Moving Charges and Magnetism

Questionl

Two long straight wires P and Q carrying equal current 10A each were
kept parallel to each other at 5 cm distance. Magnitude of magnetic
force experienced by 10 cm length of wire P is F ;. If distance between

wires is halved and currents on them are doubled, force F, on 10cm

length of wire P will be :
[24-Jan-2023 Shift 1]

Options:

A. 8F,

B. 10F,
C.F,/8
D.F,/10
Answer: A

Solution:

Solution:
Force per unit length between two parallel straight
. _ Holydy

wires =

1,(10)?
Fi_ _2n(6em) _ 1
F, 1,(20)° 8
S5cm
2n( 5 )
= F, = 8F,;
Question?2

A circular loop of radius r is carrying current I A. The ratio of magnetic
field at the centre of circular loop and at a distance r from the center of

the loop on its axis is :
[24-Jan-2023 Shift 1]

Options:
A.1:3V2

B.3vV2 :2



C.2v2:1
D.1:V2
Answer: C

Solution:

Solution:
Magnetic field due to current carrying circular loop on its axis is given as
p01r2
2P + x2)3 /2
i
At centre,x =0, B, = Ll
2r
ol
2 X 2V2r

At x=r,B2=

B _
=1 =2v2
B2

Question3

A long solenoid is formed by winding 70 turns cm™ L. If 2.0A current
flows, then the magnetic field produced inside the solenoid is___

(1, = 4m x 107 'TmA™")
[24-Jan-2023 Shift 2]

Options:

A. 1232 x 107°T
B. 176 x 107*T
C.352 x 107%T
D. 88 x 107*T
Answer: B

Solution:

Solution:

B =p,nl

=4nx 1077/ x 70 x 10?2 x 2
=56m x 1074T

=176 x 107*T

Question4

A single turn current loop in the shape of a right angle triangle with
sides 5cm, 12cm, 13 cm is carrying a current of 2A. The loop is in a
uniform magnetic field of magnitude 0.75T whose direction is parallel



to the current in the 13 cm side of the loop. The magnitude of the

.

magnetic force on the 5 cm side will be 5;N. The value of x is
[24-Jan-2023 Shift 2]

Answer: 9

Solution:

B=0.75T

2A
£
12 cm

Force on 5cm side is
_)
|F| =ILBsin®©

_ 2y 3,12 _ 9
= (2)(5x 10 )><4>< 13 130N
So,x=9

Questionb

Math List I with List II

List —1 List — 11
(Current configuration) (Magnetic field at
point O)
o By=—|7+2
07 anr [E ]
| 1
B JI .[].. ,‘JD. I

)
L
v,
=
Il
|

C | 111 Hol
By=——|n-1
f 2 2 2:rr[ ]
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D e v Ho




Choose the correct answer from the option given below:
[25-Jan-2023 Shift 1]

Options:

A. A-I11, B-1V, C-I, D-II
B. A-I, B-III, C-1V, D-II
C. A-111, B-I, C-1V, D-II

D. A-I1, B-I, C-1V, D-III

Answer: C
Solution:
Solution:
(A)
d 2 e8 c
1 b d I
B, = L (out of the plane)
&b Apr
B . = ﬁ E{21'[]' (in the plane)
bed 41'[ T

-l
w= I (out of the plane)

Hence magnetic field at O is




- ol
B, = An T (out of the plane)

n

B, = 4—3 %(n) (out of the plane)
B, = Bl (out of theplane)

de  4mr
Hence magnetic field at O is

N P Bl

By = anr T 4Hr(H)+ A r
B = 2olpio.

O 4mr

a
I
I S
B, = Ao (in the plane)
B, = 20 L) (in the plane)
bed = 477 T P
B, = 0 (at the axis)
Hence magnetic field at O is
-l
B, = o r(1 + 11)...
(D)
b o d
q a
I S
C
B_, = 0 (at the axis)
B = :—3 %(n) (out of the plane)

B, = 0 (at the axis)
Hence magnetic field at O is
1,1

BO = E



Question6

A solenoid of 1200 turns is wound uniformly in a single layer on a glass
tube 2m long and 0.2m in diameter. The magnetic intensity at the
center of the solenoid when a current of 2 A flows through it is:
[25-Jan-2023 Shift 1]

Options:
A.2.4 x10°Am™*
B.1.2 x 10°Am™*
C.1Am™!

D.2.4%x 10 3Am™!

Answer: B

Solution:
Solution:
Magnetic field at centre inside the solenoid is given by
B = p,nl
So magnetic intensity at centre
B 1200
H= —=nl={ ——(2)
Ho ( 2 )

H=1.2x10°Am™!

Question7

For a moving coil galvanometer, the deflection in the coil is 0.05 rad
when a current of 10 mA is passed through it. If the torsional constant
of suspension wire is 4.0 x 10">Nmrad ™!, the magnetic field is 0.01T
and the number of turns in the coil is 200 , the area of each turn (in cm
) is:

[25-]Jan-2023 Shift 2]

2

Options:
A.2.0
B.1.0
C.1.5
D. 0.5

Answer: B

Solution:



T = K0

NiAB = K6

K6 _ 4x107° x 0.05
NiB  200x10x 1073 x 0.01
On solving A = 10*m? = 1cm?

Question8

Two long parallel wires carrying currents 8A and 15A in opposite
directions are placed at a distance of 7 cm from each other. A point P is
at equidistant from both the wires such that the lines joining the point
P to the wires are perpendicular to each other. The magnitude of
magnetic field at P is x107°T. (Given : v2 = 1.4)

[25-]Jan-2023 Shift 2]

Answer: 68

Solution:
8A

15A

Magnetic fields due to both wires will be perpendicular to each other.
ol _ Ui,
2nd 2  2nd

52, o 2 Yo T2, . 2
Bhet = ‘/Bl +B," = m‘/ll +1,

B, =

_'7 -
= 4n x 10 _2><\/82+152(d=l_cm
2m X (7 /v2) x 10 V2
=68 x 107°T

Question9

A single current carrying loop of wire carrying current I flowing in
anticlockwise direction seen from +ve z direction and lying in xy plane
in shown in figure. The plot of j component of magnetic field (By) at a
distance ' a ' (less than radius of the coil) and on yz plane vs z
coordinate look like



[29-Jan-2023 Shift 1]
Options:
A.

By (0 a, z)
AN

TN

Z
B.
By (0, a, 2)
Z
C.
By (0 a, z)
<
D.
By (0, a, 2)

| <
Answer: C

Solution:

Solution:
B

——

s

B, = 0 in plane of coil
B, is opposite of each other in —z and +z positions.




Questionl0

The magnitude of magnetic induction at mid-point O due to current
arrangement as shown in Fig will be :

2!
— a—
I B
___A -
O E D
a——
C

[29-Jan-2023 Shift 1]
Options:

Bol
A.L

2ma

B.0

Bol
C. >

4ma

Bl
D.L

IIa

Answer: D

Solution:

Solution:
Magnetic field due to current in BC and ET are outward at point' O’

_ Rl + Bol  Bel  ml

0" 4mr  4mor 2nor ma

Questionll

A square loop of area 25cm? has a resistance of 10Q. The loop is placed
in uniform magnetic field of magnitude 40.0 T. The plane of loop is
perpendicular to the magnetic field. The work done in pulling the loop
out of the magnetic field slowly and uniformly in 1.0 sec, will be
[29-]Jan-2023 Shift 2]

Options:
A.2.5x 1073
B.1.0x 1073

C.1.0x107Y



D.5x 1073

Answer: B
Solution:
Solution:
Sol. £ =50cm
t=1sec
AV = O-lﬂ —0.05m/ s.
L 40x 0.(1)8 x0.05 _ 4 014
. F=B=40x0.01 x0.05
F = 0.02N
s W=0.02x£=0.02x.05
© W=1x10"%
[ ]
Questionl12

The electric current in a circular coil of four turns produces a magnetic
induction 32T at its centre. The coil is unwound and is rewound into a
circular coil of single turn, the magnetic induction at the centre of the
coil by the same current will be :

[29-Jan-2023 Shift 2]

Options:
A. 8T
B. AT
C. 2T
D. 16T

Answer: C

Solution:
Solution:
_ Bl
B = R X 4
B = E
2R
R = 4R
ol
B = 8R
B_ 1
B~ 16
B = 2T

Questionl3



A massless square loop, of wire of resistance 10Q. supporting a mass of
I g. hangs vertically with one of its sides in a uniform magnetic field of
103G, directed outwards in the shaded region. A dc voltage V is applied
to the loop. For what value of V. the magnetic force will exactly balance
the weight of the supporting mass of 1g ?

(If sides of the loop =10cm, g = 10ms 2 )

[30-Jan-2023 Shift 1]
Options:
1
A. EV
B. 100V
C.1v

D. 10V

Answer: D

Solution:

Solution:
F,=mg
ILB =mg
. \Y% _
. ( P_{) LB = mg
. _ mgR
SV B
_ (1x10"°kg)(10m / s*)(10Q)

(0.1m)(10% x 107*T)

=10V

Questionl4

The magnetic moments associated with two closely wound circular coils
A and B of radius r, = 10cm and rz; = 20 cm respectively are equal if:

(Where N,, I, and Ny, I; are number of turn and current of A and B

respectively)
[30-Jan-2023 Shift 1]

Options:

A. 2N,I, = NI,



B. N, = 2Ny

C. NI, = 4NgI,
D. 4N,I, = Nglg
Answer: C

Solution:

Solution:
M = NIA
M, =M,

S NLLA, = I\ZIBIBAB ,
NAIAH(O.I) = NBIBH(O.Z)

AN, I, = 4ANI,

Questionl5

As shown in the figure, a current of 2A flowing in an equilateral triangle
of side 4v3 cm. The magnetic field at the centroid O of the triangle is:
(Neglect the effect of earth's magnetic field.)

< 2A

2A
[30-Jan-2023 Shift 2]

Options:

A. 4V3 x 107*T
B.4vV3 x 107°T
C.V3 x107*T
D.3V3 x 107°T
Answer: D

Solution:

Solution: _
dtan60’ = 2vV3
d=2cm

_ Bol | R
B=3x —ansm 60

-7 =

% 2x10 >§ 2>< V3
_2x10° 2
=3v3x107°

=3




Questionl6

A current carrying rectangular loop PQRS is made of uniform wire. The
length PR = QS = 5cm and PQ = RS = 100 cm. If ammeter current
reading changes from I to 2I, the ratio of magnetic forces per unit
length on the wire PQ due to wire RS in the two cases respectively
fo.r:f,  2Tis:

PQ PQ
P Q
| A
— )
R S

[30-Jan-2023 Shift 2]
Options:

A 1:2

B.1:4
C.1:5
D.1:3

Answer: B

Solution:

Solution:
F oI,
F.:F.,.=1:4

1 21

Questionl?7

A rod with circular cross-section area 2cm? and length 40 cm is wound
uniformly with 400 turns of an insulated wire. If a current of 0.4A flows
in the wire windings, the total magnetic flux produced inside windings

is 4 x 10" ®Wb. The relative permeability of the rod is
(Given : Permeability of vacuum

B, =4nx 107'NA™? )
[31-Jan-2023 Shift 1]
Options:

A.12.5



Answer: C

Solution:

N
®=1nH, TIxA

p. =125
Option 3.

Questionl8

A bar magnet with a magnetic moment 5.0Am? is placed in parallel
position relative to a magnetic field of 0.4T. The amount of required
work done in turning the magnet form parallel to antiparallel position
relative to the field direction is

[31-Jan-2023 Shift 1]

Options:
A. 4]

B. 1]

C. 2]

D. Zero

Answer: A

Solution:

Solution:

u=—MBcosb6

W = Au

W = —-MBcos180°(—mBcos0°)
W=2MB=2x5x04=4]
Option 1

Questionl19

A long conducting wire having a current I flowing through it, is bent
into a circular coil of N turns. Then it is bent into a circular coil of n
turns. The magnetic field is calculated at the centre of coils in both the
cases. The ratio of the magnetic field in first case to that of second case
is :

[31-Jan-2023 Shift 2]

Options:

A.N:n



B.n’:N?
C. N?: n?
D.n: N

Answer: C

Solution:

Solution:
I = (2ur)n

re (3]

- P_oi) (P_oi)z
n(Zr * n

- (%)

o

UJLU:J

2

Question20

Find the magnetic field at the point P in figure. The curved portion is a

semicircle connected to two long straight wires.
i

-~

[1-Feb-2023 Shift 1]

Options:
A B (14 2
B. 1;—(’ri(1+ %)

11_01(1 1
2r 2+2n

11_01(1 1)
2r 2+r1

Answer: C

D.

Solution:

Solution:
i i i
1-10 ' pO ) }.10 1 1 )

4r © dor! T 2r 27 2

Bp = 2r\ 27 2m



Question21

As shown in the figure, a long straight conductor with semicircular arc
of radius n / 10m is carrying current I = 3A. The magnitude of the
magnetic field. at the center O of the arc is:

(The permeability of the vacuum = 4m X 10" 'NA~2 )

I1=3A I=3A
[1-Feb-2023 Shift 2]
Options:

A. ouT

B. 1uT

C.4pT

D. 3pT

Answer: D

Solution:

Solution:

1
B, = +%

(m)( B at centre of circular arc)
4R

Bl  4nx1077x3

4R o
4Xﬁ

=3x107°T = 3uT

Question22

A coil is placed in magnetic field such that plane of coil is perpendicular
to the direction of magnetic field. The magnetic flux through a coil can
be changed:

A. By changing the magnitude of the magnetic field within the coil.

B. By changing the area of coil within the magnetic field.

C. By changing the angle between the direction of magnetic field and
the plane of the coil.

D. By reversing the magnetic field direction abruptly without changing
its magnitude.

Choose the most appropriate answer from the options given below:
[1-Feb-2023 Shift 2]

Options:

A. A and B only



B. A, B and C only
C. A, B and D only
D. A and C only

Answer: B

Solution:

Solution:
- -
=B A
= BA-cos©
Most suitable ans is 2 [Otherwise ABCD ]

Question23

A square shaped coil of area 70cm? having 600 turns rotates in a

magnetic field of 0.4wbm™?, about an axis which is parallel to one of the
side of the coil and perpendicular to the direction of field. If the coil
completes 500 revolution in a minute, the instantaneous emf when the

plane of the coil is inclined at 60° with the field, will be V. (Take
= % )
[1-Feb-2023 Shift 2]

Answer: 44
Solution:
N = 600,A =70x% 10"*m?, B =0.4T

500 x 21 _ 100m
60 6

- -
E = NABwsin wt wt is angle b/ wA&B

W= rad/ s

— 600 X 70 x 10™% x 0.4 x 1060H>< %
= 44V
Question24

A long straight wire of circular cross-section (radius a) is carrying
steady current 1. The current I is uniformly distributed across this
cross-section. The magnetic field is

[6-Apr-2023 shift 1]

Options:



A. zero in the region r < a and inversely proportional to r in the regionr > a
B. inversely proportional to r in the region r < a and uniform throughout in the regionr > a

C. directly proportional to r in the region r < a and inversely proportional to r in the region
r>a

D. uniform in the region r < a and inversely proportional to distance r from the axis, in the
regionr > a

Answer: C

Solution:

It is a case of solid infinite current carrying wire.

Using ampere circuital law,

CASEl:ifr=R

B= O
21R

CASEll: T > R

Bl

21r

r

Question25

Two identical circular wires of radius 20 cm and carrying current v2A
are placed in perpendicular planes as shown in figure. The net magnetic

field at the centre of the circular wires is x1073T.
(Take n = 3.14)

[6-Apr-2023 shift 1]

Answer: 628

Solution:

Solution:
> bgn L Beis
B et = ar Lt oord

1

_ -6 _ -8
2><0‘2—2><3.14><10 628 x 10™°T

1 — . —
= 1;—'}\/2=4n><10‘7><\/2><\/2><




Question26

A proton with a kinetic energy of 2.0 eV moves into a region of uniform

magnetic field of magnitude 7 x 1073T. The angle between the direction

of magnetic field and velocity of proton is 60°. The pitch of the helical
path taken by the proton is cm.

(Take, mass of proton = 1.6 x 10~2” kg and Charge on proton

= 1.6 x10719C) .

[6-Apr-2023 shift 2]

Answer: 40

Solution:

Solution:
B = E 1 -3
5 x 10
K.E = %m\ﬂ

v

'D ———
60 . B
PItch = vcos60°x time period of one rotation
2mm

= VCOS6O X ﬁ

-9 =27
_ \/ 2x2x1.6 X107, o6y 20X 1.6x10
1.6x10 1.6 x 107"x 5 x 107

=2x104><%><4x10_5

=4x10"'m = 40cm

Question27

A charge particle moving in magnetic field B, has the components of
velocity along B as well as perpendicular to B. The path of the charge
particle will be

[8-Apr-2023 shift 1]

Options:
A. Helical path with the axis along magnetic field B

B. Straight along the direction of magnetic field B



C. Helical path with the axis perpendicular to the direction of magnetic field B
D. Circular path

Answer: A

Solution:

Solution:
-
Path will be helical with axis along uniform B —.

