First light of X-/Ku-band telescope to observe the 2023 and 2024 Solar Eclipses
Christian Monstein

1. Introduction

There exist plans to observe the annular solar eclipse (ASE) and total solar eclipse (TSE) not only visually by
optical telescope or binoculars but also with a small radio telescope in case of bad weather conditions such as
fog, clouds, smoke or even snow or rain. Also, for blind people it might be interesting to hear the changing
sound of the SAT-Finder when the radio radiation of the sun slowly disappears during the eclipse. The aim was
to get a transportable telescope for low cost and components from local store or Amazon-like shops. Here we
describe such a low-cost system including some first result while observing the quiet sun in X-/Ku-band.

Figure 1 ~ View of the finalized small radio telescope to observe
solar eclipses 2023 and 2024 in X-/Ku-band between 10.610 GHz
and 11.245 GHz. It is composed out of a simple, transportable
tripod with two attached satellite rotors, one to position in
azimuth the other on top to position in elevation. Mounted on
the elevation rotor is a horizontal aluminum axis. To this axis
there is a satellite dish TRIAX TA 65 with 65 cm (~15 inch)
mounted [Triax]. Mounting is such, that the offset angle of the
offset dish is compensated in a way that the beam axis is
perpendicular to the elevation axis. As a feed there is a wideband
LNB from TechniSat WB1 40mm installed with super low noise
(according to specification) of 0.1 dB [TechniSat]. Important to
mention is the fact, that these LNB have a different local oscillator
(LO) of 10.41 GHz which allows to get down in intermediate
frequency (IF) to about 200 MHz, ideal for CALLISTO frequency
agile spectrometer [Callisto]. This low IF corresponds to a sky
frequency of IF + LO = 10.67 GHz which shows low level of
interference due to geostationary TV-satellites.

Both rotors are connected via two SAT-coaxial cable to a
DiSEqC.controller unit [DiISEqC] which is connected to a standard
Windows notebook via USB-cable. Software to control both rotors
and thus tracking the Sun is written in Python3.7. This Python
script is executing once every minute, triggered by a software tool
called ssfree.exe which works quite similar as crontab under
LINUX.

For the overall instrument concept, see previous SARA article
entitled as: Planning for the 2023 and 2024 Solar Eclipses at VHF,

UHF and Ku-band by Christian Monstein and Whitham D. Reeve.
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Figure 2 ~ Detail of dish mounting on the elevation axis. Red arrows show slits and bolts to adjust dish-offset in a way, that
incoming radiation is perpendicular to the elevation axis. Depending on manufacturer the slits might be extended with a

rasp or milling cutter. In this example the dish must be rotated further anti-clockwise to meet the goal. In addition the
clamp needs to be rotated by 180° due to the position of the slits.

2. Test results

Recent observations of the solar radio radiation in X-band look promising, although without any solar
eclipse, just quiet solar radio flux.
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Figure 3 ~ Dynamic radio spectrum of the quiet sun between 10.6 GHz and 11.3 GHz between 08:00 UT and about 13:00

UT. Blue color denotes to cold sky (no solar radiation). Blue vertical lines show manual testing of cold sky to verify baseline
of the spectrometer. Reddish color shows quiet sun radio flux.
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Dynamic spectrum is stored as FIT-files (Flexible Interchange Transport System) on local disc of the
control computer. Time resolution is 0.25 seconds while integration time per spectral pixel is 1 ms.
Radiometric bandwidth is 300 KHz. Intensity resolution is reduced to 8 bits to save storage space. Since
Callisto contains a logarithmic detector the dynamic range is given by 10*log[(28)"2] = 48.1 dB.

Using some Python scripts, we can extract single spectra from the dynamic spectra, as shown in figure 4.
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Figure 4 ~ Single spectra around noon. Red plot shows radiation from the sun while the blue plot shows radiation from the
cold sky which we call reference or background radiation. Wiggle around 10.9 GHz is due to internal receiver switching
inside Callisto spectrometer at an IF of 450 MHz.

Spectra from sun(hot) and cold sky (cold) allow to estimate the so-called Y-factor [Y-factor] a quality
measure of a radio telescope, see figure 5.

Interesting the fact that the Y-spectrum is quite constant over the whole frequency range which can be
observed with CALLISTO. Variations are less than +/- 0.5 dB. Based on another Python script we can
also extract light-curves from the dynamic spectrum as shown in figure 6. Sun-rise is about 08:30 UT
when the sun pops up behind my neighbor’s home on the east-side. Then flux is quite constant till about
12UT when the sun is hidden behind a hazelnut tree. After 13:30 the sun disappears behind the home of
my neighbor in the west.
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Figure 5 ~ Y-factor calculated from observations shown in figure 4. Y = Hot — Cold, expressed in dB.

