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SETI Horn of Plenty
An Argus Antenna Alternative

In Greek mythology the giant Argus, who had a hundred eyes, kept
them focused on the universe. Today Project Argus keeps its ears on
the universe. Here N6TX describes one such "ear.”

By Dr. H. Paul Shuch,” N&TX

Arpus, the giant with o hundned eyes, Project Argus, a
mujor selemilbe endeavor of the nonpmfit SET] League,
Inc.. is an atempt o coondinate & global network of amatewr
radio telescopes in condecting an all-sky survey for microwave
emissions of intelligent extraterresinial ortgin. The boly grail of
SETI ithe Seanch for Extru-Terrestrial Imiellipence} is the detec
iion of umambigaows evidence of other lechnobsgical civiliza-
tios b the cosmos (the primary goal). Project Argus parfic
pants {the Argonauis |, bowever, ing also appliing their aimaten
rudi tebescopes o the chullenges of sindying nofurnl astro-
phystcal phersmena through their microwave enussions
The parabolic reflector has been the antenna of choice for amn-
Leiir railio asirinmers. Project Arpus pericipants are o excep-
tion, typically emploving discanded backyard C-band savelliie

D-:u-. ifg s name fiem the Gresk mythadogical charmctes

*Eyecicive (Nreonw, The SETT League, i,
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Pl A ,f'_-.l|:-|“|.| Profect Argas madio felescopie, {0 J':'l.',r.-.hr-r--.l

TV dishes ol 3 o3 meters in dismeter (see photo AL Such anien-
nos perform waell, bub their size, us weell us the comphcations ol
miimicipal oning restrictions, preclude their use Iy many a
potential Arponmui

[his artiche presents constrstion and pefformance detalls of
an aliemntive Atgis anlemna, 4 |;H.l|1.u|.'l|L‘ '-'-II‘-'i.'EIJII:h:' b rem
intscent of the one used by Ewen in 1951, the first o detect the
21-cm radintion signature of intersiellar hydrogen, Producmg
#1910 21 dBi of gain across the 1200-1 700 MHz band, the

Ploate B, WAGEFZ radio teléscope. wirtage T9T7 [8GTX plaoto |
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Pt . D .-rn.J.:nhl'J.l Charmelig Bose, imvemlon -"_I"H.'r l'-q.'l'rl.:.ul.'.l'r
e ndemna, [ Phofe from Acharva Segodis Chandro Bote,
Hirth Comtemary, [H55—958 Calcuina I"|'|||I:I||'.||.l|'||I fy e Birth
Cerlemamy Dowimafes. primted by O Koy, Novemiber 1959}

Plicarer

Early fHede wéneginde dori darlemie.  (Phaio

ronrtery M B 8 Emerson, AATEY)

SETI Hom of Pleniy rses 1o the challenge of mapping galac-
ue hydrogen, I also performs well m momtonmg the Sun; the
Mo nasturnl radso sources in Cygnus, Cassiopeia, Taorus. and
Sapinunos; aid (maybe some day) in detecting ETL

Infroduction and Goal

Parsbolic refleciors have been ihe antennas of choice foe
prnateur amd professionnl radio astronomers slike sosce the
30k, when the late Grote Reber, ex-W9GFE (se¢ scoompa-
mying siiebar on Keber ), comstnicied a |d-meter dameter dish
im the backyand of his mother's house in Wheston, Hllinois (see
photo B, He wsed it 10 produce the sl sadic maps of ihe
Malky Way Cinlaxy.

