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PHYS-A-CC-5-12 : MAGNETIC PROPERTIES OF SOLIDS

Name an element that exhibits paramagnetism. Explain why the inert gases do not show
paramagnetism.

Derive Curie's law of paramagnetism from Langevin’s theory.

Derive an expression for diamagnetic susceptibility on the basis of classical theory.

Draw a typical M and H curve for a ferromagnetic substance and explain the various stage of
magnetisation on the basis of domain theory.

Give an account of the Weiss theory of ferromagnetism. Explain hysteresis effect and the Curie
point on its basis.

What is ferromagnetism? How does the molecular field theory account for the susceptibility
of ferromagnet?

Derive the temperature dependence of the magnetic susceptibility of the paramagnetic
substances.

A system of paramagnetic atoms (N per unit volume) which can occupy only two energy levels
in a uniform external magnetic field H is at a temperature T. If occupancies of these levels are
determined by a Boltzmann distribution,find the resulting magnetisation and susceptibility of
the system when H is weak.

Describe the basic principle of Curie Weiss Law for ferromagnet.

Describe the phenomenon of hysteresis in ferromagnet.

What is spontaneous magnetisation in a ferromagnetic substance?

Compare the temperature dependence of magnetisation obtained from Curie Weiss law with
the experimental results.



3. The Curie temperature of iron i
. iron 1s 1043 X, If each i
magnetic m?i?ixcné of two Bohr magnetons, calculate the val::: oE;tt(})xmvl\ilas3 .
cox}stan.t and the Curie constant. Assume that the saturationm i
ofironis 1.75 X 106 ampere/meter. £
Ans. We have for the Weiss constant

VY
B pMp
Here the Curie temperatue,8 = 1043 K, uy = 47 X 10~ H/m, kp, the

Boltzmann constant = 1.38 x 10723 J/K, u = =
It: 4 = 2 Bohr magnetons = 2 X
9.27 x 10 Am? < and My = 1.75 x 10° A/m 3

e 3x 138 x 10723 x 1043
, 4 x 1077 x 175X 106 x 2% 927 x 107

¥

= 1059

The Curie constant C is given by
_ moni® _ MMk
L 3p

4z x 1077 x 175X 106 % 2% 927x 107
3% 138%x 1072

I

= 9848K

diarmagnetic susceptibility of Cu from the followip

» Example 1. Estimate the order of _
r == 3.608 A, Assume that only e

data: radius of Cu-atom = LA, lattice paramete
electron per atom makes the contribution.

Selutians Given, 1= 1A= 10"m, 9= 3,605 % 1079 m, Xaia =7

Now copper is & face-centred cubic crystal. It has therefore 4 atoms per unit cell

. ) n 4 85 % 1050
. No. of electrons per unit volume, V= =g = (3,608 x To-T0% ~ © x 107w’
_ _ wZeEN0?) A x 1077 x (16 x 10719)? x 8.5 X 10% x 1072
, g S S TR 1O
=—5x107°



1. The maghetic field strength in a piece of metal is 106 ampere per pye
Find the flux density and the magnetisation in the materia] Assume t:et,
a

the magnetic susceptibility of the metal is — 0.5 x 10~ 5.

Ans. We have
M=yH= -05x 1075x 106=-05x 10
. = —5A/m
Also, B= Mo (H + M)

=47 x 1077 (106 - 5)
=~ 1.257 tesla

» Example 4. Assuming the magnelic moment fim bo be 5 tirmes the Bohr magneton g,
compute approximaotely how large should be the magnelic inducltion for the orientation
eneryy to be comparable Lo thermal energy al room, lemperature (27°C).

Solution: By the problem, ju, = bjup, T = 27 4 273 = 300 K.
If B be the magnetic induction, the orientation energy i8 p1p 8. The thermal energy
= kT where & is Boltzimann constant.
By the condition, ponB > kT = B = kT/pum,.
g M _ AT _ 138x107% x 300
" fm Sup 5 x9.27 x 10~2

89.32 Wh/m? ~ 90 Wb/m?

Il



susceptibility of Cu from the follgys,
g

» Example 1. Estimale the order of diarmagnetic
ter = 3.608 A. Assume that only g,

data: radius of Cu-atom = LA, lattice parame
electron per atom makes the contribution.

Solution: Given, 7 =1A= 10=0 1, a = 3.608 X 10~ m, Xdia =7

Now copper is a face-centred cubic crystal. It has thereiore 4 atoms per unit cell,
£

T =85 % 1028/‘“3.

—

+. No. of electrons per unit volume, N = 3 = (3.608 % 10-10)3

. ZéNG? | ArX 10-7 x (16 x 10719)? x 8.5 x 10% x 1077
MRS | 6% 9.1 % 101

Gm
B 108




