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Propagation velocity constraint for uniform 
(unmyelinated) fiber: 
For uniform propagation, the space-time 
behaviour of Vm(x,t) must satisfy the wave 
equation: 
 
 
where θ is the propagation velocity and the 
waveform for Vm on the RHS is the temporal 
waveform, i.e., Vm(t). 
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Propagation velocity constraint for uniform 
(unmyelinated) fiber: 
Alternatively: 
 
 
where the waveform for Vm on the RHS is 
the spatial waveform, i.e., Vm(x). 
(Note that propagation of the action potential 
waveform without dissipation requires an 
active membrane, i.e., voltage-gated ion 
channels.) 
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Propagation velocity constraint for uniform 
(unmyelinated) fiber (cont.): 
Differentiating Eqn. (6.64) once with respect 
to x, utilizing the chain rule, gives: 
 
 
and again results in: 
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Propagation velocity constraint for uniform 
(unmyelinated) fiber (cont.): 
Substituting Eqn. (6.66) into (6.31), with 
i p =  0, r e =  0 & r i  =  Ri/ ¼a2, gives: 
 
 
 
 
With an appropriate value for θ the solution to this 
ODE exhibits an action potential; the solution 
diverges with an incorrect θ. 
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Propagation velocity constraint for uniform 
(unmyelinated) fiber (cont.): 
An important property of the propagation 
velocity can be obtained with inspection of 
Eqn. (6.68) without solving it explicitly. 
Note that all the terms on the right-hand side 
(6.68) are independent of the fiber radius a, 
as is d2Vm/ dt2, and thus the coefficient must 
be a constant independent of a, that is: 
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Propagation velocity constraint for uniform 
(unmyelinated) fiber (cont.): 
Consequently: 

 

 

Since K  is unknown, it must be determined 
experimentally. 
An empirically-obtained relationship for squid giant 
axon at 18.3°C is: 

 

where d is the fiber diameter in µm. 
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Propagation in myelinated nerve fibers: 
In vertebrates, Schwann cells produce myelin 
which wraps around an axon to produce an 
insulating sheath.  The regularly-space breaks in 
the myelin are called nodes of Ranvier, and the 
axon segments between nodes are referred to as 
internodes. 
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Propagation in myelinated nerve fibers 
(cont.): 
The myelin is wrapped in layers around the axon, 
often on the order of 10s or even 100s of layers. 
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Propagation in myelinated nerve fibers 
(cont.): 

(from Koch) 
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Propagation in myelinated nerve fibers 
(cont.): 

(from Koch) 



12 

Propagation in myelinated nerve fibers 
(cont.): 
The specific leakage resistances and 
specific capacitances of the myelin sheath 
and cell membrane shown below are 
consistent with the myelin sheath being 
equivalent to around 100 layers of cell 
membrane. 
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Propagation in myelinated nerve fibers 
(cont.): 
Considering the Frankenhaeuser–Huxley model 
under subthreshold (i.e., linear/passive) conditions, 
the nodes of Ranvier have a specific membrane 
resistance and specific membrane capacitance of: 
 
 
 
 
respectively. 
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Propagation in myelinated nerve fibers 
(cont.): 
Note:- 
 Nodes of Ranvier are around 1 µm in length. 
 Internodal distances are on the order of 1 to 2 

mm.  (A rough empirical rule is that the 
internodal length equals 100£ d, where d is the 
fiber diameter.) 

Although internodes are much longer than nodes, 
the much smaller specific capacitance of the 
former means that an internode and a node have 
approximately the same capacitance. 
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Propagation in myelinated nerve fibers 
(cont.): 
The purpose of the myelin is clearly to: 
1. reduce the capacitance of long stretches of 

membrane, the internodes, such that they are 
more easily charged up as an AP propagates 
through, and 

2. increase the membrane leakage resistance so 
that there is less leakage across the 
membrane of the intracellular longitudinal 
current. 

Consequently, the “local circuit currents” extend 
over much longer lengths of the fiber. 



16 

Propagation in myelinated nerve fibers 
(cont.): 
Because the local circuit currents extend 
from one node to the next node (or several 
nodes ahead in some cases): 
1. action potentials propagate faster, and 
2. a “failsafe” mechanism may be provided 

– if one node is blocked, the action 
potential may be regenerated at the next 
node along the axon. 
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Propagation in myelinated nerve fibers 
(cont.): 
In contrast to (6.72), for frog myelinated fibers: 
 
where d is the fiber diameter in µm. 
 

(from Koch) 
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Propagation in myelinated nerve fibers 
(cont.): 
Propagation along a myelinated axon has 
historically been referred to as saltatory 
propagation, as if APs effectively jump or 
skip from node to node. 
This is based on the observations that:  
1. the extracellular potential outside an 

internode does not change much as the 
AP propagates by, and 

2. the voltage-gated sodium channels are 
concentrated at the nodes of Ranvier. 
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Propagation in myelinated nerve fibers 
(cont.): 
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Propagation in myelinated nerve fibers 
(cont.): 

(from 
Hille) 
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Propagation in myelinated nerve fibers 
(cont.): 
However, the conductive nature of the 
axoplasm means that the transmembrane 
potential along an internode must deviate 
from rest as the action potential propagates 
from one node of Ranvier to the next. 
In fact, the AP transmembrane potential 
waveform is attenuated somewhat as it 
propagates along the internode and then 
grows again as it approaches the next node. 



Additional Gating Information 

• The following slides are not req’d but 
included to show where some research is 
going 
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Specialized location of neural ion channels: 

23 (Lai and Jan, 2006) 
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Families of ion channels: 

(Hille 2001) 
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Families of 
ion channels 
(cont.): 

(Hille 2001) 
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Families of 
ion channels 
(cont.): 

(Hille 2001) 
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Families of ion channels (cont.): 

(Hille 2001) 



Diversity of 
AP shapes: 
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(from Koch) 
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