
CHMY 564-17           Objectives for Exam 1 

20Mar17 

 

Exam 1 will be available after class on Friday, March 24.  It will be a take-home exam in which 

you will be allowed a total of 6 hours of active attention to the exam, between the time you pick 

up the exam to the time you turn it in, or 5 pm on Tuesday, March 29, whichever happens first.  

You are to work on the exam strictly on your own.  You may use the books, class notes, 

handouts, homework solutions, but not solutions of similar problems taken from the internet. 

 

Know or be able to do: 

 

1.  Quantum concepts. 

 

2. Apply the Virial theorem to electronic energy and harmonic oscillator. 

 

3.  General nature of the 1 dimensional wavefunctions of a bound particle; relationship of 

wavefunction curvature, kinetic energy, and tunneling. 

 

4. Calculate expectation values of a linear combination of basis functions, given the matrix 

elements and overlap integrals for the basis set.  

 

5.  A problem like HW#3, problem #1, i.e., calculating the probability for observing a particular 

eigenvalue for a general wavefunction. 

 

6. Importance of the variation principle to quantum chemistry.  Non-linear and linear variation 

methods, including the perturbation limit.  Know the general behavior of the eigenvalues and 

eigenvectors of the 2x2 dimensional variation method. 

 

7.  Get eigenvalues and vectors for up to 6x6 matrices using the Colby Diagonalizer or an 

equivalent program. 

 

8.  Draw pictures of atomic orbitals showing nodal planes, cones, and spheres, given n, l, and |m|, 

quantum numbers. 

 

9. LCAO-Hartree-Fock SCF to the extent examined in HW#4.  Understand the short comings of 

HF-SCF. 

 

10. Understand how to quickly obtain matrix elements of an operator, given the density matrix 

and the operator matrix.  



 

11. Concept of electron correlation, the need for it, and methods by which it is obtained. 

 

12. Be able to perform ab initio electronic energy calculations Using Gaussian 09 for small 

molecules, including use of DFT.  Be able to find the lowest excited state energy and description 

of it in terms of singly excited configurations (CIS). 

 

13. The difference between molecular orbital (MO) and valence bond (VB) methods. 

 

 


