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Editor’s Remarks
View from the kitchen

First, | should like to apologise for the week’s delay in the publishing of this fourth edition, due to
personal and family reasons beyond my control - or pre-planning. Also as a result of these dis-
tractions and the more limited time available, this issue is probably more ragged and with more
typos than usual, and in several cases | have had to hold back material to the next issue. Several
regular features are also missing; alas, we are humour-less, for instance. Sorry to all readers,
and especially to those authors with contributions | had intended to include in this issue.

Nevertheless, | hope you like this fourth issue which again has some tasty gems for all - neophyte
through seasoned enthusiast, | think. It includes, for example, a reprint of the seminal publication
by Reber in 1940, following the similar Jansky one in the last issue.

It's been a busy first year, and RAGazine would definitely seem to fulfil a need for the radio as-
tronomy and geophysics amateur community. So now perhaps the good news. As explained in
the last issue, we will now move from a quarterly issue interval to a bimonthly basis (every other
month, not each fortnight !), probably with a slightly smaller page count. | am also moving the
(nominal !) deadline for material submissions to a more easily remembered 15th of the month be-
fore that of the cover date, which latter will still be around the first day of the month. So here is
the new schedule:

Aug. issue appears first day of Aug. 15th July is deadline for inputs
Oct. Oct. Sep.
Dec. Dec. Nov.
Feb. Feb. Jan.
Apr. Apr. Mar.
Jun. Jun. May

This is, of course, something of an experiment, so if this proves a little over-ambitious we shall
have to revert to the quarterly frequency. So if you want lots of interesting radio astronomy and
geophysics material to read, you must not leave the work to just a few contributors but make a
resolution to contribute something yourself ! This need not be an item on construction or obser-
vation, for example; there is lots of scope for other possible input (news, opinion, ideas, humour
..... ). Remember this magazine is for YOU, the reader - neophyte, expert and all shades between
and beyond.

Again, | am also keen to feature members’ home observatories, their outreach activities, co-
operative ventures and the like. So please consider this, or at least point me in the right direction,
as it's not possible for me to easily discern what all are doing or have accomplished. Oh yes, and
look out for relevant excitement in imminent issues of BBC’s Sky at Night magazine .....

Best wishes

Dave James Editor dave@greenover.net

01769 561 002

07527 906 346
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Coordinator’s Remarks _
View from the top

RAG2014 proved to be another successful General Meeting, with over 100 people travelling to
the NSC in Leicester to hear a range of talks on radio astronomy topics and amateur activities. A
full report of the day will be in a future edition of RAGazine. This maintained the tradition of RAG
meetings being amongst the best attended of any BAA Section (or Group), showing the level of
interest in the subject. Looking down the list of attendees’ locations | see Barnstaple, Bourne-
mouth, Bristol, Co. Antrim, Devizes, Kelso, Monmouth and Redruth, showing the distances that
many were prepared to travel for the event.

As usual, we had a strong contingent of radio amateurs in both the audience and speaker line-up,
with one of our keynote speakers, Prof Paul Cannon, adding his name to the list. This is not sur-
prising given the strong interest in experimentation in the amateur radio community, but it shows
that amateur radio astronomy is not the preserve of the BAA.

It was also encouraging to hear about plans from individuals and local astronomical societies for
tackling radio astronomy targets. One of the main handicaps for traditional astronomers wanting
to branch into radio astronomy is a lack of practical experience. An example is in meteor scatter,
where the hardware requirements are not demanding - until you come to fitting the connector onto
the end of the coaxial cable. Encouraging cooperation between local radio amateurs and ama-
teur astronomers would help overcome such hurdles and Chris Jackson (M6CXJ, President of
Nottingham AS) and Victoria Penrice (M6VXJ, NAS Secretary) are currently establishing a list of
regional contacts for this. They have RSGB backing for this and | hope that it will lead to even
greater participation by the radio amateur community. Further details are included elsewhere in
this issue of RAGazine, and if you or any other local astronomers or radio amateurs would like to
get more involved with radio astronomy, please get in touch with them.

Looking to the future, | would like to see amateur RA events held right across the country, but we
do need support in finding venues and organising at the local level. If you feel that there would be
interest in a Radio Astronomy meeting in your area and are prepared to help out, please let me
know.

This fourth edition of RAGazine marks the completion of its first year and once again I'd like to
thank Dave James for taking on the Editor’s role. Thanks also to those who have contributed ma-
terial, the lifeblood of any periodical. Please keep it coming so that we can give Dave the head-
ache of deciding which articles will have to be deferred to the next edition. Please also note the
change next issue to a more frequent, bimonthly issue cycle as described on the previous page.

Best wishes

Paul Hyde BAA RAG Coordinator g4csd@yahoo.co.uk
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Radio Astronomy Interest Group (RAIG)
News: RAIG, not RAG

Recently members of Nottingham Astronomical Society (NAS) have initiated the formation of
RAIG, which is planned to operate nationally and aims to foster the growth of regional practical
amateur astronomy groups. The idea is develop co-operation with organisations such as the
RSGB, BAA RAG, universities, academic bodies and institutions who have extant or potential in-
terest or involvement in radio astronomy (and geophysics, one assumes).

The RSGB and BAA RAG’s Co-ordinator have already indicated support for this initiative, and
RAIG plans to act as a catalyst for the encouragement of regional interest groups, the collabora-
tive preparation of useful support materials, of fostering joint projects and so on.
They key contacts are as follows:

Chris (M6CXI) president@nottinghamastro.org.uk 07415 094 820

Victoria (M6VXU) secretary@nottinghamastro.org.uk
RAIG is currently conducting a survey to gauge the level of interest in amateur RA across the
country, in particular seeking inputs from amateur astronomy and radio societies, individuals and
others. Key individuals from the relevant professional communities are also to be identified. We

will bring more detailed news in a forthcoming RAGazine issue.

If you are interested and/or could assist, please contact RAIG.
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VLF Quarterly Observing Report, to End May 2014

- John Cook jacook@jacook.plus.com Observing VLE

Fig 1 shows activity levels since 2005. The relative sunspot number is a weighted 13 month
average, and so values over the last six months are provisional. Sunspot data is courtesy of the
BAA Solar Section. SID figures for the last three months are:

2014 February = 88,
2014 March = 85,
2014 April =67.

VLF flare activity 2005/14.
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Fig 1 Activity chart

February and March are both well up on the last three month period, although still only half
of the 165 SIDs recorded in 2012 July. April is down a little, although the SID count is also provi-
sional as | do not have all of the reports to hand yet. There was a single X-class flare recorded in
the early evening of March 29™. This shows in the recording by Roberto Battaiola (Fig 2) from Mi-
lan, disrupting the normal sunset effect.

A rather unusual triple-peaked SID was widely recorded on February 2". Fig 3 shows the
recording by Mark Edwards in Coventry. The first peak is listed by SWPC as X-ray class M1.3,
and was caused by active region AR1967. The second peak is listed as C7.8 from AR1968. The
third peak is not listed by SWPC, and is presumably a continuation of either of the first two flares.
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Fig 2: March 29™. Roberto Batttaiola, Milan
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Fig 3: February 2". Mark Edwards, Coventry

A rather unusual triple-peaked SID was widely recorded on February 2". Fig 3 shows the
recording by Mark Edwards in Coventry. The first peak is listed by SWPC as X-ray class M1.3,
and was caused by active region AR1967. The second peak is listed as C7.8 from AR1968. The
third peak is not listed by SWPC, and is presumably a continuation of either of the first two flares.

There was also a strong X4.9 flare at 00:49UT on February 25™. Although far too early in
the morning to be recorded as a SID, it had a strong associated CME that we recorded arriving at
16:53UT on the 27™. Using the SWPC timing of the flare gives a CME transit time of 64 hours 4
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minutes. This gave rise to a widespread Aurora over the UK, visible to those lucky enough to
have a good dark sky. There are some superb images from this display on the BAA website gal-
lery pages. The magnetic disturbance continued until about 03UT on the 28™. An M3.0 flare on
February 20" also produced a CME. This produced a two hour magnetic disturbance starting
about 18:00 on the 23", well recorded by Colin Clements in Lisburn (Fig 4).

2014 February 23

14:38:17 20:26:09 02:14:01

Fig 4: February 23™. Colin Clements, Lisburn

The orbit of the satellite (GOES15) recording solar X-ray flux has a seasonal period of
eclipses such that it is unable to see the sun for up to an hour each day. Most days during March
included an eclipse period around 09UT, making life difficult when allocating X-ray flares to our
recorded SIDs. | have included these SIDs in the statistics as C-class flares, totalling seven in
March.

