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CHAPTER 3: ELECTROMAGNETIC INDUCTION

Test Your Concepts-l (Based on Magnetic
Flux, Faraday’s Laws and Induced EMF)

L

METHOD 1

When the § pole moves towards the loop, it must
behaveasa S pole (as seen from the magnet’s side) so,
we have the current flowing from b to a and hence
V, <V, ie, V, -V, is negative

T~
Motion towards
the loop

METHOD II

Look in the direction of ba . The bar magnet creates a
field into the page, and the field increases. The loop
will create a field out of the page by carrying a coun-
ter clockwise current. Therefore, current must flow
from b to a through the resistor. Hence, V, -V, is
negative.

Magnetic field lines round the current carrying wire
are as shown in figure. Since the lines are tangential to
the loop (6=90°) the flux passing through the loop
is zero, whether the current is increased or decreased.
Change in flux is zero. Therefore, induced current in
the loop will be zero.

w
Since I is decreasing in the wire, so the loop lies in an
inward decreasing field and hence the induced current

must not allow the inward field to decrease.
So, it will be in clockwise sense.

4,

i
|
B decreasing

®

(a) Attheinstant the switch is thrown closed, the situ-
ation changes from one in which no magnetic flux
exists in the ring to one in which flux exists and
the magnetic field is to the left as shown in figure.
The counteract this change in the flux, the current
induced in the ring must set up a magnetic field
directed from left to right in figure. This requires a
current directed as shown.

-

v
|-T Switch

E

(b) After the switch has been closed for several sec-
onds, no change in the magnetic flux through the
loop occurs; hence, the induced current in the
ring is zero.

(c) Opening the switch changes the situation from
one in which magnetic flux exists in the ring to
one in which there is no magnetic flux. The direc-
tion of the induced current is as shown in fig-
ure because current in this direction produces a
magnetic field that is directed right to left and so
counteracts the decrease in the flux produced by
the solenoid.

)
A

]

M
<4
L
=
o
<
I
Vv




ICON

__ddg
6= dt
dB
- Az
= o=y
B

When the wire is moved to the other side, even though
the connections have not changed, bulb 1 goes out
and bulb 2 glows. The bulb that is shorted depends
on which side of the changing field the switch is
positioned! In figure (a), because the branch contain-
ing bulb 2 is infinitely more resistant than the branch
containing the resistance-free switch, we can imagine
removing the branch with the bulb without altering
the circuit. Then we have a simple loop containing
only bulb 1, which glows.

When the wire is moved, as in figure (b), there are two
possible paths for current below points a and b. We
can imagine removing the branch with bulb 1, leaving
only a single loop with bulb 2.
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10.

The enclosed flux is
05 =BA=B(m?)

mUZ

quBsin(90°) = —
r
mo
= r=—
qB

2

qZBZ

(@) v=\/m=\/(15x10*)(30><10'9)2(0,6)
o’ r(2x107)

= p=254x10° ms™!

Brm*v
= 0=

(b) Since, gAV =% mv?

ot (2x107%)(254x10°)’

= AV=——=
2% 2(30x107)

=215V

Due to the current in A a magnetic field is from right
to left. When A is moved towards B, magnetic lines
passing through B (from right to left) will increase,
i.e., magnetic flux passing through B will increase.
Therefore, current will be induced in B. The induced
current will have such a direction that it gives a mag-
netic field opposite to that, was passing through B
due to current in A. Therefore, induced current in B
will be in opposite direction of current in A.

The current in C will decrease due to movement of
coil A and this will give rise to an induced current
in B in same direction as that of C, but since B is
more closer to A, therefore net induced current will
be opposite to currentin A and C.

(a) The flux through the loop at time f is
0 = BAcosO=(a+bt)(mr*)cos0°=m(a + bt)r*
At t=0, ¢4 = mar*

oy dla+he)

(b) §=7E=77nf m ~zbr?
(c) If R be the resistance of the loop, then
R=A(2xr)
£ mbr? abr?  br
=1 I: —_— e ——— pp—
R R Al2mr) 22
br\ b’
d) P=¢=(-nbr? (——):
@ p=g=(-atr’) -7 ]= 2
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11. ¢, = NBAcos(0°) = NBA
9r = NBAcos(180°) = -NBA

Since1=§=l%
R R At

= Lf_\.t—lmp
R

= |Q|=%(2NBA)

= |Q|:(5—10)(2)(500)(0.2)(4“04)

= |Q|=1.6mC

12. The perimeter of the wire and the square loop will be
the same, so

2mr =4/
=2
2
Now, initial area of loop is A; =nr* and final area of
2.2
theloopis Ay =*=""
eloopis Ay )
A=A
| i
At t
g=(@]ﬁ_ 2
01/ 4
100 | 7 ‘
= — |(0.1)"|—-
(o7l
= £=(10)(0.675)
= £=675V

13. Let at an instant ¢, the loop is at the position shown
in Figure. Consider a small element of length 24 and
width dy . If dA is the area of the element, then

dA =2ady
5 ® B =Byy?|
A
dy
< y :! Im—
11
|
I
2a I 2a
! —>V
I
I
>y
0 a3
e vt p—a
The magnetic flux associated with the loop at this
instant is
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ob+a
b= .[B.dﬁ - J Byy? (2ady)
ot

ot+a

3
= ¢=ZaBO(y3]

of

= ¢=2330{M]

. do

S1nce|§|=a -

= J¢l=2aB[ (et 2 -t Jo o

= |£]=2aByw(a)(20t +a) E

= |§|=2a2800(2w+a) §
14. Zj=_d_‘f U

_|99| _\af @B
- e[

where Z—lj =(0.01+0.08t)

S (¢, =(30)[7(0.04) J(0.01+0.4)
= |é:|ai!:55=62mv

15. The area of one turn of the coil is (0.18 m)*=0.0324 m>.
The magnetic flux through the coil at t = 0 is zero
because B =0 at that time. At t = 0.8 s , the magnetic
flux through one turn is ¢, = BA = (0.5 T)(0.0324 m’) =
0.0162 Tm®. Therefore, the magnitude of the induced
emf is

B :N(%]: 200 0.0162-0)
At 0.8

= [¢=41Tm*% " =41V
You should be able to show that
1Tm% =1V

16. Since B is perpendicular to the plane of the loop, the
magnetic flux through the loop at time ¢ >0 is

¢p =BAcos(0°)= ABye™

§
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Since AB, and a are constants, so the induced emf is
given by

d¢B d —at
=B _ _AB. =
° dt Ddt(e )
= E=nABe™

This expression indicates that the induced emf decays
exponentially in time. Note that the maximum emf
occurs at =0, where & . =aAB,. The plot of & ver-
sus t is shown in figure.

17. The upper loop has area 7(0.05 m)’ =7.85%x107° m>.
The induced emf in it is
E= N; BAcos8) = flAcosUC’i,

= £=-78x10° m?(2Ts?)=-157x102 V

The minus sign indicates that it tends to produce coun-
ter clockwise current, to make its own magnetic field
out of the page. Similarly, the induced emf in the lower
loop is

dB
E= NAcosB( E] =-7(0.09m)" 2 Ts ™!

= E=-509x107 V=45.09%x107 V
to produce counter clockwise current in the lower
loop, which becomes clockwise current in the upper
loop.
The net emf for current in this sense around the
digit 8 is

£ =509x102-157%x102=352x102 V
This net emf pushes the current in this sense through a
series resistance given by

R=[27(0.05m)+27(0.09 m)]3 Om™" =2.64 Q

bt _ 352%107V
R 264 Q

The currentis [ = =13.3 mA

18. B= gl = pgn(30)(1-¢71¢")

Since, ¢p —JBdA Ugh (30)(

16! J.dA

= @y =pn(30)(1-¢7%) 7R

n turns/m

i

)
N turns

a8
From Faraday’s Laws, we have

E= fN%B = Ny (30)7R*(1.6)e -

= &=-(250)(47x107)(400)(30)
[7(0.06)* ](1.6e7¢")
)e % mV, counter clockwise

= £=(68

19. From Angular Impulse- Angular Momentum Theorem,
we have

Tdt =

= (MBsin90°)dt = 3mR2
2 2
= (NIA)Bdt:EmR (0]
2 2 2
= (NTI’R Bq):EmR 0] {1dt=q}

_157NBg_ (157)(20)(05x107*) (5% 3600)
oom 10°

{where Q=5 Ahr=5x3600 C}

= 0=27rx10" rads™

20. Consider a rectangular strip of the frame as shown. If
dA is the area of the strip then, dA = ady

j— g —

!

a >V

'

f——— Y ——»i l—

dy

Flux associated with this strip is
dp=BdA=( FoL \aay)
2y

Total flux associated with the strip is
x+a

_ﬂolﬂjd_yzﬂ (x_ﬂf]
0= jcp T

X

Now &= —Z—T

:#o_fﬂ(L]i(Hz)
2m \x+a/dx X
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 ola’x i( dx]

“on(x+a) 2\ dt
2
é= “UIQ 7.') [... ﬁ=v}
2nx(x+a) dt

21. Please note that the loops are connected in a manner
such that if current in one is clockwise then current in
the other is counter clockwise i.e., the emf in loop b
opposes the emf in loop a.If & be the emf associated
with loop a, then

d d
zjl=dt(g23)=a2(i]:angwcos(wt) (1)

If &, is the emf associated with loop b, then

52:%(sz):bz(i—?):szomcos(mt) .(2)
So, net emf & is
£=Byw(a® b )cos(wt)

Since the resistance of the circuit is R=4A(a+b),
hence the current amplitude is

I _Baw(az—bz)
*" 4A(a+b)
3 10
Bo(ap) (1010 )(100)(m)
= IO= 0 =
42 4(50x10%)
= IO=D-5A
22. Since, the induced emf is given by
€=;(NBA)=1($)EGZ=JMZK [~ N=1}

(@) Q=Cé=nma’CK

(b) Since B into the paper is decreasing, therefore the
induced current will attempt to counteract this.
So, the positive charge will go to upper plate.

(c) The changing magnetic field through the enclosed
area induces an electric field, surrounding the
magnetic field that causes the separation of the
charges.

23. For a discharging RC circuit

e

1=1o

t t

1<% _ % ;7 -V, xe
dt  RC RC

24,
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where V/ is the initial voltage across the capacitor. The
resistance of the small loop is
(25)(0.6 m)(10m™)=150Q

The large circuit is an RC circuit with a time con-
stant of 7=RC=(100Q)(20x107° F)=200 ps.
So, the current as a functon of time is

f t
I= E.e_E =10 20

—_—
o
—

At =200 s, we obtain I=(10 A)(¢™)=37 A

(b) Assuming that only the long wire nearest the
small loop produces an appreciable magnetic flux
through the small loop then, we get

c+a

Wl | pplb ( a)
% .[me ' 2 %6 ¢

c

So, the emf induced in the small loop at

, do  ub ( a)dl
F=200ps is E=——=-"log, | 1+- |—,
: : dt  2m Be ¢/ dt
a1, —
here — = ——% p RC
where ” RCe
So, at £ =200 us , we get
(47x107)(02m) 37 A
{0 ozm) o 274 )
: 2 5 200%x107° s
E=+0.81mV
Thus, the induced current in the small loop is
pf 08V
R 15Q

(c) The magnetic field from the large loop is directed
out of the page within the small loop. The induced
current will act to oppose the decrease in flux
from the large loop. Hence, the induced current
flows counter clockwise.

(d) Three of the wires in the large loop are too far
away to make a significant contribution to the
flux in the small loop. This can be seen by com-
paring the distance ¢ to the dimensions of the
large loop.

I

where A is the area of the loop and R is the resistance
of the loop.

Since m=Vd =(ra®)(2nr)d ..(2)
Pﬁwire 2y

Also, R=""e = — ..(3
R'ﬂz O'(sz) ( )

M
[+ 4
L
=
Q.
<
L
Vv
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Lo o(mz)(mz)(d_B)_ U(Er)(rraz)(d_B)
O 2m dt) on dt

Since from (2), we have

2 _m
(70 )(m)_Zd

1_[mnym
“\dnd ) at

This expression is independent of the size of the wire
as well as the loop.

Test Your Concepts-ll (Based on Faraday’s
Laws: Motional EMF)

L F=BI where [= 5 =52
R R
= B:E
fv
(a) F=1N=BI/
1:(E]I€
v
= I’R=v

= I:\/Ez\/g:\/I=0.5A
R 8 V4

This could have been done directly by using the
relation, P=Fo=1I"R

R

) P=I"R=(058=2W
(C) Pmem:P1’=(l)(2)=2W

2. When the terminal speed is obtained, then we have

Mg =Fy
Buwoy
= Mg=(Bl)w, where I=T
o Mg- Bzwsz
R
MgR
e B*w’
3. p=tl
2nr
Iol
£~ By = Hol?!
2nr
. I-é— Il

"R 2mR

an
I= i, where £=B/v and R, =R+ Ry
Rnet R1 + RZ
Bl
=5 [=— —+
R+ RiR,
R +R,

mgsina —F,, = ta

mgsine —BIf = ma , where [ = %

For steady state, a=0

= mgsing =BI/

= mgsina:B(%)f

= mgsina=(?})

Cross-sectional view

from the left side

mgRsino
R

Potential difference between the two rails :
£=Biv
(When B, 9 and I all are mutually perpendicular)

5 :
= /;:(0.2><104)[180><E](1)=10 3V=1mV

Since the network given, forms a balanced Wheatstone
bridge so, the net resistance of the circuit is
3Q+1Q=4Q.

Since the induced emf is given by Bfv, . Therefore, cur-
rent in the circuit is given by

_ Biy,

TR

) _E_(1><10*3)(4)
B 2x01
Inward magnetic field passing through the loop is
decreasing. Therefore, induced current will produced
magnetic field in cross direction. So, the direction of
induced current is clockwise.

I

=0.02 ms™!

(a) Blfcost

Bt
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ae
(b) Fe=0
= mgsincp:BH’coscp:B(W)(ﬁmscp)
B*(*cos” ¢
© I= Blorcoso _ mgsin _ mg tang

R Bicos¢ B/
(d P =I'R= ’W
(e) P,=Fv=(mgsinb)v; = mgv;sing
m*g*Rtan? ¢
B2
We observe that both are equal.

= P2=

The loop before it starts to enter the magnetic field
region is shown in figure.

® @ @ @
®
®

®

— x| ——>

For x< —% or x> % the loop is completely outside

s
dt

Thus £=0 and I=0, so there is no force from the
magnetic field and the external force F necessary to
maintain constant velocity is zero.

the field region. ¢ =0, and

When the loop is completely inside the field region i.e.,

for —£<x<£,wehave
2 2

¢y = BL* = constant
dgp
B _)
dt
= ¢=0and I=0

There is no force F=1/xB from the magnetic field
and the external force F necessary to maintain con-
stant velocity is zero.
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As the loop enters the magnetic field region ie., for

- <*< —% ,if x" be the length of the loop that is

within the field, then |@;|= BLx" and %B =BLv.
%0 © ©
®le @ @
—»V
?le ® @
® ® ® ®
The magnitude of the induced emf is || =‘% =BLv

|l _BLo

and the induced current is [ == . The current

induced in the loop is counterclockwise.

The induced current and magnetic force on the loop
are shown in figure for the situation when the loop is
entering the field.

Since, F;=I/xB, so the force F; exerted on the loop

by the magnetic field is to the left and has magnitude

BL B**
H:ILB:(—ﬂLB: ‘.
R R
1 ® ®
Iy 4i]® ®
® @
1 ® ®

The external force F needed to move the loop at
constant speed is equal in magnitude and opposite

in direction to F s0 is to the right and has this same
magnitude.
As the loop leaves the magnetic field region i.e., for

% <x< % the loop is leaving the field region. Let x’

be the length of the loop that lies outside the field.

® ® oF

® ®®
® @®
® @ ®

—» v

® ® ® ®

a9

Then |¢|=BL(L-x") and d_tB = BLv . The magni-

=BLv and the

tude of the induced emf is |£|= %B

u = @ . The current induced
R R

in the loop is clockwise.

induced currentis I =

M
[+ 4
L
=
Q.
<
L
Vv
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Now, the induced current and magnetic force on the
loop are shown in figure for the situation when the
loop is leaving the field.
Since, F;=1/x B, so the force F, exerted on the loop
by the magnetic field is to the left and has magnitude
272
E :jLB:(@]LB:B Lo
R R .
Q
® ® © o © L
® | The flux associated with this triangle at time f is
Fre— !
- ¢ = B( Area of triangle at time t)
@ ® ® O
. 1 2,2
The external force F needed to move the loop at = ¢:B[E(/'fvt)(vt)]:Bv ¢
constant speed is equal in magnitude and opposite
in direction to ; so is to the right and has this same > €= a9 _ Bo?(2t)
magnitude. So, the graphs are shown below. dt
F £=2Bv*t
2) 2
BFL‘, : Since [ = 1
R
. A 2B’
2L L L 2L = I=
(20t + 320t + 20t)
1 = I= B constant
BL A(1+42)
R 2
X 11. (a) ¢=BA=B(/-20t)
2L -L | L | 2L p
BLy £=-2 - 2B(1-201)(-20)
R dat

Please note that when the loop is either totally out- = §=4Boll-201)

side or totally inside the magnetic field region the flux ¢ Biv Bo
is not changing, there is no induced current, and no (b) I= R w1
external force is needed for the loop to maintain con-

stant speed. When the loop is entering the field, the (c) F=BI(/-20f)

external force required is directed so as to pull the loop
in and when the loop is leaving the field the external
force required is directed so as to pull the loop out

= F=B(%)(£—2w)

of the field. These directions agree with Lenz's Law -~ F= B_zv (£ =20t)
according to which, the force on the induced current A
(opposite in direction to the required external force) is 4B%?
directed so as to oppose the loop entering or leaving (d) P=4Fv= (¢-20t)
the field.
10. ON=ot © P g _168%’ (0-20t)

R, 4(4-20t) A
— 0Q=0P=+20t ol
4B% (1 -20t)

= PQ=JOP?+0Q? =20t = Ip= P
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(@) The force on the side of the coil entering the field
(consisting of N wires) is

F=N(ILB)= N(IwB)

Bin
v, @ @ ® ® ® ®
f ® © ® ® & ©
w ® ® ® ® ® ®
; ® ® ® ®@ ® ®
— [ —> ® ® ® @ ® ®

The induced emf in the coil is

|€‘=N%=Nd(8wx) — NBuw
dt dt
|§|_NBw

. v .
So, the current is [= counter clockwise

R

The force on the leading side of the coil is then
2p2. 2

F= N( Niwv ]wB _N BRW © to the left

(b) Once the coil is entirely inside the field,
¢p = NBA = constant,

= §&=0,1=0 and hence F=0

() As the coil starts to leave the field, the flux
decreases at the rate Bwv, so the magnitude of
the current is the same as in part (a), but now the
current is clockwise. Thus, the force exerted on
the trailing side of the coil is

N2B %

F=

to the left again

The emf induced is given by &= B(ffi_’:i)

S =B [ Area Swept by the blades]
- Time of one Revolution

B(Jrrz)
2_::
0}

£=

= &= %Ba)r2

= 5:%(50x10*)(4:r)(9)

= £=283mV
Let the induced emf for the loop PQRSP be & and

that for QTURQ be &, . Then §1=A1(dBJ=E(say]

: dt
dB ak E
d Al —|=—=—
and [5| z(dt] 22
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So, the equivalent circuit diagram for the given set
up is

P Q 7T P Qlr
a2 | ® I §?=£
B Ja 2
a = 3la 2a
a &i=E -k I
S R U S I, R LU
For PQRSP, we have
= (42a),-(Aa)l, =E (1)

15.

For QTURQ, we have

—§+(2/1a)12—(la)(11—12)=0

= -(Aa);+(34a)1, =§

= -(24a)L +(6Aa)l, =E .(2)
Eliminating by using 2 (2) + (1), we get
(114a)1, = 3E
_ 3 _dak _dak
22 12 1A

Solving for others, we get

7ak ak
L= and (I, -I,)= —
Yy (h-L) 22

As discussed in theory, let us join the end point P and
Q and replace the two semicircles by a straight rod of
equivalent length 4r, as shown.

PQ =Ly = dr

The effective rod is not perpendicular to the direction
of motion. Taking the projection of the rod perpen-
dicular to its direction of motion we find the effective
length of the conductors is PN =4rcos6.

M
[+ 4
L
=
o.
<
L
Vv
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16.

@B

PN = 4rcos 6

We now have a rod of effective length PN = 4rcos@
translating in a non-uniform magnetic field.

Consider an infinitesimal element of the wire of length
dx located at a distance x from the wire. The mag-

I
netic field at this element is B=+2"
21X
v
Il
oo
P N
|
L x— |
— X + dx—»

The potential difference across this element is
dé=Budx = u—[’lva‘x .
2nx
The potential difference across the ends of the rod
is calculated by integrating over the entire length.
Therefore,
d+2rcosf I
U
£= I de= j fl
X
d-2rcosB
i Holv E( d+2rc058)

E d - 2rcosO

vdx

=

For the suspended mass M , we have

Mg—-T=Ma (1)
For the bar connected to the suspended mass M,

T -BI/ =ma (2
where I = % = %

= Mg—BI€=(M+m)a

BX*y

= Mg- =(M+m)a

an
dv Mg B2/
a=—= - v
gt M+m R(M+m)
Mg B2
= a=o-fv where o= , p=
P M+m B R(M+m)
dv
= —=o-fv
dt P

= U:E(l—e"ﬁi)

B2y
D= M;glj(l _eiR(Mer) ]
Ber

At the terminal velocity of the bar, say v; we have
a=0

Mg  Bo
M+m R(M+m)

Mg=="—1
g R T
_ MgR

= Ur= Bzfz

Test Your Concepts-lll (Based on Faraday’s
Laws: AC Generator)

1.

¢=BAcos(
= ¢=NBA
E= N _ NA[dB]
dt dt

where i—f = 4000 cos (1000t )mTs ™" = 4cos(1000¢) Ts™

2
= £=(50)(3.14)(7x107) 4cos(1000f)
= £=30.8¢c0s(1000t) mV
= Gpeak =308 mV
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The flux through the coil is ¢z =B A=BAcosf=
BAcos(wt). The induced emf is

dgy

= NBAwsin(wt)
dt

E=-N
@ &, =&=NBAo=60(1T)(0.1x0.2)(30)=36V

gy _ &
(b) — =, ths

_Sma 236 _ 6 v 2 0.6 Whs-!

‘dﬂ
m N 60

dt

(c) At =L s, ot == radian
120 4

= Zj:ZjOsin(g):s—\/gV:lS\/EV

(d) The torque on the coil at any time is

7 =|MxB|=|NIA x B| = (NAB)I|sin ot|
£=( S ) s i
[0} R
Now when E=¢ ., sin(wt)=1

G (36)°
R (30)(10Q)

o ) ul3

d
= 5:—NAE(F[0HI]: —ﬂoN.ﬂA

=432 Nm

d1
dt

where A = area of coil
N =number of turns in coil and

1 =number of turns per unit length in solenoid.
= |Zj\=NyﬂAn%5sin(1001rt)
= |€|= NuyAn500z cos(100xt )

= [¢]=160(47x107 ) 2(0.05)*]

(2x10%)(5007 ) cos(100xt )
= |&|=5cos(1007t)

A
® P=%=%

(5)* cos® (100t)
8

= P=

4.

6.

