Finals paper C2 June 2006

In total there were 52 attempts on the Lasers and Optics questions (Q1. to Q4.) and 98 attempts on the Quantum Information questions (Q5. to Q8.). The average mark was 63 marks with a standard deviation of 18 marks, a maximum mark of 97 and minimum of 24. The questions on lasers were well answered. Very few candidates attempted the questions on optics, although the marks attained by those who were not significantly different from the other questions on the paper. The Quantum Information questions were mostly well answered. Students 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 13.3, standard deviation 8.4, attempts 3): This question made use of mathematics that had been covered extensively in the optics lectures and homeworks, but in a context that made use of ideas from the lasers lectures. This was therefore an easy question for those who could make the connection. One person did very well, one reasonably and one poorly, who tripped up on the early sections. 

Question 2 (average 24, attempt 1): This candidate completed the question almost perfectly, and clearly understood both the concepts and the analysis well.

Question 3 (average 15.5, standard deviation 2.8, attempts 15): This question was answered well by most of those who attempted it. However, slightly more than half failed to spot that the modulator was to be used transversely and consequently drew the wrong experimental set up and derived incorrect expressions for the retardation. Most candidates realized that the time taken for a beam to be transmitted through the modulator must be short compared to the period of the modulation frequency; some gave sensible suggestions on how this limit might be overcome, but none realized that the modulator could be driven with travelling-wave excitation.

Question 4 (average 16.9, standard deviation 6.5, attempts 33): A popular question which was generally answered well. Most candidates were able to derive an expression for the power output when the laser is operated continuously, although a significant minority made little progress with this since they tried to use the textbook derivation for the energy of Q-switched pulse. Whilst most candidates were able to work out the energy of the pulse when the laser was Q-switched, a surprising number failed to do this standard bookwork. About half the candidates realized that at high repetition rates the population inversion prior to Q-switching would be reduced, and that in the limit of high fQ the output power of the repetitively Q-switched laser would tend (in the absence of other losses) to the power output when the laser was operated continuously.

Question 5 (average 9.2, standard deviation 6.1, attempts 21): Answers to this question were sharply divided.  The small number of candidates who understood it provided excellent answers, but the majority of answers were very weak indeed.  Many candidates simply quoted standard results for the Deutsch algorithm, of little or no relevance to this question, and so scored only a handful of marks.

Question 6 (average 18.0, standard deviation 3.1, attempts 33): This was a standard question involving only bookwork.  Unsurprisingly it was very popular, and mostly well answered. 

Question 7 (average 17.3, standard deviation 5.1, attempts 28): This question had a relatively large bookwork part on quantum dense coding which was mostly well answered. Only few students could work out the mutual information in the last part of the question.

Question 8 (average 16.2, standard deviation 5.8, attempts 16): The first part was mostly well answered but only few students gave a full explanation on the physics of the atom-atom interaction parameter. In the second part the discussion on how to obtain the compact form of the entangled state was sometimes weak. The last part of the question was answered well by most students.

