Subject : Physics  Topic : Electromagnetic Induction and Alternating Currents [SOLUTIONS]

6 C). The energy stored in the inductor is
(1)  (A). Magnetic energy, U = %le 6 (© gy

U=11p
. 2U 2x648 2 o
S L= 7z = W =16H The energy stored in the inductor per second
Induced emf, is (L—U = LI%
t t
_ 41 —(6H) (0-94) _ 5,0y, =200 % 103 H= 1A x 0.5As1 =0.1Js"!
dt 0.45s
. : 2
(2)  (B). Theselfinductance L of a solenoid of length / Ly _Nf
and area of cross section Awith fixed number () (D)- As L, N %
_ LoNZA Selfinductance of 500 turns coil = 125 mH
ofturns Niis L = / . L for the coil of 800 turns
So, L increases when / decreases and A _ 125 < (800)?
increases. (500)? =320 mH.
= - - -3
) @) i{jrze;nli _ 4;03’ 116_3 LO mH =10 > 107H (8) (D). Letacurrent I, flows through the outer circular
Total magnetic flux inked with the coi, coil of radius R,. The magnetic field at the
_ _ -3 -3 o
¢ =NLI =400 x (10 x 1077) x 2 x 10 centre of the coil is Bl:“l_Il
=8 x 107 Wb 2R,

Magnetic flux through the cross-section of the

; ‘ : _ As the inner coil of radius R, placed
coil =Magnetic flux linked with each turn

co-axially has small radius (R, < R),
o 8x 1073 s therefore Bl may be taken constant over its
= =4 x 10" Wb cross-sectional area.

Hence, flux associated with the inner coil is

N 200
) (A). Here, A= X2 lzm2

2 “Oll 2
¢, =BymR5 =——nR
2 172 2R 2

and B = By(3i +4]+5k)T 1
= 3 S 4% el 21 2 2

As ¢:B.A:B0(31+4_]+5k).X k As M:(b—z: MoTCRz M oc &

. §=5Byx> Wb I, 2R, R,
(5) (B). Inseries connection ! 1 do !

L, +L,=10H .. i) ©) (0. a=[Tdt=—[edi=—]=Cdi=—d¢

. : R R dt R
and in parallel connection

Hence total charge induced in the conducting

_Liby -2 4H (ii) loop depend upon the total change in magnetic
L+Ly flux and resistance.

Substituting the value of (L, +L,) from (i) (10)  (B). Here, Area A= 2= (12 cm)?

into (ii), we get =1.4x102 m?
LL,=(24)(L,+L,)=24x10=24 R=0.60€2, B; =0.10T, 6 = 45°
(L,-L,)*=(,+L,)*-4L,L, B, =0, dt=0.6s

L -L,= [(10)£ — 4% 24]V2=2H ... (iii) Initial flux, ¢, =B, A cos 0

Solving (i) and (iii), we get =0.10 x 1.4 x 1072 x cos 45°
L,=6H,L,=4H. =9.8 <10 Wb

Final flux, ¢, =0
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(11)

(12)

(13)

(14)

(15)

(B).

(A)-

(B).

(B).

(A)-

(ol _ [0~ |
dt

Induced emf, € =
dt

19.8x107*
0.6s

=1.6x103V

-3
1.6
Current, I = £ _0xY 10
R 0.6

=267x 1073 A
Here,/=6cm=6x 102 m
B=04T,v=2cms!=2x102ms!
Voltage developed is
e=BN=04x6x1072x2x1072

=48 x 1074V

Due to change in the shape of the loop, the
magnetic flux linked with the loop increases.
Hence, current is induced in the loop in such
a direction that it opposes the increases in flux.
Therefore, induced current flows in the
anticlockwise direction.
Here,/=r=5cm=5x 102 m,

o 1800
60
B=1Wbm?

1 1
8:EB12@:E x 1 x(5x1072)2 x 601

-1
jrad S =60mn rad s7!

