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A$ you know pri ce s have Increased terribly In 1974 . With the exception 01 th e
c r ys t als. we have kept all price s s table throughout the year. The new postal
rate s for printed matter vaHd fr om January 1975, and the Incre as e In the cost
of paper and envelopes etc., have forced us to Inc rease the price of the 1075
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METEOR SCATTER : TH EORY AND PRA CTICE

by T . Dam boldt, OJ 5 DT

1. INTItODU CTION

Meteorite _ glow on (' tlte rl ni the Ea rt h', etm oepher- e, Us ually , ev en meteorite .
bu rn up com plet el y be fo re r each in g the ground. Howe ve r , som e a re I. r et' e no ui h
th at they hit the l u rface o f the Earth before they va po urlze com ple te ly . Mete o 
rite c bee rve re usu a lly note the poe lt ton of euc h vbuII meteorite s o n eell'at l,}
map. a nd 1181 location a nd tim e of th e o beer vat ton• • 1 well a. du ration and
b r l ihtne llll. 'rneee o bae r vat tcne a re gat he red on a worldw ide bait. by t he BriUlh
Aatonom lc al An oela tlon, Burllngtqn Hous e, LONDON WI V 9NL , Eniland, who
e va lua te and aurnm a r fz e them. Such Buroma rlel Ire to be menrtcned late r In
thl , a rt icle .

2. TilE ItADIANT

It will be noucec when enterln e s eve r-al meteors on to a ClI" lt' l ttal m ap that the
e xt en e tcn o r th e vilible track. lead to a co m mon po in t In e pec e , Th ia point Is
catte d the r ad iant . The radiant II the r etort" the cent r al eou rc e or a met eor
e hc we r , It does s eem tha t the m e teor. are ac a tte red In epece, but thl a Is only
due to the pe r epecttve o r the c be e rve r on the l'; arth.

3. METEOR ACTIVITY

It the meteor activit y II ob s e r ved a8 a lunctlon o f the time or day , It will be
seen that the g N a telt period o f activity II around eunrt ee . The ca uee of thl l
t ha t the Ea rt h II o rbltlflll the e un and the direction o t the Ea r th' l path II 90 0

trorn the e t eecuce o r the su n ( Midday ). Thl l pc en tcn Is alao the point on the
Earth' l eu rfa ce whe-r-e .un r lse la oee ur lng.

It hi t hll po alUon or the Earth that gat he rl the most o r the inte r p la net a ry par
ttclee (meteorlt ea ), etnce It il on ly m eteorite . that are travrlling ta at e r
th rough s pace than the Earth, wh ich e re able to ente-r- rne a tmosphere on the
aun.e t ( e ve ning ) a ide or the Earth.

Meteor act ivity a l lo va r le l from day to da y be caulle the denaity or pa rt lc lee II
not homogenecu e In Inte rplanetary space th r ough which the Ea rth pallea on Ita
o rbit a rou nd t he sun. T his r elulta In a aeal onal va r iation or m e teo r activity
which haa a maximum In July and a m in imum In Ft"bruary ( eee Fill. 2) .
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Fig. 1 : OrbU ot the Earth aro und the Sun:
The maj orUy or the meteo r tt es
ente r the atmospher e at sunr ise
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" . SPORAO IC MET EOnS AND Mt:T t:OH SHOWE RS

It meteo r activity II recorded over- a pe r-tod of Il'veral yearl. II wi ll be nouc ed
Ihat tht'll' vary from day to day . al p~vloully mt'ntlone d, and allo that an ell:
t rao rdtn a r il y hi,h Ictlvlty II pre sent durinll levl'ral day. each yea r. On ob.l'r
vin, t he Ilmt-. or maxtmum meteo r activity on cl:"I",.Ual map•• II will be nor tced
t ha t a larall' numbe r oCm ete ora o ri,inale t rom the aamt' r-a d ian t , T h...t" pe r-tc d e
o f high meteor- activity are calle d m e t ..o r ahcwe r s , a nd t he Individual e ho we r e
a r e na m ed arter the conet eltancn In wh ic h th t' i r r adiant liel: e, i . Orlo lii d .
trom the Or-ton :ccnst e fle r ton , Ly rld . Crom Ly r e et c . At It' I I I ecm e of Iht·
m et eo r .howl' r. a r t" m e rt"malna of one ume comet •• In thl . call' thl' a ppe e t-enc e
o r a m eteo r ehcwe r wil l only ta kt" pl ace wh en t he EaMh'. orbit crO.Il:"1 the
t r ack ot .uch • comet. Of eoueae , It I. po •• tete Ihat . uch cornet pa rttclee
ha ve dtet r-Ibuted them . t' lv«1 alon, the whote pa lh. In thl. ceee , Ihe meteo r
actlvity wlll be lo w but po......e. a longe r- duration of upto It-veral day••uch
a. I. Ihe ca.(' wi th th e Taurld. In Novembe r . If the partlcl"'. rrcm t he- cornet
~re IItUI re laUvt-ly nl'ar to the o rliinal cornet , Ihl' meteor acllvlty can be very
llr t"at but ot .hort du raUon . aa with the I' '' rl e'id l i n Au CU . t . Ex t r- eme ty ecuve
I howt'r. can be obse r-ved when the EaM h pa.lt'. or II pa ••t:od by com.. t•• An
e xa m pl e o r t hl . a re' the Drakonlda In Oc tob e r- 19 " 6 In which a I hower ot . t·Vt'ral
thous a nd me t eo re la .tt'd app roximately 30 m lnut e l . In the pa.t . varlou. of tht,
meteo r I ho we ra ha ve been e xt r-em e ly ac uve, l' . g. the Lt'on ld ll in No vember,
1967. Unfo rtunatf' ly . no fo reca llt can b.. m ade tor thl' rcwre . T ht· tollowln, I.
to m a inly dt'al with meteo r- aho wf' ra r a lh l'r th an epcr-edtc m ervc r u .....Inc e \I

I. t he II howera tha t a re of tnte r e et to r ad io amat eu r-• • The number of e po r-adtc
meteo r. ccee rvee II a pproJ:!mltely 10 pe r hour whl' r l' a . a valul' or 100 pl"r
hour can bl" ob.l:" rved dUl"'lng a m et eor enc we r .

A t able with data fo r the majo r meteor aho wt' l"'. art' ,ivl'n In many of tht' alt ro
nom lc a l almanaca . Attl'nt ion mu at , how e ve e, bl' pa id t hat the Ea rth do .. . not
pa a . th r ou llh t he .ame po.itlona in Int e r pl an e tary a pac e a t a n Identlc a l cale nda r
ume on e ac h a nnua l o rbit a round t he sun , T hi . I. due to the ract that ou r year
varle ll i n le nith ( leap -ye ar- J a nd that the orbit a l ve loc lty ot th e Io.:a r t h I. not
conlta nl . "'or thl . t-e a aon euch a . lron om teal almanac . usually o nl y li st Ihe
t tm e e oC ma ximum ac tivity Co r cac h . ho w.. r ( Tablt' 1 I.

Thl' t lm l' o f maxim um activity . the pe riod a nd activity of tht' m~t..o r .how~r

a r l:" ve ry Impo rtant In a r ran,in, m.l..or Icatt.. r .che-dule • • Tht' Drltl.h A.t r o 
nomlcal A n oc lation ha a detl'rmtned Ih.. activ ity d l 'trl butlon a. I !'unction of
tim e fo r the va riou. m l't l'or . ho we- rl. Cu rvt'. a re ,Ivl'n In F1CUrl'. 3 a nd " Cor
the- two la ril'lt . ho we ra: Thl' Q ua dranUd. onJ anuary 4th and the J'(·rl e ld . a round
Au CU . t 12th. 11 c a n be 8t'en th at th l' Quadrantld . ahowt' r only ha. a duration o r
n ine hour • • whe r ea s thl' Pp r lie ld••how l' r la . 11 th r l' t' to fou r day•• T hl. meanll
that it i s u.ele•• to a r ranll'" Ich l'dult'. fu r Qu adranlld . Ilhowt'r Oil J a nuary 2nd
o r Sth.

S. PATH 0 . ' T ilE nADlA NTS IN S PACE

Ano the r ba . le tae l In a . t r onomy mu.t be mentioned be fore pr actic .l ml' leor
.ca tle r work can tw dl . cua . l'd : Since the t:a rth r ot at e l a round 11 1 o wn a.l.
approxtmately t'vel')' 24 hOU ri , a U ce ll'.Ua l point. ( IIItarl l' tc . ) PO'.l:"'. a
ci rcul. r m OVl'ml'nt around tht' c t'll'.lIal poll' ( . round Ihl' North St ar fo r tht'
northern hemla phl:" rl:" I. Dt'pt'ndlni on th l:" .pacini of th" . l:" po int . fro m th l!' po l l!' ,
a ll point . I .ta r., m l't eo r rad iant . , Su n t' tc. J will make a a m alle r o r larie r
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circle around the pol.. Itar. It t he apaelni I, arnall , II comptetely v!albh' circle'
will be- drawn. If t he apaclni ia ,reater than the geographical I.Ulude of the
cceerver { Germany approdmately SOo N I. Ihe a ta r . radiant, Sun et c ..... 111 drop
below the northern horizon. If thh I. the c a l t' with II mete-or- a ho we r , tht, will
mean that no vl .ible- meteer-e wUI be aeen In Iht' a t mosphe r e , and thert'fore no
meteor- eceuer will be po • • lble from Ihl!' a bu' r ve r ', location. II h there to r e
neeee•• ry to know the c t' le atia l polltion df the radiant s In o rde r not to attt'mpt
oblervatlon of meteor. ( o r MS · l c h('du!E' . l at unfa vounble tim e s ( when they
are below the horizon J.

Table- 1: Ma d rn u m activity o r .l"veral Ml"h'or . howl"r. In 19 74

Showf'r
QuadranUd.
Lyrld.
l Aqua r ld .
A r l eot ld .
1Peo r . eo ld .
June Lyrld.
'A qua rid.
P eo ra eo l d.
Drakonida
Orlonld.
Taurld.
Leoonld.
Geomlnld.
Uralda

~ 106 -

Mu lm um activity
Jan. 3rd. 13. 00
Apr. 21.t . 22.00
May 5th.
June 7th.
June arn.
J un e 16t h. 00 .00
July 28th.
Au ru .t 12th . 10. 00
Oct . 9th.
Oct. 21.t.
Nov. 8th.
Nov . 17th . 11. 00
Dec. 14th. 07.00
Dec. U nd .

9 hour.
2 da y a
5 day .
8 day.
8 day.
2 day .
2 day.
-4 daya
1 hour
2 day.

20 daya
3 houra
3 day.

12 hou ra



In th~ aatronomlcal tabl~&. the' coordlnate'& of the' radiant a are' Ilve'n 1.1. as
cenetcn and dec ltnettcn valul!'. for Itach of thl!' meteor .howl!'rI.. With the aId of
.phltrlcal trilonom~try and thlt sidereal nme, It I, po••Ibte to c a lc ula te the
ho rl:umtal coord1nall!'. with the aid of a few formulaa . Then' coordinate. ar-e
th e n Riven a. elevation above the hcr-tacn (00 to 900) and direction (00 to 3600).
Howe ver, tne ee ho r izon ta l coo rdlnatlt. are only valid for a ceMaln leol raphic
latitude . F1rur" !I .how. the path or t he radiants In the .ky tor the Quadrantld•
• he wer- ( January 3rd or 4th ). T he numbera liven on thp cu r-ve Indicate t he
t im e at wh ich the radiant I'l.l the liven di rection. It can be seen tha t the r-a
dianl . do not faU below th e horizon at a lati tude of !lOo N. Other shcwe re luch
a. the Geminida do 10 below the horizon . Th e Gemlnld. enowe r r ial' . ( a. Sun
and Stan ) In th e Ea.t ( a t approx . 17.00 ) and aeta In the we et I 1.1 apprcx,
I I. 00 I. A ll tim"a Ilvt'n roe the meteo r .how"n except rcr- the lime of mext
mum activity are to be Ilvt'n In local time. Tht'y art' vaUd for all location a
havlnl a latitude of !lOo N.

OJ 5 OT
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Flg. 5 : Path of the r adiants In the s ky (Quadranttds)
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6 . HE FL E CT IO N CHA HAC TE RIST ICS 0,.' xte'reon T HAI LS
1"01( RADIO WAV ES

He ade r liil w111 no w have s ufficie nt know led i l' of aet r-onomy In orde r to unde r-at a nd
th e th eo ry of th l' re flec tion of r adio wa ve s on m eteor Ira l1• . Ra d io wave s will
be r e n ec ted by elect rically co nductive matte r. An e lectrically conductive cond i
tion ..x1.tI whe n f ree cha ril' carrier. ( e lect ren e or Ions ) a re pre aent In th e
matte r, whe n m et ec r-l tea ent er- the e tmoephe re they do not on ly leave a vlliillble
trail but the vapourlzlni pa r t icle s alllo leave an Io nized t r a il. Thla I r a ll I.
soon d iffused In the etmo s phej- e but Is able to re flect radio wa ve s a s lon i as
the Ionizat ion Is aufficle ntly i r eat . Th la Is valid a8 lon g as co nditions fo r th e
re rtecucn a r t' gi ven. In the ease of a r ad ar s tation whe r e t r an sm it and r eceive
locations a re Identlcal, th e radio wa ve mu et hit the tra U al rliht an gle . ( Ba ck
scatte r ). In the case of fo rwa r d eeeue r wher-e t r an smitt er a nd r ec eive r a re
located at a ecnetce ea bte dill tance from a no ther, the r eflection co ndi t ion Is gi ve n
when th .. t rail I. tan gent ia l to an e l ttpeotd foc us ed bot h on the lrlUl s m lt a nd
r ..cetve eteuon.

7. Til E DI FFER E NC E B ETW EEN PINGS AN D BUR ST S

when atudylng th e phya lcs o f the eenect tc n of rad io wa ves on m eteo r t r a lla,
one m U1l1 d iffe r en t iat e betwe..n unde eden ee a nd ove rden ee tra U•• In the ca ee of
unde rdenee t r a1l., the electron de natty ia ve ry low so that th e radio wave
pa,8"S th rough th e t rail a nd la only eeeu erec by the individ ual elect ron a . The
rece ived ener-gy I. the au m of a ll dtecr-ete rertecttcne a fte r co m bin ing the In
divid ua l dt r-ect fone and pha ll.' anile • • Since th e dlllu.lo n of th e tra il ta kes plac ..
rela tively quickly , the phas t· dlfference s Inc re aee a nd the d iscret e r e flecti on
of the etecreon e and th e amount o f r ec e ive e ne egy Is r a pidly r ed uced. Th e
sliJIall r ece ive d In th Is manne r are of ex t r-em ely s ho r t duration ( fr action of a
...cond J an d a re dealgna ted pi nis. T he duration of such pings I. proport ional
to th e IIqu s.r e of th e wa velen gth. Th l l m ean l t hat the pin g. will ha ve 25 tim es
th e du ration o n th e 10 m ba nd tha n on th e 2 m ba nd. T he dura t ion on th... 70 c m
ban d Is only one tenth of tha t o f 2 m . The r ece ived ener-gy II propo rtional to
the third power of th e wa ve Iength , Thl. m t' an. th at the r ec e lved ene r iY I.
120 tlm "'l greate r 011 10 m than on the 2 m band. an d 30 time s weak er- on 70 em,
T'he e lect ron dl' nliity can a moun t to 10 14 elect ron, pe r- m etre with unde rdenee
t r a Ua.

Ilthl' elect ron de net ty la g reete r- , t he radio wa ve will no t be ab le to penet r-ate
Into the Ionlz ed m ane r , but w11 1 be totally r-e fl ec ted on th e eu rrece. In t hl.
c aae 011t' IIpl'akll o( cve r de nee tra ll a . The r e flected energy la . u ra r lon ger a nd
the r e rlect ed eneriY I. called a bur st. Th e du ration is once a , a ll1 propo rtional
to the eque r e of the wa vel ength, and the Inh'nllty I. d irectly pro port io na l to th l'
wa ve len gth . The same trail that p r ovide I a 10 dB signal ov e r nolae fo r a bu r-at
du ratlol1 of 10 a at a wa vell'n gth of 2 m, will product' a 14 dB liiJIa l with I
duration of 250. at 10 m a nd only 6 dB for I • at 70 em. The tcnteeuon of
cve r denee tra ll l o fte n remains until It l a d lfCUled by th e very s t r ong wlnda of
the- upper atmcephe re . T he ec hoa (rom the variou a part . o f the traU . then Inte r·
Ie re with a no the r and cauae ccnetoe re bte rad ln i .

T he 10111~ atlon caueed by meteo r t r ails cecure a t an al titu de of 80 km to 120 km,
The m ean altitude i , approximately 95 krn, Thl . means that th e norm al m axi
m um ranae fo r m et eo r acalte r ccmm untce ttcne Is In th e o r de r o f 2000 to 22 00
km. Th la dta t ance 1110 e reatl' r th an Is possi ble with Aurora com m unication, a nd
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c a n be compared to E -Iayt'r p ropaga tion etnce th\' r e rlec t fon ta kt'1II plec e In the
E- Iaye r .

8. INCID E NC E O F T ilE THA lL T O T ilE PA T H A NGLE

A Ia vou r-abfe lnc tdence oC th e meteor tra il to tne radio wa ve be twe en t r- a ns m tt te r
an d re ce tve r Ill. very Important . All wa ll mentioned p revloualy , the t rail must
provl d.. a l an gt'n t on a ll elHpeotd In whc ee Coeua both th e I r an llm H /l.nd r t'c t'i v\'
atatlons m uet bt' found, In pr-ac tfce , vi rtually e ve r-y t rail oHera 1I0mt' 1I0 r! of
e lllp lloi d that fulf ll a th l ll demand, Howev e r , the r-e a rt' a numbe r or Um lta llon a
11I0 th at only a am all pa rt of the meteo r t ra il really re nec t e a algnal to th t'
r ece ive loc ation, Aa one can Imaeln t" a met eo r u e e nte r tn g the atmcephe r e
horiz ont ally coven a lon e path In tht' a tmoaphe r-e, S tnc e it only hal li mit ed
amo unt o f t'ne rgy it illl not poIIIslble fo r a n Inflnlt t' number- o f elee trona an d Ions
to be ge ner-ated alo ng th l ll path. Th t. m eane that tht' etect rcn dtonlllity 111I ve ry lo w.

A m eteo rite en te ring th t' etmoepbe re ve r-ticafIy POIlIlt'IIII11('S a far a hc r-te r- pa t h
~nd ge nt' rat t'li a higher elect r-on denetry . Then a re very ft'w aultabfe eillpllloids
from ve rtical metecr-nee to fu lnl the re ftec tton ccnctuone. Fu r-the rrn o r-e, theee
ellipl o ld l are loca ted fa r f rom the centr-e o f the communicationI path.Of cour-ae ,
If antenna . are used t ha t have a narrow be amw tdt h In t he ho ri zon tal plant" that
art' dl r ec t ly be amed to tht, par-tne r- et e t ton , such off· beam refkect lo ns wll l no t
be uaeable , Many m eteor ecaue r I tatlonlll t her-e for-e uee IItac ked arraylll ha ving
liI g r ea t t' r horl zont lil l beamw ldth ( The edlton ar-e o f till' opinion th a t en-cute r
poja r faed antennae III ho uld p rovid e the be lllt po la rlutlon Co r MS _pro plil gation a nd
would like to hea r Cr om MS -.ta tlon. ul lne t hl ll pola r-taa t ton mode 1,

The moat Clilvourablt' he l iht h of B r ad iant 111I an angle oC 450 e tnce the errecu
v lty II proportiona l to III mt' h a nd cosine h, A lii can be s ho wn thec r et ieally , It
Ill. aho mort' te vourabte when t he an i le of tht' r lildl ant Is pe rpend tcula r- to the
tran lllmis sion path. T he e Ht'ctlvlty 111I propo rt io na l to s ine ( p - a I whe r -e "p"
I. the a zimuth oC the plilth and "a" II th e a z im uth oC th e r ad iant . Th e azimuth
la mea eu r-ed fr om So ut h via Wt!lIIt , North, Ealt fr om 00 to 3600, Tbe meet ra
vo u r a ble path Co r each eho we r- Is when It 111I pt'rpt'ndlcula r to the r adian t when
the lliitter po III s ea se lll a he ight o f 450, All e the-r tim es or directlolllll a rt' at
a dl.adv a ntage , T'he e HecUvlty of a meteo r ahcwe r- aa I function oC the azimuth
an gle c a n be gtven aa:

Err. • e tne h II cosine h x er ne ( p • a I

The e Cfectivity ca n now be clil lculated Cor each hour of the day alii l on i alii t he
height and a zim ut h of the meteor- ahowe r liI rl' known Cor each hour. This a llow II
the most fa vourable t lrne fo r MS -com m unlca tlo n to be calculate d tor a gtven d t
r ec t tc n , Out' to tht' eelectton of a s ine or ccetne function, a va lue of maxim um
O.!l ca n be c alculated . Alao thl lll value will only be ac hlevt'd when the radiant
ha lll a heliht ot 450 , an d wh l'n th e path anile ta directly pe r-pend tcukar- to the
azim ut h. Gen erally , a hliher effic ien cy Is obtained In th e re qui red d i r-ect tcn
at greater value . oC effec ti vity, than with lower value s . F igu re 6 i lve. a n ex
ample o r th e e ffec tlvtty aa a tu nc tlon of the time oC day. The Fortra n prog r-a m
w.. provided by OK 1 KW and kindly offe red to the liIutho r . Th e e t rect tvny has
been determ in ed Co r four pliI th a ngle a (North-Sout h, EliIllt- WeS t , NW-SE a nd
NE -SW and fo r t he 14 la rge m et ec r ehcwe r e ),
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Flg .6 : EHecUvlty or the QuadrantldlJ sbower
for a path ang le or 45° (SW-NE)

A t.blt' can b.. prepe r-ec Crom th e total ot 40 cur-vee which allow. one to eltab·
Ih h tht· rnoat favou r,blt- tim .. fo r t.'lc h direction du rin. each of the enc we re
( Ta blt· 2 I. Tb e tint column ilv(" th., da tto or th e ehowe r , the second the narne
of th .. . ho we r- , t he th ird tI \l' rll '- a nd , .·ttlnK time o r wh..the r it I, • pete-er r
cu lI I' ahowl' r , th.. (o u l1 h giv"l tht' number- of pin K' or bur at a pe r hour ( a a III
r t'la tlv.. num ber- appr-oxtm at ln g an 10; 1(1' of 200 W at 2 m I. th e rUth the du r ation
of ti n' ..hower f 18 k. , t he ume oC max . acllvlty fo r ahort . ho wto rl from a n e etre 
narnlcal al manac ). The Ilxth colum n rinaUy ,lv(.'1 the moat favou rabl e Um eCor
the varioul dtr-ecrtcne .

