
J20419F

A PUBLICATION FOR THE RADIO AMATEUR
ESPECIALLY COVERING VHF, UHF AND MICROWAVES

VOLUME NO.1 EDITION 3 AUGUS T 1969 usS 1.00

--OJ 9 ZR

•
l

I I • •
, . II I • II I

' =
• • • II • • •

-• -• • -- - -- II '• •- - -

•



CONTENTS,

II( P T,............ OIIlZA

I( P 1, ...."" , Dlll ZR
It P T, , OllilA

o [ Sch " OJ ' BO
H J Dohl OJ 3 OC

J w OJ. AU Ind
a l . ur" Dl e 11 ..
R l in... 013 WR
r F I\IO' I, OJ 1 PIIB

r"" .".uot , Pf",t" ~ "CII " ~ .....,., ••• on tile 0 0 1
p",nt.d "",,, ne••
... 1~ "'1'1,11 "'HI 'IKI'''' con". "" ""IIQ pr,nt.cl 'nMl_"
It II I,IH, If W PG'1,on ......... "'10'<;1" '" ( " C" ,I.

l,,,,,., ''''.-0'' '" c"c",t, 10' 1...' .pphc.l'_
D.,.,m,n,"V ,... ''''~''C' of q " •• w' '''' O,O</ftd pl. ...
,nl,nn..
.. e.Iob,.,.d .11."....'0.
A .,,,,pl, ,I,ct'on,e f....
, ... 2 _ ". " , n, m,n. , " I. !> "" 1'1 2 ... n......n Outp" , I t In
ope •• t,"II ...oltaQ' III 12 \I

.,.g. 121_121
PAO" ,~,:)!o

paQ' lJ8-1!\O
158 '!Ie

ING.1SI -I!>7

_. 160-1611

_" 11&-113

INCl' 11_'1 8

poooq. ' 19--181

VHF COI,l "'UNICATIONS, ,... ,nt. rn' hon. ! ""',on 01 ,h....11 ·....t>..."-d 0"",," ~b"UllonUKW-6[RtC HTE
II • Cl.._I~ .... . t.... ,lId ,o IIU.... .._,.11~ C.I.,,"9 10' ~ VHFNHf!SHF I";'nology Publo."-d ,,.,
F.b"•• ty , M.~ , Aullu. 1 ,"'d No". bto.
Th••ubK"pl.on pt,c••1 US S J 00 ew ,..,,_1 'lIu ,• • I.... pe, ~••, 1<!d•• ,cIu. 1 cop•• • • ' ••••••• b•••, S • 00 ,
01' ' lIu,... I...I , "cto
S..b. c"phOfti. ewel.,. 01 ,,.,d,.,d"'1 Cl)p.II, p..,cto 01 prl..lld c"c".1 bOl,d••n.cl act"." •••d '1'1<: ..1 co"'po_
,.,..... , . d..." ," ,." ....d conl"b,,' .on. 10 ,,,. 11 ,.,. "'o"ld b• • dd'....d 1o 11'1 .,on.1 ..pr...,., I." .....
II " ,"'port.,." 1 ''''~ thing' 01 . dd ' , ,, bI ..pol1td II .00'" .. pOI . ,bl. 1o .,.,,, !I,. CO"I(I .,.,d p..I'I(; .".1
1",• • 1 o. 11'1. p"b IoClI,o'" P i.... g,•• ~o"• • dd.... ,,., b l oc~ I.n"••,.,d .... ...".. to pl.e••" II,c'I"'I pO. l'lIt

AU RIOMTS Rf SfRVl'O Rtpt ,,.,I. ew U.,.,.I II,onl I ...... t "I'I(~J Oftl~ ...'111 I'" ..."n.,., .ppro... 1 01 ttl. ""bl ••II"o V"I"lI UKW·8 £JIIC MT[

P"b" ....... V[R LAO Ul(W-Bet,dlI• . H_ I 0 0111"•. OJ J OC. 0 «.20 fFllANO(N 01" "" " " Sit 15,
FId"I' R. ""bloc 01 o........~ . T.I (0 " 31J 3332'3

f dliOtI Robe " f 1.. ,.,11, Ot. 3 WR T..ty 0 B.n... , 0 3 J'IO . 01 0 8 0
PT,,.,I.d ... I'" F. eII'. , 1 Rt"" bloc 01 O...... ,., ~ by R.d'llfd R.,ch,"' blch 1< 0 . O~ N"..nb..g , K..',IIQ....~. 39

VERTREtUNOEN

A......
A". UI I I
8t 0 .....
CI,.,.d.0.,.,....,.
F..I'I(;<'
F,,.,I,"'d
a..,m....~

HOII" ,.,d
Iloly
t." mbo" ' l1
No ~

So" ,n AI" CI
N. ... ZII II ,.,d
S"", ... , Po""O.1
S Ott,.,
S ",.".1>d
U,.,,. el 0< "'~dom

US A htl Co. ,

US A C....".I
U~ A W,,'Cou,

REPRESEN TATIVES

H..... Don ", 01 J OC 0-&.20 ERLANOl N 0 1" '''' ,1", SI..ll. '~ ••• a..,....,., .
WIA PO Bo. 6" f ... Me bo>.!.... ~ V,CIO"
[ D. '0'" O N IK 811'tlO HAMME 0<."""..... to 10",10'" (062) 1;10157 PCR seenl

US<
",,., II b.(\" S M OTT O''''boll'''''' I S 21m MA.l.MO Ttl ' 9 16 11l PIa I"IO K. bl "'''' '' ''' !I

Ch",1 " M <"It F 5 S M F.fi PARL'o' II' P, II. CCP PMIIS 16219 bl
Et,oVllio 01'1 2 NX 04'40 S ALINKAA POllll"o 1m ».0 ,,"'d To lllo'" 1I1~ 26!>
'1,'110 UO< W!lERICHl[ 1'1 DOl'll". ,, 1'1 0 D-.e~2O [RL ANG! N O I......U., S,. t5 hl,lo,.,
(Olill')3 JJ 23 • 6 llllll D.. "I.ch B.,.,. [, 1'''110'' K,o 116 m Po,"cho<I. 301~ N" mb. ,O
t; 1'100011'801 PA 0 MSH ALMf LO 0,."1......,1(1 g lto IJ12J187 lOl~fo" 10S0I90) _ T7l\6'

TI •• I [120M) "'" mon.ooo I~ I <'0131 MILANO hi ' I 189' ConlO Co,,,n,,, POOl"" ... "'8
1'1 W . ntr U< 1 C W r~,.",.,o'" OUDHANOE PO,I.ch.cHon,o 1 7O ~
H rh g ~A . VO Ph r d....,.,." I~ N 1321 L'o'SAI«R p. 0110 PO.lg" O )11!OOO
A." ,,' Hemol.y lS ~ 0 PO eo. f,ol PQ' Nf D~'b.... T.' 31212
E I.' l 'm....'m.M Zl , AOO PO flo . ~ WELl SFORD Tt l 1lO ...
J,,' 0 A P .. ~IO A'on, o [ A I (;1 MADRID 15 00"010 COol" Y 5 -B f.' ....J 8J III
S".,., I.cobeon SM 7 OTT S2tm \lALMO O m bog l l' " I T. I 1lI1l1ll] PO.,g'o 11 0ll «
H.... J 001'1 ... OJ J OC 0«.20 (RlANO[ N 0'""" "" S,•• II••5 ••• G..m.n~
MICROW AVE MODULES lid I No... ,ng W. y WORTHING SSX T,I 0II036Ull
VHf CO l,l\lU NIC ATIONS R"" P I .bu'~ K 1 TXB I. Cary An6<ollOft W 2 UCZ 915 .... ".'h
\I." S, A... [STOW.... NV 11701 T. 7'(>.(61/>315
801> E tk' WOI NC !IJ 5, An.cl' ." RAPID CITV SO 5170' hi 1IO&-:lI2 " ' .1
r'J...~, ThO' l'" C ,c~" SIMI ."... Co 80. :l'lI / SCOTtSD ALE Al 8!>251 h i l'tl1 91V"lI



VOLUME 1 AUGUST 1969 EDIT ION 3

P UBL ISHER : VERLAG UKW- BERIC HTE
Hans J . Dohlus, OJ 3 QC
metwuee r Str asse 45
0-6520 ER LANGE N
Fed. Republi c or Germany

EDI TORS : Rober t E. Lentz, OL 3 wn
Terry D. Btttan , G :I JVQ

OJ .0 5Q

T HE E n 'ECT OF THE I'H1NTEU CIHCU IT BASE MATEH IAL
ON TI l E Q OF PH INTfW INll UCTA ~C ES

by 1\. . 1' . T'Im m an n , D.' 9 Z H

ln for-rnat lon a ll ow in g thl' Q lind Inductlvlly o f p r-Inu-d Induc tances Is gt vc n In ( I)
and (2) , when munutac turtn g IIUdl In ductanN's . it ehou.ld b.. not ed tha t tho' d l ~

eleet r fe con at a nt t, t he d l,'1" c tr lc Ic e I tee tor tgo a nd the' thl ('l(l\ t>11I of t ho' ma 
te r i a l " s lU'nt la ll y Innu ,' n('{' thl' Q . H th t, dlelect rlc c onsta nt III Inc rt'alwd, th l ..
not only CIIUS.. II th t· conducto r 10n (' lu b., loa ded by t ln- capeciti vc cUrrt·nl . b UL
flill o mean s lhal lh,' d l e l.. ct rtc 10s11 uf the Induclanc t>1I will l n- Incro'lIl1 ..d; In llw
c as" In que lit In n all tho prod u c t of llw dl.. \.. c t r tc conata nt I an d 101111 factor Ig eS,

1' 11 .. r ell ultll ollll'v.. ra l cxpcrtm ent e m a d,' by th e au th o r- art' now gh",'n 10 IIlu>l',
the tnn ucnco of loas .. rr..cte .

I. A IIpl ral prlnlt' d Induct a nc l' w llh uu-ee tu r na a c cording to F i ll, I w ill hnvc
an Ie duct tvtty of 0.1 5 u ll if -Ih t> follow in g s pl'cHlc a llon. e r-.. mu tnt n fm-d r Ou t s ld ..
radlu ll 1. 3 em . c ond uctor lam- wi dth 0,6 m m , tu r n s pacing I.ll m m , conductor
rnatc rfs l coppe r'. length of t he cond uctor lenc 11 I'm.

I , I . Acc ording 10 (I), pa ge I I, 1o' lg . 3, poInt 5 , a c onducto r' rt' IIIHta nco' of
-I n per metre wil l r e euu al a frequ('ncy o f 150 Mll z, Includt ng the IIkln t'fft'Cl.
A. a r e s ull of t he cu r-r-ent dt splacemem tcwarde me c onductor ,·dgl's , Ihlll value
will b(' Incrt'alll'd to 5 n pe r met re .

A radlallon 1011 of 20'- mUll t addll ionally be a8llu m t't !. Th e rottowtng ('akulll
uone will r u ult :

Loal impedance
Hl'a c !1vl' Impedance
Q

R • r- It 1.2 It 0. 11 m • n. 66 fl
X • .., • • 140 II
Q. X/H. 1",0/0 , 66 • 21~

1. 2, An Indu c tanN' accordin g to the- above l>1'..c lfkutl"nH wa ll buil t u p on a n
epoxy printed circuit boa r d, Th., m oet Im po r-tnnt VahH'H of lhit! mat et-Iu I an":

OI.. I,'('l rlc conatu nt
D Il'1('Cl r ic 101111 rUdOI' II: d
MO'IIHU/', 'd (~ of II... Inl!ul' lu n('('

• 5 , ~
Ill " 2
12U
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1.3. A turtht'r inductanct' ha vln ll: Ih....erne dlml·naion. waa bull l up on coppe r 
coatt'd tf'non ( P . T ..... E . ). 11u.' characleri.tic. we r-e t

metecrrre conat.nl
D teleet etc lo.a la c to r t, e
Mt' a au r l'd Q

2. 1
• 10.4

• 20 0

2. A rectungula r- p r-int vd Inducta ncl' with t h r-ee t u rn. wa a men ufa c t u r-ed acco rd
Ing to "'Ig . 2. The conductor Inn .' width III 0 . 8 mm, conductor IIpaclng III 1.6
mm and th e conductor h, n¥th II 18 cm ; the lnduc tnn cl' or thll coil wall mt'aa
urf'd to bl' 0. 19 /.1 11. Acco rdln& to (I I, tht- fo ll ow 11'11 data can bl' calculau'd at
I ~ O Mll z .

Lo •• Impedance
Hear-t tve Impedance
Q

1t · 0 . 96 n
X • ..,•• 170n
Q. ill

"'11 . I : Spiral printed
Inductancl' with
3 t um_

__l' -_
I I

CJLf
- ~'••---

Fig. 2 : HO! c tttngu lar
p rin t ed Induct anc e
wi th 3 turn e

A coli havll'l' th e gtven dtm enetone wa a t' lch" d on a copp... r - pt.l l'd \l·non
( 1' . T . .... ». I boa rd. Th.. Q wa . measu red a nd fou nd t o be app roxim.tt' ly 17S
wh ich p r.c llcally coe- r-..aponda 10 th ... calcul.tt"d v.1ue ,

Thl' vatUl.'1 ,iYt'n In 0 ) ahow t hai the a plral p rinted lndvctanc e will ha ve a
loml·wh., hlght> r Q than the rt>ctangular type allaumln& t ha t t he Inductlvity ,
conductor .... Idt h a nd I pacln, lin' Ide nrtcal , Th.. meaeu t-e d valut'. I how that t h..
VA lUl"l g t ve n In the r t'(l"r l'n c l' a a r-c ma lntalnt'd in p ractic.. a_ long a8 a _u rrl 
c Ie nt ly low-lo.a bRae m aterial la uecd.

R ..:n: n ENC ES

(I) n a dlo Eniine erln, lIa ndboo k. 1968 Edition. Cha pll' r ~-22 , I-"l•• 38 . 39.

(2) Ml"ln kl"{Gundla ch, Ta . c ht' nbuc h d e r- l loc h fr t' qul' n zt t'c hn lk
2. Au n a l t', lll'rlin 196 2, I'alll' 19
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A 14.5 Mll z /9 MH;( IU:C EIVE C ON VEHTE H USING I' RI NT E lJ INlJ UCT ANC I·;S

by K, I' . Tlmmann, OJ 9 Z R

Thill 2 m conv~'rler Willi <level0l'eti Cor uec In a IIIlngll' c onve r liion super-het na v 
Ing an tnte rmedtat e Ie-eque ncy o f 9 Mlh , T ht' ad va nt a ge e o f t hte c onc e pt art' Ih .'
~· xc t' l1 ..n t larg£>-Hlgnal eharllct .. rht!cll ( e r olllll - m od ula l lon, Imermodctauon r-e -.
j " ctlon ) anti th e usc of popular and ineX P~'n ll l v l' 9 r-.11 1 ~ eryllal CUtl'rli. A d~· 

tall{'ti dcec r-tprton of Ihlll ccnc vpt WlllJ gtven In (I ) ,

A vartabte fn'qul'ncy of 135 to 137 f\f Ht III n ~' ~·ti .·d 10 e onvert th~' 2 nWI I't' ",Ii 
nat to a Itxod Int ej-medtate Ir-equency o f 9 Mlh , The phaee-Loc ked oactttaro r
de sc r-tbcd In ( 2) and thl' VXO gt von In (3) ar-e (' II!w cla ll y Hultabh.· for t hl ll pu r 
pOIIC. Thill recetve c onvc rt e r- ro-me , togethvr- with the 9 Mil t I F portion . th.,
matc hing r ecctvcr for the 5 W ssn rrenemnwr de sc r-tbcd In Edition 2/1969. T I\('
varioul lIub-alJlJt'mblLl'lI : pha se -J oc ked oecttteto r ( or VXO) . 5 W SS U transmit
1('1', rec eive conve rt e r- 145 Mll z /9 Mll z and 9 Mll z IF po ri Io n can he c om b ln ...d
to fo rm a very mod"m 2 met r e t r an ec etve r for both mobile and tixt'd cp.. ratlon.

1. IH ;SC IUPTIO N OF T HE C IHC UIT

T'he ci rcuit diag ram of th e c on ve r t e r I ' gtvcn In Fig. I , Stnce Itl oll"I'ation III
e xt t-emely eirnple , It Is only nece aea r y to expta tn c er't al n detallll o f the ci r c u it.

I , I . MAT CIIING TRANSISTOR T 1 1'0 TI lE AN T ENNA INI ' UT

Th e In put Im pedance at lInt~' I o f t rnneteto r T 1 ( HCA tYJ>l'lI 1'/\ 71 53 0 1" 40 600 )
III app r oxlmat cly 3 kO al 150 MHt . In order 10 ectucve pow e r m a lc hing, it III
n ec e a ea ry t hat the Input otrcutt 18 a l so of t hlll Im pedance. Fo r b"lt 8l'n lfltlvl ty ,
howe ve r , It III n l'c,,"lIl1al'Y for t he transformatlon ratio of t h" in put c n-cuu to be
made am a lle r-. A Ic ed Impedanc e o f 800 n III nt' c " s lJa ry fo r t he n ol s.· mat c h ing,

A al m pl e J>arallt'1 reecna nr circuit , c onllsllng of p rinted Indu e ra nee L 1 ( a ppf ox .
2 1/4 turns ] a nd a ceramic t rim mer, II u s ed for ti-anafot-mat ion, Thr- ho t e nd
o f t hc r eson ant c1 r cu it III connected to gate 1 of trune tetor T I, 1'11.' lApping
point for t he e nwnne connection wa ll fou nd by e xpe r-Im en t ulii ng a caliu ralt'd
and m a t ch ed no i s e gene r-ato r-, Si nce t he tapping po tm Is alrt'ady p rov id ~' d on
Ih e P C - boa n l . It III not nt'c l'llIary for t he conslructo r to s eek the m OHt fa vuur
a ble tappi ng point .

1. 2. DiMIo;N S!ONl NG OF T HE T RIPLE ~ CI RCUIT Io' ILTER

Tht' calculation of th e m oat Iavcu r-ab le filt t'r epectrtcettcne , expec latly tlw " oupl ~'

ln duc Uvltl ClI, hi vl'ry Ume -consum lnJ{ and dc e e nOI Indtc at .... th~' coil tiltn"llH lon ll
a nd s pnc ingll. For thi ll rea son , thr-ee eampf e In duc tanco 11 1,01lllclI slng f''''u u l'a blt ,
c ha ractt'rlsl!cll a nd dlm " n lllo nll we r-e m ade a nd a rrang c d to obtain the n 'qu ln'd
pa aaban d cn a rec t e r te t tc e on the cac il l oec ope ,

Th c loade d Q o f the c1 r c ults c om prlRlng L 2 and L 4 Is appr-oxtm at ely Q - 50
In thplr noer-c ou pled condition ( non - load r e sona nt tmpeoence H kn , L 2 uump
~'d with 10 kU by I h~' Imp.·d anc£> of tranllilltor T I , L 4 damll"d at til., capac itive
vol ra gv divider by the Input Impvdance of t ranll ill tor T 2. At t ilt' m e et Iavou r n ble
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m l xln g l(' v"'l . t his Im pt· t!a nct- will Lwapproxlmat (' ly 2. ~ k n) . Air . pac t-d trim 
m ",r s ar ... u .",d for t uning a t t Ma point 10 e nau r-e- a hi gh Slabilily and ttl ma ln 
lain the high Q . " spec ially of tilt· tm e r m ed tat e ci rc uit. Funlwr d etail. r e ga rd ·
In g rne advanta gt' ll of the In t...rm..dia l e c ircu it lire glvt'n In (2) .

The cou pling o f Ihl.' circuit ... sel ected so t hallh(' pa s sband rIpp le I. no t g r e a t e r
than ± 1 dB In t he pa8llband ran g'" of IH to 146 MHz , Ih a t an Im ag l.' r e j ection
of ove r ~5 dB ill oblaint"d a nd Ihal th.. 9 Mi ll IF r e j ec t ton Is In the o r de r of
n c ea .

The m eet Imporl a nt co naidvr-etion allowi ng the h igh lltopban d an enuatton o f t he
fUt e r t o be a chie ved ill the lo w capacit ive Int e ract Ion o f t he Induct an c .... a . we ll
a ll the Indu ct i v... and c epncn tv c coupllng b... t ....e en th ... in du ctan c.... L 2 an d L 4 .
Thill I. achie ved H rlltly by thl' lI ...l eered ar-r-angement of the colla and s econdly
by the a .sembly o f t ln- board with a lIpaclng o f 20 mm para ll e l to a c ha ssis
pl a te , Th... g r-cund conducto r of t he I' C · bo a r d m u st a dt! ltlon atly b... low -Indue 
t i v(' ly connect ed at 3 s pt'c lflc point s ( a t' (' F ig . 2) to the e haaais pl a tl.', 110 tha t
no epu rtcu e r e ecna ncea can occur-.

1. 3. V"-O·VOLTAGt; IN .J EC TION

A t run erorm at tcn III also r-equl r-ed here b.' cau l .. the Input Im pe da nce o f gate 2
o f t r -analsto r T 2 I' r l'1a t l vl·ly hi gh and, on t h.. ot h(' r hand , t he f.....d c able for
th ,' ollci1lalor voltag" mUIiI b(' te rm tnated .... It h 6 0 n. Thi ll I II alao achleved with
thl' a id of a r-esonant e rrcu u e qulpp..d wilh Ih t· pr-Inted inductance L 5 , wh ich
po.II ... SIl(' 1I t wo lapping po tme , T he bi a s von ege for gate 2 II obt aln.. d with the
aid o f t he volta~ ,' l.liv id,·r In k n - I SO k n. Th(' c ec lltetor- vc u a ge II obta tned
vi a t he lIt' r l"," ci rcuit 180 n . 82 pi': th e 180 n re lll .lltor la pr-o vided to avoi d
III'UriOUll mi xing of Ihl' rec ctv e voltage and t he cec t jl e tc r- ve lt a ge ,

Fig,4 :
Noiu fac tor of the mhrer
trana lator 13N140 Of 40600)
as a fun ction of ttle au xilIary
oscillatot volt a ge at ttl.
60n In put

0.75 v,,, 1.0os0,25

s
1/

/
1/

7.'

"dB

10.0

o
o

1
No;.. h1l;t0/"5 ,D

01 tII.mjUI

"
ltv.1 of tN 136 Mi'lr OIc iituOI
volttg. into 60n

It xhould bl' no t ed, Ihat t h,' conve s-stcn n Ollll ' o f t r -n netetor- T 2 wil l inc rt'II.11 e
t0 l!:l·th.·r with tllt' oectttato r vohagv, lIa 1.11 shown In Fig . 4. Thl' m Ollt favo u r 
ablt· valu.· ill obtaln "d a l Ill'l'rodmal t' ly 0. 5 Vr m ll Il.c rOlla th .. 60 n lmp..d a nce
o f th,' I'C-bo;l nl; ut In wl' r Val l.l "ll . t he nc tee w ill b.. r e duc ..d , bu t the ccnvc r-etcn
Rain wil l lIilllull/l.n,·o l.lllly d rop,

- 131 •



I,
I

I..
ii.

--I I

' "I

efJ

I i
& l:J t::.J t:H::l

1--- - 1

l'..

~.. ."·,"
.~ :,:,' I

' n

• 0·, 1 00Y
'

~ J (., .
. ~; oj: a

• • • 1'. 010• -=- , &i'l. 2io+ -0: .... ~
~ ~ ··z •.• • •~ -=-!

I•• , ,- •n
II ' - ng

'" 0'I ••
c! •
~-
•!

"e - .( •• I"•• .....N. -•
",[I. 013' -e;>·

I - It- • 0'-J ~ : ,, ._0'. j

I r. II~--.--~j!,-;~.
& . ».;- I""t.. f.l<t ~
I t . ~J ~.
; I! :;+ .. ~:: ...,,?
I I' -e;:t~o o~: • ', I - 'f
I I '-( !},;v 1 •

!! .~ r I
FIG <-I

- 132 -



1.4. MATCIIING OF TilE 11 Mil l. O UTI' UT

Tho;> m oat fa vourabh' load [rnp..d llIlU· for the m tx e r- t r a n,I ' lo r II npproxtmmely
3 kO: th~' nomina l va lut, for Ih.. IF, ou tpu t o f th., P C - boa r d , ho ul d amount 10
~OO 0 In the c a ae In qU" l llon . stnc e Ih e in put Im pe dance of t h.. 9 Milt IF po r -.
lion ( c ryl l a l filler Input J ha l Ih l , Im pedanet· valu~'. Th.. m atchln e l a m ade by
tranllformat lon with a c a pacit ive vo ltaet" dl vi lion (100 pF • ~ fiO p~'1 at th.· n ' »o _
nant c i r c uit. Th~' Inductliln Cl." I. 6 com p rla l."a 2~ t urn a of O. I mm I 38 AWG I l'n
am efle d copp"r wlrl." wound on a 4 mm coil former .... lt h cor-e •

1.5 . CONTROL IlANG ~: OF T ilE CONV ~; HT ER

The ove r au e aln of the conve rt e r amount a to .pproxlm.Il"ly 18 dB: It c a n bt,
redu ced by approxlm.ll' ly 15 dU by altl"rln e uie voltael' at ea l l' 2 of tran alator
'I' 1. Th l a v. r la tlon ranil' I. com plet ely . u fric le lll fo r c ont rol purpoal"1 If th ..
conve rt ...r la u .ed to et'ther with the d.... c rtbed IF board . Trallll .lorT 3 . nd th ...
tw o volt .ge divld ...r c l rcu lu 220 kO - 39 kO and 22 kO - U kO art' prc vtded
to match the vo l t.ge ran g.· o f lal e 2 to the volt.1l1' ranee .t the cont r o l am
pllrit'r output o f t he I~' boa r-d. Thl' c i rcui t c a n bt - c o r n·,pond lnely m odtrted for
et he r cont rol voltaee ran ll:l-' "

2. MEC IlANICAL ASSt:MUL Y

Thl' c om po n...nt location plan a nd . d laer . m or thl' p r-Inted c i rcu it bo a r d UJ 9 Z R
006 arc elv.. n In F li , 2 .nd 3, Slnc l' th~' conll ructor o ft ...n I'n c oUnll'rI d lf fl cu l-
tt e , In malnt.lnlne tht.' . .. \r-Induc tlvl!y . nd cou pllne o f th requir...d Induct anc.. . .
the Input Inductora L 1 { 1-10 5 Mil l I, the auxiliary tr qu t' nc y induct.nct' I. ~

( 136 MHI ) and rne Inductancn for t he triple-circu it fUt er I. 2. 1. 3 . I. 4
( 14 5 Mill) have been prln t...d onto the print I'd c i rcu it board , In o rd~' r to i\la 
rantl'O!' a h lgh Q. Il."non hal been ee te e te d a a ba ae material , The I'C-board c a n
be pluigt-'d In a nd r em ov..d It a matchlne connec to r la us ed . Connec t lo n 1>oInu
1 t o 7 art' gt ven In ~' I i . 3.

2. 1 . SPECIAL COMI'ON t;NTS

C 2. C 14 : 3 , ~ - 13 p.., cer-amtc di a l,' trlmm"r 7 S • Trlko 0,2
C 6. C 8. e 19: 2 - 13 p .... a ir a pac ed trlmmpr II LJ II • 13 /0.25

T I :
T 2 :
T 3 :

1. 6 :

TA 7 U 3. 40600 or 3 N 140 manufa c tun' d by (teA
3 N 140 manufac turt'd by n cA
BC 182 A m anufac tured by T l"XII 1000H rum..nt, o r Be 108.
2 N 39 04 . 2 N 2926

. t·e 5('I: ( lo n 1 .4 .