Hints and Explanations H.137

1 1
Since cos’6==+-co0s20
2 2

(cos(20))

M| =
+
M| =

= (c0326)=

= (cos?8)==+0 { {cos(28))=0}

= (c0329>=

2
= (P>=1—(5) =§=1.57w
2.8 16

Outside the solenoid net magnetic field zero and
inside the solenoid B = pu,nl

Induced emf

do d d s
=——=——(BA)=-—(unl
§ dt dt( ) dt(”"n m)

M
[+ 4
L
=
o.
<
L
Vv

dl
_ 2
= E=—pynma (dt)

= |¢= (ugnmxz ](Iﬂwcos ot)

Resistance of the cylindrical vessel
_pt p(27R)

s Ld
So, the induced current is given by

I ¢l 1, Lnda’l,wcos(wt)
R 2pR

(a) ¢=B-A=BAcosb

2
= q):B(%cos(a)tH ab)

__%
b) &= ot
2
= §=HBrwsin(mf)
¢ nBrlo |
(c) I=E: sin(wt)

Since ¢ = BAcos®=BAcos(wt)

= % =-@BAsing
dt

= Jo«-—sinf
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ae
(0]
8. (a) ¢=BAcos6=BAcos(wt)=BAcos(2nft)
= ¢=(0.8)(0.1)*cos(27(60)¢)
= ¢=(8x10")cos(377t) Tns?
(b) §=—%= (8x107)(377)sin(377t)
= £=3sin(377t) V
_S_ 1
Since |7| = MBsin6= [ABsin® (c) I=p=3sin(377t) A
= 7o IBsing (d) P=IR=9sin?(377t) W
2.2
= fe-sin’f () P=Fv=10
cew _P_9sin*(377t)
Torque T= o 1207
ol ., 2t = 7224x107sin?(377t) Nm
\/\/ 9. (a) According to Kirchhoff’s Law, we have
220-(5)(24)-e=0
cw
= e=220-120
7. (a) &=NBAwsinf=NBAwsin(wt) = =100V
2
= &= NBAo=BAw= B(%Jw i
= Sux=Ll6V > - 24 Q
2% é—..— @tor = Q=
&de 1 o
0 w " e = Back EMF
(b) (§>= 2r
jd@
0 (b) P=I*R=(5)(24)=600 W
BA® 2” (c) With no motion, the motor does not function and
= (‘g’)=2—jsin8d6=0 so we have back emf e =0
T
0 = 220-1(24)=0
(¢) Both remain unchanged. -~ ['=92A
@ & Since P’ =1"R
| I
N N = P'=(927(24)=2kW
. 1 - 1 :f
u v Test Your Concepts-1V (Based on Faraday’s
| | Laws: Induced Electric Field)
(e) £ 1. Since (ﬁﬁ-d?:‘%
/\ i
.t = (27:1‘)E=(m2)([ﬂ;]
\/ \ dt
= E= r( dB]
2\ dt
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L]
For a solenoid, we have B = yynl The increasing magnetic field B,, in the area enclosed
by the orbit produces a tangential electric field
4B (fﬂ) where dl Iywcos(wt) iven b
—= 1V
o at "’ given by
—dgy i
= E:(%’m)cos(mﬂ @E it ‘ ‘ dt dt( A)|
The electric field is always opposite to the increasing = E(271)= m}%
B, so if must be clockwise.
Since we know that _r dB,,
2 dt ™M
dt An electron feels a tangential force when ZH = ma, L
=
| ‘ E-pm® dv o
: == §
r dB,, dv J
2 dt dt
| ‘EB = mv=|q|rB
q 2 av — - q c
= B, =28
=
. _d¢
R E:i(d—B) 4. Since 5——5
dt
dB
- E= (OSZJ(O% 3) = @E ‘”“A( dt)
= E=18x10" NC™ = (j}E.d?:‘A@
' dt

Let us assume the field to be acting vertically down-
wards. Consider an electron that is moving away from
us as shown. The force on it is in the radially inward
direction, so as to make them circulate clockwise.

v
l Be i’ #B Forr<R:
(a) Ngw, when the downward field increases, fin emf Using Ef = A 5LB , we get
is induced to produce some current that in turn

produces an upward field. This current is directed

(.2
counter clockwise direction (using Right Hand E(an)=(zr)a

Thumb Rule) carried by negative electrons mov- ro
. . o = E=—
ing clockwise. Therefore, the original electron 2
motion speeds up. —~ Eer

(b) For the electrons moving in a circle, we have
ie, E-r graph is a straight line passing through

|q|vB sin(90°) = mv origin.
r

Ro
= mo=|q|rB, Atr:R'E=7
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]
ForrzR:
For the loop, we have E; _ =Ecos@
. : dB 0op
Using Ef = A T
Since E(27r)=¢ { |§|=JE~d_f}
E a---.
// ‘\\ = E = i
AVECEI 2mr
: z ® o 2 ) From triangle OPN
‘ R ! rcosf=a
ir é ® )
' . /,/ R E=§cos€
P 27a
= Err)=(zR*)(a) 2
- EMW=EaEB=€mSG (1)
aR? 2ma
E=—
2
! Buté:m&:A(d—szmz(d—B)
dt dt dt
= FEo-—
r . é - R'ﬂz d_B)
i.e. E-r graphis a rectangular hyperbola. cos’ O\ dt
The E-r graph is as shown in figure. ) ,( dB
o g e = cos"O=mi"| —
Direction of electric field is shown in figure. dt
‘€ But from (1) £cos® 8= Ejoop (270)
dB
— 2| 22
Rel = Elgop(2ma)=ma [dt)
2 )
Eor/” I\ Ewd af dB
: r = Eloop =5l 7
i ot 2\ dt
& -

6. (a) The ring will rotate in the direction of induced
electric field E as shown in Figure.

~ 4
— ~

(b) Consider an integration path which is a circle of

. . T iB
radius r : By symmetry the m@uced fl.eld is tan: E(2R) = (7R2)%8
gent to this path and constant in magnitude at all dt
the points on the path.
R
; - e[ )m)
PN
N B,R B,R?
N ia Since,F=qu‘5=q—D and 7=FR=T2"
; r g 2 2
/ v B
! \ T T
integration 5 LOOP = a=—=—73-= 1%
path I mR® 2m
Since, @ = constant, so we have

w=aw,+ot
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> 0= 0+(q“) (ﬁ)t
2m 2m

o p-K d(“)

dm
Lo ]
g dr @ wr

dt
B\
= P=I(at)o:=1(xzt=(mR2)(q—0)t
2m

2 B 2p2
dm

p-dtott

The induced electric field is set up as a result of the
changing current through the solenoid.

Inside the solenoid i.e. for r<a, the induced electric
field is

£o=1(2)
2\ dt

where, B= pyni for r<a i.e. inside the solenoid

rd . ,um‘(di)
E =—"(pni)="2000 20
=g )=

According to the problem, we have

i _
dt
= E. =(ﬂ0—?ﬂ)r
2

Outside the solenoid i.e. for r > a, the induced electric
field is

2
E - (dB]E:(uOnIa Jl
dt 2 Jr

Enc
h
I
I
I
|
[ »
a r
o)
dt dt

Hints and Explanations H.141

9. Induced emf in the loop is

|§|=A(Z—f)=(%r2](ef2+6f)

Net resistance of the loop is
ror
R =R(E+E+2r+m]= rR(3+ 1)

Since the induced emf has opposing nature, so the cur-
rent in the loop is

_ Net Voltage E-¢
~ Net Resistance R

net

2
Ef%(6t2+6t)
rR(3+7)

_E—3nr2(t2+t)
~ R(3+7)

M
<4
L
=
o
<
I
Vv

B E-18xr?
rR(3+7)

Test Your Concepts-V (Based on Faraday’s
Laws: Self Induction)

1 |¢= L— L(2t-6)

1£/=(90x10°)(2-6)| = 360 mv

1£[=1(90%107)(2)| =180 mV

1é]=
= t=3s
2. Since £=Ee ™ and &= —L%
al _,
LE-
m &t

Since we are to find the current as a function of ¢, so
let the currentbe [ at time f. Thenas t—o, [ =0

(v &—0)

o0

0
= Ja‘[ = —é—oje'k'dt
L
I

f

*I=§_Oe_kf -
kL

t

= —I=f—g(e""° —e‘”)
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S ki

= I="¢
kL

oo

Now, we know that |Q|= Jldt
0

= |Q|= f—gJ'e'k’dt
0

&

= |Q|:ﬁ

3. (a) Self induced emf,

Zj:—L%=(—0.54)(—0.03) v

= (=162x107V

b) V, = L% =-1.62x1072 V

Since, Vj,(=V,-V,

) is negative. It implies that

V, >V, or a is at higher potential.

4, PD. across inductor,

dl
V= LE—(S)(*l)— -5V

Now, V,-IR-V, -E=V,
= V,=V,-V,=E+IR+V,
= V,;=20+(2)(10)-5=35V

5. (a) Theinductance of a solenoid is given by,

2
L= pgrtAe=HNA { n=%}

f

Substituting the values, we get

L (47x107)(300)*(4x10™*) -

(25%1072)

= L=181x10"*H

dl
) &=-L

where a_ 50 As™
dt

= &=-(181x10™)(-50)

=  £=9.05x10"V
= £=905mV

If we consider an elemental ring of radius r and width
dr as shown in Figure.

The number of turns per unit length in this ring-
shaped element is

n=—
2rr
The magnetic induction inside the elemental toroid is

GﬂI — #HHONI

B 2nr

The magnetic flux through a cross-section of the ele-
mental ring-shaped toroid is

d¢=(M)(adr)

2mr

Magnetic flux linked with all N turns of the toroid in
the elemental ring-shaped element is

2
Nd¢ — ( uruuUN Ia Jﬁ
2r r

Total magnetic flux linked with the given toroid is
given as

NZI b+a i
a T
Protal = Jd¢ =& j o
2
b
2
S 4= U, 1N Ia]n(b+a]
2 a
Self-inductance of the toroid is
=2
I
= L= MI\Tz.ﬁiln(b”r—a)
2r a
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(a) AVyx=IR=(2)(8)=16V
(b) AV, +AVy=E
= AVg=36-16=20V
(© AV, =E-AVy=E-IR
= AV, =36-(45)(8)
= AV, =36-36=0V
So, at I=45A, voltage across the inductor is
zero volt.

Magnetic induction due to the solenoid at its centre is
given by
B = pgni
Total flux linked with the coil is
¢=NBA=N(ygni)A
EMF induced in the coil is
di

d¢
= - nNA=
|§| it Hgh it

According to the problem, we have
di 4
—=——=80
dt  0.05

= &=(4rx107)(2x10*)(100)(rx107*)(80)
= £=64n"x107V
= E=64x10° V=64 mV
Charge flown through the coil is
NS
=iAt=2At
q=idt=—

(6.47%107)(0.05)
107>

= 9=32x10"C
= q=32uC

Let a be the radius of each wire b be the separation
between the wires of double line in which current in
the wires is in the opposite direction. If each wire car-
ries a current I but in opposite direction, then the
magnetic field between the wires at a distance x from
one of the wires is

BJ_OI[LFL)
2r\x b-x

Hints and Explanations H.143

If we consider an elemental strip of length [, width
dx ata distance x from one wire, then magnetic flux
associated with this strip is

do = BdA = B(ldx)

b-a b-a
Uyl J‘ dx J‘ dx
= = d = — —_—t —_—
¢ .[ ¢ 27 [ X b—x
¢=ﬂoﬂm(b—ﬂ)
i a
The self-inductance of this double line is

L:Q:‘u_ulln(b;a)
I =« a

Hence the self-inductance per unit length of this dou-

ble line is
L. &ln[é) = Ju—”ln(n)
I = a i

Test Your Concepts-VI (Based on Growth
and Decay of Current in LR Circuits)

1. a 10Q ! b [1 c
(I-1)
50Q 1 mH
L
f e d
36V

For loop abefa, we get

~10I-5(I-1,)+36=0

-5I; +151 =36 (1)
For loop bedeb , we get

dl
~-L—L45(1-1,)=0
dt+( 1)

—511+51=L% .(2)

Multiply (2) by (3) and subtracting from (1)

51, + 151, = 36 - SLﬁ
dt

d

101, =36 -3L—L

- ! dt

i _ 36 - 101,

3
=

M
<4
L
=
o
<
I
Vv
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dI
5 j 1 =ijm
36-10I, 3L

0 0
1 by
= ——Ilog (36-101 =—
10 ge( 1)0 3L
t
- 36—1DI1=1D€ "
36

f
= 36-10I; =36e 3

t
= 10L :36(1—e 3L]

t
= :3.6(1—e 3L)A

Since L=1mH

t
= :3.6(1—e 3><1°“‘]

The current through 10 Q resistor is I which is not a
constant and varies with £ .

2. (a) This is the case of growth of currentin an LR cir-
cuit. Hence, current at time ¢ is given by,

1=1,(1-¢"™), where 7, :%

i-ct)
= I=[\l-e L

Rate of increase of current is given by

ﬂ=1_0'_,—f/ﬂ_
dt T
eo, IR _K(E)E
d¢ L L\R/) L

Substituting the value, we have

ar_2m_ 400 As™
dt 05

(b) At t=%, %=(400):?_1 =(037)(400) =148 As™

(c) The steady state current in the circuit,

=== _10a
R 20

3.

L 2
=—=—=02
@ m=p=3702s
b 1 =1=2-1%0_194
R 10

© 1:10(1—5_:7):10(1—e_é]

= 1=10(1-¢7)=993 A
(d) Atsteadystate I=1, =1,

S u=lie, =Y@a02 =107
2 2
[ Rota ),
(a) I=qu3[ L ]
R+r
=
= szoe( L )

At t=0, when the switch is opened, just before
that the current in the circuit must be maximum
and must have been passing through L only. So,

we have
b=t
= I= —L’_(%}!

(b) dH =I*rdt

R+r

= dH=E—2372( L ]rdt

A G
= =- e
2r(R+r) 0
2
- H= E°L
2r(R+r)

At t=0, when the key is closed, the inductor does not
allow current to pass through it. So, the Bulb-1 does
not glow but Bulb-2 starts glowing at its full intensity
instantly.

After a long time, the current through branch of Bulb-1
is more, as the branch has lesser resistance, so finally,
Bulb-1 glows brighter.
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When the key is opened, then both bulbs are in series
and due to the inductor connected in this series com-
bination of bulbs, the current in both the bulbs decays
slowly and hence both bulbs die slowly. However,
both bulbs glow with equal intensities at any time
after the key is opened.

dl dl
20-(L+I,)R=5-1=10-2 (1
(hi+1y) at - dt, ()
Att=0,1,=1,=0
= 511 :1012 ---(2)
In steady state, we have
dl
_1=d£=0
dt dt
= 11+12—§=§=4A
= Il+%—4A {~L=2}
= 3[=8
= 11:§A
3
For loop abcfa, we get
-242(I-1))-1,+4=0
= -3L+2[=-2 (1)
2V
2Q
a II hyivs b
Al-]
4V qg 1
f——f——WW—e—ic
h Af
eI
e S L d
For loop fedef , we get
dl
4+ +L—=0
Y
dl
L+L—=4 (2
Lo )

Multiply (2) by (3) and adding to (1), we get

21+ 3L%=10 ,where L=10"H

Hints and Explanations
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dl
3L—=10-21
dt

2%
= 10-2I=10e 3L

2000¢

= f=5(17..f 3 )A

gL
C
= RC:E
R
= Tc=T1

NOW, I=IL+IC

t t
where IL=IO(1—6 K )=z(1—€ TL)
R
t t
bl ()
dt dt Tc
Since 7-=RC and q,=CV

L3
=K€ Tc

In the given circuit, applying KLL, we get

di
E-ir-L% -
B

M
<4
L
=
o
<
I
Vv
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10.

11.

=
=
E-iR -7
= =
E-I,R

1[ _E]
= j=—|E-(E-I,R)e L
i R (E-I,R)e

Afteralongtime, resistance across an inductor becomes
zero while resistance across capacitor becomes infinite.
Hence, net external resistance,

R
- 5 +R 3R
et 2 4
Current through the batteries,

2E

3R
T+r1+?‘2

I=

Given that potential across the terminals of cell A is
Zero, so

E*Iﬁ:D

2E
?‘1=0

§+1‘ +7
4 1772

4
= R=§(Tl—?‘2)

In steady state, the inductors behave like short circuits
so the current through battery is

L
—— TN
12 L?
—— T

12,

I=Il+12=%

Since the current in inductors connected in paral-
lel combination is divided in inverse ratio of their
inductances, so we have currents through inductors
given by

EL,
R(L+Ly)

EL,

I = L
: R(L +L,)

and I, =

Current before closing the switch is

v
R+R

Let current in the circuit be I atany time ¢ . Applying
KVL in the circuit, we get

(1)

Iy

V=L£+RI
dt

dl Rl V
= —+—=
at L L

dl_V-IR

dt L

Rt
= V-IR=(V-LR)e

Rt

= IR=V-(V-IR)e L

where I = RL

+Ry
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13. Applying Kirchhoff’s Law in loop abcdefa, we get

dl
E-L —1]—IR =0
[dt 2
I t
_[ Ldl, —Jdt
E-IR,

0

0

Potential drop across inductor is

Ryt

e 2106 v

V=L
L™t

E
in steady state [, = —
Ry

When the switch S is opened, we have

(R R}
-(E) (5
R,

Substituting the values, we get, I=5 e A (direc-
tion of current is from ¢ to d )

14. Remove the inductor, short the battery and then cal-
culate the equivalent resistance across the open ter-
minals (lets call then A and B) after removing the
inductor is

4x6

——+3=540Q
4+6

Ryp=

15.

Hints and Explanations H.147

Now calculate the current in the battery circuit at the
moment key is closed i.e. when inductor offers infinite
resistance path to the flow of current, then from the
circuit shown in Figure, the current is

60 20V
AW < |:
S0
A
Y B m
=
—2A 40 =
o.
20 <
- = _2A T
b+4
@)

So, open circuit potential difference across A and B is

Vs =(2)(6)=12V

12V— A
5.4Q§ 5

54

_L2 (1—e T):2.22(1—‘«9-2-7') A

= IL—5—4

= i=22(1-¢2") A

The set up discussed is a series LR circuit with time

L . .
constant 7; = R So, we just need to verify that the

power delivered by the battery equals the sum of
power dissipated as heat in the resistor and the power
stored in the inductor i.e.,

dl
El=I’R+LI— (1)
dt
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Since at any instant ¢, currentin LR circuitis given by

Rt Rt
I:Io(l—ﬁ" L )=E(1—e L )
R

I:E(l—l):i(l—L):O.Slé A
R e/ 10 2.718

The rate at which energy is delivered by the battery is
P,=EI=(5)(0.316) W=158 W ..(2)

Energy dissipated as heat in the resistance, given by
P,=I’R=(0316)"(10)=0.998 W

= P,=0998W ..3)

The energy stored in the magnetic field, linked with
the inductor is given by the relation

Py= LI(%),where

dl_E -7 E[l] { [ L)}
—=—e b =— - at | t=—
at L Lle R
EY(1
- n=w(g)()

_E_(5)0316) _\ coh ()

T 2718

From equations (1), (2), (3) and (4) we observe that
P =P +P,

It is same as required by the Principle of Conservation
of Energy.

Test Your Concepts-VIl (Based on Magnetic
Energy and Magnetic Energy Density)

1. Wehave, =200 A and U=1kWh=36x10°]

Since, L= % { us= luz}
I 2
;- 236x10°)

-—=180H
(200)

2
2. Since u=u,=—
21

< sl

S

dr

So, the magnetic energy in a spherical shell of radius r
thickness dr is given by

dU =udV , where dV = 4nr’dr

r

2p4 2
_ dU:[BOR ]4J'ET4dT
241y

oo

2pd
U= JdU = Mjr_zdr

.UOR

253 "
U= Ll J.r"zdr 1
Hy % R

3. From Ampere’s Circuital Law, we have

B(27rr): Ly (Ienc)
= B(2rr)=u,l

g Mol
2y

If dU is the energy associated with the cylindrical ele-
ment, then

du =u,dV

= dU=u, (2xrtdr)
B 1 (uOI )2_ I

where u, =—=—| — | =
" 2wy 2up\2mr) 8zt

2 2
= dU=u, (2xridr)= Hol (Zmﬂdr):(‘uo—”)ﬂ

8m2r? i Jr



Hints and Explanations H.149

ae
2,28 2y PR 2 1yi*
- u=.[a‘u=’”01 !Jd_r=#of Lo =(unl l)lnz dLI:ude:[szrz 2nrldr
4 r ir R T
R
= du-—‘uOiZI(ﬂ)
u 1“«3121 ETAVW
—=—-In2
' 4m b
Lii*] ( dr
So, we observe that the magnetic energy per unit = U=JdU=TJ-*
length within the wire is independent of its radius. T
2
_1 2_]. 12 2 U:HO_HI (E)
u, =& = (885x10 ) (1000) = i en
3 dl E
= u,=4425nJm" 6. (a =L—
@ [¢[=L= E
2
=B_2=(50X1U_6) =995ﬂ1m_3 = 10=L(16) {‘.' ?:16} <
" 2uy  8wx107 t L
= L[=625x10"H UV
For u, =u,
) (b) E=%L12
-2
Ho
= E:%(6.25x10"4)(5+16t)2
E 8§ 1
= —= =¢=3x10" ms
B g > E|a”:15=%(6.25x104)(21)2;138 m]

Yes, this ratio happens to be the velocity of light.

Since P=VI=(10x107)(5+16t
The magnetic field B in the space between the two ince ( )( )

conductors is given by = Plys=(10x107)(21)
_ Myl
B—g = Ply=15 =210 mW
The magnet'ic energy density in the space between the 7. (a) Since £=-L ar _ - Ik
conductors is dt
. =B_2=L(#_nf]2=ﬂi ) 1=%
" 2u, 2u\2mr ) 8n*r? dt
The cross-sectional view of the coaxial cable described t t kt?
in the problem is shown in Figure. = Q= J.Mt - J.ktdt Y
0 0
Since V =V, = %
2
S =t
2C

Consider a volume element 4V in the form of a cylin- »
drical shell of radii r and (r+dr). Energy stored in = 1C[k_t] > 1 L(k%?)
this elemental volume is 2
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ee
= t22JIC 2. Since ézM(%)
= oy =2VIC
. = 50x107 =M(—1%_54]
8. U=EL12:>UO<I2 '
3
1 M=2210 53105 mp
U will reach Zth of its maximum value when current
reaches half of its maximum value. In series LR circuit, éz — (3‘125 X 10—3 )( 2] =9375 mV
equation of current growth is
I= Io(lfe"'-‘"‘“] 3. The magnetic induction B at the location of coil P
) E due to coil Q is
where, I = Maximum value of current =— and
10H ¢ p= el
20 0% R
Flux linked with the coil P is
I Y
= 1=2=h1-¢") 0=NpBA=N,B(r?)
2
o L R ¢=[ﬂgm NQNP]I.
2 2R
_ 1 Mutual inductance between the two coils is
o 5
2 Me 0 ,uOJrrZNQNP
t 1 i 2R
= —g =In E] 5
2 4mx107)x(2x107 ) (100)(1000)
= Lom(2)=069 2(02)
5 = M=4x10*H
= 1=(5)(0693)s The emf induced in the coil P is
= t=3465s é:Mé
dt
Test Your Concepts-VIll (Based on Faraday’s (53
Laws: Mutual Induction) = ¢=[4x10 )[WJ
- (6x10)(1000)= M(3) Rate of change of flux through coil P is given by
= M=2H %:gz;mm-3 Whs™
b) &=-M dly Charge passing through coil P is given by
dt . A9
= 11;2 = _(2 )( E ] R
0.2 The total change in flux in the coil in this time interval is
= &=30V A= EAt=(0.02)(0.04)=8x10" Wb
(© @=L -
=L . =@=8x10 _10% C

= (600)(5%10%)=L(3) K 8

- L=1H = =107 C=100 uC
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Field produced by the larger coil at the centre of the
smaller coil is

HoN; LR}

B, = ;
1 2(x?+R2)"

This field B, is normal to area of coil 2 and is nearly
uniform over this area. So, it produces a flux,

#ONINZIIRIZ (”Rzz)
22 +R2)"

b1 = N,BiA; =

When [, varies, then

o0 Hr(NN)(RR, f(&}_M&

dt dt

at 2 +R2)

M= Hort(NiN, )(RiR, )2
= 5 5\32
2(x* +R?)

The magnetic field at any point inside the straight sole-
noid of primary with n; turns per unit length carrying
a current I; is given by the relation,

B = pgm 1
The magnetic flux through the secondary of N, turns
each of area A is given by,

Nz(ﬁz = Nz (BA}= ’ioﬂ]NleA

N
= M=%¢2=ﬂ0n1N2A
1

Substituting the values, we get

M :(4:zx10-7)(1(5;—02)(200)(4x104)

= M=5x10*H

The magnetic field at the location of one loop due to
the other loop carrying a current i in it, considering it
as a magnetic dipole is

Hoia”

Z(az +12)

B= 372

32
Since, [ >a sowe have (a2 +12)" =P

Hin”

2P

8.

Hints and Explanations H.151

Flux associated with the first loop is
0= B(ra®)

oo o

21°

4
poma®* ).
- ¢=[ 27 }

If M is the mutual inductance between the two loops,
then we have

3 9 a uofra4
]
2
@ L= #0”214(-’1 = !W;T—A
‘1

M
[+ 4
L
=
o.
<
L
Vv

(47x107 )(1000)*(10™*)
05

= L= =251 uH

- Nyo, _ N,¢, _ N,BA _ NN, A
L L L 4

b) M

(47x107)(1000)(100)(107*)
05

= M=

= M=251uH

dl
(© 51=*Md72
dl
= IIR1=_ d_tz
L dg__Md
dt R, dt
MO
= ‘?1=*R_'[‘Hz
1
1

M (251x107°)
= g=|= |(D="—r—

R, 1000
= =251nC

The magnetic field B inside the solenoid is
B= ﬂﬂnsis
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10.

The magnetic flux linked with the coaxial coil placed
inside the solenoid is

¢r = NrBAr = Nr (#Onsjs )Ar
where A. is the cross sectional area of coil.

The mutual inductance between solenoid and coil is

A
M= I_ = Ju[lnchAc

s

Substituting the given values, we get
M =(47x107)(800)(100)(zx10*) H

= M=32x10"H

(@) ¢(t)=BAcoswt= ( ‘L;—[g)(mz)cos(wt)

2
|
BT L os(aot)

o(t)=

2
é:‘_@ = Msin(mt)

dt| 2b

_ 5 _ Mowma I

t
=2 R sin(ot)

(b) r=MBsin(mt)=(ﬁa2i)(g—[g]sin(a)t)

_ wor’a'T*

2
t
7R ()

(c) Induced emf in larger loop,

22
pord” | pow na] cos( wt)
2b 2b

u§n2a4w21

gl<|-ud

o cos(ot)

= |&=

The magnetic field due to the straight wire has mag-

Holy

nitude B, = at a distance r. In accordance

with right hand rule B, points inward to the plane
of page. We consider a differential strip of thickness

dr, area dA, =adr . Magnetic flux through area dA,
d(PB = Bl(adr) .

11.

12.

ae
wcre®p By O
® |o||®]| @
e |e||e| ®a
@ |®||®]| @
® ©48 ©

Total flux through the loop,

ctb
s, =jBldfl2 = .[ ‘;G—T:T;adr
La'fdr b
=t [Tt s ()

c

Therefore, the mutual inductance,

M=M, =22 uoaloge(H b )
L
When the given inductor is cut in identical parts then
each part will have an inductance E When two such

parts are connected in series then equivalent self-
inductance of the combination is given as

L Lol
3 3 3

When connected in parallel, then

1 1 1
—_— =t
L L L
., 111
L, LL
3 3

L

= Lp:g

Consider a differential strip of area dA, then from

property of similar triangles length of the strip is E;T_r .