Alihough Project Argus has gained widespread panbcipastion
b Bmnadreds of radios amateurs o dosens of counlnes, aitfory
ntely it fadls far dhort of i smbitioes goal of real-hime all-sky
ooverape, which would require the coorfinnped effors of S000
paricipatang siabons properly depersed around the ghobe. Une
hagmier by parbicipadion [or many a perspective ATgoaaual s ihe
phivsical structure of the reqiiesd amlenna. These diihes are
arguably large and wnsightly, and where phvsical constroims

iy not preclude their installition, local zomng ordinances ofien
dio. A meed calses for inire compact, portahle nmiennos that con
be deployed on demand by those amateurs inlerested fn pursu
inp radio astromidy ol SET]

I ike L-band radio spectmam favored by many amabeur radio
astronemers, the (ypical hackyand parabolic dish exhibis in
excess of +30 dBi of gan, Meaningful research, however. can
be dofie with antennas exhibiting perhaps 10 dB less gain
Becnnse the puarabalic reflector is 3 non-resonant, hiow ) strue-
fure, it can be made to opernte over a wide range of freqoen
cies, Any iemabve to the pambole dish sumilarly must be
capahie of operating over a reasonnhly broad bandwidih

Chir goal, therefore, i+ o develap a readily irsnsportable antsn
onof 420 dBi gain which covers s reasonshle partion of that fre-
quency spectrum of the grestes! imlerest o amaieur radio
astronomers. A likely comender s the wavepubkde horm antenna

Horn History

The furst reol mucrowove gun antenna wos o cvlindrical
parshaln developed by Hednmch B Hertz in 1888 Herts wiote,
A 500N 45 | hasd sueceeded in proving that the setion of an
clectne ascillation spreads owt as @ wave 0 space, | planned
expariments with the object of concentrating this action and
making it perceplible #1 grester distnnces by putting the
primary conducton in the focal line of o large concave prra-
belic miirror,™

In 1R94, Sir Oiliver Lodge Fird demonstrated wavegilide
microwave iransmission lines sl Loadon’s Roval Instilotion
Three years later ot the 1 'miversily of Colomia, Indian ;lh:.,u.p..'
1, C, Bose (seen in phobo C) Mared out the end of & waveguoide,
demnsiraiing the horn anbenna, seen in photo 13, Being @ low-
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HORN ANTENSA

e devign af the horn amtenmg wirs baved on desonpiive information preseaied (n e
Kaul Laiy bowk en Anteoncs by Saor Siitver, The maayimron size was defermined by the
peomerrie congtralan of the fourth [Toor paraper ar Lyman Lab

I rend my catcudarions amd sherchey o Smn far @ somily check, defore sending e faill

orefer f the Phoveicn Depl Model S, 1F waly up o the paraped in whomt ihree weeky.

Figure |

Plvgrgl! dimentions of the Ewen b [ From Horold Ewer

disrerratovt, Marvard Dniversisy

L) struciure, the Bose horn oflered re-
speciable gain over perhaps an octave of
bandwidth

Numerous expenmenters, ineluding
Muarcon (who i 1BY recovered micro-
wive communications aver o 4-mile path
in o demonsiration for the Bntish post
office), emploved waveguide hom
pntenmus. 1t was not until 1951, howey-
er, thil this promisiig amenna conligu-

FRIION WS _||,||,'\l|||_'q_| iy fhe .'-'I.ll.l"l;-:r- il
radio ASITOMIHITY

Reverse Engineering Ewen
Im one of radio astronommy & landmark
experiments, Harvard University gradu-
aie siudent Horold 1L “Doc™ Ewen buill
Ele bais @ilEfdia, L8eh i pehobn E, firet to
ascasure the 1420-MHz hyperfine transi

Fipnre 2. Gain analvsis of the Ewen born (analveed wving Hormpainbay by VAT
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Fipure 7, Craim gmadvais of i

SETT Maarm «

F Plenry (amalveed mviae Movmeadn. b

by NETX |

fiom lime of intersiellar hyvdsigen.® He
hased his antenno devign on the
E ail Ulmrversiry ab Caliloeidn el s
st Sl Salver, at the MIT Eadiabon
with its physical dimen

Lol

Labwaratory,*

oS oomsirainsd by e siTe of the pars

el im0 Harvand™s Lyman Iebormiory
where [is
sinlled. This

e Reber

fECEIVET Bppuralus wos
WO b 1O O S .|.__.||_|||=
% clish seen in phaino B
ai the Matonnl Hadio Astrongmy (kb
NEAD ), Green Bank, 'West

