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Andrew Bell, GW 4 JJW

10 G Hz Va ractor Tuned G unn Osci llator

Th. Gunn OKlllator to bedeKrtbtld I. tunab"
o...er about 100 MHr ualng .urplu. 2 pF
....r.ctor d lod••, o r 60 MHr " 4 pF dlod••
. r. uud. Th. c. ...lty la ....nU.lIy . 3/4 w.....
length type .hoo.ned to compenut. fo r tM
pre.enc. or tM ....ractor .nd Ounn d iode• .
Thr...uch oscill.tor. h..... bHn made by~
author wi thout probl.m..

hght Itt, The two brass lube s, ... "gure 2. ar.
PUlhed InlO the ""a" "!luid. 10 Ihalthey ar. f1ulh
wllh lhe inl ide wall and Ihen carelully aligned
They are then soldered inlOlhe waveguide usmg
a lower ,emper alur• . 61r C, SIlver solder,
FInally wllh wet IIssue Of cloth In the waveguide
the bra.. Cf06S member. show n in Ilgur. 3, i.
.,Iv...·aoldered between lhe two bra.. tubes
Thl, WIll connect 10 lhe screen. 01 the cable.
leadlflV 10 Ihe dIOdes.

1.
CONSTRUCTION II . '

n .I

" It . t : c.YIty Htailt

,.1

" G Il>

... l l eo ' 1'

H
L- 3.5'5 .5 Oap.Mc inQ en ~ " . Cl

n

•n
C

The eeen.. IOf wal consl l'liCled from a . hort
lenglh of bran WGt6. First a bra ss plaia II made
acco rdIng 10 rlv ur. 1, bul Ih. hoi• • are nol
dr illed et thl. stag• . AJthoUgh 2 mm Ihlckness
has been Sp8CIl!8d. a IhlCk.r pIeCe rnay be
bener ThiS pl.. la I. hlgh-t.mperalur. Illver·
soldered (780" C) 10 the WQl6 I. klng care Ihal
lhe centre 01 lhe plale is aligned W'lh Ihe cenlr.
ot Ihe wavevul08 The two 4BA hole. sre now
drill.d rtghl lhrough lhe pla'e and bolh lace.
01 Ihe wa eguide It II Importanl Ihal these two
1'IOIe. corraet1y ahgned and perpeoOocula.
10 The ""a"egulde The hOles are then enlarged
to 8 5 mm on lhe side oppo8Jle 10 Ihe plale and
linally reamed aul 10 lha, Ihe bra.. lube is a

ee
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f ig. II: Prapar, lJon 01br... boll.

LII. Y

Th ick " •••,..

" ,11, iJ

I No 52 Of" I / lb "

, ii , 5 ", 1

.?S II.

I.'H

FIg, 3 ; C,O.. "".mber

L '-

fig . 4 ; Chok. INt.II ,

wrlh !Jghl rubber bands Of lemporan!V lead
IOIOared '" to place over lhe end 01 the wave
guide The k&CIuency range of !he oscillalor IS
now delermined II can be corrected upwards by

D7

[

"a '" b f"Il . ' bo I t

Dr "

rII_

The croas member II onlled and lapped 4BA.
or as reqt.llred. The 46 A nolal In the brass plale
are Ihen lapped andlhe 10eA ones dnlled and
lapped . Finally the lour 106A Iw)lel ,n It'Ie tops
01 lhe lUbes are dnlled and taWed Theae tour
bolla hold lhe WOOd In place. Wood has been
oeee 10 absorb any AF that manages to bypass
the chokes . The threads should all be light 
especially In lt1ebra.. pill te , In the caae of one
01the prolotype' lhis was nOlIO and IOBA brass
nulS were soldered onto the bra" plale lor exira
support - (Me PhoI OQraph. l .

In the prOlotype the chok .. were cut to tize on a
lalhe. bUl lhese could probably be constructed
by IOlOenng d,lIerenl dlametera of bra.. encHo
end Flgur. 4 gIV.I the choka del8i11 The
d,ameterl are not partICUlarly Important bullt111
larger lhe slep In d,amelerllhe be"er, Tna outer
d,ameler Will probably be dalermlned by lhe inner
dlameler ol Ihe tube and the IhlCkne" ol 15
lums 01Selol8P8 (or Slmdar). The Inner (smaller)
diamel" should be as Imall U posSible whilst
I till maintaining an acceptable mechanical
I trength, One and a hall lurnl 01 Selolape are
then wound aroond Ihe oul.r (larger) diameter
I8Ctlons and exceSll trimmed off wllh a aharp
knif• . The chokes With 5elotapa should be a
cloae hi In the lUbes,

A length 01 wood is turned . or land-papered .
down to the correct l iZ. to Iil IMid. the bra.
lubal and a 2 mm t\ole il dnlled Ihrough !he
centre ollhe wood to "'ka lhe end ol lhe cholIe

Holes are Ihen dnlled In the bottom of two 4BA
bra" bolls . flgur. 5. 10 laka lhe Gunn and
varactor diodes , A lock nut il screwed well on 10
each bolt whICh il Ihen screwed Imo the cav ity.
The diodes lira placed In Iha hOIeI In Iha bOllI
using tweezers. Once the shorl clrculllllOldered
in place It la obviously be"" 10 place lhe verectcr
diode I"at. The cnoke II lhen dropped down the
lube 10engage lhe d~e. The boItl ara adJusled
such that the wide d,amelerl ol the choices are
flush wlltl lha inside waJI ol lhe waveguide Flnalty
the lour l OBA bolls in tha loPl 01the brUl tubes
are lightened Into Iha WOOd 10 h the Chok.. In

poIlllon .

CoaXial IlMs are connected between the IoPI
ol the chokes and a IUltabie PSU or TX The
bra.. short creon. lea figure e. II ellher held
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P'hotogr.pto 1:
V..K1Of nella-tO!' ltop"''-w)

f'hologr.pto 2:
V..K1or cw::Ua-IOf (boftOm "''-w)

Zb ...

~I I__
f lg_. : Short circuli

68

removing the shor! CIrcuit and rlhng I .mall
amount of bfan of! tl\tt end 01 the wavegulde_
(Not. tha' the IrttqUMlCy can be lower'" about
50 MHz by uSIng I yarlC10t dl(l(le 01 Il rget
capac,tance, say ofpF Instead of2 pF .)

When the IrttqUMlCyMoS been Ht 10the rttqUlr'"
range , the short CirCUli is permanentty lead
lOIcIe,'" into place allowing .. Iinle IOIder to
get inside the wayegulde .. pouible.
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2.
TYPICAL RESULTS

The Iollowing tablea ahOw t"- degree 01 Ir.,
quency , hilt Obtall'\8d wllh 2 pF and 4 pF veractor
diOde. and thel0BA tuning w ew. The readings
were obtained by repeatedly screwing the fre,
quency adJuatlng bolt by one tcm and measlln ng
Iha minimum andmuimum IrequlHlCY obtainable

Ullng ItIe val actor The lOIalamount ol lrequency
shllt ava,lable Irom lhe var8C1or I' 'hown '" the
~ultlm.t te colll mn and the actual IreqllenCY Ihllt
cauMcl by the tuning screw approximataly one
turn la ahown In the "Oht hand column. No ad·

JUstment was made to the match'ng scraw while
laking maaauremants. The power meaaurement
is only relallve, it i. tn lacl the recMed current
through a SlM2 diode on the olllPllt 01 a Wi ve,
meter coupled to the caVIty VIa an alt8fllJator

2 pF V. r. etor diode

V.r.ctor _ 0.111 V V.racl or _ ' .11 V

Tibia l ;
T.... d.g.... of Ir~..-ey

ahtlt obt8lned -.l lh:t pf
v.,IK1OfdlOdH

"Freq . Power Fr8q . Power Tllrna Varactor Screwahl
anlft MHz1urn

10.265 28 10.365 2 ' 0 100 -
10281 3 10.361 2.' 1 100 •
10.251 3 10.345 2.6 2 •• 18
10231 38 10.331 2 6 3 100 "10.208 • 10.305 28 • .7 26
10.181 Unstable 10278 30 • '7 17
10065 " 10.258 " 6 77 20
9985 28 10188 8 7 103 Unstable

10085 35 8 100 53

4 pF V.raclor dIode

Vat.ctor - 0.111 V V.raclor -II.' V

F.... POWM F... P- Tuml Varactor SCrewlnlft
I hl ft MHz.·1um

10.235 .. 10295 3' 0 80 -
10.231 s 10.29 1 3 ' 1 80 •
10.325 ' .1 10276 '8 2 sa 13
10 208 6 10.265 , 3 57 13
10.181 8. 10.241 '8 • 80 80
10.155 55 10211 53 • .. 30
10.108 • 10.165 8 6 57 ..
10038 3 . 10.098 ' .1 7 80 67
9961 3.0 10.015 " 8 54 53
9.651 • .908 38 • 57 57
9.718 35 9 n1 88 10 " 137
9.541 • 9.598 38 11 57 173
9 341 ' 8 9.381 8 8 12 ' 0 217

T-.bII 2:
Theda1I'" of lfequ.ncy
ahlft obtained wl1h • pF
varaclOf dlodea

8.
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Dipl. Eng. De/fet Burchard, POB 14426, Nairobi, Kenya

Shortwave Reception - Based on the
Thirties Principles
Par t 2 (Conclusio n)

4.
A PRACTICAL SW RECEIVER
EMBODYING THESE PRINCIPLES

In ordet 10 pul theM theof,,, M'l10 J)l"aetlCe . the

ClrcUI! 01 fig. 7 wa. de\leloped and built on
" Mlnlmount" (fi g . ' 1 experimental bo8rd USIng
good RF lay-oul practce

This artiCle II nol • constructional guidance as
the conslructlOn il in no way crltlCa! compared
wllfl olher prOJflCts In lhe GHz·reglon - but
otherl may pul the priorltle. differently. He may,
lor example . prefer 10 hav. al good a noise
I'gure as is hK:hnlcally posSible or to have a
continuously tunable etput selec tion , Oevelop
men!s Irom Gtin ther (3) and Kestler (4) can be
combined In thll concepl An IM, !ree dynamiC
rar.ga olatleall80 dB was aimed for, ThiS can
- as calcu laled prevIOUSly - felult In a usable
Signal range of 54 dB The ce -senSil lZing and
blocking effects ere mInimal In thiS region For
them to lake eflect. Ihe lnpul ll9nal level must be
acme 20 dB higher , The IF and Im.ge Il.lppres,
Slon lhould also be ben., Ihan 80 dB

10

The l(lput II prt'Mded wllh • t1!gtHltJO tran. ,
former , It ISSUItable lor an1ennaa haYInga 50 n
Impedance and a'so totthe J)l"eYIOUt/y rnenI>aned
grotmd·p1ane CB antenna wrth ftvate len metr"
at feeder COb..1cable . The Inpu'l CIrculi r..panH
has a band aeIecl>on inlluenced by !he 18f1ft.

tUned CIrCUIt to the baH and the a-pole Illter
behind the Irans,slol" and il shown In fig . t lor
the two cases 01antennu ment>aned

The primary Inductance 01the Input translormer
nee. togelhe( with !he cable capacilaflC*, •
resonance at abovloi MHz when the c e .nlenna
i. In use , This (nults in a (illng (. spons. wllh
Irequency whiCh is malched to the a!mosph8fiC
condi tionS, W,lh the input lerminaled With a fea l
impe dance 01 50 n Ihe respons. II, 01 couf.e,
sensibly Itat over Ihe bandpasa. The ralher sharp
upper- frequency Itank of Ihe response is, due 10
the employment 01 high-Q Inductors. lor all Ihe
luning element• .

The TSChebyschefl a-pole Iow·pass I,ltar also
serves as a 150 n 10 50 n translormer.nd ha. a
Cau8f end .tage,Theore tically . the ,n-band npple
cnerectensnc should be wllhin 2 ,5 dB . The C.uer
end stage give. lhe raspon.. an .nenuatlOfl 01
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Antenna COunter or PLL
Tuning
voltage IF

Fill· . :
P....-etOl'I.~.. ln Ir.l~u.ncy r-.
O·SOMHI
X: I MHJ ~m, VI : $ d B em (SO n_IaO). Y2: $ d B em
and I.,.."lnllllld In Ir. .nl~n. (... IUI)

"

some 90 dB at 40 MHz, Oscllt.lor signall in the
range 43 MHz to 68 MHz are allsnualed bV75 dB
to 88 dB. Image-lrequel'\Cie, in the l enge 83 MHz
to 108 MHz are allenualed by 87 dB 10 I OJ dB ,
TheM hlglHJrder mealuremenl cannol be under·
laken Wlih a normal wIdeband ,weeper,' MIec·
live .1Ie! measuremenl muat be employed ,

The choice of a bl'polal dellu for the Input I llga
may well be BUrpn'lng, howelle r, on account of
Ihe Cllrrent feedback In the emiller clrClll1 the
I lage workl lulliciently linear. Ellery kind ot
feedback , as tot example in integraled-o rcult
RF·ampl ifl&l'. Iowar. lhe ilOlatlOn between
ovtpul and input thu. allOwtng a grealer ""'al
ot OSCIllator lign,l to be l achled from !he an.
lenn, Her., an unfallourable - 82 dBrn (fig. 10)
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w.. mNIUI'ed, which rep...... a 26 dB del.
notabOn on !he oedIla1or r&dlabOn permrtted
In ClClmINf'eieI~. 1M l*:lIlator II tuned
by rnNnI of ....~ dlodM over a rangt t:A
45 MHz to M MHz WlIha 2· 10 V tuning ¥OIl9
It .1I'lIrtby .....,. torthe control by a PU. ¥WtIiCI'I
can 'IIICW1l from a + 12 V IUPPY, 1M C*I1IaIor
muec be ax1rernefy tow-ncllN,~ng a very
good f1nenng 01 the tuIWlg YOItaQe. A IdHoand
noiM at - n dB was rneasur" in an 8 kHz~.

, 0 kH .-.rnov«I from the OKilIator 1igMI. ThaI
appNrI to bevery~, bur wtw'I" lIaxpreuecl
in I1WmI of f,l1'llWy~ It comes out al
- 11 8 dBIHz Tilking IIgMlthe 8 kH,,,,...,..
rnent IIOt aod noting the manner wrttl wttlet'l the
not.. rIM. al a gr.aler r.'. toward. the camer o
ona oblaina the .ame IOF1 01 lIalu•• a. In (4'
......n though the Irequencie. lie con'lderably
higher, An Improvement would. nev.rtnele••, be
d...,.b'-, eapeclally it a higher ctynamte ,eng. IS
reqUlr"

The OKIIIalor output powm ...... IS always
wllhln .1 03 dB over the luning ra"'O_ the""',
to the "'gh negatIVe leedback in Ihe IramiSlor at
......... conl!ant o.d.A ...... rllgYlallOn II rher.
lor. I'lOl: .-.c:esury. .. the IoIowIng two-tUige
dftver ill~..t ... rlM90llM can be
necIacted Ita tnt ... MtIIM • a butter lor
teIUtrW'lg~ and -.0 to MlIIbWI a defined
IOUI'Oa~ lor the HCOncl... ThI.
forma. 1heor1itCAly. a transformer neg&tr\ltl1eecl

bIlc:tI IIncl hal ther-'ore I good ethcierlcy It I'IaI
alIO \tItI Dn»ertY to poaeIf I 50 n ntemeI
~when It II *"WIatlld Ina500~
~. The tan. is l)rOYIC)ad by \tItI ,.,.
.... The prcMIlOtI OfIUttl an "...",.. mpeO
lnee it !her•• importanl IIr'Ie- the lQ.por1
of tha millerla highly non-tlnaar. II II not pclUlbie.

theralora, 10arrtva II the d riving poviM. not....."
by a~ muaurfNf'lCtOl I I lhe l().por1. II
mull be meuur" into an ex:llll'NlI 50 n load
lamllna!lOn, Without havtng a 50 n ,"Iernal
Impedanca, !he mber I. not COt"I'lICtIy oPerlted

The millerUUI In Mel rmg rT'Mller type S~A·1H
and la driv-.. with the IF and lha AF-port. Imar·
Changed 10 Iha'lhe Input Irequency range It am
II lllfO ThIll can be uaetul If the !MdilJm.w.....
band ia ..... dMil1ld A dlpMtlllW befW'ICl me rT'Mller
drd not appa.- to confef any 1ldV.maga bul

Fig . 10: S9uriou*~.e ....~ Input.
Left .. .... __rll .

X: 0 ·200 MK!. '1' , toda /;m.
1",-_t,. I1_ _ - 102 dBm

puriSII may wlntltlnclud«l anyway The Impor
lance 01 good 1ldctI11ONI1 Ilop-band raJlJCbon
charKleMIlCI lor the IF .Itge can be 1I"slted
WIth lC<lrcullS both balore and beI'lind the IF
Mer apart from lhaor u.... malet'ltng elemer!1.
The KVG IIlter ha. a mld·band IreqoeN;y 01
.&0000 MHz and .:. 38 kHl bancttMdth ( -3dBI
and """ ttwO-harmOnit ~t.oonI, II c:oulcl
n.ava bMn UIaCI In tha bait;: mode 01 on otrler

_mona (ilia wry otrler CfYIlIII !Iller). n w..

d'loMn bKaAa • w.. av""" and "-d the
~ Charlt1enlta 1M ed,.oanl charW*
HIactMty amounts 10 lOrna 60 dB , ThIS II
IIUthclenC to ...... thai 1M concllllOna tor an
InflnrIe demOdulItlotI " 'acbor I, lffaapectrva

of tria pow.- of the lI'llerfar.1Ce I"t the preaanca
of ........"tad IlgMl (WI1tMn the apaafIad

dynamIC rangel. .... l)rOYIC)ad

e.twean the IF 11808 and the detector lhere
II a buffer Slaga haVlr'O no ampkll(;l;bon , III
purpou is 10 ensura Ihallha h'9h a.aUalor input
power does not rlNCh .. rar IS the Mer . the
detector stage is allO praaented Wllh a conillm
IOUrca impedance whICh is conllnUllly being
IWltched on and oft

From the dlSCUll10n aboUt the delector feed 
back . It will be recalled. Ihlt aller the provisIOn
01 the ltart -oy. no tutt/'lar teQUlrement tor
RF enarvv is nacwsary The butler can ""elora
be IWr1Ct'led of! lind IS awrlcftad on agM'I wtwrI
the detector 1l6lad orcr.tIl II I"t a dacternerul

73



Ftg, 11: Selec:1lvtty curvl.nd nollll)<ldeltil
)(: 10kHL'cm, V: 10dBiCm

condit ion. This IS very aOllantageous under the
Conditions 01 high wented signal levels . The
tuned circet oscilla tes at it. Iree retonant ne
quency which can be quite dlNerent Irom that
ol lhe drillen frequency. II the ewen Irequency
hal suHteient power, beat undulations can be
audible in the output, otherwise its working i. in
accorceoce with the charaeteri.IIC' discu.sed.