T he roll ow ln , note la nee e eee t-y at thla point: Ve ry Ian, bunta o r over 10 a
art' pr-oduced by la r,t' ml' tt'oritl'a or mc r-e than 1 Ilram me In we l,ht wboee
lonl" ed trana a ee ablt' to laal for a ('ertal n pe r-iod. Aa wa a m t'ntlon ed in Sec ~

lion 7 . ve ry "tronl wln da lire preeent at an a!tltudt' o f 100 km t hat aoon dlfruae
th.. trail. T h ll me ana that t he rl"latlona hl p bet we en t he dt rect to n of the path
anile wit h r"' apN't to the tra il II soon 10 1lt . Thl l mean" In practice that T ab le 2
la no lon ge r- valid fo r lon a: burat••

It I. Important 10 reme rn nt'ar to th .. m all: lmum ac tivity o r the ehcwe r, If th..
Info rm a ti on liven in Tabl. 2 I. fo llowt'd . this will conli de r a bly tne re • • e th e
num be r of pine . a nd aho rt bu rst • .
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9. "!tACTI CAL METEOR.SCATTER OPERATION

A Ipc"dal type" of com m unic a t io n II nee •••ary to t ....naf.r Information by m"tt c.> r
.cltt~r due to Ih••horl per-t ed of renecuen off~ ee d by th~ pin•••nd bu .... t • .
In p ... tnctp!e both .In.l~ Ildf'band ( SSM) and mont' ( CW I t ....n.ml.. lon. can
be u.f'd for meteor- . caU.r work, Howe ve e, CW ha. I Ir..al advantalt' cve r
SSB In Ihal I m l n fr quency d('vllllon. from Ih . nominal f t-equeney .r. nol ••)
Importanl , SSB would neve Ih .. advanlale of a f••Ie r- now of Informallon. Sloc.
th e du .... tlon o f th. pln,1 and bur.t. only la.t etthe r a fractlOll of I second o r
.t'vt'ral eeccnde , thi l mt'an l that th .. InformaHon 10 be Irln .mltt..d mu.t bt' kt'1-'1
to a minimum , Por- thl. rt'a lon, I dtrfe renl mf'thod o f rt'port ln. I I~al c ha ne
t('rIIUc. I. und by Ind lc.Unl tht' It'nll'h o f th., bunt and th t' . ' llnl ' . t r ..nfilh.
The It'nath o f the bu ....t II Ilvt'n a l follow . :

1 Only plnl. ( ee ldc m ua ..d
2 Bu .... l . o f upto ~ •, Burlt . o f , • '0 " .• Btlrlt . o f " • '0 '0•, Dur.ta o f eve s- '0•

'The I ctual I l m a l . t r l' nll h I. I lv ..n In S-unlt l. Thl . mt"an. thll Ih. Ill"sl t-e 
port co mp r l . ... tw o fIlUr"' l . In Eu r op.. , II II ulually arranlled that on. of tht·
. t atlonl on ly I ..nd . both canll,n. for a I,.. r lod o f ~ minute. ( t"xample : UR 2
DU UJ ~ OT L'1t 2 DU OJ 5 UT d e I. Thl . ' a Iol lowed by tht' ee ccnd I tltlon all,)
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tranlmlttln, both (:allll(ni fo r I ru rthe r pe riod of ~ mlnutf'l . Aft f'r both call
IIIJII have been hea rd durln( one or more burltl , the caUlllJI1 Irf' ,Ivt'n I'lin
to , elhe r wit h th e r-epor-t ( u a 2 au UJ ~ UT 27 27 27 ua 2 DU OJ s OT e tc, ).
U one of th e Ilatloni hal rec e tvec both cllllllJIl and r e po rt, he w1ll kno w, that
the partner ha l al~ady r ece ived t he calbllJll and t r a n l m lt a only the repo rt
toget her- with th l:" con!l rmatlon code "1''''' ( .... 27 ..r- 27 1'1' 27 etc . [, U the ee
cond atatlon then ..ecetvea , to.. Inatance, only • . . 27 . .. but ha l already r-e »

eetved both calbllfl' he mu.t once aealn lIt'nd tht' _Ienal r- e po rt toe t'th t'1" with
the ccnt r r mat ton "1'1''' etnce he hal not r ec etved the eonft rmation " 1'1''' fr om me
ot h.r a lilion I nd doe. not know whe ther- Ihe firlt Itatlon hal r ece tvec hI. re 
port. Aa loon aa both I ta tiona have rec e ived callallna, repo rt and conflrmalion
" 1'1" ', t hey confi r m com plerton of the MS-QSO by t ranlmlt tln, "r-e r rrr 1" 1'1'''.

The ~ minute cycle II relaUvt"ly atandard practice in f::urope althoueh ehos-te r
Inte rvala of aay I minute or 30 eeccnde would onen be mo rt" favourable . In
lome Call'I It wo uld be poillbl"" to c om pl et e the who le MS -QSO within thla
pe riod o f ~ mlnutel. T he followlne method la ult'd In the USA : 5tal1on A trana
m ltl fo r a pe r iod of ~ minu te I ulIne a cycle of ~ a tranlmlt and 2. receive.
Art er thl l pe t-Iod of 5 m ln ut t"lI, Itatlon a also tranlmlt, for I pe r-Iod of ~ ml
nute l ulln, th e lam e cycle of ~ I tranlmlt and 2 • r ece tve. Th l l method aHo....'1
a com pfe te MS·QSO 10 be com pfe t ed durin, a lon e burer , etnce the r t"ct"lvin,
I ta tlon can I nl we r Immt'dlltely a a uUabh" bu r l t appl·arl. Thl l method II not
popular in Europe atnce It II no t too lultable for uee with automatic keye r-e,
fo'u rt hf'rmort", It i. nt"ce l l a ry for I ecm pletety autcmertc br!"a k-In Iwltchln, to
be provided. Aut om atic keyerl are uled extenlheiy etnce hleh lpet"dl In excel.
of 45 wpm Illow even re.l.ltivt'ly Ihort bunt, to be utilized for ccmmuntceucn .
The recetve I tltlon then Ulel I tepe recorder with at Il"l It two Ipeeda In order
to .Iow down the speed to I rtoldable level, The tranlmlilion II r-eco ..ded al
the hl i(he r Ipt"ed a nd r-epfayed at the lower speed I Edltorl: The frequency of
th e l udlo ton e II al,o r educed by the lame valut" I.

Out" to th e a ho rt du ration of the IllInah , It II, o f cour-se , ext rem e ly Important
to know the frequen cy of both , tatlonl e xt r-emely accu r-ately , One will not a t'
l ucce.arul If one ha l to fl ratly look fo r the lienal. T be Ir-equency accuracy of
tran lmUtt' r a nd j-eceive t- mUlt be bette r than 1 kHz.

In practice m Olt MS-Q501 are ar l"an,ed by POl t or on t he 14 . 340 MHz M5 - ne t
freque ncy on Sa tu r daya a t 14. 00 Z ( GMT l, On e ulually a rraneE'S to be on a
ce rtain frequency a t a certain ume, T hll I. ulua11y In the CW-pc r-ttcn o f t he
band be tween 144 . 000 MHz and 144 .1 50 MH z. A fr eque ncy o r 144 .1 00 MHz
+ 4 kllz ha l been I tanda rdlzed fo r unlcheduled MS -com m unlca tl on l. A meteo r
Icaue r QSO II uluaUy complt' tt' d ..... Ithln one to two ho ur i If a flvourable lime
and ehcwe r- ha ve been eeleeted and alaum lne tha t th e partne r Itatlon II r eally
active on the cor rect Ir-equenc y a t the co r r ect time. In the cale o f Imaller
a ho we rl a nd lpo rad lc m et eor aCII1"" r , the Q50' a u lu ally take lcnge r , In I plte
o f thla , G 3 CClI hl l had fa r mort" th an ~O Q50' I with T fo' 3 EA via apo radlc
m et eor- Icatte r .

The m a jority o f m eteo r . aclttt"r communication II mad.. on the 2 m band. o r
eou r-ee , 10 m wou ld pro vide better IllJIall , but auch I taUona can e tten bt" worked
no rmally wben the band II open . T h t" duration o f the a1,nal, on 70 cm are ex
trt"m .ly ahort which mt"ana that v.ry hl l h codt" 'pt."eda a re r equ i r t'd . Alao, the
Il,nal I tr"n llha are much lowe r a t 7 0 cm . liow t' Vf' r. a rf'W l ucceaarul M5 - t t"lta
ha ve b...n ca rried o ut on t hl, band.
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It ia imp<lrtant to k.. top a cart'fulloK by lIatlnl each bunt and pin,. A a e paratto
linc for eal'h mlnult' la very favourab\l,. Examph':

07.00
07.01
07.02
07 .03
07 .04
07.0!l
e tc.

burat • •• r2 •••
ping

bunt .. . bu dj .. .
tranamlt VH 2 UU DJ !l 01'

08.00
08 .01
08 .02
08. 03
08.04
08.0!l
etc .

pine

bunt . . • bu 2!l 2!l 2!l dJ !l
pin, ping

t ransmit rr 27 r-r- 27

A copy of such a 1011: ahould bl' eent to tht' QSO pe rtne r, A lilt of the app rox.
130 activ.' MS-.tatlona la avaUablt' from DC 7 AS: A h· xa nd .. r SchOnlne.
D- I000 a.· rttn 28, Maximlliankorao 52. I' lr a a.· eend an addrt'ut'd env..lo pe and
a aUffldl'nt numu"'r of I. H. C. I . LlC 7 AS would alao like to hE'ar of your own
resultl ulini thl' rrn-tec r- ecatt er- mode,

10. HEQl'lHt;J) EQUII'Mt;NT

It II not nN~"llary to havt' B eupe r- It at Ion with Il'vt'ral hundred wa tt I and l e r-ge
ant"'nn. array, Prom t'xpl·rh'nc.' one can lay that a 10 dU antenne ealn and
~' '';T - co lI ", ,' rt '' r art· sutrlctt'nt all the' rer-eiv e- aid.. , and 10 0 W output (e.g. from
a QQt.: 06 / 40 I 82\1 B II Into a 10 dB antenna art' surrlcient on Ihe I r an s m it a ide
fo r aatlafadory MS -o p, 'rBtlon . In or-der- t o obtain an Idea of the a trl'njith a nd
r at t' a of buntl and pinK. It la advl.abl,' to .t't up th., recetve r on the fr equency
of an Inaudlbh' bt'aC'on on any normal rlay. Orl(' can expect to hear- 2 to 4 pinil
l'ach qua rte r- hour from sporadic meteor-s, whe reae t hl . wHllnerl'asl' to about
20 pinga pt'r quar-te-r- hour durlni tht' larit'r Ihowt'ra .
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RECEIV E CONVERTER 145 MHz/ 9 MHz
WITH SCHOTTKY DIODE RING MIXER

by J . Kestler, DK I OF

Widt"band ring m i xe r-a uling Sc hottky hot ca r-r te e diodes art" Ilvallable on t he
m arket a t rea.ooable pr-Ic ea, T heee are complete r ing modulatc r s conta ined
in a seated rnt-tal case, T hey a re pr-ovided with t he r e qut r e d differential tr-ana
to rme r a nd a rt" t l\UB suitable for a l a r ge num bl' r of sppUcationa. Tht' o peration
and cha racterletlcs of Schottky diode. In euc h application we r-e glvt'll In (1 ). It
I hould be m ent fone d tha t t heae diodes POllt'SS ha r dly a ny charge , torail' t'((ecta
due to t he abeence or minority carriere . and ve-ry f8 s1 8wllc hlng t lmt"1 due to
t he very thin junc tion Iaye r-. It \_ t he s e charactl'ristici th a t a re very fa voura ble
at hi gh Ir -eqa en c te e .

A receive converte r Ie to be desc rtbed wh ich i s Bultabll" t or uae In a lJ !nile
eu pe s-het r ecetve r , Thl lJ converte r UlJe lJ euc h a wideband Schottky-diode m txe r ,

I. T HE RIN G MODUL AT OR

T he most Im po rtant spectttc a ttons ot t he tnes penstve r lnll modulator (type
S RA- I of MeL 1 a re gtven In Table 1. T he lllvt'n valuelJ a re based o n a eillnal
fr equency of 100 MH z a nd a local ceentate r le vel o f +13 d Um ( • 20 m W ).

Conve r.lon 10.lJ:

Ma ll. , Inpu t Ilgnal power fo r 1 d H ccm preeetcn e

T wo - tone Inte rmodu latlon rejection
Sl11nal level • 10 dBm ( • 0.1 m W I

Iiolation bet ween lIgna I and cscmatcr- Lnpu t:

l ao la tlon between H' -out pu t and oacillato r input :

Fr-equency r ange : Signal Input:
Oed ll at or Input:
IF -output :

Nom in a l Impedance o f all corme ct jc ne:

2. D ESIGN OF T ilE UE C E IVE CONVEHTEH

typo 6 dB ; mall . 8.5 d U

typo 6 dBm ( • 4 m W )

65 dB

typo 40 d B, min. 30 dU

typo 40 d B, m in. 30 dB

5-500 M l h
5-500 M l h
0-500 Mll z

son

Se ve r- e l con ai der-a ttone and calcutartcne a re to ee given wh ich led to the practical
de.Ii" of the In pu t c ircuits, Whe n dt'llllning the input ci rcuit . of a rec e t vor-, it
la alwaya nec es s a ry to Hn d a ra tional compromise be t ween seneu tvny and la rgt'
sl i"al capabll ith's, since t hese tw o demands arto cn en In conntct wUh an otht' r .
It llil elilpec1aUy In the tw o m e t r e band whe r e the a e t wo c he r-ecte rt et tc e a re ec
d l fti c ult to com bine. It il not uncom mon fo r le ve l d l! fe r t'nct"s be t ween a w ea k
DX ' lilli"a l and a local lJ tation to be greater than 120 dB. "'or th hs r-e a aon , It I.
adv ll8 ble fo r the VH F ealn befo re t he mixe r to be made va r Iable .0 that It can
be m atc hed t o the eppropt r -ate conditione.

For calculation of tn e r equt r t"d VHF ga in factor, It Ie a lllJum t.'d t hat a c rYlltal
fil ter ( lillnele couve eeton superhe t ) IlJ pe es enl at the inp ut o f th e IF ampUtier
and that the Hu t IF at aie po n e s lil t' a a nolae tigu re of 3 dB . Th e inse rtion loe .
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of th e fl nt crystal fil te r includln, the matchln, los ae s la asaume d to be 6 dB.
and the pa . a band widt h to be 2.5 kHz ( SSB ). It is lufficient fo r the noise level
of th e VIIF ata,es to exceed the IF noise by 10 dB eo th a t the latte r does not
noticeable add to the total nolae f1 eu r e .

At the , lv t" n bandwidth B and IF nolae figu r e ( 3 dB • F • 2 l , t he inherent
nc tee powe r of the IF amplifie r r eferre d to th e Input of th e n r et IF II ta,e will
amount to :

P1fo' n • F x kT
o

x B • 2 x 10 .
17

W

It IIhould be mentione d that the bandwidth of th e filt e r can only be u a e d aa no lae
bandwidth when a eeccnd ( Ide ntical ) fUte r II pr-eee nt at th e out put of the IF
am pHfler. Ir t hl ll i s net the ceee, th e nc t ee bandw idth III a. wide aa th e band
width of the IF am pll fler. Thl. condition III to be m entioned later.

The no lae level of the VHF ataeell amount a to a pprox . 2 x 1/1"1 6 W when r e 
ferred to the Input of the IF am pli fie r. Convenlon 10•• and ruter Inae rt ion
loal:l r-esult In a total of appr-ox , 13 dB which m eans that the VHF nol l e level
ahould pouesa a value of approximately -4 x 10-1 5 W at the Inp ut of the rin,
m od ulat or. The dynamic ranee of th e r ec e ive r i, thu e fbed , e tnce Ta ble I
,Ivea a maximum perm iaslble aienal level ( fo r I dB co mpreeetcn 1 for the r ln e
modulato r of 4 x 10 - 3 W:

•Dyn am ic r an ee: -4
x 10 - 3 W
x 10-15 W

• 10 12 • 1 20 dB

If it Is aaaumed that the Input ataee of th e VII F ampt t fte r also poaseaaea a
nctee rleu re of 3 dB IF . 2 I. t he VHF nol l e po wer r eferred to the antenna
Input will alao amount to 2 x 10 - 17 W coere epcndtng t o 0. 0-4 /.IV into 60 n . Thla
meana t hat a VIIF eain factor ( betw een antenna Input and Input of the m ixer)
III r equired which amounta to :

-4 xIO - ItI W 2
G VII F • 2 x 10-17 W • 2 x 10 • 23 dB

Ir no furt her cryatal fUter I. to be provided at the ou tput of the If' ampllrle r ,
th e no lle bandwidth wl11 amount to a pproximately 25 0 kHz ( e.,. four r e . on ant
circulta a t 9 MHz). Th e nctee leve l of the IF amplifie r i, thus 100 tim e s
art'att' r 10 th at t he VHF gain m ust amount t o -43 dB Inlltead of 23 dB. ThI, is
not po,slble alnce th e dynamic r an ge would be reduced conefde r-ably , It the
receiver ia on ly to be ua t'd fo r SSB operation, it would be ponlble for a s teep
AF fUte r to be provided after the prod uc t detecto r In orde r to r educe the nol ae
ban dwidt h to tw ice th e A F filter ba ndwidth ( dou ble - s ide band de m odulation l.
However, the ge ne raucn of the cont rol voltaae ( S·metl' r ) atl ll r equire a the
whole IF ba ndwi dth, aaaumln, th at the cont r ol voltaal' la no t obtaine d from the
A F voUa,e. Thla method cannot be uaed for AM and FM operation.

Another- pol8lbll ity la to provid e an additional 20 dB of ,aln betw een the r in a mo
dulator and the cryatal filte r . Thl' d l'm and s made on the lar, e - aienal capa bUtth.·a
of thla ataal' a re ve ry hlah a lnce th e d n, modulato r prov ide a a powe r level of
nea rly I mW with an Input slenal of 120 dB. The Inte rmediate ataae mu at the r e 
fo re be ab le to handle 100 mW without disto rtion If It la to be able to am pli fy
by the r equired level of 20 dB. Suc h an IF pream pllfl e r ia to be deac r lbl'd a t
the end of th la a rticle.
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The r t' qu lrt' d VIH·· preampllf1cation ot 23 dB la no t made In a al nl!:h' alall" , but
a pll t bel .... t'l·/l t ....o tra n a lstor a taiea . Th l a al s o alm pll t ll'a t h. ' p ro vte ton o f Ih"
rO!' a on ant c i rc uits reqc tr-ed tor u lt imate and Ima et ' a th'nuation , A to w - no rse Ju nc 
t ion FI-:T Is ueed In t he Input atal!:t' l th r s ..c ond atal!:t' ia t'qu lppt'd .... It h a
MOS,..,,:r , mainly dut' 10 ItlJ cont r ol c ha r actl· rlat1cs.

F leur<' I I lv t·s th t' block dlairam and h 'vt·1 plan of thl' r-ec eive c onv e r-t e r-, Th"
lo ca l osc i ll a to r m odule lIhould provide a l e ve} ot lIpl' r o kimutt'ly - 7 dUm I cc e 
rt' a ,)()lldln e to 0,2 mW o r epp r cx . 100 mV Int o 60 II ). Thill mcanll that thl'
phe ae e Iockvd oscillator (2 ) an d th. , eO- channel lIynt h t·. l z l' r (3) fr om tlw s a m t'
a uthor c a n b.' dlrt·ctly c onn ected .

001 l OF

Fi g. 1 : Block di agram and level plan

3. CIHCUIT IH:SCRIPTION

The c i r c u it dlallram of t ht' whole c onve rter- I, I lv .·n In FJKUrt' 2 . TIlt' anh'llna
l a connected to P t 161, The t r a n lform a t lo n link com pdalni CA lL 160 maldlt' a
t he Impedenc e ot thl' a ntenna fee der- to the flnt VIIF prt'ampHfIe r ata it' I T 16 1 )
wh ich la c pe r s tec In a com mon e a te circu it . Sinct' t h ll type o f ci rc u li 18 s ome
what unu ,ual . It l a to be d",sc rl bl' d In mo r t' d.·ta U:

Th.. rl'quired Impedance I ran a format lon a l tht· an lt'nna Input a ho u ld be mad,' .... llh
a minimum o f IllVlal 10 11 1 lint, e each dU o f 10 1 . will dt ,tl'r!orat.. t h", n o ill" flll'l r t·
o f the wncte recet ve r by th...am e value . For t hl , r " a l on , a ll com pcn en re ua,·d
for tran lfonnatlon I hou ld po lI.e a . h1ih I ta tlc Q valut'a. whereas the Opt' r attn i
Q o f tb e tran atormation lin k must be r .. latlvdy 10 ....' etnc .. th .. errtclt'ncy dt'I'l'nd ,
on th,' ratio o f at a Uc to o pe r atlne Q . Th.. Bell'c llvJty ot the tnput ci rcu it I,
thprefore lo w. T hla m e ana thai It Ia no t advl aabll' for t tre uaual para ll e 1 ci rcu it
with Iran aformatlon link with a coli tap to be u..·d. T eppvd c oi I. alwaYI .. llh llllt
a poor t'fflcl..ncy al hl eh .. r frequt'n cl e a 1I ln c t' t h. , at r ly Ind uc tlvlty bl·I ....-ecn thl'
part a of Iht· wlndlni l l a high due to the low nu m bvr o f turn • .

This dl aad vllntall' la a vc ided in till' hl llh -1J1l1I flltl'r link ( CA an d 1. 160 l ahcwu
In Fleurt' 2. The hl eh-paaa flltt'r (.'oup li ni II ve ry a d va lltai",oua at thl a polnl
e lnce th.. Imai" f rl'qut'ncy Is below the r r qu l n 'd frt'qu ..nc y bend Ind will th.. re .
rore bO!' bO!'ttO!'r att ..nuet ed, The tranatonnation rltlo II f111",d by the 1.. lect lo n o f
CA l L 160 II u lrd to c om pe n ..te the r e e c u ve valut' a ot the c a pacito r CA and
me t r a n l l ato r input.

Input e r ec u n e ot amat eur radio rpce1vO!' rl uaually a ee nolae matchlni ot the t lrat
tran.lator. Thla m eanl that the Input of thO!' flr,t tranal llOr muat be t rminatO!'d
with Ita opt im um et'n erator lmpedancO!' ZG opt . . It II th.. taak ot thO!' tranator
matlon link to malch thO!' anlenna Impedanct' ZA to thl a It'nprator Imppdance
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and to compen..te the r eac tive compone nt Cin of th e input trana l,tor. FllfUre 3
givel t'urther detaUI. Accord!n. to the rule I of co m plex Iitematin. cu r rent ,
thl:' followtni are va lid:

1 I 1
101 -""I.A (ZG o pt - ZA' an d

1 1 -+ 1oI 2 C
A 2 ZA2

L. :;r x CA +Cln+1oI 2xCA211C in xZA2

The follo wlni
lII · g . l llI 08

II valid a t ZA • 60 Q. ZG o pt · 600 Q. Cl n
I lot5 Mil t J: CA • 6. 1 pF. L '" 130 nH.

• 4 pI-"; Flg .3

In ecme callOl It 11 advl..hle for po we r m a tch ln, to be und Inltead of nol l e
ma tc h ln, . Th ia II eapeclally the Clle when ve ry lOll i ' antenna feede r l a re ne -.
cee..ry (4) . In thla ceee, it i. not the o ptimum i tont'rator Im pedanc e ZG o pt
that mUlt be lolled ror tbe cllculltlon , but t he ICtual Inpu t Im pedance Zin of the
Input t ranilitor. Thll I...qual to the Inv e r-ee value o r the t ra nllato r elope , e .l.
approximately 200 Q . !."l th la ceee , th e follow In, va luel Ihou ld be eetectec :
CA · 12 p'" and L~ 100 nil . L 160 I ho uld there fo re be r e duced t o 5 turn e .

Th e tirat VII'" Itale il equipped wit h tht' lo w-nolle F ET E 300 manufactu red by
Siliconl • • The manuractu rt'r l ive I a nol ae lilfU~ o r I. 3 dB a t I r requency o r
100 MH z. The nt"utrallzatlon problema a re avoided when th e delc ribed common
,ate ci rcuit II loll ed. The ampllllt' r I ta,e o pe ratel e . t r e m e ly ata bUy and pee 
aeaaea II hlKh output Impedance that dOl'I not load th e eube eque nt bandpa l l Ulu'r
to any dt' l r .... .

