Examiners report: B2 Condensed Matter Physics and Photonics

June 2006

The overall marks per question and unnormalised total are given below.  The overall performance on the paper was good, with many candidates able to given well thought out and well presented answers.  The distribution of difficulty and marks between questions was generally equitable, given the requirement that answers consisting of standard derivations and proofs should demonstrate clear understanding of the assumptions and situations being described.  The ability of a large number of candidates to provide well organized and structured written answers to discursive questions was encouraging and the use of graphs and diagrams was very helpful in this.  The relatively smaller number of candidates who were reluctant to illustrate their answers often found it much more difficult to make their points succinctly and well. In general the performance of candidates on different questions was quite strongly correlated, as shown by the relatively large standard deviation for the whole paper, when compared with those for the individual questions.

It should also be noted that during the exam the Schools were stiflingly hot, and this fact may have affected some candidates adversely.
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Q1. 
107 attempts.  Mean 11.9  S.D. 3.5

This was a straightforward crystal structure/X-ray scattering question. The candidates were all able to recognise the FCC structure and basis, but not always able to comment to well on the primitive unit cell. The hydrogen approximation to a simple FCC was well described by most candidates, but a full derivation of the FCC selection rules including all steps was only completed fully by a relatively small proportion of the total.  The more complex situation with the basis was more taxing, and only a relatively small proportion treated this with the simple process of multiplying with a basis factor, many instead making a full sum over 8 atom sites.  Some candidates could make a clear prediction of the missing peaks using scattering from intermediate planes, although many of the arguments with this approach were not well thought through and often wrong.

Q2. 
127 attempts.  Mean 11.6  S.D. 3.8

This was a fairly standard and straightforward question on phonons and Debye model. It was the most popular question attempted by 90% of candidates.  The description of the dispersion relation and approximation to sound waves was generally well done, although candidates who struggled with the later parts of the question often made small errors here also.

Although the discussion of the Debye model was generally well done, it was worrying that a high proportion of the candidates attempted to do the proof by taking the temperature derivative of the Bose-Einstein function before doing the integral.  This led them into a more complex form of algebra which often caused difficulties, while those who did the integral first were invariably successful.  A smaller proportion could derive the result that the mean phonon energy was proportional to temperature but this was still well done, usually by those who had not attempted the derivative B-E approach. The discussion of the temperature validity of the approximation was a useful discriminator as a few of the best candidates were able to produce a clear essay on the high and low temperature limits and the introduction of other phonon modes and the Einstein Model.

Q3. 
74 attempts.  Mean 10.1  S.D. 3.3

A band structure question with a slightly different format which probably reduced it’s popularity but which was quite well done overall.  The short essay on band structure was moderately well done but many answers did not pick up the request in the question to include some reference to atomic structure, which could have been done in both the tight binding or nearly free electron approaches.

The dispersion relation sketch was well done and clearly labeled many candidates got full marks on this section.  The contours of constant energy question was also well answered and most candidates could deduce the formula for effective mass, although it was rare for them to calculate correct numerical values. The section on density of states was clearly too difficult for almost all candidates although one or two did produce very good answers.

Q4. 
107 attempts.  Mean 13.1  S.D. 4.2

This magnetism question was rather straightforward and easy and was attempted by a large number of candidates.  The derivation of Langevin diamagnetism was often done in a rather sloppy way with candidates losing marks due to both carelessness and lack of basic understanding. Once again the ability to come up with a correct numerical value was sadly lacking!  The spin ½ paramagnetism question was very easy relative to the rest of the paper and was an easy route to 7 marks which most candidates took. The final section which called for a calculation of the magnetic interaction between ions was a good discriminator and a relatively high percentage of candidates were able to make sensible comments on possible low temperature behaviour.  

Q5 
76 attempts.  Mean 10.1  S.D. 3.7

A superconductivity question which was a mix of essay and some derivation.  The essay section was often well done with candidates having a clear knowledge of the basics of superconductivity, energy gaps and general properties of the system.


The derivation of flux quantization was completed by the overwhelming majority of candidates. Many did this well, however there was also considerable evidence of rote learning, with incorrect justifications provided and poor descriptions of the basic analysis which was being performed.  Several good attempts and descriptions were made of the flux lattice.

Q6.
75 attempts.  Mean 10.1  S.D. 3.4

This was basically a directed essay on the operation and uses of a p-n junction and it was in general very well done with careful descriptions of both the operation and in particular the range of different optical uses of the junction.  The candidates generally produced well organized essays which went through the different forms and modes of detection and emission of light.  The use of heterojunctions was well described.  The overall average was significantly depressed by the number of  answers from weaker candidates in a ‘5th question – 5 minutes’ scenario.

Q7.
19 attempts.  Mean 9.1  S.D. 4.1

This question was a detailed numerical approach which was required to treat  a low dimensional device and as such was only attempted by a relatively small number of candidates as it was almost completely new.  Nevertheless there were some very creditable attempts.

Q8 
115 attempts.  Mean 12.2  S.D. 4.8

This question on the standard treatment of gain saturation in lasers was attempted by a large fraction of candidates. The equations given in the question were not the most general case which made the algebra considerably simpler. Some candidates took full advantage of this and gave concise answers that obtained full marks. Others strayed from the direct path but managed to reach the correct answer eventually. Of those who did not derive the required equations, there were some who had memorised expressions for saturation intensity which they could use in subsequent parts of the question. The last part of the question was difficult without the results obtained in previous parts.
In the answers to the two middle parts of the question, there were a few cases where candidates reproduced a derivation that was not necessary. It was expected that the gain (alpha) would be defined as N* times the cross-section, rather than deriving the gain from the Einstein treatment of radiation (which was not given extra marks). Also in working out the amplification, some reproduced the standard treatment for the calculation of the threshold condition for a laser oscillator in addition to, or in sometimes instead of, the simple integration that was required. A small number of people were confused by the use of cm-3 rather than m-3, in particular those who did not write any units in their answers. There were a couple of instances of where Is was stated to be a saturation current. 
