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OK 1 OF

Editor. No'es and Mocllficationl 125-12t1

The t'x tremply large petce Incrn.sea of components th roughout the wo r ld are
having a great ertec t on t he sales price of equi pment and kits . Unfortunate ly,
thle Is also true of our kits . The r e-cent pric e increues of over 20% with
crystals and cryd tal filt e rs have forced us to also inc rease the sales prices
of these Items , which als o Increases the price of al l kits that contal n a c r ys tal
or c rystal filter. Norm ally , we have a larKe stoc k of co mponents 80 that we
ca n "live fr om s tock" for a s hor t pe r iod. Howeve r , the deliver ies of cr ys t als
fro m all ove r th e world ar e so terribl e that we are sUlI waiting for c ryst als
and cr ys t al Wters promi sed UII for October 1973. This mean s that we are
vir tu al ly out -of-stoc k and must Immediately purchas e for the Increased prices.
An insert Is Included In the m agaz lnf' s howing how the n[OW kit prices ca n be
calcu lated unUI we can send you a n[OW pr ice list togeth er with ed1t1on 3/ 74 of
VHF COMMUNICATIONS. Pleas e r emember the diffic ulties in obtaining the more
spf'claltzed components s hould de live ries be tak ing longer than we wou ld like .
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Fig. 1 : Prototype of the prog rammable OF-rt'ct'lver
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A PROGRAMMABLE FOX- HUNT (OF) RECEIV ER FOR 2 METRES

by G. Ha Us child, DL 9 FX

Fox hunt. ( OF-me.ting. ) have becom .. very popular In rec en t Yelr•. Howe ve r- ,
due to the ncn - ave tlebrl tty at . pec lal equtpment to r thi s mode ot operation. the
pe t-eon t.kl ng part ha l u . ually been hindered by t'qul pment no t r eally .u ltable
tor the pu r pose e. g. too iari e o r too hl' a vy or both . Fu rthe rmc r e , ther.. are
e n en m or e th an on e "fox" to be foun d which s re' ope ra tlnll: on dtrtert'nt t r-equen­
de•. For this r"l .an. It Is nec e••a ry to keep chanilni Ir-e qu ..nc l... end to tune
the ba nd to rind th t' ne xt I r-equeeey,

Th e foUo wln, a rtlc1 t' Is to d e ec r tbe I . IWelll OF -hunt recei ver that hI . been
d••lined .peoel ricllly to r th l l appllcltlon . It I. the r e . ult ot I dl.cuulon bet ­
ween OJ 1 NO, OJ. 3 WR, OK 1 XZ and thl.' lutho r . It poueun the fo llowing
l peela l t ll'atur... : Proirlmm able r eceiver tunin i and sepa r a te ' l in cont rol. tor
each f r equency. Th e p r ..p ro grammed trequt'nel" l I r .. If·t up In I s lm U. r m anner
to th e I t atlon button . of broadca.t and tel f- vi llon recetve r •. Th ey a re tuned In
a t the beglnnln i o f the fox hunt according to the se quenc e In which th e foxe.
a r .. to be found and It I. po •• lb le to cha nge ove r to each t r equency at the touch
of a buttcn.Stn ee elch preprOll: rammed f requ en cy poese••e . U . own glln cont ro l ,
It I. Imrnedfarely po u lble to det ermine' whll'ther thi l t ran.mlttt' r hI . m c r ee eed
or dec rea sed In I t renil h. Th e . e cha racte rhtlc. art' alao avaiIablt' tor fox-hunt.
In the 70 cm ba nd when the match In. 70 cm/2 m conve rte r I. u.ed that wa.
dnc rlbed In (1) .

Of cou r ee , the rece ive r il no t only . ultable tor fox -hunt ., but c l n be u led for
any ot he r r-ecetve a pplica t iona , 1'. 11: . for monuc rtn g c e rta in fixed Ire qcencte e ,
o r fo r m onltorlni the flf>ldBtrenilh of vlrlou a 2 m o r 70 cm beacon • •

A furt he r . pt'e1a l featur- e o f this receiver i. the "eccu euc" S-mt'le r which II110w.
the rie ld . t renilh to bt' Indte ated alii a change in Ir e quency whi ch ..ve . havln e"
to keep lookln ll: I t th e bu tlt e ln S-mt'ler . Thl . could al .o have Ippllcltlon. tor
blind am at eurs .

1. CHARACT ERIST ICS

F llU r l:' I I howl the au thor' . PrototYIW,1t I. buil t Int o I c a.e havlnl th t> dtmen ­
.Ion. 7!1 mm x 140 mm I 40 mm . With buill -In battery , the com pleted r eceiver
weigh . only 420 11:. A 9 V battery i. u. ed .

fo;lch of t he four tun In, el ement a cen be tuned within the range o f 144 Mlh to
146 Mllz . A common fine tu ni ng ( vernier I ha . been provided to ease tunlni.

Thl' rect'IVl'r po I very 1I:00d l e lec tl vity due to the U81' of a c rylta l fil t er
com p r l.ln, two c ry.t l l. In the 9 MHz IF. A S-m..t er 1. prcvtded to Indicat e thl'
tl t'Jd . t r l'nKth . Th l' r ee etver c an be I wltc hl'd tr om a uto matic to m lnual ' l in
cont rol. Four potl' ntlom.t. r. I rl' prcvtded for thl . that Ir••witched e tect r cot ­
caUy to,ethl'r with th e fou r tunlnll: pcteratomete r • . It 11 Idvl ..ble to pro,ram
the fr equenc le . ot the "ta x" tran.mlttl'r. I t thl' be ilnnln, of the fO il- hunt wUh
th e automat ic i . ln control eetectec and to . witch ove r to mllllu al control during
th e fo.r.-hunt In o r de r to obt.in a lar,er S-ml"ter . t>n. ltivlty .

- 61 ~



A lonr grnt'rator can be a wltc ht'd on du r ing th t' receptlon of unrncdul ated ca r­
rit' ra whcse frequl"ncy II df' lwndrnt on the flt' ld st rength. Thll "acouenc"
5-mete r allow I ve t-la t lona o f t he ttetd IItrength to be determtned without ha vin g
t o keep looking at the IImaU s-meree on the r e c e tve r-, !-·Ina ll y . It should be
ment toned th at the recetve r pOIsl'aaea a amall loudspea ker- wh ich will be IIwltc h­
ed o rf on placing the plug of an ear-phone Into t he a ppr-opr-Iate connectcr-,

2. CIHCUIT rn : TAI LS

T he receive r Is apllt In to two ma ln circuits: T he recetve a nd IIwltchlng m odul e s .
!o'or th i s n ' a . OIl , t he circuit 1& buHt u p on tw o Iil.'pa rate P C - bo ardll. In th e type
of const ruction used , thl' cesv comprising the 10 pctenucmete r e , 7 ewttcbe e ,
loudepeake r- , S·ml·tt"r. and co nnecto r-a form 8 8 third group- !-' Igurf' 2 showli a
block diag ram of the r e c e i ve r and conlrol element e, It ehout d be menrtoned that
the poett lve poll" of the 9 V batte ry III grounded to the caee .

DL 9 FX 006

RF· amp!

II

Stabilin r
S.6 V

I "
12

11111911 10

I

OrmJdulolor
and AGe
gtnf'f alor 16

IF - a"'~llif ;.r

i MHZ

I I I t r11

VFO
'>2

135 _. 137 MHz

-:r.-
r
I
I
I
I
I
I
L _

~--+-I-""'''''' S 20 '

olum., 202

4' I EO-di <X!cs

Switch

5203

I
IL __

Fin. tu ning, 20'

Tll n,,,;?
R20'.>, n.
R209, R210

<,

Flg. 2 : Block diag ram of the OF· receiver
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2. I. RECEIV ER MOD ULE

FI, ur t' 3 ahowa the ci rc uit d ia ,ra m or th.· comptete pro, rammablt' rec elve r , The
uppe r halt and th e It'R part o r th e lower halt o f the cireuit dla,rRm are o r Iht'
ac lual recetve r m od ule . The ccmponente of tht' recetve r mcdute ar.. eeeemmc­
da t ed on P C- board DL 9 FX 006 an d art' dt'al,natt'd by one or two dl,lt numbe r e ,

All ccmpcnente wit h numbe r-e be tween 100 and 200 bt'lon, to the awltchln,
module and a re a('('om modated on P C- boa r d DL 9 FX 007. The cempcneme wilh
num be r-e , reoater than 200 are mounted 011 the caee.

2.1 .1. PR EAMPLIf<'I ER, MIXER AND OSCI LLATOIt STAGES

The Input aignal ia feod via theo Inpu t circuit to the baat' or me pn'ampllfh'r
t r analat or T I. A Icw- notee tranatslor with a hleh t rana ll I r-equency Is ull t'd
In thla IItagt' . Tb e AGC la abo ec ttve on tht' prt'ampUfl E" r Itagt>. Slnc .· th la
II taieo dt' te-r mlnt'a the no lle- rieure of the r ec e tve r-, It III poaIl1b]t· 10 ua e a cht'ap
!l" t r ana lat or ( OF 22 4 ) In the au bsequent mlllt' r IItagt' ( T 2 I. T Ilt' oscillator
equipped with the s w1tchl ni lran a lat o r 2 N 709 ( T 12 I olcllla lt'a 9 Mll z belew
the reqc t r-ed I r- equ en cy , It la tune d with tht' aid of a va rac tor dlcde- whollt' opee­
a tlni voltait:' la I ta bUizt'd. Th e oacUlalo r voltage la lnduc tfvely coupled to the
rn lxe r- IItagt' due to th e- adJact'nt Icca t tcn o r th e two I tage a.

2.1. 2. I F AMPLU'IER

Tb e output a lgnal f rom th t' mille r la paaat'd via a bandpaaa ruter tuned to Ihe
Inte r-mediate fr equ e-ncy of 9 Mlh and fed to the- flnt cryatal bridle o f the IF
a m pHfle r whkh uae-. tht' Intt',ratt'd ci rcu it CA 3028 . The second cryatal fUtt'r
la to be found 10 th e colle-ctor circuit of thla atalt'. Aftt'r both cryatala have
be en allgnt'd cor rect ly I R 7, It 8) the tot a l ba ndwidth wtll be approxlmate ly
4 kHz with good uUlmatt' aelt'ctlvlty. The r e la tive ly tnexpenatve ca r rier cryatala
ul ed tOle-ther with the KVG c ryatal fll tt'ra art' ueed In our application. The
aubaequent amplifier atailt' com prtalnl tranalato r T 3 la alao ..qulpp..d with a
tran alator B1o' 224 and tht' a mpllfl t'd al,nal is then fUlered and paaat'd to thE"
aubaequt' nt demodu ta tor- atait' . The lain o f borh IF II Iage II la ccnt r-olted,

2. 1.3. DEMODULATOR AND AI<' ST AGES

In the dem odulato r c i rc uit , t r an al ator T 4 am pliflea tht' Injected voltagt' e pe r-Iodl-.
ca lly and ca paclt lvt' ly co uplee It to t ran a lator T 14 th at op.. r ate a .a a diode.
The- alinal la then demodulated and tht' re auU lo , AF volta gE" la p.....d bac k
to tran.iat or T -I for a m pUfication. T he couectcr voltage of thll atait' II k.. pt
conatant via tranalator T 6 whc ee ba a t' la connected 10 th t' atabUlled op.. ratin&
volta,e. Th la eua rant t'ea that th .. S·mett' r readln,la Independent of the battt'ry
volta,e and that the t'1t'c t rical ze ro of the m ete r la not e lte e-e-d.

Tht' au b.t'qut' nt ataie equ ipp...d with t r an d ator T 5 amplUlt'a the AF voltaie.
Since Ua coile-ctor cu s-r-ent fo l1owa th e mean value of the rt'ctifted voltait· due
to th e , aivanlc coupUn, to t he- dt'modulator a talt' , It la poaalblt' for th .. lndi­
ca tion of tht' flt'1d a t rt' net h to bt' madt' at th la polot. Tht' AGC voltalt' la alao
obtaine-d he-re o It ia fed via a volta,e dlvldt'r and a fiitE"r capacltor f C 18 ) to
an lmpe-danc t' convt' J"tt'r equ lppt'd wUh t rana l . tor T 7. Thla alao controla Ih('
ton e- lIt'ne-ra to r, Tht' audlo- fnqut' ncy algnal II taken from pott'ntlomt·tt' r It 202
a nd la ft'd to the d r lvt' r ata,e ( T 8 I and tht'n to tht' comple-mentary output atalll'
com p r la ln, T 9 and T 10 . With a loa dln, o f 200 n . tht' ou tpul pow .. r I. amllll
and c apacitanc E" of I ~F II au fflC'lt'nt for th t' cou pltn.ll capacito r C 22 .
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2. 1. 4. TONE GE NE HAT O H

A m ultlvtbrator ia used a8 t on e gene r-eto r , F igure 4 she ws the p rinciple o f th e
circui t a nd t he t u nin g curve. It can eaaUy be conet r u ct e d u81ng an Integ rated cir ­
cu it . T he f requency i8 de te r mined by th e time cona tant o f the coupling capacitor
C 19 a nd r eetetor- R 21 , as wet! as by t h e ccttector- cu r-rem. Th i s 18 Im pressed
Into t he actual m ultivlb rator with the aid of t r an s i s to r T 3. T he value of this
c u r rent can be cont rolle d by th e co ntrol voltage fe d to t he base . In th e caee o f
the glv["n c irculi , t he ton e fr e quen cy varl[,,8 f rom appr-oxtmately 600 li z to
approx lmat["ly 1200 Hz at FSD o f th e s-mete e. Dlod .. D 2 In t he collector circuit
of T 2 eneu ree a currenr-dependent ou t put volta ill' that II df r-oct ly fe d to the
A I" out put stage,

UBI

'"
UB'

ra

DL 9 FX

02
eM ,

0"
HI

\
t"" -,

I'--
'"
, , ] rnA ,

1--
je

fig . 4 : Prin c ip le of op e ration and tu ning c u r ve
of the "acoustic s- metee''

• 7

co AC.....
0
M

s • '[9 BO :cdc B~= B 0'
C • E 0 cas e C 0

" ,... •CA 3028 8C 171 8F X 62 2 N 709 8 F 224

2. I. 5, VOLTAG E STA BI LIZATION

S ince t he II tabillty o r a va ractor-tuned oec Illatc r- hI direc t ly dependent on t he
st a bil it y o f the tun in g vo ltage . It Is nece ees ry for t MlI voltage to be carefully
atabUlz ed (2 ) , A zene r- dfcde ill used fo r lItablllzation and Ua cu rrent la vir­
tu ally Im preseed with t he aid of a t ranalsto r ( T 11 ) 110 t ha t th e zene r- voltag..
poa le s l e s a very low depen den c e on t he ba ttery voltagt", Due to t he conatant
load. t he conaume r e leo e nau ri>S th at the s tabilized voltagl' rematne conerant .
The ata bUlted vo ltage amounta to + 5 .6 V wh en r .. Ie r-r-ed to th .. mlnua pole of
the bane r -y ,
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2.2. SWITCIIING MODULI-:

Thf' .wltchln, of thl' t unIn, 1"lem£Ont. I. made elf'c tronic.Uy. Th e use or • con­
vf'ntlon.l T V or !"M .wltchlnll unit .... . . . vold...d erne .. thl' ml'chanic.l contact .
ueed o l'h'n provide unc .. rtaln contact rf'.IRtancl'. al'tl'r. c e rtetn t tm e which
.... ould have en adv... r ae ...rrect on the r-e pr'oduc ... blllt)' or th ... fr e que ncy eeIecttcn,
Ftsurl' S srve th.. circuit diairam o f tw o tu nlni unit. and Includee m ee eu red
v.lull' • • Thl" ilVt"n voltait' values ( s witc hf'd on . a wltc hf'd off I e r-e r e Ie r-r-ed to
th e minus polt> o f th e b.ttt' ry a nd art> m eaau red wit h a meres- ha vln ll a n tm pe­
dance o r 10 kO / V.

x
0

' CO LD1 ."
co : i= : .~ :~ ...

P:1.~Vl 8 V DL 9 F

.\ " " " I Ih to'
" lVI SI

S,

~~ ,, ~"
. 4 9 '11 1.3~~ " 'i

p;l
l!."n,ng i- f--

I:.0' i:'"~ ~

... · 2.4VI8,SV

" K ':l12 T)

. 2.4 V

1 " ?( '""'"'
eo, " ,
UV ••e . 1.1V l

lun,~ ool"
~ r t t

. OSv ." m.n ) v}

" I ""...,"
I'll> 6 SV ()(I ·r

'U~
. O, 6 V ~ 1 6 .,::,i "I1-- I '

, ~'
~"'F-

• vee

Fl ,. S: Prfnefple o( ope ration or two tun ing co ntrols
.... tth etectronte s.... lt ching
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2. 2.1. OPERATION

In the de preeeed pcetttcn of I wltch S I , tranilito r T 2 will pollE'11 I hi llher
ba.1E' cu r rent un til eapacttur- C 1 b c harlled. T ranilito r T 2 wlll then tak E' ove r
th e c ur rent lm pre lllE'd by T 1. Th l l curre nt th en nowl via the tunl n ll po tentlo­
meter PI a nd reetetc r- R I. T h E' vo l talle drop ac rOl1 R I will open tranallto r
T 4 and ceuee th e ind icator d iode LD 1 to 11l1ht . T hf' fo rwa rd voltallE' o f the indi­
cator d iode tOllether wit h rE'lllto r R 3 dE'te rm ln e l the curren t nowlnll via t r a n l ­
Iito r T 4. In addition to th la, th E' I witchlnll condUlon o f T 2 r e m a ln l conetent
a lnce th E' baaE' cu r-r-ent fo r T 2 II lupplled by T 4 aner r e lea l ln ll puahbutton
S I . The m a in po rt io n of thE' cur-r-ent auppllt"d by tranllato r T 4 now a, hcw e ve r- ,
via T 7 and a amaIlE' r compone nt II red via P 3 In order to lIeneratt" tht" vo lta lie
for the m anua l lIa ln control. T h E' c u r- rent v ia tra n i li to r T 7 la a110 jm pre seed
a nd E' n lU rel that the ba ee cu r-r-en t o r T 2 r emaln a eonetent even when th e ba ttery
volt a i E' bt"i ln l to fa ll . Ot ht"rwlaE' , dtrfE'rlni ccuectc r cu r-r-ent e of t ranliltor T 2
would be E'xhl b ltE'd wh ic h wo uld have an errect on the tuninll vol taie and thul
cauaE' a detE'rloration of t he f r-equency I tabllity.

Tran l lat o r T 6 compen..tE'1 the wmpe rature eoernetem of the bale-E'mitter
vo lt i lle of T l , ThE' decoupUni dlod.. D I , 0 2 , 0 3 and D 4 enaur-e that the
active tunln ll controla a re not affected by the inactive one e, Fu rthe r rnor-e , me
temperature coefficit"n t o f the va racto r d iode II comp...naated fo r wi th the aid
of 0 l i nd 0 2. T he t un ln ll vo llaie can be va rted wi th pc tent tcm ete r I' ~ in
o rde r to prcvtde a tlne tunln ll o f th e recetve r-,

If pu ahbutt on Iwitch S 2 ia depr-eeeed, T 3 will r-ecelve a baliile-bill cu r rent .
The current lu pplled fro m T 1 wUl then now via T 3 a nd t he I wltchini ci rcuit
wUl be Ictuated via T ~. Thla meanl tha t the erreun bp havE'1 I!mUa r to a bl­
I ta ble multlvi b r ato r ci rcuit , howe ve r-, the num be r- of I witcha blE' I taiE'1 can be
extended al r-equtred . T h cu r re nt r equ t remente amount to o nly approxlmatE'ly
2.5 to 3 rn A due to th e m ealu rt"1 takt"n durin. the dt'l len of the circuit.

The ci rcuit II e qutpped with th e inttoirated c i rcuit CA 3046 I RCA ). It containI
tranilito r l T I , T 2, T 3 al we lI al th e tran l l ato r l corrE'lpondini to T 2 a nd
T 3 of th e e t he r- tunin , ete mente , T he Inexpenetve type CA 3086 can 1110 be
u aed wn c ee pin I a r e d i",c tly com pa ti ble . Thll m E'a nl tn.1 the y can be dlrE'ctly
exchan'E'd .

3. COMP ONENT DETAILS

Con 20 1: liNe -connector ( UG 1094 )
Ca n 20 2 : Sub -m iniature conn ecj o r with c ha ngt"-ove r contact

Ce r amic tu bu lar capacito r , tr pOl a l blE' NPO

C 7. C 8 :
C 28:

• pF
12 plo"

C I , C 3:
C 29 :

U plo"
22 pF

I blac k), lpacini 5 mm :

C 24: 22 plo", between N 07~

and N 220 ( yello...' )

Cer l m lc d i l c ca paelto ra , I paclng 5 mm :

C' 2 , C 4 , C~ , C 6, C 9, C 10 , C 14, C IS , C 25 , C 26 . C 36 , C 37 : I n F:
C 13, C 17, C 30 , C 3 1 : 4.7 nF
C 27 : 3 p I" N0 30 ( bro wn) to N07~ ( r ed )

Sty ronn cI~cltora. ap aelni 10 m m ( SiE'mena U 31 310) : CU.
C 33: too pF:
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P la all c - foil oapactto r-a, apacing 10 mm: C 19 : 0. 1 J,lfo'

Tanta ll um elect rolytic , drop- type , IIpacing 2.5 mm
C 18, C 20, C 22, C 38: 1 j.lF
C 16, C 21, C 202: 2.2 j.l'"

Tantalium or
C 203 : 10 j.l l<'

alum inium
C 20 1:

etect rcdytic a t

Hj.l F C23 : 100jJ F C 204: 220 jJ'"

P la stic - to ll t rl mm"'ra 7 mm dis . :
C ll , C 34: 2 - 22 p'" ( i rt'en ) o r 6 - 65 pF

D 2, D 4, D 201 - D 208: I N 4 148 o r 1 N 914 o r s imilar silicon d iode
D 3: BZY 85/C5 V6 , BZX 55{C5 V6 , Z '" 5.6 or lIimlla r 5.6 V a ene r- diode
D 5 : DB 105 U ( Siem en s 1 11.5 pF{5 V
D 101 - D 104: 11 1' 5082 - 44 00 ( lIewletl - P ac ka r d ) or similar LED 's

I I, I 2: CA 3028 A ( HCA)
I 101 : CA 3046 or CA 3086 ( HCA )

Meter: I rnA , eppr-cx, 100 n
Loudepea ke r-: Mtnl a turl,> dynamic lc u d epeaker-, 200 n
L I : 3.3 tu rne o f 0. 8 mm eta . (2 0 AWG I diver- plated copper wire , coil tap

0. 5 tu r ns fr om th e cold end, cold end facing upw a r da, coU fo rme r
4. 3 mm dla . , ehc r-tcned to 17 m m, pink carl", call length 6 mm

L 2: 3.5 turns of 0 . 8 mm dla. ( 20 AWG ) IIUver-pl ated copper wi r e , coil tap
0. 2S tur-n e from th e cold end, col d e nd above, ccn rcrmcr and co r e a s
fo r L I , call lengt h 10 mm

L 3, L 5, I. 6, L 7: Min ia tur e fer rite cho ke 18 j.lll to 22 j.lH
L 4: 2.75 turn s of 0 . 8 mm dla . ( 20 AWG ) a tl ve r-vp l ut e d copper wire, coil

length 6 m m, ccu rc r mer as to r L I , brown co re

Q I: Crysta l X,.. 90 1
Q 2: Crystal XF 902

(KVG)

Sta nda rd ca r bon
56 r.: I piec e
100 n : 2plece s
120 0 : 4 pieces
330 n, 2 pit-ceil
5600: 4 pieces
820 n: 1 pte c e
I k O : 9plec t-s
2.7 k O : 3 piec e s

r es illt o ra for 10 mm "pacing
3.3 kO : I piece
4. 7 kO : I pl e c e
5.6 kr. : 2 ptece e
6. 8 kG : 5 pieces
8. 2 kU : 2 pt ece e
10 kfi : 4 plec t'll
12 k O : 1 pi ec e
15 kO : 2 piec e .

