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Effect of I m and I ion on Vm: 
The total transmembrane current I m can change 
because of current injected into a patch of 
membrane by an electrode in a physiological 
experiment or by a propagating potential under 
normal physiological operation. 
Alternatively, the net ionic current I ion can change 
because of ion channel gating, i.e., changes in gp 
giving rise to a change in the membrane 
resistance R. 
How do each of these factors contribute to 
changes in the transmembrane potential Vm? 
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Effect of I m and I ion on Vm (cont.): 

(from Koch) 



4 

Effect of I m and I ion on Vm (cont.): 
The response of the transmembrane potential Vm 
for a patch of membrane with constant membrane 
resistance R initially at Vrest and then subjected to 
an intracellularly-injected current step of amplitude 
I 0 is: 

 

 

 
 
where τ =  RC and V0 =  I 0R =  Vm(t! 1 )−Vrest. 
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Effect of I m and I ion on Vm (cont.): 
The transmembrane potential Vm for a patch 
of membrane with constant membrane 
resistance R initially at Vm(t= 0) and with no 
current injection returns to the resting 
potential according to: 

 

where τ =  RC. 
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Effect of I m and I ion on Vm (cont.): 
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Effect of I m and I ion on Vm (cont.): 
Consider a parallel conductance model with 
sodium and potassium ionic channels.  The 
response of the transmembrane potential Vm 
for a patch of membrane initially at Vrest and 
then subjected to an instantaneous change 
in the sodium conductance to gNa

0 is: 

 

where τ0 =  R0C and V0 =  Vm(t! 1 )−Vrest. 
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Effect of I m and I ion on Vm (cont.): 
The new membrane conductance G0 or its 
reciprocal the membrane resistance R0 is 
given by: 
 
 
and the new steady-state potential Vm(t! 1 ) 
is: 
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