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Exercise Solutions

Question 1: A long bar magnet has a pole strength of 10 Am. Find the magnetic field at a point on the
axis of the magnet at a distance of 5 cm from the north pole of the magnet.

Solution:

M = 10Am

r=5cm=0.05m=5x102m

and po = 1.257 x 10°® henry per meter

The magnetic field due to magnetic charge B:

B = po/4m x M/r

B = [1.257x10]/[4x3.142] x 10/[(5x102)?]

B=4x10*T

Question 2: Two long bar magnets are placed with their axes coinciding in such a way that the north
pole of the first magnet is 2.0 cm from the south pole of the second. If both the magnets have a pole

strength of 10 Am, find the force exerted by one magnet on the other.

Solution:
Let M1 and M; are two poles.

M1=M32=10 Am
andr;=2cm=2x10%2m

Now,
Force exerted by one magnet of the other F:

F= p.o/4T[ X |V|1|V|2/r2
F=[1.257x10%]/[4x3.142] x 10%/(2x102%)2
F=2.5x102N

Question 3: A uniform magnetic field of 0.20 x 1073 T exists in the space. Find the change in the
magnetic scalar potential as one moves through 50 cm along the field.
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Solution:
Given: B=0.20x 1073

andr=50cm=50x10"2m
Change in the magnetic scalar, AV
Here B = -dv/dI

dv=-Bdl

Integrate above equation, we get

Jdv =-B [dI
Fromrangeriton

So, AV =B x Ar=-0.20x 1073 x 50 x 1072
AV =-0.1x103

Question 4: Figure shows some of the equipotential surfaces of the magnetic scalar potential. Find the
magnetic field B at a point in the region.

Vv

Solution:

Change in potential =dv=0.1 x 10 Tm
Perpendicular distance = dx = 10 sin 30°=5x 102 m

Relation between the potential and the field:

B=-dv/dx=-[0.1x10%])/[5x 102 =-2x10*T

B is perpendicular to equipotential surface. It is at angle of 120 degree with the +ve x-axis.

Question 5: The magnetic field at a point, 10 cm away from a magnetic dipole, is found to be 2.0 x 10~

T. Find the magnetic moment of the dipole if the point is
(a) in end-on position of the dipole and
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(b) in broadside-on position of the dipole.

Solution:
Hered=10cm=10x102m

andB=2x107*T

(a) End-on-position:

B = po/4nt x 2M/d3

2 x 107 = [1077 x 2M]/[(10x1072)3]
M=1A-m?

(b) Broadside-on-position:

B = po/4nt x M/d?

2 x 107 = [1077 x M]/[(10x1072)3]

M =2 A-m?

Question 6: Show that the magnetic field at a point due to a magnetic dipole is perpendicular to the
magnetic axis if the line joining the point with the centre of the dipole makes an angle of tan™! (v2)

with the magnetic axis.
Solution:
Let 8 = tan™! (v2)

tan ® = (V2) ortan? @ =2, can also written as cot 8 = tan6/2

Also, we know tan8/2 =tan a
Equating above equations, we have
tan a = cot 6 =tan(90° — 0)
or a=90-6

or 8 + o =90°

The magnetic field at a point due to a magnetic dipole is perpendicular to the magnetic axis. Hence

Proved.
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Question 7: A bar magnet has a length of 8 cm. The magnetic field at a point at a distance 3 cm from
the centre in the broadside-on position is found to be 4 x 107 T. Find the pole strength of the magnet.

Solution:
Length of the magnet=2I=8cm=8x102m

Distance of observation point from the centre of dipole =d =3 cm

Magnetic field due to the dipole on the equatorial point:

y M x2l

B=—xX 3
an (d2+12)z
Mx(2x4x107%)

[(9x107%) + (16 x 107%)]

4x10°°=10"7x

3
2

M = 6.25%10"24m?

Question 8: A magnetic dipole of magnetic moment 1.44 A m? is placed horizontally with the north
pole pointing towards north. Find the position of the neutral point if the horizontal component of the
earth’s magnetic field is 18 uT.

Solution:
Here M = 1.44 Am?

We know that for a magnetic dipole with its pole facing north, the neutral point is always in the
broadside position.

Magnetic field due to the dipole at the broadside-on position:

B = poM/4nd3

18 x 10° = [107 x 1.44]/d3

d=0.2m=20cm

Question 9: A magnetic dipole of magnetic moment 0.72 A m? is placed horizontally with the north

pole pointing towards south. Find the position of the neutral point if the horizontal component of the
earth’s magnetic field is 18 uT.

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

BY J U.S HC Verma Solutions for Class 12 Physics Chapter 14 Permanent
m Magnets

The Learning App

Solution:

We know that for a magnetic dipole with its pole facing north, the neutral point is always in the
broadside position.

B = wo(2M)/4nd3

18 x 10 = [107x0.72]/d3

d=0.2m=20cm

Question 10: A magnetic dipole of magnetic moment 0.72v2 A m? is placed horizontally with the north
pole pointing towards east. Find the position of the neutral point if the horizontal component of the

earth’s magnetic field is 18 pT.

