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Source of Schumann Resonances?
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Reflection of Radio Waves by the lonosphere
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Reflection starts at the “Critical Frequency”, which is when
the radio frequency equals the plasma frequency.

Fo=9410"n,

(f; in megahertz, n_ in cm~)
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ELF = Extremely Low Frequency <100 Hz

= Zna‘/n(n T+ 1)

Schumann (1952)
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w = angular frequency

O = great circle angle from lightning to the observer

&y = vacuum permittivity;

a = radius of the Earth;

h = the height of the lonosphere;

P.(cos 6) and P,'(cos 0) are Legendre and associated Legendre functions
of degree n and order 0,1 respectively

v, the modal eigenvalue related to the propagation constant of the
Earth-lonosphere spherical-shell cavity

M,(w) is the vertical charge moment of the lightning ground flash.




Angular Distributions of Schumann Resonance Modes
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Satellite tracking of lightning
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P Electric Field Detector : :
Price and Melnikov (2004)

Greenberg and Price (2004, 2007)
Pechony and Price (2007)
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Power (Relative Units)
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Variability of the daily mean 8Hz SR signal

observed simultaneously in Israel and California
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Why do all animals see in the VISIBLE "

part of the EM spectrum?
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Why do all animals see in the VISIBLE
part of the EM spectrum?

— - i l 0

1 1 ’7/ Wavelength % in meters
Solar Radiatio | Vesnbes
| | | | I

Visible Infrared — 105

Absorption

|
i
I . -
: by water vibratien Photoslectric

Sunlight at Top of

—
o
Lo+

Rotation
Compton
Far
production

—h

5250°CB

Relative absorption

—
o
[

10° 10° 10°

Photon energy ineV

=]

fisiomn

=
c
~
™~
=
2
| L
()
c
9
5
©
S
=
©
L
-
()
@
Q.
n

Blackbody
radiator

250 500 750 1000 1250 15
Wavelengt

6000 K

Power density (107 watts/m?)

= PN W A ] B D

500 100
Viawvelength (nrm)




Depih in
melars

20




4.44b yrs

23:40:48hrs

41 Last mass extinction,
inwhich dinosaurs disappear

43byr
22:56hrs
First mammals appear

23:59:12hrs
Genus
Homo
appears

23:59:56hrs
Modern

% 4.27b yrs
. = 22:47hrs
First dinosaurs appear

4byrs "-ﬁ_

21:20hrs 20 -Q

First fish

apptar

; 3. Whr‘rs ~.,_
21:10 J

1 9 First trilobites

4.05b yrs —
21:36

First land
plants appear

humans
Qyrs
00:00 hrs| |
\ Formation | |
of the
Farth 00:10hrs
Earth and planet Theia
collide. Debris from the
~ 4,25b yrs
22:40hrs
Permian=Triassic extinction,

30m yrs
collision results in the Moon
the largest in Earth’s history

appear 4 i
21:52hrs

e First insects
~3.5b appeear
=% % 18:40hrs
s # First plant life
4 %" appears, probably

in'the form
of green algae

1.7byrs

09:04hrs

Bacteria begin to

produce oxygen
p

Earth history
in 24 hours

183 12 1 10

Great Oxygenation Event when owqen -.n.as no
longer captured by oceans or land, So begins
asig nificant increase in the atmosphere.

400-700 million yrs
02:08-03:44 hrs
Late heawvy

, bombardment

1.5b yrs
08:00 hrs
Last common
universal
ancestor
{LUCA)

e

-Hr

4

\/ Since the Earth-has had an
atmosphere, it has had an
ionosphere, and hence an
Earth-ionosphere,
waveguide.

v" Since the-Earth has had an
atmosphere there*has been
lightning {volcanoes, .
thunderstorms, dust
storms).

Y Hence, for billions of years
the Earth has been bathed
in the ELF SR fields, and -
evolution of living beings
has oceurred-in these fields.
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ELF Links ta Biology
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ELF Magnetic Fields Improve
~ Spinal Cord Injury
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Figure 2: BBB shows clinical result of recovery from lower spinal
cord injury. Both VLIFE treatment frequencies show significant
recovery (results are mean+SE, difference from baseline, P for M2
and M3 <0.005).

Segal et al. (2016)
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E, Effect of SR on rat heart cells
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How can such wea_k*_f-i_eldls irhpact
- -biological systems?
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Four Main mechanisms of Ca+

Cal CaZ

~7%

SR = Sarcoplasmic Reticulum

L-type Voltage Dependent Calcium Channels (L-VDCC) at cell membrane
RyR — Ryanodine receptors release of intracellular Calcium

NCX — Na+/Ca2+ exchanger transfers Na and Ca at cell membrane
SERCA — Replacement of Ca2+ ions to SR reservaoir.



Potential primary targets of EMFs in plants
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Changes in stress
tolerance

Changes in productivity

Hypothetical ways of influence of extremely low frequency EMFs on
productivity and stress tolerance of plants.

Sukhov V, Sukhova E, Vodeneev V Progress in Biophysics and Molecular Biology, 2019
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Abstract

Most electrical activity in vertebrates and invertebrates occurs at extremely low frequencies (ELF), with characteristic maxima
below 50 Hz. The origin of these frequency maxima is unknown and remains a mystery. We propose that over billions of years
during the evolutionary history of living organisms on Earth, the natural electromagnetic resonant frequencies in the atmosphere,
continuously generated by global lightning activity, provided the background electric fields for the development of cellular
electrical activity. In some animals, the electrical spectrum is difficult to differentiate from the natural background atmospheric
electric field produced by lightning. In this paper, we present evidence for the link between the natural ELF fields and those found
in many living organisms, including humans.




