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Chemical reactions can be induced at a distance due to the propagation of electromagnetic sig-
nals during intermediate chemical stages. Although is is well known at optical frequencies, e.g.
photosynthetic reactions, electromagnetic signals hold true for muck lower frequencies. In E. coli
bacteria such electromagnetic signals can be generated by electric transitions between energy levels
describing electrons moving around DNA loops. The electromagnetic signals between different bac-
teria within a community is a “wireless” version of intercellular communication found in bacterial
communities connected by “nanowires”. The wireless broadcasts can in principle be of both the AM
and FM variety due to the magnetic flux periodicity in electron energy spectra in bacterial DNA
orbital motions.

PACS numbers: 82.39.Pj and 82.35.Rs

I. INTRODUCTION

Biochemistry is most often described in terms of
the short ranged molecular rearrangement interactions.
However, it is clear that photo-induced biochemical re-
actions also exist. Photosynthesis constitutes an example
of crucial biological importance. The photons which in-
duce these chemical reactions can come from very distant
sources (e.g. the sun). Chemical reactions can thereby be
induced at at a distance due to the propagation of elec-
tromagnetic signals during intermediate reaction stages.
It appears reasonable to investigate the biochemical pos-
sibilities of electromagnetic signals of frequencies slow on
the scale of light signals. Evidence for such reactions has
been previously reported[1] wherein the time dependence
of electromagnetic signals were recorded to later be em-
ployed at will.
In two recent and important experiments[2, 3], it was

shown that bacterial DNA macromolecules radiate elec-
tromagnetic signals which were monitored employing the
voltage across an inductive pickup coil. The bacterial
DNA within water was located in a test tube. The pickup
coil was constructed with wires wrapped around the tube.
Our purpose is to theoretically discuss the biophysi-

cal sources of these electromagnetic signals. The sources
are argued to be due to electronic transitions between en-
ergy levels of electrons moving around the bacterial DNA
loops.
One may deduce the spectral properties of the elec-

tromagnetic signals via electromagnetic electromagnetic
noise; i.e. by employing the fluctuation dissipation
theorem[4]

SV (ω) =

(

kBTnoise
π

)

ℜeZ(ω + i0+), (1)

wherein Tnoise is the coil noise temperature and Z(ζ) is
the coil impedance as a function of complex frequency
ζ = ω+ iσ. Eq.(1) is essential for the pickup coil method
of detecting electromagnetic signals.

A. Low Frequency Noise

In the regime of very low frequency, say in the range
1 Hz < (ω/2π) < 20 Hz, spectral noise can appear from
the electronic magnetic moment precession due to small
magnetic fields. Even if the shielding of magnetic fields
due to external sources were perfect, the thermal fluctu-
ations of coil currents would still give rise to magnetic
fields yielding low frequency noise signals. The value
thermal magnetic fields BT from thermal fluctuations is
estimated in Sec.II.

B. High Frequency Noise

In the regime of higher frequencies, say in the interval
0.2 KHz < (ω/2π) < 5 KHz, there exists sharp peaks in
the noise spectral function SV (ω). It is worthy of note
that the bacterial DNA molecule is in the shape of a loop.
In what follows in Sec.III, we will model the coil noise
spectra to the motion of nearly free electrons moving in
a spatial loop of length L which includes the helix DNA
coils. The elementary Scrödinger equation will be solved
in Sec.III.
Fitting de Broglie electron waves on the loop, one finds

the usual free electron quantum energy levels

En =

(

2π2h̄2

mL2

)

n2, n = 0,±1,±2, · · · . (2)
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The associated Bohr transition frequencies

ωn =
En+1 − En

h̄
= (2n+ 1)̟,

̟ =

(

2π2h̄

mL2

)

, (3)

should then appear as broadcast electromagnetic signals
at ≈ 0.5 KHz, 1.0 KHz and 1.5 KHz in E. coli bacteria.
This expectation is experimentally valid[2, 3].

