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Figure 13 — Drift scan of the Sun 
indicating antenna’s azimuth pattern.

Figure 14 — Sequential drift scans. Note the time offsets between the peaks.

(Figure 10). Though I made an etched circuit 
board for the circuit, the hand wired pro-
totype worked equally well for those who 
would rather roll their own. The PIC firm-
ware is available on the QST Web site.6

RT in Action 
The first thing you need to do is learn 

how to point the RT antenna. The best place 

Figure 11 — Aiming the RT at the Sun, note 
LNB shadow location.

Figure 12 — Example calibration curves.

to start is to connect the CM to the antenna 
and point the antenna at the Sun. Caution: 
Do not look into the Sun as you do this, or 
at any time. Adjust the pointing angle and 
elevation until you get peak signal strength 
as indicated on the CM meter or hear the 
highest pitch audio tone. With the antenna 
pointed directly at the Sun, take note of the 
position of the shadow of the LNB on the 
surface of the dish (left in Figure 11). If you 
look from behind the dish, along the LNB 
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Figure 15 — Clarke Belt plot — tracking 
down satellites.

supporting arm (between the arm and the 
rim of the dish), you will see the Sun being 
blocked by the LNB.

Once you have the RT set up, it needs 
to be calibrated to match the output of the 
CM to SkyPipe. I have developed an Excel 
spreadsheet template to help with the cali-
bration and a few of the other activities that 
you can accomplish with the RT (also avail-
able from the QST Web site). Turn the RT 
to a signal source, the Sun, or the side of a 
building would work. Turn the gain control 
of the CM to set the meter to maximum. 
Run SkyPipe and adjust the variable resistor 
on the interface board until you get a read-
ing on the SkyPipe graph vertical (y) axis 
of approximately 32,000. With the maxi-
mum value set, adjust the CM gain control 
through the voltage range (0 to 100 mV) in 
10 mV steps and record the corresponding  
y axis value on SkyPipe. This data is entered 
into the Excel spreadsheet to compute the 
calibration curve between voltage and y axis 
value. Both voltage and y axis values are 
used in analyzing recorded signal strength 
data (Figure 12).

A good first activity is to do a drift scan 
of the Sun. A drift scan means that you set 
the antenna azimuth (AZ) and elevation 
(EL) to some fixed pointing angle and allow 
the Earth to serve as the rotator to drag the 
antenna across the sky. To do a drift scan of 
the Sun, first set the elevation and azimuth to 
point directly at the Sun (maximum signal) 
and then move the azimuth toward the west 

(leave the elevation set) until you are off the 
peak signal. Now start SkyPipe. In about 
15 minutes, the Sun will pass through the 
antenna pattern beam width and the result 
will be as illustrated in Figure 13. You can 
also use this collection technique to explore 
the antenna performance parameters.

A good second activity is to do two drift 
scans of the night sky on two consecutive 
nights (beginning the scans at the same time 
each night) using the same fixed antenna 
azimuth (AZ) and elevation (EL). Figure 14 
shows two such drift scans. Although at first 
glance they may not seem similar, there are 
some interesting features that are pointed 
to by arrows. If you compare the time that 
these two peaks occurred, the time differ-
ence is about 4.5 minutes. This shift is the 
result of the distance the Earth had traveled 
during the 24 hours between collections. 

This illustrates that the Earth’s rotation as 
well as its travel in orbit needs to be consid-
ered when comparing drift scans. Enough to 
make your head spin (pun intended)?

A final good starting activity is to point 
the antenna toward the Clarke Belt and find 
all the satellites in geosynchronous orbit 
transmitting on 12 GHz. If you record signal 
strength peaks and AZ and EL for each peak, 
you will develop a graph of the Clarke belt as 
illustrated in Figure 15.

I have only scratched the surface, and the 
sky is the limit of this little project. The RT 
project can certainly broaden your horizons 
and expand your understanding of our uni-
verse. If you would like more detail than can 
be presented here, please contact the author.

Notes
1www.setileague.org/articles/lbt.pdf.
2www.aoc.nrao.edu/epo/teachers/ittybitty/

procedure.html.
3www.pctinternational.com/channelmas-

ter/0612/satellite.html.
4radiosky.com/skypipeishere.html.
5en.wikipedia.org/wiki/Geostationary.
6www.arrl.org/files/qst-binaries/.

Mark Spencer, WA8SME, is ARRL Education 
and Technology Program Coordinator. He is 
an ARRL member and holds an Amateur Extra 
class license. You can reach Mark at  
774 Eastside Rd, Coleville, CA 96107 or at 
wa8sme@arrl.org.

You can even use build radio telescope 
with your typical optical telescope 
mount. You can also make use of your 
existing equatorial mount such as EQ6 
to make a fairly lighter dish that is 
roughly just about 10 kilos in weight. A 
classic example for this is a spider dish 
with perforated membrane.  



doing trial and error, especially in the aspect 
of noise sensitivity.  
 
But let’s hear it from our Editor-in-Chief, a 
Canterbury University educated fellow in 
Applied Physics, as to what he has to say. 
 
