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Polarization: A Key Difference 
between Man-made and Natural 
Electromagnetic Fields, in regard 
to Biological Activity
Dimitris J. Panagopoulos1,2,3, Olle Johansson4 & George L. Carlo5

In the present study we analyze the role of polarization in the biological activity of Electromagnetic 
Fields (EMFs)/Electromagnetic Radiation (EMR). All types of man-made EMFs/EMR - in contrast to 
natural EMFs/EMR - are polarized. Polarized EMFs/EMR can have increased biological activity, due to: 
1) Ability to produce constructive interference effects and amplify their intensities at many locations. 
2) Ability to force all charged/polar molecules and especially free ions within and around all living 
cells to oscillate on parallel planes and in phase with the applied polarized field. Such ionic forced-
oscillations exert additive electrostatic forces on the sensors of cell membrane electro-sensitive ion 
channels, resulting in their irregular gating and consequent disruption of the cell’s electrochemical 
balance. These features render man-made EMFs/EMR more bioactive than natural non-ionizing 
EMFs/EMR. This explains the increasing number of biological effects discovered during the past few 
decades to be induced by man-made EMFs, in contrast to natural EMFs in the terrestrial environment 
which have always been present throughout evolution, although human exposure to the latter ones 
is normally of significantly higher intensities/energy and longer durations. Thus, polarization seems 
to be a trigger that significantly increases the probability for the initiation of biological/health effects.

Man-Made EMR is more Active biologically than Natural Non-Ionizing EMR. A large 
and increasing number of studies during the past few decades have indicated a variety of adverse 
biological effects to be triggered by exposure to man-made EMFs, especially of radio frequency  
(RF)/microwaves, and extremely low frequency (ELF). The recorded biological effects range from alter-
ations in the synthesis rates and intracellular concentrations of different biomolecules, to DNA and pro-
tein damage, which may result in cell death, reproductive declines, or even cancer1–7. Under the weight of 
this evidence the International Agency for Research on Cancer (IARC) has classified both ELF magnetic 
fields and RF EMFs as possibly carcinogenic to humans8,9. The intensities of radiation and durations 
of exposure in all these studies were significantly smaller than those of corresponding exposures from 
natural EMFs in the terrestrial environment. Moreover, the field intensities applied in the studies were 
several orders of magnitude smaller than physiological fields in cell membranes, or fields generated by 
nerve and muscle excitations10,11.

Solar EMR intensity incident upon a human body ranges normally between 8 and 24 mW/cm2 
(depending on season, atmospheric conditions, geographical location, etc) while corresponding intensity 
from a digital mobile phone handset upon a human head during “talk” emission is normally less than 
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0.2 mW/cm2  (Refs.  6,12,13). Similarly, terrestrial electric and magnetic fields, or infrared radiation from 
every human body at normal temperature, have significantly larger incident intensities and exposure 
durations on any human than most artificial EMF sources14–16. Why is then the first beneficial while 
the latter seem to be detrimental? In the present study we shall attempt to explain theoretically that 
the increased adverse biological action of man-made EMFs is due to the fact that they are polarized in 
contrast to the natural ones.

Man-Made EMR is Polarized, while Natural EMR is not. A field/wave is called linearly polarized 
when it oscillates on a certain plane which is called the “polarization plane”. A combination of linearly 
polarized fields/waves can give circularly or elliptically polarized fields/waves.

Natural EMR/EMFs (cosmic microwaves, infrared, visible light, ultraviolet, gamma rays) and several 
forms of artificially triggered electromagnetic emissions (such as from light bulbs with thermal fila-
ments, gas discharge lamps, x-rays, lasers, etc.) are not polarized. They are produced by large numbers 
of molecular, atomic, or nuclear transitions of random orientation and random phase difference between 
them (except for the lasers which are coherent). These are de-excitations of molecules, atoms, or atomic 
nuclei17. Each photon they consist of oscillates on a distinct random plane, and therefore it has a different 
polarization. Moreover the different photons are not produced simultaneously but they have random 
phase differences among them.

In contrast, man-made electromagnetic waves are produced by electromagnetic oscillation circuits 
(“Thomson” circuits), forcing free electrons to oscillate back and forth along a metal wire (electric cir-
cuit). Thus, they are not produced by excitations/de-excitations of molecules, atoms, or nuclei, and 
because the electronic oscillations take place in specific directions/orientations they are polarized (most 
usually linearly polarized). The plane of polarization is determined by the geometry of the circuit. [Lasers 
are coherent light emissions, not necessarily polarized, and condensed within a narrow beam with high 
intensity, but they may also be polarized]. Superposition of two fields of identical frequency and linear 
polarizations, equal amplitudes, and a phase difference 90° between them, or superposition of three such 
fields with a phase difference 120° between each two of them, and with specific geometrical arrangement, 
results in a circularly polarized field of the same frequency. The above combinations with unequal ampli-
tudes results in elliptically polarized field of the same frequency18. Circularly and elliptically polarized 
50–60 Hz electric and magnetic fields are formed around 3-phase electric power transmission lines. These 
fields are accused for an association with cancer7,8.

Oscillating polarized EMFs/EMR (in contrast to unpolarized) have the ability to induce coherent 
forced-oscillations on charged/polar molecules within a medium. In case that the medium is biological 
tissue, the result is that all charged molecules will be forced to oscillate in phase with the field and on 
planes parallel to its polarization19,20. Several oscillating electromagnetic fields of the same polarization - 
such as the fields from different antennas vertically oriented - may also produce constructive interference 
effects and thus, amplify at certain locations the local field intensity, and the amplitude of oscillation 
of any charged particle within the medium (and within living tissue). At such locations, living tissue 
becomes more susceptible to the initiation of biological effects21.

