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CommentsonVladimirBinhiandFrankPrato’s
APhysicalMechanismofMagnetoreception:

ExtensionandAnalysis

Contrary to indications in the paper by Binhi
and Prato [2017], We wish to point out how the
analysis in “The effects of weak magnetic fields on
radical pairs” by Barnes and Greenebaum
[2015] can be used for analyzing transitions in
allowed energy states for arbitrary angles between
applied static and AC magnetic fields. For atomic
and molecular systems, only discrete values of the
angular momentum are allowed, whereas all values
are classically allowed. These discrete values may
be expressed by the vector sum of the electron
orbital, electron spin, and nuclear spin angular
momentums. The allowed states are usually de-
scribed using quantum numbers MI and Mj for the
projection of nuclear spin and electron angular
momentum on the axis defined by the static
magnetic field. Allowed transitions between energy
states are for values of DMi,j¼ 0 and DMi,j¼� 1.
The value of these energy levels vary with the
combined applied and internal magnetic field expe-
rienced by the moment, and certain field conditions
can create resonant conditions or level crossings for
transitions between levels, changing radical recom-
bination or other reaction probabilities. Thus we are
able to treat applied AC and static magnetic fields
with arbitrary angles between them with the same
formalism. We would also note that Brocklehurst
and McLauchlan [1996] develop a model for the
way magnetic fields affect radical recombination
using differences in precession rates, which have
the effect of changing the relative orientation of the
two moments, bringing them into and out of
allowed configurations.

Binhi and Prato’s [2017] basic hypothesis is that
a momentary slowing or stop in the precession of a
single moment is a first step and an important factor
in causing subsequent biological changes. Such a
slowing or stop, as they note, is due to a momentary
decrease of the net magnetic field to or near zero.
They also cite the fairly extensive literature on
biological changes that have been observed under

low-field conditions. They calculate the probability
that such a change in precession will occur for an
ensemble of moments with given characteristics in a
given magnetic field and plot the probability as a
function of characteristics of the moments and field.
They do not, however, suggest how the cessation of
precession creates a molecular change that would
result in downstream differences in the biological
system. In addition to resonant transitions and level
crossings, Barnes and Greenebaum [2015] point out
that in low fields, energy separations in Zeeman levels
can decrease to below the levels’ natural width,
allowing spontaneous transitions between them. These
mechanisms could change later reaction rates with
downstream consequences.

Recent data by Usselman et al. [2016] show
variations in concentrations of reactive oxygen
with the angle between a static magnetic field of
50mT and a radiofrequency (RF) field of 20mT at
1.4MHz, applied either parallel or perpendicular to
the static field. This resonant frequency is at the
value predicted for electron-nuclear hyperfine
interactions. Additionally, there are a significant
number of other published data that indicate that
modification of radical concentrations, particularly
O2

� and H2O2, by weak magnetic fields is one
significant mechanism by which weak magnetic
fields can modify the behavior of biological
systems. It is also clear that more than one
mechanism can be involved; Rosenspire et al.
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[2005] show that induced electric fields as weak as
5� 10�5V/m can be used to amplify or attenuate
oscillations of NAD(P)H concentrations in human
neutrophils when they are applied at the right
phase to the natural oscillating frequency of about
0.04 Hz.
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