PHS575 Solid State Physics
Spring 2016
Midterm Exam 3:00 - 3:50 pm,

Show your working unless the problem states otherwise.

You may use any information on your cheat sheet (single sided 8.5 x 11 page). You may
also use a calculator. Otherwise, the exam is closed book.

You may ask me any questions you wish. I may or may not answer.

Q1 Q2 Q3 Q4 Q5 Q6 Total
(8pts) (10pts) (10pts) (10pts) (10pts) (12pts) (60pts)




1. Molecular orbitals!"'#!$%&'
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2. Energy of a molecular orbital "#!$%&'
Consider the wave function (in vector representation)
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Find E in terms of a and (.

3. Orthogonal wave functions "0G!$%¢&'
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4. Hydrogen atom wave functions "0G!$%&'

The spatial wave functions for the hydrogen atom are given by ! ,,!r!!,, 16!!).

a) How many orthogonal spatial wave functions exist with n = 3?

b) Use shading to represent the magnitude of Y; ; (8, ¢) + Y; _;1(6, @) on the spherical

surface below (just magnitude, not phase).
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5. Density of states "OE!$%&'
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6. Diatomic molecule "0E!$%&'

Consider two atoms (A and B). The ground state orbital of an isolated A atom is |! s, A).
The isolated orbital of an isolated B atom is |1s, B). When atoms A and B form a
diatomic molecule we find

(s AlH|1LYY =1 +A
(1s,A|H|1s!B) ! B
(1s,B|H|1s,! ) = a — A
The ground state molecular orbital is a linear combination of |1s,A) and |! ! I B). Find the
ground state energy in termsof a!,! and! .