Fig 5 shows SIDs recorded by Paul Hyde on March 11™. The peak marked ‘E’ occurred dur-
ing an eclipse period, but is quite well defined at 23.4kHz (yellow) and 22.1kHz (blue). The C6.7
flare occurred after the eclipse period, showing at all three frequencies. The small SID marked ‘?’
is not listed by SWPC although it does show in the GOES X-ray data. The M1.7 flare makes a big
impact at all three frequencies. The following four show best at 22.1kHz, including two more not
listed by SWPC, but present in the GOES data. Lists of solar flares can be found in the weekly
bulletins produced by the SWPC www.swpc.noaa.gov/weekly. Daily GOES data can also be
found at the same website.

Despite the hi%h SID count in March, magnetic activity was rather subdued. An M1.7 flare at
15:24UT on the 10" produced a very small SFE, measured at just —3nT by my magnetometer.
Most CMEs seem to have been from near the solar limb, and so directed away from Earth.
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Fig 5: March 11". Paul Hyde, Basingstoke

The SID count for April was lower than previous months, with many flares being less energetic. In-
cluded in the total were three B-class flares recorded as rather small SIDs. Often lost in the clutter from
larger events, a very quiet period at the end of April produced B6.0, B7.3 and B9.7 flares that we recorded
as SIDs. My own recording from April 29" is shown in Fig 6. Although there were a number of complex
active regions present at the time, this B9.7 flare was from AR2048, a small decaying group approaching
the western limb of the Sun.

Magnetic activity in April was again rather low. The most active period recorded began around 23UT
on the 11" and lasted through most of the 12". This was caused by the solar wind driving the Bz compo-
nent of the Sun’s magnetic field in a southward direction, thus increasing its coupling with the Earth’s field.

2014 April 29
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Fig 6: April 29™. John Cook, Wolverhampton
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Observers: Roberto Battaiola, Roger Blackwell, Colin Clements, Mark Edwards, John Elliott,
Gordon Fiander, Paul Hyde, Richard Kaye, Bob Middlefell, Steve Parkinson, John Wardle,
Gonzalo Vargas, John Cook.
My thanks to all contributors.

If you would like to add your own observations, please contact jacook@jacook.plus.com.

Fig 7 Bartels chart
/ see over /

[Editor’s note: The brief appendix following the Bartels chart, explaining some of the abbrevia-
tions used in these reports and introduced for the first time last issue, has been reproduced again
here. Future reports will be bimonthly]
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Appendix: Common Abbreviations

In general it can be very confusing to newcomers, but can also be a useful shorthand when writ-
ing. This list should help to explain those used in my summaries of Solar and magnetic activity.

SIDs: Sudden lonospheric Disturbances.

These are the characteristic effects seen in the Earth’s ionosphere in response to solar X-ray
flares. They are recorded by monitoring the signal strength of a remote terrestrial transmitter, and
take the form of sudden changes in received signal strength. Signals in the VLF (q.v.) spectrum
are used, as they are reflected / refracted by the ionosphere’s D-region (q.v.) where the X-ray and
UV energy has its greatest effect.

SEA: Sudden Enhancement of Atmospherics.

Rather than monitoring a known transmitter to detect solar flares, natural atmospherics from re-
mote lightning storms can be used instead. As with a SID, the D-region disturbance can be re-
corded as an enhanced reception of these natural VLF radio signals. SEA monitoring was very
popular in the early days of BAA radio astronomy.

VLF: Very Low Frequency.
Usually refers to the spectrum between 3kHz and 30kHz. For solar flare monitoring the range in
use is usually 15kHz to 40kHz.

D-region:

This is the name given to the lowest part of the Earth’s ionosphere at an altitude of about 70km.
The level of ionisation present in the D-region (the electron density) is directly controlled by Solar
radiation such that its radio wave propagation characteristics can be used to detect changes in
Solar activity. Normal daytime radiation from the Sun produces a level of ionisation that varies
with the Sun’s altitude in the sky through the day. The absence of sunlight at night allows elec-
trons to recombine leaving a neutral charge.

SI: Sudden Impulse.
An abrupt change in the Earth’s magnetic field, caused by the arrival of a region of enhanced so-
lar wind velocity or density.

SSC: Storm Sudden Commencement.
A change in the rhythm of the Earth’s magnetic field following a Sudden Impulse. This is often fol-
lowed by a longer lasting magnetic storm.

CME: Coronal Mass Ejection.

The ejection of a part of the Sun’s corona following a solar flare. Depending on the geometry of
the flare, the CME may or may not be directed towards the Earth. CMEs are usually responsible
for the SI/SSC transients recorded in magnetograms. The ejected mass is in the form of charged
particles, and so travels through space much more slowly than the electromagnetic radiation from
the original flare.

SFE: Solar Flare Effect.

A SFE occurs when a very rapid increase in D-region electron density is produced by the X-ray
and UV output of a solar flare. This rapid change in ionisation causes a rapid change in current
flow in the D-region, and therefore a rapid change in the magnetic field. On a magnetogram, an
SFE occurs at the same time as the flare (or recorded SID), while a S| or SSC will be delayed by
a day or more according to the solar wind speed.

nT: Nano Tesla.
The Sl unit of magnetic flux density, named after Nicola Tesla.
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June
June
July
July
Aug

Sep
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Oct

*

27-29

29— 2 July
2-3

25-27
23-27

6-7

26-27

10-12

2014

2014

2014

2014

2014

2014

2014

2014

%

A
<O

<

Ham Radio Fest, Friedricshafen, Germany

SARA Annual Conf., Green Bank, WV: see SARA web site*
Radio JOVE Conf., Green Bank, WV: see above

AMSAT Colloquium, Guildford

EME 2014, Pleumeur Bodou, near Lannion, France

Europ. Conf on Amateur RA, Bad Minstereifel-
Eschweiler, Germany

National Hamfest (UK), Lincoln

RSGB Convention, Milton Keynes

Star Quest (optical) immediately precedes, 25-29 June at same location, NRAO.
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An Introduction to Radio Objects that can be detected by ama-
teur radio astronomers: Part 1 (of 3)

- David Morgan www.dmradas.co.uk

RA Basics

4  Jupiter
4.1 Detection of Jupiter signals

From Figure 2.1 we can see that the signal levels on Earth from Jupiter are about 10° Jy
which is comparable to the quiet Sun and low level solar storms. The same equipment
used to detect solar emissions can be used to receive signals from Jupiter. Greater atten-
tion has to be paid the design and positioning of a suitable HF antenna that has some di-
rectionality . A wire dipole 22 feet long set between 0.25 and 0.5 wavelengths above
the ground will produce a beam at 21MHz such as is shown in Figure 4.1. If this antenna
is connected to a communications receiver when Jupiter is positioned to be in the beam a
variety of noisy signals may be heard. These vary considerably and are related to the po-
sition of the moon lo. There are many web-sites dedicated to observations of the complex
emissions from Jupiter >®7 and one should look at these for details of emission classifica-
tions and technical details of equipment.

.29 to .5 wavelength

|

Earth Ground

@ Dipole seen "end on”

Figure 4.1 Dipole antenna pattern for detection of Jupiter noise

There are three major factors not related to observing conditions on Earth which have
been identified to affect the probability of hearing Jupiter's decametric emissions at any
given time ® :

e The central meridian longitude of Jupiter that faces us.

e The position of the innermost moon lo in its orbit around Jupiter

e The Jovicentric declination of the Earth

An illustration of the Jovian radiation belts and the spiral motion of trapped electrons is
given in Figure 4.2.
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Axis of rotation
]
D

| Magnetic axis

|
i
i 3

E Figure 4.2 Jovian magnetosphere

Some patience is required to detect the radio emissions from Jupiter as conditions are
not always favourable and long observing sessions are sometimes needed.

4.2 Spectrum of Jupiter emissions

Signals from Jupiter were first detected in 1958 at a wavelength of ~3cm, but it was not
until measurements were made in the HF band that it was realised how strong the emis-
sions were. The spectrum is complex and is composed of two parts as shown in Figure
4.3.

