
Version CRIB v2

EGT4
ENGINEERING TRIPOS PART IIB

CRIB 2025

Module 4G7

CONTROL & COMPUTATION IN LIVING SYSTEMS

Answer both questions in section A. Answer one question in section B.

All questions carry the same number of marks.

The approximate percentage of marks allocated to each part of a question is indicated
in the right margin.

Write your candidate number not your name on the cover sheet.

STATIONERY REQUIREMENTS
Single-sided script paper

SPECIAL REQUIREMENTS TO BE SUPPLIED FOR THIS EXAM
CUED approved calculator allowed
Attachment 1: Hurkey et al. (2023) paper for Question 3 (8 pages)
Attachment 2: London et al. (2010) paper for Question 4 (6 pages)
Engineering Data Book

10 minutes reading time is allowed for this paper at the start of
the exam.
You may not start to read the questions printed on the subsequent
pages of this question paper until instructed to do so.

You may not remove any stationery from the Examination Room.
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SECTION A

Answer both questions.

1 (a) (i) elementary reactions are:

•-8 → ∅

•-8 + - 9 → -:

•-8 → - 9

as well as the reverse reactions [15%]

[15%]

[10%]
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[50%]

[10%]
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2 . [30%]
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[40%]

[10%]

[20%]
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SECTION B

Answer one question.

3 (a) Essay key points:

•background: study focussed on a network of motor neurons in Drosophila that
provide rhythmic input to wing muscles during flight; a key property is that the
discharge of these units is desynchronized, evenly spacing spikes to provide smooth
control of muscle contraction and wingbeat frequency and vigour

•goal: understand how synchronization/desynchronization of motor units occurs

•methods: in-vivo electrophysiological recordings and laser-based wingbeat
detection, combined with computational and mathematical analysis of a network
of motor units with the same connection topology (gap junctions) as in the animal

•main findings: the dynamical type of the motor units have a determining effect on
synchronization, as revealed by the phase resetting/response curve (PRC); a SNIC
PRC produces synchrony, a SNL PRC produces a splay state (sketch helps); the PRC
is in turn determined by expression level of a potassium channel (Shab) which the
investigators manipulate to test the prediction of this model

[60%]

(b) . [40%]
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4 (a) Essay key points:

•background: cortical signalling uses spikes, but there is debate about whether
information is encoded in the rate of spiking, or whether coordinated spiking events
carry information and enable computation

•goal: determine whether cortex likely uses rate coding or coordinated spiking, by
perturbing spiking events in an intact brain

•methods: hypothesis is illustrated by showing spiking sensitivity in a simple
model; the input-output sensitivity of single units is characterised using single-cell
recordings in which single spikes are injected into the surrounding network

•main findings: state of cortical networks is sensitive to addition/perturbation of
individual spikes in a single cell

[60%]

(b) Rate coding means that information is carried in the (time-averaged) rate of spiking
events, or can be defined as the instantaneous rate of a suitable point process (e.g. Poisson
process). Alternatives would include coding via time differences between spikes. [20%]

(c) The authors demonstrate that cortex can be sensitive to single spiking events, then
use this as an argument that the cortex cannot process information using spikes, which is
somewhat circular. [20%]

END OF PAPER
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