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As you kno w, VHF COMMUNICATIONS hal always a tt e mpt ed to bring In r e ade ra
r eally s ta te -of- t he -ar t de s lgnll. Som etlml' S we ha ve br-anched orr from t he pu rely
t e lee ommuntca tf on a equ tpme nt t o bring module s of general Interest s uc h as fre ql,lency
c ounters. s ta nda r d Irequency system a et c . This edition o r VHF COMMU NiCATIONS
is to brln i two s uch de ec t-Iptfona : F i r stly, a VJlF/F M eterec r e c e iver with freq uency
synt helite r a nd contaln1ni two c78tal rUte r • • T he other module II a f r-equ enc y
s tandard with a n accur-acy of 10- which Is t o be made ava Ua bl e a a a ready- to
oper-ate m c ou t e , Ma ybe you wou ld Hk t' t o mention t he s e m odules to non-VHF /U HF
amateu r-a t hat would proba bly be Jnt l"r" ltl"d i n thi s t echnol ogy .

We hav.. now pubU.he d our third Frenc h om ni bus e dition . wh ich haa been very
popu la r In F'ranc .. . WI" wi ll probabl y hav e to make a r ep rint of thla t hird e di tion ec cn ,

Only a rew or the 1969 I"dl tlonl a re atlll a VllIable . We decided not to r epr int them
anymore .J nct' t hey llre s omewha t ob aolete now.
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A ST E HEO V HF/FM HEC EIV EH WIT H F HEQUENCY SYNT H ESIZE R

P ART I : CI RCUIT DE SCHIPT I ON

by J . Ke s tle r, DK 1 OF

The advane ee mad.. in th E' , ..miconducto r t ..chnology have had a ccnetue r-aulc
t"ffect even In t he consumer eb-c j r c ntc -e HI·ld. l're. proeramml'd lIel ..ctcr buttons ,
squotch a nd automatic frequ ency-control ctrcune art' to be found In meet mod.. rn
H I- F I recetv.. r-a, Some ot th.. mOlt advanced recl'ivl' rs ( lIuch aa t hl' Revcx 
A 72 0 ) art" ev ..n pr-o vid e d wUh a Irc quency synth..stae r- to r digital Ir-equ ..ncy
eetecuon. How e ve r- , the p rtc es of such r c c e t ve r-a art' ext r ..mely high ( mo ee
than O M 2000. -- I.

Since meet VH F/ UHF amat eur-e wl1l alao be Inte er-e t e d In recetvtng VIlF/FM
broadcallt t ransmlsslonll , It wa s thought that Ihe r-e will bl' a conatde r-eble In
te r-eat for a really advanced ster-eo VII F / F M broadcast recelver- with digital
Ir-e quency eeteeuon. Such a recotve r should bt· lIultabll' all both a car radio
a nd to r hom e U8t' .

T he de sc rtbe d ste reo tuner combines many advanced "'aturt'll from both t ill'
proh'sslonal and c oneu mc r elect rente tecnnofogtea. It Satllnl'S even the hight'lt
demands with r-eepec t t o quatt ty -cf-r-eprcduc tten , ae-Ivcttvtry and t"alll' of oper-a
u cn. Spec tal a rtentton has been paid to th .. t"all" of ccnst r uc t ton 80 that It can
alao be built u p by le sa expe r-ie nc ed constructors.

I . INT HO D UCTIO N

T he fr e que nc y ranee ot 87.5 to 104 M liz h alloc an-d to VIIF/ F M br-oadc a attng
In Europ.. . All t ranemtue r s a rt' t r ..quency -mooulared with a maximum d.. vla
lion ot :t75 kilt , a nd virtually all Italiona tranllmlt at a rnult iple of 10 0 kl f z ,
t' .g. 87 .6 ; 87.7 ; 87 ,8 Mil t etc , In the call' of e tv rvo t eensmteetone , it III
nec eaaa ry fo r two audio c hanneta t o be tranamlltl'd: T h.. \t·ft-hand (L) and
right- hand ( n 1 cbannef e, Ea c h c hanne l hu a bandwidth ot 15 li t to 15 kilt .
Thl' sum IIlg nal I L + R 1 III directly fed to th e modulator of the F M t r-an am itt e r

110 that 11 Is combatf hle with mono- r vcetvo r e . T h(' ur rrerenc .. Ilgnal ( L - H I
emplirude vmcdulate s a 38 kilt sub-c ar-r-tc r- , and the rt'8ultlng atdebanda ( 23 to
53 kill) art" 11.110 fe d to th l' F M modulato r . Since th t, tranllmlsslon ot the full
38 kH z eutr-c a r-r-te r wou ld r equtre too much Ir-equ.. ncy d.. vtauon , a Icwe s- - I.. vel
IIlgnal having hall t h e eubc ar-rte r Ir-eqacncy I. ulII'd: thl. III the 19 kill pilot
ca r-rte r , T h ll al lcwe t he o riginal 38 kil t eubc a r r-Ie r to b.. rl'g.·nl'ratl.'d In th.'
r ece tve r , and Is alllO ulled for the automatic mcno-etereo tiwltchlng. VIIF/ FM
transmitters tn G.. rmany equipped tor automatic IIwltchlni of traffic ne-ws t r-ane 
m l 81 ion ll 11.1110 radiate a 57 kHt subc a r-s-Ier wh ic h III amplitude-modulated with
frequl' nclt'l In th .. order of 23 to 54 li t. according 10 the ar-va, An addilional
ton .. of 125 li t Is allo t r-an sm tt t ed for th .. duration of thv Informallon. This
l'nlUrell that the receiver I. muted during no r m a l, music t ranllmillalona a nd
ill only opened wh e n ac tual t raffic ne w a I.. b.-lng n-ansmtuoo. Flguft· I IIlhoWII
a diagram ot t h>;> audio epect rvm t r-anemnted, which III In the ordcr o f 57 kHz .
The r-e qu tred IF bandwidth of tht· recetv.. r III thua:

4f • 2 x ( Idev, + f. ) • 2 x ( 75 + 57 ) • 264 kilt .
max. A I- max .

Since this value III g reater t ha n t he c hannel spacing, a cer-tut n ovt'rlapplng of
t he f requ t'ncy s pectrum o f neighbou ring channl'1s will takt· place- which will b.,
audlblt' all unpleallant birdies If t he A M supp rt'salon of Iht, rec eive r- 18 poor.
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2. CONC t; I'T AND F Rt:QUf;NCY P LA N 0,.. T ilt: HECt:IVE H

In Ge rmany , th e poltal r ll' i u la t lo n l r e qulrt· that th e local 0lcl1lator of FM bread
calt r ecetv...ra olcillato:" at a frequency hl.ht"r than me r ...ct'ivt· bind 10 that no
Inte rfe r-enee II made to t he pcttce end ether l .. rvlct"1 op e ratlni In thl' 4 m band
bt"t wt"O:"n 75 .nd 87 .5 J\.1I1z. When ullni an Int.. rm edlatt> frequency of 10 .7 Mill
and an Input f r equen cy r a n i " of 87 ,5 10 J 04 Mill, It II n"co'sIIary for th e 01'
dilato r to ope rete In t he rang.. o f 98. 2 10 114 . 7 Mill In IIIl'pl of 10 0 kill. .

l' h.· block d lai ram o f th e tun er with lyn th"II1.t"r la elve n In Fleure 2. T h.,
tun e r- com priaea thr..e moduJ .... : thf' Rt·, IF and aynthf'ah .. r module e, l'h.. RF
a nd It· modulee arO:" buill u p in • conventtona! manne-r- 110 that it would bf' poaaibl..
fo r alr¥ady available mcdu te to b.. u.O:"d a. loni al Ih e actual tune-r- UII... dlode
tun ln • •

l'h" freque ncy lynth"lht"r of the tune-r- I. In thf' rc rm of a pha ... -Iocked loop
( I' L L ) (2) , (3) . T he o.cmato r (r e qtJt> nc y fa I. firstly dlvldt·d by four til a
f rt' llul'ncy dt vtde r b...fo rt" bt"ln i fed to t h e proirammabll' Ir-e-que ncy divtde r-, Th..
la tl t"r divld"l thl , Ir-equ ency fu rtht"r by (ac to r N ( d l' p..ndent on th e requi r vd
c hanm'l ): th .. out put f requency of th l. circuit I. me eerc r e (0/4N and ia fed to
th f' " a ctua l valuf''' Input o f t he ph ..... cornpa r-ato r-, A .lgnal of t"kactly 25 kilt
( 5 Mll z cry.tal (requt'ncy divided by 200) ia p reeent al th .. "rt'fe renee" input .
T hO:" phal" com parato r ef' nf' rltf'l I DC - vo Ua gt' which il d ..pe nd ..nt on the fro"
quency and ph I l " pce tttcn of the ee two Ilanala. Thl. DC-voltaet' i. fed via I
lo wpa •• filte r t o Ih f' a.cUlalor a nd en.u re. that thl' nominal and ac-Iual rre
que nc tee a re ekactly Identtc ed, Thta la vt r-tual fy th...am .. principiI' a8 u••-d
fo r Ih .. hori zont al aynchron lzation In 'r v vr ece tvere.

Unde-r- locke d ccmn ucne , t he f01l0w ln i wl11 be valid:

fo/4 N • fQ / 200

fin· fo - IF rt'maln. valid.

Afh'r Inaf'rtini t he valulI'a fo r fQ and IF, thO:" follOWing will rt,.ull:

ft n • N x 100 kl h - 10 . 7 Mll z .

T hll mf'an. that fin l a a dJu.tablf' In 81t"p. of 100 kilt by IWIt"CtlOn of N.

T hO:" output voltagll' o f th e ph a ee detector- can al.o bo' ua..d for luning the VIIF
Inpu t ci rcuit • • Th.. 5 Mliz cry.tal aldllato r ia ..nlire ly n-aponlibll' for the sta·
bU lly of Ih e ee c e lvll' aiinal alncf' Ihll' VCO I. continuoullly lockt'd 10 Ua nominal
frequl'ncy with t hl' a id of thl' pha ... -IockO:"d loop. Thl. ml'lna that no aulomatlc
fr.. qu ..ncy conl rol ci rcuit la r .. qui red.

3. VHf' INP UT CIRCUIT

t ' l eure 3 a ho wl Ih t" ci rc u it dl ' e r .m o f tht" ac tual VII F tun("r. Tht" Inpul ci rculI
com pria lne L 201 l a u'f'd bot h for 't'h'c tlvlly a nd matchtnll Iht" antt"nnll rt- ..der
( ~O _ 800 , PI 20 1 ) to th e Input t ranli.tor T 20 1. Dul' to ill 10\1' noi .... flgurt,
a nd low If'n d..n cy to Olc m.tlon , a dual-eal .. MOS F t:T hae beo'n a.·I ..ctt"d. An AGC
voltlgf' can bll' f..d t o poi nt PI 202 ; a control rani" of approximately 50 dB ia
p rovl d..d by varyln. t h l . cont rol voltagl' from +6 V to -3 V. Of ('aura , no gain·
cont rol la nl'Cl'a.lry In thl' c .... of an F M n·c.. ivt"r"• • Inc.· thl' .oon...r limitation
occura, t hf' bett.. r . 1I0w l' vl' r, If a t1l'ld.trf'neth mt'h'r i. 10 bl" u"'d, It will ut'
n l' c .. . . ary to havf' a l o g.rlthm lc r O:" la tion . h lp l,..t wt"t'n th., input voltllllt' and th,'
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n'dHi< d I F "'011<110('". and th,' r-outr-nl dlarlld"rl",t!o:a of a MOSF ET an' vt-t-y
aultablo· for thla .

Th(' VII ..' Input IItag.· III followt'd by an Indudlvdy-couph·d. 1I',o·.la,ll'· bandplllIll
fUtt'r comprlalnil I. 202 and I. 20:1. I hi. Illillil'" III l:al'acitlvt'iy tu ned, all .... a.
alao till' ca ...... Ilh th .' Inpul IIlag.· , .... lth Ihl' aid of varaelor dlod~. j) 20 1 10
1> 203. 1' ... ln dlodt'a a rt" advanlai"oull IIhH"~ Ihd r capacltanc,· I. ha r d ly d.·p.·n
dr-nt on thv H F voJtal~ ac r-o•• till' rt'lItmant ctrcun , which il vepvc laf ly Impo r 
la lll at hiih IliIlal 1.·\·.·111. Th~ mh"'r .Iai" compriling Iranlllllor T 202 II allilo
~(luIPI... d ... ith a dual·galt." MO S F E T . Thl' advanla,ll" h.. r v la Ihat thu Inpu t and
local oldllalo r frt''lu ."ncy can bt· Ied to 1.... 0. decoupled l'h'c lrod"11 110 Ihat It roni
input allln"ls hav.. no reecucn on th.· local cecntstor , and Iha t no cecutarc r
.IKnnl II (I'l l to t h.· a nt enna . In addltlon 10 Ihl., euc n a mlu'r II fa r I.· ••
c t-It fe e l wJt h n ·IlIll' (·t to operat tng po lnl and oecttfa tor- tnje-cucn vo ltai t· Il uc tu a 
tiona t han an additlv.. mtxer,

The n"lIultlng Interm ..dlal e Ir-equs-nr-y III tapped o ff a t t he drain circuit ( I. 205 )
and III f."d via a c apactttve volta,ll" dlvitJo'r ( 33 pF/82 p F I to t hl' IF out put of
th., tuner- ( 1"1 203 I . Th.. local o.cillalo r ( T 203 I ope-r-at in a common-dr-am
ci rcuit with tncucuve (....dback b.·t ........n ial .. and aour-c Th e tun in i I. alao
mild.. cepecutv..ly with th.. aid of dlod., () 204. A po rtion of th ., o.cHlator volt
ae" can b.· tak"n from Ih .. d rain circuit with r .. Iat tve Iy 10.... react ton and f..d
via connectfcn point I' t 205 to th.· aynlh.·.lu·r.

-I . C IHCUIT OF Tin; IF MOf)UU:

T Ilt' dlaract t' rlllllclI of t h.. I F am pll fit' r ha ....· Ih t· IIr e a t ...t .. rroc t o n t h.. ovt-rall
qu a ttty o f t ht· .... ho le- IlJ · F I I't-c t· l vl' r . All I. kn own , th., s pect r um of Il fr .. qu t-n",y·
m o dulat r-d IIli lla l COllll i.t, of II. ..... Idr- band of 1II1'1'etral lin.. " wh ich m u at not only
bl' t r-an sm itted a. a who h · bUI .hou ld alee a pp"ar a t th e de modu lalo r limulta·
neouety. T h l . rm-an s that the IF module mUllt not only p ro vi d.. a lufflcll'n t
bandwidth but ailio a con etant group d .'lay ..... n h ln Ih .. plllliband r anll '· ' ThhJ
ml'lInli that lht· rt ·la t lo n . h lp b.· t .... r-r-n t h.· frt-qu vnC)' and phalli;' of the in pu t and
output IIIina I mU1i1 bt- Illi lin.ar aa po•• lbh·. T hi ll III r-ather- In cont rllil to th ..
d"mandl for the hiih"111 pol.lbl e IIt·"'o:t1vlty . Advllnce d r ..el'1ve r. UII" II la ri t·
number- of I.C-fUt.. r e , ...hlch can only b~· aU¥tl('d u.lni IIpt-cial ml'll.urlng equlp
me-nt euch all 1I.... I·pl · f r t-qu .·ne y. end g rovp d .. lay nwallurlni .yllll'ma. Surh f1ltl' r.
can no t b." u ...d fo r horne conatNdlon . Lowe r- pr-Iced r-ec e iv .. rl mainly ua..
e c ramle flJlt'rlll ; ext e nelve .. llp,·r1m l·nt. mad~ by t h." aUlhor ullng "ueh compo·
n, ·nt . did not I"ad to fa voura blt· r"lIuita du.· to Ih." hI re" Ola nufac lurl nll toll'r·
ane ... lInd IIl'u rloUIi 1"I· lIon a nc .. 1 of th.· e ","amle rt."lIonAtorli .
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FOI' 80ml' IIm~' now , IIpl·dal pha •• ·.Ur1l'ar crYlital fUt .. rll havlnll a r-vl a tfve Iy
etvc-p ,101"". have aPIlt'an'd on Iho' marko'l at I".'allonabh· prle.·, ( Fill, -I I, If
t wo .uch flll .. rl ty pe TQF·2~!l!l an' ullo'd logo'lho'r .... lth Iwv.'ral whh-band LC
circuit • • It I. 1>OII.ibl.· for i00d r ...ult. to b.. obratned ~lth r"'lwcl 10 th,'
pa •• band and .Iopband Il"h'ctlvlly , Th.· .dvanlag.. i. that the eetectlvtry cur-v..
of Ih o' cryilial fUt"r II only a11Ilhll)' d ,,,,·nd.'nl on the adJulllrnl·nt of Ih,' n'.unanl
circuli. r"qul r.'d for mltchlni and tranl!orrnallun . Thill nwan .lhal no "lihnllv.'
m ....u r ln ll l'qulprn ..nt III r-equtr-ed for tilt' ollllnm"nt,

Tht· circuit d l.llram o f th l' IF modul e II 1I1vI'n In "' Igun' 5 . Tho' I F output of
th,' r utxe r- ( l 't 203)IB connecte d 10 th.' Input conm-c to r 1'1 211 . T tw flrllt "ryliial
mlt' r F 211 la Iollowed by Ihl' burr" r atai" 12 11 wh ic h III "quipp"d with t h '"
Inl" ira lt'd dHf,'n' nUa l amplifl t' r C A 3028; t hl' Bignal III Ih,," fo'd 10 t tu- 1I"('ond
cry.hl tilt.'r via Ih l' match In I circuit L 211. T f u- eecond I F .tai" I. Id"lltk"l
10 Ihl' Unt ; a c apac rttveIyvcouph-d bandpilill m lt' r com p rllllnili. 212/1. 213 I.
p r o vided al th,' OUlput of t hlll IIt811" , ~hkh hall b.... n additionally damp..n..d
u.l nll r".ill tor• . T h l . bandp••• ti ll" r I. ullt'd 10 Impr-ove th.· ultima'" .tt.'nua·
tlon , O n th.. l r o ....-n, t h.. t .... o cryllal fUIt'r. would only p rovtde- a atopband aU,'
nuation or appr-ca im at e-ly 70 dB ( Fli. 4) . Uiod.. 02 11 r c cUfh'. a portion of
t he I'" vollai" 1 1'1212) . and ccnnce ucn 1'1 213 provld... thl' reterene e pol"nllal,
An AGe a nd flt'ldst rength Indication circuit which i. to be d...c r-tbed late r I.
con n..Ch·d he r e .

Th...ub• •'qu ..nt Inl ,'gral e d circul i I 213 l'I·prt',,·nt. a .11l-atagl' limiting I F a m
pllfh' r wit h cotnctdenc.. demodulator-, Similar clrcu lIlI ha v,' b.,t· n d ,'Bcrib,'d p rv
vtou ely .0 th at t ne o per-erton ru-ed not b" d" lIc r ib,' d het-c , It shculd ill' noted,
th a t a dou hlev tu r n-d ci rcu it III u aed ( L 214. I. 215 ) Instead o f till' ullu,,1 phaee
ct r-euit , T hl . e ucwe a far bette r app r-oxlm at io n to t he Idt'al c hs r-ec tertvuc ,
wh ich r .. llult. in a lowe r- diato rtlon rac lor, .. epecfe lly a l hlllh-fr,'qu~'nc)" de vta
lion l ..v.. III, "' I, u rt' 6 IIhoWII t he• •· rt' l a Uon llh lp. In t he fo r m of a dillgrllm. In
the call.. of th e autho r 'l proloty p.. , t h.· non-Itneart ty wlthin Ih.. rani" ~IOO kllz
from th ,' c r-nt r-e- rn'qul'ncy wa ll It' •• tha n 11. ( Fill:_ 7) . The dlll iortion Iactor
r ...ulting from Ihl. 1. t h .. r .. to re In tht' o rLl.. r of 0,21.,
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Th., Af' output f I'ln 8 of 1213) c enuot t... lak.'n drr-ec tly via II f.'NJlhrough c a
pec nc r lin...· t ho n'luhlni 10"'1'.11 f1It.'r ( Hout • 2.5 kn . c • 2 n F ) woutd
CIUI" too Knll an auenuattcn of Ih .· hleh.·r audio fn·qu ,·n('h'l . For thll n ·a l on.
an additional . tae" hal bt'.'n provld. d l'omprillng T 21 1 a8 Impedanc e- l'onvt'rtt'r.
A Clpa('ltor ot 100 p F at Ih.· ba .... of T 21 1 II lurrkh'nl for /i F -by pauln". H
th .. I F 1I.,('tlon II onl,Y 10 l n- uar-d fo r monu- j-ec vpt lon , It III 1'0 l l l bJ,o for Ihill.
capacito r 10 b" jnc r eaeed 10 15 n F lind used for d"-,'ml'hlls I8,

t :xpE' rlnu 'n l ll made ulii ng t h., In h'i rah'd ci rc u li CA 3089 ( HCA I In. t ,'ad of t h.,
T IIA 120 '01" ' 1'" not IIUCC ,·.srul, It Is t ru .. thl t Ih. ' rorm s- r circu it p ro vtde e ma r<'
ext ra f,' a tun' lI eur-h al AG C voltagt' gvn.. r euen, AFC , a nd .qudch. however- ,
JI I. rathe r dlfHcull 10 U8" th l . IC duo' to t h., la q~t' tendency to 1('If-o.clllatlon.
H(') la b le ope ratlon was only poIslbll· when using a douhlee coated P C - bo lrd wit h
continuoul ground lurtaco'. In .pltt- of l hi s , It was not polslbll' to obtain a
demodulartcn charac t.. r rs u e Iha t ""nl Ind.'p. ndr-nt of th .· IF Input volta&.·. T'hc
Int"lrat.'d r-rrcutt TUA 120 II compl etety unc rltlcal!n this rt'lIpo'c1 Ilnc" it il
fully balane"d w it h r-eepr-ct to tI\l' supply and iround connocuone, This m ,' an l
that all In ' cu rrt"ntll a r t' canc.-I h·d out. T ht" Intt"grat..d cr r c u tt T n A 120 ...'11I IIUII
op ,'rAh' ('t,Jjably even whe n t h., op.'ratlng v01tae"s we r-e not bypa•••-d , o r courll" ,
th, ' squ .'!C'h and cont rol voltag" cl r-cut t e a ro' ecrm-w ha t mo e-e c ornpl ic e ted,

5. C IHClj lT OF TI n ; SYNTl l t; SIZ F:H MODUL E
5. I. UIVlIl E H -I : I

Stnce pr-og r ammabl e f requt'nc~" dlvldt'r. for Input Ir e qaenctee up to 120 :\l l1z can
. tlll no t bo' ('ailly r t' a ll z t' d wit h c ompcncnre avail. bit' at prese-nt on thl' ma r k.. t ,

It I. n,'co'llIlry rcr- the fr-equ ency of th,' )ocal oacUlator ( to I to be divfded
firs t ly by four. T hl. Is obtalned In th ., c ts-cu tt liven i n t'lau ro' 8. T fu- o.cillator
.Ignal i. InJ .och·d to connectton point 1'1 221 wh ic h la con nected to I't 20!l ; It Is
th e n ampllfll'd In translator T 22 1 and ft'('d. Iho' pha s t'- r l' vl'rs a l I lag'- comp r-re
Ing t ran.lllto r T 222 . T h i ll Ita go' provld .'. t wo antlphalt' .lina1. fo r d "lvlng Ih E'
ac t ue l fn'qu, ncy dtvtdr-r com p rising I 22 1. T h l. IIt ag(- I. equippe-d w it h an EeL 
dual flip - rJop whi ch can 11I ' m et' tII in put f/'t 'q u" n c!t' s u p to ty pic a ll y 180 Mlh .
The subll ,'qu ,'nt er rcun com prls lnll I r a J1 l1 l al Or s T 22 3 nnd T 22-1 converte thv
~;C l. - l" v.' l to II IIIlna1 th a t 18 T Tl. compnt lb lv, Stnce u- an e tet c r T 22 -1 o pc r- at e e
a. a satu rph'd I wl l(' h and etnce th.· output fr.'qu .'nl';)· can amount to 30 Mill . II
ill n..cl'.lary fo r a vt"ry fall l IIwltc hlne transl.tor to be ueed,