The aublllOqut'nt tw o -link band~.. nIt er comp r 1ain ,lnductancea L 161 a nd L 162
ia cepectuvery coupled. Th e adva n ta,e of thIa coupl inl ov e r induc ti ve cou pl tni
II t hat the d ,ree of ccuplt ng 1a e.actly rt"p r odu ceable and need not be o pt i 
mi zed with the a id of a Vllf" e we e p gene ee tc r- that 18 ullually not avaUable . The
til tt' r ia aU,htly cve r cou pjed ( plllaba nd d ip epp roa , I dB 1, ao that the 3 dB
ban dw idth o r 2 MHz III o btained. Out' to the ba l e coupll n i ueed, ravourable ca 
pacltanct" valu a ( 2 x 47 p '" ) a re o btaine d . In Orde r to r educe th e e t rect of
the ccnnectton Inductanc t"a, th e Whol e clpac ltance 18 d ivided o ve r tw o ce r amic
dilc clpaclton wUh I ho rt ecnnecu one.

ThlO second VIif" a m pU tlt' r ata,e la looee ty coupled to th e bandpa aa filter In
orde r not to dampen the lecondary circuit . A dual-.at e MOS F ET type 40 841
( HCA , la uaed. Thia II th e follow-up typt' fo r the wt'lIltnown 406 73 that ia no
lon't' r In produc tion. The .aln cont rol il act lvt' via both ,ate a In o r de r to en
au re that th e la rle-ll.nal capa blllHea do not det eriorate to an y e xt ent when
co ntrolled. Thl l ataKe II provided with a cont r ol volta ie via connection Pt 164
te em a 50 kQ r e l lato r tha t II not located on the P C-board. A variation of the
control vol taie rrom +2 V to -3 V provide l a ,ain variation of 60 dB for thl l
Ita,e.

The input Il en l l il then paaaed via a second, Identical bandpa.. ruter ( L 163 /
L 164 , a nd fe d to th e VII,.' Input o f th e rin, m od ulatOr . Thl . connectlo n 1a ape 
citlc aUy marked on the r ln , m odulat o r , m a in ly with the aid of a colo u red .la"
ft'e dthrouah tor th e a ..octatt'd connection pin. P art o r the ampl1t1er VHF al en a l
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c a n be tapp..d orr a t ccnnuenon 1'1 167 and Ied , for Inatauce, to a pano ramic
r ..ce t v.. r- , The out pu l cou plilli ( via :!l p F I 11110 Ic c ee t hat no r ..ducttcn In ialn
II not tc eahle wlw n t h ll out pu t II load..d.

T he local oscil lator fr t' qu" ncy II r..d t o the recetve conve-rt.. r via vouu ..etten
P t 163. T h e In pu t Impf."danl'"" can be aUl'1l'd to 60 n ( S\\! H • I ) with th t" aid
o f the t ran s ro r m at lon link comprlaini CK/ L 165 , T'he uurr,'r 'tail' comprllhli
tran l l ator T 163 osdllatt"1 frt"f."ly end efrldt' ntly In the common aah' c i rcuit,
Sinc e the output o f th e lo c a l oacl11alor ( T 164 ) mUlt provtde a powe r- of 20 mw ,
a low power- t r ana l ltor t y pe 2 N -14 27 hal been used, Ot ht' r ty pt~ 1 such al
2 N 3866 . 2 :-t 3553 , 2 N 59 13 o r Ilmlla r can be allo uled, The oacHiator Ilgn,1
II Ied to the r lll a modulator via a ma tc h In a c tr-cutt comprllina Indudanct· L 167,
L 168 and capadton o f 4 pF o r 10 p"' . Dlod.. 0 161 il p rovtded to 1"llt allan
ment , A DC - vo lt a at' II avaUabh' at connect ton P t 16 6 whcee amplitude II a p prox,
" qu a l to tilt' pt'a k voltag., (If th o' ollc Ulator I lgnal at pili 8 of till' miller.

The r .. aulting Iute rm edtato h·t·qUt'lICy i. t a ppt' d off at COI1lIt·I·tionll :I and 01 of
t ht, r in g modu l ato r , A p i - fUtl'r com p r fa tn g L 169 and tw o :I!:lO p I" capadtorl
IIU pp rt'aa any r ..sldual VII F o r local oec ll t ato r voltai '" 0 11 tlw In!t'rrn t"u!ltl t· fn'
qu..nc y algnal. T he IF out put I't 166 s hould b.. loade-d wJth IOPI"·Olt . SO U .

'I'he c per-aung voltait' ( Pt 162 ) Ihould bt, a pproxtmarely I S V. W it h a 11IlJ:ht
reduct tcn in ilin . II II a 110 po.a iblt' t o ope r e t e tht' converter from 12 V.

01, CO MPONB NTS

T 16 1: E 300 ( Sillconix ) or 2 N 5397
T 182 : 40841 ( HCA )
1' 18 3 : 8 ,.' 245 C ( 1'1 1 or W 245 C ( S lII c on l x I
1' 164 : 2 N H 27 ( HCA 1 or 2 N 3866, 2 N 3553 . 2 N 59 13 o r IIlmllor

D 16 1: AAY 27 o r AA 11 6 (51"Ill t'nl ) or simi lar point-contact dtude

M 160 : Wid" band ring modulato r SHA - l ( M in l - C l r c u lt a Laboratory ) or Ilmllar

L 16 0 : 7 t u rne o f 1 mm dill. ( 18 AWe) aUvpr-plall"d COPP" I' win' wo un d 0/1 a
6 mm c ot tro r-me r- , 1 m m I"aclni between tu rns, VII I" co n' ( Lr-u..... n I

L 16 1 : 9 tu r n s , win' , cc tlrorm or a nd con' as L 160
L 16 2 : 9 t u r-ne , coil tap I turn from t he cold e nd ; othl'rwial' a. I. 16 0
L 16 3 : 9 t u rn s , o t h,·rwi .... al I. 160
L 164 : 9 tu rn • • coU tap I turn fro m t h., cold {'nd : othl'rwla." all I. 1611
1. 165 : 6 l u r n s othe rwls t, al L 16 0
L 166 : 9 turna otherwlll" .1 L 160
I. 167 : 5 turn s , aa I. 16 0 but IIt'If-auppo rting
L 168 : 5 tu rna otht> rwilll' al I. 160
L 169 : 7,5 tu rn s of 0. 4 mm (26 AWG) enamelh-d cOPI" r win' In .".nal COil

It·t. approx . 0. 8 .... 11
L 1601 - L 160 3 : W ldt> ba n d f.. l"rU .' chokpi with 6-huh" con'. ( !'h li lp a )

CK : Ce r-am tc dl.c ca pacito r 6 - 25 pfo' , 10 mm dla . or plaatic foil retmrm-r
2 - 22 pI" ( 7 m m dla. ).

With e xc e ptlon of t h e r-lect ro ly tlc ( 0I .7.u F or mo r-e I. all cal'at'itora Ilr.' c era
mil' disc type s fo r 5 m m epee In",

A a pacing of 12. 5 m m la avallabll' fo r a ll reet st c r e ,
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Fi g.4: Compo nent loc ati ons on PC-board OK 1 OF 016

5. CO NST RUCTION

The sinele- coa ted P C -board OK I OFO l 6 has bee n de ve lo ped fo r accom m od ation
of the receive conve rte r . The dl m e nalona a r e 125 mm x 80 mm, As can be
s ee n in the com po ne nt location plan ( }o'i g. " I, th e co nve rte r Is d ivided Into a
tot al o f n in e c ha m be ra with t he aid of 30 mm high ee r-eening paneh . T he m o·
du le la a ls o provided wit h ac r t'",nlne pa nela a rou nd t he board (he ieht alBo
30 m m) o nto which th e coUformers , Ieedtb rough capacitors (Pt 162 , 164. 166 )
and the RF ca ble co nnecttcne I I-'t 161, 163, 165, 167 I a re mounted . F leur", 5
s ho ws a photograph of the au tho r 's prototy pe.

6 . ALIGNM E NT

T he a lignme nt Is com menced by aUgnlng Ihe amplifier of the local cec ntatcr
siena!. Thl8 i. ac hieved by connecttng th e output or the oacillato r to P t 163.
Ii. DC vcumete r ( nngt· 3 V. Z II 100 Hl) Is eonneet ed be tween I-'t 166 and
eround. T'he oscillator a ho uld be tuned to the cen t re freque ncy ( 136 Mll z I and
the op e r ating vo ltage connected to Pt 162. T he core or inductance L 166 18 no w
aliened to r m aximum reading on Ihe m eter. Art e r thl . inductance L 168 Is alao
aUened In a simila r m an ner' , com pleting the alignment wi th capacitor C k' Due
to the r eaction ot tran s ia to r T 16 4. inducta nce s L 166 and L 168 wi ll have some
effect on another, 10 tha t it Is nec eas a ry Ior- these two Inductances to be aHined
alternately . A DC - volt a i e or approx imately l , 5 V s hould be pre sent at P t 166
when the a ltanment ha l be en completed co erectty ; a voltage of 1. 2 V ahould
s tU I be available a t the bind limits. An oscillator voltage of e pprox trn a tel y
0. 2 mW la re qui red at ccnnectton P t 163 In order to aehte ve t his. II Is not
poaalble to aUin the local oscUiator am pUfier ci rcu its Io r- m a ximum ialn of
t he converte r atnce th t· maximum ialn wUI not continue to Inc r ea ee above a
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Flg .5 : Author' 8 pro totype of the r ece ive conve r te r
wit h Schott ky diode mi xe r

ce rtain uec Ille t o r- level, ( o f app rox . S m W /l, t the r ln e m odulator I. Hcw e ver-,
the co r-rec t aHinm ent of t he- oscillato r c hain Is ver-y Im portant in orde r to ob
t a in a favourablt' la ri('ol ilPlal c xa r s c t e r t euc. Fo r th l l r e e ecn le l l diode U 161
ha l been lnc luded on Ih .. boa rd.

If I I I'n l ll l ve rl,n..ctom ete r- II avallabh' ( moat 1110' IItanding we ve bride". art'
Ilullabh' J. Input 1'1 16 3 ah ou ld be allint'd fo r be.t SWH, Th l a ia e ch te ved by
o blll'rvine th e m cte r connec ted 10 1'1 166 and t r lm m ln ll Ck a nd L 16S a lte r nately
until minimum SW H and maximum vollae" a n ' Indica tt'd at t hp e a rne tim e ,

T h .. v l n ' ai a e t' ll c a n tlt' .UlInt'd Vt·1")' favourab ly with Iht· aid of a IIWt'I'p It'nll! ra
tor. Thf> IWt'l'p generator III c onn ect e d t o 1'1 161 , and Ihe probe of t he olcillol 
c ope t o I't 167, It II Important that th e local 0llc1llato r I. In operation du rine
t he alignment alnc(' t hl' input imp..dance o f th", ring m odulator la ve r-y de pe n 
dent o n ttl .. l oca l cectttatc r voltait', The IF outpu t Ilho uJd a lll o be t e rm tnated
w it h 50 n.

If a ewevp ' ll' n f> r a t o r I. not avallabh... t he pallsband c u r ve IIho ul d b.' meaaured
point for point with t he aid o f a a l,,"al IIl'nerator and co r r ..o t e d whe r .. r e qu i r e d ,
If no mI'all\l ring e qulpm e nt i ll avaUablt' . Ih .. c on v...rt ...r IIh ou ld be alle'lt'd for
('onltanl nctse o ve r th.. wh ol e band. 1I0WI' Vt' r , It wUl hardly b.. po lllible t o o b
t . In an o pt im um pallllbllnd cu r ve In thi. ma nnvr- , In thi ll Ca llt' , it w ill be e ener
t o a ll en the four band pa . 1I fHlt' r cl r cuitll for maximum wit h a r-ecetve IIlenal
of l oi S. 5 Mil l . Thill w ill ullow th .. IlI' lectlvlty cu r ve to b", virtually ey mm et r'Ic al
ovvr- the 2 m band. Th., Input circuli com p rl llln lll 1. 160 i. aligned for be.t
.Ienal-t o -nol . .. ratio with a weak .Ienal at th. , c ent r-.. of t h e band.

T hl' con t rol volt allll' ( I' t 16 4 I at which th e- allenm"nl i. made I. not c r itic a l.
Ou ., to ttn- 100• • t:ou pl irllll of tIll' MOSF ET to th e prl"vlou ll bandpa •• filt .. r , the
pa a ab'lIld c u r vt' i. p r-ectlcefly Ind l·pl·nd.' nt of the c ont r o l voltaKe ,



7, PRACTICAL EX P E RIENC E

The lari e - a lina l c ha r ac tt'rlaUca o t the de acrlbe d converter a hould be conelder
ably better than s tsnda rd ecnve rte r e ualnll: F ET or MOS lo' ET m txe r-e, It te , Co r
ins tance, po s si bl e tor th e au thor to ope r-at e duplex on ly 30 kl h: Crom his tra ns 
mit fr-equ en cy without deee nsltlzlni hi s receiver. In t hla case, a second a nte nna
Is us e d and t he tran sm it pow e r In SSB o r lo'M amounts to 50 W. T ht' dec ou pl ing
betw een the tw o a ntennaa amountl to a pproximate ly 60 dB , 10 th at the au thor's
own tran l mU l iifl al ia greate r than 120 dB o ver no lae at th e conve rte r input ,
Preeeqc te tt e for euc h t t' l tB are , ot cou r-se , a very ee jecttve 9 MHz IF ( 3 cryatal
tH tera In the SSB m ode) and oscilla tora ha v ina a very low stdeband no l llt'(fo r
t ran sm itt er a nd r-ece tv e r ); Th e phase - Iock ed oscillator as deec rtbed In (2)
I.tlali",s t hese dem ands,

T he characteriaUce of the eecetve converter a re aiv('n in the follow Ina table:

Notee ligure :
Ove ra ll ialn:
3 dB band wi dth:
P a e a ba nd r-Ippt e :
Im a ge r ejec tion (127 MHz) :
Input m a tc hin g :
I F output Impedance:
Req u rr-ed oacillato r level:
Max . pe rmtaatble tnt erre r ence algnal
at In pu t: Cor I d B dl:"lIenai tlzation:

for 6 d B dt'lIenIlUlzation:
Dyn a m ic r-an ge ( 1 d B compr-eeeton ):

8 , IF PR EAMP LH'I EH

approx, 4 d B ( F a 2.5 )
16 dB
2 Mlh:
20M
65 dB
50-60 n
son
-7 dBm ( • 0. 2 m W )

40 mV
100 mV
120 d B

A ll hall al ready been mentioned In Sect ton 2, an IF amplilit" r la to be ps-ovfded
between conn ection P t 165 and the cryatalliltt'r It a second crystal ruter- is not
to be provided I t th e output of the IF am pl iff e r-, In orue r to echteve II high
ou t put powe- r- having a good li nt'arUy , II low-noise hl£h-cu rrent III" translltor
ha . be en c hc aen as the active element . A ty pe 2 N 5 109 ( HCA 1 ha a been used,
wh ic h wa a develop ed to r applicationa In wideband am pltrien i n TV -commu nity
a ntenna Byete ma. Tablt' 3 ilvea dl:"taUa aa to the excetteru c haracte rlatka o f
th ia t r a na ietor :

I..Imlt vatu... :

Co ll ector-ernlttt'r vo llaie
Co llector curre nt
P ow e r d l lll ipation

40V
400 rnA
3,5 W

Dynam ic value. :

Tranalt fr-e que ncy I VCE· 15 V, IC • 80 rnA ):
Noiae fiil!re ( VCE. 15 V, IC . 10 rnA , t. 200 Mllz ):
C rolll m o dulation r ej e c ttcn I at 5 m W out put po we r I:
Rea cti ve capac it ance:
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8.1. CIRCU IT DETAI LS

The ci rcu it dl ••r .m of the n " . m pll fi e r I••tve n In t'iau re 8. Th e tw o- et .....
c.~c lt lvely - ccupled bandp. .. rlIte r.t the Input ( Pt 171 I,provlde s the nqulred
ulttmat e .... It'c tlvlty. Th l!' . uu . ..qu ..nt tr.n .tator I t ••1!" In • eem mcn -em n t e e
ci rcu it I. built up In • ecnv enucnet m ann er- and offt' rl no ' pt'cI . 1 fE'.turE' l . ThE'
couplin . li nk or filll!"r F 3 II pr... . ent In Ihe ceneeter ci rcuit , end the tappt>d
tncccte nc e of th e r-.... onant e1 rcult I. te rmin. ted with ~O n vi. Pt 173. The tr.nl
formall on reuc between thi l t ap .nd the coupll n, windina amounte to 1 : 1 10
Ih.1 the output o f thE' tran i litor II loaded with 50 n. For thi l eea ecn no ten 
d..ncy to . e l r-o.cl ll a tion i l pre. ...nt In . plt t' o r the r et . ti Vt' ly hlah r eeeuve ca 
pe etrance . A lranafo rm ed Im p..dance of 1200 n I . p r-e ee nt et the hot end of the
reeona nt ci rcuI t , which mt'anl thaI Ihe c rYl tal tiller XI"-g f:: ca n be dn-ecf ly
connected. If the fil te r II to b.. connect ed via a coad.t ceule to Pt 172, the
27 pF capec u or I hould be r educed to the v. lu t." of rne c.bl... c.p.c lt.nc e .

Flg. 6 : Circuit diagram of the blgh-l evel IF amp li Ber

Stnc e th t' tr.n l l.tor II to ee ope r ated with a collecto r cu r ren t o f 50 mA ( It c.n
be co r rected by . It", rlnl the ve tce ot the b' I'" v01t'1'" dlvldt' r I, it I. Impo rtant
Ihal II II provtded with cooll nl flnl . The o pt> rat1na vo lt a I t' o f 15 V ( 12 V il
al l o lultablt' 1 II prov Ide d ...1. PI 174 and • rlllt'r li nk.

8. 2. CO MPO NE NTS AND CO NST RUCT IO N

T 171 : 2 N 5109 ( RCA I with I"ooll na flnl

F 1 - F 3: Sc r e e n e d 10. 7 Mil " miniature rllt E' r l FM -ni

Cho kE': 68". 11 m ln l.tur'" re erue c ncke , va lue uncritic al

All c.paelto u: Ce r e m tc d l . c type l fo r 5 mm I p.cina: tubul.r c. p.c ltorl fo r
10 mm ' P.clnl c.n be u eed ro r rhe Icwe r .... lue • •

The It" . m pl tr lt' r I••ccom modat don. I In,Ie - cc eted P C - bo.rd whOl e dlmenllon•
• r e 125 x 30 mm . Thl. P C - bo.rd ha a l)(O t'n deallllatE'd OK 1 01" 017 .nd It II
.110 p rovtded with ee r-e e nlna pan E'1 1 o r 30 mm In ht' l aht . Co mpon..nl locatIonI
end a phot oaraph o r the .utho r 'l pr-ot ot y pe . re alven in FllUrp 7 and Fl lUre 8.

- 2 13 -
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Fig. 7: Component loc ations on board OK 1 OF 17

8.3 . ALIGNM E NT 0,.. THE IF AM I' L1FIt; H

The alignment I, r-e laUveoly I l rn ph ': Arte r t he module ha l be en connecte d bet 
we en t he r-e c e tve con ve rter and the main 9 Mill I F ampUfh' r , r1lteorl fo' l and
~. 2 a re aHened alternately fo r me xtmum nolle . nIter '" 3 ta re a pc netble for
the m atchln e t o the cryatal CUter and ahould be aUi"l;."d tor minimum ripple In
the pl ..band ranie or the X"~·9E .

It t he r ece ive r i, to be only dedint'd to r 55 8 operation , It II po"lble to rt'
place the I,'M cryltll ruler wit h an SS H type XJo"·9B . Since l uc h an SSB crylta1
filu r- I, matched to ~OO 0, it I. neee... ry 10 r-educe the value o r the terml
na tln e real. to r a l c onn ectlon 1'11 7 3 to 20 n. The reduction In eain due to t hl ,
II not Impo rtant In pr-ecttce.

ThE' desc rtbed 110' a mplUl e r go.... Into . Ill u ratio n a l app roxlmatl' ly 500 m w , II
ope r etee completely Hn e e r- Iy at an out put vollagt' of 100 m w .

Fl g. 8: Author' 8 prototype of the IF amplifi er

Y. HE F ER E NC ES

(I) H. Lentz : A Wllll'band lUng Mh:l'r with Sd lOtlIQ' IHod t· .
vnr COMM UNICATIONS 4 (1972) , 1':d Ulon 2 , Pagt·a 121 -1 24

( 2) J.Kc .t l{'r : A I'ha l(· -I.ocke d Os c illato r tor 1401 MHz
VIW CO MMU NiCAT IONS 6 (1914) , t :d lt lon 2. P a i ,·.114 - 124

( 3) J . Keosth'r: FM Tran.n·lv(·r wllh Muilt- Ch a n nt'l Synth.... lz e r
VIH ' COMM UNi CA TiONS 5 (1973 ). f-:dltion 3. P a ge. 130 -14 5
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PRODUCT DETE CTOR AND CRYSTAL OSCILLATORS
FOR THE MODULAR RECENER

by D. E. Schm itze r , DJ 4 BG

I. MOUI F ICATIO NS TO Til E OIUGl NAL SYSTF: M

Wh lh t workin g o n the SS B!CW IF -circuit of t he modular rece tve r-, i t Wll lI found
that t he injected cec tjlat oe voltagl" W•• red 10 t he p r oduct detector- not only di 
r-e ctly bu t a lec via t he IF a mplttn-r- It both ci rcul i II we r e accommodat e d in the
same m odul e. F or th is r-e e eon , the o riginal conc e pt OJ wh t' r t' a combined If
and p rod uc t detecto r- module wen' to be ueed with t he t r-Ipl ... c r-y etel a l c UiBlor
I ()J.j li G 009 ) 18 no JOllie r ua ed , The produc t det e ct o t- ill now accommoda t ed
In a eepe e-a te m cdu!e f rom th t- IF c l rc c tt a nd co mbfn ed with a slmjllHh'd cec ut a 
tor ci rcuit with aw ltc hable crystal., T h is new m odul e has been dellignat e d
OJ 4 BG 0 14. A ci rcu it fo r gene rating the requlred control vo ltage i l now
e c ccmmode ted in th e I F module in the apec e pre vlou aly pl anned fo r t h t' p rodu ct
de tect o r .

2. CIlt C UJT 010' T HE NE W PRODUCT D ETE CTOR
AND Cll YST A L OSCILLATOH MODULE

'rne circuit diag ram o f thl l modul e I DJ 4 UG OH l II Ihown in Jo' i gurt" I . The
actual p roduc t detecto r I. connected all pu sh -pu tt mixe r and UtI e 1 the differential
amplHler o f the Integ r a ted ci rcuit CA 3028 . The IF Ilgnal ( f rom Pt 5 I l a fe d
to the ba l e of tht' co nata nt cu r- rent t r an l lltor ( pin 2 ) wh e r- e it dr i ve l t h e d ille r
e ntla l a mplHll.'r of the Integr ated c ircu it CA 3028. T he II-' l ignBl I from Pt 5 )
II fe d to the e e e e of the ccnetent-cu r rent tr-a net s tor- ( pin 2 l where it drivel
the d Hfe rentll l ampl if ier m ix e r In push -pus h . Fee d ba ck I. p rovtde d via th e
emitter of th e ccnetanr - eur-rent tran sistor ( pi n 4 l with Ih e Bid of r eete tor II 4
so thaI a ve r-y IInt'ar In pu t c haracte r istic r t' liult s . The c a pac ito r C 4 enau re e
that r e s tsto r It 4 II not abfe to ener- th e DC - volta ge reta rt onstupe In t h e Inte
g ral t'd ctrcun .

T he tw o base con nection. o f the di llerc nlial a mpl lf le r- ( pin I and pin 5 l a re
con nected 10 the s a m e DC - vo lt a ge . a nt' !.la s e Is by passed I C 2 l, and th e ot he r
III Ied with the c ec lltar or- a lg na l. T he eros. coupling v ia th e em n te r of th e Int e
g ra ted dUfen'ntial amplifLer the r e fo re- p rovid.... a pus h -pu ll dri ve of th e osc illa 
tor lignal. 'I'he AF - vo lt a gt' II taken from th e cctlecto r re al s tor- II 6 a nd pallt'd
via a to w-pae e filter com pris ing C 6, It 7 , a nd C 7 In order to r-emove any re
s ldual It F voltages .Thls II follo we d by a n ..m ttte r - foll owe r com prising t r an et et o r
'I' I wh ich then p ro vid e e a jew-Im peda nce AI-' vo lta i e to t he ou t pu t c c n nec tton
I't 10.

