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Moonbounce Notes

During the last year there has been an upsurge of interest
in amateur communication via reflection from the moon. All
the bands from 50 MHz through 2400 MHz have been involved.

This activity has created more interest in moonbounce and
each neophyte "moonbouncer” has had many questions concerning
just how to get started: -

=Which band should be used?

-How much power is needed?

-How good should the receiver be?

- What kind of antenna should be used, and how

big should it bhe?

In the process of determining antenna parameters, it is
necessary to know how to find and track the moon. In
addition, the type of antenna mount, the aiming system and the
physical location of the antenna on the available plot of
Bhnd are a function of the path of the moon.

Many articles have been published which will answer
these guestions and help the beginner and old time
"moonbouncer” alike. Much other data are available which
have not been published. It is the intent of this compilation
of moonbounce notes and articles to reproduce in one place the
literature necessary to allow the potential "moonbouncer"
to make the basic decigiones necessary to start his project.

A3 time goes on, additional notes will be added.

Contributions from those interested in EME (earth-moon-
earth) communication will be gratefully receiwved.

Thanks to the American Radic Relay League for permission
to reprint certain articles from (ST magazine.

Bob Sutherland, W&PD

EIMAC division of Varian

301 Industrial wWay

San carlos, California
94070



Thii Nald dull o phowsd bog-parcds arensm
wita uestd by #in outhor & phigde eflecliom
Irom the meen in e 10-meies basd. s come
you'd lie o deplicals e deal, ihe arfay
1300 Tast long oad 75 fesi wide,
b b 0 ol ol 27 db.)

The Moonbounce Problem,
28 Mec. and Up

Basic Facts for Determining Equipment and Anfennas
Needed for Lunar Communication

BY H. T. HOWARD,* WaUGL

I kr e al ke wrtaels is o Hlmaiiste
I i Aeier ailenes! im0 moonbogsm cosnmiins
calloi, by prescuting the hasse parts of the
jrodilern, mich us moise fgune, paih lees, and an-
o gatin, it [nimilier terme. Oneo e Inaie
I Liben i i bersloml, |||l'_|. #idl Mgy lise ||=|||'|||-.|
|Il-l'l|lla|-"'lll'llI el ||II||"|II:.J.|||'I|iiI| faF e A e
Lot wine b mrsan o onss-gnsdio astellies
“l’""llﬂ"llll-"' WA Al l.-||1|-|-| o b mckeErs
srprral isnthe mpo ol Lie elithon with shboml |
kw. e singh miibctioi), slng the ormy of 45
lowg jrerioslics sbsown im ihs st |||||||1||_l-'_||_.|| The
Ay i | *Illn' kang liw 755 Tewel wimlie. mml it liss
o el T allic, owaer Uhe rmge of A0 8 65 Al !
bt R poresl sl s ¢ pprnnsatoly 1y dogre:
thirck by S degrees o pebnth wnd enm b prlneed
Lon imberespd the menn of sin brack for aboat Lwa
haoprs each iy, Pwer @ distribiobed n ths nEFT Y
with O <wrire line, fewl 4 l,l--r.-.] sepliong o mink-
imim the s anlwhitly, nnd i tho neind epem-
Hiie en idenni hnmlbes fmom 5 G 10 kilawatis

* Tfimemws Labamiory, Stanfund Usiversdy, S
Furd, Calil

A ereuit disgrwim of e nerny woald beok like n
rorporlion orginiestiong chart; (bsi is, | siaris
with one fesl e pol |'q'h;|nn-r-|||i|,-|-|_r lranehis
daown o Ehe Endividias]l astemnas whicl a -
-|'I|||.|:|.' wlewigrmsl ol Tmidt | ]h-rh-:n-du-u_ dirh hiny-
img o pale of H-foed bonme amd & totnd of 43
ehirania

At eich power dhivimon poist thers s o movabile
tmpr nrrsmged s thal the pebative pihoias: bisst eisii
inionmne & complotely ndjusinbde, In praetles,
the phndng is ehnnge sl il iy 1o Follow il
miEnfy s e leymbion, 11 ks Do e with wre nitliws
s & jovp about twn hous W mive ol of phe
B, By mrmy 0 o |]|_|.' sl with n HRkLw
[EMEkw, poege ) eow trnnseniiter for mmodor st nilivs
il thee salnr evrons sl (e ionized negions (e
Liwpirin thie emrth assl Al frvpon.!

Il el i ol temy mickers Tar the misedibiigies
experiment mestiaimd pbove ayvoids soni FRIFETEy

! Mpsemreh suguiriml by tha Eleeunshics Hesemrok [Raes.
tarwte il dlie Az Feree 4 ambrsfge 18 oaemach lalvweninrem
Deillord, Mas . wedar congracts wich Beanfond Linieoesiiy.
Bwanlupd, Cali,
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aver Use use of lage nonprivide setooms for
vihi. recomls. Hx or pomilily  Gftee wckem
might yicld siwilar realta i tricd, The shisl
iclea, though, i to demonstraie that the nlsolute
e anteanas far b0 and lower v BT nicdin-
bounce are ridiculisely  large for imdividusl
panstrueiiog.

sinee tho army B liosry pelaraed, Forbky
[sibing ls u very importuil sonelideratbon” aml
thi unronnnehibed expedicnl of whisllng nte
thit leroplobe was sed, antil the sgial fudsd
up b wsslsle strength, Then Uhe eull was sigmad
in volee and, with the Hp of some immgistion,
wia reerived 244 secomils lnker, The use of circular
pularigstion will reduee fnding, and is certainly
requuirel for sy serivus v.bUf. lonsr-commuonics-
Lion stiempk.

The triek al ten=mrter mooahemeg poinis onl
eeveral fects that will beeome ohvioas as you
rend further, Fime, stotion aguipeost posdoed
for muonbounes on oar lower lsnds = o omin-
e, and cmmmorcially avallable, buil the as-
tomna roquired s gigaaile. Seeond, eosisie nsa
anild lemisphorie offects ploy o lorge fole below
ahoul 100 Mo, With merensing freg o Ui
anfenis bevomes phystenlly ssaller, but =
ceiver und brvnmmitier mast e the besd that
nmideur imgronity exn produoee,

The nvernge loss in decibels for the earth
moon-rarth path, seuming ME wotls of rf.
power ab the antennn terminals and 8 moos re-
fheetividy of aboul T per Fent, is given in Fig, 1.
Fuih koss will yary approgimataly < 1 db, durdag
ench month 58 megn b the moon chnnges® Moo
rulleetivity in curmomtly the subiject of seversl
arienlific imvestigatbons, ;.un:l while ﬂhﬂll‘ul‘lj
appeis by be higher pl frequencies below 450
Ale., nnd in lower whove Lhst fregquescy,
the figare given aboohd be necumste enough for
@ firsd npproach to the probilem. 1 Ehe brinsnsider
power ot the untenns ferminals is Jess than 3K
willa ifue to feed-line kasca or other practies]
comsiderniions (such s mooey ] thin path-loss
stk shoald be imeressed by the numbsr of db,
aliffgronen,

The mext problem & Wind ol roediver Do
Bigre anill semeitivity, Fig. 2 & s plot of sosimie
Bl g (regqueney, prosentod lo give Wi spikp-
mund doshgner an idea of what 8 weedsd for g
Framl eoal. “The sew sl mos limes alow the nky
semprrninres siel mintimon usabile ooise figume
it ean be expected whes U anienns is direciod
toward the coliest nnd kottest portiomes of the
sky, respectively, Thia wariabion is easily sl
servilibe even with simple eqpriprsent ool is o
ol kbl of eheeking ontenns and system
|||rr|'1:|ru||u|ﬂ:.‘ Fortunpdely for the eonmummben-
thutss prrabiling, larger nroes of the sky nme eobd
thiam are Jd,

Below about HED Me,, cosmle note s ik

E fiyen, “The Appesrancs of she Moos s Bedie Fre
quieneies,” GET, May, 1861,

0 Peyismagill, ™ Lorar Spsilies," Ly moces presem sl ok
eriiree on ILades Asreniony. Sinine sesson |50 Maska-
ohiiwebis lastiveti of Teslmalog i ¢ ainliielde, Mams.

¥ [, "4 Simpls Bealio Telowmope,” Shy aail Tole<
saoper, Aiigewdl, 10D,
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Fig. | —=Mwanbouncn-pofh loia v frequency.

deomimant fwetor and varies with Use i ol
ihit galucy obeerved. Tioenn be seen that baing
rosmibe-noine-limited, 1hat is, Baving the el
linae lnses snel roesd v r-noiss contrilution less thon
the cosmir onisn, st all times, 8 an enginecring
bt nearly impossible at 220 Me, sod lagher,
with the prasent siate of the arl

Molore geing Mirthor, B I8 poccssary o clonr
st s eoneston eoncerning reoeiver sensitivity
ahil poise figare thol has ardsn beesise of im-
prerper s ol Lo relnddon |

Tideal recelver senslibvity = LTH

H’IH‘I‘B

Bl B0 00 B0 900 D00 G000 S000mO00
FREQUEMCY |Mc]

Fig. 3— Cowmic and waler-vopor rcive limity w2, frequency,
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AL RECENVER SEMSITIITY [decitety
s e i) FOR BOD cpe BLANDWIDTH

Fig. 1 —ldeal mcarenr jamitieity v soles Rgure,

k 138 ¥ 1T
joale SR

T 8 teimperaiue s dogrees |

ﬂh Bamlwidih in c.poa. =

e s foenn Lo perabare Hml.ltp'ru

than 11 i be shiwn Uit )

Tibenl recoiver sepsitivity [ —clbw. ) =

2l ally, — 00 b B —odb. poise Fgrin:,

This relation i8 forreck fir aystems with nosse
E]il'mmﬂﬂihlnl rl'ln.llqml.-r:lprliuru
Eredaler thon Z0HE degrees K, bl oesids revison
10 be earreet for prsenl-cny bow-noise pngplifiers,
Hy using nn ejwivalent syatem bempsmstares for 7
instead of 200 degrees K, we can atill mibisfy the
IRE definition far noise fgies and be consistend
with present proctice. All ol Chis is simpdy saying
thint it is possilile for o diseetive sstenns snd
receivor st nhd to look il & portion of the aky
thni i colder than 20 degress K.

Beltemann's  cosstant,

oo ¢

El':l!l
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Fig, d—Baceiver seraihivity wi. bondwidth loe the wgripes
amateur bonda.

A plod of the above interpretation for 8 me-
ceiver with 5 Wikeyels handwidih is sbown in
Fig- 3. There wre soe sunjees in this graph thit
surise [Poam projeer use of noise figare, For nstase,
i mprevement in meekver Bolss figare from 3
b, o 2 db, b risceiver semsilivity moL just
1 by, ok moasly 3, Golng from & 10-dh, ervetal
mikier b w 2-dh, viehls & masltivity -
prrovemnl of 12 db, This makes H preity olivioas
e g oyt e
pismilsle line |ooses nre ol i =
cies where systen naise i\ .!'El.‘lﬂ'h“llull i
FHHEE,

Fig. 4 uses ihe infarmation of Fig. 3. mnd
pamaneen Lhat the aystem performa o the lower
comriac=noias limit. I8 shows whet reeciver sen-
wkivity b expect in ench rase, for anity signd-tos
noise ratéo with varions handwiiltila. 1T the aystem
ia nol eoemic nodse-limital, Y aumber obiained
from Fig. 4 should be decreased by the namber of
db, diffenenee lotween the filal case of Fig 4
mnd the setisl syatem, Again, both nosa lgarm
nni trenaiwision-lne st enter heee, The numbeer
froun Fig. 4, az meslified by roality, s the peeviver
eensitbvity in dectlbeds bolow 1 wail, and enn Do
adidedl algebmically 1o the path boss of Fig, 1 10
alialn the fea-way nnlenns guin necrssicy,

For exnmple, select 1200 Me. nnd amume s
lmu'nrl.d.l.--.l:pﬁﬁﬂ fromk end with o 2-db. notse
Bgisre * and 2 db. of feed-line losses, From Fig. 1
the tota] paih loes in 244 db. seal fromn Fig. 2 the
syatem ia definitely mob cosmie pois=Emited.
Exnmple:

Fig, 12 Total path bes for 5S040

wilis power cuipai e
Frostl-Jiman lowen 2
246 dhb,
Fig. 4: Commie-nolae-limlted
rereiver sermilly {500
o.grn. bevindwielih ) =157 dbiw,

