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SARAMission Statement

It shall be the Mission of the Society of Amateur Radio Astronomers
(SARA) to:

A

A

Facilitate the flow of information pertinent to the field of Radio
Astronomy among our members.

Promote members to mentor newcomers to our hobby and share
the excitement of radio astronomy with other interested persons
and organizations.

Promote individual and multi station observing programs.

Encourage programs that enhance the technical abilities of our
members to monitor cosmic radio signals, as well as to share and
analyze such signals.

Encourage educational programs within SARA and educational
outreach initiatives.

The Society of Amateur Radio Astronomers, Inc. is a membership
supported, norprofit [501(c)(3)], educational and scientific
corporation.
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Welcome to our first addition to the ARRL Antenna
Book!

| hope this edition provides motivation and excitement
to expand your ham radio skills into radio astronomy.

Radio astronomy is an exciting and challenging field.
SARA was organized 040 years ago to provide a
resource and forum for amateur radio operators to
expand their skills in the design of advanced antesnn
receivers and processing equipment thanable the capture of astronomical sources as low as a
thousandh of a Jansky!

Benefits of Joining SARA ($20/y¢ar

1 SARA Journal (Radio Astronomyublishedsix times peear.

9 Fully indexed references to all journals, conference proceediagd video presentations
invaluable for doing research for your radio astronomy project.

f Monthly Zoom sessiog 5 N} { SQ& [ 2dzydS o0 F2NHzy (2 RA&AOdzaa
experts)

1 Monthly Zoan sessiong Radio Telescope Observation Party (forum to discuss how to observe
astronomical sources)

f Monthly Zoom sessior, ! dza i NI £ A 5 NJ | S Qi&cus§ eadip/adtonomayTwatiNHzY G 2
Australia members

1 SARK Listserve; reaktime forum to provide 24/7 technical interchange between members.

1 SARA YouTube Changeglrovides presentations on all aspects of amateur radio astronomy. This
includes tutorials and radio astronomy observations.
https://www.youtube.com/channel/UESzptAQZ0c9CKRb9ZPxw/videos

9 Two major conferences each year (East Coast and West Coast) in which the members meet and
present results from the past year.

Start your radio astronomy journey now by visiting the SARA websitenat..radio-astronomy.org

Thanks!
Rich

Dr. Richard Russ@ACOUB

SARA President/Journal Editor


https://www.youtube.com/channel/UC-SzptAQZ-20c9CkRb9ZPxw/videos
http://www.radio-astronomy.org/
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Antennas for Radio Astronomy
This sectionwasproduced by members of the Society of Amateur Radio Astrono(B&RAwww.radio-
astronomy.org ¢ President& EditorDr. Richard Russel (ACOUB)

From KACS@Why do you do thist NI RA 2 | 23Aad\Bwy/Tar ¥al you hearPor hams they

are sort oflimited by the size of the earth range wise. Moon bouncers take that to a half million
miles, a mere 2.6 light seconds. Radio astronomers are in the case of fast radio bursts possibly
beyond the Billion Light Year mark. I'm doing Hydrogen line and am soenevn the 3640,000

Light Year category. That's usually enough to amaze and astound the neighbors and mast hams

Radio astronomy involves design and engineeringatennas andreceiver systems able to detect
extremely low levels of signal in a highise environment. The antenna design, as well as the rest of the
RF chain, receiverspmputers,and software, are highly tuned for specific astronomical objects. Amateur
radio astronomers have been abledetectsolar flares, meteors, galactic hydrogen clouds, Jupiter bursts,
masers, pulsars, magnetars, and even fast radio bursts.

The following amateur radio astronomers contributed to thiecial edition for the ARRL Antenna Book:
Peter EastWolfgang HerrmannMichiel Klaasen, Dan Layne (ADOCY), Richard Mar&demrd Mol,

Mario Natali(IONAA),Steve Olney (VK2XV), Charles Osbhorne (K4CSQ), Jonathan Pettingale, Alex Pettit
(KK4VR Bruce Randall (NT4RT), Whitham Reeve, Richard Russel (ACOUB), Chip Sufitcan(NR0),
Uberecken (AAOL)

Excellent introductiosto radio astronomy can be found at the SARA YouTube Channel by Ed Hatfmann
https://youtu.be/AOgviRXninsand Dr. Wolfgang Herrmarthttps://youtu.be/8j1bVpC6M94.
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A Amateur Radio Astronomy Overview and Thebfgrio Natal{IONAA

Historical Background

Radio astronomy and optical astronomy are two very close disciplines that aim to analyze electromagnetic
radiation from celestial objects.

The substantial difference between the two disciplines lies in the system of analysis and reception that
must be designed to decode electromagnetic waves with enormously different wavelengths.

Theelectromagnetic radiation can be of natural or artificial oridirtificial radiation began in the second
half of the nineteenth century with the beginning of the use of electricity on a large scale and increased
from the 190 \&ith the experiments of Guglielmo Marconi and the beginning of telecommunications.

The most powerful source of natural electromagnetic waves is the sun followed by the phenomenon of
atmospheric discharges and that of electrostatic discharges.

The science of radio astronomy is very youmavinghad its beginning in 1931 withe experiments of
YENI D® Wryaie OGKIFIG 6SNB LMzt AaKSR Ay mMdooH Ay (K
wlk RAZ2 9 yIM]ly SSNE& €

S

In 1937 Grote Reber bame @3S NE AYGSNBaldSR Ay WIHyaleéQahoRasa O2 IS NE

ham radio operator (W9GZHuilt his own radio telescopeonsisting of a parabolic dish 81-foot (9.5
meters) in diamete in his backyardAfter doing this, havas able to publista series of articles in the
! &0 NP LK e a@)d2]. in 1942, &edb¥t lddveloped a contour radio map of the sky, with brighter
areas indicating richer radio sources, the brightest being the center of the MilkyWi#dythis discovery,
radio astronomy waborn!

Radio astronomical sources can be broadly classified into two categories:

0] thermal
(i) nonthermal

Thermal radiation is obtained when a black body is heated aIOS N SR o6& tfF yOl Qa
emission frequency depends on the temperature.

Most nonthermal radiation is either synchrotron radiation or Bremsstrahlung radiatidonthermal
radiation isproduced by a sudden slowing downdeflectionof charged particles (especially electrons)
passing through matter in the vicinity sfrong electric fields of atomic nuclei.

Eventhoughradio astronomical sources can hadiéerent mechanism of emissions, all of them are very
weak sources of radio waves and haw@ver flux densitieghat are many orders of magnitude below
those weQ Ndiliar with.

SIGNAL STRENGTH

Most cosmic radio sources generate broadband signals and thus the power received depends on the total
receiver bandwidth (Total Power). This fact, connected with the need to be able to compare measures
performed with antennas with different areaf capture pushed Radio Astronomers to use a dedicated
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unit of measure to specigO2 a YA O &2 dzNDSa aAirdyl f &@bNBABRDIKG&nd¢ KA a
was named after Karl G. Jansky.

The Jy is a unit of measure of power per unit bandwidth per unit area:
PULWPT WWOa Oda 1)
The-26 exponent already gives a good feeling that the radiation must be extremely. Weakwere to

expresshis verbally, wewould say thatl jansky is equal to oAeundredth of onetrillionth of a trillionth
of a watt per square meter per hertz!

The Jycan becomparead with the weltkknown dBm (decibels above 1 mM#hich isa very popular unit of
measure amonghe radio engineering community.

It would be very informative to analyze an examplaitmlerstand how weak the cosmic signals are.

[ SGQa \edranvkE2G06W 1296 MHzEIRP transmitter (63 dB) senda signal to the moon; the
EME path loss at 1298Hzis about 270 dBand so the bounced signal will have a strengftabout-207
dBm. If the receiving antenna collecting area corresponds to the isotropic collecting a4 ( hand
we are operating a signal witnbandwidth of 3000 Have can say that the equivalence in Jansky to-the
207 dBm is around 2500 J8) (4) [A3][A4]

Only the sun exceeds 2500 Jy at 1808z f f 2 G KSNJ daidiNRy3Ié¢ a2d2NOSa | NB

The strongest Pulsars ¥saa signal strength of dy,and allothers are in the range of millly andmicro-
y
ANTENNAS AND NOISE

In communication systems the salled NOISEFigure A} is any unwanted signal, random or
deterministic, which interferswith the signal of interest and degrades its characteristics.

Quantization noise (in the case of digital signals)

Internal noise Intermodl:llatuon noise
Phase noise

Thermal noise

Noise

Artificial noise ( man made )
External noise Environmental noise
Cosmic noise

Figurel: [Al] Classification of NOISE

The analysis of thermal noise in the system will help us in understanding the concept of Antenna
Temperature.
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[ S G Qat afeliftot taken at a certain temperatufieigure A2. The so-calledthermal noise is due to
the thermal agitation of the electrons which, at a temperature T> 0 K, move with a chaotic (Brownian)
motion:

Figure2: [A2] Thermal agitation of the electrons in a resistor generates a voltage
The thermal noise voltage has zero mean with Gaussian amplitude distribution and the effective:value is
=l Yo'y 2

k = Boltzmann constant (1.38 ¢B J/K)
T = Temperature in Kelvin

B = Bandwidth (Hz)

R = Resistance (Ohm)

The equivalent circuifFigure A3 of a real resistor R is represented from a generator E with valine
series with an idealoiselesgesistor R1

o

R R1
—

Figure3: [A3] Equivalent circuit

If the applyisa matched load, we have maximum power transfendition,and the current will be:

| =—— (3)
As RR1 the voltage applied to R1 will be:
L 4)
Therefore, the power generated (received) at R1 will be:
P=—— I Y0 (5)

In the equation abovéhereis a direct proportionality between P (noise power) and T (temperatufag

termda Slj dzA @F £ Sy 4 G SYLISNI ( dzNB quantify thevhoisel® tadio astrsndriyBha 2 NB
equivalent noise temperature of an antenna that observes a-polarized noise sourcat temperature

Tsrc depends on the ratio between the solid angles of the sourcéhermhtenna(5)[A5].
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“Y =Equivalent temperature
of source
= Solid angle of source
=Solid angle of antenna
“Y =Equivalent temperature
od antenna

Figure4: [A4] Solid angles
Theequation that links all parameters is the following:

Yo=Y — (6)

Nowthat we have all the element®tmeasure theoisepower from a cosmic sourage will usethe so
called Yfactor method(6)[6] pointing alternatively the antenna to a reference source (usually cold sky
area) and to the source:

Y= (7)

= Noise power pointing the antenna to the source
= Noise power pointing the antenna to a cold sky area

Ca C2

As we have seen we can write the above formula using Temperatut¢herefore we have:

0 = (8)
Y = Antenna equivalent temperature while pointing cosmic source to be analyzed
Y = Receiving system total noise temperature
Y = Antenna equivalent temperature while pointing cold sky area (this factor can be neglected

most of the time)

We can also use dB applying log function:

& =100 ¢ "D ©)
HANDS ON

There are several programs available thatp in predicting what cosmic sources are detectable with a
certain setup, one of those is MURMURVhich isavailableat http://iOnaa.altervista.org/index.php
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MURMURFigure Ajwas designed to allow the prediction of possibility to deteatsarsbut it alsohas
the capability to predict the expected signal strength of main cosmic sources subbk §sn, Moon,
Cassiopeia A, Cygnus A, Taurus A, Sagittarius A, Vago Quasar 3C273.