=
=
thermal
component
g = - Mon - thermal
2 Component

Tcm 10cm m 10m
wearrelength

Figure 4.3 Complex spectrum of Jupiter emissions

The thermal component A arises from the cold planet and its atmosphere at a tempera-
ture of 130° K. The intensity of the non-thermal component B is much greater at wave-
lengths longer than 10cm and is generated by the interaction of high energy electrons
(~10MeV) with the planet’'s magnetic field that has a strength of about 1 gauss. A centi-
metric emission map of the active region is shown in Figure 4.4.
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Figure 4.4 Radio emission map at centimetre wavelengths

Jupiter is a good ‘target object’ for the amateur radio astronomer with fairly basic equip-
ment, however a large antenna is required and this can be difficult to erect in a limited
space and in the midst of interfering electronic equipment in urban situations.

5 The Moon

The moon is a solid body with no significant atmosphere; it therefore radiates as a cool
solid body (thermal radiation) and is not easy to detect at long wavelengths. It is possible
for the amateur to make observations with access to an old C band (4 — 8 GHz) satellite
TV antenna with a diameter of a few metres as shown in
Figure 5.1.

Figure 5.1 3m dish with C band feed

Figure 5.2 The moon

The typical beam width of a 3m diameter dish at 4GHz is ~
2° — rather larger than the angular diameter of the moon at
0.5% The moon will therefore present almost a point source
to the antenna and a transit scan across the moon will pro-
duce a trace with the properties of the antenna beam: ie. a
detection that is about 2° across. However it is still an interesting exercise to attempt to
detect a cold, purely thermal radiating body.
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The moon has no significant magnetic field and no ionised gaseous atmosphere contain-
ing free electrons, so there is no mechanism to generate non-thermal radio emissions.
The thermal signal from the Moon is quite low and a fairly good receiver is needed to
make a successful detection.

3886.6MHz (1263.4IF), Moon, 28EI1(30),109.6Az(109),
Moon Transit @ 22:00B5T, 27/9/07
Icom-R70004M, 16dBSMAs HP &tt=508 Oriog SPLUL Gain= 75 Amp=7 Input Offset=4 28, TC=4, Overcast
14

Transzit time iz almost exactly as
\ predicted by Radio Eves

12 1= Thermal emizsion from Mo

(through overcast cloud laver) / \

. \
3 08 i \
-
E / \
Sggl. ... T e
S NV =\ (N N2
04 \m!{ \"\‘ M
= 5 minz 2 degrees = GdB By

0.z [

T

22:00
Time BST (mins)

Figure 5.3 Detection of thermal emission from the Moon

6 Galactic Hydrogen Line
6.1 Emissions outside the Solar System

Having examined the emissions from bodies within the solar system, we now look much
further out into the Milky Way. The most abundant element in the Universe is Hydrogen
and it exists in atomic and ionised forms in large amounts within our galaxy. As dis-
cussed in section 2.2.3, atomic hydrogen can emit a specific spectral line at 1420MHz. By
measuring the strength of this ‘line emission’ it is quite possible for the amateur radio as-
tronomer to map the hydrogen distribution in part of our galaxy.

In order to do this, the observer needs good antenna and receiver equipment that is sta-
ble over hours and days of observing time. This usually requires the sensitive receiver
elements to be temperature controlled to avoid drifts in noise level and receiver gain.

Assuming this can be done, an amateur observer can produce a map such as that shown

in Figure 6.1. by measuring the signal strength as a function of transit time at a number of
declinations on different days and combining the data with computer software tools.
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Received Power of Neutral Hydrogen in MW Galaxy [From 1420 - 1421 MHz Spectra (March 07)
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Figure 6.1 Map of atomic Hydrogen in the galactic plane

6.2 Galactic distribution of Hydrogen

The narrow spectral line emission from Hydrogen is Doppler shifted by the relative line-of-
sight velocity of the source region to the observer. This provides a way for professional
radio astronomers to separate out the signals from different spiral arms of the galaxy, that
each have different relative velocities. By this means it is possible to plot the density of
Hydrogen (related to signal strength) to the location of the source position (related to the
Doppler shift) and generate a ‘top down’ view of the spiral nature of the galaxy from
measurements made from the Earth, which of course lies within the galactic plane.

This cannot be done optically as dust in the galactic plane largely obscures the spiral
arms.

In Figure 6.2 we see a ‘top down’ map of the galaxy produced in 1964. The sector
marked in blue is that related to the amateur map in Figure 6.1 The dark sectors along
the 0° to 180° line of galactic longitude is blank because there is insufficient Doppler shift
for the calculations to be made.
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Kerr & Westerhout 1964

Figure 6.2  Hydrogen distribution in the Milky Way

7 Galactic continuum emissions
7.1 Constituents of continuum emissions

Very broadband continuous radio emissions are referred to as ‘continuum’ emissions and
are composed of two main types:

e Thermal emissions
e Cyclotron / synchrotron emissions

The generation mechanisms for both types were discussed in section 2. In this section
we look at continuum emissions that can be observed by amateur radio astronomers.
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Because of the different spectra, emissions from either type will tend to dominate in cer-
tain frequency bands. Thermal emission is more easily detected at high frequencies
above a few GHz, whereas synchrotron emission increases with decreasing frequency so
is more easily detected at low frequencies in the HF to UHF bands.

It follows that observers should construct equipment that is capable of operation in either
frequency regime depending on what type of continuum emission they seek to measure.

7.2 Synchrotron emissions

We will give an example of thermal emission from nebulae later in this paper but here we
will examine how the amateur radio astronomer can plot the distribution of synchrotron
emission in the Milky Way.

If equipment has been designed to detect the neutral Hydrogen line at 1420MHz it is con-
venient to use frequencies close to this to observe synchrotron emissions. Because the
line emission of Hydrogen is narrow (<1MHz) we can tune the receiver to a frequency
close by and detect only the broad band synchrotron signal. In the example that follows,
the chosen frequency was 1453MHz — which was far enough away from the Hydrogen
line, but still within the bandwidth of the antenna and receiving equipment.

Figure 7.1 3m dish with
1400 -1500MHz feed

By setting the antenna at a series of declinations over a period of several days, a succes-
sion of transit scans through the galaxy can be made resulting in a set of plots as shown
in Figure 7.2.

1453.5MHz Lin.Map Data 17 - 22RA. -10-+60 Dec. April 07
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Figure 7.2 Transit scan
data (synchrotron emissions)
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The data can be assembled as a ‘false colour’ map using suitable software® as shown in
Figure 7.3. (next page).

In this diagram we see the radio map at 1453.5MHz converted to galactic coordinates '
and superimposed on an optical picture of the Milky Way. There are several interesting
things to note about this map:

e The low signal level of the emission at galactic longitude of 60° corresponds to the
gap seen between spiral arms in Figure 6.2. The antenna is pointed in a direction
where there is low concentration of matter and plasma and the integrated signal
along the line of sight is low. This also shows up on the optical image where the re-
gion is largely dark.

e Closer to the centre of the galaxy at a longitude of ~35° there is an excursion on
the radio map known as the North Galactic Spur, thought to be part of the giant arc
of an ancient supernova remnant. There is no optical counterpart to this feature.

e The radio and optical emissions peak again at a galactic longitude of 80° where we
are looking along the Cygnus spiral arm and the integrated radio and optical emis-
sions are bright.

As has been shown, detecting the galactic synchrotron emission is a credible project for
the amateur radio astronomer.
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8 Supernova Remnants

Supernova remnants are vast almost spherical shells of plasma moving with extremely high ve-
locity into space as a result of high mass stellar explosion. The plasma moves — and carries with
it — a significant magnetic field with which the plasma interacts to produce strong synchrotron
emissions. As the relativistic plasma shock wave slams into the surrounding tenuous interstellar
material further emissions are generated.

There are a number of well known supernova remnants in our galaxy, some of which make good
observing ‘targets’ for the amateur radio astronomer.

Name Light reached Distance Ly
Earth
Cassiopeia A 17" C 10,000
Crab Nebula 1054 AD 6,300
SN1054
Tycho’'s SN1572 1572AD 7,500
Sagittarius A (E) ? 26,000
Veil Neula >3600BC 1,400 — 2,600
Keler's SN1604 1604 20,000
Vela SNR 11" — 9" Millen- 800
nium BC

Some of these sources are too difficult for the amateur to observe: either they are too weak or at
too low a declination for observers in the UK. For example, Sagittarius A cannot be observed
from the southern UK as it lies too close to the horizon, and ground noise will enter the antenna
beam and mask the source. The easiest supernova remnants to detect are Cassiopeia A (Right
Ascension: 23:23:21 & Declination: 58:49:59) and Taurus A — the Crab Nebula ( Right Ascen-
sion: 05:34:30 & Declination: 22:00:57). Unfortunately they both lie close to the galactic plane
and this can make it difficult to separate them out from the integrated galactic emissions. See
Figures 8.1 and 8.2 '

Right Ascension (hrs)
01 00 23 22
I —— .
[=e) =
- o %

-

Figure 8.1 Location of Cassiopeia A

Cassiopeia A (3C461) lies in the
outer edge of the galactic plane as
seen from Earth. It is a very strong
source at many wavelenqths. In this
picture from Radio Eyes "' its inten-
sity at 408MHz is given as 5500Jy.

