Moving Charges and Magnetism

SOLUTION

MOVING CHARGES AND MAGNETISM

EXERCISE-1 (MHT CET LEVEL)

Q.1 (3) Themagneticfieldis

g Mol 157,210 o qger
4 r 4
w N
100A
4m
E
S Ground
B

According to right hand palm rule, the magnetic field
is directed towards south.

Q.2 (2) The magnetic field at C due to first conductor is

ZﬁL (since, point C is sepa
LT 2n3d/2 TP P 04

d 3d
rated by d+§ Z? from 1 st conductor ) . The

direction of field is perpendicular to the and directed
outwards. plane of paper and directed outwards.
The magnetic field at C due to second conductor is

_M 10 ,
2= or d/2 (since, point C Q5(2)
Q.10(3)
_ d Q.15(2)
is separated by E from 2 nd conductor ) The Q.20(3)
direction of field is perpendicul ar to the and Q.25

directed inwards. plane of paper since, direction of
B, andB, at point Cisin opposite direction and
themagneticfield at Ciszero, therefore,

B, =B,

Mo 1 _ 1, 10
2n3d/2 2nd/2
Onsolving 1=30.0A

Q.3 (3) When a charge particle is allowed to move in a
uniform magnetic field, then it describes spiral of
circular path

2
mv
Centripetal force, R =qvB

(2
o (-

(2) B, =B, +B,+B,
Here, B, & B, aredueto straight wires

& B—2 isdueto semi-circular wire.

-5 () B -he )

Q6(3) Q7(1 Q8(3) Q9(4)

Q113 Q1213 Q134 Q.14(2
Q16(1) Q.17 Q.18 Q.19(2
Q21(1) Q2213 Q23(4) Q.24(3)

@

Since, theradius of circular path of acharged particle

mv _

. o p .
in magnetic field is 9B OB Now, the radius of

circular path of charged particle of given momentum

|
p and magnetic field B isgiven by ma But charge

on both charged particles protons and deuterons is
same. Therfore,
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Q.26

Q.27

Q.28

Q.29(2)
Q.34(1)
Q.39(4)

Q.42

@

When a charged particle enters a magnetic field at a
direction perpendicular to the direction of motion, the
path of the motion is circular. In circular motion the
direction of velocity changes at every point (the
magnitude remains constant). Therefore, thetangential
momentum will change at every point. But kinetic

. . o . 2
energy will remain constant as it is given by EmV

and v2 isthe square of the magnitude of velocity which
does not change.

(4) Net magnetic field due to the wires will be
downward as shown below in the figure. Since angle

between Vand B is180°.

AV
z Y

| |

) vB R X

< . >

Therefore, mahneticforce F, = q(VxB) =0

work done

time
Asno work is done by magnetic force on the
charged particle because magnetic forceis
perpendicular to velocity, hence power delivered
iszero.

(4) Power =

Q30() Q31(4 Q.32(1) Q.33(2)
Q35(3 Q36() Q.37(4) Q.33(1)
Q40(4) Q.41(1)

(3) Themagneticfieldis perpendicular to the plane of
the paper. Let us consider two diametrically opposite
elements. By Fleming'sLeft hand rule on element AB
the direction of force will be Leftwards and the
magnitudewill bedF =1dl B sin90°= 1dIB

XX XX XXX

XX XXXXX

On element CD, thedirection of forcewill betowards
right on the papper and the magnitude will be dF =
IdIB.

Q43
F=Bi/=2x1.2x05=12N

Q.44(2)
Q.49(3)

Q45(3)
Q.50(4)

Q46(2) Q47() Q.48(2

Q51 (3 Torque, 1= M x B

Q52 (3

EXERCISE-1l (NEET LEVEL)

n, idisin® _p, i(dlxF)
1 4)dB=-—"- dB=-2-—27
Q @) 4n r? - 47 re
—-19
02 (@i=3-216107 ;65 10
T 2
B:p_oi: o x1.6x107° X100
2r 2x0.8
Q.3 (3 Field at the centre of acircular coil of radius ris
_ Rl
2r
Q4 (3 Bop =0,Bz =0
Hol of & o
B = cos45 (—|)+cos45 k
4man/2
L/ = =
= u—°(—| + k)
8na
Q.5 (1) The wire carries a current | in the negative z-

direction. We have to consider the magnetic vector
field g at (x,y) inthez=0plane.

yi

Magneticfield g isperpendicular to OP.
.. B=Bsin6i —Bcos]

y

. |
sino=Y coso=2p=l0"
r

r 2mnr
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- I/ on s
B:;:’rz(yl —Xj)
Hol (yl —XJ)

Oré 2nr (x +y )

Q.6 (2) Themagneticfield dueto twowiresat P

_ Kol ‘B = Kol
2n(d+x)' 2 2n(d—x)

Both the magnetic fields act in opposite direction.

1 1 }
d-x d+x0
{d+x d+x} HoiX
275 d? - x? (dz—xz)
Q7 (@

Q8
Q9

- B=B,- Bl_l/lo|:

(1) Inthefollowing figure, magnetic fieldsat O dueto
sections 1, 2, 3and 4 are considered as B, B,, B; and

B, respectively.

i
R, AsIBJ>IB

lvlo 1 1
— - ®
(4) Directionsof currentsintwo parts aredifferent, so

directions of magnetic fields dueto these currents are
opposite. Also applying Ohm's law across A

SoB,,

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Moving Charges and Magnetism

>

i2
v ;

r,s ]
.

’

)0

6,
.
.
.

I RN

B

LR =i,R,=il,=il,

ook

Mo iy Ho o,
B, =—x1: B, =—"2x-22
Also B, 4n r? and B, 4n r?
(- 1=r0)
Bl
B, |

Hence, two field induction’sare equal but of opposite
direction. So, resultant magnetic induction at the centre

iszero and isindependent of ¢ .

(1) Magnetic field due to one side of the sguare at
centreO

B, = K, 2isin45 :>Bl=ﬁ-2*/§'
4n al?2 4t a
Hence magnetic field at centre dueto all side
B= 4B Ho(zfl)
Magnet|cf|e|d dueto nturns
B . .=nB= u02\/§ni = “Ozﬁni = \/Euoni (-
e na n(20) nl ’
a=2l)

(2) Here, i e 3ig

=>B,= 3Bog (at the center)

=B = Brors =3P

Now, BCemre = BPS_ BPQRS

(asthetwo are opposite in direction)

=0=(fromeq" (1)

(@ Becauseforinsidethepipe =0

g sz'_OI:O
2nr
B 20x10°°
()B=phi=i= 1n 47 x107 x 20x100
=7.9amp=8amp

(3) Themagneticfieldinthe solenoid along itsaxis (i)
Ataninternal point = ni

=41 x 107 x 5000 x 4=25. 1 x 10°* Wb /m?
(Heren=50turns/ cm = 5000 turns/ m)
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Q.16

Q.17

Q.18
Q.19
Q.20
Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

(ii) At oneend
. -3
B =%Bm “(’zn' =@ =12,6x 10°Wh/n?

(@ Magneticfield at thecentre of solenoid (2)= p, ni
Where n= Number of turns/meter

S B=4nx107%x4250%x5=27x 102 Wb/ m?

(4) Sinceelectronismovingisparallel to the magnetic
field, hence magnetic forceonitF_=0..

£
g \)_) v
F-eE<
B
)
)
©)
©)
©)
p
r=—=r
—31 6
@ B=w_ PO O g4 g7
g 1.6x107x0.1

(4) Dueto perpendicular component of velocity particle
performs circular motion & it moves forward due to
parallel component due to parallel component.
resulting into helical path.

(2) Thisisaccording to the cross product F= q(v x B)

otherwise can be evaluated by the left-hand rule of
Fleming.

(1) F = ma =

4B _16 x107 x 2x 3.4x 10
m 1.67x107
=6.5 x 10"m/sec?

qvB =

V2mK q’

gB m

@r=

Q.29

Q.30

Q.31

Q.32

Q.33

Q.34

Q.35
Q.36

Q.37

Q.38
Q.39
Q.40

Q.41

2
:&{ijxﬂz(lj S
Ke \dg) m, (1

= K_,=2x50=100keV.

2_2
1 1

(D Lorentzforceisgivenby
F=F +F,=qE+q(vxB)=q[E+(vxB)]

ie ro @
gB q

Herekinetic energy K and B are same.
o Mo % kM (o)
N rP mP qe rP mp ) ’
Sincem <m, thereforer <r_
1 [2mV m__r m, 4,
(3) [=— | — >l | — > == X —2
BY a p fy a, m,

_R
2R2

@ r=

R, mXXZ m
R, m 1 m

X

(4) The component of velocity perpendicular to H will
make the motion circular while that parallel to H will
make it move along a straight line. The two together
will makethemotion helical.

(4 Magnetic field produced by wire at the location
of chargeisperpendicular to the paper inwards. Hence
by applying Fleming'sleft hand rule, forceisdirected
aong QY.

ﬁZXiliz _10’7><2><5><5
4t a 0.1

=5x10"°N/m

@) F=

@

@

(1) The magnetic moment of current carrying loop
M =niA =ni (rr?)

