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8. NEURAL ELECTROPHYSIOLOGY 

We will look at: 

 Structure of the nervous system 

 Sensory transducers and neurons 

 Neural coding and computation 

 Neural synapses, excitation and inhibition 

 Generation of EEG signals 
EE 3BB3 Lecture 24 
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Structure of the nervous system: 
The main functions of the nervous system 
are to: 
 receive and process sensory information, 
 control motor functions, 
 learn, and 
 integrate memory, sensory and motor 

functions. 
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Structure of the nervous system (cont.): 
 The neuron is the basic processing unit 

of the nervous system. 
 There are around 1012 neurons in the 

human nervous system. 
 There are approximately 10,000 

morphological classes of neurons, and 
many more functional classes. 

 Neurons are connected via electrical or 
chemical synapses.  There are about 
1015 synapses in a human brain. 
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Structure of the nervous system (cont.): 

(from Johnston 
and Wu) 
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Structure of 
the nervous 
system 
(cont.): 

(from Koch) 
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Structure of the nervous system (cont.): 
The three major levels of the central nervous 
system (CNS) are the: 
 spinal cord, 
 subcortical level (brainstem, midbrain, 

cerebellum and thalamus), and 
 cortex. 

The remainder of the nervous system is 
referred to as the peripheral nervous 
system. 
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Structure of the nervous system (cont.): 

(from Guyten) 
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Sensory receptors: 
 Transduction from physical signals to 

neural signals is achieved through 
sensory receptor cells. 

 These are specialized excitable cells in 
the sensory epithelia that typically have a 
graded potential in response to 
transduction currents, rather than firing 
action potentials. 

 The sensory receptors normally synapse 
onto spiking neurons. 
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(from Guyton) 

Sensory receptors (cont.): 

For example, inner hair 
cells (IHCs) in the 
cochlea (inner ear) 
produce a graded 
membrane potential 
in response to 
mechanical vibrations 
in the cochlea that 
are produced by 
sound waves. 
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Somatic Sensory Nerve Endings 



Somatic Receptors 
e.g. Iggo Dome 
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Pacinian Corpuscle 
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Receptor Potential of Pacinian 
Corpuscle 



Frequency Coding 
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Receptor Adaptation 

• Decay of response when sensory stimulus 
is continuous 

• For Pacinian corpuscle fluid redistributes 
in receptor to make pressures equal 

• Slowly adapting receptors provide 
continuous input to brain (tonic – e.g. 
muscle spindles) 
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Receptor Adaptation 
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Neuronal Cell Body properties 
• Resting membrane potential -65 mV (vs    -90 

mV for large peripheral axons) to allow both 
excitation and inhibition 

• Cell dendrites and body (soma) have few 
sodium channels so individual excitatory post 
synaptic potentials (EPSP) do not result in action 
potentials 

• Cell body potential is uniform because of 
geometry and electrolytic conductance 

• Action potential generated in initial segment of 
axon (axon hillock) because it has 7 times 
number of sodium gates as cell body  
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Summation of Inputs 
• EPSPs and IPSPs from typically ACh rise in 1-2 ms and 

return to baseline within 15 ms due to diffusion of ions 
• Other neurotransmitters can excite or inhibit for 100s of 

ms, sec, min or hours 
• A single input only raises or lowers post synaptic 

membrane by .5 to 1 mV 
• Many simultaneous inputs are spatially summated 
• If a presynaptic neuron fires at a high enough rate the 

single synapse response can be temporally summated 
giving that synapse much greater possibility of exciting 
the cell to produce an AP 
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Neurons: 
 Almost all neurons in the CNS of 

vertebrates are spiking cells. 
 The threshold potential and action 

potential waveform are dependent on the 
types of ion channels that are present in 
a particular cell. 

 The synaptic input that is required to 
reach threshold is dependent on the 
arrangement of the synapses on the 
dendritic tree and soma, as well as the 
membrane properties. EE 3BB3 Lecture 24 
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Multiple Input Effect on Cell 
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Neural computation: 
The simplest view of neural computation is 
that postsynaptic potentials add together 
linearly, and if the threshold potential is 
reached, then an AP is generated. 
However, more sophisticated computations 
can also be performed by neurons. 
These include: 
 multiplication, 
 division, and 
 coincidence detection. 

EE 3BB3 Lecture 24 
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Neurons 
(cont.): 

(from Koch) 

EE 3BB3 Lecture 24 



Reverberant Circuits 
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Facilitation and Inhibition 

 

EE 3BB3 Lecture 24 25 



26 

Neural coding: 
The waveform of any action potentials 
generated in a particular neuron is 
practically independent of the synaptic input 
that excited the neuron. 
Consequently, all the information that is 
conveyed by neurons must be contained in 
the timing and/or rate of action potentials. 
In addition, it will typically be important 
which neurons are firing at a particular time, 
producing a spatial or population code. 
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Neural coding (cont.): 
The difference between timing and rate coding 
depends somewhat on the time scale used to 
compute the “rate”. 

(from Koch) 
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The Neuronal Pool 
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Threshold and Subthreshold 
Stimulation 

• Large numbers of synapses must 
discharge simultaneously for cell to “fire” 

• In neuron pool some neurons are in 
excited or liminal state if they fire due to a 
given input. 

• In neuron pool some neurons in 
subthreshold or subliminal state if they 
have synaptic inputs but insufficient to 
“fire” 

EE 3BB3 Lecture 24 29 
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