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Network Prope“ies Of Neurons N Neurons in gl Line: When the neurons are arranged in a line

some wavelike behaviour can be seen. Gen-

)
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erally one of the neurons at the end of the

Dan Aylen d I‘Id DI‘ JOhn Terry ‘J 7 line is the first to ‘spike’” and this spiking

| progresses down the line in order. If the "
= - spiking starts in the middle of the line then it :
. | L & progresses symmetrically to the outsides. :

Introduction:

The human brain contains 10! brain cells called Neurons which link together as a huge electrical cir- -

cuit. The interactions between the individual cells control our behaviour, senses, memory and thought. 1 . However, in a system with an odd number of neurons
Scientists have proposed many models for how individual neurons work based upon our knowledge of - the amplitudes of the spikes are not equal. Instead the
how they are constructed, but in order to understand how the brain works as a whole it is important to N AT . N neurons amplitude synchronise in pairs symmetrically.

study the dynamics of neurons when they are coupled together. T N T R

, ] _ _ J _ A __ down the line, and the tendancy to symmetric amplitude
This project studies small networks of neurons in order to discover how they behave. In particular it is M synchrony can be seen.

of interest if and when they synchronise together. Is it possible to predict how a network will behave

based upon the type of connections that exist within it? The neurons are numbered 1 to 5 from left to right, and
- the trace shows that they spike in the order 5,4,3,2,1

(in order from right to left).

In order to study networks of neurons the Hindmarsh-Rose neuronal model is used, with the neurons in e
the network coupled together by their x-components. ) S In terms of symmetric amplitude synchrony you can see

J  that neurons 1 and 5 have similar amplitudes, as do 2
S— - k. _ ' ] "\ XS and 4.
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Mexican Hat Coupling:

In the systems studied so far the distance between the neu-
rons has not been considered. However it seems likely that it
will have some impact.

. | . The Mexican hat wavelet (right) is used as a function to de-

[ | scribe how the effect of one neuron on another changes with
& - distance. If the neurons are close then they excite each other.
Neurans 1 and 2 (adjacent] \ Those further away have the opposite effect and inhibit each
Heurons 3 and 3 {Non-adjacent) : other from spiking. This inhibition decreases to zero as the
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These diagrams show the synchronisation of pairs of neu- i | _ X ad
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W Neurons in a ring display interesting behaviour as they syn- g When ten neurons are arranged in a line, and coupled using the Mexican hat wavelet to describe the connection between
% chronise. As the coupling strength parameter in the network them, an interesting type of synchronisation takes place. They synchronise completely and alternately along the line.

is increased the neurons synchronise in pairs. These pairs Every neuron is therefore anti-synchronised with its neighbours.
are not necessarily adjacent; a neuron on one side of the

ring can completely synchronise with another on the other

side.

Meurons 3 and 5 (non—adjacent)

As the coupling strength parameter is increased further the

whole network synchronises. AT This project was
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