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U2! IH Mlh C ONVEHT E n WITII SII.lCO N TItANSISTOI{ COMi' L l-: M I·;NT

by 1-: . Krn he , UL 9 GU

1, INT Il OIJlICTIO N

'I'll . , d .'IIt' I'!lll'd 7 lJ "In <,o"\l t' rll' r" III e q u ipped vn t ti-ely wlt h IIl1icon t r llllllhito rli. It
'-""MillIs of two p n'a m pll fh' r stagt'lI with th ,' Irlll\lIll1lor 2N :l·178 . II " rylllni 0 .. _
cfHutor Iollowed by II t rlp l'-I" lIlnge, IlI1 WI'Il 1111 n m txr-r- IIl n~\' tilling n Junction
fl "ld-dr.",! 11'1I01lh"tor ( .JFl·;T) . Th.· two I'rl' unJl' lU lt 'I ' s lagt'll art' aecomm odutvd
in II Illl'\al rlll"ing In II IIlmllu l'lllHIlIWr to t1uo 7 0 crn p l""lInll'urh'!' d "Hc r ilwtl in
( I ). Tilt' nllclllntor' an d till' mixet- IIlag" a n' Lmllt Il l' OIl a prinll'd d,'('IIU boa ,', I
which III Hl'mly conrn-cted 10 tI\{' nWlal "ailing ( F i lo/ . I ). Th ill I' (;' bna r d III n

1l10dt!i ('d \"'1'111011 o f li lt' Ill. 6SW 2 me-t ... , ('UllV" I'I.,1' ( 2 ), Tfu- convr-r ter- " pt' ral "11
from a 9 V HUI'Ply ( n, 'gut l v. ' p<.!t' 10 gr-ound ); till' ('UI"I','nl dr-ntn III eppt-oxt rnm c-ly
18 rnA .

Th(' manufac tu t-er- o f till' 2N 3476 ( ileA) 1111111 II IYl'klol noill .' flllul'" of $ dll
( a t 470 Mil l. ) for Ihlll ItF -lIll1 l'lI fh'I'll'a ntl illt o l'. T hl tl nH'an ll t hai a noll< t, flllU l't'
In thlll orde r c a n 101110 b" aIlHu m .' " f" r Ih. ' r-onverter-.

2. IH:SCl UI'T [O N O F TH E cmcurr
TIlt' c1 n'ult dlagrnm o f thv converter III glv.'n In I,' L" , 2. Til" t ...'o pl'.'rllnl'lUIl' r
IIla~Wtl "p,' ral (' In It r-ommon- bum circult , Tht, ('mU It'1" am i I'olL""lol" ar' ,' con­
n('('It'1I 10 Ih., capacltlvdy l<h"rt.'m't! qUill'II' ,· wa vr- ( A I 4 ) conxt ut """'Ullll, TIll'
Il C 0J""'a tl ng voltag('11 111'(' fl'd 10 th.' lnl.l1l1Llilol'l1 via 1 k I! " .'11[11101'11 . TIlt' tuning
of th.' J,,·,'a rnpll fh ',· 111 1110/ "11 1"1 nOl c r-Itic nl ami Ih t, bundwldth III wi d,' ,'n,mgh In
.'n a blc to' l. 'v Lllion IIlgna lll In b., " ,,(' t'lv.'d,

TI\l' IIlf.,'Ila L h, a rnplLfh 'd by IIpproxlm ut "'y 18 ti ll nnd LII tltpp,'d off by m ,'unll of
a ('ou l'llnj;! loop [r'om 1111' IUIII rvsonunt lilli' ctrr-ult . 11 III Ih.'n r,'d vln comu-ctton­
poinl ( 4 ) In ti ll' "h"rl "111 p"lI l1lb](' m anm-r- to IIII' gut,' o f tilt' m Lxer- trunllilltor
T ,'i. A " ... sonant circuit (I. ;), C 23 ) In Ih .. ,!I'" ln c l rr-ult fillt'rll out t tn- 2 rm-trr­

. ll ff ,' r .' nc (' f r<''1u''l1ey wh it-h III fl'l l vln a ('ou pling l in k al II low sourc e LIllI'.'dalll' "
10 till' uul put cOII" ""'I"1I p"in t ( 2 ) and fl"fHll th .'n' 10 th,' Iwo mt't l'" r-ceelvor.
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Fig. I

Th l" popular overtone olici ll ato r ci rc u it III e qulpped w ith Ih l' b ipolar t n anllill to r
T 3 In it c o m mon - base ci r c u it and U'Il'II a 96 Mil t quart t c ryetul, The ca pact ­
(linn' o f the c ryst a l 1101<11.'1' III OI'utral i1.l' d by till' induett vtty o f L I .

TIll' trlpkr t n ,nll lllio r T 4 01110 o pe r ute a in a cOlll mon - ball <' circuit . Th .' vm itte r­

of this t rll1l lll lltor ill COImt'cled to a c upacltivr- ta pp ing point o f t he oaot tt a ior
r-.. llonant c fr cu u ( r. 2, C 13, C 14, C 15 ) . 'n-o t r- tpled o ac tlla to r- fn'qul'nl'Y
( 288 Mil /. ) III thvu fe d vi a a c epacttively tuned, 1lI11.lUCtiV.' Jy ,'OUI'!£'u bandJ>a~

rnter t L J!C 16 , L 4 ! C 18 ) a nd a n is ola ti n g r-npacitor- ( C 19 ' 10 t he j;tal ,' o f t h e
mixe r t run et stor T 5.

2.1 . COli . DATA

LlandL 7 ·

L 2

0.3 j..l ll .' hok(' o r 15 IU I"116 o f 0 . 3 m in uta . ( 2!J AWe I vn am ell>
I-d copper- win' .... ound o n II 3 m ill (orlllt'1' . l... lf-Ijuppo r'll ng.

• 7 t ur n s of I mill diu., ( 18 AWG ) lJilv t,,'-plalt'd cOPI,..r .... i'·,·
wound on II 4 . 3 mm dill. ('oil Io r-mer- wilh VII I-' e on' .

L 3and L.4-

L ,

2 tu r n .. . win' IH' (0 (' l. ~ . ",ound 0 11 10 II ~ Illlll fOnl lt' r . lJl'1f ­
HU p pO'·li ll!l . ('01 1 le ngt h app l·o". 10 111 111 .

6 tur-n s , "'in· a nd {"(>II Iormer ali (0 1' L 2, eoil h'ngl h a pprox ,
8 111m.

L 6 I, 7~ tu m 01 n. ~ mm dit• . ( 24 AWG I enam" Il.'d .'olto n -(·uv '· /"l'd
win' pl ll{"· Y l....l"'.·.·n Ih.· 111 ..1 IUl'nlJ at the ('old . 'nd of I. ~.

~ T h,' dlOk ., l. I 1M di n'ctly ..oldet-r-d o n Uw conducto r " id ,· o ( l h.' uOll nl 10
t il<' (·un l1.·(,t lo l1 I" ad" o ( th. ' (· I'ylllll. l, o r c l')' lilal "Of' k e l.
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2, 2 , S PEC IA L CO M I' ON I';NTS

e I , e 5, e 9 •

1'1 , r 2 •
T 3, 1' 4 •
1'5 •

tu bulnr- r r-Imrner« n , 5 to 5 .5 pI'
t'dt . JFll ly p" 1'1' sua or Vu lvo ( l'h ll i p tl) typt· C 004 EIl / 6 1!.
2 N H78 ( HCA) z N 49 36
HF 22 4 or T IS 45 ( T"x lItI ln et rumcnt a I
IH' 245 , TI S 34 o r T IS 1111 ( T" Xll lI lnl'l l l'urn '"nt,, )

3 . M Jo;C l lA Nl CAL ASSEMBl.Y

A ll af r e ady rn t'nllon"d , 11ll' convcrrc r con"i,,11'I of two su b vus sr-mblte s , Tht, mvta!
(" using for Ih e t wo p l't' a rnp ll fi" I" litUg" .. un d t ill' Le shuped I' rin l .' d c t rcutt board
for t h t' o ec utetor an d mtxer IItllg" .

:1. I. I' HEAMPLI F IE H CASING

Th" Illlll t'm bly o f the m et a l ca lling Is mmh- an'ol'(ling to FIG_ 3, Wh"I 'I' all " 11­
Iwntl al dim en alon s are glv t' n , Be fo r-e m oun t in g lht· inlt' l"nwdlult' part ntons , it
ill nec e eaa r-y for the 6 mm di a m et e r- c UI-ou tli l'O' quil't'd fo r t ilt' uccom modat ton
o r t r antl itlto r l' I a nd l' 2 t o b,' drilh'd In to tilt' butl" p llll" di J" ,'clly untl "I· each
pa r-ttt ton , Seml cc t rc Ir- cut vou t e of lll'p rox Unlltt' ly 7 m m dl a a t'" nn.... fi]"d in to
th e pa rti t lnn s dl r e c tly ove r- t' lIe: h of t he trun e t et or 1'""ltlonll; th t ' 1I1' I'na hlt, th .·
t r-anaiato r- oonnect fon e 10 b ., m ild.,.

It III 111110 nt' e:t' lIl1 l1 r y to d rill hnl e e In lIuUabl r- pUlilt ioll tl ( II.·.· Fig . 3b lind 31' )
fo r t he t w" f" "d - through c apac no re C 3 and C 7• •' s w,'ll all fn r t he 1....0 1/4
walt 1'('lIil'lto "1I It 4 and II 8 . A ft e r Iht' callin/: h all b""n 1I0ld l' rt' tl nn d " lIvt'r ­
plal NI. tll "II t.' " t' tli llto r ll a I'" vt' rtic'ally m ount ,·u Into t ln- I" " ' pnl"l'd ho le a and aI'"
jlhrt·<! Into pla(' " with a t wo - r-omponenl jllu,' (". 11 . lJ IHJ · l' lu lI ) 110 th u t a Ihlru
protl'ud"l1 into the inne r- r hamber-, T r lllll il lilol' lI T 1 und T 2 an' 8 111 0 g hu'd in
eur-h n munn o r into ti lt' holt' ll all to IIIl"w t h,' ""c kl' t to touch the balil' p la tt ' ,
'l'hc by -prtlls cepnc tto r C III III t o he fou nd on the <>utlildl' of the c a b tr n-t. T hill
,-al'"dto/" III ,' Ith r- r 1I0Id" "pt! or- N('/"'I""d in to pluc e acc ordtng 10 illl tl l'lIlsn.

Th,' inm-r- C'oll,hrC'to rli of tilt' t.h t'e-e - r-onxlnl c trcu tt a a rt' murk- by bl'ndln g tht· n , 3
10 u, 5 m ill thb-k 1'''1'1''' 1' or- b r llll" pIal" 1111 IIhown In F ig. 3d and :11' .

Th, ' lu bulur tt-fm r m-t- e " pudtorll C I, C 5 and C s, w hich in m e autho rs Call i'
pr'nl l'(HI!' 22 m m , f r-om th t· ba.w pIn t, · "f th ,' " "n v" rh'/" , allio 1I" rv" a ll lIul'l'0 r t
for " n ,' end o f th l' uIINo('\ alt'd inn"r c onducto r: th " ot her "nd 1lt' ln R fi r mly 1I0t­
rI" " ,'d to t Ill' Inllilh· of the 10\\""" wa ll Uti Nhown in Fi g . 31'. T h t, inn t' " C' undue:·
tOl'1I run in til<' ,",'nt,·t' a xi l! of ti lt' c humbe r-,

Thl' mountlng of tl'" Input lloe kt'l • truntlillto rll . Ie e d - througha and inn t'r con­
ductor-e III f,,1I0IH' d by I'Inllll' r! ng the r vrn nt nlng res i sl o C' tI ( H 1. H 2, Il 3, II 5 ,
1\ 6, II 7 ) lind .-a pa d t o r ll ( C 2. C ol . C 6 , C 8 ) tn to thl' poll lt hlOli shown in
Vij.turt·" 1 Hnd 3, Th ,- IIl'ndn~ from ('onn l'elioll 1>l,ln l " A to t; to the 10we 1' WAli
IIho ....n In I··I /.: . ac il'l jl"iv"n in tln- fnlh.w ing tablt' :

COIIII,·" tloll po in t A Input) 24 mm.. .. U fnr'('2 ) 1I1' 1" "O X • 38 m m.. .. c- fo r Col ) 38 mm.. I) fo r I.' 1; I H mm.. .. I': fnr C R I 37 111m
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Fig.3 Mechanica l assembly of

1 0
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converter

Flg .3a Side view

o PC · Doo.d

"
C' CI C1
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Fig .3b External view
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Th.. d" l.'OUrlill i loop I, m ad.. up from 1 m m dlamt' lt ' r ( 18 AWe; ) ,Uve r- pll, tt'd
copr"l" wj re, Th.. i roulld po tnt fo r thl' loop III lipKeI'd 50 mm fr om th .. low.. r­
wa l l.

The open ca,llli I, c ov .. r ..d art .. r t h.. allgnm ..n t p roc..du ,'t· with a 0 , 5 m m b r a . '
pla t e which Is tht'n ,0J dt'rc>t! onto th .. ca' lni at varloua 1>oIIlU .

It la, of cour. .. . poas lbl(O fo r th .. p n-ampIU l.. r d.. . c e- Ihcd In ( I ) t o be u Sl'd In
C(>l\jullctlon wit h thl' conv.. rt .. r-, If th is I, d.. siNOd . It Is mt' n 'ly Ill'c"'llary for
th e ou tput aoc k.. t to b.. r-em o v..d an d a d..cou pllni loop to til' In ee rt .. d In Ita pl a c e .

Fig '"
Pnnta d Ci rCUit boa rd Dl9GUooi lor th,

L.';;;;;;'••;;'oDJ "321'"'' 104HZ Conv, r lar (conductor IIda ) 112 . 63 mm

-,

••

9"

. 1~..

... ..
r I I

e21etC)..-

Fig,~ Componpn t Sid' of tha PC - eeere Dl9 GUool
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3.2. P RINT ED CIHCUIT UOABD Dl. 9G U 001

T be IWO ollcUlato r IItaR(O. and t ho mtxe r- staRt" are to bll' found on printed dr.
cu lt boa r d IlI , 9 G U 00) wh ich i. show n In 1"IR. ~ . The location o f t he com po­
Ill·lIt . I. glVl' n In n il. 5. T IH' p r ln tt'd circuit board il ec t-ewed onto th e p r-earn v
plUlpr ceet ng by rn enn e or th r ee m e tnl b rack.,t . wh ich lI-Rve al rt"ady been 1101­
der-vd onto th e ca,lnR . Tht' ll" bracket s c an h., c l eu r-Iy IIPpn In 1"igu rt" . 3 and 6,
Th e latte r vi t"w. th., Op" 11 c oove rt cr- f r om bel ow , Tht" g round c oe necucn be t­
ween the p r in t €'d circuit boa r d and t he caling II m ade via the brackll't l. Th i ll
meane Ih a t It I. only nece ••ar)' to m akt" the connt"ctl:KlII ( 4 ) and I 5 ), . h..,wn
in t h., circuit diag ram Fig. 2, in order 10 ope r-at e t he ccnve rte r ,

F i g. 6

~, ALIGNMENT

Tbe cryltal oectttato r can be monitore d by mean. o f a VlI1" /FM bro adc a llt rt'·
cetve r tuned to 96 , 0 M lh, The oacUiatlon IIhould ct'a.t' on de tunmg the CON'
of inductance L 2 . It a ny llpuriou. ollcl1la llonl , euch a. un.tahh· lI(inal., eotee,
er e , a r .' obser-ved a bove th.· c rYltal frequ l'ncy , t his wil l mean that t he jnduc­
ranee of I. 1 mu at b., doc r eae ed , or Inr-r-e aaed If t h e o ppoalre i ll fou nd to be t ho
c uee , The trl l' le r st all!' I. a ll gn l'd fo r m a ximum voltage drop acrOll1l th... llourct'
n '.l lItor H 14 of t h e mlxer IItai" ( In I1ctual fa ct: It I. a ll~n r-d fo r t h.· m a xim um
voltage dlf(.'rl'ncl' betwvon no-,liIlal and full I linal ccndntons ) . If no 70 em
IIlinal, an' audib lt ' Iil'tc r completing t he allgnm"nt, It IIhould b., t".tabUllhc'd If
t hl! corrr-cl ha r m on ic of t h,' cry.".1 rr,'qu.'ncy hll. I.....·n 1I,'h'cll'd,

11 -



I"ln a lly till' 1'1"I'lln11'IIfl"' I' IItagl'lI ar-c align,'<Iby mcnne oftdmlll l' rll C I , C 5 and
C Y for maxi mum nolll l' Indtcarton on till' S·md t·r' .

TI\(' r h-cou pltng lu,,1' Is aloio adjusLC'd for maximum lIolli t',

T h .' m o ",l Iavou r-able eenalttvtty p"",ill"n "1111 "n ly b., ac biov..d wi t h Iln- aid of
a nol ..., jJ.'o" I·ato r , T hi ll I", (,aITkd uut by verying till' 1"""ltI!)n of lapping po ln l
U an d aligning C I, It m ay nleo b.' u<lvilwblt' to Ilol dl' r a IIho l'" win' onto t he
in put lIock.,t .lIO Ihat t h., moat Iavou r-ablv poeu ton of tappinll: po int A c an bt' fou nd ,

Ed itorial noh'.lI :
A /10111 " figun' of 6,5 d H wall nwa .lll J" 'U in II. pr'o["HHlorlld labo r-ntor-y on a JlI' I' ­

am l'llfl l' r ucc or-di ng 10 rvfvrence ( 1 ), TI ll' IIw" l'l f n' qu.'ncy /Il"ullurt'/lll"nt indi·
oan-d thai t h.. 3 d B bundwtdth of tlH' IH'.' um pll fl l·l " wall al'l'r"o)(imat ,'ly 20 MILe.

5 , In~ F EnJ<:NCES

E , KI"uhc : 70 -('m- Vo rvc rstllr'k\'r mit 1'1'll.Ill1ll1lo l't'n
UKW · UE IlI CIi TE 6 (1966), 11 . 1 , pag"11 18 10 2 1

( 2) w. v. a c n un m e tm enn: A 2 Ml"lrp C onver-t e r- With ~' I .' l d Eff.'cl T'r-an alat o r-e
VH F C0 1\1l\1UN1CAT 10 NS I ( HHi9) , EdLtlon I, pag"s 2 10 10.

6, A VAILA BL~: PAllTS

A varl .'ly o f pa r l ll an' a va l la bl.' f rom th.' pu bllllh" I'1I or OU I' national r""I'I">"H'O­
ta Livl' lI: T h., I' r in lt'<\ c ircult !Jollnl UI. !1 G U OOl ; the eoi l [o nn" I"II ; t ln- mvtu !
casing complet e wit h Ievd - through capac Itor-a, In lll"r-condu('lo l'li a nd t t-Irum e r-s ;
o r m eta I ("ailing compl .,t.- wit h P C - boa r d, eoil forrlwr.ll lin d t rt m mere ( S.".·
pr-Ic e Ilst ) .

A new ha ndbook for the VHF amateur published by t he Rad io Soc iety of Great Br ita in

VHF

UHF

MANUAL

• Circ uits and tec hno logy covering fr om basic principles
to complicated m icr owave equipment

• Excellent reference book for the VHF beginner and
experienced amateur

• 241 pages wlth detailed c irc uit descr lptton s and
a8semb ly inst ruc tion s

• Both Eu r opean and Amer ican Tube and Semiconductor
t ype s are used

• Ext t'ns lvt' Pr opagation and Ante nna Information

Pr ice us $ 4 , ~ - or nation al equivalent Includi ng postage OM 15 , 20

Ava il abl e from: UKW· BE RIC HT E H, J . Do hlus , OJ 3 QC, 0·8520 ER LANGE N,
GIl'lwltzer Strasse 45, Westl"rn Germany or National Repr e eentanve e

Deute cbe Ba nk Er lange n, Konto 4'16 325 - Posts che ckkon to Nuernberg 30455
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A 5 WATT T HA NSIST O IUZ E U SS H TRANSMITTER e-on 14 5 MH z

by K. P , Tlm m a nn, DJ 9 Z R

I . INTHOUUCTJON

Fo llow in g tht' developm e nt o f the ph a lle - Iocked o s c Ul at or de ec r-Ibed in the lall t
edition oC VH fo' CO M M UNICATIO NS ( I ), lIeVf'ral o ther unit ll wer-e built in o rde r
to Cor m a m ode rn 55U t ransceive r for fixe d and rn obtIe ope r ation. The next
pll' c e of e quipm ..nt to bf' allllem bled by thl' auth o r wa s a CUlly t ransistorize d
5SU t ransmittl' r wit h an output powe r of 5 watt s at 14 5 Mll z , T his unit Is ac­
com modated 011 II printed ci rcuit bo ard with thl' d lml'n s lon s of 85 by 255 mm .
A matching 2 met r -e recetve r Will also developed and will be describ e d In th e
following edition o f VH F CO M MUNiCATIONS. A va riable l/.uxlUary fr equency of
135 Mll z to 137 MII ;o: is r'e qul t-e d fo r both units, wh ich c an be eupplied f rom the
a lrl'll dy de sc r-Ib ..d ph a ee-doc ked uac llfator- (I) , It ia , o f cou r ue , pOl~sible Cor II
VXO t o be ueed inllt ead of th e phase -loc ked oscillato r . T he disa dvantage o f Itda.
h owe ve r-, ia tha t th e frequ e ncy range of th e u-en s c e tver III lim ited to a ran ge
o f ~ 20 kHz f r om t he cryltal controll ed Ir-equency o f, Cor inllt ance , 145 . 41 M Hz .
Such a tully trllnllilitorl;o:ed VXO 18 deacj- Ibed in thi ll edition,

The abo ve menncned t runsmn te r- and rec e t ver unlt ll have been lIufHcienUy w€'ll
te eeod, They a r e e a sy to construct and a r e uncrItical to a lign . Th e measured
values a t t he end of each de sc r tpt tc n offe r In fo r m allon r e ga rdin g th e c h a r acte r ­
Istics oC ('lIch un it.

Up to In' powe r levels o f approximately to W, t r a nsisto r power ampliCier Itagell
have t he advantagl' ove r tubed typee bec au a e the heater pow er oC tu be s In th lll
power category ill in the same o rde r as the HI" output power.' At highe r output
power Ievele, tubed po wer- ampllfiera are mo re economical stnce thei r heater
powe r ill negligible with r-espect to the output pow e r and bec a u s e t heir pow er
a m plification ill g reater whe reat t he plate efficiency oC suc h modern tube . ( I . e .
ceramic type, )11 roughly e qu a l to t he efficit'ncy oC t r anlllltors. The di sadvan­
t a ge or ha vin g to p rov id e cooling Is no rmally c om mon Co r both PA typea .

The output po wer of the de ec r tbe d 5 W SS B tran llmitter is l ufflcle nt to Cully
d r i ve a ll near arnpli Cl er equipp"d with t he tube ll 4X1 50A . D. G ( drive pow er
appr o x. 2 W), 4C X 250U ( drive powe r app r o x . 4 W ) or 4C X350B (d r ive
powe r a ppro», 6 W ),

2. TH EORY o r- OP ERATION

T he bloc k diag r am o f t he 145 Mill 55 U n-enemnter i8 aho wn In fo' I£ . 1, Fu rthe r­
dO;!tai111 regardi ng the tran s m itte r a rc gtven In t he ci rcult diagra m Jo' ig . 2 .

2.. 1. a LOC K IlIAGIlA M

The o pe ration of the 55 U t r all s m it tl' r il shown In fo' IA:' 1. The voice frl' quency
III ampli!led in a AI-' p l't'ampliCle r and fed to a b alanced modul ato r . The auxl ·
ll ary frequ l'ncy of 8.9980 MIlt ( USB ) is gelll' rated in I 9 MHz Clrrl e r o s ellla ­
to r. The 9 Mill usa sl"..nat Is fed fr om th e ba lanced modul at o r via the lI r llt
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9 Mlh. ampllfill!' r t o th e c ry at a l rll tll!' r . Th~ aln,l.. . Id..band 1Iisnai at th ll' out pu t
oC th i!!' c ryll t al fllter III red via th i!!' 9 MH:l bUC!lI' r t o th ll' pUllh ·pull mbi!!'r . The
9 Mth SS B IIlin a) I. then mbi!!'d wUh t h i!!' va r iable aux iliary t r e qu en cy oC 13~

MH z. t o 137 MHl obt a ined f rom t he ph aae -loc ke d oadllator ( I ) o r t h e auxiliary
fr-equency o C 136 .4 Mlh :!: 20 kHz f rom the a l ril!'ady mention ed VXO. On ll' o bra tns ,
In th la m ann er, • 2 m SSB-sirna! whi c h 111 a m pliCled In th .. bu !f e r- and t he d r iv­
e r s tai ll!' and Is fe d to t h.. P A - sta , iI!' il!' qulpped with t he ove r lay t rana i llt o r 2 N
3 37 ~ . T he out put power oC the PA - It a i e amount a t o S. H W.

