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Mat/at Vidmar, YT 3 MV

Digita l Signa l Processing Techniques for
Radio Amate urs
Part 4 a: Applicatio n So ftware

The prevlou. thr N pet1. of the et1lcle eboul
the DSP computer de.crlbed II. principle. 01
operaU on and II.con.trucllon. However, I rom
the u.er'. polnl of vi.w, on. of the mo.llm­
pot1ant • • pect . I. lh• • v.n.bl• • ohw.r••nd
th e • ••• 01using II. Th.r.for. thl ••ddillon.1
.t1icl. I• • lmo.1 nec• •••ry . end prob.bly
.ddlllon .1 .t1icl • • wl1l be required in Ih.
lutur. 10 d• • crlbe n.w . v. n. bl••oftwer.
.nd or im porl.nl modific.tion . to ellaling
l oh war• •

4.1.
INTROOUCTION

The sctlware lor the DSP compu ler Includes the
operat,ng Iv-lem atore<! In the EPROM and
appbcatoon sctlwale d'itrobule<! on 'loWy dlskl
The operalll'O lySlem (actually V12) worIIs wllh
program and dala 1,lel arranged.n dlroclones as

'30

on commercial computers For SimpliCity there is
jusl one directory lor the Illes stored in 11'18 non­
volallie RAM and one hie dlreclOrylor each lloppy
disk

Appbcahonprograms ate supplied both IStource
liles and IS complied e_eculable ',Ies, Source
hlel are provided lor users lhol WIsh to mod'fy
programs or as an example lor userl whOweeuo
wrote the" own programl Source I,les can be
comp,led al any lime InlO execulable l,lel USIng
the high-level language compiler built Into the
operat'ng Syl lam aotlware (in the EPROM).

Although e_ecutabla Iiles requee about tour
Ilmas more memory space lor Ilol age than
ecvrce 1,lel wh'ch are suppheo too, Executable
hlel actually conta,n the values 01 all the vana·
bles The ,n,t,ahaallon ot eome ot these may be
quue d,rI.cu!l lor the beg,nll8 r, liKe typing-In the
Ofbjtal elemenll lor a numbel 01 salell.'es or
seIling-up the parameters 01a pacllet -radlOpro­
gram

A. already menlloned In the prevIOUs artICles, 11'18
opefalong Iystem commands are deSCribed in •
amall manual ava,lable separately . Th,s article
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descrlbel lhe main ecurer app llCllhonl IOftware
divided ere tour main gmu ps

- salelhte Iracking software
- APTiWEFAX pcture receiving and proc-

essing software
- demodulators and modems

packet·radlOIOftware

Rather lhan deSCflbong Ihe commands and lunc ­
ltonS In delal l , Ihls al1lcle ,ncludes a oescrlphon
ot the Inlernal operallOn 01each program Under'
standIng the operallOn 01 a program, ~s com'
mands become lmme(hlely sell ,evldent Be­
Iidel the menus, all applica tion programs eisc
Include a help message lisllng all available com­
mands whiCh is displayed Immediately alle r a
wrong command was Issued Finally , wherever
poSSIble, a companson Wilt be made With com ­
merCially available softwa.e and'or hardware
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4.2.
SATELLITE TRACKING SOFTWARE

Salelll le lracill ng software II not really OSP eon­
wal e, II IS, however, uHd logeU~er w,lh many
OSP demodulalorl and DSP communlCallOnS
progr aml A H lelllle tracking program running
on the desCribed OSP compuler may only requue
a very 11mlIed compuler ClIpaclly : if l racklng Justa
lingle l al 811lle and Wltl'l no glaphJCI It II only
uSing about 2 % 01the CPU time , In cteer words.
the lalelil le trackmg program can be el8Cu ted
as a background task while USIng the compule,
lor another lask (any DSP program) at lhe aame
time !

SalellJte Iracklng ususa lly Includes al least unee
dillerent lasks lor the computer

compute the lalelll18'1 positIOn and velOCity
trom lIS orbital pa.ametefS at a given time
(usually real lime)

- aulomaticaily steel the antenna rotato" In
the compu ted dlf8Cl lOn (and even tually leI
the correct Irequencles ollhe rece ivers and-'or
transmitters 10 compensate lor the doppler
aMls)
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Fill_1.2 ,; TRACK p'OIlr.m l ho"'I.1I 40 n t.ll lI ..

- display atl mlereshng parameters In numerical
term (eleva tion. aZimuth ...) and/or Ingraphlcal
term (plot the acquISItion eucre on a world
map)

The IIrS! task, computing me satellite ', pc)S11Ion
and velocity. II aceompIJshed In real lime by the
proglam ' TRACK~ (l ee fig , 1.1. • nd Ilg, 1.2.)

OJ,



VHF COMMUNIC ATIONS 3189~'--------------"''-'"''''==''-'''''''

The lall&!' SUpplies aNlhe ,nlormallOr'l requ ll ed 10
other programs (through. data liIel and 10 the
antenna ,otator tnlerlace (through the RS·232

po'"
The sa'ell<'8' poatl>on and veb:rty are Obt..,~

Irom the 181".'8"' ortlotal elemenll by lOIv,ng
• lei 01 equa\lOtl5 WhIch 8QU8toOl'lS need 10 be
lOIved to OOlaln SUtf1oet1l accuracy? The basic
ortltl of • sal ' . afound • p1aroet ,a ellIPtIC,
but there al ' . 1 perturbiOg al1&Ct, FIISI,
the planet 'I not• pOIlIl mass nor a perfect apher.
and Its grav ity held ,. not unllOfm Se<:ood.
the,. II'. other graYlty loree s dua to olhe, celes­
tial bod,., :in the cas. 01an Earth satelhle , \tles .
lOfees are mainly due to lhe Sun and the Moon
Finally, there are other 'orees 8C""9 on a I.'el·
hie , like me atmosp heric drag 01 the sola r rad,. ­
lion pressure

Radio-amateur computer programa lor I.lelhte
tracking usually Include the baSIC eaenc orM
equations and the ma,n perturbatoons Earth',
oblal_ n (elliptICity) and atmospheoc drag
The eneet 01 hlQher orde r Earln gravity field
pet1urbatlOtlSII at leasltnree OI'de, ol fTlagnilucle
sma ller and requires a complICated and l ime­
COflsumM"lg numencal Ir'llegratl()fl II IncIuOe<l
Lur.·llOIar efleets are noI II'ICIuded 101' !he same
reaSQrl n'8tl efl8C1 can only be noIed as • lOng.

lerm vanatl()fl 01 the altItude ol pengee ol high
0f0,1 satell ites hi<e A().13 FmaJly. almospheoc
d'ag depends on the IOlar actiVity and is thus
unpredoclable JUst ~ ke HF propagallon.

One Of the h'$1 &milIeu' lfaelung programs.
InCludIng the baSIC elhpllC Ol'brt , Earth 'l ce­
lateness efleets and a IImp1e drag model , was
publoshecl by J . Miller . G 3 RUH Il'\ (1). Most
trading prog'ams are limply (Jones Of 1M
G 3 RUH program, maybe JU&I With a lanoe' ee­
play . - TRACK- II also based on the englnal
G 3 RUH program but InclUdes many llTIprove·
ments. The mos t Important Improvement IS that
the satellite velocity veelOl' is delwed in a con­
p1e tely analyllcal way providing a much belle ,
accur acy reqUIred both lor computing Dopple'
shirts and/or APT picture gnddlng,

The basic elliptic c-o« is described by a set 01
orbital element. . usually Keple, ian elements
Keple" an elemenls descnbe the shape and
size 01 the ellipse (eccentriCity and semi· maJOf
a.,s). Its OIIe-ntatl()ll WIth re$p8CI to an Ir'lerual
coordInate syste m (Incllnatl()fl. nght ascenSlOl1 ol
aSCending node and argument 01 pengee) and
the pos,tlon 01 lhe Nlelll18 on tn., orbl1 (mean
anomaly). an al a g.ven lIn'18(epoch time) .

Publoshecl orbll&l elements ll"ICIulH some addi­
bOnal data AtlhoUgh 1M mean motl()fl can be
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computed Irom lhe semi·maJOf a., s and vee­
versa using lha third Kepler's law, lhe mean
monon IS usually supplied lor better accuracy,
The atmospheric drag is usually descnbe<j with
a decay coemcient. To allow lor agemg crbtar
cere. the corresponchng menu (l lg. , .3.) includes
a clock correction vanable IOfeach sareune.

The program scree sets 01 orbital data lor 40
satellites, Thanks 10 lhe nonvolatile CMOS RAM,
this data remains stored even alter me computer
is swnched all. In addition, lhe program con­
laming the mod,!ied dala can be recorded on a
floppy disk. Unlike programs runnIOg on com­
mercial computers. II is meretcee nol necessary
10worry aboul losing me updated data I,le

Other parameters, common to all satellites, can
be updated uSingthe appropriate menu (fig, 'A }.
In particular, Ihere are a number 01parameters
associated with the antenna ectatoeinterlace The
ereveuoe and azimuth counts should match the
ligures oblalned Irom ee Interlace AID converter.

Some parameters require an e.planatlon aboul
Ihe trackmg procedure, The sollware and inler·
lace were deSigned lor a commercial aZlmulh/
erevencn rcteicr KR 5600, AZlmulh rotators have
a limiled rctenon range, usually just slighlly more

lhan 360 degrees In fact. an ,nflM e aZimuth
roreuon would require complex mechanical soju­
lions, like rolary IOIrllS, sece regardless of lhe
rotator ,n" allallon mere are always some eeter­
Me passes that cross the aZimuth dlsconllnUily
coot. the software has 10 crcvsre B solullon to
aVOid the discontinuity: about 2 minutes 0' loss
01data due to me 360 degrees aZlmulh rotencn!
Most commercial software simply Ignores thiS
problem and Ihe rescn is an unavoidable loss of
contact 'or a lew mlnules during many sateuue
passes ,

The program TRACK prOVides Iwo dillerent
ecicnooe lor Ihe dl!lcon\lnully problem, The firsl
IScalled AZOVERLAP and can be used lor polar
orbiters. The Iracking ecuwe-e assumes 'hat the
rcteuon range of lhe aZimuth rotalor IS slighlly
more lhan 360 degree s and thatthete is a slight
overlap around Ihe discontinUity point In the
south direction. The second procedure is called
RECIPROCAL. II uses t60 degrees eievetcn
rotation and reecrccer values for aZimuth and
eievetce when requlfed : when It is necessary to
move the dl!lcontirlully pomt !rom south 10 rortn.

The antenna system and the rotators themselves
have a considerable mechanical merna. This
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problem" made evenworseby the fotator conlrol
urll!. whICh only allows the motors to be either
turned on al lull speed or ott Comrneroal 10ft·
ware and r~ale<l Itltertaces soIv. thtt problem
by aodlng a large hystereSIS "'!he con lrol toop 10
avoodend.... OSClIahonS Such a conlrollyslam
may be accura le enough 10 ,rack a 18'''''. on
145 MHz W,[ha short Y8Q' anlenna. but IS com­
plelely unullslaclory to steer a mode-L. high.
gain uplink d'sh or leatlv. HRPT PlCturellrorn a
NOAA ulelilte

QI course mlCroprocesS04'S allow a much more
accurate IleeFing 01 lhe same mechanICal and
elec lrlCal hardware, To opllm,le the sleeFing.
IwOdamping coeucents have 10 be supplied tor
each leedback loop. These coelh cienls are lhen
eenrrc Ihe rotaior interlace microcomputer wllh a
zao CPU, In Ihls way a QUick and accurate
, 'e."ng " obtamed, In teo. ooceme Iystem was
cahbrated It was net posSible 10 steer a 1 m dish
bener manually on s-eeoe
Dunng real·t,me eetenue lr acklng. TRACK
generates a display like In 11'1. 1.5. The Ianel
Includes the actual lime. dala , ulelt,te POSlhon
and ve!ooty. azimuth and elevatoon. doppler
shilts and antenna rotator data AI real·t,me
Iracklng " slaned. the software Wli try 10 hnd
thfI ne~t utelilte pass and deode thfI correct
tracl<rng procedure to aVOId azmulh d1lC01ltl '

nuit,es The decISIOn " maoe accord,ng to the
azimuth Quac;lrant whet. !tie maximum elevatlOO
occurs The Quadrant can also be forced manu­
any If the program wal "aned on the ITlICklIe of
a u tellila pau ancllhltl'. w•• nobme 10fond the
ma ximum elevaloon aulomatlC8l1y

One of !he most Important com mands are the

lime correctIOn commands Publllhed sateltte
orbital alemenlS ar. notalways accurale and they
ara subJ8Cled to 8Q8lng The QUICkest growing
error IScena,n'y mean anomaly or bme TRACK
allows to correct the time lor each salallila
ort/Ilal data set separately and dunng raal·lJme
tracking ,n e,lher t Ieeood or 30 second stepe.
II lhe link perlorma nce I. unaallSfaclory and
maccvrate lracklng is suspec ted, the user simply
has to shll t ine time back and lon h lor bes t
results ! Thll command wal added as a result ot
practical expenenee With 881elhte tracking and
is not available In com mercial IOtlware wnlten
by hackers lhal never tracked a salellite In real
,,~

From the l lacklllg ICfMll one can ellher call

another program (lee IIV. 1.11.) or etIeck lor
lut ure or pasl " 'alII1& passes (fiV. 1.7.). The
orbIlal predoctoon rOUI,ne can be set torany lime
or dale. the delaull value tno Ir'lpUIJ .. the CUrrent
lime and dala. The dellull Slep IS 3 ITlIrlUln. I
negat,ve step woll shoW past ..telhte passes

f ig . 1.'.: TRACK prGg••m - On--ll... HELp ·

.oJ ,... ....... \0 •." t'
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Fig, 2.:1.: SATVIEW MefulorprolKllon - II . H room

I~v : I
.~.

I, I,

In t!'le case 01 fI wrong command. t!'le "On-Itne
HELP' Wlileppeer a. ill lig . 1.'.

TRACK,SRC il about 21 kbyles long When
compi led rmo an a.eculflbla IIle." require, about
64 kbylel 01 melTlOr)' The dala Me il 138 byle,
long and includes time. dala , setei llte name ,
POlllion and velocity _Future a<kM,ons IOTRACK

may ,nclude the trackll'O 01celeilial bod ,es with
bu,lt·ln ephemeris and aulomatlc steenng of
tranSC8fVerl lOl the correctlOll 01 doppler Shills,

The SATVIEW program can be called Irom
TRACK 11 lepr. sent l the salelille dala In a
graphtC81 1rom In a val lely of map prOJeChO-nS. as
shown In l ig . 2.1, The hrs' three OptiOfl' will d'l ·
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\
~

21 1 :!':~

Fig . 2.1.: 5 ATVIEW sat ,lIlt, vltw - ,qul,ngul,r
pro l.ction

~ . ~ . ~ .ot
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o.:'llltt :

t. /I,
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I:::: ' i­
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play the acquISition Circle on a world map In a
proiecuon Similar to me Mercator map PfOJectlon
Either the full world map eee tlg . 2.2.), a selected
part l i lg. 2.3.) or an "auto-zoom" mode (I lg. 2.4.)
can be selected.

SATVIEW can also draw a view otme Earth as
seen 'rom lhe satellite The laller can be drawn

Fig. 2,1.: SATVIEW 5,t,III1' vl,w - tqul,ngul,.
pro lKuon

as a nalural view Irom the satellite (I lg. 2.5. and
lig . 2.7.) or mapped into a standard map projec­
tIOn (I lg. 2,6. and 11g. 2.8 .). Note that fig 2,5 ,
and IIg 2,6, (and Similarly 'Ill . 2.7. and 119 28.)
cove, elaCtly the same geographical area. only
the prOJeclron is dllterent The natu.al views
are useltJl to check the plClures trom an Imagl/lQ
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(wealher, salell,le wh,l. the map prO!8Chons
a re u..lut10 f'nd the COrTU"UNCallOtl. covertl9f'

How don SATVIEW drew e map? M~ er.
Slored as Mil of points In~. -.eh poIOl

belng dHcrll»d w,th rt. thr.. coordonates X V
end Z Accordong 10 !he desi'ed prqec:t1Otl . the
required coordonal. ".",!otmIloon IS applied
11,.1 Then lhe poIntt .r. connec1ed w'th ltnes 10

lorm !he dr.W1rIQ Al leeat one map 'lie and the
sal.lhl. posItoon hie shOuld bII ..... ,lable 10
ma _. lhe progr.m wort! Up 10 two 8d(tII1()NI1
map M•• ean bllllled 100

Oepend.ng 0t'I lhe lenglh of the map 'lies .
S ATVIEW reqlJll".' between I .nd " MCOOds10
updal. !he pelur. 0t'I lhe Ie''''' Any pctUI.
dlspIe}«t CaI'l be pnl'lled ltle commend • • w,.
gener.'•• ~lJCOpy pnnl., hie 11'1I.1 " uno.·
• 1OOCl by moll 11end8,d pnnl.... II may . "oWever _
happen lhel ltle E."h look. QUlI.....pCIc r.ther
!han round In Ihoa cue Ihe oro. 'actor needs to
be 8Cl/Ulled E_pervroenllng w ItI !tie hIi,dw-.,.• .,
lhe .utnor. II\8Ck !tie CWt:1e lec10r had 10 be te'l

10 1 60 tor tne TV rTI()nllOr . 10 1 68 lor • ttn&I
doI:·mJll'I . pnnter (8rtJthp J,l. 1109 ) end 10 200
1or.1aser pnnt... (EPIOfI00.35(0)

Compered 10 commeroal progr.m. (2). SAT­
VIEW runt contoderabIY ' . st er II compared 10

GRAFT RAK I'UI'In,ng on .n IBM clone eqUIpped
W'lh!he • • pen.,.... m.th COpt'oceslOl". SATVIEW
15 between 30 .nd 100 IlmeI 'asler Maybe
Ih•• sugoesll why 'I I". he . ......... 10 mall. e
homebrew compuler Accord lngty . II IS n()l

neceuary to preper••ny pctu,. I". tor .nl·
mellOtl. tor .ny map pro,ectlOtl , 1If'lC. r.a1.
lIme c:omputmg II ' e ll enough In add.llOn rt
. I!OwI • Wldef Mlectoon of PfO!8CloOn. On lhe
other hand. IOrTI8 c:ommenDI hIi ... been OrTulled
essenl'.1Iy lo keep lhe user ,",errac••• Simple

ItS POSSIble " Doet h..... ~m. len.. 10 wro,.
• program tnal reQU"es • ,hell, oper.'ong manual.
no user WIn evet na .... the l.me 10read'

SATVIEWSRC II ebout 16 kbyles long When
(XlmpIIed IllIO en ...'Culetlle hle,.t reQUrH etloul
S9 "byles of memory The map !JIeI COAST
MAP. BORDER MAP end GRID MAP requor•
lespecwetv 70 _byles. 13 kbylH.nd 33 ..bytes
01 memory Futur. addollOn. 10 SATVIEW may
II'IClude IllbIIl()n8l geographC prOfK!lClnI A

'1.,.,,1 map rllPesente!l(ln (lend end .... of
doH... .,,· 1t'IeOeS) could bII UMd .. well . bul !he

memory ' OQUlrementi grow QUlCkty In the 11."'"
",..'
ConclUding per1 ln the ne_t ed, llOn

Interested in AMATEUR TV ?