The cryll t a l olc llI ator Is coupled to me m ixer vi a th e d ropper rE'llltor R 3
which Io rm e a voltage divider to get be r wi th II I. Thi. en eu re e that no e Hect
II m a de on t he Cry lltal eec metc r e ve n when the product det ec to r II overd rlven .

ThE' t h r e e c ryl ta ll p r-ovtd ed tn th e olc Ula to r a re I w ltche d with the aid of etceee ,
Under normal c c ndruone, the c r Yl t a l fr-equencte s used are Ihoae fo r t he u pper
a nd lower I ideha nd al well a l fo r CWo The baee bla l voltaeel for the diffe ren
tial amplJrler and the oldllato r tran ilitor are Itabillzed by the z e ne r diode 0 4.
In addition to th l l . t he Itablllzt"d voltall:e e neu t-e e that III I wUChi ni di ode . that
are n" t ull t>d are bl ocke d with Il voltage o f appro:dmately 6 V 1 0 that It il not
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Fig. I Circu it diagr am or the product det ector
and cr ys tal oact ttator modul e

nec e ... ry for an a dd itional volt_li t' 10 be used . Thb ffit'ln . tha t It i. only ne 
ce••a ry to connect the full o~ratlnll vol tait' o f 12 V to the a pprop rial ll' ccnnec
tion I Pt 1 t o PI 3 I In o rde r t o U ')eoc t oee o f t he thre e cry_tal,.

3. COMPONENTS

A, with tht' ot he r m odu le . o f the m odular re cetver IY8teffi• • P C · board with
the d tm e netone 65 rom x 90 rom I_ Iva ll a ble. Th l. boa rd, wh ich 1M d ... . l iJl . t t"d
OJ 4 BG 014, I••hown In Figure 2 tOllt"ther with th e compone nt loca tion • . It c a n
be accommodated In a TEKO box 3 A and prov id ed with a l3-pln connec to r.

T I: BC 108 D. BC 18 3 B. BC 413 B. o r liml1a r IUlcon AF tran l btor
with B min . 100

T 2: In' 224 I Til o r Itml1ar NPN RI-' tran li ltor with low reacti ve ce pac nance .
Ath'nt!on I ho liid be PHld to th e ccnn ec r tc ne wh en u lln, othe r tran l l,torl.

I I : CA 3028 A o r CA 3053 ( ltCA I

o 1 • 0 3: I N 914 , 1 N 414 8 or . lm ll , r . low-capacltlvt' e u tcon ctod ee,
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90 mm

R9 . r:1 J..~J..~ Q
.~~ ':io----'j] .. ..
Q • ,, ~~I' ¥ '''&~ :f'U

~ ~ Tl
U _ ~ 12".gv:tM.Q~ ~1'''~__ ~C2 ~. _

9 - ""C2 : ~~ I 0
- ~, RP'-C::)-<o I II - I ol~ _ •

,
7 ' *.><>C:r<> L' I " • s ,
. - -" ~..Jl

~

so j,. J I R~ C2 ; ~

<!>• ~..c d CD

'0 .. :r. '1 ~ 11 . •
o C1 .2. ~'1' • ~

10 " T o O' 2J ~

" 00

Q ~~~~~~~~~~ '~t :& Q

f lg.2 : P C-board OJ 4 BG 014 with co mponent loc ati ons

C 22-CH:

C l -C I!):
C 18 :
CI9-C2 1:

of - 20 pf" ce r am tc dlac trlmm("r. 7 m m dla.
o r plaatlc fo il t r i mmer. ( a r E't'n )
of . 7 nF ce ramic dlac capac lto ra, apac lna !) mm
47 p}' ce r am tc ca pac ho r
I !) pI-' c e ramic ca pec tro r

L 1: 30 t u m a o f 0.2 m m dla. (32 AWG I enamefled ccpper wt r-e,
eon tap 20 t u m a In apeclal coU s et ,

01 . A LIGNM~;NT

T rlm mf'r capec uo r-e C 22 to C 201 a hould tl nt ly bo bro ught to lh"h' c " nl /"a l po 
altion and Indu c rance L 1 .lIanl'd I'br maximum oaci ll a tor vo lt.a", Thla con d it ion
I. shewn by ••Haht Ine re.... of the c olle c to r cu r- r-e nt or trall at at or T 2 . Thl a
can be m toa au r f'd et t he r a. t ne volt."", drop . cro a . rt' .Ir;l or It 23 (.",prex. 0 . 7 V l
or by con necttng a mA - m(·t e r ( a p p rOll, I.S mA ) tn et ead o f It 23.

The Induc tance _hould not bE' e lte red atlt'r t h i_ adjuatmt'nt .Inct" the Inductlvity
alao aHec t_ th .. oacUlator frt'qut'ncy . Th e nominal f rt'qul'ncy of ..a ch c ry. t a l c a n
now be adjuated w it h t he app roprlatt' t r-tmme r- capacitor. The aUlI:flmt"nt ranat"
la i!l'nl" r.lly auHlell'n t , bu t c a n bt' extended If r-equ l red by alll'dnll: th t' value.
o r the pa r-ellel cepec ttc re C 19 to C 21, Altho u" h tho cryatal tr-e quenc te e can
be a dJuatt.·d by ear-, It la m er-e favourablt' fo r t he-m to be adJulltt"d with th e aid
of a Ir-e quency counte r-, In thla c a at' . it ahould b(' conn e c t ..d at hlah Im pt"d llnc t'
t o t h e I'm lt t t' r or tran.lat or T 2 .
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Fig. 3 : Characterlattc curves or the pro~ct detector

OJ .. DO 014 at various degrees of feedback

XI" 901: upper . Idt' band 8998 .5 kHz
XJo' 902 : lowl'r .Id.. band 9001.5 kHz
XI" 903: CW 8999 .0 kllz

Since th e leUv. CW-fUt"r lor thl . recerve r 1. dt'IIIJ!OI'd for. IGm .... ha t lower
Irt'qu..ncy than 1 kfh . • ••. tor approdmatt'ly 800 lh, It II Idyl••bl. lor the
c ryl t a l XI" 903 t o be alicn"d t o 8999 .2 kfh .

5. MEASURED RES ULTS

T he nllUonlhlpl b.. t we e n Ih . IF volt.,,, and t h e dt'rnodulatIPd AI" vo ltlce a t
vartoul valu"l of th ' ••dblck re e tet e r R" I. gtven In Jo' I(\l rt' 3. At ma :d m urn
ft't'dback • • . ,. wi th It ... co, th e I.ln I. approlllmltt'ly .qual to I . Thta mean.
th.t an Ato" ou tput voUa,t' o f 10 m v will be p rt'at'n l for an n" Input volta,. of
10 mY . Wit hout ft't'dback . 1'.1. with R .. . O. a total ,ain or approxlmatl'ly 32 d B
wUl bl' provldt'd. Evt'n at t h la h1lh ,ain. 11 will be at't'n that tht' c ha rac t t' r i at !l;:
c u r vt' la Vl'ry lint'ar up to Ito" voltalt'a in t'xceaa of 10 m v . Dl.to r1lon la ob
."rvt'd only in exe... of approxlmat.ly 1!l mY .
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Of COU rlP, th e- h l lh~.t po••Ibt e v.lu. I hould b.... leered fo r th e f . d t..c k r-.... I.
tor R ofo in o rd r- to prevrd th t' mo .t Hn•• r r.nat' . T h. hl ah er thl' IF volt'af'
and/ or th e hl lh.. r the len lltl vlty of the AF I m pllflto r , th e hlaht'r .... 111 boo' thf'
v.tut' o f n ofo . On tne c tbe r hand, the hlch l to nal tlvity o f the product detector
. t R ofo • 0 .... ou ld .110.... . eecetv.. r- to bP dt' . i lnto d that rt· qu lrt·1 no IF a m pH-
nee. !'"ul1h.. r dtot.111 rt'g.rdinl thl . will b.. a tven In the rh-ec r tpt lon or •• Inalto
band , ,hartwavl!' recetve r ca m pr il ina the rvc .. tver m odul es wh ich will lo., d.. 
Ic rlut"d Iat e r-,

6 . REJo'EIU:N CES

(I) D, . .. Sc hm U~t' r : A Modu la r Kt!" e tvP SYltt'm
VIU' COMMU~CATIO~S :I 0 9'71), Edit ion 2, P' a'" 110. 11..
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A SYSTEM BOARD FOR T HE TEKO MODULES

by D. E. Schm itzer , OJ 4 BG

A .y.lf' m boa rd ha . be en de v lo p..d t ha t aUowl th f' Vlrl OUI module. or the mo
dular r ece iver .yltpm to be "1.Uy com blnf'd to fo rm. ve r-••ttle recetve r fo r
SSB/CW. Thl . 'yll t e m boa r d ('nlu rea th at the only conat ruction r e qul rt'd 1. that
the Ind ividual m odu le . a nd tor. c ••• tor the co m plete r ece tv er-.

Th p . y.tpm board provide ••11 e l..c tric a l and mechanical ecnneeucne (or each
of thp modcte e, It I, a lia e qui pped with . poWE-1" l u pply t o run them.

I . POSS18 L E VAlUATIONS

T'he v_d ou l po ••l bU illel and com bination. a r t' gtven In F'lilUrt' I In the fo rm
of. n ow dt l eram. A tot a l of a ppr-cxfmateIy 750 ditfe rt'nt r ..cetve r com bination_
a rt' po.a lbl" an d tar mo rt' U om' or m c re VHF /U HF con Vt' rtt' U are a lia pro
vt de d , T heae vlrlaUon a art' b••e d o n the number o f frequency band. that can
be pro vldt' d In eo nj unc tton with m o du l e DJ 4 8G Oi l, the bandwidth for t he ee 
qui r e d m odu lat ion mode ( 558 o r CW I, the po nibUity o f ualn, a variable or
cryata l -controlled loca l o.cmato r . a. well a. the va rlou . type . o r ,aln c ont rol
a nd nu mber o f If" m o duln ( with or without CW nner 1.

F" qu en c y b4Jldl

Mod ul a t i on mode
acco rding t o
crylta l fil ter
i n Mod ul e 011

LOcal olcll lator
nOt on PC- bo a rd

G.l ! n con trol

Audio Fil t er

1 1101'1 1 40 I 201'1 I 20" 151'1 115w 1 10 1'1 1lOW I

C. C\II or :;SH
FI l t er FU ter
XF- '3 M XF- '3 B

O'lly "~·O Crysta l chan" . Vl"0 OJ 4 BG
OJ 4 Be 012 one or 1Il0re 012 and one
or SImIlar OJ 4 BG 009 o r 1Il0re 009
module Modu l e s modu lel

WI thou t I F·.-od . 1 1 w1th 1F- ..od • 013 1

I I
No Rr/lF con trol RF'- Itage of 011 not

Man u al gai n con trol Controlled , rest AOC
on ly IF of mod . 011 1l:F- lt age OJ 011 man .

contro lled . r e st AOC
Manual gaIn contro l
on ly RF of lIlod. 011 RF- s t age . 110 AOC

Man ual gain con trol
of bo t h Rr olInd IF
Itagel of lIlod. 011

1 • • I.........c G Wi t hou t .UdIO,~~
I"Uter ece . 0 '5 fl l u' r mO<1 . 01

Fig. 1 : Flow d iagr am of po s s ible variations of th e modu lar receiver
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The maxlmum complement would Include the Collowine modules:

AI-' output an d voltaee stabilization OJ 4 BG 007
CW fUte r OJ 4 BG 015 in preparation
P roduct detecto r OJ 4 BC 014
IF amp11f1e r with AGe. DJ 4 BG 013 In pr-e pa r-at in n
She r-twave recetve converter OJ 4 BC Oi l

Th e ayetem board 11.110 includea the po we r supply Cor tht' com plete m odul a r r-e 
cerve r ccrn prtetng pcwe r tranliltormer, rectmer- and Clller1ne.

T he local oscillator for the mixer of th e sho rtwave conve rte r- 1s no t prcvlded
on tht' aame board since it is advisable for It to be conat ructed separately due
to the dem an da with res pect to stabUity tha t art' placed on it . Fu t-the r dt' talls
regarding this wej-e e1ven with th't' deec r fpt ion of module OJ 4 BO 0 12. If only
a fe w individual channels a re to be rec e ived for certain applications (for
example tor fixed tr-eqcenc rea, e mer-gency ne tworks, calling t r-equenctee etc . )
it I. poaetble ror the triple c rystal oscillator module OJ 4 BC 009 to be used.

Plod Oft

OJ 4 fiG 014

Fig. 2a : Simple SSB or CW r ecei ve r for one s hor twave band

F ig. 2b : Receiver for SSB and CW

Fig. 2c : SSB receiver wtth automati c gatn cont ro l and a -meter
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A few example a from t he larlle number of possibilities are eiven in I-'iaure 2
In t he form of bloc k dlaerams . "'Iaure 2a lIhowll the recetver- combination men
tlcned in (7 ) for CW or SSB and allows lIuch a receiver to be conet ructed very
sim ply.

2. INDIVIDUA l. MODULES

The following sec tions are to dlllCUl,.. de t aila of the Individual modules. It ill
a<.lvisable for the individual deac r-Iptfona to b... also availabl... in order to avoid
ccnruetcn. The module number- III to be given togt,ther with all connection polnta
and ccmoonenre. For tnetunce, r e ererc r R '" of module DJ '" BG 01'" will be de
slgnated as It 4-01-1.

2. I. AI-' OUT P UT AND VOI.TAGk: STABlLIZAT IUN ( DJ '" BG 007 1

Virtuslly no modtffc atlona are required to thia module 811 lone 811 the short
ground connectlon from Pt 11-007 to Pt 12-007 111I disconnected on I'C-I>oa rd
IlJ <I BG 007 . This III necvese ry becaue... a IjtabUized voltage of ..- 12 V Is re
quired via the ay st ern board at P t 12 - 007.

Wit h thl' exc epuon of the AF output IItage, all module a mounted on the system
boa rd will be supplied from the "-12 V stabUized voltage from module OJ '" BG 007 .
This ml"an. t ha t t hey place no furth .. r demands on the quality of t he po we r
suppfy fllt e ring. Any residual hum vol taie lI can only have a n effect via the volt
agt.· divider It 2-007/R 1 - 007 of the Afo' output .tag... . Thi. m e ane that only a
lo w dt"gree of rtltt"rlng III r-equired at this point . It I. even alm plet- tor the
volta lit" divider to be ft'd with the lItabUlzed. and wellc Hlte re d "-12 V aupply ,
This Is acjueved on P C - bo a r d D.' '" HG 007 by br-e aktng t he connection from
II 2-007 to the unstablllzed supply a nd makin/i: a small b rldie on the low e r- aldl'
of thl' board to connection Pt 12 - 007 all ahown In to' i aure 3.

Fig . 3 : Part of P C -bo ard DJ 4 DO 007 s towing modtn ca u cns

Heshtor It 2-007 should be reduced to a pproximately 68 kO . The value lIhould be
eetecteu ao thst approximately 8 V are present at pin 7 of tfw Intearated circuit
P A 237. This rellults in the moat tsyourabl.· drive ranae , since the op e raUni
voltRie trom the po we r suppty (app rox. 18 to 20 V) faUa to approxtmately
16 V under full dr-ive conditions. Furthe r data n'llardini the output t ran llform er
T r 2 are ilven In (2).
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2.2. CW FILTER ( OJ .. BO 01S)

Thll module , which II Itm In preparaUon, aUowl th e SSB receive r I crylltal
!lIter XF-8B in module OJ" DO 011 1 to be modUied lor CW eeeepuee, II .
CW reeetvee I. to be con l t nlct ed with. CW Cryltal !lI te r ( Xr-I M In module
OJ" BG OI J) , thll ruter wm a Uo w an even lower bandwidth to be .elected
I 200 He } when the bandwl<t.h o f the c ry l t . I ru ter XF-I M of SOO' HI i••un
too wide. Tbi. module can be . witc hed in and o ut of e tee c u vi. cOfillectlon.
Pt IS /J6/n 01 the .)' Item bo.rd. II It t. no t to be und, Pt 1S-016 Ihould be
ccemec t ed to Pt 17 -016 with the atd 01 • bridle.

2.3 . PRODUCT DETECTOR ( OJ .. BG 014 )

A. hal . l re ad)' been delcMbed in (71, the ialn 01 thll module cen be m.tched
to the required IppUc.Uon b), lultable lelectlon of rulltor R - 4 - 014. II no IF
amplifier module II to be und, full 1.1n 01 the product detector wlll be re
quired. In thl 1 eeee, R 4-014 .hould be repl.ced b), • bridi" II, on the other
hand, the IF module OJ 4 BG 013 1. to be uaed, It II po..lb le fo r th e product
detector to be provided with feedback 10 tha t th. i OOd IlnurU)' I••ve n Im
proved. In t h ll c••e , • v.lu. o f 100 0 o r more a hould b. und lor R 4 ·014:
It t he illn il l u fflc1ently hl,tl , It II po••l ble tor t h l . rulato r to be deleted
complcotel)'.

2.4. IF AMP LIFIE R ( OJ 4 BG 013)

Thll module II allO In pr e pa ration . Full det.U. reiardlni Itl . pplic.tlon on
the .y l t e m boa rd w Ul be ihen when It 11 deec etbed,

2.S . SHORTWAVE CONVERTER I OJ 4 BG OU )

Th l1 mod ule a hou ld be c om plet e d for an ope r. tln , voHli. 01 12 V .cco rdln i
to the- o r ll in i l delcrlpHon .

No modif ication I are ne e•••• ry to thi. modu le to r .11 .ppllc.tlonl where only
m anuII I.in cont rol II r equlnd. II thll moduli', OIl the other hand. la to be
pan i. ll )' o r ecm pf et e ly controlled by a AG C -clrcult, which II onl)' pollibl. In
conjunc tion wit h th e- IF module-, it wm be- nee....ry for nilitorl R ' -OII .nd
R 7 - 011 to be noduc cod to 4.7 kO. The- foUow ln1 cond it ion . wW nolult:

2• .5 . 1. RF ST AGE NOT c m IT ROL LED

Con nection. Pt 8-011 ahould be connected to Pt 8-011 It the conne-cto r.

2. S. 2. MANUAL GAIN CONTROL 0(0' TH E RF'-STAG E,
NO IF MO DUL E OJ 4 He 013

A pctennomete r o f 10 kO e beuld be connec ted be tw een P t S- 016 and Pt 14 - 018,
with the wiper connec ted to Pt 8-018. Th e voltage at P t 8-016 Ihould th e- n be
variable In th e r a nge of +12 V (mas. ilin 1 and approximately -2 V ( T I - OIl
com pletely blocked I.

2. S. 3. MANUAL GAIN CONTROL OF TilE RF -ST AGE,
WIT H IF' MO DULE OJ 4 BG 013

A manu.1 adJulJtment 01 me Illn at the- RF-.taglP ca n be mlde al prlPvl ou l ly
dlPlcrlb.d. In .ddit1on to thll, II II po u lble for the- po t e- nttom lP l e r to be con'
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neete d be tween co nnec ttone P t ~- 0 16 and Pt 6- 016 with the wipe r o nc e aia ln at
P t 8 -016. In thb caat'. the volta it' a t P t 8 -016 II o nly varlablt' betw een a pprox.
+~ V and -2 V, th t" value of R 3- 011 . hou ld be r-educed to -1 . 7 kn In order to
achlt've m a l[lm um illn of tht' R io' Itlif' , With th l . com plernent , II il po ••lblt'
fo r the R io' .tlit' to be ewttc hed to manua l or eutcmattc iain cont rol s tnc e the
voltait' Ievete now cctnctce. If thi. i. r equr r ed , 1'1 8 · 016 can be .wite h...d be t
ween the wipe r of tht' pct e nuomete r- In Iht" manual mode and ccnnec ncn I' t 1·0 16
to r automatic gai n control.

2.5 , 4. AUTOMATI C GAIN CONT HOL O F r ux !i F -STAG e

Th l . mod", ha. been deec rtbed in the prevtcu....etten; I' t 8-0 16 . hou ld bt" con
nected to P t 7 -0 16. a lld It 3-011 Ihould be reduc ed to -1.7 kn.

2.5 ,5 , I-'IRST IF ST AGE UNC Om- RO LLEO

Th l . I. only po •• lbfe wh..n no IF module ia prcvtced. In thi . ca•• Pt 7 -0 16
.hould be connected to P t 1-1 -016,

2.~. 6, MAN UAL GA IN COm- HOL O F T ilE FIitST IF ST AGE

Th ia il on ly poulblt' when no 11-' modul e I. p rovId ..d , In thi l cal" . a pc i euuc 
m et.. r- or 10 kn Ihou ld be connected al de ac r tbed In S..c tlon 2.5,2 . between
Pt 5 -0 16 a nd 1'1 1-1 -0 16 wi th the wtper connec ted to Pt 7 -0 16 . T he vo lta,1:t" a l
th i . connection . ho uld be ad julltabh.. In th e r an i " of +12 V and -2 V.

2. 5, 7 . A UTOMA TiC GAIN CONTROL o r T ilt; FIHST 110' STA G E

Tht. II only poulbl\" wh t."n t he IF m odule OJ 4 HG 0 13 il provtded , Th\" circu it
r-eq uf r -ed for thl. i. alr ...ady provided o n th e .yltem boa rd a nd It II only n.. 
ct'.aary fo r r ...ia tor R 17 -011 to be r- edue ..d to -1. 7 kn.

2.5.8. MA NUAL GAIN CO NT HO L OF HF ANI> IF ST AGf;S

T hl l com binatlon I. o nly poulbIt' when no IF m odul .. ia pro vided , A po l ..nttc 
m eie r of 10 kn a hould bo' co nnect ed b..tw een P t 5 -0 16 and P t 14 · 01 6 with th e
wi per conn..c t ..d to P t 7- 0 16 e nd Pt 8 -016.

2.5.9 . AUTO MAT IC C AlX CONT ROL 010' Til E HI-' A ND IF STAGl';S

Thl. combination II ollly po •• lble when an IF re cdute f)J" Be 013 I. provid..d.
coenecuene Pt 7-016 ahoul d be connec ted to Pt 8 -016 a nd r ... . i.tor. H 3-011 a nd
It 17 -011 .hould be r t'duc ..d to 4. 1 kO. Th .. controll ..d IF ataet' provld..d In the
IF - m odult' I>J 4 BG 013 la . IWlYI connected to the au tomatic iain cont rol.

2.5. 10 SELECT io N OF -raa HEQUIHEU CO M UINATIO N

Aa can be see n In m e p r-evtoue eec r tc na , th...yll l ..m boa r d offe rs a Iaret" r an i"
of po ••l bllitle. rc r the ialn cont ro l. T hl a m ean . tha t It II poa l lbh.· fo r thlP mo.t
fav ourabl lP com bina tion to be selected fo r eac h appli catio n. Howe ve r. it o n..
IlIlor.. . the fin er dl ffe r l"ncel. th.. rollowlne com blnationl provide l ufncl ent .cope:

If no IF m od ule I. pro vided , It will on ly be pcee tb le fo r m an ua l i aln control
to be ul ed. In orde r to ac h ie ve the a reatt'at pouible dy na m ic ranet." . both
the RF and IF .taiel of the r-ecetve conve rt .. r OJ 4 HG 011 . ho u!d b.. con 
u-ouee .1 d.. ac r lbed In Section 2. 5.8 .
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It an If" m odule t. prcvtded , II II e tm ple r when th e cont r oIla blt· I ta eel ot
m odu le OJ 4 BG 011 I re a llO connected to the AGC volt aee al WI I deac r tbed
In Section 2. S. 9 .

