Magnetic Effect of Current

_ EXERCISES
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Q6 (1)
ag = Ho . idlsin® L odgote |(d| xT) Magnetic field due to one side of the square at centre
4nt r? 4 r° O
2isin45° 2\/_ 2i
ez @ B iz TP s
Magneticfield at apoint onthe axisof acurrent carrying H field d all sid
wireisaways zero, ence magnetic field at centre dueto all side
y B=4B = 1o(221)
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In the following figure, magnetic fields at O due to
sections 1, 2, 3 and 4 are considered as B,, B,, B; and Q7 @
B, respectively. .. B 20x10°° _ _
B =12 ™ 47x107 x20x100 = /-9AMP=8
4
R, 2
—
R Q8 (2
= 0 -3* Magnetic field at the centre of solenoid (B)= p, ni
Where n = Number of turns/meter
B,=B,=0 L. B=4nx107x4250x5=2.7x 1072 Wh/m?
[
B, = %-;— ® Q9 @
T Since electron is moving is parallel to the magnetic
: field, hencemagneticforceonitF =0..
B Mo T "
‘T an R, As|B,|>|B| >
E
H'O 1 1 ® —
0B, =B,-B,=B.= "4 |R, R, c@— v
F-eE<
B
Q4 (@
The magnetic induction at O due to the current in The only force acting on the electron is electric force
portion AB will be zero because O lies on AB when which reduces it's speed.
extended.
Q10 (@
Q5 &) -31 6
The magnetic induction dueto both semicircular parts BT _ M =5.6x10"°T
will bein the same direction perpendicular to the paper g 16x107x0.1
inwards. Q.11 (2

Hol Mol _Hol[ L+0
B=B,+B=-—""+-—"=—"1| —=|®
S | A 4( rr, ]

This is according to the cross product F=q(v x B)
otherwise can be evaluated by the left-hand rule of
Fleming.
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Magnetic Effect of Current

Q12 (O Q21 (O
Lorentz forceisgiven by Becauset =NiAB cos 6
F=F +F,=0E+q(VxB)=qE+(vxB)] 022 @
w =MB (cos0, —cos0,)
Q13 @ = (NiA) B(cos0°—cos 180°) = 2 NAIB
2mK . m
r= B e r%£ JEE-MAIN
d g OBJECTIVE QUESTIONS
Herekinetic energy K and B are same.
r m, d r, |m Q1 ©
L (d.=q,) Charge therest produces only electric field but charge
T M, G LM in motion produces both electric and magnetic field.
Sincem, < m, thereforer < r
Q.2 _(3) _
Q1 >l
Mo oo
=L /mjmﬁjr_x: m, % o (i, =i;)= 20
BY q p a, my
Ho . .
—_— + =
R 5 m R? or (i, +i,)=30
=_—1= Xx— =2 = 12
R, m 1 m 2R
. Lr r |.
Q15 @ I ly
The deflection produced by the electric field may be
nullified by that produced by magnetic field.
hth, 3 h_5
Q16 =i, 2 0, 1
mv
r=—=>rocmv (gand B are constant)
aB Q3 €]
I 2rg=>my, >mg vy i
Bduetofirslloop: 4 “Oa [COS450+COS450]
Q17 @ a2
Magnetic field produced by wire at the location of 2
charge is perpendicular to the paper inwards. Hence N
by applying Fleming’sleft hand rule, forceisdirected = Vel
adong OY. na
R - 4Hoi 0 0
Q18 ( B tetosoondioop = — —a [ cos45° + cosas® |
. 5 4 —
= Ho 2><|1|2:10 X2X5X5=5xlO’5N/m 2
4t  a 0.1
_ —\/Euoi
Q19 (O na
FoMo iy g7, 2x10x10 _, ey B 232, L.
41-[ a - na [ —E ............. OO]
Direction of current issame, so forceisattractive.
242
Q.20 (3 na

M =inr?
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Q4 (1

In observer frame of refernece

Ve -0
N .
r Ho ('1 + '2)
B=———=30puT ..22
> i @
& OV, i
. from(1)& (2) ;- = 2
| 2
B= Lo
nr
Q8
Q5 (@
Hol
= 2n—-0
B= i 27 0) i
where; (2n—0) R' =2xR @3
o 2R
T 2n-0
Hol Mo ol
Bnet: 271'(2) - 27T(3)’ Bnet: 127 ®
. 2
ol (275—9)
B= &
2 2n Q.9 )
Q6 (@
Zero, because magnetic field due to each wire will be
cancelled by another wire.
Q7
=]
. i
i i2 e x o
I<— [—
P il1 1
_bo(l—h) intp A = =
net—w—lol{r ..... (1) AtpOIntP 27T X r—Xx
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Q.10

Q.U

Q.12

Q.13

(3
Q.14

4

< X—¢—1—20-Xx—>|

M.F. will add

Inb/w wire

R .
2nx  2n(2d-x)

Tofind theminima

d—B_O
dx

Which gives x=d/3.
Hencethereisaminimacloseto 1.

Q.15

@

Q.16

1

BOCr—3
3

B, _[3x) _2/

B, X 1

@

B =0
+
€ X € X

(2
_ Hol

1 2R
2nR=2nR %2

B

from the above in the given Ques.

Uil 3
- — —4+—
B="g [R R}

@
_ Hol
BduetoAC_ An 2RS|n30° [ cos 30° + COQOO]
- Hoi\/§
T 8rR
Hol
snotc™ g gRgingo? [O56+ 00s%0

Hol

8nR/3
B =B

Net ~ “duetoAC
_ Hol
T 47R/3

Bdue toBC



Q.17

Q.18

Q.19

Q.20
{1 P
Magnitude fixed but direction keeps on changing
@
B= puni
= 107"%x 41t x 4000 % 1000 % 5
=8nT
=2512T
&)
loop (1) Q.21
| 2
X Tr
. Ko TCR12
- 2nr
i
= Ho > I'Bor
2nR;
Q.22

loop (2)

kol 1
B= 2nr B r
loop (3)
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(1)
bo (Rj
B R V2 [ cosd5® i — cosA5e K]
= 7 _p [coA5°l —cosA5°
2n \/E%

Top view

2
l"l'OI ~ A
i—k
4nR ( )
@
$ Ba= §Bd+ ¢ Bd
ABCDA ABCA CDAC
A S

Ho(iy +i)
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Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

(2)

'D §|§.d| =0

iy *i Yi

Inside the conductor magnetic field due to both have

same direction so we add them.

Out sidethe conductor magnetic field dueto both have

opposite direction. so we subtract them.

@

B=p,ni

3.14x102%2=4xx 107" xnx 10
n=2500turns/ m.

@
F =qvB
F VB

Minquin

Asfromthegiven optionsLi** has maximum charge.

)

©)
Ll
V=5 mv

Q.30

Q.31

Q.32

Py
1
|

F towards west
So particlewill be deflected towards west

)
B
c,O‘E’~a
\1/
\ \
V sing
2
=qv(Bsino)
mv
R= gBsin6
(4)
F.=dE,F = quB
_m
R= 9B
v
F
/ m
®_’FE B
E
Pitchp= v, T



Q.33

Q.34

Q.35

Q.36

R IV
T q

<

1
gx12x10°= > m (10%)?

m -9 6
— =24x10° LRz 220 X107 o
q 0.2
@
R m
*q
mp Mg 4mp
R:R:R=—":1—"7:—"%_".
P e o q q 2q
mw
R= B

a-particle hasmaximum R, so thepath followed isB.

@
A particlestarting fromrest movesin direction of dectric
field. As both electric & magnetic field are parallel.

Hence y and B are also parallel. Hence there is on
forceon particle.

©)

B=0104T

<

v, =B v
2
60°
V, =

NI<

- v isnotparale to g
*. Path of the proton is helical

. mVL
radius= _qB =0.1m

Q.37

Q.38

Q.39

Q.40

Q.41

Magnetic Effect of Current

©)
Path of particlewill be helical

Helical

2mm
0B
Samefor al electronsastimeisindependant of velocity.

@

1sn30°| *

30° \
1 cos30°
Pitch= V”. T

2tm J3

=VCOSG.¥ =7><2n = J3r

@

Applying right hand thumb rule.
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Q.42 (2 Q.46 (2
Force on electron due to electric field isin positive y-
direction so force due to magnetic field should bein
negativey-direction. Hencedirection of magnetic field
should bein —ve z-direction.

b
n eE
F= Ho i _ Poiz
v “4n b 2mb
@) T T
Q47 (3
4
evB T B
Q43 (O ) l'i E
Mol _ Kol
2TEX ZTEy F= B|L

=10*x10x1=10 3N

Q48 (2
By formula F=i (Z X B)
y = X o o .
only in first quadrant the fields will be oppositely direction of £ indirection of i.
directed. P —
®
Q4 (3 )i
Vq

=

In uniform magnetic filed force acting on aclosed loop Q49 (1)
=0.

Hols,
From ———
Q45 (2 2nd

when current in samedirection thereis attraction force.

B=3i+4]+Kk

N

Ll
- 2 . n F = MOZZ :;
I = = (i +1)) 2nd
V2
W Q50 @
45 MxB =0
. i
1 iix&jii
F =1 %) A Zelz
= 2 [(1+)x@i +4] + k)] .
= i+ k Loopwill Not rotate
\/E( ) F1>F2



So loop move towards the wire

Q51 (2
U = -MB
U= MB
B
> M
W=AU=2MB
=2x25x0.2
=1J
Q52 (@
B
M
gl S
T = I\7Ix§ =0
Q53 (2
i=qf
-
T 2nr
Y
. qur
- 2— 1
M.M.=inr 5
Q54
Torque on a current carrying loop is given by
i=MxB
Hence 7 does not depend on shape of loop.
JEE-ADVANCED
OBJECTIVE QUESTIONS
Q1 (A

Take any two points along x - axis, direction of B is
same.

Takeany two pointson acircle, magnitude of B issame

Q.2

Q3

Q4

Q.5

Magnetic Effect of Current

Take two diametrically opposite points field are in
opposite directions .

(A)
0.02m T
{
2u,i
B, =—%
" Anr
_2x 107 x10
0.02
=1x10™ Wh/ m?
(A)

R U )
Bl—Bz—BB—BA—T

D)

e Zpia _ Hoia
B,=2Bsno= 2t 2
(B)

A7
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~ “_oi(25‘”30°j(i_i+ij
©= 4n cos30° Jla 2a 3a

Mol |ho2__Hd |y

- 4n\/3_a _4na\/§
Q.6 ©
////
T -/-/-;/i net (zero)
I, 7
a
// i,
Q7 (A
y
$J
‘ >~ ©ooa x 1
Hol
= — |
Bru= 55071
Q8 (A

. L. Hol 1
Induction of magnetic field= 1-—
4n R 2
V2

Q9 (A

When resistance on both side are different. So current
isdifferent and hence magnetic field produced by both
the segmentsis not equal. Hence net magnetic field at

centreisnonzero.

10

Q.10

Q.11

Q.12

Q.13

Q.14

©
In (C) thereismagnetic field at centredueto the straight
wire.

(A)

I
Magnetic field at centre of thering LZILR

As the three rings are mutually perpendicular. Hence
the magnetic field due to each one of them will be
mutually 1 to other. Hence magnitude of B .

NETY

2R

=B

(A)

O E

facing west

\\_yx z

vS

Ly 20x16

forXB=——"—_"">
2x16x10

=47 x 10T (East)
1, 25%18

forYB= —
2x10x10

=9n x 10T (West

©
Curl thefinger in thedirection of current then thethumb
gives the direction of magnetic field.

©
S~ ~ - - - R
y T~o
| S /2% ~
§23=+
_-"""R
Hol
=—0®
B dueto arc 2R
B duetowire= u—oi.ZSiHO/Z
4nR cos0/ 2
Hol
= .2tan0/2
4R © Bwire > arce



Q.16

Q.17

Q.18

/ |
Vs 2¢|
S 1 N

L

Magnetic field dueto Arc

Hol
=—(2n-2
B 4TcR( n—2¢)

1

_ Mol o
B=5 5" ®

Magnetic field dueto straight wire

Mol

= ———2sin¢
2 4nRcos¢

B
Hol
2nR
Bnet = Bl + BZ

B,= tand ©

R
B ‘an[n o +tang]

net

(A)

2T foreach

8 4—>oreac arc
4gi(1, 1) % 3
A \r 2r) 4 8
(A)

Netforce=eV (B, +B,)

32x10%=16x10"x4x10° {

i =4A
(A)

E=

lm alm
-
o
m
o

Hencethedimensionsare [LZT‘ZJ [TZJ =MOLOTO

Dimensionless.