Question238

The magnetic intensity at the center of a long current carrying solenoid

is found to be 1.6 x 10°Am™". If the number of turns is 8 per cm, then
the current flowing through the solenoid is A.
[8-Apr-2023 shift 1]

Answer: 2

Solution:

H=1.6x10°A/m, n = 8 per cm = 800 per m
H=nlol= 4
n

_1.6x10°
—_— =

= exi0? 1T

Question29

The ratio of magnetic field at the centre of a current carrying coil of
radius r to the magnetic field at distance r from the centre of coil on its
axis is vx : 1. The value of x is

[8-Apr-2023 shift 2]

Answer: 8

Solution:



B 1,iR®
axis 2(R2 + X2)3/2

1,iR°
(Baxis )X = R _ 2(R2 + R2)3/2 _ R3 _ L
(B, )x=0 11,iR? 23/2R3 V8
(B)At centrs _ \/_8
(B),x=R 1
x =8
Question30

Given below are two statements :

Statements I : If the number of turns in the coil of a moving coil
galvanometer is doubled then the current sensitivity becomes double.
Statements II : Increasing current sensitivity of a moving coil
galvanometer by only increasing the number of turns in the coil will
also increase its voltage sensitivity in the same ratio

In the light of the above statements, choose the correct answer from the
options given below :

[10-Apr-2023 shift 1]

Options:

A. Both Statement I and Statement II are true
B. Both Statement I and Statement II are false
C. Statement I is true but Statement II is false
D. Statement I is false but Statement II is true

Answer: C

Solution:

Solution:
I = ko6

NBA

_ 6 _ NBA
C:-S= I= K
N-2N C:S->2CS

_ 6 _ NBA

But V.S. = V- XR
N->2NC:-S-2CS
BUtV.S. = g— 6 _ NBA

As N - 2N, R - 2R So V.S = constant

~ IR RK

Question31

A straight wire carrying a current of 14A is bent into a semicircular arc
of radius 2.2 cm as shown in the figure. The magnetic field produced by



the current at the centre (O) of the arc. is x10~4T

L\

o

[10-Apr-2023 shift 2]

Answer: 2

Solution:

Solution:
11 1

= -
Becausedl xr =0
Now, magnetic field due to semicircular ring at its center is given by

Pl
By = iR
4amx 1077 x 14
4%x22x1072
22 1077 x 14
==X —
77 22x10
2x 1077
2

Question32

An electron is allowed to move with constant velocity along the axis of
current carrying straight solenoid.

A. The electron will experience magnetic force along the axis of the
solenoid.

B. The electron will not experience magnetic force.

C. The electron will continue to move along the axis of the solenoid.
D. The electron will be accelerated along the axis of the solenoid.

E. The electron will follow parabolic path-inside the solenoid.

Choose the correct answer from the options given below:
[11-Apr-2023 shift 2]

Options:
A. A and D only
B. B, C and D only

C. B and E only



D. B and C only

Answer: D

Solution:

Solution:
We know that
In the solenoid magnetic field along the axis of solenoid.

When charge particle moving inside solenoid along the axis F = 0
—

F,=aqlVxB
—_
So, F =0
And it moves with constant velocity.

Question33

An electron is moving along the positive x-axis. If the uniform magnetic
field is applied parallel to the negative z-axis, then

A. The electron will experience magnetic force along positive y-axis

B. The electron will experience magnetic force along negative y-axis

C. The electron will not experience any force in magnetic field

D. The electron will continue to move along the positive x-axis

E. The electron will move along circular path in magnetic field Choose
the correct answer from the options given below :

[13-Apr-2023 shift 2]

Options:

A. B and E only
B. A and E only
C. B and D only
D. C and D only

Answer: A

Solution:

Solution:

- - -

F = q(V X B)

- - -

F = —e(V X B)

Force will be along -ve yaxis As magnetic force is 1, to velocity, path of electron must be circle.

Question34

A straight wire AB of mass 40g and length 50 cm is suspended by a pair
of flexible leads in uniform magnetic field of magnitude 0.40T as shown
in the figure. The magnitude of the current required in the wire to



remove the tension in the supporting leads is A. (. Take
g= 10ms ™ ?)

Q LD
A x x x x x B

[13-Apr-2023 shift 2]

Answer: 2

Solution:

Solution:

For equilibrium :

Mg = IIB

[= Mg _ 40x107°x10 _

=2A
IB 50x1072x0.4

Question35

An election in a hydrogen atom revolves around its nucleus with a speed
of 6.76 x 10°ms~! in an orbit of radius 0.52A°. The magnetic field
produced at the nucleus of the hydrogen atom is T.

[15-Apr-2023 shift 1]

Answer: 40

Solution:

Biot-Savart law,

_ Mo, qv
B = 41_Ix 2
B 107x 1:6x107""x6.76 x 10°
(0.52 x 10719)2
B = 40T
Question36

Given below are two statements : One is labelled as Assertion (A) and
the other is labelled as Reason (R).
Assertion (A): In an uniform magnetic field, speed and energy remains



the same for a moving charged particle.

Reason (R): Moving charged particle experiences magnetic force
perpendicular to its direction of motion.

[24-Jun-2022-Shift-1]

Options:

A. Both (A) and (R) are true and (R) is the correct explanation of (A).

B. Both (A) and (R) are true but (R) is NOT the correct explanation of (A).
C. (A) is true but (R) is false.

D. (A) is false but (R) is true.

Answer: A

Solution:

Solution:

. = -
Magnetic force F Lv
ﬁwb = 0
= AKE = 0 and speed remains constant.

Question37

The magnetic field at the centre of a circular coil of radius r, due to
current I flowing through it, is B. The magnetic field at a point along

the axis at a distance % from the centre is :
[24-Jun-2022-Shift-1]

Options:
A.B/2
B. 2B

()"

3
2
D-(ﬁ)B

Answer: C

Solution:

Solution:
_nl
B = 2r

ol r’



B, 2 \3
-%- 13
=>Ba= ( %) B
Question338

A proton, a deutron and an a-particle with same kinetic energy enter
into a uniform magnetic field at right angle to magnetic field. The ratio
of the radii of their respective circular paths is :

[24-Jun-2022-Shift-2]

Options:

A 1:V2:V2
B.1:1:v2
C.v2:1:1
D.1:v2:1
Answer: D

Solution:

B~ B
V. V.
=Sr, i, Ty = My, Yo, vm,
I ¢ a2 qs3

_Vi. 2. va

T 1 2
=1:v2:1
Question39

A long straight wire with a circular cross-section having radius R, is
carrying a steady current I. The current I is uniformly distributed across
this cross-section. Then the variation of magnetic field due to current I
with distance r(r < R) from its centre will be :

[25-Jun-2022-Shift-1]

Options:
A. B « r?

B.Buxr

C.Bx L

[ S

D.B «x

=



Answer: B

Solution:

[B-dl =p,l,,

=B X 2nr = pLszr[r2
nR

=B «xr

Question40

A long solenoid carrying a current produces a magnetic field B along its
axis. If the current is doubled and the number of turns per cm is halved,
the new value of magnetic field will be equal to

[25-Jun-2022-Shift-2]

Options:
A. B

B. 2B
C.4B

D.

|

Answer: A

Solution:

Solution:

B = pyni

Now i - 2i
n

Andn - E

B’=pogx21=p0m=B

Question41

A proton and an alpha particle of the same velocity enter in a uniform
magnetic field which is acting perpendicular to their direction of
motion. The ratio of the radii of the circular paths described by the
alpha particle and proton is :

[26-Jun-2022-Shift-1]

Options:
A.1:4

B.4:1



C.2:1
D.1:2

Answer: C

Solution:

Solution:
- mv
R= B
M,
MP

x Ip
Ua

2|7 2|

av)

1_
5=2

4
1%

Question4?2

A bar magnet having a magnetic moment of 2.0 x 10°JT"/, is placed
along the direction of uniform magnetic field of magnitude

B = 14 x 10”° T. The work done in rotating the magnet slowly through
60° from the direction of field is :

2 ,J( Y

[26-Jun-2022-Shift-2]
Options:

A. 14]

B. 8.4]

C. 4]

D. 1.4]

Answer: A

Solution:

Solution:
- -

U=-M":'B

SoU;-U,;=-MB(1 —cos9)

=—14]

SoW =—-AU =14]

Question43

A metal surface is illuminated by a radiation of wavelength 4500A. The
ejected photo-electron enters a constant magnetic field of 2 mT making



an angle of 90° with the magnetic field. If it starts revolving in a
circular path of radius 2 mm, the work function of the metal is
approximately :

[26-Jun-2022-Shift-2]

Options:

A.1.36eV
B.1.69eV
C.2.78eV
D. 2.23eV

Answer: A

Solution:

Solution:

E—Lp=KE ....... (i)

A
_ v _ 2m(KE) ..
R= Bq —Bq ..... . (ii)
Putting the values,

@ =1.36eV

Question44

Two 10 cm long, straight wires, each carrying a current of 5A are kept

parallel to each other. If each wire experienced a force of 10~°N, then
separation between the wires is cm.
[26-Jun-2022-Shift-2]

Answer: 5

Solution:

dF _ Holib
dl 2nd
-7 -5

SOleO ><5><5= 10 —

d 10 x 10
2x107"x5%x5

1074
= 50mm
=5cm

d =

Question45



Two long parallel conductors S, and S, are separated by a distance

10 cm and carrying currents of 4A and 2A respectively. The conductors
are placed along X -axis in X —Y plane. There is a point P located
between the conductors (as shown in figure).

A charge particle of 3o coulomb is passing through the point P with

velocity Vv = (2g + 3i ) m / s; where i and represents unit vector along x&y
axis respectively.

The force acting on the charge particle is 4 X 10°° ( —xi + 2j ) N. The
value of x is :
Y

S 4A

4cm
1}

| .

» DA

Z

[27-Jun-2022-Shift-2]
Options:

A 2

B.1

C.3

D. -3

Answer: C

Solution:
Solution:
< i .
Fieldat P is = | mo_ 11 _ Hob )(—f{)
2nr, 2mr,
_ ( o4 Py X 2 )A_ p0x2001/;

20 % 0.04 2mx 0.06
- - -
So, forceF = qv x B

x 200
= 3nl2f +3]) x (—( po—ﬁ) )
6o

200 100
= 31'1( Poo ll01‘1\)
31 o

611

A A
= 200p,j — 300p1,i

—anx 10-°(2] - 3}
So,x=3

Question46

A deuteron and a proton moving with equal kinetic energy enter into a



uniform magnetic field at right angle to the field. If r; and r, are the

radii of their circular paths respectively, then the ratio Z—d will be vx : 1

p

where x is
[27-Jun-2022-Shift-2]

Answer: 2

Solution:

Solution:
_ V2mK
R= B
I vm, / q
=2
Sox=2

Question47

An infinitely long hollow conducting cylinder with radius R carries a
uniform current along its surface.

Choose the correct representation of magnetic field (B) as a function of
radial distance (r) from the axis of cylinder.

[28-Jun-2022-Shift-1]

Options:
A.

B

O




Answer: D

Solution:

Solution:
Inside a hollow cylindrical conductor with uniform current distribution net magnetic field is zero in hollow space.

But outside the cylindrical conductor B « %

= Graph in option D would be a correct one

Question48

A singly ionized magnesium atom (A = 24) ion is accelerated to kinetic
energy 5 keV, and is projected perpendicularly into a magnetic field B of
the magnitude 0.5T. The radius of path formed will be cm.
[28-Jun-2022-Shift-1]

Answer: 10

Solution:
— v
gB
_ V2mKE
R = B

V2x24%x1.67%x10%" x5x%x1.6x 10716

1.6x10° ¥ % 0.5
= 10.009cm = 10cm

Question49

Two parallel, long wires are kept 0.20m apart in vacuum, each carrying



current of xA in the same direction. If the force of attraction per meter

of each wire is 2 x 107 °N, then the value of x is approximately :
[28-Jun-2022-Shift-2]

Options:
Al
B.24
C.14
D. 2

Answer: C

Solution:

Solution:

dF _ -6 _ Rl
6 _ 2x1077 xx?

21070 = 2G5

x=V2=1.4

Question50

A coil is placed in a time varying magnetic field. If the number of turns
in the coil were to be halved and the radius of wire doubled, the
electrical power dissipated due to the current induced in the coil would
be :

(Assume the coil to be short circuited.)

[28-Jun-2022-Shift-2]

Options:

A. Halved

B. Quadrupled
C. The same
D. Doubled

Answer: B

Solution:

Solution:
As number of turns are halved so length of wire is halved, and radius is doubled, then area will be 4 times the previous

one if previous resistance is R then new resistance is % and if previous emfis E then new emf will be % o)

E2
P, = R

1
_(E /2% 2E?
Pf_ R/8 =~ R _2Pi




Questionb1

A charge particle moves along circular path in a uniform magnetic field
in a cyclotron. The kinetic energy of the charge particle increases to 4
times its initial value. What will be the ratio of new radius to the
original radius of circular path of the charge particle :
[29-Jun-2022-Shift-1]

Options:
A.l1:1
B.1:2
C.2:1
D.1:4

Answer: C

Solution:

Solution:

R= IV _ v2mK
Bq Bqg
=R « VK

=>ratio =2:1

Question>2

Two long current carrying conductors are placed parallel to each other
at a distance of 8 cm between them. The magnitude of magnetic field
produced at mid-point between the two conductors due to current
flowing in them is 300uT . The equal current flowing in the two
conductors is:

[29-Jun-2022-Shift-2]

Options:

A. 30A in the same direction.

B. 30A in the opposite direction.
C. 60A in the opposite direction.
D. 300A in the opposite direction.

Answer: B

Solution:



As B # 0 that is the wires are carrying current in opposite direction.

net
Bl x2
2m(4 x 1072)

-6
=] = %A = 30A in opposite direction.

=30x107°T

Question53

Two charged particles, having same kinetic energy, are allowed to pass
through a uniform magnetic field perpendicular to the direction of
motion. If the ratio of radii of their circular paths is 6 : 5 and their
respective masses ratio is 9 : 4. Then, the ratio of their charges will be :
[25-Jul-2022-Shift-1]

Options:
A.8:5

B.5:4
C.5:3
D.8:7

Answer: B

Solution:
Solution:
_ mv _ 2mK
We know that R = Bq = —Bq
R m
= Ratio of radii = — = \/ R
R, m, q
6_ /9%
-8y
4 _3,5_5
d, 2 6 4
[ ]
Question54

The electric current in a circular coil of 2 turns produces a magnetic
induction B, at its centre. The coil is unwound and in rewound into a

circular coil of 5 tuns and the same current produces a magnetic
induction B, at its centre. The ratio of % is
1

[25-Jul-2022-Shift-2]

Options:

A.

N|u



5
c. 2
D. 2

Answer: B

Solution:
Solution:

_ nppl

T 2R

_2pl
B, = 2R,

_ oppl
B, = 2R,

2R,

R=75%

B, 2 "R, 4
Questionb5

A charge particle is moving in a uniform magnetic field (2g + 3i ) T. If it

has an acceleration of ((xg — 4 ) m/ sz, then the value of a will be :
[26-Jul-2022-Shift-1]

Options:
A. 3

B.6

C. 12

D. 2

Answer: B

Solution:

Solution:
As magnetic force is perpendicular to magnetic field

- -
So, F - B must be 0
So,2a0—12=0
a=26

Question56



B, and B, are the magnetic fields at the centre of two coils X and Y

respectively each carrying equal current. If coil X has 200 turns and
20 cm radius and coil Y has 400 turns and 20 cm radius, the ratio of By

and B, is:
[26-Jul-2022-Shift-1]
Options:

A.l:1

B.1:2

C.2:1

D.4:1

Answer: B

Solution:

Solution:
PN I
2R

By NXRy

By  NR,
_200%x20 _ 1

T 400x20° 2

Questionb7

Two concentric circular loops of radii r; = 30cm and r, = 50 cm are

placed in X — Y plane as shown in the figure. A current I = 7A is flowing
through them in the direction as shown in figure. The net magnetic
moment of this system of two circular loops is approximately :

. |

[26-Jul-2022-Shift-2]

Options:
A. ZiAm?
B. — ZkAm’
C. 7kAm?