Hp!:h&wtn.f.-!ﬂh.-l?ﬂ‘ﬂ
Line loms &= b, = 170* K
A0 K o= A db.
Coapmie niviss = {15 dh,

Fig. 3; Iflerence betworn
0L db, eommic e
ad 3.4 db, aevanl -

feiver sysiem = 10 db,
— 177 dbw.
i dh,
“:—“- 4.5 db,

Thig in the nutenis guin toquired al sach sla-
tiun for =b-ppine mbbo Gnon SHkepa
bmmdwidih, but as WIFL has pointed oit? the
cur ran be o narrower filler i properly traimed,

"I"H-tl-:l.-l il 'IIH.I# " I':l.l'-ﬂr:llr l.tu|.|IIH-|-I' Far
B Mle,™ QAT J 11,
']I-r---1 “The Wikl .l'hﬁ-ulﬂ'ﬂ-l_. QAT Jume, 1961,

(Cantinued on page G}



The Moonbounce Problem

Thise figures show, among other things, thiat the
fnitial 1 MeMe. moonbounes, with sn 1H-food
elishs (35 4l | nndd 300 winiis of Enunemdbler power,
was bath o technical triumph nod wn operding
feal. It ke wleo clens that the higher Frequemcie
wro e Jogienl chiice for Doth commeercial sid
mmnteur work of this by,

As Boifer T meeently noied, the basic probilem
is to ohitain mdequate signal-to-poise ratio, nml
tho graphs presented bire shoald belp the eqaip-
munk- st patenps-orented amatear get o fecl
for the moonboases probiem. [ should be re
membered, bowewer, that margine] systems give
marginal resulis [ any st all), snd thal thise
niatmbeers shoubd be used conservatively i relishle
enmnmumnicstion 18 the goal. »

T fuader, “Bgmes Communimsion snd the Amateur”
5T, Mavember, §EL.




CONDUCTED BY BILL SMITH.* WB4HIP

Plain Language E. M. E.

F; 'l § -"ll-\-ll'lll'll'lI i imickleE  pEi EAEP-ii-
{ ein g IREErEl D sEudenr sjnae -
=t AR LA LR

loir e il e

For thess 1iir I shkvwand
in vl the possilndity of
wintka Eoeonmae, eeree (palel esniho, AR my res=
quesl, Mike Binsl, KM YO, lms ngreed too ofler
Jeis Eelmies for developing & sneeissdul a.mea.
gvelom, Thise sre the result of muoch work,
Aike  haoris g trovedsd both unsaeossdal and
LI Pas i~

i .
Tho dissassion i ol in-

il s
lended to Jlustrate o eot-aod-o red Eyulaim that
T I whial
B IIFHEMILT 4 ||-I'||I|: 'II-I'Ill piil 1B S ki -
| [TH e ]
imekgwinten aEd milersEl b e

1 rll. bt rather ta [ il

melielly, Sy luspe Uhos will sbic your
CTHITEITVET B
Enris
I'he satem ol KEMYC s probably na basse
nnd wimple &8 sne should eonsider for eme. To
llnsimte how littke & sotaslly requindd, the fol-
Bowing 1= ol thd lieed el s i KARIY'C.
An HHESH asb. a Eramscoiver i e
wikli & e U SUETTTEETL S o AT T i W E TS
foor |48 M T !:H--'I.l:l L g gt
Il rosied |Ls Ly triplid fo EHE Mo, peri
The trnnsmillpmg
eomiverier 18 smlne e thel on page 150 of the
AHIEL V.HF. Handbool, The reosiving eons
verter is an ald, rh-muodifieidl Ameen tabe-1 ype
with & b db., noise fgere. A Manbim pad s waed
between the SNE-3 and the transmitting eon-
vorter to swnmip most of the 30 waiis of 14 Me
ouipats The comverter outpat is & wnits whisch
drives & laser amplifier theough a I|'|.1:| Tha
Bowntls s sibedjiEsio (o drve & pele of B0 S
i i WAAOX configomtion {Devsibaer, 19H,
AN The ansslilier delivers
K# walls which s fed] Ehrongh therty Jeel ol

TINTERE FLiSnF

=

pramsinive opembon on 144

tar cnis-low . Liigual

Leaierh beling Lo donxml fwidclies b Che aivbsinn
Twn relays nre wsed ad Lhe noieqnn, ome fior the
Lrmisr

Hod  wignnd pnd the olber for doolsle
the FET preanap lomisd i the
bsing, Helden 5214 earrses th [ETek i
okl el i Ll mrseiving mivverior, A |-:'|jl'.l!:|:-|:I]
il & tamnel dicila Provules
(S RELL
dislely pevssry for olsere-
RIG=
keer, Bllepyele podin liller nod ispn reconder
imedanally sl That is i, aside From the
il mounl. Compare yoor slation with
reanentionesd aed }'IIIJ': |:-r|-5:|||1||_'.- Firsil

=i

vEcpllabieg FiEiing
baat b galilsiabsniy al
whinl w

| & wenk-signud

BT i

receivig-svaiom  performsmos A

Carelul sxaminadion of ihil phets will reveol aoma con-
wruchion ldead P tha hub of o porobolic reflador.
The dith balesgn to 'WISDT

WAEDT used hardwess ooth for the covering on his
#NF e dih, Hota #a8 cossiruciios of e pul ol
mpbort.

Roeprinted from January, 1968 Q5T



viry little keeping yon from heginning m e me
wiitk exoefpl Ll il

The bore mammsim gl meguirml e il
Pid=Me. mubmnm in 20 db. vver n dipale, This
dnes niel meean thatl colives are mol possslile wilh
adightly loss gain, lnnt Tar sy bops o relwlbality
':||1'\'||||;|'. Lhels mrmsn's |':|".'|.r. M odb, is the lae
W ki " psrial rmh-i'l.'ih,{ AyWhEmin

Now nlonl the nakedies. To my Emow bedge,
oo oipe has veb beoii antisfied witkh the purifiria-
naien o Yaghs om miyemes, ol WL N Le sl
theen bat lins sibee changesd bo ail oxtopdoed ed-
pundeal eollinegnr which he sayn i3 the lesi of
misnet Ui M1 eomie. nolenoms e lins dped
FRIOEF hins & Wag array, but doesnc b feel it s
'll'l'r-u."u'llllg na woll ns it shonlad Hll'\ll"ﬂ'r. whanr
Yagis of 4 o 6 ebatmenls sy b the amswer il
sroeil pnkisl Ley Phsinn, VISIHES ) VIE2 has an array
il sbvloen, d-sleinenl Yagin el is pow doabling
Lhal nmmber, He's had soma ssiooess s b g
|k oy eedyiss . I Y, st D 20-Eial vt
Yo, ran several hoiirs of lesbs over 5 el al
dlaye with REVIYES =it i |r||;|||".|'l:. [TUTHAN AT
=i, Tramsmatding nl bEHCE il Detaing
at oMY |:.r.u1|nr|| il The oppwsiio
was al=i trgd withond sticoess althodgh KEM YT
il hong his wn echos,
The aisbennm ol KOMY O 5 18 oot eol-
liear whseh | lssfiove b8 pifslucg olisss Go Ui
thsoredical 24 dle gain, Fehiss cpn b peosiyed]
almowt anyeime during Lhe musun's T-day cyele,
sammiing the Famdoy rotolion  [pEolarien o
rdlgbiin in the omesgiers) m o corescl, W owill
ilisesa |"||Inll:|:'.' rivlsbion Inter m= well == the
2y ek, which i relstod s sky lensperninine
{ sl it | 8l vierious "ok " angles. FRIHD,
VESHSVER, SLIUTFE, ALIAKIE, WHEINEN.,,
wind of coirse YEAATN have all bewrd KM YT
WHAKAF bBas an antenna  almest
jdeintlend e KGAMYC's and has s |.'I|.II.L||:|'
sl residia

The enibaival guad looks goasl sloee & [Fs into
with sdinenr Uypes. ZLITFE
hitare] wigrals witlh fisr Seelement gquaids pol-
st aftor those by WEHCER sod odilied by
WTFR, This's mile ool expaiaided quals ms they
mhaniahil b qpaniie gies Livnl, Bire and weyghi seoms
Lin Lae thindr olibiel alinwTeick

im .mn

thi ko) elmnss

1E lsspabiiee, Uhe king of e bl aniennas, s
Eua higpvn & |:.I:|| g i v il oirchs ma well, "M ai-
SR [TH il
muEnthy, bt this gaimis welhsyved oun be axtmimils
litgh, ut mneh loss cost than mesl ather prmye
VEIANTN s fisr chonsdvies slncked oue
the alliee witl six-linsd spasting bebween
oy oome, Anibonics, Tho aetemes is 320 feet
Riig per leg nmd hiis s agaes aingle ol alwml 11
Hipreen, The pulis s mleelned al 53 allv., v
perfinek g dpied, Bl mckugd gabi @ pridgiddy
chimey Lo BT o G0 dby VRIAT X has e yery
mivpreselud  using this witennn phd 10wl
wmpul. The Lalbet rheimilie i= eimg irisd pmi
siptiftis Bor lumtoe preasals |l s ELAAEN hiis & #ngle
Inyed o midl s empied KOMYC pail prssildy
VHEIATN, Mam Eajers oF o wiile .h:. =kl e

Lt nllrw niEi  Limw wack

I'|R1|mlu||. (Rt |||I- i urler, I'r||.|;| Ahtddhinn = -|||:.|.l\.
Tt Tewd g, Tl clmadwamlnges of rioalsms am
immuohility aml low elevniion sngles

Al od the mbominas i far diseissed haye boon
linenrly polarized. Now let's oomskler some sori of
vireulrly-polanzed antennn. Fimt s defimbsi o
vircular polarizstion s in arder: bel os ose Uhe helis
tis mimplily the sxplanatin. Simee a lelin bas oo
(I wlpmiat, it 1|H'||ﬁ'||-r'.|J|_'.' railindies H|'IH]|_'-' (4]}
all [lamies nid thie wave & lnunshed in the dines
epeniling on whether the
lielix 4= weainnel elockwiss oF ensatarchockwise,
ihe anfenmn woitl] Le omlbea] |I;I!.|- o bali-lemml

thuy ol the rt||11.|

Shireni b Wi bl owambdy of te YICIATH diss. The decli:
miazn nid Ieieis dsle deive Mo Ore w61 ho e mowbad
os b i 1idmch duidie baarng.

Thik s oies of The mgee fan 70 deal tyieng frumes beisg

wid in The S0.loot dih @t VEIATM, The J10-lool lnag

triasm =mgh 30 pownds cuch ond ore = Ve deh el
srance of o porobslic e



chroubarly-polurisnd repectively, Fore poist-to
puskiil sommsiimtion using helios, Both anten
mns shoull ke wosisl Uhe same dlm-l.nn W b
li=tening for vne's nwn echoes, o right-hand =igns
madinted 52 the moon will et lefi-hand. Tl
mieans that & hear your own echoes the direction
af pireularity must be switehed. Ciroulnr paliri
waliim ean ab b achimved with properly phisad
vl ddipules orthagoually moumed,
WEBIDEX corveolly ives niee  S-sliment
crmseid Yags, but nms only the hordaomial e
eluments whim testing with anodber siation usdig
hevseonial palarigetion, Obherwee he would lose
ulwmil 3 db, by puiting halil of his power mio the
yerthnd ebementa, Howewer, I both stations
el (80 edomenis crealarly-polarioed sirays,
A aly. woiibd be gainoon botl smbs - olwienesly

ey .

