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Abstract : In this post we describe the construction of a small amateur radio telescope operating at the

&=

frequency of 11.2 GHz. The construction of the radio telescope takes advantage of the satellite TV market
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which has made it easy and cheap to find parabolic reflector antennas with relative illuminator (feed horn)

®

and LNB block (low noise amplifier-frequency converter). The performances of a similar instrument are
naturally rather limited, however they still allow to make interesting observations of some of the most
intense radio sources.

BE . EXRNED, BiHAT —NIIERERA 11.2 GHz AYNEMRIFBERGEANIE, FEERRIRENAT PERINNY, XEEREEEMERPEE (R

FEIIU\) #0LNB 3R ({RIRFSHUARS-ZIRS) AMMIERSIRRAREEREME. FULEEIIMEEARBLER, EECINARIFN—LRESTRIFHRITE
AR,

Introduction 7143

Radio astronomy is a difficult and fascinating science. It requires the use of bulky and expensive antennas,
uses sophisticated radio-electronic technologies and sophisticated algorithms for signal processing. At first
glance it would seem completely beyond the reach of an “amateur”. In reality it is possible to make
interesting radio astronomical observations even at an amateur level.

On our site we have already described some radio astronomy projects for specific applications:

SRR FE—JERMEALRSY, CRECRSASERRNRE, ERSATARETRAMSAMOESHESDE. F—&, RUFELBHT W& 88

E. EsE, BRI AR TR B TEEAST R RN,
FERAIAORLE L, BOIEENBT — LIS EMN ASTERXImA :

» Loop Antenna for Very Low Frequency
TR RE R R

e VLF Receiver for SID Monitoring
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FAF SID i5#=R9 VLF B2Uges

e Horn Antenna for the 21c¢m Neutral-Hydrogen Line
FAT 21cm PSR\ R

» Low-Noise SDR-Based Receiver for the 21cm Neutral-Hydrogen Line
FAT 21cm cPMSEERATEETRIRRS SDR Ao

» GNURadio Software for 21cm Neutral-Hydrogen Line

FBF 21cm S ELZAI GNURadio 4Rit

Now we want to try to make an “amateur” radio telescope based on the principle of the radiometer. This
is certainly not the place to give detailed information on radio astronomy and radio telescopes (there is a
lot of information on the net and specific texts), so we limit ourselves to providing some hints on the main
points that guided us in the construction of the radio telescope.

AR B RIEESTH ARSI E— DR SR ERR. XUAATRIBHAXFBASTRERRIFRERNS (W EBRSEEMENRYE) | FHLtFHA)
(PR TR SR SR BRI RN E SRR,

Radio astronomy studies celestial bodies by analyzing the radio waves emitted by objects in the sky: any
object emits electromagnetic waves through various physical processes (thermal and non-thermal), these
waves are picked up by the antenna and analyzed with appropriate instruments: in general the
characteristics of the captured signal are no different from those that characterize a broad spectrum
electrical noise. The purpose of the radio telescope is to pick up this radiation and measure the signal

strength, such an instrument is called a radiometer. To be precise, we speak of power per unit area and

[
per unit of bandwidth and is expressed in Jansky : 1)y = 1026 W/m?2 Hz. o
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RSB SRS PRI ESHRRTRAN: (MBI EMIEE (A RITERGR, ERRRAEIGHERELONEBETAN:
— AR, RS S I AL SIS B R E R S S0, RO EEROVESTIt, R, BT
ESROERSRAHENIE, M ansky Fox: 1y = 1026 W/m2 Hz, ®
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The range of radio frequencies useful for radio astronomy observations is between 20 MHz and about 20
GHz: below 20 MHz there is absorption by the ionosphere, above 20 GHz there is absorption by of the
gases present in the atmosphere.

AATFERER NI ERRESBEE 20 MHz EI7K49 20 GHz Z/8): {fF 20 MHz BREEBEERI, ST 20 GHz IS HFERISIARRIL.

