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Notation for potentials: 
 Transmembrane potential: 

 
 

 Membrane potential relative to rest: 
 
 

 Intra- and extra-cellular potentials relative to 
their respective baseline values: 
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Voltage and space clamp: 
 Hodgkin and Huxley used a voltage and space 

clamp apparatus to measure and quantify ionic 
currents in the squid giant axon. 

 By applying a voltage clamp and making 
discrete steps in transmembrane voltage, the 
capacitive current is absent, and consequently 
only the ionic currents are recorded. 

 By inserting a conducting wire along the inside 
of the axon, a space clamp is applied, i.e., the 
intracellular potential is the same along the 
entire length of the axon.  Consequently, the 
ionic current from a large number of ion 
channels is recorded. 
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Voltage and space clamp (cont.): 



Voltage and space clamp (cont’d) 

5 



6 

Example net ionic current to a voltage step: 
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Measured ionic current for different voltage 
steps: 
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Current-voltage curves: 
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Separation of sodium and potassium 
currents: 
Hodgkin and Huxley utilized two approaches 
to separating the contributions of sodium 
and potassium currents to the net ionic 
current: 
1. Assuming IK = 0 for 0 · t · T/3, where T is 

the time of peak inward current. 
2. Varying the extracellular sodium 

concentration while keeping the 
extracellular potassium concentration 
fixed. 
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Effects of varying extracellular sodium 
concentration: 
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Ionic conductances from ionic currents: 
Rearranging Eqns. (3.26) and (3.27) gives: 
 
 
 
 
 
In the voltage clamp experiments, the 
denominators of Eqns. (5.16) and (5.17) are 
constant ) 
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Ionic conductances from ionic currents 
(cont.): 
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Hodgkin-Huxley equations: 
Potassium channel model: 
 Potassium conductance: 

 
 

 Potassium activation particle dynamics: 
 
 

 or: 
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Hodgkin-Huxley equations (cont.): 
 Potassium activation transition rates: 
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Hodgkin-Huxley equations: 
Sodium channel model: 
 Sodium conductance: 

 
 

 Sodium activation particle dynamics: 
 
 

 Sodium inactivation particle dynamics: 
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Hodgkin-Huxley equations (cont.): 
 Sodium activation transition rates: 

 
 
 
 

 Sodium inactivation transition rates: 
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Hodgkin-Huxley equations (cont.): 



18 

Hodgkin-Huxley equations (cont.): 

(from Koch) 
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