Abso the problem of long term fnding dise o
Farndsy rdation would be sliminated. This
frslnrizstbon mismatet mn eoat as misch os 20k,
when using lHesar-podarized antenpes.  Helix
anlennns have mol yel been susosssiully ased
for & twi-wny mmslekr e ne, conteel as far s |
kmnr, bual mayhe WAIT K" s heblx will intrigime soms
of you whn need nnew chisllonge, (Beo WICEHR'S
article on page 20, November, 19685 Q8T )

Cerlainly ane pntenna that shoald not be ower-
lowskedd 1= the parabilic reflector, be it cirenlar or
eylindrical. Howewer, dishen of 8 uselol size ai
1i1 Me, pre impraciieal for the nverags mmsisur,
bt nt 452 and higher the picture brighiess
(HIUYH doserilenl o homobuilt dish in e
Angust, 1188 O

To sumnmarize on aniennss, my personal ex-
perion tolls me eireulardy-polarised anienans
fur 432 neal wbave, if at all ponsilide, and beliw
452 abood for maximom gain in o low=0), linesr
polsrieed array,

Now let’s look a1 n smaller but still bmportant
campoent in the pmoe. statson, the prenmp.
]_l.rp.,ml'-mhrll}rnmr}-ﬂ -
verier fas & noisg figuee of 3 b, nrluu., bt if
Ittt powr the aatenns the prenmp can roduice
feedline losses o moeiving and pessibly lower
the system nobse figure a hit, The mln EE
o mimn For st 2 metens s 2 db. You ean try for
bt don'L expect p poticosble incrmeass 0 sensi
Uity bommise the lowest sky miiEm en-
vomambersd 56 144 Me = alwmt 18 db, At 482 pne
alewve mamic motss i less and T i ise
dewioes berome more uselul, 18 = doobtful 1hat
yuar will be cosnic-maiss limitsd, (kn
I8 amd 432 transistors appesr o be the way 1o
B, nl more specifimlly, FETs or the ateadlily
mproving MUS dual-gaie FET. Many bypes
and branils sre svsilable for oeaber 82 Many good
preamp sireuits have bosn pablislssd, bal most
laek protection for the tramsistor, A pake of diodes,
fypically 15100, hack-lo-back at the inpui o
ground will save much grief. If you inest om
nsng regular bipalar trnsistor, be sare (o bailid
a good strpling flter 10 help eliminnie overbosé-
ing of the transisior by strong boosl stations in
the broadeast band and Hﬂ:br. Normslly a
fltor i= pot nesded abesd of o FET,

Litile msml be snid about the balnnes of the
cunyerter oxerpl that eresmodalatbon (pverdoad §
al ths mixer stage can somed imes be o problem,
The use of FET= aa mivems 5 & surrent sodirtion,
Recently ROCA bognn marketing & dual-gate
M0S F pair that look idenl lor eonverters,
i BN L fromt eod and s SN0 mixer. Boili ane
untder $2 amil may be the bast vot for 14 sl
a1

Next month we'll book st et bods snd diring
o, tests wnil pess slong some Line-saving
hinits, Also s thirough sxamination of the prob-
lema mivaisniersd b i ender, 85 BB o discassion of
sntenins moainls abal drive mechinnisms. In the
wwantiiee, vou should read WEUGL's artids,
*“The Mioilsmmee Proliben, 28 Me, snd ug"” nm
g 2, Beptember, 1963, G5T,
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A Layman's Look at E.m.e.—Part I1

Asre contimees his dscissios thin month
K ol propagntion probéems sffecting e.m.e
pommanicntions amnd what the amaleir ean

i s nllaviaie sammo of e

Although thers are aleciross everywhene in our
iwtmnephere sl bovosd, those b U fsnmplene
have the preatesl cffecd on wvhi. aod whf.
wignnls linving thi= plonet. This dloud of elee-
fois s oo constant siate of {lux, thar nomber
eliher mereasing or decreasing, or moving ahout
o form clowdn or bbobe, much the anme ss yapor
clouds. For sur dissusdion, bowower, think of the
il:lnl:llph.l-ﬂ'l HE hlﬂ"_'“"lmﬂ"l h!.'\-l:lr l|l|'i1|I. no ir-
regularitios, & plane-polsrised Z-mwter algnal en-
tering tds Inyer is praduslby rotsted and moy go
through severnl rotations bolore passing throagh
the inniostphers and into spase. 1§ eleotron content
m high, na it nermally would e during dawlight
biowrs, the gignal may Folabio maey o timss
than it would during sarly morning bours, This
phessmenie b= known as Faraday rofabon,

Regarlles of the plane of polarization orig-
Inally, U wave MAY oame throgh tlie layer i
nny plane undil it strilbes the moon. AL an ax-
ample, nonsider the direetion of rotation o bo
olockcwiar, When the signal atrilees the moon sfed
in reflected, it maintains s plane of pulsrizsbion
antil beginning o ro-enter the nompkam, whens
!LE.Ii.H Et I‘Jll'llj.lmhr raolala, i i @ olockwise diree-
'I.|-||I|, unkil I'r|1.||r||.in,l_ Lo L anlenns fran which
it was ramsmitted, An originally borkeaniol
uignnl moy Bave robated six Gimes plus 45 degess
leaving the ioonsphere, wnd snother six tipss s
45 degrees upon re=cretry; ndding up to o oot 1=
degree rotation chnnge, or vortical polarization.
The signnl reeeived on n horisental antenna msy
wlTar m Bkt Sikdb, boss from polorization shifi
-|.||Iu-

The problem of Furmlny rolation & fortler
eormplicnies] when oontact with another station
|s midemgded. The mnamitted signnl masl pess
throagh two peobahly-difforent ionosphenn e
tioma befare srriving nl the otber pniennn. The
peolariza tion of the wrriving signal may mateh the
plane of one of the two antennas, it not neosss
aarily beth, or either. Te put it Emply, your
awm echies may be coming back well, bt the
olher #lalion may oot besr anyihing. Bat if
tmnsinisaivne are coivlinsed [of an hoir of 8o,
ohanees are your own echoes will Tede nnd the
other station may start hearing yoi.

[A demoisiradion of thild dessriml on Dee 3, whed
EAMYT and YHAATN lmil sostlers winge, QB Dhireg
il winlare GE0D. APREEY m 1310 OT, teideet was abede i
lezid foii dwn wvhoms. VELATN alsg hesnl WeYE fur §
ifnkndes Mnllosng EDrToms

Another ntersting fncl sboul Farmdoy rols-
than ia the relstion o thes hemisphers imoled.
A plane-polnrized ssgnal lesvimg the nortbern
hemisphene twisting choolowiss will redarn in the
soaihern  homisphers counter-slockwise, 1t s
Pl.lrﬂ'ﬂﬂ-ll ihat thin efTesls of Fﬂ.rm]u_l.' rolal i i
he nullilled i the slectren eoniend of ithe jone-
aplete weres the sane for both poths. The ahift
rololed Lis bemdspheres doss nod oevur if both
flationa nfe im Ehe same Bemisphere. Beheduls
times should b= chosen when both stations ean
use approximately the same antenna elevmtion
angle (the moon the sme distance abovs the
horizon at hobh station) as thaee are osoally
two fo throe thmws as many electromes o Uhie
horizon path to the moon s o Lhe 'PI\'..I ol B
dialegron slovation angle, The besi time for
banespberke sisbility |8 betwesn 2300 pnd 0800
looal time wl boll stations,

Another fnetar emfering inte echo quality i
mwindillation, which canmob be oorrecisd with
cirmilar polanizstion. An uneveness of elpetron
idenaity forme i the sososphore and sets a6 &
sagnnl myueh like s lens on light. Theso “hlohs
can have o foruming or deforusing affest on &
pignal producing unrealintbanlly strong echeses,
ar no sehoss at sil Beintilation, from my ob-
mrvaiinns, is mom appamnt sb freguascies bes
low 144 Me

Haw Isolond, asue bull Balsh Corler, ILITFE, (lef
recontly widted ESMYC in Soroboga, Caolfdfomia, Ralph
werking lowond ame comoch on T44 ond
433 from hisn bome in MHew Isclcnd,

|

Repeinted from Februaey, 1968, QST



Hoodpaitioa Tclmmg causesd 1oy Lhee rscking miedion

il Ll T s elfecls peboes, For shirg po
thio peatli Biess e be rediuesb by as muuch nn G 16
100 alle. Ths monn is & rough serfoee aud s
like dmainy fedloclirs, Samptines they mdid @
phssr:, while o
prer eariid. or® red
tronllesnme st Treguences higher than 144 Me

Anothor (eedor having a isige DBeafiag on
whari e o not contnela o ba mnde wills mar-

ginsl Eyuloms is seamic moise. Uin 433 wind il
ilids shisild miod easiss muach coneerng bt sl 1
t b o dilferont story. The mimimuam cosmie
nist=e wt 144 Me = plout 1.9 db, whivh s ol
eaeily Beard with moddern trunsistors, Cosos
niese ih gredbosd @ Cha direotion of the Alilky
Way, or Lhe galarten ewivler Feom |'x;n-ri-r||-.1l

poEmie noiss nsn make i DA, reiving Ay ELEm
purform like a fedb, sysien, of worso, when (b
el is near the galactic euter, Thee B usaally
i parriod al {ive 10 seven dave each mienth whins
Ul miren i ab dbe loowest deelimmUsn angles, T lsa
dnya shaonild b syoided i nueces depends upon

WIFLLKPY b bidding thia 50 kool sguams Ydish™ lor
A3 Mg mma, iein, The dish will iofer be snposded
o 130 leed for e on Tdd. A movobio feed will be
megried ofop o &-ioo lowe in B cester of e dis

optinnem meeeiving, espabilities. Even the persd
wi Cled mson W ineresising b= decdinnlion to ita
penk af spproximately 27 degress 8 nol esipeoslly
el 1 Y ATl the ten<Eay poroad alter the
i luia Pearhad (16 doelination peak s the best.
Tl Fillivwt N SIRERIEEsEInE &FT affered as [rins-
aifiles pobutimps o Uhe prohssime §jus il i s |
1} Fumedndy foelal i onm b hiniklnd with ekritidar
||..|'|_-|r|.'l|_l|..||_ ar i park by |'||:1-I'l|”]- |J|||:|| Wl

Iy

ger than minfimim antennss lwelp over-
poign acimlilstion, libmton nding sl oosmio-
Peiian @ e,

41 An effective method of meporting and cone
hFEning thI'_1.| I'l‘."rml'h |'-|.J.'|H Im |!'.||:||=I||."i.iIJH imfiur=
ikl |l.l.|'|';.|.llu:l‘l|. Awie] II.l-iIlﬂ; cindit ehinrsctors
FeislFig -|||||!r wmch as ik leticrs || ]'1 B amd T,
mned Lk mipmleers 2 throngh 7, The I'|'.||||wlr|u_ Hy#E-

Wil Beoan, WINE Aetheida, Morphend, recesify hoded
Andy Ecl, DLEPE, Wakn, Wesl Gemnosy |cenied, oad B
Simith, WIGKF, o sorly mobbouscs lone DLEPE &
cefivn on ¥ melan in Germeey, By the woy, Binaaschnein
meteo mohoy W | S5 b the wn of WIHA

tefm & |'||r||-|.||_l.' !HIIIIIL it |I-_l,' Llunan I-|'h|l-|.||i|-|;
VRIATN:

T mlpmnds dedevie]

M — lebters ar partions of oalls copied

(3 — Basth emlls moned repart. coqmed

MT — nesrly =olicl oupy

o | FRAY, B ] Tor ol
TI_'.' this Avslom am 1 |J|II' Ikl ealls revives] [t
bt wincds med alimmed with HILHE éatnlillslies
B eonfiact, Hsdl Lhis sytem lwen inoase [or ney
November Tl L=l with VEIATN we probahiy
wonibd hinyve mnde another sonlact. However, by
the ald systom YVRIATN was serbing s moproe
senfed by the lefler B Fs aroonsly bt o fnding
and ore snmetimmmse ol discermible from Doass
pipm ringieg in parrow=bandwidth pude fifee.
Espeeislly alter many bours of listening for woask
alpruils, dnshsst are mush ensier to deteet
4} H-lllrllrull_l ayetenm modbllEiions such ps proal
difeciinn, Jnse lisek, nolsd asmking and can-
cellntivn sl enn help find siguals in the moise.
Foa k. nlwaild olfer o3 dls, aiggind- binose improve-
mimsl anal is nn pres for expermonistion.
) KWeep tranamit ting nnd reseiving pariods sheart,
| prefor § o 2-minute peraads, partculsdy in
|i:n|_|.|||.'hr hivirs whien F'.I'I.rlliu!u' robintioen s Fafil |
) glegnees overy 1O Lo S0 minutes, Febims cnn
njenr, prenk anad [wibe b 5 odmigbos ar Lsa, [P
minviie pernkds s el Uyt & sommes des
Leetion schemes requine & o S-w.poin. oo, speed
for proper inlegration time
i+ Uss relativedy slow=pesl cow., uamler [
wopom. When testing with VIGRATN my trane
an periods are twn mintes bog Thairing
L liFst midnote pach enll is ssnt 2 ar 3 li.ilill'\-,_ sl
L foperl sl the seearl,
T Mhe sire ol yoiir [ e, Lhimes aiel el limg
siipuenees, [ rogiseiices il by wltlidin vne kilos
oyede,
R Kosep yonir nniennn sa clise as possible on the
muoie. 1f your antennn has s S-degres beamwidth
nt the § dh, paints, you probably can't sford b
b & dogrees off, [t is worthless fo boid o gnosl
nnbonmn ayslem and then wmste it with poor