The sun noise is calculatéy interpolating the real time sun flow from NOAA solar observatottles;
noise of the moon is calculated with a dedicated algorithm that talkkesnoon phases into consideration
The noise of other sources is basedtba interpolation ofthe latest data available in literatur€7)A7]
(8)A8](9)A9] (LOJAL10] (11)A11](12)A12](13)AL3](14)A14]

MURMUR requires the basic characteristics of the antennaladeceiving system and, based on those
inputs, shows predictions of Pulsdetectabilityandthe expected yfactor noise of several noise sources:

Murmur  17.1.0 24 May 2022 mario.natali@gmail.com http://i0naa.altervista.org X
Pulsar mode Rev. History Help
Location Latitude Longitude UTC Time Local Time RESET Settings and EXIT
Beviglie-Assisi 43.0938 12.5792 Thu Sep 29 16:11:23 2022 Thu Sep 29 18:11:23 2022

Current Time Zone Name : W. Eurape Daylight Time (DST) Check for updates BT

System evaluation mode SAVE current set as default TRACK noise sources Culminations Next 24h PSR visibility Next 24h PSR tracking

CALCULATE
Pulsar mode SET Observation location CALCULATE Noise Y-Factor 1 Month PSR visibility 1 Month PSR tracking
(®) Dish antenna (O other antenna Wave length 0.23 m List of detectable PULSARS Minimum S/N |>10 ~
PULSARS extracted with 5400 fow >0: 720
. ) Effective ant. aperture 13.5 m~2 PULSARS extracted with 51400 fow >0 : 1979 S/N >10 suggested for reliable results
Dish diameter D m ATNF Pulsar catslogue Version ;167
_ ; Dish area 19.63 m”~2
Dish efficiency |69 % ek Sorted by S/N Right Ascension2000 (RATD) deg
Far 217 m i ;

Frequency Mhz Above horizea Declination (DECID) deg
i Antenna gain 35.06 dBi i B1641-45 ) :
Line loss before LNA 0.1 dB B0329+54 Pulse with @ 50% of peak (W50) msec. i

HPBW 3.22 d i B1749-28 ic peri
LNA Noise figure[023 | dB 0 U B1933+16 Barycentric period (P0) sec. i
System noise temp. 36.95 K i ey Dispersion Measure (DM am~-3 pe | i
LNA gain dB B2045-16 = Ll =
System noise figure 0.52 dB i B1642-03 Flux @ 400 Mhz (S400) mly i
Line loss after LNA [0.5 dB B2021-+51
G/Tratio 1938  dB/K | i 62020+28 Flux @1400 Mhz (S1400) mly i
Receiver noise figure D dB Egyind . . =
Noise floor -95.97  dBm | i B2016+28 Distance (Dist) kpc Iy ;
T sky ’4—] K - LT . B1929+10
J B0355+54 Age (age) years ;
i : MDS 9.69 i
T spillover X J L = > Max Int. BW (no de-dispersion) kHz i
The analysis does not take into account the Show all PSR List Expected S/N i
- - polarization of the signal as this parameter is -
Integration time 10800 | sec. strongly depending on the specific Pulsar. PLAN Observation Azimuth deg
Integration bandwidth kHz mﬁi:ﬁ';z%’;ﬁ’z;ﬁ:{gﬁ;’ E Select object to track FElevation deg

Figure5:[A5] Murmur screen to enter receiving system parameters

MURMUR calculates the expected sun noidacyor based on the latest sun flow update from NOAA
observatoriesas shown ifrigure A6
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Sun flux and sun Y-facter noise
Sun flux data downloaded from : fitp://ftp.swpc.noaa.gov/pub/lists/radio/rad.bxt ( -1 stands for data not available )
2022 Sep 29
Learmonth ~ San Vito Sag Hill Penticton Penticton Palehua Penticton Best set hz
Mhz 0500 UTC  1200UTC 1700 UTC 1700 UTC 2000 UTC 2300 UTC 2300 UTC R 1303 =
245 -1 -1 15 1 -1 -1 -1 -1 Sun flux ( calculated ) 880153  Jy
410 -1 -1 41 -1 -1 -1 -1 -1
610 -1 . 60 1 1 1 1 1 Sun noise Y-factor 20.71 dB
1415 93 106 1 -1 -1 -1 -1 93 .
2695 142 -1 1 -1 -1 -1 -1 142 [e=iraivi=s dB il
2800 -1 -1 -1 -1 -1 -1 -1 -1 Comment |
4995 164 175 1 -1 -1 -1 -1 164 . — - —
8800 283 255 1 1 1 1 1 283 ELLITABE TR STl
15400 574 594 1 -1 -1 -1 -1 574
Download latest sun flow data and calculate sun noise Show Y-factor for all noise sources
Noise measurements Data Base
# Date Hour Frequency  Antenna Gain  Tsys SFU Expected Noise Measured Noise  Delta Comments ~
(Mhz ) (dsi) (K) (Jy)  (d8) (d8) (d8)
1 16/05/2018 § 11:35:29 1296 33.617 36.980 434616 16.31 15 1.312
2 17/05/2018 12:20:12 1303 33.664 36.980 468301 16.62 16.63 -0.00 OMNLY Sun Noise
3 18/05/2018 09:33:32 1303 33.664 36.980 438895 16.35 15.1 1.254
4 19/05/2018 10:47:07 1303 33.664 36.980 426826 16.23 14.8 1.436
3 20/05/2018 10:50:56 1303 33.664 36.980 417967 16.14 14.9 1.247 v
Delete row I:l Save Data as mmddyy.csv Delete All Data Hide main screen Close

Figure6:[A6] Murmur screen showing data downloaded from NOAA sun observatories and expéatéat pun noise

Murmur also calculates the expectedactor noise ofa few important cosmic noise sourcess shown
in Figure A7

Y-Factor noise X
Cassiopeia A CygnusA Taurus A SagittariusA Virgo A 3C273 Moon
Flux (Jy) 1947 1748 912 520 223 42 827
Noise Y-Factor (dB) 1.00 0.91 0.50 0.29 0.13 0.02 0.45
Close
Moon distance (Km) 375439.3 New Noon Full Moon New Moon
4 O o ® .
Moon age (days) 4.07 .. o O ..
Moon estimated surface temperature (K) 238.1 ODays ~wee- 7 Days - 14 Days - 21 Days - 29.5 Days
‘ NOTES
| Sagittarius A Flux for fi jes below 1 Ghz is affected from intrinsic strong variability and so actual Flux value may be different from calculated flux by a factor of 2 to 3
Moon FLux estimation is based on experimental algorithm

Figure7: [A7]Murmur screenshot showing expected Noidactor from cosmic sources

The noise power measuring technique in the analog world is usually based on the detection of the
electromagnetic signal entering the antenna and its conversion into a voltage proportional to the power
of the incident wave.
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Figure8: [A8] Basic blocks of total power detection system

In the digital worldthe part in the red boXFigure A8is usuallyreplaced with an SDR (Software Defined
Radio) that allows much more powerful analysis and processing.

A very minimal receiving setp (Figure A9 canbe based on the loweost RTISDR:

Figure9: [A9] System block diagram of noise detection system based cSBRL

The main pros of this setup are the very low cost of the hardware and the possibilityltbsdaf data
elaboration.

The main cons are the stability of RSDRand the low rejection to interference from owtf-band signals.

There are several programs to measure total noise powee of themis TotalPowerwhich isavailable
from the web site of the author dittp://iOnaa.altervista.org/index.php

Measuring noise powewith an SDR is based on the processing of sampled data that the SDR makes
available on an internal register. In the case of-RDEFigure A1(, the sampled incoming data are made
available in a buffethat is65536 bytes lon@ndcontains a sequence of | and Q valuds)[Al5]

RTL -SDR data Buffer 65536 BYTES

FigurelO: [A10]RTESDR data buffer structure

The captured 1Q data are in the form obR& unsigned data. Each | and Q value varies frogn285
(00000000 to 11111111).
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To get signed values we need to subtract 127.5 from each | and Q value, which results in a new range from
-127.5¢ +127.5. Then the complex datayis | + Q.

The | and Q values represent the peak value of thghese and quadrature components of the RF signal
vector. With those valueswe can describe instantaneous amplitude and phad®wing all power
cdculations

TotalPower(Figure A1l A13), on top ofthe basic plot of total power receive@lsooffers several other
functions that are very helpful to movato the first steps in radio astronomy

Total Powar plot .

Run TOTAL POWER Freq=1300Mhz, gain=30dB, MSPS=2.4
Localtime  16/07/2021 12:26:45 sl T resdings (8 ) Smoathed ( Jresdings (d8 )
ctart tme 14 Jrmastano deatied - righ soeediciot

2 2

Elapsed time

0 ©

Heasure total power ( noise ) 54 Es

Show noise tp” Show noise “down”™ 36 E36

Reset Expand X scale

13
143
12 —
zoom 03 \
ggggg Ymax= asdB v LE| it
63 S
4
23
> od
23

Ymin = |5d8

500 1000 1500 2000 2500

Figurell[Al1l] TotalPower screeshowing RF signal captured in real time

o Band witth = 2.4z

Hydeogen line reference lrequency = 1420,406 Hhe

Figurel2: [A12] TotalPower screen visualizing detection Hydrogen lider{g)
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Figurel3[A13] TotalPower screen visualizing in 3D sun noise

CONCLUSION

In the above discussion weovered a very basic technique for radio astronomy that is based on total
power measurements. There are sevesiier techniques such as interferometry, folding, efdut the
emotion of receiving signal fothe first timefrom aremote cosmic source will be exactly our fi@sO:
JUST START!

References

(1)1.[A1] Directional Studies of Atmospherics at High Frequergiesky, K.G. s.IProceedings of the
Institute of Radio Engineers, December 1932, Walls.20, no. 12, pp. 1920932;
https://ieeexplore.ieee.org/document/1685061.

(2)2.[A2] Cosmic Stati®Reber, Grote. s.l.Astrophysical Journal,
https://articles.adsabs.harvard.edu/pdf/1944ApJ...100..279R, 1944,

(3)3. Haworth, DavidA3] Radio Astronomy Units Conversi2dl4;
http://www.stargazing.net/David/radio/UnitsConversion.html.

(4)4.[A4] Handbook of Radio Astronon®yl.: radio cummunication bureau, 213 pp 139,141.

(5)5. Kraus, J.[JA5] RADIO ASTRONOMY», 2ND ed#ibnCygnusQuasar Book 1986, chapter 6, pp 2
3, 1986.

(6)6. [A6] The Y Factor Technique for Noise Figure. [Omiitp://www.rohde-
schwarz.com/us/applications/thg-factor-techniquefor-noisefigure-measurementsapplication
note 5628015484.html.

(7)7.[A7] 30 years of mulivavelenght observations of 3C273irler, M., et al. s.t. Astronomy &
Astrophysics supplement series, 1999.

26



(8)8.[A8] The flux density values of standard sources used for antenna calibBxens, J.W.M.,
Mezger, P.G. and Wendker, H. sSNIRAO,Green Bank, West Virginia,, 1964.

(9)9.[A9].Baars, J.W.M. and et.al. s.Astron. & Astrophys. 61, 9906, 1977, 1977.

(10110. Herrmann, W. [A10] The "Astropeiler Stockert Story" : Part 2: Continuum observations with the
25m dish. [Online] https://astropeiler.de/sites/default/files/Astropeiler_Story 2.pdf.
https://astropeiler.de/sites/default/files/Astropeiler_Story_2.pdf.

(11)11. Koppen, JA11] Observation of the Moo@011;https://portia.astrophysik.uri
kiel.de/~koeppen/10GHz/moon.html.

(12)12.[A12] Observing the moon at microwave frequencies using a-tiegeeter deep space network
antenna.Morabito, D., Imbriale, W. and Keihm, S.:dEEEE Transactions on antennas and propagation,
2008.

(13)13.[A13] Sgr Aat low radio frequencies: Giant Metrewave Radio Telescope observaRionss.
and Rao, P. s:IMonthly Notices of the Royal Astronomical Society, 349IL.2%,, 1964.

(14)14.[A14] Radio and Millimeter Monitoring of Sgr A*: Spectrum, Variability, and Constraints on the

G2 Encounter. 2 4 SNE D ®/ &3 a | NJTBetagronprdicallioyril, Feb 2055, S & & of @
15 MmMp® [FdZFSNE / @ ! mp 8 -BORS[Orfire]thibps:/Avinii.i@dr.colmewR S § 2

ebookhobbyistsguidertl-sdr/. BOOKCDF1QI.

27

K.



Antennas for Receiving Solar Radio Emissions & Aurora Radio Reflections

B. Solar radio emissionsWhitham D. Reeve

Solar radio emissions are a component of space weather and have a very wide frequency spectrum;

K26 SOSNE RSLISYRAY3I 2y (GKS AYOGSNBSYyAy3a A2y 23LIKSNS
ionosphere below around 15 MHz. Theockage can occur at lower or higher frequencies, but
observations as low as 5 MHz are very rare at most locations on Earth. The spectral and temporal
characteristics of the many types of solar radio emissions are tabulatd®HB1]ReeveSolar].

Solar radio emissions are more intense at lodfreguenciesso HF and low VHF antennas are the best
types for solar observations. Specific frequency bands have been set aside for radio astronomy purposes
and observers may wish to try listening to the Sun in the center of those baaldle (). However, above
around 85 MHz interference from terrestrial transmittesach as FMTV broadcast transmittersand

mobile telephone systems, becomes a serious impediment to observations of wideband emissions.