= dA:(Er]dr
h
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L]
ar
— [ —» =
;|
I . 2rb
| ' l
|
I
I
q—a—blq—h—bi

Let I; be the current in wire then, its magnetic field on
the strip is

Hol
p=—to
2n(a+r)

If dgy , is the flux associated with the strip, then

Ul brdr
dor =BdA="——r0
%, =51 2rh a+r

.

tiylb (a+r)—a:|

= — |dr
erho_ (a+7)

_ Holbf, M)
= ¢B'2_2nh[h alogl,( p

Therefore, mutual inductance M, is

g ,ub|: (a+h):|
M., =12 =0 b i
271 T 2nh 708 7,

Test Your Concepts-IX (Based on
LC Oscillations)

1 1
“2IC opl01)(10%)

1. () f =503 Hz

(b) Q=CE=(10°)(12)=12 uC

(©) leplip
2 2

max

5
N E\E 12 38 ma
L \o1

(d) LI=%CE2 = %(10*)(144)=72 1

Hints and Explanations H.153

Loy 1L1§
2 2

L 20%107
= V= |2, = (0.1)
\E“ ( 0.5><10-"}

= V=20V

When switch is closed, current flows in the circuit as
shown in Figure.

i 0.2mH
— e —

4114
1
2 uF

M
<4
L
=
o
<
I
Vv

As per the condition given in the problem, we have

1
UL =5UC

If Q, be the initial charge on the capacitor, then, the
total energy of system is given by

2

ULJrUC:g—é (1)

At any instant, let g be the charge on the capacitor,
then we have
2
q
Ur=—
€ ac
So, equation (1) becomes

1 Q
“Uc+Uc ===
3 ¢ ¢ )C

47 Q%
32C 2C

Charge on the capacitor as a function of time is given by

q=Q, coswt
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ee
NG 1(1] Q’
- _— d u, ==L 2| +=
= QO Ocos( ,—) (d) Upax SH 5 +2C
b 009 )( 8.33x10™ ) Q*
= === 3.125><10ﬂ“=('—]( : +
JIC 6 2 2 2(4x10*)
N f=%\/L =g\/0.2><10'3><2><1m6 = Q=43x10°C

T . = u=1uz=7.8x10‘7]
= E:Ex2x10 =105 us 2

E 6. (a) Since both capacitors are in parallel, so
4. Initially, the current in the circuitis I, = R When the

1
switch is shifted to B, then by Law of Conservation of frrr—
Energy, the magnetic energy stored in the conductor 2mL(C1+ )
gets converted to the electrostatic energy in the capaci- 1
tor. So, we have = =
21(05x10°)(5x10°)
12 %
—LIO =— 1 104
2C = f=— Hz
) n)(5x107)  ©
1L(EY_Q
o =X 1., 1
- 2 (R] 2C b) LI =3(Ci+Co)V?
EVLC
= Q = Y05x10)12 = L(5x10%)(200)?
R 2 2
-6 4
— _ f§=(5"10 )(4x10%)
2L (5x107)
5. (a) When current is zero, charge and hence potential = I3 =4x10°
across capacitor is maximum. So,
B = I,=20A
_f _ 5x10
KT 0?1
7. Since, E==—+—LI
= V,=125mV 202
2
b ‘re=ley . (Q) X
2 2 o = _1\2)  oyp
2C 2

400x107°
= IO:VD\E:L25><10‘ZJWX—% - ;zg/i
L 90 %10 2\LC

= [,=833x10% A The flux through each turn of the coil is

oo U
(©) Uma,(:%LIé:%CVUZ N
QL

N um:%><(400><1(r5)><(12.5><10-3)2 - ¢=E\E_c
Q

= U, =3125x10"] = =
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At t=0 when switch is closed capacitor starts dis-
charging through the inductor and current in circuit
increases. When charge on capacitor is g and current
in circuit is i by conservation of energy we have

2 2
q_+1L1'2 _Q
2C 2 2C

i 6 mH

> dULLDN

S
+4)149
I
5uF

Current in circuit in terms of charge on capacitor is
given as

;—Jloo
FQ_ \/3

o 10 e
J3x10™*

= 1=05A

x 1072
10°

Maximum energy is stored in inductor when

2

27 ™7 aC

Q _100x10° 1

VI ax10° f

At t=0,wehave Q=0Q . =
the capacitor at any time f is

Q, . Since the charge on

1
=Q,cos(@t), where @ =—
v TS

Energy stored in the capacitor at time £ is,

2 2
U=1(Q] =0 cos? (ot

e )Tac )= Uy cos” (t)

Since, U =—"

1
= —=cos’(ot)
4

10.

Hints and Explanations H.155

T
wt=—
3

t
JIC 3

£l

IC 9

2
2
nC
o=2rf
Since f=10 cps=10° Hz, so

®=628%10° rads™

M
<4
L
=
o
<
I
Vv

r=1_10%s
f

q=gocos(at)

= g=CV,cos(at)

= g¢=10" cos(6.28x10°t)

=L

LC
= 41‘1’2f =

] 1
= (40)(10°) 6
(107%)

= L=—=25mH
Since

I=%=7(104)(6.28x103)sin(6.28x103 t)

o (D=(10")(628x10°)2
T

{ (sin(wt))=}2r}

N <1):(1o4)(6.28x103)(3%)

= (I)=04A



H.156 JEE Advanced Physics: Magnetic Effects of Current and Electromagnetic Induction

ICON

11.

12.

If g, is the maximum charge on capacitor then by Law
of Conservation of Energy, we have

2

lLI[Z, _ Mo

2C

= 4= "/EIO

Charge on capacitor as a function of time is given by

q=qysin(ot +a)

where o= L
JLC

Sinceat t=0 we have 4=0,s0 we get a=0.

Thus, charge on capacitor is given by

q=IOJffsin(%]

The time period of oscillation is

T=21IC,
(C)(C) C
h ==
where C crC 2

= T=21r1/£
2

The initial charge on the first capacitor is g, =CV and
that on the second capacitor is g, = 2CV .

When these capacitors are connected along with an
inductor, then due to the charge sharing between the
capacitors there will be a loss in energy of the capaci-
tor combination. This loss in energy of the capacitor
combination is given by

Loss=—Au*=1[£](V1 —VZ)2

2\ G +G
= Loss=—ALI=l[w]wv—v)2
20 C+C
2
= Loss=—Au*=1(£](‘V)2:Ci
2\ 2 4

This loss in energy of the capacitor combination will
be equal to the gain in magnetic energy in the inductor.
So, we have

13.

2
&I,
4 2

= Imax = VJE
2L
(a) Initially, charge on the capacitor is Q, = CV,

= Q,=(10x10?)(5V)=50mC

100 Q
AW

[+

10V] 10 mF

When the capacitor is connected to position 1,
then we get from Kirchhoff’s Loop Law,

E-1R-1-0

t q

RC CE-q
0 Q
L=*108e CE-q
RC CE-Q

f

= CE-q=(CE-Q)e €

t

= q=CE-(CE-Qy)e X

Since CE=100 mC and Q, =50 mC

t

= 4=100-(100-50)e RC

= ¢=100- 50¢ k€

t
= q=50(2—e RC)
At t=1s,wehave
g=50(2-¢ ) mC

= g=815mC
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Voltage across capacitor at that time is

o4 _8L5x107

= =815V
C 10x107

1 1
(b) ELIrznax = Ecvriax

i Imax:( E]Vmax
\L

. fm=( /10]8.15=16.3A
25

1 1000

Frequency, f = 72:: Jic = XD

3
= f=£HZ=EHZ
50m n
14. (a) By Law of Conservation of energy, we have
1, 1.,
—Liy =—-CV,
27027
2
fo
(4x107)(15)
= Ll=——5-
(50x10%)

= L=36x10"H

(b) Oscillation frequency of the LC circuit

1
f= ZE\/E
) 1
2m(36x107)(4x10¢)

= f=0133x10" Hz
= f=133kHz

(c) During oscillations, the time taken for charge to
rise from zero to maximum is one fourth of the
oscillation period which is given by

T 1

t:—:—
4 4f

1
t=————
4x1.33x10

15.

Hints and Explanations H.157

= t=0.188x10°s

= t=0.188 ms
7, =8CV, and g, =CV},

__ g1 _dq, _dq
atdtdt

i1_iy
dt dt?
Applying loop law, we get

GG,

2C C dt

(qlq)_(Qﬁfa)_Ld_zq:O
oc ) \Uc )

Ld_zqz(qlzq?.)_ﬁ
dt? 2C 2C

CHAPTER 3

=

The solution of this equation with the condition =0
at t=0is, g=g,(1-cosot)

where 0= /i and g, =w=ZCVﬂ
2LC 3

2C C 2C c
-1 1= - [ + |-
1| 1l i I
91 92 91=91-q q5=0y+q
= A v/
L L
AT TN —e—
Att=0 Att=t

(@) I= % = (pwsin ot

= L =g0@ when wt=g

(b) At thisinstant q=gq;, so we get

VZC =i: ql — qo = SCVO _ ZCVﬂ :SVU and
2C 2C 2C

ﬁ=q2+q0 _ GV +2CV,
C C C

VC = = 3V0

(c) I=gqywsin(wt)
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Single Correct Choice Type Questions

L

At the terminal speed, the net force on the loop equals
zero. So, we have

Fy=mg
= Bll=mg
2,2 )
Bgv]—:mg {I:ézﬁ]
R R R
mgR
i

2
Now, m:pV=p(4£):r(g] = mpld* and

| 4160
oA (ndzj nod”
1

R=

Hence, the correct answer is (C).
d=6"—5t+1
dg
== (12t-5

& o ( )
At t=025sec, £=2V

I= é = g =02A

R 10

Hence, the correct answer is (D).

u:lu2
2

ul | Mt
- [L]z[FH A ]

= [Ll=[mT747]

Hence, the correct answer is (C).

The net flux associated with the loop is
0= kr(a? -b?)

The induced current is

_é_l‘d_(ﬁ _knla?-b?) _k(a-b)
"R Rldt| 2z(a+b)d 22

Hence, the correct answer is (C).

The voltage across inductance coil is

di
v, =LY
L™ "

Hence, the correct answer is (C).

The wire PQ can be replaced with a battery of emf
&=Blv and internal resistance R. As the other two
resistances are in parallel, their equivalent resistance

__Blo__ 2Bk
“R+R2 3R

Hence, the correct answer is (D).

Electric Flux _EA E

Magnetic Flux  BA B

[%}:[Valocit)’k[\/yt_go}

Hence, the correct answer is (C).

At the instant the rod crosses point (g, 0), its effective
length is [ =2v4axa = 4a
The induced emf in the rod at this instant is

&=Blv = 4Bav

Hence, the correct answer is (D).

1
Value remains Zth in 20 ms time. Hence, two half-

lives are equal to 20 ms . So, one half-life is 10 ms
L
= hp= (In2)7. = (InZ)E

_(In2)L
fl‘l‘.‘z

_(In2)(2)

T 10x107
Hence, the correct answer is (C).

R

=(100In4) Q

. The peak value of induced emf is

50=NBA0J:30><1><(400><10“4)><(MJ

60

Hence, the correct answer is (B).
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Hints and Explanations H.159

(]
11. Induced electric field at a distance R from centre is Therefore, emf across rod is
E_R(dﬁ] s=H
2\ dt where [ =16
Since B(t)=B,+at i
[=~2R| =
dB = 1=42 ( 2 )
— =0
dt 3
oR 7(V2R) anR
R = f=—%=x =
= E= E(x 2\/5 2 4
Speed attained by the bead is Hence, the correct answer is (D). o
E 13. Si =010t A
v=at, where a=1E Since, I=(10¢+5) E
" = ﬁ =10 As™' = constant =
( qE ] dt - Q.
= v=|—|t <
m
At t=0,1=5A
x X x :
Applying KLL, we get @)
% % VA*3><5*1><10+10=VB
N = V,-Vz=15V
- qE g Hence, the correct answer is (A).
. v . 15. The mutual inductance due to smaller ring carrying
b

current [ is same as the mutual inductance due to

For circular motion of bead, we have larger ring. If the larger ring carries current I, then

mo? the field at the location of smaller ring is
qT)B -N= T
HOIRZ
o’ Rt B= 3
N =K 05 1 ) 2R 47
Hence, the correct answer is (B). The flux associated with the smaller ring is
12. Consider a circle of radius r passing through points () 1ty TR?
P and Q. The electric field at P and Q is given by ¢9=Blnr’)=———I
2(R? +x7)2
dB
E(2ar)=A—
at 0 _ R
dB = M=7= 3
= E[Z?I(\/ER):I=JTRZE:HOCR2 2(R2+22)2

Hence, the correct answer is (D).

16. If magnetic field in the cylindrical region shown in
Figure is changing, then induced electric field exists
both inside and outside the cylindrical regions i.e.
induced electric field also exists in the region where
magnetic field does not exist.

®B

Hence, the correct answer is (C).
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17. g =gycos(wgt)

18.

19.

20.

21.

I= % ==y Sin(wof )

dl

& —gpojeos(an)

ary 5
(m)mﬂ_qﬁh_LC

We can also think that since,
(VC )max = (VL )max

q_ozL(ﬂ]
C dt max

[ﬂ) _&
dt ). LC

Hence, the correct answer is (A).

For wire ab , velocity vector 7 is parallel to length [,
hence £=0

Hence, the correct answer is (C).

If the coil is rotated about an axis perpendicular to
the plane of coil passing through O, there will be no
change in flux and hence no emf will be induced.

Hence, the correct answer is (D).

Since the inward field is decreasing at a constant rate,
so the induced current must be set up in the loop so
that if does not allow the inward field to decrease.
Hence the induced current must set up an outward
field. So, the induced current must flow in the loop in
the Counter-Clockwise sense. Due to this fact no cur-
rent flows through the branch PQ .

Hence, the correct answer is (D).

Consider a thin section of the disc shown in Figure.
@B

\

22,

23.

24,

25.

2

The emf induced across it is &= . Same emf is

2

induced across all such sections. So, £= is the

induced emf between the rim and the axis.
Hence, the correct answer is (D).

. Bul
i=—
R

Let A4 be the resistance per unit length of conducting
rod, then

i= Bol = Bo = constant
TR

Hence, the correct answer is (C).
The effective length of a straight rod joining points P
and Q is = 2Lsin(g)
The emf induced across it is
E=BIV= ZBLVsin(g]

Hence, the correct answer is (C).

gl
2mr —ldrk—
@ & ® ®
Since ¢”'=J BiA el o] e
_uOIJdA ”4_r_® Q| ®
"ol oy | & || ®
ey ol¢ @@
u r j— —
%=i¢f— ® ® ® ®
2T T je——a—»
(pm:#(]—lb‘n(a—“)
2T c

Hence, the correct answer is (C).

The force acting on the rod is F = BIL towards left. If
d is the distance moved by the rod, then by Work-
Energy Theorem, we have

W} = AKE

= —1—"0.'=0—%m‘l/02
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26.

27.

28.

29.

B mVU2 B mV02
"~ 2F  2BIL

Hence, the correct answer is (B).

=

Imagine the rod OQ of length 2/ with P asits centre.

Then, Vo~ Vp = %B(Zl)zw

and Vp -V, = %B!zw

1 2 1., 3 5
V,-Vp==B(21)"w-=Blfw==BI
= ) P 2 w 2 w 2 [0}

Hence, the correct answer is (C).

The current through inductor is

_ ﬂ (1_ o (4+6)t/0.005 )= 2(1_ e—zonm)
4+6

The current through capacitor is

I

I, = 20 -/ise5)a™) _ 5, -1000
5+5
The current through the key is

T= 1)+, = 2(1- 7200 ) 4 91000

At t=10"1n2,

I=§+1=2.5A
2

Hence, the correct answer is (C).

Att=1s,q=4C,i=8A
di 3
d —=8A
an it S

Since charge on capacitor is increasing, hence charge
on positive plate is also increasing. So, the direction of
current is towards left.

§—ww—<—||—fwm\—_1l+—<_—f3

I

Applying KLL from a to b, we get
Vn+2x8—4+2x8+§=vb

= V,-V,=-30V
Hence, the correct answer is (B).

The change in flux between the initial and final posi-
tionis |Ag|=10-BA|=BA

30.

31

32.

Hints and Explanations H.161

Time taken to turn through 90° is

gl L 2Zm_m
4 4 o 2w
A BA  2wBA
= érrz’:‘_ Q):_: -

At 72w T

Hence, the correct answer is (D).

By short-circuiting the battery, net resistance across
. . R

inductor is E,because R and R become parallel.

L 2L

net = =
R

net R

Hence, the correct answer is (B).

= T

The motion of charged rod is equivalent to the current
flowing along the rod. The field produced due to this
current is in the plane of the loop. Hence, the induced
emf is zero.

Hence, the correct answetr is (D).

M
<4
L
=
o
<
I
Vv

Total flux linked with the coil at time =0 is

{

0
6 £d¢ j({ (1) =2

y y - (Bax
A @5{%}& A ©B={7?)ﬁ
dx l dx
| e =] b
/ =2v0= ¢
» X = X
®z  att=0 ®z att=2s

and flux linked with the coil at time t=2s is

2ug+L

(Df = d(f’

> o= (20 - (20) ]

_B

By
o5 = > -

(402 + 12 + 4yt — 403 ) = > (1+40,)

Since é=i‘f=;(

By 4Byfuy Byl ]
2 2 2

Hence, the correct answer is (A).



ICON

H.162 )EE Advanced Physics: Magnetic Effects of Current and Electromagnetic Induction

ee
33. The flux associated with the semicircle is 39. On breaking the loop in two parts as shown in Figure,
> we observe that equal and opposite currents flow
¢=BAcosh= BTCOS(wt) through the diameter.
dp  Bomr®
2 p22 2.4
Since, P& =0 Cj
L2 2 24
= P =(P)= lJ—B YT Gin2(wt)dt They cancel each other. So, no current flows through
" r) diameter.
: )2 Hence, the correct answer is (D).
Brr’o
= Pp=(P)=—g— 2. @Ed}::‘i—f
Hence, the correct answer is (B). iB
- - = 2 —
34. Sinceallie. B, | and 9 are coplanar,so £=0. = EQm)=ar (df)

Hence, the correct answer is (A). B
E= —( E} , tangential to the ring

=
35. The magnitude of electric field at (r, 0, 0) is 2
N
na’ a8 2 o
E = dt | _ @By T=Fr=qEr
e 2nr 2r
2 = 1= q( rdB)r
The force on charge g is F=gE, = 1Bys 2 dt
2r
1 ,(dB
Hence, the correct answer is (B). = I= Eﬁ”’ m
36. Ag= Ao Hence, the correct answer is (C).

R
41. There is no change in flux through the ring. Hence,

= iAt= A¢ emf induced is zero.
Hence, the correct answer is (A).

= Ap=i(A)R=(10x107)(5)(05)

42. Since &= ‘@ =at - 2at
= Ap=25x10" Wb dt
Hence, the correct answer is (B). o s £ _at- 2at
37. Let E be the emf of batteries and R be the resistances, . K
E E Heat generated in the loop is
then, 1.1=0, i2=_, i3=_
R 2R P 2
. - . _— .2 [ —
= L>i>h H-J1 Rdt= -

. 0
Hence, the correct answer is (A).

dB

Hence, the correct answer is (B).
38. Since, E,.(27r)= A(E]

43. Let the magnetic field be into the paper. Then, if the
wire c¢d moves with velocity v, the current through it

§

daB
E,.(2mr)=mr| —
= nc( ﬂ.'?’) nr (dt ] is I:g:%{v towards right.

= E = 1[ d_B) The magnetic force on it is
oo\ at
= FEexr F=IB= BT{UIB upwards.

Hence, the correct answer is (B).
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This magnetic force is balanced by the weight mg of
rod acting downwards.

B¥%v
=

=mg

_ mgR
v="0n
Bl
Hence, the correct answer is (B).

44, Let us calculate the coefficient of self-induction for this
arrangement. For doing this, we need to find the flux
between the wires. Let us consider a strip of width dy
and length | as shown in Figure.

—_
i: 4 ;;10‘—5/
dy | \
yI !
-

Magnetic field at the strip due to current in two wires

is
pBl(1, 1o
r\y d-y
Area of the strip, dA =Idy

Flux associated with the strip is

w1 1
do="| —+—|Id
’ 2H(y+dy] !

Total flux associated with the area between two
wires is

][5 12

a a

¢=MLH|:ln(d_aJ—ln(d_d+a):|
2 a d-a

¢=“Lﬂln(ﬂ)

m a
8 Kl m( dj)
I « a
Hence the inductance (L) per unit length of this
arrangement,
L_ @m( ﬂ)
I = a

Hence, the correct answer is (A).

Hints and Explanations H.163

45. METHOD-I

4e.

[0

()
r)\
o . Xwsing

[

y dy
d€ = B(dy)(xwsin®)
m
Now sinf =2 [+4
x Ll
y -
= d§=B(dy](xm(—D o
* <
’ .
- Ja’é:J.Bydy v
0
= é:%Bm!z
METHOD-II
_’\\O
‘F‘,i:\IQ

7
Consider two imaginary straight rods OP of length [
and OQ of length /2.

Then, V, -V, = %Bwlz
1 2
and VQ -Vp= EBm(\/EI)

1 21 1
= Vo-Vp=-Bo(J21) -~Bwl’ = ~Bal’
2 2 2
Hence, the correct answer is (A).
P=iiR

= i§=

Since 7=

== ==

= L=1R
Heat dissipated = le’S = 1(112)(2) . Pr
2 2 R/ 2

Hence, the correct answer is (B).
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ae
47. The magnetic flux associated with the loop is Substituting (2) in (1), we get
a+c _
q(8Rt) = umg
b= | Lol bl £2¢)
2nx 2 c [ 8qR ]
¢ = u=|—:7|t
mg
AI = D - Iﬂ = _IU
L g MR
Ap= _Holeb ]n(a_ﬂj) Hle=s = mg
2r c .
Hence, the correct answer is (D).
A plb. (a+c
= Q= R ﬁlﬂ T 51. The emf induced is
Hence, the correct answer is (C). £= Blo
2
48. 1=R,C, 2%
> 0=—=
t=(5)(1) BI*
1=5s I E 00
Hence, the correct answer is (A). 2 7BI* mx5x107x1?
49. According to Lenz's law, the induced current in the = f= 2 rev/sec
ring opposes the motion of magnet. The magnetic field n
produced in the ring will exert an upward force on the Hence, the correct answer is (B).

magnet. The acceleration of magnet will be thus, less

. . 52. Inductive time constant is
than acceleration due to gravity.

Hence, the correct answer is (B). == 2s
50. Due to the time varying magnetic field, an induced F

electric field E is set up, so the force on the ring is Since, iy = R 3A
F=qE So,at t=2s, we get

If f be the frictional force between the ring and the N )

table, then the ring starts rotating when i=ip\l-e /=3 (1-¢1) A
F=f Hence, the correct answer is (A).

= qE=umg ..(1)  53. Since E=E-IR

t t
= §=E7E(]fe T):Ee v
Therefore, & vs t graph is best represented by
OPTION (C).

Hence, the correct answer is (C).

54. Already derived in Theory.
The correct answer is (D).

Also @E‘-d.@:‘ Z—ﬂ 55. The electric field at dpgmt P is given by
E(27R)=nR*—
B dt
= E(Zer):A(—)
i p R
: B S 24t
= E(27R)=(zR?)(16t) { Eﬂf’t} Force on charge ¢ is
= E=8Rf o) I L

2 dt
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_qR

0
= IdB = iJ.Fdf N (impulse)
B 0 ;®

0

'
Since det =my
0

= |0—BO\=imv
gR

. qRB,
2m

=

Hence, the correct answer is (C).
56. For the second position, A¢ =0

A
= [Q=20=0

Hence, the correct answer is (D).

57. In steady state, inductor acts as a pure conductor.
Steady state circuit is shown in Figure.

2A 6Q
> AW
3Q
— ——\WW\—s B
A 2A 2Q 40 4A
AW, AMW—

V,-(2)(6)-(4)(3)-Vz=0
= V,-V,=24V
Hence, the correct answer is (C).

58. According to Lenz’s law, the motion of magnet will
always be opposed. So, M will repel R when moving
towards it and it will attract R when moving away
from it.

Hence, the correct answer is (A).

2_1:2
muy = 2 Li,..

. m
= Ipax = Evﬂ

Hence, the correct answer is (B).

59.

M| =

60. The projected length of the rod in the direction perpen-
dicular to both ¥ and B is 2Isin@. Therefore, poten-
tial difference between the two ends of the rod equals
Bo(2Isin6)

Hints and Explanations H.165

Hence, the correct answer is (B).

61. Let a hypothetical conducting rod of length /=2R
joins O to A, then emf induced across ends of rod is

A
®B
40
Ol
®=9R
(B)(i)(zm)z
Bol®
o= = 2Rz = 4BoR

Hence, the correct answer is (D).
62. Applying Kirchhoff’s rule to the path A to B, we get
V, -V, =Ldi/dt+iR
= 05=Lx8+05x02
= L=005H
Hence, the correct answer is (C).
63. Applying Kirchhoff’s Loop Law (KLL), we get

VA—IR+E—L%—VB=U

According to the problem, we have

—=-10% As™
dt

=V, -(5)1)+15-(5x107)(-10*)-v; =0
= VA _VB = ].5 V
Hence, the correct answer is (B).

64. Applying Kirchhoff’s Loop Law (KLL), we get
Vy +IR+E+L%—VB =0

According to the problem, we have

dl

—=-10% As™
dt

M
<4
L
=
o
<
I
Vv
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65.