~------- -----------------------
.~d . PI m "'1i?"'C--1f-~

-I - -- - - . - ~H I 47.. --·--~ ...7jJ -A
I 210 v~ 'l)r> U-f 190 56 ~ ,~v
I ,~ ! no
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II.!M 1124 . 2'0'

P1Wt II 21<1709 B
I '" _
I 1(10 IlIO Q
I '"I DK10F022a ,c.L _

~2 ...!>'79 A 2...709
V 8~ 272 V 21019"

~'IR ,8: 4 : 1 divide r with p r" a m plifi er and 11''0',..1 conv erwr
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5 .2. PHOGBAMM AII I.E fo' lu:<.I n::>:c ¥ l>!VIIlI': 1l

Tho: varlabh- dlvtder shown in fo'igun- 9 or1i1nah" from Information Ilivt'n In
H I. Thl. fr"qu .-rlCy ,Jlvld.'r Illu.t dtvlde t h,' output .Iinal of th .. .. : I divld.. r
by N ( 982 • N . I H 7 I, and I. to b.- p r o ira m m" d dt rec t ly w ith th ,' I r-cque-nc y
or t h.. r"qul n'd ,Illnal ( 875 to 10 ·10 I , T h,- .Iillal from the 4 : I dlvld" f i. t..d
to th e clock Input, of tilt' Int"g fa h·d circuit. I 222 , I 223, and I 225 . T'lu- 0IH-ra
tlon 18 IIOW to b,' ••.. p l a tn e d o.'lIumln,ll: t ha t th . · nu mce s- 88 1 ( c orr.. 8 I>ondini t o
1111.1 Mil l) ha lll b"" n IlfO l ecu-d at till' prog r-em m tng ln pu t e A I t o C 4. Th.· a lit<·
ctr-cut rs p r-vvtoua 10 t h., p rl"s .. t Inl ,ut . o f tl \l' decad.. cccm e r e I 22 5 and 1226
' -n ' Uf ' - that they a r ... ,-t to th,' ninth complement of t h.· ...le-ct.. d numbe-r- ( th.,
nin th c omplcm cnt of a numbe-r- 1'1 1.9 - 1'1 I. Int " arah ' d ci rcu li I 227 I. II 16 .
count .. r-, It I, f..d with t h,- fourh·.-nth compfem ent of the nu mbe r- pro a r a m m t'd
on C stc 4, If a z r-r-o i. al ve n , th .. pro-II.'t Inpull A to () ... ill r e c e tve ttu- four.
tt't'l\th complemt-nt of t h.· numbe r 10 , Thl. m ,'lIn. t hat only thr.·" 1'0..... of num'
b.- rll a t-r- rt'qulrt'd , 111 1'11'" t h. numb. r- zero In IIw 10 -1\I1I z: poentcn co r- t-eeponde
to 10 0 Mllz. Art.-r 98 1 clock puhn'., th. d"clmlll count .. ra I 225 and 1226 ar.'
at 9 , ...h.-na. th, 16-,·oun t.. r 1227 i' a t 15. Th,' output of t h.· S AND-gat" 122"
the-n drops to I. ( low I I.'vd and th.· output of t hr- Inverte r T 225 thu. t o II
( h ig h I. Slil("- (JA a nd Q [) o f I 225 li fO' a llo a l !I · l fO w l , th.. K - Input o f t he- Il tp
nUl'l 22:j ..... 1lI 1Jt' actlvatvd. Th ill m"aIUI th at 11 will b., s ..... ltdw<! to 1111 on-lIt lih'
( (J - I. I tUll'- lh .-,- with t h,' 982th clock pull.. , T Ilt' counte-r-s I 22~ to 1227 a r lO
no .... 1'1"1'1It't to thl'lr comrm-ncvm vn t vatu », and 1222 will aw itch 10 t h.· cou nting
mod" duo to is - II . Stnc e It hall. be-en I", t to th ,- nu mber- -I by the data In put II

A to I), It n'llul ro-, Itve further pu l. ' -II until Lht- num be r- 9 I. obtaln,'d , T ht 
!I87th clock Impul ••· actlvat ... th.' J-Input of th. - fll p.Oop , and the 988 th Input
puill" ew ltch.·. II back to thl' r ...t poetncn . Thl. comph· t.·. tlu- cycle , the- inpu t
f requ ency wUI hav.' b ,-,'n dlvld"d by factor 988 , th" out put f n'qufO ncy can th.-n
b.. ta ken from th.' output Q of nlp·fh,p I 22:i and ft-d to th e ph a ec compa r-ato r
ci rcuit . A t N - !IS8 , th.- oBcUlator fn-qu. ncy or t h.- t un .. r w il l amount to 98,8
Mi lt, whtch cor r e s po nd s to lin Input It-equt-ncy of 88, 1 Mll z when a n IF o f
10. 7 Mil l. I, uBI·d.

T Ilt' adJuHtm "nt of the r,. -qu lro·d in pu t f ·llu.· ncy I' t tll'rl'fon- mad.' on Ifu- 1' 1'(.1.

g rammhlj( 111 putfl A I to C 4, Till' foll o lne tabh' hH.llcat"lI t h.- tYJ>.- of rodi ne:

10 M il l po"i1lon

C 4 C I
80 II I.
90 II II

100 L I.

1I - + 5 V
I. - 0 V h;r'oul1d!

88.2 Mll z
96 , 3 Mill.
102.8 Mil l.

1 Mil l positten 0 .1 Mil l pce uton

", "3 ", " l A, A3 A, Al
0 I. I. 1. I. .0 I. I. I. I.
1 I. I. I. 11 . 1 I. I. I. 11
a I. I. 11 1 ·, I. I. n I.
3 1. I. 11 11 .3 I. 1. 11 11, I. 11 I. I. ·, I. 11 I. I.
e I. Il I. 11 ·, I. 11 I. 11, I. n 11 I. ·, I. tt 11 I.
7 I. 11 11 11 .7 I. u n 11

• 11 I. I. I. • • 11 I. I. I.
u 11 I. I. u ·, 11 I. I. 11

'" " 1 Il,
"

3 Il, II I A, A3 A, Al
Il I. n I. I. I. I. I. n I.
11 n I. 11 n I. I. I. u n
I. I. I. I. 11 I. 11 I. I. I.
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A drawln, a ho wln , tho c c onecttcne 10 tlU" Iwlt'ctor aw llch.'a a a ", •.11 a a a n '
commt"ndaUon for obtain in, a pro,ram memor'y a r .· t o b.' ,lv.' n In Part II o f
thl a aMid .. .

e. 3. I' IlASt-; CO MPA RATOH ANU HEFERI-;NC"; O..'.;cIl.LATOH

A ~ Mil t c rya l a l - c on t roU..d o acmator co mp r te tng transl at or T 228 will b.. IWI'n
In the c ts-c ul t dlae ram ilvE"n In Fleur"(" 10 . Th., tr-Immer- capec ttor- In ee rte e
wit h the c rystal allows t he osclllalor frt'quI'ncy to be vas-ted by + 50 ki ll. This
allows a ny tole r-ance e ot the cent r-e f/ 'I'qu,'nc y or th .> c ryat lll rllt.>r 10 bt, c om
p.'naated for. It b not ne c e a aa ry fo r a finE" tunlne 10 b. , p ro vlded for th .. r-e
ct'lv.' r e te c « the It'bandwldlh ia mor. ' than twlc.. a. wid. ' a lth,' c h a nne- l I pacl ng.
Thl l ml'Sn l that lransmilll'n not ope t-at ing exactly on a m ult lplt· o f 100 kH z
will 111111 b. , rrcpiv t"d without d istortion .

1SI( HZ

"
SO~HI

T"----------11----------------,1. 1,,15''' I

PIns ~('!.-1I1 I,uv ~ "' 1.Il1o ", ..

"" -II~ I1 11010 I
~IO~ le~ 1 ~

I 2213 _ . e 100 PI 223 , Turni ng
T8A,nl -c:::J 0 - _

1. Iote 40UP 10 ' 01< [2214 T volta,p

I
I
I
I

n ,,=;: Pl n~,

~_.L_-=-.L~?=_ . ISV

c

A

Ft,. IO: P ha a t' compa rator and rereeenee osdlla tor

The 5 Mll z al en a l from t he c rYlt a l oac llla to r Is ccn ve rted 10 a TTL- Ioe lc slena l
which II dlvldl'd twlc e by fa cto r 10 In t hp de cade coc nt vre 122 10 and 122 11 ,
and once a,aln by two in th ., doubl., flip-na p 12212. The 25 kil l. 8qua r pwa ve
81gnal et'neratpd in t hia m a nn er II r...d t o th .. "r.,ft'r.. nc e" Input ( pin 3 ) of th. '
Inlp,ratt'd frpqu .'ncy / phallt' comparator I 22 13 ( M e 4044 l' ); ths - "aclual valu.,"
orl,in_Une from thl' va riabl", tr.'qut'ncy dtvfde r- Is ted to pin I. At larg" de via 
Ilon a be lwt;'t'n th .. nominal and a ctual valu e , 1 221 3 will op.· ,." t ., 0 8 Cn· quo·ncy
dl acrimlnator and will then 8w1!(" h 10 the phaae ccornpe r -ator- m odi' when the
("ontrol de viation Is auffldt'ntly a m all ao that II 18 a bl t' 10 tune 01.11 th.' r e 
malnln, Ir-equency dlffer..nc e, The out put a liT's l o f th., rno du!e ( pin a ~ a nd 10)
repr.... ..n18 a pul e e s ~·qu t'nc t· from \\hlch the inlo' Krat or com p rlaln, th e ope-e r to 
nal ampliCh'r I 221~ [ TBA 221 ) form . th., mean valu., o f Ih .. volta,., . whtcn III
the-n ft'd via P t 22 3 10 the H ~' m odele ( 1'1 20~ land u. ..d •• tu nlni vo lt a ge .
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II wlll 1I~' p0881111~' 10 OSI' e ther- VIIF tom'r. rt'qolrlng a tonlni voltait' of 01' 10
30 V if tht, opr-r-atlng volt ...g.' Inpol of Ih t, In tt'g rator P I 224 I. fe d wit h epp s-oxt
m a tely J2 to 35 V, T he DC ope r-anng point or th t." !nlt'gralor can lit." adjuated
with till' aid of the 50 kO ti-im mer- n'sl. to l', Tht< ttme constant ( 180 kO/ o. 5 j.l F 1
is In th ... or-der- or 0. 1 e , wh ic h means that a 10 MII ~ Jum p In Irvqu e ncy r t< qo i r t' lI
approximately 1 II.

6. Hfo:n-: ltl-: NCES T O J'A HT I

(I) J.Conrad: GrUnt's l.icht fUr den Ver- keh rufunk
Fun kechau 1974 , Edition H, P a g t< 1I 535-538

(2) Dr . T , Schad: Ph a ae-docked Loops
VII F C OM MUNICAT IONS 4 (1 972 1, rcd ntcn 2, P a gt' s 80- 87

(3) .I . Ke stler- : Ft. 1 T'r-anace-lve r Wit h Mul tl · Ch annd Syntheeiz e r
VHF COM MUNTCATIO~S 5 (1 97 3) , EdUlon 3, l'a gt' 08 13 0- 1-15

(4) Tt<xall In 8trom t<nlll
TTL- Da tabook (1 97 2).

I

. ,

JAYBEAM MOONBOUNCERS
All of the MO ONBOUNCER antennas can be either connected for circular polar isa
t ion at the antenna with one feeder to the shack, or if two feaders are fed down to
the shack, It is pOSSible to selec t vertical, hcrtzcntel. as well as clockwis e and enu
clockwise circula r polarization.

C ircular polarisation is most certainly the po larisation of the future. The advantages
of this form of polarisation were discussed in a recent article by G 3 NO/OJ 0 BO
in VHF COMMUNICATIONS. The pOSsibility of switching to any required polarisat ion
to find the momentary most favourable polarisation is a great advantage of the
MOONBOUNC E antennas.

The rcttowtng four types are available, which can be st acked and bay ed to
form arr ays suitabl e for ext r eme OX modes such as MS and EM E:

Type Elements 18tr. Gain (dipo le) Her. Beamwidth Boom length

5XY/2 m 2 x 5 II dB (8.8 dB) 52" 1.67 m
8XY/2 m 2 x 8 12.2 dB (10.0 dB) 45" 28& m

10XY/ 2 m 2 x 10 14.2 dB (12.0 dB) 33" 3.65 m
12XY/70 cm 2 , 12 15.2 dB (13.0 dB) 35" 2.80 m



A SI MPLE 70 em POW EH AMP Ll F IE H EQU IP PED WITH T il E 2 C 39

by K. We in er, DJ 9 110

Utit'd tUUt' t)'P'-1i 2 C 39 or YD 10 50 art' orn-n availa.bh' clu-a pfy or t'v"n fn'.--of
chllrgt', T h i ll btTIIUII" a lar-gv numbvr- or cOlnln.'rdal opereto r-e uliing tlw>!t' tub.. >!
In t helt' mtcrowave ..qutprm-nt .·xc ha n g.· till' tub.,>! at rqrula l' tnu-r-vate, Thl>! hall
mad.' the-m vcry popular with amuu-u i-e fOI' constructing 1>0'01(-1' amplilit'rli for
the t'H F banda, T tu ' author is to dt·8CI·lb., how such un ampilfit'l' can b., con
et r uct cd mor-e almply Iha n Willi gl vc-n In 0 ). It hi to b.· const ructed I t-om light
wdghl P C - boa r d mat .. rfa l or It-urn thin m.. t al plalt' l vvvn th.· tu t»- i .. 1I0Id"r",d
Into plo,'" to 8an- pr'ovt etcn of II 1I0,·k,·I. Thill me-ana that tht- ampllfh'l' r-an b.,
,-a .. Ily conat r uc red and III tlwl'..rol·'· not only l:Iultabl .' for Ull" 1111 pow,' I' umptttn-r
Iitag., but ahlO lUI dr-Ivvr- , »rr-,

I. T11£~ CIHCliIT IlESCIII I'T!O;';

TI\<' c l rcutt diagram of th.· POWt'l' am pllfl .. r 1M giv"n In FIgur,· I , It will b,' svvn
Ihat a common , g r-ouudvd grid c cnftgu r-atlon hI uli t'd, 1"01' Iholi ,' n'adf"I'1i lhal
han' not ue..d auc h di ec t r-Iodes t.... rcrv , It s hould b., mt-nt loned thaI t h., tubt, ailio
operare e with II: DC Kround,'d grid, T he requirvd nq~allv,' grid blall vott ag.. III
cbt a tned ae po sttt ve cathode ulall across 1"'lIll1tor H I. T h i ll volta gv 18 dr-Ive
dep..nd.'nt and amount s to 6 V at 60 nand eathod.' cu r- rvn t of 100 rnA. A avn .. r
dlode III ocnneo ted In pat-afleI with thla r"Miator In oj-de r to vueurv thaI t hr- blaB
volta".. cannot tncr-oaee beyond a cer-t e ln l"vf"l at hl"h'-I' dr-ive I,'v.-la. 'I'he meat
Iavou ruble valuee of reateto r and zem- r- dlod." de-pend on Ihe Individua l t ul>.. ,
tube condition , nncd.. volla~w and Opt'rotlng m o de .... hlch m.'onll t hat t h.,y mu.. t
b.. dete r-mlned Indl vidulllly. At -100 to 600 V and a qUh'IH· t'l lt currt'nt or 20 to
50 rnA , a. aener- diode of 5,6 V and a 1'e slll tOr or 60 n should 1>.- auf table, T he
pcwc r amplHit' r can b,' ull ,'d rcr AM , F M, SS B and CW op.. rution , 08 'oil'll all
for amat ..ur- t e levtafon , A pot enuom e t e r can b.· ul...d as rt'1I18tor II 1 ( 250 n )
80 that 0 qut e ec e nt plntv cu r- r- vn t or 20 rnA can b.· aefr-cted.

Sinn' the cathode of tilt' 2 C 39 III connected to mit' 1I1d,' or th., hvater- , Ihlll .... 111
m.-an that tilt' bla. voltage III vi rtually at Ihr- 1I0mt' poh'ntial all Ihr- h..etvr, Thill
rf>qulrf>1I t haI 011.. sldf" o f t ht· he ate r- w in din g of lht, t r an s torm e r mRy not b.'
ground.'d all uBual etnc c thlll wo ul d ahort-C'lrt'ult tin' blall voltag,·. ;';l'\ltW I' III
It poslllblt, fo r eev.. r a l such tUbl·t1 tu b.· o pe-r-at ..d n-om till' aarrn- tn-arer- wtnd III":
H dln"r"nt bias vollagt'll art· l"t'qull, t'd,

T in ' twalt'r voltoge ahou td never- .' 11((·. ·. ·<1 6 V. Elloet valu "11 all a Iuuctlou of tht,
op.. ratlng fr,.'qu .'ncy and drlvt, 1"\'.. 1 W"I'" Kiv. 'n in (I), Thill arlld,' al .." IIIlVl '
t h. · Np..dficatlonll or t h., varloull typ.'t1 in thl .. fumlly of tu be N.

Sin,· ., th ,' UHF drlv.. 18 al80 f..d to th .. ('a thod.. , It III 1\<",.'lIl1lar)' fOI" ItIt' twal,·'·
I..adll 10 b.. p rovided .... Ith chok"l1 ror th .. op.-rating fr·..qut-nc)', Chokt'lI L -I and
L 5 enlilu re t h at no UHf' d rive III 101lt. The capacitlvt' volta"e dl ...ld .. r comprlalne
e l i e 2 and Inductance L 1 malch til t' Impedanct' of the cablt> to t h t> com I'll'''
Input Impt'danct' o f Iht' tubt' ,

Tht' anod e circuit L 2 of tht' powt'r amplUit'r la in lht' fo r m o f a Ihorlened >. / -1
Lec he r line. Since a balanced type of line II uled wit h only a 81nele tube ,
Ir lm m er e 3 r t> p r e a..ntll the tubt' capacltanct' at th .. open end of Ih., lin .. , Thla
tr im m er II alllo u8ed lor tunlni tht' Hnt' t o rt'80nanct' which eRn ahlft t ht' ba-
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(o'1 e.t : C ircuit diagr a m o f the 70 em power arnpHtl e r

lance 10 that cncke L 6 can b.. rcqurred a t the normal "cold" end of th.' lint"
Ru l l to r It 2 i, provided .. type of Iu• •-, It. value 1. not c r itica l 19 to 15 0 1.
how t' vt' r. It s hould not b... r . l t' d at mort' than 1/4 W.

T he ou tpu t po we r I. couple d ou t via L 3. The Ind uctanc e o f the cc upl tng link
ia t un ..d to ar r h'" r e e c n anc e with th e aid or t r im m e r C ...

2. OP ERATING VAI.UES

Th t a type o f t ube ope rete e rt'liably .. "ton wit h II pl at e voltait' o f 300 V. Tht'
fo llow ln ll t a ble il v"l 10me typ ical a plt'clflca Uo na fo r varlau. plaIt' \,01tai"8 and
drlve po we r- e wh ich we r-e det e rmln e d ualni II calib rah'd dl r t'c tlonal couple-r
( S le m l'nll I a nd B 50 n load ( Spinne r }:

Plat t' Voltagl' D r- Ive Pow e r P lat .- Cu rr.-nt Out pul Pcwe r

300 V 0. 0& W 28 rn A .W
300 V 0& _ 5 W 72 rn A I2 W
HOY 0.4 W 35 rnA 7 W
0&20 V 4 - 5 w 95 rnA 22 W
600 Y 0.4 W 42 rnA 9W
600 V I W 55 rn A IS W
600 Y 4 - 5 W l IS rnA 42W

The tu be r-equl rea a warm - up ume of approlilmatt"ly one mlnutt- and ehcutd bt·
rc r cec -e t r - eoo tec .. ven al th .. lo weat pla t .. vo ltagt'.

T h.. a bov.. vetue e eno w th a t the Ilnt'arity r angt' of the tubt· i . w.. 11 .. xceeded
when the tubt' la dr-Ive n to a plate cu r r ..nl o f 72 rnA a t a 10....· pia\{' v01l1l.g.. o f
300 Y. T hla ca n bt' aee n due to the fact that tht" power- am pllftcaUon ia fa r le • •
tha n 10 d U. H1eht'r plat .. vo ltagt'. a re fa r mo rt' favourable.

3. CO NST RUC T IO N

The 432 MHz power am pllfler c an be conaU"Uc ted from ecppe r-eeeeee P C - m a
t erial o r thin braa a pl at e . Th e coat ed aide ahould be on the inaidt' aa we ll a.
on the upper . ide of th e Inte rmedtete panel ( a node aide [, It coppe r o r bra..
pl at e 11 uud for the In termediate pan el. t h l a wUl pro vide a be tte r heat dlul
~t1on fo r Ihe tu be . F 1aure 2 ahow. th e conet ructtcn of the power ampll fl t' r In
the fo rm of a draw ing from above. aide and below.
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T IlL' rntvr-m ..dlah l'an.. 1 I. fJrllll)' provltl"d .... Uh a hoi ,· tor- the i rld r llll! of tho
tu b~' a' ....,,·11 •• fo r tilt" h i gh \ oltag.· f~('(.lthroullh for Ih. rla l (" vol t a ge. T h. , Front
r a n.·1 I. p r o yld ' tI .... Hh ho .le. fo r t he U:-.~ .o.k,· t. , (o'",llhroUllh c e pecncr a nd
t r-Im m e-t- I •.• R' ceramtc n , 5 • 9 pI" m llllu h.dur,·tI by I'h illp. o r u ll' · ,pan' d
trlmm .. r . ....' lI h a a pa('\ni of .I . !i mm ). Th i ll I. follo",, 'd by .o.ld.. rlllil th~' frumto .
work o f th,' c a . ,· a nti tI \l' Inh' I'nwdl atl' pe ne l I O lldh~' I- , T he covvr- and bUll"
pial'" a rt· 1000nh·,.I Into ph. ....· a ner r o m p lo-tll1i t h ,' 1>0..... 1' amjll trlt-r .

