P Ac E Advanced Booklet Solution

IIT- MEDICAL Magnetism

JEE Main Exercise

1. ©
alb

= a~b:(—5f+3]+a2l2)-(2f+aj+12)=O

— —10+3a+a°=0
—a=2and a=-5

2. (A)
Fg =mg =qvBsin90°=mg

= qv(”—oljsin 90°=mg
2nr

4nx107" x1 6
10 1)=1x10"x10
= a )( 2r(0.01) j() S

= q=50x10"°C=50mC

3. (A
5
R:m: 27X10 2:0.1Om
qB  5x10' x4x10™
4. ©
21m 2n(4m
p=——rand T, = ( ID)=2Tp
9 (20, )B
Tp:%zsps = T, =2x5=10ps
5 (A)
Fo B L
271m m
6 (B)
mv
R=—2>(b-a
b-a)B
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m
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= Vnin = m
(B)
20202
K=q B'R and f =—— qB
2m 2mm
2mmf
_ (2mmf )" R IR —2n2mf2R2
2m

= K =2x(314)"x1.67x10"" x(10’ )2 (0.6)°

= K=12x101%]

(B)

2rsin6=R
2 Mo =sin6=R = vy = qB_R
gB 2msin 0
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10.  (A)
B— Hol _ Hol
2mr Zn«/xz +y?
r=xXi+Yj
Alron=—21—"%
X2 +y?
g yioxj | moi(vi-xi)
B =Bn = 3 3
Zn\/x2+y2 \/x2+y2 2n(X° +y°)
1. (C)
B = Mol
27l
o Hoi
B... =2Bcos60°=——
net 27IL
2. (A

Bret = 2( Bag + BBC)

Hol Hol

=2 (sinB+sin@) |+2 (sing+sin¢)
b a
4n(zj 47{2}
_2u4i|1 a/2 1 b/2
B @202 ) 2 (a/2)% +(b/2)?

ab
sind = 8/2
J(@/2)+(b/2)?
sing = b/2
J(@/2)+(b/2)?
D ﬁ,- C
i s 111/
--_‘__ﬁ_::;gj _______
/3?6{. i
A - y:
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13.

14.

15.

16.

17.

18.

(A)

i i i .
B:Bl+82+53:;£aj-;£a|+ozggau—.)

(A) _ _
At point (X, Y), B :(M—“L'ZJR -0

2nY  2nX
= Y:[_'i]x
I

,elsls )5

2a 2a

(©)

0 4 0| 4, :
B=B,+B,+By=— 2+ __\4) Ml_,

2a 2b 2C

= “_OI 3_14_1 :O
2\4a 4b c

3(1 1 1
= —|=——=|+—=0
4(a bj 2a

= a:Eb
3

4R 4nR 4rnR 4R

B,=H 01 0=H0
4R 4R

3).
ol = i . .
0(4 4o Mot _ ol (3_7r_1j

2R 4R 27xR\ 4 2
nrw (3n 1
ByiBy=——i1=1| ——=
B:B7: By 22(4 2)
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19.

20.

21.

22,

©)

qSB‘dI :Hoienclosed

loop A; $B-dl =+i+i+i—i—i-i=0
loop B; $B-dl =+i+i—i=i

loop C; <J'>B-dI=+i—i—i—i=—i

loop D; qSB-dl =i
B>A>C=D
(B)

$B-dl =g (~ip —ig +ij)
= g (~4—6+8) =21y Wh/m

chB-dI:O
B

C D E A
= jB-d|+jB-d|+jB-d|+jB-d|+jB-d|:o
A E

B C D

A
jB-dI:O = B LdI
E

B C D E
= jB-d|+jB-d|=—jB-d|—jB-d|
A B C D

C D
=jB~d|+jB-d|
D E

(A)
Forces on BC and DA cancel out each other.
Fag = Ho? il = Hokis
271() T
i 2
Fop = Hol h|=li&ﬂ2
(SIJ 3n
2| —
i 2
2okl
I:net = I:AB - FCD = %
7T
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23.

24,

25.

26.

27.

(B)

Force on AB and CD cancel out each other. Resultant of force on DA and BC will be directed towards

right. So, net force on the loop is away from the long wire.

X‘D
A F,

=2 (3x10°2)iix(~2K) | = (12x10°2)
(12x10°2)]

=——F—=12 m/s2 (])

s (10 x 10‘3)

3|m

(A)
Bil =ma = Bdgl =md6

= Bljdq :m_[de

_mv_m 2gh
Bl BI
©
2
r=ia:(Bi|)l=(ﬂ]a
2 | 3
3iB
o=—
2m
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28.

29.

30.

31.

32.

33.

M_a
L 2m
_9t _dlo
2m  2m
2
Q)R
B 3 _ ol
2m 6
(D)
7= NiABsin 0

Couple (torque) will be maximum for circular loop as circle has the greatest area for a given parimeter.

(A)
We can put wires carrying equal and opposite currents along CH and DG to complete three loops.
M =M pgcH +McpeH +Mperc

- i+ @i+ ()=o)

T:MXB=iX2j=2R

(B)

Resultant of three vectors = M + M c0s60°+ M cos 60°
=2M

(A)

For equilibrium of upper magnet, F =mg
N (mjm —mg

4 ) r?
m2
107 ———— =50x10"2x9.8
(3x107°)
= m=6.64 A-m
(A)
Bl_(& ™
4 ) 3

HO M H i
B, —| Ho | M : :
2 (4thr3 i ':

B, | B
Bret =B1 =By e N1 §]
-7
_10 x1goo ot
(0.1)
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34. (D)

B,
1o le
B
N

0.1m=—¢——0.1m —

Ho \2M | Ho |M
= | — —, B = — | —
& (4nj S (4ﬂjr3
—7
Bnet:\/B‘lz"'Bz2 =%=\/§x10‘3¢
35. (A)
MB
W =AU =-MBc0s60° - (-MB cos0°) =
r:MBsin60°:(2\N){§J:\/§W

