MSE 102, Fall 2009 Midterm #2

Write your name here: N 0 / 23 /7('(}“.(

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, {nends, phones, etc.

*  You can use calculators.

* There are a total of 100 points.

* Feel free to ask questions, but only for clarification purposes.



(1a) [15 POINTS] The figure above defines the structure of a molecule. Atoms A and B
are the same type of atom, but are obviously sitting at different positions. Choosing the
basis functions of the atom to be y4(r) and yg(r), and assuming that these are both
eigenfunctions of the bare atoms with energy eigenvalue E, =-1, and that they are
properly normalized and orothogonal to one another, construct the Hamiltonian matrix as
we did in class. Assume that —|‘7| =-V,/d, with V,, a positive constant. Be sure to define

the matrix elements explicitly. Use your Hamiltonian matrix to find the energies that one
might measure for an electron in the dimer.
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(1b) |5 POINTS] Suppose that atoms A and B each have (initially) on¢ clectron bound to
them. Compute the change in electronic energy associated with forming the dimer from
two isolated atoms. Assume that the electrons do not interact with one another, or
alternatively, that the electron-electron interaction is included in the definition of V.
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(1¢) [5 POINTS] Now suppose that the binding part of the dimer encrgy is given solely
by the change in electronic energy, and repulsive part of the energy is simply the

repulsion between the two nuclei. Further suppose that this repulsive energy takes the
form:

2
Eyep(d) = Vyep [d,
with V,,, a posilive constant,

Compute the equilibrium bond length for the dimer and the total change in energy

associated with forming the dimer from atoms that are initially separated by an infinite
distance.
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(2a) [10 POINTS] Suppose that the interaction between two atoms is given by the
Lennard-Jones potential:

Choose ¢ =40 eV, and o =20 A. Consider a crystal with one atom per lattice vector and

primitive lattice vectors:

a=-ae,
b=2ae,

Find the equilibrium lattice parameter a for the crystal. Be sure to give the proper units.
The following sums may be usctul:

=2.11107 and =2.00125. (The sums exclude the
Ez(u +4v°] 22(u+v] (
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¢
y _ g

E;:‘"lvv\ > A2 Z/uawb/ ([uﬁfv;b/)
Nohwy soat  w@rvh = 24V Sx ~aa by,
oot /u4+ ‘U‘b/ 2vta® + uta 710?74”:, Hhe
Y decones:

por wkom
77 (, )

£ {(V)/ ) "Hv

- The Trws {attice oww*f e

)

-\ 40(9: ]
Z?. Af?.(a) q L
| "
‘A‘, a .".'-o
3 124, [.f':) + ——-("')
3 (Efudo I a* 7 {3z

o O

E/ajm.-'

mm;mt‘ias



¢ 7
/2 'qu(z_)C = (pﬁ‘ ov (__ = 4‘ ov Q=T 24‘3) ¢
Q Q 24‘1 [4‘ ’

wasﬁ'ﬂ..ﬁy, Ll 744&(

asz 2.04 x < = 2.22502 4.

(2b} [5 POINTS] Evaluate the total energy per atom of the crystal at the equilibrium
lattice parameter you calculated.
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(3) [10 POINTS] A cubic material is strained according to the following strain tensor:
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Give the associated stress tensor in terms of the parameters @ and y and the elastic

constants C;;, Cs, and Cy,.
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(4) [15 POINTS] A crystal has a four-fold axis of symmetry along its x;-axis. What does
this imply for a symmetric, second rank tensor property of the crystal? Support your
answer with a clear and detailed mathematical argument.
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{3a) [5 POINTS] An electron bound to a hydrogen atom is described by the
wavefunction:
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B 3 h
with y,,,.(r) an cigenfunction of the Hamiltonian, #, squared angular momentum, L7,
and z-component of the angular momentum, L..

Give the expectation value of the z-component of the angular momentum, Z_, for the
electron,
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(5b) [5 POINTS] Give the expectation value of the total energy. (You can express this in
terms of the energies E, and E,.)
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(5¢) [S POINTS] Give the expectation value of the angular momentum squared, £2.
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{6a) [5 POINTS] An electron bound to a one-dimensional nanowire is described by the
wavefunction:

() = Seno 2y (1)L exp“E2 o) gexp(“'ﬁ”")wv(x),

h h

with y,(x) = ‘j% sin(% x) an cigenfunction of the Hamiltonian operator for the particle,

2 2
and E, = ;—(ﬂ) the corresponding eigenvalue.
mn

You conduct an cxperiment 10 measure the total energy of the particle. What values
might you measure, and with what probability?
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(6b) [5 POINTS] At time f; you measure the energy to be E4,. Give an expression for
the electron’s wavefunction for all times greater than 1.
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(7) [10 POINTS] Suppose that the only point symmctry that a cryslal possesses is the
Inversion operation. Prove that this implies that all odd rank tensors are identically zero
and that this symmetry operation places no constraints on the elements of even ranked
tensors.
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