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1

Introduction

In the heart of the Eifel area on the Stockert Mountain near Bad
Münstereifel you will find “Astropeiler”, the first German radio telescope.
It was one of the largest fully steerable radio telescopes at the time of its
inauguration in 1956 and served the scientific community for many years
until it was replaced by a much larger telescope in Effelsberg.
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After some time of hibernation in the late 90’s it was restored to a fully
functional state starting in 2005. This was possible as the telescope and
the surrounding buildings were acquired by the “Nordrhein-Westfalen
Stiftung”, a foundation which subsequently funded the necessary work.
The 25m telescope is both a monument of the history of radio astronomy
as documented by the International Astronomy Union and the UNESCO 1
and a capable instrument equipped with state of the art instrumentation.
Since 2011, the telescope is functional again to do astronomical
measurements. It is operated by Astropeiler Stockert e.V. 2, a non profit
organization devoted to the conservation of this beautiful instrument and
bringing it’s capabilities to a wide audience.
As part of these endeavors, Astropeiler Stockert e.V. is offering the use of
the instrument to schools through a web interface. The intention is to
raise the interest of students to the beauty of astronomy and to physics in
general.
This document describes the possibilities of the instrument and
instruction on how to use it.
The Astropeiler Stockert e.V. is hoping that the opportunity to use such an
unique instrument “hands on” will be inspiring to both teachers and
students.

http://www2.astronomicalheritage.net/index.php/showentity?identity=39&idsubentity=1

1

2

http://astropeiler.de
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2

Measurement possibilities

2.1 General
The telescope is fully steerable, i.e. it can be directed to any position in
the sky and can be kept on a specific position. This is accomplished by a
computer control system, which calculates every 10th of a second the
exact position. In this way, the rotation of the Earth (and other more
complex movements of the sky) are compensated so that the telescope is
always “looking” at the same spot in the sky.
The Astropeiler Stockert is equipped with a receiver for the 21cm radio
astronomy band. The receiver is mounted in a prime focus configuration,
i.e. the receiver is positioned at the focal point of the dish.

Maintenance work on the receiver in the prime focus
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The signals received by the receiver “front end” (this is the part which is
up in the focus) are brought down via cable to the analysis equipment, the
so-called “back-ends”. Depending on the type of measurement, different
back ends in different configurations are used.
This allows doing various measurements, including:
o Observations of the emission or absorption of the neutral hydrogen
(spectral measurements)
o Observations of the emission of broadband radio signals coming
from sources such as supernova remnants, star formation regions
and distant radio galaxies
o Observations of the radio pulses emerging from pulsars in our
galaxy (“the lighthouses of the universe”)
Various examples of such measurements are made available through a
web interface to the telescope control and measurement system. Behind
this web interface are fully automated processes to move the telescope to
the appropriate position, start the data acquisition, process the data as
required and provide the data through the web site.

2.2 Measurement of Hydrogen spectra
2.2.1

Brief introduction into the physics behind Hydrogen
spectra

Hydrogen is the most abundant atom in our universe. Stars, including our
sun, mostly consist of Hydrogen. In stars, large amount of Hydrogen have
accumulated which got denser and denser and hotter and finally a
nuclear fission process ignited.
However, there is some hydrogen left which is not bound in stars. Even
though the density of hydrogen in the interstellar space is extremely low,
it can be detected by radio telescopes.
The background is that even though there is very little hydrogen, two
atoms happen to collide every now and then. The collision energy excites
one (or both) atoms, and the excited state of the atom decays after some
time. The energy is released in the form of electromagnetic radiation,
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which in the case of the hydrogen is in the microwave region at 1420
MHz.

hv
H
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H

Excitation of Hydrogen by collision

Decay of the excited state

This is the “famous 21cm line”, one of the most important discoveries of
radio astronomy.

2.2.2

Measurement of Hydrogen in the Galactic plane

It is an interesting exercise to look at the spectrum of the Hydrogen at
various places in the galactic plane.
This allows determining the rotation curve of our galaxy. There are a
number of good explanations on how to do this and the physics behind it
on various internet sites. It is recommended to review these prior to do
the actual measurements:
http://en.wikipedia.org/wiki/Galaxy_rotation_curve
http://astro.u-strasbg.fr/~koppen/Haystack/rotation.html
http://web.njit.edu/~gary/321/Lecture19.html
http://en.wikipedia.org/wiki/Galaxy_rotation_curve
http://www.haystack.mit.edu/edu/undergrad/srt/SRT%20Projects/rotation.html

In order to facilitate the evaluation of the measurements, a small Excel
tool is provided on the web site in the section where also the
measurement data can be retrieved (Galactic_rotation_sample.xls)
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Note: Measuring at low galactic latitudes means measuring spots in the
sky, which are not always above the horizon. Depending on the time of the
year this may mean measuring at night. In this case, the Astropeiler team
can provide data in addition to what has been measured during school
hours so that the full picture can be provided.
2.2.3