Declination (Degrees)
50 60 70

40
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A good way to separate out point-like supernova remnant sources from the galactic back-
use a radio interferometer which will produce ‘fringes’ from the point source,

ground is to

Right Ascension (hrs)

408MHz of around 1200Jy.

but not from the widespread background. An example may be seen in Figure 8.3.

lcom-RFO00F M Ma line Amp HP Att=10d8, Wikinzon Combiner, S Meter=3 9, Orig SPU Input Off=2 Gain=hax Amp=7 TC=6

406.2MHz FM,180Az,51El, Tausus A Twin Yagi Element Antenna
Interferometer, end 00:38GMT 25/1/08

05

Signal Strength

16:00

17.00 18:00 1500 20:00 21:00

Time GMT (hrs)

22:00 2300 00:00

Note that the

8.4.
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Figure 8.3 Separation of Taurus A from galactic background

‘hump’ on which the fringes sit is due to the background emissions from the
galactic plane. The fringes can easily be separated out with software as shown in Figure

28

Figure 8.2 Location of Taurus A (Crab
Nebula)

Taurus A (3C144) also lies in the outer
galactic plane and has an intensity at



406.2MHz FM,180Az, 51El, TaurusA Twin Yagi Element Antenna Interferometer,
end 00:38GMT 25/1/08

Iz ome RTO0OFh, Mo line Amp,HF At=10dB, Wikinson Combiner, 5 Meter=3.9,0rig SPU Input Off=2, Gan=hax Amp=7,TC=G

15 Expacted trans it of Taurus A 2127 G WT
1.4:
E ]
E Al\l\ﬁhn a ”“‘%WI’WHL
: i
=
E n) ;]
t
g 04

600 1700 1800 18:00 20:00 21:00 22:00 2300 Qo0
Time GMT(hrs)

Figure 8.4 Amateur detection of the Crab Nebula

The Crab nebula supernova remnant is a beautiful visual and radio object. See Figures
8.5 & 8.6.

Figure 8.5 Crab Nebula (optical) Figure 8.6 Crab Nebula Radio @ 5GHz

The remains of the original star has collapsed to a Neutron star and is a Pulsar spinning
at 30 times at second and emitting its own special radiation pattern, but at levels much
below that of the whole supernova remnant. Pulsars will be discussed in section 10.
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[ The concluding Part 3 will appear in the next issue ]
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Cosmic Static*

GROTE REBERY, ASSOCIATE, LR.E.

I HTRODUCTION

N 1932 Jansky' published the first of & series of

papers? !4 indicating that a certain type of static

appears to come from space and in particular from
the plane of the Milky Way. Very few other® data are
available on the disturbance, Various* hypothesss have
been advanced to account for the phenomenon but all
have failed under quantitative calculation,

160-MEGACYCLE TESTS AT WHEATON, [LLINGIS

The writer became interested in this work about
three years ago. [t was decided to make measurements
at various frequencies with equipment of high resolv-

Fig. 1—Antenna system nsed for the investigation of
coami static.

ing power. The apparatus shown in Fig. 1 18 really a
transit telescope adapted vo work at radio frequences.
The mirror 5 31 feet in diameter and has a focal
length of 20 feet. Details of operation have been given
elsewhere.”

* Decimal classification: R114. Original manescript recoived
by the Institate, Splember 4, 199,

f Wheaton, L

LK. G. Jansky, *[brectional studies of atmospherics at high
j[mli!lm Froc, LE.E. wvol. 10, pp. J.!'-‘.ED—DE!.E Diecember,

K, G ]|.t|u|k5, “Elctrical dimurhances of extsaterresttial ori-
gin, Proc, LR.E,, val. 21, pp. 1387-13%8; October, (1933).

PK, G, Jansky, “A note an the source of interstellar interfer-

emce,” Proc. [.R.E. vid. 23, pp. 115B-1163; October, (1935).

LK. G ]':.m-]::.'. *Mlinimum noise kevels obtained on short-wave
radio recerving stations,” FeoC. LE.E., vol. 25 ppe 1517-1530;
Lhﬂ-ml.wr [183T),

H. T. Friis and . B, Feldman, A muliiple unit stesrable
.mlr.nu tor shart-wave reception,” Proc. LR.E,, vol, 25, pp, 341=
1T [1937); Bl Sys. Tech, Jowr, wol. 16, pp. 337=410,
_'Iul:.-'. 19 J'l

¥ Crreenatein and Whipple, *The arigin of intemstellar radio dis-
turbances,” froc Nl Acad, Sei, val. 23, pp. 177-181 ; March, (1937}

* G, Reber, “Electric resonance chambers,® Lnrumunpuhun:.
vied, 1%, pp. 5=4; Dwcomber, (1935),

i3 Proceedings of the I R E,

The output of the amplifier is indicated by the
meter at the right of Fig. 2. When no radiation s
present the reading is constant at some predetermined
level, Any radiation captured will cause the meter to
move in a downward direction, Readings are taken
visually at minute intervals, A typieal ssi of points 13
shown in Fig. 3. The dotted line acress the dip in the
curve is the cendition that would have obtained had
no radiation been intercepted, The input to the re-
ceiver is

: reference-~deflectiony® 7|
input = — 1 | B 101
reference J
watt,/ke band (1)
where “reflerence™ s the number of microamperes cor-

responding to 8 x 10" watt per kilocycle band*® and

Fig. 1—Caontrol and i.|||.|i|_u|!|||; |'|||,;,i|;|uu_'||l_ The .¢,||||_|||l'||_'r
is shown at fight.

“deflection” is the number of microamperes repre-
sented by the dip in the curve. The maximum recorded
input i 15 per cent af the reference-level power and the
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Fig. 3—Mimoamperes versun 1:' < 1. on May 11, 1959, for declina-
tion =320 degrees. Hours right ascensmon indicated by arrows,
P ol the plurreu-ﬂ the Milly Way, Galactic lomgitude lor this
dﬂ].:n.m joe 18 3572 -d.t TEEE T.Fll"' at Erl{ rapid, an< kter :rudl.l.ﬁt
inerease of reading i doe to the warming wp of the eguipment,

band width of the receiver is about 10® kilocycles, The
available input power, therefore, is 1.2 107 watt,
The drum effictency i3 50 per cent, reflector efficiency

*F. B. Liewellyn, "Limits to Amplification,” Bell Sys. Teck
Jowrs, val. 14, pp. FE Jamwary, {(1935).

February, 1040

© 1940 IEEE (was IRE at time), reprinted with permission from Proc. IRE, Feb. 1940, vol. 28, issue 2

[Editor’s note: Again, license enabled by anonymous sponsorship]
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http://www.indiegogo.com/projects/navspark-arduino-compatible-with-gps-gnss-receiver

Heber: Cosmic Static i

83 per cent, and area of mirror 73 10* square centime-
ters. This gives &8 maximum radiation intensity of
4% 10-" watt per square centimeter or equivalent to
the energy arriving from a star of 22.1 balometric
magnitude which indicates some of the technical
difficulties encountered.

The acceptance cone of the mirror is about 3 degrees
in diameter so the maximum absolute intensity of
radiation becomes 4,53 107" watt per square centi-
meter per circular degree per kilocycle band. When
intensity is plotted versus galactic longitude the points
of Fig. 4 result. The rest of the directions around the
Milky Way will he measured during the coming vear
as they arrive in good position.

The amplifier of Fig. 2 consists of five stages of
acorn tubes tuned by concentric lines to the signal
frequency. The last stage works into a diode detector
which actuates a direct-current amplifier with a micro-
ammeter in the plate cireuit. An increase in input will
cause an increase in bas and a resultant decreass in
the microammeter reading. In actual operation the
amplifier iz on the end of the drum in Fig. 1 and the
direct hias voltage ia fed down the eable 1o control the
e et

Perhaps it is well to point out that cosmic static is
in no way connected with cosmic rays, The latter are
high-spred particles and have no directional effece
except a 1 per cent increase on the leading face of the
earth as it moves through apaee.

