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I NTHOJ) t.:C TI ON

A ('omph'h' 5S U tr-anacclvor' with II fully silicon r om plvrru-nt III to be d "IiLTib"d;
it ill equ Ippcd with lI e ld dfed t ranllhltorll In th e c ritical 11108'-'11 , An Int e r m c­
diat.' Ir-equency of 9 MH z 1M u,wd and th,- 1lt'I<'o:tivUy III galm-d by uUlb l nll It

c rYlilal fUt ,-I'. T fu- V FO olldllatl'li in ttll' 1'I11lgl' of 5 to 5.5 Mll z wh ich , when
mixed with th r- !I Mllz I F , 1'l'lIulhl In Ii rr"qu~'ncy r-an gv of 14 .0 10 14 . 5 Mi ll:.
T hl", I. t ran"'po~I'd In a eecond, c r-y e t a l c c urr-oll r-d m i xe r t o the r e.qu t r-....d our ­
put Ir-equency In uu- two mot r-c ba nd .

T hl' ey stem allow; u number- of ruod tjic a t lnns to b~' m ad ~' : Sl/l(.'~· tilL' 20 m .. t r-..
amateur- band b eovervd . lurlng the Fr-equency tiyn th ~'s iz lng p roc eu a , It wUl b~'

pOl~tilbl ~' aftt' r ",ulta bh' l lm-ar- a ll\plltlcatlon of th e tron tilll it tiignal . t o ul ec ope r-e
ate on t hlti band. T ht, m od ification fo r 8 0 rue t s-e s • wh"n' l Ilt' dlff~· I'l·nc t· Ir- e ­
qu~'ncy and not t he su m If-vquvncy or VFO a mi [F III tielt'c led - s hou ld not bl'
diftlcult. Using addi tional m txe s-e, 11 te pOll~lbl t· to cove r- all s ho rtwa ve band ti ,

1I 0W l' v ~' I'. our d,'~c rlptlon conc c-nt r utes Ihwlf 10 the VII F h'alltit'<'iVt' r eyete m and
only inc!ud"ti the 14 Mil l. rung.' ati a fUI,th"r lnh'rllwdlah' fn'qu~'ncy,

F [gun' I ehow s a bloc k dlag l"am o r th~' c omplcte tranllcdvt'r a nd 1l1l0WII th~'

prlndplt· of op~'ration a . wd llul the varioull lIub·allllt·m bll~'1I to b.. 1I ~· en . Sin ce
the t r-an st-ei ver- wa s a l ao to bt, u tit'd for mobth' o pl'ration . a n ope r a ti ng vol l a!: t'
o f 12 V wa e s elvcted, T il l' uac of tlt'ld t' !ft'c t tra Ollili torll In til .. IU ' and m l xe l'
titag"11 III a Iu e-tlu-r- f~'atul'" of Ihl ll t r-aneceiver-.

T Ilt' t rllluH'dn"r rt"lll '\' llt' n t s th ,' 1"'HU[t of U lS"t'at nUIllI"' r of " xp" r i lllt' n t u l dr·
cuna. Spc-cla l ult"ntlon 1111" b., t' n pa id to p r m lu('l ' II high deg l'.·.· of n 'produ (" 'ub i ­
IIty of .'u.. h ('in'uft 10Io:"lh"I' wit h a 111m pl.' u lllo:nml'n l, A" p l't ' vlo u "ly nn-ntlonvd,
ti ll' lIub ·IlIIllt'lIlblll·'" u rv jUlit 0 ... lIultabh· fo r Ul... In shor-twuvr- tl'nIlH" ,' iv .'rli a",
tfn-y an' fo r thv VIIF Illation.
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P a r t I o f Ihl a llnld~' d,·.l a with Iht· VII ..' pun i"n c on ill a l lll lo/ o f a 110'0 Ilwln'
c onvvr-rer with junr-tton flt'll.! " trt'c t tran llbtora In Ih ~' It t · Illll pllflt'r IIlagl'a and
a MOS F ,.:T a. m tae r-,

Tht' d~'lI crll'tlon o f the c oo ve et e r- la to be mad~' with tw o IIppllc a ti on. In vi,·.... :
" 't r lli ly a. a con Vl' n l' r with a n In t t' nnt'd lal t' fro 'qu'-n cy of 28 to 30 Mll z a nd
a ~'condly a . VII'" IKJrtion of Ih t' com " l ~' h- SSU I ran.c"lv~· r which wi ll bo· d ,'­
. crit....d In dda ll tn ti ll' ro ll ow ln g " d ltl on . o r VH F C O MMlI MCAT IO NS .

L c.:ONCt;PTlON 0 ... T ilt: CO NVI-:HTlm

The .It'a ill n o r thi a c onver-ter- wall com m enc ed afl .·r r~' luling IWVl' r a l IMJ bl k a tiona
dt ecu•• II1 I! t h t· UII" o f f1...ld .,rr~· c t tran s hlt o r ll In VII ... cnnv" r!"rI (I) and lta1n lng
pra ct ica l " l"!lt'rl" nCl' wh ll a l bu il ding a nd o p" r at lng t h.· ccnvv r ter d" II (" r1b~·tI In
( I ) . 'I'h r- l all k Wllll 10 d"vt' lop a n d Hcil'lI t {·OIlV,·,·ItT tha t wa s lIilll l'h' to align
lind wh llllt' c ha rad.· r1l1til'1I w,' r ,' ault· to lIaH llfy t Ilt' ro·llu l ro'III,'nt . with 1" ' lIp" ct
to It low n" III" ngu rv, a hi gh Iw lt'cl lv lly tl>~:<, t h .. r with II h ljlh In term odulntton
a n d {·ro llll · m o<!u l l1 t lon n ·j . ·el ivll .

Spe-c lnl ath'n tlon wa H pa id du ring th .. d"v,'lopITWIlI o r Ihlll l·UIIVI·/·t ,·r 10 o t natn
II hl Kh d " a" "" v f p n , -alll l' ll ricil tl on . The Kal n of t h,· II tll~ "" p n 'vloull 10 IIIf' IIl l ~ ,'r

mus t b, ' h i lo/ h "nou llh to vn au r-e that t he convr-r-etcn 1I0 hw dl"'l1 n ol Hignlrkanlly
udd lt a"U to rlu- In t u l no hu- ril(U rl'. On th . · ot lw r ha ml. It IlllUUld not u" Ino hi~h

IIlnu' II h lllh IU' voUngl' It·vcl a l t he m l lll' r IIla g.. could caUlll' crOli1l ilnd Inh' r­
m od ula t io n p rUtlue tl . In pre c uce, pr"-a m pllfic al lon fuclorN of 13 d lJ 10 a m a xl -.
mum o r 20 d B a r-... uIl·d. Th, ' conver-etcn no lll l' m UIII, or (·our llt· . bt· kl'pl all 10,,"
III IKJ l l lblt, .

l:xp.. rlnwn l. 10' '' 1',' m a d .' u lllng th(' ju nction fit'ld dh'cl Ira n lll.lorl'l T IX M 12 a nd
nt" 2015C (T IS H ) In pUlh · ,MJRh a nd pu s h -I MJ II mlx "rK; It wa ll fountl thu I, lO1thnuGh
Ih,' ero.lI- and Int ermodulutiun eha rae h'r!slicli werc ll00d. t h.· /"l'h,Hunllhlp ('011­
vet-a l on nollt· to eanVl' rllon KIOt n wal vvry unruvcurabb-, T h 1. m ,·u.nl Iha l a h igh
jln' -afIJpllf lc al lon would b, ' r vqu t r- ...d III ordl'r 10 lIc hl"V l' a lIalldat"tory nolH.,
rJK\lrt' . It Wil l not pOlil lblt" fo r inat nnr-.. . to obtu tn Ih ,' 01 dB no l . " Iac ro r- gl\"'n
by th., m llnu faclu!".'rll o f Ih . · t r nn siaro r- UF 2015C whl 'n uNl nll an " "'I"' d lnt'ntll l
e l n'u lt w i th t wo 1110' a m pUfi l' r . ta~ '·11 In a c omm un lIah' CU/ln",,'urat lun a nd a
pUlh -pu lih m I",,, I' , Si m il ar p l·oUlt·m ll erv m entlom-d In Ih.· Introduc t lon o f pu b ­
Itc at tcn ( I) .

Th. · duu l - gat ,· MQSt-'ET ' a TA 715 0 a nd "fA 7 15 1 WI' !"" fo un d 10 l n- conefde r-a b ty
m c r v fa v<MJ r llu!l ' , Vl' ry fllvou rlluh ' r l' lIu lt >l 10" ' 1'" obt a tm-d ullnlol tll l·II.' t wo Iyp" s
In m u lU pHe lltl vl' pUllh -jMJ ah mixvr-e , Du {' 10 1Ill' hlgh" r I rullll(·umluctan...·• iI con­
a ld,· r a bl.· Im pr-ovem ent III ga!n ,'cJ In the rl' lalJonllhlp l'OnV" I'lIlnll nu l l " tu cunv ,'r ­
ilion lllld n. Thl a In Iu rn me.. n . Ih a l It' s a prt'-am p IHh-atlull II 1'l' 'l u ln'cJ to lw h h ' v, '
goou no t ee fl K\lrl ·. , Till' 10'" gain o f Ih.· II F u m pllf!l'r .lilK". I"adl tn a n Im­
provvmem of Iht, l· rO.I- a nd tnrcrmodula tfon ""J.'dlull o.,,·u.UIII', In Ihill rt' . pt·c t .
t h t· dual·lI:al .. MOS t"t-;T' 1 pDlIlI"11I only lIlightly pnnr" " dUU·ltl't\·rllltlcH t han JUII<; ­
non t-·t-:T · lI,

T h.. 1l1'1 "c tlon o f Ih . · It F amplHit' r eonrtgu rotlun lind l'umph'1Il 1'nl "Dill ahlll o lily
found a rt e r e ",It·nl l v,· ,, "' p~· rlm ,· nt. Thl' r ',' Hul l " "p ro'>l" 111 1l lO l'ulll lu'omhit' u. ·I..·. ·.· n
I low n o il l' figun' and h llo:h l Ia bili ty. "'I n lt ly , 1"'0 IIla u],' ('UlllIllWI IIlll.· Itt" am­
pllfl.. r I lall ..1 .... .· r t· bu ilt ·up .... h kh n ' lIulh'd In II no ll " rado/' or 01 d ll. In com-
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pllrillon, a nt' u lra l iz t' d common eou rve ('onUgu rallon ulling rh o IIl1m,' I ranllililo ril
o (f " n'd a no i llt" factor o f " v" n 2 d B - h nw.'v...r th l' 11 ,'ul ralbatlull atiJulltm .' nl wall
jUIIII lwfo r t' tIl" point o f ollldllatJon. Na t u r a ll y, II IIlaull· o per-ntlcn und...r 811C h
contillionil cannot Ul' guara nh· ...d bt'cauIIl' even slighl va rlationll of II\(' Impedanr-v
or standing wavr- ratio al Ihl' antcnna Inl)ul could ceuev t he COnV...r-tcr- to bn'ak
Into o_dllatlon. Stnce lilt' ecnveete r- was ailio to U.' UII,·tI fo r maull ,' cperettcn ,
euch II. ctrcun could not b.· c onetdvr-ed, I::"'p" rlm"ntll w Ith a dua l-Ilate MOS ~' !,:,I'

TA 71 .J9 In II non- n"lIl rllll7-.'d r-om man sou r e v e o nfillU ru lion wvr-.. not lIuec· .·.llrul;
wh" n allgnt'd fo r IItnbll' operart on , tilt' no ilil ' fncto r Willi app roxlmal .. ly .J dll . II
II trill' Iha t th r- gain I. 1I0m"whal h igh t' r Ih an that of the 1110' 2.J5C , but b"cau", ..
tilt' .'x1ra gain III not r-equi r-ed and IlnC" me MOS F !·:T wal t wh'" 11.11 esponstv.. ,
II wal nol UIIl'd In th ... final circuit,

T Ill' rt'lIulting con figuration uiling a lifo' 245C In an Int er-rm-dlan- cnmmu/l-bull"
drcuit and a second IH' 2.J5C In a ecrnmon-gate circuit It'alill to II. lluUkh'ntly
low nctee faclor of approx. 3 dB logt,t hl' r with IItabll' behavtou r-.

The m e nt lo ned Inl ,' nn"tlial", ccmmon-baee ci rcui t hall itll IIruundpoln l 1I0me ­
",h.. r e bdwt'( 'n Ualll" lind erm ue r , This "'adl! 10 a Ilmpl l' mt'snll of nr-ut relIz a­
tion and "nabl{,11 110is(' matching and powet- mlltchlntl 10 cotnctde, The c1n'ult
wall deve-loped In Gl'nnany lind widely ulI .'d In tuln-d VIIF T V tun .. r lll . T h.· ort-.
tl ln ll.l de s l SOla ti on IIJ Z WISClI l·:NUASIS-ST U I-"Jo:,

2. C IHCUIT UI':SC HII'TJ O N

T h o: ct r-cut t dlatl ram of th.. 1 4~ l\.IlIz / 28 Mill r-onver-ter- III gf ven In Fig. 2. Thl'
In lMJI signal Is inductiv.· ly coupted to the input cf rcun of Ih,' It F ompIUl.' r 1111101>:'"
with t ransilltor T I. Th(, IIlgnal Is II.ml'U rh'd a nd Ilallsl'd via a bandpalJs fllh' r
to th l' ....cond Itl-" am pll flt' l' st ilI>:" o:clull'Po:d with th v t l"alll~llJtor T 2 In a common­
lIa h' (·onfll.'lJ rulion. A fu r th" r l>amJpultll rntt-r e llows II", 1I1gnRI to l> ,- led to ga lt­
1 o f Ih " multlplicaliv,' mtxor comprllll0tl till' dual.gll l,' MOSFI';T T 3 . TIll' Cryll­
ta l ollclllato r circuit 111 ballically th a t deec t-Il n-d 1n (I I. In h 'rft ' r ln g lIhortwavt'
IIIKnal1i In Iht, 9 MH z rll.ngl· Ihal w.·rt' obee rvr-d uy tho' author whe-n using lilt"
l'onVt'Mt'r d(·lIc rib..d In (I) we r-v lIupp r",sll l'd by Imp roving t lu- d"coupJintl of Ih .­
uec Ilfator- a nti tr lpl" r st"g.· to the plUll line. T Ill' 116 Mil l. llu ",Ulllry fn'c lu"IlCY
III r.' d via II blln tlplllIlJ fll lt'I ' t o gat l' 2 of t ln- m u... r IIlaG" ( T:I ). Galt· 2 o f
Ihls lila i" Is no t ulnu'd; t h,' mean valu,' of th,' auxiliary Is- e qu vn cy vol lull"
II110uid am ount 10 a pproximately 0 . 7 V,

Th,' Inte r m .'dla tl' I t-equency of 28-::10 Mil l. III fl_ d out vi a a n: - rllh-r; t h.· advnn­
la llt ' li of this a r r a ngl"ml'nt cv vr- II bnndlllls, f11t" r ct rceu an' th ,' IIIlmpl e r a lign­
m e nt and r ..duc ed fil ll"r 10 ' 1I(' s , The vlI. lu .·. g1v,'n In thv circuit dla& ram co r-r-ea­
po nd to a r-ee efve r- Inpul Impedance of approxlmal .. ly 60 fl; ethe r- Imp..danc,'
valu t'lI will rt·qol re c hanging the veluv o r capacitor C 15 and r "alignm l'nt of
In du c ta nc ,' I , 7 .
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3, M ECIl A NlCA L ASSI-;MBI~Y

The c onve r-te r- is bu ilt u p on a lIi1v('r -pla tl'd l' P',D'y pr-In t ed clrcuit bo ur-d ( IIl' (O
I-' lg , 311 ) w ith th c dlmt'n lllon ll 11 3 mm by 63 m rn . Tfn- locatlon or th e com ponente
and 8c r c ('nl ng plat t' 8 can be 1Il't' n in the com ponent Ic c a uon plan F ig . 3b. T he
ph oto graph glv('n In F l gu rt, 4 IIhowll til<' com pleted convl'rh'ro AUl' nt lon ehould
be pa id whvn m ount in g t he ac r-er-ntn g plalt'll - wh ich a n' g r-ounded ulling Ilhort
wl re c c nnec tton a - lh at a good sol d"'r coun ec ttcn l' x hlt ll between th e IIC I't' t' nlng
plate IIt' jla r atlng the two IU ' a m p lHh ,r IIta~t'1I and t he ground ccnn ecnon or t he
t r-Imme r- c a pac itor C 5 0 ThJ. III nc c e a s a r y t o avo id a ny tenden cy to o ec tt ta ncn
or tI\I' second In' a rnpllrt,or 8t nllt' ( T 2 l .

t--- - - --- ..- - - - - - - --1

1
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- 1]-;:- Q..."•." ".• • •• • •
..0.. ...c'}.

L II,,",

Q-

--
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• .rrrn.
"

F IK. :llJ C"mpurlt'nt lon.tion pl'1I1
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The tw o 6 m m diamplp r coli Ic rme r e (o r L 3 and L S a rt.' SluPd to th e PC ­
bO& r d In a ve r-ttca l position.

Crt'st c aution m U1i1 b.. I'o ld wh ..n soldt' rlns the dua l -sale M05FET tranalalor
T 3 Into po a trton , Ut·CIIUllt· auch Iranal ltora t'xhlbll DC Input Impt'danct·. of
. t·veral hundr-ed m egaobm, Iht·y aN' t'x trt'm c)y c ndanit'rt'd by atatlc c ha rit· ••
Th is Is th e rt'a llon why rhey e e-e a lwaya eupplied with . horted connec tion.
(ho ll ow r ivit) . Th i s r i vlt IIlioul d nol be r-em o ve d untl! Ihe connecttone have bevn
IIho r tt'd using a thin cu ppv r wlr.. wound Ju . t below the t r a nsl. tor cast'. Tb e
dual-aat t' MOSFlo;T la now soldt' rt.·d in th la ehor-ted ata tt' Into po a it lon and the
thin wlj-e r-emoved Q(1 t'rwurd li . Th l . can be avoid ed wh en usln a t he dou bl "-sat('
MOSFl';T 40 67 3 manu fe ctu rvd by 'tCA. wh ich pOllt'SIH'. Inlt'aralt'd p r otec ttve
dlodt's that s ho r l ou t vo ltall t·. g ruat e r- that!. 10 V and thu s a vo id a ny damll llt·
t o the t r-analut o r- lIyah'm illl·U. Tht'at' tran a l slorll a r t' a vallabl e from the pub ­
ll ilherli ( DM 12. 50 I .

II II a dvta a bIe t o Inlt ..11 th t· conv e rte r In a sc r c vn mg eabuwt in o rder- to avoid
tnj ectton of unwantt'd Illil1als; the power aupply ccnnec ncne s houl d be wt'll
b lockt'd a nd f1It t·rt'd.

3. 1. COIL DATA

All coUs wound on ~ m m d ia. ro rmt'rI. With exception of L I , L 7 a nd L 8.
all coUs wound Ircm I mm d is . ( 18 AWC 1 aUvt' r-plat t-d e cppe r wl n-.

L 1

1. a

2 tum a or I mm dla. ( 18 Awe l Inaulatt'd ccpper wl r t' wound onlO
L 2.

6 tum a aelf-supportln,. CoU lenllth 10 mm , coU tap 2.~ turn a
from the gal ... connec ttcn e nd .

6 . 5 tu rn e , Coil It-nll ih I ~ mm ,

• 7 -



5 turn a I,,)f-Iuppo rtlni. Co il length 10 rom .

16 turna of o. J rom dta , (29 AWG ) ,U k-coVt'r t'd , enam etted c op ­
pe r- win', wlth SW co r e .

15 turn . c the rwtee ",a for L 7 .

6 turna Il"lr.auppon ln,. Coll It'n lth 10 rom , coU ta p 2. 5 tUrn a
from cold end .

• a for 1. 3.

L<

L 5

L6

t. 7

L 8

L 9. LIO

Ch l

7 tc rn e, I t'lf ·lup po r1ma. Coil h·n gth 10 mm .

50 tu r n. of 0.1 mm dJa . ( 38 AW G I all k -covl"r ...d coppe r wire
wound on a 5 m m d1a . Ie r-r -lt e con forme r .

3.2. CQM PQ NJ.;NTS

T I, T 2
T 3
T ~ :
T 5 :

HI-' 2HC ( TIS 3.f, 2 N 5 284 , T IS 88, 2 N 5 2·1!) )
TA 7 U O, TA 71 51 , 40 60-1 , 40 67 3
U~· 224 , UF 173, 2 N 918
TIS ·n , UFY 37 , 2 N 918

The ot he r c om pcne me ha vl ' no fIIpectal ((''''Iure a , The r(' l l a t o r l hav ... a raUna
of 0 . 3 w. A ll ca pac ito r. art' convt' nt!onal d ial' o r tubular ce r-am tc ca pacitors.
ThE' t r-Imme r- capac itor. a r t' ce ramtc mic r o d ille type. { 3.5 • 13 pI-' , . T'he
c ry. tal II a II C-6 /U typ o.' for 38 ,6 66 7 Mill,

4 , ALlGN"'ENT

Aftl"r c h ec king for a ny I ho rl. ct rcu ue o r . im ila r fa ult . , the conve ne r 11 c on­
nt'cteu via a rnA mete-r- to a volta~w of 12 V, The c u r r e n t drain o f me conv e r te r­
I. aj Jp roxUnatt'ly 30 rnA . It I. now po•• tbte to c h ec k the allgnmt'nt o f the In­
dividual r-esona nr circu it. with tilt' a id o f a dip mete-r- - d rculu u.lng Jo"I':T' t
c a n only be c ht' r kl'd for r .... onanc e when the op e r a ting voltage I. conne cte d.

T hi. I. Io llow ed by cht'c k lng the o peration of tne c ry. ta l olcll iato r , whic h III
ce r-r- Ie d out fa vou r ably by m e a aurln g the IU' vo ltage at the ('ml tt .. r of I rana~

1810r T 5 . If tht, cry. la l o.clliato r I. 0IK'rallng. conn ect a n IU' p robe 10 th e
aecond turn ( fro m cold I'nd l o f lnduclanct.' L 9 a nd aHgn the 81agl." for m axi­
m um Rio' vo ltag t.'. Thl . proce a l I. rt'pt' att.'d for LID ,

Th... c on ve r-tor- s houl d now be c onnected to Iht' Input o f a tvn m .. lr.' rl'c t'1v t' r
nnd provided with a two m ...tr.. antenna , Allin all a taic" fo r mnxtmum u 81n g
a tt' . t lIlgnal of approximately 145 Mil l . 'I'll(' re ecnan t ci rcu lll wtth L 3/ L ..
and I. 5/ L 6 s hould bl' eltc r nately alllln,·d br-cuu ae of Ih ... lr Inrerac t toe , Til", r l' ­
lonant ci rcullll comp r l.ing I. 9/ 1. 10 a n' IlI.o aJ( lln",d fo r max imum II ",n 81. 'f h..
In ducl lUlct' L 8 8hould b.. a li gned 80 t ha i Ih t' IOWI'81 frt."quen c y va r lallon ~cu r .

on a ll t.'r ln. t he OjWr aUng volta 1':'" In th.. r ang '" o f II V to 13 V.



5. RES UL TS

T ht' mt'aaurt'd valut'a , Ivt' n in S"cUon 5. 1. below we re mt'aau rt'd by the a u thor
ualnlil thf' folJowlrllil mt'aaurlnlil Inatt-umt'nla : two VHF/Utl F a lina l liI en t'ralo r.
( Roh de u, Sc hwarz ); a cBUb ratt'd coaxial att..nua lor 0 to 100 d U, Z • 60 n
( Roh d e u , Sc hwarz ); B eel ecuve Il"vl"l m e te r- 3 to 30 Mlh, mt'B.u r lrllil rani t'
- 112 dB I Stemene } a nd a no la l" liIt'nl"utor.