18 kO : 2 ptecee
22 an , 1 piece
33 kO : I piece
47 kO : 1 pte c e
68 k O : 2 pteeea

)00 kO : 2 piec e .
470 kO : 1 piec e

'pr- tmm er re s ts tore for ve rt tce l , P C - board m ount Ina, Spaclni 5 mm {2.5 mm :

I k O : 2 piec e s SO kO : piece

Pct enttcmete r e without s witc h, 16 m m dla . 4 mm shan:

S kO 10i.
10 kO li n:
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5 201 - S 203: Min iature BUdini ewuc hee , on e cha nge-ove r contact
S 204 _ S 207: Min ia ture push -button aw ltchea wit h one make cont act

Cas...: 140 mm x 7 ~ mm x 40 mm
Hatt r ry connecter-
10 knob s fo r 4 mm s ha fts

T 1: BFX 62 ( Slem en a J or DF 200 ( PhUlps J
T 2 -T4, T14 : Bfo' 224 ( TI ) o r B Fl73 , BF 311
T 5 - T 8: BC 108 B, BC 171 B o r s lm Ua r NPN -AF t ran s i lltor

with Bmln. 100 , e, g. BC 415
T 9, T II : AC 117 or d m Uar ge r mantum PNP t ran sl at or

( AC 122, AC 131, AC 150, AC 170 , AC 188 J
T ID: AC 175 or AC 187 or . lm Ba r i r rtn anlum NPN tranalator
T 12 : 2 N 709 ( T I ) o r almil a r tut awltchlni tran a ia tor
T 13: HC 108 H, HC 17 1 B or a lm Ua r aUIcon AF Ir an ll . tor with

B min. 100, e . g . BC 415 ( Ste mene I
T 101 - T 105: BC 213 I TI) or alm Ua r aUicon PNP tran l l.tor,

e.I. HC41 3( Slemenl)
T 106 : HC 108 B, BC 171 B or slm ila r , e .i . BC 4 15 ( Siemena) .

4. CONST RUCTION
4.1. ELECT RICAL CONST RUCT IO N

Aa pr e vio usly m enucned, the m aln pe rt ot th e ci rcuit Is ecccmmcde red on tw o
P C - boa r dl: Th e receive r module DL 9 FX 006 and the s witc hing m od ule
DL 9FX007 .

4.1. I. RECEIV ER MOD ULE DL 9 FX 006.

The P C- board and co mpone nt Iccattone a re given In fo'igure 6. Th e component
Iide ot the board po lleBs e ll a conttnuoue ir<lund Burtace. Th e deatinatlon B to r
th l' ccneecucne on th e ed ie ot the boa r d are liven to ea .e th e Int erconnect ion
of the P C- boards to anothe r and to the c ase . They are allo given In the eor-r ee ­
pond ing po . llI on B ot the ci rcuit dla iram.

Nearly aU hole . on the P C-board are made with the aid of a 0. 7 mm dlaml'ter
d r ill; th e holea for the two c ryatala , u-unmer e, trlmme r pot entlome t e re and
wire co nnect fcne art' m ad e with the aid of a 1.0 mm drill. The a ro und aur tace
a rou nd a ll hole . that are not di rectly grounde d I indicated as r in a a on the com­
poeent plan an d not a l bl ack do ta I, Bhould be r emoved wUh the a id of a 2. 5 mm
d r ill ao Ihat no aho rt clrcuUa occur. The threl' ho l l'a tor th e mountlni I CreWB
on the c ent re Hne a rl' 3. 0 mm in diamete r .

4.1. 2. SWITCIIING MOD UL E DL 9 FX 007

The P C -board and com pone nt location a of this m odu le are gtve n In fo'i rure 7.
Th e PC ~ board ha s the d tm ene tcn e IOOmm It 27 mm . Thia board II alnile-coatl'd .
The tour liaht emltt ini dl ode a ( LEO ' a ) a re sc fde red Into pla ce approltlmately
3 mm from the com ponent aide ot the bcaed, All holes tor the componenta
s hould be drUl l!'d with a 0 .7 mm drUl, wherea . th e holea to r the connection
wtr e••hould ha ve a d iam et er ct 1.0 mm .
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I ' mIMI

Fig. 7: SwitchIng bo ard DL 9 FX 007

4.2, ME CHANICAL CO NST RUC T IO N

Th" receiver II ecccmm odated in I CII" h i vin g th e dl mt' nllonl 140 mm x
75 mm x 40 mm , T h" poa Ulo n a nd dinH.on llon l of the hol"a a nd evr-cut In the
U·aha pt'd cale II wl!' lI al th l!' ho le fo r th e BN C co nnecte r Con lean be seen
In Fll\lre 8 , Tht' hol n fo r th e m ountin g of boa rd DL 9 F X 006 po..t'lll a dia­
meter o f 2.2 mm , It la adrl.a ble fo r th.. deklfe d boa rd to be pllc..d Inlo the
bottom of the Clae befoj-e It II equtpped . T he m ount in g hole l can then eeeny
be mark",d . Se lf-tlplng ac rl!'wa a re norma ll y u I l!'d fo r join ing the ~'t' a nd cove r.
Howe ve e , the author cu t a 2 mm thr"ad Into th e appro prla t (' hole e a nd uIe d
nonnal IC f"I!' Wa,

" , 3. INST A L LA T IO N AND INTER CONNECTION

The phot ographl o f the au thor' . prot ot ype gl ve n in F l l\lr t> 9 an d Fl gurt' 10
aU ow fu rther detail I r e i a r d lng th e co nI t ruction to be evvn ,

4 , 3. 1. CO VE R OF T flE CAS E

Tbe in l tal1aHon II com m e nc e d with the mounting of the compon..ntl accom mo­
da ted on the ccve r o f the' case , The' fou r pu eh- bunon a wi tcht'l ( S 204 - S 207 "
the R F ga in pot ent tcrn e ter-e ( R 204, R 207 . R 208 , R 211 I and the' f1nt'- t unl ng
porent tcmeter- R 20 3 c a n b.. p rovlde'd with waah t' r l or ccc nte r -n ct e 10 Ihat th e ir
thre'ad a Irt' re vet with th e mo unting nUll . The ccnnectton t a g l o r th e manual
gain pctenttornet eee po in t In an up wa rd cr recucn toward l the UNC connecto e,
and the fine tun in g potentlom ..t e r ta ga toward l the r ront panel. Th" At" po ten­
t tc m et e r- R 20 2 on tht' e ppceue .Idt' can only be s et back allght ly . wh ich I. a llo
valid for th" rour tun in g po tt'nUomt'tt'rI R 20 5. R 206 . R 209 a nd n 2 10. The
co nn"ct lon tlg l o f At· po t"nHo m t' tt' r point toward. the bal" of th t' Cllt' a nd
th ose of the tun ing pot emtcmet er-e a ll Ieee do wnwa r da wit h th e exc e pllon of , th t'
tower- potenrlernete r whc ee connecr tc ne te ce u pwa rdl, Thl a I. followed by In­
I tal ling the a wltch lng bce s-d , T he ground connection of the boa rd I. no w con­
n"c tt'd to the thr-ee g round la gl o f the' tun ing potent tcmet er-e a nd loldt"r"d Into
place after the lloa rd hal been poaUlont'd 110 that tht> Indicator dlodt'l ar t' di­
r ect ly unde r their appropriate ho l" I ,

Tht" lcudepeeke r- II gl u" d Into pl a c e with th " aid o f a .paeing ring ( 22 m m oute r
dtemete e, approxlmat " ly 1. 5 mm th lek l art.. r a U componenta ha ve be en mount e d,
it II po i llbl " for the Inte rconnectton o r th e c alt" to be commenced. It haa be e n
found that dlr" ct ccrmect tc n la m ort" favou rablt' th an to bring all th" wlr"l Into
a com mon ca blt' ham e l ',

All r " alat orl , el"ctrolytlc ca pacltora and dlodt"1 (with numb.. ra above
that art' not m ounted on the PC - board. are aolde r"d to the a pprop rlat",
tlonl whe re they a r t' It'l f-a u ppo rt lng.

20 0 I
poll-
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n g. 9 :
Or iginal prototype ot the nr -recetver . Cove r part or the case
with potentiometers, switches, loudspe aker , a- me te r , and
switching boar d DL 9 FX 007 (no co mponents are loc ated on
the conduc to r lane s ide with the pUblished boards)

Flg. I O:
Rece iver board DL 9 FX 006 in the base of the cas e. The thr ee
ge r manium tr ans is tor s c an be Ins tal led without thei r heat slnks
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4. 3. 2. BASE OF T HE CASE

Moun t the HNC co nnecto r to t he upper pa rt of the ba ae , Wlr.,.11 ahould be plac..d
Into the holes designa ted I"t I to Pt 10 on th e P C- board fro m the co mpone nt
side an d eolde r-ed to the a ppropriate conduc to r lan e e , It III advlaa ble to ue e
ln llulated wire efnc e th e cable connec tion to the cove r o f the case mu s t r emain
flexible. Th e inte r connectio n s hould not be lon ge r than a baclute .ly nec e aaa ry 80
th at the wlrell do not lay a round on th e PC -board . An unin s ulated piece of win'
Is Inee rted In to th e ho le de al gnated Pt 11 wh ich III then 1I0lde r t-d to the Inner­
con duc to r of the BNe ecc ke t aft er Inlita Ul ng th e boa r d Into pl ace. Th e P C -boa r d
is placed onto 4 mm high s pacer-a an d sc r e wed into th e ba se o f the ca ae. Sp r ing
wa she r s s ho uld be us ed under the nut s to ensur-e tha t it III held firm ly Into
place eve n unde r th e m ost ru gged cenc rucne .

Afte r mounting th e boa r d. a n th e wire s exc e pt th ose from ground. P t 3 a nd
Pt 6 are te rm ed Into a ca ble ha rne s s a nd fed to the co ve r of th e case jUllt
before the batt e ry eut-out • T he wt r-ee t he n bran ch off from here to the a pp ro­
pria t e connection po int s .

In o r de r to a void a feedback betw een th e AF linea . the connec tio nII from P t 3
an d Pt 6 are com bined with the g round lin e to form a ee pe eate ca ble harne 'UI
a nd a re rl"d to the cove r . Th e ground co nnec tion la then ao lde r-ed to the calli'
of the pot entiomete r . Th e pcautve batt e ry connec tion ill connected to the r e­
ceiver boa r d , a nd th e ne ga ttve ccnneeucn via th e cable harne s s to s witc h S 202 .

5. ALI GNM ENT

Alter ca r t-rully c hec ki ng the boa rds an d th e wirin g. the ba tte r-y III co nnected
via a rnA -m et e r . The Rio' and Ai<' po te ntiom eters s hould be in th ei r fully ant l ­
clockw is e po sit ion , the ton e - gene es te r s hould be awltche d off ( S 201 ) an d the
r eceive r e wttc hed to m an ual ga in -contrQ1. The current drain s ho uld amount to
8 - 10 rnA a t a batte ry vol tage of 9 V. If one of th e puab - bvuone Is deprea eed ,
the appropriate Indicator diode ah ou ld light up .

T he elect rical zero po int o f the S-meter hI now adj ua ted with r elllator R IO .
The adjuetment Is co r r ect when the met e r needl e JUllt IItll rtll to Uft fr om the
m ech an icsl ze ro. If It Is not poe s ible to allin R 10 to e chteve thl ll posi tion.
th i s will mean that the curr e nt ga in o r tranlli lltor T 4 d l"vlate ll g r eat ly from th e
mean value. If the pointe r r t"malnll at th e rully le ft vhand poe tr ton , It i ll ne ce eea ry
for th e value of R II to be inc r eased , a nd de c r ea s ed U run - ecete deflection
111 Indicated .

This 111 followe d by s1l an lng the IF am plifier . The ga in- pote ntiomete r of the
ee lec t ed range I. br-ou ght a pprcx tmat e ty to a ee nt r-el po llition a nd a dip -m et er
is loose ly coupled to L 5. Ca pec tt ore C 34 and C Ii ar-e now al1gnE'd for m a xi­
m um 5-m t'tE'r r E'adln g . It Is recomm e nded that the dip -meter IIIhould be a ll owed
to .... arm up a t 9 Mill. befo r-e co m m e nc ing a lignment s ince th e IF amplifier only
poslieliljeS II. ban d widt h or a pproximately 4 kil l . The Rf' gain s ho ul d be r-edu ced
in s teps du ring the alignment proce.. , or the coupling of the d ip-m eter to L 5
ca n be r-educed. If the dl p cm et e r- can be modulated . It i . poll s ible for the a llgn ­
ment to be m ade by ee r- ,
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The tw o II<' b r-Idge cl rcu lta art' then all en t'd In an y os-de r- , ThO' d l p- m l-t" r l a
de tu ne d 10 th.t it II 100 kllz too low an d trimmer poh'nt lom.·t e n It 7 and U 8
I ho uld b...liened tor- minimum r l'ad in g o n t he S - m ..te r- , It w Ul be nee .. . . ary
to Inc rea e e m e co up li ng to L!l durin g allenm ..nt , o r to Incre a a.. th e ItF ga in .

Th . IUenment o f the olc Uil tor II m a de with L 4 a t th.. Icw e et frl'qucncy of the
tunin g potenncmet e r ( 135 Mll z) . If Ih .. rull t unin g ra n g.. o f 2 Mill. canno l b..
• c h teve d, it wUI be ne c e ...ry for C 28 to be Inc t-e a .se d from 12 pF 10 15 pF .

A w('ak 144 Mlh Il mal ia now r.d to th e In pu t a nd L 2 and aubll:'qu "nlly L I
allm"d for m axlm um rl:'adln g.

After com pl e Un g thl l a lignm e nt . th e ot h.. r thr..e t un in g elem ..nU a r l" ch ..e ke d
a l weu a l the fine tu n in g. automatic ga lo cont rol a nd the tone gt·llO:" ra lo r . T'he
tre quency o r the lattl'r ahould Inc rust' o n in ert-a a lne th e Ii eld II l n·nat h. It la
th ..n po lalble tor the tuning knob l to be cali b rated . Thl l can bfO m a de with th e
aid o f a c a li b ra ti o n e pcct rvm !i: l'n t' r ato r l uc h a a ( 3) .

6. REFER E NC ES

(I) G . ll onachild : Min la tu r .. Re c e tve Ccnve rte r to r 4 32 Mll z /IH Mll z
ro r P o rta bl .. Opt'rallon and DF · llunta

VHF' CO MMUMCATIONS 5 (1973) , Edition 3. Pa g... 173 -17 6

(2) K. Ei cht'l : Stmpte VIl F / UJI fo' Cali b ration Spec t r-urn G..ne r at or
VII 10' CO MMUMCAT IO NS 2 (1 970) , f;dltlon 4 . Pae... 240· 24 3.

14 ELEMENT PARA BEAM YAGI

for 2 Mete rtl PBM 14! Zm

Gain: 15. 2 dB Dipole
Length : 595 em (234")
Weight : 6. 4 kg (14 Ibs )
Hor . be amwtdth (- 3 dO : 24° )

Long-yagl antennas are we n-known tcr tbetr high
gain charac te ristics. However, this high peetce ­
ma nce Is only pr ovlded ove r a rel ati vel y low
bandwtdth when the antenna haa been deslgOl'd
for maximum gain. The p ar-abeam type of antenna
combines the high gatn of a long· yq:l ante nna
wit h the Inherently wider bandwidth of skele ton
stot fed arraye.

The actual Parabeam unit compr ising a skeleton
s tet and .lmUIr r efl ector radiat es similar to
two stacked two- el em ent YIl1 anten nas and will
therefore prcvtde 3 dB gat n ove r a alngle dipo le
and refl ector conHgur atl on. and about 2 dB gain
ove r a conventiona lly fed long. yagt. Heavy duty
conet ructtc n with apeclal quality aluminium.
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A NT E N NA NOTEBOOK

by T . Btt t an, OJ ~ BQ/ G 3 JVQ

It I. wt' ll known tha t . ,ood .nlt'nnB 11 by tar tht' but RF ·amplillt·r . e apf'c1a lly
etnce It I, errecuve both In lh. transmit and receive mooe . The II:8 1n of an an­
t enna or antrnna array I , dependent on the epe rtu re o r ce pture Irt' •. Il I ,
po.albl. to eetculete the pin 01 the antenna from ita horl:r:ontal and verucst
b. l mw ldth . T h i s ia ahown in t he nomograph OJ ahown in Flgtlre 1. Hc we ve r,
thl, nomoJflph hal bl'('n calculatt'd •••umlna no loa Ilea in malchlnlil e tc. 10
t hat t h e acl ua l ialn lIi\J fE' provided by a n a nt enne will be aUa h!!y len,
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the galn of an antenna •
~

c ~from It, veeucar and .- M

~ •
hor izontal be am wtdth l m " m

~

In the ca•• of a Ya gl ante nna , th e ga in I, m ain ly depe ndent on it . Ilm it h. Hew­
eve e , thl . I. not I.. t f"U l:" I.. It h•• been In th l:" pI.at a tnce It I. now po••Ibl e
to r optim um dtml:"n.lon. a nd element . pacin'l to be ca lcula ted ul1n, c om pute n.
T ht. ha l. allowed con.lde rabl. r l:" duc tlon. of th . oVl:"raU dlml:"n.lon. of Yalll an­
rerm•• without 10•• of 'loin .

Another way of Inc rea.1n, the laln of an tl:"nna 11. t o . tack aeveral Idl:"ntlcal a n ­
t l:"nna . In e it he r the v" rtlcal I . tacklnl ) o r ho r iz on ta l ( baytnel plane, Ihull r t' ­
duelnl the beam wldlh In th at pl ane . In theory , It I. pOll ible to tncree ee the
, ain ot • lo in l ie a ntenna by th e full 3 dB when the correct .pactnl II. p r ovide d.
Unfortunately, a ce rtain amount ot .Idelob•• a re lenll'ratll'd when two antenna .
a rl:" atac ked 1.0 that It 11 nece••ary to make a com p r om ile eithl:"r with re s pec t
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to Illn in o rde r 10 obilin minimum Iidelobt-I o r to ICC"pt I ee rte tn Imoun t of
IldO!'lotwl In o rd.. r- 10 Ichl.. v mllllmum Ilin. Accordln, to 121 the mlx1mum
'lin I••chIO!'v..d with Ilde lob lor -10 dB . I. . whO!' n t hto IldO!'lobf'1 an only 10 dB
down on thO!' m a in lob.... Si nct' t he ,ain or I n Inl ..nn l il of , rel tO!' r impo rtanc.
In aml t t'u r applicllionl thin t ht' dl r e t lvtty of t h. Irray I nd etece vi rtuilly no
Illn will be .aMbltO!'d wh. n two IntO!'nnal Ire I tlckO!'d ror m in im um Ild. lotHol .
in ronnaUon II no,", to be ,Iv.'n whi c h aUowl me Itlckln, dlltance 10 be r O!' l d
orr from a Inph for .ny known belmwldth In Iha t plan., nlfU~ 2 &lVOI'l t hO!'
I tackln, dlltancf' for two Id.mtlcal Irny. and FIII.l~ 3 &lVf'1 a ItmUl r , raph
for appllc.tion wh f'n rour Id..nllcal Intt'nnl. a~ I lackt'd In onf' plant',

,.
,n

~,

t '·
~:"
", ,

I ,
.!' o 10" l.O" ..,. 10" _ 110" loloO" *'" 'W

-J dB b«lrn¥o'.d11l ci ind..idual a ......na

Fie. 2 :
Stacklne etetance aa , fun ction
of thp bumwldth In the I t ac k lne
planp for two tdf'ntical antpnnu

I. MAT CHING

-<

Fie.3:
Stackln&: dl lt,ncp u a fun ction
of the bfoamwldth In the I t ac k lng
planp (or (our ldf'nUcaJ antpnnu

AI.umln. thlt 1he two Individual Inhnnll In dO!'llen ..d fo r low-Irnpeodanct'
r..O!'d.. rl , thO!' O!'all"'lt mannf'r of Intt'~onne ctin, t wo ItlckO!'d I ntO!'nnal to I com­
mon rO!'O!'dUnO!' II ror t'lch anttonnl to ~ ft'd with In f'qull If'neth of cOlxtal re e eer
, multlplll' of a n electr\(.·al half- wayO!' I . Thll' a" Iwo ft' d r a I ,... th ",n COl'\oQO!'c ted
In parl U",1 a nd t h e r"' l ult ln , Imp",dlnc", of Z x O. S Incr"llt'd to th e r O!' qulr",d
value In I qua rte r- wIYII' trl n lfo nn t'r. T h t' Im pedancO!' of 1hl l que rte e- weve t ra nl­
tc rme r can be calculatt'd la ,tvt'n In (31 ulln, t h.. fo rmull:

ZI • ./Za x Z;

wn e r- Z. II t h e Impt"danct' or t he ),/<4 Un",: Za II Ih c hlracl", rtltlc tmpedanc e
o r th e pl rallO!'I-connec ll'd an ll'nnll, a nd Z r il th t' c harac1t' rIIUc Irn p",da nc t' of
lht' r.·.·d.. r .