....", .." ,­
" ~.. '" "".J " ..

,;"\ ' """..."1 .
. '0 "'" "0

;:;-. U p" .....pl , I, .. e.....ft, .. "' OCIul g- ...""', ' ...

I> <, I>
( ' y· UI I ' II .,

'-' ! . I~IK t H · U )
,,, 1' 07 " 0 1,0 8F l J4 lJ

g·..· 1 ' ."'" 9 " HI butt.,
lV91~ I I 0"",11. 1", 10'

'Vup~" ' ,doboftd
II F U4 n IIF n4 r4

L .....,
1 4~ " ff l PI. In " HI , ,,.,, \4~ "H. lIft'IllI" ... ~.. ..

<l <l <l
,... ,n

~".. ~ '8Fr :~
I t<un " I t<JI &4i II IIF "4 " T~. 16

2.2 . C IRC UIT OF T H E T RANSMITTE R

A deta lled er r eu n d la, r-am oC t he 2 m SS M tran8mltt .. r la ahown in f' ja , 2. Th ..
Input oC th e A fo' p rearnpl ftte r- III de lligned Co r t he c onnection oC a dy n am ic m l­
c r- cphon e , It la d e al r a ble fo r lIuch a mic rophone 10 ha ve a fr f'quo;onc y r e epon e e
llm ltl'u to th e voi ce fr-equency range 10 th a t the Ir-equen cy re spona.. fa vourable
for I mile s h leuand tranllml , . ion la ach ieved .

Th e voic e CrequE- ncy III fe d vi a a r(' lIll1tor o f 470 n an d a 2.2 jJ. 1" c apacito r to
th e billie o f t he A F preampli fier com p r lalng th .. t r an al at or T I .

It h ne c e alla ry. t ha t a Io w -nc tee 8111con planar t r an lli al o r be used fo r T 1. The
ba se of t r anslato r T 1 l a d ecoup le d with a 10 n F" c a pacitor to ground wh ich. t o ­
gethE' r with t he r e s i stor o f 470 n , e neu r-es t hat any R I"- volt a gl:'11 are groun ded.
A c u r r e nt oC 1 m A n owa via t r an , lt.to r T I , which caUllell a voltage d r op oC
approx . 10 V to a ppea r il l' rOilS th e 10 n c ol l ec tor- reetetor-. Thill en llu re . th a t
T 1 III not ove rloa de d e ve n a t t he m aximu m pc rm t e e tb te ope r lltl ng vo ltage o r
28 V. The po a it t ve volt age from te e d point A la rilt e r l'd by t he 39 0 n r e e t ercr
and th e 20 jJ. F c apa c it o r .
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T he A J.' pr-eampl fI tvr- Is c ouple d to om - diagonal of thl' su baequ ent balanced mo­
dulat or via a ~O n" cape c uo r wh ich is ae r-iee-ccnnected t o a 10 kO resistor.
The carrier of 8 .9980 MII7. obt atne d fr om t he 9 Mll z ca rrie r osc tll atcr- Is f.. d
via t wo 62 pF c a pec no re to the other di agon al ot t he b a lanc ed modula tor. Thl a
p rinciple Will e xp la in e d in (3) . Due to the AF-modu lat ln g voltagell, the c apa ­
city of Ih e tw o va ractor dlodell n I and D 2 ( UA 10 2) wUl be som etim e. In ­
c rease d and eemeumee reuu c ed with r espect to anothe r. Th e RF - voltage at the
centre point of th e brldgl' III cor-re apondl ngly va ried an d la l apped-oft as a
double side band sl(:na1 with liuppn'lilll'd carri e r by potentiom e t e r P I . The car­
rier s upp r-e a e fon In the bal ancl'd m od ul a to r amoun t e d to appr ox . 20 dB . Fu rthe r­
lIuppres liion o r t he ca rrie r Is-e quency 18 m ad.. In th .. cryll tal fill e r . The operat­
ing po inl a ot Ih .. t wo va r acto r ..Hod..s D I and l) 2 a r e IIta bUlz ed by m ean s of
a 8 V Z e ner diode Z 8. Il t he car rier Is t o be re - lnJl' cted, the wiper ot Ihe
pcrenttcmete r P 1 c a n bto ...ho rt ed to on e of li s ends by m ean a of. for instance.
II. r eed c ontact.

T he 9 MHz c a r r i e r oscil l ator Is equ ipped with II. s ilicon pl ana r tran s iat or BF
224 ( 1" 2 ). The lund Impe dance of th e osci ll a tor Iran s l s l o r 1" 2 Is very low t o
en ... u s-e that thcAF voltag... a t th e b ridge c an not freque ncy m odu lat e the oscU1a to r.

T h,-· oacilleto r- Is bu ilt -up in t hi' form of a ca paclt lv... Ha rt ley - ci r c u it . The c rya ­
tal Is ali gnl'd to the n om in al Ir-equency with the a id of a ae ri es capacitor of
300 p"' . The nom inal fr equ t'n cy III 2 kl h : below t he filte r c e nl r e fr equency o f
9 .000 Mllz . Thl" ope r-etin g voltall:e o f t he oscill ator II a l s o stabilized by t he
Z e ne r- dlcde 7. 8.

Thl' 9 MHz signa l fr om Ihe b r ld gl' modul ator la In ductively coupled vii induct­
an c e s L 3 lind L 2 10 th e- ba ll" o f th e au bee qu e nt a m pli fie r c om prising tranlli ll­
tor T 3 ( U J.· 224 ). The output of lhlll IItagt' la ccnn ecre d via a r ee tstc r- o f ~60

n to t he ope r-at tn g voltage.

T h e !l Mil t. US H algnal III cou pled t o t he Input o f t he crystal CUte r ( XF·9 A )
v ia a 1 nF capacitor. Th e p a rallel ca pacity o f 20 pI-' p resc ribed by th e hlanu­
l a ctur ... r- III t o be found at th e in put and output o f th e filte r. The required loa d
r-ea tator- o f 68 0 0 Is a b o connected to the output of t he fUt er . T he cryat a l fille r
i s not dr-Iv e n a t t he usual leve l of up to ~OO mV but only at a pproxi m ately
20 · 30 m v , T h i s, together with the d imensioning of the su bae que nt buffer sta ge ,
III the m a in reason fo r th e extraor di n a ry good s peec h quality of t he SSB Il gn al.

T hl' II1ng1e side band signal Is Ie d vi a B 6800 re s i s to r and a 30 p P s e ri es c a ­
pacn o s- to t he bast' o f the 9 Mll z bu Uer com prising transliJtor 1" 4 ( BF' 224 ).
T hl ... 1I iagl' provide s virtually no ampllfic ation and is m ere ly used to avoid an y
reac tion on th e fll te r Ir cm th e su bsequent m ixe r o r 14 ~ MH z ampli fie r c hain.
A r e la ti ve ly h igh re s i llt o r of ~. 6 k O III 10 be fo und In th e emit ter l ead o f 1" 4 .
Th ... voltage divider i s d imen e toned wit h tw o 33 kO re s i st ors t o o btain a ratio
of I : 1 . Th i ll mean ll t hai t/l l' em itte r voltage I. very hi gh ( a bout 12 V or hall
the o pe rating voltage) . The a m plification la reduced by th e 1.8 k O r eal stor In
th e ccueetcr errccu of t ranllialor 1" 4 . The output ci rcuit of t his s tage 18 a ll gn­
e d to !l Mll z by a djusting Induct ance L 3 .

T he 9 Mll z signal 11 fed via in duct lUlcea L 3 and L 4 to the Jluah-pull m ixe r
c om p r is ing transistors 1" ~ and 1" 6 ( B F 22-1 ). A 100 n re al stor h to be found
In ti ll.' balle- leads of bot h t ransis to rs to e nsure th at t he l uxUla ry frequency o t
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13~ 10 137 Mll z ( o r 136. ~ 1: 20 klh: from Ih~' VXO ) ill nut afh'c!t'd loy IntJuct­
anc e J. 4. The eu xt'lte ry Ir-equency InlH.lt lIhuuld lot· low-Inductive and Io w -c apa ­
curve. The lollb~'" of T ~ and T 6 an' Ied In l'ullh·l'l.lIih with th~' auxilia ry fre­
qu t' ncy voltage,

T hl a voltage lIhould have lin Ilmpllludt· of approximately 0 ,3 V In ord~'r 10 a ­
chieve Ihe moat Iavou t-eb!e gain in the mix.. r-, Wh...n ulling the VXO, a 27 n
rellisio r lIhould loe conn~'cled dln'elly pn'vloull to the two 24 p t' capac ItoI'll to
lIupp relis any t ende ncy of the mtxer 10 Hl"Ir-ollcillation. Thl' e m tu c re of t r en ­
slslo rs T ~ IU1d T 6 an- ground~·d. [t is nol po sstbtc to vary tl1l' 0ll('rlttlng poinl
( balunce }. T he auxiliary fr .-qut'ncy rvjectton of the mlxr-r- i8 10 - I ~ d M wh ic h
could lot' Improved by upproxirn ately ~ dB if t he mtxe r were fully balanct-d, How ­
eve r-, the author did not consld~'r this to b.. worth wnne . A push-pull output
ill obtained f rom the mtxer-. Tht, poanlve operettng vo!tagl' Is fed via the cent re
tap o f inductanct.' L ~ and a choke.

The 14~ Mll z 55B signal 11£ now f..d viII L 6 from the output of the mixer to t he
first 14 5 MH 7. li ne a r ampUfil'r comprising t he tra n lli llto r T 7 ( nt' 22 4 ). Small
coli fo r m e r s a r e u sed fo r tnucctancee L 5 and L 6 to avoid any p01l8ible stray
coupli ng, The DC In put power of t r nn a t s t o r- T 7 is 7010 80 m W; the H'" out put
pow e r- approx ima tely 40 10 50 mw .
Thill 50 m W Ilgnal III now coupled via a capacitor of 9 p F 10 t he bast, o f the
d river stage compr ising rhe ove rlay t ranahtor T 8 ( 2 N 3866 I, A vo l jage dr­
vtder- consisting of a 2.5 kn tri mm er r e e t s t or-, a 680 n reefstor and a 180 II
r e e ts rcr ill 10 be foun d a t t he baae of t rans lator T 8. In add tt iu u 10 t his, a
lIe rl l's ~re8onan t ci rcuit tuned to t he au xili a ry f requency ( 135 101 37 Milt ) is
connected t o t hl a poin t pro vid in g a fu rth l'r 10 d B s uppr-ee ston , The em itt e r o f
T 8 la ll'rounde d vi a a 4 . 7 n F capacitor as well all via sever-al 1 n F capac tto r-s
to va riou s poaltlons on the Pc - bc e rd . T he 33 n 1"l'8li!ltor In th e e mme r circuit
of T 8 la p rovided fo r t e m pe r at u re atabUization of t ht· operating point. App ro ­
xim ate ly 0 .6 W of IU' pow e r are a va Uable a l thl' output of the dri ve r T 8. If
th i s pow er level II s u fflci e nl o r If , fo r cost reeeone , tI \l' po wer amplifier t r an ­
sis tor ia n ot 10 b e u s ed , It la polll lble to tap off the IH ' .Ignal a t t he centre
of L 9 ( 2, 5 t u rns f r om e ither end ] a nd Ieed It direclly to t he ante nna r e lay .

Translato r T 8 r each ell a te mperatu rt" o f 700 C at a DC input power of 1. 5 W.
It Is p r ovided w ith a heat lIink In this Irunillnilter a lthoul/h It oper-at e e correctly
a t t e mpe r a t u ree eve n u p 10 12 00 C .

Th e 14 5 MHz SS M sll/nal Is fed via a 8edell t r-trn m e r- of 3 _ 13 p t' a nd the
ee r te e-ccnn ec t e d Inductanc e L 10 t o th.' uallc of the pcwe r am plifier Iranllistor
T 9 ( 2 N 3375), Th i s meanll of coupling allowII tl w inpul impl'dlU1ce o f the
overlay transiator ( I - 3 rl) t o lot" matcht'd 10 the output of t he drive r, Thill
ae rit,s ct r-cun , a s we ll all th t' lank ctrcutt ( I. II I, ha ll a very s harp r-eeonance
whic h Is o f a dvantage (01' the euppr..safon of harmonics. 'l'he t r-a nataror- T 9 II
ec r-ewed , to geth e r wit h In te rmedtate copper or aluminium plal e >! , to the p r-Int ed
circuit boa r d . Du r in g norm a l SS B operation, tranlll8tor T 9 wlll become sllghlly
warm; under- ccnnnucue tone con ditions a t an o l"'rat!ng voftuge of 24 V, t ht, he at
sink of tran s l at o r T 9 will reach a tempe r-atu r-.. of approximately 700 C. The
po s it ivE' opet-etfng voltage III Ie d via a c hoke f rom point " M" 10 Ihe po ..... e r- am ­
plifie r I t a ge ,

- 7'1 -



Th e com mon po s itive ope rating voltage o f 24 V i s fed to t wo d iffe rent point s
o f t he p r lnt l' d c ircuit board wh ich have bee n an not at ed po in t s "A" and "H".
Th is ha s be en ca rried oul to achieve an isolaUo n betw e en th e ope r at ing volta ge s
o f t he radi o f r equ ency and voice frequ en cy circuits.

With t he aid o f t he DC- DC conv erte r a l so described in t h i s edition of VHF
COMMUN iCAT IONS, It ia po s s iblE.' to o perat e t his t r an sm itt er from a 12 V s up ­
ply, e. g. fro m a car b att ery .

Transisto rs T I - T 8 ope rate in cia.. A; the powe r am plifie r trans istor T 9
operates In class A U 2 which m e an s t hat t he t r ansis to r ha s a low qu i e s c ent
cur- r-ent , T he tran s i sto r ty pe lH ' 224 ( T IS 45 1 has a t r an s it f requency o f 8.!l0
Mlh an d possesses a ve ry low i nt rinsic dis to rtion when ope r ated In c l a • • A
up to a po wer of a pp r o ximately 50 mw ,

3. MECII AM CAL ASSEM BLY OF 'nne 145 MHz SSB T RA NSMITTE R

The com plete 14 .!l MH z t ransmitt e r Is buil t -up on a printed c i rcu it boar d with
t he dim ens ion II 85 mm by 225 mm . A ph ut og r aph of the c om plet ed P C - boa r d Is
s hown In Fig . 3. The print ed ci rcuit , whi ch has bee n de si gnated DJ 9 Z R 001,
iI shown In Jo' ig . 4 . The com ponent loca tion plan Is gtven In Fig • .!l .

( on t he c ent re pages 96 - 97 1

Fig . 3 : The c om plete d p rinted c ircuit board of th e.!l W SSU t ean emtu er-

3.1. ASSEM BL Y I NSTR UCTIONS

A rt e r the requt r e d hole s ha ve been drl1led Int o the p rint e d c i rcu it board, t he
cornponente arc mounted all IIhown In Jo'ig . 5 . The t r imme r pote ntio m eter P 1
of t he balanced m od u la tor and th e t wo 24 p F c e psctro s-e at th e auxiliary fr e ­
qu ency Input a re m ounted on t he contJuctor stde o f t he p r inted ci rcu it b oard .
In addition to t his, th e auxiliary fr e quen c y connection and t he e m itte r com b i ­
nation of translator T 8 are 901110 located be low th e P C -boa rd . Th e s e c om pon ent s
a re annotated by @ In t he circuit diag ram ( F ig . 2) . T ran llis t o r T B is e qu ippe d
wit h cooling fins ( h...at IIln k I . The e m itt e r o f t hlll tran s ist o r m u s t be g r oun de d
via the p r-evtously m en t ion e d combination In t he s hortel t pos s i ble m anne r ; t hl l
Is not posetb te on the P C - b oard It lle l( . T he Iw o 100 n res iston betwe e n In duct ­
unce I. 4 and t he m ixe r translators T .!l an d T 6 st and vert icall y on th e p rinted
circuit boa rd an d a re dlr-ect ly eoldu r ...<J \0 the coil.
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T ilt, prlntl!'d circuit board posse• • ea a l a r , r, continu oue coppe r c oa li n g In th e
co rne r ...he re the po ...er- ampllrtrr I. locate d . A I mm th ick c oppe r pl ateo ... lth
thr dlml!'n alon a 54 mm by 64 mm I. mocnred above and belc ... t hl•• rl!'a lth the
a id of arve r a l ee re... . . Tran.i.tor T 9 ( 2 N 3 37 S ) pon e••". a Itud hl ch II
placed t hrou,h me platr. and tne p r-In t e d ci rcu it boa r d and .c re...ed Into pl a ce .
Thr. 1!' t ...o platel I!'n lu re au!!lclent coolin, for the Iran liltor. A 30 mm hi Ch
coppe r .c ree n ln , plate { approximately 0. 5 mm Ih lck 1 ta placed on th e com po ­
nent . ide o f the pr-Inted circu it board 10 ae pa rate the RF and thr At· port tcne,
Th l l .c rel nl n , run l f r om thlO heat aln k n rarly t o t he c ryat a l filter and ae r ve.
bOlh ...c r el!'nl n , and Cor addit lo n.1 coolin, ( eee 1"1 , . 3 I. Heer-ecncucuve
paate ahou ld be u aed to Improve t he hlOat I ran . fer .

3 . 2, CO MP O NE NT S

3. 2. I . SE MICONDUCTO HS

Tl
T 2 - T 7
T 8
T 8
DI, U 2

n a

2 N 37 07 ( yell o'" I, UC 10 9 u. HC 131 B
U.' 224, TIS 45 (T n .. In l tl'\lment . )
2N 3866 (RCA)
2 N 33 75 ( RCA) and po.. lbly XU 404 ( 1'1 )
BA 10 2 ( ITT- lntermtll aU ), UA 101 ( TlOll!' funkl"n )
I N 95 4 ( Varactor : IS p.' al 10 V)
Z 8 ( IT T - lnte rm lO t a ll ). UZY 85 /0 8 V 2 ( T'ele funken )
( Z l'n lO r diode , 8 V/250 mW ).

3. 2. 2. THIM M.:n CA I'AC IT O HS

C 1, C 5
C 3, C ol

3 - 30 p.' P h il ip i tubular t rlm m e ra
3.5 - 13 p.' c e r-amtc Irlmmrra a l u ee d In the
DL 6 SW . 'ET cenve rt r

3. 2.3. CA P AC IT ORS WHOSE VALUES MAY HAVE TO BE VARIED:

C 2

C 8

C 7

300 plo'; m ay ha ve to b.. reduced to 82 p I" U. on m on itor!n , Ih e
SSB aign.I , the tmp reeeton I. , a ined t hat t he IldlOband i. IIp.­
ced 100 far fr om t he ea r rte r ,

560 p lo'; m ay ha ve to be redeced t o 470 p .' If re eonence a t 9 MHr.
c annot be achievE'd

100 plo'; m ay ha ve t o be r educ lO d 10 56 p .' If r-e sona nc e at l:l Milt
c a nno l be achieved ,

All dlOc ou pll n , c apaclto n wi th value I bet"'lOlOn I n lo' and 10 n F can , for alm pll­
flea l ion , be modified t o 4 .7 pI" (,l' ramlc J I.c ty plOa.

3.2. of . IU:SI STOnS

Re a l lt ora wllh a ratin, of 0. 1 .... tt m ay be ua lOd: lO&ceplion a to Ihi l a re : th e
1.:2 kO reall tor In t he emnt e r ci rcu it o f T 5 a nd T 6 and m e 1. 5 k O r .... i .tor
In th e e mitte r ci rcuit of T 7.... hlch h ayr a r alln , o f O.:Z wa tt. T hlO 33 n r e ai l ­
tor In th e e mtu e e circuit o f T 8 tlhou l d blO a 0 .5 W type . The r ea iatorl for t he
baa r volla lillO divide r o f T 9 havlO II ralln , of O. 2 ....tt ,
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3 .3 . COIl. DATA

I. 1

I. 2

I. ,

I. •

I. ,

I. ,

I. ,

I. •

I. ,

I. 10

I. 11

Ch

10 t",rna of O. 1 mm di a. ( 38 AWG) ~nam~lIed coppe t- wire wOWid
onto a $ m m coli fo rme r wil h SW lron·d",. t core I b rown I. c o il
1enath 10 m m.

2 turn. of O. 3 mm dia. ( 29 AWG I t'n ame n ed c oppe r wire wOWid
onto tht' call Ic rme r o f L I . Sepantl'd from L I by tw o lay~n

of .... l1olapl' o r pla aUc Iotl ,

30 turn. of 0 . 1 mm di ll. ( 38 AWG I enern eUed coppe r- wlNr wound
onlo a $ m m call forme r wll h SW l ron · dua t core .

2 x 5 t",ma o f 0. 3 m m d il . I 29 AWG I ~nameUed coppe r wi re
wound omo th e upper portion o f t he L 3 call !orme r nell' t o L 3 .
Cent 1'''' tap.

S t",rna of O. 3 mm dla . ( 29 AWG ) ('n a m e ll e d coppe r wire wound
onto a 4 mm c o u forme r. CoLI It' nll h a p r-ead cve r I width o f
10 tu m, Cent re l ap . SW cor e .

$ t"' ITI' o f 0, 3 mm d ia. ( 29 AWG ) e-nametled coppe r wire c lcse
wuund; ccu fanne r and co r-e aa for L S.

4 . 7$ t",rn. of I mm di a . ( 18 AWG) , U vl'r -pllt~d c o ppe r wire
wou nd onto a S mm een form"r. call It'n ilh Ipp roxlmately )0 ­

12 m m , VHF core .

10 t"'rna of O. 3 m m dle , ( 29 AWG ) t'nam~ll ed ecppe e wrr e et eee
wou nd: call terme r and core a. for L $.

Stu rn. uf 1 m m dll. ( 18 AWG ) . lIve r · pl a t t'd ecppe r wi r e woun d
on I 9 mm fo r m e r ; ae 1!-aupport in i . Co il lap two tuml from c old
end . Call I..n llh a pprodml tt' ly 10 mm .

3.7$ lurn. of 1 mm dla , (18 AWG ) a ll vl' r - pll t e d COl'ver er re
wound on a 9 mm rormer: ad f -au l.port lni coU It'nilh Ippr o. lma­
tely 10 mm.

01 . 5 lu rna o f I mm d ll. (18 AWG) . lIve r - pll l " d copper w ire
woun d on I 9 mm fo rm e r . a "l f -au ppo r'li ni . Call t iP tw o tum a
from t he cold end . Co il le nil h approximately 10 mm .

a ll chckee a rt· Fe r- roxc ub e e of 3 12 020 36 69 1 m anuruct u rcd by
I'h l11pI ( Z ... 450 n).

3. of . I NSTAI. I.I NG 1'111': 1'IU !I.'T i':i> C IHCUIT UOAHU INTO A CAUlNI';T

T he p rlnl.'" clrcuil bolrd ..hOl.lld have a .paelnl o f It 1.llt 2$ mm from Ihe
cebtnet , I. l q l(· HI" cur ro'nll n(lw on the prlnttod etrcuu board which CI1'l tndcce
HI" voltalel Into tht' ncllhbourlni metal work . Th l .. cou ld Cluat' an un wanted
at ray coupllni to et her- ItAKt'I.

Oo1ly c t'rtaln point a of lht· prlnl t'u clreult boa j-d ahould be irou nd l' ,j to t he ea ­
bl n t't. Thl'I" poinll arl' Incat"d In t he vicinity of the anlt'nna a<JC k t, nt'ar L 7.
JUlt before t ranaialor T 8 alld at both cornl' rl of me P C · boa r d near- t he cry-, . I
fUll'",
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-I. ALlG NM f :NT

The allinmt."nl of Ih(' t r an em tt t o r, whic h Is nol c rtucat...hould bl' earriN! oul
a. rollo.... :

Connect 111(' 0l'l.'ratini volfngo of 2-1 V 10 polnt e "A" and " U,· of IIIl' pr-Inted cir ­
cuit boa r-d. T rimmer capectror C I or Ihl' bnlance modulato r III /ldJulllf'd for
maximum eapec lt nnc e ( fully In I_ Thl. nl('WUI Ihat thl' m odula l o r III unbalanccd
and Ihat the ca r rtr-r IIlgnal la nnl Ilul' pn,," ,'d. All r- ..sonant circUlt1l art.' no...
ad ju s ted 110 t h"t t ht' m aximum ou tput Jlow.- r III llchlf'\'l'd fro m Ih.' t r llnll mlUtor.