Hence thework donein rotating it through 180°
w=MB (1-cos6) =2MB =2( ninr)B
=2x(50%x2x3.14%x16x10%x0.1=0.1J

@

@

@

(Bouns)
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Q42 (4
Q43 (9

EXERCISE-IIl (JEE MAIN LEVEL)

Q1 (3) Charge the rest produces only electric field but
charge in motion produces both electric and magnetic

fied.

Q2 (i, >i,

p . .
2—: (i,—i,)=20

Ho . .
o (i +i,)=30

—
-

_ Mol (5
Q3  (B= % (2n-0)

where; (2r—0) R’ =2rR

2nR

Q.
(=X

Q5

Q7

2

from(1) & (2) :f =2

©)

P
23)

Moving Charges and Magnetism

Ho (il + iz) _
2rd 30uT

At 'tP'u__"'—
PO oz | x  r—x

@

Hol
21
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Q8

Q9

Q.10

Q.u

Q.12

Q.13

Q.14

B _rn_4

NOW’82 L3 Q.15

1
@ Bocr—3

B, [3xj3 27
B, X

(4)B= puni

= 107" 47 x 4000 x 1000 % 5
=8nT

=2512T

Q.16

@
@

Q.17

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.

Q.18

(2)F= gqvB Q.19

F VB

- =q,,
Min Min
Asfromthegiven optionsLi* has maximum charge.

Q)

Q.20

mv Q.21
(HR= E

1
gx12x10%= > m (10°)?

m 24x107°
- = X
q
-9 6
~R= 24x107° x10 —12¢m

0.2

2R UL
(@Re g
mp Mg 4mp
RCR:R="":"7:—55"-.
Pre = ¢ q 2q
_m
aB

o-particle hasmaximum R, so the path followed isB.

(2) A particle starting from rest movesin direction of
electric field. As both electric & magnetic field are

parallel. Hence y and g arealso parallel. Hencethere
ison force on particle.

(3) Path of particlewill be helical

Helical
4
0
B

mv
(Z)R_ qB
Rocv
i

@ )
o Ho 20 gl

T4’ b 2mb
©) TB

® l'i E

F = BiL
=10*x10x1= 103N
@
By formula F=i (ZXB)

direction of /indirectionof i.

A <A—@A
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Q22 (3 MxB-=0

F.

Loopwill Not rotate
F,>F,
So loop move towardsthe wire

Q23 (i=df
-
T 2nr
_ 2
Y,
. qur
- 2— 1
M.M. =inr 5
Q.24 (2) Torque on a current carrying loop is given by
i=MxB
Hence 7 does not depend on shape of 1oop.
EXERCISE-IV
NUMERICAL VALUE BASED
Q1 [0.16N]
Q.2 [19.3mm]
Q3 [19.5A]
Q4  [118 kN-m]
Q5 [0.64N]
Q.6 [7.24]
Q7 [
Q38 [0001]
Q.9 [0.25]
Q.10  [o00q]
Iy l,
® ®
Qu (@ B, B,
l—d—>
P Mo 21,1,
47 d
F =B,
ka,q
F=—t7

r

Q.12

Q.13

Q.14

Q.15

Q.16

Moving Charges and Magnetism

@
5 Mo idisng

4n r? o

g oMo 20 _ pol
4 1 2r
() F=qvBsing
0=90° F=qvB
mv? mv

=gvB=>r=—
qvb = 9B

Momentum P, = Pp
M Vo= M e P
=] P

r=—,r=-—"2

° ogB' " B

Y
o (Y S (@ @ (S
\\

A7 1N

Bar-magnet

Solenoid

X X X X
X X X X

(-aa.Q
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i
B, = Ho , a point ‘P

2na
B,=td g - M, o
2na 2na

atpointQ,S B ,=0

aR B= “—‘)ixz(—k)

2na

PREVIOUS YEAR'S
MHT CET
Q1(1) Q.2(3) Q3(2 Q4(3) Q5(1)
Q.6(3 Q7(1 Q.84 Q9(2 Q.10(2)
Q.11(3) Q12(1) Q132 Q1473 Q.15
Q164 Q173 QI18(2 Q194 Q.20(1
Q212 Q23 Q2333 Q244 Q251
Q262 Q272 Q.28(1) Q2913 Q.30(2
Q313 Q3214 Q3312 Q347B Q35713
Q36(3) Q3783 Q3812 Q3914 Q401
Q41(4) Q.42 (Bonus)Q.43(3) Q44(1) Q4533
Q463 Q47(1) Q4812 Q49(1) Q.03
Q51(1) Q524 Q532 Q541 Q553
Q562 Q57(3
Q.58  (2) According to the question,

Magnetic field at centre of coil A = Magnetic field at
centreof coil B

Holy ol l, -2

2(2r)  2r =

I
Weknow, R= P(K) , Wherep isresigtivity,l islength

and A is area of cross - section.

= |, =—%
' R, Ll = ﬁzp-l_l
Pla , A
v v
Z—R—Z— |2 v, |,
and 2 p-(zj =0, Pa
A 2

[fromEq. ()]

vV, 4
—=—=4:1
=V, 1

Q.59

Q.60

Q.61

S

In given case, the magnetic moment of the pieces get

halved.

o M
l.e, M]_:Mé:j

The magnetic moment of given arrangment

(2

The coefficient of mutual inductionis given by

M = HoN,NLA

(i)

where, i, isthe permeability of free space,
N, isthe number of turnsin primary coil,
N, is the number of turnsin secondary cail,
A isthe common area of cross- section

and | isthe length of coils.

Thus, for toroid the Eq. (i) isgiven as

N.N.7R? 3
2mr

MIMO

uNZR2 | N,=N,=N
or A =1R? | = 2nr

Where, Risthe mgjor radius
and r isthe minor radius.

2

The magnetic field at the centre of coilsis

Hol

2r

where, r = radius of the cail.
Let L bethelength of wire, then

L
L=2nr=2r=—

T
FromEq. (i), weget
B polm

L
For aloop of nturns.
=t
n

And current, I’=nl

wol'  pon’lm

S Limm

L =2znr

=n’B [from Eq. (ii)]
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Q.62  (3)Here, M =4A-n?
M,=5A-m?

0=60°

M.

According to parallelogram law of vector addition, re-

sultant dipole moment M

M = /M2 +M?+2M,M, cos60°

_J42 + 5% 1 2x 4x 5% cos60°
= J61Am?

Q.63  (2) Weknow that, radius of circular path in magnetic

field B,

_mv
-5
()

r

When acharge qisaccelerated by V volts, it acquires

akineticenergy, E, =qV

“ momentump = /2mE, =./2mqV
= mv=,2mgV (i)

FromEq. (i) and (ii), we get

. 2mqV: 2mv

Bq gB?

e s mﬁ oy [6 5
Yo ym\a, \ g, |2,

= 1, =21, =+/2x+2=2cm

Q.64 (2) Theinductance of a solenoid is given by

2 N2 2
L:M :po(l—j xlxnxdj

.. Inductance per unit length

L _ pomn’d? (ﬂ - nj
I 4 I

Q.65

Q.66

Q.67

Moving Charges and Magnetism

(2) The magnetic field at the centre of a current
carrying circular coil isgiven by

Hol ;
B=— ...
o 0]
Also, areaof coil, A =nr?
= r=vJAln
Putting thisin Eq.(i), we get
B u0|\/; - ZB\/K
WA T pen
The magnetic moment of coil isgiven by
o 2BYA
M=NiA= Ho\/;
(N =1)
ZBA3/2
= Honuz

(1) The magneticinduction dueto an arcof angle 0 is
given by

B= ﬁ(l} 0
4\ a
Fow wires AO, DE and FG, angle 6 is0°, so they do
not contribute to magnetic field induction. Thearc CD
of radius R, and arc EF of radius R,, both subtend

angle of 90° the centre O. So, total magnetic induction
ao,

S O L L .2 S
4nR, 2 T 4R, 27 4n 2

Rl RZ
_ Bl R +R,
8 | RR,

(1) Given, R=200Q, R =400Q
N =1000,d=20mm=20x 103m
B,=0.012TandB,=0

d2

At Nn(4j(82 -B,)

"R " R

eq

1000x £x10™* x(0.012 - 0)
- (200+400)

=6.3x10°C
=6.3uC

PHYsIcs
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NEET/AIPMT
Ql @

For equilibrium,
mgsin30°=1 ¢ B cos30°

| =M tan30°
/B

_05x98 11 n
0.25x+/3

Qz
The energy provided by current source will be
converted into potential energy of the rod.

Q3 (O

For 1 division,

1
Current= E mA

1
Voltage= 20 volt

V 1( 5 1000
- SV _ 1051 100 o5 o500
Resistance = 7 20(10-1“) 20

Q4
From amperecircuital law

|
"= > x r?
nR

$B.dl = pol = |

B2nr =g x mr?

nR?

p=_Ho Al
2nR

Binsicge &1

B

outside
$B.dr = pol
B2nr=p |

B = Mol
2mr

Bocl
r

Q5

Q.6

Q7
Q8
Q9
Q.10

Q.11
Q.12

Q.13

Q.14

Q.15

@
mv p
==
B @B g

T G _2_ 5
aq 1

Q—:

(4)
4
@
@
©)

(1)
@

@

Bocr

43
As per Biot Savart law, the expression for magnetic
field depends on current carrying element |7 , which

is a vector quantity, therefore, statement-| is correct
and statement-11 iswrong.

