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Abstract. This report documents part of a planned measurement campaign in which spectrum measurements
were done at different locations in the mountains in Switzerland. The results of the PMOD observatory site in
Davos which was studied in August 2007 are presented. Measurements were carried out with different broadband
logarithmic periodic antenna connected to a Callisto spectrometer designed and built in ETH Zurich (Benz,
2004). This study provides the technical basis to decide whether it is possible to do spectroscopic measurements
below 3GHz (λ > 10cm) in Davos. The results are presented, compared with Bleien observatory and displayed
as digitally zoomed spectrums focusing on interesting frequency bands allocated for radio astronomy and other
passive services. In terms of electromagnetic interference, Davos is worse than Bleien and thus not ideal for
broadband spectroscopic solar radio astronomy observations. However, it is sufficient for small band width studies:
to detect CME’s or to measure quiet solar radio flux at dedicated frequencies. Such narrow band studies would
probably be no better than is already possible in Bleien.

Key words. Callisto, spectrum, cross modulation, inter-
ference.

1. Introduction

In view of IHY and with the intention for future upgrade of
PMOD observatory regarding radio astronomical instru-
mentation, a measurement campaign was planned and or-
ganized between PMOD and ETH Zurich. The measure-
ments documented here took place on Monday, 13th of
August 2007 in Davos (PMOD WRC).

1.1. Station description

The Physikalisch-Meteorologisches Observatorium Davos
(PMOD) was founded in 1907 by Carl Dorno as a pri-
vately operated institute with the objective of finding
out why tuberculosis patients were recovering better in
Davos than elsewhere. Dorno began operational measure-
ments of the direct solar irradiance in 1909, initiating the
world’s longest time series of this kind, which continues
until the present day. PMOD has continued its work as
an internationally recognized center for research in ra-
diation measurements and instrumentation. PMOD has
provided a further service since 1996: the operation of
the World Optical depth Research and Calibration Center
(WORCC). This is a Swiss contribution to the WMO
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Global Atmosphere Watch program with the following
goals:

– Develop accurate radiometric references for spectral
solar radiometry used to determine optical depth

– Develop procedures to ensure world-wide homogeneity
of optical depth measurements

– Develop and test new instrumentation and methods
for the determination of optical depth

– Implement a trial phase of Precision Filter
Radiometers (PFR)

The Research Activities are:

– Development of instruments and calibration proce-
dures for absolute total and spectral solar and long-
wave radiometry;

– Investigation of the solar total irradiance, its spec-
tral distribution and variability for global climate
research, solar physics and helioseismology (VIRGO
Experiment);

– Investigation of radiation in the atmosphere and at the
ground to determine its spectral distribution and vari-
ability in the UV, for diagnostics of the atmospheric
composition and aerosol content as well as to deter-
mine the surface radiation budget within the ASRB
program.
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Fig. 1. Horizontally mounted logarithmic periodic dipole on a
tripod at the parking area of PMOD building in Davos.

Fig. 2. Broadband measurements using Rohde&Schwarz
Spektrometer up to 1GHz. The strongest signals which may
lead to cross modulation are listed in table 3

Coordinate value

Latitude 46◦ 48′ 47” North
Longitude 9◦ 50′ 39” East
Height 1586 m asl
Local Time GMT + 02h (MESZ)

Table 1. Geographical coordinates of PMOD observatory site.

1.2. Measurement instrumentation

We used two different logarithmic periodic antennas di-
rectly connected via a low loss coaxial cable to the measur-
ing instrument. One (CLP50-1300) covers the range from
50MHz up to 1300MHz and the other (XSLP9142) covers
the range from 800MHz up to 5GHz. The Callisto spec-
trometer e-C04 having a detector sensitivity of 25mV/dB
including control cables and rf adapters was supplied by
ETH Zurich. The frequency range of Callisto ranges from
45Mhz to 870MHz in three bands. The channel reso-
lution is 62.5KHz, while the radiometric bandwidth is
about 300KHz. The sampling time is exactly 1.25msec per

Abbreviation description

Callisto Radiospectrometer of ETH
CRAF Committee on Radio Astronomy Freq.
DVB-T Digital video broadcast terrestrial
ETH Eidgenössisch Technische Hochschule
FM Frequency modulation (Radio)
IHY International Heliospheric Year
PMOD Physikalisch Meteorologisches

Observatorium Davos
rf radio-frequency
TetraPol Terrestrial Trunked Radio (Police)
TV Television
UHF ultra high frequency

Table 2. Acronyms mentioned in labels and comments.