Bapration oF CHARGED PARTICLES

Considerable material is being thrown off by the
etars, Thiz expands and tends to fill up the region be-
tween the stars with a very tenuous gas. Since the gas
is at a much lower density than the best artificial
vacuum the particles are relatively far apart. Under
the action of starlight these atoms of gas are ionized
or free electrons are ejected with a velocity dependent
upon the color of the light invelved. Therefore space 15
filled with positive particles and high-speed electrons
{of & few volts energy).

These particles may encounter in a variety of wavs,
The one of interest here is a free-free transition; that
is an electron approaches a poeitive charge from one
direction and is acted upon to leave in another direc-
tiom, In 1923 Kramers® deduced from classical electric
theory that when an electron encounters an ion in
such a free-free transition energy will be radiated at
the expense of the velocity of the electron. Eddington'™
applicd Kramers® theory to the material inside a star.
At that time he argued a certain correction due to
Einstein should not be applied to Kramers' formula.
This correction takes into account the stimulation of
such radiation due to the transition l}n:m'ning in
Pl Mg, ol 45, b 816 Soremhr: (03,

A G0 Eddingt “Absorption of radiation inside a star,”

[hj!:;l:l;‘t_rhr Motices l:||I Rl:wal Astronomical Scciety, wol. 84, p. 1M,

RAGazine Jun ‘14 32

equilibrium  with an  electromagnetic  field. Later
Eddington® applied Kramers' theory to the material of
interstellar space with the specific argument that the
average velocity loss of an electron due to free-free
trangitions could not excesd 12 per cent. In 1830
Gaunt® rederived Kramers' formula on the basis of
quantum mechanicz, He decided that Kramers” work
i correct for visual range, teo high for the Xoray range
and teo low for the low frequencies. Since no applica-
tigm was known he did not go into the low-frequency
case in detail but definitely stated Kramers' formula
does not include the effect of stimulated radiation.
Partly on this authority and partly to fit the theory to

EE .
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Fig. d—Intensity versus Galactic bangitode . Circles indicate
measured paints. Salid line computed from equacion (7).

measurements this correction 18 included in what
follows.

DUANTITATIVE CALCULATIONS
Kramers gives the amount of energy liberated as
32 Ee

= hm #edr ergsScm!sec [2)
™

where
#oand 5 are numbers of electrons and lons per
cubic centimeter
e, m, and 7 are the charge, mass, and velocity
of the electrons
£ is the atomic number
15 the velocity of light
Ar is the band width
The correction'® for stimulated radiation may be
reduced to incremental form such that true radiation

becnmes
kT
p' - Id o oergs/om?/sec (3
-
where
& 15 Boltzmann's constant
k is the Planck's constant
T is the effective temperature of the electro.

magnetic held (3.2 degress absolute for space)
v s the [requency in question

=g 5 Enrlqut , “Diffuse matter in interstellar space,” Proc,

Royal Soc., vol. 111, pp. 424, (19246).
W Gannt, “Contingous absorption,” Trons. Revel Sec, wal,
22%, pp. 103, (1930),



70 Proceedings of fhe LRE

Eddington™ evaluated p as p= 8.7 X 107 Ar erg per
cubic centimeter per second ; therefore p' becomes

A
= 584 3 10-9 2 ergs/em? sec. ()
1

I | - B
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Fig. 3—Imcremental volume used in calcalation af
radiation intensity.

Consider now the sitwation shown in Fig. 5. The
incremental volume will be (when the angles are amall)

AV = raAb rAlAr = r3ARAIAF, (5]

The incremental energy arriving at 0 from this incre-
mental volume is

@ P

AV = - ABAIAy. (6
ir

AT =
dxr?

Integrating from zero to rcentimeters gives an abao-
lute intensity at 160 megacyeles of 7105 erg per
second per square centimeter per circular degree per

kilocycle band,

ASTRONOMICAL INTERFPEETATION
Consider the geometry of Fig. 6 where
Fo=acosl < (deos* { — 1) 4 2)F (7
¢ = radius of the Milky Way
d = distance from the sun to the center

I = galactic longitude
r

distance from the carth to the edge of the
galaxy.

The way r varies with ! depends upon the ratio of
d o e The relation giving best At to points is when
d=2¢/3 and is shown by a solid line in Fig. 4. Dividing
the observed maximum absolute intensity by the
abzolute intensity due to radiation from charged par-
ticles gives a maximum r of 653102 centimeters or
21104 parsecs. The radius of the galaxy then be-
comes 12600 parsecs,

Otuer Data

Various bright stars such as Vega, Antares, etc.,
have been tried but no measurable response was ob-
tained, Repeated attempts to measure radiation from
Mars were also of no avail, While some fine structure

7
f H |
k_h ,_:t /"

Fig. 6—Flan view of the }'-:I'-"-.% Way. Earth and sun

at paint £,
of radiation pattern seems Lo he present the existing
equipment is not adequate for its accurate resclution,
Mo conclusive measurersesnts have been madde on any
of the extragalactic nebulae; however, thess are to be
worked on next, Tests on the sun are alwavs under
rather unfavorable conditions but if radiation oceurs
frem this body it is of intensity below 43 10-% watt-
per-aquare-centimeter-per-kilocycle band at 160 mega-
cycles.

In the beginning it was hoped (from the theory of
black-body radiation ) that the intensity would increase
as the square of freguency. Therefore the Orst tesis
were made at 3300 megacyeles with rather crude equip-
ment. Mothing was Tound ar the sensitivity limit of
1020 watt per square cepbimeter per circular degree
per kilocycle band. Better apparatus for a frequency of
i megacycles also produced no positive results at a
limit of 1072 watt per aguare centimeter per circular
degree per kilocycle band. These negative results point
tor a function for o similar to the above.

The omly other data amenable to caleulation is that
of Jansky's original paper. Taking into consideration
the ground reflection™ and assuming the Milky Way
to have a thickness through the center of one tenth the
diameter his maximum measured intensity will pro-
duce & radius of 13,100 parsecs and an eccentricity of
3 /4 radius for the earth which iz a good check on the
inverse-frequency function of o', It is also worthy of
note that Plaskett in a recent paper™ deduces a mnost
probable radius of 15,000 parsecs for the Milly Way
so these fipures are in [air agreement.

4, B, Feldman, "The optical behavier of the grousd for
short raclio waves, " Proc, LE.E., vol. 21, pp. T04-800; Jume, (1933),

1.8, Plaskent, “Madern conception of the stellar aystem ©
FPop. Artronomy, po 293, May, (1039],

[ Editor’s notes:

Yes, this is the seminal paper that started it all, the second after Jansky’s paper of 1932 | Note
that this was in the Proc. IRE, the forerunner of the Proc. IEEE i.e. it was published by a radio/
electrical/electronics journal, not by one on astronomy. That came the same year, essentially the
same as the above. Remember that Reber’s typical day of observation included 9 hours at work
in the Chicago radio plant, a 45 min. commute, supper, sleep from 7 p.m. to midnight and obser-
vations (without paper recorder initially) until dawn. For more details of this remarkable pioneer,
my hero, see the account in Sullivan’s superb book Cosmic Noise (see issue 1 of RAGazine.]
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Low Cost Hydrogen Line Radio Telescope using the RTL SDR
- Phase 2

Peter W East )
H line, low cost technology

Abstract

Detecting the hydrogen line in the arms of our galaxy using modern technology is now easy. Key
available components are low-noise RF amplifiers and software-defined radio (SDR). With a
home-made Yagi, a couple of amplifiers, a cheap RTL2832U TV dongle, a bit of effort and some
free software, for well less than £200 you can be up and running measuring the velocity and posi-
tions of the spiral arms, some tens of thousands of light years away. This paper describes the
phase 2 upgrade, improving both the receiver and the antenna, now mountable on a tracking tele-
scope mount, able to position the antenna for serious galactic equator measurement. Early re-
sults show good repeatable performance, and with a bit of mathematics plots some arms of our
galaxy.

Introduction

In the basic receiver paper!”, it was recognised that improved antenna directivity was worth striv-
ing for. In addition in the upgrade, more RF gain was added to better utilise the SDR ADC range
and extra RF filtering added to minimise interference. The new antenna construction design was
aimed to make it compatible with a driven equatorial telescope mount (Celestron CG-5 Advanced
GOTO Computerized Mount, ~£500). A home-made Alt/Az timber structure was considered, but
the lure of GOTO to automatically direct the antenna accurately and painlessly was deemed
worth the cost.

