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Chapter 11:. Magnetic Materials
6

Exercises | Q 1.1 | Page 263 @

Choosethe correct option:
Intensity of the magnetic field of the earth at the pointinside a hollow iron box i
less than that outside

more than that outside

same as that outside
Yot \

hwn e

Zero
Explanation: No magnetic lines of force passes through OX.
Exercises | Q 1.2 | Page 263 T3

Choosethe correct option:
Softiron is used to make the core of the tra rmegbecause of its
1. low coercivity and low retentivi
2. low coercivity and high retentivity
3. high coercivity and high rete
4. high coercivity and low retentivi

SOLUTION O

low coercivity and low re@

Exercises | Q 1.3 |Rage

Choosethe r tion:

Which of the,follewing Statements is correct for diamagnetic materials?

1. pr
2. XIs negative and low
ot depend on temperature

of the above

| of the above

Exercises | Q 1.4 | Page 263
Choosethe correct option:
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A rectangular magnet suspended freely has a period of oscillation equalto T. Now itis
broken into two equal halves (each having half of the original length) and one-piece is
made to oscillate freely. Its period of oscillation is T', the ratio of T'/T is. E

L

= %
1
: &
2

4 \

C)

1

2

) *
Explanation: \
Time period for the oscillating magne%

[ 1
T=2m4) — (1) 0

MB

where | is the moment DfG
M is the magnetic m@
M=xxI|

x = pole st
When the& is brgken in two equal parts, the new magnetic dipole moment is

x 1 M
M’:gz—
2
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T =2
"V wB

o1 (b’

T V4 2 Q

Exercises | Q 1.5 | Page 263

Choosethe correct option:
A magnetising field of 360 Am~! produces a ma netl

ferromagnetic material. What is its permeability
1 \
300
300
1
600 @
600 O

.:\6

etising field = 360 Am~
\r ic flux density (B) = 0.6T
@ ind: Permeability
B
P bility =
A ermeabiity Magnetising field
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0.6

360 = 10
1 Tm

600 A

Exercises | Q 2.1 | Page 263
Answer in brief.
Which property of soft iron makes it useful for preparing electromagnet?

An electromagnet should become magnetic when a current is passedythteugh its coil
but should lose its magnetismonce the currentis switched off. Hence, the
ferromagnetic core (usually iron-based) used for an electromagnet'should have high
permeability and low retentivity, i.e., it should be magneticallgy'soft'.

Exercises | Q 2.2 | Page 263

Answer in brief.

What happensto a ferromagnetic material whern'its temperature increases above curie
temperature?

SOLUTION

A ferromagnetic material is composed ofismallregions called domains. Within each
domain, the atomic magnetic moments ef nearest-neighbor atoms interact strongly
through exchange interaction, a quantummechanical phenomenon, and align
themselves parallel to each otherevenyin the absence of an external magneticfield. A
domain is, therefore, spontaneously magnetized to saturation.

The material retains its domainpstructure only up to a certain temperature. On heating,
the increased thermal agitation'works againstthe spontaneous domain magnetization.
Finally, at a certain €ritical temperature, called the Curie pointor Curie temperature,
thermal agitatiomeyvercomes the exchange forces and keeps the atomic magnetic
moments fandomly ofiented. Thus, above the Curie point, the material becomes
paramagnetie. Theferromagnetic to paramagnetic transition is an order to disorder
transition. When,cooled below the Curie point, the material becomes ferromagnetic
again.

Exercis®s | Q 2.3 | Page 263
Answerin brief.
What should be retentivity and coercivity of permanent magnet?

A permanentmagnet should have a large zero-field magnetization and should need a
very large reverse field to demagnetize. In otherwords, it should have a very broad
hysteresis loop with high retentivity and very high coercivity.
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9

SOLUTION
Curie's law: The magnetization of a paramagnetic material is directly proportional to @
external magnetic field and inversely proportional to the absolute temperature of th

material.

If a paramagnetic material at an absolute temperature T is placedin an extern@

Exercises | Q 2.4 | Page 263
Answer in brief.

Discussthe Curie law for paramagnetic material.

—
B ext,
magnetic field of induction L the magnitude of its magnetizatio\

Bex
M o Tt 0
B
T

where the proportionality constant C is caﬂx Curie constant,

Exercises | Q 2.5 | Page 263

Answer in brief.
Obtain an expression for the orbital mag@ ent of an electron rotating aboutthe

nucleusin an atom.
SOLUTION @

In the Bohr model of a hydrog @m , the electron of charge - e performs a uniform

circular motion around t vely charged nucleus. Letr, vand T be the orbital
radius, speed and period afion of the electron. Then,
27T

T=— (1
v

4
Therefore, ﬂ\&ma netic moment associated with this orbital current loop has a magnitude,

e
= — > (2)

Y}

the magnetic dipole moment associated with this electronic current loop has a magnitude

rrent x area of the loop

@ l(m‘g) = ;—V X 7Tt = %evr w(3)

T

Multiplying and dividing the right-hand side of the above expression by the electron mass m,,
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e e
M e fr—
0 2me (mevr) 2me

Ly ..(4)

_:,
where Lg - mgvr is the magnitude of the orbital angular momentum of the electron. My is opposite t@

— e —
“ My = — Lo .05
2m,
which is the required expression. :.6

According to Bohr's second postulate of stationary orbits in hi

h®
the electron in the nth stationary orbit is equal to n P w‘ .