III gh quality c e r am ic d l l C' ca paclto ra havlne a "'~' ry 10'" Int rlnllie Inductlvily
lIhould be u aed for all otlw r c a l>acltor a . Hl' a l l t o r . havln .ll a ra ting uf l /l U W
can be uaed ,

IlNC s oc ke t fo r t he H5 Milt Inpul .
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2. 2. MOUNTING 'rtu: COMI'ONf,;NT S

The com pco e nte Ilvl'n In F il . 2 a r" m ou n t..d on rhr- I' C - oo a r d ( F II . :l I wll h
t he dlm"n. lo n. of 31 m in II 162 m m . Thc I ~ pF capac no r C 10 at t he c a pe c t 
t tve volt.I t' d lvldl' r of the fllt .. r circuit comp rl.lnl I. 3 Ilhould t\l' Il mic a ca 
pacitor .0 Ih at tht· drcull Q I. nor unn("Ct.'lllla rily n·duCt>d. S"t'dal c e r-o .hould
be t a kl'n 10 t'nlu n' Ihat the JOO pf" capacitor C ~ at t h.. 10u r CI' c onne c t jon of
t r anaillo r T I ha l a low Ind uc llvlt y , A mica capacitor o r a c e r-e mtc mult t
l aye r c a pa c it o r I. mOil . uUabh", n iUrt'. 5 a nd 6 Ihow pholog raph. of the
p r-Inted ci rcu it board from both .Id.. . . A bran ec rv..n ln s plah' ( 0 . 5 mm Ihlck I
tl lold.. r-ed bl'l wl' l'n t ranllalor T I and I. 2 110 thai a .tabll" o"o'ralloo II glInran
teed, Be t we e n t ht' lol dl"rlnl point a, ui e IC'n' l'nlng pla i t' mUlt ha vo' II I paclng of
1. 5 m ill to the P C - board an d mu.1 p rotru de 18 . 5 m m l>a l l th.· • •· potme. II II
polllbh', a rtl' r thll , to cornm ... nee- th e a llgnm l'nt prOC'I·••.

J. ALIGNMENT

T he aUllll la ry olclllalo r voltal l!' ( 136 Mll z l lJl. a IIInal i l'no'rator ( H 5 Milt I,
Ih t' o l't' r atln l volta il' ( 12 - H V I and Ihe 9 Mill IF port loo a n' connl,'ct t"d to
Ihe corr.... pond ln i polOl1 o f t h.. p r lnl t'd circuli boa rd. All 6 re.onant c trcuue
a rt' all lflt'd for m a xim um 9 Mll z .Iioll. Du r lol thl . aHinment . It l a not ne -.
Ct'I•• ". to damp the t rt pt e fIIt ...r- or 10 ca rry ou t t he aHinm l'nt a l al lt' r nal lvl'
f r l' qu ...nete e .
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4. n;ST R t-;S ULT S

Four 01 Ih~.~ ee e e t v.. convlrt.r. h.v~ be..n op<l'r.l .. d for .om. tim.. now. Tho:y
w.. r " buill-up by v. riou••rnl1.. l.: r. I In DL. G 3 .nd 01\ , .ccordan. to th.. '1",1'1

••••mbly in.trucllon••nd w.. rl,U found to h.v.. th.. follow tn. m ...eur..d v.lue e.
Th....m .. m ..aeurin. In.trumlnl. we ", u • ..cI for thl. m.aaur..m ..nt. a •• t-e ,tv 1'1

und.. r 01 .

• 1 Nol •• futor: 3 .0 d 8 Iy plc.l. 3.3 d 8 mallimum I T I • TA 71S3 I
4 . 0 d 8 typical , 4 . $ dB ma:dmum IT 1.3 N 140)

Tran.ialor typl' :I N 140 wa l ene ...n al mlx .. r Iran.I.lor T 2 durinC both
m.a.urem ..nt•. T il.. R · ... r l... 0 1 Ira n . I. IOr tyPO' 40 600 I. not r"comm"nd..d •
• tnee Ihf" 'p"cificatlona var)' .re aUy bl'l ween Individual Iran.l.tor• •

b) Ovt"raU .aln; 18 d B typical. at I~.at IS dB; thil .. 111 b" .urflcl~nl wh en u.tnl
a lood If' .mpHfte r.

('I Pa..b.nd rlppl~: :. 1 dB.

d) Imac" r"J,,('t1on: $7 da .
It-· r"J,,('II<>n of 9 MIIJ: .Imal.: 110 d B.

.. I Input Imp"danc,,: a pproll . 60 n .
Th l' e env.. rt .. r- I. al.o , tabl .. wh .. n no an t enna I. connect..d.

o OUl pu l Im pe danc .: $00 n ± 10"

al Cro.. · modulatlon : 20 m V Iy pl c a l. a l l~a .1 18 mV of an Inl .. rf. rinC .liTlallo
oblain 10'10 c rola-modu lalion on a wa nl ed .Ienal 0 1 0.2 u V. fo·r pQU t' nc y lpaC
Ii'll bt'1~pn Ih .. want..d a nd t h.. Inl .. rtprin i aliTIll: 100 kJIJ:.

hi 0 .. ... 1'1 . 111 711. 1101'1 ( r .. du c !ion o l lh" want ..d I lmal by 3 ellt I : allprolCimllPly Ih ..
a.m.. \.v..b aa ,tv.n undp r . 1.

If Ih. aub..qu.nl 9 Mil l. I..· portion il " cp.l IPPO'd wn h a IInp-.klr1t"d fIIh·" .1
Ih .. Inpul. Ih. valu.... Iv"" undO'r.) and hi wil l hi' valid for me ..holll r-ec .. iver- ,

s. AVAIl.ABU: PA RTS

TIl .. prlnl..d circuit oo.rd. varlou. Individual comport",l . Ind Ih~ ..hoi .. kit o f
part. In' IvaUabl.. from Ih. publl,h.r. o r th.. lr nllional r .. p"...nlltlv~a I ' .0:
our Idve rtilln, pa... I .

5 . Rt-:n·: RJ.:NCfo:5

(II t-:.D.Schmlla.": A Mod .. m Conc.. pt fo r P ortlbl .. 2 M.tr~ R..eetv.. u.
v ur CO M MU NIC ATIO NS 1 (1969), fo:dltlon 2. piaU 115-122

UI K. P . Tlmmann .nd V. Thun: A M1.... ·loc k..d olcut.tor for Tran.mil .nd
R. (' . lv!" Ml u · r . tn Am,l ~ur R.dlo l-:qulpm.nl.
VII F ('O M MUNlCAT IO NS I 119691. fo:d ll ion I, p' r '" 11 · 25

(3 ) K. 1' . T lmm.lln : V.rl.bl. J.'r.qu.ncy C ry.lal Ol cl1l l l o r ( VXO I for 136 Mlh~

VIII-" CO MMU NICATI O NS 1 (19691, t:eUt lon 2. PI I " 1 87 - 94
14) ll .dLO Ena ln . p r in lf ll . ndbO() k, 1968 . c h. plp,,:1 ,22, nlf . 38 . 39.
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A 9 Ml b IF -AF I'OItT ION USING I NT EC ItAT ED CI HC lTrS

by 1\. 1' . Hmmann, DJ !l Z it

Th t· follu.... in, I F- AF pnrtion ill d.. lIl,nt·d 10 ('on u' rt SS U lIi,nllllll fr om 9 Mil l
Into IIIl' AF rDn~t'. II .'omprllli"l1 a 9 Mil l. Cf'Yllilal flI h"', II IO(,liI l oll('IUalo r for
rece-ption o f t ht· 1I!tIl' band, a pr-educ t deIe-cto r , a ca r .. fully dim ,·nllton ..d l ain con
Irol lind a n lIud la ampUfl"r wit h an output pc .... r-r- of 350 m W.

I. C O NC I':!'T

l'h .· m Ollt Im porla lll ('onllld"l"a li a llll du rinll: tilt' cone ..pucn of rlldlo 1·.·(' .. Iv .. r l fo r
tfu- nu-t j-r- a nd dl·{·llIlt'l ... · wa v.·l.>a ndll al"t· lh .· Ih' nla ndll for low 110111" lind a h ig h
c roax- modula tfon an d tmer-modulation r-ejection of t hv O't.jul pm .'nl. T h.· .. ., d..m a nd e
aro' n,,1 only pluc ed on tilt' Inpu t drcull but 1I11l10 on th .. mix.'r a nd I F IIIDII: (>II,

In o r-de-r- to m eet lhl'III' tkmandll , Ih .· It' 1I11"Ip ('o nlihllll of :

a ) A cryliial til l e r dl r ..ct III th.· In put 110 lhal p racllcally no (' rolill-modulat lon
Intt-rre rvnc e c a n cccu e . Th ill, how" v" r, .... 111 ha vt' no t'frt'cl on a ny Inlll' r 
modulation c au . ..d in th.· I F IIIrip or dl'modulalor.

1.» A dy namic ecrurot rani" of mc re Ihan 90 d B in two llImpllfll'r lIagl'1I a nd a n
u.ddltlonal m anua l cent ret of 20 dB in both t he- 9 11.I 111. a nd A f' r-a nge, whic h
" n llu n ' lI lhal nve r loed and Intermodutation diNturliun III kt'pt at a mini mu m.

d A Icw -nc t ee c.llcOlI.· cln,'u lt in th.· f11'8t a llll'lifh'r IIlall l· . which m t'll nll t hat
an oVl'rll 1l aaln of th v ...-c .. Ivv mb,"r of 20 d ll will b.. lIulllclt'nt.

l ' r B("l lc a l t' kpt· rll·nc e hllll s hown th.· ..· "onllld" ratlonll to 1.> •• 11'\1 .' . nam ely th at it
ill Ildv illa blt' 10 kev p Ih.' ovt'ra11 ,u.in of th .· ,..·t"t·lv I· c onvert er al IlbOU I 20 d B
a nd 10 carry out t h lll a mplification In tht· l int·ar input ,"npli fl t"r IItal l'lI 110 thaI
tht' conv vr-s ion "'Iltn cun b. · k"llt 10 ....-. Thill meune that lh .· nol • •- fl lu r ll' of me
mt xe r- IIlal l' will only r-eu II" l.li'I'I·o Kim a tt ·ly 1'- of t ln- tot a l noi • •• rJlfUr., . In ad
d it ion 10 t hill, lht· 10..... cunv vr-.. jo n gain a llo .... 11 til<' UN" o f ml xr-r- c i rcu it. thllt
art· In"'·l1 l1 lt lv.· 10 oV" r loa <l l4 nd whit'h I'0" " " IIN 100U ""oll,-m od u la t lo n r ha r acl ., r
IlItiCII. A ccn verevt- d '·lIlgllt·t! l.l cc<ll-d in g 10 tll" II(' c un lllu" ratlollll III ut' lIc r lb..d In
th l ll e dillon or ViiI" ( ·OM MliNI CAT IONS .

2. Rf:GAR Dl NG THE I.IS f: O F INT f:G ltATt-:O C i RCU ITS

Typt, CA 30 28 A Int'·lral ..d circuitll h av t· b..t·n uII..d for the IF a lll pll fl .. r IIt lll"II ,
the olicl Ulitor lind d"modulalor lit a ,t' . The ty p.. CA 3020 III ulI"d In th .. A F am 
pllrlll'r and for Ih r- ('ontn,1 circu it. T ht' 1I 11' cornpon ..nlll ar.. m a nuflldu rll'd by HCA .
Sl'" F leu r ll'lI I a nd 2 for furll1l' r dt·tall•.

Circuli CA 3028 A t·onllll.11I or Ih.. t .... o t ranlilator IIYlltt"mli Q I an d Q 2, which
opt' rllt t' all a dlfft'r"ntilll ampllf1l'r . T ht' cum m on .. m itt .. rll a r .. ronn..ct ed t o the
cct tec tor of t rllnllilitor IIYlltt'm Q 3_ »1,.1.' 10 Ih.. hllh imp..tl",n,,· (If Q 3, tht" su m
of the em tt t e r- cur n'nlll o f Q I and Q 2 a ... · pral' I I.. Uy lnd"pt"ndt'llt o r tilt' opll' rllt
Inl poinl of Q I 111111 Q 2 ( imprt' lIllt' d lOu m cu rrente I .
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Fig.l : Circuit of the integrated
RF Amplif ier CA 3028 A
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T he Int "'l ralt'd cl rc u il CA 302 0 c omp rtee the trunlllll ior eyetem Q I ( wh ic h
can t>l' u R.. d al .. n em tu e r- fo ll ow .. r l. .. com mon I'm ltlt'r tran l ilto r pa ll" Q 2
and Q 3 aa eymm etr-Ic al am pltrl ...r feedin g tht- drlvt-r t ranlllil lor s yll le ms Q 4
lind Q ~ wh ic h In t urn ft, e d t he ball.. o f t h.. t wo fi nal a m pllfll'r Iy81E'mll Q 6 lind
Q 7, wh OlIt' emttter and collec to r mU 1I1 be connect ed 10 a n exte r na l nerw c r-k,

T he cpc r-aung voltagl' of . 9 V rn ua t bl' rn e intalned fo r all Int l'g r a tl'd cl reu lls.
If tht- opl' ratlng voltagl' "' 1' 1"1' 10 IIln k below ~ V o r Inc r e a ee a bove 12 V, Ihi ll
wou ld alte r the c hllract .. r l litl c lll of th ... IF Bl rlp; in t h l' laU t'r calli" . t he 1Il1t"e r a ted
clrcuilli type C A 3 02 0 a r e endanger-e d.

T h e u ee o f In l ll'gr ah'd clrcuil li a llowlI bo lh apac e an d l"Omponl'nt lIav ln gll a a wl' ll
IlII tlllving Ih l' r rm e vc on eu ming pro("lI'slI of a S llo rt ln g I rans ist o r pa l ra etc , T his
m ..a n B Ih a t Ih l' 1i0m f'Whai rnc re " "'pl'ns l \l'" In t re ralt'd c lrculla can In fac l be
mc r e Ia vou r uble , e ven whe n all eyeteme ar.. nOI uaed .

3. DESCRI PTION 01-' -rue C IRCU IT

T hl' ci rcuit dia g r am of Ih f' wh o ll' 9 Mll z n ' ·AF portion III s he wn in Fig, 3.

3. 1. IF AMPLIFIER

A I p r-evtcu ely ment t cn ec, a narrow band cryatal fUtll' r I type Xfo'-90 manufa c
tu r-ed by KVO 1 II to bl' found a t t he Input oC th.. 9 Mll z IF' Bl r lp.

It t he given fil t e r c ha ract f'r llt lcl are to be m lll nl a ll1 f'd , it III neCl' l lary 10 If'r
m lna lp the fill er with t ht' Inpu t lind out pul Im pe da nc e vlllu t's 1 1\ll'n In Ih .. data
ehe et . T hey IImoun t to ~OO n para ll f'1 30 p Io' In bOl h calf'l, The r e qctr-ed sou r-ce
Im pedance III Inr-med by th e- cutpin Impedance oC Ihp conve rt .. r. Thl l m ..anl
that thf' cou pling in ductancf' a l t he out pu l of t he ccnve r t er rnu at be a djult ed
accor dingly (tunt' fo r rellonanc l' ; 110n- loa d voltal t' m uat be reduc e d by half
by connl'ct lnl ~ OO n I . The loa d capact tanc e II m ad e by ulllne a ac r eened c a bl e
( RO - 58 I U : 30 p F pe r- m ..t re; RO • 274 I U: 100 p F pe r- metr-e I . AI the
outpu t oC the ttu e r, the Inpu t Impedance oC thl' {j n t In tf'iralt'd circuit Ie 1 to
Iif' l hf'r with me paraU el conn f'c l f'd 3 .9 k O and 7 pF a r t' ul t'd a s a l u Ua b l1' te r 
mlnatln,l mpt'dancE' .

An ~r ha vl n i pa llllf'd Ihrouih t he cryata l fil ter, the I l i na l la CE' d 10 ccnnec t to n
2 of IC I , that II to the ball:' of t r a n l i ito r .yltr m Q 3. T hil Iy lt~m Corm . ,
tcget ne r with IYlltl'm Q 2, a Icw -nci ee ce eccde a m pllfiE' r. SYl tem Q I II not
ulf'd , t he conn ecucne I and 8 oC I e I I ho uld be remo ved ,

The control \loltaji: l' UC2 III fed to connec t ion 7, whe re It va r l~1 the ba ll' bla l
o f Q 3, Th e cont rol voltagf' II In t he ranee oC . 7,3 V (maximum Ii_in I a nd
• 1.7 V ( m in imum gain ). T h l' vo lta,,, r angl' il lluCficlenl to vary t he i aln o f
IC I by 4 ~ - ~O d Uo Connectton 4 oC IC I i. connecte d to liround via t he I" r lel 
ccnnecttcn of II 33 0 p Io' capacito r with a 5000 t rtmm r r por enrtcmete r P 1. In
tne r-adio-Fr-equency .IIf'nllf', thl, lI" rif'l ci rcuit b r ld i E' 1 th" r~ll ltor R 3 o f thl'
Inlt'irll tf'd ci rculi. Th .. Irimmf' r pott'ntlom f'le r allows th f' negal i ve R F Ceedback
of Ira nl i lltor syatt'm Q 3, and Ihul Ihe gain oC l hf' inteli rat f'd circuit 10 bf' \la rlf'd
manually by lin add ltlonlll 20 d 1:l; a prechl ll," po t Pntioml"tf'r m anufa ct u r E' d by
A m ph f'nol wa.ll ulled for tht' I'xact a djulltmt'nt; It Ie mount .. d d i rE'ctly bea ld e the
crylllal CUll"f . It hall ut'l'n found th aI pol l'nllom .. lt- r I ' I will ha v.. a value oC
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IlpproKlmlll l' ly l oon lit a conve- r-ter- la in o f 18 dU . This m t'lln a t ha t th.. !,ot"n
ttomere r- can t... rvpleced by a f1kl' d re-l isto r o f 100 n or a I lmplt' 100 II po
t t'nl lom t'h' r-.

The manual IIdJu.tm o'n\ of the Hfo' i a ln al th l . polnl m .. a n. th e t Iho' lIa ln can
be reduc ..d 10 such II d" i ft'\' Ihllt Iht, l F et t-tp ope-e-at.. . In the m o s t fll. vou l'a bh'
r unge of til" timeccunetnnt cont r o l ( . .. .. s ce ucn ~). It avo id • • at tht' . 11 010'

11m." unwanted dl lliort ion . wh ich c ou ld be c a use d by t he mi...· r ( p r od uct d.'
wctor 1 wh " n th.. vOll li..1 ar.. too hI,h .

Connectlon !r of IC I I. pro vld" d with a fi xed b la a vOll l i e o f a pp rmdmllt .. ly
6.2 V wh ich la obtnlnl'd by vo ltail' divl alon from Ihl' 9 V opt'ratln, vo lt a,.· by
thl' ee r te e-c c nn ect e d f e . l .to ra of 56 0 n and 1. 2 kn . The bl a l vol t agt· la fIl lert' d
by a 2.2 I' F ca pacito r a nd Is a lao u sed al the au pply vo lta£o- for 1r1l ..g ralNI
c fr c u ne IC 2 a nd rc 3. Tht' HC · lI nk. ( 5,6 k n. ~,7 nf.' ) block the baa., of Q 2
of IC I nnd Ie 2 a nd "n llure tha t n o cou pUn g I. mad.. via th t· com mon op.. ratlng
vcf t ug e Uno'.

Th .. cof lec rer- conn .. e tten 6 o f IC I I. c onne-cted t o a lappinl poin t of Induc t anc ..
L I . Wh ich. tOI ..t h.. r- with the . e r lea-cl rcu it H p f.' _ 330 pfo' form a a 9 l\.I lb
parallel r .. lonant ci rcuit. It 1a u a e-d to Im prove the- u ll1m atl' a It'cUvlty of thl'
f111 t'r a nd ia ...... n tl a lly dam p..d by the- Input Im pe-danc e- o f IC 2 ( conm-cr tcn 2
a l t he tnre rccnn.. e t ten I'<Jlnt of the c a pac ito r. ) .

Th.. eec ond am pl W .. r- ata,t' IC 2 ia .. . . t·n llally c onnec t e d In uie s a m e m anne r
al IC I . At Ih t' ou tpu t of IC 2, Iht' ope- r alin , voltage i . n ot fe-d via a eeeonent
ci rcuit bu t via. nfo' c hoke Ch I ( 0. 5 OlH) fo r meane of I lm plic ity,

3.2 . LOCA L OSC l l.l.ATOn

In t he aubee quent a tall t' IC 3. tran .lator . y. l t' m Q 3 ope r et e all an Colpltt .
o.clllato r wit h a n "inductive" c ryat a l. T hi l a rranle-Ole-nt wa l a lia u s ed on prlnt
ed ci rcu it boa r d. UJ 9 Z H 00 2 a nd OJ 9 Z H 00 3 .

The auxilla ry rr..qu e ncy r equr red fo r the dem odulation o f the 9 MH z . Inll~ e tue
band IIIi'la l c an be ewttched off for A M via . wltch ln, diode- 08 ( 1 N 914 ) by
Iwllch 5 1. If polnl 12 III g r ound" d by 5 I , a c o r-r ent will n ow via diode l> 8.
' 0 tha l lhc dUferential realltal1 cO;O will d r op to a pproximately 20 n . By bloc klnl
tht· diode l> 8 with a >1 .7 nF c ap!lc ltor. t ne c ha n ge -ove r lead conn ect ed t o point
12 I. kept HF - fr l' e and can ther-efc r e not c auee any Inlt'rf.. r-en ee e tr t'c t 10 ot be r
circuit •. If t h.. , round con nection I••witched o ff a t po int 12. the o.c Uiator
( li FO) will nol Ollclllale a nd It w1ll be poaalblt'to r e e e t ve e rn pl ft ude m odu
lated algna ll a t an alt .. nu atlon o f a pp ro: l:\mat e ly 25 dB .

Th e em tue r- of I r a n. i.tor lIy. l t' m Q 3 ( c onne-ctlon " ) I. c on nect ed vi a a 820 n
r ... I.tor t o t he ou tput ( Bu 2 ). T he auxiliary Ir-equency £t' nlPratl'd In Ih t' c s etue 
lor III IlVllll a blt' a t thl l poi nt for the c ont r o l of a brldlfe moculat cr- ( In the
IranIiOliU"r) . T h la Oll'lIn l Ihat t'xact tran .ce lve op eration I, pOlalbl... Tht'
opt' rat lnll voltale fo r th.. olic Ul a to r II contlnu ou.ly con ne-ct e- d ( + 9 V, c onn e-cl lon
polnl 6 ) .11 I. a lao t h.. Call' with thlP AF' amplIfier, Tht' ot he-r atait'. ar.. on ly
awllched on ( + 9 V. connt'ctlon poln l 2) dunne re-Cl'ptlon .
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3,3, DEMODU LATION

T he demodu le tion I. made with \h~' ~'m lt t~ r - c ou p 1t'd lIylll"mll Q I a nd (~ 2 o f
Inll'lfra t t'd ci rcuit Ie 3, Tht, SS n·algn al ia f~d t o th t, ba ..e of (~ 1 L c onru- ct ion
I ) via th e lerit" ci rcuit o f 82 011 -t 33 p F, In o rd er 10 avoid any ro'acllon
from thl' product dewctor on IC 2 an d 10 Isolat e tho' blall volt agve , Tt ll' ball t'
of Iran lli stor eyet ern Q 2 ( connec tion 5 ) III "cold" In Ih C' In ' 1IC' lIl1e. T hC' col
lecto r cur-r- e nt IQ2 o f Iran lli litor Ilylllt'm Q 2 alllo Incl utl<'1 Ih" p r oduct from lh t'
IIlg llal voltage uQI ut t hl' ba li.. o f Q I and th~ cottertor CUI'I·t'nt IQ3 o f trunHlslol'
eyetcm Q 3, Fo r th (.' mulrtpllce t tve mlxf'r ct rccn u'wd , Iho' Iolfowtng wUi glv.'
a good approxim ation :

uQ I

26 mY
t 1/8 x IQ3 x (~) 2

26 mV
t '"

WHh 9 MII :t Ilgnal voltagC'lI uQ I o f up to a pproximatdy ~ mV, t h ~' Ihlrd and
followi ng te r ms, on wh ich IhC' tn t c r-rnodulat Ion dillorll"n ill m a inly d O' I,,'nd"nl,
are n~gllglble , IQ3 III bu Ut - u p fr om Ihe DC compon"nl lind t h.. Hu p.'rimpoll.'d
loc a l olieUlator c omponent . Th l l mea ns t hat the l't ' (IUl n 'd A F algnal Is al so In
cluded a. a conve r e ton p r-oduc t In IQ 2' Th l' j't-quirC'd IIlgnal III fIIlC'I' ~'d oot at
connect io n 6 o r Ie 3, Th C' 9 I\H lt componenta fr om tlu- 1I1~nal a nd loc a l oacttta
tal' , as well a ll h igher fr equ e ncy conver-sion pr-oduc t a an' lIhor1.t-d out uy til<'
22 nF c a pacitor, The DC vol tage for the ccncctcr ill Ied via a n .t\F chok., L'h 2
( Z · 10 k l1 a t 100 Itt, It . 30 0H) j 0 ,47 ~ F t I kl1 arc ple c ed ac r o a a Ihla
c ho ke 10 com pen salt' fo r the Im pe danc e variation all a fUllctloll of frt' quo'lw y ,
which woul d CBU SI' an e rnphe eta or I/w hlght'r fl'o' ,!u <'nci" lI abo vr- I klt z , If II

sign a l of 0 , 5 ~ V II available at the Inpu t o f IC I , a n A F volta~o' of appr-oxun n
re ly 10 mV will be a va fl a ble 11.1 t he output of IC 3 If tilt' ga in Itl et m aximum.

The ga in r an ge of th e lnteg r atf'd c t rcut te IC I and IC 2 lind thl' ol' l' ra llng point
of IC 3 m u et be eel ected 10 th a i no nouceabte dllltorlions ar-e caused. lmc 
gral£>d ci rcuits IC I and IC 2 would a ll ow ou tput vollag.,,,, of up 10 I V, howc-vr-r-,
Ih l s could not be ut il iz ed b., c a u llt' t ho' p roduct detecto r- Ie 3 can only b~ dr-Iven
at a m aximum of ~ mV If th e tn tcrm cdut auon dlltortlon Is 10 rvmatn lelll than
- 40 d B. Tht' control circuit m uet bo- correspondingly dmu-nsfcned . In the case
In que s ti on, th e signal vollag~' a t the Input of IC 3 uruount a 10 aPl'roxlmatdy
600 I' V.

3.~. A t' A Ml' l. lFn:1l

An Int e g r-ated ci rcu it type CA 302 0 ( IC 4 ) III UIlt'd tor- Iho' A t' a mplHlcallon,
All c a n be 1I1'C' n In F ig. 3, the A~' sign al III fo'd It-om IhC' 01,11 1'1,11 of Inlt'g rlllt'd
Circuit IC 3 via a capacitor or 50 IIF 10 connection 10 ( bllso' of Q I ) of le~,

A limite r ci rcu it with two ant t - pat-all e l dlod~'s Il 6, U 7 , 18 connected via 2,2 l.4 F
10 th lll connecttcn . T hll ci rcu it Is dl'1I1gn f'd to SUpprt'lIl1 all pul,,' ty pe tntee -.
Ie r-ene e voltag.. p.. a kl Ihal art' lfrt-alt'r tha n the env.. lop.' of the A F 1I1g111l1.
Such /I. ci rcuit wa s a lso u s e d on P C- boa rd [}J 9 Z it 003. In a ddlt to n t o Ihlll, II
eu pp r-ea ae the pu b es wh ich appear at t he cormm-nc ement or t he cent r o t 1'1'0
cess, fo r tn et a nce, wh en the It'Vt'1 or t he recetve signal r apidly inert'ast'l,
Dtode type AA 143 ( manufactu red by ITT Int e r-metajl ] II us o'd for diode I [) 6,
J) 7 , due to t ht' l r ve ry low forward vol tagf' ( approx, 0,3 V),
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Iha a c u r- r e nt l a te d to IhC' tm a. · VIa a ~60 k l1 r t' .I .lor. Th.· Input lml',' danc.· at
corm ec t ton 10 of Ie -I a mount. 10 approltimalt'iy ~O k l1 due to th., atronll n,·gal lv .,
h"'dbac k by th e e mitt ,·r load lmp.·dan...-, Thl. r vp r-e-••·nn al'proxlmah'ly t h.·
.amt" hl ih load •• th .. Iimllt'r dITull at 10....· AI-' voltall... . Th.· c-mit tr-r- of tranll
I. 'or .y.tt'm Q 1 ( connocuon I 1 I. IIroundt'd vi. S.6 kl1 anti 0.1 /.l F. T h ill
ccnnecuon I. ccnneeteu via 2.2 /.l F to connecuoe point 10 e.f th .· I' C - bt.. rd. Th.·
l'nd conn..ctlona of th .. AF volum .. potenuom.. l .. r .1'. c',>nn.·t,It'd 1... 1.... .·' n CUnnt·c
lion point 10 a nd t he IIrounti. Ttu- ...-rpe r- I. conn"ch'd to ccen-cttcn pomt 9. rh.·
tapJwd oft voltall . I. f..d Ircen conn..clion point 9 via a 2,2 /.l F {"apoacHor to tht·
ba • •• of I ran.lator .yatt'm q 2 I connecuce 3 I . ThC' common "nllt"r tranllltilor
.Y",·m• • Q 2. Q 3 i ..nvr-et e .nd amplify IhC' .nl lph...• voltall"11 of Ih.· pu"h-I'ull
drtver q -I. Q ~ . T h..a e in tum d rl ....· Ih.· po...e r- ampllfie r Irbnlll.lortl q 6 and
Q 7.

