p Ac E Advanced Booklet Solution

IIT.MEDICAL Electromagnetic Induction (EMI)

JEE Main Exercise

1. (B)
ool 55
2. (D)
a=—‘;—4’ —3(3at? - 2bt)
i=< = (3at? - 2bt
=2 ( )
di
—=—(6at-2b)=0
" ( )=
= t:£
3a
At tzi;
3a
2 2
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i =—|3a] —| —2b| = ||=—=6A
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3. ©
d (BrR?
|8|=%= ( )=Bn2Rd—R=2n(R0+t)B
dt dt dt

As radius increases, magnetic flux through the loop increases.
To oppose that induced current will be anti-clockwise.

4. (A)
€ =Blvsin90°
= Vp—0=12 i
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ol
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(A)
e=(vxB)-I

- (zfx(sj+4I2))-(500553°f+55in 53°j)
:(_8j+612).(3?+4j)
=-32V

(B)

Fext = Bll i |
= 0.5=0.5%xix0.25 1(]"1.:"{ |

= i=4A
. 10-¢ 10-Blv
1= = 4= 20 vi

2 2
= v=16 m/s

(A)

Let velocity be v at any time.
e=Blv=0.02x0.5xv

= €=0.01v

1oz _1-00lv i

"0 10 ——
F = Bil —¢
dt T gmﬂ
dv (1—0.0lv

= 0.002— =0.02 j(0.5) L |
dt 10

L odv 1!

S L
01OO—V 200O

= v=100(10—¢ ¥2%)

(D)
8=I(V><B)-d I

v=o(xsin0)k
B=-Bj
dl = —dxsin 0
—dxcosfj
£= '[[oa(xsinek)x(—Bj)}(dxsin ef—dxcosej)

= j[( Boxsin ei)-(—dxsin ei—dxcosej)}

L
— _Bosin? ijdx = _—1 Bol?sin?0
0
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10.

11.

12.

13.

(A)

2
s—ijdx—LJ/' Byl Vv, +V—°x dx—§Bv L
= = o| Yo+ ~g oY
0

(A)
About instantaneous axis of rotation through Q, ring is in pure rotation.

So, &= % Bwl? = % Bw(v2R)? = BoR?

©)
1., 1 )
e==—BwR“ ==x50x20x(0.1)
2 2
=5V
5 5
1010
seqzl 1:5V;
7_’_7
10 10
10(10)
g = ———= =50
10+10
€
R+rg 10+5 3
©)
2
s;——BcorZ,izilewr
R 2 R
F, = Bir
2.t=0
= Fr—(Bir)%:O
2 .3
N I::B(or
4R
(€)
For r<R,

E(2nr)=% jB(zn)er

Eri kt_r
dt{ 3

2
gk
3

For r>R,
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14.

15.

16.

17.

R 3
E(Zrcr)zi IBandr S e-®
dt 0 3r
2 2
At r=B,E1=kiand r=2R,E2=ki
2 12 6
& _,
E
(€
For loop EBC,
R?(n
—BA=B| —| =
ool 55
do
il =[5

2
=N @E-d|:(%ﬁ—?

B C E 2
E.-di+|E-dl+ | E-dl = ﬂJd—B
- Jeanfean e 58

B 2 2
- 0+jE-d|+0=(ﬁ]b=sBc _TR
! 8 8

B
= 8AB=IE'dI=O
A
E Ldl

(©)

N2 !
L=pon®V =pg| — | nr?l and N =—
| 2mr

= L=M—OI
4

Since length is same, self-inductance will be same.

= Lol

(B)
0=Mi = 1.8x10°=M(2) = M =9x10"*H

d=Mi=¢=(9x104)(3)=2.7x10> Wb
©)
Va—5(1)-15-5x10"°(-10°) =Vg
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18.

19.

20.

21.

22,

23.

24,

(B)

: di

Vp—-Vg =IR+L—
A~ VB at

140=5R+10L = R+2L =28 (i)

60=5R-10L = R-2L =12 (||)
Solving Egs. (i) and (ii), we get

L=4H
(©) |
u=1Li2:d—uzll_(ziﬂjzzxzmzlm/s

2 dt 2 dt
(A)

2 di). .2
P=8“ = [8—]|=8|

dt

%o gi !
= | —=|dt =

Ji j = t=In2

o 0
(A)

Current in inductor branch will gradually increase to its steady state value.

