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http://www.astronomy.me.uk/

Detecting molecular hydrogen line in Milky
Way can now be achieved easily and cheaply

* Milky Way hydrogen detection used to be expensive but can
now be achieved with very cheap equipment from
Amazon/elsewhere, using Software Defined Radio (SDRs)
and hydrogen line filter/pre-amp, and satellite dish/other
aerial.

* The Society of Amateur Radio Astronomers (USA/”SARA”")
has produced a project called “Scope in a Box”, which led me
to give this a try.



Hydrogen line (1420.405MHz)
Mapping Exercise of the Milky Way
@ LRO



An example of @ cdeiection of the hydrogen line
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Aerials & Mounts
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Broadside of the Dipole toward the long ends of the dish

WiFi 100cmx60cm Para-grid Orientation
Recall that beam-width is inversely proportional to dish size.

For optimal angular resolution of H1 dnft scans, align the 1m side E<>W
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East A&
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West




Para Grid WiF1L Dis

WiFI 100cmxtlcm Para grid Orientation VAR 100cmxtdem Para grid Orientation
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Nooelec SAWoirdsr F - Saw Filter
Cascacled Ulira-Low Nolse Anmplifier (LNA)




For folks stariing to @xplore radio

ASTFONONY,

2ZRA = 23y Radio Astronormy
Free 1220 Mz Galactic nyedrogen

daita collection aned ana.

VSIS

https://github.com/tedcline/ezRA
Winclows el Linugs


https://github.com/tedcline/ezRA

ezRA software for collecting and
processing data and mapping it over
known background of radio sources in
Milky Way

(Has own collection program, alternative=
SDR# IFAverage Plug-in to collect data)



"@.' Figure 1

Relative RMS Power

EH LRO-PharmiganArray (LRO- - O X
O
ezRA - Easly Badlo Astronomy Data Collector ezCol230406a. Py [Nev: Pl [ew rie
Doppler FreqCtrRef 1423.40500
-1.0 —0.5 0.5 1.0 Lat|tude 52.7 FreqCtr 1420.405000 e Collect |0 Off
' ' ' ' 1.0 Longitude -1.8 FreqMin 1419.205000 oPause ||eRefDiv
Amsl 81 FregMax 1421.605000 o Exit o RefSub
1.03 - Azimuth |163.0 | 143 LRO231214_00.txt
L 0.8 Elevation [78.8 78.8 SampleQty 348 R
) ezColintegQty | 31000
1.02 - FreqBinQty 256 %ggg}g_i: ggg;%j I.F;I;:I'C Fraction of
g GCan 49.6 A Y Auto Scale, (0.0 1.0
E Integration 30.6 sec Min and Max
1.01 ~ - 0.6 &
% 13.4
1.00 4
= 13.3
B 0.4 2 T T T T T
E 500 400 300 200 100 0
0.99 1 s ] ) Recent Samples _ _
| approximate Local Mean Sidereal Time (LMST) Hours = south's Right Ascension
E 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4
0.98 - r02 5
v 13.6
=
o
=
T T = T T T D-o E T T T T T T T T T
1419.5 1420.0 1420.5 1421.0 1421.5 % 1.0 0.9 0.8 0.7 0.3 0.2 0.1 0.0
Frequency (MHz) ) i ] ) Recent One Hour
Local Mean Sidereal Time (LMST) Hours = south's Right Ascension
7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 0 1 2 3 4
I I I I I I I I I I I I I I I I I | | I I
13.75
13.50
13-25 T T T T T T T T T T T T T T T T T T T T T T T
24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 7 6 5 4 3 2 1 0

Relative RMS Power

Recent 24 Hours



Testing the new Nooelec 1420MHz-tuned mesh aerial

41
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ezRA - Easy Radio Astronomy Data CoIIector ezCol230406a.py [New piot|[New File]
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Comparison of live plot from Nooelec 1420MHz mesh
aerial (right) vs. Ptarmigan band 3 military 86x86cm array
4/11/2023 @ 15:30, Lichfield, UK, showing hydrogen in
Milky Way (circled). RTL-Blog V3 Software Defined Radio &
SAWBIrd+ H1 1420Mhz filter+amplifier.
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Quite capable of detecting hydrogen



