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Abstract

Here, we present preliminary results obtained from a station that monitors the Schumann resonance between ~0 Hz
and 50 Hz. The station is currently under development in Mexico (latitude 19° 48’ 19" N, longitude 101° 41' 39" W). This
station is the first of its kind in the region that includes Mexico, the Caribbean and Central America. The station has two
inductive antennas, one for each horizontal magnetic field component. We measured Schumann Resonance harmonics
at 7.74, 14.11 and 20.22 Hz. We present the frequency and amplitude behavior of the first three Schumann Resonance
harmonics between 00:00 and 08:00 LT along several days during April, 2012.
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1. Introduction

The phenomenon known as the Schumann resonance (SR)
was hypothesized in the 1950s [1]. The space between
the Earth’s surface and the lower ionosphere forms a capacitor,
the Schumann-resonance signals being the electromagnetic
resonances of this cavity. These signals are measured in the
extrernely low frequency (ELF) band of ~0 Hz to 50 Hz. The
Schumann-resonance frequencies are given by the following
equation:

¢ ,/n(n+l),

I 27a

where f,, is the corresponding harmonic,  is the Earth’s radius,
and c is the speed of light. The fundamental mode is 10.6 Hz,
and the first four harmonics are at 18.4 Hz, 26 Hz, 33.5 Hz, and
41.1 Hz. The first definite experimental confirmation of the
Schumann resonance was obtained by Balser and Wagner
(1960) [2], showing spectral peaks near 7.8 Hz, 14.2 Hz,
19.6 Hz, 25.9 Hz and 32 Hz.
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The Schumann-resonance variations are caused by global
atmospheric lightning, and geophysical and solar activity. The
Schumann resonance presents clear daily and seasonal changes
[3-5]. The study of the Schumann resonance has become very
important, as these signals can monitor seismic events [6, 7],
climate [8-11], the ionosphere [3], solar activity [12-14], or
could even impact human health [15, 16].

The design and construction of dipole antennas to detect
the electrical component is almost impossible, due to the very
long wavelengths associated with the Schumann resonance. For
instance, for a frequency of ~8 Hz, the wavelength is 37,500 km.
The best option is then to use inductive antennas to detect the
magnetic component of the signal [17, 18].

The Schumann resonance’s electric and magnetic ampli-
tudes are very low, and can be masked by natural and man-
made interference. That is why the antenna’s receivers must
have special characteristics concerning their internal noise,
input impedance, filtering, and voltage gain (G) [18].
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Here, we present the development of a station that moni-
tors the Schmem resanance, locatd m Coeneo, Michoscén,
México (see Figure 1). With geographic latitude 19° 48° 19N
and longitude 101° 41° 39” W, and magnetic coordinates 29° N
in letitude and 174 W in longitude, the station is at 1964 m of
altitade. It is important to point out that this station is the first of
its kind in the region thet inclodes Mexico, the Caribbean and
Central America

2. Materials and Methods

Wkt bave three bagic clcmems in the Schumennaeamance
gtation*d hardware: 1) the antenns, 2) the receiver, end 3) the
1 —— ’

2.1 Antenna

The inductive antenna has the following characteristics:
itis 200 cm in length, S cm in exterior diameter, and 4 cm in
intemal diameter. The coils are warped on a high-magnetic-
pamecbility material (pexmalloy), snd encapsulsted in sn
aluminmm tube, which in turn ir inside a glass-fiber tube.
The extremes are scaled with non-farric makeriala The eables
exit from one of the coil's ends, The imemal strocture of the
antenna is shown in Figure 2, The anterma’s colls are seg-
mented mto eight parts: this design responds anly to the ease
of their manufacture. By having an iron core {permalloy), the
anterma does not substantially change its properties 88 a ssnsor
responsive %0 the deteced cignals. The two antennas that
measure the two honzamtal components of the magpatic field
wero ariemted narth-south and cast-west, using 8 compses.

Both the antermas and recepyor were locatd 100 m from
the labarutory where the acquisition system i8. The amtermas
were placed 20 em sbove the gurface level on concrete blocks.
The receivers are eutomstically fed with batteries, charged by
a solar panel. All of the system is far from iron elements or
structures, as well as from the 60 Hz industrial energy web.