13.36013.410 MHz| 25.55025.670 MHz]  37.538.0 MHz 73.074.6 MHz 406.1-410.0 MHz
608614 MHz 14001427 MHz 1610.61613.8 MHz| 1660.01670.0 MHz| 26552690 MHz
49905000 MHz 10.6810.7 GHz 15.3515.4 GHz 22.21:22.5 GHz 23.624.0 GHz
31.331.8 GHz 42.543.5 GHz 51.454.25 GHz 58.259 GHz 64-65 GHz
86-92 GHz 105116 GHz 164168 GHz 182185 GHz 217-231 GHz
265275 GHz

Table [B1] Tablé Radio astronomy frequency allocations, USA ¢ii1y[B2][FCC

The ideal antenna for solar radio observations is a wideband, steerablepdiaaized, directional beam

antenna operating from 1Q 85 MHz. A rotator for elevation and azimuth may be used to track the Sun

but a fixed antenna pointed south may be used in a @dfin mode in which the Sun crosses the antenna

beam each day as Earth rotates. The esdfan mode works best with antennas that have relative wide
horizontal and vertical beamwidths. At higher tatles, the antenna could be made adjustable in

St S@riAz2y G2 O2YLISyalridS F¥2NJ 0KS {dzyQa StS@lLiaAaz2y |
GKS FydSyylQa @SNIAOFT o0SI Y ARG Karduad elfeviatEcSangey. 2 dz3 K

Most solar radio emissions aumpolarizedbut some are characterized by significant right or left circular
polarization. A linear polarized antenna may be used for most observations but, if polarization is important
to the observer, circular polarized antennas are needed. Circular polarizateonberderived from linear
crosseddipoles or crossed multielement antennas with suitable coupling components such as a
guadrature coupler (se€l8)[B3][ReevePol] anl9)[B4][ReeveQuad]).

High gain antennas are not usually necessary at the lower frequencies because solar radio emissions can
be quite intense, rising 39 40 dB above the HF background noise during strong solar flares. However,
solar radio emissions at VHF and higher are relatively weak except for an occasional strong flare. For
observations in the UHF band, antenna arrays will improve observations success.

Because of their wideband nature, log periodic dipole array (LPDA) antennas work quite well for receiving
solar radio emissions in linear polarizatiéig(ire Bl andB2). The gain of typical LPDA antennas is modest,

on the order of 6¢ 8 dB when well clear of the ground and up t@ 5 dB higher when within several
wavelengths of the ground. Two identical LPDA antennas installed with cross polarization (for example,
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one vertical and the other horizontal) and coupled with a quadrature coupler may be used to receive
circular polarized emissions.

Figurel4: [B1]Towermounted, horizontally polarized, rotatable LPDA antenna with 8 elements and design frequency range of
18-32 MHz(Photo by Whitham Reeve)

Caption: Towemounted, horizontally polarized, rotable LPDA antenna with 8 elements and design frequency
range of 1832 MHz. The length of the longest element is 8.5 m and the elevation of this antenna above ground is
12.9m. The antenna is used over a much wider frequency range for solar radio emissions, meteor trail reflections,
aurora radio reflections and radio propagation experiments. Filename: Reeve_ KMA1832_IMG_2373.jpg

Figurel5: [B2]Gablemounted, Susracking, 2telement LPDA antenna with design frequency range of 50 to 1300 MHz used in
the eCALLISTO solar radio spectrometer netw@fkoto by Whitham Reeve)

Caption: Gablenounted, Surtracking, 2telement LPDA antenna with design frequency range of 5800 MHz

used in the eCALLISTO solar radio spectrometer network. The antenna is installed with a rotator at the middle of
the mast and a low noise amplifier below it. In togver backgrounds anotherportable VHF LPDA used for radio
propagation experiments.
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The Long Wavelength Array (LWA) Anteisnan omnidirectional, tiedork, active crosslipole antenna

with an operating frequency range of about 5 to above 100 MHz that also works quite well for receiving
solar radio emissiongi@ure B3). Because of FM broadcast transmitter interference, the antenna usually

is not used above 85 MHz. The LWA Antenna has the advantage of being grountid, so no tower

or elevated structure is needed. The LWA Antenna can be configured for circular polarizations by
connecting the output from each dipole through a broadband quadrature coupler. The peak gain of the
LWA Antenna is about 8 dB over moderate grguttheg antenna pattern is mushrooishaped with a
vertical 3 dB beamwidth of approximately 100°.

Figurel6: [B3]Long Wavelength Array (LWA) Antenna is a gremnodinted, crossedipole about 1.5 m higl{Photo by
Whitham Reeve)

Caption: Long Wavelength Array (LWA) Antenna is a grownthted, crossedlipole about 1.5 m high. The
horizontal support structure fastened to the middle of the mast is made from-cwnductive fiberglass rods. An
important part of the installation is th& x 3 m ground screen made from galvanized fence wire. This antenna is
multipurpose and is used for solar radio observations in @A LISTO solar radio spectrometer network and HF
radio propagation experiments.

Simple halwvavelength dipole antennas, folded dipolesd many other configurations of wire antennas
work well for observing relatively narrow bandwidths in the HF band. The dipole should be cut for a
consistently quiet frequency above 15 MHz found by experimentation. A frequency between 20 and 25
MHz, halfiwavelength from 7.5 6.0 m, is a good starting point at many locations. The axis of the dipole
should be oriented easwest.

If observations of weaker solar radio emissions are desired at VHF and above, where there are many more
weak emissions than strong ones, a low noise amplifier is recommended at the antenna to improve the
system noise performance. For example, the FBntlElectronics (FEE) used in the LWA Antenna has
approximately 2.7 dB noise figure and 35 dB gain. The high gain allows the FEE to set the noise figure of

the antennareceiver system and ensures that the antenna does not limit system sensitivity. Because of
0KS C99Qa KAIK FLAYysZ GOGSydd d2NE NS ISYySNrifte yS
receiver, something that needs to be considered for any amplified antenna system. Low noise amplifiers

are almost always used with LPDA antennas tipegrate in the VHF band.
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C.AuroraRadio Reflections- Whitham D. Reeve

Aurora radio reflections are an interesting phenomenon that involves propagation of a signal from a
transmitter to an active aurora region where the signal is reflected towards a receiver, a form of bistatic
radar. The incident patis usuallyalong a narrow northerly azimuth with the reflection path along a
similarly narrow southerly azimuth. The aurora is caused by geomagnetic disturbances related to
variations and disturbances in the solar wind. The active aurora region has enhanced etletsity,

which enables the reflection. Aurora radio reflections are described more fUBOIHCI[ReeveAuroral.
Generally, both the transmitter and receiver antennas are pointed northward but the stations may be
offset easterly or westerly. Unlike visible aurora, aurora radio reflections may be observed during daytime.

Aurora radio reflections have been observed over wide frequency ranges from HF to UHF. The ionosphere
affects the propagation associated with aurora radifiections,but the origin of the signals tsrrestrial,

so they do not experience the ionospheric blockage like solar radio or other celestial emissions.
Reflections throughout the entire HF band are possible. Observers at latitudes above about 50° have a
better chance of observing aurora radio reflectionsidgmodest geomagnetic disturbances bubstger

storms move the aurora to lower latitudes, which allows the reflections to be detected by-atiteide
observers.

The ideal antenna for aurora radio reflections is a linear polarized, narrowband, narrow beamwidth
antenna, such as a single multielement Yagi antenna or Yagi array. Cy@ggeantennas setup for
circular polarization also may be used. The same antensed for solar radio observations discussed
above have been used successfully for observations of aurora radio reflections in the HF band. Because of
their relatively low gain, single dipole antennas and similar wire antennas may not work well for aurora
radio observations.

The aurora reflections take place at altitudes of approximately 4A®0 km, corresponding to the

A 2 ¥ 2 & LIe§iohBEQcEpt i the HF band, lioksite propagation is required between the transmitter
and reflection region and between the reflection region and the receiver. Distances qf BIID km or

more from the receiver to the reflection point are typical. Because of the long distances involved, an
antenna that works well at low elevation angles is best.

Aurora radio reflections in the HF band generally are viewed as a nuisance by many radio amateurs using
voice modes because of the distortion caused by the rapid and variable Doppler frequency shifting of the
reflected signals. However, operators in theF/&hd low UHF bands can try using aurora reflections for
contacts with operators they would otherwise be unable to reach. If observations of the phenomenon,
and not communications, are the only goal, omnidirectional radio beacon transmitters can be radnitor

for reflections with a directional receive antenna pointed northward. However, the beacon transmitter
and receiver stations should be approximately along a nediith line for best results. Spectrum
observations are best made with very narrow pdstection (audio) bandwidths on the order of below

50 to around 200 Hz. Software used for observing meteor trail reflections also works for aurora radio
reflections.
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D. Sudden lonospheric Disturbancegdonathan Pettingale

The Sun affects the Earth through energy, whenever the Sun erupts with a flare, it is usually in the form
of Xray or Extreme Ultraviolet (EUV) energy. ThesayXand EUV wavdsavel at the speed of light,

taking only 8 minutes to reach the Earth, where they dramatically affect the ionosphere. The effects of
the solar flares are measured by tracking changes in the signal strength of Very Low Frequency (VLF) radio
transmissions sithey bounce off the ionosphere. The VLF radio waves come from transmitters set up by
various nations to communicate with their submarines and are of constant power. The received signal
strength of these VLF waves changes as the flares affect the iomesgiiyeadding extra ionizationthus

changing where the VLF waves bounce in the ionosphere. Continuously tracking the received signal
strength of the sources allows changes to be detected and hence the effects of the solar flares to be
detected. These @nts are called Sudden lonospheric Disturbances (SIDs).

The ionosphere

The ionosphere has several layers created at different altitudes and made up of different densities of
ionization. Each layer has its properties, and the existence and numiteeyas§ change daily under the
influence of the Sun. During the day, the ionosphere is heavily ionized by the Sun, creating the D, E, and F
layers. During the nightours, there is no ionization caused by the Sun since it has set. However, there is
some small ionization caused by cosmic rays, which creates only the higher, F layahérhus a daily

cycle associated with the ionizations.

In addition to the daily fluctuations, activity on the Sun can cause dramatic sudden changes to the
ionosphere. When energy from a solar flare reaches the Earth, the ionosphere becomes suddenly more
ionized, thus changing the density and location of lay@gh the increased ionization, the VLF signals
now bounce from the lower, D layer.

The strength of the received radio signal changes according to how much ionization has occurred, at what
f SOSt 2F (GKS A2y23LIKSNB (KS +[C 61 @3S aoz2dzyO0OSaé¢ FNJ
penetrate on its way to or from a bounce.

Data Capture

A typical example of the effect oh&ID on the received signal strength of a transmitter is showgure
D1.
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Figurel7: [D1] Solar Flare Examplé21)D1].
Antennas For SIDs

Several nations use VLF wavestmmunicate with their submarines because these wavelengths can
penetrate water. There are transmitters scattered around the wothte VLF signals bounce off our
ionosphere from many kilometers away and can be picked up almost anywhergahbmitter stations

are usually very largand cover many kilometersince the wavelength of the frequency being
transmitted, typically 1@ 50 kHz, is about & 30 kilometerstself.

A suitable antenna for observing SIDs is a Adop antenna There is no standard size or shape of
antenng to receive the frequencies we are interested in,(180 kHz, the antenna does not need to be
built to precise dimensional specificatigm®r does its wire have to be wound to exact tolerandeop
antenna can be built usingarts and suppliethat you caneasily acquire Either build a small (about 1
meter wide) antenna with lots of loops of wire, or a la@@enna (2 or more meters wide) with fewer
loops of wire.

Fundamentally, a loop antenna is an LC (inductor, capacitor) circuit that resonates at a specific frequency.
An inductor concentrates and stores magnetic energy, while a capacitor concentrates chargerand
electric energy. The inductance is formed by the wire |apd te capacitance is formed by the wiring
metal surface, running in parallel along the loop. Wire resistance is small, though always present in a wire,
and increases as the length of the wire increases. As the radiated electromagnetic field from a VLF station
passes by the loop, a very small (~0.1 millivolts) electrical voltage is induced in the wire.

The chances of picking up this tiny signal can be improved by increasing the number of turns or enlarging
the size of the antenna. As the number of turns increases, the distributed capacitance also increases,
which lowers the resonant frequencyheresistance of the wiralsoincreasesith the number of turns
causing the amplitude of the signal to drop. A tuning circuit can also be addeahe the loop to the
frequency interested in.
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A suitable receiver for the loop antenna is a computer sound card. A preamplifier is required due to the
low voltage from the antenna. A commercially availgieamplifierwith software for data analysis is
available from the Society of Amateur Radio Astronomers (SARA) under their SuperSID program.

Typical loop antennas for receiving SIDs are showigure D2.

Figurel8: [D2] Loop Antenna

The guide to putting together a SuperSID antenna can be foun(a)D2] solar
center.stanford.edu/SID/docs/SID_Antenna.pdf

References:

(2121.[D1] SuperSID Manudittp://solar-
center.stanford.edu/SID/Distribution/SuperSID/supersid_v1_1/Doc/SuperSIDManual_v1.pdf.