Thus, for an orbital electron, Q
nh
Ly = mevr = P ..(6) < ,

gen atom, the angular momentum of

the Planck constant and n is a positive integer.

m
Substituting for Ly in Eq. (4), @
enh
M —
0 4'ﬂ'me O
eh
Forn=1 Mp= O
47m,
h
The quantity © is affundamental constant called the Bohr magneton, pp - pp = 9.274 x 10_24J/T (or
Am?)=5.78&x 10 eV/T.
Exercis Nﬁ Page 263
Answerin b

wW hysteresis loop represent?

magnetic hysteresisloop is a closed curve obtained by plotting the magnetic flux

nsity B of a ferromagnetic material againstthe corresponding magnetizing field H
when the material is taken through a complete magnetizing cycle. The area enclosed by
the loop represents the hysteresis loss per unitvolume in taking the material through
the magnetizing cycle.
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Exercises | Q 2.7 | Page 263
Answer in brief.
Explain one application of electromagnet.

SOLUTION

Electromagnets are used for various purposes on a day to day basis. For example,
electromagnets are used in the large cranes which are used in waste yards.
Electromagnets are also widely used in numerous electromechanical and electronic
devices. Some of the common uses are given below.

« Usesin Home Appliances: Most of the electric appliances used ig'the hame
use electromagnetism as the basic working principle. Some electromagnet uses
in the home include the electric fan, electric doorbell, induction ceokekmagnetic
locks, etc. In an electric fan, the electromagnetic induction Keeps.ithe motor
rotating on and on making the blade of the fan to rotate. Als@,in an electric
doorbell when the button is pressed, due to the electramagnetic forces the coil
gets energized and the bell sounds.

o Usesin Medical Field: The uses of electromagnets are also seen in the medical
field. MRI scan which is short for Magnetic Resenance Imaging is a device that
uses electromagnets. The device can scan alitheytiny details in the human body
with the help of electromagnetism.

e Uses in Memory Storage Devices and‘€@omputer Hardware: The data in
ebook gadgets and phones are stored in the electromagnetic format in the form
of bytes and bits. The compu#ter hardware is also having a magnetic tape which
works on the principle of electromagnetism. Even in the olden days’
electromagnets had a hergexole,in the data storage of VCP and VCR.

Exercises | Q 3| Page 268

When a plate of magnetiématerial of size 10 cm x 0.5 cm x 0.2 cm (length, breath, and
thickness respectively) is located in a magnetizing field of 0.5 x 104 A/m, then a
magnetic moment of § A-m? is induced in it. Find the magnetic induction in the rod.

SOLUTION

Datdh 20 cm, b =05cm, h=02cm H=05x 10*Am™T M =5 Am?

Thewolume of the plate,

W=10x05x%x02=1cm%=10%m?

M
B = po(H + My) — ,L.-,D(H+ ?)
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The magnetic induction in the plate,

5
~B=4rx 1077 (0.5 x 10% + ﬁ)
%,

=6.290T
Exercises | Q 4 | Page 264 q 56
(o]

A rod of magnetic material of cross-section 0.25 cm? is placed in a magnetizi f
intensity 4000 A/m. The magnetic flux passing through therodis 25 x 10-, Fi ut

(a) relative permeability

(b) magnetic susceptibility and

(c) magnetisation of the rod. <: I
SOLUTION

Data: A= 0.25 cm? = 25 x 10 m? Q
. Q

H=4000Am " ®=25x10°%Wh

Magnetic induction is Q

¢ 25x107°

B=—=_—"—F=1Wh 2
A 25x10”
() B = pop,H Q
- The relative perme@o the material,

B 1
by = ——— = —
Ky 142 > 107" x 4000
B 1000(\ _ 199
5072 T
S
\ & magnetic susceptibility of the material,
!@mp,rllggll‘.}B
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l[ } Mz
C -

The magnetization of the rod, 6

M, = ymH = 198 x 4000 = 7.92 x 10°A/m

Exercises | Q 5| Page 264 :E )
The work done for rotating a magnetwith magnetic dipole moment m, thr ° from

its magnetic meridian is n times the work done to rotate it through 602, Find lue of
n.