.... t he n you ne e d CO - TV M89 0 Zin e

CO .-!V Ma g a z i ne i s the Qua rte r ly j ourn al o f th e
BrItIsh Amat eu r Tel e vi si o n Cl ub, The c lu b caters
for 811 a ~pect s o f tele vi si on including ama teur
transm Is s I ons , br oadca st rec epti on, vid e o t e ch ­
niqu e s . s atellit e s , SSTV e tc,
Oet eils of memb ership ma y be obtained b y s endin g
a stamp ed addr e s s ed env e l ope t o:

-BATC-, ' Gr cn chu r s t', Pi ne woo d Road
Hi gh Wy c ombe, Buc ks HP12 400 , U.K .
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Wolfgang Guenlher, OF 4 UW

Calculating Antenna-Installati on-
Wind Loading

F~ 8.".,al r...on. olu'.ty.nd In particular
to r h'.nlu.1 In.uranc. cl.lm., h'.,-, hou..
hol<Mr . hould po..... the wlnd-Io.cting
c.lculatlon. ' or h i••nl. nn. In. I.lIation ,
A . ubMClu.nt inv..llg.tlon by the clllim.
. . ... 101' , upon linding.n u",ulhorlzltd con­
struction , will c.",infy resul1 '" lhedI~
cosl. " lIinog on the OwNr 0 1 the . nl.-nns,

1.
INTROOUCTION

II II well-known Ihal every an tenna ha. I w,nd
loading scnece which " duec tly proporllOnal
to ,ts mechamcal dimensIOn. and whICh " nO/­
mal ly given by the manu laclurer, The Wind
IcMIdlng may be expressed In varlOU. unill. • g
lI'l sq It Of lI'l squar. metrq ( t m' - tOO dm'l
Modern catalogues UN the Newton (N) •• lh.
1,1"" of tore. and , 1_ a.ampie'I are given lI'l

l.bl.1

,,.

Conversoon 1 It' .. 0093 m'
1m' .. 107811'
1lo.p .. i8 N

From ee know1I or e&IcuI.tted Cl'osa-MCIiONI
ara, of the IUrlacn • •poNd to the WlI'ld, the

WW'd Ioadong P can be ....., obtalI'led Thos It
~ upon Ihe WW'd 1C)Md, I a fJOm tne
ctynamlC pressur. (OJ ar...-.g therefrom

II ItI8 ,ntenna II .... Ihin 20 m abOva grounct
01' upon alr..-stand,ng ma.t Of root •• 001' 800 N '
m' may be ••peeled.l. wlnclspeed ol t 20 km h

lIthe ,nt."na II mounled moreItIan 20 m abova
ground It may be a.pected to encoun ter Wind. 01
t40Iun/h. Ia • dynamoc prttllUf. a of t t OO N
m' In . xposed .ra•• IUCh •• mountain• . hili. Of

coallal . r•••.• Wind Ipeed 01 t 60 kmlh . • •
1440 Nm' lhould be provided lor,

The dynamiC preslur. a IS proport ional to the
aquate 01the Wind lpeed v When the vatue " nol
gIven, 11can be calculated trom I.bl. 2

Many manulaclu'''' gl.... Ihe WInd veloclty In

fnlln per hour tmph)

Conversoon 1 km 082 ..nd"",,"
t ml" 1 81 km
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Frl'quancy band and anlanna Iypa al1 20 km h al160kmh

2-m-YaOI 4 alemenl WISt·UY 07 67 N ' 20N
2-m-Yagl 12 elemenl WtSt-UY 12 lOS N l OON
2mCfouYagll0alamenl Jaybellm 5 XY 105 N l OO N
2 m el os. Yagl 20 elemenl Jaybeam 10 XY 198 N 360 N
7(km·Mull'bea m, 48 ele, JAYBEAM MBM 48 93 N 170N

70·cm·Helical. 7 tuma, ANDES, Clfcular 69 N 125 N

23-cm·Helical, 10 lurns , ANDES. CIrcular 41N 75 N
24<m·long YllQl (ATV) SHF 6964 I 20 N 216 N

s-eeoe-coee 2ele v.o ley 28· 1" MHz nO N (0,8 m' l 13SON

6·Band Muilibeam 7 ele Sommel XP 507 900 N (0,93 m' l 1610 N

6·Band Polybeam 6 eie FRITZEl FBOX 66 940 N 1600N

3·Band Polybeam 3 ela FRITZEl FB 33 400 N 720 N
" ·Band t,-1In lbeam 3 ale MINt·PRO RK 3 lA 3N (1.6 ft2J 257 N

A·Band Mlntquad 2 ale MINI·PRO HQ 1 I34 N (1,5 ,,2) 24 t N

5-Band veneer t elemen l HY-Galn 18 AVT 125 N 226 N

Table 1:
Example. of
w lnd·loading
"alues lol
p,op,lelary
an1ennllS

2.
CALCULATIONS

The 10la l Wind loading 01 an array compll 58s lha
addItIOn of the Ind'vldual Ioad'ngs of all the an­
18Mas In the array, the CloSl·members. out ·
IIggers, rolors anclthe lotal tengl" of the mast

A sl.11bMy rule of Inumb has 'I, Ihal me gl ealell
load'ng 01 " aclu,e po&I 'blhly w,1l OCCUI et tha
lopmos t sUPPOIl &d com. ThiS load ll19 should
never exceed me ma ~lmum perffi ll1ed bendll1g
momenlO ' thetube employed

E~amples are given III labta 3 'or ma strenglhs
applicable, In vanous dlrectl()l'\S. for varIOUS
Iypesotsleel,

Dynamic pressure 8OO N m' ll00 N 'm' 1440 N m2

Wind speed 120 kmih ' ''O kmh 160km/h

In % 01120 kmlh 100 % 138 % 178 %

Mult,plicallon tacror I 1 38 1,78

In '" 01140 km-'h 73 % 100 % 131 %

MultpllCalion teeter 0.73 1 1,31

In 'Yo 01160kmlh 55% 76 % 100 %

Multiplicat ion taclor 0 ,55 0 ,76 1

Table 2:
Con" etl lon 01dynamiC
ptassure Q 10 wind......

139
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Type Draw - Co mpra..ten Bending Torque 0.8 I. Sendi ng (<II

ST37 .ao .ao ' 20 162

ST 42 200 210 140 189

STSO 220 240 . SO 216

sr eo 260 300 lao 270

ST 70 330 3SO 21 0 315

Tabla 3:
Yilid poln tl for
varlou, grad.. of
11..1(DIN 171(0) to
l orce l INmm ' l
I pplied In Ih a glvan
d lrl cti ons

The lactO!'01u lely 01 proprietary tube, ,hould be
taKen as be,ng some 10 % below the values In
table 3 (absolute llmltlJoll , Thl' reduced bend ing
moment rating IS deSignated by the GreeK Ieller
(SlOma) II

From the quotient. bending moment My and
bending tensIOn II • (0 9 J. stretetl limit IJo al the
resIstive moment W, IS obtained lor the bend ing
moment at the point Undel conSlderallon

The targer the lube ', CIOIl-MCbonal area IS. Ihe
glealel " lIS ability 10 withstand. gIVen bending
momenl ThiS importa nl ral,ng may be deter ­
mined 101 all propr18tary anlenna tubing (ex­
ample sln tabl e 4) by Ihe tollow,ng calculation,.

Combln,ng lormulae 1 and 2 the lour quan lilles
may be oblalned -

w• •
M.

0,9.60 2
(1)

0 ,9 (0'M. _
100

32
w,

where 0
d

• (O' - d') Ol _d'-o 100

exlernal d_a In em
Internal d,a ,n cm 121

as well as O. d and iJo 1

The bend ing moment al a given paonl il nol Known
as a rule bUI ll may be obtamed Irom the product
0 1 lhe Wind Ioad'ng and lhe height 01 the nee­
Ilandlng mast

OO,dmmm W.,n cm'

32 f 28 1.36
42 / 38 2.44
45 /40 3,'
SO /46 3.54
48 /43 3.94
50 140 7,38
60 1S2 9.41
BO f SO 11.15
76 /70 t2.30

100 /92 28.36

Table 4 : Section modulu. 0 1 va rlou.tube
dl.melerl

M, • POI J. H,'2 . 1,2 DOH x H12 . 06 DOH~ (3)

where O . the lube's exlernal d,a
H . Ihe tola l hetgh l oI lhe'masl
O . Ihe dynamIC pressure at a gIVen

Wind speed

Thll,clor 1 2 II lhl CW value 01a tube Table 5
gives examples 01 permiSSible bending-momentS
accordll'O to OIN 0855,

The perm lillble anlenna Windloading il obta,ned
all er ded lJCI,ng Ihe Wind load due to the mall
lube and by lllal 01 the rolO!' mounling on Ihe
mast
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T8b.. 5:hamp"l of lhe' pet'mll1ed binding
momentllor yarIO\lI"..1tubing
CST 60-2)

I.'. Inl 0 rna • . ~ndlng moment

032'28 mm .OO Nm

0 .2'38 mm 120 Nm
o 48 43 4mm tceo Nm

!0.8.3 mm 1 t OO Nm

whate H,IlO 'II>"lne 100ai heigh t
P '00'II> i. lhe give n WInd Ioad,ng
H, ,, II the hetghl ol lne antenna abOve

lhe guyed pOInl or IUpport bearing

The Wind loadIng P lor a Ileel tubular ma st

A - OH II P IIl _ 1 2 AQ (51

The Iotal Wind loading II ..mply the IUm of all
the IndiVIdual Wlnd·load ,ng .

Unlor1unalely , ml nutacl ur.,. leldom gIVe dati
about the rna_'mum petmlSSlb" Wind load ing
01 thei r masl tubing More Offen. only data coo­
eefr'lllng ttole ma _.mum bII'ld,ng rrI(Irl'II>nt orplt lne
type 01matena! II grven

CalculatJng lhe bendlng rrI(Irl'II>nt of tndoVlduaI
anlennas IS very &ImPle The gwen~ load 01
II'l8 anlenna II mull.plold by "" heigh! al whICtl
lne antenna .. moun ted &bOW thlt guytng pow'll

lor IUppor'l beanngl TM total bendlng moment
al lhe guyed polnl .. lnen lhe sum 01 all the
'mdIVldua l bindIng momenll of the an lenna,
e,oss bUml. !he rotor anet the malt lublng liself

M... P, H, • p,HJ • PJH I • (7)

Usmg lhe manulactur.... glY"" y.lue 'or a"
lBela 0 2) or (l (Sigmal lll, l lao pouIbie 10calc\.l.
lata lhfl toeal per mrtted . .... II»d INII I lube wll
wothsland The tormulH t~ 2 lIe used as __
10 obta.... tne mao ,mum perT\"IlSSIt)I ber'Ong
moment of tne I\bt al tne guyed polnl

The bending momefll 01 tne antenN IScaIa.Ila:led
uSIng IotmulI 7 .-.cl I'l II compared w,1!"l I!"le
result above tor......,hcato()l'l

The hetgh t of the anle"". InslallallOn w,1I nor·
ma lly be reslrl eled by regulallOnS

According 10 VDE 0855. eorrespond'ng 10 DIN
51855. 8nlenn81 may be CGnllrlJCled on I Slnole
lube 01no htgher lhan 6 me lre. whe,eby the lolal
bend'ng momenl (I Ithe clamped pOint) can on no
account e.ceed 1650 Nm Tna minimal Clamped
!eng lh III 1/6 of Ihe 100ai lenglh 01 the lube Even
when the I,.. length lbove the clamped poll'll IS
no more than I me l,e . the . um 01 all the Wind
Ioad.ngs (t,mel lhe helghl ) s hould no l e~ceed

thls Yelua

3.
REGULATIONS

All constrlJCtlOnS. whoM values e~ceed lha sa
two "mllS. raqUlle a Sl.ltlC C<lIlcula tlOfl and CfIItI Il·

cere Irom • l lructural eng,neer Thll palt ,cu la,1y
applies lor Itghl'ng or powe' mailS 01from t o to
20 mel ' " In hetg ht

,.,

,.j

P ,~ - tH ,~ , P,1lO )!H,IlO 'II>

" lhe' c_Icul_led ma. lmal anlenna wind
loading II notluHlclent, then I 'U~ 01great.,
diameter mUI' be employed. On no account
1~1dmorl Intennal~ mounted on a mall
INiI II being IUpported by only one N' 01 guy
ropel or IUpport bearlngl. The guy ropel
1~1d nol be 6ncluded In Iny llIbilily calcu­
"'}onlllill. The purpoN of guy ropel ll : -

1. TMy 1~1d Inhibit mechanical oacmatlonl
- wh ich could neve a monanl Irequency. A
rHonlnl condition could quickly "ed to the
dNtf\lct}on of a property calculated Intenna
IYllem.

2.1nhlbll undue moyement of the "'1111

I waylng In the wind could al.e be the ClUNOI
Ilgnal YlrllIlonl on the redlo link In both
N nd Ind reea/YI d lrecllonl - Iplrt Irom con­
IlderlUOnl 01 mechlnicil l"bUlIy (HI Ihl
I rtlc ll by EWlld 5<:hl..nbe(:k er, 01( i ZN. In
lhe' G.,mln mlgiline Co-OL 5 82).

The 10010wIng Wind loading lormulae are appll.
cable : -

,,,



4.
EXAMPLE

A precrcar esampte 1'0'1)1 now be ccoscerec .
This IS plCtUledIn fig. 1 and a planning diagram IS
shown In fig. 2

The masl comprises two sections Of 2 metre long
"plug al1d seeker' tubmg ot 48 mm e~te rnal

diameter and 43 mm Internal diameter. Both
tubes are at!l~ed a~mlly al1d supponed at a point
2.5 metres from the top of the Ins.lallatlon, A HQ 1
is mounted at the top I e 25 metres eoove the
soopcrt bearmg and a 2 metre cross-Yagl and a
70 cm Helical antenna are bOth mounted 1.5
metres eocve the support bearing (. .. IIg . 2)
Ignoring the structural considerations, it is
bettor 110m an RF point ot view to place the
snonweve antenna above the UHF antenna in
order to obtam better radiation cberactensucs

VHF COMMUNICATIONS 3189

ThiS arises because the 14 MHz antenna
mounted only 0,5 metres above the rcct level
would correspond to a 144 MHz Vagi mounted
only 5 cm aoove the roof's sur1ace. when seen
trom an electro-magnellc field pomt of view, The
pro~iml ly of the root at thiS height would totally
mochfy the angle ot shoot ot the HF antenna,

As the subject antenna Installation is mounted
on the roo' Of a house t o metres above ground
level and In a relatively sheltered Situation, the
Wind pressure was II~ ed at 800 NfmJ at a WII'\d
speed 01120 kmih and lor a height 01 max. 155
meuee 0' the HF antenna

Antennae data:
70cm Hellcalw,th 7 turns: Pl _ 69N
2 m Cross-Vagi With 16 eiemeots: P2 . l OON

According to the rules. the antennas at a height 0'
1 25 m above the support beaflng is hall that
0' the tolal mounting height 01 2.5 m and this
corresponds mere'ore 10 aboor half the above
dala Pl • 35 N ar.d P2 • 80 N The manutac-

,,'
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~ to ... " ,di u J.,,~~

...~((.d""l

I

Fig . 2:
Dlm.n, 'one l dleg"m 01
Ih . ,ubj.clln",II11lon
, ho wn in IIg . 1

turefS data (tabie 5) shows the tube of length
2.5 m capable 0' withstanding an antenna w>nd
loading 01 410 N (max),

The encnweve antenna IS mounted at the Iull

heighl of 2.5 metres and IS subject 10 the tull
wind loading As Ihe anlenna was meeutacrureo
in USA , Ihe given data had 10 be conveetec 10
menc.
1.51t.' Q 1.5 x 0.093 m' . 0 ,14 m'
P3 . o14mJx800NlmJx 1,2 _ 134.4 N lrom (5)

The cross boom carrying the two UHF antennas
is also subject 10 half the WInd load as It is
mounted et t ,25 m.

With A . OL and (5) gives 'or a 48 mm tube : _

Po · 1.2 OLQ • 0,048 m x 1.5 m x 1,2 x
xBOO N'mJ x0 ,5 . 34.5 N

ThE! Wind load >ng 01the mast tube IS also cercc­
Jated 'rom formula 5'

PM . 1.2 OLQ . 0048m x2,5 m x800 N/m2 x1,2
- 115 N
(The wind loading 0' the tube has already been
subtracted in table 6 }

The total Wind load of the mstanenon is then

PIOI • P, + P, ... P3 + Po + PM- 399 N

ThiS value 01about 400 N lies well below that of
the maxim um permissible antenn a wind load>n9
01525 N. Either a small parabolic dish antenna
could be added, Of the HF antenna can be con­
sidered as sale at a Wind toece 01up 10 120 N ­
eener could be contemplated With uue amount
of spare loading to play With ,

A parabolic dish mounted at 1.7 m has a wmd
load of 176.5 N according to formula 4

",
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Y- ' 76 N . m2

--- - 0,216m
1.51T 800 !'Ii

By uSing tcrmcte 5 and lhe to-mute 10 f the area
ot a cecie A _ ;;~. lhe d l amelerof lhe dlsh maybe
calculaled -

-, •

Jree length mIX . anl .nna win d load

1.5m 1140 N

1.5m 740 N

2.0m 540 N

2,5m 410 N

3.0m 320 N

3.5 m 260 N
4,Om 210 N

4,5 m 170N

5.0m 130N

Tabl . 6: Permillable wind loadl fo r Vlrio ul
guyed Iluppo r1ed) anlenna helghtl

O. - 043 rn ul lng 48 43 mm l ubln g

It msteeo. a 0.5 m dish antenna IS used, It may
only be mounted at a helghlot 1.4 m (ma• .).

Another method of calculalmg the above exempre
IS to add lhe individual bending momerus ac­
Cordingto tormcre 7.

Me"" _ 69 N . 1 25 m + lOO N. 1 25 m -t­

-+ 134 4N.25 rn +69 N . ' .25m +
+ t 15N .' .25 m - 852Nrn

ThiS value IS Slill smaller lhan the rnUlmal
permitted bending moment fOi our 48143 mm
tube ot 1160 Nm. ThiS means lhal lt1e con­
strUchen is permill ed.

This means 01 cecutenoe also shows met me
msraueucn could be addllionally loaded w,th a
small parabolic dish.

M.. 176N. 1.7 m _ 299Nm
M,.. _ Mulo! + M.. _ 1152 Nm

A must for all active and technically minded Radio Amateurs !