D. —7kAm?



Answer: B

Solution:

Magnetic moment

- ) oN . N
M = —in(0.5)k + in(0.3)“k

S 22( 25 9 \A
M=-=7x="\ 100 ~ T00 /¥

=—22( %)IA{

Question538

A cyclotron is used to accelerate protons. If the operating magnetic field
is 1.0T and the radius of the cyclotron 'dees' is 60 cm, the kinetic energy
of the accelerated protons in MeV will be :

[usem = 1.6 x 10"*"kg, e = 1.6 x 107 °C ]

[27-Jul-2022-Shift-2]

Options:

A. 12

B. 18

C. 16

D. 32

Answer: B

Solution:

Solution:
Kinetic energy of electron in cyclotron
q2B2r02 ]
2m
= 18 MeV




Questionb9

The current sensitivity of a galvanometer can be increased by :

(A) decreasing the number of turns

(B) increasing the magnetic freld

(C) decreasing the area of the coil

(D) decreasing the torsional constant of the spring

Choose the most appropriate answer from the options given below :
[28-Jul-2022-Shift-1]

Options:

A. (B) and (C) only
B. (C) and (D) only
C. (A) and (C) only
D. (B) and (D) only
Answer: D

Solution:

N iAB = k6
0 _ NAB
=

i k
= Sensitivity increases if BT and k!

Question60

A uniform electric field E = (8m / e)V / m is created between two parallel
plates of length 1m as shown in figure, (where m = mass of electron
and e = charge of electron). An electron enters the field symmetrically
between the plates with a speed of 2m / s. The angle of the deviation (0)
of the path of the electron as it comes out of the field will be

£ im 3

FFrHF+rrr+++ e/_’

rd
~
ZnﬂE_)_""'E

[28-Jul-2022-Shift-2]

Options:
A. tan"1(4)

B. tan"1(2)



C. tan_l( %)
D. tan” }(3)

Answer: B

Solution:

Solution:
E = 8_mv/m

e
Il =1m
v,=2m/ s
ay=—8m/ s2
-1 _1
t= v.= 28
=|v,| =4m/ s

= angle of deviation =6
V.

tan = X
X

"
0= tan_l(

N[>

) = tan_1(2)

Question61

A triangular shaped wire carrying 10A current is placed in a uniform
magnetic field of 0.5T, as shown in figure. The magnetic force on
segment CD is

( Given BC = CD = BD = 5cm.

—_ G
— S5cm/ \Scm
Magnetic —
field ——
— A B Scm D

[28-Jul-2022-Shift-2]
Options:

A. 0.126N

B. 0.312N

C. 0.216N

D. 0.245N

Answer: C

Solution:

Solution:

- - o

F =il xB

= il B sin60°

—10x 2 V3
=10x 100 X 0.5% 5



= 0.2165N

Question62

A closely wounded circular coil of radius 5 cm produces a magnetic field

of 37.68 x 10~ *T at its center. The current through the coil is A.
[Given, number of turns in the coil is 100 and 1 = 3.14 ]
[29-Jul-2022-Shift-1]

Answer: 3
Solution:

_ ponl
~ 2R

37.68 x 107 % =

[ — 300A
100
= 3A

411 x 10771001
2x5x 102

Question63

Magnetic fields at two points on the axis of a circular coil at a distance
of 0.05m and 0.2m from the centre are in the ratio 8 : 1. The radius of
coil is

[25 Feb 2021 Shift 1]

Options:

A. 0.2m

B.0.1m

C.0.15m

D. 1.0m

Answer: B

Solution:

Solution:

Given,d, = 0.05m, d, = 0.2m

andBl:B2=8:1

Let radius of coil be r.

As we know that, magnetic field at a point on axis of a cail,



n, Ir?

B= 2 @2+
B, _ rz-(d22+rz)3/2_ (d22+r2)3/2
B2 (d12+r2)3/2'r2 (d12+r2)3/2
8 _ d22+r2 3/2 23 d22+r2 3/2
= \aze] TTlar
1 1
4 d22+r2
1 d12+r2

=4d *+4r* =d,+1°
= 4(0.05)%> + 4r* =(0.2)? +r* = 3r* = 0.03
=2r=0.1m

Question64

A proton, a deuteron and an alpha-particle are moving with same
momentum in a uniform magnetic field. The ratio of magnetic forces
acting on them is ......... and their speed is ......... in the ratio.

[25 Feb 2021 Shift 1]

Options:

A.l1:2:4and2:1:1
B.2:1:1and4:2:1
C.4:2:1and2:1:1
D.1:2:4and1:1:2

Answer: B

Solution:

Solution:

LetF , F4 and F ; be the forces and v, v4 and v, be the velocities of proton, deuteron and a—particle, respectively.
Since, F = Bqv

On dividing and multiplying F by m, we get

= m
F—qum
= F=B_p ("p=mv)
= F «q/m (~pandB are same)
. : : - 9. +q. +2q
- F iFgtF, m - om 4m
=1:1/2:1/2=2:1:1
and = Bqv
= ocF/q

F, Fq F 2X

. 2X . X
* d, dq « 4a
4

2q

QM

Question65

Four identical long solenoids A, B, C and D are connected to each other
as shown in the figure. If the magnetic field at the centre of A is 3T, the



field at the centre of C would be (Assume that, the magnetic field is

confined with in the volume of respective solenoid)
B

. ///////,—-’UUUHUUU:;-“\\\\\\\
——"0000000 UOanoog
i
D

[18 Mar 2021 Shift 1]

Options:
A. 12T
B. 6T
C.9T

D. 1T

Answer: D

Solution:

Solution:
Given, magnetic field at the centre at A is 3T .
Since, the solenoid B, C and D are connected in parallel arrangement.

2]
B
C

— ™ T
!

Tanuaone
D

We know that,
The magnetic field in the circuit is directly proportional to the

B i
Ba_la_ 3T _ i
B. I. B, 1i/3

= B.=1T

So, the field at the centreat C = 1T.

Question66

A hairpin like shape as shown in figure is made by bending a long
current carrying wire. What is the magnitude of a magnetic field at
point P which lies on the centre of the semicircle?

[17 Mar 2021 Shift 2]
Options:

1
A2 0

* 4nr



Byl
4—1(’H(2 + 1)
1oL
21r

C. (2 + m)

Bl
2mr

D. (2 — 1)

Answer: B

Solution:

Solution:
For the straight wire, the expression of the magnetic field,
bl
B, =B,= —
1 3 A4mr
For the semicircular wire, the expression of the magnetic field,
= Bt
2 4r
Hence, the total magnetic field at the point P, B=B, + B, + B,
Substituting the values in the above equation, we get
I I I I
gz Yoo L Moo Moo p_ Hot

4nar 4r 4nar 4nr(1 +l+m

I
B= 20 (24m
4nr

Question67

A proton and an a-particle, having kinetic energies Kp and K ,

respectively, enter into a magnetic field at right angles.

The ratio of the radii of trajectory of proton to that of a-particle is 2 : 1.
The ratioof K, : K is

[18 Mar 2021 Shift 2]

Options:

A.1:8

B.8:1

C.1:4

D.4:1

Answer: D

Solution:

Solution:

Given, the charge on the proton, q, = +e

The charge on the alpha particles, q, = +2e

The expression of the radius of the orbit,
mv

r=q—B



=T = P (p = mv)

gB
o Py %
ra qp pa
L 2_ +2e B
1 +e P,
[ L= 2]
r, 1
= BE =1
Py
Since, kinetic energy and momentum are related as
2
= b
K= 2m
2
S ppm Ky om,_ dm,
K(x Inpp‘1 K(x mp mp
K, 1
(]
Question638

A charge Q is moving d1 distance in the magnetic field B. Find the value
of work done by B.
[16 Mar 2021 Shift 2]

Options:
Al

B. Infinite
C. Zero

D. -1
Answer: C

Solution:

Solution:

According to question, a charge Q is moving d distance in magnetic field B.
As we know that force acting on a point charge by magnetic field is always perpendicular to the velocity of particle v.
~F = Q(v x B).....(i)

The above, statement means that F is perpendicular to v.

" Work done, W =F -ds

Q(vxB)-dl [using Eq. (i)]

Q(vxB)d1 cos6

Q(v x B)d1 cos90° [0 =90°FLivordl]

0

. The work done by the magnetic field will be zero.

Question69

A loop of flexible wire of irregular shape carrying current is placed in an
external magnetic field.
Identify the effect of the field on the wire.



[18 Mar 2021 Shift 1]

Options:

A. Loop assumes circular shape with its plane normal to the field.
B. Loop assumes circular shape with its plane parallel to the field.
C. Wire gets stretched to become straight.

D. Shape of the loop remains unchanged.

Answer: A

Solution:

Solution:
A loop of wire will act like magnetic dipole. In equilibrium, direction of dipole will be parallel to direction of magnetic field
and its plane remains normal to the field.

aF = oF
Firally
_—
7
aF 4 e aF aF

Now on each element of wire force due to magnetic field will be perpendicular to length of element and outward in
direction. So, loop will become circular.
Hence, the correct option is (a).

Question70

Figure A and B shown two long straight wires of circular cross-section
(a and b with a < b), carrying current I which is uniformly distributed
across the cross-section. The magnitude of magnetic field B varies with
radius r and can be represented as :

1 1

|
Fig. A Fig. B
[27 Jul 2021 Shift 2]

1

Options:

Sty



Answer: C

Solution:

Solution:
Graph for wire of radius R :

Question71

Match List I with List II.



List-l List-ll

(a) Capacitance, C iy Ml 347!

(b) Permittivity of free space, &, | (i) a2 7442

(c) Permeability of free space, u, | (i) pr 1272774

(d) Electric field, E (iv) ML 77247

Choose the correct answer from the options given below
[27 Jul 2021 Shift 2]

Options:

A. (a) = (iii), (b) = (ii), (c) = (iv), (d) = (i)
B. (a) = (iii), (b) = (iv), (c) = (i1), (d) = (1)
C. (a) = (iv), (b) = (ii), (c) — (iid), (d) — (i)
D. (a) = (iv), (b) - (iid), (c) = (ii), (d) = (@)
Answer: A

Solution:

Solution:

q=CV
_[a]_AxT)

el [V] ML’T 2

=M—1L—2T4A2
_[F]_MLT™

[E]‘[E]‘ AT

=MLT °A™!

0,4,

4m €, 1°

[€,] =M ~'L7T A%

1

Speed of light ¢ =
I

1
€0c2

Ho =
1

[M —].L—3T4A2][LT—1]2

= [M lLlT —ZA—Z]

[11()] =

Question72

Two ions having same mass have charges in the ratio 1 : 2. They are
projected normally in a uniform magnetic field with their speeds in the
ratio 2 : 3. The ratio of the radii of their circular trajectories is :

[25 Jul 2021 Shift 2]

Options:
A.l1:4



B.4:3
C.3:1
D.2:3

Answer: B

Solution:

Solution:

R = IV R, qB Vi 9

—_— = — = — X

qB R, mv, q Vv, q V_z
q,B
2e(2)-4
Question73

A deuteron and an alpha particle having equal kinetic energy enter
perpendicular into a magnetic field. Let r; and r_ be their respective

radii of circular path. The value of i—d is equal to :
[20 Jul 2021 Shift 1]

Options:

1

V2
B. V2
C.1
D. 2

Answer: B

Solution:

Solution:

Ta_ fMa% _ J2(2) 25
r, maqd_\/4(1)_‘/2
Hence option (2).

Question74

A coil having N turns is wound tightly in the form of a spiral with inner
and outer radii a and b, respectively. Find the magnetic field at centre,



when a current / passes through coil
[31 Aug 2021 Shift 1]

Options:

A st in (3]
B[ 327
C-amimin[3-5]

u_OI (a—b
D. 8 In a+b

Answer: A

Solution:

Solution:

Given, number of turns = N

Inner radius = a

Outer radius = b

Current = |

Consider an element of thickness dr at a distance r from the centre.

(R

>

Now, number of turns in dr element, dN = ﬁdr
Magnetic field due to this element at the centre,

dB=@dN.I
2 r

Wl N
21 (b—a)
.. Total magnetic field at the centre,

_rban_ b _PIN dr
B=lidB =l = r

_N_Wl

2(b—a)
_N_®l (b
_2(b—a)1n(a)

Inr|

Question75

A current of 1.5A is flowing through a triangle, of side 9 cm each. The
magnetic field at the centroid of the triangle is

(Assume that, the current is flowing in the clockwise direction.)

[31 Aug 2021 Shift 2]

Options:

A. 3 x 107'T, outside the plane of triangle



B. 2v3 x 107 T, outside the plane of triangle
C. 2V3 x 107°T, inside the plane of triangle
D. 3 x 107°T, inside the plane of triangle

Answer: D

Solution:

Solution:

Given, electric current, | = 1.5 A

Side of triangle,1 = 9cm = 9 x 10™*m
LetOD =0OE=0F=r

InAAQOD, AD = tan 30

OD = ADtan 30°

| 1 1
r= OD = =X == ——

2 VY3 2V3
Magnetic field due to AB at O,

L
B o' _ 2v3

no'. . .
1 = H[sm_GO + sin60°] = e X ==
_ n,dv3
1 4mr

Now, total magnetic field at O due to all sides,
—3B. = 20 3/3

B=3B, = 41.[1,3‘/3

By substituting the values, we get

g 1077 x1.5x3V3 x2V3
9x107°

=B

(perpendicular inward)

= 3 x 107°T (inside the plane of triangle)

Question76

A co-axial cable consists of an inner wire of radius a surrounded by an
outer shell of inner and outer radii b and c, respectively. The inner wire
carries an electric current i;, which is distributed uniformly across

cross-sectional area. The outer shell carries an equal current in
opposite direction and distributed uniformly. What will be the ratio of
the magnetic field at a distance x from the axis when (i) x < a and (ii) a
<x<b?

[27 Aug 2021 Shift 2]

Options:

2
X
A X

a



D bz—aZ

Answer: A

Solution:

Given, radius of inner wire of co-axial cable = a
Inner radius of outer shell =b

Outer radius of outer shell =c

Let, magnetic field at distance x <a = B,

4—!0

i —6 10

and magnetic field at distance

a<x<b=B,

By using Ampere circuital law,

§B-dl =npyl

where, d1 = perimeter of small circular element,
n = number of turns,

b, = free space permeability

and I = current.
“ By -2mx = np I

enc

n, I
= B1 = —O_O-HX2
20X g2

_ B Ix
= E?
Now, for B,(a < x < b)
B, -2nx =p/l
_ 1 Bl
2 7 2m x
. From Egs. (i) and (ii) we will get
Bl X

0

Question77

The fractional change in the magnetic field intensity at a distance r
from centre on the axis of current carrying coil of radius a to the
magnetic field intensity at the centre of the same coil is (Take, r < a)
[26 Aug 2021 Shift 1]

Options:

2
a
2

A.

N
~

N

B.

w|nN
~|®



N

D.

N W
o |"$
N

Answer: D

Solution:

Solution:
The magnetic field intensity at a distance r from centre on the axis of a coil of radius a carrying current i is given by
W, 2mia’ ,
axis A § (1)
(@’ + 1?2
The magnetic field intensity at the centre of the coil is given by
_ Bo2mi ..
centre — A g (i)

According to question, the fractional change in the magnetic fieldintensity is given by

B_..
AB _ g Zads 5
B Bcentre
Substituting the values of Baxis and BCentre from Egs. (i) and (ii) respectively in Eq. (iii), we get
W, 2mia’
4 3
AB _, _ (@ +rH)2
B o 2mi
4 a
3
a
=1- 3
(@® +r?)2
3
a
=1- 3
r’ 2
a’ ( 1+= )
a
2 _é
=1- ( 1+ r—2) 2
a

Given that, r < a, applying Binomial expansion,
2x* 3 x2x°

(1—x)_n=1—x+T— 3 (=15,
= (1 + nx)
AB _ _ir_z)

we get B =1 (1 23
AB 3r’
B -t oz

2
AB _ §r_' which is the required expression.
B 232

(]

Question78

Two ions of masses 4 amu and 16 amu have charges +2e and +3e,
respectively. These ions pass through the region of constant
perpendicular magnetic field. The kinetic energy of both ions is same.
Then,

[27 Aug 2021 Shift 1]

Options:

A. lighter ion will be deflected less than heavier ion



B. lighter ion will be deflected more than heavier ion
C. both ions will be deflected equally
D. no ion will be deflected

Answer: B

Solution:

Solution:
Given, mass of 1 stion, m; = 4amu

Mass of 2 nd ion, m, = 16 amu

Charge on 1 stion, q; = +2e

Charge on 2 nd ion, q, = +3e

Kinetic energy of both ion is same,

KE, = KE,

The radius of path traced by a charged particle in magnetic field is given as

Now, the deflection of ion in region with constant magnetic field as shown in figure is denoted by 6.
From diagram,

sin@ = d
r

0 « % [ d = constant]

As, r, <, from above expression 6’, > 6,.
Thus, deflection of lighter ion will be more than the deflection of heavier ion.

Question79

If the maximum value of accelerating potential provided by a radio
frequency oscillator is 12kV . The number of revolution made by a
proton in a cyclotron to achieve one sixth of the speed of light is......... .
[Given, m = 1.67 x 10"*kg, e = 1.6 x 107'°C, ¢ =3 x 10°m / 5]

[26 Aug 2021 Shift 2]



Answer: 543

Solution:

Given, maximum value of accelerating potential,
V =12 kV = 12000V,

Speed achieved by a proton cyclotron, v =

-0

where, ¢ is the speed of light = 3 x 10®ms™

Mass of proton, m = 1.67 x 10" % kg

Charge of proton, q, = 1.6 x 107 %

According to the question, assume a proton makes n revolutions in the cyclotron to achieve the speed v.

