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Polar Bridge 
Skitrek Wrapup 
Three months across the 
ice with Amateur Radio 
- a success! 

B, 0.>1<1 ""ami. VElHBF ... 
s..-. w .... ON WE ,RO 

no.)Uf. ,Ioin<cft . k ;'rS mod< p>I~ lois· 
""Y IIJ ,ki",,"';_ ""*,,, .. d , ....... 
!'O". dots .... ....,. from II>< s... .... to ..... 
.. c.n..s.1IJ ...,~"'" N_ JIbIc. ad;'· 
.. nee of_ I~ lm. 'The 0., CanlI" 

... ...,. om. s.:.. ... oklo,.. "'''''''''' w..t4 
II .... ,,,.,", at .on .,.. ,he momi", of 
/y,," 1, ... _ , doys ,flo, 1='"'_ r_1 
C. ".I::t~, in Ihc x..f1IO)'I ZrmI... 
Ar<htpol.,.,.,.. M,rc h 1 1l>t)o '''wed 
""""" i. Ii", abtu" '" th .. no """ ,ould 
cl.,m", Ix r,.,.. , .,mboIizi • • ,he <Um· 
_~ a"" .... "p'''~'''''n ,I\a, m.~. this 
""i<lU< ........ """.,., 

Thi. sp4 ..... id fe.,. ,II< !'DI .. B,id~ 
SU ... upe4"_ ....... ,uPl"'rY<I l>y , • 
............ Rodio t<>mnI<J"""" __ nc . ...... 
~ 0100 _ "'"",y. N~' bcfo<>< had 
1tIi. l ift<! of ,_ .... ,IOQ! .,pt<J.t_ ",. 
,n .o.or, "" ""'""'., Roo.!oo for , II II> 
oonun"~c ...... -.. 
C_, ........ oI' .... Am-...~iod· 

Ion weft"R>oo> ..... , ... YEJCOM ........ • 
_ of .... C-... It,od;" 11.<..,. ~. 

and ~ t~"'ni~. llAKR . • _ru 
ai_no! ~iouJ s...J<1 polo< u"""i­
,ioN. tzoooid __ Tam .. M."", 
1911 . ... j.., lor .... "'WOn of C.nod;"n 
.............. n.c ..... " 10. co.,,,,:r •• iPn 
-.10 II< • "nique l'CCipro<" op<"';.' 
and "'Itd·",,"y , .. me ,.-me" b<t...,." 
'he ,~'O «>un"ie .. ,"< n,., ....,h '11''''' It." .... , 10. ,II< USSR •• II<-il\l S<w~ 
,lid C."><!ia" . " ........ '" "Il<'''~ from 
...,~ .."... .• ..,.. .. ~ ....:I ., II:o>dIt Me>-
..... boo_ ........... _ .. "ri<;tloft,.. 

,""""~ _ .... ""'" I. , II< "'m;o 
C~,d O~ .. '''' lorry Ga rro" . 

VEJeDX. _""oed .... 11: .... <11 C;o,..,j,. 

•• ope ...... "'" _1<1 ""'" .... C. ,"",,· 
.. _ ...... _ " _UII: &Yo CflIC. 
8uUo _. VEJCDM . • "<1 s,,'t)" ..., ...... 
/0'-., "",I.e r, .. 1 ......,..... .... ..-.h 
,...,.., _"II till: So .. "" .tI>akU,,- WMe 
""' ,nf UIOKP ..... ~Iub , ....... <11 1(."". 

....... ,1,'"'' I'm,. (I Sg.;', ,...... 

O>r'P'P"" . Tom...., Ill...., become till: 
n r>l C._ill" ............ ., "PC'''' lrom 
,lie USSR ....... , II< ...... Iy ",.,.d 
>,«.p •• <>1 """ ...... . s..... olle" R",l 
Bu,1<. \o01"p ..... t-Id "' EXOCR. 
rbc mai" S<r-iel too .. ''''ioft .. S .. olft'y 
b lo od. --.. 200 l'" """'h of COp" ..... 
u"h.d<y. ,lie P""" from "'hlth .... ,k"" 
" . nod ,lI< i, ,,,k. R.,k·, ""'" <. 11 . 
\001SA.IUAO. .... , *" 11<.<11 S9 tI)o 
""0 .. " <If C.""di,", .1Id OIhe ... """"to,· 
in, fuu"<r 10 ,he ...... h. o. "" p .. <cd 
,,,,fr.., ,n 1tt",,"1C Say. "R>n>oI," . 1'1<1 

~-

--- .. - , 
~" .. 

""'"ON. '-- ----......x:tl. ____ - ...... __ .' .-. _e-... __ .. _ ....... , .... 
e .... _ ._ ,e'IIC .. _ 
Il0\0 . ... _ ......... _.., , __ ... - ...... _ .......... _ ...... 
(VE'X,,",_ 

1 

I. 0,,_. _ Ben.,IIo. VElAUM • 

""'" ' '''' e..ptdio ... •• ,1 .. ,." • • ""hnrm..on. 
_ ................... f ...... .,.,.."" . .. 

~. """ 8.> .... iII1d boo ..... " "'" We,· 
... . ocI ""'" 1a,,"I .... . "" cle>1"'J ..... ~ 
''''' ..... """" ....... ,lie modia . I. T.,....,· 
.... " w,,, Tom. V[)COM . ... 100 " " t><. 
'''Jed "'~h phew . ,." •• NJ ' .. "" (m<" 
"'" me.!, • • , "., "",·,·",,,1, ok.l, .. ,," 
J><OI>l<"",~ Jov' ~~ '. "'~~""""' ''''<1/11'1'" 
''''"' on.,) I'I, .. ".K,. ,n.,) .... "", ,,' , . " " ""'''.n """ ... "'u. ,i"." , m", 

lCOM '"pPlio>J " rull F."II< ''<1"'1'''"''"' 
HF.ocI VHf It,n .. " ,..,,, .1Id ,mpM .. " 
b- ,lot 1>0 .. "" _'. ~·"",lU FM i'I<n<J . 
111:'" ''''.K'/:i ...... NJ. VHf· ... . \! ' .. nl' 
""i ........ _Id P""'''' «""""'" ........ 
.. ilh ..... in:,.,ft bri",;." 'uppl-"" ~ .. ,lie 
~ .... T1II:bo.c ........ _'P"""". "'''''' 
_ <-I' s,,' t)". VE)COX . oad ho, "' ..... 
.or o.p.. .. ;.1IC"Cd .,.., ......... ,...,..od<.J mo· 
...,.. Ion ...... "'" .l .... n_·. ",lie 
- ........ """,,- ,. -.J ,I.". fomiIob. ""''' 
__ ''''''''' oNJ ... ppI ..... _ , ... 
.... kJ ...... "'no"" .11 IUJ •• """,,>un"l . 
N<¥< .... .,._~"j ... "'p..'d"",,, lik ,h .. 
....... «" .. "",""",10., ... ,Iuo ( .... ,.~,... 
"", __ hly . ...... 001 ,III: <Io ... ~ . , .. d>J """" 

", ~,~~"~ ,10,; " ... ~ ... '. '" r'~""r'>"" 
'h~"'~h " •• ,,~ ~ ,,'" ,. h,,,,,h ip. M"O" 
,,,,oJi. n,"" '" ". , 10,; 50 .. ." ',p.".~''' . 
"~ .. , ,or """,", ..... ~,,.~<~ ~'V'·.h« (,,' 
"""')" l"," ,n "., ",,,.,,,,.001 '"''''' <Ii· 
......, ,.' ,t>< 1' ..... "',., .... . "" ", ,,,., 
C.na<J""" ..... "" .. ".,."""~ ..... "' .... 
. . ... ~ " ..... 1 ..... ;" """"i" I". n , O<! .. 
...-.." .n ..... 1 , .... ",,,kJ 

11.: ....... , ' ... ICUM ",,"" " ' ''''' .• "" 
... ... '''1 , ,, .... p ,-. " .. -.1 ~ SO,. .... -.k>'Jn<d 
"' , . ... ,,"" It . ... "'. "'. ' ...... " .. ,. , ... 

<t)" ... , .. ' ..... ~ ... " ""'11'<"""" , . .... ~ 
..n.ooJ III· ... , .. "''''' •. • ooJ • d,I' '''' • • . 
............ "'oukJIo: • .;...'d . ... , ..... ........ 
, • . , ...... ,1' .... ,,, .. ,,, ... ,,,, ..... ,,,'" "'" 
' • . 'h" ......... ~~I"I ... ·'J , ~, •• j"'''' .~ ... " . 
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tic uwvel' and .... perime~ .. tion. 
Ganh fiantiI!DO. VE3HO, who ope'­

ued CISC durinS die critieal fim lWO 
......authe .... pedition. lat<:rbec.ame the 
priDeipal bl.<:tup for Tom. VEJeDM. 
Oanh maintaine4 • constlJll .... t<:h on .... -
pedit;oo frurJencics aDd brwardcd meI­

...,. and ICChniad odvice. Olle Ekhlom. 
SMOKV. and h il S"",,,ish coUel\l<s also 
mainWned. dally _""h throu,hou. the 
Skitn:t, 1lICO"''''' dally "t<:lli'" posi.ion 
repons. chccWl in dally with CISC. and 
kI:pt U\ qe "" Saviet ndio and ",1(:Vision 
rqlON. A/:ti...., IUppOrt also came from 
AMSAT. 1hro\I&h Pn!1kk:nt Vern Rip<><. 
IIilla, WA21.QQ. Richard Ensil". NSIWJ. 

and AMSAT Di,eclO' John Hellf)'. 
V""," 
0_ the slcic" applWl'ho.d !he NOM ' 

1\>le. -miuion CO<IlJ"Ol·' .hil\od from 
Src:!Diy Wand II> 1hc base SlItion It Saviet 
Icc Waad NP'21, tllen located only 20.30 
tm rrom lIIe pole. He,e, Blfry, 
VElCDX. joined Piotr, opel1ltor of 
4KOOC. and used hil pe.....w Savie. all 
sip. 4KODX, (0, • month of intensive 
tnlfflC lu • .,dlinS. 

On April 26, when the ski." anived 
at the North !'ok. !hey we", lreeted by 
a ptherin& u &JmoSi 200 Soviet and 
c.n.s;... officials and medii. people. Bar­
ry ..u up ., hll uti in offld&J and Un_ 
offici.&I dutiea and ...... deli,hted wilen 
M ite. GIJIlIMBHF. the UoSAT «<hlli_ 
clan frocn the UIIl"" ... iry of Surrey, UK. 
"""ted 10 US", by operotin, ClllUA and 
&ivi.o.& SODfeII U &mI.teUrs their f .... ewr 
QSO willi. the Nonh I\>le. Mil<c hod been 
ftown iA with the Soviet .",up. in """'I­
llilioa 01 hiI ~ role in operotin, the 
UoSAT OSCAR U di&JWke. tIw p"" the 
,kim their daily pooition "'ports.. 

Now. CISC '" ReaoI"", Boy became the 
communic.ati06t ~ub. JII$I bd:>re Buoy. 
VElCDX. left bt ReaoIu~ he had • 
ch&nc:e 10 .... perlence • d&n&cr tlw the 
SavlctIC&RlCO NPU faccddaily. The ice 
island ..... '· ~-·~,-the for ...... ...".~~ .. ........, 
""""Iy ain:raft ill ...... and ICDdin& Bar­
ry'l c:&mela, """'" oupplieo and """'" 
\OI.l""bIe ICOM cqu.ipmcnt II> die boMm 
u the An:ti<: Ocean. 

c:.n.cn.n ~ .. In ",. USSR- c.. .... cS.""" ~ _ Exped"lon, 

" 

-, 

Media COVCl1lgo of the SkllRk .... pedi. 
lion WU COMid<nble. lbe job of keep" 
inK ewf)OflC iIIbrmod _handled by AI 

·d"l:.on. VEJ.I.ND. AI Wucd regular ........ 
..eleua and mode din>;t (:QIII:ICt with key 
medii people. In,,,,...ieWi wi.h an 
Amateu. Rodio "_your appo:&ted on n.~ 
Ja..m.al, Midday and other tc!eva.or. pro­
,rams &CfOS$ the COI""'Y. N~p;lpers 
carrIed fe.aNI'e articles Ind rad;" lta';"ns 
earried frequent ",poN. AmaleUf Radio 
publicationo around the ..... Id, incJudinJ 
QST, pvc promi""n' CO'o'er&ge 10 ... hlt 

was clearly rccoani:ed as • majo. mile­
otOne in AmI"",. Ibdio communications. 

Throu,hou, Skil"'k. Tony ~&an. 
VIDQF, pruvi<:\ed the AmateUr Radio 
community with OSCAR n orbiu.l data 
and odvice fOr would-be mani'o .... Any 
ndio ..",.teUr with 1 2_"""", l\andheld 
could hear the di,iu.lkcr on board OS­
CAR LI by I "teni"lllippropri.~ .i""" 
on I4Ull MHz. Mlny anu.teurs who 
were IUCllers made I """'I: effort.o in_ 
...,1 ... their IWdems in moaitonn, IlId 
chanl", the P"'I"'" oIthe siders ..,roll 
the Arc ..... lbe Onwio Science Cen.re 

in lbtonlQ (an edu<:ational foc~iry '""""'. 
lOr JNden .. 0( an)' qe. ocicnce bccomeo 
ri.tn) mo\IJ\Ied • display t/IJII incll.>ded • 
Iarie map, rccatdinp of tho di,iu.l kcr 
and • """,i.&! cn_lhe·air ""'","go from 
CISC. 

FOllowin, the completion of expedi 
!lon. both the c;.o...ern.ment u Canada 
the Savie. ambau.adot in O!I&WII P\Oe 
official rcccptlons, f.neIJY MWSler Mar_ 
cci M .... prescnled. the Sl<i,,,,k Ic.am 10 
the House 0( COmmool in seuion. All 
the Saviet r&dio anu.teurs who h..:I 
pt"OVided "ommuni(.a,;"ns for Sl<i,,,,k 
we", flown 10 Canida counesy of M..,· 
dona\ds Re'taurants, I major sponsor 
die exped"ion. During. foor-dly stay in 
lbro""'. the en,ire Sovie. 1CIm. with Dr 
Max BUlIOn rcprcsenlillj the bur C. 
dial! oIdcrs. took pan In • Pror. ..... at the 
Ontario Science Centre, ""_'ra'inl 
cqulpmd>l used durinK Skl'tck, .klo 
mDIIZIIIId ill 1 cirelc like. Mrib C9M 

(WCf" 

which the ten. WiU oli~, and.kl poles 
tha. could be joined 10..",.. as • IUpport 
lOr • dipole .nlen .... 

Quutioncd ill 0ttIw0 about "Wl\a, 
naIT', the upedj,ion'o Ieade. Dmiu; 
Shparo, IJAl,OJH, hinted .. I. ... pouibil­
iry cI an Anwaic expedition, N"... "'at 
the USSR.c.....da Skl.",t had llid the 
blndation br closer a:>opention belWCen 
those • ...., =uieo, i. mi&ht be pollibrt 
for the USSR 10 ..,hieve oometlIinl .,mi · 
I.r with the United St&Ie&. Hopes wen; 
also ex~ t!tn members uthe ClNo­
dian cO<fImunicluQns ICIm mil'" VII" 

MO$OOW in the near "'non;. 



Radio provides lifeline 
for polar expedition 
Bf LARRY EMRICK Int~ttd ski poles. 

Tom Atkins oiTorooto b: _of. 'The thIng that Is exclUng lif~.IIt!~ Ir.~:r:,e~ ~~I~ -:~ 
small army .IIf volunteers c:hunel· Is that thl. 'a • CanadIan the expedit ion leod.s its .i).oppio, Ii", pro(euion.1 u;p~rtbe and • lilt (or II.I pply drop. of food and enthusiasm inln the support role project. W. r. up to our equipmenL 
tba' keeps lb. Jnlnt e&ll.dlan and armpl" In It and It make. It also b posaible tn palcll • call 
SO¥ieIPolarBrid(eExpeditiooaaCe, you , ... gr •• t to ba. part thrOUlft re,ular phone lines t.ll 
supplied, and on route. , IL" " enable ~ trekkers to call home. 

AUcios, 62, I. ao Imat.ur radio 0 . . " U's • I(t'el' morale tbin,. ~ said 
enthuslul who Is ttle upeodiUoo'. - Tom Aikin. AtltinL ~Il'. pou.ible (or one of the Can,dian rommunkaUons eoordio-
atot. It w ... Atkins. as pre:s.ident.llf C·.II;ad!,n. tacoma.llll the phone and 

talk to hi. wife [.II Ott.lwL H the Canadian Radio klat Lu(ue, pllne dowa la aortberJrB.C. or Not &Il or the messqes have been 
wllo received the request from the Ontario .. enll1 nit can nod the of sucb I hlPPJ aature, Ancr the 
U.S.S.R. to provide Ihe Canldiln tnkJien on tbe An:Uc:.Ocean. ~:rpedition H t out Llurie Dexter's 
e<lmmunlcatlOnl network for the_ .. The apedltloo carriet lbree radlo father dled and the mCSSllie had to 
expedition. trlnamltten lhataend'i a.ipal to the be ret.yed to btm. 

"' It's lim!»t turned Into I ftill·ttme SARSAT satellite. SARSAT PUles There are three m.ln cnlltrol 
lob for me," the seml ' retired bus· the II,n.1 10 ,round ,t.llonl at bases rortheexpedlUon_OII Sridny 
ne:sa I'Onsultantsald 111 an 1IItetview Treololl, Oat. , an lir blse in the hllnd on the Ilorthero tip of the 
rom Toronto. U.S., and onl hl thl 80-0111 Union. SevernayA)' Zemly. Archipelago ill 

"The thill,that is exdUnt: is thai Then it 11 senl by radio teletype to the DOrthern V.S.S.R; at North Pole 
/Us is a c.nadlan project. We'T'e up U lInal.e!Jr sateutte eoatroJ station 28, I perm.anent Soviet base on the 
oour annpits1n it and It mues)'OU at the Unlvffsil,. ofSu~ at GuJld· Arrtk ke . boutllO Itilometres from 
eel,re.t to be • part ot it. This is ford, En,l'nd. , . thl pole; and at Resolute on Corn. 
,ne of the last , reI! physical cbal· The um.vemt,. ltatloll s satellite, wallis IIland In !be Northwest Tern. 
enlea to man. It Is. V1!rydlmcull called OSCAR 11 , was I'l.Inded b,. Iories. There aho .re colltrol Sla. 
M dancel'OllS miqio.a. ~ amateur rad)oopn-.ton IrOW1d the lions 1.0 Ottaw. and MO$CO"I'. 
The role or AtltinJ and his 40 ~ workt to cany thelll sI(/IIla. One of Kkk Blleke, duef aie traffic ron. 

fur radio l'Oiullteen bas ~ more: OSCAR's d.lI,. job~ la to tlMa Ihe trolJent Sl JaM'a, NOd., and one of 
hln merely setlin, up and maln_ . ~ta n-Drn, ..... ~d"" ,., .. n·, SARS~T Atkins ' b.and o(volunteers h.s III 
aimnl the radio UIlb. ~ . ....,~c:or. n I II tu eompu er cnpnetdented role!;! ~e ~o;r.;nun1. 

While the d:lers push back the ""vvIc. , and beam,the vola! back to c.tiora letup. 
rontlfrofc.nldlan-5o-tiet'CGOPer-- eartlLwhen .it 15 pIcked .up 011 . Heh .. been at lhe Srldny blllld 
.tion on the i~,Atlllns and his radfo--. r::k::-•• iled re<:elvera ~ ."..: station, on • Sovlel alr base. for a 
.alsh.ve~lpedblueln_traiJ1n I en. 'f' . ', ' " 1lIOlIth. 
nter nlUonai commUOicltions Thl time o( thel trall.min on " The preseac, of. Canadbn 
liplomacy. ..ariel b:ut for radio fanl with th.e there Is unpreeedfnted becl",5e 10 
"'In order for Illy people tooperate time to.listefl:- or !-he luck to find It my knowledj;e noone from the ..... est 

~ the Soviet Union and vice-¥ef'SI. - Atkin. Illd It .. broadcast 00 bas ever been there.~ Atkins said. 
Ie s.i&ned a reciprocal IJreemellt. 148.825:f~ F'M.. When lb. expedillon llears tbe 
'he Soviets hl."l ae .. er lavolved ~~ Ie ~DUIlU~CI~~ ~ North Pole. control will pus to 
hemselves witb Ihll ltind o(thil\l.·~"""'"' n UIflI a ~ m· ..... - North Pole Z8. wbeA IlMryGllTllll 
t's the nnt UIII. that lD)'OfIe-in lbe vh,t.made Io-.wa'l sIdeband trans. chief enlineer at Hamilton·s Chan. 
Ve!l1 has been .ble to rln&llze this ce!vertnnsmlttinl on 80, ~ and.:zo.. nel 11 televiliOll station .... m handle 
ind of alreement. ~ metnllInlteur bands. Atkins.MId. communications with his Soviet 
Communication Is accomplilhed Sophisticated thouJh It 1s,ltI opera- counterpart. 

li th the help orSARSA T/COSPAS, tion remains Simple. Garratt, 42, .... udue to leave home 
Can.dia n,Sovl et search and When they stop for the ruJht the today .nd be on the Ice station in 

fscue sateHlte that can loc.te a win: .frialls strun.l'rom the skiers' about two weeks. 



AMSAT's MICROSAT/ PACSAT PROGRAM 

T • • CI • • t . "'l IWI 
Ult C.IIf . ..... 

C,.,h.lllc. 1010 U I:t 

AlSTucr 

In 1919 AMSAT·NA 101.80 '" Ilucb '~e nu, 
or • 'e,," "f I" ... · .. "h o,bi , (LEO, .. , . 
<Iii... d .. ' i . ... d ' 0 se,vin. d i,iul 11 0 '" 
I nd ·f" ' ..... d m .... '. hudl i" " T h... .. .. iii, •• 
or. Q~i'o .",, 11 cub«. appr o"", • •• ly 230 em {9 
'n ch •• ) "n I . id. ",.ilh '.1 I. .. thon 10 ~, ; 
,hi . .... II Ii .. hOI I.d '0 ou, •• 1I io, .h. 
p r"joe ' MICR OS AT. Des pi •• ,h •• m,1I ,i .. , ,h. 
.. ,.lIitU are ''''",med ... i ' h ".'. · .. f·' ho · .r' 
.'«H On; OI. Thi . p,pe' ... ill '.yi. ... Ih . 
dev<l"p",. ~, 10 '"''"''' lcad in, I" , hi. dOli.n ud 
.om. ..r ,h. ,echo i • • 1 d ... ih .. ....11 " 
ducribi . , \0 '" Ih ,.,,.,,,,.1 ... . will mlk. 
a .... r ,he 'U"u fO •. w .... pl."ni •• " . ,h. 
lu.ch Of 4 .. , .m,., ..... MI CROSAT 
.. c •• oIO I1 i. ,o LEO in ea"y ]919. I.d .cyer. 1 
....... 'nnch .. " .. ' ,he au, 2 yn ... 

A liT Of IIISIOU 

In Oclober 1911. ,h. ARR L, AMIt AD and .... MSAT 
.;c,n,ly ~o,'.d ,h. fi'" N.,,":,,,ki •• co~r ..... . 
... he. pack" , adio "' U ,n ," u,'i." p,. iOd 
or dH,lopm'." Dou. Lock h," (V E7A P U) .. d ' h, 
VADCQ . , ,,uP hod POI , h. fi' " TNC. in'o "U' 
h, nd •. 11Ink Ma ln " . ~i (KA6MI and Ih. HitS hid 
Ihe fir.' di' ip .. .. , on ,h. a ir. I. 'h, D,C. 
.... I few .. u. (W4M1B. W84JF I. KIMMa. Wl l\l'l . 
KEJZ ) "'He on ,h. l iT ", ok in, funny .ound •. The 
... d ..... pllnted! 

On • WIf'" ,unay .rIC,n..... .h. follow in, 
,pri • •.• , 'h AMSAT 1.10 .. NASA God d"d . I 
'ook )all l( iBI (WJeE ... ) .. ide 00" ,old ki. or .. i".' . had . AI 'he ,i", ........ ' . boUd i., , .. 
AO · I, .. ,.Ui,. w". h WIS 1o p,o .. id . ,'obal 
.." 1,, .ommuiCl" .. ft. fr om in " n"" po;a, ;0 
hi, h ear' h o,b" ( HEO ). My id n w •• '" p,o .. ld , 
.i .. it" .o .... ~ ..... iGn •• n ..... r,o"" LEO ~.1., 
d .,i" . ..o .. · .... ·h'w .. d 1Cch.iq~... al be i, 
.0' i~ ,u, " .... The b .. ,. id. , w" fo, ,ke 
••• d. , ' 0 upli. k • m .... le ' 0 ,he L EO 
.... l1i .. , ,_en II I Iller lime ",h •• 11 ..... in 
.i . ... 0 .h . ... Ipi .. ,. ;1 wo uld b. fo ...... d.d 
'0 hi", ". ' o", . ,' •• lIy. 

Af'« .om. "',,'. d<1 i,n wo 'k . I e.IiOled .ht 
,id of De. C,,"nOll (K 0 2S) ... ho ..... ,h.n 
. pu,hud ' .' .h. crf"" ,n Tu cso .... h'ch becl m, 
k.o ...... TAPR , Du I nd I .. . ".d t,.,i., , he 
b •• h •• ror suppOrl ro, ,h. 10'0'" '''' Wh en , k. 
id ... bcu"" kn o"'" ' 0 AMS AT •• 0 ....... f ,he old 
,im." I .. ~.ed yO .. r hoY,., 10" 0. ' ""nd. 
w" h l1.,em.n" lik. "Tk ... .... ' , "' .. ,. , hln I 
.ouple or hu.d .. d 10.°1'1. on p'~ k e,. Pocket 
rad, .... iii U Vct a "'Oo.' ' 0 uythr.. ., .. 1<,. 
eteu"o' By ,h. hll .. f 1912 .... ... ... 
" .. "., .0 •• , so.. . .'oond· ..... 11 .. f 001'1'01\, 
." Dem u d I 'cked,, ' e" • ,pcei.1 ", .. ,in, {IO 
b. beld i~ c ... j~'<Iion .. "II. AMSAT"' ...... , 
mee',nll ... hich " 'II '0 ,.. inp." fro,," 
p.ck...... ,n IcY<r.1 ,roup' o n ,h. P",CSAT 
<on".p, Th •• e.on" 1'.'10"" ... , .. try '0 . .. 
if • • .ouldo·, .,,"'. up .i,1I a GlIlonl 
pro,ocol ,,".dud. ,h .... ,," ..... ,h . Idop,i". 
of AX 2S ( f o' ... hi." ,orne p.ople STI LL blam. 
me'), 

Soon ,lIer .. rtc' ... e f " .ad I ........ i.1 
. po .... r wh o .uded P", CS AT '''PPOrl ' 0 l id ;. 
di .. em;n"i., i.(o,m.,io. on ".hnolo,'" 
,ppr op,i". '0 d ... lop i. , .o~"' , i.. .." I~U ' 
"' .. fo ,m.d • ,i . b,'''' ~'' AMSAT on d ,h. 
Volun,«rI ,n T .ohm i •• 1 Ani","ce ( VITA ) ' .nd 
O"Y 0.";0' (WA9FMQ). The VIT A P",CSAT p,O~C1 
e.li".d 'he ... i.1In« of 1I 1f"ld ~,,« 
(1'o'1(6K ). LIt'Y Kl y'" (V ElQ 8/ WAlZ. A. .0· 
VEJ PAZ) .~d • u",ber or ".bon, Tko 
VlTA / PACSAT tu m d.dded '0 ,.11 ,ke" 
....... , in. ."OOCP" on " . UoSAT ,p ,.<cc!"fI 
, ... II, n . i . UO· I I·, Di., ' 11 CO"'",U.'C1I,on. 
hpu , m,n' ( DCE ). T~. pa "n."hi p ".' ..... n VITA 
..d ,he U .. SAT " .. uP h .. co.uu.d. ,.d Ih. 
U .. SAT.D .p ...... , {IO be flo .... " . th~ .om • 
"me .. ou . Mi. , o .. ,.) i1 'h cul", ... "oo of 
'hOI .rr ... ,. 

' 0 ,h ..... 'i •• , 'old ,h. Miki Nlk.y .... 
( lR ISI'18) lid lI o"y ....... d. UAIANQ) .. f JA MSAT 
of ou' d .. iln CO'''PII T h lAMSATIlA~ L ...... 
""cre .bl. '0 impl.mu' many "f ,k.,. ,d.U , . 
Ihe mode · lO· lI .. d . ... D. Ih. '00' • • " IAS· 1 
(10.12) . ... m .. . They 11'0 d evelop.d " .... 
of.lh .... ' ,.p'OdU.lbl. 1200 8PS PS K 
d.modulato, de.i,n, "'h ic ~ ho ve boco",. 
'mporl ' . ' fo' fu' .. '~ . p ...... f' " ." •• , 
l]n f"ctu .llc1 y Ih ••• ,u i .. po .... , bud,., on 1.0· 
Il h.. Hm iud Ih . ,, <ili,y of "" ",bo, .... 
."o"en' ,pl cccrd ' . 

• ., ... . ", •• t 
. f 'hO . ,t .ou' 



F", ,~ •• , .. ~oupl' or yun Ofty iM. o f 
" .. hildi., • I'ACSAT In 'h USA ".,ui.h,d . 
fl '" .... .... , . bu.y buildin, ,h. AO·I) 
"Ulli . . in ~on.o" .. i' h AMSAT·DL. The 
Am, " "_ d,pe.d.DC< o. ,h. Spa .. Sh uIII. aod 
Ih. I. c k of •• i,"bl. Ilu.ch.. on ... h i, h ... 
:uld .il<~h ' k ... ,de o"po"Ui'i" r ... ud fo . 
"',wcca . ..... lOOked .. lo ... · .b.u .. "'0 ..... uin. 
... u. ... fnon pup. lin" '0 lir, u . ' 0 I 
,ui'oble U;O if ... e . .. d .h. Shu1l1.·0 GASCA"',. 
Tw ••• ou p , fie .... ",.U IOle lh, <o eJ. c .ed r.om 
:l ASCA"', OR ,he , hulll. ; 0.' woo "'USAT. buil, 
., I o r "ud .... and r'Cul,y Of W.ber 5 .... 
: .. lIe l c i. Oldea. Unh. Th .... i,. 'ho 10 .. or 
ho C h.II...... c.ca .ho.. hop.. fo , our 
.. ildl ••• ~ACSAT .... , d .. h .... 

ru E !U RI!! of ~!l CBOSU 

T he ..... now ,hi r " .0 Sove "'.". 19'1 i . I 
'0'" ' 00" 10 O'''oi, Ir,.. , h. bo_Quct .. 
\!>I$AT·. u.ul ",ccti ••. "0 Ki l,. BOb Mce .. , .. 
"'UIY}. I'hil K ... ( K A9i)) ud I .... j"i', 
"ou " d 01 lA M. Jo n " .. II ,.lIi .. , u' of • 
:o.c.p' . hOl he I.d Go,d on Ih.d""" ( KEJD) h.v. >C._ .h ;n ki ., ,boul. .. I. vol", .... , , m'U . 
i .. pl ••• ,.11 .... , 9" .ube fl. d ... "b.. h o .. 
i .o , • •• " • 1.6' .. od~lo ·"U.· ... ould be 
... kod ' 0 ... kc op ,he iu.. r..... of a 
1 .. lI i... T hU o. 'h ..... 11 9' • 9' .01 .. 
, .. cI. would .. a te up .h. ouui d •• ~ ; , . 11. 'old '. 'h' h. ~. licY. d h. hd ••••• • , d iff .. enl 
,O,..,i. , I,u. c h .. ' h OI .ou ld .... y ...... , or 
~ ... cub .. ' 0 LEO I"d .. led ., .. hOI ... could 
.. ... i,h .he IImi .. d . po< • • By l AM "0 ~ .d • 
O"« p ,ul d .. i... ... hod do.. IIn~ "'''Ii. 
olooillio . ...... hod .eI.etcd 0 .udid ... C.U . 
• d ... h.d e"i ... . '~d .1 ... ... . i.h' .od po ..... 
'Qui,.",.nlO fe . eac h of 'h~ mod . I... Th. 
d"nlll" flo w ln, in Our . .. " . .... " on III· 
1m. hi,h! 

IIr .. dy Oco .. "b ..... hod "fi.ed ,h. bu" 
.. i." Di c k ..... 0 . ( ... ·DIFAB) hd don. • 
... pl". ",coho,iell d .. i,.. .... ~"d • 
•• II", ;. ,,~ dco i.n . c.;ew Of ,h. A,,",SA T offi« 
ncl d .. id~d .. e ..... GO! 

Whil. ,II ,hi ...... oi., on. conlle" ..... 
Lid. ...i t ~ l uio. D.C .. ". ( PY2I1JO ) of 'h 
... ili.- BII.AMSAT .'''.0. A"., .. C ..... ( lUIA fl C) 
f AMSAT. I.U ud ... "h ,b. "'USAT , ... uP It ......... 
,,, • . Eoc h ..... d , .. jol . 'he ... ~ .nd wo 
."Ied ". ~ u i !din, fou . '''011 " .. : TM 
·",SAT."'A .. d AMSAT.LU .. telli,co .. ou ld b . 
1 ... lcol I' ACS AT • . Th. W.b •• S, ....... IIi,. 
olld be • P ACSi\.T .. ' ...... d by • TV co .... . 
~I.h "o"ld .cod d ...... pi.,o... ..ooded i. 

0 .... 1 AX.H p •• k" fr...... !~. B ... ! , ~ •• 
,,,IIi,. would be , h e DOVE (0" , 101 O.b".o , 
o ieo hpu iment) ... hic b w o.ul d ',,'k' vo ico 
u" <li., ... h ioh <ou ld b. <o " .. d 0_ , "o.mol 

" 
ACS U ANP ALO HA 

Fhll .... n<c d '0 ... 1.... , 11 111 . p •• k" 
. d i o 'heo . y. I. .. u, ... um. 'h OI Ihe .... lilt. 

• ...... ...i'h H. , ....... " .. ond .... iv.. •• 
,rr .... , bo.d. ,0 ,h. , h . eo ..... u.i ... i .... 
I k. "" full . dup'" L., . .... 0 .... me '~II 
.... ar. .. .. y ...... ea.h ... i .h .i .. i ,", 
OI •• bill . i.. ...h o ... .p.tld u' 0.0' ,U 
III.. ,,,,"c,'rlf, ·roo'o. I.,·. 1.<1 ~ . fUrl h" 
.. u m~ 'h OI ".rric i, bal,no.d •• w~II •••• 
0" ~ p 10 , h. , p ... Ollf, ,q u.l. whOl 00"''' 
0 .... .0 , h . w.,li nk .nd do ... n lin k .ho n.el 
,p,"'" n..,d. ' 0 be bll ... ~d. 

5 

S,a ~~ ,~c ,.o~nd· .... d ..... ... .. .... d 

". 
• •• •• , b .. , ... b o,b... EaCh ... ill 

o~'. . , " , .. n,m" .. .."dom i. ,h. hop<o '" ., 
.,ock... m. k e i, ,b.u. Thl o i. ,h. clo .. i. 
ALOflA n.,wo,k <o"fi.u nolon ... i,h 'hi<ld." 
1<'''' ' nol.· . " co. b' . h.o .... thOl "olli"oo. 00 
,h. upU"k chnacl ... ,11 .... i"'ul1y tedo« 
'he c h ..... , cop • • i,y ... • .. , oa.y (Ino) 
It " " of the poc k ..... Ik. h '.<u. T •••• ,h. 
do,,"nlink (0 . "hich ,~... or. .0 eoll l. io .. ) 
'1" .uPpurl .bou' S Ii .... II much " .rri, II 
00'" .'n.'" colli.ion·IIMited uplink. 

T U" or. ''''0 ... oy. go, o f U;I dllem ... . 
f i .. ,. 'he a.,H ak u"rI .0.ld ~ .. I d'" .. .. 
. boo' S ti .... ,U do ... l i. k ; ,.i. ,ppf .. ICh ... ~' 
IIk,n by , h . A"-!SAT·DL d .. i!., .. of AO·I). 
II. UOAK ".,eri ... " , .. h ... 0 H 0 bit per ... o . d 
( B PS) uplin k i, b.' , nc.d I •• i"" , 400 B~S 
downll. k . 

T~ •• e~ood ,pp.o.c~ i. '0 hu. 
.. P..... upllak .... ;v.... The FO · U 
~ .. f o wl . 200 BPS uplink .h,nnel. 
"n. I ~OO PPS downli"~. 

MOQI\~IS ANp "'PIOS fO M UCSt\T 

... ullipl •. 
.".IIi'e 

bolanci • • 

Fo. oU . 'A CS AT ..... e bue .1I0 ... d fo. bot. 
10lu,iolO 10 ,b. A LOIIA Ii.i, . Lite FO-U. 
,h... ""~ '0 U ro. . w... upl in k .bl ••• ' •. 
h o ....... <lch or whic h u" b. commonde d ' 0 
'."po" 1200. 2100. 4100 Ind po.,ibly 9600 B ~S 
.ph"k.. Tbe do"'nlin k ..... min.. ..ill ... .. 
ill lifo " ' 1100 li PS. bo' .i,b ............ ,d 
be _.ibk. 

0., d .. i,n ... . h ... !!y Influ •• ".d b y • 
d •• i ,;on ..... ,de tI"y 0.: ....... ould 0"" WI< 
" •• dud , wbich ..... nppo.t<d ood ,,,,'.b' . 
' or r ,h. ,holr· . Th Ul ... ~ •• Our 'ACSAT '0"''' '0 
IIro. . he ,.o •• d .... u. . .. .he id.n,ic , ' 
hard ...... he u ... ro. FO· l l , od.y. The u ... ·• 
up""k will b. II 1100 II~$. M"c~",,,· .. ecd.d 
FSK •• d 'h downlink .. ill b. 1100 BP$ bi " ",, 
PSK . T h ... " •• dord . Ite ,uppo".d b~ ,he TAr ... , .d GJII.U II mo<l.m., by ,h. m~ . ild FO·12 ",o<I, m, 
,voilabl. on Akihob ... i. Japu. ond b, ••• 
DSP .. od .... 'hOI "'" ll Y ud I hIVe b ... wo. kil, .. , 

Th .... • ... 0· tlcdul .. o. i. ,hn. '"ode ... . ph •• 
i.,o Ih mi k e Jock on • "oek 2M FM rodio. 
whi ch .... , ,, ... e eo" b • • ""ed i . , kH , "'1'" 
Th. "I<l1il< link m ... i", .~o.'d b. u oh 'hit 
10·2' .. , n . i"o OR o .. ,ldlte.tional ....... 
• • 0~ld be .deQ"'~ ( p,ov;di.. ev .. , o .e , ... 
.;miIOt ...... «~ 

The 'dem' d ..... dul .. o. p'u •• i n I" I. 55!· 
"'p,bl. 10 .on .... iv.. o . .11· ... Od . 
" .n, eeiv« .... h le h .eed, '0 be . un.bl. i. 100 
fl . (0' ~t<f,,"bl y fi n .. ) "ep,. The PSK 
do .. nlonk .hO yld b. 'Q)' .... ..Ioh oa 
o .... idi • • ~';o .. , u"..... p'GYidi"1 . he loeol 
"OIK lev. ' i. 10" . 

T~ •• p ... c .. r,·, .... i •• , h .. IS klh w id, 
ch,.n.I., «,ordl... of Ih. bi' .. to 
...o . .... m.d II '~e 'p . c<c •• fo. Th . I~OO BPS 
d, .. '01 •• o ", blud .. ifh , .. FhI d •• ;ltion .f • 1 
H ... 1'10 ' doppl ... ~if'. plu. J kll . ".p. oa I 
' y pl •• 1 FM rld io int n . the IS kfl. 
boad",idl • . A, '0"" "I<, d", ....... 111 b., i . 
.nablin, lel.c •• d uplink « • • iv« c h l •• eI. fot 
hi,h.. d.. . . .... ( lik . 1100 BI'S). bu . ,h • 
u le. will .0" h... ", 1'........ 'h do ppl" 
.n d ,. , b i. r"Q~''''y mOt< ... u .... I, ,h. , 
kfl • . Ah .. 111 0" """t FM .. di ... .. ill '0' p ... 
, h . ..00 81'S dll' ..... w ; ,.ou, ,l,.iri . .. , 
... o<Ii r k "ion •. 



OSIOABD u csn 

Lot ., M ... dlo c .... ome or ,h. r .. ,.,u of 
'he ,." lIi ,. ·. ",ch i".,. .. . T hc .Ic".ooic. 
i, di.id.d i., . .. Od . lc .. ... lth ,he , p' c' io,id. 
neh .0d.l. bel ........ , 7." • 6." • I.,'. 
T~. _« ... ieo' layo.. ~.. fi.. of ... .. 
•• d olc, ... <kcd " op .ach o.~cr .... 0 .... i. 
F i .... 1. wlo i . h ...... ill de'cribc f. o," '''P '0 
bo110m. 