THE UHF-COMPENDIUM
The English eomcn of the wen-know n " UUF·Unler lage" from K arl Wein er, OJ 9 HO.

Par t 1 and 2

Part 3 and 4

A rt .No . 8054

Art.No .8055

OM 45.00

OM 54.00

Additional POSI and package charges (surtace ma,l) for Inland OM 500. lor abroad OM 6.SO

T ommu.. fC.alto.... VHF-Commu n'e.ho " " _ UIl W·T...h.. ,_ T. ' 1 D. a ,tw..

...." Ir. n. 1• . Don 23 h l••do ff. T..oIo" toe, 33).70. T.... 6 79667
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Andreas Schaumburg, OF 7 Z W

Using Solar Ce lls to Supply a n A mate ur Radio
Sta tion

A lolar generalor can be used 10 lupply all the
energy reqUired to ccerete a radIO amateur
I lation by converllflg the Sun'l energy Into
electncal currenl, The ,nl\lal coer ot a solar
generator II relatively h.gh bul Ihe lubsequenT
running COlli are low The S,amenl soIlv module
SM 18, for axample, COSII aboul OM 350 - bul
II able 10 supply approx,mately 17 kWh per yaar

The following article will deleribe Ih. I . llen t
elemenll ole lola' Inllallallon ; l ola, modula,
Ilo,ag. batt ery and charga' logelher with a
rew Iteml gathered from Ihe aulho, '1 U .

perlenee In lhel, operat ion

1.
THE STORAGE BAnERY

The accumulator Slorei The elactneal energy by
day Ihrough Ihe solar module .....h'ch convene
light energy, even In Ihe absence ot d,recl lun·
Ihlne, InlO eleclflcal CUlrant Usually. ordinary
lead-acid banefle, are employed lor Ihe I loraga
calls Car'llarler batlenes ara good anough 10 be
employed here as purpose-buill ballellal lend
to be vary expenSive,

In theIF use In a lOIar energy supply ,n,Ialialooo,
the accumulators a'e nol parl,cularly stressed
No gfeal charg'ng currenll are generated and
there is a complete absence 0' the v,braloCn that a
car ballery would normally expeneree A car

battary can be expeclod 10 rast tOI 50 to 100 'ull
charga and discharge cycles, Dlschargel 01 ooly
50 % rasult In thiS !lgure rls,ng 10 aboul 500
Very heavy d'scharge, are merercre. m the
Inleresll ot battary lite. to be aVOIded

Only accumulatorl w,Ih read,ly openable
caps ShOUld be employed In order 10 'ac,lolale
topping-up w,th dlst,lIed walaf and occaSIOnally
eec. also IhallhO soec.te graVlly CtIn be meas­
ured lor eecn ,ndlvidual call The cell IS 'ully
chafged wtlen the acid content hal a densl ly 01
128 g.cm3 and lully discharged wllh an acid
dens,ty 01 1.12 g,'cm3 al an amb'enl tamperalur.
ot 27" C Tha call vollage of an md'vldual ieeo­
aCId call II: -

Ac,d danSily (g,ammas.Cu cm) • 084 V

ThiS ralatlonship occurs when the eel! IS QUies­
cent, I e, neither being chargas nor d,scharged
Through II. the charge condi tion can be inter­
polated by a knowledga 01 the battery terminal
voltage. see Ilg , t

The max,mum lerm,nal vollage ot lead-acid
accumulators dUfing a prolonged charge tl
temperaTure depende"1 At 20 C 'I '. 2 35 V
per cell. et O' C it IS 2 5 V and at 20 C II IS
26V

At Ih,s cell voItaga thO accumulator '$ fully
charged and cannot accept any more anergy An
excess cell voltage due to a IUrlh&r 1f\Clease ,n
charging energy Will result In gaSSing of the
eleclroly te The excess energy CAuses eiec­
IrolYSIS ecuoe .....h,Ch splill lhe water In the weak
acid solulion IIItOoxygen and hydrogen, II orcc-

145
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esa whiCh IS damag'ng lor Ihe plates. An energy
reql,JIIement 01 3 Ampele hours is necessary 10
gas-ot! 1 9 o! water per cell. axceesive charging
01 the banery must therefore be inhibited by
means 01 a charge l &gulator. A slight over­
chalglng w,th about 1 % 01 u-e rated capacity
eurrent can, bcwevee, be tolerated Th,s sari 01
over ·charglng ccoie occur uSing solar cells
durlOgsun·light cond,llons,

The charge loss of an unloaded eccueasetor
ISrela\l\lely small, especially al low temperatures
BelowO C,hall the enelgy 01 an unused batlery IS
shU available 24 months lollowlng a lull charge ,
This is very advantageous as In wmter the solar
energy IS much smaller than In summer , Sell ­
d,scharg,ng 01 the cells m wtraer need not.
meretore . be taken rmo coneicerencn when
es\lmatlng the energy equations for the station

Care must. howevel, be eeercrsec when the
bal1ery IS discharged 10 low amber- t tempera ­
lures At an ecd denSlly 011 16 g/cm'th8 electro­
lyloC can freeze, at a temperature 01 - 20" C,
lead,ng 10the phySical destrucl,on 01 the ba1t6ry
case

The author has, on the whole, had \lery poSitive
results ......,th car starter batteries , If the cells ot a
battery have Widelyd,Uenng specmc graVities, a
cond'lIon wh'ch IS not able 10 be corrected by a

'"

long mama charge, II is poSSible that some 01
the cells are detectrve. Towards the end 01 Ihe
balle ry·s hte, the panicles ot lead nom me battery
plates which have accumulated on the nccr01the
cell , reach a sutlicient Quantity to torm a ero n­
Circuit across the plates, The specific gravity 01
the artected cell tails QUickly and can easily be
detected w,Ih a hygrometer. JI banenee are
worked In parallel. these cerecnve cells must be
reoeuec or removed, otherWise II could lead to
the good shunl ballenes being discharged as
well Under working cond'Ioons, wcm-oct cells
are characlerlzed by their constant need to be
ioppec-up With distilled water, When this is
noticed the battery should be replaced

2,
THE SOLAR MODULE

There are several types 01 solar modules The
well-known , established rorm. IS a module at
mono·cryslalllne , siliCon. A 12 volt requll emenl
would comprise 36 or more 01 these cells in
senes. The Siemens SM 18 or SM 38 lit such a
module A later module uses what is known as the
th'n-hlm technology Several SIlicon layers are
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3.
THE CHARGING CONTROL

Assuming 'hal a solar module SM 18 With a
ma.,mum curren' 01 1 2 Amperes IS used 10
supply a yeany energy r8qUlfement 01 2 Ah pet
day '

The charging conlrol IS necessary In ordor to
prevont over-cha,o'f'IQ the banery There are
so"eral CirCUit vl flanls whICh are capable 01
cha,ge conlfol Thete ar. two main pflnc,plel
whIChcan be used to acbeve thiSpurpose

and banery Installahon ThiS diode coul(! be
01 the SChellky vane ly as lhlil has a low 'o'Ollagll
drop across 1\ In the lorward direction

An example Will now be conSidered which wl!1
show hOw tho capaci ty 01 the slorage bllHefles
IS affiYed at: -

30(2Ah -12A. l05h\ 222Ah
31(2 Ah l Z A . 0 75 h\ _ 34 1 Ah
31(2Ah -12A.09 h) -28.5Ah

November
December
January

2 Ah • 365 days 730 Ah

The module produces pel year

1,2Axl030h _1236Ah

II Will be eeen ' ha' alloge 'her 500 Ah mote Willbe
produced Ihan III ac'ually expended and 'hiS Will
adequa'ely maln'aln lhe Slorage baUerles The
energy t8qulfemenl In lhe wmrer mon'hs 01
November 10 January IS, ho\l.ever. htgher 'han
that produced

The resul\lnO energy cenct results In a battery
discharge end is estlma,ed as follows

Tolat anergy de rlCll 84 8 Ah

From Ih,s calculal>On II IS apparent that the
storage battery should have a capaci ty 01 at
leas' 85 Ah, The author uses a 180 Ah bAtlery
,n hiS eolar-ceu charglf"tg sys'em, The use 01an
oyer·d,menslOned slorage batlery IS eovema­
g80lJS as It Will ensure that all ene,oy requue­
ments are met even In the prolonged overcasl
days 01 wlnler

Month DurlltlOn 01 sunshu'\e

January 09 h pel' day
February I.' h per day
March 2. h per day
April 3. h per dayM., 43 h per day
June 43 h pe'day

J,' 43 h pe'day
August 43 h pe'day
September 4. h per day
0<_ 2. h per day
November 105 h per day
December 075 h per day

1030 hoUISper year

Tlble 1: Sl lUIUnlly 1".,1\18 durlllon 01 ,unetll".
In Ge ....,ny lmodul' nnle-d 4!i • d lt"Cllon:
ItOUlh).

spul 'ertK!onto a ,h,n glass drsc sndlhey are then
cu' IfllO25 slrlps w,lh a laser beam, The ,ndlYldulll
cells thereby produced lire all connec led In series
and encapsula'ed In'o a module. The advan'age
01 thiS technique IS the low manulacl\Jflng COli

anc:l the disadvantage is Illllow \IrIOrlung 1IIe. about
5 years, Siemens arecurrently gIVInga life-span
0130 years lor lhelr modules on a mono-<:rys'al.
line base

The duranon 01sunshine which can be expec'ed
throughout 'he yoal Is 'abula'ed ,n lab le I The
authof obla,ned thiS II1 lormahon Irom sftYelal
sources and chllnged them 1I11lnlocommon unne
The time tha'••taIiSlIC&IIy. !he module IS In lull
oceratco. is g....en tor ollch fTlOflth 01 lhe year
The values g....en. (/Ustlor Germany). are relevan'
tor a module which II canled a' an angle 0145' In
a southerly d,fethon ThiS angle ensures 'ha'
'he module Is wal hed by rain and also allows no
snow to remain long on lIs surface Bud droppings
can be guarded lIgalnllt by wire drawn 2 to 4 cm
above 'he top edge 01 'he module ll'lus pre­
vent'ng 1\Irom becoming a natural blrd perCh

In ordsr '0 puw anl lhe cella lrom d,scharo,ng
back Ihrough lhe load dUflf'O me hOU" 01dllrk·
ness. a diode ISconnecled between solar module
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The SIlfies pass regulator whiCh represents a
regulated vaneble resistor between the solar
cells anet the storage ballery The value 01 'hiS
reslslor vanes In aCCOl'dance Wltl'l the lIale-ol·
cllarge 01 Il'Ie banery aod lhe.eby COl'ltrols the
supply 01 current Irom solar cell to banery

The parallel. or shunt .egulator is connected
In parallel across the beuery and dlsslpa'es the
super/luaus correru' rom the solar cell. as heat
The solar cell IS always 'u lly loaded when the
.egulalor voltage exceeds the 14 2 V maximum
charging voltage limit anet an ad(llIronal dlsS!­
patK)n load, e-o a lamp, IS SWitChed Into Ihe
cucuu by the regulalor

A tllmple shunt regula'or eucuu was developed
which uses readily available components, It IS
lhown In I lg. 2 anet It II easily tailored in order to
meet lhe requllemenl a'-hanet The Inleg.ated
CirCUlI LM 723 supplies the ' efe.ence \'Onage
whICh IS tnmmed to 6 V by lhe 5 kll pre-let pot
meter. The two halves of me dual OP-AMP TL
062 'orm two comparators One of which has a
threshold 0' aboot 11 5 V whICh ISused 10 shut·
down the regulator In the case 01 • load tacn.
The othttfcomparator ISset to 14 2V, the cha'ge
voltage Ilmil The former laclll ty IS something
01 a Circuit luxury but It gave the secood half 0'
Ihe available OP·AMP somethlno uselul to do

The IC 4093 ISused In a timing ceccn II causes
an addlhonalload, 0' say a 12 V. 18 W lamp, to be
SWi tched across the load lor 70 58COflds lollowlng
a vollage exceeding 14 2V

The cumtnlsupply to the regulator ISonly mInimal
(25 mAl dUring qUlesc;enl conct,honl and so
makes no great demanets upon the solar cens.

In winter, dUring prolonged overcast weather,
however, the author removes the regufator In
order to preserve the battery charge as much
as po$I,lble. A small over.c;harge 01 the batlery
In winter IS unlikely 10 cause any great batlery
deterIOration

4.
REFERENCES
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Harald Loos, DG 7 NAM

A Review of an Int egrat ed Radi o
Amateur Program

A comp rehenllve opereUonli l I nd l erv lce
progrlm lor redia amaleurl hes been de­
veloped lo r ATARI 5T ..riel compuler user• .
Th l. progr am repr••entl I ccnnnuoue and
convenient aid fo r rad io operlt lon l and can
alia IUppOrt Ihe recor d and f ile-keeping
necelil ry l or an amat eur rad io l i l l ian.

'rne lollowing arncie alms to review lhe per­
rceneece hIghlights 01 thiS software and Ihen a
lew program specilic reeturee will be gone mtc
delall.

The basic aim of lhe program author. WOlfgang
Cramer. 01< 4 BV. was to produce a smgle
program that Includes -nost 01 the poSSible re­
quirements that ale necessary lor lhe radiO
amateur. The realisation of thiS aim was only
poSSible lollo wing the introduction 01 powerful
personat computers such as lhe ATARI ST

The performance Of lhe ATARt ST (68000
processorj"is conSidered 10be welt above most
of the IBM compatible class of personal corn-

puters II offers the user ecvencec technology
Instead Of the compatibility to other systems
whose hardware nowadays is behind thaI of the
1echnlcally ieasete. Such an advanced computer
ISpurchased, despite the restriction in the even­
able ol'·the·shell ecnwere.toeauthors of soitwere
and program specmksts ThiS Iype of person IS
very well served With the ATARI ST

The ST"s oPerahonal system IS called TOS
(Tramlel Operaling System) and one can only say
lhat it IS a high-class system deriVing nom an
amalgam of MS·OOS and CP.. M·68 but «com­
penbte wllh any other commerCially available
sytem - as already mentioned above There 81e.
however, venous software emulahons available.

A further importanl feature available IS the GEM
(Graphic Environment Manager) wllh which lhis
type 01 ccmpute e IS filled, The AFU program
(fIg. 1) also operates at thiS level For those
unacquainted wllh any operational system. Ihis
program represents a conSiderable simplification
as It IS no longer necessary to give commaocs
In the form of texl. Instead. the so-cal led pull­
down menus are employed These give a ceoce

'"
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FIg , I :
Prlnloul ollha pull-do wn
manUI1 Ind 2

01 varlOUI posslbllltles whICh are selecled by a
MOUSE poInllng device

The InTegraled AFU program " wllllen In the
GFA ·BASIC prog ram laguage and 'hen comp iled
1m an mcrease In speed Now. me performance
cha,acletoshcs woll be conSIdered
At system Ilart, a RAM disc II automatICally
gene,aled and loaded with all the necessary
data Tho. II a · vIl1ual" esc drive . whICh means
thai a portion o' the ample available memory
IS reserved tor 11'11' purpose Thl' enables last
accell 10 the dala "orect wllh,n II

1.
SYSTEM START

Alter lhe compiled program hal bee" called up .
Ihe . yslem parameters lor daht and tomeare diS'
played I l lg. 21 These CM "Ow be entered arld
thereby broughl up updaTed Where a hardware
system clock.s Illled, RETURN 'I p1elled rwc e
Dale and lime ale requlred.n seve,al part. 01 the
program a. ",esel vatues

'SO

2.
MENU 1

"Menu , " .s the term used to deSCribe lhe nret
part ot a lwo-pa rt manu table . Because 01 lhe
complahenllve nalure ol the luncbonl. II was
I'IOl posSIble 10dosplay all the lealure hUe s ol lhe
pull-down menus on a Single screen display
There' OI'e Woltgartg. OK 4 BV. decided upon a
lwo-part dlvlliOn.

RtlRIEUR RADIO PROOR AM
PE PKlDY

" .... lOll ,. [ .......l ..U I I" t• .~,"1 I 11......

'1'"' "I Lo (1"',"1 II" Il l r I. ,'IU : 11, 1\1

Fig , 2 : lnpul Window lor dlla Incl U....
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Selecting the I,rst 11em In " Menu r-. a bo~ OIS­
plays contalnmg the YlIllO vere.cn number, the
oale 01lhe program complla llon and the callslgn
0 1lhe owner ~ 'l g , 3)

2.1. Gen. PRG,

A background leature 01 thiS menu tl a ·Call ­
lign Managemen," program whICh has ttS own
oata bank ThiS program automatically contams
alllnihal conlacl callsigns,

Shou ld the callslgn eete Ille be miSSing.an error
indlCalion Is olsplayed together with the POSII­

billly to generate Ihese eete as the program
progresses

Followmg the entry 01 the catlSlgn ," '0 the ,np\> t
bO~ .lhe compu ier looks tnlOt!'ledat8 bank Either
the relevant data SUCh as name . date . iocatoo .
Irequency , antenna !'l8adll'lQ, distance ere a,e
displayed (flg . 4 ) or a new InpullS cnerec
At the entry 01 me date and time, as well III

calling the Input and OUtpul 01the OSL cards . l!'le
preset data can be eccecteo

A second Ilep &nables the comPllatlOO 01 a log ­
book lollowlng the I,rll contact ThiS elfecllYely
means fhal lurlher I"puls are added under the
e~lsting calls.gn ,

The hnal slandardizallon 0 1 the mputs lor lub­
SftQuent data-bank ,nlerrogahons IS a!lecled by
storong and can be observed by calling them up
again This process normalizes the ,"p\>ls so
lhal they are all captlal letlers or mlss'ng zeros
are added 101' date. time, 01'l requency InpulS

The dala·bank InterrogallOO can be etlected Yla
the menu lacilrty "C8Ul lgn SeJ8C1IOO" ; lor e~·

ample. the display 01all 03 ,caUs.gns whose lorll
names are "John" and the aso tOOk place In
1985, In tms manner lhe tM lal·contact data bank
can handie up to "and the logbook data bank
up to 6 chosen Inter-rela led cr,lerla (I ig. 5),

The normal a TH lOCotor/ldentl 'lCallOO syslems,
used In radiO amateur Circles. can be employed

, I CAllUU ~G7NAII 1Il1 ~IH n.u ,1I
tUI UIIl UUlD fl " 1I11! n.lI
tl5 l cm ."mu till IIi tllllll: IU .ISI

tl1l ... -ue. Jm ll l fill U- lK. : f JS'~

lUI ~IJ, '" UII lIaDf : fll

lUI _SI out : 51 nn U I ,. : S1

lU I OSL out " uu an " "
f151 om_s : . ' A~ J Sf, I Uf -Om C: 1IJ • , I OISlUCf : 11 l~

Ch.~tt I ~""lfrl. Otlrtr IDrlr"!' lot..... ILl. t ••~ 1'1

.r Dlt l 10 ~tftU _lth USCI

FI", .oI ;

Eump" of . n ll.l",n
109 In 1M d. l . bank

",
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FIi ·5:
A dill b l n k
...qulry

undet lhe menu Ill i. -y.,w·QTH-CaI<:,·, "EU­
OTH -Cal<: - and -Co-oro.nal. Cal<:· Data Il'lputs
lor any one ()l lheM thUNt 1/tCll,t... rMOlts ,n
the Olller two Detng updaled lOgetller w,lh a
computahon 01 the anlftt\na headIng

To support 1!'Ie anlenNI headll''Ig lor the rolor
al.gnmef1t fealure . ,nlormatlOtl ()l the rotor posl'
lion II drsplayed graptllcally In order that rl may be

Immech lely Men, whete say . a headIng 01300 '

lies w,thout I'\I.Vlng to thlllk abovI rl 100 much
(fi g . 8)

FINIIy, lhere II the POSSlb!ioty ()l contesl log'
keeptng Thli pan ()l the program II dIVided InlO
an InpUl and an outpul ,

The date ancl l",ne, haVing been entered al the
$Ian 01 the seSSIOn. a,a aulomatlCally put Into
the input part 01 the program, Irom the Iyll.."