The follo wi ng ahould be no ted with rve pcct 10 th e meaeu r-ement e t Tht' .l"ll:"c l1 ­
vily values a . well aa the vol lall" value. a l whlch c roaa modulation cccu r e c a n ­
not be c le e sed as a bllo l utt· va lut'l I evo Sect ton 5 In (1)) . Meeeu rernent o f ... ­
h 'ct i vity va lu t'a g realt'r than 60 dB il not POll8ib le when, a . i a the calt' o f me
au thor, no sc r ...-ned cag.· la avallab lt'. Th la ill ..ven m o r e c rltleal durin, c r OII ­
modulation m '·I/. ,un·m f.'nt l a t VII F I r-equenctea which ev en cause p r oblem a to
pro re l l ion a l e ngin N· r in i weme. The autho r ahlO did not ha ve modula tion depth
m"alu rlnlil inatrum" nt It hla dtll'0lal wh ic h would allow d.·term ination o f th e
I" - l im it. Ho we v .. r , the value of the interre rlng voltagt' by which the uumcdu­
Iared required carrier II ludibly modulatvd reprt'lIt'ntll a va luable re te r-ence
value.

5 . 1. Mj,;AS UR EU VALU t:S

Na il.· re c to r : 3 dB
Ov erall ,sin : 22 d B
Ima.!!," rejec ucn a ppr.85 d U
SUP1,rt'llIdon of ,purIous lIignala gt·l1erat ..d by ha r m on ic conveeeton

2 II ( f
GOO

C rOll1 modulation :

1>I: . t'n .U. tlo n :

appr-ox • 90 au

n ..qulred ligna I • I u V; inlt'rh'r in.ll I lgllal il 30,"
modulated and e peced 500 kll z fr om the ca r rie r.
Audlb l.. e re•• m od ul a tron occu r-s a t a pjl roll. 50 mY.

Ih 'qu l rt'd .lliInal • I j.l V; In t .. rfe r in lil unmodulated
.tgnal la a pac"d 500 kllz from th.· caerte r • A de­
.,·naitation of 3 d O cccu re at approll . 70 mv.

_ 9

6 . MODI F ICA TI ON "'O U A N INT E UMl-:U1ATE F IU:QUENCY O F 101 Mil t

Thia modHlcation la necc.lary when uaing the conve r-re r- in th e SSB trans ­
cetve r prcje c l whk h op .. ralt'l at a rirat Intermtodlah' fr.' quellcy of 14 to 15
Mll z . T wo cryltal conlrolh·d rrequ"lIcit"1 art" r- e qu l red by the r-ecetve m fxe r­
( on l uba8llembly DL 6 tl A 001 l and th e tran8mlt m i ller ( on nl. 6 lIA 00 5 l in
orde r to tun e Ihe whole two met r-.. ban d, nam e ly 130 Mil t all d 131 Mll z , I( o nly
th e v ppe r ha l( o r the ba nd ia r-equtr-ed , tlil. will .lmpllfy till' modtjtc aucn e tnce
no o . e illator awltchln.ll will be r ..qu tr-e d .

T hl' author .Ugg"ltli bu il d in g u p two c r-yat a l oscUlato l'. , o pt-rating at hal! th e
r-e qu lf-ed auxiliary f l"t'(lu.'n c l l' l( 65. 0 Mill: a nd 65. 0 MII 1.), on D It'lla ratl' ec r-een ­
ed printed ci rcuit boa r-d, T h l' output or both cryatal o.clllatora II connec ted
togt"the r and ted to tht' ba.e of the orieinal ollleiJlator Iranlilitor T 01 on PC­
boa rd DL 6 !fA 00 1 I ..... Fla. Jb ). Tranai.tor T ~ now 01lt'ra te 1 al a bu rre r .
The originally ueed 38.66 MILt cry.tal la, of cou r-ee-, no loni"r r-equir..d. Th ..
r ..quired oleillator .wltchine I. madt' by .imply switc hini th.. 01'l'raUnll voltagt'
from aile atalil" 10 th .. other. Ft ifU re 5 ahowa tht' circuit tllallram of thl' modi­
ned conve rt.. r.
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The tollow lng re b le a ho wa the ccm ponente that a re attected by th e modHic alion :

C om pon ..nl

C I2

C"
C I6

C 18, C 19

T •

2 olc lllato r Iran l l slo ra

Quarlz c ryl la!

L 7
L8
L 9 , L 10

28 • 30 Mll z model

20 p '"
85 pI-'
30 p '"

40 pF

T IS 45. UFY 37
2 N 706. 2 N 708

38.68 Mlh

16 tu r-n e
15 turnl

7 t u rna

14 - U Mll z m ode l

47 pt'
120 pF

deleted, o r it o nly one c ryl t a l
II ult'd In t he original OlcUl ator
ci rcuit· 18 pt'

24 pt·

In' 17 3. UI-' 224, USX 20
2 N 91 8

TIS 45. nl-'Y 37. 2 N 918

65, 0 Mll z a nd 8!L 5 Mlh

20 turn a
13 tum e
a t u rna

7. Ol't; IlATIONAI. HE SULTS

Four prolOtYI'I'1I ha vin g d Hfl' r ..nl Inlt' Mnl'd lalt' Ir-eq uenciea [two tor 28- 30 MHz
and a lit' Cllt' h for 14 Mill and 9 Mil t. 1 were bu il t u p by th e a u thor and te sted
by varlo ua e m a teu re cver a conaldt' r Hbh' per-I od at time, Compnrilona m ad..
to 1I00d tubed conve r t e r e ehowe-d Iha t Ite ld t'rr"cl I ranl illo n a r o;> by no m t'an l
ln tt'rio r In pe r-Ior-manc e , Tht· t .. lta wer-e Hmtted 10 It·n lltlv lly. Imagl' r t'Jt'clion
and large -Ilgna l c ha r a cte rhJllcl ( c r o a a-m cdv ta ucn a nd In t e s-mcdulat fon }.

Sl nc \' the c haraclt'rlltlC I vary in'ally b.. tw e-e-n individual tit' ld t'rrt'c t tran lia tora
o t t he- Ill-' 24 5C ae r lt'I , too high a r o;> vt 'ra t" ca pacltanee could cau . ... leitolcllll­
t lon in Ih t" rlr l t ItF a mpllrlt'r Ilage , A 2.2 10 2. 7 k n r t' a l l tor con nec ted in
pa raU ..1 10 Inductanc e L 3 will en l ur t' luttidt'nt nt 'ulra Ut.a Han a nd pr-o vide a
i r l' at t'r Indepe-nde nc e t o inpul Impedanc e fl ucluatlona wit hout natlet'ab ly Imparln a:
th e 1Il'II'c tlv ity e na rac re rteuc•.

8 . AVAILABLE PAltTS

The pr-tnted c i rcu li board D L 6 IIA 001, t r-Im m e r- ca pac itor. , c o il tOrtrl t'r It' t
and qu art z c ryllal l a l well .1 II kit o f a ll m a jor parta for both th e 14 Mill
and 28 Mliz It' modela a rl' a vaUable from th e publiaht'ra o r via tbefr- nat iona l
rt'preat' ntallvE'l. See ad vt'rUl ln g pail'l,

(I ) W, v , Schlm melm ann : A 2 m e tr-e Conv erter with "' jeld E t ft:'c1 Tra n ai l torl
VII'" CO MMUNIC AT IONS 1 (1 969), ";dition I , Pai t' l 2 10 10 .

- 11 -



A TILT AB Lfo: ANT,.:NNA WITH S fo:LECT A UI.E POL A HIT Y

by E , Re tt a, DJ 9 ,IT

INTHODUC TION

The d esc rtbed ant enne a r ray dot'li not 1'l'prt'lI.'nt a hlgh-p.'rtonuallc.' untvnna
with r eepect to a hIgh POWl"l' gain , bul 0101''' a ve r-aat tle cump rcmf se antenna
allowing a great num be r of expe r tm en re to b., mad." TIlL' IIwltc haloh' polarity
hi no t only o f tnte reet for operatlen In conjunction with amateur lIatcIlIh·. , bul

a l ao ust'ful when examining till' .' ft L"c t of r L"nt'cth,nll on VII F propngauon. T h i s
a r ray allows Int e r t> lIt ln g ex pc-r-lm ent e to be made t'apt-dally IIlnn' the author
lives III a va tf ey .

Th e aut hors antenna a r r a y, as snown in F lgu n · I, consl6!6 ot two 5 element
c roee Ya gl entennae etacked one bt'lIl:lc the othe r-, The a ntenna can be tilted
in the horizontal and ver-ticn l plsne s. Four IIwltchablt' polaritleB can bl' eeject­
ed t Llnee r horizontal, IInt'ar vertlcat, clcc kwtee drcular and snuc tockwt se
ci rcula r, As hall bee-n al ready rm-ntloned, th.' antenna can be t ll t ed In tne ver­
t ic a l a nd horl1:ontal plant's and III equ lpped with a r-emote indication ot both
pos ition s, a s we ll as allowi ng tho antenna to be l ocked In the hor-l z onta} 1' 0 11Ilion,

The ruth e r e Iaboratt' drivt, and IIwltc hlng ar-r-angement l s , of COllr61;' , m ort'
s ullablt, for largO'r ar rays whl'rt_, It will bl ' t t-uely wor-thwhlt e, Howo ve r , t he
autho rll ar ray wa s only d l'slgm'd fo r expe r-Irnenta l U6{' and thlll articIt' III on ly
m e ant to repreecnt a n Insptr-auon. Sinct' t he ml'cha nical e r-r-ungvrm-nt wil l be
d ltte rt>nt for t-ach location , onlyahv meet Important polntll a rv to til' vxplulnvd
here .

1"l g , I P ho to g r a ph ot t he autho rs a ntenna a r ray

- 12 -



1. t:U:CT IUCAL CONSTRUCTION

Tht" aUlhor uat'a four 5 ...Ie ment Yalei anh·nna . whlth are m ount e d 10 form Iwo
5 e-lement c r o a a Yagl antennae .Iackt'd onto b~·lI lde the etne r . The eelecttcn of
me antenna. d~·pend. on th e required gain and on the requl red mt."chanltal ala·
bUlly . Tbe IItandlng wav!" ral lo of the Ind i vidu a l anh·nna. Ilhould lit' cht'ck~'d

bl'fort' mounting. and adju aled when' nl'cl' a.ary .

A flt' r mounting. each of the four Yagl anlt'nnaa I. p rovided with a A/ 2 balun
trandormt'r and a coadal e a ble 1,5 met r-e In Il'ngth . T he ae four c oa xia l cable II
( c ubl .... I • -I In fo·lg. 4 ) muat b~' of l'lul clly the ume h'nif1.h lll',,'aullt' a pha se
Ihln could b. , c aused wit h in the ar ray If thla wall not t he caee ,

I. I. I'OLA IUTY SWITCIIING

Switchin g to the p r-evious menrtoned po larltlea r {'qu l r .. a a ratbe r elaborate
awllc hl ng arran llt·mt·nt . .. a pt-da lly whvn t'xactly matched cond lttc ne a r .. re­
qulrt·d . Tht· fo llowing de- ec r-lption reprE'I,·nl . II c o m p rom i llt, by which a at a ndin g
wave ratio of approdmately 1.6 : I I. obt a i nt.'d. Thc author-, b cweves- , c one t ­
d.. r. Ihl. value 10 lw slll1 e c c epteble .

L in ea r polarity i ll obt a in e d when only th ... horizontal or only th ........ rt lcal c o m ­
pone nta o f thl" anh'nna array arc ee l ect ..d . For circular polarity, It i . nt' ct' llary
for on .. plant' to b.. phale·.hHtt'd by 90 0 wllh respect to the oth e r plan.. to
which It I. connected . ThE' ectocrtcn o r ettne r c lockw lee o r anllclockwl at' cir­
cular polarhatlon de pend a on which of the tw o plane. leads o r lags In tin' "hollt"
eenee , T he r t' qulrl'd phallt' shift of 90 0 la obl alned by placing a c a blt· havinll
an e lcct r fc al h -nlllh of A/ -I ( cubl.. 3 In fo·lg . 2 and 3 ) to t he Ieede r of tI\l' nc­
rbontal plane ( cable 1 ) o r that of tho "'~'rtlcal plant.' ( c a bl e 2). T h.. phaa'"
Unto' can al ao be an odd multl !,l e of A/ 4 . T he p rlnclpl .. of thlll arrang ..me-n r I.
ahown In F ig . 2 ( Ill"0rinll the matching and cable aheath , .

". ,t ical
ant . nl'lO plan.

OJ 9JT
1'lo1;lonrol antuno pta " .

OJ 9JT

Cabl. ' Cabt. l Cabt. I Cabl.l

1l . l a~ 1

Cobl. h ~

R. lo ~ , r

Cobl. l _ l

• E
R. l a ~ I

Fig . 2 P r in cipl e o f Ihe , wi tc hi ng for
c1ockwia.· o r Iinliclockw i ll"
ci rcu la r polarltallon

Fig . 3 I'rlnclplt· of Ih ... a wltc h ing for
t he four dirf"""'nl pola r il l t·a
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since a quarter wav cable with aolld dtelect etc I velocity tacto r 0. 66 1 la only
33 cm Iong on th e two m etre band. the author u8 ed a 3/4 ), cable ( 99 cm 1 to
ob tain the r eco t r -ed pha ae ah llt. It cable 3 la uteconncctee by a eeccnc r-efay,
only till' ve r tical o r only the horizonta l plane wil l ln- connect ed aecor dl ns to the
po e lUon ot relay 1. Thla principle la ahu wn In F1llltl r e 3 .

TMa baa1c ci rcuit ha a to be m odified In practtce dUl:" to the n" c" aea ry trana­
form at ion 11I1 ka. Thl' circuit uaed by m e au tho r ia Sivt'n In FiiUre 4 . The rol­
lowins conalde rationa led to the development ot thla circuit .

Th e horizootal compone nt e com e trom a 5 by 5 antenna array. The re ed 11I1ea
( cabit'a I and 3 ) a re connected together- a poin t A. Tl Il8 r e au lt a In an impe­
dance at 30 n al thla poi n t. Th le value la transposed to 120 n at po int B by
meana or a ), / 4 tranltorm er ( cable 5 ) . Th e foll owln i relationship Is va lid fo r
the tran ltormation with ca bll's :

ZT • Impedance ot the ),/4 cable
Z I • characterlatic Impedance 10 be tranato rmed
Z 2 • r-equ tr-ed Im ped ance

In ou r cast' , the foll ow1l1g will result :

Z • V",'=o-,--:,"",::,o. 60 n
T

Thla muane tha t no nnal coaxial cable can be uaed fo r cable 5. A fu rthe r cable
( cable 6 ) la connected to point B. wh ich ailio provide a a n Impedance at 120 n
at point U • the r eaeon fo r th l8 wUl be explained late r . l>Ue to the pa rallel
connection. an tmpecence of 60 n will r cault a t po int B wh ic h m eana Ihat cor­
r ect m atch in g cccu re when r e lay 1 Ie connected to point B .

The 3/4 ), pha s e Hne to r the ci rcul a r polari za tion Ie connec ted be tween pointa
lJ and B at r e lay I . Th la phase u nc Is built up fr om th e three ),/4 cabin 6.
7 and 8 . Ca ble 7 h.. a n Impedance of 30 n ( two 60 n cable a In parall l' l l ,
which m eana lhat an imped an ce of 30 n Ie pr-caent at point C and D. Thle im ­
pedance ia t ran a tonned to 120 n at potnt U due to the e Hec t ot til l' ), / 4 cable
6 whi ch ha a an Impedane e at 60 n. Thia meana - aa a l r ea dy m em tcned - that
an Impedance o r 60 n r t' euU a due to Ihe parallel connection with cable 5. The
aame conaldl' ratlon la va lid to r the Iran a ro rm atl on t rom point U to to: with th e
e xc eption that cable 8 cona ill ta at two ahort cabte e , aT-connector and r-elay 2.
which tc gethe r r e pr-eeent a ),/4 une, Sl/ lO ,e the r elay ha s a ctrre rent d ielect r ic
Ihan till' ca ble , th is wi ll no t r ep reseru a tru e ), /4 line. The t r-ue r-eeo na nc e can
be tound ullng a dip -meter ( which Is qu ick er and eaete r- than calculat ing It ).
Thla ia made by 8ho rtlni the cable at po tnt n a nd aolderlnil a amall coupllnS
lin k 10 po1l1t B. The cablln. la completed with c able 9 wh ich ha s the aa m e func ­
tion tor the veeucet polarization aa cable 5 haa Io r- the ho r izonta l pola rity.

t"lnally the function at the etub connected to rl'lay 2 should bt, explained. It
rt'lay 2 la opened to allow l tn ea r- pola rization, o"..n plt'cl'e of cable wi ll be
connected to polntl H lind 1':, Stnce fheee csblee r ep rcecnt a le ngth o r ), /4 o r
3/4 ), al the opcratlni fn' qu l'ncy , th ey ac t a e abeo rptton cr rcu ue thua aho Mlng
th., Itt" voltage. In o r- de r- to avoid thcee crit ical h'nll(lhe , "c lay 2 IIhou ld be con­
nec ted al near aa polllbll' to rl'lay 1 and tlit' path B. C and U ln c r l'a l t'd to
m ort' than 3/4 ), by meana o f th e s tub.
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DJ 9 JT
Cobl.Cobl. ,

Cabl. J
A

Cabl, 2 ,
C CObl, ?

Cabl. ~ Ccr. bl. Ii Cobl. e Cobi,

,Stub !:.!!n.

~''''' '
,

R "G ~ I Cobl. 1, 2,3 .4 .1Smtt"

CGbl, 5tol . f

4

•

F" d.,
Fig. 4 Ma tch ln ll and polarity s wttching for two c r-c a e Ya gl a n te nna ..

WhIm r e lay 2 1. closed, it I. nec e••ary that th e ..tu b a lBa r e p r e ee nte an un ­
c ritical length. The m o at fa vo u r a ble m et ho d o f do in g t hl. 111 to find th e stub
le ngt h by ex perime nt uliing a renectomete r-. T he aut ho r found a lengt h of 55 em
to be tnt' meat fa vour able co m promise .

T he follo wing tabh"a lIummarbe these conslde ratlona :

Cabll> No.

l}
s,
7,
9
St ub

Length in em

Not Impor-tant but o f
the aame length

A/'
A/'
A/'
>. / 4 Incl. relay 2
A/'
approx . 55 em

Impedance

60 n
60 n
60n
60 n
60n
60 n
30 n ( t wo 60 n cablu i n pa r all e l)
60 n
60 n
'0 n
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Re lay I ne lay 2 P ol a r b at lon Swltc h pcenton

orr (UI orr lI o r h ont a l Hnpar I
0 0 ( !-;I orr V('rtkal l inea r 2
off (UI 0 0 Cjockwtse ..trcular ,
0 0 ( E) 0 0 Ant lc Icc kwtse ci rcula r •

1. 2 . ANTENNA Il IU VE AN n P OSIT IO N I Nl>ICAT IO N

Flgu rt· 5 IhO WI t ho' circu it of th t, v" rtleal c rrvo with poetttcn In d icator, the
en d comecte, the loc kin g main.. t al '11 ,,11 II th.. po we r lupply fo r the po larit y
I wltc hlni. ThO' ho rizontal rotation o f th e ant.. nn a w a l made ullng a comm e r -.
cial rotato r having ttl own poautcn In dicator. A n additional hcr-tzonral position
indicato r was then'fo rl' not n·qulr..d ,

A 24 V wtnuec reen wipl' r m oto r ( from a tr-u ck ] Is u...d fo r t he ve r tic a l d ri ve.
T hi s ill a ch ll' vl' d w ith tho aid o f a wo rm drive and a g,'a r whee- l driving a no­
r l7.ont a ll y m oun t e d leve r-, T he m ot o r II ope-r-ate d from 12 V to r-e du c e th ...peed .
So that a verucet pce tuon In dication I. ob tatned, thl' Iever- Is filled to a po­
h·ntiom t't .. r t ha t II connecte d in a b r-Id ge cl rC'll!t. In orde r to c hec k th e "ho >

r-Iaon tal" a nd "ver-ttcat" poltUonl, en d contacta a r e pr-ovided which are . 110­
ciat.. d to conlrol Ia m pe , T h E" b rldi" ci rc ui t I. allgn .. d to zero In the ho r h ont a l
p0 8itlon . Tht· m ete-r- ruB -scal l' d l' nl'ctlon In the ver-ttcul poa tt tcn Is a dJu 8h'd
with the aid o f t Ilt' I k fl po lt·n tlomt>tt>r. T he m eter o f a pp roll1m a t (' ly I rn A m u a t
bl' p r-cvtded with a 8u lt able s hunt . Th e motor It.'adl a r ,' fUtt·r.. d by low -pall
fUt e rs s o that no l' lt.'c t rlcal lnll' r fl'n' net.' I. au d ibl e In the r vce Ive r- .

2. Mt;CII ANICA L ASS EM Ul.Y

A 8 ha l been al r e a dy ment fone-d , the m t.'ch an1 c a l a l 8..mbly of the a ntenna a r ray
w ill no t ll.. explalnt.'d In i r l'a t d e t n fl, It s hould bt· m ..ntion.. d , that a t tenr ton
s hou ld be paid to obtatn a robult a nd wa te rprcor conet ructton.

2. 1. T IH; A NTlmNA S

T wo o f the fou r , Ident ic al Ya gi a nt t.'nn al a r e dt smantled and the ele m e nt a
mount ed 1n th ., aam l' o rde r bu t 9 0" from th e e lem enre o f th. ' o ther tw o a nterr­
naa. It II not 1mportant whether the I" ele m c nt l a r t' m ounted In fr ont o ( o r­
be hind th c oth.. r e l e ment a, It i. only Important th at t hil ahould be the IIUl\("

fo r all e! e ml"nt a a nd th a t the a paclni betw een the Individual e lt-m e nt l o( e a c h
c r o ... I hould b.. aa amall al polalbl e ,

2.2. T in: ANTJ>:NNA VllAM E

A ll c a n be 1I'l'n In Vlgu r e I, th .. t wo c r osl Ya g l l an' conn ec t .. d to a no t nvr­
u.1ni a I tron. boom , Th la boom c a n be r o t at ed nn d II connected via bt' a r ln ga
to the ant .. nn a f r a m e . The (ram., !t ael( la " u" ehap..d and the a ut hor matle It
from oS x 5 e m wood . The ante nna (ram I" la 1n tu m connect ed by th r e e ec r .. w a
to th e v.. rt ic a l dr- I...... t "l gurt.' 6 , hOWl a acht-m at lc d la iram o ( th la con. t ruction .
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2 . 3 . TI lE VtmTI CAl, DIUVlo:

The rotallon o f Ih.· wtnd ec r .. . ·n motor- ( dr-Iven from 12 V ) la I r MI'>OIIt'd - u .ln ll:
II wo rm dr-Ive and a gl' a r whl 'I '1 ha ving a gl' a r r euc o f 100: I - 10 Ihl' vert lc nl
l eve r- al eo s hown In 1"1/1. 6 . Th.· mount tn g o f th is le ve-r- mu st l". " "pn'ially
. ta blt> due to tlu- hi gh fo r ct' Ih ilt th., long h ' v. 'r ar-m ha l al th l . point. The
le vet- I. Ih.'rt'fort' m ounted In tw o ball bl 'a r ln g. wh ich a re In tu m mounted _ ,
a 1I0m " what g t-ce t .. r tu be th a t 1. .... eldcd to th.' ba lll' " Ia l .. o t th e vcr- uca! dr-lv e
ca. lng, A 30 em lon g I 1 /~ 1I p ip.' i. wl'1d..d to Ih,' lo we- r- Iltlt' o f th l . ball" pl illt·
( 25 em " 30 e m " 7 mm). 1'110' wh ol .. an!t 'nnn a r ray I. c onnected by m oan a o f
Ihl. pi".· to Ih.' hor-I zont ul r o tnt o r.

The t ranlpo.Ulon o r th.' I.· ...e r- rotalion on to th l' boom I. madl ' by m.'an. o f a
....-oode-n b ract' ( Io' i g . 6 ) . T h l . wa . fou nd by the autho r to ln- ef m pl e r an d It'.a
l' xp"nl hl' tha n a c h a in or r-ubbe-r- drrve.

2 ,~ . I.OCKING A IUtANGEMENl'

Sin ct' th.' wh ol .. wind fln'."u r .. 1. l' ff t'e ll \'l' on thl' "" 'rl lc a l d rl ... .-, a m l'ch ankal
lockin g arrang.·m e nt wa . p ro...ld e d for Ih,' horizontal ant..nn a 1>OIU lon ( wh ich I .
th.' m o.t orn-n u'l'd poattton ] , In th.' r .. 11 poalnon , a . p rlng prv..... a .t rong
ml'tal bit I ' o r tube Int o " c ut - ou t on thr- lc c ktn g m ounl 10 t hat no m o ... . -mvnt
of t he anl ..nna boom ('IUl OCCU I· . [ t the antenna I . to b.. I1lt .'d ver-uc ally , an
.. it· clro-ma gnet I. t'n,'rlli 1.l' d th at r.'mOVI'8 th. ' loc klng bar from th,' c u t - ou t and
r-el e a . ... Ih e ant .. nna ( I " " F ill . j a nd 8 ) .

