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Physiology of Nerve and
Muscle Cells

Action potential o

Transmitted through axon : . N ey
o no change in shape J \/
Myelinated/unmyelinated |

nerve fibers
o Nodes of Ranvier
o Speed of conduction

Coding using repetition ¥




Physiology of Nerve and
[I\/Iuscle Cells

Synapse or junction
o Ach neurotransmitter packets (quanta)
Extra-/intra- cellular fluids ion

Conce ntrations Inside of axon b Extracellular fluid
o Nernst potential ? 4., o] as 9
o Permeability ? [k* =150 [*1-5  ooms
[Miscﬂ =5
e J-=9 [cr J-125 13.9
Misc ] = 156 [MiscT) = 20 0.19




and Electric Field

[Coloumb’s Law, Superposition

Electrical force
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[Gauss’s Law

|| E. dS_—

closed surface

Always true but not always useful

Example: point charge

Gaussian surface: sphere
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[Gauss’s Law

Example: infinitely long line of charge
o Gaussian surface: cylindrical surface
o Charge density A C/m
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[Gauss’s Law

Example: Sheet of charge
o Gaussian surface: cylinder
o Charge density: c C/m?
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Gauss’s Law

Example:
wo Infinite sheets
of charge

Cell membrane
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[Potential Difference

Potential energy difference per unit

charge .
Av:—jEde .-
A o =
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Conductors

Electric charges are free to move
o No electric field inside

o No work is required to move charges

o Same potential 0 ® -
. Total + Total e
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[Capacitance

Capacitance C (F)

Q=Cv
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Dielectrics

Charges not free to move

o Polarization field only
o Partial cancellation inside

Ep — _%Etot
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[Current and Ohm’s Law
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Application of Ohm’s Law to
[Simple Circults

Kirchhoff's first law bl 4
Conservation of charge § T

Kirchhoff's second law
Conservation of energy PA




Charge Distribution In
[Resting Nerve Cell

"4
Membrane potential -70mV N ﬂ
Nernst potential 1 |
o Na 30mV, K-90mV, C| -70 o s
o Permeability ?? \ A |- oee

Membrane capacitance

o K=/,

o b=6nm (mye), 2000nm (unmye) @
o 1luF/cm?(mye), lower by 300 (unmye)
o o= 700 uC/m? b
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Cable Model for an Axon

Need to model the complicated flow of
charge between inside and outside

Model a small segment of an axon




[Cable Model for an Axon

Assume no current along the axon
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[Cable Model for an Axon

Consider both longitudinal and

membrane currents ;i EJ )

L(X)—1.(X+dX)—1_=—7= R
O —ixrdg—ig =28 =Co=m g
—diizcmﬁﬂm

dt

V,(X)—Vv,(x+dx)  1dv
r.dx I dx

1 (X) =




[Cable Model for an Axon

Dividing by area S= 2 7 a dx
1 dy e dv
2ma dx

By substitution, Cable Equation

. N i+ 1 o v
"ot " 2mar, dx /\
o Similarity to Fick's second law | ——




Electrotonus or Passive

[Spre

ad

Membrane assumed ohmic

Valid for small changes

Substitute into Cable Equation
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Electrotonus or Passive
[Spread

Special case 1: ¢,=0

o3V ve X, x>0 \T
F—V:—Vr V—Vr: Vexm « <0 [K
X 0 SR IR I S

Special case 2: no dependence on X
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Hudgkin-Huxley Model for
[I\/Iembrane Current

Space-clamped (T N

Voltage-Clamped | _»
inside | L——#——1 Current ' Controller
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Myelinated Fibers and
Saltatory Conduction

TABLE 6.2, Properties of unmyelinated and myelinaled axons of the sane radius.

Quantity Ununyelinated Myelinated
Axon inner radius, a 3 pm O pan
Membrane thickness. # 6 nm

Myelin thickness, b 3.4 jum

Kig

Axoplasm resistivity p;
Membrane (resting) or
myelin resistivity p,,
Time constant T = key oy,

Space constant A

Node spacing D

Conduction speed from
model

Conduction speed. empirical
Ratio of enpirical to model
couduction speed

Space constant using thick
membrane model

6.20 x 1071 s~ Q- !
1.1 @ mn
107 9 m

6.2 x 1075

\ = [alpy,
2/),
=0.1654/a

=370 pym

Uunmyelinated X )\//T ~ 270\/5
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6.20x 107" g Lty
1.1 Q2 m
107 Q m

6.2x 10"t g

- \/ abpy, ] 0.67a2%p,,

2[)5 2[')1

D = 3400 = 1.7 um
Umyelinated X
AT A 2.9 % 10%
or
D/r =0.55 % 10%
. G

Umyeclinated == 17 x 10%a
5.9 or 31

lll(J t+ b/(a'-)[)m.
A= a\/ -ﬁ R
P EIUS
\/ 20
= 1530a
= 7.6 mun




[Myelinated Fibers and

Saltatory Conduction
0w

Unmyelinated %

Electrotonus
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[Problem Assignment

Problems 1, 2, 3,5, 6, 10, 12, 13, 18,
19, 20, 21, 22, 24, 25, 27, 31, 32, 60