T h(' Indudan l'~" ",hoo1o..I t... ronet eu c t ed a ll . hu II'n In Fi l{u,,,, J . The Ih ".·t· c ho k.·.
L 01 • L 6 comp r-u. .. It 'll tU I'nll o f 0, 5 mrn d la m t' t " r (201 AWG I r-namelIe d co ppvr
...0'11'(" 1I'0uIld on • 6 rmn form .. r , lIdf. lIuppo rt illll . "I'h, · t utn- III 1I 0 I d~'f.. d 10 the i " ld
rln e on rho Inlt'rnll'.Hat~· pan d .... Uh ti l<' aid of a 100 10 150 W lIo l d ~' rlne I ron ,
Thl;' lI old~'r Jo in t ahould b, ' In t h.· a nod... c hamt....r- . Thl . Bold ,· rlng pro c" . , eh o ul.d
takt, place rt'latl Y{'ly qu lr kly In Ord" f not t o d a m aR " th.· tub,'. Figun' 4- In dl
c a t". the polll lon l.1 ... h kh Lht - t u bt.-, . hould t,.. 1I0Ith· rt'd and ...h .. 1'(' til(' anodt
c i rculi !' 2 IIho o ld t... coenecr vd, F igu r{' 5 .ho.... . Ii ph ol ollfaph of a dcu b !v a mpll n,-r
,Iall" con lilroc h'd III Ih.· d.'luTlb"d m an n. 1',

lI "H'""
~
1!lmmd,g , -pt:oppp' ~

'~-J
L 2 d _g,:

- l SnTn
2m", d'o,
' -P COPDpr . "P

r:' ~b~
I

'",m. 0 s"'''' '
, ilypr _plotpd
co~r " "D

- 8 1 -

Fi R.3: Sha pt" and d,mt'n.i ons or tilt' Inductance a

Anod.
- ~IVIP

Ir -c,-A./ '

FII( , 01 :

fo: l c c t r txl" 11 or the
2 C 39 tub.'11

01, Tl" :-41l'iG ANI) ol'EHATION

A standin g wavI' 111('h'r I • • i . IJI, 2 Vfo' 00 2 I ehoujd b.· connec ted both In Ih.·
In pul and out put It nd ll. T he allll lllla' lIt I. c onur un e-ed a t a lo w anod., \olt ag t
and . dr-Ive pOI/...· r of I \\; t tl/' cat hodt d r{'ol l III III111n"d for tht · m o ll r. \·ou r 
ablt, COmpr()lllhw t"' l w.· .·n m/t >; lmum d rh'" lin d m ln lm om sland in ll .... 0\'. · ruuo,
a . wvll III Ih .' 1111 01.1. · 1I Id.· (o r m a xr mu m outpu l powv r-, A ft."!' th l ", ,'O l r a<' a llgn
m .. ur , til" pU....-er- amI'I Hit' I' lIhu uld b.· pro vl,kd ....,lI h ltll no r m al 0 PL' r ll tl IIK volt a i "
aft"r whtch lilt' fl lH' ull,li:llIIwnl call L". ITllldt·, \\Iuh th.· giv.' n vltl u." , lilt' pov., '1'
amplifl.' r shou ld " I"· l'lIt .· lml1l, ' d ial ,·I )' .

S inn ItH' h"at •.II•• ll'allt>r1 of Ih lli tJpt· o( ('(.n. t rUt lion I...... 1') . low , It I, Ill' 
c .. ..al·y fo r Ih. tullt' t o b, ' t-oc Ied by Io rc e-d al l' ~' Vt'li who n o p" r a llnw: at a lo w
plah' vo ltaw:, or :1UU V. Th i ll can b, ' achl ,'\" d b)' d rilling a la ri" numbe-r- of
:I mm di unn-n-r h()!t ·. o r .1 V.lnll a lal'JlI"!' v. lnclov. ill th t .. h ie pant'I. , rh l . .... lndo ....
c a ll 11"," bt 1I ,' I"t ' Ilt d .... i t h a v.1,',' g fl d , T heil ., .()ollnll c-utouta c a n b.· p ro \,ld . d
dth.'r 011 th.· 101111 ' r 0 1' IIh",·t ,'/" lid " • • It 1' 1'1110 favour nb lt, fo r 110m.' o f Ill<" ,il'
to b. , pa l llt·cl Ihrou gh Ih.· , ·/tt hodt· ch ambc r- .



fo~ i g. 5: Two~ st a ge am plifier u s ing the desc ribed principle

It I, po a etble to use the a a rr n- type o f con s t r uc tion for tho 2 m band , wh ich ha ll
also been te et ed in practlc e , 1! 0 1H ' V, 'I', It II tho ught that euc h a dl ' llign fOl' t h,'
23 em band wou ld be o f rno r-e lruures t, For t hi ll rea son, llu(' h Il po .... l·r a mpli 
tier III 10 be d .. scr-Ibed In a later edmon of th i s ma g8 z ln ,", Sin ce this Ix,wl'r
amplifier Is extremely easy to c on at r-uct In one e venin g, II Is Iel t that It c an
do much to fo r wa rd ope r-at lon on the VII F bands,

S. HE I" ER E NC ES

0) A. Tautrim: A St rtpftne Pcwe r Ampllfll'r for 70 e m Us in g a 2 C 39 'I'u lx
VIIF COMMUNICATIONS 4 (19721 . Edition 3. l'a gl'l I H - 157

VHF CO MMUNICATIONS a nd SPEC IAL OFF E HS

Subsc ri ption 19 75 (' editions) OM 16. · ·
Vo lu m e 1974 (' editions) OM 14 . - ~

Volu m e 1973 (' editions) OM 14. --
Volu me 1972 (. editions ) OM 14.- -
Volume 1971 (. e di tions) OM 12,--
Volume 1970 (. e ditions) OM 12 , -.

S P E C I A L O FFE R S

Volu mes 19 70- 19 72 (1 2 e ditions with rree binder ) , , • •
Vo lu mes 1912-1974 (1 2 editions with Cree bi nder) , • • •
Volu mes 19 70-10 75 (24 editions with tw o free binders)

P l e a se r eque st fr e e index Cor above vol umes.

• 92 -
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A VE HSATI Lg 70 em CON V E HTg n WITH SCIIOTTKY - DJODE MI XBH

by B . L ubhe , OJ 5 XA

J)Ut· to ttu- dang. r of 101llnR tht· 10 cm band, It II nt·c,·."ary for the actl vlly on
thll band to b.· Inc r-r-a acd conefdor-ably , This "l<-8rrl"t1on of a 70 c m COIl ... vr-tr-r
la d(·.l~n.·d 10 alll~llIt thlll .In...· II III .Imph-, lind van 1.> •• conet r-uct ed l>y h·••
ellp.·rlt·nl",·d IIlTlllt.'u rli. Sin ....' tln- l ' IIF clrcultll of tho: pn'lunl'lIfl.'r . I"AW. an'
In Ih .. Io r-m of mtc roan-tpltnce , II III not ll(·c .·II.ll ry to carry out tti<" la rgt' amount
of mt·talwork !'t'quln'd for th.· rO'llonant chamb.'r. ,",c . I'h.' converre r cIOn bl'
enclceed In a TEKO box 3 A or 3 nand n·prellt'nt. a compact, and rt'lIal>l .·
con ve·rt.'r. It II lultablt' for 1.111.' In th.' 70 em comrnuntc a t tone band from 432 •
434 Mlh uIJne an I F of 28 - 30 M il;!; or al In ATV r-on ....-rter for tht· t r..quency
ranli:t' of 4304. 2~ MHz to 439, 7~ 1\1111 nen ullng an IF of 48. ~ l\1I1z ( CC II{ TV
chann.. l 2 ). It can allo be ulI.'d all 1·(· ·1....· conver-t .. r In 70 ern I r a n a vt' rt ,·r. or
In AT V tran.cl'lVI·rlJ.

clrcultA:
at 30 l\lIh:
at 50 Mill:

I. C liA HACT ElII5T IC5 OF rru: CONV E IlTE/t

12 V (II · H V I
approa . 20 rnA
apprca . 36 dH
approx . 30101 11:
3 l\l lh
7 l\lIh
• dB
>50 d B

Noliit' rtj(Ur.' :
Im a g.. n'j ,'ctlon at an IF ot 30 Milt:

Op('rlltlni voltag.·:
Cu r e-cnt r.'qulrt'm.'nt.:
Ovvr-sdl gain:
3 dB band... ldth of the l:IH'
Of tht· IF amp.

2. C IHC I' IT Il ESCHII'T IO :"l

Th.· circuli diagram of th.' con ....-r-ter- I. atv..n In fo'I(Ul"O" I. It will bl' ee..n Ihat
me ccnvcrre r- polIlI.·III1.. 11 t ....'o pn·ampllfl.. r IItag.·. u.Ini Ih .. ....'e lI-provl'd Ge rman
lum P S I' tran,l,tor AF 239. II may eeem to 1I0mf' ro'ad"ra that thl'll' I ran"
lalora art' nOI too mod.. rn , he... I·ve r , l'lIlt'nlll"'l: .-llpt·rlm .·nt a madl' by thl' author
ha v...hown that SIlicon Nl'l"O" UIIF t r anetetcr-e did not brlni hard ly any bt, u .. r
rl'aulta , .' v. 'n t hough th ..y llit-ro' tar mc re expenstve, T h.· I ran.illtor A F 239 ia
avaHablt· vlrlually .. v.. r-ywhv r-.. at II v.. ry 10..... p rlce, T h.' convert e r .· xh lblt a Il.

ve ry good nolll<' tJgur.. that I, only app roxtm a t .. ly 0.2 d B tnrertc r to th e bl'lIt
convertvra availablt- on Ih ., mark"t . Expl·rlrn.'nta mad.' ..... lth th.' Iran,I,lo"
AF 279 In Ih .. UI F prt-ampllflt'r .Iui'" .110 brought Kood r.·lult• • but tht· Inpul
stai". po d a irl'QI .. r hndtnt'y to , e If-ollcillatlon.

Haalcally 'I'l'aklni . th.. UHF prt-am"llfll'r IItag.·, u,..d In Ihla ccnvvrtc r aro'
aimllar to that d "acrlbt'd In (I I. Thl' means Ihat It Is not n..c ....ary to dlacuss
t h"m In .. ro'llt d .·tllil h e- r-.. .

T h e mtxor ,tae" la ..qulJ>J>l"d with 1..... 0 Schottky-dlod.'. typ t' Ill' 28 00 t ha t o p.'rat t'
In puen-pull . Tho')' art< Ie-d a l 10\\ im p.'danCt' both from th.. signal a nd local
cscntero r Input . The o,clUalor voltaK" i. ft'd to t he mlx e r via a ~O n et r-Ip l ine
and th., two 27 p ~' c apacttor-e ,

Thl' 10.... ·lmJ>t<dance , loeal o.clliator Injt-ctlon oH.-r. thl' advantage thai otht-r
oscillator. can I..' Ullt'd ...!th Ih.· conv"r1l' r (".g. lOCal oactllato r Ilinal from
a t raOllmlt convl'rtl'r I_ In thla call" , a 50 II coaxial cabl.· can b.. dir.. c tly con·
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m,ct ..d to th .. atrlpllrw . and the ccrnpcm-me fo r Ih e ccnvvrt e r ollcillato," d.. ld ..d ,
or th t, Inlt'rcOnnl'ctiona brok..n th,' po.ltlon. ma r k..d on Ihf> I'e - bo a r d. Th.. UIIF
preamplUI .. r .taie. and the miller th,' n fo rm a common unU wh ic h clln b.· uaf>d
In t r-anec.. lv.'ra .nd tran.vprtl"ra .a w.a r ..comm ...nded In f21,

The mixer la Iol lcwed by an IF p n'arnpUflt'r ...qutpped with a fh·ld- ...U...c l l ran a 
lalor op ...ratlni In a common-get ... cj r cu n, Il la pr-ovided t o t1ratly comp..na. t ..
fo r th.. conve r etcn loaa. a nd , secondly 10 pr-o vide lIufnc h'n t dr-Iv .. for 1"111111
lIt'n. itIH' .hol1 wav.· rec...tv e re , U. how e ve r , Ihe ili in o f Ih e converw r la 100
high . It la IIO. a lblt, to r Ihe ou tput c ll'colt of t h.. IF a m ptttte r- to bt, dllm p..d wllh
t he aid of a r ... I.tor. Thl. alao ,'nllun'lI a n [l1en'" ... o f t h ,' IF bundwtdtb, Th,'
local o.dll.tor compriat'a thr... · atait'a u . in i t h.. Inex pvnetve Iran . l alor type
BF 22 4. T hia circuit I....... ry .lmllar t o th .. o.clllato r UJ 4 L U 003. wIth the
exception Ih.1 Iht· la. t atait' haa be e n udt"ted, Tht· eam e comm ..nt a thai w.. r e
made In (2) ar-e allo v.lld for Ihl. a.cllI.tor which mt'anl that It n.... d not be
dt scu ....d In d.·tail h.. t-e , Th.. r .. II. how .. v e r , on.. apt'clal f...tun' which ahould
be mt"nllont'd: Th.. t .. n..r diode for a lablliralion of the o.clUator voltai" mual
bt· op.. ralt'd wit h a curr..nt of a t lealt 2 to 5 mA o IlnCl' lIa nola.. h'vt'} will
Inc r e a s e the cv.. r a ll no l a.. of the eonve r-t e-r- a t lowe r cur-r-ent h ' vt' l a. Sp..e1Ml
a tl('nllon IIhou ld be rn a de t o Ihla whe n ttu- m o dul e OJ 4 I." 00 3 I. u a.. d in II
t r an ev.. 11., t-,

3. C ONST IWCT10N

The meet f.vour.b le mt'ana of comptem ..ntlni t h.. P C - bo a r d DJ .. XA 003 la all
follow. : Fl ra tly mount all r t' . I.to r • • lh n .11 capal'1tor. and I r l m mer capaclto rll ;
thl. la roue.... ed by th .. a e mtconductcs-e and fln.lly t he Inductanc('a, ba.ndpa..
rtl tt'n , choke a and Ih e cryatal. 1tt'.I.tor R 8 ( 22 n I .hould h.ve a apaclni or
5 m m from t ne PC-board In ord.. r t o ..nau r .. t hai th .. H.. ld or t h.. o.cill.to r
al rlpl1nt' II not a Hel'tl"d. Th... Id.. o f the boa rd which II p rovld..d with th t, st r tp 
li ne c rrcune II t he compon ..nt ( uppll'r I .id.. , T h.. compont"nl. a rt" .olde r ..d to
t h l' low.. r aide h a vln i tht' larit>r iroulld ludac.. , As \l,'a a pn' vlou a ly m t'n tion ..d ,
t ht, consl ruc tlon or t ht' conve l't.. r I. t'xtn'mt"ly aim 1'1" If th t, !:I5 mm by 67.5 mm
lari", doubh·-coal ...d P C-bo ard or 1. 5 m m In th lckn..... an d If tl \l.' compo
nt"nta ilvt"n In I ..c lion 4. ar.. u.l"d. Spt"c1a l a Ut>nllon mu.t be p. ld to Ih t" baa..
byp... l'apacilOn of Ih t> t wo UHF p r e am p litl ll'r . t.ge. a nd Ih e coupllni ca pa
citon of the two UHF p N"a m pl Hl ll'r atai". a nd t he coupllni capacito ra rrom th ..
oacillator a trlpllne to Ihf> mlx.. r dlodl"a. Tht'y pay a vt"ry majo r part In th ..
rt'liabUlty or th .. Qvt' rall convt'rll"r. Capacllo r. wIt hout conm·ctlon I..ada. or
chlp-capacitora Ihould bt' uled. The uat' of otht>r typ.. ala a waatE' or tlmt'.
Thea{" capacito r. ar.. mount..d onlo th l' I' C - bo . r d by aawlni 8ullabl.. Iiou at
t h.. requlr..d poaltlona with t h.· aid of a frt" lalw. T he by pal' cap.cltora for tht>
p rt>am plltl{" r Itai..a a r .. mount..d with tht, bale connt"ctlon a nd th ,' coppt"r lay.. r
011 t h .. uppt' r ai d ,' , and tht, eroun d connt'ctloll at Iht' lo wt' r aid t' o f t h., bo a r d,
Thl. mUfl, t b., mad... with conaldt' rablt> care al nl'1.' th e capacilo rl a rt' lom ..wh al
brittle . Th.. aame I. v.lId fo r th.. two COUplini capacllo r. bet we ..n oadllato r
a nd mixe r , Th...y art' aoldll'rt'd to th... atrlplln.. and dia d•• on t he o lh.. r aide of
thE' bo. rd. Only theo connll'ctlonl to theo I f" r eo a ona nt clrcuita a re mad. on the
10\l,'t'r aldt' of tht' boa rd.

Tht' IF Induclancel art' made up ulinll I peclal coU aII'll thl l Ireo avallabl. from
t hll' pubU.hll'ra . Tht' coUfOrtnll'ra polall'aa all( pl na of which Ih. t wo cll'n l re plna
ahould b.. dt'le ted. SincE' th... locallon ia .. xactly live n. It II ne c ll'. " ry t o pay
a ttention th.t Ih .. l'onnt'l'lIonl are cor r ..ct .
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(o'iR. 2 : Doubre- c ccte d Pc- boer-d DJ 5 XA 003 tor t he converter
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Flg , 3: Compone nt locatlona on PC- boa r d DJ 5 XA 003

The- o.clUatof con L 6 ahoul d be wound .0 that the cold end race-, up ward .
Thil ('n,un" thai adjacent e((l'cll art" kt'pt to a mlnlmum . 'I'he lnductanc""
tor the 202 :\111.1: bandpa•• nue e art' spaced 5 mm from the P C · board and the
.paclnll ia 3 mm In the ca.l' of the 404 Mllz bandp.,' fll ll"r.
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3. 1. OPEH AT IO N AS AN ATV CO NVE HTE H

An Inte rm edlate Ir-equ en cy of 48.25 Mll z hlU been lwlt..ctvd fo r this AT V con 
ve r-te r- lI0 t ha t It can b .. connected to vi rtually a ny do mesrtc Il·It ' vl . lo n r-eceive r
th aI Is abll' t o tune CCIH TV chenne l 3 or 4 In TV ban d I. Cryll talll ollcllla!lng
In thl' orde r o f 60 Milt s hould nol be uaed etnc e they art' Habi t.' to cause In tt'r
fe r-ene e to t h... lIublll'qu e nt T V recetver, Fu r ther d.,tallll r t' ga rdln g t he valu1.'8
ro r t he IF amptt fte r- fo r th l ll mode art' glvt'n In Sectlon 4 . The cectueto r ope r >
at .. . a t a Ir-equency Icwe r t h an the Input Ir e qu..ncy In or-de r t o enau r-.. th a I th e
cor-r-ect sideband poau ton ill prcvtde d. If t he ATV tllg nal Is to be df r e ctly con
ve rted t o t he etanda r d T V IF o f 38.9 1\111;1 . and If t h e .Ignailli only t o be p ro 
cl.'lIl1t'd In th t, IF am plifie r o f th e TV recetver- , It will b... nt'cellsa ry fo r th e
oec Hlato r to ope r-ate a bo v.. t he . lgnal n-equency , Fu rthor det a llll rt'ga rdlng t his
art' IIlv t'n In (2) 110 t h at th e y need not bl! dt'alt with her-e ,

3,2 , Of'EHA T ION I N A T HA NSVE HTE H OH THANSCEIVE H

If t he ccnv ...r t e r I. t o bt' ueed In a rr-en eve rte r or t r-ansce lve r In which a local
oec tllator- III a l ready available, it ill poaslbh' fo r t he boa rd to be ea wn o ff a t
th ... dashed li ne s ho wn In Flgurt, 8 and for only t ht· t wo p r e am pltfte r 8tagelil and
t he m t xe r t o be uaed, T he loc a l o.cl ilator lIignal llil th e n Inj e ct e d Into thl' con
ver- te r- by q m n ec ting a coaxial cabll' t o th .. SOn . tdpllm'; th t' t n n e r conducto r
o f tht' cable a hould be c on nected t o t he IIt rlplin e a nd th e ec r .. t'nl n g to tht, Io we r
.Idl' of Ihl' boa r d , T he re qult-ed local osci llator power J. In t he c rde r of I to
5 m w . If olllci ll a to r module OJ 4 LH 00 3 I. used, wh ich pr-ovtdee a eepa r-at e
ou t put for r ece tve m! xe r a , s u Hlcle nt powe r- wil l be avallabl .. fo r t h l8 application.

4. CO MI' ON E NTS

T I , T 2: A F 239 , AI' 239 5 or AI-' 139
T 3: BF 245 C (TI), E 300 (Silic on i x l o r IIlm ilar FET
T 4 : Be 107, Be 17 2. BC 182, Be 41 3. UCY 58 or similar NP N t r- a na fa tor
T 5 - T 7: IH' 22 4 ( TIl or BF 17 3 o r UF' 199 (Si..m en ll)

D I . D 2: II I' 28 00. II I-' 28 11 , Il l' 28 17 or .Imllar Schottky diodes
D 3: HZY 8 3/C9V I o r ot her- 9 , I V a e ne t- diode

Q 1:67. 33 3 MHz ( II C - 6U ) fo r IF 28 -3 0 MH z or 64 ,333 MHz for IF 4 8. 2S Mll z

L I. L 2: St r lpl1ne . as de ec r t be d Ln 0)
L 3 • L 5: Spccial ccneet e . T'he nu mber- o f t urn s a re valid fo r an I F of

28 -3 0 MHz, val ues In b rac ke ts for a n I F at 4 8. 25 Mill
L 3: 14 tu rn s ( 10 tu rne ! of 0,3 mm ( 29 AWG) enamelled copper- wl re
L 4 : 7 turn. ( S turns J of 0 , 3 mm dta , (29 AW G)
L 5: 22 turn . ( 18 turns) ot 0 , 3 mm dls , ( 29 AWG)
L 6 : -4,7 5 tu rns of 0. 8 mm di a . ( 20 AWG l etlve r- pj ated c o pper wt re on a

cctj jc r m e r ot S mm cut e r- dtam et e r with VHF' cor... ( brown )
L 7 , L 8: 2 t urn s at 0 .8 mm ( 20 AWG) sUve r - pl a t e d copper- wire wou nd on

a 5 mm rc rrne r, ' l,'lf-liupportlng, s pac e d 5 m m from th e P C- board
L 9 , L 10 : 2 tu r-ne of 0. 8 m m dla . ( 20 AWG) etlve r -pleted coppe r wl r e woun d

on a -4 mm te rme r , s ...lf-supporting. e pac ed 3 m m fr om m e PC 
board . coil tap on L 10 : 1 turn f rom t h e cold end

L II, L 12 : 3.5 tu rn. of 0 , -4 m m ( 26 AWG J enamel led c oppe r- wi r e pta c e d
th rough a te r-rtte be ad,
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l' I , c ' 5 , C 1; , C 2 2, C 21; : 3.5 _ 1:11'1" j Illl ll dtu, I', ' r umk trlmrur-r- or
pl .. a tic·(o l l l)' p"

C 2, C 3 , c t , C 2 \J, c 32 : 2.5 - 6 pI" I l'lrnml' l' 1111 lIUOVI'
C 4 , C 8: 470 10 100 l) p}' I Ul1('l'l lka l ) 1" ' I'um it' <l I lli ' o r' c hi I' c apecit o r-

wnhout conn ec uon " 'aull
C 9, C 10: 20 • 30 pF ( vatu .. un cr-t tlcal ) aa C ..
C 13: I ~ pI" for IF 28-:10 :\lILt ( 10 pI-' fo r IF " 8. 25 MII :r )
C 16 : I ",F u r(>l' - ty p" tanlall um elvc t r otyt tc

All c tner c a pac lto rl an' cer-amtc - d te c t)' ,... s fo r ~ mm I'Re{n i.