Sin ce II 111l1ng of th., an t r-nna without "fl,v lou81~" unloek ln g th .. boum would e aU8.'
th.· d rl ... .• o r th . · moto r to bl' dilmalll 'd , an end contact ( c o ntac t 3 ) hall b".on
pro ...ldl·d thai Indlc alt·•• by m ..un ll o f an Indtcator- lamp o n Ih l' cont r-cl pene! ,
when th .. magnet ha l rel ..a81·d lilt' boom ,

En d c ontact I. on th., oth vr- h a nd , Ind lc alt·. th.· hor izontal pOlll lon of t he a n­
t.. rma , The COrrl' lpond ln j! con tac t fo r the .....r-ttc al pcen tc n I. c ont e ct 2. Contu c t
I ror th e h or-Izontal 1'001 11lun Indl cntion ..... a . fo und to be .....ry nece••ary becaua r­
Ih e pOlltlon Indt cato r m .. l .. r d id not po••('II, e u rnctont rcecruuon t o In dlc nt r­
whether- Ih ,' loc k ing cou ld been mad. ' o r not.

3, f~XI'I-~IU ENCE GAINI-:f) WITt I T in : ANTENNA

The autho r- 18 .tlll not abl.. 10 J/I'I" fina l c oncluato ne 1lo'lIh r" 8,wct to Ih .. cha­
racl.'rlltle . and advantall" l1 of th l. anlt'nna wh ..n c orn pe red to othe r ant e nn a .
etnc e It ha l not been u llt' d o ..... r- a .u fficle nt ly long ,"'rlod , T ..... o point I . hOIlo,.· ... e t-•

• hou ld b.. m e ntlon ..d: Th.. author wa . a ltho to ob ... r ..... po far- Ity , h lf t du .. 10 fl' ­

n t'ellon l o n a numul'r of occaalon., T h.' IIt' w.·r(' m Olilly Obal' r\' l' d o n local Ila­
tI ona and not o n th o ll" . ta tion . I pa c l'd al g r e lllt- r distl l/l{""', " OWf'....· r . thl' po l ll­
r lly .hlft du .. 10 r ..n..c t lo n8 do." nol 1I.'.'m to pay Iluc h an Im po l·tlllll part U8
Wil.l a ••umed atflrat. Th(' majority o f IIlatlon. m"lntllillt' d tht'ir orlwlna lll",laI'Uy ,
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A t:onsld.'rabh' Irnp rovomvra wa H fou nd during contacts wit h ve-r-ttcul.ly poJa r i zt' d
etauons, such !.LS rn obl l e station It ulling 5/8 ,\ llll t .. nllall. TIll' ant enna p r o vld.' <1
an Irnpr-ovr-rm-nt of appr-nxtma tely 2 Sepoint e over- t ill" ho r11:on ta1 pof at-iz at ton .
'fh l ll 1.11 a conlld.' rabl.. gain and can make th ., <llff'-I'(' n.,.- b.. t we-en a QSO or not.

'fh l.. " .. Idvpr-oduct" Ill , ho wevcr-, In Itll .. I(, not wo rth th r- ex tonstvo c o nstruction ,
Uut thlil wa ll nor thv rvauon fOI' ttu- t' xlw r lnw n ta l ccnat r-cc ttcn a nd 11 Is Ie lt
that th.. n dvlln t a g.' s oC such an antenna will show th" ffilll'\V ' ·& wn en o pe rating In
conj unc t ion wit h amatvu r- lIalt,IJJt "1l ( or ro.UX)NHA Y on 70 cm ] •

-I. H E F E B EN C ES
( I ) .I. Kt'n nt-dy : Cts-culu r I'ula r l zutt o n

-a !\'llll.:a t.llll' , tscs

~'. 1lI ,,OJ uw""" "AN lJIlOOl'
" "IUt) "

,
:

Dtut'c~, S , nk ErI,ngtn, Konl0 ~1& :OS

po",c~ ,ckk onIO Nu,nb.rg JOot 55

We would lIke 10 Introduce the new fo urth

edItion of the ori gina l Amat eur RadIo Handbook

RADIO COMMUNICATION
HANDBOOK
• Weigh ing 2.5 kg (5 lbl), It contalM 830

pages packed full of up-to -date ted"1nlcal
Informati on

• Circuit . and technology covar ing the
whole range of amateur redrc from basic
princ iple s to sophls ticsted 55B and
RTTY equipm ent ,

• More then 30 years of IItperllnce have
gone tnto the prcducnon of thIS excellent
handbook

• Herd-bc uod for many yeers of faith ful
serv ice

p r tee OM 35. -- o r national t'qu lvalt 'nt
( Including plJl:I tall:e)
The RadiO Communl CeliOn Handbook II ever­
tebte. from:

UKW-BERIC HTE • H. I. Dohlu l , OJ 3 QC
0 ·8520 Erlengen, Gleiwltzer Slraue 45

w eetere Germll ny

VOLUME 1 (1969) OF VHF COMMUNICATIONS

We would like to po int out that al! previou s copies or VHF COJ\.IMUNICATIONS
are s ti li available . Please infor m you r friends that they have not mt eeed
thei r copies. Since our magazi ne conta ins only technical article s of con ­
tinuing interest and value, we en sur-e that ba ck copi es can always be pro­
vided for la te r sub scribers . The price of the complete Volum e 1 (1969)
Is DM 12, - - for surfac e mall or DM 4, -- for Individual copies . The atr-,
ma ll prices can be obta ined from your naUonal r epresentative or [r om the
publisher s .
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IS 10'1.1 A DVANTAGEOUS ON TIlE VII F-l'II ", HAN US'

by n , I':, Schmll:I.'·", ()J 4 11(;

INT IlOl l UC T IO N

Th"N' matn mcdulatton mud.,,,, ur.' p.','mlllllllJh' for umutvur- rudto votc e trune­
m Iaeione , '1'11.,,,, . , a n' : doubl., IIItJ.' ba nd nmplltudi- Illudulutlon A J ( AM ), IIlngh'
lIith'bond ampl ttuue modulution A 3.J ( SSB ), and ( nurrcw band) Ir-vqc ency mo­
dulation F 3 ( NIlFM), Of th"IH' thr'.·., fIlOtI"II , frvqur-ncy modulation hall not
bi-e-n ulI.'d to any I:l't'at .' lth'IIl , Th,' fo llowlnl: ('ullllld. 'r'atl"n ,'umpan'lI ull thrt-e
moduillting modve , tIH"l'Inirw .. what ad'lantagt'li NIIFM . 'uuld lu.'1'· on th.· Vl I F/
UHF balldll and t'ltamln.·t; why p".'vloull exper-trru-nts with Fn.! ha ....' not bevn
IIUt'l"'lIlifulIy ablt, to 1'1'0'1" Itll lIuitabUlty. T h ,· pal'aml'l"" dlo... -n for th., com­
pa r-laou hi th,' A t· 1I1gnal-to-noilit' ratio all a Iunctlun of th,· IIlgnal 1.,....·1 at th.,
r,·ct·I vc-r- Input; th .. r ..quln·d complvmr-nt at tlw tranemtucr III also cons idered ,

1, C OMPAHISON OF T HB MODUL A T IO N M O D ES

The th ree mod"lI a rt· to b., ol.lIH'rv.·d at th., ",.ct'ivt' end. Th.· c rtte r-tcn for e uch
of the modulatlon mod"11 ill the signal vol tug t- rt'qulr.'d at the antenna Input
connec tor- to obtain a cer-tain AI" IIlgnal-to-nolll" ratio, It III rwc .'II>1ury to l ay
down ce rtatn c haraet"I'htic>l of till' receivt-r- such all :

In put im pedunc e :
NollI'· figu l't, :
IF bandwidth IIwltchablt, to
sse ,
AM :
PM 1 :
f<' M 2 :
At' ba nd wid th

Zin • 60 n
2 ( 3 ou )

2.5 ki ll:
5 kB/.
IU kil l [ Io r- a modulutlon Index of M . I )
15 kill (ro,' a modulauon Index of M • 2)
2.5 ki ll. (300 11 70 to 2 .8 kH7o)

Flgurt' I show s th., fumlly of (,ur'\I"lI fo r r-uch of Ilu- mmlullltlnf.( modve , Tht,y
s how the AI<' liignal-to-noIIH' ratio as I/. function of the Input 1I1gnai when taking
th e Iu nd a me nral c h a r-actc-rtattc e into conetdorartcn, A n addit lonnl cu r-vv ill In­
cluded fo r compa r-tsom it III \lalld fo r tl'1 .'g raphy at a banuwhlth of 500 li z ,

All can be 8.,.'n In F i l: , I, tilt' lIinf.(lt · IIld.'band mode (SS B ) only offt'rll a 3 dB
improv'·m ,.nt on the doublo lIid,'band modulation (AM) , Thill III b,','aulI.· uu­
!'I·c d v.' ba nd w td th III only half all gr"l1l for 5SB th an for A M whkh me-una thut
thl' r-cc e-Ivor- l'xhibtlli only hair ( t hull 3 au 11'1111 1 t he r\OIII., pow.", for SSB than
fo r AM, T "I"Kraphy at 1I bandwidth of 500 li z co r-r-eapondl.ngly " " Ilult ll In 1I 10 dB
ln-ttet- >llgnal-to-nohil' ratio t han A M at a hundwtdth of 5 kHl,

t ' !'l' qul' ncy modulation I't'(lulrt'li II gr.'at.·f' t rnnam Is sfon bandwidt h whkh r neuns
that a h i gh.· " Input \loltug t' !t''1 ,'1 will b., t-equlr-ed untk l tfn- Ilignu l IIpp" u r s
abo\lt' ttu- 110111.. 1"\1.·1, II0w" \I" f' , tin' A I<' lIil,'1IUI-to-nolll" ratio inCrt'QH"lI mO l'"
r ll p ld ly than with t ln- olhl'r m od" 11 o n ralliing t he input \loltuJ:", T hill I'l'llultll
in IIlgna l-to·nolll., rntlo valu .,,,, that a rt' betrcr- than tho.... of SS13 If a rruxtulut lon
Indvx of only 1.1 • 1.5 III aIiIlUIllt'U, Thlllllupt'rlo\'1ty of Jo' M III, however, only
notk .'ubl.· a t hlght'I' HIllnal-to-nohll' vnlues ( ~ 10 d B ), At 101'." '1' Input \lO!tllg.'II ,
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F M la aom ..what Inte r-io r to SSU a nd e pps-oxtma tely l·qual to AM . Thl' dlff"rl'n et'
la n ot \,.'ry i rl' a l alii long a ll thl' m odulation Ind ex la not g r- e a te-r- th a n M • 1.
Th l l vslue I houl d th e r .. for.' p rove 10 be thr- m o s t favou r abl .. eomp r o r nt ee .

•
4 6 104 6 8 lUV 246810 2 4 6 8 100 2

RK f'jwr l~ 'oO/tcg. InlO 60 Q - - _

[I
, ,

DJ4 ! O/
I,, ,

FM2 f71
, ,

/ ,11 FMl,

V rl
,

, I,

Te-le-graphy 500Hz
'AM,, ,, ,

,
/

,, ,,

1
l/s~V ,,o

lnV 2

30

dB

n i. I A F alKna! -to - nolae ratio a a a fun ction o f Ih.. r oeejve r- In pu t vo ltagt.' fo r
t he dHft' r e nl m od u latln s m od e l

T hl' a. ' al m pl e c om pe rt e cn s d lf f(' r wh. 'n ilo ilO c ons tde r-lng the Ira n amllter com­
plem ent requtr..d fo r vac h of th c th rn rnodce , Th e eu pe r-Io t-Ity o f SS U wh e n
u a ln g tubed po w e r a mpll fie r a III Ihat m ode rn tub.,. a llow !,l' ak pcwvr l"vt:' 11
( l'u IBl' I'ow t' r ) fi r hlehe r thi n th at pt.'r m l a a lbh .. fo r continuoua c e r r-ter o p.. r allon.
Th.. Bdvlntai" of ~'M cve r- A M In t ul....d power- am plln.. ra la th at 10' 11.1 ca n be
0l' l' r a lt'd a t t he p('a k ca r rier valut' allow.·d fo r conttnucue ca r r te r opl'ration
where a a the PA t ube m u al bc ope-r-at..d a t rt 'duc" d pow .. r In me A M m ode ,

Virtua lly t he lamO:" conaldl' r atlon. arl' valid fo r tranalato r tran s m IUl'r a . How ­
ever, the dlffe rt'nct' b.,tw ,·(' n t he ca r rie r powee of A M a nd th e peak- power of
F J\I la even i rO:"a lO:" r duo.' t o th e limlt..d r vve r-av volta,., ; with IOot.'o AM. Ih.·
vp.. r a Un ll vol t agO:" mu al not e xce..d 1/01 o f Ih.' pe rmlillbl t· r .. v.. r-ae volta lit'.
whl'rl' a a It rn a) be 1/ 2 the ppa k voltal" . Th l a m.-a na that four UrnPI t h.. c a r­
rter pcwe r I. a va ll abl.. with f 'M th an with A M, SS U II not 10 advanlaaeoua
with I r a n l l atodl,t' d I'A 8l agt'a b,'cauI" tranalalora cannot bt· overloaded ( pt' ak
cu r re-nt and voltalil l'a ) durln ll pufe e oper-at lo n t o aueh an extent a ll tube e , I>'u r ­
uiermc re a n a dd lHo nal " haat· m od u la l lo n IlCel.: rll al h igh l evel s due to t he d rlvt' ­
dependent Impedauc e val ue e o f transi llt u r ll, T hl. will b., notlcl'a bl t' a a algna l
di sto r tion and . platl t·r.
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Tht' co m parlaon b~,t we"n tub~'d an d tranal . tor i'A at all"a la, o r ccu eee , not ttlt'
only conaid e t-atl nn , Th l!' frequ~'nqy a ta bU lty r-equ i r-ed tor SSU o pt' rat ion la In­
c r toaalnjly m ore dlttl c ult to achl ev e o n ra lalng the o pe r aUni trt'qut'ncy, If th e
pe r m laai bh.' fr-equency d lffe rt"nc l' 1a aa aum e d to be -1 3 Ih:, th1a wil l rt'preat'nl
a rr-eq uency at a bUl ly ot 10 - 7 a l -1 30 Mil l!, Even It onl y the a ho r t - t im e ata b il ity
l a ccne tde red, the com ptfca te d comple m e nt to achie ve thi. wUl keep a great
numbe-r- ot a ma l"u ra from uain j th e UHfo' bandll. FM , on tne o the r hand. .r e ­
qu lre a ta r Il.'aa t r t'que ncy atabil lt y a nd allow. a utomat ic t requ e ncy cen t r-o! to
be ueed eaaUy,

An addl t10na l advant. it" o r FM la the amplttude lim lUn i . t th e receiver wh ich
eupp re ••e . the ampf Itude com po ne nts ot Ign ition and a imlla r intl.'rtl.'rt'n ce , An
automatic jaln con t rol la alao nol r eq c l j-e d In the recetver-, Stnee the . liIlal
am pli tu de ot the Iranam itter r t"malna ccne tan t, tnr e rreren ce cauacd by unwanted
e nv e-lope demcdutauon In lIudlo .mplUl en ot ne ighbourin g le lt'vlalon, r.dlo a nd
audio equtpment will be a vo lrt...d aa will the modulatina ba n ao m t"t lm t". vl alble
on tt'levill ion r-ece lv e r-e when ullln i A M,

Th e author would tne r e rcre Il ke to aUail'a t that fo'M s ho uld bt' u.('d on Iht' 70 c m
a nd htghe r- band II wllh a rnodulation Inde x ot between 1 an d 2, Tht, m oat favour ­
a ble mode for th e tw o m etre b.nd ahould cont inue 10 be SSU dUt, to the l Imtted
bandwidth a nd pre v.Uin i condltlona .

2, RBASONS I-'OR UNSAT IS F AC T O n Y EX PEIUMENTS
WITH FHBQUfo:NC Y M01>ULATION

The qceetton la now why FM ha . not been ext en afve ly uee d If the al rt'.dy de­
ac ri bt'd .dv.nt.g..... re t rve . Th e explanallon la 111m pit": It l a nt'ct' aaary for the
ee ce tve r- to fultll Q numbe r- o f r t' qu l r t'OI t' lIt a if the adva ntag"ll of It'equency
m odu laUon are to bt' r t' a ll u 'd , T hl a la not the c a ee with prt'at'nt equipment ,
mainly due to the ex c oeefve accentuation ot SSll.

A primary factor- l a to r li au H1cl t'lIt ly goo d amplttude 11mlUn g ot the FM alina l
10 be made . Furthe rm o r e, It la I\l·c t'a . ary th at a Ir-eque ncy dl.c r im in a to r la
uIIl"d for dpmodula tl on . I-'jn.lly , th e ba nd width ot the audio . ig nal mu " b.. Ii­
mu ed . Thi ll la be c a ue e th ~' low - frt'qu t'ncy no la" voltagea a pp t'a rinll: atl rr the
dt'modula Uo n of FM are not t' qually dla t rlbute d but Ine r-ea ae towa r d hiaht'r . udio
n-equenc te e. Th e .Ill:"al~to· nolat' ra ll o c urve s ho wn In 1"111: . 1 la only valid In
conju oc tton wllh a eu ppreeeton ot all t rt'qu t'nc:iea in e xce a . ot 2. S to 3 kHz a nd
rt"allzatlon o f the olhe r- d~'mand."

I-'M demodula t lo n ullini the a kl M of • pa aaband c u r-ve o r with wl dt'band IF /AI-'
por-tfone o t VIII" broa dca .1 I"l' c t'i v~'ra I. tb er-e rore only. m a ke shift a r ranll:t'm l' nt
wh ic h cannot be ueed for ccm pe r jecn wtrh the othe r m od ul a Hnll m ou es.
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J, A P P ENDIX: FOIU.lU LA H A I' I'lmTA1N1NG T O FM

Th l' (ollowl ng Io rru ula hall 1.!t' ~' 11 UlH'd to "al,'utah' th" rvqulrcd bandwidth B
ro r ~'M :

wh "r~' : Dc-v, IB th ,' f l'l'qu "ncy devtancn III k ill Iln d f",od III till' hlgh~'lIt

modulut ton (r,'qu "l1ry, TIll' bandwidth II 1"IiUItIi In kJl J:,

Tin' m odul a ti o n inde-x M lIhould alHo b,- ,' '''pla llll'd:
M . g n 'a t" lIt fn' qul'!H'Y dl' vla tlon Il ,' v .

hlgh"lIt modulatlng ( rt'<lu t'ncy fm od

Tho r-efcrv if thl' h lgh'-Iit modulat lng Ir-equc-ucy IH Im ou • 2. S kil l and the pt'r­
m llllll b lt' m odul a t ion Ind~'", IB M • 2, t h.. foUo willll fn 'qu t." nc y devtattcn will
r t' Bu ll :

D" v. • • 2",2.S-S kll1.

a nd t he r-equ t r-cd bandwidth U will b e :

H - 2 ( l>t'v , + fm od) - 2 ( 5 + 2.5 ). I SkH z

At the H...glon I Conf" I'l' nc ~' o f tht' lAH U In HI'UlIllt'l B. May 19 69, ag reem on t
wa B rl'llc ht' d rt'gardlng th t' m odu lation Index for NUFM rrene rn teetons , A m o­
du lat ion Inde-x o f I a nd a maximum m odulation fn'qu",ncy of J kHz wer-e la id
down , The maxim um Ir- oque ncy deviation 1. th l." l'e (o rl' J kll z and t he r-equi r-e d
mh'l' bnndwblth ill 12 kill.

VHF UHF MANUAL

I

I
j
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uhf-uhf ....._.....".

....-_.--
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FHt:QUBNCY MOUULATION OF CHYST AL-CONTHOLLEIJ
OSCI LLATOHS BY US),; OF 1U·;SISTon I>IOU),;S

by G, numm, UM 2 Awn

INTRO DUCTION

Moat cl'yatal- controllt'd o.elllatora ope rare In tht' nerro.... Crt'qut'ncy r-ange bet­
we-en the lH'rl",. and pllratld reeonauce of Ihl' cryatal. In thill ranKt· , Ihe cryalal
rcpr-e ecnt e a highly fr"IIUt' ncy-dt'p t' ndl'nt Impodenc c, Ac c o r d ln i to the ct r-cutt
and the charactl·rllItlc. of tilt' Ie edbac k link , thl' n 'aulling oectllauon I r-equency
will bt' wht'rc tilt' r-eactanr-e I. nt'arly or complvte ly c om pe n ea tvd for by tht'
parallt'l c apac tta nc e.

U thla panllld capaeltanct· la partly formt'd by a varlabh' notwork , auch aa a
comblnatlun oC c " pa el to n and dlod" a , It .hould l n- po.aibh· to modulate- the
Ir-equency of tht' c r y a ta l -c ont r oll t' d oaeillator ao that tin.' Ir-vquenc y d"viatJon
and lInl'arity art' aufHclt'nl Cor amah'u r transmla.lona.

I. ASSt;SSP-U;NT OF T ilE lt J,;Q UIltI,;D I'U LL· IlANGl:

The devlatl on bt·t .... .-en tho t ranllmlt Ir-e quenc y obteln ..d in t he modula tion p t·aka
and li lt' nU'an vlllu., of th.' t ranemtt fr-equency la tht· Ir-oquvny dt·vlatlon .d {mall;
the hlghl'a l audio {rt·qu.·ncy 10 be t ran emtttvd la tlt'a lgnatt'd fm mall ,

Th t' modulation Indt'll M of the tranamltt .. r I. obtaln"d aa :

M . ..:l Cmla/fm mall

U audio fn" IU t' nelt'a of up to 3 kHl li n ' to be tranamUted t hla will mean that
the maximum Ir-equency dt'vlation ahould not exceed 3 kH z .

If t h.· tran.mlt I r-equ ency l a obta fned by a frt· qu t·ncy m ultip li ca t i on of fa c t o r n
from t ht' c ry llta l frt' qu t'ncy Iq - t hen a cor-r-e-epond tngly lower rrequency deviation
will bt.' rvqul r-ed fr om the c ry lil ta I :

A fq malt. .d t malt / n • .d f mall II fq / r

Elt ample : U a 16 M ill. C' r y lil t a l I. ulilt·d In th t' ollcilla lo r circuit of th t· 1-104 Mlh
I ran_mllt t"" a f r l" lUt' nt'y mutttpucatton of fac to r 9 wll l be r,·qul r t' d. In t hla
c e ee , It I. nece aea ry for thl' cryatal , 10 br- pulled by approltimalt'ly :l 330 li z .
Thla can bt, a{,hlevl'd .. a ally .....hen u alnll: the delcrlbcd circuit aa long aa the
n ,wd parall",1 capacltanCt· I. not too ireat .

2. OPEnAT ION A ND ALiG NM I-: NT or r ue C IRCUIT

In Fig. I, the HF voltag{' t rcm th", oacllIator 1. f"d to a voltallt· doubl e r c f r c u tt
comprtalnK the coupUna: capacito r C I and dlodl'a (> I and D 2~ c a pa c it o r C 2 la
Ihl.' c ha r K" capacitor and RI. r-...pr....·nla Ih ... load Irupedance , On Ih e DC link ,
th e audio voltagt' obtained from the modulation amplHlt' r cauat'a a n a dditional
Incro;oaa" o r dl'crt'aa.. of th ... load. Thla i n tu m incr"aa",a or d ..crcaa",a the a nglt·
o r cu r-r-em now through the d ic d e e and wi ll l'!ft'Ct the va lu ... of the cou pling ca ­
pec ttsnc e C I para ll t' l 10 Ih e- c ey etel ,
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Fig. 1 Ci rcu it d!ai/ram fo r fr t' 'lue nc y modulation of a c rystal oscillator

It should be noted tha t t he pea k R '" voltage ac r-oaa Ihla ci rcuit should amount
to a t \1'8.111 twice that o f the fo rward vol tage of the d iodes U a Ic w- dt stc rttcn
m od ul a ti on i ll to be achie ved, 1. e. appr-oxlrnat ely 0.6 V for 81licon dtode s . If
the HI-' voltage 18 l ow e r , It wUl be n ec eaaa ry to vary the ope r a n ng points of
the diodes by using a n a dd iUon a l vol tage 811 shown in Fig. 2.

