S
DA
77 T M)

»

Getting
started in
radio-
astronomy:
Equipment,
software,
projects

A<
| G0,
il
A
A4

AN 'r/.é\

Dr Andrew Thornett




Some myths

/ about

i
s

-
o N B
=

&R

P N\

Dr. Thornelt



GREAT
LOOKING

ANTENNA,
FA THER!

-
BiggStEksials aresal .
J B \ne4éd ore space andhca ..;,,.J«.
ch radio aS/tronoﬁnv possible wiftr-sgia e mpmen“









And ¥)&*WE‘KMM #‘*’I\VCQ CQ CQ
W | this
you \. HOMER

micht B - H@MER...
g | . anybody

’.l »
g J. .
: ! .
X out
www. namragionews.net :
R Lot o hlida il Camitiod '-_'.',""".‘Jf]i' - . N
get i n | |

contact °

with
aliens



Penetration of electromagnetic radiation
through Earth's atmosphere.

100%
L
@
£f
] s 50% -
E o]
g
0% 1 1 1 1 1 | Ll 1 1 1 1 1 ] 1
0Cinm 1nm 10nm 100mnm 1pm  10um 100pum 1 mm fem 10cm 1m f{0Om 100m 1 km
Wavelength
Most of the
Visible Light Infrared spectrum Long-wavelength
Radio Waves observabl
Gamma Rays, X-Rays and Ultraviolet ““2’:::: absorbed by MoEanh.” i le“":.:‘"“
Light blocked by the upper atmosphere m‘"’"' atmospheric ockea.
(best observed from space). ‘“"’.': o gasses (best
distortion.
from space).

Radio Window = Region
of radio spectrum that
penetrate Earth's
atmosphere. Lower limit
of radio window's range
has value of about 10
MHz (A = 30 m); the best
upper limit achievable
from optimal terrestrial
observation sites is
approx. 1 THz (A= 0.3
mm).



| would recommend starting
with
Projects designed by NASA
and SARA for schools
And projects for amateur from
UKRAA/BAA



What projects can an amateur
astronomer do in their backyard?

Listen to amateur radio on ISS.

Record meteors and measure peak of showers
even if in daytime.

Detect solar flares as they hit the atmosphere.
Record radio emissions from Jupiter.

Detect hydrogen line in the Milky Way.




Listening to Amateur Radio on ISS

Frequencies for Amateur Radio ISS contacts (QSOs):
1. Voice and SSTV Downlink;: 145.80 MHz (Worldwide)

(Receive ONLY)
2. Voice Uplink: 144.49 MHz for ITU Regions 2 & 3 (Americas,

Pacific, Southern Asia)
3. Voice Uplink: 145.20 MHz for ITU Region 1 (Europe,

Russia, Africa)
4. VHF Packet Uplink & Downlink: 145.825 MHz (Worldwide)



Meteor Scatter Obserrving
at Lichfield Radio Observatory
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BAA Meteor Beacon

Supported by

BAA

Top Left: Vertical 1Im
crossed Moxon Antenna
- 50.408 Mhz.

Below Left: Beacon
Hardware.

Project, GB3MBA.

GB3MBA 6m Meteor Beacon

I093]C, Crossed Moxon Antenna, beaming vertically, RHCP, 100W PA, 50.408
MHz

Forward Power Oscillator
Dump Power Antenna
PA Voltage ' Status

PA Temperature Battery

: #0000 Beacon Keeper: Peter G3PHO, Hardware Design: Brian G4NNS,
' Web Interface: Heather MOHMO, PA Design: Andy G4JNT.
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Spectrum Lab V2.99 b6
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WWW.RMOB.ORG

Thornett_September 2023 Data in RMOB Text Format

Observer :Andrew Thomett Location : 000°4348 West 1 Days --> 1

Country : United Kingdom 052°4048 North 00h 4
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Obs.Method : Spectrum Lab =n
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Detection of solar f
Sudden lonospher

ares t
C Dist

nat hit Earth

Urbances, SIDs

IRV
o
e &)

2

L x
-

~ ’ . i
o .
S RN AN

: gt
~’...".‘. 'y




Reflection of Radio Waves from
the lonosphere

02’5 il S -Higher Frequency
' § T Waves Travel Furfher
' Low Frequency . Before Being Reflected
Wave Reflected \2 " :

lonosphere
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ions from Jupiter & Sun
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Jupiter: radio
(21 cm)

”
Radio coverage sky vs visual coverage sky

. Jupiter: visible




Radio Hydrogen Mapping of the
Milky Way, weighing the galaxy
and demonstrating dark matter

* Possibly the most incredible project possible from our backyards!

* Used to be expensive but can now be achieved with very cheap
equipment from Amazon, using Software Defined Radio (SDRs) and
hydrogen line filter, and satellite dish.

