ARABET} A & November 12, 2008

1. (10pts) Calculate the magnetic induction B (in Tesla) and magnetization M (in
Oe) of a paramagnetic material with the relative permeability z# = 1.001 under
an applied field strength H of 5.0x10° A/m.

Where 11 = 4x107 henry/m, 1 henry - A = 1 Wb. 1 Tesla = 1 Wb/m”

Tesla
A/m

1 henry/m = 1 Wb/(A - m) = 1 Tesla - m2/(A - i) =1

2. (25pts) Answer the following questions.
(a) (5pts) Prove the relative permeability i is given by

= 1 + x (susceptibility) in SI, and z = 1 +4wx in cgs.
(b) (10pts) Draw and explain x (7) and M(T) curves over all temperature region
for normal diamagnets, normal paramagnets, antiferromagnets, ferromagnets, and
ferrimagnets, respectively.
(¢) (5pts) Some paramagnetic materials exhibit temperature-independent
susceptibility. Explain the theory describing this behavior briefly.
(¢) (5pts) Superconductors exhibit a perfect diamagnetism. Represent the
susceptibility x and relative permeability g for superconductors in SI and cgs

units, respectively.
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(c) (5pts) At a field strength of Hex = 80 kA/m. the magnetic induction B of a
spherical sample is 1 Tesla. Calculate the internal (or true) magnetic field H; of

this sample.
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Figure 2.9 Schematic representation of demagnetization effect on B-H,,, loops (a) and

on B-H, loops (). The dashed lines rotated into the vertical axis in each case relate
one loop to the other.

4. (30pts) Answer the following questions.
(a) (5pts) According to the classical Langevin theory, magnetization M for
paramagnetic materials is given by M = NmL(a).
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Langevin function, L(a) = cotha - % and a =
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where, N is the number of atomic magnetic moment (m) per unit volume, k is

Boltzmann constant. 7" is absolute temperature, and H is applied field strength.

2
Using the Langevin function, derive the Curie law : y = % ; I B Ng#m

(b) (Spts) Derive Curie-Weiss law by using the molecular (or Weiss) field from
Curie law.
(¢) (5pts) According to quantum theory, temperature and field dependence of

magnetization for a ferromagnet is given by Brillouin function, BAx).
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Show that Brillouin function Bj(x) reduces to the Langevin function L(x), with x

= pomH/KT, in the limit J approaches infinity.

(d) (5pts) If J = %(one spin /atom), show that ]v_jl?: BAx) = tanhx, x= H?LTH
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) in the absence of a magnetic field.




(e) (5pts) Explain the temperature dependence of the spontaneous magnetization,

M, (which is measured by saturation magnetization) for a ferromagnet of J = %

in the absence of a magnetic field using the Brillouin function.
(f) (5pts) Explain briefly in what aspect the above quantum theory is
inappropriate for the explanation of ferromagnetism of 3d transition metals. If

there is a theory explaining ferromagnetism in 3d transition metals, explain that
briefly.
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Figure 4.7 Magnetic moments in transition metal-zinc ferrites as T = Cu, Ni, Co, and
so on are substituted for divalent iron (Guillaud 1951, Gorter, 1954,
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