(1)
B=05T

im

Anglebetween B & A iszero
¢ =B.A.cosO

=05x()x1

=0.5Wb
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.16 1
Q16 (1) o

. N. 32
B:“0n1=p071 ZR(ij

.. B= 47‘[)(10_7 X&_Oxlz 1256x10—2-|— )

) ( 5) - (WBy?

JEE MAIN 4
Q1
UseAmpere'slaw .8 B—(ijaB
36 Bdl =2, ® direction of current (5)° V5
Q4 (@
B X Proton > m, e
B R Deuteron — 2m, e
e o-particle— 4m, 2e
_ 2m(KE
; J : vR= =S
B B B
|
B.2nr = Mo-ﬁ-ﬂrz R, ‘R, :R, = \/Zeénk : \/Z(eZBm)k ; \/zézg])k
Thus B ocr
Q.2 (1) =1: \/E 1
X X X Q5 @
o B=p,nl...(1) n — No. of turn per unit
length
| - Current
B’ =p,(n/2) 2l
03 B =p,nl..(2)
B'=B
_ Hole
- 2 213/2
|
wherex=0, B :;_OR Q7  [9]

It should be mentioned, 10 cmwireispart of long wire.

find out magnetic field whenx = R/2 Force experienced by unit length of wire

B'=

IR? IR? LI
HO _ MO :H012,|1:|2:5A

2 32 T 2 3/2 2 d
Z(RZ +(R) J Z(RZ +RJ "
2 4

5A 5A

Force experienced by wiresof length 10cm

PHYsIcs 11
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QS8

Q9

_ 2x107 x5x5
Ee—
d=50x10°m
d=50x10"cm=5cm
€

107 x10x102

»
»

A
10cm pl I4cm

2A

» X

B . =g .p, = MoX4 Hox2
et T L T2 T o01.04] 2n[0.6]

T 200} -
Boo =2 £ |(k
- 2n[3 ()

F=q[vxB]
—[3TE]|:(21+3_]) (an( 3 j k}
=320 2025

— (4nx107 )(100)(=3i +2j)

= 4nx107° x [-3? + 2]]

@
X X X X
x2 X X X
mp, €
xm e+x X X
Py >
X X X X
mv
R=—
Qs
2m_ )V
o (2m)Ve
eB

R = (Ma)Ve
P B
Ro (Vo _ 2% _32
R, V, 2v, 1
l 2 2
E(Zmp)vD =-m.v;
\/EVD: P
X=2

Q10 @

12

Magnetic field due to infinitely long cylindrical wire
carrying on its outer surface:
(Hollow cylinder)
(@) Inside(r<R)
Ampere’'sloop

IB_(M = o Linse
{Iins'de: ZHO}
B=0
(b) Atpoint Qoutside (r>R)
Ide = Mo Linsce
{ Iinsjde: I}
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Moving Charges and Magnetism

A Q1 (2
Current due to both wires has to be in opposite
directions only then magnetic fields due to both wires
will bein same direction and resultant magnetic field
=T will not bezero.
% 4cm
— »r PRI
R . :
|A V|
Qu (109
A=24 “8om
KE=5kev Weknow that magnetic field dueto aninfinitewireat a
B=05T .
— distanceris: B = Hob
Radiusof PathR = Y XM _ 2mr
aB For wireslet current bei
_ \/2>< 5x10°x1.6x107° x 24x1.67x107% = 2><’”L_0i =300x10°T
16x10°x05 2
=01m 4nx107 xi "
R=10cm = axI0Z =300x10"T
=i=30A
XAA XA Q15 (2)
Q12 @ ’ mv
"~ d=020m R= q_B
. Wi, d v2mk
Force per unit length = =iz R= —{k =same,B= same}
2nd aB
_ HeX’ &:( EJ(R_J
2nx0.2 g, m, \ Ry
x107" x x2 9)(5
F=2x10"° = M S = (_)
21x0.2 4 \V4)\6
2 5
X =
=10° =107 — q, 4
0.2 z
= x?=10x%0.2 Q16 (
"2 B, = 24 2x2nR, =5x2nR
— X =+/2 ~1.4Amp Ty Lo 2
h S)E =4K.E SRS
o~ 5 ? 2R,R, 2
2mK
=B o B, 5R,
® 4 B, 2R,
oKWK 1 55 25
oK VAK 2 272 4
n_2
1
PHysics 13
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Q.17

Q.18

Q.19

Q.20

Q.21

(€) Q.22

- B  1.6x10"°x1x10™"*
2nm  2x3.14x9x107%

=0.028x 10
=0.028x 107
=2.8x10°Hz

Q.23

@

Given, I =7A

R,=30cm

R,=50cm

Magnetic Moment (M) =nlA { A isareaof coil}

Q.24

2
M, = 7xmx| -2 | 7% 2% _198A-m?
100 7 100

2
M, =7xmx 0 :7><£><§:5.50A—m2
100 7 100

And in vector form these magnetic momentsare:
M, =1.98k(A-m?)

M, =-5.50k (A -m?)

=>M=M1+M:

= M = (-550+1.98)k (A -m?)

=M= —3.52R(A—m2)

Q.25

x12x10°°

~ \/ 2x728x1.6x10°%
9.1x10*
=192x10%v/m

@
2 60 \
22, (16x107°) xlzx(j
mv B°g°r 100
r=—=K= = —
Bq 2m 2x1.6x10
=18 Mev

ILB sin 45°
myg cos 45°

mg sin45° = |LBcos45°

=(t)s

_ (0.45)(10)
015
&)

=30A

A B D

B=05T

i=10A

ForceonCD

F=iBlsin® (6=anglebetweenB & 1)
F=10x0.5x5x10?%2x sin60

=5x5x102%x

V3
2

=0.216 N

)
magnetic field at center of loop

_ Bl
1 2R
Magneticfieldat x = \/3R

B

HoiR? _ HoiR?
BZ_ 2(R2+X2)3/2 2(R2+3R2)3/2
HoiR® _ Kl
= 2(4R?)? _ 16R

Mut Cer COMPENDIUM
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Moving Charges and Magnetism

Q26 (3

Ny, |
Beentre = ZF\?

_ 100x 4nx107" x|

87.68x10"= "7 107
| =3A

Q27 (1)

314
T0°
R=05m
Magnetic Moment = 1A
=14xnR?

2nR

1

=14 14) x —
x(3 )x 2
=10.99~11.00

Q28 (1)

Forceof interaction=1,/,B,,

_ Bolal, ‘,
2mnr
B Arx107 x6x0.5

2nx5x1072
=1.2x 10> towards X

PHYsIcs 15



Magnetism and Matter

MAGNETISM AND MATTER

EXERCISE-lI (MHT CET LEVEL)

Q1@ Q.2(2 Q.3() Q4(2 Q5(3 Q16 (O
Q.6(4) Q.7(1) Q.8(2 Q.9(4) Q.10(2) , 1
Q.11(BangQ.12(4) Q.13(3) Q.14(2) Q.15(4) W = MB[cos0, —c0s0,] =10" x4x10 [1—5} =0.2J
Q.17  (3) Magneticlinesof force form closed loops
EXERCISE-Il (NEET LEVEL)
Q.18 (2 T/l {-+ M=same}
Q1 @ =>Tol
As at very high temperature, the needle looses its T L1
magnetism e e
T L 3
Q2 (@ 2
Areaenclosed by loop = energy loss per cycle T'= ES
Q.19 (2) The retentivity should be law, as after removing
Q23 (4) Foc 1 current, substance doesn’t remain magnetised.
' rt The correctly should below, sot hat magnetic field of
Q4 @) electromagnet can be controlled easily.
Tmijl_ /Rcos60° :>T'—L
BT R 2 EXERCISE-III
1
Q5 (1) T=MBsin0=(10°x10")4n x 10°x —
2 Q1L @
1 L = AP
. =MxB=MBsinon
6 D)T=MBsn0=4x0.1x4x 7= =113N t
Q6 (@ sn 2 m f0=90°=>M LB=t,
by 2M  p, M S1 — correct
Q7 4—an=47 7 S2 — incorrect
n_ QU3 Q.2 ®
o | — independent of lemp.
Q8 ( j.) Factual — net magnetic moment of diamgnetic material iszero.
Q9 (39 T=2n /L Q3 (1) S, tangent galvanometer.
' MH
i= 2RB, tan©
Q.10 (1) The susceptibility of a diamagnetic substance is poN
almost independent of its temperature
o1
Q.11 (1) Repulsionisasuretest of magnetism I oc N
Q.12  (3) Reversefield cancelsthe magnetism ()
Q.13  (4) Définition of angle of dip Sonsitiving = ?
| do 20
14 ) T=2r,|— av_sns .
Q @ \ MB from(D& () 5= (i)
Q.15  (2) Here, null points are obtained at the equator of bar = o N option (1)

magnet

di

16
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Q4 (3) For paramagnetic

x=S
T

for ferromagnetic

C
= (T>Te)

C

k:
T

Temp. increases = aligement deweases

Q5 (1) u >>1forferomognet
— for permanent magnet retentiving & corrcivity is
high
— X =—vefor diamagnetic they move from stronges
towesk magneticfield.
a— (iii),b— (iv),c— (ii),d —> (i)

Q6 (8

Bcos 0 =B,
< 0

0 =dip angle

Y Bsinb =B,

a— (i), b— (i), c— (iv),d — (iii)