Th e m oat fa vou r able ope rati ng po int or th e d rcult fo r frequency m odula ti on of
quar-tz c rYlitah 18 rou ghly where t he non- toad voll agt- of the diode circuit fa ll s
by halt dllt' to the loadini by RL' It hJ a d vi sable 10 ala r t with this setting be .
fo re c hec ki ng the f rt>quency deviation a n d lI n l'8rlty a nd t rim m in g coupling ca·
pa c lt or C I a nd RL ,

a ) Uneolde r th e loa d r e s i s t o r RL and mce au re the non - toa d voltage between th o
tw o connection po int s wHh a VTVM ( Z > 5 M il: ) .

bl Hea nlde r- RL a nd
non - l oad vol t a ge .

a li gn 11 so t hat t he volt a ge acr-ose RL faUs to half th e

1.
- IlV O--'~------------f"--:h

Con nochon " oon ' l1lt"' ou ... . ",.nt 01 t~o

...... _Iood lind 1u11 _lood yolt090o.
".IOn'

~II--C::J++--r-r--l

n.

t
opp , o• . O.I V 5k

I

ca

"

"

F li. 2 Circ u it similar 10 F ii , 1 bu t w ith a d ditional DC bias fo r till' diod e s
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3. T HE MOD ULATOn

'I' he re qu l r t' d A F powet- at th e Input Is ve r y small becauae the m odu la to r r e ­
p rel:ll'n ts a very h Igh lmpvdance a t th e A F Input; the Impedance a mounts to
approximat t"ly haIr th .. load impo.'da nce of RL plu . the matc hi ng r e e j stor Rm ­
A pe ak voltage or a bo ut 3 V ( 2 Vr m ll I wa ll foun d to be sufficient durlni p roto­
tYp t> meeeo rcmenre. An am pllHcatlon fac to r of 100 - 1000 will be required when
using crystai or moving coil mic rophones.

4 . EX P E RI ME NT A L CIHCUITS

T h e diode circuit given In Fig. I has been tested on a numbe r of diltt'ren t
crystal oscillator c tr-culra, wher-e by va rious ty pes of diodes - trcrn th e c heapest
I F ty pe e to pr-ofeeeional d lod l' s - we r-e uaed, T h e circuit ope r-et e d satisfac ­
toril y In all callt'll a nd it wa s only t he r- e quf r-ed AF voltage that wa s e lt e red,
T h e matching resistor Rm can be exchangvd tor a 10 jl H c hoke It R f' -Injectfon
ahould occur.

5. RE CEPTIO N HE POHTS

T ht' report s dllfe n'd grt'aUy : som e a mateu r-e with recetveea not equipped fo r
F M wer-e not abl e to demodulate the 10' 1\1 t ransmia.lon on the st ope ot t h e ' I"
characteristic even whe n t h.. Ir-cquoncy d e vl at fon wa s r-educed at th e u-ansmu­
te r- . On t he ot her hand, some a mateu j-e r e ported t ha t recepucn on th e AM r- e ­
cetve r wa ll IIUll possi ble ev en wh en th e i nput signal WD. lI reduc ed to S 3,

Howe ver, receive r- e "quipped wUh an additional t 'M dernouutato r tndtcate d good
results. Whl' n using a meving-een mtc r cphone at t he t r-anamitte r- , ext r-e m el y
good speech qu ality wa . r-epo r-ted on a r-ee e -l ve r- e qctpped fo r FM , Thill qua Illy
could no t b(· achieved when us in g AM with the s a me tranamitte r.

6 . CONCLUSIONS FH O M rn » EX I'E IUME NTS

T be deec r-Ibed c l rcul t s can b.. sim piy aeaembled Irom c heap ccmponente a nd
d o not requ lj-e any critical eltgnment . Si ne,' the RF out put volt agt' rt'm a ln ll
constant , unwanted apur-Iou s e nve-lo pe modulation In TV and br-oa de a st rec etvu r-e
will not occur wh ich m eana that TVI a nd UCI wi ll be i rl'aUy r- e duced , H the
t r-a nermt rrt'quency is to be multiplied to h fgh vr- Ir-equ enct e s , th e ope rating
po t nt s ot subse quent llt a ge l!l c a n bt, aligrl\'d fo r h igh e s t gain of t he tu be or tra ns ­
Isto r a ince no dt'mand s t u-ed bt~ pl a c e d on th t> Itnoa s-tty betwe en Inpu t a nd out­
put amplitude, It ill only nt'cesaary to r-educe the Ir-equ ..ncy deviation _ by r ... •
du clng th e modu lat ion vol tagt- - .0 that t he requt t-e d valu l' Is obtained at th l'
h igh t'r fr Nlu ,·n ..y.

A g rt'at a dvantage Is obtatned wh en the l'A atagl' is tr-e ne tetcr-ta ed , .Inc t' the
operating voltag t> can be Incrt'al!led to a h igh er level than with am pli tude m o ­
dulation; thil!l shoul d r\'l!Iult in a hlght.'r output power.

A modification o f til,' recetvor- to r- F M re c ept ton iH very advtaa bl e , Tht. can
be ectueved by u ec of an ra ti o or digital detecto r-,

t;ditorlal Not c:
Tw o Ie-eque ncy dcmodutauc n ctrcune a r ... to bl' described In late r- editions or
VH F COMMU NiCATIONS. These will be avallab\(> in kit Io r-m for tht' m od t rt ­
c a tion of t'datini AM rt'cdv.. rl!l.
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NARItOW HAND 1"lmQ UE NCY MO DULATION
OF O Vl':HTONE C Il YSTA I. OSCIL LA TOHS

by!': . ll a r m e t , OE 6 I' ll

INTHODUCTION

Wh en certatn c ond it io ns art' tulHllcd, th e sam e ad va nta gl.'8 obtained by com ­
mercter ope reto re when Uliin g na r r ow blind fre qu ency modula ti on ( NB F M ) wUl
br- available to thl' amatt·ur. T ht' s e advllntagt'8 we r e df acu eaed In d dall In (I ).

F'r-vquency m o du l a t io n III ell peclally ed ventageoue for the UHF a mateu r ba nds ,
A ci r cuit III now to be dt'lIcrl b('d that allows na r r ow band I r- oqu enc y modulation
or o ve-r t on e c ry llta l oectll ato r-s. The Ir- e qu c ncy deviation t hat can bo obtatncd
using this circuli Is a l ao surllclt'nt lor operation on t ht· t wo m c rre band .

I. I'H1 NCIPLE O F OPEHAT ION

A s wa ll explain ..d In ( 2). most c r ye ta t-c on t r-otted oscillators op er-ate In the
na r r ow frt'qut'ncy r a nge bt·twe l·n the scrtee and pa ra Hel re sonance of th e crYII­
tal. In t hlll r ange, the c r y lita l r " pr" Yent s a t r ... qut·n c y - depl·n dt·n t Impt·(jl1nct· .
Thl 8 ia a l s o vllHd lor t he ctrcuue whe r e thr- oscillato r 1B said to otlclllalt- at
pa ra ll el r-eeonance In·qu t·n cy of the crytltal, e . g. P i e r c e - ci r c u it . In thltl range ,
th e oacillatlon I r-equ e ncy can be 1I1Ightly pull e d . Th e VXO ci rcu li gtven In (3 )
uae a t his p rinciple .

Some lorm 01 controll ed c a pa c lt an c t· c an ht· ulit'd to pull th l! cectttatton I re­
quency , T his mt'an ll t hat tht- Ir-eque ncy 01 a c rYlltal-cont roll t'd o s c il lat or ca n
be m odula t e d In t he s a me mann er so that th e Ir-e quency deviation - a lt t'r tre­
qu ency multiplicati on - III lIurnch' ntly g rea t lo r a mat eu r- appll c a tion a . With ci r­
cuits wh e-re t he c r-y at a l r-ep r-es ent s a pa rallel rellonant c I rcuit , th e conrrolb-d
ce pec n e nce IIhould be c onnected In pa r-allel , The ci rcuit in ( 2) used thh p r-In­
ctpte ror t he narrow band rroquoncy mod ul a ti on of a 16 Mill c r y etaf -c c ntr-ctf ed
oec tj jator-,

In o ve rtone osctfla to r cj r cu tt e, thl' crylltal r-epr-e aent e a lIerlt'1I r -e eonent c treun .
In o rder to pu ll o r m odu late th e fr e qu ency . It i 8 ne ct'lI l1ary for Ih e c ont r-oll ed
c apac n a nc e t o b.· connec ted In 8e rlea wit h the c r'y etal . Such a n ar-r-angvm e nt
i8 to bc de ec r fbcd In c onju nc tion with a 7 2 Mil l c eyetat -c on t rctled cect jj atc r-,

2. C IHC UIT DBSC IU P T ION

F i gu re 1 s howa t he ci rcu it d ia gram of a 72 Mll z c r yll t a l oactll a to r- that ca n be
Ir'cquency m od ulated . The cver-tone ci rcuit UIII·d, Is 110 well known t hat th e
ope r ation 18 not e xpl ained In deta iL A va r a cto r diode Ia uttf l z e d a ll Ih " c ont r-ol-.
led capacita nce. The DC ollt'ra tl ng point a nd th u e t ht' qule llct'nl c a pac ita nce III
adJu llt a b le with th e aid of a potent tornete r-, Sl nc e the value o f the dlod" ca pa­
c tt e nc e In l!It' r11'8 with t he cryll ta l ha liil a n Innu e nc t' on the pu ll r an gt'; It III
pOlllllble to IIcl t' c t th e m axim um f rt'qut'ncy devtattcn by vary ing the blall vol la gl· .
The ci rcu it give n In F i g . I , a llowe th e m a Jtim um Ir-equency deviation t o be
va r i ed with th e a id of Ihe p otcnr tom et c r to va lue ll In thr- c rde r of 2 10 5 k£lz
( at 144 Mll z ) . Th i ll mean ll that m e r uodula tlon Index M l!Iultabl e lo r e mute u r-
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I r anlmll.lon. between M • 1 anti 1.1 • 2 CIIIl bv l' a l Uy ac h ieved. For low t-r fr to ­
quency devtatton va lu"I , 11 II only nt'Ct' l l a ry to r('du ct' t ht, am pll t udt, o f t ht­
A fo' vol tallt'.

'"
.0235
2 N 918

"' A-4504J 6 '2Sp
BA124. "~I 0IOI - f-- ',j L' "6turn. o1Immd~- ." - - s ilv, r- p la l, d top~W'f'

wound on a 6mm dlQ
150 10k lorm.r . ,'" - support ing

In _ 47 t o,ll , ngth 8 mm,COll lop
l. J. 2 turn,lrom cold tnd

tOk 50 10.

l rom AF pr, _I-r::::::> ­
ampllh,r to,"Imo. , VI 0----1__~ ...J

100,

H =: 4.7n
I- OE 6 TH

I"Ig . I NHfo'M o ! a 72 Mil T. cryltal ollcl11ato r

:1. A fo' DIUV I':

Stnc e till' mn x im um bandw idth o f a h 'I'quI'll cy m odul a ted slgll a1 Is dvpvndent
both on t lu- hl ghl'.t m odu lation f rt· qu I·nc y a n d thl' ma x imum Ir-e-quen cy devlation,
It la nl'l't' a lla ry thai both quantt tlea IIhoul d no t exceed a (' t' r t a ln m aximum value,
T ht, h lglU'a t m o du lation [rt'qu I'ncy can bl' II1 bv lim ltt'd by use o f all ecttve low­
pa •• fIl tt- r with a c ulo H Ir-e quency o f a pp roxlmatl'ly :I kill: o r by a n actlv(' a udio
bandpa u !Utt'r a. d....c r-ibed In HI .

Tht" ! r t' qu l'ncy d"vlatlon I. propor tiona l to t he a mpfttud e o f th e Afo' .Ignal. In
o rdl' r t o ensu re th at a c e rtain maximu m f re qe e ncy devtat tc n I. not exceeded ,
a n a mpl il ud ... l im it i ng de vtc e ( c Hppe r- I o r a dy namie com p n'a.o r with nm uer
('lla rMel t' rlaUCI will bt, r equrreu . The p rlnciph ' o f an a mpl tt ude lim iter for vc tc e
app ll c allon . II gtven In Fig . 2. Whl'll uilina ecnve Afo' ftlt e r11 - for Inatance aa
gtve n In (4 ) - In conjunction w t th a n In t t'arat t' d ci rcuit , a ve ry h i gh quality
NIH'M modula to r cnn b.' const r-uct e d withou t d ifficulty.

Anol h"r a tlvanln il' II th at Ihll A I" prt' aml' lIr1 t' r with It s Ir-equ ency a n d ampll ­
tude Ii ml tl ng l a ju. t a. llu ltllblt, fo r u ev with AM m odul ato rll all II III fo r FM ,
TI l{' ci rcu it wil l eneu s- o t hat tht· IIIKna l bandw idth In the AM m odI' wil l b... l lmlt ­
I'd by the glvI'n d rcull; rvr uw r atlvantagt'. o f th e c t r-cun e r-e th at oVto'rmodula.
Hon c a n l n- avoided and thl' m e an m od ul al lon level InCrl'a 8 l' d du ... to th... ampli ­
t udt, limiting prcce••.

A dynamic comp reeaor can bt· u .... d In.h·ad o r th e Itm tte r-, Sl nc e com prtoll.o r
circuit. u.ually r .... ult In a Io we e ha rmo n ic dl. tortlon factor. it I. o n ly nece e­
SIIry fo r a vote ... bllnd pa s a filtl'r or a:lkllz 10w - I>aSI ru tl'r t o b l' pro vld..d at
the In put. A lOW- pili. fII tl' r at tht· output I. nol r-eqa t r-cd ,
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ula tor

'"..
l Imit., J 3·kHz N" I,10 -fl lo"i ~ Da ..

f lll.r \ ~

F ig . 2 P r-Inc ip!e of a votce fn'qu,'ncy and ampl ltuth ltmttc r-

4. lmrrOHIA I. NOTES

All the dynamic cornpr-e aao r-e known to till" editorial IItaCr POlIlIl'811 the sam" .
unfavour-able c he r-acte r-tattce , since they w.. r- e meetly developed fo r other applt­
cations :

a l Th l' rial' time III too great which meune that sudden amplltud.. I'l'aks art'
not controlled and can c auae over-modulatlcn In th,' AM mode ,

v) T'h e l r- fall time III too g reat which mvun s that the weak tones aub aequent
to s trong tone II dteappeu r- due to the prevtoue rccucuon of the gain.

Such circuity r e p r- e- s ent, gl'nl' rally IIpl'aklng, an AGe am pltfter- and only keep
the m e un levol ccnstnnt: Ihll1 can bt' achie vvd Just IU, well by ('nI~urlng a con­
stant IIJlacinw from th .. m lc t-oph cne , To br- crrecttvo, a dy namic ccmprveaor 11.
rt>qul r ..d whose rilw tim v 18 It'88 than 5 m s lind who s o tall t fme I.. a mnK!IT\UIT\
of 100 m e, T his mu st be achleved without Ih e DC pum ping crtect ubt a ined wh en
ulling bta sed tUbl'lI o r t t-una tato r-s all control link8,

~' I na lly , it 8hould lJ.. etat ..d Ihat a l lm itvr- as shewn In Fig, 2 III mo re ..!fI'C­

tlve even If the distortion factor or ha rmonic cement III <l"l'atl'r,

5, REFEHENCES

( I) IJ,E,Schm1t~t'r: I II ~'M Advantaw..oull on thl' VIl F-UIlF Uanus?
VHF COM MUNICATIONS 2 (1970), Edition I, til't' ccntente

(2) G,lJam m: Pr-equency Modele t ton of Cr-ystal Oectf lutor-s uiling HCllh lta nc ..
Iliodl'lI

VH F COMMUNICA TIONS 2 (1970) , Edition I . (It'l' conu-nte

( 3) K, I',Timmllnn: Variable Jo'r"'lul'ncyCrylltIlIOllclllator (VXO) tor 136 M Il~

VIII" COM MVNlCATIONS I (1969 ), Edition 2. pag"s 87-94

(4 ) D, E, Schmltz e r t Ac Hv... Audio !"Utt'rll
VIIF CO MMUNiCATIONS 1 (lU6Ul. Edition 4, pagl'8 218·235
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INDE X TO VOLUME I OF VHF COMMUNICATIONS 1969

I. TH 'IlN II ',o\l. IlUI.-JU/' l lllN 5 ANII AlISt,M IlLY INIt KI"<:11""5
I . I. VII !' KtT t :IVt.l' lI A !Jll (' O NV " 111 t III

A !Io11~.S1..'. c_••reo, for H rib H. 1.0.,,,
lIl.' ....11

I U Ml h !. lI 10111 . l .u. ...... l or I.- I ·" ....."" I .• Ill • • "".
" . ld no" Appll <&U"". I'll.' JU

A 4 n ... It . f IU Mil, COlI...... OU'" Sill<OII T ,..u.,"" C..... pl.m.n' L. KraIHI
ut.• (ill

A' lolli , , ,._At" ...... ,_ ..... . 1".....'.4 (",,,,.,..

I. r. VII" I:XClTl:Rll, TkA!JI"IITrt HI ASI> ''f>Wt:1I AMI'I.ln•.1tS

Ii l U lilli , I"l.opto . for .0. .. lib. ID ... . . .... T ....... I" ..

1M Y.. " "" 1'" r"".'I>I".' l'll!' .,,'" ' W.1I0 "' ••.,
' " ' ' '''' ., on 0,...,.,,,,. Vo lL••• ..r 12 V

I. S. ("II" II H 'fIVt:II S ANl> ('ONn. Ml '. IIS

I . e. I"UI' EX('IT •.H! A~lJ TIlAN~"'1 n t HI

14t 10111>/ 611 MIl< T nn."H ,,,. 1_ I'...........
~·l.ld ' looy Applle.' .

A t.n .... n t m•• 10, 10 c...

II".... !kh........ ,"' ....,

Ill.' ......P.E."'''''',,, ••
I>J • IIll
Il. Uoyl..
G J J II IoI

"' . ... T'rnm.....
OJ,1.R

II. '>,T.... "' .....
IlJ , 1.11
G. Horf••1U""
Ill. I I'X

1':.K • .."o
III.' (ill
'... I-'. T lm"' .....
" J t 1.11
1.:. t· l~K. '

IlJ I Nil

1.. .
UL I Jl'

1I.J . r ......
l ' lt. I "~
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"

2_10

t'<I.
"

Il~-'n
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~, ", '"-US
~, ", ,n·,so

'SI_lSl
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t 'd. ", 11I ·11T

t.... t-. '"·H
~, r-, !l oU

td. , ",n·1I

.. , ", I ..n

•.d. ", IU_IU

I.~. I"O Joll'l..l-rr. Vllt tltA~s(·lIVt.I'l

A I " \lIt , S'l1I t I _ p.j.III.'

I" MH . f . MIl. H 'n C I1• • u.,n. 1" 11I' . <1 1_,".""• •

1.1. n'.... NNM IT .H ~:( ·t. 1Vt: (:ONVEHH I•• II HAN~V t.llTl: Hlll

I H Mll . / i n 101 ' " t ••nn . ... . I" . I.".. " " .. .. aM
~· '. Id h . y AI'I'''•• '' .....

A 114 Mil , Ad.",.. '0 ' u" "j'h. tD 101.1..- alll' t ••n..., •• •

A • \l1t." H MIl. tnn. ,.,o.t..d tran .

IL l ' , Tim"' .....
UJ • 1.H
h . " . TI"' ''' . ....
OJ IIl K
1t. .1 ' . t ,,,,,,, ,",,.
UJ I l K

t l 'K V ln" ANI> t ilt

1...""-_1•• '
I ll . • J l'

F.. lt.nh.
m .• G lJ
t . II .,n'"I1.'"
UJ I 1.1.
k •.\ 1. 1. , • •
UJ • /.1:

t 'd. ", I:a.·ln

I'd. ", 11'·lst
In·ls.

I :d. t-. n ·n

t,d. t-, " ·n.., ", St·.l

.'d. r'. III-In

~, ", 2.,.·242

, . T. VA H1AH ' tH t.Qt ·~;N(·Y 0 81"11.1......1<'H.

A I · '_ ~ ~11l.'0 . It>. t " ....
M j .. 101' In A"'. ' ... . H••Il" r..,..' ...

A l'h .... . !It.,. V H ) 10' n,D 10 U,T Mit.

k .I' . T"""'....., loJ • 1.H •.d. , t-. 11 · 1'
• .... V. n...n. llJ 1 lV

G.I.o.boll r.... ,
"

n-u
loJ I All
k.I'. rlnlm.nn r.d. ", n_1t
W'1.M
G, lIoll... hllotl lid. ", 11>1 - 2"
1>1•• P I
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II . J . f r an k, t.d, ,- 36·'0
1>1\ , I''''
It . J ,l lOh l... .',j. , r-. wN.1""
I>J 1 l;'I
It . J. '" hI... .., r-. 'fO.IU
IIJ , l;'I

' , 1I......hh .. , r-. IU·IU", ."
..... ~a,••ld .., r-. 30~._

OJ f ....11

1>. t:. ,.,,, ,, ,., 1'4. , t- 1I0·1I ~

ll J ~ .-
f( ••' ....ld .., ,- :IO~·30'

ll J ~ "II

ll. t.•Ik""'Il.. , ':01. t-. JI . · U !
ll.t ~ lit;

1). '.Ik""'''''' r d . t-. 22a-3 l 1
llJ ~ II( ;

J. W......... I>J f Al ..- , ,-- I U · I U
.nd ( ; . I.ul•. 1'1.• 11.0.

.... . 1' . TI....... "" 101• t-. IJ·U
UJ • 1.11

.... , ". "f""...."" ..- ,- - In·l •
I>J • 1.11

lI.t.......... " ••• !:d. ,-- \aL·ln
I >J f '1(,
' •• 1..........1l• • • ':4. t-. 1'.·30~

"J ~ 1>(;

1I.'An ' . ..- t- , 14·111", ,"'

I.",••• In' ......d (1...". f" . ...... ..... , "'pph"U....
, .. .. II

A "m,M II. , ...... ,< ."'••

Th• • rr.... ' 01 'h. " ..",.4 n ......n I.... ~I.'~.'.I

... , "" .., of , ..."' . .. Ind>I<1....,••

I.",•• , ' " '~' '''' '4 (, ......". I.., ..........., AWl"' ..""".
''an I

f. H' I. ""

.0.< ,. •• "' " 01 ' , I IUN ' 1' . 11 11 11',•• ·, ••• n

A, Un .0. " 41" I 'll~.. I·. r( 1 (rh. . .... ', .11

.0.110"," ..... ,., Io.,n 0111 ....". "''''''''11>" ,...

J. A~ I I ~~A3 A~ I> A~ l t "~A .0.('1'1 !I.~"U1 t.II
3.1. A~(I ~'lAII

11,. 1111 ~ ('V A",."". I" . Vll t .,,4 l il t

' ·rum"I""'" 'm'.'..... III "' h ',,"UI,'I>I.I",....,.... ,.,."" "''''",,, ( 1l1""'.

J.I. .0."""".0. An '~""III'"

A' "".1.01 11<1•• ""b. II ,,.. (·""pI'n. "'"......",,"..... '_ "'''Ilo ll

I. B"fll i ll IJI~' IIIl 'TI<'~"

.0. 13 V IU V 1>1 .,11.' (""..~ ... r

AU 1(,11" " " . <o""'n~d ...,' ...n'......".., M......l 1.1......01 1Iho .. N ,~ " ..

PR I CE L IST or EQ UIPMENT O ESC R l n ED IN V H F C O M MU N IC A T IO NS

Vol um. I (I ~I/I and Edll lon 1111170 _ OM 3.80 =USS l. 00 _ OM 8,70 =t. l.

All pr lc.. an l inn In .......t Gor man Marh . Tho fo llowlnt: prlc.. lb nol conia in po.1 and pac kl...
lor which an ntra chari' will be made l •.••••.• •• ••• ••••• ••7....... OM 1, 50

Tho pr lc.. lb 1101 Ind lOdo an1 culltom. dul1 whore .ppllubl• . All .upplL.. bav,... a vl.l... o f O"or
OM 80. .. (o r 1. 11 wh.n n q u"IN j "lII be dll1pllchod por r••I.I.rN mall and chtrlN w!tll: OM I, ..