Tht" mo.t fa vourabl .. load lml'..danc,' at Ih., coll ..ctor oulpul of q 6 anti q 7
.mount. to 2 x 6~ n. A s mall mlnlaluro.· I r a n. forme r Tr 12 It 70 Ills II; o. e w 1
w•• ua..d In t he p rototyl"'. Th .· mextmum out pul powet- of IC -J amounts to
a l'proxim at t' ly O. S Wat a n oP.. rlltlnll vonage o f 9 V; how ..v.. r, II I. only d rtvcn
t o a va lu.. of 3~O m W• • 0 Ihllll h.' d l.tortlon r('maln a b.. lo"" S", and thaI a coni_
Inll fl n I. no lonll e r ne c .. . . ary . A J>ow"r output o f 2S0 mW I. ullu a lly "ufficl" nl
fo r a m a ll' ur ope raucn .

-I . GAIN C ONT HO I.

-1 .1 . IU :GAItDiNG TIl E GAIN CONT IIO L O F SING U : SIUE BA NU Ht:CE IV E BS

Th.. i .ln conn-er r e p r-.....nll c,·rl.ln p r ob h:m . In th .. ,d ngll' alth-band m od e,
M.ny com m e rcl.1 ey etvm UIWrD Ir.n.mlt • r .. . ldua l c a r- r-te- r- , .... ho. .. l.. v,·1 I•
• ufflcl..nt t o cont rol t h.· r. din ll I and Ih.. aut omatic fr ..qu ' ·n cy contr-ol I even
und.. r- di ffic u lt r-ec .. l v.. condllion •. 1I0w e ve r , Ihe le v ..1 o r th.. r .. . ldua l r a r r-ier
p.. rm l • • lblt' for am.te ur r.dlo tr. n am l•• lon . In t he t r . n.mll m od.. A3J i . u eu-.
a Uy too 10.... fo r . uch purpo. ....

T he c onlrol volt .llt" In th.. r " c.' i"'t'r mu.t th .. r e fo r t' be IIt'n.. ra tt'd f rom Ih....n
vto lOJM' o r ui e m ean ...a lu.. of th .. It .... It· or A'" . 11".1 In Ih to r ecetve r-. Such
circuit. m u .1 heve a c .. n.ln t tme b.·ha ...iou r , de pend...nt both on th .. 1.. v..1 a m 
pl tt ud .. . nd t he 1e ve 1 va riation. Th., lain control .hould not c a u . ... a notlceablt'
dy n.mlc com pr.... ioo o r ol h.. r dyn.mlc dilitort ion .nd th InI e r t.. r ..nc e pt:'a k•
• hould b" Umit" d btU . hould not aff"cl Ihe cont rol c ha r.ct .. r l . tl c , On t h... o t h.. r
hand. fad ln , on th .. t r.nlm ia. ion palh m Ul l bt' com pt'n.al..d ror . In add itlon to
Ihl • • th .. c hanll'" f r om on .. . t . Uon 10 I noth...r , wh ic h m . y h.... .. , r ... t ly difr.. r ln ,
a l rn. 1 . I r ..n ath • • t th e . nt"nna , m u . t alao bt' c o m p...n . at ...d tor . In t h., d t'ac rlb..d
!t. po rt ion , a .....ry . atl.f.c to ry ,·omproml . .. ha s Iwt'n a ch i..ved by Ih.· f.c t th. t
....ariatlon o f t h.. tim.. con. tll nl occu r. In t h.. c onl rol .mplifl.. r wh ich m ..an a
th.1 . m . lI tim .. conatanl • • r " o blalnt' d a t 10.... A t" 1 l a .nd g rt'a l tim .. c on -
.t. nt••1 high AI" 1.. 11,.1 • . Th l a ...irtua lly comp..n.at tor t hl' 0PI)(). Uto .. ffto CI
t ha t th.. cont r ol c h. r a c l .. r l.llc of thl' Input .tag.. . Ie I .nd Ie 2 ha ....· on Ihl'
cont r ol t im .. c on . la nl. In addition 10 t hl _, t h., t im .. c ont rol va ria t ion o p.' r a l ....
with 1.......1 dtop..ndent del.y tl lll ....

H.dlo . m at t' u r . ha vt' u 8ua ll y llr ..a l ly d lU"rlng ld.." . rt' lI:ardln ll t h... l ain c ont r o l
of . Inill .. . Id ..b" nd rt' c .. I....'rs. Si nn' th .. cl rcu lt us .'d In Ih l . rl' c .. I",,·r i. v.. ry
..a.y t o rollow. th.' c ontrol p rot· .·•• a nd 111 ... m o .1 Important qu.n tltl .... a n ' to
b.. con.ldt' rI·d.
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of . 2, Cl'; NE ItAT Ir-;C TIlE CONT ROl. VOI.TAGf,;

Connect ion 1 I baa.. o f t he emtue r Ioflowe r- ayat ..m Q 1 I o f Int"lI ralt'd dr('u Lt
Ie ~ III not on!y connc c t cd to connec uon point 10 a nd from Ih .. re 10 t he vol u m e
po tt' nt lomt·tt' r, but abo via 8, 2 k{l - 0 ,2 IJ F 10 c onnee t lo n 3 o f In ll'lI ra tt'd c i r 
cuit IC 5. Th(' cctteetor ( ccnn r-cnon ~ I o f t r a nalator IIYlltt"m Q 6 l't'pr~ lI .. nl ll
the output o f th.' e t rcu u. Thl••y."'m oblain" Itll op l:" r lltin£ VOUIIII" v ia a choke
o f 0.2 11 I Ch 3 I , Thl . out put f('l'dll th . ' con t rol r ..c tl fl t· r U 4 I u 5 ( lowe t- r ec -.
t HIt'r n..t wo r k In t h., cl l'c ult dillgra m l. wh ic h p r o vld "11 a poantvc volta II'" 10
g r ou nd an ti th t" rt,t" IUI.'r II 2 I U 3, wh ic h III c boa ..n fo r th.' tlml! e onete nt va 
r ta uon (upl'"r n..t wo rk) , T h. , ta tt e r provld.' , II n.' gat lvc vol t ag.' to IIr ound ,

Th.· eont r-nl j-ect t ffo r I> 4 / 1l 5 op,' r al t"11 in a vol t a £t' dou b!c r ci r cu it u alna eqce t
Iy IIn'at ('ha rg loll ('apue llo rll of 2 .2 jJ F , T h(' oui pul I. c onnect e d to Ilrountl viii
tht' 220 k{l n ' lIl l1t o r 11.011 th ., coIlO'[, to r - ,' mlt"' r pa t h of Ira Ollillt o r T I - Ih l ll
Iran llillt o r II u .... d a l Hm.' COnll llnt . wltch, Ac c o rd ln £ 10 th., am ount o f ba • •'
dr-Ive , th e fo ll owln ll cu r- r- ent ccndtuone will be ob• •-r-ve d In Ih.. Ir lln l i llto r :

.1 Ze r o c u e r-r-nt wh. 'n 'I' 1 la blocked , T h.. loa d r lal or fo r Ih r- c ont rol r e ct t -
rrer ..0111 then be Ier-med by t h.· In pul Imp.·d.n t connrction 10 o f Ie 5 . nd
wil l a m ou n t 10 al'proll imairly 1,2 M O I . negauve ff' ('d ba c k tmpedane .. a t
cm m .. r 12 k n x ..u r rcnt a m plificat ion 100 ).

b) Cur-r-ent p r oporti on a l to thr- ba ll" c u r- r ent o f 'I' I.

e l Curr e nt c o r n'lIpondl nll 10 th e dIU.. r e nee be l w...· n the c onl r o l r E-ctlfl.'r vet 
la ll" and t h.· r" l lduli l volta~(l' of trana l ato r 'I' I tll vj d.'d by 220 k U , wh e n
tranll i al or 'I' I c ondu cte,

'1'1,.. r ..e un.. r n. 'twork c on l latln a of Il 3 lind I> 4, wh lc h a r-e- u u ·t! fo r Iht, tfrn e
c onllt a nt va riat ion , a n ' 111 110 bu il t -up In II volt a lit' double r- ci rculi , Thl! capac ity
of tht" pa BII ca pac it n r alllO Illnouni . to 2, 2 ~~', Tht' c ha rat'r capa c tt c r II, h ow 
s-v.. r, ra r a r ..al t'I' , hovln ll 10 .. F, wh ic h m ca n a Ihat It ha a a fa r a r e a l e r cha ri"
lime eceerant with rea p..c t to Ihl' c ont rol rt'cllfl.. r- .

In o ro.. r 10 , e c how Ih.. c ha na " - ov,' r , wlt c hi n a o f T
t'd t ha t th .. changeo ve r rt'ctlflcr il d ilicha rg..d .

The but' o f the Bwll chlnll Ira n . l lto r T I I lIC 184 A, HC 10 K, 2 N :1904 , with
l ow r ..a ldu al cu r renr ) II Ied with a bla l c u r- r-e nt of approxlma t.. ly 15 .. A via
t he d roppe r r e ,I,tor o f 560 k n and d lod c U I ( I N 9 1 ~ ) wh en it II In Ua rt'a l
pc eruon.

A a en e r diade with 111 nom ina l vo lt a it· o f 6.3 V is c c nnecu-d 10 Ih .' c c nnec ttcn
point o f the dropp .. r r( ' al l1tor a nd th e d lod .. . Ulod.. , havlnll a uc h II low r" Vt"rl t'
vo l ta ll"(' tlo not norm"Uy ' ho w a Hh o r p b r ..akdown, bUI hll v,' a 1I0m t' wha t m ort'
continuous cu r r en t · voltag.' chll rll c t t' .. la tl c , At II c u r r ,' nl of IIl'proxLmatt"iy 15 .. A,
th .. volt agE- drop ac r o,. Ih., u 'nt"r diad,. wlll amount to a PI>rolllmltely 4 V. If
It III a liBum l'd Iha l a vo ltae.. of 0.9 V' lI" pra r ll a l Ih ... e lv ..n c onn,'c llon po int wh..n
Ih .. Iran . i a to r I. c onduc ll na , th .. c u r r .' nt fiowi n g via Ih r 560 kn I't' l l . tor wlll
nol be noticeably ta kt'n o v.' r by thO' t .. n"r d iode unl ll thE- rf'cllll" r fo r t h.. time
conat a nl va r iation I UPl' lI". a vo! l a a e wh ic h la lowe r ( Ih a t i a more ne a aH ve'
Ihan . 3 , 0 to - 3 , 2 V.lf th .. t f'ne r d lod e la ke.ove r lhe to t a lcu r n·n lof 15 u A,
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Iranallllor T 1 ..... 111 b,' b!O<'k.,u. Thl" combination of Ih t· t!lolll' and t he capadtor
at thl' ball(' of T I hall Ihl" ..rr'T! thaI the blockinG I'ro<-·.· •• 1. tJ.-Jayl."u by ap pro
dmlllidy 30 ma in addttlon to Ih., ehariina: proce.. of tl,., recuncr, The 2.2 ... '"
capacitor di8l'harlle a ltlwlf III.. th,' bah', .... he r e lilt' diachars" cur- rent falla on
dt"crl·II.1n~ th.' ('min.'rb....., \/oltllKt' Ihu8 delaying lh ., 'Hllcharil' p roce•• ,

~ . 3 . rue T IM,.: UE HAV !Il!IH OF rue CON T IlOl, AMI'LH'IEH

The thnt· llt'hllvlour of t1w .... huh- ccnt rcl ampllfl t'r III "lIlwntlally det c rmined by
th .' de-lay tllnl's caulI "u by IIw limp conatanl of the ('(,"!I'ol ""ctHIt"r and th a t o f
the ... 'cUft,' r- for th,- tirm- ronalanl va r iation. ,.lwll<" can b,' c1.a8t>d a. o pen
control loopa ( th.. control IInf" ia df econnected, Ilw Input .Iagt'. oper-at e at •
flxl"d Olll'ralin~ point . ( )b . ' · I"ve the outpul voltag,· of th,' control rl"cti fie-r on
varylni the IF Iillgnal 10'\""1 ). U the .ubordinalt· ('((,'cta an' not ccnetdered, to r
In.tanct' If the "'"0 r ec ntwr branchl'. tnnut'nc:e vach olhO'r at the Input . t hen
the following 111I'0 ume conllhant. and t wo cJelay t1mt'lil muet be con.ldt'rt'd ( the
ilYl'n AF voltagc8 art' I"'a k vahu,. ) :

4 . 3 .1 . C!l A IlG E T I ME CONSTANT O F -rue CONT H(I L ll ECT IFl E H t l

Thl . um e con etant Is In rt lll t l'1y i n'at with AI" voltag"11 o f !t'n Ihan 30 0 m V at
t he control r ect t t tvr Input; t lu- r <, c tUlcr wi ll not b.' Uf"luatl'd slncl' th e dlo dea
art' only dr-Iven slightly Into thelr forwa r d voltag!' r l/, n lll' . Th t, tlm e con.tant
wUI t!l'c r".... on Incrl'a.IIlg thp A I>' vol tai t' : It amount. to 100 • $0 ms at UA I-'
• I V anti will finally be dt'cr..a.t'd 10 10 - 20 mil al hlihl'r VOltait' ••

4 . 3 . 2 . OISCJlAHGE TUM: CONSTANT OF TH E CONT IW !. n EC TWI EH

T hb Ilmt' con.tant amounta 10 : epprcx . 2.2 JJ. ... II ( 220 knI t. 2 MOl
Whl'n tran.t. t o r T I conduct. and approx . 2.2 JJ. F x 1. 25 Mn
when Ir a n s l a to r T I III b loc kt-d ,

"
""" o.s •
_ 2.6 a

It t r a n.i. tor T I op" ratt'l In uu- Iran . ll ion rangt' bvtw e en Itll blockt·d a nd con 
d uc tlni cond ition, t ht' voltali:" d r-op a. a funct ion of ttme c ltn bO' appro xlm atl'd
by Imerpola ucn between the at· two valu.. e. Thc tra n sit ion tlml' t rom btoe ked 10
conducting co~dltlon 1. rt' l at lve ly . ho rt ( see Se c non 4 .3. <I , I .

01 , 3. 3. ns:C OV I-:HY T IME t r l
This I. the ume n-qulr"d bl' lwel'n th e 1njl'cllon of .n AF vollag.. ( a l output 4
of Ie 5 ) and the transition o f tran.l.tor T I from conductlni to blocked con 
dition . Thl. limp I. dt'pt' nd "nt on th e du ration and amplllud<, a t t hl' A I-' voltait'
at m e In pu t o t t he I wllchlni r l'cl!tlpr. AI-' voltagcl , wh ich a re It' •• than app ro
lllm . tl'ly 1.01 V, will not be . u rtlcl t'nt t o . wltch tran l l .tor T 1 t rom c oneJ uc t lne
to blocked condition, .Inc.' t he outpul vollagt' of the aw1tc hl ni rec tlrler mual
amoun t to a l 1I·". t 3.2 V betor t' T 1 II ewt tch ed (trl Int1n ltely grl'at),

It II highe r A ..' voltaj:(\' " p"..ars at cut pu r 4 o f Ie S, th ls r-ec ove ry ttme 11I'111 fa ll
f rom a fe w Ill'cond. al an AF voltagc of 1. 8 V to 50 to 100 ml at 3 V. T his II
mainly cau.,·d by Ih t· large cha rgp tim e or thl. ree tttte r- circuit ( ch. r i e c••
pacit an c t' 10 j.I F I. gr"lll comparl'd with tht' paa. capeacll.nct' of 2. 2 j.I F I. In
addition to t hla, l ilt' 2.2 JJ. F capacitor . 1 Ihl.' ba . t' or l' 1 c.u. ... an addit Ional
aUihl d.. lay .
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4 . J. 4 . HEC OVEB Y T1Mt: t r 2

T h l. I. lilt' lim ., which pa.a.·. b.·I ..'.·.·n ('{'a .. lng the- A F voitailll' ( a l OUlput 4 ct
IC :'I I and lilt' .... Uch!ni of tran.llllor T I from the blockt"d tnte t he conductlnil
(Oundltlon.

fhla Urn., hi .kp.-nd.-nt on rn .. ehllri" of the 10",).' capadtor . It amounla to
1I1'S,ruxlmald,Y :1.5 II at full chari" (al'l,roll. 7 V A), ' vollai" a l output 4 of IC 5 I
and ...111 tI . n-dut.'d 10 eerc If th.' A).· \'ollalt' I. 1"" Ihan 2. 0& V.

Th .' tran Hu.n of IranSI.tor T I frum conducUni 10 blocked condilion OCcura In
Ih .- ran£.· of 1 4 • 2.4 10 2.5 V. a ..umlng that t 4 I. va ried .Iowly . U V" II
qui."kly varlt·d. th,' tranlullun .. 111 (KTUr within 0.2. after com pl e t lon of me
r .·(OO\','1")' Urn.· I r 2 ( 1'4 • voilail" at ou lpul 4 of Ie 5 ).

4.4 . S ~ MET I': H CONN EC TION A ND Il E VEHSAL STAG ).:
FOIt ru x CONT flOI, VOLTA(;J·:

It I.. nul pUN Nlb l, - 10 UNt' th.· ou tpu t VOItIl~" of t h.. cont rol r" ctl fier 10 cont rol
Ih" 1"'0 Inp ut IIlug "II : ti ll' va ria tion dil" 'cl lon mUllt be f1r ally r-ever- ...d. To achtev..
Ihl', ti lt' ,'m UIt'r of th., ,'mltlo'r follow .'" Q I In Ie 5 I. conn ect e d via 150 k (l
10 Ih., bit"" of T 2 ( 2 N 701; ). A Iu r-rlu-r- 12 kn r<' , I,tor I. co nnected to ground,
A 200" A meter- can b.· connect ed In lh l . branch a nd u a ..d a , S.me te r , Th..
control ,olta!:t' ( 'C 2 for Ih., two IF IIlal'" IC I and IC 2 I, avallablll' at tht' cot
lecto r- o f tranallilo r T 2; In a dd lt l" n to thill. furth e r- , llIlIt·. c an be cont r oll ..d
frum c onm-c rton point 10• • uch a, a convO'rtt'r , U Iht' Input lIlail '" a rt> conn ct 
cd to th., collt'ctor of T 2. a voUail" tJrop will appea r- ac rc•• Iht> coll ec tor r-e-,
.Iator of 820 II du.- 10 Ih .· cur n'nl rl"jUlrt'm"nl, of IC I and IC 2, even wh..n
T 2 la block..d. 1\ vollaat' or 7.3 V ...-maln. at th .. ccltectc r-, In the othe r- l im it
condition - ..'Ith 7 V At' ,'oltaat' al OUlpul 4 or Ie 5 - t ht> coli c lor vollagt' will
r. n 10 1.7 V. Thl. mt'an. Ihat a voila!:., variation o r 1, 7 V to 7, 3 V 1. a vaUabl..
to r conlrol pu rpcev ( t: c 2) ,

• . 5 , TIlE T IME B EHA VIOU R O F TI lE WIlOL E C IRCUIT

Tht· Ilm t· behaviour- of the wh ole c t rcvn, t haI I. th .. clo. ..d e onrro t loop. I.
nol only Innut'nl' ('tJ by Ihe ttm e b..havtou r o r the cont rol ",' ct!flt'r bu l abo by
tht· am pllfic aH on-c onlrol cha r a c l lI' r l,t1c ( a m pll fical lon a. a run ct\on of th.. con
Iro1 vo ltagl' ) : The ume con,l antll o f the contro l r ..d Hh·r a r t' retJuct"d. Th l' I'
und .. r atondablt· when one conaldt'r. thaI a r apid In c r t' a • •- o f the IF leve 1 ...111
c a u,.., a rapid Inc r t' aa t' of the A F h ' vt>! which m u at , however, b(' c o m pe nenn-d
for wh "n Ih .· vo tte ge al t he conlrol rl'l~IHI .. r- oulpul In" '·" IUIl' •. Tht, m ort' till'
ampllflcatlun o f th...tail'·. IC I antJ IC 2 varl" a with tl1l' c ont rol vo ll n!:t' . th. 
m ar.' rupld will bo th r- IF voltag.. bl' ...·du.."'J. T h l8 I, t t u- ... ·I1I1"n why th.. t1nw
conalant , wh ich Indlcat t'a the t r a na Hlon Int o th c fin al condition. I. rt'<!u. ·.·d wil li
r" 'p" .- t to t h.· . 'onlrol r(' rtl llt'r tlrnr- conat a nl whO'n Ih .· conl rol loop I, c lo'l\' .L
ThI " la valid rcr- t h., ti m .' constanta wh.'n th " It' . Ignal (,'vd I. ropld ly tnc ree e 
"d o r tJ,·c rt"all .·d.
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Tht' beh a viou r- of tht, IF po rtion lIubsl"qul"nt to r a p id va rlatlonll of tilt' I F Nignal
lr-ve l can be c ha r a cn-r-Ized 1111 follows :

a ) S ince the control volta Ill' c a nno t ha ve an lmrnvd latv dft'el - dUI' to tht, tlm l'
c on a t an t II a nd t2 - th t, I'apid va rla tlonlJ o r thv dynulnk II(1N'eli 1I1']WIII' at
t he IIpca kf'r at full IItn'nllth, Slow va r te tl on s , IIUI.i("vl'r , will lH" contr-oll ed 10
a 11 1m liar mann e-r- to fading,

b) St rong and rllp ld Il"vl, l va r-Ia t ton a a t th e aOl l 'nna inpul will - all long all Ih..
um twr ci rcuit dOt'li no t 8Upp rt's8 th t' m - IIWr.. rOI't' bt, fully c pcrnuvc at Ih l '
loudape akv r- output fo r a IIho r t p l' rlod of tun e s lnc v th l' vol tas,' at Ih" ou t 
pu t o f tht" {.'onl r ol n ' c l lfh 'r c auno t Im m ...dlntoly obtain It>J Itnnl valu." bu t w lll
vary I' X(lOn l'n t la ll y a c co r d in g 10 t he ti m ... c on slan t ll in Ihlll <1lr.'.'II<>I1. Thill
ml'anll t hai aho r-t Indi vidual Inll'r!t' r l"nc t' I'UIIlI' II w fl l not d"St'nll!tll l' t ilt' II'
ampl lrh' r,

c l The t im e cuoll la n ill ha ving a n t' rtl'c t on t ill' A t' I t' vt'i a rt' Ilhur tt' r than rhoee
o r the con trol r l' e U (l l"r , Thl' g r-ea te r- Ili fl l e vel o f th t, I t' slj;(n al, l ilt , g r oatc r
II the Iucto r- by wh ich Iht, ttm e c o nstan l III rl'dUc t'l l. T h. ' raUllt' of Ihlll III
th a t t he gain o r t he c ont r-o lled IItages Ie I Bnd IC 2 InC n'1l1l1'1I l fnea e-Iy w ith
thl' cont ro ll t'd vo Hag {' ( Ilnd no l ex ponentially , all la th r- ell.lll' w ll h eont r o t
WIll'a ). T hl' t l rm- c on ere n t va r iation l"1I 1il'n ti a ll y a ld ll t ht, c om p{'nlliltion o r
thlll c rtec t ,

d ) T ll is ml'an lllh at th l' mean At' leve I rt'm a in s m arl' cQn llla nt t h{' g n' a tt'r Ih('
Il'VI' 1 o f t he I F !llgnal III. T hl' gain c ha r acte r is tlcll of 111(' in pu t Iltag"11 IC I
a nd IC 2 a ft' a ill o im po rtanl in Ih l ll re s pect .

l." ) The control c an bo adj u lIIl'd with t j-Imrner- po t<'nIl Urtll' t .. r 1'1 ( IC I ) 110 th at
tilt' lIw lt c hing r e c ti fi er c om mences r eduction o f th.. T lUlu it' vo l ta g" lit an
l F liin al ·to -nolll(' ra tio o r approxlm a le ly 30 to 35 dH , The ve r taucn of th e
d illc ha rl':t' ti m.' c on etan t e from a ve r-y low t o the vc r-y high valu.. occu r-a in
a V(' ry " mall ranj;(t' of the IIl gnal level ( approx , 5 d B ).

f} The r-eco ve r-y t tm ce Irl a nd I r2 ' Which a rt' the tlm.,s pa llllin g bvtwe c-n a IIlg 
na l va rlatlun find th t, Nwitching of T 1, POSSt' SlI a ppr oxlmall' ly Ih l' 8am .' va 
Iu t' ll In a clolwd all In an 0lw n c onn-o t loop , lI ow e v. 'I", t he va r-tat ton o f Ih ...
n ' le ve l m u "t 1.0,' largl' If t he la r ge r va lu e II o f Irl ar" to b(' reaclu-d. T hill
III c a ullt'd by th l" fact t ha t tht' rvccve ry ti m e ll art' dl 'Il\"Ol!l'nt on IIIl' rneun AJo'
!t"ve !. wh ic h varlt'N fa r le ll ll than the It' IIlgn al leve-l dUI' to t h t' c on t r o l,

Tht' circ uit ulI ('d in th r- desc r-lbe d I t' am pl l fl l' r r(' I'ft' lIpnl ll a 111m I'l l' ml'an ' o f
p r o viding a good lla in control during >J ingle lIld .'ba nd " .,{·.. ptlun . T h. , circuit hall
been found 10 o ff l' r ve ry good r l' lIull l1 un dl'r g r .. a t ly dl!f{'r ln ll o p.' r atl nK c c ndt 
uons , such a ll wtn-n IIwitchlng be tween IIla tl onll ha ving g n'a tly dlHl'l"inll IIIi"a !
1I I1'('n g lh " , or wm-n tUlll nj;( ove r Ih l' ba nd , w ith pu i ll" Iy p. , Inh' r ft, ,·.' lw ., an d Ntr ong
fad ln l':' Til l ' 1Il'II' (' j('d ..omblna tlun of time con llt a n tll , ,·.'('uv {'ry t iro " N lind r-cnt r o t
r llllll l'8 ha Vl' bl 't ' n fo und Vl"l'y Iavcu rnble.
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5 . S P EC IFIC AT IO NS

lnr e t-m c dufa t ton ;

St a b il ity o f ttl{'
oBc illa to r tn'quency:

AF frt'qul'ncy r-e s pcnae r

Ult im a t e ntt enuatfont

NollIl' t1gu re :

Ov er-l ead rejecuom

GaIn stability a. Ii

tu nctIon ot varying the
op...ratln. voltage :
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< 3 0 d B
a t IF Input It'vd a l> l'lw.·t·n 0 . 3 jJ V a ntl 60 m V

< 10"1.
at 350 mw output po wer- a nd I F input lIig nllitl
b.,t w" (,n 0 . :1 u V an d 60 m V

< 35 llz bdw.' t'n 00 a nd 65 0 C when using tt 'lIlp l'
ra tu re com p"l1l1atlng capacitu rs

I"',· n g. 5

Til" rn..tlu ,·ncy r e sponee cur-ve hus a maxtrnum at
appro"imul.'ly 1.2 kit .:, the c hllra.'t ,· rllltlc curvt
CaUII Ilbovl' and be-low Ih l . fr.. qu ..nc)· 10 apl'l'o"l
mu tvly ~UO III a nd HOO 117. ,

T he ul tl m a t., a ttenua tion o f t he cryIJ ta\ tUt .. r ill
Iru pr-cved by uee o f t he I F reson ant ci rcu li c om 
pr i llin g L I.
AUt'nua t lon :!:. 50 kill from c,'nt n' fr l' qu l'llcy :

> 90 ou
!. 5 0 0 kit ..: f rom c ent r e Is-vqur-n cy t

> 120 au.
F ... 3
A 9 Mll z sl~al voltage o f app r oxlmatl'1y 0 . 3 j.l V
IIJ requ n-ed Into 5000 fo r a sl'lIal-to-no lll" ratio
of 10 ae ( co r-re s pondrng to 0.1 u V Into 50 0 ).

A l I F IJign al leve l s where t he IIlgn al -to -no lll" r at io
ot app r oximat ely 15 d B II exc eede d o r a cc ordin g
t o Ih ,· IF ga in adju etrnent ,

Th e A I·' I(>ve l wUl be varied by 10 d B on a ltering
Ih .. IF algnal l evel between 0, 5 j.l V and 60 mV
( 100 d B " The at a Uc c u rve showin g Ihl' A F s ignal
a s II func tion ot the 9 Mll z Input I lgnal Is g fv en
In ng . 6 .

