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Study Material 

• NEUROSCIENCE Third Edition 

– Dale Purves  

• Chapter 2 pages 31-46 

– In particular pages 43-45 

• Chapter 3 pages 47-67 



Aims for this Lecture 

• Understand the action potential as an all-or-
none signal with a threshold. 

• Know the underlying ion conductances and 
their specific kinetics. 

• Understand how positive and negative 
feedback mechanisms shape the action 
potential. 

• Know how action potentials propagate. 



Recapitulation L2 

• Cell membranes are thin isolators separating 
conducting media. As such they behave as 
capacitors. 

• Changing the voltage across the membrane 
therefore requires the movement of charges.  

• These charges (ions) move trough channels 
with a certain resistance. 



Recapitulation L2 



 

 

Tau is the membrane time constant. It is proportional to the 
capacitance of the neuron and the membrane resistance.  
 
The capacitance is given by the amount of cell membrane and 
depends on the size (surface area) of the neuron. 
 
The membrane resistance at rest is also likely a function of the 
size of the neuron (larger neuron -> smaller resistance), but it is 
very dynamic and can change, since channels can open and 
close. 
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Recapitulation L2 

• Neuronal processes are not very good 
conductors. 

• Neural membranes are not ideal isolators and the 
cytoplasm inside the process has a relatively high 
resistance.  

• Moreover, if we want to change the membrane 
potential we again have to move charges just to 
charge the membrane capacitance. 

• The hydraulic equivalent is a leaky, elastic garden 
hose. 



Recapitulation L2 

The length constant describes the 

signal loss along a neuronal process. 

After one length constant we only have 

1/e or about 37% of the signal. 

Typical length constants range from 100 

micrometers to  a millimeter. 

 

rm is the membrane resistance (across). 

ri is the cytoplasmic resistance 

(lengthwise). 

 

This simplified version is only valid for 

steady signals (and is the best case). 

l =
rm

ri
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Loglio forbesi 



Squid Giant Axon 



Intracellular Recording 



Increased Permeability 



Depolarization is Na-dependent 

Replacing Na-Ions in 

the extracellular 

solution with 

impermeant ions 

reduces the action 

potential amplitude. 



 

 

Voltage Clamp 

Membrane voltage is held constant and the current is 

measured.   



Channel-Blockers 

TEA 

Tetraethylammonium 

Sodium (Na) channels 

Potassium (K) channels 
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Action Potential 



• Positive feedback of 
voltage dependent  Na-
conductance 

• Negative feedback of 
voltage dependent K-
conductance 

 

• Explosive depolarization 
and subsequent 
repolarization 

Feedback Mechanisms 



Action Potentials Propagate 



 

 

AP Propagation 



Make It Fast 

l =
rm

ri

rm scales linearly 
with the diameter, 
while ri scales with 
the square of the 
diameter 
 
Big axons are 
faster 



Myelin 

Myelinization reduces both 

rm and the capacitance of 

the membrane. This greatly 

improves the performance 

of the ‘leaky flexible garden 

hose’. 

 

The trigger signal can reach 

more distant channels more 

quickly. 



 

 

Channels are Strategically Enriched 

Sodium channels are enriched 

at nodes of Ranvier -> 

Saltatory propagation of the 

AP. 



CNS Myelin 

•A single 

oligodendrocyte 

forms myelin 

sheath around 

many (50) axons.  

•Segment length: 

ca. 1 mm 



PNS Myelin 

• An unrolled 

Schwann cell in 

the peripheral 

nervous system 

(PNS). 

• Each Schwann 

cell only surrounds 

one axon. 