50.... <10"1' ma1 be uuHd al lho mom.nl duo to "'llnr1 dlfl,culun a. If... mantliac lll"'''' . £qui ­
u l.nl ..mlconducto r Iypo . will be 'uppllf'd II o.I.ln.1 typo ..... not .uUable .

Semiconducto r • • q ll.M~ Cf'111.'1 . nd cr111U1 fm ..... un not bo fu h.Rllod .

It II not poIIU.le for ... to Olllp.ltch Dr"' '' , por C, O. O. All onlo....bollid be m.... cuh Wll h or"' r
Inch.dlna lho axtra cha rI" for POlt . nd plck\n" r••I. .....o mi ll . IC. ... ltl" .lor to 0 .... of Ollr
acec ..nl ' Dr " I. Ollr r opr....nl.. fIu . I••1", polilbl• .

Any U..m. (a llch II I\.ondbx>k.) whlch Incl lOdo POlt and packlnll are c:orr..pondlnil ly .nnola tod.
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rlUNTl:: O CLRCUIT OOAIlOS (Glan Ill,.. . ",,>\y with allve r-plated <'undutton)

2 n'. I.. r ET con....rl .. r Ot. II sv.' 004
" hu . _lock. d oKlllato r [)J 7 ZV 001 • OO~

24 cm cun....rl n . IF pr...o, ~ . . . • . . • . . ot. 3 WR 001
70 cm convn l.r . • • . . • . . ot. 9 au 001
5 W SSB lranl mlll.r OJ 9 ZR 001
VXO • • . • • " .• OJ 9 Zft 002
S5B r.u lver. IF/ Ar purllun OJ 9 ZR 005
SSB r.uher. VHF por tion OJ 9 ZR 00lI ••
2 W AU n an. mlltH OJ I SO ()().4
EIK tro nlc F".. m, 3 WR 002
Dalldpan IIltn OJ 4 KH 001
A('tl v• • lIdlo Illt e n OJ 4 lJG 001
211144 MHz n .nl ..nt..r OJ II ZZ 001
2 mf'tr. ~tOS rET ro nvH ler m, 6 HA 001
Cailbr.tlDn_lIJIec tr"", 1J. ....n tor OJ 4 BG 003

• P, lIbl. co.ted wllh thro",h ronta('11
•• T. Uon baH mal..rta l . lth pr lntl'd Ind"" t.......

OM 6• ••
OM II . • •
OM 2, ••
OM 6. - .
OM IS, • •
OM 3, • •
OM 42. . -
OM 43, $0
OM 10•••
OM 1. 50
OM 1. _.
OM 3, , -
OM 13. · ·
OM 6•••
OM 9•••

Ca ll. roRMER SETS
lor IIH' 160ve mentIOned
m, 6 5' \1 004
OJ 7 ZV 001 • 002
m, II GU 001
OJ II ZR 001
DJ IlZ R 002
OJ 9 Zft 005
OJ 9 ZR 00lI
OJ 6 ZZ 001
Ot. II HA 001
OJ 4 BG 003

PM
PM
PM
PM
PM
PM
PM
PM
PM
PM

1, 70
3, ~O
., 70
2, 50
1, 40
·, 35
, , 35
2, 10
1, 70
9, ••

TRIMMER SETS
for th••60ve m.nUoned
Ol. 6 :No. 004
m, II GU 001
OJ 9 ZR 00lI
OJ 1 NO 004
OJ 6 ZZ 001
OJ 4 KH 001
m, 6 HA 001
OJ 4 BG 003

PC· boardl :
PM
PM
PM
PM
PM
PM
PM
PM

3,50
1. 40

10, 40
3, 10
6,30
6, • •
3, 50
,, 40

TM apec lal 1. 3 mm dl.m..l. r dr lll i I n ...1 n.Ll.bla .1 tlle mom.n!. Sine.. IMy ' ..n lneludl'd
lr ...·<>l·cb.ql. On ord .. r . o" u OM 30, " , they . lll not be lupplled lIIItl l new llOCk. ar r ive .

Pot tl'd ron ' 1111 former . nd hol....r lor OJ 9 ZR OC-OC.convrrln PM IS.· ·

METAl. CASISGS (Ruonant IInu ), .tlvH plated
70 cm ron... rt . r 01. 9 au 001. w mpl.te- . tt11 thr.. f d-!h"'llIth caplc lton. thr ee
t r lmm..n , Inner conductor. IIOI....rO'd InlO piac i and w r ••••••••.• •••••

24 cm wn..uter 0 1. 3 WR 001, partlUonl, tr tmm H I and In....r w nd"" ton InaU1I1'd
\Dellv e- r y 3 montlll ' •. •.••.•••••.•••.••.• •••.••.. ••.••••••••. ",

COMPl.ETEO EQUIPMENT (ready

70 cm con'·. r tH Ot. 9 au 001

K I T 5

2 m r ET ('on... rt . r Ot. 6 :No' 004 . ••.•••• •.. •• •• .••••• .••• ..•• , ,
(PC-board, coli for merl , t r lmm.n. tr. nal .... r .. 38, 66el M H~ q\W"u ..r yatal )
Tra n. l l tora only .•.• .••.••.•••••.•••••• .••••. .•• .• , .. , •. , . . •
Q....r tz cryatal 38.6667 MHz (HC· 6/ U) only , •. • • • • • • . •

70 MHz FE T wn...rt. r Ot. 6 tNt· / (; 3 J H"I •••. , •• , , •. , , ••
(PC·board, coli f., r me r . , trimme r. , tra nal l tor l, 42. 0000 M H~ q....rtz crYlt. 1l
Trani li tora only •• .• .•• .• •.••••••.•• .••• •••• • .•• .• •• .••.•• . •
Q....rtz c rylta l 42. 0000 MHz (HC· 6/U) only .•• .••• .• "",.

PhaM·loc: lud ooc li lato r OJ 7 ZV 001 • 002 •• • . ••• . ••.• , . ,
(2 PC-boardl , ee u forme-re, Iran l l l lOrl, dlOCle-l, I qWl r tz crYl tai l
Tren l ln o re and dlod• • only •••• .••••• . • , • • , , , , •. , , . , •• .••.
2 qu.rtz c ryatab (411.oooo.nd 46. 3333 MHz) (HC· II/ U) . ••..••.•• .• • •.

70 cm con... rter 0 1. 9 GU 001 • . • • .• •• .•••• .••• .•. . , • . . , •.• . ,
(SlIv. r- pla ted metal cll inc II .hov. , PC· hoar d, coli (ormera , Ir lmme re ,
tran. l. tora, 96.0000 MHz q\larU eryltal)
Tran al.lor . only . , , , , , • , .• , •• • , , , , •• , , • , .••.••.••••••. • •. • ••
Q"artz crYl ta l 911. 0000 MHz (HC·t1!ti) only , • • , . ", . • •. ",
Q"ar lz ..r y. tal IllI.OOoo MHz (HC.U/ U) only • • . , •• • •.. ••.• •

OM 65, "

OM 11111 , 50

OM 40• • •

PM H .IIO

PM 11, 90
OM 13,70

"" H , 50

OM 11, 90
OM 13, 6(1

. M 103, 115

PM 40, n
PM 49, ••

PM 132, ••

PM 37, 40
PM 21, 50
" M ad. ••



, Yo' 888 tran.."mn OJ 8 Zft 001 , • • , , • , , • , , , • , , • , , , • , •• , ••• , •• ,
(PC·board, coli lorm.n, trlmm..n, h rroxcllw cbok.., tunalnon, dLDdf'l)
Trana laton and dlod.. only . , • , , .• ' ••• , • ' •• , , •• , •• ' , •• ' , ••
CrYltl l IUtu XP'·8/0 with both II~blnd nyllill • , •• , •• , , •• , , • •
CrYltl l Illt n XF· 811 with botb I ld.blnd cry.tll . • , , • , • • , , • • •• ••
VXO OJ 8 ZR 00:1 .. • , ••. , •• , • , ' •• , •• , •• , • • , •• ' • ' , , • , •• .
IPC.boud, coli I" rm.n, tranllato r .. dIOd..)
Tunl l.lon and dlDlko. only , • • , • , , ••• , • , •• , •••• • , • •• , •• , • •
QllaMI cry.tal (45. 478 MHZ lor SSD .pot lrtqll.nc, 14S. 418 (HC· l8ttl)
OI ..... r tryllal In ..ml ra"!ll (HC· I8, V) (IJoool lv. ry 2 monlh., , •• , •• , ••• , ••••

OJ 8 Zft 005 SliD R.Ulvn, IF/ lor Portion lor 8 Mlil , •• , •••••• , •• , •
Dullbl• •roal..:l PC.board, ro ll lormu. and ..mll::ond...:ton (I I< CA 1028 A.
2 I< CA ' 020. I I< Be 182 A. I I< 2 N 106, I I< 1 N 111 4. 21< I N 217) wUboli1 cryllallut.r
llf'mlc<>no:I1leton only • , ••••• , , • • • • • • • • • • • , •• , •••••• ,
Cr y.tal Illtu XF'·'A With bolh lldoo~ tryatatl ., •• ' •• " •• ' •• .
Cr , lI al IUtu XF'·,a With both lidoob;r,nd cryll&l. • , •••••• ' ••••••

OJ' ZR 001 SSB R. n lvu, VHF' PoMlOn I4 S/ ' Mttl •••••••• , ••••••
T..l\on (PTf E) PC- boa r<l d\...., tr lm m. r .. ai r ""aud tr lm m. fI, ro ll ' orm. n ,
and IMmlcondlKton (I a TA 1153, I I< , 1'1 140, I . BC 182 Al
Sf'mlcond<>Cton only • •••••••••• •••• , • ••• • , , • • , ••• , •

DL. 3 WR 002 El..clro nic filM 124 VI ' •• , •• , ••• ' •• .
PC. boa rd, ...mlconducton (II< AC 111, 2 X AC 122. I I< DZ'{ 811
Sf'mlconduclon only , •• , , •• , • , , •• , •• , • • , , • , , •• , •• . ,

OJ I ZZ 001 21/ lt4 MHz Tran.vlrter ' •• , •• " •• , • • ,.
PC· boar d., to ll ' or m..n, trlmm..r u paclton, 38, (1(161 MHz c rYl tlll
In HC· f / U holdoor and Mmlcondllcton
Stom lcond<>ctor. only , , •• , •• ' , •••••••• , • • , • • , , •• , • • ,
Cry.tal only • , •• , •••••• , ••••••• • , , •• , •• , •• , •• , , • , , • • , •• .

OJ I 1'18 004 2W AM tn namln er ., , •.•• ,' •• ',., •• , •••••• , ••••••
Comprl.lnc PC· boar d, Ir lmmu upacltor "l, r ....ra . cllbto c bou •
• nd NmlcondlKton (h 2 1'1 108. I x 2 N nss , 2 a 402110, II< ZO U , I I< AA 112)
Sl'mlconducton (lnly • , • •• , • • , ••• , •••••••• , •••••• .
Cr,.tal to ordar (72.• , MHz. HC· (l/ l]) Pi ,Iv. Iraq.....ncy (DaU..u, (I .......k. )

01. (I HA ool! 28 2 m.lr.. MOSfET con M Il f 2'-'0 MHzl ' ••• , •.••
C(lmpr l. l... PC· board, coli former., trlmm and Nmlcondllcton
(2 . Sf 24S C, 2. aF' 224 or DFY at. I . TA 1151 or ( 0804).
58.1(161 MHI ny.tal In HC· I / U boldf'r
kmlc:ond<>cton only , ••••• , •• , , •• , •• , •• , ••• , •• , ••••
sa ,I(I(l1 MHI cr,II.1 only ••• , •• , ••• , , • , •• , , ••••• , ••• , •• •

DL. (I HA 001/ 1t 2 m..lrl Mo srET o::on...rt ... (IF' 1f·1S MHI ! •• , •• , •• ,
Comp r llllll PC·board 1OL. (I HA 001l, coli lor m.n, tr lmm. n and umlcondllcton
... lor DL (I HA 001/:11 ",nh the IIc."tlon 01 hullll two quartz cry.tal. (IIS, OOO
MHI .nd (\$. SOO MHzl Ln HC- I / U boldC' r
Samlcon d<>cto ra only . • • , •• , , •• , , • , •• , , • , . • • ' , • , , , •
2 qllxr tz n yalal . ((\$ ,000 MHz. (lS.'OO 101Hz) only • ' , •• , , •• , •• , • •

OJ 4 DO 003 CI llbn Uon- !ipee!rllm Gen.. ra tor by DL , XVw' , . " . " •• ' •• ' , .
Comp rla1nc PC. board, . tandard Ir f'qllf'ne)' cryllal 1. 000, 000 MHI In cr )'at lll· bDldoo r .
Hmlconductora IS X DC 108 A. 3 I< Il f 224, I x DZ'{ IS/CI V2) Ir lmm.r pol.ntlo.m.I.... coli lorm .... and trtmm. r capaCitor .
Soom l<'Olld<>cto... onl y • , , •• , ••• , • ••• • , , • • , •• , ••• , •• , ,
Slanda rd lr f'qlll ncy e ryMai only •• , •• , ••• , .•• , • ' , •• , •• , ••• , ••• •

, PAH. Cry .tal fil l.... lrom KVG (_ ....... co.....j
Xr·'A with both .tdMJalld cr)'lIta.I.l •••••••••• , • •••••• •• , • •••••••••
x r .,a With both .td.....1ld cry.taI. • ••••••••• , •• , •••••••• ••• •••• • •
Xr · 'E , •••••••• , ••••••••••• •••• ••• ••• •••••• .• • , • ••
Standard lr tq....nc)' cryllta.l. (HC· (l/ Ul 'Dr cal lb...tlOn.~trllm ........tor 00 400003
Qll.artz cr , atal 84. "n MHI ( He · (l/ U) lor 24 Cm con..erl.r DL.' WM 001 ont)' . , ••

ftAOKl COMM1,lN ICATKlN HANDDOOK "." •• " •• , •• , (Incilldin. poala.e)
VHF' · UHF · MANUAL , , •• , •• , , •• , , ., (Includlnc poal&le)

0" 1S1, 40

0" 111. 110
0 " 100•• •
0" 1S1,SO
0" I I , n

0" 14, 0$
0" 24. SO
0" '0. SO

0" 122.00

0" 00. U
ON 10$, ••
ON 1S1, SO

OM 110• • •

0" n .30

0" 11, 8$

0" 10. S$

0" 10. 20

0" U , SO
0" 1S,10

0" 84. SO

OM .....
0" 21. $0

0" 48. 00

ON 2~. 10

0" 1S,10

0" (II, IlO

0" 24, 10
0" n •• •

0" 33. 40

0" " . 10
0" 20.50

0" l Oll, ••
0" 1S1. 50
ON 1S1• • •
0 " 20.50
OM 18.'0

0" 12. SO

0" n. ..
0" IS. 40

All orda ... mllll ba pr .pald by d lf'qll. IChack) Dr mon.y ordar . made payab ll to the bank .eC(lllnl
01 the nall onal r . pr....nla llv• • or 10 the pllbllah.ra.
lIKv.'. (IERICHTE, Hana J . Dohl..a, OJ 3 QC. 0·1$20 ERLANGEN, GI.I .... lt u r Sir .... ~ 5 , WeJlern Germxny
Sank ae collnt : Daul ach. n . nk Er lan••n, 1'1<> . "(1325 POllach..r k: NUrnwr. 30 4$$



A 48 Mill VFO FOH IH MIll TltANSM ITTf,; ltS

by H, Ma t u achek, DJ J MY

I , IN THOUUCTION

T h.· follo wi ng article de uc r-Ibe s II sim ply conat ructvd VFO which ca n b.· connect ­
ed to a tw o m etre tra n llm it tt'r In a t ead of 11 48 Mil l e ry stul. It IH thvn pOlllllb l .,
to tune ovor- the wh ol ., two met r-e a mllt,'u r ban d ,

T h e tu ning of t he o ecll ta rcr- - wh ich oscllla tcil In the rllng" of 24 , 0 Mil l t o
24. 334 Mll z - is c a r-r-ied out uli ing a va r-Ia ble ca pacito r'. Th l lll ill Io l.lowed by
a fr-equ ency do ubler Blag,· to m ult iply th e osclllaiur signa l to Ih t.' out pu t tre­
quency of 4 8, 0 Mlh to 48,668 Mil l , T he operating voltage In th e rang\' o f 1 2 V
to 14 V Iii 8t abUlz t.- d at 9 V using a pall8 t r-an e t e to r and z ener- diode; t he pl u s
po l l' wa ll grounded In t he prototy pe. TIU' dim e nsions of t h.. com pl .. tc cecmatc r
a r e 80 K 80 x 60 mm; the we tgh t wh en conet ruc t cd ulli ng double-coat ed e poKy
board Iii appro ximat e ly 1 20 g-

Sp ecial attent ion wa H m ade during the deve lopm ent of uue Vi"0 t o o btain a
com pact and eobu et co net ructton and a ve ry low LC - ratlo of the oec llle tc r- r-e-.
s onant ci r cuit ; th t' laUt'r hi es pecially Importanl with n ' gard t o the fr-equen cy
sta bil ity. The osott ta to r t rsnllis to r hS Il bven Iooeely coupled 11 0 t hst cectue ucn
only Ju s t occu r-a. This m, 'an s thai t he trene t e t c r mUlit t:'xhlblt a high gain, wh ich
III obt ained a t a collec to r c ur- r-e- nt o f appr-ox imately 2 rnA. The Q o f Ih e osc il­
lato r r eecnent ci rcu it hi dependent on t he d('gn'c o f cou pling a nd thus Indtr-ec tly
on tilt' ga in of t he transisto r, Wh.'n lh .. fn·qu.'ncy hi kn own, the I. e ra t io o f
the r-esonant ci rcu it Is lim ited by the r-equt r-ed fr-eq uency va r ia tion wh ich In
turn requ l r e li a c e r t ain c a pacitanc e vari ation .

Thl' s " de m ands lead t o th e dt'lIlgn o f the follo wi ng ci rcuit whe r .. th .. oscillator
trans i s tor Is loosely c oupled s o thst its dynam ic c a pac ity variation s have prac­
t ically no d ("c t on the c ecm e rc r Ir-equc ncy , Th i ll r Cliultll In a good eho rt t e rm
IItabUlty and low voltage Iluctua t fon dep..nd.. nee ,

2. e lHCUIT Uf,;SCIU I'TION

The VFO ccm p r-reee en c ec ttt a to r , ampll fl t.- r and frc qu('ncy doubl.'r etagc , Th l'
ope r-atfng vol tage I. s ta blib ..d with a PSIlIi trsn s i lltor ha vin g a ze n er- dtode In
th e ba s e l .. ad, The ci r cu it d iag ram I. glv..n In ~' i g , I,

Th .. 24 .0 Mll z t o 24 ,3 34 Mllz Col pi ttll c sctu e tc r c pe rete e In a c om m on -emm.. r­

ci rcu it. The r-e la t Ively h i gh emitter r eHIllto r Hoi a ffc c lll a lit rong DC feedba ck
and thu s a atub le opc r a tlrig pl:llnt of th t' t r-ansf ar or- , ThIs fe edba c k III Inopc r a tlve
In th e It t' acn ae b...c auec r e ll l llt o r It 4 III b r-Idg..d by c apac tt o r- e 10 .

T ran ilistor T I III loo aefy cou pl e d 10 t he r-veon a nt ctr-cut t via th e t..... o capec it iv v
ve l tage divld" rs e~, C 9 and C 6 , C 7 , C 8 , Th.· r d lltl v,.Jy l u r g.· ,'apacitllnc e
vlllu l' s o f the vo ltag.. d i vide" a i'" d fr-e c tl y pa r all .. l to the in put o r outpu t c e pa­
c ttunc e o f l r an s l s tor T I , wh ich m ean a t ha t itll cepecttence verteuone c a n h a ve
vi rtually no l' frec t o n th .. oac Hl ation fr .. qu .. ncy . T'hc .· ff(·ctlv .' c a pacity o f th.,
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rt' . onanl ci rcui t ill Ior-rm-d Irom th e pa rall el connec tt on o f C I. C 2. C J . C ol
a nd lh.. Ilt·rit.'ll eonneet ton ot C 5. C 6. C 7 . C 8. C 9. Tht· capaclto rl C l io
C ol c on r r-Ibut e a ppr-oxlmat e ly 220 p .... Wh.. r ..a ll th .. c a pecnt v.. volllilit." dl vld.. r­
comp ri.1na C 5 10 C 9 only provld t,••boUI 15 p ....

Th e var- iable c apadto r C I com p rl . ... tw o ga nga wllh a c epac Itunce varlallon
oJ C o f II p '" eac h , St nc.. both sta to rs a rt' c onnec ted to th e r-eeon a nt ci rcu it . th "
...ft. 'ct lv.. c . pae ltanct- va riation III on ly approximat.. ly 5 p'" which p rcvtdne lht'
r ..qut r-ed fr..qul'n c y varia tion. T h e coupHng t o the eubeequent ampll tit.'r ,tallt·
( T 2 ) Is m ade a t a ve ry l ow Im peda nce point of the oec tt lato r- d f'{~ u lt ; lh l,
mcana t ha t load variation ' will ha ve n o g rt' ltt d tcct on thr- ollc ll l ntor Ir-equvncy ,

DJ J ,",Y

Fig . 1 Ci rcu it o r Ih .. 018 Mliz VFO

Th.. ampliner . Isgt' equtpped with Iran . l stor T 2 Is lit a common ..m tu er c on ­
t1auratlon and o perete In el,.. A. The o ut put c i rcu it I. tuned t o 201 Mil l; 11
po ••e••e' lil pu ,h-pu ll o ut pu t wlltdln i wh leh f..{'d. IWO dl odt;o. wh Ole ourput e ar{'
Joln ..d and f{'d 10 a 48 /'.Ill;,: r .. lon llnt ci rcuit . Thl. con fi gu r a tion n ·prt· s cnt . a
t ru e lr..qu"l1 cy doubl.. r-, A geed su pp reeeton of tilt' (unduf1wnta l and odd harmo­
nle . will oc cur, If the lI..condary win d ing o f In duct a ne e L 2 II ba l anced and the
dl od.. . a rt' wt"ll pa t r-ed. The diode . op.. ra t e In ela a . C; the opt' rIl tlng point ,
e re au tomatically adju l tt'd by th.' voltag.- d rop a c r-oaa n 'ai lltor It l:l. T h L. t-v ­
. l s t o r l a c onnected betw .... n th ., cent re tap un th.- aeco nda ry wln dln i ot Induct­
an ce L 2 a nd iround; Lt I. bypa....d In the HF 1I,' n llt' by c a pac it o r C H . The
m o at favou rable value with re spect t o th... Ir-equency doubllni Is dependent on
the d rive venege .

In the authors peototype , the VFO ou tput I lg nal wa , tapped ort at the "hot" t'nd
ot the 018 Mi lt re sonant ci rcu it I L J ) . Thl. wa. poeetbte due to tht' ve ry s ho rt
c onn ect io n to the subll' qu l' nt I tagl' In the tran .mlttl'r; h cw eve r, th l , c conec t ton
will afte e t th e a ll inlllt'nt of In duc tance L J. A c ou pling link. all Ihown in the
ci rcu it diagram . c an be ua..d . In th l . cal" , It I. po. , lbl e 10 u s e longe r c a ble.;
th e dl • • dvantait' I• • howl'v.. r , thaI th e out pu t voltait' la lowe r-,
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3. MJo:CIIA Nl CA L ASS1':MI:H .Y

Tb e l,abloN ot the VFO III built up n-om I mm th ic k double copper eccat...d epo xy
board , T h i ll m at e r-Iel ha ll thl' advllnlag" t hat lilt' only tuolli noce aee ry Cor con­
IIIr uction art' a Cr H-lIuw a nd n normal soldt' rlng I ron , Afh ' r thl' JoIol d l.'rl nR pro ­
(' '''1111, th .. cabinet w1l1 provld, ' a good 1I"/"L"'oIOR and be' vt-r-y light. T lw ,'poxy
111110 p r-ovtdt-e a th .. rmal laof at ion.