2.2 Recelver

The receiver has a simple design, based on the use of
gtrumemal gperational amplifics. We chose &n open. avail-
able design by Hens Michhmayr (http.//www.vIfit/inductor/
ulfpreamp schema.gif). It has elght operational amplifiers,
Five of the operational amplifiers suppress the &tecd local
noise in the 50 Hz to 60 Hz band, and a low-pass filter delimits
the recotver band betwoen ~0 Hz and 50 Hz. The rest of the
operational amplifiers pecform ag dc amplifiers, giving a dc exit
signal with variable components in the 0 Hz to 50 Hz band. This
oxit rignal is adjusted in offset in such a way that it delivers to
the acquisition system 8 gignal sppromimately between 16 V.

We mre intereted in registering the two horizomtal north-
south and east-west signal componenta, The Schumarm-reso-
nance station therefore has two amplifiers. Bach amplifier
scparately processes the mentioned compenentz, delivering
them into independent channels of the acquisition systam.

3. Acquisition System

The analog signals are delivered by a bifilar cable thraugh
the smplifiers: they have 8 dc camponsm with fluctusting
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Figvre 1. A eaap showing the bocation of the Schumsan<essaance statica in Mexico (ERS-01) with peographit latitude 197
48’ 19” N and longitede 101° 41°39° W, and magneticlatiinde 29° N aad loogitnde 174° W.
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Figure 2a. The internal structure of the antennas: eight coils connected in series (i); permalloy-steel core, protruding 50 cm
from the coils (ii).

Figure 2b. The internal structure of the antennas: An alu-  Figure 2c. The internal structure of the antennas: Each coil
minum tube (i) as an electrostatic shield. has about 12000 turns of wire, 0.14 mm in diameter. The
exterior diameter of each coil is 31.1 mm.

. f‘ Wak.- =

Figure 2d. The internal structure of the antennas: The
core diameter (i) is 14.75 mm. The length of each coil is
113.55 mm, and the total number of coils is 1000 mm. The
core length is 2000 mm.
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signals detected by the antenna. They are sent to the connectors
(SB-68-NI) and, from there, through the SHC68-EP-NI cable
to the 6036E PCI acquisition card. In this card, the signals are
converted into digital format to be interpreted by the LabView
software. The data is sampled every ten minutes and stored in
hourly, daily, and monthly files. The spectral plots are generated
using the fast Fourier transform (FFT) of the Microcal Origin
program.

3. Development

The antennas are highly hermetic; however, as they are
outside, we have to protect them from the natural elements.
They are oriented in x, y, where x coincides with north-south
and y coincides with east-west. In this way, we can identify the
direction of propagation of the waves (Figure 3a). The antennas
are connected to a BNC connector and twisted bifilar and screen
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Figure 3b. A block diagram of the station, with two identical
channels.
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Figure 4. An example of a register: (a) a 10-minute register;
(b) the normalized amplitude spectrum, obtained with the
FFT. The three harmonics are clearly observed. The time
and date of the observation was 04:09 LT/19/04/12.

to a physical ground at the receiver’s connectors, each to an
independent channel. Figure 3b shows the block diagram of the
station.

We furthermore designed a board using the commercial
software PROTEUS. We next tested the circuit with a setup to
assure the proper performance of the receiver (offset, filters,
amplifier levels, energy consumption and frequency response).
We found that for the 10 Hz frequency, the receiver’s gain was
43 dBYV, and it had a consumption of 20 mA per channel and per
feeding line (+6 'V and —6V). The filters allow us to suppress,
through variable-precision resistors, those unwanted frequencies
that we have identified in the circuit. We also found a low
dependence between the gain and the feeding.

Currently, we are developing software that will allow us to

transfer, store, and process the data, in order to directly have the
Schumann-resonance spectra.