C. Magnetic Moments

The orbital magnetic moment of an electron moving
around a baterial DNA loop may be understood as fol-
lows: (i) The mean velocity of electrons moving about the
loop determines the electronic mean current according to

In =
evn
L

=
2πeh̄n

mL2
, n = 0,±1,±2, · · · . (4)

(ii) The magnetic momentm of a circulating current loop
around a vector area Σ is given by m = IΣ/c; i.e. the
mean magnetic moment is

mn =
InΣ

c
=

(

h̄e

2mc

)[

4πΣ

L2

]

n, n = 0,±1,±2, · · · .

(5)

If a magnetic fieldB is applied to the biological sample,
then a magnetic flux

Φ = B ·Σ (6)

will thread through the bacterial DNA loop. The orbital
electronic energy levels will then exhibit a flux periodic-
ity; i.e. with flux quantum period

Φ0 =
2πh̄c

|e|
≈ 4.13567× 10−7 Gauss cm2,

Φ0 ≈ 41.3567 Gauss micron2. (7)

The periodicity of the energy levels is thereby

En(Φ + Φ0) = En(Φ). (8)

Note that the magnetic flux quantum in Eq.(7) is twice

the value found for superconducting loops wherein the
charge value is the electron pairing value q = 2e.

As a consequence of Eq.(8). magnetic field noise must
be very small to observe the KHz signals. In general,
the magnetic flux threading the DNA loop, Φ = B ·Σ,
depends on how the vector areaΣ is oriented with respect
to the magnetic field B. The sharp spectral lines would
thereby be considerably broadened. The broadening is
discussed in Sec.IV.

D. Bacterial Communication

There has been considerable interest in bacterial com-
munities wherein a bacterium is connected to neighbor-
ing bacteria by means of narrow nanowires[5–7]. It is
believed that the purpose of the nanowires is to allow for
intercellular electronic communications. More advanced
on the evolutionary scale are the more modern bacterial
communities which are wireless. The electromagnetic sig-
nals sent from a bacterium to neighboring bacteria can be
due to relatively low frequency electron level transitions
within DNA.

II. MAGNETIC MOMENT PRECESSION

If a compact object with magnetic moment m is sub-
ject to a magnetic field B, then a precession occurs,

dm

dt
= γm×B, (9)

at a rotational angular velocity

2πf ≡ Ω = −γB, (10)

wherein γ is the gyromagnetic ratio. The gyromagnetic
ratio associated with electronic charged current flows is
given by

γ =
e

2mc
≈ −

(8.7941× 106)

Gauss sec
. (11)

Within a cylindrical water sample of volume V within an
inductive pickup coil, one may employ the magnetic field
equipartition theorem[4] in the form

V B2

8π
=
kBT

2
,

BT =

√

4πkBT

V
. (12)

From Eqs.(10) and (12), one obtains a magnetic fre-
quency, 2πfT = |γ|BT , which serves as a lower bound
for the magnetic noise frequency within the coil; Numer-
ically,

fT ≈ 1.01 Hz

√

(

cm3

V

)(

T

300 oK

)

(orbital),

f spin
T ≈ 2.02 Hz

√

(

cm3

V

)(

T

300 oK

)

(spin), (13)

wherein the electron spin gyromagnetic ratio involves the
factor g ≈ 2. The above are consistent with the exper-
imental value[2, 3] of ∼ 7 Hz for diluted bacterial DNA
samples in water. The magnetic field value in Eq.(12)
is internal to the system and will hold true if external
magnetic fields are sufficiently well screened.
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III. ELECTRONS AND DNA LOOPS

Consider an electron which can move around a bac-
terial DNA loop including the windings of helices and
along the ordered water layers within which the DNA is
stored. A reasonable Hamiltonian model model for the
electronic energy levels may then be written as