On what ignites the fascination with radio 
astronomy 
 
My fascination is not purely localized on 
radio astronomy itself but on the physics in 
general. You see, when you look at the data 
being fed by you by the radio telescope, it 
heavily relies on your foundation of physics.  
You will be unraveled with thermal or 
synchrotron(black body) emission of electros
(although there are also non-thermal form of 
emissions) and neutral atomic Hydrogen 
gases, but before that, a plethora of 
detecting principles and foundation scientific 
knowledge will have to take into play, e.g., 
understanding electromagnetic wave, 
coordinate system to determine degree of 
ascension and declination from basic optical 
astronomy for mounting radio antenna 
configuration, , beam efficiency and beam 
dilution. diffraction and reciprocity, doppler 
motion to measure frequency of emission 
from the source to an observational point, the 
source velocity to determine the spectral line 
of emission from molecules.  
 
And then there’s a fairly complex calculation 
when you get to be using the essentials of 
interferometry.  
 
So this isn’t just a guessing game for the big 
boys with big toys. This is science on steroid.  
 
On walking us through the basics of radio 
astronomy 
 
First, let’s us understand what radio 

Known for his uncanny knack for dispensing 
thought experiments on alternate 
astrophysical model and twisting known 
physics theories into another avenue of 
thinking and probability, John Ray Cabrera 
has been around in the scene dishing out 
lectures at science centers and local 
astronomical communities. 
 
JRC, as he is fondly called by his friends in 
the IT industry, where his day job hinges 
upon, would like to talk about radio 
astronomy, a fairly infant branch of astronomy 
as far as Philippine scientific reach is 
concerned.  
 
While parabolic dishes has been in the 
country since the advent of home satellite TV, 
nobody has been openly ventured into the 
thought of converting them into a radio 
telescope. Unlike observational astronomy in 
which the detecting device heavily rely on 
optics, radio antenna largely depends on the 
power of your electronics, and your degree of 
immersion as well as level of experience 

!"#$%&'"()'!*'!$+$%&,'
'

-./'012'3"45&'/6*78'89$':7"(;$&'*<'=")>*'/&8%*(*?@'
'

John Ray Cabrera 
Resident Particle Physics SME 



astronomy is by probably knowing what it is  
not. It is not a spellbound spell out of your 
horoscope on a radio. Astronomy is science as to 
astrology is scum of the universe(pardon my 
French).  
 
Radio astronomy and optical astronomy both 
examine electromagnetic radiation. What sets 
them apart is in the tools used to detect this 
radiation and in the wavelength or frequency of 
the waves they study. Light and radio waves are 
both manifestations of the same energetic 
phenomena. Because radio waves are much 
longer than optical waves, the telescopes used to 
detect them must be much larger than optical 
telescopes. So what the radio astronomers study 
is something that is invisible band of the 
electromagnetic spectrum.  
 
They use radio telescope which is an uber-
sensitive radio receiver. Whereas communication 
receivers such as your radio set are designed to 
extract information which has been intentionally 
modulated into a radio wave from a radio station, 
radio telescope receivers are designed to 
measure the intensity of the radio wave over 
some band of frequencies. A radio telescope 
therefore is essentially an energy measuring 
device. And contrary to most perspective about 
radio, in radio astronomy, we don’t listen(unless 
we wanted to waste our time for no reason at all) 
because the sound they will get getting is similar 
to a static band in your radio frequency or 
perhaps a lot like your Geiger counter. A radio 
telescope system is generally composed of 
antennas(simple dipoles), paraboloid reflectors, 
sub-reflectors, other reflectors types, telescope 
performance(surface accuracy, pointing, gain), 
receiver feed horns, frequency flexibility.  
 
How the pictures are formed through radio 
telescope is fairly a complicated process 
because it  does not involve give-away image. 
Data is interpreted according to the amount of 
emission the source gives, factoring in the size of 
the radio antenna, the ability to discern small 
changes in the intensity, geometric delay(if you’re 
using interferometry) and a lot more. In a radio 
telescope, these parameters would correspond to 
the telescope beam width and sensitivity,  

All images featured in the article are derived from Jan 
John Ray Cabrera’s Facebook page.  

respectively. When images or radio maps are 
being created, a similar sweeping or 
recording and picture construction scheme is 
used. 
 
And just like a typical radio set, radio 
astronomers are also using frequencies as 
their channel. Radio astronomy theoretically 
concerns cosmic signals at any frequency 
less than the frequencies of light. Almost all 
amateur radio telescopes fall between 18 
Mhz and 10,000 Mhz. The exact choice of 
frequency for a given amateur will depend on 
the technical abilities of the experimenter, the 
types of observations being sought, the radio 
interference pattern in the area, the amount 
of room available for antennas, and possibly 
the availability of commercial equipment 
which can be pressed into service. 
 
On the constraints of radio astronomy 
 
It’s a high-maintenance girlfriend. I mean, if 
you can endure radio astronomy as a hobby, 
having a high maintenance girlfriend is just a 
speck of sand. You have to be mindful on the 
economy of scale. You can have an 
economically downplayed device, but either 
the maintenance is astronomically high, or 
that they have poor resolution per aperture. It 
comes with a hefty premium. There’s also the 
part of electronics. Some people are clueless 
about how to use a Digital Volt Meter. And 
although there are processing software that 
are available in the market to do your 
algorithm, in some cases you may have to 
relearn your basic middle school math(e.g., 
Fourier Transform, Raleigh-Jeans limit, etc.  
 
On why radio astronomy matters 
 
Simple, you’ll be missing the entire point if 
you miss one piece of the puzzle. You may 
have all the data in the visible spectrum, 
however, there is so much a radio telescope 
can discover that your optical can’t. But then, 
with great knowledge comes great 
preparation!.. and patience.  
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