Only coherent polarized fields/waves of the same polarization and frequency are able to produce 
standing interference effects (fringes of maximum and minimum intensity)22. When the polarization is 
fixed (e.g. vertically oriented antennas) but there are differences in coherence and/or frequency between 
the sources, the interference effects are not standing at fixed locations, but change with time creating 
transient peaks at changing locations.

Natural light from two or more different sources does not produce interference effects, except under 
the specific conditions of the Young experiment, where the light from a single source passes through two 
identical slits which - in turn - become two identical-coherent secondary sources18,23.

Unpolarized electromagnetic radiation can become polarized when it passes through anisotropic 
media, as are certain crystals. In fluids (gases and liquids) the molecules are randomly oriented, and 
macroscopically are considered isotropic inducing no polarization in the electromagnetic waves trans-
mitted through them. Unpolarized natural light can become partly polarized to a small average degree 
after diffraction on atmospheric molecules, or reflection on water, mirrors, metallic surfaces, etc.18. Thus, 
living creatures exposed to natural radiation since the beginning of life on Earth, although have been 
exposed to partially polarized light at a small average degree under certain circumstances24,25, have never 
been exposed to totally polarized radiation as is EMR/EMFs of modern human technology.

Field Intensity versus Wave Intensity of electromagnetic waves. A plane harmonic electro-
magnetic wave in the vacuum or the air has electric and magnetic field intensity components, given by 
the equations:

ω= ( − ) ( )E E k r tsin 1w0

ω= ( − ) ( )B B k r tsin 2w0
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r is the distance from the source, t is the time, ω =  2πν =  kw · c, is the circular frequency of the wave (ν 
the frequency), and kw(= 2π/λ) is the wave number (λ the wavelength).

The velocity of the electromagnetic wave (and of any wave), is:

λ ν= ⋅ ( )c 3

The wave intensity 


J  (“Poynting vector”), is:

ε ε= = × ( )
� � �� ��
J c E c E B 40

2 2
0

And the average value of its amplitude:

ε= ( )J c E1
2 5ave 0 0

2

Thus, the wave intensity depends upon the square of the electric field intensity.

Superposition of Electromagnetic Waves/Fields
Superposition of Unpolarized EMR/EMFs. Consider two incoherent, unpolarized electromagnetic 
rays with electric components E1, E2, reaching a certain point P in space at a certain moment t in time. 
Let us assume for simplicity that the two waves are plane harmonic. The two vectors 

��
E1, 
��
E 2 due to the 

different polarizations oscillate on different planes. Since the two waves are not polarized, their polariza-
tions vary randomly with time. The total angle φ between the two vectors each moment is determined 
by the different polarizations, plus the different phases, and varies randomly in time.

The resultant electric field 
��
E (electric component of the resultant electromagnetic wave) each moment 

at point P, is given by the equation:

φ= + + ( )E E E E E2 cos 61
2

2
2

1 2

E varies with time due to the temporal variations of E1, E2, cos φ. But the average value of cos φ is zero:

∫π φ φ = ,
π

d1
2

cos 0
0

2

and the averages of E2, E1
2, and E2

2 are /E 20
2 , /E 201

2  and /E 202
2  respectively (E0, E01, E02 the amplitudes of 

E, E1, E2).
The average resultant electric field is then:

= ( + ) = + (= )E E E E E E1
2

or constantave 01
2

02
2

0
2

01
2

02
2

and (according to Eq. 5):

= + (= ) ( ), ,J J J constant 7ave ave ave1 2

Even when the two component waves have the same frequency and phase, due to the randomly 
changing polarizations, the result is still the same.

Thus, the total time average wave intensity due to the superposition of two (or more) rays of random 
polarizations (natural EMR/EMFs) is the sum of the two individual average intensities, and it is con-
stant at every point and - macroscopically - there is no local variation in the resultant intensity, i.e. no 
interference effects.

Wave Intensity versus Field Intensity of Unpolarized EMR. Although the sum average wave 
intensity due to superposition of natural unpolarized waves is the sum of individual average intensities 
each one depending on the square amplitude of individual electric field (Eq.  7), the sum electric field 
from an infinite number of individual waves (as e.g. with natural light), is zero:

∑ = + + + … + =
( )→∞ =

�� �� �� �� ��
E E E E Elim 0

8n i

n

i n
1

1 2 3

Let us explain this in more detail: Consider many photons of natural unpolarized light superposed 
on each other at a particular point in space. Let us assume for simplicity that these photons have equal 
amplitudes and are of the same frequency but have different polarizations meaning that their electric 
vectors have all possible orientations forming angles between each two of them from 0° to 360°. Since all 
possible orientations have equal probabilities, the superposition of a large number of such equal vectors 
applied on the same point in space will be the sum of vectors applied on the centre of a sphere with 
their ends equally distributed around the surface of the sphere. The sum of an infinite number of such 
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vectors (all applied on the same point – centre of the sphere – and with their ends evenly distributed at 
all points of the sphere surface) tends to become zero.

In other words, at any given location, any moment, the sum electric field of a large number of incident 
photons of random polarization tends to be null, since the individual vectors are in all possible directions 
diminishing each other when superimposed (destructive interference of electric vectors). Similarly for 
the sum magnetic field:

∑ =
→∞ =

��
Blim 0

n i

n

i
1

Thus, the result of superposition of a large number of incident natural waves is increased wave inten-
sity, but negligible electric and magnetic fields approaching zero with infinite number of individual 
waves/photons. Since the electric forces on charged particles depend directly on electric and magnetic 
field intensities ( , )

�� ��
E B , but not on the wave intensity 



J, unpolarized EMFs/EMR cannot induce any net 
forced-oscillations on any charged particles (e.g. biological molecules). They may only induce heat, i.e. 
random oscillations in all possible directions due to momentary non-zero field intensities, but this does 
not result to any net electric or magnetic field, or to any net forced-oscillation of charged molecules.