SOLUTION

Data: 6o = 0°, 61 =90°, 62 = 60°, W1 =nW2

The work done by an external agent to rotate the magnet oto O is

W =MB (cos 6o - cos 0)
~ W1 =MB (cos 6o - cos 01)

I8 Q
= MB (cos 0° - cos 90°) \
=MB (1 - 0) Q
O
~ W2 = MB (cos 0° - cos 60°) @

= MB (l—i)
2
= 0.5MB

LWy =2

Given @/2 . Thereforen = 2
S 6 | Page 264

E
\ ron in an atom is revolving around the nucleus in a circular orbit of radius 5.3 x
“B'm, with a speed of 2 x 108 m/s. Find the resultant orbital magnetic moment and

: @gular momentum of the electron. [e = 1.6 x 10-19 C, me= 9.1 x 103! kg]
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SOLUTION
Data:r =53 x 107" m,v =2 x 100 m/s,
e=16x10"17¢C m,=9.1x10>"kg @6

The orbital magnetic moment of the electron is 6

M, = lew 6
2

= %(l.ﬁ x 10719) (2 x 10°) (5.3 x 10711) \@O

= 848 x 10%4 Am? C)

The angular momentum of the electron is

Ly = mgvr \Q

= (9.1 x 1032 x 109)(5.3 x 101N Q
= 96.46 x 1070 = 9.646 x 107> 2@

Exercises | Q 7 | Page 264
A paramagnetic gas has 2.0 toms/m with atomic magnetic dipole moment of 1.5

x 10722 Am?2 each.The g
a. Findthe maximum etization intensity of this sample.

b. If the problem is kept in a uniform magnetic field of 3 T, is it possible to
achie turation magnetization? Why?

2.0 x 10% atomsfm3,

5x 10293 Am% T=27+273=300K B=3T, kg =138 x 1023 J/K 1eV=16x10"2)

SQJ The maximum magnetization of the material,
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M, = %p: = (2.0 x 10%) (1.5 x 10 %)

=3 x 10> A/m 6
(b) The maximum orientation energy per atom is @
Umax = —uB cos180° = uB 6

4.5 x 107%
— (15%x10%)(3) = ———;

1.6 % 10~

=28 x 104 eV \@
The average thermal energy of each atom, < ,

3
E=—kpT
2B

where kg is the Botzmann constant.

*
~ E = 1.5(1.38 x 10723)(300) \Q
5, 621 x107%
=621 x 10721 J = T
1.6 x 10~ c l

=39 x102%eV

Since the thermal energy of rapdami nis abouttwo orders of magnitude greater
than the magnetic potential e @ orientation, saturation magnetization will notbe
achieved at 300 K.

Exercises | Q 8 | Page

A magnetic needle placed in uniform magnetic field has magnetic moment of 2 x 10-

2 A-m2, and a mement of inertiaof 7 .2 x 10" kg-m?2. It performs 10 complete oscillations
in6s. Whatisithe itude of the magnetic field?

= 2x102Am2 1 =7.2 x 107 kg.m2

6
= — = 0.6s
10
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T =27/ —
Y
The magnitude of the magnetic field is
47’1
B =
MT?

(919 (1.2x 1077
(2% 1072)(0.6)°

= 3943 x 103 T =3.943 mT

Exercises | Q 9| Page 264

A short bar magnetis placed in an external magnetic field©f 700 gauss. When its axis
makes an angle of 30° with the external magnetic field, it experiences a torque of 0.014
Nm. Find the magnetic moment of the magnet, and the wotk done'in moving it from its
most stable to the most unstable position.

SOLUTION

Data: B =700 gauss=0.07 tesla, 6 = 30f, 7= 0.044 Nm, 1= MB sin 0

The magnetic moment of the magnetis

T 0.014

= == — U4A 2
Bsind  (0.07)(sin30%) o

The most stable state of the bar magnetis for 8 = 0°. It is in the most unstable state
when 6 = 180°. Thu, the work done in moving the bar magnetfrom 0° to 180° is

W =MB (cos ‘8o~ c0s,0)
= MB (cos 0% c0s,480°)
= MB [1- (- 1]

= 2/MB% (2)(0.4)(0.07)
= 0:0564

Exapcises | Q 10 | Page 264

A'magnetic needle is suspended freely so that it can rotate freely in the magnetic
meridian. In order to keep it horizontal position, a weightof 0.2 g is kept on one end of
the needle. If the pole strength of the needle is 20 Am, find the value of the vertical
componentof the Earth's magnetic field.
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SOLUTION
Data: M =0.2g=2x 10%kg, qm=20 A:‘m, g = 9.8 m/s?

Withoutthe added weightat one end, the needle will dip in the direction of the resultant
magnetic field inclined with the horizontal. The torque due to the added weightabout the
vertical axis through the center balances the torque of the couple due to the vertical @

componentof the Earth's magnetic field.
L <,
) = (auBorL

(Mg) ( 5 6
The vertical component of the Earth’'s magnetic field, \@

M 2 x 107%)(9.8
B, Mg _ | )08 _ 4910751 C)
20, 2(20)

Exercises | Q 11 | Page 264
The susceptibility of a paramagnetic material is pat@t ttemperature its

susceptibility be x/3?

SOLUTION Q

Data: ym, =y, T4 =27°C = 30

By Curie's law, O
2 O

M, = C—
T

Lo | =
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. Xml _ T
Xm?2 Tl
STy = Xm o —3X 300 — 900K — 627°C 6

Xm2 X @
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