" '0"·' •• , ••• • 

.. ,,, ... 
" " ....... _-------

" " " ""0<, ---------------, .. 
---------------, ..... ,,, .. 
.. , •• " . 1'" ' ,. ,,". , 

fl .... t . ..... ' , .. ou, 
RtCt U' IB 

Th. core of ,h ... ee'... i. ,h. Mo'o'ol o 
IoICll61 .i"'o· • • ip I'M ,o~.i .... ~O.P!O ... i, •• 
".ck NO K • • y ... 1 01", . i,. " ~H. bood .. id •• 
co"",d " 10. 7 M'h. Th. f'" .. 10 .. yo . y lood • _i", . .. i, . 10·\1'0 d8 ."i",",c rej,e'in . Th 
lop •• '0 ' he JJ6l i, aD IF ,. 'h. on·,o MIlo , •• ,e Th, I" LO i. ,ho ))62 I. «yll.l 
eoo" oll, ~ '0 .. ,. '. '0 .7 101111. Folio ... , •• , ., 
fill .. , 'he lJ62'0 ..... d .. I ... i . ,h i ••• fr . .. 
a " r ... 1 c.o".lIed ' .9 Mil. l.d lO •• P,od ••• 
• f t .. 1 ' I' of 1.1 MH. "'e ••• d f o. h" 
li.c •• i" of 'h' MCH6 2', I'M d".Clo, 
(d'K. i"" •• "o'~ 

Th, MCU62 'a I'M d<lc.,., d.i • ., '.0 -",uehed 
du, fill .... ud .f ... ic. ..<1 .0< "Clio . 
.f • TLC2H C I<ofOS . .. • .. p ; ,)c l·~.'. 
.. " ..... O,, ~ f'II, .. I .. op" . '1< d ro. uoo .. d 
'100 BPS dl .... " •• A CD40~~ •• alo, . ... 11" . 
•• 1,,11 ,h. o.,~., of 0 •• of .hc '''' 0 fill ... 
'0 d ... , ,hc d"o "ljpp<r .... ioa .f .h ))61 . 
Th. 'PIOf<IPI'''' f,II" I ... ' ccl<d 1>, ,h. CPU 

I. od d i .ion. uo .ee,io. of Ih T Loa 
p.od •• n a . an.lo, 'i, •• ! ;. , hc ' · 2." ••• ,. 
c."npo.d'nl '. 'be ... ,', f .. q •• ncy (' h. 
·di,. ..... ") ud •• 0,hO. ~.odo<.. I "I." "" 0, ,I IUI ...... ~o.dl.. '0 ,., ....... 
• i ... , ".e.,.b ( •• c -s ,"'IC. ·~ 

A" 'hi ' .i ... Io.y 10 k ... p I ." • )' 00 
, h ..... i ... ·• c, .. ~" boud In d dra. , under 
20 .. '10' « 4 "" " SV). T h" .i<cui, I. 
.. ~li cat.d fi.. It ..... " p. o . ide ,.. ~ .u, 
ypli.. <Ioouel' pi "' • c ....... d / .o.".1 
.hnoel. 

T.e d .. i, •• f 'hi, potll • • of 
.... do •• b, ",)I WI ... ilh in." •• b'. 
[ , i, G.,,,'''o ("'7CL). 

.h ..... 1 .. , 
i opulO F •• ," 

la h.l . of ,hi, book o f fi .. I'M IF . " ip' 
i, • f.irl, .o ..... ioo"' G.A.FET p ..... p .i • • 0 
• • ioe ti,u" • , dB. A ........ · bud ] -"'1' 
heli". , fH ,.. p ••• ,d.. 1<,."i.I., bet ...... 
• h. G .... . F ET p . .... p .. d • dul'I'" MOSFET 
.i ... ~.i.. i. dd ••• b1 • <.y".' -co.".lIed 
1.0 ........ , 100 ).lIb. Th ...... p., of ". MOS FET 

• 

(at 10.SO IoIHo) dri ... n •• o.iI . .. f.II ...... 
10 p, .. id. i.o' OI ioo b.' .... , h . (i., F lot I F 
"., .. , Tho d .. I, . of ,10 ...... ,u .... d o • • b, 
Ii ... V.,l .. (WA 7CIO) .. d "' l iWI. 

TU ' 0 •• 1 p ........... p • • oo f • • , . .... i •• 
o<eel ... I, .bo., no .. III'. I 

,.... • .id. 001< _. ,h. ..«1... ",.d.l .. 
d". ,.,d fo. PACSAT .ooc bc,. ...de ... I'y 
rep,od.ubl.. ..10k " ' y r... ·,.id dl<l". All 
<o .. ~ .... n. i .. l.dio, ,.. .oil. ..d ""col riI... ,,~ .ff· ' ~e·.h <lf ite., u'e .... ~l . 
f. o_ .Oor<co Ilkc Di,;·Ko, . " I •••• ieip ... d .h, TA'R ood /o. AIot SAT .. i ll ... ~ . Ii •• , • . 
c h .nnel . «ci.", k in ••• lI obl. fo . ... I. 
dcdlul<d ~ '. k .' li.. ,~pli ... i ... If ,h... I • 
"O~I. i ....... ~ 

TS FR 

F •• PA CS ... T • •• " i, 
...... · 'Ioi. , poc. for 
fo. fo '." • • ". .. 10 • . 

,OW[B S VSTtlot 

• d.", .. y ," . d.l •. TSF II; 
... ,', aod i, ,cou • • d 

T .... " .. , Chari. 11.0,. ,,, . , (IIe R) .. od .'. 
<o .... ot ••• ",ICd b." .. , p .. ~ . n. d .. ... 
.h. • ... di . ;o .. 001.. p ... 1 pow.. ,,, c." •• 
.h b."ed... ..d .u .... i".'.' .. 'vi ..... 
• h, ••• d ... ,h • • , •• d .10 • po"''' .... d.d b, 
.. c h ",g d~l • . Th. BCIl .0<1 "'."'0' d .. i ••• oo 
dooc b, loa Bloo. (KHZ) .. i'h ~.lp fro. Gor d ... 
Hard .... ( KUD~ 

Th ...... p ... " •• te ... .f hi lh • 
.ffi . i ... , ,ili.o . .011. ~i'h b .. k · .. .r ... 
,.fI,,'oll (8S R ). BS R "chnolol, i. .C.. bu, 
i. .11..... f o. ... •• b hi,h.. c fid .. n; ,f • 
p h . , o . d.... '0' " ' ''''oco clec"ieity .. il 
p ...... h.. .h. .m.o. •• in ... , I.. .h 
..fl ••• • , 011 . .. , • • ..... d ch... ,. ',,,b' I, . 
Th. .01.. • .. 01 cl.c"I .. , aod ", .. h •• lea, 
d .. " ..... do •• b, J.n Ki", ( WlOEV) .nd Dick "."Oft ( WD4 FA B). ..d ,h. .01.. po.c', .,. 
bei" p.odl«d .. d .. co., .... by Sol ..... 

Th p •• « o f .p ... Q •• mi~d "';Cd oo .. "i" 
U. b •• o"c p ... hibit; .. , •• • ..... 10'" COOl 
'PP.OIO... ho.o b". .dopUd . I. ... y K01O<' 
(V~J 'AZ) , .d hi . l ' o.P I. 0" .... p. oved wilh 
UO. , I 'hOI if ,o<>d ......... ei., ,,,d. b .... ri .. 
..... porch .. d. , .. , eo.'d be fli . h. 
Q .. lIn.d. Th, Qulin ... i.. p,.eed ... 
i ••• , ......... i •• ey,"., ••• h"oc,u'" , .. 
,hat •• ·di.eh,.,e e ~ ... .nd " .. p.""" 
p .. fo,m,.c<. X ' royin, 'ho b.""I" , . loot f.. ia" ... ' " •• CI."I fl... .. ,h.. """'0 , 
".Iy ,.c bCII «II • . ood ,h .. fl .. lly ",,11;0 , 

'h' "" .. i ... 
Wh,l, ,h. ..,.. .. ... ,. p........ .b.... U 

., ........ h ......... d ...... .... . , •• , bit (oo me 
,imc i. ,pc., , . «lip .. ), ,od .f, .. '0 .... i. po.... .0.di,1.";,,. ab •• , 1·10 • • 11. 10 
.... iLobl • . 

"" I ..... y ... , •• hc fll. h, comp .... I •• h ••• y 
'0 'A CS AT. AI ,h •• ;"' .......... nl,c.i., ••• 
c r u . ,.c S ... ND .... C " •• p i . SOl Die, ....... n.i,h i., ," fltO. p.o·p.od ... i.. .. .• r ,~. 
••• , 116 ..... 0._ .... ; . . . . B ... d o. 'hit 
c . p .. i .... , ... .., .... d I .i",;' .. 
..<biu" .... T~. Fh l ~' CPU •• b .. ed 00 , •• 
NE C C MOS V. IO CPU I •• il< .i .. "" ' . .. 
'OCU,~ T •• fll,h' CPU •• e l.d .. [OAC (Ell.' 
O.lt e h O' ud CO II<cti oa) .,c ••• , f o r "."IC 



Of ulti .. , ... f,,,,.,,. P'" bu k·."','chd 
•••• " f • • d'" ".IO,C (i e. 'II AM O'.k'). ,,', 
h.,. ,. fir op .. "d •• f 10 10410" •• OK .. c k 
r ... CS ... T (".,'ed oaly 1>, u,n.1>" '1"" n<l 
'k' P"" of "' ..... y <hip.). Tk. cru, ..... 
'."'0' hird d ...... _, 2 ........ f pO ..... 

A •• mp •• i •• p Op" by""" 10huo. ("'A1G XOl 
.. d Chok G , .. n (I'<IAOI) d ... ';b .. ,h. CPU' • 
.. ,hl'«'.1< in .... h "01< d, .. iI . A p.pet 10, 
Bob M.G ... '" ( N ~ IIV) .nd " u old rri« (N KMt) 
d .. "ib<, .hc ",.Ili.,ukl n , ,of,,,, ... , l im 
O,A,," (WA ~ONG) ;. e.n •• "iml Lyl. ..d 
Ch,k', ", I,, -w"pp,d p.o ••• ,.,. '. ....'11·'.,,, 
c" u" ...... d . Tko II OM· b .. <d 10 ... 1101<1" '0 
.Ilow "'0'''' f.o .. d i ....... h .. b"O .. . i" .. 
by II... ,." lyElF ... ... l "'0.. ..d, bod 
.......... 11 .... d ,h. d.y .... UoSAT. 

A, .h, ,i... of "i, ",ri'io.. ,Jr.. ,,,.,,,,i,,,, I, .. ill io ,h. dui.. ph.... '0 
"'... o f ,h .. , 1"""""'" .... y , hanl' Th 
" ..... , ,, .. will b, BPSK .. Od., ... d ... d ... 111 
hay. i" 1'''''''' ". ,p . . chanlClbl. by I.ound 
'o ..... d Th ••• ".n, 1'100' ." f •• ''''0 pO"'" 
I •• olt •• 10 •• ' L, o. _ "'." •. T • • ' ...... 11' .. 
III'"~ 00' ",i.h • e' r"" O,eiIlOlO. 01 ,ot 
MHz . ud i. follo .... d br ''''0 do.bl ... '0 U6 
MH •. l -. i. dul,. i. b .... dou 1>7 S,u Sjol 
(,,·tKO). 0.,4.0 H .. d ... ( KElZ) i .... o. ki., .. I 
po ...... pliri .... i •• I Mo,o,ol • . '1RF HO d';v .. 
.. d I MIIF1S2 0.'1'0' ".... Th , •• II.CI • • 
'01<11' .0 ,~. d.iv" .. ,.< .. ill b •• o ...... ud 
.. ' .... d ' 0 b •• il~" , h • • 5 o •• 10. b •• 10 
•• 0.idO po.... .,11", . T . i, 'Oll'ct~' VO'<I,o 
01', b •• mp",.d ... ~ d .I ... d ,. p.ov,d. '0 '" 
" .... do ... I" . hlpin . ,. ..i.i .. i.. ,h. " •• ""i"." bl.d .. i",h_ T.n ... I"" d ••• 'opmc " . 
i. "'0 100' "1 d ooe i. C ... ". by Bob Popp« 
(yn ... o~ 

, 

\ \ 

C L UE 

Th, ",yri.d "'<ok .. I .. 1 d ... iI. ...... .11 
..".d 001 boto," w. e.' I .in. l. pice. of 
.. ... 1 by V ie l , ...... ( WD_ FAII: Diet •• d • 
... u.; ..... or mod ... C ... O ..... ,~ ..... d .11 
4 1O", i.I' "'CIC doft< .. i •• A.,.CAD ( ... FI," •• 
Jl. ,. 8001" ... ,.rr Z ... h. bcu , h.ph"dl •• 'h. de .. ".d .... h . ni •• 1 I.yoo' .nd find wh' 
pl .... d."', fll. A ".ho", •• d 1<11' modol "' .. 
b. i ll by 1111 .. i'h h"p f,o" Dick Daniel •. •• d 
... , • • ooi •• l mI>Ckup for .ib.l.i.n .. "i"1 h .. 
been b.i" by J,ff Z .... 

" .... .... be,Oft do volopl., ,.. M icr . .. ' 
< •• "1" . ..... ook • I ..... ' p.oble." , ..... d 
b . .. ""jD. .. .. ,.. •• • .. " .. ,1Ic11i1 ... 1I"k 
.. ,ko "" "'.f< p.obl ••• i. hildi., ... ,.i., 
h..... ..d ...... 1 l.dl.,d .. 1 100<101.. . "'_ 
.100 .... "d • " .. i,. ,~ ... 1I0 ... d • ' .... ti, 
.. ",, ' Ipp'.o<h '. ..I.ofl .. ori.. .i... ... 
..,leipOl' ..... 10" . r laue", I. ,be .U' 
few, ..... W ...... '0 ,h. <o " ol •• io . 'hll w, 
n .. d.d ,~ d .. "op • b.Hlk. wirlna '1'1' •• 1. ' 
wi'h all mod.'.. h •• I"1 .imil.. i" ... r ..... 
.. d "' ..... d.d '0 .. i.i",lze , h ....... be. of ",Ir" 
I '001 on .h . , .. k of ,olvinl 'hi . p.obl ..... d don.,,,. 'h, ., .... 1 •• , '.1 •• ' '.11 ' old. • •• 
.y .... '01·'· .. · 

Af . " • • p,."O! I .... be •• f .p'i .... .. . 
d .. I , ..... d.p" .... '0 ." . i·«, DB:! H · 
o i. Unce'O" 0 0 ... . ",od.l ... d u •• l) . 
.. I • • h' •• d. like I rl"'b' •• ,i"," ."c ... 
Of ,h. H ... i ..... ~ .. , 40'lI0 ...... d fo. po~ .. 
d,."lh.i.~ •• 10 •• ' 40' •• Cllfy p . c ker d." 
r ,o", ,h ••• eei ... , . ' ho C'U ond f.om .~. c ru 
' 0 ,~. , .. n .... ;IIe •••• d ,~ . r iul S "" • ., ... 
... d '0 ,,, , h. C'U ooolrol f.ne,io • • in ,U 
iodl.ld •• 1 mod.l ... nd for 1ft.'''1 1<', .. e"1. 

o , 

-+-t-+--~ l_., .. ~, .":.:::':: ~AT 
~.I~' 

!IOL. W''f' 
no 
, 

1---"" " • •• • • t ., , • • o' •••• •• . • •••• i • •• 
. ... ,. , . , .. . .. . ........ h" II • . 
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.... K' 
'n o,d« '0 oqu ¢<<< 0" '~ .. e commUd, 

co n"o l ond "'<m",~ fu.ction . in ,o on'~ fi'< 
"''''', .... h • • • bui ll • "'r . mo" (7 i n< hoo 
'onl!) LA N "'i'h the C P U 0< 11 0 1 .. ,h. net"'o, k 
m .. "t oo<le In<l <10 k modu'. bei., • " •• , 
• ode, D1I. <ommun i" .. io", ftom C PU to mod u l . 
con,i " of '''0 b~!e poc ke", 'h. fi'" by" 
( .... 'h ' h e MSB_') addren .. up '0 'lJ . 1 .... . 
.. d Ih • • <con d hI< ( .. it h MSB_0) " a '.bi, 
,eooi"d d ... f ,.'d to bo p.ned 10 the modul e 

~o~~'~ ~:co,;,~e,~~~iIY of "~d ' '" ~:' k ' d ~.:~", I.':i~ 
b y '" (T X D) of do .. on .nol her wit<. A" d ... 
""n, .,.j,h no,m.1 .. yn ch ,onou, P'O,,,,,O), , 

On ,he CPU . ide, ,hi . ..~n. 
,ene, . "d .nd « «i .. d by 'he UA R T 
'h' V40 chip. Th. p,otoco' i. e .. ily 
o n • PC. 00 ""inl eoch modu'e 
"Qui" • eomp'et< .. o, ); in •• p ...... f' . 

dill i . 
buill in ' o 
. i m u ' .. od 
do.. no' 

'n .. "h module, ... u,. a c'.v" IC: 'he 
Moto,o l. MCIH69F Addren.ble ..... ~n c h, o n o •• 
Re,, ; .erI T ,.n.miltcr ( AA R T ). T h e IH69 i, 0 

H'pin • • ,ro", mou n, pu' ("'0 ... iI.bl .... 
'O·pin eon .. n, ional DI P) .. h i.h i mpleme n" , he 
P,o,o.ol j." d ... ';b.d "dch '''y few .. te,n.1 
0"'" II h .. upat .. e pin , for 'he 7 . dd, ... 
bit .. ,It. 7 RX I) b", .nd ' he 16 TXD bi ... 

T h. 7 RXD bin are u sed fo, • nu mb .. o f 
fUfiction., Tke M 58 of , hi . wo,d i . u"d ' 0 
« 1'01 ''' '0, v,. di,itol fun<li"n.. ,d 'lt tbe 
eontro l dOl . .p<ci f i.d by I h. ,em.i ni a , 6 
bH. , For di .i to l funct io . .. ,h. 6 bin .. e 
" .. ted .. ' '''0 l · b it .i bbl.. .. hie h ""n" it UI< 
'he .dd".. an d d , .. fo, ,h "e CD40~~ 
. ddr .. "bl. hlCh .. , ,,,ul,in, in H bi " of 
di,itol d . .. b oi n, .. . illbl. fo, oo mtro! 
funo, ion, in 'he m<>d.le. 

,"' h.n 'he MSB " " '" " "0101 f.nctioa. , I.e 
6 b", ." to ~ en ... dd' . .... for C[l 40H C MOS 
. n.lo, mu ltiple... c h ip . which decod e 6 
disc,ete ... 101 telem'''1 ""'pi,, pluo fo . , 
, hetm",o... When • module i. .. I«ted i n 
,n . lo, mOde, ,h. "I«ted .n.I", .i,,,ol i. 
. .. i'ohed onlo ,wo ,..ire . (Oi,nal plu , ''' . ,n) 
,n the H·w i,. bu" o nd "'he. ,he mod u le i. de_ 
.. Io"ted the ' wo ,.. i"o . re flO. ted. A si nB I •• 
fu, S·b i, C· l . S. AID <on .. "" in ,h. C PU 
ha nd'.. .11 ' PH.e,.f, l ulo, te lemetry. Eoe h 
modul. i , .. ,poo,ibl. fo' p"·¢"nditioni". its 
" 010 , ' i!""I, '0 fit 'he O·I.}. ,.n , e, 

A ll Ih ... po " •. in c lud in, .,," .. op .mp. to 
condi, ion 'he t h"",i"or ,i,n.I,. plu , ' h e 
08H , p . «",f, but interhee cOnn ecto, .nd 
tie ·poin" f o' .11 ' ilUl , a .. d .d i n , h e 
modul .. are filled o n ,o I 7,1 " I IY boud 
.. h ich i . mounled o,oi n " on. .... 1I of I h. 
mod.l. r,ome, The i.t«h« bOlfd, in each of 
the ",I ' ve· mod. I .... e id enti". , e",ept 'hal 
the AAR 'f e h ip i. OIrapped ' 0 diffe,en, 
• dd, . .... , T hi, , moll boord h.. been dubbed 
'he AA R T boud . It .... desi,n.d by WlIW, and 
Bob Stricklin (N}BR O) . E. eh bOUd "qu i, .. } 
"'W o r pow " (.oou , I m. It sy), 

TIl E OTH ER ~"CRQS,HS 

DOV ~ 

So for we h ... d .. "ibed tb. 1"'0 Micro .. t 
PACSAT o; ,ho" , pon,o , .d b y A MSAT· NA ond 
AMSAT·LU, The BR AMSAT DOV~ .p.cce,.f, i. "ill 
i ft 'h o fin.1 d. , i , n p h..... b u' it w ill b . 
built f,om m'n~ of 'he .. m. pice .. . nd ~' i ll 
h"e the .. me . encrll ",echan;cal Ilyou,. DOVE 

8 

.. i" "on.mi, in di l i'i .. d .o; ce , i ,nolo i n 
'he 2M bud .. ith conventional FM moduluio • . 
Ru h. , ,h,n desi,ni., • diff,reB' receiver 
.y"<m ... e h .. d ecided '0 ho .. 'h. "ommo nd 
uplinx, . 1' 0 on 2M; ' h e DO \-' E "an.",ittcr .. i" 
tu,n iI .. ,f off .. er~ r . ... mi nu,,, '0 Ii"en 
for comm.nd " Onty the ',a. ' mi,,,, mod.t. i • 
d iff.«nt fo, DOVF. . A, of ,he ,ime of Ihi' 
,.. ,ilin, w •• f< p l, nnin , '0 u" di ff er.nti.tly. 
en.o d .d .oice , yn t hesi. « .1. ·del" 
mod. lotion ·) wi ,,, up to .·bi, ""odinl of , h. 
dine,en,i'l d.... P"limi.orr des i," on ' he 
.!><coh ' YB,h"i." hoo bee . don. by hh 
Mc O .. i" (N 4Y ) IOd WlIWI .nd i , bei. 1 , ;mu l . l< d 
u, in , ou ' ps r hud ...... 

NUSAT 

The Web., S, . .. f'lUS AT MIC ROSAT i. dirfe rent 
mcch •• icolly hom tho PACSAT>, ,ho .. n in F il"" • 

, . "P"o ' ""''"0 ' 

" " .... 
--- --- ---------". 
---------- ---- -.. " .... ",.. 
---------------."" .,. 
-- -- ------ -----...... " ... 
to • • d."."., ,.c,.", 

fta ... ' . , .H' lAlO U' 

T he m, jo, diH ... nco i. thot NUSAT ~ .. a 
ceo TV COm". i D 'he lOP mod.I •. Tlte TV com ... 
i, connected ' 0 , h i , h_ ,pud ",.I,i •• hnn.1 
·n .. h" A I D co n ve"" whi<h <on di. i,i" 
;hOomi., video ,iln , l, It 10 MH ... mple .. " . 
In d, .. i. "o , .d i. ",emor~ .. hic h co n 1 100 be 
.<cc .. ed by 'he C PU. Tho We b « TV camcr o 
modulo . nd C PU .. et. pl, ~ed i n ,dj .. .a' mod.l .. 
.0 th.. . he n .. ",o,~ co.ld be euily duo l · 
",,"ed. 

Th e u",ple ,Ue for ,h. A / D convert .. I nd 
'he iop", ' i,nol . .. ure. co n be .. I«led by ,ke 
CPU. Th o p, imITy .i,UI S"urce i •• CC D TV 
<Om" . eQuipped wi ,h I •• 1 .. "omeoh. n i¢.1 i, ;, 
built in'o il> leo ' , T he iris' . .p."u" e.n 
Ii so be co""olled b y ,he CPU. Th ... m ... • • 
f i eld o f .iew .llow • • HO k m ' Qu"e to b. 
im' l ed f'OM ,,, . .... lIite·, 100 km hi,h o,bi, 
T he ea", .. , . ... no b ly o<cupi .. obou' 1/ . o f ,h . 
. pa .. in the mod ule. It " pl.nned to u, • 
.ideo d, .. eom p .... ioD tcchn iqu u 10 minimi .. 
.lte d o .. nlin k dot . fCQui"menu: Web.. S,ue 
and AMSAT · N .... pl ,n '0 h • ••• 00 .... e '0 ' .pport 
these odv .... d video t<chniqu" ••• il .ble 
",Ou nd I, unoh lim •. 

Wob .. St .... 1' 0 pl ,n , '0 If Y , 1269 MIlo 
.idoo uplink, V id." diU f,om thi s uplink .. i" 
be di, i lil< d b~ tho ·fl u h" A/ D .M .. rt .. . Dd 
lo.d.d in,,, the d u. 1 ported m."'o'~, j ." like 
d o lO f,om the C CO COm"a, It io "'0 hoped 
IhOl the TV COm cra can be uoe d .. an .i . ib l . 
an d IR .p.e"o",,,er cover i n, 'he 400 '0 2000 
",icromet« ,.., .. I.ns ,h b.n d. 



Th. o'her N USAI modul<o arc .... 11 
id<n,ie . ' ' 0 ,h. PACSAI . and NUS"'I .ould b. 
.1 •• 'u,",d i.,o • PA CS AI ",«,1 1 by lo.d in l 
di(fCJcn, ", r, wa". 

Ih. "' .b<J SlOt< " . ", <o. , i,,, o f • ".",b •• 
of "ude,,", .. ofr o nd f ocult y m.mb.n from 
the C.n'<J r o, ",,,.,poc, I."hn .'." (CASI) 
in" ud i" ' Bob I""iU ' . Bob Summ<l ' .nd Chri, 
"'illi .. n~ 

TJl E FIRST MICB 05U I.AJI NOI 

AMSAI_NA ODd ,h. UoSAI I 'oup hu. wor k.d 
wi' h 'he F.., o pe.. Sp><e A, •• ey ond 
""ionn"pa.. '0 d ... !op 0 new ' " unc h 
ca pob;)j, y fo. .e.y 'moll Utoll;" . . Ih ; , 
.. ill be {jn' ,.".d OD ,h . I.unch o f the 
SPOI·l f;a"h R<oo •• oe, S ... II;" ;n .. . Iy 
19t9. On ,h .. flilh' .he« ... ill b. SIX , ,,,o il 
.... lId" .u' ro., Miet .,o" ud , ,, . 
,o m.wh., , .. , " UoSAI ,poe.c,or , . I h. o,b;' ;. 
.ct"y i<l .. , , .. .y"'h •••• u at 300 k ... 
, "H. d. , mu.h li k • • h. O . e .. _1 orbH. A' mId· 
l.,i,.<1 .. , 1' ..... "ill oCOu' , ... ;oe p" d.y .. 
p«dictoble ,im .. OIoun d 10 :)0 A.I>I .• n<l 10:30 
' .M. loc. 1 .im • . 

US I NG TIl E WCIlOS.H MULL IUS 

A, .... m •• ,ion.d b.fo«. ou' PACSATo .od 
" ·,b .. 5' ... •• N US AI u" •• din .. , AX.H pack" 
".o,ocol,. I o recei.. o n, of ,h. 'h"., ~o. 
m,,<ly n«d , •• d d • PSK denwd.I .... '0 yo • • 
10 .m «.civ<l, Ihe u p lin k t<qui«mon" .. e 
mod." .nd ,b ... ",. .. FO_I2. A, • I .... 'i ..... 
wh. "an , mi"" .. eb.olo H '''''' ; '' .nd u , er 
lo.d '. 1 die"''' . .om. • 'be Te« ;v« 
c~,nn.1> ... ill b. rer'OI .. mmed '0 hilber 
,p«d •. B., i~i'i. U,. i ,.u" •• bl •• 0 use 
• b. FO_ll , " <lIil< .• h<a ~ou.re oil .." . 

Tb •• p.e« .. f, .of' ...... 'h .. you ... iIl ... 
wi ll b. dniln.d fo, m .... '. b.nd". I .•• d ,h, 
cod. i. bcinl ... rincn by Bob M.C ... i cr (N.HY) 
wit b . np." f,o .... n umb« of UI. Ih. i.i,i .1 
•• f,,,,, .. < "'ill prob.bly lo. k v«~ "'ueh like • 
JlOItLI / .... AJMoL 80S '~".m. ...i.h • r. ... 
.1Ihan«m,n,", F i .. , or '". .h. promp' ,h .. 
'he ,,«IIi' . ... ill "od '. yo . ... ill b.ve ''''0 
I<'<m.tr y numb... in i, ,h... ot. yo •• 
,iln.' ,,,.n,'b and di"';,,,i ... o . met« 
"'d,n,' . Ib. d ioc ,;", i nOl O, met er ,ho.ld b. 
io" , •• bl, ,n he l p i" l ,0. ...... Y • • ' ,i,.,' 
in the receiver', p."ba nd . nd ,I> u.. ",ill 
b«om. mud"o,y .. "" ""I"" ,. b ;,hcr 
"plink , p« d . . Ih. ,p .... "f, 'of ,,,,ue "' i ll 
•• pp... ",.I,iple. , h". I" n eou. u,en. IheJ< 
"'. ~ be <.mm , nd. 'ho, 0110'" ,00 '0 "Q.'" 
• p«ifi, "'em.,,y inro.motion hom ,b. 
"'ellit<. 

an'i<ip", 'bO! m. c h o f ,h. .'ili'y of 
.h .. , .. ",Iite .... iI' b, .. on ••• m.n,u;o n o f .h. "".",;.1 HF I ••• _h,., m . ..... 
f o , ... udi"l """,ork,. If ,hi, pro... '0 b' 
"u' . ,h,n f.IIV ,. , 0m.I<<I , ...... , "";on, 
.. ill m.k , h.avy u" of ,h. .. telli" 
".,.bili.i" 

Ih.refo" i, i . ;mp •• "n, ' hu ... e d .. i lo 
bo, h .h. I.oun d-bu.d amd nilh' , of.w.. . '0 
" o, k 'o,eth" . moo, hl " ..... h.v, h.d onloin l 
~ i". " i o ..... ith , b . ... dte" of BBS .od . (Ii k. 
ltiORLI ood WA 7MDL) t. m,k< '." ,ba, bo.h , id<> 
,r the I • • k ,, ;11 b • • ndy On luncb d.y, In 
,hn. di"u"ion , .... hH' been do v"i ol 
" hem.. . 0 'hOI , h. bo.d.n of m.in"inin, 
,ou,inl ;ft fo, mUion ... id .. 0 . 'h' ,.oond . Ne'" 
f ....... di. , p .~'.'ol s in ... hich .b ... «i.i n , 
""io n tell. 'h. "nde. ..hOI m. n a l' 

• 

.dd ...... i ' ,on h, nd l • .,. b.in, def ined. It 
i. lik.,y 'hot ,hue ... ill b. coupled ... il b 
he;,.JCh;. , d o", .i"·o, i.n ,,d .dd .... inl " h.m " 
li ke .. e ."d b ~ ICP/ IP p.o,.c. i •. A u,,, on 
, h . WJIWI BBS "' .. old bav. .n .dd.... 'it • 
.... 3X ... Z@WJ IWLMO .US A •• d if I ....... ".,,'in, .. 
a I"'w,y fo. th. MD/ VA/ D£/ PA/ NI ..... I ,"o.,d 
b, .bl. '0 iofo, .. ,h. , ,,><<<,,r. '0 .. ad m< 
an y m .... I" ... dd " ",d. 

A, ,b, .. m. Um< 'hot ",.u""d" mod. 
a<, i v i' y . , 10;01 on. .h< , ,,.lI it< ",ill be 
I<nd;nl UI - b.o.<I .. ,," (;.e. UN PROIa) f"m .. 
... i,h ""m'''~ •• d bull"iu of in,,,,,, '0 
. 11 . On NUSA T . <li l itoU, encod.d p,e 'u", of 
,h •• u .h will b ... n' .. UI r .. m., ... hich ,,'ill 
be rc." .mb'ed b~ 'he .... on ,h. ".und. 

TILE f UTUR E 

W. h.v. " ..... ,. b,!iev, .bot 'b,., 0., a 
n.mb .. of ' •• nch oppo" •• i,; .. ' . L£O f o •••• ~ 
,moll '''elli'." .... h ave d<>i , n<d our 
Micro,"" '0 b. • .. ily rcp.oducobl. . A, n .... 
eo".biliti<> (p«hap, 9600 o. 19.200 BPS 
mod.m.l £.p";m.n ,, '0 fi' ,n'o ,h. IS F R 
mod.I,1 ) '" d .... Lop.d, .... f.cI 'hcr. will b. 
o;>"""un; , i .. '0 fly 'hem. 

..... ..Ii<;p", nOD _. motur U... of oy' 
".hnolo, y. I n;,i., d; ocunio", ... ith 
. <i •• , ;It. , peei.,hiol in ...... , .. phy .nd 
",.mOIOIV h.v •• h ..... 'hot ,he, h .... 0 ••• d 
for lo " ,co" do.. eolieClion , y"em ' fro m 
""'." I.cot;.n . . ..... ,.' id p ... , .<h.m, fo •• 
<o",,,,,,.i., liccn... '0 " .. II" ou, "chnolou 
;n ,h.,e m .. ke". 10" lik' .oyalt;.. f.om 
TAPR' , T NC l 1"0;'0' hav' p.ov;ded ... our« . r.. f.,u« <I .. el o p",.1 .ct;vi,i.. in pock" 
radio. .... hope .hot I>Ii.,o .. , rorolti.. ... i!! 
p,ov ide • • imil .. le, acy fo •• dv.nCtn , 'mot'u, 
.... lIil' !<chnOIO,Y . 

W. a lso ,ec 'hat t he M;«o .. , ,«hnolou 
p.ovid" • p«feo, ... . y fo . fI<dllinl ' P'eo 
,'Oup , ... od.,<d "'i,h o,h.. "'MS"'T 
o"oni"" on. ..ouod ,b. ...o,ld • • <1 wi ,h 
.",v".i,i.. '0 dc"'op ,h.;. O ... n .... IIi .. 
p,o l "m" D •• '' b< ,u, pri"d '0 ... M; ' •••• " 
b¢;.1 built by ""opl. (rom m.ny nOlion . , 

Ih. , poe" .. r, op,,"i"l .of'...... <on b. 
."Io.d.d from 'he , found, As I'IK6K an d N U IY 
disc. " in ,hei. <omp.n ion P' P". the ,,,f, war. 
.... will be flyl" 1 i, , h. ...0", .omplex ..... 
'lI.mp .. d i n .he a m" ••• "10m" p.o, .. m. I, 
p, . bOb'Y ... ill " .. b! .... , hO v, 4"iso.d ,~ 
.. v ... 1 .. re, ... d, '0 m.k. 'bit po"ible, Wi 'h 
'h is fl .. ibili,y. ..,. " '0 hove .h •• bi li l, '0 
tr y new ,hin". Per ho p. "" w i ll . ce ne ... moil . 
~'ndlioll pro,ocol. develo p.d wh i.h ... 
d" ' I .. m,. Per ko". ' f< ... ,11 >ce a PACS"' T 
p,o,,,mm.d '. b •• I C P/ IP FIP fil. " .vcr . A, 
.h. old .d'I' """, 

IT'S ON I. Y SOfTWARE' 

t ARI I r<C COI'!,"ENTS ANI) "CIII'Q"UDGMENTS 

I h, mo" impo."n, "I' .'" 'h at hold, • 
O,oJ<c' lik. ,h i. 'O I <1her i , 'he ".ojeCl 
m. n".,- W. or. indee d fortun.,. '0 hay, Jo n 
"' inl (W1CEY). wi,h his .. · .. lth of " p"i."c< , 
bi' <o.t . ,,, in ,h. oero,p ' " ;ndu,tr),. hi. 
mo. her- h.n O"""eo« ,n """nd;n, ••• f ,h. 
'i,o" or . p.... . nd h i. eo",p.h,,,, 
pcr",n.'i'y '. ",.k, 'u" .vcry'hinl b.p"" •• 

lo.·, ",I.c- bind. ,o,,, h ... ".m of h;, ' . 
".~nl .• mo , ion,1 ".i ... donn" who ' " 'Q.' I, 
.0mp.Isive, M. ny of ' he ... '" m.mbe" h.," 



i .... ' • ., • 101 of J AM .. o.n'." wo.kia . Oa 'hi. 
projec.! All the ,.. ... .. ... b ... hove hd t~ 
" ... 'ery .bick , kino to w;, hOl .. d 'he FL AME 
ON' <o ", muni ... iono bI .. " '0"" of u, or" 10 ' 0 0< 
10 ' em ;I, Bo b MClwi.r, D.i .~ Jon ,'O" .od Lr'o 
John lo n I II d ... ,.. ,pec .. ' ... d,' for . ...... 
. bo •• ond beyond ,he .111 of du, y. 

T~ il 1'.0;'<' h . .il n ifi. ' ~1 pl.y." 1I" ... d 
0"" .11 o~.r North A .... " ... w"h "';0' ""'i .,,i .. i. NJ . MD. V,,". F l . CO, UT. A:t . T.X 
ond CA. Unf"""'.""7 ,,,,.'.u. ,.d.O 
co m ... uni.otiont '" iud.Q. ...... I .. hep .uc h • 
di,pc."d t.. .. w O,kina ' OIUh.... W. h. ~. 
• t'icd he • • ily on comm~rc •• ' d«!ro n ,,' 
co m",un ;"uion chonne l., p .. " . ... I •• ,y AMSAT . 
• u ", ... k ,, 0 GTE Te le M. il 0-" TAI' R ', chnuh ... 
C"",puS ••• e. pi ... 10\ o f pho • • uU •. E .. ~y 
re '" ,," .. ath we •••• o ... m!)e. o f the pcopl . I. 
0.0 pL... ud ' '''' k .h door 10 m.~. U '. 
,vc,YOft< REALL Y ud .... ud . .. k • • I. hoppuinl· 

.... . hove m.do hUvy ~ •• o f .lIiou. CAD . ools 
d urin , ,h. deY"opm •• , a • • i.i.;e . . Mccbln i" ., 
I.yo., ..... d on. wi ,h A"' oC AD. O,:,- C AD . ~ .. 
.... Uy . , .d fa. do • • lopinl ,ch' ''' 'Un, .... ,I, 
'i l". P U ll Ii,.. ud aU li.u. CA D , C B 
11,0'" . scd $", .. , ... o.k. O!!CAD ,CB ud T ... ~. 
S .. F i, •• o } f .. . u ... ..,p'o of .01110 of 'h" 
... of CAD ... ho iQ"". 

~---- n ii!a -- r-
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w. hi.. doo, '0111< u p.ri .. ,.",;oa .0iOI 
hi.h".'~ •• , ,,''''or k iG, fo . ..cui .. , 
" . . .... ,,"lOui .... ' 0 ...... CA D dUI •• iG' .Y 
TOMCAT FTP fil , .<1." ... h i.h hll • SLIP PO" 
i n . " di .io n .a beiol on 'he ', •• , ' n .... ar k. 

Th". ... ,wo Or l lni .. ,i o . , no' men, ;on.d ...li.r 'hot haw •• o. '"b~"d • la , '0 ,hi. 
P.oj,," TAPR ud ,b. ARRL. F.r "" ... y of ,h. 
.01....... work,nl 01 ,", p,oj.co. , h. 
dilti. ,.ion b ..... on TAr!! .. d AMSAT io r .... y 
.inu .hy .«'" ' 0 ...... , .. .. hi " . • • • dd i , ;oo 
' 0 .he TAPR ; , n "'o r k ia , oa ,h i, project. TAP R 
h.. mId . .ito l .on"ib., io . , of f.nd , Oftd 
h .. d ..... , ... i,bou' whieh ... <o" 'dn' . mah i, . 
Spo.l.l .hanks . 0 A.dy Fu.bo.n (NOCCl.) fa, 
h.'pin •• 0 make ,h. TAPR / AMSAT i ... .r ... 
. 1II 00. h . At .h . ARR I. l.b. ; . N .... iDI . OI , , .. 1 
R l .. 1<l o .. d J on """ .. u.o ... d . .... , .;n l 
coo"ib •• io ... 

F .o ... 'h~ AMSAT or, .. i ... io", ' ''0 poopl . 
d...... • lOt o f credit . Vcr.. Ripo"ell l 
(WA2I.QQ) .... i"".~men .. ' in '''ORlio, ,he 
AMSAT-I.U Ind flRAMSAT pa" i.ipuion in Ih O 
p,oj • • ,. M."hl SI ...... itz h •• e tcd II _ o ,her 
,o.r.",o.. plid b,lI ., ~ .. dled ..... i •• 
lo,i"i<. and k.pt ... ill". .h.. i, Ill . 
dcop ;.e ,epeuedly «yi., 0'" ·Wh ... •• ,~. 
"'OtIc, oomi " , ho ... r . 
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'" Dr. T Itomao Clark, W31WI IUld Df. Robo,-t MeC ... ;e,-, N4 HY 

I. '''t roduelion 

TAPR ~"d AMSAT h"" ti&fl'!d a formal "I! ..... ,Dent which 
(.,..!I'II" joi"l I>I'Q~ . T ho pur_ is to hri~ tM rapidly 
ad""""in& Itth""""'«J llId UlChniques of diplAl aiptal p .... 
~ to bear on It... eommuWcatiou <>eedo at unal.eU, ...... 
d;o. The AMSAT-TAPn do.;lal.ip>a1 P~1I3 projeel. 
h ... m .... .. cady procretf OYer .he past year O<l both oaf, · 
... "'" N,d hNd ... """ Lyle JoI".-, it k.di0l doe h .... d"""" 
Mforl in Thocon and will "'"f'Ort on IhM pros"'" ~I.oewh..., 
in "'- prOC<>Odinp. W~ .. ill .. pori on """'k 110&1 i, 0Il­
soi'" \0 chooooe .. h.o.t .be oewod ",,,,,,o.tion DSP unit will 
look liloo . 

n... "",jed. hu beea -,.Iucky \0 h&"" _.I ..... 
p<oopIe __ ~.oo 0/1'.,.. valUAble~""" and in .. 
"'" c_oorne ....... 0011 ....... . Motorola, lo.c. and A.T .&:T., 
In(. ha"" 00n.. • ..! dev .. top""' .... ,y. "'ma, none of whieh 
.... hue nmni"l!l .. , tl.e l ime ,hi. it bei,,! .. du"" hut all 
w;lhi" day. 0( 1><'iD& h .. " ded to the project. n,,, pro.iecl 
hu ..... ui • ...! the .,.,. 01 <Omplete de".,lopo'eDt .,.."'rn .... d 
..,n~ for .bo! TMSnocu, T.!.'. =1 '-I t.h.o.t i. 
a"";]abIoo rOO" OEM' ......... the counteo".' That _";";1""" 
i .... ..,..,. I""" "';U ........ )'OU U>d that .. ill be ~. 
The TAPR-A MSAT project, wI><- ""'...", pl"",,;..,;..nd 
rulu,"" goat. )'00 will be told about hen!, klieYel ot «>n«ly 

110M we "'" leoilin& ... ""leur .lOdio into ""w pooaihili\i .. for 
• ped al pur-p<>O< oorrtmoni<ations mod.,. ~'lJI: '" ~ ... y !WI 

R'M'Y and packet and Ih ... in""!vi", many """" _Ie 
in It- areu do OIlr fucillMin& bobby, Indeed ib """'" 
~_, l hi. could .-j .. lhe inool_ ib maJl1 <Ii II.­
~a1iI1 nIOdo:o oi!:Jlilltantly. 

