Physics 406, Spring 2012

Midterm Il
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The five problems are worth 20 points each.
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1.. Consider a two-dimensional (2D) film of atoms arranged in a regular
simple cubic lattice. The lattice spacing is 2.5 A. Let us assume that each

atom contributes two “valence” electrons that act as free electrons in the
2D solid.

a) What is the Fermi energy (in eV) of this 2D solid at T=0? Recall that
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b) Please calculate the average energy per electron in this 2D film at T=0.
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c) At room temperature (T=300K, ksT=0.025 eV), what is the probability that
states 0.05 eV and 0.2 eV above the Fermi level are occupied by an electron?
Please use both full Fermi-Dirac. function.and.its Boltzmann-like expansion, and
compare the two results. Which energy level yields the best agreement between
the full and the approximate calculation, and why?
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2. The diagram below shows the electronic band structure of some hypothetical
one-dimensional (1D) solid. Will this solid be a metal or an insulator at T=0 if it
has:

a) 1 electron/primitive unit cell?

b) 2 electrons/primitive unit cell?

c) 3 electrons/primitive unit cell?

d) 4 electrons/primitive unit cell?

Please justify your answers!

— ' = ;” ] => '/\_\_f_ ‘Km’\"’c\
16/&1& > Q\/Qg tertate hoalfy— € wre

] :> « g‘_i‘: ’QSCLY\,A .f\/\_ﬂ,ﬂ, ?

wa g Tk VV\Q](:mQ,
>2fete o BN 2pd Ratnd M%’fwjg



2 T = 2N Z's => Ast Kramd L
Y

z ) _ { <+ 2 wnd /Qr&u/\clg
Z[cele => MN 27 = st , Toe
Une wlatev
&g 63'0’“ wWks NN
’ v



3. Please describe recent developments in the field of ultra-cold Fermi
gases. Include some current challenges and future goals in your
description, and discuss the differences between Fermi and Bose gases at
ultra-low temperatures. Please use a minimum of 4 sentences in your
response.
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4. Consider a 1D biased random walk in which a step of variable length is made
either to the left or to the right. The time between successive steps is fixed at At.
Each step has a length of kL, where k is a random variable:

K=%4,+2 ..

P(k) is the probability of k (and thus the probability of a step length kL), and

u=<k> =3 k Plk) o

l=%4,+2 ...

is the drift velocity. Recall that variance of a random variable X is given by

Vav (v) = <x2> —<xe>?

Derive an expression for the variance of the displacement xy after N steps, and
discuss its dependence on the total time t elapsed since the start of the walk.
Define the diffusion constant D by analogy with the unbiased random walk. How
does it depend on the variance of k?
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5. a) What is a semiconductor and how is it distinct from metals and insulators?
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b) Please sketch p(T) vs. T (temperature dependence of the carrier
‘concentration) for a p-type semiconductor. Indicate on the plot and explain the
three main temperature regimes.
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¢) Use the Maxwell-Boltzmann approximation to the Fermi-Dirac distribution to
compute the electron concentration as a function of Fermi energy and gap
energy in the intrinsic semiconductor regime. Use
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for the density of states on the bottom of the conduction band.
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