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NOTES TO OUR READERS

W.. woul d lI kf> to apolo." .' tor th., d.. lay In mlto'rlal ,hlpllll'ntl durlnlil tho'
.umllll' r ruo nthe, Th l. hal bt"'n elvl.'d lJy tho movlnl or ou r df.'.patch d."pt . 10
n.·w , l . r l f.'r prf.'m l• ••• . Thl' wall pl. nn,'d ro r AUl u .l llih.'n "'.' "," .' r .· IIUppo'" d
10 b. , on ho Uda y. ! "nro r t una h· ly. t h.· n, 'w r-oome " ,"r . " nOI r.'udy and 1I 1111 111,,1
10 I", pl lu lp r" d lind hu v.· th,' wtndcw e tnll tu ll ,',t. ,\f tt"r "' " had Ih"" lJh "lI'cl 11 11
pa r tl" 11 wit h 1"1141 p, ,()(',',d lnQII, Ih., r-oom s "', 'r.' f ln h. h.d a nd In' ",,' r., .. lJh' to
cornmenc e lI.. n lln , Ih" bar klo" Ttl<' nO' ",' prO'mlll". h, vt, a llo",..d UII 10 " lI. p.. nd
lind l'rnploy mc re- .I,ff tha n in th pre vtoue locatton. W. hope thaI thlll will
1Ip'·..d up th.. p t-ec ....lnl of ,11 m. to'rl,l om.'r••nd llIl prov.. our ... rvtc .. . T ha nk
you fo r boolnl .0 pIItl , nt,

W. ' ""ou ld Uk ., to t,k., thl. opportun it y of ",Lllhh'fIl all "" .d,· r . a v.' ry lIappy
Chrl lll m ' lI a nd II pro llJwro u. :'Il .,,,, V.' lIr . I' It'a ll" do not fo r l.'1 to ' "" lIulJllc r U..·
10 VII I' COMI\l U~ICATIOSS .tnc-.· "',' h. v., 110m., r. aUy oul.ta ndinll: a rud ...
c-oml nl·
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vtu- THANSH.'l·A TC1H IAI. 1' l{1 11'A(;ATIt IN
r'Anr I

by BQ~ " r 1.'·llIlO'd lI a r r ill<> n. VI-' 2 ZTn

lPu bl h.hed Wl lh k in d perml"lon o f Ih, Au, lrall,n Me g a z in e Amal ...,r Radlol

INT KOI>tTTl ON

Hvceptln n ol VIIF 1I1j,lllall OV"1' \"'ry 1"11~ I".th .. Ihal CI'OIIi more-c j--!e•• tr..nll.
ver-ee-Iy to th.· • quator-t .. l zun" hav.· l.....-n .....por-ted 011 many ocea.lun. In th t,
l'lt 25 )'''''1''. Th" fn'qIHIR1"1I Involv.u an' ",·n,·r.lIy Ie r- in " XC" ' II of th.·
p rv dlt'led !'ill'''' .nd IIlin.1 1I!I'''ngthll IIOITli"tl.m.·. '1'l'roilch In',, '1IIIan' v.lu....
!'a lh h·n~th....·port .·... an' uliually ir,·al.. r- than 5. rum km , IIdth a few up to
16.000 kill. I"h• • •· 8iinnlll lin 1I"Il"rally ""j,l8rd,u all havlni al"'lv"d by ".no·
Illnl<>ulI" 11'IUlli"'luatorlal PI·<>I'I<~atl"IL.

r h r oUi huut th.' n'mllnd,r of thl. arl1d. tho authol' UII'" Iht' 1.·It.'rl TE l' 10
d"noh' thl. form of prop-Kallon, dropplnll Ih ..... ord "anomeloue" elnc e It lum.
out Ihat 11 III nol 110 anom.IOIlli all ..... flr.t Ihl>uiht.

I. A SHOIlT IIl STOIl Y

TI lt' Orllt Inli lanc"l1 of Intereontim-nt al Vllt' cOlllacle ......1'•. I'" po l'h'd In "QST"
by Ed TUtun In "Th.· World Abot, .. 60 Me" , May .n'" l.ktob,r 1\147 (I) , /2 1.

Th.. drecov ....y of TE l' by Hadl.. Amah'ur" did nOI r.·{"(·IVt· • IIr"al d,'al "f au.·n·
lion In 1110' ..cl,·ntHlc wurld un til Ih, lah' 1950'11 lind tlH' IG Y In 1!J57/5tJ.

Ccntacte 1l.· lw.· .·1l AUIIII·.111Il and lI a ...'ali , JI,l.'xlco and AI-it·ntma . and th~' U. .s,A.
and !" ' ro .... t·!'t· fairly "Olllllltm durlni tht· y,·ar. 1947 tu 1951. Th.,!'l' .... all th"11
a IIha rp d..dln .· durinJl tilt" OIuIIII I.ot minimum, but n.· .... re po r-t a llt'llan 10 app"lt r
ltgaln In 1955. Th.· numbr-r- ol r epor-t s ... -acln-d a maximum du rlni 111 57 10 11160
.nd agaIn durlni 1966 10 11171, SUlll" cunt.l,·t11 wr-1'<. ...-po r t ..d ovvr ,' lIO t r O' m d y
loni pathll , ".11, Soulh Arrlea 10 Eniland ( 13.00U km. ). lIul' lio . Air... to
W" lIlt 'rn U.S.A. (9 ,860 km , J. Arg.nllna to lIa...'all (\2,150 km, I, Aril'fl iina
to Japan ( 16 ,760 km. I. IIfld AUHtrllilu to M"Xlco [ 10.500 Ion. J.

Th.· flrllt .dllIU(lc pal" I' 10 1t1'1"'ar on th o l'ht'nolll "na of TE l' .... a. by Ed Tlltoll ,
l'u bIl 8h,'<! In til(' I' r oe"" d ln i ll of Ih .· S,'cOlld M.·. ·t1ni or IhO' M Il" 'd Comllli •• lo n
on tht' lonulIll'h,·r.· In Ilru"".,], 1951 Cl).

T h. · contact....-r-e r.thcr lIurpl'!alni IIlne.· Ih (' (r('qu'Il('h" ua.'d I'xC"e"d"d Iht·
convt'ntlonal MllFe for Ih.· drc-ultl Involv"d and pOlth h·ngth....'.. r{' rer In " x ­
Ct·•• of Iha t l,o ll. lbit · fOI' • IIlnih' hoI' mod.' via th .· 10no'l'h.. r-e.

F r mn Iht· lat<· 111$0 '11 luno'I'I1<'dc ect .. ntllltli took qultt' a Ih'al of lu ll' n,. t In t hlll
form of I'rOpaiation .nd "arly t'Hort. alm ..d at t'lIOplalnlni th.. phenom e no n
atternptvd 10 correlate thl'lt· unusual conlact .....'lIh main..tic/lonollphl' rlc .torm.,
(31. (4). lI o.....·v.· r . only a f.·... "ould bv cor retated with th,'a<' .Ionnl and moet
con weill could not b.' "11'Ialn.'d In thl. f...tuon.

Ob,,· r va Hon . mad.· llt't"""'n 1950 and HI66 by a numb"r o f P"op'" of Ih.' char·
ac t .. rlellc. and propagation mud"1Il of T El' 15·111. alonll with rt' ..-e r c h Into t h,'
.·qulllorial lonullph"I'(' (III, b""UKht 10 IllCht a lot of v"r)" Inl .. rt'lIlllli Information
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about T~: I' , In addition to cullt-ctlng Amlll eu r- oblH'rvlitionll , a numbe r- of (OX­

perimt'nl ll W" r '" lwt u p involvlnll IIF an d VIIF IIcatt .. r lIollndlnll", oblfque m e t ­
d.' net' IIIl' I' I'...d f... .quency 10nollond "II , C W b.'aeon o bli ...rvll tlonll , obt", rvatlonll o f
TV and FM illation. In Kort' a , J spa n and HUlIlIla, and ropalde tono eph .. r-Ic sound­
Ing by llah-Illte ll. T h",(I" " ffo rtll It'd to a b .· !t...r u ndl' rll t andi ng of Iht, e t r-uc tu r e
of th e equetorf al Io noephere a nd to IIugg .·t1tlontl r.,gllrd in ll the va r tcue rn ode a
thaI eupport 1'1';1' (121.

Hcwever, all ill '101 ~· .· t ...xplaIJwd , a nd rt',wllrch ill curr"'ltly bl' lng ca rrl ...d ou l
In AUlltra li a by f h.. Depa r-tm e nl of Su pply. the lono a ph ... r ic Prediction Se rvlcl'
Dlvillion and t h .- l'hy lllc lI Depe r-tm ent o f the Jam ell Coo k Un tve r aity a t 'I'owna­
viIIe , O f pll rlkular ln lt'rl't1t to ti lt' au thor III t h.. n i ght - ti m.' mod.. a boul wh fr-h
marl' w i ll 1.>., Ifald lat .'t' ,

T h .. curl'.. n l r t' II"IlIT h programme bt'l ng cltrrh-d ou l In t tn- lo w latltud.. eecuon
of th.· IPS!> indud.,lt th .· ,..·.· .·ption of I>"at:on tra nltm l lllllon ll, "xli-mining the IIlg nsl
c hsract.. rllltici and ("or"latlng thllf Information with oth.' r g"o l'hyllic lli plw no .
mena .

2. G f:NE HAL CIiA IlACTE IUSTICS OF VHF T E l' SIG NALS

T h" rl' a pl"'a rli to 1> .- t wo d llllinct typt'll of TEl', d ltltlnguillhe d by th. · u me- e o f
p...ak occu r re nee , fa d in g c ha rsc h· rlll lic., path It·ng lhll . a nd tilt' princi pal m od..
o f propa g:at io n ,

Mogl'l.t ic ti .ld· ol ilJ.... .
i rr~... lorit;••

G. oflll ognet; c /
Eql,lolor

Gtogroph,c
. qllct o r

f it· I: Tht propap tiolltntOn o!cn l ... dcll.ll TE'

l i...u 01 II'q llol
. t. ct , o... d. ... . ;t , .

20"S 0

\
' 0'G• 0tl'H:IIJ ...1IIic./ S

lot ,t vd. /

On e mode , dl'lflgnaled Claall I. , ...xhibltll th ,· following cha r a ct e r-tet tc a:
a J A p..ak occur nc .. a round mid -t o - Late a nerecon ( 1200 to 1900 local mean

Urn ", m easur- d al the poInt wh crl' t h ~' palh c e-oee c s th e rn a gnet tc ...quator) ,

b) No rma ll y e t r cng , s teady alinal_ with a low fadi ng rate and. m o r e a l't.'c tri·
cally , a ama ll Dop ple- r IIprt' ad ( a r oun d 1. 2 to 4 li t ) (1 2)

c) !'ath length. of 6 , 000 krn , to 9,000 km . e nd 1I0m.· llm .·s longe r- .
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Th.· pr'opo ..o:d pro~lallon m od. ' for C laa. I T 1';1' I. I ,·o.. na ll y II rnn d th.·
"au p.' r . mod.." o r t· mod~ . Aa c ..n bl ' a l·. n from 1'1, . I . th~ ray, tran.mHto:d
trom A , " akip.·· trom th .. c n"al In Ih....qu atorial looo a"h.·r.. a l X, e e-r-c•• 10
th.· c e- .... t .t Y and i a rt'fracl..d do wn t o t"arlh at H, Th. ' a.. "c n·au" ar.· a
f..atu", o t th " qu a to r lal tono.~.h .· rt· about wh ich m o re- la t .. r .

Th.. o th. r mod.. . d...lella t ..d Claa .. II. , h ow . t h.. tollowlnl ch.. r a d t"r l atlc . :
a) A pl'.k occu r r ..ece around 2000 I.ou r. 10 230 0 hou n local m ...n t lm

b} Ihlh . Ienal at .... neth . but wUh d p, npld fa dln e I t)'l,lc . 1 r at . a r .. S Ih .
10 IS Hz , ) a c ..o m pa nl ld by a 1)0I'VI.. r ep .... ad m uch e r ..ah·r Ihan tor Ci a •• I.
G, ·n .. rall)· Iho: Uol,p lo:r ap rt'ad la In th" o rd"r ot ~ 20 to 40 li z . ( I. ... I.. n
tlm ..a Ihal fo r C laaa I. ) 112) .

c ) P alh I..nllth. art' uaua ll )' . ho r t< I' Iha n fo r Cla.a I." b<o Inl around J , OOO km .
t o 6, 000 Ian . Soml'tun .. . Ih ..y a rt' lon,.. r .

Th.. pro~eallon m oo.. o r m ..e ha n..m for Ih l a claa. o f TEl' ia not y ..1 fu ll y
un, h· r.toud, bUI II II b.. lI .. v d thai Irro'lIl ulariU"1 I d..n • •• "cloud." of oI..drool
ha vin l a (,·rt.ln . p..c iflc .hal'" ) in the .'q uatorlal lun oltl'h.,rt,. which ar.. alliJI ..d
with Ih .' .·a r lh ' . main.-t lc n .. ld , 111'1 ' rl' .ponslbh· tur "duc t tng" 0 1' dtlch'ntly
"a('.tt.. r lnl " th.' s li na l tlu.' h thllt tilt' pllth l ..omet ry lo oka Ilk.· thllt in 1"11. 1
( trom C 10 U) 1121.

Additionally , Cia .. II. will ..upporl much hiih I' fro'qu.'od" l th.n Cia .. I. and
. len.l. h.y.' been oba"rYl'd ul ' to 102 MIlt . Thl . d<>t' . nol Imply Ihat 10 2 Mil t.
la the maxtmum tro·qu.m'y Ih.t Cia •• II. TEl' wi ll . u pl'oM. Ili a JU I Ihat
oobody h.. . rt'l'0rh'd ao . uth.'nlle {'a al' .ny hl ah .. r In fro'qu. OC)' .

Who will be th.· rtrat 10 m ak.· Au atraHa·Ja~n on I .... Milt via TEI'? f';o u l'p.. r
limit h. 1 Yt' l be .. n pecpc...d tor Cia •• II . Tt.l'.

C I• • • 1 TEl' la aom ..Um " a calltd "a flt"rTIoon -ly~ Tt.l''' a nd Cia•• II la . om.·
tlm .. a e alle d "t"\·..nllll·ty .... TEl''' for obvlou. r ... . one ,

Ufo", dl . cu l a lnl TEl' In fu nh.. r d.. la U, ...... ahould look al lh...qua lo r ta l
ioooaph.. r .. ,

3. T il F: EQL:ATORIA I. A~OMA L.Y

Th.' ..quatorlal tono.~.h .. rt, do". not ha v. · a n "y..n dl .lrillulion o f . l r-dron d.'n alty .
Aa can bl ' ....' 0 from Fi l' I , th. · I' · r"ilon 1110 -1 lectr-onic contou r- line a ( 110".
of ..qual .. h ,('tron d.'o .lly ) . ho w a d"plt 'lion of ..It-dron a , tOllldh. 'r with a d • •,
ot Ih .. F·r"llon h"l lIlhl, aboy. tho ma illt tt c ..quatnr , Roulhly aymmt"lrle , north
and .outh of Ih., I ..omalodlc .'qu alor, a r .' tw o " cr.. . l a" Ihat r. 'prt-al·n l an 10 ·

erl·a .t"d t'l"elron d..nllity in Ih ., F ·rt·IIon . Th.·lIt· c r"lta ar. ' loeatt'd b.' I'A't"tn
100 and :100 [ i ..omagn..ne la ll l utl,· I IIOrlh and . outh of Ih.· it'omalllnt'tk equa tor­
(131 , Th. loealion of th ..a .. rt'lIll"",I c a n b.. obtalno'd from ...Iila. :l, 3 and .....hleh
an' mapa of t h. · varlou . c ontlol'mal zon.... With th .. i"omalnt'llc la1l Iud.' IInt"a
aUI)('r im pO.t'd.

Thla I' lion of th lonoapht"r.. (w lthlo approltimal.. ly !. :l00 It"()ma ln.. lie lalltud.. )
la I ..n.. rally rt"ft'rrt'd 10 a. th ....qualorlal anomaly r"l lon d . pit .. Ih. fa ct that
It I.. a r"(\Ilar r.'atur o f Ih . quatorlal lon().pt....r e ,

,.. -





If Ihl ' e tecn-cn d.'n slty within the c r e.ts Inc r to a U '1 s u fHc h"ntl y It will 1.0., po •• lble
ror a .ia nal. Indd" nt upon on.' c r elt I t a v" 1")' e men an,I~. 10 b.. rt'f rac ted
a cro. a the ,.'omaandlc and , ..o. r a l'h!c equalurl t o the oppolllI' c rt' II1 and thence­
to ea r t h al Ulu slrall'd In FI " I .

.. , VlltTUAL II E IG IIT O F 'r tuc EQUATOIUAI. ANOMA l.Y

T h O' vi r t ua l rerlect tcn hl'lghta o f l i llna l l in tilt' anomaly acne varle. between
about 3~0 km and ~~O km , (12). (13) Ilvln, path I.'nith l In the o rd O' r of 3,000
km . to 9,000 km (12) for I lgn a ls propagat"d by the model eh own In nil. I.

S. I>llJH NAL VA lUAT ION 0'" TilE M",UATOHIA I. ANOMALY

In tilt' AU8l rala lilln '1I'('lor o f the world , th,' O'quatorlal a nomaly Iltart l to {h'yt- ­
lop 1.0<'111'1'''11 08 00 L MT and 1000l.MT , till' Crt'l l m cvtng away !l'um thl' mall ­
n t-ti c ..qultor betwe-en 0700 LM T and UOO LMT (13 ).

In thl' Amt'rlcan s ..c to r-, th e d .. vel opment UrnI' of the t-quatorlal anomaly II
much m c re vlrlable , but It I. a. 'n t- r a ll y pr.....nt aft .. r 1800 LMT . Th.. build-up
of Ih .. anomaly appf'lr l 10 occu r I.o ,·tlll'.·.·n liDO l.MT and 1800 I.MT, It owe ve r ,
thO:"I<' Ilatem.'nt . muet b.. t e ..t e d turlhl' r .lnCl· they e r-e ball .. d 0 11 v.. ry lilt! .. data.
Cornpa r t s on a b.,twt- .. n thr- po.Ulon l o r th.. crell l ov.. r- the Au s trala alan ee e to r­
and th.. Ame r-tcen I l' c t o r at me lIam.· L MT a how tha t Iht'Y a rt- fu rth.. r rrcrn thl'
..quator In th .. A Ulit r a la a lan secto r- tha n Ih l'y arl' In th t- Am eric a n eec tor- (13).

