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Magretisn

MAGNETISM

Consider a circular coil of wire carrying
constant current I, forming a magnetic dipole.
The magnetic flux through an infinite plane
that contains the circular coil and excluding
the circular coil area is given by ¢.. The
magnetic flux through the area of the circular
coil area is given by ¢,. Which of the following
option is correct ?

(D) ¢, = -4, (2) ¢, = ¢,
(3) 9, < 9, “4) ¢, > ¢,
A loop ABCDEFA of straight edges has six
corner points A(0,0,0), B(5,0,0), C(5,5,0),
D(0, 5, 0), E(0, 5, 5) and F(0, 0, 5). The

magnetic field in this region is B = (3iA+41A<)T.

The quantity of flux through the loop
ABCDEFA (in Wb) is .

A particle of mass m and charge q has an initial

velocity v = Uoj‘ If an electric field E = Eof and

magnetic field E:Bof act on the particle, its

speed will double after a time:

D gk, @ "qE,

\B3my, V2mu,

3 aE, “ aE,

The figure gives experimentally measured
B vs. H variation in a ferromagnetic material.
The retentivity, co-ercivity and saturation,
respectively, of the material are:

(M B

7' N

2.0 +

-
o
.
R
5

[ AT 1 >
/ __'/'50 150 A/m

.
e

-T- 2.0

(1) 150 A/m, 1.0 Tand 1.5 T
2)10T,50 A/mand 15T
B3)15T,50A/mand 1.0 T
4)15T,50A/mand 1.0 T

Photon with kinetic energy of 1MeV moves
from south to north. It gets an acceleration of
10" m/s? by an applied magnetic field (west to
east). The value of magnetic field : (Rest mass
of proton is 1.6 x 107 kg) :

(I) 71mT (2) 7.1mT
(3) 0.071mT 4) 0.71mT
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6.

A very long wire ABDMNDC is shown in figure
carrying current I. AB and BC parts are straight,
long and at right angle. At D wire forms a
circular turn DMND of radius R. AB, BC parts
are tangential to circular turn at N and D.
Magnetic field at the centre of circle is :

M

N [

BES ¢
N

A:

Hol 1
3 2R (n ’ \Ej

Hol 1
TE —_——
@ 2R ( NZ) j
A long, straight wire of radius a carries a current

distributed uniformly over its cross-section. The
ratio of the magnetic fields due to the wire at

a
distance 3 and 2a, respectively from the axis

of the wire is :

2
() 3

A charged particle of mass 'm' and charge 'q'
moving under the influence of uniform electric

field Ei and a uniform magnetic field Bk
follows a trajectory from point P to Q as shown
in figure. The velocities at P and Q are

respectively, yi and —2vj. Then which of the

following statements (A, B, C, D) are the
correct ? (Trajectory shown is schematic and

not to scale) :
Y4

3
!
v
0

3( mv?
E=2
(A) 4[ qa J

(B) Rate of work done by the electric field at P

3 [mv3 J
540 a
(C) Rate of work done by both the fields at Q

is zero
(D) The difference between the magnitude of
angular momentum of the particle at P and
Q is 2 mav.
(1) (A), B), (C), (D)  (2) (A), (B), (O)
(3) B), (O), (D) @ (A), (©), D)
An electron gun is placed inside a long solenoid
of radius R on its axis. The solenoid has n
turns/length and carries a current I. The
electron gun shoots an electron along the radius
of the solenoid with speed v. If the electron
does not hit the surface of the solenoid,
maximum possible value of v is (all symbols
have their standard meaning) :

R
z
y
X
ey, nIR ey, nIR
) @ = —
2ep,nIR ey, nIR
T @
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10.

11.

12.

13.

A small circular loop of conducting wire has
radius a and carries current I. It is placed in a
uniform magnetic field B perpendicular to its
plane such that when rotated slightly about its
diameter and released, it starts performing
simple harmonic motion of time period T. If
the mass of the loop is m then :

m 21m
T=,— T=
M 21B 2) IB
mm 2m
T= T=
3) \/ B “4) B

A beam of protons with speed 4 x 10° ms!
enters a uniform magnetic field of 0.3 T at an
angle of 60° to the magnetic field. The pitch of
the resulting helical path of protons is close to:
(Mass of the proton = 1.67 x 10?7 kg, charge
of the proton = 1.69 x 10" C

(H12cm 2)4cecm  B)S5Scm  (4) 2 cm
Magnetic materials used for making permanent
magnets (P) and magnets in a transformer (T)
have different properties of the following,
which property best matches for the type of
magnet required ?