~—

Q.20

Q.21

Magnetic Effect of Current

D)
i XTI:RZ _
B _Ho RZ 4 Ko
inside 27-55 4nR
B o Md _ M
Outside ™ 3R - 3R
2n—

2

poinc?
B(2rc) = n(b2 _ az)

HolC
81: ZTE(bZ — a2)
when —c istaken
B,=0

= Bna: Bl

(A)
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Assume + Jand — Jin empty space
Q.25

pJd

(o) +

_ koM
nt” 9

Q2 (©
Field produced by loop at the centre will be along the
axisof theloopi.e. ||tost. wire.

So F=i(i xB)=0

Iy

Q.23 (B)
_ p1o(10x20)
F\= 27l

Q.26

—

10 5o Tao

F = Lo (20x 40)
2= 2l

F, and F, both pointsin the same direction towards 40
Awire.

Q24 (D)

Q.27

/ Add

OO~ 1 ® B 100

12

(A)

Forcewill bein negative x- direction. Particlewill circle
in x-y plane and hence its x-coordinate will never be
+ve.

vsina

VCOoSsu

N
NI

(D)

A OvB
. ®
l E
qEv

(a) gE remain is same direction but qvB changes its
directions.

(b) gvB remain in same direction but gE change its
direction.

(0)GE=qvB = (Ej isfixed
(d) 2ge=2qvB

®)




Q.29

Q.30

Q.31

q mv
> —
gB
gBd
Vmax:
m
B)
X X X X X X X X X
X X X X X X X X X
X X X X X X
X X ﬁ: X X X X v
)(e X X X X X X X
X X X X X X X X
X X X X X X X X
X X X X X X X X
X X X X X X X X
X X X X X X X X
P X X X X X X X
X xV°>< X X X X X X
X X X X X X X X X
i 2d »
sinb= —
i OR m § 2d
=— = snt|—
gqB R
©
o MV _ VomKE \/ZR
g B Vg
B)

B=Bxi + By] + Bzk

:(4.0? + 3.0]) x107%3

=_e (2.5|2 x (] + By] + Bzk) x 107)

= (-256B,] + 2568, 1) x10'

108 x4=25%x1.6x10" By x 107
B,=0.1
B, =—0075

©

1
qv= Emv2=K.E.

2maqv
B

d
2

Q.32

Q.33

Q.34

Magnetic Effect of Current

qB?d?
8v

(A)

Fromthegiven datawe concludethat Bisin  direction

sowhen v =2k then

F=0
D)
P
\"
0
/
_cmm R
= qB :>T1.T2—E

circley—zplane

y
R =mvsing
0B
* ® >,
R =2mvsing
0B
Meet after two revolution
4ntmv cosO
= —qB

©

Time spent
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Q.37 (O
T R R T 26R
:E+e—+e—,:5+i Contact looseswhen N =0
v v v V=gsino.t
m  20mv 2nm(n+26j mgcosd =qgsindtB  [N=0]
=—+ =
gB gBv ' B 2n mcot6
- @B
T+ 20 a
timespent=T o
Q38 (©
Q35 (D)
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
] n—20
Time spent t = v
_ 3w v
03 (O d= 58 'R= 8
Q39 (©
K.E of a-particle=work done by electric force.

1 25
0EXo= Em5 %o 20E,

Q40 (©

B.E

< e

2Rsin0 = \/y? + x?
E
for EF.a= 3= 1
m

2R.x
,y2+x2 =\/y2+x2 ui=v¢
_ _1¢qE ,
E ~ y2+x2 S=0Vi= > m .z

2mV
2 t=
oo Q_B(y 4 +XJ qE
2 for touchingt=nT

2mVv n2zm
qB

g€~
14



Q.41

Q.42

Q.43

Q.44

Q.45

(D) Q.46

Q.47

©
qvB=qgE

mvV

VB=E and :q_B

®)

As the radius of the circle is constantly decreasing Q.48

mv
hence we conclude that B isincreasing asr = q_B .

A particlelooses energy by ionising the air.

(A)

Q.49

Magnetic Effect of Current

(A)

iIB=mg
VIB _

_ mgR

®)

Total length=4m
force=2x4x4=32i

(A)

—\Vex - axis

Net force=2r alB sind
15
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Q.50 (D)

iRAVB

\\\ | //
| /
S
\(\F\/

| K
N

Tsndo
2
do .
ZT? =iRdOB
T=10N

Q51 (D)
mvV

intimedt

_a
dt

i

V= ,/2gh
m.,/2gh =F.dt
m~/2gh = Bidt

m.\/égh =B/xq

Q.52

Q53 (O

16

I,

L2

MZ:\/E
B

Ha
Q54 (A
Angleb/w B & A iszero

s07t=0

Q55 (A

mR

BinR?= a

=40r rad/s?

_ 2Bin _ 2x10x4n

¢ m 2

Q56 (B)

mg sin®

~ mg
M
mgsino =f
f.R=in R?Bsin0
mgsind . R=in R?B sino

mg
itR

Q57 (B

4




The force on upper segment isin direction inside the
plane of paper while on the lower segment it is Q.4
perpendicular to plane of paper coming outwards.

When we calculate 7 = 7 x E the direction of torque

are as shown. The vertical components cancel out
leaving horizontal componentsin left direction.

Q.58 (B)
t=2n(2L) (2a) B Sn30°
=8Ban| cos60°
Q59 (A
s S Q5
A =DAxAB

=0.01(cos60 i —sin60° k)

001, =
A= T(I —\/gk)
JEE-ADVANCED

MCQ/COMPREHENSION/COLUMN MATCHING

Q1 (B,D)
InpointA& C
r=1m
InpointB & D

r=Jz2m

Q2 (AD)

Q6

B= 2\2n
Asdirection of magneticfieldis L tolinejoining wire
and point hence angle between xy plane & magnetic Q.7
fieldis45°.
Q3 (A,B,C)

7T T Plane Q8

4

=

oo

both point a& b have same B.

Magnetic Effect of Current

(A,B,C)

X = — m/sec.

= m/sec.
y Ho€o

All havedimensions(LT?)

(A,B,CD)

(A) Direction of magnetic field produced due to the
two wireson x axis have oppositedirection

=B, =0.

a& b have only z component.

E B net

© o o
O oY,

B, has only y component as z component gets
cancelled
(D) B,=0innetB

(B,C,D)

Loop(2)

B(2ar)=0

B=0

Loop (2)

B (2nr)= i
1

Boc=
r

?

(B.C)
Work Done by magnetic force=0

f:q (Vxé)
(A, D)

2nm Ty
BT, T

mV sin30° mV sin60°
= gB = gB
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Q9

Q.10

Q.u

Q.12

18

1

b= \/E
Pitch , =vcos30° T,
Pitch,=vcos60° T,
abc=1

c= 3

a=bc

(C.D)

W. D. by mag. fildiszero

Fmg = q(\7 X é)

(A.Q)

Bl

=

L
9
Jm
(C,D)

_mv P

" eB  eB
Energy gained = 0
AsW,=0

(AD)
F. =qE F_ = qvB

v=0
=>F =0

NIk, DN

Ryt Ry Rp+=1:2:2

B may or may not be zero.

No electricforce= 0
E=0

Q.13
Q.14
02+
2
16
) Q.15
4
Q.16

(B,D)
F= qE+qV x B

If does not deflect then

None of the forces must be present

(B.D)

touch V

each
other

F

More q meanslessR
=)-(3)
Ry) (o

(AB)

wY

(A,B,D)

o to,= Ak

= QE(29) = % m(2v)?— %mv2

mv?2

N w



Q.17

Q.18

3
mv
At P Rateof work doneby E=qEv = :7: T

At Q Rate of work doneby E =gE (2v) cos90° =0
At Q Rate of work doneby B=0
(A,B,C)

V constant in direction and may be in magnetude
a=o

qE +q(V x B)=0

I$ posibility

E=0& B=0

—V

1" posibility

E=0& V||BieB=0
[ posibility

—V

—E

Ell v&B=0

IV posibility

——B

m
<l
w!

—V

<l
X
o]}
1
o

—E
Vi posibility

E

B

qE =—q(V x B)
(B)
When charge is accelerated by electric field it gains

\%
energy for first time KE, = q7

3
for second time KE, = EqV

5
for third time KE, = Eqv

hence the ratio of radii are

\/quv \/ngqv
] 2 . 2 .

B B

Q.19

Q.20

Q.21

Q.22

Q.23

Magnetic Effect of Current

(A)
Inonefull cycleit gets accelerated two times so change
inKE=2qV.

(A)

B 10°B
= = 106=

=2nT.

(A)

Distancetravelled by particlein onetimeperiod :
o, +0) im(r+r) (i +r) s

\/qu\/ \/2m3q\/ \/2m5q\/ \/2m7q\/
. 2 + 2 : 2 " 2 :
qB qB qB

gB

(V9++11)

©
Frequency of A.C. depends on charge and mass only
so it can be tuned by magnetic field only.

©
Inside the cylinder

B.2nr = p,. I - nr
R

Hol
B= r 1
onR2 @
// \\
/ AN
! 1
i 1
i i
\ !
\ U
\ 7
\ /
S e
~ I\ - -
outside the cylinder
B.2nr = I
_ kol
Soar e 2

1
Inside cylinder B o r and outside B o R

So at the surface nature of magnetic field changes.
Hence clear from graph, wire 'c' has greatest radius.

19
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Q.24 (A)
M agnitude of magnetic field ismaximum at the surface
of wire'd.
Q25 (A)
Insidethewire
Mo T Mol
B(rn = on R I = 5
dB _ Kol
dr T 2
i.e. slope oc Joc current density
It can be seen that dope of curve for wire ais greater
thanwireC.
Q26 (A)pa.r (B)p,a,r,s(Cr (D)p,a,r,s
Themagneticfieldisalong negativey-directioninp,q,r.
Hence z-component of magneticfield iszeroinall cases.
Themagneticfield at P|s 4 d for case(r)
Themagneticfield at Pislessthan 2_5 for all cases.
Q.27 (A)p,a; (B)p.r; (C)p; (D) p, 0, s
The Force on a magnetic dipole placed in uniform
magneticfield iszero. Hence option piscommonto all
the four situations. Torque on magnetic dipole is
7 =}ixB and potential energy of dipole in external
magnetic U = —[ixB
(A) Since 6 =0, thereforet=0
(B) Since6 =n/2, thereforet =uB
(C) Since 6 isacute, torque is non zero and less than
uB in magnitude
(D) Since6 ==t , thereforet =0 and U = uB
Q.28 ()R (HQV i)V, (v)U
NUMERICAL VALUE BASED
Q.1 [10
-~
X
Sol.
4nx10" 8 [ 1 }
B ——x— I — 14x10° 1 |
2 V2[V2 f

20

= (-8 + 8k +14i Jx10”7

Q.2

Q3

= (6 +8k)x10~’
B=10x107T
Ans10

3]
gE=qV,B
Vi

L  neLw
VvV 4.8x1 438

L 102x16x109xLx10°% 10" x16 _
107V

[0007]

The situation described in the problemis showninfig
Asdectricfieldisalong x-axis, so proton will be accel-
erated by the electric field and will enter the magnetic
fieldatA(i.e, x=0.167,y =0) with velocity v along x-
axis such that

X Xt

x=0 x=0.167 x=0.334m
1
3 mv?=W =Fd=qEd

1/2
20E
ievs= [q_d}
m

19 1/2
2x1.6x10" x100x 0.167
1.67x107%

m
—4\/5 XlO“?

