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CHAPTERS5: MAGNETISM AND MATTER
NCERT EXERCISES

5.1 Answer the following questions regarding earth’'s magnetism:

,K’)(’ (a) A vector needs three quantities for its specification. Name the
three independent quantities conventionally used to specify the
earth’s magnelic field.

(b) The angle of dip at a location in southern India is about 18°,
Would you expect a greater or smaller dip angle in Britain?

(¢) If you made a map of magnetic field lines at Melbourne in
Australia, would the lines seem to go into the ground or come out
of the ground? E%’)

(d) In which direction would)'a”compass free to move in the vertical
pPlane point to, il',,,loéﬁt‘éa”right on the geomagnetic north or south
pole? A

(e) The eartl'_l_?.g field, it is claimed., roughly ap'pro:dmates the field
due & a‘dipole of magnetic moment 8 x 10%2 J T ! located at its
(fg',étjtré‘. Check the order of magnitude of this number in some

\“@\M&xy.
T}"\(f) Geologists claim that besides the main magnetic N-S poles. there
are several local poles;dﬁ‘:t_.he earih’'s surface oriented in different
directions. How_is“such a thing,possible at all?

5.2 Answer the following questions: .o
«f’ (a) The earih's mzigi:ietic‘”ﬁ'é}d varies from point io point in space.
x Does it also change with time? If so, on what time scale does it
change apprcciably? i >

(b) The earth’s core is knowrn”lo contain iron. Yel geologists do not
regard this as a source of the earth’s magnptjs(h'n. Why?

(c) The charged currents in. the outer andﬁé‘tjhg regions of the
earth’s core are thought to be resppnsiblé\fdr earth’'s magnetism.
What might be the ‘battery’ (i.e..-the\source of energy) to sustain
these currents? a .\ ']l 20

(d) The earth may have eveniteversed the direction of its field several
times during its historysof-4 to 5 billion years. How can geologists
know about the, earth’s field in such distant past?

(e) The earth’s ﬁe!d ‘departs from its dipole shape substantially at
large _distances” (greater than about 30,000 km). What agencies
may/be responsible for this distortion?

(f) Interstcllar space has an extremely weak magnetic field of the
order of 10 T. Car-l such a weak field be of any significant
consequence? Explain.

[Note: Exercise 5.2 is meant mainly to arouse Your curiosity. Answers
to some questions above are tentative or unknown. Brief answers
wherever possible are given at the end. For details, you should consult
a good text on geomagnetism.]

A short bar magnet placed with its axis at 30°
magnetic field of 0.25 T experiences a torque i

g e . of ma
4.5 x 1072 J. What is the magnitude of magnetic gnitude equal to

moment of the magnet?
.4 A shortl bar magnel of magnetic moment m = 0.32 JT! is pl f
uniform magnetic field of 0.15 T. If the bar is free to roltj i:cel 1nha
plane of the field, which orientation would correspond to it E; ‘)3 1t1 ';1 e
and (b) unstable equilibrium? What is the pPotential s (a) stable,
magnetl in each case? energy of the
5.5 A closely wound solenoid of 800 turns
2 . and area of
25 x 10 m? carries a current of 3.0 A Extlonn the senos i eeioh
the solenoid acts like a bar magnet. What is i e which
moment? ciated magnetic
5.8 If the solenoid in Exercise 5.5 is [ree (o turn
direction and a uniform horizontal magne
« ‘-..nLll(‘, ncl 0 b
whalt is thc‘ magnitude of torque on the solcnouhx::“(.)r.‘z;? 1 lfz applied,
an angle of 30° with the direction of applied Nela? s axis makes

with a uniform external

X 0 ‘xgl.
*

about the vertical
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5.7 A bar magnet of magnetic moment 1.5 J T lies aligned
;f— direction of a uniform magnetic field of 0.22 T. 123 with the
mount of work required by an external torque to

(a) What is the a
t so as to align its magnetic moment: (i) normal

turn the magne
to the field direction. (ii) opposite to the field direction?
(b) What is the torque on the magnet in cases (i) and (ii)?

5.8 A closely wound solenoid of 2000 turns and area of cross-section
1.6 x 10~* m?2, carrying a current of 4.0 A, is suspended through its
centre allowing it to turn in a horizontal plane.

(a) What is the magnelic momentl associated with L‘he _solcnoid?