(1) T : Large retentivity, small coercivity
(2) P : Small retentivity, large coercivity
(3) T : Large retentivity, large coercivity
(4) P : Large retentivity, large coercivity

The figure shows a region of length 'I' with a
uniform magnetic field of 0.3 T in it and a
proton entering the region with velocity 4 x 10° ms™!
making an angle 60° with the field. If the proton
completes 10 revolution by the time it cross
the region shown, 'I' is close to (mass of proton

1.67 x 10727 kg, charge of the proton
1.6 x 107" C)

B
—_—
—_—
6555 —>
—_—
) _’_ )
— i ] ie—
(1) 0.11 m (2) 0.22 m
(3) 0.44 m (4) 0.88 m

14.

1S5.

16.

A wire carrying current I is bent in the shape
ABCDEFA as shown, where rectangle ABCDA
and ADEFA are perpendicular to each other. If
the sides of the rectangles are of lengths a and
b, then the magnitude and direction of
magnetic moment of the loop ABCDEFA is :

&du >
|9

2) J2abl, along(

j ok
3) abl, along(\/]5 ﬁ}

) abl, along (T + —J

A charged particle carrying charge 1 pC is
moving with velocity (21+ 33+412) ms~. If an
external magnetic field of (51 + 33 - 612) x 103 T

exists in the region where the particle is moving

then the force on the particle is Fx 10 N. The
vector F is :

(1) —0.301+0.32j-0.09k

(2) -300i +320j - 90k

(3) -301+32j-9k

4) -3.01+3.2j-0.9k

Magnitude of magnetic field (in SI units) at the

centre of a hexagonal shape coil of side 10
cm, 50 turns and carrying current I (Ampere)

. Bl |
in units of —— is :
T

(1) 25043 @ 53 (3) 50043 ) 5043

4
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17.

18.

19.

20.

21.
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A perfectly dimagnetic sphere has a small
spherical cavity at its centre, which is filled with
a paramagnetic substance. The whole system

is placed in a uniform magnetic field B. Then

the field inside the paramagnetic substance is:

(3) much large than Bl but opposite to B

(1) Zero
2 B

(4) much large than Bl and parallel to B

A galvanometer coil has 500 turns and each
turn has an average area of 3 x 10~ m? If a
torque of 1.5 Nm is required to keep this coil
parallel to magnetic field when a current of 0.5
A is flowing through it, the strength of the field
(inT) is .

A wire A, bent in the shape of an arc of a circle,
carrying a current of 2A and having radius
2 cm and another wire B, also bent in the shape
of arc of a circle, carrying a current of 3A and
having radius of 4 cm, are placed as shown in
the figure. The ratio of the magnetic fields due to

the wires A and B at the common centre O is :

MH4:6 (2)6:4 3)6:5 “2:5
A small bar magnet placed with its axis at 30°
with an external field of 0.06 T experiences a
torque of 0.018 Nm. The minimum work
required to rotate it from its stable to unstable
equilibrium position is :

(1)9.2 x 10317
3) 11.7 x 102 ]
A paramagnetic

2) 64 x102%]

4)72x102%]
sample shows a net
magnetisation of 6 A/m when it is placed in an
external magnetic field of 0.4 T at a temperature
of 4 K. When the sample is placed in an
external magnetic field of 0.3 T at a temperature
of 24 K, then the magnetisation will be :
(1) 4 A/m (2) 0.75 A/m

(3) 2.25 A/m 4) 1 A/m

22,

23.

24.

25.

A square loop of side 2a, and carrying
current I, is kept in XZ plane with its centre at
origin. A long wire carrying the same current I
is placed parallel to the z-axis and passing
through the point (0, b, 0), (b > > a). The
magnitude of the torque on the loop about z-
axis is given by:

W 2u %’ o u,l’a’

b 27b’
u,l’a’ 2u,’a’
—_— 4 —_—

) b @~

An iron rod of volume 10 m® and relative
permeability 1000 is placed as core in a
solenoid with 10 turns/cm. If a current of
0.5 A is passed through the solenoid, then the
magnetic moment of the rod will be :

(1) 0.5 x 10> Am? (2) 50 x 10> Am?

(3) 500 x 10> Am? (4) 5 x 10> Am?