(22R2.[D2] Building a SID Antenrtattp://solar-center.stanford.edu/SID/docs/SID_Antenna.pdf.
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E.SuperSIDSFirst M-FlareObservation from aNew SuperSID- Richard Marsden

Earlier this summer, | installed a new Suf#¢D device in Wichita Falls, Texas. Attached is my first SID
observation from 8 July 202ZFgure EJ. This was confirmed as an-®lass Flare by the GOERay Flux
Satelliteg23) EL](https://www.swpc.noaa.gov/products/goeg-ray-flux ).
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Figurel9[E1] M Class flarécredit Richard Marsden)

The flare is clearest on red (NAA; Cutler ME transmitter), but also appears on blue (NLK; Jim Creek WA).
Interestingly it does not appear on green (NML;Maure ND) which is almost due north from the
receiver. NAA also shows a good day/night transition signal.

I am still working to mitigate noise anchderstand the various other peaks | see. | have replaced noisy
fluorescent shop lightand adimmer switch in the housé.am in the process of constructing an ARRL RFI
Sniffer(24YE2](2022 ARRL Handbook, v6 27.51).

The SID receiver is constructed using PVC pipe to produce an approximately squahatii®p.3m on
eachside(Fgure E2. Fordata acquisitionl am usin@ resurrected (>10yr old) PC with Windows d:0d

the SuperSID softwar@he above recording was made with the antenna in my workshop approximately
1 m from the PC. After detecting interference from the L@&nitor, | have since moved it outside:
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Figure2Q[E2] SuperSID Antenn®hoto by Richard Marsden)

It has only been at this new location for about a wesél amstill undecided if I any betterand the

extra run of RG58 cable gives me concédlris airrently anchored with trampoline anchors and stones,
andl will probably raise it up above the ground by about 1ft. The wall a/c unit does not appear to produce
any interference.

References:

(23R23. NOAA[E1] GOES-Ray Fluxhttps://www.swpc.noaa.gov/products/goeg-ray-flux.
(24R4. ARRIE2] ARRL Handbod022. Vol. Volume 6 27.51.

38



F.(12GHz) IttyBitty Telescope Improving IBT and IF Processor Performan@ruce Randall
(NT4RTY

Figure2loCm®8 L. ¢ t NPOSZadNKE{R(GI SRt it & wCANY RSN

The Itty-Bitty Telescope (IBT) is a demonstration radio telescope built from Ku band satellite receiver
parts. This paper addresses improved performance over the original Arduino based IBT P(bapasor
F1)from the 2019 paper25)F1]

Significant improvement comes from using an extefréabit ADC instead of the Arduino internal
10-bit ADC.

5A4K a3INRdzyR y2AaSszé LRAYGAYIZT FyR OFf AONI (A2

Like the 2019 version, it is based on The Analog Devices AD8318 logarithmic detector chip
(26)F2] along with an Arduino Uno R3 microcomputer bo§2d)F3]. The AD8318 is designed

for cell site power control. It has good temperature stability. It is available mounted on a small
circuit board from several suppliers on EBay for §$35 U®. Because of the small SMT package

of this chip, acquiring thehip on a circuit board is a good idea.

TheIBTProcess¥a ySg !5/ A& | RRNBaaSR FTANRG 0SOldzAaS GKIF G
original versionThe newADGs shown irFigure F2

AD8318 EBay PWB
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Figure22: [F2] AD8318 EBay PWB
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Analogto-Digital Converter (ADC) on Arduino:

Thel0-bit ADC on Arduino ssnapshotin time. It ould also use better resolution and linearity.
This ADC has fairffiirential nonlinearity (DNL)

A dither signal above the frequencies of interest will help smooth out both of the above
problems.

Leaving a slightiangle wave left from the PWNiter supplied the needed dither.

Any noise on the analog power supply adds directltheosignalMoving to the cleaner 3.¥
helped but alsoadded a lot of critical analog hardware.

TI ADS10152-bit ADC:

= =

=A =4 =4 =

TheADC is integrating ADC type with very good DNL

Integration process ithe ADCaverages over a time interval. dzOK 0 S (i sh&pshbé(i KF- 2yNJ &
radio astronomysignals (statistically random and noidee).

Because of the above, dither has little value.

TheDC preamp on the ADC eliminaths need for one of the op amps.

It fill needs DC offsetting voltage to séhe range.

Thisis somehelp towards fixinghe power supply noise sensitivity.

TI ADS11156-bit ADC (Used in present versigri28YF4] (29)[F5]

1
1

)l
)l
)l

The highresolutionallows the offsetting function to bdone in software.

TheADGs connectedlirectlyto the AD8318 detector. The ADC is in differentialde, so it
measuredrom output to groundat the AD8318 chipThis gets rid of ground noise problems.
Power supply sensitivity ieduced,andcritical analog hardware can iminated.

It is anintegrating ADCso output is an average over a time interval.

Setting conversion time forehS and starting conversion everyrfs works very well.

Observe the AD8318 logarithmic response curve in Figaire

A EachADCcount is a constarfe diangein power kvel.

The math of the AD8318 as used in the original version:

ADB8318 Det.

Analog

10 bit ADC |» o Power

Offset Volts

calculation

A 5SFAyS ' RRSR h¥FaSid +#£2t4G13S a a[23 6 3 0§

A ADC Input =Log (T)+Log(g)

A ADC Input =Log (T*g)

A

In software: Antilog (Log (T*g)) = T*g
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The new math of the AD8318 for this version:

Digital

AD8318 Det. [—16 bit ADC

to power
calculation

Offset Reg.

A 5STAYyS ' RRSR h¥FaSd zltdzS a a[23 o6 3 0¢
A ADC Input=Log(T)

A Ly a2Fdé6FNB 1 ' [23 6 ¢ F 3 0

A In software: Antilog (Log (T*g)) =T*g

So,the offseteffectively sets the receiver gain or scale facidifferences in the gain of the LNB can be
adjusted wih no other effectsThis allows setting thiill-scaletemperature as needed.

The Exponentialdok-Up Table (LUT) in software is still used to get temperature.

Here we have moved the ADC in front of the soimg function.The offset is a number in a software
register insteadf an analog DC voltagBlote that in the original the offset was a number in a software
register used to drive a PWMhich generated an analog voltage.

The IBT antenna plus receiver plus source temperature typically varieaf26id¢ 400K range

or about 12dB between cold sky and objects above ambient temperature. Note that more typical
LNBs have closer to 180and not 25K noise temperature, so 1dB is plenty ofange. The gain

of the particular LNB and cable losses set the detector output level for a given antenna
temperature. An adjustable offset is added to the detector output to select which portion of the
detector range is used.

An audio tone output is essential for demonstration and setup, so a speaker driver and a speaker
are includedA variable pitch audio tone is far superior to a variable amplitude tone due to the
human ear being very sensitive to small pitch changes.
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FigureF3 shows thesoftware data flow for the ADS1115 IBT Procesalbmath used here is integer math.

Thefloating-point libraries take a lot of memory and are too stawing long integers in some calculations
gave the needed accuracy with less overhead

Several sample rates were used in the systassampling the AD@aster than the output sample rate
allows for the_ filtering (integratbn time of radiometer equationjo be done in softwareAlso,over-
sampling gives extra bits of resolution because the input signal contains random noise.

The data size from the ADC is actuallybits, or 32767 full scale. Using all-bés wouldmeanneedng
analog circuits for offsetting between a positive deteabotput voltage and a +/2 V ADGnput range.
The memories in the two filters are long data type {88) to assureghat any round off errors are
insignificant.

The Antilog or Exponential function was done with a LUT. A tabl@24 entries of 1éits with table
interpolation gives goodfastaccuracy An Excet sheetcangeneratethe table.

¢CKS ald2ySé TdzyOlA2y AShit timkrSThis divBsdziitafigy juinps dnkciNdie  dza S &

input signal is changin@he16-bit Arduino TIMERL1 is used to generate the tone output with direct port
access of the timer by the softwar€his produces much better results from a upeint of view. TIMER1
is talen awayfrom the servo library, so those functions are no longer available.

The meter PWM output is &its, so the datavas scaled properly for thafthe 8bits of resolution is
adequate for use with an analog meter.
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The Arduino interface to SkyPipe User Data Source (UDS) was taken from the Radio Sky3VEEsjte
(31)F7] and modified to fit with my codeRadio Skprovideda good starting point.

The EEPROM on the Arduino is used to store setup data. If the push button for toggling the tone output
on/off is held fortwo seconds, the fiset value, the filter setting, and the audio on/off status are stored
in the EEPROM. At power up these EEPROM stored values are retrieved.

The Aduino code link iS(32) 8] github.com/NT4RT/IBT ProcessoFBislink alsoprovides access tine
spreadsheet to calculate the lag-power LUT for the Arduino cod&he existing LUT is included so the
use of the spreadsheet @ly necessaryf changes are needed.

Hardware Improvements

The initial version of the IBT Processor had several limits stability and accuracyhe problems appear
when the Arduino is pigged into a computer USB pofthe USB port is a very effective way of connecting
to Radio SkyPipe for data acquisiti®adio Sky even supplied the initial Arduino dribett | started with.
The Arduino board uses the computer USBv8hen it is connected. Thadsis very noisyand the Arduino
uses it for the ADC and PWM reference voltagbel6-bit ADS111RD(5] andthe elimination of analog
circuits isolate measurements from the/ssupply noise problems.

ADS1115 A/D Converter Connections

VDD to +5/

GND to Arduino Ground

SCL to Arduino A®RC driver reassigns this pin to SCL fungtion
SDA to Arduino A42C driver reassigns this pin to SDA fungtion
ANO to ground at the AD8318 hoard

AN1 to AD8318 board output

Other pins are not connected

To T o To Do To Do

Detector BoxChanges(FigureF4 andF5

Cell phone and other microwave signals caoid to the detector output. An aluminum box with
feedthrough capacitors on the power and output line was needed for good rejection of these signals. A
1.8 GHz low pass filter was added to the signal input so that 5 GHz local oscillator leakage-franda C
LNB does not contaminate the signal. For a normal 12 GHz Ku band IBT this filter is not needed.

There was dow-leveloscillation in the AD8318 circuit only when the box lid was installed. The pieces of
gray refrigerator magnet that were glued to the box floor cured this.

The black wire in the picture is the A/D converter ground. Notice that it only connects to ground at the
AD8318 circuit board.

The AD8318 boards with a shield over the chip will probablykagwithout a shielded box.
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Figure24:[F5] Bias Tee Filte(Photo by NT4RT}

A low-level noise was observed on the detector outpdite to power supply noise on the bias tee that
feeds the LNBThe added filter eliminatthis noise.This is probably not needed for most applications.

Dish Aiming ImprovementgFigures6 ¢ )

Figure25:[F6] Original sights (Photo by NT4RT}

Accurate aiming on the sun and moon is of interest because solar flux and moon temperature
measurements are within theapability of the improved IBThe sights on my original IBA6] used the

LNB mounting bolt and a stick of fiberglassasured tahe right height on the other end ohe feed arm

as the rear sightAfter the stick was broken off in transport a couple of times, is\weld in place with a
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magnet which heldit to the back of the dish during transpoFor aiming at thesun,the shadow of the
bolt is observed on the center of the edge of the rear sight.

Aiming at the moon at night proved more difficult.

I awSR 52 i findeNgErTronSah opiical Fekestope was triett is bright enough for night sky
use except when sighting on the modne tothe light of the moon washg it out and making thered
dot hard to find.

A 6% 26 correct image finder from an optical telescope zen tried. It wasusablebut could use more
eye relief.

Figure26:[F7] Telescope SightPhoto by NT4RT}

A 4x 32rifle scope was tried neXE8] It has good eye reliebuttakes a litté practice to find the exit pupi
of the scope at nighfThisappeasto be the best way to accurately aim at the moon

Figure27:[F8] Rifle Scope SighPhoto by NT4RT}

Any sort of telescope as a sighvesy cangeroudor aiming at the surA small screefF9]was made from
automotive dealer plate plasticThis replaced the rear sight for sun measurements. A Sharpie
permanent marker waalsoused to markaround the front sight shadow.

Figure28:[M] Shadow Sight for sufPhoto by NT4RT}
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Dish Shielding

Thetemperatureof cold sky changesith dish positiordue to ground noise from dish side and back lobes.
Objects people,and pets off the side of the antenrmdsoaffect measurenentsdue to movemenadding
confusion.FigureFL0 shows an earlier attempt to learn the effects of a dish shield. This lowered cold sky
readings by about K. The temperature changes have some uncertainty but are definitely significant.

Figure29[F10] Early Attempt at Dish Shieldin@hoto by NT4RT}

The dish shielding by Alextite(KK4VBin FigureFl1 showed significant improvements in spectral data
performance. An actuaémperature improvement was not documented.