11
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nimingg, This hus been tee privcipal couse of many
o fmilierss.
0 Dion't atart listening for echoes in a marmow
bamdwidih (under S0HK eyclen) unless you are
axporisnced or bave n moniving sysiem that re-
quilres it 1 prefer an B w 10kerelo bandwidel
bt most of my reesiving s dome inos 2.0-ke,
bandwidih, with the ear providing the "selee
tivity,”
1) When searching for weak echoes, sontine
isiissly swerp the 500 to -cycde portion of the
lamraill wlseere ther siggnal shonadd be. 1" foomd 1 ean
dledenl stguals this way thal might otharwiso b
loest i Lhe podse, The enr con detect pilel el ges
enaer than o stosdy nole,
1E) Dppler shift on two meters B nsl msch of
n problem. I've mever beard an ocho shift e
thins SO0 cpebes &t L0 Be I the moon B riging,
thi sigral will appenr high in frqueney. As the
tmion uusses dus siily there will bo litile or no
shift; them na the moon begine o sof, the echo
will appear lowes i Frecuency, Whon [istening
for yuur ocho from oorising mesan, sk the meosdver
w0 e brnnsmitted sigun] prodoces a 200 G 200
epde note. The echo will then procuce s S04k o
TXkpyele nola, The oppesite s troe of o setling
s, [Dopplor on 432 aud higher &2 of more con-
v mend will prodies & 1-ke, shift ar morne, sxeept
wihion the moon i due seuth of your antenns.
Mext month's eonclsding diseossion of this
serivs will pover anlenina mousbs, drives and
readol systems,



E M.E. for the Layman — Conclusion
Tllmnuh-Lhﬂu-mlmhnHmmLWm

of eme, (earibemon-earth) principles by
Mike Staxl, KEMYDL The finel seclion oovers
mivlonna mounts,  drive systoma and  resdout
esehnnism

First Lhe prspeciive mooobowneer  must
ileside i he = going o ise his antenna system for
wipyithdng other than eane, experimenis, This
iloecislon governs the solectbon of no nppeopricta
miraist nand deive systons, A very simphe mount
oan b eonebrgcbed §F e antenna s b b sl
anly Tor ponon, lﬂl-l:..m e llmih.l sl & apasilic
poknd kn ospuee, This ey be o loghend place Lo
beggim, bigt wou will probably soon beeme: [ris-
trabed i being Hmiled o pechaps 5 or @ Boam
each month when the moon posses through the
sntpnna's pattern. 1 suggrst at least & partindly-
stperable nrray,

Il ooly eiae s eontemplated, a pelsr {or
eruatorial i moant wonld e u wise seloctbon s it
requeires oisly ome drivo mochansm for tracking
pnd some form of manunily Glking e l..l'l'll‘l‘
slightly from day b day o =t Lhe declinad
T pecompliah this, your pniennn mast or lower
musl e mounled pamilel o the sxs of Che earthe
Thim, if your station lomtion = st 35" o
thy mast waukl be fixed st an angle of 35" from
thir parth’s surfnes nl sach lisestion, erionted in
a morth-south direetion (see fig. 1.). The e
dlinating  [manually-tiltial axia) changs [rem
dny o day, Infeemathon may b fouwnd in Phe
Amerveam  Ephemeria  aid .'I'mhnnl RIE TN
1184, available tirough the B temident of
Ducwments, UH Government Printing (ffies,
Wnahimgtom, IILI’I:Irl-rmm.u.l.ll'prlnu All that =
neepssary now is thal your drive mechanism
rotate the anienas ot o orste of 15 per bour to
track the i

This is all fiee: and dsealy for some, but f
o wank L uan your arry lor satellites, meteor
siniler, aarora of snwllieg Similns, a polar
mupaisl = ot omich good, & drive Aystem pers
mitting the nrmy e be fully sieermble i both
arimuih and elevation {az-el} is the anawer.

The srmy o HEMYC is mounted stop o
homemside 13V loot tower, The four legs of tha
tower nre fastoned 10 o platiorm which in turs
in baltasdl b ths ool of the garage directly above

the operating position, A large urmodificd
phnhmmhmm;tnllnﬂduthmpnr
tower. A liosky slesl phl.r uldad i

=23

rataling gesr and pnother pl.u. in atincled 1o
photogmphs. These hinges are umph:.-u-:l'mll'r&
elevating mechanism. To this plate n 3-inch

mhimyinem ehanne] is attached sl the moin bBeons
of the array is clamped in this channel. A jack
serew wilh righi-land lefi-hand square thrends
slarting from the contor oul mises sand lowors the
artay. AL i bower ead of the jack serew is a
2t-1 genr reduction box gving & sem to 607
alnwabion ‘tmﬂﬂ“ﬂw{mhﬂﬁlﬂ Will'l'thl:lh-l-_lllﬁ
Lburl.hulrrl.;ri nling straight up.
bﬂ'Ill entire elevslion drive rotales willi Uhe array,

Fig- 1.

Belsyn horkups ane ussl for direction resdoat
il may ba varsed toosult the pafiboilar builder,
I Jot o weork ol your own asimsith system,
Bt iy elevatkon sk moinl b guibe simple.
The selayn ts attached o the man armay boem
mind nligned with i A weight was tighily aficed
o the sebsyn shall and, of course, the weight
alwsys h.lnp straight down reganiles of the
position of the array. The mates 10 bath sslayns
are mounted on n paresl in the shack, Crade,
perhaps, but it gives snesdegrar acewrmey, anul 0
i, you can't sfford bes!

A handy itom for telling il your srey bs paloi-
fng at the moon 8 e ROA 802520 photo-cell
couling sboul 3% or Ha equivabeni. This de-
viee iz asnsitive emough bo detect ke light of
even & amnll sliver of moon, When placed st the
end of 5 Bkineh long one<inoh dinnster tube wiid
the leads eonnected to sn ohm meter, it s an

Reprinted from March, 1968 QST
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Mounled on the kwer end of the jock sorew b e 20-ka-1
rothetion sybem. Mole #ta coilinsgr slesssh
o main hoge,

apeurate inidlestisar of [FugEeE RimingE. I!le_.l.-.u:-.'__-,
IE wl b monnies &6 o be

wlaeid il g e
oxarl plute of your aersy, 10 & mselidl ouly i
il when tho mana = visibile

Le enin bwr mosiin, Ll
sieering and @ialsolbioe no
s iad ] v

oot ol uwienbing,

LA, aFFaL. ane
st ke belt e ihe

mirclek fdend nriil
ngenusty i Chee lmuilder. Following e
prinmples gavedn ben: on Boenting e jean Lhe
burilder may dovehsgy his own svsiom

The shvation velpn b mogrded o ihe Boon 0 Sha right
ef the maond, Mole the jock serew, alevotion plares and
chasnsling holding e mein b on the moun? gusmily

| hma beeedi i [lessife 10 pivsa il Dlesss jidilos o)

e greibih iy lidiper Lhal mnny
il will Diitistise Diitisraeste jo

LI TR

lsmmldime vour own

L. syE L



CONDUCTED BY BILL SMITH.® E4AYO

Beginning Moonbounce—101

Fu.m miimth we reeetvr beibers from prospoective
4 mesishenimenrs  imnpuiring. for referenes ma-
ferind, nol ldmts how o begin their e, mon, project,
lis this eodumn for Jannary, Felimarey anil March
I THIs :I.lle'uE'!'lj i ”Iﬁ"'\-l'l-!'l-ll.TI ST |:l]|' Hli-:ﬂ‘l":l
timignied especially o pnswer the most sonmon
|;||E+.I.iu||ﬂ. Fior thess who de mot leive thess
|sed i wi'll ]HIJ‘.‘II_1ILle-' s of the 1I.l:h|lﬂh|:ﬂ
this musnih, Tk HiEgrsL w1 obiiain the l'll'iHjTI.HJ.l
Fowme o frdend, or AIRKEL |‘|M.l‘|.:|_l|lr|.fl’.|.'l‘rl al the
marenkiin] Tee ol 705 el parks,

“_lh“?,"_"'r s s what is NH'_"]FI:"II: MH) walta
of moee of Ummsmbiier oulpit, tho best prsibls
receryver (roml o, & Ingger anlenna than mosd
of as will reer srect, e moeasis of 1|11I.'il'l;l ihee
grray ol the mooi, and moch peseyvernes, AL
bui the lpiter, may 1= sore-boaght, F yoo'me
w ek

Leta ook mt onch, The Lrassmitier power is
exsily aogquired mt 14 MHe, the meost popalar
amie. bnnd, 320 MHe, where apparontly thers
I i padive e, WOk, aEil al 42 N 12
il L nre |lr1|p'r"r|.l||1.'r'|:|.' e dilfeule, Theee s
LT EEiisistdiru -|-|||H|||J|l il H.r1|.ﬂ'|||ljl‘ Lha
merrssiary  peojee figane ol 14 many in thir one
dkillar price mnge. The et domsin 't charge
tioo muach i 432 pl 10 ihe device will est 10
dalizrs or mmiee.

The antenm, s Lype, sioe ainil aimving, may
b pusimiiders] lopether, Suecesd las beon had
with mollinesrs, Yagis, rhoemblen ami dishes, or
paraladie refledors. The mesl populer becsias
it is folornnk of |esellmneopliamuom s bear
panstriction technsgnes, is e molliser. RO Y C
ibrsigriod, mmd lnler desvussed in the Apmil; HEET
wlitson o thos eolumn, s medifcsblion of @ oHm-
mpreially available collinesr. The moedifed ver
s ol thal splemnn & now of sile. AL 2 melers,
it 1= prohably the best svatlahle sommercsl
B EEmii,

Baith AMTHAE pnd SLIAZEK, who topethor
lald the workd's 13-M1In, eme. recond, s
mialtiple-Yagi srrays. Andher  proanising 2-
miebar Yigl areny wos diseribed by Oliver Bwmn
il ik reresil Wesh Coast V.HLF. Conferemce. In
tost= st KoY, & fowr-bay sreay of these
¥ g, e B inedies both horizeeital aod
yerbicnl, porvered Bhe pame pmoant of e,
nip;llul [ h.-llf'ﬂll!:"i s il p Allalemont enllin-
enf nriny I"Il_l.'--lll"_l. Lhe pdellindae srray & st
Ll Limes s |||1+:-|' an the "l-llﬂi rry | dotanibs
af Uls pmtaens will Eppenr s e PeT,

E

Moysied on Be roof of kv Lon Angales home, fhis i fa
hamenpde divk af WEAIOM. He wed tha dinh ta vegcesg-
lally wink GILTF ond ssbtablish o new | 2945 MHy, moon.
béurca mecord. Tha |&-Foot diorater dbb comsymsd
A5 squors fewl of sheet olumioum ond F0 pognds of
wpexy bo bond the cleminuem deat, |['WESIW phoioy

ithombsics, wsed wilh moch meeess by V-
ATN aml KEMOE, are eapabls of developing
gnin in exoess of 30 dbe over Bolropie. Their
Endvynnlages are [‘.lll:'.'h'ir'lt mize (sovern] hndned
feed in bomgth) nnd Baed direction, corepl in the
wase of VEIATN who vornmd the direciion a fow
iegrees by & polly and tmek  prrengement,
IEhomhbies pre mot fensible ot the average clty
amateur loestion.