(b) What is the force and torgue on he .Solenmd if a uniform
horizontal magnetic field.of>7<5 x 10 T is set up at an angle of
30° with the axis of,t_héjéble’noid?

5.9 A circular coil of 1,6-\’5_1.‘1'1':'_'11‘5'“ and radius 10 cm carrying a current of

g 0.75 A rests with fits 'plane normal to an external field of magnitude

* 5.0 x 102 TZThe coil is free to turn about an axis in its plane
perpenclicalar* io the field direction. When the coil is turmned slightly
and-teleased. il oscillates aboul ils stable equilibrium with a

(.s;fx‘:é;’éﬁ‘:gricy of 2.0 s~!'. What is the moment of inertia of the coil about
\Wits axis of rotation? o

5.10 A magnetic needle free-té rotate.in a vertical plane parallel to the
magnetic meridian-has its north tiprpointing down at 22° with the
horizontal. The horizontal component of the earth’s magnetic field
at the place is known' to.be 0.35 G. ‘Determine the magnitude of the

earth's magnetic field;at the place.

5.11 Al a certain location =-invAfric_a.._ra‘.' compass points 12° west of the
geographic north. The north-tip of the magnetic needle ol a dip circle
placed in the plane of magnetic meridian p’pi\n’ts\ 60° above the
horizontal. The horizontal component of the earth’s|field is measured

to be 0.16 G. Specify the direction and magnitide of the earth’s field

al the localion. /,r«:) AN
A e
A shorl bar magnet has a magnclib‘niéinan of 0.48 J T™'. Give Lhe

5.12
direction and magnitude oﬁ_thé“ﬁﬁég‘héiic field produced by the magnet
at a distance of 10 cm_from’the centre of the magnet on (a) the is
(b) the equatorial‘l‘ip;?:‘((normal bisector) of the magnet. axis,
5.13 A shorl bar ;fpagncL.zplat:ec] in a horizontal plane has its is aligned

along t_h(;,,—,r‘r‘l"agi'i‘_»ctic”‘north—south direction. )
the axis of’the magnet at 14 cm from the Cl\éz&epg}n:searr: fou?d on
earth’'s magnetic field at the place is 0.36 G and the an lagnfe .'Tl?e
zero. What is the total magnetic field on the normal bi gle of dip is
magnet at the same distance as the null-point (i.e l4lsector of the
centre of the magnet? (At null points, field due t;) - cm) from the
e o iy "ot el e to 2 magnet s cqual

ield.

5.14 If the bar magnet in exercise 5.13 is tu
will the new null points be located? med around by 180°, where

5.15 A short bar magnetl of magnetic mome
- nit -2 =

vv.ith its axis perpendjcular to the earthizg’e:j lcg)ire;JtiT ! ii placed
dls;a;‘oce rzlfl)m ”1;31_‘333‘-:3 of the magnet, the resultant ﬁel?ini's ixﬁc‘l:’hac:

at with earth’s field on (a) its normal bisector and (b ne
Magnitude of the earth’'s field at the place is gleen t b) its axis.

Ignore the length of the magnet in COmparjscign t tl?n e 9.42 G.
involved. o e distances
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ADDITIONAL-EXERCISES
5.16 Answer the following questions:
* (a) Why does a paramagnetic sample display greater magnetisation

(for the same magnelising field) when cooled?

(b) Why is diamagnetism, in contrast, almost independent of
temperature?

(c) If a toroid uses bismuth for its core, will the field in the core be
(slighlly) greater or (slightly) less than when the core is empty?

(d) Is the permeability of a ferromagnetic material independent of
the magnetic field? If not, is it more for lower or higher fields?

(e) Magnelic field lines are always nearly normal to the surface of a
ferromagnel at every point. (This facl is analogous lo the slalic
electric field lines being grf!}al to the surface of a conductor at
every point.) Why? G:;’Q,t-’

(f) Would the maximlfi}l\ipbssible magnetisation of a paramagnetic
sample bengffgjé"-‘s\é’me order of magnitude as the magnetisation
of a l'er;gfr}jignet?

5.17 Ans“jg:x;:’ﬁ'le"-fglloudng questions:
x> (a)sExplain qualitatively on the basis of domain picture the
?(\(Cg‘\-"i}reversibility in Lhe magnetisation curve of a ferromagnet.

