Assignment : Crystallography

1. Find Miller indices for the planes RWXS, R a
UWXT and PSXT. ’ a

X

2. Prove that the relation between the reciprocal translation vector G, and the
normal distance dy;; to the plane (hkl) of real crystals is:

dhkl= 21n
[Ghiil

3. Obtain the reciprocal primitive translation vectors of the real simple cubic lattice.
4. Obtain the reciprocal primitive translation vectors of the real FCC cubic lattice.

5. Obtain the reciprocal primitive translation vectors of the real BCC cubic lattice.



Assignment : Dielectric Materials

1. Polarization. Consider a parallel-plate capacitor with free-space between the plates.
The capacitor has been charged to a voltage Vo with Qo. The battery has been suddenly
removed and then a dielectric slab of relative permittivity eris inserted to fit between
the plates. Assume an isotropic and linear dielectric medium.

a. Find the electric field Ep due to the surface bounded polarization charges in terms
of the polarization P.

b. Find the relation between the polarization P and the net electric field E inside the
medium
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2. Relative Permittivity and Polarizability. Given N number of dipoles per unit
volume, show that the relative permittivity (er) and the total polarizability
(a) are related by er=1+Na/eo.

P=Np,, =¢,(6 — 1E



5av=af

~ e =1+ Na/e,

3. Electronic Polarization. Consider a neutral atom be placed in a static
electric field. Assume that the nucleus is surrounded by a cloud of Z
electrons each with mass me and charge e. Prove that the AC electronic
polarizability ae can be written as

ae(w)=Zezmewe2(11-w2/ we2)
where we is electronic polarization resonance frequency

Let E be sinusoidally varying with exponential representation E = Eoej“’t. Then,

d?x

2, — (£ jwt
2 T wex = (m—e)EOeJ“’

Assume the solution be in the form x = xoej“’t, then by substituting in the equation we get,

_wzxo + wezxo = (mi)Eo
e

i i _eF _1
Thus, the displacement amplitude x, (w) = e i
The ac electronic polarizability a,(w) = _1;6((:))))_

2, (W) = (Ze)xo(w)el®t _ (ze)* 1
e - Ey elwt T Zme wi-w?

4. Relative Permittivity. Assume there are N=2x1027 atoms per unit volume
with Z=2 and they are placed in a static field of E=160 V/m. Let the
electronic resonance frequency for each atom be we=55.9x1015 rad/s.
Calculate the static relative permittivity erand the polarization vector P.

(Ze)? (2% 1.6 x10719)2 e o
a, = — — =1.8x10"*1Fm
(Zmy)w,?2 2 x9.1x 10731 x (55.9 x 1015)2
B 1+Na_ 1+2><1027><1.8><10—41 100407
e T 885x10-12

P=a,E=18x10"*x160 =2.8x1073Cm




5. Electronic Polarizability. The electronic polarizability of the Ar atom is 1.7 x 10~4°
F m?. What is the static dielectric constant of solid Ar if its density is 1.8 g cm-3?

6
Na %x 6.02 x 1023 x 1.7 x 1040
& =1+—=1+ :

=1+ 052 =152
€o 8.85 x 1012 +05 >




Assignment : Magnetic Materials

Find the magnetic flux density B within a magnetic material that
corresponds to the maximum magnetization M where the density
n=8.2x10%® atoms/m?> and each atom has a dipole moment of

m=5x10"27 A.m?. Let the material permeability y=3.77x107>. [533

uT]
B =B, + u,M

Hr =00 = Jaxi07 30
M = (8.2 x 10%8) x (5 x 10727) = 410
~B =%X4Xn X 1077 X 410 ~ 533uT

. A coil of 200 turns is wound uniformly over a non-magnetic material having
a mean circumference of 600 mm. If the current through the coil is 4 A,
calculate (a) the magnetic field strength, (b) the flux density, and (c) the
stored energy in the non-magnetic medium. [1333 A/m, 1675 uT, 1.116 J]

NI 200x4

b- B, =, X H =41 x 1077 x 1333 ~ 1675 uT

c-W,,, =~BH =-x1333x 1675 x 107 ~ 1.116 ]
2 2

a- Ampere’slaw: H =

.Assume that an electron is describing a circular orbit of radius a about a

positively charged nucleus.

ea’w

a. Show that the equivalent orbital dipole moment is , Where w 1s
the electron’s angular velocity.

b. b. By equating the Coulomb and centrifugal forces, show that w is
(4me,mpa/e?)~1/? | where meis the electron mass.

c. Find the values of the angular velocity and the orbital magnetic
moment for a hydrogen atom, where a=6x10" m; let B=0.5 T.
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If a magnetic field B,of 0.5 T is now applied:
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+1.17 X 10 = 4.4 x 101° + 1.17 x 10'* ~ 1.170044 x 104

X 3.37 X 10726Am

4. The hydrogen atom described in the previous problem is subjected to a
magnetic field having the same direction as that of the atom. Show that
forces caused by B result in a decrease of the angular velocity by eB/(2me)

e%a’B

amg

and a decrease in the orbital moment by

Equating the forces, we get

F.+F,=F,

Mmew?r + ewrB, = m,wir

Solving the equation
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The new magnetic moment
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5. Consider bismuth with ym=—16.6 x10~> and aluminum with ym=2.3
x107>. Suppose that we subject each sample to an applied magnetic field Bo
of 1 T applied in +x direction. What are the magnetization M and the
equivalent magnetic field uoM in each sample? Which is paramagnetic and
which is diamagnetic?

M= y,,H
a- bismuth with y,,= —16.6 x107°, x,, is negative, it is a diamagnetic material
Ur = Xm+1
Mey, 20—y Bo
Hrlo Gtm + Dty
=—-16.6 x 10™° !

(—16.66 X 105 + 1) x 47 x 107
~ —1.33 X 102A/m in the negative x-direction.

B = uoM = 2222 ~ 16,66 x 1075T

Am
b- aluminum with y,,=2.3 x107>, y,, is positive, it is a paramagnetic material
Ur = Xm T+ 1
M = 22 o _23x10° !
Xm o = G Dy (23 %1075 + 1) x 47 x 10~7
~ 18.3 A/m in the positive x-direction.
B
B =uoM = AmZ0_ 23 x1075T
1+ xm

6. Compute the magnetic susceptibility due to diamagnetism in a
solid with an atomic density of 10%°/m?. Each atom has 10



orbiting electrons. Assume a small magnetic induction of 0.1 T is
applied and the average radius of the orbit is 0.1 nm, find the
change in the magnetic moment for a single electron.

N(101,)

B = poprH = popty ra
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