66.

67.

= V,+(5)(1N)+15+(5x107)(=10*)-v, =0
= V,-Vz=-15V

= Vy-V,=15V

Hence, the correct answer is (C).

At mean position, velocity is maximum. Hence
motional EMF Bl is also maximum. Velocity v oscil-
lates simple harmonically so motional emf will also
vary simple harmonically. Further, polarity of induced
emf will keep on changing.

Hence, the correct answer is (B).

The current as a function of time in LR circuit after
closing the switch is

Rt Rt
i=E(lfe L)=i0(1fe L)
R

When energy stored in inductor is half the maximum
value, then

lLi2=l(1Li§]
27 2\2

2
R SPTE B E
2 2
= &—ln( \/5 ]
L \V2-1

. fzgln(ﬁ]

Hence, the correct answer is (A).

Since E, (27r)= A( fi—f)

= Em(err)=(frr2)d—B
dt
_rdB
" dt

Force on the charge g is

P:qE:ﬂ(d—B)
2 Uit

Work done is
W=Fd=(2znr)

= W =7rr2q(d—B)
dt

68.

69.

70.

71.

. w=[272](1)2(1oﬂ(zx103>

= W=2rx107]
Hence, the correct answer is (B).

Maximum speed is attained when the entire energy
stored in inductor is converted into kinetic energy of rod.

2
1L(E] = 1mvz
2 \R 2

[ Ns
= v=|—|.]—
R/)\m

Hence, the correct answer is (A).

Since both L; and L, are in parallel, so

V1=V2
= 1&= 2&
dt dt

= L]dIl = deIz

L I
0 0

= L]Il :Lzlz
L h_L
12 L]

Hence, the correct answer is (A).

At t=0, potential difference between A and B is V
and resistanceis R+ R=2R .

(2

As t — o, potential difference between A and B is
V and resistance is R

.V
.
, 2
Hence, the correct answer is (D).
Since, ~L7% = l(lug )
2 4\ 4

= i= % , half value

= t:tllgz:(an)’rL:(ln2)(%)

Hence, the correct answer is (A).
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72,

73.

74.

75.

dg

The magnitude of emf induced is £ = "

The current through the circuit is

_dQ_¢_1dp
~dt R Rt
dg
dQ=—
Q R
Ag
= Q=—"1
< R
Hence, the correct answer is (D).
E= a9 {in magnitude}
dt
& 1d . AdB
R Rdt R dt

where A=rr” is the area of loop of radius  and R
is the resistance of the loop of length (27r) and area
of cross-section 7a” .

R P _pQmr)
71'&'2 71'&'2

Further mass of wire is m = (mz )( 21r)(d)

_(mz)(mz)d_B
p(2rr)  dt

_(rmz)(ZJrr)d_B

- dmp i

j-m 4

- dmpd dt

Hence, the correct answer is (A).

When the sides shrink at the rate o, we have
di_
dt

Since, &= —Z—? = —%(BA)

d da
= B (%)= —2Ba= = 2408
: dt dt

Hence, the correct answer is (A).

The induced emf is given by

E=A B _ 1B, [i (e7! )] = r*Bye™

dt dt
= P:V—2=(E2r4B§ ]9_2!
R R
224
Att=0, p=D%T

Hence, the correct answer is (D).

76.

77.

78.

79.

Hints and Explanations H.167

et
I=I\1-¢ L )= (1-¢%)

2
I, e

I(1-¢2) -1

Hence, the correct answer is (B).

I(t—)m)_
= It=1)

ﬂ—f wcoswt
it 0

dl
Since £=M a MIywcos wt

= &max = MIOw
= £, =0005x10x1007 =57 V

Hence, the correct answer is (B).

The flux associated with the loop in initial position is

M
<4
L
=
o
<
I
Vv

x [

X
X I3
X

X

I !
3
0; = JBldx = Bol-[xdx = %
0 0
The flux associated with the loop in final position is
2 2 353
¢ = —jBldx =Byl | xdx = _TO
! [

= |Ag|=|9:-¢f| = 2B,
Hence, the correct answer is (B).
At £=0 ie. when the key is just pressed, no current

exists inside the inductor. So 10 Q and 20 Q resistors

are in series and a net resistance of (10+20)=30Q
exists across the circuit.

2 1
Hence 11=£=ﬁ

As t — o, the current in the inductor grows to attain a
maximum value i.e. the entire current passes through
the inductor and no current passes through 10 Q
resistor

2 1
Hence 12=E=E

Hence, the correct answer is (A).
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80.

81.

82.

83.

Energy stored in the inductor is
2 Re)?
u=irpe =1L(E) (1—e L ]
2 2 \R
The rate at which energy is stored is
2 Re)y B
d—U=E—(lfe L )(e L )
R

dt
Its value is maximum, when

() £
dt ). 4R
Hence, the correct answer is (A).

At time f =0, resistance offered by a capacitor is zero
and resistance offered by an inductor is .

R R B5R
= R, =—+—=—=5Q
net 2 3 6
So, current from the battery is
i= £ -5_1a
R 5

net

Hence, the correct answer is (A).
The charge flowing through galvanometer is

_|A¢| AB
R R
Hence, the correct answer is (C).

Q

The emf induced in the triangular loop is

_ 4
o
dB
=A—
= A
Since area of an equilateral triangle is
=3 (side
4
= A:g(2)2=\/§m2
= E=3x\3=3V

Due to symmetry, emf developed across each wire of
frame willbe 1V .

The current in the triangular loop is

i=£: 3 =06A
R 2+2+1

84.

85.

86.

87.

Voltage across AB is

= Viyg=Ep—-iRy=1-(06)(1)
= Vy;=1-06=04V

Hence, the correct answer is (A).

Flux linked with the loop, when it is at a distance r
from the wire is

¢=BAcos0 =(’uol)(1m2)
2rr

4]

Hence, the correct answer is (C).

§

The current through the wire PQ is I = 2

When the wire just starts sliding, the force IIB towards
right is equal to the force umg towards left.

= pmg:ﬂB:[éJIB

R
-2
o e éB =6><4_.‘2)><10 ><O.8=0_12
mgR 107 x9.8x20

Hence, the correct answer is (D).

Relative velocity v, =0
So, change in flux A¢=0

Hence, the correct answer is (D).

At t=0, current through L is zero.

1
SO, i1=6_04=1A
+

As t — = effective resistance of circuit is

Reff=6+é=89
2
= 12—@-§A
8 4
i
= —=08
)

Hence, the correct answer is (B).
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89.

90.

91.

92.

ICON

(]
L 3
—=2x10 (1
R 1)
L
——=05x10" (2
R+90

From (1) and (2), on solving we get
L=60mH and R=30Q
Hence, the correct answer is (C).
The distance of points P and Q from centre is 2R .
Electric field at these points is given by

E(znxzﬂ):sz(‘;—f):nsz

R
T4

= E

So, potential difference between P and Q is

3

The current induced in loop is

& ¢

Ry (2R+2R+2J3R)A
TR 2-3
I= X
6A(2+3) 2-43

_ 7Rb(2-3)
C 6

Hence, the correct answer is (A).

€=EI=E|:2E(2R):|= mbR?

=

I

Att=0,V, =-E
Hence, the correct answer is (C).

The emf induced across wire HE is {=Blv and is a
constant. Once capacitor attains this potential differ-

ence, no current flows in HKDE .

Hence, the correct answer is (D).

Consider an element of length ¢, thickness dx at a
distance x from the wire as shown in Figure.

: dx

l— X —>| |je—

>
—— ) ————p

93.

94,

95.

96.

97.

Hints and Explanations H.169

Area (dA) of element is
dA = cdx
Magnetic field at the element is
= Mot
2mx
Since d¢ = BdA

= do=
¢2:rx

Hence, the correct answer is (B).

M
<4
L
=
o
<
I
Vv

The field produced due to induced current is directed
into the paper. So, current in outer loop is clockwise
and in inner loop is anticlockwise. Hence, current will
flow from A to B and D to C.

Hence, the correct answer is (C).

For PQ, [ isparallel to % . Hence, £=0
Hence, the correct answer is (A).
The horizontal distance between points P and Q is
I =a. The potential difference between these points is
&=Blv =Bua
Hence, the correct answer is (D).
The equivalent resistance of five resistors is 3 Q
{It is a balanced Wheat Stone Bridge}
S0 Ry =3+1=4Q

= (107°)(4)=(2)(01)0 [-+&=IR=Btv)

= v=2cms’
Hence, the correct answer is (C).

The current through L and C are respectively

( _E) v -4
[=—\1-¢ L) and [=—e RC
R R

Both are equal when

LA
l-¢ L =¢RC

= Rz\/E
C
1

R
= —=—
L RC
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an
Rt = U=40]
= l-el=eX
. Hence, the correct answer is (A).
t
= ¢l =% 101. Induced EMF across the rod is
B. B B
= t=CR(In2) 5 (15) x By B
=B.\Ixv)=|I, I I
Hence, the correct answer is (B). : oy
v v, U,

98. By Law of Conservation of Energy, we get
The magnetic field in the region is

1., 1 5
~Li*=-CV -
2" T2 B=3]+dk
L The length vector of the rod is
= V= E = A . ) A
I =(10c0s53°)i +(10sin53°) j = 6i +8j
i= 2 (2)=2x10°V The velocity of the rod is
Vax10" .
i=1
Hence, the correct answer is (A).
So, EMF induced is
99. The electric field induced at the ring is 30 4
mz[ﬂ’B) o £=l6 8 0
Fo_\dt) T, " 100
2rr 2 2
N = §=4(0-8)=-32V
j Hence, the correct answer is (A).
102. Ap=0-BA
Rl = A¢=-BA and Al‘:Z for ="
p 4 2
HN | ) = éﬂf’ = ‘% = b
At ( T )
mg n
Since the magnetic field is increasing with time, so an
anticlockwise torque acts on the ring and is given by = &= gi _2wBA
U T T
5 el
r=FrL=QEr=% do

Hence, the correct answer is (D).
The ring starts motion when
103. At any time f, the current in the circuit grows in

7= U = pmgr accordance with formula
2 ,
= %:umgr I=Io(l—eth‘"L):Io(l—e""‘r)
p = 2Hmg o 1=E(oe)
rQ R
Hence, the correct answer is (B). = % = %(1 _elT)
. E 12
100. 10 —E—D?—40A . dq:%dtfge_”rdt

Energy stored in the inductor is

T T
E E —f;"
=112 = Lisox102 (402 - q=i.[dt_i.[e o
2 2 0 0
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104.

105.

106.

107.

108.

109.

110.

Er l: Er E‘r] Et
S g+ ==

R Re R ]| Re
Hence, the correct answer is (C).

While moving towards the loop, the flux through the
loop will increase and while moving away, the flux
will decrease. So, the current will change direction as
the electron passes by.

Hence, the correct answer is (D).
= M'=4M
Hence, the correct answer is (A).

Efficiency of a d.c. motor is the ratio of the back emf
to the applied emf.

Hence, the correct answer is (B).
di
=L|—
: dt
Initially, slope =0

= &=0

In the remaining two regions, slopes are constants

but of opposite signs. Hence, induced emfs are con-
stants but of opposite signs.

=L (Slope of i-t graph)

Hence, the correct answer is (C).

Due to increasing field, the induced current in both
loops individually must be anticlockwise which actu-
ally oppose each other. However, as the emf induced
in larger loop is more, the net current in larger loop
is anticlockwise and in smaller loop is clockwise.
Hence, its directionis B to A and D to C

Hence, the correct answer is (D).

Since we know that

d¢
dg=—
=R

where ¢,=0 and ¢, =(ﬂ—d)(m2)

2b
2
Uymla
Ap=——
¢ 2b
nla
S0, Q= uosz

Hence, the correct answer is (D).
¥ is parallel to [ ,s0 £=0

Hence, the correct answer is (D).

111.

112.

113.

114.

115.

116.

117.

Hints and Explanations H.171

On increasing current, the flux through Q increases.
An opposing magnetic field is developed due to
induced current. The loops will therefore repel each
other.

Hence, the correct answer is (B).

The time in which the charge decays to 0.368 of its
initial value is equal to the time constant of the RC
circuitie. 7=RC

= 1=5x10*x2x100%s=10%102s

= 1=01s

Hence, the correct answer is (D).

For the case of free fall, we have

1 2
s=—gt
28

M
<4
L
=
o
<
I
Vv

> 5=%(1D)(1)2 =5m
Here due to repulsion from induced effects, we get
n<g

= s5<bm

Hence, the correct answer is (C).

Applying Kirchhoff’s rule to the path A to B,
we get

V, - Vg = IR+Ldl/dt -10
where, dl/dt =10 As™
Att=0,1=5A
= V,-V5=5x3+1x10-10=15V
Hence, the correct answer is (A).
V. =BLo
= §=CV, =BvLC = constant
=g
= U:= %CV?' = %CB""LZUZ
Hence, the correct answer is (C).

As the ring and magnetic field remain in same plane,
no emf will be induced in all the motions given in
different options.

Hence, the correct answer is (D).

By short circuiting the battery, the resistance across
the open ends of inductor is
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118.

119.

AA

A B R
—
R
R 3R
Ryp=R+—=—
AB )
L 2L
= T=—=—
R;; 3R

Hence, the correct answer is (D).
Magnetic field due to toroid is B= I, where

n= 21 (n is number of turns per unit length)
r

_ NI
- 2ar
Further, flux ¢ is given by NBA

B

U N*Al

= ¢=NBA=
2nr

Now, by definition of L we have

[0 HNA
1 2
4xx10'7x(1200)2x(£)

_ 1000

= 1= 15
275(—)
100

= L=23x10"H
= L[=23mH

Hence, the correct answer is (C).

Flux across the secondary o, is

¢. = N_BA
o 4= UN NAI
2y
. do
Since, £=-—2
: dt
g = L2WNAL
2mr dt

(47r><107)(300)(1200)(12) [

e =)

120.

121.

122.

123.

124.

= [¢=23x107V
= |¢=0023V
Hence, the correct answer is (C).

The flux associated with the loop is ¢ = Br(a® +b?)
The induced current is

_é_l‘dgb _kala?+0?) _ k(a?+0?)

"R ORldt] 2z(a+b)A 2(a+b)A

Hence, the correct answer is (D).

2t
Since, i=iy\l-e L /==\1-¢ L
R

Rt

. E Ee L (VL)
=== =i)—-| =
R R R

oV, =(ioR)-(R)i

R
bov=pt |

Hence, V; versus i graph is a straight line with posi-
tive intercept and negative slope.
Hence, the correct answer is (D).

Since, Npp = Lpl,
= 2000%x0.8x107 =L, x1
Similarly, Ng¢s = MIp
= 5000x04x107 =Mx1
L _4
M 5
Hence, the correct answer is (C).
o8 _Md
R R dt
Since =1yt
ar
dt
M

= i=—1I
RO

Hence, the correct answer is (B).

Iy

In small time df, rod PQ moves by a distance vdf.
The increase in area is lvdt and the increase in flux,
d¢ = Bluit

The magnitude of induced emf is

dqb‘
=|—|=Blv
</

Hence, the correct answer is (A).
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125.

126.

127.

When current is passed through the straight wire,
magnetic lines are circular and tangential to the loop.
So, no flux is linked with the loop.

Hence, the correct answer is (B).

In the rod, an induced current I is set up in the
inward direction ® , as shown. Due to this I, the
rod experiences a magnetic force F, =BI/, up the
incline. At v=v;, we have

mgsing-F, =0

m

Cross Sectional View
= mgsing=BI/
Bf
= mgsing= B(%)f

mgRsin6
B*?
Since 6 = 30°

= Ur=

mgR
2B%/?

Hence, the correct answer is (C).

= Ur=

Let the magnetic field be directed into the paper as
shown in Figure.

B A2
P v
2V<—®
Q S
We can solve this problem by taking two conducting
rods PQ and RS asshownin Figure.

=g

The emf induced across the rod PQ is

¢ = ; JI—EB(%?M2H2=4BW

128.

129.

130.

Hints and Explanations H.173

The emf induced across the rod RS is

1 1 v
—Ble:—B(—-
242 2 2

& =3 r)(4r)2=4Bvr

Using Fleming's Right Hand Rule, we see that points
Q and R are at high potential whereas points P
and S are at low potential. So

VQ *VP = 51 = 4BUT

Since the horizontal surface is conducting, so we
have

= Vi -V, =8Bur

A simple circuit diagram for the equivalent batteries
in shown in Figure.

- &

& L

Q S

Hence, the correct answer is (D).
Cleal‘ly, VP = VQ ’ VS = VR and Vp > VS

Hence, the correct answer is (D).

(1-T)
I=])\1-¢ L
AtI—Z,wehave

Rt

ool

2
-3

= t:%ln2=Mx0.693z0.1s

Hence, the correct answer is (D).

Initial magnetic flux associated with the square loop
is calculated by integrating the flux through an ele-
mental strip considered in the square loop as shown
in Figure.

0=

 bia
de_x
2r

b

M
<4
L
=
o
<
I
Vv
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131.

©

I
<,
—
J—
It |
I
I
I
< X > —
b odx
————»l
|
| o
I
I
i
Uoia b+a)
AN
% 2n (b

Similarly, after 180° rotation, final flux associated
with the loop is

Loia b—a
¢f 20151( b )
ia, (b+a
= 0=l =400

So, charge flown through the loop in process of rota-

tiOIliS
( ]
b_a

Hence, the correct answer is (D).

MY _ pgin

M=7 R 27R

Using our knowledge of rotational dynamics, we
know that
_n-y
T
®B

i > Vo= o0

> V-| = {'1(,!)
f4

[0}

When this rod rotates with angular velocity @ in the
magnetic field B, then

1
£=Lo(i-)

- e (3 (2]

132.

133.

134.

135.

136.

= éz%B
[ vl-ef
(%57)
| [

= éj:%B!(UZHJl)

= éj:%B

Hence, the correct answer is (C).

The wire ab can be replaced with a battery of emf
&=Blv and internal resistance R . The current flow-
ing through the battery is I . Therefore, potential dif-
ference between @ and b is

V=£(-IR=Blv-IR
Hence, the correct answer is (C).

When the solenoid is cut into two equal parts, then

each divided part has a self-inductance % and resis-

R . L .
tance 5 So, time constant 7 which is the ratio of

self-inductance to the resistance of the circuit remains
the same.
Ly L4

Tinitial = Tfinal = 5 = 5
R, R/4

=

Hence, the correct answer is (D).

The steady state current is

E I3
> [j=—— = —
Requiva]ent Rf 4
4E
IO = ?

Hence, the correct answer is (B).

o . . L
When X is joined to Y, the time constant is 7= 2

and the rate of heat produced in steady state is
P=I’R

P
= P=—
°"R
When X isjoined to Z, the total heat produced is
H= 1L1§ B 1(L)P=1TP
2 2 R 2\R 2

Hence, the correct answer is (B).

Since we know that

:%(Aq)) ()
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137.

138.

139.

140.

where 4 is the area under the I-f graph

So, q=(;)(0‘2)(8)

= q=08C

Now, from (1), we get
Ap=q(R)=(08)(10)=8 Wb

Hence, the correct answer is (D).

¢; =BAcos0°=2 Wb and

¢y = BAcos180°=-2 Wb

= |Ad|=4 WD
A

Since, |Aq|:m
R

4
= =—=04C
=2
Hence, the correct answer is (A).

L
During charging, 7, = —
uring gglzR

During discharging, 7, = SLR

= 1;:7,=3:2

2R L R
AW
I
V 2R L
Charging Discharging

Hence, the correct answer is (B).

Even if radius is doubled, flux is not going to change,
because B being constant we get ¢ as constant and
hence

£=0and i=0
Hence, the correct answer is (C).
The emf induced is £=BLv.

Since, AC is in parallel to (AB+BC), so their com-
bined resistance is
_ALxA2L 241
AL+ AL 2+1

_ & Bo(J2+1)

R V22

141.

142,

143.

Hints and Explanations H.175

The force required to pull the triangle is

BLo(v2+1)
V24

Hence, the correct answer is (A).

F=BIL=

Rt
i=ie L

. m

Doje L
p
L

-

=

T
= —=—
R Inf

Hence, the correct answer is (C).

t

1=Io(l—e TL) where IO=§ and TL=%

M
<4
L
=
o
<
I
Vv

=i, [l
Q:jfdt:IﬂJ. 1-¢ % Jdt

0 0

7L

0

= Q:IOTLHOTL[E’LeO]

Iyt
= Q - I(]TL +—ﬂ€L _I(]TL

17, 1(EJ(L] EL
= =—=—| — —|=—
Q e e\R/\R/) ¢eR?

Hence, the correct answer is (C).

At t=0, capacitor acts as a pure conductor. The
effective resistance of the circuit is R and current

As t— e capacitor acts as a pure insulator and
inductor acts as a pure conductor. The effective resis-
Rx6R

+6R

... 3
tance of the circuit is +R=3R

and the current i, = gR

= i:p=3:1

Hence, the correct answer is (A).
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144,

145.

146.

147.

148.

149.

dl
Since Vpg = LE +IR

For the first case, we have

d .
[=4A, —=4As" and Vo, =16 V
dt PQ
= 16=L(4)+4R

= 4=L+R ()
For the second case, we have

dl
I=2A, Ez_lAS_l and Vpg=5V

=~ 5=-L+2R .(2)
From (1) and (2), we get
3R=9
= R=3Qand L=1H
Hence, the correct answer is (A).

The relative velocity of approach becomes 2v
(i.e. doubled), so induced emf is also doubled ie.,
becomes 2¢ .

Hence, the correct answer is (C).

Since inward magnetic field is increasing, so induced
electric lines are circular and anti-clockwise. Hence
the negative charge experiences a force opposite to
electric field.

Hence, the correct answer is (A).

At time t=0, resistance capacitor behaves like
short circuit and inductor behaves like open circuit
so at this instant circuit resistance across the battery
will be

R =5Q

R R _5R
net =7t 7=
2.3 6
Current through the battery at =0 is given as

E 5

Hence, the correct answer is (D).

Bol*
&= — - constant

Hence, the correct answer is (C).

When brought closer, the induced effects should
produced repulsion. So, currents should increase,
because of which that pole strength increases. Hence,
repulsion increases.

150.

()

Hence, the correct answer is (B).

I_é___(dA]
"R dt
ol
DN=CM=—
NE]
2ot
PQ=2a-(DN+CM)=2a-"=
Q=2a N

At time ¢, area of the triangle APQ, as a function of
tis
Ar(AAPQ)= Ar(AACD) - Ar of Trap (PQDC)

1 2ot
= A=+32 —(2a+23—](vt)
2 J3
vt vt
Rk 3
| |
L IN M

® re— 5 —»i

o2
= A= \/_ﬂ —2avt+
3
d—A——2av+zv—2t
dt J3
B 207
= I=—|200-—
R( JE]
= I—@(a—v—t]
RU 3

_ ;2w (2}30 Jt
R B3R
Which happens to be a straight line with negative

slope, So, the I-t graph is best represented by (C).

Hence, the correct answer is (C).
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152.

154.

155.

156.

Magnetic field due to infinite wire at a distance x is
5l
2mx

Consider an infinitesimal element of length dx of
conductor EF . EMF induced across this element is

dé = Budx = #—“Ivdx
2mx

b
Ul (b)
=|dé=""—In| -
> ¢ j ; 2r \a
a
So, induced current in the conductor EF is

=£=ﬂo_1v1n(k)
R 2nR a

Force on conductor EF due to field of PQ is
dF = Bidx

- (gl o
2mx /| 2nR a

b 2
1| yplo (b]
F=|dF=—| F¥%0 | 2
= .[ UR[ el g

a
Hence, the correct answer is (A).

The magnetic field produced at the site of wire CD is
into the plane of paper. The force on positive charges

on the wire CD is in the direction of xB which is
towards point C.So, C will be at higher potential.

Hence, the correct answer is (A).

The induced emf between points O and Q is 2Brv.
However, as there is no change in magnetic flux
through the ring, the net emf induced in the ring is
zero and hence, the induced current is zero.

Hence, the correct answer is (A).

The back emf equals the applied voltage potential
drop across armature coil

= £=200-iR
= £=200-15x20
= ¢=170V

Hence, the correct answer is (B).

The equivalent circuit for this set up is

I
&:B{.’VJ_
360 330
2Q ) )

157.

158.

159.

160.

161.

162.

Hints and Explanations H.177

F=Bll= B(f{)

- o)

where R=——= (6)(3) +2=
6+3

BZZ

, (opposite to v)

4Q

2 2
GG

Hence, the correct answer is (D).

_(55)(5)
9 5545
Hence, the correct answer is (A).

=2619H

In steady state, the entire current passes through the
inductor.
Hence, the correct answer is (D).

M
<4
L
=
o
<
I
Vv

The combined inductance of L and 2L in parallel
is 2%. The steady state current is independent of

. . v
inductance and is equal to z

Hence, the correct answer is (A).

a‘I

Vl=
d

V|= 1)5(3tsint)
dt

|V|=3sint + 3tcost
Hence, the correct answer is (B).
In horizontal position, the motion of rod in the plane

of magnetic field and hence, induced emf is zero. In
vertical position,

§=Blv=4x105x3x(30><158]=103 %

Hence, the correct answer is (B).
E=Biv,

= &=(3)(2)(8sin30)

= §= 24V
From Fleming’s Right Hand Rule, the induced cur-
rent in the rod PQ is directed from Q to B, thus

giving an equivalent emf replacement of the motional
emf as

P
PL 1Q = o II ¢

So, P is at a higher potential.

