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First Observation with the Radio Interferometer

The werkcollege Radio Astronomy will take placeat the Radio Interferometer on Friday
18th and Friday 25th of March. We will meet at precisely at 8:45 at the entrance to the RIF
at the fourth floor. Be on time, otherwise you will not be able to participate.
You will be expected to record the observations and present an analysis of the measurement in
a report. This report will be part of your final grade.

1 The Radio Interferometer

In addition to the two optical telescopes on the roof of the Huygensgebouw, the Institute of
Astrophysics has a Radio Interferometer (RIF). These are two radio dishes of a diameter of
3.5 meters. There are sensitive at a bandwidth of 10 MHz around 1420 MHz (21cm). Once
the electronics are complete interferometric measurements with the two dishes will be possible.
But as these radio interferometers have been moved from the former building and the electronics
have been long outdated, the telescope is currently being modernised and the interferometry is
not yet possible. We will be conducting measurement with onedish only. Also, students are
not yet allowed to conduct the measurements completely on their own. Therefore, you will be
guided through all the measurements. Nonetheless, you willbe expected to be prepared for the
exercises. Prepare all the questions in this introduction for the meeting at the RIF. You can let
these answers guide you when preparing the report.

• Revise different types of coordinates. What is Right Ascension and Declination, Galactic
Longitude and Latitude and how do you switch between these coordinates?

• What do we expect to be different between measuring with one dish instead of two dishes?

• What would be interesting sources to be observed with two dishes and with one dish and
where do you find them? What is visible at the day of observation?

2 Measuring the Beam Width

As you have learned in the lectures there are certain characteristics of every antenna. We are
first going to study the antenna characteristics of one single radio dish. The beam width is
one of the most important of the characteristics as it tells you how good the resolution of the
measurement will be.
The brightest radio source on our sky is the Sun. If we want to get an idea of the beam width of
the telescope, the easiest way is to scan over the Sun and lookat the response of the measure-
ments. The size of the Sun seen from Earth is about 30′.



• What do you expect to see?

• Think about what we need to measure in order to obtain the beamwidth of the telescope.
Are there several options? What do we need to record in order to be able to calculate the
numbers?

3 Data Analysis at the RIF

The data from the radio antennasare digitized in real time and recorded to disk. This results in
very large binary files. It will be unhandy for you to work withthese binary files, as you will
need to know how to decode the files and the size of the data file requires quite some amount of
computing power. Therefore, we have prepared tools for the analysis.
For the moment, there are two tools available for the analysis of RIF data. They can be found in
the Folder C:\TEMP\RIF or as a short-cut on the desktop. The tools are python scripts that have
been developed to run with the Data-Acquisition-Software (DAQ) on a Windows computer.
When taking data with the RIFDAQ the files will be written into the C:\TEMP\RIF folder and
they will be named with the exact time at when the measurementwas started. Is is consequently
useful to have a protocol of the measurements.

3.1 Total Power

One tool calculates the total power. It is called ”plottotalpowersinglechannel.py”. To use it,
you need to open it. (Please do not double click, as this will execute the file in Windows. Right
click and open it in e.g. Notepad.) You will then need to edit the RunNumber into the number
of the file that you want to analyse. After saving this you can execute the file by double clicking.
It will display a graph of the total power with respect to the time bins. You can also chose in
the file the steps in time over which the average of the total power is taken. Per default it is set
to one. The total power is given in ADC-units2 (Analog to Digital Converter units) as the radio
dishes are not yet calibrated and we cannot give you the values in Volts.
The default output of the script is a file with the entries for total power (the number of entries
depends on the averaging window and the run length) and a figure that shows you the power.
The name of the text file corresponds to the name of the data file, appended with a reference to
total power. The text files will be given to you for analysis.

3.2 Average Spectrum

The other tool calculates the spectrum of the data that has just been taken. It is called ”aver-
ageSpectrum.py”. The handling is the same as for the tool mentioned above. The output will
be a file with the frequencies and a file with the amplitude in the frequency bins.

3.3 Additional Information

The software for tracking the coordinates that the dish is pointing towards ihas just been fin-
ished. When running the analysis tools a file with the averagecoordinate of that second will be
created. So if the telescope moves really fast, the coordinates tracking will be too slow to keep
up. But this information can also be found in the steering software of the telescope. Therefore,
it might be wise to check how well this coordinate tracking works.



• Think about how one can check the position of the telescope during the measurement, if
the speed of the telescope is unknown.

• What does that mean for precise measurements?

• How can one check during the data anlysis?

Checking this means you might need to record where the telescope has been pointing when
taking data. So be prepared to take notes for the measurementthat can be given to everyone for
the data analysis.

4 Tasks for the report

We expect a stringent report of the measurements at the telescope. You are free to analyse as
much as you like. The following ideas should guide you in writing the report.

• Plot the measurements of the solar scan in a graph. Think about what units a plot of total
power with respect to position should have and calculate theappropriate numbers. Label
the axes and try to include error bars.

• A radio dish can be modelled as a single slit experiment. Findout with the known formula
where you would expect the main lobe (first maximum) and side lobes (second maxima)
to be.

• Compare the position of the side lobes with your expectation.

• Identify the beam width in the graph of Total Power vs. Coordinate Steps. By doing this,
remember that the pattern will be represented by a function∼ (sin2 x/x)2 and that the
beam width is the FWHM of the main lobe.

The report of each observation with the RIF should be handed in one week after the measure-
ment. For this report, this is March 25th. If you would like to, the report can be prepared in
groups of up to three people. .

Success!


