Radio Astronomy
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Who Am |, and Why Am | Standing Up Here Talking to You?

» Member (President) of Johnson Space Center Astronomical Society

> Former NASA Electrical Enginéer - - = - o
%* Space Shuttle, Space Statlon X-38, others TR

» Current Amateur Astronomer
¢ Astroimaging, Radio Astronomy

The Holland Observatory -
12/9,16,17/20 "

Doug Holland
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General Radio Astronomy Information Why do Radio Astronomy =>

Our galaxy / universe
atomic hydrogen .
| -« W appears very different
at different wavelengths

Y

_radio_continuum (2.5 6Hz)
g iy

o

molecular hydroger ¢ PhyS|Ca| processes
Moy oo w< "8l «  Hidden features

* > understanding

infrared
P i

g

mid-infrared

- near infrared

A
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AN 5%

NASA: Multiwavelength Milky Way Doug Holland



General Radio Astronomy Information (cont’d) Atmospheric Opacity =>

Atmospheric Opacity low for:

Q

e >
ﬁ‘:
/-X
0 a
EO
g

Visible Light Wavelengths

Radio Wavelengths

54 = 20 Waves observable Radio Waves
Gamma Rays, X-Rays and Ultraviclet absox b VS ,

’ 8 PN S blocked
Lght blocked by the upper a¥mosphere anh

(bost obsarved from soace)

SARA (Society of Amateur Radio Astronomers) Tutorial
( v ) Doug Holland



General Radio Astronomy Information (cont’d) Can be done =>

- ' NightTime =

+ The Holland Obsonvatory The Mitkyway over BTSA, Aquila Area with Sagitarius near Mountain
 Guttato T Scout Fanch ; ; (1) 3min Explosure, Bam Door Tracker
Sy S / Canon 4500 (modified), 17-70mm Sigrme Lens at 17mm, (/2.8




General Radio Astronomy Information (cont’d) Wavefront Error =>

‘JIJ-

astroreflect.com

For A/20 Error:
At 550nm, approx. 27 nm At 21cm, approx. 1 cm

* Very difficult to make parabola to 27 nm * Pretty easy to make parabola to 1 cm
Doug Holland



General Radio Astronomy Information (cont’d) Resolution =>

A (wavelength)
D (diameter)

Resolution

A (wavelength)
* Light: 400 to 700nm (10~ m)

e Radio: 1mm (10-3 m) to 30m Rayleigh Criteria for resolution

researchgate.net

Resolution

* Visible / Astrophotography : on the order of arcseconds ()
e Radio Astronomy (amateur): on the order of degrees (°)

Doug Holland



General Radio Astronomy Information (cont’d)

Large arrays can create high resolution images Small amateur radio telescopes can ‘detect’ objects
E,;i% ‘\&):s:::‘::b s oty TR ol ORI e S " v“ A 4 ¥ VméPlo(of:MW4G_FFT51Z.G:II?:’:_4800_3605000_240623_0057,!)((
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R % ‘, P .‘s;_” 14 ‘
- ‘4 A e 2™ ¥ .} ;,( _
NGC 4254/M99 N : RO, oy,
= 6 4117124 - Sun Crossing
NGC 628/M74 e

SR g

- '
NGC 4321/M100 NGC 1672 NGC 3627/M66

Jan Henning Holmedal Lustrup,

TOtal power fb Amateur Radio Astronomy

Doug Holland

https://public.nrao.edu/telescopes/alma/science/#tgalaxies



General Radlo Astronomy lnformatron (cont d)

"fvaen though amateur rad|o astronomers do not generally create hlgh
.f-resolutlon lmages there are many exceptlonal thlngs that can’ be done >

Capture the eV|dence of the l\/lllky Way S multlple splral arms
Create a model [i lmage of the overall structure of our galaxy
Measure the rotatlon rate of our, galaxy o e R
Determlne the Iocatlon of our solar system W|th|n the Mllky Way
Measure the changmg radio frequency (RF) output of the Sun
l\/Ieasure the temperature o the Moon %
Detect e e : :
s ,,,actlve/radlo galaxy et e oo b e
e uskar formlng region not v15|ble to optlcal telescopes et
. .sosuper nova remnant (SNR) C it
i _.....?,6".;3'-;-:water masers L SRR R (e L S T Bt
' meteors G e i
Llsten 0 radlo emlssmns fromJuplter
‘ & a whole lot more Doug Holland e
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General Radio Astronomy Information (cont’d) Pointing =>

Most amateur radio telescopes do not track sky

e Line up North / South along local meridian
B * Move up and down to set Declination using protractor
~. * Points at fixed point in the sky, objects cross with Earth rotation

~5 L YA 0 \\v

=3 Hzy 09V \\\)
= \\\\\

\W/tmll |lm\\\\\\\\\\\\\

Doug Holland



The Architecture of an Amateur Radio Telescope

Feed Antenna Recelver:
Transform free space Software Defined Radio (SDR)

wave to guided wave e
to electric current | [ ow loss cable /

Computer gathering, storing,
Low Noise Amplifier (LNA) + processing & displaying radio
Bandpass Filter (BPF) telescope signal