36. (A
At magnetic North-pole angle of dip is 90°.
By =Bcos90°=0

37.  (B)
B:ﬂM3 - o.&ao*“:m”L33
4r r (6400x10°)
= M =7.8x10% A-m?
38 (A)
We
tanE):m = eztan‘l(mJ
H H
39. (B)
= 0-MBco0s90° =K, —-MBcos0°
= K,=MB=2x25=50p]
40. (A
2
f=i @: foc\/m:ﬂ: i) zf
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41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

(©)
B 2
o BT = LZ(LJ

By, f,
B 2
S :(@j = By, =144x10°5 T
36x10~ 20 !
(B)
In tan A position, By tan6; :ﬂz—m?fl
4r d;
In tan B position, By tano6, :&m—";
47 d;
3
_, fanb _,fm ) dy
tan 6, m, J\ dq
= tan0, =tan30°
= 0,=30°
(A)
Aluminium is paramagnetic, copper is diamagnetic and Iron and Nickel are ferromagnetic.
(©)
Diamagnetic materials are repelled by magnetism field. So, they will be thrown out.
(D)
A superconductor exhibits perfect diamagnetism as magnetic field lines don't enter a superconductor.
(D)

B = Bext + Binduced = B =1oH +1oM
= BZHo(H +|\/|)
(A)

Magnetic susceptibility of paramagnetic substances is independent of the magnetising field.

(A)
Magnetic susceptibility of ferromagnetic materials decreases with rise in temperature and the
substance becomes paramagnetic above Curie temperature.

(A)
C 1
Xm =T = AC =Slope of y, versus T graph
__04 3 =9/K
7x10™
(B)

0OQ = Retentivity; OR = Coercivity
For making a permanent magnet, both retentivity (OQ) and coercivity (OR) should be high.
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51.

52,

53.

54.

55.

(4)

mvr =L
= mv(mJ:L
gB

gBL
V= —_
\/ m2

Ve \/1.6><10_19 x1x1073 x8.1x10738
81x107%2

=4m/s

(6)
Path of the particle will be helical.
Distance = Speed x time =2x3=6m

(1.21)
n_ J2mqVv L me qB2R? ~ meR2
gB 2V
, (1+d 2
= max =(—Rmﬂx “| 2| 2121
Mmin Rmin l
2
(220)
They will collide after describing semi-circle.
/‘”‘\
10
.
\ iy
Ly
v —g+qgV
-3
T _mm _ 22><14><10200 _ 9905
qB 7x3x10_6x(j
3
(70)

Using Work-energy theorem,

= +ng+0+0:%mv2—0
= v=,/20R
2

AtP, N;—-mg —qusin90°:m?V
= N;=3mg+qvB=60+10=70N
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56.  (3)

Lets take radius of circle described by the particle in the magnetic field to be r.

57.  (10)
n=dixr=(})x@{+j+Kk)=k-i
\
2
By = Wol f 4nx10_7><8(lz—ij
2nr 2n(\2) |\ 2
=0.8x10°° (k1)

Bret =Buwire +Bext = (0-6><10_6)i + (0-8><10_6)R
|Boet| =10x107" T
So, . =10

58. 2
B :“—Ol(sinowsinﬁ)
4mr
-7
. M (sin45° +sin45°) = 4x10°T
4m(5x1077)

Anx107" x+f2

Bep = ———— = (sin45°+5sin45°) =2x107° T
P 47101072

10cm
h S
r
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Bnet =Bag +Bgc +Bcp +Bpa
Bt =4x107°+0-2x107°+0
=2x108T=2uT
59.  (32)
B = Bpg + Bgr +Brs +Bst +Bry

=0+ 2% gin 450+ 20 (25in 450) + Kol i 4504 0
4l 4l

47l
_ Mo f
'\/ETCI A --.HH'\._
2mR=41 =R =2 i o "
T [ \ ]
. : S — »p -
Hol _ Molm 2 T
B,=—0 _F0~ “—
i 4(2') 8l = r=<l—
T
B 32
B, x°
So,n=32
60. (4)

ool

-[dB:-I[ 2X

2
Ho ()(2“)
MOM)In2=n—ln2

= B=
Ar 47
So,n=4
61. (36)
1o NiR?
axis

_4n %107 x1x 2.5% (3><1O_2)2
2[(0.03)2 + (0.04)2 P2

—36nx107' T
So,n=36

62.  (5880)
B=pgni = 0.168= Arx107" xnx2

21x10%
n=
T

- :(21><104J(1_4)

T
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63.

64.

65.

Length of wire = N (27R)
4

={21><10 ><1.4][(27t 0.01)]
T

=5880 m

(16)
PQ =3asec60°=6a
Lets take an element dx on wire PQ.

6a :
dF = Hol i, d
I i(zn(a+x00560°)}2 "
6a
0

Hohl
F =—%Tlc2 [2In(2a+X)]

Moi1i2
=>=<2In(16
o In(16)

Koy
27

So, x=16
2
Fg=mg = I(Bsin30°)idlzmg
= (Bsin30°)i(27R)=mg
mg 40x107° x10m

In x

_mg _ —27
TR 7(10)(2x107)
(10)
F(Ap)A=Bilsin®
— eg(Ah)A=Bilsing = Ah=219n0
egA

_ 5.44x10x4x1073sin90°
13.6x10° x10x (4><10_3)

=10cm
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1. (A)
Magnetic field at any point lies on axial position of current carrying conductor B = 0

2. (B) .
(b) Given : Radius=R

Distance x = 2./2R

5 \32 RY 312
Bccntre — 1+£E_ — 1_1_!%\‘;_} — [g}LZ =27
Baxis R R*

3. D
((d)) Statements | is false and Statement 11 is true
IgG
I-Ig
Therefore for /to increase, S'should decrease, So additional
S can be connected across it.

