Chapter 12: Magnetism

EXERCISES [PAGES 227 - 288

Exercises | Q 1. (i) | Page 227

Choosethe correct option.
Let r be the distance of a pointon the axis of a bar magnet from its center. The
magnetic field at r is always proportional to
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1
not necessarily — at all points
r

SOLUTION

Let r be the distance of a pointon the axis of a bar magnet from its center. The
magnetic field at r is always proportional to 1/r3

Exercises | Q 1. (ii) | Page 227
Choosethe correct option.
Magnetic meridian is the plane
1. perpendiculartothe magnetic axis of Earth
2. perpendicularto geographic axis of Earth
3. passing through the magnetic axis of Earth
4. passingthrough the geographic axis

SOLUTION
Magnetic meridian is the plane passing through the magnetic axis of Earth.

Exercises | Q 1. (iii) | Page 227
Choosethe correct option.
The horizontal and vertical component of magnetic field of Earth are same at someplace
on the surface of Earth. The magnetic dip angle at this place will be
1. 30°
2. 45°
3. 0°
4. 90°
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SOLUTION
45°

Explanation:

B tan®
— = Tan
Bu

Ltan®@ = 1= @ = 45°

Exercises | Q 1. (iv) | Page 228
Choosethe correct option.
Inside a bar magnet, the magnetic field lines
1. are notpresent
2. are parallel to the cross-sectional area of the magnet
3. are in the direction from N poleto S pole
4. arein the direction from S poleto N pole

SOLUTION

Inside a bar magnet, the magnetic field lines are in the direction from S pole to N
pole.

Exercises | Q 1. (v) | Page 228
Choosethe correct option.
A place where the vertical components of Earth's magnetic field is zero has the angle of
dip equalto
1. 0°
2. 45°
3. 60°
4. 90°

SOLUTION
0'3
Explanation:

"1'.'.'
— = tan®
By

As,By=0tan® =0=0=0°
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Exercises | Q 1. (vi) | Page 228
Choosethe correct option.
A place where the horizontal component of Earth's magnetic field is zero lies at
1. geographic equator
2. geomagnetic equator
3. one of the geographic poles
4. one of the geomagnetic poles

A place where the horizontal component of Earth's magnetic field is zero lies at one of
the geomagnetic poles.

Exercises | Q 1. (vii) | Page 228
Choosethe correct option.
A magnetic needle kept nonparallel to the magnetic field in a nonuniform magnetic field
experiences
1. aforce butnotatorque
2. atorque butnot a force
3. both aforce and atorque
4. neitherforce nor a torque

SOLUTION
Both a force and a torque

Exercises | Q 2. (i) | Page 228

Answer the following question in brief.

What happensif abar magnetis cutinto two pieces transverse to its length/along its
length?

SOLUTION

1. When a magnet is cut into two pieces, then each piece behaves like an independent magnet.
2. When a bar magnet is cut transverse to its length, the two pieces generated will behave as independent
magnets of reduced magnetic length. However, the pole strength of all the four poles formed will be the same

as that of the original bar magnet. Thus, the new dipole moment of the smaller magnets will be,
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3. When the bar magnet is cut along its length, the two pieces generated will behave like an independent magnet
with reduced pole strength. However, the magnetic length of both the new magnets will be the same as that of

the original bar magnet. Thus, the new dipole moment of the smaller magnets will be
— -\ — —
m; = (qm)l(? 1 ):mz = (am)> (2 1 )
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Exercises | Q 2. (ii) | Page 228
Answer the following question in brief.
Whatis the unitof Magnetic Intensity?

Sl unit: weber/m2 or Tesla.

Exercises | Q 2. (iii) | Page 228

Answer the following question in brief.

What could be the equation for Gauss' law of magnetism, if a monopole of pole strength
p is enclosed by a surface?

SOLUTION

i. According to Gauss's law of electrostatics, the net electric flux through any Gaussian surface is proportional to

the net charge enclosed in it. The equation is given as,

— q
= [ E.dS=—
80

ii. Similarly, if a monopole of a magnet of pole strength p exists, the Gauss' law of magnetism in S.I. units will be

given as,

= —
CDB:[B.dS — lop

Exercises | Q 3. (i) | Page 228

Answer the following question in detail.
Explain Gauss's law for magnetic fields.

SOLUTION
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i. Analogous to the Gauss' law for the electric field, the Gauss' law for magnetism states that the net magnetic flux

—+ —
(Pp) through a closed Gaussian surface is zero. ®p = / B.dS=0

ii. Consider a bar magnet, a current-carrying solenoid, and an electric dipole. The magnetic field lines of these

three areas shown in figures.
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i. Theareas (P)and (Q) are the cross-sections of three-dimensional closed
Gaussian surfaces. The Gaussian surface (P) does not include poles while the
Gaussian surface (Q) includes the N-pole of a bar magnet, solenoid, and the
positive charge in case of an electric dipole.

ii.  The number of lines of force entering the surface (P) is equal to the number of
lines of force leaving the surface. This can be observed in all three cases.

iii.  However, the Gaussian surface (Q) of the bar magnet, enclose the north pole. As
even a thin slice of a bar magnet will have both north and south poles associated
with it, the number of lines of Force entering the surface (Q) is equal to the
number of lines of force leaving the surface.

iv.  For an electric dipole, the field lines begin from a positive charge and end on a
negative charge. For a closed surface (Q), there is a netoutward flux since it
does include a net (positive) charge.

v. Thus,accordingto Gauss’ law of electrostatics

vii. Thus, according to Gauss' law of electrostatics

®e = [ E.dS = —, where g is the positive charge enclosed.
20
viii. The situation is entirely different from the magnetic lines of force. Gauss’ law of magnetism can be written as @p

- =
= [ B.dS=0.