The energy absorbed by proton due to the accelerating potential provided by the radio oscillator

=nXx2Xx q, X \%

This energy absorbed by proton will be equal to the kinetic energy gain by the proton i.e.,

2nq V = EPV—Z
qp - 2

Substituting the given values in above expression, we get

nx2x1.6x107'x 12000
_1 wy (3><108)2

=5 X 1.67 x 10 X 6

nx3.84x10° " =2.0875x 10~ "?

n = 543.62

As, n is number of revolutions, so it should be an integer.
..n =543

Question80

A coil in the shape of an equilateral triangle of s ide 10 cm lies in a
vertical plane between the pole pieces of permanent magnet producing
a horizontal magnetic field 20mT. The torque acting on the coil when a
current of 0.2A is passed through it and its plane becomes parallel to
the magnetic field will be vx x 10~>Nm. The value of x is......... .

[26 Aug 2021 Shift 2]

Answer: 3

Solution:

Side of equilateral triangular coil, a=10cm = 0.1 m
Horizontal magnetic field, B = 20mT = 20 X 107°T
Current in coil, i = 0.2 A

Torque acting on coil, T = vx x 107°N —m

Torque acting on coil can be calculated as

T = MBsin 6




Here, M is pole strength and B is magnetic field. Magnetic pole strength, M = iA

T= 1( V3 a’ ) BsinO [A = \/—3 2. (for equilateral triangle)]
=0.2 % % x (0.1)> x 20 x 1073 x sin90° [ A L B]

=v3x10°N-m
After comparing obtained value with the given value, x = 3.

Question81

A uniform conducting wire of length is 24a, and resistance R is wound
up as a current carrying coil in the shape of an equilateral triangle of
side a and then in the form of a square of side a. The coil is connected
to a voltage source V. The ratio of magnetic moment of the coils in case

of equilateral triangle to that for square is 1 : Vy. The value of where y is

[27 Aug 2021 Shift 1]

Answer: 3

Solution:

Length of conducting wire, | = 24 a
Resistance of wire is R. _
Ratio of magnetic moment of coil for equilateral triangle to square is 1 : Vy.
Side of equilateral triangle is a and also side of square is a.
Number of turns in equilateral triangle will be

24a

np=5-= = 8 [ "~ Length of one turn is 3a]

Number of turns in square will be

ng = 244aa = 6 [~ Length of one turn is 4a]

Magnetic moment of coil is given as

M = nlA

The ratio of magnetic moment for triangular coil to square coil is given as

M; n.lA; . _ _

— = ——— (*" | is same in both coils)

Mg  nglAg

Substituting the values in above expression, we get
V3 2) _

PR LLE L Y S

vy 6 x a 24 V3

=Vy = V3

=y=3

Hence, the value of y is 3.

Question82

Two short magnetic dipoles m; and m, each having magnetic moment of

1 Am? are placed at point O and P, respectively. The distance between
OP is 1 m. The torque experienced by the magnetic dipole m, due to the



presence of m,is ...... x10~’ Nm.

my
my .
P
O

[26 Aug 2021 Shift 1]

Answer: 1

Solution:

Solution:

In the given figure,
N

Mgz
my S —;—}N

5

The direction of magnetic moment is from South to North.

@ @

When second magnet is kept in the magnetic field produced by first magnet, the torque acting on second magnet is
given by

=M, X B;
|t| = M,B,;sin0 (.. 6 = 90°)
|T| = M,B,;
Point P lie on equatorial position, so
_ M,
Bi=an
_ [P M, )
Tl = an 3 |2
M, =M, = 1A —m? r = 1m (given)
_1077x1x1
|T| - 3
(1)

=|Tt| =107'Nm
=|t| =1x107'Nm

Question83

Consider a galvanometer shunted with 5Q resistance and 2% of current
passes through it. What is the resistance of the given galvanometer ?
[31 Aug 2021 Shift 1]

Options:
A. 300Q
B. 3440



C. 245Q
D. 226Q

Answer: C

Solution:

Solution:

Given,

Shunt resistance, R, = 5Q

Let galvanometer resistance = G

Total, current = |

Voltage across galvanometer (V) = Voltage across shunt resistance R_|

s
{V)—
IG><G=ISH><Rsn
0.021 X G = 0.981 x 5
=G=%=4gx5=2459

Question84

For full scale deflection of total 50 divisions, 50 mV voltage is required
in galvanometer.

The resistance of galvanometer if its current sensitivity is 2 div / mA will
be

[27 Aug 2021 Shift 2]

Options:
A.1Q
B. 5Q
C. 4Q
D. 2Q

Answer: D
Solution:
Solution:

Given, number of divisions, n = 50
Voltage, V = 50mV = 50 x 1073V

e _ 2div _ 2div
Current sensitivity, k = mA = 104
-3
- Current, I = % = % =25x107°A

By using Ohm's law,
Potential (V)

Resistance (R) = m



_ 50x107°% _
25 x 1073

Question85

There are two infinitely long straight current carrying conductors and
they are held at right angles to each other so that their common ends
meet at the origin as shown in the figure given below. The ratio of
current in both conductors is 1 : 1. The magnetic field at point P is

o

i —

O I e X

[1 Sep 2021 Shift 2]

Options:

A. [\/x +y +(x+y)]

41'[xy

4nxy[\/x +y? —(X+y)]

Ho Ixy

C. & [\/X2+y2—(x+y)]

Ix
D.uo y[\/ Ay + (x+7)]
Answer: A

Solution:

Solution:
The diagram is given below,

) ltll'lll:'e“m" . j
The magnetic field due to the wire 1,

110 (sm 90° + sin©,)

wirel
Ho ( X )
— S . - —
4my Vx* + &
The magnetic field due to the wire 2,

Bol . o .
4Hy(sm90 +sin0,)

_ Bl y
BwireZ_m(l-l_ \/x2+y2)




Thus, the total magnetic field,
B=B, +B,

I
Pl (1, X 1 y

= -0 . S A
Ay oy +yr X x4y
Mol

_ 2 2
——4HXy[\/x +y +(x+y)]

Question86

Proton with kinetic energy of 1M eV 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 % 10'27kg )

[8 Jan 2020, I]

Options:
A. 0.71mT
B. 7.1mT
C. 0.071mT
D. 71mT
Answer: A
Solution:
Solution:
> B North
2 12 }2 T
pPa=10" m/s g >East
q‘ E = 1Mev |
Proton N South

As we know, magnetic force F = qvB = ma

~a = (%) perpendicular to velocity.

Y= 6
- Also v = \/ZKE _ \/2><e><10
m m

qvB @\/erxlof’
m

LA ===
m m

3
ez [ 16x107% 2 5 3

"B = % x 1073T = 0.71mT ( approx )

Question87

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
distance 3 and 2a respectively from the axis of the wire is:

[9 Jan 2020, I]

Options:

A.

wIiN

B. 2

C.

N|+—

3
D. 5
Answer: A

Solution:

Solution:

Let a be the radius of the wire
Magnetic field at point A (inside)
.a

2ma’  2ma’ ma’6 6bma

a/3

®p

LI

: -t’ra—:h

Magnetic field at point B (outside)
Bl

Bs = 7n(2a)
Byl
By_ 6ma _4_2
B, 1u, 6 3
21(2a)
Questiond838

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 1. 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
’.y

X

[9 Jan 2020, II]
Options:

ep,nl R
m

A.

ep,nl R
2m

B.

ep,nlR
4m

C.

2ep,nlR
m

D.

Answer: B

Solution:

Solution:
Magnetic field inside the solenoid is given by
B=pgnl ... (i)

Here, n = number of turns per unit length

The path of charge particle is circular. The maximum possible radius of electron = %

.MV _ R

T gB 2

V= % - ef;prflnl (using (i))
Questiond9

A very long wire ABDMNDC is shown in figure carrying current 1. 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

[8 Jan 2020, II]

Options:

ol 1
A. 2HR(H+—_)

ol 1
B. >mr | I E)

Bl
C. m(l’[ +1)

Hol

D.5g

Answer: A

Solution:

Solution:

B,=B;+B,+B;+B,

- %[sin90° — sin45°] + % + %
[sin45° + sin 90°]

L L) Bol Bl 1
T 4mR V2 2R 4nR V2

-0 I o]
B ) 1)

o TomrI\"T




Question90

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 :

[9 Jan 2020, II]

Options:

A.T=\/%

_
B.T—\/ﬁ

_ 20m
C. T -_ W

_ [mm
D.T = \/IB
Answer: C

Solution:

Solution:

Torque on circular loop, T = M Bsin©
where, M = magnetic moment

B = magnetic field

Now, usingt =1«

ST=MBsinf =1«

2
1R’ BO = ml;‘ =
mR?
(*'m =TI A and moment of inertia of circular loop, I = T)
2
1R’ BO = %we
_ 2ul B 2m _ 2ul B
cw= \/ m T \/ m
_ 21mm
=T =V 7s
(]
Question9l

An electron is moving along +x direction with a velocity of

6 times 10° ms™'. It enters a region of uniform electric field of 300V / 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:

[Sep. 06, 2020 (D]

Options:



A.3 x 107*T, along +z direction
B.5x107°T, along —z direction
C.5x107°T, along +z direction
D.3x 107%T, along —z direction

Answer: C

Solution:

Solution:
- A
E =300jV /cm=3x10*% /m

-

V =6x10°1
E x Y
E =300,

V/iecm = .’ix 10* V/m
e

(@]

V

6"

V=6x10";
Y
B must be in +z axis.
- - -
gqE +qV xB =0
E =VB
E _3x10*

B ==

V = 5x10° =5x107°T
X

Question9?2

A particle of charge q and mass m is moving with a velocity —vi(v # 0)
towards a large screen placed in the Y-Z plane at a distance d. If there

is a magnetic field® = Boﬁ, the minimum value of v for which the particle
will not hit the screen is:

[Sep. 06, 2020 (I)]

Options:

qd B,
3m

A.

2qd B,
m

B.

qd B,
m

C.

qd B,
2m

D.

Answer: C

Solution:



In uniform magnetic field particle moves in a circular path, if the radius of the circular path is 'r', particle will not hit the
screen.

]
1
]
]
'
LY
*
LY
.

ﬁﬁﬁﬁﬁ .
“—F>
mv [ - mv? ]
TS, LT T
Hence, minimum value of v for which the particle will not hit the screen.
gB,d
VvV =
m
(]
Question93

A charged particle carrying charge 1nC is moving with velocity
(2? + 3] + 4k ) ms~'. If an external magnetic field of

(5? + 3] - Gﬁ) x 1073T exists in the region where the particle is moving

then the force on the particle isF x 10”°N . The vector F is:
[Sep. 03, 2020 (1]

Options:

A. —0.301 + 0.32] — 0.09k
B. —301 + 32 — 9k

C. —3001 + 320j — 90k

D. -3.01 +3.2] — 0.9k
Answer: A

Solution:

[ Given: g =1pC =1 x10"°C

V = (27 +37 +4k)m/s and

ﬁ PaN PaN /N

B=1(51+3] —6k) x107°T |

- - - /1\ 3\ /1;

F=qlVxBl=10%x107 | 5 3 4
5 3 -6

= (=307 +32] —9k) x10™°N
“F = (=307 + 32§ - 9k)



Question94

A beam of protons with speed 4 x 10°ms™~! enters a uniform magnetic

field of 0.3T 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~ %"kg, charge of the proton = 1.69 x 10~'°C)
[Sep. 02, 2020 (I)]

Options:
A. 2cm
B. bcm
C. 12cm
D. 4cm

Answer: D

Solution:

Solution:
Pitch = (vcos0)T and T = 25
qB

- Pitch = (V cos 0)22R
qB

1.67 x 107%7

= 4cm
1.69 x 10‘19)

- 5 0y 2T
= (4 x 10°cos 60 )0'3

Question95

The figure shows a region of length '1 ' with a uniform magnetic field of
0.3T 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, '1 'is close to (mass of

proton = 1.67 x 10_27kg, charge of the proton = 1.6 x 10 %C)

6057

—> | L e—
[Sep. 02, 2020 (I1)]

T

Options:
A.0.11m



B. 0.88m
C.0.44m
D. 0.22m

Answer: C

Solution:
Solution:

. . . _ 2mm
Time period of one revolution of proton, T = ﬁ
Here, m = mass of proton
q = charge of proton
B = magnetic field.

Linear distance travelled in one revolution,
p = T (vcosB)( Here ,v = velocity of proton )
.. Length of region,1 = 10 x (vcos0)T
=] =10 X vcos60° x 2om
qB

] = 20mmv _ 20 x3.14 x1.67 x 107" x 4 x 10°

qB 1.6 x 1079 % 0.3
=] = 0.44m

L]

Question96

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 wit speed v under the influence of magnetic field B. The magnetic

moment of this moving particle :
[Sep. 06, 2020 (ID)]

Options:
2—)
B
A. mv
2B?
—_
_msz
2mB?
2—)
mv°B
C - B2
2—)
B
D _mv
2B?
Answer: D

Solution:



+tq

Length of the circular path, 1 = 2nr

=9 - 9v
Current, i T = omr
Magnetic moment M = Current X Area

=ixmr = L x or?
2
M = %q.v.r
Radius of circular path in magnetic field, r = %

. _1 mv _ mv*
M = 2qV>< B =>M = 5B
- -

Direction of M is opposite of B therefore

Y
1\—4’ _ -mv’B

2B*

(By multiplying both numerator and denominator by B ).

Question97

A wire A, bent in the shape of an arc of a circle, carrying a current of 2
A and having radius 2 cm and another wire B, also bent in the shape of
arc of a circle, carrying a current of 3 A 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 :

[Sep. 04, 2020 (I)]

Options:
A.4:6
B.6:4
C.2:5
D.6:5

Answer: D

Solution:



; . — _ _ o _ 30
Given: 1, =2A,R, =2cm, 0, =2n— 5 = =~

2° 72
I 5o

I,=3A Ry=4cm, 0y =2n-5 =3
Usi tic field, B = Mol
sing, magnetic field, B = 7

30
ﬁ=I_A 9R _2X7X4=§
By 1 GR 3x2Myxp O

3

]

Question938

Magnitude of magnetic field (in SI units) at the centre of a hexagonal
shape coil of side 10cm, 50 turns and carrying current I (Ampere) in

units of 2 is:
[Sep. 03,2020 (D1

Options:
A. 250V3
B. 50v3

C. 500V3

D. 5vV3

Answer: C

Solution:

Solution:

«—x—>

Magnetic field due to one side of hexagon B =

(sin30° + sin 30°)

\/
a2t
-2 d) -
2\/3a 2V3am

Now, magnetic fleld due to one hexagon coil

Bol
B=6Xx—

2V3an
Again magnetic field at the centre of hexagonal shape coil of 50 turns,
B=50x6x—20 [+a=10 _g1m
2v3an 100



or, B = % = 500\/§%
Question99

A square loop of side 2a and carrying current I is kept is 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-axis will be :

[Sep. 06, 2020 (ID)]

Options:

21,1 %a’
A —5

211, %a’b
" m(a® + b?)
u,I %a’b

" 2m(a’ + b?)

1,1 2,2
D. 21b

Answer: B

Solution:

Solution:

Y
Afon

!/_ L S
L Y
Ya
r
b1 A\ F
Fcosh
| | “
| | R E
P o | a i
Feosh
r= \/b2 + a?
I
Force, F = Bl 2a = o' 1 x2a
21r
I%a
Force, F = Ho

nyb? + a’



Torque, T = F | X Perpendicular distance =F cos x 2a

12
o b s0a
nyb*+a’* |b?+a?
21,1 *a’b
= = 5 5
a(a® + b“)
2n.1%a2
Ifb>>athent= Ho
b
Question100

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 :

[Sep. 05,2020 (I)]

Options:

1l 2,2
A. 21b

1,1 %a®

B. 2mb?

21,1 %a’®
ub

2p,1 %a’

b?

D.