Superposition of Coherent Polarized Waves/Fields of the same polarization. When two or 
more waves/fields of the same polarization and frequency are in addition coherent, in other words, when 
their phase difference at the location of superposition is:

ϕ π= , ( = , , , …), ( )n n2 with 1 2 3 9

the result is constructive interference, meaning that the resultant wave has an amplitude (intensity) equal 
to the sum of amplitudes of the single waves that interfere at the particular location.

When two waves of same polarization have opposite phases at another location, in other words, when 
their phase difference is:

ϕ π= ( + ) , ( )n2 1 10

then the result of their superposition is destructive interference, i.e. a wave of the same polarization but 
with diminished intensity.

The electrical components of two such waves (plane harmonic waves of the same polarization and fre-
quency) reaching a certain location after having run different distances r1, and r2 from their two coherent 
sources, are given by the equations:

ω= ( − ) ( )E E k r tsin 11w1 01 1

ω= ( − ) ( )E E k r tsin 12w2 02 2

Again, the amplitude E0 of the resultant electric field 
��
E (electric component of the resultant electro-

magnetic wave), is:

ϕ= + + ( )E E E E E2 cos 130 01
2

02
2

01 02

where ϕ = ( − )π
λ

r r2
1 2  depending in this case only upon the difference in the distances run by the two 

waves, and not upon polarization.
At any location where: ϕ =  2nπ, Eq. 13 gives:

= + + (= + ) ( )E E E E E E E2 140 01
2

02
2

01 02 01 02

At these locations we have constructive interference.
At any location where: ϕ =  (2n +  1)π, Eq. 13 gives:

= + − (= − ) ( )E E E E E E E2 150 01
2

02
2

01 02 01 02

At these locations we have destructive interference.
The intensity of the resultant wave at any location is:

= + ( )
  

J J J 161 2

The amplitude of the resultant wave intensity will be, correspondingly:

ε= ( + ) ( )J c E E 170 0 01 02
2
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(at the locations of constructive interference), and

ε= ( − ) ( )J c E E 180 0 01 02
2

(at the locations of destructive interference).
Thus, at the locations of constructive interference, the electric field vectors of the two waves/fields 

are parallel and in the same direction, and both the resultant field and the resultant wave intensity are 
maximum (Eqs. 14 and 17).

For two identical sources (E01 =  E02): E0 =  2E01 and ε= =J c E J4 40 0 01
2

01
For N identical sources:

= ( )E N E 190 01

and:

= ( )J N J 200
2

01

This is why series of parallel RF/microwave antennas are often used to produce high-intensity beams 
in certain directions18.

At the locations of destructive interference the electric field vectors of the two waves are anti-parallel, 
and thus, both the resultant field and the resultant wave intensity are minimum (Eqs.  15 and 18). For 
identical sources (E01 =  E02): E =  0, J =  0.

Thus, for N number of polarized coherent electromagnetic sources of the same polarization, fre-
quency, and different intensities, with electric components E1, E2, …, EN, it comes that at the locations 
of constructive interference, the resultant electric field is the sum electric field from all the individual 
sources (e.g. antennas):

= + + + … + ( )E E E E E 21N1 2 3

The bigger the number of coherent superimposed waves/fields (from the same or different sources), 
the higher and narrower the peaks18. That situation can create very sharp peaks of wave and field intensi-
ties at certain locations, not easily detectable by field meters, where any living organism may be exposed 
to peak electric and magnetic field intensities. Such locations of increased field/radiation intensity, also 
called “hot spots”, were recently detected within urban areas, due to wave/field superposition from 
mobile telephony base towers21. Any location along the midperpendicular to the distance d between two 
antennas is a location of constructive interference in the case of two identical antennas.

Thus, the difference between superposition of unpolarized and polarized electromagnetic waves/
fields, is that while in the first case we have increased average wave intensity but zeroed net fields at any 
location, in the second case we have increased both wave intensity and fields at certain locations where 
constructive interference occurs. This difference is of crucial importance for understanding the differ-
ences in biological activity between natural and man-made EMFs/non-ionizing EMR.

Induction of Forced-Oscillations in living tissue by Polarized EMFs
All critical biomolecules are either electrically charged or polar11. While natural unpolarised EMF/EMR 
at any intensity cannot induce any specific/coherent oscillation on these molecules, polarized man-made 
EMFs/EMR will induce a coherent forced-oscillation on every charged/polar molecule within biological 
tissue. This is fundamental to our understanding of the biological phenomena. This oscillation will be 
most evident on the free (mobile) ions which carry a net electric charge and exist in large concentra-
tions in all types of cells or extracellular tissue determining practically all cellular/biological functions11. 
Although all molecules oscillate randomly with much higher velocities due to thermal motion, this has 
no biological effect other than increase in tissue temperature. But a coherent polarized oscillation of even 
millions of times smaller energy than average thermal molecular energy26 can initiate biological effects.