Parabolic Reflector

Gather & Focus
Electromagnetic Radiation

Typical, simplest configuration



Three Configurations Used for this Presentation

HEZ TR

3}

S

Satellite TV Antenna

io Telescope

1m /7’ Rad

2

Wifi Antenna

Doug Holland



Project 1 — 21cm Neutral Hydrogen with WiFi Antenna

Screen Capture Video of Neutral Hydrogen in Milky Way

Doug Holland



Project 1-21cm Neutral Hydrogen with WiFi Antenna (cont’d)
First, results =>
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Project 1 - 21cm Neutral Hydrogen with WiFi Antenna (cont’d)

Why does neutral
hydrogen emit at
21lcm? =>

HI 21cm Line Formation A

4

Excited State: >
Proton and electron spins Ground State: A 4

are parallel v Proton and electron spins

are anti-parallel
Photon emitted

astrobites.org

Doug Holland



Project 1 - 21cm Neutral Hydrogen with WiFi Antenna (cont’d) How to do =>

'y % 1 % ' . , R i
.. . R s R R o o .
R T Y -7 A\ "L‘ e R 21cm Radio Telescope
‘ i, i eh) g (21cm => 1.42GHz)
Hydrogen Emission

WiFi Dish Antenna: $82.99

eBay

« 24dBi gain

o 2.4GHz but works at 1.42GHz
* 14°410° beam width

AAAAAA

Low Noise Amplifier: $44.95
Amazon

* Nooelec H1 LNA

» 40dB, Designed for 21cm

Software Defined Radio: $24.95
https://www.rtl-sdr.com/
« USB interface, v3




Project 1 — 21cm Neutral Hydrogen with WiFi Antenna (cont’d)

Makes 21cm Neutral Hydrogen
Detection Possible !!

Nooelec SAWbird+ H1 - Premium Saw Filter &
Cascaded Ultra-Low Noise Amplifier (LNA) Module for
Hydrogen Line (21cm) Applications

by Unknown Author is licensed under



https://www.flickr.com/photos/charleswbaileyjr/14249017379
https://creativecommons.org/licenses/by-nc/3.0/
https://creativecommons.org/licenses/by-nc/3.0/
https://creativecommons.org/licenses/by-nc/3.0/

Project 1 — 21cm Neutral Hydrogen with WiFi Antenna (cont’d)

Software Defined Radio
(SDR) interfaces via USB

«»  SDR# software controls SDR
B (free)

..+ IF Average Plugin used to
average multiple samples to
decrease noise and increase
signal (free)

Stellarium or other planetary
- program to view Milky Way

| ‘ transit (free)

_ Chronolaps — screen capture
. video (free)

P




Project 1 — 21cm Neutral Hydrogen with WiFi Antenna (cont’d)

Low Noise Amplifier (LNA)

Software Defined Radio (SDR)




Project 1 — 21cm Neutral Hydrogen with WiFi Antenna (cont’d)

Link to Source of Design

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

Or - search ‘Easy Hydrogen Line Radio Astronomy’

Presentation posted on webpage: www.holland-observatory.net
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Project 1 - 21cm Neutral Hydrogen with WiFi Antenna (cont’d)

If you would prefer to buy a kit:

Scope in a Box, S350

Doug Holland



Project 1 — 21cm Neutral Hydrogen with WiFi Antenna (cont’d)

What else can be done with this system?

Il Measure where our solar system is located within the Milky Way !!!

Solar System Distance from Center of Milky Way

Doug Holland



Galactic Longitude

150
(Orjon)
(Auriga
\ 25 000 ly A
(PUPPIS) _—T1.7 kpc®~/ (Lassiopela

AN Fiz. #4353, Circular velocity v and angular velocity w in our galaxy as a function of distance R from
oV T oeoes Afrer Rougoor and Oort, 1960.)
(Cygnus)

Angular velocity (w) decreases
with distance from center of galaxy

Can see intuitively from image of Milky Way. Spiral
| arms - Closer in areas, higher angular velocity.

https://earthsky.org/upl/2020/01/milky-way-arms-suns-location-orion-cygnus-arm.png
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Hydrogen Emission

 WiFi Antenna, Software
Defined Radio (SDR)
« Raspberry Pi Configuration

Data gathered along
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11/17, 2020




21cm Plots at Galactic Equator— Spaced at 10 Degrees Declination
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3D Surface Plots of Summer (Red) and Winter (Blue) Milk Way Data

* The diameter of the luminous Milky Way is between
100,000 and 120,000 light years across.
* Sun (Solar System) is 1/2 to 2/3rds from center

)

21cm Radio Telescope: Summer MW DEC -30 to +60 Degrees

21cm Radio Telescope: Winter MW DEC -30 to +60 Degrees

Y 1, //////////// / /
lid ////// / 1

Declination vs. Amplitude vs. Frequency

-30° DEC: Center of galaxy (Sagittarius)

+60° DEC: Most Northerly point of

galactic equator (all data-taken-along

galactic equator) => Transition between red shift and blue shift is approx. 1/2 to 2/3
from center of galaxy to most Northerly point



http://www.universetoday.com/

Project 2 — Improved 21cm Neutral Hydrogen with 2.1m Antenna

After having some success =>

=> What could we do to improve our results?