A . pacl ni o ( 12, 5 mm {. avallabl,' (o r all n ' , latora,

It 13 : 2. ~ kU tetmm e r poteruiomet--r- for vt· l·tkal mounl irli , " pacing 5/2 . 5 m ill,

F ig .4: Author' 8 prototype of the 70 em conve rte r

5, Al.IGNMENT

Aflf'r completing th.. conve rte r- , an o l"' ratlng vo ll ag t· of +12 V t o ll rou nu la c ou-,
nec t .. d t o c o nnect fon I'l l . Th,· o.cl ilato r a nd Illu illpl h 'r a r t' t uned 10 Iht' 1'''
qu lre d fr ..qu.'n cle s ~'Ith th .. aid o f a dlp -m o· tl' I'. In th ••tandard v.. r-eion of Ih,'
c onv.. rte r , th.' ." rr-eccen cte arl' 67 . 333 :l.IILt (o."l1l1lt o l' ), 20 2 :\11\;1: I m ult lpll .. r)
404 Mill (doublrrl . With the ATV c e n ve eter t h .. ... fn' qu.'ncl .. . a r .. 6". 333 :\lIl.t
( olclllator J, 193 Mflz (trlpler I, 38 6 Mliz f dc u ble r- I. Thl' oscl11a to r Inj ecucn
pcterrucm .. l l'r H 13 Ihould b.. in a c f'nl r a l poa utc n d uring Ih l a a Ugnmenl . An.'r
t'nsurlng that the o l c Uia lo r III o pt'ra t lni corr ectly, Ih IF out put . hou l d b.. c on 
nected 10 Ih e IhoM~'avl' receive r . o r TV r ..c e tve r , a nd thv ccnve rte r Input
c o nn ec t e d 10 a 70 em anlrnna or a l i na l gene r etor, T h e t .... o IF c i r cune art' the n
r o ui h ly allint'd Cor maximum noll(> In Ih e aho r t wa\' r-ec e t ve r- ..... h ich II follo~(>d

by rouih1y allinlni the V III-' et r-Ipl ine and matchlni ct r c u n a , Tb e fin e all inmrnt
Is made er a r-elat lv e ly ..... (>ak s l illa l at th.. e ..nt re ot lh e band WhPI'" the cl reu lll
ar.. aUllne d tor maximum ialn and con atant lIaln 0'11'1' th" wh o lr- band.
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In th ." loa,,' of tI,.. AT\' l"on~',·rh· I· . It "huuld h... lIjt,,"d for 1)1'''\ Pl"lu l"" ' IUlllll\ ,
'·.i. for mlnLmum ov,·r.hulJl al th ,"unihl·dark COIlIOU I"" •• " "11 ali ft-'I" • con
III"n l n·IIoluILlm . If no nll';,.urlrllii , qu lpn u nt I" .\'"l1al.>l0· and no 70 rm ATV
'Iinal t.1II 1.>., n , o' I \'o'':, t ho Ihlrd harmonic of a 2 m t r-a n em rt t er- r-a n Ul' u ...· j

for allil "'I 'l1 t . l'ny.anhd ,' 1'011. mcdulaticn can oc ...u r- In tl w Imm ('dla t l' vkl nH~'

of etrnng l' II V rv tl"aml/nltt " I"... Jja ...-nt to Lh , 711 cm baud. In "uc h e ll""II , Il
70 " Ill ulIndl'allll fI!t" r IIhould h,' plu l"l'd In li lt' IUH"IUla IIIit' .

Th . Illi)[ lllllt'nt ill "om ph-t .'d y.il h 11\l' alliulIl " ", of pot.-n liom.'h· r II 13 l oac Hlnro r
inj ",·lIoll ). T h Ill III made wh, n r.· ...·I\"lIIi a >ltrong ( 50 IJV : Hll:nal a l thr- to . n tr-,
of Ih, b"nd , IIml a\lgnlng Il 1'1 unlil th o tll!:n,,! jUIl 11101'" ine rt·alling.

(1) w. S, hurnac hr-r-: IlIm" n " lurHll ll of ~ , L,' 1"0 SI r1pHn,' ('Il'o;ults
VIII- ('0:'-1:'-1\ ~1('A no~s ,I , 1 <.1111011 :1 / 1972 , 1'.. .:.. " 1:1O-I-I:!

(2 ) c. S"tt1o'I': A :'-lodu lul " A rv rnllllilnlth'I"
VII I'" (' ()M~ 1l ~lCAT '(J :"I S 5 , 1.'. lltlo l1 I /I!n :~, I' a il" " 2 - 15
VII F l t IMMI NICATll l ""S~, I- .111 Ion 2 1197:1. 1''' .:''. 'Hi -BU.

P AH AIlE A M I.O NG YAG IS fo r 2 m

LOlli ya il llllt e nnas e r e wt' U- kn own for thei r- hiih ill in cha ract~rlll1c s.

Hcwevee , t hIS hlllh per-for-mance II only provid('d OVl"r a refattvely low
ba nd wi dth when the antenna hili Mt'n d~slgned tor maldmum pin. The
Pa ra bt' a m Iyp" of ant~n"" com bln"l the l'l1 ih ,ain o f • loni~ yai1 antenna
wH h t he in h.. r ..nt!y wld l"r bandwi dt h of skl" l~ton s lot f~d a r raYI .

T ht' ac tual P ara bl"am unit comp rilln ll: a Ik~ll" tOl\ slot a nd I l m ila r renec tor
r a dl at" s " lmUa r to two .tacked twc-etement ya gl antenna. and wUl therdorro
prov idt' :I dB gain ove r a .1n lf l ~ dipol e a nd r~nector conl'lguratlon , and s bout
2 d B ial ll over- a conventionally Ied long-yall. lI~avy duty ecnerruc uon with
" ' '''cial quality alu rm ni um ,

T n H' to:l (' ltl t' nt e Gai n/Dipol e Bonmwtdth Lengt h
I'BM !O~2 m 10 13 .5 un 3 3" 4.00 m
PBM 14 /2 m " 15.2 dB ,," 5 .95 m
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AN SIIF- WAVF.METE H

by K . Hupfer, OJ 1 EE

Tht· follo wlne: S IIF .... ave-m eter- Is 10 bt· dt'sc rlbf'd In cr-de r 10 a.s'sl radio ama
trurs u 81n g tfn- rr-equenc y r a ng,· In ,' X('l·S. o f 500 Mil l . T h i s wevem vtcr- 18 r-e-.
la tfve-Iy " a sy 10 mnnu fuctu r e , Wit h Ih., dtm en e tcn a glvt' n , till' "'..aVt'mdt'r opt' ea t c e
In t h t' f n'qu t'ncy r a n go' o f 500 10 25 0 0 Mill, wh ich m ilk ., . It lIultubh' fo r thr 
24 COl a nd 1 2 em ama lt'u r banda and for Ir eqv enc te e uII,'d du ring th,' conve r e tou
p r oc e e e . Tht· we vem rter- allows m t-a llurt' m t'n t s to bt' m a de do... n 10 a m inimum
o f 2 m W , .... htc h II Vt·ry ueefu l fo r mt'allU rt'ml'ntll on local osdllato rs etc, T hi ll
allow. a larg.· number- of p rooh'ms to b.' lIolv,'d t ha I an' encountt'rt'd ... ht-n
eonltruc ti ng oscillator. and f rt'qu t'ncy multlpllt're for th.,,,~ t ..... o G i ll banda.

I. I'IU NC II' I. f-; OF O I' f-; n ATlOi'O

'lhc ml'aaurlng ci rcuit " 1I( 18 t 8 of a eOllxilll arrl<ng"nH'nt , \\h "I"I' the It-nllth of thr
inne r- conduc tor I. ('ontinuouILy varll<bil' . TIlt' ligna I tu 0,· m " lIl1urt-d ill Ied
t h rough the ('oaxlal ci rcuit a nd I< pu rtion of t h l ll po wvr ill con.u mt·d In th,' in
d ic ating circuit. F lgu r t' 1 IIho ws thr - ..qulvsl t'n l dlag rlolm of tht, mt'a.urlng
e r t-angement , Tht' pa r s Uf" 1 r e eo na nt ci rcui t Iho...n cor- rveponde t o II minimum
coaxial l l'n rth of " /4 w hich I. 8ho r1c1 reu llpd at th e end, T he distribution of
vo lt ag t· a nd cu r-r-ent In such • coaxial ci rcuit III indlcalpd In Flgu r t' 2.

,-·_ ·-01

~I~
~G~L -
F i g . l: Equivalent d 1a g r am of t he wa v e mete r-

/ C/L
OJ 1EE

I ..}!... -
3 . '

" ; ,,,

.A. 'f ,t4

F ig . 2: Di str ibu t io n o f volt a ge a n d c u r r e nt i n II quarter-w a v e ci r c uit
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Wh .. n .. n.. r ll l zinli ttl(' circuli In th.. >.. /4 m oth' , II c u r-rent maximum will eppca r
at th.' eho rted "nd and. vo lt.lit' m .x lmum al Ih .. op.. n end:

HI, (I) (2)

Wh .. r.· :
VI • volla a" a l 1>o.IHon I pact' d I em from th .. eho rt .. d end)
II cu r rent al pol ilion I
I I • I horlcl rcu it cur-r-ent
Z I. • Imp.. dance o f the c oa d a l lin.'
" • wavdt'nilh

With th., J"lIocrHH'd wavcru .. l .. r ( F l a . 3 I, the polil lon of maximum c ur-r-en t II
dl"t ' ·rrnln ..d Ulllnill m ,·8.8u rlnll link al tilt' 10.... Irn pe dance end o r t ho' !l Ilt' . Th..
Inj e c t ton o f t he .tgnal 18 alec mad.' a t thl • •-nd u.lna a further link having an
Imp..danee or ilpp rox lm a l t' ly l Oll n. If the l t' lin ka art' 100eely cou pl ed, the m e 
c h. n lca l lt· n&lh of th.. Inne r con ducto r .... II! co r r t''' I>ond to th....lect r ic a l h'niflh
.0 that th.· It'n &lh o f Ih e Inn .. r conducto r lthln th., ci rcuit wil l dlr..c tly c o tn -
cl d.' with t h.. qu a rt e r eve length un <l ,' r r onanc v cond it ion • • Thi a m ..an. that
th.· C' a ll l.1ration o f th '. \'t· I.· ngt h can t,.. m.d. ' ....,It h th ... aid o f a ec ale, Pr.ctl·
c.lly .pto.klng, the r e b a d tr rc rvnc e b.·t ·.' n tilt' e I.. c u-icat a nd ml'chanlca l
lo'nilh du e to th., . t ray f1t'ld .. xi atlna 1.1.·I -en th...-n d o f uu- ( thick) 1I1Iwr
conducto r a n d th.. c ont i nu in g outcr conduc to r . Thl l meana that th., .ca h' mu at
I.1t ' cor-rt-cted by tw o or Ihn'.· c a llb r a l lon pctm e. In the Ca llt' o f Ih., author'.
protoln"' , I ah orh'nlng of app r ox lmetely 3 mm take e plac.' lOt 1. 3 Gill and
al'p rox !.mat.'ly 4 mm at 2. 3 Gill..

"' !ji{.3: Construction dl.'tails uf a waveme te r- fo r 500 to 2500 Mll z

A C' c ordln l 10 .. quat lon. {lJ and (2) , t he coaxia l circuit will .1 . 0 1.1., .'n.'rllzl'd
at odd m u IUplt,. o r >.. /4 . Thl . m ..an. Ihat a fr"qlI"n cy .....hlch c a u..•• a n Indic a
tion of " /4 ..... 111 a lso ClOua.. a a ..con d Indication wh .. n the h 'nith of the Innt'r
condu ctor co r n'aponda 10 3 " /4 . 1I0w. ' v. ' r , thl••h ou ld not cauat' a ny confu alon
.... tu-n till' mt'a aun'm,'nt la cornme-nced with th .. In ne r- conductor c om pl ewty l'X
Ira c t l'd.
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2. CONSTHUCTION

Sine .. th e Im pe da nc e of the coa x ial lin e II o f no ,rt'at Impo rta n<'l', ttw dtrnr-n
l io nl and conlt r uc t lon detail I ,iv"n In fo' l,ure 3 a re not c rtucal , The oute-r
conductor can ha ve e uner a round or Iqua r .' e ec ae - • •.cr ton, The couplinl link
be twee n th e Input and ou tput II dCIIlTled fo r a n Im pe dance of approlllmatl"ly
10 0 0 10 th ai Ihe frt'quency m e te r on ly p s-ovtd e e I n SWR of 2 : I. It II Impor
tant that a l ood contact fa mad.. to th ... Inn .. r- conducto r and that It II accu rate 
Iy (Uidf.'d In the c e nt r-e of the ci rcuit , Any poo r contac t. In the Inlld.' of the
c1rcuit will caua t' the IndlcaUon t o Jum p 10 t ha t th e m t'alUrt'mcntl wi ll not br
r e lIabl... The looler the ende of th e I Jott t'd tu be hold ing the Inne r co nduc tor ,
tht' IiIreat e r th e a ccuracy of th e Inner- conduc tor within the ci rcuit . T ht· corn plete
circuit II mounte d o n a c halsll th at Inclu d'-I a m e t e r- , which I hou ld b l." al
eenetuve I" po aatble, and a l e a l.. Indl catini the wa vell'ngth. T ht, .I ca h · CRn il.
df r-ectly ca li b ra t t"d with the f r-equency If t he length 18 tra n8p 08.-d In the fo ll ow
in, mannpr:

r • 300 000
4 • I

with I in mm and f in MHz _

OJ1EE

-

Pr-equc ncy meaau rr-ment

Orive meaauee m ent

I 1' 1 *11/';*",..........
JIOO IOOtotl l 121411 22oJ2S-
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PAHT II :

HC- BAN D PASS F I LTE H S

PH AC T IC AL CONSTHUCT ION

by D. E . Sch mitze r , OJ 4 BG

Aa a rt-f r .. ah.' r and to furthpr ..xplaln th.· formulaa elve n In Part I, eeve r al
('xamph'a art· to b.· c a lcu la t ..d and t ht· m ..aluro·d r .. eultl of the circuit a rl' to
b.. c om pe rvd with the nominal vRlut-R.

8. t:XA MI'LES OF Tilt: EQUATIONS G IVt:~ IN
SECTIO~ 3, .. AND ~ OF PART I

In o r -de r to ahow tht· dltft-rt-nce bt"tw I·..n th .. methodl of calculation . th .. calcu
latJonll ar.· to be baat'd on the aame d l'mllndl: A bandpa'l Hlt .. r II r-e qul r e d
wllh a cent r- r- rr ..quoncy of 800 li z and a bandwidt h of 20 0 li z. T hll co t-r-e epcnde
to a Q of ... Only t h v gain II va rted from L'IlIll." to CU I " 110 th at th .. "qullllon,
of S..crtons 3, 4 o r oS fO rt" valid .

8. 1. APPLI CA T IO N OF rn e EQUATION'S G IVEN I N SECT ION 3 (E llIlm p l.. Il

In addition to the pr.. vtcue ty elv..n valut"a of fo • 800 li z and Q • 4, It la
aaaumt-d thai a Illn of 2 II rt'quir..d. Thll mt'lml t hat t h t> demand II tu ltlll ..d
that Q muat b.' e rt' a h' r than th e root of halt th e ealn G . Tho' valut' of G • 2
c a n be at·!t·ct..d fn't>ly ; at a Q of 4, th.· d"mand Q. I G / 2 ia fu l fll l l'd for all
valut" o f G that art' .·qual to o r h ' . a than 32. Cap.IIcilora C I and C 2 e r v
a.llllumt"d 10 bt' of th .. aam.. valu e of 22 n F each and thull to bt, 22 II 10 - 9 ~'.

T hh l meana that t·qualion . 7, 9 , 10 and 11 a rt' valid .

It I • "GlllJOllC
•

2 x 2'T1' x 80 0 II 22 11 10 - 9 . 1.8086 II 104 . 18 . 086 kl1

• I
211 411 22 11 10.9 11 2T1' 11 800 • 11 30 II 1.1 3 kfl

H 3 . 2 II G II It 1.2 II 2 11 18. 0 86 kfl • 72 . 34 kU

It 2 •
H 1
H 1

11 Hp
Hp • 18.086

18 .086
II I. 13

1.13 • 1. 205 kU

8 .2. AP PLICAT ION O F H I E EQUATIONS GI VE N IN SECT IO N' 4 (EllIlmplt" 2)

Th e aame bandpa.. rme r with fo • 800 li z and Q • 4 la now to b.. dealened
for a ea1n G of 50 . Thll meana that .fGT2 la g r-eere r- than Q which meanl that
the equatlona elv n in Section 4 are valid. Re allt o r a R I a nd R 2 are aaauffie d
to b.. o f 10 krl .. ech, The r e qy l r e d componenta are e1vt'n In t'quat lona U to 16
whe r e a value of Rp of 5 krl r e au lta ( eQUation 1 ).
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G x It J
9 2 x Hp •
G J. R 1 1 -

so •
16 •

50

10'
5 x 10 3 • 5.115 It 105 n • M:l5 kU

C 2 • o •
" 1 50 x 10 4

IO-Il F• 103 x 595 x 103 x 21h 800. 8• 35 x(Jxllpx B3 • "0 , " .
C 1 • Q ,

1. 59 x 10-9 .... I. 59 of• x lO4x2lfx800 •Gll.H 1xwo 50

8.3. UEI.t:TING It 2 ( f:llamplt· 3 I

A, was t·ltplahwd In P a r I I, It I, pOIIII!bh· for th .' valut,. of It I and H 2 10 tn
lIt'h'ctt'd frl'l'!y If Q i, h- ... than 1G'{2. Thl. !lI.'aIH. thal It I, poulblc for It 2
to b o' a", l,'ch-d 110 that It I, inrin!t , In other words , delvt e-d. In this COlli",
equauone 16 10 18 ar" valid tr thO' lain t, to bo' G • 50 al In the pe-e vtoua
(>xamph'.

Ther-e I, no chang.· with r lpt-cl to me eqc auon for C J . ....,h !c h mt'ana that a
value of UllO p,.. which found In the p re vtou e eecuon Ilhlo r-...malna valid
her-e,

", . G x It I
~ .

• 0

50 x 10"

1 _.!!!
50

.7.35 x 10 5 n . 735 kll

c
x II 3 • "0

•
" x 7.35

50 ,
x 10' II 21Tx 800 ·3.38 II 10· F· 3.38 nf"

8 . 4. THA~SITIO~AL HA NC E

Both mt'thoda of calculation art' poulblt· In the rlUlit' of I C / 2 < Q < rG..
At the rt'quln'd Q of 4, Ihla la within the- ranit' of C • 16 to 32. If a iain C
of. fo r Instance , 20 Is eetected, this will bt' within thla rallit' 80 lhat It Is
posllible for the t'quatlona of Selection 3, and th 0 8t' or St'ctlon 4 to bt· ulwd. ln
addition to thill , It III pOlla lblt- to delete It 2. Tht· ro llowini vxam pl e e explain
t hill mo rt' d "arty:

f,;xarnplt' 4: Accordln. to Sect ion 3 , tht· rollowlnl art' valid at C 1 • C 2 •
22 nF: It 1.1.809 en , H 2.3.010 kU and It 3.72.36 kl1 (t'quatlona 7,9 ,
10 and II I.

f,;xamplt· !J: Accor-dtn g to Sr-c t lou 4, tht· followlnl III valid at It I • H 2 • 10 kl1
(11.11 In t' xllm pJ(· 2): It :l • 333.3 kn, C 1.3.98 n l-' and {' 2.5.97 n F
( equation a 14, I !J and 16 I.

t-;xamplt' 6: Wht'n It 2 la dt'll'tt'd , and thua whvn t'quatlona 17 . 18 and 16 at-e
ullt'd , th.. fol!owinl IIdl1 rt'ault: H 3. I MO, C I • 3 .979 nF and C 2· lHIS pF
a. lonl aa It I la auumed t o be 10 kO . The tm-ee dlfft'rl'nt ilroupa of ecmpo
nenre calculatt'd in Ihla manne r- are conaldt'rably dlHt'rl"n t , bUI the etectrtcet
charactl'rlatlca I fo • 800 Ih, Q. 4 , G • 20 I remalna valid In.1I caal'a (at't'
t he meaaurt'd reautta In Section 9 I. Thill meana that lIt'vl' ral dtffe r-ent poaalbi
lItiea pre eent Iht'maelvea In ordt'r to achteve the aamt' rt'auIU. Hc we ve r , one
will u.uaUy calculatt' tht' rtltt'r11 accordln. to Section 3, etnee It la poaalblt'
fo r th e valut'll of the two capaclto ra to be Ilvt'n .
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8. S. IMPEDA NCE THA NSHmfo.tA TIO N

l-:xa m plt· 7: T'h e calc ulation In Section 8. 4 . with C I • C 2. 22 n F r "'l u lt to d In
wry low-dmpedanc e va lu ... . In o rdo r to ensu re tha t t ht' p r-.. vloul circuit II not
loed...d exc('lllvely . It II . dvia.blto for n I t o ue g r-e ate r- th an 10 k O . Th l ,
meanl that the clpacllance v.lu~·1 mUlt be r educed and th e r ...ailtorl Incrtoaa..d.
If th.. valu ... o f C I • C 2 • 3.3 n l-' 1. 1t>I..cted, a ecnvereten factor of 22 to
3.3 • 6 .6687 w111 r ...ult . wh ich meane tha t t he follo wtni r t' . l l t anc l!" v.lut'. 1'0"

lult: R 1 .12.06 kO . It 2.20. 066 kO and It 3 .482. <4 kO. It II aufflcll'ntly
aceu r-a t e for a value of 12 . 0 kU to be eetectec fo r R 1. 20 k O for It 2, •• w('l1
I' p rovidini a .e rle. connec t ton of 470 kO and 12 kO for R 3.

l-:x. mpl t.o 8 : T h.. v.luto. of examplE'S In seeucn 8. 4. art' now to ce u.t'd for a
tu rtht> r exampte : R 1 • H 2 • 10 k O I. valId . T ht' dete r m tn e d valut'. of C 1
and C 2 a r e r ath e r u nllult.bl(' . but he ve • ratio o f 1 : 1. 5 to a no lh (' r. It II thu.
polalblt' ror- m o rt' favourablt' valu('. (or t he a ... cepecttc r e to be ro un d by Impe 
da nce u-en ero r m euon . T ht-I t' can b...tandard value o( I n F a nd I. S n F o r
2. 2 nF and 3. 3 n F'.

St nce t h ... value of 333.3 k O I. rathe r hi gh for It 3. th ... Impedance t r an atorm a ·
tion I. t o be c.lculat e d w ith C I • 2. 2 n F and C 3 • 3.3 n j-', Thi . m e s n e t ha t
t ht.' ccnve rercn factor I. 3.98/2.2 . o r S. 97 / 3. 3 wh ich r n ul la In 1. 80 91 in both
C.II!"I . T h h m eana that HI. R 2 • 18 k O l••ufflc lently eccu ret .. . wh (' r .... . a
le rie. connec tion o f 47 0 kO .nd 1300 prcvtdee au rrlcl t'nt accuracy fo r the rt'
qul r e d R 3 • 60 3 kO .

9. SUMMA RY AND MEASU HED VALUES

The (o11owl ni t.bll!" .ummarlzt" the valu... de t .. nnlne d in t he pr.. vlou. St'ctlonl
. nd I howl the valul!'" mll'llUrf'd In I prl cllc a l circuit .