PREVIOUS YEAR'S

NEET/AIPMT

Q1 @
-~ At point A, angle of dip ispositive and earth’s mag-
net north pole is in southern hemisphere so angle of
dip is positive in southern hemisphere
A islocated in southern hemisphere
B islocated in northern hemisphere

JEE MAIN

Q1
According to theory.
For soft iron core
OC — retentivity low
OB — Coercivity low

BA
C
Z/O B

Q2

Q.3

Q4

Q5

Q.6

Magnetism and Matter

@

Paramagnetic Ferromagnetic

as the temp. decreases ycT and diamagnetism occurs
dueto orbital motion of e

©)
Susceptibility x =99
b= =14y

Mo

n=py(1+%)
=4ux107[1+99]
=4ux10°

@

y=1.2x107

u o =1+y=1+1.2x10"
Fractional Change

AB Ni — N

_ _ Mok, .Ho = (n, -1
B pohi

=1.2x10°

@

o= Angleof dip
=30°

B,=050G
6=30°
B,=Bcos¢

B, 05 05 1

" cosd  cos30° E NE]
2

1
e
@
Work done = MB (cosb, —cos,)
6,=0°,06,=60°
=2x10°x14x10°(1-1/2)
=14J

PHYsIcs
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Magnetism and Matter

Q7 @ Q.9

@
| I
T=2r,|— B — Earth horizontal magneticfield T=2n | ———
\mB 'zonial mednetictl 1= "\ MB, cosa,
Toc\/T:>Moc ! I —
— - T,=2
M T 2= et MB,, cosa,
Ml ll T2 i
So, =14 7 10 1 [Bgcosa,
2 o\l Or20~ 27\ B, cosa

M, 3 (4)2 316 8 (B,),=B,cosa
_— = —X]| — =—X—=—
M, 2(3) 29 3 B,cos60° 1
B, cos30° 4
Q8 @
Magnetic meridian &— C0s30 =
45° x B, 4cos60
> 60
Magnet <]
% N Q10 (@
(6=37)
B,=Bsind
Angle between real magnetic meridian and apparent 6x10°=B ¢
mig4r15e§|c meridian B=10x 10°T
* =10°T

-
Apparent angleof dip 5, = 60°

tans, = tand
Cosa
tan60° = 110
cos(45°)
tano
=T
V2
tan6=£:> d=tan™ 3
J2 2

18 Mut Cer COMPENDIUM




Electromagnetic Induction

ELECTROMAGNETIC INDUCTION

Q.1

Q.2

Q.3

Q4

Q5

Q6

QS8
Q9

Q.10
Q.U
Q.12

PHYsIcs

EXERCISE-lI (MHT CET LEVEL)

(3) Mechanical energy convertsinto electrical energy
=Lenz' s law is a consequence of conservation of
energy

di
e=-L—
@ at
Bute=4Vandﬂ=O—__;L:i_3
dt 10 10

-1
103

(-L)=4=L =4x10"henry

AB
(4)|e|=N [Ej A cos =500 x 1 x (10 x 102)? cosd
=5

(1) Atany timet, theside of thesquare a = (ag — at),
wherea =sideatt=0.
At thisinstant, flux through the square :

¢ = BAcos0° = B(ag —at)?
-.emf induced E= _d¢
dt
= E=-B.2(ay —at)(0—a) =+20aB

(1) Astheinward magnetic field increasesitsflux also
increases into the page and so induced current in
bigger loop will be anticlockwise.i,efromD to Cin
bigger loop and then from B to A in smaller loop.

(1)
©)
(1)
2
2
2
@

B

Q.13
Q.14
Q.15
Q.16

Q.17

Q.18
Q.19
Q.20
Q.21
Q.22
Q.23

Q.24
Q.25
Q.26

Q.1

Q.2

[
de=B d
f:'[e w'[rrrt

_Bol 2
= 2
@
@
@
@

(1) Eddy current can be created when a conductor is
moving through amagnetic field or when the magnetic
field surrounding a stationary conductor is varying.

€
@
€
@
@
&)
L =u,N?A /I

©)
©)
©)

EXERCISE-1l (NEET LEVEL)

d
(3) Becauseinduced em.f.isgivenby E=—N Ed)

dA
(4) Indiced cmf in the lop is given by C= —BE

whereA isthe area os the loop.
cC= —Bd—A(nrz) = —BanE
dt dt

r=2cm=2x10?
dr=2mm=2x10°m

-3
o= _0.04x3.14x 2x 2x10°2 x 2107,
=0.32nx10°°V
=3.27x10°°V =3.2nuV




Electromagnetic Induction

Q.3
Q4

Q5

Q6

Q7

QS8
Q9

Q.10

Q.U

Q.12

Q.13

Q.14

Q.15

_ % _ _3BOAO
Me=- 4 =
(1) 6=BA =10weber Q.16
(D)1= e _ —N(d¢ / dt) _ 10x10% x10™* x10™ x10

"R R - 20 Q.17
=5A

N(B, —B,)A coso

(Z)e:_ ( 2 1)

At

50(0.35-0.10) x (3x107%)? x cos0°
=— =17.7V .18
2x10°® Q
(3) Theinduced current will be in such adirection so

that it opposesthe change due to which it is produced.

(2) Factual

(2) emf isinduced inthe coil dueto changein magnetic
flux.

(1) Emf =e=¢,sn0 ; ewill be maximumwhen 0 is 90°
i.e. plane of the coil will be horizontal Q.19
(4) Conductor cuts the flux only when, if it movesin
the direction of M.

Q.20
(2) e=Bvl =3x107°x10” = 0.3 volt

Q.21
(2) If player is running 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
e=Bvl = 4x10° x 30~1000 x 3=1x103volt

3600

When heisrunning with rod in horizontal position, no
fieldiscut by therod, soe= 0. Q.22

" R4 ~

W7LE

S

(3) €= NBA®; o = 2nf =2n ><2000

60
. e=50x0.05x80x10™ x 21x 2200 4;

d 0-1 1
4) e=—-|— bute=4Vand —= =—
() e= Ld at 10° 10°

. L 4= L =4x10%henr
107 ( ) * y
(4)

(3) Self inductance L = pu,N* A/l = pu,n’IA

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

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

di,/dt i, /dt

@ M= 2 -5

di,
Also g = —Lc;—l e = LE

M? = (d'ejEzd'j LL, = M=LL,

dt )\ dt

di 8-2
e= LYoo 222
“) dt [3><102j

=L=001H=10mH

@ e= M%:1.25x80:100v

(4) Asweknow e= _d = —Lﬂ
dt dt

Work done against back e.m.f. eintimedt and current
iis

dW = —eidt = Lﬂidt =Lidi
dt

= WzLjidiz—
0

(3) Growth in current in LR, branch when switch is
closed given by

i = %{1_ o Rl ]

H 2
LO_ER puo B
d R, L L

Hence, potential drop across

L — (E eth/Lj L — Eefth/L
L

=126 = 5 =12-5W

20
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Q.23  (4) Because of the Lenz's law of conservation of
energy.

Q.24 (3)AsperLenzlaw

Q.25 (2) Therewill be salf induction effect when soft iron
coreisinserted.

Q26 (M =“°N}¢
Q27 &
- E
Q.28  (4) Currentininductor :E
" 21 LE?
. itsenergy >R

Same energy islater stored in capacitor

Q* 1LF? E
—=— =Q=JLC—=
2C 2R Q R

Q29 (3
1 1
2nJLC  2x3.144/5x10 x 20x10°®

Vo

4
Vo = 128 — 1592 Hz

Q.30  (2) Weknow that for step down transformer
V, i,
V, >V, but —=-=; i > iy
A
Current inthe secondary coil isgreater than the primary.
N, V. 200V
NP

Q31 ()

V_p = 5_120 3V52240V

i
Ve =L = @zg =i =5A
vV, i 120 i S

P S s

V. N, V., 3
_:_:k:>_s:—:>V =45V
Q32 (I V., N, 3 2 ¢

EXERCISE-I11 (JEE MAIN LEVEL)

Q.1 (4) Since A¢p = 0 hence EMF inducedis zero.

Q.2 (4) The direction of current in the loop such that it
opposes the the change in magnetic flux in it.

Q.3 (3) The direction of current in the loop such that it
opposes the the change in magnetic flux in it.

Q4

Q5

Q6

Q7

Q8

Q9

Q.10

Qu

Q.12

Q.13

Electromagnetic Induction

(3) Sincethe magnetic flux intheloopis zero hencethe
current induced initiszero.

(1) $ =BA cosb

1013=B(0.02) (%j

B=101T=01T.

(1) 6=NBA
=500x5%x103x2x103
=50x102x10
=5x103Wh.

(3)¢=B.r (R +1)?

dé
E= at =2Bn(R,+1)

(4) a:%:—(th—S)
at t=0.25 sec.
§=-[12(10.25)-5]=2

- - - = - . d
@ 1fv|] 7orvl[Bor /|l B thend—‘i) is zero.

Hence potential differenceiszero.