I nlfnu ' l , . U I, n II Jl I O.,r t t

' I l u nu II 4' J kn

fur,pun 0'" LUUl r II OPlIJJ

C. -or' in,Ut : , 'U ,S' lInltft 52' 41,15' Width

'r.,r. r n t tl lltl _li ft [IJ

II' • • t l II _.1tIl _ Il l ltSCI

",

Fill· I '
Loei l ion I nd d lll.ne .
Cilc ulillon 1091".'
....,11'1 heldln " d ll pll Y
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Fig. 7,
hlmpll oll
t onletl log, I ULLSJU I Dur D , I DR lilhft4 1: II

(Ul lSI aut " III lUI U1 lft 5' In

lnl w olDt , JOW D l lil U"lOC, : U U,

I' ll IIIUS UU ltll TI~f : 11.11

I "DD! : m I u n 11.13.8.

I U1 - D I~ EC : 15' • I DIUnc!
(15 _~

FollOwl"9 the Inillal Inpuls. the work'"9 band "
requested and can either be accepted or over­
wrill en wllh RETURN A progressIve numbering
.tartl~ Irom 001 's eflec ted lIutomallcally
(flg. 7) All these measures serve 10 speed up
lhe Input which can be 01 greal ,mportance In a
contesl There IS allO the posslblil ly 01 prOVI­
SiOnally enlenng ,nlo anothe, part ollhe program
,n order. IOf e.ample, to look. up a hIe and then
revert S1raiOht back 10the contesl log

An evaluallon 01 the contesl can only be made
when all the receive and code data as well as the
aTHs are comcrete.

2.2. COM-PRGI Ind Baud Rate

For the commurwcallOflS programs TNC. an
AMTOR or an RTTY converter musI be con­
nected at the seriallnlerface. Wllh the eKcephon
01 RTTY, a sohware IOlulion is not available lor
lhese opereuoner mOdes.Wilhout supplemen lary
equlpmen l. however. It cannot be carried oot any­
. oy

When under -COM-PRGs' e g RTTY (Baudc"! il
clICked up. lhe .S S Baud IP"d 80 characte'
mode can be Immedlalely b'oughllnlo operallon

The monllor display IS swncree over automall ­
cally 10 C8Pltallelters. the numeral hteral SWllch­
over lakes place automahcally as welt Evert
lhe send-'recelve IWltch-over IS poSSible by use
0 1the computer keyboard

When engaged in an RllY 050 and a callsiOnIS
encountered whICh II nol Immedlalely I(\enll­
hable. Ihe MOUSE ISused to ee'ect · Gen, PRGs·
(the ·Call, 'On Manat;jemenl'") In order to SWlltly
vellly whether or nol Ihe contact ,tallan II known
The program IS returned 10 the CUllenl conlacl
flgh l alle r lhll enqUIry, shows the lalesl leleen
conlent and dllplayl any Iniormahon wh,ch may
have arrived In Ihe meanllme

All 10 lunctlOl'lkeyl are doUbly uhhzeclln Ofder to
ensure a last procesSIng 01 rad,o 'ralloc

The same posllbthlles as lor RllY e~lst also lor
PRo whereby the prese l Baud rate to lhe com­
pute, should not be conlused Withlhe 1200 Baud
whiCh IS bel~ given from Ihe TNC 10 the radiO
equipmen t

The spill-screen operation can be separalely
SWllched an and olf The upper portlOO 01 lhe
dlVlc!ed screen d,splays the received and the
lower portlon .lhe Iransmltled led I l lg. 8)

'"
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FIg, I :
Eumplo 01tho ocr..n
conlolll lOI , p. eko'
r. dla ope fi lion

2.3. Protocol

~ I a copy 01 the proceedings is requi red, Ihe
epprcpnete point under ' protocol" is clicked up
and a copy is received e'thor on a diskelte 01 on
paper ,

Upon copYing to a dlske lte, a Ille PROTOCOL
DOC is mstauec which is able to be viewed al any
time wllhout transm ltllng II - just like any other
IIle. Even subsequent word-proceesmq IS pos­
sible,

In crcer thai matchmg 10 conveners 01 venous
Iypes can be camed cut. the RS 232 C's Inter­
racetrans !er·prOlocol can be rhanged,

2.4. Comm· Keys

In ccmrnunceucns programs, under "Comm·
Keys" , can be found the euccencns 10f some
special keys used tor storaglt, deletion. viewing
and transmiSSion 01 Illes Firsl 01 all, however.
the drive is chosen

Furthermore. there eusts Ihe possibility to
tren srmt solf·torffiulaled ASCII Illos wllh the
"shitl" and a tcoctoe key

154

2.5. M.nu 2 Cull

II, when in RAM· DISC operation, the program "
propelly ell iled via "QUit", and alter the vefllying
eoqwes. the changed Of newly Installed l iles
are stored on !loppy 01hard d,scs,

Beyond mese lunct,ons, a second menu can be
ceuec-cc whiChWill now be deSCribed,

3.
MENU 2

3.1. Repe al ers, Beacon . and Mailbox••

Repeaters and Beacons have files In which
relevan t enquiries can be made or even co­
dating can be earnedout

Ropeater and Boacon callsigns can be used
several times on venccs frequencies. They can
be d,lIeranlialed by uSing a progress've num­
bemlg system, starting With number 1.

Upon dala·bank enqumea under Ihe column
· Radlus of", II IS pcssrble to delermine whICh
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01 the repealers and beacons are ava,labie ,n
the reg,on selected.

3.2. Orbit

Under "EME Power" can be calculated what
cond,tions are necessary lor an EME ecotacr

Under "Moon POI,· IllS po5Slble 10 calculalelhe
actual poslltOnollhe moonIOf EME op8ratton.

Under "Sat Pos · the actual poslhon of any
utellite can be delermined and the data relevanl
lor theconlaet can be Oblalne<! Allhe same time.
Ihe earth's surlace as seen from the satellite
and theraby the eeoc foolprint II displayed
I lIg. 91·

Under "Sal ,OveN ." anoveNlew IsObtalned 01all
lhe 22 satellite orblls $0 far programmed. The
current salelhte'. name 's necessary 10 be
enlered lor • POSlttOn computat'on to be camed
OUI (fig. 101

Finally. lhe orbital data for any satellite can be
entered, in lhe form 01Kepler Elements

f.g. g ,
hampl. ot d ltl lind
grlphlc tilling up
OSCAR 13

hIe 17 .1.1'1'
Tille nlTCI 15 :11:12

• If lot .t iafts II ?
Distuce (kill 31141

Izi llut I ") 111
E1ryttlDft 1"1 51
"U ft IftDII" 11'
"u n Inllll i . f "I 111

2 II"S. IU {lfzl 115
71w Shift (lIzl m
Ucw-Shlft {Nrl m

t roo ulc,htlon _It II II,
or Iruk _It II (ESC]

3.3 , Ustlngs

The shortwave and VHF·band plans, the repeater
and hnear transponde r Irequer'lCles, as well as
lhe countries acceptlf19 the CEPT standard are
hed In lhe program No user conectcee are
normally poSSible. The OXCC counilles, on the
o'her hand, can be displayed and cceetee

3.4.0th.r

Under "Other" (miscellaneous) , normal or
Inverse dIsplay may be selected . "Fr" Disk
Cap · ahows how much diSC space IS shll avail·
able togelher wllh lhe Irae capaclly In the main
memory - the tetter inlormatl(ln being 01 greater
Importance when USll'IQ AAP~·OISK rather 'han
lhedlskene.

For prospectIVe HF radio, amateur licence
candida tes or those deSirous 01 speed trll,mrlQ. a
"Morae Trainer" ISIncluded In the program ThiS
either delivers random groups of live or Ham
abbntvlahons In 20 to 120 ChlHActers per minute ,
or keyboard - entered le.l,s aulomalleally eon-

'"
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Henu_2 Re e. ters Be.tons H.t lboles ar ~ lt l lst ln sather

IIJISII I
KETEDa2-U
KETElIlI2-U
KETEOR2-JS
KETfOR2-j6
KETfOR2- j1
KETf OR3-1
KHfIlR3-2
HI'
HII AA-IS
III1AII -11
1I0AII-6
HlIAII -'
OSCAR-lB
OSCAR ·U
OSCAR-U
OSCAR-!3
RS -OS

a~!r~I~ N of S.~ed S.1 e111 1e P.r."eters
--- - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - -~ - - - -

RS·S7
RS-lB/U
SIIlYlIT-1
KETUn -1I

Fig, 10;
AnOVIII'vlewol lh.
22 ..,.1111.p. ......l. r.
.gl•• prOQ,.mm~

veiled to morse lelegraphy lone. and, ot COUl5e.
dIsplays the pla,n te ~ t lor compawsoo plJrposes
a. well Fur1herlTlOfe. complete 1,les can be con­
vertee to teleg,aphy output

4.
RESUME

Aller 18 months 01 expeneece w,th this pro­
gram. the autho. can only,report In ccsmve tOlms
about It In the course 01 time. this program has
evolyed enormously m the light 01 expenence
Program errOl'S. whICh can alway. be e~pected to
be pl'esenl In a new release , have flOW been
el,mloated This soltwale hal notbeendeyeloped
by a comme rCialprogrammer but by ao emete...,
101 amaleurs A greal deal 01 trouble and tune

...

has been ,nyeSled 'n the development 01 thiS
program WhICh could not be Jushlled II II were a
plJrely comme rcial venture.

Finally. It must ba re-empnaslzed greal care
which was taken by Woltgang In order to make the
program "watertight- Even deliberately false
InplJts do not lead to system bleakdownl : on the
conlrary. e,ther Ihe program remains slubbofflly
awa,t'"g the coeect Inpul synla_ or It hands out
d,st,nct error announcemen ts,

In one of the versahie mstructlonat gUide. which
are on the program eeeene. the use' can Imd
ellhaus tlve hlnlS and tips nghl down 10 the plug
pin-OllIS 10' convene' econec tons The AFU·
prog'am IS10 arranged thaI It can be eaSIly used
by amateurs who .re l elahve beg,nne,. to cern­
pute. WOfk Th's IStQClhla ted by the use of graphiC
use' screens engaged by a screen polOMg
oevee (Mouse) .
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Ralph Berres, OF6 WU

Vision/Sound Combine r for
AM-ATV Transmitter

The OJ 4 LB, 70 cm·band ATV Tra naml tle r
eppeared 10 be very popular II large and 10
Ihe concepl wal adopt ld by the local regional
amateur radio club . Atter co ns truc ting the
transmitter, II becam e clear Ihat lome detaUs
did ne t, In ract, meel cu r,en t requirements.
11 Is Ihe author 's opi nion, thai l ha slm pla
RC I mplllier uaed to combine Vision and
so und slgnlrs I t 36 MHz co uld be the cause
01 Inl ermodulaUon prod uct a. In addition, a
belter lolutlon l or Ih e adlUllmenl 01 power
oulput wa. requ ired, It WII lor the.. reu onl

Ihal a naw module wae devel oped which may
be .e.n in the photog, aph ol lig. 1,

1.
CIRCUIT DESCRIPTION

The C1FCUlt tehemallC 01 fig. 2 show, Inat lhe
reotenon 01 vtsron and sound Ilgnal, I' assured
by me provl'lon 01 two separate Inpul slage l

'"
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>...
N

•
I

-"o
each eqUipped w.lh « dual-gale MQSFET Type
SF 900 . Both ()perale Wllh the &ourc. and gal. 1
81 • bias 01 3.9 V ,n ordllt 10 Increase Ihe ga,n
conlrol -range 01 the 8t8g8, The ampllhcatlon
adjus tmen t IS carried 01,11 In each slage by the
to kll pres et reSistor. whfCh vary the voltage on
oal.2 The ,nput impedance IS eeee so II

Both Input transiSIOfS wetk ,nlO « band-pass
hlter whICh cames both VlSIOI'I and souncls'9nals.
Two more Slm,lar band-pan Illtell lollow w,Ih.
atage of ampllhcallon between them . The penul.
t,ma te , 'age, a SF900MOSFET, also works With
8 raised source voltage because et thiS stage O -i-e
the greateS I ga,n v.natlon " reqUired Thl' IS ;i.
"fleeted by Ihe preset pol meIer controlling the
voltage on gat8 2 whtch controls. In turn, Ihe
tranam,! power OUlpul The I,nal tran sistor , •
SF 199. is an eQ'llnef·lollower whICh matches
the la,' band· pass 1,ltef 10 the SO fI output

All tho band ·pass l lller s are shghlly over-entlcally
CO!.lpiod and so dJmonsioflod that there IS a
7 MHz band·pass between - 0 5 dB f:M:lInts and a
ma-,mal ripple 01tome 0 ,SdB

2.
CONSTRUCTION

A pt lnted Circui t board ha l been developed lor
th.1 pt Oj8CI whICh his Inlo a 139 x 53 x JO mm tm­
plate box Fig . 3 Showl the component layout
lOt the board which ISdestgnated OF6 WU 002.

When eqUipping Ihll double-Sided board . a
lern te bead is slipped ove lthedraln lead ot each
SF 900 belore rnounhng In POSitIOn , ThiS II to
prevent the deviCe trem I punou l OSClllatlOnl ,n
lhe G HZ regIOn The lop lido 01me board.1 the
ground plane. all componenl holes whICh do not
carry grou nd leads musl be lightly countel­
lunk on the ground plane Side 10 prevent inad ­
veneercon tact With ground

The tndUC10rs are wound on proprietary COIl

lormer. 01 5 mm diameter With a stlltable core
lor the IrOQUency , The1000mer •• wound With 10 10
18 tum. 0105 mm CuL. the exact numbefol turn.
dependIng upon the I&lectod core malenal The



VHF CO MMUNICATIONS 3-'89

lI'IdUC1anc::. ShOuld then amouol to some 680 oH
and be tuned to alreqoency 0140MHz At showfI
,n tn. phoIograph of lIgure lola speomen coo­
SIrUC1 oOl'1. !he pr,mary and sec:ondart of each
transtormer are separa led by a screenwan whlch
prohtbots magnetic coupllOg The c:ouplIng IS
ellected by means of a tnmmer connectlrlg !he
hoC ends of !he twow'ndlngs

All DC COOnec!IOflS are broughl '0 Ifl. leed·
through Cnpac,tors ( appro~ 1 nF) aM carelully
oecoupled The 47 ~H AFCs are no lu ~ury ,Iems
thai can be d,spensed w,th '

The supply Ifollage I. 24 V whICh " ,nternally
stabilized with a 78 18 at 18 V. ThiS unusually
high Ifollage is necessary due 10the high hneaflly
requ irements, II the module must be supplied by
12 V, Ihe wee zener diodes must be replaced
by wil e bndges and the 7818 dispensed With,
IT soouid. howelfer, be menhoned Ihal lhe amph·
location adlus tmen l range and the Inle rmodulallon
coetecrensucs Will be diminished,

After equtppng the board and Inst.lhl'lQ " In the
"n-plate hOuSIng, the lon-plate screening walls
together w,th!he lhree BNC. Of other HF lOCkets,
are soldered ,1'1

F lna~. a 12 ..11rHlller IStoIOered lI'l senes w,th
the l' 18 V leed·tnro' capacitor and a 22 nF
capacitor Irom the' source 01 rhe I,nal BF 900 to
The screen'ng wan n,.s must use as ~lIIe con­
nect'ng w"e as pOSSIble, OIhefw'se lhe' whole
stage wrll sell-osc~lat.

3,
TUNING ADJUSTMENT

A murb-meter and a sweep gene ' alar tesl sel'up
centred on a Irequency o! 38 9 MHz i.absolu tely
necessary to nme Ih,s module The procedure IS
as 1001Owl '

v Inp.... t' TI ....b •••1
I C0 ~V/d.v ~0~ ..... / d lv
DC t s I

T.. 1Q9..•.. 1
AUTO
INT DC
POS

fl; , . '
R..pon.. tu...... followlng Inll l.1
lunl~ proeldu'. (tOUplllti
I'''.......... ",.ni"'um w'th 1"ClU1at
5OO",Vj

",
,

"f- - ,

I--

1--.

, I',./
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Inpu l.
1"1.' ".V/d.
OC ' .1

Tlm.b••• •
~" 10'1 u. /d lY

T"- IQ.., • ..-I
AUTO
tN T OC
r Of;

I--
! 1'-\

"
J " , ' 0 ,..

.
'.,
,

\,

,~- ,,/ r-;
30Mh l

Fig , $ :
R.epon.. elte. eoupllng " Immere
were edv eneed equ eUy. Me.lmum
g.ln r..ulll . nd b.ndwld'h . om..
....h.l ....'~er (Input volt.ge : 16 mV)

V-Inpu t ,
l lo'lill ",V/d l v
Or: III

T' lI'lo b•••1

:; " 0 u. /dl"
Trl QQe r ,
AUTO
tN T OC
f'OS

! <,1.../ <, ",", ..
~

"

';

'.

,
'."

.. ,
, ..