2x Minigireuits
Quad ZX60P162LN+  3element  100MHz
29-alement 5MHz filter Filter
| [ﬂ>4>
‘ usB
e SDR
Minigircuits Dangle

Quad Switch Antenna  Filter Laptop

Combiner  Jload comparison

Figure 1. Simple Radio Telescope Upgrade

Figure 1 shows the upgrade schematic. The receiver is now boxed in two units, one closely attached to the
antenna and the second, remotely near the SDR/Laptop processor.

Figure 2 Switch/Preamplifier Unit
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Figure 3 RF Filter/Amplifier/SDR Unit

The RF units shown in Figures 2 and 3 are normally boxed and shielded. Most of the compo-
nents such as the switch, load and the 5MHz narrow-band filter are as used in the previous article
M. Figure 3 also shows the 100Mhz filters supplied by Miniciruits (£30 each), which were shown
to be necessary to cope with neighbouring high power PC's. These could also have been pro-
duced using the 5MHz filter design package®.

Antenna (£50)

The antenna upgrade (Figure 2) involved a redesigned Yagi in a quad array, but still based on the
original design. Again it was designed using P. McMahon's YagiCAD® starting with the
DL6WUZ20 file in the software ‘Example Models’ list. For this design, the software was used to op-
timise the design at 1420MHz by tuning the centre frequency lower to 1390MHz and using the
wide band optimiser and displays to improve the gain, match and back-lobes at 1420MHz. Beam-
width now is around 13deg and gain about 24dB. Figure 4 shows the antenna with an inset detail
of the construction. The booms comprise bolted back-to-back
9.5mm aluminium U-channel 1.5m sections. Bronze welding
rod 1.6mm diameter elements are clamped between the U-
sections, predrilled and insulated with heat-shrink sleeving.
The driven dipoles are similarly clamped but mounted in
drilled perspex rod.

Figure 4. Quad Yagi Array on C-5 Mount

The array is balanced and supported by 1" square tube which
slots over a 3/4" bar and plate mounting structure.

Antenna Combiner - 3 versions
1. Coaxial line 1/4 wave transformers - home-cut coax
lines
In Figure 5a, paralleling the upper two antennas drops the
impedance to 25Q, the 50Q quarter-wave transformer con-
verts this to 100Q. Similarly for the lower pair of antennas.
Combining the two quarter-wave lines halves their 100Q output impedances to 50Q, matching the
output 50Q transmission line.
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Figure 5. Combining Four 50Q antennas.

2. Coaxial line 1/4 wave transformers - connector assembly
An alternative to cutting and soldering lengths of coax, is to assemble SMA connectors and
adapters to good approximation as shown in Figure 6. Various adapters are used to adjust the

arm lengths to 1/4 wavelength.

Figure 6. Connector combiner

3. Power Divider/Combiners
Matched combining using commercial power combiners, is best tolerant of Yagi source mis-

matches as shown in Figure 7.
L =0

ZAPD-2-21-3W-S+

7002100 MMz

Figure 7. Power Divider/Combiner

Minicircuits sell a combiner for this band (~£50) but some are available from China on ebay for
£15. Comparing these three options in place, case 3 gave the most consistent results but inser-
tion loss and system temperature was highest, case 2 gave the least loss, but in both cases 1 and
2 mismatch differences between the Yagis was evident but some tuning of a Yagi driver element
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length improved the situation. It is concluded that with the right test equipment, in both cases 1
and 2 1/4-wave transformers could be optimised to cope with antenna manufacturing and design
differences and give the lowest system temperature

SDR Receiver (£10)

The Realtek RTL2832U DVB-TV dongle (RTL) is compatible with SDR# software and needs
the Zadig® driver for WINDOWS. For Hydrogen line astronomy, the SDR# spectrum displays are
not very useful containing only time-constant variable attack and decay on FFT bins. However it is
very useful for locating interfering sources and checking efficient and proper operation of the re-
ceiver/RTL SDR.

Once the system has been checked, data is collected using the OsmoCom ‘rtisdr’ library & cap-
ture tools®; the data files contain raw IQ data for later analysis. Versions are available for both
Windows and Linux. Data analysis uses the RAFFT.exe"” FFT averager program for Windows or
rafft® for Linux.

Two versions of the RTL2832U dongles have been compared, one using the E4000 tuner and the
other - more commonly available now at very low cost - using the Rafael 820T tuner.

SDR Operation

Radio astronomy applications for SDR's require operation in a different regime to normal broad-
cast radio. For example, in conventional receivers, AGC is a common method to ensure that de-
modulation occurs in the optimum signal range and copes with variations of reception conditions
and siting relative to transmitters. Radio telescopes on the other hand require constant gain, ad-
justed to an optimum for the target of interest, although there are cases where AGC is applied to
the reference channel for Dicke switch reception.

With digital SDR's and conventional use, it is normally sufficient for RF/IF gain to be set so that
system noise levels just exceed the minimum ADC threshold so that for most signals, the majority
of the ADC amplitude range is available for the wanted signal. In radio astronomy, to minimise the
effects of quantisation noise, the whole ADC dynamic range should encompass the noise-like tar-
get/reference amplitude response range. This means that the RF amplifier chain and SDR IF
gains need to be adjusted to ensure this applies. For H-line measurements this overall gain is
typically around 90 to 100dB.

The software program ASTATS.EXE® for Windows (astats!"? for Linux) gives a graphical view of
the ADC operating amplitude distribution. The instructions in DOS / Linux terminals are of the
form:

Windows: ASTATS.EXE <infile.bin> <outfile.txt>
Linux: Jastats <infile.bin> <ouffile.txt>

The output text file showing the ADC amplitude distribution can then be displayed in Excel type

spreadsheets or MathCad packages. The x-axis represents the ADC byte value and the y-axis
the normalised byte value count. Figure 8 shows some typical reference load .bin records.

RAGazine Jun ‘14 37



20

I18 75

175

16.25

Normalised 1
byte count =7

125
1125

375
25

125

875
75
6.25

—100 —50

4]

50 100

Figure 8 Some typical ADC amplitude distributions

Examples blue and green in Figure 8 are acceptable; magenta and red show evidence of limiting at the
ADC positive and negative extremes, possibly producing spikes in the resulting FFT. Insufficient RF gain is

indicated by narrower spikes (black) around value zero point.

Measurements

Measurements summarised in Figures 9 and 10 were made at 0° Galactic latitude and at 10° lon-
gitude intervals over the visible galactic plane from 80° to 180°. Right Ascension and Declination
values for directing the equatorial mount to chosen Galactic Latitude and Longitudes were ob-

tained from an online Universal Coordinates Converter!

11)

Each data set comprised 200 x 10° samples taken over about 100 seconds. Data sets (see Ap-
pendix) were split into 256 sample blocks, the signal spectrum extracted using 'rafft' program and
all FFT block sets averaged. Similarly for reference load measurements.

Output longitude spectra were then divided by the average of seven 100sec reference load spec-
tra, so providing the ratiometric!"'? hydrogen line ratio responses shown in the figures.
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Figure 9. Spectral Display Measurements
Galactic Latitude 0°,
Galactic Longitude as marked



These raw results are as recorded; the frequency migration of the largest peaks (local arm) with angle is
real and due the Earth/Sun platform vector velocity of the Local Standard of Rest (VLSR).

Correction velocities vary with the RA and Dec, and also with time. So each data set needs specific correc-
tions, available from online calculators; Reference
(13) was used for this project.

- W‘ww‘m«ww/ ”"“w‘""‘\»\m 1 Figure 10. Spectral Display Measurements Galactic
L R a0 - Latitude 0°, Galactic Longitude as marked
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Included at the bottom of Figure 10 ('CP’) is a plot with the antenna pointed to the Celestial Pole,
where it might be expected that Hydrogen line Doppler shift may be low and therefore provide a
reference calibration.

