Moving Charges and Magnetism

Questionl

Two identical wires, carrying equal currents are bent into circular
coils A and B with 2 and 3 turns respectively. The ratio of the
magnetic fields at the centres of the coils A and B is
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Options:

Answer: A

Solution:

The length of the wire L is constant for both coils
Forcoil A,L = N4 x 2nR 4
For coil B,L = Np X 2nRp

NA X ZWRA:NBX 27TRB

NjsR4 = NpRp
R N
So, R—g Tj
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Magnetic field at the centre of coil A

_ moNaI
Ba= 2R,

Magnetic field at the centre of coil B

_ #olNpl
Bp = SR,
B HoN 4T
. . A 2RA
The ratio is Bs — Vgl

2Rp
Ba _Na Ry _ (Na Na\ [N\’
Bg Nz Ry, \Npg Nz) \ Ng
Ba_(2)_4
Bg \3) 9

The ratio of the magnetic fields at the centres of coils A and Bis 4 : 9.

Question2

A current of 4 A is passed through a square loop of side 5 cm made
of a uniform manganin wire as shown in the figure. The magnetic
field at the centre of the loop is

4A
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Options:

A.

22 501070 T

B.

3V2 4105 T
5

C.

62 -

22 x10°T

D.

Z€10

Answer: D

Solution:

4A
l'l
A 8
fz L 4 -
() - =
2 A

Vap =1 - Rypcp = IR 4p
= _[1><3R:IQ><R:>12:3II

Alsol; + I, =4 A (given)
= 4I1:4AOI'I1:1A

So, we have following situation,
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.". Magnetic field B at centre
= Byp+ Bc+ Bep — Bap

Here, Bap = Bpc = Bep

I
:Z—i-; X 2sinf [0 = 45°]

) 1 " 2
4w 25x10°2 0 /2

10~ 2 -
_107xv2 42 %1070 T
25 x 1072

And Bap = 3 x 4V2 x 107°
=122 x10°8T

Bere = 3 ¥ (4%5 X 10—6) _ (12\/5 x 10—6)
—0

Question3

A proton and an alpha particle moving with equal speeds enter
normally into a uniform magnetic field. The ratio of times taken by
the proton and the alpha particle to make one complete revolution in
the magnetic field is
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Options:

Answer: B

Solution:

When a charged particle moves in a magnetic field, the time it takes to make one full round (the time period)

is given by:
2
T= g—’:

Here, m is the mass of the particle, q is its charge, and B is the magnetic field. This means the time period
depends on the ratio of mass to charge (%).

To compare the time periods of a proton (7},) and an alpha particle (1},), use this ratio:

L _ ™ g
Ta My qp

An alpha particle has a mass four times that of a proton (m, = 4m,,) and a charge twice that of a proton (
do = 2qp).

Plug these values in:

L™ 2 L9 1
To 4my qp 4 2

This shows that the time taken by a proton is half that of the alpha particle. So, the ratio of their times is

Ty:Th=1:2

Question4

A solenoid of length 50 cm and radius 10 cm has two closely wound
layers of windings 100 turns each. If a current of 2.5 A is passing
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through the windings, the magnetic field (in 10 % T ) at a point 5 cm
from the axis is
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Options:
A.

2

B.

31.4

C.

4

D.

Zero

Answer: C

Solution:

Number of turns per unit length
N 200
n = f = W :400turns/m
B = ugnl

=47 x 1077 x 400 x 2.5
—4r x 10°4T

Question5

A magnetic field is applied in y-direction on an a-particle travelling
along z-direction. The motion of the a-particle will be
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Options:
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A. along X-axis

B. a circle in XZ-plane

C. acircle in Y Z-plane
D. a circle in XY -plane

Answer: B

Solution:

Given,

The a-particle is travelling along the x-direction, v = i
The magnetic field is applied in the y-direction, B = Bj
Thus, Lorentz force,

F = q(v x B)

A

F =2-e(vi) x (Bj)
F =2evBk [.ix]j=K]

The force is acting in the +z-direction.

This force is always perpendicular to both the velocity of the a-particle and the magnetic field. It will cause

the a-particle to move in a circular path. Therefore, the motion of the a-particle will be a circular path in the
X Z-plane, perpendicular to the direction of the magnetic field.

J"\Y

Al

A Pl

'\_n
N/
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Question6

A straight wire carrying a current of 24/2 A is making an angle of
45° with the direction of uniform magnetic field of 3 T . The force
per unit length of the wire due to the magnetic field is
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Options:

A.4Nm!

B. 8Nm !

C.6Nm *

D.3Nm ™!

Answer: C

Solution:

Given, B=3T

i=2V2A

0 = 45°
The force F' on a current carrying conductor is given by,
F =1IBsin6

Force per unit length,

% = IBsin6

£ =2v/2x 3 xsin45

T=2v2x3x =

NG

£ =6Nm™!
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Question7

An electron falling freely under the influence of gravity enters a
uniform magnetic field directed towards south. The electron is
initially deflected towards
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Options:

A. east

B. west

C. north

D. south

Answer: A

Solution:

Given,
Velocity of electron is downward.