Other interesting places for Hydrogen measurements

A couple of predefined locations are provided where some other
interesting hydrogen spectra can be seen. These locations can be selected
from a drop down menu. These include:
o Cassiopeia A (CAS_A)
Since this is a “radio bright” spot, Hydrogen can be seen in
absorption
o Cygnus A (CYG_A)
Again, an absorption feature can be seen towards a radio bright
source
o Cold
This location in the sky shows an emission feature which is very
narrow. This is due to the fact, that the hydrogen cloud is very cold
and therefore shows very little Doppler broadening.
o HVC
Besides the “normal” Hydrogen emission, an additional cloud with
high velocity can be seen. These so called “high velocity clouds” are
clouds of hydrogen which are high above or below the galactic
plane and are “falling” into the galactic plane.

2.3 Continuum measurements
2.3.1

Brief introduction into the physics behind continuum
emissions

There are various radio sources with continuum emissions, i.e. radio
emissions which cover the entire radio spectrum.
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There are two major emission mechanisms: One synchrotron radiation,
which is radiation generated by charged particles (such as electrons)
moving in a magnetic field:

Synchrotron radiation mechanism

The other mechanism is Bremsstrahlung (also called free-free radiation)
which is generated by two charged particles interacting with each other.
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Example: An electron passes an ion and is attracted by the opposite
charge. It is accelerated and therefore emits radiation as any charged
particle, which is accelerated.
2.3.2

Sources available for Measurement

A continuum measurement consists of a scan, where the telescope is
moved back and forth over a certain area of the sky with the source of
interest in the middle. The data recorded is the total power received by
the telescope. From this, a “picture” can be created showing the intensity
variation over the scanned area.
Three different sources have been selected as measurement options.
Each of them is an example of three very different types of radio sources:
o Cassiopeia A (CAS_A)
Cassiopeia A is a supernova remnant, about 11,000 light years
from or solar system. It is the brightest radio source at present 3. It
is an example of a synchrotron radiator.
o Cygnus A (CYG_A)
This is also a synchrotron radiator. However, it is very different: This
is a distant galaxy about 750 million light years from our galaxy. It
is one of the so called radio galaxies. Such galaxies have a super
massive black hole in the middle, which accretes large amounts of
matter. Some of this matter is ejected from accretion area, forming
a huge jet of matter, which is the source of the radio emission
o Orion A
This is again inside our galaxy, about 1,350 light years from our
solar system. This is a representative of a Bremsstrahlung radiator.
Orion A is a star forming region, where high temperatures lead to
an ionisation of hydrogen (also called HII region). These charged
particles are the source of the radio signal.

You may argue that our sun is a brighter radio source. This is true, however the sun
is so close (astronomically speaking), that we really don’t count it.

3
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2.4 Pulsar measurements
2.4.1

Brief introduction to the physics of pulsars

After the detection of pulsars by Jocelyn Bell in 1967 they have been the
target of many studies in radio astronomy. Pulsars are the remains of a
star, which at the end of its life has contracted more and more (in many
case after having exploded as supernova).
The gravitational forces have become so intense, that the former star has
become a very small object (about 20km in diameter), but still having
most of the mass of star. It consists of neutrons, since the electrons have
been essentially pressed into protons by the huge gravitational forces.
Therefore such an object is called a neutron star.

Artist’s impression of a pulsar

This neutron has also kept the angular momentum of the previous sun.
Since the radius is much smaller now, it rotates much faster. In fact, such
neutron stars rotate once per second or even faster, up to several hundred
rotations per second.
The neutron star also carries a strong magnetic field, which rotates with
the neutron star. Charged particles within this magnetic field will then
generate synchrotron radiation. This radiation is emitted along the line of
the magnetic field rotation axis in a beam.
When such a rotating beam happens to cross over the earth on its
revolution, a short radio pulse is received: The pulsar.
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2.4.2

Sources available for Measurement

Four pulsars are available for measurement which can be selected in the
drop down menu:
o PSR0329+54
This is the strongest pulsar in the northern hemisphere with a
rotational period of 714.518 milliseconds.
It also has the advantage of being circumpolar which means that it
is always visible.
o PSR0950+08
This is a “faster” pulsar with 253.065 milliseconds revolution time.
o PSR1933+16
This pulsar rotates once every 358.736 milliseconds.
o PSR2020+28
This pulsar is a good demonstration that there is not always a
single pulse. This one shows a double pulse with a rotational period
of 343.401 milliseconds.

Note:
Pulsar measurements are quite complex, it requires special
instrumentation. Also, the data rate generated by the instruments is quite
high and a few of minutes of measurement easily can be in the order of a
couple of hundred megabytes.
Therefore, after completion of the actual measurement, some major postprocessing of the data is performed by the Astropeiler system before the
data is provided via the web interface.
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3

Doing Measurements

3.1 Login
Access is provided after login. Login credentials can be applied for as
described in the section “Access to the telescope” of this document.