The pombolie reflector, more commonly
kenerwm ms n “ohimb,” s essendindly o lowesffinionme
amtemimn, something mo the order of 306 pereost,
In sibibition, beennss of ta physbeal giee, espocially
aib LMl amd G5, 0 b oot proctiesl for the back-
yard e, ehkhnsisst. Howewver, sb 1200 aoad
higher, goad gain ean b developed from o momdnsg
anem disli, A pacture of WEGIOM's: 1i-foot dish,
sl in pwkahlishing thn worlds eom.e distanos
recoril in |20 appesm clsowhiore in this solumn,

Ewven mom imporiant s hew yoin wim the
array. [k mattem it how mueh gain the army
s B it i gl Ds sinwsd ab the msoisi. “Thiees
systemes nre avallabde; fieed position, partiliy
stoermble  (polesr mount), sl fully steerabile
A hixel-position areay = the sinpdesd oo bweild.
Youii linve onldy 1o detorming the plass in spaca
whermn the moon will travel throogh the srray's
piitirn ol & given bime, and fix the areny b that

Reprinted from Augest, 1969 Q5T
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needs to be set anly onee daily for dedination
{ihl.dumﬁugmnmﬁumﬂidﬁuuh

elevailion {nr-ed mount), = mare Bexible for use on
other propagation mode, bit & difficult me-
chnnsmlly b construct and calibrie for eme
parposss. This in the moat desimlbde Lype for
mbedlite work,

Al rght, we'vo thrown out some facls; what
du they bodl down 107 For the e, meophybe
I'd sugpgest the following, and you eme, grey-
bennls may 6t bock and stroke them. Try 14
MHz., thers b mome scbivily, soid lochadally
Jnkmhm% nibde. Conateuct
o collinenr nriny of =i 160 slomsnbs, That
Hm;mu it the M-db. gain eme ballpark,

ol e army in o fxsd 1, taking iabo
considermtion wha you wish o schedule, The

Hﬂuuh o Lhu:-dhnmkm sy huhl:”ujl wp-
iz Lo mmtellite progoome,  opel 0 pn
mmin grooe Lhe wmsteur hormon through the
Amaat nod Nastar projects. Eomoe sl s
wirk b within the grasp of masy of us.
E#Mis recentdy sand, “if I oan work o.mon
anyune can.” Whal Dick sald b Loee —df
haivm Lhe permveries W put the gystem

anal stay with ib ueldl i works. You still ean't

e

-

=



ng tm rememberml by

:rl"|-ll vEsn ITHH will

w.lel, i | nhaisisedn, e, Uie pa-
thend wark ol Fall Cnabed WVRIINEE, nnd

bt e T TS l'|||"'-.'_|l||||'T“.I||II.|- i
FAPr e ik pck ml then

I'$BTE really alu
rk
1 B weeri Bdld wilssevef wolid. men mmlberesd

fmat cne papeit ol e [

ibe juwmilsilitin of wmrch
Pomticeartemn i i wock eod of June 13

pution seemne elesr
ul LEHIE LEr
Fninad on bhe
ek, Uiudy  wepihor apennl [ailure: partly
n iruck

Ery v o ] ] i B e o be
balidy 1o visaally allgn th

iidy westlar sl o el poos brenks
1ng Lhe nasnn

{leg1ang Wi troihibe is e pEEily
IF REbE T
18 parindieid, 1T wirii fe pisshe sl mofolam, the nads
iFm bl yon LE o e omimg oo Acemistrong
SyBLu weking  “settimg virches” whicli e

rralar dikls willy B-degree minrkimgs, will tell

Sivw thel omly Lheing you need o know i

ILA Y il'.l__ way Lii BiErs wiirTe 1

(TR T

1 '
i U ek Lhie i

T piarpem ol Lo prticle s to sbow fwo sy
of Fulraluting wisers the uoon will be fn the sky
sl b given L a a grven dude. The first wiy 18
ad dliwty. Whith ne netlesnstis sl
e slher (han thie srticle, ©owill predice
=il an necuracy of 8 degrees
in the Unided Sisbes

i s fnF odeeraerE

El-priwer b wikdih of alssat L e
grees,  i-dogtes accurmey ghoeld be peveptahile
Far siosd. gpplerpdsons, |1 this Be't goosl enough,
n soouml way @ demeriled 1t & bt semmrats amd
teelliags, To use it one peeds & toable of irig=
ipiertrie functioes snd one relerencs hook
Fither of Lhess methode will help you aim your
il the men i Toir westher or fin
All off this disrssion will be in temoa of el
vilion Kol metine irdinmies. Elovation & the
liwight bty digroes of the cemter of the sy sheve
the hirsees. Aximuth is the besring of the moon,
skl clockwse from North, For ozssmple,
1he sipwslion of the harizon @ O degress, and the
slevatinn of & pomt digeethy owerhead i T de-
prees he paimoth of the eastern bdirizon i D0
degries, whide Lhe apnmuth of the soudhern Bock
iy W LB, mnd mo oo Wa are guing Lo stick 1o
gi-el" voonfinates beenuss this s the simplest
ivipe of meninbiog for an oesteur to bodd  aod
--|l|;r- Also, becniose of thy meon's r-||u| TEws i
lion |decinntion s the sme, in selistial
Lem, e latituds im eUgTR| | ennrdi-
itheer fypes of meountings do not offer the
yunknge fur the moon that they do for henvenly
Lo o widh [imedd alelinaiinma.

The Moon s Poexificn, Dueick Way

I we watch the moo
B e ne =, weE e b

' poth ners the BEY foF
ui it whown & l.'_|.'|'|||' ¥iEfFin-
i, The moon might, on the first night. ries
ruikbo high in the sloy. Thee ok might iE wonld oot
Fse gutio o8 high, ond the nexe wight it woulid s
e bower, Alier bl D) idsvs i wisild B hiw-
el i bl _|-|-.'r'. el Gl et might it wouk] be

"ENIS, dbik E Tisyloler, Madvirmmin

How High the Moon

BY DON LUND,* WARQN

Reprinted from July, 1965 Q8T
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Frg. | =The ovaroge declinmiios of e moon dening 1945,

higheer mpnin. until sfter nhowt 27 dave, it weould
b mid e Bipglvst nguin. This @ hecanse Uie oo
wobhlm in declination, The wobble i8 almost
simmoidnl, with & period of about 27 days, s
sbmwn in Fig. 1, Tha datms given see ths
dates for the oscillation. Binee the persed in'
oxnctly IT nys, it is nocsssary b ellp o day every
& often, ns o Seplombse 1819, The moxinsm
clanges aloul 14 degres during
kY, s the sarve Blioes the mesn decdliation,
T3, during 15605, This an July 20, 1985, the moon s
declimotion is - &5 dogrees. On August 2, seven
daye lnter, tha declinntion i 0, whils on Avgast
5D = = 4 dogree,

ks 48 peth poross the shy (see Fig. 20 W s
F'Illul‘-'i'hlﬂ thie meon'n declinntiomn is most puwiiioe.
it pousem highoet in the sky : when the declination
e el mogative, it B lowest in the sky. At s
tiime, @l i ¥, the moon is doe Beuth, AL T - 1,
that is nne hour before T, the moan & on & sobhl
i corresponding to the declinstion from Fig 1.
whiere | cromsis the daalsd line markesd =7 = 1.7
An beour nod & sl latee, the moos bs still on the
aafr Bolid line, snd s whemr the deshid Eine
masked T 4 g™ ercamm B AL T =1 and
T4 15 we can read the meon's asimuth and
ohevatinn off the bottom aml side senlea, One
word of caution abogt Fig 2 I b been com-
mbdlurnnuhmuuw}u.mhmuu-lﬂﬁw
Noeth, whieh is on s loe passkng Chrough
Prancmoo, Indispapolls aml Hﬂmm—. Fm-
atmervens north, sl waith of this Hee the ele
vation seale is squeesid or gtreiched, Howeres,
for the kind of srramey we nesd, the murves will
mmmlﬂwllumghmanuﬂﬂlhm
tom, axcepl na, Flormils
el Muine.

All ehint i moocleil Bew 8 o Bnd the Gme, T,
ut which Lhe misan 8 due Boath, This i shosn is
Fig. 3 Again, the dules nre the starting times of
th periodn, which nre about 29 daya loag. “The
time ean them bo road directhy i lovsl staedard
time. For sxumple, the momn i dun Boath ot
midnight on July 12, 10665, On August 3, 22 days
Infer, th peooy afwould be dus Bmrth 5L sl

fir}

e

440 v foml standsrd time, As balars, Fig. 3
represenis an swersgn eurve for F9GS, coenpted
finr pn odwerver m& the middbe of the Dnibnd States
ICast nod VWenl Coost tinws may be off by sew-
el rimtes.

In summary, the completo proomdure &

n) Criven the date, fnd [ froin Fig. 1

b) Given the dute. find T from Fig. 3.

e} Bnowing O sml T, sler Fig. 2, reading aff
azimutha sl elvatloos st hoardy  Iolervals
before and aftor 7', For llistration, let's soy we
wanl the asivath apd elevation of the moon
an August 3, 1965, From Fig. 1, [? = — 4 dogress,
and from Fig, 3, T = 440 pw. In Fig 2, the
= — i dogrees curve must lie s scth of the way
dowm [roem 12 = 0} degrees o [} = — 25
Peneilling a curve like that n, ol T — 3, thist. in
&l D0 pou,, the saimeth @ 127 d.E-l:I.'E_'.H.I:!]. ele-
vation i 2 ibegreem. AL 240 v, the azimiath
i Ll degrees, nnd elevation 32 degroes. Follow.
ing mbong, we con find elevation amd onzimoth
every howar. Boimds s little complicsted af fimt,
buat with some praetice, i@ beeomes qoick aed
CHEY.

The Moon's Positian: Exacd Way

Fusr the mon whe las evervibing - s MHkfeal
izl anel nm EHM enmpuier — ihe sy way may
bix el her antinfying nor accurnte enough, For the
man with mch excellent enpabilivies, wo offer &
ek book which shows ooe wiy of aamquting te
mcan's elevation ond nebmath, We wor't deftne
ihimige like boar-amgle, for these. dolinbtions woyld
cunstitute o full cowrss in setrosamy. Ratles, we
will st tell you bow to compute, and b you

thin reloremee Il yoa wish,

firat step is o eompnibe the loesl gidensal
timn, whicl wo call T.. %k o Gresnwich Moan
Time, Ty for which we wanl to oompute the
incon's poaithon n the sky, At this point we must
refer w0 The Ameacen Kphemeris and ¥ outiod
Abmunae, %S (or wholever yesr you wish)
which @ aviilalde fren the Buperinbendent of
Poeumnnta, 17, 8. overnment. Printing Ofine,
Washimngton, I3, O, Copies are often availablds i
nparby shesryniories, nnd orensionally st nearby
universities |o Lhe Epkemeris, unider the soction

| P S S

L3

Lk | Begavil
]
T
L

g X g

pant BIUTS  ARAITH sl
Fag 2+ Apwusih und elevulite of e moon,

i i i
E2- [F.- [1-& |£- -t ;R
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Fig. ¥—=The wveroge booal viundord iehe af which fhe
wan appenrs dee pouib

titled *'Universal npml Bidercal Times, 19057
there i 0 colimn ealled “Siderenl T, Hour
Angle of the Fist Podmd of Aries — Appnrent.”’
Uhee entry is given for ench duy of the yesr, Look
upr the wvahee for the date you wish, and eull the
valug 7. Then the locsl siderenl tinw may be
o] [rom
[

Tum LOGTIRT, 4 Ta = 24 00

where [y B your loagitode o degres, west of
Cirpemwich. Noxt, compute the lisur angle of (e
i) call it Aam. Tho do this, in the Kpbeseenis,
im a prection titled ** Mioom, 1965, For Kaeh Fowr of
Ephirmseria Timne,” for eacli date there B s olamin
ahowing “ Apparent Right Asvesion”™ for each
homar of thwe, Look up the Apporent Might As-
vongkon for the date amnd tine Of fterest: esll
it cam, Then the hour angle of Lthe vson, in
dogrem i;
SHHE

ham, = [Ts = riaan) H
Next, we rompate the olevation of ibe moen: call
this anghe /. Rh im rompte] from
wn K o= gin 8 X simlz) + feos B X s By X

s B i e |

whers s @ the latduibe of the oleorves nml 1) i
alslaized from the colomn “Agpsrent Declins-

tien " whick @ jis=t b the right of the " Apparest
ftaght Arcomsion™ colimm in e Kphewsis,
Flawieg found F fram the tabiles of Crigonenseric
fumctions, ok up cos B, Then the asinmth, A,
enn b evsnispuatend T

gin fF — min ly X win B

4'm el B M oeon s aned
3 rom IF 3 min Ao, e,
snd = : g7

i B

l"rurnﬂ e Erigunmedsic taldes, we enn then looek
up A,

Far the perssn who nembs this acourmey, and
has wevess o an [BM computer, o Fortrug pins
gram for tie nbowve moy be obtained by weitiog
the waibar.