Magnetic field along south.

As from Lorentz equation,
FMagnetic = Q(V : B)
Therefore the direction of F will be along (v x B).

Hence, by using right hand thumb rule for negative charge, the direction will be east.
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Question8

Two long straight parallel wires A and B separated by 5 m carry
currents 2 A and 6 A respectively in the same direction. The
resultant magnetic field due to the two wires at a point of 2 m
distance from the wire A in between the two wires is
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Options:

A.2x10°T

B.2x10'T

C.4x107T

D.4x10°T

Answer: B

Solution:

Current in wire A

2A 6A
P
@ - ee e {
2cm 3cm
AN AN

Wire A Wire B

= I4=2A

Current in wire B
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IB:6A

We have to find net magnetic field at point P.
Magnetic field due to wire A will be inward.

Magnetic field due to wire B will be outward.

Byet = Bp— By

Using Ampare's circuital law

_ Mota
BA - 27I'RA

BA — M0(2)

_ Mo Ho
Brnee =57 — o
po = 4m x 1077
BNt _47r><1()7

W =

Bynee atpoint P=2x10""T

Ko

2

Question9

A long straight rod of diameter 4 mm carries a steady current . The
current is uniformly distributed across its cross-section. The ratio of
the magnetic fields at distances 1 mm and 4 mm from the axis of the

rod is
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Options:
A.1:2
B.1:4
C.4:1

D.1:1
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Answer: D

Solution:
=
i
g \:‘0..4mrn
‘ élmm T
" .t : I e
-
L
Poor=2mm
Given,

Diameter = 4 mm
Current in wire = ¢

Magnetic field inside the pipe

Using Ampere's circuital law for P; loop

% BldL = ,U'OIenclosed

_ Hon _
B, = - [r1 = 1 mm|]
B =L£% [r = 2 mm of wire |
8m
For point P,
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%BQdL = ,u’UIenclosed

ot

B, = =4
27 9 x (72) [r2 mm|
By = g—ii

From Egs. (1) and (i1)

Question10

A straight wire of length 20 cm carrying a current of % A is bent in
the form of a circle. The magnetic field at the centre of the circle is
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Options:

A.3x10°°T

B.8x10°T

C.12x10°T

D.6x10°T

Answer: D

Solution:

Given,
Straight wire length, [ = 20 cm

Curent I = % A
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b %
F

I
Initial

Final

Length of wire = Circumference of circle

20 cm = 27r

_ 20 20x10~2
r = 35 Cm or =5

Magnetic field at the centre of circle

pol
B=—
2R

4T x 1077 x 3

)
2 % —2037170 X 2

A x 3 x 2w x 1077
2% 20 x 72 x 1072

—6x107°T

Questionl1

A circular coil carrying a current of 2.5 A is free to rotate about an
axis in its plane perpendicular to an external field. When the coil is
made to oscillate, the time period of oscillation is 7. If the current
through the coil is 10 A, the time period of oscillation is
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Options:

A <

B. T

C.2T
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T
D. T
Answer: A

Solution:

Initial current in loop I; = 2.5 A
Let m is magnetic moment of loop, B is external magnetc field.

Then time period of oscillation,

_ 1 [/mB
T= 2 I

or

— 1 /mB
T= 2T 2.5

Now, when current is 10 A

/1 mB
T = 54/ 97
or
1 [ _mB
2T 4%2.5

1 1 mB

2 2 2.5

Hence, T' = T/2

Question12

Two points A and B on the axis of a circular current loop are at

distances of 4 cm and 3+/3 cm from the centre of the loop. If the
ratio of the induced magnetic fields at points A and B is 216 : 125,
then radius of the loop is

TG EAPCET 2024 (Online) 9th May Evening Shift

Options:

A.3cm
B.4 cm
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C.5cm
D. 6 cm

Answer: A

Solution:

The magnetic field B is the circular coil is given as

el
T 2(r24a2)P?

Given, z; = 4 cm and z5 = 3v/3 cm

According to question,

Ir? .
B, = “0—3/2 .. ()
2(r2 + 42)
T 2
B, — L)
/2
2[r+ (3v3)?]
On dividing Egs. (i) by (ii), we get
26 plr® 207+ 27)%?
125 2(7,2 + 16)3/2 ,u,()IT’2

<9)3: (r2+27)%°

5 (r2 4 16)*/

o=

. <E> _ (r* +27)

5

ro]—

(r’ +16)
. 36 _r+2
25  r2+16

= 36 (r’+16) = 25 (r’ + 27)
=  36r’+ 576 = 25r° + 675

= 1172 =99
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Question13

Two charged particles A and B of masses m and 2m, charges 2¢ and
3q respectively moving with same velocity enter a uniform magnetic
field such that both the particles make same angle ( < 90° ) with the

direction of the magnetic field. Then, the ratio of pitches of the
helical paths of the particles A and B is
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Options:
A.4:3
B.3:2
C.3:4

D.2:3

Answer: C

Solution:

The pitch of a charged particle having charge ¢ and mass m is given by

2mm X vsin 0
r=--——

qB
1 2mmg X vsin 6 qB
re qB 2mmovsin 6
_@m
qima

3gxm 3
= =
2q X 2m 4
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Question14

A particle of charge 2 C is moving with a velocity of (3i + 4j)ms_1 in
the presence of magnetic and electric fields. If the magnetic field is

(i + 2j + 3k)T and the electric field is (—2k)NC~’, then the Lorentz
force on the particle is
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Options:
A.50N
B.20N
C.30N
D.40 N

Answer: C

Solution:

Charge, g = 2C

Velocity,

v = (3i + 4j)m/s
Magnetic field,

B = (i+2j+3k)T
Electric field,

E = (—2k)NC!