III lh.· Clllt" o f fou r I nt t' nnll e nd mort'. ,It ha a be-en round th at II l a m o r .. fa­
vou ra bte t o Int e ec onnect Ih l' Il' in , rou pl of tw o ant<-nnal a nd to tnte rc c nnect
II'lc h or t h"'l l' , roupa In I I lmlll r m annt'r. T he main dl trlcul ty II In o bla tnln,
t h.. ee r rect Im peda nc fo r th.. ),/<4 tran l!orm.r. How e ve s-, rnoet manuflct u rt' ra
alao lupply t he r.qu l ~d atlc kln. cablt'l. It tl , o r coueee, poa.lblll' t o conat n.lc l
Iny rt'Q\ll r.d trepedene e ulln. m ..1ll t u bln , .
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It III aillo po lllllbl t' t o tnc r ea ee th e Impedance In a 1./4 tran d orm er be ro r e con­
n",ct1ni the two Ieed e r-e In parallt'l . In the callt' o r two 500 feeders, the im ­
peda nce or ea ch individual reeder- ca n ce t r an d or m e d to 100 n in a 1./4 tran s ­
rorme r eect ton of 700 tmpeoence; altt'r pa rant'l cconecrton, t he rellult1 ni char ­
II ctt'ri llUc Im pedance 1fi1 once again In the o rder of 500 . The advantBie of th l ll
m ethod ill that 700 or 75 0 coaxi a l ca ble 111 r ead ily Bvalbble .

Thill article ha ll de ac rfbed how antenna II ca n be s tac ked and bayed In order to
ac hteve maximum gain . A late-r- article w111 de ee r-Ibe One of t he ea . lest way II
or filt ack lng tw o antenna e In the form of a Sketeton fillot a r ray . Fu r-the j- Infor­
mation wIll abo be gi ven on how ant t." nna fil c a n be e ra c ked a nd bayed In order
to achie ve max imum directivity as well a a a n Infinite trcnr-tc -beck-reuc .

2. REf' ERENCES

(I) Karl Rothamm elt Anteenenbcch , Edition 4. P a i t' 61

(2 ) AU HL Ant ennabook, Edit ion 12 . P age fil 163-164

(3) T . Hittan : Ci rcula r Polarbatlon on 2 Metrea
VIII-' COMMUN1CAT IONS 5 (197 3) . Edition 2, P age e 104-109 .

J - B E A M SLO T -FE D G ROU P ANTEN NA S

ColL nu .r antll'nnu ReI' vt'ry popular u DX'anlll'nnu du ll' to tllll'lr .... leIt' Ilor l,wnlaj and nar row
vlI'rltca.l ~am .... ldth . ....IlLc ll conc lI'ol rate Ihl' tran8m ltte d e ne t lY al tile tcrteon and a.llow a
larser Uta to hi' covered In tile borlzonta.l plane. Howl!' ve r , auc b co ll near groupl po..e..
• evera.l di ladvanlagu : The mecllan lca.l lltabi llty I. Um tted by thl' Ions, {ulho'lvlI' ( ~) elemll'nt. ;
the m01l1 favourable I tac kLns dis tan ce caoool ee achieved wltb the type of feed Ulled ; thll'
height and ma8t be lsht eeqctrem ent e are oft ..o too St u t lor many locatlon a. It s hould a.l1lO
be noted that tbt' max. lial n of a 2O-elemenl co n near sroup antt'nna la In tbe o rde r 01 11. 5
to 12 dB r..fl!' r t e d to a dlpole and nol HI to 17 dB at onee given,

The J - BEAM a lol · fed s ro ups r eprese nt a nal ai tll'r ­
nenve to co uneae group••mce they po••e.. ail lbe
advan tag t'll of t ile IaUer u well u tbt' loll owLna: :

• neuer ml'Cllanleal I tab i llty 01It' to the IIho t tt' r (V2j
e le ment•. Seawater -prool. low ecerce tve a1umLnLum
Is ulled thr ou ghout wll h e xcepttcn of the IItronS,
Zinc -plated mut e lam pll.

• Lower hll'lghl IlJId mut r equ l r em l'nts lor ajpven
s atn : Max. 118 e m for Indlvl<t.lal gr oup.

• Varlou. ly!K'lIo avatlableo Irom 10 to III e lem e nt. lor
u eh Indlvl<t.l al I rou P. whlcll may be extt'ndeod to
lotm lu se r IrouPIi.

Teochnlcal data 01 lndl vl<t.l ai !troupa'

Typ. H. ~_eam;~dth Dlmenaion s Gain r e f. dlpcle
- 3 dB

D5/2m ,,. 103Jt1U 1l1l8 10. 8 dB
D8/2m .,- IOb 219111l8 12.8 dB
D8/70cm .,- 3blOh 43 12.8 d B

All ,d ot- led Stoup ant ..nn u pone.. a vo>.ry ...Ideo band­
wIdth that by lar exceeda theo amateur band. ,
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SIX-E L EMENT COLINEAR WITH REF LECTOR SHEET
FOR T HE 24 cm BA ND USING A STRIP LINE BALUN

by M. MUnich, OJ 1 CR and B, Lubbe, OJ 5 XA

The author. d.'monMtratt'd the above antenna at th e Ge rman VIIF Conve ntf o n in
wetnuetm . Till' d ... . c rlbed an tenna wal p r o vi de d with I new-t y pe o f balun tran . ­
fo r mer uaini tht' print ...d I t r lpll nt' tt'chnol0IO" The ccn et ruc tton o r til l . anlt'nna
il now to be d e ac r-tbcd.

MO~oGl

2...... II'oCIo
alu mi"""" pllll.

ector plate

"

r - - -- -=-t i --t

I .. I'"

j-- ---_.- -~T-~----- ~O

I I

I I I'"I . -
L _.- --t---t--t

II I
l--,,-. I. -,,-_ Refl

f.- . ~O --

.-1 I-i..!
-1$­

SUpPOr t
h4Q1" .oal PVC

f- - -m- -

>D,

Interconnection of the element s

Radiati ng element,
mol"tbl (Opp1Pf , .. bint

Fig. 1 : Cons tructio n or a 6-element ce uneae antenna
.... ith rertector panel tor the 24 cm b and - as •



I. SIX·t;LEMENT COI.I:-lEA H A~ENNA WITII HEFI.ECTO n SHEET

The anttonna comprllt.'l Ih. '1./2 dtpelee mounted be fort' a common rt.'nt'ctor
pial ... Tht' cooltruetlon . dlmt'nllonl and mat"rial ua ..d for thr anl"nnl a re ilv.m
In t'ij(Urto I. The th re t" palra of dtpole e art.' t"nd·ft'd a t hlih Impedance Ind a rt.'
crouwla" connected with the aid of 2 mm dlam ete r- ( 12 AWG) Illve r- plated
copper- wj r e al shewn In ,,' I(U rI<' 1. Si nce the Im pedance o f eech Individual
'I. - d lpo l... a mount I to a pproximat e ly 60 0 - 700 n with th ll ratio of e lement th lck ­
nt'a. to lengt h, an Impede nc e of approxlmatl'1y 200 10 240 n wlll b., p r-esent a ne r
lnt e rcon necting a ll th re e pain of dtpolea. T'he ba la nct'd 20 0 - 240 n I_ the n
t rana fo r m.·d to unbalanced SO • 60 n In a 4 : I balun t raneto rm e r , Th e balun
I rAnaform e r II connected to tho' centre pa ll' of dlpoIt'1 and can be built up fro m
thin, coaxial cable or In atrlpHnt' t echnol ogy aa dt'acrlbt'd ne re.

2. STR IPLINE BALUN TILANS "'ORME R

Nonn.lIy, a balun tranaforml:'r conallta of an .. lectrlcal '1./2 I..ntth of coasial
cabl e , Sine...uch • cebl .. for 24 ern would only be 8 - 9 em In I..ntth accordlni
to the dtetect rtc u...d . dHfleultit'1 can be enccunre-r-ed with eonve ntlonal cabl ....
alncl" II II no t po.alblt· to b" nd thl'm In a loop. Thla mt'ana th a t ve ry thi n
cabl e1 I hould b.. used , a nd only cable e with tenon ( PT F E I dl ..Iect r-jc p r-cvt de
.urtlch.'Ot atabllity and lc w-a t ten ue ttcn charact.. r l lltic i . In ord.'r to a vo id th t' I "
d lfflcu ltl.... . ()J :5 XA dt'v..lop..d th.. de sc r-Ibed et r-tpttne balun fo r use with the
a nt e nna ,

-

"N
8
;l
"'a

Fi g. 2 : PC-board8 of a s l rlp l1ne balun for 24 e m

The two P C- boarda of the I t rlpllne ba lu n a rt' s ho wn In FI(U r ... 2. Th e fl rat
board po••t'a.e. a U.shapt'd '1. / 2 50 n . t rlpllnt' a nd th e other boa rd ,0n.iBta tn
pr-Inctpde of a 50 n li nt' o f uncritical length . T he laUt'r II be nt ao that It la
dtr-ect ly adJacl'nt t o one arm of th e U. T he iround lurfact'. at th e bac k of both
boardl art' gjued toget he r- a nd th e connecncn 10 the eenrre dtpele e II m a de wUh
ahorl pl ect'l of 2 .:5 mm wid", coppe r foU Itrlp. Tht' otht' r e nd of the ba lun I.
dt t-ectly lolde r ed do a UNC-connector mount ed In tht' r",n"cto r plate of the an­
r enne •
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8
<x
•a

b

OJ"y.~
j~OUnd su,locn

~-.lJI--_gluf d 10 ano''''''
"" 'hdwal~
adl'lul.,

.,

\ ' R. !I.,; lo. panel

Sp.ciol ~Id.., log tCII
"-_ _ r U" aNC conr>t'C lor

In ' ''' tnd at
. the ' od' lIt.~

..~m..nI

....~. 'od

GI~ ground
- "'d acu ol t'"

balun
OJ s Il.A 002

Flg. 3: Const ruc tion or the et r tpun e balu n and connections

The atrlplinea sh ow n In f'llUrt' 2 with their width of 2 ,5 mm a re de.lined for
UBI.' with an e poxy a la • • fib re material wit h E r • 5 and a th h: kne u o f 1.5 rnm ,
If anothe r- materia l.!' , i . PTJo' I-: ( teflon ) I , t o be used, It 18 ne ce a aa ry for the
II t rlpllnea to be alten'd to suit the ditrerent dl t'h'ctrlc constanta (I I. (2 ). T he
de sc rtbed ef r-lpfIne balun can, of cou r s e . be used fo r o the r 24 e m emenn as.
It b also po llilble for the tl- ehspe d lo op to be made na r rowe r . for Instance ,
wh en used toget her with yagl antennaa . fo' igu r e 4 s hows how a coa xia l cable
ahould be connec ted lcw -ee rlec t tvely when it l a no t poa et ble fo r a connec to r
to be m ounted aulta bly a t t he co r r ec t . pac in g fr om the r a d ia tin g element.

.'

CO(:.->Ol coblE'

PC boo.d

Fig.4: Co nnec tion of

coaxi al cable to a s t r lpll ne

Cut· out in

Hi:=;~' -: PC' boo<d

'mm

3 . MEA SUR ED VAL UES AND POSSIBL E EXTENSIONS

According to m ea su r e m ent e made by DJ 1 CR, the described ant enna po ••e . lIt' s
a (aln o f approximately 10 dE ove r a refe r ence di pole and a hor izonta l beam ­
width ( -3 dB ) 01 600 • Thes e value a co incide to thoae of almUa r antennH.II de .
ac rl bed In (3) . The eerlect jcn factor o f the antenna when us ing the at r lp llne
balun wa s m ea sured by DJ 9 XN. Fl jU r e 5 ahowa th e m e a s ur ed r e eun . Since
th e bandwidth of th e a ntenna I. g reat e r than th at o f the 24 cm amateur band ,
It I. ex tremely lIuita ble lor ATV tranam i. al on a .

Tw o o r mo r e su ch antenna. could be com bined t o Incr ea ae th e tot a l gain . In
s uc h c• • ea , the reflecto r s heet . s hould fo rm a common eo r race . The dim en ­
8io nl 01 th e ee n ec tcr I heet. have been de8line d so that aulta ble s pac lne. bet ­
we en th e r adi ating el e ment a r esult . The tn te econnect tce 01 two Indi vidual an ­
tenna a s hould be made with th e aid 0 1 " /4 t r an alorm e r eec t tcne wit h an Im pe ­
dance of Z • 75 n. Sinc e " /4 hi too . ho rt m echanica ll y. t hey may be e xt ended
by any dealrE'd mul tiple of >< / 2 . Of ceu r-ae , It 1& m'ceaaary for the veloc ity
factor o f the ca ble to be taken int o ccne tde re t tcn, e . e . RG -I I A (7 5 0 ) veloc ity
fa <: to r 0 . 66.
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A LINEAR TRANs vERTE R FOR 2m /70 cm
WITH DOU BLE CONVERSION

by W. Rab e, DC 8 NR

I . INT RODUCTION

T wo main m t'thoda a rt' uled a t pr e sent In order to provide lin.... r- I SSB I opera­
ti on on the 70 em band. 'rne 70 e m Ilinal b ett ne r obtalnt'd by conve r etcn of
• 10 m 111lnal .1 delc rlbt'd In ( 1). o r from th e 2 m band II w., uaed In (2 ).
where •• the relaUvE' ly low frt'quency .pacln. o f the Ieee I alc Uis tor f r eque ncy
from that of th e requtr-ed .Iina! haa d l l .dvantait' ll. wh ich a rt' even wors e for
the otht' r . ha rtw. vt' band. , the second principle ha . the dlaad va ntaie that .
trlp1tn e of m e 2 m alina 1 c a nno l be com plt'tt' ly avotded, The d , ree o f lu pp r , ­
lion of lhl. unwan ted multlpllcatlon will be even r educ ed on ine rt's.lna th e powe r
Ie vel of lh t' rr equt'ncy conve r.ton In e ree r to .ave eeve eal I tacel in th e am pli­
fier chain. Evt' n the &t'I.cHon of a ahlft~d lOCal oscUlato r frt'qu t'nc y a. wa .
ua.d In (2 ) I. not of IIrt'a t a ..lalanct' li ne. the unwa nled harmonlc ll w111 only
havt' a s pac lnll o f ~OO kHz from tne requtred .Igna l unde r the m e et unfavourable
co nd ltl ona. Thh mean a th at the cl rcultl o r th e e ubaequ e nt IInt'ar amplUit"r will
no t be able to eupp r-e.. It. Th i l ahow. that s uc h a rr equ.,n cy plan Is not com­
plet et y .u itable fo r a home I taUon whe n hlih demands an 10 bt' pla ced on th e
freedom of a puriou. tranam l. a iona. Unrortunately , the m ethod o r elimlnaUo n
and r pat o ...Uon of th e en velope a. desc ribed tn (3) ha . not ,atnt'd a ny r t'al po ­
pu larity In a mateu r- circle• . Furtherm ort' , tn e const ruction of a It'pa r a t t' . ta tlon
fo r 70 c m with a sult a blt' ln te rrne dtate frequ en cy o f approx lm al l'l y ~ o to 70 MHz
would be e xtenet ve tl' chn lcally an d would be ex t r-em e.ly cOlt ly. It la tr-ee that
c ryllal fUIt' rI a rt' a va Ua ble for aueh hl llh rr t'qu",ncl ",a an d are not too eapen et ve .
Howe ve r-, th ey e xhibi t bandwidth. Ihat a re . t Ul fa r too wid", for the SSB m od e
which mean e that 9 Mll z or 10.7 Mll z cryltal fIItt'rI mu et l Ull be u.E'd In th e
gen e r e.uc n of th e SS B IllInal. T he U8l' of a Ilnlllt'-conve rlion prlnclplt' for 70 c m
II tb eretcee hlrdl y to b r t'a l i:l. ed at preaent a l a rea . onable COlt a nd technica l
compte m e nt ,

2. CONCE PT

ThE' concept ueed In the lInt'ar u-an eve rter 10 be de ec r-tbed vi rtually p rovl d••
a ccrnprom te e betwee n th. two method • . It al.o uat'. thl' 2 m b.nd for prcvt etcn
of tht' 70 e m sllln.l . wh ich I. a n advanl i llt' fo r tho s e VIU' - UIU' a m a tt'Url that
do not po.IPII a .ho rt wl vt' trln l cel vt'r .

In ordt' r to achieve a lu rrtclt'nt .u pprt'I.lon of the tripled 2 m .Ianal , a dcubje
ecnve retcn prtnc tple la usee, The f requency plan and the varlou . I t aael of the
Iran SVl:"rte r are shewn In F li\lre I. Si nce a U auxllilry I requencte e are o bta lnt'd
from I m I ller olcillato r , co m plet e trackln il i . JUa ra nleed betw een tran smlUt'r
and rec ei ver. Due to Ih~ prlnclplt' ueed , no tn ve r e tcn of th t' . Id",banda of the
2 m . Ianal lakt' . plac t' ,

Fundam t'ntaUy apt'a k1na , varlou a c ry.tal Ireqc en ctee could be ua E'd fo r th e 01­

clUa tor: ApproJ:imat ely 32 Mll z, 57. 6 Mlh. o r 96 Mll z . TheI l' fr t' qu t'nclel a Uow
the r equ t r ed three auJ:iUary frequt'n cl ea to bt· o bte tned by fr",qu t> ncy m ultipli ­
ca tion . Sin ce the number of I t aa l'. 1. far I..... al a frequE'n cy of 96 Mll z a nd bp.
ca ulp Iht' . pu r ioul r eJeclion when u .ina I frp qut'ncy of 57 .6 Mll z I. hardly bt'ttt'r
than at 96 MHz, tht' la ttt' r frt'qut'ncy wa••",l",cled for this a pplication. Jo'urth.r­
m ort' Ihe 1,1 •• of a lower rrequt'ncy 1& far m ore liable 10 produc e unwa nted
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harmoni cs due to t l1l' multi pic co nver-aton than a higher Ir- eque ncy , Due to th ..
use of push- pull miu'ra equi pped with field-effect t ran.tltora or MOS "'ETS ,
10<: 11.1 oscillator t r ..quenctee an' c btatnod that posse III very low harmonic con ­
tents wh ich togt>the r wit h the lew-Level conversion and extenetve selectivity
e nllurcs II. very low apu r-lou s co nt e nt o f the output s ignal. 'I'he suppress ion of
the third ha rm onic of the 2 m input Ilgnal arnount e to more tha n 80 dB, The
actual po wer- ampltrlca tlon ot t he 433 Mllz Ilgnal II carried out in a two-stage
grounded grid ampllfler which pr ov ide II a n ext rt'mdy Itnea r amplification and
high rejection of Inte rm od c ta t ton pr oduct e. In orde r to obtain the aame gain
with a lIufUch·nt rej t'c tlon to Inte r rnod u ts t ton , It would be necessary for a t lea.t
a fi ve - sta ge amplltle r to be used whic h wo ul d bt' more expensive.

Virtu a ll y all 433 MHz circuits art> const ructed as coaxial lines of high Q, This
I. ('spectally valid for th e r ece ive co nve rte r a nd the Itnear- ampllfl t'r ot ttw
tra ns m it conve r te r .Thls II the r-oason why the lie II tag"'l lUll' completely sc eeened
metal c hambe rs whic h provide ex ceuent .crct'nlng b.,twt.'en the individual IItagcs,
All othe-r 8tage8 art.' accornrnodared on P C - boards which a re en croacd In lIht'd ­
m eta l c ham bt'rs and m ount ed on a rre m e c haslls,

St nce th e gain a nd aelecttvtty at a pred et erm ine d Q is dependent on th l' unloaded
Q. p r int ed st ripUneli we-r-e avoided , E'lipeciaUy et nce they would not be ablt.' to
r edu ce t he mec ha nic a l dtmenstone ,

T he ci r c uit dle gr-am of the Iranamlt and r ece ive converter-a a rt' given In
Figures 2 , 3 a nd 4.
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Fi g. 2 : Circu it diagram of the r ece ive converter using
resonant li ne s In the pr e am pli fi e r s tage

3. I, REC EIVE CONVE RTE H
3.1. I . PIt EAMI'LI FI EH

Due to th e UI l' o f a hi gh- ga in st rlpllnt' t r a ns lato r typo:" IH'1t 90 , one pr-eampl i f'tv r­
. Iagt" Is lIutficient In this convt"rto:"r. Thl. t ranalsto r t'xh lbita a nolJ;t' t1guro:" o f
appr ox im ate ly 2.5 dB at 450 MHz whic h guarantt't·s e xc eHent ch8 r acte rl tltic s tor
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the converter. Unfortu nately , th e no iae fil\l re of the conve rte r wa a not m ee eu r ed
but it la moat ce r-ta tn.ly better than 4 dB . Comparhon to the well -known con­
ve rte re de ac e tbed in (2) and (4 ) and lingle-Itage ccnve rte re equipped with a
I ran l ls tor AF 279 or 3 N 200 In the p r(Oampll fil.' r lItagl.' ahowl'd tha t the eenetrt­
vtty of the de sc r-Ibed conve rter wa l aomewhat better th an th e tl rl t m en tion ed
conve r te ee , whl;'rea a It wa a conetde r a bly bette r- th an the Iatt e r-, Exper-Irnent a
made uaing dlffe r ent FET and MOSFET tranaiatora In ccnve rt e r e with a alngl l;'
p reempt trter- atagl;' we r e no t laUsfactory. Trana l s tor ty pl;'a E 300 wej-e uaed In
a eommcrr-gete ci rcu it , type 2 N 5397 In a common-sou rce ci rcuit and the
MOSFET 3 N 200 wa s alao tr ied. In all calles , th e atta inable deg r-ee of p re
am pl1ficatlon of e ppr-oxtmately 8 dB to 10 dB a ppearll to be too low.