Now as proton is moving perpendicular to magnetic
field so it will describeacircular path in the magnetic
field with radiusr such that

_mv
r= B
Andasit comesback at C[x =0; y =0.167m] itspathin
the magnetic field will be asemicircle such that

) 2mv B 2mv

=2r=—5 ieB="—+

y ® " ay

2><167><10_27><4\/_><104
1.6x107°x0.167




Q.4

Q.5

Q6

1
= ﬁ x 102
=7.07mT
[0006]

mv
R= 9B

1
gx12x10%= me(lo‘i)2

24x10° _m

_ 24x10%x10°
©10%x0.2
R=12x10?m
R=12cm
(3]

R

£\

Fcosb = Mgsino
Bl Lcosd = Mgsind

Mg
B= —tan0
IL

= 0.3 Teda

[0001]
Ifrodisinmiddle,i=0 = F=0

€ B € 2X
2p(L-%) 3p(L+X) _ S{EZ—XZ}

Eq. emf = == 1 20
+
2p(L-X)  2p(L+X) L2 —x2
eX
= L
1 _ 1 1 1 2L
Ry 20(L-x) 2p(L+X) = 2p X 12 42
pL+x) _ pL=%
®B l
plL+x) = pL-x)

Q.7

Q.8

Magnetic Effect of Current

_ p(L*-x?)
= Req_— 3
ex
] T eXx
= 55— = 7 % o
p(L% —x )+R p(L*=x“)+RL
L
ma=F=—i/B = —ex(B . —¢lB
p(L2-x?)+RL pL2+RL
—&/B

2% m(pL2+RL)

2
= Tzzn,/M — T=1sec.
/B

[0720]
/—» wire BC
F
cosO =dir QQ/
2
r=, d?+ & —13cm all = 5cm
4 i @.’.5.9________9_1 ________
v G} all = 5cm
é\é
)\A wire DA
ip i
Torque = [Ho L2 3 COS@) a
Tt
[0005]

B, =B, tand=0.1x (4/5) = (4/50)T

B
Hu\37

- le

Top view of coil

B,,, = 0.1 cos37° = (4/50)T

BH: O.IT
0
B

B

v

B, = 0.1 sin37° = (3/50)T

7 on the coil dueto component of B in N direction=0

|7 |=|MxB|=1%x22x0.1=0.4Nm

21



Magnetic Effect of Current

Q.9

22

0.1sin37 = (3/50)T
Bug

B 0.1

res
BV
4
0

W

o= (2)+[A) =2 —oar
rs = |\ 50 50) ~ 50

T has direction as shown

Initsplane, | can befound by | axistheorem

1

22
3x S +3x1% |x4 =1 =2
12

M

\@//fm

Front view (looking
from south towards north)

| =8kgn?

0.4
o= n = 5 =0.05rad/s?

F.sind
Fr

wire BC
F,cos0

r’/’ 1a/2

1
@9 e_ == A Fzs no
Fos 1

Ee y a2
Focos0 ire DA

Total force = (F, + F,)sin6

Woiqgip a Mol o2
F=fF=z=——%—=—"757
12 2mr 2r 4nr?

=6x 10*Newton

inward

KVPY

PREVIOUS YEAR'S

Q1 (B
Fluxisinward and it si decreasing as
loop isgoing away fromwire

®

.. direction of induce current is clockwise

Force on left sideisin left and force nright sideisin
right.

Qz (A

n/n  Reost/n

Q3 (D)
qE+q(\7xI§)=0
Hence, into the paper

Q4 (B

-~ work done=0
Hence kinetic energy = constant.

Q5 (B)

B due to Arc= “O—Ie
4mr



Q.6
Q.7

QS8

Q9

Hol | 1 1}
2| =——|out of the page
8 [r R Pad

(A)
(A)

n sides, n wires
0,=0,=—

B, a centre=n x B dueto oneside

nu,l .
Mol sin”
2nl n

nx ol . .
B« =T€°[snel+smez] =
(A)

view (clockwise rotation)
h

Magnetic axis
,=30u Teda

Y
T
B

o-(2)(%)
4n/\ R

B = B,, (a centre effective magnetic field become
zero)

P«oQ(’) =B,
4nR

B, (4nR)
1oQ

o= (B,,=30x10°T;R=1mm; Q=3x 10
12C)
o=10"rad/s

©

In setup B, A metal is placed, due to which metal may
get magnetized and it may also exert force on current
carrying wire but force between two wireremain same
however net force on wire may get charge due to mag-
netic field produced by magnetized metal.

Q.10

Q.11

Magnetic Effect of Current

(B), =(B) +(I§)BC Arc

wire AB

+ é CD wire+ (é) PQ wire

W

+ QR(Arc)+ B Rswire
=B,=0

BC:_B

os]
3

w!

QR

(é)wireAB: éCD
Bnet = (B)wireAB + ( B) wire CD

_ Hol | mol
4nr  4nr

Hol

"™ 2nr

(A)

Holy n Kol

P 2nx 2n(4-X)

dB o
—— =0forminima of B,
dx
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Magnetic Effect of Current

Q.14 (B)
BT T
21 | X 27 (4_)() y .
vy Ej
L Z
(a-x) A
'_1:(_X JZ B X
x? -X
A= mv v
x? (4—1}
v= V2+V)
19 o
L 1 vy = U, * ayt
E
=0+ 9 ot
Q.12 (C) m
A =If stream lines intersect then there will be two W)= Vv
direction of fluid flow at apoint, which s absurd. (8vg) = vy +Vo
B = Linesof forcesin electrostatic never intersect — v2=8v
D = Line of force in magnetism never intersect each v
other.
= q—Eot= 2\/§V0
m
Q13 @B
- t;@voztm—
] - e
t
L VT Q15 (©
<—r——>

1Onswill hitif r>w
w=0gAV
1 5 ;
—mv- =qV
5 q

B —
V_\/qu e = /3B

m Q.16 (D)

mv —quB
r
mv_m 29V
=3 BV m Q.17 (C)
2
_1 [2mv FopmB_mv
B _q or r
AB =V
1famv T
° A 1.67x10% x54° x0.01
== S =503T
2mV> 2g? 2mv 9.67x10% x1
=>0< 252
q w°B

24




Q.18 (C) Q.3
For charged particles
%
gE+qvB
net forceisin downward direction, so they won.t be able Q4
to go through the hole P

And uncharged particle don.t deviate so they will be able

to go through hole P.
JEE-MAIN Q5
PREVIOUS YEAR'S
Q1L (@
qPB P
F=gvB=-— V=—
m m
gPB P
Falr Vit
_gPB _ P
F= o V,= o Q6
_ 20PB _ gPB P
37 4m  2m 37 4m
FiFiF=2:1:1 Vi iV,iV,=4:2:1
Q2 (3
B
M e I’ TH
7em 18cm @7
AV
Tem | @‘ £ Bol Bo
—m ' ) Q.7
B=2B, sin 6
2u,m 7
——X—=04x104
4y r? r 0 0
mx7
= 2x10-7 x m x 104
=0.4x10*
4x1072 x(373)%?
m =
14
M 14 14
=mxl4dcm=mx_——
100
0.04x (373)*2 14
14 100 Q8
=4x10%*x7203.82=2.88JT Q9

Magnetic Effect of Current

©)
Sinceforceonapoint chargeby magneticfieldis
always perpendicular to v[f: =qV x B]

.. Work by magnetic force on the point charge
iszero.

(N

B = unl = punl

B =4r x 107 x 500 x 1000 x 5
B =n Teda

)

(2QB=2xB swire T B loop

Byl Mol m
= —+ = —
B=2x Anr  2r (211)
Hol
B=—(2+m
4nr( )

(4)

000000

00000

doci

=Bxi

<0, field at centre of C =

| o
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Magnetic Effect of Current

Q.10 (1) i
B = 3{u—°(sin60°+sin60°)}
Q.11 [80] 4np
012
Q12 (@ tan 60° = —
QL3 B Wh 9x107
erer =
Q.14 (1) 23
Conceptual question 5 B=3x10°T
Option (1) Currentisflowingin clockwisedirectionso, g isinside
plane of triangle by right handd rule.
Q.15 (1)
Q24 (I
Q16 [3
Q25 (2
Q.17 [543
Q26 4
Q18 @
_ HoiR?
Q19 (1) B~ 2(R% + x7)7
Q20 [250] -
centre 2R
Q21 (@@ g
B must not be parallel to the plane of coil for non zero 5B = 2a
flux and according to lenz law if B isoutward it should
be decreasing for anticlockwise induced current. _ _ ALY
5B 2(a2+r2)3’2
Q2 (9 ... fractional changein magneticfield =
F=q(VxB) _ _
Bl pgid®
- . coon 2 2 2 2\3/2 1
F, = 47 0.50i x By | 3 |cos| K. 2 -0 S C el _
2 K Mol r?

F = F=2r0.50ixB,| -} cos(Kﬁ—o
2 2 K { 3 rz} 312
~1l— 1——— = —_—

cost=-1,cos3n=-1

LR ) 312
A Note : 1+¥ ~ 1‘};

[Trueonlyifr<<a]
Hence option (4) is the most suitable option

Q.23 (4)

Q27 ()

B _ Mol [sin90+sin6,]

26



Bdueto wire (2) = 4 X

Total magneticfield
B=B,+B,

Mol

X2 +y?

Bl X+y . X2 +y?
am | xy Xy X2 +y?
i 2 2
5o bl w+u}
An | Xy Xy
Hol 2 2
= VX2 +y2 +(x+
4nxy[ yo+ y)J
Option (1)

JEE-ADVANCED
PREVIOUS YEAR'S

Q1 (BD)

x % X x x X

20xR
t = e

x

X x X x x % % x x x

x %X x/ x x x
X X X X X X X X X X %X X X X

x X X X X X x x X % X x X X
x X x x X X X x x x x X x x

x X % x X x X x X % X x X X

20 x m,v _ 26mp

P \'

eBv

. (2r-20)xR,

e

\Y

eB

_ (@r-20)my _ (2n-20)m,

Qz (A

HodNi Ho (b’iladxj !
B=J. 2X =-|.

1 X 1 y
s + =+
|y yxP+y® X x\/x2+y2]

x X x % X % X x % x X X % X

= 2(b-a)

Q3

Q4

Q5

Q.6

Magnetic Effect of Current

+q X

If © = 0° then due to magnetic force path iscircular but
due to force gE, (M q will have accelerated motion
along y—axis. So combined path of g will be ahelica
path with variable pitch so (A) and (B) arewrong.

If 6 = 10° then dueto vcosh, pathiscircular and dueto
gE, and vsin, g has accelerated motion along y-axis
so combined path is a helical path with variable pitch
(C) iscorrect.

If 6 =90° then F, = 0 and due to gE, motion is
accelerated along y-axis. (D)

)

B, = HoJa _ HoJa
172 12

m(l_ljzé%_hZSMow_ﬁ .
2 6) 6 2 12 1ot

Case-l1 gSX<R
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Magnetic Effect of Current

J.dezu(ﬂ Q8 (A,D)

2
, (R
_ R
B| 2nx =, {“X “( 2 I

/—/——1\ ———
N—

R .| 2R
Caslll x>R
. S P —
I B.dl = | =
2
Bl 2nx = p, {NRZ —n(%j } J
(A) ForO<r<R= B=0
Hod 3
Bl=7—" - R?
BI= 5 2 I % 1 l
3uJR?
Bl=—6— (D) Forr>2R=B=0
8x
Q9 B
S0
Hoo Hol
- + :
|B| B,= 21Xy 2n(X —Xq) (opposite)
_ Mol Hol
17 21Xy 2n(X —X,) (same)
I I
1
1
1
1
1
Q7  (AO |
Component of final velocity of particleisin positivey XXX
direction. S . : _ Case- 1 When current isin the same direction
Centreof circleispresent on positivey axis. o magnetic
field is present in negative z-direction o 3ugl 3p,l ~ 3ugl
Angle of deviationis 30° because B=B,= 2nx, ~ dnx,  4nx,
v 1
Y mv
tano = =7 _
v, ~ 3 R, = 4B,
o 7 Case-2 When current is in oposite direction
6 gl
ot=9 B=B~ 4nX
B
0= Q—t mv
M R=—
2 B,
_ Mo
] Ri_B 9
R, B, 37
50M~
B= 30
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Magnetic Effect of Current