Data is improved if calibrated

Calibration of Scope in a Box in
SDR# Software with IF Average
plug in

This does similar job to flats and
darks in astrophotography
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LRO240331 00P00.0Gal.npz LRO

Possible Galactic Atomic Hydrogen

Sun = Yellow Dot, Galactic Center = Green Dot
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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 typical Keplarian

Rotation Curve which would LRO231130 08P00.0Gal.npz LRO (e2Gal230827a.py)
be expected Wlth O ut d a rk — 250 - ( WIk.IPEdIa.OI"g/WIkI/SUH says "about 220 km/s" )
. ES maximum = 243 = 110%
matter, on right my data ==
Lo
. . 89
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array) b
LRO231130_08P00.0Gal.npz LRO (ezGal230827a.py) 8 = 150 A
20 T g Mercury ( wikipedia.org/wiki/Planet#Solar_System ) s 2
s3
°g Green = my corrected
E 40 4 "Keplerian Rotation" ;-LE 100 - Data;
< 83 My data doe.s NoT . Blue line = line of best fit.
23] o % show Keplerian Rotation.
x Z 5 Best explanation = extra
2207 % Lqua) unseen mass in Milky Way galaxy
s O out to at least 8kpc (kiloparsecs).
10 A
0 I I I I I I I I I
Pluto 0 1 2 3 4 5 6 7 8

0 10 20 30 40 Gas Radius from Galactic Center (kiloparsecs) (Sun = 8 kpc)
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R (kpe)

Fig. 2.— A rotation 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
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LRO231204 00 El 21-0_Az_163P00.0Gal.npz LRO (ezGal230827a.py)

lell
( wikipedia.org/wiki/Milky_Way says 1.15e+12 )

o ( Sofue 2017 says le+11) ./

© 1.0 A :

— measured maximum = 1.05e+11 ...“
?ﬁ the mass beyond Sun radius is not measured . ..'.°‘
Q [
ﬁ g 0.8 A .°. ‘. o.
= A
500 .’ ¢
a= o
~ g 06 T ®
n Y *
T o °
=2

L J

g = 0.4 - o o
o9 .
CXU) °
o .

5 0.2 1 o’ ( wikipedia.org/wiki/Milky Way says

N

) .,..-' (about 90%) ... of the Milky Way

w is invisible ... termed "dark matter" )
00 I I I I I I I I I
0 1 2 3 4 5 6 7 8

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




Choosing a PC to record data
— | chose Wlndows-based |V|Inl PC

« 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 o el -
remote computer — free RealVNC account * =
gives three remote PCs per account — | now ® oS

have three accounts!

* Raspberry Pis, Ardinos, Linux machines are
all options too
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Freq. of operation [MHz]
Can Diameter [mm]
Cut-Off Freq. for TE11 Mode [MHz]

Cut-Off Freq. for TMO1 Mode [MHz]

Waveguide Wavelength Lg = Ag [mm]

0.25 * Ag [mm]

0.75 * Ag [mm]

Free space Wavelength A [mm]
Length of Monopole A/4 [mm]

Diameter of Monopole [mm]




https://www.changpuak.ch/electronics/cantenna.php
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ezRA - Easy Radio Astronomy Datze
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2rial brackets from ebay used to change
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IMPORTANT ADVICE FOR NEWBEES WITH
LITTLE KNOWLEDGE LIKE ME:

 Get support and advice from SARA/BAA members.
 Realize you need to dedicate lots of time to get it working.
 Making mistakes and starting again is part of the fun.
 Don’t feel embarrassed that you do not know enough.
 If your kit works then do not get too worried when someone else

says should be done differently — E.g. your aerial has too much

ground noise/your dish isn’t deep enough or too deep.
* Finally, do NOT estimate elevation and azimuth because your

beamwidth seems large, MEASURE IT!
 ezRA suite is quite robust to interference
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Contact Details:

Dr Andrew Thornett
M6THO
andrew@thornett.net
www.astronomy.me.uk
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