For ammeter, shunt resistance, S =

4. (D)
(d) The current that will given full scale deflection in
the absence of the shunt is nearly equal to the current
through the galvanometer when shunt is connected i.e.

lg
i IS  55xl 0043
e A R T
5. (B)
(b) Given:Ml'=l.20Am2 AN
M2= l.00Am2 “Bu
20 4B
r=7c-m=0.lm Iﬂ “B; [§\
Bnet=Bl+B2+BH EL 0 _k\l_l
_Ho M+ M,) I e i
Bnet—4—n_r3—+BH
C1077(1.2+1) Vs

+3.6x107 =2.56x10~% wh/m2
(0.1)> veu
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(B)
ponl

(b) For loop B = “og
where, a is the radius of loop.
Kol
B«
Then, B 7
. [ 2nA
Now, for coil B= H_O_,_f;_
4n X"

at the centre x = radius of loop
o 2x3x(1/3)xn(a/3)’  pg3l
2=zt-' (8/3)3 ~ 2a
By ppl/2a
B, —p0.31/2a
B;:B,=1:3

©
(c) Magnetic field in solenoid B = pni

= o ni (Where n = number of turns per unit length)

0
B Ni -
2= 03 = oA

Ho L 10x1072

=

(A)

(@) Dipole moment of the earth M =?

We will consider a bar magnet inside the earth as shown.
Clearly, field on equator will be same as field on equatorial
point of bar magnet

_ W 2M B
B___, 4 L
4r d3 10

2 ><41txl()_7 x M
3
41tx(6.4x106)

M =2 x 1023 Am?2

(D)
(d) Inmagnetic dipole

Interaction energy, U/ = —M - B and B -:::i}
dUu 1 r
S F=——c—
d&r 4

a &l
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10. (D)
(d) From figure, sin a = d/R

2
And we know, m% = gvB

1. (A
(a) For stable equilibrium M| B

For unstable equilibrium M || (-B)

12. (A)
(a) [, I, = Positive
(attract) F = Negative
I, I,= Negative
(repell) F' = Positive
Hence, option (a) is the correct answer.

13.  (C)
(c) For small arc length
2Tsin®=BIR2 6 (As F = BIL and L = RZ0)
T=BIR

14. (B)
To measure AC voltage across a resistance a moving coil galvanometer is used.
15.  (C)
e
- Nid
(e) M (mag. moment/volume) = ﬁ
Ni (500015 '
= — = —~ = 30000 Am™!
£ 25x107°
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16. (C)
(¢) Here, r=30cm = 0.3cm
poM

we know 3 = BH =3.6X10_5
4nr
-5
M= 3.6x1;) (0.3)3
10

Hence, M = 9.7 Am?
17.  (B)

(b) Case (a) :

—x2p =10 x2m (' 2nR=1{
A 4nR an f/2n ( )

Case (b):

=4 x EE-—I— [sm 45°+ sin 45°]
Bg=%*4na

I 2 _ppl 64wl
Po, - —— =——32.J2
= T8 2 ant 7 and V2

2
LBy
B

82

8. (C)
{f) [LG=(I-1)s
107 % 100 =510~ 10%) x §
. $20010

19. (D)
(d) Asweknow, I =
['=0.099
When Galvanometer is connected
Req =50+ S Y

2
50

=0.1

x| <

100+S 1
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20.

1008 5
=5 = -
100+S  0.099

e =50.50-50= il =0.5

100+S 100+S
= 100S=50+0.55=>99.55 =50

=5=—2 _050
99.05

So, shunt of resistance = 0.5Q is connected in parallel
with the galvanometer.

=

(A) .
(a) According to Ohm's Law, 1= =

\Y
Lo
R+G
where, | g-Galvanometer current, G-Galvenometer resistance
R g
%
{ | ILV ‘
When shunt of resistance S is connected parallel to the
Galvanometer then G = 55
G +S
=
Rt——
G+S
Equal potential difference is given by I
wo=g=lel R 26,
Ilg (G + S) =8 [ e ,\G/
l V‘V‘V‘V"“"‘“V
2 G+S — —
\% \Y S
=5 = T
2R+G) g, GS " G+S
G+S
1 S

— —
2(R+G) R(G+S)+GS
= R(G+S)+GS=2S(R +G)

= RG +RS+GS =2S(R +G)
= RG =25(R +G)-S(R +G) = RG=S(R+G)
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21.

22.

23.

24,

(B)

/ 4
) 45°

B, sin75
B, + By cos75°

Putting B, =15 mT in above equation,
wegetB = 11mT

Clearly, tan30° =

(B)

Graph [A] is for material used for making permanent magnets (high coercivity)

Graph [B] is for making electromagnets and transformers.

(D)

gz D 5
d sm9——3—so,c059— 3 5By
Wings will cut vertical component
of magnetic field so, B

% B
Viy = By X Lying XV =5x107 x5 x15%240 =120mV
whereas, vertical section of plane will cut horizontal
component of earth magnetic field.

Vg =By x15x240=5x10" x—\é—gx15x240 =45mV
(8)

(b) The force is parallel to the direction of current in
magnetic field,

- F
hence F = q(vx B) T
According to Fleming's left hand rule, n v
we have, the direction of motion of I d
charge 1s towards the wire. R®
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25.

26.

217.

28.

©

(¢) Magnetic moment of current carrying rectangular
loop of area A is given by M = NIA

magnetic moment of current carrying coil is a vector and
its direction is given by right hand thumb rule, for
rectangular loop, B at centre due to current in loop and

M are always parallel.

< —>
B,M <« >B, M
© ®
Outwards -— m— Inwards

Hence, (¢) corresponds to stable equilibrium.

(©)
(¢) Given : Current through the galvanometer,
i =5x1034

alvanometer resistance, G = 15Q

Let resistance R to be put in series with the galvanometer
to convert it into a voltmeter.