To choose the most suitable frequency band for an amateur radio telescope we must make a compromise
between the observation possibilities and the cost and feasibility constraints. The frequency spectrum of
the radio-source emissions depends on the underlying physical process: for “thermal” emissions such as

the sun or the moon, the intensity follows the law of the black body with maximums at high frequencies

(according to the approximation of Rayleigh-Jeans I o« 1/A%), while for non-thermal emissions (for example

synchrotron emission) the maximums are at lower frequencies, as can be seen in the graph below which
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shows the intensity of some radio sources as a function of frequency.
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BRWRGBERFIERREEGENRR, ROILRENNTEMESHATAITHREZEAMEZID. BRESRASFOUERRTEENYELRE: MTAMEIAR
LIRS, BEBERATERE, SAENSM (RIS Rayleigh-leans I o« 1/M RUIAIME) , MNTFIERRS (FINESINERLS) , SXEARGTR, WTERR
T ZERTRT —EREARIFIRE SRR R,

As we know the dimensions of the antenna are related to the wavelength of the radiation to be received,
furthermore our antenna must be sufficiently directive, otherwise it would be practically useless: this

means that to receive frequencies below 1 GHz the dimensions of the antenna should be significantly =
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greater than 1m: large antennas are expensive and difficult to move.
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Another aspect to consider is external radio interference. The ether, especially in the city, is now saturated

®

with transmissions and RF signals from the most heterogeneous origin: radio and TV broadcasting, cellular
networks, WiFi networks, disturbances from power lines, etc .... Not having the possibility to install the
radio telescope in “quiet” places we must choose a frequency band that is not too disturbed.

RETER], REMRTSTRRESIORKER, 1o, RIWRELAEERBHOEAY, BUSR HSETAL: KERESRKIET 1 GHz AR, RENR
JRABAT 1m: ALRENHEBREEL.

B REL BN ERINPLELE TN UK, TEEESHS, WECERFERBRFITRERERISHRES: TLRMBIN &, EEMEE. Wik R%g, B
NEFHE.... AT LB B EITR RS R S, BIWEF— NI RAZ AR,

For the reasons described above, the choice is almost obligatory: the 10-12 GHz frequency band is the
one that seems most suitable for an amateur project like ours. At these frequencies, parabolic reflector
antennas and devices designed for satellite television can be re-used. The costs of the equipment are
affordable, the spatial resolution of the antenna is quite good and the interference is low (basically
broadcasting satellites) and easily avoidable.

Working at lower frequencies would make it possible to easily receive more radio sources but with a
considerable increase in terms of costs, not to mention the problem of interference.

BT ERRE, SEVFEEHIN: 1012 GHz BT RESERIIXHOUARTE, EXEIET, HEEBNSHIYERSTEREAESAUES A,

RERAGHE, RENTESWRIESEF, TR EFLRBEE) FEREZER.
ERET TSR LARS ZIRNE S OTEREIR, (BRASAKIEN, ERERTHHEET.

Parabolic Dish Antenna
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HOADEIRRAZ R 2
The antenna we found on the second-hand market is a prime focus dish with a diameter of 120 cm. For
radio astronomy applications it is better that the dish is of the prime focus type: in these antennas the
feed horn is placed in the focus of the dish. In offset-type dishes, the feed-horn is not placed in the center
but on the side, this type has constructive advantages but is more difficult to aim to the source than the
prime focus.

FAVE—F 7 LHREINRERE— B/ 120 EXKAY Prime Focus R&k. MTHBANMA, BHRAGRFREIEEREE: EXEXREH, RBEHEY\TIRTRE
NERE. EREEFMS, HRRYREMEPOMEMENR, XFEEEEZRMNNS, BEEEREERERL.