Wirginia Beocins 1 Bank s

Wil LT

SErwalonr
Lafey ihe sile

the annon! meseting ol the Socsely ol

Amiabenr Kadio Astmonomers | SARA), &

ik kafe bo sy that these i have

ispared & while peneration of amasleur

D EIrmnomers

'hee radention characterstics (gom and
e dnh ovier Ireguenoy ) ol & pyromi
clal waveguwide horn are purely & funciion
of s physical dimenssons. Ewen (hor
||I_-|_'|!|:-\. documemad the phvsecal dimen
ol b Biorn (see figare 1), whch
allows 1% 10 reversc-engmeer s perfor
mance. 1 did unalysis
dlicrosodl Basc program. which | pub

whed 14 vears gen, -

WM
ik
dilk
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U he resuliamg com
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CEfNan (A

Phono (0 ne-rwedfioh seale T AR 4
of Plenty. (NSTX o

i wiy

FUMTE FMEr o
ALTX mhotiol

if thie propoced SETT
I —

puted gain, e-field beamwidih, and b-
ficld beamwidih ai L-band are shown in
figure 2.

Scaling the Ewen Hom

These calculations reveal that Ewen’s
hiorn exkibiied & gain fust ander +24 4B
at ihe hydrogen line, with & nearly sym-
metrical pattern producing a hall-power
beasmwidth on the crder af 10 degrees in
boih the e-field and the h-fHield. A repl-
ca of the Ewen horn would sedm o pro
Vide 1deal performance [or &0 Amalcur
radfio telescope, but for its size. The ham
bength al 10 feet s definsiely aawigldy,
providing little advantage over the sian-
dard satedline TY dish we ore silempting
tiv replace

1t was decided o scale the dimensiomns
of the Ewen hom, 10 search of o reason
e COMpromas: befween peromnance
pngd sire. A sommewhat arbitrary hom
bength of 4 feet and width of 3 Fesl were
selected, constrained by the standard
size of availoble matenals (26-gaoge
gulvanieed sheet sleel i readuly avm
phle in 3 foot by 4 food sections af umiler
51 per sheel from o local (nbrcstor of
hesting, ventilation, ir-conditon-
g e twiork |

and

scabing all remaimng dimensions 1o
the selected hom width and lenpth, and
retaiming the same L-band waveguide
dimensions wsed by Ewen, allowed us o
determine preliminary desipn dimen-
wsions of the SETT Hom of Plenly. [he
resulting performance was anabyzed in

(Cembinued om page S0

www.ogevhioom
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SETI Horn of Flanty [from page 9)

Crode Heber, ea-WOGFEL who ks men-
piisesed v this mmicke, was one ol the cardiese
pioneers of mdio esstoniomy. He digd in
Taminania, wheme he kad been living since
1954, tm December 20, 200K just (wo days
shiy af hid Y14l tirthilis

Beher was the: first person o buld o rdso
telescope dedscated b astrotoiiy, opening
ap i whisle new “wisdow™ on the univense
that evemmuslly produced] landmask discov-
erses wsuch o quinsers, pulsars, sml ihe fem-
nant “ufierglow’ af the Big Bang. His self-
financed experimenis kaad the Foandabion foe
icclay s advanced radic-astronomy factlides

“Hadie asroncemy has changed pro-
foundly par umderstsnding ol the usiverse
and has earmed the Nobel Prize for sevenl
msjor comiributions. All mdio astrondrmers
who have followed him owe Grote Reber 5
dedp debi (o his ploneering work.™ said Dir.
Fred Lo, director of dbe MNational Radio
Axtronomry Ubservalary (NEAL)

“Rebed was the firss to systematically
study the sy by pbserving something other
tham visible Lighl. This gave astroncmy o
whole new view of ihe aniverse. The cons
timming importance of new ways of looking
i (he imiverss s emphasized by this year's
Maobel Prives in physics, which recogmized
srientists who proneered X-ray and nestrine
observalsons,” Lo nidded

Keber was a radio engiceer and avid ama-
teurmific operalor in Wheatmnn, Hlinsis in ks
19508 when he read about Karl Jansky's
1932 discovery of patural radio emissians
coming from ouler space. As A0 AELE
radin opermor, Reber bad won swards and
pommunicaied with dlher omatiurs aronnd
e world, aed loter wrode tha he hodd con-
cluded “there were no more workds (o con-
g in rdao.