Th e em m e e ia direc tly grounded in o r de r to a void an osc1l1stlon of the BFR 90
a t lcwe r f requencies. A ferr ite choke between the ba ll;' connec tion and the volt­
a ge divider com prislnK R l /R 2 enau r es th at non e of th e re qui red a lg nal is lo st
ove r the base-voltage divid er. Inductan c e L 2 ta \lwlated from ground by ca pa­
citor C 6, so that the ccnecto r can be directly connected to a lap on th e Inn er
co nduc tor. It t. po ... lb le In thill m anne r to avoid th e use of s c r it ical collecto r
choke when uaing pa rallel feeding. Th e coaxia l circu it compr ialne L 4 provi de a
add ttlcnal ael ec tkvity In front o r th e mixer I tage.

An Induc tive coupling or th e trans istor to the input atage L I would be an alter­
nat ive to the ce pactt tve cou pling or the prl;'ampll fi e r t r an a lsto r aa encwn in the
crecuu diagram, T hla would rneen that thla circuit would not be dampened to
auc h a degree a nd the input ael ect lv tty woul d Inc rea ee conaidera bly . Hcw e ve r,
th e nc tee figu re wUI Ine r-eeee a nd will then be In th e o r de r of the conve r te ra
deae r-Ibe d In (2) o r (4). This type of cou pttng II acnteved by connect ing the
Of"R 90 to an app roxi mately 25 mm long line of I mm dia ., atjve rpla ted coppe r
wi r e via C 2. T his wire Is Ihen g ro unded and s paced app roxim ately 2 - 3 mm
para ll l;' l to L 1. All o the r va lue s remain as given. It any tendencies to esc m e ­
tion a re obse r-ved , these can be nl;'ut r a lh ed by adding a r e s tato r of a pproxi ­
m ately 4. 7 n bet ween th e coll ecto r and th e tap on L 2,

Fu rthe rmo r e, it ia r-ecom m ended tha t tne atages com prising t r anat s tora T 3,
T 5, and T 7 remain connected to th e operating voita ge aa well as the oscUl a tor
in orde r to ensu r e that no fre quen cy apacing to xl at a be tween the tran s mit and
recetve due to vartatlona of Ihe load.

3. I. 2 . R E CEIV E MIXE R

A MOSFET -typt" 40841 wa a used in the mixer s lage due to Ita la rge dynamic
range and th e Isolation betwe-en the input and local oacUlator aignal. It wa a a lao
very Ifuitable due to It I m ech anica I const ruct io n. The m o re expensive trans tator
type 3 N 200 did not offer any be tter r esult_ In th ia application; the well-known
ty pe 40673 wa s even Ie ... au lt able. Gate 1 of the m ixe r tran si stor is grounded
via the coupling li nk L 5. Th e IF ba ndpalll filte r 1a s lightly ove r -c rit ically
cou pled. The palllband width amountl to 2 to 3 Mil t . Th e overall gain of the
receive ccnve rte r amounts to approximately 15 - 18 dB .

A relay is accommodated Oil the P C - board of the r ec e tve m ix er for tran.mlt ­
r ecetve IIwltchlng . This Is s wt tched wi th the aid ot a con t rol IInco from the 2 m
tranacelver. It Is alao poaalbl e tor an a ttO"nuato r l ul table fo r the d r ive power
( H 8 to H 10) to be ecccm mcdated tr the drive po we r doe s not exceed e ppr-cx,
5 W, ot ht'rwhle It wUI b.. nO"ceasary fo r the att enceto r- to be mounted ex te r na lly.
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3,2, Gf-::-'E HAT IO !'ol 0,.. Tin: I.OCAL OS Cll.l.ATOn n t EQUE!'olC¥ ( FIg , 3 )

Th.. circuli fo r g",n e rallon o f Ihe lo,:al o.cIlIator fr"qu"nc y d o." not of"' r a ny
. p.-cIal f"a tu ro' • . Thf' o.cIliato r I ran e i lltor T.f 0"" rail' . In a com mon - ba s e ci rcu li ,
In wh ic h th.· cry.lal ol('(lIat ... a l th e 5th ha rmonic In 1.'r! l'. -n'lonanc .. and t he­
ball" of th., Ira ll l l.tor II g r-o un d..d with r vap ..c l t o th.· e,·nf' ra led frequ ency. Th.·
fe-vd-back II m a d.· I'artially via t he Int .. rnal coll ec tc s--e m ltte r cepecttenc .. . and
partia ll y wit h t h.' aid o f ca pacito r C 33. U ol h.. r t ra n. l llItor Iy p.. . are u I ..d . It
II po lll lb l.· t hat th.' va lu.. of C 33 will have t o b.. va r lt' d, T he tw o 96 M II ~ bu tr e r
a nd a mpllfle r IItail"1 ..qu ippe-d with Iran lll .tor ll T 3 and T 7 a r .. looeely coupl e..d
10 Ih., r" lwnant ci rc u it o f t he cecnt eto r by 2 or 3 p F" , Both IItag.,. ope rnh'
app r o xlmateIy In ci a II. A In o n k r t o avo id any 1I,· rw r u. llo lI o r ullwantt-d harmo ­
n ic •. Only low - j-enctfve t r- a net s t o r- t ypt' . c an b,' Ullt·U h.. rv In o r d.. r- t o a void a
f ro·qu.-ncy I hl ft of th,' osct tt atc r du... to vll rlu.tlon. o f load . A part o f the cec m a­
tor vo llall'" II pallllt'd via c apac it o r- C 36 to t h.· Irlll!" r IItlli" .' qu IPJ>"d with tra ll l ­
te to r T 5. which o p.. ra t" l In Cl al, C. T hl . II renew..d by a n arnpHfi.. r lit. II"
I T 6 l wh ich II Iollowvd by . coad.IUn.. fIl h'r and th.· r e qulr-ed 288 Mll z loc al
o.cllialo r f rcqu (-ncy for Ih e r-ec .. Iv e m llr.t' r la t8k.'n from Ih ,' a..conda ry ci rcu it .

The 96 Mi ll Ilen. \ I. coup le d w ith th e pUlh ·pull Inpu t ci rcu it ( L 10 I o f th e
pu . h-pull ' pu.h- pUlh I r-equency doubte r IP qu lpp"d with the Int lPiral lP d ci rcu it
CA 3028 (5 1 r-om lndue tance L 12 end vi a a ('oupling link . T wo o r tht' lnte r-na l
tran l i.to r 'ylt e m . of Ihl l Int t'g r ate d c i rcu it . 1''' the r e ro s-e bl. ...d 10 cia •• n by
th.. third .Ylltt'm a nd t he l r- ('o ll lP('to r. are c on ne c t ..d III parall e 1. Twtc e th.. Inpu t
rr ....tu..ney ( 19 2 Mi ll I II t hl'n avallabl.. at t ilt' out pu t c i r c utt , The C'ir('ult op.. r ­
atp s v.. r y r" lIably and au pp r "lIl1t"1 the l\mdampntal wa ve and odd harm on ic a In
a ve r y .. frt r l. ' nl manne r- .

3.3,
3,3. t •

TtlANSM IT CO NVF:HTEH ( ~"ii , 3 )
FIitST AND SECO ND T HA 'lSMIT MI XF:1t

l:Jol h t r all .m lt mlx.. r. ( T 8 /T !l a nd T 10 /T I! I a r e bu ilt u p In a . im il a r man­
n .. r and ope r at .. In puah vpu fl , Th i s €'n s u ri'S a good eu p p r e •• lo n of Ih €' fund.­
mt'nta l a nd even h lrmoni c . of t he Input and loca l oad ll a tor a lglla ls. S i nc .. th ..
d€'gr.. .- or lu pprlPlll lon II m amly d ependent OIl th .. bala nce o r the ci rc uit . pol ..n­
ti oml't ",n I' 2 .nd I' 3 ha v.. b.... 11 provid..d fo r DC ba la nci ng; Ih .. RF - ba lanclng
II mad.. with th.. a id of Irlmm.. r ('a p.dlors C 66 a nd C 67 o r C 76 / 7 7 .

In ('ont r al t t o norm al pra ctkt' . a dd itl v.. ('Ollv .. r . lon I. ufl.. d In Ih .. ...eond trall .­
mil mixl'r by r.. t'd ln g th .. . lg na l and local osc il la to r volta I '" 10 ga t lP I. Thi .
a ll ow l a hlgh.. r conve rllon Ilflln to b", obta ln t'd.

Th.. ~ood t'xlll'ri .. ncl· Ih., aut hor had with th., MOSFET' . In l h t, 8ec ond tranllmlt
mlx.. r It'd t o hi m r .. _d lmt'n liloll in g th., flnt tran .m lt mlx .. r ( DC 6 NH 004 I '0
th ai it <,oul d b.. .. quippf'd w it h t' ltht'r junc tion F ET I o r MOSFETI without a ny
c onllldl' rab!f' chanel's t o t h.. d r c uit . PUl' t o t h .. hl gh .. r C'onv .. r l ion ga ill . t h il will
p robn hly If'ad t o a hl ehl'r ov.. rll1 ga in o f t h ... t ran. mlt conVlP rt .. r , With theo ('om ­
pl.. n. ,·nt glvl!"n In tht' drC'u U d la llr am • • drl v.· poweo r o f Ipproxlmat .. ly 10 10
20 m W II r .. qu l r ..d a t 144 1\l1l ~ for full out pu t, T h l!" drlvlP -powlPr . houl d b.. II .
m il"<! t o t h(" lIiv l' n valu l' In or<! ("r to k.. ("p apu rloull Ilgna l. a nd Int lP r modul a tlOIl
at. m inimu m. IP lp..dal1y IIlnC't" Ih .. out pu t pow.. r will not InC' r t"..... to a ny eo xllPnt
du .. t o li mit ing .
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3.3. 2 . LI nEAR AMPLI FI ER

Th e 70 cm s igna l Is then pa s sed th r ough a thrE'e-Hnk bsntlpa s a ruter com prising
Ind uctanc e s L 23 , L 24 , L 2S a nd (f"d to a two -li ta ge tran ll(lItor a m pll fl f" r wh ic h
a m pli fl e-I the lIie na l up to approxima tely 30 row . The- coupling capacita nc es
ebc ul d not be ehenged to any e xtent. They have been selecte d (or optim um m e t e n­
Ina to t he alve n trans isto r types . The two e m i tt e r by pass ca pacitors C 9 2 and
C 96 s re ee r -emjc d i s c type s w ith out connect io n Ieade, T hey a re d irectly ao ld ­
e r- e d t o the screening pa nel.

A s pecial il if F transisto r ty pe 2 N 59 13 was tried In st e ad o f t rans tsto r 2 N 44 27 ,
howeve r. it d id not provide s ny IncreBlle o f the out put po we r . Furthe rmore, It
Is only epect tl ed (o r da" C operation. Due to thl ll an d t he fa ct t ha t it wa a
m o r e e xpl' ns lve , It wa s de c tded not to Ulle this trlns lstor In the de ec r t be d a m ­
pli fier . If a highe r out put powe r is required, e .lI . (or porta ble ope r a t ion . It
Is pos s ibl e for the la llt ch amber to be e qui ppe d wlth a s im ila r I tage a nd th e
secondary ci rcuit of the ba ndpass filte r used a l collector ci rcuit. In this c all" .
the tw o Ieedth r-cugh capacitors r-eqvtr-ed s hou ld be solde r e d Into plac e befo re­
hand etne e a eub eeque nt r e moval of the coa xial . In ne r- c on duc to r would e ntail
d lfrlcu lt lt'll.

3. 4, Til E TU BE AM P LlI- ' IER I Pig. 4)

A tw o · lIta g(' g roun d ed-gr id a m pll rJe r eqaipped wit h th e tu bp s E C 8010 a nd
EC 8020 is use d (o r me actual po wer amplifi e r o r t he 70 c m a lgna l. The ove r ­
a ll gain a mounts to at Ipa st 25 till a t t he gi ve n pl ate volt ages. Accordin g to th e
In dividual tubes . app rox imate ly 8 - I I W I. I va ll abl l' a t the output.

'"••

T 14
2 N 1613CI-tt-~-o1
2 N 2219

•• c n ~ .,.
~..'"". ICh ll Ch12 I Chu ,.. Ch17

c..

- ·H... J -ofI- --I 1-...1_ I- - ---J 1M 1M,. '" '" '" ~.., l~O V

u v '"

/,) J "'.t< .....
1 · IlI W 1------...---T-- ---1-~

I I
C 1'0 C II) I I EC 80 102-e, I 2-ep

I I C 6020
". I C 11 2 ", I cm VIlli ..... , . ..

Up V2 I H I
\I lI"uh . ..

EC8020 I l r r C ne from below
) - l)p I £C 110 10 ec ~

'"

r­
I
I
I

4)] "'''11CIlI'
ill .1 21,

fi11-+-11H't­
I
I
L

Flg.4: Ci rcuit di ag r am of th e linear power ampllUer
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The , rid b laa volta,l' for the dr-i ve r- tu bl' i a ,~nl' rl t ed Ic r011 I n' al ltor. Ind
a conltant voltl,e aOUITI' II prcvtded In the c a thod e llne In the CiaI' of the
EC 8020 . The In pu t Ind out pu t cl rculta o t th e EC 8010 Ire caplclt ively ah ort en ed
>./4 couill clrcuita. Th .. ou t put clITult oC the tub e EC 80 20 la ),, /2 In lenJlh
and II ('onltructed In the Co nn oC I plate-metal at r ip In o rde r to Inc rl'lae the
tm peuenc e, T hl' an tenna ia Inductlv!;' ly coupled to thla lin e wUh th e .id o f a
loop whic h la provided wit h a variable capacitor a t th e ,rou nd end.

The caplcltlvl' couplln, to the catho de o f e ech t ub e ( C 11 1. C 114 ) wa . found
to bt· eupe r tor to a rr-circun o r Induc ti ve coupItn , bo th with r espect t o the el ae
and cer- rectneee oC the al tgnment , 'rne m c et favourabl e- m at ch!n, can t'a, Uy be
Cound In thl l mann er.

In orde r to ground the anode ci rcu it o f the E C 80 10 . the ttne h• • be en Ii olatt'd
wit h r eep ec t to DC - volt a ge l with the a id o f capacito r C 112. The pl itt' vo lt aie
II (I'd w ith the aid of an inlulated wire which la ted In throullh a em a U hol t! I t
t he cold end oC th e inne r conductor a nd pI Ule d th roullh 11 u p to th e a node, Sin c e
the voltallt' dllt r lbutlon wit h in the tub e oC th e ci rcu it accu ratery coincide. to
th at 0fI th e oute r lurCac e . It l.I po•• lble In th i l stm pte manne r- t o u . e th e bl ock ­
Inll chl rlc t",rl.tlca o f t he ),, /4 li ne . T he c ho ke Ch 11 II only p rovide d .. a n
.ddltional mean. In order to en.ure th.t . ny re lldu l l RF' - volt' lIe I. by -p. . . ..d .
Sinc.. t h l, Co rm o f ccne t rocucn eennct rlaUy be I hown In th e ci rcu it d l' irlm.
Ch II ia drawn la if it we-r-e direct ly connected to the anode.

4. CO MPONE NT DET AI LS

T I : UFIt 90 ( Valvo, PhU lp l J, UFIt 34 (A) ( Slem~nl )
T 2: 40 841 (RCA)
T 3: BF 173 (Al:G -Tfk. Sl t·m t'nl . Va l vo J
T 4 : U~' 173 o r BF 22 4
T 6 : IH" 22 4 ( TI) o r U~' 17 3
T 6 : 40 67 3 (R CA) o r 40 64 1
T 7 : U~' 173
T 8 . T 9 : Ufo' 245 C ( TI) . W 245 C ( SUlconlx ) o r almUa r F ET
T 10. T II: 40841
T 12: UF 22 4
T 13 : 2 N H2 7
T 14 : 2 :IJ 1613 . 2 N 22 19 o r al mlla r

D I: IN 91 4. IN 4148 o r Il mUa r I Uie on diod e­

I I : CA 302 8 ( RCA I

V I : EC 801 0 (AEG -Tfk, v a l ve, Slt'mf'n l)
V 2: EC 802 0 ( AEG -Tfk )

Rel l : IUI · 12 (Nation a l) e ncapeuled 12 V miniature re lay.

L I: Bra ' l tube oC 6 m m ou t .. r dlam e t .. r , 9 1 mm lon ll.
t a p 18 m m n- om the cold ..nd .

L 2: A. L I . t a p 37 m m tr om rhe c hambe r ..ne .
L 3: Sliv r - plate d coppe r wl r-e of I mm dta , ( 18 AWG) Ced Co r a le nJlh

of 20 mm pa rllll'l to L 2/ L 4. , pacln'lI . pproxi mate ly 2 mm
L4 :AI LI
L 6: Aa L 3. ple c ..d wit h a le nJlh o f 30 mm para Uel to L ..

with a ppro•. I mm apaclnll .
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t. 8:

i, 7:
La,

t. 10:,,
t. I I :

L 12 :

L 13 :

L 101 :

t. 15:

L 16 :

L 17:
i, 18 :

L 19 :

L 20:

1. 2 1:

L 22:

L 23:

I . 24:

5 turnl of 1 mm dia . 118 AWG I ..nemetted t'oppe r wt re wound on s ccu­
forme r of 5 mm dia. wit h the cold end o f t h.. coil facini th e boa rd
7 turns , c t he ew ts e al L 6, co il tap 1. 5 turn l f rom th e cold e nd
L 9: .. tu rnl o f 1 mm d la . I 18 AWe I aUve r- plated coppe r- wt r e wo un d

on a 6 mm fo rmt' r . It'lt-lWppo rU ne, coil tap fo r C 21: 0 . 5 turnl
from the ho t end , a pael ne bt'twt' t' n Inductancea I - 2 mm

8 turn l of I m m dla. ( 18 Awe I I ll ve r- platt'd coppe r wire
wound o n I 5 mm former. Stolt-Iup po rtlne.
Co u pline li n k fr om 0 .4 mm d la . ( 26 Awe I enemell ed copp.. r wi r t' wound
a, a loo p in the cen t re oC L 10 an d th e othe r end towarda the cold e nd
o f L 12
8.5 turn , o f 0.8 mm d la . (2 0 Awe 1 ena m e tl e d ccpp.. r wrr e wound o n a
5 mm cott rc r- me s- , c loa e wo und . Co l tectcr- en d faclne the board
5 lurna of 1 m m dta , ( 18 AWe I IU ve r- pla ted copper wt re wound on a
5 mm collforme r wi th core I viol l·t I. ccu ..c tor en d fa cin e thl' boa r d
2 .5 turnl of I m m d ia . ( 18 AWe I euve r -plat ed ccppe r wl r l' wou nd on
a 5 mm coUCorm e r- with cor-e I viol et I, coli len gth app rox. 8 m m , cold
end faclne the board
I tu rn of 0.4 mm I 26 AWe I enam llt'd co ppe r wt re placed toward s th ..
cold end of L 14
2 m m dia . ( 12 AWe I allv r-pla t ed copp.. r w j re, It'ngth co r relpondine to
th .. hoi ... In t he PC-boa rd DC 8 NR 002 . apaclnl a pprox . .. m m from th t'
boa rd.
Aa L 16
6 turna of I mm dia. ( 18 AWe 1 IUvt' r- plated copper wire wound on a
5 m m coil fo rm er. collector lid,' fa c ln a the boa r d
1 turn o f 0 ,4 mm dla. ( 26 AWe J e namt'lI t'd ccppe r wire wou nd in th ..
cenu- e of 1. 20
6 tu rn a o f I m m dia. ( 18 AWe I a Uvt' r- plah'd coppe r win' wound on a
8 mm Io r m e r, s ..lf- l up port ln i
4 turnl of 1 mm dla, I 18 AWO 1 I Uvt' r-platt'd coppe r wi r e wound on a
6 mm fo rm e r . lelf-Iu ppo rtlna, coli It' ngt h a c cordln i to tht' holt, . on Ih e
P C - bo a r d, c entr.. l ap
3 turnl o f 1 mm dia. ( 18 AWe I IlIver -pIatt'd coppe r wire wound on a
6 mm forme r . aelf-Iuppo rt1na, ccn It' ngt h a pp rcx . 12 mm , e pece d 3 mm
f rom the board
U-aha ped bracket from 1.5 mm dla, (15 AWe 1 .U vt' r -pla tt'd copper­
wi n ' . It'ngth 26 mm , widt h co r n'lpondine 10 Iht' hole. on the P C - boar!\
.pllclna appr-cx . 4 mm, c t'ntrt· la p

U-lIhapt'd brac kt' t f rom I mm dta , ( 18 AWe) ,Uvt' r-plal..d copp.. r wi r e,
h'ngth 17 m m , widt h co rre a pondl ni to the ho lt' . on the PC - board, , pacini
e pprcx- 6 mm, lap e pp rcx- 15 m m fr om the cold en d

1.25: Bra •• tublna oC 4 mm oute r dlamt' t e r , 47 m m lo ne. lap 14 m m from the
cold l' nd

1. 26 : A. 1. 25 , bu t wll h ta p 30 m m f rom th.. cold e nd

L 27: A. L 25 . bu t wit hout tap

L 28 : A. L 25 , bu t with la p 10 mm from the cold end

L 29 : B r l a . tublnl, 6 mm ouu' r dl emete r- , 50 mm lon g,
l a p 14 mm from tht' cold t'nd
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C 6:

C 92 . C 96:

C 26 :
C 52 . C 53:
C 60:
C 66 , C 6 7.
C90,C94 .
C 116 :

L. 30: A. L 211 . but ..... Ith tap 16 mm from the c old e nd

1. 3 1: B r-a •• et r-Ip of 6 mm Jl 0. 7 m m Jl 90 mm l on g . be nt at 15 mm ,
Cu t m e bent end Komt'what 110 that It hi 8ultal>lt' for 1I0l dt' ring
t o th O' tu be soc ke t

L 32: I mm dla . ( 18 AWG) IIUve r- pl a tt'd co ppe r- wtr e pla c ed appr-ox .
4 - 5 m m fr om L. 31 a n d be nt by 90°. Lt'n gth Is gtven by the
spacing b.. t we en th e t rlmm e t- a nd con necto r

T he follo wi ng c hckee conllst of O. 4 mm dla . ( 26 AWG ) e na metj e d copp .. r wtre,
erose wou nd o n a 3 mm forme r , ' ('If-Ilu pport l ng ( t' xc t' pt io n . : Ch 5.7. 17) .