Tht- bt'havlour o f t h.· a nom a ly In tl1l' African secto r- III IIlmUa r t o tha t In Iht­
Au atrahUllan evetcs-,

Wh" 11 the aun Idll on th .. ball .. of thl' .. quatorlal lon08phere (aboul I . S hou r I )
la t.. r- Ihan around IUn..' t , I. .. . 19 30 houri I. MT 1. Iht" ba ... o f th.. layle' r lI.. ne ral1y
rhea and tht" ..quatorlal anomaly twalna to brt'ak up Int o II rat' "blob.."" , Thll
Is not alwlya eo, t tn- hall" o f tht" Ily.·r may not n,'c"18arlly rlu' and , on occa­
'Ion , ill found to rali or r ..maln at the p rO:" - lIuOl,.. t In-Iahl. Someum... tho' a no ­
maly d01'1I not b rl'ak up Into dhlllnl'l blob. and Ih,· .. It-ct rolll appe ar 10 dHfulH'
nv .. r t he ma"ndic t'l'luntor, Th.. IOllnaph.' r ,' I. i .. ner-alIy lIk~ thlll durlni ea rly
mo r nlna and 1alt· I'v.'n ln ll fl3 ) , Tht· d.. laU.·d bl'havlour or th t· (Io'cay phttu' of
th .. t"quatorial anomaly ha ' not y.. t b".·11 fl.Illy I' llt.bl h lhl.d ,

6 , T ilE EQUATORIA l. ANOMALY ANI> MAG NETI C ACTIVITY

On maane Ucal1y di llurl.o.'d day ' Ih .. ("quato rlll anomaly la not a . II' 11 dl'vt'!opt"d
al It i. on ma"n "tlcally quit>! da y . and it I, kn own that . In th e Au . tra]a .lan
ee-cto r-, Ih .. bule'" IIr" dUIlI'" to the' mttino't! c e quator- on dl,tu rb..d day, than
on qult'l day . (1 3) ,

H..cent r .....arch .1110 Indkatt' a thaI. In the Ame rtc an , .. c tor . Ih .. anomaly de­
v.. lopa I'arue r on v.. r y qul ..1 day l and In tht' lat.· a ft e r noo n on dl.turbt'd day.,

Inl u tf le l.. nt work ha a been don e in th.. Au .trala.lan ae cto r to ,Iv" • c omplt'11'
ptctu r-e ( which premi se to be' quit c om ple x ] o f the lnnut'nc~ of thp l.. v..1 o r
ma in("t!c a ellvlty on the t'quatorial anomaly .
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7. SEASONAl. VA lUATIONS OF T ilE EQUATO RIAl. ANOMALY

Tht· c n'll tllli .. v.. ry ne a r ly aymmc-t rfce lly £> lth.. r- atd.. ot t he ma im·tlc L'quato r
lit l'qulno. anti a symmet r-tce Hy al eol attce, Tht' elcet ron densitlea of th l' bulg"l1
a r .. llrl'lIt l' r at ..qu lnoll Ih a n a t llolllHcl' anti t hill, combined with Ih ... anomaly
eyrnm e l ry at e qc tnox , ra vou r . Clall.ll I TEP at t he ..qu tnox.... Th.. s ..pa rallon
and ove r a u widt h o f tht· cr£>1I11l vari.. 11 Il..allonally al ae, bl'lnllllrt'at"llt at ,·quinox.

"T ll tll " in th r ball " o( lilt' ~' - laY l'r a r e know n t o b... e e sccteted wtth the c r e er e
and art' most pr-onounced betw ... ·n 1200 and 2000 I. MT and at ..quinox (II). Tbe ae
IlItll , wh ich a r-e dl' partu rt's of th .' tee- e teet ron d l'nlltty contour-s from cone ...n­
t t- tctty ..... it h t h,' eartn, enha nc e th e tangency of a radio wa ve wit h th .. layl'r ,
conaequ ently inc rt-alling t he MU'" for lIu1tablt' ctrcutt e and im prov ing th .. chances
of p ropagation via a Ilup.. rmodl' ( F ig. I ).

8. SU NSPOT CYC LE VAlUA TIONS O~' rn s EQUATOH IAL ANOM A LY

At sunspot m a xi m um tht· b rt'ok up ot t ht' c r-..lltll i ll ll('n l'rally later th a n at sun­
llpo t minimum (II) . Thi ll a ppve r -s to be Ih.· major l'(h'c t of t he sunspot c ycle
on th e eque to rtat anomaly.

T'h.. reteuve de pletlon of e l ..c t r- cn e cve r- th e gecmegm-ttc equator- ill lll't' lltl'r lit
sunapot ma ximum th an at mi ni mum. The t-e 111 a c oneequent inc r ,·aa.. in th O'
nu mber- o f eroctrcne in t h.. cn'alll at maximum and a n Inc r-eaa... In t h.. p r e a l' nc e
of IHtll, lnc ree efng the MUF.

The c r" lIl a of th.. l' quatorlal a nomaly a rt' p r l' llt'nl for Ivwe r- houre durlnll su n ­
llpo t mi ni mum and t hef r ht'iehl , slz .. , allaoc lal..d t il ta and io niaallon denatty
dt'crl'allt' with dec r ..ase in eu nepot num bl'r (1 1).

All th l' s " rector-a c ont r-Ibut e to the obee r- ve d dt'pend ence o f Clasll I TEl' on
the lIUnll pOt num be r.

9. "SP HE AD- F" OH "HANG E - SPHEADING"

On s ome dllyll I r regula riti t'8 Illa r t to a ppear in m e ba ae o( th e ~'-layer by 200 0
hourll L MT and c a uee whllt III t e r m ed "ran i e - Ilpr ea d ln g" o r " 8p rt'ad -I' '' on
ve rtical Incldence lo nogumll. An illu s tra ti o n Is el v..n In Fie. 5 , compa ring a n
"unllprea d" lonoaram to o nt." Ilhowina IIp rl'ad- ~' (or dUfe r ..nt ttme s on th e eame
day at Cocos Isla nd . The ceuee of the lit." Ir rt'gularilll' 1l III no t yet know n . Tbey
an' not n t." ct' llllar ll y allsoclated w ith t he decay pha s e of uie ('q ua torlal a nomaly.
'rhe r e eppee re 10 be a connecttcn betwe en lIpr t'a d-F a nd ev..nln g ty p.. TE l' (14 ).

The du ra tlon o f ap read- F is qutte ve r tebte, 1l0ml"t1ml'1I lalltine for le aa Iha n
hou r a nd a t othe r- Umt'll lallting un tU 0600 ho urll t he ne xt mo r-ntng ,

T h e occu r-renc e o f IIp read- I' III mo rt' com mon on mlllln.'t!cally qu iet day. , in
per-iods of lIunapol m a xi m um , a nd ill mo rt." common in a r"aa where th e gt'omag­
net lc and g..ographic equato rs ar.. wtdely . ..pa r a t e d (11). Th t." rt' a ppt'a l'll t o be
no c o r r e l at ion bt·t w.' ..n magn ..li c act ivity and lIp r ead- ~' a t eunepot maxtmum ,

T ht' occu r-r-..nee o( a pr-ead- ~' favou rll t he equ tnc xe s , pa rtlcu la r ly In til .. Au st ral-.
allian sector (11 ), t'xcl'p t al sunspot minim um wh,' r e it favourll th e Ilummer
1Il0Istlct.". T hill t'lfl'ct 111 no t ao pronounc t' d In t hl' Am t."rlc an lI..c t o r .
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Sprt·.d· .... pp ... rl 10 be d~'pt'nd{'nt on lhe po.l·eunllt't riat' oC th~· ...· l.y ~' r b".~,

which la moat pronounced.t ,unllpol mlil.lmum {Ill.

10. CLASS I Tl:P·CAUSES AND CIIA RACTE IHSTICS

It I. now we l1 ~.t.bll.h ..d th . t CI ••• I T t;1' d ..p..nd. on the e quato rlal .nom.ly .
All tht' oba.. rvE'd va rl.t1on••nd charactl'r!alic. of tht" E'qu.tort.1 .nomaly In­
nuenct' Clall I TEl' In a pr'e dlcuble mann.. r . 1I0..... eve r , whal II the C.UII(·
b..h lnd the C.UIe ? o r ......h. t c.u.t'. Ih,·at, two c rt'.t. thl t a re a f('a tun' of lh,'
",qu.to rlal tcncephe r e ?

10. I. Tnt; FO UNTAIN E t'n;CT

"urinK t h,· day, t'! ..e rr-one trom the b••1t" o f t he "' - la YE' r movt' upwe r-de , In t h. ,
rt' lllon of t hv m.gnt'llc dip equato r I whej-e Ihl' m.ino-lie f1 t"ld IInt'1 art' hortaon­
t.1 I, und.. r th o' c ombtned Innut'nct· of t h. ' " a rlh ' , magn.. tic fl<'1d and Ih," .' I..cr ete
f1l'ld th. 1 t'-.lIU betw e en the t :- I. Yf' r I nd the ...-Jay e r- . Th"" l l' e tecrrone Ih ..n
d lrtu ... ,Ioni me m.ine uc f1t'1d Hn"l .nd .ceumul.h' . t t wo place . .. lth.'r .ld."
o f th.. magn..uc eque tor- , formlni tne er""ltl ot th ....quato rl.1 anomaly (IS) .
T h.. t' ff..c t la Illu.l r.t ..d in "' Ig, 6 .

..•••~ .. " . _ I, . ..

T hll "kpl.n.llon II. o f nee t' l llty, Il m pl...nd p.. r h. pl no t ..ntlrdy aeeurah' ,
but Ihou ld ... r yo' fo r t he purpolE' of Ihll e rttc!e, !-'or tholl.. who whoh to kno...·
mor t' . r E' a d ee- Ie a-enc e ( lS i,

T h.. E' rfE'ct of th e l'qu.torlal anomaly on foF2 t crnteet Ir-equency of Ih .. ordi­
nary r . y a l YE'rtlcal Incid..nee Cor t he t ' 2 layl'r I for the- .rt'. E'ltht'r aide of
th e it'om.fI\t't(c e quat o r- 11 Ilv.. n In th .. InU'1 of "'Ii' 7, Aa can b.. II' ..n, Co!-'2
r E' . c h" l a pt'ak whe r-.. th .. crE'at•• re Icceted lind. Iroul h ove r- th.. m.int'tlc
.. quato r. Thll p.rtly ecccunte fo r the Mih MUF. obee r-ved wh ..n ecpe r m cd..
propaiatlon I. uI..d.
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II . IH .T A II- Ell C liA ItACT E ltlST ICS

Th.· ch a ract .. r l . Uu I of Cia"" I TE l' wi ll now 1.>., ,lill.U.I...d In d.· tall wU h ft· ·
f.' r ,· ne .· t o lI. d" I"'nclo'nn' on th e " qulltu r la l anomaly . TI\l' ",·a d.. r CIlII " .. f.· I' lollf k
10 pa r tleu la l' l ,al'lIl1ra ph ll In th .· dl . c u llllion o f th .. t''luato rla l anom a ly If n.·n ' . lIary
10 ,· lurldat.· tilt' d" I" 'n<1 " llc , ' o f vll r l"u. (·h ll r a r t .. r llll t l"1II " n t h. · llll lloc la t "d ,·h<lr ·
al'l ,·rllltl" . o f th. , " ' lu ltt o l'ia l alll/milly .

T h.· ft· ill a p.. ak occu r rvnce of C!1I1111 r t ,1' b...I ....·.n 1200 and 19 0 0 I.Mr for
. 11 • •-r to s- e , ludl vldual l'1ITUIlIl >lolJl hll v, .Ilj;htl~' dHft· rt' llt I><- ak occu r-rv ne."
!lm.·••om .· ",dw I·., ....-nnt n th.·I1 .· IIndh. nll' ,"'a k OCCUIT" 1I0' H nlt'll colncl,h' ... Il h
Ih.· IItllb l.· pha lli" or th .· " 'lua to r l!l ! unll Ulltly wh ich I• .\I"11O' 1'1I1Iy .....·Il , h·v t'! " I,.. d
afh ' r I I ll /) I.MT a nd u" llln ll to .I<· o· ay a l'ou od 19 0 0 I. MT . O"'"lIlIlo nlt ll y II ... ·rn a lru.
IIta b l.· ern-r 1M . tune, I'a l·t lcu la r lyat "'Iulnn" a t lI11 n"I'"t rllaxlm um ( II) lind
fJulll t· rva tlon. b"lIr Ihlll out . lll¥na l. ... ·m a lnilli IIl a l.>l .· fUI' 1I"\"' r a l h" u r » nflt ' r
19110 I.M T b.· fol· '· " "p" rh' I\(' ln i Ih. · n u tt " I' fa u ln g of {'Iltll. II TE l' (1 2) .

P. th . Ih at arc no nu al ( o r /IIoarly 110) 10 Ih .. j .."majno ti c " 'luator and .ymlll
t r lc-. ll y 10<".. I<·u . 'lIh,·r .Id" an' Ie vourvd, " "p"I' h ' ndn ll ,'. 1"11<'1' lIta rt t lm.·• •longvr
durat ion . IlIId a IIn' il t " r num L... r of on·u r n·rH" .'1l • " I1 I,,", la ll y a t liIUIlIl I'01 m ini
mum .

AUlll ril l la and A IIIII ·JdI'RIl ar-v il h' a lly lll tu ult'd III Ih l" ft·II.. ,·d a ll 11. 1'.· C" III I'u l!
South Afrlc a anti N orth Afr lca ! M" ,lllc IT an, 'an . T h,' Am"rlnlll 11 ft· nu t IIU .... ..JI
o ff .. xc,·pt fo r d r c u lt . Illvol ving V,·n.· t u.. I• • G uya na . Surlll ilm . e-tc • • and C hU .·!
A r i,·nUna . S.·.. Ih.· map. In n i l . 2. :1 and oJ .

T El' c a n occ u r 1'1 .ny 11m" of Ih ,' olllht o r day. bUI It III mOlill
.....·.· n (l41l0 .nd lI BOO I.M T (I I ) for r-Ithvr ('Ian I o r Ci a.. 11

In fn·qu .·n t l....l ·
TE l'.

Oc cur-rene .. U rn. ·, III'" gt'l lt.'l'a lly d"l"'n<1" nt " ": -
11) Sul t l1 bh' pal h j ,·om ,· Il· y . in cludlllg !lit . .... h lt-h a ll u .... lIul't' I'mode I'ro pa lla l lon .

b) B u il d u p of llufflc h nl lo nl .allull d ,·n. ity In Ih .. " 1','.111 o f Ih. , ,·qu. to r la l . 00'

mall' euch thai fnt"2 o f .. a ch c n·.1 J••u fnel.·nt ly h1llh 10 Inc r .. . ... th.· M Ut"
abov.. thai no r rn a lly .. xl..·.· I ..o..1.

c) SUll llPOI num be-r- Ib) I . obvlou.ly d .· p,·/Il !t·n t on IIIU IIIII,ot number-, but t hl . I.
not th.· only fat'lo r Involve-d. T h l a tI","'nd. nc.· II not a. g r '"81 all On .' ..... ould
lmagln" Mild llil nun-h h ' llli Ih an fOI' ('la » 11 II .

II) S' ·IUlOn.

II. 2. P ATII CIIAHAC TE IUS T ICS

A. CI. II11 I TEl' II pro.,. gat ..d vi a B .up,· r mod.' ( F II . I ) Ih .. path j "OIn t't ry
C.II b.. d .. l l' rrn l n.. oJ fo r the maxim um a nd min imum r a ng.· jlo l lllbh· fo r Ih .. OU'
.I:' r vf'd p. r am ,' !o·rl of thr - hu li'" of th.· ,·quato r l. l l1 num a ly , 1' 11 ,' parllm,·\l· r .
IIff. ' cll n j Ih.· pnth 1I.·um .·try an' th.· h .. lih t a nd loc a l Io n o f t il.. virtual ...-Ilecttcn
pol nl ., foF2 fu r th.. .... point . BlloJ lllcld.·n · anl l" . t o thol " po llli a . Know in g
thl· ... . It bec om .. . Im••l bll' 10 p r ..dlct th .. m lmum a nd m lolmum r.nge e , Th.. . .•
wo rk out to b" b.·t""'...·11 ~ . OOO a nd 9 . OliO km (12) . Th l . wa ...alculale d • • • umlni
Ih.1 th.. path _ noJ ' ·'l ua lorJ. 1 anum .ly .. .· r .. ey m m ett-Ic a l .oout Ih e it"Om aille t k
..qu. t o r .
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Obliqu., path ll and e eymmet r-Ica I I'ath ll wlll "lwoUflh'r diff,'r.. nt ('ond illona auuut
which mon' ..... ill b. , said later .

Th.· b. ,,,,t pulhN an' Iho,; ....... hich un' loc at ed lIymmt'trlcaily abuut and nOI'mal
( 01' m-a r-ly 110) to th.· g"omIlK'wtle '·(Iu.. to r and th., ter-mlnala of which li,' 10
an'a a bt'l....-en 200 and 'Wo j( .. OlllaKlwtk lntltude north and south (If ttl(' g.'oma,l["
m-t ic equetor, Tht's.. ar..as an' mar-ked 10 Figs, 2, 3 and 4 ( croll» h.. tctwd t o
th .' right ). 'I'heae paths tend to .·xp.'r"·nc.· Clalill I TE l' uroru otu-n than ob ­
ll'lu .. or allymm.'trlcal pathll.

Vt' ry 10 llg !,athll (gn'ah'r than 10 ,UUO krn . ) a n' al ..... ayll obli'lu,' and eom .. other­
form nf pr-o pagatton "!,,w.. rll nt·C.'lIllll.l'y to allllist th., IIlgllltl In bt'inK Iavcu rably
indd"nt on th., bulg.. s of th.· ('fluutorlal lIllomaly. Sl'0I'adk E ( I-:a ) if; the rno st
Iik"ly caUB.' but thiB hall ye-t to b.· c onrt rmed, An observanon by Ho g" r lia rd,
VK 2 Z ltll ( pr ivat., communication I a!'p,'arH to suppor-t thill. On 8t h Nov.'mln' r ,
Ul70 , he r'"lwrt .. d h.... ring Wll 6 KAI' on 50 M i ll. frum 1310 to 1435 EAST. AI
th ,- Halll.· tim.. he r-vpo r-t.. d IIl'u radic EBillnala from Now ",,·ah.nd. Now WU 6 KA I'
hl!OCalt'd in Califormla some 12 ,000 km. rrom Syduey , Fo r this lIignal to have
been rl' f r a c h ' d acrOll1l Ihv equa tor vlll It euperrncde it muat havl' lit ruc k t tl.,
sout he r-n c r-.. tlt of the ,'quatorlal anomaly som.· ..... h .. t-e aoov., W..et.. rn Samoa which
Is sum .. -1 , 5 0 0 km from Sydn.·y, A r ..y , kavlog the ,'a r th t an K" nlia ll y would
",trlk.· th.. F - Ia y .. r som (' 2.IJUU km away at tho' moat . T hus 1101111' ether- fo r m
of p ropagation wa ll nvco aea ry lor t h.' a l gna! to r-each Sy dney , It wor-ks out th a t
It Is pOlls l b l.. for sporadic E . located 0'1.. 1' the Tasman Sea ('ali t of AUHt l'aHa .
to r ..rr a rl th.' IIlgnal lIufflcl" ntly for It to e r-r t ve at t h.. equatorial I<n"nll~ly 0'11'1'

W.' lIto rn Samoa.

Southern California Is Ices ted lIuffich'otly c loee to the geomagnctlc "quator for
" ray to IItrik., tilt' ,'qualorlal unomaty at a Iavou t-a blv angk,

A 3 1' modi' has been sugg.·lIh·d (III , uut as yet la unconffr-med. li s l ikeli hood
hi ran',

TEl' over path II which li n' fairly obttque to th.' g"omllgnt'tic r-quato r- (650 01'
It'ss) h'nd to u." rvneonubty lon),l ( gr('at"r tha n 8 , nuo km , I, ran' , eho r-t llved
and tend to O(TUI ' mainly tlom" w.·.·kll afltT t h.· ,' qu lno" " " Many of th .. m an'
allymmt'lrkllily Hltuat e d ..... Ith rqtard to th., g.'omllj(lu·tlc cquator- , bu t t his blall
III prouably du .· tu ob svr-vct- ",tatioll dl»tributlon. V.. ry lonlot r-.. nl/'· TEl' III g~­

m-r-afly obee r veu OI\{' to two y ..a rll aft" I' II IIUIlIII'0t maximum and r-e r-c-Iy, If
t'v,'r , during th." llunlll'01 minimum.

