ¢)
P,, =< (Fycos wty)Aw sin(wt — ¢)>
=< FyAw cosw t(sinw t cos ¢ — cos wtsin¢p) >

' FyA
= —FAw (— _512 ¢)) = 02 @ sin ¢

EXERCISE - JEE (Main) PYQ

1 Ans. (1)
Ve+ V=0
Ve =1
VL

2. Ans. (3)

As damping is happening, amplitude of charge would vary as

The oscillations decay exponentially and will be proportional to et where y depends inversely
on L.

So as inductance increases decay becomes slower
For

www.allen.in [73]
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3. Ans. (1)
1=104
V=80v
R=8Q
220
(8 + X
X2 + 64 = 484
X, =+/420
27 x 50L = /420
J420

© 100%

4. Ans. (1)

_ Ad
1 R

A¢ = change in flux Current 1
q= J' Idt 10A

= Area of current-time graph

10=

3

| =

x10x0.5 = 2.5 coloumb

0.5 sec time

DN

g= 20

|
x|

Ap =2.5x100=250wb
5. Ans. (4)

L
Quality factor = %

6. Ans. (4)
P VI
M= =SS
Pin VPIP
0.9= 23x1;
230x5
= I, =454
7. Ans. (2)

Number of turns of the coil per unit length of the frame is constant i.e.

N
n=— =constant = N« a
3a

Self inductance = pon2A/ a a
= pnon?A (3a x n)

=  Selfinductance « a

So, if a' = 3a then self inductance will become 3 times.

a
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8. Ans. (2)
T,=2n m
k
_2n
\J10
AZAOe*t/Y
A
ForA =—,t=y
e
2m  2m 4
t=y=—-= =10"s
=y T B
R
4
No. of oscillation L =L ~5000.
T, 2m/+10

9. Ans. (2)
A = Aoe—O.lt = i
2

In2 =0.1¢

t=101n2 =6.93 =~ 7 sec.
10. Ans. (3)

f=750Hz, Vpms=20V

R=100W, L=0.1803 H

C=10mF, S=2]/°C

Z=\|R* +(X, - X, =R +(oL-1/ oCY’

(o]

Putting values

|Z] = 834Q

In AC power P = Vs Irms COS$

R /4
We know that cos¢=— and i, = ﬁ

2 2
So, P - VrmsRZ z(ﬂj x100=0.0575 ] /s
(|Z|) 834
H=Pt=SA0
t= 2(10) =348sec
0.0575

www.allen.in
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11. Ans. (3)

U =1L12

max max
2

i=1,,(1-e"")

U .
M . j has to be =%

n Jn

For U to be

max_ __

Zmax
\/; max

e _q_ 1 :JZ—1

n

(1 _eth/L)

12. Ans. (3)

500

d—leOO
dt

A=16%x4-4x2=56cm?

8=Z—5A=100x10’4 x56x107*

13. Ans. (1)
2
o _dBa)_ 2B
dt dt
r=2mm
_q_d‘dB/dt _a’dB/dt — |
R  pl p(30) a=7.5cm
nr’ nr’
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EMI and AC

ALLEN’

14. Ans. (2)

p= Mol
2nr

o= gy
2nr
@_ il ﬂ
dt 2nr dt
2T r

=

15. Ans. (1)

For damped oscillator
Net force = —kx - bv = ma
md*x bdx
— stk t——=
dt dt

By comparing; Equivalence is

0

L—>m; C—>%;R—>b

16. Ans. (4)

U:%Li2:64 = L=2

17. Ans. (1)

18. Ans. (3)

R

X=3R

R

XL Xc= 2R
|_

®

www.allen.in
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19. Ans. (1)
Considering sinusoidal AC.
Phase at maximum value =g
3n
Phase at rms value = —
3t m mw
Thus phase change =—-—=—
4 2 4
Now o = 2nf
=2m x50
=100~n
Time taken ¢t = E: n/4 =Ls
o 100m 400
t=25%x103=25ms
20. Ans. (242)
f=50Hz
X, =2nfL
=2n(50)(200x107*)
= 20mQ
Yy Vw2
IO =
XL XL
(2202 1142
207 yis
_N242
°  n
21. Ans. (44)
N=600,A=70x10*m? B=0.4T
o 500x2m _ 1007 rad /s
60
E= NABo sinot otisangleb/w A&B
=600 x 70 x 104 x 0.4 x 207, 1
=44V
22. Ans. (9)
Maximum energy stored in capacitor is same as maximum energy stored in inductor.
2
1Lifnax 21 QmaX
2 2 C
; 1
i=.—
max LCQmaX
B 2.7x10°°
J75x10%x1.2x10°
[78] www.allen.in
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23.