A forced-oscillation of mobile ions, induced by an external polarized EMF, can result in irregular gat-
ing of electrosensitive ion channels on the cell membranes. That was described in detail in Panagopoulos 
et al.19,20. According to this theory - the plausibility of which in actual biological conditions was verified 
by numerical test27 - the forced-oscillation of ions in the vicinity of the voltage-sensors of voltage-gated 
ion channels can exert forces on these sensors equal to or greater than the forces known to physio-
logically gate these channels. Irregular gating of these channels can potentially disrupt any cell’s elec-
trochemical balance and function11, leading to a variety of biological/health effects including the most 
detrimental ones, such as DNA damage, cell death, or cancer28.

Most cation channels (Ca+2, K+, Na+, etc) on the membranes of all animal cells, are voltage-gated11. 
They interconvert between open and closed state, when the electrostatic force on the electric charges of 
their voltage sensors due to transmembrane voltage changes, transcends some critical value. The voltage 
sensors of these channels are four symmetrically arranged, transmembrane, positively charged helical 
domains, each one designated S4. Changes in the transmembrane potential on the order of 30 mV are 
normally required to gate electrosensitive channels29,30. Several ions may interact simultaneously each 
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moment with an S4 domain from a distance on the order of 1 nm, since - except for the single ion that 
may be passing through the channel pore when the channel is opened - a few more ions are bound close 
to the pore of the channel at specific ion-binding sites (e.g. three in potassium channels)31. Details on the 
structure and function of cation electrosensitive channels can be found in11,29,31.

Consider e.g. four potassium ions at distances on the order of 1 nm from the channel-sensors (S4), 
and an externally applied oscillating EMF/EMR. The electric (and the magnetic) force on each ion due 
to any unpolarized field is zero (Eq. 8). In contrast, the force due to a polarized field with an electrical 
component E, is F =  Ezqe. For a sinusoidal alternating field Ε =  Ε0 sin ωt, the movement equation of a 
free ion of mass mi, is19,20:

λ ω ω+ + =
( )

m d r
dt

dr
dt

m r E zq tsin 22i i e

2

2 0
2

0

where r is the ion displacement due to the forced-oscillation, z is the ion’s valence (z =  1 for potassium 
ions), qe =  1.6× 10−19 C the elementary charge, λ the damping coefficient for the ion displacement (cal-
culated to have a value within a channel λ ≅ . × /−6 4 10 Kg s12 ), ω0 =  2πν0  (ν0  the ion’s oscillation 
self-frequency taken equal to the ion’s recorded spontaneous intracellular oscillation frequency on the 
order of 0.1 Hz), ω =  2πν (ν the frequency of the field/radiation), and E0 the amplitude of the field19,20.

The general solution of Eq. 22, is19,20:

λω
ω

λω
= + ( )r

E zq
t

E zq
cos 23

e e0 0

The term 
λω

E zqe0  in the solution, represents a constant displacement, but has no effect on the oscillating 
term ω

λω
tcos

E zqe0 . This constant displacement doubles the amplitude 
λω

E zqe0  of the forced-oscillation at the 
moment when the field is applied or interrupted, or during its first and last periods, and the ion’s dis-
placement will be twice the amplitude of the forced-oscillation. For pulsed fields (such as most fields of 
modern digital telecommunications) this will be taking place constantly with every repeated pulse. Thus, 
pulsed fields are - theoretically - twice more drastic than continuous/non-interrupted fields of the same 
other parameters, in agreement with several experimental data1,32.

The amplitude of the forced-oscillation (ignoring the constant term in Eq. 23), is:

λω
= ( )A

E zq
24

e0

The force acting on the effective charge q of an S4 domain, via an oscillating single-valence free cation, 
is: = ⋅

πεε

⋅
F

q q

r
1

4
e

0
2 , (r is the distance of the free ion from the effective charge of S4). Each oscillating 

cation displaced by dr, induces a force on each S4 sensor:

πεε
= −

⋅

( )
dF

q q

r
dr

2 25
e

0
3

While in the case of a non-polarized applied field ∑ =
d r 0, and ∑ =

��
dF 0, in the case of a polarized 

applied field, the sum force on the channel sensor from all four cations, is:

πεε
= −

⋅
dF

q q

r
dr4 2 e

0
3

This is an even more crucial difference between polarized and unpolarized EMFs in regard to biological 
activity than the ability of interference.

The effective charge of each S4 domain is found to be: q =  1.7 qe
30. The minimum force on this charge 

required normally to gate the channel - equal to the force generated by a change of 30 mV in the mem-
brane potential30 - is calculated19 to be:

= . × .−dF 8 16 10 N13

The displacement of one single-valence cation within the channel, necessary to exert this minimum 
force is calculated from Eq. 25 to be:

= × −dr 4 10 m12

For 4 cations oscillating in phase and on parallel planes due to an external polarized field/radiation, 
the minimum displacement is decreased to: dr =  10−12 m.

Therefore, any external polarized oscillating EMF able to force free ions to oscillate with amplitude 
≥

λω
−10 m

E zq 12e0 , is able to irregularly gate cation channels on cell membranes. For z =  1 (potassium ions), 
and substituting the values for qe, λ on the last condition, we get:
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≥ . × ( )−E v0 25 10 260
3

(ν in Hz, Ε0 in V/m)
For double-valence cations (z =  2) (e.g. Ca+2) the condition becomes,

≥ × ( )−E v 10 270
4

(ν in Hz, Ε0 in V/m)
[An in depth description of the briefly presented mechanism can be found in19,20.]

For electric power fields (ν =  50 Hz), Condition 27 becomes,

≥ . / ( )E 0 005V m 280

Thus, power frequency EMFs with intensities exceeding 5 mV/m are potentially able to disrupt cell 
function. For N number of EMF-sources of the same polarization (e.g. N number of parallel power lines) 
the last value is divided by N (according to Eq. 19) at the locations of constructive interference, and thus 
even more decreased. Such minimum power frequency field intensity values are abundant in urban daily 
environments, and even more close to high-voltage power transmission lines7.