The H ' Input volta/ole mu et remain below lill mV In
t he pa s sband o f t he tUler .0 that a ll jntermoduta 
t ton o f - 30 dB wUl not be e xce..ded .
A maximum o f 1 V Ie pe r-ml e a tble o utIJ1dl' th,· paea
band o f the Cry llt al mlt"r, It hall b" "11 found thn t
e ven 01 V c an bi! Ied In wunout dama llln il thl' filll'r
or cauIJlng the signal t o br-eak th r ough .

T he ov e rall ga in va riation will h., 1{'lIs thnn 5 d B
with batte ry vo ll a gl' 1 between + 6 V lind + 10 V,
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6. EQl:I I' I'I:-IG TIlE PIU:'; n:o cmcvrr BOAIID D.I 9 Z il cos
Tht· IF amplUIt'r ( F ill . 3 ) J. built -up on a doubl vvcoet ed prlntt'd ci r c u it boa rd
wit h th,' d lm l·llrllu n. IlJ~ nun x 50 mm (FII, 4a and b I. Till' prlntl'd c t r curt
board I. "<juIPI",d with thl"ou "h c ont uc t s with a ra llt.,,· Ilpacln g o f 2.5 mm and
h a ll . Uvt' r - l' lu t.·u "OIulu .'lul" lam' •. Ma tt' rl a l : ~:puxy ghl llll Ilbr-e .

Mln lnturl' c orn pom-nt s mUllt bl' ull~d on th e prlntt'd circuit board. Thl. r .. qui r .. .
a cl' rtaln amount o f patn-nce.

For- m ...an . o f conv cutcncc-, the compon ent loca t ion plan o f Iht· I' C - bo a rd ( ~·I i.

ee I 1a to ht· found on th e c en u- e page s or the msgaz ln~ . wh e r-e It app~ars In
a largt'r Bc a lc.l'h .· uuo ptc tur-.. shows. photograph o f th .. com pl e t e It' and
A F umpllfl"r ( ()J 9 Z H OlJ5 ) .

6 ,1. SPEC IA L CllM I'ONENl'S

Inh' i l'u tt' d c lrcult s r
IC 1. tc 2, 1( ' J :
Ie 4. IC 5

t'A :1(128 A
C A 3020

manufac lu rl'd by
manufac tur-ed by

!t CA
HCA

Tranalstor8:
T 1: ue 182 A. UC 184 A manufac tu r e d by T'e ... . In.trum.. nt . o r

BC 108 A. 21'1 39 lJ4. 2 N 2926

T 2 • 2 N 706

Il loth· . :
U 1. n 2, n 3, I) 4 . I) 5 • 1 N 9 14
n 6. U 7 • AA 143 manufuctu /'t' d by IT T.

InlitrulIll·nt . ,o r OA 182
n 8 • BA 14 3 V ( I N !.114 I. manufactu r ..d

I N 277 . manufactu red by 1'1"11"
manu fa c tur-ed by Afo:G-Tl' II' fullkl'll .
by Tl'xa a lnet rum ent s ,

With tht, exc epuon u f the fIltt'r capacitor of 50 ,.. F /15 V at cconecucn point II,
all capec nore art':

12 V ce rum ic c a pa clto rll with a 2.5 mm r a . t l:'r a(luclng . The efect rotync capa
cllora art' ta n ta l um Clli' IiI'l to r . wUh 2.5 mm ra ltt'r 1I!,acln l,

I' o te ntlomt."tt'r I' I • 500 n tr-tmm e r- potenuomcter manufactu t-ed by Amphenol
( It·., Se etten 3.1. ) .

All resisto r s huvv R 1/ 8 to 1 /1 0 W rat In" and I:Ih<>uld bt, lIuitabh.· for 7 .5 mm
ra s tt' r epnclng ,

7. A LiGNMENT OF Ti n : P TU NTIm c mCUIT BOAIUl OJ 9 Z R OOS

All i n IntluCluncl.' L I for maximum ialn . Iur-thvr- allllJlm ..nt II not r ecctred ,

If the oV('rall gain o f th e c on ve r t e r I, IIrl'att'r than Ill .umt-d . th e o ve r a ll gain
o f tht, lJo' portion can bt' reduced by adju.llnll t he IrUnm e r- pctenucmcte r 1' 1,
wh ic h ill connected 10 corme ctton 4 of Ie 1 vte a 330 p F c a pacit o r .

8. AVAI I.AU I. I·: CO~lI'ONENl'S

Th .. I'rlntt'd dn'u it bcar-rl L>J 9 Zil DOS . It, w.·11 UR variou . IJp"c!al component e ,
I. avallabh' Individually o r a . II. kit trcm th e !,ubllaht'rIJ or Ihe lr na t io na l 1"1'
pr-.. " t· nl ut ivt· 1:I ( Mt·,· adv.·rtl .tni page),
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1.IN EAIlINTEGHAT ElJ CIHCUITS roe AMATEUH APPLICATIONS

by D. E . Schm Itz c r-, 1l.J ~ IlG

I . GENEHA L In :TA I L S
I , I. AIlVANTAGES OF INTEGHAT f;n ClH CU IT S

A llhoUlolh til(" p r rc c o f an lnteg rnted ctrouit Iii aorn vw hat hl~h t' r than Iht' ~O B I o r
l' u rchll Hlng lhe Individual dlller't."It' cOl11 porw n tll rt"lu l1'l 'd to o bt ain Ih t." IIl1mt' func 
tion , 11 Ih,' t hlH' -lI a vl ng , which III galn" d by a vo id in g Ih l' m ounting, c cnn ec uon ,
It ' lit in l{ alld a llgnll u 'nt of comps t-able dIH<'!'l,!t ' cornponent e, ill con e td e red, th t.
will 0(1" 11 mo rt' than cOmpt-I1Hat t· for lilt' ,'xl r ll ('x lwII H... T tlt' i n'a l advantage e
wht"n ulllnll In l t'Grat ..d cln'ullll, fu r Inetuuc c, III m obil , ' or he nd - ho td etetton e,
an' th<' vvry 11 l11all III'UC" r ..qul rt'm t'nlH, 51:'1c ,' th t' cln'ult " I..m .. n t ll a r t' Im u..'dd .-d
In till' IIItit'UII 8ublllt'al <'. II good itwl:lt lun III achh'v,'d In IIplt t:> ot tht, 11m all dr
ru vnaion s , A nu m b"r o( tlw tl'llnl<illlo r' l<yHIt'll111 ar- r- built u p In a d lffe rt:>lIl la!
co nflgu rlltion, Thill I'.. liulill In II l't' h tl l v<'1y loll""al l ln t-n r- dr-lve r a ng .' and II low
It' ml'" r a tu l'" tlt' p t' lId,'ne t',

TIlL' art tcle (1) de sc r-lbvd ho\\ th, ' Int"jl;rll!t'd e ll"cult TAA 111 ( Stemen a ] c ould
bt , u,... d 1111 a t allor t'd IIp,· t·c h alllpll flt'r ha vin g a frcqu r-ncy r(' lIponll t' d llin g 11 _
m-a r-ly wll h fl't'qu ,'ncy In th,' vote r- pllBB band ( appro x. 6 d B/oc t avt· ) , vertcu e
app li ea !l " nH u llin g in tt'll r a t,'d c liT ull H m a nufa<'lurt'd by ItCA are to be gtv...n , The
o p,' r/ltlng voltlllWB, Illwclficationll all d ctt-cult d l' lalill w...r-c pa rtially e xt r-acted
n-om BCA da til IIh l' t't1l ( 2) lin" IWIn",lnlt'j; tll't l','m ln ('{1 by t' xp...rlmt'nls by t he
a utho r . Tlwy do '101 n ec v asn r fly n 'pl""II, "n t th .. moat favou rabl l' valuee ,

1. 2. MO UNT ING INSTHllCT IONS

All of Ih., d"lI t"l'lb..d Inl "IP"at"" ci rcu its 1.11'" .'nclo llt" t In nat TO 5 c a lilngll ( m a x.
8,5 m in dill" ~. fi mm hi gh ) ha vin g 8 , In or 12 connvc ttcne , Thl' twe lve con 
nectton I.'udll a rc Ir-d ve rt .lc a lly Ih rough t ht, bnao o f t he c all ing and from a clrcle
of 4 . 8 m rn 10 1>. 2 111m diamete r , Wh t' n Ullin!! suc h inlt' ll r alt'd cl reuilB In con 
junctioll with I' l'intt'd ci lTUit oo ll rtlll , a " la rn t'l " " o f 10 mm ( n g, 1) wa . fo und
tu be Iavour-abh- 110 th a i s ome o f Ih., COlIl1<'('\lo lI it'adll ,' o,"n' >il)(lnd 10 th o 2,5 m m
BI~l ndll l'd Illlllclng, Tht, ho lt' lI on tllt' !'C -ooard havr th t- eonventlena ! d tumetcr
o f 1 . 3 mm , The I'C - oo IIl"d ll a l"t' " " lIlg rwd 110 Ihat th t, conduc to r 1a n"8 do not ..n d
in tI,.. ull ua l r ound rin gs bu t en d blunt ly In [ r onl of Ih .· holt, ( ace F ig, 1) . Thill
Is a ~p' t' a t ad vanlag(' when remo vin g th .. Inlt'grat t' d cl rcu ltB at a late r da t e , Thi ll
Is cu r j-Ied ou t by ull llo iderin g vn ch c on necuon Ie a d Ind ividu ally and bending It
ba('k un t il Ih .. Bo tdt' r Be lll, Aflt' r a ll connecuona an' un sotde eed , Ih .. lolt'gratt'd
ci r cuit c nn ,' a BlIy he r t'ffiov..d ,

n,.g.
BGU COIln K l,on l at 11..
''' I'9ra tt d CIIN ,t a l ....,
ftam M law GlI ..eual Ihe
d" l1 j,g lot the PC-boa rd

unfav ourable fa vourable

Dn,gn al lhe conduetor Ionn

Conductor lone

~C'"';~'"'
Sotdfl

.. f.. .". •
connfl; t,an coMo<t,on
lea d It ad

PC-baa1 d PC-boatd

Unl Oldell n", the connect'an le" dl 01 Qn ,ntegrat ed
CHe.. ,t

Fi g. I MounUn!! Inlt'llralt'd circultll
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1,3, VOI;fAGF. HEQUIH ~;M (~NTS

Many Int eg t -et e d clrrultll requin' two ope r-at tn g vollagl'lI having om' c om m on
pole, e,g, 0 V, 6 V, 12 V o r ·6 V, Il V, +6 V. It III p<HHllbk to otnatn th.' to
te rm ediate potenrtal by ee rf e u-conn..etten of t wo vollllgl' "OUI,,, .. 8 or by dl d d inJl
th., g reater- voltage u s ing a avu e r- diad.' or drol'p",r n'II!l:.tor. good fllh'rinll III
trn pe rattve , It iB o rten advt sablc to c onnec t th e Inl .. r rn c-dla t e point lu g round 110

thaI the base -leak n'slstor8 and the output I'<o'SIlltOl'8 can l n- g rountll'd, Thill
configuration Is rnolltly ul,..d by th., aulho r.

I, 4, .sP~;cIFICATIONS

Inl .. g rott'd ci rcuits ar-e IIl'nllltJve to ovvr-lcad , e speclelly voltagl' ov .. rlolld. In
a IIlmUar rnaan e r- to t rantlilltorll, Dpt a ll s rl'gardlng tilt' li mit and recomrnended
op.'rlttlng VitlUel a re glv.·n In Ih,' data IIh.·.·hl. Typical clrcuilll a r-e gi\'t'n in th,'
application nctea. T be ae Info rmallon IIh.'dli an, normally provld..d on purchlHl
inl; the rl'qul rl'd lntegrat.. d c Ie-cutr a,

2. APPLICA T ION S USI NG Tin ; INTEGltATEU CIRCU IT CA 3028
2. 1. C IHCU IT DlA GIlAM

The circuit of t his Intcg r-ated circuit lIB Illvrn In ~' I g , 2, Th.' oxte r-na l circuit
r "prclI("nts a pce etbte means of obtaining the r .'qulre d op.. r a t in g voltag.'tI,

Transillto r system Q 3 ope s-a t .. a lUI a c on stunt ecu r-r-..nt ecurce ; th.· cottr-c ror
cu r s-cnt II vlr-tuaI ly Independent uf th.' collecto r volt age ( lmprl"lJlIl'd c u r-r-em I
and dls tributell 11111.'1£ to th e ernttte r s of both Q 1 and Q 2. If Ih l' base voltage
of syeu-m Q 2 III ke pt constan t and that of ey st em Q 1 increased, the " m lth'r
voltage wil l be Influenced tlO t hat the e mltte r- cu r-r-ont of Q 2 Is l'r duCl' d by lh.'
enm .. amount 11011 th e em itter current tnc rcasc of Q 3, The collecto r cu r r ent of
Q 2 la co r respo ndi ngly tnc r cas e d and t hnt of Q I o ec ree scc.

If the voltage at the baa" l1 of Q 1 and Q 2 a n' atmultaneoualy Inc rca s cd by the
eame amount , t he c ollec tor cur r-en r e will vary only IIl1ghtly ,

"

r - - - ,-\ - -.., r"'I , "
I I

'-+4'--1" " -4---'
I ../ I

=' )+ :I .. I
I 1
I'- - k I
I "1 • 1
I ,, 0. I
I I
1 • I
L----t-~~J
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TI l(' colle-cuu- {'u,"'l'ntll .. I cmnwctlOtlll 6 lind 8 of It,.. 1111~'Il"all'd circuit va ry
only "II a function o[ th .. voltall" dHf~'I'l'nct' at tI\l' b"li" conn~'ctlonli 5 and I ,
tho' eum voltllil" t'ompotlt'nt III I'I'..ctic ally not amI'Hfu'd, Th,' common mode rl'
jectlon of tln- C.\ 3028 lli not 1I1lt'('Hh'd , but meet cerr atnty lllTlOUtltll to a t lc a a t
60 dli,

Th.. gain Iuctor- of tlw dlff"" "nllal ampHlh' r ('1111 b.. IIdjUllt.'d by varying th .. bnee
voltal!" o[ IIYll!t'm (~:l, ThiN III becuu s e th .. [orwul'd t rnnaccnduct ence Y21 ( In
m A!V) of tnllllllHtorll ill d"lW,u..l"'ll on till' emtuvr CUr ... ·nt [E; tilt' followloll Is
a Ilood approxunuucn :

Y 2 1 ::to 39 x ,~: ! volt

Syatem 4 I n'c .'ln'lI n"~llth'" r.',·doack du e' 10 till' interr-onnec tlon with Q 2; the
n.' ga tt vl' It-edbac k factor IInlOunh~ 10 eppr-oxlrnarc-ly 2 al low dr-Ive value e . Th ..
c cl lcctot- cu r r--nt 'C:\ of (l3 III addi t to n. y dlvi<h'd on (0 both ayat em e , The
acuv.. Ir-anaconduc tnm-c with low dlrr"I'l'l\tial voltllJ.:~'ll III th .. rutcru:

y 21112: 10 x IC3 ! volt

The inl"grat('d circuit can I.,.. UNt·" for a va rie ty of uppllr at lo na, such a ll:

a ) A ve r qnble 10:111 '1 aml'lIfi,'r with elther- all l'quni-phatl.· o r antl - ph nlle output "I'

Ilil an Il.ml'Hflt'I' with II pUllh-pull output ( I'h a ll" IIplltl,'r ), Ii" " F ig , :1.

b) A ll a varfablr- gain "ml'llfi " I' In II ce seode circuit ( lil'(' Fill. 4 ) .

e) A ll a dlff"I'{'nlilil IIlllpliCit'rlo li,'pllra\<' th., pUllh-pUllh lind push -putt cc mpon ent ,

d) Me aeurvmvm of AI" und Il F vollltg.· d lff.. r e nc va , 10 compare voltagc accor-d
lo g 10 amount ltnd pha .... in mva su r-lng br-Id gea, rt'lh'(' lorm l' lt"'II , f r" queney
and ph lili l' cornpn ra tor- circuits all wr-I! all a n ac ttve .' I. 'ml' nl in fll t.. rll .

..I All a mlxt-r- In dlh ,'r pUllh~l'utlh or pu ah -pu ll conngu rutton or a8 produc t
den-c tc r- ( F IA' 5 and 6 ) ,

f) All a pUlih-pUlih 0/' pu ah epull cecmercr

II) A 8 a IIl'lf - I'XCIt..d mlx('r ( see F ill , 2 I

Circuit ,'xamp!t'li al'(' no..... to b., g lv l' n fo r 1I0ml' of II1('li" nppflc at ton s ,

•••
..L
-~

1
TfO,,·

0., ' _ i 1'_ 0..... ,' ,.,..._ -+.-+--'::r~4· · '

... 1. / " ,~.
=:-••~II-~-Y-k .. 1-'+--1 I'

I "-./ I T O"
". I T- .: - 1- •

I '<, r=-'+-'Y--"I"
- J " I -·~ :;::

t, (Jj T_J ~1::: ...1

Fi g. 3 ln reg r-etvd c i rcuit C A 3028 1111 It var-iabl.. ga in ph a ae Ilpll t tl'r
In thc A F and II F r.ltl1J.:"
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2.2. T il"; MOST IMI'OltTANT SI'i,;CIFICA'I'IONS

The ro ll o wlnl typical valut'8 art' obtatn..d with an ambl..nt te mpe r'a t u r-e of l!l°
C In an t"xtt'mal ci rcuit a. aho...n In Fig . 2 :

wit h Uu • U
7

a 9 V ' 6 IS a 2. .5 rnA

IIIS a 211.uA

wit h Ulla U
7•

12 V 16 , 18 • 3 . .5mA:

11 , 1.5 • ·H.u A

Input tmpedane... at corm...clion 7 apprvx . 7 kfl

Pow er- amplification

atl/BallV. a 100 Mi ll

I • 10.7 Mill

20 du ( caacod., )
17 dB ( dUh'n'ntlal )

39 dll ( cucod.. I
32 eu ( dlf(t>rl'nllal )

The .Ignal voltall' al point I or .5 mU1I1 not I'xcl· ..d 6 V p..sk-ro-peak.
Thl' maximum p,·rml••nne power dl •• lpatlon ' 'tOI a 300 m w.

2.3 . VAIUA IlL Jo: GA IN HF A ND A I-' AMI' I.lFI EH

~' I gun' 3 IInow8 II ci rculi who-no tho' Intt'/,i:rah·t! cIrcutt CA 3028 la ulo'd a. lin
a pt' rlodle ampll fh,·r. Tn.· ua ..• connccuon of .yah-m I.J 2 I. not n·quln·d and
may be dl r e c tly ccnnected 10 Ih.. blall vollag.· I 0 V In th .. o·xampl.· ). U an t'a
pt 'c la ll y h1ih It ·m p.. r a t ur" ataUllity II n'quln'd, Iho' llouo' may b.. conn..clt'd to
th .. billa vollalt· via a bypa...·d 1·.·.I.lor. having th.· I/Unt' vafue aa th.· ba ...
Jt'ak r .. alator.

w hen u . ..d al an IU' a mpll fl e r , th.· lo a d "0-11 111101' o( th .. r-.. qul red output can
be r.'pl a cl·t.1 lly a r ..aonan l circuit. T ht, lo ad r '·III.tol' of tne unult'd ou tput la
d l r ..ctly ccnnecteu t o th e 0pl' ratlni voltagt·.

T he ccnt rcl ranl(' amounl8 10 .pproxlmalt·ly 60 d B al 10,7 Mlh and i ••tlll
m a r l" Ihan -10 t.1 11 at 100 Ml iz . Thl. rang" i. ollla!ru·tl by varying the vol tagt· at
polnl 7 b('\w('t'n - 6 V a nd +3 V. Tho ln hc r-ent IIlablllty o( t h.. In lt'lratl"d circuit
I. iood a nd wl\l not require Iu r-thvr- n,·ulrall,allon . i N .. to n"'ia tlve f..edbac k at
t ht· emnter, a dl Her('ntial &nlp ll (h' r ctrcutt I. 1('111 a(h'c!t'd lly overload ( e rcee
m od u latlon I In t ill.' n ' rlln~w aa Indiv idual tramil.lortl. !l ow,·v(>r. t h (> Improve 
ment I. only . Ug ht,

2 . 4. CASCOUfo: AMPLIFIER

T ran.I.lor .y.tl'm Q 3 posee ••toa till' .aml' high I ranalt r r ..qu(>lIcy lI••y.h·m.
Q 1 a nd Q 2 . II m ay the rero r e b.. uaed aa Iho' Input .Ialll' of II c cod.. circuit
( 1I '·t.' "' [g . 4 ) . Th.. no i lle f1gu rt· o f euch a ci rcuit la aoml'whal I than th a I of
Ih .' d lrr" l'o- ntla laIl1 IlIHlt.'r wllt' r ,·a. Ih., gain anti control r a ngt· a rt' lp·t·lIlt·r, Hew
" Vt' r, Iht' lIet lv t' eompom-nt of th t' Input Im pedance la " O'd ll l " 'U by Iacto r 3. T h la
mual bt' til k" n lnto conaldo-ratlon at frl'qu t-nd"l1 o f ov .. r 20 Mli z wh"n' th,' output
IUlIwdanc ,' will bt, aillo no·gatlv.·. O llc l1la li o n. hm"''' v,· r ...... ilI only occur- ...dlh ..ur
put Impt'dllnu·. of moev Ihan 8 kr1 at frt·qu c ncy of 1-15 Ml h ,
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Th!' unu aed t r-anatat or- eyeu-m Q I can Lw u ",,,d to control the amplification, If
th(' case voltag" LWCOlllt-1i m ort ' J.>o .ll lt lv. ' than -3 V , thl' ornltter- o f (~ I will tak ..
m ono and m ore of th,' col u-ctor AC volt llJ,( l' ,, [ Q 3 , Ttw op(' r a t lng po int o f Q 3
hI vi r tua lly m a intaine d "..hlch mvan e t hat t he Inpu t Imp"<!lInc" I l:II not a ltt-I',-d.
Su ch a low -j- eact ive gain cont rol lK lI.dvlll llUI,', for tns t uuc e , when tin- Input im
pcdnnce of II .Iltagl· III a trnult uncous ly Ih., I.. rmlnatin g tm p.. danc e o f a tiltl" I', A
gili n varlatlon c oul d otht-rw IR.. C IIUIl., Ilw [Jl t " I' to !w dl'\un..d,

2. 5. P USIl -PUSH AND I' USII - I' UI. I. r.UXEHS

The ci r c u it ot a pUllh- pulJh m ixer- [0 1' tw o rrn-t r-ea III j(lv ,'n In Fig. 5. A Rign a l
voltage III ft-d to ccnnecnon 1 . Connl'd lon 2 18 c onn,' d (' d via grou nd to th e Zt' I'O
point o f the operating voltage, An IF c t r ou tt ( 9 Mll z ) III located at the c ollec 
tor of system Q 2. The audlla ry Ir-oquen cy ( 13!'l - 137 MHz) III fe d to the base
of Q :I where It c aUI t'1J a mu ltiplicative mix in g.

Fill . 6 IIhows a mixe r c i rcu it with a pUllh-pull input for the IIlgnal voltage and
n push-pull outpu t fo r the IF volta ge, Th(' aux iliary Jt-equcncy tOI C iIJ s u pp r-e ea 
" d by th.. puah -pull confi gu r a ti on of th.' I F circuit. A s 1m ll ll r circuit co uld
thercfOfl' be used as balam-ed m odulator In SSU equlpme nl.

The negeuve Ieedback rt' lIllIlor in the cmtue r lead of system Q 3 should not be
s hu t -t ed In the Il l" s ense . O f cour-se, the requtr-ed auxfltar-y vol tage would faU
from app rox tmately 2 V to 50 m V due to t h e by pa a ilin g o r connec tion 4 bu t a
grcal nu m be r of unwanted ccnver-eton p roducts woul d be i t' nerated at t he .ame
umc . The t r anecc nduc tance without bypalllllng , t. e , with fu ll negat ive feedbac k,
amount. to a pproximately I IllA IV with an auxiliary frequency voltage of 80 mV
and 10mAIV at 800m V.

."

o

.. ,--L
J.,rtF,""" .."."( ' loll'l l )

, ~ , j~ ; ""_ ,I 7 1
~ -,.-J

~ o ~p ~• , •
1- . '" ••
1- ' '-4H

I:
CA 3028, J' boo"","( lI(u ,t

far ' IF

I"

" I~
lU ~ I'II )

H

Si en al
~allae' input

FIll'. 7 U.lng t ht- int"lIrnted circuit CA 3028 as a ae!f-cxcltt·d m i xe t-
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2.6 , SELt' -EXCITED MIXEn

Intea r a ted drcuil. allow .eU-exclt d mixe r circuit. to be ccnat rccted who l '"
Olc11lato r rre qut"ncy la virtually Independent "r the Input alfllal value . Suc h a
errc un la 11v£>n In Fil. 7, Tranal.tor ayatem Q 1 cpe re te e In a common baae
e t rc uu : th l!' collector ia coupled to th e ba ae of ayah'm Q 2. An abaor ptlon er r 
cu lt , whi ch ia tuned to th e Inte r rnedtate fr-equency , la p rovided fo r nc.-utr. ll za
tton , The mun tpnceuve mix lnl cccu re via the coltecto r cu r rent o f ayah' rn Q 3,

To be ccnt tnu ed In the ne xt edtttcn of VIII" COMMUNICAT IONS.

R EFEnE NC l-; S

(1) E. Schmitze r: Pre am pl UIt' rI to Improve Speech Int e lHl ibil Uy unde r I'oor
Opera tln l Condition••
VJI F C OMMl1f\;IC AT IONS t (19691, Edition 2, P a l '" 110-114

(2) HCA Data Sknol-ta : ItF -Ampllflera CA 3028
HF-A m pHf le rl CA 300$, CA 3006

HeA Public atlone : leAN $:H7 , ICAN $022

VHF UHF MANUAL

uhf·uhf ...._,~ - - A new hand book lor the VHF a mat eur publlahed
by the Radio Soc iety o f Gu 'a t Britain

• Clr c ulta a nd tec hnology cove r tng fr om ba al c
princlplea to co mplicate d m lc ro ..... a ve equip me nt

• Excellent reterence boo k [or the VHf bt>glnner
and experieneed ama te ur

• 241 pa ll.a with det allt'd c trcuu du crlptlon a
and aaaemb!y Inat ructlon a

• Both Eur opt'an a nd Americ an Tu~ and Semi
co nducto r typ e l a rt' us ed

• Ent'nalve Propallalion a nd Ant en na Infor m ation

pr tc e US $ 4. -- o r national equivalent Incl udln ll
poltagt' OM 15 . 20

Avallablt' fr om:
UKW _BER I C HTE, H.J .Dohlu l. OJ 3QC
0 ·8$20 ERLA NGEN - G1pl..... ueer Stnlle 4$ 
Iw ee te r n Gto r many) • o r Nati onal Rl"pre at'nt.lth·PI

Deuts ch e Ban k Erlangt'n . xcntc 476 325
Po at ach t'c kkonto Nuernbt' r a: 30 455
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Fig.4c : Component location plan of the IF-AF amplifier

II IIhould b" pointed oul thai the ope r e t ron of t ht, d('lIcrlb.·u drcult III •·.. 'it·n·
Ihlll)" d.· '.....ndr-nt on Ih., uwv of high quality component s ,

Indue-Ianet· I. I

('huh ce I

Chokt· eh 2

Chokt' en J

40 turn. of 0.2 mill dla. ( 32 A WG ) ,'numdh·d '''1'1''- ''
wi n ' ""und on a of mm coil Ior-met (Illundllnl con r,,,,,,,,, ,,
A l .... lth SW con', Cull lap 12 tu rlill Irruu culd "lid .

5 m il d l" k, '

II chuh; Z. III kU III

0.2 11 choki-; Z. 1 kn III kill; Ii • iuo n

A F output t r-aneformet- 70n/70n/511

Thc c r-yatal mh'r type XF-9 U I, availabh· from the publJllht'rI or their na 
tlonal rt·pr"'uontat!v....