The oscillating Irequel'Cy I. generaled in an
C·MOS gate-circu it e. table multillibrator, two
eee gales serve as decoupllng and pha. e
rellersal , In thiS case, the use ot un-buNered
gates are recommended, Their Ilank slopes are
smaller and nave no telldency to HF oscillations
at the switch-oller point. In orde r that the control
01 the detector and the buNer stage is carried
out in a spurious tree manner , the slapeS must
be decreased by a two-.lage RC network. At
this point , purist. could use either an adille or
a caeeve cw-ceee hiler 01a higher order,

The dual·MOSFETs used were measured
prelliously and then a worlling point with a high
lineanty and symmetrical limits were determined ,
It is gillen by the talloWlng : UO II • 0 V; Uon 
+ 2,5V; lo _ 12mA;S . 14 mS.TtIe amplil icatiOn
IS reduced by 60 dB (switched olf) , when UOlI 
- 1 V,The source is raised to + 1V whenlnltalled
In the CIrcuit, SUCh a stage is able to process an
inpul signal 01 18 VfJf> linearly , The aame type 01
transistor from another manulacturer or from
another series can ell;hibit large delliatlons trom
this charac teristic . To oblain opllmal resulls it
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Fig. 12: 1M product. of two - 25 dBm .lgn.l.
)(: 2QkHL'cm, V: 10dB,cm

will be worth·whlle to carry oul Ihi, selection
measuremenl procedu re. A clrcuil 'or serial
production would hall e 10 be designed upon qUile
dlNerenl lines . II is, l'Iowever, 10 be understood
Ihat the dlNices wilich were inslalled In the circuit ,
ware employed merely beCause they were all ail·
able . There must be selleral dozen similar type.
which would do the job JUst as well, The imporlanl
thing to watch Is that the amplifICation at the
workIng Irequency is high ef'lOlJgh and thallheir
noise-figure is not unduly high .

The Schmitt trigger and the low·pall liIter
following ttle detector Itage were realized with
integrated cirCUit.. Since lhey are .tandard
CIrCUits they do not require any ell;planallon.
Behind the low-pall IIMer the rec\llled vollage
can be remolled and indicated on an in. trument.
Ttlll gilles an ell;ad logarithmic display 01 the
lignat lIol18ge. The audio I. decoupled via a
capacitor which must match the sound beterce.
The indica ted lIalue r8lull. in l limit Irequency
01300 Hz at a 4.7 kO load,

Finally, the pl"e-te, ted dIOde I. connected, thil
carries out a partial compensallon 01 Ine legantM·
mic demodulation . Partly because 01 ttle e w
pasa, all low Irequel'Cie. abOlle 2 kHz contain
no harmonics. They are also compensated by
the diode . A comproml.e mUlt be lound which !1
most easily aceompll. hed by li. tening to the
. ound output. II the pro<:elS 01 compensation
was camec out belo re the low-pass, these
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demodulall(ln ptOdut1I would bI1 regenerated
by the non..nnnty - whtcn the ~ent proper·
bn 01 the Ioganthmoc rectJlall(ln~ eli,","
naled wNn uncw the In~ Of •~
lntef1ar~ 1IIg,,*'

The Iow-pua .. dlmerllioNd In order !Nt al
1M IiITllt frlJQUeflCy olthe IFfr~ II ••tMbrtI
I amaII rIM in lUI c:harldenPe Allogether, an
audio range of lOP '0 3 a kHz +CW - 3 dB rnult
wtlen the~ .. onthe corract tuning poII'Il

tor the~ tignaJ thUI lPY'"ll an Illtr.
ordin,nly good~ Inl4llllgoCllllIy

4.1. MH.ured CharKt.n.tk.

The meau~ or the r~·. cnar.c·
1enI!1C8 turned out to bI1no..."pe maTt., In the
abMnce 01 • lKlor.tory lui Of teet lnatrumenll
The apectrum enatyzar "IC» of fig . 11 • the
~ lndabon or the •• t.d1'rlfy pet10trNnce
wt1ld'I CCUd bI1 J"MftCed The Yof"'" apans
eo ea and II can tla Men WTVTIIIdIaIIlly. ItWlthe

aognal~"'"~ lot' the produt1Jon
of mora I'lClIM II'wlIhe~·.1oeII 0lIClIII1Or
The Ian. WII caUIed to woI)uIal. bY vlll'Ylr\5I
DC (from a beTt«y) .. the UllnV 'fO/taIge and •
amaI N W·1OOttl votIaQlI from I IvncCIon~.
kit . Following that 1M CtySIaI ~1orI .,....
luted : the raI-.noe~ ol 10 MHz laken
from an ala<:tJonlc !raq.Iancy count. proved 10
be c:ont.mlNl led ""'IPI dlVldar proclucla .nd
If'ICraaMd the I'l(IIMIIoor up 10I lave! of -SSdB.
the relerenc. lrllQuency Iromthe lignalgeoerator
tynehronlZef (M. tCOrM TF2 171) .110 calJSed the
not.. ftOor 10Incra.N lo -78 dB . TI'laIrace was
obtalnad In the~ ol I f'lOIM IIoor 01
- 80 dB In Iht IbMnce ollignal I• .•t Iht a.·
Iramtlliml1 ol tndIcatlOft . A compara llv, ..l1ma l.
01the OKi tlll lor lide-bencl noIM of - n dB could
then be carned out

The apactrogram ol ftg . 12 wu Obtamad by
leeding lhe recelVar with two lIQuII ·Ie~ lignats,
!tie Iowar IrllQuency (le tt) w.. darivad Irom I
M. rc:onl TF201 15 ligna! g_.lor Ind 1M 0Ihar
trom I I'lcIrM oonatructed ganerltor. II may btl
seen thlt !tie noiu pedftt.l. Ire much h.gher
thin in figure 11, the f'IOI" floor I' tow..- but
!hera . r. 1M produett in IVldence The 1tMtd
order product••ra lhe onH whiCh era doeesl

F IO. 1 ) : Ooc:u~ol"'I' m~on 14.)1'"
M OMS OWT
X: 50 kHr. em. F__ 15.70 MHI:. Y: 10 de C'"

to the two camera and II I Iavef 01 - n dBc
The two I'lpUlIlgNl powers ...... - 25 dBm and

thel.lor.the 1M,1r'Il~ poIl"Il can be CIlIC:uIoIted
10 be" 11 d8m Ilh~ InQUt

The ap«lfIcahQl'l Mn of I!IO dB '''''·fr.. rWlgll
.nd - 109 dB 1f1tem.! roM w.. Ihat.tor. . I'lOl
ql.llta KhoeYad The poonl ".,. thoUgh . .. k)

dctmOnStrat.the~I'lIof~~

IIrt the l/o4*of"egenar.lIY. ditmodI..UlOt When.
large dynamlc range .. awned lor . It\etI ben..
SIgnal g«IIra 'or ..... reQUlrad In 0t0ar thli thl.
qu."tIly can be meaaurac! In Ih..~. IIgnal
gel"Iel'alOfl lrom !tie 1~ U8jng vaIvn, .r.
the be ner mslrumenls lor !hll purpoaa They
delrvef I purer outpullign.' 01lOme 20 dB belief
tha n the la'ltIl"high-tec:n rubbish"

4.2. Othar U...

Just It\Ink now. 01 .n optimal spectrum·analy
Iitler cu,..... N1Ylng I lorm 'ac tor (60 dB 10 3 etB
bal"IdwtctIt1 rl llO) 0 ' 4 4 tn"ead 01!tie rectangu....
aelectJv,ly cu,..... ahown In IIQ 11 nils type of
lelecllvlly .. able k) be wot/bula ted al a lasler
r.le In appIIcallOf'l' .uch .. In p.nor.mIC adap
tors or spectrum analyzer. II iI well known Ihal
the loganthlTllC deleclor In IUCh aquipmerl'
demIInclI a goocllHal 01 complex cleeIgn work
Here, illS done WllhI .'ngl. lr.nllllor cirQ,j11.

The apac:trog rlm 01 figure t3 repeurll••
aegmenl of the 19 m b.nd Somewhat rlgtll 01the
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centre can be seen two transmissions having a
separancn 01 only 5 kHz. These could be re
ceived, thanks 10lhe Inher8flt separallOnqualities
01 this lorm 01 detector but It must be said that
luckily, the two Signall were jUlt about equally
strong. The 5 kHz spurious tone could be at
tenuated by 30 dB using Ihe audio lilter and II was
hardly dlscemable. The author is flOW woriling
on a sUitable PLl lor thiS project. It there ia
enough interest displayed , an article will appear
on the subject.
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Interested 1n AMATEUR TV ?

. ... th en you ne ed CO - TV Magazine

CQ - TV Maga z ine is the quarterly journal of the
British Amateur Television Club. The cl ub caters
for all aspects of television inclUdi ng amateur
transmissions , broadcast reception, video tech
niques , satel lites , SSTV etc .
Details of membership may be obtained by sending
a stamped addressed envelope to :

-BATe·, "Grenehurst', Pinewood Road
High Wy comb e, Bu cks HP12 400, U.K.
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Martin Althaus, OF9 DA

Co mpact Weather-Satellite FM Receiver

The r.cetv... to be dHc:rlbed h.a three cryatal
controlled channela at 134.0. 137.5 and
137.82 MHz. Th la _bl.. the receIv..- to 'lIIPOf1l
the APT t,.n~I..Ion, 01 the~... -orbltlng
NOAA WNthef ..t"llt.. ualng lhe I.st two
"'-quencl.a. By uaing an e6dltlof\el con....."...
- dnc:rlbed In (1) - the I'K1eption of an
WEF...X tr.narnlalllon, of the geo-atationary
wNthef ..tell 11.. METE0 5...T, GOES, GMS la
poaalble. They u.. !hi "'-q~I•• 1691 .0
MHz and an e6dlllonal METEOS"'T ft9qoency
.t16N.5 MHz. The comPKt cor",,"'.r Ir.n..
"I.. lhe.. frequencies to 1:W.0 MHz and
137.5 MHz.

The compact rec.I.....r mak., .n .rlllll~"'"

u.. 01 Integrated c lrculla wh ich contrlbut••
not only 10 11. comp.ct form but .1.0 10 It,
NUabUhy of replication . .... tar ,atha t.chnlcel
apaclflcatlona aN concerned. the low-no'"
Inp ut atav. and the s.m.t... oulput Indlcata
a d ynamic rang. of gr..ter Ihan 60 dB .

1.
LEADING CIRCUIT DETAILS

The baSIC receIVe, lor a rTl/Croway. COrlyel1er.
such as Itle METEOSAT conyel1er. does not

need to be partlCularty~l,ve As lhrIr~.

however. IS employed tor d"«;l ree:.ptOOfl of
the APT tranamstioot the ll'lput It~ II tilled
Min a lDw-r'IOIM , etua"'9ate MaSFET The ClfCUol

schematIC IS shown 11'1 fig. "

It may be seen IhIt the flrs1 ltage IS provocled

wrth a two-stage ~MIecIor betor. the ac;1rv.
d llYlCe anda Inr_1l1J98 !Iller foMowtng 01 t.pao
tlve Impeclaroce tr.".lormers ar. used both on the

I nlanna SIde Ind at the ll'II~er ,

The tnIegra'ed-orCUltlTll~'" illn lC1Jvelypa. the
SlQne!lCS (Valvol NE 612. whlCh.s etlaraetenzad
by a hlVh conversion glln and a low compor'lent
count necessary to complete the creon The
mi~er translat.. Itte Input Signal to an IF ot
10.7 MHz. The IF IS Iymmat~lty COlJpled out
and matched to a ceramICfiller via a luned Circuit
This 30 kHz bandwldln filler largely lak.. care
01 !tie selectlYlty requlremenls 01 the recelyer,
A fUl1her tuned circuit ISuMd lor output matchll'Q
and also 8SStStS in the selectlYlty. Thl IF ampl ilier
also uses an inlegrated ercun. the Slgnetlcs
(Valvo) NE 614. ThiS conlalnt a lwo -stage
ampl iller whiCh allows the InsertIOn 01 a IUl1her
ceramic !Iller Which reduces thl e!feelS 01 wide
band noise, The NE 614 also conia ins a cemccu
lalor. a muting ClfCl,IIt as welt as an outpul lor
an s-e eter Indication (ma~ S V in 100 kH. ), The
laner is buffered by an operatIOnal I mplifler in
order lhal a moving-coil voItmele, may be directly
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f 1i . 2: Doubl...ldltd printed cIrcuit~rd 01dlmen ' lon, 111 cm )(74 cm

connected to this output. The demodulated Signal
II amplif ied in another cp -amp . and is then taken
to an active low-pass filler (T5). A final stage 01
amplificat ion foliOWI In which the video output
is bool ted to an amplitude 01 t ,5 VJ>IJ . A emeu
audio IC powef ampil liaf , the LM 386, takes care
of the sound side 01thingl The 4'h op-amp . in
the Ie , LM 324 , 11 used lor the muting cifcuit.

The three oscillal0rs in the lower part 01 the
schamatlc work With crystals on their 5th or 7th
overtones 'ogeTher With a Tuned cifcuit on the
ffeQuency of coeratcn. The same low-noise
clfcuit is used as that in the converte r oscillator.
With a barnef-F ET U310 , The RF outpu ts are
connected togethef Wi th the mixer OSCillator
input (pin 6) , the channel selection is effected
by applying the supply potential (12 V 1015 V)
to one of the three inputs. The supply voltage
IS available via decoopling diodes 89 is the
stabilised 8 V, both minus 0.7 V diode drop, for
evenlual use In the ctner receiver parts
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2.
CONSTRUCTION

The comple te c;j rcuit is realized on a circuit
board 01 only 111 mm )( 74 mm dimensions
(fig. 2). It Is cIouble-coated copper 1011 and hes
The designation Df 9DA 002, The component
side femains tree 01 any etChing, is thrOtJgh·
plated and lelVel as a ground-plane . There is a
hllie mechanical work to be carried oul on the
comple te module , as can be leen in I lg . 3 - the
comple ted receiver uM,

The llrst lhlng to do il to put the twohalves of the
frame together into a cover and ICkier mern
togethef - bu l nor to the cover! The inner coo
ductor 01 the BNC socket Is sharlened to a
length 01 3 mm and the lOCket is than inserted
from the outside Into a hole in the frame and
secured wllh M2.5 mm screws from the inside .
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Nowthe PCB with the etched IIdela 10POSitiOned
thai It Ii.. In contact with the BNC socxet. the
ground·plane aide la tUmed lowarda the teeo
Ihrough capacito rs. Afler aligning the PCB to be
eltaet!y In the plane of the Irame It ia aolclered,
on the ground -plane aide, to the walls 01 Ihe..",.
Now the whOleboard can be eQuipped beglnnlng
wllh dIOde. 0 1 to D6 - watch the poIantles l A.
the PCB II lhrougtH::onlaeted, nol all the co-co
nenl. nMd to be IOlOered 10 the ground-plane
lide •• well.

Then install all the reslstore and capacitorl
according to the component layout plan and
lIOIdef lhem tn ,

The Iltper..nce 01 aligning many lampln of
ltli. project h.. ahown the requirlmenl lor a
0.3 pF capKllor 10 be WIred aCfOSI~tor

C3 (0,7 pF) , Thll II located on, and soldered
10, the track ece ot the board,

When inslailing ee Neosid lilte r, the colour
code markings should be care fully 11018<1 The
surpius-lo-reQuiremftnl pins (one PIn on the
BV5081 and Ihree on the BVSOf)6j lhould be
carefully removed with aide-aJne" Figure 4
lhoWs lhe connectlOn array .

SoIdefiog the IImi-conduclorl II etlec'led With
lhe ulual mealU'" a.eociated with lhe nak
01 Sialic damage - earth the Iron lip and the
metal work . Slip a lerrile bead 01181" the drain
lead 01 Ihe BF 981 belor. inalaUahon (flg. 5)
and IOlder the gates of Ihe U31Cls dlr-etly 10
the ground-plane . Installing the ICa ahOuld
present lew problems .s thel, onenlatlQn II
clearty marked in the componenllayoul plan , No
IC sockell should be used I

"
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InIITOUl
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•••
G<ol.® ~.

'1t,4:
Componem ....,
Ics.nl lflcatlon

ll a conv8f1er. or a pr.ampllltet is to ber~~
SUpplied lrom the receiver via 'he coaXial cable.
the chOke RFC 1 Ie In..nee
The lollowlng POlntl are 10 be lenled lor the rel t
ot Ihe coesuucuon: solder in the crystall and
walch the ceramiC lill ers lhal Ihey are soldered
in the correct position l . they are dlflerent blInd
wldthl Fl - 30 kHz and F2 _ 110 kHz, The
dampIng rHistor R4 IS lOCaled and SCJI(lerlld
on the boerd track·Side In Ihe drain CIrcu li 01
lhe SF 981 The 22 kn chip res istor IS soldered
In parallel wllh the Induclor LB. Thai comp!elel
the Ioad,ng of the ponted Clrcu,t board

Now Ille teed·through capacltorl are soldered in
- use a larger soIOenng bit These capacl torl
are l hown In Ihe c eccu diagram w'thout any
values. The supply connections each have a
solder tag lor lhe ground cocnecacnunder them
- bend them oul a hllle before soldering the
conneclorltug assembly Into poSItIOn.