For this antenna we can calculate the gain and the directivity intended as half power band width HPBW
(half power band width) :
XFIXANMRE, FAITLATEHERFAS M, BP—FIN=HEE HPBW  (FIIKHE)
G =n*(w*D/A) =40 dB
G=n* (T*D/A) =405}
HPBW = 65*A/D = 1.45°

HPBW = 65*\/D = 1.45°
Where

n : efficiency = 0.5

D : diameter =120 cm

=
A : wavelength = 2.68 cm (correspond to 11.2 GHz)

0>

€0
] .
n: BE=05 PA
D: BEf2=120cm ®
N R =2.68 cm (2T 11.2 GHz)

X

The images below show the antenna and the metal structure used for manual movement.

TESRTBTFaiRE SRS,
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LNB LNB Z7%l|

The first component of the system is the converter-amplifier block, the so-called LNB. This is the most

@
important component because system performance largely depends on it. Our system receives in the 10- ¢,
12 GHz band, at these frequencies the use of cables is problematic, for this reason the LNB block provides %
for a frequency down conversion in a lower band so that normal coaxial cables can be used. ®

X

The following image shows the basic scheme of the LNB block: there is a first RF amplification stage,
followed by the mixer which multiplies the RF signal with the signal generated by a local oscillator (LO).
The resulting signal contains the sum and difference frequencies, the next filter eliminates the high
frequency sum components to let pass only the frequencies in the band of interest, called intermediate
frequencies (IF), which are further amplified by another amplifier stage. In practice it is a heterodyne
scheme, in which the frequency of the local oscillator is fixed.

ZRGE— MEMHRIEIRE SRR, BIFMBA0 INB. RESEENEMN, EARGHHMERARE FIRTE. RS 1012 GHz JIEEN, EXLRR
T, (EREBSEENEN, Ei INB RERGREEUIETIA, ERLEAET BRI,

TERRT LINB BROEASR: $— RFIAR, RSB, WRASE RFESSAR (10) FAEMNESHER. CRNESEAMIRIER, T— N8R

SEEREIINO R, RILBREERERRES, RATM (IF) , XEREREBS—MRASRRE—LHK, EXLEP, CR—MIESRE, EPNRIVTEEER
9

RF IF Band Pass
Antenna Amplifier  Mixer Amplifier Filter
ﬁw—‘ f!r

s

G I
55 g

Local :
Oscillator LNB |
|
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The LNB block we use is Invacom’s SNF-031 model which has low noise and good stability of the gain
parameters with respect to variations in operating temperature. The actual antenna is located inside the
waveguide which has a C120 flange on the outside to which the feed horn is fixed, which has the task of
collecting the waves reflected by the dish and conveying them to the inside the waveguide.

FEAERAY LNB 1EIRZ Invacom Y SNF-031 25, BEEAREFTESSHENT TERERHNRIFRENY. LRARENTRSHES, KSHIIMIE— €120
=, R\ EEEZE= L, BESRKERTRERIIIR S EERIIRS R,

LNB features: Lnsise:

e Operating frequency band : 10.7 - 12.75 GHz

T{ESRER : 10.7 - 12.75 GHz

 Intermediate frequencies (IF) : 950 - 2150 MHz, LO =9.75 GHz
Ff (IF) : 950-2150 MHz, LO=9.75GHz

» Noise Figure NF=0.3 dB
IRFZRE NF=0.3 dB

e Gain G=50-60 dB i#:5G=-50-60dB

The following images show the LNB block with its feed horn fixed to the focus of the dish.

TERRT LNB R, Efeiy\EEEEsInEs L.
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The Receiver #ZI{28 8
The receiver consists of the few components, shown in the following image: there is a bias-T for feeding
the LNB block, a bandpass filter centered at 1420 MHZ, a wide-band amplifier and the Airspy R2 SDR
receiver. The “hardware” part has the function of limiting the receiving band and giving the signal a
second amplification after the LNB stage. The signal is then acquired by Airspy and subsequently
processed for the determination of the total power using GNURadio software. The radiometer function is
practically realized through software.