Figure30: [FL1]: Alex PEI A (1 Qa4 5 AKKAVB)KA St RA Yy 3

FigureF12 which shows a photograph ofdish shield, is aexample ofthe interesting workdone by
Sanders Weinreb, et abn the DSA000 project(33)FR]. Sky temperature overhead is XK/ from 0.7¢
2.0 GHz. This implies that the dish shield is very effective. Hopefully the dish design will be published.
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Figure31: [FL2]: DSA2000 Dish Shieldin@33)

FiguresF13¢ FL6 show how a dish shield was added to my-thé&ter IBT FigureFL3 shows the metal ring

that wasa dzLJLJ2 NI S é6 A0lvkh 6EM oy YYO f dzYo SN ¢ KA & & dzLJLJ2 NI
parabola,so the focus is moved out past the LNB. This defocuses the reflections off of the alufoilpum

so LNB heating is not too bad during solar observing.

G OFyQi 0S5 NBWp@Bid ondte @xact positior? K 2 f

Figure32: [F13] Metal Ring Suppor{Photo by NT4RT}

Figure F14 shows the shield segment made from corrugated cardboard and aluminum foil. The
corrugations run towards the center of the dish to allow the cardboard to bend as needed.

Figure33: [FL4] Shield Segmen(Photo by NT4RT}

The tab of thin cardboard on the left edge was pulled down and clamped to the dish edge with a binder
clip[F15]
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Figure34: [FL5] Cardboard Tab Binder Clip Supp@hoto by NT4RT}

FigureF16 shows theinstalled shieldandTable 2 shows the effect of adding the shield.

Figure35: [F16] Fully Installed Shiel@Photo by NT4RT}

Table2:[F4] Shield Elevation vs Improvements

Dish Shield
Elevation Improvement
Just above tree line, about 40° 9.2K
60° 15.9K
90° 16.7K
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A Calibration Scheme

Putting a microwave absorber on or near the surface of the dish will increase thearetssnperature by
some amount.By carefully controlling the size and placement of the absqraeknown calibration
temperature can be established.

o4 2g e

Tis a temperature in &vin.

Aeis an effective aredor both the dish and the absorhéris smaller than the physical area.

Several materials were tried as absorbeiscludng refrigerator magnets, assorted magnets, assorted
ferrite materials, wood, andPresto® PowerCup®icrowave heagr disks for a popcorn poppeihe
microwave heating disk§igure 17) seemed the moseffective, adding upo between 30K¢ 70K to the
receiver temperatureWood also seemed usefldut noisture content changes in the wood could affect
the calibration.

Figure36 [FL7] Microwave Heating Dish Absorb@Photo by NT4RT}

A lengthof 1 x 7.5-cm crating woodstrip waslaid across the face of the dighgure 18) andresulted in a
65K increase itemperaturelevel A narrower strip of wood could make a smaller temperature rise.

Figure37: [FL8] WoodStrip Absorber{Photo by NT4RT}

49



Because the absorber is not perfect, the spacing from the dish surface affects its effectivEtereaaph
below (Figure 19 shows the effect of anicrowave heating diskt different spacingThe experimental
points were not close enough together to get a smooth cuiMae marker is a spreadsheet generated
pattern with </2 repetition rate. The data line shows a similar cyclic pattern typical of reflections.

Temperature due to PowerCup

—4=—Delta Temp

Increas, K

== arker

] 10 20 30 40 50 a0

Spacing, mm

Figure38: [FL9] Temperature due to PowerCup Chart

A reasonable calibration temperature is @3 times the source temperature. The calibration must be
above system noise and well below receiver saturation.

The desired calibration temperature for the moon is somewhat above the temperature rise caused by the
moon, which is about:

Y& ¢miut ™ o® compensating for beam widtAhnd moon size in degrees,
"“Y& TV so,areasonable calibration temperature is KO

For the sun, the calibration temperature can lelow its temperature
Yi pmnin ™® o® compensating for beam widthnd sun size in degrees,
"Yi ¢ murtso,a reasonable calibration temperatuie 0 K¢ 70K

The calibration procedure is as follows:

1. Aim the antenna at cold sky. Record cold sky reading.
2. Add the calibration absorber. Record calibration reading.
3. Remove the absorber. Record cold sky reading.
4. Aim at the source of interest. Record source reading.

5. Aim the antenna at cold sky. Record cold sky reading.

Subtract the cold sky reading from the calibration and source readings. The ratio of the adjusted source
to the adjusted calibration is the ratio of temperatures
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All of this assumes the readings ardirgear function of power or temperature. Any difference in the cold

sky readings indicates receiver drdt something changing the background.

Experimentghat arenow in progress show that positioning of the absorber material is more critical than
first thought. The calibration will not be accurate unless the absorber position is very consiterk.is

now in progress and will be presented at the conferengrechoic chambers for EMI testing use various
cone shaped absorbers to eliminate position sensitivity.

Converting these readings to fluxJanskys or solar flux unit is another problem becausemnwst know
the exact antenna effective argas well as the exact temperature rise from the source.

Conclusion

The IBTand IBT Processor hawelot of potenial to improve demonstrations. This paper addresses
improved measurements with the IBTThe hardware improvements are worthwhile if actual
measurements are desired. For more casual demonstratibese improvements are not really needed.

Appendixes A, B, and C give more details on construction and operation of the IBT Processor.
Appendix A:IIBT Processor Control Functions
Audio Volumeg Sets volume level of tone in speaker

Audio Select; Selects betweendOff ¢ dTone¢ anddDetector Audicé A long push will store the setup in
the Arduino EEPROM. Setup is restored from EEPROM at power up.

Set Offset/ Push Filter Select Rotatingthe knob will change the offsetvhich selects the segment of
the total log detector curve that is use8ecause of the log processing, this is effectively a gain control.

Set Offset /Push Filter Seleat Rotatingthe knobwhile it is pushed in will set thefilter value between
the following 9 selections. The selection shows on the meter@8 aut of a full scale of 10

0.1 Secondébest setting for most IBT demonstrations

0.2 Seconds

0.4 Secondémaximum useful value for IBT demonstratipns

0.8 Secondésettings above 0.4 seconds are useful for 1.4 GHz sun noise measurgments
1.6 Seconds

3.2 Seconds

6.4 Secondésettings above 6.4 seconds are not likely to be ugeful

12.8 Seconds

25.6 Seconds

© o N OA~WNPRE

Gain AuteSet¢ Pushing and holding this button moves the offset value to get half scale on Log scale. This
speeds uphe initial setup considerablyAn unintended push of this button will trash measuremersts
there is a raised sleeve around it to avoid hitting it by accident.
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View Offset¢ This switch does not connect to the software. It diverts the offset PWM to the meter. In
version 3 this PWM is used only to view the offset value.

PWR Resp LOG ResqIn this positionthe meter and the output to SkyPipe have a 12 dB range over the
full meter range.

PWR Resp LOG Resp In this positionthe meter and the output to SkyPipe have a linear response to
power or temperature.

Note that there is a jumper on the front panel between thigias Teéand thedDetectok input. This is
used for lab evaluation of the Detector.

Appendix B:Arduino Port Pin Assignments

/| Define MCU ping ****¥xxxx

/! 0 /Il Serial for IDE and RSP comm.
/! 1 // Serial for IDE and RSP comm.
Il 2 /I DIO, can be IRQ input *NOT USED**

#define EncoderPinA 3/l Input with pullup Also Port D mask 0x08

#define EncoderPinB 4 /[ Input with pullup Also Port D mask 0x10

#define Meter pin 5 |/ PWM output for analog meter.

#define Offset pin 6 /| PWM for offset voltage. Used as test point only. Real offset in firmware
now.

#define DetSel 7 [/ Output. High Selects Audio path for detector. Changed Jun 10, 2019

#define EncoderPush 8 /l Input from push switch on encoder

#define ToneOutAF 9 // Tone Warning: This prevents pins 9 and 10 PWM

#define AudioSelPush 10 /[ Infnaim push button switch

#define LUT pin 11 //Input. High for LUT meter output, low for linear.

#define O Sync pin 12 // Output Pin wiggles to sync scope for timing studies.

#define LED Pin 13 // LED on this pin on UNO PWB. Usedagpetest point.

/! 14 // Was used as Analogtf internal Arduino 10 bit ADC. Now uses
ADS1115.

/! 15 //GPIO or Al *NOT USED**

/! 16 /[ GPIO or A2 *NOT USED**

#define AutoNulPin L17 //Now Dig Input. Hold low to seek half scateamcFiltOutl5. Tunes offset
PWMto null.
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/! 18 // Used as 12C was A4

/! 19 //Used as 12C was A5

Appendix C: Schematic and Arduino connecti¢Rgyure Figure F30
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54



References

(25)25.00CmMB8 G! NRdzA y 2 . |Rafial Brucets:Rraceeding@otxSesSac iy st
Amateur Radio Astronomers Eastern Conference, Augds819, pp. 17485, Vols. www.radio
astronomy.org.

(26)26. www.analog.confF2] Analog Devices AD8318.
https://www.analog.com/en/products/ad8318.html.

(27)27. www.arduino.cc[F3] Arduinohttps://www.arduino.cc/.

(28)28.[F4] Texas Instruments ADS114%ps://www.ti.com/product/ADS1115?keyMatch=ADS1115.
(29)29. adafruit.[F5] adafruit ADS1115 Board Assembly.

(30)30. Sky, JinjfF6] Radio SkyPipkttp://www.radiosky.com/downloads.html.

(31)31.1 . [F7] SkyPipe Arduino Interfadetp://www.radiosky.com/skypipehelp/V2/arduino_rsp.html.

(32)32. Randall, Bruc¢r8] Bruce Randall NT4RT Github Site.
https://github.com/NT4RT/IBT_Processor3.

(33)33.[F9] DSA000 Radio Camerattps://www.deepsynoptic.org/technology.

55



G.Meteor Detection Chip SufitchiN2YQ

When a meteor enters the Earth's upper atmosphere it excites the air molecules, producing a streak of
light and leaving a trail of ionization (an elongated paraboloid) behitighit spanstens of kilometers
long.Occasionally, his ionized trail may persist for less thame second up to several minute®ccurring

at heights of about 8% 105 km (50¢ 65 miles), this trail is capable of reflecting radio waves from
transmitters located on the ground, similar to light reflecting from a mirrored surface. Meteor radio wave
reflections(FigureG1) arealso called meteor echoes, or pings.

— Meteor Trail

Transmitter Receiver

Figure40: [G1] Meteor Reflection Geometr{N2YO)

Tolisten to meteor echoes, you need a powerful transmitter in VHF band (ideally a tower broadcasting
analog TV on channelg;5) locatedthe right distanceawayfrom you, a TV antennanda VHF receiver

The meteor detector at LIVEMETEORS.com is locéateelDC Metropolitan area and is currently pointing
the Yagi antenna at a TV tower in Canada broadcastinghannel 2 analog TV, around 55.24 MHz, or
based on availability and propagation on channel 3 analog TV, around 61.260H2V tower ikkely
located in Timmins, ONhe receiver is RTEDRand software is SDR#.

The sftware used as strip chart recorder is Ra8kyPipe Il. It takes the demodulated audio and plots

the amplitude on a moving chart. SkyPipe takes a sample every 10 ms, so there are 100 samples each
second, which is enough for data analysis. Users can install a free d@#)Gfl]] RadieSkyPipe land

switch the application in "Client Mogkethen connect to 69.30.241.74 on port 6300. Instructiomshow

to configure SkyPipe in client mode can be found here:

(35)G2] radiosky.com/skypipehelp/V2/clientmode.html

(36)G3]livemeteors.com/

Figure GZhows he display shows the SDR# output with a meteor detection.
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Pravided by LiveMeteors.com
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Figure4l: [G2] Meteor Station Output(photo by N2YO)

The system consists of aelementslow VHF Yagi antenna pointing to Ontario Canada, a preamplifier,
and a75-ohm cable toan RTL/SDR receiverhe sftware used for reception is SDR #. The system also
uses Radi¢skyPipe as a strip chart program to highlight meteor detections pfdgram runs in server
mode so that other Radi€kyPipe users can connect remotely to my computer and receive information
in real time.

Live streaming can be watched(86)[G3] livemeteors.conand also on YouTube Live.

The strength of the signal may vary according to the distance thenransmitter and the power of the
transmitter. Inthe case of N2YO, near tii¥C Metro areathey are receiving a TV station broadcasting
from Ontario, Canaddut other locations may require a different solution. For low VHF channel§)2

the antenna should provide a good match betweerg®8 MHz, so if center frequency is around 70 MHz
any Yagi would work. In fadtreplaced my Yagi with a simple dipole with 2 adjustable telescopic arms
andgot good results from my placeven without a preamplifier. The dipolehisH , Ipdtable solution

to providedemonstrations during astronomy stargazing sessiiguresG3and G4).