Comparing Figures 9 and 10, it is clear that galactic longitude spectral measurements correlate
well, although there is obviously an SDR-associated frequency offset. Both SDR's needed calibra-
tion correction, E4000 of 25kHz and the 820T of 100kHz. Some external interference is evident
affecting baselines of Figure 10 at GL < 130°

Plotting Galaxy Arms

Assuming the spectral peaks represent the centres of hydrogen clouds in the galaxy spiral arms,
their positions can be calculated from the geometry of Figure 11. Given knowledge of the galaxy
rotation rate (assumed constant with radius) and spectrum peak frequency/doppler velocities ver-
sus longitude, this is sufficient information to solve the triangles in Figure 11 to estimate the
ranges to the corresponding spiral arms’ hydrogen clouds.

A calculation example for GL = 120° is given to illustrate the method. Firstly the spectral peak
frequencies need to be converted into Doppler velocities:

(c is velocity of electromagnetic waves = 3 x 10% m/s)

At Galactic Longitude 120°, the three frequency-corrected velocities at the three spectrum peaks
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of Figure 9 are -96.8km/s, -44.5km/s, and Okm/s.

If Vot is the mean rotation rate of the galaxy over the region containing the sun and galaxy arms
of interest. Vot ~220km/s, we can calculate the sun velocity in the direction of the hydrogen
clouds from,

Vs = V0ic0s(120-90) = 190.5km/s.
The three cloud velocities are then:

Local arm: Vy - Vs = -Okm/s, therefore Vy = 190.5km/s
Perseus arm: V4 - Vs = -44 5km/s, therefore V, = 146km/s
Outer arm: Vs - Vs = -96.8km/s, therefore, V = 93.7km/s

For the Perseus arm, using, R4/sin(120) = Ry/(V1/V o), then, Ry/Rs = 1.507
(this equation substitutes the relation, V1/V.,t = cos b4, where b, is the angle between the vectors
Vot and V4 in Figure 11).

For the Outer arm, using, Ra/sin(120) = R¢/(V2/V ), then, Ro/Rg = 2.348
The position of the clouds lie on the coordinates Ricos[b4 - (120-90)], Rysin[b1 - (120-90)] by sub-
stituting the sun-galactic centre (~ 30kly) range; similarly for the local and outer arms.

Outer arm v

Perseusarm 'V

Sun
Local arm

Galactic centre

Figure 11. Plotting Galaxy Arms - example longitude 120°

Figures 12 and 13 summarise galaxy arm plots using data from Figures 9 and 10, after frequency calibra-
tion and corrected for the Earth's relative velocity in space using an online calculator!'? to derive the veloc-
ity of the Local Standard of Rest (VLSR).
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Figures 12 and 13 offer views of the presence of the spiral arms of our galaxy over a 90° galactic
longitude sector based on manual identification of spectrum peaks in the analysed data presented
in Figures 9 and 10. Although crude, trends are illustrated, although the calculations suffer from
various inaccuracies. These include noise in the spectra amplitudes affecting peaks, the broad
spectral lines due to dispersion in the clouds, and the wide longitude smoothing from the relatively
broad antenna beamwidth. In addition, the geometrical calculations around 180° are not so toler-
ant of data and rotation rate errors.

Conclusions

It is interesting that with such a basic receiver and small antenna it is possible to observe hydro-
gen clouds in our galaxy arms some 45,000 light years away. A comparison of these charts with
professional versions shows that they are crudely comparable.

The main difficulty in achieving these results is coping with local interference. Without the added
100MHz filters, at times the receiver was swamped and no hydrogen data was visible. In getting
these results, it was apparent that receiver gain drift affected the baseline level. Drift was evident
between successive measurements, so some form of temperature control or receiver architecture
changes would be necessary to achieve more stable results. The SDR# software® was useful in
locating local interference.

More information available at http://www.y1pwe.co.uk/RAProgs/index.html
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http://www.y1pwe.co.uk/RAJava/RAFFT.exe
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Appendix - Post Processing for Linux

Information on setting up the OsmoCom rtl tools is given in Reference (6). Copy 'rafft' to your
working Data directory. The programs are run in Linux terminals. The procedure for this is de-

scribed below.

1 Set up your Data directory on the Desktop.
2 Open a terminal and change directory to the Data directory

3 To record data to .bin files, type on the command line...
rtl_sdr ./capture1.bin —f 1420e6 —s 2048e3 —g 42 —n 200e6 -tunes
which sets the frequency to 1420MHz,
samples both | and Q ADC'’s at 2.048MHz, sets dongle gain at 42dB and records
200 million 1 and 200 million Q samples interlaced in the output file.
The output file capture1.bin is stored in the 'Data’ folder

4 Open a second terminal and change directory to the Data directory

5 To perform and average 256-point FFT spectra, type on the new terminal command

line .... rafft capture1.bin capture1.txt 256
The output capture.txt file stored in the current directory can be input to Excel/

Spreadsheet or any math cad program to compare pairs of load and antenna files to

view the hydrogen line spectrum.

RAGazine Jun ‘14 42


http://www.britastro.org/radio/projects/Measurement_of_Neutral_Hydrogen_Velocities.pdf
http://www.britastro.org/radio/projects/An_SDR_Radio_Telescope.pdf
http://www.yagicad.com/YagiCAD/YagiCAD.htm
http://www.sdrsharp.com/index.php/downloads
http://zadig.akeo.ie/
http://sdr.osmocom.org/trac/wiki/rtl-sdr
http://www.y1pwe.co.uk/RAJava/RAFFT.exe
http://www.y1pwe.co.uk/RAJava/rafft
http://www.y1pwe.co.uk/RAProgs/ASTATS.EXE
http://www.y1pwe.co.uk/RAProgs/astats
http://hea.iki.rssi.ru/AZT22/ENG/cgi-bin/c_prec4.htm
http://www.y1pwe.co.uk/RAProgs/Ratiometric%20Dicke%20Radiometer.doc
http://fuse.pha.jhu.edu/support/tools/vlsr.html

Build your Own Yagi Antenna

Bob Kerswill (MOKER) & Paul Hyde (G4CSD)

Antenna, DIY meteor scatter

This article is a guide to how an absolute beginner can build a low-cost antenna suitable for the
GRAVES frequency (143.05 MHz) and to give some simple tips and guidance and provide inspi-
ration to have a go at building your own equipment. The intention is to illustrate a variety of differ-
ent construction techniques rather than specific designs.

Based upon the ‘G4CQM MetScat’ design by Derek Hilleard, several versions have been built in-
dependently by the joint authors and tested and found to work without any setting up, thus dis-
pensing with the need to use test equipment. It's an attractive design because it is simple, rela-
tively compact and has a broad response, making it tolerant of minor variations in manufacture.
Further information on the predicted performance of the antenna can be found under the
‘Featured Builds’ section of Derek Hilleard’s website at http:/g4cgm.www.idnet.com/HOME/
index.html

All the materials used were purchased from well-known DIY retail outlets for under £15 excluding
the connecting cable. Simple basic tools are all that are required. The construction techniques are
open to interpretation as long as the lengths and spacing of the elements are observed. As with
any DIY project you should have the skills and awareness of basic safety measures to proceed.

The G4CQM MetScat Design

REFLECTOR The basic design is known as a Yagi -
B B e +  Uda (or just Yagi) antenna with a cen-
) tral ‘boom’ and three ‘elements’.

The boom is only there to support the
—> 265 elements, and the dimensions are not
l . critical, although it must be sturdy
} i enough to withstand high winds and
[ 0 X must provide a means of attaching the

! antenna to its support.

Boom
OIRECTOR 23:5 The dimensions have been calculated
A | | _g36 - . ! for elements made of 15mm or 5/8 inch
0 ) v OD copper or aluminium pipe.
| I
All dimensions shown are in mm.
l To radio transmitter

Construction Techniques

We will consider the options open in terms of the main components of the antenna. You can chop
and change between the different techniques depending upon what you have in your scrap box or
can easily obtain from local stores. Remember, the only critical thing is that the elements are the
correct length and are spaced the correct distance apart.
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Tips:

Remember that timber sizes are usually nominal, so check the actual dimensions when cutting
etc. Do not assume that what is on the label is exact, and also look down the length before buy-
ing to ensure you get a straight piece.

Give the timber boom a couple of good coats of external grade varnish before mounting the ele-
ments etc.

Copper pipe is ideally cut with a pipe cutter to get a clean square cut, but a junior hacksaw serves
just as well. But ensure the cut is square and that the ends are filed to remove any sharp edges.
A simple way to get a clean square cut is to mark where the cut line is and then wind a piece of
electrical insulation tape around the pipe and cut just above the tape edge and file down to it.