For pulsed fields the second part of Condition 27 is divided by 2, and becomes:

≥ . × ( )−E v0 5 10 290
4

(ν in Hz, Ε0 in V/m).
For digital mobile telephony fields/radiation emitting ELF pulses with a pulse repetition frequency 

ν =  217 Hz (among other ELF frequencies they transmit)33, Condition 29 becomes:

≥ . / ( )E 0 01V m 300

For the pulse repetition frequency of ν =  8.34 Hz (also included in mobile telephony signals)33,34, 
Condition 29 becomes:

≥ . / ( )E 0 0004V m 310

As is evident from the described mechanism, the field does not gate the channel by forces exerted 
directly on the channel sensors. It would take a field on the order of the transmembrane field 
(106–107 V/m) for that. It is the mediation of the oscillating free ions in close proximity to the S4 channel 
sensors that allows such weak fields to be able to exert the necessary forces to gate the channel.

Thus, ELF electric fields emitted by mobile phones and base stations stronger than 0.0004 V/m are 
also potentially able to disrupt the function of any living cell. This ELF intensity value is emitted by 
regular cell phones at distances up to a few meters and base stations at distances up to a few hundred 
meters6,34,35. For N number of mobile telephony antennas vertically oriented, the last value is divided by 
N (according to Eq. 19) at locations of constructive interference.

We do not distinguish between externally applied EMFs and internally induced ones within living 
tissue, especially in the case of ELF for the following reasons: 1. Living tissue is not metal to shield 
from electric fields and certainly is not ferromagnetic metal (Fe, Co, Ni) to shield from magnetic fields. 
Moreover, it is known that especially ELF fields cannot be easily shielded even by Faraday cages and in 
order to significantly minimize them it is recommended to totally enclose them in closed metal boxes6. 
Thus, ELF electric fields penetrate living tissue with certain degree of attenuation, and magnetic fields 
penetrate with zero attenuation. 2. Even in case that the ELF fields are significantly attenuated in the 
inner tissues of a living body, the eyes, the brain, the skin cells, or the myriads of nerve fiber terminals 
that end up on the outer epidermis, are directly exposed to the field intensities measured externally on 
the surface of the living tissue.

It has been shown that tissue preparations (such as bovine fibroblasts or chicken tendons) respond 
to externally applied pulsed or sinusoidal ELF electric fields (by changes in DNA or protein synthesis 
rates, proliferation rates, alignment with respect to the field direction, etc), at very low thresholds 
~10−3 V/m1,36–38. These thresholds are very close to those predicted by the present study.

Except for direct electric field exposure by an external field, there can be an electric field within tissues 
induced by an externally applied oscillating magnetic one, which as explained penetrates living tissue 
with zero attenuation. Tuor et al.34 measured ELF magnetic fields from cell phones on the order of 1 G 
(= 10−4 T) at 217 Hz. This can induce electric fields on the order of ~0.1 V/m within the human body, as 
can be shown by application of Maxwell’s law of electromagnetic induction:

∫⋅ = − ⋅ ( )
�� � �� �∮ E d l d

dt
B u dS 32l

ind S N
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(
��
B, 
��
Eind, the magnetic and the induced electric field intensities respectively, 



d l  an incremental length 
along a closed path l of induced electric field circulation enclosing a surface S. uN is the unit vector 
vertical to the surface S).

Assuming 
��
Eind parallel to and independent of l, 

��
B vertical to and independent of S, and l a circular 

path of radius α including the surface S, Eq. 32 becomes:

∫= −∮E dl dB
dt

dSind
l S

which gives:

α= . ( )E dB
dt

0 5 33ind

(Eind in V/m, B in T, α in m).
By replacing in the last equation α =  0.20 m (a reasonably large radius for a circumference within an 

adult human body), and = /1T sdB
dt

, [according to Tuor et al.34], we get Eind ~ 0.1 V/m. This is the induced 
electric field intensity within a human body by the 217 Hz pulses of mobile telephony, and it is about ten 
times larger than the minimum estimated value able to initiate biological effects at this frequency accord-
ing to Condition 30.

Discussion
In the present study we showed that polarized EMFs/EMR, such as every type of man-made EMF, have 
the ability to create interference effects and amplify their field intensities at specific locations where con-
structive interference occurs, and that this phenomenon cannot occur with natural EMFs/EMR which 
are not polarized.

Any location at equal distances from identical sources (antennas), in other words any location along 
the midperpendicular to the distance d between the two sources, is a location of constructive interference 
and increased field and wave intensities. As the number of sources (e.g. antennas) increases, the ampli-
fication of the resultant field intensities (E, B) at certain locations increases too (Eq. 19), and for a large 
number of sources field intensities may become very sharp. This explains theoretically the detected “hot 
spots” from mobile telephony base stations in urban environments21. The result of field superposition 
at those locations are standing waves (i.e. they do not change with time) when the two or more sources 
of the same polarization are in addition coherent (i.e. same frequency, same phase difference). Within 
biological tissue, at those locations of constructive interference we can have increased biological activity 
due to the polarized EMFs.

The most usual case is, when the multiple incident fields/waves are of the same polarization but not 
coherent (i.e. different frequency and/or varying phase difference), as e.g. the waves from all different 
radio, television, and mobile telephony antennas vertically oriented. Then, the resultant fields/waves are 
not standing but timely varying, creating momentary constructive interference at unpredictably different 
locations each moment. This fact may represent an extraordinary ability of man-made/polarized EMFs 
to trigger biological effects.

