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7. EXTRACELLULAR FIELDS 

We will look at: 

 Generation and measurement of 
extracellular fields 

 Single-fiber distributed-source models 

 Lumped-source models 
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Generation and measurement of 
extracellular fields: 
The activity of excitable cells leads to flow of 
currents into the extracellular space. 
These currents can be measured by 
extracellular electrodes or even electrodes 
on the body surface.  Examples include: 
 ECG (electrocardiogram) 
 EMG (electromyogram) 
 EEG (electroencephalogram) 
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Generation and measurement of 
extracellular fields (cont.): 
Measurement of extracellular fields depends 
on: 
 the spatial and temporal characteristics 

of the locally-generated extracellular 
fields, and 

 the conductive characteristics of the 
tissue between the excited cell(s) and the 
electrodes, referred to as a volume 
conductor. 
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Observed extracellular potentials: 
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Observed extracellular potentials (cont.): 
The temporal waveforms of extracellular potentials 
cannot be determined directly from the temporal 
waveforms for transmembrane potentials.  Instead 
the following steps must be taken: 
1. Convert transmembrane potential temporal waveform 

into spatial waveform. 
2. Find transmembrane current and/or axial extracellular 

current. 
3. Find extracellular spatial waveform produced by 

transmembrane current (or alternatively axial 
extracellular current). 

4. Convert extracellular spatial waveform into temporal 
waveform. 
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Observed extracellular potentials (cont.): 
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Source density i m(x): 
The transmembrane current i m(x) acts as a 
current source in the extracellular electrolyte. 
From the cable equations: 
 

 
For an axon with radius a and axoplasmic 
resistivity Ri, Eqn. (8.3) becomes: 

 

 

where ¾i= 1/ Ri is the conductance per unit length. 
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Source density i m(x): 
However, one normally knows Vm(x) but not ©i(x). 
In the case where r e ¿  r i , Vm(x) ¼ ©i(x) and thus: 

 

 

Under this approximation: 
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Source density i m(x) (cont.): 
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Observed extracellular potentials (cont.): 
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Single-fiber source model: 
Consider a cylindrical fiber lying in an extensive 
conducting medium and carrying an action 
potential propagating in the x direction: 
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Single-fiber source model (cont.): 
For a fiber element of length dx, the current 
I 0 passed into the extracellular space is: 
 
 
where i m is the transmembrane current per 
unit length. 
Although the element dx of fiber membrane 
is actually ring shaped, at distances that are 
large relative to the fiber’s diameter, I 0 can 
be approximated as a point source. 
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Single-fiber source model (cont.): 
For a point source, the extracellular field is: 
 
 
where I 0 =  i mdx, σe is the conductivity of the 
extracellular medium, and r  is the distance 
from the point source to an arbitrary field 
point. 
Note that once again the effect of the fiber 
on the field is typically ignored. 
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Single-fiber source model (cont.): 
The extracellular field for the fiber element 
dx is: 
 
 
and the total extracellular potential at point P 
is: 
 
 
where L  is the length of the fiber over which 
i m ≠ 0. 
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Single-fiber source model (cont.): 
Substituting (8.8) into (8.11) gives: 
 
 
 
The potential difference between two 
extracellular electrodes at positions a and b 
is then: 
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Single-fiber source model (cont.): 
If the element dx is located at point (x, y, z) 
and the field potential is measured at 
(x0, y0, z0), then: 
 
 
 
Normally the coordinate origin is placed on 
the fiber so that y =  z =  0.  Since the source 
element is approximated by a point source, 
it too lies on the fiber’s axis. 



18 

Single-fiber source model (cont.): 
With this expression for r , the field potential 
is given by: 
 
 
Eqn. (8.15) can be written as the 
convolution: 
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Single-fiber source model (cont.): 
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Single-fiber source model (cont.): 
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Single-fiber source model (cont.): 
Eqn. (8.12) can be considered the integral: 
 
 
 
of the monopole source density I ` (with 
units of current per unit length): 
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