Doug Holland



Project 2 — Improved 21cm Neutral Hydrogen with 2.1m Antenna (cont’d)
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Project 2 — Improved 21cm Neutral Hydrogen with 2.1m Antenna (cont’d)

Note — Wifi Antenna came with built in feed antenna
=> Now we need to design and build a feed antenna

End Result —

Circular Waveguide Horn Best
(aka Cantenna, Stove Pipe Antenna)

* Many online examples

Loop Antenna
Doug Holland




Project 2 — Improved 21cm Neutral Hydrogen with 2.1m Antenna (cont’d)

Things to know about feed antennas 1 =>

is at 4 wave antenna

BUZZ - Wrong — It is near
the aperture of the
Circular Waveguide
(CWG) Antenna

**%* Also — just to confuse
everyone, the radio
astronomers call focus point
the ‘phase center’

*** Depth of focus is
wavelength dependent — more
relaxed at radio wavelengths

Doug Holland



Project 2 — Improved 21cm Neutral Hydrogen with 2.1m Antenna (cont’d)

Things to know about feed antennas 2 => Trade-off

w  Farfield Pearfield Compare Transfer FFtab  Plot
Tot-gain [dBi] 0 Yertical plane

1420 MHz

2plturn_14d_Zmm-wire_c chou—— __L-_;_-I S6<dBi< 713
Phi= 28 -14g0 o Max gain The: 4

ANEC2 Software

- Fully illuminated dish
VS.

Parabolic Dish . . - Spill over (signal
N from outside dish)

10dB ™.,
taper
to edge

Feed Antenna

/SpiII Over

Doug Holland



Project 2 — Improved 21cm Neutral Hydrogen with 2.1m Antenna (cont’d)

Things to know about feed antennas 3 =>

NanoVNA-H4 (Vector Network Analyzer) — very
useful for testing feed antennas [S68 on Amazon]

El r}%i% R 186897 58.280) | 511 SWR 250m/ 1.208
\\\_ .

LOGHAG 10dB/ -28.84d4B
It MM1: 1.419 060 600 GHz
\ o]

Pa \ / \\ \/ s
VAN

\ 1/ \
N

[y \\\ A

LAy
P

"START 1.260 866 608 GHz buw:18868H= 181 p STOP 1.508 660 068 GH=

Doug Holland



Project 2 — Improved 21cm Neutral Hydrogen with 2.1m Antenna (cont’d)

Things to know about feed antennas 4 =>

v P

Otherwise, LNA will amplify noise from cabling

Doug Holland



Project 2 — Improved 21cm Neutral Hydrogen with 2.1m Antenna (cont’d)
Did we improve our results?

Plot of: MW46_1420p5_6MSPS_2400_512FFT_1803000_241205_0043.txt
T T T

T T

-65.5 ' : : : -
14185 1419 14195 1420 14205

1420.5
Frequency in MHz

MHz

Doug Holland



Project 2 — Improved 21cm Neutral Hydrogen with 2.1m Antenna (cont’d)
What can we do with our improved data =>

Evidence of Multiple Spiral Arms in Milky Way

Plot of: MW46_1420p5_6MSPS_2400_512FFT_1803000_241205_0043.txt
T T T T T

47 Approx. rest frequency:
1420.4058MHz

Blue shifted data

N Y

/

having multiple spiral arms From: Fundamentals of Astronomy, Seeds & Backman

1420 1420.5 1421
Frequency in MHz

* Neutral Hydrogen rest frequency = 1420.4058 MHz
e Blue shift humps are evidence of the Milky Way The Doppler Effect

Doug Holland



Project 2 — Improved 21cm Neutral Hydrogen with 2.1m Antenna (cont’d)

“Observations of the 21-cm hydrogen line have
enabled radio astronomers to deduce for the first time
a picture of the spiral structure of our galaxy” Radio
Astronomy by John D. Kraus

How can we correlate our data to existing models of our galaxy?

Doug Holland



MOTION OF EARTH AND SUN AROUND THE MILKY WAY

North Celestial Pole

. 3 /
North Galactic Pole ’

o Speed of Earth's rotation at equator = 0.465 km/s

e Speed of Earth around Sun =30km/s
Speed of Sun around Milky Way = 230km/s

Sun is approximately 26,000 light years from Galactic Center

Diagram Not to Scale

physicsforums.com

What direction are we pointing?
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Project 2 — Improved 21cm Neutral Hydrogen with 2.1m Antenna (cont’d)

Creating 3D Representation of Our 21cm Neutral Hydrogen Data

Doug Holland



« 2.1m /0.4 Dish Reflector

* 1420MHz Cylindrical Waveguide Horn
» With 6 to 7" flared aperture
« SWR:1.19

* Noelec H1 LNA

 Very short USB cable (4 inches
 Local laptop running SDR# software with
IF_Average plugin




