and having any hope of life-producing
chemistry would need even stronger,
more persistent magnetic fields. Those
fields might even be detectable in
searches of extrasolar planets.
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B Johnson replies: Richard Mielbrecht
raises an interesting and important
topic. The first point to be made in re-
sponse to his concern is that we do not
understand the conditions for life on
our own planet, let alone others. Thus
many questions remain about the hab-
itability of planets orbiting red dwarfs
or any star other than the Sun, given
that our planet is the only location in the
galaxy where life is known to exist.

The job of planet hunters like me is
to identify where Earth analogues exist,
having first characterized the host stars
and planetary orbits. Then we need to
determine whether any have an equilib-
rium temperature that may allow for
the existence of liquid water. That step
is merely the first in a long process of
assessing the potential habitability of a
planet.

Other concerns include assessing
whether the planet has plate tectonics;
a suitable atmospheric mass and com-
position; enough but not too much
water; and, as Mielbrecht points out,
whether it has a strong enough mag-
netic field to shield it from energetic
flares. All those points were outside the
scope of my article, which focused on
the search for distant worlds. But those
topics are certainly worthy of a follow-
up article.

John A. Johnson
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Modeling a cell
in an external

electric field

etters written by Bob Eisenberg
L(PHYSICS TODAY, July 2013, page 10)
and John Michael Williams (Decem-

ber 2013, page 9) raise the issue of how
to model a cell in an electrostatic field.
Cytoplasm, the gel-like interior of a

www.physicstoday.org

cell, is a good ionic conductor. When an
external electric field is applied, the ions
quickly redistribute themselves to pro-
duce a field that essentially cancels the
applied field inside the cytoplasm. The
resulting change in potential difference
must then appear almost entirely across
the membrane. The time scale for that
process is on the order of a microsecond.
Consequently, for applied fields with a
frequency of less than about 1 MHz, the
molecules in the cytoplasm are not di-
rectly affected by the external field.

Effects produced inside the cell must
then be due to the action of the external
field on the cell membrane. Three phys-
ical models have been proposed to de-
scribe that process: electrodiffusion of
cell-surface receptors; opening of volt-
age-gated channels; and electromechan-
ical torque acting on transmembrane,
negatively charged glycoproteins con-
nected to the cytoskeleton. Fields on the
order of 100 V/m in the extracellular
fluid applied for up to a few seconds
have been shown to produce a wide va-
riety of bioeffects. Fields on the order of
1 kV/m applied for about 15 minutes
are required for electrodiffusion,! and
typical applied fields are not strong
enough to open voltage-gated channels.?
In contrast, the electromechanical model
avoids these problems and makes spe-
cific predictions that are confirmed ex-
perimentally.®> Methods for modeling
the fields in complex cellular systems
can be found in reference 3.
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