Frequency Powerlevel [dBm]

96.6 -24
103.7 -33
146.0 -37
196.0 -42
616.0 -52
938.0 -55

2140.0 -42
Noiselevel -72

Table 3. Power level of strongest transmitters measured at
PMOD area.

frequency-pixel while the integration time is about 1msec.
The frequency in the output data is expressed in MHz
and the detector output is expressed in millivolts. Both
are stored in a simple ASCII file which can be analyzed
with any spread sheet like IDL or EXCEL. The second in-
strument was a spectrum analyzer Rohde&Schwarz FS300
for frequencies up to 3GHz. This calibrated spectrum an-
alyzer was used to qualitatively measure the power level
of the strongest transmitters, see table 3. At each loca-
tion an additional measurement was taken when applying
a 50Ω resistor to the antenna terminal as a reference level
to evaluate the power level in dB above this broadband
load (a termination resistor at ambient temperature in
the order of 300Kelvin).

1.3. Acronyms

Different acronyms used in labels and text are described
in table 2.

2. Results

2.1. Comparative overview PMOD versus Bleien, both
Switzerland

The total measured spectrum, shown in figure 9 was split
into 6 sub spectra to allow a detailed inspection. For plots,
see figures 3, 4, 5, 6, 7, 8. The total spectrum is composed
of 13200 channels 62.5KHz apart. In all plots shown below
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Fig. 3. Spectral overview measured at PMOD observatory.
Comparable interference level, but higher background level at
PMOD probably due to local electronic devices. Shared use for
the radio astronomy band 73MHz until 74.6MHz.

Fig. 4. Spectral overview measured at PMOD observatory.
PMOD interference level is much higher than at Bleien ob-
servatory due to a pager system. The frequencies 150.05MHz
until 153Mhz are reserved for radio astronomy and they are
not free from interference. Primary use foreseen for radio as-
tronomy.

0dB is referenced to the background noise level given by a
50Ω termination resistor at ambient temperature of about
26◦C.

2.2. Long time observation with CALLISTO

Although the sun was not active at the time of observation
we observed the sky for more than two hours, see figure
10. This was to allow the identification of possible cross
modulation by strong transmitters in the FM band, pagers
and Tetrapol systems. Only minor cross modulation was
detected during the time of observation.

Fig. 5. Spectral overview measured at PMOD observatory.
Comparable low interference level at both sites. The frequency
245MHz is a fixed frequency for the measurement of quiet sun
flux but shared with other services.

Fig. 6. Spectral overview measured at PMOD observatory.
The range 322MHz until 328.6MHz is reserved for spectral ob-
servations (deuterium line) and free from interference. Primary
use for radio astronomy.

3. Conclusions

The radio spectrum in Davos suffers from broadband TV
(DBV-T) and other broad band applications and hence
Davos is not ideal as a host site for solar frequency ag-
ile spectrometers. However, all reserved frequencies except
608MHz remain free from interference, and could be used
for single frequency observation to determine solar radio
flux using resonant antennas rather than broad band an-
tennas. The frequency range above 1GHz is largely inter-
ference free except GSM frequencies near 2100MHz. These
signals are not strong enough (see table 3) to saturate a ra-
dio spectrometer like Callisto, Argos or Phoenix. A CME
event detection system might be used just by observing
between 250MHz and 600MHz with more or less low in-
terference levels.
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Fig. 7. Spectral overview measured at PMOD observatory.
Comparable low interference level at both sites. The range
406.1MHz until 410.0MHz is reserved for radio astronomy ser-
vices and free from interference. Primary use for radio astron-
omy.

Fig. 8. Spectral overview measured at PMOD observatory.
Rather high level of interference in Davos due to analog TV.
May that it will be switched off to the end of 2007 with the
introduction of DVB-T on another frequency band. The range
608.0MHz until 614.0MHz is a non-exclusive band reserved ra-
dio astronomy services and free from interference.

4. Relevant internet addresses

– PMOD → http://www.pmodwrc.ch
– CRAF → http://www.craf.eu
– Callisto → http://www.astro.phys.ethz.ch/

instrument/callisto/callisto_nf.html
– IHY → http://ihy2007.org
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Fig. 9. Spectral overview measured at PMOD observatory
showing all channels in TV band I, II, III, IV and V. In Davos,
the band V is already used by DVB-T and thus almost no
frequency can be use for observation. Very strong FM trans-
mitters with up to 55dB power level above noise floor. Also a
very strong pager system at 147.5Mhz may lead to cross mod-
ulation when using a high gain preamplifier.

Fig. 10. One quarter of an hour observation using Callisto with
200 channels per spectrum at a time resolution of 250msec. One
can see a pile of strong carries in FM- and TV bands but no
cross modulation due to too strong nearby transmitters.
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