2. Sonware O" .. "lop '''" n'' 

Al lhe 11.1' nelworkin& conl~ .. m"', ..., report"d OIl Ibe '1""'­
trum analyr.en and . rD(>(\eo> 10< lhe ~io<> of lAS· 1 0< 
FUJI OSCAR 12 and.!>out "",«oi", ooflwan: ...,..ko.l lhat 
li me (lX2). 'O",...,..k conti ....... \0 eonph.oai ... """"",",,. 
and appIicatiano dofUl rou ..... I'....ro.m. _hid> ..... at lhe 
heat! do 011. """o,tum Maly .. 1001 •. AD 00/\ ... ..,,, dl"orto 
in the PI'OI y., ... ha"" been on either lbe OSP-IO boArd. 
.h" p,."jo:cl lU;<tuired from 0.:1"" 00 Spry (3) 0< "" th. PC­
~Ion .. in which they "II>. The FUJI 0..: .... 12 modem took 
on a n_ &w"" ""hld. h ... t-n ""ry dF""I;"" in deonoo­
.".,i"l!i the funct;""a1 ,"trIalilily ol OSF .p~ 10 

""m",,,,,i<ui.,... syoteml. We dccid<d to add A DEL-202 

rnodulalOO" followl", 'h" 1200 bps PSK drn..duluo<, Thi. 
."abI ....... \0 cop)' lhe.~ from JAS-I wilh lhe DSF 
board lUId lin unn>ndift<"d tnc. W. ",ill he ,,.inS Ihi. pi""" of 

•• 

00/\ ....... ., aI'''''' """ in tbe comi", """".,," &fin it hu hom 
RIOIUfi<"d to "'n on .. dediated OSP box lhe !,<oje<l wiD 
produ"" lot Ih" be,,,,HI (If .. mateur radio. 10 tl'e urly part 
of ,,,,d )."...-, PACSAT 1,2. and 3 wiD he launch<"d. PAC­
SAT 3 will b.,.., .. ccn came<. on board .. iUt primary 

"'iui.oa. AU ol l'- • ..,Uite. ...., PSI( "" lhe onbou-d 
I,.,..,i".,.. at ..... bec_ 1200 hi» and 4800 bp&. n... 
n s p D ' ....... " ... ;o .. pport tbeooe _dliln .. the demodu· 
laton. Th" uplinb..., M~ FSI( wilh ,he ra'" 
.. before, TIlit is a100 ~ .. y \Q produc" and will be par. 
of the ooflwar • ..ark tllAt .,.;nlwo available for distribulion 
.. ilh I .... initial uni . .. 

N4lIY also hu ..ark;hl\ a Hilbert tnDIfono demodu­
I ... or, ot , .... type ntenlioned in last ~ pn:>oeedinp. in 
OSp MiQOI 'C' <:<><I.. and IeoI optimal,~ ill TMS320IO 
<:<><I.. ( d..., '0 smaller dala . pace) which demodulale QPSK 
.. I tAtn up 10 9600 81'S, DrsK 10 ~800 b~ cohen/ol de­
mod for GMSI( 10 4800 bp. all ..-ith tbe .arne CArrier And 
dat .. eJrtr""l ion loop. T he (lnly change i. tI", in»ut <>f the 
,ninim um allowable ph .... I,..". i,;"" duri", b4udi",. The 
dala deciAort aJ&oritlunl ditr .. UlIlSidtto.bly f.O<I'I """ type 
........... \Q the """. bullhe..."., basic ~I itt CO<DIDOID 

\0 all ,I.- rD(>(\eo> • • In oome ~, fit_ o:oef!lcimls .... ..., 
to be chanud ( manse. COU»le of doat:n auruben in the 
dAla) t o """'" for d ilferen\ width spec .. ., dc. The CO<l'l· 
'1lOI> Ih..,ad io Ihe "",nodulAtion of ph ..... modulMed dat .. 
tipal. i. """"'" mot<: "I'parent than ",hen Ibe <lemodulo.· 
lora .. " written in oon ....... e. The OSPMiQO I i, fully capable 
<Ii Soi", fuler I""" lhe Dumben menl;"" abcwo:, botl thea: 
.... tho upper limil. d .... to the T MS32010. 

N41fY tu>d KA9Q .... w O<l OSP and PC ootlwwe 
thAI dMo OSCAR l3 PSI( telemet.y modem fWlclionoo and 
a100 don <kcodoe of lhe telenlcl'Y framerr from lhe opace-­
.,eI •. Thi. "'U ....,d 10 moni tor lank preoll'''', b.o.\tery 
voI'aga, and m .. ,y OIheo- crilical valueo ,.I .... i,,& to .be 
health and ..,I£....., of the .~ecnn durir>« the m tleal ""­
pnemlt& p ....... irnme<li"""11 ful.]awir>« lawoth. The m<><I<m 
.... b ....u \Q _all .isnaJ to ....x. ral.ioo I>OW bu. could. .... 
oome ""'"" opIirniu.lion do the par..",., • .,... which corum! 
l he ph_ locked loop which io al .he heart of lhe 0)·'· 
le.o . 60lh Ihe 0.. ... 12 and 13 modem. "'" hMed on . he 

Co., .. Lo<.op ""modulalor {4}. The W<lfk remo.inir>« 10 be 
done il lhe <>p'irniulion of the ,,,,,,,ben in Ibe I_ram 
which ~ 110<: dynounkal behavior of t .... 'loop 61....-· 
which dc\.errni".,. il l _ponre 10 varioo.Io phue ..,d fre­
qU<!llC)" =<>< il it Iry;", \0 elimi ..... e. Thi. ohou.ld allow­
I .... nsp modem.o 10 wwk down to smaller SNR in I .... cue 
of 0.. ... 13. n", dynarnioal beh .. ¥>or of lhe loop .-do I<> 
be difl" .... nl in 110<: cue of lo~b doppler . od hig. S:O<R • .,<1, 



... will be tho c"",, in tbe PAC$Ars to be IM,n<i><d ""~, 
Y""'- ( ~)( 5)(7 ) 

Two ~pproacl ... to h<l2Q2 demoolllatafO haw, heel, 
Mtcm pk..i. 0 ... i. a PLL used "" ~" FM demodulator 
Rnd the o.locr i. a Gil .. " ,ti.(tim;u~tor mooto", . Tloe fi", 
a tt empt. to t,,,,,k II>< (''''tu"""y ,.,.r;",;on .. ,be "~"lIlh~ 
ckm~"" lrom an" tone to th~ o,It.".. The latler divide; 
d" p"-"band ;n'" t" .... I"" "" h)' u.i,,~. 1''';> of !\It .... Bi, 
d«i, i"", an b"""" upon which filt.". sh"",. a highcr "n~"TtJ 
"""'C"'. The foTmeT allow. fOT much helt", ,1>.\" <=;~, 
,le,,,,, '0 be b"ill .. ".] the I .. "e, .. e"';", to ,_ify. II C'I.II', 
be .ao """,II h,n"" ,I, ... We will hlt"" '0 deal with the"" 
"..:.dem .. as 'he OSI' hox and lx''''' hardw&te "",.kUla 
c<~ne along to ,",pI...., th<JH. Ncv<nbeJe .. it i. of., I,,~ 
"""""mie in«,..,.' to Jetennil>< which of ,I .. approach ... 
AFSK can be 10<:., 00,,< i" "', inr.Ip""" ,"e OSP chip. 

On" of \10. 10001 I'O"""rfu) tool> lha, OS? allow ..... 
, ,, m~kr. ;. " "I'ed,.um analy.." Thi. h ... wide applica' 
bili,y to many ""'AS. W5SXO has pV<1I ". a very nie< 
EGA ,Ii.play f.". one of om oarly I .... ' 10illier 'ra""lom , 
,,,u,in ... John C=. WOOFI!G 10 ... p ro<tll<:ed .... ,.,Iul 
nSPSCOPE IJIui.y 10' d"i,,~ .. , ""di" ascilloKope {w"," 

I i"" ~~.1 i, _ko nicely fa< enmiD~ wavera" .... Fl"flnklih 
A,,'''''io. N(;:\ I\ F probahly lu.s lbe pri"" /00- .'i,ring up 
.h. '<COp" as mod, ... ""yon<. II~ WIot" a !'QUti"" , ba...d 
nl'on Ihe work of Bu"us MId P,.,.ks 'Mt run> in the PC 
,.J""1l ... i.h .he display routiD<S. It did a credi'able joh 
01 ",nnill,!; a. dose '0 the """", ,peed .. 0,"" do,,", by l be 
an"hon o f lhi. paP"'" and h. ",.", 'he OelllfiCO Spry hoard 
only for ....... p1il\&. It i." .malkr FIT hul the d;"l'l"y"'" 
a"t"..,~' EGA, CGA and could t;., Inon"" driv~n. In"",ti· 
~.t;"" hy N41IY ",,,,,,,led 'hat n",.,,,.·P,,,ko had.he f ... t<c, 
FIT', alrMldy do .. " i" TMS32010 cod • . T hey ""eded q\1ile "bi, ,>I ch~,,& 10 run on the difF.rent ucl>it.,dure of the 
05p·1O bu, . b"}" ha"" .lIowed relll ..J"",t .~..Js '0 be 
done with "",,·half .i.., oon'l'\ex FIT', "'ViD~ , ime and 
'U>r~, TMy...., a)"" m""h f ... ter M lhey "'" "uJi~ lour 
and r..ruI 8 FIT', ",ilh tit"", and two h" tterfly·. ""pee' 
'i".,[y. Then. partial butterfly i • ."",.\cd to take lhe half 
.iz" <orepl"" FI'"T ~"d ~t Ihe ",al .i~ FI'"T o<,tpnl lrom 
i •. Thi, P""" ... a much m""" .cri ....... loot I", ,,,,,,,,l,,,,n 
analysi. of audio .i",aI. , (Theo< "'" ',..,al' ' iSnal •. TI,,,.., 
.hat come out of 1"'" .peaker ",e real val" .. ! oi~nal.). 
The end<: 'hi "ms on the PC i. heint; optimized to run 
;n hand ooded lWOffilhl ... in crit ;cru ",us .. 1",,,, t be .pte<1 
bot.leneck now ui,t" Li".,,, ond p"""", di,pla~ "'" now 
....".kin~ alan~ with a v"';e.y 01 otber funclim ... Thi. ill a 
~",a. d....:t fast", thaD the old ",,,tiDes. 

We ~'" 0.100 ,'udyi,,!! in <:ans;,ler.hle 40.,.;], the apti· 
mal , \" ti.,i<o to be "oed in "'"~U: .i9'0.1 de.""ti"", problem.. 
W3JWI d id • 4o'~ikd looled at the "M;otico of ,he .oi~­
nal rc,urned from the """on. This study alon~ .. ·it" ,,00'" 
"'I"<.~.I ;"1'10' (,"''' Dick Go~l,tein of JPL , and Vince I'oor 
(8 ) of Unh·e ... ity of Illinois aloo ~""e 'lO.ome detailed i,,· 
pu, ahon' .h;" problem. W ilh the ,..,.,.,nt llUe"",", 01 [21\00, 
DS!' t = memlxr from' t,aly, ;n ,«ei"int; hi ' ...... " ed >O<."S 
from 'he moon, we "'" oy.in . purrffl nn 10 applyio~ Ihi. 
.:ork ", the ,uk of ',uly Qllp EME. This t<>dlIliq'''' .. ',11 
not ....J .Jwuld ,,'" be li",i ted ' 0> QIlP EM!::. It <,.to ... d 
probably .... ,I1I"'rlo'm much better o.Iong "'e~k oi~llal p".h. 

",",,",;ally. 1, .bould ~"" VHF· UHF ' )' peo; a tool ,hat...ill 
allow QSO'. W!i,,!,: ';&nol ' , ha' wef'< previo...!y un,,",able. 
The <:<oho"","" .im~ .Ioould he ,n""I, kon~er ,han .1>00<- r.,.. 
turned lrom ,he "'''''''' and tl,e «0.1 power of .he FIT will 
.hi"" ill th""" <....,.. III the earlr e'l'crimen" d,,,,,, by ,be 
. u'ho<. "'..". " IW mile I"',h Of) 70 em .. ith 'Mellite "'"'""1' 
""'''' ...... ,undi"l1 ' 0 say the k .. l. T be 1'0"'« could 'lOt he 
t me<! low ~~,ouy. M K4 HY for W31WI '0 I,,,,,,,n! o.kt<:<· 
t::"'" on It., o<,oe" ",in~ a crud<! d;'pl;.y IK<Jg'''''' ' Thi. "1lIl 

""d should he "",sited ",>on 

A1\otlter appU«t-lian of tlte FFT two<d 'peclrum """, 
Iy .. ' ..... t....n oc<up)'in~ the t l"",V>t, of V[;3.1F , N6NKP. 
W31WI. ""d N4lIY. One 0/ the """,,...,a,, in paCket r .... 
d~, "nd !IF di~to.llI>O<k in ~",,,,,,aJ i •• [,.,tler mode'" Ie'! 
lIF. The "",e",l idu ia to $C"d moT'< 'loan Olle tone at " 
time ami encodin~ mou th ... one hi' of data .Iu,i,,!! CO'lcl, 
haud 01" . i9'0.1 <1em<"I).I. TI,;" will &l1"oi .... "l""~ par. 01 
the dam~ lIF proP"@:Mion doco '0 .. di~i'..J oi~n"'. -r:1x 

[nuh, ..... 'h prohkm cau&ell each .ip>alli o~ elem<nt '0 "'""'"" 
I,""u" raDd.."n num~ 0/ .. flwon on,1 011 ",rivi,,! a' dil· 
forent times. Tbi. can cawoe dao'ruct; ' e i",.,If"""(l«. If 
you ' i3n31 a . .. .Jo,."r ""Ie. the likelihood 0/ , his rnuJ\ipolh 
di" ""tion caushl& you to maloe .. <k<i.Kou CITO' SO<> down 
ooDoidcrabl1. If we CII"O<k 6 ],;ta in .w, oipu>l elem ..... 
""J .hen I. "".,";l t.],i. at 50 ~aI clement. J><' occood 
(50 l>aud), ..." .. ill he traosmiltint; dat... al 300 h it. per 
"""""d . Sevcral ,.Iudic. bo.,.." I""", d<" .. which ,bow tha. 
"""",,,,he .. '>eM 50 l>aud i. """,Iy op.imal /or lIF di5ilal 
I,,,,,,mw ioo in tb. 40 meter ... "J 20 "' ..... hands. Thi. 
i. 00< of .he ~,. AMl'OR i .... sucoeooful a' sctti~ 
the d .. t .. throoSh (~witb its relentl .... ",.""",m;""ion). 
We need '0 'pend .. ~t do:al,noJ"e lime de",lopin~ Il,i. 
."""bili ')'''' it w,l! he of ,,,,at benefit to UF diSila! 'r ...... 
miosion modes. 

' 2 

N41t Y bas cor .. i4o",cl "",,,, to! """"iolty lOod .. o ... r .be 
I .. , l"'M . The 6 ... , to> "",ei,,, a concerted etTort 10"" '-n 
WEFAX·Af'T. This i, the Automa'''' Pi. I",,", "Tr....,.".; •• 
. ion II"Of" the NOAA WClUhcr .. ,.11, ..,.. F\Jf ."",,,aI yeo.n, 
"''''''y ",I""",c< books (Tt.ulllt from 73 and ARRL H .... d · 
book) loave d ... "..,.J tha, a f'ta.e locked k>op i. not the b.., 
way to ~o in roP1~ weather f'i<:,,,,,, ITO","",io';"'" fmm 
t he low eIOTtlt Ol"hitt;,,! "",alher ... tcllit~ • . The ocheme u...,.[ 
by lw,h NOAA (US") a.nd M_ (USSR) satellites i , to 
enrod<J ,he pktu", ,,!em ... ,.t .he currenl li",e .. Ihe "",. 
p~.u.k cl. IOU'" '0" •. Fo< 'h" NOAA bird.. ,hi. i. '""'1 
d"." '0 " Z400 H. ,on" , ""nl into a .,iJ. hand ( , OKh.j 
FM "ansmitt .... Wh ... the ampli ,ude i. near .oinimum, 
Ihe vict" ", i. hlack . When 'he amplitude is m""'mmn.he 
pixel i. white, The oo.me ;" .rue lor Ihe &wk. ntdli'''' 
.... i.h tbe exception that tbe", i . qu;le " _ian<. ;n II>< 
{"",,,,,,,oy of . he '0"" fl'O!n "'''' _dlit~ '0> another. Moo 
I'LL '. used in the demod"la. ion of . h""" ...tell,,,, .i~n~l. 
are fi .. 1 OTder PLL', w,th """y ,,"'<OW bandwidtru. in or· 
.I", ,hat ""'''''cry 01 the .iy.&I m8Y he dOll< in noi", It 
would .1']>""" that "'''''' of 'hem am t,,,,..,d for the nomina! 
("",uencJ' of 1400 II. u • .,d by KOAA , When 'he Mel_ 
... ",llit .. , wi!.), , hei, I" w mod"la';on indeI lor black , ar~ 
uoe.l wi,h these 'mistnned' fi",t oTder PLL'. tlo<.'Y .I" no' 
f" nction prop"rly ~n<I .he """~t . "'" f".'Of. 11" ", i. a .t nx,~ 

c..., """"'pIe ro. usin~ nsp. No,hi,,~ had '0 be <h .. n~"1 



in I,," pwt;r"'" '" ",o.k.o i . """,k PERFECTLY wi .h .he 
Mo."", ... ,dli .... U""I''' ,he f""luc"cy_ U,,, ... chattPn, one 
""~ in lhe DSI' pms •• m,.he ...,modu .... .,. -..bd I"""" 
""'.11 and ,he r .... pi( 'ura <>or , ..... ";11. lbot M~""'" .. ,d. 

~\OO .... P<d .... b1e '0 NOAA pK'Uf'eII .. """ .he d1 ....... k. 
~ io . ", .. U.". in <he NOAA pOd""",_ Thio '''0.)' '''' ~ 
... , ... ., 01.", "'" t",pn woriIin, 00 i~ ..., ....... <>=><1\, lor 
, i>eoe pie' urat. The o:cmcluaiort i. ,hal ,hoe Mel_ "'s....t. 
..., ~ .... "in""'u. duri'4': ,hoe !'ie'''''' even ",ft",,, Ih. 
UlO<I~I.,io<> fall. 10 ,mall ampli'u<k. A fi ... , o,oU' I'LL 
will ju<' ,,,,,,,ive a .",all error oi",oJ durip« 'I~. period ."d 
will hOI aJ,jWl' II", I~'_' If you have .. omall f""l ""''''1 
""ror lho PL L ,..i ll juot , pin 'hrough ,he"" ...... or Low ... n · 
pblud. m,,<Iul .. l;on ",,<I Co"":: oul " f ,he'" wi,h . " ... Uplo ..... 
trroro ... """". Thj. p",""""",e yield. """",a! dll 01 oipta! 
." n"i.., ralio i",I""'''''''''' over the producl del""' <>< .. p­
~h.....d in 0<) ..... "y W EFAX-APT detDOdulalon. 

3. lI. rd ...... d " n .. ,ed, Fu l ure D S P proje<U 

The ..... jo< 1)51' chip """"'fac' .. ...".. I ... , ... both .. i"i~T 
.....:I unwilLindy been 01 ""'" aid '0 lb. DSP p""ject. 
Motorol .. don.t.ed ,..., OSP~I·., .. '-" ROM .. hich 
iDCh>deo a ...... ,; ..... , .. ",I Loue bo.rd. for """"Iopmenl pur­
_ 10.,...,. P""ject. The DSPr,ro(ll ex"""U. 10.25 mill ...... 
opero.'''''''' per """ .. ,01 .... d Ihi, Dumoo i • ..., un<k ... timal~ 
<>f i •• ,eaI npat,;lit;.". The "".,0" ... L .. , like Ihe 7 .1. d>il' 
...., bave heen ,,,it'll, i. d.oeo in parallel Ih_ ' I,i,,,, ... Icid> 
n>.ale PSI' ~)" effki"" . OIl II""", chi,,". lI".."ver, of ftll I) .. 
"""",d ,;"""a,i<>n .hiflO ......, hve ~VII.!uMed to d~te, Ihi. i. 
ck..-Iy lhe "'''"' ca"able_ E ven wilh""t <....,r,.,1 rodi nl ..... 
• honld be .bl~ ' 0 ",'n 10.2 khpft wi,hoo. "m<h p""'Ic", 
doiDJ! both FSI\ .... d PSK ",001",,,, ,I. "",..,...o.l diff"",nl ' ..... 
net ;.,.. L)"1e Jol",.on, W.HC XD . ...,od 11", ""II..,... h~ve 
ronoidc.ed .. 11.1 . 11",,1d lH! ,be next olel' after lbot DSP. I, 
wbid i. """Ii"""''' iD Ibn< 1~;'4':'- W'" bel;"'" I .... ' 
.." ohou!d "" .... -'1")' ,,_ble OSP hoa.-d l luu ";11 . ... 1")' 

.he OSPOOOO I ., h ........ " ... hi<h will be .. nilable .. .. 
~ e .... d lor the TMSl2Ol0 board io. ,be 051'· 1. 
S\eoe 5"""i&l1. KAOVRE, i. buildi,'lI lhe M".<:L<"<>la c\o.­
... t.ed kit. fOO" lbe project., Saiou.. ood.illl! will bqil1 "" 
.ltio <.vd 0"" .It ......... rue.ioo i. <omplo... St.,... "' .. 
0100 ",.p .. "libk for _u';Ill! ,ho donation lor 110" project . 

N1'I"ZZ. D~...., 1'ruly. b .. h«.>me "",II kL,.,.,." 10 ''''''11 
tcp. ip cntlo"oi ........ . he <u"",nl .. u.bar and m",,"'3"" of 
,h. bm maile. P'OVRm i" KAI/Q' • . n<t.eu pro,;'''''', n .,.. 
cently, D .... w"" ... kr<J to join the OSP micmp"' ..... 1101' 

'''PI'''''' lIrou p a\ ATT. Shortly .. t,.,. joiniu, Ihl, 11""'1'. 
D .. .., be,;"" poolti"l .he <on<cpl of .hi. ,roup ""',at;", 

' 0"', baro ... ....., IUld oon"""" 10 lbe OSP I'rojtt. . The 
",,"'I' Io!.<Let h .. clecidoe<l 10 do ""~<11y Ibat . The OS,, · 
32 """""",11''''''' ""';;'" with l be .uppor' oott..,.,." wiU be 
dooated 10 .h. ",o;..e •. 0 • ..., ;'Ie.....w.,; .. mud> DSI' .. 
he can an<! ",ill .. 1.00 be , •• ,rk;Ill! on ~ ro,. ,boo 051'· 32 
with N4HV in O"f>POf' '" "'" "'101 ..... ''''' 'M DSP· 32. We 
bdieYe t hai ,hi ... iII be I uoeful (mId",," for . be J'II"O;..e' '0 
""".;0.,.. ron..'rucli1'll' 

Comp"""," CAll I" me'i",,,,,, .,,"" rn..o.l<c w, .. h , i"t; """,. 
I,ib" ' i .. ,,. '0 our ell"or ... We don't 'un, II""" dowJ, i"" 
""' .. ,,"" .1",), did,, '1 ;",,,,,d f,,.. Ih"", 10 be Q/.l><;, ... iil! Nt H Y 
..... ,..b ~I IDA/CR.O il> p,j"""."", 1'I"J. He ..."ko i" ,"" A",a 

01 .~nol <ktodioo and .. Iim.tioo . AiotJ worki'4': l bo::t-e i. 
M..,,,.,,,,.,-, Q ui.k, Ph. D. All '''''neer fP""ioli.iI'l! in DSP 
.. '" oiyWoo. The,. ~~ \....-." .. , ... "" m .... y tocltnieal pro.;.,ct.._ 
Dun". , be oprilll> <II ,bi. r-r. Nt llV Lod 10 '" 10 EDt;. 
I&nd roo- work al the !ime 01 lhe ""« .... ""herint; 01 p«>pIe 
op<cializilll! iD oi,;n.oJ an<!.peocb po ....... i,'! • • he annual iD-
t.ernllionol --iI'l! lponooo-ed b)' ,he A..,.,.. ;"", Speech, 
...,d Sit;nal P""""";ot; _"100 0111>0 IE EE . M"""",n de­
cided 10 II" 10 oil , ... >don and t;athcr .. much inf<><mlLioo> 
",n DSP chip" and lbe la"-""' produc .. r", the """'-"fil ol 
Nt HY. While doilll! .lcio f .. vor, . he had .. caro f,oo, T.I. 
• • amped ... e..m ",-"ndo< of .. T.l . D5P d>;p PfOdu<I. ~ 
lun)intl .hi. <aro ...,,,bled her I<> !>""icipat.e il> lbe oIr"wio~ 
fur Ihe t;nnd pri • •. She """,. She SO' Ih. ASDS from T.l . 
T h .. i • • he eompklo: .,n",ace de""l",m .. nl PC 1'1", in o.,.d 
fot.boo TMS32OC25. The ''''''''0<)" chi,," alone, 128K of 25 
n_d ,II';" rnemor)", at" pu .... &old """" if they'""" 
oiliu.,. She doe3n't own .. PC. Thi .... iDJ! Ihat 011< """,ld 
...,...,.- .. .., i., obe olorled 10 "..., i t t..."k. RHJi.illl! 'MI 
IIki • .......w be death and ~1ru<'1on upoe> her ,ei,,", Alld 
her ... uoJ part .... findi"l oul lbou, Ill .. euriouo circum· 
II"""', """ d<cid<d in I ...... oil..... Tho! bo.rd ,..,.. has • 
po:rtnaooent boone in t.h.: 386 n...chine ...... il\l: ... he QTll 
of NtllV. nut 01 counc, M..,..,.,n mly .... ;. ANY tim .. 
_ .......... O! 

We will he CW>I"a'i", tl.- DSf' chip. roo- lhe TA PR 
AMSAT OSP pro';':':1 .,><1 .,ud)"i,,! 11>0 1><:0 . ... y I" m>.l«: 
ooe <>f all theoe~. With ,.111"""" d,-""clopm~ tool • 
.t our d;'p<>UlI. we will b.- .. b le 10 t;i"" .. rai. ",-.1" .. 1 ;Of' '0 
~""h of .he"" chip. ",,01 find .ho: "''''''lI. h .. "d "",>ok""...,. 
of .",,1.. T hi, will be r~porled in II., """, N •• workio~ 
co"f.,-.."., •. 
t . Futu . .. , Pi. io I .... Sk)", . ! e. 

Il the fu,u", '" the 0 5 1'·1 ia .. bri&bt ....... hdle"" il "';ll 
be, one do II>< ",eo.' bend! ..... "h ." ""tIi .... """,Ld ]>fO'I'ide 
wooWd be .. OJ) cJucati""oI 1001. It _Ld I>< lOll i""""l"'-"n • 
.i..., o.p~ '0 h"';~ ~a1 dill"",,,,,, OSf' dOp. ~ 
",i,h I hMt po ... " 1<1 i",,,o1,,,,,,, with i • • vailabl. 0<1 "', 

"""" anhitC."c\,..., lor J1<"9""'minll. Tbio .. ~ fut-....,­
at"." ,adio ""pcr-imcn<o1lioa ond fOl" eduea.iootal pUrpoo<-"!' 
.. hich "'" not eaoilJ oo:pe,oLle in I I~. c--. 'flwo n,"""" 
COlOt. to..".,., 01 Ihcoe <kv.lop"",nl .,,&1 ..... for e""h of ,be 
D5P .,.,i"" i. """"raJ th<>u ..... d doll", •. FOI" oL.:.u •• he """" 
COlO! ODe could "".., .. Jc. <.J>'Obl" d~""k>pm"'" sy •• em b,,, 
be IW" 10 po. mo.ny diff~"'''1 <hip/bo .. "l. in ;. tor e'-,,)­
,,~,ion .... ,d = " I,,,,ioon . Th~ oIwioll . ..... 1 ... 10 educ"lion 
doco not """,I to L-e oclH~ rurl!"". Thi. p~rl;<" I", 
proj"'" h u ton o."dience 11.. , Y".l ly CK'-"""<I. o.ma'"", .~_ 
olio ... oome oth ... It""e io ,he put . We " ' ,,,,,,;,,,,,,- 'han " ... 
ha ... be"n io <be _ , ."d .... e Iooki", Rt \1L .. proj.,,, ... ~ 
me"'" 10 do l"'",,, P'''';':':''. The in~. in ,I>. oul,<"",,, cI 
.hio "",oj,,,. io <kmon. ....... ed "" ,na.l<>< ... ""pania dona" '4': 
hanl.......,...-.d ooIl .. ..., valued ... ""-"nil .boo __ 01. dol_ 
I ..... The awli<~liono.,..., l i mi.ed~· 1""",1e', ima&i"" 'ioc 
and .i .... "'ore tbooo any ",her r .... _. 

A. eYidenoe Q/. ,n-;p« inle1 ... " II,e I£P.£ IC.tSSI' 
''''''''il1~ tor tl>< -..i", year i. ill Cta.t;-. 5<-oI1..,..j. Tbl. 
i •• be ..... . ", .... inl 01 'he "'''''I' .. here tIL<- TMS320C2~ 
boud .... """'_ T he .. o'h" .... OJf ,hi, I'""" I""",, bad IOC ' 
""p",,1 • I"'per 00 'h~ D51'· \ ... ,d (I"r p«>j",,' fUlU ""-" will 
""1"" ""'" our ~ro"p III . hi. """f~,.,.""" ,,"x, Mo.)" . 



:'>. P ""I, le .. "d COndU800IlS 

Th<: ."""1'). in ,hi . pro;"':1 ~ .. ha. il io T~.U)' .bout. The 
alTa)' or laic" .. aUi.,.) ag';rlS\ the conunu""' ......... >CC<b 
of amateur r.dio ;" very imp","';,..,. We ~ to 111.,,1< 
C"""""Y. ~:'D F r.,.. ho.r;inni,,& '0 ' 1)' ",oJ &I"" .. "'".-.&,"" 
C<~Hr'" Ioc • • ;o" !or illfonn .. i<>n on DSP. r aul. Io: n"MU 
""d c..u""":r have .Ion~ .. ""'Y ni~ job of produdlL& .. 
..,ru"nat ic of t ho: Delanco board for the ;olemal ..... of . h" 
pro;e.:1 member •. II hM ~n i",..:!",,!.)" ";d in dec,"i", 
" 'b", .... do,,~ W""'II .. nd what " 'M d""" ",;1,\. Jnhn, 
WDOFHC d~.rr"' . .. II"'.' deal of Ih""b rD. It .. ",.il<,.,_ 
of th e OSI' di.kelt"._ TAPR i. &hoo mi,;hty lucky . '> h.we 
Andy "" ..... "".n. NOCCZ to "" prosidenl . , 'h" ,· .. h,e of hi. 
"id in mMo.&in& II", DSP projc<:1 .,jmini. lra.ivd y ".unot 

be ".,,,,,,,,.im .. 'cd. By ,,",xl ~ar, ... .., . h",,]d be "".., IcUi,,!!: 
Abo>" •• ,Jllhc ,,~ .... ull' .hat .", .. un .he OSP-I . We hope 
... v~ra.l of)'O" will h."" i. ill ~..,..r ohaclc by conr~~ .i" ... 
in 1989. P .... 1"'- who hA,..,~tWof~,_bop.. 
lb •• , hi. DSP yea.- in ""' .... b ... ~n~&hleucd)'O\l. W~-.I ... 
..,.ninrl .. ofl~" we can. Look It.\ t .... people who IOU wri l­
i", II .. 1"'''''" on DSP IU>d on PACSAT. The "po'>lni • .,; 
law,,," dale early ""KI y<:U will DOl ..... 1 while DSf' C"",,. 
no m.ller how Jo..th8ome the proo!IJM'CI ;.. W","""..,.. you 
write a ~_t on a )'<&l"II ....,Ii.-it ies in a 9"OUI' ... a;~ 
and wideop.ead ... tw. i •• you inevitahly lea~ ... " ,., con· 
u ib"tion OUI that ohould h"ye be.n d_ rihod . If we ha~ 
",ade soch .. f .. ux paa. it was inadverl~lll . F'<>r 11..- of 
you with acceo. 10 ARPANET. you mOlY 11",1 the cnti.., 
<:<>olenu or II", n Sf' mail w . ttibuli"" .. v";l~hlc i" " 'ver&! 
di.ken" i"'''«d. FTP \" lomc .. l.pf"." ..... s<'" wi, h ....... 
11"",,1. TIl<! DSP di.kcU." im,"«"" ...... avai l""le in <Ii.....,. 
to ries OSPX ... """" K i. I)", nUDI~ of I)", DS P w.ke.", 
;",alle. ENJOY and ,hank. £00-,..,.... ... .,,,,,,,1 and """lin...,.! 
in"' ..... t. 

R EFERENC ES 
[I] Me(; .... t. R. . · DSP !>Iodo. ...... w • ARlit.. Sull N._.~· 

"'I C""f<"',« <. A~.t 19S1. 
12] Clark. ,.. M>d McGwi .... , R. . wn.., AMSAT TAPR 

DSP l' ro;o.I". ARRt.. SizU. .vt/ ..... li'" CO.,jCNcft ... 
A,,&uot 1981. 

3 ~a""" Spry, SiI"". Sp";ns. Md. 
• Card".,r. F . Ph .. I"".l:«I T«ioni", •• , Wil~y. 1979. 
{> CLo..k, T, PACSAT project .,,,oj,,. .. , ........ "l""O<:ftdi"V. 
6 MeG wier. It , and Prioe, H .• PACSAT.., , ... "'". ,II"",,, 

p1"o." ,<:tiinS·· 
17] Jo)"".<",. L. and O"",n. C., PACSAT Comp u\"r, til ..... 

l)r""O«)t!dinS·· 
IS1 Poor. II .V., A" I"'rool",,lion 10 Si"._1 D.I.~ li"n ... ~ 

,0;. /1 ..... 1. 070 • Sprin~<. V~rh.,;. 
"I TA PR, 'n"., 1'08 22888. "TI II.COIl . A~ ."USA 

110 AMSAT, Ine .• sro S~SO A~~ .• SU;I~ 601, Sil.~. Sprin(l,. 
Md. 2I"1044, USA. 

14 



: 'uWA RO THl:: !'lJTURE I t>! THe AMATEUR SATELLITE PROGRAM 
NeXT STEf'S I N TiiE GROUND SEGKE NT 

0 1 Oc tober 88 
Coul·tney Duncan. N5BF 

AM SAT Vice Presid~nt fo r Technical Operat i ons 

AB STRACT 

As AHSAT leads amateur radio with new technologies and mo re 
frequency utilization v ia amateur satellites. it is necessa r y f o r 
the cOKlKlunity of sate llite users to make corresponding expansions 
a n d upgrades to their ground station facilities. This al lo ws th& 
amateur satel l ite program grou nd segKlen t to more fully utilize 
the facilities available on ou r satellites a n d to e xpand the 
s cope and amount of amateu r operation carried v ia satellite. 

This paper s p e c ifically overv iew s some of t he rat ionale behind 
upl!: rades to mode L . phase shift keying Dlodems for satellite b s sed 
p a c ket radio. computer aids in the shack . and the AH S AT Orbital 
Data Hanag .... nent systeD. T he pu rpose is not pa rticularl y to tell 
'how to ' implement station improvements but t o tell ' why ' they 
a re needed fr OID a broader context . 

THE PRESENT IN THE SPACE SEGHENT 

The years 198 8 and 1989 pron ise to be two o f the most producti v e 
years in the a mat e u r sa te ll ite program to date. With th e laun~h 

of AHSAT-OSCAR 13. the dr e am of an amateur radio relay in a 
use f u lly hi gh orbit has finally been a ch i Eol ved . The facilit ie" 
a board this b i rd offer ample r oo m for e xperime n t ation and 
de v elo pme nt and a foretaste o f the P h ase IV capabilities n o w on 
the hor izon. With this new t ool i n place, i t is now time to 
begin wo rk towa r d phasing in a serious am o unt of public service 
and emerg e n c y <.>o mmllni c ati o ns p r e parednes!;: vi<l satellite . 

A fe!.> Ilonths from n o w. AMSA'r 's fir st sal v Cl of Hicrosats will \"0 .;. 
l au nc h ed. Two of the four n e w satellites will be packet r ,,\(~it 
IIlllilboxes . used both to e nhance t.h e packet mail f o rward in g syst'O'lt, 
bv contact wit h 'lutomated ground segrr.ent h ull etin boards "'I'd ~ y 
d i r eL' t individua l access. The other two Hi crosats wi I; be 
r~ceive-only for most. u sers . ol1 e a dig i tal ker. the othe r a c am"·· " 
wh i c h wi ll downlt.nk d12iti2e~ picture s an d te l eme tr y via ~'aok e t 

un p r oto fraliles. 

ThA traditiollal O~(;AR op~rators al' e hereby L'all e d u gon to l ~sd 

t.i ,e way into th is n ew lir!!'. T h;'~; is 'i:l op p <, r tuni t.v t o be ir ,~n 

th", p,"1'ound lo-vel of some new and ~):ci tin>! fa ..:: e ts o f fI!'H.teur 
radi o a nd t.r,,,, "rvu )ld swel l of ", th e rs . 

•• 



"HAT DO WE HAVE Tv ( )U~· 

'\c\" t~"r radi o eJlt~rpl' i slOIs (it. ,. 11 l ev."l~ arc f r ... ll ..; I, t. Wi l h t.h .. 
... .,.I' '. Jf< oJ' .) V ~ I·:> &~10uf; "'Rti"' '''ti"tl I;I.n .. 1 b Url1':lt;t . H('.\01 Jr.al,y ti .u' ~· 
n;Iv ~ y e ll planned 3 pr D~e(,t tor YOur s ha c k tha t. w~ s II liLt l e l e l' :, 

i~. t ~) to,. b i~ tt,O!] fi n d It dlf fi C'll lt 'Co "e'C slarted . k~ep 
·:·' lr,>'! .• ' r J!et t' inish~d ? The ~. allle t hing !',appens wi th bi.l!lier 
~·'·' , .i",c L <l nnde l taken by lllrf{er j:[rOIlPS o f hallls. SOlleti.,es. 
~' r o.ie t;. ':.t: t ho.t succe~d at all do so on I ,.· aft&r passin~ t h r ')ug h 
III ~IJ'" ", a l rs of ha nds. 

; Iow f) u t steady progr ess lIla de in Rma ll er steps is an effeg t i ve 
WbY to maint" in !!Ior.entuill a!!long alleteUI'S and gr o ups for l c.ng",r 
p'~ rl0ds 0 1' tille. In developing the AI1SAT groun<'l l!<egllent o f 
s ~t ~ ll1te o p e r ato r s . th~r~ are ~a n y drea~s an d Ideas of what c an 
:;\ n -:l should be done . He r e a re outl ined so~e of t hu next ste ~Hi t o 
.:I<lt. from ","pre W8 ar e n u w t. o ", he r e we wan t to bto i n the next. 
i ~"3di! . 

WHY 00 WE HAVE TO DO I T ? 

:,utel l i t e cope rators and s atellit e b a s ed or support. e d .. c tivit. i ... s 
s hou l d share i n al l o f the types o f ac tiv ities that co ~p rise 
anateu r radio and sh o uld lead in many o f then . This in c ludes OX. 
C I!I~c hewing. nets, emergen o y drill s . we ak s ign a l work. public 
f> ~rviC!e event s , digi t al, TV . spe c ial mod e s. and sci e ntifi C' 
research. t o n ame just. R few. 