24.

Ans. (40)

To maximize the average rate at which energy supplied i.e. power will be maximum.

So in LCR circuit power will be maximum at the condition of resonance and in resonance condition
X =Xc

Ans. (4)

b

Quality factor = —- = %

3
o= ! = ! =£=400/sec
JIC  J1x6.25x10° 2.5
400x1 _,

100

=|

Q-factor =

EXERCISE - JEE (Advanced) PYQ

Ans. (B)

Induce electric field = Bd—B = @
2 2 E

2
Torque on charge = QBZR (~k)

Change in magnetic dipole moment = yAL

_ 10BR ()
2

Ans. (B)

Magnitude of induced electric field = Bd—B = BR
2 dt 2

Ans. (CD)

Current I = Iy cos (®t)

dq
— =1 cos(wt B D
ikl (wt)

- A
L Ao
= ng‘]sm(mt) ™ T C=20uF T >0V

1 .
=——-sIn(mt
=200 (ot)

=  q=(2x10"?)sin(ot)

So, maximum charge =2 x 103 C {Immediately before, t :Z—n}
o)

7
Current in left part just before, t = 6—“
®

www.allen.in [79]
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7nj_ 1,3

— AL 50V
I=1I, cos(a)x o 5 oV

Since current is negative hence current will be anticlockwise. ~1x10 °C 50V
Immediately after, t = 7 +1x10_3CLWWj0

60 100V 100
q=(2x103)sin(mx7—nj
6m
=-1x103C

Current in 10 Q resistance,

I= @ =104

10

At steady state, potential difference of capacitor is same as of battery,
So, final charge is

Qr=Ce=(20uF) (50 1) =+1x103C

Change in charge = +10-3 - (-103) =2 x 103 C

4. Ans. (BD)

by direction of induced electric field, current in wire is in same

direction of current along the hypotenuse. Induce electric field

0.1 . .
1 I E
Flux through triangle if wire have current, i = _[[ [%)(ZXdX )= 1%71 // - \\ 0

=  Mutual inductance = Mo
107w
Induced emf in wire = -2 di _ 1, x10="o
10ndt 10xm T —

5. Ans. (CD)
When loop was entering (x < L)

¢ = BLx Cx
o= 0 _p X R$

dt dt 3
le|=BLV s

= Ezﬁ(ACW)
R R

B*L'V

F=1iIB (Left direction) =

272
= a= E:_BLV (a:Vd_Vj

(in left direction)

m mR dx
272 4 272 X
vV _ BV gy Bl g
dx mR 7 mR
272
= V=VW- x (straight line of negative slope for x < L)

I= %V = (I vs x will also be straight line of negative slope for x < L)
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L<x<3L
a9 _,
dt —>V
e=0i=0
F=0

AAAAA
\4

AAAAA
VVVV

x> 4L

«—X—>

e=BLv
Force also will be in left direction.
2712
LY _,dv
mR dx

i= BILTV (clockwise) a = —

B*I*V I B2[?
R mR

Vr
F= dx:jdv
v,

B?I? .
= — —_L)Y=Vf-Vi
mR (X ) 4

272
Vi=Vi- B'L (x—L) (straightline of negative slope)
BLV . . . .
I= = — (Clockwise) (straight line of negative slope)
6. Ans. (8)
€ 5
=—=—2A (Initiallyatt=0
min R 12 ( y )
1 1 1
.= == s(—+ —+ EJ (Finally in steady state) L=1mH r.=30
eq rl r2 1’66666\ WV
= 5(14_14_1) L2=2mH r.=40
3 4 12 R ——AAWA
_ 10, R=120
3 MWW
e -8 L
Imin e=5V
7. Ans. (AB)
oL— 1
(A) tan¢= ol _
R
1
O=0)=——
VLC
w,= 100 rad/s
, %4
(B) = . >
\/RZ - (mL —1)
oC
o = O, iO = O

For o >> w,, circuit behaves as inductor.

www.allen.in
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8. Ans. (CD)
Potential difference between Xand Y = Vx - Vy
Potential difference between Yand Z=Vy - V;
Phasor of the voltages :

Vi - Vy = 3V,

A3V,
J2

Similarly, V" =

rms __
VXY -

3V,
P2 Vi
Also, difference is independent of choice of two terminals.
9. Ans. (AD)

f=|B||A|cos 6
= BA cos (ot)
B
g= —ﬂzBAcosin(cot) a
z @
d¢

so, e and — o sin (wt)
dt

. i
so, maximum when, ot =0 = E .