It a manual el ln control o f th e Rf" I tale II r equ ired in I pUe ot the loed
croll-modu lation chl r acu' rhtlcl ot the r ece iver, th l l can be achieved al
deolc rlbed In Sec tion 2. S. 3. I the IF I tl,e Ihould be connec t ed to th. AGC
li ne II deacrlb¥d In 2. S. 7.

3. SYSn':M BOA HO OJ 4 HG 016

J-'1 lU re 4 alveI th e ci rc uit dl aa ram of the IYltem boa rd. The l a m e power trani
fo rme r II uled al WII de ec r tbed with m od ule IJK 1 I'N 007. A neoaall ve vo lta It'
ot a pp roximate ly 2 V II o btl lnt'd with ih t' l id ot dtode e 0 3 to 0 S I 016 1. T hl l
vol tl't' cln va ry In the ranl e ot 1. 8 V to 2. S V. It IlloWI the cont rolled dual 
,Ite MOSFETa ot mod ul t' l OJ .. 8G 011 a nd 013 to be we ll blocked 10 that th ...
who le control r ange c a n be utiliz ed. F llUre 4 allo Iilvel the com ponenU that
mUlt be connected exte rn Illy auch II loude pee ke r-, po te nt tc met e r e et c. Aa
wa l deec r tbed in Sec t te n 2. 2" the I wltch connect ...d to connect io na Pt 15-01 6
to Pt 17 · 016 t. only required when a CW tUt t'r OJ 4 HG OIS II usee. ThOI'
I wltc h connec te d to Pt 11 - 016 to Pt 14 - 016 II pr-ovided In o r de r to allow up
to thr-ee different c ryl tall to be e wttc hed into ci rcuit In the product detector,
Thil will allow CW, upper Iide band a nd lo we r I Ide ba nd to be s e tee tec . It the
recei ver i l o nly to be uti l ized tor CW tran lm l i l ion a , it II po l aible tor the
l inlile c ryat l l to be mounted In module OJ 4 BG 014 , In thl l cale . Pt 11- 016
o r Pt 12 -016, o r Pt 13 -01 6 I hould then be connected to Pt 14-016.

AI can be eeen in FI lUM.' 4, th e IF con nect io n to the product detector II m ade
wit h a piece o f sc reened cable from Pt 22-016 ( ec reen to t ' t 23-0 16 I or trom
Pt 2S- 016 ( ec r-een to Pt 26·016 ) I ccordln a to wht'theor an JIo' modul e II provided
o r not. For realonll o f I t a bll ity an d neutralizatioll ot th e JIo' modu le, thl l line
hal not bt'('n provided on tht' P C-board,

fo' jfU r e 5 I howl the conducto r lane l and com ponent Iccattcn e on P C - boa r d
DJ" BG 016. The dlm rn llon l ot Ih la board Ire J 70 mm x 120 mm . Th e on·ott
I wltc h a nd rulea a r e not mou nted on the Iyatem boa r d linc e thl l would limit
t he po .. lbh- application I , It will be seen thlt a pr otective around rin e II con
nected to Pt 1 · 0 16 that Ihould be connected to th.' common grov nd of th e unll
In o rde r to avetd a ny le aka lil' cu r-r-en t e unde r untlvoura ble conditionI . Since th e
P C - board i l o n ly coated on one e tde for pr ice r eo l l on a , thl l protecti ve r in ll
la not provided on th e compone nt et de, It II, nowe v.. r, po.libl~ to prcvtde
eueh I protec tive r ln a: u l ln ll a co nduc t ive lacqu.. r o r by i lulnli a thin mf't a l
foUlnto plac .. and ccnnect tng thl. to I't 1-016. Of cou r-se , theee ••tely mellure l
ar.. Ulelil"11 when the connection ot the wlrln, between po we r -lin ... ccr mectton,
o n -off I wltc h, ru.e and ccnnec r tc ne Pt 2-016 and Pt 3 - 016 are not made with th ..
• Im e ca re . Attention . hould be paid that quality , l uffic lil"ntly rated ccm po nenre
a re uled.

4, MOUNTING OF Til E INDIVID UAL MODULES

In o r de r to accept th e 13- pole ccnnecte r-e ot the TEKO module l , match in li con
n..c tore ror s olde r- mountln, are used, Ho we ve r, e tnce th e ee I ta nd approximately
4 to 5 mm hllih ~r than thc ee de llened tor c ha ..11 m ountln., It i l nece ..a ry for
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apece ee 01 approdmately 4 mm In hmith to be ueed betwe en the I Yl tem board
and the m o dule e , These ca n be in the lo rm of brall bUl hlnes. II thl l II to t....•
a voided , it 11 po llible to pl ace the individual boa r ds approdmately 3 to 4 mm
hieher In t ne TEKO box e • • Thl l , o f eour-se , Is poae tb te when th e modujee a re
to be cone t r uc ted at the l ame tim e al the eyetem board. However. 11 com pleted
m od ul e I I re already IVlnlble that we r-e de etgned lor cha.sl. mounting, it will
p robably be Idvl sabll: to p r o vlde the ceec rtoec s pacers rathe r than to p rovide
the TEKO box e l with additional hol es . T he connectors destgne d fo r no rmal
wlrln e cannot be-u aed et nce they po lll e s l a dHfe rent connection pi n spacing.

5. P REPARATIONS

T he po wer t r an lfo r me r 8hould be in stalled o n thl: P C· boa r d alter whi c h the
voltaee l are c hec ke d: a pproximately +28 V ac rOlll C 1 -0 16 under- non-Iced con
ditions at 220 V AC. Co nne ct module OJ 4 BG 007 . Th e vo1t.ll.gt- at connection
Pt 30·0 16 ehoutd amount to 12 V. This value can be adjueted with the aid of
r e s hlto r R 13 -007. Since a IIttle current II no w Ilowlng vla diode I) 3 -0 16 to
05-016, a neeaHve voltage of a ppr odmately 1. 8 V to 2.3 V to gro un d (PtI 9 - 016)
ehculd be measu red at Pt 29- 0 16. Th e stablllzt'd vollage can be connecte d to
the othe r module I by m akin g a br lde t' between P t 30-016 and P t 31-016 . If rne ee
medulee have been a He ne d acco rdlne t o the Individual des c r ip ti on a and if t he
e xte r nal component. ha ve been connected co r rectly to the system boa rd , th e
r e c e tve r ehculd be r e ady for o peraUon a8 loon as an antenna has been con
nec ted , It m ay be ne ce aea ry to cor rect th e Individual IF ci rcultl carefully for
madmum Ilgnal , al we U a. cor recting t he Hf' circuits at th e cent re of the
ba nd. II no fr e quen cy co unte r 1. avallable In orde r to establish the r equi red
fre que ncy r ange 01 th e o ec ntstc r , ( e. e . OJ 4 BG 01 2 l , a caUbration e pect r-um
generator with e wncnabte calibration line . (e. g. OJ 4 BG 004 ) can be used.

In thi s ca ee , the gen e rato r b connected via a lImali ca pacitance 0 1 I to 2 p f'
and the r e c e rv e r Input te rm inat ed with the r equi r ed Im pe dance. T'he I Ml h: o r
500 klh: m arker I hould t he n be s e lec ted in o r de r to find the lower frequ ency
lim it . Aft e r th l . ha l been achieved, the varioul oth e r calibration line I ca n be
s elect e d In o rder to ma rk t he uppe r ban d limit a nd to II:t th e band ap s-e a d o f
th l;' olc Ulato r. The scale can then be calibrate d ul ln ri the fi ne r calibration
Une e ( 10 kHz, 5 kH z l.

6 . S· METER

The co nt rol voltage I. available at connection P t 7- 016 in the automatic gain
control mode. Th l . vo ltaee can be Indicated o n a voltmete r. The mete r ahou ld
have a lu ll- ac a le de fl ect io n o f 6 V and the Im pedance ahould not be too lo w.
Value . 0 1 ove r 2 kO / V are .u rflc1ently eood. If a mA-m etl: r with a lull- aca le
deflec t len of le i S than O. 5 rnA II Iva il a ble . It can be connected ac roae ree tetc r
R 2 -016 at Pt 4.018 on t he . y.tem boa r d. R 2- 016 eheuld be aelectl:d so that
lu ll - Ica le de ll ectton Ja indicated on the m et e r whe n th e plu a co nnection ia made
to Pt 6-016 and minul to i round ( P t 19 -01 6 I. T he final co nnection la m ade by
con na ct ini the m lnul connection to Pt 4-016 a nd t he plu. connecUon to P t 6 -016.
It 11 then polll ble fo r the m eter to indicate ze ro when no lienal i l be ln i r e
ee tved , and tuU-.c a le de n ecuce wit h the et roneelt po.llb le 11gnal. Of ccu ree ,
the S-meter can be ca li b r ated with the aid of a l ignal i e ne ra to r . If such a
eene rato r i . not avaUable, It 11 po ••lb le lor a cryat l l old lla tor to be co n
I t ruct ed for the requ i r ed freq ue ncy ranee tha t can be c a lib rated e it he r on a
c allb n ted receive r o r wideb an d cec tncecepe and br ouiht to a de !lne d o ut pu t
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vcttage of lIJay . 100 mY. Il. t> la t lve ly ai m ple attenuato r l can Ihen ce uee d wh ich
a llow t he csdtbr-atlon ot t he 5~m('te r to be m ade.

7. EX T ENSION 0,.. T ilE R E C E IV1':H FOIt HE C EPTION
OF F REQUENCY MOD ULATION

It a c ryet al rute r ha ving a 8uftlde ntly wide bandw idth ( ... lit. XF -9E) II u.l:led
in module OJ " BGO II,It wi ll be poaaibte for lrequ t'ncy·modulated tranllm la llion l
10 be recetvec. In this case, a aho rt , ec re e ned IU' cable III It'd parallel 10 Ihe
U ' line between tht, s hortwave receiver- a nd ted 10 a FM-module IlJ .. UG 008.

"O -g,.""g".. (0-0" "" _
..

u

Fig. 6; Exte ns ion (or r ecepti on or FM n- ansm ts s ions

Sinc e ccne tde eably lower band wld th8 are adv a nt a gecc e for SSB and CW o a
nar-rower- ruter can be ullt>d In the IF m odule UJ" BG 013. The co r r t'lipondi ng
1Ill t' r lor CW operation would be type XF-9 M ( bandw idth O. S kHz l, wh t're BIIo
the cheape r- XF ·gA will be lIultable tor 5SB 8111c.. the 1" M tIlt e r in the s ho r t
wave conve ner wi ll p rovi de eurr tcrent ult lm a te 8e1t'Ct I. VUy. F igure 6 8how . a
suita ble ci rcuit in the form o f a block d la iram .

Fi g. 7 : Author' s prototype or a r ecei ver as shown In Flg. 2a



8. NOn;S

Th.· author hop.... that tht' d...crll,.,d modulo'a and th .' .yat.,m board wUl form
a ba.i. of an l'trlch'nt r-ece!v.. IYllh·m. The r-ecetve r can b.' df'lIljn. d for lilly

Iinih' .hortwavl' band o r 10jl'th.'r .... Ith lullablt' ccnve rtere a1l1O tor a numl....r
of VII ...-U IIF t r e qc e nc te e. The do'acription of luch module s together- 'Alth thv
posaibh' variations It"'ml to bo' tho' mOil tavourabh' ccmprcmtee t....two..n the
pu rchaae or an <;>ll p.mslv.' ro'ct'lv,·r . whlch I. nol ullually ablt· to latl.f)· all the
dl'mandl placed u pon it and th l' ttme , COll i and expe rtr-nc c rt'quin'd tor a com
plN t'ly ne w deve lo prnent , If any ot the compcnent e , such liS lnt e wrah·d dr·.·ultll ,
b ..com e no lo nge- r- avallabl .., r vpf acvment modul ea will br- dt'vdopt'd , H IlOlllilll ..
ptn-ecm pnubre with tho' modu l .... t ha t th ey an' to re-plnce,

(I I D, f.; , Schmlt~t'r: A Modula r u ec e tve Syatem
VIIF COMMUNIC ATIONS 3 (1972) , Edition 2. l'a ll: (' 11 I IO· I I~

(2) UJ 4 HG 007: Int <;> g ra t l'd AF Ampllfit'r and Voltai" StablHnr
VII F CO MMUNICATIONS 3 (1972) , Edition I, l'a i " l1 34 ·~9

f3 ) UJ 4 HG 00 8 : f.'M·!l-' Amplitlt'r Modult'
VII F CO MMUNIC AT iONS 4 (1 97 2), F:dltlon I , l'a ll: t"11 40·45

(4) UJ 4 HG 009 : T'r-lpfe Cryltal.Con troU..d Oec tltstcr
VIIF CO MMUNiC ATIONS 4 IHI721 , EdItion 3, P a llo." 175 -1 79

(' I DJ 4 HG Oil : SW Recet ve r
VIH ' CO MMUNI CAT iO NS 5 (19 731, Edition i , P lli t

' .
2 ~ -32

(61 DJ 4 BG 012 : Univt' raa l VFO Mo dul o.'
VIU' CO MMUNIC AT IO NS 5 (197 31, xontcn " Pa i t' li 2~ 1·249

(7) DJ 4 HG 014: Pro du ct U..t ectc r Modu l.. w ith Cry8tal Ollc llla lo ra
In thla edition o f VHF CO MMUNiC ATIONS

(8) DJ 4 HG 004 : MOdul ar Calibration Sy at ..m
VII'" COMMUNICAT IO NS 3 (1971), I-;d itl on 4, P a i u 19" · 20 5,

PLAS T IC BINDERS FOR VHF COMMUNICAT IONS

• Atlractlvt' pl aa Uc co ve r ed In VH F blue

• Acc e pUi up to 12 ed it ions (three volu mea)

• Allowa any requf red copy to be found eaa lly

• Keepa the XYL ha ppy and co nte nted

• Will be aent anywhere in the world fo r OM 5, 50
including eurraee mall.

Order you r blnd..r via th .. national r"pr eeenteuve
o r direct fr o m the publlsh..ra or
VHF COMMUNICATIONS

VERLAG UKW - BER ICHTE, H. I)lhlll S a HQ
8521 RATHSBE RG!ERLANGEN (W. Gf'rmllny)

Zum AIISs lchtllturm 17
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A 500 MHz PRESCALER AND PREAMPLIFIER
FOR F RE QUENCY COUNTERS

by G. Be r gmann, OJ 7 JX and M. Str eibel, DJ5 HD

r. INTROD U CT IO :"l

A 1arlt' numb. "!' " Z oJiKlta l f reque ncy counte r. art' In uae In am atNU' r adio ata·
tiona. Th . 1I 1'1" -!" freque nc)' Hmlt of fr equen cy ccunre r e ullna TTL-lo&tc I. in
tho " 1',10 I' of !lO Mlh. l ll , ht'r Inpu t I r-equenctee are po••ible ulin, fo:C L -c!rcultl.

Munollthic Inte,rated rr-equl!'ncy dlvl4en for t requenctee of up to 500 MHt a re
avallabl.. from Mot o rol., P h-••..,y ( I G Ill. I, and H('..... It' lI " a c ka r d { hp J. A
.. : I divide r for f r f' qu t' nd l1'1 up to I Glh Ihould al ao now be avan. blt> from
Fa i rchil d (I ). Th e m e et eccncmtc a! ccrnbtneucu ha l now be de terrn tned tha t
. 110wl rn eaeu r-em e nt o f I requenctee up to a nd In exce•• of t he 7 0 e m band. Fo r
COlt r eeeone , t he deacribt'd p r e ecele r- uaea dlvlalon r atlo . o t 20 : I a nd 100 : 1.

2. PHEAMPLWUm

T hto taa k ot thl!" pr...mplltil!"r Is to tnc r e.... Ihe Ieve l of th e Irequency to b..
cou nted 10 a autticlenlly high value , Due to th e r eIaHonahl p le _ up U/uT
apprcxtmately 2.3 vr w 60 mV Input vol tail' I. r equi r ed 10 drive auc h EeL
c ircuit. a t low tr-equ e nc! .... ( coll ector c ur-r-ent r at io 10 : I ). T h ... Input vo lt a II '"
re qutrement e tnc rees« at hlghe r fr t> qut'ncle a mai nly due to Ihe vo lt ai" drop
ac roaa t ht' ba lll '" re e tatence, With the 2 : I d iv ider u III"d . a pp rox imate ly 100 mV
I RMS I a re rt'qulred at !l00 Mill .

Mon oli th ic tnt egrated cl rculta cannot be UBt'd a. prt'amplltle ra tor the Irequency
range up to !l00 Mil L due to thei r hlih coat ( mort' than 200 OM I,

Rl!"la Uvel y chea p t rana lato r. ueed In UHF a nll"nna ampll th.·r. a re vt' r)' Bullable
to r u ee In thl . a pplication.

2. 1. I'OSSIR L E GAIN

It tranalorm allon ne twcr- ke are nol used be tween Ihe t rana la to r at a l t'a . the
foll owing la va lid tor 1he gain pe r atai" Gu :

- Y21
G, •

y U + Y22

T he toll ow!nl va lue. to r t h l!" tou r-pole coettlci l!" nta at !l00 1.1"1 are taken t rom
the dala a h..t't a o f t he l ran ai at or type 2 N ~ 179 :

• 1 13+J 12 1mS
1 0 · J 2 . 2~ lmS

20 J:n ) m S
2 + J 5 1mS
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lain Gp Includlni neut u J1 z ln l n..two r k ( unllltrral ialn I

2
( Y21 Y12 1

G
P max

The m aximum power
amountl to :

When r r trrrrd to equa l tmpedancea , the maximum ialn per I tall' amountl to:

G • 3.76
u max

T hll ahowl that only tw ice t he iain pe r' I tai. would b.. ponlbh' It matchln,
nl'tworkl we r .. ueed, Thl' dl'll iJI of .uch nl'utraUzln i an d mltchlni ne t wo r-ke
fo r wid e Ir equen cy r an i(' woul d, howe ver, be lomewhat co mpte x,

3. ATTI':NUATOR

Ttli' norma l circuI t u. ln i two antlphal" dlode l at the Input o f thl' p reampli fi e r
i . not lIuffic t l'nt for a ttenua tin i the II i na I. I-:...en tI \l' ual' o r Sc ho t tky dlodl"8 In
a low induc tanc e cal irll II no t ab.le to .atlaractorily aUt' nuah' an Input I lgnal
trom a 50 n aou re e,

Tb e br ld i t' · clrcutt gl ven In Flgurl' 1 ha l b.· ..n found 10 b,' Vl'ry eucceeenn:

f
~~..

]~ '----

.~,

_.4-_ _

Fig. 1 : Attenuator uetng a br idge
of Schottky diodes

FII{. 2 : PIN -d tode switch
as attenuator

Du. to th. rorwlrd redltance of the diode , a ee rtetn .mount of tn l .rt lon lOl l
II .Iw. y. pr I.nt . PIN·dlode I wl tch•• h. vt' 1 110 been found to be l uccelaful
I fo·l i . 2 I. A contlnuoua .tt.nuation a . II o nen uaed in th e Input of TV - rece tvr r.
II not po . a lb lr In thla a pplication due to th.. largl" am pli tud.a tha t .r. pres ent
( anap -oH erree t I.

The m Olt auttabl. aUrnuator II th . pr.ampltn . r Ita.lt. It II only Im po rt an t that
thr tr.nliato r a .r. not ablr to trlii.r any pa r a lttlc r.aonant cl rcuttl wh.n
drl ven with n.,.tl .... vo lt . i.a. Such r. l onant ci rcu itl .r. e tt en ua.d for co r rect 
Ing the rrequency re lponar I collrcto r Induc t ancl'I ). Ftgurr 3 . nd f'lgurr 4
c le . r ly aho w th e limitlni cha r acte r l.tlca I. wrll aa the rffr ct o r un f. vourabll"
ecnecter Indu ctanc e••
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--

-t. cmCUIT

. --
-L

.. ..... Fi g. 3: Input vo ltage of th e 2 : 1
divi der ( Pi n 13) (or
demonst ration of the
limiting of th e wldeband
preampltfle r

Fig. 4: As Flg.3 but us ing
co llector chokes (appr ,
40 nU) (or equalizing
th e frequency r esponse
(Incorrec t count)

The ci rcu It d l. ,ram o f the comptete pr acale r I. a rv..n In fo' !cure S. The Input
a lena1 Is ft'd to th e two- at a e prt'am pl Ulr r com prl.lne tran . l at o rl T 1 and T 2.
In ord ... r- to avoid par•• tu c r eecnence a, bo th tran _l llto r a work Into ferrite wtde
band c hokee, P aralit"l an d 81.'rl t'1 r.....db a c k I. ua ..d , whi ch 11 w tde e p r ead in the
anU'nna ampllfit' r Jte ld, Th t' 2 : 1 t r ..quenc y divider f I 1 ) \_ ca psctttvely coop ted
10 the 10 : 1 d lvtdl!'r ( I 2 I. Trans lator T :I ia ult-d.a I..vel conve rter t rom Ee l.
to TT L . leete. Accordin. 10 the position ot a wl tch S, the TTL alenal ia tl"d via
th e latl" di rect to thl" o utp ut I tot a l dlvialon ratio 20 : I l, o r via ln t"'lrated
c ircuit 1 3 wh lc:h la connec ted .. as: 1 dividl!'r f t ut a l divialon ratio 100 : I ).
Another n tp-n cp f 50 Milt) la a vailable a t co nnect le ns Pt 3 a nd Pt 0& , wh ich
can be used to r dl vidln l the clock frt'qut"ncy by tw o. Increa a ln i th e i a h.· t im e
by tw o p rcvtdee an t>(f t>cUvt> dlvidon ratio ot 10 : I J. Outpul I't ' a hou ld bt·
dr rect ty connected with the iatt> ot th t· ccunte r-, It it la no l poaalblt> tor th e
pr t> a c a ler to be inat a lled within the counte r , th e pn'aca) t>r m odule ahoul d be
conn ec ted via a coaxial ca ble to the p rearnplHle r In put or th e c o unte r .

4.1. CO MP ONBNTS

I : 18 20 · 0558 (hp J or 18 20 • 0736 I hp I
2: 95 II 90 ( fo' airchll d I
3 : SN74 196 N
-4: SN7400 N

T I , T 2: 2 N 51 79 ( RC A I
T 3: as- 440, 81" 4H ( A1';G-Ttk I or 2 N 5139 , B1'~ 272 , BSX 29 ( t'a lrc h ll d I

or Bt' 32 4 , 81" 450 ( S fe rnene ) o r d mUar VIl t' I'NP _lUcon tran ai.ator

L I - L 3: t' l!'rrUe wld.' ba nd choke a 1 1. 5 turn a in a 6- hol t" co t-e I Phlilpa)
L -4, L 5 , I. 6: Fe r rit e wtde ba nd choke 2.5 turna In a a- ho h' core ( P hillpa )

Re a lato ra epp rcx. 0.25 w -ty pe e, aplcini 10 mm

Capacltora: Ce r- ern te diae ty pe a: with exceprtcn C IS: tan tallum drop e lect t-olyt le
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5. MEASUHED HESULTS

The Input s ensi tivit y ot the counter is ,Ive n In FliU re 6. "' Ia:ur e 7 s ho ws the
Inpu t retu rn lou "t n • · 20 10, ( bI t a! ) where :

a l • am plitu de ot th e Ilgnal r e fl ec ted trom the Input ot the counte r
b1 • amplitude ot the algna! fe d to th e Input ot t he counte r.

..

OJ 7 JX

/o

/o

/
V

/"
•

I

•

Uin

Fig. 6 ; Input sens itiv ity of the preecarer
as a function of fr equenc y

""

OJ 7 JX
,

- ",( .r.

