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Let vp(z,t) = V(2 1) — V5 and |v,(2,8)| << |V3] :
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Problem 1. A 50 pm diameter unmyelinated fiber is placed in oil. A thin layer of sea water clings
to the fiber, and the extracellular potential response to an external current ¢.(¢) 15 measured as
indicated schematically in Figure 1. The extracellular potential Aw, (=, £) is a function of time and
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Figure 1: Schematic diagram for the measurement of extracellular potentials. Aw,iz 1) is the
difference between the extracellular potential measured at » and that measured at a distant electrode
(not shown ).

position along the fiber. Two different types of measurements are obtained for this fiber.
Measurement 21

In response to a brief pulse of current, the monophasic extracellular action potential is measured
and found to have a peak amplitude of 40 mV. The transmembrane action potential has a peak
amplitude of 120 mV relative to the resting potential.

Measurement 2

The stimulus current is a step #,(f) = Lu(t) where u(t) is the unit step function. The amplitude
of the current [ is reduced until the relation between the cumrent amplitude and amplitude of the
voltage response is linear. It is found that for a current amplitude of I, = 0.5 g A, the extracellular
voltage response is related linearly to the current and all further measurements are obtained at this
current level. The time dependence of the voltage response Aw,(2,t) at a location = is shown in
Figure 2. The steady-state value of the extracellular potential is shown as a function of position in
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Figure 2: Response of a cell {lower panel ) to a step of current (upper panel) as a function of time at
a single location. The steady-state value of the step response is Avo( 2, 50} i1s shown with a dotied
line.
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Figure 3: Measurement of steady-state value of the extracellular potential in response to a step of
current.

a) Determine the value of the cell space constant, M.

b} Determine the value of the extracellular longitudinal resistance per unit length, r,,.
¢} Determine the value of the intracellular longitudinal resistance per unit length, r,.
dy Determine the value of the membrane conductance per unit length, gr..

g} Determine the value of the specific membrane conductance (the conductance per umt area
of membrane), Grm,.

f) Determine the resistivity of the cytoplasm, g,.
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Solution to Problem 1

Problem 1. Measurement | gives information about the longitudinal resistances,

AWz t)| _
AVm(z )| rodri
Measurement 2 gives information about other cable parameters since
r r r
Dbl on)=— = Avglz, 00) = (—"":] ”‘_';'C IEE—III."J'C_
r.+r r,+r 2

Awalr, oo mY)

The spatial dependence of the steady-state extracellular potential is exponential and the
space constant can be obtained from the initial slope of the potential as shown in Figure 4.
Therefore, Ao = 1.5 mm.

From Measurement 1, ro/{ra + r) = 40/120 = 1/3 implies that ,/ro = 2. In addition,
Measurement 2 shows that

Aug(0, 00) = ( T j (‘“"’b“"") L= 10mV,

s+ Ty 2

which implizs that
1 fra-0.15 -
a_ 1T -
102 = 3( — ] 5107

The solution for r, = & « 10 {}/cm.
The above results are combined to vield ry = 16 = 10° Qem.
The space constant is

1 1

Ao=0.15 = — = ,
\/ gmira +14) Vi - 24 3 10°

which can be solved to yield g,, = 1.85 » 10~ S/cm.

The specific membrane conductance is

_ Ggm _ 185x 107"

= - 118 » 107 Slem®.
™7 2gg 2525 = 10-4

The longitudinal resistance per unit length of cytoplasm is v, = gy /(7a®) so that

o = ryma? = (16 x 10%)7(50 » 10-4)? = 126 -cm.
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Problem 2. A large invertebrate axon is immersed in oil and stimulated with a constant current
f; = 0. The current is delivered using a pair of electrodes that are in one of four configurations, as

illustrated in the following figure. I
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The current [z is sufficiently small that the cell behaves as a linear cable. The specific resistances
of the internal and external conductors are 100 kfl/cm and 10 kfl/em, respectively. The specific
conductance and capacitance of the membrane are | mS/em and 0.1 pF/em, respectively. The
membrane potential is allowed to come to steady state. [Remember: Vi, is positive when the

inside of the cell is positive with respect to the outside of the cell. Also, the reference direction for
the longitudinal currents is in the 4= direction.

Part a. For which configuration is the intracellular longitudinal current at = = 0, [,(0), most
pasitive? Explain briefly.

Part b. For which configuration is the transmembrane potential V(=) at = = 1 num most positive?
Explain briefly.

Part ¢. For each configuration, let V.. represent the maximum value of the membrane potential
Vil z) along the axon, i.e.
Vines = max (Vial21).

For which configuration is V.. most positive? Explain briefly.
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Solution to Problem 2

Prablem 2. The space constant is

( 1

Ao = "+h 1 mm
o |l.II 1 mSicm=110 kY om

Part a. When the electrodes are separated by many space constants, as in cases A and B, then
the current partitions between the inside and outside according to the ratio of v, to ry. Since the
outside resistance is 10 times less than the inside resistance, 10 times more current flows outside
than inside in cases A and B. When the electrodes are closely spaced, little cumrent passes through
the membrane. The result is that most of the current passes through the external conductor for case
, and through the internal conductor in case D. These results are shown graphically below.
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Thus, the internal longitudinal current at = = 0 is mose positive in case D.

Part b. The transmembrane potentials are exponential functions of distance. All of the space con-
stants are equal. However, the magnitudes are not. For extracellular electrodes, the peak membrane
potential is

oo _ Toha
(2] = ""2 .

By symetry, for intracellular electrodes, the peak membrane potential is
P

Thus the peak membrane potential is 10 times as great for the intracellular electrodes. The follow-
ing plot shows the membrane potential versus = for each of the four cases.
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The potential is most positive at z = 1 mm in case C.

Part ¢. Since the positive and negative peaks are closer in case D than in case B, the positive
peak in case B is approximately 20% bigger than the positive peak in case D. Thus, the maximum
potential Vings is most positive in case B.
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