Ex.mplco I 2 , • , , , •
R I 18. I krl 10 k tl 10 en I. 81 '" 10 ktl 10 ktl 12. 1 '" 18 ktl
R 2 1. 2 kn 10 ktl 3.01 kn 10 krl 20. 1 '" 18 kn
'12 72.3 kn 595 kn 735 kO 72. 4 '" 333 kn 1 MU ... '" 603 e n
e 1 22. 0n F 1. 59 n l-' 1. 59 nF 22. 0 .,-3. 98 n~' 3.98 n t · 3.3 nt· 2.2 nt·
e , 22. 0 n t' 8.35 n t· 3. J7 nt · 22.0 . I' 5.97n F '" p I' 3.3 nt' 3.3 nF

Q nomln.1 • • , , • • , ,
Q aClual a.s 4. 02 3.84 3.96 4. 02 3.11 4 4.04 3.94

G nominal 2 eo sc ao " " zo zo
G actual 1. 11 4 49.5 49.7 19.8 19.9 19. 8 19.11 U.8

A . can be .It' n from th e s e value • • t he dl"vl.tion. betw e e n the r e qulred no m ina l
vafue and the actual mea.ur('d valut' II alw aYI In the orde r o f 1 "01' I.. . .. T he
exc e ptlon to thl. I. t he Q of exam pl .. 3; how e v e r, eve n th l a valut' po••".le.
only . d e vlallon 01 <4 " . R to.l.to ra a nd ce pecttor e with . tct erenc e of + I" we r-e
uee d durlni a ll m •• lu rt'm tont • • a' 111' e 11 a' an opt' r ation a l am pl ifie r ty pE' 74 1 C .
which wa . kn own t o pone•• th e value. ,iven i n the d. ta . ht' (' t . It I, p(' r m l l . l bl..
fo r m.ny a ppUcation. th.t Ilri . r t ol.ranc lI' l (' xl.t with r e lp..c t t o Q. (' .. n t r ..
frequ ..n cy and i . in 10 th.t Ia r ll.. r com po nt'nt t o l . r anc t' . art' accpptable . 110111'
.. ve l' , the t ol.. ran c ... , hould be k.. pt .1 low •• po n lb l('. If cOlll ldl' rablt' dU
f..renc 4: 1 ('xl lt b ..tw ..e n th .. c a lcu lated and m ... . ur..d value I , it i••d vta. ble
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10 {,h.·.,k Ih .· Ol{'\uOlI tol""juw "11 o( th.· "ompurlt'llhl 1.1111'0..1 111 Ih l' ct rcuft , rh.·
.....·lIk.·.1 link In lilt' chaiu hi al .... ayllL Iho op" ratlonal aIllI'IUI,·,· ho ••· Input Irn-
l",da l1. O' I. pO.lllbl~· too 10.... . or W/lollLo' non-Load gilin I. too 10 /11 thl' opl'rallng
(rrIIU"l{·Y .

10. sum's t" OSNI·.l'TI{)~ 0 ..' ~a_Vt. KAL "·II.TE HS

TIll' 1I.·" c tl ... lt)· of a .lnWI"-litll"" nlh-rwlll probllul)' not he lIulflcl"nl for a
larg.· numbe r o( 1I1'1'1l"'lltlon••In ....· tIlt' roll -orr of galn only lI1e l"'al",a b)' 6 dlJ
p"r oct a ....' al a c e rtatn .paclng from tho {',·ntr.· fn'qu ..ncy . T hl. r ...ult. In th.·
t)'ple.1 Irianiulllr ,·harael .. rlath' of iii IIlnglt· 1" ' lIon llnl ctrcuu, TIll' ullima\<' alt.·
nuance I. In"I't·•••·d by ronn l'c ling t ....-o o r mon° .udl (illl·r. in .,·rll· • • Tht·IIL.·
flll .. r. cun b,' d"IIIll:,,,,d for tilt' .alllt· ",·rltr.· frl'llu, Ilcy . ur I,.. .taWg,·n d 110 t hat
Ih ., rr llulr".·d flit. I' "'1.11''0'1' 1·.· . Ult li. n it' follu .... lnK .hould . hu .... ,·v.·,·. b.· oulwrvc-d.

In 1Ill' ('11110' ....,Ilt·/"I· lilt· ....· rill (Ht "I'1I having t h.· lI11lllt· "o'lltn' fn·quo·ncy a/"l' r-on

en-cu-d In . "1'1.· • • thv lndlvl tlual cfrcuit mUllt p O ll l lt' lI 11 II ..... Id .· r bandwidth than
th,' 1"'l lull"'d .:1 dB u/1nu .... ld th. Wh" 1l t wo such fill.' " dn'ulta ar-e (·onn.. c t .. d In
. "1'1,'11. th,' common ·:1 ull bafld ....,idth will c olr ·Id.· .... lth til .. - 1.5 dB band ldth
of th.· IndIvIdual nnvr: lind 10 ttn- ·1 dB bandw dth wlltll th,·.·.· flllt'rll 01"" u d.
Th.· (·harlt('t.·rl.t1('" of thl. nltt'r In Ih .. pa,.bal\t.l "111161" I. al ..... ay. t-cundr-d so
thut a lu .. . ·r d"IP"'" of rlnlllllK I. p r-eeent .. tth puhn··lyp.· .IKnal. than .. tu-n u.ing
fllt"rll .. llh .tllll"·!'t d '· '·lIlr.. (r(Oqu"nc! "lI, It I. pO.llluh· ullne thlll t)"p.< ot ctr
cult to obtain II .,·I,,(·l\vlty c haract .. rilltle .Imilltr 10 II n·t'tanelt' ( nal top I;
ho.....-ver, lilt' raleulllilon II (ar mer-e compttc an-d, and Ih.· dlliling In th.· elll"
ut l'ulr... ·I)·I" .lwnai••ueh 1111 int e r-Iervm-e pulll'·. I. grvat er-, Il u .... .-ver, Ih .... x_
It nt of dreullr) I. h'lIli for a glv"n IidletivUy.

lnfo r-mat ivv d,tllll ,.•. iIV'" In (61 for "lI.,,,·rlllwnll with fillt'r' w here th.,
IIldlvldual d'"l'uil. IlO ••• II IItall:II.·,· .. d (""ntn' tr ..quvncy, '1'.... 0 filt"rll .... .·r.· con-
.tru{'{.·d In urd"I' 10 l;ul1ll'an' till' tnrormat ton tlin'n abo V", 1.1H·h flllt'r 1'0IU<\,lIl1""
r'uughl)" th , 1111.11'" ullimalt' ult,·nuatiul1 . rentre (r,·qu. ncy and ·3 dB b.. lld .... ldlh .

Fill:un'. 211 and 2b IIho'" Ih .· c i rcutt a ulI.·d . alll.l t h.· 11t'1t'dlvlty l;u rV"11 a l·.· glv"n
In Fliur"11 :lll Mnd :Iu, II will u,· 11.·.·11 thaI th.· t wo'lI taa" ruu-r III only Inh'rlor
al IItt"l1uutl"l1 valu .·. uf OV "l' 30 d B when lu,lng Ih. , ee l..c t r-d valli,' • . fIw I,·ansl.. nt
l n-havtcut- of both flit.· rl I .. IIhuwn 111 Flgu ""1 4a anti 4b ( d riv.·: 1, 7 V• • qua r e 
Wltv.· . 25 Iii; 11c ,,1.. : 0. 1 V[criv and 50 nUl/ern I. II will UO' 1IL " "n that th.· fillt,!,
.. '{th tht· .tllgg,·,"o·<I eO'llt l' ,· f l,,·qU'·Il(·l,·. II 1I0111 .· ..,hlllt 1"lIl fQvour,.bl.· ..-tth n ' III"'cl
to puhll·-handlil1lllluIHI)· . bUI oilly r-.. lJulr.·s two IIlaW"s 10 obt atn m-ar-Jy Id"ntlcal
('h.rad.·'·I ..U.... Oil th.. ollwl' hand. th.· othe r- flll .. r with Id"n llcal c .. ntr.. fr.. •
qu,·nd.·. rl·'luln·. Ihro'.' stall.·•• bUI POIIII"••". a u.·ttt·r pul ...· bl·havlour,

II. l NIVEItSAI. !iOAIW FOil TilE t:"O~'STHUCTIOS

OF ACT IVl-. HA~J)I'ASS fo'lLTERS

A un!\· .. r.al I't:"·board ,"'a. de.len..d to allo..... O!'lI.perllllentatlon and thO!' dedlln of
acllv" HC · fll t .. r l for various applicalionl. It I. alao uI..d.1 parI of th...y.t.. m
bOlrd OJ 4 BG 0 16 ..... hlch WIl8 duerlb..d in (7 ). Thi. baIrd allow. up to th",t"
individual tIIt .. r dreull. 10 b.. connt"ctll'd in ... 1'1.... A drawlnl of P C · baa r d
OJ 4 BG 0 15 and tht" compont"nl loeaUonl ar" liven In FilJUr.. 5 .
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In on1< r to allo'o\ 1l01l-.t.mtlllr<l valul" to b,' obtalrlt'tI , two plllc", h a v.. bl·tn
pro\·ld. d for .-ach fn-(lu.'nQ'·tI" I" ndvnt capacitor and ",... llItor .0 th aI capac ltOrll
can In' vn rted b~' paraU ..I,·onn ..euon , and r e lliltOrl by Il' r h'l ccnne-cr tc n 110 t hat
thl' I'<'qull'.d volu('11 can b,' ubtalrwd. A lII paclng of 12. 5 mm hal bven pr-o vi ded
for HIl" 1·.·.I.tol·• • 'o\'h t'rt-a ll r- IIPliel lo l·1I o f i . 5, 10, 12. 5 a nd I S mm , pacini call
l.lt' U,l d ,

In o l'd "r to avoid contuetcn <Iu .· 10 d lff,'rlng comporn-n t numb.. rln g, till' lIa nu'
d'·lilJl llltt lo n. hll \'" I n-en UIH'd ill th." ci rcul i dl ai ram ( F I ~ , 6 ) a nd ecrnpouvru
locat ton pi all ( Fig,S 1 th ai 'o\t'I 'I' u lIIt' d In tht · th,·or.. t! ca l pa rt. T hll m ..an , th a t
t1ll' y Ill' .· not numu.. r .. tI from fron t to bac k, a, I. ullually t h .. Call" , but c om m ..ncs
_i,111 fo r e-ach nu .. r- IIlag,· ( I, II and III) al n t , It 2, It 3, e land C 2, T h i ll
II not Impo r tanl 'o\'h ,-n conat ructlng multl-lItag{' fI lt ,' rl ha vln i IIw lIam .. c cnt rv
tr ..qu ,·ncy line.' each I tai.- ..,..HI IlOIIh'II1 th e aame component valu .. 11 In th .. B8ml'
plac ,' . II I. only Impe t-tarn that ('a l'l- I. l a k..n when con.truc tlnll fil lt' rB 'o\' l th
1118ill,·r. d ccnt r-.. fn'qu"nd"11 ( . .... com pon.'ntl In Fig. 2b I. H" l l lIlorl Ii. 4 and
H 5 . r t· uI..d fo r adJullting tfu- op.. ratlng point , ef nc .. t h.· op.. rat lonal am pll
Ite-r- III no t f("d wit h t wo o,,,,ratlnll vultng.-. all 1IJ ullually t ho' c a • •' (" . i • .:!:.1 5 V I.
Fo r thll rvaaon, It II noce ••a ry for ha lf t h., o p"ratlng vullai" t o bt- coruu-ct ..d
to conru-c t tc n pc tnt I't 3. T Ill' vlllu.·. of 1-" lIl l1 tor. It 4 and II S a rt· th .. r .. fo l,t·
" qu a l alld npp r-oxim at .. ly t 'o\'I .' ,· tlw vah n- o f II 3. Th ll I. , ·. ,,,, cla ll y important
at la r g,-r valu "11 o f II 3. If th .· valu.. of It 3 I. r .. la ti vely low, It. " ffc l't on th.·
DC ope ratlni point of th e o'lt'ratlonal a mpllfle r w ill 1I•• l"ol·r'·'l'und lnKly low 110
th . l th e vahre o f R 4 and H S n...·d not b.. lower than appr-cxtmat e ty 10 k n.
H.. . I. to rl H 6 and H 7 a r .. u ...d tor d ..coupHng and to avoid a ny t ..ndency t o
.df-oldUation of t h.. oP"rational am pHflt' r ....·h ..n loa dl nll t hl · OUtpUtll capactttve
Iy , e.,. by long .crt- ..ne d c abl.. II. Va lu " l lI.·tw t',·n s on and 200n IIrto ulually
luffich-nt . Hl' lIi.tor It 6 II only rt-qu ir..d wh ..n th e ou tput aft l'r tho' nret It tre r
I ta i t' ( 1'1. 4 ) III used.

Th.. com pone nts II 8 and C 4 art- uee-d tor rIl lt' rlng t h.· o p"rating voltagl'lI in
orde r- to r educe th .. coupll nK 10 a ny o th r-r- Htael'lI . A cll.l'al'1 tanc,' o f a t I..al t
47 .... F . hou ld be ohce e n fo r C 4 , but 1UO .... F ••.outd b.. bdt,·r. Th. ' value o f It 8
I. de-pend..nl o n the op " I'a tlng vol tugv wh ich IIhou ld not b, ' i. ·•• than 12 V. l!t· 
11.lo r H 8 I houl d not 1I.. muc h h lgh" r th a n 100 11 .0 Ih a t th o' voi talll" drop a c r-o a e
It rt'm a ln ll lu Hlc lt'll tly low_

In t h.. m odu lar rt'ct' l vl' Iy.t '· m ualnll th .. 'y llh- m board d...crlll..d in (i), modul.·
UJ" BG OIS III main ly uI.'d •• CW- A F rIl h' r 110 that It II poulbl.. to UIII' a
SSH r toc .. lvtor also fo r CW r.·c ..pllon . It I. , of cou ra.· , alllo po.liblt· t o con 
Itruct a , p.·("lal I'l-Cl' l v.'r for C W- rt'c ,-ptlon 'o\,lt h a flXt'd band....,ltl th o f, for In
, tann' ,S OO II ~ ( c ry lit al rIl tl'r X t' -9 M) and to IIwltch In an audio band pals rIl h- r
un d l' r int .. rf.. r l'nct- condition •• Aa an .·xt . n s lo n 10 th ", applkilition d.. ,c rlbtod In
(7) II wa l dl' c1d l' d to pro vldl ' Ih.· pOllll bllity ot tapplllil orr Ih...Ig nal a ft t'r Iht ·
(l rat (llt .. r . Thl- rt'li liOn fo r Ihl . III t hat wh l' n II rt·cl'iv. -r III ullt'd 'olo'h.. rt- th.·
wh o ll' 1t· I.-c llvlly ill m adt· In a c ryata l fll \l- r a t tht , In pu t of th,' It· amplUI .'r ,
it I II. pOI .lbl .. fo r wlth' ba nd no la.' t o b.' g.'n.. r ah·d in 01'1 1." o f th ., 'Ub ll"qU t-llt
IIt.gea whic h can r ..dac.- th,' Ilin.l- to- nol . .. ratio. Mo dult, UJ 4 BG 01 S can b.
u.ed fo r th l' f1rll t fllt .. r a tall" In ordl' r to rl'duc l." th l l wld" blll nd nol 8e . In th ("
c.aeo o f • 'pt'clal C W r t"c eo l veo r , ont" will p rovldt" lomeo'o\'hat mor.. than thl' band 
wi dth of th eo IF' a mpli fier, eo. g. SOO liz to 1 kHz In t h e cueo of a SOO Hz band
wi dth, \" he rt'a. co mt'r fre qu t>nc i f'1 of app roximate ly 300 liz Ind 3 kill wUl be
lelf'c tf'd .a corne r f requenc!el In the caae o f • comblneod rt"ceol vf'r.
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TIll" I' C . bou f'{l fo r th.· "dIY.· aud io ril lt' I' I. bu ilt-up In a Ilm ll u ,' Ill 'HII\"I' t o nu
TE "'O ·boll m odule .. and ha l b"('n d, ·. l i n"h'd 11.1 ~ BC; en ~ _ Th(' flit< ,. d, 11(' d b. d
in S.·n lon 10 ha .. been const ruct e d u l ln i th ll board; FI ll\iI '" 7 IIhO \lo1i photogra phll
of th.' author ' s prot ot;)"I" Ill .

12 . TABl.ES

Th(' foll o ..'l ng tablt· s I r l" pr-o vided fo r I c e-nt re frt ' ql",n C) of flOO or IOOU I II
wh.-n G • I and C I • C 2 • 10 nF. Thil III prov ld"d 10 Ilmpll!) c alcutatron
for the u"'r o f P C- board n.1 ~ un 01 ~ . T'he com po nent a a r t' i l y. n tor vari.JUI
(,J· valu" 1 and gl\·.' th., a pp r0l' rl" t , ba nd,,'ld t h l!l . fh., d" lIi gnat lon Ii ( 11 III th.,
bandwidth o f a ,Inah' flltt 'r 1\ 1t~., . ... tWrt"Ui It (2) or II (3) W1v"1 t lu- Loll lld .. id th
o ! II , ,· r lt·. co nr....ction of t ..'o or t ll n' " i•.h-nttca l fil t ,· rl .

Tabh' " to • 800 lil . e; • t , C , • C' 2 • 10 nF

" 0 . 707 c. e I. 3~ i. , I. R5 ,
'"

,
" , (k ill 14.065 15 ,9 zo 27 ac 33 eo so eu 80

" , (kUI '" " ,. 10. 2 8,55 t . , .., 4. n 1. 53 2,58

", (k lll U.I ~ 31. 8 eo " sn " 80 10' ". ".
HUI (liz) 11 ]$ 1000 80. 33' 530 ... '". '20 267 '".
HUI (liz) '" ". '" 1178 '" ". '" 20' 17' '"H(3ll1lz) '". ". m 30 ' '"

,., 204 163 136 10'

T ,bl.· " fo • IUOO II" e i , c , • r ' 2 10 n F

v 0. 7u7 U. lI l. 35 r. , I. 65 a a. s x •
II I (kill II. :.I 12,8 '" 21. 6 ,. 26. 4 33 '" " "It 2 (k OI w 4.... 6 '" 8,15 6.8 3 5.92 4, ..." 3, 4fI 2,82 2.06
It ] lkn) 22 .6 2.... 6 " 4] . 2 " 52.11 " 80 08 ".
UlI) lIlz) 1420 1250 1000 '" ." '"' _~UO '"" ,,. ".
HU) lIIzl ". 80 . ". m .,. '" sac ase '" '".
H(]l l! lzl '" ". ". ate 33. '"' '" 20' rto '"
Ell lmpl, ' : rt ''1ull't'd ar.. th., corn ponent e fo r a t hn. - llta ll" fl ll.' r \Io lth II .. ..n t r o·
l r t·'1u,·nc ;)" o f 1000111, and a b"nd.. ldth of 30 0 Il l , fh lll I. o Lo tll ln .d b)' quol lnil
th, ' 10U() II I. tabl .. In r o ... H (:i) to find t h .· Iwar{"sl va fu t- 10 :UJIJ Ih , r hl s ll!l
:W!l HI. In th" c ol um n (,J. 1.6 !'l, [,hi li nwltn . thai all corn ponvnt valu " 11 li n'
kno...n , Ih .. 1" ' lliRlanet· valu(·. lin' ah'I'n III tilt' t a bl e , a nd th. · (' IIIHH'lt "I1<:<' v"lu"11
wt 'n' gtven . Thl...xa m p h· "'al mlld,- u Nlnll Tabl.' 2, TII IJI,· I 8Iv"11 til . cumpc
n"nt . for th.· thrf' {" ·Rtall'· fl lh'r d.. I(' rJIJ .·d In S..e tten 10.

13. AJ)U[TIO~S TO St-:CTI()~ 4

For clarity , It I ho ul d b.. n olt'd thlt In e e- r-or- \Io a s m a d" In th ,' d.'t.'rm Lnlnw of
tm- Irlln lllt ion r ang., betw vr-n Ih. ' tw o m 'thod. of c alculetlon alY.'n In S" ( l lon 3
and 4: f-;quation 16 wa l r,'h' rrt'd 10 In th .. fo u rth lin " of pall ' 18 of !.dltlon
1/ 197!i of VII,.. COM MtI N I CAT I O~S. 1'11 11 .. " . it pr ln tl n i cr- r-o r- .Inc ' ,-d.. r .·/w,'
IIhou ld hl v" b. ·. ·n m a d.· 10 " quatlnn 17. Howeve-r-, t h t· limit d.'I"I" d In ui t e
manner- I. on ly val id for th, ' I p"d"l CIIIIe o f II 2 • 1Il. I':,\u /ltl"n H III m er
g" In- r a l , ...htc h IIhO""1 that lin' limit I. al (,J2 Il I( p / G Il It I lJ i" ... h" 11 t r ltJ1l1 pOH ' d.
III Q • G x It l i lt!' .
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Thl. rot'lm. that thc rangt' of validity for th......quatlon. gl vo'n In 5 e e tten ~ I.
gn'at.'r to Ihe vatue of lit Ifllp, Thl. mt-an. that tht'y arl' valid at

Q • I (; I~~

In th., IIp..{'lal caee of It 2 • ro and thu. R 1 • Rp , the rt-.ult will b.' th., pre
vioulily menttoned limit of [G.

A. wa. rnvnt icm-d In t he Int roduc t in n to thl. a ructe f Secttcn I I. the ..quatlona
glv...n In the rl'fl"rt' ncl"1 we r-e clal,wd aa elvt'n , They we r-r- elv..n In Ih .' cle a r .. llt
poa.ibl" manner- a nd methode of IIlm pllflcatlon w e r-r- alia 1I:1\"'n . The- l' xa m p h ' .
celc ulated according to t h..... t'quatlon. and thl' com ps rteon t o tht· prac ti c a l
ci rcuit. hav.' .hown Ihat tht·y can l", uee-d wit h 8UCC"'1I8,

Ont- dilludv.nl.gt' do.....xl.t In that wh ..n calculating according to S..etten ~

I Q . !Gfil: It III not po•• lbll· to elv.. Ih.' capac nor• . wtn-n con.ldt'r1ng "qua
tlOII 16 , It will b...N·II that Ihl. can b., t renapoeed ea.Uy .0 tha t :

II I • Q
G x C I x "'0

I. obtalnt'd from C I • G I ~x { X 1010

Thl. i., of cour-... . t-quation 5 from secucn 3. Th l. m ean. that a t l.. all t one
of t ht· two cRpacito rl can be eiv.n and an available , standard type u ...d ,

T h,' calcuj atton can th en l... mad,' acco rding to t·quatlon. 5. 14 and 15a .

A. ha . b"t'n menttcned In t hl' p revtcu e eec ttona , 1I1mpl Uic a ti o nll c an 110 1110 b o'
mild.' hvre, l' , g, by selec tlon of G • I , o r It 2 • 00, or both,

(6 1 K. Schmidt : Ht're e hnu ne.be i.ple l.. fUr aletlv l' NF-'-Handpl.st'
Fu n keeha u 19 74, Edition 6, I'a g,· . 187 ·1 90

(7) E . D . Sf'hmitzt'r: A System Hoard fo r th r- TE KO - Moduh'a
VIIF COM MUNICAT IO:"l'S 6, xemcn ~!19H . P a &"'11 220-229 ,

MULT IBEAM

r 0 r 70 em

ANTI'NNAS

~~

Tht' ultlmatt' UII F'-a ntl'nn•• fo r lonrdi.tane ... communication . T he Multl b...a m
vi rtually compri.... four 12- ...lrmrnt yagi an trnna. t hat have be en . t.ac k.. d
lind bayed to form a .1oelt' , compact a r ray , Ge.ln I. t'q ual to tw o . tac ked
18-~I ...m..nt yagla : 17, 3 d B ov e r a dlpol~ ; 19.:' d B i aotropic. T he MulUbpa m
can bC" . tack..d and bay~d 1n a conv",oUol\IIl ma nner to ob tain 20.3 d B
(22 .$ d81.ot roplc) with two an tp onaa, or 23, 3 d B (25 ,5 dB iaot roplc l with
tou r .ote nl\ll. , Such . rray. call be aucCfOaaruUy u..d for EME l moonbou nc t')
and for othe r ~ .Ilt r.. m... OX mod... on 70 c m .

