Key for Final Examination for
Introduction to Nano Science and Technology A(1)
January 11, 2010

1. (a) Write down the distribution functions of Boltzmann, Bose, and Fermi,
respectively, and compare them with their most important attributes. (10 points)
(b) Describe the physical meaning of the Fermi energy (Er) for a Fermi system.
(3 points)
(¢c) Fora metal at T = 0 K, show that, using the free electron gas model, the
average energy of an electron is 3E/5. (7 points)
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2.

ons:

Consider the periodic two-dimensional solid with part of it as shown in the figure

below. The white atoms form a square structure, and some black atoms sit on

the hollow sites formed by four white ones.

(a)Draw the primitive unit cell and lattice vectors in two different ways.
(5 points)

(b) Let the diameter of the white atoms be d. What is the size (area) of a
primitive unit cell in terms of d? (5 points)

(c) Draw the unit cell and lattice vectors (in terms of d) of the corresponding
reciprocal lattice. (5 points)

(d) What is the size of a primitive unit cell in terms of din the reciprocal lattice?

(5 points)
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3. In a diatomic linear chain (as sketched below), the solution for the equation of
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(a) Sketch the dispersion curve of this chain moving in one dimension in the first

longitudinal motion is

w' =8

Brillouin zone. (5 points)

(b)Indicate the intersection points at k = 0 and the zone boundary, and describe the
atomic motions corresponding to these points. (10 points)

(c) For a sheet of graphene, if the carbon atoms are allowed only in-plane motion,
how many branches are there for acoustic and optical vibrations, respectively?

(5 points)

(e)

Ck)

For o= J)-(?/M o 5”5 ‘!-O o O

SR = T <, O ¢ O O =

Ce) Q»w— Grophene U L Mo conteins dwo covbon oAMS

/)/;“U'- %M cdmgs (2 aﬁ&u)&&(‘fﬁ mo¥e (_.'1 Fhe fafﬁﬂ.ﬂ_,
the + 1k ,fﬂm(ms /é motion for shoms A & wmt—‘ .
I/JF-M L‘C f—\(— ; ""wo \orow‘otu- +¢‘- e aconaldic (/{‘chﬁm M&

fwo byamehse for e optiel s



4. (a) Use the “nearly free electron gas model” to describe the origin of the energy

gap in the band theory. (10 points)
(b) Why are metallic solids mostly opaque, covalent solids sometimes opaque, and

ionic solids hardly ever opaque to visible light? (5 points)

(c) When a photon is absorbed by a semiconductor, an electron-hole pair will be
created and both of them can contribute to the conductivity of the sample.
Compare the hole to the electron of this pair, what will be their relations in

terms of wavevector, velocity, mass, and charge? (5 points)
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5. Indium Phosphide (InP) has E; = 1.4 eV dielectric constant € = 10; electron and
hole effective masses me* = mp* = 0.07m.. Calculate:

(a) The exicton binding energy. (7 pts)

(b) The distance of the electron-hole pair in term of Bohr radius (ap). (5 pts)

(c) Imagine an optical absorption experiment has been performed on this system.
Sketch a diagram with absorption coefficients vs. photon energy to indicate the
exciton state and the energy gap. (5 pts)

(d) Discuss briefly about the optical properties of an InP quantum dot with
reference to its bulk counterpart. (3 points)
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