
Quantitative Physiology: Cells and Tissues Lecture 27: November 13, 2006
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Cable Equation

Let vm(z, t) = Vm(z, t) − V o

m
and |vm(z, t)| << |V o

m
| :

vm(z, t) + τM

∂vm(z, t)

∂t
− λ2

C

∂2vm(z, t)

∂z2
= roλ

2

CKe(z, t)

where

λ2

C =
1

gm(ro + ri)

τM =
cm

gm
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Assume infinitesimal electrode and ie(t) brief so that

ke(z, t) = 0 ; if z 6= 0 or t 6= 0.

For t 6= 0 or z 6= 0

vm(z, t) + τM
∂vm

∂t
− λ2

C

∂2vm

∂z2
= 0

Let
vm(z, t) = w(z, t)e−t/τM

Then
∂vm

∂t
= −

1

τM
w(z, t)e−t/τM +

∂w

∂t
e−t/τM

∂2vm

∂z2
=

∂2w

∂z2
e−t/τM

Substituting,

w(z, t)e−t/τM − w(z, t)e−t/τM + τM
∂w

∂t
e−t/τM − λ2

C

∂2w

∂z2
e−t/τM = 0

τM
∂w

∂t
= λ2

C

∂2w

∂z2
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