Th " prlnt.·<J c j r c u n bOllrd U.J 9 Z ll 005 I, pr-o vided with 12 conm-ctlon polnt s ,
II I, pOllalbl .- tor th l a bo nrd to 1)<' I, l lll-"d 1011I'th"r with tlw 7 I'n!o, plug- in board
IJ.J !l Z it HU B ( 145 Mll z boa r d ) Inlo 1I 22 l'0 l ~' Am l'h . '/w l conn ,','lo,', Th ill aJ1"vdl
both board . 10 b., .' a . Jl~' a r-,'olllu,I Il!t·<! nnd " Xd lnn ll " ' 1, 'I'h" o l'd"r llulllb"r of
ccnm-ctor I. 225-22221_101.
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The t welve connecrtone of the p rinted cl~ult boartl OJ 9 Z R OO~ arl' .a Co il ow. :

I Ground
2 +9 V 'H' II fUIl' rt'd DC, s witched orr du ring "u-ee sm n''
3 S meter- eonn ectfon ( see F ig . 3 I. fed via S rne te r- to a roun d
" Control voltagE' Ve l ( 0 V to +7 V 1 can bt' t a pped o rf a t th l . point
5 Control voit ail i' UC 2 ( +1 . 2 V to +7 . 3 V I c a n b.. tappl'd o ff a t th l . po int
6 +9 V wl,lI Jfl te red nc, not I wltch ed orr durl nll " t r a ns m U"
7 A f' ou l put, Z • 5 c
8 G round
9 Connectton of till' 10 k rl volume control ( wl pt"r 1
10 Connec ttcn of Ih e 10 kO volume conl rol ( hoi end I
11 +9 V atablllzt'd UC laolalt'd from point. 2 and 9 to avoid reect ton on th.,

A I-' pn'amplUlt>r ,taie.
12 Co r mecuon of switch 5 1 f or 5SB -AM aw itchinll

The control voltajl'" UC I and UC 2 can be ta pped off for t'xtl1'mal u _t' a t con 
neenon point. " an d S. S.... Sec tlon 7 .
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Noh' _ r " lIardln ll th e com pon,,"t loc a ti on pl an F ill . " c :

+1 SO }l t ' / 1S V ..h'c l rol.y tlc c a pacito r wilt be n l1'ct'8IIary when • 1'9 V alabUb:"
I'd voltall" ia not avat table ,
Ch 3 m ay b.. mounl ed on the tower- . Id,' at t hO' P C - bo a r d for apac ,' rl."aaona .
If a BC 18 2 la e nosen for T I . incr"aB" th l. reel.tor to n on
Dr il l nf'c t' a . a ry ho l e _ tor thl. compon..m .
0,5 mm .cre enln' plate (bra•• ) o r 10 by 36 rnm , Solder- to t hl' Icwe r .Idt'
o f th ,' P C · bo a rd
4 .7 n F CIl'>8cltor accommodal,'d on the low t'r eioe of the P C ·bOl.rd
Coaklal .ock.,t. Skt 1 and 2 : lIN C or .!mll a r
Mou ntlng hoI ." to!" grounding .c ro'wa,
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1H-;TEHMINlNG TIlE IMPE IMNCI:: or QUA RTE R WA VE
GHOUtiD PLANE ANTENNAS

by H. J. Dohlul, OJ 3 QC

INT ROD UCTION

A d~',crlptlcm w.. Illy ..n In Edit ton 2 of VHF COMMU NICATI ONS (I) which
ahowl.'d what vrrecr th.' dlm..nllon. o f a r ..clanllula r count ...rpol .... h ad on ye rtl 
cal rod antenn.. with lenlilthll of A/ 4, A/ 2, :I A/4 , 5 A/ 8 a nd )" The rod anten
na. we r-e I~at('tl In Ih e ceru r-.. or nat courue rpotee plate. ha yln a alde -Ienflhl
of A, 5 A/ S. 3 ),/4, A/ 2, ),/4 and • . Th .. 60 n f,,~·d .. r b('twet'n .Iottt'd line a nd
anh'nna lIo'a . ,'qulpl>l"d wllh a quaM "r-wan' coaxial .Ieath { ~Iun I in o rder to
avoid any IIht'ath ear-r-ent ,

T h., IInl ..nna contlguratlon. alven In 01 are mainly of Intere ,t for m obil e op"
ration and for th ..ur,·tlcal IIludic'lI. 'l'he qUIl1,-r-wllvt' around plan .. ( Ind tripl e
1t'1Il ) a nt l'nna hI, how.'v.-r, of mo rv p racllcal Inlt·n'.t, Suc h Inl ..nn a ll a re equlp
lJl'd with a num L... r of r a dl a l ll wtth thl' Iengrh 1 In.I e> lId of a c:Iolled melal coun
t .. rpol ..-, Tht, radial. ar...pread from tht, ba ... o f Ih .. rod antennal a l a n e qu a l
anllll.' .... from II.nolht·r and an anal" 11 of 900 or mer-e from the A/ 4 rod I lee
Fla. 1 ). The counlt'rpoill" rodl art.' r .. f.. rn'd to all radial. even wh e n (J de 
vlatt'. from 900, The> number of radlah I. dl'llgnatf'd by n .

~ w ith rad ia l ro ds

•

, .
• 0, .".
I "d. I . n ~ I "

Ii " I". 0111.. d ,,~ ... . t..
0 1 t". (00 0101 r.." ..

, .,.. ".
n • ~O'"

l • lod I.n ~ 11l

)

0/1 o. p' . oIl....
nll 'l " "n~

""o.n~ nl.

Fi e , I M('allurlna arrnne,'m l.'nt 10 d('ll'rmlnc' the ft.'t'dpolnt Impedance o f
ver-ttcafly I'vlarlll'd rod IIn!l'nnllll
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ThO! following tlt'ctlon explalnfil how th r- Im pedanc e of >. /4 antennae wit h four,
three and two radiale la mve su red. Th(> It'ngth 1 of th e radiale wa e >. / 2. 3 >'/8 ,
5 >' / 16, A/ 4, >' / 8, >. / 16 nnd ~. Wit h four radiale , the le ngth 1 co r rnpondlJ to
approximately ha lf t he Itlde-IO!ngth of the counte r po te e pl at e In (I) ( filI'(' F i g _ I ) .
The angl,' ~ between the r a dla l ll and th .. antenna rod amounted t o 900. 1200 and
135° durtng the va rtoue m eaeuremente. A qua r-te r-wave coallial sleath we e alec
uled. T he elgn ~ Indicates that no radlalll we r e used.

T he lIamt' me aau r-tng conflgurallon wall ulled during the se m e aeuremenre all wa s
ua ed In (1) I. e . a rou r-- ps-obe IIlotted ltne a nd an cectltoeccpe with di rect Sm ith
Chari rt'prCllentallon.The radlallon char-acte r-tauce a nd galn we rt' not mea au r-ed,

I. RAD IA LS WITH AN ANGL E OF 900 T O T In; >. /4 ROD

Th.. metal counte rputee tn (I ) we e located horizontally below t he a nt e-nne rod
lind rt'prel.-nlll an tnnnne numbe r- of radlall having a I..ngth appr oximately half
that of the etd .. - Ie ngt h . 'I'he angh.- CIt. la 70"1'0, the angh· tl II 900.

Mea.ur - Ha dla l Refe r-enc c value vatuc of the Numbe r of An gle 13 t o
Ing point length I X/Z In t he m"Bliu red Im- r a d lal ll a nd the ve r-uca!

Smit h Chart pcdanct' Zx angll' Ql from r od
In n a no ther

, ' /2 3.80-jI.90 228 - j 1I4
2 3 ' I' 0.62+jC.78 37

• J
47

a s A/ 16 0 . 36 + J O. 12 21.5 + J 7 4 at eL - 900 90 °

• ,I' 0.27 - j 0.27 16 - J 16
s ' I' 0.28 _j 1. 02 17 - J 6l
6 A/1 6 0.30 -jl.57 18 - j 94
7 I - j 3 .30 - j 198

, ' /2 2.1 0 - J2.90 126 - j 17.
2 a ' I' 0 . 8 8 + j 1.28 ea

• j
77

3 e A/1 6 0 . 38 + J 0.20 23 ' j i a 3 a t ""_ 1200 90°

• ' I' 0.27 - j 0.32 16 • J "e ' I' 0.28-jI.15 17 • J 69
6 A/ 16 0.30 - J 1.65 18 - j 99
7 I - p. 30 - j 199

1 ' / 2 0.90-j2.78 " - j 137
2 a ' I' 4 .4 0 + j 2 . 90 26'

• j
17.

a , >. / 16 O.50+JO.54 30
• j

32.5 2at «-1800 90°

• ' I' 0.27 - j 0.37 16 - j 22
e ' I' 0.28 - J 1.25 17 • J "6 A/ 16 0.30 - J 1.73 18 - j 10.
7 I - J 3.30 - j 199

TabJ,. I : F"",Ip"lnl lmp,·,l!.ne.' at an anl':l .· n of 90 0.

Figu re 2 and Tablt, I snow th.' I·"tlult or Olt' f1r.llt m"alluring lIerl ..... with four ,
thr.. .' and two radiale of dln.'rlng It'ngthll having an angle p or soc 10 tilt' an
tenna rod In c ompc rteon to 1I ,·,'c lililgulal· nu-tu! ('ount''''I'0IIl .' all IIhoWfl In Fig. 1
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o r F i g . 3 In (II , Comm t·ncing ..... ll h polnl 7 ( c ounlerpol u- o r radia l h"nath • • J,
ui e cu rve. a , b. c and d ha ...e ... Irlually t hr- .ame run . Thl. m e ans that the
f~~dpoln l Impedence of th e A /~ rod do.. . no l .urre r al low counl .. rpol. t· o r radia l
I t'n gth. a. a fu nction o f th e- nu mu...r of radIal. ( fou r, t h ree or t ..... o ). Th e- c u r-vc
"e" It' avt'8 Iht' com mon run at me....urlni point ~ . C u rve "b" run a 10i t' lh cr with
"c" a nd "d" In e xc t'•• o f pulnl 2. Cu rvt'a "c" ... nd "d" ha v... a .Im il a r ru n .

Th'" f....d po lnt lmp"danl' t' of tilt' A/ 4 rod wlt h ),/ 2 rad ial . I. In Ih ... ce pcc tuve
r an it' wit h h ii h trnpeoance valut'., It th e radlala art' .1Illhlly shc rt e ned In th t'
d u- ecttcn of 1 • 3 ), /8 , the Imp"danct' wil l bee em .. r .. al and amount 10 appro
ximatt'ly 330 n or 400 n aecorrllni to tht' number- of radla la, AI rad ial It' nlth,
bt' l wt't'n I • 5 A/ 8 and ),/ 4 ( Ut't ~'t' .'n mt'aaurlnl polnl. 3 and 4 o f curve•• " b" .
"e" a nd "d" In F ig . 2 I, th e Ievdpolnt Imp..danct· III Gilain r ..al and amou nt.
10 s ppr-oxtm atety 20 n,

2. IlA U!A I. S WIT II A N Al\Gt.E O F 1200 TO T ilE A/ 4 HOi)

"·(i . 3 a nd T a b l... II .ho..... Ih t' rt'lull8 of th e I .. cond m ... lurlnAl: l ...rh'l wit h four.
th ree a nd t wo r a d lal l of difh-rlnl I., nit h. havlni a n anlh' Pof 1200 10 Iht' AI"
rod . Th l . la compe r-ed to a rt'c lanlfUlar rountt'rpollH' accu rdlna to (II h.... in i an
anll t' tJ • 90u •

Mt'a . u r _ ltarUa l H.·r,','...ne t- vnlul· Vlllu. , or Ih ., Numu" I" uf Ani \t' IJ 10
Ina pc tnt h 'ngt h I X/Z In the- meueu n 'd Im - r ad ial . a nd t h,' v ... r ll c al

Smith Chart 1", t1 Rnct' Zx anih' Ql (rom ,od

" n anOlh.. r

, ' / 2 0.80-j2,20 .. • J 132
2 3 'I' 5 .50 -+ J 1.50 330

• j
90

3 e A/ 16 0 . 80 -+ J 0 . 5 ,~ ..
• j

33 2al ... · 1800 1200

< ' /< 0 . 50 - J 0 . 39 30 • J 23 , 4, 'I' 0 . 33 - J 1. 33 20 • J . 0

• A/ 16 0,30 - J 1 . 79 I ' • J 107.5
7 ; - j 3.30 • j 19.

I ' / 2 2.40. j 2. 40 '" • j 144
2 3 A/ 8 1.40 + J 0 . 80 ..

• J
..

3 5 ), / 16 O. H -+ J 0, 18 44 . 5+ J II 4 . 1 ... · 900 1200

< , /< 0 , 50 - j 0 , 25 30 • J "s 'I' O,4 0 - j l ,0 3 ,. • j 62

• A/ 16 0.3 0 • j 1. 6 2 18 • j 91
7 ; - J 3.3 0 - J 198

I ' / 2 1. 38 - J2 .85 83 • J 171
2 3 'I' 1 . 80 -+ J 1 .40 10'

• J
..

3 s A/ I s 0. 68 -+ J 0.24 " • j
14 . 4 3al /:ll.· 1200 120°

< ' 1< 0 . 50 • J 0.3 0 311 - J 18
e 'I' O. 37- J l .20 22 - J 72, A/ 16 0 . 30-j I.7 1 18 - J 103
7 ; - p.30 - J 198
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Cu rv... "b" , "c" a nd " <.I" , wh ich hav.. a common ron onlll af1f:>r !,olnt 4, nt-
viale from the rt' ft' rt'nct' cur-ve " a " ( count er-potac pial<' j) - 90° I vt'ry eho r-tly
arter It·avlni the com mencement potnt 7 ( I - ~ I. Tlw eU I·V\·. ( "b" , "c' a nd
"d" 1 cot the rf'at axla between potnte 1 and 2 III vatu.... of 240 nand 381l fl
at r a dia l If'ngt ha of bet wee n >.. / 2 and J A/ 8 .

At radial It.'ngth. bt,t wt' t'n 5 A/1 6 and A/ 4, c ur-ve-s " L", "c" and "d" c r-ca s the
r-ea l axlll between points 3 and 4 at a pp roxlmlOtely 36 n , whe r- c t hey co r re s pond
to point I o r cu r-ve "a".

3. RAD IA LS WITH AN ANGU: O f' 1350 TO T lI F: A/4 HOI)

~'l g . 4 and Ta bl\' III eonlaln Ih ... r t.'lIu lts of tho third ml'llIlOI'lnjl" ae quencv with
fou r , three a nd two ra lllaill of va rtoue It'nK\hll having an angl... tJ of 1350 to t he
A/4 rod. This is again compa red 10 a n'cillnil\llar counre rpotee according to
0 1 having an angle (3 - suo.

Mt.'a tlo r - Had lal Rc fercnc v value VllIOt· o f the Numbe-r of Angle f3 to
Inll: polnl Ie ngth I X/Z In t he mvaeured tm- rndlalll and the vo rt Icn l

Srnll h Chari "t'dane,' Zx angle Otofl'orn r ed
In n anotht' ,"

1 ' / 2 2. 00 - J 2.30 120 - J "8
2 3 ' / 8 1. 6 2 -+ J 0, 45 97 , J 27
3 5 A/ 16 0 . 90 -+ J 0 .02 54 , J 1. 2 4 a !Cll. - !l00 135 0, ' I' 0 . 62 - J 0 . 35 37 - j 21
5 ' /8 0 .40- Jl.07 " - j "6 >.. /1 6 0 . 30 -JI. 6 2 IB - J 97
7 I - J 3.30 - j 188

1 ' / 2 0.9 0 - J 2. 90 54 - J 174
2 3 ' /8 2. 10 -+JI.OO 126 , J 60
3 5 A/1 6 0. 94 -+J 0. 05 56 , J 3 3 at el- 1200 1350

• ' I' 0. 6 2 - J 0.42 37 - J 25
5 ' /8 0. 40-JI.20 " - J 72
8 A/16 0.30 - J 1.67 IB - J 100
7 I - p. 30 - j 198

1 ' / 2 0 . 45 · j 2.3 0 27 - J 138
2 3 ' /8 5.50 + j 1.80 330 , J l OB
3 5 A/1 6 1.05 + j O.25 63 , J 15 2al ", -\800 135°

• ' I' 0.60- JO.50 36 - J 30
5 ' / 8 0. 3S - JI . 37 21 - J B2
6 A/ 16 0. 30 - J 1.74 IB - J 10'
1 I - J 3.30 - J 198

T abl e III : Fee dpolnt tm pedan c e at an lO ngle (j _ 1350.

Cu evea "b", "c" and "d" .devlate fro m l he r-e fe renc e curve " a" (1) ve ry loon
a rt t' r leaving th e common commencem ent po int 7 and ru n in a tighte r c u r ve
t hart In F ie . 2 or f' lg . 3. Th e r ..alaxlll I. cu t b\'I WE'<lo't1 po int . I a nd 2 ( rad ia l
It' ngth. o f ber w..e-n A/ 2 a nd 3 A/ 8 l a t Irnpf:>danct' value s o f 210 10 420 11 ,
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Curve. "b" an d "c" e r-e•• the r f'al alli. at app roximately 55 n ( mt-lI.u rlni
poi n t 3 ) .... ith fou r o r th rf'1.' r a d l. l . of 5 " / 16. Curvf' "e" obt a in. th i. va lu f'
be t ....een me. aur!nl po int . 3 . nd ~. t;e , between I • 5 A/ 16 and A /~ .

-I . FEEDl'OINT IMPEDANC E OF T HE A/-I ROO WITH n RADIALS
AS A FUNCTION OF TH E ANGU: j} .

F1fU re. 5, 6 and 7 . ho.... t he depe nd ence of a vertically pol e r-Ized " /4 rod an 
t en na with a fb e d number of radia l. n on m e radial le nlt h I an d the a nllt' 13 .
Fu r -ther- detall . are Ilv...n In Tabl e a I. II a nd III.

A . c a n be seen in FlfUrea 5. 6 .nd 7 th e ft-t'd po in! Imp" da nc t- i. ah l!t ed in tht'
h leh Im peda nc e dt ee c tton on Inc r l.'all inll: th e anele tl .... lth nd ia l Il·ngth . be t.... e en
5 A/16 and A/4 (polnt a 3 and 4) . Thla la r-e ve ra..d a t radial It'ngth a of b.. t ,

.... een " / 2 .nd 3 A{8 ( po int . I an d 2 ) . Th l . c u r-varu r-...lao Ine re..... to/ilt't h.. r

.... lt h th f' anile, Independe nt o r th e numbe r- or radi.l . n . nd th..l r le ngth I.

5 . RESULTS OF Tin : MEASUREMt:NT

The ff'f'd po int tm pec enc e of A/ 4 Iround plane antenna a with a differ in l numb.. r
o f radial . I• • omf'what dependent on thl" radi.1 lenlfth I but far m ore ao on th e
anele tJ • The num be r of radl.la n doe . not have Vl"ry much errect.

8 y a lt erin, the an il e tl with r e s pe c t to th e A/ 4 rod a nd cor-r-.... pond lnlly match 
Ini Ihe length I It .... m be ponlble to ob ta in a real feedpol nt Im pedance o f 20
to 60 n. It 1• • on the othe r hand• • 1. 0 po.. lb le to obta in Imp..dane ..a In th ..
order o f 200 to " 20 n. Th e ve rt lcal radia ti on cha racte r i.t lc. we r .. not t'xam ln
ed. However. they seem to be al hl,her an i le . with a ra d i. 1 - to - rod a ne le
(l o f 90 0 th.n .t (l • 135°. Th .. maximum horlz ont.1 ra d illtlon i. at Inte r-me 
d l.te anllel ... be t.... een the radials. ho.... e ver. th e dltrt'rl.'nce betwee n maximum
a nd minimum value. l a ve ry .mall ( no zero po lnu) .

The reedpoint Impedance of " /4 rod .nte nnaa Uh on ly t .... o radIal a la etrect ed
r. r m o r e by exl ernal In n ue nc e. th an th ese Ith mree or more radlall - e. -
pecla lly at h lah Im pe da nce v.lut'll ( I > 5 A/ 16 ) . Thl••ntenna waa only u a
mined to co m plete the mea.urlnl le rl t'a . Antenn•• with only two rad i.l a a re
not ve ry r. vou ra ble etnce the erelter part or the radlltt'd pow er la horizontal 
ly polar ized. dependent on the h'ngth I and the angle /l. Thia is not norm ally
ure case with three or more r ad ial • .

Th e rod Iength L can al ao be varIed (1) to Obtain a var!f'ty or te ed po tnt tmpe 
dan ct'a. Th e vt'rt lcal radiation anll t' can be very unravourable if L > " / 4 .

REFERENCES

(1) H. J . Dohlu. : Detennlnlni the Im pedanc e o r Rod Ant t' nn aa in tht' VIII-' Han l t' .
VII I-' COMMUNICAT IONS I (1969). I';dltion 2. I'a , e a 98- 109 .
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A l'A LIB HAT f;U ATT f:Nt'AT O £\

by J. w a em u e, V.I" AU and G " Lauf• • Ill. 6 II A

J, I NTHO(}l"C TlON

Th .. radtc emau-u r ill cnen fan'd with lh .. probtcm of l'ompar(ng vol rage , cu r
rvnt or 1'0"'''1' valu"II, Thill I"I''1U(I"CII lIuUlcl..eny a c cu rat .. m .. a su r ln g devicee
lIuch as lht, Vl'rllalll .. l'allllraa'lJ attcnuaror-, An aneuuator- ,'ep l·ell .,nt. a ps s etve
fou r - po lt' placed between lh.. I l'lIl ou.ect (alll ..nne , signal gene retor-, conve rter
e tc . ) and l h., Indlcaling Inet rumvnt ( volt mt' t c l'. r-.. c et v.. r .. tc ,) , 1' ",'o ea a ll y
a llljl' m llh 'd aucnuatore an' Ul'SC I'ib r-d whtr-h will allo\l lh e arna teu r- 10 c a r ry out
a (p't'at numbe r of rn ca sur.. nw nt ll In conjuncuon \ll lh hla eqctpmeru.

2. AT TENl iAT OII I. 0 lu 10 d B

Thill atl e nuator- III varlablt' in lItl'pll of I d H. lt pOIIII .. III1('S ten etrre r e nt rt St'C 
ttone IIwlkh"d In by a 1111 itch hllvlnll two wafl'r11 ..ecn with e-leven c ont ec t e . Th..
m e chamc nl allll ,'mlll,Y of th r- IIU..nuator III gtven In .!::!&...!.: The IIwitch III It r-etly
dilimanth'd and th .. dlIlIIlIlCt' pl .'ct·1I 1l.'I"' ....n th.. switch wafe rs a r t' r e moved . Th..
sw itch wllf.. rll ar.. now allll .'mblt'd tOi t,th .. r \\llh th.. circula r ec r e e nt ng plate e
1111 strewn In tht, dlllj;: I'lIm. Hoth the waft'rll and the sc r-..entn g pl ate e a rt' he ld
onto Ih .. tapped boltll b~' nn-ane of nut e , The d ta rne t e r of th .. ee r-e en lng pla l"lI
IllUllt be at h>ullt 2 ttl :1 em 11I"('alt'I' t hlln uie IIwltdl wa fe r-•• The autho r . aSIlt'm 
llit'd tht, nt tenu a t rn - In a houeehold can. T h£' in ner dtamet e r o r th l ll c a n then
dc t c s-mtn c 11 the uJ; IIlW!t'I' or Ih .., ecrecntng pi a tt'll . The tower ec r e enln g m ay be
maut" a Httlt' lar~wr anu 1110111 cut along t he t'dgl' at a IIpacing o r ~ m m . Thlll
l' n 8un' lI that I/o ltl00d c cntuc t ill lIIadt, to t h." Inllt'r wa U o f th e ec reentn g c an.
The cvnt re ec recntng plnh· POIlIlt'BIit'lI I I hole e which a r t' ar-r-anged 110 t hat the
n·lIllIlo r n 2 of tilt' individua l eecucne can be ectde red ve rt tcally betwe en th t'
contactll of th .' IIwitch waft'rll. A ft t'r Ih t' 1't'lIl lItorli H 2 have been eoroe r ec Into
ptace, the- rl ' lIl lIl o r ll n I and It 3 a rt' eolde r ..d b..twee n t he s witch contac ts and
the uppe-r- or 101l' .. r IIc '· .. ..nlni plat ... It III impor-t an t Ihat t he r e et etor ccenecuon
1t'11l11i IIhnuld bt, all Bho rt a8 pOlllll b! ...

T"' lnt~connKUon . prl ng. lwtwHn th.. swi tch
waf..rs and tn.. contact pins nov. not b••n

rnclue..d ( SH Fig, 2 )

OJ/' AU I DL& HA

Cut_out in
le ,u",ng plat ,

i
Sc",n,ng eAn

FiQ.1' t.lechanical build-up 01 swtlcn S1/ S2
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Th.' alldlng cont act e of both IIl1dlc h .... a fl·ra a re connect .. d to tin' coa,lal Bock..ta
by m e ana of coaxial cable . T il e coadal Boc k",u ahould b,' BPIH"c d aB far t rom
a noth.. r- aa 1>O llBlb l,' a nd t he IIc rl.' .. n at the coaxial cabl.. brouihl right up 10 th,'
B..... ltc h contac t e, .... he r .. It I. ll:rou nd ed to the ne a r-es t poin t a t the ec r eeninll plat e ,
Thl . .. n au r .. a tha i the ('oupllni alt" nuatlon b("t ....'een ur e Input a nd ou tput o f the
all enuator- I. a. hlih a. pOlllbl .. , 10 th a t th e voltai '" 10 b .. mcaeu r-e d ia vi r
tua lly onl y pa e eed vi a th .. alt .. nuator to t h t' Indlcatlni lnlltrum enl an d not coupled
In an unpredlc t a bl e manner fr om the Inpu t 10 Illl' output. The coupling e uenu e 
ti on ot the deec r tbed nnee u et or- at 0 frequ ency o f 1-.1 $ Mil t w u 50 dU, wh ich
I I lIu tricl enl for the lI.. h ·ct"d m .. lt lurini rltn ge ,

The circu li and t he re lli al a nc .. valut'll o f t he a t!e nual o r .H,·ctlon. to r Impe danc e
valu t'l o f 60 n and ~2 n art' ilVt' n In F la:, 2. In order to maintain thl'lIl' rt'lliat
ence value s even at hlih rreflUt'ncl t'II , It ia ne c t' l l a ry to 1,11.. virtually non-In 
duc ttve r (' lIi llt o r s , The r "flUlred r e ll,tanct' valuea ar-e iln'n In Tab]" I . Tb e r-e
a n ' t wo m eth od s of obtalnlni the nt'ceBsal'")' values . F1rllly to use hlgh -prccl
lion r e s i llt o r a ....'ilh • toler-ance or 1'- or secondly to Illt'allu n ' a nu m be r of 10",
n' ll , ton wit h .lIghlly dUt.' n'nt valut'l until thl' r t'f1u 1n'd n ' lIl. t anc t' III tou nd ,

Fig. 2a :
Fundamental diagram of an
Ind ividual attenuator section

dB Rl ,RJ lO1 R 2 101 Rl ,R31521 R 21521,
I D 4~L " 0 . 04 Q .. 0,
'" u.. ... ".

• n. n '" •
• on ... no ,..
• '" •• ". ••
• '" ... '" ..., ". .. ,n III, ". ... ,,, ..
• ". .. ... "• '" • ... ". J • n "' .. '"

Table 1: Resistance values of th e
attenuator sections

r--------- T----- - - - - ,
I ., r' I
I ~ O- gO' I -~ - '" 'il'" II " .>[J I

Ill.!.".... _1_ _ $ 1 '. I 1 lie . ' . 1 _ . ...... _ L~l!~'
, ;oIDA-1' - -1 I ,.- - r 'z, "iDa

I 0 I 0 0 I
I '.' I • .' I

~-----------l-----------..J
!k" .",", Fig .2b : Switch diagram of the calibra ted attenuator

(Sw itch build ~ up shown In Flg .1 )
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-Flg.3 : Measuring arrangement for
checking the dB steps

r - --u-- -'

'--

All ......... O'O.... ...'e"
• . ~, I., U I

I ••
• '"• I., .~, no, m

• P'

"
,..

d. Voltteerez:
RHUItS of tt"e DC ~5ur"meon t on
all.nua lor I ocCOfding to Flg.3

I
u

I
..

__ ..J

..I I

?i
•I _

u" ___
..oo ~ -ss-

FI/l\Ir f." 3 IIho\\' 1I a mt'lIllurlnjl arranll t-mt'n t a llowi ng the euenuat or to ht· chec ked
wilh II DC voltage. T lw a tt enuet o r hi c onn ected t o II DC sourc e o r 6 V a nd the
out put re r rn tna t ed wi th eithvr- II 60 n o r !I211 r-ee jstc r-. F a bl e 2 IIIIt8 the ...olt e ge
velue which should bl' m ea su r-ed in Iht· Individual d B et c pe.