4. Preliminary Results and Discussion

In spite of the interference still present in the measure-
ments, we have obtained a large number of spectra during the
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first few months of operation (384 in total). In those spectra,
we identified at least the first three harmonics of the Schumann
resonance, although in several spectra we also identified the
fourth Schumann-resonance harmonics (Figures 4a and 4b).
The results of Figures 5a-5c and Figures 6a-6¢ correspond to
April 9-15 and April 18 of 2012, between 00:00 and 08:00 local
time (LT). The average values of the central frequency were
within the reported results: 7.74 Hz, 14.11 Hz, and 20.22 Hz
(Figures 7a-7c), consistent with the values reported by several
authors. At other hours of the day, the presence of strong
interference close to the Schumann-resonance harmonics made
it very difficult to identify the Schumann-resonance spectra. The
daily average behavior of the spectral frequency and amplitude
of the studied samples indicated good time coherence among
the first three Schumann-resonance harmonics (see Table 1 and

Figure 8).

Nevertheless, we are still testing the most adequate place
to locate the antennas in order to minimize interference.

We would like to point out that although this station has
an old design, the results are different from those of other sta-
tions, because several Schumann-resonance perturbations are
due to local electric discharges. By comparing the Schumann-
resonance parameters of many stations, more-robust conclu-
sions on the global climate can be obtained. Furthermore, as
already shown in Figures 2 and 3, we do have some technical
developments.

We are also planning to construct two more identical
stations, forming a triangle: Mexico-Cuba-Central America.
In this way, in quasi-real time we will have the state of the
Schumann resonances in the region, and in both the north-south
and east-west coordinates. We do not yet know how we will
integrate the stations. It is very important to remark that we
already have another two sets of antennas that are identical to
the Mexican set.
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Figure 5. An eight-day average frequency spectrum of the
three first Schumann-resonance harmonics for the eight
days analyzed: (a) first harmonic, (b) second harmenic, (c)
third harmonic.
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Figure 6. The eight-day average spectral amplitude of the
three first Schumann-resonance harmonics for the eight
days analyzed: (a) first harmonic, (b) second harmeonic, (c)

third harmonic.
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Figure 7. The frequency counts for the first three
Schumann-resonance harmonics of the analyzed sample
(384 spectra). The dotted lines show the Gaussian adjusted
to the distribution: (a) first harmonic, (b) second harmonic,

(c) third harmonic.
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Table 1. Frequency and spectral amplitude measurements of the

first five harmonics of the Schumann resonances.

11 13 15 17 19

(:p“r’i’l) F1 | AF1 | F2 | AF2 | F3 | AF3
9 776 | 1.72 | 14.14 | 1.24 | 20.18 | 0.87
10 775 | 1.7 | 1418 | 1.21 | 2027 | 0.86
11 769 | 09 [ 14.11 | 0.64 | 2023 | 0.46
12 77 | 082 | 14.03 | 0.62 | 20.22 | 0.42
13 77 | 149 | 1412 | 117 | 2013 | 0.78
14 773 | 173 | 142 | 1.31 | 2027 | 0.89
15 7.67 | 1.57 | 14.06 | 1.23 | 20.16 | 0.81
18 7.84 | 0.88 | 14.06 | 0.68 | 2028 | 0.43

Average | 7.73 | 135 | 1411 | 1.01 | 2022 | 0.69

5. Conclusions
4 (a)

We have presented preliminary results obtained from a
Schumann-resonance station located in Mexico*** (19° 48’
19” N and longitude 101° 41° 39” W). The development of
such a station is a tool for studies of geophysics, meteorology,
the climate, the ionosphere, solar activity, and possibly
human health. This station is the first of its leind in the region
that includes Mexico, the Caribbean, and Central America.
We measured Schumann-resonance harmonics at 7.74 Hz,
14.11 Hz, and 20.22 Hz, which are within the results reported
by other authors. We need further calibration of the antennas in

We believe that the results obtained so far allow us to state
that the station is suitable for conducting systematic recordings
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Figure 8. The first three Schumann-resonance harmonics
during the analyzed period: (a) the daily spectral ampli-
tude averages; (b) the daily spectral frequency averages
for the first harmonic; (c) the daily spectral frequency
averages for the second harmonic; (d) the daily spectral
frequency averages for the third harmonic. The dashed
line corresponds to the first harmonic, the dotted line cor-
responds to the second harmonic, and the solid line corre-
sponds to the third harmonic.
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