Hence, the correct answer is (B).
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Please note that when the moving rod is replaced by
its motional emf &, then actually the induced current
going from Q to P creates a confusion that Q must
be at a higher potential. However, do not forget that
current goes from higher potential to lower potential
in the external circuit but inside a single battery con-
nected in a circuit it always goes from lower potential
to higher potential. The most important thing is that
the rod is showing the internal part of the battery and
not the external circuit. So, it is P that is at a higher
potential and not Q.

163.

l64.

165.

166.

di
Since V, -V, =L—
AT

= V,-Vy=L(-a)=-aL

Hence, the correct answer is (B).
A=(ab)k (perpendicular to xy-plane)
¢=B-A=(50)(ab) = constant

= d—¢ =0

dt

= £=0

Hence, the correct answer is (D).

If the disc were without the hole then

=

Hence, the correct answer is (B).

To calculate the magnetic flux through the rectangu-
lar loop, we consider an elemental strip of width dx
at a distance x from the wire carrying current I as
shown in Figure.

Y

dxI

-u—m

167.

168.

ee
The magnetic flux associated with the strip is
do =L iy
2mx

Total magnetic flux linked with the loop is

o= o

a+b

¢_uofbjdx
= "o ) o«

a

#n”’)
= —=— 1
(0] (211' nx

The induced emf in the loop is

a+b
_ ﬂo_fbln(MJ
2r a

a

do
6= dt
SN
2 a Jdt
t
SINEQTY
2r a Jdt
t
£= Hobly ]n[ﬂb]e_?
2rt a

Att =1 wehave

£= 1obl,y ]n(M]e—l
2rt a

o)

Hence, the correct answer is (B).

_ Hobly
2met

Since &= Blv
So, if Q is the charge across the capacitor, then cur-

rent in the branch containing the capacitor is

I=c;—?,where Q=C¢=BICv

do
[=BIC| —
- (a‘f)

Since % =0 [ v=constant }

So, I=0

Hence, the correct answer is (D).

Current increases with time. So, flux passing through
B will increase with time. From Lenz’s law, it should
have a tendency to move away from the coil to
decrease flux.

Hence, the correct answer is (B).
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169.

170.

171.

172.

173.

Magnetic field through Q (by L)) is downwards. By
decreasing I;, downward magnetic field through Q
will decrease. Hence, induced current in Q should
produce magnetic field in same direction.

Hence, the correct answer is (A).

E= Ld1+IR
dt

= E=E£+IR
= ¢=E-IR

So, the graph of £ vs I is a straight line with nega-
tive slope.
Hence, the correct answer is (B).

For E#0, ¢ must change
do

— =0
AT

Hence, the correct answer is (C).

For r<R,ie. inside

E,(27r)= a4 =Irr2d—B
dt dt
E, = rdB/dt
2
For r> R, ie., outside
E . (2nr)= dcb‘ R"' a5
2
S E.- R (dB]
dt

Hence, the correct answer is (D).

Consider an infinitesimal element of length b, thick-
ness dx at a distance x from the wire.

Since d¢ = BdA

I %dx
= d¢:'u_0(bdx} f T
2mx X c
| . i
yDHJJ‘a‘x lo
=\ldo=
=» ¢ J‘¢ 2T

Lghl [C+ﬂ)
L
¢ o 08|

Given that I:Io(l—i]
p

-2 ogf(HTa)[I“(l_é]]

174.

175.

Hints and Explanations H.179

Uobl c+a 1

- _ 0 01 -

= é: 2 g( c ]( r)
pobl, (c+a)
=000 | 225

= ¢ 2nt 06 c

= I=£=#0bf{]10gf(ﬂ+_ﬂ)
R 2mtR c

d _ Hobly (L)
it 2ntR o\ ¢

tobl, (c+a) m
dg= 1 dt

T R B e E
=
= g= yﬂbfol cta)f o
u

Uobl, (c+a]

= HoPlo oo [ EF2
=17 R R V

Hence, the correct answer is (C).

Attime t side of square is
I=1)-at

Area of square is
A=P=(ly-aot)

At given time, we have

di
dt

Since, 9= BA=B(ly-at)’

:>§‘ =2Ba(ly - at)

But, (10 *at]= a

= ¢=2a0B

Hence, the correct answer is (A).

Consider a point at distance r from centre.

For r <R, emf developed is

§=—=:rr2d—B=rrr2a
dt

= EnC(ZJrr)=:rr2a
= E e

For r>R, E,.(27r)=nR%

= E o=-—
r

Hence, the correct answer is (D).
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176.

177.

178.

179.

180.

If I be the current flowing in the larger coil, then field

at the centre of coil is B= g—':;i

Flux linked with smaller coil is

¢ = (Area of smaller coil )B

= ¢>:(m2)B

Hence, the correct answer is (B).

The left and right arms of the tubes can be replaced
by a battery of emf £=Blv each. The emf induced in

the circuit is 2 =2Blv

% U
Hence, the correct answer is (B).

I=£— Bfo where

qu - (RHalf )
2

Rﬂalfm(z)(z):m
b/

3

(2)(4)(2)

I= =8 A

2 183.

So, if F,, is the magnetic force, then
E, =Bl
= F,=(2)(8)(4)=64N
Hence, the correct answer is (D).
Steady state current through inductor in % .

So, at t=0, current in closed loop will remain same.
Hence, the correct answer is (C).

At t=0, z'=£
R

Now, this current will decay in closed loop in anti-
o . _E .
clockwise direction. So, |i|=1, = z upward or

opposite direction.

181.

182.

184.

185.

ﬁf—E
y = ——
R

Hence, the correct answer is (B).

L o1om=t
I, 10

Since, 1=1,(1-¢7")

o Loqg
10

= i—l() (E)
r %8

= t=tlog,(1.1)
Hence, the correct answer is (A).

10% less than the steady state value implies a growth
of 90%

= Looou=—
0

Iy
Since
1=1,(1-¢7"7)
1 )
= —=¢
10

= t=rlog,(10)
Hence, the correct answer is (B).

From right hand rule, we can see that points P and
Q are at higher potential than the point O .

Hence, the correct answer is (A).

u= %er and P=I°R

2U _r
L=I_2 and R—F
L 2
So, TL=§=_;1

Hence, the correct answer is (C).

When the loops approach, the field between them
becomes strong and according to Lenz’s law the field
must not become strong, so the current decreases in
both the loops.

Hence, the correct answer is (A).
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186.

187.

188.

189.

190.

Magnetic field of ring is also along its axis, or in the
direction of velocity of charged particle.

Hence, no magnetic force will act on charged particle.
However, due to ¢ velocity of charged particle will
increase.

Hence, the correct answer is (C).

According to Lenz’s Law, induced effects always
oppose the cause due to which they are produced.
So, when the first loop is moved towards the smaller
loop, it will face repulsion.

Hence, the correct answer is (B).

From the figure, we have

®B
LS5 4L/5 I
AN |
[ o ) ]
P 0% Q
2
Vo Vo=1Bw(g) - L Bor? and
27\5
1. (LY 1. ,
Vy =V, ==Bo| = | =—BoL
P (5)
1
= VQpr=—SBwL2=iBwL2
50 10

Hence, the correct answer is (C).

Time constant (7) is the time during which the cur-
rent grows from zero to 0.632 (or 63.2%) times the
maximum value. Since, this is being done in a dura-
tion of 1 second,so 7=15s

Hence, the correct answer is (C).

Since, the motional emf, &, is

E=Blv
= £=(2)(05)(4)=
Since Q=C¢
= Q=(4)(5)=20puC

The equivalent circuit for the arrangement is
® @ @ ®
X

® @ ® @

!

¢ e=BwT

no
M=

® ® ® ®

® ® ® ® ®

So, g, =+20 uC and g, =-20 uC

Hence, the correct answer is (D).

191.

192.

193.

194.

195.

Hints and Explanations H.181

g=2
= |g=a2
= |g=(a?)= [BG(H H
- eetn(02)
SR

Hence, the correct answer is (D).

Initial current is

10
Linitia = E =1A
= ¢1n1t1al - L( initial ) 500 me O 5 Wb
Final current is
20
Ifinal = g =4 A

= Oinat = L( Lt ) = (0.5)x4=2Wb
= Ap=15Wb

Hence, the correct answer is (B).

1 and 2 in series in parallel with 3. The result of this
is in series with 4, which is in parallel with 5, again
in series with 6, which again is in parallel with 7, in
series with 8 and in parallel with 9. Finally result of
above steps, 10 and 11 are in series to get 2.618 H.

Hence, the correct answer is (D).

In decay of current through L-R circuit, current can-
not remain constant.
Hence, the correct answer is (D).

1
Z=¢ t/RC

M
<4
L
=
o
<
I
Vv
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196.

197.

198.

= ¢?=2
t

= —=0.693
2

= t=138s

Hence, the correct answer is (A).

Applying Kirchhoff's law to the circuit starting from
E,, we get

di
E,+iR+L—-E, =0
1 FTI

= Ez_ElziR‘FLﬁ
dt

Hence, the correct answer is (B).

_dp_,dB (o o
|§|_dt_Adt—(4b ra® )B,

|| (4p? - mzz)BD

l=—=

R R

Inward ® magnetic field is increasing. So, an out-
ward ® magnetic field is produced due to induction.
< ®@B

.

Hence, the correct answer is (D).

Since U = %LI 2

(@)
dt dt

For the growth of current, we have

[1-cT)
1=I\1-¢ L
Rt
= E:Ee L
dt L
Rt Ri
= d—u=L(£)ID(1—€ L)e L
dt L

Rt 2R
= d—u=I§R(fz L_e L )
dt

This is best represented by the curve shown in
OPTION (C).

Hence, the correct answer is (C).

199.

200.

201.

202.

At time £ side of square is
I=(a+2vyt)
Area of square is

A=P=(a+2t)

Since ¢=BA=B(a +2v0t)2

&= 9 _ 4By (a+ 20t

dt

The resistance of the square frame at this instant is

R=A(41)=4A(a+2v0,t)

i §_By

R A

Hence, the correct answer is (C).

The induced emf is
E=Bul=05x4x025=05V

Since, 12Q and 4 Q are parallel. Hence, their net
resistanceis R=3 Q.
& _05
R+r 342
Hence, the correct answer is (A).

=01A

At any instant

I=1,(1-¢7"")
= ﬂ=1_0€—!;r
dt T
= ﬂ_gge_f;’f {-- T_E}
dt RL "R
= ﬂzLﬂ:E[m
dt

So, potential difference across the coil is Ee™"
Hence, the correct answer is (D).

At any instant

1=1,(1-¢7")

ﬂ = I_Oe_!"‘[r

dt 1

ﬂ = E B eir."‘dr

dt RL

I
dt

Since, potential difference across the inductor coil is

dl

v, =12
L™ "
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se P

dl

SV, = LE R 206. Attime f, angle rotated by loop is 6= wt . This is also

the angle between B and A . So, flux associated is

Let t be the time when potential difference across ¢=BAcos@
coil equals potential difference across the resistor R .

1 equ . potentiat i ! = ¢=Bb*coswt
= E'"=IR

, . _ 2 B
= Ee—fff — (IOR)(l_e—fﬂ') { I= IO (1—34‘”)} b Bwsin wt

d
= éj:‘df

Hence, the correct answer is (A).

=
it 207. When solenoid is cut in two parts, then
= 27 =1 m
= o= L= U L, R = R (44
n+1 n+l1 1T}
= t=rtlog,(2) X . -
. =|—|L, R,=| — |R ﬂ-
Hence, the correct answer is (C). L, ( n+ 1] 2 ( n +]J <
203. In steady state, the impedance of an ideal inductor When these parts are connected in parallel, then T
is zero. In steady state, the entire current will pass (@)
throughout the inductor and therefore, the final = Lala
value of current in 10 Q resistor is zero. Li+L,
Hence, the correct answer is (D). _ RR,
net ~ 5
204. For conductor to move with constant speed v, we Rtk
have
AY . - TL - }[{‘net :%
mgsin® = I1Bcos@ net
Bl cosd Hence, the correct answer is (A).
where [ =
R 208. Insteady state, the inductor has a lower resistance, so

the majority of current passes through it. When the
switch is suddenly opened, this current now passes
through the bulb until it decays to zero.

So, the bulb will glow very brightly for a moment.

Hence, the correct answer is (C).

209. 1, =—=—-=10"5
. R 10
: _| 2 2
= mgsmﬁ—( ]IB“’S 0 1c=CR=(01x107)(10)=10" s
mgRsin6 _ 20
Bl= == =2A
ol 028 > (b)=1p

- : 20
B ngsu;O = (In)czﬁzzA
ol cos” @

Hence, the correct answer is (D). The given time is the half-life time of both the circuits,

S0
205. The induced emf is ’
£==Bol®
2 Hence, total currentis 2 A

. ) .
Since v=ra = . o Hence, the correct answer is (A).

E
= E=Bly 210. I, = Peak value = T

. 1
Hence, the correct answer is (A). Total heat produced across R is H = ELI&
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211.

212.

213.

214.

1 E?
= H==(2)—
2 4R?

Hence, the correct answer is (C).

Iy
I=— at t=f,
o

Since, I =1Ipe '

N l — e—fﬂ;"r
a
= a=eh

= fy=rtlog,a

ko

= =
log, &

Hence, the correct answer is (C).

Since the charge moves along the magnetic field
of the solenoid, the force acting on it is zero. So, its
acceleration is equal to g .
Hence, the correct answer is (C).
Vi=L—
ET
4f = Zﬂ
dt

= 4l =2tdt
I 1
= I=J.d1=2jtdt=2(?6]=16A

If U be the energy stored in the coil, then

e (1 2_
u_2u _(2)(2)(16) =256]

Hence, the correct answer is (B).

Since, é=%=%(NBA)

= &= %[NA(,ugnI)]

dl

= ¢&= NAuon(E]

where N is total number of turns in the coil and n is
the number of turns per unit length in the solenoid.
2000 4

=(300)(1.2x103 )47 x107 ) x 2 x ——
¢=(300)( (4n 03 025

= £=48x10°V=48mV

Hence, the correct answer is (D).

215. Let M be the mutual inductance between X and Y.

By definition.
dl
=M=
S dt
= E=M ﬁ =M I
dt
= M =£
I
The flux linked with X is
E
oy =MI, = (T]Io
I

Hence, the correct answer is (B).

216. Let the field be E at a distance x from the centre of

the disc. Then
2

eE = mxw
2
= E=(m]x
e
& 2 4 22
Since AV = J-de =%dex= moa
e 2e
0 0

Hence, the correct answer is (A).

Multiple Correct Choice Type Questions

1. When the magnetis above R, it is repelled by the ring
and when it is below R, it is attracted by the ring. In
both cases, its acceleration is less than g .

Hence, (A) and (C) are correct.
L
3. V=|&=Blv, where I:E

The polarity of this motional emf is obtained by using
Flemings Right Hand Rule.

Hence, (A) and (C) are correct.

4. 3

aByA

0!
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e
dB
e
¢ dt
= E=ABue™

Hence, (B) and (D) are correct.
1
==|A
Q= 49|
¢; = NBAcos0 = NBA = 2NB/*

¢ = NBAcos6 = 2NB/* cos 6

R=2A(20+1)=6A¢

p2
Q=2§f; [1-cos6l
NBI
For 6=90°, Q= ~—"
o Q=7
For 0=180°, 0 = 22"
31
NBI
For 0=270°, Q= D"
o =3
NBI
For 6=360°, Q= "
o =32

Hence, (A) and (B) are correct.

In the case of LC oscillations, when the capacitor if
fully charged, then we have

q=gocoswt and i=-qywsinwt

1
where, ©=—

JLC

According to the problem, the electric and magnetic
fields store equal energy, so

2
1
4 -
2C 2
2
o, dcosor_ quéw?‘ sin” ot
2C 2

= co’c2 wt=1

_T 3w 5r 7m

= w=—, , ,
4747 47 4
f_:n/LC 3nJIC 5aVIC 7ryIC
4 7 4 7 4 4T

Hence, (A) and (C) are correct.

10.

Hints and Explanations H.185

Since 7, = =1s

[RER S

L
R

— t;=(In2)7,=(In2) s

L

Hence, the given time is half-life time.

b _82
202

Rate of energy supplied by battery is

=2A

P

upplied = E1 =8%2=16Js™"

Rate of heat dissipated across the resistor is
P =i*R=(2)"(2)=87s"

Also, V, -V, =E-iR=8-2x2=4V

Hence, (A), (B) and (D) are correct.

5:‘@ :A(d_B)zn'rzB { d_B: }
dt dt dt

Consider an infinitesimal element of length d¢ on the
ring. If d& be emf induced across this element and dR
be the resistance of this element, then

dﬁz[i)dﬁ and a‘R:(ijdf

2rr 2mr

M
<4
L
=
o
<
I
Vv

For the arrangement of infinitesimal element and
infinitesimal emf source, we have

@

I
Xo——WW——{ ——v

dR
Vy +1(dR)=dE~Vy =0
= VX _VY :—Id?‘+d§

- e (e

So, all the points on the ring are at the same potential.
Hence, (B) and (D) are correct.

_49
dt

€=

e= fa(n?' fl)t”z’2
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11.

12.

13.

14,

Z_l)fn2—2
For n=%1, e=0

= lel=aln

For n’ ~1=1 weget p=af ie. |e|=

= n=12 for |e|=
Hence, (A) and (B) are correct.

By Law of Conservation of Energy,

Loss in Gravitational | ( Gain in Rotational
Potential Energy ) | Kinetic Energy

= mg('ésinﬁ]=1[w2
2 2
; 2
= mg(fsin9)=1(ﬂ)wz
2 203
= o= f3gs;n9

¢
Further L L
o 2 2
1
£=—Bor? [B=== -
2 oMo
o1 Lsing
42

o g= B /Sgsm 2
2 /

= &= %B\/:’E(smeﬁ ;

= =B

= o sing

= € P

Hence, (A), (C) and (D) are correct.

As ba and bc are equal the potential difference of a

and ¢ will be same so we have

V,~V,=0
2
VC - Vb = @
2
Hence, (A) and (C) are correct.

and V, -V}, =

When an iron core is inserted inside a coil, its induc-

. E
tance increases. The steady state current, IO=§
remains the same.

. L.
The time constant, 7= M increases.

Hence, (A), (B) and (D) are correct.

Due to Lenz’s Law
1 2
s<—¢(2)
’ 8

= s<20m

Hence, (A) and (C) are correct.

15. Length PQ= 2[ ] J2R

5

=\2BRo

So, §= B(fPQ)U

NIEIESIE

From Fleming's Right Hand Rule, the induced current
in the equivalent rod PQ is from Q to P, so that the
equivalent circuit diagram is

So, P is positive w.rt. Q.
Hence, (B) and (C) are correct.

16. The flux initially and finally is
¢, =BAcos0°=(4)(2)=8 Wb
¢ = BAcos90° =0
= Ap=8Wb

i=80\/’

Since, \‘g’\=—:01

= i=|§|=2DA

Also, Aq:%:ﬂf

We cannot find the heat generated without knowing
the variation of current with time.
Hence, (B), (C) and (D) are correct.

17. v<g(t)

= ©v<2 {due to Lenz’s Law}
8

Also, s< % gt

= s<2g {due to Lenz’s Law}

Hence, (B) and (D) are correct.

18. Att=0,1,=0 and I3=£
3R
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19.

20.

21.

Ast—)oo,I3:O,12:£
2R

E
= Il=12+13=ﬁ

Hence, (B) and (D) are correct.

In APQN
tan(907a)=ﬂ=v—t
QN QN
= QN =vttanc (1)
In APNR
PN ot
tanot= —=—
RN RN
= RN =vtcota ..(2)

Induced emf in the circuit at time ¢ is
E=B(QN+NR)o

= &=B(ovt)(tana+cota)v

= E=Bv’t(tano+cotar)

= Ewtv?and Eoct

Hence, (B) and (C) are correct.

__d9,
5(t)= dt

= Zj(f):—%[Ba]

dB
= Zj(f):—aa
= E(t)=-ap<0 {~B>0}

The emf is constant and negative, so that induced elec-
tric field points around the ring F, towards F, . So,

face F; will develop an excess positive charge.
Hence, the correct answer is (A).

cld_
)

This expression is independent of R as long as the
radius of the ring exceeds the radius 2 ofthe solenoid.
m

Hence, (A) and (D) are correct.

22,

23.

Hints and Explanations H.187

The two halves of the rotating rod produce the
motional emf, so the equivalent circuit of the given
arrangement is shown in Figure.

X.x | .X
X X

Induced emf in each half of rod is
1. ,
=—B
£ > Boa

Let x be the potential of ring and lets take the poten-
tial of the point O to be zero, then by making use of
Kirchhoff’s Loop Law (KLL), we get

(2}

= bSy=4¢
x=4—é‘£=nga2
5 5
i_E_ZBwaZ
oy 5r

The direction of current in r will be from higher
potential to lower potential i.e. from the circumference
to the centre O .

Hence, (B) and (D) are correct.

The magnitude of emf developed in the ring is
|dg| 2( dB)_ 2
E= ikl bl R

So, OPTION (B) is correct.
If R is the resistance of ring, then

& na’a
"R R
Consider a small length [ of the ring, then

I

aoidl

,_ ¢
=7I=7
é 2ma 2

, . R
Tts resistance is r=| — |/
2ma
The potential difference across it is

2
V=Zj’1r=w1(7m a]( R ]l:ﬂ
2 R 27

So, all points on the ring are at the same potential.
So, OPTION (A) is correct

M
[+ 4
L
=
o.
<
L
Vv
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ae
Since, E(2ma) = &= na’ax ( K )
d 27. 1=El1-e 1 )=5(1-0%)
=2 ¢
2 When potential difference across R is 4V, the cur-
So, OPTION (D) is correct. rent is
Hence, (A), (B) and (D) are correct. 1= 4_ 1A
4
= -~ dp
24, é=(ﬁE'df=—E = 1=5(1_€—2f)
Inside (r <R) = e¥=08
d At this instant, we have
= E(Zm):—d—(Bmfz) i
t & 1002 =100x0.8=8 As™
1 . B dt
2 dt Power supplied by battery is
Outside (r>R) P=EI=20x1=20 W
Power consumed by resistor is
E(ZH?’)=—?IR2d—B W " y
dt P =IR=1x4=4W
_ 1 R_2 d_B So, power stored in magnetic field is
2 ¢ dt
! P,=20W-4W=16W
Hence, (A) and (C) are correct.
Hence, (A), (B), (C) and (D) are correct.
25. Using Fleming’s Right Hand Rule, we get ; ;
1 2 9 2 28. Ll i = L2 ﬁ
é-l:VO—VP:EBw(?Ny) =EBwly dt df
: : = Ll =L,
Pe—if—r—f—a - bk ()
I L
&=V,-Vy= 1 Bw(5¢0) = 3 Bw?? Steady state current passing through the resistor is
2 2
E
= &-&=V,-V, =8B’
Hence, (B), (C) and (D) are correct. 2
26. L= ﬁ = L= —EL2 and I, = —ELl
i R(L+Ly) R(L+L,)
o Li Hence, (A) and (D) are correct.
= 6=—
N 29. The emf induced across the rod PQ is
So, ST unit of flux is henry-ampere. 1
Aijar - A Also, we see that the equivalent conducting rod that
' Vs fits between the points P and R also has an equiv-
Hence, ST unit of L is ampere alent length [ (because the triangle is equilateral) as

shown in Figure.
Hence, (A) and (C) are correct.



30.

31

32.

33.
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L] ]
Q @8
60°
®B
_ (\ 13
P Yo R \p¥, R
So, the emf induced across the ends of this rod is 34.
1, 2

5PR:VR_VP=EB“)I (2)
From equations (1) and (2), we get

VQ - VR = 0
= VQ = VR

Hence, (B), (C) and (D) are correct.
¢=BA=B(/+20t)
5:-%:430(“2@”

|&|=4Bo(¢ +20t)

Further = @ M Bo

R 4A(/+201) A
So, the correct graphs are the ones depicted in (A)

and (D). 35.
Hence, (A) and (D) are correct.

dB
£=A—=(ma?)(2)

dt
= ij2zm

& 2m 2na®  a

Since [ = s _Am =—
MCTTUWTRT R 2w A

Hence, (A), (B), (C) and (D) are correct.

Just after closing switch, capacitor offers no imped-
ance. So, current through R; is zero. Long after clos-
ing switch, inductor offers no impedance. So, current
through R; is zero.

Hence, (A) and (B) are correct.

Since the peak value (steady state) current for both 1
and 2 is the same. So, we have
v_v
R, R

Hints and Explanations

H.189

= R =R,

Further 1 grows faster than 2, so we conclude that
Ty, <7y,

= L<L {

Hence, (B) and (C) are correct.

Given that g=2*
= i:ﬂzélt
dt
= £=4AS_1
dt

. di 4

Att=ls,q=2C,z=4AandE=4As
di

= Vabe=an=LE=1><4=4V

= v,-v=v. =121y
C 2
= V.-V,=V,=iR=4x4=16V

Hence, (A), (B) and (C) are correct.

R= |k
C
= R2=£
C
= RC=£
R

= Tc=T. =T (say)

( _L) Vv t
Since I; =I,\1-¢ ® =E(l—e f] and

t
dq VL;;
dt R

For I; =1-, we have

le =

t

1—e_;=e_;
_f
= 1=27

t

= ef=2

= i=1()g(,(2)=1n(2)
T

. t=rln(2):RC1n(2)=%]n(2)

Hence, (B) and (C) are correct.

M
<4
L
=
o
<
I
Vv
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36.

37.

39.

40.

41.