; 1<,1--
- - -'-- -=

Fill 6:
Fin.ltuninll proted u.e produe:••
thi. eherec:ter',"e. The e.n" e
point Ie ehll," 0.$ MMI higMr by
. djuetlng th. lndueto. ear..
(input yol"lIe: ' 6 mV)

'"



Turn the thlH pre-eet poImelers 10 max ,mum
I e e.treme clock.....rse. Check the voltage across
me zenel diodes (39 VI Checlo; the stabili zed
18 V Mell !lUre the potential d,thtfence (PO)
across all lOu rce resistors - Ihey must be ee­
t.....eeeo.aveoeo.a V The BF 19gem't1erl/oltage
should be abouT9 V

The Ihl" coupbng l ro mmerl should be set 10
mInImum capac' Iance The ......eec generator
shou ld then be COflnected to bOth .nputs, The
ecce probe IS connected to the hot end 0' L1
and the generator adlusted lor a trace on the
OSCilloscope

Us,ng the te st probe . the Sl. IndUCtorS are ad­
Justed lor ma.,mum \IOItage It the le....1 is too
low 1008t8Ctll'l8 voltage, adjust the thl"COUpltng
capaCltor l to an ,ncreased I/alue and try aga,n ,
When all Ihe ,nduelors hal/e bee n ueee to
ma.,mum. the band-pass cnerecteranc shOUld
look Ioke that 01fig. 4

The OUIPtJI IS no..... term,nated .....,th 50 n. preler·
ably usn'IQ a 50 II detector such as tha t desc ribed
by OJ 4 GC The outPtJt I/otlage 'rom the s.....eep
generator II adjusted 10 some 20 mV and all three
coupling capac,tor. are a(tvaneed by the same
amount until the pa9S band '. .....'der and looks
like tha t 0' I lg . 5

The gain orIcrellses drama tically and the ou tput
'rom the genelator must be adlus ted TO prevent
satura!lOn Irom d,stortmg the Trace

By a lunher Increaso 01the COUpling capac, lorS,
aga,n all by the same amounl. the curve be9lnS tO
Iia lten and then d'p sllgh lly ,n the middle The
CIfCUlt IS cor rectly tuned .....hen lhe bandpaSS
be t.....een 05 dB poin ts IS 7 MH z and me humps
are not more than O SdB abollecenlrel/alue The
trace then tooks Ioke thaI 0' fig. e

Finally . the 05 dB I\lm -over Irequencles are
adlUsled 10 33 3 and 40 3 MHz by lurn,ng the
C()tl cores, by the same amount. ,n or 0U1 The
ol/elall ga,n lhould no..... be abOut 20 dB All
coupling tnmmers and all inductor cor es should
be seen to be Iden t,cally adjusted . otherwise the
tun,ng I.tolally m error ,

..,
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4.
ADJUSTING THE TRIMMERS

Aher lh,s module has been InSlal led ,n lhe /l,TV
!fan.m,tter and made "AF·I'ght.. the AF and
VIDEO preset po l' meters are then lurnad provi­
slonally lully antl ·clockw'.e, The Iron tal panel
mounted ga,n contlOl polen tlome ter Is turned
lully clock..... ise

The pIC1ure earner II then . ..... 'tched on and
modulated .....' th BAS, Increase the VIDEO plesel
unt,1 the synchron'Zlng pulses are jUst nol com­
prelled. It Ihe s!Onal has 10 be attenua te<! by
more Than 10 dB by this preset then a h ed
allenuahOn pad must be Inser1 ed at Ihe SIgnal
,npul 10 aI/Old ol/erload'ng the FET stage lhus
g'Vlng nse 10 1MdlStortlOfl.

The VlSIOn<arner power is noted and the I/ISIOn
.ognals ,lched ol t The audIO OUlput ,sthon ad-
JUSTed ,Ih the AUDIO preset unt il It is 13 dB lowe r
than Ihal no ted 'or the VISIOn, An inpu l pad may
also be nece ssary here to redu ce the input rever
to the FET amphf,er ,

A lp8Clmon module, 1001ow'ng the ,mp!emen·
latoo 01 the above line -up procedure had a
31d-or der 1M level ol - 60 dB rel carner al an
output revet ol 100 mV

AlthouOh thiS umt already has a I/ery good
select'l/e hiler II should be roue.....ed by a good
.lde·band l,lte' ,n order to re/8C1 leSidual spu rIOUS
products

The 1001ow'ng UHF mnler module (OJ 1 JZ 002)
was equ,pped by the author .....IIh dua l-glte
MOSFETs (BF 907) In the I'ral twostages . The
sens' tll/,Iy .....as then 10 hIQh Ihat1 00mV env. .....as
100 much and the common gain potentlomet.r
had to be turned do.....n to obliin. decenl monllor
pictu re
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Dr. Eng. Jocnen Jirmann. 08 , NV

A Spectrum Analyser for the Radio Amateur
Part 3a: Construction and PCBs

3.
THE CRYSTALFILTER DB 1 NV 008

The description 01 the crystal liller can be kept to
a minimum here since the characteristiCS lor a
crystal l iller, suitable lor a spectrum analyser,
have already received an airing in edition 3187 .

The basic circuit 01 the crystal !lIter was taken
trom this article, viz.: lour single crystal·lliter
stages in cascade to achieve the necessary
selectivity . Originally, the uner bandwidth was
determined by SWitching anenuator pads inlOthe
individual Illter by means 01 switching diodes.
The one presented !lere In ' Ig. e. on the ot!ler
hand, has a contmucusty adjustable bandwidth In
the range 1.5 to 50 kHz.

To achieve this, the anenuetor networkS are
made conllnuously variable with the use 01 PIN
diodes. As the dynamic resistance 01 the SA 379
In lhe blocked COf'ldlton is too low, two diodes
have been used in aeries to achieve the necee­
sary isolation ,

The crystal liller Is l ined with a dIOdeSWitchwhich
enables the Illter uon tc be completely bypassed ,

3.1.Conatruc llon .nd Alignment ot Modul e
DB 1 NVOO8

aerore the construction 01 the !lltar module is
contemplated, the Question 01 me procure­
ment 01 sUllable crystals musl be considered.
Oscillator crystals can be ruled out, In every case,
OWing to their many spurious responses , The
eereet. and cheapest. way Isto purchase acouple
01 old 10.7 MHz crystal fillers such as, lor ex­
ample, the Telelunken QF 10,7 - 30. These are
taken apan and suitable quanets 01 identICal­
Irequency crystalS selected - the charactenstics
01 suitable crystals have already been described ,

Following these preparations. the printed circuit
board DB 1 NV 008 is soldered into a nn-plate
housing and eqUIpped according to the comcc­
nenl layout plan 01 l ig. 10 QI panlCular Impor·
lance is the screening wall between the lil ter
proper and the SWitch selectol eecuoo. II this
screen is omined , the selectiVity Willbe severely
compromised , A completed e~ample 01 DB 1 NV
008 is shown in the photograph 01 ligur. 1"

All the trimmer capaci tors are lirst 01 all sat to
thell mid oosncns. The supply vollage (15 Vj Is
connected and the unit Input connected to a
aUltable 10.7 MHz sweep genera tor. The inpul

'"
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lor tne bandwidth B(llustmBnt is taken to the
Wlpel ct e 1 kfl cctenncmete- which is connected
across grOOM to 1S vec. The module output
can either be laken via a cerecrcr prooe or teken
dIrectly to the Y input ot a suitable wldeband
ceesceccce.

When the e.ternal module. Input SWItch is in the
ground position, the sweep signBlappears at the
module ootpu t as it lell the sweep oscillator, Il
the Input SWitchis now sWitched to 1S V and the
bandwidth potmeter lurned 10 the ground Side, a
(too) small and asymmetrical !lIter response may
be observed. Thera IS no need lor an.iely il the
filter bursts into OSCillation. a series combmeucn
of 33 II and 0 ,1 /-IF is connected across the last
three crystals in order to dampen them, Now, the
trimmer (90 pF) 01the first crystallilter is tuned lor
maermum bandwidth and the neutralisation
tnmmllr (6 pF) tuned lor a symme trical response .
reese two tnmmers should be Iterated to achieve
the desired results . The e"ec1 01 adjusting the
bandwidth potenllometer can now be checked.

ThiS procedure is then repea ted lor all the loor
lil ters In the umt not lorgettlng the damping
network in the 1,lters which have already been
aligned . The lunctlonlng 01the bandWIdth control
can now be checked again . The reeporee band ­
width will change as tcnowe : the height 01 the
curve WIll remain cons tant Within tess than 1 dB,
II, when the bandwidth is narrow , the heigh t 01
the response falls drastically. the causos may be
one 01the lollowing :

The sweeper width or tho sweep Irequency is
too great
Faulty alignment.

- The crystals have an excessive relative
divergence In their resonantlrequencills .

A liner alignment lor a more symme trical re­
sponse is better tett until the uo« is installed into
thll ccmpteted spectrum analyser as the sweep
alignmen t Will not have been undertaken at the
working dynamic range, 01 course. II a sweeper
IndIcator having the necessary logarithmic diS­
play and 60 dB dynamic range is available, then
the alignment can be completed at this stago ,
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'itR -~.,t
DB 1~OOB

1 N4148 0f eQUIV
BA 379 Of IUCUUOt

~A389

Capecl lor.:
4Ioil\ lImmell .90 pF, 3-legged. gild 5 • 10 mm.

VALVO
41011 1nmmell .6pF, 2·legged.grld 5 mm, VAlVO
enOIhef capecllOfI ceremc .gild 2 5 mm

Inductors :
4 rTlIl1lIIlur. RFCs 3 9 -..H. SIEMENS MCC,

gild 7 5 mm

F1Nl1y , IflIi II'lMfttOn Ioal 01 the 1~ler II checked
W,th the 500 II pot ....1I0rneler on 1 (0 dB) It..­
respon.. should be lhe aame, i .e . the helghl 01
the r.,ponl. W"'. lhOuld not a~.r when
I Wltch,ng!he hiler In or Oul

3.2. ComponenlUlt lor DB 1 NV 008

s.mlconduct",.
01 06 ­
0 7 014

all NPN lranatstor,
all PNP Ifanllatorl
ell FETa

BF 199
BF324
BF 245A

'"



2 rmmatore RFCI33 I-'H, StEMENS MCC,
gfld7.5mm

5mlnlarureRFCs '47 ~H . SIEMENS MCC,
gnd75mm

R. I lllor l :
1 preset : 500 II. hor'z , 'Inc! 5 _ 10 mm
all other resIstors : 118 W, IIefies 0204 or 0201

Mll celi eneou l :
1 PCB : DB 1 NV 008
1 tin-plate 00_: 54. 148.30 mm
4111ter cryslals ' 10,1 MHz
3Iee(j·through eececuco. 2,2 nF (uncflllcal)
2 mlnlalure coax sockets sceoe (SMC. as In

prototype)
coa.oal cable : RG 174,'Uor thinner. 12cm approx .

4.
SWEEP GENERATOR ANO
VIOEO FILTER (OB 1 NV 009)

ThiS module , which has not prevIOUsly been
menllOOed.lutlils the loIlowlng lunctlons '

- Generalel Ihe Iweep oscilla lor uw·tooth
wave lor Ihe scan,

- Generatel Ihe display nonzonlal deMectlOn
Signal.

- Filter• •he video ligllli with a selectable limit
Irequency.

The CirCUit schematIC lor the module DB 1 NV
009 is presented In fig . 12

The saw-tooth generator comprises 11 (NE 555)
and Tl logelher wllh Its accompanYing passive
components As the lvnctlOnlng 01 lhe timet'
tiC NE 555) ISwell known, only lhe peculiarities
01 IhiS particular CIrCUli Will be menlloned, The
perIOd-determining capacitor at I t pin 1 II
charged linearly by • torIst.nl current source
USIng T1 In a bootstrap CIrcUlI. ThiS charging
currenl may bevaned wllh the "sweep Irequancy"
parmeler P3 When the emllter 01T1has reached
the upper Inwer Ihresholcl of the NE 555. the
capaCitor dlschargellnltantly vIa pm 7 0111 11
II llipped Into the charge condition 10llOWIng a
delay caused by a hold-olf network between ptns

,..

VHF COMMUNICATIONS 3189

2 arid 8 ThiS gives the Irequency-eonlrol-Ioop
lime 10 reach the starllrequency again,

The ever present lignal al ptn 3 01 lhe NE 555
II hogh on the Iweep dllplay·lrace trel\Slt and low
upon Its rerum II il combined In 12 Wllh Ihe saw­
tooth wevelorm and thaI is u&eel lI .he hOlllonlal
scan deflection Ilgnal. The reason lor Ih,s ar­
rangemenl is as 10I1ows: Normally. lhe dlaplay
unll'llrace il blanked dunng the return scan. Not
all OSCilloscopes, however, are lined Wllh • DC­
coupled blanking facilily , The relurn acan II
therelore Slmply deflecled Into lhe Iett·hand
CRT edoe lhereby making IllflVislble.

The trequency coverage 01Ihelaw·tooth genera­
tor can, moreover , be decreased by a lactor 01
15 by taking pm 1 01 the module to grourld . In
order to accomodate lhe reqUirements 01an XV·
recorder .

The saw-toolh Signal II level-ehanged in 12 and
IS palled VIa a atepped dtvide, lor Ihe control of
!he eean WIdth, The COf1Stf\lChon ol lhls reSIStive
dIvider chain is identICal With the one previously
publIshed The signal is bultered Wllh 13 arid is
lhen led 10 ellher the Ilflt. or lhe Ieoond OSCillalor
according to the width lelected. At ecanwtdlhl 01
under 500 kHz/emIhe range I WIlch II arranged to
energise a relay whICh diverts the scan lignal lo
lhe second lOcalOIellialor . At lhe same lime the
lime conltants of the Irequency conlrol loop
ate SWitched to "1Iow" by means ol a reed relay.

The acan saw-looth l.gnal i' then inverted wllh
olher operahonal amphfler, and lhe vonage
added to lhe 111\0 adJuslment conltol before beIng
taken 10the 2nd lO', varlCap ecce. lInea"ling
the tuning charactenstlc, 01 the varlCap diode
was louncl to be unnecessary when the app!led
luning votlage was In Iherange 5to 10V,

11 the image recepnon range. from 1000 10
1500 MHz, is to be used. the 2nd lO's acan eeec­
'1On must be rever&ed Thl' is C8rTled out by
breaking the torInectlOl'l between pl lS and pt 13
and Ihe tarter connected to pt 18 InSlead This I,
bell done wilh a SWIlch , whICh at the ume time,
ahltts the indlcatlOn range of lhe Irequency
counter and also t WitCheS In an appropriate hlQlV
Iow-palllllter combination belore Ihe tat. millet,
as a preselecior.
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@
".

Fig n ,Component ~yOUl pl_" lor see De I NY 001I

•

•

The video 1IIIerII tully Independflnt 01 the othe,
CirCUIts on the board II con..sls olloul eescecce.
2nd-otde" Ekillerworth , low-pass IIlters .....'th I,mll
Irequenc... 01 100 kHz. 10 kHz . I kHz and 100
Hz. II'l order Ihal the 100 kHz I,lIer lecllon II
viable. II usel a TL074 (14) operational empnner
or IImllar type A pcmtro be ceeerveo he,e.s that
the lilter capaCitors mUlt be highilrade types :
e g lype+ce,amlC. styrolle_ jKS) Of FKC MKS
types all haVing a ma_lmum Iolerance 01 10 ,," ,
CeramICIyp-Il-decouphng capac itorS: eg Slbat.1
50000 afe absolutaly unsuitable tor Ihll PUIpO$8!

168

4.1. Conlllucl lon and AU'ilnmlnt of DB 1 NV
009

The prlOtedCIrCUlI board DB I NVOO9isequlpped
In accordance w,th the layout plan of I lg . 13 A
scre8l'llng wall. such as those il'l the other mod·
ules, IS 001 necessary hele, It, lor appearance
sake. the PCB IS 10 be enclosed. il should be
soldered Inlo lis houllng belore the componenlS
are mounled There ar. no partICUlar ptObIems
concerning lhe cholce 01componenls. apart Ihat
II, from Ihe already mentIOned!Iller cepaCIIOI'$,



5.
MODULE INTERCONNECTIONS
AND CHASSIS WIRING

R. slstor.
1 peeset 47 k nOllz 'lind 5 x 10 mm
1 preset . 47 II honz 'lind S x 10 mm
1 peeset 470 k horlZ gnd 5 x 10 mm
all r8SlStors 5efles 0207

Miscell aneou.
PCB DB 1 NV 009
relay ' 2-poIe C/O, say FUJIT SU [)()()6iQ2()E

or ITT(RZ ruysl
or SIEMENS - aMplncompablH

FollowltlQ the alignment and tesllng 01 1"'- loul
modules, fhe ,ntflfconnectong WIling. accord'"'O 10
tile diagram Ollig. 15, cancom~ In add+hon
tOthelour moduleaoescrlbed, three highly , statlla
supplle$ of j: 1S V and .. 30 V WI. hall. to be
prOVIded Also , a dIQltal-ll()llmetflf module lor the
frequency IndlCalor and dillerse pOtenhometa,.
and sWllclleS . No detai ls WIll be given tlefe lor
lhese Items as Ihey Will be largely d.l.rmlned
by the Indlllidual methanal cons trucloo and
trom the space allallable The lotlowl"'ll remark.
WIll explain 8 lew ClICUltpectJharl\l.s-

- All condUCIO,. marked ·coax" use RG 174, or
s,mllal , coaXial cable Some 1ow·!r9Q\lency
hnes also use coax , where they are subJ&CI to
«uertereece helds

- The resistances around 558 , lor the display
Width eeiecnon . are all 1 % metal-111m tvpee
as Ihe accuracy 0' the frequency readout on the
trace is di:tpendent upon mese resistors

- In the diagram 0' l i ll . 15, the IF bandwidth
and the lIideo bandw idth are controlled With
a common SWIICh, S1 The , wllch 52 allows
only lhe global SWitching 01 the vcec 1111e' in
or out 01crcun These sWllches can , ol courle,
be Hparated

VHF COMMUNICATIONS 3189

Selling-up I' anlsted by the prOVISIOnal erece­
ment 01 a 500 1111 porm.t.r tP3j between PCB
pin. 2 and 3 . The .upply lIollag.' 01 :!:. 15 V and
+ 30 V are t/'Ien connectec:l1O PCB pin. 5. 16 and
S r.spectl....1y

n should now be poaslbl. 10 measure a U W'
looth wall. lorm al the emln8l' 01 T1 with an
0ICiIl0aC0Pet - 1\ . hould h1111. an ampllluOe 01
around 10 V. II. l requency can be lIaned wllh the
. xtflfnal pol'metflf A 14 V,. lQUare-wallalignal
should now be measured at 11 ptn 3 The IUm 01
both Ihese wallaforms un now be measured at
the PCB pin e (X.()UTPUT). AI PCB pin 14 tnIS
wa....!ofm 1PPUt'I .ymmetncal about ground
potentlal and Wlverted The .x.et dlspo&lbOtl
aboutlhe nul point can be made wllh the preset
- SWEEP CENTER"

When PCB ptnS 14 and 17 ara now connec1ec:1
together. the same saw-tooth wall.lerm is
present n is pr~ al Plr'lS 1e and 19 bUI de­
pendtng upon the Pl*tl(N'l Ofthe relay , The same
IIgnal appear. at ptn 15 bUI InVerted reiatIV.
10thllt at pIr'l 18 A"fIf conne(:lJng J)Il"II 13 and 1S,
the IWHP IlQtIIII !of the 2nd local oaatlalof can
be controlled al pin 7. The ax.et adJUstment 01 the
presets "SWEEP CAl- (.weep WIdthsollst and
2nd LOs) ar. earned out wtIan lhe spec!rUm
analyMl' hal been assembled, uSing a spectfum
generalor ,

The low-pan IilIfIf doesrf! nMd any allgnmenl, II
could , hOWl!IIIer, be checked With a functIOn
generalor 10 check II. Irequency r••ponse. A
squa,e-wall. genflfalor could be used 10CheckII.
Impulse charact."sIICS Ovarshoot would ,ndl­
eete talse lIalua. lor r....llll. or eepecuve
compcneet• . A completed example 01 module
DB 1 NV 009 I' to be eeen In the photograph 01
1111_14

4.2, Componanl Li lt lor DB 1 NV 009

S.mlconduc tor.
liNE 5S5 or ICM 7SSS (CMOS lIerslon)
12,14 ' TL 074, TL 084 (Texa,)
13: LM 741
T1: BC 415 , BC 309
0 1, 04 : 1 N 4148
0 2: ZPOS ,I
03 ZPO 15

Capacitor.
under I nF:
Oller 1 nF :
1 .lectrolytlC'

ceramc. 'lind 25 mm
1011, gild 5 mm
4.7 ~F

'"
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- The luning parmelers for both the 1st and the
2nd local OSClllatOlI IPS and P4 reep. Ilg IS)
are conv8Olenily 10 and 3 lurn, respecl lvely,
wore-wound pol ·meters.