V=i, (R+G)

10=5x 1073 (R +15)

“ R=2000-15=1985=1.985x 103 Q
© |

(c) Potential energy of QIpole. U=- MB cos B

Torque experienced by dipole t=MBsin 9o |
Torque will be maximum (z__ ) when 6= 90° then potential
energy U=0

(O

(¢) Given : Magnetic moment, M'=6.7 x 10~ Am’
Magnetic field, B=0.01 T

Moment of inertia, /= 7.5 x 107® Kgm?

fl
Using, T = 2n,[——
sing v

-6
=2n\f7.5x10 B e
6.7x1072x0.01 10

Time taken for 10 complete oscillations
t=10T=2nx1.06=6.6568 ~ 6.65s
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29. (C)

(c) Magnetic field at the centre of loop, B =——

Dipole moment of circular loop is m = IA
m, =L.A=LnR? {R=Radius of the loop}
If moment is doubled (keeping current constant) R

becomes /2R
2
my =Ln(v2R)" =2IR’ =2m,

Hol
__ kol B R
e 2(V2R) By :ol =3/A
2(V2R)

30. (B)
(b) Point P is situated at the mid-point of the line join-
ing the centres of the circular wires which have same

radii (R). The magnetic fields ( B ) at P due to the cur-
rents in the wires are in same direction.
Magnitude of magnetic field at point, P

Bl woNIR2 | poNIR®  8uoMI
( ; R2\3/2 53/2 53/2R
ZLR +—J 8
4
3. (A

(a) Magnetic moment, p=IA = %{m’z‘l

e

o, ¥ 271r

(nrz} e %qrzm
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32.

33.

34.

(B)
(b) Figure of merit of a galvanometer is the correct
required to produce a deflection of one division in the

i s ]
galvanometer i.e., figure of merit = —

€ 1
l = G = —KQ
R+G 9
1 € S 1 eS
= X ===
2 R+ GS S+G 2 R(S+G)+GS
G+S
: S
RG x —
Sae— D Al © vz
(R+G)I !
€— T R R
1 jé 'é
11x10° x —x 10 x 270 x107°
S= R - =110Q
~(3)
2
(D) _
(d) According to question, current through galvanometer,
=1mA
éurrent through shunt (I-1)=2A
Galvanometer resistance R_= 25Q
Resistance of shunt, S = ? I
IR, =(-1)S > O
10_3 x 25 l—)—w—
=>8= —a—" I-lg S

S = 1.25 x 102Q

B
((b)) Given Number of turns,

n = 1000 turns/cm = 1000 x 100 turns/m
Coercivity of ferromagnet, H= 100 A/m
Current to demagnetise the ferromagnet, | = ?
Using, H =nl

or, 100=10° 1
I_%=lmﬁi
10
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35. (D)
(d) As particle is moving along a circular path

SR=— 1)

Path is straight line, then
qE=qvB

E=vB :V=§ ...(11)
From equation (i) and (ii)

2 9B°R _16x107%x(0.5) x0.5x10°2

E 100
L m=20x 102 kg

36. (B) -
(b) The radius of tke circular path is,

R—ﬂ‘ ,/ZmEk
Bqg  Bq

" V2x9.1x10°3! x100x1.6x1071°

1.5x103 x1.6x10~!°
= R=2.25cm

2 8
Now, sinf=——=—
oW, SIn 225 9 Q

:>cose=¥andtan9=i R

V17 [® d
PU - R( l _ cme) SRR, ” 4 PO Y
Y o N
—225 x [1 . ﬁ) J

= PU=122cm

fii _Qu 2cm

6 l 8cm
€

8
= QU=6x——=1164cm

==

~PQ=PU+QU=1.22+ 11.64 = 12.86 cm
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37.  (B)
(b) Asmvr=qvB = r= 2 J2mKE.

—
=

qB qB

1
[As:—z—mv2 =KE.

— m2v2=2mK.E. = mv=,2mKE.]

For proton, electron and a-particle,
m,, =4m and m >>m,
Also aHe=2qpand 9,=9,

.. As KE of all the particles is same then, r o s

q
ST ST>L,
8. A
(a) Radius of the circular path will be r = m_l;/
q
J2mKE
— 3K o B (. p=mv=J2mKE)
-+ KE=qAV
J2mgAV JH L 1
S I=E———=>rC |— B
qB q V2
39. (D)

(d) Radius of the path (r) is given by r= m—;
q

=2 (o ey = )

¢B
J2meV
=220V i k=el)
eB
2x9.1x107!
My J —5—(500)
Ve _V 16x10
B 100x1073
= r=1= ==x107% _ -4
10-! .4" =75x10
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4. (B)
(b) If g is the charge on the ring, then

g _499
j= 4=

T 2n
Magnetic field,

()
2R

2R
Ko | go -7\g x40
or 3-3:"”9:[41:] (1075 0.10

g=3x105C.

41.  (B)
(b) B= 71; -’—(sma+smB)

Herer= /52 _32 =4cm
a=p=37°

S B= 1077 x%Zsin37° =15%10°T

42. (A

(@) 7= l) (asin60)

b

By =3 [ro (sin60° +sin 60°)]

-2l 232
om0

_9x2x1077 x10
1

=18 uT
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43.  (C)
(c) Let I be the current in each wire. (directed inwards)
Magnetic field at ‘O’ due to LP and QM will be zero.
e, By,=By + BQN

Ho!  Ho!

. Net magnetic field By = ey
T ¢

4 Mol 2x1077 xi
07" = + 5
2nd  4x10”

i = 20 A and the direction of magnetic field is
perpendicular into the plane

or |

44. (D) )
(d) There will be no magnetic field at O due to wire
PQ and RS
Magnetic field at ‘O’ due to arc QR 0

)
. 4 M4
4 ]

Magnetic field at ‘O’ due to
are PS

_ald

dr 1 i=10A

.. Net magnetic field at ‘O’

=TT [ B

B= 4n (3x10'2) (5)(10—2)

=>|§|=-73EXI0'5Tslx10“5T
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45. (D)

(d)
Loop @ Coil

L=2nR L=N x2nar

renror- X
=Nr=>r=, 2 ) |
B ='L£,B .=HDN1= NDNI-IUGN" E‘-_:F
Loop 2R’ el 2r 2( 5] 2R c
N
46. (D)
(d) As net force on the third wire C is zero.
2 I A ¢ B
= F= pO]l + o2 =0 '
2nx  2n(d—x)
mol; _ Mol
= : l:-,
= omx  2n(x—d) b 8 YL
= Ix-I,d=1x X '
— I,d F d
=L

Two cases may be possible if I, > L, or [, > [

47. (D) |
(d) ©=MBsind5° = N (iA) B sin 45°

1
~100x3(5x2.5)x107* xlx—ﬁ — 027 N-m

48. (C)
fi i iyi
© F:Eﬂ[ﬁ-ﬁ} ca = Hohz
2n\ a 2a 4n
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49.

