1.

ELECTROMAGNETIC
INDUCTION

A solenoid has 2000 turns wound over a length
of 0.3 m. Its cross-sectional areais 1.2 - 10 °
m-=. Around its central section a coil of 300 turns
1s wound. If an muitial current of 2 A flowing n
the solenoid 1s reversed n 0.25 g, the emf induced
in the coil will be

@ 24x107°V L) 24-10-V

(c) 48x10%V (d) 4810 -V

A boat 1s moving due east in a region where the
earth's maganetic field 1s 5.0 - 10> NA T in'!
due north and horizontal. The boat cairies a
vertical aerial 2 m long. If the speed of the boat 15
1.50ms !, the maenitude of the mduced emfin
the wire of aerial 1s:
(@) O075mV

(¢) 015mV (d)

(b) 050mV
1\

A coil having n turns and resistance R Q 1s
connected with a galvanometer of resistance 4R
Q. This combination 1smoved 1n tunme t seconds
from a magnetic field W, weber to W, weber.
The mduced current in the circutt 1s
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A conductme rod AB moves parallel to X-axis
i a unitorm magenetic field, pomnting i the
positive X-cdirection. The end A of the rod gets
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(a) posttively charged

(b) negatively charged

(¢c) neutral

(d) fwstpositively charged and then negatively
charged

One conductmg U tube can slide mnside another
as shown m figure, mamtaimnime electrical
contacts between the tubes. The magnetic field
B 1s perpendicular to theplane of the figure. It
each tube moves towards the other at a constant
speed v, then the emf mduced m the circuit
teris of B. / and v where / 15 the wadth of each
tube. will be

(a) —Blv
(L) Blv
(c) 2 Blv

(d) zero



A coil 10 turns and a resistance of 200 1s
connected mn series with B.G of resistance 3002,
The coil 15 placed wath 1ts plane perpendicular to
the direction of a unitorm magnetic field of
induction 10 = T. If it 1s now turned through an
angle of 60° about an axis n 1ts plane. Find the
charge mnduced in the coil.

(Area ofa coil=10-m?-)
(a) 10°C (L)
(¢) 107°C (d)

107°C
10°19C

A ftlexible wire loop 1n the shape of a circle has
radius that grown linearly with tune. There 15 a
magnetic field perpendicular to the plane of the
loop that has a maenitude inversely proportional
to the distance from the center of the loop.

1
B(r) o — How does the emf E vary with time?

1
(@) Eot- b) Eect
(¢) Eo .Jf (d) E 1s constant

Magnetic flux linked with a stationary loop of
resistance R vartes with respect to tume durine
the tume period T as follows: ¢=at (T —t). The
amount of heat generated 1n the loop during
that tume (mductance of the coil 1s negligible) 18

al 4 :T:
(a) R (L) R
A Z‘.TE ,] ETj
2 ( 1 ¢
(¢) = (d) R

A copper wire of length 40cm. diameter 2num and
resistivity 1.7 - 10 ° Qm fonms a square frame. If
a uniform magnetic field B exists i a direction
peapendicular to the plane of square frame and 1t

dB

S T 2 T/s.
PP 0.02 T/s. then

find the current mnduced n the frame.

changes at a steady rate
(@) 9.3 10 -amp ®) 9.3+ 10 " amp

(¢) 3.3+10-amp (d) 19.3 10 ®amp

10.

11.

12.

The figure shows certain wire seaments jomned
together to form a coplanar loop. The loop 1s
placed mn a perpendicular magnetic field in the
direction going into the plane of the figure.

The magnitude of the field ¢ d ~
mcreases with tune. / 1 and < Fa X X

I, are the currents m the

seainents ab and cd. Then. s ks 3 =
(ﬂ) J!Tl > Iﬂ -
©) I, +1,=0

(¢c) I, 15 10 the direction ba and 7, 1s 1 the
direction cd

(d) 1, 1s m the direction ab and 7, 1s i the
direction dc

A thm non-conductimging of mass /1 carryime a
charge ¢ can rotate treely about 1ts axis. At7=0,
the ring was at rest and no magnetic field was
present. Then suddenly a magnetic tield B was
set perpendicular to the plane. Find the angular
velocity acquired by the ring.

3qB 2qB
(@) = (b)

2m 3
| qB q
() 2 (d) B

A circular and an elliptical loop ., all mthe (x—v)
plane, are movig out of a unitform magnetic

field with a constant velocity, V' =vi. The

magnetic field 1s directed along the negative z
axis directron. The mduced emt, durmg the
passage of these loops. out of the tield resion,
will not remam constant tor

(a) both circular and elliptical loops
(b) only elliptical loop

(¢) only circular loop

(d) none of these

The current 7 i an mnduction

cotl varies with time 7 ¢!
accordingto the graph shown

m figure. B

VWhich ofthe tollowing graphs
shows the mduced emf (E)
the co1l with tume?

( v g



14.