11.3. HAY l'HACING

If a (wl'l t'S of rays It-om a trantlmitt"r in Ollt' 1lt'llllllph.· ... · III traced, ufllng
c om put c r etruulntton thr-ough a mod.,1 or t h.· o·qua tortal iouosphe re, it III found
t ha t much of the 10-« anglt· radiation t ravele via th .· lIup"rlllOOt' of prcpagauon
lin" {'xpl'r\l'llct' a II I.. rg.' d ... j:r.·., of focu.alng III till' r"l· .. rve r .

10 F ig . 7 , a comput .. r printout Is ahow n illulltrating thlll rlly·foculliling ..rfl'ct,
T h., 101l<'l Ilhowll th.' variation of foF2 ..... Ith g..omagno·tic latltud{' a llaumt'd fo r
th .. particular circuit, T tlt' p r-intout il rt'produ('t'd h,·r .' with tilt' kind pe r-m Ie eton
of M r , U. C. G\bllon-Wlltl." of th.· J ..m.·l1 Cook Unlvo'rlli ty of North Qu cenlliand.
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Ha y fOf'uIlil ng I. U very im por-tant c harnf"l" rhltk or <.:Ia"o I TE l' lUi It p ru­
vlll '"1 th. ' IIt n>nK .I~no to and "a r- cn 1 .·It"ellvny" ( oll/nol ll b. · jn l; he-a r-d In un .'
nun'owly d..rhwd a r-ea and nol in ut lw rll I Ihat I. orn.n notte ed all b.· lng a Ol o ­
cluted with a(h' r noo n typv TEl' (10) ( a l. " '"" po rh'd uy I) .Ta lllU'r, VK 8 AU,
p r l vah' rommuni.... tion I,

Many oUII"rv" rl ha v.· note-d t hat , from th"lr locallon, T El' olKnal, a n' (,bll ...rv.·u
fi rllt Ir-nm th .. m01l1 va stern a n"a and Ih, 'n(' .' 1110'0'" ......· 111 • foll o ....,lng ti lt' eun,
Fo r .."'aml'h·, Amah'urll In th." Ell llh ' r n Slalt', of AUIIII'allll flrlll nce r Amah"un
In th., •·••tern !"t'gion. of Japan. Th.' "alllnTl IIall"nll llrRdually dhlapP" ll r and
an. rollo .... .·d by IItaliono In {'t'nlral Japan , tho"n w('lit .. m Jal,an , th..n Ko ro'a ,
J a pan..." , Ama t ...u rll Hrot h... r otationo In t h.· .·."h·rn Sta l ... ((Jld. , N.S. W.,
Vic , I .nd Iht' n olallonll In c .'nl ral n ' glon o of Au. t r a l ia ( N. T. , S.A. I rollo.... .·d
by Itltlona In W.. . te rn AUl t r l ll a .

Ih·ft'rrln ll beck to Ih .. d iurnal vorlatlon. In the- .' qultt o r la l anomaly, you wil l
nonce Ihal th.· build-Up o r lo nloallon In th.· cn'lIt. I. tim e ccpe nd ent and henc ..
Ih.. c r illcal rr .. qu. 'n cy i' t im e d,·p...n,h ·nt . Thu . Ih ... rl 'gl o n or m a xim um lo ni .atlon
will Ioll o ...., til t' au n a nd wil l hav.· a w. ' a t ward mcuon. <':onll "'1u " nll)' cunll(' tll
betwer-n Au otrall ll and Japa n wou ld b. · " ltp" {'h'd 10 ('fJInOWllCO' fi r"l In th... .'llol
Itnd m ove w.... twllrd ,
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11.4 , SEASONA L C IiA ItACTEIUST ICS

Th,·r.' I. a m'lllimum numbt'r of occu r r enc.. . around th....qu ln oll'" (o r .11 . ..c-.
ton' o f the world . Thi. il du .. 10 th .. more favour.bl .. co nditi on . Iha t ,· lIi. 1 In
th qultorl.1 . nom . ly .t Ihll' II'quln ollt' " It ll'f.. n·nc.· t o the .... . on.l vari.lIon,
In Ih quatorlal anom.ly will IIhow thlt the Im po rta nt paramt't .. r . 'Itldy th ..
b.· lit con dit ion. for Cia•• I TE l' at th.· ..qu tncxe e, Tht' a ttl tud,· of th.· "arth
with rv ep ..c t to th ...un and t ho ..c ltprtc plan.' II obvlou . ly th .. major c onl rol Une
fa ctor on tilt' eym m ..try of th l' .'qua torlal anomaly a t "qulnoll .

Then" I' alway . a Rreat .. r numbe r of ucc u r-r-ence . DC Cia •• I T E l' near- th ..
• unapcr maximum than durlne thi> min imum . II i . we 11 known that eun ep ot num ­
b.. r aUt-ct , th e MUF o f th.. F-Iay .. r and foF2 for t h.. c r c l t . of tilt' ('quat orlal
anomaly foll ow • • Imll. r pene rn.

Ilow t-vt'r . the e n'a t e1 1 numbt>r of cccus-renc e e o f CI . " I TEP I' e ' behtnd th,'
, u nll po t m.xlmum by on.. to tw o y ... ra. Th.- ree eon for th l. I• • •• y et , un ­
kno...-n (II) .

Con t ac t . cen b.· ha d .lmo.t dally around th.· .·qulno".. , with Cl•• • I TE P ••
w•• evtd..ne-ed by th .. op"nlne' r ..port ..d ill "Amat..ur- Ha dlo" (16 ) and "QST"
durlne 1970 and 1971 • • we 11 a. u rU .. r in "QST" (I) . (2 ). Simll.r r l·lIult . Mrt·
r e cord..d by obll qu.. Ioncaond... opt'r.tlnl on tranll ..qua torlal c r r c une b.. tween
Okln.wa .nd St . " Ud. ( S. A. ) .nd Ok lnaw. and T'ownavtll e (Qld .).

It . S. SIGNAL C IIARACT E RIST ICS

Ap.rt from Ih.· rr qu ..net e, involved, t he moet "lItraordlnary ch.r.ete rl.t1c. o f
Cia•• I Tfo:1' . l en. l••re th e i r e t r-e neth a nd .It,.dln.. . . ( ab...ne e of f.d.- ).
SllIn.1 ItrO'ngth c a n eom e urn ... approach fr.·.· IIpac.· v. lu,,11 (12 ) and t h.. f.dLn e
rElt.. III no rm.lly quit .. lo w a nd not ve ry de e p (1-3 ), (10-12) . Thl . II e xptatned
by tho' r.c t th.t raya atrlk(' t h.. ti lt••,.oe l. l t'd with t ht' c r-e llt. o f t ho' "quatorla l
. 1I0m.ly ve-ry n..a r 10 t.nlle ncy and a ee .. fflclO' ntly refrac tt'd; thl . c om bine d wi th
ray foculI, lni • • nd th .. ..m ...bec rpuon for . on .. -h op path, I...d . t o v.. ry l tt t l..
• IBn.1 1011I 171. (8) . (10) and (II).

M.ny Am.t eura r-epor-t good r ...ult. runnlne only medium to 10.... pcwe r I under­
20 w.u.) .nd . m.n .nl nil. II (161 1.1.0 In prl v.lt· com mun tc aucne I.

Th.· low fadlnll ratl' I. alao a••oclat ..d with a low Dopple r . h llt i' " " r l lly
around :I:. 2 to 4 III (12). If a powe r 'p"'l·tn l d"naUy Ilr a ph ( . Iina l pow .. r Iev et
v.. rllu . J)oppl.. r . IILft ) I . ..xamln..d for <..:Ia •• I TEl' , llna l . , Lt I. ob ll,·rv..d
that m Ollt o r tilt" llopph' r ahllt I. I.. .. t han i 2 I h with anoth.. r . IImall'·r. 'It'ak
at !.4 1h (12 1.

Th.. pe.k MU" Cor Ct• • • I TE P 'ppt'ar. to b... r ound 60 Mill (12) Which plac,· .
the 6 m.·tre Am .t..ur band In • vt'ry Cortun.lt· poall ion .

The fn·q u,·ne lt· . In volv..d In Cia•• I TEl' ....'111 .Iw'yll bl' a bo v" th,' p n ·d lch·d
" IVF, Co r tho' p.th In volved. by A con,ld,· r.blt· t.c lo r. So you r.n .... ,. th . t
C lall. I T E l' .H..c t. th,' II" I""ilon a .. ....... 11 •• t:, .. lo..... ' · r VIIF rt·IlLon. Contact.
on th e li t' band. VLA Cia•• I Tfo;I' hll v.· b""n n -porlt' d (121, but . r.· n ot o n"n
('(·r o gn l.,-d by Am.tl ur. ,
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Tlw Mill-' fOI" ubll 'lu ,' pathll III Il,·n.' nlly lo ......·r. owln ll to un favou rabh' "loo k"
a n¥ 1I·. on til" "qualo rlal a no maly, and ('nn. '·'IU,·nlly Ih,' Min ' fo r Ih.. I1 '· pal h.
("lu ·.... ll. 50 Mil l- It· •• oft t'n Iha n for pa th a wh ic h an' m or-.. n" a rly normal 10
Ih. ' majlnt'tlc N luato r (7), (Il l a nd (1 2) .

AlthOl.l¥h C laa. I TEl' pr ov\d.. a ra lrly ata bl .. aillnal a , wld..ba nd IIYll tt-ma will
au t/t' r ll illtortion dUI" to multlPflth ., rr..cta ( a" " Fill. 7 ). Vo lc .. t r a n am l•• lona
""II I nut apprt'c1ably au ffp r . Pllpt'dally FM, but h ' h ' vla lon plcturf.' .Ienala will
t", o r v"J")' poor qyaHty (1 2) ,

It rn uet lI.· und.. ralood tha i CI••• I TE l' la not a "nonnal" 1-' 2 mod.. o r prope ­
eat lon aa many VIII-' Am alpur. a...-m to t hin k, 00 1 It I. c(' rlalnly 1'101 " anom al ou a"
within Ih. ' d.' flnl tlun o f t h.. wo r d . Th.. MUF o f th .' F - I. y ...r fo r 1 I-' o r 21" m od. ,.
In ¥.' n.' ral rar.. ly exc eede 50 MILt ao Ihal ('I." •• J. Tf:1' cannot be c1• • • ed a.
"no rmal" F 2 . klp on ui e s e Ilroundll alon.. . Secondly , CI II•• 1 TI-;P IravI,11I via
Il two -bop lu noll ph l' rlc mod,' wi th out Int e r-tm-dtat e e l"ound r .. Ilection, Th l...u!',·r _
m orn- o r 2 F_ m o<l .· III eo rr n-tlrn ..a rd. 'rn' tl 10 a" '\,ho l"<l III- lIo,," propai/a tlOn.

AMERICA'S

Thl, _ltll)' mal..l... 1Ia' let • wtloll .... Itl""art:! for

Ilate-of -11la-Mt tonllructlon atId I_Mica. artlclK. (den....

e_... of VH'f UH', 111m, , .., c'" atId muell, much mora,

-- ~'"'tAM aAOlO IIIoG.\l,NI[
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C(lIIH ECTIONS AN D IM I' Il (>VEM~:N TS Tt l
'rut: UC 6 il L ssn TIl ANSCE IVF.1l

I. PC -BO AHO DC H III. 001

I)u" to II ! llm _rl'to llc- h in g e r-r-or- Ih" Iuter-eonm-c tton of the' two aho rt c-onduc to r
l an" l!1 t", tw t"'n the r ing modu la tor (I) 12 0 to D 123) and Ind ue ra nee I. Ill / c a pa_
e itor- C 1 611 ( 2711 P ) no lon!l:e'r "xll!ltl!l, A bride" should tw ma d,' at Ih l. point.

2 . LOC AL OSCIl~LATOH MOIH JU; OC 6 il L ooa

Difficul tl t' ll ha'll' I"·,, n encounter-ed by Borne c-ool!l lruc-tor. In oht iliniog a l!I uUlch'nt
ou tput vo ltagt' at 135_ 137 Mllz , A dlMcul!llllon with th .. .. u tho r at the w e tnhe tm
VHF mt't'llng l!Iuggl'll tl'd th .. follow ing pOl!ll!libl.. cau".. o( thle:

Th.. numl... r of tu r-n s fo r I. 312 10 L 3 17 wa. r-educed f rom tilt' a uthor'. o riginal
5 tu r n. 10 4 In t h.. d.. ac r-Iptton a nd II V H F cor.. Willi u"t'd Ineteed or the R F­
co r .. us e d by t he au thor In hili pr-o to typs- . Thl . hal!l caused th.. coupling to be
too l oo ll£', It I. t hr-r-efor-o r ecomme nded tha t Uw o riginal e pee..d 5 tur-ns used
In the autho r ' . prototypf' with HF c o rl' ( r .. d ma r king ) bl' Ullt'd, Stnce thl. cor p
will nol hI' lnl!ll'r ll'd 1'1 0 ra r In to the Induc te nce, the IIt r a y!iddli o f t hf' Induc tanc e s
will hI' g r-cater- whkh will Inc r-ee se th,' coupling or the handpall. fUter e .
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OSCAH 6
t rom AMSA T NF.WSI.E T TE Il Se pt .. mbe r 1972

Now th a t OSCAH 6 hall Iwpn IIucc.. n rully launched It III t hough t that a t ..w tec h­
n ic al d .. taUII will Ill" of Inte re st.

I, ORBITAl. DAT A

T ht' follow in g orbital da ta III valid to r t he IT OS -D a nd OSC AR 6 lIatl'llitu:

Al tltud.. :
p e r-tod:
lnc linatton:
OrbUlI p.'r
P a lla li nlt':

14 60 km
u e. I , lIun_lI ync hronouli
101 0

day: 12. 5, I. e, pll llllt ' li r e p..at on th., aa me tl rrw on a two_day cyel..
Appr-cx. 9,00 (N-51 and 21, 00 (S _NI local time rt' gard l" lIR
at Iocauon.

Longltudl'l ncrt' mt'nt: 211.11 10 per orbit

2, T ECH NICAL DATA

Morllt' code ( A- I e mtllllion

A..acon Ir-equenc y:

Aea con modul a ti on:

Inpul Ir-equenc y r-an ge : 145.90 10 14 6.00 MH... tor normal ope ra ti on
14 5, 83 to 14 6,07 Mlh to r extended pa llRband operatlon

Outpu t t rpqu,' nc y range : 29.4 5 to 29.55 Mil e tor normal cpe r-et tc n
29 .38 to 29.62 MH ... tor I'xt f"nd t'd pa lOllband ope ration
Pa e ebend I . non _Inve rting ( L 1'" uppe r Illd eba nd
rema ln e upper Illdeba nd a nd vic e ve na ).

2 9, 45 Mll z a nd 43 5.1 M IlO'.

Op.. r ati ng mod e lI:

Repeat ..r bandw idth: 100 k ilt nat
120 k ll ... at 3- d A down pctnt e
I SO kilt a t 6. d B down point.
240 kll z a t 10_d O down po int.

SS A a nd C W are r eeomme nd ..d
AM, RTTY a nd SS TV can a len be uaed but with
lUll E' tflciency.
fo' M III not r e co m me nd ..d

Re pe ate r POWf>r ou tput: I to 1 . 3 watt ll CW Into a halt wa ve dipole

In put Ilt' nlllttvlty: Approxtme te ty _10 0 d Om ( 2 m lcra vol ta /m I
tor tu ll outpu t

Grou nd powe r- r-equir-ed: 80 to 100 wa tt a ot errecuve rad laled power p r-oducea
t ull output from th e r e pe a te r- a t a maxim u m r ange
at 2.000 mtlee. (An 8 to 10 watt n-ansm tt ter and
10 dB ot a ntenna gain, or 80 ....att teane m ttter- a nd
o m nidi rectional ante nna ehould b", adeql,late I.

lnt er-m oduba t fon : 20 dB down

AGC: Up 10 26 dB ialn r educ tl o n
O. I lIl'cond attac k time
2.2 secon d relealle time
dt'1I1gn..d tor hlgheat .'rt!ch·nc y with SS B
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fi roond rt>e"lvI'r r pqo Lr " d : Better- than 1/2 mh: rovolt/m lI.. naltivlty Cor 10 dH
( S .. N lIN on 10 n1l'tl' ra IIhoold be ad.'qoat...
Dtpole a nt..nna can bt> uaed, but bf'am la pr"C,·rabl...

'.1; ......._tt ... 2·1.10.'......

' .. 2: 2.n_,.I..~.-ni..

- -"'-'...--_.- .-.... _........'" _.....- ._­..- --• •
....... -._...-

..............
..­.._.......'

......._..­_.

--"".

..-
."

..~_ ..._.
'"-"-""-

."....pool

r:=='""',"~ .....

2'h."
~

l 'l SS
•••
_tr..t -­........._.

