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Introduction

The Cline Observatory's Small Radio 

Telescope (SRT) by default observes electromagnetic 

radiation around the 21-cm Hydrogen line, at 

1420.4058 MHz (according to Wikipedia.) This 

radiation, as indicated by its name, comes from 

Hydrogen atoms. According to HyperPhysics, a 

website hosted by the Department of Physics and 

Astronomy at Georgia State University1, When the spin of an electron orbiting a Hydrogen 

nucleus goes from a spin parallel to that of the  nucleus's spin, to a spin anti-parallel, radiation at 

1420 MHz is emitted.

Doppler shift is a phenomenon that affects the perceived wavelength of waves where the 

observer is moving at a velocity that is non-zero in relation to the emitter of the wave. Since light 

moves at a constant speed, the waves are compressed or expanded depending on whether the two 

objects are moving towards each other or away from each other respectively. In the former case, 

this is called blueshift, which means that the frequency gets higher (in the blue direction.) In the 

ladder case, this is called redshift, which means that the frequency gets lower (in the red 

direction.)

1 http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/h21.html
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Figure 1: EM radiation from the Sun as  
observed with the Cline Observatory's  
"Ashtarut" radio telescope



The SRT can plot the incoming radio waves, with amplitude on the X axis and frequency 

on the Y axis, as shown in Figure 1. This allows one to see if Hydrogen in space is moving 

towards or away from the observer, and at what velocity. The SRT is also capable of running a 

script, with each specific instruction for the SRT to perform being associated with a specific 

time.

I wanted to see whether a “full picture” of the Milky Way Galaxy (our galaxy) taken with 

the radio telescope revealed anything about the Milky Way, so I devised a method of gathering 

21-cm radio data from every 3 degrees of the Galactic Coordinate System, and then transforming 

this data into images. (In the Galactic Coordinate System, an longitude of 0 points to the Galactic 

center, and a latitude of 0 points to the Galactic plane.2)

The SRT is on an Azimuth-Elevation mount, which means that I would need to come up 

with a method of determining the Az El coordinates from the Galactic coordinates, the 

observatory location, and the time I want to tell the SRT to collect the data. Luckily, a Perl 

module exists for this purpose.

I ended up writing several software tools in Perl to generate the script that the SRT would 

follow, to collect the data into one comma separated file, and to produce an image from the data. 

The first tool, “proggen.pl” generates an SRT command file given a year, month, day, hour, and 

minute in UTC to start, and a longitude and latitude on Earth where the observatory is located. 

As long as a Galactic longitude is in the field of view of the SRT and hasn't been recorded yet, 

the SRT will be instructed to save data about that Galactic longitude in the file 

“SRT_DATA_000.log” where 000 is replaced by the Galactic longitude. This tool also is aware 

2 http://en.wikipedia.org/wiki/Galactic_coordinate_system
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of the warm room at the Cline Observatory, and avoids taking data when it is pointed at the 

observatory.

The second tool, “compiledata.pl” reads from all the .log files to generate one comma 

separated value file. All data, per Galactic longitude, is averaged together, to minimize noise. 

Then, the Perl script outputs one line per Galactic longitude with all the average data.

The third and last tool, “data2img.pl,” reads the CSV file to produce an image with the 

dimentions of 360x1024. 360 is the amount of degrees, of course, and 1024 is the resolution of 

the data provided by the SRT.

Data

Figure 2 is an image which was produced by data2img.pl and edited in GIMP. 

Specifically, the image was flipped vertically, so that lower frequencies appear towards the 
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Figure 2: Image produced by data2img.pl, edited in GIMP, with 21cm Hydrogen line indicated  
in green.



bottom. The image was also stretched horizontally. At the very left of the image is Galactic 

longitude 0 and at the very right is Galactic coordinate 357. The vertical black bands are where 

data was not collected due to limited time and limited visibility in the SRT's field of view.

Figure 3 shows figure 2 mapped into a 

circle using polar coordinates. Higher 

frequencies are towards the center circle.

Analysis

Unfortunately, I didn't have time to 

build axis labeling into my Perl script that 

converts data into an image. This would have 

been helpful to find exact velocities and to 

better determine the Galactic longitude of 

spectra. Also, there is about a third of data 

missing.

In the image there are also gray bands where there appears to be gaps in radio data. I 

predict that this data may have been captured when the Galactic plane was too close to the 

horizon or near something on Earth which may have blocked signals. There are also constant, 

narrow bandwidth signals on the image which are likely from a source on Earth. These could 

possibly be from signals generated from within the radio telescope itself or “images” – signals 

which are not within the observed bandwidth, but were recorded from imperfections in the 

demodulation process.
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Figure 3: Figure 2 remapped into a circle using 
the “Polar Coordinates” GIMP plugin. 0 degrees  
is up. Higher frequencies are inside the circle.



Nonetheless, in Figure 3, it can be determined that the Earth is moving towards a Galactic 

longitude of about 45 degrees. I suspect that if I corrected my data for the fact that the Earth is 

moving around the Sun as suggested by Don Smith, we would appear to remain stationary in 

respect to our galaxy.

From the data, it appears that there are at least 2 spiral arms with different velocities. 

There is a good chance the well defined line which seems to go around the whole image is the 

Perseus arm. (I used an image by Robert Hurt on galaxymap.org to compare.3) It is unfortunate 

that I was not able to acquire the last third of the data to complete the set, because I might have 

been able to identify spiral arms with greater confidence.

3 http://galaxymap.org/drupal/node/171
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