The linal ..nll'O-up IS carned oul wllh lhe 101­
Iow,ng steps:

The dIsplay oscillo&cope is connected and the
lenglh 01 Ihe IreQuency axil Irace adjusted 10
about 10,Scm (i,e. juslover lull width),

The highest IF bandwidth and amplil lcal lon (Pl )
togelher WIth the h'Ohesl display widlh , 0 - 500
MHz tS4. Full scan) II selected Supply a 100
MHz IIgnal, adjultable in the range - 4() dBrn to
- 100 dBm, to the Input ot the analy ,

The Y-galn and Y-posltlOfl ere Iterated 10 thai
the 100 MHz l'Onat jUll louchel lhe upper line 01
the top calibrahonboll , i 8 . - 40 dBm. Anenuallng
the Inpul signal in 10 dB steps should result in the
displayed l 'Onal hIIt'ng lhe top ot the Melltlower
bOil, Oevl.tlOl'll , Within say ± 2 dB Irom 'hi S
reQUlremenl, are a permlssable consequence 01

the component loleranees of the TOA 1576
logarithmiCcemccurator Clrculf

A speclrum gene,ator is then useo to calibla'e
Ihe sweep wl(\th uSIng 50 MHz spaced .nput
Slgnall , The I Weep wldth 01lhe 1st LO lladjUlted
with lhe · 111LO SWEEP CAL " con lrol SOthat a
spectral line appears al every 1 cm gralocule
line Preset Rl , If'Ilhe chassis Wiring. will enab le
the 0 grallcule line 10 COIneide ellactly Wi th the
zero relerence orme eneiveer.t.e. the frequency
01the 1sl LO corresponds With the 1st lF

The sweep width is then SWIlched 10 200 kHZ/cm
and !he lIne IreQuency conlrol 01 the 2nd LO
(P4) l ei 10 !he mid-way POSltlOl'l . The IF band­
Width Will the,eby be reduced 10 some 20 kHz
The spectrum generator ISsene 200 kHz spaced
Slgnall and Ihe 2nd LO aligned , In a I lmlla'
lashiOn, With preset "2nd LO SWEEP CAL" In Ihe
sweec conner module ,

Alte, lhe remaining operating luncllons (auch as
Ihe PlL) have been checked, the sen,ng-up
procedure lor lhe analyser IScompleted

GlassFix '"
Antennas

2 M 70cm 10cM 70cm 2Jc m
Ode OdB Ide 2dB 3 d.

• ReqUire no hOles In your car
Transm't lhrough glass
No ground plane reqUIred
Periormance equal 10 roof mounled antennas
Can be removed leav'ng no uace ottne ,nstallallon
Re-,nstallallon 10, " available

,_ ---'- '.,,,- - "'- "'- ,,. ,--- . .. I.--- ".. .. ..
e- " " ' O N OIO N ' .010. . ."". • ... "" .

N... " ... ..... . ... " " ...
...... .'u . '.. ,," .,. .,..

TII_~_nIc.obO_VHF-e-I_ _ UKW·TlICh",k T " 0 B._

oIA"".\",... I ' . 0-.523 " •..-..lor'I, TII_ 10'133,. ro, T I:nUT



VHF COMMUNICATlONS 3J8e

JiJrgen Dahms. DC 0 DA

T he " rn icroline 3" Transvcrtcr Sys te m
Thc Break-th rough in lOG Hz
Expc rimentaI Corn rn un ications
Part 2

3.
RECEIVE MIXER XRM-l

The receve-rmxer printed cirCUit board uses
double-sided copper clad tel lon The pcehas the
dimensiOns 72 x 108. 15 pre-dnl led and gal·
vanlcally silver-coated and Iits into a 74. 111 .30
mm propnetary nn-plate box The teucn PCB
material goes unoer the name Ol-CLAD. has a
dielectriC constant 01 2,5 and IS only 0,79 mm
thick. the copper cladding being 35 microns

3.1. Circuit Details

The XAM·1 (fig, 7) conta,ns II low-noise receive
mi.er together with a GaAs-FET .4-rnul\lpher
haVinga power output stage which delivers power
at the LO Irequency 01 ' 0224 MHz

The Input Signal IS amplified In two SHF stages
betcre being presented 10 the GaAs-FET mi.er
(13) via a cevuy resonator, The rmxer oown­
converts Ihe 10 GHz sign811nto the 2 m amateur
band The GaAs-FET .4-multlpher (14) is driven
by the 2556 MHz signal 110m Ihe XLO- l at a
power 01 ca. 5 to 10 mW Following Illtering In a

In

cavity resonator. II is led to the GaAs·FET trans·
mit output stage ,About 3 mwcrLO power goes to
teed the receiver rnu er via the etched directional
coupler. The remaining power, 01 at least 5 mW.
goes to supply the transmit ml.er XTM- t .

As lor the local OSCIllator module XLO· 1, step
by step details are supplied tor all the necessary
stages 01 the construction and where necessary.
very lull e.plana\lOns are given. Indeed. many
an e.perlenced SHF constructor may well leel a
lillie patronized by some 01the e.planallQns

3.2. ln ltallatlon ol lhe Bo.rd XRM·lln the Tin­
Plate Houllng and Component Mou nUng

I.
Put the side walts Into one 01 the covers and
adjust tor correct hI.
2
Temporarily, spot solder the walls together at the
top and bouom corners,
3
Snip on the h lng tugs 01the BNe·sockets and tlie
off the reSidue. Feed the BNC centre connectors
into the correspond ing drlilings, align and then
solder the BNC mounting Ilange to the housing
Irame all the way around ItSpenphery,
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Fl'il 8, Componenlley.oul ..howl nil 1M pIK.""'" ' 0111.1..... loll. end Ihrou'ilh-e:on lecl lnlll,om tM
)lR M., ·. 'ilround ·pl.....ld•

•
Sn,p Oil 3 mm 'rom the ceotle connector ot the
SMA lIange socket and remove the small taflon
colla l Wllh II sharp scalpel, Feed the connector
lhrough mm 'he drilling erovcec. Illlgn, and then
solder me Ilange all the wwy around ,o the hoUSIng
Irame
5
By judICIOUS f'llng. Itt the teflon PCB mto lhe
mounhng frame
6
Solder ,n 'he coupling loops 10' the both resonato,
M ers according to lhe component Illyou l plans
(fig. II and 91. and Indela,l. f ig . 10 Pay pemcutar
attention to the correct ollen tallon 01 lhe loop ­
both loop grounds should be adjacent 10 coe­
another

The lollowmg proceccre has been lOUnd to be
the most exped'tIOUs' -

A Ienglh 01 0 5 mm ee sllve,eel wI,e ISbenl ,nlO
a ' U" form over a 1 Smmdrlll Onelldelssn,pped,,.

0" as lhe loop 15 beIng heIcI against lhe doll as
the tnlPSare transverse 10 the pia.,. 01the drill
The long Side of the loop IS passed thlough lhe
approplia te hole trom the g,ound-plane ot lhe
PCB As the loop end II beIng held against the
surtece of the board WI'h a linger, the board 15
,urneeloyer and the long end 01the loop IClclerad
on 10 the cceect PCB 'rack and the ,emall'lder
Sl'l'pped ot! as close as posSible

The droll can now be carefully WIthdrawn, the loop
adJu5tflCl 10 an exactly upl'IQht pos,toon and With
a f,ne poln led soIdenng «en brt. the olher end 15
IOldered to the ground· plane, The mound ot
solder shou.d tully encompass the wife junC\lOn
10 'he board bYt should be as smell as possible.
cons's ten' WI'h a good electrICal JOInt

7.
The boa'd 's lhen laid w'lh lIS track-side lace
clown on 10 a p1arMI sul1ace The two resonator
lIllars ara lhen pos,llOned accord'ng 10 Ihe PCB
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Fill. II: XAM-llly-oul plln Irom Ih. ml~rOllrlp.ll". ,ld.

\

layout markings and USing a piece 01 wood to
maintam the component In nrm contact wllh the
surface. Ihey Bre SOldered alltheway around meu
peripheries 10 the ground-plane (I lg. 11) Care
should be taken to see that no SOlder flows
Ihrough Into the cavi ty Interior

,
] ,

-I

Fig, 10 ;
Dlm.n,lon, Olin. f.lOn.11)t' fill.,
. how lnll luning IC..Wand 10 GMI
~oupllnllioop,

"4- ~ r" b .~n"
M4.n...qon nut

8
A StllP 01 0.5 mm Iin-plale IS Ihen soldered. all
the way around. over Ihe holes dfi lled to receive
T3 This Will retain the source 'de-eouphng
cepecucr and the 10 pF chip cececncr In me
drain lead 01T3 (see hg. 8)

9
The 18 through-board contacts I "g· 8) for the chip
capacitors and resis lors are cemed out wllh
0,5 mm ore .Wife,
10
It can occur that the PCB becomes a lillie (:Iis­
Icrted lollowlng Ihls QI.Hte InlenSlve soldering
It can be bent back InlO shape w,th ceretcnc and
rrc movements.
11 .
The track Side01Ihe bOard is now ollered up 10 the
tin-pla te wall trame where II Will rest on the
cenlre splgo ls 01 Ihe lour HF connectors. The
PCB ISthen spot soldered. ground-plane side to
wall. at several POints The ccemcn ol lhe board
Is Ihen Inspected care fully betoee II IS Mally



soldereo In 10 me frame - all the way arou"d "I
peflphery
12
The 05 mm th'ck . ready-cu1. Ion-plale. dlvlcllng
wall,s the" laid along lhe marked transverse
"ne ("g 8) on lhe PCB -I ground-plane side and
spot soldered et e ,_ poInls It IS Ihe" adpusled
lor COI'rectr'lflSI 01 pos,tlon and solde red all the
wey along the wall tccccsue side 10 the resone­
tor) 10 Ihe ground-plAI\8I surface Th's wall is
ec t actually 101ICI"rnng pI.lrposes bu' serves as
a S\,!Ie"er lor Ihe whole module

13
The sliltenmg wallIS h"ally soldered to the sides
ol lhe Irame
14
It Ihe solde""9 01the PC B to Ihe frame has gooe
accordong10 plAn. It should hllve been set in aooc t
15 mm deep on the ground-plane Side Th,s
leaves Jusl about 13 mm lor the track s'de to me
top edge 01 Ihe Irame, ThiS should be checked
at Ih,s stage'
is
The cen' re pi" lind the two ''''ng tabs on ltle
Neosld cod are s"'pped crt and me ."dodor set
''''0 lhe board Irom Ihe ground-p1a"e SIde The
Cod connecting pins are then SOldered tc the
Irack and 'he screening can be soldered, on two
opposi te Sldes. 10 the 9rOUnd-p1al\8,.
The remaining components (2 voltage regulators
together w,th de-couplmg cececncre and 10 II
res,slor) are men soldered In eccoroerce w'th
the layout pilln ot t'9 8 Obs erve the correct
poIanly Ol lhe voltage regulators

W,th Ihls. the wOl'k on Ihe ground·plane s,de 01
me board has been completed

"The telloo leect-Ihrouoh cceoectors for the supply
pote"t,als 01 both mult,pller and receive m'xer
are then led ltI rough the holes prOVlOOd I" the
wells lind soldered 10 me COHespondlng tracks,.
Soldel Ihe conl1tlC""O leads 01the tour ,npl.lt lind
outpu' coooectcr lOCkets '0 Ihell reececnve
tlacks

"Solder in 'he plele de-coupl'ng capacitors

For technical peoducuon reasons. much smaller
ceoecuors had '0 be used men moee lor which

".
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the hole was provIded

Flrsl olalt. 'h e metalstnp soldered ()11 the ground­
plane . II care lully hn" ed on the track side (pie!­
erably belore bell'1g soldered mil .The 22 pF plate
Cllp8Cl,or 'I 'h8f'1 carefully placed. USlllQ lone
tweezers. r'Ohl up aga,nst the edge 01 lhe hole
The whole module la then I .'sedlind . I'ne I,pped
lOldenng 110" il used 10 b"ng heat 10 bear on
Ihe o,hel Side 01 the I t"P. d" ectly undernealh
Ihe Chip capac,tor . Alter a while. lhe solde r Will
flow and Ihe Chip capacl lor is safely soldered 10
Ihe tl" ·plate

Chec k With an ohmmeter met " 0 solde r hIlS
Ilowed across 10 tl1e upper surface,

Finally . the largor 10 pF plale capaCitOrs ale
soldered In us'ng Ihe same procedure.
20 .
Solder the etched HFC I" T4's input to the
hous,ng

21
Solder I" ,he S OllAs- FEb The dla,,, COf1l1tlC­
Ilona are me"'ed ..... 'th a COlOured spol The van­
ous types 01 OeAs-FET can be seen from lhe
pIl"t'ng AS well al Irom the colours on tho gale
"de They cao be d,lIelenliated from each othe r
as 100Iows:-

MOF 1302- Black sect eeee gate s,de Of" black
prlOt,ng(eg AB )

MOF 1303 Green soot on Ihe gate Side or red
le" ers Ie g ad )

The chamlered cconecrcr on a M'tsubishi device
is alway s Ihe gate!

All cconeciors are cuI 10 a length 012 mm Retain
Ihe sn,pPed oIl IOUrce leads tor other (later)
soldering work

The GaAa·FET II care 'ully POS'tloned . USIng
tweezers. ce"trally betwee" the source de­
coupl,ng capaCItor and the atr'p-<:lreu,t Irackl
The gate and lhe dt.," connec tionS are solde red
hrst to lhe tl acka The IOUrcelead 's th8f'1 carelully
benl. w,'h . smal lscrewdnver, unlll l1 louches the
'OP sul1ace 01 lhe ch,p capaCitor, The lead II
'hen carelully soldered 10Ihe ch,p capacitor. lhe
solde r '!OwIng l 'Ohl up 10 Ihe ceramICbody ol lhe
OaAs·FET
22 .
Solder In all the SMO resiSlors accord ing 10 Ihe
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2 x tenon feed-through connectors
2 x BNC PCB sockets
2 I( SMA Ilange sockels
2 x Voltage regUlators 78105
1 ~ Sub·mlniature ceramic trimmer Johanson

2.5 pF
2x OIOOes1 N4 146
3 x MGF 1302
2 I( MGF 1303
2 x t ,.,F135V tantalum
2 I( 10 nF cececnc-e
1 x 10 n resistor
I I( Copper loil 10 ~ 20. 0.05 mm lhick

10 x High a plate capaci tor 22 pF, 32 mmdla
0.25 mm thick

I I( High a plate capactor 10 pF. 5 mm dla
0.75 mm thick

3.4. Recelv.Mlll8r Module XRM·, Ali gnment

1.
Turn lhe M4 luning screw 01 the utter resonator
between lhe multiplier and lhe power amphller 10
that lhe head ol tha grub screw is aboul 0.5 mm
unde r lha top edge ot lhe M4 Hexagon nul. Then
llghlly tune lhe M4 nullo lock to the cavity top,
The grub screw then protrudes Into the cavity
by some 4,5 mm (see Ilg , 10),
2.
Connect a sUllable power meter (3)(4) to the out­
put 01the Irequency multiplier and also the supply
voltage to the appropriate tenon teeo-mrc ' via
a mulli matar. A cur rent 01apprO~lmate!y 50 mA
should new.
Then connect the l ocal Oscillator Module XLO· 1
via a BNC cable. 01uocrltlcalleng th tee. 10 · 25
cm), 10 the input 01 the multipli er , Adjust the
cerarrnc trimmer at the mUlhplier (14) input lor
maximum curre nt (a rise 01ca . 6 mA can be ex·
pec ted) , Use the Johanson trimming tool 4192

component layoul plan 01 IIg, 9 The cut-crt
oomcns of the source connectors are now used
10 e~tend the resis tor connectors to the ground
lhrough-connectors.
23
E~lend the drain lead 01 the receive mi~er (T3),
by means 01aWlre bndge, across tothe 10 pF de­
coupling capaci tor and solde r.
24
Solder in all the SMD capacitors according 10 the
component tayout plan Of IIg. 9
25
Solder In the sub-miniature 2.5 pF ceramic tnm­
mer in lhe ~4 mu illphe,s (T4) input The side
with the red spot must be connected to ground
26 .
The lwo reverse-connected shunt crotecuon
diodes (1 N 4148) across the outpul sockel 01
the receive mu ee (T3) must be sotdered with
lhe shortes t poSSibleconnec llng leads. Watch the
polarl l>es! The ground connec tors should be
cemec out loflow ing the so!denng together 01
the Ireme .
27 .
Carefully Check all solder connections to the
SMD components. as well as the GaAs-FE Ts.
USing a magmfymg glass

A completed XRM-1 module is shown In ligures
111nd 12,

3.3. XRM- ' Components

1 x PCB XM A-1 (ready drilled and pla ted)
1 x Tin-plate box (proprie tary) Nr 6

(74.1 11x3O)
1 x Tin-pla le 14 x 71 0.5 mm thick
1 ~ 'rm-ptate 14 ~ 14 0.5 mm thick
4 ~ 'rm -pta te 6 x 13 0.5 mm thick
1 x Carbon preenc loam (conductive) matllng

72x 108 x6
2 x Resonator cavity. Illvered. M4 screw-tnread

mtop
16 mm ex' dla .. 16 mm int. ere. height ext.
t1 .5mm, mI 9 5mm

2 I( Grub screws (brass) M4.overalileng lh 6 mm
2 I( Flat (brass) M4 he~agon nUls, 2 mm thick
1 I( l ength silvered Wire, toen long.