'r rtmmer C I o f t he ua l uncc modufuror- III then allght-d tor- mln(mum output po w'­
"1'. Thlolo foil OWN! by furth.'r allllnmO.'nl o f InducllUH'e I. I , trtmmc r eland
potenuomete r I' I of Ihl' balancl' modulalor to car.. rully flnd Ih(' maxlrnum car ­
r-Ie r lIul'l'rl',.lon, II III advllUblf' to monUor Ihl' output lIignal on a I'('c ,-Iv('r and
.lign the balance mi,dulalor for minimum I·.-adlng nn the S mete r-,

The Ill'noltlvt' VHf' voltmeter- t. now connected to thto tranlm(Uf'r output. In­
duct"nc ,- I. 8 whic h rc rm •• In cenjcncuon ...Ith the I pfo' capecttc r-, an abao r-ptlon
ci rcuit for tlU' auxilIary I r-equency ( 135 to 137 Mil /. I, (II allgnl'd for minimum
Itfo' volt ago al Ih,' out put loc ke t ,

The mf rropbone I. no... conn e cr cd to th.' Af' Inpul or Ihe t rnn smltter- board and
II Vlt fo' pOl....-r- m ete- r- L wat tme t e r wit h a largl' um o con st ant 1 connect ed to uu­
output . Th.' VHF weu mcte r will only Indicatt' r ou gh ly a third o r the maximum
output ( 5,8 .:. 3 • 1.9 W 1 when . peaklni Into Ihc m le rophone al normal volu m e.
If mor(' or 1':.11 la tndtcat ed, It will u(' n.'c " . ' a ry to Incrf'alll' or r-edcc e t he
\'ah.ll' of Ih.- 680 n rl'lIllIlOr bct ....-e vn Ihc cry.t.1 flllf' r and Iranllltor T -I. T hf'
n'llllitor IIhould not be r-educed 10 It'll' than 220 n stnce thlll could cauee a .... If­
oscttf atton of the burter ,tagf' T -I, t towe vc r, thl. rt'slslance valu., III ullu aUy
in rhe r-ange or 680 II 10 1 k H .

Th(' dr-tver tranalator T 8 III a li gned fo r claa' A olwratlon by a dJullllne t r immer
porvn tiom et c r- I' 2. Th~' col lector- CUIT l'IIt o f T 8 s hould nol vary Oil IIlll' lIkl ng
into lh .. mtc r-ophone, 'l'ne cenecrcr cu r r vnt e en b,' de te r-min...d by ml' a llur ln g
lin' volt age droi' IIcr0 1l1l the e mtue r r .. lIlslor ( 33 n l which ehould be e onetant
value lwl "il'l'n 2 and 3 V,

T he qU!f'IICl'n l eu r-ren t of t he po ....-e t- ampllflf'r t ranslalor T 9 .hould be between
20 rn A and ~O rnA. If Ihls ill not th e call" . the 1. 5 kn 1'<'1111110 1' betwee n th e
I.lall(' circuit of T 9 and point " U" ohould I.l l- cllanil'd.

Since m01l1 of Ihf' pre s e nr 2 m,-tr.- SS U c onracre e re cn r- r-tod OU I a round li lt"
SS B Iruqc e ncy o f 1-1 5 . -I I MIll. , the t ranll nl(Ul'r "hould b., altgn.' d Ior- maximum
out pu t at t h lll fro'qu .'ncy. If Ol'l' r lltl On III d"lIi n' lI OV.-I- Ihc whol e two m l't l'l' band,
It I, advl ' abl e to a ll Wl lhl' t r-nn em tt t er- for maxImum ilt 1-1 5 Mil l wh,-n' It s hould
pr-ovide a m ...a n output powor of 5 .8 W. TIll' output powe-r- will drop by appro ­
xi malely 20," al the band limllll ( IH MIll. and 1-16 Mil l l "'hlch corro" I>ondll to
an output of 5 w.
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5. MEAS URED VALUES

Th. ov . r all .,nC' I",C'y o f th. d.Krlb.d Iranlmltt. r . 1 1 m . , l ur. d 10 b. n.arly
,.",. A m.an OUlput pow l'r o r 5.8 W .al obc.lntod al 14a MIlt. .lIh an ov. r all
DC In put po we r- o r 12 w { 24 V / 0 . 5 A I . Th. depend nc .. on Ih. ~rat lnl vol­
ta8. Uop . a ,:

u • 21 V: 4. ' W m ' M OUlpul POW"· 0
U • 24 V: 5. ' w m'M oul pu t po,.... r

· 0
U • 28 V: 7 .0 W m ' M ou tput po."r
·0

Thll tran lm lt U' r C'an. wll h Ih . d.8(' rlbt'd C'oo1 ln,. be o pt' r . t . d C' on t ln uou , ly al
5 . 8 W m.an oul pu t poWt'r.

A ca r rl. r "'f'P ",'a lon o r 40 dO do. n wht' n r t' r.rr . d 10 th. madmum ou tput
pow rr o f 5 .8 W ( Uop • 24 VI . .. m..",nod .

Th. In l .rmodulaUon dl,to rhon wa, 24 d8 down . lI h respect to 5 .8 W. Thia
C' o r r.aponda 10 an o vr nll h. rmon ic dlatort lon fec to r o f e pproxlm.I.ly , ,,. T hl a
m e • • u r.m.nt . a ' m . dr vii aU . t ' ll a o r the tran , m ltt . r .

Thr rlnl h.rmon iC' o r Ih. t r .nam illto r ( 288 Mil l ) W. I m . a",r"d t o b. 01 5 dB
down r.r.rr d 10 5 .8 w m"azl ou tpul po ....e r-, On ly t ....o I pu rioul frt' qu . nC'l., we s-e

round when o pt>r . t1n l t hl' Iran lml ll .r In conj unc tion with t h. ph • •• · loc k.d 0.·
c m , to r . T ht". we- r-e Ih . o.cUI, tor frt'q..ten('y ll . rU I 135 MII I to 137 MH I I
and th. corrnpondln, Im " r fnqu. nC'y ( 126 Ml h t o 128 MH I I . Th. ' 10111111.,.,.
oac ll l.lo r t. 40 d B down ( r". to 5 . 8 W ) wh. n InJt' ('It'd .t. vo Ua , l' o f 0 . 3 V.
If Ih l ' volt., . I . nduc.d rrom 0. 3 V t o 0 .1 V. t he bre.k th rou,h wl1l b. ap­
p roxlrn at . ly 50 d B down. How. v.r. thl , will ,lao rt'duc . t ht' <Ntpu t powe,. . Tht'
o .C'U l ato r b,... k throulh la .. ... nH.l ly dept'ndent on t he abeorptlon C'lrcuU a t
th e l'mltter of T 8 and on tt' a ,round point . of t ht' p rlntad d rc u tt bo.rd.

Rt' Je cllon of Ih . 1m.,e rr e quPflcy ( 128 MHI to 128 MH I I ••, mo ra titan 80 dB
down .

M••• u rln, _quipm . nt ule d:

H. wl. tt l ' aC' k. rd Spt'ctf'\lm An.ly zer 85 1 B 8551 B
H. wlt' ll P ac ka rd Stena1 Gffi.,..to r
lI e wl. ll P . c k. r d Wl ttm . t . r and Mlll lwaUm . t. r

6. R E F ER ENC ES

I 11K. P . Timmann and V. T hun : A P h... -loc ked OIcJ11at o r for Tranlm ll and
a eeetve Ml x.rl In Am . t . u r Radio Equipm e nt.
vue COMMUNlCATJO NS 1 (196 91. Edition I. pe,. , 11 - 25 .

7 . AVAIUDLE PA HTS

Th. ro ll ow ln, eempcee nre are evanebl. from rn e pubU,h.rl o r ou r n at ion a l
rep r e ..ntatlv. ,: P r lnt . d c i rcu it bo'rd DJ 9 7.R 00 1 a . I hown In fo' i,. 4; coli
form.r • • t tnc1 ud ln , C'O,..I ; c . r am lc trimmer capactlor' 3 .5 - 13 1'10". w. are
allO .blto to p rcvtde th. C' ,.,.'t a l fIll.r XF·9A .

82 ·



A 12 V / 24 V DC -DC CONVfo: /tJ'ER

by K . P . Timmann. DJ 9 Z R

1 . INTRODL'CT ION

T hl .. DC-DC convert er was d t' s i l:nt'd by t he au tho r to opt- rat .' i ll "onjund loll with
t he 5 W SSH t r-an armtt .. r desc r-ibed i ll th i.. cuilinn o r VHF COMMU)llCATIONS,
It i .. po ssible to ope l·a te th.. desc ribed t r an smit t e r- from a 12 V su pply; the out ­
put po"''' r is , in lhis elH;\" a l' l'ruximaldy 1. -1 W. It W it .. " nly nec essary to a d ­
ju et the base r e stetcre o f transisto rs T 8 and 'rs for m a xi m um out put . lIo w _
c\"('r , in o rdcr to r un Ihlt; tr-an srnltt e r- a t Cull - powe r Cr om a 12 V bat te ry, a
n C -DC con ve r-te r- with a n uUlJlu l of 24 V al 0 . 8 A will bc requi r ed . Si nce Ih ..
I n lll slll iit er on ly r equire s a cur- rent of 0 . 5 A, Ihils converte r- provide " a liIu ffi ­
ctent r e ser ve o r pow c r-.

2 . C IRCUIT OF T HE DC - DC (, O~VERTER

T he circuit diagram ill given III Vi I:. 1. Th t' convcru-e ill a push-pull chopper
u llin g two s jlic on l\TN t rnn al ntor-s ( T 1 and T 2) a nd a re erne t r an sjo r mc r
( po l core ). T he ~o lta go' ar th., seoomla ry 01 the InUU;COI'IllCr is rectifi ed i n a
bridl:e r e c t ifie r- c ompr-i sing fu ur sll lcon diodcli ( D 1 - D .. }, The spe cial rea­
tu r-e o t' this circu it il> lhat lht' r t'c lifi " d lI"con,la ry v"lta Ere 1.. added t o the p ri­
m ary batte r y volt a ge , Th i ll mean s th nt it t e not neces aa ry for th e ",ho l c puwe t­

t o be pas s ed t hroul:h t h t' t r-a n sfot-rne r- and that th e e!Iidency ill high er than wou ld
be I'oo..d bl e withou t rnte featu re .

Thc quiesc ent cu r-r ent 'r ant! th.. m a ll.im um " 1'l'J'atinEr ru rrcnt Im a >; or t he DC ­
Il C c onverter ar-e dt'l t'rm in etl by t he c ombination or II I / C I . At R I • 68 II ,
Ir wUI be a ppeoximately 0,1 A and Im n >; app r o x, 1. 05 A. At R 1 z 15 fl . l r
w ill be appr o ximately 0 . 4 A and 1m llx appr-ox. 1. 40 A . The most fa vourable
value o r R 1 is depend..nt on th.. l ua d current ant! the eur-r-ent am plifi c a ti on 01
th .. transistors in qu e stlnn , A re si sto r- of 100 n is cnen lIuf f>ci cnt Co r t he o pe ­
rllUon oC the de s c r-ibed tra nsmiUer•

. ......- "!'"
,....."-..

"- ""
R:I ...

• ""1"",, ,

OIItPl' t.-......,
" X
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The HC networ-k comprterng R 2, It 3 lll1d C 2 e nllUI"ell that the c hopper com­
mences oscillation . This network may r e main connected during op e r ation be ­
cauee the cur-rent flowi ng via It 3 III limited,

3. I'HACT ICA L EX PEH.lENCE

In epne of Ihla IItarting aid, It III a dvi aa ble not to load the 24 V ou tput o f t he
converter be fo r e 010' Illation hall com menced . One way of doing thl. h t o eon­
m-et the en e r gi zi ng coil of t he t r- en amtt e r-eceive r e lay bet we en the 24 V and
12 V connection II. Thl. rneans that the r e lay (1 2 V ty pe l II en e r-gt ae d wh U'l
oscnteucn ccmmence e and thlt one of th e relay contact. may be us ed to con­
ne cl t he t r-an emttte r- to the 24 V output of t he converter .

U t lfi. mehtod III not de st r e d, Iwo diodes ( D 5 and D 6 ) can be used to enabl e
the load to be continuously connected to the DC - DC converter.

U neither o f thelll' measuree we r-e to be ulled . It la pOlslble that the con ve rter
woul d not commence csctueucn or would oscillate at too high a frequ ency , Thi ll
I. boc auee the secondary of the choppe r I r ansfonner Is s hort ctrcutted by dtodee
n I - D 4. II will bl" nolleed t hat until t he t ransfo rmer produces a . econd a ry
voltage. a cur-r-ent path exilltll from Ihe + 12 V te r-rnln al via dlod e ll D 1 • D 4
and the load r (' lIl s l an c ... to ground which caueee th e diodes to con duct . Diode
n 6 by·pallsell the cur-r-ent drain of Ihe load r e s i s t an c e t rom the b r id ge rec ti­
fier untll the hf ghe t- volt age from t he now ollcUlatlng conve rt e r bloc k e D 6,

T h... author and Ihe editors would like to th ank the Dutch a mateurll P A II HAL
and I'A II J I'B tor the described modification o t t he origin al crrcc n.

4. COMPONENT DET AILS

TiandT2
(m a tch e d pair)

D I - D 6

T r an ato r m e r :

- 84 •

T IP 24- 4 ( Texas ln et r-umenta ]
BD 10 GA o r BD 107 A ( ITT · INTE R ME T AL L )
4034 7 V2 or 40 250 ( HCA )
or other silicon NPN tranlliatora with a t r ansit fr equency
fT · 100 kHz an d a dl8lli pation of P tot • 10 W.

SUlcon dlodes 10 0 V /1 A

Fe r rtte pot co r e , 34 m m dla, 28 m m hi gh ,
Man u fa c t u r e r Siemens; co r e type 59 T 4 - 2000 T 26 ,
W 0, 5 o. L" A L value . 5900 nH / tum2 .
Ava il ab le from t he publi she r s or from your na tion al
representative,

Coil data :

P rima ry : 22 turn' of 0 . 6 m m d la.( 23 AWG ) en ame lled cop pe r
wi re with c ent r e lap,

Feedback : B turns of 0.3 m m dla . ( 29 AWG) enam elled coppe r
wire with c entre t ap,

Secondary : 14 tu rn e of O. 6 m m d la . ( 23 AWG ) e n ame ll e d c op ­
per wire.



IU:GARUING Til!': IJJ 7 Z V ! Il J 9 Zit I'IIABE ·LOCK EU OSC II- l.AT On

by G. 1.0(·be11. 1).1 6 All

A I'hIl.IH'- lo.: k.·d ollcilltll o l' II11 M"mb l"d II Il d" H('rlb..d In ( 1). 0p" l'a h'd cor- r-ec t l y
/lft " l' "art'ful a llgn m " nt llCl' ol 'd lni to t ln- II:lv('I\ lnll t r uctlonll. 1I0"' .' v. ·, ·. It .WI1I1

fdl rh..1 tln- 1I1ll:n m" nl Wil li ra the r- " ollll' ll cal" d for It' 1I1l c xper- Ienc ed ar ru.h'ur. ,
Fu rttu-r- ln lll t r uc tion . a r-e gt vcn In B.'cll" o 3 .

F'urth" "moJ"l' , It III n .·(>t'lula ry 10 suita bly ecrven IIII' .. hoi .' oaci ll ato r a lla ln . t
Ill" In)"ellon from t he Ira n a m ltt.' r . .... h l.·h could ('au.. .. a n unlllyne hronlu·(j con­
dillon 0 1' an n!" f.·..dba(' k Int o Ihe BBH m od .d a tl (Jn .

2, J\I0J)l F'ICAT IONB

2. I. II I. advl.a b l(' to m ou nt a Ic r l'('nl ng plale llI'ar to choke Cli 2 on prlnl e d­
ci rcuit board I)J 7 ZV 002 of the I J~ Mlt z t o 137 MILl: o llcl1la lor ( !" II . ~ and
F l i . 9a In (I) ) . The . Hgh t t endenc y o f Ih(' burr"r I UI,ge T 11 10 eerr -ceeute ­
tl on I. c orn pl e lely suppre l1 l1e d by thl. m('.lIur" . nd a llow . the IIta i" t o be neu­
tral l1"'d even without 60 n te rmtnetton .

2 .2 . A trlmm .. r c . p. c llo r of 2 10 6 p i" w•• In.t a 11ed and ult·d. ln lit .. a d o f th ..
lr<Jn · du.t c o r e of LID. t o aHII:n Ihe output c t rcutt of Ihe ollcUlat or [ F i ll. 6 In
(I)) . Surrident 'pace ill avail.ble- for Ihls t r-trnme r-, Thill m"a .urt' ha . the
furtht'r advantait' of ln cr... . ln g th e nt' ou t pu t vo lt ai t' by appr-oxtrnately JOS.

2. 3 . lnducta nc e e L I .nd L 2 ( F'li. -I and 1"1, . 81.1 In (1) ) are too tliht ly cou ­
p le d. Th.· min imum bandw idth o bt alna bl .. with thl. deg r-ee o f c ou pllnl I. 6 Mlh.
Slnct" t he at all '" from mdue tanct" L I to tra n.I.to r T 5 and t he lJubllt'qu t'nt dl OO..
IJ I r-eps-e ee nt a ve ry eenen tve recetve r, t he Input s hould po...... . t he narrow .. . t
po•• Ible bandw idth . 0 t ha i unwa ntt'd . Ii n a l . e re I't'ject ..d . Tilt' coup ll nll I. re ­
duc ..d by m e l n . of a sc r-eenln ll plate In t he sc r t' t'n ln ll e l n . The metal plat e
with Ih e dlm(·n . lon . 36 mm x 26 mm I. bent In • r l ll:hl-llni lt' al 18 mm al ong
th .. lOIlielt Ildt' and m oun ted 10 Ihat t ho Induct a ne .' L 2 I. III c r cen..d a l ahown
In ""II . I.

2 . -I . T il ,' 30 IJ II c lto ke and th.· He r h' lI c apac ito r- o f 12~ pI" at c on n ee tlon point
(-I) ( !"Ia:. -I and "'I a:. 8b in ( 1) I W"' I'(' fo und to ll(' unnec e a u/')' .

3. T~:CIINOI .OG tCAl. CONSIIlE HAT IONS

In t it.. flr s l para gra ph o f Sectton 6 ( I) it wa l wtall'd t haI. h igh r ",.I.t a nc.
voll m " Il' r wit h an "' BU of 10 V c ould 1.0•• c on m'c tt' d 10 connl'ctlon po int ( 3 ) . II
Iii . he ....,I' \'.· r . n e/;.....a/')' to c on ner-t a In....' "" I I",III11Ct' j,I A mel .. r 10 Ih l s point so
t hat the d l . crlm ln a lor dlo<le I• • uHlrl , ·nl ly loa,lt·d . TIl(' m 0 1l1 fa vou r a bh ' m .. th OO
I. g lvt'n In "' Ig . 10 In ( 1) .

• 8~ -



:1. J. Th,' BllIl' ll fi"r 1',11I l", (n"lu" I1l: Y ew ,·/' t lind llHIoIIU·d In Ih ,' fnllo... lntt: lIIllnn,'!" :
Cunrwc t e "'''' '' ''p rn "II,H'nc y l!: " lll"'lIl o l' 10 "OfJlll'dl"n I.m ln l (1) . COlllwc l lin 0"·
cil lo.,·ol'" via Il. l OCI k(l 1·.'Hi... l o r to Ih ,' c'athod,' o r th e' dt ec r-lmfnato r- diml,' AA
11 2. Il lHc onn ,·('\ t ill' 0. 05 /.l F cal'Qrlto r l",tw"c' n Ih .. I k O rt'II1lltor and grOllnd.

Ih·mov.· Ihl' I pI-' "ap;lIdtor bl' lw,' I'n 1I11' t "i pl,'r Hlalll' T 6 .lind t h,' mlu'I' tr-an­
.!lllm· T 2. and ""1'1111' " 1I1111l" with II 1'llUpllnK li n k.

T h. · alll:'lllll'nl ill nuuh- .... hlllll "'''' '' ''l'l nl: II'" (o li o ...... ,, :

1".ludan,·,· I. I ullu.... LIIl' ...... hule I'UI'''' I' to l... fihHI"d In lIu ' h'("(lu " lwy . ,'nli l' .

•\lIlln till' bandwidlh I chI' I uf the ,'ur"'t· with Induc ta nc e L 2. T hl' a IllIlIH\(-all'"1
I '·/"t·... l ...It,I" · I I... allgn,·d .. Ith LOIluc'lnl1( ' " L J.

A, IJulIl till' link hl'l .. . ·.·n Inductl<n(·.· ... I. 3 a nd I. 4 (0 1' IlI lI lI;lIn UIlI m j ll;(',· II l1lpltrj­
"ull"n, huhn-tuu...·1I I. 4 and I. 5 li n', III Ill\' eu r m tnne , II ll ~lU'd 110 Ihul Ih ,· pll""
bund "UI 'V" I" n ·Ia LI1l·d . bolh in lillll' lItutJ" IIlltJ (OI'Ill, "n II...... ll<:hl n.ll to cl'YlIl lil
{JI oeo a.

Th, ' (n·quench· ... 135 Mil " and 137 Mill lin' located on Ih,' hUlllpH o( Iht, alllhl­
Iy tI,,,,,,'t! paa. ba nd cu r- ... t",

L 11I';F EI U:NC Jo;S

K . l ' , T hlllllan n , nt II Z it lind V, Thun , OJ 7 Z V:
l ' haa... -]OL·k"d OHC'! ll a lo l' Io r- TI'llnll llllt lilld Ih'ct' !vt" Ml u ' [,1f
ill A m a tt' ul' Itllcll<> E qu ipm e nt.
VlIJo" COMMU NICAT iONS I ( 1969 ). I,;dttlull I , pagt'lf II to 25 ,

•

•··

·i
,

_ ....V Jll 'C AT'"'' "Alii.....",Al>IO ......-

o.,,11~ 5tIn k Erl.neen. l(onlO . 7t~
PoIolidleciokonlo N~ "'t>er, JOt 56

We wou ld like 10 tnlroduce the new fourt h

edilion of Ihe orlgl"81Amaleur AadlO Handbook

RAD IO COMMUNICATION
HANDBOOK
• We ighing 2.5 kg (5 Ibl). It COnIU'l1 830

page. paclled full of up·to·dale leennicel
Informati on

• Circu ila and tl chno logy covering lhe
whole range of ama teur radio from baale
prlnclplla 10 l ophlillcall d SSB and
ATTY equipment.