The volume and Iquelch preaell .,e soldered
on 10 the appropn.te feed·through. The con·
nectlng wire (.xcept to C70 . nd C75) mUll be
shot1ened - lhe PCBconf\8CllOnl; are rnadti WIth
wil e cunlngl fromrniSlOr1 ere. The feed· through
connectonl to C43 and C51 ' . t the pr...... via
e.t2 or C521 are eent ever and soldered to the
hoUSIng

With 11'1 11, the construction 01 the receiver il
compleled and It lhould be ready lor an • • I Y
ahgnmenll
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3.
ALIGNMENT

An ....ct atlgnmenl can be made uslng a multi '
meIer. an oacllloscope and llrong METEOSAT
&lgnal, or tetter still, a signal generator. An
Importanl ltem 18. correct Iype ol plutlCtnmfT'llng
tool. II mUlt be used in orcl&r that the N80lIicI
lih., corel are not destroyed

Belore the . lIgnmenl il commencecl. a lew spot
chee .... . nd adJUltments should be made . 1 the
loIlowing point.:

Squelch preset TR 3 II complet.1y turned ACW.
Volume pre..f TR 1 II tuned IUlly CW The
lollowing vohages are to be meaaured . t either
ch.nnels t , 2 or 3,

According 10 lhe channel selection, the eocro
prlat. vollage regulator . hou ld be oe~venng

8 V.t tha output. The other two regulltOl1l .hould
have no YOItages.t 1he output, Thil apphe••Iso
to the source reSiltOl1l01the QIoCilf. tor 11."...101'1:
the YOItage allhese !8Illtors shOUld be approx i
mately 1,7 V when 1he OSCIllator II worlung An
othe' voltage. listed beloW. are 10 be m8aaured
Indepeodently of the ch.nnellelecllon.

II the YOhag. et ttl. drain.nd ll14.1 no! present.
either diOde 04, 05 or 06 has been wrongly
Installed or th.r. II . shOr1-etrtu ,t,
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'~ , 5 :
n.. P,..,...h._t.ge
T4 ahowtng the Iwrit.
bNCI O_IM Or.."..........

UdtP1 u, - 0,7V
T4gale2 4V
ISo'PI" 8 7.3 V
I 6-pwl 4 73V
16'p.n 3 appro. 6 V
I4'p.n 4 u., -07V

lithe mealured~ ar. In aocotcl:ance w,ln
the yalUM g'ven In the lable, t". .'IQ~I can
creeeee
Flr'li 0181111"1. pre-..Iec101' cores l 4.l5 8'. lurnad
OUI two turns, end l6. L7, l8_ra lurned 1'1tlurn.,
Tha oscilloscope IS tnan connected to the video
OUlpyt PI 8 tV sweep' 05 Vlcm) , Now lhe liIIe'
cores 19 to l 12 a'e lurnad roughly 10 tnell ce" l1.
point., The oeclilolOOpe .r.ould lhen I lart to
d,splay a noI.. 'IOItage. II only a Ilmtled IlOl..
VOlTage can be obserYed, t". COl.. mull be
turned again unl~ the IlOl.. VOlT. II 0.5 V max ,

Upon ~ten-on (II IfIa 0Kl11_10tl. Ildopt the
!oIIowIng procedure: Apply the supply potent,a1

to tne apptOpNIl. channel WrltI _ oounler probe

at pwl6 (III S. !he oec*alOl "eQI.IWICY ISadluSled
wllh the oeoIatOl Inductor COle T.... IOl.lI"ce
\/OIlage III'Ik !rom 1 7 V 10about 1,55 V The
Iunc1lCN_tg OSClIator shoUld now result '" an
N"IC1.... '" the rlOIH _tIM 'tIldeo output

" now. an FM IIgnal IS !eel ,nlo the antenna
t.rmlnals from 1M ligna! O8I*a 'OI. 01 tJom
METEOSAT. the demodula led Itgnal should btl
d''PIayed on 1M oac:dloeoope - II only _dIStorted
versIOn, II Ill,s IS not the tan. the IF· luned
CirCUits must be re-allQned

Tha correct position 01 Iha d8modulatOl lnctuclor
cor. (l 12) een be dall'lrm."ed In the lollowlng
manner : The noIs. dllapPears when tna cor" "
turned lully In. II tha core is now turned slowly
oul agam, th" !lOIN Iller".... Tha cor. 's
turned CUI u"blltla norn ,tarts todeerea.. again
TwopointsoflT\&llmumw'_beobaarted NowINt
cora is tetumed 10 the hrsl maJ:lmum The I,""
tUlW'lg of the IF Mer L910 l 11 and the demodu
lator inductor l 12 reQU"" _WtrY IInatouch

OJ



In the COYrle 01 the alignment Ihe vollage al lhe
S-melef OUlpul can also be melured. Owing to
the hlgh~ml(: range oj h S meter tOO dB).
lhil is readily available II mult be atellftalf'/ltd
that , even wlthoul an input Ilgnal, a voltage Of
1.5 V approll .can be mealured when a convefler
il added Without the ccovener Ihis voltage II
0.5 V approll . Thll output voltage I, caused by
the high pr••rnphhCahon, In order 10 back off
any moYlI"Ig-eoll !fIltrumenl 10 eero. Itle voltage
divider R 18fTr 2 has been provided. " ltIil
laclhtyIl lObe ubliUd. the feed-through capacrlor
C 51 il nol connected '0 lhe chaSSIS but 10 the
PCB tracll lead ing to the Inmmer.

lithe alignment of the IF hiler and demodulator
CirCUits 00 nol relull In an lmprovemeot of the

VHFCOMMUNICATIONS 2190

eenc IIg"al. Iry re·ahgnlf\9 the pre·lmphf,.r
Acorrect ahgnmant Will ralult in the IIg"alllrom
both METEOSAT channell 10 have \tie eame
amounl of noise behind them TNI completelthe
alignment ol lhe receiver .
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E. Chicken M8E. 85c M5c CEng FlEE. G 3 81K

Stacked Loop- Yagi Antenna
for METEOSAT Reception

1.
INTRODUCTION

FOf 1hoM 1ftterft1e<1 In receMng the weak
' .69 GHZIignolIi from the METEOSAT WNther
ObMtYaloon NI"'e In geoItatJOnaty orbrI tome
36000 km atlOYt the eQUIIIOf. the reQUIrement tor
an antenna Ofsu,table gam and dll'ectJvrtyposes
a problflm

illS not uncommon 10 read artICles on the IUbfeCI
11"1 wtlIctt reterence II made 10I~ U.. ol a para
boloc lbh anlenna oliO - 1.5 mdlamellW. which
10Ny the leall , 'S COSIly and unwteldy

The anI anna deKrlbMI ~e waa cs.algn-a
and conltruct.et 10 OYet'co",. tM dlfficulll..
of thl parlbollc antenna, whUal proYldlng
lufflclenl glln 10fully Illencalha FM recelyar,
and with a bHmwldth adequala to mlnlmlsa
tha POlllblllty of Inlartarenca trom off -belm
Ilgnall.

It wal allO Inlended 10 be suitable lor Indoor
use by belng hghl,weighl and nol unduly IPac.
con'Ul1'\lng, becau.. the (luIhoi' ia lortunate in
haVing lhe u.. 01 an UpsllllfS room wllh a Window
whICh gwn a realOnably clear YteW 10 the

METEOSAT horizon Tn. mechanical deSIgn
allows lhe array 10be Iitled 10 the vertICal plane
when f'101ln UM. 80 that it ean be stored outOfthe
way In a Mherlo unusect apace between the side
01. booItcaH and the waN.

Na greal cla im is maM tor Its an w..ther outdoor
sullabtllty. bul r1 hu on many a tummer ·, day
dunng Its len v-art 01' UMfuI Ml'VICe belWl earned
out 11"110 the garden to OO1&ln a c;6aarer View 01
Iha salallr1e·, 1OCallOn, 10 oven:oma the leY«"e
,~ Of the ligna! by an oak·ll'H when
it il in lui leal . On auc:n OCC&SlMI r1 has Wtth
Itood the welneSI 01 lummer Itorms Wlthoul
IKl'vef'Ie performance. and ,ts mechanICal
Ilablhty wu adequately enhanced by the place
ment of two bnd<, upon III bese see photl>
graph.

A wtng nut prOVide, conven,ent and liable
adjultment 01 the reqUired tIll angle , typically
25 ·30 degree, above the reeecn.

The antenna array comprlsel two zt-erement
Ioop-Yagis, t1orizontally "acked with thetr
signals combined lor oplimum ga,n lind ceec 
tiVity.

Two conectly Ilacked iden11Ca1 VagI anlennae
can ofter a power ga,n of CIrca 3 dB over an
tndMCIualVagi

8'
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Whilst the two loop- Vagi antennae are slacked
here to provkte a realislie signal margin. each on
Its own is capable 01 Vielding a reasonablv
usable SlOne!.

Combining 01 the signals Irom the two Vagis is
aChieved bV a sunpie-to-eonsrruct dual quarter
wave coDial line translormer or us mcec-etr.c
line counterpart , both 01which are luliVdeSCflbed
in the text.

Design philosophy lor loop,Vagi antennae is
well documented by others (1, 2), anct several
articles have been published with conalruclloo al
delalls lor antennae of that type lor the 23 em
and 13 cm amateur bands.

Tha paper (1) · Optlmum Design of Vagi Array
01Loops" bV snen and Aal10ul was used aa the
baSIS lor Ihis design. and the linal dlmenaions

86

were cross-checked by Iinear-acaling Irom the
published values (2) lor a 23 cm antenna

METEOSAT transmission Irequenc ies in use al
present are 1691,0 MHz and 1694.5 MHz, 80
tme antenna is dimensioned on the mid-Ire
quency 011692.75 MHz. the wavelength Of whiCh
is 177.23mm.

2.
CONSTRUCTIONAL DETAilS

Two identical loop Vagls are reqUired, each With
a tola l ot 21 elements consisting 01 a renecicr
plata allhe rear, a reflector loop , a loop dipole
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01 ctrcumtereoce eouer 10 one wavelength, and
18director loops Figura 1

The elael numbel' ot dlreclor loops is not cnncer.
the quantity 18 having been adopted becaUH

they just happened '0 conveniently III omo the
avellable 1,2 m lenglh 01 aluminium boom. A lew
more or less would not lignil icantly eeect the
performance 01the linlshed Intenne,

2.1. Boom

For the boom, the ideal material would be a 1,2 m
length 01 20 mm square or round eecnon alu
minium lubing . Such aa is used lor commercial

TV antennae. Alternatively. a 20 mm diameter
thin-walled copper pipe or thiCk-wailed PVC
pIpe or coeccu could be used

Using a Iharp poinled object. a hne IS scribed
along Ihe lenglh 01 each boom , running exactly
parllilello .he l idello avoid spiralling,

Relen'ing now 10 l able 1 and IIg . 2, Ihe element
locahons are marked at the distances shown. by
very cerelully measuring along the axial line on
the boom Irom ill rearmolt end,

To avoid cumulative errors 01 meaurement. 11 11
bellsr to take Ihe dlmenl ions Irom 'able 1 and
progre8lively measurelrom 'he end 01the boom..,
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mm Element mm Element

0 Reflector plate 459 Director loop no. 8
10 Reflector plale fixing tao 523 Dlfector loop no. ,
59 Reflector loop 591 Director loop no. 10
77 DIpole loop 65' Director loop no. 11

99 Director loop no, 727 Director loop no, 12
115 Director loop no, 2 795 Director loop no. 13

14' Director loop no, 3 863 Director loop no, 14
183 Director loop no. 4 931 Director loop no. 15
251 Director loop no 5 99' Director loop no. 16
319 Director loop no 6 1067 Director loop no. 17
,.7 Director loop no. 7 1135 Director loop no. 18

Tlblel :
Elemenllocellon,lrom '"" end
01lhe boom

rather than 10 maasure and mark out each
indiVidual spacing as shown in f lgu r. 2

With the aid 01a centre pop, preferatlly a SPring
loaded version, an mdent is carefully made at
each of the marked locations, then a 1 mm
diameter hole is dnlled at each indent. The
elements are nol yet to ee atl ixed,

2.2. CrOII·Br.clng

Two cross brace,.. and one diagonal tlrllcer
are used to provide mechanical rigidity lor the
linlshed array, With a 8upportltll t bracket 10 be
mounted centrally on lhe under8ide 01 the lorwa rd
cr088 bracer. (Malenal lor me brace,.. can be
either melal or hardwood,) II aluminium tubing is
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uHCl for lhe booms. It mlghl ~ convenlenl 10
un it allO lot !he brecers. In which cue ttle ends
would need to be flattened lot eue 01 h lng

Bracers for Itle prolotype were oHCUla Irom
aluminium ttl resh-pl alel Of ttle type uHd 10 pro
tttCfIIOOr ca rpets whttfe ttlay meel al a doorw ay.

AlthoUgh Ihe croas bracers.re ahown al locations
250 mm and SOO mm Irom Ihe rear end 01 Ihe
boom . some shght repositIOning may be naces
ury In prltC!i<:e to evoid conflicl Wllh the inslalled
elemenll.

TM boom II marked allhtt chosen IocellOf'S lor
!tie 1'<Il1'O crou bracers. and a 3,S mm hole is
dnll«f vttttally ttwough lhe boom al each marked
IOCaIIOn 10 aocomoda le !he IlIling bolla lor the
brae....,

Each oIltJe!'NO bracers ia Ihen marked 10 Iocele
Ila ll xlng holes at a separal lon dislance 01632 mm
(- 3 wavelengthS), and a 3,Smm hole is dnlled
through ttle brace r et each marked Iocetion

" ia important ttlal lhe hote-apaCing ia exactly
~ual on tha !'NO bracers, 10 ensure corrttCf
paraJlelllacklng Of the !'NO Vagll, blJllhe S32mm
separation distance between the Yegll is not
CllIIC81to a le w mllilmetres,

The two ClOII bracerl are now boiled 10 the
underSIdes 01the two booms,USIngMJ ,5 x 30 mm
bolls and null plua ahakeprool washers

Alter conhrlTllng an exact rectangular relatIOnshIp
between Itle booma and brlcers . !he d,aoona l
bracer il marked Ind dolled al each end With
hole-spIcing to mltch Ihe measured diagonal.
lhen It is lined 10 Ihe booms USingtwo ol lhe now
exisllng cross bracer retaininO bolts . as shown
in "gur•• 3 and 4

2.3. Tilt Breck.t

The rwo nghl·ang led braetlels, as delelled In
fig . 5,are made 110m a 100mmxl00mmPleceol
12 swg aluminium plate Ilmllar to fhat 10 be uHd
Ialer lor Ihtt relleCtor plale

They are now 10 be moun led on the underllde of
Ihe lorward CtOSI brace' as lr'\dicaled In IIg , 4 . one
on each lIde 01lh8 cenlre line to leave a apace
between them 0120 mm 10acc:omodale the sup.
port lube

2.4 . Hoi. for Coula l cabl.

A hote II reqUIred 10 feed me coaxial cable
vertICally through each boom. such thai II Will

"
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emerge from the upper Bide of the boom imme
diately to the rear 01the dipole loop ,

The dipole is the second loop lorward of the lea,
prete renectoe,and II is loca ted at 77 mm Irom the
plate end 01 the boom , The boom IS marked at
70 mm Irom the rear, or 7 mm to the rear at the
dipole fixing hole, and a 6 mm hole is drilled
venically through the boom at that mark to
accomodate later the coaxial cable,
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2.5. Reflector Plet e

Thin alumln,um plale of aboul12 swg is prelerred,
01dimensions 93 mm x 93 mm square, With two
20 mm vemcar cuts in the lower edgewhich allow
a 20 mm x 20 mm lab to be bent upwards at right
angles to the crete (l lg. 6 ref.rB). This lab Willbe
used later to laslen the plate to the rear end 01the
boom .
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2.&. ReflK1o, and DlrKtor looPl

Witt! the .1Icepbon of the dipole , AI 01' the loops
"I!orln«l trom 7 mm. 1 ITWTlIII.""',"lum ""P, of
1M type uNd by eIectnclanI lor clipping cablel
ml0 pIKe, Rolli 01tnll PVC-COVlred matenll are
IVlillbill from electncal ItOCilista, and the PVC
II .11l1y removed with I pocket knlte. (Some 7

me".1 should IUMlCe for boIh YIgII .)

The required leongtnl of It rlp. as detilled In
lable 2. I'. cui from the roll ot aluminium II np ,
Ind .,. tnen tormed Inl0 lenSlbly Cltcull' loops
WIth me IICI of I rouncl-MCtIOf't bottle or Ilmlll'
contllner of outlode d11~lIr equal to the ItInet'

dlemetet t8QYlfedlorIN loop

For convenience. all 36 d1rKtor IoopI I,e 01
50 mm IMide dllmelet . Ind 59 mm for !he two
111Iec1ors

G3BIK
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01, Element Col Hole Inside Metene l
length spaclOg dlametel

2 Relleclor loop 195 1854 59 7 x 1aluminium stnp

36 DIr8Clor loop 16' '" 50 7 x 1 alumin ium stnp

2 Dipole loop 177.2 se 7 x 1 copper or brass strip
1 hole at centre 01 each

2 Relleclor prere 93 x 93 12 swg aluminium

h ble 2: f lem~t dimensions (In mm)

It would make good sense mereiore. to eeercn
the house tor medicine bollles elc 01 sUitable
diameter , berore commenc ing the loop-shaping
operat ion .

The three diamelers rltQUlred are 59 mm, 56 mm
and 50 mm. lor relleCtor, dipole and director
respectively.

Relerence to table 2 Will show that two IMgI"
dimen sions are given for each 01 the renectcr
and direclor element s. This Is because the
tinllllhed diameter 01 each elemenl is related
to the design frequency 01the antenna. and the
diameler is delermlOed by the esteoce between
the two fixing holes, ooe et each end of the stnp,

ThiS Impor1anl eeteoee between Ihe holes is
given In column 4 ctteme 2.

The length dimension given In column 3 01table 2
refers 10 the cut lenglh 01 the srnp before the
hole s are dfllled. to allow an ovet1ap or about
5 mm at each end 01 the stnp 10 bring Ihe two
lixing holes inlO coincidence aller Ihe loop has
been lormed.

Each stnp is carefUlly centre-popped 81 bolh
ends to give Ihe exact spacing requirad between
holes. and a 2,5 mm hole II then dri llad at both
locations.

Thus. when the atnp is rormed inlO a loop ctme
correct IOlernal diameler. fhe ends 01 the strip
should overlap by some 5 mm, and the twoholes
should exactly COincide.