0.5mmdia ,
1 x Trimming tool Johanson type 4192
1 x N60S!d cOil 506 1

178

16 ch ip capaci tors :

1 x0,47pF
5 I( 1 pF
51(82 pF
1 x 47 pF
4 x 1 nF

16 SMO reSistors:

2 I( 10 II
12x 47U
21( 1 kH
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3_5. Mod ule XRM· t Technlu l Det ll

and ener tunlng"n the Signal In the z-rreee
recewer, proceed to Ilign as deSCribed under
step. Enaufe that lhe covef II on the track Ilde
ot the assembly belOfe starling tile all\ilnment
('"Slep3)

10
Turn the modUle over Ind IttmO\Ie the cover In
order to con tll'IUe the opl ,mlsabon process CUI
out a p.ece 01 oopper lOll. ea 2 5 • 3 5. hOlding II
by means 01 • oett match stoCk. proOe lhe gate
Irack between Tl and T2 and allO between T2
and T3 , Spol, w. be looncl whele.lhe powerga,n
slightly oncreases Remove the supply and then
solder ltle eopper lOll 10 thrs pornl These pornlS
....iI vary from PCB10PCBaccordlOliJ 10!henormal
range of manulactunng toIelanc" and that '1
....hy no e.act place ClIn be glYen belore-hand
It II could have been. the !Oll'llunctlOl"l would. of
course. be eamedOUI by an etehing on the board'
A fully optlfTll$8d module WI' ,.hlbllaI'lOlMtl\illJf'
of under 3 dB and • ~In 01 some 20 dB W,lh
carelul construcllOl"l and alognmenl, lheIe should
be no tendency 10 paraSItIC osc....toon ex any
de-tUAng etleets upon placing or removing !he

""'."11
By means of a supplementary loIdefed·on lod 10
Tl 's Input transtormer. oil I'IOIse-hgufe 01 2 5 dB
can be analned

F,nally . II may be added. the more lrouble that ,s
taken In the constructlOfl ot thiSmodule the eaSlef
Will be the alignment and a successlul operatIOn
01 thiS htgh-perlexmanca 10 GHz ccoverter is
assured

10 224 GHz LO output power

SMA
SMA
BNe

10,368 · 10 370 GHz
14 4 · 146 MHz

2,5 dB
20 dB
, mW
(minI
, mW
(min)

Input Irequency
IF
Ncrse-hqure F Ityp.)
Overall gain (typJ
RequiredLO Input pwr, at 2556 MHz

RF ecooecicre:
10 GHz InPUI
LOoutput
IF output

ex a IUl tably Ihafpened match stICk ex tooth
ptek A watchmake"l screwdriver. even II It hts
lhe 1Iot. is nol IUl labie OWing to Its 18l'gemetat
mass wtueh ClIusel de-luning The OUtpul power
In the power met... should read between 3 and

'mW

3
A tin-plate covet' hned with • ClIfOon teen­
p1aSIIC mat {72 . 108. 6 mmJIluck to lhe IOSide. II
then hned 10 lhe track SIde of the "ame-'PCB
assembly

•
Turn the assembly around and98"llly tweak the
M. tuning screw There should now be an output
power of al least 5 mW,
DIsconnect lhe power 10 the module lor !he neJt
step By IOldeIIog I cower lOlt oflbOUl 3 • 5 mm
as doH as poallble to !he dflln of T5, the out·
put power can be lI'lC!'aued by I lurtller 3 dB
Thta bongs the output power 10 I IIN I 10 mW
Only 5 mW 0ICllla1Ot power al 1022. GHz II
-=tua,11y requlfed 10 drrve the transmll m.er
module XTM-l
e.
FOIlowlf'lg the successful allonment of lhe power
amp!1118t' . Itle~ meier II rernov«l and the
SMA-connector terminated - ..ther WIth I
propnetary 50 II term,natlOl"lorw,th a ClI 10 em
lenglh of SMA~ble WIth • loll II t'lIgh as
poSSible(e g RG ee ClUJ.
7
Tune the M. tUning ICfew of the relOl'latOl !liter
between the aecond HF pre·ampllh81 and the
miller In the mannef descnbed In step 1.

•
Connect a ,.4MHz transceiver to ,he output 0'
the ftlCelVer mi.er and apply the supp ly VOltage
to the second tel lon feed-through. The supp ly
current lhould rise by ca 32 mA Tune the
NEOSID ccr 'ex maximum noise In the z-metre
f&Celver ,,
II there IS no to GHZ trl nsponde r Slgnll In the
feglon and no 1"\01"gene rator can be procured.
Ihen some other means must be lound to optimise
lhe receive MCtlOfl. Perha ps an harmoniC·
generatex (see (7))

Tha anlenna cable . ex the Ilignmef,t ald. IS
applied to lhe Ilf l t HF stage 01the pte -amplifier



Supplyvollage 10 ·15 V
(Inlernally slablhsed l
Supply current (typ,) 80 mA
D,menslOflS (w 0 COOl"eclorS)74 ~ 111 ~ 30 (mml
Welghl 175 g

4.
TRANSMIT MIXER XTM·l

Th!S part 01 the descripllon concerns neeu with
lhe 10 GHZ lransml t ml~er XTM·1 which IS bUilt
In accordance with ine same p"nclples ee the
local cscneicr and lhe receive m,~er Actually,
lhe lransm!1 ml ~er can only be regarded In the
same hgt11 85 me receive ml~el XRM· I , 'IS the
ccar-cseuatcr Irequency lor oolh modules IS
genera led !n Ihe latter module The two uMS ,
XRM·1 and XTM·1, lherelore comphment one­
anolher

01 COUrse, II .s posSIble 10 build Ihe rTlI ~er parl
only 01 the XTM·I II a SUllable local ·OSClllator
source IS available haVlflg a liable OUlpul Ire·
quoflCy 01 10244 GHz II Ihls were the ease,
certain polnts In part 1 01 lhe delCflpt,on should
nevertheless be carelully read through and the
recommendallons tonoweo ThiS IS because , ,n
geno lal , all cons tructional hints are not repealed
in subsequ ent chapters

The Pfinted·ClrCUlt metenet and the dimensions
01 tne pee-tebnceted board are Ident,cal With
ucse 01the receive ml~er

4.1. Ci rc ulI Detan.

The XTM·l l l ig. 13) lranslateS lhe 2·metre dllve
SIgnal hnearly ,nlo lhe 10 GHz amattll.lr band
SUitable modes 100 Iransiahon are SSB, CW, FM,
and FM·ATV ThemlXlng prOC" Slakes place ,n a
l,near GaAs-FET ml~er (Tl) whICh can g,ve a
clean power oulput 01up 10 0 1 mW The 'ollowlng
30 dB tlnear ampll"er It cavlty·resonator coupled
and presen ts a slable , lPU"ous·l ree, tOO mW
signal 10 lhe outptll

The Iinal stage 01 the XTM·l has a genuine
GaAs-F ET cevce (T4) whICh IS worked , both
thermally and electrically . In a very stable lashlOfl

16'
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The !ocal"05ClllalOf IIgnal II SUpplIed to Ihe
transmlt·ml.er at 10 244 GHz and al a power 01
5 mW twc-e ene slgnals 01between 20 mW and
3 W can also be employed Thll allows the u,e 01

any propfletary 2-metro transceIVere g FT290R

4.2. ln l tell l t lon 01 the PCB XTM·' Into the
Hou sing and Component Placement

1...14
Raad lhrough the Instruchons given lor eorroo­
rent placement and general conslluct,on ot the
module XRM· 1and renewthem step by slep In the
complellon of this module The XTM·1 shown In
I lgur el 14 and 15 show 3 reecnatcr !,lters
Instead 01 tho 2 101 Iha receive module Alto­
gelher . 14 board through-connechOns must be
cameoOU I.

The stlUenlng wall IS located 42 mm Irom me
wall carrying ,he BNC-<:ot'lf1eCIOf (s.. l lg , tol l
ThiS wall, again, IS not used IOf sh,eldlng but
ptllely lor mechaf1lcal slablhty

"Load. and IOlOeI In Ihe rema,nlng componenlS
(voltage regulalor w'th cle-eoupllng capaci lors ,
potentIOmeter 51 II) In eCCOfda~ Wl lh IIg I"
taking care to Observe the component polarI"",

ThIS comple tes lhe work on lhe glound-plane
sl(le 01 the board
16" 22 ,
Please lollow the Inslruchons given lor Ihe reo
carve module XRM·1 Allogelher, 4 GaAI-FETs,
one 01wh,ch ISa power device . must be Soldered
,n (Ilg . 151_
23.
Cafe lully ,nspecl, wllh a magnllYlng glass , all the
soldeled jOmls ol lhe SMD components and lhe
GaAs· FETs

4.3. XTM-1 Components

1 • PCB XTM· l Iready dnlled and Silvered)
1 • Propfl elary hn-plale oo. (74 ~ III ~ 30) mm
1 • T,n·plate shee1 14. 71 ~ 0 5(mm)
4. T,n-plal e sheel 6 . 13. OS (mm)
1 ~ Caf1)Oflloam· plast,c mal 72 . 108 J( 6 (mm)
3 . Resonator cav,ty. Silvered, M4 SCrew· thread

In top , E.l ere. 18 mm, tnt d,a 16 mm,
hOlghl e.I 11 Smm, Int 95mm
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3 . 1,.4" br gn,O-tct..... CMtf"lengtn 8 mm
3. FJ.lt, br tw.agon ,.... nuts . 2 mm IhIcto.
I. l~thotOSmmdla"""eredWlr.

' Oem long
I. ReMtOt 5111 , 5 W
I •~ poIeI'IClOI\'ller. upnght moun"ng .

l oo n
I • Teflon lhrOI.Igh-col.l8C1OI

I • BNC pnnled crrcull connec:1Of

2 . SMAn.nge lOCkets
I. Vollag. fegul.llor . 7808
3 . MGF 1302
I. MGF 1601
, • Tantillu m c.p 1 I' FI35 V
,. c.l*:ltor 100 nF
, . (;oppertheet10.20 .005{mm)
8. H'Oh a plale<apacitors 22 pF . 32 mm (h ,

025 mm thICk

4.4, franl mil·Ui ..a l Alig nment

" no~~ IS avMmle - ~ Ihil
be .... caM lor most coo.truetcn - a Iller

worh CO&Jl" no ~ outpuI~ 10gIether
with a """"artmeter (100·300 ,.W,. 'I lhermal
power meter) wll be necessary

W,lhout !heM two Ilemi. the alignment II no!
ponible!

The h.lrmonc·lf" ootpul IOgna' IS ach>eved by
means at Ihf"'nonatOl·I~ler Clrcu,ls In landem
The neceUlIy at h.lv.ng 1.lt ~.pmarllwll C41U..
no gl.al argumenl among SHF amataurl al
many have d'lCOVefed. Ihat the lack of II hal
cauleel the abandonmenl 01 many e promil ing
prOJecl

The loIlowlng altgnmenl has been ca.r'ee1 OUI
Nvetal lome s and has been lound to be the
SImplest method -,
A tunable IlIter, 8· 2e GHz w!th SMAcorl.lK1OII
(81/9). IS connected to lhe Input at a 10 GHz

13 cnc capaCtIOfl '

8. 1 pF
5-82 pF

15 S MD fe l iltoll

... 10 II
8 ...7 II
1.10011
1.33011
1 .lkll

ff!CiI!Ve c:onver1ef /ag XRM'll Thli IS tuned
until the Iftl 1Og".1 (Irom . traf'lSC)Onder 01'~I

generator (7)) IS~atn delectable In lhe 2·melfe
IfanlCelVer

The !liter hal now been Iuned 10 ••aetly 10368
GHz The a of such a Wlet (9) IS 10 high tn.Il
both an. 1fWf0l' '"'8Qe and ItIfI'C1'On !TeQuency
ara sutnoenlty JuPpfnMd The /111... I~
loss amounlt 10 101M 2 d B

2
The 1,ller 'S lhen r.moved from the IK erve f. w,lh­
ou t detumng . ,I IS l,lled ,n tn'l cond, tl()l'l 101' the
fe , l 01 the allgnmenl procedufe
3
Screw lhe 1,.4.4 gfVb SCfews 10 Ihal lhe lop Ollhe
SCfew II" Ju,l undallhe lop edge of lhe M" klCk,­

00'
4
Adhefe Ihe carbol'1 loam· pla 'hc mal 10 Ihe ,nl,de
01 the covel and pul Ihe covel to Ihe ground·
planellde 01lhe I,ame Apply the supply voltage
VIa a mult",",le r - a CUffenl of ca. 200 mA wlI
IIow upon I w,lch-on,
Sw,1ch the l'l1llIt'wa" meler to I'logl\-Iangfl (ma.
300 ,..W) and connect It to lhe Ifan""'l OOlput
sockel

•
Feed lI'Ithe LOaognal (5 mW m", aII0224GHz)
and lum N lfanlll·m.er pOlenll()fT'lfllfll fully up
Feed C4I 100 mW CW 01' FM !rom a 2 m "ani­
c*ver If'lIO I/'lra IF lI'IpUllOtket
7
Tl,lne lhe M4 gMlefew of \tle 1111' Mer (between
m'~er-Irans,"()f and hfll 1'f\88f amp) ca.elully
su e the fesonalOl' unlll a lmaU Indoeahon on the
mlllr·.a"meler II v...bIe "djU" lhe fange of the
.allmeter .cGOfOingIy

•
Tem por ality I lop lhe 2·metre Itgnal and check
tnat the m,lh·wallmetef Indocahon lalts 10 l elO
11 lh,s ,s nol the case. Ihe lumng sc rew hAd
been 10111ally screwed·in too deep,
Screw- ,n the M41unlng screw ol lne second fill ef
(belw een 11Isi and MCOnd ~neaf ampl ) tafe1ully
urn" lhe m" -wl"mel'" ..arts f$ng The wa"·
meter willi" be ll'l lhe tower ranges'.Tum lhe !hII'dhit., I / be~ Iacond amp and,.,
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FIll_16: Thellrourtd·p l.". 'I.Ol'n. ".nam" m,•• r llTM- I module

output slaga) M4 luning sera mtc tne resonator
un"l Iha mlllo·.....aureeter sho s a suddan nee
,n oulput power Change Iha range accordingly
- ,I should be ,n Ihe 30 mW region , Temporarily
SWllch-oll lha 2 m signal and check as In step 8
t t

Change the m,lh·waUmeter range 10 100 mW and
carelully re-tune all h1 lers lor a ma>lmum ,nd"
eancn. As In the XRM·l r,lIers, the lunll'lg screws
Will protrude some 4 S mm Into Ihe body or the
resonator Tne top ot the grub screw nee0 5 mm
under Ine lop hpor tne lock-nut

Turn the olive OO.....n llo.....ry w,th the ml.er po­
lenloomatar unt,1 the satufllhon eHoclS (lUst)
d'sappear Arter ramovlng the lest hiler, the
output power must IndlCale co 100 mW The
current consumpt'on on "se nd altefS only very
shghlly fa la ..... mAl ,n tno course 01 operalion ,
as the amphloar ISwork'ng ,n 'ult class A
ta
Turn tne module around and take olt the cover ,

".

Move a small copper '011(2 • 3 S mm) In contact
alOngthe PA dra,n lead towards the output trans·
tormer, holding rt w,th a cleft matchshck, unt,1
the po.....er oulput snows a clear ,ncrease. Re·
move the supply voltage and solder-en the
copper tOil tc the spo. whch has been 'ound,

Tne module XTM· ' IS now ready '01' operal lon
with an output power 0' toomW However,w,th a
law mora adluslman l procedures and dapendlng
upon the production 100eranca spread ot the
seml-condUClors, up to 3 dB more power output
can be obtained

Fur1her ma.ch'no maasures can be under1akan
,n lhe drIVer slages whICh 1'01,11 vary lrom module
10 module The proctldule In step 12 .hould be
under1aken very calelully and thoroughly Qu1.

put powers 01 al laast 100 mW can always be
Obtaoned ,I cefelul constructlOf'l and alognment
prOCeduras hava been Camedoul
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A IraMmI1·rrlller moell.lIe. alogoed w'thout •
spectrum .nalyzer. has an LO IUPPfltS$lOO of al
Iea,l 30 dB Careful alignment USIng \he spec.
lrum 8l\&Iyzer, W1I yl8ld • supprnSlC)f'l 01 oYer
40 dB

II all lhe measures dncnbed ha~e been property
and carelully camed out • small , bul stable ,
10 GHz Iransmltter w,th a respectable OUlput
power 'I ready 101 operallOtl. The OUlput power
can be locreased by a further 6 . 10 dB by the
employment ot sl,1I more expensl~e power GaAs­
FET" such.s e,g MGF 2124 (1WI, Such. MGF
2124 power.mpillier, placed m a ,ample XTM-1
module by lhe eotnc r. y,elded 811 outpul power
01700 mW

A lurther up lor me eXpeI',enced construc lor
'1 lhal lhe employmenl 01an HEMT ,n lhe ,npul
ollhe recerser m'xer XRM-l Inslead 01 the MGF
1303, .mproves the Inpul 1"10I58 I!Qur. to under
1.5 dB The .uthor " sllil conductIng expemnenll
Ifllhll.rea

The author hopes. that w,11l till, clet8l1ed con­
structlOnal artICle. all thole SHF amateurs lflat
have root. as yet. n$ked WOII"ngwith GaAs·FETs
.,111 thatr attendant speoal.secl SHF PCB tech­
noques. neve been rnol'~aled 10 conSlruct tt\lS
10 GHz Tran'~er1er The condll>OflS are very
SUl lable lor such a ,tart .n SHF CCf'lstructl(ln
.,th the ~ery delalled InslrUCllOOS and sure·h.e
.eIl·trled modules

The author would now like to lhank the follOWing
amateurs who helped 1o enable an allgnmenl
procedure to be e~ol~ed whICh did not Include
the use 01 a noise genefalar or a spectrum
analyzer, Cars len V,elancl, OJ 4 GC, Horst
Fenger. OK , VC. and Ber t Brunlink. OJ 0 PO,
have all descrrbed and bUilt ,ullable lesl ecc.c­
mer u. They neve also engende.ed Ihe employ ­
ment 0' ca~'ly resona lors lor Ih,s "eQuency
band The grealest gralilude IS exlended to the
hrm SSB·El8C1ron< who. by then Iruilful coo
operatoan and component support. ha~e helped
10 ereete • malure concept whoch W.. sel the

•••
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SMA
esc

10· 15 VDC
180 rnA

74.111 x30(mm)
100 9

standard In 10 GHz amateur radio technology
'Of some time to come

l2) ssa-eeeeeoe
AFM 1500 b - Bre'tbaod·Frequenzmesse,
uod Pegelanzeiger, 70 bli 1500 MHz,
Katalog 88, VHF·UHF ·SHF-COmponet'lten
undSy.,eme

l3) V.eland , C.• OJ 4 GC:
PrlZl. lOfls1e.slungsm....e'von GlelChltrom
tIls In den M,krowelienberelCh
cq-OL3I19Sa.S 144

