MSE 102, Fall 2017 Midterm #2

Write your name here: 5 0 / whHong

Instructions:

Answer all questions to the best of your abilities. Be sure to write legibly and
state your answers clearly.

The point values for each question are indicated.

You are not allowed to use notes, friends, phones, etc. You may use a calculator.
You should circle your answer.

There are a total of 100 points.

Feel free to ask questions, but only for clarification purposes.
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1. When noble gases condense on a surface, they can be considered to form a 2-D crystal.
Suppose that the 2D crystal can be described quite well using the potential:

vey=4¢[(2)" - (7).

Note that the repulsive term is given by the 14" power of (g) , not the 12" power
r

associated with the Lennard-Jones potential.

(a) [20 points] Derive the equilibrium lattice parameter, and the energy per atom of a one
atom per unit cell 2D crystal defined on a simple hexagonal lattice with primitive lattice
vectors:

You should express your answers algebraically in terms of the constants ¢, €, and the
relevant dimensionless sums given below. (You don’t need to substitute the numbers...
they are given merely for reference.)
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(b) [10 points] We can define an elastic modulus of a 2D material equivalent to the bulk
modulus of a 3D material, B, using the relationship:

d2e

B=4.0w

b

A=A,

where A, is defined to be the area per atom at equilibrium, A is the actual area per atom,
and e is the energy per atom. Compute a value of B in terms of the constants ¢, €, and
the dimensionless sums given above, G~—& vte ey Tbbriune loptrce oA
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2. [20 points] CaF, is a compound that forms ionically with the structure shown above.
The Ca atoms are positioned on the sites of a cubic F-lattice. Each Ca atom is surrounded
by 8 F atoms, positioned at the tetrahedral interstitial sites. The experimentally measured
formation enthalpy (per formula unit) is:

AH = —12.7 eV.

The sublimation energy of Ca is S, = 1.84 eV, and the dissociation energy of F is Dp =
1.65 eV. In addition, we have

Ca+180eV = Ca’* +2e”

and

F~+345eV > F +e™.

Use the Born-Haber cycle to estimate the experimental value of the lattice formation
energy (i.e. the reduction in energy per formula unit associated with assembling the ions
into the CaF, structure, assuming the ions start out separated by infinite distances).
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3. [25 points] A finite length wire is prepared with a single electron. The potential of the
wire is then tuned to have the following properties:

oo x<0
2 4., L
V(x) = gh”—(XZ) 0<x<L-
8L3m
o x> L

Here, m is the mass of the electron. The potential, when plotted, looks like.
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Compute an estimate for the ground state energy of the electron. To do this, you will use
the orthonormal functions ¥, (x) and ¥, (x) as a basis, where:

Yp(x) = \[%sin (nL—nx)

You will need the integral:

m?h? (=1+(-1)"P)np

J dx Y, GOV (0, (x) = {9 2em zp2z | 7P
0 n=p

Using this basis, construct the Hamiltonian matrix and find its lowest eigenvalue. (Don’t
forget to include the kinetic energy — I’ve only given you the matrix element of the
mw2h?2

2L2m’

potential energy term.) Express your answer in terms of
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4. A hydrogen atom is prepared in the state:

Y(x,t=0)= %1/)100(7”) - %#’21—1(7’)-

[S points] Give an expression for the wavefunction at times ¢ > 0.
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[S points] What is the expectation value of the total energy?
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[S points] What is the expectation value of the square of the angular moment?

L Ho () = Xy

[S points] What is the expectation value of the z-component of the angular momentum?
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[S points] Suppose that at time t = t, you measure the energy to be E,. What value will
a subsequent measurement of the energy yield (provided no other quantities have been
measured in between the time t, and the second measurement)?

E.