Answer: C

Solution:

Solution:
Torque on the loop,

5> 5 o
T=M xB=MBsin6 =MBsin90°
ol

Magnetic field, B = >d

Bl ,
2ud

21,11 21,1 %a®
— 00172 o 22 0

nd nd

aT =1 1(2a)2( ) sin90°

Question101

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 :



>
N

P Lo Lo

-
-
-
-

[Sep. 02, 2020 (II)]

Options:

i)
a2

S

A. abl, along (

w|f— ?
s||PT'>

ml|w>
~——— N —

B. v2ablI, along

mlf‘ >

C. V2abl, along (

D. abl, along (\7]?+%)

Answer: B

Solution:

Solution:
Magnetic moment of loop ABCD,
M, = area of loop x current

- ~

M, = (abl )(j ) (Here ,ab = area of rectangle)
Magnetic moment of loop DE F A,

—_ ~

M, = (abl)( 1)

Net magnetic moment,

- - - - ~ ~
M=M,+M,=>M =abl(i+])

_ i,k
S|M| = \/2abI( +\/2

Question102

A galvanometer of resistance G is converted into a voltmeter of ragne
0 — 1V by connecting a resistance R, in series with it. The additional

resistance R, in series with it. The additional resistance that should be
connected in series with R, to increase the range of the voltmeter to 0
-2V will be:

[Sep. 05, 2020 (I)]

Options:



A. G

B. R,
C.R, -G
D.R, +G

Answer: D

Solution:
Solution:
Galvanometer of resistance (G) converted into a voltmeter of range 0 — 1V
R]
—(G)—wWww—
ig

V=1= ig(G +R) ... (i)
To increase the range of voltmeter 0 — 2V

—G)—wWww—wwn—

Rl RZ
2= ig(R1+R2+G) ....... (ii)
Dividing eq. (i) by (ii),

1 G+R,
S —= —
2 G+R, +R,
-G +R, +R, = 2G + 2R,

Questionl103

A galvanometer is used in laboratory for detecting the null point in
electrical experiments. If, on passing a current of 6maA it produces a
deflection of 2°, its figure of merit is close to :

[Sep. 05, 2020 (I1)]

Options:

A. 333°A / div.

B. 6 x 107°A / div
C. 666°A / div.

D. 3 x 107°A / div

Answer: D

Solution:

Solution:

Given,

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



Figure of merit of galvanometer

=I§= 6x210_3 =3x10%A/div
Questionl104

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

[NA Sep. 03, 2020 (ID]

Answer: 20

Solution:

Solution:

Given.

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

=
Torque T = ‘M X B‘ = N iABsin(90°) = NiAB

NiA  500x05x3x1074

Question105

A proton and an a -particle (with their masses in the ratio of 1: 4 and
charges in the ratio 1: 2 ) are accelerated from rest through a potential
difference V. If a uniform magnetic field (B) is set up perpendicular to
their velocities, the ratio of the radii r  : r, of the circular paths

descrfibed by them will be:
[12 Jan 2019, 1]

P

Options:
A.1:V2
B.1:2
C.1:3
D.1:v3
Answer: A

Solution:



Radius of the circular path will be r = %

=r = ‘/ZI(I;% (“p=mv=vV2mKE)
“KE = qAV

or= V2mgAV or o \/m
gB q

1
V2

i 'L;j'-s

Questionl106

In an experiment, electrons are accelerated, from rest, by applying a
voltage of 500V . Calculate the radius of the path if a magnetic field
100mT is then applied.

[Charge of the electron = 1.6 X 10" ¢

Mass of the electron = 9.1 x 10'31kg]
[11 Jan 2019, I]

Options:
A.7.5%x10%m
B. 7.5 x 10™%m
C.7.5m

D.7.5x 10 *m

Answer: D
Solution:
Solution:
Radius of the path (r) is given by r = %’
_ V2mk,.. Y v
r=—C8 (“p = mv = vV2mk)
_ V2mV (+k = eV)
eB
e 2x9.1x107% 00
e eV B 16x10 1 000
B 100 x 1073
9.1 -10
——x 10
_ V016 3 4
r= o =7 10
=7.5%10"*m
[ ]
Question107

The region between y = 0 and y = d contains a magnetic field B =Bz A
particle of mass m and charge q enters the region with a velocity v = vi.



ifd = 2“;{—;, the acceleration of the charged particle at the point of its

emergence at the other side is :
[11 Jan 2019, II]

Options:

A, B 1'1\_@’})

"m \2 2J

@(@¢ P)
B. - 21+2

@(ﬁ)
C. m V2

D. (BONUS)

Answer: D

Solution:

Solution:
Assuming particle enters from (0, d )

_mv g _r
r_qB'd 2

(0,d)

>

/2

C
(- (=5

this option is not given in the all above four choices

Questionl108

As shown in the figure, two infinitely long, identical wires are bent by
90° and placed in such a way that the segments LP and QM are along
the x -axis, while segments PS and QN are parallel to the y -axis. If

OP = 0Q = 4cm, and the magnitude of the magnetic field at O is 107'T,
and the two wires carry equal currents (see figure), the magnitude of
the current in each wire and the direction of the magnetic field at O will

be (1, = 4m x 107'N A™?):



I
0Q
> ¢ &
L P M X
v
N

"'[12 Jan 20109, I]
Options:

A. 20 A, perpendicular out of the page
B. 40 A, perpendicular out of the page
C. 20 A, perpendicular into the page
D. 40 A, perpendicular into the page

Answer: C

Solution:

Solution:
Let | be the current in each wire. (directed inwards)
Magnetic field at ' O ' due to LP and QM will be zero.
i.e., By = Bpg + By
. . _ Mol Bl
. Net magnetic field B, = Ind + Ind
1 Bl 2x1077 xi
or10 = 5md 4x 10°2
i = 20A and the direction of magnetic field is perpendicular into the plane

Question109

A current loop, having two circular arcs joined by two radial lines is
shown in the figure. It carries a current of 10 A. The magnetic field at
point O will be close to:



1= 10A
[9 Jan. 2019 I]

Options:
A.1.0x107T
B.1.5x107'T
C.1.5x107°T
D.1.0 x 107°T
Answer: D

Solution:

Solution:

1=10A
There will be no magnetic field at O due to wire PQ and RS
Magnetic field at ' O ' due to arc QR

4n 1,
Magnetic field at ' O ' due to are PS

II
_wlg) !
4n r,
. Net magnetic field at ' O’

By 1 1
B=-2(m/4)x 10 -
4n [ (3x1072%) (5x107%)

.
=>‘B| =Zx107°T = 1x107°T




Questionl110

One of the two identical conducting wires of length L is bent in the form
of a circular loop and the other one into a circular coil of N identical
turns. If the same current is passed in both, the ratio of the magnetic
field at the central of the loop (B,) to that at the centre of the coil (B.),

ie. E— will be:
[9 Jan 20109, II]
Options:

A. N

=
Z 2~

N

o 0
Z|~

Answer: D

Solution:

Loop @ @ Coll

L=2nR L= N><2nr

R=Nr=r= N
Pl BNi pONi BN %
BLoop = ﬁ Bcoﬂ or ( R ) = 2R
2N
Bo_ 1
B N?
Questionl1l1l

An infinitely long current carrying wire and a small current carrying
loop are in the plane of the paper as shown. The radius of the loop is a
and distance of its centre from the wire is d (d > > a). If the loop applies
a force F on the wire then:



[9 Jan. 2019 I]
Options:
A.F =0

$)

e 5)

B.F « |

D.F = (g)
Answer: D

Solution:

5%~ +m

—m
Force on one pole,
Bol

2nVd?+x°
Total force, F ., = 2F sin©

Bl m x
2nVd?+a? {d?+a?
_ Bhylmx

m(d? + a®)
Magnetic moment, M = Ima=mx 2

F =m X

=2 X



Bl a’®
or, Total force, F, ., = 2% +a%)

bl a’
2d?

["d > > a]

2
< A
total d 2

Clearly F

Questionl12

The galvanometer deflection, when key K, is closed but K, is open,
equals theta, (see figure). On closing K, also and adjusting R, to 5Q,

the deflection in galvanometer becomes % The resistance of the
galvanometer is, then, given by [Neglect the internal resistance of

battery]:
K, R,
— }—MM—
R, =220Q
)
pt
| 1t ()
l(l
[12 Jan 2019, I]
Options:
A. 5Q
B. 22Q
C. 25Q
D. 12Q
Answer: B
Solution:
Solution:
When key K, is closed and key K, is open
. E .
lg = m = C@O ...... (|)
g
When both the keys are closed
. E 5 _C6,
1 = X = ——
g SR (R, +5) 5
( 220 + d ) g
5+R,
L5 _CS%
225Rg + 1100 5
E _ .
T‘F:Rg = CGO ........ (I)

Dividing (i) by (ii), we get



225R_+ 1100
= 1100 +5R,
=5500 + 25R, = 225R  + 1100
200R_ = 4400
R, = 220

Questionl113

A galvanometer, whose resistance is 50 ohm, has 25 divisions in it.

When a current of 4 x 10”% A passes through it, its needle (pointer)
deflects by one division. To use this galvanometer as a voltmeter of
range 2.5V, it should be connected to a resistance of :

[12 Jan 2019, II]

Options:

A. 250 ohm
B. 200 ohm
C. 6200 ohm
D. 6250 ohm

Answer: B

Solution:
Solution:
Galvanometer has 25 divisions Ig =4x10"*x25=10"2A
1
G g
b
—MWW——MWW—
% 259W
V= Ianet
vV = Ig(G + R)

2.5 =(50+R)1072 ..R = 200Q

Questionl14

A galvanometer having a resistance of 20 Q and 30 division on both
sides has figure of merit 0.005 ampere/division. The resistance that
should be connected in series such that it can be used as a voltmeter
upto 15 volt, is:

[11 Jan 2019, II]

Options:
A. 100 Q



B. 120 Q
C. 80 Q
D. 125 Q

Answer: C

Solution:

Solution:

Deflection current

=1g,,,=nxk=0.005x%30

Where, n = Number of divisions = 30 and k = 0.005amp/division
=15%x10"%=0.15

v = Ig[20 + R]

15 = 0.15[20 + R]

100 =20+ R

R =80Q

Questionl15

A galvanometer having a coil resistance 100 Q gives a full scale
deflection when a current of 1 mA is passed through it. What is the
value of the resistance which can convert this galvanometer into a
voltmeter giving full scale deflection for a potential difference of 10 V?
[8 Jan 2019, II]

Options:
A. 10 kQ
B. 8.9 kQ
C. 7.9 kQ
D. 9.9 kQ

Answer: D

Solution:

Solution:
Given,
Resistance of galvanometer, G = 100Q Current, iy = 1ImA

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 = ig(G + R)

210 =1 x 107%(100 + R,)

=10000 — 100 = 9900Q = R,

=R, = 9.9kQ

Questionl16



A proton, an electron, and a Helium nucleus, have the same energy.
They are in circular orbits in a plane due to magnetic field
perpendicular to the plane. Let r, T, and ry  be their respective radii,

then,
[10 April 2019, I]

Options:

A.r, > I, =Ty,
B.r, < I, =Ty,
C.r,< I, < Ty,
D.r,> I, > Ty,
Answer: B

Solution:

Solution:
mv _ V2mK . E

qB qB
As:%mv2=K.E.

-»m?’ = 2mK . E

=>mv =vV2mK . E .]

For proton, electron and « -particle,

my, =4m and m,> >m,

Also ay, = 2q, and d, = d,

- As KE of all the particles is same then,

Asmvr=qvB=r =

Questionl117

Two very long, straight, and insulated wires are kept at 90° angle from
each other in xy -plane as shown in the figure.

y
4 d p ]—-x

—_—

These wirés carry currents of equal magnitude I, whose directions are
shown in the figure. The net magnetic field at point P will be:
[12 April 2019, I]



Options:
A. Zero

I PaN /N
B. _2pr(1)d(X+y)

+u.I (A
C. HO{’ (2)

I /A N
D. %(x + y)
Answer: A

Solution:
Solution:

- o

S
B=B,+B,

Questionl118

A thin ring of 10cm radius carries a uniformly distributed charge. The

ring rotates at a constant angular speed of 40 A rad s~ ! about its axis,
perpendicular to its plane. If the magnetic field at its centre is

3.8 x 107 °T, then the charge carried by the ring is close to
(n, = 4m x 107N / A?).
[12 April 2019, I]

Options:
A.2x107°C
B.3x107°C
C.4x107°C
D.7x1075C
Answer: B

Solution:

Solution:
If q is the charge on the ring, then



i=4d 99

T 2
Magnetic field,
B < Mo

2R

or3.8x10°° = (b qw _ (10-7)L40H

4n/ R 0.10
~q=3x10"°C

Questionl119

Find the magnetic field at point P due to a straight line segment AB of
length 6¢cm carrying a current of 5A. (See figure)

(n, = 4m x 107N - A™?)

Ay —>

6 cm

[12 April 2019, II]
Options:

A.2.0 x107°T

B.1.5x 107°T

C.3.0x 107°T

D.2.5x 107°T

Answer: B

Solution:



= h (sm(x + sinB)

4
Herer = \/52—32=4cm
a=p=37°

5

“B=10""x 72sin37° =1.5x 107°T

Question120

The magnitude of the magnetic field at the center of an equilateral
triangular loop of side 1m which is carrying a current of 10 A is :

[ Take p, = 4m x 107 'N A™?]
[10 April 2019, I1]

Options:
A. 18puT
B. 9uT
C. 3uT
D. 1pT

Answer: A

Solution:

31101 x ( (\/3) 9(1101)

411(%)
_9x2x107"x10
1

= 18uT

Questionl21



A square loop is carrying a steady current I and the magnitude of its
magnetic dipole moment is m. If this square loop is changed to a
circular loop and it carries the same current, the magnitude of the
magnetic dipole moment of circular loop will be :

[10 April 2019, II]

Options:

D. 4m

Answer: D

Solution:

Solution:
Let a be the area of the square and r be the radius of circular loop.

2Zir =4a=r = (ZH_a)

For square M = (I )a*
For circular loop M , = (I )mr?

M1=(I)(n)(4n—€;2)

M, = ZLIHa2
M, = %('.'M =1a%
Questionl122

Two wires A & B are carrying currents I, and I, as shown in the figure.

The separation between them is d. A third wire C carrying a current I is
to be kept parallel to them at a distance x from A such that the net force
acting on it is zero. The possible values of x are :

A B

I, A

d
[10 April 2019, I]



Options:

I

—_ —_ 2
A .x = (11+Iz)d
B.x= | —2 )d d —( )d
x= 751y and x (11_1)
—_ I2
C.x= T +I))d and x = ((I _12))d

D‘X= ii

Answer: D

Solution:
Solution:
A C B
I, v L
c X ;
< - %
d

As net force on the third wire C is zero.
=g 0 Bel,
“F = o Tama -0 °
Bl mol,
21'IX T 2n(x—d)
[ x-1,d=1Ix
I d
I,-1,
Two cases may be possible ifI, >T,0orI,>1,

X =

Question123

A rectangular coil (Dimension 5 cm X 2.5 cm) with 100 turns, carrying a
current of 3 A in the clock-wise direction, is kept centered at the origin
and in the X-Z plane. A magnetic field of 1 T is applied along X-axis. If
the coil is tilted through 45° about Z-axis, then the torque on the coil is:
[9 April 2019 I]

Options:
A. 0.38 Nm
B. 0.55 Nm



C.0.42 Nm
D. 0.27 Nm

Answer: D

Solution:

Solution:
T=MBsin45° = N (iA )Bsin4b5°
—100x3(5x2.5) x 1074 x 1 x%

=0.27N —m

Questionl24

A rigid square of loop of side ‘a’ and carrying current I, is lying on a
horizontal surface near a long current I, carrying wire in the same

plane as shown in figure. The net force on the loop due to the wire will
be:

N
Il

[9 April 2019 I]
Options:

1,1
A. Repulsive and equal to %

B. Attractive and equal to n,I,I,3m

1,1
C. Repulsive and equal to %

D. Zero

Answer: C

Solution:
Solution:

_b(ﬁ_ﬂ) _ Holil,
F= 2nla 2al *® T Tan

Question125



A circular coil having N turns and radius r carries a current I. It is held
in the XZ plane in a magnetic field B. The torque on the coil due to the
magnetic field is :

[8 April 2019 I]

Options:

Br’l

A TN

B. Bor’IN

Brr’l
C. N

D. Zero

Answer: B

Solution:

Solution:

- - -

7] = [0 x Blip = N1A]

= NIA x Bsin90°[A = nr?]
=1 =NIor’B

Questionl126

A galvanometer of resistance 100Q has 50 divisions on its scale and has
sensitivity of 20nA/ division. It is to be converted to a voltmeter with
three ranges, of 0 — 2V, 0 - 10 Vand 0 — 20 V. The appropriate circuit
todosois:

[12 April 2019, I]

Options:
A.

