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To do radio astronomy 
… you don’t need an interferometer
… you don’t even need a dish!



Antenna

Amplification

Filtering

Digitisation
Data processing 
storageSee JR’s talk

You do need an antenna



Movie from Tash Moy, a metal can and a $50 
software defined radio



Typical output

https://radiojove.gsfc.nasa.gov/radio_telescope/building_testing.php



Waterfall plots/spectrograms
https://www.sigidwiki.com/wiki/Signal_Identification_Guide

Inmarsat
1.5GHz

LTE 
700-2600MHz

Weather balloon
400 MHz

Numbers station
3-30MHz

Unidentified
420 MHz

Signal strength as a function of frequency and time
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The key properties



Why bother with a dish?

• Aeff … goes up

• But … field of view goes down

Aeff limited, or observing 
frequency will change

D = diameter



Let’s have a dish!

500m diameter

2m diameter

38x25m



CSIRO’s Parkes Murriyang Radio telescope

This is not ParkesThis is Parkes



A quick look at some recent science with The Dish

Fast radio bursts

Gravitational waves Breakthrough Listen 
Candidate #1

Flare stars
Mark Myers/OzGrav

OH spectral lines



Observing with Parkes is easy
• Just need a web browser

Thanks to Stacy Mader



Hobbs et al. (2020)



Digitised voltage   
data stream

Voltage data streams to frequency/time/power

Select Nsamples => 
FFT => Power

Integrate in time

1GB/second FPGAs -> GPUs



To high-time-resolution data sets

Frequency
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GPUs -> CPUs



Reduce the number of bits in the spectrograms!

8 bits/pixel
~700GB/hour

2 bits/pixel
~170GB/hour

1 bits/pixel
~80GB/hour

1024 channels, 64us 
sampling, 
1 pol, 13 beams

Time ->
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A dispersed pulse Ask Chris

Pulsar?
FRB?
RRAT?
Flare star?
RFI?
Alien?
…

This is a single pulse 
from the Vela pulsar



Multibeams and what is in the data?



• Unexpected 
transients?
• How do we find the 

rare, unexpected 
events in TBs (or PBs) 
or data?

What is in the data?



• https://data.csiro.au/domain/atnf

Have a play

Software:
Presto, sigproc, pfits, heimdall …
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Have a go observing!



Folding the data

Easy to find the Vela pulsar! No sign of any pulses for 
this pulsar



But … we know the period of the pulsar

https://www.physics.mcgill.ca/~rlynch/Outreach/PSC_search_guide.pdf



• Folding the frequency-time data at the period of the pulsar

Let’s find that pulsar



• https://data.csiro.au/domain/atnf

Have a play

Software:
Psrchive, pfits, tempo2 …

https://doi.org/10.25919/j4xr-wp05



Have a go observing! Click here!



• Spectral line astronomers do not (usually) require microsecond 
sampling!
• But they want a lot better than ~1MHz-wide frequency channels

High spectral resolution data

1 MHz channels



• Spectral line astronomers do not (usually) require microsecond 
sampling!
• But they want a lot better than ~1MHz-wide frequency channels

High spectral resolution data

125 kHz 32 kHz 1 kHz



• High frequency and (relatively) high time resolution

Alien hunting (BLC1)

ht
tp

s:
//

w
w

w
.n

at
ur

e.
co

m
/a

rt
ic

le
s/

s4
15

50
-0

21
-0

15
08

-8

Challenge #1 with a single, 
single dish telescopes – how do 
tell an alien from local RFI?



An alien?

Fr
eq

ue
nc

y

TemperatureSlide from Elise Hardy and Sam Gordon



• Pulsars switch on and off, FRBs are mostly not there, spectral lines 
are restricted in frequency … continuum sources are hard!

Don’t forget continuum observations

A. Hopkins ASKAP and Parkes

The resolution of radio-astronomy 
images depends on the size of the 
telescope. The Parkes Dish, Murriyang, 
is 64m in diameter, but the 36 ASKAP 
dishes are spread over 6km, proving 
almost 100 times better angular 
resolution. However, ASKAP's fine 
resolution but comes at the expense of 
missing radio emission on the largest 
scales, which are captured by the 
Parkes Dish. By combining the 
information from both Parkes and 
ASKAP, each fills in the gaps of the 
other to give us the best fidelity image 
of this region of our Milky Way galaxy.

Challenge #2 with a single, single dish 
telescopes – resolution



Don’t forget continuum observations

Challenge #3 with a single, single dish telescopes – stability

• Single dish telescopes measure everything: the sky, the Sun, the RFI, 
the ground, the Galactic plane, all the sources in the beam …
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This source does not vary in 
brightness. 

How to deal with the 
apparent variability?

- On-off pointings
- Stokes V
- LST-aligned tracks
- Multibeams
- Multiple scans
- …



• Data available on the ATOA: https://atoa.atnf.csiro.au

Having a play

Software:
Inspecta, various python scripts

sdhdf format



Have a go observing!



Calibration!
All the signal strength axes are “arbitrary”
What about polarization?
– how do we calibrate the data?



The pulsar papers on calibration …

https://arxiv.org/pdf/2202.07818.pdf



https://arxiv.org/abs/1806.07391

The spectral line papers on calibration …



Somewhere in the middle?

• An observation of PSR J0437-4715

Position 
angle of the 
linear 
polarisation

Stokes I

Stokes V

Linear 
polarisation

No 
units



Somewhere in the middle?
• An observation of PSR J0437-4715 a few hours later
• It looks different

Position 
angle of the 
linear 
polarisation

Stokes I

Stokes V

Linear 
polarisation

No 
units



Why?

https://iopscience.iop.org/article/10.1086/323289/pdf



Why?

https://iopscience.iop.org/article/10.1086/323289/pdf



Where do all the numbers come from?

Use a stable, switching 
noise source injected 
into the signal path.



From rise to set

Raw data After applying Mueller matrix



The future

Thursday last week
72 beams! 700-1950MHz, 
Tsys < 20K
Digital data rate out: 7.8Tb/s

https://www.nasa.gov/directorates/spacetech/niac/
2020_Phase_I_Phase_II/lunar_crater_radio_telesco
pe/
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Thank you