Il!llf‘ ”
w ‘
A
Lis
s

igure42: [G3] Aluminum Pole and RotatgiPhoto by N2YO)
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Figure43.[(4] Installed Antenna on 15 ft mast (height is not criticd@®hoto by N2YO)

Any preamplifier Wl work provided the noise figure is 1 dB or I&¥2YO isising about 56t of RG675
ohmcable.

The SDR software should be set for CW detection, with a 3 kHz bandwidth filter or naffoedighest
sensitivity setting is required to detect first meteor echoes, tisan be adjusted for optimal SNR. When
chasing analog TV (available in Canada only, and passsioime Central America or Caribbean countries),
keep in mind that the frequency to look for is the video carrier. For instance, channel analog T¥ 3 has
video carrier on the frequency of 61.250 MHz. In reality, TV towers may also-UEe kiiz frequencies

for the video carrier, so careful monitoring should go on 61.240, 61.250, and 61.260 MHz for this channel.

Figure44: [G5] RTESDR Dongle is attached to Computer and Antenna G&iileto by N2YO)

Recommended Reading ariReferences:
(34)134. Sky, JimMiG1] [AA] Radio Skypipehttps://www.radiosky.com/skypipeishere.html.

(35)35.(G2) SkyPipe Client Mode Instructions.
http://www.radiosky.com/skypipehelp/V2/clientmode.html.

(36)36. Sufitchi, ChigG3) Online Meteor Detection System: Chip Sufitchi N2YO, Chantilly, VA:.
www.livemeteors.com.
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Proceedings of the 2015 Eastern Conference, 2015, www-gsiionommy.org.

(38)38.(G5) Annual Meteor Showeldtps://www.livemeteors.com/meteofshowers.
(39)39.(G6) Society for Amateur Radio Astronomersw.radio-astronomy.org.
(40¥0.(G7) International Meteor Organizatiofttps://www.imo.net/.

(41)1.(G8) American Meteor Associatiohttps://www.amsmeteors.org/.
(42%2.(G9) Roswell Meteor.contittp://www.roswellmeteor.com/.

(43¥3.(G10) Meteor Burst Communications.
https://en.wikipedia.org/wiki/Meteor_burst_communications.

(44Y4.(G11) Meteor Scatter Databashttp://base-meteor.free-sky.ft/.

(4545.(G12) Live Meteor Detection North Ameritatps://www.livemeteors.com.
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H. Radio Jupiterg antenna theory and antenna C.Higgins and D. Typinski

Jupiter Decameter (DAM) Radio Emission

Because of a strong magnetic field, energetic radiation belts, and a rich environment of plasma, Jupiter
emits a broad spectrum of radio emissions from below 1 kHz to above 300AQt{aterradio emission
below 40 MHz s first identified by (46XH1) Burke and Franklifl1955]. The range, alled Jovian
decameter (DAM) emissionccurs from 3 MHgz 39.5 MHz having apeak spectrapower at about 10
MHz The lower limit on observations from grouédsedobservatories is generally abové MHz due to
FGdSydzZ GA2Yy o0& ( KEhodtheNliidDAM emidsioRisi infléeScNdbpthe satellite lo
(47YH2]Bigg 1964] andome Jovian DAM hagen correlated with solar wind parameteg@#8)H3)[Hess

et al, 2012]. For a review, se@9)YH4)Carret al. [1983]. Jovian DAM is among the strongest radio
emission in thesolar systemilt is generated byhe cyclotron maser instability (CMI) mechanjsgraamed

in awide hollow conewith thickness of a few degregand exhibits elliptical polarization that can be
almost purely circular at timg&0)H5)[Clarke et al.2004].

Jovian DAM is most often emitted from points along phesmaflux tube within the Jovian magnetic field

that connects Jupiter and its satellite lo. Emission from these regions is said tectetiolled because

the relative position of lo with respect to Jupiter and Earth has a very strong influence on the gtgbabil

of observing this emission from Earffhe lecontrolled Jovian emission regions are designated bnd

lo-B for the primarily righthand circulaipolarization(RCH emission sources in therthern hemisphere,

and IaC and leD forleft-hand circulampolarization(LCP sources in the southern hemisphere. These lo

related emission regions are defined by theacurrence probability in the central meridian longitude

(CML lll)and Iephase %w) plane(49XH4)]Carr et al. 1983].Jovian DAM is also emitted, albeit somewhat

weaker as received at Earth, from othglasma¥ f dzE (1dz0 S& (K| ( R2hisig@lled A y i S NE&
non-lo-controlled emission.

Commonspectralfeaturesin Jovian radio emissiommsclude frequency envelopespectralarc structures
L-bursts, Sbursts, N events, and modulation lanes. These featdegend both on the frequency and the
lo/non-lo source parameterg51YH6) [Hess et a). 2008 (52YH7) [mai et al, 1992]. An excellent
observation of a Jovian4® is shown ifrigureH1.

AJ4CO Observatory 14 May 2021 - DPS on TFD Ana
Calibration =~

- RCP - Corection Array 2017 01 10.csv - Offset 2100 Gain 5.0

Jupiter lo-B radio ~ [s
~ bursts -

124500 132230 14:00:00

11:3000 1207:30
Time (UTC)

03:0000  0337:30 1015:00 105230
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Figure45 (H1) Frequenetime spectrogram

FigureHl. A frequencytime spectrogram showing a JupiterBoevent on 14 May 2021 from D. Typingkve hours
of data covering a frequency range of-38BMHz show common spectral features like arc structurdsyrsts. The
OdzNWSR o6FlyRa N3 CFENIRFe flySa OFdzaSR o0& LINBLI IAFGAZ2Y

Radio JOVE Antenna

In simple terms, @aadio antenna intercepts energy from electromagnetic waves and converts that energy
into an electrical signal at the antenna terminals. This weak radio frequency signal is fed from the antenna
through a transmission line to the radio receiyB2)H8)YRadio JOV,2012.

5dz28 G2 AYONBlFraAyd A2y2aLIKSNAO I o sapmgldiththe YupiterOdzi G A v :
emission signal strength decreasing above 24 MHz, the opfiegplency rangdor groundbased Jupiter
observations igrom 18 ¢ 22 MHz.Therefore, antennas designddr a center frequency ne&20 MHz

(wavelength = 15 m) are ideal for Jupit@ndalso work very well to obsensslar radio emissions. A single

half-wave wire dipole antenna is a simple and inexpensive antenna to detect the strongest Jupiter radio
signals.

For a 20 MHz dipole, the tp-tip length is 23.4 ft (7.1 m). To achieve an antenna beaming pattern (i.e.,
YFEEAYdzY FFAYO LRAYGAY3I dzds NRE (GKS RALERES A& Y2dzyi
ground. The added benefit of a horizontal olig with an upwarepointing beam is that it is less sensitive

G2 GSNNBAOGNARIFIE AYOISNFSNBYyOS: Yz2alu 2F gKAOK 02YSa
for reflected waves ofbf the ground adding together in phase (constructive interference). The ground

acts like a reflector to radio waves if the conductivity of the soil is of good qualitgxample a moist,

rich soil is very good qualitp3)H9)Flagg, 200 Changing the height of the dipole antenna will change

GKS 0SIFY LI GGSNYyd® C2NJ SEFYLX ST | RALRES t20F3SR |
overhead and a split beam 30° above the horigaB)XH9) Flagg, 200k

To detect weaker radio emissigrRadio JOVHeveloped amantenna array usgtwo dipole antennas
(FigureH2) to achieve almost twice the gain of a single dip#l&thout a phasing cable, the two antennas
produce an overhead beam, somewhat narrower than that of a single dipole alone. It is an important
principle of antennas that the higher the gain the narrowbe antenna beamwill be. The power
combiner adds the two signals together and since they agghse with one another theesulting signal

sent to the receiver is twice that of a single dipole al¢d2YH8)YRadio JOV,2012.
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Figure46 (H2) Jove dual dipole antenna

FigureH2. The Jove dual dipole antenna showthg Jove dual dipole array with a phasing cable inserted in the
transmission line leading from the south dipole to tpewer combiner. This is a configuration for northern
hemisphere observers. For an observer in the southern hemisphere the phasing cable would be installed in the line
leading from the north dipole to the power combiner.

Steering the Antenna Beam

Another benefit to using a dual dipole array is that you can change the beam direction (beam steering) by
adding a phasing cablBy delaying the signal from the south dipole by the proper amount of time, the
waves from each antenna will arriveimase at the combiner. This extra length of cable delays the signal
from the south antennahe sameamountthat the signal to the north antenna was delayed by traveling

the extra distance. The extra length of cable is called a phasing cable (RR)ueand te delay required

in the phasing cable depends on the elevation of the soulfcéhe observer were in the southern
hemisphere and the source were at northern declinations, then the beam should be steered north by
using a phasing cable in the northern anter{fa) (H8YRadio JOVR2012.

The optimum beam elevation depends upon the latitude of the observer and the declination of Jupiter (or
the Sun).To obtain the strongest signals, antenna phasing and height should be set so that the beam
center (maximum gain) is directed toward the celestial object of intefést examplefigureH3 shows

a phasing cable added to steer the bean6@ above the southern horizds2)H8)Radio JOVE, 20112

See the Radio JOVE websitad{ojove.gsfc.nasa.gov/radio_telescope/manualgind (53XH9)lagg

(2005 for more beaming patterns.
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.
|
T

Figure47 (H3) antenna beam steering

FigureH3. A 90° phasing cable added to the south dipole coax steers the antenna beam south. In this example the
dipole array is 14t high, and the beam center is approximately 60° above the southern horizon.

Other Antennas for Observing Jupiter Decameter Radio Emissions

A single or dual dipole is not the only way to obsehupiter radio emissions. For those needing a smaller
space for an antenna, the twelement Moxon provides a modest gain and a proven success for receiving
Jupiter emissions. A twor-three-element Yagi antenna provides excellent directivity and gain, but usually
requires impedance matching and a tower to mount the antenna. Other antennas include a quad, log
periodic, a helix, and polarimeters. These offer higher performance but aieatiypmore expensive and
require significant mounting structurg¢53)YH9)Flagg, 200%h

As mentionedS | NI A SNE WdzLJA G SND& 5! a NIYRA2 SYAaarzya | NB
antennas and antenna arrays are excellent for observing Jupiter and provide more gain than a linearly
polarized antenna. A crosséthgi or crossed log periodic anha gives the ability to detect rigihtand

(RCP) and lettand circular (LCP) polarization. A square array of four dipoles can be made into a
polarimeter (an instrument that shows RCP and LCP signals separately) by combining the signals from the
four dipdes using a hybrid ring.

Finally, receivers with a wide bandwidth, such as the modest cost software defined radios (SDRs), can be
matched with wideband antennas to create a radio spectrograph displaying fregtiemeydata. The
advantage is that spectral information about the m@adimitter leads to a much better understanding of

the physics behind the radio wave generation and propagation. These multifrequency radios can be
matched with wideband antennas providing excellent spectral coverage of Jupiter or solar radio
emissions. We dipoles allow for 4 MHz of bandwidth, so an excellent spectrograph can be made of

an SDR radio and a dual dipole antenna (see the Radio JOVE 2.0 system). For wider bandwidths, a
terminated folded dipole (TFD) square array can provide excellent spectral coverage and tpmariza
(Typinski, 2020). However, adding polarization and beam steering to wideband systems makes them a bit
more complicated and expensive.

References
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I. HF Active AntennaA Study of an Active Antenna for HF Radio Astron@nye Randall
(NT4ARY

An active antenna ian antenna where an active paof the receiver(an amplifie} is an integral part of
the antenna itselfThe 2012.ong Wavelength Array WA work by Brian Hick&7)[11] is a good example

of an active antenna for radio astronomy at 20 to 80 MH® Hicks antenna is normally used in arrays of
many hundreds or thousand®ne of these antennas occupie.&meter diametercircle on the ground
and is about 1.5 meters tallhe LWAantennas are available to amateurs from Reeve Observd&8Yy
[12]. TheMurchison Widefield Array (MWA%9)13] covers 70; 300 MHz in a manner similar to the LWA.

I was looking at the possibility of a physically smaller antenna where one to four would make up an array.
This is intended for use between 15 MHz and 40 Mitmizontal polarization is used because it is
generally more appropriate for radio astronon# vertical polarization antenna close to the ground has

a strong response at the horizon and a null overheé®athorizontal polarized antenna has the opposite.

HF sky wave signals arrive at low angles, so the null at the horizon helps reduce this interference and
atmospheric staticThe path through the ionosphere for radio astronomy signals is unobstructed at the
high angles where the horizontal polarization performs the biesthis paperonly EField antennas are
studied H-Fidd or magnetic loops are gossibility for a future study.
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The galactic background limits the usable sensitivity of a radio telescope in thd@®MHz area. The
paper by Dave Typinsf0)14] outlines this very wellSky temperatures at the galactic pole arekBOat
20MHz and 1&K at 40 MHZ£kK = kilo Kelvin).evels are higher towards the galactic equator.