R, =2000 Q
R,=8000 Q

21 J0 720 i 5100004



R,=1900 Q
R,=9900 Q

Ry [ Ry | Ry

C.
R,=1900 Q
R,=8000 Q
27 101V 20 ¥ R;=10000 Q2
D.
R,=19900 Q
R\ Ry | B3| R,=99000Q
20V 10y 2V R;=1900Q
Answer: C
Solution:

i, =20 x 50 = 1000pA = 1mA
Using, V = ig(G + R), we have
2 =107%(100 + R,)

R, = 1900Q

when, V. = 10 volt

10 = 107%(100 + R, + R,)
10000 = (100 + R, + 1900)
~R, = 8000Q

Questionl127

A moving coil galvanometer, having a resistance G, produces full scale
deflection when a current I g flows through it. This galvanometer can be

converted into (i) an ammeter of range O to I (I, > I g) by connecting a
shunt resistance R, to it and (ii) into a voltmeter of range 0 to V
(V = GI ;) by connecting a series resistance R, to it. Then,

[12 April 2019, II]

Options:
A2 IO -1 RA _ I
ARARV—G(I—gg)andR—V—(T_gI—
— (2 Ry _ I g
B RARV G“ and R_V ( T_gl—g



R I
D.R,R, = G and 2 = 5

Answer: B

Solution:

Solution:
In an ammeter,
R
i =j —A
9 OR,+G
and for voltmeter,
V = ig(G + Ry) = Gi,
On solving above equations, we get

Question128

A moving coil galvanometer allows a full scale current of 10"* A. A
series resistance of 2M Q is required to convert the above galvanometer
into a voltmeter of range 0 — 5V. Therefore the value of shunt
resistance required to convert the above galvanometer into an ammeter
of range 0 — 10mA is :

[10 April 2019, I]

Options:
A. 500Q
B. 100Q
C. 200Q
D. 10Q

E. (Bonus)

Answer: E

Solution:

Solution:

v =iR+G)
=5=10"%2x 10%+x)
x = —195 x 10*Q

Question129

A moving coil galvanometer has resistance 50Q and it indicates full
deflection at 4 mA current. A voltmeter is made using this galvanometer



and a 5kQ resistance. The maximum voltage, that can be measured
using this voltmeter, will be close to:
[9 April 2019 I]

Options:
A. 40V
B. 15V
C. 20V
D. 10V

Answer: C

Solution:

Solution:
V =i (G+R) =4 x 107350 + 5000) = 20V

Questionl130

A moving coil galvanometer has a coil with 175 turns and area 1cm?. It

uses a torsion band of torsion constant 10~ °N — m / rad . The coil is
placed in a magnetic field B parallel to its plane. The coil deflects by 1°
for a current of 1mA. The value of B (in Tesla) is approximately:

[9 April 2019, II]

Options:
A.107*
B. 1072
c.107!

D. 1073

Answer: D

Solution:
Solution:
CO = N BiAsin 90°

_ I _ _
or 10 6(1—80) = 175B(10°%) x 10~*
B =107°T
Questionl131

The resistance of a galvanometer is 50 ohm and the maximum current



which can be passed through it is 0.002 A. What resistance must be
connected to it order to convert it into an ammeter of range 0 — 0.5A?
[9 April 2019, II]

Options:

A. 0.50hm
B. 0.002 ohm
C. 0.020hm
D. 0.2 ohm

Answer: D

Solution:

Solution:

. . . S
Using, i, = IS e
S
S+50
On solving, we get

_ 100

S—ﬁzo.ZQ

0.002 = 0.5

Question132

A particle having the same charge as of electron moves in a circular
path of radius 0.5cm under the influence of a magnetic field of 0.5T . If
an electric field of 100V / mmakes it to move in a straight path then the

mass of the particle is (Given charge of electron = 1.6 X 107 %C)
[12 April 2019, 1]

Options:

A.9.1 x 10 3kg
B. 1.6 x 10™?"kg
C.1.6 x 10™%kg
D. 2.0 x 10™%*kg

Answer: D

Solution:

Solution:
As particle is moving along a circular path

"R = IV
~R= qB
Path is straight line, then gqE = qvB

_ _E o
E-VB:V—B ........ (i)

From equation (i) and (ii)



o= gB’R _ 1.6 x 107! x (0.5)* x 0.5 x 1072
-E 100
~m = 2.0 x 10" **kg

Questionl133

An electron, moving along the x -axis with an initial energy of 100eV ,

enters a region of magnetic field B=(1.5%10"3T)k at S (see figure).
The field extends between x = 0 and x = 2cm. The electron is detected
at the point Q on a screen placed 8cm away from the point S. The
distance d between P and Q (on the screen) is:

(Electron's charge = 1.6 x 10_19C, mass of electron = 9.1 x 10'31kg)
g.) F Y

h
h 4

3cm

[12 April 2019, II]
Options:

A.11.65cm

B. 12.87cm

C.1.22cm

D. 2.25cm

Answer: B

Solution:

Questionl34

An electron, a proton and an alpha particle having the same kinetic
energy are moving in circular orbits of radii r, r,, r, respectively in a
uniform magnetic field B. The relation between r,, r, r, is :

[2018]



Options:
A.r, > r,=r
B.r, < r,=r
C.r, < r, <T,
D.r,<r,< r,
Answer: B

Solution:

Solution:

As we know, radius of circular path in magnetic field r =

V2K m,
B
v2Km
_ .
For proton, r,= —EeB ........ (ii)

For electron, r,=

. ticl _ V2Km, _ V2K 4m : V2Km/
or a particle, r = 0B = "B ="aB (iii)
~r, < r, =T, ('.'me < mp)

Question135

The dipole moment of a circular loop carrying a current I, is m and the
magnetic field at the centre of the loop is B,. When the dipole moment

is doubled by keeping the current current constant, the magnetic field
at the centre of the loop is B,. The ratio % is:
2

[2018]
Options:
A. 2
B.V3
C.V2

1
" V2

Answer: C
Solution:

I
Magnetic field at the centre of loop, B; = };LR

Dipole moment of circular loop ism = |A
m, =1.A=1.0R*{R = Radius of the loop }

If moment is doubled (keeping current constant)R be- comes V2R



m,=1.0(V2R)*=2.10R* =2m,
_ Bl
52 = 302R)
1,1

B, 2R _

—1_ =

B, Bl 2

2(V2R)

Question136

A Helmbholtz coil has pair of loops, each with N turns and radius R. They
are placed coaxially at distance R and the same current I flows through
the loops in the same direction. The magnitude of magnetic field at P,
midway between the centres A and C, is given by (Refer to figure):

2R ® t o
A P C
I< R >|

[Online April 15, 2018]

Options:

4N p,l

A. 53/2R

8N p, I
: 53 / ZR

4N p,l
" 5lI2R

8N I

D. 51/2R

Answer: B

Solution:

Solution:
Point P is situated at the mid-point of the line joining the centres of the circular wires which have same radii (R).

—_
The magnetic fields (B) at P due to the currents in the wires are in same direction.
Magnitude of magnetic field at point, P

By uNIR? _pNIR®  8u NI
- 213/2 - 5372 - 53/2R
2(R2+—) —_
4 8

Questionl137

A current of 1A is flowing on the sides of an equilateral triangle of side



4.5 x 10" °m. The magnetic field at the centre of the triangle will be:
[Online April 15, 2018]

Options:
A.4x10"°Wb/m?
B. Zero
C.2%x10"°Wb/m?
D.8x 10"°Wb / m?
Answer: A

Solution:

Solution:

Here, side of the triangle,1 = 4.5 x 10™%m, current, I = 1A magnetic field at the centre of the triangle' O 'B =7?
1

2d

From figure, tan60° = v3 =

1 4.5x10‘2)

d=—= .
AW 2v3

e Hol
Magnetic field, B = m(cos 6, + cos0,)

Putting value of mu = 4 x 10~7 and 0, and 0, we will get B= 4 x 10"°Wb / m?

Questionl138

A charge ( is spread uniformly over an insulated loop of radius r . If it is
rotated with an angular velocity w with respect to normal axis then the
magnetic moment of the loop is

[Online April 16, 2018]

Options:
1 2

A. 5qwr
4 2

B. 7qWr

3 2
C. Squr

D. qwr2



Answer: A

Solution:

Magneti t,p=1A= I (o
agnetic moment, p 2le(nr )

= _qr(.\) 2 = l 2
or, u 2nr(Hr ) 2qr w

Question139

In a circuit for finding the resistance of a galvanometer by half
deflection method, a 6 V battery and a high resistance of 11kQ are used.
The figure of merit of the galvanometer 60pA/division. In the absence of
shunt resistance, the galvanometer produces a deflection of 0 = 9
divisions when current flows in the circuit. The value of the shunt
resistance that can cause the deflection of 0/2, is closest to

[Online April 16, 2018]

Options:
A. 55Q

B.110Q
C. 220Q
D. 550Q

Answer: B

Solution:

Figure of merit of a galvanometer is the correct required to produce a deflection of one division in the galvanometer i.e.,

figure of merit = I@
- _E 1
I_R+G G—gKQ
1_ € xS 1__ &
2 g4 _GS S+G 2 R(S+G)+GS
G+S
S
© [ o
I 1/2
R R
] ]
| B | L
E E
11><103><%><102><270><10‘6
S = =110Q

o~ 15)



Question140

A galvanometer with its coil resistance 25Q requires a current of 1mA
for its full deflection. In order to construct an ammeter to read up to a
current of 2A, the approximate value of the shunt resistance should be
[Online April 16,2018]

Options:
A.2.5%x107%Q
B. 1.25 x 1073Q
C.2.5x1073Q

D.1.25x 107%Q

Answer: D

Solution:

Solution:
According to question, current through galvanometer,
I,=1mA
Current through shunt (I — 1) = 2A
Galvanometer resistance R, = 25Q

Resistance of shunt, S =7

|
—©

e AANAA——
[-Ig S
IRy = (I —1))S

-3
L = 107X 25

S=1.25%x1072%Q

Questionl41

A negative test charge is moving near a long straight wire carrying a
current. The force acting on the test charge is parallel to the direction
of the current. The motion of the charge is :

[Online April 9, 2017]

Options:

A. away from the wire

B. towards the wire

C. parallel to the wire along the current

D. parallel to the wire opposite to the current



Answer: B

Solution:

Solution:

The force is parallel to the direction of current in magnetic field,
hence F = g(v x B)

According to Fleming's left hand rule,

|

B®

A"
A &

we have, the direction of motion of charge is towards the wire.

Questionl142

In a certain region static electric and magnetic fields exist. The
magnetic field is given by B = BO(? + 27 - 4§) . If a test charge moving

with a velocity Vv = V0(3/i\ -+ Zﬁ) experiences no force in that region,

then the electric field in the region, in SI units, is :
[Online April 8, 2017]

Options:

A.E = —v,B, (37 - 27 — 4k)
B.E = —v,B, (7 + 7 +7k]
C.E =v,B,14] + 7%)

D.E = —v,B,(147 + 7k
Answer: D

Solution:

Solution:
N
According to question, as the test charge experiences no net force in that region i.e., sum of electric force |\F e, = qE

. - = .
and magnetic forces [Fm = q(v X B] will be zero.
Hence, F_+F =0

F,=-ql¥xB)
= —Byv, | (3T = § +2k) x (T +2] - 4k)]
= —Byv,l14] + 7k)



Question143

A uniform magnetic field B of 0.3 T is along the positive Z direction. A
rectangular loop (abcd) of sides 10 cm X 5 cm carries a current 1 of 12
A. Out of the following different orientations which one corresponds to
stable equilibrium ?

[Online April 9, 2017]

Options:
A.

Z

B d_c

| I

a b Y
B.




B
I
" a d Y
I C
X
Answer: C
Solution:
Solution:

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, N

£ ®
Outwards — — Inwards

Hence, (c) corresponds to stable equilibrium.

Questionl44

When a current of 5 mA is passed through a galvanometer having a coil
of resistance 15Q, it shows full scale deflection. The value of the
resistance to be put in series with the galvanometer to convert it into to
voltmeter of range 0 — 10V is

[2017]

Options:

A.2.535 x 10°Q
B. 4.005 x 10°Q
C. 1.985 x 10°Q
D. 2.045 x 10°Q

Answer: C

Solution:

Solution:

Given : Current through the galvanometer,

i,=5x107°A

Galvanometer resistance, G = 15Q

Let resistance R to be put in series with the galvanometer to convert it into a voltmeter.
V = ig(R + G)

10 =5 x 10*(R + 15)



~R =2000-15=1985 = 1.985 x 103Q

Question145

Consider a thin metallic sheet perpendicular to the plane of the paper
moving with speed 'v' in a uniform magnetic field B going into the plane
of the paper (See figure). If charge densities 0, and o, are induced on

the left and right surfaces, respectively, of the sheet then (ignore fringe
effects):

ty

S| |91

R |8

R |®8®B

R |

@R (202

). g

[Online April 10, 2016]
Options:
Ao = Ezo vB o, - eosz

B. 0, = EOVB, o, = —EOVB

2 9257
D. 0, =0,= EOVB
Answer: B

Solution:

Solution:

“F =qE and F = qvB

~E =vB

And Gauss's law in Electrostatics E = Sg
0

E =

o
—=vB=0=¢g,vB
0

0, =—0,

Question146

Two identical wires A and B, each of length '1°, carry the same current 1.



Wire A is bent into a circle of radius R and wire B is bent to form a
square of side a’. If B, and B are the values of magnetic field at the

centres of the circle and square respectively, then the ratio % is:
[2016]

Options:

AL

II
D. 16v2

Answer: B

Solution:
Solution:
Case (a):
BA—4HR><2H 41_11/21_I><21'[(.21'1R 1)

= Yol 2

= <20
Case (b) :

F

45°
a B,
,7!
/ajz
v
— h 1 : o : o

B =4 x 4H—a/2[sm45 + sin45°]

_ o I 2 _ Wl 64_8l o5, _
—4><4H><1 /8x\/§ = Il X\/§_4nl32\/2 [4a = 1]
JBa_ n?

By 8v2
Question147

A galvanometer having a coil resistance of 100 Q gives a full scale
deflection, when a current of 1 mA is passed through it. The value of the
resistance, which can convert this galvanometer into ammeter giving a



full scale deflection for a current of 10 A, is :
[2016]

Options:
A.0.1Q
B.3Q
C.0.01 Q
D.2Q

Answer: C

Solution:

Solution:

IgG=(I—-1Ig)s

21073 %100 =(10-10"3) x S
~S =0.01Q

Question148

A 50Q resistance is connected to a battery of 5V. A galvanometer of
resistance 100Q is to be used as an ammeter to measure current
through the resistance, for this a resistance r_ is connected to the

galvanometer. Which of the following connections should be employed if
the measured current is within 1% of the current without the ammeter
in the circuit?

[Online April 9,2016]

Options:

A.r, = 0.5Q in series with the galvanometer
B. ry = 1Q in series with galvanometer

C. r, = 1Q in parallel with galvanometer

D. ry = 0.5Q in parallel with the galvanometer.

Answer: D

Solution:
Solution:
_V_5
As we know, I = R =50 0.1
I"=0.099
When Galvanometer is connected
_ 100S _V
Req =50+ T650+5 = 1
100S _ 5

50

100+S 0.099



100S  _ _ 100S _
2T00+5S — 50.50 — 50 =100 +5S =0.5
=100S = 50 + 0.55 =299.55 = 50
=950 _
5= 99.05 0.50

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

Question149

To know the resistance G of a galvanometer by half deflection method, a
battery of emf V ; and resistance R is used to deflect the galvanometer

by angle theta. If a shunt of resistance S is needed to get half deflection
then G, R and S related by the equation:
[Online April 9, 2016]

Options:
A.S(R+G) =RG
B. 25(R + G) = RG
C.2G =S

D.2S5 =G

Answer: A

Solution:

Solution:

| <

According to Ohm's Law, I =

[ -V
9 R+G
where, Ig -Galvanometer current, G-Galvanometer resistance
R I(;

———— (G

Vv

GS
G+S

When shunt of resistance S is connected parallel to the Galvanometer then G =
vV
GS
R+
G+S

~I =

|1

|I

Equal potential difference is given by
I'G=0-1)S

I'(G+S)=1S

ﬁI_g= IS
2 G+S




v Vv S
= = X
2(R+G) R+ GS G+S
G+S

1
“2(R+G) R(G+S)+GS
SR(G +S) + GS = 2S(R + G)
-RG + RS + GS = 2S(R + G)
SRG = 2S(R + G) — S(R + G)
~RG = S(R + G)

wn

Questionl150

A proton (mass m ) accelerated by a potential difference V flies through
a uniform transverse magnetic field B. The field occupies a region of
space by width ' d '. If a be the angle of deviation of proton from initial
direction of motion (see figure), the value of sin a will be

o
777

[Online April 10, 2015]

Options:
Bd

B,/ gad
B'2 mV

B, _a_
C’d\/ZmV

9
D. Bd \/ 2mV
Answer: D

Solution:

Solution:
From figure, sina =d /R



2

And we know, % = qvB

sina = Bd \/% ['.‘qV = %mvzl

Question151

Two long current carrying thin wires, both with current I, are held by
insulating threads of length L and are in equilibrium as shown in the
figure, with threads making an angle ' 0 ' with the vertical. If wires have
mass A per unit length then the value of I is :

(g = gravitational acceleration )

[2015]

ttion)

[2015]

Options:

A 2 \/ 9L tan 0
2N
B.Z\/mtanG

Ho

C.sin® \/ _mAgL.