(D)
(2L)(%)+L(—Ej=(2L+L)i

i= E, anti-clockwise
3R

(A)
di (e ] -
VAT P
at | L

10In2

5

Att=|n\/§;V:6e( J=3V

(B)

In steady state inductor acts as short circuit and capacitor acts as open circuit.
A B i=0 2Q
— l-—e-—'*.’\-ﬁ.-".-"".-'w'w—-——l‘:
L 1A 1Q %EQ
—————"WAWW—
voga, Mg

1A
Vp—Vg =1(1)=1V
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25.

26.

27,

28.

1., 1 2 1
U ==Li*=2(0.1)(1)" ===
=5 L2=2 (01 =
Ug = 2ev2 = 1a1x1070 (1)
2 2
-6
N
2
= U—'-:lo5
Cc

(A)
Charge on capacitor in steady state =Ce
Current through inductor in steady state =0

E=(Ce)e= Ce?
(Cs)2 1

U=U_+U; =0+ - =C¢?
LTe c 27"

Q=E—U=%c§

(©)
Using KVL,
di

tE-ir-LE 99
dt C

q
= +4-2(1)-1(4)- 107 =0

= (q=6uC
(D)

2t
inB =%£1e 2 J=5(1et)
ot
ico :%e MO —10et

ing =icp =5(1-¢ ") =10¢™

= t=In3s
(D)
e AT
i=—e ‘L
R
R
2L . E
At t:—;|2:2—
R e“R

Heat dissipated in resistor = Loss in energy of inductor
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29.

30.

31.

1.5 1, .9
=—Liy ——Li
2 1 2772

CLE?(e*-1
2R?( ¢*

(5.00)
i 3Q
——MAA———

|
30 ;l /4 602 . 10Q
W 1 VWA ' M.fv"*ré
20 ‘
——AM—
0.1A
_01, (092 1y _paa
3 3

-1
Vp —Vn =i| 3+1+ l+l+l =1V
PTQ 36 2

= 2x0.1xv=1
= v=5m/s

(4)

¢=Bvd and R :7{%)

F =Bid +Bid =
So, N=4

e 2Bv
R mh
4B?vd
A
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32.

33.

34.

(2.36)
& = /’1(3—? = n(0.1)°(100) = nV

£, = A ‘l—? = (0.2)7 (100) = 47V

6(3 . :
req:(—):ZQ & e
6+3 __{. .
. % J 1
£oq = 22 63 203
l_i_i {I-" >
h n
n 4n ) R
_6 3 _
=T 1 =3nV
i_l_i
6 3
€
ot 3m 3T _o36A
R+l 2+2 4
©)
2
¢ =BAC0s0 = LRW nr? cos 0°
2(R2+x2)
‘d¢ wNIR?nr2 \( 3 2x  dx
E=—=| —- e —
dt 2 2 (R% +x%)%2 dt
To maximize e, %:O
dt
3 | oNIR? xr2
(R2+x2)5’2v—§(R2+x2)3’2(2x2)v
2 -0
(R?+x2)°
= R%+x%-5x?=0
= x:5:3m
2
1)
Just after closing the switch inductor acts as open circuit.
B 100 1 A
(5000+5000) 100 g gg
) — 100V =)
P=Vi=100=1W » 33
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35.

36.

37.

38.

39.

(100)
2 2
Nr

4mx107 (Nr)’ m

1x10723 = — Nnur =50

Length of wire = N (2nr) =2x50=100m

(1) ,
P=i’R :{%(1—5“)} R

dP V2 e\ e\ 1
= 2 e
dZ_PZZV_Z e_t/‘f(_lj_e_m/‘f(_gj =0
dt2 ™R T T

= t=1In2= £(0.693):1s
6.93

(3)
di di
V=L, — and V, =L, —

Vi L pNPAZL _(600)2(1j_§
1

Vo Looopony N22A/ I {200/ (3
)
When only S; is closed, T; = RC =0.05 (i)
When only S, isclosed, T, = % =2 ..(ii)
From Egs. (i) and (ii), we get

LC=0.1
When only S; isclosed, T = 27\/LC

= 2410/0.1=2s

t Rt

t Rt
Sinceiisconstant = e RC —eg L =0

= Rz\/E=SQ
C

Website: www.iitianspace.com | assessment.stepapp.in


http://www.iitianspace.com/

1. (A
(a) The horizontal component
of the magnetic field B
interacts with the induceg
current produced in the
conducting ring which g
produces an average force in

Fr I

the upward direction. This is Conducting ring
an accordance with Fleming's N
left hand rule.