BB B VATTHHER, TFERTR: B— M ATIRIE LNB BIRARE T, — L 1420 MHZ FchORSHABIEIRES. —MESHIRASRAN Airspy R2 SDR 2IKE8, 58

1585 BARREIEEURERFFE LNB R SIS SHHTE RARIINEE. SAISH Airspy SKEUES, #S(EMA GNURadio ZRUFHTRIBLRERINE, B8 IEEIiR
L RESIRASEIAT,

https://physicsopenlab.org/2020/10/10/a-simple-11-2-ghz-radiotelescope/ 8/14



2024/10/4 22:37 A simple 11.2 GHz RadioTelescope (HW part) — PhysicsOpenLab

Filter

Wideband Amplifier

Features of our receiver :
Frequency Band = 80 MHz
GLNB =55 dB; NFLNB =0.3dB

Gilter = 3.5 dB (insertion loss)

Gampli = 15 dB ; NFampji = 0.75 dB

Gain : G g - GFilter + GAmpli = 55 -3.5 +15 = 66.5 dB

Noise Figure : F = F ng + (FAmpli - 1)/GLng = 0.3 dB

Te =(F-1) *To=20.3 °K (Receiver equivalent temperature)

ARG SR e - &
$i = 80 MHz

GLNB =55 9301;NFLNB = 0.3 91
GFilter =3.5 dB (ENIREE)

GAmpli =15 230 ;NFAmpli = 0.75 51
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8% © GLNB - GFilter + GAmpli = 55 -3.5 +15 = 66.5 dB ®
IRFEZ% . F=FLNB+ (FAmpli-1) /GLNB=0.3dB
Te= (F-1) *T0=203°K (ZMEE0RE) X

Bias-T {RE-T

The Bias-T has the function of “injecting” the supply voltage to the LNB block along the coaxial cable. In
practice it is a simple circuit with a coupling capacitor to filter the DC component towards the RF side and
an inductance at the DC input. Obtained on eBay, it can be easily self-built but attention must be paid to
the “RF” quality of the components and the shielding.

Bias-T EAIGEAHEE4E LNB BRERENFBIRFEERITORE, ALt BRE—MERBE, HE—MEGHBEE, BTIHERFMIDCHE, F#& DCRANRE—
FRk. 7f eBay L3XIE, CRLMREZEE, BUUEREMTIRRATRFRE.

1%

%
Y
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. 9';;’@

(@ 4,4_‘,
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1420 MHz Band Pass Filter
1420 MHz T1@ SR 28
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This filter is dedicated to amateur radioastronomers interested in the hydrogen line observations. It uses
the TA2494A SAW component and measures only 50 x 10mm. It features edge pads for an easy soldering
of a RF shield. Insertion loss is typically less than 3.5dB and bandwith 80MHz.

ZRREEATHELMNBBANRETERFER. TfER TA2494A SAW 84, R 50 x 10mm, SEBINSIERE, TIRNNEE RF Bk, BAREES/N
F3.5dB, 5/ 80MHz,

Technical Data :

Center Frequency 1420MHz

Usable Bandpass 1380-1460MHz

Insertion Loss, 1380 to 1460 MHz 3.5dB

Amplitude Ripple, 1380 to 1460 MHz 1.0 dBpp

VSWR, 1380 to 1420 MHz 1.9:1

Rejection referenced to 0dB :

DC to 1300 MHz 28dB

1550 to 3000 MHz 30dB

Impedance 50Q

Maximum Input Power Level 10 dBm

BARYE

FILIER 1420MHz

FIFI#5EEIA 1380-1460MHz

TENIRFE, 1380 = 1460 MHz 3.5dB

TRELSGE, 1380 = 1460 MHz 1.0 dBpp

VSWR, 1380 Z 1420 MHz 1.9: 1

H0#I£% 0dB : &
EifiZE 1300 MHz: 28dB
1550 Z 3000 MHz, 30dB

FE#T 50Q
BAHNINEREF 10 dBm
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In the images below we show the unit and its frequency response. We have soldered two wires between

X

the SMA female headers and we wrapped the filter with aluminum tape in order to shield the filter.

ETES, ROETRTIZRERTEGA. FHE SMA BL2aRETIIRBL, HAETEERRLURFITIES.