(2) When the loop enters the magnetic field the
magnetic flux init changestill it coversadistance 'a.
Hencethe EMF induced in the 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 itisout of magnetic field the magnetic flux
in it decreases. EMF is again induced in the circuit

2a
hencetotal timefor which emf isinducedis I
(2)e=B.(Vx 7) = (3i +4] +5K).[1i x5]]
g=25volt.
@ s:(\? x B)-T

PHYsIcs 21




Electromagnetic Induction

2 di
e o =VoBd_V,B,d V,-V_=IR-15+L —
27 % a a dt
V,-V,=-15
Q.14  (2) dlI vector is same in both the cases. Ve=V,=15

Q.15 (4) Thereisnochangeinflux soinduced emfiszero. Q22 (3

. do . : . +t 15V -
Q.16 (2 Since gt issamein both cases hence theinduced
emd thus induced current will also be same in both V=V, = E +15+IR
cases. V-V, =15Volt
. . . . Q.23 (O
Q.17  (4) Induced motional emfin MNQ isequivalent to the
motional emf inanimaginary wireMQi.e., g i
Guno = Bug = BV/ =BV (2R) Q24 @ L, gr=la"?
[=MQ=2R] orLdi =Ldi,orL;i =L,
Therefore, potential difference developed across the i Ly
ring is2RBv with Q at higher potential. E = ,__1

Q18 (D¢=BA Q.25 (1) Check al the options

c.og) do AdB
vxB =€ =—— =CA (Straightline)

"dt dt —“WM—’QT_JUW‘—
+ iR~ Ldi/dt~
E,{ asr>R Q26 (9 [y
e
& N Ld_
Q9 (@ E cE-F ¢ ~E-iR(sraightlinewith -veslope)
o . . . NBA
Q20 ()L=—+,iL=N¢,iL=NBA = i=——
| ) 27 @Ee=+Lp SE_Lopdidi
Q. 2 a2 e M
v =2x2x4=16J/sec.
2 g R
|:2V ......................
' Q28 (1) ,,,.!Tldl/dfC___'~>Depends on slope
""""""""""""" A o
Q21 (2) 2V(V/R) R V \
N
—WWW———} o)
R 3V 3V
tan 150°=-1/,/3
t=o0 100 t=o tan1200=\/§
Q29 (3)C_=3C
200 20 6
§ § Q Q. =30
2V 2V )
|, | po 1 Qea 307
' ! "2 Cq  2C
15v
—>——h— > mr—;
+ I B
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Electromagnetic Induction

Q.30 (1) Transmitting high voltage & low current electrical dq dv
energy resultsin less energy loss over long distance. 7 aBl—=m|—
Q7 e [ g=m[g
In steady state, IB (Q —q) = mv
CBlv=qg
EXERCISE-IV IBQ-CI?B? =mv
BIQ
V=" 5.5

NUMERICAL VALUE BASED m+ CB?1?

Q.1 [300 mA] PD acrossbattery =12 v—ir =12—-20% 0.5 1 1 BIQ 2
=2 K= 5 mv? = oM T cRy2
=10i, =i,=02A m+ CB“l

=i,=i-i;=03A 2
= 300mA dk 0 1 BIQ
dm - 2 \m+cCB??
Q2  [1200]e=Blv=36
36 00 2  m(BIQ)? .
V= 1 - = S <, 5 95.3 X
0.06x0.5 2 (m+CB22)3
1 m
- ——-——="55 =0
Q3  [0002 > 2 m+CB4?
Bxvx2R=¢ CBAZ=m
= m=4x10°kg=4mg
Q.4 [64A] Q.8 (1) S-1& S-2both correct
0.8 _ o
100x0.4x 02—~ T
S0x107~ _;
2
i=64A Q9 (1 a=%|)
g 1d¢
5 0625] P= — =625x 10 _&_—-4

Q [0625] = = R {R,,<R,

Q.6 [0120] When the rod moves with constant velocity, R, <R,
net force on the bar is zero Q.10 (2 A —> True, R > True

W = gravitational force=mg=ilB
[i =induced current in the circuit] QU (2at=0 L— open circuit
- 0.2x10 A
| = =
2x0.25
To produce 4A current in the bar, induced emf ¢ inthe
. 100+¢ at=0L —RZLafter ciracuit
circuitis =4 = g=60V F=1,0-e™)
40 at=0=1=0
e Vi =eat=0
Weknow,e=BIV =V =——
Bl Q.12  (4) DCmotor principle:
60 Current carying coil placedin B, experiencetorque.
- Electrical energy — M.E.
120 m/s . !
2x0.25 Generator = EM induction
Transformer = Mutual induction
a—> (ii)b— (i) c— (iii)d— (iv)
PHysics 23



Electromagnetic Induction

Q.13 (v=iRI=I (1-e™)
L Time V. i =current
R 'R
RC =i :>i—|tim61_1
=time RC
L time ]
- oy —— =—=(current
4= rev charge ( )
a— (iv),b— (i), c— (ii) d— (iii)
PREVIOUS YEAR'S
MHT CET
Q13 Q.2(3) Q3(2 Q.4(1) Q5(1)
Q6() Q7(1 Q.8(2 Q9(3 Q.10(4)
Q.11(4) Q12(1) QA3(3) Q1473 Q.15(3
Q16(1) Q173 QA18(3) Q.J19(1) Q.20
Q.21(2)
Q.22  (3) Given, coefficient of mutual inductance, m=0.5H
Resistance of primary, R, = 20Q
Resistance of secondary, R, = 5Q
Let, current in primary be |, such that current is sec-
ondary isl,=0.4A.
Now, the emf induced in secondary due to change
primary current isgiven by
= e=M i
dt
~  (04)x5=(05)%
' V7
(ve=LR)
d =4A/s
dt
NEET/AIPMT
Q1 (@
Energy stored in inductor is given as-
u=1L2
2
1
25x% 103=§ x L x(60x 1032
6102 500
L: 25X2><10 ><10 -7 :1389H
3600 36
Qz (@

Electric heater does not involve Eddy currents. It uses

Joul€'s heating effect.

Q3

Q4
Q5

)

o -_90_-Ad
induced — dt - dt

¢f =0
o, =800x5x10° x5x1072 =—2 x 10 weber
At=0.1s

¢ =N(BA),

-2x1073
Ei nduced = _%

€induced = 0.02V

©)

@
_ Epe NBAo
max R R

- 100x 2x107° x (10%) x 2
max 12.56
i =1A

ax

mi

JEE Main

Q.1

Q.2

[4]
Energy of inductor

U =ELI2

2
U =0(1=0)
when current is 2A

1
U =50 (L=20H)

u=4
Energy spent=U, -U.
=4]

(242

L=200mH=200x 10°H

V, =220V

f=50Hz
o=2nf=2rx50=1007

meS

rmsvalueof current| =

S

Z=w.L=(2rf)L=2rx50x200% 10°H
=20n

220 11

™ 20n  n

Peak valuel = Irmsxﬁzll\/E
T

24
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Electromagnetic Induction

Ja e 20
compareto ~— e—(VXB).E, =| (4x10 )(ZO)E

a=121x2=242 =16x10° =16mV

Q3  (440V) Q10 @
oz d _ ndBA cos(wt) dB 2

dt dt &2 xAc

e=NBAwsnot (o=2rn=2xx1=2rrad/s) P=—=

e =NBA® R pl

=1000x0.07 x 1x 27
= 439.8 ~ 440 volt (NA dBj2
P =
/

Q4 (I
Asgenerator convertsmechanical energy into electrical pl
energy. '

(2) Galvanometer shows deflection when current =P'=2P
passes through it so it is used to show presence of

currentinany wire. Qu @

(3) Transformer is used to step up or step down the
voltage. Q | C |
(4) Metal detectorshave LCR seriesAC circuit whichis | |
in resonance. In pressence of metal inductance of coil
changes and current changes significantly.

Q5 R
Let initial charge on capacitor is Q; and U is initial
Q.6 [400] energy.
2
Q7 @ — U=
Current on both in inductor isin opposite direction. 2C
Hence: For energy to be half
L,=L, +L,—2M LU @
Q8 @ 2 4C
B 0f? F_ % _ .S
f induced between the two ends —* S==2F=22
emf induc een the two ends > °C 40 Q 5
4
MZO.SX1WZSOX1WV:50uV :Q:&
2 J2
9 16 For discharging
Q. (16) Q=Q, e
Qo t/RC
—=Q,.€
\/5 0
20 cm 20 m/s 1
—_— =—glRC
V2
B, =4x10°T 1
OH—>45° = Inl-EInZ:-tl,RC
B,=B,

:tl:%RCinZ
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Electromagnetic Induction

[=250mA

For charge to reduceto %
Q15 [2
Qo -t/RC d¢ 4
— = =e V=--_L=—t
3 Qo &3
:>1:e'”RC $=0=>1t=3
8 V=4
Takinglog Now
t2 vz 16
- e, H :—:—:2
=1n1-3In2 e R 8
=1,=3RCIn2
Q.16 [17
L ®
Q12 (3
Magneticfield at centre e:n(l)zx%(Btz)
| O
no : 0 —_ 2
_ 4| ————|(2sin45) e=3nt
B=4 47:(5) Att=2
2 e=3n(2)?
| e=12n
B = 22 Q17
il GivencircuitisR-L growth circuit