• More than 30 yea.. of IKparlenCI have
gonl Inlo I~ producllon of Ihll IKcllllnl
ha ndbook

• Hard ·bound for many yeara of faithful
eervree

Price OM 36.- ; US $ 9.- or n'llona l
equivalent (Including poet age)
Th, Aadlo Communlcauon Handbook II Iv,l.
lab le. from:
UKW·8 ERICHTE • H, I. Oohlu., OJ 3 QC

0 ·8520 Erlang,n. Clelwiller Slra... 45
Wettern Germ,ny



VA IHABLfo: fo'U EQ Uf,; NCY C HYST AI. OSC II. I.ATOIl ( VXO)
FOH 1310 Mill

by K . I' . T fm rnann , n .1 9 Z H

Thl l varlablt' c ry l t a l o ,c l ll a lo r wa' d"Bl llnl'd by the a utho r- fo r o p" I'lIt l"n with
th e 2 metre SS B tranlm ltt" r ( I) I a , wt'll lU I with Ih t' mal ching n '('I ' lv"r ",h id ,
will be dt' l crlbt'd In a late t- e dtt tcn ). The la,k wa l to fi nd /I ,I mph' 1Ilt' lIn li "f
oblalnln, the 136 M l h , au xi li ary Ir-equency n 'qu l rt'd for m ixin g bol h t he 9 Mil l
SSlJ Iltnal to 14 5 Mill and Ih.. 145 Mill lnpu l Ir-equcncy 10 an Inh· ,' nlt'dlah· fn··
qut'ncy o f 9 Mi ll. Thl . VXO , wh ich m ay 1,,.. uaed t o replace Ih .' phlUlt· -Iod....d
o.dllat o r ( 21. I. l ul h .bl t' Io r- op"rllUnn III trequencn-e up 10 20 kill ebovv lind
be low the nom inal c rya t al fn'qu.'n cy . II 1110 " ' V,' c laUy tlulla ul., fOI' SSII op.' ,' atLo n
on o r nt'ar th e SSo e pot I r-equ ency of 14 5 ,-11 MIl l,.

l, BAS IC PHI NCII'L ES

1Il t he vldnlly o f II . Iundament al 1" ' lII on80<" ' , HIl' Illl p" d llnl' " o f II quurt z c l'y"1 1I1
c an. with l oo d approx llllil tlon , u" e tru ul at e d by a c IlIWolcl!llllc .· C" 1'" 1·ll llt· I-,·"n ­
nt'ctt'd to /I "Ic••y" Bl' rl t,. - rt'IOnllRl circu it com p rlll nR L. C and It ( F ill , I 11 1111
. ' 1,. 2) . P r e r t' qu lall t' of Ih l l "qul va"' nt c i rculi b lhal Ilpu rloutl rveonunc .. 1l a rt·
.ufflclently .p/lc t'd Irom Ih.· fu ndam .·ntal r-e ecn anc .. . T h .. c a pucuanc o Co ...'prv­
u'nt . the cepac ttance of th., cryKlal holder ( capac ttence I,w t \\..·. ·n tilt' 1'1"cll'lJ(h' lj
and connection It·ad . o r l ilt' c ry"la l ). T hl . I. In th., or-der- of a tl'\\ I' Ic "rll l'lId ".
The quanll t l t' . o f I.. C and It 1101'(' l olely dep"ndo'nl on tin' In d i vi dual c h a r a" \t' r ­
I.tic. of me qu.rt ~ cryslal , .... h leh repreeent s a m echun tc a l I·" ""nlllor "h'c trl­
cally actlvaled and firmly cou pl t' d to Co' TIlt' In<!uClanc o' I. ( In Iho' o rde r "r
0 . 1 H II very hl,h c om pa r ed 10 the Inductanc e OK,·d In con venttonc t I.e c! rroU.
wh t'rt'aa Ih e c a padty i . Vt' IOY 10"" ( 1 / ..00 th to 1/1 30 Ih o r Co . a ccordlng t o
c ry at a l type and plat.. col ). The ..qu l va l.·nl !"'lllllil anc t' H, which rep re eent e t he
mechanical dampin g of Iht' que r t z c ry.tal pl llt t· , Inclu d inl d ielectric an d econ ec ­
lion lon , I. In the or-de t- o r 10 0 n.

C.

R

Fig'
Equiwallfl t tirt ui t 01 . 'IU.. II t ry U . l
in th l wicini t y 0' i h ' u ndamlnt, l
' " Orl, rltl

The t'qulvalent cr ecuu ilo i l O aliowl a g"od a PIJr o xlmation o f t he lm p..dance c ha ­
r a Cl e r ia t lc a a t h( llh-ord.. r 1·e eon anc ee 10 bo' a ho wn a. a runctton o f rr-e·qu.. ncy .
Howe ve r-, t h l, r" l u lt . In dlff"r.. n t valu... tor- I.. C an d H. T h.. hi gh -ordt'r re ­
.onant rr-eqcenc te e a r t' no l o'xa ctly ml.ll tJp lt'lI o f the Iu ndam e nlal r-.. . on an t tre­
qut'ncy . Th ll m ..an l tha t Ih e cryllt al bt'hav('. In a tll mll ar m an ne-r- to a , horten.. d
r-eeonant lin.. ,

" -

r. • 1 / 2 It l{ L x C

followln, II valid for th e parallel r t'lonlnl

x (I + C
2 Co

'rne

The ...'rle. r .. . onent I r-cqu r-ncy ftl of an unmou nt e d c ryilla l I••nl oly de t e r-m tne d
by tt , 0 8cllialloll c h a ract.. rlat lc ••

,...,....,~



Act l v.· lind n';,,:I!n' "U1npun"nl,;
of till' I'r'Ylltul ltllJ"'llllne" In ttl<'
vicinity of It II fun<lallH'nlal n··
IIOnal1(" ., Hhown 1111 U Iunct lnn of

frt" lu,'n,'y .

Th e ac c ,' n tu a l" d ('1,1 I"V" l 'O I,t l <>11

In th .' Upl" '" d ifl /o: l' ll lll in d ic al" "
the 0lwrutlng run gv "r Indu.'lln·
("rYllla te.
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Ellpt" dally !lIa bl e osctl tatc re ull u ally ut ll h,' the In' rl l's r e ecnance o f II quartz
c ryst al . Th" m a jority of oscttj aros-e const ruot ed by radio amateur-a, however,
ope r a t e at trequeec te e wtwrt' the c ry et al !'('prcll e ntll an Inductive lmpvdanc e ,
Thill hi th e c a s c for all e l r-cult s that 11t"'mlng ly ope r-au- at th e pat-allel i-e sonunt
Fr-equency of the cr-yet a l , r-, g . li lt' l' it ' IT C circuli. Tilt' Ir-equ enoy of oscillation
hi In fa ct between the 1II"'!l'/J a nd 1'1Il"f, lJt' ] re eonu nt f!'c'lucnc y; II III pOlls lbh' to
slightly va ry t he fr eCjlJl'n cy In thlll run gt' by ultl' r!nJ: t ilt' pha av o f the Iecdbuc k
o r of t he ampl ification, It I/J poslll uh' 10 pa r tlully c ompe-ns at e Co by conru'cting
lin Induc t an c e In paraUd w ith l ilt' c ryet al . '1'11<' "a rnlle l roeona nt frt:' qu " n,'y of
t hle arr lln gl'll1l'n l wi ll b,' h igh..,I' t han th., original fl" If th e induct a nc e Is con ­
nect ed In 1<I.· rh'lI with t he (,I'yllta l , a I\\'W 1I<, ,'l "1I r-eson ant [n"ju ('n":v will ,'ctiu lt
wh ich ie lo wer- than Ih.. o l'lglnal [Il' Th.. llt, Iwo e r-r-angements thf'rt' fort, sllow
the a pactng bf' t""'I'I 'n Ih .. 1I" I'i,'» a nd pal'a ll t' l " .. "ona n,· " ot thf' c I'y"tal 10 b,' 11'1­
c r-eae...d and l'n abll' t ne pull- "an gt' of lIu('h " induc t ivl'" c rye t nt ollclUalorll to bl '
elightly c xpanll t'll. A I'ull -nlll g(' 1l1l1,,'o xim at e ly I x 10-3 of th .. [u ndallll'n t a l frv­
qu<'ncy Iii pOll tilblt·; in s " nlt' (' IIH O'H, no...." VI·I'. It Is e-ve-n dlffl,'ult to a ('h i,' Yl' II
I'Ull-I'nll j,(" u f 2 JI 10·". It s hou ld be noted wh e-n lliling lUi Im luc l lUH' (' thut a n a d­
dltl"nll l pn r-el Iel rr-uonant t n"IIH'ncy l' xi » t s below f" In ttu- pnrnl lt'l (' Ull fl ,.,'UI·ut illll
u r a n a dd it ion a l 1<I' I'l ,'" ee eo na nt CI'.'qu{'ncyauoY.' fp .... t u-n e e r tc e - c omu-ctcu.
Till' I'ull · ' ·un j,:<' ofov" rlon l'(' rY', l al o"ci llulu rll I» gt' n" l'a lly low" r t h an t hul ob­
la lnt' d from osdl1lllll rll " I""'atlng a t t hl' i ,' Iun dam vnr nl n ' " unancc, It can hnl' l'l ' n
that the nr-c caae ry ddunl nR ha lO a dett-lm ent al .,rrt' c t on t he t ran .. I,·n t qua ll t l,·...

" -
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of l ht· O.ct ll iito r. T tn' additional r-caonence poln la cil ullt'd by t he IIt'rh'l or par .
nttct-connectton o r Inductaoc "I , are o n en Iocared 110 neu r- to t h.' r-equ trcd rel o ·
nant fr "fju ,;oncy, and ar-e 110 ca.Uy actlvalt'd, that It II po.llble for t he t recuen­
('y t o Jum p ,

i", W, Noblo 131 d.·.crib"d how a i reater pull·rangl.' , together with l urticlent ly
goo d Ir-equency IIlabllity , could be achte ved. Noble l a rgumt'nt wa. t hat the ca­
1'II<'1l1v .· rvectnnce r" I" " ' ''' 'n\t'd by till' c ryata l In t he h " ' fluen cy r an g.· of a fe w
l't'rc "llt bdow tilt' r-ceonent Ir-equency r., I. dete r mln..d .... " oll.Uy by t he re ­
. on anc c c ha.rIlc t t' rll l ic . of the cry.tal plall.' ( L and C) and not by Co' Thi ll
runge III th"rt'rort· a l s o lIu it a b ll' for o.cillalor c on t r o l purpoa.. . and allow., at
the l a lla ' , a a n ' a ll' r puU.range. It l a thll, met hod that II Illill7ed In t he d.. •
sc r lb. ·d ollc l1lillol' ci r c u it .

The cectt t a t c r- ope rutv e at a cry .tal f r "qut'n,'y of al'proxl matt"ly of !!. !! MIl 7 wh ich
I. IIllb.t"qu eot ly tr lpll.'<1 to prc vtde an output f r t'qu"nc y of 136 . 5 Mll z . The output
Crt" IUt' ncy , whkh can Ill' pu ll ...J a pp r o xi m ately !. 20 kil ,. i. d .. . lgnt'd t o pecduc e
Ih.· auxiliary Ir-equc-ncy I" ' flul rt>d to p r o vld .· II.Il in t. -rm " d lalt· Ie-eque ncy of 9 MH ~

In 2 m .·tr.· rt·(·(' l v,· r ll. or to mix 9 Mil l. ( SSB I lIi go nl. to a Ir-cqu vncy o f U !!
Mi ll. In 2 m('t l'. ' II 'nnllmlu .· r s .

2. T IIEO HY OF O I' E HAT IO N

In tln- ,1t' llc rlbt' d el rx-ult ( FI I. 3 I. Ih.· G'lal'l l. c ry stnl I. c onnect ..d In . ,·rle.
with a IU'rle ll "onrll;"urullon of cupcc n or C 2 ami In<luc lllt1c-. , l , 2. Th i ll con figu ra'
non fOI'm. Ih e f.·.·<lback link L",lw" "n the- r oil lapin t h,' r oltector cil', ' ult ( I. I •
C I I and Ih .. " ln lt h ' r of tr lanllllli or T I and. in Ihl ll manncr-, d,·t.' rmlne. t h e
fn " lut' ncy o f o llcillation .

"1"11 .' ollcllialor fn"IU,'ncy I" varlc·d by adJlllllin g l h.· forward voltag,· o r the two

veructor dlo. I.·. Il I and II 2, T h" 'H' <lio<l" 11 Il l'<' ,·onn ,·ch ·d In IH. r IlU,·1 wit h tn ­
<Iuctanc .· L 2 and I'lIl'l lally eomp.·nllat . · 11 11 In<l uc tlvil y. The Ir-equ vncy IIt nblli ty
of t h., com ptete o s eillator I. not on ly d"I"'n<l"nl on tilt' 1Iiabillty o f th e c ry " t . 1
l·ha r llc t ,'rl .tlc. bUI also on t he IItabllily o f the 1I,·rh' . Inductann' I. 2. T hl.
m ' ·lln . tha t . I,,, c1111 ca rt' mu .t 1.0.. paid <lur ing Ih ,' manu fa ctur.. of Ih l s ..oil. U
" ""I'" cHor ha ving II Ilegll.tlvt' t"mp"ralul '" l,o d fid " nt III ull"d j "pl' rodmal f' ly
· 7!!O x IU · 6 / O( , I. Ihl " will .. l>lnlwnllal ,· Cor th ., pOllltlv.· It' m lwrlllu l''' I'lwr!i ch'nt
uf ttn- coi l Indur tllo(' " and othe-r- ci r c u it .·I .·In ,·nts, It I•• of ..our. .. . rm po r t en t
10 ,·O. UI·(' t h llt Ih . · vo lt ag.· avro •• t h.· vara r to r diod .. . UOI!' I not n ur t ua l (' f rom
t t u- lI('h'eh'd va lu ., . A clIl'udlor o f 100 I'F I . connect .. c1 b..h .....·n th l!' ballt' a nd
"mlllt'r o f t rune te tor- T I ( 2 N 3707 1 In o rde r 10 lIul'l're 1I8 any It ' ndl' ncy t o
1I.· U·., ,,d ll ation . O eclllutton mu at c ..al... e om p le tely when Ih e e ry llt ll.l I. ctacon­
n. ·c t ed, Th .· dam p lnll I'<' s i litor o f 2.2 kU l'0 rall e 1 10 t h.. co Ue cto r circuit I L I .
(' 1 I ailio ha N tlu- lI am e df" ct and, In addition, provld" 11 II not lc eable ext en 8hm
of llll' pull· rang. · by illc r l'/ud n g Ih e bandw ldlh or t h.· eonector ci r c u it .

Th. ' lIub" " '1u.' nt r""'lu"ncy trll'l"r with the trlltl lllillor T 2 ( II F 22-1 1 vpe ral ... In
<'11111 11 Ii lind 1" 'o vld"11 II high hurm on t r- eonn-nt . T h. · output cir"ult wit h induet.
lin...· .. 3 III t um-d t o th.· thil',j hnrmon tc n f t hv oNcillato r fr"(lu '·IICY. Thill III
follow" d by a c ul' ocl tivdy · ...'u pl .·d a lnpUfit' I' lil a!: .' . ' ·'lu lpl'l.' d with Ih ., tran.llllo r
T :s I liF 22-1) . r h.· Olltpul v0 1lag., i. t h.' n In<! uc- Ilv.-Iy c ou p l" d froln Ih .. coU..ctor
d l'Cuit o f T 3 I I. -I. I. !!) . A IIlt'lIn li fo' (lul l'ul VOi la!!" of 0,3 Vi. a v"U"ble at
Itl.· oulpul, Sl'urh lll ll lIi gnlll 1·' ·J, ·.·tl on III b.. tlt·r th llll :W dll . Th~' 1I1.urloU. IIlgnal ll
" I',· " I'u... ·<1 111 0 1'" tllI.n -I!! Mll z [I'orn It... ""'n illul f... ·' lu .·n"y and oJ " n,,1 CIlUII ,' lilly
11l1...." ·I '. ·,)(.· 1'" lllt>i In II... 1·,· ...·1"'· 0" I n lOl"on lt run !:" .
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3. ME C IIA NICAL ASS I':MIILY O F T in: OSC ILLATO !{

Th .. va rla b lt· f r l''lUt'n Q ' cryslal o "d ll a to r III acc om moda t e d on an I'W'Ky pr-tn t..d
ci r cu it boa r d with t ill' d l nwrll>1nnll <\ 7 mm by 88 m m ( 110;'1' F l it . 4 ). Th O;' c orn po­
nt ' nt location plnn I.. "lvI'" in Fi g. 5 and II p r ot oty l'" Mho wn in ttu- pho tog r a ph
~·I g . 6.

Fig 4 : Prir'ltt'd circuit bOll rd of th. vlrilbl. fffoQu.n c)' cf)'s t l l
o.cll litof OJ 9 ZR lXlf
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ERROR C O R R EC T I O N

A SOLID-S TATE CONVERTER FOR 2<\ e m . Edition 1 of 1969. page 4.2, Flg . 2:
Width I hould r ead 110 mm (not 100 mm). Cha mbe r IV II 35 mm wid e .
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3.1 . ASS fo:Ml lI .Y INSTlWCTIO NS

Th.. lubu la r e .. r am le eapaC'ito r C 2. loca t .. d b,.tw " ..n t he coi l t ap o f In OOct an(" ..
I. I and th.. '1Uart ~ cry-'al. t. m ounl .. d ve rt l (" aJly on t h.. p rln t ..d circuit boa rd.
It la Important t ha t t h.. conne e tlon Ir ad. o f Ihi . capa("ltor a r e k,.pt a. ahort a.
po••Ible ,

A ll r e al lltor" lh a t a r t· mount t." d Vt."rl\("aJl y on Ih " pr-Inted e l r (" u lt bo a r d art." ti t' •
• I ~:na t t' d by v , I"" components sold t' r l' d on to !tit" conductor IIldt· by @

II la advteab te to mould the whcte prinlt'd d r('ul l boar-d lneludin g eompom-n re
Into a 1I0HtI bloc k ualn ..: a tw o - e ompont."nt a dht"alvt." or lIultab lc 1."1>011), r r a ln. T he
top o f the e cn fo rmer_ . hotl ld pr-ot rude fr om t he mould ed block 10 a ll o ,"' allgn­
m";11 o f Ih .. co r-e •• T he co r ... Ih t." m.elvea m u .1 fi t t ighl ly In t he cot! formlP r a
Anti be p rcvtded w llh a a llghl paddins.

T ht, prototype o.e Ul a l o r wa a m oulded Into an t."pollY re.ln b loc k a nd p rolt"elt'd
Ill:ll lnlll a i r e u r n ' nta by a IIma ll ('lIb ln t·l . It la a dvi . abl .. fo r fu r l he r t h e r-mo ­
Ieolett on to be m a dt' by c o vc r tn g Ih.. olldllil l o r with a Ih ln laY"r ( ~ mm 10 10
m m ) of IItyr..ne fo am .

3. 2. COM PON !-~ NT5

Th.. nom inal fr e qu ency fq of Ih.. quartz c ryatal e an be dl"le nnlned aCl'ording 10
Ih., following equatlon e

C ry lii a l frf'(Jlll'nCy f
q

( Milt) • R.·qu Ir t.'d ct.'n l r .. freque~c}' ( MH,I .. 20 klh - !t Mil t

1': lIIunplt': Hequir.. d c ent re fr e qu ency for th e 55 B l ran . c elve r la 14!1 . 41 6 Mll z

f4 · ( 1 4~ . 4 1 6 MHz" 0 .02 Mll z • 9 MHt 1-:- 3

Iq • 136,4 36 -:- 3 • ·n.,u e Mil l

Sub-m ln la tu rt" cryalal. , type II C.le / U are au liable for d irect aolde- ring 10 the
P C - boa r d .

T I
T 2, T 3
1\ I , o 2

I> 3

C 2

2 N 3101 , uc 14 9 or It C 109
UF 224, TIS 4S ( TUaB ln at r-ument s )
IlA 110 ("I'T- ln tt'rtllt"lal1 I, lJA 121 (A EG · T e le funk .,n I
Val'al'tor d io tJt· : 10 p fo' a t 2 V.
Z a ( lTT ·lntf'rmClall I, HZY 8!1 /Ce V2 ( A EG - T e le l\an kl:'n I,
I N 1931 ( Z t' n e r dIOdl:': 8 V, 250 m W I.
30 pI-' lubular ce remte capacitor with a nepUve- rernpe eetu r-e
cOl:'rtIcient o f 1!10 ( vlo lt"1 colou r point ).

3. J. C O IL DATA

L I

L 2

L 3
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II l um ll o f 0.3 mm d ta , ( 28 AWG 1 enamelled c oppe r wire woun d
a lon g th., who le It' ng t h of th e coli rcrmer ( 9 mm) . Co li l a p 2
l uma fr om poin t "II", Call form e r 4 , 3 mm tJla. with VH F cor e
anti cere padr1ing.

6.5 t u rn.; Win', fo r m e r- a nd co r e aa for L I . Coil lenllh : 6 mm .

5 tu m. o f O.!I m m d la, ( 24 AWG I enametled coppe r wi re . Coli
to r m er- anti cor-e Ila for I. I . CoU Ie n ith : 6 mm .



I . ,

I . ,

5 turn_; wlr.. and c o il It'ngth all for I~ 3. Coil ter-mer- and eo re
• • ror1.1.

1.5 tum. wound between lh e l!.uTla of L 5 .

All cot! (ann e !". and co rea are a ...aU.btl' enhe r from our nallonal r- e pr-eeent a ­
t1v" ll or dt rectly from the publisher• •

<t . A I.IG NM fo; NT

The alignment I. commenced by atl Ju atin e th e rel onanl ci rcu it s com p !"llIln i L 3
lind I. 4 to 136 Mlh with II\(" a id o f a dip met e r-, T h l ' III followed by allgnln e
th.. core of Inductance L 2 to allprmdlllll!('ly 48 Mll z . The 0lwratlng volt_lit' of
+ 12 V IlIJd Ih t· control voltagl' for tln- vu r ucto r d lodt" ( .. 2. 6 V to .. 8 V) a rc
c on n ec t e d an d Indu ctnnce L 2 allgnt'd for rn lud murn ou tput. At the low .... ' c on ­
t rol valtag'· or .. 2.6 V, indue t anc e I. 2 ia .IldJuatl'd 10 the lo we r n-e qc ency IIm!t
o f Ih.' pull-rAni'" lnduct an cr - I. 2, ther-.. ro r e , dell'rmlne a the lo we r rrequl'ncy
Um lt o f th,' VXO . Thl' u PI>t'r fn'qu t'ncy li mit , which la de t e r m tned by Lndu ct­
anc.' I. I. la nOI Influ,' nc t' d i rt'a l ly by I. 2 ( Nol mo rt' thtl1\ 100 III ). Th.· t r-an­
al t' n t o acUlali on c hal'act t' r latica. however, depend on the alignmenl o f in duct ­
enc e I. I ,

S. MEASUHim VAI.UES

Aner co r-rec t alianm.'nt. the c ry al a l olldllato r will have a pull-rlUlllt' o f ! 20
kil l with " e a pe e t to the selected c ent re fr ..qu.'ncy . U a c e nt r-.. fr l' qu enc y of
l o& S . 0& 16 M II ~ i ll auumed , the i'ull -ran ie will be from Io&!l, 396 Mll z 10 lo& S. 0& 36
1'.11 11. , 1I0"' e Y" f , the exte- nt of the pull .ranli: t· , is 1I00n,'whal depend"nt on tilt·
manufllclun'l' of IIll' c r y ere t , The fn''1ut'n cy IItl, bUl ly wtth tn the no mina l pu ll­
r an ge of '! 20 kil l waa fou nd to u.. good . Ti n ' aUlh o r mea"urf!d Ih t· shoet -te r m
d rln to bt, al'pl'Oxbnately 10 111: In U mtnutes . It I. po ..tute to ox ceed the pull­
ranjll'. but only at the c oat of r-educed ata b ili t y. The Ir-eqeency drln In t he
ranie 20 kll z to 0&0 kill above o r below Ih,' c e nt re rr-eq ue ncy wa a ml', auNd t o
be bet .... een 20 lit and 30 lit In U m lnu\t' a WId a pp r o xlmall.'1y 100 III to 200 II I
In the ranie o f 50 kll z 10 100 kill from th,' r-vn t t-c Is-e quvncy , The lle value a wl're
me,aurt'd on a n ew lt'll-Packard Ir-eq uency count e r- ov e r a c onllidera bl .. period.

6. nt:MAHKS

A at . bU h .' d a p,'rating vo Ua g,· of 12 V wa R u ,,'d to Po we r' t he whole VXO . A
"tabll i1:atl on o f 1:O. I V ....'a" o bt aln ed ualng a a en e r- d lud'· ' Th.. c ont r o l vo lt age
Uc for the tw o va r e c t o r- d iad.'. I, alab Uiz ,' d wllh a Iur-the r- H'ner diod e ( dl "d..
I) 3 Ln Fi i ' 3 ). A hi gh-qualily :.e.'nel' diad., rn uet U.' Uill'd at IhL .. po int to avoid
a ve r te ucn of th .. IIlablll zat!ol\ bt'tw ... ·n th,' Ir,," lIm LI lind rec e tve mod,' , If Ih la
were the c aae , a fn'<Jl!<,ncy " h Ut of 100 III to 200 II I could be p r .· ee·n l b('tw,·.'n
t he t ran amlt and r-ec .. t ve frc'Iu,·n ey. Thl a ('an be a voided by LaolaOnlil th e :.e ..ne r­
diade J) 3 from liI round ( a e " ~'I l! . 7 ) a .. w<'11 a . by addin lil th e t r ll.ll. la to r T 0&
( 2 N 3707 ) and a S60 n re. l .tor. Th.. "l a b Ulzlnlil l'rrN't of t he zene r- dlode la
th en Im p roved by t he cu r- r-e nt gaLn o f t ranaLato r T ~. :-.Jo I r-equency . h in could
be obee r ve d a ft r ca rrying ou t t hla m oc.l Lfi c a tl on . T hl.' additiona l comporlt' nta
can bl.' "a ally accoln mooal"d on t ht, p rlnll'd ci rcuit boarrl. Th<' aUlhor ulll'd •
c on v..ntlonal pOIl'n ti om et"r wh ich could be rot a\('d ove r approxim ately 270 0; a
ht' li c a l lYi'" po l"ntlomt'te r .....ou ld bt' b.·lt er , It ahould be nOl e d tha t ollcUl ation
will c t' aa t' If th e ('ont rol voltai" droplI bl' low + 2.6 V. [I La n..c e.aary fo r h 1llh­
Q varact o r dlod..a to b., ual' d .

