
Amateur 
Radio 
Astronomy
Andy Russell – Blackburn 
Leisure Astronomy Society

28th October 2020



Amateur Radio Astronomy

Introduction

Timeline

Radio Astronomy Basics
• Radio Sources

• Antennas

Amateur Observations
• Meteor Scatter

• Total Power Telescope

• Hydrogen Line

• Jupiter

Conclusions

Questions

Bibliography



Introduction
Radio Textbooks Astronomy Textbooks

Long distance communications using radio waves 
reflected by the ionosphere (technically the waves are 
refracted by free electrons).

Observation of light and radio waves coming from 
space – ideally free from the distortion of the Earth’s 
atmosphere and ionosphere.

Textbooks show the radio waves not reflected by the 
ionosphere are “lost” into space. 

Radio waves from space are reflected away by the 
ionosphere, those that aren’t are received.

Signals coming from space are regarded as 
background noise or interference.

Astronomers regard man-made radio signals as noise 
or interference.

Electromagnetic Spectrum normally shown with
increasing frequency 𝑓 from left to right.

Electromagnetic Spectrum normally shown with 
increasing wavelength 𝜆 from left to right.

Note there is a simple relationship between the Frequency 𝑓 and the Wavelength λ

Where the speed of light 𝑐 in a vacuum
is 299 792 458 𝑚𝑠−1 ≈ 3 × 108 𝑚𝑠−1

𝑊𝑎𝑣𝑒𝑙𝑒𝑛𝑔𝑡ℎ λ =
𝑆𝑝𝑒𝑒𝑑 𝑜𝑓 𝐿𝑖𝑔ℎ𝑡 𝑐

𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑓



Radio Astronomy Timeline

1865 1879 1932 1946 19651951 19571924 1937

James Clark Maxwell Heinrich Hertz

1995

Nikola Tesla Edward Appleton



Karl Janksy’s “Roundabout” Grote Reber’s 9m Dish Wartime Radar at Jodrell Bank

Radio Astronomy Timeline

1865 1879 1932 1946 19651951 19571924 19371995



Ewen & Purcell’s Horn Lovell Telescope Jodrell Bank Holmdel Horn – Penzias & Wilson

Radio Astronomy Timeline
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Why Radio Astronomy
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Atmospheric Windows

Radio waves pass straight through cosmic dust and clouds, and can provide 
information on the temperature, composition and velocity of cosmic sources.

For us, especially in the UK, radio astronomy provides an activity for cloudy nights!



Radio Sources
Astronomical Radio Sources

• What radio sources are there ?

• What type of spectrum do they have ? 

• Are they discrete or distributed ?

• Are they detectable by amateurs ?     

Cassiopeia A – Synchrotron
Source

Sun – Thermal Source Galactic Hydrogen – Line Source
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Radio Sources
Signals from astronomical 
sources are very weak 

To observe a radio source we 
have to be able to distinguish it 
from the background noise.

Man-made radio interference 
limits the observations the same  
way as light pollution
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Antenna Characteristics

The wavelength λ determines two important characteristics of the antenna :

• Gain 𝐺 = η Τ4𝜋 λ2 𝑨

• Beamwidth 𝛼 = κ Τλ 𝑫

A larger antenna offers more gain and a narrower beamwidth…

For most amateur observers, the practical constraints limit antenna size.

𝑫 = diameter of a circular antenna

η = antenna efficiency
𝑨 = antenna aperture m2

λ = wavelength

𝐺 = η Τ𝜋𝑫 λ 2

𝛼 = half-power beamwidth
κ = factor that depends upon reflector

Source: Dr David Morgan, BAA 



Antenna Types - Dish

Dwingeloo Radio Telescope

• Built to the specifications of Jan Oort to observe 
the galaxy in the 21cm wavelength.

• Approx. 100 λ hence a resolution of 0.5°

• Opened in 1956 by Queen Juliana.

• Shut down in 1988 and due to be demolished

• Now restored by volunteers and is available for 
amateur observations online using a web- based 
software defined radio.

• See http://websdr.camras.nl:8901/

https://www.youtube.com/watch?v=b-jUDlmv4fM

Image: C.A. Muller Radio Astronomy Station

http://websdr.camras.nl:8901/
https://www.youtube.com/watch?v=b-jUDlmv4fM


Antenna Types - Yagi

Yagi Array

• Tend not to use dishes for longer 
wavelengths - in this instance the 
70cms amateur radio band.