New Radio Astronomy Software
» Facebook ‘Amateur Radio Astronomy’ group

» |[FAvg2CSYV (free)
1 Takes files made by SDR# and converts to CSV
(CSV - comma separated values)

» Rinearn Graphics (free)
] Takes CSV files and plots: 2D and 3D versions




> |FAvg2CSV
1 Takes files made by SDR# and converts to CSV

P_Iot of Mean Amplitude vs. Time X 06-Dec-2024 09:02:28

A | 24 hours
DEC 47.5°

65.12 - 64.47 = 0.65 db

-65 |

-65.1 |- ¢/

-~ X: Dec 05, 2024, 17:21

-65.2 Y:-65.12 ' 1 | ] |
Dec 05, 12:0u vec 05, 18:00 Dec 06, 00:00 Dec 06, 06:00 Dec 06, 12:00 Dec 06, 18:00

2024

06-Dec-2024 13:14:33

Normalizes

Data (original
data has gain
[ baseline e =

Frequency in MHz




Rinearn Graphics
1 Takes CSV files and plots: 2D and 3D versions

0 1.62

RA Hours 41
35
29
Freq MHz caronps 141975 17 /23 7 e £ 162
1,420.5 BIEEE Y
1,420.875 \ . ‘
1,421.25 \ i
1.62
119
119 —
-0.13
— o075 dB
dB 075 —
031 — e G T — 031
-0.13
17 -0.13
1,419.75
1,420.125
29
RA Hours
Freq MHz

1,420.875

al 1,421.25



1.62

-0.13

1,421.25

1.62

Freq MHz

1,420.875

.~

1.19

dB

0.75

0.31

N

419.75
. 420'51,420.1213 e
N

RA Hours

35

29
RA Hours

41
L 1.62

E 1,421.25

4
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Project 3 — Total Power Measurements with 2.1m Antenna

Plot of Mean Amplitude vs. Time

Clear Skies

4/17/24 - Sun Crossing

) X: 17-Apr-2024 13:25:56
. 1C443 ! Jedlyfish Nebula Y: -67

Peak SNR: 6.3dB

M1 § Taurus &

Time between nulls: 1 haur, 1 min

15:00 to 19:00, T5F Lo G9F
GF, 0.03dB == 0.0054B/F or 0.005d8/C
* Expecied LMA gain change

1700

X:17-Apr-2024 12:55:10 X: 17-Apr-2024 13:56:40
Y:-73.3 Y:-73.2
|
15:00 15:30
Time Apr 17, 2024

Plot #1 BW Limited Mean vs. Time from :1408.25 to1409.7471 MHz

e Da-Jud-2024 D2:556:16
¥:-55.3

X 0d-Jul-2024 02:25:18 | B S

¥: -55.33 [ Crgus X

— |
Cygmes A—

X (d-Jud-2024 01:31:06 AD8313 RF to DC => Arduino UNO R4 Wifi, 14bit ADC
¥: -55.39 6720 T T T T I T I T

| A, BWFN: 2 hours 4 minutes, or 59 minutes

6710 — Man made signals: 550, 250, 50 DN
Noise: 3D
6700 — SNR: 25 DN, 0. OSEdE‘ |

6690 — Y: 6685

1
‘ X: 21-Jun-2025 06:24:14
1

y \!\ [ |
6680 x:21un2025 055286 [WOW[| | Lt S o
x: 2 Y: 6671 ﬁ -

> Y: 6668
5 6670 Y: 6665

i il

6660 — \ i | ‘
.\J M‘w I/ .’dm W i Wil

’ H‘ l”.u S Jultl ‘lm

| |
5555 | 1 l L 6650 \'LMM“”', I w@f i l'L'w“‘"w. N J Y: 6660

M |

1

1 L L 1 | L L
6620
Jun 20, 20:00 Jun 20, 22:00 Jun 21, 00:00 Jun 21, 02:00 Jun 21, 04:00 Jun 21, 06:00 Jun 21, 08:00 Jun 21, 10:00 Jun 21, 12:00 Jun 21, 14:00 Jun 21, 16:00
Time 2025

Jul 03, 23:00 Jul 04, 0de0d Jul 04, 01:00 Jul 04, 02:00 Jul 04, 03:00 Jul 04, 04
Time

6640 —

X: 21-Jun-2025 07:25: 204‘ | l '
A

6630 —




Project 3 — Total Power Measurements with 2.1m Antenna (cont’d)

» What is a Total Power Measurement?
J Previous measurements were spectrums: Frequency vs. Amplitude
 Total Power: Time vs. Amplitude => Total power contained in entire bandwidth
detected plotted over time (hours, minutes)

4/17/24 - Sun Crossing

|
X: 17-Apr-2024 13:25:56
Y. -67

| Bandwidth of Software
| [Fmeteeon s 1houn i | Defined Radio (SDR) can
be set. Max =4.8MHz

X: 17-Apr-2024 12:55:10 X: 17-Apr-2024 13:56:40

Y:-73.3 Y:-73.2

Example — Sun Crossing: signal received as Sun crosses over radio telescope beam

Doug Holland



Project 3 — Total Power Measurements with 2.1m Antenna (cont’d)

Sun Crossings and the Solar Flux Unit SFU

Doug Holland



Project 3 — Total Power Measurements with 2.1m Antenna (¢

We can perform Sun crossings to measure the changing
solar flux from day to day and over the solar cycle
NOAA website lists the Sun’s Solar Flux Unit (SFU) for
each day for various frequencies:

4/17/24 - Sun Crossing

Equivalent bleckbody |
temperatures -
|
X 1T7-Apr-2024 13:25:56
Y. -67

Peak SNR: 6.3dB

Flux density, watts m—% eps—!