The question becomesgiow big of an active dipolantenna is needed? -20 dBi antenna gain would
leave a 50 kK backgroungroducing a 50K antenna temperature, which is a reasonable level to work
with. There are several variables involved in the calculatidinee space was used for comparison
calculationsReceiving from a transmitting dipole is good focamparisonbetween EField and dipole
receive antennas.

P = Transmit power in wattset to 1 watt for calculations.

P = Receive power in watts was evaluated.

G = Transmit antenna gaiover isotropic as a ratio, set to 1.64 (dipole) for calculations.
G = Receive antenna gain over isotropic as a ratio, set to 1.64 (dipole) for calculations.
d = distance in meters, set to 1000 meters for calculations.

E = E-ield level in Voltper-meter that was evaluated.

L = length of short dipole forEeld antennaSeveral values evaluatedettled on 1.2 meters.

Friis Equation: B | <»8 LZ' Equation 1
EField Calculation: e Equation 2

The results of calculations are showrTable 11;

Frequency 20 25 30 35 MHz

Field Strength 7000 7000 7000 7000 MLV per meter
Dipole Output -24.2 -26.1 -27.7 -29.0 dBm

Reeiver Noise 290 K -134 -134 -134 -134 dBm, 10 kHz BW
Dipole Sigal/Noise 109.8 107.9 106.3 105 dB,10 KHBW
EField preamp input 2736 2736 2736 2736 [\

EField preamp input 0.089 0.089 0.089 0.089 MV, 10 KHz BW
noise

EField Signal/Noise 89.8 89.8 89.8 89.8 dB,10 kHZBW
EField Difference -20.1 -18.1 -16.6 -15.2 dB

Table3 [11] Calculation Results.

The EFieldpreamp noise value is based on theise analysis and measurements in a papei\ayne
Martinsen (61)15]. Extrapolation from the Vishay J310 FET Data S@&§t6] produces essentially the
same results.

From this analysis 1.2 meters was selected for tigel] dipole length.
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Because many active antennas coveveay wide range of fequencies, preamp overload coul a

problem if a broadcast site is close bythe USstations operate up to the following levelBablel2): (63)
[17]

Service Frequency | Power Polarization Field Strength@ 1 km
AM Broadcast | 0.5-1.5MHz | 50KW ERHF Vertical 1.22 Volts per meter
TV Lo Band 54-88 MHz 100KW Horizontal + 1.73 Volts per meter
ERP Circular
FM Broadcast | 88-108MHZ | 100KW Horizontal + 1.73 Volts per meter
ERP Circular
TV Hi Band 174-216 MHz | 316KW Horizontal + 3.08 Volts per meter
ERP Circular
TV UHF 470- 600MHz | 5MW ERP| Horizontal + 12.25 Voltgper meter
Circular

Table4 [12] US Station Operating Levels.

The field strength values are based on free space Tdssy will be lower in a practical situation because
of many local obstruction3.hese levels castill be substantiaheara broadcast siteA larger dipole would
produce more potential for an overload problem.

A receiving short dipoler monopole probe (<k), has a capacitive source impedance with a very low
series resistive parA preamplifier that has very high capacitive input impedance is neeligsl length
and diameter of the elements set the impedan@is source impedance and the preamp make a voltage
divider that loses some signal lev&he dipole source impedance should be lower (more capacijance
and the preamp impedance should be higher (less capacitance) for the lowedtigssed1 andI2 show

the calculated dipole capacitance using EZNE©Gdels. These also agree with other references of short
antenna impedance.

Short Dipole C vs. Length
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Figure48: [11] Short Dipole C vs. Length
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1.2m Long Dipole, C vs. Diameter
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Figure49: [12]] 1.2m Long Dipole C vs. Diameter

The US Navy did some active antenna research in {®¥88]. This seems to be the first reference
available on using a Field Effect Transistor (&B&E@ high impedance unity gain buffer amplifier in a voltage
probe or EField antennaWork by the Warsaw Pact milita(g5)19] in 1982 on theKAA100Qdesign is
anotherearly reference to Erield antenna using an FET buffer amplifiBecause these antennas usually
have very wide bandwidth, intermodulation from many signals being amplified at once is a significant
problem. ChrisTrask(66)110] showshow to get very good linearityo address these intermodulation
problemsin Figure 13 The high4PNP transistors needed for the Trask designs are now hard to acquire
and expensiveThe modern ICs that are supposed to serve this function have class AB output stages that
violate an important point of the Trask design of always using class A amplifiers for good lil@taety.
circuits in the Trask paper have even better large signal handling at the expense of complexity.

Example from Trask paper, See paper for parts values

+12v ©
Ré R4£ R7

Q1

4" ’
+ as
s ca Q3
c5

C1
Input o—|}—1 R3 = 3 ‘5R5 R9 }O Output

| Ce

N "
D

Qe

Rej Rsi RS

Figure50: [13] Example fran the Trask Paper
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Input Filter from Benko Design
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Figure51: [14] Input Filter from Benko Design

Larry BenkoWOQE has an active antenna design with good intermodulation performaaice a
bandwidth limiting between the antenna element and the FET amp(Bi€fI11]. In the Benko design, the
filter (Figure 13 passes between 2§30 MHz This filter allows the antenna to perform properigarAM
and FM broadcast transmitterghe filter circuit was modified to pass betweengl40 MHz for my design.

The input circuit of an FET preamp looks like a small capacitor, typically betwegipB. The antenna
looks like a generator with a capacitor in series, typically betweea®pF.This makes a voltage divider
that has an almost constant ratio across a wide range of frequentigs.divider also causes a loss in
signal level, reducing the sensitivity of the anten8aown inFigurel5 is the 100uV antenna voltage
reduced to 77UV by the capacitive divideThe loss due to the FET finite transconductance will typically
leave 73uV output from the FET.

Antenna Element Preamp Input
V_Pwr

T c4
c_::‘rjf . i).oiu

V_Ant I’l_Aﬁ\nt C_Alnt 77UV Q1

[ f “— FET :
N 2.0 10p Output 73uv
{ ) 100pV C_stray }

N— >
T 20 MHz IZP <R

-

Figure52: [I5] is the 100uV antenna voltage reduced to @Y by the capacitivelivider.

A monopole whip above a ground plane is inherently vertically polarized. A differential input amplifier is
required to make dorizontally polarized antennd&romFigurel2 the dipole capacitance is about 5 pF.
Split between two preamps, each half of the dipole looks like 10 pF to the respective prédagysl6
shows the connection of two preamps and an RF transformer to make a differential amifienter

Fred Mande[68)112] explains more about this and show#ferential inputs foruse with adipole. This is
written in German but the diagrams and math are clear to English speakers.
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iﬁu{

Broadband Dipole E-Field Active Antenna

Figure53: [16] shows the connection of two preamps and an RF transformer to make a differential amplifier

Mini-Whip EField antennas are designed for general purpose short wave listehivege are several
designs under this label floating around the internet. The complete antenna and preamplifier typically fit
in a plastic tube about 40 mrin diameter and 150 mm tallOne designversion was selected for
experiments to allow easiexetup three samples were ordered@his chosen versiocan be seein Figure

17, with the test setup inFigurel8. The schematic that was traced out is in Appendpiit As labeled
Gda29.¢ (2 ARSyGATFTe (GKS 9.1& 2NRAIAAYyOD

Figure54: [17] Chosen MinWhip EFieldAntenna (photo by NT4RT)
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Figure55: [18] Test Setup(photo by NT4RT)

MWEB characteristics:

T
1

T

)l
)l
)l

It was available in less than 1 wedlwas also a poor choice.

BF998 dual gate FET is an input source follo@ain < 1This transistor was used in the previous
generation of TV tunerghis is probably a good choice for the FET here.

BCX54 NPN output emitter follower: This transistordnpsor frof only 100MHz.This part seems

to be made for automotive relay drivers.was not intended as an RF amplifi@ne EBay seller
touted this transistor as an improvement over a 2N5109 that has almost 10 timdd thet the
buyer bewareThe desiredris at least 10 times the highest operating frequerarty400MHz for
this project.A SMT SOT89 version of the 2N2222 would have 300 MHz.

Output Emitter follower current is only 23 mA.current of 50mA or more is desired for better
signal handling.

Built in coax power feed at the antenna: It works well over the frequencies of interest.

It comes with a bias tee for the receiver end of the coax cable, whigrysusable.

All resistors and capacitors are 0402 size SMT pahish are very difficult to modify by hand.

Test waveforms at 1 MHz were applied to the input through a 1 nF capaSitope traces of input vs
output are inFigured9, 110andI11. The blue trace is the outpulotice the unsymmetrical overload with
the triangle wave irFigurelll. The large signal response seems marginally reasonable.
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The frequency response was measured with both 1 nF and 6.8 pF series source capaetsignal level

drop due to the 6.8 pF capacitor is close to 6 dB (1/2 voltage) in the frequency range of 15 MHz to 40 MHz.
This shows the preamp input capacitance is around 7ThE.input FET accounts for aboupR,so the

layout capacitance and protection diodes account for about 5F§ure 112 shows the frequency

MWEB Active Antenna Preamp Measured Gain
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Freguency, MHz

response.

Figure59: [112] MWEB Active Antenna Preamp Measured Gain

It was aailability for experiments, not best performancthat caused the selection of the MWEB.
simplified version of the Benko input filter was added to the boditk new filterin Figurel13 and 114

was optimized for 15 MHg 40 MHz.Because the inductors cancel some of the capacitive effects, the
filter has some voltage gaiffhe resistors are needed to lower the Q of the inductors to avoid narrow
peaks.The resistors add negligible noise.
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Antenna Filter Preamp Input
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25 6.8p 150 4.1p I
R_ANT, C_ANT = 0.5R, 10PF L2 10
25R, 1000PF for Sig Gen Inductors use =y
4 element models ‘j‘s_zu c1

N for BLR3225 [ ~R1

S S =~
(_ N /J SINE(O 4 20e6) <R3 7p 500k
l AC1 7475

.ac lin 200 5e6 50e6 ‘

Figure60: [113] AntennaFilter Preamp

Input Filter Responce, LTSPICE Model
+6 dB .

0dB o -
-6dB

42dB1 /

10 MHz 20 MHz 30 MHz 40 MHz 50 MHz
Figure61:[I114] Input Filter Response, LTSPICE Model

The differential input shown ifrigurel6 was implemented as shown Figurell5. The MAV11 MMIC
adds some gain to help with cable loss and the input needs of the AirSpy Wiihi a SpyVerter used
as a receiverl,3 and C1 make a broad filter to reduce -oftband signalsFigurel16 is a picture of the
complete antenna amplifieil he tacked together construction made testing and experimenting &&sy.
this assembly needs to be weather proofed for testing with an actual antenna.
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+12v

18T on R3
2T Prito 2T Sec ~ 137-6 core 120
MWEB_1 R1 on Ferrite Core L3 (}31 U1 } } Output
A L 1y 39p MAV-11  1n RTN
10p 10p
MweB_2 R? ° °

10 %

Figure62: [115] Differential InputCircuit

| KUV LRV
4 MniWhip Antenna (_‘

[

Figure63: [116] Complete Antenna Amplifisfphoto by NT4RT)

The dipole elements used are each 0.6 meter long for a total length of 1.2 mé&herg.are made of US

GmkH AYyOKé SwhihsilRknddutsidedianetdiiriia O2 y RdzA (i -RcAEMTE a2 &2 f
and is supported by a frame of PVC plumbing pipgure I17shows the 18 mm tubing and the PVC

plumbing pipe notice the PVC pipe is lashed to a camera tripod for testiigure 118shows how the

preamp assembly is hung on the dipole for testiptgase note thamore substantial mountingand a
weatherproof boxare needed for unattended observatiorghe cable to the building where the SDR and
computer are located is about 30 meters of kugs 75-ohm RG11 size coax cable.

This EField antenna is still being evaluated in lab measuremériie.conference presentation will show
further test results.
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Figure64: [117] Completed Antenndphoto by NT4RT)

Figure65:[118] Plumbing (photo by NT4RT)
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TheLTSPIGE(69)[113] circuit simulatorwas used for the circuit analysiBheEZNERZ v.5.0(70)[114]
antenna simulatowas used for all antenna analysis. The current version is .Bdke two programs

allowed considerable insight into what is happening with th&ié&ld antenna and the associated
preamplifier.

