Finals paper C2 June 2007
In total there were 20 attempts on the Lasers and Optics questions (Q1. to Q4.) and 78 attempts on the Quantum Information questions (Q5. to Q8.). One candidate only attempted two questions. The average mark was 60 with a standard deviation of 16.8, a maximum mark of 85 and minimum of 12. 
There were few attempts at the Optics and Lasers questions. The candidates probably expected the Q-switched laser question, we think, based on previous track record of the examiners. The other laser question was also well within their capabilities and knowledge, but nothing similar has appeared on problem sets and on previous exams. The optics questions were likewise well within what was covered in lectures and on problems. It is clear that the students prefer linear algebra to integral transforms, which they find notationally complicated and conceptually awkward. This was evident also from questions in the revision classes. The Quantum Information questions were mostly well answered. Except for question 6 candidates did well on the bookwork questions and the main part of the problem. Fewer correct answers to the most advanced parts of the questions were given.

Question 1 (average 19, attempt 1) and Question 3 (average 12, attempt 1): 
The candidates who chose these questions did reasonably well, getting completely the pieces that were extracts from the lecture notes, and making a good stab at the calculations applying these formulae. They fell down on explanations related to interpreting what the calculations told them about the physics, and both failed to get the final pieces of the question.

Question 2 (average 14.3, standard deviation 1.53, attempts 3, min 13, max 16):
Candidates attempting this question were able to answer the first three parts reasonably well, although in one or two cases there were simple mathematical errors which prevented correct answers for the required voltage. Also diagrams of the modulator arrangements generally did not show clearly the orientation of the relevant axes in the crystal with respect to the input polarisation. For the last part of the question on phase modulation, the mathematics was generally confused with no one providing either a clear solution for the output light field or the required diagrams for its frequency distribution.

Question 4 (average 17.1, standard deviation 3.54, attempts 15, min 12, max 22):

This was a reasonably straightforward question and most candidates were able to provide reasonable answers to all parts. However, in many cases candidates failed to provide a sufficiently clear description of the steps in their proofs, and often a few simple diagrams would have saved many words in the discussion of both Q-switching and mode-locking. There was also some confusion in descriptions of "spiking" in pulsed lasers (in the first part) and the maximisation of energy extraction from inversion to the optical pulse (in the last part).

Question 5 (average 14.9, standard deviation 4.84, attempts 20, min 5, max 24):
The first part of this question was extremely simple, being just a standard quantum information theoretic treatment of a Mach-Zehnder interferometer, and was answered very well by almost all candidates. The second part required a slightly more complex treatment of beam splitters, and gave reasonable dispersion. Most candidates used brute force matrix methods, but a few used operator approaches. The last part, a discussion of the Elitzur-Vaidman bomb testing protocol, was far more challenging and produced a wide range of answers, with most candidates managing to say something and one candidate producing a perfect answer.

Question 6 (average 10.7 standard deviation 5.24, attempts 20, min 1, max 20):
A straightforward question based entirely on bookwork, and so these results are remarkably poor. The worst candidates were unfamiliar with the forms of even elementary logic gates. One frequent serious error was to confuse the fij functions used in Grover’s algorithm with those used in Deutsch’s algorithm; similar difficulties were noted last year, but this was a much simpler question, suggesting that the confusion is much deeper than we realised. Pleasingly the NMR section was answered better than in 2005, although some candidates are still confused about spin echoes.

Question 7 (average 16.7, standard deviation 4.32, attempts 19, min 8, max 22):

The bookwork part of this question was answered very well. Most students were also able to complete the second part of the question without problem. The third part was answered less well with many students getting the numerics wrong and/or performing overly complicated calculations. Some students also struggled with the distinction between mixed and pure states in this part of the question (despite this not being necessary to get the correct answer).

Question 8 (average 17.8, standard deviation 5.75, attempts 19, min 6, max 25):

The first part was mostly well answered. Only a few students were able to fully answer the second part of the question which essentially only required knowledge on changing bases in a two dimensional vector space. The third part of the question was a variation of calculations on GHZ states done in the lecture course and was very well answered by most students. Some students seemed to run out of time while answering this question.