Q.10

Q.U

Q.12

Q.13 (CD)
©
Br =B duetoring . . .
»" : “\ p
r h pe—|
B, =B duetowire-1 5 I
o . S N— o x N
, =B duetowire-2 —a
S p
In magnitudesB, =B _ Kol
g 17727 2y
X X X
Hola
Resultant of B, and B, = 2B, cos0 = 2
- 2y, lna? |Ap|:\/§p
R™ aqr® LY
For zero magneticfield at P ®) 0B
2
uolza _ Zuolnf e R 2mv
nr Anr 7QB docm
— h~12a © R (1-cos0)=R
. 3R
® R'snf=—
g . . . Hol 2
Magnetic field at mid point of two wires= H@)
Magnetic moment of loop = Ina?
R
Torqueonloop=M Bsin150°—ﬂ /
a P= T2 R
(A)
.
Ia sne 3
42 I 1-cos6 2
I . 0 0
a 2sin—Ccos—
2_3
- . ,0 2
2
Total Mgnetic Field 28n°5
at centre = 12 times magnetic field due to one wire
06 3 0 2
12u,l ;. . | J3 1 cot—=—=tan—=—
B=—""2[sin60°-sin30°| = 2> x12| ——-=
47ca[ ] 47ca>< {2 2} 2 2 2 3
2) 4
Hol 2[) i
= B=—"x6 \/5—1 4 9 12
L4 535 5
9 9
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Magnetic Effect of Current

B= “—Oi(— k).
13 12 2R
124,012
13 Q.15 [200
5 (1) Average speed adlong x-axis

R(2)- T BR_P g
13/ 2 8 OB 13QR

P 3R N

P2 [19,0dt g+,
B>£ W)= Idt Tt
QR (2) wehave
Ql14 (A.B,D) mwoomv

= gB, 1o = aB,

Since, B, = B,

nce, I

I Clowr 4
= 4r,

o m
/ / T'me'”81:>q_51:t1
Xx=-R W1 >
O /=R o m
/ / T|me|n82:q_Bz =t,
-Y I

Total distance along x-axis
d+d,=2r +2r,=2(r, +r,)=2(5r)
Total timeT =t +t,=5t,

(A) at origin, B= 0 dueto two wires if I,=1,,hence
10r, _, v, ><q_B2

B..)at origin is equal to g due to ring, which is =2
(Bret) ginis eq B g Averagespeed = 5~ = <o
non-zero.

(B)If1,>0and |, <0, B atorigin dueto wireswill be Q.16 (ABD)
aong +k direction and B due to ring is along —k y=x' OB
direction and hence B can be zero at origin.
(C)IfI,<0andl,>0, B atorigin dueto wireswill is o] / V=V,
along —k and dso along —k dueto ring, hence B y
cannot be zero.
0 Jo X
y=x
B
y A
©
Id(b jVoBo dy
& R X
Ao Ke4
Il I2
Lﬁ+1
At centreof ring, B duetwowiresisalong x-axis, hence Ap=V B, | L+ TG

z-component is only because of ring which
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Q.17
Q.18
Q.19

Q.20

L
so=ev, (Lot

1
. |A (I)l = VOBO [1"!‘ mjl_

[Ad| o« L .. option*2’ isasocorrect
Ifp=0

Ap=V B, [L+L]

Ap=2V BL = option (3)isincorrect
Ifp=2

L
Ap=VB, L+

4
Ap= 3 V B,L option (4) iscorrect

Ad =will besameif thewireisrepaleced by the straight
wireof length /2. andy =x
- range of y remains same

y o
[ y:X
V2L V= Vi
0 Lox

.. option 1 is correct.

4
(AB)
(A)
©

Magnetic Effect of Current
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Electromagnetic Induction

_ EXERCISES

)

ELEMENTRY
Q1 (3
. . do
Becauseinduced em.f.isgivenby E=—N o
Qz ()
o= dd _ —3B,A,
I S Q.10
Q3 (@
¢=BA =10weber
Q4 @
(A_B] o
le|]=N AL A cos=500x 1% (10x 10%)2cos0 =5V Q.11
Q5 B
Theinduced current will bein such adirection so that
it opposes the change due to which it is produced.
Q6 @
¢ =HyNiA =4r x 107 x % x 2x m(2x107?)?
=9.31x10°Whb .
Q.12
Q7 @
N
g=- —(B,-B,)Acosb
R
_ 100 o, Q13
P2x10%=— (160+ 40) (0-B) xt x (6% 10%)2x cos0
=B=0.565T
Q8 @
dé
=4 =—(10t—4) = (e),_,=—(10%x0.2—4) =2volt
Q9 &

32

If current through A increases, crosses (X) linked with
coil B increases, hence anticlockwise current induces
in coil B. As shown in figure both the current pro-
duces repulsive effect.

A B
) > <
I
Observer
< >
@
0=BA
= Changeinflux d¢=B.dA =0.05(101-100) 10
=5.10°Wb
dp) 5x10°

Now, chargedQ = =25x10°C

dt 2

)

dl
Rate of decay of current betweent=5msto 6 ms= a
=—(Slopeof thelineBC)

5
== [1>< 1O3j =-5x10°A/s. Henceinduced emf e=

di
-L p =—4.6x(5x10°)=23x 10°V

@
(d) Conductor cuts the flux only when, if it movesin
the direction of M.

@

If player isrunning with rod in vertical position towards
east, then rod cuts the magnetic field of earth
perpendicularly (magnetic field of earth is south to
north).

Hence Maximum emf inducedis

30x1000
3600

When heisrunning with rod in horizontal position, no
fieldiscut by therod, soe= 0.

" ® e

W7LE

e=Bvl = 4x10° x x 3=1x1073volt



Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q21

Q.22

Q.23

Q.24

Q.25

4

Perpendicular length ismore so induced emf ismore |
&)

&)

Self inductance L = p,N? A/l = p,n’lA

Where n is the number of turns per unit length and N
isthetotal number of turnsand N = nl

Inthegiven question nissame. A isincreased 4 times
and | isincreased 2 timesand hence L will beincreased
8times.

Q)

e= M%=1.25x80=lOOV

(O]
e=M I _009x—22_ _300v
dt 0.006
@
(O]
Asweknow e= _dé =-L a
dt dt
Work doneagaingt back em.f. eintimedt and currentiis
. di. .
dW=—e|dt=Laldt=Ll di =

W=|_jio|i=1|_i2
=3

©)

€
L =p,N2A/I

@

U :%Liz =%x(50x10*3)x(4)2 =400x10°=0.4J

@
)

Electromagnetic Induction

Ti stant == = 2 5 sec
Ime constan R 3 .
Q26 (@
Q27 (3
1 1
Vo

" 2nJLC  2x3.144/5x10 x 20x10°

A
vo =0 _1502Hz
6.28

Q28 (1)
N, Vv, __ 200_V _
N_p_v—p:>100 120:>VS—24OV

i
Also Ye=lo @=].'—O:>i3:5A
V, i, 120 i,

Q29 ()
Vo N (Ve 3y _usy
V, N, 0 2

Q30 ()

Transformer works on ac only.

Q31 (1)

U :%Liz =%><100><10*3x(10)2 =5J

JEE-MAIN
OBJECTIVE QUESTIONS
Q1 @
Since A¢ = 0 hence EMF induced is zero.

Qz (@
Thedirection of current intheloop such that it opposes
thethe changein magnetic fluxinit.

Q3
Thedirection of current intheloop such that it opposes
thethe changein magnetic fluxinit.

Q4
Since the magnetic flux in the loop is zero hence the
current induced init is zero.

Q5 (M
¢ =BA cos0

33



Electromagnetic Induction

Q.6

Q7

Q8

Q9

Q.10

Q.U

Q.12

Q.13

34

1
1013 = B(0.02) (EJ
B=101T=0.1T.
(h)
»=NBA
=500x5x103x2x103

=50x10%x10
=5x103Wh.

©)
¢=B.r (R, +1)

do
E=- =2B1(R+Y)

@
d
a=d—4t’=7(12t75)
at t=0.25sec.
e=-[12(1025)-5]=2

@
We know that
_ P-oi

2
= —.mr
¢ 2R

2
_ Beer

4R

.ot

¢

2
E = % = —Hoer Lo
dt 4R

(©)
By moving away from solenoid thering will resist the
changing fluxinit.

@
Therepulsion isto resist the increasing magnetic flux
incoil B.

@

Qwill movetowardsPtoresist theincreasing magnetic

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

flux intheloop formed duetorailsR,Sand conductors

PQ.

N

@
The decrease in current in to oppose increasing
magnetic flux inthecircular loops.

@

@

20x()° 2

Averageemf =
a0 At At

2o

At =20 msec

=

S

g=@=i(NBA)
dtdt

= NAd_B
dt
=100x% 102 x 103

=103V

@

i =igsinot

1000

0-2

B =mghi =4nx10~" x (1) sinwt =47 x 102 sinet

$=NBA =50x4nx102 sinotx104
= 27104 sinot

8=%=2n2 x107? =2x10"w
dt
f=50Hz.

@

dx .
\1a\AB—“_°I

T 2nx

a+d

jd¢ = j“—Oi.b.dx

21X
d



Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

=100x102%x10°®
=108V

BandA are | to each other.

@

When the cail is entering and coming out of the field
themagneticflux initischanging but whenitiswithin
thefield the magnetic flux initis constant.

&)

When the magnetic goes away fromthering theflux in
the ring decreases hence the induced current will be
such that it opposesthe decreasing flux init hencering
will behave like a magnet having face A as north pole
and face B as south pole.

@

On increasing the current in wire magnetic filled will
increase outwards. So in order to decrease field
outwardsthecurrentinduced inloop will bein clockwise

direction.
a iT BT i —> Clockwise

_—

@
Thedirection of induced current issuch that it opposes
the effect of changein magneticfield.

@
Thedirection of induced current issuch that it opposes
the effect of changein magneticfield.

(3)

Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

Electromagnetic Induction

>

S A
T l!.) I l a
a l N T T l

Jao=] ;—T‘E)I((bdx)

_ Belb f ax
T 2n X
(b-a)

¢:—“°Ibfn(—a ]
2n b-a
_ polbm( a j

2n b-a):
4

Since magnetic field lines around the wire AB are
circular, therefore magnetic flux through the circular
loop will be zero, henceinduced emf intheloop will be
zero.

(2

Thisisin accordancewith Lenz law.

@
Since the magnitude flux in the ring due to motion of
charge particle is zero hence the induced emf will be

Z&x0.

@

electronswill move becuase of internal electric field.

eE_F-F_ F-R[lm
m M Me

)

- o= - - d
If V|| ¢orvl||Bor 7] Bthend—(l)iszero.Hence

potential differenceiszero.

(2)

When the loop enters the magnetic field the magnetic
flux init changestill it covers adistance 'a. Hencethe
EMF induced inthe surface after that flux in it remains
constant till its back portion has not entered in
magnetic field. No emf is induced during this
time.when it is out of magnetic field the magnetic flux
in it decreases. EMF is again induced in the circuit

2
hence total time for which emf isinduced is Ta .
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Q.34

Q.35

Q.36

Q.37

Q.38

Q.39

36

(2)

£=B.(Vx 1)
= (3i+4]+5K).[Lix5]]
e=25volt.
@
g:(\7x E)T
@

£

1+ —+—s,

@

dl vector is same in both the cases.

(2)

v

Lty Bl
0=-5@ " H-X)

2(H-x)
|—dd/dt|=¢= N

_ 2
i= ﬁ (H—x)
Henceanswer is(2)

@
Induced motional emf in MNQ is equivalent to the
motiona emf inanimaginary wireMQi.e.,

€no = w0 = Bv/=Bv (2R)

[/=MQ=2R]
Therefore , potential difference developed across the
ring is2RBv with Q at higher potential.

Q.40

Q.41

Q.42

Q.43

Q.44

Q.45

Q.46

(1)
N
4
4T +
W\ >E
=
S
vB/=12V
@
j f
€i Sy
_ _ ReiVe
V,—V,=VB(l = ar
@
Asthereis no current,
F. =0
@

Force acting on the rod because of theinduced current
due to change in magnetic flux will try to oppose the
motion of rod. Hence the acceleration of the rod will

o dP dv
decrease with time E: FE = F x a Thus, rate of

power delivered by external force will be decreasing
continuously.

@
W=(L)F
=L xILB
L?B2V
X =
R

=L 1J

@

It the magnitude of |, isvery large such that force due
to magnetic field on PQ exceedsitsweight then it will
move upwards otherwiseit will move downwards.