Ch 2 : 12 tu rn s
Ch 3: 22 em of wi r e ( 'A. /4 choke I
Ch 4 : 17 e m of wire ( 'A. / 4 cho ke I
Ch 5: 3 tu r-na pla ced th rou gh a fe r rit e be a d
C h 6: 6 t urn s
Ch 7: As Ch 5
Ch 8: 7 t u rn '
Ch 9 - 16: 17 e m o f wt r e ( 'A. /4 cncke )
Ch 17 : F t' r r ih' cno ke wit h 6-hole co r-e

C 1. C 5. C 7: Ce ramtc , tu bular trim m e r- 0.8 - 6 .8 p F o r sim ila r
C 12 , C IS: C ...r am ie , d l ac t r tm m e r 3 - 13 p i''. 7 mm dia . or

pf aatic - fo il t r fm rn e r
C 20. C 24 , C 29 . C 40 : A i r - spa c t' d t r-Imm e r- 3 - 13 pF with 4 o r 2 pine

fo r P C - board moun t lng
A i r - llp a c e d t rtm mer- of 5 - 30 pF with 2 o r 4 p in s
A ir - llpa ct'd t r-irnm e r- 2 - 6 p F with 4 or 2 pi n s
3 -13 p ~' as C20

C7 0 , C76 . C 77 , C82: 2 -6 p F 88 C5 2
C 98 . C 100. C li O, C 113 , c u s. 0 . 8 - 6 . 8 p F aa C I

Ce t-a mlc tubu la r trim mer o r a l r -.pac ed t rlmmt'r
with 2 ccn necrtone , 3 - 13 1'1"
App r ox . 470 p 1" ( valu e not c r ltieal ) ce ra m ic di s c c a pac ito r
without co nuecuon leads , a ppr-ox , 12 mm d iamete r
Ap pr-o x , 100 p1" ( vetce not critic a l I ce ramic d isc c a p aci to r
without ccn nectton If'adll

All f., .·d-through c a pac ito r- e app r-ox . I n F ( valu.. not critical

All othe r capacito rs : C.· r a m ie mln iatur.. dillc capac ito rs

All reatetore for 10 mm "pacing

CrYlltal: 96, 000 r.lllz . Ii C 25/U di r-ec tly eclde reu o nto th e board .
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e. MECHANICAl. CO NST ItUCTION

The actual conve r-te r and tub~, po ......r am pUflt"r art" ecccm modated In t wo I e pa r ­
a le c haull . The mt"ch.nlc.1 conal ructlon la rivt' n In ..-trure 5 .nd ..-Iru n' 6.
"'urth.. r d~·taUI e r-e .1.0 r lv,' n In tht" pb ot o e aho wn In fo' l rur.. 7 to I-"1 rurt' 9. A
0 .7 m m thic k b ra a . pl at II ullt'd fo r IU pant"lI . The .Id., .nd Intt" rmt'dlat t'
pan e l l a rt' m ade trom 30 m m wid e II l r lpl o f th e co r- r-ec t h'n&1h that a rt" . u b ­
I .. qu ent ly ecice r e c Int o pl a ce . T h l l method wa . round to be m er-e lIatl . fa ctory
t ha n bt'n d ln r the framtowork . The eo n at ruction used II «xt rem e ly I t . bl e wh ich
m"an l th.t even thtnne r platt' . r-a n be ua e d, tt owevo s- , th vee e e-e not ve t-y . u lt ­
abl e for ma ch ine c ut ti ng.

- ~ -
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11Ili .... .. I i..... i.. """ I

• ..
- n
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WI' .. .....,... ...... •-- n
-- ~ --

•

Fig , 6: Metal chauis of t he power amplt t ter

The foll ow ln i o rde r of conet r-uct ton wa . fou nd tli b. , a dv l.able: ..-Irltly. d r UI
the hol e s fo r the BNC co nn..c to r s d ,' I'rnatt>d U 2 , u 3. a nd U 4 ener wh ich th e
rram ew ork of th e converte r com prilini th e fou r atripi a rt' lolde r e d tc getne r ,
T he 3. ~ mm ho le . ror t he fet"t.lth rouih cepec n os-e can be d rHled a ne r wa rd. to
~'n .ur.. ar..a te r- .ccuracy end In o rde r not to be nd th.· m e t . 1 pl . l .. , Thl l II
rcuewec by loldt" rinr In Ih e Interm e dlat e pan el. in t he crde r rlv..n In t-"i(\lre ~.

All dlm t'nl1ona . r e Inne r- v.lu.... Ill. n"C".II.ry for th.,. t" p. nt-I. t o be drUl ..d
b.'fore aol dering Into pl a c e , It II v.. ry Impo t-ta nt th . t . 11 c ut -outa • • l ot a .nd
hoi... a rt' made be fo rt' .o lderlnr th t' Ind ivid ua l pl at ... Into pl a c e .

T he n.. xt pro c .. . . I. to sol de r th., n ut s for holdln i lilt' cov.. r ln i plate a Into
pll c " an d Inlt.Ul ni th., ba . .. pllt ., to r th .. . t a it' . a ho wn In fo'I iUrt' 7, Thl l pe rt
II sold.. r ..d Into t h.. r e qul r ed c ut-out In the tram e ec tha t I h..liht o t 30 mm
II m a lnt . ln ed . Thla a llow. th .. bottom o r t he cab in et to b., u ee d I. b. . .. to r
th e who le c on ve r-te r, Art e r co m pl ..tlna t he whol e- tra m.'w o r k, It I. po•• l ble fo r
a ny ol he r ho i ... to be mad., whoa.. pol itlon. a r e mainly dept'ndl' nt o n th e con­
n..ctlon point. on Ih., P C - bo"rd . A ft t"r d rUllnr t he board. bUI befc r-e mou/ltinr
th e compen..nt• • each ot th.. bo.rd. I. ptsced Into Ih .. fr l m t>work and the Ic we r
.11..1 e o f th t" P C - bo a r d lol d,' n 'd approxlm.t..-ly t'v"ry 7 to 8 m m to the fra m .. .
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Fi g. 7:
Auth or ' s prototype : Pr e amplifie r
s tage or the conve r te r (above),
li ne ar amp lifier (centr e) and
DC 8 NR 005

Flg. 8 :
Author' 8 prototype:
DC 8 NR 001 to 004

Fig. 9 : Author' 8 prot otype: The power amptt tt er
- 101 _



Th l l ahould bo' m ude w ry quickly and wttn a r .. lettve ly s mall ecld .. rl ng Iron to
..nlu r .. that m e conductor lane s o r th.. I' C · boa r d a rt' no t dam a ged. Arte r r em ov­
Ing the p r cr e ct t ve s udact' , th e rram ..work s hould be &lIve r· plated to a thick­
neSIl or 10 u , The bra s a tubing used fo r the r es on ant IIn t'1 III sH yer-plated
bd ort' Installation and t h" n cut to the r e qul r ed dimension II . They are appro­
xim ately 2 mm long"'r than the glv..n Inn.. r dl m t'nsIonll so that th ey can be
eolde rud to th ... o ut atde of th o' cham b.. r-, Inne r conduc to r L 2 I. lIolde red to a
dilc capac itor of lu fficl ..nt dlam ..t .. r ( v.. rtical I wh ich II then sol d.. r-ed to the
a pprop ri a te pe ne! tha t Is th..n pr ovld..d wit h a small hole , The .olde r lng pro­
Cl'IS s hould be ce r r ted out as quic kly a. poee tbte 10 that the cOltlng of the
c epactto r- I. not damaged. If n..ceaea ry , t he dllc ca pac itor can be replaced
by th e lower part o r ceram ic tubular trimme r without s pindle and the inner
conducto r pla c ..d onto the oe rnm!c per-non. In thi s Call' , a cspac ltor with very
s ho r t connecll on Is ulwd fo r bypas l lng.

fo' ina lly, all Ieedt hr-ough cnpacitors an d t hr- BNC ccnn ecto r-e are m ounted into
plac e ( tt lt' nange o r the BNC connectors should be eoj d .. r-ed to tho' Inai...lt, of th e
c ham ber- 1, afte r which th e trimmers and In ne r- conduc to rs are m ounted. Thi s
III follo wed by Inst aUln g th e com ponc nta of P C· board s DC 6 NR 001 to 005. It
Is impo rt a nt that a U tran . Iltol'll ehoufd bo.', solder-ed Into pl e c .e with the I ho rt e llt
poslil ble eonnecncoe .

..
PO,
<I

'13
<I

DC 8 NR 00 1

. ,

~
'~~" '. ,,.

R 9 R &
~c::r-~

F ig , 10 : P C- board DC 8 NR 001 wit h component loc ations
(recetve mixer, rE" lay)

to IOOmm

C>, DC 8 NR 002
' N I!IPU

28&MHl
LI1

!
' 52 ,,~ =f I n LI'

';"+"9
• .-
>::~ fJ-OC", ec.11 ~~ 9

, 1n 3Jk .12'" •
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Fig. 11 : PC- boar d DC 8 NR 002 with component loc ancne
(288 MHz amplifie r )
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Fig . 1Z: PC-board DC 8 NR 003 wi th component tocaucna
(loc al osctnator module )

KID ",,"

co,
DC 8 NR 004

Fig. 13 : PC- board OC 8 NR 004 with component loc ation.
(flrll t tr ans mit mixer)

r- 100""",

I

E
E

- S

PO,

0"~~" C1.
l3 .I2V C&2

, ." If, "o-jfl'" Lll.

22&~~IP'e • "O~I-
0" r a

• 4JJ

~• "11-"", l ' PI 21

"""
Fig. 14 : PC- board DC 8 NR 005 wi th co mpon ent toc anone
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Th e eonet r-uct lon of the tube powe r- amplifier need not be deacribed In d... taU .
A lilood id .... ot th t' construction can be aeen In Jo'ililU rl' 9 , aa wt'U a. In (2 ) and
(6 ). Only thl' UIl F.ty pe cr tube baal' manufactu r ed trom epoxy , IiIla •• tlb rt· ma­
tt'rial should bo' used, If poaalble tOi ethl'r with the e pp ropf-Iate .c rl'l'nlnj coUa r .
I't'rtlnax or ceramic .ocket••ee not lultable due to the lonl con nec tion leade,

6. ALIGNMENT
6.1. GENE RAL DETAILS

A aim pfe ab.orptlon wevemete e with exchanlileable Inductancea la requ i red for
allgnm l'nt of the t ra OlJmit· rt'ceiv.. co nve rte r. Suc h a unit ia alao ve ry .ullable
fo r othe- r ali,nml'nt proce.aea. Tht' we vemete r ca n be calibrated with a con­
venUonal dtpmete t- a t approximately 280 MHz. T'he hl lilher Ir-equency ran lile a can
then be eaaUy Interpolated , etnee an accurate t requency meaaurf'mt'nt i. not
reqctred. Thf' diode I N 82 i. very auitlble for thi. pu r-poae, Wilh othe r diode.
that have been te eied , thp indication w•• not very clea r , e.pecially .t the hi lher
treeuenctee, FUrthf'r de t.U. r"liIarding thla are ,Ivt'n In (8 ). Thf' Individual
litalt'. are allaned one after the othe r- and It la uaually auttle lt'n t fo r t he a b­
eor-puon wevemete r to be placed in th.. vicinity ot th e c ircuit In que ertcn. If
t hla I. not .utftc itont , It la cou pled to the circu it to be aligned with t he aid of
an approxmutely I p I-' capacitor.

6 .2 . ALIGNMENT OF T ilE LOCAL OSCI LLAT OR MOD UL E

The a1i,nml'nt proc ..... I. com m ene ed with th e oadUator. OacUlaUon should
c('aBe when Iht' core ot the Inducunc .. i. rot ated to bot h aidea of th e m aximum
oBcUlstor a mpli tudt'. The m oat ravourable ope raUn, po int I. ju.t below the
maximum on th e flatt er ski r t. If It . hould not br e ak int o o.c Ulation , which ha .
not bt'en cbee r v...d in p ractice , It I. poa.lbh" tor the r......dbac k to b... lnc r eaat'd
by Inat'rtlnl a I pt' ca pacitor be t ween collector and emitte r. The othe r atalile.
art' alllnt'd wit hout dirtlculty wit h the aid of the abao rption we vem ete r , It I.
Important that th e aUiJlmt"nt I. made under load, e. I . wit h th e COUplin, capa­
citora eceeect ed.

6.3. R EC E IVE CO NVE RT E R

T'he m ixer atait' ot the ecnve ree r la now connec ted to the opt' ra tlnl ....o lt .ie ,
The IF ~ndpaa. fUt e r la now aU,ned tor m aximum nol8P indication on the
S-ml'ler or the con neeted 2 m rece tve r-, Th e 288 Milt aecondary drc ul t can now
aho be carl' rully cor-rected tor maximum notee , If the aU anment la eer- rect, •
ailnal of approximately 30 dB ebove th e noiae ahould be pe rfectly reada ble when
the . ntenna Ill. connected to Inductance L 5. Aft e r thi a , the ope r a tlnl voltale
ia fed to th t' prt'am plltlt' r ataie . The collector cu r r t'nt ia now adJua t ed to appr o ­
x1malely 2 • 4 mA with th e aid of pctentfom ete s- I' I (th i . a ll,nm en: I. m ade
Ieter- tor the m a ximum . Ian al- to- no ln r atio a t low I I, naI at r enrth ).

Hefo re commt'ncin, al1lT1mt'nt , aU trim me ra ahould be In a cent ral po . ltlon .
The ci rcuit. co m prl.iI'l L I, L 2, L 4 a re aUlTled fr om bac k to f ront when no
.ilnal e("nerator o r atron,7 0 e m I llTIal I_ IvaUable, e. I. ccrnmenc tn g with
L 4. Thia I. nece••ary becaul e even a .Ienal of 40 dB OVi.' r no lle would not be
pa.u·d throuih tht" filter C'ven It only one of the tw o circuit. a re in correctly
alililnpd due to th t" very high ael ...cUvlty of th t' c1rcuit.. Thi ll. mean l that the
aH,nmt"nt la a m.ttf'r of paU enc p. It ia al.o r ather difficult to .1I,n the c irc uit.
for max.lmum nol.(" .Ince the nol.e only lncrC'aaea very aU,hUy e vC'n when the
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c I rc uit. a r~ co r- r-ectly a Hgfll'd. l'h.' an tenna I. the r erore connect..d to tht' coupllnll
li nk I. 3 . an d 1. 4 tu ne d for me a tmum Indication. Aft f.' r th la . the a nh' lllla a ho uhl
bl' connected to the Input connector-, lnduc ta nce 1. 2 should th.'n lit' al1in l'd
fl ratly wh ic h la th t'n roll owt'd by L I. [)u e to the laril' d"'lIrt' t' o f damplnll . the
adJu.tm~nt of Lila quite wide ,

6. 4. TRANSMIT CONV t; UTf; U

The allllnmpnt of tht' tran am lt ccnve ete r I. made in ah·pa. A 2 m tra n. m ltt t'l
of the r pqu lrl'd powe-r- ( a tt enuato r I Ia now connected. Tht' al1lnmtont la cern ­
m en ced with the IH Mill In put ci rcuit which ta rouowec by aJllnm t'nt o f tho
33'1 Mlt l ou tput circuit. It a n Indication I. pr-e. ...n t , It la poaalbll' for thl' 192
Mil l band pa a . fUt t'r comp rl.lnl C 20. C 2-1 to be co rr-ec ted, T h la i. roncwec
by aUlnlnll P 2 and C 66/6'1 for madmum .u pp reaaIon o f the local oacU lato r
Ir-e quency , Th .. t' It'c t rlcal c entr-e po int ia fou nd by touch ln i the in d i vidual win d ­
In". wit h a ec r-ewdr-lve r- a nd notln" th e poaltlon wh e-re tlw r ..duct to n of powe r
ia a t a m in im um . Th la point la . hl fted to the ecnn ec ucn po in t o f t he c ho ke with
tne aid of the two trtm m e r-e. Th .· aa m l' hI valid for t he angnm..nt of th e second
rn lxe r-, The Ht' bandw idt h o f till' conv erter- I. mai nly det e r mine d by th l' ou tput
ci rc u it o f thl••ta l " , The lIn ear a m pl lflt'r la a l.o Illl gnt'd In thl' IIIm l' ma nner-.

6 . ~ . T UB E AMPLIFII-:H

The aU lnm ent of th e tube a m plUIt' r la m ade by ccnnect tng • ~O n r t' a l at or
{ dummy- load I Or antenna with SWU m ete-r- to th e ou tpu t . An " r aUowlnl a
auHlcl f.' nt wa rm-up tlme , th .. vartoul plat .. vol ta I'" a rt' connected o ne afte r th..
othe r to th t' tu bea . T'he qult'ace nt c u r rl'nt o f t he t ube t;C 80 10 II ho uld amount
to approx lm ate ly IS rnA. a nd approllimatt'ly 25 • 30 rn A la adJuatl'd for Ih.· t u b..
t; C 802 0 with th e aid o f pctennomete r P-I .

T h.. all"nmpnl of th e Inp ut a nd ou tput ci rculta o f t he driver la a lao made wit h
th e a id o f the abeor-ptton we ve mete r-, If both atalile a a rt' cc r-rec uy allln t'd . a
emau pcwe r Indication i. u.ua Uy pr-eaent a t the out pu t eve-n withou t connt'ctlnlil
th e platf.' volta ll' to th e oUl put II tai t'. Th e t rtm m e r-e a r e allgn"d a lt t' r natl'ly to r
maximum ou t put powe r- . Th e a ll inmt'nt la co m pl .. t .. ly by ca r .. tu ll y cc r r ect tng
all I t",gt'll for minimum r ipI'll' In th l' pa . a band ran s e ,

'1 . NOTES

Th" 96 Mill c ry.tala m anu fa ct u red by KVO Iha t a rl' p rov id e d with th l' kll aeem
to be con.lde rably mo r E' actlv... t han t he cryital used In th.· p rotot y p.. a . a nd that
a rt' avaUabl e from otht' r .ourc..... Thla caua..d tht' thrt' p .ub qul'nt " talil'" to
b.. o v... r drlvt'n ao th at th .· Collt'c lor c Urr..nt a Bom.'tlm"'l l'llc d.'d . l'vt' ral rnA
{ pr" a um ln ll that th t' co r r ..c t ha r m on ic: haa bt-...n .... It'c ted . wh ic h rt'qul re-a a di p­
mt't t'r that I . able- to tun ... a t Il' a . t u pto 200 Mlh I . In ord.. r to avoid th la and
oac111at lo n o f tht' c ry.tal at ~7.6 MHz ( 3 rd ovt' rtont' I wh ic h haa al.o bt'''n ob­
a. r vt'd. th ... fo ll ow ln lil mod ifi cation . ar" r ...com m ...nd..d:

Incrt'a ...
Incre ...
Hf'duc t'

valu.. of C 32 to
va lut' of C 3-i to
valut' o f C 43 to

2'1 p F
12 pF

1 pF

T he coupllnll capac ito r to thi' ba " .. o r T 3 . hould bt' r l'd uce d from 3 pt' to 1 pt' .
Connt'c tlon Pt 16 II no lonll .. r co nnl'c t t'd to th hot ...nd of Ind uctan c p I. 18 but
to a coil tap 3 t u rn. fr om the co ld t'nd . It I. th n po . , lb l p to U.l' coaxl,,1 cablr
for tht' Int t'rcon nl'ctlon to 1"1 22 .
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Tb e aUinm t'nl of the local o.lJclUa tor module ia now m ad e by montto r-Ing the
ccnector cu r- r-ent of the .ublilt'quent .lJtaie a nd d e c reaetng Ihe co upl lng to th e
pre vi ou ••taie unti l the collecto r c u rre nt j Ulil t inc rea.e. when the o.cUl ator
co mmences ope ration.

Since II Is ne c eaea ry fo r the a ttt'llua tor fo r the 2 m tran.milte r to be locate d
a fter the r e la y . It I. ne c e ae e ry to c hec k the o peration of the r e l ay before t r an s ·
m llt ln i at h lih pow e r for the f1n t time be c a us e th e t r an s mit pow e r co uld othe r­
wi s p da mage tran IJ lato r T 2 .

8 . HEFER EN CES

(I) 10'. Wd n i llrtne r : A 28 Mll z - 432 Mll z Tranllm lt Conve rter with F ET Mlx l'r
v nr C OMMUNICAT IO NS 3 (1 971) . Edition 2. Pa gt>a 99 · 106

(2) K. Eichel: St r-Ipl lne 't' r a neve rte r fo r 7 0 e m
VHF CO MMUNICAT IONS 2 ( 197 0). Edition 4 . P a ge s 224·239
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(5) D. E. Sch m lt ae r : P r e quency MUl1lplieation with 111gh Spur-Ious
Sliflal Re j ectfcn
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AN INTEGRATED RE CEIVER SYST EM FOR AM, FM, SSB and CW

PART VI: POWER SUP P LY, AF -LOWPASS FILTER
AND S~M ETE R STAGES

by H. J . Franke, OK I PN

ThO:' followlni al1 1cl O:' d.. lcrib"l tilt" pow.. r l upp ly . AF·lowpa .. tilt to r and S­
m et e r- ..ta¥t.'1 of Ih.· !l MHz r-...c e Ive r fo r the AM, F M. SSH/cW medea. Thilll
rece iver i l mainly e qu t pped with modern com m unic ation ICI . The followlni
module e ha vl' a l r ..a dy b"l'n dO:'lIc r ibl"d:

SSB/ CW n - m odule with Ple .....y IC I OK 1 l' N 00 3 (II
Ca r r lt' r olc lllato r m odule OK 1 PN 002 ( 2)
AF·ampltrl t.'r with act Iv.. CW tiltl'r DK I PN 004 (3)
Input mccc tc wit h FM c trcun ( CA 3089 t: , ilK 1 PN 00 5 (oil.