Mangneticfluxinsmall loop R=100Q L=1H

b= W1

b=2 J2Hed 2
niL

¢ -
Mutual InductanceM = 7> E=6v
b
gz | — E(l— e—t/‘f)
M = 2\5”0_L R
T
i=£=E(1—e_t/T)
Q13 (2 ?R _R
By theory Solvingt =1In2
1 1
Q.14 [290] I=E|n2=ﬁ0.693=0.00693
o(t) =82—9t+5 s
dé(t) 15
T:lﬁt—g i(15ms):%[1—e10]
do(t
e:‘—ﬂ‘=|—16(o.25)+9| t=0.25 el 1) 3 6
dt i=—|1-— |=—x—
- 100 4) 4 100
e =5v
e=IR
u=1ipe
5v = (20Q) 5
5 1 By solvingwegetU=1mJ
| =—===0.25 Amp.
20 4
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Electromagnetic Induction

Q.18 [10

In steady state
E
Current| = e,
Er,
Potential disterenceacrossAB =Ir,= |~
2
Charge on capacitor Q=C (AV) AB
E
0=CE% _10.c
r+r,
Q19 [1
> —— OO0
2H
20

o
o)
AAA
VVWWWy
S
te)
AAAMAA
VVWWWy

I AMAA
|| YYVVYY

6V 20
Just after closing the switch

%)
e}
AAMAA
WAAALs
B
e}
AAAAA
VVVWVy
o
o)

<
[
<
<
<

R =6Q

soi= Y 1A
=5 =1Amp.
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Alternating Current

ALTERNATING CURRENT

Q.1
Q.2

Q3

Q4
Q5
Q6
Q7

QS8

Q9
Q.10
Q.U
Q.12
Q.13
Q.14
Q.15
Q.16
Q.17
Q.18
Q.19

Q.20

EXERCISE-lI (MHT CET LEVEL)

I 6
| =0 -2 _3/2
@ "ms \/E /—2 amp

() If @ =50x 27thenwlL = 20Q

If @ =100x 2rthenwlL = 40Q2
Current flowinginthecoil is

| = = 200 =4A

Z R +(wl)?
@
z= \/RZ +(mL —ijz
oC

= \/102 + (2000>< 5x107° -

1 2
2000x50x10™° j
=10Q

:i:ﬁ:—ZZA
2 10
©)

(1)
2
©)

1 2
7= |Re+( 2nfL -
@ \/{“ 27:ij

2
©)
(1)
(1)
©)
4
(1)
(1)
2
4
@

i
The phase angle between voltage V and currect | is

2
(O

Mechanical Generator Electrical

energy energy
(Input) (output)

Mechanical energy convertsinto electrical energy on

Q.21

Q.22
Q.23
Q.24
Q.25
Q.26
Q.27
Q.28
Q.29
Q.30
Q.31
Q.32
Q.33
Q.34

Q.1

Q.2

the basic of electromagnetic induction.

@

V 50
V. == = volt
ms \/E \/E
o 40 1

ms = J2 /21000
Pavg = Vrms II'I'T'IS CO%

J2 /211000 3

=0.5w

2
4
©)
2
4
(1)
2
4
©)
(1)
(1)
2
@

N[~

EXERCISE-1l (NEET LEVEL)

)

l, Peakvalue
lems= E_ \/E
@

Givenl =10
f=50Hz

e oeriod e Lo L
Imeperioa = f —50 Sec.

Timetaken by current to increasefrom zero to maximum

1
At=—=—
value, 2 200
=5x 103 sec.
_ e
Irms_ \/E

Mut Cer COMPENDIUM
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Alternating Current

= o 1042 =14.14A W, 10°
= Resonance frequency, F = o om Hz
Q.3 (4) DC ammeter measures average value of current.
Since the average value of AC is zero, thus it reads . 1000
] F -
zero. whileAC ammeter isdisigned to read rms current Q9 (3) Given 2n Hz
value. = w =2pF=1000rad/s
L=2H
Q4 (@ E,;generatedinthecoil isgiven by Reactance, X, = WL
E=NABW sinot =1000x% 2
-» maximumvalueof sinot=1 =2000Q
= E,=NABW
Q.5 (2) Total carrent, 1= (5+10sinot) Q.10  (2) Inpureinductivecircuit, current lags the potential
12 i T
T in phase b .
jo B Presey 2
=gt =| =7 Qu @
jo dit
Q12 (3
12
T .
- ij (5+10sinot)2dt AV:
TJo
1/2
T . .
=Fj (25+1005|n03t+1005|n203t)} 15 SV,
TJO
1,T. 1,T. > 1
= | snotdi=0 = sn“etdt==
But 7o d 7o 2 IV,
1 1/2
So, | eff =[25+§><100} =5J3A V=V
Q.6 (2) A coil behaves asan indvetor Inductive reactance, - 90° s\
X, =wL - VR
PX, aw Voltage phase diagram.
X2 0, 150x2m _ Resultant voltage, V= V2 + (Ve -V )’
X, o 50x2r Q13 (2
= X, ,=3X ;=3x(100) Q.14 (3) For resoranceto occur, thein of LCR circeuit needs
=3000 ' to be min
Q7 @ .+ Inpedance, Z = \|[R? +(X )
200v/2 If X, =X¢
Il'rﬂS:ErmSZ J§4 :zomA :>Z:R
z 10
Q.15 (1) Bulb behaves as aresistor. So the given circuit is
RC circuit
["R—OX =0=>z=X —i—;—lo“} 1
) b ¢ WC 100x10°® Impedance, Z = 1[Rz-i—)(é = R2+W
0.8 (2) Angular Resonance frequency If wincreases, impgdancewill dec&asg. Thuscurrent
through the bulb increases and it will burn more
1 1 i sel
W. = — — 106 inten y.
" JLC J10°x10°
Q.16  (2) In an inductor, the voltage leads the current by a
PHysics 29



Alternating Current

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

phase difference of %

1=l sinwt
in| ot+—
- V=Vesin| @85
. t Tc
=lgoL sin{ 15
__R
(2) Power factor, cosd = (mL)z TR
oL
¢ SR
(1) A shows current across R
V, shows voltage across R
V, shows voltage across C

We know that current and voltage through R are in
same phase. Hence, statement (i) is correct.

Voltage across C lags the voltage/ current across R.
Hence, statement (ii) and (iii) areincrrect.

(4 QX,=X¢

\Z=R=30W

andVg=V=240V

Reading of volt meter =V =V =1(X —=X()
240
30
(1) No less of power occurs in a powerly inductive
circuit.

Reading of anmeter =1 ,= 8A

T
"o =—0ro0°
¢ 2or

PLece= Ve rins COSH =0

Rms 'Rms

(1) Inan ac circuit, a pure indcutor does not consume
any power. Therefore, power is consumed by the
resistor only.

.'.P=IV2R
or108=(3)’Ror R=12Q

2 PmaX:ImZR
Pmax
Half power = P= =

I2R

2R =
- 2

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

R
(3) Power factor = coss= \/Rz +(XL _Xc)2

for low resistance, high inductance
R=0and X =0

then cos¢p =0

(@) inapurely capacitivecircuit, ¢ =90°or %

= Parg:V | cosH

Rms "Rms *
=0

(4) Beforeresonance, W< Wy

SXL<Xe

= Circuitis predominantly capacitive so, current leads
potential

After resonance, w > Wp

SXL<Xe

= Circuit is predominantly inductive so, current.

@

S Ve orl

=<

R 100
COSO= JRZ+ X2 1007 +1007

Sl

= p=45°
.. Current leads the source voltage by 45°

(4) The hot wire ammeter may be used to measure both
ACand DC current.

(1) Given,R=11Q, X, =120Q, X . =120Q
V=110V Q=2rF=2r(60)

=120rrad

X =Xe

:VL:VC

30
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Alternating Current

Q12 (2 X, =olL =2rnfxL
EXERCISE-IIl (JEE MAIN LEVEL) 100= 21t x50 % L .(Eqn. 1)
(X))o, =21 150 x L ..(Eqn. 2)
Q1 (3)V::'LOOsin100ntcosloOnt fromegn. (i) & (ii)
V=508n200mt (X)) ey =300Q2
here V=50 & » =200~ f =100 Hz 20 5
Q2  (9GivenT=1ps=10%s Q13  (QGivenR=50Q,L="—H,C==uF
f =£=L76=106HZ 20
T 10 X, =oL =27x50x Z==2000Q
T
T
2 X =L - 1 =20000
[10sin(314t)dt oC 20x50% 2 10
Lyg ="
Q3 (3 favg T X =X thenZ=R
J‘ dt Q.14  (3) Inresonance condition
0 1
| Jic
_ % _0.637i,-0.637x10 =637A when L T 25%and C { 20% then
" . 1 1
V, new — =
Q4 (V. =-2=220 125 80 . \/SL 4
V2 100 7100~ \4 s
V,=220+/2 =311 volt 1
Q.5 © Onew = E = Opew =0
1 < Vims _ e Q15 @
Q.G DI = = 2 2 = 2A
ms R L
z +eb) Q016 (3
oL 66 3 )
tang = R "8 "1 Q.17 (4 GivenR=3Q, X =4Q,X_=8Q
v 100 Z=R*+ (X =X, ]
Q7 (2) Irms: o= 2 2
TR L 2= 3+ (- 4) =50
oC then
P.d. acrossresistance=R1__ = 100 volt. P_VI cos¢=VIE (coso = 5)
A Z
Q8  (AV,.=VZ+V? =(20) +(16)2 =256. _LVR V2R
- zz z22
Q.9 (4) Voltage of sourceisawayslessthan (V, +V,+V,), 50x50x3
:T:300 watt
X
Q.10 (3 X, =0t=10000Q 018 @
(X.). ., =(20)(2t)=4x1000=40000
Q1 P, =v I _cosd
Here¢=90°so P, =0
Q11 (4 X =wL=100x0.1=10Q
020 @ Hpc. IR 5
100 K : oo TR T
|—Wsm[100t Ej =-10cos(100t)A ms
PHysics 31



Alternating Current

Q.21

Q.22

Q.23

Q.24

Q.25

Q.1

)

cos¢ =

@

E 4

X 4
tan¢——=§

2 =06
5_ .

