


Nernst Equation / Goldman Equation 
Physiologists modeled the behavior of nerve cells using electrical theory.  For example, Katz and Keynes used 
the Nernst Equation to predict what voltage (Vm) the membrane would go to if a particular ion was suddenly 
allowed to become freely permeable across the membrane.  They used the Nernst Equation to determine the 
Nernst Potential for K+ and for Na+, in order to understand the driving forces at work during an action 
potential in the squid giant axon. 
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This equation gives Vcation of the inside of the cell relative to the outside.  Also, for an anion, the in and out 
concentrations are reversed. (If divalent ion, divide RT/F by 2.) 
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      IN    OUT 
[K+] 400mM   20mM 
[Na+]   50mM 440mM SQUID GIANT AXON 
[Cl-]   26mM 560mM 
 
Solving this equation for K+, for example, gives us a value of -76mV, which is amazingly near the resting 
potential of the cell (but this should be no surprise to you): 

 (V ) = 25.2mV(ln 20mM
400mMK ) . ( . ) .= − = −25 2 3 00 75 5mV mV  

BUT, we know that multiple ions are involved during both the resting potential and the action potential AND 
the membrane is not equally permeable to each ion (some ions can move across the membrane more freely 
than others). 
 
Goldman modified the Nernst Equation to (1) examine the contributions of all ions AND (2) account for 
differences in their permeabilities (p). 
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Because this is an algebraic formula, relative values for "p" are sufficient to solve the equation. In the case of 
the squid giant axon, the relative permeabilities are K+:Na+:Cl-  1:0.04:0.45 
 
Solving this equation, for squid giant axon AT REST: 
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 V (25.2mV)ln 1(20) 0.04(440) 0.45(60)
1(400) 0.04(50) 0.45(540)m =

+ +
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which again is a very close prediction of the resting potential across the axon membrane. 