Th.. foll ow in j a re Itill t o bt.' dt.'l criblOd :
A Ilmpl e AM-lt··modull' OK 1 PN 006 and - a. rec ommended by 0, E.Schmlltf'r,
OJ 4 He • a prlnl vd c t rc u u board with co nnecto r-s fo r aU modul... . wncn a ll
m odule e In' plug- it'd onto thl . m ain board . 11 II only · rw c e . lla ry for an e xt t.' r na l
conve rt e r- , S ·met"r, louds peake t-, I wltc hl'l a nd potemtcmet .. r l t o tn- c onn ...c t ed ,
a . wert .1 Ih .. power- Hn .. cable .

Th O:' deec r-tbed m odule OK I PN 007 c c m p r-teea I eompletely tonClpluled pcwe r
I r anl formf'r a nd thn·e vol t all t.' . tabl llzt' r cireu ltl for t he varioul voltlgt' . re­
qu1red by th e r ..ce tve r , F'Ul'1h"rm on' , It c om ps-Ieee an eeu ve low -pa l l fllt .. r
which provtde e I conl ldt-ra bl" Im pr ovemen t o f th e .I llnal - to - nolle r at io e epe ­
d a lly hI th .. AM a nd FM m od... . a l wt'll a l tw o S -mt'ter .taie l . A bl ock dl a ­
j r a m o f thO' wh o l.. 9 Mlt z rec ..Iver Iyat ..m Includln j all l'xtl'rnal c onn ..c t lon. I.
i 1v.. n In Fliurl" 1.

I . CI RC UIT DET AI LS

T lie c i rc u it dlairam o f th.. pow.. r a upp ly . At' low-pal . t111l"r and S -mt.'tl"r
IIta i". I . j l vl'll In "' l ilIn' 2 .

1.1 . I'OWI-: It SUI'I'I.Y

The e nca plu l..d powt"r Iran lforml'r 11 on ly 47. 5 mm by 36 mm by 25 mm hlih .
II peovtdee a n output voltajl" o f 24 V ...i\th c cnt r-e- tap ( 5 VA I . Thl . volta g'" II
rl"c ti tl ..d In pu .h .pul1 10 th ai approxim at .. ly 14 V II av.llable a t the ru t .. r ca­
pa citor a t full load. With the low loadln j of the t-ee e Ive r, th .. volta il' a t the
fUt .. r c a pac ito r a m ount. 10 a pp r o xlmal .. ly l !l V. u nde r non- load ccu dn to n a , thl l
w11l Inc r ... I .. 10 .pproxlmal .. ly 201 V. T hl. m ..a n. that Ih.. rutcr c a pac ito r C 701
rnu st b... at I"a lt a 25 V type ,

Th r ...e vo lt a i t' I t a lll117:l'r c i rc u it. are provtd..d , Thl' out put vcnage of thf' Int.. ­
i r a ted voltage I ta b Ul z .. r I 70 1 c a n be a dJu llt t' d with tht' aid or th... voltait' dl vtde r
com p rlalni rt' ll ltorl It 703 /H 704 . Thll vol la g.. II requf red for Ih e o.c illato ra
o f th e r ..c etve r and will amount t o 6 V If the com pone nt va lue . i lvt' n 1n th e
c l r<'u lt dl ai ram are u l ed, Thl . output can b.. . horl-clrcultf'd ....,It hout damalle .
Cu rrent Iim ltlnll en eu .... . that on ly 60 rnA can be takt'n from th e output. The
ou tput volta i t· o f the tw o, s tm p te vol ta ge . t a bl l1zt' r c l rcu ltl com p r ilin i a en.. r
diode and pa ' l tran .l.tor c a n be va rl ..d by 'l' lt.'c t lon o f t h l' approprlat t' zO'nll!r
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dlod... The vol tage ot th .. di od .. IIhould be se lected 110 that It 18 0 . 7 V higher
th a n the r equired output voltage. Both of tht'lIt' ct r e u tt e can be loaded to a
maximum ot 100 mA H the palill t r ari lli litorll a re prcvtced with cooling ti nll.

T he sta biliz e r circuit compr-ietng T 702/n 704 i ll adjullted to 6 V a nd 18 ulled
to feed all J> le lilley t nteg reted ci rcuits . The s tabilizer circuit comprising
T 701 / 0 703 p r-ovtdes 12 V tor all other stagel. During ba ttery o peration ot
th e r ec e ive r , it Is ne c eaea ry for the lallt vo ltage l:ItablUz('r ci rcuit to be br ldged,
since the ba t t e ry vo ltage could fa ll be low 14 V a nd m eane th a t th i . s tabilizer
ci rcuit wUI no longer opt' ra t t' . T he battt'ry encutd be connect..d to connection
poi nt I't 713. Durin g po we r-Une oper-attcn , a small batte ry can be c ha rg..d via
a dr-o ppe r- re,ill tor fr om th l ll ccneecuon.

Fig, 3:
Fr equency response
or the AF tow -pass
filter

,

-~

•

-

- ~

~

1*''''(1111

" .-

­••

1, 2 . AF-LOW-PASS FILTER

The et eep, ac tive lo w-pallll filt er ccm pr-taee two filt('r. of :I li n k. eac h a nd III
d im enstcned as desc r-Ibed in (5) . T he cut -off fr equ en c y a mount. to 2 kHz an d
the a n e nua t tcn pole 18 a t 6 kHz . f ' li\lre 3 ,Ivel th l' tr-eq cency r e apon ee ot thi s
t1Iter , A. ca n be seen In th h cl rc uU diagram . th e active tllt t>r Is di r ect ly con ­
nected t o 12 V on the PC -board. At Ih h ope rating vo ltage, the maximum At'
Inpu t vol tage i. 7 V peak -to -pea k. o r a pproximately 2.5 V HMS. In the c ase ot
the 9 Mll z receive r , th e AF- volta ge on ly amounts to a pproximately 10 to 20 mY,
In o rde r no t to Umlt the 8ulta ble Af' out put a m plifie r by the low .en.Uivlty
a nd In o rder to avoid an emtt te r foll owe r at th e out put , a n ampli rie r s tage ha a
been pj-c vtded a l th e o ut pu t of the filter . The em it te r rt'aill tor of 33 0 n can be
Inc r ea lied o r dec reaeec acco rding 10 th e n·qul rt>d ou tput vo ltagt>,
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A. ee n be eeen In the bloc k dl., ram , the A F lo -pa•• ftl tt'r 1. ~.rtl'c tl v t' In all
mooe e. It I. u. l'd to s uppr-••• all no l.e volt. ge hc ee frequl'ncl ~·••r-e In ex-
ee•• of . pp ro J:imately 2.5 kil t . In the SS H m oo t' , .uch notee I. It·nt' rll t ..d In
the .... Ide band Inteara-ted ampllneu . u"b.t"qulmt to the c ry.tal rHt t'r . A tll. Ho rl nE
of the f requency re .pon•• I. eal r t'mely nec.....a1·y In th e FM mod~' et nc e the
nol . ... vo ll.,e. a prea r ina . n e r dem odulatlon are not dl.t rlbuted hom OIll'n t'ou . ly
but (nc re. ae tow ard. hlehe r fr equ ...nc le• . In th e AM moot' , 11 i. polllblt' that
Ih ... At' low ~pa ll fUt l'r .... UI m akt' ••pt>cl.l AM c ry. t.1 tUte r unn ec e••ary .t
lea .1 with re epeet to th e .t'n.IUvlty thre .hold. Itcw eve e, If an optimum ot .d­
jac ent .t'It'ctivit y t. r e qutr-ed , It w1l1 be nec e ••ary for. cry.t. l rHtl' r to be
u se d,

1. 3 . S - METE R STAG ES

St' ver.1 volt.it'•• re ava nabll' In th e s-ec .. Iver that a rt· depend e- m on th t· fi .. ld
. t rena:th. Tw o of these a re u.t'd and proc .....~·d .0 that th ey a rt' .ultablt· for
drivln, an s - mete e .

The Inlea rlted circuit CA 3089 E In module nx I I'N 005 provide. a cu r- r ent
for an S-met f'r a. ahown In fo' laurt' 2 of ( -I). Thi. cu r rent c.n be r-ead off in
th e ranit' o f 80 dB, and th la r an , e c . n be e xten ded wnen the conve rter la alao
controll ed f ro m con nection I' t 509. A vol tage la Ill·nerll.tt"d ac r -oae r e . l ato r R 710
from thla c ur r e nt which I. ted to a Oa rI1na:ton . clrcu lt com p rblna tr.nal" tora
T 704 end T 70 5. The meter i. connected between t he cpe r-a ting volt.at' ot 6 V
.nd connection Pt 707. The qcteecent cu r-rent of modul e OK I I' N 005 will not
be Indic.tl'd .Inc e Ih e volt.,,, ac eo •• R 710 mu.t tlratly exceed the tllrt·.hold
volt. , t' ot t he tw o - ba s e l'm ltter p.th•. The indic. tlon .... 111 Inc re••" from thi .
Ihre.hold .... Uh Inc r e•• In, . t,n.1 up to. m.J:imum v.lue det e r mtned by re a iat o r
R 711. The i lven va lue la on ly vettd tor a mete r h. vln a a tull .c.le eenecucn
ot 1 rnA . Itow eve s- , any mete r can be u. ed a. lona a. re.l.tor It 7 11 I. co r ­
r e . pondlna ly .... Iect ed .0 th .t tull · . ca ll' deflection I. ob talned . t t he maximum
. Ian al 10 be e xpeet ed.

Virtu ally th e . amt> I. va lid to r th e 55H s-mete e errcuu , Tilt' P te .....y-Intea r. ted
ci rcuit. provld t' . cont r ol vol t.,t' be tween 2.0 V and . pprox1ma tt'1y -1.4 Y wit h
• cent r-o! r . nat' ot .ppro.1mately 130 dB. The blaa voltaae of 2 Y I••upprt'.at'd
by four diode path. ( 0705 to 0 707 end T 703 ). Rt' . l at or R 709 I••elected
10 th .t tu ll .cal t!' de fl ect ten II achieved a t an input volt.,,,, of 4. 4 Y. Thla
cc r-reeponde to an RF' voltaae of lit le ••t 10 mY lit th e Input (I't 502 I of
module OK 1 P N 005 . Tht. inform ation wa l alvt'n In a n application ah t·..t pub ­
1I.hed by I' l e ••ey , but It wa a found th.t four d lod.. p.th. .... t' re ne(>t'••ary Inlllt'ad
of Iht' , iven thre l' . lnce the Ihre .hold voltaae wa. approxlmatt'ly 0. 5 Y .t the
vt>ry low ba ." cu r r ent.

In cont raat to . everal publicltlon. r"'lardini tht> I' le .....y Inlt'arlted c1rcult1 ,
11 II nol pollible for the .eale o f th t!' S- mt' l r 10 bl' dlvidt"d linea rly In dB.
Th... lo we r 60 dB a rl' further .~rt th. n th t!' upp... r 60 dB. T hl. m ean . that a
cali brat ed attenu.tor I. nl' c e a•• ry fo r calibration. T hl' " Ple .....y-S. ml'tt' r" ha.
th t!' di aadvan tale th at th e Indlcatlon doe . nol folio.... nuctuatlona of th t' fit'ld
. t r t!'nJth contlnuou.ly du e 10 Ihe . pt>c1.1 tim ... con.lant. or th t! cont rol voUaae
Ie S L 62 1. T hl . m ean . th .t th t' fo'M S·ml't t> r . houl d bt!' UIl' d fo r tun lna . nd fo r
adju .t1n, th t!' a nt t> nn. di r eetlon. T h... pl.....ey S-m ...tl'r can al.o b... u . t'd fo r F M
and AM tr the ca r rlt' r o.cUlato r 1. awltched on wht'n II t. dl'a lrt'd to r t'ad off
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F ig. 4 : Component locati ons on PC-board OK I PN 007

the li,nll I t r t'nith. For- thi s purpo s e It I. po ••Ible to r th e S Am ple r c hanie-OVt' r
s witch to be provided with a f\Irt hl'r contac t. Howe ver-, It 1. ve ry ult'(ul tor
tw o S -m"te r . to be Inst alled; th e PM Se m e te r- can then be • c hee p meter with ­
out cal1br a tlon.

2. COMP ONE NT DETAILS

T 701 , T 702 : 2 N 161 3 , 2 N 221 9 or s im ila r a llic on Iran.l ltorl In TO S case ,
T 70 3 to T 708; T 710, T 7 11: He 108 R o r 8im ll a r IlI lcon AF-tranahtorl

with U min . 100
T 7011: HC 213 , 2 N 2907 or sim ila r a ll icon I' NI' tran sl ator

1 70 1: SG 72 3 C ( Silicon General) o r l:' qu lva le nt

D 701 , D 702: 1 N 400 1 to 1 N 4007 o r . lm ll a r reclltler diode
D 70 3: UZY 8~ /C 13 o r a lm lla r 13 V aene e di ode
D 704 : UZY 8S/ C6V8 o r a lm ilar 6 .8 V eene r- diode
D 70S to 0 707 : I N 9 14 , 1 N 4148 o r any a ilicon di ode

Tran atorm lPr: TFO 468 /012 - 0 1 - N2 ( avall. bllP t rom th e publ18hO!r. I

C 701: IOOJ.lfo' o r 220 J.l F j 25 V

AU e the r- l!' 1l!'ct rol)' tlca : T antaUum drop -typeR, 16 V

C 70~, C 707 - C 713 : Styrofil!'ll. ca paelton. o r If not avaUabll!'
ce r amtc dl ac t YJ>t'R.

AU r ealat o n: For 10 mm apac lni .

I 13 -ptn connec to r-
3 cool1ni tina tor TO S
2 brac kto t a 10 mm ll. 10 m m .r. 10 rom .
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Flg.5 : Photograph 01 a pr ototype module OK 1 PN 007

3. CONSTItU CTION
The c i rcui t gi ve n in fo'ii\l r t' 2 ill accom moda ted on a II l nglt'-coat~d P C -bo a r d
wnc e e d im t' nlllonll art" 98 mm x 72 rnm , Thi ll m e a n a t ha t this modul e h a ll the
lI.m t.' dimensions a ll a TEKO box IIlz t' 3. Althou gh t h i s m odu le Is 1I0t enctc eed
In a TEKoO box. U III o f th e same e tmenetcne as the ot he r- modul e s o r th e
9 MHz recetve r. F l iU r e 4 give II the com po nent lo c a tion II o f th e P C -boa r d wh ic h
ha " been de lli gna t e d OK I PN 00 7 . T he a r ea enclo s e d by th e d ashed li ne II e houId
be c ut out 110 that th e 13 p in connector can b.. m ount e-d . Th e connector e nd of
the PC -board Is then m ounte d on th e challllill whe r- e th~' c t twr ha lt of the con­
nector hall been mou nted , an d can be fi xe d w it h t wo br-ec ke t a, F i i\lr t' 5 anowe
a ph ot ograph o f Ihe a utho r 's p r ot ot yp...
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PHASE -LOCKED OSCILLATOR FOR 144 MHz

by J . x eeuer, OK 1 OF

A phase-locked oscillator II to be desc r-ibed whic h ha s been dellgned ss local
ollclllator m od ule for 2 m tran am itte r s a nd r ec e ivers . It Is poee tbl e , fo r In­
s tance . tor the ph a se - locke d oacillator to be used In a multi- mode t r en ece tve r
whe r e It Is fed from a m ulti-chsnnel fr equ ency sy nthesize r with eithe r 10 kllz
or 25 kHz channel-spaclni in th e FM m ode , o r trom a VFO In a ll ot he r modes.

I. COMPA RISO N OF TH E METHODS FOR OBT AINING
TH E REQ UIR ED LOCAL OSCI LLATOR F REQUENC Y

It ha s been found th at It II fa r superio r to use a s lngle-conv(>ulon principle
In the co nstruction of amateur SSB equipm ent fo r 2 m. This ha s le d to con­
side rable a dvantages ove r the ea rUe r m ethod of using s shortwave station
t oge th er with th e a pp ro pria te t r-aneve r-te r-e , It is polli ble In th is manne r to
eas ily ob tai n a highe r s uppression of s purious signals than would be case with
double o r t riple conve rsion si nce only om,' single oscillator Is used, For this
reason. ta r leas unwan t ed co nve rsion products can be form ed f rom th e funda ­
m en ta l wa ve and ha r m oni c s of the signal . and local oscillator I r-equenc le s. The
la rge-lIlgnal ca pa blllUtos o f the re ce lve r- are also Im proved si nce the main se­
lectivity of the unit ( c rystal tIll p r I Is pla ced direc t ly afte r tht, single mixer
used.

Since the Inte rmediate f requency ot a s ingle -conversion s upe rhet Is fixed
( c rystal ru ter l , but thp ope rating fr-eque ncy Is to be va riable with in th e 2 m
band, It II ne ce asa ry fo r th e local oscillato r fr equency to be also va riable .
The r equtr-ed loc al oacillato r s ignal can be ob tained using one ot m e three
prlnciplu de scribed be low :

The va riable fre quency oscillator ( V FO ) oec t ll a te e a t a hal f, qua rter o r a
s ixth of the r equired local olclllator fr equency and Is su bsequently mu l tiplied
( as in the Braun SE 600 ).

The VFO t r equency Is m illed wi th a c rystal -con t rolled oscUlato r s ig nal I e. g.
OJ 5 HO, DC 6 HL l .

The r equired loc a l osc Ulato r fr equency Is ob tai ned us in g a phase-loc ked system
wher-e the oscllisto r operates a t th e requi red I r-equ en cy ,

It is a b o poa etbte for com binations of the a bove m ethod l to be used , tor In­
stanc e , sa In the BO -cha nnel sy nthesher de sc ri bed by OK 1 OF .

The fi rs t of th e a bove principle s prov ides an excenent auppresslon ot spu rious
s ignals but pla ces grea t demand s on the frequency s tability of the V10'0. whos e
drift wIll be multiplied togethe r- with th e I lgnal. With th e s econd version. th e re
11 a danie r ot produ cini unwant ed eonve r-eton pr od ucts . T his m eans tha t a
conekde r-a ble a mount of fUte r lng Is r e qu ired In orde r to ensure that on ly the
requ ired Ilgna l la obta ined f ro m th e s pectrum produced du ring ea ch conve rsion
proce ss •
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Th~ above pro bh'ml are avcdded If the phale-Ioc ked cecutetor prin ciple i l uee d.
The Ir-equency l iability of, phaae e lc cked cectnstor 111I only deteem tned by that
of th e VFO which can ope r-ate at a r e lative ly low Ir-equency , A high r ej ection
ot s pur-Ioue Ilgnala can be achieved when th f' oacUl ator i lll ca refully cene truc ted.

2. OPERAT ION OF A PHASE-LOCKED OSCILLATOR

lo' lgtlre I glvea the biock diag ram of a pha s e -Joe ked olcUialo r. Thl l circuit
Ulel a pha ee- Icc ked loop ( PLL I. A voltall e-conl rolled olc Uiator ( VCO) c per ­
a iel a t the requi r ed f requency r ( r equ i r ed local olcUiato r ree qa en ey I, which
mea ns th at a high Bupp rellliion ot II pUrlOUI wave a II llUarant eed. The fre quency
sta bili ty of this oscillator 111I not of Im po rtance e'lnce It "l Ui be Iync hronized
conttnucuely with the a id ot a va ractor d iod e . It i l only nt'ce lll lllary tor the drift
to be kept low en ough 110 that the VCO doe e not leave th e hold ranlle ot th e pne ee­
co ntrol ci rcuit. T he Ilgnal gene rated by th e VCO II ted to a mi ller I tllge and
co nve rted with the aid of a crystlll~cont rolled algnal fq to a conlll ide rably lower
f r-equency . Due to th e relatively low dUrt'ren c t' in . Ir-eqvency betwe en the veo
and cryltal Ir-e quency, thll wi ll caUle no p ro blema and a slm pl t' m i ller ca n be
veed.

I
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Fig. I : Block diagram of a ph ase-locked oscillato r

Tht' freque ncy dHte rence II the n Ied via a etmple lcw- paee t lIt e r to the phil If'
com pa rato r whe r e It 11 compa red to the VIo'O signa L If both t reqa en cie e cotn­
ctde , a DC- volta ge will appea r at t he output of the com pa rato r that 11 prc por -.
tlonal to the phase di tferen cf' between both Input aignala, Th l l DC~volta ge II
t t'd via an ecttve rute e , and will cont rol the veo with the a id ot a varactor
diode 10 t hat the phale anglt' betw een th e VFO and trequency dUteren cf' rl:'m ain l
cone tant , Th l l r e l u lt a in a com plete f r-eque ncy control circuit. In o r der to en­
lure th a t th e cont rol crrcu n r em ain I atable ( e. g. that no olcUlationl o f the
cont rol voltage occur 1 ce rtain demand I are placed on the trf'qu f'ncy ees ponee
of the whole aYlltem . T heae demands are aa tl'tled by the ac ti ve t1Ite r on which
th e dyna mic beh a viou r o f th f' pha ' t' -I ock t'd Olllcilla to r II m a inly de pendent . Tht'
th eo ry and m athematic relationllhlpa of PLL _ cr rcu ne a re not to be expla in ed
he r e . Howe ve r- , turt he r deta UI we r t" IIlven In rerere ncee ( I ) to (4) .
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AI hal already been menrtoned , t he pha l e an i le between the VFO a nd the dl rre r ­
ence fr"quency r ema ln l conlta nt In th e pha l e-Iocked m ode . Ho..... ever. e tnce the
frt.'que ncy d iffe rence o f t....o oldUaHona II i ene raUy e qua l to th e tim e d.. r tva u ve
of th e phale-dlrrerenc e , It i a necel.a ry fo r th.. t ....o tr..quen c le . fed to the pha . e
com pareto r to be exact ly equal. Thl . m ..a n. tha t the eyet e m ..... ill not exhlb tl
a ny r " l ld ua l cenrect difference . T hl l I. on e of th l!' i r l!'at advaotail!' . o f the PLL­
techno logy when com pa r ed to fre quen cy cont rol d rcuUI u.lni Ie equen cy dte ­
c rimina tor••

The re i. Ul uaUy a very la r ll" de viation betwe e n the re quired a nd actual t re ­
qul'ncy of the veo d i rl'c tly a jt e r e wItc hlnl on that II not within the hol d r a nle
of the pha l e -con t r ol c i rcuit. T hi l m ean l tha t lt II ne Ct' I • • ry for eo me m ean l
to be prcvlde d .0 Itat the veo 11 broulht lnto th t' vicinity of the r equ ired fre ­
que ncy . Up ti ll now. olc il lato r e w e r e ueed that wes-e s we pt cve r Ihe trequ t'ncy
ranit' ot tn te reet unti l th t'y loc ked In. Pha . e · d l l crlm lna to n . re no w avatl.ble
th. t o pe ea r.. a. f rt'qut'ncy d l l c r lmlnato n ....h l"n la r l e devia t io nI o f th l" reequee e y
.re pr-eaent , They e r e .utom. tlca lly . .... Itched to the pha . e-compar. to r mode a a
.oon •• th l" fr equt'nc y dlfft' r l"nc t' I. _u rnc lt'nt ly am . ll. In th la m .nnt'r . it I.
poallbh.' for tht' lockln l r .nle o f t he cont rol c i rcuit to be d lm enaloned 10 that
11 II t'qual to the hold r .ngt' .