2. (D)

/
- . c 2 d
(d) The magnetic field is X rxgzxm X
increasing in the downward |, B 5 xbx B
direction. Therefore, according '
to Lenz’s law the current /, will
flow in the direction ab and /, Xx|x X X X X X X

in the direction dc. s ‘ 3 x

3. (A)
(@) According to Faraday's law of electromagnetic

X | X X X X X/ X

induction, € =—"
dt
Also, € = iR
o dd :
iR==" = [do=R]idt
Magnitude of change in flux (d¢) = R  area under current
vs time graph

1 1
or, db= lOOXEXEXIO =250 Wb

4, (A)
(@) Aswe know, Magnetic flux, ¢ = B.A
[Trick: In such case we assume that current is flowing
through bigger coil and flux due to magnetic field of bigger
coil on smaller coil is determined. ]

H (2)(20x]0“2)2 ey
2[(00.2)2+(0_15)2]|,5 xm(0.3x10 7)

On solving
—9.216 x 1071 = 9.2 x 107" weber
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(D)

(d) Here, induced e.m.f,
@ 4

2
S
e —»dx
de=(wx)Bdx

3¢
e= [ (@n)Bdr=BolCD Q0" _spig
2¢ ; 2 e 2

(©)

(¢) Charge on he capacitor at any time t is given
by g = CV (1- &)

atr=21

g=CV(l-¢e?)

(A)

(a) Inside the sphere field varies linearlyi.c., E « r with

; ; 1
distance and outside varies according to E o« —-
r

Hence the variation is shown by curve (a).

(A)

(a) Given: No. ofturns N= 1000
Facearea, A=4cm?*=4x 104m’
Change in magnetic field,
AB=102wbm™

Time taken, r=0.01s= 10" sec
Emfinduced in the coil e =7

Applying formula,
~d¢ AB
= — = N| — |Acos@
Induced emf, e r ( T )
22 4
==lOOOxlO :4xlO —400mV
10”

- ' - 4
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9. (B)
(b) Time in which left arm reach at x = 10 ¢cm

01 1
—=—=0.
To 100 Olsec i
r,=10%0.01 = 0.1 m R .
r
EZN{BI—B) (_I)Bl B,
_0.1x10[ ol _ Mol — >
2?11'[ 2?“'2 1'2

=ﬂ‘]xlﬂx2xlﬂ_?x](L_ I ]
0.1 2x0.1

B,V B,V
_ 7 2-1Y_ . 6 F
(e L]

10.  (C)

Hence damping will be faster for lesser self inductance.
(¢) Applying Kirchhoff's law of voltage in closed loop

e |
—V—V =0= VR -1 B g &
Ve o
- LV,
T
11. (D)
(d) According to Faraday’s law of electromagnetic
induction,
Ldi
Induced emf, e = =~
dt
5-2 50x0.1 5
50=1L J L=—=— =167TH
(O]sec R T s
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12.  (B)

" 15%100

] 0 =—————=0.1A
® 10 0.15x10°
[(0)=0

-1

10 =[1(0) =1 ()] eL/R +i()

=t R
[1)=0.1 eL’/R =0.1eL
0.15x1000

(H)=01e 00 =0.67TmA

13.  (B)
(b) Electric flux is given by
¢=B.A
b= Bomzc—t/t ( B= BOe—t/‘v'
B nr2 =
Induced Em.f €= 99- P B S
dt 2
w 2 24,2
B
Heat = Ie_ - T T By
R 27R
0
14, (A

(@) Given: Capacitance, C= 0.2 uF=02x 10F
Inductance L = 0.5 mH = 0.5 x 10 H
Current1=?