Wily is t.his ? Be c ause sillilteur radi o lIus t relDsin st.a t.e o f t. h", art. 
S ta te of th e art in th e l ate 1960s implies gr sa t er co v e ra~e . 
bet t.er quality. and greater reliability thl\n i t d id even ten o r 
t we nty years ago, jus t as it doss am on~ our com ller c iel 
co unte r parts I n commun ications and broadcasting. The :lmllteur 
~ate l1 i te progr am pushe s a nd expand ~ the e nvel o pe of amateur 
tec hnolo~ies, it does not lDerely occ upy it. 

The a~a teu r sate 1 1 i t es o f the present. and i ."ned ie t e fu t il 1'6 

rep resent the beginning of a capability tha t C6n extend the ease 
of use and fa c i l ity of local VHF repeaters and oLher s o lid 
nn ~lmu ni cation $ support f a cil iti es to n a tiona l :lnd int~rn~tional 
scope. Satellites are n o lo nger the domain on ly o f 
~ y'pe r j ~enters. and the tr~nd in that dire r ti on h USt. c Qn t in ue if 
... 1< a .. e t o expand OU r SUPPort base snd cont in ue to ju»tify our us e 
of f r eq u encies , launches. an d Qther pre~ i ous resources. 

SP EC IFIC NF,XT STEPS IN T ilE GROUN D Sr:GHRNT 

In order t o be~ i n a nd lIaintain o p &rat. ion al do ... t' l ooll ent s .. n d 
events , me .. ber s of t he ground f<e~"f'n1:. t hat is. amat"'ur OPE- r"to r s 
w i th s ate lli t e s t at.ion f'. "list :;;t.art ..: j t ~l ... artai l, lIli"i~'-'1Il 

ca p l\bili t ies. Today t lli s . ' eans C ~ a r.d si.:jpba nCl ... ar·1~bl l ltV 1 ,)r 
nodes A. S, and J . hit an o \.h""r ...: " .... :,h j", ,., r·" ,, " llt" . :-'~ ,. 



l r .. nt:; c~i ver l< f a ,· t .... o r.eL lIt' S a nd seventl' "entill .. ters and 1;1 

reCelV., r fo r t e n oneter a. Ad d }o' M r e cf;l ption o n t.wo af;ltf;lr s for 
UoS AT do~n link~ . ~nd t h e o pe rat~ r has $Oll e c apability for ea c h of 
the !llIate ur sa I.e 11 i las n o~ runct i on i ng . 

TnIHI ... un it.s wi th a pprop r iate an t ennas and ac c esso ries con stitute 
a capabi l i ty t o r peop l e t o talk ~ith each o ther vi a satellite , 
the haseline s atellite user configu ration. 

COHPU TERS 

Ham shacks of th e future wit hout so me kind of cOIlPuter will be in 
the minority. Even tod ay, it is difficul t and in c onvenient t o d o 
erfec tive satellit6 work wi thout elect r on ic c oaputing eq ui pment. 
A stat i on equipped fo r d eve loPllenta l o r r ou t ine sa te l lite ~ o rk 
needs a coapute r ~f some k ind. 

The compute r pr o v id es t wo basic functio n s f or the satell i te 
o p e rator: ~at e llitp- tra c k ing abi l ity and a data cOllllunioati o ns 
terminal. 

A c oaputer c an do aany ot her useful things t oo, sone out s ide of 
d irec t utility f o r a~ateur radio. Thi s paper, f o r e~a~ple . ~as 

drafted and fi ni shed ent i rely on II. conputer. Hllny >;"nateura. 
bec ause o f their in trinsi c interest in scieno e, e leotroni cs, ar,d 
logi c . find co .. pu ters interesting in thellse l v es. I t is, h o~ever. 
n o more o f a requi rement to be inte r e s t e d in c omputers per sa f or 
them to be uSb ful in s a te llite work thsn jt i s fo r the coo k t o be 
In teres ted i n the inne r ~or kings of a refr ige rat o r in o r de r to 
n eed o ne in the k i t c hen . The h ardware and a F e~ pr og r aaa ere the 
req u i rellent. n o t ne c essar i ly initiation i n to the lIIyst i c al c ult of 
·ha c kers . . 

The oOll1puter needs one o r tllO cOll1mu nications a cc essor ie!'!. a . ,odell 
f o r landllne d a ta handling end /o r a t e rlllinal n o d e contr o l l e r 
(TNC) f or pa c ket radi o. These al o ng ~ i th ·co .... u nica t i ons 
s o ftllsr e' wil l a l low a ccess t o textual and tabul ar info r .. ati o n of 
interest to a .. at eu rs , satell i te o p e rllt t:lr s in part icu lar. T he !rIC 
1s also the first bu i lding bl o ck t o ward the g o al of doing d i!;tit. a l 
co mmuni c ati o n s Il i th the s atellites . 

PHASE SHIFT KEYING 

A s tandard TNC-~ ca lles " ith a Dui l t in ' radio .... odelll. it p lu~g 
r i ght in t;o t h e s p ea k e r And ", i c r o ph o n "! j a o k s of' a radio and t h ~ !l 
\l aes andi o f r eQl1..,nc y shif t. keyjnl;! ( AF S K ) ... it h e ,· o n F H n l' :;~B T •• 

se nd d at a t o ot her st,8 t ion s similarly equipped. Satellit e 
bui Id e r s have sa Jact",d a rl ifferent In o(illlati t:l " t ec hnique f {'r 
tra n 311 ission Froln s a l ~ lltt*s. one t hat s a v "' '' D0 1-l Dr o n t t.~ 

s I'Itel l ite (al wa vs a p Al· ftlllvUn l (;on c ern) by alJ o wing b e lt e ,' oj 8T.~ 

r ... ,· ', v "'r y " ' t il I .. ~l': s;~""I. 'r hlS t.fh'Un lqu ,," i s .- ftlJ .,d ;;>h!'l ~@o ,.;r .• f r 
\(I)vin p," I r ·:.: ,; ). I Tl s te~d 0) 1' ~ .:'ndin~ .1 it'r .. rent t onr- s t o' r" P tu:\<",n t 
.1il' t ... r e n t. o ,:; r ,'l. P~~K (·tllI" !': E-!' the pha,.~ ,:o f t IT"! ,10 wlll ink '~ ~l " i"' r 

17 
- ', ' 



PH:. re s en t the sY lnb o l s o f d ip:ita l data. 

I':: j( i s. b y the way . t h~ way t. ha t ALl. no n, ina l eonlnll o j('('o, t i c'n3 [ data 
a nd dlftl ti z oad v o i ce ) a r .. tran S.l i t.t El J t.o ann I r t' ln tnoa ::>w ac 6 
;~ ; l'J lt. l e . bo th on S- Ba nd ~ r (Jund s t.l'lt. ion a nd vill f. h" , 'ORS SYf< I.ell o n 
1, >1 b a nd. Use o f the UH F AM tr an sCfi ivers is rar e and is li lllt .. d 
, c. s p ec ia l o i rculls t anc e s . 

• be s ) J(n.!l. l to no is e ra t io di f feren c e bet wee n the l e vel requ i red 
i 0 r ~ Il a c c e p t able bi t e r r or rate u s i ng AFSK on FH i s about 4 dB 
" r usto r than the l eve l req uired for t he sallie error rate u151 nq 
p~ , l\ . The d e c ision to u se PS K for digital sate lI i te d o wnlinks 
, fr o m Oscars 10 and 13 , FO- 12. and the Hi c r os a ts) wa s a nd is a 
3 ("'11",'" an d pro p er eng in e ering j udqement. T he s allle ad va n t a g e i s 
,-eal iz e d o n tarres te ria l circuits. The iIllpli c ation s are 
tan t ~ l izing b u t b eyond t he s c ope o r t h is p ap Ar . 

Ll nf' o r t u nlltely. the use o f P::>K IIl s o IHl kes a step aw ay f rOIl t he 
po p ul ar modem tec hniquas t ha t al lo wed t he use o f unllod i f i ed FH 
t rans c eive r s in pac ket redia . The PS K dellodu l ator i s so me thing 
t o b e a dd.d to the existing THe and c urrently raqui r e a a s ideband 
r adi o . T he s i deband radi o s hould no t be a prob l em f o r s u lellj t e 
op e re t ors with t he llinillU Il station ou tlined above . but is amo ng 
the major o bs tacles s tand ing i n the way of pr os pe c tive new 
satellite operators . 

In te rll s of p ac ket massage f o rwarding. the Hicr o!b at, a 10111 1 be t o 
the HF S k i pn e t what the rai l r o ads were to the P o ny Exp r ess: not 
t he u l tillate ans wer b u t a bilJ s tep forwa r d . In t e r ln s o f d irect 
a cc e s s lIail handling, t hey wil l improve geograph ic s cope and 
d elivery tilla significantly. Pos s ib i li ties f o r mesn ingful p ublic 
s ervi c e a nd elle rgen c y cOlnmun i cat i o n s ~sing the pa c ket satellites 
d i rect l y or indirect l y will soon be svail able but c an on ly be 
ful l y ut i l i.r.ed i f there is signif i csnt and c o o r dinated s uopo rt i n 
t he gr o u nd segment . T hose o f us who a r e a l r ead y s atel l i t e 
o pe r at o r s ha ve a head sta r t snd a r e ca ll ed upon t. o lead the way 
in prov i ding the facilitie s and organiz i ng the ~erv i c e8 . The 
f i r s t step is fo r each ope ra tor t o g e t that PSK node~ o n the air ! 

DIG1TAL S IGNA L PROCESSING 

D aci~ i ons concerning satellite digital modems. Anal o~ modes. a nd 
u s a~e are not always Inade wi t h the d e v elo pment o f a l ar~e u s er 
b a se in Inind, n o r should they be . It c an. howevel·. be 
f r us tratin" as a digita l use r to encounter t he need f o r" new 
node~ pe r sa te l l ite. We expe c t PS K Dodells t o b e s ta ndard 
e qui pllen t on future TNCs. part icul sr ly t he ' all lIode ' v ari e ties 
::; s PS K bec" .. e s Ilore popula'!' in satellite. IIF. and VHF 
t er r este r ia l wo rk. 

A bette r so l u ti o n for an alla te u r sta t i o n t oday i f; to:> Il~;~ di g i tal 
signal p r o cessing (DSP ). ~a s t cf\ l l y. DSP us<."s co mfJ u le r !'< a nd 
software to do wha t cir c uit!!: and hardwl'I.re do i n ha ll !': h3,; il 
assessories . Ana lof. fr o m A rarli o ' s aud i o Or l~' fl tA,(en 11'> 



';! 'U,,, l ed , lapld l y >lnd roao1 into tne C""P' l t e r at; It. SQri QS o f 
nu .. b .. rs . The ('OllPut,er c an !' roc e ss the numbers or gen e r ata ot h e r 
series o f nu . ,be r s t o be con ver ted bac k to analog t o g o ou t on th e 
radio in .. ay~ tln d for uses l illl it.ed on l y b y the ina gi n at. ion . 

SpeQin 1 i z ed f i 1 ler!'l . mod en~ o f vi r t ua lly a ny t ype , s pect rum 
anal y s i s . or just pla i n digital r e co rding of sounds a r e jus t 
sof t.ware changes to a I) SP sys t em, a nd so ft1.ls re h; cha n g ed just b y 
loading di ff eren t p r og r ams. 

I n .. an y i n sta n c es , DSP based fUnctio n s a r e su p erio r t o t he i r 
IInalog hardwa re co un terp art s s ~nce they c a n be made ' dyn am icallY 
ad ap ti ve' i n so f t war c . T h is me a ns t ha t t h e p rog r a .. c an monit.o r 
its cond iti o n s and a lte r i t s elf t o i mp rov e pe r for ill ance o n a spl~t 
sec ond b a sis , 

The thi ng t hat sells DSP t o h a ms f o r t heir hOlle s ha c k i s t hat 
this is THE truly .. ul ti .. od e b o x f o r d igi tll l and IInalog 1I0des. 
'f ou c an buy equipIl ent, today tha t does CW. R1'TY . wBa t her FAX. 
£>lIc ke t a n d A.l to r, and y o u c a n b uy SSB a n d CW f il te rs for s ta n d Rrd 
t ransce iver s , bu t whp-n a dif fe r e n t lI ode is i nv e n ted o r st a nd a rd s 
o r d a t a ra tes change i n the f utu r e, you' re o u t o f l u ck . With 
OSP . n e w .. odes, st and a r d s. o r speed s ar e 'only so ft1.ls re . · lind 
~u ch o f that s o ftwa r e will be pu b liosl l y a va i lable, You wil l be 
ab le t o d 0 1.ln l oad i t fr aIl a packet o r tel e pho n e bu ll e tin boa rd . or 
f r c Il a Hi c r osa t . o r acqu ire it o n II. d i s ke t te li nd y ou 're a ll set . 
The pos sib i l i tie s f o r r eal o p er a t ion a l f lexibil it y a nd 
op t i ~ i z at i o n a r e exc i ting. 

Curr e nt l y . a t e a~ o f d eve l ope r s o f DSP so f t 1.lare i s wor k ing on and 
testing p r o g r aiis to do .. any bas i c fu ne t. ion s: test e quip .. e n t, 
s lIt e l li t e d i g i t al and anal og o perat i ons . e xtr e .. e l y weak signa l 
wo rk . and ~ode .. s, Huch so f t wa r e h KS a l r e a dy been wr i tt en a nd 
t es t ed a n d i t ro mains o n l Y t o f it t h e rou tin es in t o us e r f r iendly 
and au t o n a ti c c p e rati o n pa ckages , 

OSP ha r d wa re is n o w wel l wit hin t h $ a mate u r p r ice ra nge but i~ 

s t ill n bi t expensiv e fo r casual o r app l iance o p e ra to r s. 
Hlll"dwa r e is n o w und e r d e v elop llle n t by !In AHSAT/TAPR teBID wh i c '" 
will bfl" p r iced cOln p etitivel y wit h ot.her t op line digit a l d"vi (' ~<-;. 

Agllin , !I S with (' ompulers. o ne n eed not b e inter(1st.eo:\ i n or 
apprec i a t e al l t he in t. ra (, lI c ies o f DSP hll l·dwar.., .. nd so f tW Are t ~, 
use OSP e q u i plf;ent in rout, jne It.''I>~.t.el1 r ope rAt ion s. I nne,ed. o n .. . , :. 
t he aills of the O~ P deve Jop .. on t proj"'~t is t ~ provide 
e xperi~ e nt ~ rs with i n teresti n g ~ o r k o n t h e one hllnd while 
prov id i ng a v e ry h a sic t ool for routine. no~inal o p~ r ~tton8 o n 
th", ~ ther. I f a s ha c k "n .. pu t er cnonp l"l res t.O th~ k',t.che n 
re f rige ra t o r in utility , t he I) SP b ox co mp ares t il " lrlicrowllv;o; c~ v··" 
or d i s hwashll!r . 

Very littl .> i~ pnvisi .... "ed i n thl'- fut.uro) o f thto l.l. 1IA.t..sur :":St.1 lli t, ", 

!{ r ound SI'!i;(III ... nt, t,hal. cenll('ot, he- done, w.th ,. stllti tJn consl st.in.:'" ,;;1" 
t. he r:u r rellt. ..... !. SQ me up , ... .;. .. inl' ","'TI e r ll t. i o n i")f t h,' I·sd u·.s. ,"'OlrlPqt"..I·S. 
flOC; nsp h",..-I .. " .: (oo a va iJ ."lI:">I ... nt) w! 



ORB ITAL rJAT A MANAGEr.EN'r 

A very p ra c t i c a l st e p t ha l is b eing t ak !m to f't r "' 8 111 in e l he 
.. r t" Ot· t 'l r eQ u i red {"o f t. h e Hllt ", ll it., u s ", ,' c o ml lll nit.y i o t.l ,~ 

.Je v aJi">p me n t. o f AH SAT ' s Orb i t. a l Da t. 11 H6 n a ¢ e me n t. s y ~~ t e R' (DIJM ) . 
:'- 'In .1 I1'' ''' n t a l l y , OD ~ p r o v i d e I'! fl c en t r al i zad p O Lu l o f c o .11 o c t. i.<:.n a od 
,11!lliU! ll e nat i o n f o r o r bital d :l. t a . Ke plerian a lell e n t !> and o t he r 
·n f r' t, ., a t\on 6 r ~ co l l ~cted by J\ MSAl' f r o ., j;(o ve r llilent a n d o t. h e r 
.1t'Hlrces and a r e ent.ered into a datftb A!'<1'l us i n g s o f t war e t l,a t. 
,-:i re/lil l y ap p ra t s "" s t h e datil. e n Le r ed . !;olle b ut no t a ll 0 1' the 
»ni; r y p r oc e ss is a ut o lla t ed . 

Th ... cent r61 d a tabase i s upd ated regulll r l y ( we e k l y ) and t h", 
in:' OZ"lHl ti on i s r e f o rlllatted i nt o st a. n d ard t fl bl e s and 1l6d!! 
a va t lable t o o p e r ato r s i n the for .. 0 1' wi de l y d i st r ibuted pflc k e t 
r a ,1 10 b u ll et i n s , d Olol"nl 0 8d llbl e BBS f i l e s . a od p r i n t.ed lIlat te l' . 

~:n ct 1I 5 ", rs !'Ire th .. n pro v i d e d wi th a ut il ity t o r e ad t he da t a f r o ll 
t.he se bu lle t i n s or f i le a ( o nce c a p t ll rad fr o lll s o ale di~ it, ll l s o urc e , 
p lI" ke l. RB S . 1 l!.nc11 in e BB S , s atell ite . d i skette, o r wherever ) Il nd 
HPd 'lt .. t. ra c ki n g p r og r all d l!.t.a fi l es a utoll a tica ll y . T he f o r llilt o f 
t he bul let i n s i s be i n g u p d a ted, e nd user u til it i es f or pop u l a r 
tra c king proi r a lll s a re b e in g wr i tt. en a n d mad e ava i l a b.1 e , a n d the 
s pe c i fica tion s and p r ocedu re s in v o lv ed i n end u ~e r au to upda t ing 
are be i n g e s tab li s h ed an d doc ument. e d . 

Fo r t ho se t.hat enter nel-' e lelllent set s loIeek l y, t. h i s s ervi ce will 
f r ee u p a half h our t o h o ur o f t i me every week . For those who 
n e v er u pdat e e lement se t s in e t.rac kini prog r a lll, t. his pr o vides an 
e ltt. r e lllely e ll sy me thod o f o b tai ni ng up-to - date a n d a c curate 
in f o rlllati o n regularly . 

L BAND 

The re c ent loss of par t o f o u r 22 0 MH z U . S . a l loc a ti o n is a 
shoc k an d cau se f o r con c ern to all allla t. uers. One of the fir s t 
q ue s t ion s that aris e s is , " What ca n I-' e d o t o lIec u re our h o l d o n 
o t h e r s pectrum wh ic h Ilay be threa ten e d si lll i l arl y i n the fu t.u ro ? ·· 
Amo n g the lIIa n y p os s ib l e cour ses of a c tion, o n e o f the ~ORt 

e f fec tive i s t o f u l ly occ upy th e a ma teur band s and pu b li c ize t hat 
occu pa n c y a s widel y a s p o ssib le . On e of t.hs Ilo:, t. e ff~ c t t ve way s 
to pu b lici z e u t i l i z a t ion o f a n am ateu r b and o n a n at i onw id~ a n d 
worldw i d e bal'!is i s t o u se s o me of i t f o r a lin k t o o r f r o m a n 
a llateu r sa t e l l ite, thus th e d e c i s i o n to i n c l u de L ban d u plin k s on 
O s c ~rs 10 a nd 13 . 

II mOVEl up in fr eQ UEln c y l ik !'! th is i s resisted b y «Io men t u m i n t.h s 
use r c o ,.lIIunity, the ,.o"e ntull o f a sta t . ionary I\ ~ s s. Ne v el· tha l ess , 
It mus t b e a pri o ri ty f o r 8 S ma n y s ... t e l 1 it.e OP (l r fl t o r s a s 
p o ss i bl e , i ncl udi ng n e w o n es, to ~I\ ke th e Ilove lip fl nd p CPll l at. .. 
t h e!; e b a nd s. S a t al l itp s o f t.he f u tut a wi I I n " t e. v e n use 
l' r eque n c i es b e l o w seve n ty c en t illeto) r s. L bllJld equip Dl .. nt. 101 ; il b e 
am o n g the min i llu l!I r e qu irallle n ts t o o par atf< th f' f:: ~ s a t".] 1 i t " f; A! 
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aIL. 

I n a f~ w ~ore years the neco~B it y o f si~ilQrly ~oving up t o S 
band en ~asse will be appa r ent . This i s n o ti~e to fall beh i nd. 

As ide r'r oll speo trull preservation, tllerf'! are oth e r good reas on s t o 
exp l\ l1 d u p w!\rd . The on e ten meta r lind t wo t wo .onetar s at.ell ite 
al10C'1ations ar e only lOO KHz eac h . Even if these !\ lloc at ions 
we r'e e xclUSive for satel lite use, whi c h they ar e not, they " oul d 
not s upport the type and level o f comllunicati ons required to 
really begi n pr o vid i ng a~ateur se rv ice s that ne e d to be supported 
by sa t el l ites. The 14~ . 8 to 14 6.0 HH z slot i s parti oular ly 
crowded and prone to i n tra-se rv ice interferenoe, oontaining an 
upl i n k o r downlink fro m every a~ateur satellite in o peratio n 
today. 

A PEEK AT THE FUTURE 

AHSAT has Ilany future plans for the amateur satellite ground 
seg.onent . As a trad i tional satellite e nthu s ias t. o ne o r ~ore o f 
the s mall to Iloderate s tation enhan o ement s tep s listed in thi s 
paper he lp to p r e pare y ou for that future. 

I mproved pa c ket forward i ng, fast soan TV, 1n ho use" AH SAT 
satellite trackin g fa o ilities (an extension of the Orbital Oat.a 
H u nage~ent syste~ n ow u nder devel opment) , analog and digit.al 
rapea ter li nking, comllunications a ccess to the lIIanned space 
s tation 'Freedom ' via the " A.IHlt eur TORS," Pha se IV, and mo re 
satell ites on mo r e bands and lI odes are just a f e w of the ~any 
bold d r eams i n t he a~ateur sa t e l l ite progralls o f the world today . 
Als o , traffic and e lle rgen c y ne ts, te c hni c al c ontests , state at 
the art experimentation, and va s tly expanded oppo rtun ities in 
SUPPOl"t o f educ ati on are envisioned . We are cal l ed upon t o 
pl"e p al"e f or and SUpPOl"t these drealls b y con t i n uing to II ll.ke 
i nc rellenta l jnve s t.on ents i n time, lIoney, and ope r ating efforts. 

For a n a c t ive, growing progrll.lI . i t isnt t oo lIuo h to ask o f th~ 
vete ran s t o expand ope ra tions in t o o n e o r tw o new bands per 
d ecad e and t o make upgrades t o ground proc e ssing eQuip llent , iii 
i t ? 
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SATELLITE ORBITAL CHARACTERISTI CS DURING THE PRE RE-ENTRY PHASE 

L . C . Emerson , ~4 ITJ, Oak Ridge National Laboratory, Oak Ridge, TN 37831 

The orbital characteristics of Eart h satel l ites, as defined by tho 
Keplerian elements, u ndergo major ch anges during the days and weeks 
ilMledia te ly proceed ing final atmospheric re-entry. These changes a r e 
primarily due to the frict ional drag of the a tmospher e upon the satellite 
as it passes through each perigee. This drag is r e sponsible for t h e so­
called "satellite paradox· in that the "dr ag" actually causes the orbital 
veloci ty of satellite to incr ease ra t her t h a n decrease . Analysis of t h e 
changes can yield a nWllber of interesting characteristics of the upper 
atmosphere and, ind e ed, t h e r e are many studies c u rren t l y underway by 
atmospher i c scien tists in this area . Changes in both the orbital 
incl ina t i on and the r ight as cension of the ascending node can be used to 
de te rmine t h o merid ional wind speeds near perigee . Additionally , changes 
i n the argwnent of t he perigee may be used to estimate tho atmospheric 
oblateness. Orbital changes can also be int roduced by t he p ressure of 
solar radiation and axample s of this effect are g iven using data from t he 
1960-iota 1 and 1964 -004A ( Echo series) satellites. These changes i 
orbital character istics may also be used to obtain estimates o f satellite 
lifetimes us i ng s imple t echniques developed by King- Hel e . Complications 
i n making such est i mates , c aused b y t he i ncreased s olar activity lev e ls , 
are discussed. Examples are given using r ecen t data from the Cosmos 1900 
s a tellite . The orbit of t h is object underwent s ign i f i cant changes dur i ng 
the latter par t of September during which period perigee distances fell 
by over three km per day. 
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1. Introduction 

Radio amlleurt In Sepan c(IUld have the Ir 
u.elll •• ""I.h many cooperation Ind .. oIo<.oce 
over .he werld. Snelllte SAS-I. or 1"0-12 I, now 
workIng and I. utlll.ed by radio am •• eUrl In the 
world. Thl l pape r de.crlbeo ,ummary of behavleur 
and operollon of P'0-12 .lnee It wI> Ilunched. 

2. Conflsuullon of lAS- I 

Flgu,e I ohowo t~ external vIew of JAS-I of 
a polyhedron wah 26 f,<>es, I lmoot like I .phere. 
101 .. celli Ind antenn .. are on Itt lurtace. It 
wellhs ebout SO kg. which meano hIgher deNlty 
thIn usuII latelll,u. 

J ... RL planned I nd promoted S"'S-I project with 
many cooperatIon of rldlO ImueUr, an-d relltlng 
orgaol t allens. The radle tranlponder. onboard 
S"'S·I were developed by the m .. mbeu of S"'MSAT, 
wIth Internltlonal cooperatlon. Ind NEC CorpO­
rltlon conltrUCled Ihe but by contract. J ... S-I 
corl>IoU of two parts; tha communICation ,uMy.tem 
and the b .... thlt Ine1udeo pOwer lub.y .. em an-d 
works .. a II.elllt... Tlble lInd figure 5 Ihow 
characterIstIc. and block dlagremme of JAS-1. 

3. Launch Ind. orbit of JAS-1 

N ... SO ... developed I new launch vehicle H_I 
conal.tlna ef tWO It'geo of rocket, whleh II about 
40 m IOn3 Ind 2.4 m In dIameter Ind "'elghl 139 
,~. 

It II Ibll t o th row ... telllte of 550 kg 
Into I geoota!lonary Otbtt. H·I vehlela h .. t"'o 
.ugea of rock e t. of whIch the flrll lIa,a 
rocket luceee<l. to that of N _2 .. ehlele and the 
lecond one hel In LE-5 engIne developed by N.-\SD .... 
which employ. Il<luld hydrogen Ind liquId O~Ylen II 
I .. pr opellant. Thll .Ime was .he flrll ... It 
fllgh' of H_I vehIcle. The .eo. flliM of H_I I. 
.0 ve r Ify III caplblllty 0 1 recket. Ind'e 

Lunch and orbIt 
launch It "'u/u" 12th. 11/86 2045 UTC. 
launCh by H_ "ehlcle 
launch from Tane,uhlml Space Centre of 
orbIt clreu .r • • Itl.ude of 1500 km 

N ... SOA 

perIod 116 min. 
lncllnat10n 50 degreea 
life 3 yea .. expected 
,nltruCtlon 
weIght 
Ih"pc ~" pOlyhedron of 28 raeeo covered In 

leI •• eella 
ol ze 
power 

: 400 mm x 400 mm " 470 mm {helgllt ) 
genentlon:8 watt .. the bellnnlng of life 

The Sapan ... mateur RadIo Leagu. 

FIgure I-

namlne I hI.le experIment ef llunch er multl­
peyload&. There fore. JAS-I w,,' lau""hed wltll other 
mlulon payload .. 

At 2045. "'uault 12tll, 1986 UTC, H_I ... hlele 
wa, launcl>ed aucceastuUy from Tloeg .. lIlma SpIce 
CMtre of NASO .... and the whole I"u""h programme, 

CommUnication .ubayltem 
Analol (SAl end dliltal (JOI 
ccmmunlutlon In mode J. 

Ibandwldth 100 . H.I 
lpectrum Invert edl 

JO t r .... pOnder 
Input frequeney ,4 chennela ef 14'.85. 145.87, 

145.89. 145.91 MH. 
OUtpU t frequency :43$.91 MH. 
requIred uplink elrp ,100 W 
elrp ef ...... ponder : I W rm. 
118n.1 form l t : 1200 b,,"d PSI'> ... ere and forward 
ae.cen Ind telemetry 
S ... beecon :435.795 MH •• 100 m"!, CW and PSI'> 
JO telemetry :-435.910 MH •• IW. ps" 
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Includln •• e-l. nltlOft Of .he ... CONI , •• , ..... Ine, 
.... .. uecute4 ... e~.,du l.,d_ 

Abou. 62 "'Inuts. ,f'e •• ~e IIU,,",h, JAS- l was 
sepa.ated f.om the second .tal', at .he moment I .. 
,,,,I.ch ..... ur ..... d ..... , .Mn ...... potIC!e, IT ....... ne.;; 
'0 operete Ind .0 ,,,n,mlt b.-con 'l,n.1 Includln, 
.~Iematry. Tho 'I,nel ....... ece lved fl ... by CEE 
of V"h'<'''' lIy of CMIt • • a nd t"'enty mlnut.s II .e,. 
I, ...... he • • d In Eu.G!>'I .nd Unlverally of Su",.y 
II.., .ece.ved .elem." y .nd .eported d .... o ' '''RL. 
from 223'Z, J ... RL couldc .. ch the .1,n.1 from lAS·l 
In Tok yo by .hem,elve •• on I .. fl ... 1' .... 

1 .... 5 · 1 ...... n.",ed full. ,f.c. ,e,tln, Ito 
Ofbl, •• nd It ",ay 1110 be cliled fuJI-OSCAR t2 
(fO_ I'). 

NASO .... provIde<! for fuJI a very U ... CI,cul .. 
o.blt II planned •• nd It, letc" orblt.1 e le me"u 
,'e Iho"' " In Tlb l. 1. 

fuJI hu coper lenced bo,h of ...,lIp.e "'l1lml 
• nd mlnlml ,I nce It """ llunched. Ind I. I, 
verified .hlt te",pe,.tu,e of the •• ou,e b'''e'1 
• , tile cen ... 01 . he ... elll.e. """" no. uceed 
limited v.I" .. 0 1 bet .... een 0 .nd 40 d.,.e., . 
Shedln, rete" tile ", .. I",,,,,, ecllpae become. up . o 
31'11,. end 0'Ib or no Ih.d., for ..,me ten dlYI It the 
mlnlmu",. ",vefl,e OU'PU' o f ,he lollt cell .... y 
"' .. ..,me IW . t the bell"nln, of III", 

.... ""10. 'lSlem J .... 
TlIn.ponde, IT ... In J .... Iylte", OII.,e<! 10 

opere.e ... he momeM 01 ... p . ... lon from the 
roc.et. end M ..... Ot~8d wi.""", I"y trouble . 

01 , 11,1 .yo'em 10 

.... 1M end of ... u ..... 19U. ".n'ponder lTD In 
10 .y .. em wu fl ••• activated. Sttons PSI<: beecnn 
wa. fecelved. wh ich ",""wed o~ly • ..,.t." of fle~. 
of ~ecka •. 

Than a pr o, ra m me for Icqullilion (1/ 
teletn ... y deta Wit loaded Into t he CPU of lhe 10 
Iylte",. Thlo p.o",.",me made telemetry •• 1"'" 
",Wlon .... ry tWO oecondo, ... Mch .... 11 u .. ful for 
min, .utlono '0 nerd.e PSX .1 . ... 1 . eceptlon."d 
deeodl",. f.- ... ven l """,.ho. Nu ... ep ..... u 
operltlon 01 JO .. e dl,lpeeUr. ...f •• • Ihe 
p.ep • •• uon Ind v.,IIICI11oo of the pro~r.",m. on 
.he ,found •• he fltol ","tt".,> p'OS .. ",me "" lOlded 
Into f O-ll. In June. 19&1. Cel'lcI'Y of mill h •• 
' nc:r.,. ... d ~p to 200 .. preMn •• lrom $0 ... he 
bc,lnnln,. 

fO.1 2 1'1 .. only one CPU. "' hlch co nnol .1I0w,0 
lood eoch pros,omm" Independently . .... 11 luncUon • 
• uch •• m.l!I><. •• lel.mctty and com m.nd I'roce .. ln,. 
po .. er , )''''101 mlMsemen' 8nd.O on. Ite combined 
'1""ml"C&\l y. Thl • ...ark of C",""Tu~tlon of pro­
."mme. ,.qul,ed. Ilt,o I mou'" of time. ~ClU'" 
It ... . r.ecu ... y .0 ~no ... In_orbl ' pe rforml nee of 
t he ••• e[ll •• lor e".bU,hlo, p".me ..... "d 
pt'o<",~~re. Soft .... lte ,.ot.tp of ) .... \1$A T mlOe effort 
to ,ce lue m. l1bn> • 

..... I.ude of FO_12 

l AS-1 w •• ""pe.lled Irom . he oeIXIM ... ,e 

•• 

"ocke. by puollLn, f.-ce 01 .p.I~. 1\ 2 141. 11.1'1. 
",ccordln, to record' of ,he received 01 •• "1 
, "eft lth from . he .",,\llte . lerge ".,Iltlonl of 4 
I1mes enry minute "'e.e . em ..... ble. Indlcl.l", 
rot .. lon of .ttl. ude. 

Reeelvln, In"nn. II •• llnted q ..... " ...... ve 
monopole on ,he '01' part of .he .. teliite. f ',urc 
2 .1'10", one 0 1 ,he p. It".n of dl rectl v .. y of , I'll. 
Intenne . .... lth deep di p" of lbout 2' <Ill. 

fl," • ., 3 ol'lOWI I ,lme-v"I"Lon of t~celve4 
olsn.t ",ensth 01 tlle downllnk. end fla"" 4 10 I 
declY cu .~e of 1"I.ude v"I"lon for Ilx>U ' one 
yea,. 5"'111 !lb<auon m',IIe' I"oclled '0 .he 
Inllde of f'0-12 eonno •• upp<ess . !>e ..... 

, -...rl .. lon .., quiCkly. 

Vorl"lon of .llnlt .... nS th Inclu~ .. nO' 
or.ly di p o f I n'a"". dl,oc,lol.y bu. 1110 pol .. l-
• .. ion chnaCl ... hen received ... hl>oul ehen,Ln, 
pol .. ln. lon 01 recdvLn, .nle"'" on ,hi ,round. 

l"'S-! I. ne' • opln _ . .. blllted ... elllte •• nd 
on 801. of 'Olltlon I, Ip. 10 ",ove. beelu, • 
m"",enU of Inert Ia lround . hree u,.. .... ,10111., 
.0 eech othor . 



Altlt~de Of th ... ell1te II utlm"ed from 
,.,lomo.ry da' l o f to1 .. ........ r ou'put .t,nlt 01 
n .... lOll. pinel .. Sol .......... cell o n 0IMl Pinel 
p'O.ldu o u ,pu t . I ,nl' bit of I fo r .unll, 
eOIlCII UOn, Ind 0 fo. tII'de. BIt of L wil l OCOJ . 
_n tho lu" illuminates the pln.,1 wltll ., ...... , 
• ...,. low l""lance , ,,,I. , ,II .. m •• 111 , lit. M .. tor 
IIU 1 .... ry low I"'UI .... e $OJu Uo n to tile 101,. 
CIl.-.:U"". Albedo,. rerte<:t ed 101 .. o"".,y on 
tlla .... th. mlkel the ... d ... m~ complicated 
IIt u .. lo n. T h e .. for e, It to dlfflcult to 
"' ••• mt"" I ... ""uda , ow .. d ' hi .u" from ,lie 
d.... Mote Imp.ovem.n. for .he lenlC. 1. 
.. qultld. 

1",lltc Uv, uplink 

W. """llOm"lm ... uperleflCe<l eommlndllnd 
JlKhtl beln. I'IOt lceept"d by '-0_12. 

TIlt .I.,on whr Plekl" ...,... ld not be I ccept lCl. 
m.r be conoldoo,"d II followo: 

m CoUl,lon be ........ packl .. 
Ordlna" coUl.I .... of pickell dep' .... tlltoll,lIp'" 
down .o Ie .. . 100.11 21)", It p".e ... 1..0 HA ,,1<em .hat 
requl.e. .e"1 of trlnlmlQlon, when \>Ick,," ... 
000"61<1. 

m 11I,,"nllll_' l""r u .. o f 8ER 
81. Er.or Rile of I>ICht ""Y Incru .. wh.n upUnk 
,1,,,,1 .""OUn",. I dip of I n"'nnl pa "e.n. 

Wh en 1'0·12 come, lboye J l p l n fo. 111"""CO. 
... ~ ••• ~Ge' hip pen? Skies o f Tekye .nd O.lh ... 
. ... Iully con,elt ed In 2 m.tr. bend. Ind th ... 
on",y .. !II ,p " " d hl,h .bove Ih. Iky. 
Conoequen<ly I Pi" or . hu. po we r ..,111 be 
recllved by 1'0·12 I. und.,.lr.d .I,,,,l. 

JA tr.nomlner ou . pu .. 1 Witt for Input luel 
01 ·IGO d8m. W, lome.lme •• eeognl", .~ .. JTA 
ou'pu" 1 .. ".lIId G.S W IcIlVl"n! JTA In "" 1" .. I"t, 
It .he tim. of no och.d"led """"Uon. TIIII mnn. 
undo,lt,d Inpu • • I,nll o f ·11)3 ~9m or .... 

An upUnk f.om I ' yplal .... II .. atlen will 
provide . n Inpu. POwe. 01 1.0ItfId -I GO d8m . 0 . hI 
.ecelve.. TIIlo ,Ivel """"'h EbINo, I .. Ue 01 
~wer per bit 10 .pec .. II nol .. delll1ty, und • • thl 
e~l .. enc. o f n .. ~ .. l el" .. lln nol .. even ot th 
"0'" dlrec,lvlty o f . "celvln, Intenn., It which 
BII Error R ... 10 Ie ... hln 10-5, . h .. I. , .~u l,ed 
for p.c~et. 

II blIQ .. ·m,n<lo",d " nde.lr ed ol Snl l1 e~ I". 
.1,u. lI on,.1I1 c hln,e. Inp'" pow •• 01 ·10~ dElm 01 
undellred .15n.1 meke. I':bJNo. decre ... down <0 29 
.<><120 d8 for TCA Ind AOS/t.OS. respectively. Ind 
.h! . tl ,,111 ICOd ,n01l,h fo, picht. Fe. th 
wor .. dlteellvlty of antennl. however. 4 "~ -S dO 
0 ' EblNo cerrco pOnd . o IlERo more thin 10· ,much 
eno"..,u. let pICk.. . .... eun(! ,hi. dlre"Uon. 
. roetefore. pIIC\ It. clnno. be Kcep'''(\. 

43) 5<:IIIU I1. <lon 
If til" .. .. I .. Irrelul,rI.y In lonoophere 

• hrculh which upUnk 11,nl' proPI' ",". picket 
. llnl l ,,"n be " " ac. ed '0 I"" .... e IlI!:R. Th .... 
pIIe""menl .. HI I!>."ad over p'Of>"r amount ef .. e. 
Ind held for ... hll.. St . enl "'1 .. '!Il~lIon mIke. 
• mpll . ude ... In, .. I .. , . eo !. 21) <IS Ind mo.e. 
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Pl .... e 4. 

SclnUU .. Io11 occur> more In 144 MHz bend thl" 
05MHz. Ilul t. 1. dIfficult '0 de. ect phenomen. 
by IIl1k of fO·ll. 

Powe. Cont . ol U,,1t4PCUl Ind 1>9 .... " cendlt1ell 

Po .. '.r .u!>oy.tem I, contrOlle d ~y PCU. P ... e n, 
"'"n, of UVC (Under Vo l" •• ContrOller) 10 e • 
.he lo well lev.l. I nd lull/trle kl l ''''''chl", II .. 
the hll!.h ... level. '0 co~e with deere .. e of 
clplclly o f bllte r y. by .. ld,,,ln l It. wo.k ln, 
ra~,.. ,0' dec.e ... 01 coplcit y 01 b.tte.y. I, 
1 ... Id tI ... recondltlonl", procedull mly be 
e ffeetlve. It I. nece .. art .0 Gl1ChrS" bl""y 
d.epe. than 30'1i0 01 .h. UplClty, however .the 
'yltem ~ no. 11Iow .ud> In eper .tlon. It 11 
toe .. ", ' 0 hv. I Ilmple Inc! .. fe recondl , lo"",,. 

• •• 

The bl ttery .... m. to be c1ecrll.lna elpeclty 
",""'"11" thl' ctu'''' v •• I" l .... 0' elIor,ln, mode 
1CC0rdl", 'e outPUt po_r o f .he ... 1" .... )'. 
whIch elIln,,,, II", due '0 t1\e; .... 11" ..... ltude 
'e .h .. 11In. ... . pre'ent . I lull .u~ll t doel no. 
... ~'e en"",h poIO'er. 

lnlo.m .. lon of 1'"0_12 

A •• he ~,tnnjnl 01 mllll>O. open. Inl".m .. len 
wit dl"tlbu , .. d th.ou,h WIAW by COU" "'1 of ARRL 
IncI 8ltO '~rou!~ mOlT.o .",h IARU Me mber Society, 
and RIlBS of I'"O·I~ ..... 01 cou"" u>ed. 0 ... 1~,.0 
.. ,ht pD~e. condit lo r .. .. o".ponder clnno, be 
ope ... ed e .... Un-'.ly. Ope ... I"1 oche<lule 10 now 
dlll'lbuted t~rC\J,h m.' .. I ..... OSC ... R N .. w •• nd >0 
on, lrcludl .... WIAW Ind FO·l 1 mollbo~. 

