Report on A3, Quantum Physics 2006

Mean = 59.6, std dev. = 15, highest mark = 93, lowest mark = 18, (all raw marks)

Summary: This material in this paper was generally at the right level but a substantial faction of candidates ran out of time leaving a question half finished. The most successful candidates were those who focussed on writing just the relevant facts rather than regurgitating bookwork. In particular wherever perturbation theory was mentioned it triggered a derivation of the expressions from first principles from some people. 

Section A [40 marks] (mean = 26.3 ( 66% of 40)
Q1 [6 marks] (mean = 4.0)

There were a surprisingly large number of ways of losing marks on this simple question. Many gave the e’value times the wave function rather than the e’value, or probabilities that did not add to unity.

Q2 [2 marks] (mean = 1.8)

A very easy question with only a few careless errors.

Q3 [6 marks] (mean = 4.0)

The standard bookwork was reproduced by many, some more rigorously than others. Some credit was given for showing understanding of what was required even though it was not fully demonstrated.

Q4 [6 marks] (mean = 2.5)

This question on the sudden approximation proved difficult and was skipped by some. Even the calculation of energies caused difficulties with many assuming that no change in the energy implies the system stays in the ground state. Answers containing the idea of overlap of wave functions were given some credit. 

Q5 [8 marks] (mean = 4.8)

Generally done well, but with the binomial expansion in c) causing the most problems. 

Q6 [12 marks] (mean = 8.7)

This required some algebraic manipulation of operators and those who set out the work carefully benefited by avoiding careless errors. The derivation of the commutation relation was difficult to mark since in some cases there was clearly some fudging in one of the intermediate steps. The majority of candidates knew that Dy was a raising operator and hence worked towards an eigenvalue higher than that of the ground state. This could be demonstrated for any linear relationship between the Hamiltonian and the given combination of operators (DDy), not just the correct one. 

Section B (20 marks for each question)
Q7 (mean = 10.8, attempts = 39)

The description of exchange degeneracy was generally vague but most attempts gave the correct expression for the exchange integral (give or take a conjugate). Knowledge of helium seemed to be very sketchy. 

Q8 (mean = 8.7, attempts = 144)

Many students did not have a good understanding of the physical mechanism leading to the spin-orbit interaction although they could write down almost the correct equations. The estimation of the orbital magnetic field lead to some surprising statements, e.g. B=1053 T, “I know B-fields in atoms are large so this might be reasonable” whereas another calculated approximately the right value of 0.5 T but said “this is obviously way too big”.  Determining the dependence on atomic number Z proved difficult for many. The final part of the question proved to have a nasty trap for those who had no idea what the Zeeman effect is – they tried to use the equation for the spin-orbit interaction given earlier in the question which gave nonsense.

Q9 (mean = 11.3, attempts = 146)

This question had a polarised outcome with some absolutely perfect answers and others lost in a sea of algebra. There were many classical examples of losing marks for not explaining what they were attempting to do but just trailing off. Some marks were awarded to those who could not complete the calculation but wrote an accurate explanation of the procedure for writing the wave functions in terms of the eigenfunctions of the operators and finding probabilities from the amplitudes squared. The phrase “a definite value of angular momentum” was sometimes misinterpreted, e.g. Lz psi = 0, was taken to imply that the particle did not have a definite value of AM. Also “a wave fn that depends only on r” was very commonly taken to imply that the wave fn was proportional to r, rather than being f( r); this was given full marks if the calculations to show that f( r) has no AM were carried out in later parts of the answer.    

Q10 [6 marks] (mean = 13.2, attempts = 161)

The first part was a gift. Most could write down the integrals for the calculation of the perturbations but made heavy weather of their evaluation although they should have been familiar from the coursework on Fourier series. Symmetry arguments were a useful shortcut but care was needed to avoid finding zero for all n (the integral for  n=1 is a special case). A few people had difficulty understanding the boundary conditions expressed as an inequality.   