Using energy conservation

1 I | 2 1
—CV* = - I 1>
> 2CV, +2L1

1
= Exoleo*"xlo2 +0= —;x0.2><106 x 52 +%x0.5x10_312
I= f3x1071A =0.17A
15 (A)
@@ ¢=B4 =(“o ",‘)A ~ Hoh (kte*NA

do d
=—— =- Ak —(t
eS=r Romak-— (te ™)

= —pondk(t(-a)e " + e x1] = —pondkle” ™ (1-an)]

—pondk . _
i=%= "OR" e (1-)]

Atr=0,i=>-ve
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16.

17.

18.

19.

20.

(B)

(b) According to faraday’s law of electromagnetic

induction, e=ﬂ
dt
i 5 5
inh—'=25 ﬁLXl—'—= 25 or L=—H
dt 1 3
Change in the energy of the inductance,

Lo v LB oo oo B e,
AE:EL(I;-.2)=5x§x(25 -10%) =2x525=437.5]

(None)
(None)

Ab 1
Net ch =2 A =B,
charge Q =16 (B¢ -B;)

< Lyssx10 o.4sin5-0)
10 2

= T%(}'Sx 1073)(04-0)=14x10*
No option matches, So it should be a None.

(B)
(b) Induced emf,
e=Bvi=1x102x0.05=5x 104V

Equivalent resistance,

4x2 4
R= +1.7 = — =

T 3 +1.7=3Q

, 5x1074
Current, | = P e
R 3 170 uA
(D)
2

Inductance = M

(A)

(a) Induced emf, € = Bys
=03 x10*x5x10
=1.5x103V
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21. (D)
(d) The rate of mutual inductance is given by

M= Hoh n, 1rr,2 (1)
The rate of self inductance is given by
L= ponf‘m"z -..(11)
Dividing (i) by (ii)
M n2
===
| n,
22. ©
(¢) L= M, n*AJ
Lo/
2.b
L 4
= L,=3L, [, =31,]
23.  (B)
dB
b ¢ =__'i$ = _%(BACOSQDJ :_-A_d_t
i :‘{E = Aflfx% j / (
p
2dB >
dt PI' A
Here, [=7.5%102m
1'=030m < e
F=2x 10—31'['1
9B o 0.032Tss
dt

Putting above value; we get
i=0.61A
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24. (D)
(d According to question,
I(H)=1(1-1)

s I1=Lt-14 B,
lwh &

0= (o nD) * (TR?)

(. B=pgnland A=nR%)
_dd)

Vp=—m~

Rt 1

Vg =ponnR> (I —2lgt) = Ve =0att=Cs

1 .
after t > —sec, Vg is—Ve
2

, . o 1
i.e. current will change direction after t > —sec.

1 ™ o4 Vs PR -

25. (D)
(d) Magnetic field at a distance r from the wire

B Mol

2nr

Magnetic flux for small displacement dr

¢=B-A= Bldr
[ A=1drand B.A=BA cos 0°] z
il IAa %—)V
0 =
= ¢=—-1Id
= —— | [
dr

d 1l
Emf;8=—¢"uﬂ s — o= to M

dt 2nr dt 2 r

Induce current in the loop, ; = < ., 2%

26.  (A)

From Lenz law direction of induced current can be found, induced current will oppose the decrease in
outward magnetic field, by producing its own outward magnetic field.
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27. ©
(c¢) From figure,
Bi=3T

Q+Q+5=g

; i
By symmetry, I = I.= I, = iy (let) = ip = :
We have B, = pyni

28. (D)
(d) From question, U = 25% of U,

U=1U2:lxlﬂ.§:‘- | lo

2 4 2 )
Rt Rl\
Also, [ =1Iy|1-¢ & =i0—=1 l-e L
) - 0 - @ 2 0
—Rt
= el =l:>(t)%=ln2 t=—In2
29.  (C)
(¢) Given,

Magnetic field, B=17

At t = 0s, the centre of circular ring will touch the
boundary.

