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5. IMPULSE PROPAGATION 
We will look at: 
 Core-conductor model 

 Cable equations 

 Local circuit currents during propagation 

 Mathematics of propagating action potentials 

 Numerical solutions for propagating action 
potentials 

 Propagation velocity constraint for uniform fiber 

 Propagation in myelinated nerve fibers 
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Impulse propagation: 
Up until now, we have only considered the 
properties of (i) a small patch of membrane 
or (ii) a space-clamped axon, such that the 
transmembrane potential is identical for all 
the membrane. 
However, in practice we are often concerned 
about the propagation of transmembrane 
potential impulses (i.e., waveforms), 
particularly action potentials, along the 
length of axons, or muscle fibers. 
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Impulse propagation (cont.): 

(from Johnston 
and Wu) 
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(from Johnston 
and Wu) 

Core-conductor model: 
In the core-conductor model we approximate an 
axon or a segment of a dendrite as a uniform 
cylinder. 
 
 
 
 
 
Each small (cylindrical) segment of membrane is 
electrically linked (axially) to the next segment by 
the intra- and extra-cellular electrolytes. 
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Resistance and capacitance in a cylindrical 
fiber: 
If the resistivity of the intracellular electrolyte is 
Ri (Ω cm), then for a cylindrical fiber of radius a the 
axial (longitudinal) resistance per unit length is: 
 
 
 
(Note the convention that (i) resistivity or specific 
resistance/capacitance is designated by an 
uppercase letter and (ii) resistance or capacitance 
per unit length is designated by a lowercase letter.) 
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Resistance and capacitance in a cylindrical 
fiber (cont.): 
If Rm (Ω cm2) and Cm (µF/cm2) are the specific 
resistance and the specific capacitance, 
respectively, of the membrane, then the 
membrane resistance times length is: 

 

 

and the membrane capacitance per unit length is: 
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Core-conductor model (cont.): 
If a single fiber described by the core-conductor 
model lies in a restricted extracellular space, then 
longitudinal current flow can occur in the 
extracellular electrolyte and longitudinal variations 
in the extracellular potential can result. 
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Core-conductor model (cont.): 
Under linear (i.e., subthreshold) conditions, each 
membrane patch of length ∆x can be described by 
a lumped RC circuit. 
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Core-conductor model (cont.): 
Under nonlinear (i.e., suprathreshold/ 
transthreshold) conditions, each membrane patch 
of length ∆x must be described by the HH model. 
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Core-conductor model assumptions: 
1. The transmembrane and longitudinal currents, 

as well as the intra- and extra-cellular 
potentials, are functions only of the axial 
(longitudinal) coordinate x.  That is, we have a 
one-dimensional cable model. 

2. For a fiber with a restricted extracellular space, 
the extracellular current can only flow in the 
axial (longitudinal) direction. 
In the case of a larger extracellular space, the 
resistance of the extracellular electrolyte is 
assumed to be negligible, i.e., re ≈ 0. 
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Nerve fiber bundle showing restricted extracellular 
spaces: 
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Core-conductor model assumptions (cont.): 
3. The radius of a fiber is typically many times 

smaller than its length, such that the 
intracellular current can be assumed only to 
flow in the axial (longitudinal) direction.  The 
resistance per unit length of the intracellular 
electrolyte is found via Eqn. (2.55′). 

4. For nerve and muscle under passive 
conditions, the membrane is represented by 
passive components (shown in Fig. 6.2) with 
values for rm and cm found via Eqns. (2.56′) 
and (2.57′). 
Under active conditions, the HH model is 
utilized, as illustrated in Fig. 6.3. 
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Cable equations: 
Ohm’s and Kirchhoff’s laws can be applied 
to the core-conductor circuit (shown in Fig. 
6.1 of Plonsey and Barr) to obtain the cable 
equations for a uniform cylindrical fiber of 
arbitrary length. 
It is then desirable to evaluate the cable 
equations in the limit as ∆x → 0, such that 
the equations describe the behaviour of the 
fiber as a continuous function of axial 
(longitudinal) position, rather than a set of 
discrete membrane patches. 
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Cable equations (cont.): 
The resulting relationship between the extracellular 
potential gradient in the axial direction as a 
function of the axial current is: 
 
 
 
and likewise the intracellular potential gradient is: 
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Cable equations (cont.): 
If current leaves the intracellular space by crossing 
the membrane, then the intracellular current will 
show an axial decrease, while the transmembrane 
current will be positive. This conservation of 
current is described by: 
 
 
 
where im is the transmembrane current per unit 
length. 
(Note that im is a linear function of the membrane potential 
under passive (subthreshold) conditions but is a nonlinear 
function under active (suprathreshold) conditions.) 
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Cable equations (cont.): 
In contrast, the extracellular current will increase 
axially due to any transmembrane current. 
In stating this relationship we will also allow for the 
possibility that a current may be injected into the 
extracellular space from polarizing electrodes, 
giving: 
 
 
 
where ip is the current per unit length injected from 
the polarizing electrodes. 
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Cable equations (cont.): 
Example current pathways for extracellular current 
injection: 
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