@

W.D. by force=Q
o0 p= R

FV=Q, F= v



Q.47

Q.48

Q.49

Q.50

Q.51

Q.52

Q.53

Q.54

Q.55
(h)
V=2 B_[3j+4kj 2m/sec
Q.56
=30 +4
omf. = [7 y Ej T
@
q=CVv
=CV Bl =constant Q.57
©)
Bol?
E= 2 A= ternive
1
= 5 Bo(L?+0) Q.58
@
/2
t=—
Av,. . = 2BA®
T
@)
¢=BAsnot
_de _
E= =BA® cosmt
dt Q.59
o (o)
o= BA E
@
Hereeffectivelengthis2R
1
£ = 5 Bo(2R)? = 2BoR?
Q.60
(h)
slea)R2
2 Q.61

Electromagnetic Induction

1 3 22
:Ex(leo )(130)(25x10%)
=20x 103V

@

€ :iBsz
2

3.14x10° :%x 5x10° (1)°

f=20rev./s
@
£
A B A_“T”_B
VA_VC:VB_VC
@
1Bol2  14010x40x(5x102)
1= 2 =2 =5mA
R 1
@

Thework donein pulling out loop equal
to heat generated int = 2 secin following
circuit.

e AR

E=vb/=

- E
= '"R

H=i?RT
H=3.125x103J

@
$=BA
> =) d AdB
vxB -a=e=—t:CA(Straightline)
E,l asr>R
@
E eE=F
(2)
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Q.62

Q.63

Q.64

Q.65

Q.66

Q.67

38

If the circuit Q C P containing rod PQ is completed
then the direction of induced current will be from Q
to C to P hence Q will be at higher potential than P

@ Q.68

S E_IRB owardstet
a—m—Zmdt.(owars S)

@
o : . NBA
L:i—, iL=N¢,IL=NBA = i=—

L Q.69

@

Q.70

200 § 200
2V 2V

di
V,—Ve=IR-15+L

V,-V, =-15
V,-V,=15

©)
(0] -+ SmH 4 Q.71
+ B

—— i — —r—<—

1
A -+ 15v -

_Ld
Vy-V,= - +15+IR

V,-V, =15Volt

@
Q.72
@
iy dy
dt dt
orLdi=Ldi,orL,i =L,

=2x10%V.

@

L x N?

108 (600
L' 500

25
L'=100x 2> = 75mH
36 °M

©)

Self inductance for a solenoid is given as

uONznr2
I
Where N is numbers of turns

_ 100
T 2nr

2
Ho (100] nR?
=7 =L

L=

1

2nr

) (3]
ol == =
L,= 2nr 2

L=

L,=L

@

Letacurrecti flow incoil of radiusR.

i
Magentic field at the center of coil = ;—loanz

Mol 2 Mo .2
= .Tr = r
or Mi >R e, M R T

@
dI
EMF= _ME 25x102%=M x 15

5
or M:§><1cr3H



Q.73

Q.74

Q.75

Q.76

Q.77

Q.78

Q.79

5
o=MI= 3 x 102 x 3.6=6.00mWh.

(1)
d):MXI

d+b
J. B.ds
d

I

=M

nea, b+d
M=—7"—/MN——
2n d

HenceM « a.

@

M .= JLiL, = /100% 400 MH =200 mH.
@

Asthe flux in the ring due to wire will be zero hence
mutual inductancewill bezero.

@

L
0000000

L
r
Ldi=v.dt
Li=wt
4x5=2xt
t=10sec.

@
M < JLiL,

For M maximum
M= /L,L,

@
Winding the coil on common core increases the flux
linked with the coils.

Q.80

Q.81

Q.82

Q.83

Q.84

Q.85

Q.86

Q.87

Q.88

Q.89

Q.90

Electromagnetic Induction

@

i
g=CV=it=CV= V:E .t
@

att=0thecircuit will beopen = i =0

u—OBtL—div&O
= = u dt

P=0

@
Check al the options

@
An inductor behave as an open circuit initially and a
closed circuit at t=co.

(©)
A rapidflux changeinL

@

The induced emf in L oppose the current flow so
brighness of thelamp isinitially low then

increases slowly.

@
Check al the options

©)

o .10
Initially L isopeni . = 0 =1A
finally L isshort.

.10
o = 5 =2A
ex —hmin=2—1=1A

@
+ iR-— m Ldi/dt

E

Ld
e E—iR (straight linewith -ve slope)

(3)

1 .,de 1 i di
==Li* —==2.Li— =Lj —
=2t w2 a Y
=2x2x4=16Jsec.
(1)
Ldi
o dependson slope of I-T curve
one has grater slope than two
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Qo1 (1)

1 & R E
RCET (Frequency)
Q92 (3

9

U tlfmj

Q93 @

Initially the inductor offersinfinite resistance hencei
is 1A. Finally, at steady state inductor offers zero
resistance and current i, is 1.25A in the battery.

QY (O
2
1Li2:1x5x @
2 2 20
1—25:62.5.Joule
2
2
1Li2:1x5x @
2 2 20
%=62.5Joule
2
Q9% (@
i=i e™t

=i e*g*; =je? :—02:0.136i0 =13.6%

Q9% (3

L =2t = Z_U
R P

097 (2
1 1

1

"= 21 Loy xCoy ~ 274/3Lx3C ~ 674LC °

40

Q.98 (3)
C_=3C
€]
Q,=3Q
g 1 Qe _30°
"2 Cq  2C
Q99 (1

Transmitting high voltage & low current electrical
energy resultsin less energy loss over long distance.

Q.100 (1)

V,=220V
l,=5A
P, = 1100 Watts

P
V=11V

1,=90A
P,= 990 Watts
P 990x100

=0 =—— = 0
N=PR = 1100 0%

Q.101 (2

Q.102 (3

JEE-ADVANCED

MCQ/COMPREHENSION/COLUMN MATCHING

Q.1 (C,D)
EMF isinduced in the ring if there is change in flux
which occurs either dueto rotation about adiameter or
dueto its deformation.

Q.2 (B,C)
Magnetic linesof force comeout of north pole and reach
towards the south pole in a magnet. When the north
pole faces the ring and the magnet moves towards it



Electromagnetic Induction

the flux in thering increases and current isinduced in
the anticlockwise direction in the ring and similarly

when south pole faces the ring and the magnet moves - -

away fromit.

Q7 (ABCD)

(A,C,D)
Both areindividual loop

X X X X X

- -
X X X ¢ & B areparalldl.
X x X Q8 (ABCD)
X X X X X do dBA sinwt
e=——,e=———— =-BAwcosnt.

So current induced in clockwisedirection (by Lenz law)

(A.D)
Since the other resistance is attached parallel to the
battery hence the time constant of the circuit will be

(A0 Q9
Magnetic lines of force do noy pass inside a super
conducting loop

= L
hences =0 R At steady State the inductor offers zero resistance
do
= _ E
dt have hence at that time current in inductor will be — .
or ¢ =constant. R
(B,C) Q10 (BD)
imax1 = imax2
_ R =R,andt,>1, = L,>L,
s N |
QU1 (ABO
i—E—i—Frequency
¢ RC L 4LC
[N s |
Q.12 (BD)

L R

(B, D) (l:——MBW*'\‘ “uuuuuuu‘ RN
A0 [,
E

VARV :
P Q

E
at t = 0 C acts as an open ckt

(A) i,=0and Pmovestowardsright. = Q=CE o
Induced current Q isin opposite direction of i, att=0L actsasshort circuit.
(B) i,=0and Qmovestowards|eft. E
Induced current in Pis oppositetoi, = 1= R

© 1,0, 1,=0 andinsamedirection
Q.13 (AD)
Initially inductor acts as an open circuit.

- - {rraction a(t=0)ieV, max.i=0
= V,=0
(D) 1;=0,1,=0 and at t = o« inductor behaves as a short circuit.
and in opposite direction = V. =0i_, = V, mx

41



Electromagnetic Induction

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19
Q.20

Q.21

42

(A,CD)
Pow La, Li =L
=" i=Lji =L,
L =i M il Q22
A.CD
( ) Q.23
di
L,—L
_ Yot v V1
SinceP,=P,oriv,=iv,& dio " or =4 &
dz vy Vo
Z dt
1 -
—= =4,
2 4 Wl }le
o 11
Q.24
(AB,C)
di i
EMF induced=—L G 0, rest quantitiesare zero.
(A,CD)
di;
Mg d VW1 Vi
SinceP,=P,ori v, =i,v,& =—o  =4&
d, v, A
2 dt
1 o
i, 1w, ool
i, 4w o1,
2 R Y
o 11
(ABC)
di i
EMF induced=—L G 0, rest quantitiesare zero.
©
C
© Q.25

®

X X X X X
X X x
X X IX X
| -
.l
X X XX x

case (1) h

0=BA i)(ﬂg

0= BYL2- 1) © T

$=BA

d=BY(L2+2) d ¢
a::ilTb

®)
I, > 1, becausein case 1 both loop support each other
and in case Il both loops oppose each other.

(A)
dB

E =2T/s

AdB 4
E:—? =—800x10"m-x2=-0.16V
016 _
=70 =0.16A, clockwise

B)
Att=2s

B=aT B _op
Tt s

t=2s-
B= 4Td—B—2T/
Tt S
A =20x30cm?
=600x 104 Mm% — m
=—100x 10*m?/s
_d _ [d(BA) BdA AdB
T“at T dt | T dt dt

=—[4x(<100% 107%) + 600 x 107 x 2]
=—[-0.04+0.120] =—0.08v

=—(5x20) cm?/s

Alternative :
»=BA =2tx0.2(0.4—wt)
=0.16t—0.4 vi?

dé
E=—a =0.8vt-0.16
at=2s
E=-0.08V

©

Att=2s, length of thewire=(2x30cm) +20cm=0.8
m

Resistance of thewire=0.8 Q

1

C hrough the rod = 298 _ —A
urrent through the ro 08 - 10

1
Forceonthewire=ilB = ;= x (0.2) x 4



Q.26

Q.27

Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

=0.08 N
Same forceis applied on the rod in opposite direction
to make net force zero.

(B.D)
VP_VO:VR_VO P
1 2
=3 Bo (JE R) o) 5
= BwoR?
R

1
Vo—Vo= > Bw (2R)?2
=2BwR?

©
The potential is given w.r.t to hinged point always.

©)

effective ; iszero.

©
Inductance and potentia difference across terminals
will not changewithtime.

(A)
Even after insertion of therod the current in circuit will
increase with timetill steady state isreached.

©

At steady state inductor will offer zero resistance and

€
hencel= —.
R

(A)qs(B) pr (C) pr (D) a.s

(A) Dueto current carrying wire, the magneticfieldin
loop will beinwardsthe paper. Ascurrent isincreased,
magnetic flux associated with loop increases. So a
current will beinduced so asto decrease magnetic flux
inside theloop. Hence Induced current in theloop will
be anticlockwise. The current in left side of loop shall
be downwards and hencerepelled by wire. The current
in right side of loop is upwards and is hence attracted
by wire. Sinceleft sdeof loopisnearer towire, repulsive
forcewill dominate. Hencewirewill repel theloop

(B) Optionsin (B) will be opposite of that in (A)

(A)aB)p(C)s(D)s

When both S and S, are either open or closed, current
through ad is zero. With S, closed, current 2 x 107 A
flows from ato d. With S, closed, current 2 x 10" A
flowsfromdtoa

(C) Whentheloopismoved away fromwire, magnetic
flux decreases in the loop. Hence the options for this
case shall besameasin (B)

(D) When the loop is moved towards the wire,

Q.1

Q.2

Electromagnetic Induction

magnetic flux increasesin theloop. Hencethe options
for this case shall be same asin (A)

[35A]

10/ | X

10t/2

o8]

((jti_(tp =100Bt =100x (.10) x (.10) =1V

10 m/s

(zi—(tp =100Bt =100x (.10) x (.10) =1V
1)
V2

_1dd
i=—— - =3535~ 35AAns

R=(.01)x

R dt
[320.00]
For constant velocity,
a=0
F=F,
€ Blv
=i =| = /B = 0 ‘B
e (Rj ( R j
R . :
Vv, = W velocity at point ‘P
F, /B
Now, retardation a= — = ——
m m
B2/?
a= %
mR
dV BZE2
=>-v =
d mR
fqy B
o~ Idv _[ds
Vo mR 7§
B2¢?
orv,=
mR
mRv, FmR?
ors= B22 - B4/2 =320m
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Q.3

Q4

Q5

44

[21]
&= B(VgyxL)

- (6k) (@i—g]]x(m#s])j =21

(0120]
When the rod moves with constant velocity, net force
on the bar is zero
W = gravitational force=mg=ilB
[i =induced current in the circuit]
. 02x10 A
"= 2x025 ~
To produce 4A current in the bar, induced emf ¢ inthe
100+¢

circuitis 0 =4

= g=60V

v 290 i
T Bl T 2x0.25

Weknow, e =BIV =
m/s

[1250]

1
Induced EMF = EB(DlZ
At any timet
Ldi - Bol?
L iR=
a2
Solving for i, we get
i=
Bol 2 [1_ e—Rt/L]
2R

Torque about the hinge Pis

|
T= jide-x _ E'BIZ
2
0

- iz Bol 2 [1_ e—R'[/L]
2 2R

- BZ(D' 4 [1_ e—Rt/L]
4R

Max. value occur at t = oo and half of thisis equal to
_ B%wl?
i =

4R

whenl-eRib = —
2

o B2wl*
.. Torque at thisinstant = =125
8R

KVPY

PREVIOUS YEAR’S

Q.1

Q.2

Q3

Q4

Q5

Q.6

(D)
Vv

—th
el e
R

10V

®)

Thisisin accordancewith Lenz'slaw

(A)

Due to energy conservation

©
No EMF Induce if ring rotate about its own axis
(--Ap=0)

Hence, I, |1 & IV arecorrect

©

|-t graphisfor L-R seriescircuit.