(4) SSB·ElectrOnlC: The,mlscher
Le.stungsme. ser TPM 4, DC til. 11 GHz,
Kalalog 88 . VHF·UHF-SHF·Componenten
und Sy.teme

(5) SSB·Electronic :
PM 1300 A-PrAZlsion. ·Waltmeler fur den
Bereich 10 MHz · 1500 MHz,
Katalog SS, VHF·UHF·SHF·Componen ten
uod Systeme

(6) Weiner. K,. OJ 9 HO
UHF Absotphonl Frequency Meter up
to 2,5 GHz;
The UHF-COMPENDIUM, Part 1 and 2
UHF·BA SICS. Page 98

(7) Fenger, H.• OK 1 VC
EmpfAngerabglelChh.lle lur 9 em, 6 cm und
3cm,
cQ·OL611987, S 492

(8) V,eland, C" OJ" GC
MeB· und Hlltsm'tlellur dal to-c-e­
Amal8uo1unkband,
cQ·OL 4.'19S7. S 227

(9) Vlelaod , C., OJ 4 GC'
Tunable VHF 10 SHF Bandpass Fille'
VHF COMMUNICATIONS Vol. 18,
Ed 3.'1986, P 177 ·185

2OmW -3W
10 368 · 10 370 GHz

:> 100 mW
5 mW

40 ea
25 MHz

4.5. XTM·l Mod ule Techn le-l Oete

Inpul1fequeocy ' 144 • 146 MHz
Input RF power '
(Inlernally COfltroiledl
Ootpul lrequency
Ootput powe' (ilnearl '
10 224 GHzlnlecllon power (min)
HarmoniC.uppre.sion (typ,)'
3 dB Power·bandwldth (typ ,l :
RF Conneclor. :
LO
Outpul:
2· Metre mpul
Supply votlage :
(Inl , stabllisedl :
SupplycutTenl (typ.) '
DlmenslOfls
(w1oconnectors) '
Welghl

5.
SOURCES OF LITERATURE USED
IN THE ALIGNMENT OF MODULES
XlO-1, XRM·1 AND XTM-1

(1) Dahms , J., DC 0 OA: An AbsorpliOn
Wavemeter for 70 MHZ 10 1350 MHZ
VHF COMMUNICATIO NS Vol,9, Ed. 211977,
P, 90 · 97

18.
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F

Salien t BF966S BF988 CF 139 x-pteerc
cnerectensnc BF996S BF998 50T-143

r reneconcuctance 16 24 30 mS
Gate source cap , CII'M '3 " I pF
Figufe 01men! g,JC(IlM 78 11,4 30 mSip
Noise figure (800 MHz)

"
, O. "Amplificat ion 16 20 22 dB

Noise figure t1750 MHz) 33 t dB
Amplification (1750 MHz) 12 17 dB
Working POint (typ.) :

U'" ' 5 • , 5 V
U~ 4 4 , V
Gale length a , 15 . m
Gale width 1250 1100 640 .m
The coneot Id - 10 mA is
set with Uol • according
to I... recwee a UOl! 01 about 0 aboulO about - 1 V

BRIEFLY
SPEAKING...

Tabl., :The cnerectensnc 01 the silicon (BF 966 5 . BF 996 S.
BF 988 S. BF 998 5) and gallium arsenid tCF 139, CF
739) tetrode. compared .

New 'elrod e-FEr. In SI
and G.A.

The new S,·MOS teuccee. BF
988 and BF 998 have already
been extenSively cescooec in
VHF COMMUNICATIONS
3/88 The tatter cevice has a
gate 1 length 0 1only 1 $-1 m and
an 800 MHz NF 011 dB

Now , aga.n from Siemen s,
comes another GaA s·MES·
FET tetrode which could be·

I come the workhor se lor the
: 23/24 cm amateur band and lor
weather-satellite recepnon . It
II the CF 139 (X·plastlc) . CF
739 (50T·143) The salient
data IS shown In table 1 ,n
cempanscn w'th the etcee­
mentcoec 5Hetrode and a
older shit device w,th a 2 $-1m

gale 1 length rue clear that me
new GaAs-ME5FET IS in·
tended lor use In satellite-TV
applications

It IS usual 10 I,nd GaAs-FET.
haVing only one gate to have
particularly low nOIse-ligures
but they are nol requued In
every eopncancn. The ecveo­
tage 0 1 the ME5FET is really
apparent With lIs reluc tance
to sell -OSCillation and 115 abili ty
lor the gain to be controlled by
the gate potential on gate 2 , By
way Ofeompenson. look at the
CirCUits 01 the old GaAs-MES­
FETs (5 3030 by TI and the
CF 300 by Telelunken),

DL 3 WR
From Sieme ns Component s
26 (1988), ed . 6
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Fill . 2:
Ale circuli ulln'il lhe NE 575

Compand e, IC lor battery
opera tion opens new appU­
cations

PhlllpslSlgn elocs have ex­
tended Ihelr lamlly 01 com­
pander ICs (NE 570. NE 571.
NE 572) w,lh a new type . NE
575 ThiS has a supply voltage
capabi lity of 3 10 7 volts and
therelore ISemlnenlly sceabre
lor use In bal1ery powered
equipment (cordless tete­
phones , band RfT , BBT sels
and pert able 10124 GHz trans­
ceivers)

Companders compress the
aurnc dynamIC range on the
lfansmll Side ar'ld expar'ld!t on
Ihe recerve Side to restore It
to lhe onglnal dynamiC range
ThiS tecnmque improves lhe
slgnal ·lo-nolse rene 01 the
setter eucc passages and
hm,lS the louder peaks

The NE 575 conrams two
Iden1lC81 , but separa te from
each olhel, cncmte WhiCh ale
able , uSing a minimum ot ex­
ternal componen ts, (de·)
coupling and nme-ccostenretc,
10 be used In either a cern­
pressor 0' a compander Cl'CUIt
Il lg. [ ]. In transceivers. half 01
the oevce compresses the
microphone Signal and lhe
olher halt is used lor ex ­
pandlng the received AF slg­

00'
Anolher, albeit 'elated. appn­
cation ISa crrcuit for aulomll llc
level conlrol (ALC) , The CllCUlt
shown In I lg . 2 holds the outpu t
level constant 10 Within
+1- 05 dB whilst the Input sig·
na! IS varying With a dynamic
lange 0160 dB ThiS must be II
good lhlnglor the PA driver

DL :I WR Ir om Valvo lources,,,
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Low-pass llil"r

ee

J.... to onolog
y SWItch

(FI(;l13l

DL 8 ZX

lOOk

"2
Cl C2I L1l.1

202
7S0p

lOOk lin
Rl0 Rl a R2

l M324

Sum stogE' R.

"
SIc • 10k
1 ".".
2
J

4

5 •
6 0.e
7 0,

~•

Spect ru m An.lyl.r
(E. Berberich, OL 8 ZXj

In VHF COMMUNICATIONS
4/1980 a universal HF unIt for a
spectrum analyzer was ee­
scnoeo by DL 8 ZX. Although
this project is more than a lew

years old now. queries are stili
rolling in as It seems to evoke
contInUing Inlerest, The author
woold therelore like to present
an Improvement now.

When SWItchIng between log
and lin. displays, the polari ty

is reversed so that all signals
point downwards.

The modilicalion which cor­
rects this is shown below In
fig. 11 This makes use of the
two nee Op-Amps In the LM
324.

'EI
I UROCAI'ID I-=

We accept VISA Credit Card, Eurocard
(AccesS/Master Card) and only require
the order aga inst your signature, card
number and its expiry date .

VHF COMM UNICATIONS I UKW-BERICH TE

VISA

k ~berichte T. Blttan OHG ·Jahnslr . 14 · P.O.Bol( 80 · 0 -8523 Baiersdorl
Tel. West Germany 9 133 47·0, For Representatives see cover page 2
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MATERIAL PRICE LIST OF EQUIPMENT
de.c rl~ In Itdltlon 3 19890 1VHF COMMUNICATIONS

OM 35500

OM 18.50

OM 17800

ed , 3 89

ed. 1 + 2 89

OM 2698 00

ed.2 +389

ed . 2 89

ed.288,
1 + 2 89

OM 1050.00

OM 345.00

ed. 3 89

OM 100.00

upon request

ed.2 +389

OM 1725.006005

6603

6605

6607

660 1

3302

Spectrum Analyser 0 ·5001500 ·1000 MHz

kit contains the 4 PCBs
DB1NV 006, 007, 008. oos logether
with the 4 dnlled un-otete housings
with feed·lhroughS(caps + PTFE)
and SMC sockets

aligned and tested

OSP Computer lor Radio Amateur Applications Art .No.

10 GHz Transverter System - mtcrcnn e 3"

Oscillalor

YT3MV 010

YT3MV

Contains all original components
In chapter 23

Receive mix er
Contains all original components
In chapler 3.3

Transmit mixer
Contains all anginal components
In chapter 4,3.

Original Johannson tr immIng 1001 lor ,..Wtrimmer

User software

Set of PCBs, progr. EPROM, operating sys tem V.7.2. 6004
Contains: PCBs YT3MV 003 (bus)••
004.005.006 (4 xl , 007, 008 and 009:
a programmed EPROM. a set 01copies
01all diagrams and component lay-out
plans (m A4). the cpc ranrq-svstem
manual.

Interface tor KR·5600 Rotators
PCB, programmed EPROM. togelher
Wllh A4 copies of circun schematics
and component location plans 6003

XTM·1

K"

Compleled moctules(4)

XRM·1
Kit

OB1NV

Componenl kit
(4 modutes)

ocaOA

XlO·1

K,'

Banketsorde,

OWing to an enlargemenlto our dRIll proceSSingOl'ganlzal'on we lire able to oller an add,lIonal l ervlce
10 our subSCribers W'lh a Ge,man bank account From January 1990 yoo w,1I be able to pay Ihe maga­
zine subSl;flphon and other orders by banker's order, Ask for the necessary pm- forma

'..k ~ berichte T. Brttan OHG -Jahnstr.14 · P.O.Box80 · [)'8523 Baiersdor1
Tel. West Germany 9133 47-0 , For Representatives see cover page 2



VHF COMMUNICAn ONS 3189

A very deta iled and c o m p rehensive

AMATEUR RADIO
PROGRAM
lor the ATARI ST
de OK_BV ill

• Terminal program lor packel radio and AMTOR
· RTTYprogram '
• Amat8\Jr logbook
• Con18SIoperallQn
• Antenna headingS and d,slance calculallQnl
• Delermlnes moon and &atellite POlllllQnS
• CW traln9t and much more!

DellcrlpllQn In VHF CommunlC.ltl(ln 3'89

Program diskette in English
(version 10,SK)

Ar1.No.: 3403l9 .K OM 190.00

Please give callSlgn and aTH
IOCaIIQO code when ordering I •

, .. _ ", ,,,..l\IclItlon. , VH"-CO",,,,,,,,~uo". ~ UKW·'.c:f1 " lk , " D, I '!taft
nfl"-" ",,. '4. 0-152 3 e.....l4orf. ' .....0" (Oi l Ul4 70 , r. t 2l 117

MICRO-AMP with VOXIPTT
Low-noise GaAs·FET pre-amplifiers with
outstanding features and favourable
prices
z-m model MC·2 OM 249.50
70·cm model MC·70 OM 259.00
These are two of the low-noise mast­
mounted pre-amplifiers of the

SSB-Electronic series
Ask for the Shortform Catalogue in
English (free of charge)
Obtainable for original prices from:

l8chnik
bericIrte

,.. ".,VMf'~"IC.I_. ~ UKW·,..,""'k 'Ot'" D. 1,_
J.fIn.".... ,..0-1513 .........,..,. ' ' '_ 10 '1 Ul 4 70, , .... l:ttl"

'"
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PC/SAT Weather Satellite
Reception on a PCIAT

FO/" till' rr/"st Tilllt'f
ae cectrcn and proc~ssinQ of ..eatll~r satellite
p i c tu re s on an )' standard PC/AT or a compa t tbte .

HARDWARE

"A"I.n". lor 1.1 GH: (V,g l . ntonn....,th dlpol.
or to cm en..t pI •• eene . nl. nn, ). •

User-fri endly SOOWARE
..../It.n In C .rtd A...mbl.,. 218

110111110111111111111• Lo...·no'.. 1.1 OH: p.u mplllo" I, pocral p. ..
. mplill. , \ll/ llh only . 1.2 dS ner.. hgu' l I nd
• gl .n 0 131 d8 1_

-ce...n.cony.".' I' .C. .... , lor AF l..n.I.'...."'- ~__::::::::::::::.._ ,
.nd d.modul.l .on 01,n. I~
..t'IlI" " ' 'Gn. 1.

• PC 'SAT Inl. rlac e . 1 10 11 o.,lly miD
•I,., ATfXT ' op."'lon-.lol,

• PC'AT 0' comp. llbl....,Ih Ih.
lollowlng b..te .qulpm,nl:
· 286-p,oce llo'
• &40 kbyt' . nd I MDy'l' (ml". )

IUI. rtdtd m.mory
" H"d dl'k drlv, \ll/ llh . 11, ..,

8 5 Mby'l' /fee
" EOA card or h>g h..
" EGA mo"llor

· Aecltpllon I chOdul. :
Th. r. c. ptlon m.nu conUln, ' II METEOSAT I..n..
million. lI11td wllh bolh limo .nd 10. m. 1. Autom. tic
"copllon by , Imply "khck.ng n uP".

• Plefu', lormll
All plefu'" '" 'I ored on Ih, hI.d di,k in lun form.1.
Th•• , It, Ih... plcluro pt.nnllhon formll ' :

" 100 • 1 00 lu ll r..olutlon
" 840 • 350 ,lfduced r..olut lon
" M O • 350 g.og' . phlc.lly cOlf'cllfd

• Zoom/hl. logt1lm
Th, plefur.. m. y b• • fll'rged up 10. I. Clor 1\ ,1 0.
A htl log..m •• co mputed IOfIh. ..I'cled ••cIOf.

A$k fo r , Oe.a- pro gr• • with
ut , l l lt , p lcturu (OM 20. ·)
t ogether .. lth f ur t her l nf o..... t tcn

cu h or chICk wit h o r de r .

• Colour
A COIOUtUbi. comprl,lng 50 HlKUlbl. colours
i••""labte 'Of VilIOU' pletU" . pec:tnll ranges.

· nm. lt p•• _'movlo 01,-,p10 11 piC\u,,,,;
e-n b. moved te......d• • nd back_rei•.

k
~technik

UKW·TiK" n,k
T.8,nln GmbH
P O lIo ' 80 ~~'l'lllIt l

0-852] 11"" 100"r.., ll PO '11 0 ..........

TItII 1919133· HI5
rio (19 l ' t ] ].H I '
To e29"7~'_G

",



Plastic Binders for
VHF COMMUNICATIONS

• Anr adlve p1asbC COV8'ed In VHF blue

• Accepts up to 12 ed.ltQns (three volumes)

• AllOws any required copy \0 be found easily

• Keep s the XYL happy and conten ted

• Will be senl anywhere In the world 10f
OM 10 00 Inc luding surface mall

Order yOU. binder via the nahonal feptesen'3hve
or d" ectty from ttle publishers of
VHF COMMUNICATIONS (5tH! be low)

Prices for VHF COMMUNICATIONS

SUbscription

VHF COMMUNICATIONS 1988 10 1989
VHF COMMUNICATIONS 1981
VHF CO MMUNICATIO NS 1986
VHF COM MUNICATIONS 1985
VHF CO MMU NICATIONS 1980 10 1984
VHF COMMUNICATIONS 1975
VHF COMMUNICATIONS 1976 101919
(illcomplele , only 3 editionS)

Volume

OM 25.00
OM 2400
OM 2400
OM 2000
OM 1600
OM 1200

OM 900

Indiv idual copy

••enOM 7.50
each OM 700
each OM 7 00
each OM 600
each OM 4 SO
each OM 350

each OM 3 SO

IndiVIdu al cop,.s QuI ot elder, tncompiere
volumes, 8 S long 8 S slock 18 StS :

111 970, 211971, 111972, 211972, 4/1972,
21 1973, 41 1973. 111974,31 1974

Ptesuc binder tor 3 volum8S

We ahall not be able 10repr,nl tl(i,ttons wfllch .'8 elcltlf than 6 yea.s
All pri c•• lnclud ing . urf.c. meil

When or der ing 3 complete Volume•• e tr e. bi nder i. lncluded1

each OM 200
each OM 200

OM 1000

k lUI)®; 'berichle r.,'Y D. B,"oo . J.hnS!, 14 · Poslf"h 80 0 -8523 B. '. " do,1
Tel. Wesl Germany 9133 47·0. For a epresemeuves see cover page 2



New oscillators
Miniature crystal oscillators with a compact design

TO'*. P
~ lOOlPM

FItQUIIlCy fI/IQIl 500 kHl- 90 MItl

Adjuslrnenl ± 1 ppm to :1 20 ppm
lOlefanct dePl'lda'" upon modet

TemPfl'llture :1:2,5 ppm, O .~ ... 50"C
Ilabdily ll;l

:l: 50 ppm,
· 55 ... + 105"C
dependant UpOl'I IllOlleI

Cunenl 35IlIA (3 -00 M~
COIlIUmpllOll 60 rnA(Iea!tlan 3 Mltl)

815 V

TO Dl V TO Dl VII TOO52

5-JO MIil 8 - JOMHl 4 - 50 MHz

""" """"":l: 25 wn tJ ... l lXX1 lPTl
~ncl.tr1t \lfllll1 1T'tOClm

<50 ... ± 130 ppm
10,25-4,15 VI "":S ± 20 ppm $' .t. 20 p(llll 0 .,O ~

" .. •- 40'M+ 90'C ." .. + SO "!: · 55 ~.'" lOO "C
depeIldint upon model
~.Mf'llo'IlI

35 mA mil 10 IlIATl'IalI , 50 IlIA max,

-.. G 1 2~ G121 G125 G125 0"0

PXO! and VCXOS
Dual-In-hne OSCillators
with close tolerances.
Double llermetically sealed
houslIlgs,

[ .~~T) :;:

k: "":;1:]:. ...­
L '1>".." .

+lfo++';"g+ .',' _ T .. '

~. .~. . , ~
",1+++ _,,+'. '. ..

•t>..
..~ - ~ 0 127

"""TO 052 OSClllall)f
WIIIl !nlellrated circUlI.
High stability In a compact
hGuslng,

,,~

Eleclrooic components
!Ol' most stringent demands

Crystals
Fillers
Osclllatars

TELE·Q.JARZ GMBH
lAnmllmlle
0-6924 N..cr.$,bl$CooWleIl1'l 2
ThIollon 0726&'801.{)
Te!elc 782359 Iq d
T»IelAx 0726&114 3S
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