The- lmpt'da nc (" o r t he vo11I1g(' aou e-ce III not t oo im po rtan t du ring Ih lll m e a au r-e-.
ment but t he re rmtn atlon m ,u. t a mount \ 0 the im ped ance value If m e mei. Huf t> d
vo l t ag e I. to coincide with Ihe g tven valu e a , 'lh e Ch ll raC!t' ri llti c lm pt'dant"l' ill
abo Ior-med at lh l· input of th t, eu enuato r but lhi ll III only Impor-tant when mea
lIu r!ni in conj un c t ion w ith a m at ched cabh' , Ior- lnlltanc!' , with Il fee dt'f between
antenn a and rt'Ct' iVt'f Of if the g t'n t'falo f III s eneutve to varllltlo",1 or tht, lo ad
Irnpeda nr e, all III th t, c all t' ut t he output of va r-actor- multtplter IItag t'II ,

3. AT T E NUA TOH II , 0 to 110 d ll

A po t e ntlometvr- type 4955 manufsc tu red by the Germ nn It r-m of P r-e h III Ullt'd
a ll the envnue tor pud In t hl ll a t\l'nu.. l o r . T hl ' mec hant cal aasembty III ahcwn in
Fig. 4 . The s pvc t ftc atione of tht, II F po t ..nuomete r a ft' ,l(1\' ('n In T ablt' 3 .

Table 3 :

Ye ,~" , ."••
' ; 1

Il l!

'/II1C4 \~

0 ..1, ..,...".,
It. . ..

, ..on

Im~do. nc. Z approll. 600
reie t aU.nual ion 110 d B !:15 d B
In • • rucn lou ::i6 dB
Fr. qu. ncy l imit 10 GHz
(notlc.-obllP fr.cjuIPncy d.~nd..,c.

eecve 300 101Hz l
Power ra ling 0.1W
(0.1W tnte 60 0 . 2.45V)

I."",....i.,
I.''''
Z.IOQ

Fig.4 : Allenualar 11 , 6 to '10 dB

Specif ications of the
screened RF potentiometer.
Manufactured by Preh under
the designation t.955 .
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- f c=} .f

o 0- .--- •..,

I! O\\'(, V(" ', It 18 o ft .. O inadvlllll bl(' nt VHF L" IlWallun' atn-nuatron vuhl('1l up t o
liD d ll In 00" lit('p . It III uft ('O v('ry dHfkult .. \ ('0 nt H I-' to oure rn u coupling
IItl ('nuallun of U1<"'( ' th a n II Il d B b(·I ..... (·'·n till' inpul und output of till' uttl'nuulur,
AI h l ~hl'l' f l' (' quI' nc l" II, It III nol only thl" coupltng Ulll'UUn!wn thai ('aUIlC8 dLfH
('uIH ell bUI f""Il('dally tIL .. cOlull'l' ll'd amareu r 1'11 <110 equlpment , wh ic h , with Itll
eom etlme s tpllu fflclt' nl 1I('r ...·nlnll a nd POO!' c ablv coum-crtons , dO('11 not a ltow
coupU nll un e nuaucn val ue s o f (' Vl'n 60 d U,

A mea llur ln g a r rao gl'ml'n t for ttll" cul lbr-arton of til ,· var-Inble aucnuat o r III shewn
10 10'1,1( , 5, 1'11(' varlabll' out pu t l('vd of n IlI11nal tj:...n ,·r;(lOI' III "onn('e t ('d vl a at
t cnu ator-e I ( 0 to 10 ' Ill ) and II ( Il to II Il d B ) tu II rvc etv.. r " 'lu lp p.. d w it h a
S m et.. r, A n en ucn m uet be pa id thut the In put IIn l",<lanl'I' o f the rcce tvc r dU('1I
not dlrr"r I n'ally from thl' r-ha r ,W h ' /·IIlIl I· iml' ,'duncl' vlllu('11 at th l ' fn ' qul'n" y and
yoltag" r angl' In qec snon. If It (Ii nut 11O Ii.d bll' fo r till' tm pedanr e to bl' d" Ie ,"
m ln...d, It III advlllllbl" to plan' au aucnuetnr wlth a f1xf" d alt .'nuatlun o r I n d ll
( 5 dU III even better } betwe cn att enunt or- II ami till' 1·'·'·{'jVl'l'.

'i,.•1 'f.".'.'m ...
'"

'--"0"--- ) ..)r--, r

1
Fig.5 : Measur ing arrangement tor the calibration of attenuator II

with the aid of attenualar I

Ttlt' input impedance or tilt' I' r l'11 Il l-' potenuonu-t .. r- ' h'v lnl "11 IIIIJ:h t ly f r om 6 0 n
lOud c an vary eve-n morv lit lo w a tl .'nu lli io n vafucs , Ir t h t, geuv ruro r ou tput tm
pl 'dan,, " alao d l' vla tl'!I n-om bOil , a H,·,'ond nx,'d a t t " nu a tor uf 5 dll s hould l n
us r-d 10 keep t he In n llt' nCl' o f >luch uupr-da ncr- va rlalwnll on th.· c ali bra tion p r o 
c edu l'o' a l a min imu m ,

Thl' c al tbs-a t ton p r uo' s H h' m a lh· all follo ws : Atl,' nllalo! ' J III s witche d 10 Il dH
and att enua t or- [I adju eted fill' t ill' m a xim um pOHllibh' a ucnu auon . T hl' OUtl'u t
volta"., of the POWl'r IIlllnul g l' n"l'uto l' • eurh a 1:,' nc r aIO" IN l'l' qu l r ed lIinc l'
Ii"v l' ral vol l'" are 1l 1" ',kd _ III adJu llt{' d fOl' all S rueter d l,n ectlon or a pproxt
m at e ty one th ird of t h l' fuB scalc- valu .,. 'I'l l(' meter rvadt n g III now noted, A t ·
t enu nto r- I III nn w 8w it c h l'd t o 10 d H whlr- h w ill cnull " a r-.. due t ion o f t he S metcr
!'l'adill g , The attenunt ton of ntteuuutor- II III l'l'l!ucl'd un ti l the o r igina l ml't tor
r .. adlng III In dlc a t ed . 'lhle po in t IN lh O'11 m 'll ' k" d 0 11 till' Ileale o f a ttenu ato r- II ,

A n cnua tor [ ill nullo' IIwltcllt'd bac k 10 0 d B lin d 111l' out put voUage o f t he signa l
ll" nf"I'lltor III 1'('du("',1 unl ll Ih .' o r-Igtn al S 111d"r n 'a<l in ll 18 n ' - o bta ll1l'd , Th ill
c alib l'ullon l!l 'o" l'd u n ' 1111 rl-'p l'llt t ',1 rlJ:a ln and ilga ln until the wh ole ",cal e of al·
I" nullt,,!' I[ hU>l bl '('n call bl'lIto'<! In 10 dB Ilh' lHl,
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-4. FIXED ATTENUATOR 010' 10 ee

An atlpnuat o r wa . bullt·up a a all ac cp . a ory to e ttenu aro r- I ( 0 to 10 dB I. Thl a
att ~nuator haa a fh:~d attenuatlen of 10 d B an d la .. apt-dally un·ful du rin s an '
tenne mE'a.ur~menta. II extE'nda Ihe a tt e nua tion rangl.' of attenuator I from I to
10' dB up to 20 d B. The mrchanh;:al bu ild- up la aho wn In tho.' arctlon a l di agram
10' 11{, 6 . The use of a coaxial pluS P L 2~9 and II matching eoc ket SO 239 , from
whic h t he n an e E' hs . been r emoved, a ll ow a thl a at t enuat or- to be ea ally conne ct ed
to any coaxia l cablr, T he rE'.llItancf' value of R 1. R 2 and It 3 are ,Ivf'n In
T a bl r L

s.. . . , SO u .
l "....,........

MODULATION INDEX FOn NBFM TI\AN5MISSIONS

At th e Re e lon I cce re renee of th~ [AR U In Un.L. a~h. May 19 69 , as rrrm~nt wa a
~ach~d ~,ardlns the modulation Index for amateur radio Iranamilliona In the
n arrow ba nd f requ ~ncy m odula ti on ( NB t 'M I mode . A modu lation Ind~. o f I Illld
" modulation fre quen cy o f 3 kIb wa a laid dow n , Thi. mran. thai th e maximum
devtat tc n may a l.o amount 103 kHz wh ic h re l ull . in a IranSmllllon ( or tiller)
ba ndw idth of 12 kHz .

Thl. decl lion wa l m ade early f'no Uih 10 e ne u r- e th a t a matE'u r r a di o FM Iran l 
ml.. lon . do not u.~ dUfrr1ne m odu lation Indl c e•• at I ~alt In Re gfon I o f the
IARU. In ad dit io n 10 th ll, a m a:dmum fl"l!qu~ncy d~vlatlon of 3 kHz u.ually
allo w. FM d~modulallon with AM . l"I!cetv~ rI ( I kl rt d E'm odul a tion l unt il VHF
r~ceiverl equipped with F M dlac rlmlnatOrl a re In SE'nt'ral use. VHF COM"'IU.
NICATIONS will be duc r ibln, two modern P M d~modulatorl ( a d l,Ual dtecr-t
mlnator and qu a rh. cryltal diac r lmlnato r I In o ne o f the nt' xt t'dltlonl as we ll
a . an a rticle dlacu ••ln, m e advantasrl and dlaadvantaSt'1 of t h~ varlou, modu 
la Uon mod~l .
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but allowa a ppr-c xlrnate ly 5'
Thlal la, howevcr-, not V('r')'

A su n-r.e E I. I·:t'T IlON IC n SI=;

lJy H. 1., ·nLr., 111. :' wn

I . INTItOUUCTION

Tho .t· rt'.<.Il'r . ..... ho ha v" (>" I"·rln....n l. ·<I wuh PO\\" I' I rantlh,lorti wi ll know ths 
"eudden d('alh" Ih al can occu r with Ilwllt' ( ullu lOlIy th,' mUll ' .·xl' .. n. lvt, ) t r -ene 
l i toI' I tr th ..y br"ak Into o ae tl fat ton <IU l' 10 a tunin g o r lo ltdlnJ: 1'1'1'01' . Th,' j)owC'r
OUlpUI a nd m od u la lor ,l ull"1I o f tranllltilo l" t l'u l1l11ll lll"!' fiI a rv m Olttly C' n<.lulli'·I ·.'d
b.·(' a u, .. tht'y art' u eu ally bu lit - ull w\UlUul cu r r " IlI -IImltlng O! m lttt'r r,' . l fillor, 
("Iw c lall )' at 10..... o p.' ratlng voltag.. . - In cr.n-r 10 achlovo a high .'ffi c l,,"cy ,
Conv "nl lo na l fUll,'. do no t oflt' r any pr cr ec t ton , InCl' rhvy a rt' 100 tner-t . Thl.
m .. a nl Ihal th.· I(' mlconductor wUl hr- <Icl l roy,'<1 udor.. !tn' fu .(· I. a bh' t o br.. a k
th v r-urre-n t no..... ,

A Ilmp!t· .. tect rcctc fUIIt' (I) I. 10 b,' d.'.crlb,'d whic h gu a r a nlt'(, 11 a r a pid cut
ou t with in a pp roxlmalt'ly 10 0 .... .

The c ha r ac t e r l.tic. of th l ll .. leet r on tc (uae ar.· Ih r ...·- (old :

a} It do .. . no t com pl .. t .. ly br..ak Ih.· c u r n'nl n OIll'
o f thr- a ,' h'ch'd cut -out cu r-r-en t valu., to Ilow .
imporlan t rcr e m a wu r upplleatlon •.

b) It II c onnec ted Into Ih.. clr('uit a l II Iwo - po l(' in th.' lu, m .' m anner a l a c on 
venttone! fUll" an d dO" 11 not !"t·qu ir,· an additional po w.. r au pp ly ,

r) Il i a po a .lbl.. 10 bu il d up Ih(' fU lit· on a IIm a ll p r-Intvd cl rcu lt board .

2. C IHC UIT OE SCIU I'T ION

A. c a n b., I .· .·n In "' Ig , I. th .. pollle r tran , I.lor T I I. ill th e main c u r r .. nt c i r
c u li, Thl a tran ll.tor II mailltalll,·d In U. condu(> t1ng ata l" unde r norma l ccnd t 
tion l by trana l a tor T 2. T h .. I lo w } IIOIt"gl' d r op a ero. a T I and rt·.I IIOr It I
alao app.. ar. a crol . the IIl'r l.. . - ccrmec t ed r(' ll l tor l R" a nd " I , A portion of
thl1 vo ltagt' I. tappt-d off. Trana l 'lor T J ....iII rematn blocked a. lo nll a . thl"
vol tall~ I. lowe r- than the lIum o f Ihl' d l tr u alon "ott'nUala o f dlod,' 0 I IUld th ..
baa"-('m IUl'r path of Iranabtor T J, In th l••tete , tran l htorll T 2 lin d T I,
which r ..pre sent a Oarllngton cln:ult , w1ll conduct.

Tht' vo ltagt' drop a crol . It 1 Ilnd T I , an d lhu . a cro . a R 4 an d 1'1 , Inc rl" all ,'a
on adv.ncln g the curr..n t now • T hc t."".'d o ff voltag £> w ill caUI l' T J to eondu(' 1
a ••con a l OIl' thrt'.hold I. rt'ac hed .... h lch In tu r-n c a u.,," T 2 a nd T 1 10 block .
Th ill m ..IUla tha t th t' wh ole op,' r iling vol t a ge I. vi r tually d ropped ucr-o a e Ih, '
ulect ronte fUIIII' . Thl . r-ep r-e sente t he max imum vol t ali:" at 1' 1 and ttlUa " I1 I1 UI', ' .
that th.. c u t -cut c ondition 18 malnlalned untU .. lIlll'r t he o l' l' r atlng voltug., or tlw
( o ve r ) load art' m ome nla rlly d isr-ounoctvd .

In the c ur-cut . Iat £> , a IIm aIl r e aldua] cu r n'n l .... 111 nO Ill th r-ough lh.· .. h-ctrontc
fu ll' and thul th,' protect ed ci rcu it, TIll' valu., of t hla n ·. I<.IulIol cu r-r ent I. tI.·_
te rm tne d by r- leto r R J. If IrlUllllat ur tYl"'8 huvinllit ('u r r " 11I Ilm "Hfi<'ation o (
B ~ 100 art' u d for t ran", l.to rll T 1 and T 2, II will b. ' l'0 llllil.> ]. · 10 incr.' ltll ' ·
t he valu t' o f R J to 1. 2 k Q /1 W ( or ev e-n ilio n ' ) III hlrh .... 1lI I·,·du(' (· th , ' ' -" lIldu lOl
c u r r t'n t ( . " t' 5 ..c l lon J. I .
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1.!l/ 2W AC 111.,
T2

'"
AC122

.3

n O/l W T3

~
A C 122

N azv 87 0 1
8 Cl

!f I",
~ .4 PI~

Q

" .. Pl i . I: Ci rcuit o f the- e lect ren te
fust' fo r a m aximum of
I A at 24 V

Capacito r C 1 e nlu res tha t s teep cur rent Bureea do not co nt r ol Ir an . lato r T 3
via t he capacit y of diade U 1 whtch woul d cauae the elect r en te fUIIE.' t o be ac 
tuated too qu ic kly .

T he t ran. l ..lo ra art' u8t.'d me re-Iy aa ewuche e, wh ich 18 the- n'Blion why t ht'l r
dl • • ipa llon 18 low . The I n neh i o r eelect ton la the r e rc re mainly <h'pt'nd t'nl on
the ex pected cu r r e nt va lu e e , With contl nuoue cu r-r-ent s o f m o r t' than 0,5 A
th r ou gh the- elect r o nlc rUBt' , thl' dlll8l paHon ( ' CUSt. x Ue l-; I of th e rully co nduc t
Ing t r an , illo r T 1 will reach VUlU l'1I th at r (' qu ire Borne form o f heat lin k. This
I, a lia the c a ee with r e s iato r- R I : a rating o f 0 . 3 W w Hl be au fflc( l'n t to r c on 
ti nuous c urrents ot up to 0 . 5 A; a 2 W r a t in g will be requi red to r cu r rents u p
t o 1 A ,

Since t he fu ll ope rating voltagt' Is connected ac rosa thl' fuse when actua te d, the
select e d t ranal s tora m u at be a ble to handle thLs vo ltagt", The foll owin g table
a llowa a , uitable semiconductor complem ent to be fou nd fo r ope rating voltages
Ucp or up to 24 V o r 36 V .

Silicon PNP t ra nsistors art' not sultabh.' duto to th d r hlght' r diffualon voltage ,

T I T 2, T 3

AC 117
AC 1 28
OC 3 18
AC U3 K, AC 15 4
2 N 672
2 N 2001 , 2 N 4 105

AC 124
2N6 H
2 N 2000

AC 122
AC 125, AC 126
OC 304
AC 15 1
2 N 187, 2 N 188
2 N 2428, 2 N 2953

AC 122/30
2 N 217, 2 N 280
2 ~ 1 274, 2 N 2447

ll ZY 87
BA Y 8 6 10 BA Y 88
1 N 81 6, I N9 12 M
I N 29 38, 1 N 3896 u p to 24 V
I N 4 362 , 1 N 48 28

(o r any ,11 icon d iodt,
ha vin g a n U ~,. O. 6 -
0.75 V at IF. 5 rnA) up 10 36 V
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3. SPt-:C IFICA TIONS

Tht' deac e-Ibcd ver-sion waa found !O hav.' lh" fulluwing characlt.' rhlllclI :

Max, swttc hable "oUagl' Vo p :
Max, continuous curr{>nt :
VoUag" drop acr-oea the fUlIl':
Cut-out threahold adjuetabl e bctween t

Heatdunl cu r rent arter- cut-out

2~ V or 36 V ( ti"" t r-anetator tnblv
I A
1 V ut 0,5 A or I,!l V at I A
n,lAllndlA,

R 3 • 820 o r 17 rnA " Vop I2V
34 rnA " lJup • 2'"

R 3 • I. 2 kn: 12 rnA ut Vop • lZV
2~ rnA ., Vop • 24V

,. MECHANICAl. ASSEM IH.Y

TIlt' fuat' can h,' built up on a prlnh'd ctrcun board having the .Hm.'nalona 50
mm by 35 mm. A. has alr-eady been menuoncu, It will b., nec es aa ry to mount
tranal8to r T I 00 a heat slok It contlnuous cur-rents of ruo rv than O. SA a rr
to now through the electronic fua." Thre.' Ifold.'r tag8 are then connected to
the P C - boa r d Instl'ad of the transistor to whIch the counoc tton leadll an' 1101

de r-e d . The aame III v",tld fo r potennom .. te r- 1'1 If th.' cur-r-ent thj-oahold hi to
b.. en..n ve r ted which would r e quir-e P I to bt- lcc med on th., front pnnvl ,

A photog raph of tht· r-Iect r onl c ruse ill glVl'n In Fig, 2, TIn' pr-tnt ed circuIt board
III ao dimensioned that It dcee not only accept miniature n'allltol'S but abo
somewhat la rger typea ( fr om the junk box ', A diagram of th ... printed circuit
board la givt"n In Fig. 3 amI tIlt' anoclatt'd component location plan In Fig, 4 .

The moat apace la taken up by rt'alatora H. I and n 3 aa well aa pctenttomere r
P I.

FIg. 2 : P hot og r a ph o f the
etecu-cnte fUl e
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Fla. J: P r in h 'd ctrcutt board o r
the eh'('II'onlt fu.e

s, NOTES

F la. 0& : Component location plan
anoelated to F l a . J

Since the etectrcntc rua,· cau ..... a noticeable voUaae drop. It I. advlaable to
only u .... the fu.t' durtnl allgnm enl pr-oc ...dure. or t ll' . t period•• Durllla mallla
( lint') ope raucn, ho.... eve r-, II ha. been found very ra vou n bl l' to place the etec
tronlc fuae b. ·I ....·......n Ih.. rccttfter- and pa •• tra,naiator o r a .tabUbf.'d po.... f.' r .up_
ply . The Impedance o r the {uall' doe. not have any adve r-se f.'ttect due 10 the
subeequcnt 1lIlabtlllallon. Th e authora prot oty pe u eed .uch a syatem .... ith the
tr-anetetor comple rm-nt r AC 120& , A C 12 2 (2) , 8 ZY 87 conn ec te d In . uc h II con 
figuration. Thla Iu .... .... a. fou nd 10 be capable of han dllnl an o pe r a ung vo llale
rlalng 10 30 V afl e r cur -our, Trllfl.latorT I la mounted on t he cha.al •. Re . la 
lor R I had II. vatue of 1, 8 n uue 10 th .. racl t ha t no mo re .u ltablt' rl' a lat o r
could be round. The circuit ....m not ope e-e t e if R 1 0 1, 2 n,

6. AVA IL.AUI.E PARTS

The p rinted crrcun boa rd DL 3 Wit 002 or the etec t rcntc ru.e I. avaUab le.' from
the publ Iahe r .. or thet r- naUonal r upr o eentenv.... ( '11'0" advf.'rU.lnl pa g... ) .

7. R E FEIIE:NCES

(I) G . GQnld : Elf.'c tronillche Slcht'l"\lna
Inte rnatlonele Ell' ktronlache Rund . c ha u 1966. E:dltlon 11. pal""628·629.

V H F C ONQRE S S WE INHEIM ( W , O e r m an y ) 1969

W e wo.... l d l ike 10 ln l ,.oduce Ihe 14 1h annullt V H F Cong,. • • • which I. 1o
b e h el d In W . lnhelm ( n . a r H . ldelb . r g, W.Oa,.mlln y) on Ih e 20 lh and
21th 0' S .plem b . r 1969, T h la conte r ence 011. ,.. eo n l1nuou. lee 'u,.. , b y
ou ls landlng E u ,.op• • n V H F/U H F/SHF amllt.u,.••• "",. 11 . a ' ae ll i l i••
10,. dil8C u••lon g"oup , on !div.,. • • lo p lc a appe,,' a in lng 10 a mllleu,. ,. lId lo
a l The h lgn.,. I,.equencie. , A mobn e "lIl1y I. al so o ,.g ll nlz ed _ F o,.. lgn
amaleu,.. c a n ob l.ln vl.llo,.. ueeoe• • b y applying 10 1

OAR C Inl. ,.n ll ll on lli A U.I,. • •
Muehl en weg 27 .

0.$60 1 O QE N B ERO ( W . O . l'm an y)

We .",Iend a co,.dlll i w.lcom. 10 all V H F/U H F amal.U,. . ,

FU,. lhe,. delall. av.Uabl e ,,.om 'h. o r genl le,.. ,
Ve,.lag U KW - B E R ICHTE . 0 ·8$20 E ,. lang . n . Ot.lw i l ol:.,. St,.• • •• oli $
W, Oe,.many
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TJlE 2 ME T R E TRANSMITT ER UTS:; WlTll 2 WATTS MEA N O UTP UT
AT AN OPERATING VOLTAG ~: or 12 V

by E . F l llgt'! . IlJ I NU

1. INTRODUCTION

MOlt of pr-e ee nt Ir a n , b t o r tranllmille r ll des lg n....d for out put power Il've 11 o f
m ort" t han 0. :; W to I W at 144 MHz ullually r l'qul r t- a n opt-ra t iite volt a i e of
a t It"al l 18 V. Howe ve r , a n o pe ra tl ng vo llagl' v f 12 V would bc more favo u rablt"
e tnce net only batte ry coet e would be lo we r , bUI it wvu ld ailio be pOllllb)1' to
uae a 12 V c a r batte ry a l po w.. r 1I0UI"C" - vx pectally during mobile o pe r a tl on _
without having t o UIl' a DC-DC c onve-r-rer-. Mod "rn ove r-lay Ir a n, l l1 tv r , " lIp(>c laI 
ly deve-loped for ampl ttude m c dut a t ed ope rutton fr om a n o pe r a tlng voltage of
13. ~ V allowed th e c on alruc tl on o f thl' de ac s-Ibcd two m et r-e tr-an em tue r , The
trani l i to r type 40 290 ( IlCA ) III us ed In the drl ve t- an d po we r amplUJe r I t a gu.
Thil tranilitor provide I a mean carr-ier- outpu t ot 2 W 10 2. 25 W at a n opl'ral·
IItg vollage o f 13 , 5 V. With a m od ul al lvn d ept h o f 100 '-. thl , w1l1 co r reepood
10 a pea k envelope power ( PEP) o f 8 W to 9 W.

T ht" !ivt"-Itail' tranlmlttt'r ha ll ('n ough pow er r e ee r-ve In each o f the Ind ividu a l
Itaiel to cem pe nee te for tran llllltvr Iluc tuatfona and d lrre ring crYl t a l c ha r a c t l' r 
lilic i IV thai It II not ne c e lllla ry to r-etune- a nt-r ('hanging frt'qul'n c lel wit h in
th e band . Thl l i\la rant e(> 11 a c onatant , h igh qua li ty m cou tauon, e ven when
I w itchiIti from the l'",Ireml' band lim it I. wi th o ut IVI II of powe r ,

T ht" oVt"rall t"ffl clency of the tran em tue r il 30' . t o 40"" ( accordin g to Ihl' In 
d ividua l t ranli l loril J. Thi ll va lu l' allo Includt'll th e qu te ec cnt cu r-r-ent o f a 7
I tait" modulator . The fl rllt four IIt agt'lI o f t he t r a lllun ltt l' r art' mountl'd on a
pr-inted circuit board; th e power a m pU fl l' r IItaiY II mounted on a ural l plate .

2. CIRCU IT DESC RIPTION
2.1 , F IVE STAGE TRANSMI TT EH

The c ircuit dlairam o f tht" five I ta l e t ransm itt er II li ven In fo'li, I. II will be
neuc ee tha t th e 72 Mill c ryltal o ect ttetor with t r anlililor T 1 o pt"ratt"1l In an
eve r tcne e trcun . T he emttte r of th e burrl'r ampli fier ( t r a n_ ill to r T 2) 18 drlvt"n
Ilmu ltant"oualy from the ve ry low Impedanc e feedba ck link , 80th I t a it"S c pe ra te
in a common- bait" c on fl ifU r a Uo n with a l ow emitt er Impedance . Due to Ih l' emu 
t er- coupliIti. de flnt"d dri ve c haracte rl lltiCIl r uult for the bufft"r s t a ie which
m t"an l that a r t"la Uve ly low reect tcn and minimum cou pUn g 10111 r t"lull . The
low ~mltt~r Im pedance o f the olicUla to r I tagr , which makea neutralization of
Ihe c ryltal hc lder- capacity au pe r n uo ull . II only acbl e ve d at hi gh collect o r cu r
rt"n t l wh en ullni low·ialn tranll ato ra ( e-, g . 2 N 708 ), It alao c au lu' " a e e r t etn
dampini of th e eonecte r c i rcu it which m t"IlI ' t ha t trimmer c a pac it o r C 2 ne ed
not be r e a Hen e d when t"lIIchanginl crysIa l. within the two metre band,

T he ampllf1~d 72 MHz l ienal la aval l/Jbh' at the c o ll ec t o r circuli o f t he s econd
I tai~' The I l gna l 1. m atched to th e low Im pedance o f thl" lIubll e quent fre quency
doubler . taie by a nt"t wo r k ('o m p r l lllnl C 8, C 9 and I. 3, Th l' fn 'quency double r
I lage ( tran lliator T 3 J a l ao o pe r-ates In U cornmon· bulI l' cl r('uit and ill I' qu lppl'd
wit h the .... ell - jeno wn o ve r-lay Iran lli llto r 2 N 3553, Thill Ira na l. l o r pro vldl' lI au f·
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rlcll'n t d rl ... .• p"w.'r for tl1l' ",UIJ'lt'qUI"ll! ul'I",,'" ",tagl', Th,' coupling f rom th" col
h-c to t- C'in,ult of th .' rrl'tlUl'n,"y dcuhlvr- stngc to th.· d rtvor - IItag'· hi m a de In a
mann" r recommcnded by ncA (I) , (2).

T h.' II" s tag"l1 have b"l'n c- epoc Ia lly d"IlIj:(Ill'd rcr th('lw t rnnllstol' ty pes , J( tlif
ft'1"Cl1t tYI'('1I aI',· ulI , 'd , It wUllw nl" " "IHlar~' for thr- c i r-eutt to b" r-edimcnalon cd
_ (' s p l"d a lly rol' tral1l1ll1 lol'l!l T I lind T 2.

The d rlvt' r slag,· I.. equlpped with rhc ove r-Iey t l'a n lll BtOI' ~ o 290 o r the planar
e pitaxial t runetsto r llFY H ( I 'h illp ll ) . Thill IItag.· ampllflu me 14 !'1 Mll z IIIt:nal
to a pproxlm at c ly 500 mw . Sin(:(' thll!l IItllg r- 111 u luo c cnector- modulated, It s ho uld
b.· e qul Plwd w ll h a t r .. nrd ..lor Iy p.' having good modulatlon chn r acte r-t sttc s at an
nper-at tng voltagl' or 12 V. T Ill' drlvl' rlliagl' also ope r-ate s in a ..ommcn-uaa r

.. on fl gura tl o n .