How mony U." .. It. 'h ....... FO_1n h "u.y 
.0 ~now ""mber of ',Iee piCk.", ... f'Orn .he u ... ·, 
IL .. In the mlllbo1. A. pr .... n'. 1. Imoun .... cull<! 
200 ..... ono. ... hlell ma y bo: 01 lbou. I .. of oil 01 
plck. ,eero • 

W .. e.nnot utlm .... u.e .. of 'A. bY, we .hln~ 
' hey ar. mlny, Ind lloo ... e .. e ",,"lou. fo. JA, u ... r 
P·3·C m.y be mO.e at.netlve . 



S. Futu ... Se t .. lII. e Project In Japan 

JAR!.. II now In.endln! to launch another bird 
of JAS- I , • prot o- f li ght model On the lround. 

Con.lde,lnl the , e oul .. 0 1 oper.tlon o f F().12 
obtained .0 la,. It L. nece ... , y '0 Improve lome 
pa.... MI .. lon .ub'YI'em ... 111 boo ke pt ur-.cha"8ed , 
except transmitter.. Improva ment will be caNled ou, m l lnly on lollowlng p .... : 

01 po""er luboyOl em 
j2) Mtenn ... ubiyotem 
j3) ""lor . ensor 

Ave r.,. po ... e, , e nerltlon of rO.I2 of 5 . 6 W 
a t aOL dec rease d down to around 4 W, of which 
""I ar ."ay conllo .. o f S1IIcoII BSF e.lI.. To 
Ir-.creue power se ne r ltlon, oolar celli Irl to be 
repl aced by Oalllum A .... nld .. cells and thOl Outer 
pine l. of ,he bird are to be IU,htly enl_rled '0 
broaden lurl,.,., 011 ... lIIeh 1.,lar cell i are .. uek. 
"",eoe ... m effeCt to Inere .... S() 'III e f pre.ent 
power. 

Orbl. may be a pol l r one, but 
which will control power c ondition. 
not authorl."d yet. 

not clrcul l r, 
!.. I unch Is 

An.en nae I re t We ..... of turn, Ule fer uplink 
Ind dewn ll n~ re'pe<: tlvely. Downlln~ ntenna for 
"anlmlulon I. the .. mOl one as FO·12 In use , snd 
II used com monly wit h bot h JA I nd jO. Rceclvln, 
ntenlll hu changed ao 01 t urn"lIe ohoped clreul.r 
around the Ikl .. 01 the bird, Of which 0 I la, 
directivity moy be expected. Downlink .ntennl may 
aloo ohow 0 better dlree.tvl.y by rem.,v!n, .. Ilant 
monopole Utenna. 

Sol ar ... nl.,r Ihould be Improved to detect I 
d irec,lon 01 the lun mote precI ... ly II poulble. 
within ,he UmltO tlon ef tele met ry Item •• 

8. Conelu.lon 

Outline 01 F(). 12 In orbit a nd lmpr~men .. of 
nen bird Is de.c.lbe 4. The next j AS·lb wlll be 
oble to function I .... andlns mailbox, I f po ... et 
C(>Uld b. obt.lned .. expecte<l. Mor. Inform aUon 
wlll be announced, when detlU . booeom. COnc.r.'e. 

Table 2, Orbital elemen .. 
(provided by NASA) 

dl le 01 l .. ue :june 23. I'S8 

NASA elemen. number,99 
epecit :aa 162. 57115930 

Incllnltlon ,S().() I57 
_oeendl"S 1IOde:().a3 11 

eccentr iCity :().OO 11422 
. rsu men t 01 perllee,l l i.Sn3 

mun onoml ly :UO.3203 
mean motl"" : 12.443'485 L 
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: (A·ANTI : 
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IN TRODUCTION 

The AMSAT Phase I V Proj ect 
A Mechanical Engineering St a tus Report 

by Dick Jansson , WD4FAB 
Project Administra tor 

At this time a year ago , when we lallt met in Michigan i n this august forum , you 
heard several reports on the preliminsry efforts toward deaigning a visble Phase I V 
spacecraft.. Since that time , we have made .. ome very u .. eful progress . not all much 
aa had been hoped . but progress nevertheless.- Some interferi ng elemen ts entered 
our lives following last year ' s Space Symposium. s uch as doing the entire 
Hechanical Des i gn of the Mi c rosat satell i te, The Microsat project wil l be reported 
in great de t ail by others and will not be further discussed at this instant , 

Thoae interfering problema hsve not dampened our drive a nd desires for a really 
useful geostationary Amateur communications plat f orm. I n fact . the efforts on the 
Hicrosat program have sharpened our t hinking and hardware knowledge of Some of the 
non-mechanical aspectll of Phase IV . 

It is the purpoae of this report to provide an update on the current atatus of 
Phase I V and give lIome idea about our plans for the coming year , including starting 
some of the hardwa re aapects of the progr am-,-

~HERE WE HAVE BEEN 

.hen we last discusaed Phase IV you s aw Some illus trations of an overall 
spacecra ft . Fig . 1. We now unders t a nd . to a much higher degree of clarity , just 
how Phalle IV would interface with an Ariane launch vehicle , Fig . 2. While seeming 
! bit cryptic . Fig . 2 shows us the locationa in the launch vehicl e tha t we can use, 
the areas t ha t we have to avoid , and t he stuf f we have t o ge t rid of hefore we are 
~epara ted from the launcher.-

It needs to be noted that most of this hardwa r e has been previously flown . Such 
items as t he "Separa tion 1920" is the identical separa tion sect i on that was severed 
to expose Phase IIIe (now OSCAR 13) to space , prior to that s a tellite's final 
lepsration from the launch vehicle . In the case of Phase IIle , however, t he 
la te1lite was cont ained inside the 1920mm di"mete r cyl inder , where on Phue IV tha t 
:ylinder ~s a porti on of the spa.cecraf t .-

,ocusing on ~ome of these l arge machi ned rings , which are inherent to the Ariane 
,ehic1e's prime l osd path , has caused some degree of consternation fo r Our Team . 
~ese parts . Fig. 3 , are large , complex , and quite expensive , certainly in the 
term .. of component costs that we have become accustomed to seeing in AMSAT 
latellitee. In the case of t hese flange rings , however . we have followed the 
\risnespace dl!signs and cannot be too innovative. liS we may never get accep t ed as s 



pasaense r on the launch vehicl e . since a pr ime pay l oad is suppor ted by our rinsa . 
As we have had t o alightly ~odi fy these rings f or our own appli ca tion . we 
unde r s tand . very well . how much is i nvolved i n t he i r manufactu r e . The Lower Flange 
alao haa attachment poin t a f or t he c ount i ng o f t he skel eton of t he Phase IV 
spacecraf t . 

When i t is assembl ed u part of tbe Arisne "Adaptor" . the conical structure .. bieh 
is the eore of the Phaae IV . the Lower Flange is quite a robust pi ece of bardware . 
and it ca n easily handle the loads of ou r a pacecnf t. Neither the cone nor the 
upper flange of the Ada ptor a r e shown direc tly in the dr awi ngs to fo l low . aa they 
have not been drawn in any detail as yet . The general apace envelope f or the cone 
ia shown in phantom line. 

We then place t welve " T" ahaped vertical raile around the Adaptor . needed to 
s upport the Heat Pipe a ssemblies . These ra i la are supported by tubula r s t ru t a 
bolt ed in place . Pig. 4. These strut s will be made of carbon- f iber-cpQXY compoaitt 
with machined alUlllinum end fi t tings-.- Not e that the r e are t wo type of s t r uts . 
radial and diagonal . These strut suppor t s shoul d pr ov ide a very s t if f . but light 
s t ructu r e . Whi l e it appears that t he topa of the T rails are just wavi ng i n the 
br eeze. they really are captured by another piece of s t ruc ture . as you will see 
pr esently-. 

The nezt element t o be a.sembled On ~he Phese IV spac ec r a ft i. the moun t ing of the 
Heet Pipell . Fi g-. 5 . Theee have changed aOllewha t i n t hi s lest ye ar . as we have been 
able to find a supplier who will c onstruct the hea t pi pes in continuous l oops . the 
design that we have needed f or t he Phese IV eppl i cati on . We have debated 
conaider.bly i n how t o ~ount the Hes t Pipes to a s t ruc t ur e . The cur r en t 
impl ement e t ions is a cor ne t b r acket t hat ia riveted to the Heat Pipe i n eech of th1 
twe l ve cOrners of each of the six Heat Pipea. We nee<led e c heep end e as ily 
reproduced btecke t her e end heve now settled on one lIede f rOll alum inum extrusions 
rive t ed t ogether . Fi g . 6 ahows the Hee t Pipee as they are i ns talled ont o the 
spacecrett structure . The Heat Pipes a re ~oun t ed us ing a leminet ed shim pad e t 
eech cor ner so all t o compenaate for subassembly dimensional vari s ti ons . 

Just t o t ake t his verbal apacecr aft assembly a bi t furth e r . l et us add some more 
pieces .. Fig". 7 shows one of t he 72 t he Sole r Panels . "'hile the panel substrate 
has not changed ove r t his laat yea r , the solar cells have changed". Our supplier of 
sola r cell s identifi ed that us ing conventionelly s i zed cel I e was cos tly . and tha t 
usinS rather l erge cell n of 72 .-5 x 33 . 3 mill waa t be way t o go . We had ho~d for a 
complete series string of 72 s oler cella on each penel ... kina wi ring e bit 
simple r . I nstead. the economics of cove r ing over 50 square (eet of Sole r Panels 
shall be allowed t o rule our wiring plane . Houndng theue 72 Solar Pauets onto t he 
Heat Pi pea wil l be e taak thet will not be quite as simple as it might seem . aa 
eacb panel ill moun~ed t o i t s sec tion o f Heat Pipe with 20 ,4 screws . a to t al of 
1440 Guch ncrewa for the entire spa cecraf t . 

The fina l Btep of t his mechanicsl ssuembly . as fa r as we will present e t t hie ti me . 
ic the moun t ing of t he Top Plat r , Fig . 8 . This is a s i ngle twelve-aided piece of 
8lUllin~~ honeycomb .. te r ia l thet is more t han 6 ft . aC ross and is bolted t o both 
t he Ada pt or and t o t be t Op3 of the t welve T rails i n each corner . no ted above . 

We needed to get t o thin point in the a.aembly pic ture be ing presented here . as the 
Top Plate i s one o f the keys for Our effort I for this next yel r . The Top PIB te is 
the r eal hee rt of t he Phe,e IV . a,. we will be mounti ng all of the electroni c s ub-



u.cr:blies . antennaa , and many othf'r parts t o th i s plate . It <:an be seen that thi a 
,inale , rClll.ovable structural cOllponent <:an bf' preassembled . wired and tested before 
it .ees any of tho rec.ainder of the apacecraft , g iving uS great accessibility and 
frf(!do. in our 8sselllbly lind check-out operations. As can b. aeen , .. e have a fairly 
w,ll detailed set of drawings on most of the major COlllponenta of the Phalle IV 
spaclcnft. We even have OIanufacturable detai l d rawings on lIome of the more 
important smaller parta , quite an i llprovement on the de~ign p"",er CUTVe f r om a year 
110. Now l et ua dillCus. the next affo rts. 

1Il'.fR! WE ARE HEADED 

One of the major happenings over the P88t yea..: was the fo r mation of an alliance 
btttlleen AMSAT-NA and Weber State College (WSC) . of Ogden . UT. WSC haa a program 
oHicf' that they call the Center f or AeroSpace Technology (CAST). and thia 
~r. tion is very lIuch different frOD those that you lIIight have 8een i n a1moat any 
other acedemic inati t ution . CAST i. populatad by both acad"ic s taff and by 
volunteers . a nd t hair obj ec tive ill spllce-n~1ated proje<:ts , auch fI.l; the N1JSAT I that 
lias launched into orbit frolll a Shuttle GAS cannis t e r. CAST geta iu hbor force 
froea the WSC rf!quirelllent that each senior student complete II handll - o n projeCt that 
the litudent h ..... applied him/herself at leaat JOO hours in their final year at WSC. 

lIeber Sute's CAST has proposed to perform a number of taaks on t he Phase IV 
projKt for the acadelilic year 1988-S9 . The focus o f thia effort centers on the Top 
Pllte. While we are interested in learnin g the desiSn and fabrica t ion techniques 
t o be used on that piece of honeycomb str uctural plate . we are even much lIlore 
intereated in ceeing how 1111 of thf! equipment t hat we want to fly on Pbase IV will 
intllgrs te onto tha Top Plate. To thia f!nd CAST has proposed to: 

a) Create a maater system diagram for PhaSf' IV . incorporll ting t he 
eff o rts of the Phase IV Study Team and the deai rable aspecta o f 
t be Hicroaat project i nto a single definitive package-. 

b) Coordinate . examine snd atudy the integration o f various non­
Amateur experiments onto the Phase IV bua. 

c) Fabricate a complete scale a 1 :1 Top Plate ass embly wi th all 
equip~ent mounting points. 

d) Hodel al l of the syatell! hardware and asaell!blies and define their 
Dounting to the Top Plate. 

e) Hodel the spacecraft .. jar structure with low-cost Wlock-ups to 
study the interactions o f the Top Plat e , and its mounted equip­
ment , .. ith the r~lIinder o f the spllce<: t aft . 

f) Deaign lind fabricllte II l ow-coat tooling fixture f or the Phase I V 
atru<:tura1 sssembly . 

I) Deaign aaaembly tooling f o r the struts. Fabricat e aample strut S 
and st ructu rally test to ve rify lIIechanicat propertiea. 

h) Initiste a Finite-E1ement-Analyt i c st ructural model to follow the 
Phase IV desiln to insure s t ructural adequacy. 

i) Examine low-coat implementations of the Phase IV momentum control 
system. 

j) Study the low-cost sttitude SenaOr technologies needed for the 
lIiasi on .-

k) Study lind optimize propulaion aystems for the mission. 

2. 



While the ab ove effort avoids getting directly into a major a ssembly effort and 
qualificat i on tests of a ful l- fledged Phase IV structure , with its attendant costs , 
the progra~ does very usefully addre ss GOme very important subsystem integration 
topics . These tasks would need to be done at some tilDe in the overall program, and 
it SeemS appropriate to tackl e them now . 

CONCLUSION 

Pha se IV represents .. sizable project , both in terms of the final hardware asse .. bly 
a nd in the t otal scope of the effort and i ts manllgement. While KicroGst may have 
seeoled to have interfered in the progress of Phase IV . many of the key elements of 
systems that we will need for Phase IV will find their roots in the Kicrosat 
progra", . Microsat has not contrib uted anything. however. to the Phase IV 
me Cha nical engineering effort . as the two spacecraft are 60 v astly di fferellt in 
si ze and misaion . 

Managing a project the aize of Mi crosat is very well wi thi n our direct experience 
in AKSAT. We need to learn how to change from the Microsat env ironment to one in 
whiCh we l11"e designing and ltIanaging a physics lly much larger dev i ce . such as Phase 
I V. Weber State ' s CAST brings to the prQgra .. II facility and labor b ase that we 
could " ot readily find elsewhere in the A'ISAT "phere of i nfluence . cer tainly on 
this aide of the Atlantic Ocean. We collectively need to work very careful l y and 
thoroughly to bring the Phaae IV in to being-. 
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po". r I!loto,ol. 05P5eIlIl' or T!lS:J2(JC2~' • 
• •• " ' Y .nd an.iog 110 r'80'U •• on 112. .4 
o r I II tI, t • • • It .. ,II prol).bly cOnthn 
FI FO b"Ha r. lor " II 1/0. I t .. ill be 

" • •• "n.d t o r. t.o l i' i nto tha OSP c.I), ­
n.. .nd ult I h.. the GPp "nd ot ha . 
.... "u,"_. 

1'9".' Supply Bo.rd 

T~a po" ", .. up pl y b" ... <1 p' "V'd... r"g u la . .. d 
• 5. -5 •• 10 t o .,2 .nd - III to -12 volt. 
' .0. an un ' . gul.tad .1 2 y DC noainal 
a ourca. It ut .l .z ••• ul t "h'ng t.ohntque. 
lor a IHc •• ncy •• \1ho"'on the In,tl.1 boa ... 
.ay ....... '.pl . cha rg. pu.,p.. Th .... I . 
no.n,,,,, P ... tlcu, •• 'y u nu.ua . abDut tn,. 
board. 

•• 

1.9.".' Bgud 

Th. 10 .. " • • boa.d I" .nt"n" .d for 10" coe t. 
ao"a .. - o "IY appllca.,,,,, • • I •• 110 .... tha 
ue.. to .. I."t Iroa ~ number 0 1 progra~e 

.to •• d .n ••• ngl . EPRon 14 poogra •• , n • 
2TC256. e I n . 27C512 1. " lOr ••• of • 
~utton h.l t . the tlSP bo •• d. l o ud .. tha 
..I."t." preg ••• into t he OSP ••• o.y. the n 
,_t •• t. t he DSf .. ng.n. . 1M. ""U" ""a. 
on ly . . .... t.ndUd CIIOS lo,,'c l unc"o" • 
~nd ~,I' b. v.ry In.Kpan.,v. I.x,, ' ~" ing 

• •• o ry l>. 

yPP Bo"" 

lha GPP bo.rd a l lO" . lh. OSP I .y •••• t o 
beco • • a highly Il a x , ,,I •• nd va r y po" •• l ul 
"o ... u.., l"aoon. t ool 10. to'a A. _ •• ur . 

T~. GPP I. tI ... " on lh. NEC y4g I nt.g • • t . d 
p . o" . ... or an" 7 2011 1 .... ... 1 110 "h. p. TM. 
.lloy •• o lt~a . a to be "eval o ped and d .bug­
g." o n ... tandar" iB h PC 't' Ot co.p.tlbl a ., .. t.... Th •• bo,"," I.a'u r . . • .. 0 ... "., 
ch"nnel. r~nnl n" lull " "p l . " u nd • • OIlA. 
_1I0 ... n~ blgh ap_ d" to be a .. a ._d .or 
u •• " I th avo h dav''' • ••• the H •• t h • • , ngton 
56 _ bp ... ode •. 

Fau, ,4> 3 2-1"'" byt. y '''a "oe~"ta all OW "P 
t o 1/2 • • ~abyt. or ••• ory . ",th e9~ tlytae 
• typical •• " ...... con"gunt, on. B ..... ' y ­
baC ka d RAII.nd. CPU v .'"hdog a •• 
,nciud.d . along .. ,th • C.ntronl" e c o.pal­
.bl. pa,.".l p"nt • • port . 

CHOS logic and CIIOS LSI .ra ..... " a .. " I .. -
el v.ly . n the CPP ' o r rad....,ad po ... . ,,0,,­
.umptlo" . nd h'gh •• I.ab ili ty. ' r ogr a.­
. abl" logIC d.vlca. cont.lbut. to ha.dua •• 
" •• 'gn •• apli ll e. t lon. 

Byt .. ".d. 1/0 pDT'. t o .nd Ito. t". 
boa." allou b'gh-."""" d.ta t ...... I . r 
th e OSP e.r". .n """.t. an. ....1.' 
..u p port l n~ aul tlpl . p . otoeola c .n be 
to .xc~.nga data .. ,tn t~ OSP • .otion . 

m 
u lth 

'" -
Th. n. t ...... It •• a ' "Uly Il a x lble .nG 
po ... . l ul co •• un,catlon. d.v,,,.. 11."0"­.".tt RTTl 1311 Hz ahllt ' or 6g WPII. 10 . 
a " .mp l .' , tr.e_ing liit.r ••• llI e i." , Hf 
p_"ke t. SSTV a n" FAX appl.ea.,on •• 11 
!>eco ... po ... ;bl . "I thout co.pro •••• d .od." 
pa,lor.an" • . 

WHITHER SOFTUARI!: 

T". O .... nco- Spry lIod.l 10 '" ba. ng ... d by 
.. nuab • • Or ".ate ... r . In the con •• " t o ' lh • 
ova rall DSp " ....... Iop •• nt proJ"", I . Th,. 
u,, 1t , ... plug- I n c. rd ' 0 . Ion PC" aM 
"oaqa t. bl a.. I t .110". da v. ' op . .. n ' and 
t •• "ng of ."U ..... lor t~. T I :J2g ,,, pro ­
" •• a O. a . " . "....,,, . ,. I ... " .. xc.llan • 
da va,op • • nt tool l o r t .... OSP I . 

Thore .. rC a nu .. ba t 01 .ppl1"ation. th. t 
be.... "I ••• dy ba"n utltt .n a nd uaad til' 
".v .... 1 " • • ~.u,. . 1 n,,\>.><11ng .oontloun"a 
uo'~ .. "h OSCAR-c l . .. " .tat i on •• ~ • • ,~., 



"'0" ". ,.ag. d_o<I.'. 
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1ft tI.. ~ o •• 0 1 O$P I • 
•• ,.,ng on . Mo ho.d ..... 1 

wlIJ.r UP 

,,,~ II ..,It ..... 
<I".o<Iul 0 t o ••• 

TN IISP p,Ol_' •• pr_nt •••• JOT 
." 0" ~y AM 5AT on4 TA'"'O pTo v,4. 'h. 
' •• '.u. "o •• .,nlly .... h .d •• n".4. oll ord­
obi ••• o ll" o l ogy'o .nh."". dig, •• 1 00. ­
o"nl c .', on • • I. p .. " "d_ •• 0,h , I • •• I I .~ ­
I bl. plotlor. I " r • • ~ .... nu" o n on4 
conllnulng do". 'op •• nt , n ~"'. tI .,,,. 
u .... t_nnology •• p •• _n~'" bY DSP' I 

He" ... "" .... nplo". '"~ I'" h • •• !>ack. • ... 
_ I " r ...... !>a r d ... .. to .... n... "o .... n . -
c""" ... . 0<1_ .h" .. l d boc,,_ .'gnille .... ly 
,.~"".d. Po r .... 1'1 • . in o.d .. ' D ..... 
fUllfOSCAR 1:2 Of 0_ 0 1 lI' ....... Iher_.­
n_ PACS AT •• 0". p • • _nlly _.. I'SK 
• "" ••• ",,_ory for "'. TIIC. S""" •• o d •• 
" .. t. obO... .1" •• • k It ... . 2 •• • _.bl.... A OS, 1 .lIould _II I.. . ,_ 
thOn , .... TIIC ond PSI( . 0<10. o;".b,n.""'" 
Y.' p r o",d ••• • ",, 11 1I." I~'l ity 10. til. 
00_ O!M'O '"0 opp lleatlon. ,~ .. . 11 .100 
do ...... . .. u. Ot h •• t h i ng ..... , I •• uch.. • 
oul .1.0". dill".' ""n' r "II •• { ' I k . til. AI!!A 
"-232 o. 1( . .. ...... 1". KAII ... IIFJ - 12711>. .. • 
• • ~el .l -p".p .... "o •• u .. . ".tlon. 4."' eo 
' ."ltI - Iov.1 SST V o. IIEFA' o t " •• t .... 
•• tolli •• F At "0"040". 

Dill".' . 111"0' 1" 00;_'''11 .eclln .q .... ptO-
. ,.. ' OptO,,'" • • I I.b l " ' y In " .... u"Ie. -
tI".... T ... OS, , ,, ; ' 1 ho ' p btlng t_ 
• ..,h .. 'q ..... 0 ••• t.u . . ... '0. 
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Ch • • I_ L . C .... ". "IIAOI 

A"SAT~NA , . ~ • • ~.t'"g • "e" cl ••• DI ••• • 
.rl,t... I "t.nd.d l Or ' 0" •• ,tlt 0'"'' 
' LEO). - nLC"DS.'- .. ill """g. " ... 1. ".1 
0' p • • I D • • • nc:. and II.XLI>I I ,ty t D t he 
•• t.LL,I . ..... "D • • Un'ty. 

n, c r oS. ' •• " Dd, •• bold .Ov."c.. I" iD" -
co. , •• t.LI , ••• "g, n_ r, ng. A ,.,... .p-
pro a ch to •••• II't. II' gh' co.pu ••• d • • 'gn 
... . , equ" ~ t o .tt. , n . ' '''0" o " '.c ' ,¥" , 
10" po ..... 10" co • • •••• 11 ""01 ..... " d 
••••• h' g n pe. l o . .. nGa. n'gn •• I •• " ,I .,y. 
( 1 • • , "11 , ty •• ' g".I, c .n ••••• 0.' ••• "r.o. 
c . p.",I, ty .nd h . gn .peed 1/0. 

lh •• p.pe . I oc: ..... on .he d ... g " of the 
f l . ght oo.p .. ,., h.rd ...... nd "" ' I'~ . 0 .. 
0 1 , .. .. ep.I>,I •• , ••• 

INT~DUCTIOM 

Th. I , •• , p l an".d launch of ,h. ", o roS.' 
•• ".. , •• ehedul .d ." •• rly 1989 .bO • • d 
. " ES A Un".- . r oc k. .. A t o.a l 01 fou r 
' .' /lt c ,oS" •••• eehedul.d '0'" .boa.d ' 
t .. o .:;1:1 ... 11 ..... ~ AC5"'T .... i o".II l- 0". 
II) ... 1 1 ... .. ,..c lt .ynth •• '2 • • I", edu-
c a. ,on.1 .... 'DOVEI and 0". II ' .. . 11 .... 
CCD c ....... """ .. n •• 

AnS AT . .. , ." . u pport t.". TAPR. W . .... S •• ,. 
Coll~ IU t.h '. AnS AT - LU ' Arg.""".' .~ 
. .. AIIS AT ' ••• 2., •• ,. d ••• g"'ng.nd "u.I<I ­
'ng ."-'"'" .... I I.t •• 0" a I •• t -p.e~ 
""bedu'.. " ••• p r o po_d I n I.t. ' M'7. 
. ..... ... 1 1 h.v. ba." apP.ol<, •••• l y 0". 
'I •• ' .I.~.<I t ••• '.0. conc.p' ,0 I .unoh . 

~o, tn •• utho .... . ...... ," •• c.nt 01 'he 
UOSATfO!lC AII - ,I D,~pt.. Co •• un,o. ' ,on. 
[xp." • • "' IOCil.chadul • . Th. O!ICAR I I 
., •• ,on .... propo •• d '" I ••• JUly. I 90J. 
a "'" d.I,v ••• <I '0 NAS A f o. launCh . n 
J." ... ry. L!HI. I."d .a ... ""hecl " •• " h ,. 
1911411 121 

Th. ' . CSAT a , •• ,o" .,-cac.a l ... . 1 1 h.¥. 
I, Y. 2. upl.nk c"."".I •• n<l o na '78 "a 
d o .. nl .n_ c ... nn.l . Tn •• adulatlon t.., .. ~ 
n. q ue . .. ," be f ull y "oap ••• "I ..... n ' UJ I I 
OSCA"~12 -- 12aa "aUd " .ne .... t •• d.t. I.d 
t o ••• end • • <1 2. pn •• d.o lo •• he ... pl.n. 
• "d .288 b.Ud PS K d .ta r .tu.ned on th. 
do,,"I , nk . E ,g'" ( II I .'"tI'"by • • • o l ..... g. 
.to •• W. ",II be a v., I.ble on •• Cl> PAC~AT. 
O.h.' d • •• • ••• • and aod ul .', on • • tnod. 
.... .,. ,,1.0 b ••• p.n • • nt.d .. .. h v,. ,n­
I I,gl>. n •• d ... ' ••• eonl'lIunt, o". 

Q~NE"AL DESCRI~TION 

A 'yp .cal n , c roS.t ~c"p' ••• ou'" . bou. 9 
,"e" •• on •• ,d.. Tn. C,U aOdul. o""cup,,, • 
• • ,.". about ' ~ L/2 ' n ...... th ... k. The CPU 
po" . , """II.t i. Only • • 5 ...... . 

Th. CPU .odul. GCcup' •• , .. 0 
."<1 pro¥.d •• the ( 0110" ' "11 
." • •••• 1 li t.' 

,2' PC board • 
...... ur".. t o 

!I". '11 ) ..... 1 1/0 po Ol. ".,.b'. 0 1 
.ul. ,pl. protoco l •. 

S .. 16' " ... " ... ,. o ••• nc"_'. ' d..,od ­
. ng ,n the • .., •• v •• ' II " al pat ... l l . y. 
.'a"",.rd .... . ano .. '" .,.., •• , p ... -
po •• •• 

0 .... , } _"a. 110 por t decl,e.'ed to 
t.I • • • • ,y ga,h.t . ng ."<1 eon"ol 0 1 
t ne v.rlo~ .pac.e • • ft . od ul... . . ­
p. r i .. " ••• "d .y •••• •• 

2 S6k by ' .. 0 1 •• • 0 ' det..,t . "g • ..., 
" ... . .., .. "11 'EDAC ' ••• 0''1. 

T .. o .:;1 •• aga"y ' • • 0 1 RAn o '<I.n.~.d •• 
l our .a. !l IZ. by'. b.nk ... . t h d ... '­
por t . "c ... . 
E . gn. 1111 .. g. b y ' " o f RAft orll."'~ 
•• ••• , •• 1-."" ••• ",""o- d •••. 

0" •• '<lht-",. AID 10' ."_I og .'0".' 
• ••• ur ••• n •. 

Ra l .r."". y ol ,.o- 10. ,. I ••• t ry .'1.­
t ••• t h,oughOU' ." •• p.c .e • • ". 

E'gh' '11. 1/0 pOH ••• pp.d 10 ••• t .. . -

n.' . x ,. .... " •• uppo . " 

1I •• ehdoll " ••• 
the C~U upon 
c ••• h. 

'0 .u'o .... c.lly • •••• 
<1.''''''0" o. • C~U 

C.OU"" oo,, \tol ,_I e .pall. " .y '" 
c ... a l l .1 .... . 1 •• 

S PECI AL fEATURES 

T ... CPU .adul. uti. '2" CIIOS l og'c -"" 
c nos LS, c h.,. .n,Gug"ou" 1\ . ap IOY· • 
l ..... ul, . t ••• ,ng ~.,n.1 ."0 •• k •• a dvan ­
'.ge 0 1 a •• due.o pou •• ".,l ~.... ..n.n 
tbe ••• k .. " n.o .. I •• • 110".. To , ... "" . 
yo'u ••• eQu' • • •• n l ...... , 1." •• Gunt 'ec hno ­
log y 'Sn Tf ICa ••• " .. 0<1 "n.t •• v., labl • . 



m. , .. " .01'. <><>._0' •• 'eeled.. ,h. NEC 
10121H1 i VIIOI ) c n ol5 ."l.g •• l.d d .... "'.. Thi. 
IC ~o"t.'n ...... ~._t 0 : '-h. Int. 1 80188 
•• e , o p ._ ••• o , l .n,, 'ud.nc;I .dd_ . n."'_-
li o"" .nd ,"'ue'" oycl. 0 ••• : 0'. " . ... n ",0<: _ .-'" .I Onc;l ... lh ....... , 1*.11' ..... 1 
1 ~"" lI on. . T... on-ch.p pIIdplMo • • I. 
1""lud.' c l OC k "'"''' •••• 0 .. I ou. , •• 0 1'1.,,_ , 
DnA cantral,.. 17 Ie7l -Co.p.tl bl. , I UAfI'T 
US2'I .... o.p.Ub l . .~bII.' " .1'1 ._ 13' 
• ,." .. n - D,t p."" ••••• Dl. tI_./coun'.'. 
11I2'. -,,0.~"DI.)' •• gh .. '15' ,npu, p. 'or ­
,ty .nl . ..... pl aon'.011.' 11I2~If-co.p ... -
. bl." p .OQ ••••• bl . .... '-11'.'. 0.". ••• 0' 
. nd bUll ,,, ••• f.c. 10lll"/d ....... . 

Addlt. o"., DnA .... ppor t •• p • ., ,,,d .. d by • 
.!C 7Ie71 • • ",g"- p •• l o ••• n,,. c nos 10'" 
,., "h." ... 1 DnA ao"t.oll •• , I n oonJ ... na­
tion .. lth t ... V<l1I CI'U •• ,,'" .110.""g 10 ' 
tl>ll .... l oUII .0"'_ ... d I •• t ... . .. 
• y.t... • tot.' o f .i" '15' 
" ... n_l •• _"It. 

". " . 
Se.,.1 1/0 t121f1f1l " .. ipol •••• '.0 1.0 . 
NEC. Th_ " .... c_ •••••• ,1 •• t o tlMo 
Z.loil Ul5C3111 seC. _.n ... _ ..... t .... 
..-ek ••• pl'll<, .OO" •. l>Ut p.ovI4.. ,,_bII. 
0 1 . n ••• _t.nc;I bIIn • •• t •. The .o.t ' . po ' -
•• nt a ....... <.> .D.llty t o i n ••• I .". to 
the Vile ... " 71 1171 .. lth . . ... o ... bl ••• ount 
0 1 d,"", •• t. l Oll'" III"" .nd <b' , nd.PII"" ... t 
p.o " ••••• bl. baud •• t. g.n ••• to •• for •• ,,1'1 
t • • n ••• t .nO .ee.'v. "h.nn.'. 

A K •• ". 2k byo. c nos 1_,bl.-lInk I'"on •• 
... 0 10. boot.t •• p ••• 0.1'. A ••• 1, •• 
...... o n 0 1 th l ••••• O."' c ...... ue e ._­
f .... ,y "1'101'.0 10 . th. _ •• 1'''' ' 1'0'' In th. 
UoSAT DCI:. 

Th. (OAC _0.1' po_ .n . nt •• _tt .. g eh.l ­
,._. T .... type 0 1 ••• 0 ' 1". ....._ •• 1' 
'0 .to •• 1" 011' •• cO<l .... eeto ••• nd " .rt.'n 
d.t. th.t " .nnot _ .1 1 0 " '" to "co .. 
eor.upted 0 ... to r.O,."on .11..,t •• 

Th. U05AT DCI h •• Il5k byt_ a: !';DAC 1"0-
,..,t.o _OP)I ' T .... u.ho.. p.opo • .o • 
.. hopp.nll _k D)I' •• ot f;DAC 10. lI ,a . oS.t 
....... o n th ..... , I.bll.t)l 01 e4k by I CII05 
• •• 0 ')1 a Hp. . S .. r.l y. th ••• 1'10 ... 10 " 
• nough ••• 0'1' 10 • • ",,1'1 •••• 11 •• t.,l lt. , 

n " ........ th. .0H ..... cod.r. h." o tl'l •• 
1"_ •• nd •• d. It ."" .. ".ntly "I ••• th.t .t 
I ... t 1211k b)lt •• 0 1 EDAC ••• 0 1'1' .... n .... 'O 
• nd ....... 0 .... ould "d •• I •• b l •. 

T ... p.ob l •• • •• IIlth .o.t thlng •• n t .. . . 
r Ollle o • •• th •• ,he • • l Ullt • • n·t .ueh PC 
"" •• d •••• t o c ••• IC. onto . .nd , ... " f ~ 
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.. o ... ld app ••• nUY <_ ... t... t •••• nOou. ..0 ....... 01 po ...... h"e opoo •• lIO"." Th' 
p •• e ..... o .. ly • • '111'111)1 .or. ,nt,ald·""I1· 
1I ........ _"t.. 1'10........ '"d'eat.d po ... , 
" on ...... pllon lI o ... l d bII •• n.II .. "I. in .. hi. 
.ppl.e.1I0n . s"",,, ... l ul opll •• u on 01 th<l 
.. . ...... p p.o t ot)lPOO .. unn''''' • 1" 011' •• f'O ' 
the EOAC ••• 0 .1' . n ••• 11' Aug .... t 01 .­
" onli ...... th .... , ••• p o u •• " o __ pt.o. 
.... "._.nt •• 

T ... lv. HIt.ohl 152117 2515k " I .C ••••••. 
1'10)1_ •• t .... to •• " • • I ••• "t. i n th. EOA' 
••• 01'1' ..... )1 . u lth • .,o.bln." o n 0 1 1 .. A' 
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dro •• ancoO.nll and d."od,nll' ... 0 0 ••• ",., 
..,or 101l1l,nll. Th ••••• 0')1 oec up •••• 1'1. 
10..... 114 •• II.byt. 01 the ..,4" .Odr_, 

.1'11".' 
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OSCAR II'. DCE d_on.t •• t.d th.t "on ... n 
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poorl o ••••••• ,.cto. ll y In 1 0 ..... th o.b , 
f31 . Sueh ... 0')1 r""'l""_ . o lt ..... p.ot.., 
..on _..... . t a d. tee ' .nO • .,0.. , 
.t .... .o dal.. T_)I ••• "n.u. t.o (0. pro 
II' ••• to'.II. · 

In th. n;<>.08 •• CPU ."d._ .1'.".' th 
•• ddl. 112 • .g.by'. I. 1111'" .. Uh ."'" 
••• 01'1'_ A .ot.' .. I t .. o 12 > •• II.lly'_ •• 
loc ••• d on .. h. CPU •• In P C bo •• O. 0'11." 
I,. ..... I ou •• al ".nk. 01 112 .-a.oy" 
..ch. f;.ch b.nk •• ",,0. ' "ontrol 0 1 th 
C PU .nd c.n b. InO.P"'nd.nti)l po ..... d 0" 0 
a U. _I.",.d (a •• 0" ••• b)l .. h. CPU 0 
..,."teO (0' .ce ••• b)l .n ..... . ".1 ."p.rI 
..nt. Thi. ~d .... 1 po.lI"lI~ ... anll···n 
. 110" •• x t •• ".1 d ... '" •• I.uch •• the II .... 
St ••• ceo e ••••• l to h.... h'lIl'I- a_ 
. ,,"_ to _.0')1 10 •• to'.gII a . . .t ...... 
0 1 d ......... 11 •• co_unl e .uon .. Ith tt. 
CPU. I t .1.0 pro t..::t. th. CPU b ...... I'e 
an)l .o.t 0 1 _11 .. "etl o n b)l t_ ... t •• n. 
d ... 1" •• 

5 .. ·", . th. CPU 110 .. t.ol. t_ .p.e.., •• ft • 
... 11 •• • .... 11_ .. _ ... I'11 •••• nt.. CP 
he.ah •• p •••• ount to •• _. on ."",e ••• 
H.ne . . l". 0 .... , po.. • ... nll ••• nt rIIt ... 
th.n .,lo .. ,nc;I ... p •• I .... t . c" ••• d .. ..,ll 
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IBSTRACT 

UNIFIED FILE MANAGEMENT SCHEME FOR MULTI-MICROSATS 
BY INTER-SATELLITE DATA LINK (ISDL) 

Yuu Kato (JMIMCF) 
Mikiyasu Nakayama (JRlSWB) 

Moriyoshi OhArA (JKIVXJ) 

The Japa n Amateur Satellite Association (JAMSAT) 

rAMSAT proposes a new scheme for better co-ordinat ion of LEO 
Ito r e a nd forward communications satellites (PACSAT ' s) . A 
la tell ite-to- sa tell i te I ink between LEO sa tell i tes a nd Phase-3D 
(a nd/o r Phase4) is to be employed. This system enables LEO 
?ACSAT ' s to have a unif ied f He system which gives PACSAT use r s a 
:lear view of files in every PACSAT ' s . This leads to efficient 
lse of users ' time and effort. Employment of advanced coding 
:echnology will be essential to overcome tight satellite-to­
~atell i te link budget . JAMSAT foresees MicroSats and a Ph ase 3- D 
(and/or Phase4) satellite as a target to implement this approach . 

3ACKGROUNO 

rhe store-and - f orwa rd communication s sate llites , a.k.a. PACSAT, 
Jriginally proposed by Dr . Tom Clark (W3IWIl , are becoming a most 
?OpulAr ways of digita l commun icati ons us ing satellites . JAS-I 
(FO-12l as the initial satell ite of this sort has proved the 
lalidity of its concept . AMSAT-NA recently proposed a very small 
Ind inexpensive satell i te for the store-And- forward communication 
mown as MicroSat. A numbe r of simi l ar satellites are supposed to 
)e launc hed in a few years to come, which would lead to full­
>loom of PACSAT concepts. 

~owever , users may find inconveniences if several PACSAT 's are in 
~ervice independently: if one sends a message to his friend, the 
Eriend have to watch all MicroSats in order to fi nd the very 
neSsAge. More over , he may not be assured if he could send a reply 
to the originator using a different MicroSat from which he got 
:he message. The inconvenience in this case stems from the 
~xistence of sate llite -dependent file systems, or lack of a 
Jnified file system for various MicroSats. Some sort of 
~upervisory system will enhance the utility of HicroSats. 



JAMSAT therefore proposes to make Phase 3-D (or Phase4) satellitE 
act as a 5T{{9di nator o f file systems for MicroSats . This approa< 
is chosen because of better visibility of f.1icroSats by a higl 
altitude satellites than by a dozens of terrestrial stat ion ! 
(i . e ..... hy NASA is launching TDRS satellites to abolish expensive· 
to-maintain terrestrial tracking sta tions.) 

CONCEPT OF THE SYSTEM 

A high 
unif ied 
onboard 

altitude satellite .... ith an o nboard computer maintains I 
file rnanagemet system f or all the MicroSats in use . Th . 
computer is call ed a file system manager. 