Using the forced-oscillation mechanism19,20 we showed that the resultant force exerted on the S4 
sensors of electrosensitive ion channels on cell membranes by several ions forced to oscillate on parallel 
planes and in phase by an applied polarized EMF (and even more by constructively superimposed fields 
from several polarized EMF-sources), is able to irregularly gate these channels. The result can then be 
the disruption of the cell’s electrochemical balance, leading to a variety of biological/health effects28. This 
is in contrast to the null force exerted by any number of ions oscillating on non-parallel random planes 
and with different phases from each other due to any number of non-polarized applied EMFs, and in 
contrast to the null force exerted by the random thermal movement of the same ions20,26.

In experiments testing the role of different polarization types on the biological activity of RF 
EMR, exposure of E. coli to 51.76 GHz radiation resulted in inhibition of DNA repair when linear or 
right-handed circularly polarized radiation was used, while left-handed circularly polarized radiation 
caused no effects. Exposure to 41.32 GHz similar EMR was reported to reverse the effect: In this case, 
only linear or left-handed circularly polarized radiation inhibited the DNA repair39. In both frequencies, 
the right-handed or the left-handed circularly polarized radiation induced a greater effect than the line-
arly polarized radiation. When the structure of the DNA was altered by ethidium bromide intercalation, 
a change in intensity of the effect of polarization was reported40. Chromatin condensation (a sign of 
cell death) was induced by elliptically polarized 36.65 GHz microwave radiation. The effect increased 
with intensity. Right-handed polarization induced a stronger effect than left-handed41. These experi-
ments show that not only linear but circular and elliptical polarizations are important parameters for 
the biological action of EMR, and that molecular structure of biomolecules may be important for the 
interaction between polarized EMF and the biological tissue. In all these studies there was no compari-
son with unpolarised field of identical other parameters, but only comparison between different types of 
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polarization. Again, it is important to note that circularly and elliptically polarized 50–60 Hz EMFs are 
formed around 3-phase power transmission lines.

Experiments with non-polarized and polarized EMFs/EMR of identical other characteristics (inten-
sity, frequency, waveform, etc) on certain biological models should be performed to test the validity of 
the present theoretical study. This should be the subject of a future experimental study.

The present theoretical analysis shows that polarized man-made EMFs/EMR can trigger biological 
effects while much stronger and of higher energy (frequency) unpolarized EMFs/Non-Ionizing EMR 
(e.g. heat, or natural light) cannot.

This is the reason why polarized microwave radiation of maximum power 1 W emitted by a mobile 
phone can damage DNA and cause adverse health effects2,3,5,6,35, while non-polarized infrared, visible, and 
ultraviolet radiation from a 100 W light bulb, or ~400 W infrared and visible EMR from a human body14,16, 
cannot. Similarly with solar EMR the intensity of which incident on a human body (~8–24 mW/cm2) is 
hundreds of times higher than radiation intensity incident from e.g. a cell phone on a user’s head/body 
during a usual phone-conversation with the handset in touch with the head (less than 0.2 mW/cm2), or 
incident intensities from other RF, ELF sources of human technology6,7,12,13. The total daily duration 
of human exposure to the sunlight is also much longer normally than the total daily duration of cell 
phone exposure during conversations5,6,12,13. Moreover the frequency (energy) of sunlight is also sig-
nificantly larger than any man-made RF or ELF frequencies. Yet, there are no adverse biological effects 
due to normal/non-excessive exposure to sunlight. On the contrary, it is beneficial and vital/necessary 
for human/animal health, in contrast to cell phone radiation. Similarly, there are no adverse biological 
effects due to exposure (mainly in the infrared and visible regions) from one human body to another 
(with an incident intensity ~20 mW/cm2)16. Although all animals on Earth have adapted throughout 
evolution to exposures to EMFs from the sun and the earth, these fields are non-polarized (even though 
natural light may become partially polarized in a small average degree due to atmospheric scattering 
or reflections). Moreover, terrestrial electric and magnetic fields are mainly static, emitting very weak 
non-polarized ELF radiation due to slight variations in their intensities. However, larger variations on the 
order of 20% of their normal intensities due to solar activity with a periodicity of about 11 years result in 
increase of human/animal health incidents15. Therefore, living organisms on Earth are adapted to natural 
(non-polarized or even partially polarized) EMFs since the beginning of life, but not to variations in 
their normal intensities on the order of 20%, and thus we would not expect them to adapt to man-made 
(totally polarized) EMFs/EMR. The present study explained how this difference in polarization results in 
corresponding differences in biological activity between natural and man-made EMFs.

Increased biological activity does not necessarily result in observable biological/health effects, since 
there are adaptive mechanisms operating at cellular-tissue-organism levels in response to ever occurring 
changes. However, these mechanisms may not always be totally effective, especially when the organism 
is under additional stress or increased metabolic needs (e.g. sickness, childhood/development, old age, 
etc.). Then exposure to polarized (man-made) EMFs may considerably increase the probability for the 
initiation of adverse health effects. The effect of polarized EMF-exposure may even be beneficial in 
certain cases of applied static or pulsed electric or magnetic fields of specified orientation and intensi-
ties that enhance the action of endogenous physiological fields within living cells/organisms e.g. during 
development, wound healing, bone fracture healing etc.38,42.

The role of polarization in the ability of EMFs/non-ionizing EMR to induce biological effects, as 
described in the present study, is - up to today - largely underestimated in the EMF-bioeffects literature. 
Thus, we believe that the present study contributes significantly towards a better understanding of the 
mechanisms underlying EMF-bioeffects.