Suc h ph••e-detectc r-e I r e now . va lla ble al In tell r l ted c r rc un • . T h t' m Olt ..... t'11·
kno .....n typt'l are the Moto rola type Me 4044 1 fo r T T L - .lin.ta 1 . nd RCA ty pe
CD 404 6 ( MOS tec hno lo iY ). The appr-opt-let e appli cation eheet e Ilvt' du Mhe r
det a Ua a l to the o pe r a tion a nd . ppllcatlo n. o f the ae d r culta .

3. DESIG N O F A PHAS E · LO CK ED OSCILI.ATOR ~'OR THE 2 m BAND

It ha a bee n found that It II favou rable fo r p r. ctical operatio n .....hen the 2 m b.nd
from 144 Milt 10 148 Mlh I. d ivided Into t' laht ban d. ot a pproximately 500 klh
t'.ch . It II t rue th. t It II eae ter to tune o ve r the b.nd In on e r a nge. but etnce
Ilm pielt op .. retlen II u.ually m ad.. In r . I.Uvt'ly n. r r o.... por-uone ot the ba nd .
It II fe lt tha i th e frequenc y .ccu r.cy a nd band.pread II be t re r- .... hen I t' ve r . t
rangel . r t' ueed. 'i'\I rt ht' nno r e, it would b. po l al bl . for th e Iowe r pa rt of the
band to b. ccve r ..d ..... lt h the .Id of the V!" O • ....he r-.... th e upp.. r po rtion could
be ccves-ed with a multi-chann e l lyntht'l lz e r .

3. 1. SE LECT IO N OF T HE fo'R EQ UE NCIES FOR V!''O
AND C RYST AL-CO NT ROLL ED OSCILLATOR

In o rder to o bta In I . u tr lc1 t'n t ly . ta bl t' VFO witho ut a ny ext r e m e m ea . ure . bt'lnl
reqc t r- ed, It l a advl lable for it to o.c Ula te In the o r de r o f 5 MHz. Th i . t re­
quency r .n i t' ha l been u. ..d to r p revlou .ly publl . hed cone e pt . e uc n a l DC 6 HL .
Any ha r mon ic a ( 28 th hann onlc J of tbe VFO fr-equency that rau Int o rne tre ­
quenc y rao l " ot Inte r est ..... UI be 10 weak that th t'y w111 be below the nc tee le vel
If the r eceive r II conat ruc ted ca re fu ll y . Att entIon ahould be pa id that the har ·
mon ic . o f th e c ryata l -con t roll t'd olcUIa to rl do not fa ll Into the r ece ive o r
lm. ,t'- f requ t'ncy rani e a nd that no hannon lc . ot the VFO taU In th e IF ~ranae.

T he follo.... ini frequency plan I. recom mend.d to r .n Int ermediate fre quen cy o r
9 MHz ( a ll de ta Ua In MHz I:
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Ope r a Un l O ac Ui at or Cryatal Cryatal VFO
Frequen c y Rangt' Jo' r equt'nc Y

144 .0 144.6 136 . 0 136.6 130.0 66. 00 , .u s. ,
144 . 6 146 .0 136 . 6 136. 0 130.6 66.25 , . u ,.,
145.0 145 . 5 136 .0 136 . 5 13 1. 0 6 5 , 50 ,.. ,.,
145.5 146. 0 136 . 5 137.0 131. 5 65 , 76 ,.. ,.,
146 .0 146 . 5 137.0 137. 5 132. 0 66. 0 0 , . o ,.,
146 . 5 147 ,0 137 . 5 138 .0 132 . 5 66.25 5. o s. ,
147 .0 147 . 5 138.0 138 . 6 133.0 66.50 ,.. e. ,
147 .5 148 .0 138 . 5 139.0 133. 5 66 . 75 ,.. ..,
If a n int erme d lat. Ir-e qu en c y o f 10 . 7 Mliz I. to be used, It la not poa.ible fo r
th e VF O to be c pe r-ated In th e r an l e o f 5. 0 to 6.5 Mll z alnce the eecond ha r ­
m on ic o f 10 MH z to I I Mll z wu t fa U into th l a IF-ran l e. In Ih ia callt' . a VFO
frequency o f 4.0 to 4 . 5 MH z ahould be uaed. Thla r nu lt l In th e follo wln, rre ­
quency pl a n :

Op e r&Un, Prequenc y Oa cUiator Ra n l e Cryllta l F'r-equency Crysla l

144 .0 144 . 6 133 . 3 133 .8 129 . J 64 . 65
144 . 5 H5 .0 133.8 134 . 3 129.8 6 4.90
145 .0 146. 5 134 . 3 134. 8 130 . 3 65 . U
145.5 146 . 0 134 .8 135. 3 130.8 6 5.40
146 .0 146 . 5 135. 3 135 . 8 131. 3 65 . 65
146 .5 147 .0 135 .8 136 . 3 132 . 3 66.1 5
147 . 0 147. 5 136 . 3 136.8 132. 3 66 .1 5
147 . 5 148 .0 136 .8 137.3 132. 8 66 .40

Further detaU I rt' iard lng th e VFO ar", not to be a:lv t'n he r e at nc e a lu fficl t' nt
num be e o f d eta Ut'd deec rfpt io ne ha v. a lready been pu btl l he d . e . I. In (4) . Any
variable olc m a tor can be ua ed Ih a t i l a blf' to p r-ov ide 100 m V Into 50 n. It can
be tuned wit h a varactor d iod e or va riable capac ito r.

A mult l-chann",l Iynth"'ah.e r la to be delc rlbt'd In o n", of the ne xt edilion a o f
VHF CO MMUNiC AT IO NS thaI all owa the rlnll t' o f 4.0 to 4 . 5 Mll lI to be cove r e d
In et e pe o f eith e r 10 klh o r 25 kllz . Such a n oac Uiato r can be u sed tOIlt'th t'r
with th e ph a l e -I o ckt'd ollc illato r In ltnd o f the VFO. Thl l will aU ow an 80­
c ha nnel olc lUa to r to be obta lnt'd wit h 25 kH z II paclna:. e . I . fo r Eu rope o r a
400-ch an nel olcUlator in the caat' o f 10 kil t apaclna a t 144 Mll:t to 148 MHz in
tne caae of North Am eric a . Th e Intermed ia te fre qut"nc y ia 10 . 7 MHz In both
caaea.

Of eou r-ee, It wou ld atao be pollible fo r a Iynt hel illt"r to be p r-ovide d th aI ccve s-e
the rln le o f 5 . 0 to 5.5 MHZ In 5 kllz atepa. Hcw e ve r- , thla wou ld only be ne ..ded
for non -F M operation and e tne e no c ha nnel apaclnga ne ve be en agrl'ed fo r the ee
mode l. It la atU I too e e r -ly to c o m mence suc h opt- ra t io n.

3.2 . C IRCUIT DESCRIPTION

The c i rcu it di a a ram o f th t' ph a af' - Iockl'd olcUIa tor I. Ilvl'n in Jo'1 lU r t' 2. T he
ci rcult II d e a lan ed for UI'" with fou r c ryltal-controlled olcUiaton a nd the re ­
quired oacUiato r II ael",c ted by Irou nd in, poi nt I PI 101 to Pt 104 with the a id
of a e wnc n. Th", com mon dra in ci rc uit can be tun..d with th.. vs r-a cto r- diode
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Fig. 2 : Clrcu.1t diagram of a phase- Iocked olclllator
for 2 m
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D 101 a nd the re qu i red tun ing vo ltage ( P t 105 ) II etse IIwltched with the &arne
ew tt ch all befo r e. The e ubae quent It-e qu en cy do ub le r I tage equi ppe d with tranl·
tat or T 105 18 con nec ted to th e drain ci rcui t via a n ind uctive voltage divid e r.

Th e dtffe r-enc e betw e en the c ry et al - ccntr-olj e d .ignal a nd the VCO f requ e nc y I.
torm ed in the mixe r T 106 . The VCO ccm p rteea t r an etetor T 108 a nd tht· r-e­
so nant ct rcutt L 104 wh ich II tuned with the varacto r diode D 102. T he veo
t r equency I. fe d via the buffe r T 107 to the m lxe r- a nd v ia th e buffer T 109 to
the o ut put ot the phas e - locked olcUlato r.

The d Hte renc e t r-eqae ncy signal gene rated In m ix er T 106 la fe d v ia .IT-type
lowpa a a tilter to the pu ltle - ahaper equipped with tran a l ltor T 141. The output
capaci ta nc e ot the l'f -lin k II pa rt ially formed by th e in put cepacrtence ot t r an a ­
Ietor T 14 1. wh ich the n reed s the pha a e de tector 114 1. The re fere nce t re que ncy
t rom the VFO la fed via co nnection Pt 142 an d an Ide ntical pul s e -aha pe r Iltage
( T 142 I to the r ere rence input ot t he ph a . e discrimina tor, Th e r equire d ope r­
ating volt ag e o f 5 V ia pro vided by a n integ rated voltag~' etebntee r I 142 ( TO 5
caee with thre e co nnect io n I ) .

The o ut put l ignal ot the phe s e e com pa r-ato r- Is pa eeed via a et rnpl e RC - lowpaa a
ruter to the twc - et e ge eoure e- rcncwe r com prialng tran . lItora T 14 3 a nd T 144 ,
Th.... e tw o I ta gel! Increa le th e DC - volta ge le ve l by a pp rox im a tely 5 V a. th e
output vo lt a ge ot I 141 ta only In th e range o f 0 to 2 V. Th t& a llow. th e aub­
ee qu ent ope rat tonat amplif ier I 14 3 to o pe rate In Itl moat o ptimum workin g
range : Input vo lt age a pp roa. equ al to halt the o pe r-at lng voltage. Th e non- In vert­
Ing input o f I 14 3 III connec ted to a ccne tan t volta ge provide d wlth th e a id ot
aene r- diode 0 141. Th e required a e ne r- vo lt age depends on th e pin ch -off voltage
of tranaiBtora T 14 3 and T 144 , but II moat ce rtain ly with in the r an ge between
3. 9 V and 8. 2 V. Further detalll regarding thi. are given In Sec lion 6,

The RC·network co m p r ia ing R 155. C I SO. a nd C 151 pro vided In th e fe t'd bac k
link ot th e a nalo g amplltier I 143 de te rmtne e th e Ir-equ en cy re s po nee o f th e
act tve tUter; the glvt'n va lue. we r-e tound ex pe rimentally . Th e s ho rt - tim ... phase
s ta bll lty ot the phas e -locked oscillator la mainl y de pendent on the r atio betw e en
the phe ee-com pe rsto r [r-e que rtcy ( VFO frequency) and cu t-o rr Ir-equency o f the
actfve low -pa lll lUt er . Thll ratio Il. m ou ntl to approximately 10000 In the glv~'n

circuit whi ch m eans that only a very low a tdebe nd no l le III to be expect ed . The
cur -c rt frequency ot the lowpa s . lUter alao determine e the lock -in time ( untU
s y nc h ron iz a tion take l place) wlth a gtven fr equen cy Jump ( e . g . when . witch lne
the c ry s tal. I. In the cale c t a frequenc y Jum p o f 1 MII ~. the time taken untU
s y nc h ronization occ ur-s a mountl to a pproximately 10 m a.

The output voltage o f the active tilter cont rol I th e Ir-e qa en c y ot th e VCO with
the a id o f th e varactor diode 0 102 . This voltage i l a va Uable ex te r nally at con­
nection Pt 143 tor aUiJUTlent and m onitorlne pu r-poee••

4 . COMPONENT DETAILS

T 101 - T 104:
T 105 :
TI06 ·Tl09 :
T 141. T 142 :
T 143, T 144:

OF 245 A ( T I I, W 24 5 A ( SUlconl x I or limU a r fo'ET
BF 224
OF 24' A o r l imlla r
2 N 70 9, 2 N 9 14. DSY 18 o r simil a r fa it I w ltc hi ng tran l isto u
8fo' 24 5 e o r I lmllar
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0101 , 0102: MV 1622 ( Motorola ), 8A U9/6V2 ( AEG-Teld\ln ken )
BA 110 or IlmUn ( approx. 9 pF/2 V J

01 4 1: Ze ner d iode of the BZY 6!1 or HZX !I!I aE' rlel or almUar,
valuE' 1t'E' text .

I loll : Me 4044 P ( Mot or ol a )
I 14 2: LM 309 H ( National Semtccnductcr ] or SG 309 II ( Silicon oene ret J
1143: 741 CN ( varioul manu facturen) or TUA 221 B (Slemt"na)

Q 101 - Q IDol: HC -6 / U cryltals 101dt'l"t"d dlr..ctly to the board,
trt'qul-ncy: al-t' text.

C 104, C 117 . C 120, C 12!1: Ct'ramlc dllc t r-Imrne r-e 3 - 12 pF, 10 mm dla . ,
Or 3 - 13 p f''' 7 mm dla . • o r pla at tc toll
r r tm m e re 2 • 13 pF ( 7 mm dla. , yellcw ]

9 feed-through capacltorl of 2.2 nf" o r mere.

Capaclton eeicw 100 p F: Ce ramic tubular typ.... eeremte dl.c typE" ,
lpaelnl 7.!I mm.

SpacUlI !I mm for aU ether- capacitorl.

AU coli. a rt' wound wit h a rliht-hand thread on a 6 mm fo rm e r , and a rp .pIC­
. uppo r tlnl. They are woun d from I mm dla . ( 18 AWe) dlvpr- plat ..d copp.. r
wire, turna I paced approxtmatety I mm.

L 101 : 9 turn e , coil tap at 2 .7!1 tu r n l trom the cold end
L 102: 7 tus-ne , coli t a p at 0.7!1 tum. from the cold end
L 10 3: 7 tu rn a , coll tap a t 6.2!1 tu rn . from the cold end
L 104 : 8 turn s , lat tap at 1.7!1 tu m ., 2nd tap at 3.2S tu ene

from th e cold end
LIDS: 8 tum. , con tap at 3.2S tum l from th e cold end
L 106 : F e rrUt' wide ban d cho k.. wit h 6 ho le cor-e ( Ph UlplI )

A l pacing ot 15 mm II avaUable for aU r eil l to ra .

5 . CONS1 RUCTION

Tht' Ilnlle.coatt'd P C - boa.-d. OK I Of" Oil and 01 4 have been devefoped for
accomm odatln l the pha ae -lockt' d eectnetoe. Hoard OK 1 010' 011 accommodate.
the four c ryltal -controlh 'd olcm.ton and frequency dcubter-, the mixe r VCO
and bot h butfen ( F I,. 3 ) . The tw o pul ee aha pt' rl. the phaee- detector- and the
active rut er are ecccmmcdsted 1''"1 P C-board nx I OF 014 . The component 10­
ca Uon. art' ,iven In . ' Iru l"t" 4 . The photo,r~ ~h gtven In 1o'IJU rp 5 I how. th e
au tho r 'l prototype which uee .Ughtly dltft' rp n t P C - boarda . Th t' P C- board . a re
d tr-ectly .olde r ed to th t' Icreeni nl pant' l a . Th e ht' lght o f the Ic ret'nl nl pa nel.
around the edlea of tht' P C - board. I. approximatt'ly 30 mm. Hraa. pla te. o f
1 m m thtdtnt' a l wer-e u.ed for the prototype . T hl l t'nau rt'a a lJUfftch'ntly I ta bit'
conat ructlon. Art er com plt't1ng the alil"ment , It I. poa.ible- to .olde r- dou blt'­
coatt'd P C -board m att' r ia l In to place a l uppe r and lo we r ecve r ot tn e m odule,
AlL DC..volta,e ccnnect tcne I houl d be p rovided wlth ft'edt hroulh ca paclton ot
2 nF o r ,r",t"'r. The VFO Input ( Pt 142 ) and output o f the phue -Ioc ked oec u te­
to r ( Pt 107) are p ro vided wit h mtntature coaxial loc kl'ta o r low-capacitive
tt'edt h roul hl. Th... territ e choke- L 106 II mou nt ...d haIr-way up th ... Inte rmediate
pane l be t wt'en PI 108 and Pt 141. The aaml" II allo valid tor fl"t'dlh r oul h ca pa­
c itor C 124 .
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6 . A LI G NM E NT OF T II F. ! ' IIASF.· L OCK E D OSCI LI.AT OIt

T he a e ne t- diode U 141 a nd It. veil _iII!' dropp.. r r e l la lor II I S3 IIhould _tU I not
be in l tall ed al t hl . ttm e , The tnterecnnecnon be tw..en n IS6 a nd thl' ou t pu t o r
I 14 3 I. b roke n . Varact or di ode D 102 II prcvtde d with a "a d _ bll' bl.a voltaee
ot 0 - 10 V (po _!tive i round I via R I S6 . T h l _ I. {allowed by connecting the
o p",rat Ln, volt let' ( + 12 V I to Pt 106 a nd mealu rln, the t r ..qu..ncy of the v eo
at the out put of the module ( PI 107 I with th e a id o r a VII'" [r-e quen cy counter­
o r calib r a ted recetve e. Th . requ ire d oaeiUa to r Ir eque ncy rana . ( S . e Sect , 3 . I . )
can be a dj ua t.d with the aid o f t rfrnme r capac llor e 12 0. Thf' t un ina voltaall'
aho uld th en be tn th e ranat' of 5 • 8 V. F in al ly , th e output eircul t comp rlaina
e 125 la a ll ane d a l th e cen t re of lh t' band to r max . output .Ianal . The reaonan1
c i rcuit com pria ina L 103 / e 117 ia allgnf'd by m .....u r i na t hf' voltaal' drop acro..
the Im pedan c e or th. mlu r t r.nalator ( R 108) . Trimm.r capacUo r C 117
. ho u ld b. adju'1f'd .0 lhal a n Inc r ..a,. of tlit' dra in cu r-r-ent or T 106 by appro•.
I • 2';' can be o ba e rv..d In the centre of the veo ranat'.
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F'ig. 5: Author' s prototype of the phas e- loc ked osc ill ator
co mpris ing modu les DK 1 OF 011 and 014

Thl. 1111 renewed by allifll ng the Ir-equencfe e of the c rysta l c s ctueto r e . A var­
Ie ble bla. voltage of 0 to ... 12 V I. fed via a dropper re. l.tor of 1 k n to diode
D 10 1. and one of the point. Pt 1.01 to P t 104 ia g rou nded via a mA - meh · r . Th e
bl• • volt.ge a t Pt 105 1. now adju s ted fo r maKimum current reading; this Is
ca r ried out one ene r [h e ot he r ror all rour c ec u te to ee , The Indiv idual vc lta ge
v.lu@s at connection Pt 105 a re not ed; Four III wHc ha ble voltage dividers o r ad ­
ju.tmrnt potentiometer. provide these voltaies In t he com plet ed uni t. T he values
. hould be In the o rde r- o f "'5 V and "'1 0 V. It necessary . L 10 1 or C 102 ca n be
.11ghtly al te red untU the given r ange I. obtained .

The ou t put circuit of th e Fr-equency doubler Is aligned wHh t he aid of t r im me r
C 104 . Th... c rl te r lon I . the R F voltage a t the coij ta p of L 102. It can be meae­
ur...d with a elm ple tell t ci r cuit com prtetng a ge rman tum diod e. d ilic c a pac ito r
and ",A· m et l:"r.
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Th~ VFO la now connec ted and tuned appJ"Qx1mat~ly to the ee nt ee o f Ita ranit' o
Pt 14<1 la th en connecte d to + 12 V and one of tht' four c ~atal·controUt'd OlcUla·
ton bJ"Queht Into opent lo n. Th e voltait' a t th e source of T 144 I hould be m eaa ­
ured wUh a voltme te r ha vtn i a r ani t' or +10 V. The chanctf'riatic ilvt'n In
F lfU r'e 6 lIho ul d be present o n va~ln i the bla a voltait' o f diode D 102. T hf'
voltait' valut' a t which tht' j um p t ak t' l pfece can be ah l ft ed by a wHchlni the
c~lta l oad Ualo ra and by va ~tn i th e Vf'O fr equt'ncy . The two vol tait'a VI a nd
U2 are de termin ed and the arithm t>t1cal mean velue UM la formed:

•

--- - - --,

FI8· 6 :
Volt age at the
source o r T 144

~~­.. 011I1

The dltrt'rt'nc t' betw een the ae two volta i e a { U2 • UI 1 . hould a mount to I PProX .
2 V. Th .. u ne r diode D 141 . ho uld I tabUiu a voltli e that la approx1mately
equal to VM ( + 0.5 V a re pennl . albl", 1. It II the re for", nect' .aa~ for I eu u­
able dt cde to b"; ae lected ; the fi ne .ll inmt'nt of thla vo l ta ie can be ca r rit'd out
with d ropper r u t lt or H 154 wh k h I hould be In the o r de r o f 0.5 to 10 kO .

Finally , R 157 ia reecnnected to th e output of I 14 3 a nd the tun ln i volta it· pre •
l e nt at point I"t 143 ahould amount to approx1m at t'l y :5 V a t the Icw e r end of
the band ( c~at . l 1 acH ve. Vt·O to lowut frt'qu t'n cy l ind approxl m a t t' ly 8 V
a t the upper 11mIt ( c ~ 11 a l 4, h lihnt VFO frequenc y I.