-"



T he fl'e quency ennge o f ~ 2U kil l- fro m Ih e SS U epot Ie-equ vncy o f 14 ~ , 41 M lh
ha H t,,' e ll fou nd to Ul' fu ll y Hu!fl c h'n l fur normal op"rul lo " , e ve n du r in g conteet e.
In many CIIIICII, ,'V,'11 :t 1n kil l. wou ld huv e been l' nough .

It iro nul all v illu bl,' to s w itch t he qcurt z c ry a t a l by 1n"WI S o f II c erum tc or d iod e
IIwiteh , lIi lle t' " V"II ttll' sl!ghl l,gt IIhoc k of the r-ont act a u r vari ation o f t he t r-anv
sl"111 ' ""'HIHl ll.llcl' can caU H" a dN.' riora tio ll o f Ih.' o tld llo.lo r s tability, If two
r llngt' H an' r-equire d , th ,' m o at Iavou rnbte method would be t o bu il d up II Iu rthe r
osc t jlat o r bo ar-d fo r t he s econd fl". 'quc ncy I'lln ge,

TIll' p r int e d c lr-cult bo ard 0.1 9 1. 11 ooa Is llvallabh ' f r om our nat ion al r e p r-es e rr­
t atlv va o r dlrvct Iy fro m t he I'ub lilihe r li.

F ig, 6

no n.
~,

03
...

~ T4

" " 2 N3707

no

Fig .7; Improv. m. nt of ttl. stabilization
us ing transistor 14

1'. . 1' . 'I'Imrnunn : A 5 wen T ,"ltnlli llto I"1 M'd SS B Trnn sm nt e r fo r 145 Mil l­
VIIV ( "(I!\!!\ll "NU 'AI" [ON S I ( l !)f; !l ) , Ed it ion 2 , !, lI g" 1i 7 3 -8 2

( 2 ) 1\, 1', Linnuanut A I ' ha ",' · l(lc k, 'd ( hl<' l l l ltt o r for T j-an srult a nd 1l" Cl' lv,'
M i H ' r"1I iii '\"lIlt" ll l' tla ' li" Equlp m ..nt .
VH V (" ( lM ~l l l ~ICATH}NS I (1!l[;H) , Ed itlun I , 1'"1:""1 11 · 25

( J) I" . W . Nolll,' : IU t!U'"IOl' \IPII C I')"lIlu l lllllldw l tlih to 2~G

E h ",' l r"" n k 11" IlIJ.l " l !i ( 1\' 571, I':d lt i" n s. l' aJ.lI'" 144 · 147
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IH:T1':BMINING Till': I MPEDA NCE OF 1t0D ANT fo:NNAS
IN TI lE VIIF nANGE

by II . J . Doh lu l . 1),1 3 QC

I , HOJ> ANTENNAS

VI"Ml cal rod anlO;"nn ll1l e r v popu lar tor mobtfe and poMubl t" ope r aucn on the VIIF
bUild.; they art" InCOtlll l'kuoull and lire IIlmil a r to a n to'nn aK UII('d fur ca r radio,
laxl ccm mun tc attone ctc . FUI"lhe r- ad varllll llt' ll art' t hat IhO;"y may rt'maln mounted
on the ca r o r a rt' I."ailly conru-ct e d an d r-emoved du dn ll por1 ablt· OI'I." r atlon .

In the In aJo r lt y o r callO;"', a rna lt-u r VIf Ft ranllml.lllonll a n' ho rll.onlally pola riz t"d,
and rod ant .. nna l r " p r" II"n t a ct" rt.11I eOlnl'romlll". 1I0 1""' v t'r, ho rhonlal a nl",nn.1
a rt" m ort" ccneptcuoue, heavter- a nd o ft t' n dl rt·cllonlii. Fo r Ih l l r ....o n Ihl'y a rt"
no r m ally only ull ed In eonl".III , mobile raillell .. rc. A nu mbe t ot tt xe d . tatlon.
art" e ljUll' pt"d ...'lt h a ve r tlc a ll y pola rfz ed an tenna In IId.l lt lon 10 t he no r mal , ho rl ­
lon t a lly po le r-lz e d ar r ay /10 t ha i t h l'y al"'" bd h ' r p n' l' llrt-d (o r com munic a tion
with mobile Ill a ti on • •

Unde r- Id('al condi ti on•• v" Mlcal rod a nt t'nm"t ('xh lb il a e'>I1/1tMnt , omnledt rect io-.
nal e haractt- rl ille wll h vl,rtleal 1>ola r l za tl <>n. 1I0 .... eve- r', do t· to the fo r m and
d lm t'n s lon l o r t he eounlt' rpllillt' ( Ih.· car bodywork of rnob fle IIta llonll , o r the
body o r th e ope r-ero r-, th r- cablm't and th (' tnre r-m e dlatt" rt· . l lIt ane.' b. ·t"",'"n Iht'
t wo w ith po rtabh' IIta llons I, la rllt" d('vllliion/l rrom Ih l' c m nr -dr recttonal c ha r ac­
te rteuc , t he v(·rtleu l polllrlHll lo n a nd t fu- (' '' I'(' c h 'd Im pedance aI' " poaet b te ,

In o r-der- to de t crmtne ho .... t h ., mal rh in l of Hurh an lt-nna ... i, In nu I."nn·d , tht­
Im p.' danc e cr a number- of rod Itnh'nnllll ( "14; A/2; 5"/8 : 3A/ 4; " 1 WQIiI m ea ­
,u rt'<I .... lt h a qoad ratlr counte r-polee, ..td lU»,' ,Id ,' - I"n/llh W<t ll 3A/ 4; 5A/8 ; A/2;
" /4; A/ 8 and O.

T ht!' dl r t'ctlonal charat't('rl.tlca an d tht' gain wer-e no t mt!'a.ur('d, bUI .omt' ece -,
c lullon. IIr£" gln'n In S"rtlon 4 .

2. Mt:A SU!l ING AIlHt\ ~C;I';MI':NT AND "!l(>CED UHI':

A fou r-p rou.· "lollt'<I 11m' und an o.cliloliropt- .....· r t· uttl'd »0 t ha i 11\1' lm pl'tlancl."
valul'l at a p r-..de t er-mtned (r.· .. ue ncy could ut' d hl plaY"d all a <l lre c l S m it h C ha rt
rep r-e• •·nt a t lon .

T h e- Mnt"nna tt'tlt confillurMlJon ( "-II . I I cunNI,It'd of a equa r-v aluminiu m plat l'
w it h t h(' IIdt' -h'ngth I Ianu a r od antl'nna with thv It'nglh L. Th" rot l 1t••,1r wal
built-up from a 6 mm dla. 10....·1' eocttcn . ftotllgnal .·d 1.0 and u va rl ublt· J mm
dill.. 101' eecttcn. Th., vulu t'lI of I land L ""l' I"" \'urlt'd from mee su re-rm-n t to m ea­
lIu l' t'lllI' n l In o r-der- to ,h·\t·rmlm· tilt' {'fh'c t on 1110' Irnpvdanr-v. A c oaxia l c a UIl"
.... lth It diltradt' rllltic Im p,·.htn(".' o( (ill n WUH u • •·d 10 connect Ih(' .Iotl t'd lin t'
lu lin- ant vn ne tl."tit a l"rUnlt'mt'nt.
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L.

"s lott,d lin,

.
L-.

M..,urin'll _

dlod..

Probu

, ~ i
~===:::'II=

Fig.1: Arrangement tor
mea sur ing the im pe­
dance of ver tical ty­
polarized unsymmetrical
rod antennas

St.billud
pow,r '\,Ipp1~

Fig. 2: Block diagram of a four -probe slotted line for direct oscilloscope
display in Smith Chart representation. Zx represents the impedance
to be measured.

• 99 -



A bl ock u lairam " howl ni the four -prollt· I lolt <;>u line In c onj unction with a Sm it h
ChaM o sctjto..coJ.>t" I, gl n'n In F11 . 2. Tht· InllUt o f the I loll ed Itne wa l r~d with
a Jot S Mll z vollaet' f rom a I lenll ien. r ato r . The e t he r- end wa l te rm tneted by
th e unkno....-n Impe da nce Zx of the antt-nnl. A harmoni c fUt.r and a matchini
euenuetor- pad ( Z • 60 fI 1 wer-e c on nec t ed bel ....-een the generator and Ih e actual
Inpul o r th e sforted l tn e , The i£'ne r ator oulpu t voltait' wa . I labll lu'd with the
a id o f p roll.. V which wa . to be found between the fil ter and the altenual or ~d,

Th.. other- four p robe. ( I - IV 1 were used to Ican Ih e voltaie dl .trlbutlon
c auI.·d by th e un kno wn Im ped a nc e lox at four point . lpaet'd >. / 8 aloni the e tc u e d
line . Th.. .... four vo llaiel wert' t hen rectified by d todes havlni' lquano-Iaw
e har",ct .' r l,tic , a m pli rle d in l u blle qu~nl am pli fi e r. and fed t o th.. plat .... of a
c athode r ay tu be , The gene r-ator- wa••quart..-wav.. modufared ( 10 kilt 1 10 t hat
AC val l ui" nmpl Uler9 ( 1 10 5 I c ou ld be u sed to amplify t he rt'ctUled voltage • •
TIlt' munuract uee o f an accur-a te Iour- vp r ob... . lolled Itne I. a very tt rne c on.u m ­
Ini pr-oc vae a nd place II i r e a.1 de maml, on the mechani cal and e lect rical pr..ct ­
eton . Sinet' II II fE'11 Ihat very rew a m a tt' u r. would wl ,h 10 a ' ll'mb}e .uch a
ut' vlc e . a m ort' de t aU e d de. crlpllon ....'• • con atce red to be . upe r nuou • .

The c c -c r dl n at e erld u l u ally ueed to dl lplay Ihe maenUude a nd pha"" of th e
com plex retteeuon c oe ffici ent ma,y be eove red with a I ran.parent Smith Ch.rt .
The elect ron beam of the ollc ll1o.co,... will t he n d l.pla,y thE' a ctive and r-ee et tve
com ponen t or t he magnltude and pha. e o f the unknown Im pedanc e Z x . The tm ­
pedance va lu e. Ind lca te d on t he Smith Chart are r .. Ier-r-ed to Ih .. c o r re.pon dl n e
c ha racl e r la t lc Im pe da nc e o f the e ton e d li ne, T he active component aca l e l a t o
be round on t he diameter Itnc, Th e Inne r .ca le at th e ct rcum fe r ene e I. valld
for the reecuve component a . In o rde r 10 ti n d the eeuve component of I elv~n

m e a l u rln e point . the e c r reapondtng circula r arc c rollBlng t he d lame t e r line i a
Inlf ow e d and read off, The rescuve c omponent II d et e r m tn e d by foll ow ln e th e
nl'arl"t arc leadlng 10 the c t rcum re r- en c e end notln g t he value. The u pper half
of thl' c j r e umre r- enc.. Indicate a Induc tlve reactive Im p...dencee, t he low e r c.pa­
ctuve , T he lndlcale d va lue a mu et be mult iplied by t he c ha r ac t e r l i li c impedance
o f the 11.'11 a rra nge m ent which wal 60 n In the c ale In que.tion .

The meaaurement . were c a r rl ..d ou t In a large en c loeed room . The wa U. an d
ceUini Ihould not have arrecte d the Ieedpotnr Impedance 10 any d einoe , In o rde r
to a vo id an y a he at h cu r r en t between th e mea lurlni set -up and th e antenna. a
quarte r - wave coax ia l . le a th ( balun 1 wa , added . Thla I. c onne c t e d to t he >. / 2
cable eec ucn Ju at before t he ccu nte rpctee connection ( .... e Fie . 3 ). The ot he r
..nd of th e c o axia l c a ble i. c on n ec t e d 10 the .lolted line . lf t he coaxial .Ieat h
we r e nol 10 bt" u,..d, largt' m ...""urlne e r r or. wou ld be Introduc ..d, al can b..
' ('l' n lly c ompa rln e the tw o r e l u lt l . hown In fo'le. 3 and P i e . 4 .

3. ANT,.:NNA M,.;AS UItEMENTS

3, 1. IM I'EUANC,.: OF THE >. / 4 n o u ANTENNA

The tollow ln e rnu lt . a re d l aplay ed In "'1, . 3, for t he >. / 4 vert ically polarbed,
un.y m m e t rlcal rod antenna :
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fig.3: F. fllpoint iml:»danu
a) a v. rt icall )' polarind A/4 rod ant.nna
b) a v. rt icall y polarin d 3M4 rod an t .nna

&to a fu nction or th. coun t .rpoi.. ar.a (,•• FiQ II

M••5ur. m.nt carri. d ou t with coalial "I•• th ,

Sid..t.ngth of th. coun t.rpoi.. lor th . m...uring polnfl :
1. A; 2- 3M4 ; J- 5A/ 8; 4. AI2; 5. A/4 ; 6. A'8 ; 7.0
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FiQ,4 : F"dPOint imp. dane. of t n.}d4 and J)"J4 roo ant.nnu
without >' 14 eO& l la l .,.. tn ,



Mea.u r lng Side -lengt h Refe r en c e value Valu l" o f th e meeeu eed
point of me X! Z in th e Im ped an c e Zx in Ohm

counle r po l.e Sm it h ChaM

1 , 0 . 6 ae
2 3). / 4 0.73 • J 0 . 23 4 3. 8 • J 13 .6
3 5), /6 0.56 • J 0.27 23 .6 • J 16. 2

• ' / 2 0 . 36 + J 0 . 16 22 .6 • J 9 . 6, 'I' 0 . 27 J 0 .3 4 16 .2 J 20 .0

• 'I' 0 .29 J 1. 09 17 .4 J 65 . "
7 I J 3. 80 J ".

Me a . u r ln g point 2 I. now conside red a. an eeempt e to Illustra te how the m ea ­
Bu ring value. are read off. T he r e a l r eferenc e value I. obtained by foll OWin g
the a rc via poin t 2 to th e r ea l a xi. ( X/Z ) wh ich I. c roeeed at tht' va lue 0 .73 .
T he complell: re fe rence va lue I . to be fo und on t he a r c + j X/ Z at th e value
0 .23. By m ultiplying X/ Z + J X/Z by Z • 60 n, a va lue o f 43 . 8 + j 13 .6 n
r e . u ll . for t hl" Impedanc e of t h l" ), /4 r od antenna ahown In Fig. I; t he eioe­
lenJth o f the e oc nte r pciee wa R 3),/4 .

T he im pe da nc e curve given In "·Ig. 3 only c r c e ee e t h e r e a l axi a X/Z at tw o
point. , at 0 .32 and 0.6 . A ), /4 ant enn a ha vin g a ccunt e r pot a e wit h a .Ide -length
of app roximately ), / 3 exhi bited an Impedance o f 20 n. At lIide-lengt hs gr ewt t' r
t han ). , t he fe ed po int Impedanc e remained r e al and amou nted 10 approximat e ly
36 n.

Th l . mean . Ih a t ), /4 rod anlennas onl y have r e a l . lo w-Im pe da nc e reedpoint un de r
th e tw o previously mentfoned condlt iona . At 145 Milt. a real Impedance o f 36 n
c an onl y o bta in e d In the c e nt r e o f II. met a l c a r r oof having the diml'n a ion ll or
about 2 x 2 met r-e••

Unt e r normal con di tlona auch a la r ge , n at area l a not available tor 145 MJI ~

r od antenna a, T hl . I. e.pl"c lally I rue o f w.lkll"-talkle type Ita lion a where the
c ou nte rpo lae III pa r ti a ll y r e pl a c ed by the per-eon h oldin g the equtpment ,

3 , 2. IMPEDANCE OF TilE 3). / 4 ROD A NT ENNA

Aa c an be ee en in Jo'lg . 3. the fe e dpo ln t Impedance o f t he ve rtica lly pola r h t"d
3)./ 4 r od antenna i a h igher than that o f t he ),/4 r od :

Me aaurln . SJde -IenJt h Referen c e value
pc tn t o f t he X/Z 1n the

counte rpoise Smith Ch a M

1 , 0. 94
2 3). / 4 0 .60
3 5),/6 0 ,7 5 j O. 01

• ' / 2 0 .68 j 0 .10
s ' I· 0 .64 J 0 , 50

• 'I' 0 ,70 j 1. 10
7 I J 3 .60

Vll1u e or the measu red
Im pedanc e Zx in Oh m

56 • .j

48 , 0
45, 0 J 0 . 6
40 , 8 j 6,0
38. 4 j 30 . 0
4 2. 0 j 66 .0

j 21 6
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3A/ 4 r od an tenna a .. xh lblt a n ' a l Im p..danc e down 10 counl .. s-potee aldr - ]pnilha
oC A, tt,.. rod had an tmpedence oC ~6. 4 n. T h .. Im p~'d"nc~' v" lu", "I 3A/4 an d
5A/8 wert> 48 n and 4~ n n.-Ipt'ct lvely . Th.. h'edpo lnt Im pl' danct' will I'xht blt I
cepscmve component If th e counte r polee dl m e nalonl a r e Curt h.. r r e duc ed; th e
1whlvlour, noweve e, II alill m or Cavourable than t hat o C A/4 r od e ,

It I hou ld be note d that 3A/4 antt'nna rode radl att' 10m e o f t he t'n~' rlY at h lah
Ilnil t' a....ven unde r- ld l'a l c ondttlone , Thl l mean e Ihal eomewhat poor er radIa­
tt on c ha ract e rteuce Ih"n A/ 4 antenna e m Ull be eXI'~'c ll'd when Ih e a nrenne \ ,
mounted on the car r-ccr o r u s ed du r in g por-t a bl e c pe rauon . Th~' on ly wa y oC
. upp r clla ln g thl a s t e ep omnl -dlre(' tJollal lo be II when Iht· lo w...r qua rt e r- of tin,
ant enna la ec reened by th e c a r body. all III t he c ,,'c wllh boot ( tende r l m ounlt'd
antt'nnal. Thl l, however. a llo e rc..cu the teeupotnt Im pedance,

3 .3. IM I'EDANCE 0 ..' TIn: 5A/8 a o n ANT EN NA

Aa c an be ee e n In 1-'1, . 5. Ih e 5A/8 rod ant e nna ~'x hlbitt'd the foll owlnl imp.. ­
dance va lue l :

Me alurln i Sid e-It'n ith Hefe rence val ue Value o r t he m e a eure d
point or th e X / Z In Ih e Impedanc e Z x In Ohm

couut e r pc tae Smith Cha rt

I , 0. 35 J 2.80 21. 0 j '68
2 3A/4 0 .40 j 2. 75 24.0 J 165
a 5A/8 0 .42 J 2. 65 25.2 J 159, ' / 2 0 .4 2 J 2. 55 2~ . 2 J 153
e ' I' 0. 38 j 2 . ~0 22.8 J "., ' I' O. 3~ J 3. 00 21. 0 j 18., I J 4 .60 j '"

The feedpo lnt tm pede nce o r thll anl enn a i. vi rtua ll y Inde pen dent oC t he c ou nt e r­
po lleo dtmen ston e and pOl lt' lfu ' a a vt'ry lit rani Ca jllilclUv e c c m pone nt , whi ch re­
qu lre a a ce rt ai n am oun t o r ccmpeneaucn .

3. 4. I M PEDANCE 01-' A O• .u. HOD A NT l':NNA

The fe t'dpolnl Impedance oC I ve r-tteally pola rhtod 0 .4), r od enre nna II a func ­
tion oC Ihe count e r potee a",a la liven In "' II . 5 .

The Impedance hi ' "t' a1 at a cocnte r po re e Ildt' -ltonilh oC A and amount e 10 app ro ­
xlm a lely 600 n . Thll vslue rt'malna rou ghty con.tant down to a Ilde-1t'nilh o f
A/ 2 an d th en become m ore a nd m o rt' Inductin' . T ht' Ieedpo tnt Im pedance w ith­
oUI c ou nt e r pot ee III Rl' p roxlmatdy 120 n and II onc e m o rt' real.

J.5, IMI'1':DANC ": OF Vl'; Il T ICAI.I.Y 1'0 l.A Il I Z fo:Il A ANI> A/ 2 ANTENNAS

AI can b.. ae en In 1-'1,. 6. the A/ 2 anti A IUllt'nn"a IKlI . e l l nt' ar1y equal Ct·..d ­
polntlm pe danct'. wh ic h Ire vi rtually Ind e p'mdent of t he cccnte rpctee dtmenetona ,
Tht' mt'"aurlni point in t he d ll i r am move a apl rally in Ipproxlmltll'ly Ihe lamt'
art'a on vlryJni the ccvote r potee ar('a. T he Col1owlnl valuel we ee m t' a l ur d In
conjunction ..... lth the A/ 2 Intenna :
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Mt'a 8u r ln g Side - h.on6rth Reference value Value o r th e m e a s u r ed
po int o f t ht, X/Z In t he Imp",dlUlc to Zx In Ohm

counte rpoise Smith Cha rt

I • ' . 0 J 5.5 2<0 J 330
2 3 A/~ 2.9 J 5.6 IH J '"3 ~A/ 8 3.5 J 6. 0 210 J 36 0

• ' / 2 3. 7 J 5• • 222 J ".
5 ./. 3. e J 5.' 228 J 3 18
6 'I' , .s J .., 228 J 2,.
7 , ' .0 J 7 . 5 2<0 J '"

Th t' h igh capacitive c om ponen t o f th e im pedance can Dt' ea llly com penaa t ed by
IUghtly ahorting t he Illlt .. nna r od. Th ia r e l uit a in a rea l Im pedance o f approxi ­
mately 600 n ( aet' Section 3 .6 . I. T he r a di ation c haracte rlatlc o f the A/2 an ­
t enna il mo re Iavou r-abfe thin that o f a A/4 rod,

Me a Run'm l'n t a on t ht, A antenna resulted in t he toltowt ng va luel :

Ml' a Rur in g Sldl'-Il'n gth He fe r enc e vahr e Val u ", o f th e m ea lu red
point of th e X/Z In the Im pedanc e Z x In Ohm

counre rpoi se Smith Ch a rt

1 , 2. 5 J ' . 0 150 240
2 3A/4 2.0 J '. 2 120 252
a 5A/ 8 2.0 J ~ , 6 12 0 276

• ' / 2 2. 0 J 5 .0 120 300
5 'I' 2. a J ' . 6 168 276
6 'I' 2. a J ' . 5 136 270
7 , I., J 6 . • 96 ,,,

Th (O mea eu r-emen t s o n the A a ntenna wer-e on ly m ade to c om pl ete th e m eaau rlni
ap rieR, T he r adia ti on c ha racte rtatica of Ruch an tennae a r p ve t-y poor and ar(O
not e ve n aultable fo r r ear -m ount e d ca r ant(Onnal .