©

Observerﬁ\ ﬂ
N

Magnet is approaching sing due to which downward
flux through ringisincreasing. According to lenz law
induced current is anticlockwise or counter clockwise.

S
N

When magnet is below the plane of ring and moving
away from ring flux in downward decreasing due to
whichinduced current isclockwise.



Q.7

Q.8

(D)
Fixed

L, L,

When current through L, increases then flux linked
through L, will increase.
. According tolenzlaw L, will move away.

©

X X X X
i(as aunknown)
% « R=res _stance
B=B, snot
X X X X

—do d AdB
Emf =% .- _9dpa)oe=_AB
mf=— = &= q(BA)= o

. €
= £¢=-AB,» coswt = | "R

i=— BooA cos ot
R

current oscillateswith ‘o’ .
Heatingloss=i?R

2
H oc j2 [i :—@COS(DI]

H oc B2o%a’
Forceon d¢length
|F = Bid/¢

costdf

|F=B,snw tL

| | Bgoma

sin ot coswmt
R

Force per unit length =

Force per unit length oc Bg
Net force onring will be zero.

(Force cancel)

Electromagnetic Induction

(A)

AAAAAA
YVVYy

(After long timefor switched on)

Initidly circuit isin steady state current through each
resistor asall areidentical & areinparallel combination.
When switchisoff current through L and L, just after
remain same.

2| |

2l

< MMM ¢
~ VVLVVV ~

Inright & middlewirecurrentisl downward andin left
wirecurrent is2l upward.

(A)

AccordingtoLenz'sLaw

©
F=iBx

L
R /m
B2

\"

a= .
Rm

= a=V.—
dx

dv 262
dx Rm

:>jdv: Ii:ﬁj .Idx
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B2¢? VRM
= XX =
RM [ B2 } Q.17 (D), (CorD)
i doe
012 (B) CJ.)B.df—po[l—i-so( p B
X X X X d
LT Be _ees
X x X X v=reduced dt
v=const. v=reduced
Inside B speed will be constant therefore B option is cﬁé_d—é =pn g,VE( = VEf
correct, representation of speed. 0 C
Direction of electric field is not given in the question
Q13 B therefore both options are possible.
2
—e& =™, Flectricfieldwill bedirected away from
centre, so centrewill be at higher potential Q.18 (B)
14 (A sesE
Q14 (A . L N
—q di T v
< La ........ (i) fromKVL oot
antiquely Li,—0=¢
o ver-L9 g
|0: E dt
di
VB/=L—
-a_dq dt
from (1) P
) d VvB/
= g=0,sin(m,t) @ L
= | =0, cos(w,t)=i,cos(w,t) - +veslope
o
|—Lcos(oa0t) x:ut:>d—X:V
dt
Q.15 (B . ﬂ:%:weslop
f = Mi, dx
(n0).B_.xr?=Mi_ Q.19 (D)
n¢[uoNi, Jrr2=Mi, Emf=VBL
— 2
M= TE},lOanr _ VBL
" R
Q.16 (B)
Flux isincreasing while coming out of plane s VOB
. Induced electric field will bein clockwise direction. Heat=1"R=
b GivenVi=2Vv
- [Eds will be+ves,
a H*
So=—=4
for path- 1 H
Vb _Va =&
In path-2if weseea& bvery closeand Net emf in path =

0
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JEE MAIN
PREVIOUS YEAR'’S

Ql (M

Since key is open, circuit is series

15i o, o(60)

1
Irms = ZA

1 1
Now, 20 x 2 x X = " (wL)

L—E—OSH
=3 =0

Electromagnetic Induction

5
L :g x 2.5x 10 x 10 x 180 x E
C=—— FZZSOHF
4000
:§><2.5><5><10‘2
5 144 =10.825x 102
Q (144 =108mv
e Q5 (@
. 9
[Ldi | 3tat i:ZA:Z.ZSA
2
Li=*
2 Q6 (3
3t2 Il /Iz
i= =
2L
R, el R,
< 1 ] 3ty 1 ot
energy—zx ><2L _ZXI
9 16x16 _ Q7 (¥
"8 2~
N
O
Q3 (@ I_f
e=p /vsin60°
A 3 B Bo(x+d)vd —E, —E,
5 - 17 °
-025x10x180% — x 32107 _1081my 2 | | >
18 > X x+d
Q4  [108 By (X)
N E,= Oa od
Enet = El_EZ
B.v,d’
Ere = %
W E
Q.8 (3
Magnetic energy = % Li2=25%
S

47



Electromagnetic Induction

ME = 25% = | = .0

7 Q14 3
i i(1-R-Rt/L) for charging Q15 [60]
L
t= —/n2
R Q16 @
U—%Li2 =64=L=2
Qo ’R=640
Q.10 (74 _ 64(2) 10
)
Q1 (60 L
=—=-—=02
Q12 @ "R5
In Steady state, inductor behaves asaconducting wire. Option (4)
So, equivalent circuit becomes
0 Q17 @
A JEE-ADVANCED
i ! PREVIOUS YEAR'S
30V T 30 30 3Q i Q1 [6]
) . Flux through circular ring
b SEN S— &= (u, Ni) mr2
Pardlel (R.) o= %nrz 1,c0s300t
i = l + } +l =1 = ﬂ
R, 3 3 3 Rt
=R_=1Q ENTIS ! PR
— Circuit becomes |= =g -Sn300tx300
20 _ r?.300
AV = p,1,sin300t | T 5p
N M =I.nr?
VT e
V —
_ 7°r*.300
= plysin300t | 7| (Taken?=10)
—i=29_10n _ 10x10*x300
3 100x10
Q13 (2 N=6Ans.
Equivalent circuit
Q2 © . -
J Truefor induced electric field and magnetic field.
Q3 [
4Q§ — V,B/,1Q .. uoiRz
iR? iR?
V,B/ 5(2mA) B= MR mlRT
=1 =V, ZW:KV“ m/s=1cm/s 2(R? +3R?)¥/? 2(4R?)%2
Option (2)
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_ HiR? gl AJ=—%R2
~ 2.2 R 16R
BR?
¢ =NBA coA5° S0 AM:—YQ—
_ 2“—0i 2 1 Alternet
T 1R 2 v
_ Q
= Hol2” ‘ "
8/2R x  M_Q
L 2m
wet
M= =2 Q R2 = QC\)RZ
_ uoaz _ ;,loa.2 2n 2
2"2R  2PI2R induced electric field is oppsite. to the ® so the
_ chargeisretarded.
p=7 =o —at
B
A0 o= o- %1(q= QE/m),
e @ o (a: E 9 % = %)
e o oo mR R 2m 2m
[ ] [ ] e & o
x x ox ox ¥ v o= QR o (o BR
X X X x o 2 - 2m) 2
X X X
Am = M, -M,
(8),oo, = Ofor all cases _ QuR? Q’BR® QuR?_ i BQR?
soinducedemf =0 2 4m 2 2
Q.7 (CD)
(B) If current i flowsthrough long wire then flux through
gSEdI —A— loopis
E.ZnR——nRZB _ “_oix[%JdX:“o_ib
_BR 21X h 2n
E=—-
Alternat >
E2nR = __d¢ = de—B X v /\ T
T g T dx —F h
c. “Rd8_-BR 7 v
T 2d 2 | I
| b !
B)
Megnetic dipolemoment M = yJ
AM = yAF (i) £ g0
A B R «
At dat 2
_ MDAl Ho 56,102y 510 = RO yoit
on dt  2n i
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QS8

Q9

Q.10

Q.11

50

Hence, According to principle of reciprocity, if
current i flows in loop then same emf is induced in
wire.

Rotation of loop will not change flux.

®

t=0,R =120
1 1.1,
whent'1*, 5 =2+,
Rq 3 4 12
3
Ry =-0
= eq 2
lmax _ 12
“ln 312
(BD)

Initially flux increases than becomes constant & then
decreases.
Hence, (b, d)

B9
¢ = BScos6 = BScoswt

e:‘d—d)‘:BSmsinwt
dt

%:max.:sinmtzl :>o)t:E
dt 2

Net emf,e=2BA® sin ot—BA®» Sin ot

(©)

For constant velocity
IE:qE+q(\7 x B) =0

E:—(Vxé)

Q.12

Q.13

Q.14

Q.15

(A)
For helix with axisaong positive z-direction magnetic
field should be along z-direction.

(A)

Force due to Electric field is along —y axis and force

dueto B iszero.

(A,CD)
. \%
(A) & (C) After longtimecurrentthrough R = | = R
L_L
|2 I‘1
| L.l
1
L,+L,
LI (L )V
I = = —_—
2L +L, LL1+L2J R
(B)t=0 1=0
(B.D)
R L
WA




Q.16

Electromagnetic Induction

Q.17 (B)
7( R j‘ 7( R j‘ When the magnet ismoved, it crestesastatewherethe
v e\2) _gl\2 plate moves through the magnetic flux, due to which
R an electromotive force is generated in the plate and
eddy currents are induced. These currents are such
_ that it opposestherelative motion = disc will rotatein
For (Al) d(ai) _ 0 the direction of rotation of magnet.
max gt Note: Thisapparatusis called Arago's disk.
o < Q18 (B
v Ee_(fjt _(_Eje{ZL)t _0 Torque experienced by circular loop — j x B
RIL 2L where \j ismagnetic moment
Bismagneticfield
‘(Bj L _[ R )t . 1=inR?N B, [at theinstant shown 0=n/2]
L) _ 2L — .
€ =3¢ - %dt = dl_ = izR?NBdt = QuReN B, [idt=Q]
n Q.19 [55.00]
e_[ T )t 1 Mutal inductance is producing flux in same direction
) as self inductance.
~U :3|_1|12 +1|_2|§+|v||1|2
R 2 2
Z t = |n 2
=U= lx(lelO’g)lz +Ex(20x10*3)x22
2 2
2L . . : +(5x109)x1x2
t="In2 ( )
R — timewheni ismaximum —55m)
R(aL e oL JEE-ADVANCED
Vv eT(E'”Z) B e*(z](ﬁ'“zj PREVIOUS YEAR'S
lvac = R Q20 (AC)
hl= 2[2-2]-2Y
mex RIL4 2 4R
[0.63]

Since velocity of PQ is constant. So emf developed
across it remains constant.