ANVA

(4)

Because

(4)

R
- \/RZ + (XL _Xc)2

X =X

=1

s R
cosp = —
z

GivenE=5coswt, | =2sinot, ¢ —E

then

P=

(4)

V,=

I=

VvV |

rms rms

cos¢

\/, \/,cos =0

v, N 8

Vi TN, T 1
8% 120=960volt

@-QGmA
10* ~ '

EXERCISE-IV

[0064]

LN

JLC = 16x250x10°

Q.2

Q3

A
VeTloo* og T ,CR
3
10° g,
4x5
~ 32
50% 250x10 ° xR
32x10°°
_ 27 _640
R = 50x 250x 400 = 64
Ans.
wL, 3
[0119] tan ¢ = R, =2
3
Wlele
100
1= 9
—6R12+R2
R,=80Q wlL,=60Q
wk, 4 4
R2 3:> WL2:§R2
100
5= 6 =R,=120;WL,=16Q
““RI+R;
9 2

= \/(le+ wL,)? + (R, +R,)? =1190

[04] 1051072

24

=z=1/(0L)?*+R?

1 2
JRE+ (L) - \/R2+(wL—Ej

1
(oL)=—oL + —

L=

1

oC

1

202C ~ 2x100mx100mx10°8 ~°H
(2400)2 = (500m)2 + R2

Mut Cer COMPENDIUM
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Alternating Current

R= \/(2400)2—(5n><100)2 Z=R*+(X_—X¢)? =+/100+100
Z=-10y2
=100,/ (24)? — 2512
_Vo_ 10 _10
=10x /326 =1800 °Z 102 V2
1=0.1A i 10
Q4 (1 chixczﬁx 10=""x10=50
L
o 10
V2 J2xy2
X =w, a— (iii), b— (i), c— (iv),d — (ii)
Vi
VL [ nj PREVIOUS YEAR'S
|:X—Sn Wd—z
. ] . Q1(2 Q2(4) Q3 (1 Q403 Q53
Wi > X =i Q6(4) Q713 Q810 Q9@ Q.10
S1-Correct & S2-Correct Q.11(D Q.12(2) Q.13(2) Q.14(2) Q.15(3)
Q16(1) Q17(2 Q182 Q194 Q.20(3)
Q5 (V)P =V, _i cosp Q.21(2) Q.22(4) Q.23(2) Q.24(2) Q.25(1)
Power consumption is only takes place across Q26() Q27(2 Q28(49 Q29(4 Q30(2
resistancein R, R_or LCR circuit Q3l(2) Q32() Q3BB) Q344 a35(2
S1 and S2 both are correct Q36(4) Q37(4 Q38(4) Q392 Q403
Q.6 ) Q41(1l) Q42(2 Q434 Q444 Q419
Q.7 (2) P=Vrmslrmscorp Q.46 (2) i o
Power factor = cosf Q.47 (3 Given,V=50V,V, =90V,Vc=60V InL-C-Rdircit,
V=V snwt InL-C-Rcircuit,
we cant comment on emf lead or lag . _\/ﬁ
i =i sin(wt + ¢) = two possiblevalue - V= Ve (V- Ve)
cosp = cos(—4) - 2
BothA, Rtrue = V=V (V- Ve)
Q8 ) i:45in(100nt+ﬁj = 50° =V +(%0-60)
3 = 2500= V/2 + 900
i =i,sin(wt+ o) = V2= =1600
i = J‘ \/__2\/_A =V, =+/1600 = 40V
i =4A w=2nf =100r Q.48 (1) Since, the voltage acrossinductor and capacitor is
f=50Hz same, so they arein resonancei.e.,
. . X =X,
att=0, ':45'”522\5 Theimpedance of circuit,
a— (ii),b— (iii),c— (iv),d - (i) 7 - ’R2+(XL —Xc)2 -R
Q.9 @
.. Voltageacross, R=220V
100 20Q_ 100 By Ohm'slaw,V =IR
_v_20_
A R 100
~ Hence, ammeter reading is2.2 A and voltmeter reading
~ iS220V.
V =100sinwt
R=10Q, X, =20,X_.=10 Q.49 (3)Given,C=24uF=24x10%F
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Alternating Current

Q.50

Q.51

Q.52

Q.53

Q.54

L=10°H >
L Z=\R*+(X_-X,)
At resonant frequency, v = m -t
= |R*+ (27ch - j
1 22 c 2nfC
= LC=5s=157 VY - - -
dnv®  An°c A The value of impedance (Z) first decreases with
increase of frequency(f) of AC source and becomes
A =\4n*c’LC minimum at resonance frequency (f = f ) because at
5 A ~ resonance frequency, X =X, thusZ . =R.
= \/4><TE X(3X10 ) x107x2.4x10 If we increase the frequency of AC source further
=202m f(f>f); then Z startsincreasing. Thus, correct graph is

shownin option (2).
(4) We know that, capacitive reactance,

NEET/AIPMT
N QL @
oC 2nvC )
_( Vrus
= Xc o l Pav _( Z ] R
%
Hence, graph shown in option (d) represents correct 2
variation of X _withv. Z= R2+(0)L—i] =560
oC
(4) In LC paralléel resonance circuit, at resonance,
inductive and capacitivereactanceissamei.e., X, =X .. 10 2
So, impedanceis minimum and current i s maximum. Py = x50=0.79W
1 (v2)s8
Also, resonance frequency, fr=———
edHeney 2n/LC
. Q2 @

(1) Since, capacitivereactance, X .= onfC 03 3
Inductivereactance, X = 2nfL Q4 4
Impedance, Z = \|R? + (X, - X.)’ 05 @
So, if the angular frequency (o= 2nf) is gradually 06 )
increased, then X . will continuously decrease, X will ®»=100
continuously increase, R remains same becauseit does 100 50
not depend on angular frequency and Z will first v o _F_Fy,

- 2 2t «n
Resonance frequency

decrease and then increase.

(3) Thevoltage acrossapure capacitor in an AC circuit 1 1 1
is given by v = =— =
e=esnot . (i) ° 2nJLC  2nV10x10x10
and current acrossiit is given by 50
= —Hz
L L 3 L
Ic=1p8n ‘DHE (D))

From Egs. (i) and (ii), we observethat the currentina Q.7 @

i Peak voltageis /2 timesrmsvoltagesin ac.
capacitor is leading the voltage by > So, correct
. . - JEE MAIN
phasediagramisshowninFig. (B). Q.1 )
i=i,sin(ot+0¢)

(2) Theimpedence of seriesL-C-Rcircuitisgiven by ¢ =0 asonly resistance
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Q.2

Q.3

Q4

Q5

PHYsIcs

to

75 =ioSin(o1)

N

3 s
4x 21tx50
=25ms

©)

- z=X_—X_may bezero,

P = Vrms II’mSCOS(I)
(If¢:90,P:O J

@

(1) As generator converts mechanical energy into
electrical energy.

(2) Galvanometer shows deflection when current
passes through it so it is used to show presence of
currentin any wire.

(3) Transformer is used to step up or step down the
voltage.

(4) Metal detectorshave LCR seriesAC circuit which
isin resonance. In pressence of metal inductance of
coil changes and current changes significantly.

@

x1000ms

T
Wattless current flowing that means current isin 5

Alternating Current

» R=100Q2

50/3

an R
¢ 100

tan¢:%:0.167

¢ = tan™(0.167)

phase with applied voltage. Pog = Vims lims €00 = 0
Purely inductive circuit have cosp = 0 ¢ = tan™(0.17)
@ Q6 (22
= C=25uF =
L=10 mH i 0 AR 100Q2 Q7 0]
{0000 |
Q8 (@
CO=1207E=2—7[3T=LSGC
o T 60
~ time taken to reach peak value
v(t) =2105in(30001) ...(1) T
L=10mH =—=__12S8
X, = ol =3000x 10x 10 4240
X, =30Q...(2) Q9 (v
C=25uF |(X_ =X )|=[10-10%|=90Q
o 1 1 ~1000x1000 40 £ = Impedance
©7C3000x25x10°  25x3000 3 = (X, =X ) + R =(90)" +(120)” =1500)
R=100Q
using phasor diagram :- i = Vims _ (EJA
rms Z 15
Nowi? RAt=ms(AT)
= At=15sec
35




Alternating Current

Q.10

Q.U

Q.12

(100)
length = 100 km capacity = 0.01 uf/km
Capacitance C = 0.01 x 10° x 100 = 0.01 x 10“F

f=05x10°Hz
For impedanceto be minimum
X =X,

1

L=~ (r=10)
-1
4n*f%c
_ 1
4x10%(0.5%x10%?x0.01x10™ Q.14
L=101H.
L=100mH
©
V=V EY,
X =X=2R
X, =10Q Q.15
oL =10
2nfL =10
L= 10 _ 1 H:1000m|_|
2nf 10w 10w
L= 1 ;K= 1 =0.01~0
1 100
100 Q.16
&)
®, \(0
0<m, 0>, —>
. Q.17
Atresonancein LCR
Z=R=(min)
Z = Impedance
00<COr o> G)r
1 1
oL < \/E oL > \/E
® oC ® oC
Capacitive Inductive

(20
1

271:\/E

f= L
214/0.5x10° x 200x10°

1

2107

=2x10°Hz
=20x10°Hz=20

©)

1
Resonant frequency F, = 2ndLC

By adding acapacitor in series equivalent capacitance
decreases
Hence resonant frequency increases.