References
1. Goodman, E. M., Greenebaum, B. & Marron, M. T. Effects of Electro- magnetic Fields on Molecules and Cells. International 

Review of Cytology 158, 279–338 (1995).
2. Phillips, J. L., Singh, N. P. & Lai, H. Electromagnetic fields and DNA damage. Pathophysiology 16, 79–88 (2009).
3. Blackman, C. Cell phone radiation: Evidence from ELF and RF studies supporting more inclusive risk identification and 

assessment. Pathophysiology 16, 205–16 (2009).
4. Johansson, O. Disturbance of the immune system by electromagnetic fields-A potentially underlying cause for cellular damage 

and tissue repair reduction which could lead to disease and impairment. Pathophysiology 16, 157–77 (2009).
5. Khurana, V. G., Teo, C., Kundi, M., Hardell, L. & Carlberg, M. Cell phones and brain tumors: a review including the long-term 

epidemiologic data. Surgical Neurology 72, 205–14 (2009).
6. Panagopoulos, D. J. “Analyzing the Health Impacts of Modern Telecommunications Microwaves”, In Berhardt, L. V. (Ed), 

Advances in Medicine and Biology Vol. 17, Nova Science Publishers, Inc., New York, USA (2011).
7. Panagopoulos, D. J., Karabarbounis, A. & Lioliousis, C. ELF Alternating Magnetic Field Decreases Reproduction by DNA 

Damage Induction. Cell Biochemistry and Biophysics 67, 703–716 (2013).
8. IARC. Non-Ionizing Radiation, Part 1: Static and Extremely Low-Frequency (ELF) Electric and Magnetic Fields, Vol. 80 (2002).
9. IARC. Non-Ionizing Radiation, Part 2: Radiofrequency Electromagnetic Fields, Vol. 102 (2013).

10. Hodgkin, A. L. & Huxley, A. F. A quantitative description of membrane current and its application to conduction and excitation 
in nerve. J. Physiol. 117, 500–544 (1952).

11. Alberts, B. et al. Molecular Biology of the Cell, Garland Publishing, Inc., N.Y., USA (1994).
12. Roller, W. L. & Goldman, R. F. Prediction of solar heat load on man. Journal of Applied Physiology 25, 717–721 (1968).
13. Parsons, K. C. Human thermal environments, Taylor and Francis, London (1993).
14. Presman, A. S. Electromagnetic Fields and Life, Plenum Press, New York (1977).
15. Dubrov, A. P. The Geomagnetic Field and Life - Geomagnetobiology, Plenum Press, New York (1978).



www.nature.com/scientificreports/

1 0Scientific RepoRts | 5:14914 | DOi: 10.1038/srep14914

16. Gulyaev, Yu. V., Markov, A. G., Koreneva, L. G. & Zakharov, P. V. Dynamical infrared thermography in humans, Engineering in 
Medicine and Biology Magazine, IEEE 14, 766–771 (1995).

17. Beiser, A. Concepts of Modern Physics, McGraw-Hill, Inc (1987).
18. Alonso, M. & Finn, E. J. Fundamental University Physics, Vol. 2: Fields and Waves, Addison-Wesley, USA (1967).
19. Panagopoulos, D. J., Messini, N., Karabarbounis, A., Filippetis, A. L. & Margaritis, L. H. A Mechanism for Action of Oscillating 

Electric Fields on Cells, Biochemical and Biophysical Research Communications 272, 634–640 (2000).
20. Panagopoulos, D. J., Karabarbounis, A. & Margaritis, L. H. Mechanism for Action of Electromagnetic Fields on Cells, Biochemical 

and Biophysical Research Communications 298, 95–102 (2002).
21. Sangeetha, M., Purushothaman, B. M. & Suresh Babu, S. “Estimating cell phone signal intensity and identifying Radiation 

Hotspot Area for Tirunel Veli Taluk using RS and GIS”, International Journal of Research in Engineering and Technology 3, 
412–418 (2014).

22. Arago, D. F. J. & Fresnel, A. J. “On the action of rays of polarized light upon each other”, Ann. Chim. Phys. 2, 288–304 (1819).
23. Pohl, R. (1960) “Discovery of Interference by Thomas Young”, Am. J. Phys. 28, 530.
24. Chen, H. S. & Rao, C. R. N. Polarization of light on reflection by some natural surfaces. Brit. J. Appl. Phys. 1, 1191–1200 (1968).
25. Cronin, T. W., Warrant, E. J. & Greiner, B. Celestial polarization patterns during twilight. Applied Optics 22, 5582–5589 (2006).
26. Panagopoulos, D. J., Johansson, Ο . & Carlo, G. L. Evaluation of Specific Absorption Rate as a Dosimetric Quantity for 

Electromagnetic Fields Bioeffects. PLoS ONE 8, e62663, doi: 10.1371/journal.pone.0062663 (2013).
27. Halgamuge, M. N. & Abeyrathne, C. D. A Study of Charged Particle’s Behavior in a Biological Cell Exposed to AC-DC 

Electromagnetic Fields, Environmental Engineering Science 28, 1–10 (2011).
28. Pall, M. L. Electromagnetic fields act via activation of voltage-gated calcium channels to produce beneficial or adverse effects. J 

Cell Mol Med 17, 958–65 (2013).
29. Noda, M. et al. Existence of distinct sodium channel messenger RNAs in rat brain. Nature 320, 188–192 (1986).
30. Liman, E. R., Hess, P., Weaver, F. & Koren, G. Voltage-sensing residues in the S4 region of a mammalian K+ channel. Nature 353, 

752–756 (1991).
31. Miller, C. “An overview of the potassium channel family”. Genome Biology 1, 1–5 (2000).
32. Penafiel, L. M., Litovitz, T., Krause, D., Desta, A. & Mullins, J. M. Role of Modulation on the effects of microwaves on ornithine 

decarboxylase activity in L929 cells. Bioelectromagnetics 18, 132–141 (1997).
33. Tisal, J. GSM Cellular Radio Telephony, J. Wiley & Sons, West Sussex, England (1998).
34. Tuor, M., Ebert, S., Schuderer, J. & Kuster, N. Assessment of ELF Exposure from GSM Handsets and Development of an 

Optimized RF/ELF Exposure Setup for Studies of Human Volunteers, BAG Reg. No. 2.23.02.-18/02.001778, IT’IS Foundation 
(2005).