Suntmary

To permit niming antesnse af the moon
through cloady skies, we have shown two waym of
ooputing the poasitien of the meen in the sop,
The first. woy o os siple a8 we kiow bow Lo
mnkn it. [ta necurney B pewie oy safronsieil
sinmdnrds, bul shoubkl ke sellcwnt for mos
nanadenr spglivations. The ool way i nwre
acvurste, but imyolves  tedous  computstione
Ve momnwent that wo linve ignored cerlsin fine
pointe in the seeond methind, surh ss the Jifee-
once betugen Fpbeinors aml Ureenwich Meay
Tiene amd the fact that Uhe Eplemeris vabis of
right usresshon =il decllintion are as seen from
ther vestiter of U micth, SBoch relinenesis can le
imtrodduee] i the pesl for ultinste secuyrey
Erise,

References

For & geoernl reference which peovides an
exeollent intrstdocten 1o the terms and ideas
niged here, we woubd recommend Aatronomegy, by
I U1 Maker (13, Van Nostraml O, Tne, 1§
For more detniled information, wlhich inclades
thir derivation of expremsions like thisse which we
have usad i the Exact Methed, wo coibl reoonm-
irard  Elewrntary MNothewmtsai  Astromomey, |y
W, Borkew and 5 HL Bryan, as revised by
IL 8. Jones (Universsty Tutorinl 1%, Lbd,
Bl ), Tables fn Figa. 1, ¢ snad 3 wern atigrplied
by tle High Ahibede bservaiory, Bolder,
Colopaedis,
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POLAR MOUNTS FOR MOON TRACEING
Technienl Editar, Q§T:

" Hiow High the Mesn? ' in July 1085 QST was an
wneellimb aridcle on el-ka ahbstng aIming. but thers

m&nﬁnﬂu.mhurupuﬂmgmdnm

roaddouts Lo these figurrs. Now any tims yon weni o
il ihe moon, & check of ths tahle will gve you the
waael sEtlings for your munenk

I widsmatls tmeking is desired, & simgile clock-
pantrolled deive on the hour-sngle sxis will kiep
your mntonss on the moon from horison Lo Borison.
A change in tha deelinntéon is reqaired ot & day;
#a ihe moon oply moves abmig 2 dogreos per day
i idwcdinstion.

Ia eoniraal, an el-ss mount requires Dhsat e
eorrections, fur boll olevation snd asimoth, mBast

Reprinted from September, 1965 Q5T



Tracking the Moon-In Simple English

Proctical Ideas for Designing and Aligning a Polar Mount
BY VICTOR A. MICHAEL, " W3SDE

baisncer s the anbennn mount snd tmeking

gyatem. Even a Mifoot dish @ of no valise
in lupar mmu-nimum. il it connot be pointsd
i the nsoon nml kept there, Wien we began pur
moanbosice eforis, mamy houm wers apent
puurmi;nm.-uumm; texta. Tt was dedernined
rather guickly that a whole pew Inngunges woukl
bvre Lo be lonrmned for a proper understanding of
thy monn-trneking problom. Gathersd togethar
lsere are gome of the ssentiale nvelved,

Earth.Spoce Relationahip

Understanding the sarih-moon relatiombip in
gpacn @ the Orst slep I soliving the moosm=
tracking problens. This relatlonship ia best
ligstrates] whth n polsr moust, = n Fig, L
A pulne mount B smply an elevation-azimath
munand with |18 szimuih axis paraliel to the axin
of the enrth. Thim a palnr mount at tho eqesior
wmddhwihlniplrdl:lmﬂumh [hirlznn-
tal, 1o the viewer on the grownd), while at the
North Pole the axs would bhe weribml, oF 6t &
{Hkdegres angle to the plane of the sarth. Yaor
latitude - determines the positkon of e puulu.;'
axis with resperci to the sarth's surfars, ag illus-
trated im Fig, 1. Onoee this s deterinined, we can
promnd oo fow other terms,

Celestival Eguoter, An extersion of the earth's
acjuator; o sirele that would be formed st 8
right amgln arvumd the polar axia,

:lrn}ﬁh. Thi woeth-sonth line dimutl;l,r T
i

Heur Angle, The nngle in degrees to the right
of the mecilinn, (Degres oan also by tranaferns]
bnde Ehmed lﬁ-d-:p'uﬂqql.l.lh I boar; 1 degres
equnds 4 mimiies)

Heclingtion. Angle in degres north o south
al the celestial oestor.

Ursivig the Noutical Almonoo

_ This is thi mwsl Enporiant tool you will uss
* Hem BiZ Blilon, Pa.

Al-lﬂm pifall facing Lhe prospective moons

in seiting up, calibrating, and using your moon-
bounce antenna, 1t in available from ihe U 5
Crowernnsend Printing Offiee for $200. Be sure
you ged the rght book; there b o similar puldien-
thon from the gyme souree Wtled The A merioom
Ephempris end Empirical Namlsond Almanase. This
is more axpenalve, and lsrder to ue for omateer
pplicatiana

L] a

0 page 39 is 0 portion of the tables fousd |6
thie Naoutical Almamae, 14 will be noted that ihe
pestition of the moon is plotted for anch bour of
GMT. Asan at 1200 M Jan, 1, 1065,
bhe GHA (Grosmwieli Hour Angle) s 15 degress
1S wmimuten. This messs thinl the inoun has

passed overboesd ol Greeowlch, snd s now 15
d:p'aq 16.56 minutes, or just over ane houar, to
the right of the merhdian, as the observer foces
suuth, The declination is given na B 21 degrems
T0.5 mimutes, which meam that the moos i sl
thia pesition south of the celestial squator,

e you know where the moon is sl (ieees-
with, & simple formuls may be spplisd W detse-
miins jbe poaition with respect to your ven koos-
ton, The declination is always thi sume, no
srmpecinrit e df e el

innges is r (i1
(LHA) mn be obiaimed by the formnila

— wesi
LHA = {FHA lomgitidie,
+ enat

Cletting back bo our exnmple, suppose you e
et 76 degrees westh longitude, We find that the
misan woiidil have an LHA of 300 dogress 16.5
minuies, of spproximaiely 4 bours  before
marklian,

Momni Degign Conmiderotions

After you (anmiee your almnnse you will
discover & fow fueda about w:mmn'nhhanﬂ-.q.
will help you to design o moont. Fist of all,
the moon spoods about two wesks slove the
onlestial eguntor ol about two weeks below.
Tho musimum declination is sbout 25 degrees

Fig. 1= Prireiples of the polar
il Few reon Frocking., AF e
1&M IF es ba sean Fak He po.

lar snhi s olvays poollel b

Reprinted from January, 1967 Q5T
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poriimor svith of the eeseaiin] egpeator, Trosking
|||I:II'| fur ubhoat ¥ 10 5 a il howr .|.II|.'\_':I'
aarh giide of leend meridisn abaouhl b astinfasiory
Ll ihim point it B possible G ke some
G imiee in wrder L stipiily Uhis reoant Im
nn. Foe inabaaes, ab WITHLT
Homn gnvn uge bee weeks dak of & liaier SGELR 6

favair of n larger nnis

oiper B e ERin RSt dish of Feg, 2 18 Pevind
irmwiidwmimee lrwte. [e enn elovabe Lleb e
i, Thi

e e howidaxd

Waayie, Nl pod beliow, iR oelesiin e

hmgli slige (e bl m Lhie g
Ly Ll afismifee] i

tion, wiale the lower sl

Fag. T Pobs mouni of W3ISDE, balers

e Tib-glement d33-mar.  colineor

crray woi @ ploce, The omplilg

ety in piesurtd in Fovembor Rt ]
@57, page F5.

Fig. =Smplified palor mouct ond

FH-feei dsk @i WINLL Prngiplay ol

e maiEt @ [ pkah deive ores B
planed in e bga)

finghe B et el I wosboek dreive, just viaihle ni
the Boiwur oeshifler, T lisugeh o0 |||||':. oy, tlim
in for armpler thon e troe polsr moanss s
on ihe 18=loot diedi al Y LTEL]. v tha alimd jenil
drive [oe Lhe

WIASIRE, Fig. 1

Calibration of the Mownd
Cilwsonmsly, of yom sro goiig b v s forma-
tisn in Ehin N oufeeal A bimoenee Wikl seiipr \i
thern mroasd bee sormee sywiemi of poadoiit, 1here ass




mnny prosihilities, and many different systems
will evalve, As & starting polnt, & fow e will
b discussod here, usd thea “io each his own."

As n practical motter, the declinntion meed
ke gl i i Lhati omos per day, for it clsngen
less than 2 degrees in 24 houms. For o fow houm
of mimmboisnelng efforl osch doy, less than
l-ifegren vorlotion & imvalved. Unless  your
nntennn paifern B much shorper than the hesi
amptenr efforis o date on frequencies bolow
1HE Me., thi= eroor is ot probdem. Desfinstion
resibenid exn be mather simple: o ealibested sels
oy the sntenns moant, s eelym readoat, or even
:ndml Ik=tirn post goared to the deelination nxs,

Hour-angle readost and setomatie teacking
wre the chief prablions in moon tmeking. The
man apponry o movy scross Lhe sky al slighily
lesa tham 15 clogres por bouwr. Actually, it is
the enrth that B meving ot 15 degress per hoar.
The moon is also moving, bul st bss thon | de-
gren por beur, Thas our basic problem is o
drve the polar ar hoir-sngle nxis st 16 dogrens
por hour with = clock, The simple promdurs of
turnleg off the hourangle drive for ahoeot 3
mmbtnrtes ooee sach Bour, aotild the Eoon catehm
g, knqll 1.|i:|15|| mare than nerurste smough (or
mhenmm irecking.

Now & "rlock™ dosn't necsmanrily  Bave Lo
Fook lke s cleck, Fop inatanes, o lirge Eyl=
chronous @#keycln mator driving & gens train
nt 1 revaolution per dey, coapled digecily to the
hour-angle axis, will work, The WI1BU systom
i shown achimsaticnlly in Fig. 4. Aclisl resdout
enn be by sny mothesd thit will develop plus-or-
miinis T-legee snoarey,

Whesn o mount 8 mude, the antenna
muaied, and the readout devives remfing, the
et dpmmbhon will be where is the sntennn really
pulnting? Thig may sound simple, ot mest
wangld-he moonhiamoers hove Bl trouble with
this probdemn. Fortunstely, aniure hos providisd

iy

AR

UM Ll ]
LR

GiLs Dosn. DHE F Dwe. i WE
i & I o P " B ¥ ¥
179 ERl 539 G20 | PO 9 ar SEF 4E) ke S8O
15 GB4 A1 | ELS Bded iner  BE SR i A
TER Jha Q18| FHE LEEF W Xk SR b BAR
Fh3ak v BT P44 430 mea PV Qe &4 hdo
219 38 A1 TR R = PV O] aa TAD
TEEATT QEE| JIF AT g4 D 1EE aa A
ﬂ 280 BT AT 30| 208 1T b K21 19 ex N4
FITE 05| 307 MY ma 213 g M40
a 299 D88 0T | 9T IdBms 33 207 wa 544
F L R T T | TR i T
B0 | AbDge 083 | BB LT Ed 3330 be WD
| 11| Sdaghd TN QL B 88l B 27 358 s B0
D A0 OS2 ARA] 1S LES mee 521 398 um

A 148 g53 SR Ve LS 23 430 Ga
¥ ol bl ] SRS 84 L7 i 23 S 6 540
Af Dl vt GRAL BA E1S s I3RS der 5440
* 59 B5 SRl 310 e RBY OEBD el g
T4 Bl 5 B ABD s 13 5kl A Seg
B DR RET SR 1Y LR map 520 BR] e Sda
10 B Sl lliltl- W M e 54
I 20 SRR 100 TAT mer P GT o Bl
B O3] "' NG 1A% AR @ o POQTA e B
L7 B3:7 E-l ERl mep 7397 19 B0
|_Lid 224 174 483 i T4 134 g B4

Todls I=3ecion of o poge Fom Be Naulical
shirwing saler ond lenor doto for sach hous
ol Janvory 1, 1985, of Groanswich

s sn almosl constant mifio signnl that perimits
n rsther acouraie calibrstion of the anteson
syutom Lo ke minde, Thol shgnal comes fram L
mi. 1t will be soen thst the almanse gives
mlentim] information on GHA and dedinatban
fier the gun; thiss, by listoning o salar nodse yau
:-II ﬁmh’: soir polr mount in the asmn tefms

Lit e gl You will wee in oo I!.t'nul:ln;.
Bomi time spent resding KZLMOY *'Aptennn
Putierne from the Sun" Q8T fop July, Lo,
will e woll spent ot this polng.