Ultimate ly, each reuectcr and director lOOp will
be affixed 10 ils boom by mean s or a small sell
lappmg screw, Ihroughmeiwc overlapping holes

92

2.7. Dipo le Loop Element

This Is 01 7 mm x 1 mm brass or copper Stflp
rather than aluminium, because il needs to
accepllhe soldeflng to be dascnbed later ,

The dipole loop Is lormed and all ixed In a mannar
which is distinctly dlflerenl trom tnet ollha renee
lor and director .

Column 3 01 tab le 2 gives the cuI lenglh of the
dIpole ,This leng'h is also the lenglh at fhe ctrccm
terence ollhe linished loop. whiCh Is exactly one
wavelength allhe METEOSAT frequency . Unlike
the reflector and director elements no overlap
is rltQuired. because fhe dipole loop is alllxed via
a hole located et the exact centre of Its sfrip
length ralher than at the ends of the stnp.

The dipole loop when inSIalied later will have
lIS two free ends adjacent but uncoooectad so
formIng a small gap at the fop cenlre of the loop ,
for subsequent conoecnce 01 the coaxial feeder
cable.

3.
INSTALLING THE ELEMENTS

Each eiemenl is to be secured into place by one
NO, 4 x 6 ,5 mm pan-head sell-tapping screw ,

Beginning wllh Ihe rehector prate , n is atlixed by a
self-tapper through me 20 mm square hOrizonlal
tab, so that the pjate ISvertica l afwhat is to be rear
end of lhe boom ,
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The refteclOl' loop Is nex1 Inllalled. wllh a screw
Ihrough the two not.. previously dnlled at ee
ends 01the etnp. 10 lorm a 59 mm inside-diameler
loop in a plane vertical 10 the boom, and alrighl
angles acroll il aslndlcal8d in l igures 1 and 2.

Ne~1 in the 10IWard line iS lhe dipole loop, which
il leCured inlOposlllOn by one screw through ils
central hole. to prOVide a MI mm InSide-diameler
loop p.srallel to lhe retlector lOOp, but wllh a
3 • 5 mm gap on !he lop of ItIa loop oppos'te liS
'Illlng leu,,,, FIgure 7 ,.lerl.

A 3.5 mm SOlder lag il l lIled over the dipole
Illong se"-Iapper before n il en1ered, wrth the
tongue of lhe lag benl upwards and to the rear ,

All 01 the 50 mm InSld.dlameter director loops
are now inslalled progrellively low ards e e
lorward end ol lhe boom, in Ihe lame manner as
was used lor lhe rellector' loop .

II may be noticed that bing the elements directly
onto lhe upper-aide 01 !he boom III detcnbed,
means thai lhe loops are no! truly Iltgned through
!hoIr ccmtr.. along ItIa a~ls of ItIa boom , as
illUllrated In ";u" II In practice, thIS sbghl

misalignment doea not noltatabty degrade Iti8

performance 01 the compleled array, but 11 so
deSired, lhe ,nclulion oI l nul 01ihiCkness1 ,5mm
betwee n Ihe dipole and the boom, and Simila rly I
nut 01 thicknel l 3,5 mm between each director
and the boom, would provide an acceptable
degree ellOnmen\

3,1. Co••I.1 C.blelnal.lIetJon

The choice 01 COUIII cable presenlS a coonct01
IOler..tl, because !he merOWlve Irequentl8s
used by MElEOSAT demand the Ute 01 coa.,11
cable Wllh lhe lown l poSSibleanenuatlOn lactor.
bul loch cabln tend 10 be 01 diameter graaler
Ihan 10 mm whICh il somewhat bulky lor thiS
appliClllon.

A realistICcompromlte II adopted by the use 01
'eadily available UAM43, 50 n coa.ill cable 01
aboUt e mm ••'ernal diamllla" Ind ItI length
kepi to. minimum,

Two a.lCIly equal 500mm lengths 01 the chosen
coa.,al cable are CUI, and a 50 n BNC free-plug
is carelully lined 10one end 01 each cable

93



The actual length ot the cable sec110nl II nol
cnhcal, buI lt il Important that they b8 of I(lentocal
lenglh

Bt!'ore tnmffilng the Ir.. ends , one cable il led
Ihl ough !he 6 mm noIe lrom the t,loderl!de 01
each boom, leaVing enough Iree length pro
lfUCllno .bO .... the bOOmI lO . Ilow easy acceu lor
tnmmu'lg the cables

The ouler PVC covenng is carelully Inmmed bac~

by 6 mrn .nd the blaid teased OllI until It fanl
neally 10 one Side, then the Internal insulation
II CUI back by abOul 3 mrn 10 expose 3 mm ol lhe
Innel conductor,

Uling lhe minimum of heal, the exposed bteid
and eeoue concuctoe ot each cab le .re tinned
wllh a IOldenng Iron and relln-co,ed aolder

Bt!tole progressing lhe cable Installalion further ,
the Iree ends are temporarily lastened back away
110m tne dlpoleloopa, and thelOllr comer l 01 the
gap al the lOP cenlre of each dipole loop. are
IMOtVlduatly I,nned WIlh the soIdenng tron.

A S mm length ot 12 or 14 swg Iln~ coppet'

wIre II now soldered between the twe comers
of the 3 mm gap , on lhe lorward lace al the top
centre of each dlpole,to form an eleClncal bndgtI
WhICh, whi le mecIlafllcalty slabi liSlng Ihe gap ,
allO plays an Important role in the impedance
mal chll'lg of antenna to coaxlalleeder .

Each cable II now gen"y ealed bac~ through
Ihe hole unld its pre... ioully Inmmed llee end la
I tallened Immediataly adjacent 10 the two reer 
moat cornerl 01the gap in the dlpola loop

Again ul lng Ihe mInimum of heal , the centre
conductor il lOIder.cl 10 one 01 the two rear
cornersoI lhe gap, and the braid 10 the othel ,

3.2, aelun

There II one schoo/ of lhoUghl whICh proposes
thaI If e bAlanced anlenna. auch as the loop
Vagi, ia used in COf1Junctl(lf'lwllh an unbalanced
leedel , SUCh ee coax ial cable, then dl drreCllVlty
pertem may b8 edv8fS8ly dISlOf18d and the
complet. ant.nna Iystem may be unaeSlrably
prone 10 interferance from extraneous Ilgnala ,

lt that hypolhea" were ...alld, the inclt,llion 01 a
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balence·to-unbalanc. or balt,ln deVICe between
balanced Inlenna and unbalanced coaXIal
leeder, lhould overcome lucIla problem

An etl !K:tlve balun can be produced quite almply
by electnca lly connect ing !he outer braid of the
CO&XIIII leedef cable to ground polentlal, al •
dlll8nC8 01 one quarter wavalength from the pornt
al whICh the bta ld il connecled 10!he balanced
anlelYla,

On the !OOp.Yegl antenna now being considered,
a lOw"mpedance lOcation on each loop elem.nl
I' electncally connected 10 groond potent ial
vIa Its IIXlng screw 10 the metallic boom

II would Iherefore be 'eaSlble 10 produce a balun
limply by electncally connecllng the btald ollhe
cOl xial cable 10 Ihe mechan ical fixing point 01
Ihe dipole loop, but unfortunately, the diameter
01 ltIe par1Jcular loop II 56 mm while the quarter
w.....lenglh of braid reqUIred lor the balun il
443mm.

Again there II . COf1f1icl oIlntereals, By squeeZIng
the d'poIe loop downwards slightly from the fop,
the braid length COllId be adjusted unl ll lhe
44 3 mm eont lin opposite lhe solder lag at lhe
bale 0I1he loop, but in 10 doing ttle geometncal
aymmelry of Ih. Vagi entenna II comprorrused

In prachce, maKing the electr ICal connectlOfl to
the bfald 10 lorm e balun Ofl the prototype made
no d'lc.rn,ble dlnerenc. to the recel ...ed l ig" al,
which conf lrml Ihe IUlhor'a conllderabl••X·
peneoce With commercially produced lolded·
dlpol. Yagls lor radiOCOmmunicallOns at 1,5 GHz
and TV antennae al hail lhal frequency, noneof
whIChused a balun.

The deci l lon on whether or not to lorm • balun
by 1Okl8flng the tag 10the braid become8 one for
the experimenlahll

Each indiVIdual Vagi af'lt."". IS now complete
end fUnctlOflal, but !hell coax ial teed cable. mUll
be combtned In a menner such lhat the two
r8C8lVed l ignall are truly additive, and the
char. et.nlhC lIT1pedance o' the conjOined
cables matchel lhal 01 the 50 n down·feeder
cable,

Two altarnallve del lgnl "e given lor the I lgnal
combiner,
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a : Signal CombIning Unit..Trough-llrw
V~1on

AuulTW'lg tI'llt~ al tI'llt fMd point 01 a
Ioop-Y~ ."..,. 10 ~ 50 n. rd !Nt • II
corr-eny lrWWI«l to 1M Otst-' lind 01 1M
500 mm Wlgth 0150 n COUlal ..... 1M prry..
cal Kt Of COlwteelwlll '" patdl! IN two 50 n
cabIeI would In eflKt rllduce 1M cNirllCttlrllll(:
~ at 1M point 01CONleCbOl'lIO 25 n

l"h.1 would prtHnt a proC)Iem at ma letwlg 10 IN
50 II In()Ut~ Of moM modem cornmurw
CIollOftll~ .,qu'pmer1t. 10 tI'llt 2S II mull~
lIantlormed 10 50 n beftq the Ietelved IIQI'IalII

1«1 to tI'llt 50 n coaxial catlle whiCh COIW\ectI
ultimately 10 the pream plrh... 01 If'Ie ree.tVII'lg
ev-Iem,

To obl aln en Impedance of 50 n 111M !Unction
of two coax..1cable, in paral lel. would r.,qUlfa
thll the IlT'I!*ilnce 01each of the two 111'11 100 n.
whera.. lhe imp«llnc. of the IndIVIdual SOC! mm
HCt.onI 01coaxialcable comIngf,om the Vagi' II

SO "
Th,1'!'IHOI therefore. thai the 50 II at MCh cable
mwt lint ~ Itanatormed~ 100 n belOl'I !he
two Ir. COIWlICIed In parallll, 10,eotltaW'I I 50 II
~at '*' point ofCOli.bOIl

Such~ lranatormalO'l may ~ con
~ rtacted bY mNl"III at I Quan.·WI~

Iranatormef . whoch II somPY I thOr1 MCI:IOn of

coax'..... OM Cl'JII'* of I .........9h long -'
the frequency COlICel?'«l . COl••1Id In .....

wllh !he coax..~ whoM~ ,.to~.--
A qulJ1... ·w. va Irantlormer MCIIQ1'l .. rlqulf«l
lI'I aadl 01 1M two Yagl coaxial fMder 1.111. and
lor mect'lanlCll conVllOl8flCll i. Iocaled II the
BNC-plug lind Of IN tall

The CharaclenatlC impedance z.... 01 lhe trana·
form. tlQl'l ll'" NCborl,.a d,"elenl Irom 1M Impecl'
Ince. at .,ther end o/ the lranlformatlOll. • nd 'a
given by !he • • prHlion:-

2.,. - v7"il2b
where za II tt'la mpedance 0/ IN Yagr, coalial
1IiI - 50 n
and Z1l II tt'la Im~ r.,quored .rr... Ira".·
tormallQl'l_ 100n

So ,z... - VSO x 100 -,5000 -707U

For mac:hancaI~. an ....spKeCl

CO&DIi ... II UNd lor ... quanar·w• ..,. Irena
lQmw. 1MdImeneoonilor whICh are dIrrYed trorn
tna.xpr8Ul()l"l

Z - 1381og.0 (Old) lor." .... .IPIC«I CO.,III.....

Ol....... H<t>on

where 0 " rtIllll'lternai dtameter of Iha outet Ilne
and d II 1M . xternal dlamaler Of!he Inner line

From me conlll1JC1Or'l powll 01 _ r1 II evllfl

mora COl"IVllntent 10 UN cot. xl8l II,.. of lQua,.
OUI... MC1JOn il pr.lerenc- to Circular tor IhII

partlCuIar IPPlIcallOll .

'" IQUl.r. O! IIdll d'mer'IalOIl S has an .,qulvalent
CIrCle O! dlameler 0 - (1.128 .. 5 1whiCh conVlllU
Ina . xpression fOl Z to -

Z _ I38 Iog' o (1.128 Stdl

lor an alr·spaced coaxl.II..... Of~uar. MCtton
where S - aide ol lQuar.
and d - diameler O! jl108f lIn.
.nd Z - z..,. - 70, 7 11
now lor c::onv-nience let

d - 63S mm _ (025 IlChI

So Z - 70 7 11 - 138 100'0 11 128 S '6 3S)

trom wtIIC:h ' -

S- - (6~1128lxan1llog.. (70 71 138)_

- 1' .3 """" II'Iaodeaquar.
TMrefora. lha dIn'lanaIOlli tor • ~r.-..clecI .....
apaced COP'" Iwle qJIJ1ar·wava b'anaformer
IullAbla lor COl"IVeI'tlng ItIa SO II Y-w COP,"
tail to 100 n..r..-
Trough oIlQu.11. MC1JOn 11"1"" dlmenllOl'l .

5 -183mm
I"ner 10,..Of diameter d _ 6 3S mm
Inner hne leng lh L _ 44 3 mm

Th. r.,quireme" t i' Of couraa lor twolUCtl QUartet·
way. translormer auembh... 0118 for .actt
Vagi coaxial teed er lall. and their 100 n endl
er. lO~ electncaHy connected in par.llel.

Figura' ,UUIU.I.. Ina mechanocal . rr.ngemenl
by whICh !he patllle! connec1JOn '1 achleved. by
affllCtlvety JOIning tt'la two QUIIter·w..... u ·
semblieI and to and . to prOduCe what IHmI
1lIt•• haIl· w.ve MCIICII"I 01 811'apac:ecl 707 n
line . 111'''''' one IIgnal I~ Into NCh end. and

.5
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the combined oulput Signel'aken from the centre
of the composi te line .

The signal-combining assembly Is made from
tight·gauge metal , cut and shaped to term an
open-Sided trough of internal depth 18.3 mm.
and internal length 100 mm, with a 6.35 mm ~

88.0 mm brass or copper tube cenl rally loCaled
Within the trough. It shOuld be noted that the
theoretical 888 mm has been reduced stightly
to allow lor end elleds.

Copper or brass would allow the corner edges
ot the trough to be soldered for mechanical
slrength, but alumlOlum would serve equally
well given that 101d-oYer tabs were provided
at the end faces 10 eccoeeoete small fi~ ing

screws .

Whether or not a tid is provided for the open 
sided trough is a matter 01 personal cboce In
either tale it makes butli"le practical dillerence
10the finished cneracienenc impedance (3).

The Irough is now drilled to accomodale the
three BNC flanged lOCkets, which are to be
Installed lale r.

A 1.5 mm hole il drilled radially through and
at the centre of Ihe 6.35 mm x 88.0 mm copper
or brass tube which is to be Uled as the inner
line.

Both ends of Ihetubing are 10be partially sealtKl
Witha small bras. nul of diameter chosen lomake
il a light Mlnlo the open end of the lube, leaving
a small axial hole at lhit centre of eaChend face.
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The two nuls are soldered inlo POSitIOn, and their
central noles dnlled , il nfCessary. to provide a
1.5 mm clearance lor the centre pin of each BNC
end socket.

The central socket is now installed and the mner
line tubing otlered to il such Ihat the centre pin
of the socket engage5 With the radial hole at the
mid point 01 the line.

At each end 01 the Irough, a 50 n BNC nanged
sockel is affixed Into place With illl centre pin
entered Into the hole at lhe end of the inner-line ,
alter which all three socket plnll are soldered 10
the line .

b : Signal Com bini ng Unit, Mlcroatr lpllne
V.ral on

This design lor a signal combmer ill simpler to
cons trucl than the trough-tine version deSCribed
earlier , but is equally etfeclive .

It is based upon the use 01 microstripllne tech
nology and 1.6 mm lOw-cos! glass-fibre double
clad copper circuit board , whiChbehaves sansibly
enough even al METEOSAT frequencies.

•The complex design formulae (4) and ceicu-
latIOnS are delibe rately omitted from this leJrt.
but the design philosophy and calculated di
menSions are incll.lded

AI with the prevlOl.JS version , a quar1ar·wave
translormer principle is employed 10produce the
required Impedance transformation, albeit In a
dillerenl manner,
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In It'll' de,iO", the dlltal ends of Il'le two Yag.
50 n coaxial IHdlll taill are connected directly
in parallel, to present an Impedance 01 25 n al
thetr junctIOn.

To malch that 25 n to the 50 n C(),I~ial main
down ·lead, a quarter-wave tran l former sectIOn01
mlcroatrlp llna il connectad In ..riel between
the 2S n JunctiOn and the 50 n C(),I~lal down
leader.

The ceerectenene Impedance reQuired lor Ihe
Quarter-wave Iran,lo rmer micro,tripl lne ,echon,
I'givenby:-

Z...,._~

where Z, • Impedance 8t junctlOl'l - 25 n end
z... - Impedance 01maIn I'f'le • SO n

Z...,. _ V2511S00 _ 35.35n

Figure 9 illust rates tI'l8 I,nl&had arrangement
lor ItIe miCrostripline ceccuwhiCh Ie to be elchad
onto one side 01 It'Ie dOIlble-clad copper bOard.
leaviflg me copper on tne oPPOS>l. side 01 Ihe
board if'llac!. 10 IerYe .s the ground plaf'le which
lorm s an essef'ltial part 01mietoalflpllne ci rCUIts .

The CIrCUlI com prises two short sectIons 0150 n
l1riphna elect ric ally connecled together at one
and , and lhal junc llon COf'108Cled 10 a slrlpllne
section 0135 .35 n ch/l r.C18f1I1IC Impedance

The two 50 n taCtIon, COflf'lecl to the VagI
coa~I.1 teeoer taIls , and the 50 n maIn doWn·
leeder cab le connectllto the !fee end 01the 35 n

"",on
.7



AClually. the pI'1yllCal length 01 tne two 50 II
sectl(lrlS Of mtCrostnplifle is nol cr itical elthoug h
mey musl De Of equal length, bv1 ca'e musl be
Iaken 10 ensure correctness Of the width Of all
Ih,ee sectIOnS Olsl ll pl,ne, because II is the wld1h
whIChdele,mln.. the charac1erist lCImpedance .