V (s+ L) = V (s) and A(s+ L) = A(s),

H =
1

2m

(

−ih̄
d

ds
−
e

c
A(s)

)2

+ V (s), (14)

wherein allowed electron wave functions have a periodic-
ity around the DNA loop

ψ(s+ L) = ψ(s). (15)

The vector potential tangent to the closed loop may be
written as the periodic function

A(s) =
Φ

L
+

∞
∑

n=1

An cos

(

2πns

L
+ θn

)

(16)

In virtue of the guage transformation

χ(s) = −
∞
∑

n=1

(

LAn

2πn

)

sin

(

2πns

L
+ θn

)

,

A(s) → A(s) +
dχ(s)

ds
,

ψ(s) → e(ieχ(s)/h̄c)ψ(s), (17)

The Hamiltonian in Eq.(14) may be written with bound-
ary conditions as

H =
1

2m

(

−ih̄
d

ds
−
eΦ

cL

)2

+ V (s),

V (s+ L) = V (s),

ψ(s+ L) = ψ(s). (18)

For harmless E. Coli K-12 bacteria the loop length is
4, 639, 221 bp or in absolute length units

L̃ = 0.157733514 cm. (19)

If the mobile electron moving around the DNA in the
ordered water layer, skips rungs around the helices, then
the electron path around the DNA would be considerable
shorter than in in Eq.(19) We find satisfactory agreement
between the electron spectra and the observed pickup coil
noise with the shorter length scale

L ≈ 10−2 cm, (20)

yielding for zero magnetic flux and for uniform potential

En =

(

2π2h̄2

mL2

)

n2, n = 0,±1,±2,±3, · · · . (21)

In order to resolve the energy spectra, the magnetic field
must be carefully screened.

IV. FLUX PERIODICITY

For the general spectral model in Eq.(18), the energy
levels give rise to a magnetic flux periodicity as in Eq.(8).
Different bacteria will exhibit different spectra depending
on the orientation of the DNA loop vector area Σ with
respect to the magnetic field B. Flux periodicity exists
in both the energy and the DNA loop current,

I(Φ) = c
dE(Φ)

dΦ
,

E(Φ + Φ0) = E(Φ),

I(Φ + Φ0) = I(Φ). (22)

In addition, Faraday’s law for the voltage around the
DNA loop is given by

V = −
1

c

dΦ

dt
. (23)

One thereby finds that a voltage uniform in time yield a
current which alternates with time at a frequency

ωV =
eV

h̄
. (24)

The above implies modulated sidebands with the elec-
tronic spectral frequencies determined by the Faraday
law voltage around the DNA loop. The resonance
condition[8] is the voltage to frequency conversion

eV = nh̄ω, n = 0,±1,±2,±3 · · · . (25)

The wireless communications may thereby be transmit-
ted for both AM and FM broadcast systems.

V. CONCLUSIONS

Although biochemical reactions are often described in
terms of molecular contacts, electromagnetic signals can
often be employed to allow chemical reaction control at a
distance. The photosynthetic reactions are a classic case
of chemical reaction control via electromagnetic signal
propagation. T frequencies much less that optical there
is a clear electromagnetic signal propagation in E. coli
bacterial communities. We have probed a model wherein
such signals are due to quantum electrnic transitions of
electrons in orbital motion about DNA loops.
The electromagnetic signals between different bacte-

ria within a community is a “wireless” version of inter-
cellular communication found in bacterial communities
connected by “nanowires”. The wireless broadcasts can
in principle be of both the AM and FM variety due to
the magnetic flux periodicity in electron energy spectra
in bacterial DNA orbital motions. AM signals can arise
from the Bohr transition frequencies between different
electronic energy orbitals about the DNA loops. FM
modulation signals can arise from the Faraday law volt-
age controlled signal modulation frequency in Eq.(24).
There is considerable work required to extract the bioin-
formation contained in these electromagnetic signals.
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