What you hove just resd eovirs sinie of the
easentlals, 11 ia hoped that enough Enformation
has been given to onsble the proapective moon-
besumee enthusisst to determine his peuirements
for mounting sod tracking. If any serkoun experi-
medder m this Geld peeds belp st this poiot, the
Mﬂ:ur"illhtdldhllymlmﬂl-hunm.

]
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Tweniy yeurs of @ kg, sakm

i

: physacizia
nrgLing ovel wheet her Uik ausber st ol the
s was listter than! gl wisibile s Pasilice
satronomy prsvided some of the evidinos that
i by it s iere wns nsnch hotter dhan nwost

wiraphyscls previcialy  insaganed. The
peaggll wia B the " spparent tempemisee ' of
phee siais inerensnd with woveleggih, ot ol wive-
[essnget T Bomgeer b & et timeter or 2o, (Appai

Livre cumis b e Uan shee of U sun
i differemil sl dillerent wawelogt e, Bo the s
is Loken tio be the same size as the optical sen,
mnil nppinmE tEnpersire s thee lonaperalune it
would have, to mdiaie the mensared power, ok
given wovelgth, from this size of dies ]

What happena il we puint so anlenis ot the
an? 10 the besmwidtl of the antenns i jost
genetly Uhe sjze of U gais, the antennn beii]ees-
i will e Lhi same ax the tempernture of the
sap st this woyelengih, Antess Lenjess e
docss't mean hat wir cosild Tnirm s nger o the
paidenme; it meana thal the antecns is delivening
st same amoaist of power to the tranamision
line that would be delivered by & resistor lmbid
i Ll aiiteninn temprrntane. This means that if
we lok a Si-ohm resistor, nud beated i do
AN IR, i wonibd groerate the snme st
ol ot at 452 Me, me wonld be debivetal toa
Hohin Fesistor by an patemes with o br-degres
benmwibth pointed si the san,

Antrunas usod by bams sre oot that sharp,
I an antenns with o Dialegron besmwidih wemn
poimted ot the sun, its gain would be lesd, sod
it would deliver less power Lo ihe trnsmssnn
limn than & H-legree antenim, Sall differentiy,
e mitennn tempemture would be lewer for
i Lpander nntonnn. T ecpantion form

BN, Don 1864, o ke, Cilof gl MEEN,

. (RS 5
J Lg"
whers T, is the sitenna femperninne, Ty U
apgarmil tiperatune of Lhe siun, 18 s the salul

 aigle subtuuded by the visual sin (7 % 107

At ), ind ik is the subid pnghe corespand-
£ bhe half-power beamaid e of the anteans’,
i g srd 8y wew the hall-angles wo kali-power

beamwidihs in the tal and vertical planes
g srieged
i L .
ST g eoniaeny.

= T.5Y [ 50 )
o= 3 E) (iﬁ) = B % Y steradions

The potennn is conmeebid bu o feed Liwe which
has noames loss. T we oull the Boeal Lise lsss, when
e & & ratio, A, we have

i
Ti.-al.i'-m+t'l—~d'_i?..

for Ty, the tampersiyre ot the reeciver Letminals
dus 1o the power ricoived from the sun, T,
in the oarth's lemperaivre, usually bikea os
00k

With fio sigionl inpat, B reeriver temperatine

= Ta=IN=11T:

whiere A i the mise lictoe yl the receiver {ooise
frustor is relabisd Lie poisk fgnre in the following
wayy il we eageress noise Digore a8 8 rekio, nnd
sild 1, we hove the nose lnetor, A Badb, noise
figiire enrresponds bo i isise factor of G,

B b s nise mi Uk anibpil of Ll rooskver is
d ihsleede alwwe the reeetver oo, and o wo
conyvertisd ton ratio, oall i L8 Uhes d = 10 lngia
1, nned wemabsiislng sl the sbeen, we hnve:

AT.E+[I - A) To = BN =1 T,

The auawer Lo *low muny div's of s noise

then s

1 Tl
it [" Tot T ‘”‘]
A oquidion much like this has sppeaned e
before®; perhaps this presoiathon, which ghons
where much an equation eomes from, bl help i
usiderstanding what will be ssid kster.

Let's work an axnmpbe, showing how prootical
resulis mny | predictsl 1 the rooesver bins
pokee figure of 5 dbs, thon & = 4,16 1T the feed-
liwn Joss i 2 db,, then A = k31, and if we nre
witoresied in 432 Me, the spparent solar temperms
Ligre §s nbout SOB0*K for o eslition when the
manspol_mumber is 50 (sen o), Ty ia THTE

| Vo Pwtler diuyssmn, s Pawsy pail Tensewell
Modia  Asiromamp, Ushonl  University  Pross,  Oufeed,’
Fagianl, 1955 g 3. Sermimn: The selid angle siboembsl
w4 ihe remier ol B ajilsre By 0 pErlon of U sisce whom
wrem ln mpuad bs the syeee of Uhe raclios of U spliedr,

P e Firay misd Birchses, " Amenns Palisens rom dle
Bap,' QAT July 1SHL

Reprinted from April, 1968 Q5T



{about mom lemperstered aml G, = 7 ¥ 108,
If the pmbeans Benmwadih b= 00° by 10° 1o the
hubfopower puoiinis, s half-lenmainlib o bali-
power poinls la 5 by 5% wodd o= Gk e 10T
Thesi

H =
ol BT,

[ Saue ¥xuis

20 0F b %
(k= I.J..ilﬂil}] = 1.14

Comvertiug this hack Lo deviliels, Uhw miin Gt
mlusmile] Tt alimnmi B2 db, alsive the remver oeise
fror Uit syt There s v prablem with this
valeidatmie; The sion eaclinbes siss ol Lidls verbie
val ol lwsrizomainl  pEednmiedion (eelly egpual
mmpntal while pred pofenmss weeepl ooly o
peolnrentim, 00 uhis b= e aee Uhe adeia ey
srrepls bl the bsrrtibend adianiom, nid we misL
sialsirant & alby, for polariantion biss L sl noeoise,
e sum ks wosld b B2 b slerre fecesver
noaisi,

Moking Messurements

‘T rodisa st oo womibd mensore ¥, A, pnd
the mnlenian parnieters, sl thes knowing these
wanglid memaare T, dakly by meesaring daily valses
afl 11 Aa haans, wa e gieabally e et ed
i mEmmirieg the sinbosns poramelens, or in
maidbering ouwr feosvieg sysiom o moke s
everpihing is working the way il slisakl, This
way lemds bo somn troabile, amply besuse we
dom't kuow enoagh about T AL fregqpmcies
lwbaw ahout DEEL Mo, e spparesl solar
tmnpeeiinm B’ very well koown for soveral
fiessiniis, Thin frst is thal nob o many soler
wlisryn i lawe measined sodur espeea bures
by drvnr p b period of bime in this freguenoy
range, Whiks Potadans, (etami, sod Toyokawa,
mimonng wbkirs, menaire daily sdor temperstunes
imbween 1,00 and §o 000 Ale, wid hswe over
msiesd ol 0 mzsguil el ey w, not yery maoay
protmetied mensirmments are availolle for the
freqiencics we b Lok slml. “The sl
ressi in ot dli= solaf femperalumne o (Pom
alay o by Tenelbabbon i Ches freduinismie simes
from kigh in the sider ﬁtrl'ullpl'irh. gl Lhers i
athll mwseli to b lesrnesd mhsonst Uhis eeglan of L
s Therefore, sidar Lemperatures oflon nlsiw
Bintle aarrelation with saomgped numbwre, whicl
iz rendly & miessiere of netivity i the Jormer part
wif the san's intnsagibiere. The hesi g that man
Niar amisalee i s meslior empernture as s functson of
Tregiieraey, nand thet ot it inereases for o Woll
Bunapeat Xumberof 100, is aboern in Tahble L

TABLE 1
Ferrestage
Vo g i d miveias

Fep- [ ETTT R (St N,
LAY = 0 = JiHi}

T Sie. 1, HHLIEE™ ks 19rg,
zm 1101 fn .-

e UNLMED L]

[ [t i] i

Thiosn values hawe boen obitainnd
thee pepuerted mesalts ol Allen® ﬁi"lh i n:lu.ﬂ;..I
values reparted by the Tuyokawa (lservmiory of
e Mtesisiroh Drestitute for A berics wf
Kuoguyn Uiveesity. The seouracy of vilues
i1 mol m-_l.rp.u:d_

With this cwation in mied, some g informs.
tion enn be oldsined from mimitonng salor
temgrersbure. Chse thing that oo be done is o
fiml, meperimentnlly, what the leamwidih of 2
wiibsnmiis s I 0P Barns ot be B mioere tlian 2
(Ebind b, i alls, mlsivn Pocvivier nise ), wio s il
the hall-pimer beamwibdth (280 and S0v) by
it legg Uhe asifenin ol o posiet i the sby that
thee s will west, misl lotting the g slowly
alvaf i hwreggh the witming patborn, W hisie e
miay d= i Plis s ber af U bl tern, pal e
Yeadby, mBdiiintor lebeen b galénid mnd dumss
miranion Lime (b bitween Uhe ooverbor and L1,
strijp). Such sn dllemEsior 1= ohsily mode from
conxial eable (plwmd 20 fect of Wl-8ss0 for
452 Me b Clock the timies wl which Lhe resciver
ot From sun sloue is the snme s with the
suii ab Lha eiter of benm msd the $edii sitenus-
o in lnie. Sinee the sun drifis ame degree overy
Tovwar minutes, dividiog the misates (el
calibroted =3 ol pointa) by 4 gives the balf-
piwire lesmiimw idth in degroed (29, Tiordng U
antenina ais ike e and repealing will mewsime
this Brssmiwielth i thir otheer plase, I the mitenin
abim it givn mee than i die ol sen o,y
will hinve Lo use 3 =aginl goiesalor, i rolole Lhe
aisbomin Bo messire theso Demimwidihe,

Enowing the boaniwadth and the feed-lane
himes, wree v meimesnare tie peeciver silse figurs
{u-uminp;:. yaliae Lo 1.0, This can be camnigarel
with ihe noise figare memaured by asing n iwiise
preoerstor. 1§ by messunng solar Lempersiare,
||:u':||| tho walues you think sre porrect for yuur

temy, w1 pome elose b the viliss shown i
'I'.-hll. 1, then you cnn e sare thad yowr spetem
I:.|H‘I'flIEI'I'LIII"PI'\II.|FIEI'|}' ix measuring these things
daily, yois ean eheck the perdormuwnes of your
Tl syetem,

Swmary

In the preceding sectiine, ww hnve eliscusssd
howw Lin mnensre receiving system parnmeton, ned
hiow L mimilor sy=lem peformance 0 el
wggiivet deleromtion. Shoeukld vou suddenly get
1 abls, ol salar naoise, whes yoon hnove been golting
Aok, v kuow thad yeur system peeds some
eheeking, Finally, wo disoussed soms aof Use nis-
st whiy this s sot sn exned menssremimt, ot
Fral by shaoialid T takem ae sm bindbsior of svatim
porarmmaen,
TR Alem, “The Varabsn ol [esossireWave Rimbaban
with HBolar Aetiviay” Wawdbly Nalwws of fir  degad
Astrasamival Ssely, g 170 {10873, =
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Antenna Patterns from the Sun

Using Solar Noise for Plotting Vertical Patterns of
V.H.F. Arrays

BY O. W. BRAY." E2LMG AND P. H. KIRCHNER® W2YEF

o v, e, anbennn s prabably aimed st i
hriman, It that's nol whom pour sgnal =
guimy. The radistion b the vertiesl plae i
avtigally pointed wp i the sir, This is true
whether voar antenna is horipunisl, wertieal or
circulnsly podsrizsd. 11 oceers leeans: hall of the
pnienni s looking ab the gromid when it i di-
recbind &b the horison. Sinee U boam strikes the
grognd, srergy bounees ofl Lhe varth and oome-
beries with the eeergy thnd is sl dorwand,
Yor & horzostally poloesd astenne, which
prpied ¢ i1, Een s, the reflertion bs sich that the
mennl is caneelled aib the horieon ael p sharp
bemuini s Forsmisd & feww disgress above the Borizon,
Abovre thi= lole many otber weaker s higher
amghe kilwew e forrme, & Eypsen] werticnd antanenn
pabtern for an antenoe o few wavelengibs phovn
the ground is Blustested i Fig 1 A wortieally

.
3
g
8
£
z
:
B
i
gi
3

pealnriaml anteunn woikl, 10 the gromd wens o
perfopl enloetor, mbl ithe peleetod ued bl
wgtind B ol i ks withi He maximam right
oy Bl brizosi. D8iet il el =n'L wo perfect
nedlclar snel i s U s offeet, an i Uhe
hosesntn] astemue: a8 bols stracbe that 1=
penii g sl

The oaly war 1o lent dis is o raise wour
mivlaiims upy & kigh from e greasl s prctiend
o sk e it vertim] (ol as low ss possl e,
Faen thiough yosr antonnn i ae high e yvou
vl ot AL, it still proses due gimstion i il eeally
Bigh enough; what wonbl pisithes ten feet n
clevation duay? (br pother guestion esn come Lo
mbnd ne i bl sg WRLMOL [s that hf amy,
wideh b lmtlow  the vl legm, actng ns o
El'ﬂﬂll-l-l ||||,|.lu| e Alur lotber, rnt.l.ni-ng ik ]'“.'h mnght
ull raaliaticn?