J . INSTIW C T[ONS FOB OPF.RATION VI A OSCAII 6

Tht' r-epeat.. r LI d" I III:n"d l or lin,' a r oper-ettcn a nd ia capable ol handllnll moal
rorm e of narrowband modulation. 55 B. C W, A M. F M, It T TY and SSTV. ssn
and CW a r t' r e comm ,·nd.·d p r i mary modo-. or o p,'raUon and ma k.. moat .. tnel l' nt
uee o C th ,· n 'p,' a " ' r bt'cauat' a num bt'r ol u'lt'ra can oper-ate .imultant'oualy.
f'ach taking di !r.. rent propo rllona oC th .. r l·p...lc r ·a pow.. r capa'll1l1y at a parti_
cular Lnala nt o Cum«, Th.. r efor-e-, a hi,h"r avo'ra,t' powe r !f'v..1 i. avallablt' to
..ach ua.. r ainc.. net all C W uapra a e-e k..y-do..n at any Ilv.. n Inatant, no r arl'
all .Idt'band atatlolla talklnl up to lo ll po.... r-

To lacllllah' thO' 1Il01l1 .·rn('h·nl op.. r a tl on ol th o' rt·p.'ah·r. all UH'!"II IIr.. IItronllly
urg"d to ccn ttnuoualy m o nUor th"i r o..n do..nllnk aLII:n.. III, Thill la an opeeatton
tl'('hnlqu .· prevtoualy r ar.. ly ava!labl t> 10 amah·u rll . but ..hlc h .. na lJl. ' a O'lI.c h u.... r
10 hl'ar hi . o ..n .illnal tro m th...aldllt.· lUI otllt' r. twa r It. It r,-qu Ln· . simply
th a t a er-parat.. r ' ·('I · lvl'r a nd a ntt>nna hi ' a valla hl .. l or r.'(' .. lvLng o rn··. o..n down­
link algna1 o n It'n meter-•• wh fle Iranamlttlnl .'multan.·oualy on tlw two - m e te r
uplink ba nd. Such op.. r a tl on m ak l"a poaalbll' p.. r C.'c t lJ...·ak~ln QSO ' a and round~

la blt' l . pa rticularly o n 5SA. p .. r mlttlnl l oll doplil'. cpcr-aucn. Unllk .. othe-r- lorm.
o r a ma te u r- cornmunk.tlon•••• tll'lIltt> communlcallona wit h downli nk .PIt_ rno ni ,
torlnr pl' rmlta l' a ch uee r- to o bse r-ve ho w th. UX h"ara hi. al,nal , and h.- can
th..n a dJoat hi . PO'" r and lrt' qopncy 10 compo'n.al.. lor thl' .atl'IlU.. •• dilitanc..
a nd Ijoppl e- r- l rl"'lu .. nc y ahUt, Thl a la mo. I r-..adlly don. by ob.t> rvlnl tht' aat. l lI_
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If"a beecon alinal l.. vl,1 on 29, 4 ~ Mllz and adJuaUng the powt'r of th.' around
tranatnlllf'r ao thai th.' r"p"atf'd Ilanal f rotn thf' .att>lIlh- app.-ar. to IIf" Ih.,
.atnt> revet , et ther- III rf'ad on an s-m.. ter- or a. dl'\f'I'InI,wd aurally, If Ih.,
tranllmllt..r- la Vt'O controUe d , It. fn 'qu'-llc y aheuld I conlll.ntly adJu. h-d hy
tht, opee-at o r- whll .. t rall.mltlinl( to k.. ,' p the app_r.' nl do nllnk fr ..qu.'ncy conlt_lIt
In th e p rt-II.' nc .. of c ha nging Doppl e-r- IIhUt, which can Ill- a. much 'til ~~, 5 k tl1
fo r a n ov.' r h,-aU ~~UII,

Spottl nJl Olll"_ own downlink cer- rte r II not al .... ayll ' -R II ,Y th rough the lIolo'lIlt.'
r " pl' a h 'r , and It II qui to, d ifficult tn t o'ro b"lIt anoth.'r IttaUOI! ...\thout cardul
dial calibratIOn, O'\l' cxc e 11I'nl me-thod o f it"tUni I "fr..qu ..ncy eponr-r" I. to
obtlln I two-met.. r conv.. r t.. r havlnl( .. Ith.. r I 10 or 20 me t .. r output and u••' It
••• I.teuu.. r " p"a lo' r IlmuI.tor In t h.- Ihack, If th .. c cnve r-r.. r Ult"1 a 38.666
or 43, 333 M II:r. c ryltal , r .-pl.clni It with. 38.817 Mllz cryltal wlll convvr-t
locally gf' lIt-rlh'd twe-meu-r Ilgn.1a In th .' 1 4~, 9 to 148.0 Mllz uplink band to
tht" cor-r..cl f rt"qu('ncy In th .. 29, ~S to 29, ~s Mlh downlink band , .0 that .pottlllg
and 7.t"ro b.,.tlng can b.' accompUlh,'d wlthoul t h(' .Ignall h'.vlni th .. Ih.ck.
Flgur.. 2 aho .... . I block d ia i r l m of a r.- p.'.I.. r epctu-r- fo r the ah..ck. H..caua..
of Do pple-r- ahlft. up to ':4,5 kllz wht c h ....1I1 occur wh('n ual ng th., actu. 1 aatdlitc
r ..p..a t .. r , thl' IIpott ,· r'. Ir-equ.. nc y .... 1l1 I>t' o rf by tilt' amount of Ih.. ll opph ' r IhtH,
Th l a ca n ("a.lly b,' co r rvcted ror by a.. Ulng th, ' Iran,unltte r fr N lu<,n('y ver-e l
kll :r. r ISh.-r than Ihe apolted Ir-equ.. ncy rwar- Ill>' b,'gl nnlng of a pe••• o r ve-r-al
kH z owe r- then t h.. spo tted fr ..qu..ncy nve t- thl' "lid of a palla.

OPE RATIl"G P HOCf-:IJU RE

Th" p roct"durt" r ec o m m e nded fo r opt'r.UIlIi with Ih ,- OSC AH two-to-wn Ill,'ll'r
r e pt-a h ' r I. a. foli o ..... :

1) Whe n t hi> aat"l lIt .. com... wll h ln ranli t-, r"'Kln ll.h'nlni fo r t h.. Mo ra,· cod,'
b..a c on alind 011 29, 45 /\lll z . lit - au r,' to uon- tl ll' lIignal . t r t-nllth of Ihr- ln-a­
con .I.IInol, Si nc .' HI" beacon la ,\ . 1 ,-m l lllllon, UII" your li FO to rvcr-Ive It,

21 Onct" you hav.· loc a te d t he beacon on 29, 45 Mll z, tune up Ih.. b snd a nd 1... .IIln
look Ina for .I,nal. fr om th(" r f'pt'a t.'r In the- 29, 45 to 29 . 5~ Milt rang",

3) Whl' n you ar-e r pa dy to t ranamlt, chooll" a frpqu ..ncy within the 14!'>.90 to
1~ 6 . 00 Mllz uplink band and ...nd a h·.t al.llnal , prc fe r a bly a .trlni of dOli .
on thl. Ir ..qut"ncy If2). U.h'n fOI" your own alinal r,·t ranllmItWd fro m th .'
aah-lIltt- on th ,' corrcllpondlnl 10'/1 mcwr rr.'quI'ncy (flO), found fr(>", th.,
form ul a :

+4 , ~ kll z 1It' lIr Ih ,' b".IIlnnlnl/ o r I4n ove r heed plilla
o kHz.t th e mlddl .. of t he puu

• _ 4, S k Hz n..a r Ih.- t"nd of a n ov.. rh..ad pa . I ,

For IPltampl .. . a .Ignal tra n aml tt ..d on 14 :'1. 92 MHz w ill bt.> r etr a n. m lt lt"d on
29 . 47 Mllz ! Doppl.. r , Thla i . .... her€' you Ihould lI. te n fo r you r .linal. If
you c.n h..a r your ow n .I,n.l. you cl n bo' aurl' that oth.. r . can h... r your
algna) al .... ..11.
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011 Adju lt your tran lmlth'r " o wt' r itO that on ssn vo ice peak l ur with allow
Itr ing 01 dot. tilt' rt·p. 'alt·t! l iRna l II app r o xtm a te- Iy ('(11.1 ·11 to tilt' b..acon al goa l
h-vet, Thl. wm a l .ur,· that you lakc' thl' c or-r-r-ct ahar.. 01 the r.·p".t.·r pow"r
without ov.. rlolldloll th,' r "p"ah'r a nd ruoning down th,' .atdUIl·' . batt.. ry
unnec..... r ll y . Kl'l'p in mind that th .. pow.. r will be d lv ld..d among aU . ta Uo n.
In th .. pa • • band. An ove r-ly . t r onll . ta ll on will pr-event oth"r amalt·un I rom
. Im ult a n..ou al y u. lnll thc' rl'p"att'r if h.. doee not r ..due.. hi. pow.. r . II.. wtll
aho rl"duct' th .. ov.. raU rl'pl'atl'r lIaln, th rough AGe ac t io n, .0 that h.· will
not be abl.. to h..ar we-a k.. r .taUon. who may be trytnll to call him. It you
do not have a conY"nl" nt m .. lhod fo r dlr..ctly controlling you r pow.. r output,
an altl.' rnatlvl.' te chniquo I. to aim your antt'nna away from the I . te lll t e ,

It you Inte nd to op.. rat.. with h lih powe t- or 1.1." • larll" ant..nnl I rray .uch
that the Ir a n . m ltt ..d output muillpll..d by the ante nna ga in I••boy .. 80 to 100
watt. ettecllyl.' radiatl 'd powe-r, th,'n It I. lugllt'Bh'd that you 0pI'rat(' a ll ghtl y
ott fr om the r ..gular pa uband o f H !L 90 to 146.00 lIMit . Th.. r ..p".h-r has
an "extended pa a eband" r" a tu N' In ih d, ·.. ign , that la Ih.. _10 dB reepon ....
i. 1:120 k ilt from tln- cenu-r- Ir-vquency I the paa.band I. 240 kll1. wld(' at Ih"
10_dB down polota). Th.'r('fo r .· , If hlgh.. r pcwvr IItallona will t rltn llmlt b.. t.
w.· ..n I H . 8 3 and 14!). 89 Ml h or fro m 14 6 . 0 1 to 146.07 Mllz , thO'lr a lgoa1l
will be cornp..n.at..d lor by the roll . aIr of th .· n 'p.'a l.. r r ... apo n• •', anti th..y
will not lake marc' than th.. co rr..ct port ion of th e r-epeat .. r- power-, 0 ,11' b..n,,_
fi t fo r do l nr thla la si mp ly a r educ t tc n in QIt M. lIincl' only hl ih powe r a til_
!lana ca n ope r e te through the r-ep..eter on thf'lIf' extended Ir..quvne y 1l' IlOll' nt l .
Low' PO"''' r Itll10na cannot ('aaUy cveeccme the additional attenuation of
tilt' pallband roll-ott and . ho uld ope ra Ie In th e normal r"pl'al('r pall..band
01 145.90 to 146.00 Mlh.
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AN INT EGlt AT ED HE CE! VE H SYS TE M FO H A M, F M, 55 U and CW

by II, J . F r a n k" , DK 1 I'N

T h l- Il r lt l tih company 1'1l' lltil' y offl'r .. a numb.- r of lnh'grah-(j (·I n·u l l .. whkh enow
n " ' d v" r ti and t ranlSmilt" r ll (or tlH' va r-Ious Ir-equvncy rallg"11 to b t· conrplvteIy,
o r pe r-t ly , Inl"j(ralt'u. Ollt' will "Il lll'chtlly notice ttl(' ext r-e-nu-Jy low numbe-r- o f
.. xtt-rnal component .. Ihal an' I't ' q u l n 'd In udditton to l Ilt' Inavoldllbl .· '· .·,ljon.. nt
drcultti. T h i ll means tha i it I II pOll lS lb lt · t o conet s-uc t illlllrll , rt'l1abl,' and "x­
t r ..ml'ly df.. cttv.. l" ju 11'" wnt whis-h III 1101 only Ilultnu!t· for fix.·<J tltitUO/l Utit· bu t
l'ti p t,t'illlly fo r moi>lk and po/'tablt. oper-atfon .

I. HI' AND IF A MI'I.l F I E IiS 5 1. 1;10 C , 5 1. fill C , 51. 6 12 C

Th ,'''''' Inte-gr-atvd clrcuita art' whit-ba nd ampUfi<'rll tha i a rv Ilultablt· for UBt· w it h
lin ojll'l'lI ting voltall t· In the l'a n llt · o( 5 to 10 V. Th e grven IIpt 'dfkation8 art'
valid fo r an op,'raling voltag ,· o f 6 V, whlt-h can aillO b ,' dallBed all t h, ' rccom ­
mended o pe rating voltag ,·. TIlt' gatn can be va ried in a r angt' of at 1t'lIat 40 tJB
( typo 50 dB ) by ('omwdlun of lin externa t , vll rillblt' nC -voltallt' , w ilh tht·
5 L 612 C t he va lues a n' II min imum of 60 cu ( ty po 70 d ll ) , Ty p l'1I 5 1. sin C
and 5 L 61 1 C ca n b l' uacd up to II f r t"lul'ncy In th ., order of 100 MH z; t fu­
51. 61 2 C III of h lgl lt' r im pt'dane,- and pIltilH'liItit'lii a 3 d H frl'q u ,-n<'y lim it of only
15 Mll z. Il o ..... ever-, 1I offt.· rlil a hlghl'r llaln , lower nctee flgu n- a nd lo..... er- cur-r-ent
dl'lIln. T fu- most importa nt spectrtc a uon e of thl' givt'n Intt'gra lt'd c i r c u t t s a n'
1I8!t'd In Ih.· following ta bJt· , An ex tr<-mt' !y good c rcea-modula t ton r t'jt'ctlon•
wh i"h l lil l' x tr<-IIlt'iy important fol' n ·<' t'i v t· r apl' licatloll lil , {'an bt· obta im-d by ex­
tt.-r na ! Ie edback .

T h.· va!1.lI.'11 glvl.· 1l In Ih .· fo ll o wing ta bl(- a r v valid, wh .. n Ilot o th" r wili..· m enttoncd ,
fo r an arnt ne-nt t emperatu rv of 25 0 (' , lin o p t' l'aling vo ltag t' o f 6 V and w ttho.... t
ccnt rol voltag,·, CO/l nt-ctlull 5 a lld 6 a n ' conm'c lt'd to R,·tllt' r ( Fi ll . I ) .

M.·. ...~.m.h'

J 411 li ma "''l''oh<Y

M.., Inl"" ,011••• 10' l'l,
<.o..· ',,,,,101. 'I"h .
"h«"l1ro11.4,

,0nt rDU.<I,

C,,"'rol ru,.

( '""Oh' d.OI. of ,ho
AGC Ihl'"l

looN'''''h' <orr.h' dr Ol.

"~
5 L 1 10 C
,'IL III c
SLIl1C

Ill. 11 0 C
sr. SII C
sr. SI 1 c
,'II. SIO C
,'II.. I II C
51. I U C

.ll 'hr..

st . 110 C
.':11. III c
81. 1 11 C

81. 110 C
.':I!. III C
st . S I 1 C

8 1.110 C
SL III C
SI. I U C

mi•.

I ' dB
hdU
Udll

U MIlo
30 MIll
10 Mil l

40 <I II
<0 <1 1:1
10 d ll

lyp.

10 dB
28 <Iii
Hdl<

1 ~ 0 MU,
100 MIlo

IS Mil ,

100 ",V
eo mV
10 mV

no ., v
50 d l<
50 <I ll
10 d l:l

0.15 mA
0 .15 mA
0.1 ' mA

U mA
l'mA

3.' mA

m .. ,

O. S m A
O.S m A
0.' mA

l'mA
l ' m A

4. JmA

JO M Ilo
31> M Ilo ."".r. 1 kn ; 1" .<1 , .n /. pt
1. 1 MIll

10 Mil • • I_d " 0. ' " .ho. U O 11.

1. 1 5 MU" lo.d . r~. ," , 'hon 1. 111_

10 Mil ,. Ot l.n Mil . 1o , 51 SI1 C.

""'I'"'" u.do< . o ·l_d
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2. AG e VOI. TA Gt; Gr-:NEHATOHS 5 1. 620 C lind 5 1. 62 1 c
HOlh of th ..... Inh-a r. l ..d d rcult. a l·m'ratt·. cont rol volt.a '· from Ih.· At' .lan.l.
T h.. 5 L 62 0 C I. dlm .. n .lon ..d .0 Ih.t It llt"nl' r. to-•• conlrol voltall" for .udlo
. m pHfI.. rll with dy n.mlc com p r.... Ion ...'he r.... Ih .. 5 L 62 1 C h.....p..cl.lly b.... n
dev.. lop..d for SS 8 r e e .. tv.. n. Th .· cont rol volt. All' IlOlIlU'II""•• c ,·rl.ln d.. lay
11me , wh ic h m n. thlll th .. circuit will not p ro vld.· lh .. full , ,·n. ttlvlty du r lnll
Ih.. . p... ·c h pul but th .. r .. tu m 10 t h.. hl llh"r a.ln corn m ..nc .. . aft .. r • c.. r l. ln
de -l ay , Th ill m nll Ih.1 b.c karound not ee o r Int .. rfe r ..nc .. I. nol h.·. r d Im m .. -
dtat .. ly , The Im"I r . t ..d circu it 5 1. 62 1 e I. ...p..ctefly . ul l. ble for 1.1." wllh Ih, '
Itt' . nd IF llmpHHe ra SL ern C. 51.6 11 C lind 51. 612 C . wh e r .... th .. 5 1. 62 0 c
ha . b.·.· n ..e p..clally d.. . llln" d for 1.1 11" In conj u nc ucn with th .. AF IIm pl Uh' r
51. 63 0 C .

Th....· t wo Inlra r. t..d cl rcultll " r l' 111.0 d ... IIn..d for II nom in al ope r .tlna vol h . ..
o f 6 V. whpn' • cu r- r ..nt d rllin of m .... 0& . 1 mA III p rv . ..nt . A IIp..cl.1 f,·a IUr t·
o f th ..... tw o circuit. IIhoul d b.. pol nlpd out: Each of the s e Inle. r. t..d clrcuttll
conll l.t. Int e rn.lly of IWO • •·paral" .y.tt'm. tor a r nrratlon o f th e cont rol ven­
.... th ai t>.ch hal' d Uft>re nl time conll ta nt•. It III a hilly. th e , r .. . t e r- ot th .....
two vol t'I'" Wh ich I. pro vld t>d .. , outpu t .lana l. In th l . m a nn er. It I. ..nllurl' d
th.t . ho rt - tt> rm In t .. rter..nc e I. qu ic kly cce u-euec withou t h . vln a to . h lft the

b••Ic 1 1 ot th .. cont r ol volt"'a" th .1 o naln.t.. , from th e r t' qu lr t>d III,nal.
Oth.. rw l t he Int .. rfe r e nc.. woul d {'IIU." a bloc klllj .. ff..c t . o r r e duction o f
....c ..puon fo r II cp r lilin pe riod.

3. TIl E AF. AI\U' L It"IE It 5 L 630 C

T h e A t' -.mpIUI e r SL 630 C I. l' , p" cI IlUy .ultabl .. tor UII" In SSU r ec elnn .nd
t n nllmlttprll. how .. v.. r. It I. al.o lIuUllble for 1.1 ••• In ..qul pm ..nt tor ot he r mod... .
T hl. Inll'arat..d ci rcuit c .n p rcvtde .n output pcwvr of over- 20 0 mW wh kh III
.ufflcle nt tor d rlvln,,,,,maU loudllp.·.k,·r, .nd mor.. th an lIu HlcIe nt for ..arphon .
T h.· vo lt .....m pHfl c at lon I. In th.. ord.. r o r 38 t o ~ 9 dH .ccordtna to tol ...... nc .
and circuit. Th .. Input c.n boo drlv..n e it h.. r floating or ,round ..d wit h th.. a id o r
a coupllna c . pac lto r .ccordlna to th .. a ppllc.tlon. A dynamic mlcrophon.. can boo
dlr..c tly conn..ct..d wit h out coupHnl or d..coupH na c.p.cltor, It I. only "'· Cl· ••• roy
to r th...c r .. ..nJn ll ot th .. mlcrophon.. c.bl .. to b.. around..d.

An " xto' rna l c. pacltor c a n til' add"d a t a poi nt ha vln l a dt'fln.'d Im p..danc,· In
ord.. r to d.·I.. rmln.. th .. up,,,,r lim it t r ..qul·n cy . At a nomina l op"ra ll nll vol lall"
o f 6 V. th .· qu l..acent c u r r .."l dr.ln III m. x. 5 rnA . Und.... fuU drl v.. cond ition ••
• n ou t put pow .. r ot 100 m W III p r ovld" d Into. load of 16 n . t low dt at oM lo n ,
At 12 V. lin output po w.. r of 200 mW can bt- I' rovld"d Into. load Im pt'danc .. ot
0& 0 n. T h.· hlah.. at I'.. r m l u lbl.. op Un , vo lt .... I. 15 V. Th e g.ln ca n b.. v.rl.·d
by provlalon of. vari. bl .. DC vol t.a 1 t h cont rol volta,.. Input. Si ne .. no At"
volt. II' I . t..d to t h.. pot..ntlom .. l.. r t h.. danll.. r of IntroouclnIl Ht'.nd hum voltaa"a
I. conald.. r.bly r ..duc..d. Art .. r .. xc .... dlna. th r ...hold volta,t' of .pproxlm.t.. ly
0.8 V. tht' ,.In will b.. n "duc ..d 10i.rlthmlc.l1y on Incrt'aalna tht> cont rol volt •
• 'l'; thl. m ..an. l ha t tht· u ot a IIn"II " 1101..ntiom.·t.. r wUI r e . ult in a paopho .
m.· trlc . loaarlthm lc volum dju. tm,·n t . Th .. ,ain can al.o boo cont rol h·d .uto_
ma tlc.lly with th.· .Id ot th.· SL 620 e conl l·ol voltail' 1I,·ner. tor which m ..ana
th . t a dynamic cnm pr"1I1110n ca n b.' obtaln.·d In • v"ry 111m pit· manno·r.
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4. BAI.ANCED MOUUl.ATOIt5 st. 640 C .nd 5L 641 C

The cp.. r.lton of th"." 1nt"ar.t"d circuit. I. ba ...·d on th.t or. rlni ml>u·r.
Th..y .1Iow bal.nc~d mllle r. to be con.tMlcl"d t hat "Ilhlblt iOOd carrlt'r .up_
pr-e•• lon up to. max lmum Ir-eqaency In the o r-de t- of 70 Ml iz . The buHt-ln ph••1'

r-e ve-r-••1 .tag". mean Ih.1 no ext.. m.1 bal.nclng tr.ndorm .. r I. requt red. T he
c. rrl .. r su p pr-....lon without l'x t.. rn.l circuitry I. In th .. ordl'r or 40 dU a nd can
b.. Incr...."'d to 60 d B wit h t hl' .Id o r .Imple ,Uanm"nt me••u r e • . AI full d r-Ive
( r l' qulre d .Iinal approll1m.tt'ly .50 mV .0 Ih.1 only a vt' ry low d"gr..e of pre­
. mpllficatlon Is requtr..d I. th.· Inte rmoduka t tcn p roduct. will bl' . 1 lra.t 30 d B
( typo 4.5 dB I down on t h.. r ..qul r"d .llI:'lal.