Hycos6

D. 2sin0 \/“—A%

B,cos6



Answer: D
Solution:
Solution:

Let us consider '1 ' length of current carrying wire. At equilibrium
T cosO = Agl

€—Lsin 0—>€¢—

a_ My I7T1 [..E_EZIXI
and T sin® = 2p2Lsing L1 ~ 4m2l sin®
Therefore, I = 2sinq \/ Bl

u,Cos q
L]
Question152

Two coaxial solenoids of different radius carry current I in the same
direction. 1?1 be the magnetic force on the inner solenoid due to the

outer one and 1?2 be the magnetic force on the outer solenoid due to the

inner one. Then :
[2015]

Options:

A. 1?1 is radially inwards and 1?2 =0
B. 1?1 is radially outwards and 1;)2 =0

= -
C.F,=F,=0

D. 51 is radially inwards and Ez is radially outwards
Answer: C

Solution:

Solution:
3

N
F,=F,=0
because of action and reaction pair

Question153



A rectangular loop of sides 10 cm and 5 cm carrying a current 1 of 12 A
is placed in different orientations as shown in the figures below :

(A)

I

we}
’\ -
& L%
p
A

8]
I '
< >
1
=1

I.-r
B
I
I

I
I
|
|
I

1)

5]
& ,, >V

If there is a uniform magnetic field of 0.3T in the positive z direction, in
which orientations the loop would be in (i) stable equilibrium and (ii)
unstable equilibrium?

[2015]

X
(B)
X
©
X
D)
X

Options:

A. (B) and (D), respectively
B. (B) and (C), respectively
C. (A) and (B), respectively
D. (A) and (C), respectively

Answer: A

Solution:

Solution:
- o
For stable equilibrium M | B
For unstable equilibrium M || (—B)

Questionl54

Two long straight parallel wires, carrying (adjustable) currentI, and I,



are kept at a distance d apart. If the force 'F' between the two wires is
taken as 'positive’' when the wires repel each other and 'negative’' when
the wires attract each other, the graph showing the dependence of F’,
on the productI I ,, would be :

[Online April 11, 2015]
Options:
A.

—

B.
F
T
O =]
C.
F
T
O
=1L
D.
F
T
ol L

Answer: A



Solution:

Solution:

[,1,= Positive

( attract )F = Negative

I,I, = Negative

(repell) F = Positive

Hence, option (a) is the correct answer.

Question155

A wire carrying current I is tied between points P and Q and is in the
shape of a circular arc of radius R due to a uniform magnetic field B
(perpendicular to the plane of the paper, shown by xxx ) in the vicinity
of the wire. If the wire subtends an angle 20, at the centre of the circle

(of which it forms an arc) then the tension in the wire is :
X X X XIX X

X
P X X X|x X X 2Q

)=
e

[Online April 11, 2015]
Options:

I BR
" 2sinb,

I BRO,
" sin@,

C.IBR

IBR
" sin6,

Answer: C

Solution:

Solution:

For small arc length

2T sin® = BIR26 (AsF =BILand L = RZ0)
T =BIR



Questionl156

The AC voltage across a resistance can be measured using a :
[Online April 11, 2015]

Options:

A. hot wire voltmeter

B. moving coil galvanometer

C. potential coil galvanometer
D. moving magnet galvanometer

Answer: B

Solution:

Solution:
To measure AC voltage across a resistance a moving coil galvanometer is used.

Questionl157

A positive charge 'q' of mass ' m ' is moving along the +x axis. We wish
to apply a uniform magnetic field B for time At so that the charge
reverses its direction crossing the y axis at a distance d. Then:

[Online April 12, 2014]

Options:

A.B="and At="4
qd \%

_ mv — nd
B.B—2qd and At = 5y

C.B=2and At =14
q 2v

d
D.B =2 and At = 4
qd

\%

Answer: C



Solution:

Solution:
The applied magnetic field provides the required centripetal force to the charge particle, so it can move in circular path of

G |
radius 5

N

II.
Time interval for which a uniform magnetic field is appliedAt = —

(particle reverses its direction after time A t by covering semi circle).
nd

At = —
2v

Questionl158

Consider two thin identical conducting wires covered with very thin
insulating material. One of the wires is bent into a loop and produces
magnetic field B,, at its centre when a current I passes through it. The

ratio B, : B, is:

[Online April 12, 2014]
Options:

A l1:1

B.1:3

C.1: 9

D.9:1

Answer: B

Solution:

Solution:
ponl

For loop B = 2a

I
where, a is the radius of loop. Then, B; = HZLa
Kol 2nA
25y ]
at the centre x = radius of loop
B =M 2x3x(1 /3)xm(a/3)? _ Hy-3l

2= 4_ 3 )
1 (a/3) a
By mel/2a
"B, 1,.3I/2a

B,:B,=1:3

Now, for coil B =

Question159



A conductor lies along the z -axis at —1.5 = z < 1.5m and carries a fixed
current of 10.0 A in —EZ direction (see figure). For a field

B =3.0 X 10_4e_°’2X3yT , find the power required to move the conductor

at constant speed tox =2.0m y = Om in 5 x 107 3s. Assume parallel
motion along the X-axis.

&
Z

”H§~cnll

T B hJ
2.0 _,//”‘4;=r

r'“\..-""”
—

[2014]

Options:
A. 1.57W
B. 2.97W
C. 14.85W
D. 29.7W

Answer: B

Solution:

Solution:

©
1I=10A

)

Work done in moving the conductor is,

2 2
W =[Fdx =J3.0x10% %% %x 10 x 3dx
0 0

2
=9x103[e %%dx
0

~9x1073
)

9x107°3 _
=02 x[1—-e %%
_9x1073x(0.33) _2.97x107°
- 2 - 2

Power required to move the conductor is, P = WT

-3
p_ _2.97x10 _— 207w
(0.2) x5 x 10

[—e02%2 4 1]




Question160

Three straight parallel current carrying conductors are shown in the
figure. The force experienced by the middle conductor of length 25cm
is:

I,=30A ,=20A

3cm 5cm

F 3
k4
h 4

I=10A
[Online April 11, 2014]

Options:

A. 3 x 107N toward right
B. 6 x 107*N toward right
C.9 x 107*N toward right
D. Zero

Answer: A

Solution:

Solution:

I,=30A I=10A L=20A

A 3cm A
A EEE—

5cm

I

h 4

P Q R
Also given; length of wire Q
= 25cm = 0.25m
Force on wire Q due to wire R
_1n-7 . 2%20x%x10
For=10 xWxO.ZS
=20 x 107°N (Towards left)
Force on wire O due to wire P
_1n-7 . 2%x30x10
Fop =10 ><—0‘03 x 0.25
=50 x 107°N (Towards right)
Hence, F . =F op — F or



=50x 10"°N =20 x 10™°N
=3 x 10”*N towards right

Questionl161

In the circuit diagrams (A, B, C and D) shown below, R is a high
resistance and S is a resistance of the order of galvanometer resistance
G. The correct circuit, corresponding to the half deflection method for
finding the resistance and figure of merit of the galvanometer, is the
circuit labelled as:

(A)

©

5 ﬂ
G-

L b

§x

bl (
|||| ()
[Online April 11, 2014]

Options:

RS

A. Circuit A with G = R=39)

B. Circuit Bwith G =S
C. Circuit CwithG =S

RS

D. Circuit D with G = R=3)

Answer: D



Solution:

Solution:
The correct circuit diagram is D with galvanometer resistance
G = RS

R-S

Question162

A particle of charge 16 X 10~ '°cC moving with velocity 10ms™’ along x -
axis enters a region where magnetic field of induction B is along the y -

axis and an electric field of magnitude 10*Vm™"! is along the negativez -
axis. If the charged particle continues moving along x -axis, the

magnitude of B is:
[Online April 23, 2013]

Options:

A. 16 x 10°W bm™?
B. 2 x 10°W bm ™2
C.1x 10°Wbm™?
D. 4 x 10°W bm™?

Answer: C

Solution:

Solution:
Since particle is moving undeflected

So, gz = qvB

4
=19 _ 10°wb/m?

_E
=B=3 =70

Questionl163

A parallel plate capacitor of area 60cm? and separation 3 mm is charged
initially to 90uC. If the medium between the plate gets slightly
conducting and the plate loses the charge initially at the rate of

2.5 x 107 8C / s, then what is the magnetic field between the plates?
[Online April 23,2013]

Options:
A.2.5x1078T

B.2.0x 10T



C.1.63 x 1071T
D. Zero

Answer: D

Solution:

Solution:
Magnetic field between the plates in this case is zero.

Questionl164

A current i is flowing in a straight conductor of length L. The magnetic
induction at a point on its axis at a distance % from its centre will be :

[Online April 22, 2013]
Options:
A. Zero

Ui

B'ZHL

Bl
C. V2L

4n,i
D. =°
Vv5uL

Answer: A

Solution:

Solution:
Magnetic field at any point lies on axial position of current carrying conductor B =0

Questionl165

Choose the correct sketch of the magnetic field lines of a circular
current loop shown by the dot ® and the cross®
[Online April 22, 2013]

Options:
A.

O, &




Answer: A

Solution:

Solution:
If magnetic field is perpendicular and into the plane of the paper, it is represented by cross ® and if the direction of the
magnetic field is perpendicular out of the plane of the paper it is represented by dot @.

Question166

An electric current is flowing through a circular coil of radius R. The
ratio of the magnetic field at the centre of the coil and that at a
distance 2v2R from the centre of the coil and on its axis is :

[Online April 9, 2013]

Options:
A.2V2
B. 27

C. 36
D.8

Answer: B

Solution:



Given : Radius = R

Distance x = 2V2R

Bcentre = ( 1 + X_22 ) 312 = ( 1 + (2\/§2R)2 ) 3/2
Baxis R R
=(9)%/% =27

Questionl167

A rectangular loop of wire, supporting a mass m, hangs with one end in

a uniform magnetic field B pointing out of the plane of the paper. A
clockwise current is set up such that i > mg / Ba, where a is the width of
the loop. Then :

X X
X
p
p 4

~ Yi ‘
& ¥ X

S < R
A mg

[Online April 23, 2013]

X X X

XX X X
XX X X
XX X X
X X X X

Options:

A. The weight rises due to a vertical force caused by the magnetic field and work is done on the
system.

B. The weight do not rise due to vertical for caused by the magnetic field and work is done on
the system.

C. The weight rises due to a vertical force caused by the magnetic field but no work is done on
the system

D. The weight rises due to a vertical force caused by the magnetic field and work is extracted
from the magnetic field.

Answer: C

Solution:

Solution:

Question168

This questions has Statement I and Statement II. Of the four choices
given after the Statements, choose the one that best describes into two
Statements.

Statement-I : Higher the range, greater is the resistance of ammeter.
Statement-II : To increase the range of ammeter, additional shunt needs
to be used across it.

[2013]



Options:

A. Statement-I is true, Statement-II is true, Statement-II is the correct explanation of
Statement-I.

B. Statement-I is true, Statement-II is true, Statement-II is not the correct explanation of
Statement-I.

C. Statement-I is true, Statement-II is false.
D. Statement-I is false, Statement-II is true.

Answer: D

Solution:

Statements | is false and Statement Il is true
I1gG
I -Ig
Therefore for I to increase, S should decrease, So additional S can be connected across it.

For ammeter, shunt resistance, S =

Question169

To find the resistance of a galvanometer by the half deflection method
the following circuit is used with resistances R, = 9970W, R, = 30W

and R; = 0. The deflection in the galvanometer is d . With R; = 107W
the deflection changed to %. The galvanometer resistance is

approximately:

i | < IaN
LN

R, R,

R,
[Online April 22, 2013]

Options:
A.107Q

B. 137Q

C. 107/ 2Q
D. 77Q

Answer: D



Questionl1l70

A shunt of resistance 1Q is connected across a galvanometer of 120Q
resistance. A current of 5.5 ampere gives full scale deflection in the
galvanometer. The current that will give full scale deflection in the
absence of the shunt is nearly :

[Online April 9, 2013]

Options:

A. 5.5 ampere
B. 0.5 ampere
C. 0.004 ampere
D. 0.045 ampere

Answer: D

Solution:

Solution:
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. Ig
_Is
ASly=57rs
_955x1
120+ 1

= 0.045 ampere

Questionl71

Proton, deuteron and alpha particle of same kinetic energy are moving
in circular trajectories in a constant magnetic field. The radii of proton,
deuteron and alpha particle are respectively Iy Tg and r_. Which one of

the following relation is correct?

[2012]

Options:

Ar =r =r
a p

d

B.r =r <r

o P d
C.1"0(>rd>rp
D.r =r, >r



Answer: B

Solution:

Solution:
The centripetal force is provided by the magnetic force

2
.mv° _mv . vm
..—R _qu=r_—Bq..rcx—q
Cor ot =\/mp_\/md Vm,

“Ty d_. « a, : 4 : a
=1:v2:1
Thus we have, T, =1,<Ty

Questionl172

This question has Statement 1 and Statement 2 . Of the four choices
given after the Statements, choose the one that best describes the two
Statements.

Statement 1 : A charged particle is moving at right angle to a static
magnetic field. During the motion the kinetic energy of the charge
remains unchanged.

Statement 2: Static magnetic field exert force on a moving charge in the
direction perpendicular to the magnetic field.

[Online May 26, 2012]

Options:
A. Statement 1 is false, Statement 2 is true.

B. Statement 1 is true, Statement 2 is true, Statement 2 is not the correct explanation of
Statement 1.

C. Statement 1 is true, Statement 2 is false.

D. Statement 1 is true, Statement 2 is true, Statement 2 is the correct explanation of Statement
1.

Answer: D

Solution:

Solution:

When a charged particle enters the magnetic field in perpendicular direction then it experience a force in perpendicular
direction.

i.e. F = Bqvsin®

Due to which it moves in a circular path.

Questionl73

A proton and a deuteron are both accelerated through the same
potential difference and enter in a magnetic field perpendicular to the
direction of the field. If the deuteron follows a path of radius R,



assuming the neutron and proton masses are nearly equal, the radius of
the proton's path will be
[Online May 19, 2012]

Options:

A. V2R
R

B. 73

C.

N[

D.R

Answer: B

Solution:

Solution:

As charge on both proton and deuteron is same i.e. 'e'
Energy acquired by both,

E =eV

For Deuteron.

Kinetic energy, %sz = eV [V is the potential difference ]

\/ 2eV
V= =
my

Butmy =2m

_ 26V _ eV
Therefore, v = \/ - \/ -
i = mv
Radius of path, R = B
Substituting value of 'v' we get
ev
ao V5
- eB
ev
R_ TV m
E = eB (|)
For proton :
%mv2 =eV
2eV
V= \/ m

2eV

m
Radius of path, R = mv. _ m

eB eB
R =v2 x %{[ From eq. (i) ]
- R
7
Questionl174

The magnetic force acting on charged particle of charge 2 nC in
magnetic field of 2T acting in y-direction, when the particle velocity is

(27 +35) x 10°ms ' is



[Online May 12, 2012]
Options:

A. 8N in z-direction

B. 8N in y-direction

C. 4N in y-direction

D. 4N in z-direction

Answer: A

Solution:

Solution:

- - -

F =q(v x B)
=2x107%[ (27 +37) x 10°x 2] |
=2X 4/1; = 8N in Z -direction.

Questionl75

The velocity of certain ions that pass undeflected through crossed
electric field E = 7.7kV / m and magnetic field B = 0.14T is
[Online May 7, 2012]

Options:
A.18km/s
B.77km /s
C. 55km /s
D.1078km /s

Answer: C

Solution:

Solution:

. _E _7.7x10° _
Asveloutyv—§— 014 =55km /s

Questionl76

A charge Q is uniformly distributed over the surface of non-conducting
disc of radius R. The disc rotates about an axis perpendicular to its
plane and passing through its centre with an angular velocity w. As a
result of this rotation a magnetic field of induction B is obtained at the
centre of the disc. If we keep both the amount of charge placed on the



disc and its angular velocity to be constant and vary the radius of the
disc then the variation of the magnetic induction at the centre of the
disc will be represented by the figure :

[2012]

Options:
A.