Solution:
Horizontal component of the earth’s magnetic field = By = 18 uT = 18x10° T

We know, B = poM/2mnd3?

At any point, B = By

=> 18 x10°=[107x 0.72v2]/d?
d=0.2m=20cm

Question 11: The magnetic moment of the assumed dipole at the earth’s centre is 8.0 x 1022 Am?.
Calculate the magnetic field B at the geomagnetic poles of the earth. Radius of the earth is 6400 km.

Solution:

We know, B = po (2M)/4nd?

B = [107 x 2 x8x102]/[(64)3x10%5]
B=6x10°T

Question 12: If the earth’s magnetic field has a magnitude 3.4 x 10~ T at the magnetic equator of the
earth, what would be its value at the earth’s geomagnetic poles?

Solution:
Magnetic field at the magnetic equator=B;=3.4x 10> T

Since the point on the magnetic equator is at the equatorial position of the earth's magnet, the
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magnetic field is at the equatorial point:
We know, B = po (2M)/4nR3
3.4x10°=[107 x M]/R3

M =3.4x10%R3

Now, magnetic field at the pole,

B2 = Ho (2M)/4nd?

B, =107 x [2x3.4 x 102 R3]/R3
B,=6.8x10°T

Question 13: The magnetic field due to the earth has a horizontal component of 26 uT at a place where
the dip is 60°. Find the vertical component and the magnitude of the field.

Solution:

The magnetic field due to the earth has a horizontal component = By = 26 uT = 26x10° T

and 6 = 60 degrees

For horizontal component:

Bu = B cos 60°

26x10°%=B/2

=>B=52x10°T

OrB =52 uT

Question 14: A magnetic needle is free to rotate in a vertical plane which makes an angle of 60° with
the magnetic meridian. If the needle stays in a direction making an angle of tan%(2/v3) with the

horizontal, what would be the dip at that place?

Solution:
Angle made by the magnetic meridian with the plane of rotation of the needle = 6 = 60°.

Let 61 be the angle made by the needle with the horizontal.
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So, 6; =tan™(2/v3)

If & is the angle of dip, then tan &; =tan § /cos 6
tan & = tan 61 (cos 0)

tan 6§ = tan (tan™}(2/v3)) (cos 60°)

tan 6=2/V3x % =1/V3

or 6 =30°

Question 15: The needle of a dip circle shows an apparent dip of 45° in a particular position and 53°
when the circle is rotated through 90°. Find the true dip.

Solution:
Let 61 and &, be the apparent dips shown by the dip circle in the two perpendicular positions.

=>8;=45°and &6, =53°

Now,
True dip (8) is

Cot? § = Cot? 87 + Cot? 6, = Cot? 45° + Cot? 53°

Cot 6 =1.56

Or 6 = Cot(1.56) = 39° (approx.)

Question 16: A tangent galvanometer shows a deflection of 45° when 10 mA of current is passed
through it. If the horizontal component of the earth’s magnetic field is By = 3.6 x 10~ T and radius of

the coil is 10 cm, find the number of turns in the coil.

Solution:
Horizontal component of the earth’s magnetic field =By =3.6 x 10-5T

Radius of the coil=r=10cm=0.1m
Deflection shown by the tangent galvanometer, 6 = 45°

Current through the galvanometer = | = 10mA =10 x 103A = 103A
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Let us find the number of turn's in the coil:

wonl
By tan @ =
y tan o
Bytanf2r
or h=————
ol

_ 36x107° xtan45 x 2 x 0.1
B A x 1077 x 1072

n

n= 05723 x 103> =573
Question 17: A moving-coil galvanometer has a 50-turn coil of size 2 cm x 2 cm. It is suspended
between the magnetic poles producing a magnetic field of 0.5 T. Find the torque on the coil due to the
magnetic field when a current of 20 mA passes through it.
Solution:
Area of the cross section of the coil = A =4 cm?
Magnetic field strength due to the presence of the pole=B=0.5T
n = number of turns = 50
B=0.5T and 1=20mA=20X 103
Let T = torque experienced by coil placed in an external magnetic field:
t=ni(AxB) [Here A and B are vectors]
T =ni AB sin90°
1=50x20x103x4x10%x 0.5 = 2x10* N-m
Question 18: A short magnet produces a deflection of 37° in a deflection magnetometer in Tan-A
position when placed at a separation of 10 cm from the needle. Find the ratio of the magnetic moment

of the magnet to the earth’s horizontal magnetic field.

Solution:
Let M = magnetic moment of the magnet and By = earth's horizontal magnetic field.

By magnetometer theory, we have
for short magnet,
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M 4nx d* < tan

By M, 2d n

M 4 x 3.142 y (0.1)* 37
—_— b4 o
B, 4x3142x107  (2x0.1) "

M
— =0.5x0.75x1x10*
By

M
— =3.75%10°AM /T
BH

Question 19: The magnetometer of the previous problem is used with the same magnet in Tan-B
position. Where should the magnet be placed to produces a 37° deflection of the needle?