\‘j-a (b) The hysteresis loop of a soft iron piece has a much smaller area
than that of a carbon’steel piece. If the material is to go through
repeated cyclcs_r,of"rﬁ'agnetisétiéni .wpich piece will dissipate greater

heat energy?. >
(c) ‘A system displaying -a’{:i hysteresis
a device for storingzmemory?’
statement. ] sl
(d) What kind of ferromagnetic’material is used for coaling magnetic
tapes in a cassette player, or for building ‘memory stores’ in a
modern computer? @ ‘/-;:!\\\:‘
(e) A certain region of space is to be shielded_from magnetic fields.
Suggest a method. s ""‘5 | Yl

(_A\

> [

5.18 A long straight horizonial cable: carries a current of 2.5 A in the
direction 10° south o

‘ioop such as a ferromagnet, is
Explain the meaning of this

f west t0-10% north of east. The magnetic meridian
of the place happens Lo b€, ‘_10“"wést of the geographic meridian. The
earth’s magnetic field7at the‘location is 0.33 G. and the angle of dip
is zero. Localtle th'c'lllie_c‘ of ncutral points (ignore the thickness of the
cable}. (Al._,nt;i&!.’['dl-’,points. magnelic field due to a current-carrying
cable is'?gquil'-a'hd opposite Lo the horizontal component of earth’s
magnetic_field.)

A telephone cable al a place has four long straight horizontal wires

5.19
carrying a currcnt of 1.0 A in the same direction east to west. The
earth's magnelic field at the place is 0.39 G, and the angle of dip is
35°. The magnetic declination is nearly zero. What are the resultant
magnetic fields at points 4.0 cm below the cable?

5.20 A compass needle [ree to turn in a horizontal plane is placed at the

cenire of circular coil of 30 turns and radius 12 cm. The coil is in a
vertical plane making an angle of 45° with the magnetic meridian.
When the current in the coil is 0.35 A, the needle points west to
east.
(a) Determine the horizontal component of the earth's ma "
at the location. goeatic: feld
(b) The current in the coil is reversed, and the coil is rotated
its vertical axis by an angle of 90° in Lhe anticlockwise :2,?;:
looking from above. Predict the direction of the needle. Take the
magnetic declination aL the places to be zero. )

; i der the infl .

5.21 A magnetic dipole is un ! uence of two magnetic fields. T
angle between the field directions is 60°, and one of the [‘ieldssl:lashg
X magnitude of 1.2 x 10° T. llg'—he dipole comes Lo stable equilibrdum at
an angle of 15° with this field. what is the magnitude of the other

field?”?
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5.23 A sample of paramagnetic sa

5.24 A Rowland ring of mcan{‘t“ﬁé:ﬂﬁs 15 cm has 3

5.25 The magnétic’Thoment vectors p, and K, associ
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5.22 A monoenergetic (18 keV) electron beam initially in the horizontal

direction is subjecled to a horizontal magnetic field of 0.04 G normai

to the initial direction. Estimate the up or down deflection of the

beam over a distance of 30 cm (m, = 9.11 x 107'° C). [Note: Data in

this exercise are so chosen that the answer will give you an idea of
the effect of earth’s magnetic field on the motion of the electron beam
from the clectron gun to the screcn in a TV set.]

1t contains 2.0 X 10%* atomic dipoles
o2 J T '. The sample is placed under
64 T, and cooled to a temperature
turation achieved is equal to 15%.
the sample for a magnetic field of
(Assume Curie’s law)

500 turns of wire wound

on a ferromagne.lic;%ﬁfé/of relative permeability 800. What is the
magnetic ficld2B in*Tthe core for a magnetising current of 1.2 A?
o ated with the intrinsic
SEin,i’;\éﬁg%llar momentum S and orbital angular momentum 1,
(\’rgﬁj-l‘)éﬁtively. of an electron are predicted by quar_ltum theory (and
\S'\‘\Gl‘iﬁCd experimentally to a high accuracy) lo be given by:

s
e

each of dipole moment 1.5 x 1
a homogeneous magnetic field of O.
of 4.2 K. The degree of magnetic sa
What is the total dipole moment ©f
0.98 T and a temperatureﬂcg{i?;ﬁq{?

.

p.=—le/m) S, T g

g

p, = —(e/2mjl P
dance with the result expected

A

Which of these relations is+in accor
classically? Outline tl;xé"‘de_;jﬁ_'ation of the classical result.

&

;,,_.j F.\\f//"g \j o
1 )&
o ‘/\ﬁ \") -
o >\
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