- Induced emf= Blv, | =length L toB andV.
= 1.(2R).1 =2V.
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30. (D)

( dﬂ)
r{_
@pfo ),
R pl oh

A = area of coil
A =area of cross section of wire used in coil

Pec NA,
~ x 44,
h_2 =2 P,=2P,
R NA
3L (A

G=5t+4t? +2t -5

le|=15t2 +8t+2 {|e| :%}
dt

R=5Q
H_15t2+8t+2
R 5
=3.224+1.6x2+0.4=156A (.-t =2sec)

So, i= =3t° +1.6t+0.4

32. (0
(c) ¢, T
¢2=M2q1;1 BA
_BiAy
Ma=T "1
Holy

Now,B, = 1 /5 [sin 45° +s1n45°] x 4

moly 8 2\,!“11011

" 2nL J—
221, z_llullfz
So, M, = et == x2v2
Il
33. (D)

(d) If current in both inductor is in same direction then
L,=L+L, +2M

and if current in both inductor is in opposite direction,
then Leq =L, +L,-2M
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34.

35.

36.

(B)

(b) emf induced between the two ends is given by

1

=0.1 x10*x5=5x%x103=50uV

(©)
Given circuit is R — L growth circuit
R =100Q L=1H
—W —5:
| /
1 !
E=6v

i=%(1-e'”)=:},(l—e"‘). when i='§

Solving we get, t = tIn2

—~ t=Lm2--1 0693=000693=7ms
R 100

E A3 .
Now, i(15ms)=—\1- 10| = (l_e—l-)
ow, i( ) R( e ) =

. ( I) 3.0 18 9
= | = — —_—_— = —X = — A
1000 4) 4100 400 200

As, U =1u2 =lx1x(-—9—] =10"J=1mJ
2 200

(10)
(10)Given dI = 0.25 - 0=0.25 A
di = 0.025 ms

Induced voltage
E, ,=100v
Self-inductance, L =7
Ad L(0.25-0)
. =1 =100=
Using, Eind Al 025 x 1073

= L=0.01H=10mH

e= EBH(')Iz = %xo.zx 104 x 5 x |2
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37.  (175.00)
(175.00)
Flux through the y
loop ABCDEFA,

6=BA E(0,5.5)
= (31 +4k).(251 +25k)

= ¢=(3x25)+ (4 x25) :
= 175 weber | '
38.  (60)
(60) Given,
Magnetic field, B=3 x 10T
Angular speed of coil, ® = 50 rad s~

Number of turns in coil, n = 20
Maximum emf, €= NoAB

— ¢ =20 x50 x 7 x(0.08)7 x3x10? =6028x10°
Rounded off to nearest integer = 60
39. (12
(12) Given,
Magnetic field, B = (3t3] +3t%k)
Magnetic flux, ¢ = B.A
= 3%5+30%k).(n(1)? k) = 3t
dg| _d3t’m)

dt dt =6t
8(=2=6x2)(1[212n

Induced emf, €=

40. (2

(2) The magnetic flux given by ¢ = %(9— t)

when the flux becomes zero then ¢ = %(9 -t%)=0

t=3 sec
Theemfwillbe

—dé 4t
=—=—(0-2t =—
TTa 3( )

t

e’
Heat produced in 3 sec = j"; t =2]

ol—,u
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41.

42.

43.

(250)
(250) We have magnetic flux given as,
¢=8t2-9t+5
d
Inuced emf = —:i% =—(16t-9)
Att=0.25s
Emf=—[(16 x 0.25) - 9] = 5V
B Emf _ 5V
So, Curreat = Resistance  20Q
—I-A = gm/\ =-250 mA
(16)

(16) The moving rod will cut the vertical component of
magnetic field perpendicularly.

So,e=B,1V

=B, x IV [+Dip=45°= B =B,]

=4 x103x 0.2 x 20 =16 x10°V

(400)
10 Q, 20 mH

| 20V

||
Ldi _ Lliinirigt =0) _ LV
dt ! Rt

le|=

B 20% 107 x 20

. =400V
10x100x107°

b
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44, (4)
(4) Suppose at any instant, current through inductor is ‘T",
Now ifin inductor when current change by d/ in dt time
then, work done by battery is given by
dw = change x P.difference

dl
=1dt x L-T =LldI

d
Now, /= 2 sin (£2)A4
If] =0=>t=0

If1=24 = 2=2sin (#)

— sin 2 =sin %:tz‘/_zg_'

So, amount of total energy spent

U= jdw:[udl =I2x25in(t2)x4tcos(12)dt

Jx/2 1

-8 { tsin(2¢%)dt =8x_ =4J

45, Q)
(1) Just after closing the switch S, inductor behaves like
an open circuit.

