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Aelius Galenus (Galen of Pergamon)
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Dielectric with
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C=Q/V
C: Farad

Q: Coulomb
V: Volt
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At the electrochemical equilibrium state:
Cell diameter ~ 20 um: Cell volume =4200 pm3

Number of K* in the cell
150 mM~6X1011 K*

Assuming the cell surface is 20 pF
E,=-100 mV

lons relocated for establishing equilibrium potential:
3 M K¢ 1X 108 K*

Redistributed ions: 1 X 108 /6 X 1011~ 0.016%
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The Ins and Outs of an Action Potential

Rising phase: Inward Na~ current
Py : Py, = 40 : 1000

= )

Resting phase: outward K*leak current
Pc:Pua = 40 1

wiz) IMIW&_ _

Falling phase: Outward K+ current
Py : Py, = 100 : 50

| Undershoot phase: outward K*leak current
|PK Py, =500:1
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Typical conduction velocity: 10 m/sec &-

Time zero (4
Length of action potential: 2 msec g ‘
Each action potential: ¥2 cm Py
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Cell membrane as a RC circuit Time Constant

[
I t
resistor I I IR — 10(1 — € )
R ==C ' RC
capacitor |rM
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capacitor : RC

As V= 1R,
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Front. Physiol., 12 October 2017
Sec. Membrane Physiology and Membrane Biophysics
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Un-myelinated axon: leaky pipe Saltatory conduction (Schwann cell)

Using myelin “tape” to fix it
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Action potential propagation speed is depending on the ion channel density and axon diameter

A Current genaralor

)

—{ L
Ry

D: Axon diameter

% Extracellular
QECtrooe

R,,: membrane resistance /unit area (ion channel density)

R.: axial resistance / unit volume

& = Distance over which response decays
to J or ~ 37% of original size (V)

4 ;vl Z 4
f T L (O 05
1. ( A=3mm
\ fa IS low
Large-diameter axon
2. \ T — e—Mawwvww—

. Ia 1S high
Small-diameter axon

94 3 2% 0 25 3 4 S5mm

Kneppen & Stanton: Beme and Levy Physiology, 6th Edition,
Copyright @ 2008 by Mosby, an imprint of Elsevier, InC. All rights reserved
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...IF MANY EPSP 'S ARE OCCURRING
SIMULTANECUSLY, THE SIGNAL IS
STRONGE ENCUGH TO BE READ WITH
ELECTRODPEZS PLACED ON
THE SURFACE OF THE HZAD.
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LAYERED ORDERLY \

STRUCTURE OF THE \
NEOCORTEX...
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