Learmang of Janiky s diE0Oyery  gave
Rizhern whinle mew challenge that he altascked
with vigoe. Analyzing the problem a8 an
empiheer, Hebwr concloded that what he
mzedded wos @ parnbolc-dish smienng, some-

Grole Reber, Radio Astronomy Ploneer

thing quiie wncomme in the 1930s, In 1937,
using his own fusds. he conscrocted & 34-
foot diameier dish anienna m his backvand.
The strunge contraplion MRCH] Cumies
anembon from e peighbors and became
soamething of o minor Woard sltactieae, he
lier pocallid.

LUsing sbectmpics he dexigned aed baih
ihat pushed the techinical capabilities of the
era, Heber sucoeeded In detecting “oosmic
sbakic” in | 9%

Iz 1561 Beber produced the Durst rad o map
of the sky, based on a senes of sysiematic
isbserwations. His radio-astromiminy work cor-
tintied over the nexi several years. Alibough
not o professionnl eceenisst, his resesrnch
resulis were published in a number of presi-
gabis lechaical jowmnsts, including Mo,
the A ntropsvaicod! dourmal, the Procerdings of
the Inwhute of Radio Emgineers. wnil the
ol of feaphynios! Research

Beber also received o number ol hoaors
marmally reserved for scleitists professsnal-
Iy trmlmed I astronomy, incleding the
American Astromomical Socieny's  Henry
SMorrs  Ruessell  Lectureship  and  the
Amronomical Soclery of the Pacific’s Bmce
Mednlin 1562, the Natiomnal Rado Astronomy
Observatory™s Jansky Lectureship = 1973,
gndd the Hoyal Asmronomace] Society s
Jackson-Ciwils Medal in 1983, Obio Sias
Universiy onferred an hosorary doctonabe
on Keber in 1962

In a 1977 paper “Endless, Boumdles:
Suble Lisdverse™ =hiop:ipersonal nbnet
nih cafgalasyili_Reber himis=, Heber con-
cluded: “"Tiime 1 merely a4 sequemgs of
evemls, There (s no beginnang nor ending
The maerial umiverse extends Bevomd the
PL‘J'»,‘H' il s e Chii eV E I\.I[!ll!ll.'ﬁ"!.
o by radin means. [ s boundless.”

Fleiher™s ariginal dish anbenma now jxan -
play at the Mutional Radio Astmoomy Ob
servalory ' s siie i Crees Bank, West Vingsnio.
where Beber warked in the lalg 15840, 401 o
his scienific papersamd recards, s well s his

Grote Reber, ex-WOGEFE plonder madio

ariromcimier, Decose g Sitlenr Kev om

December 20, M2, b oharys iy of s 910
hirthalay. (mape courteny MRACM LT

persoma] and scientfic coffesposddence, ae
held by ihe NRAL, and will be exhibited in
the observalorys planmed sew Libeary in
Charlottesville, Vimginia

Reber' s amatear madio callsign. WUGOFL &
held by the NRAD) Amaleur Radso Club, This
callsign was used on the mir for the First time
snce (e 19308 on Awgust 25, 2000 g0 mark
the dedicanion of the Robert . Bynl Cireen
Bank Telescope Foarther Entormation on
Heber's life work cun be fomnd & <kipy
wnow_gh nran edaTpdocarehen greber, hitmls

The abiive iy g NEAD mewr release in
fhive Finley, NIIRZ, and Tom Crowley
KTEXN, win The AREL Lener. Vol 2/, Ma
50, December 27, D002

software (see fgure 33, Gain comes in at 3 w £ JdB below ihe
Ewen hom, with symmetricol beamuadihs of 16 degrees i
beath plames