EZNEC, LTSPICE and .xlIsx files used in analysis are available to any SARAComadieme at
brandall@comporium.net

Appendix A Schematic of MirlWhip from EBay

{OKSYIGAO 2F da29.é ¢KA& A& Ltaz2 GKS [¢{tL/9

Antenna Mini-Whip Bias Tee

vCC
R11 ékll
220 220

—1 @
gu.m

9 L1
BCXS54 3300

em c? Coax_ T1 H Output
0.1 Td=5n20=50 0-1p
T R_LOAD

R13 ~R10 50
470 <470

Ant

R_ANT C_ANT
Gen

05 68
Vi v

SINE(O 5 20Me
o 1( )

.options plotwinsize=0
.options numdgt = 7
jdcv210141

.ac dec 200 100k 100Meg
;tran 0 1.8u 1u 1n

Figure66[119] MWEB Schematic

Appendix B Output Voltage Levels for a Short Dipole

Open circuibutput voltage ofa short dipoleV= E * d_effE = V/m of wavd_eff = efective dipole length
in meters,1/2 the physical length for constant diameter dipole.

An excellent explanation fmovidedby Prof. David Staelin from MIT Course NumbBeg61(71)[115].
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Receiving Properties of Antennas

Open-circuit voltage of short dipole antennas
For d << A, quasistatic limit
Note that equipotentials (a) and (b) intercept the dipole at the
midpoints for r,

wire — 0. and are perpendicular.

oc = —E*2dyq = —Esinfd

T “open circuit”
o

equivalent charges
at infinity

Figure67 [120] Receiving Properties of Antenng&l)I15]
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Hydrogen 21cm Line

J Horn and 3.7m parabolic DisBystem- Charles Osborne (K4CSO)
NeutralHydrogen (H1) is one of the most abundant elements in the universe. H1 emits 1420.4057 MHz.
This frequency is also subject to Doppler which can be measured with a small parabolic dish and SDR.

Charles Osborn@K4CS¥built a horn and a 3.7 dish system to deteddl (Fgure J).

Figure68: [J1] H1 horn (photo by K4CSO)

¢tKS K2NY Aa | a{dGFryRFENR DIFIAY | 2Ny o6{ DI 0 étsghi@ NYI t f &
Ad Mcdnp R.AD ¢KS KuNYDPoRAKY SyiaddakySs YRRBILEH ¢ RENBE A G ¢
oPxp pé L5 ¢ ehcddaRBnghBOd R 2¢KS LINRPO6S Aa LI F,OSR H
AaK2NI OSYiSNBR 2y (KS 6ARS RAYSyairzy 2F (KS ¢l @¢S3
dish giving a beamwidth of 26°. It is capable of detecting Hydrogen from strong sourctelikalactic

Center.

The SGH is approximately the same gain as the small WiFi grid dish mounted on the feed ofrtlier 3.7
these testgHgure J2.

Figure69: [2] Charles Osborne 3.7m Digphoto by KACSO)

The parabolic dish is@igaSat F870 3.7m, with a focal length: %1 6 nFHDYprimpe focus.t has an
estimated 31.5 dBi gaiand4.3°beanwidth (11dB Sun noise at 124 Solar Flux).
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The Feed is a Septum Polarized (circular polarized for 1296 EME TX/RX) kkheddkitDFC design
(79)[I][ okldfc.com/eme/Technic/septum/W1GHZanalysis]pdtilt by Mike MelumKL6M.comThe
feed isa6" x 6" x 24" square aluminunwith an 18" diametex 3" deep Fat Daddio cake pan for the
scalar choke rindRositioning the choke ring fore and aft a feentimetersfrom the throat of the horn
helps match the feed beamwidth to the angle needed for the dish focal length tilngéest signal to
noise. Moving it forward on the feed narrows the feed beamwijdthd pulling it back widens the feed
beamwidth.

Positioning The dish uses an Ocean Serves@8 3axis magnetometer for pointing readout.

The msitioning is elevation over azimyttriven by 18/ DC cordless drill motoysisingackscrews for
elevation and a bain drive for azimuth.

RF Chain:
LNA:SAWBIrd+H 40dBg 0.6dB NF
Feedline100 feet RG214-15dB loss)
PostAmp:NoElec LaNA6dBg 1dB NF
Receiver:RTESDR.conv3
Software: SDR#

Antenna Analysis was conducted on the two antennas with the reshitte/n inTableJ1

Standard Gain Horn | 3.7m Dish
Thot (85°F = 302 Kelvin) | -66.28dB -66.63dB
Sun Noise (Solar Flux 124 | 1.03dB 11.05 dB
Tcold (15 Kelvin) -68.78dB -69.39dB
Y-Factor 2.5dB 2.76dB

Table5:[J1] Charles Oshorne (K4CSO) Antenna Analysis.

Results show the SDR# output screen with the H1 detection of the Milky Way Plane. Multiple spiral arms
are seen. The peaks below 1420.405 are red shifted lower in frequency because they are going away from
us at up to 100 km/sec. The other peak above 1428.is blue shifted higher in frequency by doppler
because it is going toward us at similar speg@dgurels).

Figure70: [B] 3.7m H1 detection of the Galactic Plagghoto by KACSO)
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A common questiohgetis, WK & R2 &2dz R2 G(GKA&KE ¢ KSoHywSdEdanyo?r ati 02
seewiththatl KA Yy 3 K¢  Giktpical siatgubriiEo fashigare often just to see how far | can pick

up. By detecting the various spiral arms of our Milky Way Gatareycan gradually improve the system
performance until we are seeing just beyotigk Galactic Center at 30,000 to 40,000 Light Years. Most

hams are content with the challenges of talking around the world, or in the case of Moonh&®d800

miles, which is only 2.6 Light Seconds.

How we do this involves gradually improving system performance by minimizing system drift in gain and
frequency while producing as narrow ah antenna beam as possible to exclude ground noise and
interference. Radio Astronomers use techniques not unlike optical astronolikerigking time exposure
pictures. Inradio, this involves averagingundreds of thousands of measurements to beat down the
random noise gradually exposing the hydrogen signal at more and ofoaedistance. The simplest
technique drift scanningallows the sky to move in front offexed dishpointed at a particular elevation
corresponding to declination. The sky is moving by at 15° per, bointegration times longer than a few
minutes begirto smear out details.

More advanced amateur radio astronomers use tracking antennas to follow a portion of the sky
sometimes for many hours. This can allow objects millions of light years away to be detected in larger
systems by integration for hours instead of minutes. The challenges and rewards are in the building of
system electronics stable and sensitive enougimtzke measurements over hours ghat they can be

added irto software to achieve the desired accuracy and sensitivity.

Dish antennas can be lightrigure4 showskK4CSO with ard dish

Figure71: [H] Light Weight 3 m Disl{photo by KACSO)
References:
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K. Parabolic Dish Reflectand LoopFeed Chok&inged Reflector Antenna for 21cm (1420
MHz) NeutralHydrogen RF Emission for Radio Astronogq¥lex Pettit(KK4VB)

Derived from the work of Rastislav Galus€@kI6AA (80)K1]

Shorter radio frequencies and centimeter wavelengths have characteristics of light in that they can be
focused by reflectorsWith opticaltelescopes, lightvaves are concentrated by parabolic reflector mirrors

on an eyepiece. In addition to intensity, the resolution of an optical telescope is proportional to its
objectivesize(Dawes Limit

In 1867, William Dawes determined the practical limit on resolving power for a telescope, known as the
Dawes limit. Dawes expressed this as the closest that two stars could be together in the sky and still be
seen as two stars. The Dawes Limit is 4.56rs#xof arc, divided by the telescope aperture in inches.

The larger the telescope's aperture, the higher its ability to resolve fine detail or separate closely spaced
stars.Similarly, weaknicrowave R&are reflected and intensified by parabolic dishes onto an antenna.
Thelarger the reflector, the narrower the beam widtand the greater the ability to resolve detail in
astronomical objects.

One of the more easily observed radio frequency structuréedsRF radiation from the large neutral
hydrogen clouds within the Milky WayAlthough not a trivial taskshape, intensity and velocity

guantitative measurements can be performed with parabolic reflectors as smalinadidmeter.

The31-pageOM6AA document gave sufficient detail to scale the@813 cm loop feed to 21 cm radio
telescope reception.

| followed the construction of theantennain detail;it consistedf asoldered assembly of copper PC board
base, lathe turned feedthru, and sheet brass choke ringf. was time consuming taonstruct but
performed extremely well.

| experimented with more ofthe-shelf items to derive an antenrhat matched thesize and performance
of the OM6AA design and found an easily constructed alternafive.btal cost ofthe partswas around
$25. Operational tests have shown its performarnis@equal to the more complex copper/brass OM6AA
antenna.

CONSTRUCTION:

The details are shown irigureKl.

1) Machinéhacksawandfile the shield region of the Type N fe#uru to create a small tab for the shield
connection of the loop. The lessened material makes soldering much easier.

2) Form a 21inm length of 1/8th inch copper wir@r tubing)into a circular loop.
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3) Hacksavithe cake pan to an inner depth of 8&m, then bcate and drill a 3/4" hole for the Type N feed
thru. Ensurehat you scrape off a perimeter around the hole of the raynductive gray cake pan coating
to provide full electrical contact.

4) The attachment will bdeterminedby your installation. | used heavy copper wire lugs to interface with
the back of the pamwhich wereinserted into aluminum tubing, and the tubing into the main support
structure.

TUNINQFigures Kz, K5):
You can't jusguesdfor tuning, a nanoVNA or equivalent is required.

1) For initial tuning, at the loop a few mm over the11 mm lengthand ®lderit to the feedthru, then
install thefeed-thru into the reflector/choke with a spacing of 2&m.

2) To test the Frequencgdjust the standoff distance until you get the frequency to ~ 1435 MHz.
After mounted, the reflector will pull dowthe frequencyby 1520 Mhz.

3) If you must lower the stanaff height below 20mm, shorten the loop 2 3 mm and retry.
Note: Decreasing thgpacingincreases theéesonantfrequency.

a) Having the loop totmw, will limit its ability tosee(receive) the RF from the outer region of the reflector
and reduce signal amplitude.

b) If the loop is todigh, it will degrade performance by allowing the loop to receive too much ground
noise.

OMGAA i 23/13cm Ant

ReDesignedto 21.1 cm

Figure72: [K1] Construction Dimensions
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Figure73: [K2] Original OM6AA Loop Feed scaled to 1420 MHz

Simplified'Cake Pahderivative of the original
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Figure75: [K4] AntennaPerformance via nano VNA

Cake Pan 21cm Loop Feed Antenna

Q 1-3/4-Inch - Type N j:
AMERICAN ch - Type N Oversized Nut

A \Q s1ee m

S Fat Daddio's Round Cake Pan, 5 x 2 Inch,

$6.99 SkrARS-G3475  Sku:ARS-NUT-U-B Vit ne Fat Dadox ®

Quickun Copper Tube 1/12" ID = 1/8"
OD (2-3mm) Seamless Round Pipe
Tubing (3.28FT)

i e 5659

Figure76: [K5] Shopping List

With thisantenna mounted to a In reflector, andthe appropriate electronics and software, you can
make andplot regionsof neutral hydrogenclouds within theMilky Way shown inFigure 6

% Radio Telescope Milky Way Neutral Hydrogen Drift Scan_Dec +40 Degrees

4B relative to Background

-100

RedShift Velocity Km/See relativeto LSR
3

Pettit Radio Telescope

-150
16 165 17 175 18 I8S 19 195 20 205 21 215 22 225 23 235 24

RA Time Hours

Figure77: [K6] Milky Way

Reference
(80%9. OM6AA[K1] Loop_Feed_with_enhanced_performance.
http://www.om6aa.eu/Loop_Feed_with_enhanced_performance.pdf.
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L. Hydrogen line beginners telescopeMichiel Klaasen

The hardware of the telescope consists of an obsolete satellite dish, and a paint blicketlectronic
components are a lowost preamplifier, a satellite inline amplifier used as a power inseréard a
RTLSDR radio dongle. The-amaplifier couldalsobe replaced byan inline amplifier.

Before disconnecting the original LNB, place the dish ®side on a tableand mark the location and
aperture plane of the original LNB.

When you wanto replacethe LNBwith the bucket hornyou will see that it cannot be placed on the
original location because the support arm is obstructing tkasaw the supporting arm halfway and bend

it outward. Adjust the new horn so that the opening is on the same spot and in the same plane as the old
one, besure touse an extra Horm bracket Fixate the support arm with rivets and the horn bracket with
screws.

Prepare the paint bucket as describedhis video:parac.eu/projectmk9.htm

The free Windows software used can be founede: parac.eu/projectmk4.htm

SeHgureslL1 ¢ LS:

Figure78 (L1) Saw half trough and fixate witfivets

Figure79 (L2) Mount extra U shape bracket
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Figure80(L3) Inline amp modified as power inserter

Figure81(L4) Optional extra inline amplifier
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Figure83(L6) Finished Telescope
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Figure84(L7) Selected 5 Minute integrated line
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