T h.. Int"grated circuit 51. 640 C . wh ic h h.. been d...IIIl ..d ror t ran. m lt .ppllc.­
none, t. provldt>d with. buHt-ln load r e . l . tor with .ub."qu ..nt e rnl tt e r follower
.nd po......e. a low lmp..d.nce output. The coU ectoj-e of t he mix"r tr.n,lator•
• r .. eeee•• Ibte with th .. 51.641 C.o that.n I F re eonant circuit can be COnnt."ctt'd,
In .ddltlon to thl •• Ih.· 51. 641 Cpo low .. r nol ft,urt' .nd eom e what
lower cu r rent dr.ln t han th .. 51. 640 C . At 6 V. th e curr..nt dr.ln I. In th .. ord.. r
of 10 rnA ( m a x . 13 mA I: wit h th .. 51. 640 C , th e cu rrent drain I. 12 rnA (max.
16 rnA I. The maximum pt' rmlul ble o pe ratlni vo l tai" I. 9 V•

.5. A 9 MH z R f>:CEIVE 5 YST f>: M F'O R AM, FM, 55U end CW

The appllca!lon of Ih..... Inl ..grated circuit. In • 9 Mliz eec e t ve .y,tem In to
whi c h conve r-te ra for the ya rlou. Vll f>' and UHF ba nd. can be red II now 10 b..
,iven al In example. T hl •• in,h." ccnve retcn sup e r h ..t principle with. cry.t.1
tIIt"r df r ecfly followln, the mixer III'" I\larantee. the be.t poulble I.rie­
Ilin.1 bl"h.ylour (31. FIl\lre 1 . how. a pn."lImln.ry block dl.,rlm of the r .. ­
cerve r wh ic h comprl .... 6 madul ... Ih.t e r-e accommodat ..d In TEKO e..... of
.lul IA . 2A o r 3A.

T h" VHF portion OJ 9 Z R 006 II) I••ultable fo r conv e r lln, th e 1H - U 6 MHt.
.Ian.l t o 9 MH z In conjunction with t h" OJ .5 HD DOl eynrh...I. VFO for 135 ­
137 MHz (2).

• 1' 1 •
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T h. , 9 Mil l ou tpu l .. IKn,,1 from t tn - con ve-r-t e-r- Ilil r" d l u Ill" t1rlll 11K 1 I'N Ill oduh'
1nC' 0I"l,o l'al ln g t h.· FM cry ..lal flltt'r XF ·!l f,; and Ih., ('I>nII·o ll ...1 arnpl UIo',· S I. 610 .
Aflo'" Ih .' In.... r t ton 10•• o f Iht" fillt" r ha. lo.·.·n d"duclt'd, till' gain o f Ihi lt modul<'
amountl 10 rna>; , 20 dB . Th,· u ltlmalt" eeh 'd lvlt)· I . d oot .' r llll" ,· d loy Ih., c rya la l
fill e r- whlch Ill" an l Ihal • c ry_ta l ruter XF -!I A CRn bo' ulI" d in m odulo' I>K 1 P N
003 for rt"c.'pllon or SSB .linala .

Thrt"l" d lU.·r.. nt It' ampllflf'ra are CQl1 n t."c t ",d In pllrall " 1 t o tht" input rncdul e- .
A ll of the IF Itripi r pm lin c onnt"('t ",d and an' nol IIwlt('h.'d . l'h .. SSB module
U K I IO N 003 hall b..en built up a ccordlni to Ih.. manuradun·r' . reccmruenda ­
ncne , T h.· A M I F a mplHi"r UK 1 I'N 00£ III "'lu ll'lll'd "ilh lh.· wry c c rn plex
Int"irat.. d e trc c u LM 373 mll nuf.c tu red by NIIUo nal S,'mlo'ondu('l or. Thl l Inl "'"
i ralt'd c rrcut t com pri. " . a c cnt rolt ed am llllfi .-r , a conl r'ol vo llll g. ' g. -'wra lor
a nd dvrnoduletor- , The- t 'M If ' at r t p I. allo only ",]u IPI'. 'd .. ilh on,' Inh'g r a l t' d
clrrult , a CA :107.5 manufa c tu r .. d by RCA . II 15 "" lu IPl" ' " ,",'ith a lIm lh' r lind
colnrld.' n,' " dr-modulnto r , At p r-.. " ..nt , 1l"1I1.. a n ' t"'ln K ('Ill'rlo·d ou t 10 UI,' th ,'
n ,·w .' r CA 30M I,: In Ih,' F M I F por-tlon ,

Th., AF IImplUl.. r modul.. UK 1 I'N 004 II••wltd".d lu \Ill ' 1" "IU!r"'d IF e t r-tp , It
I...qulppt'd ,,-It h Ih.. A F amplitl .. r- 51. 630 manura ctu l" 'd bll 1'1o' . " " y and tw o
opt"rllllonal ampllfl"rl TAA 861 manu fac tu red by 5lt'lllt' n. , .. hi ch form lin a ctl\l"
t e h'iraphy bandpa • • Ifl te r- . Tht" AF ampllfh' r 51. 630 i . l'unn.'(' It-d 10 thaI onl y
tne \10k .· tn·qu ,'ncy rani" ,. pa.'ll"d. ThI" r t". u!t ll In 11 c on flldt-"Illol ,' Imp ro\l" ­
m ... nt of th .· rt"c t'I\lt"r ' l . ..n.ltlvl ty ( " l lP'al - to- nol ll.· rallu I.

Th.· c a r r l.. r- oadll a to r module UK I P N 002 110 a 1I'·paralt· olld llator lor
"arh cry.lal. Ea"h o . d ll a to r ha. be...n dinlt'n.ion",d (or t h., 10"t-.1 pOlllllblt" dil­
torHon . In lh t· 55" and C W mode , the o"dllator volta lil" '1 [.'d l u Ih.· in t "'i r a l.· t.l
b.lanc.·d mln'r S I, 6011 In modu l.. UK I P N 003 . Tho . <' lIlIitl\- i l)' va lu " 11 Kln'n in
th.· block dlll llram ar.. valid for 10 d " .Igna l + nol .,, /no j ll. > 1II<'a llln'd ;II lh .·
loud ape-aks-r- ou t pu t o f th ... AF ampUfh'r . Thl• • •'n.IHvlly can lo,' obla ln ,' d .. lIh
a COn \'.. rwr ga in of approlllmalt'l)' 20 d B,

Tht' mennoned m odul .... art' t o be d,· . cr!bt'd In t he lo l }o.. ln ll ".l lt lon ll of VIIF
COM MUN iCATIONS.

6. IU : n :Hl-:NC ES

(II K. I', T fmm ann t A 101.5 Mllz /9 MlI l. Rec etve Cun vvr-t .. ,· llllln .ll I'r!nlt'd
l nduc ta ncva

VIIF CO M MUNICATIONS I (1969). Edition a. 1'••1" . 129 · 1:15

(2) G.lh·rgmann and ~I.Strdlol·l: A 5ynllw.i . VFO fu r loI~ • I~ (, Mlh.
or 135 . 1:l7 ~l ll l

VIIF CO MMC NIC Al'IO NS 3 (1971) . Edition I , 1'. 11" " .. 01 .~ .5

(31 U, E .SchmltZt·r: A ~Iodc rn Conc t"pt fo r I' o r l lllo l ,· 2 mct re H. ,(,t'! v"rII
VIIF ('(IMMt 'NICATIONS I (19691 . Ed ition 2, " a K'· . 11 .5 _ 122
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DI ME NSION ING OF MICHO STH II'LIN E CIHCU ITS
P a r t 2

by W. Schuma cht· r, DJ 9 XN

6. EXAMP LES OF Tilt: COMP UTATION OF L INE CI HCUITS
USING TI lE SMIT II IllAGHAM

Th.· followlnll valu"11 a re valid fo r 1111 p r-int e d circu it boar-de: t ; » ~ , t hlc kl1t'Il8
h. 1, 4 m m. Th.. dlallramlllllvl'nI n (4) for m t h.. ba,l , fo r the dlm t'n,lonl ng o f
th. · et r- Ipllne ,.

6.1. DEVE LO P MENT O F A CA l'ACI T IVfo:LY Sfl OHTENED AI4 RESONATOR

Th .. dl na'nlllonlnK 18 mad.. ar-c or-dtng to F lgu r e 3 Ignoring t he ci rcuit 10' 11 "'11.
Tht· ,ho rt.'nlng ca pac ity C ( 5 pF ), th .. lmp..dance Z L ( 600 ) a nd th e r l' , ona nt
ffl'qU"lwy fR ( 4 34 MHz ) art' kno .... n. Re qu l r-e d III t he mechan tcat le ngth o f th e
..trlplin.. ci rcuit, The "on<luctor Ian.. widt h for 600 a mounts to : w/h. 1.2~;

.... ..., 1.9mm.

A..t />.o • 0 . 57 5 .

1l·..,C·2 JTx

Ao • 69. I c m ,

434 x 106 x lIS '"x 5 ,

• 39.8 c m ;

10. 12 A IV . 13 .9 mS•
Standardhl'd auec eptance 1I • B x Z " • 0 . 835 . Tht< tran llform ation 8tt.'P8 In th e
Y - ty" . , Smith dlllilram are a' Iol low s ( "''''l' Fig. 21 ), The com m e nce m ..nt 18
t h", no-load point NL ( id e al par-a He l resona nc .. ), T h.. magnlt udt.' b III con ne-cted
In 1'8ra l1..1 whi ch c o r reaponda to a Ilhift a long m e cu r ve It-I . 1 In the et rec­
Uon of th .. enc rt circuit po int fr om b • 0 to b • 0 , 8 35 . F rom the r-e , th e line
wil l cau ...• a furlh" r tra n ..formatlo n along t h.. s ame- curve at th e e n gle I IA •
0 .1 39 up to un- e no r t ci rcuit po int . T hill m ea nll th at the l e ngth I, abo known:

1·0.139 x 39.8 ('m· ~.532cm (A . Aal l

F• . ll : ClJIICltiftlv"'_ned
l.f4-cllclill ill. S",nh dllflllll

NLI P

I
I ZL

Ion

•
sc

_.

~ 2 16 ~



s. 2. COM I'UTATI ON OF A ST ll lI'l.INE FILT E It FO /( T ilE 2-4 "m HAN D

T tli' p r ln rip l., III ~Ivt'o i n F1~u n' 22: A Uo .· of dlfh'rI'nt im lwdal1l'" ( ZI.2 ) havll1~

,'"acHy th,' lo'ng th >. 12 III a p rt ' fjf" r lh ,'d frt''lu''Il('y f ll ill pla""d into IhH" ZL I'
At this frt'qu,'ocy . an exect I : I tranllfo rmatlon of 1Ill' im p,', la n<'" In plan.· A
to thai of pill m' f) will l ak" pIa",' . Sinc,' th" im ",' cl;o llt·, · A rU IT"lIpnndli 10 th ,'
im ppdlll1c" 1.1.1 . Z u will L,' "'IUAl 10 1.1. 1 III >'1{ (tt\l' lin,· At Ih,· output "an Lt·
of any J.·nglh IIln("\' it III t<"'mlnatl'd wi t h 1.1.1 ) , A ("' I'lain r,-adin' t'oln l'un"nt
will L,· IH"'IH' nt 1ft all cun- r frt''lUI'ncl l'lI th a t will raUIII' II rt ' f l<' ("\lon of I tll' ..n.'q,:y.
Th i ll ar ran,: ,·m .'nt th" rdon' ha.. th.. ..rf,·c t o f II fill " r,

In o rdor to L,· RLI<· to UII" IlvIIllabh· COI1l1<"(' tOI'S. ZL I hall L"" n Hl'l .'rlo·d to tw
!'In fl. T h,' hi~t\l' r Ih.' lmpl·dan...· variation durlnll th l' u-ansrcrmauon 11I' O I" ' litol , th ,·
1I1,·,"!",1' will I.". Ih .. s kirlli of Ill,' bandl"'1111 t'ha ral"!t' rilltle. Sine" tilt' high ,· ..1
imp,'dlln" i" with .= ,. - !'I amoullts to 1.1. - UO nih,' followlnj.( \\1\\ L,.. va\ld:

tr·
2 - I Zu / / I " L l / - 2,6

If. hOlH'v'· I' . Ih ,' tran.. fol·lTlallol1 III mad., 10 II low ,'r ilnl',·da ll' ·. ·. fur inlllanc,·
to ZL2 - 10 n, II gn·Rt.'r Im l"'dlln['l' jum p will I.,.. "olll/lbll· 1I1nn' tI'll" .,.,ndue!ur
la nt' s will b.· wlder-. Th.. n-ans tormaucn path w il l l n- ,·aslly found in th.' Sm tth
diagram unde-r- r""onant condition II ( F i gu rl' 8 22 and 2J ). Ace-ol'ding 10 (0\). th ,'
following valut'lI r esu lt :

1:100 Mllz .
5011 . w /h

- I Un, wlh

>'B - 2Jcm , f r • 5 . h -l.o\mm
1.7; WI 2.0\ rum , knllih 1111 rl"luin'd,

... 10 ; w2. 1-4 mm , >' t> tI>. o - u.!'IJ; I- >' lIt / 2 . 6.II' Ul

.. '" ,

""I' 'Ll
",
I I Zll

"

'"

;t-··h---j ,
,t, \ I \

~:>----1h.O~' ~ h."
I I ~

, " , '" , t 'i- Fit Zl : "' lllCipl. al.
IMondp... ~lOn'IDI
willl .qu l'f.lln l dllfl' lII

Fi j(\ll"l' 23 allow II th ." b~'ha v lou r o f the locu s In I h~' vlclnlly o f r vu c uanc e to b.'
c a lcul a t e-d and p r-o ve d .

Fn'qu I' ncy f -c f it:

Th .. a n!l .. 2 B'I «
111 Izc I ZL >
I"6 I I"L· e

213rl i. eroene e . P o in t C' Iii w ith in th~' c llpadtiv,' ha lf- p la n t'
lzc 1 I Z L' 0 ' t. men on t ht' 'f' -cur-ve o f C ' at
II. I Z{; I I Z L frt"quency f > rn. >. < An : II>. > I/>' H'

Th,' a ngle 213"1 > 211RI III gr.. a te r- . !'o l nt C" I. within th ., Inducllv.' ha ir- pi a n.'

a l IZel I Z L > Izc I /Z L.O IhM n" I_ a l llo Inductl vt,.
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f ... U : 1,-"_ _ 1_ ,.1ll ...4.....1'ftJCal
I.... ,I IN Mild,.. ,.Mlllato<

T lw flIh'r ..... 11. built up .... d it. locu. in th .... Inpul plant' w•• me••urtod u.InS •
m ••••urinl Hnt·. Th.· fro'qu "nr)' b.'havlour cor reeponc..d 10 th " calculation I . How .
vve r , th .· r ...onant fr"qu.'ncy ""a. 1215 "Hh .... d n01 1300 Mlh.

OJ 9 k NOOl

"
l ­r

Fit,14: Di_lioRlol'lIliCfOl'lli,h... I~*

for UOOMH,

Thl. d'·vlallon of fit of Ilpproxlmah·l)' 6" could heve 1)(' caulI<'d by Ihf' tc t t o..... 1oS:
al 1n8CCUf811· curVf'a 1.5'" lo h -f 811(''' II sl .....n In (4) ).
b) Inec c u rately know n Er'
c ) Th.. corn<'n of t h.. >. / 2 re eonator- W"ft' not comp..nllatt't! by tapl: r ln i tnem ,

Thl. h'.do to t'x t r. c.pacltanct' which will lower fH'

Th.. four co rne r- e of the r t· . onator ...·.. f" remo\'.'d I'xpt'rlm"ntall)' I Jo' IJlU r t' :z.& ,
lind me input lIn pt'danr ,· mt'allurt'd oncr- mcr-e • TIl<' r-eeonent fn·quem:), wa l n0 .....

IIhlf tl'd to a l'I'roxlmllt t'ly 123.5 Mil ot 1.'rror Af/ fn <.5"' ) wh Ich prove. the rrn ­
po r-tance of 11O.,1bllUy c) above.
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;.~

f • . 15: ......HIIHuIDl,-,"",,1 imPtol_
. It'" lJOO MH, moc.om''''M hI,"

••,
• / \,

1/ I \, ' 1--
I / , I fl, •

\ v
2

\,
~

0
h.

f if.lI:
11•..-1,.. 1_ , I u..1301 MHI
MICII'JI'. fil ...

1000 "00 .... 2000

6 .3 . COMP UTATION OF A SINGLE·STAGE I ' HEAMI'L1F IE It
ron TIn; 70 cm »AND

6.3 .1. ot 'TI'UT MATClIING

ThO' o ut put o f I Iranal,lor ' 1' .11 " wllh IhO' ya h ... , G. I mS, C • 2 pF AI Au •
69 .1 c m I, 10 b.. match..d t o I r e ,1 load of I IG 2 60 n , Th.. Irandormatlon III
to b.. mid.. la .hown in 10'1.11. 27 . Th e load l a llll YlnicllIy couple d t o I , 1I0 r l_
circuit Iln .. circuit with I Hn e o f ZL • 60 n (w Ih • I . 2~ ; '" • 1 .88 mmJ . n ..qur red
_re th .. l.. n&tha II, 12 and th e tmpecenc.. of1h.. IIIl" c i r c u it _I th e 10ld c onduc t­
Ince G2 and th .. intrmll conduct_nc.. Y i • GI + J Ul' Stnc e th.' tunllformatlon
path III pr.. ec r-Ibed , , fb ..d r .. lallonahlp .. lIIa l l br-Iwt-r-n II and 12 which I' only
d..p..nd..nt on 7.1.' Thia m ..a na that It I, n..ct' III1Ary to I I'h'c! Z I. b.. Io re II and
12 c a n b.. c om pu t e d ,
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OJ

""
A SC

Zl -lOOQ

'12,-1 T" 12

~. Sl\ofl

~
~ u cUIl '

a 8S" 't" U;ouq ,eJ
, .. n . CnolIC ..._.t ll.- I U ftll ..,..,.. :..ftCl ""lau

~ "'ItI N "COlli...' 1_ "'" Capac,.Of

It w ill b t" 1I" ,'n In tho' Smith tli.g ram 8lv. n in Jo'IKun' 28 tha t th.. /r/-o;u r ....­

pa •••.• th rough th.' l>Olnl III • G j Il Z!.. b • 0 and mUll! In!t'nt',,1 tho' G-<;urv.,
82 • G2 II 7.1. 010 that It III !>OlIlIibl.. to ca rry out a tranllfonnathm with Itw dt··
ec rtb..d d rcuit. Th." m.~nitud.· Ie ' '11 oblalnt-d by rota tIOn of Ii: by UHf> a ),I~ .