Tv pl' E ie m e nt e G a in!OIIX)I.. B eam w tdth L(' II2!:h

MAM 4 6 /70 46 17. 3 d B 24° 2.65 m
MUM 68/70 68 IB . 7 dB 20° 3 ,00 m



,sTAC KE D Tu nULAI{ ,sLOT ANTEKKt\ ,·'01{ TilE 23 em BAND

A 23 em IIntt'nnll la to bt, d"lIcrltwd thAt can lit nlltrlufitnun.,tJ from <I 1"1)1"""
or brallll tub.. of 90 em In h'ngth and appr-nxrmately 7 till (uncr'IU."al) In din
md.'r. Four vertical 111011 an' 11""'11 into Ih.· lull," th"t 0l',","al." all lour tJlpoh"a
an d '·t'f1 .'cto ra ( FI". I I. Thl' roulj:hly A/ 2 IIlulll In tin" nu-tal tub.' !"l·prl"ll ..nt
" nt·i a tl v.·" dlpol",a ; Ih..y jj:,·n .. rMh' hurlzontal polarilallul1 , TIll' alacklne of Iuu r
suc h II10tll provld'-II a gain of approxlm"tl'iy Ii dll ovvr- II dlpoh' du.· 10 Ih." n·
ducrton uf Ih .. v.. rtleal b..am",hith , Th.· horizontal dlililrarn cnn b.' alt.'rt'd lo)

tunlni the r .. rlec tc r elot e , Th.· v.rlatlon rang. 1(1 from a vlrlually omnldlro'c
ucna! charact e rlll ilc IA) to a lIomc", hili rt'duc..d radl.tlon to th.· rear- till Ilho"'n
In lUI In Flrurt- 2. Th.- Chal"llel."rllltkll of Ihlll antenna mak.· It ext r-.. m .. ly IIUtt
abl e for b.·.cona and for IOCMI contanll,

I. CONST ItUCTION

It III poaalbl.. that on.' may b,' alii." to .,urcha."· II lIultobl," tull .. from II local
bull d ln e eou r-ce, The dlameter- la nOI 100 .'rlileal and c en br- betwee-n 10 and
80 mm, If Ih .. ante nna III to b." conlll,'utt"d from mete l plat.. . It III advtllllbJt,
t o cut the 11011 bdore b"ndlnlj:. Th .. dlpc:,I.. and n'lI, cto r Ilotl an' mounted
180 0 from enothe r and .r.. OPPOIIl" IInuth.. r 0'1 th.' c t rcumfe-r-e nc .. of thr- l ub••
T h.. lr dlm "nllona ar.. id ..nllclIl. 1 h.- phil lit:' dUf,'n nc.. lI.·tw ...'n th.· two ",h·m.'nl.
ia o btaln.-d al't .. ,..,.'. r d l with th., aid of tIlt' re "d of ttl<' dlpole and th.- capecntve
Iu n ln e of th.· r e n ee to e.

Tfn- f".'d .· r and t r an lform . ' r lin,'. III"" IIHtd.- from I 111111 thic k copper or b l·a ••
ptete , and a r .. 3 mm and 6 mm ",'Id.· rvepec tlveIy , fh\'y al"" sc lde red 10 on,'
e dge a t the ee nrre of each of tilt four dtpolc IIlota , aft"r whtch they an' tWllt
up and fe d pa ral1(Ol to th." Inne-r- .uda••, of til.' tub. with ••pacing of ap"ro),.
9 mm .

Th.. r .. n..c tor Ilot. art" eapaclllv"ly tuned wtrh th.. aid of m .. ta) dl.ell whol"
.paclnll: from th c .. n t r-e of Iht- 11101 c an b.- alt .. r .. d with tin' aid of adJulltlll~nl

ec r-.. we . FliUr.. 3 .ho 1 II aultabh' a r-r-a nge-rne nt : Th, ' tour 30 mm x 30 mm
aqua I''' pl at .. . a r e ehl d onto a ph "c .. of I'lalitic ....-tth ro"danlfUlar cro•••.ctton,
The . pac ine of th l a pl ••tic pl.·C"<· to t h. " n ..n..ct or- II10t can b.. ndjul<t ed .... ltll the
atd o f Ihe- Iprlne·load..d lert·WII .

A l'tt'r compt..non , th.' ant .. nna .hould b\· IIt-al~d "t .a,"h end willi the aid of a
plaltle dtec , It i••dvl.ablt· for th., anlt'nna 10 b... curnph,ttl)' ,·neloa.·d In •
pllllltic cov.'r for ....... th.. r prot. t"tion .

2. MATCIII NG

F I,ur.. 4 Illv ... a draw lnlf of th.. fo,t·do·r .a n d IItackl nll 11m'.: Slm".' th", .lot dlpolt.-Il
art' part of t h.· i round lIu r fac .. , t il.. f.. t' llt'r Iln .. 1 an' dll·o·ctl)· conn.!tt .. d ••ymm ...•
I r lc . lly •••trlplln " l1 .nd fed b"'lIld.· t h ... II10tll alon", Ih.' lnrwr lIurfac.' or th ..
tub... Th...Io t a ar.. conn .. cl(Od In eroupi of two. An Iml'."d.nn" of approxlmltt .. ly
600 n I. p re.enl . t Ih (O cent r.· o f "at"1I .Iot. Thl. In\l,.. dant· ... I. reduc"d to
approx lm at.. ly 300 n by Ih .. Int...rconnt'ction of IWO Iuch alai II. Th .. t .... o eroup.
of tw o d lpol.. a . 1''' conn cl ..d aile...ealn In paraU ..1 .0 th.1 an imp..danct· of
.pproJl !tn 1l1 )y 150 n r ....u) t • • Thll tmp..dancp II th'!'n tranlformt'd to 50 n wit h
Ih'!' a id o r a n -link compriline 1....0 trlmm ...ra of a".,roll. 5 pI'" alld Ih., Hn.· T.
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Tht· tnte rconn...ction of tilt' 11011 and Wroup. of lilot. i. mad.' wnhcut t rallllfor_
matlon ulllnK ),/ 2 Hilt.... Th.· Impeunnc ... of I tWill' 11m·••hould b.· a rn"an valu ..
betwee-n the t wo valta', p n'Il''lt at .'adl e nd; how .. ver- , It do.,. not 1iI.·...rn to b..
c ritical ( in c ont e-est to th.' I,'nwth of Ih .. lin..., I. The ..'!t·ctNj lltrlpllm' wldlh
r .. sult. In an Im pedance of al'l"'oxlmah'ly I YO n for th,· 3 mm wldlh when .pac,'d
9 mm from th e inn("r .urfaet· , and approxirnarely 150 n for tht' 6 mm wide line ,
The I r a n d o r m t' r line T I. Y mm wId,' and 35 mm Ion I ( 0 , 15 ~ ) and PO"t'"
an imp..dance of approxtmately YO U.

Th .. whol.. matehi'll .y.lt·m I. only h...Jd by th.· four .old.. ro'd ccnnecucne at
Ihe c e ntre of th....Iote and by th .. t .... o t rtmmore, ~o furth .. r lupport. art' ua"d,

A virtually cmntctrecuonet horhonlal cha racte rtettc (AlIa ebt atnvd by de h·tlni
tht' capacitor plate. from th... rl·n,'ctor II10t. , Th... chal'lu·l ...rl.tlc U il ubt alnvd
with a apaclnl of approxlmat"'y 3 rum,

3. RE F ER E NC ES

(I ) Karl Rot ha m m e l: Ant e nnen bucb , Hh Edition , P a i '" 4 16.

c.......ac . Dt VHf/UHf. Rm.1M, IC',. and much. milch m",.

AMERICA'S

Thi, monthl, m.lcu;n. ha, U1 a . hol. n•• , 'anda.d ''''

,Ial. -of·lh.,art , ,,,..I'utl ,on and l.chn,ca l art,cl., hl.n... .

technical

for amateursjournal
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year US$ 10. 00 2 years US$ 17, 00
3 year s uss 24,00
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A Foun-ELEME NT YAGI ANT BNNA F OH Til E 23 em BAND
USING A STHI P LIN E BA LUN

by B. Lubbe , OJ 5 XA

A fou r -elem en t yagl antenna III to be deac r-ib ed fo r the freque ncy ban d In the
or de r of 1300 Mlh~ . It in dlcatea an application or th e et r-Iplfne balun trendo r
m e r deec r -tbed in (1) . The glii n of the antenna 18 In the order of 6 dB. lind 18
th e r e fore aultable for t eat. port a ble and local ope rauon, T'he aut hor r equired
a e lmpfe m ethod of con nect tng and matching th e antenna to 50 n coaxia l c a bte e .
AI can be ae en In F lrure 2, th e uee of th e et r -t pltne ba lun OJ 5 XA 00 2 a l b
( I-'I g. I ) a llow. the anten na to be m atched ex t remely well without mea llu r lng
eq uipm ent.

F'IR> 1 :

P hotogr a ph ot
t he a uthor ' 8
prototy pe

The antenna i . c cnereucte d from a br a l . boom ot 7 m m diamete r , thick copper
wire • • The element . are pl ac ed through hole l drille d In t he boo m and eolde eed
into place { Fig. 3 J. P C-board OJ ~ XA 002 b I. p ro vided wit h a 7 mm dtsmete r
hol e tor II BN C co nn ec to r at th e end of the printed conductor , whi ch I. then
connec ted to the Inner conduc to r ot the connec to r with th e aid at a 8ho rt wi r e.
The nanae of the connec to r 18 eclde red to the around l ur tace ot th is PC- board.
PC board OJ 5 XA 002 a I. I ho rtt-ned .0 that s Ufficie nt r oom I. a va Uable fo r
the nange at the connector . The parta a re joined tog ether al wa e described In
(1) and are eolde red to th e raided dipole u.ina tw o . ho rt m et al I tripl. A epace r

II lolde r ed between the boom and the fla nge or the connector t o provide the
required support,

REFERENCES

(I) M. MUnich and B. Lubbe r Slll . Elem ent Colinea r Ant ('n na with Re flecto r Plate
for the 24 cm Band Ulillna a St riplln e Ba lun

VHF COMMUNICATI O NS 6. Edi tion 2/ 1974 , Pa ges 85 -88.
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A 4 0~ E LE MENT CO LlNt-;AR ANTEN NA ron 23 e m

by G . KOr ne r . OK 2 L H

T h e dt>lcrlbt"d col1near a ntenn e polle.le. 40 >. / 2 e lemt" ntl m ount e d In l ront 01
• r e n t"ctor pan e l . The dt"l cripUon II t o deec r-Ibe l o me lntere ltlnl lolu t lo nl
(or lom t" 01 t he p r-obfem e e ne cunt e red u I lnl euc h ant t"nn • • { 10'11. 1 J.
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Tht' aaln ct tht' anh'nna ia in the orde r of I II to 18 dB . Elt'c lrlcally apeaklna,
th .' an(l'nna conalala of tour aub-aroupa ot 10 etemenre each, Each aub-aroup
la Ied with the aid of a balun tranaformt'r located at the c ent r dipole. Th..
balun t ranaform e r la b.'at made ualna tenon coaxial cable ha vinll copper tublna
of .. mm In dl arnet e r- aa ou te- r- conductor. It la , o f cou eee Important thai th ,'
fou r balunll a t-.. connected Idtontically at th., aame phase poaillon, e. a, that all
In ne r conductc r-e, for Instanc e, art> c onnecte-d to tht> rillht-hllnd dipolt'8 whi ch
a r-.. ma r- ked wUh a polnt In th e dlagrllm ( Fl a, I an d F' li , 2 ), T he tour- cable8
f ro m t he aub-lI roupa a rl' elec t r fc a fIy 2 ,~ ), In Il' ngth ( ~ 7 . ~ ern tim .'a veIcc lty
fa c to r of 0.66 o r 0.84 ). The Impedance of t he se cabh.·a 8hould amoun t to 50 Q .

Since they ar-e not tt'rminatt>d \'ilth th., correct tmpedence , It la important , t ha t
low -10" cable be uae-d and that an electr1cal length of a multiple of ),/ 2 ia
accurately malntaln.. d.

The rtoaultlng ImpedanCl' ot 43 n from (h .' four amenna aroupa ia transtorml'd
to th e r equrred Impedance of t he ft' ..d.' r cllbh' In a double- ), /4 t r an aro rm t> r a8
aho wn In Flgur t> 3. The fnne r conduc tor ta 8 mm In d famete r- , and th e Inne-r
dram e t e r- o r t he aquarl' ou te r conductor- ia 15 m m for 50 n re e de re and 16, 5 mm
to r 60 n cabll'a, Copper- foil ia us ed to tn te rc onnect t h e around eormecttcne bet
ween t he out.. r condvctc r-e o f the teede r cablea to the sub-arou pa and the ou t
pu t connec tor for th ,' Ie e der,

Each of the four aub-groupa conaiata of two rowa of UVIl" .. lem enta each, to 
g.. th e r- with th e r l"qu irt'd Inte r ccnnect ton Ii n"a ( t'l a, 4 I, Theae part a a re all
m ade from th e urn" m a le rial ( 2,5 mm dtamet e r- ccpper w j r e}. It ia const ruc t
e d by fi rstly m ak ln a elementa I a nd ~ In clud in g the whole Inle r-oonnecttcn cab! e,
Art tor thia, e le-m..nta 2, 3 a nd 4 a re eolde r-ed Into pl a ce. gl ..,m.'nt 3 III e xt en ded
allg htly a nd bO'nt ao (hat II con necttcn la provtded fo r ccnnec r tng the cable or
balu n.

T wo auc h groupa of elt'menta a re now mounted toget h e r- to fo r m th t' aub-group
a nd Ihe rnre eccnnecu ce cablea ahould be b.' n t In a eerm -cj ecte a t all e ecee
cve r poaUlona ( ng, 5 ), T hla bl>ndlna meana that the vertical .paclng bet w een
t he e lement e la aompwhat ltoaa than Il ~ m m , It la th e r efor e advlaablp to r th e
fra m ew o rk a n d auppo Ma to be co ns tr-uct ed a ftt' r eo mplettcn o r t h e groupa o r
radiat ors ,

Tb e r e n ..c to r- la m a d., f rom aluminum me en . T h.. r ",n e c to r mO'ah la mou ntpd
onto a rrame of P VC boJ:toa ot 20 m m J: 40 mm J: 1 m m { cabl" du ct ln lli. Th..
P VC aupporta for th t' di po le ,,,It'mt'nla ar", alao .Iut'd to th..ae PVC boJ:ea , ThO'
fra m ew ork, dlpolea, fou r baluna and th e fou r atacklng cablea th..n form a unll.
T he rPn..c to r can bp acr",wed to th t, lo wt' r part of thp franlt'work ualng .t'H
tapptn g aCft' '''''a, T ht' apaclng b('tw" l.'n rt'n ..c to r and tht' ct'nt r t' of th t' It' mt'nta
a mount a to 4 5 m m .

Rlo: F lo: HE NC E S

M, MUnich, B, LUbbt': A 6- f: le m''l1 t CoHn",a r Antt'nna wi th R(' n ..cto r P l aI t' ro r
th " 24 em Band Ualna a Striplint' Balun

Vll!" CO MMUNICATIOSS 6, Edition 2/ 1914 , I'a i '" 85-98.
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l\·tODIFICATIONS T O T HE ATV T HANSl\UTT E R OJ 4 LB

by P. A.John son. G B El M / G 6 A F F/T

1. MODIFICATION TO MODUL E OJ 4 LB 0 04 (I) (2)

Th e autho r would like to offe r Borne Im provement e to this very successful ATV
t r ansmitt e r . Many of the ATV const ructors In G reat Br it a in have encounter-ed
some dlUiculty in s upprell81ni the 478 MHz loc al oscillator signal fr om the side
ban d video s lenal a t 436 MHz . The follow1ni modification solv('s thla pr oblem
and provides s fu rthe r at tenuation of the unw anted lo wer sideband an d other
s pu r ious slen als.

PC-board OJ 4 LB 004 I, cut at rn e pos ition shown In Fleure I. This eepa r-ete e
th e m ix er and Hnear amplll1er 8('('tlon', an d allows a helica l nner to be used
al't t'r the mixer. A H(hter cou pHni t o Inductance L 401 allow. the loas of the
filter to be compensated fo r . The filte r which wa s orliinaUy described In (3)
Is elve n In Fli\l re 2. The output Impedance of the filt e r I, 75 n , and a lu ltabl ..
matchlni to tran sistor T 405 I, provid ed by ta pplni Inductance L 40 2 hall a tu rn
f ro m th e co ld end.

F i ll:- 1: Po s ition of cut on PC- board OJ 4 1.8 004

A further IItlie of amplification I ho uld be provided at th is posUlon ( Fi e . I ).
The simple st method of dolni this 1& to duplicate th e ci rcu it o r tran s isto r T 405
( Fli. 3 ) and mountln i this on a llmall e.t r a board, which Is tnen eolde r ed
to the lareer part of PC-boa rd OJ 4 LH 004 ( Fie. 5 ). It II now Impo rtant that
th e Ilnl'ar amplifier eeeucn I, houaed In a ' ..par-ate box to the mixe r and Itlte r-,

No un d"'s l r abl e effects have been noticed etnce maki ng the ae two mod lrlcatlona.
The s uppeeee ton o f s purloua al e"als II ex t r em.. ly good, and T VI p ro bl..ml we n '
cu r-ed, e ven when us in g th e 10 W li nea r sm pUlle r OJ 3 se 001 (4) . Th.. UII .. of
the helical fUte r . 110 Ilmpllfll". the allgnm t'nt pr-oc edur-e;

- 111 -
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39.8 MHz

473 MHz Metal box

Modulation

0 @@ 0 e Linear ampinpu t
Y3 PCB DJ 4 LB

o~ 2;3 PCB00_

Mixer
DJ 4 LB 004

section or wi th add
in· on stage

@@o LOCAl.. osc 0 sinpu t

/'

~· j R" . 4 : Mllw r, hl-lical tnte r . and Imeu r- am pli fier I t'c tiona

2. MODIFICAT IO NS FOR UK USE

ATV ata tl on. in a n- at Brltll in do no t !.l aually rece tv e lnte rc a r rle r F M Bou nd but
pre re r t o rec etve AM Bound on tht, video c a r rt e r f r t'qut·ncy. Th e fo lluwi ng de
ec rtptton .howl how It I. po.albl\' to obta in a n AM eou nd ca r r ie r in ttn- cht'apeat
an d ea.h'lt m annvt-

The 100md Ifo' modu lt· UJ" 1.8 00 2 I. m od lfl t' d by adding a connecucn point J't 20.
I t th t' Ju nc tion of Ch 202 and R 20 1. Tht' l i enal t.k,'n from thl . point I. ft'd
vi. II trJ,mmt·r r e l l at or t o II tr /lJll t at o r Be 10 8 II e mtue r-rcncwer. Thl l I r an l 
llto r p rc vtd e e a n output Impeda nc e o f 7' n wh ich I. luitabl e for drlvln i the
Input of t ht· vtdeo 110' m o dule OJ" LH 00 1 IPt 101 l .

The m ode e e- Iect lon III mad(' u illo g a (our-pole , three-WilY ew ttch which providell
the !o Uo wini m odt' ll: AM soun d, video oo ly , vi d eo plu . Io'M sound, "'urther
detail . an' gtve n 10 th e block dlairam In f.'Irure 6.

The author r e c omm end . a com moo UK vldt'o Ir-equency o f 433" 8 Mll z with 6 Mlh:
Ime r-ce r-r- Ie r- . pac1ni a t " 39 .8 MHr."
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3, FUHTl If:H NOT E S
3. I. MOD UL E DJ 4 LB 00 1

T h e va lce of capacitor C 108 c an b" Inc r e a sed from 2.2 pF to ~ ,6 pF , 811 well
all Incrt>alling th e valut> of r t'a hl lor H 104 to 1, 8 kn . T hla r"lI1Jlts In a gr"lolter
signal liIwlng f rom th e video I F-moduh.' ()J 4 L H 001. It ia Important that a hlgh
gain tranlliator ty pe I:H ' 224 be uat.'d (B 120 I. however, thL'lIt· 8 rt' dlUkult to
obtain .

A I'A I. colour IIlgnal wa ll tranllmltt.'d t h rough the AT V t eansm ttte r a ft t'r com 
plt' ling uu- mournceucne a nd no de te rto r-atton of th l;' colou r lignal WI. obeer-ved.
Bot h mul t ibu rll t an d sawtooth Ilgnalll have been uat.'d to check 1110' IInt'Drily,

4. H. E F ER E NC ES

(I ) G, Sa ltl l' r : A Modul ar AT V Traflllmllter
VII F' COMMU NIC ATIONS ~ , Edition 1 / 197 3. P a gt!1I 2- 1~

( 2) G .Satt lt.'r : A Modu l a r A T V T j-anam It t e r-
VHF CO MMUNiCAT IONS e . Ed it ion 2/ 1973 , P a gt.'/il 66-80

(3) VHF- UII F Manu al
HSG U · P u bl lc a t io n a

(4) G, F r eyt a g : A T r an ai llto r i z t.'d Line-ar- Ampll flt.' r
VIIF COMMUNICAT IONS 6 , E di tion 1/1974 , P a gt.'l1 30·37 .

OJ 4 LB 00 1 - 005
Comp le te modu la r ATV tr ansmitte r (or vid eo and sound. Com plet e wit h
al l parts except cabinet. Fu lly soli d s tate with di rect video and sound
output on 70 ern. After comple ti on It Is only neces s ar y to connect camera,
microphone and ante nna.
See Editions 1 and 2/ 73 of VHF COMMUNICATIONS (or full details ,

Total kit price only OM 396 , _.
P C -boards price only OM 50,--

Complete TV pattern gener at or al so available .
- l ' ~ -



N O TES AN D M O D I F I CAT I ONS

I. I'HOGH AM MABL E FOX-B UNT IU; C E IVt; R IJI . 9 FX 006 /007 (Ed. 2/H )
I. I. EH I!OIt ON I'C · BOA n J) DL 9 FX 007 (Switc hing ct r-cutt ) :

Tht· flrat al.'rI('a of PC-boarda pOlls t' a s ('d a d raw ln e er ro r which led to a eno rt
between c ormecucn It 209 E and the adjac ent conductor lane , Thla s hould tI ..
r-em oved. Howe ver- , it II not 10 be expecte..d that any of the ee boarda we re
t'xporlt'd.

I. 2. RECO MM E ND E D Nt;UT RALIZATI ON

Should an y tendency to lldf- ollcl1laUon bt· not tced, It can tit· avoided by pl a c in g
Ie r-r-ite bt'adl around tht, c onnect ton win' s o f Iran Bllitorli T 9 and T 10, and
ccnn ec t tn g capacitors o f 4.7 n F between t he t-mUtt-ra a nd cotteetcr-e of th .. lI ..

t r-anal at or-• • A ceps cnc r- o f 10 n F can alau b... c onnected frum pin 3 o f the in
t t' iratt'd ci r c ui t I I 10 ground. The dem odu lato r- I r an llh lto r T 14 ahould be s hunted
by a c a paci to r o f !O pF In c r-de r to ..n lllu .'t' that t h.- s-meter Indication II not
a((ectt'd,

r. 3. CASE

The c u tou t Io r lI..... lt ch S 202 In Figun' II ehoul d bv on ly 8 mm from t ht' edge of
tht' c a ae and not 12 mm lIa giv.'n In the u rl gina l e r-tfc lv, T hla la l o e nau r-e t ha t
t he r- e is /:Iufflch'n! room fo r th,' batte r-y, 'I'hc following d rawlngllho wa the n vw
dtmenstcna:

~· l1.. _ <
_ T~

N

t 1-- •
••

2. FM- IF MODULI-; DC 6 il L 0 07 (t :d. 3 /72)

The value of th e coupling capacito r C 703 of th., Hrst bandpau filter IIhou ld not
exceed a vatue of 1. 8 p ] -' , Thla II to ensu re that m e cou plfng la not to o tiiht
Ihal a IIlrnple align ment to maxtmvm Is no lo n.ll t'r poaetb te,

3. I' I. L ·()SC II. L AT OH OK 1 OF 011 /0 14 (I-;d. 2/ 74 )

A numb.. " o f r ..aden h a ve tnrormee the publllht'l"s Ih at the pha ee -Ioc ked loop
pOBIlt'I.e a a tend .. ncy to at'lf-oadllatlon ,wh1ch Indlca tt's an addt tfonal Lnteg r-at to n
time ecnersnt, On obllervlni t h e Internal circuit of the Inte g r- at e d f r e que ncy /
phaa e com parltor MC 4044 It 110'111 be seen t hat one output ( Pin 10 ) 1a In th e
fo rm of an open emitter, P in 5 1s c onnec ted to a diode thaL Is In the pasl
di rection fo r po a rt lve voltai"'lI. This me ane that t he IU' ·bypals c a pa c it o r C 14 :!l
wil l p ractically not be ablt' to dlac harie a t voltai"'lI of leu than a pproximately
1 V. Which r- e p r-e ae nte a very long time con etant, A control loop wllh t wo or
mo re Inteirlll li n k. with Idt'ntlcal or IIl m Ulir ttme c on at ant e 110' 111 alwayll pOliseli ll

- 11 6 -



• tendency to eecmeuon . In t he ca • •' of th. ' I'LL - o ¥cUl ator. Ihl, will be ob
... r ve d in th.. fo rm of unltabl.. apu rioul alenal, a t bot h ald. of the "". nl t' d
lienal,

Tht a p roblem can be Ivold"d by con nec t ln g • f t' l l ato r of a pproximatt'ly 10 to
.so k O i n p . ,.. J) t<) wUh C 1-1 5 to ,'n lfUr.' t ha t thi. capacitor I, dl l eh, r e o'd IUff!_
ctenuy quickly. At tt nt ion . hould a lao be pa id th at the val u('1 of H 156, C 124
a nd C H9 art' accuratf"1y matntatm-d 10 t hai t he n ' lu ltlne 11m.' co natant ia not
too lon e.