Of c" llc al Importance are Ihe wIdth and lenglh
01 the 35 II mlCrostrlpllne sect ion. The WIdth,
as al,eady noted, not only dele,mInes Ihe cnerec
terlslle impedance 01 the eecncn. but It is Ihat
Impedance value which determines the Imped
ance·lranslormal lon PlOpeny 01 the Qua"e,
wave tt anslorme ,.

A ph)'SlC8! pecu liarity Of mlCr05l t1pllnel II thaI
Ih.., electncal leng th, when ".pressed u trac
tional wave1llflg!h, dillers trom me lheoralJCal
rr...~ wave length because Ihft velOCity 01
the mICrowave SIgnal, U It trave ls along Ihe
stflpllne, is modllied by the phYSical constants
ol lhe malenal.

The ellect 01 Ihis particular glass -Ilb'e material
is Ihat lhe Quar'te,-wave lenglh required lor the
35 II eecto n. II reduced Irom the Iheoretlcal
value Of 44 3 mm 10the much Ihor1er 22.5 mm

For conveoeoce Of atl achment lor the 50 n main 
line. a very shor1 secl 'on 01 50 n mocrOllnpllne
has been Inck;ded et ,Is pOInl Of connection 10
the 35 II secllon.

Figur. t ailO , hows how the th,ee BNC pllJQs
and SOCkets may be omltled and the coa.ial
cable. soIde,ed d,'ectly to lhe mlctOlt'tphne
' Ignal-eomblner prlnled ClrC\Jit board, bul hom
the e. penmental aspect It is more ccoveoent
to relaln the plug. and sockets
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4.
CONCLUSION

Thel ignal eableslrom the two loop Vagll are now
pJuoged Into the end socIIets 01 the IIgnal
combmer, and the combined output lignal il
available from me middle socket.

Finally, the Signal-combiner urut II I trapped
centrally to the rear-most ere... brice' by means
01pla,tlc ratchet-type cable tiel, then lhe support
rod II bohd to lhe bit brackets and ill lower end
Inaer1ed tightly into the base Iland

The anlenna is now ready lot UM
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Gunther Borchert, OF 5 Fe

Universal Synthesizer for Frequencies
up to and above 1000 MHz
Part 1

TM following anlcl. de.crlbea a frequency
aynlhealzer circuit who.. hardware mual be
compllmenled by appropri8la toftwarll In
Mdar thaI It can be conditioned 10 fulfil a
variety of functlona. The hlg~lt frequency,
for the time ~ng, II about 1 GHz but the
further development of the p,.lIC8lar Metlon
can INd 10 Ihe a.tanllon of thlallmlt 10 higher
raalma. Owing 10 the employmenl of the moal
modem Inlegraled lechnology, Ihe perform"
ance cen be achieved with the minimum 01
power con'umpllon thul m,klng II v.ry
'ultabl. lor poneble wo/1(, B.,ld., Ih.
dlgltel portion, two dltt.rlng oaclll'lor circuits
will be considered which .re op!lml,ed lor
Ihelrequency In u...

' ...

1.
CIRC UIT CONCEPT

1.1. GeMrel

The buic idea 01 • PU , ynthe,'zer OllCdlelor
il 10 prOduce I mutlltude 01 Ireq uencie s with a
dellned Irequency aeparahon by mean, 01a main
oscilla tor and a relerence oaellialor, utiliSing
digital technique, 10 achieve Ii'll' aIm The
Iheorelical advan tage wllh lh,s method II Ihat
no rnixer or liller. ar. nec., sary In the ,ignal
palh and ther.lor. lhe prOduction 01 unde"red
SPUflOUS mIx,"" product. II avoided

-,I ~ ,. " ..." '. ..,...-veo •• Iw ..... "'tec'o' dlw .... .

" " ..
.. ...

l llte, ..r ... nee
0.,,1I1 . t<..

DFSF(
Fl1I . l :
B••te blOCk .ch.....ue 01
• PLL .ynlh,.Il.r



The output Ilequency of the Voltage C:Of'llrolied
Osci llator (VCO) is brought 10 lhe reference
frequency f, via e programmable diVIder N U

shown In 1111 . 1. This relerencelrequency repre·
IBnt' lhe frequency eapalallon of all fulltaPOlltlon
,'On,11 which lorm lhe output "comb" 01 Ir..
quef1C~' - or channele . The diVIder R divide.
down the outpul lrequency Of a cryslal<.ontrolled
reference OSCl llalor 10 the value ollhal posse ssed
by lhe separatoo (step) frequency - Ihls " again,
the relerence Irequency I.... The cryetal OSCillalor
08!8fmi,," the frequency Ilabi~ty 01 aMthe Ir.
quencl8S ava ilable in the output , The two derIVed
Irequencles are then compared In a frequency
and ph... delector ,Thi, delivers an output pulse
train which varies In accordance to which of the
two comparison IreQU&f1Ciel Is the hlllhftit This
pulse train Is then filtered and the Integrated
output , wnlch lonns Iha \l,Jnlng voltaoe , then
controls Ihe VCO . The Circuit thereby caUIBS
Ihe two I"PU!S to ttle phase delec10r 10 lock to
oelher and melntains them in ttl ie condltoo by
correct lngltle veo u reqUIred , When now, the
drVlder N Is required to shift 10 • one hlQher
Increment in Irequency, Ihe frequency al the PO
al that iflllanl, is Iowet' lhan thaI demanded
The veo Irequency is then raIled until the
origll"l8l condltlOna 01 frequency b.llance ara
achieved The outpul lrequency then move ' up
to the newchannel. The whole proce.. Ie enec
lIVely lhe same, bUI revereed , when lhe value
01 N II required 10 be ' mailer .

VHF COMMUN ICATIONS 2190

The tectlnlcalIlmrll ollh.a procen are set by the
programmable divider, Becauae ol lheir interna l
IranSlt 11m.., they have a relahvely low. hlllller
Irequency limIt W,Ih ECL Chlpl , thiS hmrl liel
around 60 to 80 MHz and Wilh modem C-MOS
ICa, 15 to 20 MHz can be achieved. The direct
use 01 any ICe for Ih's purpose la not possible II
1"5 MHz. The Mmll lor h;ghly InteorlllKl dividers
in both MOS or Inm Is not very much higher. For
aMhigher Irequency appllcations the veo fr.
quency mull be brought down to the frequency 01
the proorammable dlVid8f, The,. are thr..
lechniques tor dorng !hil '

- Mill ing
- PLL Witha had pr.acal81
- PLL With a , wltet1eble pre-scaler (awallow or

modulul divider)

The Ilrsl two lechnlques Will now be conSiderad
brieny logelher WIth their relative advanlages
and diudvanlao... The third Wi" be described In
aomedetail ,

1.2. The Mixing Synlheslzer

The block dlaoram 0/ 'Ig . 2 (M erl from fig 1
owing to the ackll!lOII 01 a mixer and a local
oadllelor . The local oad llalor workl at a fre
quency whiChil 5 10 10 MHz lower Ihan the VCO.
depending on Ihe type 01 dllllder in use, It is
crystal conlrolled and could also contain a
multiplier .

--,- Df5f(

1....U.. ·W l~

veo .. 1 X ~r·lo·~ : N 'v PO • : R

"' "'"
II .... ~~

.-,111.'..
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'1g .2:
I pltlaslur with
",I• ., erod local
oloCllletor
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The advantage 01 this Circuit Is that , despi te a
small . tep IreQuency, a signal With a relatively
low phase-nolsecal'l be obtained . This, 01 course ,
presumes that all oscillators are const ructed in
accordance wl1h good practice and that the rest
of the cirCUlI is very care fully dimensioned.
Puntierrncre. a quasl·contlnuous tuning can be
realised , llthe local oscllletor can also be tuned
over a small range. A large proportiOn 01 modern
radK) equipment , having continuous luning,
works using this principle . It cIoes reqUire a
cerlain comple_ity In the tuning circuits but thiS
presents no dlfficulll es lor modern micro
crccesscrs .

The disadvantage 01 this circuit is the comple_lty
01 the circuitry Which is required. looking al
circuits whiCh were publlsh~ some time ago In
VHF COMMUNlCATIONS, tor eKample · SOd
.....Ind· by DJ81L in (11or the 2·metre Iynthesizer
by DCl OW In (2), Ilcan be seen that aswell as the
actual digital pert, whiCh did not need alignment,
the local osclilator multiplier and mi_er stages all
.....ere present. This SOrl 01cirCUit technique Is al
ways prone to the risk 01 spurious outputs and
lalSllocklng 01the PLL.

The use 01 the mlKer limits the tuning renge 01
the cecun Theore tically , band segments are
received whose range edendslrom zero Herz up
to the rT18Jllmum working IreQuency ot the di
viders. When. broadband equipment ill requrred.
severer down-eonverSlOns (wllh their oscillators)
are necesSlry.Another problem occurs when the
local oscillator is brought too near the worxing
IreQuency inasmuch that the PLL locks to me
image lrequancy.

ThiSwould mean Ihat lor a universal syntheSizer,
a different miKer crystal must be employed IOf
each applIcation . This also entails a dlHerent
dimensiOning 01 the multiplier tor each case .
This is a much too high a price to pay in terms
01complexity and on these grounds the technique
was not considered IUrlhe r. Another dlsadvan
lage is that the LO is normally very close to the
outpu t IreQuency. II the whole unit Is not very
carefUlly const ructed , a large component 01 Ihe
oscilla tor power appears In the output. Flltenng
out Ihe unwanted LO power is difficult OWlng
10 the close proximity ol lhe wanted signa t.

1.3, Synth• • lzer with Fi xed Pr. Scaler

ThiS cirCUit obviates the use 01 local oscUlators
as the diagram 01 fig . 3 shows . The CIrcuit com·
plexity remains within bounds and the actual
cirCUli has no alignme nt slages to bother With.
Tha overwhelming disadvantage lies in the use 01
the Ilxed pre-scaler. The Inherent problem Is thaI
me size of the Incremental steps cannot be con
slant as they are delermined by N . M whare M Is
the dividing lactor 01 the pre-scaler, In order 10
obtain the required constant I teps in Irequency ,
the relerence Irequency must also be divided by
M in sympathy. But this means that th. relerence
Irequency must drop WhiCh has a dele terious
eHeet upon me phase loop (S88 !Iller calculation
in appendix). Owing to the low rele rence fre
quency. the lOop Illter must also be designed
lor a low limit frequency .....hich entails a lengthen 
ing 01 the time req uired lor the lock to occur . This
is unacce plably long .....h8f'l, in operation, large
frequency spans are switched and the control

101
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Fig. • :
I~"'healz'" with I
clu-fll-modulul pr...~'"

",0118ge II hunting lowards the lelected Ire·
quency Il ls tolerable only lo r I lxed channel equip
ment

A low ·lr8QtJency loop l ifter also tendl to Inh,M
the property of II'Ifl loop to phase out spuriOUI
SIgnals. Also. lhe reference Irequency tends
to appear In the loop conlrol voltage whICh
causes 8 speclJal comb ollrequentlet to occur
In lhe output 01 tl'lfl VCO . Th,. problem II, 01
course , inhe r8rl1 on all synthesize r. bot tl is
. xac.rbaled when the loop frequency il low
Circulll 01 thll Iyp8 h. .... been described by
Hetpert (3) In hil "Gatl. nzw. rge" tranSC. IV.r
arlicl.

Thtl 1000m 01 ercuu II very sUitable when tl'lfl
required I lep Irequency il to be v.ry largtl as,
lor example, In a conv8f'ler local osdllatOl'. In •
23 em tra".vener, lhe local OllC~latOl' could h.....
Irequency ir'lCf'ementallteps 012 MHz Thli would
enlalla relerence1r equeocy ol 31,25 kHz - ....en

'. ,
.,. 01 roT

II a diVider scaling lactor 01 64 II used. The
technique IS al80 suitable lor employment as a
local oscillator lor a dOwn-oon...e rter I ynthesizer,
bot the Irequency planning muSl be given due
conlideratK)n (.). The output tignal contain,
no I()UfI 81 only one oeclllatOl' .. working It 's
not euitable , hoWever, lor the planned univllflal
lynlheSiZllf ., the reference frequency mult
S!nll; to.n unacceptably low ....lue

, .4. SynthesIzer w ith s Varl abl. P,..Scaler
(Dual Modulus DIvlde,)

In lh ll type of circUit (fi g. 4), a pr.·leeler having .
....ri.bl. divider precedel the "N" -dlvider, Tha
d'\llstOn lactor can be sWitched ov.r by • cont rol
logiC Irom a programmable divider. Tnil hal the
etl8CI thaI the inlandfld slep Incremenl, are
OOla,ned desplt. the pre-.ca.lOQ and WIthout
changing the releranc. Irequency, The loop il
• .1"81 to artenge and doel not carry 'he d,sad·

DFSFC

;;. _I_I.
<UIUOI __ ._- .:b~,. f- -PiP • I A "

..-I
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fig . I :
Pr1 fICl~ of clu./·
modulu. pr.-1oCI1w
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Now It may be lmaglr'led that M II a decade valul
(bener,. mU~lpller by 40) and A II '" uOlts (Arunl
from 0 10 39) Under the c:ondIllOOl Initially
menlloned.thal M must alwayl be graaler than A,

'03

When conSIdering thil procedu'a, the following
hmlta tlOl"ll mUl t be mentlOl'l8d The moat Im
portant one II tha t Imposed by Iha pre-acale' ,
Thll has a lowlr bmlt, be naath whlch .I'8QUenClel
. ra com pla tely unobta inable .1 Ihalormula 01(1)
is ' esolved, the ' a. ult wil! be ob ' alned lo r when
P _ 40 (typiCal value 10Ith••a pra-aca~ls ) :

N _40 . M .A

atter P OSCIIlatoonl 01 IhI veo II II dacrlased
by 1 until n allo reacheszero I a 1M-A) • P The
OUtpul 01 the counllf controll , on the one hand.

the phase d1acnmll"l8tor. and, on !he 0ItIar hand ,
N reset logic . Upon the M counter leaching the

coun t of zero , bo1h counters are r8lll1 bad< to
thelr ongrnal COI"IOtbon and !he whole cycla
IlarW" 0V8I' again .

The loIal numtJer 01 OIQIlallOl"ll whIctI wera
undertaken by the veo '" order to run lhr'ough
Ihil HQUance Of ....ents. .. a conseq~ Of
the sum of the A counler A • (P • 1) and the
tafTIII lndar sum oflhl M counter (M·A) • P, lhat
means:

tn order to clallly ' hiS, an actual numancal
e xample is conSidered .

P _ 40,11, P +- 1 _ 41 , (detelmlned by the type:o l

pr. acalar).

The M counter II pr.adlulllCl 10 the Ilgure 362
(M _ 362) .

The A counter II pr.IdJUllad 10 the tl9U,. 20.
(A _ 20) ,

Thl means lhat the veo SIgnal IS d lVl6eCl 20
IllTlll by a factor 01 41 and than 342 lImes (M-A)
by 40. This resutll III alOl8l dMlOt 01

N-. . 20 . 40 .362 - 14500

Ths counl II appropnata to a 2 metra transmrner
whoch is tun8bll ln 10 kHz InCrernen1S :

N-. . 1.." - t-ee

(1)

N.ot . A (P . 1) +- (M-A) . P
- A . P + A + M . P- A . P
- A + M . P

vantages Of a had pre-lC8lflf SImply pro
grammlnO the main drvIder allows a very 18roe
I,equency '... 10 be spanned. mak.ng !hlI
CIrculi vananl seemsa SUllabIe canelldala for the
unrverMIlyntheSlzer a.eause 01 1M aoMrlce 01
an lQ.,rufIf \tlel'a arl no tunong points Con
I'"UOUS IufW'lg , . ,!hIn c:ert81l"l nil. II poMIb18

by malung the ,eference Ifequency lunablt

Al "rl1 Itght, !hI1 type 01 frequencypr~ng
IMITlI rlthflf compIIcatl II1M compIeIl dl\'ldef
block II closely allalTllned and the leQUenctIS
taken separalely, thfIfl II nolhtng Iflfrlb/y dlthcull
abOul ,I The diagram of f ig . 5 .,1 na1p 10 a .plaln
1IIIuncll(lr'l

Thl 10010\'I'Ing c:ond,ll001 are assumed 10 begin
IhalunC1tOnal a. p1an allon :

t The p'a-lCa le, dIvide. by la clor. ot P and
P + I , . .....,Ichable vi8 1he mod ulus con trol,

2, Tna divide,. A and M 8' a down-ward.
cou nte,. wh(;1'1 , logelnal w'Ih a ,e sel po ll e ,
arlt H t 10 lhe pre-deler mlned value, both of
whICh ara not allowed 10 underMow re rc

3 TM A·counler IS alwlyl sel 10 a ameller
number than lhe M-counlflf . h lCh means
tha lli I tWI'1'1 the flrsl one10 raae:tlzaro

It II usumed lhal both counta" have Just been
set 10 tMIr pr..-delem'\lMCl value end Ihal 1M
COUf'lllng eycM I'IU IlarICtd al IMh. It II now
neceuary 10 COfI$Oder how many veo~
IallCll"ll .,e necessary '" order 10 obIaln \hI1
concl,toon age,",Thil numberwilltlen CCIl"l'esponcS

10 the.c.lll"lg lactor of the ClfCUll,

To lIart wtlh. the pr.scaler tllWlIChed 10 P • 1,
Since the A and the M counl.,. nave been
IWltc:hed In pa,aIIel. eae:tl tnTia aftflf P + 1 0IClI
laloOOl 01 the veo by In Impul.. lrom lhII pr.
scaler. !he counter condIllon II s la pped one
lower . II, lor a . l mple, the A counta ' ha l been
..1 107, "has raa chedzaro alia' 7 • (P + 1)
(Ot' In gene ra! 811ar A • (P + 1) OllClUalions, wllh
A II lha pra-determined valua , Because Ihey ar e
connected In parallel, Ihe M counter ha. also
cleereated by a cccnr 01 7 (Ot' In gene'al, by A),
Itl actual valua II now M·7 (M·A). The A co unter,
upon ra achlng zaro. iOltlat., a l.gnal whICh
IWltches thl pre-scaler over Irom P • 1 to P The
A counter klckt ItHIlIO Ihatll nowworkl only In
COOfuOClIOn WIth !he M counta' Now. aaetllllT\e



results in the lact thel M must also be al least
equa l to 40. Whan M is smaller, the reset coo
dition Is attained (counter A and M are connected
in parallel , see 11g , 5), before P ~ 1 is switched
over 10 P . In Ihis manner, the unils presented bV
the A coun ler are never reached and the process
goes no lul1tler . The minimum divisor 01 M must
therefore be:

N..... . 40. 40 • 1600 or In ganera l N...... (p )f
(2)

This condition Is importa nllf l he pre-scaler has a
large P, because high Irequencles musl then be
processed ,The PlesseV NJ8820 used here (10 be
considered rater in rTlOfe deltlit) has a specified
worst-case worlt ing lrequency ol10.6 MHz. This
value should not be exceeded bacause it causes
interference to Ihe Internal pulse !l8quenclng
(the Internal gate lransiHimel limll Iha scaling,
depending upon lIle adjusted numerical vatue
01 the divisor) . Thll resulll in Irequencies being
generated other than Ihose which have been
pra--delermlned (e,g. some channell more or
lel8). For a 1.3 GHz veo a pre-scale r With a
divisor 01, torexample 12811 29 lhould be eooeen.
The mallimum inpul trequency to Ihe PLL chip II
Ihen apprOl(imalely 10,2 MHz which II Jus. aboul
admissible. The minimum divisor is therelore :

N..... . (128) ' . 16384

For a required Irequency incremenlal step ol sav
10 kHz the lower limit would be : 16384 . 10 kHz _
163.84 MHz. This arrangemenl would nol be
very suitable lor a z-rretre radiO. A lurther limita
tion is occas ioned bV lhe PLL chip itself . The
maximum value lor M II here 1023 end lor A ia
127 Ilor NJ8820). The dividing proceu Irealed
here would result In the evalualion 01the division

_ factor lor a Irequency in Ihelollowing manner:

MllJUmUmworking Irequency/step - N-... (3)

Value for M counter : M - N_ /P (4)

104

VHF COMMUNICATIONS 2190

From this reecn the whole number betore the
comma is directed to the M counler. The value
alter the comma is again multiplied bV P, the
resulting whole rlgure Is the value lor the A
counter.