3.6 . VAlUATION OF r tuc fo'EEUPOINT lMl'fo;OANCfo: AS A f" UNCT ION
O f" 'I'm : ANn:NNA LENGTII

In t his m e a aure m ent, the Ildt" -It'neth o f t he ccunte r pct ee la kept al a conltant
value o f A. The r od len eth L la rt>duc e d from A to approxlmatt>ly 0 . 2 A In o rde r
t o dete r mine t he dependence of th e teedpotnt Impedance on th e antenna Irneth .
The mt"a.u ring curve cOlnmencl'. with t"l t po in t I o f Sect to n 3.5. wh ich dl'alt
with th e A a ntenna . A I can be BI','n In F i g. 7 , th e r e s u lt in g c u rve il an enu­
e lock wtae a pl ral which croaal'R tilt' l'pa1 axl.a on four occaalona : At 0 . 9 A, wh ere
th e reedpctnt Impedance IB approximately ~ 50 fI; 56.4 n a t 0 ,7 5 A ( 3A/4 );
approx. 60 0 nat 0. 4 A and 36 n al 0.25 A ( A/4 ). T he m e e eure menr waa corn­
pl et ed at 0.23 A. The expected r-un at lowe r le net h. b .hown aa a d" ahl' d li ne
In F i g. 7, The Impedance velu e u> la r e ached at A • O•
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Fig 7; F• • dpoint imp" d.. nct' 01 v"rtically poluiud rod ant."nu 01
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4 . llESU1.l'S OF 'rtuc MI·:ASU ln: r.n: NT

T h e Ie edpoint Im"~'d~nce o f t h ~' rod nnt en nu u~ed with wal ki e - t al kie s tatlons
must b~' h igh In add it ion to having a low react i ve com pon ent, Th i s Is 10 en aur-e
Ihat the e apacttive Innu t'ncl" caused by uu- p roximity of t he o pe r ator and th e
tnt e r m ed tare reslstann· betw een thl:' opt'rator and t he c a bine t wi ll be a s sma ll
as pOBillble. The m oa eu r e mem e and au b s equvnt conHld~'ratlons have anown t hat
t he 0 .4), a nt enn a Is meet aut t abl e for lIuc h e ppltccttone. Thlol I. furt he r und er­
l tn e d by tht' fact Ih at Ihe r a dlatl on c ha racte r fsttc Is also slightly m ore fa vour ­
a ble th an that o f ), / 4 a nt enn as .

The 3),/4 ( 0 . 75 ), 1a nt enna la lIuJlabl e for rr- e r - m our ned mobile ant ennua whe re
the lowe r portion o f Ihe antenn a ru na In the vtctntty of the ca r body. Ho weve s- ,
sueh entennee wi ll radiale at 100 high an a ngle wlwn locut ..d on th e car roof
or wh r-n u sed wit h por-t able Illatlonll,

T he ),/4 an tenna III eu tt ab te for r oof mounting and wil l exhibit a r eal Ivedpo tn t
Impedanc e of app roximately 36 n a a long as t he counter-pol se aide-le ngth III a t
lea li t ), . In addi tion. lilt' very low r a dia t ion an gle m ake s Ihl. antenna popul ar
fo r fix e d ( club I al atlona r e quirIn g an In t·xl'cnll ive . om nr - dtrecttonal antenn a.

DJ3DT
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PHEAMPI.lFI ERS TO I r.l P HOVE SP..:":CH INTELI .IG IB ILITY
UNDE R POOH OPf.;l{ATIl\G C Ol\D1TIO NS

by ":, Schmitt:er, I)J -I BG

I , INTIIODCCTION

Thlo' a uthor- would like t o d ~ll(' ribc two prt' IUll plil'i~ r ei l"t'ul tS that allow a vi r ­
lua ll y Iin ee r mc rease or th e f requency l'e s pon lS(' if] t he r a nil" of 300 to 25flfl II :.: ,
Thla rep reeent s an t' s lwnt la l im p rovcmem o f th e s peech intelli g ibility unde r
~QO r ope rat in g c on d t t ton •.

2. BA SIC PH INCTPL ..:S

T he m tl' Ili g ibility i s the m o s t im po rtant c on .. ld e r-ation (1)1' bo rn profe s sional and
amateu r- radio commun ic a t ion s a nd not lhl' " broa dca s t quality" t hat was ofl " n
popular In the pa s t .

Thi s ctln b" achievl:'d a t ure t r a namtue r- by ..u ita ble lai ln r Ulg ( p recmpnasts I IIr
t he I t-cqu e ncy response of t he modc ta t c r p r e am ptttte r , If, fo r Insrance, tht'
tr-ehle r . ·..pons e within the AF bandwi dth wc re to L,.. a ccentuated to the valu e
or r, <.IU pe r- oda ve. th t' Hl'ceeh would. it is t r uc . ';;("I:'m unnaturally high but th, '
indi vidu al spe e ch ehllrllcterilltks would Il\111 b.....axl ly i-ecogn l z.ed . ll 1.1 r in g nor -,
mal condition s . the tafl ored s pl' ceh. has not been found t o a dv e r-se ly a ffe c r the
intelli gibili ty , It Is . nowove I ', under- poor condi ti on s wht'rc Ihe gre al advanta.:" ,;
a re no t iceebte . The t arlor-.. t1 s pe ech is m uc h m ore Inse nsutve to s ubtieque nt
non · lInt'a r d i s t o rt ion ( by o ve rlvading or limiting de \'i ("\' " I t han lin ea r ly a ml'lI ­
fj\'d epee ch . Speech t a il o r ing is nul on ly Iimilcd to AM but can be use d with
ad vanlagc for f requency or pha s e modu la tion a s W('l1 as in the s tn gte aideba nd
mcde •

3. A TRANSIST O RIZElJ P IH:AMPLIFIER

Th e followi ng circuit lihows how the de sf red t'Hce t o f tnc r-ca stng th e a m pll fi ­
cation proportionally with t he Fr-equency , namely by 6 d H p.... r octave , can be
a c hie ved using simple ci rc uit ry. The ampl t f'ica t l on faU .. "H sle t' ply above 3 kH~

10 that th e acdic frequt"n cy bandwi d th i ti n ot 100 b road . A ll the ci r c ui l Is fully ­
t r llll_i sto r l zcd , it is JUlit IIIi 8ui la bl e as Oil m rc rophom- preamplifie r for rnobtl e
and po rta bl e ope ration a ll It is fo r fil<ed station u s e .

A d i _a dvantage of the de s c r-ib ed c ircuit ill that only mtcrophcne s w ith i m pedan­
Ct' li lower than 2 kl1 c an be ust'd t o en au r-e tl" l t the input low-pal>ti fi lter ill not
detuned . Hut it i ll e spt'ciall~.. t h e s e l ow -imp.. da nee dynamic mi crophones that
are pre fcrabl e fo r m cbtl e and po rtabl e eraucne stnc e th ey a l-e less senemve
10 hum idity and tem pe rature t han cr-ystal rntc rophon es . A dynamic t a pe rec o r der
m tcrophon e wi th a n impedance of 500 n Wall used by the a uthor.

3. I , CI RCUIT D ET AI L S

T h t' c rrcu u of t he t ran"i llto rlu-d preampl i fi er is ..hewn in F ig . 1. A t ...o s ta g \'
)ow ·pa s s fUt e r- is to be found l",t we en the mic rophone input soc ket and the ac­
lu a l ampli fier . T h e tallk of this HC filter il:l Hrstly to liuppn'l:Is unde si r ed Ir-o -.
qu enc te a in exce s s of :l k)i7. and s econdl)' lu reje c t R F vo ltages . The lat t e r
c aee ill e lp<.'dal~y t rue If a 10 n F fe ed-through c a pac ito r- ill used fo r C 1.
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FIg. 1 Circuit dlogram of a lranslslorlud preoampllfl.r with tallor.d spHCh rnponH

The ! r l''1ul'ncy , 't" p On 8 t ' o f thl ' low -pa ae (t lt " f i ll I ho wn IIrAph lc a lly In F ig . 2.
The tnee rucn 10•• I. h" l li t ha n 3 d B for m tc r optrone e .... It h Im pvdanc e o f 200 II
or 2 kn . T he ('u r vI', c o r reepond tng (0 I h('II I' 1000'O Im pt-da m','. do not tl t He f gN'1I1 ­
1y "I' \ 0 II fn.·qu,·ncy of I kll Z , t h., d lfft' f t' n Ct' a t 3 kllz III It-• • t hWl 2 dLl . T ht'
3 d B !lmlt , an' t o til' found a t 3 kil l. fo r rhe h 1t:he r Im p" t\anct' valu t, and ut
5 klh fo r th e lo.....-r-,
Thl' }O"' .pI" rtIll' f I, follow~d by 11 ' .... o·llla Gt' am pllfl li" f wh le-II I, I tl blll1 t' d by
• larg nt' !O: a t lvl' h ·.·db', ·k . T ht' 8\11 11 '11" wou ld now I\ k., to " "pl ain tht' opt-f a ll on
o f the C'! n .' u ll: T h.' ,'a pll('1l ol' C " nl \110' cmtner o f t r " n lll llio r T 2 ha ll b~" ' 1\ d t ­
m.n.lon~·d . 0 t h~t II fn" lu" nc)' d" V" n<l, 'n t r.·..d - ba ck n · .ult . al low f n·qu ..n cte •.
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'1'110> voH lill " IH' I·O.UI C ol/ II (i . ... h id, n ·I>I·' ·.'·OI" en Iin tlpha .," .·"m po lw nt 10 Ih ,'
voll llll" li t Ih ,' baH" of I n UlIIIHt e>!' T I III 10'" r...·qu ..nr-..·• • n ·du.·.·. t hv in put mr­
p.·dan.·. · vi a II 3 ( n" gal l\<' f,· ,·t!-blu· k I IInll m erea...·• th.· vollag t· d l'op ec r-c ••
I{ I and H 2. Th u. " ombma l! l>o of /wau l l ... ,· ,.· ..d-back lint! volt.g.· dtvl.IOl1 1"'­

.ult. m II fl"l" IU"l1c y " "111>1'"." thaI tncre•••· lj by (, dU per- OCIIH' " 10 t he r lin ll"
2110 II I to 2 . ~ klh. lind tl.·.·,·.·" ••·• by 10 d B P" I" octav ,· o ... . · r 4 ki Ll.. Th l . fn'­
'lu "I1('y r .... p"n .... i. lI i . o ih " n In Fl i . 2 .

AI fl't·qu.· lwh·. lo .... · r Ih8n 30U HI. Ih,· t-euc ttve Imp"dum'" u f C 4 ill 110 g "" 11 1

Ihu t Ih ,' n, ·gll l lv.· f\" 'd -blt l' k Itl only .h,1t·,·milwd by ('< ' 1I 1t1101' Fl 6 . T h ill III t h v
" "II,oon ...hy th .. cu r-ve Oalh'lI ti oul t.".lm\ aoo II I.. Th l H ran,w i •• howe' ve t-, of
Iil tl .· Impol'llIo{"\' to th.· lntdllaibllll)' IInt l Illa y b.· betn-r- IIUPI"·c lIt1 .·d b)" u.lng
it .ult nblt· {" OInblnlltion of II !I a nd C'I for lilt' ("ouplini lU Ih,' . u btll' qu.. nt IIm­
pl in.·r . Th.· rut_orr f r '· qu .,ocy of Ih i. HC -r omblnli t ioo . hould b.· 100 Il l . If Ih.·
'1Ul l'ut of l ilt' p n' lIm llli fh' r I. I I> b. · h'd 10 a tu bed modu l.tor .... lt h a n input Im ­
p. ·dun• •· o f 500 k tl ( Grid le e k '· .·.llltann· of th e fl nl tub.' J. thl. ""ill ""lIu1l in
Ii VUIU l' o f 3 n l-' to r c epec ttor C '1 ( 1l1l"lwd lin. · In Fi g . 2 I. If .'11 Ih.· o th.. r hand,
Ih.· I'r"liml'll fh 'r ii, 10 b.' foll o.... ·d by Ii 11'lIn"I " l o r arnpfHn-r, th... COI'l'.· .."ooe!lngly
10.....-e- imp.·dan...· mU1i1 be l a k.·o 1010 (·ufl lll d.· ,·utlon.

A "l /ibIUII'd (Jlll' I'ntlnl: vOl l ll~" I" obtn lm-d Ullin!: lh l' 11'01' " .Ho <l . · Il I and t h,'
1·.· lIll' lo r II 8. Th ll' "O liU('l'1I Iha l f""llu"IK)' ,·.· 1'1'011 ... · "'loI ,'I IlI I" n H will n ot occu r
du .· 10 Opl'I 'a tlng voll a R" r!UClUlItl UO II. Sio n ' t ill' cirr-ult III .·quipp.·d with NI';-<
I !'un llllli o r Iyp.· • • It I. pOlllllble· 10 obta in the' 01"'I 'lItln ll velrage by R IIUillIblt·
d "0I'Pl' I' ...·. illior n-om t he ,,11111 ' lIu pl'ly of the s ub...·qu .·nl tu b..d I.,o<lu}al u, · . An
80 k ll ('l' lIll1lor \\'Ilh a r a ting of I W wtl l lI.· r "'!uir"d 11 111 platt· vol t. S'· o f 250 V.

3.2. SELt-:('TION OF SllITAUI .E THA/I;SIS'IOHS

The aUlho r uII" d I r Ro lIl" lo r Iyp.· 2 /I; 708 for T I and T 2. How'· v,·r. dl'" 10 lh.·
1l'· I·nl- n'·gRllv.' fl·. ·d·ba rk. any t ran stetor hu ving IIlm Uar Ai" chlirn ch'rl lll ic " c a n
b. · u lI.,.1 L .·. UFV 37. Il FV 39. 0 1' " '0" '11 low-nu l...• lypt"1I lIufh a . t hv Be 10 7.
Be 108 . Th .· " ('UllUm lc a l .fa l"UIt' '' ' ' t run ef s to r IY" "11 2:it' 182 0 1' 2 S<' 18 5 cun b. ·
UlIl".1 If II IIlln lll tul"l l.'d 1I1111 .'m lll y III <1 .·,, 1/"1'0.

Th.· 1I.' lt ·(·t.'t1I1·lIl1 l1 llt tor Iihou ld hu ... .· a IlC a m pll fk lllion of Il. :10 10 100.
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4 . AN INT~;G1tAn:1l cun-urr 1 · 1l ~:A MI·I.l F [ E Il

SI n n· lnlo'llra h'd ,","-·u,l. a n' no .... avaU.bh· al l.'l·OOOlllh ·,,1 p rh- .· • • IIIl' a Ulhor
d.. o d .·t! lu " lillm lrll' Ihdr .uLt. b,l lIy flU· a mll l"u r IIp,, lkIlU..., •. An In lt'll rlll l' d
dn·ult .... !t h t h.. tl"aLlnatlon TAA III ( Sl ,· m .. n a ) .... a. u a.· t! In lin· . .. .· .. j>t·rim.. n t e .

Th.. a ll .. ,n lll wa a m ild.· 10 U• •• Ih'- intt'll r a h'd ci rcu li In a "n'aIll I'Ufh'r ctrcuu
havln ll: .Im ll a r tr ..qu. ·nc y n · llponll.· d ,.rl&c1 .. rl . \Ic. 10 t h.. I I·a n.i.l o rl u·d pn·.m­
plUIl'r d.. . c r l l... d In So'c lion J. Thl' cr r r-ut t o r t h.· In lt-s r lllt'd drrull I . II: I\"('n In
FIlii. J; Ihl . I. ('ompL"m"nh'd by Fi ll: . 4 wh ich .how . lin' COOIW.· I! OIl diagram of
th.· .dtlili una l com pon vnt a , A rnle t'uphono wilh an Impo'tla nn' of ~Oll n .......i ain
u • •·d In c onj unctron .... ilh Ih i . c ircuit.

",

'Ioll

22nFI
lkn

..-.f- ;' 2~II-·c560::).n~-o-...,

I !W" WI
U 4.5 V/ 78rnA

• a 6.0V 1110 rnA

Fig 4 ConnKtlon diagram ot Ih. I nt~rat~ circu it TAA 111

4.1. c mC U IT IH:fAILS

(OJ4 BO)

Th.· rruc r ophone ou tpul t. h 'd vi a an hlOl.lln ~ ('." at"llul· Iu an HC-link wh ich
. u l" ' r .' •• ••• Ih.· I r .· b l.. COm pUIWn l. Th l . i. ful lo .....·cJ b) a t-r- .. L.lu l· .... 1> 1(·h rt'dU{'I '8
th., dllnllll'" u r nun·li nt-ar dL.luri lon • . Thl' 1',,1·,,111'1 n ·lIi . ltl'· <h'I .· ,·m in .'., IUil'llll'r
with Ih. ' tlr"I'I'.'r n ·.i.tor b.,I .... .·.· n 1'"ln lll 7 And :1 1I11l1 th. · 1H· llu tl y.· ft·.·d-back
n· .t .IAnn· b.·I .....-cn polnlll 6 And 7 of thv In l '·j,('·III<· tl d n' uH . t lu- ul" 'l"ltl in ~ pomt
o f Iht- f l u t IUllpllfl ...r IItalle.

Th r- flt' iatl Vf' r.·.·d · blu' k o r lilt' 10 ......· 1" f!',·I/U,·nd .· . III l'a""LI'\) 1.1\I 1 via all Ihn'"
alllplHIe r alaa.' .; Ih., He r o m b inal ion U kfl /2l.1 F all ....... a .urtir!t·nl!y IIn'lIl
baaa·rl';t·cILnn of al'pro.. im a l{·ly Ii dlt ,>t',. OI'III\' {' 110 bt · IO I'hl.· \-t·u .

If a n.. s ally.. rt-.·d·ba("k m-t ....ork for Ih.· . upp'·.· •• IIOn uf un .... /oI nh ·d fn·IIII.·nd~. In

l'lIn' •• o f :I kil l. "'.',.•' to bo' pla.-.·tl b.,I"'.·. ·n n m nt· .·litm !'Ollli a 6 Itnd J of till'
IC, Ihla would It 'ad 10 a .t-If · o .dlla lion o r Ih.' a mpllflt' I·. 1'1••. I n·b h· r "J "('lion
la , II\t'rrfor.·. (·ar rjo·d OUI ..... ith Ih.' Iu d o f ' U · - l"< ,m b lllltl l" n . al tilt' inpul and
Clulpul . T h l a hllll lh.· d lltlltl vanlag.· o f '·' ·l lu l l'l n g m","· .·"Ill!, '.l,·n l . lind o f hlt Yln g
a 1I01lW'" hil i .... lth· r I rll n "'Llion rang.·. lI u ....·.·Y,· ,. . "'1<" " " U'" Ill'" 1I 11 11 1y.11l of Ih.·
c ..mpl k al.·d I r lln.r.·r IfK· I ( f n·qu ,· nc y lind ph a ... · "''' '''"1. '· ) ur Ih.· Alll p lU io·r II ·
. .. If and Ih., c aku latllm o r Ih.· n .·llativ.· r.·.·..-bark net .... o r k. o r .. our• •' , • • h ·q....r
n'J" c lion o ( f rt'qu" ndf'a in ('!tCP•• o f J kil l. and .. ",mallt· ,- Iran.i1lon I"lIng......ou ld
lx' po •• lblti It Ih l. c alcul a ti on p r ot·. ,•• w.·,..· lu bt · ("IUT\O'd oct ,
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Fig .S Fr.qu.nty r..~ons. of th. to llor.d pr.ompUfi.r toqulppeod with th.
Inl.gralIJd circuit TAA111 (OdS com'sponds 10 on amplif ication of 51dB ) '"

The maximum volta i t! ampli fi cation of 51 dU I. VI' r")' h i gh . Thl . mean. that Iht'
ou tput vo Ha g" I. uaually Iluffl cit"n t \ 0 Ieed the drive r litage of • modulato r . A
valu e ot 100 mV wa a measur-ed a t thO' output wht'n apt'llklnll Into tht' p rt' vloulI!y
rnentton ..d m tcr-ophone ,

The fr-eque ncy reaponae ( Fi g . 5 ) and IImplUlcallon rematn very c on at a nt In the
ope ra tln, voltaie ran ie ot ·L 5 V to '1.0 V. The Bmplltlcallon faU a otr rapidly
un der " V; a voltage In exce•• of 'I V ahould n ot be appHrd e tnce th l . COtlld
le a d to dt"atruclion o f the In t t'i r a t t' d circu li. II I. the retore _d vl • • ble t o limit
th e ope ratini voltaee with th e a id of /I S V ae ne r d iode .

Th e c ircuit wa , a a ,embled u ,lne c cnve ntf ona l com pone nt, on /I P C·board ha vln e
the d imen.ion . 27. S mm by 6S mm L eee 1'·l e. 6 a nd 7 I . Howe ve r, a turthe r
m iniaturi zation of th e ci rcu it would be poae fble ,

r--- - - ....;i~~..~

~e Conductor aldl> of trw I nt~rolKl ci rcuit
pr.-ompUf•.,. board ,

Flg.7 Component si de
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A MODF;H N CONCE P T ~'OH P OHT ADL E 2 MET RE HE CEIVEns

by E , D. Schmlt ze r-, OJ 4 DG

INT RODUCT ION

The maJor dlaadvant a ge of th e doub ll' and triple c onve r-e tc n aupe eh e t e rocyne
prin c iple lUI ueed al pr-eeenr ill t hai m o st IIpuriou li »I gnal» a rt! not lJupp r elilie d
until a rte r- t he Ihi rd m l x.. r IIta ge . Sin ce th e ee IIlg na lB - tOlether wi t h the r e _
qui red Bigna l - will ha ve be e n ampli fi ed by 30 t o 60 dB a t thl a point , e ven very
we ak Bignall can cause a conside r able c r o a e - m od u jancn ,

l t Is Ihus a d vanlage OllIl 10 r-et u r-n to the ¥i ngl e conve rsion eupe rh e t p r inciple
and 10 IIUpp a.:-1I a U IIpurlouli lIignalB after th e n r sl m i xe r by ulling a 9 or
10.7 MH z cry s tal l Ute r . Thl . m"an a Ihat c r o e e- rn cdul a ucn can vi rt ua ll y onty
occu r In th e fi rs t mixe r ; howe ve r , the amp Ufi cati on Is relartvely low up 10

th i » Biage.

ln e t ructfona with r e spect 10 t he design of the HF a m ptt f ter-, m ixe r an d Ih e
coupling 10 the IF t r a ns form er art' gtve n. A 111m pIe hom e- m ade cry llt al fi ll er
ill a l s o desc ribed.

T he foll ow in g r-ec c m rn endatfons ellll t'nti a lly de al with po r table VH F r e c e tve re.
Howe ve r . If the IF s ection i. e xtended t o allow lIulta bl e . witching of t he If''
bandwidth and if specia\ a tt enlion i. ma de t o t he varia bl e t roqcency oec tt te to r ,
t here I. no rt'a¥on why t he r e c om m e nd ed meth od s houl d no t be u s e d to con ­
at r-uct a hi gh-qua li ly IItatlon rece tve r to r- 144 M l h , This concept requt r e e , of
cour-se, t hat all UH F c onve rte r a ( to r 4 32 Mil t , 129 6 M H z e tc . ) ue e an Int es-­
m ediate frequenc y o f 144 to 146 Mlh ,

t • C ONVE NT IONA L nECEI VER S

The ma jo r i ty of t od a y l e rnctem VH F rec e tv e r-a ope r et e a c c o r d in g to t he p r in ­
ci pl e s hewn In F i g , I. A . can be eeen in th l l b loc k d ia gram , th e 144 101H z
Ilgnal I, t r a napoae d In a cry»l al controll e d converte r to th e fi r¥t If'' wh ic h I,
norma ll y In the o r de r of 30 Ml h: , Thl. i. oft en followed by a furt he r c cnve s-ston
to app roxlmstely 3 MH z , Crom wh ere the fi nal conve r s ton 10 a round 455 kHz III
made, The advantage II or thl ll rethe r ext ,m,lv(' p rinc iple are lirslly t hat a good
aelectivtty can be t'a ¥Uy aChievt'd a l t he low final a ' a nd secondly that a iood
IIlabillty may be simply obtained becau s e th e tuning I. made at a pproximately
30 101H z .