” i c27y
c m H-tine [l Fitter —
14 28MHz

=3

B LU

LS Y
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Frequency (MHz) sz (vH2) Gain (dB) iz (ds)
1300 -50 -s0
1420 -3.5 35
1500 -50 5o

Marker1

Marker

1.420000000 GHz
-2.64dB

Center 1.4
REW

Wideband Amplifier ZEmHAES

This unit HAB-FLTNOSAW built by UPUTRONICS is a preamp designed to go between a software defined
radio receiver and an antenna. The LNA used inside is a MiniCircuits PSA4-5043. This particular model has
the SAW filter removed to cover the 0.1MHz to 4GHz. There are 2 options for powering the unit : either by
the USB header or via bias-tee. Devices such as the Airspy can enable bias-tee and power the device.
Alternatively any mini USB cable can be used to power the device. We chose to power the unit via USB
line.

E UPUTRONICS #1589 HAB-FLTNOSAW 2 EE—MATBHIASE, STENFHRUENNFLRBERENRL A, PIZBERI LNA £ MiniCircuits PSA4-5043, XM

EEIEERET SAW JEiKESLES 0.1MHz & 4GHz, NISHRHEE 2 MNEI: @Y USB ELaiBidmE=18. Airspy Se5HrILUSH bias-tee FFogs(HitdE, =E,
ATLASERREME mini USB EBSE0IR &, FRAISEREIY USB LR NIGRHE,

Technical Data :

Gain 24db @ 100MHz -> 15.2db @ 1415MHz
NF 0.75dB

Supply Voltage USB or Bias tee 5V

A% -

1425 24db @ 100MHz -> 15.2db @ 1415MHz

IR EE1 0.75dB
EBJEFEE USB SRS 3V

In the images below we show the unit and its frequency response.

ATEY, BBRTIZEE NSRRI,
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UPUTROMIC
FitEaEs sarane

h
o %
: o]
.
Frequency (MHz) = (vHz) Gain (dB) iz (d)
1300 16
1420 15
1500 14

At 10dB Markerd 1.0

5 UserKey Set: System, (]
‘-E‘lfenter Freq 1 09
RBWY 0 VBW 10000 MHz «a
Marker Table o
EA

Marker Trace
X

Airspy R2 SDR Receiver
Airspy R2 SDR #Zl58

From the manufacturer’s site : The Airspy R2 sets a new level of performance in receiving the VHF and UHF
bands thanks to its low-IF architecture based on the Rafael Micro R820T2 chip and a high quality 12-bit
Oversampling ADC and state-of-the-art DSP. In Oversampling mode, the Airspy R2 applies analog RF and
IF filters to the signal path and increases the resolution up to 16 bits using software decimation.
Coverage can be extended to HF bands via the up-converter companion SpyVerter (not used by us). Airspy
R2 is 100% compatible with all existing software, including the SDR # scan standard, but also with a
number of popular software-defined radio applications such as SDR-Radio, HDSDR, GQRX and GNU Radio.
The stability and precision of the clock for the local oscillator, given at 0.5ppm, is also important for our

application.