Net emf will be difference of emfs in both loops because their polarities are opposite.
ENet = €24 — €4 = B(24) ® sin ot - B(A)w sin(wt)
= B(24 - A)o sin ot = BAw sin ot
10. Ans. (ABC)
Since inductors are connected in parallel
V, =V,
0y 0
dt dt
Lily = LI, v L L2
L _L

I, L

2 1

Current through resistor at any time t is given by

RT
I=V/R (1-¢ *),where L= _falz

L +L,
. |4
After long time [ = =
I1+Iz =] (1)
L1l = L,I; -(ii)
From (i) & (ii) we get
vV L VoL
1= — , L =—
RL+L, RL+L,

(D) value of currentis zero at t = 0
Value of currentis V/Ratt =
Hence option (D) is incorrect.
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11. Ans. (BD)

Imax = (12 - il)max

Ai=(iz- i) = %[1—e'(£ﬂ—%[1—e[_fﬂ

= K[e_(%jt _e_(%j j|
R
o _dAi)
For, (Ai)max = ” =0
_ z{_g (‘Zlf_(_ﬁ)e[;ﬁ }0
Rl L 2L
ik 1 o)
2
k1
2
R
(thZfI’lz

2L : .. .
t =—/(n2 — time when i is maximum.

[ o) 2]
R

_1[1_1}_11
RlL4 2] 4R

12. Ans. (ABD)
y=x

B:B{l{%ﬂﬁ

L
jd¢=£VOBO(1+{—§j-dy

Imax

Ad =V,B, L+L
(B+1)r°

L
Ad) = VOBO |:L + m:|

|A¢|=BOVO(1+BLJ-L

+1
|Ag] oc L
Option 'B' is also correct
If, pB=0
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13.

14.

15.

Ap=VoBo[L +L]

Ad = 2VoBoL
=  Option (C) is incorrect
If b=2

Ap = V,B, {LJF%} L y=X

A¢=%VOBOL option (D) is correct V2L V=Vl

A¢ will be same if the wire is replaced by the straight wire of
length NA andy =x > X

range of y remains same
S Option 1 is correct.
Ans. (0.63)
Since velocity of PQ is constant. So emf developed across it remains constant.

€ = Blv, where /¢ =length of wire PQ

Current at any time t is given by

c Rt
iz—(l—e L]
R

Blv ke
i=—(1-e ¢
R ( )

~1x1073
1x ﬂ X i ><1 1—e 1107
100 100) 1

1 4 1
—x(1l-e7) = x(1-0.37
1000 ( ) 1000 ( )

i=063x1034 = x=0.63
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.
Answer is (B).
Ans. (B)
Torque experienced by circular loop = M xB
where, M is magnetic moment
Bis magnetic field
+ = ITR2NBy [at the instant shown q = /2]
Zdt = dL= inR2NB, dt = QruR2N B, [idt = Q]
Answer is (B).

[84]
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16.

17.

18.
19.

Ans. (55)

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

U :%Lllf +%L2122 +MII,

N U=%x(10x10*3)12+%x(20x10*3)x22+(5x10-3)x1x2

=55m/
Ans. (AC)
EMF developed across the emf of semi-circular rod

4 . . .
= [Hol ygr =Bl ppg = HolV o
1 2nr 2n T

Form given value,

-7
Ee 4ntx107" x2x3x0.7 —24x7x10°
i

_E  24x7x10°
mX R 14
Qmax=CoE=24x7 x10-8x5x10-6=8.4 x 10-12C
Ans. (100.00)
Ans. (60.00)

i =1.2x10°A4

Solution for Question No. 18 and 19

[ 2 2 _
VC +VR _Srms

= V2+100° =200
V. =100\3V ()

Vv
tand):—cz%

VR
d=60° ..(ii)
2
P :Irmsgrms COS¢ Igrﬂ—
z 2
2
200
500=2%0) 1
z 2
z=40Q ...(1ii)

R 1 R
cosPp=—=>—=—
Z 2 40

R=20

and  x, =" —R* =407 —20? =203Q
B R YNETe)
oC

=100

500W
R C

>

100V

(=)

N4
200V, 50Hz

www.allen.in
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20. Ans. (A)
21. Ans. (C)
Solution for Question No. 20 and 21

o=Li=

>< TEG
TET'