16.
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(¢) | = (d)

The total number of turns and cross-section
area in a solenoid 1s fixed. However, its length L
1s varied by adjusting the separation between
windings. The mductance of solenoid will be
proportional to:

(@) L b) L-
(¢) 1/L- (d) 1L

Two coils ‘P" and "Q’ are separated by some
distance. When a current of 3A flows through
coil ‘P, a magnetic flux of 10~ Wb passes
through *Q". No current 1s passed through "Q .
When no current passes through ‘P and a
current of 2A passes through Q. the flux
through ‘P’ 1s:

(@) 6.67 - 107Wb ®) 3.67 - 107 Wb
(¢) 6.67 10 Wb (d) 3.67 - 107"\Wb

A planar loop of wire rotates 1n a unitorm
magnetic tield. Initially, at 7 =0, the plane of the
loop 1s perpendicular to the magnetic field. It it
rotates with a period of'10 ¢ about an axis 1 1ts
planethen the maenitude of induced emt will be
maxnnuim and mimumnum, respectively at:

(@) 2.5zsand 7.5 (b) 2.5sand35.0s

(¢) S.0sand7.5s (d) S0sand 100«
[fthe rod 1s moving with a constant velocity of
12 cnv's then the power that must be supplied by

an external force m mamtainig the speed and
the readmg of anmuneter arerespectively.

A

Amimetel

18.

19,

20.

21

22

(Given B=0.5Tesla. /=15 cm. v=12 cnvs,
Resistanceof rod R, , =9.0mQ2)

@ 9 -10°W,0.5A (b)) 0.5-10"W.1A
) 9-103W.1A (d) 11031 3A

Thenunber of turms m the coil of an AC generator
1 5000 and the area ofthe coil is 0.25 m-. the coil

1s rotated atthe rate of 100 cycle per second mn a
magnetic field of 0.2

Weber/m-. The peak value of the emf generated
1s nearly

(@) 786KV (b) HOKV

(c) 20kV (d) 157KV

A 100 turns coil of area of cross section 200 cm-
having 2 Q2 resistance 1s held perpendicular to a
magnetic field of 0.1 T. If1t1sreanoved from the
maegnetic field in one second, find the charce
flows m 1t during this process.

(@) 02C (b) 2C

(¢)y 0L (d) 1C

The coetticient of selt nductance of a solenoid
15 0.18 mH. If a core of soft 1ron of relative
pemeability 900 1s mserted, then the coetlicient
of self inductance will become nearly.

(@) S4mH (b) 162mH
(¢) 0.006mH (d) 0.0002mH

Two coaxial solenoids are made by winding thin
imsulated wire over a pipe of cross-sectional area
A =10 cm-” and length = 20 cm. If one of the
solenoids has 300 turns and the other 400 turns,
therr mutual mductance 1s

(n=4m <10 "TmA )
(a) 4.8rt-10*H (L) 48t -10"H
(¢) 24n~107'H (d) 4.8m-10'H

A copper wire 18 wound on a wooden frame.
whose shape 1s that of an equilateral triangle. If
the linear dunension of each side of the trame 1s
increased by a factor of 3, keeping the number
of turns of the coil per unit length of the frame
the same, then the self inductance of the coil;
(a) decreases by afactor of 9

(b) 1mcreases by atfactor of 27

(¢) 1creases by a factor of 3

(d) decreases by a factor of 94f3



23. Twocoaxial solenoids are made by windine thin

msulated wire over a pipe of cross-sectional area

A =10 em-” and length = 20 cm. If one of the

(a) 0.2H (b)
(¢c) 0O.8H

04 H
(d) O1H

solenoird has 300 turms and the other 400 turns. e o le_dum:]g Clrﬂ:lmﬂlmp 1I11a_1.u: _le ok tlm(l_}w”.?_"
Heirmubnalinducancesis has area 3.5 - 10_ °m nn{l:ebl?tmue 10€2. It 18
PR S— placed perpendicular to a tune dependent
(o =4 q A ) 1 magnetic field B (t) = (0 4T) sm (50xt). The net
(@) 24n-10H b) +8n-107"H charge flowing through the loop durmgt =0 s
(¢c) 48t-10"H (d) 2.4m- 10°*H and t =10 ms 18 close to:
24. When the current changes from +2 Ato-2A (@) 14 -10*+tmcC (L) 7.0- 10+ mC
R - 1 [ d -. ? i .: r . i . ;
0. 0! :-_-.emn(l., 111&11111 0?81 1-~. uuhufed i ’I-Ct.}il © 2110 *mC @ 6 10+ mC
The coefticient of self -induction of the coil 15
ANSWER KEY
1 (dy | 13 | (¢) 61 Mm) | 19
2 (¢c) | 14 | (d) T (¢)y | 20
R (b) 6 (a) 9 @) | 12 (@ | 151 @ | 1S | ()| 21 | (¢c) | 24 | (d)
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Electromagnetic Induction

j.l“NI N:PL dl
( dt

C4#314-10 7 %2000~ 300-1.2-10 * <[2- (=2)]
0.30

(d) Inducedemtf e=

=482+10 7V~ 48 mV

|-

() Inducedemt=+B,/=15-5-10 Sy
=15+10°=0.15mV

dp (W, - W)

®) dt t
Ryot = R +4R)Q = 5R Q
. _ ndg  -—n(W,-1W,) -
R dt SRt Vg B W
magneticflux)

(@) Accordmg to right hand palm rule, the
Lorentz force on free electrons in the conductor
will be directed towards end B. Hence. the end A
gets positively charged.