* The Society of Amateur Radio Astronomers (USA/”SARA”) has a
project for this called “Scope in a Box”.

* Hydrogen Line = 1420.405 MHz



How ab&{t If you coula take picture
. like th:s ?



Galactic Longitude
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Measure
velocity of
material in the
Milky Way
arms using
Doppler shift




Doppler effect heard in sound of
train horn as passers observer on
side of track
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Hydrogen Redshifted

| Red-shifted Is

350 400 450 500 550
from us

Hydrogen Blueshifted

_ Blue-shifted is
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Hardware
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My own aerial
Trlffld Band 3 Ex-Military Dlpole Array
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Software



SDR Sharp with IFAverage Plugin
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For folks starting to explore radio
astronomy,
ezRA - Easy Radio Astronomy
Free 1420 MHz Galactic hydrogen
data collection and analysis
https://github.com/tedcline/ezRA
Windows and Linux



https://github.com/tedcline/ezRA
https://github.com/tedcline/ezRA
https://github.com/tedcline/ezRA
https://github.com/tedcline/ezRA
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Measure Velocity Difference Receding Velocity
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The results!
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Simulation of galactic rotation WITHOUT Dark Matter (Left) vs
WITH dark matter (Right); From Wikipedia
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Below IS typlcal Keplarlan
Rotation Curve which would
be expected without dark
matter, on right my data
(ezRA suite/Pharmigan

1 @ Mercury ( wikipedia.org/wiki/Planet#Solar_System )

"Keplerian Rotation"
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Gas Max Velocity around

( wikipedia.org/wiki/Sun says "about 220 km/s" )
maximum = 243 = 110%

Green = my corrected
Data;

My data does NOT Blue line = line of best fit.

show Keplerian Rotation.

Best explanation = extra

unseen mass in Milky Way galaxy
out to at least 8kpc (kiloparsecs).

1 2 3 4 5 6 7 8
Gas Radius from Galactic Center (kiloparsecs) (Sun = 8 kpc)




Compare my.
rotational data (right)
to published data
(below)
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Fig. 2.— A rotatlon curve fitted to 80 VLBI parallaxes and proper motions of high-mass star forming
regions by Reid et al. (2014), using the “Unlversal” rotation curve formulation of Persic, Salucci & Stell

LRO231130_08P00.0Gal.npz

LRO

(ezGal230827a.py)

S ( wikipedia.org/wiki/Sun says "about 220 km/s" )
maximum = 243 = 110% ®e
/ o
200 - o
150 A
100 A
50 A
0 1 1 I 1 1 1 ) 1 I
0 1 2 3 4 5 6 7 8

Gas Radius from Galactic Center (kiloparsecs) (Sun = 8 kpc)



( wikipedia.org/wiki/Milky Way says 1.15e+12 )
( Sofue 2017 says le+11)

measured maximum = 1.05e+11

the mass beyond Sun radius is not measured
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( wikipedia.org/wiki/Milky Way says
(about 90%) ... of the Milky Way
is invisible ... termed "dark matter" )
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What happens when you plot the data
from these hydrogen telescopes in 3D?
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Inner arms/spurs more
visible in 3D than in 2D
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Choosing a PC to record data

e 2"d hand mini-PCs are very cheap - £85 buys
off ebay Levono i5, 8GB RAM, 256GB SSD. A
little extra increases RAM and SSD.

e RealVNC for remote connection — | opted
for this rather than Remote Desktop as

latter causes issues with audio inputs on = v N e
remote computer — free RealVNC account N »
gives three remote PCs per account — | now o e

have three accounts!

e Raspberry Pis, Ardinos, Linux machines are
all options too
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ALMA:

tracing the cosmic evolution of key elements from
the first galaxies (z>10) through the peak of star
formation (z=2-4) by imaging their cooling lines, both
atomic ([CII], [Olll]) and molecular (CO), and dust
continuum, at a rate of 1-2 galaxies per hour.

examining the evolution from simple to complex
organic molecules through the process of star and
planet formation down to solar system scales (10-
100 AU) by performing full scans of frequency band
at rate of 2-4 protostars per day.

imaging protoplanetary disks in nearby (150 parsec)
star formation regions to resolve Earth-forming zone
(1 AU) in dust continuum @ wavelengths <1 mm,
enabling detection of tidal gaps+inner holes created
by forming planets.

Priorities in Professional Radio Astronomy
Research

VLA:

e new VLA sky survey
e unveil the formation of Solar System analogues

e probe the initial conditions for planetary systems and
life with astrochemistry

e characterize the assembly, structure, and evolution of
galaxies from the first

e Dbillion years to the present

e employ pulsars in the Galactic Centre as fundamental
tests of gravity and

e understand the formation and evolution of stellar and
supermassive black holes

e in the era of multi-messenger astronomy.
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