For example :
Mal(lmum worIting Irequency, 1300 MHz
Channelllep, 10 kHz:

1300 MHZll0 kHz - 130000 _ N....

M . 130000I128 - 1015.625
M _ 1015

A .0,625 .128 -BO

This exemple makes il clear thaI the limll for M
is ;alher ex:tended, II, using Itlls calculation, lhe
upper ~ mit is reached , then anolller step must be
chosen in order met N.... il reduced; e,g, 25 kHz
- or anolher scaling lactor mav be required .

The disadvanlage 01 Ihls PLL lechnlqu a Is teet
modulallOn of the loop conlrol -voltage wllh lIle
switching Irequency ol the pre-scaler takes place.
Because 01 Ihe conslanllv changing pre-scaler
diVisor, the pulse-Iengl h et the input 01 the phase
detector also changel. Thll supanmposed fre
quency is very low making it dillicult lo be liltered
oul in the loop . It manilests Itsell ss an audible
rumble In SSB receivers. This indicates thst
this narrew-band concept lor the synthesizer
is onlV usable wllhin certain limits. Owing to tha
use of the double phase-detactor and bV carelul
construction , this feed-Illrough can be kepi to low
Iimi' s , In commercia ! practice (Signal gene rators
up to 1000 MHz lrom almost all well-known manu
lactureB), thll eHect II minimised bV' judicioua
amount 01 a counter voltage, Thi, II possible
since the lupenmpased Irequency Is derived
directly "om the division factor and can thera
lore be used lor compensation . Th required
complellity II extensive and would be much 100
much lor any home-brewed amateur equipment.

To be continued
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Gunter Sattler, OJ 4 L8

A Uni versal Sound-Vision Unit
for FM-ATV Tran smitters

The un l1 10 be de. cr lbed d llpllyl c ha rac
le rl. lles whIch JU I11fy Ih. clel m Ihilit II trul y
unlver . el .

The compolile IlgnsJ compr ise. the proceSled
vc ee l'Onlll Ina the Irequency'modulated
souna Clrnllf , The so-called baH-bli nd Ilgne l
II I VI .lable 1\ I high tevttl t. V. I 1\ lhe 15 II

coax,al output As any video l ignal a' thiS im
pedance, II can be laken via any length 01coalua l
cable (tlg l. t l I nd lb). Thll module does no,
hive 10 be In lhe vICinity 01 the modulated GHz
oscillatorl lor Gunnplexerl ) and " can . mofeover.
teed two ATV tranlm,Mef. Ilmu~aneou.ly

(flg . 1c)

r----- -------,
I llo f · .,0( 1 '

,,-4 eo... ." .. l. I I

I'1g, 1b:
LneI MlJuI IlMOnl ual"i!1 15 0
pH Ilthl IIldIo-aouncl output

t, J

,..----------...- ... ... , · .,0(0 ,
Ifl_· ) · lIa l\.,\ C M • • I , :- 0 .
uu

:j-' :t- o
1 , ,

OJ4lB 010 I I

n
n

" .j\ CM• •

DJ4lB010 'If· 1c:
Using two veo. M •
" Ideo -.nd output
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The polarity 01 the processed video signal il
reversible This lacility may be neceasary under
three Circumstances as explained In (1).

The sound-carrier CirCUit is suitable lor all tre·
quencles which are used In both amateur - and
satellite lelevlsiOn (approx. 5.510 7.5 MHz).

This unit il setl-conlained inasmuch Ihat all the
components necessary lor the eeee-band
processing. including 8 supply vollage tor electret
microphQ(les. and a Video block nuer are ln

corporated. Thus, no addlhOflal modules should
be necessary

The relatIvely high soptusneencn not only eo
sures a hIgh sound and VISion Qual ify but also
serves 10 limit the modulated spectrcm to that
wh>eh IS oecenary compaubie With the Iidelity
offered

1.
CIRCUIT DESCRIPTION

The comple te CirCUli 01 me universa l
vision uflil may be seeo lo fig. 2

sound-

were to be expenmeolally applied 10 \he output
01 the video-amphlle r at pin 3. the onglnal signal
form II then festored . as in IIg . 3b

1.1 .2. Video l ow ·Pas l FlIter

Expenence has shown that many amateur video
signals are transmitted wllh components well
in excess 01 5 MHz. Thi. is not normally to in
crease the resolution (exception: charaC1er·
generators elc) but the result 01 uonecessarily
abrupt svrc- and blanloog pulses. Video signals
components which are higher in IreQuency than

1.1. Video sree••llog

1.1.1 . Video Pre-Empha. l.

A 6 dB pad precedes the pre·emphasls network
10 the signal path Irom pin 1 The PE·netwolk
allenua tes slgoals Iowel lhan 100 kHz by some
14 dB (2) whilst allowing signals 01 greater than
approxima tely 3 MHz to pass Wi thout enerwenon.
Both BAS and FBAS signais ccotam relallvely
large components at IrequenCles oYer 3 MHz
which remain largely unatlected by the PE·
networll but the 101m 01 the composite signal
has been clearly changed (I " fig . 38). It will
be seen that the Videolest,slgnal has encroached
deep Into the synchrQ(liZlng pulse area and
exceed s the amplitude ot the sync-pulse. ThiS
would preclude satlslactory synchronization
in any maMor1 The SIgnal relative amplItudes
must theretore be restored In the demodula tor
With a de-emphaSiS network (2). II the tetter

Fig. 31 : Une lrwquenc:y:
beforl pr..mph..ll (below), Ill ... p""
....ph..l. (.00..-) ualng u meun it ae.ll

Fig. 3b: Llnl Frequency:
blilol'll~ph..l. (lbovI), I tt...~
Imph..11(bel ow) Ul lng U mi un it ae.11
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Fig. 4 : 0 - 20 MHI 1211 blOCk fln.r

5 MHz cannot be displayed in a normal PAL
norm monitor and therelore It IS not necessary
lor lhem 10 be lransmlned in the lirst place . They
can cause modulalion to the sound carrier which
lurther increases the totaltransmmed bandwldlh
in the range 5.5to 7.5 MHz.

These unwan ted high video components are
removed by the low-pa ss Illter which has a 5 MHz
limit Irequency. The LPF Is loca ted In the video
palh shortly belore it is combi ned With the sound
carr ier. A suitable li lter here would be the pre
aligned "video block-li~ers~ whICh are available
In a miniature LC-technoIOOY· These may be
obtained Irom Compane. DOsseldorf under lhe
deSignation 5 VFQ 1218 (or 1919).

FIg . 4 shows lhe video-output frequency re
sponse With lhe IiIlar lilted between pin 1 and
pin 3 (Without pre -emphaSIS), Both nner types
altenuate entrequerce e above 5,5 MHz by more
than 30 dB The liMer 1919 is charactensed by a
wider video bandwidlh mak ing It SUitable tor
character and computer Iransmission bol the
· ' 218" has a higher allenuation in the vicinity
01 the sound carrier between 5,5 and 8 MHz
These small diffe rences do nol. in pract ice.
appear 10 make a great deal 01 dillerence even
with a variety 01 video sources. SO it is quite in
order to select on the baSiS 01 what is available,

Fig _5 derTlO(lsfrates the effect of ltI8 described
video block -Wter on a BAS signal. It can be seen

lOB
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Fig. s:Dna 11M 01 B,W vkMo : MfO,. thot vlfHoo block
filler (bel ow), a rter It.. block ' Iller (above)

tha i the high-frequency components of both the
sync and the spurious needle pulses have bean
suppressed atlhe end ol,lhe Iront black porch ,
The origina l valua of the voltage has been halved
and thereby the sender deViation - lor the same
video quality!

1.1.3. Video Ampllfler

The inlegrated Circuit I 2 (NE 592) delivers al lts
output (7 and 8) two equal amplitude video
signals bul 01 opposi te phase 10 each ceer.Tl'ley
are taken on to 13 4 . CMOS SWlfch (CD 4066),
Two 01 eeee CMOS-SWitches form the actual
video change-over. The OPPOsite polarity control
voltage switChes !he other ·conlacts· in the chip
10earth ,

The drive to the complemenlary output stage
T6IT7 , is a convenucoetx 4-1ransll tor atage (T4)
and I. necessary eececse the Undl&tO!'led output
0112 is Oflly 3 V• .

1.2. Audio Proc...lng

1.2.1. Audio Amplif ier

Figure. tMI, b end c show the Circuit delails 01the
connection. of the variou s microphone types to
me audio ampl i!ler . These Input I lages ar.lilted
With 8 single lOw-noise transislor as standard
ICs. even FET Input types SLlCh as the TL 0741
084 . eKhibit 10 dB more noise. A carelu l ccmcc-
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nenl layoul and arTangemenl of the board con ·
ductor Irackl avoid any Inl.,·actlOn wllh lhe
viOeO Clrcu,ll aharing the common PCB and ..,....
to pr....."l the ingr&Sll 01 the video voItIoge al
1S kHz inlO lhe sensllive mtC,ophooe ampllherl

DJ4LB II IU· l v l

)-wI !Iectftt .uJuo

DJ4LB D l U · 1VI

..,
l-pa l &l.,;tnt -.lM

Fill. lib , 2-po le elKtrel m.crop ho.... eonnac:lIonl

DJ4LB

' .2.1.1. Audio Notch-FlItar

TV rllCelVerI and mon ltorl r.oiale lhelr Ime
frequencia. not only In en eloctncal lashlon bU1
also audibly . II il hardly avoidable that any
microphone In the viCinity will pICk up this 15kHz
lone and teed II. logether wllh me speech I'e
qu8l'lClM . Ihrough ltle audiOena,n Fig. 7 above.
shOws lhe AF volIage corrnpondlng 10 the
spollen •A.. and which 'I being modulaled by IJ'Ie

line Irequency The consequence 01 thl'. " a
1S kHz ~aced spectral comb on the IOUnd
eemer and/or an eutomabc overloading of the
audIOampl lhers whICh r&IUIIi in a lowerdeviahon
lor the speech IIgnals. Thl, may be aVOIded. a.
'hown In Itg 7, by ltle notch· hll8f comprl.'ng
L1 tuned to 15 6 kHz. The e«eels of thl, IItte'
may be aeen In Ihe lower t,actl 0' ' Ig . 7.

f ig . 7: Ii .po"'" "Ii"~lM rtOleMItt. (aboft),
an... the rtOlc:....',tl... (!*oW)

1.2.1.2. Audio Pr..Empha,la

A slanda,d 500 ~. p,e -empha.,. network has
been included in Ihe audio SIgnal path.llIlunctlon
II deSCribed In detail In relerence (1) . ..

1.2.1.3. Audio Low-Pa..

The 0011e scectrum 01the InPIJI stage does nOI
end al the AF Iimll frequency In addition, Ihe
presence 01 the audio pre-emphasil network
boOSlI ll'\e l"l(llae al3D kHz by eome 6 dB ,elellve
10 ll'1al al 15 kHz, The'elore, In order 10 Ilmtl ll'1e
audIObandwidth, the tal t stage of me AFampll fler
Is l ined wilh a Butterworth characterlslic , low·
pan line, wllh a 15 kHz Ilrnilfrequency

1.2.1.4. Automat ic Level Control and Dynamic
Compre••lon

A laSl-acIlng contrOl circUit influences the .rnpll·
hcallon 01 trlns,slor 'r t . thIS has the eff«;t of
redUCIng ltlpul amplitude lignal variahOf'lI 01

' 09



between 1 mV. el"ld 70 mV.lo en elmosl coo
slanl oulput lIollege 01 5.5 V. et TP 2. ThiS
se""'e' 10 gille • del lned Irequency delllallon lor
lhe TV·sound cerrler.

1.2.2. Sound Cerr ler aene re llon

The speclra l purity 01the sound caf'flerdemanded
In (1) can be allamed by a combinatlon of eeccu
meaSlJre.

A lIery I mall currenl (03 rnA) through the OSCII·
lalor tranSIstor T9

Galllante coup/mg lrom !he not end of lhe lOw·
harmonICoscillator luned-orCUlt 10gate 1 01T10
It will be apparent , that becauMl of thIS. the etled
upon ee oaclllalor frequency when 11 ia being
ahgned. &Ither by lIarying lhe luning IIOIlage or
by de·tunlng lhe tuned-ClrCUII U core, will be

• some JO·tlmel I malle r than WOUld be lhe case II
the coupling had been taken directly Irom the
source Ilia e coupling capac llo r In the normal
manner .

Frequency. lndependenl coupling 10 the 75 n
output ilia. capacllllle dllllde r Instead 01!he more
usual 10 pF capacllOf direct lrom the hoi end.
also lalIOUrs lhe eupprelsiofl of harmonics.

AI the &p8Cl118d d8\lialtOl"l01 i: 50 kHz, extens lll.
lests halle delermlned thaI at a mean DC-oper·
al lng point on 1M lIaneap of 9 V, only the lIery
l mallelt of dll lorllOfl la measurable

11.
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Fit . • : LIM 01 grey "epa w ith ~~trIef
com ponent ( - 1:1 dB )

1.3. Video-Sound C.rrlfl Coupling

The aound-carner lIoltage IS laken capaCltfllety
Irom the 75 II output. pin 3. 'rrns has lhe ad·
lIantage OI/era common output lorboth lIideo and
llOIJnd camers Ihal lhe sound camer IS nol
allecll!d by excessille vcec over-mceuraton.

Fig. a shows a lest picture lakenlrom one of the
outpu l sociIel l whICh has flO eoec componen t
Fig . e I howl e sound camer whIChhas a - 13 dB
(&WOx 23 % 01 the \/Ideo ampliTude) 01 veee
modulahOfl.

2.
CONSTRUCTION

2.1. Prlnt.ct Cl rcul1 Boerd

For Ihe reesona gillen in 1.2.1., lhe module il
bel l conal rucled Ullng the copper ·loll , single
Ilded: ptll"lled clrcull board designation OJ4LB
0 10 Iflg, 10). It Will be lound conllentenllo Instell
the propn.Taty COIl L2 elter adjusting 1111111 to an
Il"Iduelence 019 5 ~H

II the aound.earnef O$Clllelor II required to work
on e frequency olher Ihen that 01 55 MHz . the
lOUt(» reslllance 01 T9 must be changed to
BChie118 the same RF leIIet The appropna le
r8Sll1ances are gillen in lable 1. 11 may also be
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'- "-~ AF von. at TP 2
lor 1: 50 "'Hz dev iatIOn

55MHz 10 '" 54'0'.
80MHz g 1kO 5.0'0'.
85MHz 82kO 48'0'.
70MHz .. '" 42Y.
7 5 MHz 51"'0 40'0'.

roeeeaary ~ cnang. the valult of the 47 kfl
rnlSor In ..,... WIth the -1M.IdIO ~ Me
poe~ in~ 10bnng the IPtdIed~
IMO !he r..-.ge of this poe'mew

2.2 . Component 5e6ection

'n : Be S50C. BC413 C (\ow-fQM NPN)
T2 Tl5 BCS47BOfeQUIY (NPNJ
n Be SS7 B or equN , (PNPI
ra T8 BF 2M C or BF 245 C (JFET)
no. SF i8OOf"UIY. (oo.MOSFET)

I r.n 084 or n074
12NE5i2
13 CD 4Ol56

1 reclLED.5or3rmlOf..U. - 1 8Y
1 lEO. arT)'

3_saldooctM 1N4148Of~
1 ZdIodeg 1 V
1vaocap 88 eoe (s..m.n.)

Ll Induclorappro~ .32mH

(~-Type5902)

L2 " L4 InduetOl' appro~ . 8 · 10 /oIH
(Neoeld5800)

2 'emla bead. 5 mm long

ce,amlC Capacltort w~h RM - 2 5:
2~ 4p7
1 ~ lOp
1 . 47 P
2~ 'n(RM -2.5end5)

Slyrolla. Capac~orIr

2.'50 P
1. 220p
1 . 330p
h 470p
1 • 18ge pF (3.560 p)

MIC.I (TK . O}:
C2:220pF

MKH-c.pa. (s.em.ntl. RM _ 7 5 and 10
4. 22nF
,. 47 nF
2.,oonF
2.220nF
3 .470nF

Elco. 16 V. upnght. RM . 2 5:
8 ~ 10/oiF
2. 22/oiF
4.100 /oIF (Of RM . 5)

EIco. 16 Y, honzorul. m&ll 18 mm doa . m&ll
30 rml long 1 • 1ooo,.F

Pr...e.poe'~, hOnzontal.RM IOf5
1NCPl1., .... 5 .... 2!k.1(1Ok

ThlI IoIowlng 4~ .a 10 be klund In IN
E96Mrie$:
187 O. 75 0 (3 ~I . 301 O. ega 0

Nole:
RM • lead IpaCing (rml) .
Elco • eledrolybc capecdOf'

The ~ature Mtt of the IiOUf'lO.Camet oec:I
lalOt' dependa targely upon !he type of tuned
CIfCUl1 cepecrty u.d. Wo1tla~ature change
of ~t. + 1- C the tolIowlng Ifequency changeI
ara ~ be expected UWtg the nxated typet 01
capeoIOf lor C1 and C2

~l .. - 250 Hz (Ityfone.)
~l .. + 350 (mica)
tol.. + 100 when C 1 II _tyrOlla. and C2 II rntCI.

