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A little bit about me:




Briefly what's Radio
Asfronomy¢

» 1) Radio astronomy is a subfield of astronomy that studies
celestial objects at radio frequencies.

» 2) The first detection of radio waves from an astronomical object
was in 1932, when Karl Jansky at Bell Telephone Laboratories
observed radiation coming from the Milky Way.

» 3) Grote Reber WOGFZ (SK) (December 22, 1911 — December
20, 2002) was an American pioneer of radio astronomy, which
combined his interests in amateur radio and amateur astronomy.
He was instrumental in investigating and extending Karl Jansky's
pioneering work and conducted the first sky survey in the radio
frequencies. His 1937 radio antenna was the second ever to be
used for astronomical purposes and the first parabolic reflecting
antenna to be used as a radio telescope. For nearly a decade he
was the world's only radio astronomer.




A Brief History of Radio
Astronomy in UK

> The development of radar during the Second World War had two consequences for radio
astronomy. Firstly, sources of radio interference which might confuse radar location had
to be identified. Hey and his colleagues continued to improve the sensitivities of the
receivers and discovered that the background radio emission from the Galaxy itself
limited the sensitivity of the telescope system. At the end of hostilities, Hey and his
colleagues began mapping the sky at 5m wavelength and in 1946 they discovered the
first discrete source of radio emission, which lay in the constellation of Cygnus - the
source became known as Cygnus A.

> At Cambridge University, where ionospheric research had taken place during World War
II, J.A. Ratcliffe along with other members of the Telecommunications Research
Establishment that had carried out wartime research into radar, created a radio physics
group at the university where radio wave emissions from the Sun were observed and
studied. This early research soon branched out into the observation of other celestial
radio sources and interferometry techniques were pioneered to isolate the angular
source of the detected emissions. Martin Ryle and Antony Hewish at the Cavendish
Astrophysics Group developed the technique of Earth-rotation aperture synthesis. The
radio astronomy group in Cambridge went on to found the Mullard Radio Astronomy
Observatory near Cambridge in the 1950s. During the late 1960s and early 1970s, as
computers (such as the Titan) became capable of handling the computationally
intensive Fourier transform inversions required, they used aperture synthesis to create a
'One-Mile' and later a '5 km' effective aperture using the One-Mile and Ryle telescopes,
respectively. They used the Cambridge Interferometer to map the radio sky, producing
the Second (2C) and Third (3C) Cambridge Catalogues of Radio Sources
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Just one more piece of theory then I'll get
on with it, | promise!!

If you don't know what the hydrogen line is, Here's a brief
explanation. Hydrogen atoms randomly emit photons at
a wavelength of 21cm (1420.4058 MHz). Normally a single
hydrogen atom will only very rarely emit a photon, but
the galaxy and even empty space is filled with many
hydrogen atoms, so the average effect is an observable
RF power spike at ~1420.4058 MHz. By pointing a radio
telescope at the night sky and averaging the RF power
over time, a power spike indicating the hydrogen line
can be observed in a frequency spectrum plot. This can
be used for some interesting experiments, for example
you could measure the size and shape of our galaxy.
Thicker areas of the galaxy will have more hydrogen and
thus a larger spike, whereas the spike will be significantly
smaller when pointing at empty space. You can also
measure the rotational speed of our galaxy by noting the
frequency doppler shift..
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Neutral Hydrogen (I=21 cm), radio map of the Milky
Way. From Dickey and Lockman 1990.
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OK, to build this what do | need to buy and where are the plans??

Dish Tripod with Level and Compass, 3
Feet Tall
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RTL-SDR, WIFI PARABOLIC GRID DISH, LNA AND SDRSHARP

RTL-SDR Blog R820T2 RTL2832U 1PPM TCXO SMA Software
Defined Radio (Dongle Only)
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Software for basic “Scope in a
Box"

1) Stellarium (free) is a free and open-source planetarium,
licensed under the terms of the GNU General

2) SDR Sharp (free) In order to detect the hydrogen line we
need to use software capable of integrating/averaging many
FFT samples over time. Averaging the samples reduces the
SDRs quantization noise, allowing the weak hydrogen line

peak to be seen. Because the galaxy is moving fairly slowly
in the sky, we can safely average for 5-10 minutes at a time.

3) Chronolapse (free) for recording the event
4)Radio Eyes (OPTIONAL AND NOT FREE). The Best!

Radio Eyes is not just a typical sky viewer that has
mappings for radio objects. It is a tool to help you plan

and execute your radio observations.

» correction technique (50 ohm load or simply
correct background with no Hydrogen signal)
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Results that can be
expected with the
Scope in a Box

-21.79 dB

» Galactic H1 Line detection.
» Visual display

» Movie of results
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Computer strategies

» Types of computers

» No WiFI

» Improving Shielding

» USB Switch for LNA 50 ohm built in switch
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» Where to get

DISh

cheap/free Dishes
Offerup,Craigslist,Fre
ecycle, Nextdoor
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» Soldering for the first

time

=
A
BERNZOMATIC

4
BERNZOMATIC

Tsiom

=1

Deiivery

Buy This Now

How to Get It

Q  search OfferUp

© Nearby

-band 10 foot satellite dish with LNB. Dish is in very

ood condition.

mil

BULK
SAVINGS

IMPERIAL 8-in dia’

Free S4BS Casing
ipport TDR Function

upport typec-typec Line
Deliver

About v

. NanoVNA-H 10KHz-1.5GHz Vector Antenna Network Analyzer
LA R noVNA-H Vector Network Antenna Analyzer SRV N2V TR ]