_ pymna’
2nr’L

22. Ans. (B)
V=45sin ot,L =50 mH

1 1 1
= 5 — — = =
wo = 10°rad/s LC:>C ng =X 10-2 x 1010
=2x10°F
/ _ 45
0=}

®=8x10%*rad/s=10.8 mo

1
1=0.0510=%=>Z=20R
X, =8x10*x5x 107202 = 4kQ
X ! 1 1050 Zska
= = —X = —
C78x104*x2x10"2 16 4
ZZ=R2+(XC_XL)2

2 2 9 ’
400R* = R +<an)

9
R_zkﬂ 9k9—9009
V399 80 8
V, 45x8 8

=2 = 900 ——A~04A 400mA

5x 102
f 900J2><10 =5 =g V25 X 10°

Q—%XSOOO 44 4
wo wy 10°
Q_H Aa)=3=m=2250.0
P =12R=4—52><R=4—52—£x8—184w
max =70 R2 R " 900
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23. Ans. (D)

From force equation

mg—BiJZ:md—Civ

__ BBt %= mdv
R Todt
mgR mR dv

-V = —
B2¢? B2¢? dt

B2¢? d
f;odt - fov (mg: v)

mR _
B2 p2
mgR  20x1073x10x10
Now, 5272 T =2
16XE
B2p? 16><li6 1
and = - — =5
mR 20xX1073x10 0.2
5t = [-n(2 —v)]§
—5t=1#n [Z;V
v
noov=2(1-e%)
At t=0.2sec v=2(1-e5x02)
v=2(1-0.4)
v=12m/s

(P) Nowatt=0.2sec
The magnitude of the induced emf = E = Bv/

—4x12 x% = 1.2Volt

(Q) Att=0.2 sec, the magnitude of magnetic force = BI/ sin 0

=B><BT€VXE><sin9O°

_ 4x4x%x1.3x%
10
(R) Att=0.2sec, the power dissipated as heat
. v _ 1.2x1.2
P=i’R= =710
P =0.144 watt
(S) Magnitude of terminal velocity

=0.12 Newton

At terminal velocity, the net force become zero
mg = Bil
mg = B X % X {
_mgR _ 20x10 °x10x10

vy = =
B2¢* 16x-

3

vr=2m/s
Hence, Answer is (D)
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JEE (Main) Practice Paper
SECTION-A

Ans. (1)
If ‘" is increased than flux through coil ‘B’ also increases. Than according to Lenz’

law induced

current in coil ‘B’ is such that it opposes the initial changing magnetic field Hence repulsion occurs.

Ans. (4)
Flux=¢p=B.A=BAcos 6
Time period = T = o
®
When coil Rotate through 90°, ¢ =0

Average induced EMF = ¢= A9 = BA = ZoBA
At T/4 yis

Ans. (1)

As Bincreases than according to Lenz law current (i) induced as shown in fig.

Now P & Q short circuited
Current choose Low resistance path so Balb A goes out & Balb B gets brighter.

20, )L L
Q, :—( 0;1) (as frequency is doubled) = 2Q, where Q, = :1 = Qis doubled
I, = 4 = 4 (as Lo > > R for high Q coils) Similarly, I, = 4 =1, =I—1
JLo, P +R? Loy L(20,) 2

I LR* P
P,=LR*= [El)RZ = ZT = Zl = P decreases 4 times.

Ans. (4)
Ldi
E-—-=0

Li
t=%

[88]
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6. Ans. (4)
When switch was is closed

i L
——e/ 50000 o

—12V ng R2§

: 12
i, =
R IR,
_12x12 9
32 2
Just after switch is opened we know current in inductor does not change instantaneously.
i=9/2
———e/J000 e——————
=12V §R1 I Vi,

9
Voltage across Ry is V, = > R; =18 volt.

So voltage across inductor = 6 volt & B is at higher potential.
7. Ans. (1)
Field and flux will be outside in ring. So, a clockwise current will be induced as per Lenz law.
8. Ans. (4)
When DC applied
100=1(R) = R=100Q
When AC applied
100=05(2) = Z=200Q

z=JRP+x = 200=/100°+x*
X, =~/200% -100°

= X, =1003Q
Lo = 1003 Q

L= 100\/5 =£ =0.55H
1007w T

9. Ans. (4)
€= (Vxé)-dz

L
£= I roBdr
L/2
_ 3Bwl? V=ro
8
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10. Ans. (4)

[ Bdi+], Bdi], Far=""a

2
O+Aa+0:nia A“A

11. Ans. (2)

Induced current (i) is in anticlockwise direction.