=
L\J

REHNSEAIMLL © Airspy R2 EEEET Rafael Micro R820T2 5 A AV IF ZEAAFNERER 12 A RF ADC FIESTiHAY DSP, 1ERRUT VHF 1 UHF SRELTS EIA
FRIMEREK T, FEITREFEN T, Airspy R2 f54&HL RF 70 IF JBiRES R A FE S8R, FERREMHMEBUES S SHE
SpyVerter (EAIIR(EMA) ¥ EE HF SRER. Airspy R2 SFrBEIIEHG 100% F/Z, B4E SOR # I3EinE, (BELSTFSRTHRGE N LB BERRS, 540 SDR-
Radio, HDSDR, GQRX #1 GNU Radio, A¥RATHAVEEMFIFEE (0.5ppm) MNFHAIINBHRREE.
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Key Features of the AirSpy SDR Receiver :
e Continuous 24 - 1700 MHz native RX range, down to DC with the SpyVerter option (not used)
e 3.5 dB NF between 42 and 1002 MHz
e Maximum RF input of +10 dBm
e Tracking RF filters
e 35dBm IIP3 RF front end
e 12bit ADC @ 20 MSPS (10.4 ENOB, 70dB SNR, 95dB SFDR)
e 10MSPS IQ output
e 0.5 ppm high precision, low phase noise clock
e 10 MHz panoramic spectrum view with up to 9 MHz alias/image free
¢ No IQ imbalance, DC offset or 1/F noise at the center of the spectrum1 x RF Input
e 4.5v software switched Bias-Tee to power LNAs and up/down-converters (not used)
e Operating temperature: -10°C to 40°C
AirSpy SDR HSERIUEERA:
o JE£5% 24 - 1700 MHz JR4E RX B[], {888 SpyVerter ¥EIT (SK/&EF) fEZ DC
e 3.5 dB NF £ 42 Z 1002 MHz Z|&]
o BAFHRAN +10 dBm
o IRERGISTUSIRES
o 35dBm IIP3 §$/ATH
e 12 {3 ADC @ 20 MSPS (10.4 ENOB, 70dB SNR, 95dB SFDR)
e 10MSPS 1Q #itH
* 0.5 ppm BB, {EHRAIRART S
* 10 MHz £SSTENE, &B 9 MHz TRE/ElR
o STEAROT 1Q R, EIFMRASER 1/F 71 X RF N

o 4.5v EMEFFR(RE=IE, 79 LNAFDL/ TSR (REEM)
o T{ERE: -10°C Z40°C

=

40
oy

In the configuration of the device (done through the eosmocom driver in GNU radio) the RF gain is set to 0

-
>J

®

(default setting), while the IF and BB gains are each set to 10 dB. These very low gain values show the
effectiveness of the components placed upstream of the receiver : from the antenna to the LNA and
Wideband amplifiers. The bias-T option is also disabled.

FERENERES (BT GNU TR HAY osmocom IXANFEFSSRL) , RFIEZIREN 0 (BUAIRE) , i IF 71 BB &S BIREN 10 dB, XLIFEEANEHERRT
MBS DFRIEMRIERME: WREE] LNA FISEHACARS. bias-T ISINHAEERA.
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There are many references on the internet. Here are just some particularly interesting links for those who
want to deal with “amateur” radio astronomy :
https://www.radioastrolab.it/radioastronomia/
https://www.haystack.mit.edu/haystack-memo-series/vsrt-and-mosaic-memos/
https://www.haystack.mit.edu/haystack-public-outreach/srt-the-small-radio-telescope-for-education/
EEW EARSSEEN, UTE—LRaHahte, HApLBss R SR AIALLR:
https://www.radioastrolab.it/radioastronomia/

https://www.haystack.mit.edu/haystack-memo-series/vsrt-and-mosaic-memos/
https://www.haystack.mit.edu/haystack-public-outreach/srt-the-small-radio-telescope-for-education/

Conclusions 4518

We have described the construction of a small and inexpensive microwave radio telescope. We took
advantage of the wide availability of radio components for satellite TV. The radiometer function, ie the
actual measurement of the signal strength, will be implemented via software using the GNURadio
framework : this will be the subject of the next post.

HNBEMWAT —HM/NEEERNBFRSTBRITRANE. HFAT EEBNELBAMGZTANE. B5itheE, ESEENIRIE, HEdEA
GNURadio fEZRAGER4SEIL: IXIGE T—ReXERIER.

If you liked this post you can share it on the “social” Facebook, Twitter or LinkedIn with the buttons
below. This way you can help us! Thank you !

IMREENIREES, (ERTLMER FEROSRAE “4H35" Facebook, Twitter B LinkedIn 45T, SCREGHERTIAZBENERAT! B!

Donation #ENE ®

If you like this site and if you want to contribute to the development of the activities you can make a
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donation, thank you !

®

WRIEERX MG, FEMNFERENRIR RS, SHLUEK, B!
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