Th ill {"orro-.ponds math"matkaUy to th ," fo 110 .... lng ", h. 'n ualnl .. qua t I,," 121 for
I • 1 /4 :

7.'/1. 1. • ZL!Z; 1 (G' l!. 1.1. I • G " Z t.: 1/,,'. g

( ••. •. the I-valu... In th .. Smith diag ram '

ThO' In l.·r...-e t to n o"OOdltlUn fo r th o" tw o cur...... i. a. folio",.:

i ' : 1 2

Th o" followlnll: I. tho"n .loo rlv. d:

I I I G ' JI 7.
1

) ) G
2

Z 1' -+
' L < "'1 " GZ ,.

Il ZL: II I G II; G 2 ) > 1.r.2;

Z L < %. 102n_ 240 1l

C
ret- e.....

_ 22 0 - , .-J



Th.. mOMt ravuurabll' "vo'n valu.. tha t fulfil. th l. eonduton and .110.... "aay l'"l­
culatlon ia 1.1. • 100 n, (w/h • O . ~; .... . 0.6 mm ); A. . l • 0.635 :0; A. o '

Valu,·.:
G2 • 1/ 60 U .16.6 mS; 82· G 2 II 1.1.. 1.66
GI • 1 m S; il • GI :0; ZL • O. I

CT r 1. 6 c . .. pF !. 2 p ~'

It j • W ( C\ • CT r ) • 16.38 mS .:!:.!!t,!!t m S
b, • 111 :0; 1.1. • 0 . 98 :' O. 32!!t
y, • il + jbl

Matc hing ,. p rovld..d ...hen t h,- fo ll ow ln t[ ,. valid:

Yout
y • .

y" . G . J il lI • I

0', g. II Gout • G,

" Ha Ul •·"1
Th '- 1>Olnt YI h flflltly t o b.. rou nd In t he Smith diagram ait.. r ....'hlch Y I+ III
obtained by mlrro rln, a,ainal t h.. r ..1l1 a:o;la. Thia m l'a na that th.. final point of
th.. tranatormlltlon IC) haa b.. .. n d..t .. r m rne d t ram wh ic h t ht' tranaformatlon can
be c. r rl ..d ou t Invr r.t'ly :

A 1In.' o f 1" "Kt h II (. A. :0; 0 ,1; II • -1 .4 c m I rota u '. f rom plant' Ii (0 C a round
III.. angh' 2811 , G2 :0; 1.1. l a con lltan t at Ii which mesn e th a t U la t h.. tnwr...,(·t1UII

or t h.. I r/-c urv .. throu gh YI+ wit h th t' G 2- cu rvl' .
H:l, 66-J!!t. "

Hemov e- G2 . t'.i. iO to curve, • 1.66 - 1.66 • O. Th l. I. t h.. ln t.. r ....etten A
of lh .. tI-cu rvt" i • 0 (e1rcu mf.. r-e ne .. of the Smith dlatlram I wit h t ho' a-curve
t hrouih B ( b • -!!t. 4 ) . It will ti t' . ...· n t hat A i. : 0 -J S, 4 .

Th .. Il rw 12/A. t randorma from aho rt c i rcu it SC to po int A ( 12 • A. II 0 , 029,
12• 1.27 e m ),

T o tinallt<· tht' ou tput m atchin g, It"t u . c c naide r- t hv t r a n afo r m atlon proCl'lla In
th .. fOr"""ard dl ro'ctlon :

sc -. A
A .. U
U --1 C
C --> U

Type or ci rcuit

Li n,' 12
I'" r a i ll ' ) conm-ctton of G2
Ll no· It
P ara ll l' l ccnm-cncn o r CI
a nd CT r

T ra n.formallm\ on cu rv..

[ r ] • I
b-curve (b . -!!t. " ) to i • 1. 6 6

1,,1 < 1
tI-curVl' (g. 0, I I to b. o.:!:. u.aas

J' o lnu C , I)' and I)" can bt, adJu. t..d wit h capacltanc .. varlatlonll of .:!:. 2 pF. TtH'
cepec nenc .. variation I. larg,· ..nouih to achl ..v.. makhlnll In th.. rang" "f no
to 0140 Mflt. .

6.3.2. IN PU T C II\CU IT

n .. qulrt'd III th.. mOll t .tmplt' , Iow-Io•• tranformatlon n" (work b.. t .... .-r-n th.. Inllut
connector I Z!n • 60 H ) and th.· Input conductancl' of a trand.tor A F 23!L Th ,­
charane r1"uc. of th.' A F 239 at 'UO Mi ll ar" al rollow.:
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UC H• . 12 V; IC• - 2 mA In com m on bu .. c i rcu it Vlll:11:f 10 mS -J 30 ms,
m....u r-..d S mm und.. r- t h.. c • ••-. If 7.1. I. ... I..('I ..d a . 60 n . th .. foll owlnll .... Iu .. .
will b.. obt a ln..d:

Th..o r .. tkally a pt' a klnll. thl'rt' ar.. a n Inrinltt' numbf'r o f ....y. t o mo...., the point
Vll x ZL In th .. Smith dlallr.m t o th e m.tchlni point .

T he IIhorlt·.t path I. pro... Id ...d by th r .·.· circuit . each having t wo r l'a eUv", ere ­
m ..nt . o r . line , T h.. ... ctrcuu • • r- e il.....n in ~· Igur.. 29 t ogether- wltn th"'lr tran.­
tc ematton dlairam . It la .dvlaable wlth.U three cl rcu Us fo r t he c a pa elt . nc ...
to be pr-ovided a a trimmer. ao thai . Ullnm e nt i . po s .lbl" . II i . al ao po s alble
for th .. p.raU ..1 c e pec n enc .. t o b.. c bt e tn...d ualni a stub lin.' which ca n a lao be
ult'd a. Il C conne e uon. Th..... r l.. a e . p.c lt aneea al so a r-ve t o 1101.1.' thl' DC ­
clrcult a from th .. Inpu t connect o r-,

~\.llIa t !ll

"n'",no

II •

II -+- -+- -r-

TfQnsoslor

"
•

'.-

I' .m
In _ .w.l __
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!l "II"rlptlun of till' 1I .. l t·~ h·J 1I0lutlon. wi th tabh' ot valu ... (u r FI¥u n ' 79,

T r a n llfo r m at lon An:
CI I'CuU St .· p from on l·u rv.... , tu point ...-eoordtn. Z·n>ordin. I ..ngt h

I/A
1 Outp, /r/-("onat. ", O.14-j 0, 3S I ... J2. S 0. 12 3
2 "t H / Z, 1 Inpul 1 ... JO I !. JO

ff I Oulp. 1 1/-("onlt-0.6 I'll 0.6-JO,S I ... JO. 8
2 I'll R Z , - 1 Inpul 1 ... ,0 I ... 10

fII I Outp. H / Zl. - O. I S 1'111 I . J2. ~ O. U ... JO. 3S
2 1'111 Ill n - conll.-I Input 1 !. JO 1 ± JO

Dulp . 0 .6 -J 1.8 0, U ... JO, .j 7 ~

It . huulcJ b, ' m ent ton ed how om- {lbt aln. Ih,' Z-coordlna tt"11 o f a vo lnl wh.' n ullnll
II Y- d la llra m and not wl llhln, to Ull o' a n.· .... . hvet . T h,' ccc rdtne tee Y II Z I. will
bt· I ranapoI,'d to Z/ZJ. by rotaUnl ..ac h poln l In the dial ram by 1800 around
th.· c ent r-e po int r - O. Th O' auxilia ry point mi r ro r e d from th.. c.ntr. point II
m ark" d .... lth compaa. and rul.r and It I coo rdlna tt'. a r . not ed ( Do not forlt·t
10 oba. rv.. th...lln r .. v.. r lla l o f Ih,' r ..acl\ v. eomponent }, Fina lly , Iht' t n n.­
(o r mation pal ha e r e c a r rl .. d I;>fl In tn e o rill inal h a lt -plan.. .

1': valua llon o f F I,ur.. 29 : Z L - 60 n. Ao - 69 . 1 em

Circu it I:
I/Aat - 0 .1 23; wlh - 1.2S, w - 1, 88 ; AIl /A o - 0 . S9S

A. I - 4 \ .1 c m ; I S, OS c m

- 2. S;

C. - 2 , ~ pt'

en- ul t II :
bc p - bpll bo ut - ·0 . 5 , ( · I. a) - 1.3

bc r - Bc p x Z L - ,",cpll

IoICpll - I. :lIZ!. - 1146 n

C pll - 8 pt'

Ci rculi Ill :
XcI lII/Z I. - Xou I/Z I. - Xpll J! ZL

Xcll ll llZ I. - 0 .4 7S • 0, 35 - 0.1 2S

XClIII - O.US x Z I. - 7.5 n
C.III - .ja pt'

6.3.3. I'HA CTICA L CIRCL'IT

Xc ll l 'l.L - XpIl/Zt. - Xl n/Z L

Xca o.a x Z L - -a n

XCII - I/'"'c.1I
C. II - 7• 7p F

UC I' IlI - b in - uplll - 2.5

IolCplli - 2. S/Zl. • 1/ 24 u
C plll - H . S pF

Clrrult I la m ort" Iavou r-eb!e fo r UII" .11 an amplHh'r a t rn·qu,·nch·. In ,· xc . a .
o f 1 Gi ll etnce the It'nlf1h I _ 5.0 em at .j 3.j Mill I. dlfflcull to con.truct and
ecccmmcdete, Vnfavoural>h' h'ni1hll wUl ahlO r .·.ult if Ih,' pa rall.·j ce pec nenc e
In ci rcu li II I II In b.· r .. " lil-O'd by Uti ,' of a ,Hub lin.' I T a bl . 3). C ircuit. " and
III can b.· " flually .....·11 c onet r-ac n-d u llln il tr lmm.-r capac ito r •• T I\l' loni ltudlnal
raplld tll nr "11 . .. r v.. to IlIu lll lt- th.. vo llllll" bO'lw.... n in put a nd .. m tuer-.
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Tl'IIJI. , 3 ' H" lI. 11 zation or th .· pll.rll ll.·\ eapll.dtane.' Cpu loy Ull " 01 " IItUIJ une:

ZL ).tit w e p bc p· UCllllZ I. 1 /). 61

60 0 40 COl 1 ,66 m m 6 p I" 1.3 0. 413 16, e em
12 I , 36, 6 COl i~ mm 8 pi>' o. 26 O. 2!l 10,6 ern

A prl n t.. d d r cuit board wall c onet r uc t ..d fo r Ih., am pt l Ih-r- In o rd.. I' to l'ho'ck till'

co rr.. ctn"1il8 o f tho' c a lcula t ed rl· t1 Ult ll, Th,' a m pt tf'ter U6,'1I th .. inpu t elrl'ui t 11 . r
S, w da l dlllc-"hRlw d by pe ae c apec tt oee w ithoul conn o'ct ion wlr" l1 (chip "apadtorll) U
arl' uu'd In t he ba ll.. and roll.. c to r con nect tc ne . T hl; minimum 8paclng fo r thv [I
upper- g rou nd lIu rfar .. portion ", o f IIrl· lIt .'r than ~ w ill m etnta tn .. d. Pr-ac t tc al o'''' I'a -
tl on h a ll IihOWIl Ihat It III nee ..Hllary (o r th e ll.. grou nd lIurfac "1I It, be provide d with
Ihrou gh cen t acts nl H,' v~ rn l p<.> Hlt lonR In o r-der- t o avoid " hoI pc tnte". Th,' ampH -
n t'r Iii eonneclt'd to tho' c oax tal ann-nne fl'e der- and t ho' IIh ..alhillll III grou mh'd
dt r e-ctly und ... r Ih, ' s t r-Iptt n... 10 Ih., g r-ound aur-Ia c e-. T ho' <:om polw nl valu.. " e rv
g l v..n In Il Iilill lall'r. It III llt 'e" lI11ary fo r t h.. COlUll'{'Il<JI1 kad8 uf th .' tran",llItor
to b.· IIhu r1..,nt·d 10 a l'pr<.>x!m ah·!y 6 mm in I...nglh, ami Ianm-d out by llb out 1 r nm .
Thi ll ..n au r-ee an d f"ctl v•• It'ngth o r ~ 0101 from th., trHnlll",lo r ce ev to th..
condul'lor la ru-a, Tin' c on ncc uone o f Ih .. r .. . l l1tor", and ce pecttor C 6 a rl' p l ac e d
Ihrough th.· prlnt.. d ci rcuit boa rd fr om th e g r-ound e td .. , T he 0 lw ratlng vo ltage
of Ih e a m ptlfte-r- III 12 V. With tho' gi vo'n com po n.. nl vnhn-• • 10.6 V w il l bt' prc-
lI enl a t th o' ..mtuer a nd 10 . J V I'll th.· ba lle (mt'a llu r l'd agalnll t ground with a.
tranlll illor vol t m ete r ,

OJ 9 XN ClO2

"0'3.5-13p

""
470 ,

PI 203
.12 \,

fit- lG: Cilcu;1d~_ of IhlI 7G em ' ......pl'".,

M" a ",ur . 'd eha l'ach' r!lI tkll : C.·...t r-e fr" qlH'ncy 4 ~ ~ M ll ~

Gain I ~ dB
Bandwi dth 37 Milt
Loa d.. d Q. t~ · 11 . 7

C om po .w nlll: T I: A I" 23 9 (a)

"<0T 'o

;i,
C 20 ] : 3.~- 13 1'1" tr lm m e r c a padto r
C 202: 3.~-IJ p1" t r-fm rn r-r- c a pllci l<.> r
C 20:l: 2 - 6 p 1" t r-tm rm-r- cll pac ilor

C 20 4:
C 205:
C 206 :

4701' 1" chiI' ca pac ito r
470 p1" d ill' capacito r

I nf-' cnt p {' alll, c lt or

It 2UI : 82 0 n o

- 224 -
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Fit. Jl : P"nt.d c;rcuil ~oa,d .nd campallln t lDcllianl al llll pr..mpl,t.. ,

6.4 . IMI' HO Vlm BANDP ASS H ESONAT o li FO il 23 em

AJJ haJJ a!t· .'ady b. ·.·n ex pla fru-d, Hltcr churan'TI"ti" 1I such IlH a kl r-t OIlop.' u n'
,!t' p"nd.'lI t mainly Oil IIH' vulu.· of til.' in'l>l'dlUl('t· jUlnp. II 101 I'0OlOllbl t' for th.·
t r-ansfor-m ntton r a ti u t r- • JI.I: /11. to l>,. Inc!"l'aH"d OIilllply l>y incn'Il " !n g till"
nu m ber- o f Im p.. da nc r- jUfn pJ< froln th.. t wo jum p.. In 6,2, A balance-d fllt.'I' !ol
to b.· {'alculalo'd that haH an a nenuntton minimum at 1:1II0 1\llIl, Th.· g r a phical
dvtermlnntton of th .· !t'nll l h" IH to b., ,:Ilrr!t·d out u""ol'dlnll to ItH' no r-ma !
m.· t hm.l ( Fig, B l. T h., t" rrn ln a t in g imp.,dan...· for' th e fBIt'1" I" !'IO II up 10 plan.­
A . T'r-a nsi t ion from 1.1.1 • !'I ll II to th e 10 n 1I1ll': P lan!' A to Il :

Zu/Zu •

Z U/I O 11

Z A/ZI.2 • ( ZA/Zl.l l ( ZI.I/ZI.2 l

.l " )< p ( j 0 ° ) )< !'I • !'I ""p { j 0 0 J

Trallil fo r ln iltio ll 0 11 u-. 10 n Ii ,lt' 11/ " OI t . ..t.-p H· C 011 th. · /r/· cu rv.. In clo.. k ­
...-I ii . ' ,.It r ect ton.

In ord"r to allow th.· 1,101" 0{ IH'v"ral a pproxlmatiun formula .. , It IN n"(''''lIlary
for all IIno'li to have a h-ngth of 10, .... thlin " / 8 . ThlH IH th v ren son .... hy a ra ndom
ll' ngt h of I'/"Il t • 1/16 haJJ b" "n ,"'I.· .·t .·d, With 1'/"011 • n.1l62 on.' l' a ll"" 11 from
Z ll t o Ze/ .lO II • 2,2 ""p ( -J !'I9° l In th., Smith diagram .

Jump from 10 II to 90 II lin.. : I' lu rw C 10 U fr o m poi nt 'I.e; on th t' 'f -CUI'V,'
_59 0 10 Z U/ ZL 3 • ( "I'e/Z I.2 l ( ZJ.2/ZI.3 );
Z U/90 1/ • 2.2 ")<1' ( -J 590 ) x '/9 • 0 . 2H " " p ( -J 59 0 ) .

T r a n s fo rm ation on th . · 91l n IIn(' from plant· [) t o J-: ..... h . ·I·..-by Z ~; iH a complc-x
cong ru .' n l to Z U'

ZI-;/9 0 n • Z U/90 c • 0 , 2H "xl' ( + j !'I90 )

A furth .. r- ju mp fr o m pla ne E to "ll,n " F ( 10 n) h. marh-:

•Z F/Z I.2 • ( Z f,; / 911 fl l (9 0 11/ 10 fl ) • 7.C/I O tl; Z F/Ill !I • 2.2 ..xp , ( + j !'19°)

Th.· t ra llHlt h>n fr om F to C. is mad.. wit h a Ion lin.' of lo' n l(l.h II ' T he Imp.·­
danN' In pl am- G is once again n'Il' 50 n at tlw 1" ' 1I0n[\l1 t ....av., l.· ng th . T I\l' rot­
lo ..... ing !'IO n lf m- I II cOlllwcted without n ·n . ·. ·t1o n In pl :on,· n,
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Tabll' 4, 1.llIt 01 Ih.' flIh'r dun.'nlllonll , " va lua t l" n of FIIfll ". ' :l:l .

~ w/ h • 1t1lt/It O ~ I/ ltllt I / mlll
em mm .'111

/.1.1 • ~O c " I. 7~ 2. ,IS O.!HI~ "' n·qu. .. r "'lu,

/'1.2 • 10 fJ " ~" ~17 O. !i2$ 12.1 o.osa 7 . $ ,, • e

"'I.;j • '0 o 2J 0, ~2 0.73 0,62$ 1-1.JfI O. (HiR 1:1.11 , h 1. 4 mm

TIU'lllO'lillu n'm "nt of tilt' tnsertion 10•• I FI~. :H ) IrI,Jlea ll'd Iypk a l low-pa.a
fII lt'r I'ha rach'rl.tk. wtth a minimum IIlh'nua llon p, .I.' of 0.2 d li a l 12 -10 ~lIl.l.