It II advtaabl e for a meteor to be pecvtded o n the fronl pa nel Iha t i nd lc a lea the
volta,t' pr-e ee nt al Pt 143 ao thai It la po. alble to monUor th e aync h ronll.l tlon.
Thl . II to avoid t r a n l mittln , o ut -o f -band a ho ul d one o f the critica l ecm pc ne nre
faU . Prof e i l ional t ranacelvt'rl pO. l t' a . a logic e r rcun for thla pu r poee Iha t dcee
nOI allow the t r an lm Ute r to be awttched on If tht' aync h ronh:a tlon ia not pre ee nt ,

7. PRACTICAL EXPERIENCE

Unfortunately. Ih .. author di d nol po.aeaa a ny precilion m t'aau r in, equlpm ("nt
In o r de r to e xa clly mea lure th e a ldeband noiae a nd aho n te nn drift ( JUt e r I.
Howe ve r, experlment a were mad.. with Ilm pl !!' me a aurin, equlpm ..nt wh ich la
no.... to be deec r-ibedr
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Tht" outp\lt .ienal of the pha.t"-Iock..d o'cUlalo r wa. m l ....d with a c ry.taI­
con lroll e d .I,,"al 10 that th. frf'QUI-nc)' d i((f'rlm c t" wa l a ud lb lt" wh en fl.'d to an
A..• amplltlf' r and loudepeake t-, A pl.'rftoctly clt"an ht"tt"rod)'nl.' wal au dlblt" dow n
to vt"ry low frtoqul.'ndt"1 of approdmalf'J)' 100 Hz . Thi. lhowl that th. r e lldu a!
frequenc)' d.vl.tlon I. well bt"low 10 li z, and ml.'ana th.at t h t" .ho M- tt" rm I ta ·
bUtt)' of Iht" df'Kribt"d o.clUator II mer-e l han IUfrl<:!t"nl t"VlPn for 558 and CW
opt'r.Uon.

Thf' tunlnl Umt'-conltant 1. mo.t cf'Malnly smaU .nouah fo r eu prllcUeaI opl.'r a­
lion. lt .... not polllbII.' to I.avt' .ynchronlzation t"vt'n _Ith Vl.'ry Mlpld Jumpl
of the Vt'O t un ln , .

A furth.r t'llpl.'rlm.nt aUo"l.'d the epeed of tht" cgntrol circuit to ee I.t'n mer-e
d.lrly. The Vt·o w•• frl.'qu ncy·modulatl.'d wi th tht" .Id o f a VlMlcto r d ladl.'
.nd me output lienal of tht' phA... ·locke d glcilt.tgr .... . mco neree on • "'M
r e c .. tve r, Th e control ci rcuit "'1' .bl .. to follow thl. modulation which ""1 r e ­
prodUCI'd pl-rrl-ctl)' wUh th.. t'llc.. ptlon of Igmt' Iiml ll ni o f the hlKht' r frf' qu t"ncl. l.
Th l l "HI'C'I can , ho weve e, corn penaa t ..d fo r by prt't'm ph ' lil In the modulatoj-,
Thl. proc.... could t he r efo r-...110 bt' used for p ractical cpe ret tcn .

T he d...cribf'd ph a ee -Icck..d olc Ul. to r fo rml Iht' ht' .rt or the luthgr' . 2 m
.t.tlon. No . pu r ioul .llnlll Ire htoard within th e ba nd . nd even tne . lronl l.'l t
.I,nall In th.. o rde r of 100 d B .bovf' nctee can only be hf'ard a t one poentcn
In t hl' band.

8 . Ht: n :R ES C ES

(I) T .SC'h.d: I'hllt'-Lockt"d Loopl
v ln' COMMU!"o'CATIO~"S .. (19721, Edition 2 , 1'1 11.'1 80·81

(2) SICNETICS: LIM.r Pha l -Lock d Loop. Appllc . tlon . 80011.
Siant'IiC'. Corp. 1972

(31 J. A. Con lIy: A Cl.'nt'MlI Ana lYI I. or tne P hllf' - Loc lr. t"d Loop
Appllcation S ot t' 602 , Ita r r h S.. mlconduclor

(41 U . E.Schmltu r: Varll bl t' "'uqutoncy Oa c Ulator ModulI.' fo r the
Modu llr Rec e tv r SYltl.'m

VII ,.. CO MMUNICAT IO NS 5 (1973). Edition 4. " ' 1"" 241-249

It SCB VHF ·UHF MANUAL

Un fo r tu nate ly. the RSGB haJJ mtorm..d us that this popul ar manual Is now ou t
o f print , A r eprtnt 1lt no t planned and this mean. that thl. VHf-U HF M a nua l
will be no tonaee available until the nt"w manual haJJ bee n published .
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NO TES and M O DI FI CATI O N S

1. FREQUE NCY COUNT ER BOARD DL 8 TM 002

Ma ny of our r e ader. wUl have equipped th l . board with IC- llocket R to facil ita te
e.chanee o r eefect ion of the IC· Il. Hcwe ve r- , th ere a r e eo m e soc k era wn c ee con­
tac t . m u et be bent back on the lower a ide of the board and ca n c ause t he fo11ow­
in, type of llhort-circult : Such ao cketa poa ae n wlde r- m etal Bt r ips before the
pin . en ter th e Rocke t. When th l' tc-ec cket I II depr-eaeed onto the P 'Cvboe r-d
dur ing the be nding ba c k o r lIolderlne prcc e ae , Ihe Bl' wide r pte c es cou ld ca uae
. ho rt circuit. be tween adjacent conduc to r lanes. Sin ce th is s ho rt -c i rcu it will
not alway. be pr e se nt , it wi ll be difficult to find and different type . of er- r-or-e
could be Indlc.ted . Th la fa ult ca n b....vo ided either by us ing othe r types o f
IC- . ocket a o r by l.... ving ••p.cln g of I mm when 1I0ld e ring in the IC - Boc ke t s .

If su c h a fa ul t III p r .... ...nt , It 111 ne ceaaa s-y for th e IC- Ijockl·t a to be r-em o ved
by plac ln i a ec r-ew d r-Ive r- betwe en board and plastic part of the IC -sock et a nd
If'verlni It a way from the boa r-d,Th e contac t a ca n then be un s olde r ed Ind iv id ually
unt U eithe r the whole IC - Boc kf't Is fr ee o r th e r ...qulre 'paclne ia p r e ee nt , Th e
hoi.. can the n be d rllled through with a 0.75 mm d r-Ill, after whi ch all filing .
ahould be removed completely . If the through conrec te have been damage d , the
component In question should be eotderee on th e uppe r and lower si des of the
bo.rdll.

2 . COUNTER PR EAMP LIFIE H DL 8 TM 00 3

It w•• m e ntlone d In the de ec rtpttc n o f this p reamplifier in Ed ition 2 /7 3 of
VHF COMMUNI CATIONS that a a witchlng trana18tor mu st be used fo r the l.st
t ran , l s tor ( T 308 I of the A F - . mpH(le r In o r de r to en"u re that th e pu lse r l s t'
a nd f.U Ume. we r e s ho rt enough . If thl. III sUli not liuftlc1ent, • r e st eto r of
.pproxim.tely 3.3 kfl can be cc nnec te d be tw een the ba I t' o f T 308 and ground.
Thi s Inc r .....e . t he uppe r fr-equen cy Bmil co nstde rably .

3. MODIFICAT ION P OSSIBI LITI ES FO H FHEQ UE NC Y CO UNTER
AND 250 MH~ PR ESCA LE R

A block diair.m of a com ple te f requenc y count e r ay , t t'm wa . gtven on pa ge 159
of VH F CO MMU NIC AT IO NS, Edition 3/73 In the deec r-tptfon of the OJ 6 PI 001
2S0 MH'l pre ecaler- , It should be not ed that the relay HH - 12 il a pola s-Iaed type
whose connec tion 3 m Ul t go to the cathode of the diode .nd connection 5 to the
a wltch.

The counter eemettm .... indkatf' . a " 1" in the unit po e tucn ween no Input algna l
I, present. Thl a Is caused by n lp · n op I 302 ( SN H S112 I which can have e it he r
a h iih o r lo w level a t t he out put .fte r r-ecefvtng an Input pul .... . If the counting
p rc ce •• la ceased wit h a h igh level at thia pc et rtcn , a "I" Indication wUl re ­
m.ln In the un it position . Thi. minor e rror ca n be avoided by one of the tw o
foll ow ing m ethods :

a l Only th e A F - po rt ion of the pr.... mpllfler DL 8 T M 003 i. used without 1 301
. nd 1 30 2. All frequencies over 1 MHz wUl now be rnee s u red via the 250 MII ~

pre ecale r- OJ 6 P I 001. In thla cue the resolution wUl be 10 II~ Ill" tea d of
1 Hz . T hl. 1. m.dl' by co nnect ing the o ut put of the AF -amplifler ( pin 1 of
1 301 ) end th e output o f the p s-eecaf e r- ( P t 2 ) vi. the relay to Pt 208.
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bl Onl .)' I 302 I SN 74 S 112 I la r.m ov.d and the Input dlr. ctly connected to th .
out put o r thi. IC. In thl . menne r- aU three input . a re . t ill avaUabl e. Th.
IIF - Input, howeve r , only ope rat.a In the rr.quency r.nlle upto SO or 60 MHl. .
Tht' tull r e l oluUon la avanable down to 1 Hz, If thla m ethod ia peereerea,
ano t her lu tta bl t' preampUn.r with hlllh -impl:'danc. Input wUl be de ec etbed in
one or th e nut ectucn e or VHF COMMUNICAT IO NS.

4. TEKO vro MODULE OJ 4BO 012

In the com pone nt Iocettc n plan ( F i,l. S, pale 24S, Edition 4 / 73 ) o f th ia m c dul e ,
th e r e li llora R 6 and R 9 neve bet'n t'x chanllt'd. Tht' 10 kO reaiator .hould be
placf'd bt' low T 3 and th e 1.5 k O re llator to the left directly o ve r th e PC-boa rd' .
de.lanat lon OJ" BO 012. The output volta ll. I. dlltorted when the ee two realatorl
a rt' in alu"t ed in the Incor r ect po.Ulonl. The tunlna dlod ea 0 3 and 0 .. muat be
co nnected In tht'ir blocked dl r ect Icn, Tht'y I r e eho wn in fo' IJUno 3 for I poaUlve.
and In fo' l llUrt' 6 for a nt' lIatlve tu nln ,l volta,le .

.I.Il. ·of ·the ·.... ( Ol'I . I ,ucl_ .nd IKII,..ul . ..." 11• . ( ..iIfl....

UN" I O .. ,flClOOM

• • D/O toe.m Of
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OF EQU I P MEN T
COMMUNICAT IONS

MA T ERIAL PRI C E L IST
desc ribed in Edition 2/74 01 VHF

zt71
16. • •
I . ..

I U . • •

20m-OF- HUNT RECEIVER ;!!'~d'~!-"L
OL i FX 006 (doubl. coated) . " •••••• • ••••• •• , • • • DId
DL \I FX 007 (.. lUI prlntl'd plan) , • •••••• ••• • • •• , • •• OM
DL t FX 006/1 (3 IC· . , JO tran-l.lon, HI dlOC».) .. .••• • OM
DL I FX 006/7 11 caM air.'" punched, I BNC-COIlHClor,

I I!'IU"Jlhc- J-=k. 3 .lldllll .... Itch... . p.l.b.
button , . ttclll'., I b.ttery e<>nnector. l O~.

1 m.t.r. 1 mln.louc1llIWaker• • U..er-plalH
_Ir.. 2 d.rlll.) .•.. ..•. . . .•.••.••. . . OM N,, ·

OL II fX 006/1 (3 co li lo r m. rI willi co r... 4 chok.s.
Z trlmm.r caps. ) •. . ..• .. ....••••• •• OM 10. • •

OL 0 fX 006/1 (24 Cfr~lc caps. • 3 plutlc fall c spa. •
11 tantaJlum o r aluminium c~. l .. .•••• OM 28. · ­

OL 0 fX ooe/1 (54 rnllton. 3 trlmm.n. 10 pott'llltom.t.n) OM 64 . · ·
xr 901 . xr IIOZcompl. •.••.••..•.••..••••.. OM 40.• •
OL II f X 006/7 willi abo ve co mpon. nts .•••.•••••• •••. OM 405.••

M Llll ltH J

DL \I FX 006/001
PC-board
PC-board
kmltonductorl
Minlklt 1

M lnUu t 2

Ml nlkll 4
Cry.tal.
Complt'l. kit

OJ 5 XA 002

PC· board.

STRIPL ENE BALUN fOR 24 em ANTENNAS

OJ 5 XA 002 1+b(doIIble coat..d). p&lr OM 16. · ·

It. 50

2/14
9.··
9. • •

10 . 50
O. ••
O•••

114• • •
115• • •

15, ••
34. • •

3sa.••
O . • •

DCa NR

2-m/10-cm LINEAR THANSVEIlTEH C'.'d,.-,,-,,,
DC 8 NR 001 1I« . lv. m lnr (wlt ll plan ). , •.••••••••• , • OM
DC 8 NR 002 288 MHI ~phfl.r (wllh plan) ..•...• • .. OM
DC 8 NR 003 Local os c lll i to r modlle (With plan ) .... ..• OM
DC 8 NR 004 flnt tr llla mlt mlxf'r (With plan) ..••••• OM
DC 8 NR 005 Stocond transmit mllt e r (With pllll) .•.••.• OM
DC I NR (l IC. 15 t ran-i llon) .•.•.. , •.•••••• OM
DC I NR (l EC 10%0. I EC 1010 ) .•.••..•••• , . , , OM
DC 8 NR (l mlnllturf' nla,. a coUform.n. 2 cor.a.

3 ferrlt. bloada. 1 '''rrtl.. c ho..... 2 UHf·
tlI~ IOCk. ts) ..•.. . ....• . ...• . . ..• OM

(10 IlIbular Irlmm.rI. 11 Irlmm.n.
3 c.r~lc dIK. Capl.) ., ..•• ', ••.•••• OM

" .000 "'HI HC·2S!U .", , , .• OM
DCINR w\th abo... parts . " " " , •••••• , •••• •• OM
OCINRoolto OO$ •• ", •• , •••••••••.•• • ON

!2£..!1ill.
PC·boud
PC- board
PC- boar d
PC- board
PC- board
Sf-mtcondl.lcton
Tulw ."'t
M\nl kll I

Cr,.ttal..,
PC- board ..1

e, ••
15, _.

14.• •
10, • •
23, • •
0.50

115, · -

2/14
10, ••
42, • •

20. • •
80. • •

150.··
O.• •

60 . • •

lNTEGRATEO RECEIVER SnTEM POWER SUPPLY.
Af·LQW PASS f1LTl:R, S· METER STAGES Ed. 2/74
OK 1 PN 007 (wIlli prlnt<td planl ' , •••••••••• , •• OM 11.50
OK I PN 007 ( I IC. 11 traMlltwl . 7 dtOl» I . 1 tooll llI flns)DM 48.50
OK 1 PN 001 (I a1l1mlnlum and 1 tant al illm .ltelrolyUCI.

7 Ityron... and I Cframlc c ap AC lto n ) OM
OK I PN 001 (30 carbon r'll lton) , .. "",., OM
OK I PN007 . " , ••••• • ••• • •••• , •••• , •• • •••• • • OM
.", .••.• •••• , .••. , .. ..•.. ..••.. .... .. . .... . OM
OK I PN 007 (wllh above partl) ..•. ... , , OM

OK 1 OF 014

ec.e/ u
OK I OF 011
OK I OF 014
OK I OF 014
OK I Of" 014

P HASE. LOCKE D OSCILLATOIt ='~d~'-7!:""

OK t OF 011 (W ith prlntf'd pl anl , , •• . . . OM
['K I OF 011 (0 t ranlll tOrl, 2 diode l) ..• , , OM
OK I OF 011 (4 tr imm.r Capl, . 1 rer eue c hoke .

II c.ram ic <:,If'I • • 7 ' ft'dthrOlli h CIlf'I . ) ..• . OM
(n.OMHI . a5,~ MHI , 65 ,5 MHI , 65 .15 M"I) OM
(wllh above partl) , , •.....•• OM
(Willi prlnl<td plan) ... . ...•... . ... OM
(2 IC' I . 5 Ir an l il lora) .••.. ...... . ... OM
(2 fHdlhl'Olllh Capl, . , c.ramlc Cllpl .•
1 . 1« t ro lyt IC) ••••• • ••••• ••••••• ,., OM

(willi above pll" tI ) , .••••• , • OM

PC-board
Semlconclleton
" Inl kl l 1

OK 1 PN 007

Mtftlkt l 2
Tr an.lormer
I J · pol e eormectoee..,
OK I OF 011/0 14
PC- baud
Stlmlconduclon
Mlnl ltlt

Cry.tal...,
PC-board
Sfomlcon&'cton
Mlntkll..,



MM C
1296

MICROWAVE MODULES LIMITED
NEW REA DY- T O -O PE RAT E MODULES AVAILABLE IN
T HE SALES PROGRAM OF VHF COMMUNICAT IONS

1296 MHz CONVERTER
Mlcr os t r lpl1ne, Schottky
diode mixer
IF: 28-30 MHz or 144- 146 MHz
Norse figure: typo 8. 5 dB
Overal l gain 25 dB

432 MHz CONVERTE R
2 s Ulcon preampllfter s tages.
MOO FET mixer . All UHF clrcults
In mlcrostrlp technology.
Nolse ftgure: typo 3. 8 dB
Overal l gatn: typo 30 dB
IF: 28-30 ~lHz or 144- 146 MHz
9- 15 V / 30 rnA

144 MHz MOO FE T CONVERTE R
Noise Itgur e: typo 2. 8 dB
Overal l galn: typo 30 dB
IF: 28- 30 MHz, others on r equest.
9-15V / 20mA

VARACTOR TRIPLER 144/432 MHz
Max. Input at 144 MHz: 20 W
(FM, CW) - 10 W (AM ),
Max. output at 432 MHz : 14 W

VARACTOR TRIPLER 432/ 1296 MHz
Max.lnput at 432 MHz: 24 W
(FM, CW) - 12 W (AM )
Max. output at 1296 MHz: 14 W

All modules are enclosed In black cast- aluminium cases or 13 cm by 6 cm
by 3 ern and are t1tted with BNC connector s . Input and output Impedance
ts 50 Ohms . Complete ly pro reee tonar technology, manufacture, and al ignment .
Extremely su it able for oper atio n vta OSCAR 7 or for normal VHF/UHF
communic atio ns.

Avat labl e trom :
Verlag UKW -BERICHTE, Hans Dohlus oHG - 0 -8521 RATHSDERG/ E r langen

(Wes te r n Germany) - Zum Auastcht stu rm 17
and from thelr r epresentatives throughout the world
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mobile
antennas

Int r oduc ing t he J -D EAM r ange or ve ry high-qual it y mobile antennas (or all
commerc i a] frequenc ies and (or the 2-m and 70-em bands. Both srarntesa-steet
and glass· Ubre types are available. Delow a few examples (rom the wide r ange
of types (r om ),, / 4 to s tacked 5/8 ). ccltnears (or UHf .
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Modd Tyn(' F'r e nUl' nCV Gain we tght F e at u r e s

TA 5/8 , 144·1 75 MH z a dB 275 Itt Glass- Ubr ,· whi p
TA-S 5(8 , 144- 175 MH z a dB 275 g Glass-fibre with 5 m cable
TA • ' / 4 x 144 · 175 MH z odB 130 g Stainless steel (P H 17-7)

U a 5/8 ), 400 · 470 M H, a dB 100 g Stlver -ptated, epoxy coated
U 4 Coll nea r 420· 470 MHl , dB 150 g Stacked " /4 and 5/8 ).
U 5 Co tmear 420- 470 MHz 5 dB 175 g Staeked 5/8 ), and 5/8 ),

AVail abl e via the repr t's l'nla tl ve s of VHF COMMUNICAT IONS. Woul d prote esr onat
custome rs please contac t the Ant E.' nna IX>jJt or VHF COMMUNICAT IONS du-ect .
Full catalogs of the wtde r- ange 01 proresstonat antennas available on request,
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West-Germany - Teleph one (0 91 91) 31 48 for enquiries In Engli sh
e .nk .cco~nll O'~l.ch. e.nk E'I~ng,n 76140360. PO.'.ch,cU,on,o Ny' nb" g JOoI'68!l>



r
CRYSTAl fiLTERS • fiLTER CRYSTALS - OSCIWTOR CRYSTALS

SYNONYMOUS for QUALITY lod ADVANCED TECHNOLOGY

PRECISION QUARTZ CRYSTALS. ULTRASONIC CRYSTALS.

PIElO·ELECTRIC PRESSURE TRANSDUCERS

LII led " O\l' we ll-known eerie. of

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

In order to ••mphfy mlld'ln'l'll . the

Irlput and output of the ' lltl,. com­
prl' l tuned dlfferentll" l.ane'or.
me,. with gall/lnle coeoecucn to
the CllI lng,

Fill. , Type XF·9A XF.9B XF·9C XF-9D XF·9E Xf-IIM

Appllut lon SS B· 558 AM AM f M CW
T" nem,!

Nwnber of FlIte, Cry",I, , • • • • •
e. ndwldth (6de down) 25 kHz 2 ~ kHz 3 7SkHz 50 kHz 120 kHz OS kHz

P...~nd Rlppl, < 1 ee < 2 dB < 2 dB < 2 dB < 2 dB < 1 dB

In• • rt'on LOll < 3 dB < 3S dB < 35 ee < 35 dB < 3 ee < 5 ee
lnpvl -OulPul Z, SOIl " SOIl" SOIl " SOIl" 1200 " SOIl"
Term ln.lIon C, " pf " pf " pf " pf " pf " pf

(6 SO dBIU1(6 60dBl lll (6 !OdS) ' 8 (660 dB) 1 (UOdB)1 (640 dB)25
Sh'PI h <:(or

(6 8OdB}2 2 (6 I1O dB) 2 2 {680d B) 2 (6 80 dB) 2 (8 8OdBl '" 4

Ultlml te Attenuation > 4S ee > 100 dB > 100 dB > 100 dB > 90 dB > 90 dB
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