The wiy lo unswer socdi guesiions i b maks
i vortien] neitenna patteen plol, That soumils cuny

® Lbnpeed Fheteoaiog Canier, Coemnl Festing O
ey, liharm, N. V.

it Tt emn’t b done ns smply as iaking o horl-
panial mulistion paiiorm, To plot o sarizimtal
patiern all you hove toodo ie to hove o ok
fenid turn om kis iransmitter, mdale your
pntennn, and read his sgnal strngth om your
& mebrr,

Alihmagh not s ey 58 the horieontal pol-
taom, this vertieal pattem can be plotted by taking
i elue from the il astrosomers,  Molker
Batur has provided a strong asd fnirly consiant
mmren of milin coempy & loeg way off ; the s,
In the ewars of sn allersEes the mn sweeps
threnigh n range of clevation angles na the oarth
trne. 11 you fruck the san i asimuth, Fou oo
musumre tho notse level peiveil by yoar vl
comwerlor &8 the mm mowes down the vortics|
plane of your antesma. Usiig the lovel al thw
posnivil signal amml the ouleuisted position of the
min, Ehe pntenmn puilern can ls# plostbisl.

Ry 1his meshsd ihe oestion of the hE bosin
il B2 A was amswersl, [ sfewed thiot there
wis no imbernekion, [T we linve caeiled  your
pisAnsity b the point whers v woald like o
i Alircinggh this expemiment for youir awn si-
bemain, ihiir el in aptlimml balow,

Salnr Miise

Bliser the signnl to be rooeived b widesland
noksey, tho poceiver showhl be oporssd op lo the
whibesl, jresilile bandwidth, s that tho grestest
amotant of noise energy will be o collectsd. Pt
gnee Uiks enorgy i noime o spersal deteeboe.
miegrator voltimeder cirouil shonilel b usad an
the enipat of the recciver o andnd b0 smooth
il Ui wnrksbions in the noee for Mo aecumis
yrdbapr realinge, The recciver shenibd Tar ot
with the h.ig, sl for normal eow, pecspson.
Cunstierl oow af The debsslor-mbegrators of Fig, 2
tn ke il eutput. Ui in for tiee with a wolt-
ohmmoter, whire [F s (lowest full saly woli-

al, whth i lonst 5 Gevoll miing, Tl ailer i for
uss willi & varmmmetube voltmeter, 17 the voom,
in umed thie dotector mnst be connecbel bt
high-imprdansee tap (the higher sapdanen the
et of the meeviver pudio ol irsnalormer,
Tt st enatleor which sudio wakput 6 wsal for
the i, cireuit, Even s high-bmgesdanes
headploni eipcgit can e imed, Tla poesivial
signals will le ol on the viltnsster,

Sien the gm ol ovon the wery lest ol me-
ovivers will change widh fhoe, the offiacis of

Reprinted from July, 1960 QST
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lrnhsimssion lime on & conx ronpeetor amil sl
atititing it Tar the antenns and transmission lino
ol i converter mpid just before each readimg i
taken, Noise from te reststor provides a “stand-
ardl erl

Taking Intn

I'mtn enn b dnkin al sitker mmasl oF sEmFs,
By the methssl outiinsd in ther fullomring seotice
& graph of e angle o the mun o8 5 TonetEon of
tme shihl be plotied for the solocbed day
previnie lo Waking doia. This graph will then
give thi leginning sl ending times of tha tist
Fuir u siimsrl mosstrement, siart ot the time of
mavcdnim algstred phvndaon angle nod condinues
taking renifings it aboul ten minobes after
suresel, For p simirs measmeement you shonld
sarl alwwal tem misiples belore poeniss and oo
timwe umtl te tme for e masimam dosised
elevation b romclesd.

Phirdmg o run the horiemitsl position af s
sy woll el s b must be trackod inonximiath,
Hineo your liean s relatively brood i aximoih,
probably only & few changes in e horizontal
pesitios will haw o be made.

The rsdimgs shoaild b laken every few mins
e, sl slsmil aied a minoke st low clevmtion
sngles, Enohi resling shoigh] melisle the times, the
vodlage outpnl of the recelver with the mesistor
substituted for the antenns, il the voliage oat-
put with the ankonnn connecbed. et the reeciver
gain s that the volimoior B aboat wo-thinds
fall menle on thi et sensbive de, seals. A4 Limes
thi sus mivtar will fAsre up, or & e will go by the
hoizse, w0 cxtion shepuld be olseryed 1o be sure
thut thy eesding of the anilenna sgnod is really o
goml avermge valie, The meading of the mm won's
b moch larger than that of the resstor ond m

fact st times will e lower tham the msistor, o
wbon't be nlarmed by omly amall changes of volt-
age. Bmee the changes are small, care shoukl ba
tnken do schieve ascurate realta,

Caleulnting the Sun's Elevation Angle

The apparemt modbon of the mm & fsirdy eom-
plivated, mnd you will hnve to be prepared Lo il
rne wairk here, 1§ you nre interested only in the
slivption nngles below 15 degrees, and nre willing
gl far nbwil 1-iegres accuruoy, th job B’
too bad. The first sep in to find your Lutitude
il hingitide from o map, aml sloel o dete for
imaking the meamirements, From Tahble I, bonk
e the min's katitmle o the seleoted date, inder-
palniing beiween talmlsiod dnbes

Hecomal, fiml ot what time the sun will st (or
rise ]} on U chiesen duy, I you live in a lnrge city
yisi can simply consill & loend newspaper or the
TV wentbworman, The authom have found that in
misller cities these sources smetimes  quoto
thimeen which aetanily nppdy o s lninger ity neashy,
amid ar ol seeurale cioigh for our porposes,
The st spplies if vou live more than 15 milis
il im e salsirke, In this cose, Bnd ihe soreoed
timr Trom oewe of Lhe references Beted st the enil
ol this wrilcle, follpwmg the melmetions giveEn
witkly the Lahies.

Nexd, enliulie the oumber 4 from the fol-
lewing formula: wor MRS

A =/ ol =

wheee L b8 your Intibiele mnd £ (declination) s
the mans lakitiicle, t

Mow, Tar any tme which i & mines beforo
mumsl for aller sancsd, the sm's elevstion
anghs i degrees 18 egqual e A tones A dividkesd
by 4, cr

A
e i M

To pateniid your pattern to elevation anglis
higher than 15 degrss von will hove o work &
litdds Bmrdor. In peldithon to fisding the momles
A, fnd aeodhior msmder B fvom this formauln:

B = w0
whirn [ ars] [ sre pe before, Remember that

TABLE I
Baon's Latibsds Varistions
Buit's Han's
[T Latituds Theein Lagiids
BT | -8 July 4 2,6
w —-31.a (] 2%
an ot N i o i
E -] —3K.8 Aag 1 (LN
Fely, & — &9 (] (N ]
az — L@ = (N ]
hllar, = - 0 Bepi. 10 LN
30 na -3 UN
Apr. 3 R LE = &
it ] (L] .1 - |,
Blay 1 1ha 3 [TL | < 1.0
= (LR la =130
n i -] = .11
Tunw 1 2.0 Bhosn. & = 551
il v R 1] 1] =20
= = | -5 &
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when [} is nogative, sin £ s also pegitive.
For & time M minutes before sunst (o afier
piria]) fiml nn angle X degroee by dividing A
by 4. Tleat in,
Ar

*m—
1

HNow Bl Uhe olovation sngle @ from e equastbon
gin g = A sin X + 0 (I — cos X}

procedure deseribed gbove gives the ale-
vabion angh of the sun 58 ooy Hme i s sl

P

T

-

o ek b e
oeis

|
1 & % & §F 4 FE & 3 B ¥ W R
CUDAATED ELIVATION AMGLE DRCAEEF

Fig. 3—Char! thowing slevohon ongls oorection o be
applsd for rassth of hgh ocwwooy.

fbis pecount the refmotion of the signel (and the

lkght) by the stmesphers, and the diforenes in

iee botween the radio man and the visldo sun,
Finding the Sun’s Azimuth

1f wanii do the job on & sunpy day, U simplst
mimhw;hﬁﬂdhwmm%nml
.

mi-

AP0 70 CALCDLATES FLBvATIow

bovwnrl e witi B agimoth, lnisg GE ug
Altempiely, caloulate the sun's azimuath
vanee niml polale U antenns from bime o Gme
s prquired, When readings are token, the besm
ghoald be within alout one-fifth of o beam-
wiklih of ihe sai's asipuih,

Azimmth i Giignd feam the Formisla
#im I} — win L i

ooa [ oon i

# I the elevation anghe almsdy endealnted.
Agnin, remember that when [ s negative, sn 0
alsn megative. The asimath, ©, is messored
ward from north in ihe msorsing, and west-
from north o the altarscon. When om O

pod B =

N

commes ol pegstive, 0 s longer than 6 dogrees
mnd Ul s b mor south than nort,

FPletting the Hesults

Wow that Lhe angle of the sm and the signal-
strength moailings have bece obtsined, the an-
tennn pabtern can L platted, Fig. 4 s curved-
carth grid with elevition angles plotted oo ik
Toking the rembings thot were mube ns the san
pan s cowrse, divids Lhe sigasl voltage from the
mun [(Ez} by the sgnal voltags (rom the resistor
(En), Do this for ench reading talim, Now squan:
ek of thoss vabues of (Es/Eg) to obtain the
yalue of (Eu/Eg)?. The pext sivp B i compuie
the valoe ¥, using the sjrintion

e |-
..-"!u]
Kz | |
(.!.'. mim
whire (Ea/Enl® @ each af the readings that wern
tnken na the sum coosssd vour pstenna pod
{Ea/Eg) mis in the valie of the maling after
thi mun i helow the semo-dingn slevatban angls
by f§ mimutes or more. Then fand the gratist
value of ¥, At this resding, calling il Vs, aeign
at arbitrary wvaloe of sland mnge — 500 miles,
This s then v point on the plod: 500 miles aml
il mngle to the sum ol thal Gise, Mow Lake 500
ail divwide it by ¥aes nind multipdy sl of
the othir ¥ vadues by this sioist. "ot on Fig, 4
tho angle for esch sSgnal-sirengih reading snsd
distance just found. Dmwing the diree, yoil fow
have your anbemns paidemn in the veriical plase,
Thers ia ane eanison, The san i ool ceally o

Y=

nn indieated e U ddobted limes on the e
clrve, &, Becawss the depth of the oulle
pamnol be determined, the antenns pattern W
by this method woubl profiahly noi satisly an
exasdling srientist, bul in practics the signals that
are peocived on mech an antenna, wmitear or
otbwrwise, mre ool from point ssurees either.
Thus the snienm poilern aken by thisn method
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For those mterested in motoor scatier an esti-
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) tho Bine loss, This Bpam = onstly isti-
] b losdkimgg vig U Erunsmiessici-lie inmi-
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