Th .. Is-equ..ncy .hUI I. du .. to Illnorlnil Ih .· IItl'ay ' ·apllrltanc .· •. Th.. m"lillun'd
charan,·rI.uc. an- not .urprl.lna ,",'llt' n oru- cun.hh·r11 lilt' 11111' l'onflguratlon.
wm-n II \. a ••umed Iha t tht- ton Uno' hall tlll' dft"1 of a I'lI l'al1 ..1 capacilam'.·
and Ih.· narrow 90 n lin.' a. a '...· '·11·11 lrilluclam- ., . tilt' .lmpIUh'd .'qulvalo-nl dia­
gr-am would ha v. ' t ln- torm of a IOW-pUIIII IT-f1lt .' ,'. If sonn- rnat.:nltu,I"1I r-an I".
n" Kh-ch'd, it ...111 t twn I", pOI>ll II> I" tt> (·tlmpu\t' tl,.. "ut"rr fn'qu "nl')' of Ih ., tow ,
pa ll. n1 tt ' r :

A lin.' r en I.>t· n' l'lan'd by a n or T-Unk, conat ruc tvd from Indunann'. lind
caparlto r. ( F li . 36 I. If Ih.. follo wing p n'lIcl"l l'tlollll iH" fuHilh'd:

I ) L. -nKlh o f t fu- li n.' I. 1.. 1111 than ),. t / 8 .
21 Low 10 l1li li m'.
31 Inductanc e compon..nt L' • 1./1 and Ih ., c apec na nc e e om pom-m C' • C/I

. hou ld b.. con.tant In the fr"qu ..ncy r llfl l!lt' of Intf' r""t to ...hlch Ih. ' CUlo((
fr..qu rncy b"!ong.,

01) Low a nd hl ah Im ~>,'danc t· m u.t al lt"rnah' on th e li n.· •.

TIll' a t r- ay c a pac ll a nc f'1I bdw ee n Ih.. IIn l' . Ihnt e r- e i ,-,".. r al, 'd ey t he dlll to r't1on
of th e e h 'clrlc al fi ..ld Hn... art' Igno l'l'd in t h.. comput a tion: It I. no t POlllllbl..
10 kno w ...hal ot her- e I..m ..nl . o f a n ..qui"a"·nl dlairam can b., Ignor..d until all
X -va lUI'. hay~ b.... n com ptlt ..d .

Th .. li n.. . o f t h.. ntw r a rt· now r ..plae ..d by ,·qui v. l t' nt 'r - c trc u ne and the ('1.. ­
m ..nt . a r e com pet ed according t o th .' for mula. gtven In F llfllr ... :i6 and 37 , a .
well a. T a ble 01 ,

• 2 tr .. fc
• __1_-

ra:

T h.. 90 II-lin.. po th .. 10we"l capacltlvl' compon ..nt al1d Ihu . t h ~ high~.t

Im IM·d.nc.' XC 2' It I. po ••ibl" fo r XC2 to 1.>" lino l't' d eine .. many amaUe r X­
\"alu .,. a ro' .. tft'cll".. In paran.. l. !l ow " v" r, U I, no t po. a l bl £' to Ignort' XCI ,J nct·
II I. .. lIt pt"dally Ih....· ca pac itIlI1C". th at load \h ,- Inpul of Ihl' f11t.-r to a largt'
t'lItt..nt. T h.. H.. rll· a ind uc tane.. . of X LI · 1 . 9 11 a r'.· only o f m ino r Im po r-tance
In compa rfeon with Ihl' loadlni of XCI ( XLI : XCI ~ 2 : 25 1 and m ay th .. r .. ­
fo ro' b.· I.:nor£'d, Whl'n t h.' pr ..vtcuety m enuon eu valu .... ar,· n.'g"·I't I'd , a con­
venttonal .ingl",-link lo.... ·pa•• filtt'r with th t· ,·It 'ow nl a 2 Land C r" m a ln lne
.... iII rt'lIult , Who... cutoH fro·qIH·n.'y fc ( Il1Iwrtion 10• • 3 tlli ) can 1,,,. lIt'lt' rmln. d
a. folio....,. :

If " qua ll on (I ll I••-lIt h·nd ,'d by Ih.- ol"'rallng fr" 'lu" ncy \01 • 2m, Ih. ' follo wl nll
t.'quaU"n will b., o l.> lllln.·d

fc • I X ~.I Xc
- 221 _



I, ~ DOO Mill. • 14';0 Mil,.
/19.r. n72511

T Ill' ('olncid"nn' I n-twe-e-n th,' th , 'o r ..t l ,'ol Dnd l>I'odl('1I1 ...a lu " of ttu- cutoff (n' ·
quvucy III ex t rerm-ly 1I00d. 110'.0," ' ''''' 1'. lhl,. cannot l,.. IlIlIlUIlU-U 10 b., nlwuy. th,"
CIlII",

It E F EB ENCt:S TO PAH T II

(til HC A : S"mic'onduc lo r Circuit. In I'o w" r 1-:1o·('lronl,". (1971)

(7) nCA: Application Not ... on HCA TI"RO_l.torN l1!17l)

(8 ) P r o f. Il l' , I I. F,'j,·tluu rll: i\ll k r nwd h 'n ll n "UII, ' c hn i k
Vorl "lIun/:liJlkrll'lom 1970/1971 , l ln lv " l' lI lt) ' of Knrillru lw , G" r m ony

(9 ) II . SollUl : AI'I-'licattonll of Inh'lIl'llh'd ("lr.-ul1 T "chno!oKY to Mic r ow'lw,'
Fn'qu, nd"11

I' r oc:.·...hnllil or th." IEEE. Vol. 5!1 , ~o. 8, Auguill \,.-, I

( 10) i\h. ttllt"i . Youni. Jom'.: M lc:r ow ll \'" Fll l<·n . Im l" 'danc., Ma t c h in g
Nd ,",'o r"k ll lind Struc lurt'.

Me G r aw • lU ll Ii oo k COlll lllHIY. N.· .... YOI'k

( 11) Csuuon, ll uJllw . a nd Sj,bol: r.I ,·alluI',· rn ,· n la on tlw l ' r u l" ' r t k a of
l\Ik r olllr lp Tr"a nllm l a . l,, " I .l n,·.. fo r
I\li c row ll\,' " h lt "gra lt-II C l rcultll

MCX>IFI CATION 10 the SYN T H ESIS V FO DL 3 WR 001

The varl abl~ capacitor o f Ih e 0 .. 191n.1 VFO h .d a capacl lanc e v e r la llon rano~

o f 150 p F and nOI 10 0 pF,
Si nce II has n o l b ....n posslb. .. lo r us 10 oblal n a h lgh- qual il )' 150 pF va rl ab l..

c eoe cuc r-, tn e fol lo w ing mOdi f lca llons I hau ld b e fTIlIde In o .. d .... 10 obt a in 11'1 ..
f u ll f r eque n c )' varia tion ..",nge 0 1 333 Io H/ :

In c r e a s e Ih e Induc llvll)' o f Li b )' p laclng a IfTIlIll IndUC l.nc e In l.ri ~1 w llh
Ihe s upplied 2 . 5 uH coil 10 Ih . t Ih e lol a . Induc t.nce II Inc r ... ...d to 4 . I IJH.

ln c r e e . e 11'1 .. lol a l eap"cl l.nc" o f C J I C 4 I C 5 10 5 10 p F. St)' rotl .. .. C" PI.
e"n be Ule d inl t.. . d o f Ih e mica I)'p ",s , Sul lable va lu "l e e-.. : C 5 • 440 p F ,
C 4 · 46 pF , C 3 • 30 r>F al r~apnc .. d Ir lmme r , II L I Is I., b e wound, th..
4 , I pH ClIn b e oblalno:ld w llh 11'10' fo ll owin g :
2 2 Iurnll ...,am.. ll .. d c(>Pp .. r w i r-e 0 ' 0.5 mm dl ",. (24 AW Ol woun d o n '" Co:lrnmic
coi l lo r m o f IIppro ... 14 . J mm dIn, Coi l 1" "91 1'1 18 mm , wi thou l cor .. ,

Ver)' 13 d .. VHF C OMMUNICA TIONS ftnd UK W-BER lCH TE

- 228 •



n 'llTllE Il lJ~: VEI.(JI'M I·;N ·J UF TilE FOl 'H -IJl( i1r
FHElJ UEr\ ('¥ CUI 'NTEIi

b)' F . \\'I ll llll r l n. ·/·. OJ 6 ZZ

Tt... fotJr - u Ig ll ,ou lllt"r modulo lu r 30 :-'1Il :t III hall 1>.·.'n fu /"th"r d" \"'I.' p"d .... Hh
Ih.· aid of 1. 0 n•• In t...l rllhd ,lrcUIIII thaI allo.. Ih. ' u l' p.r fr..clu ,ncy li m it 10
t... incrt a • • <1 10 a l I. a" l ~O "111 1. a nd Iy p l(' a ll y 70 .\1I1 ~. In addllion 10 Ihl" . Ih. ·
n.·.. "rlnh'd d rTUII boa rd haa b"' 11 <I '·. lll n.·d Iu accurn nuxJa It' Ih . ' IIm allt' r in d l ­
ca to r- Iubo' a that a n dl r ., lIy lIuld ' n ·d 11110 Ih .. I' C - board . Th la n..... I) 'pt of
" S !JIl .· .. lullo ·. ha y. th .. lIam . IIILt· of ,hill llu t ar.. only a l'l)lvu nul h'ly ha l f u...
• u .. u f th. ' pr" \ 'IOUIi Iyp. ·... I ht )' an abo pro vl d.·d In th 1....0 d,clmal poin t ••

F liUn I .. h" .... . lh' prolul y"., .t - ul' In .0nJunr l iu n . ' llh Ih., "r' /lmpllfi,·r /pu l.,
IIha p"r nuxJult· 1>1. 8 T.\I 00 1 121 .. h k h III aUlIablt, for 0p"ut lu n In th. · fft' qu,'ne y
r anll" u f 200 klh 10 8 0 MlI :t a nd .an b.· drh't'll by a n IIlIIYI vollall" o f a ppro>;!·
ma tdy 50 mY .

Sirll'" Ih, ' I Mil l r rylj lal o"dll alo r and fn·'l u.ne y d\\,,, I<' rli .. r., parI "f thv e "'m lt' r
m"dul .·, Itw unil " 'I II LJ .· . '''ml'l'''. ·01 loy I' I'u v l "I "1I ur a 1'''''' ' '1' lIu p"ly . " , g , euc h
6 11 .h'II,·rib .,u in Ill , Th Ill 11 11 11 1'1., lend " urnl'ltd fuu r -d!ill fr , qU"/H' y , 'uunh'r .. ilh
1I.. r. ·..ulution u f IUtl Il J. III " MI" 'l' i ll ll y eut t abh- fur u ... · 11 Mdigital fr"'lu"ney I'<'''d ­
"ul In r o nj und lUn with tl ·l<lI lIlIIllI . ·I' '' ltnu l'\·c l' l v' ·I"II.Th. · "lr.I"lId,'d (r·"flu . 'ney r a nl;"
al1"w lI nu t unly till' Mhurl -wa v" b4tn(h~ tu b, · Jir"n ly r"ad " ff but a!>... th. · 5 0 MII J:
"nd 70 Mi l l amahur banu lI, 1I.'MI.h' 1I Ihll., II I'rovld" 11 Ih, · 1''' ' lIibllity of d rr-ec tly
rn"a "urtn ll th. · f ...' qLlt· II<:Y of Ih,' "I'y "lal o,,<:l1la lo l' and "u LJ" " 'lu " nl ( rt·{I U '· I1~y mu l ­
11,,11"1'11 IIU Ihat Ih" {n" lu .' ney of 2 m a nd 70 e m . 'qu il' lIll'n t ('a n b" mea su rvd
a ur.. t ely , ,·\·.·n Ihou l;h th., " "unll'r I" l1ul abl ~' to lndlt-a t.· th. · a ctual oul pul
Ir lu .' n<:y.
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1, c-mcurr MOllIFICATIONS

All ':I'n b,· M' -"n III Ih ,' blo"k dlHl: ruln of th, · rn"IU "n,-y ,'oulll"r D./ f) ZI. 00 ... wl\"'n
In F tllUr .. 2. Ih ,· followlnjo[ dlrr,·r,·n t-' ·. r'"1 b." 1I""n wh"n c Uln l' OI r tn K It t o tlll­
o rl loll n ll l 1l.J 6 I./, 003 m odul.· : r h. · m- w, mln l.lur.· Indtcs to r- tuu.·. tn>O' $870 S o r
/,:\1 13 30 .n· u .",d . Th.· lIW II ('h.· .. for Ih.· INU1·ln dec trnal pol'll . hll\'" not b.·.·11
clrll ....-n In Illl' dlill,p·lIm . A " ' ·, 'ond ....,lIh· r on tfu- m .·...urlne \lnw .....-ttc h M I In
M :1 "lIn b. , ulII'd fo, ' t hl •. Th., d"dmal p" lnl .. w ill ll11hl up \l'h"n tilt' Illdklltnr
tuu,' ' ·"nn.,, -tl onM "11. 1'." un' g r oun•." ·d.

In th,' fl rM t ,-"unlinK U "C IIU' 110. th.· c ou nt er- S N 7490 N hll . b. ·.·n ro'pIIlCt'd b)'
1) '1'" S~ 7419ft S . Thl' 1.1 1'1""- h-"qu"m'y Ilmll o f tht .. tyl" ill win'n . 11 b<'inj;C.t
1'·. fIIl SU Mlt l., Iypll'l.l ly 70 :\1Il 1. . S ln (" - thl . d, ·, '"d.· ,'OUI1I<' r n'lluln· . II m·llatl\,. ·
lolu lnll: "",,1"1 Il11puh... , 0111' o r tilt' four llalt· . of I 9 I. ('onn ,·, ·t,·d II . 1·., \/, · r ..,,1 lila II"
in fr ont o r th.· n ' ''O'l 1111'1.1 1.

I'll< Ra il' ( I 9 ) haM 111 ..1> l>""n . lm pli fh '<I lind matr-h..d to Ih. · hiih"r counl ln j;C
rn" lu" nc y by 1.1 ,," of II SdlOll ky· T T I. r uultiph- llah' SN 74 S 00 N. A .Inlll<· lIah'
l 1'0 11 "" .' 11011. 4, 5 . 6 I of [ !l o l' ,· r a lt' .. II . l"OuntinK gah' , Th.· r-..mainlnK Iw"
K'Il" " "" m a ln urlt'OIlIw'-h'd , If ' ·"'Iu1r,'<I. tlw y ca n u" u ... -d fo r 1" '&"lw l'a llon 01
clt.. lu r lt'd Inpu t !'ul .. .·.. .

Th.' ....'o r kl n l1 n :,.t.. tor c o nn'· I It ·d 10 +$ V ro''lulr''d for th ., pr.. \'l uu.ly ufII .. d .tmph·
pu IM" ..hllllt'r d n'u lt I .. no lung"r r O'llu in·t! ro r thta p r"ampllfh-r 1'1.11,....ha f>l'r
IIII"lul .· .

Two c rt l il"a l point. uf both ttw p M· vlou . and thl' fr l-qu"n"y count.. r ehoufd l>•.
m"nll<>n"d:

Tt1l' (· ry ..tal " • •' tlIlt lu r <1""11 not ".clllllh· n 'u,illy with all SN H 00 N tyV' -• . If
<Jlff!t"ulli"lI 11 ('0' " n, 'ountlT" d, I I lIhould b. · .'xc hll"W,·d.

The tnpuill for Ih ....Iorag.· ..trou., pula., I I U 10 I 18 , c on",·c llun . 4 lI"d 13 I
('O·""" ...·lIt l0lt:o-th.'r 111\ t"llUl 1011<1 rector o f 16 . If lin 4 .torIlW" le a accld ."" la Uy
ollla in Ih.- ma ximum valu,' . Ih.' 1I111t· I of 18, ( con",'cliona I . 2, 3 I ....'i11 b. ,
tlv , 'rluadl'll, sllll" Ih .· ou qlUl IUlld fllc lor call o"ly amounl to 10 . Fo r Ihl' r,· . ..on ,
1I1t "ntlon ..houl<1 u.· f>ll id lha t fl O 1I ,·(·on,khoil".· IC lyV. ·.. III'.. u • •·d . If on.' fi"tl.
Ihlll Ih l . probh'm t .. nol ..o l \'.-d IIfl .. r "xc hll ng:lng th,-I C'. it I...Ull il .... tt·d Ihal
Ih., 1"' ....'.' r· Il" \l· SN 74 37 N s hould b.· u" 'd for 18.

2. CONS r H.l'CT!ON

I" o r d" r to .·n . u n · thai t h.. fu rth.. r dl'v .. Iopme-nr of Ih .. rr .. qu ...nc y counte-r clln
b,· c'on'll'1lct.. d " a , lly, Ih . · o l'lg lnlll P C · uoa r d ha .. u",-n rt·d.· ..l gnvd lind m atched
to Ih.. n"W Indicato r tub,·.. lind Input Cl l'("utt, FllfUr.. . 3 a nd 4 ..hn .... Ih .· 11 . ·..
prl"h'd circuit boa rd UJ 6 /,Z 004 lind Ih.· compom-nt Iocaucn • .

- 1.) 1 -



- -en: -

"""" li l l

.., :tOCI l l l ra ' .......34....,'fl ....~--



'..

.,

Fit. 4: Comp~... nl lao:.lioniio OJ. II 004

•

- ZJJ -

..:

~
a,



2. I . C O \ lJ'ONENTS

l,..t'( a ll a /6 )

I 51O"""'n .. I
.. _ Ul: 1118 or Ill/ollar
2 _ I S 914 or "tmllar
I ..Ia nda r d cryllla! 1.0 :\lIh.
I horhontal eryalal hold.'r
I r r trn m cr :1 _ 20 p t'
I c .. r a m le capacitor 22 p t'
I a ty ron .. " capacitor 120 p t"

~ _ sa70 5 ( ITT I 0 '" ?o M Illil
~ _ SN HH I N

.. x S N H 7S N
9_SN 7490 N
I _ S N 74196 N

I .. SNH500N
I _ SS H 73 N

2 x SN 74 00 N
I c l' ra mlc ca pac itor I o f
I" ce r am te {'apacltora 21 nt'
I pintl e foil capac itor 0, I ut' I at I 8/8 I
I pla . tl e foil or ceramtc ca pacllo r 0,1 ,..t' ( o r m o r-e I
I c ,' r amlc , pl ••nc foil o r t a Ola ll um (', pllello r 1l.47 to
I t"olll ll um eap..ct tor- 10 to " 7 ,..1" f a l 1 8 /1" I
Ih ' IIi " l o r ll, purtl y w it h 10 IIlIll lind 1 2 , ~ mm IIpucl ng,

IIC - 6 / U

3, AYAH .AII!. E P A In'S

P i... ... "'t' pr-Ice 1I11t .

.. . IlEt'ER EN CES

0) F. WO' ln g ' rlnl'r : A t'our - l) l llil t' r e qu I'ncy Cocnter Modulo- (or
t' r .. qu .. ncl l' lI up to 30 Mll z

YIIJo' CO MMU NIC ATIO NS 3 (19711. Edition :1 . I''' il'a U9- 171

(2) W. R. Kr-Itte r- : A Wtd"band I'n.'a m pll fi t'r for Fr,' quO'ney Cou nh·r.
up t o 60 MILt

VIIF C O MMU NiCATIO NS a (197 11. t;dil ion 3. I'a lln Uti- I!8

(31 Il.Kahl.. r l: Unlvl'raa l I' ow,'r Su pply Uiling an Int<'ll~rah'd UC-Vollag."
5 tabiltz " f

Vll t ' C O MMU NiC ATIO NS 3 (197 11, t;dltion 2, l'0 i" 11 11 1-126

C W C AI. LING t"IU;Q UE NCY AND C Al.I. ING T IMES

Si ne .. the num b.'r of Vll t' C W IIlallonll I. r .. latlvO'ly a mall. th O' V II F - D X i roup
of !h I' Darm.tad t AIt C 8ullll-. ta an Inll'rn. t1on . 1 C W call1 nl trl'qut'nc y o f
144.0S0 Ml h . nd calling p, ·r lad . f rom th.. (ull ho ur to f1vt' m lnutt· . aft .. r- .