¢ = Blv where ¢ = length of wire PQ

current at any timet is given by

e ®

R

Biv(, ™ (10) ( 1) 1, e
a4 [ PR x| —/— |xZ| 1—ewxw0
1= R( J'l" 100) (100) 1

X (1— e‘l) =

~ 1000 1000 < (=037
i=063x10°A = x =063
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Alternating Current

| EXERCISES |

Q5 (4

ELEMENTRY D.C. Voltmeter measures to Average value only
Q1 (3
Q2 (2 Q6 (4

Given T = 1us=10%s
Q3 (2

= 1:%:106 Hz

Q4 (3 T 10
Q5 (2 Q7 (2

Giveni =4 sin (100 =t + 30°)
Q6 (2
Q7 (3

(i >
Q8 (4 7
Q9 (1 \/ %'

Q10 (1)
at=0;,i=4sin30°=2A
Qll (2
T _100nt
Q.12 (4 3
JEE-MAIN t— 1 .
OBJECTIVE QUESTIONS 300
Q.1 4
v e ®
===
° oL  100x5x10 att:O,i:2§n(100nt+%)
Q.2 (2

i=28in%,i:«/§Amp.

1
E =10 cos (275X50X600j = 53

03 (3 Q9 (¥
V =100 sin100x t cos 100 t t
V =50sn200rt

here V=50 & © =200 f =100 Hz 105in(314t)dt

O N

Q4 (4 Tavg =
If net areaof E—t curveiszero for given inteval then
average value will be zero.

E
T/‘\ /\ . |
| \/ >f =—=0.637i;=0.637x10=6.37A
T

O N
Q
~
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Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

1 Cycle — 2 times
50 Cycle — 100 times

e = 500 sin100xt

2nf=100x

V, =220+/2 =311 volt

O t—N |+
O t—N| o

E = 200 sin (21 x 50t)
= 200 sin 314t

T
E=E, cos (ot + 5) can be written as

E=E, sin(

= E, sin (cot +EJ
6

. 5n
Phase diff. =

Alternating Current

(1)
1 . .
X.= oC will decreaseif weincrease frequency then

z will decrease so current will increase & intensity
will increase.

(1)
Vs Vms ”
ms Z - ﬂRz-i-(O)L)Z B
66
tnp= o =g =
(2)
\V/ _ 100

Irms Z - 1 2
R? + ((DL - ]
oC

Pd. acrossresistance= R 1 = 100 volt.

(3)
Vo 200 o
R=7 =—"=400Q (For circuit x)
Vo
X, = T, =400

(For circuit y)
If X & y arein series

200 5
I_4O><\/§ = \/EAmp.
L _5
= Irmsz \/E = Eamp.

4
V,
10: \/E Irms: \/E ;’15

V2 x1304/2

b= JRZ + (0L)?
L
tang = —

R
oL
o =tan? (?j .
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Alternating Current

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Q.31

54

(3)

L

tang = tandse® = % Q.32
X =oL =R
(2)
Vo= V2 +V2 = (20)° +(16)° =256.

Q.33
(2)

Q.34

200+/2
I= (XC)X\/E =200 x ®C =20 mA.
(1)
R—T—looQ X=,/72_R?
7=22 s 2000 L=2 =2y
T 05 "o 3 Q.35
(4)
Voltage of sourceisawayslessthan (V, +V,+V),
(2)
At resonance voltages across C and L are in opposite
phase so net voltage will be zero.
So,V,=0.
(1) Q.36
At resonance (V_.=V))
V = Irms x R
V
= % x R (herez=R)
100

V=V, =100volt& I, = = = 2Amp. Q.37
(3)
X, =ot=10000Q
(X)), =(200)(2t) =4 x1000=4000Q

Q.38

(1)

At resonance condition X = X_then
Z=R

-3
i = leOOm.Amp
(4)

X =0oL=100x0.1=10Q

. 100 _.
|:Wsm£100t—gj =-10cos(100t)A

(2)

(2)

X =olL =2rf xL
100 =27 x 50 x L
...(Egn. 1)

(X)pey = 2m % 150 x L
...(Egn. 2)

from egn. (i) & (ii)
(X e =300 Q

(2)
20 5
GivenR=50Q,L = TH’C:;MF

XLsz=2nx50x£=ZOOOQ

T

1 1

XC=_=
oC 27t><50><§><10’6

=20000Q =X, =

X thenZ =R
(1)

1
At resonance oL = —
oC

Lo &
oC C .
(4)
So, current lags behind voltage.
If n>nr

L 1
> —
® oC

X, > X,
(1)
Given potential difference between the ends of the
resistance wire=V_
across capacitor V. =2V,
and acrosstheinductor V| =3V
then



Q.39

Q.40

Q.41

Q.42
Q.43
Q.44
Q.45

Q.46

V= \/VRZ (V- V)

VR (3% — 2% ) =2V,

(1)
R R

oincrease=0-__0.866 4100 = 732 0

R
0.866

(3)

In resonance condition

W =—

JLc

when L T 25% and C | 20% then
1

1

Opew = =
125L><—80 C \/éleX

100 100

10 kHz f

Inductive
(1)
(1)
(4)
(3)
(4)

Given R=30Q, X, =4Q, X, = 8Q

Z= VR2+(XC_XL)2
Z= 3 +(8-4F =50

then

P:VIcosq):VI%

R
(cos¢= =)

Q.47

Q.48
Q.49

Q.50

Q.51

Q.52

Q.53

Q.54

Q.55

~50x50x3
~ 5x5

(3
GivenV =176

=300 watt

Vi

V= V2 -\
= /(220)% - (176)?
V=132V

(B)
(3)
(1)

Pav = VI'ITIS II'ITIS COS ¢

Here¢p =90°s0 P, =0

(2)

Wattless current = 1__sin ¢

oL 2nfL
Wheretan ¢ = R - R =1
al"ld I - Vrms vl'mS

2 2
_ (Ip ), IR
<P>=[, R= [—,EJ R=5

(3)
P=12_R=[(2?R] x3

: Irms = 2\/é A

(2)
I’R = 100

Alternating Current
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Alternating Current

R—@—loo =25, N 2cos =0
T2 @ "Rk
Q.56 (2) Q.63 (1)
X 4 Given R =0then
ene=g =3 P=I2R=0
3
cos¢=¢ =06 Q.64 (4)
cosp = —
Q.57 (B)
1
cos:q):E cosp, = 5 =2, =2R
z
_1 __ _
z2'-2 cos¢2—z =z,=4R
% change = % 100 = 100% .
% increase = % x 100
Q.58 (2) = 100 %
E
ANVANNA Qs (@)
\/ v \/ n In series LCR circuit at resonance X, = X
. . . . . thenZ=R
2 cos ¢ = R_ 1
n o= 7
P=E, .I,.COS0
Q.59 (4) Q66 (4
When all (L,C,R) are connected then net phase V, N, 8
difference = 60 — 60 = 0. So, there will be resoance. Vv, TN, 1
v V, =8 x 120 = 960 volt

I:EZZA& P =1? R = 400 wait.
960
I=—7 =9 mA.

104 ~
Q.60 (4)
cosp = R. : =1 Q.67 ()@
Tz \/R2+(XL—XC)2 :
Because X =X EZ&ZE
E N, 5
Q.61 (4 1000
Atresonance X, =X, E,= = = 200 volt.
So,z=R,=cosp=1
Q.62 (4) (ii) (B)
- Ezlz = E111 xn %
GivenE=5cos<nt,I=25inmt,¢=§ %0
9000 = 1000 x I, x m
then
P= Vrms Irms cos (I) Il =10 amp.
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(iii)(1)
copper loss in the primary coil
=172 R, =(10)* x 1= 100.
total loss= E|l, —EJl,
= 10,000 — 9000
= 1000

(iv) (3

Cu losses in secondary coil
(2000 — 700) — 100
200 watt.

(v) (B)
E, I, = 9000 + 200
9200

L= ﬁ =46 A.

(vi) (B)
1,2=R, = 200

200
RZ = ( 46)2

= 0.0945.

JEE-ADVANCED
OBJECTIVE QUESTIONS

Q1 (B)

T ] 5 1/2
I[3+ 4S|n((_;|a_t+n/3)] dt] _F
0

Q2 (D)

P 1 2
Ve = J‘(elsnmt+e2003mt) dt: &+ €2
rms 0

T "2

2n
whereow = —.
® T

Q3 (D)

Q.4

Q.5

Q.6

Q.7

Q.8
Q.9

Alternating Current
2
o=+ = o+ 2= B IB =27 =345

(©)

T

1 . .

lims = \/T {J‘ 12cos?t + I5sin®wt + 21,1sinotcos mtdt]
0

i H__} (i)
T| 2 2 \/5

(D)
Given
l.«=10A,f=50Hz

[

o T_ot_ 1
T4 4 200
t=5ms

I,=1__x 2 =14.14A

0

(©
iR =i2 R

ms

i, =i =4 =2Amp.

(D)
i =2 sin 100zt + 2 sin (100nt + 30)

V27 + 27+ 2x 2x 2 cos300

i
rms \/E

(B)

(A)

60 1
lms= 120 = 2
V =1 x(ol)
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Alternating Current

1
40 = 3 X (40 x 10°) x L

L=20mH

1
Atresonance V =1 [—j =V, Q.13

®C
1 1 1

C= " 1?20

25
C=—Suk

8
Q.10 (D)
Given
V,=283V
L=25x10°H
For maximum power X =X_
1

= 2— _—_
oC COL:>co LC

R=3Q
C=400x10°F

Q11 (C)

Q.14

100x 0.1 - -
= ( 100 x c] =10Q
Q.15

2nf =100 C =500 uF

Q.12 (D)

4@]// Vv
0 N
30 I

6 =530

Q.16

Z=50
. i=2sn (ot—53)
V= 8sin (ot —53° + 909)
= 8 sin (ot + 379)
= 8sin (n + 379)
=-8sn3m

58

ax 3
= X —
5

=-4.8volts

(D)

L R =100Q

()
-/

100V, 50 Hz

GivenV =100V
R =100 Q

I=1A
z=VII
100

zZ= 05 z = 200Q

=2 =,/(100)* + (2150L)?
—L=055H

©

Given

L=2H

V=120V

X =2nxfxL

=2nx60x%x 2
=240 Q)

| =VIZ

I'

R=100Q

f =60 Hz

_ 120
| = ~ 0.
™ J(10)? + (240m)?

16 A

(B)
9V or 1 Volt

©
Given
C =100 pF

f =50 Hz
I,=157A

. Y
Then VC:IOXCsm((ot—E)

1 ; T
=157 Hrs0x100x10° 3" (100’“ 5)

=50 sin (100m—gj



Q.17

Q.18

Q.19

Q.20

(A)

From Given data

8v

vV_. =10V
applied

V. =8VV,_ =7

8 +x2=10°

X = 6 volt

4
0 = tan™* (Ej

(B)

2V

1V

§ - 300 R
V3V

300

(D)

0.4
L:T HR=30Q

V=200V Z=x? +R2

= J(oL)? +R? = \/(mswo;

= V40% +302 =50Q

\Y 200

rms

= = = oA

Z 50
(D)

Vi

Ve

Q.21

Q.22

Q.23

Q.24

(D)
In LCR circuit net impedence
Given by

Z=R?+(x_ -xc)

When tuned to resonance then
X, =X,
Z=R

(A)

100Q

100Q

V,
i = % (X, =100 Q)

- 22= 220

J(100)% +(100- X )2
= (100) + (100 — X )? = (100)?

X, =100

1
0— ——
cos 45 2

(A)
V =5cosot =5 sn (ot + /2)
i=2sn ot
= ¢=7/2
P=V x| _ cos¢
5 2

=—2 XE cosn/2=0

Alternating Current
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Alternating Current

Q.26 (C)

average  rms  rms

P =i v .R
2

=i2.R

rms’

= 22 x 50 = 20Q

Q.27 (C)

Xe Given V = 100 sin 100t

R, i =100 sin (100t + n/3)
¢ =n/3

P=V__I__cosp

Q.25 (D) 100 100 (nj
== X=X COSs | 5
NZRERF) 3

P=25W

JEE-ADVANCED
MCQ/COMPREHENSION/COLUMN MATCHING

Q1 (AB)
cos ¢, = J_L Q2  (ABO
17 JI0R
Ve 10
°" oL ux5x10°
FTT T Q3 (AB)
J5R ' ’
3R : Q4 (ABCD)
b, ! 12
- - 2 _
R R z=,R +[°°L_E] = /(100)? + (100 200)2
) = 10072
I = VI’IT]S
rms Z
R 1 P.=1 2R
- — = — R rms
o, = J5R = 5 P =0
P.=0
C
cosp, 15
—c - == 5 (ABD
COS(I)l 1/\/]5 \/E Q ( )
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Q.6

Q.7

Q.8
Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

(A,B,C)

1 1
Resonance frequency f = 2 JLC =500 Hz

At resonance

\%
Z=R & l=—
4

o<

L & Carein out of phase.