The Boom:

This needs to be a minimum of 550mm long and made preferably from a non-conducting material.
Aluminium square section could be used but this will then entail extra work in insulating the an-
tenna elements, so we will concentrate on using square or rectangular timber section which
makes life a little easier, or the use of plastic conduit as a boom. So the next three images give
some idea of the basic construction.

Antenna A uses a simple, well-
varnished wooden batten for the
boom. A longer boom allows the an-
tenna to be fixed behind the Reflector,
which is preferable if the antenna is to
be fixed to a metal support.

Photo 1 left, photo 2 below

Antenna B has the Director and Reflector elements secured to the wooden boom by 15 mm holes
drilled through the boom section, leaving a 1mm bridge. An additional cross-piece is then used to
support the two halves of the Driven element.

In choosing the timber to be used for §
the boom, one should consider not only
the weight but also distortion. The sec-
tion used for example in Antenna B is
28 mm x 18 mm. Think of how you are
going to attach the antenna to the
mounting bracket. The fixings will have
to remain secure in high winds.

It's best to sand all edges and corners
before applying the varnish. And when
drilling to prevent breakout and splinter-
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ing use a sharp drill of the appropriate size and do not apply excessive pressure to the drill. Let it
cut its own way through the wood.

Antenna C uses cheap 20 mm diameter electrical conduit and junction boxes to form the boom
and element supports, plus weatherproofing for the coax connection. These fittings are available
in black plastic which reduces visibility compared to the white version. You may need to go to an
electrical wholesaler for the four-way boxes.

The conduit forms a tight fit into the junction boxes but
should still be glued in using pipe solvent adhesive.
This does mean getting the dimensions absolutely
right as you cannot adjust the spacing between the
elements once glued. Use a dry run to check every-
thing fits before you glue the central boom sections.
When fitting the boom sections together do not use
any twisting motion — you will never get the junction
boxes to lie flat, so the antenna elements will not lie in
the same plane. Instead place the boxes on a rigid,
flat surface and push them together. A slight misalign-
ment might be rescued by screwing the boxes onto a
wooden boom, rather than throwing the whole thing
away, but that does risk failure of one or more of the
conduit connections. Covers and weatherproofing gas-
kets are available and should be fitted upon comple-
tion.

The Driven Element (or Dipole) Photo 3

=4 ]

This is the area that needs the most thought because
the two halves of the dipole need to be mechanically
secure so that a roosting pigeon is not going to dislodge them, and because the electrical connec-
tions to the coaxial cable need to be weather proof and resistant to corrosion.

Antenna A and C driven elements are secured as shown in Photos 1 and 4.

In Antenna B the copper pipe is once again secured to the timber cross section by self- tapping
screws from the underside, ensuring that both sections of pipe are correctly aligned. Silicon seal-
ant is then applied to the pipe/timber intersection to improve weathering properties.

One important point in all examples is the need to seal the ends of the driven elements to prevent
water entering the terminal box. This can be achieved either by sealing the open ends with silicon
sealant, leaving it proud until set and then trimming square with a utility knife, or by purchasing a
couple of 15 mm push on end caps. If you choose to use the copper solder type end caps re-
member this will increase the length of the elements slightly and change the characteristics of the
antenna. So best to fix and solder the end caps first and then measure the exact length including
the end cap.

Unlike the parasitic elements, the two driven elements are connected to a suitable receiver by
means of a coaxial cable which is dealt with later. In order to effect a secure waterproof connec-
tion a weatherproof enclosure is required and the most suitable and readily available are the junc-
tion boxes used in 20mm plastic conduit systems. They are available in various configurations
and a lid and gasket effectively seal the interior.

In both examples, a 20mm cable gland is inserted into the box and either glued in with the appro-
priate solvent or sealed in with silicon sealant. In both cases ensure that undue pressure is not
put on this joint when tightening the gland nut. Try to get a gland that is suitable for 5-7 mm over-
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all diameter cable. If you can only get hold of the standard glands it will be necessary using elec-
trical insulation tape to increase the diameter of the coaxial cable at the point of entry into the
gland. If using Antenna C then the same approach is used but the cable gland and cable are fitted
at the reflector end of the boom and the coaxial cable fed through the boom to the driven ele-
ments.

Photo 4

If using the conduit option “C” add two
‘collars’ each of 8 or 9 turns of insulating
tape around the 15 mm pipe sections to
form a tight fit within the conduit as shown in
photo 4. Add sealant around the conduit
exit points as a safeguard against water
penetration.

The Director and Reflector

These are sometimes known as ‘parasitic’ elements because they have electrical properties but
are not connected to anything, unlike the Driven elements (or Dipole) described later.

Antenna A (see photo 1) uses 16 mm mini trunking to support the Director and Reflector ele-
ments. Short lengths are screwed to the boom and the copper pipe sections simply snapped into
them. The trunking lid is not needed.

Antenna B has the Director and Reflector elements secured to the wooden boom by 15 mm holes
drilled through the boom section leaving a 1mm bridge. This is easier said than done unless you
have a drill bit capable of drilling a clean exact size hole. So a slot 15mm wide and deep would be
just as good with the added step during final fitting of bedding it in silicon sealant to ensure a tight
fit and weatherproofing and then removing any surplus. The 15 mm pipe is secured by a self-
tapping screw on the underside.

Photo 5

Alternatively you can use lengths of 20mm
conduit, either with a junction box or fastened
to a wooden boom with saddles. As with the
Driven Elements, you will need to pad out the
copper pipe with insulating tape to form a 2
tight fit in the conduit. P

Connecting Cable

A wide range of coaxial cables and connectors with the required impedance of 50 ohms are avail-
able, but even to experienced radio amateurs fitting the connectors is not the easiest of tasks. So
unless you feel competent to buy the cable [RG58 good quality] and fit the plug, purchasing a
ready-made lead with BNC connectors fitted and chopping one end off may be the most practical
solution, although more expensive. Depending upon the type of receiver you use you may need
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an additional BNC adaptor to suit the particular type of antenna socket it is fitted with.

Connect the un-terminated end of the cable to the two driven elements by threading the cable
through the cable gland into the box and pull enough through to allow comfortable working. Re-
move about 40 mm of the outer insulation by pressing a sharp knife around the circumference of
the cable without using a “sawing” motion to avoid cutting the braid, then gently tease out the
braid; a pointed tool is often an aid here, then twist the braid together to form a single wire. Strip
about 15mm of insulation off the inner conductor, again avoiding a sawing action that can dam-
age the inner conductor. Then wrap both conductors around the final connection screws using
suitable washers to secure the conductors.

Ensure the screws are tight and no thin strands of braid are causing a short. If you have some
silicon grease or a spot of Vaseline, apply a thin coat to the connections. Do not use silicon
sealant here as this can create corrosion problems.

Secure the cable to the boom using plastic tie wraps or similar, making sure that you do not
stress the cable at the entry to the connection box. If the cable is coming downwards to the con-
nection box it's a good idea to include a ‘drip-bend’ to avoid rain water running down the cable
and pooling over the compression seal.

Connections to Driven Elements

Photo 6 Antenna A

Photo 7 Antenna B

Photo 8 Antenna C

» s
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Completed antennas

Antenna A

Antenna B

Antenna C (box covers not fitted)

Antenna Performance

The chart below compares the performance of the various options. Standing Wave Ratio, more
commonly known as SWR, is a measure of how well a signal is transferred between the antenna
and the receiver. A poor SWR figure (a poor 'match') will result in some of the signal being re-
flected backwards, rather than carrying on down the cable towards the receiver. The SWR figure
is less important for a receive-only antenna than for one also used for transmission. A poor
match in the latter will result in more transmitter power being reflected back to the transmitter,
which reduces the effectiveness of the antenna and can cause problems for the transmitter it-
self. A ratio of less than 2:1 will generally be acceptable for a receive-only antenna.

Whilst the SWR figure doesn't tell you anything about how directional an antenna is, it does pro-
vide an easily measurable way of checking the operation of the antenna.
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G4ACQM MetScat Antenna Match

GRAVES

25
143.05 MHz

SWR

15

1
130 132 134 136 138 140 142 144 146 148 150 152 154 156

Frequency (MHz)

—e— Antenna A —e—Rebuiit A —+—AntennaB -—s=—AntennaC

(Antenna A was measured and then rebuilt using the same elements and target spacing dis-
tances, but manufacturing error resulted in the spacings being about 5 mm too small. This has
not affected the SWR figure to any real significance.)

From these figures you can see that providing the quoted dimensions are adhered to. construc-
tion techniques are very flexible.
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