The ca b tn et with t h ,' dtmcne fune 72 mm x 52 mm x 62 mm III p r o v tded with t wo
pa r-t it lona ( SN ' F ig , 2 ) 110 t hai uu-e... chnmber-s al·" Io r-mr-d. T h e di et r-Ib u t ton
o f t he varloull cornpon...n tll In t he t h n'.' cham ber- a Is shew n by tilt' dll!l h,' d lin t'S
In Ft g- 1. T he o!lcUl a to r rc-eonent circuit Induding t h... va rlabJ ... ca pacitor C I
Is acc ommodu red In chambc r- I s .. par-a tely fr om t he t r an s i sto r and ot her- ci r­
cuitry 110 tha t .' x t erna l , ' fft' l' t!I art' avotded . The 24 Mlh ba lancing t run sfo r-me r­
L 2, Is located below pm-t it lun I ( eha s s ls) In c ham llt'r II, wh e t-e tilt' zene r­

diode and all n'slstors a r t' etec to bc found. Chamber- III accommouate e the
thr-ee transistor soc kets , tlw doubl.. r dlod...e , t hv 48 Mil l r ...sonant ci rcuit and
tilt' out put c oone cto r P t I, The lntej-conru-cttona b etwee-n t he- t hre t' c hum be r -s
a re made by ml'1l 011 of t enon ( I''I'Jo' [';) Insula t(' d fl"t."dt hroug hll,

The lccutton o f t he Indiv idual compone nts ran be clce r-ly N" ,' n In the ph ot ograph II
gtven In 1" lg , 3a a od 3b. T ht, dim en a ion s of tllt' {'abio t,t pit'{'I' 1i lind th.' po s llion s
oC thl' main component e a n' gtven In 1" I ~'lJ r" lI 2 and 3. T h t, p r-oto type W0 8 , how .
evet- , no t e qolppod with t he t r im m{' r cepec nos-e C 4 and C 13 ; they wert' rt' pl lll't' d
by I l xvd c a pac l ec r e by till' autho r. T'r tm m ee- capec no re a r e, how e v,' r , mor-e
fovourll.bl ,' for th e allgnmt'nl,

3, I. C A BI N ET P IEC ES ANU O TH ER PA in S

Requ l r ed hom
number-
1 Output 1101' kc t ( P I . 1 I
1 Socket Cor th... oper-aung voltage ( P I. 2 I
3 Tj-anet etc r- soc ket T O 5
s 'r enon ( PT1"E) fe {'uth roughll
1 51d.' pt e c e I. dcu bte -coared e poxy , 72 , 52 m m
1 sta.. p toc e II . " " " 72 52 mm, x
1 Si d l' pt ec ... Ill , " " " 60 52 mm, ,
1 Sldl' pi ec e I V. " " " 60 5 2 m m, x
2 Cover-s , " " " ,72 x 6 2 m ill
1 P artition I, " " " 70 60 m m, x
1 P a r t it ion II, " " " , 60 28 m m,
3.2 . CO MP ON I-:NTS

'1'1 , T 2
T 3

D I , n 2

'J3

2 N 9 18,2 N7 08
AC 12 2 o r IIimlla r Oe-pnp
AF ·Tra n li . 30 V/ 200 m A/130 mW
OA 90. AA 112, I N 54 A
Z 9. OA 1 26 / 9, IN 96 0 U

H I 1. 5kfl
1t 2 <l, 7kS"l
H 3 2. 7 Id1
it <l 1. 2 Id l

H 5 2. 2 Idl
n 6 8 .2 Id1
H 7 560 c
R 8 2, 2 Id1
R91kfl

All rt'.illtor.li ha ve a r a ting ot 0, 1 W
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C I
C 2, C 3
C •
C 5, C 6
C 7, C 8
C ,
C I O, C Il .

C"
CI4

C"

T .... o • • ane va rla bh' c a pa clto r .:lC • 2 x
C e ram lc tubular capacitor
'r rtmmer capacitor
C .. ramk tubular c a pa c Ho r
Styron..x c a pacito r
Sty ron.. x c a l*clto r

C 12 Ce ramtc c a pac itor
Tj-Imm e r- c a pacito r
ce remte c a pa ci to r
Styronl"x or ceramtc c a pa c it o r

11 pI-"
100 pI-"

20 pt·
39 pI-"

12 5 pt·
200 pI"
4 .7 nt·

25 pt·
1 nF

25 pF
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3.3 . COI l. DATA

L I

L 2

Sto r ns ot 0 , 5 m m dla. (24 A We) sll\'('rp"ll1t~'d copp.. r wire wo un d
on a ce r a m tc 9 mm dtam e rc- r for-mer- with vo rillbl~' ( copp.' r l co r-e.
T u rn s~aclng 1IllPl'ox . 1 mm.

P r im a ry : 16 tu rn e ot 0. 3 m m dla . ( 29 AWe) en am etted cOPI){' r
wir., on II 8 .6 mm dtamet e r coil Io r-me r (h~' l ght 5 . 2 mm ).
Sccond e ry r 40 turn s ot 0.3 mm d ta . ( 29 A We ) e nemcncc copper­
win' with c e nt re ta p Ineu.lated from t he p ri ma ry with pjasuo foil.
TIll' e econda r y mu st lit, lIym mt' t r ic a l to t he primary ,

11 t u r-ne ot 0,4 mm dra. (26 AWe ) ettve r - plat e d copper- w tro o n
a 6 mm dta . coU tcrm er-. Tu m IIpacine a pp rox , 1 m m .
Cor-e r vn • 12 •

0; • ) ..

.<""..,

) -
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4. A LIGNMENT

T he ollcllilltor fn:qul'ncy must bt' variablL' In the range of 24.0 Mtll to
24,33 4 Mll z , Th., autho r-a pr-ototypr- had a tuning r-eevrve of!. 50 ki lt, L L' . th,'
oscillator Ir-equeucy rang,· wall 23.950 Mil t tu 24.390 MHz. If the nominal Ir e­
quency gn'atly diff,'rll from thla , it w111 be nece aea ry to r ..due e or InC I"'lIl1e
th f' Induct ivity of L 1; IImall d"vlatlunll can be cumpt'nlllllf'd for ulling th.. t r-tm ­
m e r- capucttor C 4 .

T he rem pe e-a tu re edependent frt"lucncy drift not tc ed du ring the prl'1imlnll ry 01"11·
su r omente wa ll ccmponeetcd by placing a I 1'10' capacitor ha vin g a ncgatlv.' tom­
pe r-atu re ccctnctcnr of 750 x 10-6/0 C In pur-a lfe-l with the roeonem circulI.

Arter aligning the oscillator to COVL'r th,' r-equl r-ed fr-equency range, th e ba nd
cent re It-equ e-ncy should be selec ted a nd trimmer capacttor- C 13 o f the ampUnt'r
Iltag.. aligned for maximum output. Thll:l Is rcncweu by aligning the output clr·
cult fo r m a xi m um at 48 . 33 Mllz, which may be made by varying th e lnductlvily
ot Induc tance L 3 with Ihe co r e or by alt er-Ing t he cepecuance of capacito r C 13.
It 111 Important Ihat the subllequ ent t r nn smirte t- Is connect ed wh en aligning t hll:l
circuit 80 t ha t the l oa d capacttence Is aillo taken Into ccnetdc rattcn du rin g IhL'
allglllnl'nt proc.. lIl1.

5. MEASUlum VA L UES

Th L' foll owin g Ir cqu eucy va r-Iationa w.. re meaeur-..d on
und.. r t he following conditions :

In tht' firllt 10 minutes erwr Ilwltchlng on
In tht' !lrHt 30 minute e a fter awttcht ng on
On r-educ lng the op.'rating voltag.' by 15%
On IIhorUng th e ou t put to ground :
A ft .. r Hwltching on afte r a per-Iod of 24 hou r s

NEW DESIG NS

the p rototype at 144 MHz

85 0 II z
2. 15 kllz
206 I-Iz
JO kll z
12 kHz

We are looklng for new de81gners and authors for our publications. If you ha ve
a n intl"restlng dL'llgn thul III 8uilllble fo r r-.. production ( prtnred-cf r cu tt board,
common tranalsto rll 1 ph ' a 8" contact your national repr-eeentative who will In­
fo rm y ou o f our r-a t e s and r-equi r-emenre , In o rder- to en au r-.. that th .. epec trtc
com ponenta arc evaflubl e , Wt' art' wUlIng to p r ovld.. our d e . l gn erll with epectmen
cctf- Icrme r a IIl1d t r lmm .. r cepacttcr-e.

NEW PRICES

The r e va lu a t ion o f the Ge rman Mark ha ll
asc a publ1catlonll. Tneee publ1cationa
The new pr-Ic e s 11. 1' '' :
n a d lo Com munication Ha nd bo o k
VlI F - UHl" Manu a l

allowed us to r-educ e the pr'Ice ot Ihv
a re excettcnt and worth every p..nny ,

DM 35.-·
OM 13,4 0

Unfo r tun a tely t he m anufa ctu r e r o f ou r crystal fIltt'rs Inc r e a sed hill pr-Ic ee
w.... f. 1 .1 . 70 . T his h a a caullt'd u e to alao raille our prke•• which a r-c gtven
o n our advertilling pag..... Th...p..cial I.J mm dla. drUb are not available at
t ht' m om e nt an d can th e refo r e not b.. su ppll e d free wHh o rd"ra ovvr- DM 3D, _•.
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CAL IIJ IlA T IO N-S PECT R UM GEN lmATOR FOn T WO ME T RES

by 1-1. GOUln i , DL 3 XW

INTltOIWCTION

Hs rmontc e o f cryltal olcUlatorl are cnen u a c tl fo r t he caUb ration o f eho r-r­
wa vt· r ece tvc ee , Ullually, a fr e quency o f 100 kill. II cnceen and the cryllta'
pull ed to u.c cor-r-ect f r .. qcency a n .. r co mpe rf eon aialnat a .tanda rd Ir-equency ,
auch aI I>ro il wlc h ( 20 0 kl h. I o r one of the WWV t r a n am ltt t' rI I 5 Mll z , 10 Mll z,
20 Mll z) .

Tht· harmon lCI of such ep..ctrum gen.. r e to r e a rl' , ncweve r . not ulually audible
on t he t wo met r e ba nd. T h.. de sc j-Ibed I Mil l Ipt'ctrum gt'nerator th e r .. fore
comprlll'l a llel ('cU ve a mplifJt' r Itait· fo r tht, fro'quency rang .. of Intl'rt'lIt , I. to.

th .. t wo m ... trt' band .

I. CIHC UIT PI \l NCI P L ES

The ci rcu li COnlhtl of a 1 MH,: cecutaio r wnc e e IH th , 145 t h a nd 146t h har ­
mente s fa U Int o the two m etr-e ba n d . A lu blil ..quent a rnplkffe r- II p rcvld ed to
ampli fy th a t pa r t of t he epec t rum wh ich fa ll. bet ween 144 a nd 146 MIL.:.

A frequt 'n c y e pectrum o f 1 Mill wa . c hosen fo r t hi ••pec t rum generator bt'­
cause it .... a . conlldt'red that a 10 0 kill. .pt·ctrum could CIlUliIt· lome doubt I.

to wh ich harm on ic the receiver wa. tuned to; th l l II l:'lj,e clally trut' wh en ca­
IIbratlnl ne.... hom e bu flt or l:Iomewhal unltable r e c e tve r •. T he . paclnl between
th e Individual li ne I of tb e m a in epec tr-um the r-efc r e ccnreepcnde to I Mil ,: and
II a udlbfe a l I "'" Mll z, 145 MHz and 146 Mlh. , Thla pro... idt·1I an eallY mean .
o f dete rmin ing t he band Umit •.

Stnc e a I Mlh epect rum I. too coaral' fo r a nu rn be r of caUb rllotlon e ppltc e t fon e,
a lao kll z epe e trcm c a n a l e o be ae leeted, Th i l ....cond epect r um 1. obtaine d
ullni an aatl' ble m ultlvibra to r wh ich II Iync hrollh. ed by the I Mll z ollclllator .
Thi l .ync h ronlu tlon e nau r-ee that t h e fn'qu ('n cy o f t h .. 100 kllz epec t ru m ha l
th e ",mt' accuracy an d I ta blli ty all t hut of th .. I ~Hlz liI!,..c t rum.

The au be cq ue nt ernp lf Ife r- atagl.' can, o f cou ree, be Iun vd to a ny othe r Jr-equ e ncy
r a nlo' of In te r-eet , If the epect r-um gcnc retor llil only to bt' Ulilt'd In th t· ehcr-t ­
wa v.· r llon i t·, tht· a m plifier liIt.ge may be de l t'h·d .

2. ClHCUlT 1}l:SCIUPTION

The ci rcuit diag ram of the calibr.tion spectrum lent' rator III gi ...e n In Figure I.
The alta ble multlvlb ralo r c:omprl.ln, tube V I can b~' ..... Itched on by clo.ing
. wltch S l , T he olcllla lloo frt'quency of .pproldm.tt'ly 100 kHz ill dete r-mln od
by the RC va luell . nd can be lomt'wh. t .... ril'd by .djulltlnll: potl"ntiomete r P 1.

The I Mil ;.: cry.t.1 ol:lcillator ccrnp r te e e the tube V 2; the ec r-e en grid o f th l .
tube r t·p rt'lt·nt. t he anode of t h.. olullator circuit. The I MHz cec tltettcn . 110
. p!'t'll rl a l t ht· lupp rell:lor Irld of thil tu be; from here It I. fe d to th e m ul tl ­
vt br-e tor- el rcult where It actuate e t'. eli !t'nl h dcrlectton of t he m ul tf vt br-ato r-,
Th l l rt·ll r~· .t·n t lil th ~' .ynchron(z.Uon I' rlX.'t'II'. The 100 kll z puls t."l:I f rom the
m u tt fvtbr-a tor- circuit a rt." fe d to tht, IIUl'l'rt·.lor irld o f the oec tl lat o r- tub~· V 2
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wtu-r-e they are rn lxvd with the I Milt s pect r-um, The harmon ic c ontent ia ter-m ­
ed by opt'raUn i thl . tube ln cia .. C [ irld c u r-r-e nt ) ,

V,
EF80

1t7 II I

t7010 ...'"

.2
EF 184

..
..

..
VI

ECC 85

" - -l J-
[o~.~ --,

DL3XW
"~.'.

CI C' " " .... ...
" ". '1t r r••

II.LI .1 11 _ . '• • ,1 _ _ _ " .. , .

10'1" I A c a li b r a tion epec r ru m III' nt' r a to r for t wo merre e

T he claa. A amplUler a tai t' com p r laln, tube V 3 pea se • • e e a r esonant IIrld
ci rcu it which I. form",d by th e Inductance L I a nd the input ca pac h anc", o f th e
tube , T he whole harm onk s pec t ru m 1a c oupl ed at hl eh Impedance t o the am ­
pllfler via trimmer c a pacito r C 6 , A eeccnd r-eeonent c i rcu it c om p r h l ne In .
du etance L 2 and capacitor C 9 II t o be found In t he a node lead of tube V 3,
T ne ee two re ecnent c ircuit . a rt.' tuned to the Ir-eqccncy rangl' of Inter- ... . t - In
ou r c a n', the two met r-e band , The spec t ru m I. fe d out at hi Gh Impedunce vi a
capacitor C 10 .

:I. CONSTRUCT ION Df·;T Al l.S AND ALIGNMENT

ThE' va hlt>. o f all c om pone nt s an' gt ve n In F ig. I: the a l at.'mbly I. n ol c r itical
and c a n be built -up a a d t' .lred . Thl' only po1l1t. thaI I hould be noted a r e Ih a l
all wl r lna: aubaequ('nt to the anode of tube V 2 a hould be madt.' lcw - c epec ttf ve ty
and inductively in " VH F manner" , Stnce tube V:I il a VHF ampllfjer, It la
nt 'ce l"ry to provide thl' s e rn e amount of Ic r e l' n ln a: a. for c c n v.. rte r e etc .

The allpment p r-oce•• la commt'nct'd by pulling the c r yatal fr l'qul'n cy 'to ee r c ­
beat a a:ainsl a a ta nda r d frt'qut>n cy (fO. I , WWV) . Thl . i. achteved by a llen lna:
c e paet tc r- C 5 untU zl' ro · bt' a t occu ra b.. tween the a ta nda r d f n·qut.'ncy and the
COr r l'apon dlng harmonic o f th e epec n-um ge ne r-ator- , Thla l a foll owl'd by tunina:
a tw o met re r-ecekve r 10 the 145th hannon lc ( 145 Mll z ) o f th e I MIll: . l' ll'ct r um.
Inductance L 2, and aubllo l' '1u l'n tl y , inductance L I and c a pac Uo r C 6 a r e alla:nt'd
aitematt'ly fo r m a x imum S·mt'tcr n 'adlng on th e receiver.
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The a lltable m ultlvlbr-ato r III now e w ttc h od Into ci rcu it and the two mdl"t.' n '·
cct ver tuned ove r t h~ band. At (lr lll, altl'rnat{ng c ry etet -cont roucd , and III'H·
t'xcUI'd ollci lla t io ns will be ht'ard be t we en Iht· I Mll z harm cntc s at I·H, 14 5
a nd 146 Mil l.. Trimme r potentlomett' r I' I hi now a djuun-d 110 that only 9 c rys t a l ­
co nt t-olled cectueucn e c a n be hear-d between each 1 Mil l Hne or the 1I1,,'clrum ,
At thl ll po int the multLvlbrato r hi eynch t-ont zed. Potenttomr-re r I' I I II now c ur-e­
Cully va r-Iud to det e r mlm- the IImlt8 o f the syn c hron ization rangt.', and adjulOted
to a c ent r-al position between t hese l imlt s ,

4. TUUE CO MPLEMENT AN D EQ UIVALENTS

V I •
V 2 •
V , •

ECC 85 , 6 AQ 8 o r 6 I. 12
EF 184 , 6 EJ 7
I~F 80 , 6 UX 6

MOlli FI CAT IO N O F 1'111': DJ 9 Z it 001 5 W SSU T HA NSJl.IITTE R

by II , U, a-n«, UJ 8 X R

During conet t-uc tlon or t he transistori zed 5 W SS H rransmrner de-ec rfbed In ( I ),
lIoml' Impr-ovem ent s were found which a re no w t o b.· de sc r-Iba d,

I, IMP ROVEMENT OF rn » AUXI LIARY FR1':QUt:NCY SUP I'R f';SSION

The 9 MH z SSIl s ignal III converted to the 145 Mil .: r-ang e In th e puah epul I
mixer ccmpr-Iatng th l' t ran etetor-a T 5 and T 6, The auppr-e ee ton o f the aUllllia ry
f r- e que ncy ( 135- 137 Mll z ) Is dvpc ndent on the balance o f the pu s h -pu ll miller.
Th i s balance CM be Imp roved if the ba s e circuit Indu c t an c e 1.4 III wou nd onto
the r-eaonant Inductance L 3 in a b i m a r ( double wound ) manner. No et her- m o ­
difications a rt' requf r-ed.

2. INCH EASI NG Till'; GAIN

It wa s no ! only tht- author who found it difficult to ac hteve t he claimed output
power, Thl8 seem ed, at least pa rtly, to be caused by the gr.'at fluctuations
between individual transilltorll of IYllt ' lBo' 22 4, Aftt'r eelcctlon of t hose B }' 22 4
transisto rs ha ving the hi gh e s t ga in . It wa e poastbte to obtain t he given output
power f rom th., transmitter, A fu rtht' r Improvernent in this dtr-cctton r-esulted
by close wlnd ln g Inductance L 5.

3, ornsn PA T RANSIST O RS

A t tht.' moment , tranllilltorll type 2 N 3632 an' available at a mod"lIt price. Th ey
a re aultable fo r uae In t ht.' PA stailt· o f t his t r a n em ttter-. T h e autho r o bserved
linearity difficull ie ll when t hill tr-anef etor- was allgnt.'d 10 the operating poin t
gt vcn in ( 1) for the 2 N 3375. Thill was cured by replacing the 30 n reetetc r
betwe-en the ba s e o f t r-anetetor T 9 and llr ound by a 75 n reetetcr-.

4 , HEVEH ENCES

( I) x. r-. Timmann: A 5 W T r an s i s t o r iz e d SS U T ranllmltter for 145 Mil l.
v n}' CO M M UNl CATIONS I (1 9 69). Edition 2, pages 73-82
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A CAI.IU B.AT ION -SPECT RUM G ENt-;R,ATO Il FO H TWO Jl.U:T IlES

by H . G Ou ln g, Ill. J XW and n . E . Schmnaor-, IlJ 4 BG

I, INTBOOUCTIO N

Stm pl e cattbr-atton-epec j r um gl'neralors uauafly cOllsIHt of II c l'Ylilal-controlil'd
osctjluto r for I Mllz or 100 kllz and a stall'" huving a h1lo:h harmonic dt stor-t ion
for the' gene r-at lon of the h a rmonic epect rum . Thill hlll'lJlOnk spccn-um can t-eac h
Inlo VlI F -rllonlll' and IIms bl' ullt'd to callbrutt· Ih l' I>CUl l'H of VIIF rccvtvcr s.
Th e Ir-equvncy o r cor-r-espondlng ha r m oni c of til\' cr-yat elecoutt-olled cscntatcr
III r ompa red 10 thut of a alandsl'd Ir-oquency euch all Hn- longweve trunamuwr­
D l'oltwlch ( 2nD kllz ) o r one of the fn'quency IItandurti tr'unltlllb"lllorU:I , for In­
stanc c WW V ( 5 Mliz, 10 Milt. , 20 r-.nh ), Tht, I','sulting eupcrtn-te r-ody ne tone
Is l'uU",d into e er-c -bout by means of a t r-imme r-,

I Mli z c r-yet al e cont t-o lled oectltatcr-e are usually 11lH'd wtn-n hlght'r d,'mlUltls ar-c
made on the Fr-eque ncy "'tabillty of the cul ibr-at lon spcct rurn . Thl'" at su oH"rll
th t' advantage t hat tht' Ir-equeucy of an harmonic call b, ' dt'!"l'lllill"d mort' t'aBlly,
This Is e spectnlly trul' for high-o rde r ha rmcntc s IIIH:h all thollt' ulIl'd fo r Ih "
ceuu-enon of VII F equtpme-nt , Howe vor, such a I Mllz epectr-um I", too c ca r-ee
for a number o f applications . In ord"I' 10 ac hteve calib ration polnls having lIo
apac ing of 100 kilt. , Ihe deec r-tbeu calibration epectru m genvretc r IlJ pr-ovided
with all additional Ir-equency dlvtder- that can b,' awltched on lUI t-c-qatr-ed. Tfu­
f l'l..quency dlvlde r genc retea a 100 kHz osctllancn from lh l' 1 MHo: c ryetal-ccn­
t rolled a1gnal. Th", 100 kilt 81gnal18 11.180 fl'd via t he titag., having a hljoih har­
mon ic distortion factor in o roe r to g('nt'rat", the requt r-ed harmonic s pectr-um ,
T hl' 100 kHz slgllalllnd ha r m on ic s the reor PUIIIICSII till' earnc frt'qut'ncy accu racy
und I:ItabUlt)" 11.8 the 1 Mill s ignal sinc.- they IU'" obtedm-d by Ir-equoncy division
from the c r y at a t-c ont rotl ed I j-vquvncy,

The genc retor 18 also p r-ovided with a tuned amplifier IiItag" for til" amplttlcu­
tion of tht' caUbration epcct s-um In Ihe Ir-eqcency rallg" of lnt...r-eat , Itt· fe n ' nc t'
(1) d l'lIcrl bl'd a cettbr-ctton -epcc rr c m g..ne r-ator for the two mvt r-e band a nd ex­
pl a lnl'd uue p rtncfplc In met-e d r-tatl , Th... dt'BC'r1b,'d gener-etcr- (IJ wa s ,'qulppl'd
with It I Mll z crylJlal a nd th r e e tube e. O ne of thv tu bc s ( u double t riodt' ) ope r ­
ated In a multivibrutor circ uit which wa s eync b r onl zed from the c r-yatnl ec on ­
t rolled osclllalor. 'I'h .. multlvib ra tor divided th.. I Mil t c ryetel-cont roltcd Ir-e­
qu ency by ten which r t' llu ltc d In a Ir-equency of lOll kilt. A etmtts r- , etttcon
t r-an sf ator-Iz ed e altbr-auon-epcc trvm gene rator 18 now to be deac r-Ibcd.