X —»

R —»

K —>

® —»

R =—»
Answer: A

Solution:

The magnetic field due to a disc is given as



_ BwQ . 1
= SR i.e.,, B« R

Questionl77

Currents of a 10 ampere and 2 ampere are passed through two parallel
thin wires A and B respectively in opposite directions. Wire A is
infinitely long and the length of the wire B is 2m. The force acting on
the conductor B, which is situated at 10cm distance from A will be
[Online May 26, 2012]

Options:
A.8x107°N
B.5x 107°N
C.8mx 107'N
D. 4 x 107'N

Answer: A

Solution:

Solution:
Force acting on conductor B due to conductor A is given by relation
_ pelIol
F= 2mr
1 -length of conductor B
r -distance between two conductors
-7
“F _4nx10 " x10x2x2 — 8x10°°N
2xmx0.1

Questionl78

The circuit in figure consists of wires at the top and bottom and
identical springs as the left and right sides. The wire at the bottom has
a mass of 10g and is 5cm long. The wire is hanging as shown in the
figure. The springs stretch 0.5 cm under the weight of the wire and the
circuit has a total resistance of 12Q. When the lower wire is subjected to
a static magnetic field, the springs, stretch an additional 0.3cm. The
magnetic field is



24V

Magnetic
field region

e

U

+—5cm—»

[Online May 12,2012]

Options:

A. 0.6T and directed out of page

B. 1.2T and directed into the plane of page
C. 0.6T and directed into the plane of page
D. 1.2T and directed out of page

Answer: A

Solution:

Solution:

Questionl1l79

An electric charge +q moves with velocity v = 3i +4j + k in an
electromagnetic field given by E=31+j+2kand B =i+ ] — 3k The y -
component of the force experienced by + ( is :

[2011 RS]

Options:
A. 11q
B. 5gq

C. 3qg

D. 2q

Answer: A

Solution:

Solution:
The charge experiences both electric and magnetic force .
Electric force, F, = qE
-5 o
Magnetic force, F = q( VvV X B)



- - -
.. Net force, F =qlE + v X B

=q 3i+j+2k+ 3 4 1
11 -3

—ql3T+ 5 +2k +1(=12=1) = j (=9 - 1) + k(3 — 4)]

k]

=ql3T+ 7 +2k-137 +10] -
—ql-107 +11] + k|

F, =11q)

Thus, the y component of the force

Questionl180

A current I flows in an infinitely long wire with cross section in the
form of a semi-circular ring of radius R. The magnitude of the magnetic
induction along its axis is:

[2011]

Options:

I
A o
2m°R

Bol
B. 2n0R

Bl
C. 4R

D, X!

R
Answer: D

Solution:

Solution:
Let R be the radius of semicircular ring. Let an elementary length d1 is cut for finding magnetic field. So, d1 = Rd 6.
Current in a small element, dI = %I

Magnetic field due to the element

_ Bo2dI _ 1l
dB = 4am R~ 2R
The component d B cos 6, of the field is cancelled by another opposite component.
Therefore,

n I
[sin6d 6 = Lo
0 n‘R

i |

B,.. = [dBsin® =

2m°R




Question181

Two long parallel wires are at a distance 2d apart. They carry steady
equal currents flowing out of the plane of the paper as shown. The
variation of the magnetic field B along the line X X' is given by
[2010]

Options:
A.

-

Answer: A

Solution:

Solution:
The magnetic field varies inversely with the distance for a long conductor. That is, B « %

so, graph in option (a) is the correct one.



Question1382

The magnitude of the magnetic field (B) due to the loop ABCD at the
origin (O) is :
[2009]

Options:

Bl (b—a)

A. 24ab

l’loI b-a
B. 4n ab

m_I
C. 7 —a)+p/3(a+Db)l

D. zero

Answer: A

Solution:

Solution:
The magnetic field at O due to current in DA is
_ BI
17 4ma
The magnetlc field at O due to currentin BC is

B, = :—"IB X5 directed vertically downwards )

The magnetic field due to current AB and CD at O is zero.
Therefore the net magnetic field is B = B; — B, (directed vertically upwards)

Bolm Wl I

41'[a6 4Hb 6

1 — Hol
( 5/ = 22ap®° "2

=X = (dlrected vertically upwards)

Question183

Due to the presence of the current I, at the origin:
[2009]

Options:

A. The forces on AD and BC are zero.

B. The magnitude of the net force on the loop is glvenby m J2(b—a)+p/3(a+b]

C. The magnitude of the net force on the loop is glvenby (b — a)

24ab
D. The forces on AB and DC are zero.

Answer: D



Solution:

Solution:
- - -
F =1 (1 X B)
—_
The force on AD and BC due to current I | is zero. This is because the directions of current element Id1 and magnetic

-
field B are parallel.

Question1384

A horizontal overhead powerline is at height of 4m from the ground and
carries a current of 100A from east to west. The magnetic field directly

below it on the ground is (p, = 41 X 10"’ TmA™")
[2008]

Options:

A.2.5x 107 T southward
B. 5 x 10° T northward
C.5 x 107° T southward

D. 2.5 x 10”7 T northward

Answer: C

Solution:
Solution:
The magnetic field is
B=102l _ 1974 2X100 _ 5, 967
4n r 4
W N

/ Ground

B

Current flows from east to west. Point is below the power line, using right hand thumb rule, the magnetic field is directed
towards south.

Question185

A charged particle with charge q enters a region of constant, uniform



and mutually orthogonal fields E and B with a velocity v perpendicular to

both E and B and comes out without any change in magnitude or
direction of v. Then
[2007]

Options:
A.V=BxE/E?

B.V=F x B /B

Solution:

Solution:
As velocity is not changing, charge particle must go undeflected, then
qE =qvB

E
SV = —

- -
E ><B| _ EBsin®f
2

Also, 2

B
_EBsin90° _E _ |2| =
M
Question186

A charged particle moves through a magnetic field perpendicular to its
direction. Then
[2007]

Options:

A. kinetic energy changes but the momentum is constant

B. the momentum changes but the kinetic energy is constant

C. both momentum and kinetic energy of the particle are not constant
D. both momentum and kinetic energy of the particle are constant

Answer: B

Solution:

Solution:

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, the tangential momentum will change at every point. But kinetic energy will remain constant as it is given by

%mv2 and v? is the square of the magnitude of velocity which does not change.



Question187

A long straight wire of radius a carries a steady current i.

The current is uniformly distributed across its cross section. The ratio
of the magnetic field at a/2 and 2a is

[2007]

Options:
A.1/2
B.1/4
C.4

D.1

Answer: D

Solution:

Solution:

Since uniform current is flowing through a straight wire, current enclosed in the ampere an path formed at a distance

rl( =%) is

, mr, 2
1= — X I )
IIa

where I is total current
Using Ampere circuital law,

= .
$§B.d1l =p,i
By X current enclosed
=B1 =
Path
X (_nr12 ) x I
LB _110 ma> By xIr
1= 21'[1'1 B 21'_[&2
Now, magnetic field induction at point
I
P, B, = Yo ) 1 _

20 (2a) 4ma




Question188

A current I flows along the length of an infinitely long, straight, thin
walled pipe. Then
[2007]

Options:

A. the magnetic field at all points inside the pipe is the same, but not zero
B. the magnetic field is zero only on the axis of the pipe

C. the magnetic field is different at different points inside the pipe

D. the magnetic field at any point inside the pipe is zero

Answer: D

Solution:

Solution:
=

—_
There is no current inside the pipe. From Ampere's circuital law § B. d1 = p,I
...I — 0
“B=0

Question1389

Two identical conducting wires AOB and COD are placed at right angles
to each other. The wire AOB carries an electric current I, and COD

carries a current I ,. The magnetic field on a point lying at a distance d
from O, in a direction perpendicular to the plane of the wires AOB and
COD, will be given by

[2007]

Options:

Hy

A. 2nd

2 2
(1,2+1,2)

1
1y 11+12)2
* 21 d

C.

D.

Answer: C

Solution:



The direction of magnetic field induction due to current through AB and CD at P are indicated as B, and B,. The magnetic

fields at a point P, equidistant from AOB and COD will have directions perpendicular to each other, as they are placed
normal to each other.

C B
Magnetic field at P due to current through AB,
_ Bl
17 2nd
Magnetic field at P due to current through CD
_ Bl
27 2nd

- Resultant field, B = | B,* + B,”

— B V2. 2 2
_\/ 2nd)(11+12)

or, B = 50 (1 41,912
Question190

In a region, steady and uniform electric and magnetic fields are present.
These two fields are parallel to each other. A charged particle is
released from rest in this region. The path of the particle will be a
[2006]

Options:

A. helix

B. straight line
C. ellipse

D. circle
Answer: B

Solution:

The charged particle will move along the lines of electric field (and magnetic field). Magnetic field will exert no force. The
force by electric field will be along the lines of uniform electric field. Hence the particle will move in a straight line.

Questionl191



A long solenoid has 200 turns per cm and carries a current i. The
magnetic field at its centre is 6.28 x 10~ > Weber /m°. Another long
solenoid has 100 turns per cm and it carries a current ;. The value of

the magnetic field at its centre is
[2006]

Options:

A. 1.05 x 10”% Weber/m *
B. 1.05 x 10~°> Weber /m*
C. 1.05 x 10™> Weber /m*
D. 1.05 x 10~ * Weber /m?

Answer: A

Solution:

Solution:
Magnetic field due to long solenoid is given by B = pnl

In first case B, = pyn;I,;
In second case, B, = pyn, I,

By _ BoMoly

B, nengi;

i

. B, _ 100 x 3

6.28 x 1072 200 x1i

-2
=B, = % —1.05x10*Wb / m’
(]

Question192

A charged particle of mass m and charge q travels on a circular path of
radius r that is perpendicular to a magnetic field B. The time taken by
the particle to complete one revolution is

[2005]

Options:

A 2Hq2B

m

2nmqg
B. 5

21Im
C.°3®

D. 21qgB
m

Answer: C

Solution:



Equating magnetic force to centripetal force,

2
g = qvB sin 90°
ﬁ%: Bg=v= Bar

Time to complete one revolution,
2nr _ 2mm

T==="3

Question193

A uniform electric field and a uniform magnetic field are acting along
the same direction in a certain region. If an electron is projected along
the direction of the fields with a certain velocity then

[2005]

Options:

A. its velocity will increase

B. Its velocity will decrease

C. it will turn towards left of direction of motion
D. it will turn towards right of direction of motion

Answer: B

Solution:

Solution:
Due to electric field, it experiences force and accelerates i.e. its velocity decreases.

Question194

Two concentric coils each of radius equal to 2ncm are placed at right
angles to each other. 3 ampere and 4 ampere are the currents flowing in

each coil respectively. The magnetic induction in Weber /m? at the
centre of the coils will be (p, = 4 x 100"Whb/A. m)

[2005]
Options:
A.107°
B.12 x 1075
C.7x107°2

D.5x 107°

Answer: D



Solution:

(1

(2)

The magnetic field due to circular coil (1) is
JBol_omgi, _Byx3x10°

'2r 202mx107%) 4m
Magnetic field due to coil (2)
Total magnetic field

— Hol, _Bpx4x 10’
> 202mx 1079 4m
Total magnetic field, B = B, + B,”
_ 2
= 1o 5x%x10

=B =10"" x5 x 10?
=B =5x10""Wb/m?

Question195

In the circuit, the galvanometer G shows zero deflection. If the batteries

A and B have negligible internal resistance, the value of the resistor R

will be -
00 O

0
9,

llru

=1

12V TR R

[2005]
Options:
A.100Q
B. 200Q
C. 1000Q
D. 500Q

Answer: A

Solution:



L [3%]

Q
fx% ®
1
2v
IZV] éR i
10 _ 1

12 =2 = (500Q)i =i = — = —

500 50
o 12 1
Again, 1= =567 R =50
=500+ R =600
=R =100Q
Question196

A moving coil galvanometer has 150 equal divisions. Its current
sensitivity is 10 -divisions per milliampere and voltage sensitivity is 2
divisions per millivolt. In order that each division reads 1 volt, the
resistance in ohms needed to be connected in series with the coil will be
[2005]

Options:

A.10°

B. 10°

C. 9995

D. 99995

Answer: D

Solution:

Solution:
Resistance of Galvanometer,
_ Current sensitivity _ 10 _
= —— =G = — =5Q
Voltage sensitivity 2

Here i, = Full scale deflection current = g = 15mA
V = voltage to be measured = 150 volts

(such that each division reads 1 volt)

=R=&_3—5 = 9995Q
15x 10
Question197

A current i ampere flows along an infinitely long straight thin walled
tube, then the magnetic induction at any point inside the tube is
[2004]

Options:



T
A. 4—0 2 tesla
11 r

B. zero

C. infinite
D. % tesla
Answer: B

Solution:

Solution:
From Ampere's circuital law
- -
/B.dl =y,
=B x 2nr = pi
Here i is zero, forr < R, whereas R is the radius
“B=0

Question198

A long wire carries a steady current. It is bent into a circle of one turn
and the magnetic field at the centre of the coil is B. It is then bent into
a circular loop of n turns. The magnetic field at the centre of the coil
will be

[2004]

Options:
A. 2nB
B.n’°B
C.nB

D. 2n°B

Answer: B

Solution:
Solution:

i
Magentic field at the centre of a circular coil of radiusR carrying currentiis B = }21_0R

The circumference of the first loop = 2nR. If it is bent into n circular coil of radius r'.
n X (2ur’) = 2nR
=snr=R..... (1)

New magnetic field, B =

From (1) and (2)
,_nppi.n o,
B = o =n‘B

Sp




Question199

The magnetic field due to a current carrying circular loop of radius 3
cm at a point on the axis at a distance of 4 cm from the centre is 54 uT.
What will be its value at the centre of loop?

[2004]

Options:
A. 125 pT
B. 150 uT
C. 250 pT
D. 75 pT

Answer: C

Solution:

Solution:
The magnetic field at a point on the axis of a circular loop at a distance x from centre is,
poia2
2(X2 + a2)3/2
Magnetic field at the centre of loop is
,_ Bl
T 2a
B = B. (XZ ‘232)3/2
a
Putx =4 &a=3

. 54(5%)
=B = 3o 2> s = 250uT

Question200

Two long conductors, separated by a distance d carry current I, and I,

in the same direction. They exert a force F on each other. Now the
current in one of them is increased to two times and its direction is
reversed. The distance is also increased to 3d . The new value of the
force between them is

[2004]

Options:

2F
A =55

B.

w|™

C. -

N

F

D. -

w|™

Answer: A



Solution:

Force acting between two long conductor carrying current,
- th 1Ly
T 4m d
Where d = distance between the conductors

1 = length of conductor
. By2(2I)1,
In second case, F’ = ~Io 3d

From equation (i) and (ii), we have
. E = __2

“F 3

1 ... (ii)

Question201

A particle of mass M and charge Q moving with velocity v describe a
circular path of radius R when subjected to a uniform transverse
magnetic field of induction B. The work done by the field when the
particle completes one full circle is

[2003]

Options:

A. (MTVZ ) 2nR
B. zero

C. BQ2nR

D. BQv2noR
Answer: B

Solution:

Solution:

The work done, dW = Fdscos6

The angle between force and displacement is 90° Therefore work done is zero.
x b x

Question202



If an electron and a proton having same momenta enter perpendicular
to a magnetic field, then
[2002]

Options:

A. curved path of electron and proton will be same (ignoring the sense of revolution)
B. they will move undeflected

C. curved path of electron is more curved than that of the proton

D. path of proton is more curved.

Answer: A

Solution:

Solution:

When a moving charged particle is subjected to a perpendicular magnetic field, then it describes a circular path of radius.
- b

r= B

where q = Charge of the particle

p = Momentum of the particle

B = Magnetic field

Here p, g and B are constant for electron and proton, therefore the radius will be same

Question203

The time period of a charged particle undergoing a circular motion in a
uniform magnetic field is independent of its
[2002]

Options:
A. speed
B. mass
C. charge

D. magnetic induction

Answer: A

Solution:

Solution:

The time period of a charged particle of charge g and mass m moving in a magnetic field (B) isT = zél—én

Clearly time period is independent of speed of the particle.

Question204



If in a circular coil A of radius R, current I is flowing and in another coil
B of radius 2R a current 21 is flowing, then the ratio of the magnetic
fields B, and B, produced by them will be

[2002]
Options:
A1l

B. 2

C.

N|+—

D. 4

Answer: A

Solution:

Solution:
Magnetic field induction at the centre of current carrying circular coil of radius r is

Question205

If a current is passed through a spring then the spring will
[2002]

Options:

A. expand

B. compress

C. remains same
D. none of these

Answer: B
Solution:
Solution:

When current is passed through a spring then current flows parallel in the adjacent turns in the same direction. As a
result the various turn attract each other and spring get compress.




Question206

Wires 1 and 2 carrying currents i, and i, respectively are inclined at an

angle theta to each other. What is the force on a small element d1 of
wire 2 at a distance of r from wire 1 (as shown in figure) due to the
magnetic field of wire 1?

[2002]

Options:

1,
A. r1 i,d1 tan®6

21

B.h

2r[r1112d 1 sin®

C. l;rl 12d1 cos O

2

D. 4Hr1112d1 sin ©

Answer: C

Solution:

i
Magnetic field due to current in wire 1 at point P distant r from the wire isB = Z—ﬁ%[cos@ + cos 9]
_ by i, cos®

T 2o T
This magnetic field is directed perpendicular to the plane of paper, inwards.
The force exerted due to this magnetic field on current element i, d1 is
dF =1i,d1'Bsin90°
~dF =i,d1B
cos 9
~dF =idl ( By, c0s9 )

_ By
= 2Hr1112d1 cos O