Due to current i in the straight conductor, the flux asso-
ciated with the loop is
(r+a)
r

r+a

$= J. Hot gy = Bty

2mx 2
g

= m=dolly(y, 1]
i 2r r

If the loop is pulled with speed v, then

__ o (do\(dr)_( a poia (;]
&= at (dr)[df)_(rz 27:) r+a (v)
£= Lgia*

2nr(r+a)
If i increases, current in loop is induced in anticlock-
wise direction resulting in repulsion.
Hence, (A), (B) and (D) are correct.

The induced emf will first increase and then decrease.
It is maximum when the loop is half outside the field.
In this case,

&=B(J21)v=Bl\2
Hence, (A) and (C) are correct.

Since there is no change in flux so, no current flows in
the ring.

VC = VE a].’ld VD = VA = B(ZR)U
Hence, (A), (C) and (D) are correct.

By Law of Conservation of Energy, we have
PB = PR + PL

When the circuit is just closed, then we have

di
P.=i’R and P, = Li—
R L df

. di . .
Since I has greater value at the instant when the cir-

cuit is just closed, so we have P; >P; and in steady
dl

state Py > P; because P; becomes zero as i 0.

Hence, (A) and (C) are correct.

Consider an element of length a, width dx at a dis-

tance x from wire as shown in Figure.
1

I
X _dx

|‘
-t

—
X X XX X

42.

43.

44.

de.

Then magnetic field at the element due to wire is

g Hol
2mx

Flux associated with this element is
Mot
do=(B,)dA=| — |(ad
¢=(B,) (erx)(a x) |

2a

= (p:J.d(j):erQ i
2r

®B

a

= M= 9 —Hy0 i

i 2z
The wire produces an inward ® magnetic field over
the loop. If the loop is brought closer to the wire, ®
magnetic field passing through the loop increases.
Hence, induced current produces an outward ® mag-
netic field so, induced current is anti-clockwise.

Hence, (A) and (C) are correct.

When inward magnetic field ® increases, then
induced electric lines are anti-clockwise. When inward
magnetic field ® decreases, then induced electric lines
are clockwise (both inside and outside the cylindrical
region).

On a positive charge, force is in the direction of E and
on a negative charge, force is in the direction opposite
to E.

Hence, (B), (C) and (D) are correct.

When [ increases, field associated with P increases.
So Q lies in a field that increases or we can say that
apparently Q moves closer to P. Hence P and Q
must repel each other. Similarly I decreases, then P
attracts Q .

Hence, (A) and (D) are correct.

According to Lenz's law, induced effects always
oppose the change. Since i, and i, both are in same

direction, so magnetic lines from B due to both cur-
rents are from right to left. By bringing A closer to B
or increasing i, right to left, the magnetic field from B
will increase. So, i, should decrease.

Hence, (A) and (C) are correct.

After time t, the velocity of wire is v=at, the emf
induced is {=Blv and charge stored on capacitor is
Q=CE=BICv= (BLC)at

dQ

The current in the circuitis [ = " =BICa



ICON

The opposing force on wire is
F'=BIl=B**Ca

According to Newton’s Second Law, we have
F—-F =ma

= ma=F-B*Ca
. F

m+B°C
Hence, (A) and (C) are correct.

48. L is the analogue of m
Q is analogue of x

Q. I is analogue of i v

dt
% =1 is analogue of % =0

Hence, (A), (C) and (D) are correct.

9. 1ip —1CV§
2 2

max

= JImax =VD\/§
L

Also, we know that for this series LC circuit,
q=qycos(@t) and V=Vycos(wt) { q=CV}

where w—z—n—L
T JiC

So, potential across the capacitor becomes zero when

cut:E
2
(21’1’] T
= — |t=—
T 2
p= T 20IC 7
4 4 2

. . n
Since at this moment f= E\ILC , energy across the
capacitor is zero, so energy across the inductor is maxi-

mum and has a value %LI 2= %C VZ
Hence, (A), (C) and (D) are correct.

50. Since F=gq(3xB), the force on positive charge is

towards D and on negative charge is towards A .
Accordingly, all options are correct.

Hence, (A), (B), (C) and (D) are correct.

Hints and Explanations H.191

51. The voltage across the inductor is given as

Reasoning Based Questions

1.

di
v, =12
E
d
Vv, =(2)—(10e*)
L a

= V,=-80e"

Writing Equation of potential drop from point A to B,
we get

di
Vy—iR-L—-V;=0
A FTRIE:

= VA—VB:iR+L%

= Vp=(10e%)(4)-80e* = -40¢™

M
<4
L
=
o
<
I
Vv

Hence, (B) and (D) are correct.

As the coil rotates, the magnetic flux linked with
the coil (being B-A) will change and e.m.f. may be
induced in the loop.

Hence, the correct answetr is (D).

AW =q(AV)

Here AV =non-zero in a closed loop.

Hence, the correct answer is (A).

Lenz’s Law is based on conservation of energy and
induced em.f. always opposes the cause of it ie.,
change in magnetic flux.

Hence, the correct answer is (D).

L is dependent only upon geometrical parameter.
Hence, the correct answer is (C).

E=BIV
B
R
2,2
FB=NB=B{V
R
@ @ 0;0 ® ©
® @ @ ®T1® ®
®H§® ®@ ® » V/(constant)
A Frye—
Q@ |16 @ @ —»Fe)?

® ® @ @ @ ®
Hence, the correct answer is (A).
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12.

13.

15.

16.

Even though flux through individual lines changes,
it remains unchanged for the solenoid as a whole.
Therefore no e.m.f. is induced in the long solenoid.

Hence, the correct answer is (D).

Electric field generated from time dependent magnetic
field obeys Lenz's Law.
Hence, the correct answer is (C).

¢=BAcos(wt)=0

= owt=

R

Since |£|= NBAwsin(wt)

= || . =NBAw

{ sin(ot) = sin[g] = 1}

Hence, the correct answer is (B).

Charged particle(s) in motion produce both electric
and magnetic field.

So, Statement-2 is false.

Hence, the correct answer is (C).

Coefficient of coupling between them
M=K*(LL,)

When 2 coils are wound on each other, the coefficient
of coupling is maximum and hence mutual inductance
between the coils is maximum.

Hence, the correct answer is (C).

The current in LR circuit grows exponentially
1=1y(1-™")
Hence, the correct answer is (D).

Lenz’s Law gives the nature or polarity of induced emf
or the direction of current.

Hence, the correct answer is (B).

Linked Comprehension Type Questions

1

When mass is moving with constant velocity, then ring
is rotating at constant angular velocity.
So, net torque 7=0

Hence, torque by mg equals the torque by magnetic
force

20
; = =| — [(10)(0.2)=0.04 N
= Tmagnetlc force = MZT ( 1000 ]( )( ) m

Hence, the correct answer is (B).

2,

Induced emf in spoke is
Bor
=

& Bor

CRTR
= 1=1A
Hence, the correct answer is (A).
Current through the resistor is
2R

_Ur
r

@

. Bogr
2R

= i*R=mgo; (Energy conservation)

1000
(0.5)°(0.2)
Hence, the correct answer is (D).

) :(4)(20)(10)(0.15)

= =12 ms™

The magnetic flux at time ¢ is given by
05 = BA=(By +bt)(za® ) = (B, + bt )a®

where we have chosen the area vector to point into the
page, so that ¢; >0 g. At t =0, we have

95 = By’
Hence, the correct answer is (B).
Using Faraday’s Law, the induced emf is

§=7%=7Ad—3=(1m
dt dt dt

Hence, the correct answer is (A).

2)d(Bo+bt) ba?

The induced current is
|¢| mba®  mba®  ba
“RORA(2m) 24

and its direction is counterclockwise by Lenz’s Law.

Hence, the correct answer is (D).
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7.

10.

11.

The power dissipated due to the resistance R is
2)? 2 23
P:I?‘R:(ﬂm )R:(:'rba) _ :era
R R A(2ma) 22
Hence, the correct answer is (C).
dqb a'B
Ha at a‘t
= £=(02x04)(2)=016V
g 0.16
R (1)(40+40+20)x107
= i=016A

Outward magnetic field passing through the loop is
increasing. So, induced current should produce an
inward magnetic field and hence, induced current is
clockwise.

Hence, the correct answer is (A).

%t

=

At t=2s, rod will move 10 cm towards left, so 40 cm
side will become 30 cm

= 5= (ay)=4( %)

= £=(02x03)(2)=
Att=2s, B=4T
= & =Bl

012V

= &=(4)(5x107)(0.2)
= §=004V
SO, énet = gl _52 =0.08 v

Hence, the correct answer is (B).

gnet 0 08

R (1)(30+30+20)x107
= i=01A
Since F = Bil
(0.1)(0.2)(4)=0.08 N
Hence, the correct answer is (C).

= F=

Consider an annulus of radius , width dr, height b
and resistivity p.Around its circumference, a voltage
is induced according to
1(5.4)=12
dt dt
= E=Byresin(ot)

E=-N— [ By(cost)nr? ]

The resistance around the loop is
pl_pQ2mr)

A bdr

X

12,

13.

14.

15.

Hints and Explanations H.193

The eddy current in the ring is

¢ Byrr’wsin(ot)bdr

dl =
p(2zr)

resistance

B,rbedrsin(ot)
2p

The infinitesimal instantaneous power is

dal =

4P = &l = Binr’bar’drsin® (wt)
i=cal= 2

= Since, (sin®(at)) =~

So, the infinitesimal time-averaged power delivered to
the annulus is

Binr'bwdr
4p
The power delivered to the disk is

2
.[dp J‘B:rba) B

dP =

M
[+ 4
L
=
o.
<
L
Vv

_ Bynbe’ ( R_‘1 ~ 0) _ 7BR*be’
o4p L4 ) 16p

Hence, the correct answetr is (D).

When B; gets two times larger, P gets four times
larger.

Hence, the correct answer is (B).

When f and w=2nf is doubled, P gets four times
larger.
Hence, the correct answer is (B).

When R is doubled, P becomes 2*
larger.
Hence, the correct answer is (D).

ie. 16 times

dB
Since, — = (6> +24) Ts™

dt

dB
Att=2s, —=48 Ts™
dt

o (dB
Also, E,1=22_ 4
50 it ( it ]
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16.

17.

18.

19.

20.

(1.6x107)(1.25% 10—2)(

F= 48)

= F=48x102N

Hence, the correct answer is (B).

Since E,, =E= f( d—B)
2\ dt

= Eer

So, E-r graphis a straight line passing through origin.

Hence, the correct answer is (C).

The inward magnetic field is increasing so, an outward

magnetic field is produced by a conducting circular

loop placed there. For producing an outward magnetic

field, the induced current should be anti-clockwise.

So, direction of induced circular electric lines are also

anti-clockwise.

Hence, the correct answer is (B).

Since B = #—”I

centre —
2a

= ¢=BA=(#—UI)(?I¢12)=#U—M
2a 2

Hence, the correct answer is (A).

I
Since ¢ =

_4
dt

- IR:—E(P[”MI]
i\ 2

- 1R=—M(ﬁ]

= ¢&=

2 \dt

ﬂ:(ﬂ)I (1)
dt \ uyma

So, the rate of fall of current is [E]I
Holtd

Hence, the correct answer is (C).

From (1), we have
dl _( 2R

— dt
HoTa

I

I t

= [T fa

I Lgmad
I 0

I 2R
= logf[—)=— —Jt
Iy HoTrd

21.

22,

23.

26.

_( 2R )t
= I=Ie "™

Hence, the correct answer is (D).

Torque due to frictional force F is
7=FR

Since 7= NBIA

= NIAB=FR

_ R
"~ NAB

= [=2315A
Hence, the correct answer is (B).

Back emf is ¢ = NBAwsin(aot)

Since the magnetic field is always parallel to the plane
of coil, so

wt=90° ie., sin(ot)=1

= ¢&=NBAw

Since @ =

uza ==
s

v

i’ézR

= =90V
Hence, the correct answer is (C).
Power supplied by battery is P, = VI

= P, =10x12x23

nput

= P,=2760
Power generated in the coil is Py = &I

= P ,,=90x2315

out

= DP,=2083

Efficiency 7= Pout _ Power genera.ted
B, Power supplied

g 2088
2760

Hence, the correct answer is (A).

=75%

The correct answer is (B).
Combined Solution to 24, 25 and 26

Given that V4 =+0.1 volt

So, current enters through positive terminal and is
anticlockwise.



e
R
+ G

H\eh‘ IRrighl
Also, Rlef‘c = Rl'ight
= Vleft = Vright = 0.1 Volt

=AY Ve _ 0%1 =10 ampere
R Ry 10

27.

28.

29,

30.

31

InduCEd emf é = 1( R+ Rleft + Rright )
= &=107(25x10%)
= £=025V

B
=A— B
€= \dt B ()

Hence, the correct answer is (A).

. dg
Since, El=—
ince m

Hence, the correct answer is (C).

Since, F =qE= %@ﬂBo

1 5
= =—qa°B
2‘%'
1 5
_‘?aBn]
- a=E=(2_=ﬁ
I ma* 2m

Hence, the correct answer is (A).

Angular velocity o is

w=af=(ﬁ]t

2m

= P=tw= ( qa )(qB”]
2m

P=q Ua
4m

=

Hence, the correct answer is (D).
At v=0r,i.e., equilibrium condition, we have

mg —BI{=0

32.

33.

34,

35.

ICON

Hints and Explanations H.195

/
= mg=BIl whereI:Ié;:B";T
- _ Bup

$°7R
_ mgR
= I"T'Bz{_‘z

Hence, the correct answer is (C).

Energy dissipated as heat = mgh - %mvz

=

:(1)(10)(1)—(%)(1)(4)2=2]

Hence, the correct answer is (A).

Once the terminal speed is attained, then the energy
dissipated in the resistor per unit time is

W PR (32{2 ]R_ B2¢%v?
R?

M
<4
L
=
o
<
I
Vv

R

ZFZ

However, ———=mg

2,2 2
B vy

= H=mgvr =

Hence, (B) and (C) are correct.

1( 2ot
A== =— |(ot)
%)
o'
= A=——
V3
Bt
Since, ¢ = BA =
=PA=R
e d¢ 2Bv’t
J3

So, induced emf increases with time.
Hence, the correct answer is (A).

Since, i= $
R

where. R= 20t ZUt 20t
QRN RN N1

Since resistance per unit length is 1Q
6ot

BB
2Bv  Bov
= T = ? = constant
Hence, the correct answer is (C).

R=
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36. Work done

1 7 B%? \( 6ot
W =J52Rdf= J[—](—]dt
0 0 ’ \ﬂg

w_[682v3 J[ﬁ}_ 6 0.16 x 0.001x 100
Loz N2 ) 93 x2

= W=3x107]

Hence, the correct answer is (A).
39. The correct answer is (A).
Combined Solution to 37, 38 and 39
f-T=ma

I=mx4a
2

__QBR*_QBF’
R? 4 4

Torque about centre of disc is

QB, R MR? a
0" _TR-R=" =
4 /R 2 R
L QR m
4 2
dB
E=5|_
2/ dt

42.

Solving these three equations, we get
aoSBR -
70m
_ 40B,R
35

pot %
R 70m

T N

Acceleration of block is

20B,R

Apjock = 40 = B

. Since, ¢ =BAcos(°

As area is changing, so we have

__%
&= dt

(NB)(xr?) _100x4x7x(0.1)"

=209 A
AIR 3x2

Hence, the correct answer is (A).
Power supplied which is converted into heat is
=I'R

Psupplied

So, energy supplied is AU = 1’Rx At =(2.09)* x2x3
= AU=26joule

Loop was initially 2r wide and it become 77 long
after it is flattened.

Since, AU = FAr
= 26=F(ar-2r)
= F=231N

Hence, the correct answer is (B).

. The correct answer is (B).

Combined Solution to 43, 44 and 45
y=2Asin(kx)cos(at)

= 0= % = 2Awsin(kx)sin(wt)

= Uy = —2Awsin(ky)



47.

48.

49,

ICON

Induced emf is

[

é = J.vaaxdx

0

For third harmonic, [ = % , 50 we get

[
Zj:JB(—ZAwsin(kx))dx

0

- 5:—2ABw(—C°Skx]:@(cos(kx)li;]
k k
4BA
Zj- ?(cos3m—cos0) = @
= Zjlsmaxmum
> wt=_
2
T
= t=—
2

For second harmonic k = 2—”
AB

¢=BA=B(2+1p?)

i s ORI

= =05V 51.

Hence, the correct answer is (D).
2R 2L
I= i(1—9_(5)r )
2R

05,
1==—(1-
20( e’

2R

52.

g T

1
1=L(1-
= 40( )

Hence, the correct answer is (B).

Magpnetic field in the region between the plates is

po ok, Mok ﬁ

2 2 b :

; B
where b
Flux ¢ =BA

= ¢=(uA)(al)

50.

Hints and Explanations H.197

ila
0=H=

Since ¢=Li

=9 _ Hla

i b
Hence, the correct answer is (A).
Voltage at a distance x from shorted end is
di
V.=L — (1
=L )

Using Kirchhoff’s Law, we get

M
<4
L
=
o
<
I
Vv

. X
Since, L, = Ko™

So, from (1), we get
(Y
* b Jdt b L
Hence, the correct answer is (A).
Energy flow rateie. P=V, xi
- P :( quaVU ]E
bL L

- Hoxa Vgt
[k
Hence, the correct answer is (B).

do=BdA, where = ol Hol
2mx  2m(3a—x)

2 271(3(1 x)
} ax }
——
L
 [ycos (of) Ipcos(wt)y
R

l——— X ——>

[— a —>it— a —>»!

3a

Alr
Y
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53.

54.

56.

2a 2a
Upl de J‘ dx
= — —+|—
= ¢ | x VGa-n |

Ugla
=0 2
(0 0g,(2)

Hence, the correct answer is (A).

Magnitude of emf in this circuit

éj—‘d—(p _uoaloge(z)ﬂ‘
dt n dt

_ Horloge(2)) i)
T

= ¢

tolpawlog, (2)
T

sin(ot)

Zj =
Hence, the correct answer is (A).
Since in series LR circuit, current lags behind the volt-
ageby ¢=tan™ ( %}] ,s0 we have
&
[==sin(wt -
> sin(ot -¢)
| - Kolpwalog, (2)
b, R +1%0°

Hence, the correct answer is (D).

sin(wf - ¢)

The correct answer is (B).

Combined Solution to 55 and 56

Q=C¢=BICv

1=%=ch(%) (1)
F-Bl/=ma

= Pf(Bzsz)a= ma

= F=(m+B%*C)a
F
= m+ BA2C
From (2), we get

dv_ F
dt  m+B%2C

Substituting in (1), we get

_ BCIF
m+ B2C

2
60. Induced emf across OP is &= %Bw( i]

59. The correct answer is (D).

Combined Solution to 57, 58 and 59
At terminal velocity, we have

BiL=mg

i imb _02x98

LB 1x06

= i=327A (1)
If v is the terminal velocity, then

£=BLv
= £=(06)(0)(1)
= £=06v

52
Also, Py = )
1

0.360"

1

0.76 =

62
AlSO, PR2 = Rﬁ
2

_ 0.360
RZ

12

Since R; and R, are in parallel, so we have

_ Rk,
Roet = R, +R,

= i= ; =327 A ...(5)
net

Solving these five equations, we can get the desired

results.

2

The current is

P
~ 8R
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Torque on the rod is

. d
Since 7= I, where a=d—6:

(1Yot
12 Jdt  32R

0] t

272
_J‘d_w=3Bl J‘df
o 8RM

[on 0

[0} (38212]
= =log| — |=| —=— |t

o 8RM
3842 )t
8RM

= 0=0 [ =™

212
where « = zB !

So, from equation (1), we get

i= [ B(L)DIZ ]ga!
8R

Hence, the correct answer is (C).

- -
61. Q= jidt = MJ.e'””dt
0

8R
0
3B
where o =
8RM
Bay 2| e[
8R = Iy
Bwﬂlz( . 0)
=- e
< 8aR
2
= Q = ﬂ
(w%]
8R| ——
8RM
_ oM
BT

Hence, the correct answer is (B).

62. Heat generated equals the loss in kinetic energy of rod.

1 1 M2
So, AH =|AK|= ~ I} = —(—]wﬁ
2 2\ 12
MPw}
24
Hence, the correct answer is (A).

AH =

63.

64.

65.

66.

67.

68.

69.

70.

Hints and Explanations H.199

Using Fleming’s Right Hand Rule, we see that the
induced current in the wire PQ is from Q to P . So,
we have

Vp-Vo=E=Blv=(4)(1)(2)=8V
Hence, the correct answer is (D).

Inductor being connected in parallel to the emf source
PQ has same potential difference developed across
the emf source. So

V,=¢=Blo=8V

Hence, the correct answetr is (D).

Capacitor being connected in parallel to the emf
source PQ has same potential difference developed
across the emf source. So

V,=E=Blo=8V

Hence, the correct answer is (D).

M
<4
L
=
o
<
I
Vv

Resistor being connected in parallel to the emf source
PQ has same potential difference developed across
the emf source. So

V,=E=Blv=8V

Hence, the correct answer is (D).

Since V; =8V
p
LﬁzS
p
4;%:8
%= 2As7!

Hence, the correct answer is (C).
Charge on the capacitor is
Q=CE=(1)(8)=8 coulomb

. dQ d
== 8
e m(}
Hence, the correct answer is (A).

Current through resistor is

=228y

5TR73

Hence, the correct answer is (C).
Since rate of change of current in inductor is
i
o 2 As™
dt
So, current in the inductor at t=2 s is
. [ di
i =(“)At =(2)(2)=4A
dt
Hence, the correct answer is (C).
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71.

72,

73.

74,

75.

76.

77.

Since wire PQ is acting as source of emf and supplies
current #; to inductor, i, to capacitor and i; to resis-

tor, so current through wire PQ is
i=i+i,+i;=4+0+4=8A
Hence, the correct answer is (D).

To keep the wire PQ moving with constant velocity,
an external force that equals the magnetic force on the
current carrying conductor should be applied on it.

E =Bil=(4)(8)(1)=32N

magnetic

= Foverna =

Hence, the correct answer is (D).

Energy supplied per second by the source is
Pyppiied = &= (8)(8) =64 W

Hence, the correct answer is (C).

Power generated by the applied external force is

E.0=(32)(2)=64 W

Hence, the correct answer is (C).

P

external force —

Magnetic energy stored per second in inductor is

%:E(luf}:%zglﬂ%
dar - dt\2 2 dt

Since %:21\5"1 and ;=4 A att=2s

o di
tld—tl

du, . di
Tom o1 D= (1)(4)(2) =32 W
el (4)(4)(2)

Hence, the correct answer is (B).

Energy dissipated per second in the resistor at f=2s
is
Presistor = 3§R = (4)2(2)= 32W

Hence, the correct answer is (B).

Electrostatic stored per second in capacitor at t=2's is

@zi(Q_zJ:ii(Qz)

ar  dt\2C) 2Cdt
W,_1(,410).060 0,
at 2C at ) Cdt C
SlnCe iz =U
du
[ =O
dt

Hence, the correct answer is (A).

80.

81.

82.

The correct answer is (B).
Combined Solution to 78, 79 and 80

The fan is operating at 200 V, consuming 1000 W

then I=@=5A
200

Since the coil resistance is 1€, so power dissipated by
internal resistance as heat is
P=I'R=25W
If V is the net emf across coil, then
s
= V=>5volt
Net Emf = Source Emf — Back Emf
> V=V;-¢
= £=195V
The work done is P, =1000-25=975 W

2

b
o= Jxmdy = Holo¥ In
2my 2

a

éj:@: Mol ln[é)
at  2r¢ a

I= Holovy ln( E)
2R a

Current induced in the circuit will be anticlockwise to
reduce the change in flux.

— Vg

Hence, the correct answer is (C).

At any instant when the velocity of the sliding wire is
v, current through the wire is

I= Foloo ln( b ]
2R a

Force on the wire F=1(dy)B
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F4—

b
2R a/\ 2y

272 272 2
= F=—”0200(1né)ln[kl ﬂoia [ln(g)]
4r°R a a/)4n°R a

86.

. Total initial energy

Hints and Explanations H.201

. Since the field is decreasing, so the field produced due

to induced current is inwards. Hence the current is
from b to ¢ and from d to c.

Hence, the correct answer is (C).
Since the field is decreasing, so field produced due to

induced current is inwards. Hence, the current is from
btoaand f toe.

Hence, the correct answer is (B).

The induced Current is
Ldg|_ éd_ﬁ‘

Rdt| |R dt

Since R issame for both and area A inside the coil in
CASE-1is more, so I; > 1, .

Hence, the correct answer is (B).

M
<4
L
=
o
<
I
Vv

Q  107%x107
iniﬁa1=f=2x50—x10_5]=1]
This energy shall remain conserved in the absence of
resistance.
Hence, the correct answer is (C).

2
212 b 1
Upl [ln(— 89. Natural frequency, f = ———
0 a quency, f 21IC
Hence, the correct answer is (A). 1
= 7 Hz
g _M__ do_ pgli (lng)z 2x3.14(20x10% x50 x 10 )’
Codt oy 4n'mR\ g = f=159Hz
R do _ 312 (lnb )2 Hence, the correct answer is (B).
=32 | In-
dx  4m"mR\ a 9. Q=Q,cosol
0 2:2 2 X
___ Kl b 2 1
- jdﬂ——m(loge(ﬂ) de = Q:roos(—ﬁt),where T=-
7y 0 T f
,uz 2 b 2 Energy stored is completely electrical at t=0, T , T,
= =0 logf(—] x 3T 2
4" mR a i
2
4n’mR Hence, the correct answer is (A)
= 1= ——5 |1 ’ :
b
( Hol ln( E]] 91. Electrical energy is zero ie., energy stored is com-
. T 3T 5T
= xeq, pletely magnetic at f = 111

Hence, the correct answer is (A).

