Software
options for
Hydrogen
Line Radio
Astronomy

Dr Andrew Thornett
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SDR Sharp with IFAverage Plugin
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SDR# and IF_Ave Real Time Display
The ' ripple’ in the display is from using the Decimation option of
the AirSpyMini SDR to improve S/N .. Easily removed via IF_Ave
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Download AirSpy SDR# Studio with Kaminski IF_avg pre-installed
HERE

IF_Ave Ver 2.7 & 2.8 Plugin for SDR# Studio

Full Installation of SDR&# & IF_Ave 2.7

https://www.dropbox.com/scl/fi/2f67lyubqet2cp98rg9kp/SDR-
2. 7IP ?rlkey=y82vyv6jziyu7e92sap3x8ewm7/ &st=tcil 7w3s&d|=0

The latest Rev of IF_Ave allows

Saving and Recalling named Background Correction Files replace the above with this newer * DLL

IF_Ave Version 2.8

https://www.dropbox.com/scl/fi/aitn8xtookwwxm6emvybkp/SDRSharp.Average.dll?rlkey=667f4a839
S58krn//ie2862xf&d|=0




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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LR0231204 00_EI_21-0_Az 163.ezb LRO (ezSky230824a.py)
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Measure Velocity Difference Receding Velocity
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LRO-H2(SCRT)_El 48-00 Az 178 250430 _00.txt
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Signal Computation Progression
from AntRaw to AntRBTVTMax

Processing data
from LRO-
Hydrogen2 RT

LRO-H2 WoodenCantennaSupports Az 178 (ezCon241024a.py)

/ Signal after processing in

[ AntRBTV 4" —T—

ezRA including use of
reference samples -

AntRBMax - | |
AntRB - ’
|
|

AntRABas -
AntRA - |
RefMax - ‘
Ref - ‘ |
RefRaw A
AntBMax - M ————

AntB - — [ T~—

AntBaS - W

AntMax -

[ Ant

AntRaw

GlLat

QQQ‘ QQ‘)' Q.\y\" ,\'b' Qf\/’lz
S S >

Ant Sample Number (last=424) with UTC Hour:Min (last=23:58)

SV DX N S A P
™

’l:)).

effectively removes lot of
noise to show peaks where
aerial/antenna goes
through hydrogen clouds
of plane of Milky Way
Galaxy (black vertical
lines)

Antenna reading
over 24 hrs showing
lots of noise



( 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" )

I I I I I I

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




LRO240331 00P00.0Gal.npz LRO

Possible Galactic Atomic Hydrogen

Sun = Yellow Dot, Galactic Center = Green Dot

Quadrant 1
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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)

250 |- ; - S
-

\
\
\.\
By

200 | /

V (km s")

100 | ! =

50 - : : 4
1

R (kpe)

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
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S ( wikipedia.org/wiki/Sun says "about 220 km/s" )
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Cleaning up dark
matter data

LRO-H2(SCRT)_E|_88-95 Az 178 250425 _00P00.0Gal.npz
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Cleaning RFI

ezRA tries to
automatically identify
peak velocities (red
dots) — should be
green line.

RFI gives high results
which need to be
corrected.
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What happens when you plot the data
from these hydrogen telescopes in 3D?
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H-Line 3D Processing

Configuration / Operation / Plotting / HLine3D Processing and Rinearn Graphics

HERE

hittps://github.com/AP-HLine-3D/HLine3D
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62\ RINEARN

www.rinearn.com

RI n e a rn 3 D HOME | INFO SOFT | TECH Al CONTACT
| Homepage Information | Software | Technology Assistant Al ] Contact Us

i8] - RINEARN Graph 3D 5.6

File Edit Option Tool Program

RINEARN Graph3D 5.6

— :
] Download Now |

» How to use after downloading

I RINEARN > English Top = RINEARN Graph 3D

[ 16 Japanese | B — === US English
—  F 4

AFE = ralu= B (X)

Jl RINEARN Graph 3D

RINEARN Graph 3D s a free 3D graphing software compatible with various operating systems and does not require installation.

It allows users to easily create 3D graphs from files generated in spreadsheet software or numerical computing programs.



RINEARN Graph 3D features a simple and intuitive user interface centered around a menu bar and mouse operations.

File Edit  Option Tool Program

~ | |a With Lines
& With Points
With Dots
With Balls
With Meshes
» With Membranes
» With Contours
With Comments
With Custom Option
log X
log Y
log Z
Reverse X
, Reverse Y
Reverse Z
Flat
Black Screen
- Grid Line
* Frame
Scale

» Gradation Z
Tessellation
See-Through
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<

X

x




Animation in Rinearn3D

-,

-1.8
1.@

1

&

LI

e -0 .

b5

1,0

-1.8

b

M

ik, b

I, 0
1. @

.5

g Z




Using Rinearn3D with ezRA
Data
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3D Relief Map
of Milky Way
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Outer
Galactic Arm

Galactic Arm

Graphic showing
similar orientation
of galaxy to above
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Inner arms/spurs more
visible in 3D than in 2D
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looking down on Earth from outside
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