Tony's Disposable Homs

Anthe 2002 AMSAT Space Symiposium, Anthony Momleiro,
AAITX, demonstrsfed & technigee for manufocturing dispos-
abbe horm antenias out of cormugated cardboard, kitchen alu-
rinum foll, and pocking tape. The cost ol these moterils wis
neghgible ® One of Tony s aniénnos, used far 2.4 GHz satellite
reception, ls shown in phobe F. The antenna was an inspiration
for the SETT Hown of Flenty,

Unforunately, cordboard and foil proved insufficiently
robus for oar purposes, and we had b fesort 1o 2-panpe gal-
vinieed sheet steel. In emoil comrespondence with the anthior,

Tony stated, “1 ngree that while cardboand s Tui and & fear
deimi for o serions mdio telescope, the metal amenna is the way
bo o, After all, what if ET calls and it is rosnimg that day'™

Construction Detaills

W hereas cardboard construction is madequate for our pur-
poses, it provides us with an easy way to verify that oll the pieces
wre going o fit wogether before we take shears or UR &mps 1o
510 sheets of steel, If 1s nod, however, mecessary to baild & full-
size model in cnder by determine proper fit. Becouse the larges
piece of metal in the proposed design measures 3 fieet by 4 fioet,
it"s o simple matter 1o scale the design by o Factor of 12 and
ke o e k-ugp out af 3-inch by S-inch indes, cands The resuli
of this exergise, ween n photo G, affirms the compability of
ihe proposed damensions

80 = OO VHF » Spring 2003
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SATELLITE SYSTEMS
V! | OSCAR

© Automnie Doppler Tuning & Antenna Sicening

| | Uni-Trac 2000 Multi-Trac 2001

» Automatically tunes your radios, In REAL
TIME, to track the Doppler changes

[ 1= Curpis steenng dats o your antenng

Hisrn Side rotator b irack a sstellite across the sky

*anels = [ncludes custom fnterface Cable (o sunl
YOUT satiomn equipimend,

# Llses one “printer” port, no “senal” por

« Movi- lune for lorimg ofdy

ror WEATHER
[rack sun-shine. clouds and humicanes,
| = TimeStep Weather Systems

| Measure land & water temp in IR images
— 27 : e
I‘-,_\_ | _,f’l = Standard APTAGOES “staner systems
Fiwgee 4. SETT Mo of Plenry side-parel fempdiate

= | | KM high Resolution systems tor
NOAA HRFT and Feng-Yun CHEPI
The four sides ol the trancited pyramaid, dimensoned - 2 g )

g 1oy Figures & and 5 were fobrcsed on the locol sheet metal l"'F.I:-:I:F. & lTH]" FIItEﬁ
shop in & matter of minmies. Figure 6 shows the quurer-wave- s Filters for 137 Mz through 2500 MHz
lemgth monopoke probe used o excile the hiorm, faon atedl ot | f » Band Filters & ATY Channel filters
of & Type-N Nange-mound coaxil conmector and o length of s Attenuate “out-of-hunsd” inlerference
brass hobby tubing. The four ham sections are joinesd o 1-inch s Diefine vour YWestielal ATY Sidebund

\ / ik alumimem anple si sole bocally ot 75 - wH
Ay THACH BRCE i '”'h_ -:I TL'.'.'I:f., o il ruck . = M Low Pass filter for OSCAR mode-]
cents pet fooll with pop nvets, | hke fo place the pop nvel

pboui o gizarier wive apan ai the operating frequeency, which Call, write or e-mail for details
|'|'|I-i||:"'\- o about 2-inch BRI (] forgel o nvet g 2774 !‘-h.lppll'ﬂ': FOB Concord MA
tnch by 6172-inch sheet metal short an the back of the horn . Prices Subject To Change Withoat Moo E

 The completed SETIRum protetype s seeninphow sy | spECTRUM INTERNATIONAL, INC.
; B . PO, Box (84, Depl. ¥
Concond, WA 01742 LISA
Phome 9TE-263-2145
Fax 975-263- 7008
specirum 8 spectrum-inil.com