Time between nulls: 1 hour, 1 min

10-22

! ] 10-24 ! L n
X: 17-Apr-2024 12:55:10 X: 17-Apr-2024 13:56:40 10-1 10-¢ 103 10-2 10-1 1 meters 10 100
Y:-73.3 Y:-73.2 1,000 1 micron lmm lem 10em
. ~ g ‘- angstroms Wavelength

L ] I Fig. 8-34. The solar spectrum from the ultraviolet to radio wavelengths (heavy curve). The solar

4:00 14:30 15:00 15:30 flux density is equal to that from a blackbody radiator at 6000 X at wavelengths less than 1 cm but is

Time Apr 17,2024 greater than this at longer wavelengths, At radio wavelengths the radiation is between that of the

quiet- and disturbed-sun curves. The other (lighter) curves give the flux density corresponding to
blackbody radiators at various temperatures in degrees Kelvin.

Radio Astronomy by John D. Kraus

Doug Holland


https://services.swpc.noaa.gov/text/solar_radio_flux.txt

Project 3 — Total Power Measurements with 2.1m Antenna (cont’d)

Total Power Measurements of Celestial Objects

Doug Holland



Project 3 — Total Power Measurements with 2.1m Antenna (cont’d)

Plot of Mean Amplitude vs. Time

15443 1 Jedlyfish Nebula

1600 1700 18:00 19:00 20400
Time

1407 MHz, 4.8MHz Bandwidth, 5 minute samples 7

https://en.wikipedia.org/wiki/Cygnus_A
#/media/File:3c405.jpg

y

»
Sk
(AR e 2 ¥ b

S

> a & qu
| ! b S Pt

Jul 04, 01:00 Jul 04, 02:00 ul 04, 0600 ul 04, 07-00 ul 04, 08:00 ; 5.‘. B AR
1409 MHz, 1.2MHz Bandwidth, 3 minute samples A 7 ", ;
2.1m Radio Telescope, H1 LNA, Airspy mini SDR, SDR# software '
https://en.wikipedia.org/wiki/Cygnus_X
DOUg Holland _(star_complex)




Project 3 — Total Power Measurements with 2.1m Antenna (cont’d)

Total Power Measurements using Power Detector Receiver

Doug Holland



Pro;ect - Total Power N\easurements W|th 2.1m Antenna (cont’d)

We would like to mcrease the '%-?* sitivi ity of our radlo telescope
without having tQ make it It digg ger -

E,(min).= minimum flu
Tsys = system noise
bw = bandwidth
n = number of subsa
t = Samplmg time. -
SNR = signal to noise rati A
4k = 4 x Boltzmannﬁgf ‘

e
o '
> g i 5% o i 5 : 2 3 ) W . ; . .
The Holland Observatory 7 ¢ b s T : ’ 2 o . :
Ha: 10/29,30/16 . 7 . D 0 u g H O | | a n d : N = NGC7380: The Wizard Nebula in Cgpheus
Olll: Okie Tex 9/29/24 1t ; 3 . > . A f SlI: 56x15min, Ha: 44x15min, Olll: 28x15min
Sii: 10/7,8,10/24 / g # ;

AT8RC Ritchey Chretien Telescope at /8, SC8300 Camera



Receiver:
Power Detector + Arduino
Feed Antenna Full LNA 65MHz Bandwidth

Transform free space \ WiEi (
| IFi f
wave to guided wave B '\\ '

to electric current | [ ow loss cable /

AD8313 Arduino UNOR4 Wifi  Computer gathering, storing,
Low Noise Amplifier (LNA) + processing & displaying radio
Reflector Bandpass Filter (BPF). telescope signal
Gather & Focus Note — 65MHz Bandwidth

Electromagnetic Radiation
*Note — schematic of Power Detector receiver on web page
www.holland-observatory.net

Power Detector for Receiver



Project 3 — Total Power Measurements with 2.1m Antenna (cont’d)

6790 AD8313 RF to DC => Arduino UNO R4 Wifi, 14bit ADC
5720 . I - —

6710 — Man madg signals: 550, 250, 50 DN A
Noise: 3D
6700 — SNR: 25 DN, 0.053dB
X: 21-Jun-2025 06:24:14

6690 — Y: 6685

X: 21-Jun-2025 06:53: 16
Y: 6668
' |'|

6670 | n ~|”h'.|ll || i bl f ‘l n ’