2. C mCUIT UESCIUI'T ION

The ci rcuit diagram of I he trllonlila to rht'd cal tbr-arton-apect eum gen.. rato r III
glv" n In Flgurt' 1. Thl' c s-yetel econt t-oll e d olidUator .-qu lp!w d wIth trllnlli8tor
T 1 18 IolIowed by the eom mcn -cotlec tor- uufft'r T 2, The calibration spectrum
18 then ampl t fted in two tuned amplifier IItagt's t hat 11.1'" deslgne d to accentuate
Ih e 8lgna! In th .. Ir-equ...ncy r-angv of lnlt' rt'''' t. Tb e cctlec to r circuit'" of trans ­
Istorll T 3 lIo nd T.j art' tun..d to t he rt'qulr..d frt'qu l' ncy rllng('. Th l' hlgh-pa6H
HIt .. r comprilllnil Inductancl' I.. 3 fu rther a\.'c I'nlualt'8 tht' ('ulibratlon 81,,'ctrum
ha rmonics In th " VIIF r a n gt' 110 Ihat no un wa ntt·d Injl'cHon Into tht' Inh'rnl('d1ate
frt'qut'ncy r an gl' cun occur.
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Th .. 100 kllz calibration lint'. art' gcnereted when th ., multi..,lbralor circuit com ­
prising T ~ and T 6 I. Iwltch{'d Into opereuon , The tim I' cenetent of th .. Re­
link. n ' l u lt a In II 100 kill dt·n.'ctlon fn-quI·ncy. Ra th \l'nlh cyctc of lilt' multi­
vibrator II aynchron lzt'd loy th." 1 Mll z c rya ta l -co nl r o ll .·(j o llc llla to r .Ianal. Thia
mt'H nll thai t he 100 kll z I''''ctrum J>O,.t.'IIII'. (ht· 8am." I l a b Ulty .a Itw c r Ylit a l ­
ccm r c t l e d Ir-equcncy .

In order to eynchrcntae the Ie-e qu e ncy, the Ir-equency o f th .. multivib rator c an
b.. var-ied u.lng II t r-lrnme r- pctemtomerer In II r....dbac k link. The oJwrating
venege of the muhlvlbrator circuit II Itabilh.ed ullni: a 8.2 V sene r- diode ao
that opt' r a t in g voltag(' flu ctuation I cannot a(fl'ct the eyncb ronteat lon,

The paralll:"l c a pa c ll o r ep connected in pa r ul l el wlth th l' cryrtal aUgnml'nt trim ­
me r- capacitor ( or 3 - 301'10' l s noutd be IIddl'd if t he nom in nl Ir-equ ency II .tlll
not obtllint'd at the m a d m um capacitance o f the tr-Immer- . MOlt amateur (' r y llt a l a
are deaijtn l'd for a load c"padtanrt' or 301' 10' at thl' par-etlel reeonance point.
Howeve-r, It I. po allbh, that a 30 pF t rlmm e t- c a pa cito r in lIt'rlel with the
100 p F capacllor at t h e or he r- etde o f th e c ry . ta l will r-r-pr-eeent too Iowa load
cspecttence . Th i ll can bl:" .. voided in t wo ....'..y. : firstly by t''''chang ing t he 30 p F
u- Imm e r c apac ito r- ro r one or 10 - 45 pI" or by adding the pa rallel ('a l'ltcllo r e p
wn o e e valu(' IIhould bl." In th oroe r or 10 - 40.)10'.
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3 . MEC IIANI CAI. ASSEMBLY

T ht' Iran. i. l o r lz t' d cIII U",ral ion -.pt·clrum it-neralor can bt· bu il l up on Ih .· 80 mm
by 110 m m prlnh 'd circuit boej-d f)J'" UG 003 shewn in F lgun' 2, The co r n ... ­
pondlni com pont'nl locatlon plan iIJ glv.'n In Flgurt' 3. IH gh qualily compom..nl8
ehould bo' ua..d for thl' cryatal oscltlalo r ci rculI. No IIcn,.' nlng Is n ccva e a ry
for Iho- t wo r-csonen t c l r-cu tts , It III only till' output h igh-po•• fi llt'r d llll ahould
b. - Ic n' t' ll cod 110 Ihll l unwunted t njec tton I. avotded, A lI1'u('lnll o f I S mm wa ll
lIt'it'c h'd fo r tilt' n'lILlilorli so that no r mal IYP'-II coul d b. , u.o'd, G r eutc r ho lt,
IIpaclnili hll vf' al80 b" .' ll 1II1ow.-d for t h.. clI l'adto rll wh ich m ean. Ih at IIlantla r d
Sty rofle x and ee ramlc capllcltorll can ht- ult'd. T h.. author ullt'd ce rumtc dl ec
bypll llll capecnor-e \liho'n-RII th.. IImaU ben d Iypo' cerecucre wo'n' ili on' lIultabh­
fo r u.c as coupllni capacitors ( 6 . 8 p F and 10 plo' I . A tanta l 10 1.1 "'11 0 V capa ­
citor wa ll uII('d to by pa lls till' mult tvr br-ator-.

3 . 1. S P ECIAl. C O M P O NENTS

'I' I : BC 10 8, BC 183 , 2 N 2926 , 2 N 311 IJ3, 2 N 708 o r simil a r
T 2 t o 'I' 4 : HF 184 , 111" u s, AEG-Tfk, o r Il F 22 4 (Tl)
'I' 5, T 6 : BC 10 8, lie 183 , 2 N 2926, 2 N 311 03, 2 N 706 o r IILmlla r
n I ZG 8,2, Z '" 8, 2, OA 126/8 , HZY 85/C 8 V 2, I N 1159 U
L I 35 lurn l o f 0. 2 mm dia. ( 32 AW G I ..ne m elfed c0l'l'.. r wi rt· wound o n II

5 mm dla. conrormer
L 2 S tu rn s of I rr nn dia. ( 18 A WG) IIl1v.' r-pla l.-d coppe r- wlr.. , otht'rwlal'a. L I
L 3 3 tu r-n s, oth .- rwillt, all I. 2

4 . A LiGNMI':NT

Aftt'r ha vin g pull ed the cl')'lItal-cont rollo-d f l" ' qu " Il{~ y 10 lh . · nominal valu e it i ll
only nt' c (' 1I8a ry to lIynchronlz(' the multlvlb rato r circuit, Th l a III m a d.. In II III­
m il ar m a nncr 10 lhat d.. ec r-tbcd in (I) : T he cldl braUon sp.-ctrum I. m on ito r e d
on a t wo m etre r ecet v.. r and t h.. trtmme r potcmtcmcter adju8tl-d untU only n tn ..
aynch ronlzed epectr-em IIn(,. a re audlbl e bt'lwo-l'n the 1 Mill calibration I>ointa
at 1-14 "1H z _ 14 5 Mlt z a nd 14 6 M ll z . If Iynchronhatlon h a l no t oce-ur- ed, addi­
ti onal un l t ab]co I lg nala will he obllt-r v.' d .

5, I'; ()I TOIllAL NOT I';

Tho, autho r ( D,I 4 IlG J ia d .'v.,Joplnll a v,·r8atil .. calibrat{on_lI lwctrum it'llo- rato r
o·qu lppe d with Intl.'irat ed cr rcune that w1l1 allow I wltchabll' epect rum IInl'1I wil h
a Ipadni of ,.{tht' r I Mil ,., 500 kHz , 100 kHz , 50 klh, 10 kill , 5 kHz a nd I kllz.
Thia s pect rvm it'IIt'rator will. of cou r ee, bc fa r mo r-e o'lIpt'nalvc lhan th e it'­
ne r-aro r- dt'8crlbt'd he re,

6, A VA ILAUU: P A n T S

The p r ln tt'd C'ircu it bou a-d IlJ 4 UG 00 3 as well all th e 1 Mll z 'lua rtl cry llt a l,
lh l.' l r lmmt'r, cooilfo rm e r a a nd t he Il ..m tccndu ctc r com pl e ment art' availa bh­
f rom t ho- pu bliaht'r ( St't' advl' rtlalng pag" ) ,

7 . n Jo:F ER~;NC ~:S

( II 1I . G~tt ln i : A Calibration -Spect ru m G.'nerator for T wo M ..t l'l'.
VHF CO M MU NiC AT IO NS 2 (1 97 01, Edition I, IN' cont .. n t .
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SIMPLE , COM PAC T PA STAGES r-on TWO METRES

by D. G r os smann. l>J 4 HX

INTHODUCTION

T he ad vsntages and dlladvanta gel o f LC and r-e- s onant llne cl rcu ita at h i gher
I r-equenc fea a r t' 10 be ccnetde r-ed. Spec t al euent tcn h a ll been pai d 80 th /l. t Ih t'
PA IIta ge , e xh Ibit a lIufrlclt'n t bandw idth , A, a r t' liult of Iht' lIt' cone td e r-etfo ns,
ccneu- uc uon dt' taU s will be gfven Ihat a llow t wo m et r-e PA , tagt·s to bt· buur­
up with II: m ode st amount o f metatw cr-k.

T be d vac r-tbe d delllgn ll r efer to II. IIlngl t· -t'ndl'd final am pl l ft e r Itall.l;' equ fpped
wllh a tub ... of the 4 X 150 /4 X 250 fam il y .

The edjueun e nt o f th e output c oupHng i' desc j-Ibed in dcte tl .

Gl-;NEHAL HEQUIHEMI';NTS

A tw o m e tre PA , tagt' IIhould POSIlt'811 th e fo ll ow in g c ha ract t' ri8t1ca :

a. A h i gh e frt cle ncy o f the PA ci rcuit
b. Sutrlcll'nl bandwidlh; 11 ehcut d nol be n l;'c(' a llary to r-e tu ne to cove r- t he wh ole

two metr.. band.
c . A hi gh harmonic auppr-e e eton,
d. The lo we It po s sible dtm en st on e tc geth e r with t he I t'alIll poaal ble m etalwork.

Of c ou eae, all o f the s e r e qu t r-e m e nre c a nnot bl;' fu l fUh'd e trnul t uneou aly, How ­
ever. latl.factory dcslgnll c a n be obtained a c c ording t o wh ich o f the g iv t'n r-e-.
qufrementa la c onsid e r e d 10 b e m oal Important . The P A ci rcu it should 1'011 110.'811
c e rta in sa ft'ty fea lu r{"l . For tnerance, the OI "'I'e,' 1I g rid s u pply ah ou ld bt' dt' lJIglled
80 that Ih e ec rcen grid ia not dama g,' d o r de at t-oy e d ehould a faUurl;' o f Ih ...
anod e voltage occu r.

1. CIHC UIT EFl-'lC IENCY AND Q

Th e Q of a r-eeonant ci rcu it III de rl ned all the r elati onship between reuctfve
po we r P r and active powe r Pa [ Equation I ).

Equation I o •

Wh t' r l;'a l th e unloaded Q ( Qo ) onl y take , the IOU t'il o f the ci r cuit it llt'l f Into
conetde rettcn, the ope r a t tve Qop rellu1l 11 from th e r e a ctive powe r and th e sum
of t he 101llle, P I and th,' out pu t pow er P ou t : Equation s la and l b ] ,

0 0' lla l Qop. fIb)
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Th e I:'!tlciency "l o( the ci rcuit acco rd. to equation 2

0 0
- 1

~ . aO ~ Cop
• 00' 121

0 0 0 0

a"

Equation 2 . how. that Qo / Qop IIhou ld b" a. gr-eet a' po ••lble. Itoweve r , etnce
the unl oaded Q o f a re sonant circuit cannot be Inc r e a sed beyond a certain po int,
one must attempt to obtain a very low ope r-atlve Q, It will he eeen t hat inte r nnl
tube c apacitances wil l place a lower limit fo r the ope rattve Q. The c ircuit II
loaded wit h the output tmpeounc .. of the P A tube.

AI an exam ple , let UII constde r a IIn ear ampllflt.'r equipped with a <l X 150
tu be op" ratlng in cia•• AUI. It 11 s eeume d t hat the anode voltage Ua Is 1250 V
and the anode c u r rent la II 200 mAo

The cha r a cte r-iattc CU rVl'1 snow that the most Ia vour-able out put Impeda nce Zout
113.5kn,

T he following woul d re eult (or a LC circuit:

0.• • 131

Wit h : C · Cout + C I

Co ut II the output capacitanc e of th e t ub e
C I II the t uning capacitance .

If th e tuning c apac ttance III not taken Into conetder-etton , the following wil l bt.'
valid for C • Cout :

Qopmin . ZOtlt II 101 II Cout. 15 l a t 101 • 2n 145MHti (41

In o r d e r to ac hieve a circuit t'fflcil'ncy o f 95% , th e Inductance o f th e PA cir­
cuit m ust h a ve an unloaded Q of at le-aat Q o • 300. Th i ll c lea r-ly shews I/U'
Ilm ltl of I.e ci rcuit. alnce It Is very difficult to construct s uch a coli wh ic h
doe, not only have to 1>olII s e . , th e r e qur r ed Q but al so h a s to pro vt d t' a good
hl'at d l18lpat!on.

Un fo r-tunate -ly , a r- e ecnant Hn e circuit a l eo pOSleSlJelJ addit ional cepecttence e,
wh ich m ea n a that th e ope re ttve Q wtl l be tn c r e a ec d , L et Ull now m ake the I Im ­
pli (h 'd aa au m ption that t he lIho rt l'nlng capacitance of th t· ltnc ill on ly rc r m e c by
the tu b e output capacitance Couto T h e followi ng 'Is t hen valid (o r r- e a nna nc e t

1
loire . w, Cout . ZII cot l ()ll 151

w h er-er

46-
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~'o r a . Ivt'n n'lonan t rs-c que ncy , It II polllblE' to tlt'tO!' nnlnt· th ... Im~wtlanCl' Z
al a ju ncncn or th e electrical h'n.t h I or me r-c-e onant Un e , o r vtce Vl'rla,
rrcm ecueucn 5, A LC clrruit II now to be calcu late d th at POl llt' l lil' . t hl' l am e
c ha r-ac t e r fatlc e al th e re sone nt linl' ci rcu it d t r vc tly odJac l·nt to It . rv eonent
rr o'qu ..ncy ,

T he t'qu lvlIh'nt ci rcu it II dt'lc rlb..d by :

loll · l 'C ' 161

tn orde r to obta in the' eec c nd ccnotuonet e qaatton ,
euee eprsnc e (U ) al a function or th " Ir-equcncy , The
LC ci rcuit :

It II nec eeae r-y 10 der- Ive
follo wi ng I. va li d for tilt'

de ,
dw •

d

dw ( wC' - -' ) . C' .
wl'

,
w2l '

171

If the r e s ona nc e condi tio n III ccnstde red , t he roll owlna: will bl" valid:

~I . 2 C' (10)
dw ....

The l am e c a lcul a Hon proCO!'11 II now t o be c a r ried out for a capacl t ively aho rt­
e n..d r .. s ona nt Hn e cir c u it , The eu ac eptanc .. o f th e r e lon an t line c i rcu it Ill:

82. we a - ' - ..tlJo' ~) ' we aZ W.

w. C
cotlPolI cot{POl ll;;} 181

Arter an In t e t-medfate c alcu la t ion , th e ro Uowlni r t' ault a :

"
The c pe r a nve Q o f th e r-eeone nt lin.. c i rcuit II dirt'ctly p roportional t o the
t'qul vah' nt cll pac llanc e C' . In F l•• I , the e qui valent capac llanc e C' . th e I dB
bandwidth and th e o pt> rative Q o r a ~ x 150 tube a r .. d ra""n al 1I fu nc tion o f the
el ect r ic a l lenith o r a r-e eonant li ne ci rcuit , It 111'111 be seen that the bandwidth
o f the r-eeona nt Hn e wlll d.'c re.lIe o n Inc realing the I..nith o f th e lint"

The gre atel t bandwid th I, e c ht e v..d with pi • 0 , .. , g, with Z • cc ,
T h ll c o r rOl'lpo nda exactly to a e tm pt e LC ctre uu.
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h'!l,th o f the ccextat Un.. ci rcuit.

2. -rna BANDWIDTH I'ROB L I-: M

Il may seem pa r a do x to dema nd th e h lgh c llt po e e ib te bandw idt h o r a low Q
from a po we r- a m pl Hle r alaliW. Il ow..ve r , It ha a b".m e e en th at a PA Ilta"t' la,
not au ltllbl c to r p rovid ing Iiie aujac.-n l IIt'1t'c tlvlty - e ven a l an ope r a Il " ., Q at.
tor tne ta ncc, Qui' . 100. In thl , CIHI t' , th,':3 d B ba n dwidth woul d .U Il b., 1. 5 l'oHl it
on Ih e Iw o met r-e band and ttll' I r nll8mUh ' r would t ransmit uny uiercrttcn p r o ­
du c t . t hat occu r wUhl n th lll ba n d with v i r tually no r-ejt-c t to n , Til l . m t ' lmB th a t
all I pu rioul algnals m u at be r l' jt'ch'd In the pr-ev tcu a IIlagl'lI wlu-r-r - 10••e8 of
II fe w oJ U lire nol Impor-t an t . In t h~' at· I t age. , i l I. ne t 100 lm portant "'l. f tht" ci r ­
c uit t,mcie ncy II SO,," o r leI' .

II II allo Important Ihat the I'A Itagt' I. not evo rd rtven In tne Ilna1t' IloJt'l.'anoJ
m oot' . E ven th e bt' l t P A circuli cannol lupp rt'lull aplart e r- epaccd o nly 200 o r
500 klh from t he ca r rie r Ir-equonc y , Th l l II a lllO valid for a nto..nn a fUlt'rl etc ,

AI I n exam pl .. . a I'A c rrc un II now to Ue calcu latt·oJ th a t exhlbltl an atlt'nu a­
lion o f 20 oJB s ao kllz fr om the r .. aonant Ir-equcncy , T he IItanua r oJlu'd fro'qu t' ncy
nil :

• • •
·0

,
. to 1101

and tho Impe dance o f th e I'A ci rcu li II

"' o r a fr e quency fo of 14 ~ Mil l a nd f • O. ~ MH z . n III I + 1/211 0. when 1I01v.
Inll: for Q, the followi ng will r t,,"It:

Q . 10

n-*• 1450 1121
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An o pe r ative Q o f 14 50 cc r-r e epond e, a t a circuit l"fHclpncy of 90%, to a n un ­
loaded Q (Qo) of 14, 500, which Is unattainabl e In pr-nctic e,

Ac cordin g to these considerations , it w U1 b e s een t ha t t he m o st impo rtant
demands for the c o ns t ruction o f r esonant lfne PA ci rcuits Is a ehcr t etect rtc st
length o r , In ot her words, the h lgh e llt pos s ible Irnpodence , A s hor -t elect r ic al
leng t h al s o l e a d a to com p act mechanical dtm e natone wh ich In t u rn s a ti llfies po int
"d" of the general r equlremcnt s . H ehoul.d hi' no t e d that t he 3 dB bandw idth hi
no t s u it ab le fo r classify ing a I'A 8t age etnce the powe r 10811 o f the PA tube
wou ld a mount to non cpe rrn i e etble value s at the ba ndlim lt a , A demand for a
power- 10811 of J dB at t he handHm lt s Is m ore favou rabl e , This I dB ba ndwid th
co r respond. t o a pproxim ately h alf the 3 dB bandw idth,

3, IIAHMONt C S UI'P HESSION

If II. I'A et age hi o nly to bl' uaed tn t he A I or A :i mode , It wou ld b.' pUlllllb Jo '
for th,' harm on ic supp e-eaa ton t o m odi' In II lIublwqu.'nt lo w- paslI rtIh'r all long
all on e Is Wi ll In g to acc ept t he- vI rtually untmpor-t ant dl'c n'ast' In thl' 1I 110dl'
l'fflc it'ncy a nd If the PA s tage te "nF.U Kht " . A Hn "a r a mpl Hit'r on th ,' o ther
hand, III fa r m or-e Ill'n s itl v, ' with rl'Hp.'t' t t o till· eHlt>ll'ncy a nd lInea rity.

F i gurl' 2 s ho wII th e a impl t ffed la - Ua cha r ucte r-Iattc cu r-ve s o f a te t r ode or
pentod e tube, Under full-dri vt, condition II , the tubt, i ll dr-Iven u p to the Imre e-.
dia t e vic inity o r th t, bend In th e cha r-act er-teuc cu r-ve. f( the AC voltag e at th e
a node c onta in II nouceebt e harm on ic compcnente , un wa nt e d ccnvoreton produc t s
( lntermc dula tlcn } w il l he gene rah'd by th e non - Jtn ea rtty o f t he cha racte r-Ie rt o
cu r vo e; th l ll Is the maIn c a vae o f a pl at t e r- . 'rho only r-vm vdy o f thill Is for th e
dr-ive t o b .... r e du ced, wh ich m t'QI\S dl'crf'ualllg th t, ..rflcio'ncy by the sam e value .

T h e PA drcult ahould, tbe r erore, 01' d l' l'I l glwd fo r the highest her-mon te rej cc­
non. It III poaefbl e , fo r a rinal empt t r tc r tha t w or-ks ..a tls rac to rlly In t he t ete ­
gra phy m odt', to be com pletoly unu ..abh ' a8 a Itncu r a m plt rt o r-, Sinc e rcs onent
line circuits POSlie SII a g r eut nurnbet- of r-esonant Ir-c qucncie s , it Is Im por-tant
th at a c heck should be madl' to fi nd ou t if o ne o f the " .. eonancva al ec co r-t-ea ­
po n ds to a harmon ic of th e wa nt ..d Ir-equoncy ,

I,
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~ . SELECTION O F A SUlTAI:JLE HESONANT LI NJo:

It II tr-u e Ihat hllh e r- Im pe dance valu(,1 can be acht eve d eas te r- with ba lan c e d
IIne I , how e v...e, t he follo wing eonlldtoratlonl a rto Hmlted to unbala netod ( c oa xial)
Hn e e ,

The Im pe da nc e va lueol Z o f variou l unba l ane t' d RF lint' . are glve n In Tabl e I .

At Impe dance va luee of hIgher Ihan appr-oxtm ately 120 n , the Inn er conduc to r­
II very emall In com pa r-ison to Ih e oute r- c o nduc to r wh leh rnean a thai the c u r-r-ent
dl 'nalty a nd 1011l'1 ar(> too g r-eet , Il i a . howe ve r. !jt ll} po i llbl e 10 u . ... inner
c on duc lo rs ha vln l a dtam l' l t' r o f approxlmattoly 10 mm . Such a I'A ci rcu it II
to be d e ec r tb e d . In o r d e r to e neu re that Ih... Inner cha m b e r- I. a c c l' lllbl t' . a
I qua re ou te-r- conduc tor la more ra you r abll: t hllll a tubul a r typt·. The lunin g d tec
an d the c ou pling loop e r e m ounted on a mNa} plate th . 1 c a n be u nec r ewed. Tht,
re et o r th e oute r conduc to r can be eolder-od, providing th at It II m a d e ou t of
cop pe r pi al e an d al lo ng a. prcvtetcn h•• be en made to allow r ...pl acem ent of
th e PA lube .

There e r-e, or cou eee, Iur-the t- r e eonent line Iype a wh ich simultan~'ou sly III ow
• hi gh imp.'danc~' and a r edu ced ph . ..• ve loc tty to lo.. r ee lized . 1I..lI cal lin... .
and othe r e ou at ru c t lone that a e- e often u eed a a del ay line s . l uc h aa c oa xial

llnt' l with radially a lot t t' d Inner- a nd outer c onduc to r l ,llm Ua r at rip and meander­
Hnes , al.o be lon g to thl . c a t{'go ry ( Se e Table 2 ). The Impedance o f a htoll cal
Hne Zh II l iv e n by eqqaucn 13a; the he ll cal ra ctor Jon c a n be caleulatt'd a c cord­
Ing t o equation 13b :

1131

l13b)

1- (%)'
2 1n ..E..­•

l13al

- "

Il to Hc a l Une. are Ih e meet Inle reilina type. for the c o nst ru c t io n o f coa xi a l PA
IItagt'• • Inee they .1I0w the hl gh t' l t Im peda nc e and lcwe et phale veloc tty to bt·
a chieved . Du e to Ihe ht'lical te rm , It II po I slbil' for the Inductanc e component
of th e Hnt' to be tee r e.....d vl rtuaUy .1 wUI without altering the c a pa c it ance
com po nent nol ic e l bly.