• Individual antennas are easy to 
construct

• Multiple antennas are required to 
get the equivalent aperture and 
are difficult to phase together

Image: DL7APV Array used for EME (Moonbounce)



Limitations of Small Antennas
Wavelength Antenna Type Sources Performance

Centimetres
(KU Band - 11 GHz)

Satellite TV Dish and
Satellite Finder

Thermal Sources, Sky and 
Ground Noise, Sun

High Gain, Narrow 
Beamwidth (<2°)
Little to see of interest

Decametres
(L Band - 1421 MHz)

Pyramidal Horn Doppler shift of 21cm Hydrogen 
Line or Synchrotron radiation

Drift Scan

PVC Pipe Yagi Array Tracking with a telescope 
GOTO mount

Metres
(UHF – 408 MHz)

Pair of Yagi Antennas Many synchrotron sources SNRs, 
Galaxies.

Low gain, wide beamwidth
Can use interferometry

(VHF – 143 MHz) Single Yagi Antenna Many synchrotron sources SNRs, 
Galaxies.

Needs very large antennas 
not practical for amateurs

Tens of Metres
(HF – 20 MHz)

Phased Dipoles Jupiter, Solar Radio Bursts Needs large area such as a 
playing field

Kilometres
(VLF)

Loop or E-Field Indirect observation of the 
ionosphere and Natural Radio

Changes in Propagation of 
distant radio transmitters



What can amateurs observe ?

Indirect Observations
Look at the effects of an event, not the event itself

• Meteor Scatter

• Space Weather

Direct Observations
Look at sources closer to home

• Solar Radio Bursts

• Jupiter – emissions from Io

• 21cm Hydrogen Line

• Interferometry
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Meteor Scatter
GRAVES RADAR

• Meteors do not emit radio waves, however radio 
waves are reflected from  their ionised trail as they 
ablate in the upper atmosphere. 

• We can use the GRAVES Space Surveillance Radar 
(Grand Réseau Adapté à la Veille Spatiale) in Dijon, 
France:  47.3480°N 5.5151°E

• The receiver is located South of Lyon, France:  
44.0715°N 5.5346°E, data is processed in Paris.

• See https://www.youtube.com/watch?v=a-7Fy0L6qNc

Images: onera.fr

https://geohack.toolforge.org/geohack.php?pagename=Graves_(system)&params=47.3480_N_5.5151_E_
https://geohack.toolforge.org/geohack.php?pagename=Graves_(system)&params=44.0715_N_5.5346_E_
https://www.youtube.com/watch?v=a-7Fy0L6qNc


Meteor Scatter

Image: https://www.qsl.net/g0isw/g0iswradioastronomy.htm



Meteor Scatter - Results
Underdense Trails

Trails from small meteors (mass < 10-3g) that 
persist for a short period and hence have no 
apparent change in velocity.  

Overdense Trails

Trails from larger meteors (mass > 10-3g) that 
persist for a period of a few seconds with no 
apparent change in velocity. 

Decelerating Trails

Trails from meteors that show a change in 
frequency – could this be used to calculate 
the speed and direction of entry?

L-Shaped echoes

Decelerating Trails that leave an ionised trail 
that persists for a long period



Meteor Scatter - Results
What else did we see?

• A satellite in orbit – probably the ISS
Dotted line going from left-to-right at 
the bottom of the plot

• Reflections from The Moon
The dotted line started at moonrise 
when the moon entered our antenna’s 
beam and persisted throughout the 
rest of our observations.

A look outdoors confirmed this…
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Meteor Scatter - Results



Meteor Scatter

Amateur radio receiver tuned to 143.049 MHz

The radio takes the difference
between the radar signal and 
the receiver frequency and 
produces an audible tone

GRAVES Radar 143.050 MHz

upper sideband

Δf

Tone frequency

The audible tone is 
plotted on a scrolling 
waterfall plot

Tim
e



Meteor Scatter – Next Steps
Ideal Receiver

• High gain and low noise – the system noise is determined by the front-end hence we can improve 
the performance of the receiver using a Low Noise Amplifier (Typical Noise factor 𝑁𝑓~ 0.2𝑑𝐵)

• Flat response over frequency of interest – no spurs

• Maintain these parameters over a long time period to enable radio maps to be made

• Low Cost

RTL-SDR.com USB Dongle
£30 or  R650



Meteor Scatter – Next Steps

• Rafael Micro R820T Tuner
• Realtek RTL2832U DVB-T Demodulator

• Replacement drivers provide access to raw I/Q data

• Signal processing is performed on a 
laptop using the SDR# software…

• See Setup Instructions on BLAS website

Software Defined Radio

Figure: https://www.desktopsdr.com/

https://www.broughastronomy.co.uk/Instructions%20for%20SDR%20Sharp.pdf


Meteor Scatter – Next Steps
Automated Processing using Echoes Software

• Does not decode man-made radio signals

• Analyses the total power and generates 
screenshots of peaks that occur

• Characterises meteors and creates hourly 
statistics to support visual observations



Meteor Scatter - What if ?
We measured the background noise instead?