50.

51.

52.

(D)
(d) Force on one pole,
l e
F=m x all e
2y d? + x2 -
Total force, F,,,, = 2F sin 6 9};,\, +m
Ho Im X 7 .
— 2 x X — -
21:\/dﬁ2 +a’ \[d2 +a’

Ho Imx I J

N <« d >
1t(d2 +a2) |

Magnetic moment, M = [ra>=m x 2

Ho 132 ‘

or, Total force, F, , , — '2 @2 +a?)

la2
- “gdz [ d>> al
a®

oc
total d2

Clearly F

©
V =i (G+R)=4x10"(50+5000) = 20V

(D) .
(d) CO = NBid sin 90°

or 10“5[—5-] =175B(103yx 1074
~B=10"T

(D)
(d) Using, ig =i

S+G
S
§+50
On solving, we get

100
§=—=02Q
498

0.002=0.5
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53.

54,

(B)
(b) When key K, is closed and key K, is open
. E
g =
220+R,
When both the keys are closed

(_E Y s Co,

IE= by =
[220+Eﬂ_ (Rg+35) 5
5+Rg

SE e,
= =
225R, +1100 5 ... (ii)

= Cen

R
= 220+R,
Dividing (i) by (i1), we get

225R, +1100

1100+5R,

= 5500+ ZSRE = ZZSRE + 1100 = 200Rg= 4400
— Rs = 22()

0

(D)

(d) Given,
Resistance of galvanometer, G = 100€2

Current, i =1 mA

A galvanometer can be converted into voltmeter by
connecting a large resistance R in series with it.

Total resistance of the combination = G + R

According to Ohm’s law, V'= i8 (G+R)

5 10=1x1072(100+Ry)

= 10000-100=9900Q2=R,,

= Ry = 9.9 kQ

~ . - . 1 --——a
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55.

56.

S7.

58.

(B)

B, =
e r
o 2M B N L Z
® 5=t F
"/ W] l
: N
Ho 2M *' ™
g By ==——="% ' :
2 4 (4/2) . . =
o 2M

_ B _jﬂili" _
tan9—73'—— 4o M
an (d/2)’

or 0=45° B
The resultant field is 45° from B,. The angle between B
and v zero, so force on tlle particle is zero.

©)
(¢) Work done, W=2m'B
=2x102x 1cos(0.125)=0.02]

(D)
(d) using, MBsinO=F ¢ Sin# (1)

e [,/

(.
MBsin45° = Fism 45°

F=2MB=2x18x18x10%=6.5x 105N

(B)
() Corecivity, H = B and B = ugni(n = E)
Ho 4
H= i = 2 . 5.2=2600
T
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59.  (B)
() The time period of oscillation of magnetic needie at
any place depends on horizontal component of earth's
magnetic field.

’ /
o d
So n MB,,

52
(ﬂ\z P . B l(T2

\
,) By By, | ,)
B, cos45 (1_2)2
B,cos30 \ 2
= fl—=9—@=0.7
B, 32
60. (C)
(¢) E=300; Viem=3x10* V/m
5 6 2 y
Fj*6:-c101 E £ =300
B must be in +z axis. Viem = 3x 104 V/m x
QE‘+QI?XE=[} - E‘I > V i
E=VB l.f=6x1ﬂ|fl;
E 3x10*
L B=—-= =5x1073
V exaee 0T
Hence, magnetic field B

=5 % 107 T along +z direction.

Fan T o= 1 27 1 2T

61. (C) ) e e,
(¢) If » < d, particle will not hit screen

2 .
my my %
V= — S — [y
QBo [ r quo ] / LA

Hegce, minimum value of v for \"“-m
which the particle will not hit T i
the screen.
e qB,d /

m
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62. (B)
(b) [Given: g=1puC=1x10"*¢:

V =(2i +3] +4k) m/s and

B=(5+3j-6k)x10>T]
i

F=q(VxB)=10%x103)2 3
53

k
4
-6

=(=30i +32/-9k)x10° N
o F = (=30 +32-9%)

63. (C)

(¢) Time period of one revolution of proton, 7 = zﬂ

qB
Here, m = mass of proton

g = charge of proton

B = magnetic field.
Linear distance travelled in one revolution,
p = T(v cos 0) (Here, v = velocity of proton)

. Length of region, / =10 x (veos0)T

:>I=levcos6O°x2ﬁ
qB
2 20mmy _ 20x3.14x1.67x107 x 4x10°
qB 1.6x107"% x 0.3
=[/=044m
64. (A)
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>B North

vta=10" m/; West

E= lMe
q‘ Proton )

East

South
As we know, magnetic force F = gvB = ma

; a qu
+ @=| 7] perpendicular to velocity.

. Also v-" JerxlO

_ _2 7)(8)(]06
m m m
3
1.6x10"7 )2
102 =| ——=—__ I J2x10°B
(L67x104’J

1 .
.:B=3§xw3T=OJlmemmn)

65. (D)
(d) Length of the circular path, | = 27,

Current, | = 4_49v

r 2nr
Magnetic moment M = Current * Area *q
=i x nr’ =-ﬂxnr2
2mr
|
M==g.v.
2
Radius of circular path in magnetic field, » = Luld
qgB
1 my 2
M=—gvx— = pm ="V
2 gB 2B
Direction of M is opposite of B therefore
—_ — 2 3,
M o= My B
2RB?

(By multiplying both numerator and denominator by B).
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66. (D)

(d) Given:1A=2A,RA=2cm, 9A=2n_n—§2£

I,=3ARy=4cm, 0, =205 =28

Using, magnetic field, B = p0_19

3n
2x 2" x4
By 14, 84Rs "2

By, I, OBRA_3XS_7IXZ 5
3

67. (C)

(¢) Magnetic field due to one
side of hexagnﬂ

B=

(sin 30° +sin 30“}

J_ 3a

4m—
2

pﬂf( ]]_ ol
2&—; 22 T W an

Now, magnetic field due to one hexagon coil

Again magnetic field at the centre of hexagonal shape
coil of 50 turns,

B=50x6x_Ho ['.‘a=£=0,lm}
2\3an 100

or, B:M:Sﬂﬂﬁ}i@i
ngﬁ.lxn T
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68. (B)
(b) Magnetic field inside the solenoid is given by
B=pnl sl
Here, n =number of turns per unit length
The path of charge particle is circular. The maximum

possible radius of electron =§ .