6 20 40 20

6V 20
46.  (10)
(10) In steady state, capacitor is fully charged. Therefore
current through it zero.
Charge q=CV yq

£ 10
=(1.1x10 6)(R_+rR) (" Vigo=IR;g9)

10
=1.1 10"’(— I ]z
x o 00| =10puC
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EM] 1 Souflons

lic__\ P SINGLIE CORRECT MicLds
Q1. inyéml'nww %Ma% ’;/Llea( % fre € / W"a‘{é‘,
pg,,m/aue philseee MM‘E &H’// o (e

conli o i Cm B= AMo{€lernoyy
L3

- 4:r(€v)
‘TMefw, gl o st loop

&, = Beny = A ewr®
&

4K
1‘6\49\,066( -va!"
"I
= Aer = Ao
== 2 )
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Only One Option Correct

1. (B)
(b) A conducting ring is placed coaxially within a coil and
the coil has inductance as well as resistance. The magnetic field
at the centre of the coil
B(t)=pgnl,.
As the current increases, B will also increase with time till
it reaches a maximum value (when the current becomes
steady).
Induced emf in the ring

dé d —- d _

= ——=——(B.A)=-A—(ugn/

e dt( ) o (Honly)
Induced current in the ring

le| _ mond diy

R R d

[% decreases with time and hence /, also decreases with
4

time.]

Where /,=1__(1-¢7"")

The relevant graphs are as follows.

Ih(1)=

\ Il(f)
gy

12(1)8( 1)

IR N (7

— time — time

Hence as a function of time (t>0) the product /,(f) B(r)
decreases with time.
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(B)
_141_1 _4 oy= 498
) (f)Edé i (BA) (BAcosO) Ad

= EQ2nr)=rna Z—Bforr>a

= E—a—ﬁzvﬁ'ocl

2r dt r
Hence magnitude of the induced electric field at a distance
1

r from centre of circular region decreases as —.
£

(A)

When current flows in any of the coils, the flux linked with the other coil is maximum when surface
area to receive flux is maximum. Clearly the flux linkage is maximum in case (a) due to the spatial
arrangement of the two circular coils.

WL

(D)
Electric field will be induced, as ABCD moves, in both AD and BC. The metallic square loop moves
in its own plane with velocity v in in a uniform magnetic field perpendicular to the plane of the square

loop. AD and BC are perpendicular to the velocity as well as perpendicular to field applied.

(B)

E? do\* mPld
®) Power, p=£__ 7" ( ) [
ower, Y ot (NBA) ]

[Here, E = induced emfand R = p; ]

, .4
P nr NzAz(dB] N°r
pt dt ¢
When number of turns quadrupled and the wire radi
4N)?(r/2)?
haved Power p'OC( ) i 2)
47
i:% .. Power remains the same.
p
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10.

(D)

(d) When switch § is closed, a magnetic field is set-up in
the space around P. The field lines threading Q increases
in the direction from right to left. Accerding to Lenz's law,

IQl will flow so as to oppose the cause or chnage and
flow in anticlockwise direction as seen by E. Opposite is
the case when S is opened. IQ2 will be clockwise.

(®)
(¢) Polarity ofemfwill be opposite when the magnet enters and

leaves the coil. o
Only graph (c) shows these characteristic.

(A) I
(a) As cylinder is kept parallel to an uniform magnetic
field, so no change in magnetic flux and hence induced
current will be zero.

(B)

Due to motion of magnet above the disc, the plate moves through the magnetic flux, due to which an
EMF is generated in the plate and eddy currents are induced. These currents are such that it opposes
the relative motion so disc will rotate in the same direction as the direction of magnet's motion. This

apparatus is called Arago's disk and the effect was discovered in 1824 by Arago.

(B)

(b) In the given question,

Current flowing through the wire, = 1 A
Speed of the frame, v = 10 mg!

Side of square loop, /=10 ¢m

Distance of square frame from current carrying wires
x=10cm.