It has been fo un d in eom e C 811 "1I that t ho' out pu t vo ltage o f ml U' f T 106 I, too
lo w to full y d r 'v.' ttw pul s e ah,p"r T IoU. Th l l can be Im p roved by l.!aloe it

dual- ial f' MOSFET ( 40673 or alm llll.f I fo r T 106 In the foll ow ln ll c treun:

Att l'o tl on ehould b.. paid Ihal only OKlOFo14o ~ ~~__ "h

firs l c hctce Ie. from w(' lI kn OW" . ' :r3..y", •
~:nr~~~~~:~t:~ Pl~~I:rUt~~3 . f;:('~~~ ' ~ " ·~}I,:-. . .--O~" I

and h i gh t' r chctc e Ie , can product- .. 11 - • ~ !
con81d,· rllble n oh w valtle'·. at th." .., '.'~I n'
~l~t. .,. ~

·L 1l1GtI·IM I'EDANClo; COUNTE H i'HEAMPI.I ...IE H D.J 6 TA 00 1 (l-;d. 3/14 1

A f f' w f'nqut r lt·, r"ii:aru!ng t hlll moduli- hav.. l e d to II flo' '''' ttpe o n t he conet ruc tton
and fau lt ftndl ni:

01.1. Th.' vlIlu(- or thl' cu rrt.·nt.Hmltlnl n'.lllor b.' tln't'M conn.'ction VA and
i round t. too high I 15 n I. wh ic h would 1.... d to. cu rrent limiting at approxl 
mately 45 rn A. Th.· valu!' of this r ...!lIlor ehould b.. r l"du c t' d to appror.imatt'ly
6.8 n 80 that. curr.-n! of 65 rnA can b.. lak.'n without cu r r .. n! IImUlnl.

4 . 2. DIH' 10 Ih," toh· rann'. of t h.. ;u"rwr diod., 11 5, tht' valu.· of +1. 8 V at pin 14
o f I I c an o n ly 1.0 .. dallllt'd all app rcx tmate ve lve, It 1. only impo rtant th at t ra nll
tetc r- T 3 1. tully condlJctlw or bloc kt·d acco rding to th,' input .Iinal and t h n·.h·
old a dj u. tm .'nt, Th La can be c he c ke-d by mi'a au r in i t he ccuectcr VOltA"., of T 3,
With zeno r- d Lod. · . with vo ltagt" valu.,. o f ovet- ~ . 6 V. th., Int "iralt'd c trcuu I I
can bec ome t oo ws em 110 th at t he thn'.hold I. unatabh'.

4. 3, In a few ca..... ollcUlation. have b. ·. ·n obee r v..d on th e awitc hlna .lopt"
which I. ind lc a t.' d when hllht"r fre qu l'nclt'. can b.' counte d ccr rectty, but Iowe r
frt"que nd... a rt' IndLcat e d too hlill . a nd t h., Indication III not IItable , The caUII"
o f thl.l. a eom ..wha t lon i .. r .wltchlng tim .. of scm.. individual Ie . typ., Me 1 0 3 ~

f mort' than 10 n. I. If tran.lll to r T 3 hall a ve r-y h ll h ealn. the combination w11l
ceuee ollclUation. to bf" ro rm e d on Ih...w1lchlnl .10"" which 'olo'UI b.' conv.. r t ..d
t o nee dl e pulal"1 of approximately ~ n. in I 2 [ wil l only be cbser-v..d on BI1 011
cttloacope having II .ufflclf' l1 tly h11h bandwidt h ). T he .imph-.t m ..th o d of r e ,
movtng t hl . fau lt with out exchanglne compon vn te I. fo r T 3 t o 1.01' tm-Iu ded ln
th e Ieed ba c k li n k of t h,' Sc hmitt t rlee" r fo r h iKlu-r Ir- e qu..n cl e e , T hl. I. achh'v..d
by loldt'rlni a dl.c CApac ito r o f I. 8 to 2.2 pF from tht· collector of T 3 to
pin 3 o r I 1 f nOIl-lnvt" rtlng Lnput ). Th ...I.... p .Iop" at T 3 now fol'Ct'. th,'
Sc hmll t t r1llit' r t o I Witch mort· quickly, T hl l dl.c capac itor can b., .old.,rt·d
to till' lowl" r aid.. of th .· board and b..n t back, Th.' followlnl dnwln, Indlcatl'.
tM. modification .

!'I);;"
• I'.
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J
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J\ STANO,\HD I;'HEQUEr\CY aSCILLATOH
WITH AN J\CCUHACY 0''" 10- 8

by n . c e - i. DL I XX

I, A I'PLICATION

Dl' m a nd l all the liIll4bUlty lind lllHlOlut" accu racy of In''lu''ll('y dt'l"I'mlnlng "om
ponl'nlll and modulee huve Incr-r-aevd cOlllilld"rabl,ll In till' pl·oh·,.lonal cornmunt ,
cationa and ml'atlurlnl Il'chnoloiY 0 ....'1' thl' h..t 10 YO'arl _ A almllar rendr-ncy
la allo to bl' obeervr-d In amat,-ur radio t ec hnol ogy, l'ompllcQh'd modulation
modt'lil luch alil SSB . al wt'll al n ......' communication mmlt II lIul'h aa EME and
MS cpe ranon r-equf r-e hleh,'r frt'qu"ncy accuractee, e speclaf Iy on Ih,' t' lIl-' bande,
In addition to thil. the advanct'l mad., In thl' dlettal e lect ronte s tl'chnoloiY ha ....,
made advanc('d frt"qul'ncy mt"alurinlil . and fr-equency ('OO1lllrllion methoda wttb
num€'rlcallndlcatlon ( frt'qul'ncy ccvnte re I allo avallabh to the r adro amateur,

In mOlt ca..•• • th,' owner. of dieltal frt'q\H'nc)" count ... rl ueueuy do not have a
lu llab l€'. accu rete frl'qUl'IU:y Ilandard wtrhout whkh ,'lIIlCI ablolul" O1l'alUrt'
ffit'nll of th e fr ....lul·llcy ar.· not poaetblc, T be cont lnuoua ,·.. ·c.lib ratlon of an
In e xpt'nllvt' olcillator aealnal a .\IIndal'd frt'qu ..ncy I ranlllnlttt'r I, unfa",oul'Rbh'
In precnc e etnce Ihllil Cllf1nOI .Iw'yl b.. made whe-n r e qutrvd d!Jl' 10 th,' propa
iation condition II, Th., Incrt"IU1lne rendenc y to UIU" frNjUI'IlCy Iy"lh"a!zt'rs In con
tra.t 10 th e Ulile of a I.rgt' numuor of crylllall also h·nda to tavour the uev of
a lilln,lt' crylillal ollclliator with a sno rt war-m-up tim.. of Il'll than 10 mltlu!t'1
and hllilh rt'p.,.labUlly which II then UIl'd al fre qul'ncy Itllndard tor tht" comptete
Ilatlon,

For the- lollowlne r e e ecn, It II not Iavour-abl e tor a cryliltal olcUlator to be
oper-at ed ccnunucuely , and pe t-hape only ueed to dr-Ive- a dlilital clock al a 11'
condary mode: Elec t r-Ic clock. ullnll aynchrol1ou8 motorl 111'\' mort' accu r-atv
wit h r.'ap.' c t 10 th.· long-term alabUlty than an In""I'.'nllv'· u'y.lal clock, This
II bl"cau • •, ttl'" AC - li nl' Ir-equency I. mcrutor-ed Ilnd control! ..d by cry.tal clockl
havlni a h1ihl"r accuracy . Fu r-ther-rnc re, tht, agln", ot a CI'yalal that III In con
t1nuoul ua.' II conllde rably hlihe r Ihan a ...t'1I-ail'd cryatal thai II not olletllatlni
contlnuou.ly, stnce a radio amalt'ur only U8"1I hll rn·flu.'nc)" atHndard cccaeton
.lIy . m.ybe tor a r",,,,, houri. the I'\'qulrt'd aba.olul" an,ura('y can b., matn
laln"d ov.. r a conlldl'rabll' ~... dod wh en one allumt!1 that th,' RIlIna r-ate durlna
thll Ihort ope raUne period probably amountl to 10 - 9 4! ""I' hour.

The de acrlb.'d frt'qut'ncy Itandard wal deve-loped with Ihll In mind. The pr-ice
II e xt rem ely low wtlli'n compan-d with th,· .'",ct"Il.'nt ch.ra<:!t·l"illtlci and lt~chnJc.l

compl"mt"nt , T hll 08dllator II not to bl' off.. rl'd In a roml or It kit 8lncl" moat
amat ..ura wou ld nol bl' ablt' to adJult and align th,' ollcliialor with n '8p" c t 10
tli'mp€'ratur.. bl' haviou r . cryal.1 loadlnil and cOlltrol " harRet",·llItlc. dul' to th .·
accuracy or tht" m ....urllllll'qull'nlt"nl rf'qul r ..d. 110"''''1''1', tIll' unit I. to bt' oH"r
..d al a rl"ady-Io-opl"rll.\(· modult" In tully .lIgruod condltloll , F1t1ally , ."vt"ral
I€'rma .1''' to bf' dt>.l'rlb.'d In oro.. r to undertltand Ih.' op.'r.tlon bt"Ut"r, Th.,
"hy.leal rnaltnHud.. , lueh al A?/day tor th" aline ratt"; Al / o(' lor thl' t.mp.. r
alur.. cod!1d..nt. or 1fIv tor tIll' .tabllity with ,·",po:ctTo lIul'ply voltalll' nuc
luallonl. It II th .. rdor.. nol ~lOlllblt, tor th .. aCl'uracy or a fn'qu"ncy IItandard,
to bt" cOlllph,to:ly IiIpt'clfl ..d by on .. v.lul', It la onl ... tt"nnl .uch •• r,'p.. alablilty ,
abaolutt! accuraC)' , .. tc, Ihat c.n bt' alv,'n atl -#'
• 11 9 -



2. THE CRYSTAL

T ht' cryltll even ult'd In the deeer-tbed module II drliined to work with cryalall
havlni a IIC -6U or HC - J 6U hcdde r , All !'undam ...ntal cryatala In th .. frt'qut"lIcy
r anle of 200 klh to 20 Mila: can IJe u8ed In tht' ci rcuit . The> ua", of overtone,
8tanda r d cryltala II not ptenned Iinct' their advanta,el with re ep..ct to atabUlly
to variablt' ci rcuit plramt"t. ra a r. only advlaabh' at far hlght'r drlrt"l's of accu
r l cy. This . hcweve r -, requires a far higher df'irt'e of c trcutt ry and tt'ml'l"raturt.
s tabU ily.

Gt'ne raUy ap.a klng. It could be said that t he higtw r the e-ryalal t r quenc y Ih..
irt'ate r the s lability. T ht' ae-tual ccndtttcne art" 10 Ihat the ItabUlly of a cryltal
with r-eepect to tempe r e ture nue-tuatlona Is mainly dependent on the cryslal cut
us ed, The Indi v idual CUll , hcw eve r, can only bt· uaed fo r ce r-ta tn Ir-equ ency
r all i e a fo r eceecmte a r rt'aaona. T'he rnoet stablt" fn'qut"ncy r ani e wllh rl'ap..ct
to tempe r-e tu r e nuctua tlona when ulini a AT -cUI II the frequency rail it" from
800 kHt upwardl . T he charactt'rlltlc temperalurl·-to-frt·qut'ncy cor-r-eeponde 10

a th ird -orde r pa rabola wncee r.vt"rlal potnr la In tht' cr-de r- of 27 oe. and whoae
r e lat ively n.t minimum 11 t'lprctaUy auttab)" al temper-ann-e rev raal polnl
for uae In conjunction with e-ryltal evens,

All other crysta l cu ll In th la frlOqul'ncy r ange ( 200 kilt 10 20 Milt) 1>U 1l t" 1ll8 a
temperatu rt" ·lo ·frl' qul"ncy char-ecter-Iettc ccr-reapcnding to II second cr-der pa r-a 
bol a . T'he tempe retu re ccerrtct..nt J!. / OC Is ecn skde r ab ly highl"r. An exc l'ptlon
to thi s repr-esente the ve ry lOxpt'nslvt' GT-cul which are hardly manufac tu rvd
nowaday a.

A fu r the r an d probably moat Important point Is th.. cryatal ailni. Thia la mainly
depen dent on th e ca re m ad.. durlnl the manufactu", of the crystal. The aMlni
o f the cryltala II mainly cbse rved as continuoul Inc r-ee.... o f Ir-equency , which
never com plf't t' ly dlaappearl e ven alte r months and yt'a rl of c pe ratfcn. Th ..
r ea ! r ea son . of cryata l aging are atlll not know n cornple te-ly j howe ver, It II
know n that th e au r face of th t' cryltal II darn aged during the cuttini prccese 10

that partld e a continue to be lo.t decreaslni the mas. of tht' cryltal. Thl' rea
eo n why a low c ryatal loadlng ( low oaclllatini ern plf tude I II advlaablt' can thul
dea rly be seen. Cryatala with a lo w al1nl rate u.ually have a hlih Q ( not
a lw a.yl tho.' cale I. Thla la al ao fl vou rable etnce th o.' ft'o.'dback can be kl'pt at a
very low va lue,

The a tta lna blt' accu r acy aa a !'unc tion o r Q hal bN'n found expe rfmentelly to be:

41
T 1000 Q

Thl a m"ana that c ry.tal. with a Q or at I.aat 100 OUO muet be ua.d U In accu
racy of 10 . 8 la to be cbtetned, Wh. n ro.'r.. r-red to the dlaml'!t"r of th. AT · c ry s ta l.
which la dete rm tn ed by th. ho lde r In ule. Iht' Q or a cryatal Iner"aat'l with
tre quency, Art " r c onllde rl n i aU factora . It will be found that a prpdl Iy ma
nufactu r ed cryatalln the o rd e r of S Mll z I. t'lp('dally favourablo.' fo r th ia appU
cation.

J . CRYSTAL OSCILLATOH CmCU IT

Tht' diacu••ion of th e m ost ra vou rable cryatal oacl1lator circuit I. al old a.
the eryatal t.chnoloi)' . Oplnlona dU f.r mainly with rt'apt'ct 10 tht' qu.atlon
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whet he-r- t ho' c ryetn t s hould ope-r-ete a t 5t' rit'lI or pa r a ll d n'IIVn,1I1n'. 1I0w l' v" r,
IIlne(' any t'ryliial m Ullt I>e "pu l h ·d". the ac tual Ir-equency of oac Hlntton of Ihr
c ry s ra t III atft'cll'd by t ht' t'x tt'rnal rt r-cuttry and will not cectltate at .. lth(· r It,
parall t' l or IIt'rh'lI r-r-eo nnn c r-,

Fig , l :
Equ ival ent diagram
of a c rystal

Wh ..n con atder-Ing th .. ..qulvalt· nt dlag r-am o f a crystal as given In FIK\l re I , it
wil l bo' 1I .... n In a IIUnpllfied manner t hat t he III'rl"1I r .. aonanc... .. of a cryllta l w111
fo rm l'd from L lind C 1 whrn t hl' follo wi ng III valid :

loll. •

On t he- oth.. r- han d. a pe t-alle} r "lIonanc .. can be derrved from tt u- lIt' rl"lI ci reu!l
of C 1 a nd Co ( holde-r- cepec nence l. t·, g. wm-n tht- followi ng III valid:

c t. •

T hill pa rall el rvaonanc e cannot be ac hieved In p r e c uce stncc th .' r e 'l u l r .. <J e x
t .. r na l c t rcu tt ry plac e s r-e ectencee III pa r a ll t'! with t h.. c r-yatel. Thi ll r ue-an a t h at
tm- eom pl eu- oaclllator circuit u per-a t ... at th .. Ir-equ vncy ut whle h Iho' c ry et at
tog.. Iher- wit h ltll r ..eeuve Impe dan c e III real,

CapacHl n' f...-dback ctr-cutta an' mainly ueod to obtai n variation rllngo'lI on pull
Ing c r-yata l oscutatcr-e , and to obtain t h.. b" llt cha rac t.. r!lItlclI wit h respec t to
tilt' temp.. r-ature co.. ff lch'nt ll. Tho' c rystal t hen ollc11latl'lI In Ihl' lmlut,tlvl' part
of itll t-eactf ve Impedanc e c ha r uct .. rl.tlcll , r-, g. be tw ...·n th o' III'rlo'lI lind par-atle l
r- e aon ancv frl' qu t'ncy ( 1-'l g , 2 I, T hill m ..a ne that II woul d not bo' co r-re-ct 10 Judgt·
th e IItabillty o f a c rys tal cec matcr alone on t he c rne r te of th o' crystal. It III
fa r mur-e Im po rtant to ke c p the lItablllzl ng factor of t ho' c rystal atl high all
polIslb l.. In u-o ct rcctt . Thl . m l' an , t hai nuctueuone of tho o pt'rating par-erneter-e
such a ll o pe ranng voltage. c opacltances. etc. s hall ha vo> th o' low eat 110118 11>11'
eff. 'et o n th e I r-equency, Under- tho' IS I' c c a dtt ton e , II lIS lIufflch'nt fo r the crystal
and th., va ructo r dtod.. used for alignm ent 10 b" kept a t a " titbit, t empcr-atu rv,
T hl' low hl'at c a p ac ttence ( m a llll I of Ih " . l' tw o com po n..nt . altowe a IIhort warm
up period,

-,
....'0' '''.'_.0' ,". "y.'"..,"._'.."------",.J
( 'SV

Cl

fo' ig , 2 :
xcacuvc Impe danc e charac tl'ristic
of the c rystal

ts • sp ril's r e soncnc e

fp • par-a l t o l rl' s ona nc e
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Now to <I.li,lI. rt'la rdlnl thl' crYlilal loa<llni: If Ih.· fact I. lenur" d thai U/1 01
clllallni cryatal warms 1t... 1f via It. own tmpedanc », which I. valid mo ...· or
It· •• for "very elec rr-tcal component In a circuit . and which can amount to
ee v.. ral d"liIr'·"a c",ntl.rad~ al a cryatal loadlnlil which ia even far belo... th.,
maximum lev..I, It I. of the .r..atpat tmpo rtence with rel'>t'rt to the- alillnlil ,·nlt·
Ihat the rryatal loadinlil i••s 10.... a. po.albll'. Valut's of 100 u W or It·a. 81'.·

advlaablt' .

Due on ..n a"",a clrculta In wh ich "cver-lceded" crystala an.' ua",d In ronjunrllon
.... lt h a NAND - i a t e I e . i. S~ 74 00). 1I 0 ....vver , tlu- 1".. 11.1'" cheapvr- Illt'thuda uf
dl'atroy lne cryatals.

4. Tin: C HYSTAI. O VE N

1Hih d"manda ar.. plac"d on thr- tern per-etu re .tabUlzatlon o f cl")'lIlal olrilialorll
with an accuracy In t he or-de-r- of 10 . 8• Th.. war-m-up pe dod .hould 1.1 ,' a ••hot-t
aa poaaibl .. In orde r to ensure that Ih .. unit I. r-eady for op.. ratlon In th,' ahorhllt
posa ible ume. Th.. Inv.. rae smbtenr-temperature reducucn fartor of th." c ryaral
oven muat b.' aa favourable al poallbl'" 10 that th.· ambl"'nt t,·mp.'rature nuc
tu a t lo n a within the cryatal oven only ('('auit In temp.. r atu rv nuctuatlona of mad·
mu m O. I °C wh e n It la aalUmed that t he tempe ratu re coefttctent of th .. r-r-y at al
In th e vicinity of ita rt'yer.al point. I. appr-oxtmately # 10C .. I It 10-7 •

In th l . rane" . It il poallbl.. fo r t he t ..mpe r- at ure s hlna of t h.· ovt'rall cl rcuil
aa It r ...u lt o f aglnl to b.. ccne tde r .. <I. In a ddition to th l a , till" IldJulllm ..nt of th.,
nomin al te-mper-at uj-e s hould bt· prcvtd..d 10 th a t It can b" Ildjult..d wit h It 1"" 
lolutlon o f O. I °c In a r angt' o f a pp l"oKlmalt' ly + 5 0c. Such dt'man dB cannot b",
fu l fU l" d u llini b l -m eta l the rmoBtata : T h,' IIYll t ..m- d",p,·n d, ·nt temperetu r e rlplllt·
11) will only b.' a t a m in i m u m .... hen t he nominal n-mpe retu re can Ju.t b,· k'"pl
a ne r conete.. r ln l the h..at dl.llpltlo/l of t he .yat ..m, ThlB m ..anl that an .·rrt·c tlv.·
h" atln l of me cryltll oven muat be ob tained u.lng an additiona l. Illil tchabh
h..at .. r wlnd ln i . It II practically Irnpo.albl to pre clllely adJull t a am all M·mt'lal
Ih t'rmoltal with an ac cu t-a cy of 0 .1 vc . Thl. rn e anl Ihat a proportional control
of th .. t ..mpe retu r-e atabllization mual b.' ulI·d.

A t h .. rmteto r il u . e d all h'·at-prob., .... hleh IIhould have a value that la aa hl'lh
a. Jlo lI. l blt · In o r-der to ,·nIUI".. that th l' Intrinllc Iwatlng dUI' to th,· tnavotdablv
m vt..u r lng cu r- rvn t II 11.1 10 al 1>olllblt,. Tfu- cont rol arnpIHi"r la In tht· form
of B IIC- volta i " am pll fh·r h08t· outpu t IIla'l" il mount..d 011 tm- CII"" of th,·
c ryatal oV"n for cocttng, Thl a ..n IlU!"t·1 t hat a a " paratt' h"alo'r wlndlne !I not
r e qui r ed .

