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Radioastronomy F-Praktikum experiment
at Hamburg Observatory

• Learn radio astronomy basics


• Single-dish telescope


• Understand flux density, intensity, 
brightness temperature


• Simple dark matter detection 
experiment
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Short history of the KRT3
KRT3: Kleines Radioteleskop (3-m parabolic dish)

• Since 2015 in existence initiated by 
Dr. Dieter Engels


• Upgraded in 2019 to new telecope 
and software


• State-of-the-art data acquisition 
with PYTHON analysis


• 100 Students have performed the 
F-Praktikum experiment
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Experimental setup
on the roof of the main building (‘Library’)

• Take away points for students


• low-noise amplifiers have to be 
directly at receiver horn


• radio light consists of two 
circular polarisations


• noise generator for absolute 
calibrations


• antenna can be a simple mesh 
due to long wavelength
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Figure 3: Control and receiver of the KRT 3 radio telescope. Left: Server cabinet with the RCPU-100
mount control unit, the H142-One receiver and the Spider-PC for control and data reduction. Right:
Receiving horn in the primary focus of the antenna. The so-called septum splits the electromagnetic
radio waves into left-hand circular polarisation (LHCP) and right-hand circular polarisation (RHCP).

the antenna is freely movable in both elevation and azimuth and can be automatically tracked in
azimuth and elevation. The spatial resolution capacity of the antenna is small and amounts to
a multiple of the angular diameter of the Moon. A thin wire grid mounted onto an aluminium
frame reflects the incident radio radiation and focuses the radiation onto a receiving horn.

The technical properties in the overview are:

• Receiver type: digital superheterodyne receiver;

• Frequency range of the preamplifier: 1398–1460.5 MHz;

• Half-width of the antenna lobe: about 5○;
• Positioning accuracy: 1○.

The circular receiving horn H-FEED is located at the primary focus of the antenna. It is an
electrically conductive circular horn in which the radio waves are split into left-circular and
right-circular polarised waves by means of a so-called septum (Fig. 3). The receiving horn
is constructed in such a way that lateral scattered radiation (spillover) is reduced as much as

10



Dr. Volker Heesen – F-Praktikum Review – HS1 Radioastronomie

www.astro.soton.ac.uk/~vh1n11

Hatfield, 13 September 2016

To whom it may concern,

attached is the export section of a copy of the V5C document for my car. The original document
has been submitted to the German car registration authority, who 

With kind regards,
Volker

—

Dr. Volker Heesen
Hamburger Sternwarte

Universität Hamburg
Gojenbergsweg 112

21029 Hamburg, Germany
Tel.:+44-23 8059 2111

Web: http://www.southampton.ac.uk/~vh1n11
e-mail: volker.heesen@hs.uni-hamburg.de

Hamburg, 13. Sep. 2016

/ 09 

Preparatory work
and radio continuum emission

• Students use telescope and


• determine antenna pointing 
correction


• fit Gaussian function to derive 
angular resolution


• calculate system temperature 
and  background radiation


• measure map noise level
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Figure 10: IF Monitor. The windows display the following information: Status of the mount (1), orien-
tation of the telescope in azimuth (2), status of the receiver (3), status messages in text form (4), spectra
with left and right circular polarisation.

• In control panel 3, click on Connect to Backend. In log window 4 you will see the
output. When the receiver is ready, click on Start Aquisitions (button 3);

• Now the two spectra (left and right circular polarised) should be visible as green lines in
window 5.

4.2.2 Adjusting the receiver settings

Next, we adjust the receiver settings for radio continuum observations. For this we use the Base
Band Configuration Tools (BBC Tools):

• Now switch to the BBC Tools (Fig. 11);

• The two windows show the spectra in the respective left and right circular polarisation.
The y-axis shows the un-calibrated antenna temperature in units of counts per second.
The channels are shown on the x-axis. There are 1024 channels covering the frequency
range from 1398 to 1460.5 MHz.