Ther e i s one file directory in the .... hole system. All MicroSat : 
and the manager have the same copy. The directory contains n01 
o nly originator and destinator, but also identification of 
Micr oSat .... hich is in possesion of the content . Therefore , if on, 
connects t o a HicroSat, he ca n see a list of f iles stored i l 
other HicroSats as well, whic h may i nclude messages addressed t. 
him. 

The file system manager keeps the directory updated: when a fil l 
is uploaded or dele t ed to/from a MicroSat, the dicecto ry (store. 
in Phase 3-D and/or Phase4) should reflect the change . A Mi c coSa ' 
is therefore obliged to notify the chan ge to the file manager 
.... h i ch enables the manager to r elay it to all MicroSats in o r de: 
to update local directory copies in MicroSat s . 

FUrthecmore , an urget message could be relayed from a MicroSa" 
( .... hich origi nally received the message) to another HicroSa" 
(which .... ill be visible from the addressee in a minutes) througl 
the system manager . In this case , the manage r .... orks as a s t ore" 
and-forward system connecting two MicroSat s (supec PACSATI) 
Transfer of a message in this manne r saves time .... hi ch .... oul, 
otherwise be spen t only to wait for the very HicroSats in whicl 
the meSSAge has been stored. The fea s ibil ity of this · supe 
PACSAT- service depends on (a) cap&city of memory in the manage i 
and (b) link capaci t y of intec- satellite links. 

This sateilite-to-satellite link may be used fo : 
telecommand/telemetr¥ system for HicroSats: the file systel 
mana ger monitors telemetry f c arnes i n HicroSat ' s downlink, an, 
sends them to command stations via other MicroSats or directly 
By this service, commi!!lnd stations can grasp conditions 0 : 
MicroSats in charge even .... hen they i!!Ire belo .... horizo n . This schem' 
les sen s the work load of telecommand sti!!ltions .... hi c h has merel : 
been ~asted to track satell ite s . 

4" 



FEAS I BIL ITY OF I NTER SATELLITE DATA LINK (ISDL) 

High qua l ity inter-satellite data link is mandatory for 
system. Neve rtheless the la r ge di stance between MicroSats 
Phase3-D (a nd/or Phase 4 ) sa tellite makes the link budget 
tight. Moreove r we c an no t expect much o utput power nor high 
antenna for MicroSats . 

this 
and 

very 
gain 

The resul t of fea s ibi l ity s tudy on the link budget 
below. No modification to t he current Hi c roSat h ardware 
ass ullled . 

is shown 
des i gn is 

II } HI CROSAT -) PHASE3-D/PHASE4 

• 

1) Transmitted Power 35.0 dBm 
2) Transmi tter Antenna Gain 0 .0 dBi 
3) Space Loss -176.1 dB 
4 ) Receiver Antenna Gain 15.0 dBi 
5) Pointing Loss -2.0 dB 
6 ) Polarization Loss -3 .0 dB 
1) No i se Spect r a l Density -113 .8 dBm/Bz 

C/NO 
51 Data Rate 

Eb/ NO 
9) Required Eb/NO 

Mar gin 

42.1 dBHz 
33 .8 dBHz 

8.9 dB 
5.4 dB 

3.5 dB 

at 435 MH z . wi th 35000km r a nge 

• 

•• 
••• 

...... 
••••• 

•• ... ...... 
••••• 

Ass uming MICROSAT' s ante nna i s linearly polarized 
Receiver system tempe r atu r e _ 3 0 0 deg. K 
240 0 b ps 
Viterbi Decodi ng , k-5 , r =1/ 2 
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(2 ) 

• 
•• 
••• 

PHASE3-D/PHASE 4 - ) MI CROSAT 

1 ) Transmitted Power 47.0 dBm 
2) Transmitter Antenna Gain 10.0 dBi 
3) Space Loss -166.6 d B 
4) Receiver Antenna Gain 0.0 dBi 
5) POinting Loss -1. 0 dB 
6) Polariza ti on Loss -3.0 dB 
7 ) Noise Spectral Density -173 . 8 dBm/Hz 

--------------------------------------CiNO 6 0 . 2 dBH..:: 
B) Dat. Rate 36 . 8 dBHz 

--------------------------------------Eb/NO 
9) Required Eb/ NO 

23.4 dB 
9.6 dB 

--------------------------------------
MArgin 

145KHz, 3500 0km 
Same as (I) 

1 3 .8 dB 

With ideal BPSK demodulator 

• 

•• 
•• 

•• 

••• 

Micr oSats is assumed to have mode J transmission/ recepti on 
capability with 4800 bps modem , as is the case with planned 
initial two HicroSats , designed f o r usual PACSAT mission. In 
order to overcome large propagatio n los s , Micr oSat s ho uld 
impl ement convolutional encoding (with r • 1/2 and k • 5) by 
sof tware for decoding by Viterb i decoder t o be insta lled i n 
Phase3 - 0/Phase4 . The effective data rate from Micr oSat the r efore 
becomes 2400 bps. 

On the other hand, 4800 bps c an be employed at full s peed for t he 
link f r om Phase3-0/ Phase4 to Micr oSats beca u se o f l a rge Tx power 
available and less prOPAgati o n l oss at l ower frequency. This link 
speed configUr at ion (48 00 bps for " downlink" and 2400 bps f or 
"uplink") matches our scheme, f o r the planned file ma nage r needs 
higher data link f o r trasnmi ss ion in order to b r oadcast one 
directory c hange to all MicroSats . 

Conclusion 

A system which integrates file systems di s tribut e d in HicroSats 
by u s in g inter-sa telli t e data l i nk is proposed. Although the link 
budget i s ti gh t, the case study ind i cates this system is feasible 
without making a mod ification to cu rrent Mi croSats design by 
employing coding transmission. 

More st udi es are to be carried out , especially focu s ing o n (1) 
implementation method of efficient decode r and demodulat o r, a nd 
(2) alternative cases whi ch requires additional ha rdware on 
Micr oSa t s . 



lNTRODUCTIOH : 

TilE HOUNT TOXAWAY NORTH CAROLINA 
MICROWAVE BEACONS AND LINEAR TRANSLATOR 

by Charles Osborne, WD4HBK 

The follo~ing paper may at first seem a bit out of place in a satellite 
:ymposium, but closer inspection ~ill r eveal the beginings of a move in the 
~utheastern US to mor e ful ly utilize our ~icro~ave bands. Someday perhaps we 
>ill be able to use slllall dishes to communicate thru an amateur geosynchronus 
,atellite on the ahove 3 .4 GHz bands . 

This is the story of a beacon that eventually gre~ to encolllpase every 
~ateur band from 432 MHz t o 24 GHz. What's more it ~as r etrofi tted with linear 
;ranslator capability on bands where t o .y knowledge, no other amateur 
;rans lators or r e peaters of any type exist. The idea is to show that operaLi on 
)n such bands i s possible now, with awateur techniques a nd equipment. Why i n a 
iate llite Symposium? The Beacon I Translator atterall r esembles a ground based 
'atellite. 

'URPOSE : 

The purposes of the beacon I translator are o f course many fold. The main 
'eason f or its existance is of course to prOfQote activity on the 3456. 5760 . 
. 0368. and 24192 11Hz a>aateur bands. Propagation experimentation is the obvious 
.ther use f or a ny beacon. 

On SOfQe of these hands there i s little i f any chance of rando. contacts . 
'he number of people on is very 5111811 and s pread out. antennas are very sharp. 
:F power is quite low. the bands are very large , and absolute frequency 
ccuracy is always in question. These all present ver y formidable ob stacles to 
<uccess f ul contacts. Just t o have a t est signal available 24 hours a day f:ram a 
<igb mountain gives people something t o work towards hearing. This eventually 
,uilds experience with both the stability o f the equiPlient and the val"iablity 
,f the paths on the band. 

}U'LEKENTArrOH: 

Tne K4MSK Mount Toxaway Beacon began as an idea tor a 432 beacon follo.dng 
he 1985 September VHF contest . Even frolll our 4700' vantage point in EM85 Io'e 
'ouid hear only the WA~PGI beacon in Virginia. From Illy home station in Atlanta 
here were NO beacons to be heard on 432 and up. John. K~MSK. agre ed t o l et n,l' 
.lace a Beacon on his mountaintop at 4777' . We are fortunate that 2m and 220 
'ere the h ighest bands he was interested in being active on. as the 1.32 "nct up 
:eacons would .. a ke no r.al listening from t he moun t ain all but illlpossible. 

The Four Landers VHF Contest Gr oup, of whi c h 1.'rn a melDber. a ln'fldy h"d a 
'epellter on the mountain 00) 224 .7 2 MHz. t hus g iv j ng me a conveni.ent conl roL 
i nk . 

At 1 15 miles out. my l oca t i.on near Atlanta Georgia is just beyond 1.he 
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radio horizon for the lIIountain. This further accentu.ates the signal strength 
c hange s fro .. the beacon. I!owever it lIIa kes it ver y diff icult to go wOl'k on t he 
beacon. since it becomes a whole day t r ip to go up and come back. 

OVer the winter o f '85/ ' 86 I had t ime to plan out many ditfel"l!nt heacon 
designs on paper and t hen build thelll up a s IIIOdules. J:;verything fell in place 
with a sys t ew based On a 108.0177 MHz waster reterence crystal . This fr equenc y 
was chosen because it allowed me to use a xl, mult iplier to hit t he t iny 
432, 070-432.080 beacon hand on 70clII. This was the l owest band I had any plans 
to CO\'e r and the h ighest one the FCC had decided t o legislate. 

On the h i sher bands I felt any freque ncy wi t hin a reasonable tuning r ange 
of t he ca ll ing frequencies would be fine . In fact. on 432 t be c l ose pr oximity 
to the cal ling frequency is a problelll . Tbe beacon , even running 800 mW to a n 
OPiot antenna, is very lOud . This causes AGC pumping and keyclicks when the band 
i.s open. Putting the 432 beacon band up 100 kHz o r more higbe r in tne band 
would he l p t his situation trelllendously. 

In t he final illlplementation 1 was able to get a ll t he beacons wi thi n 4 11Hz 
of the calling frequenci es. Th is allows a 2 .. eter t ransceive r to tune both the 
calling frequenc y and the beacons wi thout having to nave a specia l l ocal 
osci l lator built up j ust for beacon reception. 2meter transceivers are al~ost 
t ne world wide s tandard o f mic rowave IPs . 

Part of tne pressure to put beacons on the otner b ands came from the local 
1296 ops who Io'ere hav ing a nard t ilile Dlaking sure the i r equipment was work i ng. 
Tom. W4VHH , IoIho has been on 1296 for over a decade, of fered to give .. e a 
t r i ple r he had long since retired frolll 1296 use. This gave lIIe a couple o f watts 
on 1296 when driven by the 8 watts I was able to generate at 432. Gene, W~ODW, 
donated a b i g- wheel horizontally polarized omni antenna for 1296. 

Refer to the block diagrams at t he end of tne article. This wi l l more 
clearly lead you t hru the following verbal explainations. I 

1 realized that tne 108.01175 MHz c rystal would also l ock a phase locked 
microwave source whicn I had for use as a 2160 MHz LO. This plus a 144 /'1Hz 
drive signal modulated with the ID and 2304 would be operational as a beacon. 

Next I 
salllple of the 

found that by using a 20 d B coupler I could derive a low 
1296 output, .ix it witn t he 2160 LO and get on 3456 11Hz. 

level 

5760 MIIz was next and also fell right out of tne availa b le modules already 
in t he beacon . Since I had a 144 MHz driver all I needed was a 5616 MH z t o to 
mix wi t h it to get tne 5760 signal. Again the 108.01 77 MHz reference xtal was 
used . 1 built up a distribution amplifier and power dividel' t o spli t the 108 
Mltz re fe rence signal to fee d a l l tne lIIodules it was now being used by. 1 
fabricated a x 52 phase locked mult i plier by modifying a x48 mic r owave source I 
a lready had. 

For 10 and 24 GHz a s lightly d i ffe r ent approach was necessary. The lU8 MH z 
would ge t Pie there. but not 8S an LO. Tne 108 MHz lIIu ltip les fell close to the 
ca l ling frequenc i es themselves. I elected t o use the outpu t trom the l U CHz 
source d i rectly and drive an amplifier witn it. The power to the amp would be 
keyed on and off. tnus ident ifying the beacon in CWo 



A s .... ple o f the 10 GHz beacon is then IIIixed wi t lt the output frOID II 13 , i 
CUz sourc e . The resulting signal i6 nea r enough to the df!I>ired 24 . 19 2 HH; 
calling frequency. I 

903 MH Z was !)ro ug tl t up as kind o f II ... "well you did all t he other band~ 
e xcept this o ne . .... So 1 used t.he l"~ MH z identif ier 85 a dr iver a nd mixed it , 
loIi t h II 10/.7.9 16 ~z lIIi.c r owave source . This is the one band that 1 could no t 
lIIake l ock to t he 108 .0171 MHz reference i n sOllIe "'IIY or a no the r . The reason to~ 
t he h i g h side LO was t o !!latch a bandpian published by t he Southeastern Repeate 1 
Associat ion. They nave the Beacon frequencies above t he translator out.puts 
Un fo rtuna te!), t h is i.nverts t he S idebands as ... e ll. lIIa k i ng USB in on 34$6 com, 
out on 90] a s LSB. Tltl.5 is II f amiliar situat i on fa ced b y s atelUte users on 
s a-e o f the eal'ly OSCARs, I 

Port. i ons of the beacon Io'e r e placed i.nto operation i n June of 1986. l ~ 
stayed on t he 9ir fo r about 9 year and a half until an i ntermittent failure i~ 
one of the alic r o"'ave sources !llld a temperature r e l a ted po",er supply problelj 
caused .. e t o pul l it o ff t he air in February '88 for t he update to tl'anslatoIl 
staus a nd a general t une-up , I 

The lIIountain is a very ha zardous e nvirolUlent f or anyth i ng hU/ll3n a 
elec tl'onic, The long AC po .... el' l ines t e nd t o build up tl'elllendous s urges dur in~ 
sto nns. The beacon i s located in a saall wooden build ing o n t he ve r y peak o~ 
the MOuntain, Thi s exposes it t o 125 mph winds, 3" l's d i s l i c e ,and s ub zero 
te .. peratures, The beacon building Is guyed to t he t op of t he mountain and "'e l 
insulated. This allo ws the beacon and the other r epeate l's' own heat to moderate 
some of the extreme temperature variat ions. An ovenized reference c r ysta l is 
st ill a necessi t y, particularly when multipl i ed as ra r as the beac on takes it. 
500 Hz of d ri ft at l Oll Kll z c ause s 125 kHz o f ",a ndering a t 210 GHz ! 

tHE TRANSLATOR IDEA : 

Pall o f '87 had brought me II; few ideal to enhance the use f ulness of t he 
>eacon, Fo r o ne thing, I needed .ore inform.ation as to what was going on up o n 
;he lIIOuntain, The ide n tifier was a c J.uge and begged for repJ.acelient . I 53'" an 
.nexpensive repeater cont roller that f i nally provided the r l exabil1ty 1 needed . 
lt's made by a company c alled S - CoIIIIII i n Denver. Their lIIodel 51< con troller at 
,180 lOOked as 1 f it pac ke d a lot o f fea t ures f or the aloney. 

By using its 3 inputs a nd 3 output s plus sa.e cleve r use of t he COR li n~s , 

that were s upposed to come fr olll a contr ol receiver) 1 wa s able to a J lo~ 
,ros ramains o f the lII i c r op r oce ssor via touc h tone pad r emotely via t he repeate ,', 

No", that 1 had a ccess to reMOte cont ro l. s e vera l feature s c ame t o mI n I! 
hat l<JOuld be very ha ndy . on the .. i c row. ve bands the r e ",as very l i t U e 
ikelyhood o f randOlll c ontacts, so t he diffi cult}· in a ,"r anging SKEll s t ends 1 0 

,t s co urage a c tivity" 1 no ted t hat by reverstng t he signal f l Olol in t he 3 45t> 
eacon section 1 coul d cause t hat part o f t he sys t em to become a l"t' ceiv~ 
onverter. Cheap TVRO LN,l,s give . 10'" noise high gain front end t o r s uc h a 
ystem, 

The fir s t I F in .. y d e s i gn c OInes o ut o n 1296 and t hus has a good c hance o t 
e i ns ovedoaded by leakac e from t he 1296 beaco n . To prevent thi s 1 con tigul 'ed ., 



tne ".j.L OrtVe to tne 14:';11> trlpler COU.J.O ue lnt errUpt eo . lnls C.l.ear ea tne 1<:';10 
spec trum so t hat an auxiliary input on 1296 could he summed In as well. 

Both 1296 spectrums are d~~converted to 2meters where a-pli t ica ti on and 
hf'cavy fut.er ing could be IIOre east ly done . Using t hree two- section helio:'al 
resonators dilitributed thru the Bain stages 1 aa able to band l i.it t he 
d~~converted pieces of 3456 and 1296 t o only ahout 500 kHz wort.h of eac h band. 
So f Ill' t his filtering appears a deq .... te . If no t , I have looped the 144 tfrI2 
signa l on the back panel of the Tran s l a tor c hassis. This would allow me t o:' 
downconve r t to 10 . 1 tfrIz or 21.4 !'lil t if needed and u se a xu.l filter t c 
precisely de f i n e t he band. Thili s egment wou l d then be upConve rted back t o 14~ 

wit h t he s alle LO it was downconverted with c ancelling a ny freque ncy error 
contribution. 

Once the signal is a t 2m, anothe r possibUity occurred t o me . By using { 
x tsl control l e d 2. rec eive r 1 could p i c k a spot i n the psssband on 10Ihich t( 
li s t e n f o r signal s. A locsl h8lllfest ne tted me a vintage Kenwood TR-7400A that 
loIorks we l l in this application . When t he s que l ch opens, it triggers an input ({ 
the mlcropt'oces80r. The p r ocessor the n sends out a message saying "SignaJ 
heard on 1296.620 and / or 3456.97". Thts provides a ra ther cleve r way to flm: 
out if your signal is getting an ywhere on t hes e bands . The FH a ud io ft'OI'l the 2. 
r eceiver is f ed into the repeater con t r o ller and decoded tor a ny cont rol tones. 
This g i ves ~e at ill another pair of control c hannels . 

The repeater controller a llows one other ve ry useful teatu re. By relllOt! 
progrSl'lml ng of spec ial c ommand macr os, t c an c ause special I DIi to be sent, f OI 
i ns t ance, illlll'lediately fo llowi ng a power failure wh.en the freq uency accurrac) 
lSay be a bit o ff . Or If one o f the phase locked oscillator s yoe8 unl oc ked I car 
pu t out a n occassional Illes sage saying t hat a particu lar band is oft che ail". 
Changes in an tennas or EIRP could be folowed by s imilar messages t o alert 
f requent listeners to the potential c hange in signal stnngth. Current 
frequenc i es f o r all the bea cons can be entered as a part o f t he ID thus ISakin! 
the outda ting o f f requency tabl es due to c r ys tal aging a t hing o f the past . 
This cuts down on the was t ed time o f lis t e ning fo r a beacon t hat i s o tl 
frequency o r o ff t h e air . 

The 144 KH z Signal passband is t'ouled t htu a variable sttenuato r and the. 
cOlllbined with t he 144 tfrIz identi Ciet' s ignal on 1lo4.020. The beacon level i! 
a l so variable . Th is a llows i ndependant l evel adjustllent f or t he beacon and thl 
translato r passband. Eventually salle fo rm of passhand AGe 101111 be necessary. 
but f or no lol I felt it 10Ias better t o get t he uni t on the air and IoIOrry about tht 
ove r l oad when it became a p r obl em . 

The 144 11Hz passband/beacon spect r um chunk I s then fed i n t o t he exilitirlJ' 
beacon system . upe-onverting the li i gnals to 903, 2304 , and 5760. 

very 
air. 
1oIi11 

The Beacon Translato r was p l ac ed on t he ai t' in l1ay of 
useful . Unfor tunatel y, In July a near hit by l ightning 

Luc kily, the .icropr ocessot' and 1II0St o f the key .odules 
live again soon. 

'88 and prove( 
took it o f f t M 
aurvived. so it 

All the hardware fi ts in a 5.25 " high x 19" J( 24H nick 1IIOun t c hassi s aru: 
a 3.5" x 19" x24" c hassis. As the ptctures accompany ing t his article sho",. it h 
one j8M psc ked jlg-S6w puzzel o f a mic r o1olave projec t. 

--



The t oll owing i s a tab le of the frequ encies and £lRPs o f the var1o~ 
beacon outputs as they are p resently (Aug. '88) configured: 

Band ( !1Hz) 

m 
'" 1296 

2304 
3 ~56 

5760 
10368 
2H 92 

Beacon Hode. 

- AI BCN only 
-BCN/Tr anslator out put 
-AI BCN onl y 
-trans lato r input 
- BCN/Trans la tor output 
- Trans lator input 
- BCN/Translato r output 
-A I BeN only 
-AI BCN onl y 

frequency 

432.0705 I 
903.900 I 
1296 . 211 I 
1296.000 
2)04.370 I 
3 ~ S6. 3S0 

5760 . 930 I 
10369.716/ 
24195.976/ 

CLEVER USES f'OI; TllI!: BEACONfTRAHSIA1'OR: 

/ £lRP 

1 W a.ni K4NHN skeleton slo t 
4 W o.ni big-wheel 
2 W a.n1 (off if RCV i s on) 
1296.500 (switchable on/ off) 
1 W omn1 slot 
3456.6S0 RCV only. southeast 
1 W small horn .i~ed 55£ . 
100 . W (under construc t ion) 
" (under construc tion) 

KASTER REFERENCES. My apparrent fixati on on us ing as few xtals as poss ible 
has some hidden benefits to anyone who is c l ose enough to hear several o f the 
beacon output fr equencies. 

Example ' 1 : Suppose you receive the 432 BCN on 432.0100 but on 1296 
you hear i t on 1296.200. Since the two a re direct multiples of one another they 
will be x3 ~ltiples by definition . It you a re v ery c lear i n your understandinB 
of how your par ticular 432 rig gener ates ita offsets fo r the CW ca r rier proceed 
with t r ying to trans!!lit. ze ro beat on top of t he received .. 32 BCN . This will 
requi r e a second 432 r eceiver or a friend c l ose enough t o hear hath you and the 
beacon . Once you are exac tly on tOP of t he HCN carrier. look f or your third 
har-on ic on 1296. Retune t he xtal i n your 1152 HHz to in the 1296 t r ansver ter 
unti l the beacon fal l s on exactl y x3 of the 432 frequency. This wi l l r equ i re an 
accurrate fr~uency reading on 432. pr obably tro~ a good counter. 

Since tunin8 in the beacon to exac tly the same fr equency tone each time is 
neccessa r y, I use s DVM tha t has an audi o frequency counter built in . Using 
headphone j a ck audio 1 adjust the beat tone on ow to be 800 Hz on 432 and 1296. 
If all t he csrrie r osc illator s in both your 1296 sY$ tem IF rig and the ~ 32 l'ig 
are whe r e t hey s hould be . this will result in t he digital readou ls nolo! being 
exact on e ac h band. Fu cthe r t ests using even higher bands of the bellcon' s 
outputs can gi ve you even !!lo r e r efe r ence points. This helps pinpoint which 
oscillstors i n your systetl are off f requency. It be COMes like solvt Oi 
s imultaneous equat ions. 

One point to reMeMber is that once you ge t above 903 KHz t he shee" 
Magnitude o f t he ~ltipli ca tion nUllbers used to deri ve your l oca l oscil'atol"S 
will cause t he stability of any c rystab in your sys t em t o ~ very vel'y 
cri tica l. Rec hec king ove r a per iod of days a nd weeks will li kely reveal t hat 
un-oven ized c r ystals a r e t o be avoided f o r use i n conve r ters at 2304 and up. 
IThis geU into an a r ea t hat i s beyond t he 5COpe of this pape T. C"yslal 
par8llleters. St abi li ty over time a nd teMperature a5 well as initia l frequency 
.ccursc), all cont r ibute t o ... n ethe r or not you' ll be fsced "oith iI,moying 
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questions of wha t f requency you a r e ope rating 00. The study o t crYstAls i6 an 
im'olved 6ub jec t. ye t a worthwh ile one to leal'll about. 1 

EX9 .. ple _2 Another t r ick is t o use 5760 and 2304 to c heck the accuracy 
o t the 5760 and 230~ local olcHla t o r s . Take the freque ncy of the beacon on 
~32. 070S and divide by~ . This gives the .aster ~tal ref e r ence frequency a t 
108.01775 a prox. Mult iply by 20 to ge t t he curcent LO f ceQuency ( 21(,0.35 
appro~.) for the 230~ beacon. 

Multip l y the r e f e cence XLal nu.ber by x52 to get the 51&0 SY6te. LO ( 
appro!': 5& 16 MHz). goth bands use the srune H~.020 al>proxi lll8te c ryst"l t o get 
2)04 and 5H,0 outpu t8. Rece i ve the beacon on ea ch band (actually easier than 
~-ou .ight t h ink i f you a r e within US .ilea o f the .auntainl And record the 
frequenc y you believe its on . Subt ract the 5616 LO frequency and the 2160 LO 
frequenc ies fr~ their respec tive bands . Th is back calculates t o the 1~~ . 020 

Cl"ystal f requency. I f you don 't ge t t he S8II1e nUlDber . re-check your LOs. 

Use the 1152 LO in your 12% receive converte r to ( which was accul'a tely 
set in the previous example) generate harmonics of the 1152 signal . Lis ten for 
thelll on your receivers a t 2304 .000 and 5160 .000. If the signal i s not hea rd on 
t hese f r equencies, record t he difference. This s hould help t o find Which LO is 
o f f frequency. Correct the LO f requency error and r e.easure the 230~ and 57&0 
hea cons. They s hould now be whete predicted. 

Again bear in mind tha t this use of the 11 52 LO i s based on t he pre~ise 

tha t the frequency a ccuracy o f your 144 r ig is set to within a few Hz. Al l 
these .athematical methods get .are and DQr e messy when any correction f actor . 
are used to co~pensate for crystals that can't be pulled onto the required 
frequency. Forc ing c rystals too far i n frequency caus es t he ir temperature 
stability and col d sta rt up p r operties to c hange. These methods are <:alled .. II. 

transfer of standards~. It ' s a little b it like zero beating a 10 KHz c cystal In 
your own station to wwv. Withtn the limits of your ab i lity to lIatch t he two. 
you have trans ferred the lo"'WV freque ncy stand>l r d into your own equ ipment. The 
above Gethods work si.ilarly, only by the t i.e you aet to t he mi c rowave balws 
the t r ans fe r of standards Hz errors can really add up i f ca r e is not taken. 

PROPAGATION. Using the beacon as a standard e irp transmitter. day to day 
propagation variations become trackabl e. An added t r ick usable in .y syste. i s 
the use o f the translator t o see the paths on two bandS at once. 

By trans Blitti ng on 3456 KHz and listenin8 t o your own signal on 2304 you 
ha\'e access to .are infonl8tion than Bl ight be apparent at fi r s t . By cOWlparing 
your r eturn signal strength t o the beacon strength on 2304 f o r several days YOIL 
can get an idea how the path varies on 3~56. The beacon strength itsel f s hows 
the path variat i ons on 230~. If you jus t listen t o your own 2304 return s l~al 
over a period o f ti.e and ignor the fact that 230~ and 3~S6 propagation are 
bo th changing. you are c l ouding your data. 

These trlcks are a l o t like comparing your downl i nk signal to the 
IIlII plitude of the beacon on OSCAR- lO or 13. I f you hellr the OSCAR beacon ve,'y 
c l ear l y but your own trans l ated signal i s weak. then the p robl e. is your 
Upli nk. If you hea r the OSCAR heaCOll weakly. but your own translated si llMl 
is alalost as loud as the beacon. then your receive system is whAt 1I<~eds 
illpr ovellent . On lIy beacon I translator I refe r t o the path fro. user to the 
~untaintop as the ~ 1nboundM path, The mountaint op to t he rece ive s~te . s 
c alled the ~outbound" path (ear thbound equivalent o f uplink a nd dQWl111Ilk ). 
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tHE IMPACT OF THE ARRL PROPOSED NEW 8EACON PLAN: 

I n gellen"l I'll not t oo l"uffied abou t t he ARRl's new beacon plan . In fact. 
It least 011 10 32. IIIOving the beacons up a f ew hundred k i l oher t z would be good . 
tha t would allow us to run 1I0re power. My beacon runs 800 IIW to a horizontal 
:>IIIn l b i g-wheel .mtenna. At 115 .l l es Out . i n Atlanta , the s i gnal neve r gooes 
below t he noise. Whe n thoe band is o pen. lIy f'1"-767GX has trouble handling t hoe 
i9+30 dB S i gnal from the beacon whi le trying to receive a weak station 30 kH z 
away on ~32.IOO. The proble lll is that the AGC puDlps in tilDe to t he beacon . FOl" 
that l"e8S011 1 pu rposefully left a f ai r ly long de8d tille in the 10 stri ng so 1 
could listen for other beacons and/or work people whenever t he beacon was not 
transmitting. 

Ac tivity on 1032 is s till so l ow in the southe8st t hat the 200 Dlile radius 
)e8COn cove rage area only encompasses about 50 ~ 3 2 stations. With ac t ivity so 
low, the beacon becGlles even IItOre il1lportant because the band l118y be open and 
,\ oOOdy i s on to even ,"vrk. The beacon solves thi s proble .. of f inding signal s at 
) AM 8150. fo r those of uS kno wn t o be CUl"iOU5 about propagation i n t he o ff 
;>rille tille hours . So the higher t he power the better. I ' d l ove to be able to 
hear t he WA~PCl beacon in Virg inia .ore o f ten than j ust during an opening. 

Curt. W82GGP, i n Tampa Florida has an e xcellent ~ 32 beacon on the a ir that 
~olves the power versus overload problem nicely. He uses a PROM for his ID. 
~xtra bits were available. so he controls an attenuato\" as the 10 scrolls thru. 
the Beacon i de ntifies at 50 watts, 5 watts, 500 milltwatts, and 50 mill i watts 
md thcn starts over again. It also tells you the power a t eac h step in c.:w. If 
~ou normally only hea r the 50 W signal and today you c an hear the 50 mW signal 
just as wel l a s the 50 W usually ia. >'ou know t hat the band is opell 30 dH more 
than no r.al . Pretty c lever I think. 

The ARRL i.pact on Illy beacon woul d be to break up all the internependancy 
)n the one or two oscillators. Since t hey have (unwisel y in Illy opinion) stopped 
1296 beacons fro. being x3 triples o f their ~32 counterpal"ts, any attempts at 
:he frequcncy a ccu r8C}" transfer8nce gaMes Mentioned above 10'111 be iMpossible . 
~ot that t h is is a priMe conSideration . it was just a nice added feature . 

A l o t of the mi crowave bands ill lIy beacon 
108.000000 MHz xta l now i nstead o f the 108.01775 
DOst of the bands are at .300-.1000, so by 
lscillator t o H4.350 for ins tance, most of the 
land plan . 

would have to be l ocked to a 
xtal. The beacons suggested on 
simply c hanging the 144 .0 20 
beacona would t hen fall on the 

10 and 24 Gllz fal l directly on t he c alling f r equenc ies o f 10,368.000 " nd 
14 .1 92.000 11H:t ",1ltll the beacon i s llIOdif ied as ment ioned to the ARRl. plan. Th I s 
iI. no t desinble but is the best I 'll l i kely be abl e t o do. It 's better to have 
,OllIe be llcon. even if its not exac tl)' in t he perfec t spot, t han t o no t have any 
>eacon at all. 

All the whining Ann rhe t o riC about "'anting the beacons c l ose to t he 
respect i ve c alling frequenc ies 1& j ust a holdover frolll t he days of non· 
iynthesized radi os . Today if your digital r eadout says 1~1o.0000 and ~'our r l~ 

real l r is on that frequency . when you eet t o 147.550 there is little doubt t hat 
it really i s 147.550. Synthesize rs multiply by integers which gives the," 
l irtually pel'f ec t linearity , 1i0 long as theil' refet'ence c r ystal is exa("t l~' 
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\o'here it should be . 
ot the radio at all 
to another reference 

By checking one freq uency, you are veritYing the accuraq' 
freque ncies with in its range so l ong as it doesn· t SWitch 
crystal. 

There are however a few ga.les played in s OllIe of t.he cheaper 
illple.entations that use disitaI to analog convertet·s t o drive a VCO (II)' FT-
767GX for instance is one of these I believe }. These rigs are the ones tbat 
ha\'e little gaps and overlap zones when you t.une acroas a CW Signal. This is 
l!\,tdenced by the lllUSical note not slDOOthly progressing, but. rather having 
litt le unequal tone jUlllPS, usually at repetat1ve digital I'eadout interv81s o f 5 
0 . ' 10 kHz. This is c aused by a cheap varactor diode causing a non-linear tuning 
curve in a VCO that is programlled to tune only perhaps 5 or 10 kHz before the 
synthesizer is i ncremented. If the VCO was linearized t his method ~uld be 
tine. In tact it would give lower phase noise than implelllenting 10 Hz steps in 
a synthesizer . Again the complaints are largely a holdover fra- the days of 
VfOs with non-linear r esponse across a 500 kHz or 5 KHz range. 

Co.plaints about wanting the beacons c lose to t he calling frequency also 
don't .ake sense in view o f the proli fe ration of radios with a large nunber ot 
.eROries and lIIultiple VPOs. These features allow j .... ping fro. the cal l ing 
frequenc ies t o the beacon and back in an instant. 

1 '11 gr ant you, the changes proposed by the ARRL will not be incorporated 
i nto lilY beacon at K4MSK/BCN in the near future. With over 10{)o+ IIIl1rmours 
expended in the develo~ent of the Beacon / Translator 115 it atands today. and 
a few hundred dollars out of pocket. 1 a~ t rying to c atch up on sa.e of lilY own 
work around the house and .y own station to insure do_estic tranquility etc ... 
before 1 Itart any lIIajor rework on something that 1a working out as planned. 

Many of the beacon's s ubsystelll parts are fro. lilY own station. thus taking 
me off a fe~ of the bands until 1 can duplicate the itellls. It was worth i t 
though . There's no use being first on a band if there's nobody to talk to. t 
felt the Beacon to be the the perfec t sift to activity in t he south as a 
necessary precursor to .y own station's ca.pietion on 2304 and up. It sec.s to 
be work ing out well. 

Par donations of component assemblies. help in construc tion, tes ting on 
the air and on the mountlin. these people helped make the Beacon I Translator 
possible: 

W4VHH. W40DW , K4MSK, The Sc ient ific-Atlanta Amateur Radio Club WA4LOU . 
K4KAZ, WB4EPZ. WS U , K4NHN , WB4Sut, WW4 T. W4ZPG . WQ4V, K~NEf . NC~W. and .any 
more. 

Yor further 1nfor.ation and for Reception Reports send to: 
Charles S. Qeborne, WD4KBk . 881 Lakeshore Or .• Berkei ey Lake, GA. J 013b­

lOU. Phone: (40Q242-7B64 hOlle, (404 )925-6229 off i ce . 
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Front view of the Beacon (bottom 5-1/4" chll .... i .. ) 
and the controller/Tranalator (top 3-1/4" chasaia). 

Interior view of the Controller/Translator chassis showing 
~icroproce .... o r. 1296 down converter ( lower right) . 90 4 beacon 
transverter (lower center) . 144 MHz Translator IF (cent e r). 
and power aupplies (top). 



6. 

Int erior view ot the Beacon c hassis. 

5760 Power Amp (right aid.) 
2304 Power Amp (~pper right) 
X20 2160 PLL (center) 
432 (lett center ) 

1296 filter (lett sida ) 

Rear view o f the Beacon/Tranalater 
in.talled , s howin8 .iz banda of 
antenna cabling converging on the unit . 
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The RS 11 Ionos pheric Experiment 
by Mike Pa rker KT7 D, Jeff Schoen, 

and Dan Morri son KY7B 

Total Electron Content (TEC) is a measure of the total 
number of electrons along a path through the ionosphere. It is 
important as a measure ot the current state of the ionospher e , 
especia lly for understand ing propagation effects between the 
g r ound and a satellite. 

Radio waves pass ing through the ionosphere travel slower in 
regions of the ionosphere with a high density of electrons. One 
can determine t he TEC by measuring the amount that the ionosphere 
delays a signal in excess of the free s pace propagation delay. 
Such an experiment was carried out i n Nove mbe r a nd December 1987 
using the RS 11 satelli te . Dur ing this time the satellite 
operat ed almos t exclus ively i n mode RA with uplink signals 
r eceived on both 15 meters and 2 meters. In this mode the 
satellite adds the two signals and retransmits them at 10 meters. 
The experiment made use of the two uplink frequencies in 
determining TEC. Experimental techniques used, some of the 
analysis methods, and measurement resul ts will be presented . 
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PACSAT SOFTWARE 

1:1,' HuoId Pri« NK6K """ /lober. McG..ner NUlY 

A bot . ad 

Tile ~V(llvi,,, I true l" .... of tbe Micruoat 'yol .. " 0<>1\. 
,.."'~ is lIi8(. .... ,,<1 . Wi th a launch ..,,-vices "ISr"",ncm in 
hand, ..,veral " l"'aeoalO" ohould he in orbit in 1989; they 
... ill h .. "" 1l>Ore ''''''Il0l")" and a mor~ cornpltx lUi." <>I 0)' 0-

I"", &nd BppH" .. lior, proy ..... lhan ""y ........ "ur opacec.nJ1 
launcloe<l ' 0 ,~". 

n.ckx..."" .. <1 

~PJ.cN. •• , a dedicated packet radio _elll.", io • """" • 
<q>1 1J,a., .... been lIooo'ia&..-ound in I)",~ ...... <li3ilal 
",,<I opa« communil .... ro.- mo<e ,ban oUr ,... ...... The b.-
sic """"'''pi i. lim"",. ~ a I<- <>:rbi. DUlli'e'o kCut)'~ 
.... oaap from pouty to party ra\her than doinc" .... al·l~ 
I,",""fer thou", .. hi'" ""bi t .,<IIi." l ho.. boIh part;" """ 
Oft ... ,he""""" Ii ..... Mie""",' i. a """,il\" AMSAT.NA 
... lellile oyne" , that bo ..... PIe ... t ,niooi<Il . 

A pAl"" in theH pro<..,wn.9 by Tom CI .... k PYCI "", 
",..,n·i"", cI the cur...,,1 Mierosat dcsi&n. Another Ilftl"" 
by Lyle John""" ~ribeo lhe hanlwar" th.o.t OUllpor" the 
IOllw .... " ~rihed in Ihi. pi>per. 

0 .. " of lhe LN,,, bencfil-l of the .. nu.cur rodin · P...-:.­
... t" """"""Pt h .. alway. bocll ""'" <081 . NO!. thal; hamo ..... 
~ fru&al, .... ·d opcod it if..., had il . U riel, il bu 
bo:ut .... d ,hal; .. ....... ...-in ..,....., DO ex_ in buyi", olher 
part.o to 10 ";Ih _hi", boo &01 roo- r.. .... 0 ....... boven'l 
10' il , ... _ 're forced 10 be ontarl. Tbc<e ..... oevnal ... 1 
~"d"li con<q>" ill Mie ...... l. ()o., ;' anal! oi.... Thit 
~"""" build,,,, """'. (we'.., lalkiDfl omaIl, .- "';";.1" ... 
iu:d . .. hid, dri_ 00110 up). It al.o red",," I ..... ch 001 ... 
... hich "'" Iypkally p<-ucd 10 launeh -"h •. AnOI.ho:r "OIIt 
rOOu«t i. ~nd..,,,,, on <>f!"·lh.,..ohelf coounerrio.! pde 
p ....... We '.., ,,';n, nt...,ded "''''~ftt ure r"""," pa.tI, for 
.he mool p..,.l. but ''''aidi", t he m"ch mor" ~"pen.i"" ' IIIICC 
rnled 1>4"'. A """,hinRtion of kn"",;n, ,It.: limi'.'ion., • 
fairly beI,l,n low orhil. and ""yinll ~"ention to Ih" ~'''' 
001,,11. <Ii Ihermo.! ""mrol , all"",. u. 10 &el ..... y 1_ u · 
pc""i"" "lecllonia. 

AnOI.h .... COIl mduci,'I! cktnenl i. lbe .... of off·the-
wlf 001"1 ........ and • law """"- dI..,,,,,, developrneru. en· 
yironment. AI..,,..,.,., ... oo ~ comp"~ b"... .. ,. a law 
rool ooflwarn do""lopn>enl ""viromne.,1 ho.o I""" com.p<>­
"""0. II.., actual 0011 oilt.. oof,......, it.s:lf, ""d lhe 00II. 

<Ii ,he labor roquir<!d to ux l boo ..", .. "'" 1.0 do _»dhin, 
.....rut. Wilh Mic ..... l •• ..,...,ndipitOUll Iun> of -.>11 bu 
led 10 .. developmenl c,mronn'ert' ... hlch ohouId be both. 

