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Schumann ResonancesSchumann Resonances
5-45 Hz (Schumann, 1952)
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109 Volts
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Source of Schumann Resonances?



Lightning Waveform



Very Low 
Frequencyf ~ c ~ 1 5 kHz

Cutoff Frequency

Extremely Low

fc  c  1.5 kHz
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ELF, VLF



VLF

ELFELF



ELF = Extremely Low Frequency    < 100 Hz

Schumann (1952)

~ 8, 14, 20,…  Hz



Theory
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ω = angular frequency
Θ = great circle angle from lightning to the observer
ε0 = vacuum permittivity; 
a = radius of the Earth; ;
h = the height of the Ionosphere; 
Pn(cos θ) and Pn

1(cos θ) are Legendre and associated Legendre functions 
of degree n and order 0,1 respectively 

ν, the modal eigenvalue related to the propagation constant of the , g p p g
Earth-Ionosphere spherical-shell cavity

Mc(ω) is the vertical charge moment of the lightning ground flash.



f=8 Hz 14 Hz 20 Hz 26 Hz



8 Hz



8 Hz8 Hz
2 flashes



8 Hz
3 flashes3 flashes



Satellite tracking of lightning



Electric Field Detector
Price and Melnikov (2004)
Greenberg and Price (2004, 2007)
P h d P i (2007)Pechony and Price (2007)
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ELF (1-50 Hz) Magnetic field time series (2 seconds)
b d i th N D t I lobserved in the Negev Desert, Israel.  



Negev Desert, Israel, spectrum  of the previous 
time series showing Schumann Resonances
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Variability of the daily mean 8Hz SR signal 
observed simultaneously in Israel and California

0 6

0.7

0.6

0.65
C

al

r=0.9

0.5

0.6

0.55

m
pl

itu
de

lifornia S

Israel

0.4
0.45

0.5

el
 S

R
 A

m

SR
 A

m
pli

0.3
0.4

Is
ra

e itudeCalifornia

0.2 0.35
50 55 60 65 70 75

Julian Day 1998y



Electric Spectra in Living AnimalsLightning
Human EEG

Human EEGHuman EEGHuman EEG

Zooplankton
Zooplanktonp
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Have these weak fields (ELF) had any impactHave these weak fields (ELF) had any impact 
on the evolution of living organisms on Earth?



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



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





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

 Since the Earth has had an 
atmosphere there has been 
lightning (volcanoeslightning (volcanoes, 
thunderstorms, dust 
storms).

 Hence, for billions of years 
the Earth has been bathed 
in the ELF SR fields andin the ELF SR fields, and 
evolution of living beings 
has occurred in these fields.



ELF waves penetrate into oceansELF waves penetrate into oceans

ELF



Circadian Rhythms (Wever 1967 1973)
ELF Links to Biology?

Circadian Rhythms (Wever 1967, 1973)



ELF Magnetic Fields Improve
Spinal Cord Injury

Segal et al. (2016)
BrainQ



Our Experiment!!Our Experiment!!pp
Effect of SR on rat heart cells

Elhalel et al. (2019)

Cardiac Myocytes from rats

80 µm length
20 µm width3-4 days

37 C, CO2



1. Physical Contractions

7.8 Hz

3 C ti Ki (CK)2 Ca+ Transients 3. Creatine Kinase (CK)2.  Ca Transients



Spontaneous contraction rate



Spontaneous calcium transientsSpontaneous calcium transients



Spontaneous calcium transientsSpontaneous calcium transients



Spontaneous calcium transientsSpontaneous calcium transients

• L-type Calcium channels

• Activation of the ryanodine receptors 
which release calcium from the SR



Cell Protection from StressCell Protection from Stress

Hypoxia= too little O2
H O = too much OH2O2 = too much O2



• What about other frequencies?

Schumann Resonance 
observations in 
Mitzpe Ramon 



•What about magnetic field amplitude?g p

measurements



How can such weak fields impact 
bi l i l ?biological systems?

Stochastic ResonanceStochastic Resonance





Four Main mechanisms of Ca+ 
l iregulation

SR = Sarcoplasmic Reticulum

1. L-type Voltage Dependent Calcium Channels (L-VDCC) at cell membrane
2 RyR – Ryanodine receptors release of intracellular Calcium2. RyR Ryanodine receptors release of intracellular Calcium
3. NCX – Na+/Ca2+ exchanger transfers Na and Ca at cell membrane
4. SERCA – Replacement of Ca2+ ions to SR reservoir.



Potential primary targets of EMFs in plants

Changes in Ca2+ Changes in ROS Changes in activity of 

E t l l f

transport
g

production electron transport chains

Extremely low frequency 
electromagnetic fields

Electrical signaling
Ph t h

Ca2+ signaling
ROS signaling

Reactive oxygen 
species (ROS):
H2O2, .O2

- , 1O2, 
.OH

PhotosynthesisChanges in prod cti it

Changes in stress 
tolerance

PhytohormonesROS signalingOH

PhotosynthesisChanges in productivity 

??

f f f fHypothetical 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



High intensity
electromagnetic field:g

15 Hz
1,5 Tl

0.5 hours

Preliminary results, supporting a positive influence 
of low frequency electromagnetic fields (EMF) on the stress tolerance of plantsof low frequency electromagnetic fields (EMF) on the stress tolerance of plants

Sukhova et al., 2017



Summary and ConclusionsSummary and Conclusionsyy