The main dieadvant age o f Ihl. method III t hat un wanted . Ignahl w il l eom ettrnea
nol be euppre.... d until a ft .. r the nnal ccnveretcn. Sinc e t he lit' Irne rfe r-lng slg­
na l ll will have be en a m p lified by approJdmatt'ly 30 to 60 dB a t Ihlll po tnr , they
can cauae ee ve re c r oe s -modctaucn, t'li pecially In t he th ird m ixe r iltagt', Thl •
• how lI clea r ly t hai the m e r- e p rovtafon o f Iteld f.'!fl'c t tra n.illoril In t he VIIF
converte r c annot a ffect a g l'eal Improvem ent in the behaviour- unde r la rgt'-llgnal
c onditfone,
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Fig .l : Block diagram of a convent ional
2metre recei ver
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Fig .2: Block diag ram of a mo der n
sin gle con vers ion superhet
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2. Tin; Hl':<:OMMENU EI> PRI NCI PL.E

Sin n ' it ha ll b.. "," u t> t .. r m!n .. d t haI c rce e -modu la uon on ly o C' ('u r ll wh~' n th .' un -.
want.' u IItg n a l ll ha ve roache d a rela t tvel y hi gh 1" ""' 1, It c a n b.. Ilt '''n t ha t ! tWII I'

IIl gna lll m ay n ot be a mplified w it h t he r r-quf r-r-d !ligna!. Th ill menne th a t Ih t·
..... ho lt· s e l ec tlv tty m u s t Lw mlldl' d in·(' t ly arh 'r tilL' fl n lt { qi x l' r. 1-'ur lh.'r CUl IV"f­
ili o n 1M Ihvn 'l1\lp l· l"n UOUIi. Th., 1,1 11(' o f t h i s "obllo l e t./ ' lIi nill" convenl,," I' r lo d p\('
III g n'atly llud llt .,U by m od .. r n c r y e t e t fil h ' rll ln th e 9 Mlh o r 10 . 7 M ill. r a ng" ,
O f c ou r s e , nvw d evelopm ent s Ilhoul d e l eo lnc lu de t he a dv ant a ge II o f m od e m
at t tcon a nd f1" ld ,.f feet t rllnllh ltorll .
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A . can be s een In Fill. 2, t he p rlndple o{ till' .lngll'-~{>l1vt.'r.lon VIH ' rvcet ve r­
1* 10 Iran_po... the I"t'QUi rl' d t .... o mvt re . Igna l .... ith Ih.' a id or a Ilt a blt" ve r-luble
Olld ll a lor f rt'qut'ncy 10 a flllt'd Inlt.' Mn t' dhlte I r-e quency o f 10 . 7 o r 9 Mil l . Th.,
miller ,. follo.....ed by a na t-t-o ..... ba nd lUt e r ( cry_ta l lUtt' r ) . Th e c ry . la l ruler
p rovide. a . kirt 1If'I('c tlvlly of approxlmalely 80 to 100 d Uo acc o r-d tng t c type .
Su blleQUl'nt IF tranafo rmll'ra art' ueed m c re fo r COU p Unll than for fe_lion . of
I t'lt>cllvity and only altt'ct tht" ultimall' attl'nualion , Tbe band..... ldt h of the cry .lal
Cllll'r llhould nol be too na r r o ..... - 10 10 15 kill I, auffldt'nl - _i rlce thia coutd
lead to eome dl lt icult ll" wh en lu nin ll durin g m co u e and portab it' ope ea uon .
Su c h a band .... ldt h I hould al.o be chosen In a nticlpaUon o f t he up-and-comlnl
na r row band t r equt·ncy m odula tion ( NHFM ) on 70 cm a nd h i gtu ' r bandl .

Only m e r-equ t red .'llnal .... t11 bt, p resent eubaequent to the (' ry . l a l rtlt{' r , wh ic h
rnt·an. Ihat no c ro. a - m odu latlon can occu r In t h.. IF ampl lf'ie r -, Il I. n o.... ad ~

vantagl'ou, 10 {'QU Lp t he r ece tve r wilh Iteld e[fl'cl Iran . l .torll In th{' tn' and
mhto'r .tago'lil 110 Ihat t ho' ove r a ll c r c as-mcdularton eharnet o'rI.llclI ar{' lood ,

2. I . T ilE MIXlm

T he mr xc r I. Ih l' m 0 1l1 c ritical a l atlt' wllh r t' . 1''''· \ t o ovt' rloadlng . Many dUf{'r .
e nt id ea a ha v.. been b r Ol.l ih t forwa r d rt'ga r d in l lh la Iltagl' . Ont' of Ih.. ... III t he
pUllh -pull typ..· arranlwm l'nl u,lng 1.....0 (l e !d .. repct I r a mli llt o r l h ic h I. ,aid 10
b.. .. xt r-em ely la voura b l.. . A no th.. r I, Iho' puah-pull dlcd e m lx l'r It h wh ic h iooc.l
re ault l ha v... b,,"'n px po'fl ..ne ed . In proCl'llll lonal elect eontc e , the rin, modula tor
type m lx t"f ha . proved l1a t"U to two v.. r y la vourabl.. , S tnc t" d ouble ial. MOSfo' ET' 1
a rt' n ow availabl. at r ... aon a b l.. prlc~ • • II ia ccnetde red thai tbey . UI be v~ry

popula r In mlxt" r cln:uit. In t he nt"a r Iutu r-e , Th{'a.. tranal.t o r. po ••••• an •• ~

p..clally hl i h c ro.a modulation rejectton, c c nve r-etcn iain a nd lenaltlvlty aa
we u all aUowlnl an 180lallon b.. t we en the in pul a nd oadllator vollait",
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All t h ree of the c t rcu tte ahown In FI,. 3 a llow u nwa nted s igna l a o f even 100 m V
at th e a nl en na t o be p r ocee a ed aa l on g a. the , aln o f th e RF a m pll rlf1r IIIage
l a n ot t oo ,rf1at and if t he m r xe r- atagf1 ia d lrf1 ctly followed by a na rrow band
cryatal filte r to e n aur t' tha t only the r t'qul n d a lgna ' I. am plirlf1d ,

2. 2. THE I F FILTER

Economical crystal fUt era a re available t o provide the nt'c e a aary s e le c t i v it y a t
IF revet . Japaneae ty pea are even cheaper- and even thou l h t hei r apec iClcation a
a rt ali gh t ly poo r e r-, they are atiU s u it a bl e Co r such a ppllc a tl on • .

It may be a dvantageou a when ua ing Ind uat rla l cry at al filt t' rll t o pla c e an inte r ­
mediat e a taie be tw een mixe r a nd Iflte r- wh te h mu at be abl e to hand le t he wtde ­
band IIl gna1. Su ch a com mon -coll ecto r IItaae sh ould be equ tpped with an R I-'
tran s istor havlna a wide d rive r en ge , or bet ter- a tlll a fif1ld t'Hec t tranll s tor.
T he Int ermediate I taa t' m u s t be a dJu , ted for t h.. w ld.. llt d rive r a n g.. and for
moat eymmet r-Ica } alope , I. e . t he volt ait' d rop I1C I ' 0 1l 8 \til' cmitte r re etetor
IIhould b.. E'qua l to h a lf t he 0pf' r atlng vo1ta~e . Figu re 4 glv\' . " Kam pll' s o f su ch
circulU, ep III the par-allel cepec n a nc e 1'f(' lIcrlbed by th.. manu fa ("tufl' r of Ih,'
c ry s ta l fUte r . The lnt e r rn e d i ..t e , tal/t' , equippe d w ith II tra n lli o;lo r In com mon
coflectcr- nm figu r atJon . m u at be ds-Ive-n fr om a low Im pedance eo u r c e ,

If an in du stria l c r y at al fUt e r III no t to be ull t·d. it I II pOlIs lble t o buil d up a
st m pl e cry s tal filter using a IIln gl \' qu a rt" cry atal . The :l dll bandw id th of th l'

fIlt t' r c onfiguration shown In F i g. 5 Is a ppr ox imately 5 t o 10 klh , A s many
c ull fll h' r ll ( n ' t rane to rme s-s ] a lii I'0ll lll lb l.· wh oul tJ fo ll ow t o vn eur'.. lha t th \'
ima gu frequ enc y i ll IIllffidt'llI ly a uppr-e aaed .

• U
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I I 1_, of eou eee, poe e tbte to ma ke a second c on v e rs i on t o a I cw e r Inte t-m e d t a t e

f requt'ncy, ror Instance, to " 55 kHz . Th is l('ad. , It I , tr-ue, once aialn to a
doubl e cceve r- e tcn 8upe rhe t but the dt'lIlifl I. fa r me re ta voura bte . Due to t he
c ry ..t.! belne: placed di r ectly a l the Input of {hI!' 11<" c ha in , all un wa n ted 118n8t.
will be attenuated by 10 to 30 dB with respect to the re quired I lgna l, according
10 t he tr- apacin, f rom the cent re fre quency ( lee Fig. 6 ). Thl . m e an a t hatlhe
croaa m Qdu la tl on r e ject ton ia inc r t' a a ed. Howe ver, this confliU ration i. a com ­
p rom t ee , Un fort una tely . II I . not po••l ble to live a delalll"d de ee r-ipttcn of th l .
s im plE' rnte e bec a us e m e IOU ret' a nd load Impedance reqc t red fo r a c e Maln
bandwidth Bom r llmes deviate. c on aide r a bly be t ween ui e va rioua <: r y a ta l manu ­
recw re r e . In order to .Hgn the b andwi dth o f lu<: h a <: rYllt .1 r1l1E'r, It ia necee ­
l a ry t o have a algna l sou rce with a t un in g r an gl' o f 1 30 kH z a r ou nd Ih e centr-e
rr l' qtl'en<: y . A l ullable l ign a l gene r e tor <:.~ be ealUy '<: on ,t r u<: t e d . '

Mo r e e xt e n e tve filter c onflgu ratlonll , l. e . b r ldgl' ntte r-e, r-equt r e a n aHgnmt'nl
wh l<: h c a nnot be c a r-r fe d out u l in g the m l'allurin g equ ipment normally available
10 a mateurl . Th e de sc r-lbed Ind u ctively - rteut z-a lf zed <: ryBta l ru ter requi rea, on
the othe r hand, ha r dly a ny alignment . As lon g as the eou rce a nd l oad tm pe ­
cence arl' known, It l a only nece aee ry t o .Ugn the Illt e r to thl;' centre fr-equency
( fo r Inlt.n<:e. 10 . 7 MH z) by .djulting t he pe t-a llel Inducta nc e . The only mea­
auring equipment t hat l a requ ired will be a d ip meter.

A g r .... t imp rove ment In me lIe lec ti vity ca n be a chieved by u lling a second fUte r
o r the lamE' typ.. wh ic h i a Ieol ete d f rom the fi nt by a n intermediate If' I t age .
Th l a allow a a ny unwa nted pall banda c a us e d by epu r-lou a reaonan<:ea of t he
cryBtal to be greatly attenuated . T he eef ectlvtty cu r- ve e c a lc ule t e d tor varioua
cryata l tIIter dealgnl are s hewn In F ig . 6 . Th.. s pu rioul reaonan<:el .re on ly
s hewn . , an example Blnce they va ry g r l' lItly both In ampli t ude and spadng
fr om the cent r-... f requ ency eccor-dtn g to crystal ty pe and loa d Impe dance . It
ca n be .... en that the Inc r e a ee of sele ct ivity obta tned t r am a na r r ow bandwidth
l a not 10 great a a one might aaeume , whe reae t h.. conngu r -aucn u a lng t wo crya­
tala orre r11 m ore favou r a b le r e au !t s .

Re ga r din g ot he r pa rt a of the n ' c hain , It shou ld on ly be ata t ed t ha t fie ld effect
t ranlil ator a have proved rhern aelve s to be very fa voura bl e etnc e t hey ce n be
vo lt a ge - c on t r olled ( pra cllcall y no ga t e c u rrent ) . Several e c cncm tcal Int e g r a t ed
circu it a are now a vailabl e which are lIulta bl e for appli cat ion a at II" leve l. Theae
int e gr a t ed clrc u lta ha ve the advanta ge that t hei r low r eucr tcn does not requi re
neut rali zation . Favou r e b te re au lt a c an a l ao be obtained u sin g If' amplifier. In
a c a scod.. c on rtgu r atlon.
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2. J . TilE Rf<' AMl'L1 FI E Il

Tnt' high c r c e.s modulation r I:' J,-('l lon of fleld df,' c llrllrJllilllurll ha ll 1I1rl'ady b....-n
d t acus ee-d . T h ill mean a that Ilwy art' al so lIullsbl .. to r- ORe in HF a m pl Ui t' r
,uagt'li . Hc we ve r , einoe thl' alll l' l Ulclilion of mosl . und lon Odd ('!f .' c t Iran.l lI·
t or-e i ll too IImall in t he ga t ... c on flg\lI'atlon, it i ll u au a lty n\' cl'lIl1ary to UII ... II
callt'OtJ(." o r n ..ut r alt ae d c om mon sour-ce cl rcul t. Th t, (·Jl!.ll'rlll an' Hilli not eu r-e
wh io: h ci rc uit Orrl'l'lIlht' 1.>....1 r e eul te. Ml't a l oxt de l:IU lcon fi d d t'ffl'ct I r ao ll1810 r ll
( MOSf<' E T ) art' now e varlable on the ruu rke t which Brl' v{' ry lIu lt a bl e for VHF
a pplicat ion a . Tht, tr-ansconducta nce of lIuch I r I10 81,,\ 0 1'1I ( ' , g . 3 N140, TA71~3)

III ra r g reet e r- than Junction field effec t t ransl ator typl' lI ( J F I':T) s uc h allll F24S
ctc . and allow . th t' R F ampttfte r- to c om p r i"l' a IIln gle MO~iFET in a com mon
sour-ce clrcult .

It III a dvlllt'able to provide th e 144 Mil t input ci rcuit with a t r-ap ha vin g ee rt e e
ee eonance at t t\(> Im llg .. Ir-equency , T h.. lI e rieli r-ee on ance fll will a pptJa r' at the
Fr-equency dete rmtn ed by Land CII in F ig , 7, wht'!'t 'a ll t ile pll ra llel r e s onence
Ip I. det .. r mine d by I. and t he lI.. ri .. . c on rJgura t lon of C II and C po F or ali gnm .. n t ,
Ih E' lIe rl l'lI r-eecn ance III H n t ly eel ee re d by adjulltln g the m in imum to co rre epond
to the Im a.: E' frequency , Thi , i. Iol'l owed by ali cnln ll Cp t o the parallel re s o-.
nan c e, Ihat III for maximum In the t wo mvt re band ,

2 , 4 , T im VA lUAB LE ~'REQUENCY OS CILLA T O H

The h.'art of t h e r ec ei ver i ll t he Vf'O , on .... h lch ea pe clelly hi gh dr-rnanue a rt'
placed. Th., au t ho r recc m men de an cectuatcr hll v ln g II fun dllm l'ntal fn'qul' ncy
in th e r a ngt" of 7 10 4 0 lI.H l t , Th.' oectttetor 1I1gnai c iln th .... n 1", Illu lt ip l!t"d to
th e r.'quln'd fin a l I r-equency. A clapp ci rcuit a ll shewn III Vlg , 8 ha ll \.I.'en found
IIlltl llfllctory , T h e Ind uc tance should \.I l' m ad .. f r om ,," anH'th' d co pper' win' wh ich
III tightly wou nd onto Il gl all ll or c e t-amtc rod , f lx t'd Into plac t· wi th an " po "y
!"('lIin a dh.' lIi vl' (A ra ldi t, UII U · l'l ulI etc , ) end lIubll cquc ntly a gt'd artUicall y . A
goo,j VIII-' va r-lahh- capac no r should be ueed fo r tuni ng , p r e Ie r -ably e dual etero r­
Iy p.· not ha vin i a slidinll contact OIl the e xle .
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The rt"OI1ant c i rcutt mu.t b(' c.rel'ully tempe r-eun-e compe neated , It la . 1ao
o('c('l aal")' fo r the opo.·ratlns vo llage 10 tw well .Iabllh:ed ualns • tran ai llor
cont rol c i r c u li or wll h zene r diad.... ( prefera bly temperature com peneered ] •
If pOllllble , II II advl. t'abl(' to enclose t he VFO In II am a ll caalns made out of
a t It' a l t 2 m ill thick alu minIum pla te 80 th at any h 'mpli'rll turl' va rlallona have a
Ilow ('r a nd m Ol'''' (·qual « rrect on t hl;' IndivIdual r e eonant circu it e lernent a . The
1I11lcon tra nllatorl 1.1111'0 In th e cectttato r circuit a hould ha ve a t r a nllt tre quency
at Ie aat 10 10 20 ti m .. . h lgtlt· r t han Ih e o.clliator I r-eque ncy, In addition they
I hould hllYt' l ow In l rinllc capacity. Tran a lat o r typ.. a 2SC 18 5. 2N91 8 (8!o'Y 66 L
U fo" 17 3 and Ufo" 22-4 a rt· ve ry lulla blt' fo r auc h appllcaHona . Ta klns thla Into c on ­
Ilde raUon. t he aut hor built up a variable Ir-eque nc y oaclliator with a r requ e ncy
rlnKt' of 7. -4 Mll z to 7.52 Mil .! whOle alabillty II equal to t hai or a c ryatal c on ­
troll e d olicUiator.

Of c ou r s e , It would bl' I'0allble to Improve t h (' fr-eque ncy atabU ity atl ll l'urther
by u l ing a lIythelll or phaee -Ioc ked osc tl ja t c r- (11 . h ow e ver. t Ma will not be
rvqut r ed fo r rec ept ton of AM, !"M or CW algnall, T h e advanta ge a o f the I Uiht
Im prov('mt'nt In f r t'qut'll cy atabillty a re o ften outwelghed by th e p r oduet ton of
a pu rioua algnaill.

A ve r-y 11m I'll' a nd room aavlnl m e th od o r tu nl nl th e oac lliator ia 10 u ae I
varactor diadt'o h la , howeve-r , ne c e e e e ry to tl k.. tht' hl lh temperat u r e de pe nd ­
e nce o r the . unct lon capacity In lo conaide rillon, Seve ral diode I c an be c onn e cted
10 t he aame forward voltlgt' lupply 10 thl t t h... IU' a m plifi e r tunln s c an lrack
the oscillato r , T hla a ll owl the bandwidth of Ihe Itfo" atallel 10 be ke pt far na r­
rowc r- wMc h also allowa a n Imp rov{'m .'nt or the Imai(' a nd c r oaa modulat ion
ren-cuon. The blaa voltllile fOl' t he va ract or d lodt ' a mu et be Cl r e l'ully al a bll iz ed
a ga In at lIupply volt a&I' nuctuallons a nd tem pe r a ture ve r teu on e . In add ition to
thla , 1I II Ildvlll~abh' to let t he recet ve oacUlato r I'\Jn all t he time. even durlne
Iranllmlt.

2.5 . T ilE A fo" AMN,IFI EIt

A amal1 tranalorm l' rl .... dalll B a m plifie r la t' aped a ll y auUable fo r Ih" Afo'
output atagt'. F liU r e 9 ahowa a d rcult aultabl" fo r a n Int e r m e dt a t e Impe da nce
( IS O n I loud.pl'akt' r. Sl nce no output or d rlv.. r tranlfo rmf'rl a re r-equt r e d, an
ext remety BmaU a nd Ullhl- welghl output Ilai'" la obl alned. The temp r at u re
cOlTlp"nllatloll for the IImall quteecent cur-r-ent II elpt'claUy effe c t ive due t o t he
auxilia ry t ranalator T!L The output pow er Into a 15 0 n loudspeaker i l 100 mW
at a n ope r-aung vol t uge of 12 V; at a vol tage o f 18 V a n ou t pu t pow e r- of u p to
250 m W ia obtaln,'d. In t he e xpe r-Ie ne e o f t he author, th l l pow er output 1a com ­
pl (· ttly autrlclenl for portablt' VH F' receive r-e.

Thia paper- wal brouiht forward by the
vaklan radio amalt>url In ,Ioachl m llta l

a . IU:n:R I-:N C ES

aut hor at
( CSS R ).

K.I ' . Tlmmann and V. Thun : I'h" I {'· l ock..d Oac il la tor for Tran am lt a nd Re cetve
Mlx(' r . In Am at eu r- ({a d lo Equ tpment ,
VIH' CO MMUNIC ATIO NS I (l 1l 61l 1. Edit ion I, pa ge . 11 -25 .
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TII1': 70 Mliz DI. 6 SW F ET CONVE IlTlm

by D. T. Hayle r . G 3 J II M

T be ortslnal Id .. a of con y.. rtln. a HI. 6 SW converter- (I I fo r olwratlon on thl'
four met re band ( 70 . 0 25 to 70.7 Mill: ' orisinalt'd (rom M r . II l' l n ~ St l'lIb.. r s of
,", Onls . wln l r- , W("l t Ge r-many , T he author d("c1dt'd to .ue m l't t h is m od Hlca t ion
and the r ...ul t W.I a Imlll , eHiclent 70 MILt cony.. rt .. r with an If-' output of
28 10 28 , 7 M Il ~ .

II WI I not n"c"ll.ry to v.ry any component valu.... bu t only to u ee dlffe rc ntly
dl m l' n.lon..d Inductanc.. . and a -1 2. 000 MHz t hird c v.. rton e cryllial.

n e ld erft'c t tran.lltorl type T IS 88 c an lit' us ed In lltl' a d of tlte TIS 3 -1 rypce U
fo r th c r t.'duc t' d r-e -.

~. ..".u..,
... . .. t<.

-"•,. ~.=...., ~
• i i:.., '

= :':'1'1.... I.,...' - [D'o.
o .

[D,0 '
0 '

@,' 0

"
• ••

@,' 0
0 '

....',....... ..... ...

"

~.--'..r--, ...
Fig' Cir<:u,l OilQ'l rn 01 th. 1O lo4H z Fi.td EIt. ct T...... i.tor Cony.,t . ,

n' lluh'l'(l componvm m odHic a t ion li arc al fo llowl :

l1ll" U.• "' J'!l ...... 1Il" 1, 8FYtl l

r' ""'/ .-'"''''''/11'[ 'I ..e ;'- 'j'::t· . ~,e ~ d; 'o.

O
IJI _ " . .. ..~, J

G
· . _... .. 1 - Ol. .,""_.0- =' ~0'" ' "1' , II..•",.. - . .. .. ...:. ...... I

I . .. .. , _--- _ . . .. --- ,

Till>

I. I , I. -I. l. 6 8 lum l o f I mm dia. (1 8 AWG) t' na lnl ' llt 'd coppe r wi r e ,
St'H- l uppo rting , 10 mm Inne r diemvter; C"~III I' wo und .

L 2, I. S. J. 7 , r. 8 20 tu rn e o f 0 . 3 m m dia . ( 29 AWe) ..narn ... lled coppe r wire
close woun d on a -I mm coli Co rm" r wHh VHF co n'.

L 3 -I , 7 ~IIH f-' chokt,

I. 9 HI tu rn e of 0. 3 mm dra, ( 29 AWG) ,'nam t'lled COIlI't' r wi re
clolt, woun d on a -I mm coil fo r m e r- with VII I" co r .. ,

1. 10. L II 1 2 t u rn. oC 0 . 8 mm ( 20 AWG , cnam e ll c d coppe r- wi n'.
Self- I uppo rt in g. 10 mm Inne r dlamt'l er; clOMe wound .

Qua nt cry.tal 4 2 , 0 00 I\lIh :. t hi rd overtone .

(~d Ho rlal no t...

W... would Il ke to coneratulal e M r-, U. T , l layle r on h i.....cond pl.l"t' in a r ec en t
70 I\III ~ conte I I whe r e the modlfled pr-ototype Con y...r-re r- wal u .... d to a:ood e ffect.
Wt' hop... t o br-Ing a modlficalion Cor t h.. 50 Mil l. band In the nt'ar jur u re ,

Il E F J.:Il E NC ES

( 1) W , v. Sl"hlm m e lm a nn : A 2 1\I..lr.. Conve r-t.. r wit h F I.. ld Err.."t Trlln alltorl
VIII" CO MMUNiC AT IONS I (1969), t:d ltl on I, I'a g(". 2 - 10. _ 123



A C OA.XIA I. IU a . A Y W ITH A H lGIl C OU PLING
ATTl:NUATl ON A NIl GOOD SWIt

by E . U",·b.. rich, Ill. ij ZX

Th., cuaxta l 1·t'l Hy li ulwd by the lilliJority of a lllat ..urll hav.' such Ii low ('oupling
atl"l\uatiol\ at VII F that It iH pOIlKiul t" to lIl .'aIlU,· t' up to 50 mw of HF t' nergy
at th .' l"t·eL'iv."· wllt'n tnulllmitting a 10 watt IIlgnal Ilt 145 Mil l , T Ill» e xa mple ,
which halll bevn (·aleulat.'tJ at a "oupling att ..nuatiun of 23 dH , IIhoWIi t hat e ven
tht· low pow.' r' of III wane can eudanger- th r- in put tl'llIllilJdo r of th .. r ecotve r- .
Th., autho r' d.· .. '·riu.·H .. ",,,,:o;i,,1 rvluy 1I11""IIIUlt'd ullinl!i: ,·.· t·u cont act». Thi;' cha­
,·ad t'r·l ..ti{·1I a l'" vvry ~""d.

