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Review: Membrane as a circuit



Review: Cell as a “leaky submarine cable”



Electrically inexcitable cell Electrically excitable cell

Ø What (biophysically) distinguishes 
between these two?

à Axon is *more* than just a 
“leaky submarine cable”



Variable Na+ and K+ 
conductances

Looking Ahead....



Weiss (v.2 ch.4)

à Huge amount of scientific/biophysical “gravitas” here....



Nernst
Potentials

Combine w/ 
Core-Conductor 
& Cable models

Looking Ahead....





à What are GK(Vm,t) and GNa(Vm,t)?

This gets to the heart of the 
Hodgkin-Huxley model as 
we�ll see.....





https://de.wikipedia.org/wiki/Brunsviga_Maschinenwerke





DNP reduces 
ATP 
production

Interrelationships between:
Na+ flux, �active� transport, & action potentials

Some key observations...

à Active transport not a priori 
required for AP generation



Some key observations...

à Na+ flux affects APs (early on)

à K+ flux affects APs (later on)



Idea 1 – Multiple permeant ions with different conductance (e.g., Gk >> GNa)

Idea 2 – K+ and Na+ conductances can vary time



What are GK(Vm,t) and GNa(Vm,t)?

à Not easy to empirically distinguish, so new 
electrophysiological techniques were required



Space-Clamp

à Eliminates spatial dependence
(i.e., make an electrically large cell a small one) 

Kenneth Cole & George Marmont (1940s)

Conduction velocity 
(Core-Conductor model)



Figure 1.32

à Electrically �small� cell can still fire action potentials



Voltage-Clamp



Separating Ionic Currents

Na+?

K+?



Capacitive Current



But what of the other ionic currents?

à Separating ionic currents by subtraction 
(assumes JK unaffected by changes in [Na+])

Capacitive current 
subtracted out

à What are GK(Vm,t) and GNa(Vm,t)?