So e- moves tangentially right (clockwise).
12. Ans. (2)

For ring to be in equilibrium,

nr’R

2nr

umgr = Q I

13. Ans. (4)

a9

dt

¢ =BAcos0=BAcosmt

[el=

|8| =NBA® sin ot

Hence, it does not depends on Resistance of coil.

14. Ans. (2)
Theoretical.
15. Ans. (2)

If B is in { direction then flux changes is yz plane

2
Therefore, E = ‘@ R 4B 5 36x10°V

dt 4 dt

Used Lenz law from C to B.
16. Ans. (2)

Rate of loss of mechanical energy oc b
m

Hence (2] = Smallest lost of mechanical energy

17. Ans. (4)
Refer class notes.
18. Ans. (1)
At Resonance X, = Xc {X.=Lo, Xc = Ci }
)

When ol X, | X, T

So nature of circuit will be capacitive.
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19. Ans. (1)

Lo =<l + I, sinwt) > =\[<(Z +21,I, sinwt + I sin* wt)> = I/ +0.51

(Here '< >' represent mean)

Average value of sin ot = 0 and sin? wt = 0.5.
20. Ans. (1)

It is oscillating LCR AC circuit

. 2
L9, 4 g BT G
dt C
Lo Inne  Enm  Brnd’o
rms \/E \/ER 2\/ER
Bra®

2R\2LC

maximum energy stored in cap.

2 CZVZ
— qmax — max __ lcvz

2C 2 2 ™

rms“*c 8R2C

2 2 4
=%C(1 X)z_Bna

maximum power by extennal agent

P= Irms Vrms
B2n2a4
" BLCR
SECTION-B
1 Ans. (2)
|8|—(v><§).d€ -
- [(zf 3] +k)x(i +2})].(21€)
=2 volt.
2. Ans. (16)
(Bwrz)z (20x2x22x10—4)2
p=~2—L 2 =16p W

R 4
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3.

Ans. (2)

_d¢p _ -
E = q = BAwN sinw t
Emax = BAoN = 20V

I=E/R=2A
Ans. (6)

At half power frequencies,

Z=R2=|X,-X.|=R

2
ol-2 | =R =o'+ 21 - 2L _p
oC ot C

c04L2C2—w2(2C—L+R2JCZ+1=O

. 1 1
The product of roots is @’w: = ToE = == o’

= ®,= 0,0, =60 rad / s =, /10 =6
Ans. (3)

Time constant =

=l
N =

1
So, EMF will be half at t = E n2

6
E = ==3V
2
Ans. (125)
Att=0, L=w0Q, i1=14
Att=co, L=0Q, i,=1254
Ans. (400)
tan60°=2L & tan60°= ¢
R
x,=1003 = X,=100\3

Z=\R*+(X,-X,)" =100Q

Power = Vgrus. Irms cOS 0

= (200) (%}1

=400 watt

[92]
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8.

10.

Ans. (5)
e= il = a4 (nr2B) = 2nrB dr
dt dt dt
e
=TT T
(ZnBrj
dt
10° 5
= r=—————#6# (=—-¢m
2ntx107° x107* T

Ans. (6)
V2 +R; =150 =V’ =150° —120° =V, =90V

Also  VZ+V?=130° =V, =50V

V=V +(V, -V, ) =120 +40* = 4010 =x

120 3

20y10 J10 ~

Power factor cos¢= R = Ve
Z vV

Ans. (10)

Suppose the left of the loop has co-ordinate x

dx = displacement of loop in time dt

dA = area of the element of width dx = Ldx
d¢ = flux associated with dA = B.dA=BLdx

x+L

¢ = flux through the loop = I (ax)Ldx
al 2,7 oL(2x+L)(L)
_ Uu LY — -\ T\
[ (L)' —x* ] .

¢ = induced emf = ‘—%‘ =al’v=(0.2)(0.2)°(10) =80 x 103V ... (i)

As the square moves, the flux increases and so the induced current must produce a field that is out
of the page in the interior of the square i.e. induced current should flow in anticlockwise direction
inside the square.

80x107

i = induced current = 2=
80x10~

JEE (Advanced) Practice Paper

Ans. (A)

As field in inarts increasing therefore B induce will be outwards therefore induce current will be
form B to A and from D to C.