MmVnax _ R
qB 2
gBR  eRpgnl
= V, = = i
max m m (using (1))

69. (A)
(a) B,= B, +B,+ B, +B,

l»lof
R 41tR

[sin 45° + sin 90°]

“01 [sm 90° —sin 45°] Ll o

() 1)l el (1)
4nR\" 2/ 2R 4nR\ 2

70. (A
=M xB = MBA Ya
7= 1(2a)" x £~ / (0,5,0)
T

¥
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7. (C)
(¢) Torque on circular loop, T = MB sin 6
where, M = magnetic moment

B = magnetic field
Now, using 1 = Ja

2
. t=MBsin®-=lo = nRBo="R%

(" m = IA and moment of inertia of circular loop,

R2
=21y
2

2
— nR2B 6 =¥"%m9

|| 2niB 2 2niB ‘ 21tm
= = = = = = [—
m T m 1B

2. O

(d) Galvanometer of .resistance (G) converted into a
voltmeter of range (-1 V.

Rl
——(G)—w—
lg
V=l=ig(G+Rl) ...(i)
To increase the range of voltmeter 0-2 V
R, R,
2=i(R +R, +G) (i)
Dividing eq. (i) by (i),
1 G+ R,
=>—=——1_=G+R =
2 G+R R, =G+R +R, =2G+2R
R2 =G+ Rl
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73.

74.

75.

(D)

(d) Given,

Current passing through galvanometer, /=6 mA
Deflection, 6 = 2°

Figure of merit of galvanometer

©)
() Here, 0 =30°, t=0.018 N-m, B=0.06 T

Torque on a bar magnet :
t1=MBsin® = 0.018 =M x0.06xsin30°

::0.018=Mx0.06x—;-: M =0.6 A-m>

Position of stable equilibrium (8 = 0°)

Position of unstable equilibrium (6 = 180°)

Minimum work required to rotate bar magnet from stable
to unstable equilibrium

AU =U, -U; =-MBcos180°—(-MBcos0°)
W =2MB=2x0.6%x0.06 = W=72x10"2

(A)

(a) Given,
Moment of inertia of circular coil, /= 0.8 kg m?
Magnetic moment of circular coil, M= 20 Am?

Rotational kinetic energy of circular coil, KE = %I o’

Here, o = angular speed of coil
Potential energy of bar magnet = — MB cos ¢
From energy conservation

21 [0 =U,, ~U, =0~(-MBcos60°)
[+ U; = —MBcos90° = 0]

4 |
28 1 1t 250 D gy
2% 2 2 2

—100=w’=>0=10rad
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76.

77.

78.

79.

(B)
(b) Given,

Volume of iron rod, y — 193 m?

Relative permeability, p, = 1000

Number of turns per unit length, n=10
Magnetic moment of an iron core solenoid,
M =(p, —1)x NiA4

V ]
=>M=(, —l)xNiT :>M=(p,—l)x7ViV

10
= M =999 x e 0.5x10™ = 499.5 ~ 500.
(D)
(d) For paramagnetic material. According to curies law
1
m —
—
For two temperatures 7, and 7., x, T, = x,T5
But X B B 1 B, 2

=>—x4=1—2x24:>12 =E=0.75 A/m
_ 0.3 0.4

(B)

When magnetic field is applied to a diamagnetic substance, it produces magnetic field in opposite

direction so net magnetic field inside the cavity of sphere will be zero. So, field inside the paramagnetic
substance kept inside the cavity is zero.

(D)

Permanent magnets (P) are made of materials with large retentivity and large coercivity. Transformer
cores (T) are made of materials with low retentivity and low coercivity.
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80. (A
(a) Let/ and I, be the moment of inertia in first and second

case respectively.
I, = 2MR?
I, = MR* + Mf Emz
Axis of rotatlon
Timeperiod, T =21 |—— I
Tl
], 2MR’
Iy
8l. (D)
mV2 - y
(d) F= and F = gVB
y
s P
r gB
) V2mK ;
or, r= (- p=mV=
4B
).
- ~B~
req _K
2m
I} (IZB" 2 252
K,=2I0"_ and g - fa9aB”
2mp 2"1(1
2
Kp _tpdpm _(2)“[|)3[4\
23— A1) A= 7)o,
Ku aqam l - lJ

[~ =
N2mK )
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82. (B)
(b) Force on a charge particle of charge ¢ moving with
velocity v in the magnetic field of strength B is given by
f’m =qvxB
Since, force on a point charge by magnetic field is always
perpendicular to v . So, work done by magnetic force on

the point charge is zero.
83. (A
I .
(a) Bi= %[51n9{)+5i1191]

i{ X ) ;
=—”[1+—J W)

1,‘12 + yl

B, = [511190 +5in ;)
mX

EsEmmm ==

4 A
) ;
o 1 y e
-0 _ 1+—J ..(ii) [ o0 X
Iyl x4y Wire (1)
B, =B, +B
B=PM .
an |y y\/x +y? X/ X2 + y?
B pol X+Yy x2 + y

4n | xy Xy
|
— B=-10 [\/x2+y2 +(x+y)]
Xy
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84. (A
(a) Forx<a

Using ampere's circuital lows @
IB. dl =, current enclosed N
: N
= BI (21tx)=p,o( 02 Jnxz
na —
Hy,l, x?
= Bl (27“) = %
a
HoloX
= Bl =— 1
oy (1)
Fora<x<b
B, (2mx) =p i, = B, = Holo ..(11)
2mx
; X
. B _“0021m2 i
B By 2
2nx
85. (A)
(a) Magnetic field at P,
B, =2 (Magnetic field due to straight wire)
+ (Magnetic field due to semicircle)
_ o ol ), mo! I wol  pol
BP_z(__)+_ - By = MO Lot _ Mol 5
4nr ) 4r P™ o & 4nr EER)
86. © ©
-£ ﬂ.k i F
(c) > >—(G)
0.98i
AW
50

0.02i Rg =0.98i x5
R, =2450Q.
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87. (D)
(d) Given, current sensitivity = 2 dov/mA
Full scale current,

50

Resistance, R = 4 = HAmF -
L AN ™1 . ..1 - 25'"‘4

88. (D)
Soft ferromagnetic materials are materials which can be easily magnetised and demagnetised by
external magnetic field. When external field is applied, the domains in which magnetic dipole are

aligned in the direction of external magnetic field will increase in size. While the domain in which
magnetic dipole aligned opposite to magnetic field decrease in size.