Fiee: US $52.68

BestOffer

SWR: < 1.1
10KHz -1.5GHz,
2.8 inch TFT Touch

114 sold

BuyItNow

More than
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The Mount assembly and Elevation
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Pics: US $75.95
» The Lineéll

Actuator b RN ,

» Elevation simple
remote conitrol

» Quikrette and
Electric auger

2Mef6Ww |SA DC

LOLMSIL( BEAGL26 B6LIOLE COULLO[
|UAGL2I0L COUFLOJ KIf LOL [IUEIL yeEnafoL
(COULLO[[6L MILE[622 KELIOLE BORIFIAG
ECO-MOBLHA MIL6[622 NOFOL
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Mount Computer
Control and remote
position feedback

[WT901C-TTL 9-Axis Vibration Inclinometer] High-
Performance Acceleration+Gyro+Angle (XY 0.05° eturns
Accuracy)+Digital Compass, Triaxial MPU9250 Tilt Sensor FREE delivery: Saturday, March

. . . . 13
[Kalman Filtering] for Arduino, Raspberry Pi Orcerwithin 2 hrs and 28 mine
Visit the WITMOTION Store Details

3 answered questions

Only 19 left in stock -

| A Best seller

order soon
Price: $33,90 vPrime g FREE Returns
Qy: 1w
Promation Availzble. 4 Applicable Promotion(s) -
[ High Performance ] Rock-solid data output: 3-axis X¥Z (Pitch Roll Yaw) Acceleration+ Gyro+ Angle+ Add to Cart
Magnetic field+Quaternion, measurement range and output rate ( 0.2-200Hz) selectable
o [ Robust Design ] X, Y-axis: 0.05° (Static) , X, Y-axis: 0.1° (Dynamic), Long term measurement, Premium | Buy Now

» Simple Motor controllers

casing, Small in Size
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R&D dvnamic fusion alaorithm and Kalman Filterina ensurina stable data outout and excellent bias stabilitv. Shios from  Amazon

@ Secure transaction

» Witmotion Sensor with cable

Mation Control Modules » Brushed DC Motor Controllers » Pololu Simple Motor Controllers »
: { ¢ Pololu Simple Motor Controller 18v7 (Fully Assembled)
» Live demonstration of Radio

Telescope Operation

Pololu item #: 1372 31 in stock
Brand: Pelolu
Status: Mot Recommended for New Design @

+ RoHS 3

Price break Unit price (US5)

1 41.95

5 38.59

25 35.51
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Possible Science applications IF
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Society of amateur Radio Astronomers

Login / Register

MEETINGS MEMBERSHIP PROJECTS BOOKS SHIRTS AND LOGOS R o
Home | Education = Administrative »| Forum | Meetings =| Projects »| Links | Photo Gallery | Shop SARA Store | Sections | RASDR | Contact Us »

of Amateur Radio Astro ARA) Mission Statement Join SARA!

SARA Annual Conference
REQUIRED FOR AMAZON SHIPPING
(Required) It shall be the Mission of the Society of Amateur Radio Astronomers (SARA) to: o Conference info
«Facilitate the flow of information pertinent to the field of Radic Astronomy among our members. o Keynote Speaker

sPromote members to mentor newcomers to our hobby,and share the excitement of radio astronomy o Paper Abstracts
$295.00 with other interested persons and organizations. o Conference registration

0 Add to Basket sPromote individual and multi station observing programs.

sEncourage programs that enhance the technical abilities of our members to menitor cosmic radio Articles on web
signals, as well as to share and analyze such signals. York College students building

sEncourage educational programs within SARA and alsoc educational outreach initiatives thru student local astronomers new, larger
and teacher grants for radio astronomy projects. eye on the cosmos

+The Society of Amateur Radio Astronomers, Inc. is a membership supported, non-profit [501(c) (3)].
educational and scientific corporation.

Product Information Specification What is The Society of Amateur Radio Astronomers (SARA)?

The Society of Amateur Radio Astronomers (SARA) is an international society of dedicated enthusiasts

A ready made kit of parts and software to detect the Hydrogen line are now available who teach, learn, trade technical information, and do their own cbservations of the radio sky.

through SARA This organization is a scientific, non-profit group founded for the sole purpose of supporting amateur
g, . ' . radio astronomy. SARA was organized in 1981, and today has hundreds of members worldwide.
The ariginal design was from RTL-SDR.

: ; ) ) ) The group consists of cptical astronemers, ham radic operators, engineers, teachers and non-
https://www.rtl-sdr.com/cheap-and-easy-hydrogen-line-radio-astronomy-wit...

technical persens. Many of our members are new to the field, and membership is extended to all who
have an interest in radio astronomy.

We had three different SARA members build the kit and refine the software.
When you order the kit, the parts will be drop shipped from Amazon. This saves

about $70 in shipping costs.

Donate now to help SARA promote radio astrenomy to students and teachers worldwide.

You will also receive an email with a DropBox download that will contain complete PayPal

installation instructions and software. Click Here To Donate
Unfortunately sales are currently limited to addresses in the USA.




Q&A

»Thank you for watching!

»Thank you Paul Hearn and the
British Astronomical Association.

» Go ahead, ask any questions you
want, I'm still not going to get paid
and if | don’t know the answer, I'll
either research it or make it up or
both!

» My contacts are

»pablotwa@earthlink.net

»pablotwal@gmail.com

» Facebook.com/pablotwa
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