EEED—lll | “ |‘ Li
| wh'H‘ﬂ'“' Ml .ﬂll\u il i X: 21-Jun-2025 07:25: 20

6650 — L\* '1l " ”*" UJ-*-.'-.-' } ﬂ|| Y: 6660 U'h“ “l \lp \“u .H | f

X: 2 Y: 6671
Y 6665 H
i

6680 | X: 21-Jun-2025 05:52:56 u'{ o

6640 —
6630 —
6620 | J 1 | J | 1 J 1

Jun 20, 20:00 Jun 20, 22:00 Jun 21, 00:00 Jun 21, 02:00 Jun 21, 04:00 Jun 21, 06:00 Jun 21, 08:00 Jun 21, 10:00 Jun '31 12:00 Jun 21, 14:00 Jun 21, 16:00
Time 2025

Increasing bandwidth (bw) improves sensitivity,
S e T :

T but lets more man-made noise through

. | -";-‘;{,_ ’,lt=;“_':‘ . y g 5

https://en.wikipedia.org/wiki/Cassiopeia_A

Doug Holland



Project 4 — What Can be Accomplished with a Satellite TV Dish Antenna

Doug Holland



Member of our astronomy club asked —
Can a satellite TV dish be used for radio astronomy?

Rule of thumb — When someone tells you
something cannot be done, someone else is
probably already doing it -




SARA - the Society of Amateur Radio Astronomers

Under projects




=> Another member asked about measuring the temperature of the Moon <=

'

Measuring the Temperature of the Moon
WE WILL ATTEMPT TO USE & SATELLITE TV

N d e
x ¥ g y < :
. | /
o S— - S—
- \\ -

despicableme.wikia.com



First question — Can a satellite dish be used to detect celestial objects?

How about try something really bright, like the Sun




Plot of BW Limited Mean Amplitude vs. Time from :1298.976 to1301.016 MHz
I I | I I

&
X 22-Mar-2025 13:21:15

Y-.: -51.29 2.43dB 30 minutes BWFN

1

"-, X: 22-Mar-2025 13:36:33 N e A N
X: 22-Mar-2025 13:06:37 |
Y:-53.72 | )
*—__——_ Moved computer from sofa to table

-54
12:00 12: 3: 13: 14:00 14:30 15:00 15:30 16:00 16:30 17:00
Time Mar 22, 2025

Answer — YES! A satellite dish can detect the Sun!
One challenge -
Date of measurement 3/22. was 3/20.




Second question — Is there any chance a satellite dish could detect the Moon?

1. What frequencies do these detect?
* From Internet search: 12.2 to 12.7GHz
2. Can we detect the Moon at these frequencies?
Approx. 2.36cm (12.7GHz)

. Il Moon is about 100x
] RIS ' brighter at 12.7GHz
= g L . than 1.4GHz !

E YGNT=~

; ATMU : &

5 _ COSMIC BACKGROUND - :

= g Approx. 21cm (1.4GHz)

CRAB PULSA / %
®EAK) /[ | X -
WAVELENGTH ( m
Radio Astronomy and Super-Synthesis: a Survey (Researchgate.net)

Previous frequency area



https://www.researchgate.net/publication/228678515_Radio_Astronomy_and_Super-Synthesis_a_Survey?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24ifX0
https://www.researchgate.net/publication/228678515_Radio_Astronomy_and_Super-Synthesis_a_Survey?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24ifX0
https://www.researchgate.net/publication/228678515_Radio_Astronomy_and_Super-Synthesis_a_Survey?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24ifX0

Third question — Can we use a Software Defined Radio (SDR) for our receiver?
* Freqrange of RTL-SDR: 500KHz to 1766MHz |
» Freq range of Airspy Mini: 24 to 1700MHz ==  Signal 12GHz

Low Noise Block (LNB)

BandPass BandPass
Filter Filter

nput

(12.7 GHz )

Low Noise
Amplifier

Local
Oscillator
(11.25 GHz )
Amplifier

wiringdigital.com

12.7GHz - 11.25GHz = 1.45GHz (1450MHz) => within range of SDR => YES !!




Fourth question — How do you power the LNB (12V) without blowing up SDR?

Bias Tee

Save $22.58 BLOOMING SALE

Satellite Dish with LNB
(low noise block)

-

Aliexpress: Bias Tee / DC Block — routes
power to LNB but not to SDR

N
Computer running SDR# SDR (software defined
SW with IF AVG Plugin radio)

Signal Path




_ - e | o)
Computer running = =

SDR# with IF Average Plugin Pe_pperlﬂﬂl’i%;/
o T Vs \/3)'*
i RO ~A|rspy Mini SDR

4
SDR Cooling System

Not Required
: ‘ B|as Tee

Cable going to
dish antenna



Fifth question — How do you know where antenna is pointing?
>  Shape is a section of a parabola, offset feed antenna (LNB)

A

> Thereis a plate on
the bottom

777 Any chance that the angle of
the plate corresponds with
direction of the antenna beam 777

Il Turns out that it does =>
meaning that a protractor
with weight on string can be
used to set Declination !!!

