CAAM415, Gabbiani

Solution to exercise 2

The steady-state cable equation is:

>V
A— =V

dz?

We use the Ansatz, V(z) = c;e®/* + c,e™*/* to obtain:

. = Xe — Xe , so that Tz = ﬁe + Xe = EV(I)
From the boundary conditions,
av av
— =— d — =0
dz 1z=0 7 a dz lz=l
we obtain: . . c c
Xl — Xz = —v and Xlel/’\ — fe_l/’\ =0.

Rearranging gives,
c1—Cco=—y\ and ¢y = clem/)‘.

Combining these two equations, we obtain first

B _7)\ B —621/)"7)\
cl = m and then Cy = m
We now plug the values of ¢; and ¢, in the Ansatz,
A z/\ ey —z/\
Vi(x) = 1 — 621/,\6 1 — 621/,\6 )
—yde /A

_ z/N | 2L/ —x/\
= A 62!/)\)(6 + e*/e

Y

_ —A z—1)/A —(z—1)/X
= o ap (T e,
YA
= h(i —z)/\).
smh 1 st = @)/ A)

We can now compute V' (0) = WAZTEE;;; and rewrite

= v
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To take the limit [ — oo, we rewrite

VA (e=/ 4 e~ 2/ A=/

V(z)=V(0 ol/x (14 e=2/)

Since e~ 2/* — 0 as | — oo, the 2nd additive terms in both the numerator

and denominator of this last equation tend to zero. Thus,

V(z)=V(0)e

Example of cable constant. From the values given in the exercise state-
ment and the formula for the space constant in the lecture notes, we obtain

100,000 Qcm? 10—
A= \/ ’ T M 01581 em = 1581 .

100 Q2 cm 4

Since the dendrites of pyramidal cells are of smaller length (~ 300um) than
the space constant, the infinite cable approximation is not appropriate.