We have to find, e.m.finduced e = ?
According to Biot-Savart’s law

g Mo ldlsin® _ 4rx107 1x107!
dn X2 4n (ID'I )2

= 10-®

Induced em f. e=Blv=10%x 10" x 10=] py
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One or More than One Option Correct

1.  (C,D)
| do
(c,d) For maximum charge on the capacitor, i I1=0
I= I, cosar= cos 500 ¢
Ia

1

o
|
al
]
o
S
=
S
wn
=)
<

—W\
R=10Q
3 T |4
Till t=—— the charge will be maximum at —
6m 2m
/20 - . n/2w
sin 500¢
Q'= I cos500¢ dt = | 500 j|0
0
3\
= -l—sin(SOOX X = l C
500 2x500 /) 500
2 1 3
= —0c=2xl
le Qmu.r SOOC % O C
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From the graph it is clear that just before = ;—n the
®

current is in anticlockwise direction.
Immediately after 4 is connected to D.

n
At t= r the charge on the upper plate of capacitor

In
6@ ] 7
j cosSOOIdt=—sin[500x % J
0 500 6x500
:—Lxlz_IO-BC
500 2
Now applying KVL
-3
50+L—ix10=0 =i=10A
20x107°

The maximum charge on C, Q= CV=20x 104 x 50=103C
Therefore, the total charge flown from the battery=2 x 10 C

(A, B)

BLv
(a,b) i= %= R — (1) [Counter—clockwise direction

while entering, Zero when completely

inside and clockwise while exiting]
B’L’
F=ilB= — A [Toward left while entering
and exiting and zero when completely inside]
272
vV d_v _ B°L"v
dx R
( B’L’ } B’L?
Jav=- X 5 yoy,=- —x
vy 0
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V=V _
g (111)

[V decreases from x =0 to x = L, remains
constant for x =L to x= 3L again decreases
from x=3L to x=4L hence graph (a) is correct]
From (i) and (iii)

BL B2Lx
i= _l:vo ) J

R mR

(i decreases from x=0 to x=L i becomes zero from x =L to x =
3Li changes direction and decreases from x= 3L to x= 4L]
Hence graph (b) is correct.

(A, D)

(a,d)

The flux passing through the triangular wire if i current
flows through the inifinitely long conducting wire

0.1 . A B
Ho!
d¢= {EXZW _T

F

; 10 cm
=B gy
107[ 45°
_ Mo
= 101 (-Z—f= 1045~ given)

M ﬂ — .E(.)_ X lO = p_O 74

dt 10n T
There will be no extra induced emf in the wire because
there is no change in the magnetic.
Flux due to rotation of loop. '
As the current in the triangular wire is decreasing the
induced current in AB is in the same direction as the current
in the hypotenuse of the triangular wire. Therefore force
will be repulsive.

Induced emf in the wire, e =
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(A, B,C)

(a, b, ¢) At t = 0 inductors L, and L, will offer infinite
resistance hence current through circuit is zero.

After a long time the current through the resistor is constant
[ will divide into two parts L, and L, which are in parallel
ALLi=Lly  [O=L+L]

A
'R L +L

Pl |8l
e "SRl L

Also the ratio of currents through L, and L, is fixed at all
times Att=0, / ~(

(B, D)
(b, d) The net magnetic flux through the loops at time /
¢ = B.24 cos wt — BA cos wt = B (24 — A)cos wt = BA cos of

‘ﬂ| = BwA sin ox
dt

do

dt
The emf induced in the smaller loop,

So, is maximum when ¢ = o = n/2

d .
Epane = —E(BA cos®t) = BwA sin ot

. Amplitude of maximum net emfinduced in both the loops
= Amplitude of maxium emf induced in the smaller loop alone.

(BD)
(b,d) Herel+L,=I . I=1 -1,
-Rt -Ri
[_-_K ]-e2L _K ]-e L
R R
v Rt K
[=—|el -2l (1)
7R
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This is the time when [ is maximum
Putting this value of time in eq.(i)

-R{ 2L 2L
—*Z/n2 —¥fn2
L( "J zL(R

/

(A, B,D)
. Al P
(a,b,d) Given: B = B, l+('ZJ KV =V

We now consider a infinite small length of wire dyat a distance y

from the origin. R
o}
Emf induced across the length ;| ...__._. #
dy [A¢]=B(dy)V, o8]
y ) ! i
|Ad| =By 1*(“) Vody 1 5
L ;

S

. Induced emf across the 0
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8.

complete projection

L y) 1
Ag =B,V 1+(—) Vody =B.V.L| 14+ —
| ¢| 0 0_([ L (134 0vo +ﬁ+l
For B=0,|Ad| = 2ByV,L. Clearly, |A¢|xL

4
ForpB=2|Ad|= EBOVOL

For a straight wire of length /21 placed along y = x then

the value of |A¢)| will remain the same as its projection of
y-axis is same L as that of previous.