• In BBC Setup (window 2) select Upper Side Bands (USB), i.e. from BBC to01 BBC The
16. The colours of the boxes indicates how good the quality (QF = 0–1) of a frequency
band is;

• Confirm the selection of the frequency bands with Save new setup (Window 2);
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Screenshot of RadioUniversePRO
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Analysis of spectral line data
and HI line emission

• Preparatory exercise


• use Doppler effect to calculate radial velocity


• Interactive PYTHON script


• subtract baseline temperature


• estimate rms noise from line-free channels


• measure maximum velocity with error


• Calculate galactic rotation speed
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HI line at 80 degree Galactic longitude
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Main results of the experiment
Galactic rotation curve
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• Derive rotation curve of galaxy and 
compare with literature


• Discuss limitations due to low angular 
and velocity resolution


• Use assumption of baryonic matter 
distribution


• Derive galactic dark matter density © Queens University
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A&A 556, A2 (2013)

Fig. 1. Aerial photograph of the Superterp, the heart of the LOFAR core, from August 2011. The large circular island encompasses the six core
stations that make up the Superterp. Three additional LOFAR core stations are visible in the upper right and lower left of the image. Each of these
core stations includes a field of 96 low-band antennas and two sub-stations of 24 high-band antenna tiles each.

For the majority of the array located in the Netherlands, the
geographic distribution of stations shows a strong central con-
centration with 24 stations located within a radius of 2 km re-
ferred to as the “core”. Within the core, the land was purchased
to allow maximum freedom in choosing station locations. This
freedom allowed the core station distribution to be optimized to
achieve the good instantaneous uv coverage required by many of
the KSPs including the epoch of reionization (EoR) experiment
and radio transients searches (see Sect. 13). At the heart of the
core, six stations reside on a 320 m diameter island referred to as
the “Superterp”; “terp” is a local name for an elevated site used
for buildings as protection against rising water. These Superterp
stations, shown in Fig. 1, provide the shortest baselines in the ar-
ray and can also be combined to e↵ectively form a single, large
station as discussed in Sect. 12.10.

Beyond the core, the 16 remaining LOFAR stations in the
Netherlands are arranged in an approximation to a logarithmic
spiral distribution. Deviations from this optimal pattern were
necessary due to the availability of land for the stations as well
as the locations of existing fiber infrastructure. These outer sta-
tions extend out to a radius of 90 km and are generally classified
as “remote” stations. As discussed below, these remote stations
also exhibit a di↵erent configuration to their antenna distribu-
tions than core stations. The full distribution of core and remote
stations within the Netherlands is shown in Fig. 2.

For the 8 international LOFAR stations, the locations were
provided by the host countries and institutions that own them.
Consequently, selection of their locations was driven primarily

by the sites of existing facilities and infrastructure. As such, the
longest baseline distribution has not been designed to achieve
optimal uv coverage, although obvious duplication of baselines
has been avoided. Figure 3 shows the location of the current set
of international LOFAR stations. Examples of the resulting uv
coverage for the array can be found in Sect. 12.

4. Stations

LOFAR antenna stations perform the same basic functions as the
dishes of a conventional interferometric radio telescope. Like
traditional radio dishes, these stations provide collecting area
and raw sensitivity as well as pointing and tracking capabili-
ties. However, unlike previous generation, high-frequency radio
telescopes, the antennas within a LOFAR station do not physi-
cally move. Instead, pointing and tracking are achieved by com-
bining signals from the individual antenna elements to form a
phased array using a combination of analog and digital beam-
forming techniques (see Thompson et al. 2007). Consequently,
all LOFAR stations contain not only antennas and digital elec-
tronics, but significant local computing resources as well.

This fundamental di↵erence makes the LOFAR system both
flexible and agile. Station-level beam-forming allows for rapid
repointing of the telescope as well as the potential for multi-
ple, simultaneous observations from a given station. The result-
ing digitized, beam-formed data from the stations can then be
streamed to the CEP facility (see Sect. 6) and correlated to pro-
duce visibilities for imaging applications, or further combined

A2, page 4 of 53

Current radioastronomy research
at Hamburg Observatory

• Radio interferometric observations


• LOw Frequency ARray (LOFAR)


• LOFAR station in Norderstedt as 
part of a European network


• Dark matter search with annihilating 
WIMPS


• Quantum Universe research area
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van Haarlem et al. (2013)
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