Please note, that only one user can be logged in at a time with the
credentials provided. A second login with the same credentials will
automatically terminate the first session. Sessions have an inactivity
timeout of 30min.
After login, various options can be selected:
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There are three options to do measurements (spectral, continuum or
pulsar)

- 13 -

3.2 Spectral measurements

When doing spectral measurements, you can choose a location by giving
either celestial or galactic coordinates. Leaving these fields empty, you
can also select one of the predefined targets from the drop down menu.
A typical example would be doing measurements of the spectrum in the
galactic plane. In this case you would enter different galactic longitudes at
latitude 0°.
After having made you choice, you initiate your measurement by pressing
the start measurement button.
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3.3 Continuum measurements

Continuum measurements will always be against predefined targets. The
telescope will scan an area around the target so that an “image” of the
area can be created from the data.
Simply select the target and press the start measurement button.

3.4 Pulsar measurements

A selection of pulsars is provided which can be measured.
Simply select the pulsar of your choice and press the start measurement
button.
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3.5 Confirmation of measurement
After submission of a measurement, a confirmation screen will show up:

If you have chosen a target, which is below 5° of elevation of below the
horizon, you will be notified:
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3.6 Watching the status and progress
Once you have received the confirmation, you should go to the status
page to watch your measurement progressing.
3.6.1

Status page

The status page is updated every 10 seconds. The line under the Local
Sidereal Time will show the activity of the telescope system. Please wait
until it indicates that the measurement has finished.
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3.6.2

Webcam

A webcam is available under http://astropeiler.de/astropeiler-webcam
Due to limitations of the internet connection, it is only updated every
couple of minutes, but it should still show how the telescope moves to
another position.

3.7 Retrieving data
After the measurement has been completed, the results will be available
as files, which can be downloaded by right clicking the file name.
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3.8 Files and data formats

Work in progress

3.9 Error screens
The telescope software systems will provide error screens if it is unable to
perform a requested measurements. A typical case is a measurement
request outside the agreed time slot:

If the error screen asks you to call the operator, please use the phone
number which has been provided along with the user credentials.
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4

Access to the telescope

4.1 Eligible Institutions
Access will be granted to secondary schools located within countries of
the European Community, which offer a physics course of a similar course
in science.

4.2 Procedure to request access
Requests for access shall be sent vial email to the following address:
remote@astropeiler.de containing the following information:
o Name and full address of the school
o Website of the school (if available)
o Type of school
o Name and contact details (email address is mandatory) of the
requesting teacher
o Number of students which are expected to attend the
measurements
o Requested date and time of the measurements (please give also
alternate dates and times which would suit)
o Type of measurements planned
o Telephone number or email address where the responsible teacher
can be reached during measurements (for any coordination which
might become necessary).
o Confirmation that the conditions of use as per 2.5 of this document
are accepted
Requests should be submitted 4 weeks prior to any planned
measurements.
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4.3 Granting of access
Requests will be served on a first come first serve basis. The Astropeiler
team will do it’s best to accommodate the requests from schools, but we
ask for your understanding if we cannot accommodate all requests or if
we have to suggest a different data and time. Since during all
measurements an operator needs to be on site to supervise the
instrument, limited time slots are available.
Applicants can expect to receive a response within a week after
submission of a request which will be sent to the email address given in
the application.
If the request can be accommodated, the response will contain the date
and time of the measurements, user credentials (login user name and
password) and contact details of the operator who can be contacted
during the measurements.
If the request cannot be accommodated, the Astropeiler team will contact
you to coordinate alternate dates.

4.4 Post measurement report
Schools having used the instrument are requested to report back on the
experience during the measurements. In particular, we are interested in
receiving feedback on:
o Usefulness of the measurements for the educational purposes of
the school
o Number and age of students participating
o Any problems encountered during the measurement and the
processing of the data
o Suggestions for improvement

4.5 Conditions of use
o Astropeiler Stockert e.V. will not be liable for any damages to the
users of the service, unless such liability cannot be excluded under
the laws of Germany.
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o Granting of the access is fully at the discretion of Astropeiler
Stockert e.V. Astropeiler Stockert e.V. or its members may at any
time interrupt or prohibit the use of the telescope or cancel a
planned measurement.
o The access credentials provided shall be kept secret and must not
be disclosed to other persons or institutions outside the applicant’s
organization.
o Should an applicant not be able to use an allotted measurement
time, he should immediately notify the Astropeiler Stockert e.V. via
email.
o The use of the telescope is free of charge for eligible institutions for
applications received until December 31st, 20134. Applicants
warrant, that they are an eligible institution as defined in 4.1 of this
document.
o All publications which use data taken during a measurement must
contain the remark “Data taken with the Astropeiler Stockert radio
telescope”.

Astropeiler Stockert e.V. is trying to secure funding to support free of charge
access after this date.

4
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