Ot'l" Ih., Shelf 

Mk ...... t il a vel")" Imo- OOIIt ,~o!\. 0 "" .-.:ucm 
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i. Ihat il u .... off·the-lhelf poutl I.Od \l", oimplcot p<>Ui. 
ble hard"..,.., <\""i,,,. T it.: OV...:ccr..n i...,1f • minimal. it 
i. ·,\I.bili",d" only Ly a bar "'''''''' •. which lock • ...-ilh 
th" ElOrth' , rn",nclic field and Iooepo Ihe o~rafl from 
I'", ... nll", tbe """'" lac<: to Ihe .un all t)", lime. The in· 
",rco",,,,,,ting wiring har".. i. minimal , .. oi"l1 a mct"e 25 
wireo a"d dependinll on ..... ial b ... conlroU ..... in each mod· 
uIe 10 " , uniplex ... ..,ra1 .:ontrol."d......,. oisnalo on a few 
..ireo. The CPU hard ........ _.tando.rd ~ pAI"Io, 

ouch .. a V40 CPU, d.-IT ",laud 10 Ih" CPU fow>d ill 
IBM pc .. ralho:r Ib.ut..,."" ..,.otic, rad hard bil oIjGns..;s ...... 

We'd alto Ii ... lhe 001"1 ......... 10 boo o/f lboo abeIf and 
olrai~I·f_d, abl<! 10 ' " ad"",,1fC'! <Ii .. ""dud dr­
vdopmcnl toola and l~ . ..,d 10 .... Lar,,, bIodo 01 
aiolin& pr-OI.ocoI and b"lle<in boo.td code. 

With 1'- ,oal. in mind. Mic ...... ' ...-ill be lbe Ii", 
omateur rpa.cee .... fl 10 ...... an o/f. lhe-oh.-lf bi'" Ie"'" tan· 
S""'" ... ito major imple"""'lo.tion rtand",d, Microoof\ 
C . It will ..!OO uoe an o/f.lhe·. I",lf multi. t ... ki", opcrat. 
illjll oyrtem from Quad"'" Service Corporation cal!cd qCr. 
II . houId he pointed oul thaI Ihe Unl""",lly 01 5"""1'0 
UoSat. D. to be launched on lhe oo.me ,.,;.ooo • ...-ill 0110 uoe 
..,.". of tbe ..",., 10ft .......... It.. diotioction i. " .ho.n:d -

Why C"t 

Why. in f"d , • hi&!> leYellant;uo.&e? The purpOtOe oi 
tt.. Mic....t "Paoocrall;. to ... p~. 16 bil , $ MHa """". 
pu\erwith 10 Mb<li~. In addilion to.,.,.,lroIHlIjIltho 
.~, tbe """'putff ";ll oupp<>fl_ or ~ cornpin' 
M,. """"""",ieation protoo:olo ... Ille oyo"'m. mftDOrJ' ft· 

ror detection and =~Iiou, .. ,d dAla t;Omprcuion. It.nU 
"""'pule il-l .ub-.... ' ''n;le poiol (Ilie point on the lI'ound 
irrur.edi .. lely below the .~t.!mt~) .. lhat it "ArI .... itch lbe 
downlink Ir .. ""nill'" 10 low l,,_r whil" ov"r ""arl zones. 
or determin" ... h~n 10 &,.b ." i,n",e fm", tl'" CeD """,. 
cr • . This will ~"ire /IoIolio& poi~1 mal.h . L ... t lou. DO< 

leasl. lhe .ort""", m ... 1 boe wrillen in Ii"", 10 sUJ>POf\ " 
poeoihle J anuary 19891.......,10. o.,;~ .ll lhis ill .-mhler 
..... Id boo a d&unti",lult. 

C, _hile DOt a pcrf«ll .. ~e. i. at leu. uhiqui ...... 
111. "...... .lLat many pooopIe wril .. in il. ind,,<fut& "'"'" 
hat.... Microooof. C is wdl known, baa copiouo docu""",· 
taboo, b.u many ~ns toolt ... >d is "";1, .vailabIe. 
While it has""""" hug. lho)- .. ~ .... n doeurneuted, and "'" 
In _ .. ..., ....., unlil<oly to _, oum u ".phi"". I,..-ill 
~<I>«Me <Ode th"l io "",all ..,..,,,h to iii in tbe a.,,;I.W. 
opa<>e, and will run f_ enou&h to .npp<:lI"l any modem 
tcchn~ ""' ...... likdy It> fly for """'<! t ime tn ~ 



fbi" anoll>er ..1""'"«,,. impl..meo,~ ...... o f ,he ....... 
\elU nd;" pood<et pro"""''- ....., "v"'I-.h1e ;" C, ;" dudi'4!: 
.he KA9Q AX .2ti ""d Tel'/II'. 

C i. ",""" ~i<:<::r .hQU&h .... b"" " >"ppo •• lib"",y of i,,· 
In!"''' ro«I;'".. are .,"';lahIo.o o"ppoo1 i" .... ·.""" " ,m"" " 
nka.ion in • .....J·.i"'" .,. .. "'" luch .. Mic...,... 

Why M ulti. l .-king? 

Fit;ure 1 .how . .. """,be, <o( the l.uk o 'hkt !l,e Mi· 
• ...-. CPU .. ill b~..., 10 0"1'1"""'. OI",!:MiU<! t". ma.;o.. fUllc­
.ion. Th""", .uko ... il! boo ol_rihed in deuil L-,.,.. The 
d ...... '" y.:a, ly "'mp~/l.,d , .. i, ftv"," 0'" ..JCb thi'4!:" .. 
.be .. ft ......... 0 manipulate .he 10 Mb 01 """""'Y. 2 Mb 
b .. .,k .wildlO!d ""d 8 Mil .... r •. ndomly add,..,.."ble .... 
rial hufL"e.. M .. "y non·related , .. Ia ''' .... , be c...-ried 01' 
cOl,' .. m::ollly. ouch .. "" .... chl'4!: .he nns ~ baa. roc 
all ~ w WIAW while """';t"";'4!: NU."., Yohace. 
Son ... hi_ oc:cur 00 dem"", ..... ch .. dow"Jo,odinc .. file, 
01",," hal'J><'fl [......,.j on lirOl', ouch .. indudill1':" ~len""1")" 
fra".,., in ,h .. do .. "link .Iream OIl"" evcry n ""cond •. 

Ooe _y in ... hich .hi. eM b<: .,"",e ;1 to ",ri'e .... eh 
f""".ion .. a ... b",,,,i,,,, W • ";"0. I.'!.. progam Md 
~olL .bern all \.OV-t11<T. '"'" II"';n pros:r"" """,Id COIl.";n 

• ,&hie 01 .ubr< .... li...,. '" call .... h"" .. li m .. , i. n .... o. ,.;"" 
<Xpi,.... It ...... "Id aI.., COIl,";n wlta. i. <:Om.nonly .al1ed 
" "com" ,ul"'OI" loop"; " oe\ 01 ."bro«. i" .. t"<p,_nlina 
",.jor funcliDOl .. bich """ called in ,wn, .ad> doeo _ 
"""""","0' Mol return. 10 lbe main loop. A ~ exaruple 
",.his 'Yl"" 01 P"'IValO it .be Tep/ IP ~ by "hil 
K...". KA9Q , ."d othen. ro· 12 aloo...-" com mul"! .... 
l""p. 

COIIUDul .. , .... 1"""" h"ve ..,,,,,raJ <Ii-.l.""._. h,aor. 
.....".. The Pf1>V"'D is linked ,n'" ""'" biK ,,,,,I, n_inl!. IhIll 
.II 1_ 01 the P'""P"*m boo"" '0 be .. ......, 01 ,!:IobaIo ...... 
rub"",ti ,,,, " ....... , .VftI """ ... ho·, 001)' p<>in. in ""'nmOOt 
i. th,,' (be)' ~re ho.h e~II"'[ by' )'" .... " ... ",~in 1''''IV",n. 
II ... "" ... tl ... P"'IVam i • • ".., U"W uni' , ' "d;';dual pt., .. 
c .. Il'. be eaoily ,eplAced or ,MoIwkd . While .",."",u'a..,..· 
...... ' !'roy""" "' .. elI""".i ..... in .be rislol d....:wmtan-.. ig 
~..,...,;[ II", l..rvr .bey I!.'" or I I", matt diopo.rat.e ,be pv". 
.be hud .... h<!)' ""' 10 devolop .nd m";nl";n . KA9Q i. aloo 
I".vi,,& Ihe "",,,,,,,,, .. k>t behind fot " h"",,, pown k"",oJ 
for ""' .ne ("" _ ~ke 11>ooe """"" here. 

A1lO1.h"r al .... na. i"" '0 I, .. " multj •• ukin& ..... mulli 
th...,...j,cd FORTH. The .. "'- 3 ... ",U;teo OK." 10 ...... 
13 """ IPS .• PO IITII.lib orotern. ),.fueh hu bo_ IIlid 
"h""1 mRTI! ...,,<1 i" aPI,lic"bili'y '0 ,.,..I. time control 
]>'''I!rammin, . il W11I! ori&inaUy dc""Iop«I to .""trolla'!." 
It.luw:opes. W i.h FORTI! 1"'" ei.ber Iuve i . or h •• e i., 
""'"' ~t 01 lhe J""OOP"'C'i.., p~ for the!-~ 
]>"'.;..0' ••• "',, it> tIM: I ...... catqory. FORTI! i,.- parli." 
1",ly oplilni~ ~ ... thi"S" lik. AX . 2~ protocolo and BDs.... 
. nd .he", " re no ui •• ",& a,nat."r packet r.dio .. pplica,M>I\. 
ill thio I.n",.!!.>. If FORTI! """"" cboom . .....,'d be , I""inc 
far.sa.,." "" the ~ """",, 

A .rue m',IIi . ... ki"ll .,.11"'" """ld 11",.., II"" LlI ..... i"a 
.. d_,"auo' 

I) All I''''I!.' ''''' ' ( .... k. ) could be .. rill. n as ""JNU""'. 
.".iti"," . Thi. elimin . ... ,!:lohoJ ""me and 0.1..". prob~lJ'II. 

.Ild make. i. ~ for ..,..~ ..-idely ""I"""ated """,""n' 
miD, ",""po 10 contribu", for.he <if_. 
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2) 5i...,. .... Its ...... ""1""".'" p..-ogamo. t hey ...... ~asier 
t.o lP""'""e and I ... . 

3) Tub eM be: eMily "",,,,,,,,d and rdoede<l. 
4) The multi. l ... ki"l; ochedul ....... ureo th.,1 olI'...uo 

VI a chuo.oe t.o ...... "" C PU. More .ypes of ~ 
...rocO or fail", ......... uni,..W., .. ,!:1i,ch in ~ .uk will 
DOl IOU arily hall pr<>C-.i"l; ,n OIber .uk •. 

A ' n", mul'i· l....,in,!: sy"",,, ..... n. mo,e d",i ,.,.hle. l be 
probkm .. fondi,,, """ for a """icul .... h&fd ...... ~ 'yo'"m . 
Forlu na. ely, .."..,,,,Iir>ily..ruled 00t .... Earl,. .h" l"'Ar .be 
ae<"";~ Paco-a. CPU deoi", .... u~ from ,be 1984· 
s.yle N"SC800 Z-8O 8 bi' claao.n ,he 16 bit S08G cl_ . T he 
.. ri,.) "",nmunied;'o". chiI' ...... an 8030/~ 'It~'''' 
It j". ! 00 happ" ... Ih&. """""""" .. ,lit a Lon" ' ime illle,· 
.. , in PAC5AT oofh, ...... (NK6K) ...... one of Ihe founden 
01. ""'npany Ih • • hy been """Ioo<infl; • .-I ...... mulli· 
.... ki.'& communlc .. 100 pt.ckal" ("" aD. 8018I!/ 8030 ropro­
__ card .i""", Ig8l!. 0"", 01 tbe 0.1la f"""d .... Wally 
Linotruth, WA6JI' R ...... a ch""et member of Ih. AIlRL 
Di~'''1 COIDIni""" Md ...... Ort" 01."" fin . I~' u ...... in 
ooulbn" Co.lifor,ci". In ohorl orde" ,be rompany, Q..,1IJrurt 
Son-ice C<q-.. ioa. acr-d .0 port. i .. dw..., to Mi· 
c:n.. ..... d . o 19 .... AMSAT f,..,., de,..,Iopmon. "" ... ace...d 
"".00.. liccnx W"C'" ..... for .he """ 01 ,be 'Y"lmn on 
""""~ ...... , .. <Iio .)"",ec",h . 

Attribu ' ''. of 11,. Q .. ad ron M"lt ... ' .... klna .ys.om 

I) .. re-erup.i ..... od>edulc:r . 11>", i ... buu---' .hal 
me ..... luk '" 9""" " .",...ain "'>01."" of .i"", to run, and 
i . tl"", f>I_ .' ,be end "',. liot of IMl. wait;n, '0 'U'L 

2) 51",,). T .... kl <:an put ,be", .. I".,. 10 . ..... 1'. mc"";"1! 
1M •• IM:y h • ..., .>othi"ll t.o do.t lbe ~I. and <kon'1 
...,.,.! '0 be ocheduled 00 I"" CPU. Coina 10....", io no\ _hi,. tboo • • DOnn.l, ,,;nale ,uk P"'lV"'" oud> as any 
",,,,,dard PC·DOS 1''''I!.'Am """". '" do. Since ,I,....., ;. 
o"ly 01'" I ... k ;n . ",h • ' Y"W,,'. if i. haa ,10\1';1)1 '0 do i, 
m~h. aa wdl Joo.,p. h' a mul.i .... kina 1)""0"'. 01"" . asla 
may ha'.., aome-lhi"" to do. aDd it i. matt dIIcien' if an 
idle , ... k ;. oiml~y not run .... bn .h"" h .... ., >I loop un,il 
i. VI' 1""""""1"..:1. Tula ....... u""" •• ically Pit' , ,, okoq. 
if t hey Itart a n ",,,,,MOO thAI can'. y'" be """,pl.,.ed, (01 
examl)l. , ,,,,dins,,,, ;"pu' packet wh." ""e h ... ,,'1 ..... n 
""""..-..d. T be oc:beduler wiU olart nnmina lho ,oak 0«";0 

... h." input '" ."";labIe. 
3 ) Timen. A . .... fOinr; .aolo; CAl, oJ.., be a .. -oleo ... ·boen 

• .in .... ,I baa .,...-ted ~ 011". 
4 } I"""r·t ... k """"'''&in,. Many of lho , .uk" ," ~Io · 

~ ..... ill """'. 10 uchJu,&~ d" •• "" i.b ",1_ ,&Ok •. tor-
CIAmpk . .... nns will .... a l to ..... d da'. 10 .... AX.2~ 
ou'I'ltl ... k. 11>10 io handled Ih,..,.."h • m~' .... uikd 
.,..,,,,,,. 

A .',..,am i. lih" ~ttle 1.0<,,1 A,,, .. Ncl"""k (LA~) 
"",,,1«''''& .uk. ' n,!:e.II",.. '" I ..... opetlI .o . "" ."Ull " 'h;d, 
.,. ... bli ..... a """"'" OI,.ho "LA N". o."'r , aolo;. ,,_n >nKl 

"'" -I!."'" ' o .II~' name. M_ .. "'. quon>cd A o!oTpina 
,ad, will .-..ke up ... hen a "'-"«" i .... ,., \Q;' For n· 
ample. , I><: AX.~ luk o""'po "",il a .uk "ril"' '' "~ 
COIII";n'''' "",bOl",<I <l .. ,,, '" i t. TI", A X.?~ ,,,,k 1''''''''_ 
,hi. d .. la in.o an AX.2:-' f,. """ ""d ,hen w,il"" Ih~, fram" 
in " _ t.o II><: HOLC on, ..... 11>e AX.U h .. "dlcr 
i. aI ... """"'" w""" . be HOLC dn""r """do ,I " """"i""d 
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Figure 1. Possible Microsot Task Configuration 
framo Ihrou&b a ",<'e&ln. flo,. OO<IlroI !Unit. may be _ on 
atl'9mO, a INk "*" boo pul 10 oIo.ep if i .......... too> .......,. 
_. II 10 a""*ea wMn.boo.a<Sd I ..... -to.he _ 
_ Thlt kecpo 00< ... k &.;.tn "';n, oJl lboo buff .... by 
ftoodinK a OKODd ,uk ,.j'h~. 

The i"l .... t ... k "'~n' ;. ;,n~nled wilh <.J1o 
, Unilar \0 the , I""da«! Copen. <I<.e, rc.d , .. ><1 .. rite ",boo 
rou,....,.. Aoido f..,... ""'''I II- calIo \0 ...... da.a \0 o>4.bn 
I",k, . and ,boo d.s; ... \0 find ~ pIao:eo \0 I" 10 oI.q>, 
"fitin~ a Mk..-, o.pp~<.\;"" I"~""" "'<h &II ,be nus 
i , pret'Y much like WT;ti", all)' other C p'''Wo.m. Lata< 
port""", al , ..... P"'I"&mO .... boo tat.,J "" a ~ 10M 
PC usi", Code,"_, whicb ohould «II>Oi<Icroblr'peed de ......... 

Speclft c. 

Now .hal wo'n; di..,..-d ..,"'"' at . he major '''''is'' 
<loci ...... , Jet '. Te";"w lboo maio< ,ask ..... -.. in lis'"'' 
uno:. M"" '" tboo fioe de""10 ...., .till heif>& ~ ""' , 11>0 
i<>lJo.-i"fl; di"' .......... hi' the hit;h p<>iuu. 

K erna . 

Not .1""",,, in fill''''' 0"., the """>I.l ,uppb .. ,be_~ 
mullilMlri"lO .. rv"""'. II _ t .... hardw...., .i ........ 
__ "I' ..... _), Jo.do and unJo.do ....... 

00 

F U" S"pport 

N ........... iD 1;&"", """. the tile oupport io impio:. 
_DIed &II a 'uk. Tho low 1<,"", C ... ...J .. '" ............ boo 
rouli"... in 1M •• o.ndard C libt...,....., f<pll!o«d by <001;0<11 
Ih •• fotmllt "" I/O ,,,, .... I and _d il Ihrouf,h a ",ream 
.0 . .... ftJe oupport I .. k. Actif>& much bke an IBM PC ,am 
diolt dri ...... , , .... file ,uppO<l , .. k ..... lbe 10 Mh '" mrnt­

<X1 10.,muI.ue • dioIt:. File ouppo:rt prorid<ol blodtif>& and 
dobk>eli"3 ..... k ......... 11 &II P<""i<lins nm< -.-oct;"" 10. 
sin&l. bit erron (_ In., Mem W ... h deocription). 

BBS 

Tbio wiIJ boo lbe moo' ~ioiblo procram to ...... "".1>0 
~. The ..... jor."... '" In., I .... PACSAT Mil: ......... 
i • • o p"";do • bullflin bo&rd and III<! ~V~. Tl>cn- ... m 
p",bohly Ix .wo ru,,;net in'~rla<eJl . Q"" ",ill t.., "" ill''''· 
{..,. fomiti", to _ r-ket u ....... the "ond.ord RLI/ MDL 
BBS. nu. ill roo- <aoual .,. o<.~ ,.,.,. .. I>o;....t ....... 
to ..., .. 1t.e.1·. """3 "" 0< f~d an <>«uional ~. 

A IOI:Ct1I>d interf .... "';11 t.., OVlimioed 10< romp,,, .. 10 
rompul .... "ar..r.: .... Whil. In., RL! / MDL ;n • ...r.o. i. ",11"­

"",tty ...".d lor Ibis .. wdl, I>Ik"", • • will b. i .. . difFer­
..." nwitvllm<n' . TI .. CUrT .. :, " .uto-,."..,,&<di"fl; 001\......, io 



,,,,,,,1 .. ""1W<)<k where oeoI ... al hundred st.lioo .. ~ .... ay 
• 1"""" otlo« 24 h<>un .. d.y, ~.I \eut oeveral houn, HF 
condilioorul I" ,""i\\;',,;. In It.., 1"....,.- huiludeo, • Mi~.ou.l 
.. ill ~ ~;'il,Lr .1"",1 10 ",inul.,. ~ .. lime, four ~ fi..., 
Ii,...,. .. day. Wel1......,1 10 t.ab: o,d'"1Ult l>t;'l' 01 ~ ...",.. 
orld oIln.t little. We won't want '0 wall while 11K V­
""".,'" _ ,,' "'i""". rq>r<>rnptU,,; Ior...:h "" .... ~ 
We _'1 wanl , o ,1I_ .. d "100& ""'"""«"j ..... """_Ihe 
oatdli", ....",t out of r""W' i>dore Ihf t-, packet .... "",t . 
W~ 11 ","""",bly """", '0 bIoclr a ~ "urn""'" of ,n""",,&,,, 
ill • ";',«1<: me .. ,.J . end full _peed. le .. in~ !.iie...,. •• nnblo<;k 
,hen, later. lr. llie io p .... tioJJ,. re<ei".,.{. we'd like.o t... 
"ble t o conl in" .. flU'" Ihe [".1 byle TeC";ve<! on Ih .. """' 
,~ 

The _(,,~I .te ... """hod eould ~ used by a . " .. .lI" .. 
numt.. .. oI1",dl~ for......-din~ .1"liOIW. The Mic..-t. 
",,/I b< AI, uf"'.im""laJ pl ... fonn for I ... ti~....-lou • ... y. of 
oimul ........... oJy ,,,,,,,i,ni.inlt ~e l loro..p.pul .. "d ,n"'" 
illli.i", lb. "WI,be .. of ............ ho di_tly ;m~""1 .... \'h the 
'I~I. On Ih .. .....t...,.. ,,,- i""n. "PP"'" 10 ~ mutll' 
olly eul"';ve. 

AX .25 h, .. ldw,r 

If I .. u""h "","" ..... ocheduled. the only pru<ocOI oup­
I""ted ... ill be AX .Z!>. The .,ft....,.., wiD he .. &rivati..., of 
It... KA9Q AX_~".,..w,. II will ""pporl a 1M&" n"mlln 01 
"h>uhlLllOOUl """">eelio ... ,hroultb .U of ,he "plink chan· 
rod •. WMn no f .... ,_ are queued for .M downlink, .he 
AX.25 handler wi ll """d a meso""&" '0 tM Tele"'el ry t ook 
»ski",!; it 'n dow"li"k a Idemel..,. record. The Id."",t')' 
'ask wiD Alto periodically """d data based on .. I;'ner. 

Someti .... aft.,.. laWl~b. ( time permiUi~ bef.....,), ...., 
,bould a110 M .bl~ 10 teol TCP/IP u an ace .... melhod 
in addil;on 10 AX.2:;. AX.25 will at all limes <=lain .vail· 
.ble. 

HOLe dd""r 

The HO I,C wi..". .,........ f...",... bel.-.., otlln t .. b 
and lhe u]>Hnb and "'-nlin •. The driver .. ''''''· 'rivi"l. 
"!be b.ar<l ....... deeilt" ... pplieo "" ....... OMA """" ..... , but 
.,..,., ... , here ,.,.., ,...,..., I/O channel. lhan OMA. eo tho 
dri....". 11",.1 do both OMA and _1..;y,1 inlerro]>1 dri...." 
[/0. To ~I the rnooot " .. t of the av";lahle 1"'" n ' J>OWe'. 
and 10 =able lal~" !.iiCf"OM\ miMiowo to ..- e ...... hilther 
haud ... 1 .... tho HOLe dri"".;. ""; t",,, in utemblo .. code. 
Skip n""""n, WD6YMII . i • • real ",i:tan! at Ihi • .wt <>f 
'hi~. KIM! will be 1>0 .. ti"lI. he HDLC driv= he wrote for 
Quo.dron to the MiCf06ll.t environmen'. 

Alt~h the HOLC driver will probably juat be foed· 
j,,& ,he A X.2~ h .. ndler .. , l .. unch, i, .. i1ll.o.ter alto he Ihe 
froot end lot- tM IP moduk 

H OuHk .... pin& 

fOo- aU . t...e r" .. I"' .... 1O he ..... hle, ,t.., Oi_aft ' ..... M 
he maintained in cood """"a'i..,; coo.d.i, ..... _ fbi" ""atn]>I .. , if 
tM boo .. ...,. ...,[tq" ~ below .. .,..-tai" p..-t <!u ... bold. 
low _-er only oJ"",k[ be .1'-'><1 from the " ..... ",;U.,.. 
until rM.arp;e. Coomn""d 51.tion. mU5t he able to u,lk 
to ,h. aJpl.bm. I b .. t """,ilo.- optimal .. tti..,;. for P<"""'r , 
oolar panel Gpft"al i'4!i poi"", at,d upload ' .... It"" for It...e 
cool",1 ol&ofithm.. T he command must oJ.., be able to 
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,nan""lly intervene ... locn the ."Io"'alic ollt"ri,1una d<>n '1 
do oll ,hat .. .., b .. ,,, ...J<,;d them to. It "'\&h' be best 10 .. 
OIlly allow low J><l"'"eI" ~"...... .p ..... ly populated..". ... 
on the ~ unJe. a valid ]>IIo<:bt ;0 '-rd. Tbeooe and 

oth.,.. ..,.".., .. aft rnoioletlllJ\C\O fu""'''''' . ..... b.ao.dJ..J. by the 

~inIt~· 

Teleme, ry 

The Telemetry module l.,.".;."JicoJI, ptb.n td ....... lry 
d .. ta by ~~ lhe AAIlT driver 10 collect data from othe< 
,t>O<iul.,.. "!be dota i, both "".11 1o 'M """·,,Iink ..... VI 
frame for real·,ime mOllitorir,,;, and i. at.o It"""'; in a vir_ 
IUo.! disk file ill ",.,,,,o.-Y. Th. · ",hoI~ orbit dal .. ~ lonna', 
whe", the VII.It",. for tdem ... ..,. 01,.",,,,10.,,, .to", "' .. " ,,",v· 
eral lurun and ore later downlinke<l h ... been "rov-ed pop­
"I,.,. wi lh n ..... by lb. VO·O . nd VO· ll .p~ .. o.fl _ Thi. 
da,a woold be avaiLoblo iu .. file and could be dow"lO&<!ed 
by command stat;""" and """'. 

The Tek",,,try modulo would he addre.aw. vi .. tM 
AX.~ u]>link by co"n,lo&nd ol.aiono r .... tbe ''''>"p<- or mod­
if,m,p; 1M interoal ....cd ror dumpir,,; VI t.lemet..,. frame 
and lor .tori", ... bOIO, ~bil d.'L \Vb"" dia&>"";r,,; .. prol>­
..... , lho oampk r.te """"ld be incr........!. as would the Iota!' 
"""'-Y to be dediealed 10 .tori", ...... For example, lhe bal.....,. YOIt..,... CUI be _pt..:! one.: """'Y ,_ milli __ 

or .... f". • 24 hour period, ."d , he dal. 110«<1 in 8 '-II, of 
''''''Iln<)'. It would. of """"". 1&100 .. ~ time to download 
,hat Hie. 

Me ,"o ry 'Yu h 

Some or ,I", memory on Ihe . pac"".aft is pro'ected 
w;lb h",.dware uror Deleclio" .. nd Cor""'lio" (EOAC) 
circ" itry. When """,-..".;. induced i" , .... ,Iln<)' 1»' an~_ 
~Iic parlicle nonno.l.ly ~hered oul by the """"'I>I>er., l he 
EOAC ... iil COO"n':CI Ibe "',..". _ .... ad ."d plaoo the P"'I""'" 
d .. l", on the b .... The _=t<:J by", is """ wrilten b.dr 
into """""'Y ""","""ticAlly by the b ... d....,..,. If "" =<l< i. 
olloored to li~. I~ is a chan"" th .. t. ~ bit in.he 
......, by,,, wiU P Jiipped. Since the hard""", can ooly 
1,,,,,,,,,,"1, tbr oitV bil erron, )'OII 'd like 10 tbr oJJ.in,de bit 
erroro before tbey berome ,nulti-bit. In. 1"<><_ called 
kwuhir,,; rnen>ory~ ... t ..... periodically "n •• Iuou.!!;h the 
EOA C '1leII>orJ • ...,&dir,,; and ... riti~ """'1' byt ... Cll.UIIi~ 
. he corre<:led b)-'" 10 be ... ril ten hack into ""'1fIOfY ",'e<"" 

dun"l:e<I one. 
Moo, of t be memory i. not protect",l by h"rd .... re. 

Th<. R"aIIOfI is "'''''',omico, 12 bill .'" "oed to _~ ,,""), S 
bit by te in h...-d"""",, J»V\""led "'''''''''Y. IIft ... I"'"r .. EOAC 
i. """d for memory t hat I'rusr ...... rull ou' el. ';nee a pro­
,.am byt .. in error will uoually 1e .. 11 to 110 g><>d. Soft ... ..., 
a1sorith .... ""'-'I he ,.....:\ 10 protecl the .... naini'" 1Dnn<lry. 

TI,;" ~ is woed to ......... d",. llleo and """"""It". The 
".mdisk ""'linea will __ oott ...... e EOAC.o """""",,,....ron. 

but if. kdio1 oector~ _ u",.""d fO\" too loalt. multiple bi, 
""..,... mayoocur. To ...... uoo: Ihit. dr.ance, tho """""'<Y ..... b 
tuk periodkaIly.--do,.j1 ~di.k _t.,..." ... d ... .-;1 ... lhem 
~. 

The Memory WI4b. p...,.,..." ..... VOn ... to '1...".i"" fro", 
the Telemetry t ... k .lId ...,.,.,... , ho n"",ben of ,-","ron 000-­

"",ted and the current t-\t;"', in 1M .... Mb "yde. Thi. 
i"ronnMion then i. in;""'por .. t<:J ;"to tl'" ".."dard ",lem.,. 



try I."",., 
A A It'f D. i ,,~ . 

'flU. module reado AART """"nando from 0Ihe. l uI.. 
out of the _ otre ... " . ...m ooondt '/>m' to the AART 
..".;al roo • ..,l channel. II required. il..- lhe CPU '-nla 

A '0 D a>tlvn' ""',, ,e.o<l .. d..1 • ...! ....... d "",um il 10 ,he 
""l.,..,.iOC !uk. 

C a '" er. CO nl .... 1 

In lhe CAST Ml~ .• he primaq mlooion ia .he 
CCD catOU... I" lhit _ ,"'1, the DDS ... iU onl, he 
.- lOr n- 'r .. bout otored i_ . .nd 10 01""" lhe 
;,....." .. t"""-'_. Wehe. ~t "'" wi/l ""';Ie Ihia appIic,,'ioooI 

~-
I f' .. lid 'fep 

A. "" ""pcriment . lhe TCl'/]!' "";Ie of proI-.Ia ",iD 
he p<O"ta1 10 . he MicroMl CPU. Thi. will alloor I"""<"" 
___ h ... FTP 10 he u...t in Iioeu oI lhe DDS lOr Sle 
downJ-!i"" 

FTP 

Fil.. Tran>f ... Protocol. (N\t\ 01 the TCP/Ip ... i.". It 
will haw o.ca: .. to . he ~ data III .. , 

T£L NET 

T he teind protocol <an he uOC'd ;" the T e l' / 11' oulte 
10 _ .. . ,,~ 01 <h,.-I"," heh .""n " kQ botu-d .. ,,,!< 
and a _ , am. and would thlll ...... .. "n a1 len,ale "" I h 
10 the DDS. 

Imp l~ n"'''l a l lo n &,hed,, ;" 

The oolt....., VO"p ia .w...., oIlbe li&l>1 tdtedule 10. 
tbe Spol Z la"nm . and lhe n...d 10 baLt.n"" the <In;,.., 10 
do all 01 the.boo., but he """" lot 1e01"" in a few ..... 1... 
Th."-"f"",,. _ • ..., .. pa:rW:<! t ... h ,,,10 _al ~pa. 

T he hi~t priori" ~P contain. 'boNlbinp .. hie.b 
must he ... _ a l if anythinj Ul<ful io 10 he done ... ith lhe 
.pa<:«Rft. Thia croup include. lhe kuno.l. , he lI DLC 
drift •. • he AX .25 ho.ndln. II", All. RT dri...,... 1'0 aIlo.- ..., 
",,,.,,.,,,bIe doft\opm<:tot 01 ,],., appIical ....... , ...... I ... k, 
'0_ ],., p.--nl in ,I..,;. _lInai lorm ror ._j", .. ><I 
Iauod.. This"""p a1., inch""'" I .... hooI"'ap ROM 0C>d... 
",hith i, b.in, implemen. ed by II"", l'eU in Canada, ... d 
,. bqoond .he I«<JMI oI .hia~. 

The ~ prioril, ~p ..., I .... "pplicMiona whim 
"'" "",ulred 10 lUD , .... ~af\. II .... ,....., oimpk lem· 
potar, mod"l .. wiU do wi.h the fancy oneo """,i", ia1ft. 
The aim,,'" ""'" will hr dono ASA Pi ..... r...n.:,.". ""'" win 

he done bc:f<:,n, iaundo. li_ pn-tnilt,,,,. Thio poup in· 
du"'" .~kt,,,,,,y M>d h<>uooek«pi~ ....., """not)" wMh. It 
a1.., coot.i ... a w;<)' n!<lim<-nl .. y DDS. ",ilh pul .~. 

"".0<1._. and li .... ~ .,.,..,mo.ad •. The fif$l DDS 
will..J"" pbo<e i t. ""'"""''''' in Ii"" .... m"""""y. not in fib. 

N"",. """ tbe.. .hi" .. which """ ~"i.ed bo:furo, II", 
final, fanC)' applka'""", can be ... ,.;,~". Thi, io I'ri'"'''' 
ily the ,·;rt"o./ .. ""disk . ... k. Finally <"".eo Ih" add;ti"".l 
aceeo. ,,,.,..hod •• ,,<h ... TCp /lP. 
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Wrap " 1' 

-rruo p&.l""" h ... diKusoed .he e"",,n' .hinki"s in .1", 
""",01 Mic""",,' .",.".ali~ ""'fl.....-e. Work 10 impkon...,-,' 
I~ p ...... ;. " .............. 7 • ..",.., C .,.,..Jo h .. al..,.o<Iy bc>en 
run on the wi.-e-w ... p CP U prototype. Our <~ of hisl' 
IeTel I""",., ""'lti-.... ki"S ope ... i,,& """"", .. ,d ira_ 
p!<"",n.atioo """1>odaI.oc' ba..., cb ... ~ lhe pmjoK' from 
im_ible 10 merely diffieull, 

A dnowled,rnea l . 

Thanh to Lyle ,Job-.. WA1CXD lor ...... he. II"" 
haM......., deoip, Chud 0 ....... Io:OADlIor:r-........... k ... 
.he..-in:wnop table; Skip II......,., WDGYMH for bi.wotk on 
.he I/O dri,.,.,., H"", Pet. lor ..... '-'t.;."'I' s-In; M ..... 
tin S_i"l\ 03YJO and .kf( Wud OOfK!KA lor pu'. 
p.--nl,.,.d lu.u ... «>IIabonIioD 011. wbat ,,_ • • bould 
do an<! bow it <><>&h' .odo". Thanh to Jan Kina. W3C£Y 
and C..-doa. Hardoeman. KElD. lor oli";"I: up .tu. _ 
pro;..:t wi.b the init ial Mi~ idea. 



ABSTRACT 
SU.n Sjol . \.lOKI' 

Cen ter lor Aer o, pac. T.ch nol o gy 
~.b.r St~t e Co l le, e 

O,den. UT 8 4 408- 1 703 

l.Ie b er S t .te Colle,. I . a pub lic f ou r-y •• r bacc.l.ur •• t. da,re. 
,r.ntl n ll coil.,.. It is ioca t . d a t the baae of th . b.autlful l.Ia •• t ch 
moun ta in .anll. i n 0 ilden. Ut .h. In 1989 . l.I.b .. r S tOlt . Coll e il" c.l.b r a t e, 
It ' . c.n t . nnl.l y.a r as.n in,t ltut lon o f high • •• duca tl on. In 1985 . 
the Cen t . r f or A.ro.p.c. T.chnoJ o lY (C AST) . t l.I . b •• S t at . Colle g e 
b.ca". the f ir.t colle •• t o . ucC' •• ,fully launch a •• t.llit. from t he 
'pac •• h u tt le. NUSAT I wa. lau n ched u tl l l zlnil the . h u t l l .. · , e.te wa y 
Spee l . l cann l . t ••• 
T hl. y ... r Ueb. r St. t e ' s CAS T ha. t •••• d u p wit h AHS AT t o b uild four 
... all .a t .l llt.s ca ll .. d .. I c r osat s b.eaus. of th. lr • • all s lz •. n'lrll . 
o f t h e" lI. AHSAT Nor th A •• r l c. ' . P.c,.t, AHSAT Aril .nt ln .. • .. P.e •• t and 
AHSAT Br a= II ' . Prolllct DOVe: arll c o " .r.d al .wha. a . Th. \.leber -Sa t w ill 
c .. r ry . ,.p. rlm.nt.l p.yl o.d. to t • • t .. .... ra l concllpt. . The primary 
p.y l Oad on Webe r -Sa t ",I I I b. a col o r CCO c .... r . .. hl e h c. n b. ac t l".ted 
on com •• nd and t he " Id .o 1.'iI ' dl, ltl%ed end stor.d In t o .. eaory. Th • • e 
I t c.n b e co.p r •••• d a nd tr an ... ltt . d to the ilr oun d •• dlillt.1 d.ta. 
One. a t t he IIr ound ata t lon the data ean b. un-co .. pr ••• • d . • nh.nced and 
dl.pl .. yed on the ccmpu t .r moni t or In , h.d •• of ,ray or iI.n.r.t . d •• 
compo. lt .. " I d.o and dl'pl e.y.d In coler. A .oftw .r. "ac k ag. which will 
. Ilow .m. t .ur u .ll r . t o m.nl"ulat ll and dl.p lay t he d o wnlo ad .d p i ctu re s 
wi l l b a ."aU.bla th roulh AI1 S AT. I n conjunction wit h th " CCO c.aera. 
t her. wIl l b.. 1 2S9 MHZ rece l ".r On bo.rd vhl c h v i i I h."e the 
c. p .b liity ot r.c.I"ln, .mpl ltude "odule. t"d te le ... i . l on .I g nals f ro. the 
grou n d e.nd prov i d ing compo, lt . " Id eo to the fl.,h con "ert. r .yst •• . 
Th. I t •• h con .... rt .r c.n dl , ltlz . thl! " Id .o and . tor . It t o b. d l 4lt~lly 

t r ansm ltt " d t o th" ilround l.t.r . It J •• , tlm. t . d that with the .meunt 
o f .. . mor y en bo.rd , eliht to t e n dlf f. r . nt pl c t u r •• c. n b •• tor.d l or 
t. t . r d o wn lo . dlnil_ 

AI.o on bo. r d v i I I b •• ma •• 'p.c lr o .. eler .y.t ... 
d.t. ca n be .tor.d dl illtally .nd .1.0 tr an •• lt t .d to the 
to r e,..mlne.t lon. Th e •••• s pectromet.r .xperl •• nt I s 
with the phy .les d.p.rt".n t .t Wilber S t .t •. 

whO" op t ical 
ground .t. t Ion 
In eonjunctlon 

T h . col l . iI ' c ' '' p u. In Uta h I " a llo h om. to the AHSAT North 
Am a r lcan gr ound . t e ti o n. Loca t . d I n o n . cern. r o f thl! CA S T off Ie" 
lu lt. the f u t urist i c ccnlo l e f e atur e. th e n . .... t in , .. t.lll t " 
cO"'rllu n lcat l o n . " q ul"rllent. Fr o m the COfl>"u te r con troll"d a:,: llI uth .. n d 
.I ..... tlon r o to rs on th a an t . nna .ya t .", t o th •• ulom.ted t.le n et.v 
ilath.rlni and .rchlvlng. the st. t ion I" th" lat., t In . t ate-of-th.-art 
"qu I "."nt. 

AHSAT and CAS T are pl.nn l n " f u t ure ven t ure. In •• tetl l t ••• uch a s 
th. Ml e ro •• t p roj.ct where ", .ch.nlcaJ .nd .. ~ nu r .cturln, student. can 
i.t In"clv . d In th " .ngl n •• rlng .nd fa brica t ion o f th e "t ru c tur •• n d 
la u nch, System .nd . I e c t ron l c •• tud.nt. c. n get h.nd s o n .. x "arlenoa in 
.ngln •• rln,. t •• tln~ a nd bulld ln ~ t he el.ctrcnlc modul •• . Th. pro'!'r .. m. 
"I". th . s t ud.nt. a C' hanC'. to b . part ot .n en g ln •• r l nll t ea'" "nd f ollo v 
the pr oj . ct. froll conc.pt l o n throu,h o p . r a t lo n . Th. ",oa l of ~.ber 
St.t. Call.,. I. t o pro"ld. th e b.st " o,slb l •• due.tlon t or l h " 
. t ud.n t ••• v .1 1 ., lOn .njoy.ble ",.p. rlenc" . 
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RADIO AMATEUR S ATELLITE CORPORATION 
(AKSAT) 

6T11 SPACE SYlIPOSIUM 
NOVEMBER 11-13 , 1988 

AIRPORT MARR.:I0l"l' HOTEL 
COLLEGE PARK, GA 

SPACE STATION AMATEUR RADIO STATION 
(SPACR STARS) 

by 

Edward F. Stluka, W4QAU 

Por t he first time, planning for an Amateur Radio Station is being 
conduc ted dur ing the preliminary design of a space facility s ystem . 

Earlier s pace Amateur Radio Stations have been realized, in the 
case of Spacelab, after Space lab was operat i onal and implementation was 
compl eted by selecting portable equipment, designing the antenna for 
available window space, at minimum cost to NASA. 