~
<,V \

• '00 '00 ". •

•

•

- 2 34 -

Fl g.7 ; Input r efl ecti on 01 the presc ar e r
as a functi on of fr equency
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The ripple la a < 1. 9 for rln > 10 dUo Due t o the 1I00d input matching 1t la
po aalble fo r the teat a l lPlal to be fed to th e ccunte r via a r .. la tive ly lonll coall1al
ca bl ... Th e Input po w.. r ahould not exc .... d 150 m W whi ch cc er e aponda to a me
ximum lnput vo lt allt' o f app ro xim at e ly 3 V. Ir fn'qu"nch'a ar.. 10 Lw na-aau r ..d
a t hillh"r powe r 10/'vt'l , 11 ia neceaaary to provld.. an att enuato r- with th.. r-.. •

qulred power handlunll c flpa bUlty .

r lg. 8: Com ponent loc ations on PC -boar d OJ 5 HO 003

rlg. 9: Uppe r side of board OJ 5 HO 003

6, CO NST RUC T ION AND ALIGNMENT

T he pre acal.. r l a accommodated on a double - coa ted P C - boa r d ha vln ll the dtm en 
a lona 95 mm by 50 mm . Th .. board ha a been dnlinat.. d UJ 5 liD 00 3. It la ad
viaable for It to be enclcaed in a metal box. but thl a la not abaolu tely ne ce aa. ry
for co r-r-ect ope r-et ton, Ground loopa mu et be avoided wh..n In.tallln i th e p re 
ac. le r lnto . frequency counte r.The conduc to r I. ne a and the com ponent 1000 aUon •
• re liven In fo'lllUre 8 . and .'l llUrf" 9 . howa th e conductor l.n... . on th.. upper
. lde of the board. The printed boa rd layout ahould not be ene r ec: poaa lbly with
the exception of makinll. few wire bridlle. to Inte rconnect tho' upp.. r and low er
llround-au r racea.



All eompcnerue mlat b~' aold.·rt·d Into plact· wit h the Ihortt'lt polllbito ccnnec
tlonl. Thll II '...pt·dally Important for th,' pr-..ampIHh·r tranliltorl T I and T 2.
Tbe 0 .8 mm dtam ete r holpa fo r t he ccnnecuon h'adl of the t r a n l i lit o r l art·
d rUIt'd aa shewn In F leurt' 10 dt r-ect ly adJac"n l t o th e " nd ll o f the conductor
lanl'a 10 thaI tl 1O' IPIOClng bt.·I -en the It'adl II metntetned al accuratdy III

polalbh·. Th,' tranllator .. a rt' tll n aold~·rt·d Into plact· 110 th at t h e callt" oC Ihl"
tran a i lilor il touchlne Ibt' t op of th., P C - bo lO r d .

Fig. 10 : Installati on of trans hitors T I and T 2

St'le ct a voltaet· of 01 . 75 V at pin 13 of 11 w it h Ih., lid of po tenncm e te r P I. It
th l l II not POlllblt' , Ih l l ..... 111 mean t ha t th e cu r rt'nl ealn of Iranali al or T 2 dHC.. ra
art'a t ly from t he no minal VaIUl'lI . T h.· c hanelnll of the vaJut' of H 6 t o Ihl' n(' xt
I t anda rd valu e ..... 111 moet c l"rlalnly b... lunlcl "111 10 achit,v.. th l a aim .

Stnc e Ihe 2 : I dlvid" r ( I 1 I 18 uauafly a blt· t o count In ,'IICl"811 o C 600 Mll z, It
i l tilt' 10: 1 d l vld t'r ( 12 ) that d vte r m In... till' upper- frl' qu"ncy limit of tho' mo
dull' . T ht, UPll"I' frl" qu t'll cy IImlt II etec d fl·c l ...d by th e opl' r a tlne tcmperer u r e
o f thl' 95 " 90 wh ic h m t'an l th at II II advtaabll" Cor a I mall ht'at lin k In Ihl"
fo rm of an a lu minum brack"t t o be ult'd t ha t II Illut'd t o the top o f th l , Inte
a ratt'd ci rcu li ,

- :JJ6 - Fig. 11 : Author' s prototype of the 500 MHz peescaler



P ot ent tomete n P 1 and P 2 s hould be BdJultE'd to obtain m axlm um 8E'n81t1vlty
at the h leh e8t po811 blE' Ir-eqc ency , T hl. I. made a fter r E'a ch ine the rind ope rat
Ine t ..mpe r ature allowlne I we rm-up period o f 2 to 3 mtnute e , Further l11en
m en t II not nece eee ry, f-'lpre 11 ehcwe t he author' . pr-ototype conet ructed by
DJ 7 JX.

7. Rf-;PERE NC ES

(I) Etect rcntc e , Jo'l'bruary 1974

( 2) W. R. K r lttE'r : A 6.dleU F r toqu('n cy Count e r- for 1 li z to Typically 100 MHz
VHF CO MMUNICA T IONS 5 (1 973). Edition 2. Pail'S 95-103

( 3) J.G rlmm: A 10 : 1 I'r t' lil c a ll' r and I'rl'a m pll rl l' I' for 250 MHz
VIII" CO MP-IUNlCATIONS 5 (1 973), Edition 3 , Pa i l'S 154 ·1 59 .

.', •

THEJAYBEAM
MOONBOUNCERS

All of Ihe MOONBOUNCER antennas can be either connecte d for circ ular pcrertee
no n at the antenna with one feeder to the shack, or If two feeders are fed down to
the shack, it is pc eeible to select verncel. horizontal, as we ll as clockwise and anti '
c lockwise Circula r polarizallon.

Ci rcular cctens encn 18 most certainly the pcterteencn of the future , The advantages
of this form of poterteenon were drecueaed in a recent article by G 3 N O/OJ 0 BO
In VHF CO MMUNICATIONS. The pcserb thty of switching to any required polarisation
to find the momentary most favourable polarisation 18 a grea t advantage of the
MOONBOUNCE antennas,

The foll OWing four types are available, which can be stacked and bayed to form
arr ays sui table for extreme OX modes such as MS and EME:

Type Elements Istr. Gain (dipole) Her. Beamwldth

5XY/2 m 2 x 5 t1 dB (B.B dB) 52 ·
8XY/2 m 2 x B 12.2 dB (10.0 dB) 45·

10XY/2 m 2 x 10 14.2 dB (1 2.0 dB) 33·
12XY/70 cm 2 x 12 15.2 dB (13.0dB) "S.

Boom length

1.67 m
2.85 m
3.65 m
2.60 m



A ST RIPLINE CONVERTER FOR THE 13 em BAND

by Konrad Hupfer', OJ 1 EE

A converter module I. to be dl' 8crl btod t ha t com p r tee a prt"ampllrler, puah -pull
Schottky mtxe r and Inte rrnedtat e frl'qut'nc y pre ampltrJer. AccClrdlnl to thr- 08el1
1,lor fr-equency , tht' Input rr-eq uency In the nnll' of 2 304 MHz ( 13 em band I I,
converted elth.. r 10 thO' 2 m band or 10 m band. Tw o po• • lbIHtiel for provilion
of Ih t' loca l a .clllator Ir-equency are alao 1I'1 ven,

The rec etve c onverte r t, ccnet rcctea In mlcroatriplln... technology and I, accom
modat e d on a Tenon ( PTf.'E I il••• - Hb r-e board whou' dlmenalona are 9S mm x
as mm. II I, th e r e (orl" .ultabl .. to r mountinil In a TF.Jl:O btu: 3A. Thl' conet r-uc-.
tlon of thl, module ahou ld not ('a u ... any diffirullleoa to thcee havln. a HUl"
eape rtence In the t 'lIfo" ranee. The- c on ve r-t er- provtde e I nolle t1CUrl' of approx .
5 dB , wh ic h acco rdlnll to AMSAT Information ~hould allow tne 2304 MILt beacon
of OSCAR 7 to be hea rd with a Ilinal·t o-nol.t> rallo of 12 d8 when uaed in
conjunction with a 27 clH antenna f a ppr-ox. 1. 5 m dlamelt'r parabol ) and at a
r-..c.. tve r bandwidth of 500 li t .

1. C iRCUIT !)f;SCHJI>TION

AI can b.. IIN'n In the c i rcu it dlairam ilvton In Flrur.. I. tht> Input I taito II In
t he fo r m of a c om mon -..rnttte r prt'amplifle r ft' ed ln. t wo Sc hott ky-c dlode m l xp r l
via a r inll conflg\lrlltlon. The local olo:-lIlator voltalll!' of 2160 Mill ( or 2276 Milt
for an IF of 28 to 30 Milt I I. a llO jed via the rlnll to th .. dtcdee, Tht' dlodt,.
are connected In parallel for t he Int e rm edlatl' frl'QUt'no:-y wllh the aid of cape
cltor C 10. T'he m lxt'r I . follow ed by a tcw -nctee pN'ampllflt'r .tallt' tuned to
the Inte t-rnedtare frt'QU..ncy . Th.. c u r r e nt nowln. via tht' two dlod"l c a n be In
dlcalt'd on a mete r,

1. 1. T II F: 2.3 Gill I' IU:AMPLtFIEH

Nt·twork N I tranlfo rml the complt'x Input imp..dance of the flnt tranilitor
to I real Input Impedanc e of 50 n . Th.. Input .Iinal la amplified In an unn..u-.
tralh ..d co m m c n - e m tn e r circuit and II palaed via nt'lwork N 2 to the mlx.. r .
P o int I of th.. rlnll allo pM'le nta an Impedancp of 50 n. Inductanc.. L 1 r-e p r-e
lentl a Ihort - e frcunee ).14 line at 2.3 G ill , which ahorll ccnetder-ably lo wer
fr e qut'nc IPI to iround . Inductanct>1 I. 2 and L 3 ar.. allo In t he fo rm of p r int ed
), / 4 It rlpllnel j th"y a re used •• c ho kt' l for the ballt' and ccnectc r connect lo ne.
Tht' o pt'rallnl voltllt· euppty ha. proved itlelf beth under la bo r at o ry a nd o pe ear
Inl condition••

If t h.. c c t le c tc r- curN"nt I. to b.. Independent of larle ambl..nt t ..m p.. rl tu re nue
t uatlon . ( fo r t'.r.am plt' fo r por-t abte operation I. I c e r-t ain a mount o f ItabUltal lon
will be r equrred. Clnt' po"lullUy ( 1 1 II to con nt'c t the othe r end of pot"ntlo
m et t'r It 5 to iround and to Ullt' a 10 kO type Inlll"ld of 5 kO . T ht' r t' lIl lltancl"
valul' o f R 6 Ihould ttwn be Incrl'a't'd to leveral kO and a rt'li.tor HZ wi th a
valut' of a pproxlmatt' ly 5 kO Ihou ld bl' Inl"rled. Th.. voltillt> UC E wl1l then
amount to Ippro.r.lmately half tht' opt'rllln, volta it' at a collt'ctor c u r r e nt of
b"twl'..n 2 and 5 rnA . ThI' co r r " l po nd . to Iht" data liv"n by thl' manufactu rer
for low - no l l " opt'ratlon.
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Thv author ha . uae d t ran slator tYrt' l IH 'U 90 ( Ph illpil and IlF H 34 A (Sil'nwn ll
In th.· e t rcu u with equa l SUCCl'II . I' r t' lI m ln a r y m t'llun'mt'nt l havI' shewn t ht·
nol ... HKUr.. t o L,.. in tht, o r-der- o r 5 t o S.!l dUo

I. 2. HING CONF IGU HA T IO N

T h e ope r-a uon or the mlllf'r I. t o be dt·.c ril... d with th.· li d o r thl' dl.gram
IIlv en In F IKU r e- 2. Tht" ta sk o f th l . ring conrl,uraHon I. t o d ls t rlbut .. the RIo" 
t' n f' r lO' f rom a ll'tt' nna and local o.cl lla to r t' qua Uy t o t hl'" tw o ml lle r- diode • • A t
th....a m e tim e , bot h Input. ( I and 5 1 mU lt be decoupled from anoth.. t- so that
t h .. cecute ic r vo ltlge 11 not pree e nt a t th...l lInal In put o f th.. r ln . a nd vic .'
ver.a .

'"

All,

,~,

'"

"

OJ 1 EE

Fig. 2: St rl pll ne lengt h and Impedance r el ati onship s on the r ing

\\ h ..n cu m m t' ncln ll at t h t, In put fo r t h. , r" cdv"d IIlgnal (I'halll' • 0° I. t h l••Iannl
II Ied 10 dlod.· U I via polnlll 1-2·:i ( :l II >. / 4 t 2700 I. and f rum polnl I dt re-ct
10 point 4 and to dlodt, I> 2 ( >. /4 :t 90° I. Thi . n"'llnll t hat the dlod.'. IIdll 1"•.
p r-ovide-d wllh vol ta/l:c. t hat a r e I'h".w-lIhl(h·d by 27 00 • 900• 1800 . Th ll m ""1111
th llt It r . ·" ... ·II. ·n l ll a pu ah-puf I ('In"uil In whh-h I h. , diud"11 a r ., ("onlw("{ "d al ttl('
I" m .' pctet-Ity 10 point II :I and 4,

Th. ' dlod"11 11. 1"" 11.1110 t!l 'I' oul' lt' d [ rum u notllt' r: A \lolt l'l/l:" a lT l vlnll " t pulnt 4 III
h ' d t o dl o<l.· [) I vln Ih., pllh 4 - 5 - :J with II ph ll• •· · llhlft of 180" an d vi .. Ih.· pl'Ith
4 -1 - 2 - 3 with a I'h a 8" - lIhlft of :J600• T h.· d lth'I"" IW'; i ll th.. retore 1800 wh ich
m,' an . that th..y a r .' cance ll.. d out at dimlt· I) I. Th t, aem .. i . valid for a vo lt
a ll" lit po int :I wh tc h will a ppl' ar a t point 4 ami dlod.· D 2 vta t ...o path. with
a Ilha al' ~ lhltt or 180° a nd wil l b.· c a ncvtled,

Th.. d"cou pllne u.. t W(·.' n t h.. UH F Input 1 a nd th t· 1000ai olcllia tor In put 5 I, ob·
taln t' d In th.. lamt" m anner : Th.. r t·c e Ived .lena1 la p rovld..d with a p haa.. · .h lfl
o f 360° via th.. pa lh rrom po int I via 2 a nd 3 to ~ . It i ••1.0 fe d with a I,ha l'· ·
I hl ft o f 1800 via the path f rom I via 4 t o 5. Hoth thl·. .. vo lt . e". a r .. th.. rt·fort·
cancel ted out a t po in t 5 which m t·a n. that t h t· in pu t a lin. 1 II o nly ff'd to th..
tw o mi .... r d lod.... The lIa m ... I. valid ror the d l' coupllni o r point 5 from the
a ill na l Inpul I .

Sinc e th.. r ln i c a n only be d tmen atom-d t·ll.actly fo r on.. rre quency , a nd a lnc l'
t h.. lien a l dl'lay c an not be m atnt atnr-d , ·..actly du ., to manurac turlng tole r-anc es
and "oln po nt' n t c o nne-ct to n e , the dec oupl tn g la not InflnU.'. I'ractI..ally. II d.· ·
coupltnll: of 20 t o 25 dB c a n bt· a chte ve·d with in a n arrow band o f 5 t o 10"- of
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the dea iin I r- e qu e ncy , Thl l m e an a Ihat the rlni II luitablt' both for tht" input
Ircquency o r 2300 Mlh and the olc l ll a tor fr"qu.'n cy of 2160 Mll z ,

1. 3, 1Io'· I'HEAM l' l.II-'IEU

Tht' tw o " /4 IInl:"l 1. 4 a nd L !I I:"nlJUre that no SIU' ene r-gy II pa l ll'd t o tht" If' ·
ampllfler, The ee IInl'a have no dfl'ct at the Inte r-medi ate fr..quency of 144 Mlh
o r 28 Mll z 10 that It II po",albl.. Inr- the tw o IF vo lt a i e scuec ee t o be connec ted
In panllel vla capacitor C 10 , DUI:" t o th .. low gain or t h.. SII F p r e a m pl Hh'r
and the cc nve r e ton 10•• o f the di ode miller. t h.' 1f'-prl:"ampIUier a lao ha . a
ec m etbuuon o r th .. ove r a ll nol .(, of the con ve r t .. r- . For t hl . reaeon , a v.. ry
low·noi ll" FIo:T l a u aed In a neut t-aflz ed co m mcn -cecur c e c t rc uu . Sinc .. the c a n'
v.. rte r wa s to b.. u .ed for m ountain-top portable o pe r a t ion , th e author' , v.. ralon
wa . rcr- a n Inte rm ..dlate f rt'qu ..ncy o f 144 MHz, Th.. resonant d rc u ltlil u.,'d for
thl ll Imermedtate tr-eque ncy art' In th .. form o f a lr - .paced tnductancee ( L 6 and
L 7 ) provtdtng a bandw ldlh o f mor.. than 2 Mll z without additiona l da m pln ll, For
an Lnterm..d tate trequency In the 10 m band, Ind uctanc .... wUh co r e and po•• l bly
addltion.1 damplni ( I ' welt I ••c r ..enlnll c an. ) s ho ul d be u eed. Th.. c ho k.. a
L 8 and L 9 .hould bl ock the Inte r-mediat e Ir-equency ; this mt'an s t hat t h.. InduN
enc.. mu at amount to at I...llt !I .ull at an II-' of 28 Mlh ,

".,
e

•.- "• •
' ;'

r $

1..L-_ '-_ --=- -'

Flg .3 : PC -board OJ 1 EE 003

2, CONST RUCTioN

Th... S lt t ' portion com p r l s in i preampl1fle r and mlxt'r a . 111' e 11 a . the IF pr-..am
pltt ter- art' e ccommcdeted on a double- coat..d Teflon ( PTYE J .lu.-Ubre boa r d.
" IJUr.· 3 ahow . t he P C - board whic h haa the dlmt'n.lon . 9 .5 mm x 6.5 mm and
ha l been delliTlal e d OJ I EE 00 3. Th ll board o ffers t h.. advantlll'" of a I r o u bl e 
f rt't' ccnat eu etton without ureeerne mecnentcet work. Th... Q I. 10wE'r than could
be obt a in e d "",Uh c o a:d a l ci rcuit. wUh ai r d ietect rtc , however, thl. II not Im
portant du .. t o t he . ho rt lint!' It"nrth, The 101. or . ..naltlvity due to thl1 probably
101111 not excet'd !I" .
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Tht' around lurfact' of the board b not etc hed; thia meanl that ItrlpUnt'a with
I deftned Impedance ClUJ be mece, T he calcu lation 11 a1vt'n In tht' appt'ndh: .
Tht' conatrucHon II now to be t'xplalnt'd balt'd on tht' flnllht'd P C - boa rd.

2. I. Ultl LLl NG

Tht' P C - boa r d mUlt be p rcvt de d with hol(,1 fo r the In ner- conductor-s o f the th r-ee
coaxial aockt·ta ( UNC I. fo r t ne around connect tcne of t r tmm ere C l !l and C 16
II well II fo r the compcnent e r ( e mrne r of l T I . D 1. D 2. L 6. C 12. C 13
and R 3: furthermort'. fo r the flv(' ft'edth ro uah capacltorl. 'I'he four mounUna
hol t" a r-e only gtven a. a recomrnendettcm lt would bt' bette r for the PC·board
to be mounted in the call' with t hl!' aid of the thrt'e ccnnecto r e , A Imall Ilot
I, a1ao rt'"qulnd to around one end of I. I with the aid of a Imall mt't.1 It rip.
Finally. four other Ilot. of 1 mm In widt h and !l mm 10na art' r equ j red fo r ce
paclton C 2. C 3. C 8 IUJd C 9. No .10tl are nt'Ct' aaa ry for the coupHna capa
cttor-e etnce tht'y art' provided with Imall brackt."tl on the P C - boa r d In ereer
not to brt'ak tn e around aurfact'.

2.2 . SOLDE R CON NECTIO NS ON -rua GHOUND SU RFAC I-:

Tht' only co mpo ne nte that m Ult be eol de r-ed to thl l l urfac t' art" the Ieedth rough
cepectto re, the a round end of the compcnente alven In Section 2. 1. . one au r 
fact' of the fou r chip capacitora C 2. C 3. C 8 and C 9. al welt al th e nut I of
th e three ONC connecto r a, Th e around eu r tece Ihould be removed up to a dllt·
ence of I mm around t he hoiil'l fo r the- tune r conductor of the ccnaectc re '0

OJ 1 EE

--
--~x:t..., - ....1

-~-
c:o~ ::;"

- 0., _ "'-,
""

8ypa..

$ooIM< _ .......................

Fig. 4 : Cons trucUonaJ detaIls (or s t r lpll ne
connec tio ns at UHF/SHF
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that no ahortc:ircult can tab place . The Tenon ( P T F E ) Inaulatlon and Inner
conductor of the connectors should be eho rtened aa rt'qulrt>d. Of ccurev , coaxial
c eble can be directly connected aa shown In f'tgurt' 4 Inah'ad of tht' UNC-con
nt'cto rl.

2.3. CON NECT ION O N T ilE CONUUCTOH S IDE

Aa has al e-e a dy be en m entloned, tht> end o f I. 1 II iroundt'd with th.· aid of a
narrow, th in m et al at r ip . T h e fou r bypass capacitors a rt' placed Into tilt' I lotl
pro v ide d , one lu tfac t- soIdt'n'd to ti lt' epprcp rtate ), /4 l tne and the- othe r- to rh e
iround eu r race, Th is is Iollewed by Inllt'rtlni the BNC-conn ec ton which a re
th ..n Ic re wt"d Into ptece , The cou pling capacito rs C 1. C ol , e~ . C 6 and e 7
a r e solde r ..d Into plac.. wltll til .. aid of Imll! mt·tal b racke t. of 3 to 01 mm In
width a nd 2 to 3 m m In 1f'11ilh. f" i gu r .. 01 ilves two dnwlnia showlnl the con
necttcn of the coupUni cepectto ee . urec or drop-type capacitors can be ul\'d
inlltead of the deec r-lbed chip capacitora It tht' protective lacqu.. r and connectton
wlrea have bt' ..n r ..mov..d . Til.· valut' of th.. at' capacitora ahould b.. In tht' o rde r
of 8 to 12 p t'. The aamt' 11 valid for th.. bypasa capadtora.

T ranslator T I and tilt' two dlodea are soldered Into place with the ahortellt
possi ble conneenone. The least poaalble amount of soldt'r should h.. ua..d for
aU UHF connecttcne,

3 . CO MPO NENTS

T 1 : Bf'R 90 ( Phl lipa l or " Fit 34 A ( SIt'mena )
T 2 : IW 24~ II o r C ( TJ l. W 24~ ( SiliconIx J, MP F 10 2 I Mot orol a )

D I. n 2: HI' 28 00 o r 28 0 01 ( pa j t-e d I . Il l' 28 10 or 28 11 l lh·wl ett -Pa c ka r d ) o r
almllar Sc hott ky dlodea ( not vvr'y crillcal due to preamplifie r atait' );
howe ve r , diode. II I' 28 17 o r 28 18 ( pai red 1 selected for SHF would
be be t t e r-,

C I - C 9 : 8 to 12 p f" chip capacitors or ImaU dlac ( drop 1 typee.
C 10 - C 14 and C 22: 880 p F to 1. 2 nF ceramic dlac capaciton.
C I~. C 16: Ce ramic or plastic-foil t t-Imme r- 7 mm dla. appeoa , 20 pf" max. cap.
C 17 - C 21 : ~oo p t· to 2 n f" Ieedth rough capacitors of m ... . 4 mm dla.

for solder mounUni.