Once Ihe pto.imrty aHecll 01olher componenll
hava been adjuSled lor, Ihe sound carrie ' will
wOl'1I In a I tabla laahlOl"l aven wllhout anctoellra
In a metal houling .

2.3. Houllng

The Euro'ormal (100 . 160) board mounted w~h

5 mm Clearance abOve1he hOu..ng ftoOf , WI" l~

/tIto a propnetary tln-pla la be. whICh hall helgh l
ot3O rnm - see fig. 11.

When winng the connector lOCkett, the following
points a,.. 10 be obMrved The mICrophone-
cable ICrael"llng manlle shOuld no! maka conlact
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'l¥lth the metIIl of the houaIng It muM be taken
dltectly to h PCB poin1 mattted -OND Audlo- ,
Thle ippIn .Ieo 10 lhe 'tideo InpUt~ the
cable mantle must be taIlen 10h point marlIed
"OND VIdeo· , ThilIsIlmPifIed OWIng 10 the UN
01 DIN "diode lOCk.· lot bolh .udio and \Itdeo
If'Iputa Cynctl and BNC1Odo:.etI. If rllQUll'ed.
mu,t aJeo be In the leoI.ted vemons,

3.
COMMISSIONING AND ALIGNMENT

T.k. IIUP9'Y~ 101M ttY.. I*ta Of _
QrCUl'I InCl chick lhe curr..c~
VOIO MlplIAer: wMn IhortIng _LED-..en
T6 and T7.lhe o.n.....c:onampCIOn thOuld '''10
lOme 5 mA - the' fINII Nge~ c:::un..nt. "
• higher value II WldQled , try anoIhM typlI ol
LED (oIc*. dwtl. r.cl variety) Of perhapa, ttY..
lillc:ondIodn In .....

1M carrw OK:iIlIItor • edjusted 10 h norYW'IaI
lTequency by mMnS ol L3. l4 IS adlUst*llot •
mallwnum RF YOltIge at TP 3. Do not torgM 1M
__ Of plug~ A - Band C - O!

OptwailOn WIfhOuI video pr...mphuIa:
l)ndgII A - 0
<:>p.r.bCln WIthoutvideo block filt... :
brOgII E· F
When .11 pots ar. MIlo their mld-fsnge. the unrt
I, raady toroper.tlOn ,

3.1. Fin.Tuning

With pot "Yld8o 1e... I"• • dlU, t to obtain 3 V. at the
output pln 3 whll, t using the Ia~t normal YId.a
inpulllgnal. Or. IImpty adjust untll no ligna of
oyar-modulalJOn ara apparen t on the monitor
8Craen.

,,,
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1M audIO VOltage, at TP 2 ar. QI"*' In table I .
The adjuItment Of1he AF ...... canbe canled out
WIthout instnJmenli by~ testa from IfI8

TV ....

The 55 MHz IaveI can be changed during 1he
c:ourH Of • TV contae:I bul the IOUrICkamer
frequency don not dnft by morethan 250 Hz.

The pot .•dynamIc awnpreuIon- II turned onty
u tat that 1he noiH In~ penodIli
notaudible - u..~COl.l8Cled10TP 2
10chick 1hlI ,

3.2. Notc:h-F1her

To ..........~_. IMd In • 15625 kHz

..,.., 10 '*' 2 p ...., via a mCfopl'lOl.
wt'lld'l is Itandng doH to • TV ......, AdfUII
L1 tora "**"Urn 15 kHZ tlgNI • TP 2. l.MIng
doMPy ......108de&plICltOrS tor h 0.1 ,..F and
!he 47 nF. thereemor a1hOUtpulll/pln 1 wtI be
lS96 n - otherwise. put allNl~... In ......

and UN • In conjunCbOn with L1 10mnmlla ...
15kHz.Meuur.IM~Ofhpr"and

~ II with • fixed reII$1Qt ol aquaI v.......
Then me-edjUst L1.

4.
REFERENCES

(II Se.nlar. 0 .: Baugruppan torfraquanz·
modulier1a Am"aurfunk·FamMf'I~

(FM·ATV·5anderjln DanGHz·Beraichan.
Scriptum d... VortJiQa
32. Weinheimer UKW.Tagung (1981)
S. 181 - 190

(2) Qnmm. J., OJ 6 PI: Freq uency Modutahtd
Ama teur TalevlslOn (ATV)
VHF COMMUNICATIONS, Vol. 18,
Ed. 311986. P. 165 -1 76
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Andrew 88 11, GW 4 JJW

WG20 Dish Mount

Thl. artIc le describe. a meth od of mounllng
. mall 24 GHz parabolic d l.h•• on • phctc
graphic tripod, when they are leel from the
rear with WG20 or a . ma ller w. vegu lde. Typi
cal d l.h . Ize. e,. In the reg ion 45 ema 10
60 ems diameter.

The major problem w,lh Wa 20 i. that il is nol
really Slrong enough 10 support Ihe weight and
wind loading 01 • dish. To overcome this problem

Ihe author used a length 01 Wa16 whieh strue
lurally supports the dish on the tripod. Two
square Wa16 Ilanges and two purpose made
adapter, are used In conjunction Wi th Ihe WOle
10 make Ihe Wa20 fOCUSIng and support
mechanism lor the dish .

Figure 1 shows a photog raph 01 the compleled
unit The dish has been drilled 10 lake Ihe tour
tilling bolls 01 a Wa le lIange . Between the

Fig. 1:
T"- complM«! WG20
dllh mOlolnt
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FIg . 2:
WQ1610 . d.pI.r pl.l.

dish and Ihil "a oge is moun ted a WG16120
adapler. A shorl length 01 WG 16 connects the
"dish mo!Jnting" Ilange With the tripod mounting
brackets and the rear WG16 nange and its
WG16120 adapter. Squares 01 brass were used
lor the tripod mountIng bracke ts, but this was

Tripod _nU...
p l .. t . 100.1

only because the author had these 10 hand and
In lad orthogonally mounted rectangular bracke ts
wouk:! probably be more suitable . Two brackets
were used 10ailow the waveguide 10 be moun ted
either horizontally or vef1icalty. (It was tocnd
that me tripod 's own mechanism lor turning a

4 ..U . '

!j..,---'==::!O;';==='-- ...,i=FI /P - - - - nuh'bolU

'g!-- - - - - -t t1 ' 'n - ---------,---,,-------.: ", I
' '.. ---_../ . _. _- --_......-- --

..,,-

... 20 wa 20
rI ......

wall P i ......
"'",,",4 t o t .. _.

t _2U bolU
T~lpod -.oU... . ,_
pl.r..... 2
t~.4S.J_

Fig , 3: Construe1lon sc hem. llc 011M WQ20, 24 C HI dish mount
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camera on Its aide was not salls!aclory when
supporllng the weJghllnvolved.) The IwObrackets
were sllver·solelered 10 the WG16 , though leael
soIe1er ISprobably strong el'lOUQh,

The rear WG16 nanga has been drilll!'cl and
lapped raelially With lour 2BA or M"'5 bOlts.
These bolts, when l inger light, gnp Ihe WG20.
Ensure Ihal the ends 01 these bolls are smooth
betore uSing uiem 10 grip the WG20 . The WG 16
must also be e1rilled such thaI these bolls pall
straighl thtoliQh Its wall with some clearance,
Be!ora lead·solderlng thiS WG16 Ilange 10 the
WG I6 , Zlnc-plaleel bolts were acrewed Into
theae holes 10svoe mem lilling with soleIer.

Flgu.... 2 end 3 give malerial cetens. II III mollt
Important that the WG16 !lange ill mounlecl
centrally on the a~ls 01 the e1lsh, It II also very
important Ihalthe WG1&'20 adapters are made
accvrately to that the WG20 il mountael In the
exect centre 01 the WQI6, II thil II nol to lhe
raellalor will appear OM centre in Ihe dish. In
precnee a emeu amount 01 adJustmenl can be
made by replacing the M'" bolls with M3.5, or
even M3, and adjusting the position 01 the IwO ~

plates belore Ilghlening the bolls . A very Imall
adjuslmenl can be maele by selecllng the order
in whfch the WG20 li~Ing bolll are tighlened ,
The.. bolts should only be lightened finger
light to avoid di stortIng tIM wavaguhH.

MICRO-AMP with VOX/PTT
Low-noise GaAs-FET pre-amplifiers with
outstanding features and favourable
prices
2-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:

T..............nleatlo.... YHI'.comm..nlcatloN _ UKW-Tldlnlk Terry D, 8 11t11n

"'h",trlth 14. D-tl23 .....Mor!. T..1Ifon 101 133, 4 70. TtiI.. 1 21 117
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John Winsor, G a JXU

A Magneti c Loop Antenna for 2 Metres

Th. d. scr lbed anl.nna was Intend.d lor
mounllnlOl on a car uelng a magn et ic moun t.
How . " er, 11 may be used In o l her app llc:.llona
whera a compec t 2 melr••nt .nnale requlM .

1.
INTRODUCTION

The anlenos al seen In flg ur. t . i. constructed
from standard copper water-pIpe and plumbing

hxtur•• available from mOil hardware ,tore' .
The antenna i, omnl-(lilectional and horizontally
polarised II used In vertical poIari'atlon, lhe
polar diagram IhoUld be hgure-ol ·elght.

The antenna lunchonl on Ihe pnnople of ltIe
magnetIC loop. whICh ., elaenllally • MIlM"

tuned CirCuli in whICh the Inductor II a '"'lQ I..
turn loop A. high YOllage II d.....loped aero..
the capacitIVe gap , nence a YOllaga grad..nt
e~ I'fS arOUnd the penpMry 01the loop

For \he anlenna 10 worll wall n mUll g_a'a
a high currenl and voltaga . hence the a Will be

11.

Fit. I :
MSlIPletlo loop .nl.,.",

10, 2 """"
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high and the bandwldth corresponding ly narrow
(about 200 kHz ), The reeceent Irequency ia
intended 10 be 144.300 MHz wh ich Is the s.s.b.
calling Irequency.

To make the a high the Iossea must be kept
very low, and lo r this reason the antenna is con
structed from coppe r watar.pipe. Slurdy'"eOl'l
slructlon la also nece ssary to prov ide stabill l)'
IOf lhe resonant lrequency. The antenna ia made
to the min imum aize possible using 22 millimetre
pipe , It ia be lieved, however, that the size cocio
not be increased Significantly ceceoee the

ceceeteece reqUired lor resonance would have
to be impracticably amall. The constructor Is
recommended, meretore, Ie keep Itrtelty to the
dimension! supplied in flgur. 2 and to construct
the antenna aa accurately as possible .

It Is emphalliled that the anlenna Is eKperimental
and 11 not Intended lor ule in rain, because the
presence 01 waler around the capacitive gap (I lg .
3) would cause de-luning. The writer believes lhal
e plastiC "radome" around the an tenna would
resolve this problem, and the constructo r Is
invited to use his ingenUlI)'.

n U llOllT cou,~.

Ct l>1. h.. _n cwt

~~m,," ~~<: .-
/

/ " ~ : Th '\, ,, ,, ,l.. _ _ .lo

GOJ XU

,u_

I
- ~ -- ,

••_ PI'" ..~:-"..- .,-
/ '\

'-

'- •/ / -, \
~ .......,. PO. m

COlli . ,nD.. ~

LDD• • ' 0 _ DI Al
U -<:.OOIl co.... _I " II.' _ DIAl

Fig. 2;
D,~.lon. of tn. ....ll nellc
loop enl..,ne

'"
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2.
CONSTRUCTION

2.1, Parta L111

Item Desc rlp llOn Oty

1 Elbow 122 mm) ..

2 T.. (22 mm) I
3 Straight coupler (15 mm ) !

(It ia l1eC8.aary to cuI Ihl' In hall)

.. Straight coupler (22 mmj 1

5 Reducer (22115 mm) 2
6 Copper water-PIpe. 15mmd•• meter ,

27 mm IOnO
7 Copper water-pipe . 22 mm diamet8l'.

36 mm lono 3
8 eopp.r wa ter·plpe . 22 mm chameter ,

102 mm long 3

9 PlastIC.tralght coupler 122 mm) , used lor
Insulallng 1M anlenna lrom the vertiCal
.UppOrtlng pipe

(ile ms I to 5 ara ot a lype .....hich conta,na ;In

Inlernal depositIOn 01solde r.)

A solder tag II required to secure the bra id of
the cotIx.a' cable and one end ot the inductive-120

2.2. Genera' Remarkl

II may be necauary 10 develop. little aklll In
plumbing , Soldenng II best perlormed .....Ith a
bulane blowl orCh, Apply !Iux betorehand. Be
ceralu! not to ovarheel the p n" Of Iha IOlder
wm dra,n OUI. SoIdenng may best be perlormed
.....Ith the )OIni vartlCal While heating watch the
undersldl!l of the )oont !Of lhe ' 1rs1 8ppHrance
0 1 aoIder, and remove the heal when thil II seen.
Jo,nll elready IOldered may be .....rapped In a .....et
rag 10 reduce Ihe chance ot accidenlall y ee
IOldeling them while soldering an adjacen l jOinl.

2.3. Conltructlon, Slip by Slap

1. CUl tha pipe tothe ececnee Ienglhl. and clean
Iha Iurlacea .....ith . teel .....ool.

2,0'111 hole. In Iha lee IOf tha leeder orom met.
....d tor the ICre..... whICh Wilt MCure lhe aoIder
lag torc:onnec1lng the leeder braid

3. Assemble the anlenna USing !he III~ and
lhe tee . bul Ol"l the capaCltl~ gap aide 01me
squara , aubalJtute a 102 mm long pipe in place
01 the capaClllve gap component• .

.. SoIdaf the ,IOInll, but do not IOlder ecee
holdIng the substitute PIpe

5, Make twosa..... cuts In the luballtute pope, and
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r8fTl(lVe . nd dlKard the pleCQ Then . 1 '

semble Ihe capac itIVegap componentl In theIr
Ilnal locatIOn. Do nol solOer the 22115 mm
reclucer to the elbow at this time .

6 , In order to make hne ad/Ustm9l'11S to the
resonant IreqlJflncy , a very Imallsell-tapping
Krew must bSIscrewed inlOlhe 22 mm Siraight
coupler. close 10 the end The screw lhould
protrude about hattway acrou the a"gap 10ItItI
22115 mm raducer . UI. a screw wlthoul a
sharp point at itl and , or otherwise fiI. of! the
poIn\.

7. The antenna Is supported by a 1S 10mvlJf1lcaJ
pipe soldered 10 anolher 22115 mm reducer.
whICh is connected 10 lhe tee al rlghl ·angles
10 tha plane 01 the loop . The vertICal pipe may
be attached 10 a magnetIC mount uSing 8
IUltabla plumbing I,.-Iure wilh the 8nlanna
at about ona quarter·wave above Ih. car roo t.
OrIg,nally it wal lound that tha 15 10m IUP
porting pipe wal l lighlty -hot" to t.t., and In
order 10 aVOid thISetl8CI a short plastICtube IS
used 10 Inl ulate the loop lrom the val1lC8!
pipe (although this is not asaenbaJ), The
plastICtube Is, In lact . a 22 10mSlralghl coupler
Inlended lor wasta water , also obla"'1&(1 lrom a
hardwara slore .

S The coaxia l cable IS coupled to the aerial by
an tnduc!,va loop 01 .0 mm diameter (MIl
diagram). U.. , l1gaU98copper w" e, soldered
to the sarna tag to wtIldl the coa.luaJ eatlIa
braid ISconnected (fig . 4 ),

3.
ADJUSTMENT

Initially" il conv8nlant 10 adJus1 lila re!tOOanl
frequency while receMng a waak signa l CiON to
' ....3 MHz. The 22/15 mm reducer should be
posltloned to optimise the r8Celved l ign,l
Slranglh. II the f'K8iVad l ignal cannol btl tuned

in thll way. then tome CI\ang8IO lhe d'mer'laIOMI
01lheloop would btl necessary.

The final adjullmenl mull be made whlla
transm itting , Connect 8 VSWA meter belWeen

Fig . 4 : Cou pli ng from l..o.-r

the Iranamltter and antenna Be very careful,
because OUlput trantls1Ol'S can easIly be de

l i royed by opera"ng th.lransmlUer InlO a gross
mlsmstch, SO use aa Imle power 81 pell Slbla
when making lhe adjullrnenl. On. way 10 gen
arale low power (in Ihe s,s.b. moda ) ia lo whisJle
very aol1ly Inlo the mICrophone. The NnSltlvlty
conlrol ollhe VSWR malar lhould be tumed-up
high ,

With the VSWA meier indICating renacled power.
th. impedance malCh IS optimised by Illdlng IhlI
22115 1010 reducer. Finally, secure lhe 22115 mm
reducer 10 tha elbOw by soldenng Do thia wry
~nlly and wilhOul lul1har moving II , (Thi l ma~

be difficult becauN nux cannot be applied lor
thil operatlon, 10 maka sure Ihal the inner and
outer lur1acea are de&ned Wllh l leat WOOl
beforehand).

The cIosene u allhe .anallO ,II corraet resonant
IreqlJflncy may btll. l led by moving a fi"98r near

12 '



to the capacitive gap, whereupon the VSWR
meter should indica te a change In the reflected
power. II necessary. adJusl the resonant Ire·
quency with the sell-lap ping screw already
Inserted In the 22 mm straight coupler.