Image: Joe Taylor, K1JT (ARRL handbook 2010)

Plane of ecliptic

Plane of Milky Way galaxy

The noise level varies throughout the 
day – as discovered by Karl Jansky

The map shows the received signal from 
various parts of sky at 144MHz.

We can equate this signal to the noise 
generated by an electrical resistor at a 
given temperature in Kelvin.

This is known as the Noise Temperature



Meteor Scatter - What if ?
Using thermal noise to calibrate our receiver  

Enclosure at 
Temperature 𝑻

Filter with 
bandwidth 𝑩

Noise Power 𝑷

𝑃 = 𝑘𝑇 𝐵

Where 𝑲 is Boltzmann’s Constant
𝟏. 𝟑𝟖𝟎𝟕 × 𝟏𝟎−𝟐𝟑𝑱 𝑲−𝟏

Thermal Noise for a 50 Ω system at 
room temperature is -174dBm / Hz

We can calculate the total power
over a 1kHz bandwidth = 144dBm  

Filter with 
bandwidth 𝑩

50 Ω Resistor

Screened Enclosure

To Receiver

From Antenna

Dicke Switch



Total Power Radio Telescope
Capturing solar transits on 11GHz

• Simple setup using satellite TV dish & LNB

• LNB needs to be powered at 12V

• Can measure signals with a Satellite Finder or 
feed  the output into an SDR and use echoes 
to record data.

• See http://www.stargazing.net/david/radio/itty_bitty_radio_telescope.html

Chart: Jan Henning Holmedal Lustrup

http://www.stargazing.net/david/radio/itty_bitty_radio_telescope.html


21cm Hydrogen Line
Previously extremely difficult to detect…

• Ewen and Purcell’s took a year using a microwave radiometer and a communications receiver.



21cm Hydrogen Line
But Now detectable by amateurs using an RTL-SDR…

• Antenna – either a dish, horn or a Yagi
(in this case a Wi-Fi antenna)

• Low-Noise Amplifier

• RTL-SDR dongle and SDR#

• Averaging plug-in for SDR#

• Program to capture screenshots

Source: https://www.rtl-sdr.com/cheap-and-easy-hydrogen-line-radio-astronomy-with-a-rtl-sdr-wifi-parabolic-grid-dish-lna-and-sdrsharp/



Measuring the Galactic Rotation Curve

Rotation

𝑅𝑜

Solar System

𝑅𝑚𝑖𝑛

Galactic 
Centre

A

B

C

D

Solar 
Circle

Source: http://jgeheniau.nl/rotenglish.pdf

http://jgeheniau.nl/rotenglish.pdf


Measuring the Galactic Rotation Curve
How to (in theory at least)

• Calculate where to point the antenna

• Galactic Coordinates (Lat, Long)
• Celestial Coordinates (RA, Dec)

• Local Lat/Long

• (possibly Azimuth/Elevation)

• Capture the spectra at different Galactic 
Longitudes in suitable steps

• Calculate the relative frequency change to 
relative velocity

• Using Trigonometry, plot frequency versus 
radial distance from the Galactic Centre. 

Plot: PW East, 2014 - http://www.y1pwe.co.uk/RAProgs/pdf/HLRrtl2U.pdf

Plot at Galactic Latitude = 0°
for various Longitudes

G
alactic Lo

n
gitu

d
e°



Next Steps - Horn for 21cm Hydrogen Line

Images: John Russell (no relation)



Next Steps - Jupiter Observations

Decametric radio waves from Jupiter

• Jupiter emits radio waves in the decametre 
range, i.e. 15 – 40MHz 

• Very easy to detect with simple wire 
antennas, however these require approx. 7m 
x 7m of space

• Characteristic signals occur when material 
ejected from Io’s volcanoes and gets caught 
in Jupiter’s magnetic field

• Easy to predict using Radio Jupiter Pro

• A good source of information is NASA’s 
“Project Jove” website.

See - https://radiojove.gsfc.nasa.gov/

Jupit
er

http://www.radiosky.com/rjpro3ishere.html
https://radiojove.gsfc.nasa.gov/


Conclusion
Amateur Astronomers have contributed in the past

• The first radio map of the sky was made by Grote Reber using 
a home-made dish and a radio receiver…

Amateur Astronomers will continue to contribute in 
the future

• Enabled by cheap and ubiquitous technology such as RTL-SDR 
dongles, computers the size of a pack of playing cards that are 
capable of running software defined radios, sharing ideas and 
code via the Internet… 

Just as the valve has been replaced by the transistor 
and eventually the integrated circuit, the soldering iron 
has been replaced by the mouse…



Questions ?

Image: Sky at 408MHz – Radioeyes.
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https://airspy.com/download/
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Chart: Joe Taylor K1JT 2010 
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Amateur Radio Astronomy
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