2

=0.23V
Let g bethe electric field intensity at a point
on the circumference of the ring. Then, the

emfinduced ¢ = §E.d/ where ¢/ isalength

element of the ring since | f| is constant and
Elldr

e =E(2mr) ()]
Also, the induced emf'is

dp __»dB __» .
it =Tr m =Trrx ...(1)

. . X
Equating (i) and (ii), we get, E = )

Here, A= 0.4 m%, N =100,
dB=0.04 Wom™2,dt=0.01s
do dB
e=—=NA—
As E= dt

(16)

amn

(18)

19

20

@1

(22)

(23)

29

25

(26)

:100x0.4xg'g‘1‘ 160V
A.e=——=—
A) " t
R 12
A). cosh=—=—=0.8
(A). cosd PREY
AB (4-1)
B). [e[=A—=2x-——2=3V.
(B). | el o .
(B). e=~— NBA(cos8; —cos6;)
At
= 2000 0.3x T0x 10~ (£05180=c0s0)
' 0.1
e=84V
N
(D)- q=—E(B2—B1)ACOSe
100
6-——_ 2" (0-B
3210 (160+40)( )

XX (6X107°)% x cos 0°

B=0565T
(B). This is the case of periodic EMI

1 1
(). e= Eszm =—x03x (2)* X100 = 60V

. L=—% - 3
di/dt  (3-2)/107°

= % %107 = 5milli henry

(B). Energy stored

E=11i2 =L us0x10% x4=017
2 2
o di
(A). Given G 2A/sec,L=5H

.‘.e:L$:5X2=lOV
dt

(©). ezM%ﬁe:O.lxw

=100V
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27

(28)

29)
(30)

@31

(32)

(33)

(34

(35)

5 1
3 LoN-A 36 C). Frequency = ———
(C)°L_—1 ( ) ( ) q y - ,_LC
® A
10~ 2 -4 LS M
_ 4nx10"" x(1000)" x10x10 (37) (D). =
l X
=1.256 mH 3L

(3% -(20%] _ 5B/’

e= [ (@x)Bdx=Bo

Vo 1p 2200005 (38) (B). Here, N =2000, A= 80 cm?

=1y =0.05 amp
(B). I & I — anticlockwise ; I; =0
(A). Work done = AQ (heat dissipated)

200
B=4.8x10"2T,v=200 rpm= o P8

2mx200 20m . 4
5 5 © =21V = = rad s
_ ¢ _(NxBiw? 60
R R V,=NBAo
2 2 3 ) 4, 20m
1007 x(0.4)" x2.5%10 w2 x1 =2000 x 4.8 x 107 x 80 x 107" x
= \'
L 10 =16.07V
7=25x10 v V= 0.707 V= 0.707 % 16.07
255104 = 5%102m =11.366 V=1137 V.
-2 39 D). Si COSG_E_B_E_E
V=5><10 39) (D). Since 2" Z"10"5
1 (Also cos O can never be greater than 1).
= W=6.25x 1070 %16 T=100 pJ Hence (C)is wrong,
(C). All three coils are parallel Also, Ixp > Ix; = X > X
SoL.,, =1H . Current will be leading
1 d InaLCR circuit,
®). 1:__(n_¢)
Req\ dt V= (VL = Ve +V2 =(6-12) +82
I [n(W,—W,) V= lQ, which is less than voltage drop across
- | =2 T capacitor.
5R t
(D). V; =V=V, =50volt (40)  (A). Here, V, =2400V,
V| and V. have opposite phasors so voltage N, = 4000, Vi =240V
across LC combination is zero. V. N
1 V, N
C). Frequency = P P
© 2nJLC
C—2C L->L2 AN 2| N, = 240 4000 = 400
Vp 2400

2t
R I - =
(B).Ilo{leﬁ};ﬁlo[le 300*“’3] (41)  (A). Here, V=24V, P = 12W

P, 12

— =3 =-_"=05A
t=0.1 sec. s v, 24
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(42)

(43)

(©).

(©).

I =21 =2Zx05=—A

Np

For better tuning of an LCR circuit used for
communication the circuit should possess high
quality factor of resonance

ie, Q= i\/E hould be high
ie, R\ Shouldbehigh.
For it R should be low, L should be high and

(44

C should be low, therefore combination in 45)

option (C) is correct.
Output power = 140 W
Input power =240 x 0.7 =168 W

output power y

Efficiency = 100

input power

140 100 = 83.3%
= — X =
168 270

(D). Here, P=1%Z cos ¢

(B).

(a) Ifpower factorcos¢>0=P>0.

(b) Forwattless component the driving force
shall give no energy to the oscillator so,
at $=90°, P=0.

The driving force cannot syphon out the
energy out of oscillator i.e. P cannot be
negative.

Hence all options are correct.

©

1
Here, I =5A,v=50Hz, t= S

300
Ip = \/Elrms = 5\/§A’
FromI=1, sin ot = I, sin 2mvt

1
I=5v2sin| 2mx50x —
[ 300j

:5\/§sin§:5\/§§:5\/§A
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