2Q

89. (B)
(b) Given,
Magnetic field, B=1T
Radius of cyclotron dees, r= 60 cm= 0.6 m
Kinetic energy of electron in cyclotron

| ¢?B*r? _(1.6x10"9)2x(1)2x(0.6)2J
2m 2x1.6x107%

: 38
0.288x 10>

- 0_:‘9 5 =0.18x10%V = 18 MeV
1.6x1 x10 ~

9. (B)
(b) Given that uniform magnetic field, B = (2i +3)nT

Acceleration 4 = (cti— 4})m/'s2
We know that

F=q(VxB) = ma = q(VxB)
Here, @ 1 B, s0,a.B=0
(ai—4j)2i +3))=0 =2a-12=0=>a=6
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91. (A o
(a) Given, E = Ek

B=B),B=12mT=12x 10T Energy=728 ¢V

|
Energy = Emv
728 eV = %x9.1x10‘3‘ x V2

728 x1.6x10~"7 =%x9.1x10‘3' x V2

_v=\/2x728x1.6x10—9

9.1x107"
we have, v=16 x 10°m/s
E=vB
=E=16x10°%x12x10"3
=E=192x10V/m=192k Vm!

92. (B)
mv ,/2m(K.E) -

f=—=— " T=_'_
(¢) T 2mm [ qB

16x107" x107*

= 2.8 10°Hz
2 x9x10
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9. (A
(a) We know that in cyclotron

I 2 4BR jee
(KE) ’_'E"IVmaXeVmax 2_—'_71—6"1

2p2pl o N M|
B "R7. “Rs-.
=_|_xmx_"__3_d_c_-s;__ 4" B Rpes

m 2m

_Qamf )y R [ _ qB] > 2.2
- 2m i 27m | =2% M Riess

Putting the values, (K.E) _ =7.4MeV

95. (C)
(¢) Radius of particle in cyclotron
mV 2m(K E)
s 8 \/K El [ n_2
i JEE 1
9%. (C)
my
c) As R=—
(c) /B
::rRrIE::rR—Q:[Ti\l o/ :}R_u:Li] xl: b
q RP mPJ o RP 1/ 2
97. (D)

(d) Radius of circular path in uniform magnetic field is

4
given by, y ™V _ N2m(K.E)

gB qB
As K. E = constant

Jm

SO, ot ——
q
m ~2m ~4n —
So,rp:rd:ru= . ; = 1:42:1
e e 2¢
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98. (C)

Kol :

= — il 1

_ ”‘Umz -
27 JRZ+3R%)" (11 _Ta,;-

1 uel) By
B E(EEJ_?
Dividing (i) by (i1), we get
LBE

B, |

9. (B)
Ni
(b) The magnetic field at the centre of coil, B = %)_R_
Given, for coil x
Number of turns, N, =200
Radius, R, = 20 cm
HoNgi  200ppi
= B = =
¥ 2Ry 2x%20

For coil y
Number of turns, Ny =400
Radius, &j =20 cm
N, i i
- R =l10 y 2400}101
y 2Ry 2x20
Divide equation (1) by equation (ii), we have
By _2x20 _1
= B, 400ui 2
2x20
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100. (B)
(b) From the given figure. Magnetic moment will be,

M = current (I) x Area (A)

M = -In(0.5)*k + In(0.3)2k

. 22 x "

M=_7x_[£_i)k =_22(£)k
7 L100 100

M=-3.52k Am? = -%R Am?>

101. (B)
(b) Magnetic field at centre is given as
B = M
2R
So B] s NH-‘O‘
2R,
and, B2 - 2Hp! R %
R, N,

B MR _N; Ny B, 25

= = —
B, N R, Ny, N, B, 4

102. (D)

(d) Let us consider a circular strip of length ‘dr’ at
distance ‘r’ from centre

Magnetic field at centre

due to this strip is given as a
ap=20gr-Fo "
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103. (D)
(d) 3=0, r<R

A
_lJ-oI >R e E\-
2 e =
So,B=0,r<R

X 2 R. Therefore graph will be as such
104. (A

(a) X=12x10°

w,=1+X=1412x1075

Ap,
M,

AB
Now, B = Hou,nl = —=

AB p, -1
=5 == =1=X =12x10"?

105. (A) -
(a) Magnetic field due to solenoid is given by

B=pynl = Boxpl :&=w
B

— Bz = n212

1
nlllel :Bz:EXZXBl v.-BZ=B
106. (A)
(a) Force, F =1ILB sinf
From figure, mg sin 45°=ILB cos 45°

AS
N e ¢
N o et 1 ]
o [ L) B o ILB
B sin 45°
mg sin 45° l:n[: :lor: 45°
B (0.45)(10) ~30A
0.15
107. (C)
(¢) F,, (CD) = BI{,,;
=0.5 x (10) x (5 sin 60 x 102)=0.216 N
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108. (B) - |
(b) Here, current cannot be in same direction in both

wire because then, B = (. So current should be in
opposite direction.