=> Use compass to align
antenna North / South along
local meridian




Making the Measurement, Requirements

* Need to determine location of Moon
« DEC changes every day

 Find for that day’s transit (when it crosses
over local meridian — the line in the sky,
overhead from North to South)

Use Planetarium Software: Kstars, The Sky,

Stellarium, etc.

Need to find usable frequency

Satellite interference experienced from
12.45 10 12.65GHz
Used 12.7GHz (1450MHz SDR) for

measurement

/. d
‘m

Moon Temperature Measuring Configuration

(with cat)



Using the Moon’s Declination (at transit) to Set Protractor
Local Latitude — Moon’s DEC = Protractor Setting

Example:

29° 36" - 04° 24" = 25° 12’

=> Set protractor 25° 12°
South of straight up




Making the Measurement, Software

1448,3282443 MHz  Cumulations:; 381000 of, 902000 Recording time; 154s
Corrected backgraund!
-58
AIRSPY SDR# Studio v1.0.0.1919 - AIRSPY R2 / Mini - O
— A H
o =m 4+ #Q I L}50 000.000 % M + AlSPY
Mi
E |
IF Average * v X Radio v dBFS Zoom {
0 i
‘ Window Kzﬂ;‘%ﬂ Onme Oam QOss Quse -5
v. 2 -10
2] Qwm  Qposs  Qaw RAW -15
61 » 20
Di}:; FFT resolution A 25
- Shift
Intermediate average D : ™ ig 1.449 978 GHz
A . . Gain . . Filter Blackman-Harris 4 v :g -47.4 dBFS
s o . =0 N =
Bandwidth 9,370 -56
PI:\ Level 2 -60
d ' ' R -85
1448 80 1449, Dymam _ 75
namic averaging _80
IE-D @ #:? ; 902000 Source: AIRSPY R2 / Mini v 1 X -85
-850
ASTAP All Sky Plate RadioEyesi... - 133
Solver - Shortcut Device SN | 258 ' - T T T T T
Resat ave, Reset hackar 1.445 000 G 1.448 500 G 1.450 000 G 1.450 500 G 1.451 000 G
Ql \ ’ Stop/startave. Acq. backgr. O-Ser‘sitive Linear O Free
HKS DuckDuckG Save single
tars uckDuckGo Gain 21
|—Multip|efi|es
Numberof filesto save =
| B
Delay betwe NE|
yhEnEan = Iﬂ Sample rate G MSPS Complex W
Remote TightYNC  TeamViewer Path
Desktop ... Viewer C\SDRSharp\Recordings I Decimation 2 o
Cilar manmns -
IF Spectrum = Micro Tuner

SDR¥# with IF Average Plugin (free) — |IF Average Plugin creates data f|Ies that can be
plotted in other program (Excel, Matlab, etc.; example uses Matlab)



0.06 |

0.05
0.04 |
0.03 -
D 0.02 |

0.01 -

-0.01 -

-0.02"°
Apr 09, 21:30

|

0.063dB SNR

26 minutes BWFN, calculated 25 .4 minutes

A ..";"\'III ,"ﬁ"'.l
II'|L_. Fa ."l vy

.|
W

|
Apr 09, 22:00

Moon Measurement — Amplitude vs. Time

|II M\

iy
v o

X: 09-Apr-2025 22:56:13
Y: -0.007927 _M"
»—\v,\\vf .—-/-_ -_""ﬂl'.llfl.,-‘\/f. RN .
| |
Apr 09, 22:30

Apr 09, 23:00

Time

Plot of Detrended BW Limited Mean Amplitude vs. T
I

ime from :1448.5 t
|

01451.4883 MHz
I I
|Il.l'
| X: 09-Apr-2025 23:14:24
Y:0.05516
I".I
.III
I'-,l
\

X: 09-Apr-2025 23:27:23

Apr 10, 00:30

\ ¥:0.005833 —
t.-l_."‘ |II
II'/ ﬂ'|, [ i |II
"L’f"., Ao fl A ~ .’ﬂ I| | s
|'-' II III ! Y _,-‘. i1 '.I A ! b i1 - Y
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! | . II| | I"\llll "".l‘."l II' ! \ ' I -'III
\f ' ¥ v LY \v \ |
IIII 1
| | 1
Apr 09, 23:30 Apr 10, 00:00

Apr 10, 01:00
2025




How to use measurement to determine temperature of the Moon

Antenna Beam

HPBW 3.17° 0.5°
- Moon(solid angle) B M i0on
~ Antenna HPBW (solid angle) B nrﬁPBW
R=T 025 0,
- (1.599)2

Method used for calculations from Klaus Henning, facebook Amateur Radio Astronomy Group 1/10/25



Teff = Ttotal — Tsys Tsys = system noise level

Th —yTc Th = temperature of hot area, garage wall (82°F)
TsyS — Tc = temperature of cold area, sky (10K)

Need Th in Kelvin, K
((82°F — 32°F)2) +273.15K) = 300.9K |}

3009K — 2.0893(10K)
2.0893 — 1 PwrhotdB — PwrcolddB = 10log(y)