Therefore Bto A and D to C.
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2. Ans. (D)

For L-R circuit

cosH = le = |=0.6
R +X;

For C-R circuit

R
Ccos 62 = [FZ)(Z\J =0.5
2 C

Now when L,C,R of two circuits are joined

R, +R

1 2
ﬂ&+&fﬂ&—&f
cos 0 =1 (given)

Xe=X.=X

tan 0, = ﬁ
Rl
tan 0; = ﬁ
RZ

cos 0=

tan0, X, R, (R,
tan0, R, X, |R
tan0, _4
3
tano, =\/§
R _3J3
R, 4
3. Ans. (A)

The direction of induced electric field is circular and hence potential drop across wire OA and OB

is zero. Hence all induced emf will be in the wire AB.

2
e=- Ad—B:—(—nxl XEXZCOSZtJZZCOSZt
dt e
. emax = 2 volt
4. Ans. (C)
V, A
1_Z_ ; z_Z_

2
We have, Z =, |R* +(%j ,thus ®T,Z {=1i increases
o
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Ans. (C)

1

1
Here =
JLC  J5x1072x50x10°

=2000rad /s

= 0= 1 so, resonance condition
JLC

= I=K=20/ﬁ=ﬁ=1,4,4
R 6+4

= Reading of ammeter = 1.4A.

= Reading of voltmeter = 4\/5 V=56V
Ans. (ABCD)

For (A) Expression of voltage of time ‘t: V =V, sin (ot + ¢)
Att=0:100=200sinp = ¢ = g rad; current lags voltage by g rad

200V
400mA

For (B) R=Zcos)= cos%zZSO\ﬁQ

For (C) X=Zsing=250Q

I
For (D) Pu= szm cos¢=20\/§ w

Ans. (ABC)
|4
it 40 =£A at 45° leading
z, 100V2 5 Xc=100u
Y Ri1=100
VWML
V. 40 242 o .l
I, = = = A at 45° lagging
Zz, 50\/2 5 X,=50R R,=500
I VWWWW—
So, I; is 90° ahead of I, I,
2 (~)
[ =(P+IP=—-4 >
res 1 2 »\/ﬁ 40V

N

o =Ry ="x100= 202V

<
I

22

V, =L,R, = 52 x50 =20~/2V

www.allen.in
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8. Ans. (B)

X X
tan¢, =?L ; tan¢, =?C

tang, =W LC ; tand)czﬁ [~ R=\/%]

We know that

tanA+tanB

B)=——"CT 7
tan(A+ ) 1-tanAtanB

tand, +tan¢
Here, tan(d)ﬁr(l)c):m:go
L c

=, +,=90°

So, 1=\l + 1

12_ Vrfns ‘/rzns
Y 272
RP+o'l’ po 2162
[0
2 2
12_ Vrms + Vrms
—t+ol 4+
C C o
V:ce 1 1
7L |1reic . 1
1+ 5
o’LC
VZ
=_1;"215
V
So, [ = s
R

and Impedance of circuit is independent of w.

9. Ans. (AC)
I, is in phase with voltage of source; I; leads the voltage by g

[ is the resultant of I and I.
10. Ans. (B)

For unity power factor, box must contain inductor.

[96] www.allen.in



EMI and AC

ALLEN

11.

12.

13.

14.

Ans. (A)

R L 7-2r

z 2

Also, R=X =X,

N

So, Z=
oC

Ans. (A)

<
I3}

1/®C

*l*
=~
=~

>
Z

XL

Z=\X*+R* = R2 Xi=Xc=1/oC

So, X, =X, =R So, the circuit is in resonance.

So, Z=2 -
oC

Ans. (16)

A = 4k for x-y plane

¢ = B.A= By(2i+ 3] + 4k).4k = 16 By
Ans. (8)

KCL of junction :

I1+i—ip+ic=0

ic=ir— (i1 +12)

d . , .
d—z=1L—(11+12)

dv, L
C[d—;jzlL — (i, +1,)

2(-6e2) = iy - (10e-2t + 4)

ip=-2e2%+4

Vi= —L—=—4[4e™ +0]|=-16e™
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15. Ans. (0.05)

At = %fnn = 0.05sec
16. Ans. (2)

do=["| Ll |ax— [ Kol g dx = o mz-m(ﬁj
d | 2mx 2d \ 2mtx 271 2
o= Moldfn(i)

27T 3

—dx

Sz_ﬂz_hdfn i ﬂ
dt 21 3 )dt

17. Ans. (6)

dl 4

Apply KVL, E - IR~ Lz == =0
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