A particle of charge q and mass m is moving
with a velocity —oi(oiO) towards a large
screen placed in the Y-Z plane at a distance d.
If there is a magnetic field ]§=B01A<, the

minimum value of v for which the particle will
not hit the screen is:

dB dB

1) q2 0 ?) qdab,
m m
2qdB dB

3) qab,, @ q3 0
m

An electron is moving along + x direction with
a velocity of 6 x 10° ms™'. It enters a region of
uniform electric field of 300 V/cm pointing
along + y direction. The magnitude and
direction of the magnetic field set up in this
region such that the electron keeps moving
along the x direction will be:

(1) 5 x 103 T, along +z direction

(2) 3 x 10* T, along —z direction

(3) 3 x 10 T, along +z direction

(4) 5 x 102 T, along —z direction
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26.

A charged particle going around in a circle
can be considered to be a current loop. A
particle of mass m carrying charge q is
moving in a plane with speed v under the

influence of magnetic field g. The magnetic

moment of this moving particle :

(1) _mVZE (2) _mVZE
B? 2nB?

(3) mVZE (4) _mVZE
2B? 2B?

27.

A square loop of side 2a and carrying current I
is kept in xz plane with its centre at origin. A
long wire carrying the same current I is placed
parallel to z-axis and passing through point
(0, b, 0), (b >> a). The magnitude of torque on
the loop about z-ax is will be :

2u,I’a’b

u,I’a’b
@ n(32 + b2)

@ Zn@ o)

u,I%a’ @ 2u,I%a’

3) 27b b
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Sol.

Sol.

Sol.
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L 2
SOLUTION 5. NTA Ans. 4)
NTA Ans. (1) VB
NTA Ans. (175) Sol. a=1"
m
7 N,
D C(5,5,0)
A%
E
C(0,5,5)
A B
F
Z v S
‘K‘ABCD =25k B= ma_ max/a
. . Qv 2k
AADEF = 231
- . . 32 27312 1012
A —osisosk _m”%a_ 1.6x1027)¥2 x10
B3 eV2k  1.6x107°v2x1x10° x1.6x107"
o = 0.71 mT
¢=B.A 6. NTA Ans. (3)
=25x3+25x4 Sol. We say we have 3 parts (A, B, C)
o=175W,
NTA Ans. (3) B
2V = vy +0: S S
Vx = \/g VO C
A
qE,
\/5 v,=0 +Ft
tzm B=B, +B,+B_
aE, — Mol (6in90° —sin45°) ® Ml Bl (Gnasesin90) o
NTA Ans. (2) T 4nR 2R 4nR
B (T I
0 - Mo (sin45° 1 1)
2nR
1.5 @-ozans
x %
187 A~ ¢ | Saturation _ Hol . +L
Retentivity i _ A magnetization ~ 2nR \/E
S04+ 7 >H 7. NTA Ans. (1)
}/ Co-¢rtivity A/m B
. z ______ 2a
e Sol.

Retentivity = 1.0 T
Co-ercivity = 50 A/m
Saturation = 1.5 T

Let current density be J.
.. Applying Ampere's law.

2
$Bdi=pi=B, 271'% —p,Jn (g)
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u,Ja 10. NTA Ans. (2)
=" B
J B Y M
a
B, pjax4 2 I
B, pJ6éa 3 T=MxB=-MBsin0
8. NTA Ans. (2) lo. = -MB sinf
Sol. Option (A) for small 6,
W=k -k o _MB 0
1 , 1, I
gERa-0) = Em(2V) —EmV
MB
3 3 mv’ 0= I -
R 2 E==—
gE2a = sz = 4 q
Option (B) B
Rate of work done P=F.V =FVcosd=FV 0= m
Power = qEV ) 7
T m
3mV? VAl iB
_ — Vv ) 1
Power = q[4 qa j .. Correct answer (2)
11. Official Ans. by NTA (2)
E mV” 2tm
Power = 4 4 q@ Sol. Pitch = vcos0
3
Power = MY i 2314L67X107) x4x10° xc0360
_ 4 a = (1.69x10)(0.3)
?&Etgjfen b(ectzzveen electric force and velocity is Pitch = 0.04m =4 cm
A . 12. Official Ans. by NTA (4)
900 t,iilsn(cg)rate of work done will be zero at Q. Sol. As for permanent magnet large retentivity and
Inri)tial angular momentum L. = mVa large coercivity required
Final angular momentum Lfl= m(2V) (2a) 13. Official Ans. by NTA (3)
Change in angular momentum L, — L, = 3mVa T 2nm
(Note : angular momentum is calculated about O) Sol. gB
9. NTA Ans. (2) total time t = 10 T
£ Sol. Top view of solenoid
g
g _|A60°
v COS 60°=
:
; «—(
5 Kinematics
Maxi ible radius of el =2 1= 1020
% aximum possible radius of electron = > =3 = 2 4B
R _mv_mv, R ey, ni 3.14x1.67x107
8 So—=—= - v == :4 105 10 N N
| 2 B e(pni) T T T T %10 % 0.3
£ .. Correct answer = 2 = 0.439
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14.