L 6, L 7:

1.8 , 1. 9:
I. 10 :

5.5 turna of 0 .8 to I mm dla . ( 18 - 20 AWG ) sl1vt'r-plat..d copper
wi rl' wound un a 6 mm dla. former , Sl'It-aupportine, coli lenilh
approx . 8 mm, coli tap I tu rn.
I j,l ll ( unc ritical) mtnletu re re rr-ue choke,
eppr-oa . I, ~ j.l ll mlnla tu n' fer-r-Ite cho ke ,

n ..s1stora for I mm apacl ne
3 a Ne connecto r-s for alni!o··holt'
m o tmtln g.
I T EKO box 3 A
1 I - rn a mete r-,

01 . ALIGNM E NT

t"lgure ~ a howa a prototype ot the completed 13 cm cenverte r. It la only ne 
ce...ry tor the I F p~ampIHI. r 10 be aliened. The two t r lm m e r a should be
aliened tor maximum nobe Indication on the aubsequent receiver when tuned
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to t he centr-e frequency, If the a m plfffe r- . tallt' IIho uld br-eak Int o oectlterton , It
I. nt'{'t' llu ry fo r It t o Ill" nt'utrall t ed with t he aid of a win' r lng o f a p p roxl m a 
tely 0, 8 mm dia, mounted on cho ke L 10 a l shown a bove ,

Aftf'r h ' III Hn g the t ranstetor cu r renre , It 1111 pOlllllblt' fo r a loc a l o s cnte tcr t o be
connec ted th aI III able to provide a powe r- of I to 2 mW, It i. poaet bl e fo r the
dlou"l 10 be c he cke d Ind ividually by bridgi ng th ...m al te rnat ely w tth a 100 n r- e 
llliIlor ({'aplt'1I11 reatetor with sho rt le a d s I: t he ee du ct tcn o f the tn dt c at e d cur- r-ent
a hould cctnctde to with in app r-oxlrnately 1. 10,," In both c aeea,

A we a k teet signal ahou ld now be gt'nt'ralt'd a t 23 0 -4 MHz, Thi s can be g...ae r-at e d
with t he aid of a 57, 6 Mll z c r-y at al (for 70 cm to 2 m con ve rte r e ), The tr-e 
'I' ''''I<'\" "ii . " ~' 1l 1 III mu lt iplied firlltly by 10 and fin ally by -4,

Flg. 5 : Author' s prototype or the 13 cm co nve r te r OJ 1 EE 003

5, OSCILLATOH I'OHTION

The re a rt' 1'110 pos8 ibll1t1t's (or obtalnl nlj: t he r e qurre d tccet -c ecntatcr frequen cy :

A 27 MH z oscillator II ueed In conjunction w ith a m odu le DJ -4 L B 003 t o mul
tiply t h e Ir-e qu ency by fivt' I T 3 wllh grou ndt' d ernnte r l , dou bling In T 30 2,
dou bling again ulling a Sfo' 223 (o r T 303 and finally ampUfy lni th e reaultlni
Ir equenc y of ~ -4 0 Milt with t ht' aid ot a IH'R 90 a. T 30 4 to an ou t put of a pp rox,
50 ro w. fo'or t h lll a pplication , capacitors C 307 and C 3 10 , .1 we ll aa t rrmme r e
C 316 a nd C 32 1 art' deleted j 1.. 306 shou ld be Inerea s ed t o 3 turn l and H 3 10
IIhould be dec r-eaeed to a more Ia vour-a bl e valut'. T hla IIlinal c a n be fe d 10 a
Schott ky cdtcde m u l tdpl ie r- wit h lIubll t' qut'nt Intt' rdliltal fille r aa de sc rtbe d In ( 2) .
Tht' Inlt' rdliHal Iflte r- e neu t-es th at t he r e quired frequency ot 2160 MHz III pro
vided. T he fo11ow ln lj: article Is t o desc r-Ib e another lIu lt a ble oac l11 ato r , The
au thor II 1n th e peocesa o f dea lenlni a match ln lj: local oacUlato r fo r thi s appli
cat io n .
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6. APP E NDIX

The geornet rtcat dlmt'"nslonll o f the ring are to b.' ca lculated so that It Is posslbll'
tor simila r ccnvertere t o b.' deslgnt'd fo r ot her- fr equ e nci es. The power match
Ing de sc rfbe d In Sect ion 1. 2. rt'su!ts In tho ring consisting of II closed 12 x 50 n
li ne . This 70 n li ne has a Iength of 2 II >" / 2 .. 2 II >" / 4 • 1. 5 >... The width of
th e printed Ilt rlpllne can be tak.. n trom th.. curvea given In (4) fo r de termlnlng
th e Im pedance. Wit h a aubllt rate thlc kn.... or I. 6 mm and a Tenon ( P TFE )
glau-!Ibre dtet ec t r- Ic of f.. r • 2.2 , a r-ettc o f wIdth to thlckneu of w/ h · 1, 9
resulta. A s t rlpllne wid th of l , 9 x I. 6 • 3. 04 mm rt'llult, for the 70 n line.

All prin ted 11ne8 ar-e shortened to the value ofA r mean. Th ts errecttv.. dielec
tric conatant E r mean Is le liS than E r- It is also dependent on wIh ; thl. mt'ans
tha t m e veloctty facto r >"ol>.. s1. II dependent on w/h. It lit poeal ble to l'atabllsh
trom the given eu r-vee tha t >" 9 /.\ s t amounts to 1. 35 for a ratio w/h • 1. 9 . The
geom et r- ical h"ngth of the >.. / 4 lInl's of thl" ring thus result a.:

300 000
>" / 4 • 2304 x 4 x l , 35 • 24 mm

7. RE F ER ENC ES

(I) K. Ric hte r: Des ign DC Stability Into you r Translator Circuits
Mlc r owa vea Vol. 12" No. 12 I Dec . 1973 I, P a gl' s 01 0-46

(2) H. E. F1s hl'r: Interdlglt a l Ccnve rte r-e for 1296 and 2304 M ill.
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2160 MHz LOCAL OSCILLATOR FOR 13 em CONVER TERS

by Konrad Hupf er. OJ 1 EE

A la c . I alc m _to r module ta to be de ac s- Ibed that h Buit.blt- for use .... It h the
con ve rte r de ae r lb ..d in (II. A m alchln illoc al 0 llc l118101" m odule fur t he con ve r-e
wr I. l ti ll under- development and ...,111 be de ac rtbed late r'. Itc we ve r , thi s local
o l cUI.tor m odule w1l1 allow the conve rte r to be o pt' r at ion a l until tht' fi nal , PC 
bo a r d local a.c Ul . t o r m o du le I, de ec r-Ibed. The COIICl' pUo n I, Il m lla r t o that
"tvpn In (2) with r-ee pect to the tre quc nc y plan and multipli cation with the aid
o f • Schottky diode,

Thl' ci rcu it dla,ram of th e f rf"qul'ncy m ultlpUcation up to :H O Mill I. alven In
t'1cure 1. fo"lgure 2 a ho wl • draw ln l of the Sc ho ttky-diode m ult lp lJe r ualn, ...
a ho rt t'ne d >.. / 2 coaxia l re sonator- wh ich multlplie l th e fr" qut' nc y by fou r. A lo we r
frequ en cy c ryltal could be u liled If I rurther IiIt llt' WI I edded, howe ver. thl l
would Inc r ea ee the dan i e r o f unwant ed conve r-etc n produc U o T'he In"W 16 A
I Philipi 1 tran ilitor ha l been found very l u lt a blt· for uee In the 540 Mlh. o ut 
put I t age ; It p rov ldea a minimum out put powe r of 50 mW a t ~H O Mll z , The tn
ductance L 3 conl laU of iii ptece of I l1vt' r - plat ed coppe r- tapt'. wha l e d lm ",nalonl
a r t' not c r Uical due t o the la r i'" va r ia tion raniO: of thl' t r trnme r ( a ppr o ximate ly
25 m m long. -4 mm wide l .

90""Ht 270""1-11 540""1-11

BFW 160

11-1
L3 1"

- II----<S 'Do
3... 61) 540""Ht

50mW

L2
2t

O...9p

1-)1'

~~r

r-'" ~ ..2'"

BF Y 90

12,

I .r' ''' I"

I-II
1" L1

"BFY 90
'-:;"'- + 11"

2.7K
no

'"
90Mlol Z

1- 1Df-·

Fig, I : Ctrcut t diagr am of a loc al osc illator mod.tlc
for 13 em conve r te r s

The Schottky multipUer uaea a type liP 28 10 a nd II conat ruct ed aa a aeparate
module toget her- with the metchtng c i rc uit 10 that It i l poilible fo r each mccute
to be aUI"ed leparately Ind t o be m odified al required. The canIt ruction of
the Schottky multiplie r and matchlnl c i rcu it 11 lomewhat more crttlcal . no t with
respect to the relonance at 2160 M ill which can eaaUy be achie ved wit h the
riven dtmenllonl, bu t more with ee epe e t to the mtmeture co m pon" nt l that m Ult
be ueed, The adjuatment o f th e two trlmmerl of th e match in, circuit I, some 
what e ru teet Ilnee thb part o f the ci rcu it II at hllh tm pedan ce , lIowe ve r , the
lpaclnl and deall" o f the coupll n l ll nk for the Schott ky dtcde wUbin the rel onl 
to r II not very critical.
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540 MHz in

"
'---"\ E~3 1.~;

S. 1f ~ppor t lng

Smm dl Q

Mvtol" t rlp Smm \IIII ld v
l.S·2mm Irom out.r conductor

'-+(

DJ1EE

-~Jo'[j~~~\:: Cou phng IIt.,k lor dlOd v

Brassnut l .old . r ~l

Locking · nu t
'-- ---- 4 mm dlQ .,r..-,I I head tuee down

urd il " lot d i s ap pears

flg. 2: Frequency multiplier and r esonator for 2160 MHz

An to r tht· o l dllator m odule hal been aUllnf'd for 50 m W Into 50 O . 11 t. po• • lbh.'
t o connect II 10 t h .. rna tc hina circuli o f the mulllpllt'r. Of cour-e e , at 5",0 M lh ,
a rtenuon m Ult be pa id to keep t he ecnnecucne .a a ho rt . a po••tb te, Trim mer
cepecno re C I and C 2 are aliened fo r maxtma m diad,' cu rrent wh ich can be
meaeured II th .. vol tage drop acro•• th.. b l llll r...la to r . ThO:' reecnetor I . a Ugnt'd
t o 216 0 Milt with th t.' a id o r an a bec r-ptton we vemet er- ( lJuch.a will be dt-scrlbed
In one o f th t' nut edlt lo n l o f VHF CO MMU NiC AT IO NS I, T he output pow e r- a t
t h l l Ir-equenc y amount I to a pprodmately l , ~ to 2 raw , wh ich I hou ld be lut U
elt'nt to p roduc t' I diod e eu r- r-ent ot 1 to 2 rnA In the mixe r o r OJ I EE 00 3.

(II K. llup re r : A St r-lptfn e Cc nve rte r- tor m e 13 em Hand
In th l l t'dltlon ot VII I" CO MMUNiC ATIO NS

(2 1 R. E . "' tlht'r : Int .. rd l l Ual Ccnve rt e re to r 1296 Mll z and 23 04 Mll z
QST Vol. ~8 . No. 1 f J an . 74 I. P l l n l1 - I ~ ,
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ANTE N NA
ANTENNAS

by T. Blttan,

N O T E B O O K :
FOR OSCAR 7

G 3 JVQ ! DJ ~ BQ

Anl t>nn•• a rt' r-e qulj-e d fo r the 10 rn , 2 m and 70 em banda 1f bo th r.·v,·aw n of
OS C AR 7 a rt' t o b.. used , Sult.blt' anlt>nnaa a re to b.· dlaeua.ed for .ach of t he
r-ep...te r-e , Tho' major ract or .rr..ctlng t he ...Ie c l1on of a Bui tablt- a nh-nnB i. th..
avan.blt> ou t put po w.. r {rom th.. t ranamltt .. r . Operat ton i. g rt>atly .tmpIUl t>d
wh ..n hi gh output powe r 1.. ",{> I. a rl' avallabl.. 80 th at o rn nldl r t'ctlunal enrennae
c an be used, 1I0wI' ",I'r, thl . I. not po. aiblo In many cases dUI' to t he non
availabili ty of Ruch lI nl'a r am plJfh'rl , or due 10 IIc "nco' r t' iU!a tlona . Since eaeh
o f the re pt' a tera r e quire . II ce rtain t'Hectlvl' r ad l . h ' d pc we r ( E NI' ) fo r ope ra
tion , Ih.. f'n",rlY no t prcvtded by th.. t r an lim Ut .' r muat be compNlaal ..d for by
lh.. ialn of tbe anlt·nna . If, for Inalanct" ,an I-: IU' of 100 W la requtred and only
10 W of out pu t powe t- la avaHablt· , an anhonna gain at 10 dB will !.HI requt rcd,

Of ccu r-ae , an antenna having such a gatn at 10 dB w ould ha ve t o t r ack t h,'
aalt'lIl tl' , alnc.' the bearn wldthe wou ld be In t he cr-de r of -1 50 , and no ope r e tto n
wo uld be po.albl., ove r- the aatt'lll ll' once It haa I ",tt t he matn lube of Ih.' a n
t enn e. T hla mt'ana Iha t ecme mt'ana of r ol atln ll: and l ilt in g Ih .. an te-nne muat b.·
provtccd. Such a atrnple , Int'xp'·nalv.' tracking a rranll:.-m,·nl la to u,. d.'acrib. d.

r. 14 5 / 29 Mll z HEl't:A T EH

A c c ordin g t o AM SA T Info rmatlun gtven in (I ) , a n E li I' o f 80 W to 100 W la r e 
qui r ed for the tw o r uet r-e t r a n tlmll aillnal. It thla 8 0 W to 10 0 \II la avnilablv
tra m t he tranam ltt t'r , t he moat tavourablt' a nlt'nn, w il l be a c roa"'d d lpo l.·
( I Ll r n a ty le I wh ic h not only pr-ovtde e a completely emnrut recncnet cha racterlatle
(or line a r pola rlaation , but al.o provld.'a elliptical , and clITular polarl.ation
acco rding t o t he poaUlon of th.' .at .. Ullt, with r-eepect to the ant enna : horizontal
polarlsaUon a l th t' horizon a nd ci rcular poladaallon wh.. n dl r-ec tly ever-head.
T he r equ lre d at'nae o f circular can b(' at'lt'cted o r a w ltc h.·d aa w a a d"Bcri b,·d
In (2 ) and ( 3) .

It auch an out put pow e-r- le vel I. not availablt" , a ma n- dl rt'c tlona l 811t t'fllla will
be r equ ire d aa wet! aa some (arm o f a ntenna t r a c kin g, A IIwltchable e rceaed
V a l l a ntt'nna r epre llt'nta t he m o at favour' bit' ,ntt'nna In Ih l ' case,

Tb e beat antt'nn a (o r r eception at the 10 m OUlpUI a liTIal w ould al.o lit' a tum
atyl e ant enna thai can be e wt tc hed 10 e tthe r circular or It nea r pol. rlaatlon . A
28 MH z V a gi I, at a dl,adva nt agt' except wht' n tilt' a.le llltt' la al Ih.· ho r izon .

2, 432/14 5 MHz H E I'EAT E H

Tht' rt'qulrt'd E R P tor thl , r epe ete r la gl vt'n a. b"lng -100 W inO ). 1I0w t' vt' r,
practical o pe rat io n ove r- m e aatt'llI tt' haa a ho wn Ih a l th.· r l"qo lrt' d E R P I. In t h. ·
o r de r of 200 W at -1 32 MH z . Since n latl vely (t'w 'lation8 have .uch an out pu t
pow. r avallabl t' o n t h.. 70 em band, II will bt' n.·c ....ary fo r a dl n'ctional a n 
t ..n na a nd a nl"nna t r a c k ing 10 b. u ...d . One .. a ia ln , ci rcula r po larl a atlon rt' p rt'
u 'nl a Ih . b.. . t m odt' , Tht' a Ulh o r r.'c ommend . th a t Ih., on ly a wltch lni t ha t IIho uId
b.. made with a 70 c m crOlillc d Ya i l I, b.,tw e en cloc kwl ..• a nd antlc1oc kw (81'
c i rcul a r pol,rla,tlon, alnct' Inhomg,·nltl... o f th.. cabl .. a do nol aUow t h awltch
(ng o f the four' po larl"tlon m o d.. a In t h .. a hack ualne t ....o t'qual-It'n(lh t....dt'r8.
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Fu rthe t-mor-e , th e 101llle ll en counterud u.lfl i m ultiple coaxial r .. lay a for ewucn 
Ing the polarlaaUon at the antefln.. wHI bo.. i rt'a tl' r than the 2 to 3 dB loa ll du e
to the recepuon of lInl'a r polariaation on a cl rcula r - po la r ille d antl'nna. Th..
required II wltchl n l bl·tWl't'n c loc kw illt, and a ntldoc kwisl' c i rcula r pol.rl a .tlon
c a n be mad.. ualnl a IIlnjle coadal rt·lay and ),/2 de-lay Itne In one a r m of the
phalllni c a ble a ll de s c r-tbed In 131 a nd (4).

Tb e lIame antenna can be used for recvpuon o f the 2 metre outpul band a a wa ll
r-ecommended for t ran lmiaBion u l ln l Iht' 2 m I lO m r-epea ter-,

3. I' HACTI CAL ANT ENNAS

Not all amatt'ura have lIu fn d e nt e pece a vall ablt' for m ountinl ltovl:'ral antenna ll.
Fo r thla rt'a llon , rnt,thodll of rl:'dudna tht· d lml'n llionll o r eu ch ar raya art' to be
d illcu lllled. Th .. 10 rn cro..ed dlpol .. III ullu Blly not tilted but III rnount..d eteuc 
nary on tht' rnaat bt'low th e r otat o r . Th t· author recommence the uee o f hellcal
elem ent a o f . ay I to 1. 5 c m In dlam('tl:'r wound on a glallll - f1b r l' o r PVC-tube ,
It III po llalble to reduct, t he mt'chan lcal h'nilh of a r-eeonant ),/2 elvment down
to It.'aa than 3 metr" l1 In length, A tot.1 o f approxlmatt'!y 350 tum. art' re
qet r- e d fo r each dipole element, A . u lt a ble mechantc al h'nKth of s uch Ii 10 m
dtpole wo u ld bt· In the cr-de r oC 2. 5 m ,

It ia po .. tete 10 co m bine the 2 m and 70 c m ant t'nna on a IIlnlle boom. The
mo ee Cavourabll' co ne t ruct ton would be for a 70 c m c roll...d Yall to b.. mounted
In front o f • 2 m c r-o....d Yall. S.. par-at e- feedt.'rll are used for each oC the an
tennall and tht'y will hav.. little t'Ht'ct o n ancthe r, stnee no lIueh an tt'nna c o m 
blnatlona art' a va ll a b lt' on the markt'I , It I. nect'II"ry for the Individual .ma
teur to ccnsr rcct lIuc h m t'chanlcal m ountinl arranlll'ml'ntll 10 Join the ant ..nna • .

4 . A SI MI'U: SAn:LLITE THAC KING SYSTEM

T'he author hall co nstructe d a rt'latlvt'ly almple tra c k in l system for 70 cm/2 m
th a t can be conet rcc red etm ply, a nd wh ich I. aillo very .ultablt.' for normal
te r r l:' atla l com municatlona. A a lm lla r method wa ll desc rtbed In (51, T he ac tual
ant..nn a ll used are a Jaybt'am 8XY /2 m c ro l l e d Ya l l fo r 2 m ( approx. 11 dB
jaln I a nd the new 12XY /70 ern c ro..ed Ya l l fo r 70 em ( 13 dB I. Tb e 2 m
c rceeed Yall III I wltched U liven In fo' l ru r e 2 of (31 rcr- four pola rlaatlon m odl'll ,
the 70 c m c ro....d Ya a l I. o n ly awlt c ha bl t' betwee n clockwlae a nd ant lcloc kwl l e
ci rcu la r polarlaatlon. They art' mounted alde-by-IIlde on a common Ila.. -nbre
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Fig. 1 : Mounti ng the Stolle rotator horizont ally on a m ast
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tube of 38 mm In dtam e te r , An exlllUng CDE- rotato r la used for no r-ma l aZimuth
rot ation . The vert ica l tilting II car ried o ut by fix in g th e ho rizon tal glaill- fi bre
tube betw een the two crolllled Ya gl . 110 that it pallll el through the Stolle lIutom atic
rotator that t llk e ll mallt ll o f upto 38 mm ( 1. 5" ) dlarne ter-. The actual m ountin g
of the Stolle rotator to the main ma llt i l made a l IIhown In Figure I ullng a
IIta ndard CP I c rca ecve r- p ta te orre rl'd in the J aybeam range. It ill o nly ne ce aea ry
fo r the nole e In the c roeeove e -plate to be fil ed lllightly In orde r to mount th e
r ot ator. One m odificatIon 11 r equired on the Stoll e rotator: The ma llt end IItOP
of th e rotato r mu s t be r emoved, o r a alot cut In the Cro l l ove r plate . T he
a ntl'nnall ha ve been m ounted 110 tha t the ln dlc atlon "w" II th e no rm al ho r iz ontal
posit io n , " N" I. com pletely ve rtical . and " E" ill once again ho rizontal to the
rea r . The cont rol un it ha ll not b e en modified but It would be poulble to br-Idge
thl' pot en t iom et e r o f th e cont rol unit 110 th at th e who le r an ge of "s" to "S" I II

use d to cove r the r an ge horizon tlll- vertical- horlz on tal. Howe ve r- , thla II no t
cone tde r-ed nec eaaa r-y,

T he glaill-fibre tube between th e two antennae hall not been suppo r-ted ex c ..pt
In the Stolle rotator. Howe ves-, It II advlsablt.· to us e a s hort "T" piece of
met a l tubing a nd use two Stolle alignm ent bl'arlng ll HZ 100 to take some of the
load f rom the rot at or.

Thi ll an te nna array ha ll been In UII I' for ove r three m onths a nd hall proved to
be ve-ry lIuccells (u1 for norm al t errelltlal com m unicattone where th.. ve rtic a l
tilting sometim es o rren ove r 3 d B of e xt ra algnal to be achieve d by poi nting
the a nte nna s ligh t ly a bove o r be low the ho r iz on . Thill mean ll t hat eu ch a tUtin g
arran gem ent III extrem ely su ita ble for m cunte tnoua are as where the m ost fa
vourabl e r e fl ectio n o r rerrecttcn of the s iena! ca n be eet ecred ,

/

/

/

Fig. 2 : Photograph or the au thor' 8 antenna a r r ay
(upp e r m ast antenna Is a log-pertodtc for 400-1000 MH z)



Ulling the de ac r-Ibe d a rray , It ha ll been poeetbte for th e autho r to ope rate ove r
th e 432· 14 5 M ll z r- ep ee te r- with only an output po we r o f a pproximately 6 W a t
t he an tenna . T hla co r-responde to a n ERP ot only a pproximately 180 W , whic h
m ea ns that the 70 e rn c roeeed Ya gl mUllt carefully t r ack the aatei li te . w h en
the satell ite la In th", m a in beam It allowa t he au thorl own IIlgnal to be he ard
with 35 dB to 40 dB ove r noise ( S 6 - S 7 ). All Europe all well aa W I, W 2,
W 4, VE 2 and VE 3 ha ve bee n hea r-d a t good aignal s trengths . Un fortu nately ,
dut' to pr e aaure of wo rk th e author hall not bven a ble to ope r ate more than a
ft'w tim e . over the lIate1Ute .
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14 ELEM ENT PARABEAM YA G1

for 2 M eters PB M 14/ 2 m

Gain: 15 . 2 dB/ Dipole
Length : 595 em (234")
Weight : 6.4 kg (1 4 Ibs)
Hnr , beamwt dth (-3 dB: 24°)

Long-yagl antennas are well -known (or metr high
ga in characte r is tics. However, thi s high perfor 
mance Is only prcvtde d ove r a relatively low
bandwIdth when the ante nna has been desI gned
for maxtmum ga in. The Par abeam type or antenna
combines the high gain of a long-yagl antenna
with the Inherently wider bandwidth or s keleton
s lot Ied arr ays .