PwrhotdB = Hot power measured in dB

T'sys = 257K PwrcolddB = Cold power measured in dB
—47.5dB — (—50.7dB) = 3.2dB = 10log(y)

y = 2.0893

Tsys =




Teff = — Tsys

Ttotal _ . sarapjio  °14F = Moondapamecoe sz 2o
Ttotal _ 1(0.063db/10 = 1 1146
TSsys '
Ttotal = Tsys-1.0146 = 257K -1.0146 = 260.75
Teff = — =2060.75K - 257K =
Teff 3.75K
I'moon = = =

R ulfRui




Measured temperature of the Moon:
Expected temperature,
The Radio Sky, Spectra, 1\1;\7 ;;ereség;: ;m;gtél;: ;tlllax)' 2 a ||tt| e ab OV e 200 K?
Changes with 400

phase of the Moon Infrared

Data taken about Radio Astronomy

by John D. Kraus

half way between
first quarter and full
Moon

Temperature, K

New First quarter Full Third quarter New
Lunar phase

Fig. 8-41. Lunar temperature in kelvins as a function of lunar phase, showing the temperature
variation, at infrared wavelengths and at wavelengths of 0.86, 1.25, and 3.15 cm. The
temperatures are those of an equivalent blackbedy radiator.

“The smaller temperature range of the radio temperatures as compared to the infrared

values 1s taken to indicate that the microwave radiation originates at some depth below
the surface of the Moon, whereas the infrared radiation comes from a thin surface layer.”




Moon Surface Temperature @ 2.77cm

Temperature [Kelvin]

Full

0O 30 60 90 120 150 180 210 240 270 300 330 360
Phase angle [°]

RADIO ASTRONOMY AND PLASMA PHYSICS GROUP

The Moon's Temperature at A2=2.77¢m

Christian Monstein

Actual measurements
just above 200K

Another reference at
approx. same wavelength:
2.77cmvs. 2.36cm




Where could there be errors in our method or calculation?

Plot of Detrended BW Limited Mean Amplitude vs. Time from :1448.5 to1451.4883 MHz
T T T T

What about if we measure oos -

[ Y:0.05516

X: 09-Apr-2025 23:22:12

HPBW rather than S
[ | v:00238
" X: 09-Apr-2025 23:07:54 | n
Ca Cu a e I 0.02 | Y:0.02816 26 minutes BWFN, calculated 25.4 minutes
" i

15%hour = 3.75° o
p_ T (0.25%*
- (1.8759)2 About expected value

Teff 3.75K e
R L 0:0dan

Apr 10, 00:00 Apr 10, 00:30 Apr 10, 01:00
2025

Tmoon =




Conclusion =>

1. Areasonably ok signal can be received from the Moon at 12.7GHz
with a Satellite TV Dish antenna

2. The temperature of the Moon can be measured, with relaxed
precision, if measured HPBW is used, and patience

0.06 Plot of Detrended BW Limited Mean Amplitude vs. Time from :1448.5 to1451.4883 MHz
L6y T T T | T T

]
0.05 |- 0-063dB SNR | X:09-Apr-2025 23:14:24

[ Y:0.05516

0.04 |

0.03 - Measured HPBW = 15 minutes | / "'.I X: 09-Apr-2025 23:22:12
. . | ¥:00238
]

X: 09-Apr-2025 23:07:54 | |
0.02 | Y:0.02816 26 minutes BWFN, calculated 25.4 minutes

/ | X:09-Apr-2025 23:27:23
0.01 | ¥:0.005933
I I..I."'III

X: 09-Apr-2025 22:56:13
(T \
I
| | 1

Apr 09, 21:30 Apr 09, 22:00 Apr 09, 22:30 Apr 09, 23:00 Apr 09, 23:30 Apr 10, 00:00 Apr 10, 00:30 Apr 10, 01:00
Time 2025







Resources A.Vailabl'e.'for Am'ateur_.RadiO Astr,bnqmy.'._ |

* Radio Astronomy, 2" Edition by John D. Kraus, 1986
* Fundamentals of

Jo.natha_n \ |V|ar‘“ ‘
. Essentlal Rad.;

. t M Ransom
‘Onllne book, https ‘

x html

* Society of Ar,ha;%yf-’R; ' f';'feg'r'(WeII
e ay

“" .;"
H.
FJ

. - , . y
The Holland Observatory RS 3 . : . Cederblad 214 - Emission Nebula in Cepheus
9/29/20 & 10//5/20 Home Ha . ‘ DO‘U B Holland . LRGB - L&G: Ha 31x15min, R: Sl 29x15min, B: Olll 33x85min
10/12,13,14/20 Eldorado Star Party Sl Olll ° . >R A 200mm Newtontan f/5, MPCC, SC8300 Camera


https://www.cv.nrao.edu/~sransom/web/xxx.html
https://www.radio-astronomy.org/
https://www.radio-astronomy.org/
https://www.radio-astronomy.org/

www.holland-observatory.net
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