Lorentz force is given by

F =g¢(E + v x B)

-~

i j k

vxB=13 4 0
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—(12-0)i—(9-0)j+ (6 —4)k

v x B =12i — 9j + 2k

Thus, F = 2(—2k) + 2(12i — 9j + 2k)
F

— 24i — 18]+ (4 — 4)k

F

Magnitude of Lorentz force,

F| = /(24)2 + (-18)?

= V576 + 324
= v 900
IF| =30N
Questionl5

A rectangular coil of 400 turns and 102 m? area, carrying a current
of 0.5 A is placed in a uniform magnetic field of IT such that the

plane of the coil makes an angle of 60° with the direction of the
magnetic field. The initial moment of force acting on the coil in
N —mis
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Options:

A. V3

B.1/4/3

C.1
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D. v/3/2

Answer: C
Solution:

’ B

A
> i
10°
B . / N=400
/,/—/\’J C
D A

N = 400 turns

A=102m’T=05A

B=1T,0=(90°—60°) = 30°
As we know, 7 = NIBAsin6

7 =400 x 0.5 x 1 x 1072 x sin 30°

1

=400 x 0.5 x 1072 x 5

7 =200 x 0.5 x 10~
=20x5x1072=100 x 102

T1N-—-m
The initial moment of force acting on the coil in Nm is 1.

Get More Learning Materials Here : & m @\ www.studentbro.in



Question16

The magnetic field at a perpendicular distance of one metre from a
wire carrying current of 1 A is
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Options:

A.2x1077T

B.2x107°T

C.2x10°°T

D.2x10°°T

Answer: A

Solution:

To determine the magnetic field at a distance of one meter from a wire carrying a current of 1 ampere, we
apply the Biot-Savart law.

Given:

Distance, r = 1m

Current, I = 1A

The magnetic field at a perpendicular distance from a straight current-carrying wire can be calculated using
the formula derived from Biot-Savart's Law:

_ ol
B = 27r

where pg = 4w x 107 "H /m is the permeability of free space.
Calculation:
B=4nx100 » 1 =2x107"T

2w x1

Therefore, the magnetic field at a distance of one meter from the wire is 2 X 10T,
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Questionl17

A circular coil of area 2 cm? has 1000 turns. If the current through
the coil is 1 A, then its magnetic moment is
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Options:

A 4A—m?

B.0.2 A — m?

C.0.4A —m?

D.2 A —m?

Answer: B

Solution:

Given:

Number of turns, N = 1000

Area of the coil, A = 2cm? or 2 x 104 m?
Current through the coil, I = 1A

The magnetic moment (M) of a coil is calculated using the formula:

M=NxIxA
Substitute the given values:

M =1000x1x2x10"*
M=02A -m’

Therefore, the magnetic moment of the coil is 0.2 A - m’.
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Questionl8

A contjucting wire P() carries a current 10 A as shown in the figure.
ft is placed in a uniform magnetic field 5 T which is acting normally
outside from the paper. Then, the net force experienced by it is

Q
10 Al4 cm

4 cm 6cm

P
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Options:

A.0

B.5N

C.30N

D.20 N

Answer: B

Solution:

Given,

Wire PQ) carries current = 10 A
Magnetic field (uniform) =5 T
Which is normal to plane of paper.

Let PQ be a straight wire, then
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|APBO, PO*> = PB? + BV?]

PQ = PO+ 0Q
=5+5=10cm

Length of
Force experienced by wire in uniform magnetic field is given by
F = BILsin6
Here, 6 = 90°

[Plane and outward (normal) to plane]

F =5 x10 xsin90° x (0.1 m)
= F=5N

Question19

A long straight wire carries a current of 18 A . The magnitude of the
magnetic field at a point 12 cm from it is
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Options:
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A.15x107°T
B.2x10°T
C.3x10°°T
D.1.8x10°T

Answer: C

Solution:

Given:

Current in the long straight wire, I = 18 A

Distance from the wire where the magnetic field is measured, r = 12cm = 0.12m
To find the magnetic field using Ampere's law for a long straight wire:

§B-dl = pol

This simplifies to:

B = &l

27r
Substituting the known values into the equation:

_ (47x1077)x18
B = “—=013

Simplifying, we get:
B=3x10"°T

The magnitude of the magnetic field at a point 12 cm from the wire 1s 3 x 107°T.
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