B —B + B
Ly i 2
H _EH[.JF ' : :
amr 1 Bip P Bard, |
300 x 109=2 % 2x 107 x d . |®'®
4x10~ £ em
3x104=105x 4
1=304
i ]
I I
109. (C)
(¢) We know that
F _Ho Iy
1 2n d
= 2x106=2x 107 x 5"—2 2= =y= [2-14
110. (C)
(c) We have,

L Iyl oa 2500°°T4 271 s
Bp=p'—° A2k =2 |22k
2n|ln n 102 |4 6

" 1], ~. 4 x
=2x107°| 1==|(-k) =2x1073(=k
{ 3]( g 1)
- - = . . A
So, F =q(VxB) =3n[(2i+3j)x(—%x10‘5kﬂ

=3n|:§_;—41:j|x10_5

= [81 —12mi ]x107° =4n[2j-3i]1x10~>
=4nx107°[-3i + 2]
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111. (D)

o Cumen 1= ()
(d) Current 1 = NAB

where, K = torsional constant and
B = magnetic fixed

. do _ NAB
di K
112. (B)
(b) We have, 5(i — i) = igh
i !'g F 5 i Ly
- S[1-£|=£G ——T W
i i
. L © 3
S i,
=:>L=E+1=12—+]=10 :>_‘?:_Sﬂ., nf'}u I_g= 10%;
iy S 8 i 10 i
113. (D)
(d) By current division rule
S G+S§ .
I, =1x =S = I= ; Lo i)
I I 1
Now, figure of merit (k) = Fg o Q—>—7>
= Ig = Ke AAMAAA 5
as, n = actual number of deflection '"S' -1,
So, I, =kn, [ krepresent current]
[(i1) corresponding to one scale division]
Kn
So, I = T(G +S) [From (i) & (ii)]
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114, (A)

(a) As M=IA
- e o2 _Q_ e
=[M|=5 =R I T 2R
v v
- 1 - mvR e
=—evR = |M|= p——
= M| 5 &V |M] oM

. el -

=M= = [M|=-o=
M

[-- Here M and L will always be opposite]

115. (A) _
(a) Work done is rotating a dipole for =6, to 8=, is
given by
W = MB(cos8, — cos 8, ) = MB(cos0° - cos 60°)
_MB_2x10°x14x107°
g

=14J

116. (D)
(d Given that vertical component of the earth’s magnetic
field B, =6 x 10~°T and angle of dip, 6= 37°
B, =Bsind

3

6x10™° =Bx=
5

Bsiné

_5x6x10”

- B =107T

Bcosd

117. (A
(a) Apparent dip is given as *§’

So, tand = B, \
B, cosa

Here, 5=45°,6=60°
tan B
Cosa

tan 6 =tan dcos o

=tan 60° cos 45° = E

tan d =
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118.

119.

120.

121.

(A)

(a) We have
B;=B,cosf,8=angle of Dip
B, =Bysect =(0.5 sec 30)G

=[ﬂ.5xf_§]a :%

(©)

Hy =1+x=100

=y 1y =41x10~ x100
=4nx107°

(A)

() According tc Curie’s law, magnetic susceptibility is
inversely proportional to temperature for a fixed value of

external magnetic fieldi.e. X = ¢

The same is applicable for ferror{lagnet & the relation is
given as

Pt is curi
“T_ T (T is curie’s Temperature)

Dimagnetism is due to non-cooperative behaviour of

orbiting electrons when exposed to external magnetic field.

fah OO Y

(€) i

{F] Soft Iron is used in electro
(i) High permeability

AsB= puH

T A A e e el 8

magnet because of

So, higher is the value of 'y, higher will be magnetic field
(B) due to electromagnet,

(ii) Low retentivity

we always want that when current (or magnetising field)
Is removed, then there should be no residual magnetic

field due; to electromagnet. So retentivity, which is residual
magnetic field left after demagnetisation should be zero.

i OO0
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= T?oc— =>Moc—17
M, (I,](TZT 3 (4)2 3 16 8
=> . o | — — —_— et —— —
M, (L)\1) 2\3) 2 9 3
123.  (20)
(20) Given,

Area of galvanometer coil, 4 =3 x 10* m?
Number of turns in the coil, N = 500
Current in the coil, /=0.5 A

Torque 1= M x B |= NiABsin(90°) = NidAB

>B=—-= = Y
Nid  500x0.5x3x10"
124,  (543)
(543) Given,

Accelerating potential, V = 12 kV
Let number of revolution = n

! cY?
Then, Emp X(E) = (ZCV) Xn

— n[le.éxlo—“’ x|2x103]

| 3x108 ?
=—x1.67x10"%7 xI:X—-]
2 6

s n(38.4 % 10“6) =0.2087x107"" _ | _ 5436197
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125.

126.

127.

®)
(3) Given,
Side of triangle, / =10cm=10x102m

Magnetic field, B=20mT=20x 103 T
Current, [=0.2A

Area of equilateral triangle, A = ? ¢
Torque, T = M x B = MBsin 90°
i .fﬂ _02x\3x(10x102)°

; x20x107
5 1=3%x10"Nm
(250)
M oz :
(250) 7= 7L I = Magnetisation intensity

M ;
xH = 7+ M =Magnetic moment

For solenoid (H=ni)andasp =1+
So, (u—DniV=M

Moy 1 M2 1O, 709
“h- . 4 27 499"
250
M
So, M2—M; _ 499! _250
M, M, 499
(22)
(22) B=puH=p (1+0)H=B(1+y) [Hp,= B,
_ B-By _
= B-B=Bjx B, =%
Percentage increase in magnetic field,

B-B,

5 22
x100 =100y = 100x2.2x10~>=2.2x107 =—
B, 10
- Valueof x =22
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128.  (10)
(10) We know that

. mV _\2m(KE)
gB gB

2x24x1.67x10-27 x5000x1.6x10™"

1.6x107"° x0.5
=0.lm=10cm

129. (11)
(11)

< ! — =
I =2nR

As, length of wire = 21tR

314
=>-I_DI5=27ER = R=05m

Magnetic Moment = [ x A = 14 x rR2

1
= 14><(3.14)><Z = 1099 = 11.00

FE T

130. (3) |
(3) Magnetic field at centre of ring/coil is given as,
B = MHU*If
cenlre ER_"
100x 47X 107 x J
= 37.68x10™ = B
M o o e 2x5x107° = I =3A
131.  (5)
(5) We have
F_ hip _Mo.. 1
1 _21'[ r = r 27! |2 F
0.1

= r=2x107 % 25 % =

—50x 107 x10*=50%x 10°m=>5cm
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