Sol.

15.

Sol.

16.

Sol.
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Official Ans. by NTA (1)

M = NIA
N=1
For ABCD

M, =abl K.
For DEFA

M, =abl 3
M=M +M

=ab1(k+]) ==abl2 (ﬁ+%}
Official Ans. by NTA (3)

F= 9(V X E) (Force on charge particle moving
in magnetic field)

VxB=(2i+3j+4k)x (51 +3]-6k)x 107

(1§ k)
=2 3 4 |x107
53 -6

= [i[—ls—lz]—}[—12—20]+12[6 —15]J x107
= [11-301+ 1321+ k[-9] | x 10~
Force = 107°[-30i + 32— 9k] x 10

=107[-301 +32j - 9K]
Official Ans. by NTA (3)

r = acos30°

_ Ol 5 in300% 50
4macos30°

1150 5043 pl
m 32 01 =

= 50043 Hol
T

17.

Sol.

18.

Sol.

19.

Sol.

20.

Sol.

21.

Sol.

Official Ans. by NTA (1)

A perfect diamagnetic substance will
completely expel the magnetic field. Therefore,
there will be no magnetic field inside the cavity
of sphere. Hence the paramagnetic substance
kept inside the cavity will experience no force.

Official Ans. by NTA (20)

1
105 = 500 x 3x10* x EXB

B =20
Official Ans. by NTA (3)

. . b 3n
Giveni, =2,r, =2 cm, 9A=2n_5 =7
. b 5w
1B=3,rB=4cm,OB=2n—§ =3

holo  Ba_Li ORy 6
=] - - -
4R BB IB eBRA 5

Official Ans. by NTA (4)

Torque on a bar magnet : I = MB sin 0
Here, 6 = 30°, I = 0.018 N-m, B =0.06 T
= 0.018 =M x 0.06 x sin 30°

1
= 0.018 =M x 0.06 x B

= M = 0.6 A-m?

Now v = — MB cos 0

Position of stable equilibrium (6 = 0°) :
u =-MB

Position of unstable equilibrium (6 = 180°) :
u. = MB

= work done :
= W =2MB
=>W=2x0.6x0.06
=>W=72x1072]
option (4) is correct
Official Ans. by NTA (2)
For paramagnetic material
According to curies law

AU

Cx:l
X T
1
re—= = nL=1T
T
6 |
—x4=—x24
=04 03
=%=0.75A/m
0.4
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22. Official Ans. by NTA (1) 26. Official Ans. by NTA (4)
\
®B
Sol. Sol.
T=MxB Magnetic moment
I M=iA
= 42’1 xz”_ob 2
T
. M= 4 xmr? = arr__ 9yt
23. Official Ans. by NTA (4) T 2mr 2
Sol. M = pNiA v
Here
1= Relative permeability qv _vm
3 M="—x——0
N = No. of turns 2 gB
i = Current
A = Aea of cross section _ my’
M = uNiA = unliA 2B
M = urniV = 1000(1000) 0.5 (10~%) As we can see from the figure, direction of
=500 =5 x 10> Am? magnetic moment (M) is opposite to magnetic
24. Official Ans. by NTA (2) field
k 2
M--2Y g
2B
o mv’ -
SOl. - 2B2
27. Official Ans. by NTA (1)
In uniform magnetic field particle moves in a 7 /
circular path, if the radius of the circular path (0,b,0)
is 'd’, particle will not hit the screen. /
mv
g-m L,
qBo m Sol. I /—
. correct option is (2) 74 >x
25. Official Ans. by NTA (1)
z
E y
|
g y
2 Sol. X \
% e vy z
: B must be in +z axis. r
g - o bT F o
£ V=6x10"1 Fcos
2 ~ R | | =V b>+a’
E=300j V/em =3 x 10* V/m % A & >
s a
3 .. F
: gE+qVxB=0 FcosO
g E=VB
5 4
9 B2 S0t
g VvV 6x10
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R
b’ +a’

t=FcosOx2a

F=

2
- Mol X b x2a
7tx/b2 +a’ \/b2 +a’
B 2u,I’a’b
71(212 + b2)
2u.I*a’
Ifb>>athen T=—202
mb

But among the given options (1) is most
appropriate
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