In the s s m ", way thai the Impedance Is Inc ee a eed with r-espec t to a normal ton er ­
conducto r , th e propagation epeed o f the e tect r te er wa vell a long the hl"llcal IInto
wUl be r educed . A helical lin e I. thu s longvr- In Ih" ('I" ctrlcal l enSl' than a
normll lin e havinl the . am e ml'c hanlcal It·nath . A ht'lical re eonant nne c i rcu it
th at i . capa clllVlO ly lo aded, repre eent e, t o a c e r t a in extent , a link bl'lwN'n the
almple I.C ci rculi a nd t he normal relona nt Hne ci rcuit , Flguro 3 Indicate I the
Inc eeae o o r Impedanc.. a nd pha se com ponent a l a function o f the helic.l pn cn.
Each Individual ope r at ln g f requency e o r r e e ponde to a ce r t a in optimum heltc al
pitch. Unrortunatt'ly. the author ha s not been abh' to Iknd a aou r-ce l i vln , th e
In fo rm a Uon with r ela rd to the meet ra vourable dimensionln a o f l uc h r e a onant
line ci rc u it • •

O...taUed information sbout rl:'sonant line . i . I t ve n In r eft'rt"nc .. s (I ), (21. {3};
information about h",lIc . 1 line I ta liven In references (II . {2} and elpt'c1ally In
(4) to (5) .
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5 . CONST HtJCT ION 0 1-' IU :SONANT I.I NE I'A ST AG ES
5. 1. A NOItMA L It ESONANT I. INf,; I'A STAG I~

The til'S' conltrucllonlll e aample III lh ,' 14 5 M lh I'A , tag l' gtven ln F i e . 4 . Thi s
fina l ampllfh'r dot' II not rl'qulr(' a grt' llt deal or mechenfc al cener rucuon. The
<, c l ona n l l ln e ci rcuit ltld! cOIl81,tl of the lkn e, s ho wn "'1 ptece 41l in F ig . 4,
ha ving a high Impedance ( Inne r- con ductor : 10 mm diam et e r-, c ut e r- conductor
80 x 80 mm 2• Z ap pro.... 130 n ) and II. a hort st rip lin!" ( "' Ig . 4b I ha v in g Il

low lmpt'dancl' wh ich I. a dditionally capacltively load t'd with a tunina d iac
( " la , -te }, Tht' by ".... arran at'm t'n t ahown in ,.'t gu r t' ~ f ia mount ed on the
anodl' aldl' (ho t end 1 of the ci rcuit, If ecppe e p lait' la u s ed for t he caal ng
show n In Fia . ~d , it ia po.atble. with t he exc epnon o f the con' rlng plat e ehcwn
in ,,' II , 4c , fo r ull pa rt a 10 be soldered, The ano de volt"ll' is fe d th r ou gh Ihl"
10 mm dlam t'tt'r Inne r' con ductor ( ni ' ~ a ) ualng " pie c e o f c oaxta! c a ble .

T he c aalng o r out e t- conductor of the >. /4 r-e eo na nt Hne ci rcuit ( lIt'l' "' i g . { d 1
ia m a de fr om 1 mm lIOt't coppe- r- " Ia tl' . T he c a bln .. t I. tightly eolde r-ed a t th l'
l'dg t' . , Th e t ube ba lll' fo r th l' 4 X 150 o r 4 X 250 I. mount ed In th e 56 mm
d ts m ete r cu tout 0 1\ tht' baBl' of t he c asing. 'Th e Inne r conduc to r e xt t>nalon
( "' Ig , ~ b 1 Is ac rt'we t! t o the n a ltent'd end o f th e Inne r- c onduc t o r ( " 'l a , 4a ).
a. Is th e bYI,a.a e r-r-a nge m en t com p rlalng tw o pll"1:t,. o f part 4 fa, on e plt'c e
e ach of part ~ fb a nd ~fc ( aee H i , 4g I , P la tt' 4b I••c r cwe d into the h ole
loc a te-d a bove th e tongu e of Ihe inne r conducto r ( "' Ig , 4a ) , Th l a I. foll owed
by placing one It,non I P T F E) d i . c ( pa r t 4 fa I. pl ate 4fb ( at'ter bl' ndin l u p th e
aold t' r t ag T and the thrt' t' t ongu e a }, a s econd tl' n On d l . c ~ fa and pl a t e 4 (('
o ne .bov," t ht' o t he r- and ac rl'wl ng t hem tOlll'th l'r with th r e e ac rl'w., P la t l' 4ft,
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pOlIIl"lIl1es g reetcr- cu touts than the other- plec e s: a n in s ul ation p iec e of 4 m m
inner and 8 mm outer diameter ( 0.5 mm th ick ) i. placed into the .... c u touta to
keep It in place, T he a node voltage III connected to me loldt" r ta g T. Only pla t e
41b III connec ted to t he a node voltage ( the other. art" inllula ted by the t e n on
dlllCII ) ..... hich Ie then fe d via a c oaxial esb!e through th e inner conducto r ( F i g.
411. ). T h e thr.. e tongue. of pa rt 4 1b e re c onnected by mean. of a bracket to the
a nodt· radlato r of t he tu be . Th... other ( cold end ) of the inner conduc tor can
be dir-ecfIy solder-ed to th e cold end o f the oarer- conducto r CUll' ( ng. ol d) .
T'he mounted ar-r-angement i. shown in Fi g . 4h •

..
n U c

::'-.JJIE::::
•• I!IOA

_ 55 -

FIg. <l g Hy pa .. ar-r-angement a t th t" hot ..nd o f th .. >.. / 4 a node ci rcuit
t'quipped with a <I X 15 0 A tube

For optimum cooling of the 4 X 15 0 p r-eaeed gla.. be se , the ve ntilation 111 fe d
f rom t he grid side. A ce ramic c himney 18 not e b eolut e ly nocueea r y ; 1I lIuitabll"
chimney could be m ade from thlc killh dra wi ng pape r . Aft e r having cool ed t he
tu be, the air Ieavea tht' I'A ci rcuit by menne of t he wir e mellh window t hat Is
to be fo und on the cove ring pl e tt- ( Fig. ol e ) . With th e exception o f th t, Inne r
conducto r , a ll dl.menllions an' nol critical. Tb e reeonent fn -qu en cy of the c om­
pte-ted circuit can ea811y b.. chec ked u.lng a dlp- jn ete r-, T he adjustm e nt o f th l"
coupling loop 18 somewhat c ritical, S in ce the cor-rect output cou pling I. ve ry
im portant fo r co r-rec t o pe ration of a linea r- amplifier, t hlll wUI be ex plained
In detail In Section 8 .

T his a rticle III to be continued in the ne xt e dit ion of Vl!Jo' CO MMUNICATIONS.
U...ldt'll giving full a nd exact eon s t ruct lona I dt"tail8 fo r a he lic a l PA s tage , t he
p roblem of the grid ci rcuit , ne utra lization a nd t ht, c oupling loop will be dl a­
c ueaed in detail.

- - to br- continued --
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AN IF IlI PLEXEH FUH 28 - 30 Mill

by e. u. R~ltz, DJ 9 JT

Thill dlple xe t- wall d"lllgn.'d to connect eevet-al eho rtwave rt-'celvere( IF strl plt )
to a singh' VIIF couve r-re r-, It allows the band to be monitored on a number ot
s-ecejver-e without 101111 ot Ill'nsltivlty. This III ot advantage during ccnteets as
well as when monitoring the beueon signal, transmit and recotve rre qccncree or
active n-analator-e such as Oscar- and balloon car-r-Ied typoe (ARTOU , BA HTOH ),

In contrast 10 ulling eeve t-al VHF rt'cl'lverll 011 one antenna, it is not difficult
ulling the diptexe r to maintaln the aame lIt'nltUivily and la rge.slgnat cnarecte r t e ­
nee as would 1.>1' obtatned using a singh, rocctve r .

I, CIRCUIT DESCRIPTION

The dtple xe t- ( liN' t-'Ig, 1 ) conlli8tll or an IU' amplirtt'r equipped with the low ­
r-eactance pentode EF 183 ( 6E1l7 ) ( VI ) and 81x doubl r- tr-Icdca ECC85 ( 6AQ8 )
In a common plait' configuration fOI' ltIx outputs,

A bandpan CUtl'r i8 10 be found be fore and after the IU' ampllffv r- IItagc wh ich
la adjuliled for a bandwidth of 2 Mllz ( 28 - 30 MHz) by damping each reeone rt
circuit with a 5,1 kO roatsro r-, T he six common ptute IIIage II art' lightly coupled
to Ihe "hot end" or t he lallt r-eeonant circuit lIf till' bandJllllI1I rme r-. They do nol
1>01I.WIlIl any fr -equency dependent e leru ent a sfnce t hey a re me r-ely provided fo r
the Impedance conves-elcn 10 eppr-ox irnet ely 60 n.
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Since the bancJ pu •• n it er lUlt! th e com mon plate . Iagc. Induc e vo-ry Unit" 10••,
the lj: lI1n of th e 100' amplifier ru-ed not la· .0 high . Tht- pot entlnmete r- in th.·
c.-thud e circu it allow II the gain to bo va r h'd and a lm ultanoously to r <>t!uc t- the
c ro•• modulallon on IIhort wa ve recetve r e lI" nsitl ve to lIuch Int t'rfe rene e ,

2_ ASSfo:MBLY ANI) ALIGNMI-;NT

Sinet' alllle mbly of the 110" dtplexvt- Is not c r itical, no t!l' tIlU.,d de ec r-lpt ton III
i l yt·n . It Is Important tha t th e input and outpu t arc well ec r-...e ned f rom another ,
Thtll means that u III advlllablt' to enctc ee e a ch bandpa llll fl1tt' r in a IIcr "t'n lnK
c a n and to tl tt e r a ll op4..' ra tlnlj: yo itall t'll by ull ini ft' t' d - th rough c e pecnor-e ,

The allgnmt·nl proce lI. Is Hmttcd to t he two bllndpa lla fUIE'rll , It l a, of COUrllt',
bellt to c a r ry th la o ut ualng a IIWI' '''p mea s urln g lle t but It c a n a l s o bl' car-r-Ie d
out "allUy la ln i a 10 In VFO.

Fig . 2 and 3 IIhow th e authors p r-oto ty pr- wh o' a conet r- uct ton may b o- c opi e d

STANDAHO FM FHEQUENCY ON T WO M!,:THfo:S

TI\(" mod ification o f thl' ch anne-I IIpacl nllll fo r cornmercta l ull o'ra In tho- 150 Mil /.
band ha . led to a i n'a t nurnln-r- o r auch t ea n ec e i Vt' r ll 10 b.' o tr .. n -t! 10 a m a t eu r-e
at very n "aaonablt- pric e s . SInCt' th.- r ..celver- o f such t-qulpm...nl Is also c ry.tal­
cont roll ed . It i••dvi llabl... fo r a c e r-tain c ha nn d 10 bt' alj:r e od fo r . uc h Iranll ­
mts llion. 110 that QSOa ca n bo- m a d e wht'n Iravei lin g outl ld.' th., h orn e rcwn .
Stnce rvc ipr-oc e l Ilco-nclnll alBo allow II a nt' to t a k.' th. ' m ob fl e IIt a tlon abroad,
what wou ld b" bo-U"r than to kn ow Ihc fn-quo-nc y o f tin' local litatlonl . An o th.'r
a tlvantagt' would b., for o'm t' ri ,'ncy com mun lc a tiona o r t'Yt' n wh ...n you r ca r
br...ak l down o ne d ark r a iny night .

A fn' qu"ncy of I" ~ , 150 Mll z la ull t'd a. th ....Iun dard fo'M frt' qu t' ncy fo r Southern
Ger-ruuny and III r a pidly 1I 111·.'lutl ng . 1I 01t., ubout mak iliK Ihlll tho' , t unda rt! FM
Ir-equenc y for I';u r o pl' ? It ....oul d bo' "xtrt'l1wly advantllgl 'ou lI,
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cascooe I ..' STAGfo:S

by D. t:. :ktullith'r, IlJ 01 BG

Thl l I rlic'l~ . 1 1 inll.l rt'd I I it b~'clnH' kn o....n Ihlll ce rta tn inl t' aratt."(1 circuit .
I CA 3 00~, C A 3028 ) ("vuld lOt.' ope r-at e d In a cal<:ode circuit (I) , 121. Tht.' tor­
10winK ....0 11 llt.'a<'rlpHon ha . ro· .ulled art t'r a ludylnll Ih,' m l tl t' r in mO N° d.,t lil il.
Tht' . I m t' r"ault. ('In be .<: h it"Y.'d u aing dls<: rt'tt' t ran aia lorl ( 3) .

I , C IHClJlT l'H INCU' U :
Wht' n u l 1nl l ",n l l a l o r l , a case od e c ircuit uliluaUy ccmp rteee e common - emuter­
alalt' wh ich II gal_nlea Uy coupled to I. common-bait' conriguraUon ( n il:. I ).
Th i , arrangt'm .'nl t' lr.h lb1l 1 t he 'a rne amounl o f yol ta£t' a mpl lfk ali on a l a c on­
VO'n llolla \ eommcn -emmer a lagt'. Th... mlva nta£I' ia. how e ve r , th a t Ill.. lo-(·all ...d
Mll l t' r t: fft' c l i, no longe r- pr-e eent a l the In put. Th l ' i, b, ·c llu .,· no Yo l lag~' a m­
pllficatlun IlIk" 1 place I,ro' vi o u l t o Ih ... cottectcr- o f th,' ccm mcn-emttt ... r . Iag....
Thl' inpul imp.' t!lolnn" ..nu in put ca pac n eue ... tho'retor.. co r ro"pond to a Icw- r-eec ­
11'1" o r c um ph'h,ly ",'utrall u 'd com mon- em mvr IIla£t·. DUt, to till' ccmmcn- baa o
I t.ge, th., ou tpu t lm p\' d l\nn ' llil gr-eat enough to , 'n llure t hai th e connec ted fi lh' r
clcculta a ro' da m p.." far h-all Ih a n wou ld b.. Ih ~' ('alit" wlt h a com m cn- emttter
drcuit . The main a d vanta ll:'" o f Ihllil c onflgu rallon II , how~' v ... r, th at the " dd l ­
tlonal com m on- base circuit r .. du('{'1 th.. r eecucn f rom Ih .. oUlploI t on 10 th ... In­
IKl I eo Ihat nt'utrllll Lat lon II nOI requi r .. d , evvn at hllh am plUlca tlun fa(' tofl.

T o .ummarl zt·. th... caer-cd.. circuit ('om bino:l th...m plUica lion a nd In pul Im p~'·

,la nc o' of a lo w c r eac tt ve comm on-emtu e r ci rcuit wllh th.· 10w- r e ac tiYl ly o f Ih.,
('am mon- baa.. cr revn . Th l l fa made .... it h v... r y r.. w Id,lItional com ponenr e and
without Inc r ,'a,inl t he cu rr..nt r'·qulr t'm,'ntl.

2. PRA CTI CAL CIHCU ITS
Th e circuli dlalram of an uncont rolte d calcod....Ialt' II IIY,'n In Jo' l gur" 2.
Tbe a dd il lona l component rt·quin·menll ('onillt of one Iran,llto r , one r " . l l t o r
Ind 0 "" cepec ncr-. T h l a il compenaet ed for by Ih e fact t hat no nt"ulralilini
.. h ,'mt'n t l a r .. r ..qul r ,·d, It II po.alble , ulillnl on" additional cepecucr-, to build
up th.. controll .. " ('alcod.. atll" enown in l"lll:. 3. It liI hould btl noll·d that a c aa­
c ode , t ago' c all, dul' 10 11\l' lowl' r r ..action, be fa r b,'U.. r cont rolled Ihan a com·

men -..mitt e r- Itage .

A. c a n bo' 1I ,' ,' n in Fl lll.l r O: I 01 and 5, liILmpl .. c a lcodo' con (l gu r l tion" c a n b. · buil t
u p wllO' n t wo oj>e r llt inl '101 11£1'11 a rt' u . .. d; F iV, 01 I how, Ih.. uncunt r-ollvd, a nd
1'·l g . S th~· controlh·d c on flgu r l tlon.

3. A P PLICA TIONS
Perhap i th e 1.>.'lt po.. i bl~' application of th ... d ..ac rlbo'd ('aacod.. amplifl .. r would
In th... "" portion of a r vc .. Iver- wh ere c ase ode Ilal('1 complete rayou r a b ly with
l"ET I ,
l"I'I'ld - ,<th'ct tranlillorl , ..ap..dally MOSJo'ET ., pOllel. good ov ...rload ('h. r.c­
terialiC'". T hll will no doubt rt'.ull 1n t h.. m bl'inl in(' rt'aIJngly o·mploy..d In tht"
input Ind mlu'r Ilal". or VIII" r ec ...lyerl. ('y,'n thou!lh th .. ir curro'nt r ,'quir ­
menla . r .. Ir..at .. r Ula n t ha t o r bipolar tran,talo rl. Tht> adyantal.. 1 or F fo:T I
Ind dual-gltt' M OSI"t:T I a r .. not utllil"d t o Ih ... full In Inh'nn ..dllh' fr.. qu " ncy
ampli fi e r atlll"a. Thla II elpl'dally lru" if Ih .. major pa rt of thl' 1 .. lect lYity
la m a d,' dl re(' t ly , ft ... r th .. mllt .. r In Ilngl.. -cony.. c l lon aloll','metl,

Th .. d"acrl b..d c llcod.. allio', wtth th e i r Inh "fI'nt liabil ity and con,id.'r.bly
low er c u r r o'nt rt' l.l ulro'ment l are ther.. fo re m o no favourliblt" for I I-' applkallona.
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-~i~-------
Inexpensive VHF-modules, manufactured by the STE-compa ny of M ilan. who
ere well -know n in profess ional tel ecommunication circlee.
Europ ean compo nents , European manufacture. First-class commerci al con­
structio n and quality . Av ailable from the publisher. of VHF COMMUNI.
CATIONS or the manufacturer' , Please re quest further infor mation from
Verlag UKW·B ERICHTE, H. Dohlus aHG , 0 ·852 Erlange n. Gleiwitze r Sir. 45.

FEr 2 metre converte r AC 2:
Tile matchmg converter to rece iver AA 10, Neutrali zed FET Input 8tag•••
Crya lal 38,6667 MHz (HC-25/U)

OM 130,66
push-pull FET mi Ker,

S paci llea tion . :
Input freque ncy :
Ou tput f req Ullncy :
Gain :
Input frequency:

144-1 46 MHz
28-30 or 2"-"28
22dB ±2dB
so Ohm

NOlI e factor:
Image euppreeercn:
Operating voltage :
Dlmenllonl :

1.BdB
> 70dB
12_15V/ lS-20mA
120 mm x SO mm x 25 mm

5Od.
11 -15V /1S-22mA
200mm l( B3mm x 32mm

Image and I purioul
lupprelllon :
Operating vo ltaga :
Dlmenllonl :

soOhm
ljl Vlor 10dBS / N
4,5 kHz (---6 dB)
12 kHz (-40 dB)

MOSFET 10 metre receive r AR 10: OM 208,45
AVl llable for 28-30 MH z al IF I triP for 2 m converterl , or lor 26--28 MH z for reception of
the ci tizen band or for Ule with the 26--28 verelon of the AC 2 converter belo w . High l ensltl ­
vity ensures excellent Ihortwave reception . The good Isrge-Slgnal behavreur mllk e. It sUlteble
for u.e al an IF strip for convertere , Double luperhet wllh c ry l tal controlled second eenvereron .
7-l lage eecond IF of 455 kHz. Built -in SSB end CW demodulator. Connecttonl lor S-meter,
neiee Ilmlter /lquelch, Prepar ed for Ini tallilion of a plezo-ceramlC or mechaniCal filter , A
dll cr lminlltor module II Ivallable 10 thlt the receiver can be I Wltched to AM, FM. CW or
SSB, A matching AF-modu le AA 1 II alia Ivallable

Speclllcetionl:
Input Impedance ,
Senlltlvl ty :
Selec tiVity :



AD 4 AA 1

FM Umiter and Ol.crimlnator AD 4: OM 30.35
FM dlacTlm,nator lor th. AR 10 and other r-eeIVI_, w ith an Intermediat e "lMlVlney 01"55 kHz_
Adva nta ge over FM demodullllon UI lrtg th. IF· , lope: 11'1, recllver nled not be tuned away
from the l ignal, and ign,l lon I nt. rt.r.~. II l uppr. ..ed by the limn. , (AM'IUppr. ..ion :
40 dB , hmlter thr.,hold , 100,.V)

Audio Amplif ier AA 1: OM 29.70
Miniat ure In'egrated AF·ampll',.r wllh an output power of 1.S W at 12V. Ida.' for many
applica tion• .

12 V1400mA (ma.. 15W)
l50mm J; 48mm .. 32mm

Oparatl,.,V voltage :
Dim."'liO,.,I :

Translator transmitter AT 210: OM 152.90
,,·,tage cryltal-eontroUed tfln,mltter with modulating Iran, former and antlnna riley. Elpeclally
I Uitabl, for portable al'ld mobile operliion from 12 V. Cryt, llIla in 12 MHz rang. (HC.2S/U),
Connect ion available lor I 2-4 MHz VFO ,

Specification. :
Fr.,quency rang.: 1..4-146 MHz
Output POW'"
(unmod ula ted carri. r) , 2 2 W at 12 W

2,8 W at1 2 W
3 Ohm
2mVfor 2,8W
300--3000 Hz (-3 dB)
< 2 % at 2.8 W/I OOO Hz
150 mm ...6 mm .. 32mm

Modulator and AF-ampllfier AA3 : OM 82.50
. -ataga modulator I r'Id audiO ampliflar matd'lmg th. tram,mltt.r AT 210 or rec. tv.r AA 10. Bullt·in
ralay I Wlfd'l.1 th. modulalOr so thaf It ca,., ba used al a udio output for the receiver. Output
power more tha,., aufflele ,." for mobile oparI IIO"',

S peclficatlo,.,, :
Output power :
Output impedance:
Sa,."IUviry:
Frequancy ra,po"',a:
DI,tortlo",:
Dlma,."io ,., , :

Th, above mantlonad modu l" u n be co mblnad to form a compl' ta two matr' tra nK' lvar.
Tha)' ara ava nabla a .. atodt In Erlangan. Eadl modula la .ccomp.nled b)' • d, scrlptlon In·
cludlnV ci rcuit dl. gr.m, lilt of compon,nt, .nd connectio n dat. n, . Th.., modul" c.n al.e!
be purdla lad from the ra pr,..ntatiY.. of VHF CO MMUNICATIONS In tha followln g countrl..:
C,nm. rk & Sw.dan, Norw. )'. Spain & PorIug.l. South Africa. Oth.r countrl., pl•••• Inq uira
diracif)' to

Verl ag UKW·BERICHTE, H. Oohlu s oHG . 0 -852 Ertangen, Gleiwitzer Sir. 45



'iaYm CRYSTAL FI'TERS • FILTER CRYSTALS · OSCIWTOR CRYSTALS

dlJ l!> ) SYNONYMOUS for QUALITY IndADVANCED TECHNOLOGY
v I PRECISION QUARTZ CRYSTALS. ULTRASONIC CRYSTALS.

PIElD·ELECTRIC PRESSURE TRANSDUCERS

Lil ted It our well ·known I.rlel of

9 MHz crystal filter s
for SSB, AM, FM
a nd CW a pplica tions.

In order to .imphfy melchl ng . the
Input and output of th. " iter . com­
pri.. tuned d,ffl re nl'll! transfor.

mer. with galvaniC connec tion to
111. cellng

F,Ue. Ty~ XF·9A XF.9B XF·9C XF.9£

AppUC'hon sse- sse AM AM fM
Trl lll m't

Number 01 F,lle, C,.,."III 5 , , , ,
ee ndwidth (&:IS down) 25kHz 2 " kHZ 3 75 kHz SO kHz 120 kHz

4 --PllI, bl nd Ripple < , dB < 2 ee < 2 ee < 2 dB < 2 dB

Inn rt,on LOlli < 3 d8 < 35 dB < 3S dB < 3S dB < 3 ee
Input ·O lll pul Z, 500 !.! 500" 500" 500" "00 "
f ,rm ln'IIOn C, '" pf '" pf '" pf '" pf '" pf

(65OdB) ' 7,/660d8) I 8..1660dB)1 B~(660dBll (6 6OdB) 1
S"-PI FeClor

(8 8Od8)2 2 (680dB) 2 21(6 8Od8)2 (6 80 dB) 2

Utumllll AUl nu. t1on > 45 ae > tOO dB I > tOO dB > tOO ee > 90 dB

KRISTALLVERARBEITUNG NECKARBISCHOFSHEIM GMBH
o 6~2. Nec"',bilchol.heim . POlllach 7

XF-9M

ow

•
OS kHz

< , dB

< 5 dB

'" pf
(6 «:IdB)2 S

(6 eDdBj 44

'> 90 ee
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