Another means 01 tuning the aerial il close to
the correct Irequency is to distort the structure
very slightly. hence ellher increasing or reducing
lhe capacitive gap

4.
PERFORMANCE

The performance may besl be assessed in com
parison wllh a simple dipole. Although objective
tests have yet to be performed, Initial experience
SU998sls thai the magnetic loop antenna pe r
'arms I t least as well 85 a dipole , The chief ad
vantages are its compact size and apprOldmately
oml'li-directional radialion pattern in horizontal
polarisation. In vertical polarisation the radial ion
pattern should be Ilgure-ol-eight, in which un·
wanted signals may be nulled·out by rotating the
antenna, ThiS would, 01 course. be a disadvan
lage in mobile applicalions.

The main disadvantage is the narrow bandwidth
(about 200 kHz as measured between the Ire·
cceoeee at which the VSWA - 1.5'1) which is
an Inevitable consequence 01 its c w-cee con-

VHF COMMUNICATIONS 2/90

structlon and high a This bandwidth would
present no problem 10 most c.w. or s,s b. opera
tors, but devotees of Lrn. seem to require larger
areas 01the spectrum.

5.
CONCLUSIONS

The writer believes that much remains to be
discovered about the pnnciples 01 the magnetic
loop antenna. The theory of its operation seems
to be rather obscure, and e)(perlments are likely
to yiekl surprising ,resufts, Especially . the con
elusions toun<! in articles describing n.t, loops
should not always be accepted uncritically,

C8ul1on - po..lble Hazard to Hellth

Because 01 the compact size 01 the antenna il
may seem convenient to use it in close pfO )( lmlty
to the operator, especially when li rst tuning up,
The possible harmlul efleets 01 electromagnetic
radiation on the body are the subject 01 Interna
tional concern and controversy. The constructor
is meretc re advised to use the antenna .....,th rea
sonable cautiOn, especially to use as little poIY&r
as possible when tuning and to avoid unnecee
sary e)(posure at all times, In part icu lar, I hand
should never be pll ced Inl lde th a loop with
power applied.

E
, " IPOC - ,oo-=

We accept VISA Credit Card , Euroc:ard
(Acces slMaster Card) and only require
th e order against yo ur signature , ca rd

number and lis elCpiry date.
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Maljai Vidmar, YT3 MV

Amateur-Radio Applications of the
Fast Fourier Transform
Part 1

Thl••rtlcle I. more than Ju.t a de. cr lptlon of
the lat••t .o"wa~ lor the DSP Com put... . • •
Inter••ted rNder. will . oo n find out . Never
Ihele••, It I. al.o a con llnuatlon ollhe ..rl• •
01article. about DSP Technlqu•••nd wrltt.n
by the .am. author .

1.
INTRODUCTION

The Fast Fooner Translorm (FFT) IS a very
etlicienl numerical algorithm to compute a
discrete Fourier translorm. The FFT algonthm
has tounel many d.llerent Ilpplicetions anel It
is not lImited only to digital computers and digital
s;gnll l processing. For example. a completely
analog implementation 01 the FFT algorithm can
be made with a number 01 3 dB dl'ecllonal
couplers and delay lines to leed an antenna array.

Obviously the FFT algoflthm is widely u$&d in
digital signal processing 100. In this article a
particular OSP application 01 the FFT algorithm

is described and discussed in detail: FFT spec
trum analysis. Since the FFT algonthm can be
implemented on almost any digita l computer and
a FFT spectrum analyzer only requires a erue
additional hardware, FFT spectrum analysIs IS
very convenient lor many practical applications

In order to unders tand the cce retcn 01 a FFT
spectrum analyzer anel lts advantages and draw
backs when compared with other spectrum
analysis techniques . a short description ot the
various souner transtorms and the operallon 01
the FFT algorithm II Included. BUilding a preen
cally wOr1o: ing spectrum analyzer around the bare
FFT algorithm Is also discussed No mame
matlca! proofs are given just to keep the diSCUS
eon as Simple as possible . The intereSled reader
can lind the termer in almost any book describing
digital signal processing.

Although FFT speceum ana!ysis il presently
limited 10Ihe euoc frequency range. al least lor
amateur resoeeces. It has many amateur-radiO
ap~ication s rallging Irom weak signal detection
10 modulation analysis. A lew typical amateur
applicalions afe discussed letee In this article.
including spaC1rum function plots anel IntenSity
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apec::trograml Qblalned IT()m r..1 109"''' ulM'Ig
a FFT ipeCtnIm analyz...

Fnatly, a FFT ~ana/yl." program lor
IN asp compul... . dnCflbe(f In UKW·BE·
RICHTENHF COMMUNICATIONS. •• pre
Mnlecl , inCluding • ~ dMCIlpbOn of Ita
commandl and performance hmil. imposed by
the harctw.... All IN practrcal .xampln Ihown
In thII artICle were obtained WIth It'll' IOh .,.

moat hgur_ "" ~ t\ardoopy pnnts 01 lhe
compul... ICtMn on a ...... pnnIet

2.
THE FOURIER TRANSFORM AND
THE DISCRETE FOURIER
TRANSFORM

,.... FCIl.II'* tr.".torm .. I mathemlll>Cel 0pera.

tion tNl computeS a ,.,..,.. Iunctlon F(U,l) from ...
0flgINlI function ttll. .. If'v)wn In ng. 2.1. BoIh
I\.InctJoM haw rMI argumentI l rod w... \hill'
.,.... Ittl WId F{w' .... In gener" CO'fIPIex
numbers. F(w)" callId the Founer tranatorm of.
gwen function ' II) ,.... Founer tr.,.form I\U
IOrTlI inI.....tJng proper1lft1 II'ldudtng a relatrvely
"""P'- InVefM oper.f1On : compullng 1(1) back
!rom I given F(uol II vetY "milar 10 !hi FouOll'
traNform IIMII.

Ifill
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The Fourier transform .. trequanIty uMd in
phyla to c:ompul. the frequency apectrum of I

~ ptly..caI QUanllfy . I" a phyIleal
problem I reprlMn1l time and 1(1) repntWnl. I

~ QUArlllly (force,clI~, pteuurl,

IIectricaI cvrrentor voltage) U I luf'CtlOl'1 of lWM.

1".11 ptlysical probllmll(I)"1 rill luncbOn . ThlI
,........ Ylrilble w raprIMntllht Irequency and h
fur1ctJon F{w) II !hi frequency IJ*lrUrn of lhe
phyIQl QLWtIrty otJIIl'Oed. The Iraqoaney
apactn,ln'llil CO'fIPIex tunctJon OIl real YanaDlI
.... The~ .,.,. 01 Ft",) rlPl'_ the

rMgnItUde oilgrven apedr"~ III Jl.-.d tnI
argumenI 01 F{w) ' . ..... trill phue relatNI
to IN (c::hoMn) Ilrne ongwl. Sonca ttll II Ilwart
I real function one doN rKlC rMIy naecI 10 com
pull F(w) lor ,.g.w. ,,~ F(-.) iI
WfI9IY !hi complIx-eonjugaill fA F(w} lor I .....

'(I) .

WhlIeh Founer transtorm II I powartuI anIIiytI.
cal 1001 to PII'form lhIorICaI compu1abOl'1l
II hal II least twoCIClnItrIlntl wf1lC:tI coukl ,......,
be IuIfJllId In prKbeI Infnte brdwilfttl and
Infnta~ F'I«JkItJOn (whICh~ an
infIMa obIItYltlOtl """). regamlII fA the
mathocl . analog or~. uaecl 10 partonn !til
Fouriertranstorm

A rHi-wond . ftrlll~ IlQf'IaI can bI
..m plecl w JthouI IooIlng Iny InformabOn pro
YIdecIlhallhe umphng frlQuency Ia high 1I"lClUgh.
al Ieut I'WlCI IhI IIgnal bvdwidth The FOUfIIt'

-
.~

Few) ' \ j ll\ e'-'.t

."
".

Ag. 2.1.:_.....
!'oun. T..-f_



VHF COMMUNICATIONS 2190

H {t)

• t , I . -
~....

F{w) F~ . 2.2. :

Four" Trl nafofm of I
UI'lp6ecl-'gnal

transtorm of asampled signal is shown In lig. 2.2..
The integra! is replaced with a sum. the bounds of
the sum are. however, 11111 inhMe. An Important
d,nerenoa should be noIiC8d in pIoI 01 F(IJl): lhe
spectrum Of a sampled so;nal II a petiodic
tunctlOn lind 111 paned II InVersely proport lOflal
to Ihe tampling peood. 11 II lh8I'elore SUnlCl8nl
10 compule (either 10 an analog or In a d.gl1al
way) JUIl one penod of F(wl . usually betWeen
- ,,/Al and ... ,,1tJ.1.

The (original) Fourier tranl torm Integral (or lum)
hal Inhnlte bounds : lhe integrelion (or lumma
l ion) l hould be per10rmed from minus InflM y to
plUI lnflnlly . 01 course no r.al-WOt1d lignal will
ever lall thal long! It is lherelote complete ly
SUnlClen! 10 compute the 100"9"al or the sum only

over the tlme lnter'llal when lhe s.gnal . xII II . Inte·
oraling ove r a l iMa amount ot time limIts tha
frequency resolution , wtltch '1 inver..1y pro
porttonal 10 Ihe inlegration l ime . Thll Implies
Illal the frequency spectrum could also be re
pra.ented by dllCrele sample l In place 01 a
conIinUOUllunc1lOn,

The procedure that comput el a liMe number
01 apeclral lines lrom a liMe "umber 01 IIgnal
aamplal II celled lhe Oll,crate Fou~r Tra"llorm
(OFT) and II l hown In fig . 2.3. To properly
describe Ihe signal lpectrum one need s al laall
tha lame number of frequency lamplal as Ihel'a
ara I" pul " O"al samplel . Of cour i . , to obta,n
mean ingful resuil i . Ihe jrequency Inlarva l (spec
Iral lIne spaCIng) hal 10 be choHn I" a cloaa

Fig. :l.3.:
o.flnitlon DItna 0Iaem.
Fout1af Trln.rorm
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Fig. :1.4.;
Norml llZltlg 11_ and
"-qu_ y unll •

relatlOflshlp 10 the t,me 'nterval (lIlgna' umpllng
step). Simlla, coostra,"11 alao apply 10 a con
ple tely analog Foufla' Iranl lorm (analog spec
trumanalyzer).

In order to limphty compulallonl, bolh Inne and
f' equency uOllS are usually normalized to 1 aa
eecwn in fig . 2.4. Time t now only lakea tha
values 01 0 , 1. 2.... (N - 1) and trequency ( ,j also
takes lne values 010, 1. 2.... (N - 1), Il lhe discrete
Founer transform produces N $p8Clral ltnea Irom
N lignarsamples Asa reaull ol lh'S normalisatIOn
the coos iao t 2 .,../N appear. in lhe complex ex·
ponent 1unc11QO Th,. coostanl i. chosen such
that the result ing spectr.' hoea cov... exactly ooe
penod cu-e perIOdIC llOnal spectrum

The OFT can be computed on any genera!·
purpoae comput.... III 098"01 '100 II limilar to N
bandpass FIR hltera. each1,Ita' haVIngN stages
and I\Jnad to III own Irequency . The OFT I' oct
computatlOf'lally alflC!."I , Since the number Of
compulaliona required increasea with N'. Illhe
OFT II COmputed on a real , lgna l (r.al f(t)) w'th N
a'gnal samplea, then the result ooly Includes
Nl2 , pectral line, rang,ng lrom sere to hall the
aampl'ng frequency. The remaining N/2 spect ral
lines are limply compla. conjugales lhal can be
compu ted ,n • much s,mpler way onee the IIfSI
NI2 spectral hnes are known, reducing lhe lotal
number 01cornputabOf'll requlfed to abOut N' f2.

Will be continued

A must for all active and technically minded Radio Amateurs!

THE UHF-COMPENDIUM
The English edrtrcn 01the well·known " UHF·Unterlag e" l rom Kar l Weiner , OJ 9 HO.

Part 1 and 2

Part 3 and 4

Art.No. 8054

Art .No. 8055

OM 52.00

OM 58.00

Add,tlOf'lal post and package ettargel(surlace ma" ) lor ,nland OM 500. klr abroad OM 650

T....o~...........e--..UI(W·T_ _ T...,D.BIft8oI

............ l ~ . O..."'23....-..oorf. T,""",,, IO ll nl~ 11l. T.....H ..'

".
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A MW METEOSAT con......,et' a. a ccwnpad kit . DnwpIIOfl '" VHF COMMUNICATIONS 1/1990

• Inpulfr~uenon : ' 691.0 and '694 5 MHz

• ln~a'e trequenoes: 1375~ '341 0 MHz
• NF _I .7d8 ltyp ):O _26dB (typ)

• OperabOtl~ 12 ·14 V.~. 8Q mA

• o.men.on. (rnm): 111. 74.3O~BNC~

11M_tch lng _"*,...telllt. rKaI_.[)na1ptlC)l'l'" VHF COMMUNICATIONS 211990

• 3 chan'*I 134 00'1375 ar:oa 137 e2MHz
• s...ttoenl MnIIIJ'IltylOrelnCl NQAAfaoaptJOn on 137 Sand 137.62 MHz

• Oper .lJOtl¥Oll-ot 12 · 14 V:Comac:1lonstot lCIudIONk• . $-mel• .~I""'"
• o.menIlOI'\I( rrwTl) : 111 • 74 • 30~ BNCl()CIo:.ac

M .Ho. Pri ce

01.439500

01.4 575 00

OM 44 5 00
OM J.400
OM 34 00
OM 690 00

6510

3020
6511
6512
6513
33 10

Convenar. kit wllh aMcomponenll DFgOA 00'

ConVet'lef. r.ady-lO-Opefal' module

RIlC8IYel', kl1WIth ItNcomponentl OF"OA 002 (wllh 1 cry ltal)

Cryttallor 134 0 MHz

Cryl",1lor '3762 MHz

RK......r, r.l;dY-to-oper.,. moclul'lwllh 3 cryltall)

The matching ~mpllliet' :

Mul pr.amp!th.,. ready-to-oper at' IG • 38 dB) 6120 OM 445 00

k a..w'·berichte T. " ..anOHG .Jahna" 14 · POBo.80 · 0-8523 Ba,.""""
Tel. West Germany 9133 47-0 For Representahves see cover page 2
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MATERIAL PRICE LIST OF EQUIPMENT

DC9DO SAT·X Receiver lor the Satellite IF Band Art.No. Ed . 1/90
900 · 1700 MHz

DC9DO 001 PC-Board 6364 OM 38.00

DC9DO 001 Special components : 6365 OM 120.00
BFO 69,3 x MSA 0304 ,7805, SL 1452 , TL 082 ,
SQ42P, 5 x BB5058, B8405B, 5 x 1N4 151, Z8V2 ,
Z5V1 , LED red; trimmpoti (hariZ): 100 0 , 470 n,
47 k, (upright) : 2 x47 k, 4.7 k, loiltrimmer 3 x,
4 mm coutorrner with temte co re 3 x, CuL wire ,
silvered wire ; RFCs : 33 J.l.H, 22 J.l.H, 15 J.l.H,
3 x 100 J.l.H; l in-plata box

DF90A Compact METEOSAT Converter Art.No . Ed. 1/1990

DF90AOOl kit with all compo nents 6510 OM 395,00
reecy-to -operete module 3029 OM 575.00

OF90A 002 Compact Weather -Satellite FM Receiver Ed . 211990

OF9DA 002 kit with all components, with 1 crystal lor 137.5 MHz 6511 OM 445.00
Receive crystal lor 134.0 MHz (METEOSAT-ehanneI 2) 6512 OM 34.00
Receive crystal tar 137.62 MHz (NOAA·9 and 11) 6513 OM 34.00
geaov-to-coerete module (with 3 crystal s) 33 10 OM 890 .00

YT3MV DSP Computer for Radio Amateur Applications Ed . 211988,
1 + 211989

Set 01 PCB s, progr. EPROM with authentic documentation 6004 OM 599 ,00
Contains: PCBs YT3MV 003 (bus), 004 , 005 , 006
(4 x), 00 7, 008 and 009 ; a programmed EPROM
(operating system with Compiler, Editor) , a set
of copies 01 all diagrams and componentray-out
plan s (in A4) ,the operating-system manu al,

YT3MV 010 Interface for KR -5600 Rotlltor. Ed. 1+211989
PCB. programmed EPROM, together with A4
copies of circuit schematics and component
location plans 6003 OM 100,00

Several sottware packages complete with
image ex amples on 3.5" floppy disks

Ed . 3+4/1989
2+3/1990

6002 OM 145.00

k ~berichte T. BitlanDHG . Jahnslr . 14 · P.D .Box80· 0-8523 Baiersdor1
Tel, West Germany 9 133 47·0. For Representatives see cover page 2

User lIoftware

'2.



Plastic Binders for
VHF COMMUNICATIONS

• AcceptS up 10 12 !KIltiOna(Ih,.. volumes)

• Allow1any required copy to be found M illy

• Keeps the XYL happy and contented

• Will be..,,1anywhere ,n the WOl1d tor
OM 10.00 InclUding surface mail

O~f your blnde' vi' Itt. natooal fepl'8Hf1tat,ve
or d1rllCtly from the publishers 01
VHF COMMUNICATIONS (see below)

Prices for VHF COMMUNICATIONS

SUbscri ption

VHFCOMMUNICAnoNS lItO
VHF COMMU NICATIONS 1988 10 19a9
VHF COMMUNICATIONS 198610 1967
VHF COMMU NICATIONS 1985
VHF COMMUNICATIONS 198010 19804

Volume

..eh OM 27.oo
each OM 25,00
each OM 24 ,00

OM 20.00
each OM 16 00

Ind lvldull copy

uchDM 7,50
each OM 7.50
each OM 7.00
each OM 6.00
each OM 4SO

Reduced pr ices lor elder copies
Ir'ldMduaJcopIe. oul ol eldef, incomplete
YOlumn. u long u atodl lel ll :

21H171 • 1.2,411972 .2.411973 . 1, 311974 . t . 2 . 3, 411975,
2,3,411978 . " 2. 4119n . 1, 2/1878 . 1,2, 311979

PlUllc blnoer tor3 volumes

All prieM Including lurfac. mall

When ordering 3 complete veru m••,' frM blnd_I,lncluded'

Heh DY 2.00
.Kh DM 2.00

OM 10,00

k ~beticiJte T!!!!y 0 Bina" ' Jan"",. 14· Posnact> eo · 0 ·8523 ea••"
Tel. West Germany 9133 47-0. For Rept'esenlalives see cove r page 2
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