The m atc hin g or ttn- drlv r-r 10 the Input Im p"dan" I' of Iht' out put slagI' Is madr
by t he t r-nnetorrnatton link comp"Jlling capacitors C IS , C l7 and lilt' Induetance
L 6 , T hc capacitor C 16 iH ml' r t'ly p rovldl'd all II. lIa fd)' m "allun', so that till'
full oper-at tng ...o ltagl' cannot reach tho ba ' " or Ihl' outpu t t l'an lli llto r ( whe- r-e t h l'
tr-an ..tstcr- w ould be d(' lIl r oy ('d) If a short circuit shoul d occu r In the trlmm o r
c il plle itor C 15 ,

T he ou t put t r unsf stor T 5 ( 40 29 0 ) ope r-ate a in a rommon - umttte r configura llon
and pee...... Ilt'S a lIimlla l' out pul c i rcult to t hL' I t'r-quI'ncy do ubl .. r sl ag.. ( T 3 ) .
A ll ill a lso the ClUj(' with th e p t-ev tou e IItagl'lI , a pa s B Inductance ( L 7 ) In th c'
match in g circ ui t lIuppr('slll'l unw anted nar-montcs a nd spur-Ious sign aill. Stnce
th i s ci r cu it conHgu ration al so r pduc t::11 Ilw cu r-r-c n t amplitude of th e h armonic
cont cnte , til t, coll ect o r powI' r dt aaipat ion w i ll b. · ro'<\ucl'< l lind . e sp" c lll ll y during
clallll C cpe r e ncn, th ,' .,fflc lency Inc r-ea ued (I) .

Th e th r-ee s u pply vo ltages al c onnee tten porn rs I't I, I't 2 and I't J n r -e bYl'ullIll'd
by la r ge , low -dnduc t l ... ., capllc-Hore so tha t no "oupll n g e rr.. eta c a n occ ur vt u th e
powt' r supply connoc ttcne ( C 23, C H , C 19 ).

T hl' cryll tlllll a rt' IIw ll cht'd by a multiposlliun s w ltch w it h reJlltlvdy s hort ('0/1

ne ctlon lead s , T he crystall!l 11 1'1' mounte d dl rt'ctly a r ou nd th r- IIwltch fo r til t' IIIHTlI'
rea ecn .

2.2 . MO DULAT ION

T he m od ula tion t r enercrmer hi bout -u p In the form of an economy t r a lu;(o r lllt' !"
80 th a t th lc klllh wtr-e could be ua " d on a r-t-lat tvely s mllll co r-e , Th i ll Ls to e n 
su r t' that the loweat posatbte \'o ltal: t' dro l' occu rs ac rO/iII1 the t r lln llfo rme r , Tile
d r-Iver- III modulate d with Ilpp roxlmatl'ly >La '" o f till' A I" VOltllg l' . The elec t r-ul yt tc
capacito r C 22 ac tunlly b .. lo ngll 10 the m od u la to r .

A ny fl' rrou,-f l' I't' A F am plLfl .'!" r-a n bt' us ed all modulntot- that p r-ovld ve an A F
ou t put po wer of 2 W Lnto 5 n. T hi ll ml'Rn8 that til<' complern enta ry trullllill tor
pa l l' A C 117/AC 175 c an u... used (4) ,

T ht' 33 V xe-m-r- tllod(' II I ..hor t s ('X(' ('811Iv(' ...oltlllll· pl'akll rr om Ih( ' m o dulato r
Irlln llfo rlllt' 1' 10 ground. T h.. a r-nr-r- voltagr-, howl'v" r , ultowa I no "" m odul a tlon
up 10 a /1 0 l' ,'ratlnl: ""lIa((I' of 16 V.
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2 .3 . INSTRUMENTAT ION

A low ImpC'dan c t' m ovln &: coil meter- with a tull acalC' de nt'cllon ot 0 .6 A t o I A
( o r a . ultably a hunlt'd uA meter I can be u . t'd t o monitor o pe-r a tt on of tn t'
tran,mUler. The m ete r- c an dther Indic a t e the lotal c u r r e nt o r the coll ecto r
e u e eent ot the ou rpu t Iran .l ltor. A 100 uA m ete r- to e t'ther with a d roppe-r re 
a l . tor and d iod e c an be corl nt'c ted via a capac ito r ot I pprox im a lely 0. 5 pF 10
the Iran .mlttt' r out put 10 m onitor the RF' OUlpu l . Ienal. It ah ou ld. how ever. be
noted Ihal a ll It' adl ah ou ld be kept a a .hOM a . po••Ibl e .0 Ih a t no Rio' Injection
oceu r-e• • Inc", a ph a .t'- ahUled Inject ton c oul d fal .Uy Ih .. re,dine ao thai the RIo'
vollaet' m,dmum at IhC' a nt r nna conn.. c t or- dOt·, nol c o r-s-eepond to maximum
mete-r- r adlne .

2.4 . POW.:R S UPPl.Y

The power- l u pp ly durtne portable cpe raucn t a for-med by ntne 1.5 V { U 2 I
balterlt' l . which art' eertee connected to prcvtde an o pe r a t lne vollalt' of 13 .5 V.
'pheee baltt'rit' l hall... been found to be s u ff ic ie nt to cover- an acttve contest with
out t'xc hanelnl baU"rl" l • •'at baue rte e ca nnot be u lt'd a lnc e tht'y are not ablt'
to handle the hl,h cu r-r ent rt'qu1 r t'mt'nll o r the tran amltt t'r .

For flu'd ope-ration, the tran lilmIUl"r can b... op" r , t t' d from a ItabUh.ed power
lupply In c onju nc t Io n wllh a alrnple etee j ecnlc ru.t' (4) , Such, rUal" I. eepectet
Iy rt'comml'ndt'd durlne all(flmt'nt and prt'limlnary oP'f'nt lon ot t hl" tranamItll"r
10 avoid deltrucHon or Ihe powt'r tranal.lor due, for In .lanc e, to ee tr-ceeme
non , Conv f'nllon al ru ae l a ee 100 Inen rc r thl a purpolf' .

3. MJo:C IIANl CAl. ASSEMBLY

MOlt of Ih " Iran . tator t r,namill er 11 eceommodated on the epoxy prinled err
cult board OJ I NO 004 . Thla I' C - bo a r d po . . .. ..t'. Ih t' dlmt'n alon. 215 mm x
45 mm , 10'11 . 2 . howl the conductor .td t' and .'Ie. 3 tht' com ponent . Ide ot thl .
board, Spae e tor one quan~ cry.tal ta provided , If mo rt' cryatal a art' to be
u I " d, theee art' connected to the ch an e e -o v",r Iwltch and ted via tw o ( ahon)
It'ad. to tht' PC ~ boa rd, Trlnlt,torl T 3 and T 4 are depre..ed onto Ih e P C 
board wht'n lolde r lna: 10 Ihat t he connectton lead. a rt' al .ho M a a poa,lble,
T ran alltor T 4 mU ll be p rovided with a coolin1 tin .

T rimmer C U and the . u ble qu e nt corn poncnt e ,Iven In the ci r c uit diagram a re
mounted either on the conductor . i de or on the bral ' p lait' U o r the outpu t
t ranilltor. F'1,cure. 4a and 4b I how the build-up of the o ut put . tail l'. The two
brall plate. A and H a r e made a ccordlna: to . ·Ieurt'. 5 and 6 . Wht' r t' a ll plate
A only cc m ple tee the ac r e e nln a: ot the oulput c i rcu it and t. u."d 10 mounl the
Iranamitler In a c a b in et, plate 8 I. provldt'd fo r mounlini the ou tput III''''
compont'nl a. 80th brl a. platt' . e r-e ac r " wt' d 10 Ih " end ot Ih" P C - board al
.hown In .'1,. 4a . Arle r thl l, paM 8 II aold" r t'd 10 Ih .. , round a r t' a o f th e
J·C·board. 'r r trnme r c a plloc lto ra C 17 and C 21 art' now aol de r t' d tntc Iht' hol t'l
i lllt"n In . '11. 6 and Ih e ce r a mic IilU ppo ri II .c ..ewt'd Inlo pl ac t'. T r lm m " r c a pl 
cllor C 15 II In l"rl..d trom Iht' c onduc t o r .Id t' o t Ih t' I'C -board a nd .oldll'rt'd
Inlo place. Thl l II foll owt'd by .old...r ln , C 16, L 6 a nd Ih t' bypa.. c a p acitor
C 18. T h.. author ult'd a m ica clpac lto r for C 18 wh ich could b... . o ld.....t"d to
the c hal.I• . 1I0w" lI" r c t' r a m lc capac itor. with ribbon ('o nn t'c liona c ould ilo ilO bt'
u ."d .
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II i' now po ••lbl . 10 .old.r Irlmm.r c- . pa(' llor C 20 10 111" c .. r-amrc .upport
and tne oul.. r ronn.ctlon of C 21. Thi . i. follow ..o by lIol de r lnl I.; 10 bn... . .
c.pIlcUor C II and 1.1 10 Ih .. c e rlllTll r support. T h.. Cl,lh"r lor ci rcuit c eene c-.
Uon. IrO' JOin f"Ci tOIO'lh.. r and . o ld.. r ..d In Ih .. 1'.1 prO£.·•• 10 thl" roU .. c rc e- I ..ad
of thO' OUlput Irllll.lltor T ~ . na .. c oll.. clor conm,rllun mu. l bf' prl' v lou . ly . ho rt_
.. n.. d 10 • mm , c o v.. eed w il h In . ullllnl lubin, and plat' .. d t h roulh thO' cUI-oUI
"'own In "'11. 6 .

Th....ml1l .. r I••d of Iran,l.tor T ~ II ah ort.. nO'd 10 • h-nl'h o f 6 mm and II
lold.. r ..d 10 Ih .. oul .. r .loIrf.c .. of br• • • pl.l.. B , The b. ... I.. ,d i. c onn.. c l.d 10
th e bf'nl-up ..nd of lnductanc .. I. 6 . Cholu' C h (; i. a l .o c OfIn"ct ..d 10 Ih l . poinl
. nd Ih l' o lh .. r e nd connec ted 10 rPII.tor R 9 . which I. In tu rn c cenec t ed 10
br••• pl.l.. 8 . R 9 ha• • r.lln, of O. ~ w ICl thai Ihl' C" onnl'c lion h ·.d • • r-e .uf
flel.nl for ""U-IUpport.

A I.rl" TO 5 c oolin, fin I 30 mm o ul.. r dlarn .. l.. r ) will bf' . u rh d .. nl 10 cool
th .. ou lpul tran.l.tor for M ort Iran.ml•• lon Pf'Tlod. 11112 V. Fo r lon l e r t ran , 
ml ••lon. and hl,h.. r OprT.Un, volt., .... II wUI b4' 11t·C"l ·.... ry 10 U.f' a h ..!l in k
•••Iven In ,.' il. 7 . It I. mad. from alum ini um pl .. l. OT I hn ll a r malfOTI,,1. 'l h fO
dim e n. lon. I r .. a pprollimal. valu.. . ; howrv(' r, lh .. h.... l . lnk dlmll'n . lon••huuld
not b.. r educ.d 100 f.r. II I. importaJlI Ihal the Iran.ialor ( beto r••olderin.)
I. pr.. aa l·d Inlo th l!' he al . ink ao Ihal. good Iherm al conlll('l l a fUllrllntf' (·d . A fl f' r
wlrln" th.. h.al .ink I . nll l'd 10 bra •• plat. 8 u .lnl a I r o Utu l I t r i p and a rwc
com pon.. nl . dh.. . I"e,

Th...oldl!'rlnl of c hokl!' Ch 7, c.p.dlo T C 19 . nd l Nl . r d lodt' n 1 r(' p rll' '' ' ·nl .
the fOnd of th.. . ....mbl)' . The , r ound .Id• • of thO' abo".. m ..nHon..d c om ponpntl
.r.. . 0Idt'T.. d to br• • • pl .t.. A . T h l!' modulation Iran. fo rm ll'r and Ih ll' rll' . blo r
R 10 .r• • eeommodlt ll'd and ('on n . c t ll'd r Jltrma Uy . AfllI' r l o ld ll'Mn , thll' coaJllal
e.blll' or outpul conn.ctor and thll' m ll'l lI'r, !hI' tranlmUI.r wUI bf' rll'ldy for
allenm..nl .

,. I.

T I,T,
T "

C O M P O NENT un
T 2 : 2 N 701 ( BS Y 11. A EG - T . l . hmb n )

: 2 N 3553, RCA
T 5 : 40 290. RCA

Dl : 8 ZY 92/33 (3 3 v II W
• • n.rdlod.. ,

D 2: AA 112, OA 90 .. te.
(G .. rmanlum polnl-conlae t
d iode)

RI:I. ~kO

R2:I. !lkO
R 3 : 270 0

R 4 : 4'1 0 R 9 : 61 n
R !l. R 6, R 7 : 33 0 It 10 : 22 U
RI :120 RII :IOOkO

R 12 : a c cordln, to melrr. Rl!'ldln l 10 le.le cent rll' .. l ,
I . e . 12 V o prra tl n, " 0111."

C I, C:S . C 4, C 7, C 10, CU. C 16. C 24 : I nfo' ceramic dlle lrlmrn.TI
C 2, C, : 10 • 60 p F c .. r lllTllc di . e t r lmm f'r ( 10 S .Trlk o 06 /10 • 60 p F)
C 5, C 1 2 : II - 30 pt· cnamlc dllctrlmmrr I 7 S-Trlko 0 2 / 6 . 30 p I")
C 6 : 2i p '" tubular cl'TlllTllc e a p. c llo r
C I, C II, C U , C 17 , C 20, C 2 1 :, ·30 p t- a ir I plc ed IrlrnmO'r

C OO~ CA l 30 E or WN 40 163 Philip.
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c 14, C 1!J, C 23 : app!'oK. 0.025 - 0.1 jJ '" pla . tl c -foll cUJ>lleiton
{·. ll. O. I jJ "' /50 V ( Iy,," Mkl., S I, ·m,'n .)

C 18 : I nF mic a capacito r o r cerum te CRplldl" r with ribbon ccrmecttone
C 22 : I m F (lODO jJ 1", 15 /18 V e!t'clrolytic ce pec uor-
C 23 : D. 3 to 1 IIF

3, 2. COIL DATA

l , I 6 tu r n. o f 1 mill d ill ( 18 AWe) . 1I....·r · " lo t ...d c 0Prt"r wire wound on
.. 8 mm fonn,'r, 1iI.')f- liIuPl'Orl ln g, Coll t /ll' two tum . tram ground end .
Coil h'nllth Ifi mm .

I. 2 4 lurn lil wtth c cnu-c la p. Call leng th III mm, o t lll"rw l . .. . . L I.

I. 3 5 IUI'll., Co li I,' nglh 12 mm , olh ,' !'w i8 " a. 1.1,

l. 4 J t UI'I\. wound on 5 mm (a r m .' I'. Coil h 'neth 1:1 mm , other-..... llilt" a . L I

[, .') 2 IUI'll8, Coli h-u gth 6 mm, OtlWrwIM(' liB L

I , Ii 2 IUI'n l wound 011 7 min ro r m ci- . Coil l,'nllth 5 mm , cthe r w t ee lil 1.1

I. 7 a lurn . wound 0/1 .') m m rorm ... t-, C oil lI 'nlllh 1:1 mill , ol he rw tee •• L I

I. 8 3, 75 tu rn e , C oU h 'nlj:th 13 nun, olh.'rwl.,· a l I. I

Tr I E I 48 cor-e "'Jlh a ll' ga p ( 0. 3 mm in sulallng matt-rial b.. tween "E"
lind "I" port Ion) ('onilnuou l windin g, 400 Iurnl o f 0, 4 mm dla ( 26
AWG) . 'nam l' ll , ",j copper- wire , Tapplnll polnl 180 turn • .

eh I 10 e h; rcr-rox ('ubI' ", Id, 'bund c ho ke iii VI\: 200 I P h il ip. )

__, a

... A I.IGNM I";NT

Ih 'du,"., tl w c pl' Rclly o f C 8 10 m lnlmum and tightly couple a 6 V / 0 , 6 W lamp
with /I :1 t u rn link 10 Induc tl n ,' " L 2. An 0lll' r a l ing voltail' of 12 V I. fed v Ia
n IliA meu-r 10 ('OI1 I1" (' I I" n 1'1 I, A 1"'0 m,'tn' r ..cetve r- with . ho rt ,' d ( h 'rllllnal{'d
II bdl.' r) IlIl'u l hi lUlU''' 10 Ih,' I r a ntl lll lt f r l'qu('/1cy , Ir th,' olc i ll a to r UOl' . not
1I!r"'locly ""d ll at " , R ' "lIl' I",'n l o f a J>prolt !ln a ldy 25 Illl\ lIhoul u lw lndlcated .

nit" ('I")'liItal " lw ll la l"I' ",ill comrm-nc e olldllllllon on atlJu-,11l1l (" 2 , IJ)" a ll" ,,·
nato"ly tunlnll n'I'",·It"," (' 5 a nu .111" I·lnlllh,' ,"ou l' ""jl: or Ih,' 6 V la nl !" 1111" 1'0 lni
of 1II1l',imum UI"llllll nt"lo; ..huuld U," rounl! ( 8lijl:h l Ill"", ) , I'll<' OIIt"UIlllnr I .. Ih" 11
WII,'d fn,m lll/l ltllll UIIl poinl Iu \\'a l,.hi till' nall ,' r _101'" of tt l<' rol ll'nol" {'Un',' n l,
T Ill" lIill na l Ilh " uld n"'" u." " IRUIl" 1111.1 no IlI'UI'!OUI 1I 1jl:1l1,11l 1'1"" II,'nl ( turn- 1,.·.",,1v 
' "1'1. TIll' r u r-rr-n t _h tluhl 1'<'Iul 1I I'pro,", 401llt\ In Ih lll rontli l lu ll .
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A lamp II now tlehtly coupled with only two tum. to Induct enc« I. 5 fo r IlI1Kn
rr n-nt of the Ir-cquency doubh-r- .t8110;>. The cRp8cltRn('(' of t rtmmer cepecttor (" 8
I. now Incl'<·a.",d In IIh'pll. ull inln e firlltly C !l lind th..n C ~ for maximum u ,'I~ht

nt' • • • utllll til c mo.tfavourabh· poa tt ion I , found. If no c h' a r m a xim um I II UU
talnllblo with C 5. thl . will tnut cete Ihllt tll<' c Rpucltllnc <' or C 8 I. 100 il" <' II1.
Th.. tunln e o f cepact tcr C 9 18 not c r-Itie al und it may b,' 1"<,,,lac<·d by a f!u'd
capacitor afte r the final IlUinmt'nt ( with modulat ion) ha ll been c om pleted, Cit 
pll cllorl C II a nd C 12 an' al.o 1l1li/wc.I COl' max imum brl ihtn " 18.

A rt t' r Ih l l , ccnnecttcn point 2 ill c onnec ted via a rn A muter- a nd the e.lect rontc
fUllO;> to th.' operaline vollllg". It I. Ildvl.ablt- 10 ,,..1 tl w eteet rcntc ru ••, 10 II
thl"l· .hold o f app roxlmllll!\y 20 0 rn A. ChokIo CII G and thv ba h ' ccnnectton uf
Iran llllior T 5 a r e rt'mOvl'c.1 during allenme nt of tht' drlvt'r IIl a ge and th .. Iamp
b connected bc tween tht' fr"t' t'nd ot I. 6 .nd a r ound , Arh'r r ou, 1I allgnnlt'nl ot
the t rhnml!r capacitors C 11 , C 12. C U end C 17 It I . n..c ..... ry to ope r-a te
the outpul .t.ge b..cau.e Ih e final aUKtlm..nt ca n only b.. mad.. 1'.-1 th tht" wh ol..
t r.n.mltte r op"raUv.. .

'1. tol

'I•

so

40

30

./~
)7V :-'"

/
- 1'l.loll

/

V K -" 11 101 1
-"

./ ..-
/' '\ '01

./ OJINB
UTS 5

w

2,5

3,0

2,0

1,5

mA

500

'00

I ••
300

200 I,D 20
10 11 12 13 14 V 15

u, -_o_
Fig,S Output power Pout. tota l current f low I tot and total

effIciency l'\tot of the transmitter UTS 5

A 6 V! I , 8 W lamp I. now .ol c.l e r ed di rec tly to the tran llm llt t"r output. 1\ I. ad 
vl.ablt' Ih al each of th e th r e e c pe r at\n ll vo lh'ie ecnnecucne shoul d be pr ovl c.ll·d
wun a rnA meier . The tot a l cur- ren t . houl c.l be fed via t he l' lcc l ronlc fUI(': thC'
th r~.hold cu r r e nt s hould b.' 500 rn A.
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A eertatn deg ree of patl ...nee Is requlrl'd f:lr Ha· followinli': pl'ak-power alignment
becau... ,w ...crsl component e muat be adjusted In ord...r- to rind th.· most fa ...our
alJl .· ccmbtnet fon of thl'lr valul's . It will bl' found that the alignml'nt of trimmers
C 8, C II, C 15 and C 17 I. critical, wne reee l' al'l'cially ttll' output trimmers
C 20 and C 21 can b ari..d gr..atly wtthout hl'arlnli': noise points or .purlous
signal. In the reeet r-.

If tho n-anemtuer I. 0pl'ratlnli': cor- rvctty. allgnme nt of Ir lm m l' r s C 2, C ~ and
C 9 will no lonli':l'r Indicate any clear mllJdmum adJustm"nt etncc a saluratlon
t'ff..ct occurs . Thl. I. pro...ld cd aa drive r e ae r-ve for ope r e t ton at low tempc 
r-atur- ..... fo r Inatlln('l'. durlni mountain r1t'ld days and to obta in a certatn wtde
ba nd capllbUlly. Thl' final allgnml'nt o( th., tIut thr-ee sta~)l'. should t hc r' .. (or"
lJI' c a r r-Ied out aeparatl'ly and not aub.... qu ..ntly all .. r-ed.

F Ina ll y th.. t r nna m lt te r Is rNI wllh modulation, Thl' modulatton de-pth Is kl'l't
low al fint . Trimm ... r. ell, (C 12 may hav e been n'placpd wlth a (Ixl'd c a
"ncllor) CIS . C 17 , C 20 and C 21 ar-e carl'funy allgllt'd for maximum brlghl
nu ee, Th(' modutuuon I. Incrl'a••'d In alt'p. a nd the t rtmrnera carefully rcallli':n
ed fo r maximum. Thl' modulaUon should b.. sw itc hed of( aeve rul times during
th.' e l tgnment to dt't.·rmLn... that the brlghtnl'llI of the lamp tnc r ee eee durini
modulation,

It Is Important t hat t he .Ignal Is monitored rtu r-Ing Ih l . p r-oce aa, A slnuaoldal
( slnl' wa ...e ) modulation 115 ad vlaabll' 81ncI' thl. wavefor-m allows distortion pro
ducta to be hva r-d more I·asily. TIlt' moat la ...our-able m ..anll o f adJu.tlni the
modulation III with thl' aid of II DC oecmoeccpe, which allow s the modulation
depth and distortion a to bl' slmultan...oue ly obae r ve d.

Sinn· the lamp uaed for the aIlKnm"nt does not 1't' p rl' St'n t lI. r ca1 6011 (or
~O 11 I Impedance, It I. nece eaar-y to r ept'at the modulation allKJlmt'nt uslni an
untcnna ( dummy load), If a DC oectucecopc with abaorpHon ci rcuit Is not
evanebte, a r e l ta bte teet can be made all renews : Tunc a eetecuve r ..cl'l vc r
to • frl'que ncy app roximately 10 to 25 kHz from the Ir-an ..mlt frequency and
chl'ck t hat no sldl'band. a r e audible wnen aUinlng the 1IInl'-wave modulated
transmitter for maximum output. T rim m e r s C 20 and C 21 ha ....· thl' irl'at.. al
Inrluenc e; IIO\H'Vl'r, C l~ and C 17 mey aillo r-e qulrl' reall':n1nent. Alt hou gh tht·
alignment I'equlrl' s a certaln cettence and feeling. the trallllmlt!"r hall br-cn
found to be very IItabl e aft e r completton of the altgnmenr, A s can be III'l'n from
the following m ...aau red values, the tranllmltter I. abll' to COPl' wit h large "'01
tage ...arlatlon a; It I. au fflc l ently wideband and I. not .·ndangl'rl'd If on.. forit'tll
to connect th .. a etenne ,

5, M F.ASUH ED VA LUES

T hl' descrlbl'd t ransmitter was measured In an Induatriallaboratory by R, Lentz ,
nI. 3 WH, The dt'tl'nnlnl'd ...alul'. art' itvI,n In !"Ii - 8 . The tr-anamttte r- had been
p r-evlously aligned for 100," modulation, Tht' llnl'a r Inc r ..asl' of the output pow .' r
with the ope s-e t lng voltage show. that the hillher power- 1eve1. are achl........d
without Ieedback (,(ft'cta. T he capacity or the dry (:l'lls can be we ll ut i l iz ed ,
stnc e tht' t ransmitter cen ( If correctly aUilled ) be moduleteu ec r-rectty a t an
opc ratlng voltaie o f down to 10 V, T hla I. a lao whl' rt' t hl' high po .... l·r levl'l of
thl' Hrst thrt'l' IItagesfa ad...antagt'ous. An o peratlni ...oltage of 15 V .hould not
bl' ",xCI'.'ded . Inc e this would l'ndanier thl' d river and output tran.lllto r.,
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The c ha rac lerilltlca o f another trana l ator of th !' 40 290 a.. r lE' a la drawn aa a
daahed li n t> In Fig. 8 - It we e de at roy ed by II voltage pe ak befor-e inatallln,;
dtcde 0 I. ThL8 n-ans tetor- produc ed th e eamv out put power at a lower c u r rent
drain . wh ich l ed t o an ove r a ll c fflc h'ncy of 4n" . Thl a exa m pl e cl ea rly shows
t he Iluctuattone between Individual tranalatora ot t he 40 290 a e r-Ie e , The t r-an a
m itter ha vLn ll: the m ea sured va lue. enown in F i g. 8 hllB pr oved It s e H In mo re
than two y e a r. o f o pe r a tion and three m ountain field days.

6. AVA ILABLfo: PARTS

T he printed circuit board OJ 1 NB 004. t r immer capac ncr-e and otht>r compo 
nent s lUI we ll a s a com plete kit at part s a r e avallabl~' trom th .. publlatwra o r
their national r e p r e eenta t tvee ( lic e advertl llln ll: pa ge l .

7. HJo;FEHENCES

(I) RF I'OWEH T RA NSIST ORS;
RCA TechnIc al P r-e seruattcn 4/68 ST -3 70 1

(2 ) F . M(lnze l: Ertahrungen m it "Overllly"-Transi s tortm .
O lioS OL-QTC 39 (1968), Edi tion 5, pa gell 280 - 285

(3) Da t a Shet>t ot the o verlay tren et etcr ty pes 40 290, 40291 . 40 29 2

(4) H. Lent z: A Simple E l ec t r on ic FUlle
VHF COMMUNICAT IONS 1 (1969). Ed ition 3, pa ge a 174 - 178

MATE RI A L PRI CE
the p u b ll Btler . of

L I ST O F KI T S and CO M PONE NTS
VHF COMMUNICAT IONS or Ihe lr naUonal

availab le f r o m
e ep r e ee n t a tt ve a

Thl. pr ice IIl1t I. va lid lor all ord..... reaching u. alter ""cember ht 1970. All prevtcue
price lI.tll are Invalld after thi . date ,

We were ab le to co n. ldf' ra bly eecvce a great number of prlcn due to :

Standardlzatlon 01 components (e.pec la lly .em lconducton)
ruultln&, In a more favou rable pu rchate rate
Rati onali za tion of the kit e and pa rtial ki t.
SOme (unfor tunately few) pr ice r educllon. of Ihe manu facture....

A number of new compone nt . (ma r ked +) may not be ava ilable until January 1971 . Kit. Includln&,
tbe ee part. will be dl . patch l'd Immedlatl'ly BO that you can commence cone rr uet son and lhe
mlllln&, pa r t. wlll be . upplled withou t re-orderln&, a. IIOOn at ava tlable ,

Ple..e rl'ad the Salu Condl tton. on the lu t page 01 tne price 1I.t.

II you a re not a reader of VHF COMMUNICATIONS pleaill' rpque Bt full adverll . lng ma lerlal .