84. For CASE-1, the total area inside the coils is 1% +1*

and for CASE-2, itis 2 - 1*. 92.

The corresponding flux are

(2+P)B and (2-12)B.
Hence, the correct answer is (D).

Hence, the correct answer is (D).

Attimest=z,£,£,.....wehave
8 8 8

oT ) Q

=(Q,cos| — |=Q,cos| — |===

Q=0 (8) % (4] V2
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93.

94,

95.

96.

97.

Electrical energy at this instant is
Q10
©2C 22C
which is half of the total energy
Hence, the correct answer is (C).

R damps out the LC oscillations eventually. The entire
initial energy 1] is eventually dissipated as heat.

Hence, the correct answer is (C).
Since we know that at =0, the inductor offers infi-

nite resistance path to the flow of current, so the given
circuit can be redrawn as shown in Figure.

AW
2R

Current in the inductor just when the switch is closed
is
. E E
‘[0 -
R+R 2R
Hence, the correct answer is (D).

The internal resistance across terminals A and B can
be calculated by shorting the battery which gives

R 5R
R,n=2R+—=—
AB D) )
So, the time constant of the circuit is
L 2L
T=—©=—
R, 5R

Hence, the correct answer is (C).

Due to removal of inductor right loop of circuit is
now open and a current flow in the left loop which is
given as

_E

2R

The open circuit potential difference across terminals
A and B is given as

i

Vig=iR=>

Hence, the correct answer is (B).

The simpler form of the circuit given in the problem is
shown in Figure.

98.

99.

L]
E
> A
L
5R
5 B

This circuit is now reduced to simple RL circuitand in
this case the current as a function of time can be given
as

G
jp=Yan _12) (1—{5)
RAB (SR)
2

ez)

Hence, the correct answer is (B).

To calculate the current supplied by the battery as a
function of time, we redraw the circuit as shown in
Figure.

4 2R

Applying KLL, to loop 12341, we get
E-iR-(i-i;)R=0
= 2iR=E+iR
E i

= I=—+—=
2R 2

5Rt
L ELE(
2R 10R
Hence, the correct answer is (C).
On shorting the battery, the resistances across the

inductor are 3 Q and 6 Q in parallel. Their combined
resistanceis R ., =2 Q. So,

L 1
T=— =_sec
Roet 2

The current through inductor is

t

z'l=z'0(1—e7)=3(1—e4f)
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ae
Potential difference across 3 Q resistance is equal to dx having mass dm. Then the frictional force on this
Potential difference across inductor, so infinitesimal element is

: df = u(dN) = u(dm) + dN = (dm)
AL Fruaplimg = =)

M 2M
dm=2rxdx)—=| = |(xd
Hence, the correct answer is (B). where dn = (27x I)J'IR2 [ R? ](x x)

100. Current through 3 Q resistor is Infinitesimal torque due to this frictional force is
dr=(df )x
i;R = ﬁ = 2972r ( )
dr= ( Exdx] x
Current through inductor is i; = 3(1-¢2) - - R? $ M
So, current from battery is -
Y = dr= ZMA;Ig x*dx 1]
i=i +ig=3-¢" R =
Hence, the correct answer is (D). 2uMg f ) &
= 7= |dr= s d
101. I.R = IL 0 :
= 2e=3-¢* 2uMg( R*) 2 >
= 1= 28(—]:—(uMgR)
3 R 3/ 3
= e ==
5 This expression is independent of ¢ . So
5 (B) = (p)
= t=In 3 Now, let us calculate the torque due to the varying

magnetic field.

Hence, the correct answer is (A). The varying magnetic field produces an electric field

102. Current through inductor is towards right and hence which will be tangential to the disc (or the infinitesi-
positive throughout. Since mal element). If dg be the charge on the infinitesimal
i, =3(1-¢7) element, then
ip=31-¢
! dq = L (2mxdx) = )i
Att=0,i =0 nR? R?
andat t —» oo, Electrostatic force on this element in the presence of
i=3A tangential electric field E; is
Hence, the correct answer is (B). aF = (dq )E’
So, if dr,, is the torque due to the magnetic field, then

Matrix Match/Column Match Type Questions

) Ty =Jd1’m =jxdF=J[i—%x2dx)Et (1)

|
B—(p) ’
Co(prt) From Faraday’s Laws, we know that
P .- |2
Assume the disc to be made of a number of infinitesi- ! dt

mal concentric rings. Consider one such ring of radius 4B
)
x , thickness = (2m)E = (zx?)=

B =By’ > Efzg(ZBOt):(BDt)x

L i
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2
= rf(%]t .2)

The disc will start rotating at f =t,, when

Tw = Tf

B,R? 2
(9 -2

[ A Mg
"~ 3| OB,R

So, we get (A) = (s)
Also, from (2), we observe that torque due to magnetic
field
at t=0 is zero
QBDRZJ 2
ty =—uMgR
> 0 31” ot

at t=3t) is %(QBGRZ )t = 2uMgR

S0, (C) = (p, 1, 1)
Let us calculate the net torque 7 on the disc at time

H>ty)

QBORz] 2
=7, -7/ = t - =(uMgR
=Ty, Tf [ ) 3(# 8 )

2
= Ia=(QBzoR

Ji-2(uge)

Id_a)_(QBDRz

2
t— 2 (uMeR
i\ 2 ) 3(HMgR)

e (05

2
f——=(uMgR
2 dt 2 ) 3(#8)

= do= %fdt - %dt

2% 2,

w:ﬁjmt—ﬂj‘m
= M 3R

ty fy

N NI

_— 4( uMg .
Substituting #, = g[ SBU?;] in (3), we get

w—§ Mg
9\ QB,R*

So, (D)= (q)

2,
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A-(q)
B—(p)
Co()
D - (s)

t
Ldl T o L
V,=——=Ee ™ =10e ", where 7, = —
dt R

L
= rL=E=1s

= V,=10¢"
Att=0,V, =10V

Att:ls,VL:EV
e

= Vy=E-V,=10(1-¢")
At t=0, VR=U

At t=1s,VR=1O(1—1]v
e

D—(r)
farad is the unit of capacitance, so

M2k
[C]_[V “Lw T M2
= [C]l=MT2TA?
weber is the unit of magnetic flux, so
[ F (MLT )12
=[BA]=| =A== =
9] qo } (AT)(LT™)

ohm is the unit of resistance, so

r 22
[R]=[K}= H}={¥}=ML2T
ERIR IS,

henry is the unit of inductance, since

ox

= [L]=(M2T3A2)T = MI*T2A™2

A=(s)
B—(q)
C-(p)
D= (p)
Steady state current through inductor is

i0=§=3A

= MI*T2A™!

=MI’T3A72
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Now, this current decay exponentially across inductor
and two resistors. The inductive time constant of the
circuit is
R 6+3
= t,=(n2)7; =(In2)s
So, given time is half-life time
i
Hence, current will be 2 =15 A

t

Since i=1ipe "

= i=3¢"
di ,,
-2 =3
= ( a‘f) e
- di 4
In the beginning, m =3 As

After one half-life time (—%] =15As7! [-t=In2}

So, V; =L —%|=9x1.5=13.5\:’
Vi3q=iR=15x3=45V
Viq=iR=15x6=9V and

Vie=VL-V39=9V
- (q)
- (s)
- (p)
- (r)

For (A) Tc =§(C1 +C2)

LL
For (B) 7, = 12
E (L + L) (R +R,)
For (C) 7, = L1t
R, +R,
For (D) 7. =R(C,+C,)
A—(s)
B—(q)
C—(s)
D-(p)
Since, ¢ =2t

do
=—=2V
5=

10.

Hints and Explanations H.205

§

= 1===1A=constant
R
= M=iAt=1x2=2C

= H=iRat=(1"(2)(2)=4]

A—=(p, 1)
B—(p,1)
C—1(q5s)
D-(p1t)
For case (A)

1 Lv?
1=¥ and U=-1R=2
R 2 R

For case (B)

<

, LV?
—E and U= fLI g

For case (C)

I=1 and U=1(£)12=
3R 202

For case (D)

:K and U; =
R

=1(L)12=
219

M
<4
L
=
o
<
I
Vv

LV?
36R>

2
Lp V2
2 R

LV?
18R?

In steady state, all the currents and voltages reach their

final maximum value. At steady state both the induc-

tors can be shorted so we get current through L, is
V16

[[=—=——=4x10" A=4mA
R, 4x10

Voltage across L, is

V,=L,~2
2 dt
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11.

12.

13.

At steady state I, = constant
= V2 = D

Energy stored in inductor L, is
Lo
E = ELIII =16 4]

Energy stored in inductor L, is

1.0
By= 0,

= E=24y4]

A—(q,s)

B—(p, 1)

C—(p1)

D—(q,s)

When current is increased, the inward magnetic field
passing through loop will increase. So, induced cur-

rent will produce an outward magnetic field. Hence,
induced current is anti-clockwise.

P

i I 'y

Q

When i and I currents in PQ are in opposite direc-
tions, then they will repel each other.

A= (q)

B-(p)

C—(t

D—(r)

Also for 1, the induced current will set up an inward
field, so direction of I isfromh—->g—>f—e—d—-
¢ = b —a—hand for 2, the induced current will be
fromh-»g—-f-e->d—->c—>b—-a-h

A=(q)
B— (s)
C—(p)
D—(r)
LC Oscillations Spring Block Oscillations
(Electrical (Mechanical Oscillations)
Oscillations)
Q X
I v
v F

(Continued)

ae
LC Oscillations Spring Block Oscillations
(Electrical (Mechanical Oscillations)
Oscillations)
1
¢ k
L m
_4Q _dx
ot ot
dl .
— — = acceleration
dt
U = Lip K=o
2 2
2
u.=<L U=~k
2C
14. A—(r)
B — (p)
C-(q)
D-(q

At t=0, current through R; is zero and current

through R, is ip = R£ = % =3A

2

E 1
At t — oo, current through R, is iy =—=—8=6A
"R 3
E 1
and current through R, is ip, = i ZS =3A
2

Integer/Numerical Answer Type Questions

1. (a) Since, according to Faraday’s Laws of
Electromagnetic Induction, we have
=N with N=1
At
Given 1=5x10" m and h=05m,
A¢B = BzA *BlA = A(Bz *Bl)
= Agy= az( Mol _#_of)
2n(h+a) 2ma
2
= Agy= a HOI(L1)=LM
2n \h+a a) 2n(h+a)
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The time for the washer to drop a distance h
(from rest) is given by
2h

At= |[—
8

From Faraday’s Laws, we have

é‘—%— Uoahl
M 2n(h+a)At

S Loahl \/E o Hgal ﬁ
“or(h+a)\N2h 2n(h+a)\ 2

(4 x107)(5%107)(10) [(9.8)(0.5m)
27(0.5+0.005) 2

= §=309nV=31nV

= ¢=

(b) Since the magnetic flux going through the washer
(into the plane of the paper) is decreasing in time,
a current will form in the washer so as to oppose
that decrease. Therefore, the current will flow in a
clockwise direction.

Power dissipated in the loop is

&
P=> (1)

where R is the resistance of the loop given by
R=A(2ma)=2na

where & = induced emf in the loop given by

dB

90| 4|B]_ (za2) 4B
Zj-‘ Adt _(m)dt

]

where B(x):ﬂ—ol—(’:B
21 x

EROOE NS
dt ) \ow? \dt ) 2 St
2
ma“ v
=00 (2
4 Py vl
From equations (1) and (2)
_nza4uélgvz
4m’x* R

L oo AR
Hplga*

2 2
= U= 2 \/P_z Zx 2v2lea

Holoa® Holoa
2
= 0= 5 \V8anAP
Holoa
= k=8

Hints and Explanations H.207

Instantaneous flux through loop is
¢ = ma*Bcos0° + mh*B cos 180°

= ¢=nla’-1?)B

= ¢= w(a? 12 )BU sin(ot)

Differentiating w.r.t. time

‘d—¢ =E(a2—bz)BOwcos(wt)
dt
I rla® - ) Bywcos(wt) m
= . o
1]
2 2
-b")B
Imax=ID=H, A = resistance per unit |ﬂ-..
length <
1 u
lrmal)( =10=ﬁ(ﬂ*b)80w U
fmx=Io=l(20—10)><10'2 %1010 x — 0 -
2 50 x 10

L=l =1A

Let I; be the length of the solenoid, then according to
the problem, we have

I, =100 ecm
Self-inductance of the solenoid is

1N 2mr?

L - ﬂﬂnzA[[] = !
0

If | be the total length of wire used to make the sole-
noid, then

I=N(2xr)
l
r=—-
2N
Substitute this value in equation (1), we get

Lo bl
4nl,

1= AL _ [107)(1)(10°) =100 m

Let the current in the outer coil at any instant of time,
say t, be I=at and in the inner coil is 2[=2at,
where o is a constant. Because of these currents the
magnetic field in the outer coil is B= ygn(at), where
n is the number of turns per unit length. Because
in the annular part (region between two coils) no
field will be there due to the inner coil, because the
annular region is the region outside the inner coil, so

(Bﬁ“mﬂar )inner coil =0 and (Bﬁmmaf )outer coil = HDnI
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REGION |
Similarly, the field in the Region Il inside the inner coil
will be

BREGIDN n= Bouter coil T Bin.ner coil
= BREGION i = “0?1[ + HOH(ZI) = 3#0”! = 3B

The magnetic flux enclosed by the particle’s trajectory
of radius r is

¢=(nR?)(2B)+(nr?)(B)

= ¢= (2R2 +12 ):ruonat

Since we have

‘(j)ﬁ-d?
¢

E(2ar)=2
= E(27r) ”

_d¢
Cdt

= E(27r)= (2R +* ) mugnor

(2R +12) yonet
E-= f”OT (1)

The charged particle is held in its circular orbit by the
magnetic field, and so we have

2

me quB ..(2)
r

Further, due to the induced electric field the particle

gets accelerated along its circular orbit by the tangen-

tial component of the net force.

= ma,=qE

where m is the mass and g the electric charge of the

particle. Further, since the magnitude of the electric

field is constant, the speed of the particle increases

uniformly with time. So,

v:aﬁ:(ﬁ]f
m

Substituting the value of E from (1), we get

2R+ 1% uyna

Again, substituting this value of v and the value of
B(= wynat ) , into equation (2), we get
E(ZRZHZ)MDnait_

noet
] . 2 qHy

(2R?+42)
= —2:1
2r
= r=\/§R

= k=2
Induced electric field

d¢

E(2mr)=
(2zr) -

B ma*2B,t
2mr

E

Torque due to field about centre of ring

272a° Bt
7, =(gE)r=(1(27r) [ 0 ]r
! (q ) ( ) 2nr
ring starts rotating when
Tdue to electric field = Tdue to friction

= T =(,umg)r

. pmg
Solving, we get t=——>—=435
g es 27a"ByA
When the switch is closed for a long time, then
L =1o =%. Now when the switch is opened, the

current in the battery and the resistor drops to zero.
However, the coil carries this same current because the
oscillations begin in the LC loop. So, we have

leve lug
2 2

cv? (05x107)(150)%(250)° E
= L= 5 = 5 10=i
Iy (50) R
= L=281mH
p-XdB
2 dt
2
_, p 3Kt
2
3Kxt? \( 27xd
= dr=(dq)Ex=( 2x )( szqu
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ae
dx
SKtzq 0 3
= T Jx :
0
T 3qu2 r;_ (])
.
Torque due to friction force
dt = pugxdm = ,ugx(erm‘x)ﬁ2
nr
oo™ [2ax 2
- T-Zygrzj.x dx-3,umgr Q)
0
3Kqt*r? _2 o
i 3 pmg
o po [OHmg
9Kgr
Substituting values, we get
t=2s
9. ¢= % = %(NBEZCOSB) =N/ cosé‘i,—lta
= dBé
Nl — 0
()

where £=80x107 V,

N =50 and B _ ( 6000_4200 ]x 10° Ts!

it
, 80x10™
= = 400107
(50)(X]cos(30°)
- /=136m

= Total length = N(4¢)=(50)(4)(1.36)=272m
10. Since (b =BA= Ju[)nI( Asolenoid )

= 0= uon(irrjﬂemid )I , where n=1000

11.

Hints and Explanations H.209

According to Faraday’s Laws, we have

é = _Nd_ﬁi‘ﬁ = _Nﬂﬂﬂ (Erszolenoid )(%)f where N =15
Since I =4cos(250¢)
dl

— =-1000sin(250¢)
dt

£=(15)(47 x107)(1000)7(0.02)* (1000 )sin (2501 )
= &=(607)(4x107)(107)sin(250¢)

= E=600x4x107sin(250¢)

= £=2400x10"sin(250)t

= £=(24%107)sin(250t)volt
= Gpeax =24mV

M
[+ 4
L
=
o.
<
L
Vv

We know the magnetic field at P a distance x=a
from the centre of the coil lying on the axis is

Holo’

21(a? + a2 )3‘;‘2

The current due to revolving charge is
1=
2

U Ly
47 (2 )% 82ma

The energy density due to the magnetic field is

B
Uy =—
241
The electric field strength at an axial point is given as
1 e q

" i, (2+a2)" " 82ne,
The energy density of the electric field is given as

1
uE = EE(]EZ

Ratio of energy densities of magnetic and electric field is

=(mﬂ)2ﬂ050
Hg o€
2 2 4)(1n4
uy a0 (81x107)(10*) iy
= == 3 = 16 =9)<10
U c 9x10
= =9
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12,

13.

14.

15.

After reading the statement carefully, we note that the
flux inside the tube is constant. So,

0= Binitial Ainitial = Beinal Afinal
= BiAJ; = B fA f

Ay

2
= Bf=(2.5)(§J { A,—=JIR2andAf=Jrr2}
= B;=(25)(12)°

= B;= (25)(144)=360 T

(a) |13|:I|I?><B\:BI€,whereI:E:%
R R
B%%  (25)(1.2)%(2
L PP 5702P0)
R 6
2,2 2
(b) P=IR=Fo=2'" _¢w

The magnetic field at the axis of a solenoid is
B = pni = ( i,y )i (1)
where, u, is the relative permeability of the medium.

The magnetic flux associated with the cross-section of

the solenoid is 1.6x10™ Wb . This simply means that
the flux associated with each turn of the solenoid is
1.6x10” Whi.e. Since the magnetic flux is

$=(1)BA=16x10""

¢ 16x10°
B:—: 3
A 10

Substituting the values in Equation (1), we get

=16T

16=p, (47 %107 ) x 400 x 5

= U, =637

The total number of turns in the solenoid are
N=nxI=400x0.5=200

Hence, the total magnetic flux linked with the solenoid
is

¢r =N§=200x1.6%10" =0.32 Wb

_Np_035

@) é=Blv= (2.5)(15(%)(8#10 Y

= 11:3:6A and 12:E:ZA
5/ 5

16.

17.

18.

19.

(b) P=¢(I,+1,)=(10)(8)=80 W

() F=£:88—0=10N
[

Since, ¢p = 3(at® - bt?) = (68> - 18¢2)

E=- _ 1gp a0
it

¢ is maximum when, Z—f =-36t+36=0 which gives

t=1s
Therefore, the maximum current (at t=1s)is
=£=(—18+36)V=6A
R 3Q
Magnetic energy stored in inductor is
u=1pp
2

This energy is completely utilised in melting the ice. If
L y be the latent heat of fusion of ice, then we have

1 5
—Li*=mL
7 f

Li%

= m=—
2L¢

Substituting the values, we get

2
2(80%4200)

= m=25g

Teve- 1L1§
2 2

2
= I(]: CTV

(10*)(1600)
10x107°

= ;=04 A=400 mA

0=

SELBV
R 12Q
(b) At the instant the switch is thrown quickly from a

to b, the current through the circuitis 1 Ai.e., cur-
rent through 12 Q and now 1200 Q bothis 1 A.

= AVpo=(1A)(12Q)=12V and

(a) I[] = Imax

AV o = (1 A)(1200 Q) =1200 V
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Consider the circuit at the instant immediately
after the switch is thrown quickly from a to b.
For the loop pgrs , we get

—(12)(1)=(1200)(1) - AV, =0

p q
$12000
2 H
vy
1A
§ 120 r

> AV, =-1212V
= |AV,|=1212V

Rt R

(c) Since I=1I_.e L=Ie L

Rt
o, Ar__IR T
i L
Rt
d R
= L% oAV =(LR)e L
dt~ b (ToR)
L 12=(1)(1200+ 12)e - 1200+ 12)t
L2
1212

= loge(%]= 606t

= 606t =1log,(101)
= 606t =46

= t=76x10"s
= x=76
20. Let the magnitude of the magnetic field generated by

the wire carrying a current I, at a distance x from it
be B. Then

g Fol

2mx

Consider a rectangular strip of width dx, area dA = /dx

dp=B-dA =BdAcos0

do=Hol s gy
2mx

Hints and Explanations H.211

N (1.7) tol? [17]
=20 Jog | =5 [= 5 10g, | —
’ o b 04) 2n 6|

I

dx

—  f— > —

— | ———»

The mutual inductance between the wire and the loop [l
is (24
N. Nou,Iv 17 N,y ¢ L
M= 2¢12= 28p o F(_}= 28y (1.45) =
L 2nl 4 2n &
-7 -3
M=(1)(4er10 )(2.7x10 )(1.45) T
2 @
= M=783x10"2H
= M=783pH
21. TC = TL
= C(R= L

R
= R=\/§= 3_6=1OUOQ=1kQ
C 3x10

Also, 7=RC=(1000)(3x10)=3 ms
22. Since, the magnetic energy density is
_B _BR
2u, 2;“4101'4
Consider an infinitesimal spherical shell (concentric

with earth) of radius r, thickness dr and volume dV.
Then

dV = dnr’dr

=

ar

m

If dU is the energy associated with the shell, then
au = u,,dV

2p4 2
. du:(BOR ](4Jrr4dr]
24, r
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23.

oo

2nd
= u:Jdu:wJ.T_zdr

ﬂoR

L oy 2Bk (2n)(50x10° V(6x10°)’
Lo 4rx107

= U=2700x10"]
= U =2700 peta joule { 1peta=10" }

Let at a time instant ¢, after shorting of switch, current
through the circuit be i as shown in Figure.

L R

+

[ 1=

I S
v

For the given loop, the current in the circuit as a func-

tion of time is

i:%(1—2‘““):1‘0(1—.«3‘““) (1)

V. . o
where, 1) = R is the maximum current in circuit.

The magnetic energy stored in inductor is

u=1Lf2
2

Given that at an instant the magnetic energy attains
one fourth of the maximum value, so we have

1 1(1
—Li*= —(—Lzﬁ]
2 412
iV
2 2R
Substituting the values in Equation (1), we get
vV_ K(liefzr/zo )
2R R

—tf
1= pt0

24,

(@) Magnetic flux linked with the loop

z
[y

dy
— =

>y
l— Y —
je———— Vo ———»

X
Consider a strip of length b, width dy, then
d¢ = BdA
= dp=(6-y)(bdy)
Y2
= ¢=J.(6—y)bdy, where 1, =0t and y,=0t+/

hn

b
(va=m)(y2tmn) D)

= ¢=6b[y2—y1)—5

= ¢=6€b%(€+2vt)

Induced em.f. {= % =blv

= ¢=(5)(2)(3) Vv
= £=30V
(b) From (1), we get
b
fﬁ:éb(yz—%)‘E(yz‘yl)(yz*%)

Now, in this case we have, if a to be the accelera-
tion, then

L2 12
=—at” and ¥, =—at" +/
=3 Y273
= Y-y, =f and y,+y =atf +/

= ¢=6.fb—%(at2+€)

ince &= 19
Since &= =
= E=(lba)t

= &=(2)(5)(2)=20V

25. Volume of the balloon at any instant, when radius is r

V:E;w3
3
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Time rate of change of volume
dv - 2 dr
dt dt
1 v
dt 4mr® dt
Flux through the band at the given instant is
e B(Jrrz )
Induced emf £=- a9 _ —i(Bm‘2 )
dt  dt

= &= —271'1‘3%

o E= —2?:B( ! ‘”/]

4rr? dt

B dv

v

Since, the volume of the balloon is decreasing, so G;—V
is negative f
(0.04)

Zj__2><¢5><102
= £=333uV

x(-100%107)

26. Flux linked with the loop at any instant

S

_ Holott (x_”]

p= = log, . )
_-49

5 dt

_ [ molot et D) polott( x )(_i)(d_x”
6 |: 2 . X o \x+e )0 ¥ ) at

" ) 92
o =S Mol ,_,(“E} Holot dx o,

R 2aR X 2nRx(x+¢) dt
d
B — yh— C
I= Iyt
V =5x
— X —»] L
A D
— ) ——»

27.

Hints and Explanations H.213

Since, we have

log,100
5

= t=

Holo!