(c) Relative velocity =1 +1v=2v

anf. =B./(2v)

(@) Given: n=10tums, R__,
R..=30Q, Total resistance m the circuit

=20+ 30=250C2.

=208,

A=10°m%  B=10°T. ¢ =0 ¢,=60°
d; - - BnAcos6, - BnA cos8,

(| = =——— - . i

l R =
BnA(cos0-cos60) BnA(l-0.5))

R R
=], 5 10-¢
(d)

(d) Grventhat ¢=at (T —1)

10.

11.
12.

dp d 5
Induced emf, E = — = —/[at (T —t)]

dt  dt
=at(O—-1)+a (T —t)

=a (T—2t)
So. mduced emf 1s also
a function of time.

Heat generated in tume T 18

[’ . = I - ;’

- E- =~ Y -
Hj =—dt = —| (T - 2t)" dt =

. R Rﬁ 3R

(a) Areaoftheloop=0.1 -0.1=0.01m"

Magnitude of emf

dB 5 )
€= AT: (0.01m") (0.02T/8) =210 'V
dt

Resistance of the loop 1s

( 1.7x10°%40x10""
R=p—-= -
A 3.14%10

=216 =10°Q
Current mduced m the loop

& 22107V

: -03.10 2ampr_
R 216-10°Q

(d) The magnetic field 15 mcreasme m the
downward direction. Therefore, according to
Lenz’s lawthe current /, wall flow m the dwrection
ab and Z, n the direction dc.

(¢)

(a) Incaseofboth the circular and the elliptical
loops. the rate of change of area of the loops
during their passage out of the field 15 not
constant, hence mduced emt will not remain
constant for them.



13.

16.

17,

. . Cdi
(¢) Induced emfin the coil.e =— 1| —

|._ dr |
5 5 ( i .
Initialy, =— -9 _ then = ‘¢ and finally
ot dt -
i
— ol B
(t

Accordingly e =0 . e =+ve, and tinally e =—ve

1 L () ;'\'T - ‘-"Zt
L

(d) Inductance =

(ﬂ) g_).,_'-m] = (i\t_)) o]

%
- O, 1, 2
2 2 3
or O :TQ‘ =;-10 " =6.67 < 10 Wb

(b) Wehave aiven. tune period. 7=10s

Anerilarvelogily, BE — s
Aneular velocily, @ =—=—
- i 10 5

Magnetic flux, ¢(t)= BA cos o¥

Emtf mduced.

e —d
dt

= BAmsm o = BAosm(of)

Induced emtf.

1o | =

€| 18 maxunum when oy =

o Induced emf1szeroatt =5 ¢

n ) = T |

B v/~
R

(c) Power=

0.5%0.5x12x12x15x15x10"8

9.10 "
= 0 - 10 - watt

—_—

18.

19.

20.

21.
22.

23,

Bv/
Current = —
R

0.5x12%10 = %15x102
e iR

910

(d) e, = owNBA=(2nv)NBA
=2 =314 =100 -~ 5000 - 0.2 - 0.25=157kV
(©) A=200cm>=200" 10" m*N=100:
R=2Q
Initial magnetic tlux lmked with the co1l 1s
6 =BAcos0=0.1 200 - 10" cos0°

=210 " WD
Final magnetic tflux linked with the coil 1s ¢,= 0
P we Ml

— Ny —¢)
At At

NAd

© -100(0-2+10 %)
1

0.2V

e 0.2V

R 2Q

i’ el il

= 0.1A

Induced current I =

Induced charge q=It=0.1 - 1=0.1C
(b) L=p, nl
L. 1L

—

L o

L,=pL, =900~ 0.18=162mH

nand]I are same)

(c)
(c) As total length L of the wire will remam
constant

L=3a)N (N=total ums)

and leneth of winding=(d) N

(d = diameter of wire)
self inductance = p n-A/

/387
lJ_H i[lN
1

a

ﬁ 1
« a*N = alasN=L/3a => N« ;]

Now "a’ mcreasedto *3a’

So self inductance will become 3 tumes

(d) Given. Area of cross-section of pipe.
A=10cm-



Length of pipe, 7= 20cm

M
LN, N~ A = |~
N = - E 2
- i . [2—(-2)] 8« 0.05
47107 <300 <400 <100 - 10 = B b S e —7—= Bl
-
r e 25. (a) Net charge
e 1oV N-A
T / A 1 I 3
24. (0 Induced ent. 4 T T
0.4sm—-0 ‘ = —(3.5:10 3‘)(0.4— 0)
A —An) AT | - 10
F = o — T e —

A Al At =14 -10 'mC