The actu al Parabeam unit eomprfemg a s keleton
s lot and s lmtl ar r efl ector r adiates s imil ar to
two stacked two-element yagl antenn as and will
tberet ore provide 3 dB gain over a etngle dipole
and refl ector conUgur ation, and about 2 dB gain
over a conventionally Ied long- yagt. Heavy duty
const r uctio n with spec ial quaii ty alum inium .
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NOTES AND MODI FI CATIONS

1. 2 m/70 em L1N~R T RANS Vf;HTER DC 8 NR

St'vt'ral t'oqulrit"1 have been recetved rellrdlnl obt,lome t oo Io wan output
po we r from m e aecond t r anl m it mixe r: Stn e e the re II llt!ot' rIUy e urnete nt po we r
avall,blt' in the d rain c t re un com pa-I.loll L 21, C 66 and C 67 . rne caUle I,
probably that thO' couplln, 10 the pUl h-puli ci rcuit I L 22/C 70 I I. too ree s e .
Induc t . nc t' l I. 21 and I. 22 ahould ne e r-Iy touch enot he r-, Si nce trim m er capac ito r
e 7 0 I, virtually at m inim um capacitance In t he l uthor', p r ot o typt' ,1t , . po •• ib!t·
t ha i the circuit will not be ablt' to be brouaht 10 ee ecn en c e unde r all c o ndlt lon a .
In thi , caae , th t, dt a met e r- ot Inducta nce 1. 22 Ihould be r e due .. d t o 01 . 5 mm o r
S rom dlamt'ler. The' numbe r- o f turn. ahou ld b.. m a in ta ined. It may be Bu rtlc h'nt
to lnc rt'alt> t ilt' I pa c ins between tu r-ne , T h t.' lamt.' II valld {or Induc tanct'l L 8
and L 9 .

A lcosefy - ccupled cillbratt'd Iblo rpHon wevemete r i. more luUablt' {or aUjin 
ment than I low-Im pedanct' R F -pr obt' a nd mrl t tvohmere r , emce the llut' r wou ld
load the circuit. too sreatly . U the aen.Uivlty o{ th e indication I. not .u{{Iclenl ,
it I. po••Ible ro r the tubt'-am pllUe r alao to be ueed,

Re a lato ra o{ H n ahould be pl.aced In aerit'l with choku Ch 6 an d e h 8 In th e
eel lecto r c t rc un e o{ tran. l l to r a T 12 an d T 13. T he potentiomete r- PI a ho uld
be It'parah'd rrom R 3 and di rectly connec ted to the pcen tve pe te o f the o pe r-ar
InS voltaSt' . Sl nc t· the sivt'n ce r-amlc t ubu lar t r-trnme re a re soon wo rn a nt' r
Ions allsnmtont p r c c e es e e , t h t· au tho r wou ld Hke to IU8lil:u t t he P h ll ip a ty pe
22228 02 -2 0002 ( 6 p F) II a replace m e nt,

Th e nvmu.. ra ot tum a {or Induct an ce L 14 e hcu td llt' r-edu ced from 2. !I to 1. S
tu r nl ( f rom I'A _ GMS )

2. DUAL - INP UT PR EAM I'L1Jo' iER AND 2 : I I'H ESCA L ER OL 8 T M 00 3

A. ha a al rl"ady been memtonec, thl" rrt'qu t'ncy ccunte r cnen ind icat"'l a o ne
inltt'ad of a ae rc, A r atht'r radleal met hod ot lupp rt'lllns ha l a l rtoa dy be en
recommenced, Thla c ond ition occu r . ...hen the output ot tht' 2: I di vi de r
74 S 11 2 po'It'lae l 10ilc- U Ie vel; it can be avoldt'd ...hen th e d i vide r il rell" t
to 10Sle I. artt' r e ac h c oun t . In order to achh've th l • • t he rt"t't Inpu t. o r thl"
dual nlp-nop muat be {I'd ...Ith H·h.·yel durl ns tht· c ou nt a nd r ec eive a Iho rt
L-It'vt'l pu l . ... at the e nd o{ th e count Ins cycte . T he rt'll" t pu lae ot t he fl rlt
decade ecu rue r ( 741 96 1 II s u itablt' {or thl •.

Modific ation . : Dtec on nect plnll 13 an d I S o r 1 302 from tht.' op t' rating voltasl"
a nd connect the m via a brld s t' to pin 13 o r 1 21 6 ( 74 196 ). ( {r om DC 8 UE )

3. MOD ULA H ATV T HANSMITT ER OJ 4 L H 00<1

A ,roup o r ATV am a teur. In cetcgne, W. Gt' nn an y, a r e ualn, a Sch ou ley dr cde
r ln l ml n r In m o du l" OJ <I LB 004 inatlPl d ot tran . ll i o ra T 401 . nd T 40 2. T'he
ou tput I. connected v ia 100 pF to L 402 (O. !I turn. {rom the cold e nd J. An
o r lttnal olcillato r m o du le OJ <I L B 00 3 I. u.t'd . nd an out pu t po ...e r- o r 2S m W
la " •• l1y obtained ...hen . 1Ijint'd on a . ..."ep ien" rato r , in.pUt' o{ the In." rtion
101 . o f . t l"a.t 6 d B. Ad v.nt. s t' .: uncrit ic . l .1I, nm ent and o plP r a tion a . "'t'll
al a contlnuoully Mlh c a r r lt' r l upp r t'lI lo n. A r lnl modu l. to r manu fa cturt'd by
TEKO .... . ua t'd Ihat 11 not ao h lJh but ...id t'r and lonlt'r t han t ht' "' t' ll kno...n
type a S RA- l . nd IE -SOO. ...hl ch ...o uld bt' Ju.t II .u ltable.
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4. P ORTABLE SS B T HA NSCfo:IVE U ron 144 -14 6 MHz

Due to th e veey compact dlmt"nalons of thla t een ece tve r, a la rito number- of
r l.'co m m l.'nd l.'d mod l fic atlon a havt' been recetved Ihat art· etten In ecnruct with
anothl.'r and do not a",c m 10 b... nece asary In all ca.~·a. Since it I. m . ln ly t hto
r l"aon ant c i rculi. that a r-e rd.. r-r-ed to . It at"t'ma that th e re sonan t fr t"qut"ncl....
vary. Ou t" to the compact d lmt·n. lon a, the dl rrerln, lround connect lon e a nd
ec reentng pan t"1a of the const ructor see m 10 ha Vl' a dltre r tont t"rrt"cl III each
ease, Tht' edttor-e ca n only sUiit".1 Ihal the conerructcr try the varloull modl
Hcalion l h im self.

4. I. MOD UL fo; DC 6 Ill. 001

The ialn of t he . tait" ( T 113 ) followlnl th e c rYlila l ruler II too irt·at . Thl.
can be c u red by pro vtd tng an emmer fet"dback by r t·movlng C 173. II Is . 1111
po ••lb il· to tune th e ct r-cutt wll h L 113 witho ut r ...ductlon of the ou tpu t powtor.
T he following mea e ueed valu t". r l' s ult afte r rtomovlni C 173 and r emcvtng Iht"
'co re o f [.11 3 ( m l' aaurt'd on a Tekt eon lx o lldlloacopl' -IS S with 3S0 Mll z band 
width I: Th e A1"- volta gt" al th e Inpu t o f tht' ba lan Cl'd m odu lator II ho uld not I'X
c eed I SO mv (pca k-to - pl!a k I otht- r wille I r an l l ltor T 11 3 will Umlt, A pea k-to 
pe lk vo ltait' o f 3 Y will b.. pr" lt'nt I t Ihe ccttee to r- o f thl l tran l htor. Ir t he
le vel II l/1crea ...d , lim ltinl wi ll tak e place In o n.. of the fo llowirlg a lall.'l. It
Is advlaable 10 balanc e th e ba lancl.'d modulato r ( D 120-D 12 3) not o nly wit h
rt"apt"ct to amplttude but a lao wit h r-eepect to phe ee , Th ... ca r r te r aupp r....lon
ca n be lnc r toasl.'d by 10 to 20 dB ao that th e lcn g-te rm eu ppreeeton Is In th e
o r de r of SO dH to 60 d B. Thl. I. ac h fev ed by ccnnec ttng a fixed ca pacito r o f
8 p fo' to onto end of L III and a 3- 13 1'1" t t-Imrn e-r- betw een th e o t hr r t' lld an d
ground ( fr om DK 2 GU J.

ntcde e D 120 • D 123 s ho uld be eefected ao that th t'y po aa e . 1 the lame forward
r ellstanct" . T hts improves Ihe ca r- r-te r- eu ppreeeton consldl"ra bly.
(f rom PA , GM S I

The scrt"l'nln, pant"l s s hould not have a ny t'1t'c t rlcal co ntact to tn e ca.1" o f the
c rystal mte r- , Iinc t' Ih b fal llUh' l the 11llt'r groundlnl via the m oun t ln l ac r t'ws
a nd will CRUlle de t e r-tc r-etfcn of the ril tt' r c u r-vee, (from J'A ~ GM S 1

Wht'n Ih~ a bAor plion ci rcui t com prb ln, L 121 and C 184 ca nno t be r e ecnar ed ,
thr-ee turn. s hould be r-emo ved from I. 12 1 and the val ue o f C 184 re duced to
3 p fo· . It III th e n po_s lblt' to redue .. the indication of a . tonalH ve SWR- m l't l"r to
ee ee ( awltch o ff 9 Mil l. oadllator I. ( from DK 2 GU )

The qule l cenl c u r rent o f the ou tput tranlliator T 118 ( 2 N 56 41 I la ,r..atly
dependent on the opt"r a ting vo lla,l" In the gi ven c t rcuu, St nce too Iow a qu ieacent
c u r r ..nt .t a low ope r a tl nl volta, ,, can lead 10 I trong dt atoMion , the followln l
modification la ve ry adviaablt" : Ul"atlltora H 189 and It 192 I ho uld be r-emoved
and rl'placed by a 1 N 4148 dtcde ( cat hode to Iround I. Helbto r H 190 I hould
be reduced to 470 n a nd H 191 to I kn , The qete ecent cu r-ren t . ho uld now bto
adju .t..d to a valut' o r betwf'l'n 2S rnA and SO rnA . ( rrom DK 2 GU I

The I"mltlt'r dl"coupUnl capadto r o f T 101 wa l de<:rl"aled In va lue to rl"duc t"
IF-laIn, Th.. valul"a o f r es t.tora H 138 and 139 were Incrl"a.l"d to 1.1 kO,
BI.. adJu lllml"nt o f T 118 provt'd c r itical slnc l" It 192 he at ed up and c han It'd
r l"ll .tancf', T hta meanll that o nl" muat walt 10 m in utl" l1 before <: onllnul nl ad
JUltm l'nl.



An audillonal ee eeee ha l be en pr-ovided between collector and bale en-curt 01
T. 118 to Im p rove . tabllity .

T he t ranl m ltte r II "'"y to IUIn 1 n."'1" m l tc h ln l dlod'" D 120-123.

Trln l l l tOI" type l 2 N 918 hll been uled lo r T 113 - T li S tnllud 01 the
Ufo' 224 . ( trom G 8 DET )

-4.2 . OTH ER COMP O NE NTS o r DC 6 111.

If t ..a nilito r T 2 I. to oper-a te al con.tant -cu rre nt sou rc e , it II nece asa ry to
use • Ufo" 2-4 5 A an d ee tect the value of R I. The hl ih cu ....e nt at the UF 245 C
II too hl ah fa .. th i s cl ..cu u wh ich II the I"ea aon why It doe e not o pe ..ate a a a
con.t.nt·cu....ent lou ..ce , It II alia poilible to ree ve ou t T 2 complete ly ,
I from OK 2 GU J

4. 3. MODUU; DC 6 ilL 00 3

It e ther- cone t r-uctc ... find the re l onant Ir-e quenc te e o f t he cI ..CUItI com priaini
L 310 and L 311 I ..e too low, t he nu m be t- o f tu ..n l o n L 310 and the Yaluea 01
clpac ito"l C 316 an d C 319 I hould be ..educed by ha lf. If the co re or the in
du ctance il I l i a aligned l lient ly ou t a t the con, It ia po llible to obtain 2.3 Vpp
o r e pp rox, 0.7 V rm e a t Pt 306 with o nly I SO m Vpp at P t 304. A hllh",r VfO
yolta i e will p rodu ce an eve n hiih" l" le ve l at 135 ·13"1 Mlh. A volta Ie of 100 mV
a t a t rt.·quency at 130 MHz II p re ee ru a t Pt 306 on . wltchinl o l f th e Vt·O. Thil
m ean l that thl . liinalll only au ppreeeed by 26 d B. Hcwe ve e, it i . , uppl"t'a.ed
fu rt he r by the ab.o ..pi ton ci rcui t i n the line ar ampll fle ... I f l"om DK 2 GU I

If th e . ho rt -4 mm dla. coil tormt'ra have be en ueed for L 312, L 317 It wm be
nt' c t' l la ry to uae the brown VII ..' co r-es, It lon ger- -4 mm dia. coUto rmerl art'
ay.llable, It II po l .ible to Inc rea ee the a padne between tuma and to uee r ed
Hfo"- co re l. Th ia a li owl one to o bt a in a hleher output yoltaee and thu l hlihe ..
output pcwe r ( rrorn PA ~ G MS )

The IC r e t'n lne pan e ls in th e ylcln lt y o f L 308/L 309 to L 318/ L 317 ahould be
Irounded at bo th I idea at th e lo ne o pe l"at ina vo lta ae lin e . Otherwl le thl a am
plifl e .. can bruk Into o l c UIaU on . ( from PA , GMS)

Th e capaclttvt' ly t.pped call. ha y.. !wen r eplac ed by tnuucu ve couplln a and ar'"
now I"••o na t ed with ce r amic t ..lm m"'r. , Thla li ye. mcre a l ed o utput wht"n cor .. .
art' no t ult'd.

Tranilitor type 2 N 918 have bee n uI"d rcr T 30 2-T 30!l. The modulator diode .
ha ye been match ed for m inimum c arrie r . Th ere II I tUI a . Ught com po ne nt o r
130 or 131 MII ~ I II nal a t I' t 308 but II well .upprelled. The yalue of co upli ng
ce pac ttor- C 306 wa l r ed uced to 3.3 pto" In or-de .. to r educt' tht' h",a11na o f T 302 .
( fr om G 8 VET.)

4. -4 . DC 8 il L 00 7 /008

If Mene r dem en de are to be made o n the ve ry ioad local o.clUl to r T 70 6 In
tht' "'M -modult' DC 6 III. 007, It la poaalble to r epl.ce Indu ctance L 70 7 by a
c ryltal a nd th e fill ed capacito r C 72 0 by a t r immer car-c lto r o f 50 pF. A fre
quency of 9 . -4 55 MH z . ho uld be 'l'lected e tnce 8 . !l4S Mlh produ ce I a e pu..10u•
• lana 1 In th l' band. He . l ltor H 72 0 . hou ld bt' r educed to a pproxim ately 200 n
to 300 n In order to r-educ e the d r iv e to the m lxt'r. ( (rom UK 2 G U )
- :is. -



The frequen cy IItablllty of tht! fr fO e - n1nnlnil o llcl ll a to r in DC 6 il L OOB i. on en
un.ltistlctory. ln etead of mlklnil modlncltlons It thi. potru, 1t 1••lmple r to
frequency rncdulate the VFO by connecttng a vlrl ctor diode vl1 a 15 pF capa
cttcr- to the ba s e of T 5 0. The ca r r ie r 1. then injected by unballnclnil the rinil
modulator . Thla 18 achieved by placlnil a voltaile of 9 V to 12 V to Pt 1121
R 19 6 ahould be delet e d, a8 ehoutd the whol e m odule DC 6 il L 008 .
( from DK 2 GU )
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144 MHt(9 MHt CONVUlTEIl ,E,d.,-,,,,,,,
OK 1 Of 016 (v lth printed plan) ..................•..• OM
OK 1 Of on (with printed plan) ..........•••.••• , .... OM
OK I OF 016 (4 trans ts tou . I d lude ) •....... .... ....... OM
OK I Of 016 (8 coutor mere wltll co r ell. I ecueet, 3 ferrite

cook".. I trimmer capac itor) OM 9.60
IE 500 ., .•.• , .•...•.••.•....... ..... ... ... OM 48. 50
OK I Of 016/0 11 wlth above parll ................••. OM 108.• -

PRODUCT DETE CTOR wllh CRYSTAL OSCILLATORS Ed. 4/ 1914
OJ 4 80 014 (with prlnted plan ) , ••• OM 10. · -
OJ 4 BG 014 (I IC. 2 tranlliliton. 4 dludu ) .•...••....... OM 18. · 
OJ 4 DO 014 (3 t rtmmer cap•. • 15 ceram tc capacltou.

2 tan talum etect rolyuce, I cu lllll't) .....••..• OM 22. · ·
OJ 4 BG 014 (I TEKO·Box 3 A, 2 HC· 25/ U cr ys tal holders,

I 13 -ptn connec to r) , , , .. , , •••• .• OM
Xf 901, Xf 902 II l't , ..•..•............... OM
OJ 4 80 014 lth above partll "0>1"'--"'''''0

SYSTEM OOARO fur MOOULAH RECEIVE R Ed.
OJ 4 80 018 (wtt ll pr inted plan ) OM
VAC encaplluled 220 V/2 x 12 v. 5 VA OM
OJ 4 80 018 with above part. . .. .....•...•• , .••.••. "OM:'!...-",,-;,
l3-ptn male. nch ..•... , OM
13-pole female lor wiring, each .. ..........•. OM
l3 -po le femal e lor PC ·board, ea ch , .• OM

fO R SYSTEM BOARD OJ 4 80 018 :

Edition 1/ 1912. . . . . . . . OM
Edition 1/1 913 OM
Edltlun 4/ 1974 OM
OJ 4 8 0 013 and 01$ In preparation

500 MHt PRESCALER Ed, 4/1914
OJ (\ HD 003 (double -co ated, no throulI:h contactl ) OM 18. 50
OJ (\ HO 003 (4 lei . 3 tranllaton ) ..................• OM 385.• 
OJ ! HO 003 (II teerue cho kea , 12 ulII lIlon, 2 potenno mete ra ,

3 leed -thr Oll l h cap•. • 1 talltalum eleclrolytlc,
10 bypa.. caps., 4 ce r am lc cap•. ) OM 20,20

OJ 5 HO 003 with above parts OM 398. - -

13 cm CONVERTER Ed. 4(1974
OJ I EE 003 (Teflon!PTFE, oouble -cullted j •. , ••• , •• , OM 34. - ·
OJ I EE 003 (2 tran.tston, 2 Schottky dlodel) OM 50.-·
OJ I EE 003 (10 chlp Capll. . 5 feed · thr ouith cap '., 8 ceram ic

Capll., 2 tr immer cap• . • 3 lerrt te choke s,
I TEKO box 3A, 3 DNC-connecton) .••. .••..• OM U .90

OJ 1 EE 003 with above parb " ••.•••..••.••..• , ... OM 125. • •

Mlnlklt 2

RIIIi modu lator
Kit

OJ 4B0014
PC -board
Semlconductun
Mlnlklt 1

KI T S

OJ 4 DO 007
OJ 4 DO 011
OJ 4 DO 014

OK 1 Of 016/011
PC·boud
PC -board
Semlconoocton
Mlnlklt

Crystalll

!ill.
OJ 4BGOl6
PC -board
Tranllfor mer
Kll
Connectun

Kl'

OJ (\ HO 003

PC ·board
Seml conoocton
Mlnlklt

Kll

OJ I EE 003

PC· boar d
Sem lconooclon
Mlnlklt



() 1411t

\\\

OJ 4 LB 001 - 005
Comple te modu lar ATV transmitter lor video and sound. Complete with
al l parts except cabinet . Fully soli d s tate with direct video and sound
output on 70 em. Alter comple tio n It is only necessary to connec t came ra.
mi cr ophone and antenna.
See Editions 1 and 2/73 of VHF COMMUNICAT IONS for full detai ls .

Total kit price only OM 396. -
PC -boards price only OM 50. -

Comple te TV pattern gene r ato r al so avail ab le.

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

Wel t-Ger many . Telephone (09191) 9 1 57 for enqulrlel In Engllih
B.~~ lecou~11 O.ull"". Bln~ [,llngln 1'SI«DlIO. PO'lIKh.c:l<~OftIO Numbltg 3l)I65.lI&I
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MICROWAVE MODULES LIMITED

NEW ATV CONVERT ER
Input fr equency range : 430 ·440
IF range: cera Chan nel 3 (48 MHz)
Noi s e llgur e: typo 3. 8 dB

Bandwidth: 10 MHz
Galn : typo 25 dB
9 - 15 V / 30 mA

Other conve r ters avat lable :

1296 M Hz CONVERTER
Mlcrostrlpllne, Scho tt ky
diode mixe r
IF: 28-30 MHz or 144-14 6 MHz
Noi se figure: typo 8. 5 dB
OJe rall gain 25 dB

432 MHz CONVER TER
2 su tccn preamplUler s tages.
M OO FET mixer. All UHF cl rcuHs
In mlcrostrlp technology.
Noi sE' figure : typo 3.8 dB
Overalt galn: typo 30 dB
IF: 28-30 MHz or 144-14 6 MHz
9- 15 V / 30 rnA

144 M Hz MOOFET CONVERTER
Noise Ugure : typo 2.8 dB
Overall gai n: typo 30 dB
IF: 28-30 MHz, others on request .
9 -1SV / 20 rnA

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

VARACTOR TR IPLER 432/1296 MH z
Max. Input at 432 MHz: 24 W
(FM, CW) • 12 W (AM)
M ax. ou lpu t at 1296 MHz: 14 W

All modu les are enclosed In black cast-aluminium cas es of 13 em by 6 em
by 3 em and are fi tted with BNC co nnecto rs. Input and output Impedance
Is 50 Ohms . Completely profu sional te ch nology, manufacture, and alignm ent.
Extrem ely suit able for oper ation via OSCAR 7 or for nor mal VHF/U HF'
co mm unic atio ns.

Available fr om :
Verlag UKW -BER ICHTE, Hans Dohlue oHG • 0 -85 21 RATHSBERG/Erlangen

(Wes te r n Germ any) - Zum Ausslchtsturm 17
and fr om their representatives throughout the world



CRYSTAL FIlms • film CRYSTALS • DSCILllTDR CRYSTALS
SYNONYMOUS fDr QUALITY IndADVANCED TECHNOLOGY

'IECISIDN QUlin CIYSTALS. umASDNIC CRYSTALS.

'IElD·ELECTRIC PlESSURE TUNS UCEIS

LillI<! II our wen ·koown 1Nf"1it. 01

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

In order to Ilmphfy mllctllng. the
Input .nd ovtpY1 of the Ilh.... com·

priM IUMd diff.rentl.1 Iran, fl)('
m.,. wlth g.Iv,nlC conn.cUon 10
the eiling .

FilII' Type XF·iA X,''' Xf .gc XF.8O X,''' XF.gM

Appl lC.tlon 5S B. SSB AM AM 'M CW
Tr. nl m.1.

Nwnbe r 01 Flltl . Cry."I, S • • • • •
8aIndwidth (6dB down) 2,SkH, 2 " kHI 3.75 kHr 50 kHz 120 kHz 0.5 kHz

~..bllnd Rlppl. < 1 ee < 2 dB < 2 dB < 2 dB < 2 se < I dB

In..tt.on LOll < 3 dB < 35 dB < 35 dB < HdB < 3 dB < 5 dB

Input ·Output Z, ""'. ""'. ""'. ""'. ,,"". sao •
T.nnl~l lon C, "pF ., .' "pF ., ., .,pF "pF

{OSOdB)U (S eo dB) U (U OdB) l a (8 &OdS)! (IUIOdB) 1 (8)40dB}2.5
Shape hetOf'

(680dB)22 (UOdBl2 2 (6llOdBl2, (880 dB) 2 (e IIOdBJ44

Ulll......" Alt ttlu.el.on > .... > 100 dB > 100 dB > 100 dB >"' .. > to dB

KRISTALLVERARBEITUNG NECKARBISCHOFSHEIM GMBH
o 89204 NKbrbl'ebol,h,'m . POlt'ac:n 1
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