Putting the value of tand R= > in equation (2),
n

we get
I= —logf,(l.l)+11—11(:".(:;f (100)

= [=-009+ 2605
11

M
[+ 4
L
=
o.
<
L
Vv

= [=324mA

(a) Voltage across the inductor is given by

= V;=20mV

(b) Voltage across the capacitor is given by

t

L

0

VC=

ﬁl-'::-
(‘3|H

t
= ch(m%lj(zot)dt
0

v =(109)2 v _(17) v
2
So, at t =1 ms, we have

V.=10"(10%)=10V

1 .21,
¢) =CVi>=LI
(© 5LV >3

= CVi>LP

(10)(1072)* > (103 (20t

F>632x10° s
t>63.2 us

t=63 us

o U U U
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28. I—@=§ where éz—N%

Cdt dt
TN
= Ju=ie] o
0 ]
N
= |Q|=§(¢z—¢1)
= Q=E[BAcos(O")—BACOS(E)}@
R 2 R
4
_RQ_ (00)(5x10%) o e

" NA (100)(40x10*)

29. I:E:E(E)
R R\ At

= IAt=Q=E(AA)‘

30. Since we know that

__Ndp
R dt
= Idt:—%dq)
= dq:—%dq)
= J-dq=—%Jd¢
= Aq:f%'ﬁﬂf’:*%(‘ﬁf*%)

= Aq=f%(fBAfBA)

{ ¢r =BAcos(180°) and ¢, = BAcos(0°)}

2NBA
= Aq:T
_|B |B, 2 B
2NA
(25%10°)(0.04)
Q= (40)(45x10°)
. :) e
—6
L Q=2x10°C=24C (2)(30)(3x10°°)
— Q=2uC = B=1T
ARCHIVE: JEE MAIN
1. Energy dissipated per second by resistor is 2. Since B= yyni
Py =i*xR = ¢=(uni)(nL)A
Energy supplied per second by battery is o
P, =Exi So, inductance L' = n Uon“AL
= P =Ei-iR
, [N
= Ei-i’R=i{R = L=ty =/
= I_£ ’ 1
T2R = e
E ( _i) L Hence, the correct answer is (A).
Since i=—\1-¢ 7/, where 7=—=2
R R 3. ¢p=Mi
t
Ezﬁ(l_e‘?) = 10°=M(3)
2R R

R t=rln(2)=%ln(2)=21n(2)

Hence, the correct answer is (B).

- M=%><10'3H

Since ¢p =M(2)



10° 4
3 2

= ¢p=@><10**=6.o57x10*4 Wb
3

Hence, the correct answer is (B).
i=kte ™™
Since ¢=BA=(ygni)A= pon(kte_”” )r(2R)*

= ¢= (4JrR2ponK)fe_m =k ()

Since &= —( %J = —k'e™™ + K'ote™

= E=-ke“(1-ot)
So, induced current I is given by
E
[===-kKe™(1-ot)
r
Att=0, I=-k
Hence, the correct answer is (B).
iy
I=I,\1-el |, where R=R, +r=1Q

~ “sat

Since I =081,

4
= 08I =Iy (1 —e 001 )

.

oy Z_q_ -l

o prl00r _ (1)
5

= 100t=1In5

o

= f=iln5
100

= t=0.016s

Hence, the correct answer is (D).

BLv=1IR,
4
where R, = §Q+ 1.7=3Q

By (1)(5x1072)x107

[=—=

R, 3

= 1:§x104 A=17x10* A

= =170 uA

Hence, the correct answer is (A).

ICON

10.

Hints and Explanations H.215

t
i=£(1—e f) where 7=
R

_OL_H
eR* 27R*
Hence, the correct answer is (B).

. Ag
Since, AQ=—
ince, AQ R

{e=27}

M
<4
L
=
o
<
I
Vv

Given that,
B(t)=0.4sin(50xt)

= 2—E=5OJI ‘
T

T=@ms
25

= T=40ms

04%35x107
10

= AQ=14x10"C

*No given option is correct.

= AQ=

Field inside solenoid is
100x 10

B = pyni, where n= =500 m

= B=p,x500i
. B .
So, corresponding H = — = ni
Hy
= H=500xi
= H=500x52A

= H=2600 Am™
Hence, the correct answer is (B).

Change in energy is

1ij§ - lu?
2

AE = 2 in

Since, Lﬂ =25
dt

()
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11.

12,

13.

14.

=22y
15 3
1
= AE=—(E](625—100)
203

= AE=4375]

Hence, the correct answer is (A).

v R
] ——(—_t]

i(t)=—\1-e L |, t<t
()R 0

R
VR
= i(t)=§£’ tt ”},t>t0

*No given option is correct

The mutual inductance M and self-inductance L are
given by

2

L= pgnimrl
M_m
L n

Hence, the correct answer is (B).

¢=LI=(ponl)A(n)(31)

where 7 is the number of turns/length

= L]

Hence, the correct answer is (A).
After long time, the inductor will behave like a wire.
- B0 g4
[2)°
2

Hence, the correct answer is (C).

15.

16.

17.

18.

19.

By =3x10° Whm*

B,=3x10°Wbm 2

«+

45°

1
=Blp=5%x3x10" x10x—==1.06x10" V
: N

= £=11x10°V

Hence, the correct answer is (A).

Since coil is small, so B is assumed to be constant in
this region.

Emf induced in smaller coil is given by

Jj:—%:—BA%[cos(wt)]

I
=20 onr sinot
2R
Hence, the correct answer is (D).

Copper rod will acquire terminal velocity when the
magnetic force equals the gravitation force.
= [/B=mgsinf (1)

Also, 1= nducedemf_ B'o )
R R

From equations (1) and (2), we get

BX*y

=mgsin®
_ mgRsin@
- B
Hence, the correct answer is (A).
EMF induced in the coil is
&=N,BAwsin(wt)
= .. =N,BAw
Hence, the correct answer is (B).

Since Ag= %

= A¢=RAq=R(Area under I-t graph)
= Aq):R(%x10x0.5J=100(%(10)(0.5))

= A¢p=250 Wb

Hence, the correct answer is (C).



ae
. dl
20. Theinduced emf, £=-M o
where mutual inductance M is given by
M= poma”
2b
Since, I =1,cos(wt)
2 2
—lyma” d UyTa .
= &= —| Iycos(wt) |= Lywsin( ot
§=—p grthcos(on =5 hosin(ar)
2
5=M%wsin(wﬂ

21.

22,

Hence, the correct answer is (C).
_t
Given that, B=Bje *

Area of the circular loop is A= nr’

Flux linked with the loop at any time f is
t
¢9=BA= :rr?‘Bﬂe ’
Emf induced in the loop is

_—d—¢_ ﬂ.'rz 19_%
6= dt_( BD)(T ]

Net heat generated in the loop is
2

= H= X e’
R (_g) ’
T
2.4p2 2,402
- =_JT?‘BO[ (D—l)]:ano

2R 21R
Hence, the correct answer is (B).

Given that, Length of the plane is /=20 m
Wing spanis /'=15m

Height of planeis h=5m

Velocity of plane is v =240 ms™, towards east

2
sinf):g, B=5x10"T, V=2, Vyy =?

23.

24,

ICON

Hints and Explanations

H.217

If V; be the voltage developed between the lower and

upper side of the plane, then
Vy = vhBcos@

J5

= VB=240><5x5x10‘5><?

= V3=4472x107° V=45mV

The vertical component of earth’s magnetic field is

= BV:5><10‘-‘*><§:%><10*L T

If V}y is the voltage developed between tips of the

wings, then

Vi = Bﬁ'V:%xl(ﬁ x15x240=1200x10"*

= Vy=120mV

Hence, the correct answer is (D).

When key K; is kept closed, a steady current I

tlows through the circuit.

%)

When K; is opened and K, is closed, current at any

time f in the circuit is
t IR
I=1Ie r=Eﬁ - (
R
Given that, £=15V, R=0.15kQ =150 Q

L=003H, t=1ms=10"s

1 1

107 x150 ~
I=££’_{ 0.03 ]25: -

150 10 10¢° 10x150
= [=667x10" A=0.67 mA

Hence, the correct answer is (B).

Atany time t, the equation of the given circuit is

dq _dq 1
L—+R—+—g=0
a2 a et

()

which is equivalent to that of a damped pendulum.

The solution to this equation (1) is
R
q=Que Lcos(w't+9)

e la)
where, " =,|——-| —
LC \2L

The square of maximum charge on capacitor at any

time f is
Rt
2 2T 2
Qnmax = Qpe L cos™ ('t +9)

M
<4
L
=
o
<
I
Vv
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25.

26.

27.

28.

It decays exponentially with time
For L, <L, the curve is more steep
Hence, the correct answer is (C).
L=5A,,=2A

= Al=2-5=-3A

Also, At=0.1s and £=50V

Al
Since, {=-L—
At

= 50= —L(_—3]
0.1

= 50=30L

= L=g=1.67H

Hence, the correct answer is (B).
For RC circuit, we have

t
. E —
i=—e RC

oIm
CA

For RL circuit, we have
L
f:E(LE{E}) !
R

Hence, the correct answer is (A).

Initially current in the circuit is I,
After time t, current falls to new value given by

I= Ioe[%)

So, voltage drop across the resistance is

t

Ve=IR=Vje (1)

Voltage across the inductor is A‘ngk'
_i b L
V= Lﬂ = L[—I—Oe{ f)}
dt T
L _i

= VL=*IO RE T =*V0l? T (2)
From equation (1) and (2), we get

Ve,

Vi

Hence, the correct answer is (D).

Consider an element of length dx at a distance x from
the fixed end of the string as shown in figure.

29.

30.

Induced emf in the element is
d€ = B(wx )dx
Hence, the emf induced across the ends of the rod is

34
2
E= J.wadx = Bw(?J

24

3

=B7w[(3£)2—(2£)2]

2

5Bw/?
§= 5

Hence, the correct answer is (A).

As switch §; is closed and switch S, is kept open.
Now, capacitor is charging through a resistor R .

v
R 5,
c
82
L

Charge on a capacitor at any time ¢ is

t
q=%(1*9 T) , where q,=CV and 7=RC

t
= q=cv(1—e?) [Asgo=CV]

At t=% , we have

T 1
q=CV(1—e 2f)=CV(l—e 2)
At t=1,wehave

T

q=cv(1—e_?)=cv(1—e-l)

At t=21,wehave
27

q=CV(1—e_T)=CV(1—e_2)

Hence, the correct answer is (D).

1
IQ®
— g —»
As field due to current loop 1 at an axial point
S
32
2(d? +R?)”

= b=



31

32.

ICON

Flux linked with smaller loop 2 due to B, is
Mofle 72
3/2
2(d? +R?)

The coefficient of mutual inductance between the
loops is

0, =BA, =

1 R*mr?

A
M=-== 32

L o(g2+R2)
Flux linked with bigger loop 1is
1R w1,
2d?+R2)"”
Substituting the given values, we get

¢1 :ﬂ/ﬂr2 =

_anx107 (20x10?) x2x(03x102) x2

32

1 2 (15x102) + (20x102) ]

= ¢,=91x10" weber

Hence, the correct answer is (B).

Given that By =50x10" NA"m™, /=2m and
v=15ms"

Induced emf, &= By fv=(5x10")(2)(1.50)

= ¢=15x107 V=015mV

Hence, the correct answer is (D).

R 2 uF
200V

In the case charging of capacitor through the resis-
tance, we have

1
V=V\I-e RC)

where, V=120V, V,=200V, R=?, C=2uF and
t=5s.

( 310 )
= 120=200\1-¢ R

Syt 80
. R -

200
Taking the natural logarithm on both sides, we get
’—54, =1In(0.4)=-0916
Rx2x10

= R=27x10°Q

Hence, the correct answer is (C).

33.

34,

35.

Hints and Explanations H.219

Charge on the capacitor at any instant ¢ is
q = gy cosayt (1)

Equal sharing of energy means that energy stored in
the capacitor is half the total energy

wz_l[wé]
2¢ 202¢C

B |
From equation (1) M
o _ gocos @yt , where @) = 1 E
2 JLC
-
= coswi‘—i S
=75 <
1 n I
= mgf:COS_l(ﬁ]:z Y
= {':izE LC
4w, 4

Hence, the correct answer is (B).

Emf induced across PQ is {=Blv.

The equivalent circuit diagram is as shown in Figure.

L P 0 P ; L 0
—c=Bw| t=— Ly I-4
R% R F@’ER R R
I
M }1 Q }2N Q M N
SO I_11=Il
I
= ==
2
Blv Blv
Now [ é
Wl =——= = -
nt gy (RIR)3R2
R+R
;2B
3R
Bl Blv

= Il=3—R and I—Il=3—R

Hence, the correct answer is (C).
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A time t = 0, the inductor acts as an open circuit.
The corresponding equivalent circuit diagram is as
shown in Figure.

v
The current through battery is I
I= K I R

R, A

At time t =0, the inductor acts as a short circuit. The
corresponding equivalent circuit diagram is as shown
in Figure.

Y
—]i
R
AW
Ro
W

So, the current through the battery is
|4 %

"R, Rk
R1+R2
V(R +R
- J= (Ri+R,)
R1’RZ

Hence, the correct answer is (C).

36. Equivalent time constant of circuit is
L L
T=—=— “ Ryp=R
RAB R { " }
ARCHIVE: JEE ADVANCED
Single Correct Choice Type Problems
1. The induced electric field lines (produced by change
in magnetic field) and magnetic field lines form closed
loops.
Hence, the correct answer is (C).
2,

(att=0)

. - .. E
Current in the circuitat t=0 is i= R
So, open circuit voltage across AB is

VAB - IR - E
Hence current through inductor is

Ryt )

|
ip=—21-¢ L
AB

= V. =04x6x5e"
= V=127

Hence, the correct answer is (D).

2Tsin(i—6):1-"m = BI(dl)

For small angles, sin( d@] 40
2) 2
ZT( %) = Bldl

Since dl=Rd@

= Tdf=BI(Rd6)

= T=BIR

o T- 51( i] _ L
2r 2r

Hence, the correct answer is (C).

Current I, =1,

Since magnetic field increases with time
So induced net flux should be outward i.e., current
will flow from a to b.
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e
®c ®2® ® d®
@ a ® b
ol d o ®
el  © ®
@ ® ® ® ©

Hence, the correct answer is (D).

In uniform magnetic field, change in magnetic flux is
zero. Therefore, induced current will be zero.
Hence, the correct answer is (C).

Polarity of emf will be opposite in the two cases while
entering and while leaving the coil. Only in option (B)
polarity is changing.

Hence, the correct answer is (B).

2
Power P=-=
R

where, ¢ is the induced emf given by
d¢ )
=-| — d ¢=NBA
e=-( ) and o
= &= —NA[d—B)
dt

The resistance of wire R is

!
Rec—
= r2

where, r is radius, / is length of wire.

N22
= Poc—r
l
P
= 1=1
P,

Hence, the correct answer is (B).

Electric field will be induced in both AD and BC.

Hence, the correct answer is (D).

When current flows in any of the coils, the flux linked
with the other coil will be maximum in the first case.
Therefore, mutual inductance will be maximum in
case (a).

Hence, the correct answer is (A).

10.

I5(t)

4

3

Hints and Explanations H.221

Let L be the inductance of coil and R be its resistance.
Then current in the coil I;(¢) at time ¢ is given by

Il(t)=10(1—e_%)=§(1—e_%)

= L(H)=k(1-¢™") where k1=£ and k2=§

The magnetic field B(t) at the axis of coil is

= B(f):uon[g(lei!)}

nE[ —&]
= B(f):uoT 1-e L

M
<4
L
=
o
<
I
Vv

E
Assuming k; = % , we get

B(t)=ky(1-¢!)

If I,(t) be the current induced in the ring, then

_- fﬂl)
Iz(t)—‘ M[ o

wih
dt

I, (t) = Mkk,e ™
Iz (t ) = k4€_kzt
L(£)B(t) = ksk, (1- 72" ) !

L (1)B(#) oe (1-¢72! ) (et

=

oK)

The product, I,(t) B(t) is zeroat =0 as well as at
f— oo

=

So, this product should pass through a maximum
value.
Interestingly this product is maximum when

el 1 {try yourself}

The corresponding graphs will be as shown.

B(h) L{HB()

[ A

>t > f

Hence, the correct answer is (D).
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12,

13.

14,

@E dr=(2nr)E=¢= B
dt

= 2mrE=nma’ - —
dt

Hence, the correct answer is (B).

Total magnetic flux passing through whole of the
x-y plane will be zero, because magnetic lines form
a closed loop. So, as many lines will move in -z direc-
tion same will return to +z direction from the x-y
plane.

Hence, the correct answer is (D).

,E)
I=I)\1-¢ L/, where
Iy= EA 2A
6

6t
= 1:2(1_€8.4x10’3)

6f

o p 84x107 _ 1
2
t
= 6—73 = an
8.4x10

= t=(14x0693) ms
= =097 ms
Hence, the correct answer is (D).

For understanding, let us assume that the two loops
are lying in the plane of paper as shown. The current
in loop 1 will produce ® magnetic field in loop 2.
Therefore, increase in current in loop 1 will produce
aninduced current in loop 2 which produces ® mag-
netic field passing through it i.e. induced current in
loop 2 will also be clockwise as shown in Figure.

The loops will now repel each other as the currents at
the nearest and farthest points of the two loops flow in
the opposite directions.

@ . (® Perpendicular to
paper outwards

Hence, the correct answer is (C).

® Perpendicular to
paper inwards

15.

16.

17.

ee
g 220
nL

The magnetic flux ¢, linking big loop with the small

square loop of side (<< L) is

22,1 ( 12
1z:sz=¢(—)
u L
Mutual Inductance is M;, = %
22, (12
= M]zz \/_'uu(—]
n L
2
= Mac!—
L

Hence, the correct answer is (B).

A motional emf, £=B /v is induced in the rod. Or we
can say a potential difference is induced between the
two ends of the rod AB, with A at higher potential
and B at lower potential. Due to this potential differ-
ence, there is an electric field in the rod.

A
B®
—V
B

Hence, the correct answer is (B).

The induced emf across a conductor does not depend
upon its shape but only at the extreme (end) points.
As a simple case just replace the actual conductor by
animaginary straight conductor placed in between the
end points. Then induced emf is

1

L 3

M Q
£=Blv=B(2R)V
= E=2BVR

The direction of induced current in this imaginary con-
ductor MQ is from M to Q. So, in the loop the cur-
rent flows from Q to N to M thus indicating that Q
is at a higher potential.

Hence, the correct answer is (D).
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se P
18. Since the flux linked with the loop does not change. The emf induced in the smaller loop,
Hence the induced current is zero. d '
Hence, the correct answer is (D). Comaller = _E(BA cosat) = BoAsin ot

So, amplitude of maximum net emf induced in both
the loops is equal to amplitude of maximum emf
induced in the smaller loop alone.

Hence, (B) and (D) are correct.

Multiple Correct Choice Type Problems
. vV )
1. Giventhat y=x*, V=V, and B=B, 1+(5) k

Also, the end points of the conducting wire are (0, 0) > For right edge of loop from x=0 to x=L

and (\/f , L) . Let us consider an infinitesimal element i= +% o
of length dy ata distance y from the x-axis as shown. - o
y Since, F=ilB= oL (leftwards) ||-|_J
1 @B o
L = —mv@ = 0BT - ¢
dx R :
dy[ I B2 UV
= o(x)=9-—x
y mR
»X
.0 = ilx) mBl_BL x and
- T o2
If dp be the emf induced across this element, then R mR
212 pard
dg = V,Bdy F(x)= oBL —23{ (leftwards)
R mR
= do=V,B, [ 1+ ( %]ﬁ J dy Hence, (C) and (D) are correct.
h
[ g L 4 ¢=J;—“I2rdr=u°—m
Ap=VBy| | y+——— ‘ i d
¢=VybBy (y (’8+1)Lﬁ]g 0
o m=0_Kb
[ LﬁJrl I T
+
L (P Now, &=| M| = 4" (19)
B+2 at| &
p+1 é:ﬂ(—](m):&volt
ApocL r \ 100 T
= oc
4 fing
When ﬂ = 2 s then A¢ = _B(]LVO v
3 (SREON I
When =0, then A¢=2B,LV ,, , r b 10em
Hence, (B), (C) and (D) are correct. e l
2. The net magnetic flux through the loops at time ¢ is / o _—"\ v

¢=B(24 - A)coswi = BAcosat Since, current in triangular loop is increasing at rate of

10 As™, due to which the outward field also increases.
According to Lenz’s Law, induced current in conduc-
tor should produce an inward field at the triangular
is maximum when ¢ = of = = loop, s0 I;,4 in the conductor must be rightwards due

2 to which a repulsive force acts between the wire and

= ’@‘ = BwAsin ot
dt

do
So, |
0 ’dr
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the loop. Further, due to rotation of the loop there will
not be any change in flux through the loop, so there is
no extra emf induced in the wire.

Hence, (A) and (D) are correct.

Due to the current in the straight wire, net magnetic
flux from the circular loop is zero. Because in half of
the circle, magnetic field is inwards and in other half,
magnetic field is outwards.

© it ®

Therefore, change in current will not cause any change
in magnetic flux from the loop. Therefore, induced emf
under all conditions through the circular loop is zero.

Hence, (A) and (C) are correct.

The horizontal component of magnetic field due to
solenoid will exert force on ring in vertical direction

F=ByI(2xr)
By
\ | /
(— 1> {—*8,
I I I
—e——

Since FAt=MV
%)
Y
= 1 _( (ZET))
P A

ByI(27r) At = MV

o BadoA K
pM - pM
v: K

:gzpzMz
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hy > hy

K? K?

72,2 202

paMy  ppMp
=  pgMp>psMy

So, we get (B) and (D) as the correct options.
Hence, (B) and (D) are correct.

Electrostatic and gravitational field do not make closed
loops.
Hence, (B) and (D) are correct.

di
Si =L—
ince v=L—

AlSO, Llil = inz
i_l_ L 21

= - —=— and
L L 8 4
2
ﬁ=L2—f§=[3)(16)=4
w, Ly \8

Hence, (A), (C) and (D) are correct.

Reasoning Based Questions

1.

The arrow — represents horizontal component of
magnetic field
© Represents vertical component of magnetic field

4

The top view of ring is

By
I

I

From diagram it is clear that horizontal component of
magnetic field will interact with induced current. The
resulting magnetic force will act opposite to weight of
ring.

Hence, the correct answer is (A).
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Linked Comprehension Type Questions

1. When switch is closed for a very long-time capacitor
will get fully charged and charge on capacitor will be

qg=CV

Energy stored in capacitor, Eq = %CV2 (1)
[
LT

Work done by a battery, W =qV = (CV)V =CV?

Energy dissipated across resistance is

_( Work done ) [ Energy
D=\ by Battery ) | Stored

o p=cv2-lovr=lepy .(2)
b 2 2

From equations (1) and (2)
ED = EC
Hence, the correct answer is (B).

2. When a capacitor is charged from v; to vy, heat dis-
sipated is given by

AH = Wbattery - AUC = (A‘f)vf - AUC
= BH=C(Vy-V,)Vy -2 C(VE-VE)=C(V; Vi)

So, total heat dissipated is

2 2 ]
AH;C[ YooV 2 Yo Yoy -2 ]
2 3 3 3 3

= AH= 1( 1CV§ )
3\2
Hence, the correct answer is (A).

3. The induced electric field is given by,

(J.)E'dhd—q)
dt

= Fl= —A(d—BJ
dt
— E(22R)=-(7R?)(B)

_BR
2

Hence, the correct answer is (B).

E=

Hints and Explanations H.225

Since the Gyro-Magnetic Ratio is

IMl_ 0
|E| 2im
- |M=(Ej|z|
2m
= |M‘°€‘i‘,wherey=g
2m
= |M=(QJ(IW)=[QJ(W1RZW)
2m 2m
2
v
2

M
<4
L
=
o
<
I
Vv

A3
%

Since induced electric field is opposing in nature, so

o =mn-ot
where, o= T (QE)R
I mR?
BR
(Q)(TJR QB
= of=—=—
mR> 2m
Since we have t =15 (see paragraph)
= w’:ﬂ)—(@)lzﬂ)—@
2m 2m

o2 2
o -2 oo L)

2 2m) 2
2pp2
= AM:MFM,:fQBR
’ 4dm
BR?
= AM=—]/Q { yzg}
2 2m

Hence, the correct answer is (B).

Matrix Match/Column Match Type Questions

A-(p)
B—(p,q,9)

C—(q,s)
D—-(q1,59)
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Integer/Numerical Answer Type Questions Substituting the value of z = 3R , we get

1. P ® Bzy_ol
16R

Now, total flux through the square loop is

—1cms’
¢ = NBAcosf = (2)( ’u—“I)az cos45°
A 16R
. Mutual inductance is given by
5 ¢ v f e
Since B=1T, [=10cm, v=1cms™ [ 7
) . 22R
= :BIU:(l)(—](—):lx10‘3V =
¢ 10\ 100 = =
1x10° . 4. Flux through the ring is
Since, T=—= =107 sec 5
1 ¢=BA=(yOnI)(m )
-] 1
= I=I)\l-e° Since n=g and I =I,cos(300t)
107
I:T(l_e ') = ¢=%(nr2)locos(300t)
= 1=10"(1-0.37)=0.63 mA EMF induced in the loop is
d
2, Li=2mH r=4Q é:—d—f
— TN —W—
L=2mH r=40Q 2
T ——W o g=00b ) (2r°) o a00n
r=120
M Induced current in the loop is
[ 2
! i=§=w5m(3oof)
E=5V R IR
Initially i.e. at t =0 current in the circuit is maximum, so Magnetic moment of the loop is
Imax:E:iA M:iA:i(ﬂ.'fz)
R 12 -
Long time after i.e. in steady state, current in the cir- o M= 2RI G (300r)
cuit is minimum, so R
. E E[ 1 1 1 ] Comparing with M = N1, sin(300t) , we get
min — 5 —t—+=
R, n n R N 300722
R
= Imin=5(1+l+l):10 A )
3 4 12) 3 Taking 7° =10, we get
o ma_g . (300)(10)(01)"
Lo (0.005)(10)
3. IfIcurrent flows through the circular loop, then mag- (300)(10)(107*)
netic flux at the location of square loop is = T sx102?
KIR? ]
B 1
3 - N= 3x107 _ 30 _

2(R2+22)2 “5x102 5