From this, one can conclude that for electrostatics, an isolated electric charge exists but an isolated magnetic
pole does not exist.
Exercises | Q 3. (ii) | Page 228

Answer the following question in detail.
How does the magnetic declination vary with latitude? Where is it minimum?

SOLUTION

Magnetic declination varies with location and over time. As one moves away from the
true north the declination changes depending on the latitude as well as the longitude of
the place. By convention, declination is positive when the magnetic north is east of true
north, and negative when itis to the west. The declineis small in India. It is 0° 58" west
at Mumbaiand 0° 41’ east at Delhi.

Exercises | Q 3. (iii) | Page 228
Answer the following question in detail.
Define the Angle of Dip.

SOLUTION
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Angle made by the direction of the resultant magnetic field with the horizontal at a place
is inclination orangle of dip (®) at the place.

Exercises | Q 3. (iv) | Page 228

Answer the following question in detail.

What happensto the angle of dip as we move towards magnetic pole from magnetic
equator?

At the magnetic pole value of ® = 90° and it goes on decreasing when we move
towards equator such that at equator value of ® = 0°.

Exercises | Q 4. (i) | Page 228

Solve the following problem.

A magnetic pole of a bar magnet with a pole strength of 100 A m is 20 cm away from

the centre of a bar magnet. The bar magnet has a pole strength of 200 A m and hasa
length of 5 cm. If the magnetic pole is on the axis of the bar magnet, find the force on

the magnetic pole.

SOLUTION

Given that, (q,)1 = 200 Am and
2)=5cm=5x%x10"%m

*m =200 x5 x 1072 = 10 Am?

For a bar magnet, magnetic dipole moment is,
m = gy, (2)

For a point on the axis of a bar magnet at distance, r = 20 cm = 0.2 m,
L 2m

= 0.25 x 1073
= 25 x 10”4 Wb/m?

The force acting on the pole will be given by,

F =0y Bs=100x25x 107
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=25x 1072 N
The force acting on the magnetic pole due to the bar magnet is 2.5 x 1072 N.

Exercises | Q 4. (ii) | Page 288

Solve the following problem.
A magnet makes an angle of 45° with the horizontal in a plane making an angle of 30°
with the magnetic meridian. Find the true value of the dip angle at the place.

Let the true value of dip be ®. When the magnetis kept 45° aligned with declination
30°, the horizontal component of Earth’s magnetic field.
B’H = BH cos 30° Whereas, the vertical componentremains unchanged.

.. For an apparent dip of 45°,
!

B'qrr B'il.’ B"I.,' ].
tan 45° = = — = X -
By By cos 30 By cos 30
But, real value of dip is,
B
tan @ = v
By
tan @
s tand5t = —
cos 30

- tan @ = tan 45° x cos 30°

- ® =tan"1 (0.866)

The true value of angle of dip is tan~1 (0.866).

Exercises | Q 4. (iii) | Page 228

Solve the following problem.

Two small and similar bar magnets have a magnetic dipole moment of 1.0 Am?2 each.
They are keptin a plane in such away that their axes are perpendicularto each other.
A line drawn through the axis of one magnet passes through the center of other magnet.
If the distance between their centers is 2 m, find the magnitude of the magnetic field at
the midpointof the line joining their centers.

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



Let P be the midpointof the line joining the centres of two bar magnets. As shown in
figure, P is at the axis of one bar magnet and at the equator of another bar magnet.
Thus, the magnetic field on the axis of the first bar magnetat distance of 1 m from the
centre will be,
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Hp 2m
B. = ——
T dx 13
107 « 2 % 13.[]
(1)

=2 x 10”7 Wh/m?

Magnetic field on the equator of second bar magnet will be,

Hp m
Boy = — —
®q A7 r3
1.0
=107 x —
(1)

=1 x 10”7 Wh/m?

The net magnetic field at P,

Bret = \ Bg + ng
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-/ (2x1077)2 4 (1x 107)?

-/ (1072 x (44 1)

= /5 x 1077 Wh/m?

Magnitude of net magnetic field at midpoint of line will be V5 x 1077 Wb/m?2.

Exercises | Q 4. (iv) | Page 228

Answer the following question in detail.

A circular magnet is made with its north pole at the centre, separated from the
surrounding circular south pole by an air gap. Draw the magnetic field lines in the gap.

SOLUTION

For a circular magnet:

v
Vars /I

of force

Aar Gap

Exercises | Q 4. (iv) | Page 228

Answer the following question in detail.

Draw a diagram to illustrate the magnetic lines of force between the south poles of two
such magnets.

SOLUTION

o Forsouth poles of such circular magnets facing each other:
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o For south poles of bar magnets facing each other:

5 G
) o

Exercises | Q 4. (v) | Page 228

Answer the following question in detail.

Two bar magnets are placed on a horizontal surface. Draw magnetic lines around them.
Mark the position of any neutral points (points where there is no resultant magnetic
field) on your diagram.

The magnetic lines of force between two magnets will depend on their relative positions.
Considering the magnets to be placed one beside the otheras shown in the figure, the
magnetic lines of force will be as shown.
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