Examiner’s Report on C7, Biological Physics, 2007

30 candidates took the option.  

Question 1 Straightforward stat mech of a freely-jointed chain - mainly well done.  The temperature dependence of the low-force spring constant caused problems: some candidates made use of the fact that the partition function is a function of (force x extension / kT) as expected; some applied equipartition; many were lost.  Lessons learnt by the Assessor: do not use upper and lower case versions of the same letter to denote different quantities; be very prescriptive in 'bookwork' sections if you do not want candidates to jump straight to the answer.
Answers: 28. Average: 16.8.  Range: 11-22.

Question 2 was an essay question in 2 parts, asking for a description of single-molecule techniques and their applications in biophysics.  Some answers were good or very good in terms of coverage of the relevant material, but in most the prose style and organization could have been improved.  This presumably reflects the limited writing experience of physics undergraduates at Oxford.

Answers: 10. Average: 11.6.  Range: 3-22.

Question 3 started with 3 derivations of reaction time distributions, one of which was standard and the other two novel but simple and closely related.  Most attempts failed to branch from the standard derivation at the correct point for the novel derivations.  A very standard description of F1-ATPase followed, which was generally well answered.  The final part of the question asked students to infer details of the mechanism of F1 from two graphs of experimental data, with which most were already familiar.  Most attempts gave the standard answer, only a few addressed the question of what could actually be inferred from the data shown, and none obtained full marks for this part.

Answers: 16. Average: 13.2 Range: 4-20.

Question 4 was attempted by only 2 candidates, presumably due to the more “biological/biochemical” nature of the question, or due to the perceived difficulty of Section 3 (power-stroke model for transcription elongation), despite this being discussed both in lectures and during revision. The 2 candidates who tried the question did very poorly in the essay-like questions on RNA and on transcription/replication and did not attempt the reaction velocity derivation. However, the last part of the question (dealing with aspects of the force-velocity relation) was answered well by both candidates.

Answers: 2. Average: 9.5 Range: 7-12.

Question 5 began with basic descriptions of concepts in fluorescence and FRET, well answered by all candidates. The 2nd section (deriving a given expression for FRET efficiency) was very poorly answered, probably because it required going slightly beyond lectures/classes. A question on calculating the FRET characteristic distance Ro based on fluorescence measurements on DNAs was answered well, whereas the last part (a most complex FRET case) has a mixed response. Only 5 candidates tried this question, perhaps discouraged by its length.

Answers: 5. Average: 13.4 Range: 10-17.

Question 6 started with standard electrochemical definitions and with derivations of a related force and current density, and was answered very well (sections 1-2). Most candidates gave an incomplete answer in Section 3 and had problems obtaining the estimated potential asked in section 4 (although the Born-model part of the question was answered well); the last section was mixed. 21 candidates tried this question, presumably due to high similarity with what was covered in lectures/classes.

Answers: 21. Average: 16.8. Range: 12-21.

Question 7 Most candidates gave a good description of the potassium channel and of its operating principle.  Few understood how to calculate the energy cost of dehydrating an ion, and there was some confusion about the difference between electrostatic and electrochemical potentials.
Answers: 14.  Average: 15.2 Range: 12-19.

Question 8 was in 4 parts, asking for a simple description of a coherent type-1 feed forward loop (FFL), then an incoherent FFL, and finishing with two new variations on FFLs that the students had not seen before.  Most answers were good with only a small number missing major points.  The relatively small spread suggests that the question was easier than average. The only section on which the majority dropped points was the incoherent FFL, perhaps because while this one was discussed in class, it was not treated in the problem sheets.
Answers: 24.  Average: 18.5 Range: 7-22.