Solution:
Here,d=10cm=0.1m

For short magnet, 6 = 37°

M 4nx d* < tan
By M, 2d n
4 x 3.142 (0.1)*

— X Xt 37°
4x3142%x107  2x01) 0

=05x%x0.75x1x 10*

From the magnetometer theory in Tan-B position:
M/By = 3.75 x 10 Am?/T ..(1)

When | is very very small than d,
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M 41 2 2 i
— = —X(d*“+1°)2 Xtan @
By Lo

41
= —xd’ x (tand)
Ho

Using (1)
4 x 3.142

3.75x 10° = TX3102 <107 % d? x tan 37°

_ 3.75x% 103 x 1077
- 0.75

d3

d=0.07937 m=7.937 cm

Question 20: A deflection magnetometer is placed with its arms in north-south direction. How and
where should a short magnet having M/Bu = 40 A m?T~! be placed so that the needle can stay in any
position?

Solution:
Given: M/By =40 A m?T!

We know,

M 4Am  (d*-1%)?

— = —X—— X tan#@
By U 2d

For d >>>>>>>> |

M/Bh = 41t /o x d3/2

40 = [4x3.142]/[ 4x3.142x107] x d3/2

Ord=0.02m=2cm

Question 21: A bar magnet takes /10 second to complete one oscillation in an oscillation
magnetometer. The moment of inertia of the magnet about the axis of rotation is 1.2 x 107 kg m? and
the earth’s horizontal magnetic field is 30 uT. Find the magnetic moment of the magnet.

Solution:

Given: T =mn/10 second
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By=30uT=30x10°T
Moment of inertia = 1=1.2 x 10™* kg m?

Time period of a magnetometer:

T=2
T 'MB,

i 1.2 % 104

— =27

10 M % 30 X 10-6

(1 )2 1.2x10°%

\20/ T~ Mx30x10-6

_ 1.2x107*x 400

20 X 108 = 1600 Am?

Question 22: The combination of two bar magnets makes 10 oscillations per second in an oscillation
magnetometer when like poles are tied together and 2 oscillations per second when unlike poles are
tied together. Find the ratio of the magnetic moments of the magnets. Neglect any induced
magnetism.

Solution:

Let f1 and f, be the number of oscillations per second made by the combination of bar magnets with
unlike poles and like poles,

fi=10standf,=2s?

The frequency of oscillations in the magnetometer,

f=1/2rt x V[MBH/i]

When unlike poles are tied together, the effective magnetic moment = M= M1 + M;
When like poles are tied together, the effective magnetic moment = M= M; - M,

Now,
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i (MM,
)fZ M1+M2

(10)2 M, - M,
2) M, +M,

MI_M2+M1+M2_25+1
M, +M,-M, - M, 25-1

M, 26 13

M, 24 12

Question 23: A short magnet oscillates in an oscillation magnetometer with a time period of 0.10 s
where the earth’s horizontal magnetic field is 24 uT. A downward current of 18 A is established in a
vertical wire placed 20 cm east of the magnet. Find the new time period.

Solution:
Time period of oscillation = T; =0.10 sec

and By =24puT=24x10°T

Distance of wire from the magnet =d =20cm =0.2m
Downward current in the vertical wire =1 = 18A

When a wire (carrying current) is placed near the magnet, the effective magnetic field changes.
Now, the net magnetic field can be obtained by subtracting the magnetic field from the earth's
magnetic field due to the wire.

B =F, — !

B=By —on

24 % 10-6 — X 1077 x 18
i 2m % 0.2
=14 x 107°T

Let T be the time period of the coil. As "T" is inversely proportional to magnetic field:

T1/T2 = V[B/BH]
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where, T1 and T, be the time periods of the coil in the absence of the wire and in the presence the
wire respectively.

T, |B

T2 - BH

0.1 14 x 10~°

T, 24x 106
T, =0.076 s

Question 24: A bar magnet makes 40 oscillations per minute in an oscillation magnetometer. An
identical magnet is demagnetized completely and is placed over the magnet in the magnetometer. Find
the time taken for 40 oscillations by this combination. Neglect any induced magnetism.

Solution:
Let T: = 1/40 min

Find T

Given: I'=2|

We know, T1/T2 = V[I/I']

=>1/40T, =V(1/2)

T, =1/800

or T2 =0.03536 min

Now,

Time taken for 1 oscillation = 0.03536 min

Time taken for 40 oscillation = 40x0.03536 = 1.414 = 2min

Question 25: A short magnet makes 40 oscillations per minute when used in an oscillation
magnetometer at a place where the earth’s horizontal magnetic field is 25 uT. Another short magnet of
magnetic moment 1.6 A m? is placed 20 cm east of the oscillating magnet. Find the new frequency of
oscillation if the magnet has its north pole

(a) towards north and
(b) towards south.
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Solution:
Let vi1 = 40 oscillation/min
By =25uT

(a) towards north
Let v, be the new velocity.

_ 1 [MBy 1 |M(By—B)
Vi 2,?,’ ; andva=— iT

(1)=>
40 (25
V2 B 5
V2 = E— 17.88
V5

(b) towards south:

vi_ | Bu
v: [((By+ B)

40 [25

va |45
40

V2 =T=53.6656 osc/min
N
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