Planning is under way, during the Space station preliminary design, 
to include a Space Station Amateur Rad i o Station as an integral part of 
the Space Station design and not as an after thought. For the purposes 
of this paper, the Space Station Amateur Radio station will be referred 
to as Space STARS . This paper describes the idea of inc luding amateur 
radio clubs, schools and amateur radio enthusiasts to recommend their 
concepts and ideas tor the Space STARS design and implementation. 

Bl\CJCCROUND 

The concept for operation of the first in-space Amateur Radio 
Station two-way, 2 meter voice communications, was demonstrated by Dr. 
OWen I' Garriott, W5LFL, on Spacelab-l, August 30-September 5, 
1983. During the July 29-August 6, 1985 Spacelab-2 flight, Dr. Tony 
England, WOORE and Dr . John Bartoe, W4NYZ, demonstra ted a more complex 
system, the first two-way Slow Scan Amate~r TV (SSTV) in addition to 
the 2 meter two-way voice communications. On October 30-November 6, 
1985, the Germany and European Space Agency (ESA) Spscelab-Ol, 
Astronauts Dr. Reinhard Furrer, DD6CF, and Dr. Ernst Messerschmidt, 
DG2KH, demonstrated the first Mode B, 70 cm up and 2 mtr down two-way 
communications . The 01 Amateur Radio Station demonstrated the use of a 
s ingle 50 em 1/4 wave VHF, 5/8 wave UHF 2 mt r - 70 cm vertical whip 
antenna mounted on the outside of the Sp~celab module wall, as shown in 
Figure 1. 

A summary of the previo usly flown and near term planned amateur 
radio s pace operations is shown i n Fiqure 2 . It is evident that the 
sequence of increasingly more complex amateur radio space ope rations 
forms a solid base for the step to the Space STARS. Roy Neal, W6DUE, 
of NBC, Bernie Glassmeyer, W9XDR, American Rad i o Relay League (ARRL) , 
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former astronauts Dr. Owen Garriott , W5LFL, and Dr. Tony England, 
WOORE, and Dick Fenner, W5AVI and Lou Me Fadin, W5DID of tne Johnson 
Space Center (JSC) were instrumental in planning, coordinating and 
fina l izing the approval for making the Spacelab amateur radio 
operations happen. 

SPACE STARS PlANNING 

Roy Neal, W6DUE, of NBC, is Cha irman of the Shuttle Amateur Radio 
Exper iment (SAREX) Working Group. John Blum,KE3Z, ARRL Senior 
Laboratory Engineer and the ARRL Headquarters Staff member for SAREX; 
Bill Tynan, W3XO, AMSAT Vice Pres i dent for Manned Space Flight Projects 
and QST Contributing Ed i tor; and Louis Me Fadin, W5DID of the JSC are 
the Working Group members . This working group is now tasked with 
planning for the ASTRO-l SAR$X. 

The next Amateur Radio operations in space is planned for the Space 
Shuttle ASTRO-l mission, with Or. Ron Parise, WA4SIR operating 2 mtr 
two-way, SSTV two-way, up-link fast scan ATV and two-way packet radio 
as shown in Figure J. Figure 4 is the two band window antenna planned 
for the ASTRO-l Aft Flight Deck Window. 

The SAREX Working Group is expected to be the nuc leus of planners , 
designers and architects on the Space STARS . A Space STARS committee 
should be formed to support this core group. This committee should be 
char ged with the planning and coordinating the activities, procedures, 
approvals for assuring that an amateur radio station system is 
installed on Space Station. A part of this effort must consider 
amateur radio astronauts avai l ability, licensing details, including 
trusteeship, training, etc .. 

For long duration operations in space, astronauts require time for 
relaxation and free time activities. For the ham astronauts, 
communicating with school groups, clubs or the average ham around the 
world , with word o r ATV descriptions of experiments, the environment in 
the work or living quarters of the space module/station and the view of 
the outside, has been exc i ting but short lived for Spacelab. Long 
duration space operations provides much more recreation time, where 
more school g r oups, clubs and the average ham would be involved. Space 
and earth sciences, including remote sensing benefits for student 
invol vement, space e xperimentation and educational opportuniti e s are 
e xtremely important for the competitive posture of present and futu re 
science and technology i n the United states and the free world. 

Since hams, world wide, would have the opportunity to work the 
Space STARS, why not give them a chance to submit their ideas for 
consideration on the make- up of the Space STARS. The Space STARS 
equipment capabilities, operational modes, frequency bands, antenna 
l ocations, operational features and other qualities are in the 
definition stage. Safety, frequency compatibility, antenna 
configurations, inter faces and power limitations are other 
considerat ions . 
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The Space STARS Committee should inaugurate a project, in 1989, to 
receive proposals by the amateur radio clubs, school groups, and 
individual hams around the wo rld. The proposals would be sent to both 
the ARRL and AMSAT for review, selection and negotiat ions with the 
Space STARS commi ttee. 

The proposal suspense date cou ld be by the end or 1991 or defined 
by ARRL, AMSAT and the Space STARS committee. ARRL and AMSAT should 
define their individual guidelines and ground rules such as space 
operational modes with earth stations and satell i t e relay capabilities 

Amateur radio c l ubs, school groups, and individual hams could be 
allowed to contribute funds or equipment (meeting appropriate 
specifications). This would make those contributing ideas, funds 
and/or equipment special members of the Space STARS, would provide 
incentives for developing improved communications and space 
experimentation and motivate amateur radio enthusiasts, student groups 
c lubs and individuals to participate in space activities. The unique 
role of Space STARS may sti~ulate more astronauts to become hams and 
could have a similar incentive on the earth-bound individuals to becolII 
haills. 

Questions and resulting recommendations that could evolve out of 
the thought process of developing the requireme nts for the Space STARS 

1 . Should there be a Space STARS in each of the four pressurized 
modules? ESA and Japan will each have a laboratory mOdule . USA 
will have two modules, one laboratory a nd one habitation. Each 
country has strong amateur radio activities as well as space launc 
facilities . The habitation modu l e appears to be the best choice 
for a Space STARS , however, more than one module station may be 
justifiable . canada is expected to provide a Mobile Servicing 
System . Their participation in the Space STARS should be 
encouraged. 

2 . If more than one Space STARS, for instance Space STARS-J (Japan), 
Space STARS - E (ESA), and Space STARS-U (USA) evolves as a reality, 
what operational constraints, on each module, would be required, i 
any . 

3. If more than one Space STARS becomes a reality, what type of 
antenna farm should be proposed? Should there be a combinat ion at 
certain antennas to be shared (selected) by each of the Space STAR 
and other antennas dedicated to each module? Low frequency bands 
could require long wire antennas . What bands should be shared or 
be dedicated, re9arding antennas, if any? 

4 . Shou l d each ~odule have dedicated solar cell panels for power or 
s hould the Space STARS be allocated ~odule power? Trade-off 
recommendations could evolve such as scheduling each modules 
operations, in sequence, t o preclude inter- mod interference. Powe 
usage a nd other considerations would like wise benefit. Certain 
modules could be in a listening mode, at specified times . 



;. What amateur radio bands, operational modes, features (for 
instance, Packet Radio bul l eti n boards) should the Space STARS 
contain? since the Space Station is international, each country 
could conduct their own pro ject , with their respective ARRL and 
AMSAT o rganizations and coordinate the results with the USA ARRL 
and AMSAT organizations. Thi s approach would be much more involve 
and the schedule would be determined by the coordination appr oach 
and management process. 

BEHBDTS 

Amateur rad io has played a u nique roll in communications research 
by individuals quest for diverse a nd un-proven techniques. The ir 
: reat i vi t y, dexterity and ability to constr uct a nd operate state of th 
art tec hnology has been demonstrated by hams f o r decades . Radio and 
video commun ication s and data transmission i s the life l ine between j 
earth and the space vehicles and ground to ground. Spac e scienc e 
experiment projects, s imilar to the Get Away Sp ecia l canisters o n Spa 
Shuttle, but now with mUch longe r experiment time on the Space statio~ 
are expected to be common place. Will the experiment r esults be I 
delayed until the experiment package is returned to earth, in 3 to 6 
months ? Amateur radio down-links would allow nea r real - time data 
transfer for experiment health , status and r esults, depending on the 
nature of the experiment s. 

SUMMARY CONCLUSIONS 

This paper was written without knowing the details of planning by 
the Space STARS committee . Therefore, t he approach presented 
r e presents one hams thought process , who would want the dream of ham 
space operations to continue and that Space ham radio resea r ch and 
technology c ontributions would likewise continue. 

1. QST, August 1983, pages 50-51 . 
2 . QST, Octob er 1985, pages 47-49. 
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SKYLAB SIt-3 
7/21 - 9/25, 1973 

STS-9 CXlUJJIBIA 
SPACBLAB SIt-I 
11/~1 - 12/3, 1913 

STS-51P alAu.lPtfGU 
SPACIU.AB SIt-2 
7/29 - 1/6, 1915 

STS-61A aIALlDGER 
SPACEIAB D-l 
10/30 - 11/6, 1'15 

BOII-l,-2,-3 
.. ATLAS-l 

STS-35 CXlUJJIBIA ........ , 
SCHEDULED: 11/" 

. 

rIOU/'I'IOlf OP TRI SPACE saVilLE AMATEUR RADIO IlXPERDIEH'l' 
(SARD) 

DR. OWE!I' It. GARRIOTT, IISLFL 
1427hr Ot.n 04sc 

lBl. OWEII' It. GARRIOTT, IISLFL 
22Jhr 47 .. 2411C 
(QST - ADG 1913, Pge 50-51 

DR. 'l'OIfY EIfGLA)fI), "'OOR! 
DR. JOHN-DA.VlD BARTOI'!, W4H1'Z 
KISSIOlf aroR. GOROOM PULlZR'!'OII, 
OIICE RELD tnrTRQR, 190hf' 45l1li 26sc 
(QST - OCT 1985, Pgs 47-49) 

OR. RlIJIHAlU) FORRER, DD6CF 
DR. ERlfST JreSSERSCflKIDT, OG2JJ1 
D>M'SaIER ARC 
PEDeRAL REPUBLIC OF GERNAHY 
168hr 44l1li 5lsc 

MATEUR RADIO OM SnIAB 
DISAPPROVED BY MASA 

AMATEUR RADIO (AKRAD) 2 IrI'R TWO WAY 
FIRST AS'rROKAUT lWf -1M SPACE- OPltRATIOHS 
DPJIOtfSTRATJID SOCCESSfULLI. 

SHUIILB AMATEUR RADIO EXPERIIIEM"l' (SARBX) 
2 IrI'R TWO WAI AlID THE FIRST AXATEUR 
TV (ATV) SlDW SCAlf UPUHI: , I)CJWI(LIIR 

DIAGES DEMOHSTRATJID SOCCE$SnrLLI 

GERKAH SPACEIAB AR EXP., 0-1 CALL: DPOSL 
2 MTR DL (1 WATT), 70 01 UL 
BOSCH UKP /VHF TlWfSCIEVER WI'l'B BUlL!' IH 
KICRO-CASSrrrE RECORDER; JI.HT!'JfIfA: WDIP, 
50 CIl 1/ 4 VHF, 5/ 8 UHF, ItOOH11!D ON 
THE oursIDE OF THE SPACELAB I'/ODULE 

••••• PLANKED ••••• 

DR. OWEII It. GARlUO'l"r, I15LFL 

DR. RON PARISE, WA4SIR 
(Next Astronaut Hall in space) 

Figure 2 

SAAU-A COfO'Rl'lIENSIVB PROPOSAL 
DROPPED A.P'l'ER CHAUZlfGER ACCIDENT 

SAR.!X-II, 2 IrI'R TWO IfAY • SlDW SCAM A'I'V 
TWO WAY PAST SCAN ATV 1JP1.JJfIt. (FIRST) 
PAClCET RADIO (rIRST) 
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AMATEUR RADIO SATELLITES - AN BDUCATIONAL EXPERIENCE . 

Hana van da Gr oenaDdaal ZS6AKV 
Preaident of SA A!'ISAT 

Di r actor South African Amateur Radio Developma nt Trust 

The s ucceasful Amateur Radio eom.unicationa aupper t of the Ski-trek projec t 
locuaed on tha ua.fulneaa of Ac.teur Radio Sat ellites .a an educati onal tool . The 
paper examines the opport unit iea tha t ~ateur Radio Satellites offe r i n the 
int roduction ot young people to Amateur Radio and conclude. with an educational 
project designed lor the Bra~ilian Peace Talker ' a digital voice encoder. 

INTROOUCTI ON 

At the recently held International Amataur Radio Satellita Confer ance , hoat.d 
by the RSGB , delegatea from over 27 countriea agr eed that ~ateur Radi o Satell ites 
could be used to attrac t younS people .- The aucesaful Ski- tull. achoola project 
deviaed by AHSAT NA ' a Educational Adviaor . Richard Enaian" vaa ci t ed aa a typical 
alt.-pIe of how to involve the youth.-

At the aame conf e r ence Geotf Perry ot the vorld f amoua Kettering Group 
appealed to the aacell ite buildeta t o keep producing and launching aimpl e pha.e two 
typa sate1litea. 

Dr Carl Mei~er DJ4ZC • Preaidant of AHSAT DL told the International conference 
that OSCAR 13'a RTTY and CW beacon bulletin facili ty could be employed in an 
educa tional pr ogr ... e , and Dr Martin Sveeting G3YJO ezplained the tr~endoua 
potentiala of UOSAT OSCAR 9 and 11. 

AT'I'RACTING YOUNG PEOPLE TO AMATEUR RADIO 

Pa r . any deeadaa radio captured the intereat of people , but thia all changed 
with the advent at the h~e eoaputer. Fortunately for A.ateu r Radio. Satellites snd 
Packet Radio Came alon& and er.ated n_ intareat in t he hobby~ 

Attractina young people through the educational route haa alre ady proved 
suceesc fu l aa va have learned f r om t he varioue University of Surrey and .k i-trek 
projecu.-

Thes e projeeta ahoul d be uced as auidelines tor the creation at n_ 
aduacational project •• 
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ELEMENTS OF A SUCCESFUL PROJECT 

The following elements are essential for a projeCt to aucceed: 

A detailed information kit should be availabl e well a head the atart of a 
project·. 

A Teachers' Guide should be available complete with tutorials covering all 
aspects of the pr oject .- Many Teachers will only tackle a project if they arf' 
supplied with the correct back-ground and tutorial material-.-

The information kit prepared by Richard Ensign was a major factor in the 
succes" of the Skitrek project in achool .. ·.-

Availability of low cost equipment such as receivers, decoders and recording 
equipment.-

Student work books 

A reward programme e . g. a certificate 

Regular newsletters. radio talks and programming on Amplitude Modulation 
Amateur Radio Networks 

Inter-school contact via Amateur Radio Packet and Voice ne tworks. 

Involvement of the local Amateur Radio Community in the project-.-

TYPES OF PROJECTS 

A large number of projects have already been identified by various interest 
groups-, The Ne tiona1 Resources Centre for Sate1lite5 in Education at the University 
of Surrey has li .. ted the following: 

Measurement of the changes in Earth magnetic field 

Monitoring satellite s pin rate by measurement of solar derived power. 

Study of euroral radiation in polar regions 

Solar wind experiments 

Observation of orbital period 

Reception of synthesized speech such as digitalker and the proposed Bramsat 
Peace talker 

Study of climatol ogy using weather satellite pictures. 

These are just a few of the many opportunities that are availablf'. 
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""SAT RESOURCE CEN'tltES 

To suc ••• fully expsnd the Satellites in Education concept Resource Centre. 
need to be e.tabli.hed in 8. many pa r tici pating countries as possible . TheBe 
centers should co-operate with each other and exchange ideas and material on an 
ongoing baais. By mutual asreeme nt each participating centre ahould develop 
material fo r an sgreed project 80 that within s s hort spsce of time a number of 
progr&mm e. will become available On a world-wide baais. 

As a atsrting point SA AHSAT has agread with tha Univarsity of Surrey t o work 
on a number of projects". Jeff Ward ha. for some tillle nOW been involved in tbe 
National Reaource Centre for Satellites in Education at the Univer.ity of Surray 
and bas made valuable inpu t. to the concept. 

To eatablish • world-wide network of thase centre. I propole that an 
Inte rnational conference be srrangad in conjunction with the U niveraity of Surre) 
the day before the ,,"SAT UK Satellite Sympoaium i.e . 28th July . 1989. I believe 
that varioua ,,"SAT groupa . The A RRL a nd the RSGB could .ake valuable 
contributiona-. 

The suggeation tbat tbe confersnce be held in the UK stems from the experianc, 
that the UK is the crossroad of airtravel from many part. of the world. 

BRAMSAT PU.CI! TALXER 

PROJECT; " AMATEUR RADIO SATELLITE SAFARI" (ARSS) 

OBJECTIVES; 

To Introduce Amateur Radio t o a large number of school pupila 

To introduce the concepts of Space and Space Communication 

To provide interesting curricular and extra-curriculer project. for use in 
schoola , and youth group. s uch a. Scouts . etc_ 

OUn.INE OF THE PROJECT: 

For a 13 week period Peace talker will be programmed on a weekly basis and 
focus on e region Or a particuler country". Thi. i nlomati on is than used to 
~omplete a project work book . At the end of the project the Teacher in Cha rge 
awe rds a ce rti fica te of perticipetion . 

The firat three weeks will be used to introduce the proj ect with peacetalker 
providing addi tional tutorial asterisl sucha as 

Whst ia Amateur Radio 

The Ameteur Radio Satellite Service 

"'SAT 
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We~ks 4 t o 13 will visi t a different country Rach week star ting with Brazil 
and i ncluding countries where AMSAT is most active' USA . Argentina . Englsnd . 
Germany . Japsn . Auatralis . New Zealand. Southern Afr i cs and other •• 

The in formati on used in the project will include; Geogr aphy . Climatology . 
~gri culture . Induatry , Amateur Radio activity etc. 

During the 13 weeka a number of scientific proj ecta will be included auch aa 
the obaervation of the orbit . determination of orbital period e tc . 

The SUCCesa of thia pr oject will largel y be determined by t he 
:omp rehenaiveness of the tutori el material and workbook. 

Thia project could be repeated annually for some years Ot even be adapted fo r 
'arioua languaga groupa . 

!QUIPI1ENT 

Peace talke r will ba a n ideal satellite for thia aa the ground atation 
~ui pment requirad wil l b. mini .. l. Dr Junior De Castro of Dr amaat has already 
~perimented with a l ow coat rece iver coating in the region of $25. 

:QNCLUSIQN 

The future of AMateur Radio ia ~n Amateur Radio Sa tellites and in our youth . 
'e csn make a valuable contribution by getting the yout h involved end thua 
ecuring the f uture of our hobby. 
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0.0 SYNOPSIS 

PROJECT 5ACAR (BALLOON Cl.iUtYING AMAmJR RADIO) 

HANS VAN DE GROEN!NDML ZS6AKV 
PRESIDENT 
SA AHSAT 

PO BOX 13213 NOR~ l.511 SOlIn! AFRICA 

At one time or anothu every Amateur bdio S.tellite !nthudast dreams about 
building a aatellite. but uDually beeeuee of t he leck of any premiae of a launch , 
t he dr .... never ... terhlbn . OSCAR 7 and OSCAR 8 , then lJoSAT 1 fi r ed the 
imagination of Dave loi'oodhall ZS6BNT and Project BACAR (Balloon Carrying Amateur 
bdio) vaa born. 

The project offered challengea of dedln , development , con.t .... etioo and 
t •• ting of .at .l1ite typa equi~ot. Added to thi • • t he ezcitell8nt of launcb . 
tracldng and vorking t hrOugh the tran.ponder attracted lIany people to the project. 

To date 25 BACAR projects have been under taken. The paper reviews the vedou. 
Dlpecta of the proj ect and focuses in detail on Hission 21. 

1.0 INTRODUCTION 

At olle tille or .nothar every Aaateur Radio Satellite Enthu.iaat d reaaa .hout 
buildinS a s.tellite . but uaual1y becllulla of the lack of any pr o..iae of s launch , 
the dream never mated.1hell. 

OSCAR 7 snd OSCAR 8 , then lJoSAT 1 fired the imagination of Dave Woodhall 
ZS6!NT and Project BACAR (Balloon Carrying Allateur Radio) vas horn. 

Toward. the end of 1981 . one evening after a boring dub aeeting • • fev of t he 
Itl!lllbl'ra .topped off at • local pub for a bear. The group VDl diacuasing vsy. and 
Iteans of cresting lIore intereat at meetinga "han Dave c ..... up wi th the suggndon 
"Let ' a launch our own aatellite". Stunned silence followed .t firat . but many beer. 
lata r the date VSII aet for the first launch of BAGAR - Balloon Carrying Amateur 
hdio .. It was to be in January 1982. 

, 
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At one o f the first follow-up meetings the objectives ware diacuased and aaree' 
upon. In broad ter.s the objectives of Project BACAR ara: 

To experiment with radio equipment , elsct r onics , teat 
equipment and s ystems in a s pace-l i ke environment. 

To provide a wide range of activiti ea f or aa many 
rad io amateur s as possible 

1) Dea i gn , deve l opment , construc t ion and testing 
2) Satel 1it a typa track ing 
J) Happing 
41 Direction finding 
5) Telemetry encoding and decoding 
6) FUN 

J . O TECHNICAL COMKI'ITEES 

A number of techni cal committeea were set up to handla the var ioua aspects of 
t he proj ect . Table 1 shows a diagramma tical r epr esentat ion of t he Pr oj ec t BACAR 
Itructure t oday . 

DESIGN 
TEAl< 

CONSTRUCTION 
TEAl< 

SARL I I SAAMSAT r 

LAUNCH 
TEAM 

- --- PROJECT I 
I I MANAGER I 

LOGIST I CS 
TEAl< 

I 
I 

TRAQ:.ING 
TEAM 

TABLE 1 -BACAR HANAGEKENT STRUCTURE 

•• 0 GETTIlIG STARTED - I1ISS I ON ONE 

mLD 
TEAM 

BACAR Hilsi on One haa gone down in hiatory aa " The Coke special " . I t conaiatad 
,f a beacon t r ansmitter in a 2 li t ra pl astic coke bottle . The beacon t ransmitted a 
one which was varied unde r the control of a tempe ratura aenaor Bounted on the 
,utBide of the bottle. Tha frequency of 145 . 550 KH,. waa choaen because of its 
opulari t y aa a local aimpleI chat frequency which was , at the time, coamon in most 
rystal l ized transceivera. (Syntheai,.ed Tranaceivers were still new st the time1. 

From inf or ma t ion received from the local Weather Bureau a temperature versus 
eight above lea level waa compiled. 

•• 



4.1 LICENSING 

An appli ca ti on t o the Poat.aa t er Gener al f or a apecial licence reaul ttd in 
many queries . Armed wi th doc~entation about Aa.teur Radio Sat ell ites licensed 
internationally , a visit to the PHG waa arranged. The licence waa granted under thl 
call ZS6KX.P. 

4.2 AIR TRAFFIC CONTROL 

We soon l ea rned that apecisl permiaa ion Was nvee.sary from tbe Depart.ent of 
Civi l Aviation . Armed v ith mora documenta we raturned to Pre toria . Permiaaion waa 
grant ed with the pr oviaion that permiasion f or take off ia requeated from local ai l 
tra ffi c cont rol before each launc~. 

4. 3 LAUNCH INFORMATION NETWORK AND MISSION CONTROL 

AI!. one o f the obj ectives waa t o involve aa . any r adio amateurs as possible, a 
apecial launch information network va" arranged . A commentat or from the launch ait, 
givea voice reporta of the launch countdown and the launch itsel f . Fr om there the 
commentary move. to the Miasion Cont rol Cen tre a t the Johannesburg Amateur Radio 
Centr e where the fli ght i s recorded and aapped . Miasion Control is aet up t o 
receive bear ings from ststions s ituated in a 100 Kc radius . Thia i nfor.ation 
pr ovides continual updates of where BACAR ia .oving. 

4 . II TRAllCING TEAM 

A number of teams at and by with direction finding equip. ent t o track BACAR on 
ita decent and to recover the equipment. Of 25 lIIisaiona , 22 have been recovered , 
whic h i a a very good record . 

Miasion One - "Coke Special " was a gre at auccess. Everyone was enthuaed . 

5.0 BACAR MISSION 21 

Many intereating lIIia aiona f ollowed with vary ing degreea of succea • • For the 
purpose of this paper, Mission 21 wil l be reviewed in datail. 
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5.1 SPECIF ICATIONS 

Lin.ar transponder: 
Uplink: 28 . 390 - 28.410 KHz 

144 . 430 - 144 . 450 MHz Oovnlink : 
frequency 
Hode : 

Stability: +- 2 kHz 

Sensi tivity : 

AGC range: 
Power Amplifier: 
Pove r Budget 

C~and Receiver : 
Hade : 
Input s ensitivity; 
Input sele c tivity : 
Pove r: 

Te lemetry 
Frequency: 
Stebili1:y: 
Hade: 
Power Output : 
Beud Rate: 

Linear rranaponder vith 
pa •• b. nd r ever s ed 
-90 dBm input delivera an 
OUtput of 32 dRm (1.5W) 
50 dB 
clss s AB 
12v st SOO 

Single tone 
- 90 dB. 
+- S kHz 
5. 

14S . 800 KHz 
+- 2 kHz 
AFSk .udio tones f or PH 
250 mW 
50 

Number of channel s : 8 • • nalogue Ov to +5v 
Power Budget: Sv at 200 mA 

Recovery Bescon 
frequency : 
Stability: 
Hode: 
Power : switched low: 

high: 
Pover Budget: 

Six metre Bescon 
Frequency: 
Hode : 
Fover : 

6 . 0 DESIGN AND CONSTRUCTION 

145 .. 500 KHz 
+- 2 kHz 
PH wi tb 1 kHz modulsti on 
1 .w 
350 IIIW 
12v •• If-cont ained . 
minimum lifetime 36 hour •• 

51.384 MHz 
OW on/off keying 
4x3 . 3v Li t hium bstterie •• 

A number o f teams vere assembled to cons truct the vsriou. sub-modules. 



6 . 1 TECHNI CAL CONSIDERATIONS 

Path lo.ses were calculated at an a •• umed height of 100 000 feet above aea 
level vith look anglea of between 0 . 5 and 45 degrees. 

-----------------------------------------------------------
IPATH DISTANCE Il.OCIC. ANGLES ILOSS AT 2811lb: ILOSS AT l44KHz1 
I (ailea) 1 (degreea) 1 (dll ) I (clll) 1 

600 
'00 
400 
300 
200 
100 

" " 10 , 

0.' 
0. ' 
o. , 
0 . 9 
h 4 
2. 8 
5· .. 7 

11.0 
26 . 5 
45 _·0 

122 
121 
118 

11' 
112 
106 
106 

" " " 
Table 2 -Path 10 •• vS Look angle 

'" 134 

'" 130 
126 
121 11. 
lOS 
102 
96 

Taking the worst case ot s .tation at a distsnce of 600 milea having an ERP of 
100 W. the power at the input ot the receiver would be -72 dll •• The return link 
would yield appreaimately 100 dB. a t the di.tant receiver antenna. Thi. ia 2.2 
microvolt , veIL within the capabili t ies of a normsl VHF reeeivins aet up. However 
in practice other losses such a. polarization , angle radiation etc muat be 
conside r ed .. 

6.2 FREQUENCY SELECTION CONSIDERATIONS 

With three transmitters in cloa. proai.ity On the package. the poaaibili ry of 
into.rference ia real., Given the .election o f cryatoals available , one of the working 
group. u •• d tob. computer soft ware deilined by G3DU snd G4BXZ to c.lculate 
into.rmodulation product s. 

6 _3 TARGET OATES 

A number of target dates had t o be mat for a launch on the 19th October 1985_ 
Needleaa to a.y there we r e last minute panica and modifications , but all wa. ready 
for launch on t ha due date . 

Deapita careful checking of all variablea it waa discovered tobat the 19th 
October wa •• lao the datoe of a local airahow. Fear of cau.ing an accident BACAR 
Hia.ion 21 vaa delayed till 16th November • 
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7. 0 MISSION 21 A SUCCESS 

BAGAR MiGSion 21 was launched at 05h04. UTC and flew for two hours-. The pack age 
travelled 130 km snd schieved a rate of cl i mb of 300 metres/minute·. During its 
f light EAGAR handled 456 contacts. 

It is considered that this was one of the mOre successful f lights to date . 
However no experiment can be without its problems . and the following points were 
noted on this mission: 

1) The power supply voltage came down rapidly when at an altitude of 33 000 
ft. This affe~ted the telemetry. The battery problem started at launch when it 
started dr opping from l5v nominal un t il it reached l Ov". This value was maintained 
throughou t the flight . The drop was most likely due to a faulty cell . 

2) The telemetry transmit ter antenna was horizontally polar ized. Much fading 
~as experienced contrary t o previoua f lights were vertically polarized antennaa 
~ere used . 

3) The release mechanism failed and the package coul d not be rel e ased. This 
~as a problem . With multi- balloon f lights . not all the balloons burst at the same 
time whi~h caused the package to hove r. 

4) Recovery was ext remely difficult . but was successfully achieved by sunset , 

~.O GENERAL COMMENTS 

Generally weather balloons are used which are f ille d with hydrogen . The use of 
lydrogen requires spedal precautions during filling .- No one is allowed within one 
tilometre radius wi th any RF or fi re source-. The person filling the balloons wears 
• spedal asbestos suit and helmet .- Fire fighting equipment is kept ready .-

For a few missions large low pressure balloons were constructed . very much on 
the Zeppelin princ i ple . However handling was difficult and well nesr i~possible 
.ith even a slight breeze . The high alti t ude f light around the world dream was soon 
lhat tered [ 

Types of equipment flown to date: 

Mode A transponder 

Reverse Hode A transponder 

Mode B transponder 

Pa rrat Repeater (Voice store and forward system 
handling 20 s econds . ) 

- Various types of beacons and teleme try systems . 



8-.-1 '!'HE lU'nIR.! 

The nes t fliaht viII carry & diaipeatero Ot her ayste&s t o be u.ed in BACAR 
missions include: 

SSTV 51s t _ 

Hoda L tranapoader 

Application espe ri ... ents such SIll .... 11 ",cience 
projecta by a high achool aciance club , e t c 

Devel opment never s tops ! The .... i n davelopment impetus i a on i mprovement on 
weight and reduc t ion i n pever conaumpt ion . Research int o alternative power sources , 
like alkal ine dry cell batteries, is also r eceivi ng high pri ority attantion . 

9.·0 FUN 

Fun is not an acronym: i t is a plain old fa shioned Enal iah vord that takea 
preference i n all BAGAR project considar.tiona . Each mission must heve a la r ge FUN 
component: it ensur es continued intere"'t and aupport fro. the Amateur Radio 
f taternity at large . 

• 
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THE LAUNCH OF NOAA-H WEA,'I'HER SATELLITE: 
A MISSION PROFILE 

Jeff Wallach , NSITU 

chairman 
Dallas Remote Imaging Group 

The Dallas Remote Imaging Group has as it ' s primary mission 
the design , development, and evaluation of hardware / software 
systems that may be used to receive both low resolution (4 km.) 
Automatic Picture Transmission (APT) and high resolution (1 ken.) 
High Resolution Picture Transmission (HRPT ) imagery from the U.S. 
NOAA and soviet Meteor series weather satellites. Another 
primary interest of the Dallas Remote Imaging Group (DRIG) is to 
assist local secondary school districts with setting up weather 
satellite grounds tat ions to be used as an educational tool for the 
student's science and mathematics curriculum. ~eff Wallach, 
NSITU, Chairman of DRIG was recently invited by N.A.S.A . and the 
Department of Commerce (NOAA/NESDIS) to attend the launch of 
NOAA-H polar orbiting weather satellite at Vandenberg Air Force 
Base. This presentation is an account of the launch sequence, 
orbit stabilization, and recept ion reports of imagery from NOAA-H. 
Videotapes of the launch and actual real-time imagery from the 
satellite received at the NSITU groundstation will be presented. 

INTRODUCTION 

The Advanced TIROS-N (ATN) program is an extension of t h e 
older TIROS program , and significant upgrades to the onboard 
sensors have been initiated. The polar o rbiting weather satellite 
program is a cooperative effort of t he National Aeronautics and 
Space Administration (NASA) and the National OCeanic and Atmo­
spheric Administration (NOAA), the United Kingdom , and France for 
providing day and night global environmental and associated data 
for operationa l purposes on a regular basis. The Soviet Union 
also operates a similar weather satellite program, the Meteor 
series of polar orbiting satellites. Elements of the Search and 
Rescue (SAR) s ystem are provided by Canada and France . The U. S. 
1I.ir Force provides launch support at Vandenberg Air Force Base, 
California. General Dynamics Convair (GDC) provides the Atlas 
launch vehicle. 

The Advanced TIROS-N weather satellites provide scientists 
~i th the most comprehensive meteorological and envi r onmental 
information since t he start of the nation'S space program. The 
rIROS- N/NOAA systems collect meteo r ological readings from several 
hundred data collection locations o n land, in the air and at sea . 
It takes vertical measur ements o f the temperature and moisture 
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distribution in the atmosphere . 
measure energy particles for solar 

In addition, the satellites 
research and radiation warning. 

In addition to the normal complement of meteorological and 
climatologic al sensors, these advanced satellites are equipped 
with instrumentation for global search and rescue missions that 
local downed a i rcraft and ships in distress. ATN also carries 
i nstrumentation for ozone mapping and for monitoring the radiation 
gains and losses to and from the earth . 

Of primary importance to the Dallas Remote Imaging Group, and 
ot.her satellite imagery enthusiast around the world is the capa ­
bility to receive weather observations, including visible and 
infrared pictures, real-time, from the direct readout capabilities 
of t.he spacecraft. It is these direct. readout. sensors for global 
weather imagery that will be the focus of this presentation. 

MISSION SBQUENCB 

NASA and NOAA held an educator's conference the evening prior 
t.o the launch, on September 23 , 1988. Jeff Wallach of the Dallas 
Remot.e Imaging Group was invited to give a keynote address on the 
use of weather satellite groundstations in the educational envi ­
ronment . Over three hundred educators from around the country 
attended this conference. The use of amateur radio satellite 
communications, AMSAT, and requirements for building- a weather 
sate l lite groundstation to receive real-time imagery were all 
discussed. 

At 2: 00 AM local time, all attendees boarded a bus for the 
launch site. The observat ion point was 3.2 miles from the 
Western Space and Missile Center at Vandenberg Air Force base . 
Visibility was minimal due to fog rolling in off the Pacific. The 
cloud ceiling- was aro und four hundred feet. At 10 : 0 2 GMT, on 
September 24, 1988, NOAA- H was launched atop the twenty-five year 
old Atlas E booster into a perfect orbit. It was a beautiful 
nighttime launch that lit up the sky. Although there was only 
around eight seconds of visibility, it was truly spec tacular to 
view. The videotape of the Atlas launch (to be presented) cannot 
convey the excitement and splendor of a nighttime launch from 
beautiful Southern California. 

ATLAS LAUNCH VEHICLE 

The spacecraft was launched by the Atlas E vehic le. This is 
a standard Atlas launch vehicle that consists o f the E-series 
Atlas ballistic missile t.hat has been refurbished and modified to 
a standard c o nfiguration for use as a launch vehicle for orbital 
missions. The vehicle stands 28 . 7 meters tall and is 3.05 meters 
in diameter . The fair ing is 7 .42 meters long and 2 . 13 meters in 
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diameter . At liftoff , it carried 69 kiloliters of liquid oxygen 
and 4) kiloliters of RP- l fuel, a highly refined kerosene. 

ORBITAL PARAMETERS 

The NOAA-H satellite (re-designated NOAA 11 following 
orbital insertion) is a three-axis stabilized spacecraft that was 
launched into a 870 km circular, near-polar orbit with an inclina­
tion angle of 98.86 degrees (retrograde) to the Equator. Total 
orbital period is approximately 102 minutes. The sunlight period 
will average 72 minutes and )0 minutes in the Earth shadow. 
Because the Earth rotates beneath the o r bit 25 . 59 degree during 
each orbit, the satellite observes a different portion of the 
Earth's surface each orbit . 

The nominal orbit is Sun- synchronous and precesses (rotates) 
eastward about the Earth ' s polar axis 0.986 degrees per day. This 
precession keeps the satellite in a constant position with refer­
ence to the Sun for consistent illumination throughout the year. 
NOAA-H was launched so that it always crosses the Equator at about 
1 : 40 PM northbound and 1:40 AM southbound local solar time . 

The circular orbit of NOAA-H permits uniform data acquisition 
by the satellite and efficient command control of the satellite by 
the NOAA Control Data Acquisition ground stations located at 
Fairbanks, Alaska and Wallops I sland, Virgi nia . 

Figure 1 represents schematically the orbital characteristics 
of NOAA-H (11). 

Figure 2 shows the Launch - to- Orbit I n jection sequence and the 
major launch events of the mission for the NOAA- II spacecraft as 
provided by NASA, NOAA , and t h e U.S. Ai r Force. 

NOAA- H INSTRUMENTATION 

NOAA - H carries instrument systems that provide both direct 
readout (real time) and onboard recording (playback) of environ­
mental data during day and night operations. The primary instru­
ments carried by the NOAA-H spacecraft are as follows: 

o Advanced Very High Resolution Radiometer/ 2 (APT, HRPT) 

o High Resolution Infrared Radiation Sounder / 2 

o Search and Rescue 

o Solar Backscatter Ultraviolet Spectral Radiometer 

o Microwave Sounding Unit 
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o ARGOS Data Col lec t ion 

o Stratospheric Sound Unit 

Figure 3 is a artist ' s conception of NOAA- H in ear t h orbi t . 

The Advanced Very High Resolution Radiometer/ 2 is the primary 
instrument amateurs a r e interested in to receive t he weather 
satellite imagery. AVHRR is a radiation- detection instrument used 
to remotely determine cloud cover and the surface temperature . 
The scanning radiometer uses five detectors that collect different 
bands of radiation wavelengths . Measuring the same view, this 
array of diverse wavelengths, after processing, will permit 
multispectral analysis for more precisely defining meteorological, 
oceanographic, and hydrological parame t ers . One channel will 
monitor energy in visible band and another in the near-infrared 
portion of the electroma gnetic spectrum to observe clouds, lakes , 
shorelines, snow, ice, and vegetation. The types of imagery the 
amateur can receive with very modest receiving and display systems 
a r e outs t anding! 

Figure 4 is an e xample of the HRPT imagery from NOAA- I0 on May 9, 
1987 , Cha nnel 2 InfraRed , a t 12:57 GMT. The entire nort hea ste r n 
coast o f the United St ates is clearly visib l e , along with small 
lakes, mountai ns, r ive rs, etc . 

COMMUNICATIONS AND DATA HANDLING 

NOAA-H has onboar d a communications subsystem that uses ten 
separate transmission l inks to hand le communications between the 
satellite a nd the ground stations . Table 5 summarizes the commu­
nicat ions links . 

Of primary interest for APT reception is the 137.62 Mhz wideband 
FM signal . The nominal IF frequency of the receiver should be 
about 50 khz . Al though there are number of commercial receivers 
in the amateur marketplace that are designed specifically for 
weather satellite reception o f the APT imagery, simple police 
scanners that cover the 137 Mhz band will do an adequate job. 

For the HRPT high resolution imagery , receivers at 1698 MHZ and 
1707 MHZ will be r e quired. 

WEATHER SA'l'ELLlTE IMAGERY RECEPTION 

The construction of a weather satellite groundstation, and 
reception of real- time imagery from the spacecraft was the topic 
of last year's presentation at the 1987 AMSAT Fo r um . However, let 
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me provide a brief sUfmtary of how the amateur may get started ir 
this fasc inating hobby! 

If you have a groundstation that is already configured fot 
reception of telemetry from the OSCi\.R series of satellites , ther: 
you are more the 50\ on your way to receiving weather satellite 
imagery . Essentially, what is required is a two meter band 
antenna, a good preamp , a receiver capable of 137 Mhz wideband FM 
modulation , with an IF frequency of around 50 Khz. To actually 
display the imagery, some type o f hard copy facsimile machine, or 
a personal computer with appropriate demodulator and software is 
required. (Pictures o f the groundstation and development lab at 
the N5ITU stati on will be presented during the forum). 

To assist educators and other amateurs interested in designing 
a weather satellite groundstation, the Dallas Remote I maging Group 
has developed a three page primer on this subject. This primer 
may be obtained, free of cha r ge , by logging into the Datalink 
Remote Bulletin Board system (RBBS) at 214-394-7438. It is listed 
as BULLET17 in the Bulletin section o n the s y stem. 

The Data1ink RBBS is an open system that carries the most 
current NASA/ NORAD satellite keplerian elements, intelligence 
reports on Soviet milita ry and civilian space activities , updates 
on NOAA weather satellites , satellite tracking programs, and 
real-time imagery from U. S . and soviet satellites along with 
display programs for a variety o f personal computers and graphics 
displays. This system also serves as a worldwide messaging system 
to keep the APT direct readout user commun ity informed o f current 
events in weather satellite imagery. The Dallas Remote Imaging 
Group encourages all users to log o n to the system and use it f or 
their educational enjoyment . 

Users requiring further information on weather satellite 
grounds t ations may write to the fol lowi ng address: 

Voice 
Oata 

phone 
phone 

Jeff WallaCh, Ph.D. (N5 I TU) 
Chai rman 
Dallas Remote Imaging Group 
PO BOX 118053 
Carrollton, Texas 75011-8053 
U. S . A. 

2 14- ]94-7 325 
214 - ]94-74]8 
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