@

Irms:Vrms(’OC
I 6.9x10°°
oV, 600x 230
C=50pF
@
R R R 1
100 = JRZ+R? RY2 2
b cosg, R R____R_,
z JR°+(R-R?) R
1
R_J2_1
P 1 2

[44]
At high frequency (X, = =0,X_ = =)

4

[EnY
N

P
\/
220

Z=1+4|4+2
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- Q19 (@
2=5 As
_V_220 6
. ®»=——given
Z 5 \/Eg
| =44A
Current | =Y = %0
18 [3 z 2
© & (10)° + O.G\F —1\F
C 06\VL
@ v
| |
v | 1 Orl= 0 == 0.2380r 238mA
1
C \/100+[0.6><100—100j
0.6
(~) Q20 (4
—/ v=ix =i(wL)
=(5)(49n) (30x 10°)=23.1
200V, 50Hz Voltagewill lead current by 90°
V& 100x100 - V=231sin(49nt +60°)
R=—=R=—"——
P 50
21 250
v &0 ]
V=100V Band width=232-212= T
. 5
b >Vr(100) L L= oo =250mH
Q22 (3
V =8kv V =160v
power load=80kW  power factor = unity
Vs(200) Primary load
\‘; Vo (8a0°)
c 1= " goao’ 800
Secondary load
coshp=——= -¢:60°
2 v (160)?
Now R,= 5 ~Box10? =020
tan60°:&
Q23 (3
Xc
\/"3’:? E:4405in100nt,L:£H
T
J3=2C s xc= 20043 2
200 XL:(DL =100r— = 100\/59
Y
1 m/xx10° .
o= x =22 x10 E, 440
2n(50) 5000 l,=—0=——"_ =222A
o (50) Peak current 'o X, 10042
ACammeter reedsRM Svauethereforereadingwill bel
200\/§:£><1000 I
5 | .= NA =2.2A
X =3
Q24 4
PHysics 37
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Alternating Current

Q.25

Element X should beresistivewith R =20Q
Element Y should beinductivewith X =20Q
When X and Y are connector in series

Z=X?+R? =202

E, 100 5

=2=" ="A
°"z 202 2
| ZI_OZEA

rms ‘\/E 2

(10
Energy stored in capacitor

=ECV2 =£500x10'6 x10" = EJ
2 2 2

Current will be maximum when whole energy of
capacitor becomes energy of inductor.

L2

2 2
IZ\/EI %:1OA
L V50x10

38
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Electromagnetic Waves

ELECTROMAGNETIC WAVES

EXERCISE-l (MHT CET LEVEL)

Q.1 ) rays
Q4 (3) The direction of propagation of electromagnetic

E,=B,xC waveisperpendicular to thevariation of electricfield
El=IB é‘:20x10’9><3><108 — 6Vm E aswell astothevariationfield B.

° o Q5 (9
Q.2 (1) Energy density Q.6 ®
A .
— 2 _ o | = 2 Q8 1
=&Em =& (\/Ej 2 1= Q9
Q.10 (1)

Q.3 (3) Smallest wavelength means maximum frequency, Q1L @
energy of that particular radiation is maximum — y —

EXERCISE-Il (NEET LEVEL)

Q.1 1,2 and casesto exist when chargeis maximum.
Q.2 (4) An electron is negatively charged. Thus it will Q.6 (1) Order of frequency of visiblelightis 10 Hz
experienceaforceinthe oppositedirection of electric Q.7 ®

field. Q38 €]
Q.3 (2) An electromagnetic wave has both energy and Q.9 @
momentum. Q10 @

Q4 (1) Anpere'scircuital law isapplicablefor conductiar Q.11 (2)
current but not, applicable for displacement current. Q.12 (4)

Q5 (2) During the charging of a capacitor the currentis Q.13 (1)
maximuminitially whenthe changeon capacitoriszero. Q.14 (2
Asthe changeincreases, the current startsto decrease

EXERCISE-I11 (JEE MAIN LEVEL)
Q1(3 Q2(2 Q:3(1) Q4(2) Q52 Q6@

PREVIOUS YEAR'S

MHT CET
Q112 Q.2(2 Q.3(3) Q43 Q5@ Q.6(2) Q.7(2 Q8(3 Q9@ Q.10(3)
Q.11  (3) Given,rateof lossof charge=2x 107 Cs? Nn=500MHz=5000x 106 Hz=5x 10°Hz and

Magnitude of displacement current is given by v = relative speed

dg An 2y
i,=1,= [q| 2% 107Cs'=2x107A Then, = ===~
. . 5
. Displacement currentis2 x 107A. —y_An.__ 10 x3x10°
2n 2x5x10

Q.12  (2) Let the shift in apparent frequency be An, then =3000 ms?

An=100x 10°Hz=10°Hz =3kms?
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Electromagnetic Waves

NEET/AIPMT
Ql @
Qz (I
Q3 (@
Q4 (4
Qs (3

Q.6

(8) Radiowave (i) ~ 102 m (ii)
(b) Microwave= (iii) 102 m((iii)

(c) Infrared radiations= (iv) 10 m (iv)

(d) X -ray (i)~ A=10"m(i)

(@ — (i), (b) = (iii), (©) =(iv), (d) - (i)

©)

JEE MAIN

Q.1

Q.2

(Bonus)
1

vV Hoo
1
I

C=

V=

MOM[H “’rgr

3x10°

E=—————  x4nx107 x1.61

\1.61x 6.44
E=8.48V/m
@
p= 200x3.5
100
=7 waitt

P
4ur®  dmx(4)°

Q.3

Q4

Q8
Q9

7 _ Ix7

64n  64x22

| = %SOESC

2
| :E&C

Ho

2
/2[
BO: ﬂ
(o

_[2x4nx107" x7
3x108 x64x 1

7 x 10715
3x8

70x107°
24
=+/2.912x10°®
=171x10°T
@
Intensity is the average power propagating per unit
area.

| = %SOESC

1
= x (885%107) (565 x (3% 109)

=4.24Wnr?

@

VvV, =2x10m/s =1 £=?

8

v —— S o310
“’I’SI’ 1'8I'
3 9

\/g =— = 8r = —
2 4

©)

()

@

From el ectromagnetic wave spectrum.
A increases —

‘ y-ray ‘ X -rays ‘u]tra violeti visible ‘ infrared ‘micrwva/e‘Radiowave

’ > Ay < Masre < 1

gamma — ray visible microwave

@
(Fact)
)

The statement |1 iswrong as the velocity of em wave

40
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Q.10

Q.U

Q.12

Q.13

Q.14

PHYsIcs 4]

1 1
|named|um|s@_m
@

Q.15

E x B must be direction of propagation.

So, B —y z-axis Q.16

K=2" T 10°m*
A4

E, = 6Osian103(x —~3x 108t)}]Vm1
4

B,=2x10’ Sin{ﬁxlo?’(x -3x lOSI)} KT
4 Q.17

43)

Bl Q.18
P I =0.22w/m?,

c=3x10m/

€,=8.85x 102C?N?

2x4nx107 x0.22
=43x10°

3x10°

B,=43x 10°T

o) Q.19

E .
BO
E, 540

° Cc 3x10°
=18x 10”7
(©)
K =0.5x 10, w=15x10"
B, =2x10%, V=

w _15x10"
K 05x10°

Q.20

Electromagnetic Waves

E
B

Emax = CBmax

=3x 108 x 2x10¥ =6 volt/m

Direction of propagation — (—x)

Direction of B propagation — (+x)
Direction of E propagation — (along z axis)
AsE, B and C are perpendicular

So answer (C).

@

max

C=

v=3x108=C

, o 4x10°
From the wave equation, weget vV = Pialra
Now, amplitude of electric fieldisgivenby E = VB,

8
_ 4100 510 = 4x10°Vm*?

=
)

E, zgoosn(wt-ﬂj
Cc

c-Eo g B _ 90
B C  3x10

(o]

=300x10%=3x10°T

F _oE _ 900 _ 900 _10
F qVB 3x10'x3x10° 90 1

@
By Theory

Q)

A =36cm?
F=72x10°N
compl ete absorption

t=20min

E
energy per unit ti meT =1A

E
energy flux= —=1

AT
F= ﬁSO | = F<C
== Sol=—¢
7.2x10°x 3x10° w
Energy flux| = —————=0.06

36 cm?
@
(a) UV rays- used for water purification
(b) X-raysused for diagnosing fracture
(c) Microwaves are used for mobile and radar
communication
(d) Infrared waves show less scattering therefore used
in foggy days
(eii), (b-1), (c-iii), (d-iv)

[84]
P =10%of 110W




