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A 21cm hydrogen line survey with a small horn antenna
By Jan Lustrup, LA3EQ
Egersund, Norway 
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Fig 1 The homemade horn antenna.
Fig 1 shows the homemade horn antenna. It’s fixed due south for meridian transit (the earth takes care of Right Ascension) and it can be elevated by hand in declination from Dec -10 to Dec +90.  The ¼λ probe is 3” from the bottom. The horn’s capture area is 27” x  36” or 0,63m². The gain is 20dBi with -3dB points at 16°.  The antenna length is 47 3/16” The VLNA is homemade type “G4DDK” with a noise figure of  about 0.2dB. The RAS type LNA was also used in parts of the survey, but it had a slightly higher noise figure (nf = 0,35dB).
Planes for this antenna can be found at : “http://www.setileague.org/articles/horn.htm”
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Fig 2 First light for the horn antenna showing a 2,5dB signal /noise level.
Equipment setup and signal flow:

The hydrogen signal goes into the horn > ULNA  > 25 m RG213 coaxial cable > Mar-6  line amp > 1420 MHz interdigital bandpass filter > M1G mixer (+3dBm 135 MHz L.O.) > mixed with a X-tal oscillator of 135 MHz at +3dBm, which converts 1420 MHz to 1285 MHz to the Kenwood TS-2000X transceiver.
Radio setting was: Scanmode “P2” which is about 5 minute scan time, start at 1285MHz to  1286 MHz, I.F. filter =  4,5 kHz bandwidth in AM mode, A.G.C. is turned “off”, audio output feeds a  schottky diode rectifier, (2,2MΩ / 4,7uF) intergrator / D.C. offset level adjustment and gain amplifier (a single TL-82 op amp). The D.C. signal then is read by LabJack U12 A/D converter and via USB-2 port feeds the PC with Radio Skypipe software.

In Fig 3 you see a typical Radio Skypipe spectrogram. 
It shows a one Mhz wide spectrum with 100 kHz vertical dividers and 20 kHz sub dividers. The signal levels markings in the left are relative Volts input to the 12 bit A/D converter. The scan starts at the left on 1420 MHz and ends at the right at 1421 MHz. The frequency of hydrogen line at zero doppler shift is marked with a blue line at 1420,407 MHz.
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Fig 3 Spectrogram of the hydrogen line.
Some of the charts are time stamped in UTC while others are in LMST for no special reason. I’ve tried to make the recording as close to an even RA hour as possible due to that there is no tracking. With a wide 16° lobe angle that is not so critical I would think. 
While adjusting the offset voltage from day to day, I noticed that the gain would also change a little, so there is no absolute value on the chart for the hydrogen signal, but in average the relative level varies from a maximum of 2,5dB down to noise level. Recordings around -10 Dec is contaminated at times from satellite sideband noise and ground noise due to a hill at my location at 10° elevation. Recordings at Dec +80 see some noise from my house roof.  On the Dec +90 recording the horn was pointing well away from the roof. This survey took three months to complete, consists of 241 spectrograms each one MHz wide, 24 one hour RA intervals and Dec 10 degrees steps starting at Dec-10 to Dec +80 and a single common Dec +90 chart..
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Any question can be mailed to me at j-lustru@online.no
Radio Skypipe software :
 http://www.radiosky.com
LabJack 12 bit A/D :

http://labjack.com
ULNA G4DDK type:

http://g4ddk.com
LNA Radio Astronomy Supply http://www.radioastronomysupplies.com/
Kenwood TS-2000x  
http://www.kenwoodusa.com/Communications/Amateur_Radio/HF_Base_Mobile/TS-2000-B2000-2000X