Negative peaks which were manually introduced by moving the telescope to a fixed position on the sky
at azimuth 180° and elevation 45° which is indicated to as Sky or cold sky or background describe the
instrument baseline.

Callisto spectrometer does not only provide FIT-files, in parallel there is also a so-called light-curve file
written onto disc with reduced time resolution but improved sensitivity. Improved sensitivity is given by
a longer integration time of 20 ms which reduces noise. This type of plot as shown in figure 7 is meant
to be sent to a website for real-time monitoring of the observation and the instrument itself.

3. Control system

The control system is based on a standard notebook currently running under Windows 8 but,
applications also do their job under Win 10 and Win 11 as well. One application to control both rotors is
written in Python and is executed once every minute, triggered by system scheduler ssfree.exe, For
experimenting the script is executed in Anaconda and Spyder. Connection to the DISEqC-interface is
done via USB-cable. The second application is called Callisto.exe and control CALLISTO spectrometer
and stores data as FIT-files on local disc. This application is written in C++ and works under all
available windows operating system 95, 98, XP, 2000, Vista, 8, 10 and 11. In addition, a so-called light
curve is also saved on the same or any mounted drive system, see figure 8 below. Worth to be
mentioned is the requirement that he computer provides precise date and time for tracking system. Beam



size of the antenna (FWHM) is in the order of 3° so any error in longitude, latitude or time will make it
impossible to track the sun over several hours.
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Figure 6 ~ Screen photo from Windows notebook depicting spectrometer- and drive control software.

Satelll
Figure 7 ~ DISEQC control unit. Left: backside with F-connector for two satellite rotors and USB-connector.
Right image: Front panel with LED and power switch.

4. Conclusions

The current setup has demonstrated that one can build a cheap small radio telescope to observe
electromagnetic radiation in X-/Ku-band. Given the observed Y-factor of about 4...5 dB should be fine
to demonstrate a drop to be observed in signal intensity by a solar eclipse which allows to ‘observe’ the
eclipse even during heavy rain, clouds or smoke in the air.



There are several constrains which have to be considered. First of all, satellite rotors as used in this
present system allow only angular deviation of +/-77°, some only +/-68° which reduces observation time
unless the telescope is re-aligned after a few hours of observation. On the other hand, this solution,
based on satellite rotos is quite cheap, compared to a professional tracking system. Not to neglect is the
fact that all axis must be aligned very precisely. Firstly, the ground must be completely flat and
horizontal, the azimuth axis must be perfectly vertical and the elevation axis must be perfectly horizontal
again. And most challenging is the positioning/mounting of the offset dish with its unknow offset angle,
usually in the order of 22° ... 25°. The only solution I found was using a torch hanging vertically on a
string above the center of the telescope. The radiation falls then onto 5 mirrors glued onto the satellite
dish, reflecting the light towards the LNB, see figure 10. Later, when the telescope is used to observe the
sun these mirrors allow to visually check if the light is still centered on the plastic cover of the LNB. If
this not the case then at least on of the axis (azimuth, elevation of offset) is out of order and requires re-
adjusting. A rough adjusting can be performed visually while fine-adjust is best done by observing the
light curve on the computer monitor at the highest frequency. Highest frequency is most sensitive to any
mis-alignment. It was found out that tracking period must be at least once per minute, otherwise light-
curves show a saw-tooth like structure. Ideal would be a tacking system which permanently tracks the
sun but, this a cost-factor of 2...3 above the satellite rotor version which provides an angular resolution
of 1/16°.
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Figure 8 ~ Extracted light curve from FIT-file at around 11 GHz. Green plot shows observed and averaged (over 8 frequency
channels) data converted into dB while the red plot is a Gaussian filtered version of the same trace.

Not to forget minimum precision requirements in geographic coordinates as well as date and time. To
allow perfect alignment and positioning longitude and latitude must be more precise than +/-0.02° and



timing error of the computer must be smaller than +/-5 seconds (UT-time). The current Python tracking
script also requires current air-pressure and temperature to compensate refraction when the source (sun)
is at low elevation. During observation one should also take care about thermal heat of LNB and
spectrometer. It is recommended, that at least the spectrometer is on a place without direct sunlight. If
one can reduce heating of the LNB this would also help to keep the baseline and instrument gain more
constant.
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Figure 9 ~ Extracted light curves (here at 3 frequencies) from the light-curve text-file with larger integration time. Negative
peaks again show the background at a fixed sky-position. Positive peak around 13:20 UT is given when the telescope points
to the geostationary path of TV-satellites while tracking the sun.

Figure 10 ~ Satellite dish with 5 glued aluminum mirrors
(red arrows) which shall reflect vertically light from
above onto the cover of the LNB. This alignment of
course needs to be performed in the night or in a room
without additional light source. It was found out that the
best source was a torch with blue LEDs, offered as
ultraviolet torch on Amazon. But their blue part is good
enough to adjust the offset of the dish.
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