(A, C)
EMF developed across the semi-circular rod,

4;,11' iv. b iv. 4 v
£ = —odrv=p‘Lln—=uLln—=leln2

127rr 2n a 2n 1 rc
=7
4nx10 x2x3x0.7=24x7x10_3
T
=1.6x 106V
Therefore maximum current through R,
1.68x10°°
imax=%=+40=_l.2x10“°1\
And im cﬁarge on capacitor C,
Omax = CoE=5%100x 1.68x 106=8.4x 10712C
(A, C)

If the current is constant, the emf induced in the loop zero.

Emf will be induced in the circular wire loop when flux through it changes with time.

A¢

At
when the current is constant, the flux changing through it will be zero. Also,
if the current decreases at steady rate, the emf induced in the loop is zero.
When the current is decreasing at a steady rate then the change in the flux
(decreasing inwards) on the right half of the wire is equal to the change in flux
(decreasing outwards) on the left half of the wire such that A¢ through the

circular loop is zero.

w QO

@@=

Circular

Website: www.iitianspace.com | assessment.stepapp.in


http://www.iitianspace.com/

Comprehensions Type

1. (B)
I E Jl = w_-‘ﬂz—-qr-fBrrRz,\z-nde—B
dt dt dt
=-nR’B
.. Ex27R =-nR’B
_ - BR
-2
2. (B)
(b) GivenM=¥L
"~ M=ymoR
M =ym (An) R? wuik1)
xB
But Aw = Q w{2)
2m

From eq. (i) and (i1)

B - YBQR?

AM:-ym[Q_) R2 - ZYBOQR”
2m 2

Here —(ve) sign shows that change is opposite to the
direction of magnetic field, B.
(b) is the correct option.

Integer / Numerical Answer Type

1. 4)
(4) Timeconstant, T=RC

1

2
2
I Z = ,|R +(—)
mpedance oC

4 |
. 2
GivenZ = RJ/1.25 . R«125 = \,"R +(—j

oC

2 2
S RC= ;=5T|OXIOOO ms .. RC=4ms
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(8)

8 Att=01_ = n . -
Att=oo — TN —WAWWA—
LR 2mH a0
WUR, T3 — TN —AW
12Q

L kot & AN

R, 3 4 12 12

_Imax_me_:g N
Ve B3 5
(55.00)

(55.00) Given: Mutual inductance, M = SmH
L,=10mH,V, =5V, L,=20mH &V, =20V

h=YiS =Y 20 gy
R, 5 R, 10

After both the switches are closed simultaneously, the

total work done by the batteries against the induced

EMF = increase in magnetic energy

~W=AU= %L,lf +%L21§ + M1,

%x(10x10-3)lz+%x(20x10—3)x22
+(5x103)x1x2
=(5+40+10)x 10°]

- W=55mJ
(4)

| d Ad
0 Induced Bt Bl M= S epa) =221 (8, +Bt
i Tsm .dt oos) #ol (B Bu)]

=AB=1x0.04=0.04 volt

So, circuit can be drawn as i
d g 00000 ¢

1
ByKVL E=L—+-= + <
y dt ¢ b
:L$=E-ﬂ |1
dt ¢ T = 0.04V
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dq 1
=—=-—(q-CE
210 (q )

Comparing it with equation of SHM, we get
: 1
q=CE+ Asin (ot + @), where @ =
JLC

So,1=A wcos (ot + ¢)
att=0,q=0andi=0

So, O=CE+Asin¢=>Asin¢=-CE (1)

T
O=cosdp=>¢= 5 (i)
from (1) and (i1), we get

A=-CE
So, 1= -CE w cos (ot + /2)

=CE o sin ot

1
Therefore, i ,, = CE ®=1073x 0,04 x ———==4mA

) Joax10®
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