Performance

Albthoweh thiz hor antenns suffers 0 3= o d-08 gain deatien
when compared 10 the Ewen horm, today’s receivers are ot |east
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Horn Top and
Bottom Panels
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Fipure 5. SETT Horn of Menty opfottonr-panel femplote,

14 dB more sensitive than the simple
dinde mixer design used by Ewen a habf-
century age: Thus, the Hoen of Plenty is
eatirely capable of detecting intersiellar
hydrogen radiation, us well as o number
ol astrophysical thermal soarces. 1
would have quite easily detected the
fimous Ohiio State University ~Wionw!”
signal.” suggesting its valoe as a SETI
antenmi. 1 can be used o maosilon coi-

mumications amd  oavigation  satellie
achvity 1n L-bagwl, 1o recover amateur
signals reflected off the lunar surtoce ot
206 MHz, and o perform radio-Tre
guency (nterference surveys. These ure
valunble sciemific endeavors, whether or
nol the hom ever captures ET s call?
This biorm afesign exhibits garm on @ par
with that of a quad helix array, a single
boiige Yagl, or a l-meter dish, However,

-

[etail of Monopole Probe for Cylindrical YWaveguide Feedborn

Ingen theough side of feed hom
E B cm (3.5 mches) ahead of shorted emd

d ol N incles)

mamphendl PN R840 or equinalent

N

1/E" dismeney himss hobiny milsng
solderml onle commcier comcor pin

Type ™ Female Flargs Mioun el L onnecion

senl

G U E

Figire 6, Coox conmector amd monarie profe gssembly,

B2 = CO VHF » Spring 2003

the hom's excellent broadband imped-
gnce match, inherent lack of overspill,
and kow sidelobes mean its ground notse
pickup will be sigmificantly less than thal
aof altermnstive antennas. providing o
greater tign.:tl-l-:h-ru'uiw ralic thin odne
would expect from gain figures alone.

Conclusion

A wavegupbe hoe antenna has been
pniresduced which acquits iself well n
radio telescopes operating across the
entire Woter Hole fregquency specirum
les advantages over a parabolic dish are
extremely low cost, case of fabncabion
from Iocally avalable matenals with
coarimdnn hand 1ools, pomabiliey, snd zon-
g compatibility, lis performance. al-
though argunbly marginal for SETL 15
still adequate for reascnable wmstew
raidic aswronomy, in thot IF con suceess.
fully devect the six strongest natural astm
nomicil mad sources, clowds of infer-
stellar Iydrogen, hall a dosen classes of
o] satellises. and mosnbounce sig-
nals in the 23-crm amateur band. Whether
THIT CORITHE CONTIRUIONS Can radsate suf-
ficient power w0 make themselves
detectuble with such an gnbenma rensaims
o he demonstrated

MNotes

I. Shech, H. Pawl, “A Broel Hisbory,”
Chagier 1 i The AREL UHEMic rowave
Experimenter's  Monral,  Amencan
Radio Relny Leagee, Newmgton CT,
| G}

2. Purcell, Edward Mills and Harbd |
Ewen, “Chservations af a |ie 0 1\e @i-
lactie rcio spectram.” NMemee 168356,
1951

1, Silveer, Sammel, Micrewaee Arterng
Theary and Design, MIT Radiation
Laboraory, 1949

4. Shuch, H. Paual, “"HORMGADS BAS
microwave borm anlenna analysis pro-
gram,” Proceedings, 23rd Conference of

rive Cenrral Stires VHF Society: 129131
american  Radio  Beloy  League.
Mewingion CT. July 1989

5 Monteim, Anthony, ©A disposable

antenna for receaving A=) on S-Band
Proceedings of the AMSAT-NA 2h
Spoce Svieposiuen: 111-122, American
Radio Relay League, Mewington T
Movemher 2002,

f, Shuch, H, Paul, “SETI sensibivity
calibrating on a Wow! signal.” Fro.
ceedimes of the AMSAT-NA Fourteenth
Space Sympoass 130-121. American
Radio Relay Leagus, Mewingion OT
Movember LR | §

Wiaih Dur Wab Sife