T h .. h..at-probt' . caac of Ih .· crYltal ov.n . cryatal . varactur dlod.. and output
translltor Irt' combln..d In luch a mann.. r that th .. b..at poIII!b!o' h"al conduction
("data bet.....·.·n Ihe varloua COml>on,'ntl 10 that the lowt'lt polalbll' h ..at capa
citance II obtalnl·d . The cry.tal holdl'r ll'hlch p rotrud.. a out of th .. calt- of Ih ..
cryatal oven haa no notlct'able effec i on the accurac)' of th.· control circUli .Jnce
th. h ..al dllaipatlon o r th e .lect rlcal conn"'ctlon. to thl' cryatal ar.. vt'ry 10'" du ..
to t hle' 10... c rOI' ...ctlon of th .. holder.
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The cry.I ..1 OV,'II doe s poU..••• urn- unde at r-abl e fl."llturt': Ilnpld nuctuauone of
tht' h('atlna due to .. defect In the tempe retu re dl •• lpet ion , or due to I"q!:t' volt-.
aI" nuctuatlon. cauae to a rt'l ..t!vt·ly larlt' ove r-ehoot of tht' Ir-e quency, Thi.
i. not only due to the control c!ITult whe re an cve rehoct of the heate t- cu r rent
can b.. obeer-ved, The c su ee il po ••lbly in th.' inhomol"'llltJ",. or th.. w.rm-up
pr-oc.... or In Ihv coollnl or th", cry.t.1 e Iernent , A te mper-atu r-e iradil'nt ",'i11
b .. rOMn"d in the cryat.1 ternpor- .. rlly whlC'h CIUl lot· h·.d to • frt'qut'ncy varl ..tion
that h•• nothlnl to do with me "xpt'ct ..d cha rac terl.Hc •• a r .. eult of the cut .
Thl. w1l1 b.. obee rv..d durin. th .. war-rn cup pr-cc .... . Sinel' the cryat.l I AT-cut 1
1. op.. r .. tt'd .t it. r e v .. raal point, th e rrt'qu"ncy . ho uld only r",ducl" to th...d
Ju.te d rrl"qut'ncy durini th ", t ran.h'llt perjoc, and .hould incr.....e if .. temper-e 
tun- over--conrrol condition t'xl"a. Tht' mv••u r ed I r . n . le nt benavtou r do ... not
indlcat", thl. I 1-'11. 3 : cb se rve the two dlrr"rt'nt ordlnalt'a ...htch dlff.. r by two
ord.'r. of te-n I. Thla "w....kne ••" or th,- eryatal oven I • • hcwevcs-, of no 1m
portunc e .Inc.· the f requency flucluatlon. r emaln be low 4.+-- 10-8 durin. normal
opt-ration and stuce th e I" tranaient prcc e •••·• a rv cornpl etuly without hy.terlt'. ,
and t h,· r ,· fo rt· do not cau at' a ny r ..aldu.1 control eevteucn.
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5. CONS T UUCTION

Th.. com pl e te circui t dlal ram ot th,' oscillator and crystal e ven a rt' Ilvt'n In
fo' i gu rt· -I. A mccrnec Pte rce c ry s ta l oscUiator circuit I. used with trana i lltor
T -I In a common-bale circuit . Tbe coa ra,' frequ en cy adJutltmt'n t is m ad e with
the aid ot tr im m e r capacllor C 2, o r by I'Xchanllnl c a pacito r C 3 H Inrl t. frOo'
queney vari ation s a r e p re eent. Varaclor diode D I III pro vtdod to r- rlnt' tunlnl;
Ih.. bias voltage of this di ode c an b,' adJuated ...,!th the a id o f a pr ..c laion po 
t e ntlornete r ( R 26 I.

Th ,· value s of th e Ieedback c a pac llors C 5 an d C 6 are 1t'1"ctl'd eo that osdU a 
tlon ccm m enc e s readily and the t ..mper e tu r-.. -dependent eem tcondvctc r e a pac!
tances are lIurt lclt"ntly shunted. The cor-r- ec t va lut' of rl.'al sto r It 101 II a.l t'e t ..d
fo r eech Individual crystal so th at th e co r r ec t c ry s ta l load In, rt ·sults.

T he ou tput s l lP\a l Is ta ken from th,' em itt er- of translato r T 01 . If th.· cperattn g
point s have been adju et ed cor-rect ly , a virtually undiato r-ted ( a lnuso lda l ) s l i 11lll
wi ll be avallablt' at th is point . Th.. output s ignal Is am pllfll'd to app roxlmatt'ly
1 V ( ItMS ) in a aubllt'qut'nt , two- atait' ampllfll'r and coupled ou t at low Im 
p.. dance,

Th l' compa r laon bt'twe",n th actua l and nominal value fo r the rempe retu r e con 
t rol Is made In a dH ff're nllal amplifier sta,e comprlsme tranatston T 1 and
T 2. Tht' requi red c ry s ta l oven t em pe r- atu r-e Is adju ated wllh the aid o f reslston
R 1 to R 3, and th e r e quired cont rol ,aln, o r heat1n, cu r r ent Ia st'lt'ctt'd by
connectln, rnlato r R 6a In paraUel to R 6. The dlfferenUal amplifier drivt'a
a powt' r transistor ( T 3 ) wnc ee pcwe r dlulpatlon heats the c a St' of the c ry s t at
eve n,

With the exception of th l' heatt'r tranatlto r , aU operaUn, volta,e a are taken
fro m the s tabUlur ci rcuit com pr i s ln , ( T 7, T 8, D 2 I.
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I'h ... cumple-tv dl"('ult Includlll¥ cl")tll tal oven I. uuU t up on a lIinCIt··couted P C 
lIoard of 1 15 mm x 50 mm , T h.· compl eted P C - bo ard hi m ounted In an alu m inu m
caee of 125 mm x 550101 x 550101 C ~· I i . 5 I. Th.' ou tput algnalla lak.' n from
III IJNC-colUlt'dor ...hlch I. mounted at on,' ... nd of th .. Uox ; th,' conm-ct lone for
the o pe ratlng ...oltlloll" ( f.. ..dthrou¥h capacitor. ) and th l" pr.. clalol1 t j-Imrner- po 
\t 'n tl om d "r for f rt'Clu" ncy caliuratlon ar.. 10 b.· found a l th e ot her- e-nd o f t h v box ,

' r

•

~· l g . 5: Aut hor ' B prototype with c o ... er- r-emoved

6 . ALIGNM ENT

A lthoug h II .... llInol b t· polllbh' for mo.t radio a m a t t-ur. 10 c a rry out thl l ca
nu r-euon p rccv... It I. brll'fly to lI.· deac r'Ibed, n u t' 10 the di fficulty In c al t
u l'atlll e Ihl . module no kU I. t u lI.. ern- red, only a rvady - fo eopet-et e m odule.

Th.· equlvalt"n l da ta f . e r h.••• H, C l and L a rt' now d.. te rtn tned In a pa ••Ive
r e a on ator ci rcuit I p i -circ uit) and th e Q of th e c ry. llIl I. then calc u lat t"d. U
t he Q o f t h.. cry.lal. are 1I0t .ufficl""n l . luch cry.lala .hou ld nol be uaed In 1M.
ci rcuit . Thl. i. tctfcwed by mt"a . urln e th e tempe r-etu t-e e t-e ve r -aal pc t nt o n i n 
c reaalne and dl"c rl"aalng th e t e mpe r et ure , which la m ade In a c l rculat lne wa te r
ba t b , All cry.ta l. t hat h .... e too h leh o r too Iowa reve r .&1 point aa wen a. an y
c ry.tala tb at po...... a meaeu rable hy lltere a i a In th e r ev",r .al po int be tween
h,· . t lllg an d cooling . ho uld aIao not be u a e d.

The cryatal ov..n I. now he ate d 10 withi n I 10 2 0C of th e re qulrt"d cry.ta1
I mpe r-etu r e , The c ryatal la now Inat" ned and adJuated to a 10adlnll o f a pp ro 
ximately 100 ~W by allenlnl of H 14. The maximum pe rmlaalbl"" am pli t ude fo r
th e cryata1 w.a e alcufated pr-e vtouefy from t h", equivale nt da ta of th e c ryatal.
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It 18 110111' po •• ibll' for tht" t"xa c t cry.tal OV" II t,· m p.' r alu /·" to tn- al'1nt ..d whllilt
ob.u'rvill' the fr"qu t'"ncy varlallon . Thl. a djulltml'nt takl" ,om,' tim.· Illnn' one
mu.t walt untt! th.. tran .h·n t .· ffec I. o f th.· h'm~... ratul·' Ill'" Iilaullllt'd afh'r "II,'h
adJu.tmt"nl, Thl. i. renewed by atJJull ling th e f rcqu ..ncy c"arlll'1y .....Uh repncno r
C 2 . n d nn Iy w ith H 26 , . nd .UOWillg th t, 08cill.10 1· to run for at It'llil l four
teen day....onttnuou ely , Th., fro' qu " IIC)' variation. itft' lI"h'd nn ... . · rlO'r day , l"lw
m oduh' can b... c1. 'IIt'd a ll r-eedy fo r opr-r-a t ion arn-r t hv IIgIIIII: r al. · ha. d n' l'pl'd
to rar h~Il ' than 10-8 4! / day • An y o.dlla lo rll wh o ll" a g lll ll: n . t ,· hI 1101 1t-1I 11
than thla velue . ft e r an opt'" r a tl ng ~,..rlod o f 30 daYII art' dlla.... d aa n ot aun"'Il"
lui end will be dt amantled.

7. to'Rto;QUfo:N CY ADJUSTM E NT

After m.nu f.... t urf' . the m odu l e i••ligll ..d for bl'!t('r t ha n 10 · 8 4! al lion epe rat
in, voltage of 18 V, tt cwe ves-, o ne m u at •••umv Ih at th .' cQ-lllal ..... 111 ag" by
10-7 to 10-6 # arte r- ....onetder-ubf e pe-r-Iod .....,hlch Iluan. t hat t h ., f r ,·qu ...n,·y
.tandard .hourd b.. c attbr-ated occ e ef on a lly ,

The method o f adJu.tlng th.· frf' qul' n cy t o t ha t of a IItalldard fn'qu I'nC}' tl',Ul"
mittel' ha. been publlaht'"d on '0 m any occa.lon. IhAI only a f..... dt'talb an'
to be mt'"ntlonf'd he r-e :

The lonpavt'" .tandard Ir-eque-ncy- tranlimlaalon. au.'h a. [)( 'F on 77,!'l kllz
Droilwich o n 200 k llz and tht" Deut ech l.ndfunk on 151 kl h : III'" rH't (.'rllillt, 10 ttlt'
enortwave tranaml . sions. or tht·II.· , IhO' Iranll mllh'I ' .... ith til . n ... b l·"111 lor-utlon
should b.· eerectec. Delay varhtHorUI can oc (,u r dur ill llltw m"bllul'lnll: p. ' r l, ><1 due
to propagation c c n d tr tc ne, ..... hl ch could .imu lalt· a rr, ' qu" n e)' devratlon ( of up to
10 - 7 4! on eho r-twa ve ), Thl. m l' anll that a ny . lll n.11I .... ith a h lllh Ih'g ro'" of
radin, ahould be evofded, On Ih .. o lh...r hand. longwevv IIlgnala hav. th,' dillbd·
vantalt' that tilt' o il ..e r vatton tim.' I. I·"'. t i v.-Iy lana for an ae<'urA<"y of I U- S,
On e rt'qulrt·., for in .ta ncl'. a m .. . ..u r in a pt'riod of at h ' a . t IUUO Ilt'("onds III tho
cut' o f a 100 kill: s ign a l.

Finally , tw o method e of c om pa r l nlll h.' fr ...qu,·n c y to a Iltallda ...l fro·qu. nl')' II'UIIII

mlaalon:

A lonpavp s t an da r d Ir-e qu e ncy I lgn.1 ill r e cetv..d 111 a TH F · r " ('l' l v.. r ..... ith Ieed
back , and the ey nch r-omz e d b"at rrl.'qu "lI c y l a muU lpUt'd to t he hlj:hest posslb!t
freqllt'n cy. Thl . r r e qu cncy I. m l' a su r ..d wilh tne a id of tre quency counte r .... htc h
uae. thp deac r t bed frl."qu t'ncy atanda r d .a tim b.a~·,

The . t an da r d frl."qut'ncy from th.· IOIl'wllov,- r-.. c .. lve r Is Ied to a p ha •• com para
tor circuit and c om pa r e d to a har-m uuic o f th .. o.cUb to r to bt' adjuat t' d , A met e r
connected to the phaal.' dte c rtmtuetc r allow. th t" b...at of th~ oar- Illntton t o b.,
cbee rved and brou ght to %1'1'0 .

Tbe manufacture r I. prt'par...d t o allall aueli o .... Ul a to r. on ..... p.. r year fOI' tho..'
am.tt'urs that arl." not a b l t'" 10 mak.· thl. corr.·cllun atJJualm t·nl . It ia o nly n ...
...t'....y 10 pay t h.. tran s port COSIII,
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8 . SPEC IFICATIONS

Fr quency:

C ryltal:

Cryltal holde r:

F rt'qu t' ncy adjulltment:

Outptl l vol tai":

Out pu l Impedanc e:

Am bh'l ll t e m pe ratu re r alli e :

oS Milt ( opllmal I Mlh 10 20 Mll z J

AT - c ui. fu nda m e nt a l

Il C - 36 U

Me c ha n ic a l : approx. 3

E ll'c t rlcal: approx.

a pprox . I V. alnuaolda!

ap prox . 20 0 n
- 20 10 HO 0C

10 ~ 6

10 - 7
10.8

than
th a n
than

min . :
min . :
mtn, :

a ftt'r 3
a ft e r 6
a ftt' r 10

rt' qul",d f r e qu en c y

Du l' to t em pe eewre:

leu than x 10 . 8 # /day aftt'r 2-1 h v..rlod

leu tha n x 10.9 4! /OC
Due 10 lupply vo ltage nuctuallona of ~O'\ a l 18 V:

le ll th an 5 x 10-9 4!
Due to loadl nll ( no -Ioad / ahort) : le a a than 1 x 10 -8 f.!.

a ft e r I wltc h lni on at a t e rnp e r-etu re of 250C a nd a lIuppIy

Fr-equency de via t ion:
Due to ailnj:

P r-equency e r-r-c r
voltai" of 18 V:

De vtat ton ;If from th er

Operallni vo lt ail':

lI t>atlni cu r- rent:

Otlt'ratlni cu r- r ent:

D!m en a lon a :

+ 14 V to + 28 V to iround

700 to 900 rnA

L t' aa than 150 rnA at 18 V

125 mrn x 55 m m x 55 mm

Appro x. 200 II

9. Rlo:Jo'ER ENC ES

0) R. GOd a nd B. ROaale: A Stabll' C ryatal-cont rollt'd O s c illator In th e Or-de-r- ot
10 - 7 fo r Fj-equenc y and T im e M" l auremt'nt a

VHF CO MMUNIC AT IONS 4. Ed ition 4 /1 97 2. P I a u 235·2 40

(2) D. E. Sc hmitze r: A 200 kll z Re c e iver tor Synchronl zlng l Mll z Cryatal oecn
latora to the Droltwlc h Lona wa v" T r BnllmU ter

VIII" CO MMUNlCATIONS 4. Ed ition 2/1972 . Pa i u 111 -11 8 .
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MATE R IAL PRICE LIST
described i n Edition 2 /1 97 5 of

r o n EQ U IPMENT
VIII" COMMU NIC ATIONS

OJ :'I XA 003

I' C - board

semtccnocctcr-e
Minlk.lt

C rystal
KH

D.J 4BG 0 15

P C - b oa r d
13- pol l' connector
I J- pole connector
13- pin connector

70 em C O:-;V E HTE H with OCIIO TT KY MlXE lt

DJ 5 :<A 003 [doubl e coated, no throuJlh contacts,
wi th printed pla n) • • •• ••• • .

OJ 5 XA 003 (7 t r ans lst oJ'S, 3 dlod,'lI) . • .• . .
DJ 5 XA 003 (2 cotj eere, I ccurorrnc r with

core, 2 Ie r- r-rte beads , 10 trim me r
capacitors, -I chi.p capacitors,
I TEKO Box 3A) •• . • • . • .

67.333 MHz (IlC-6/U) • • • • . . • • .. . •
DJ 5 XA 003 with above pa rts •.. • ••

ACTIV E He IlAN DPASS F'IL TE HS

OJ 4 BG 015 (with printed plan)
fo r wlrin,. each .. . .•..•• .•..• .
for PC- board mounung , each . . . . •.
fo r above • ••••••••• •• •• •• • •• • •• • •

Ed. 2/1 !l75

OM 24.-
OM 45.--

OM 23.-
O M 22 .-
O M 1I0.--

Ed . 2/1075

O M 10.--
O M 5.4 0
O M 4.lJO
Ull.l 4 . 10

Il l. I XX STAN OAHD FH F:yUENC 'i OSCILLATOR (5 MHz) Ed . 2/llJ75
Roudy-fo- opo rate Cumpletely al1gned and age d (14 days) ..•• • . DM 4lJ5.--

T E HMS OF DE LIVE H'i and RANK ACCOUNTS

All pr ice s a rt' given in W" s t Oe rman Marks . The prices do not contain post
and packin ll tor which an ext r u char-ge will be mnde c . ••• •• • . 0 11.1 3 .--

T'he pr-ice-a do not Includ.· any customs duty whe re appl ioab le . All supplies
havin~ a value of over- DM 80 .00 (or I"SS when r-equest..dl will be dispatched
pc r registe red maU and c hat-ged with • . . ... . .. ••••• • pM 1.--

ilia pos t a nd packing will bl' cha rg.'d on c rder-s In exeese of O M 200 .--

Equivul ent se miconductor type a will be supplit'd if original types are not
available. Only first claee components a rt" used , Semiconductors, quartz
c rystals and c rystal fUtrrs cannot br- exchanged.

It Is not possibl e (or us to dispatch o rder-s per C.O.D. All o rde rs should
be mad" ceeh-with-orde r- IncludlnR the e-xtr-a chaq;ces fo r post and packinl!' .
r CRis t l'rcd mail, e tc, A transfer to one of our accounts or via our r-epr e
Sl'ntaUv l'S is aleo poeatbte ,

Verlag UKW.BERICHTE, H. Dohlus oHG
0 ·8521 RATHSBERG/ERLANGEN, Zum Au..lchtlturm 17

We lt·Germany - Telephone (091 91) 91 57 or (091 33) 33 40
Blnk lecount' RI,UI"lnblnk E.llngln 0'2.'1. POlltchlckkonto Numbl.g 3l)olM.85ll
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MICROWAVE MODULES LIMITED

NEW ATV CONVE RT E R
Input fr equency r ange : 430 ·440
IF r ange : ccrn Channe l 3 (48 MHz)
Noi se Hgure : typo 3.8 dB

Bandwidth : 10 MHz
Gain: typ o 25 dB
9 - 15 V 1 30 rnA

Other co nve r te rs avail able :

1296 MH l: CONVE RTER
Microstrlpl lne, Schott ky
diode mtxer
IF: 28-3 0 MHz o r 144-14 6 MHz
Noise figur e: typ. 8. 5 dB
Overal l gaJn 25 dB

432 MHz CONVERTER
2 sntcon preamplH1er s tages .
MOSFET mixer . All UHF c ir cu its
In mtcrcatr-lp te chno logy .
Noise figur e: typo 3.8 dB
Over-an gaIn: typ o 30 dB
IF: 28-30 MHz o r 144 - 146 MHz
9- 15 V / 30 rnA

144 MHz MOSFET CONVERTE R
Noise figure: typ o 2.8 dB
Ove ral l gain: typo 30 d B
IF: 28-30 MHz, others on request.
9-1SV / 20 rnA

VARACTOrt TRIP LER 144/ 43 2 MHz
Max . tnput at 144 MHz: 20 W
(FM, CW) • 10 W (AM ).
Max . output at 432 MHz : 14 W

VARACTOR TR IPLE R 432/ 1296 MHz
Max . Input at 432 MHz: 24 W
(FM, CW ) ·· 12 W (AM )
Max . output at 1296 MHz:. 14 W

All modu les are enclosed In black cast-aluminium c as e s o f 13 em by 6 em
by 3 em and are fit te d with BNe connectors , Input and output Impedance
is 50 Ohms. Complete ly pecrea etonar technology , manufacture, and alignment.
Ext remely suitable for ope r atio n via OSCAR 7 or for nor mal VHF/ UHF
co mmunic atio ns.

AvaHable fr om :
Ver lag UKW -B ERICHTE, Hans Dohlu s o HG - D-8521 RATHSBERG/E r lange n

(western Ge rmany) • Zum Ausslchtsturm 17
and fr om the ir representative s throughou t t he world



mobile
antennas

Introducing th e J ·BEAM r ange of ve r y hi gh-quality mobil e antenn as (or all
commercial f r equenc ies and for the a-m and 70-e m bands . Both stainless-steel
and gtaa e -Itbre type s are available . Bel ow a few exam ples f ro m th e wide range
of types from 1<. /4 to et acked 5/ 8 ), co ll nea rs for UHF .

Model Tylle Fr eQuency Gain Wei ght F e ature s

TA 5/8 , 144 -175 MH ' 3 dB 275 g Glass- flb r ,- whip
TA-S 5/8 , 144-175 MH ' 3 dB 275 g Glas s -fibr e with 5 m cable
TA 4 1/4 x 144 ·175 MH ' a dB 130 g Stainless s teel (PH 17-7 )
U 3 5/8 ), 400-470 MH, 3 dB 100 g Stlver -pl ated, epoxy coaled
U 4 Collnea r 420-470 MH7. 4 dB 150 g Stac ked ),/ 4 and 5/8 ),
U 5 Co ltnea r 420- 470 MH ' 5 dB 175 s St ac ked 5/8 ), and 5/8 x

Available via the r epres entative s or VHF COMMUNICAT IONS. Would profe s s ional
customers please co ntac t the Antenn a Dept o f VHF COMMUNICATIONS d ir ec t.
Full catalogs or th e wide r ange of profes si on al antennas available on request.

Verlag UKW.BERICHTE. H. Dohlus oHG
0 -8521 RATHSBERG/ERLANGEN, Zum Au..lchlaturm 17

West -G erm any . Tetephone (09191) 91 57 or {0 91 33} 33 40
B.n~ .CCO~"" R.,tl. ,••nb_nk [,I .no_n 224" . PottKh_cklconto Nurnb.'1I3045&858



CRYSTAL FILmS • FILm CRYSTALS • DSCIWTDR CRYSTALS

SYNONYMOUS for QUALITY and ADVANCED TECHNOLOGY
PRECISION QUARTZ CRYSTALS. ULTRASONIC CRYSTALS.

PIElD·ELECTRIC PRESSURE TRANSDUCERS

L.lllid II our wIII ·known ..,iel of

9 MHz crystal filters
for 55B, AM, FM
and CW applications.

In o rde r 10 I lmplify mltctl lng . thl
Input end output of the filter, ecm
pri . . luned dlff,rl nllal lrln,for·
me" with gelv(ln lc connection to
thl c• • lng

Flltl' Type XF.QA. XF.9B XF.9C xs-so XF.g[ XF·9M

App llc.Uon SSB· sse AM AM FM OW
Tren, mll

Numbe, of Fille, Cry'lll, s , , , , •
8."dw ldlh (6dB down) 2.5 10Hz 2410Hz 3.75kHI 5 0 kHI 120kHz 05 kHI

P" .blnd Rlppl, < , se < 2 ee < 2 dB < 2 dB < 2 dB < 1 d8

In,. rtlon l Oll < 3 dB < 3 5 dB < 3S dB < 3 S d8 < 3 dB < 5 ee
Input·Oulput Z. """ "". "". """ 12'" • """r,nTlInll lon C. ., OF ., OF ., OF ., OF so OF ., OF

1(6 50d8) 1.1 (6 6O(8) 1 8 (6 6OdB) 1 8 (660 d8) 1 (8 eo dB) 1 (640d 8)2 5
5 ....0. Fl etor

(8 BO(8)2 2 (8 8Od8)2 2 (8 BO d8)2 (a lK!(8) 2 (6 60 d8 ) 44

Ulum". An, nUl llon > 4S ee > 100 dB > 100 ee > 100 dB > 90 dB > 90 ee

KRISTALLVERARBEITUNG NECKARBISCHOFSHEIM GMBH
o 6924 NKk.rbl, ehol ,h. i", . Po ,tfKh 7
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