I. Il E El> C ONTACTS

B.·.·t! ('unlucllllu,'" avajlubl e f"om a l!i:""al nurnber of IIlllnufactur.. r ll of te! e cum­
munlcatloue .·qu ipm .·nt. Th .....· mode-r-n compollt_·nlll pOIlIi .. 1i1i a c a pac ltance of
app r-o xi m a t ely n. 2pF. w ork tn g cOIllactli have been found to U.. ma n- Hultau\l'
ror It fo' applicationll lIir\{' ., c hllllllt· ·ov.. r contact e ha v.. two pa l'a ll.'1 longut'll wh ich
11\{'!'L'II"" Ihe ('ouplinlol rapecit anc r- a nd t hu a r-educe t ht' (·oupling att ..nualion.
II ill, of COU I'II e , alao nt'c t' III Ha ry to acluat" tlw t ranllmlt- ,·.,ct'iv.. r-e- l ay uu rinll
,·..{·t'ptlon if IWO wOI'king contacte a n, ueed,

Tht- corucct tongu .. 11 an' made from a eott magneuc matertal which m e an e that
Ilwy can Ut· actu att'd by l'iIIH'1' a n .. Iect rc-magneuc flt'id ( ~:!.G.:....1. l o r by a IIHdl'·
abll' pe emen vnt magm-t ( n~. 3 ) mec hanically coopt .. d to m e t r anll m!t - r ..cetve
IIwltch. The tau .. r· \111 " " llt' d a lly Hliltauh' for tow-power but t e ry ttrtven ..qutpm ent .

2, MI';CII A NICAL ASSE MB L Y

In ol'd.'r to obtaln tilt-' h igh t' ..1 pos atble cou pll ng anenuaucn a nd Iht' 10w~1I1 pOIl­
lIiull' ar a ndtng wa v.. rertc, th .. t-eed contecr s e r v ~ncloll ..d in a bra llll tu b... wh ich
BIlla lI(' r"{'1I a ll a su ppor-t for t he coU rc rmer ,

Thl' tnne r- dillm l't e r of t h.. tube should be 1Ie leeted to obtain m e Iowe et pOlllllble
SW H; Ih ., oute r- dtamete r- III ae lect e d to lIuil t he coil Io r-me t-.
Howe ve t Ih e tu b ing s hould nol Ue too Ihlc k, o lh .'rwill" t h.. a ll' gap wil l be too
gn·al. T hill m ean s thllt tilt-' uumber- o f a mpe t-e tu rns would have to ut' Inc r-.. all c d
10 cn su r-e cOI'n'cl IIwitdling. Coli tc rrn e rll of trllnllfol1n l'rll fou nd In m tnlatu t-e

Iranllillllo l' d r-Ive-r- 1I1"~ t'lI 1I.'n' uae d.

,

Fig . I : Coaxia l r el ay using r eed co ntacts
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TIll' <l ulhur ll p l'o tulyp" a nti a n mdividulil n " ',1 ""nhu' l a l'" Ilh"" n In 10' 1': . I . nit'
<l !m "11 1l 10'1I1 <I I', · ,:!v " n In F ill . 4 In a llo..... Ih .. I I·;on" ln ll -" ,·(· ,·I\· ,· n'l ay II' 1.>,. " "ph'd
IIl1d u llll,·muh·d . If 1'1·!IlIt·d - d ...-utt " oil fOnlWI"N lin ' u,,"d , il Iii 1"''' '' 11.> 10- f,"' In­
"l un" " , 10 m ount lilt' n -Iay 1111 an In t "g r a l part of t h l' t ruue runtct' ",. 1" " '<'Iv""
board ,

('oll da la : Coll [o l' l1wl' lyl' " M 22. 6unn lurn" "f 0 . 07 mm di n, ( 40 AWG)
,·na m ",l lt ·d C0I' I'"r ..... lrv, 0 p" I'a l in ll vollul1" 12 V Cu r-rvn t 12 IllA

1 2, 000 tu rn e n f 0 .llli 3 nun din ( 42 AWC. ) , ·na nlt ·lh ·d rcppvr- win'
wound on R coli fOI'I1WI" Iluit"blt, fo r 1' C'- u"II )·d ... Currvnt fl n ..... Ill'r
..... ind in g am ounted 10 (1 .5 rnA 011 12 V; "I' :1,5 mA a t fi V " 'h ,' ,,, ·
th.· relny 111111 c onunued 10 " I"' nll" (·" I·I,.·('lly.

Ill·l·d "onlacl" : T YI" '1l fo llill 2 nl' MIlMV 2 r nunu fne-tur-ed I>y Hum lin 0 1' IYI'" Ile 'n
It-om Il ulh" ..... " y
IIt 'qu i l'( 'd ' ·"'· ' ·III /.ali ",) I" " ppn .xiIl Hlll'l y 5 11 " rn l"' I'" IUll1H.

r. MEA SIIIII':IJ VAl.U ES

T h,' 1·,·lay ..... aH It ' HIt-d ..... it h I·, · ~;tr'tl to il " "" I" vk ,' 11 ft, by (,mll lt'f't1ng it 10 a mu l ­
t! v!uI 'al ul" , Th,' dll'"~"-O\l I' I' f l" 'l] u "I\(' y .....' tll. 4 II / UllU lh,' 101l,t wa ll 10 W into
(iOn a l 145 Mil l., Th, ' It ' lIt .....'all ,· ,' allt'd IIrt" I' 20 ,000 "1"' I'a l ltlll ". No tI"\('I'l' '''a tlon
(I f t he ,'onlll{'11I c"u ld h, ' rh-rr-t-mlned,

Th.' c ou pling anvnuat lon u"t" ""n Ih. · t r nnemltrvr- and ",·.. ,-iv l' r IlOt'kl't wall 43 dll
at 145 Mil l lind 33 1113 lit 4:12 Mil l , T he rcc c tve r ronm-cuon WRII t vr m tn nt ed with
fill U durin g Ih lll m ,'lI >1u ro·IlWIll. No d. ,It ' r ior"l i"n of II,.. Illandi ll lol ..... 11 V" r nuc
wall nor tced vve-n a t 432 Mil ,. ,

Th" Il" valu"11 c ould l'ollll ll>ly 1> .. im p l'o\l " d uy u lli nl: ... ·.. d ,' o nl " dll pO" K" lllling a
II'w ,'r conta('1 capucnnncv, lIul'h llll Ih .. !l a t hnwlly typv llCll w ilh 1t'1l11 Ib" n n ,l 1'10' .

Tht .. c oa xi a l relay Willi 1,I ''''d ill lilt' Ha \ladan w tnwr- Fldd Dayal <I h, ' ll:lilof
uppe-ox tm at vly 51l1l0 It , No ,Ilffk u l\h' " WI'I " · t-ncount e rt-d whnt envv.. r- .

10 a n t"nna
Fig.2 Etectro -mcqneuc enerqtzcttcn

lI"-30mm-Eomm~::-!
4"~_ ==: 7? :=::J"~-rf - _ ,
Mat eorla l ' Bra " " lub lng "~ 5 mm dlam"te '

Fig.4 Denenslcns of the brass tubing

Receive Transmit
--fN- - -H-

") F :::
to antenna

Fig.3 Energ izat ion w ith 0 permanent mogneot Ol8 ZX •
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MAT E R IA L PRI CE

Ih' pub ll . h er . of

L I ST O f KIT S . nd CO M P O N E NT S a v a il a b l e f r o m

VHf' COMMUNICATIONS or their nationa l e ep e e s e nt a ttv e e

Ttl la price 11.1 I. valid fo r a ll o r derl r",chlna u. alt e r December l at 11110. All prevlou .
pet ee 11.1. I r. Invalid after Ihl l da le .

We ...,re I bl' to con . ldf' rably r ed uce I areal numtlt' r of prlc:e . du" 10 :

StandardlUtiOn of co mponenl' (Plptc laUy ..mlconductorl)
rf.ultlna in a more favourabl. purdl.a... r at.
RaUonallzalion ot l.he kit. and parlla l kit .
Some (unfo rtu nate ly f.w) pr ice redu ctlun . of the manufacturerl.

A numbrr of n. w co mponent. (mar ked +) may nol br avallab l" unt il J anuary 1971. Kill Incl udlnll
th. .... parta will be d illpat ched Imm edl al.ly ao Ihal you can commence ecnst rucucn and thl.'
m llll lnliJ: par la will be eupplted wllhoul re -urder-tng at lOOn II availa ble .

PI...e r,ad Ihe Sal" Condltluna on th. lilt p;lJll' o f tht' pet ce UlIl .

n YOIl a r. nol a relldn 01 VHf COMMUNICATIONS pl. a.... req ut' at lull ad'·nll . lnliJ: ma tl'rllll.

C R YS T A LS and CR YS T .... L fi LTE R S for l'qulpmt'nt acrlbf'd In
VHf COMMUNICATIONS lhal are avallabl' l'X atoc k. Only b1ah t qua l ity cry.tal. are olf ... r ed.

Cry.ta l fill er Xf- 9.... (fo r SSD) ...lIh both . I<koband n yalal • • • • • OM 10&. - -
Cr y.la l fIl tl'r XF · IIB (for SSB) ...lth both aldfband c rY'lal• . .. . OM 1S7.- -
Cry.la l f1lt.r XF- 9C (for AM; 3. 7!) kHz! ............. , .. OM 137•• -
Cry. ta l fil ter Xf' · 9D (fo r .... M; !).OO kHz) .... .......... .. OM 137. --
Cr y. ta l filter XF - 9E (fo r fM ; 12.00 kHz) ........... ,.,., OM 137, - -
Cr Y' la l ftlttr XF- IIM (fo r CW; 0.5 kHz) with car rier crY11i1 . .. OM 106. - -
Cry.ta l dl lc:rlmlnator XD 09-03 ma tc hlna XF -9E .... , ........... OM 78. --

Cryata l
Cr yltll
Cry . ta l
Cry.la l
Cry.ta l
Cry.la l
Cry.la l
Cr y.ta l
Cry.ta l
Cry. tal
Cryltl l
Cr y.tal

Standard

116. 0000 MHz (HC- 6/ U) for 70 em co nv er-ter-s (DL \I GU, OL 9 JU ) OM
96.0000 MHz (HC- Z!) / Ul for 70 cm co nver te es (OL 9 GU, m, 9 JU j UM
9!).8333 MHz (HC-I8/ V) for 70 em eonvertere (DC' 6 HY) OM
84. !):l33 MHz (HC- 6/Ul for 24 em eonve ete ea (OL :I WRj DM
65 .!)OOO MHz (HC- 6/U) lor 2 m ec nverters (DL 6 HAl OM
65 .0000 MHz (HC- ll/Ul for 2 m ecnvertere (DL II HA) UM
46. 3333 MHz (HC- 18/V) for pha H . loekt'd olC lllator ....1 OM
46. 0000 MHz (HC- I8 /V) (OJ 7 ZV I OJ 9 ZRl
4!).4780 MHz (HC- I8 /V) for VXO (OJ 9 ZRj OM
42. 0000 MHz (HC- 6/V) fo r 70 MHz co nvertl' rI (G :I J HM) DM
38.6667 MHz (HC- 6/V) for 2 m co nvt' rt.,. (DL 6 SW, m, 6 HA) OM
27.8000 MHz (HC-I I / V) for 24 MHz .ynthul. Vf'O.( oL3 WRoo7) OM

frequ .ncy cryatala

!).OOOO MHz (HC- 6/ V) for callbratlo n spec tr um llen.ratorl
( DC' ll HY) .•....•.. •.........•....•..... OM

I. 0000 MHz (HC- 6/ U) for ca libr a tio n spec trum lll'nl'ratOri
(OJ 4 BO, DC' 6 HY) ••••..• .. .•.••• ,.,..... OM

100 kHz (H C-13 /Ul for caJlbratlo n spec trum liJ:eneraton
(DC 6 HY) ..•..............• ...•.....•.. OM

21. !)Q

28. -­
28. -­
21. !)O
Ill, 50
l e . !)O

49. • _

24.50
n . 60
13.70
25. - -

25. - -

20. $0

28. --

Cry.lala

1 2. • • • MHz (HC·6/U) for 2 meu-e tn n.mltt. rI (OJ I NB, OL:I WRI
Plu M' . lllt r equlred frl"QlI~ncy on ordl' r lna
(De llv"ry 4 to 6 .....k. ) . . . . . . . . • • . •. OM 21.!)O

Cr)'lta la _lao av. llabl. n . toc k pi...... see 1111 ...11b OJ 1 NB kit .

Olher frequl'nCIl'l au lla blt ( PI~a.. ltalt' fr eq uency a rw1 type )
(Dellv. r y e to 8 ......kI)



KIT S

Pi"le ••_lock . d o.clll e to ,. O J 7 Z V 00 1 .. 002
( 2 PC - boe,.d., c oli ,o ,. m e ,. . , tr-....... rere... , diode. ,
2 qua,.,z c .. ye' . '. and 1 . 3 mm ep.~r• • d,.lll)

70 MHz FE T c o nv. ,. t. ,. O L 6 SIN / 0 3 J HM
( F=> C - bo a " d, c o li lo ,. m . ,.., 1,. lmm . ,. . , t,.an . l. to,..,
~ 2 .0000 MHz Qu a ,. , z c,.y.'.' .nd 1 ,3 mm ep. cl . ' d,.lIl)

2 m FET ~onv.,. I . ,. O L 6 SW OO~ • •• . . • •. .
(PC_boa,.d , c oli ,o ,.m . ,. . , t,. lm m . ,. . , l,. an. I. ,o ,. . ,
38 .6667 MH z Qua,. tz c"y . lal and ' . 3 mm ep.cla l d,. lIl )

T,.... . I. lo ,.. 10" OL 6 SW OO ~

Qu.,. tz c " y.' a l 38 .6667 MHz ( HC -6/U )

OM 42 ,60

OM 17 , 90

OM 13 ,70

OM 44 , ~ O

OM ,7 ,90

O M , ~ ,60

O M ' 0 3, 9~

OM 40, 7~

O M 49, __

F'rlc. on r-aqu• • t

(H C -I e / U )

T .. en.r.,o .. . a nd d io d e . fo,. O J 7 Z V 00 1 .. 002

2 QU."tz c ,. y.,al. ( ~6 .0000 . n d ~6 .3333 MH z)

2~ c m c o nv.,..e .. OL 3 WF:l 001

QUIl"IZ c"y . tel 4 2 . 0 000 MHz (HC - 6 / U)

70 c m conv . .. I. .. O L 9 O U 001
(Sllva,._pl.lad mal.1 ca.'ng e . abo"a , F='C_boe.. d , c o li lo .. m .... ,
tr-rm ma.. . , ' ...n.r.,o .. . , 96.000 MHl QUa"'l e .. y.'al Ilnd 1 . 3 mm
. paclal dr ill )

T,.en . re to,. . '0 r- O L 9 OU 00 1

96 .000 MHz Que.. tz c r-y . 'e' (HC-6/U )

O M 130 , __

OM 37 ,40

OM 19,~0

~ W SSB t,. e n . m lll ... O J 9 ZF:l 001 •
( P C _b o e .. d , co il 'o r-m a ... , I.. lm m . ,.. , F ...,.oxcuba-O.. o••• ln,
,.. a n.'. to ,. . , dio de• • n d 1 . 3 mm ap.ele' dril l)

C"y. lel fme r- XF -9A w ith bo li"l . ,dablln d c r Y. ' IlI.

C r-y.le l flll X F _ 9 B w llh both . 'deb end c r-y. llll .

T r-a n . I. lo Ilnd d loda. fo,. O J 9 ZF:l 00 1

T,..n. l. lo ... . n d dlod• • fo .. O J 9 ZF:l 002

F:lAO IO COMMUN ICAT ION H A NOB ooK
V H F-U H F_MA N U A L

'o r m a .. . , I,. e n . r. ,o ,..,

O M 13e , 40

O M 96 , - _

O M 1 2 ~, ~0

O M ' 16 ,90

O M , e, 4~

OM 1 4, 0~

OM 2 4 ,~O

O M 3 8 , --
OM I ~ ,20

1 ~~ .4' 6

( In c lUd ing POa, og a )
(ln~ludlng po.tao. )

d loda. )

sse epOI f,. a Qu a n c y
(HC . , e / U)

0"VXO OJ 9 ZF:l
(F'C-boa..d, c oli

QUIl"U cry. la l ( ~~ .~78 MHz 10 "
0 " o th . " c"y . lal In . a ma r-e ng.)

A ll e .. ee... mu. ' b. p ..epald b y Ch.qu. ( Ch . c k ) or monay o r-da.. m.d. peyabl .
10 Ih . benk eccount 0 ' ti"l a na llonel r-ap.....n l. tl". , 0 ,. to .h . publl.ha.. .

UKW-BEF:lICH TE . H . n . J. O ohlu. , OJ J QC - 0-8~20 EF:lLANOEN ,
Olalwltz ... S l.... .. 4 ~ _ W• • ' a .. n O a,.m.ny

e.nk.cc o unl l
F'o. ' e ch.ck I

Oaut.ci"l a B.nk E ,.langan ,
NO,.nba,.... 30 4 ~~

No . 476 J2~



PLASTI C BINDERS FOR VHF COMMUNICAT IONS

• Att r active plastic covered In VHF blue

• Accepts up to 12 editions (three vclume a]

• Allows any r eq utred copy to be found easily

• Keep s th e XYL happy and contented

• Will be sent anywhere In the world for OM 5.50
including sur face m all.

Or der your bi nde r via the national representa tive
or di rect fr om the pubttsher-a of
VHF COMMUNICATIONS :

V E R LAG U KW- B E R I C H T E. H.J .Dohlus oHG
0 -8520 ER LANGEN (West Oermany)

Account: De utsche Bank Er langen 476 325

PRI C E RED U CTION !

Due to the popular ity of the DJ 6 ZZ 003 fr equency counter we have been
able to r educe the pr ice of the pr inted ci rc uit board and ktt to OM 48. - ­
and OM 340. - - respecti vel y.

Now Is your chance of build ing a comple tely fool- proof 30 MH:E counte r for
an extre me ly favourable pr ice . Double coated PC-board with through contacts,
no dr illi ng or bridges neceaear y. First counte r IC selected (or a minimum
of 30 MHz.



-~i~

60 dB
11-1SV/15-22mA
200mm II B3mm . 32mm

so Ohm
11£ V for 10dB SIN
4,5 kHz (-e dB) 12 kHz (-to dB)

Inexpensive VHF·modules, manufactured by the STE-company of M ilan. who
are well -kn own In profession al telecommunic ation circle • •
Europ e an components , Europe an manuf acture . First-cia.. com me rcial con­
atruction and quality. Available from the publi sher. of VHF COMMUNI·
CATIONS or the manufacturer • . Please request furth er Info rmation from
Verl ag UKW.BERICHTE, H. Oohlu l oHG, 0 -852 Erlangen , Gle lwilzer Sir. 45.

MOSFET 10 metre receiver AR 10: OM 208,45
Alli llabl, for 28-30 MHz II IF IIr1P for 2 m con ve rte rl , or for~28 MHz for recept ion of
th. c illte '" band or for 1,1" with th, 26--28 VlrllOI'l of the AC 2 co nverler below. High "1'11111·
",.ty enlur• • I"'cllllni , hortwl ....1 rlcephon. Tha good la rge -Il gnal behaViour make. It IUltabt.
for 1,1•• II an IF etnp for conv, rll ri . Doubll l upe rhll with cry ltlll ccmeoued ..cond conver ..on .
" Itllgl ..cond IF of 455 kHz, Bullt· in SSB lind CW demodullltOr, ConnecUon, lor S -mltlr,
n0111 llmlter / eq ul ldl , P'lperld lor 1I11111111llon of I pllzo-cerllm ic or mldlllniCl1 filter , A
dllCrlmmltOr modu li II IVIIUllbl1 .a thlll thl recelyer cen be I Wl tdled 10 AM, FM. CW or
SSB. A mlletung AF-modul1 AA 1 II I lia IIYllllble

Speclflcellonl:
Input Impedlncl '
Slnllllvlty:
Sel ecllvlty;
Imagl Ind Ipuriou l
lupprelllon;
Opeflung volllgl:
Dlmlnllonl :

144_ 1"'6 MHz
28--30 0, 25-28
22dB ±2dB
SOOhm

OM 130.68
10. Nlulr,hzed FET Input I tl g.., pulh-pull f ET ml.er.

FET 2 metre converter AC 2:
Thl m,tdlmg co nvl rll r 10 rlCI' Vlr AA
Crylla' 386667 MHz (HC·25 /U).

Splcll~llon. :

Input freq ulncy :
OUlput freq ulncy ,
Glln,
Input Irequlncy :

NOlise factor:
Imegl eupp,,"lon:
Operalmg voillge:
D,mlnl lonl '

I .B dB
> 70dB
12- 15 V / 15-20 mA
120 mm IlSOmm 112Smm

12V/400mA(mall . ISW)
l SOmm 11 4Bmmll 32mm

Operellng vcltege :
Dlmenllonl '

Tran,i,lor Iransmitter AT 210: OM 152.90
4·llIge cryllll-conlrolled trenemlttlr wIth modullling trenllormer end I nll nne "lly, Elpeelally
l uill ble fOl" porlabll Ind mobile Opefillon from 12 V, C~IIIII In 72 MHz fangl (HC ·2S /U),
Connection eVl lll ble lor e 24 MHz VfO

S DlClflClt lonl :
frequlncy flnge: 144--146 MHz
Out put powe r
(unmodulaled Clmer): 22W II 12 W

2.8 Wet 12 W
3 Ohm
2mV for 2,BW
300-3000 Hz (-3 dB)
< 2% eI 2 e W/ l ooo Hz
150mm II 46mm II 32mm

Modulator and AF·amplif ier AA3: OM 82,50
4'IUlgi modulelor Ind aud iO amphf'l' metetllng thl trlnlm,ller AT 210 or recllYer AR 10, Bulll ·ln
relay I Wltdl.. thl moduillto' 10 lhat II Cl n bl ulld II lud,o output lor thl recewer. Outpyt
poWlf more thin lulflCllnt lor mobile operetlon

SpeclflCllio nl:
OUlput power :
OUlput ImpedancI :
SlnlWvlty :
F,equency relpon.. ,
Oillortlon:
D,mlnl lonl '

The lbove men tioned module. Cln be combined 10 form e compllte Iwornetre tflnacelver.
They are l 'IIUeble e . lIoell In Erllngen.



CRYSTAL fiLTERS · filTER CRYSTALS · OSCILLATOR CRYSTALS

SYNONYMOUS for QUALITY IndADVANCED TECHNOLOGY
PRECISION QUARTZ CRYSTALS. ULTRASONIC CRYSTALS.

PIElO·ElECTRIC PRESSURE TRANSDUCERS

lilted il our we ll·known •• rie. of

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

In ord.r to I lmplify mltching. 1M
input and output of 11'1. filler. ce rn­
pr.,e tuned dlfferent l,r "In,for­
mer. with galvan iC connecl lon to
11'1, c. , lng.

F,Il,r Type XF·9A xr-se Xf·90 X'

App hCluon SSB· sse AM AM •Trlnl m,! ..-t-:Number of Filler Crya'e l, s • • • •
elndw ldth (&dB down) 25 kHz 2 . kHz 375 kHz 50 kHz 120 kHz 0 i,

p, ..b. nO A,ppl, < , dB < 2 dB < 2 ee < 2 dB < 2 d8 f.
In••rtlOtl LN ' < J d8 < 35 d8 < 35 dB < 35 dB < 3 dB ,.
Input -Outpu t Z, "" U ""U "" U ""U 1200 U ""U
Te rmlnll ,on C, J! of J! OF J! OF J! OF J! OF J! OF

(65Od8) 1.7 (6 6Od8) 18 (6 6O ( 8) I 8 (6 6O(8) 1 (880 ( 8) I. (8 M dBI2 .S
Shipe F.elOr --

(6 80d8) 22 (6 80d8)2 2 (680 d8) 2 (6 80 (8) 2 (860dB) " ..

Ul t lmlll AU, nUl l lon > 45 dB > 100 dB > 100 dB > 100 d8 > 90 d8 > 90 ee

KRISTALLVERARBEITUNG NECKARBISCHOFSHEIMGMBH
o 0824 N. cb rbi lldl of. h. '", • Po.tfKh 7
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