35. Panagopoulos, D. J., Chavdoula, E. D. & Margaritis, L. H. Bioeffects of Mobile Telephony Radiation in relation to its Intensity or 
Distance from the Antenna. International Journal of Radiation Biology 86, 345–357 (2010).

36. McLeod, K. J., Lee, R. C. & Ehrlich, H. P. Frequency dependence of electric field modulation of fibroblast protein synthesis. 
Science 236, 1465–9 (1987).

37. Cleary, S. F., Liu, L. M., Graham, R. & Diegelmann, R. F. Modulation of tendon fibroplasia by exogenous electric currents. 
Bioelectromagnetics 9, 183–94 (1988).

38. Lee, R. C., Canaday, D. J. & Doong, H. A review of the biophysical basis for the clinical application of electric fields in soft-tissue 
repair. Journal of Burn Care and Rehabilitation 14, 319–335 (1993).

39. Belyaev, I. Y., Alipov, Y. D. & Shcheglov, V. S. Chromosome DNA as a target of resonant interaction between Escherichia coli 
cells and low-intensity millimeter waves. Electro- and Magnetobiology 11, 97–108 (1992).

40. Ushakov, V. L., Shcheglov, V. S., Belyaev, I. Y. & Harms-Ringdahl, M. Combined effects of circularly polarized microwaves and 
ethidium bromide on E. coli cells. Electromagnetic Biology and Medicine 18, 233–242 (1999).

41. Shckrobatov, Y. G. et al. Effects of differently polarized microwave radiation on the microscopic structure of the nuclei in human 
fibroblasts. J Zhejiang Univ-Sci B (Biomed & Biotechnol) 11, 801–805 (2010).

42. Panagopoulos, D. J. “Electromagnetic Interaction between Environmental Fields and Living Systems determines Health and 
Well-Being”, In Electromagnetic Fields: Principles, Engineering Applications and Biophysical Effects, Nova Science Publishers, New 
York, USA (2013).

Acknowledgements
The study was supported by the Karolinska Institute, Stockholm, Sweden, the Irish Doctors 
Environmental Association, and the Alliance for Irish Radiation Protection. Dr Panagopoulos wishes 
to thank Drs G. Pantelias and A. Stubos at the National Center for Scientific Research “Demokritos”, 
Athens, Greece. Prof. Johansson wishes to thank Einar Rasmussen, Norway, and Brian Stein, UK, for 
their general support.

Author Contributions
Analyzed the data: D.J.P., O.J. and G.L.C. Wrote and reviewed the paper: D.J.P., O.J. and G.L.C. Conceived 
and designed the study: D.J.P. Wrote equations and Performed calculations: D.J.P.

Additional Information
Competing financial interests: The authors declare no competing financial interests.
How to cite this article: Panagopoulos, D. J. et al. Polarization: A Key Difference between Man-made 
and Natural Electromagnetic Fields, in regard to Biological Activity. Sci. Rep. 5, 14914; doi: 10.1038/
srep14914 (2015).

This work is licensed under a Creative Commons Attribution 4.0 International License. The 
images or other third party material in this article are included in the article’s Creative Com-

mons license, unless indicated otherwise in the credit line; if the material is not included under the 
Creative Commons license, users will need to obtain permission from the license holder to reproduce 
the material. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/

http://creativecommons.org/licenses/by/4.0/

	Polarization: A Key Difference between Man-made and Natural Electromagnetic Fields, in regard to Biological Activity

	Man-Made EMR is more Active biologically than Natural Non-Ionizing EMR. 
	Man-Made EMR is Polarized, while Natural EMR is not. 
	Field Intensity versus Wave Intensity of electromagnetic waves. 
	Superposition of Electromagnetic Waves/Fields

	Superposition of Unpolarized EMR/EMFs. 
	Wave Intensity versus Field Intensity of Unpolarized EMR. 
	Superposition of Coherent Polarized Waves/Fields of the same polarization. 

	Induction of Forced-Oscillations in living tissue by Polarized EMFs

	Discussion

	Acknowledgements

	Author Contributions



 
    
       
          application/pdf
          
             
                Polarization: A Key Difference between Man-made and Natural Electromagnetic Fields, in regard to Biological Activity
            
         
          
             
                srep ,  (2015). doi:10.1038/srep14914
            
         
          
             
                Dimitris J. Panagopoulos
                Olle Johansson
                George L. Carlo
            
         
          doi:10.1038/srep14914
          
             
                Nature Publishing Group
            
         
          
             
                © 2015 Nature Publishing Group
            
         
      
       
          
      
       
          © 2015 Macmillan Publishers Limited
          10.1038/srep14914
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep14914
            
         
      
       
          
          
          
             
                doi:10.1038/srep14914
            
         
          
             
                srep ,  (2015). doi:10.1038/srep14914
            
         
          
          
      
       
       
          True
      
   