C R YS T ALS and C R YS T A L FI L TE R S for equtpment dpacrlbed In
VHF COMMUNICATIONS tbat are av ail able ex . tock . Onl y hlgheet quality cry.tal. a r e oll pr ed.

Cry.tal rutl' r XF -9A (for SSB) with both . Idl'band cryetal . . . . . OM 106. - ·
Cry .tal fLlter XF- 9B (lor SSe) with both .ldeband c ry eta18 .. .. OM 137. - -
Cry.tal IIltl'r XF- 9C (for AM; 3.75 kHz) ." •.. ,......... OM 137. - -
Cry.lal llller XF- 90 (lor AM; 5.00 kHz) .. .............• OM 137. - -
Cry.ta l fil ler XF-9E (lo r f M; 12. 00 kH:t:) .••..• , •.•.•.... OM 137. - -
Cry.la l nnee XF-9M (for CWo 0. 5 kHz) with carrier crYlltal ... OM 106. - -
Cry.tal dl .c rlmlna tor XO 09 -03 ma tching Xf -9E . . . . . . . . . . . . . . .. OM 76.• -
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Cryatal
Cryatal
Cry atOl l
Cryatal
Cryatal
Cr yata l
Cr yala l
Cryata l
Cryalal
Cryatal
Cr yatill
Cryatal

96.0000 MHz (HC- 8/V) lor 70 em conn'rlt>u (OL 9 GV, OL 9 JV ) OM
96.0000 MHz (HC-25/V) lur 70 em conve r te ra (OL 9 GV, OL 9 J U) OM
95.8333 MHz (HC- 18/ V) lur 70 em conve r tere (DC 6 HY) OM
84.5333 MHz (HC- 6/V) lor 24 cm converte r a (OL 3 WRj OM
65.5000 MHz (HC- 6/V) lor 2 m co nvr -e tees (OL 6 HA) OM
65.0000 MHz (HC- 6/V) lor 2 m ccnver teee (OL 6 HA) OM
46. 3333 MHz (HC- 18/m lor phase -I ocked o llC Ula to r OM
46. 0000 MHz (HC- 18/V) (OJ 7 ZV / OJ 9 ZR) Ht'!
45. 4760 MHz (HC- I S/ V) for VXO (OJ 9 ZR) OM
42.0000 MHz (HC- 6/V) fo r 70 MHz cOlwe r le u (G 3 J HM) OM
3S.6667 MHz (HC- e/tn for 2 m co nve r te r-a (OL 6 SW, OL 6 HA) OM
27.8000 MHz (HC- U/V) for 24 MHz , yntlinla VfO. (OL 3 WR 007) OM

21. 50
28. __

211. -
21. 50
16. 50
16. 50

49. -

24.50
15. 60
13.70
25. _.

Standard fr equency cr ya ta l a

5. 0000 MHz (HC- 6/V) for callbratlon spectrum gon.. r ato u
( DC 6 HY) .....•..... OM 25. __

I. coco MHz (HC- 6/V) fur callbratlon IIp£,c t r um i t'npr a tor.
(OJ 4 BG, DC a HY) OM 20.50

100 kHz ( HC- 13/ m for calib ration spec tr um Il:..ne r a tor a
(DC 6 HY) • . . . . . . . . . .. OM 28. --

Cry. ta l. 72.. .• MHz ( IIC -a /V) fo r 2 me tre tr anam lUI'U (OJ I NB. OL3 WR)
pr ea ee s ta te requteed Irl'qul'ncy on or d..rlng
(Dell ver y 4 W 6 w('l'k . ) . . .. .. . . . . . .. OM 21. 50

Cr Yllta la al llO avallabll' ex atoc k prea ee see IIllt with OJ 1 NO kit.

Cryatala o ther treqcencte e avatlable (Pll'aM' eta te fr l'qul'ncy lind typt')
(DeUvl' r y a to 6 wl'ek . )

OL 6 HA KlTS

DL a RA 001/28
PC- board
Mlnlklt
Sf'ml conductors
Cr ys ta l
Kit

OL 6 HA 001/14
PC-boa r d
PC-board
Mlnlklt

Cr ya ta l
gem tconducto r s
Cr yllta l
Kit

OL a HA 002

PC ·buard
Mlnlklt
~mlconducton

Kit

Cr y. ta l nner
Crylltal filter

OL a HA 003
PC-board
Mlnlklt

Kit

TWO METRE ssn TRANSCEIVER

2 m MOSfET Convl'rtl' r (If. 28-30 MHz)
OL 6 HA 00 1 (With prlntl'd plan) ...• . , •.•.• , .
OL 6 HA 00 1 (co li forml'n and tri m mer 8t't) .•.• ,.
OL a HA 00 1 (5 Ir anatlilo r a) ..•.. ..•....•.•
38.66667 MHz (HC- 6/Vj .
OL 6 HA 001 with above Itsted componf'ntll

2 m MOSfE T convf'r te r (If • 14- 15 MHz)

OL 6 IIA 001 (with printed plan ) .............•.
OL 3 YK 001 (wl tli prlntl'd plan) (Ed . 4/70)
OL 6 HA 001/ 14 (coil lorml'u and tetmmer llt' t ,
2 c r y,ta l holden) .•...•... , •. ,., •.........
65 .00000 MHz (HC-a/V) .
OL a HA 00 1/ 14 (7 tran. l, ton ) . . . . • . .. •
65.50000 MHz (HC-8 /m .
OL a HA 00 1/ 14 wllh above uetee COmPOlw nt•......

9 MHz SSD TranllCe \V l' r

OL 6 HA 002 (wuh pr inted plan) .....•. , •.•...•
OL a HA 00 2 (coli former, and tri m mer !It't)
OL 6 HA 002 (12 tran'l lllo rll , 7 dlodl'll
OL 6 HA 002 with aoo ve lIated component a

Xf -9A with both . Ideband cr ya ta la
Xf -flO wltli both atdeband c r ya tal.

9 MHz Car r ie r Ollc lllato r
OL 6 HA 003 (With prlnll'd plan) . • . • • . • • ,.
DL 6 HA 003 (coli rormere and trimmer eet,
2 t ranalstora, 2 dlodr . )
OL 6 HA 003 wnh above n eted par ts

Ed. 1/ 70
OM 6.- -
OM 5.20
OM 20, 50
OM 13. 70
OM 45. -100

Ed. 1/ 70
OM 6. --
OM 4. --

OM 11. 30
OM 16. ~O
OM 24. 50
OM 16. 50
OM 78. 80

Ed. 2/70

OM 16. - 
OM 6. · ·
OM 46 .80
OM 68.80
OM 106. __
OM 137.--

Ed. 2/70
OM 3.--

OM 7. 50
OM 10. ~O



DL 6 HA 006 V F 0 (~ - 6 MHz)
PC _boa r d DL II HA 006 (Wit h prlntt'd p lan ) . . .. • . •. , •
Mlnlk lt DL II HA 006 (2 l ranai alo rl. 1 ee r am rc co urcemee) •.
Varlablt' capac lWr 100 p F (48.5 II 48. ~ II 4i . ~ mm, two bl'arlnga,
Kit OL 6 HA 006 with abov e lI atlN! compunt'n ta

DL 6 HA 00"
PC -lxiard
Minlkll
&-mlconducwu
. ll

DL II HA OO~

PC -lxiard
Mlnlklt
Sfom lconduct orl
.ll

OL 6 HA 007
PC _board
Mlnlk lt

'"
OL 6 HA 006
PC-boa r d
Mlnlk ll

''''
OL 6 HA 00i

PC -board
&-mlconduclo r a

'"
All lata

All PC -boa r d .

OJ 9 ZR KITS

9( 14 MHz Tn.nam ll _Al'<:I'ivl' Cunvl' rtrr
DL 6 HA 004 (wlt ll prteted pla n) •..............
OL 6 HA 00.. (call forml' u . Ir im ml'r iII nd cOOkl' 8('t)
DL 6 HA 004 (8 trana tatu ra. 5 dIOOU)
OL II HA 004 wit h eeove Ual l!'d compont'nU

14( 145 MHz Tra na m lt Connr tl' r
DL II HA 005 (w ith prlntf'd pla n) .. . .. .•.••.• ..•
OL 6 HA OO~ (cu ll fo r ml' rI . tr lm m.. r and c: hukl!' a(' t )
OL 6 HA 005 (4 t ranalato u ) .
OL 6 HA 005 wl tll abovl' ll at..d components

Low-pan Filte r
OL 6 HA 007 (with prlntlN! plan ) , .
OL 6 HA 007 (call termer ..t, I trana lat or )
OL 6 HA 007 with above lI al t'd cu mpont-nta

Sta bll lzt'd Pow l' r Supply
OL 6 HA 006 (With pe tnte d pla n) ..... •. .. •. .. ..
OL 6 HA 006 (choke at't. 5 t ran. lat o ra. 6 d lude a) ...
OL 6 HA 006 With abovt' lI alt' d compone nta

T r a nal ormt' rl u a AF Ampllfler (a ppro ... 2. ~ W)

DL 6 HA 009 (Wit h prtnlt'd plan) ... .•.•••••••••
OL 6 HA 009 (4 tranal'tou, I d lodt' )
OL 6 HA OOi with abov t' lI .tt'd co mpo nt'nU

OL 6 HA 001/ 14 to 009 (w\lho ut c ryata l fl ltn) .

OL 6 HA 001 to 009 and OL 3 YK 00 1

TWO METRE sse TR ANSCEIV ER

Ed. 3/70
OM Ill. • •
OM 8.70
OM 49. 10
OM 73.80

Ed. 3/70
OM 8•• _
OM 4. 80
DM 16. - 
OM 30.80

Ed . 3/'10
OM 6.••
OM 6.50
OM 13. 50 +
OM 28• ••

Ed . 3/70
OM 3.··
OM 3.20
OM 6.20

Ed . 4/70
OM 8. • _
OM 39.70
OM 41.70

Ed . 4( 10
OM 8.••
OM 14. ~O
OM 22. 50

OM 350. • 

OM 10. · -

OJ i ZR 00 1
PC _board
Mlnlk lt
&-ml conducto r a
.ll
Po lt l'd core k it
Cry.tal fIIt t' r
Cr ya ta l IIHt' r

OJ 9 ZR 002
PC_board
Mlnlklt
Cr y. ta l

'"
OJ 9 Z R 005
PC -board
Minlklt
&-m lcondllCto r a
.ll
Cr ya ta l uner
P rt'cl alon ap ind lt'

5 W SSB T r an . mttl l' r lo r 145 MHz
OJ 9 ZR 00 1 (wi th printed pla n) .
OJ II Z R 00 1 (cu ll formn a. tr lm mt'r and chokl' ..t )..
OJ 9 ZR 001 (i tran. l.to u , 3 dlodn )
OJ 9 ZR 00 1 wllh abovt' Ualt'i1 c:ompont'nta

OJ 9 ZR 001 (for DC-DC convtrtt' rl
XF -9 A wllh both a lde~nd cryatal .
XF-9B wll h both a ldt'~nd cry" al .

V X 0 (136. ·146 MHz 1. 20 kHz)
OJ 9 ZR 002 (wltll p rlntl'd ptan )
OJ 9 ZR 002 (call formt' r a..t , 3 tuna lato u , 2 d lodn)
45,418 MHz (HC- 18/U)
OJ 9 ZR 002 wll h abo vt' lI at t'd co mpone nts

IF -AF Po rtlon (9 MHz)
OJ 9 ZR 005 (dau blt' coatt'd with Ihro \l.if h conlactl) .. .
OJ 9 ZR 005 (call fo r mt'ra, lranalormt' r and choke ..I)
OJ 9 ZR 005 (5 ICa , 2 tra na lato ra. 8 dlad t' l ) .•.•••
OJ 9 ZR 005 with eecve lIa tt'd componl'nu

XF - 9n with both a ldt't.nd c rya till ia .... .. . .. .• .. .
pott'ntlomt'tt' r 500 Ollm • .• .• .• .• .•.•••

Ed.

OM
DM
OM
OM
OM
OM
OM

Ed.
OM
OM
OM
OM

Ed.

OM
OM

""OM
OM
OM

15. --
7. 50

U.30
114. 80

15.• -
106.• 
131. · -

2/ 69
3. --

13. 40
24. 50
40. 90

3(69
42. __

41. 20
14. 10

U 9. 30

137. - -
i. _.



OJ 9 ZR 008
PC- boar d
Mlnlklt
Slomlconductorl
Kit

VHY Po r tio n (145/9 MHt )
OJ 9 ZR 006 Ite flon (PT FE) with pr-lnted lnducb ncn ) .
OJ 9 ZR 006 coil formerl and te rmme r II{"t) ..•.•.
OJ 9 ZR 006 (3 tr anBIBtor . ) .•.• , • , • , •.•.• ,
OJ 9 ZR 006 wlth above IIBtl!d ec mpcnents

Ed. 3/69
OM 43. 50
OM 10, 80
OM 31.50
OM 85.80

OJ 9 ZR 008
PC-boa rd
Slomlconductorl
Potted co re kit
KIt

Eltoct ron lcally Sta blllzed Power Supply
OJ 9 ZR 008 (with pri nted plan ) .
OJ 9 ZR 008 (5 tran BIBtOri. 14 dlodu, hea tll lnk) .
OJ 9 ZR 008 ((or DC-DC conver te r) , • , • .•.• , • , • .
OJ 9 ZR 008 with above HBted co mpc nente

Ed. 3/70
OM 14. - 
OM 58. 30
OM 12. 50
OM 84.80

CONVERTERS and TRANSVERT ERS (see atec OL 6 HA and OJ 9 ZR kll.)

Ready -IO-oper ate receive conver te r DC 8 HY 00 1 (a llll:ht del ay) .

Ed. 2(69

OM 6. - -

OM 8. 10
OM 35. - 
OM 21.50

OM 65. -

OM 129. 60

Ed. 4n O
OM 10. - 
OM 13. 20
OM 20. 30
OM 28. - 
OM 11 , 50

OM 179. 60

8. -
' .20

19. -
15. 80
45. 80

15. - 
8. 40

39. -
13. 70
76. 10

6. - -
5.20

19. --
13.70
43.90

2(69

1/ 69

4; 69

OM
OM
OM
OM
OM

OM
OM
OM
OM
OM

OM
OM
OM
OM
OM

Ed.

Ed.

Ed.Two Metr e YET Converll' r

OL 6 SW 004 (wllh prlntt'd plan) .
OL 6 SW 004 (co li te rm..n and t r tmmer l e t) .
OL 6 SW 004 (5 IranBlalorl) ......• , • . • • • • ,
38.66667 (HC-6 /U) , • , ••. .........
OL 6 SW 004 with above Hated eomponeme

ReCl'l ve Conve r ter 432/ 144 MHz)
DC 6 HY 001 (With pr lntl'd plan) .. .• ... , •.. ....
DC 6 HY 001 (call Ior mera and rr tmmer 8l' t) , • .•••
DC 6 HY 001 (5 tranal,torl ) .
95. 833 MHz (HC- 18/ m •••• , ••• . .• .• .•
DC 6 HY 001 wit h above U_tt>d com ponent,

YET Conv.. rt er lo r 70 MHz

OL 6 SW 004 (wit h prmted plan) ......•.••••• ,.
OL 6 SW 004 (coil lo r merl and tr immer sen .... ,.
Ol. 6 SW 004 (5 lran. llltor. ) , •.• , ••••.• ,
42. 00000 MHz (HC-6; U) .
OL 6 SW 004170 with above ltsted compont' llt• . . . . . .

28 MHz - 145 MHz Trann ertr.>r with YET Mixers
OJ 6 ZZ 001 {wt th prlntl'd pl an) •• .•. , • .••••.•.
OJ 6 ZZ 001 (ca ll fo r mt' n and rr rmmer .et) .
OJ 6 ZZ 001 (12 t ranlll.ton) .
38.66867 (HC-6 /U) .
OJ 6 ZZ 001 wit h above Hated co mpo nents

70 em Conve rter ( IF. 145 MHz)

OL 9 GU 001 (with printed plan) .
OL 9 GU 001 (co li tor mere and tr im mer lK't, 2 dille
and 3 tubular tr imme r . ) •••• , • , •• , • .•.•
OL 9 GU (5 tranlliaton) .
96.000 MHz (HC-6/U) .
OL 9 GU 00 1 _liver _pla ted with Inner conducton and
trlmmt'rIl (de Uvt' r y max . 6-8 wl'l'k l )
OL 9 GU 001 with above ltated componeut a
(but Wi thou t t ubula r tr lm men ) ..•.•..........

gem lconduct orl
CryBtal
Camlnl

DC 6 MY 001
PC-board
Mlnlklt
ge mtconductor a
CryBta l
Kit

OL 9 GU 001

PC- board
Mlnlklt

Kit

OL 6 SW 004/ 145
PC-boar d
Mlnlklt
Semlconductorl
CrYlta l
Kit

OL 6 SW 0041'10
PC _board
Mlnlklt
Semlconducto rB
CrYlta l
Kit

OJ 6 ZZ 00 1
PC- boa rd
Mlnl klt
Sem lconduc to rB
CryB ta l
Kit

DC 6 HY 002
PC- boar d
Mlnlklt
5f!ml co nductorl
Kit
Ready-to-operatl'

Tranamlt Convl' r le r 144/ 432 MHz
DC 8 HY 002 (With pr inted plan) .... , •.•.•.....
DC 6 HY 002 (trimme r al' l and fe r eue bfoada) •.• .. .
DC 6 HY 002 (3 tran, l,torl ) • .••... .. ... ...
DC 8 HY 002 wltb abo ve Uatl'd componpnt'

t ee nemn conv.-rtl'r DC 8 HY 002 (Blight delay) •.....

Ed . 4/70
OM 10. -
OM 21. 50
OM 18. 50
OM 50. -

OM 149. 50



Rl'ady -Io -opt' ral.. IInt'a r ampllfl.. r DC e HY (.lIght ~Iay)

DC 6 HY
Mlnlkll
St'mlcondllC lon
T, ,,,"
KU

-432 MHz Linear Ampliller
DC 6 HY/ LIn (Ir lmmf'r BI'I and IUbI' .uckpl)
DC 6 HY/ Lln (1 tranBIBtor , 1 dlodl')
EC 6020 .
DC a HY/ Lln with sbcve IIBll'd tom ponl'nlB

Ed. 4/7 0

DM 10. 90
OM 4.20
OM 27. -
OM 42. 10

DM 142. "0

TR ANSMITT EUS. VFO. and OSCILLA TOIt S
('l'l' a lllO Dl. a HA' and OJ II ZR Kia u well aI OJ 7 ZV, DC 6 HY

Ed. 3,69
OM 10.• -
OM 12. 60
[)M se. ~O

OM 79.10

OM 21. ~O

MHt
MHt
MHz
IlM 21. 50

2 W AM TranBm lll l' r for 145 MHz
OJ I Nn 004 (wIth prlnll'd pl an) ......•• .•....•
OJ I NO 004 (t rimmer and c1'lokt' M't)
OJ I NB 004 (5 tfan.bton. 2 dloo.. ll
OJ 1 NO 004 with allo~e IIl tl'd compon..nl B
12, •• ,. MHz (HC-a/ V) on rf'qu .. . I. pluM' Btale
r..qlllrt'd IrPqu.. ncy (dt' II~.. r y approll . a \Il·..ekB) .•....

72.0500 MHz I 72 .0750 MHz I 72. 1000 MHz 72.1250
72.1500 MHz I 72.2000 MHz I 12.2500 MHz I 12.3000
72.3500 MHz I 72 000 MHz I 72. ..500 MHz I 72. 5000
when or d... r lnll pll'a Indl Cal l' lr..quenq'

tn n_former kit: see OL 3 Wit 003 tr ansmttte rModula tion

Cryatal .
avallahle
I'll. . to("k

OJ I NO 004
PC-boar d
Mlnlklt
St'mlconduclon
KU
CryBtal

OL 3 Wit 003
PC-board
Mlnlklt
Semlcondllcton
Moolila tion t ran. 
form .. r kit
KU
CryalalB

2 W Tranamltter fo r 145 MHz lor vro Op!ratlon
DL 3 WR 003 (with prln t..d plan) .
DL 3 WR 003 (trlmmo:or and chvkl' .o:ot)
DL 3 Wit 003 ( 11 IraulBlon. 5 dlodt' . )

DL 3 Wit 003 L for PC-boar d movnUnl
DL 3 WR 003 wllh abov .. 1I. ll'd cumponente

72, MHz Bee OJ I NIJ 00.. . .

Ed. 2/'10
OM 1 '1 . ~ 0

OM H .4 0
OM 93 .10

OM 7.50
OM 132.50

OM 21. 50

Ed.3." '70
OM ~ . --
f)M 25. __

OM 30.50
OM 13.50
I)M 16.40
OM 25. - -
OM 115. ..0

t:d. 4 '70

OM 2.50
OM 3.85
OM 13. --
OM 19. 3)

Ed. 4/70
OM ... --
OM a. lo
OM ..._.
OM 18, 50
OM 18. 50
OM 47. 10

72 MHz VFO for f M TranBmltto:on

OJ 8 PO 00 1 .. , .. , . , .. . .
OJ 8 1' 0 001 (co li rormere, tr immer and chokl' Bel).•
OJ 8 PO 001 (2 lu nal.ton . I dlodt')
OJ 8 PO 001 wll h above IIBIt'd cum pon"nt .

DL 3 WR 007
PC-boar d
Mlnlklt

24 MHz Synthnll VFO with FM Altathm nt
Ol. 3 WR 001 IWlth pr inted plan) ,
DL 3 WR 007 .. tr lmmt' n and I ~arlab le ceeamtc
con 1. 8 - 2.5 I1 H) ", " .. ,.,

Semlcondllcton OL 3 WR 007 (5 tran.I.lon. 2 diode .) .
Var iable capac no r 100 pF (48.5 II 48, 5 II "9, 5 m.n ) twu btoarlngB
Putted core klt l Ol. 3 WR 001 (4 pottl'd co r...) , , , , . , . , ,
Crysta l 27.800 MHt (HC-18/m
Kit DL 3 WR 007 with abov.. IiBtt'd cumpon..ntB

OJ 8 PO 00 1

PC- board
Mlnlkll
Semlcondul'lur.

"U
DL 3 YK 001 OBclllalor Iloard fur ilL 6 HA 00 1
PC· board OL 3 YK 00 1 (with prlnt l'd plan) , .
Mlnlkll OL 3 YK 001 (cotl lo rm .. r lIl't, 2 c rylltill holdC'rl) .
St'mlconduClori OL 3 YK 00 1 (2 Iranel. turl ) , .
eryatal e~ .ooo Mllz (HC·6/m ".", .. "
Cryatal 65 .500 MHz (HC-6' U) ..... .........•
Kit Dl. 3 YK 00 1 wllh above Illtl'd cumponl"nl .

X Kit Inc1udl'd In OL e HA 00 1/14 . servu to modify thl" 28-30 MHz
IF 10 H·n MHt .



MEA SURlNO, AUXILIARY EQUIPM ENT a nd ACCESSO HIES

OL 3 WR 00 4

PC- board
Kit

OL II rx 00 1
PC -board
MlnlkU

Kit

Rr.vollll.f l' lndl cator

DL 3 WR 00 4 (wllh p r lntll'd plan) ... . , . . , . . " •. ,
DL 3 WR 004 (PC-boa r d. t r lmml' r a nd d lodl!! ) , .....

Slmpll' Ba nd SCa nne r
OL II rx OO J (wll h prlnl l!'d pla n) , .. , .. , ... "."
OL II r x 00 1 (coli lo rmen and trlmmu te t,
5 trau l.ton, 2 di ode. ) , . , , . , . • , . , , , , .
OL II r x 00 1 wllh above li lted ecmpone nte

Ed . 2/70

OM 2. 50
OM 4 . ~

Ed . 4(10
OM 4.• •

OM 11.80
OM 22.80

DC 6 MY 003 Ca llbrall on Spl'Clr um Ct-nuatu r
PC ·board DC II HY 003 (wll h prtnted pl an ) , .. , ., .
Mln lklt DC II HY 003 (I tr lmmf'r, 5 trana l. to r . )

( Standard l r l'qul'ncy c r y.ta l I. 000 MHz (HC-6 / U) , , . , . • ' • , , . , • , .
( Kit DC 6 HY 003/1 MHz wit h abo ve lI .ted compone nt • . , .
(Sta nda rd Irt>qut'nc y cry.la l 100 kH' (HC- 13/ V) , . , .. , . , , . , . , .,
( Kit DC 6 HY 003/ 100 kHt a a a bove , . , . , , . , .. , . , . ,
( ~'ta ndard Irf'qu!'nc y cry.ta l 5 Mll z (HC- 6/ U) , ,
( Kit OL 6 HY 003/ 5 M Hz as abovl' " , . ,. " . ,

OJ 4 DO 00 2 OI,llal Discriminator
PC · board OJ 4 BO 002 (with prlntl!! d pl a n) , , , .
Sem lcond uc ton OJ 4 BO 002 (J IC, 4 tran.lllton , 2 d IOO )
KlI OJ 4 BG 00 2 (with abo ve U.ted compon" nl.)

Ed . 4/70
OM 4.- ·
OM 16. SO
OM 20. SO
OM 41. 20
OM 28.• 
OM 48.70
OM 25. - 
OM 45 . 70

Ed. 2/ 70
OM 5. - 
OM 17 . S0
OM 22. SO

OJ 4 DO 006
PC · boa r d
Se m lco nducton
K11
Cunn..c to n

OL 3 WR 00 2
PC -boa r d
Sl'm lco nduc to n
K11

Speech P roc u lIOr
OJ 4 BO 006 (With pr fnted pla n) . . , . , . " , . " " ,
OJ 4 BO 00fI (l IC, 2 tranll.to ra)
OJ 4 BG 006 wllh above 1I. led compon..nl.
gte m..n. (I ) ·poll' ) lor PC-board OJ 4 BG 006, 11('1 .. ,

Eleclron lc fU M! 24 V
DL ) WR 002 (wi th pe tnt..d p lan) . " . , . ,. , . , . , .,
DL 3 WR 002 (3 trau l.tora, I diode )
OL ) WR 002 with above Hate d componl'nt.

Ed . 1/71
OM 7. • _
OM 17. 80
OM 24.80
OM 7. 40

Ed. 3/ 611
OM I. 50
OM 11. 20
OM 12. 70

TERMS Of DELI VER Y AND [lANK ACCOUNT ':;

All pr lc'" I r!' Illv..n In W..-I Gl'rmlln Ma r k•. Thl' p r lcn du hul cun laln pu.1 ami llacklnil
fo r which an "!ltra chUIl" wUI lit' mad., : -:-. . . . . . . . .. ll M 2. · ·

Th!' " rIc.. . do nul Includ.. a ny CUllum . dilly wh..re appllcabl All aUI'1'Il'" hOl \'lh ll II v;ahw
01 ever UM 80.·. (or I.... wh"n r..qul'au'd ) ,,'lll lit' dllplllch ..d pt'r rttl:ltl ..r ..d mall and
cha ril l'd wun : .. OM J .• -

some dl'lay l ma y lit' call. ..d OIl Ih.. mum..nl <Nt' ( 0 dl'llvt' r y dlff lcullL(' 1 al Ih., mll. nub.c l llrl!'rll.
Equh·OlI ..nl umlcondu.-tu r I)"IM' I ,..,.111 bf' ' UPIlIll'd If o r lltlna l Iypt' l IIrO' nol avauabre .

St'm lco ndllc tnfl. qtI~tlz crY'IOl I. and cry.IOl I flltefl ca n nol bII' O' l\cha nll:O'd.

It I. nol po"lbh- lor u. to dl.pa lch ord"fa pc r C. O. l>. All o rd.. r l I houl d be mati.. ca.h
...-uh-or dor lhc ludlnll Ih.· ..l\l r a c h rK'" for POll a nd POll'klhll, rt' IlI.I.. r t'd mal l. otr ,
A lran. h ·r In 00(' of ou r a('r ou nl. n r \-Ia ou r repr......nl4llL '·('. I' al .., 1lOIIIbi .

Any I!l'm. (.uc h ;ll hamlUook. j ....hlch lncl lldf' pol l a nd packlnll ar.. co r r "al'''lldlllllly allllot"tf'd .

VEItI.AG UK.... · In: lIlC llT E, HIlIl. J , I>OIll Il' , OJ 3 QC, D-8S20 l::HLANGt:N, GI.'lwllu·r :ilr. ~ S

r .." ·lon (09 13 1) 3 33 23 • tl33 1l8
Ac('uu nu : Ill ·ut .dl.. Hank. F:rla"\tl'n ,. 476 32$

f'uM' l' hN' kkuntu Nllr nlll'r il 30 ~ 5 5
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