(B.0)

15
220 °

2
R2 +[1j
oC

Brightnessof B, =17R
220

" JRE (L)

Brightnessof B, =1 ?R

herel > 1.
So, B, will be brighter.

(A.Q)

(B.D)
Pa\/r = Irms Vrms COS d)

cos ¢ can not be more than 1 so power can not be
more than 1000.

(A,B)
Joule heat I?,__ R
.-

1
Energy in inducting coil = 5 LI?

Q.16
(B,D)

(A,C)
(D)
As current is leading the source voltage, so circuit

should be capacitive in nature and as phase difference Q.17

. T . . .
IS not E, it must contain resistor also.

(A)

Q.18

Timedelay=% =——— = 6=—

()
tan RoC _Z:>0)C_R

100
J2=——=——— - R=500
R? +R?

and C =

(B)
For DC circuit
t
i=i, e R¢ and RC=0.01 sec.

1
50x100 ~ 200 MF

1

>

Alternating Current

An ac generator G with an adjustable frequency of
oscillation is used in the circuit, as shown.

R=1000Q
L,=1.6mH

G(S) C,=3uF = T
45.F
L,=2.4mH
1000000 -

| c=2.5uF

(©)

Current drawn is maximum at resonant angular

frequency. Leg=4mH Cy, =10 uF

Leg=4mH Ce =10 uF

1
o= T = 5000 rad/s

LC
(D)

(D) Ceq decreases thereby increasing resonant

frequency.
(B)

_ 100
At resonance i, = 100 =

Power supplied =V
P=100W

rms I rms

cos ¢ (¢ = 0 at resonance)
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Alternating Current

Q.19

Q.20

Q.21
Q.22

Q.23

Q.24

62

(B)

2
ms

1
Average energy stored = > Li

1
=3 (24x10°H).(1A)? =1.2mJ

(D)

Aslustimedurationisvery lessthantimeperiod T at
resonance, thermal energy produced is not possible
to calculate without information about start of the
given time duration.

(A)

(®)

(D)

R = E =3Q
R

120
z= 1[R2+XE = z =5

X2=16 = X =40

Now cosp = 3
V& (K =X,)?
_ 3 _3
= > ¢
9+(1m,_j
oL
3
P=V I  cosp=12x24x 5 = 17.28 ®
1 L= 5%
for resonant freq. ® = —
Jic | _2
25
o’ = =
2 ©
— x 2500 %10
25
o = 70.7 rad/sec

So current, increases continuously from
® = 25 to 50 and maximum at 70.7 rad/sec.

(A)

Letat aninstant v, = (V) sin (ot +6)
2=4sn(ot+0)
sin (ot + 0) =%

Q.25

Q.26

Q.27

ot+0 =30°
Since V| is90° ahead of V,

v, =(V),sin(ot+0+90)
s [ (V)| =3 cos30°

(B)
From phasor diagram (V). = \/m =5
volt.
tan ¢ = \\;L ;m = %
R/m
Lo =37°

Vgl =] (VY. sin (ot +0 +37°)|
= 5| sin (30° + 37°)| = 5 sin 67°

(D)
From phasor diagram it is clear that instantaneous
current will decrease or increases, we cannot say.

I
V
379

(A)ar (B) gr (C)parsD)ars

(A) Inductance of a coil depends on its shape and
magnetic properties of its core (medium inserted)
(B) Capacitance of capacitor depends on its shape and

dielectric properties of medium inserted.
(C) Impedance of coil /R2 4,212 depends on

resistivity (due to R), shape (for L), magnetic
properties of core inserted and also depends on
angular frequency o of external voltage source.

1
(D) Reactance of capacitor = oC depends on shape

(for C), nature of dielectric medium (for C) and
external voltage source (due to o).



Q.28

(A)r,(B)a, (C)p. (D) q
1to 2 : When connected with the DC source

R—E =3Q
==
When connected to ac source
Y
4
12
24 = m =L =0.08H
V2
Using P=1,,V,msCOSO® = %cosq) =

2
Vrms

. 1, =24 W
R +(oL——)
oC

NUMERICAL VALUE BASED

Q.1

Q.2

[0064]

ANNVN—————T08

O=—F— =
VLC  [16x 250x10°

R
Ve=lo Xl O  ®CR
3
10 _5p
4x5
32

0= 6
50x250x10"° xR

32x10°°
_ 22X 640
R= 50% 250x 400 = b4Ans

[0000]
z=x+y{ +oL =x+(y +oL) for power factor to be
oney+oL=0=>y=-10

Q.3

KVPY

Alternating Current

(3]

\Y
Current at resonance = E = R=

E
Current by 12V battery = Rar_2:4° 15A

PREVIOUS YEAR’S

Q.1

Q.2

(A)
R.M.S. value=220V

Peak value = 220 /2
o=2rn=21x50=100 &

V(t) = 22072 cos(100xt )
(A)

B D
Lmo—WWV\,—qu—u

@

Voltmeter betweenA & BV =36V
(1)

betweenA & C V2 + V2 =39

(2

between B & D (V2 +VZ =25 (3)
from equation (1) & (2) V.2 = 39> - 36*

(8)
V=15V

From Eq. (3) & (4) V2 =25"-15°
V= 20V ..(5)

When connected through AD
Vrms = (VL _VC)Z + VF?
= 16° +15°

= /481
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Alternating Current

Q3 (O JEE-MAINS
Since the voltage production is based upon A.C. sup- PREVIOUS YEAR'S
ply and this voltage is D.C which is constant. There- 01 (1)
fore, no flux will change in secondary and no voltage '

will be induced. Since ¢ remains same,
Answer is (C) OV. circuit is in resonance.
. i = VRMS = @ =
Q.4 (C) " RMS z 110
1 .
Xo = —c =lisvery large therefore bird does after Q2 (1)
very high capacitive reactance in the path of A.C. I = \/Ilz + 15 + 21,1, cos90°
current.
lo= {12 + 12
Q5 (B)
VOutput :VR | _ I_O
= irms R rms \/E
VR VR 2,2
= 7 = > > I b
\/R +(XL _Xc) - 2
ForpeakXL:XC:Vpeak:V0
v Q.3  [283
Forv, = —>
Output 2 Cx W 1 XL_ \/E
V V,R Q= R"R “JIc 'R R
Mo _ 0
N VL2
R2+ (X — X )? = 4R? ="Jor 220
X =X = /3R Ql=2 3 (100) = 282.8 = 283
1
L-—=%+v3R
ol -5 =3 Q4 (2
©’LCF+/3RoC—-1=0 Z = R%+ (X_ - Xc)? = 120 + (10 - 100)°
=150 Q
oo +\/3RC++/3R?C? +4LC v a0
B 2LC _ Yo _ SV _
Il . 150 0.2A

_ [ap22
o, = \@RCJFZiFéCMLC:zooxzn I S S T
@ “Jc T 10t x10® T 10° T

22
@, = +/3RC+V3RC? +4LC —800x 2t 100 100

2 2LC f o=

o, -0, =600x2n=\/§§

Q.5  [2000]
. E_ 21t x 600 X, ol 2nflL
Bandwith = 3 NE Q—F—?— R
1 R 600 21 x 108 x 10 x 2 x 1074
Af =—— = 2= = 20043 = =
2L 3 Q 6.28 2000
Q = 2000
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Q.6  [440]

= 440

Q.7  [900]

(120* _
=r -

16

_ 14400 _

R 6 - 8000

Q8 [4]

At resonance power (P)

2
P (Vrms )
R

(250/&)2
8

=3906.25 W

P

~ 4 kW

Q9 [0

Q.10 (3

V,=220
V>V,
= Step up transformer

Q.11 (2)

| = Ilsin ot + 1, cos wt

| = o 12405
ms 2 2
Q.12 4
%ﬁ =
@ 1 V=V,

Q.13

Q.14

Q.15

Q.16

Alternating Current

I
(b) (©) \l’c—>

2)
Bandwidth=R/L
Bandwidth o« R
So bandwidthwill increase

(1)
i =i cos(wt)
i=i at=0

o

t=——=— ="
do 4(2nf) 8f

t=i =2.5ms
400

3

We know that power factor is cos,

cos § = % - (1)

Z= R+ X (X - (2)
(oL-1/wC)

N
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Alternating Current

=7Z=,/6" (10 4)°

6
=Z=67 |cos¢=$
1

COoS ¢ = ﬁ
Q.17 [3]
Q.18 [125]
Q.19 (4)
Q.20 (1)
Q.21 (3
Q.22 (1)
Q.23 (1
Q.24 [7]]
Q.25 (1)
For maximum average power
>(L = XC
1
25071: = W
C=4x10°
Option (1)
Q.26 (3)
Q.27 [3840]
E=i,RT
192 =16(R) (1)
R=12W
E'=(8)* (12) (5)
=3840 J
Q.28 [171]
JEE-ADVANCED
PREVIOUS YEAR'S
Q.1 (B,C)
R ¥
\/\I |} 2
Casel Z= \/Rz +(E)
©
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Q.2

b

Casell

A B
A <18
Vg <VR

So. V& >VE - VE+VE=V{

4
—] CF——WW———
R
(~)
_/
W =500 rad/s
1 2
Z=—| +R? =
(wCJ Ry1.25
(2] sre=ra
oC
2
1 R?
R +R2=R24+ —
(mcj R=R
1 _R
= oC 2
CR= 2.2
w500 X%
2 10°
= — X
500 ms
_ 2x1000
=~ 500 M
=4ms



Q.3

(A,CorC)

1
Sincel = E ~ 0.3 A s0 A may or may not be

correct.

1
C=100uF c = (100)(100x10%)

X.=100Q,
50 O

Z,= X2 +100? =100 /20
Z,= \xZ +50* = /502 +502 = 50v2

X, = ol =(100) (5) =

(iﬂ)max = 02 A

£ = 20V2 sin ot

2042
i = sin (ot + /4
110042 ( )
R
=3 sin (ot + w/4)

20V2
l,= 5042 sin (ot — /4)

Alternating Current

~ 0.3A

v = (1), * 100

100(2) rms

0.2 20

:(ﬁ]xwozﬁ =10 .2 V

20
Voo = (ﬁJ x50 = 5 =10§2 V

1
Sincel = E ~ 0.3 A so A may or may not be

S

correct.

Q4 (B)
P=600x 1000 = 4000 x | => | =150 A

dH
i (150)2 x 0.4 x20 x 2

=03=30%
Q5 (A

Np _ 40,000 200

N, 200 1

Q.6 (C,D)
I
Charge on capacitor will be maximumat t = PN
Q.. =2x10°C
. n
(A) charge supplied by sourcefromt=0tot = N
;l L sin !
¢ sin500t 6o 6
= | cos(500t)dt = = =-1mC
Q .([ (5000 [ 500 L 500
Just after switching
In steady state
7Q‘__
Q=1MC yiris T 50V
Qw
+ —
——\WWWW—
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Alternating Current

Q.7

Q.8

68

o)
|

F

H
|+
| H
| H

—— 50V

l

Apply KVL just after switching

Q

50 + ——IR=0 = Q-9

1=10A

Q.10

In steady state Q,=1mC

net charge flown from battery = 2mC

(CD)
Current will be in phase with voltage at resonant
freguency.
1 1 6
oL=— = o,=———=10"sec
oC ° JLc
If o>,

Circuit behaves like inductive.

fo~0 Z—> o =1->0

(A.Q)

V=V, =V, =(V, ) sin(ot +¢,)

Xy X y

(Vg ), \/v2+v2—2v cos— NEYA

Vy .
(ny)rms = ( \/E) = \/gvo

V,, =V, -V, = (V,),sn (ot + )

(vyz)oz\/v§+v2 2v2cos =3V,

V,, .
-

sz = Vx - Vz = (sz)o gn (('Ot + 4)3)

(VXZ)Oz\/v;+v2 2V2 cos =3V,

Ve, [3
(VXZ)rms = ( \}/5) = EVO
[100.00]
[60.00]