Thl••• to bo' valid (or e v.. ry day a nd " ..pl 'c\a ll y du rl nll th o apl'cl.1 activity
da y. I TUI'. d . y. l. U.lnll Ih la .y. lt'm It may .' v. 'n tKo pou lb h' 10 fi nd a Q SO
par-tner- bo'(o n' iot nl{ to work a. thl. ttme o ft.. n prc v tde abovI' av.. ro i" cond i_
none nr 2 H,.: , n ,l S DT.

- 2 J4 _



A STAltU: CHY STA L·CO~THOI. I. t; 1l O:->CIl .I.ATU H IN T Ill-:
O IUlEIt OF 10 - 7 FOH FHEQIJ!';~CY ANI> TIME MEA Sl'HUof ENTS

by n.ce-r. DL I XX a od n.uear-, 1>.1 I .IZ

A I Mi ll c ry . t a l o lOcilia lo r ill to b., d"u'rlb"d .... hlch .·_hillltll a fn''lu. 'n cy e-r-r-o r­
o f l"'U" r than:!:. I , 10 . 7 .... h.·n u • •-d In conjcnc uon wil h 11 c ry_ ta l ov r-n. Tho,
circuli h.... t". ,-n dt -lIl~no-d 100 thaI II K0utl fr ' -' IIH-/wy IIlull llity 18 a l ao olllaino-tJ
wi thout OV "O , F lud ultUun . o f t h... op.'ratln)t vol t a ~ .- and lua d hav" a v. -ry 10 ....
t·fr.- c l on IIl1' f ro'qu,·n.·y, M,·a .un'd valu.·. ar. , Kl v.' n ....' 11 h rl·"p,-ct t o th.· b.. ha v ­
tour aft .. r .....rdt chln lil on and during long ~... rl od . o f u,w r a ll o n a. Iii 1110' .'fr. '(-I o r
f1uc luatlon . o f tfu- o p.' r a tl n e \'o ll a g.· and loau.

Th.. o.clliator c i rcu it I. pro -e ld.'d ....-It h a va racto/' d lod.· whirh all o fino' a d -
JUlllmt'nt o f th .. fr,·qllt'llcy. and th,' .ync hronh atlon of thv olOd llator hen u.ln lL
Ih., IIlandard fr .. qut·lIc y ...-r-vtve r- I)J .. IlG 010 (II . Th i. rn,'an_ thaI "'\"<' ,'u l d lf
f.. r-ent \' t' r. lon. a n' po••lblt· thaI c a n ll, ' IO " I"c \o'd acco rd lnlil t o Ih., ro' llu ln'd
Ir-eque-ncy alabUlty , TIlt' "alltllly ollta ln"d u llinlil Ih, ' c rYllla l ov en w ilhoul .)'n­
c hronl.aUon 10 . IIlal\da ru ( r "qut'ncy t r an.m lll o-r . houhl ll.· und,·r1irlt'd. It Ilinol
only th IIhorl-!lm'· ,tabillty obtulned by UH" o r lilt' Ilu-rmo.tat Iha t I. 1I00d bu t
alllO t h lonlil- Il m .' .ta llil ity .I/lc... th .. liKing of Ih. - r ry . t u l JIiI "''' ''y lo.... du e to
t h.. <:'u r ..mely low loading or t he c ry atal 11>...1(,

~,
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1, C IRCUIT IJ ~;TA I LS

F lgurt'1 it..... . tht' circuit of th., crY III.I tim.' ba ll., _ It lnclud.. . th .. oac il la tu r
( T I J. a bufft"r ampHrh'r IItlli" I T '2 I, II puh", IO hlIl' ,-r ( T :J I and an Inlt' lIrah'<1
tr .. 'tu ..ncy dlvld.. r-. Tht, ...holt· ci rc uit 0l ... rah-. ..,lth II Ita lollh.· (j o ,,,, ra ti ng vul llt il"
of !l V, ... hlch i a ai llo r "(luln'u for th,' TTL -Ie . o f Ih,' ""u ipm .'nt 10 lit' d r-tv vn
by th l" ollcHlal or I .-lo·rlronlc' cI Ot·k. fro-qu"n " y 1I,'/wl'lIlor. rount .. r .. IC- . I , rh"
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lran.huor. U fo' 2241lrf.> ve ry low·n·...cuv.. typ...; howev.. r-, the clrnl!l I. Vl'ry
unc r llh::al eo lhat other- Iy p... cen b.. u ...d .

On.· vet-y fa vou r a ble t.... tu r-e of thl. P I.. r-c.. -c trcurt I. Ihe I.rl" l'ap.dl.ncE'a In
parall e 1 wll h lh.. baa.. • e mltt .. r path .nd colle clor-t'mltt .. r p.lh of th .. o.dll.tor
Ir.n.l.lor T I. They art' pl.ce d In pa r.IIt'1 to lht' te m pe r-etu s-e and \'ol t.II"­
dc pend.. nt tr.n. l.lor cap.c llanc .... a nd thu . t-educ ... me t'Cfec t of fluctual!on. of
lh ll' am btent tem per-a tu r-....nd c p.. r . lI nll VO U.IIIl' . Tht' capacito r. C I to C 4 and
C 6 muat , of cour.... na ve a nll'utr. 1 t...m pe r e wre coe ftl c l t'nt. The oe.lln of thl.
circuit . In ccnjunct to n with t h.. lo w 0l't' r.tlnll volta it' . m t'a n. t hat t he 10atHnil
oC lhll' c ry. tal r em et ne It'.a t han 200 ,. W. T hi. m t'an a tha t It I. not n"c ll'. aa ry
fo r a conn-ct ci rcuit to b.' ua l·d fo r atabl1lzal!on o f tilt' am pll tud.·.

2. Il lF FE I\ ENT Vf,;I\SIONS

T he cry.lal·cOllt rolll"d um e baa...hown In ~' liUr t' I can bt' bUilt up In v. rlou.
vt'rllon. accordlnll to th .. r ..qulrll'd frll'qut'ncy at.bUlty, A f........ pO. l l bUIt IIl' •• re
to b(' Illvl'n In the follo wlnll l. blt, :

Nott, .Cryltal ov en 200 kH z RX Cry.tal.

I 0 0 0 0 XS 60 02
2 0 0 0 0 XS 0604
3 XT. I/2 0 0 XS 060S/7S0
• 00 Il J 4 BG 010 XS 6002
:5 XT .I / 2 OJ4BGOI 0 XS 0605 /7 50

Inll'llpll'n.lv(' callbratln, cryatal
Mort' e xpens i ve c ry.lal. po ••tbte
Ava Ua ble' crYltal oven for 7S0C
S•• rete renee (1 )
IlI llh accu racy even ..... hen t h.. ata n­
da rd Cr e qu t'ney I. not bl'lnll
tr-en sm Irt ed

Th.· eryata l typea Illv .. n In the abcve tablt· art' m anu fac tu red by KVG and a rt.'
avallabl... fro m t he publlaht'n. The 1 Mll z . landard cryalala a rt' now IIlvt'n In
ordl" r of lncrt' a . ln ll accuracy :

.d

T.~ Total tole ran c e 1I0 1d.. r
from +I S l O +4 5 C " 25 0C

XS flO02 :!:. 50 :. 10 -6 a11Inm . tol . • !.I O II 10-6 ti C -6/U. al rt l6l: ht . ...1

Typl' All lnm" nl T t'm ptoralurt' r-e epc n .... of the fr ('qu ll'ncy Il old .. r
tete ranee ilfo In tne r an .ll'E'

XS 06 04 !.1 0 II 10. 6 !.IO It 10 . 6 -20 t o +70 ec II C -fi/O. at'alcd
XS 0605 !' t o II 10-6

" II 10- 6 :!:.50 of th e nom inal In a cryatll.l even
ternpe ra tu r-e (" . 11 . 75 0c)

~'or the hl Eht' . l d l'mand . on th " lo n6l:-t1mt' lIabili ty and Q o f t he cryatal , ron­
.Idll' rably mo rt.' e apen et vo ty".... of cryatal. In e va c ua t ed ilia •• hold.. r . I 1'. 11 .
XS 3505 ) a nd col d- ..'..... ld ed m t't a l hold t'r I l'.S. XA 11 1 ) a rt' avallable ,

Cry.lal ove n XT·I XT - 2

1I.... t r vol tal'"
IIt ' a t t'r cu r-r-ent
Workln s tempe r-at tar-e
Conl rol accu racy
Control
Conn,'cUon .o(' kt't
I>lm t'n . lon .

6 V 12 V
lA 0.7A

75:l3 0C

!. 1 0C
Blm e ta l
Oc tal

overa tt hd aht: 60 m m ; df arn e-ter-: 32 rnm



Th .. f,,\Io.... lng ah"uld b., no\ .' d wh "n t h.· eryll l;,1 oaemalo ,' III 10 b,' lIynl·h ronll .·d
to 111l' '2(10 kill. t t-a.ramtt t er- Dr-ottwich: T he- fl .·ld "tl'l'ng th of thi a t r a n Hm ltl.· ,· la
v.' ry 10.... in S"ulh " rn EUI'ol'" I': h k h nWll na th lll only a vcry low 1IIgn lil-to-nolll.·
rlllla III IJl" ·lI,·nl . For thlll 1"'111101\. It ill n.·.·t- ...lnry fo r the ttrn e conetant uf th. ·
""n l n,1 I""p 10 b,' \H' I'Y ItlOg whlch c a n b., o bta in.·d by ualng la rij l' e"'padtam' "
/lnll/(lI' I·.'llilltllne .' valu"11 in tilt' DC cont 1',,1 voltag.· I fru-, If t h l ll III nul tllk"n Into
c'onllld"rat!on , " Im o liph.. rir in lt· l'ft·r,·nl"· can cau!;.· 11 11 un want .. d phlll'" mudulatlun
"f th ,' crvste t ollcllla tu r .... hlch will "" <! Ul '" t tu- uallbility of ttu- ullcilh.to l· ",Ignal
{'onllhlo' rably.

:1. CIIAHACTE HIST ICS AN D M f.:AS ( HEl l Il ESt:LT S

I x 10- 8_ I
10

Cin'uit No. :1 " 'lu ll' l' ('d .... lth th.· 1'2 V c l'Yllta] even XT-'2 lind the' CI'y,;11I1 XS
0605 / 75 0C wall buil l u l' by D./ I .JZ und mea au r-ed by IH . I .XX. T f u- IllNIIIU /'t'­
m"llltl w"n' {'lIrrit'd out It t an am b!t'n t It 'm l,,'ra tu /'t ' of 18 »c utling a hum ,· -m ltu. ·
f n"lu,'IlC'~' Ill"alluring lIy&t" 1I\ ".. hlt- h Iucludcd th, ' I r-equ r-nc y stundnrd _"SC: of
Hho,k a nd S,·hwa,,~ . T tl" rm- ....urlng r ve olu t iu n and abllolut,· Il... -uracy of thlt;
"y"h-/n hi

Il.·fon· {' a rr~'illg out th. · nwallun·m.-nt , Ih .· o,,,,lllato l' .... all all "u In continuoull
o p" rallon oV"r II p r-rfod o f I ~ day" .

OL 1 XX L
OJ I JZ r-:

. ,,- • "-,, r

FIIlU I'" '2 Indka l"11 th ., f ... ·(lu.·nl·y ve r ta uon on h"llting th . · crYtlh.1 ov .. n aft .. r
s"·ltdlin~ Oil. T h., flllllll"!ll I"'I'ltlu/' ., uf It1" l·l'y ..tal Ilnd Ihu H 10 f""'lu "ncy accuracy
of bdl.·" ttu-n .!. 2 II 10- 7 II> ubtain.·d afl . ... IIpl'l'ollima tdy 12 llJlllult'li, Th ., Ii ....n­
ching Cyd"ll of lh ,' IWlll lrlK uf lilt' c' r~, ..te l "v., n II" .· glv"11 I n-Io....· tilt' Ir-equvncy
(·urv ." F lRU rt ' 2 " Ill, ..... " Ih ., fullo ..... ing eoncIuaf ou e : Sine.' the di" ,'c tion uf fn'­
qU" llcy drift ... ·V''I' .. . ·II afl" ! apl'roxlmll tl'ly 3,7 mlnuh'II , .....11l'rt-1l11 ttl .. cryatal
hall not r" lIeh" d Itll flnlll t e-mperntu r-e du .· to 1111 poo r h.'at conductlvlt~-. Ih, '
c r-y a t a l w ill flo l b.· c pera ung at It II 1t>II\ IWrlltu l"" "" \" ' 1'1181 point, In Ih l a {'II lit.' ,

th . · (' ry llt nl may I'0tlllibly b.· A typ.' !w1"('h',1 a('('o rdlng to ne load ('allncl tlt nc,·
r u r n'5l'ulJd ing to IIlltndllrd CIt - 18 / I! , ""ha ll" tem per- a tu r-e ' ·{· \'.. r-aa l po in t I_ 100
10.... . In a 1I. It' r m t·alluro· m .' nl , th lli W il li found to b., III 6 20C . 1I0""" v" r, t h l"
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la !lui 8\Vla ya a dla.d"a"lall:'· a l,..n thO' IO'mp,·ralur.' ,od f l< " nt of AT -cuta Vlllh
a roy. ual IO'mprnlur.. po lnl o f 'n oC • '1' .1 . aa Wllh IYI'" Ctt .'l7 /t ' • VILli L...
tar \.... f''IOu r . bl.. if th.· ro' ytr.al t ..mp.r.tur.. I' nol •·••c l ly obt'ln..d ... lIh
a llll l,l .. c ry . ,.. 1 ov ..n. Mlch a. u. d h r .. ,

U"rln l e on tln uou a o~ r-atlon , I rladlc fn'Q""nc y v.rl.llona Will oec u r d\l t o thOl'
I.. m .... r .lur<. c ) c1'1' a o f th e ry a ta l o ". n. Th ''I'.r Ilv.. n In tl IU" 3. Th.. Ire ­
Q"" ",cy e r rc e am ount. 10 ~ I .. 10 . 7•

••

I I I I I I OL 1 XX. OJ 1 JZ

I
, J;

I I ,
I I,,

I ~,

, I i
' 0.1

-0.1(1

-e -
U

.0<

Th follo.... lnl fn'QU'I' ncy v.rlatlon. I '" Af/fo
oe e u r on c hlnl ln, th .. ope r.Unl •. e V · 0 . 1 - 10.6
volta It· l II of th'l' oaeillalor:

!l.O V •
!l.!l V -I • 10 . 6

nu. r lulu In .pproumll.. ly ! I • 10 6 _ O.!l V. Tnla m.ana tn.t th o po. rat ·
ln,l Yolll' .nould not nuclult.. b)' m ort than !. O. O!l V o r b'I' I"P'I'rlmpo...d "lIh
I 1''l1.o m 'IOl ta • . n .. ln1f',rllO'd control e u-euu au ch aa thlt ,1V .. n In I'll la .... 11·
Ibl'l' for ua'l' I' pow .. r lupply.

Th.· fr"'l\I"n,'y va rlltlon on ahort ci rcu il ina
th .. I 101111 oUlput 1I"t 3) to Ilrv\lnd la:

Th.. Iunlnll rlna. of Ih'l' YIIr.clor dl od'l' .mount. to 1 . 3 • 10.6 al I 'I01t l ' YI'
r lillun 1)O'1"''I''I'n 0 V Ind !l V . If Ihll d iad. \ . not to be' I. d, U ahould b'I' e on·
n'l'clo ·d to th'l' allbUb'l'd op.- r-aUn, 'IOlt l , 'I' o f 5 V. Th.. d lOdt· ca n 111o be d 1.. Ie d

nd ro pi .. 'I'd by I ... rre brld••-.

Aa hi ' .I,....dy b"'I'n m ..nllon.·d, Ih .. l""..!ln, o f th.. c r y . t l l Imounta to 0 , 'l m W
In Ihl l ci rc u li which I. ,ufflcl'l'ntly b.. low th vllu,. of O.!l m W which Ii: V(t li au
la ml.lmum 100dln. for Ih.. rr pr..clalon cry.lll. wh ..n hlllh d.'mlnd. Ir.· pl ....·d
on lh.· lona·tlm'l' Itlbllily .

t lni ll y, tilt' qulYlhm1 d8 11 of Ihlll c r y a tl l w.. re dt·IPrmln..d In I lI'· d n' u lt ec ecrd ­
In, 10 G.. rmln Indultrlll Stlndard UIN . 5 10!l :

Cryatlla:

" 1 •
L I •

Q -

".

XS 0605 , 1 10111 , .
205 c ~ 10'\
] .0 II !.10'\
90000

7!l 0 C

MUlun um Im.,..dlm ..
fr"QIoI'I'ncy: !filII. 11]2 kill



~ . ClJSST IH'CT lo~

Tht· c1N'uit t1lv~n In F1t1Urt· I III 1I",'ommoda t.. d on 8 6S rum _ !lO mm
"'hle-h haa tW"n d "lIlgnllh'd 1).1 I J/. (JIll and III »no... n In F1gul'" ~ .

("rylilal uv ,'n I. UM t'd , t tn- ("ryliial III no lunto .. r ac("ommodllw<l on the
but 111 l tll' t' rY"'181 0\',,".

I'C - bo a r d
Wht'n tho'
I' t' · bo a r d

A phol 0 to rlOllh of th, ' Ilul hor'a p r"lolyl'" I .. Iotlv.'n In F IIlll '-'- S. T h" I"'" ,·unn .·,- tlon.
of tilt' o-yll tll llO rt· f ..tl ( r"m ttu- ."t'kd "r th .. ("ryll tal ov en to th ,' '-"nl]l'{' tItJIIII un
Ill " I' t' - bt' a r tl . T h. ' t wo tu-ater- COIlIlt·,·!lonll art' h -d to r.· .·dth,·oujo(h "Rpadlo r",
,,111<: .-<1 Inlo Ih.. "' ali ll of tilt' T EIH I ('1111", Th,' 1 Mil l and the 100 k l l~ ou tput 81'"
conm-cted to Im" · ("/ol padt lvo' r.·.·dthrout:h ....·h.· I·.'a .. Ih t' uI',- ratlnto a nti tu ning vot r­
aK" a n' (,'tI In \'10 r...·tlth ,·ough t·III"'dtor.. _

F._. : I'C'-~ DJ1 Jl 001.'(0...,._1

"cat"""

F• . fi: "'OI O,'. ph 01 lilt ...tho.. , , ' OI Oty,. ~

\

,,~---

,

~ _ I. COM I'ONENT D ET Ail ,S

T I - T 3: IH' 22 ~ IT II , In' 173 , 2 N 3304 or IIlmUa r IH' ty p. ' .
J) I : IiA 12~ , HA 12S IAEG-T.-l..runk.'nl . I S SH2 A o r .Imlla r (app roll . SO p,"'l
I I: SN 7~90 N ( d "('ad,' countr-r- I ( T .-",all Inillrum.'nt. I
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Cryalal: S, .' 8".-11,," 2

C I , C fi : 27 0 p F a ty .... n.1< '·UI.... ilv r
C 2 2 _ 13 p f-' " Ir-B\tl"' ,-,I ll' lrnllwr
(' J J:l p F c<-n ,mk ,"plldto r TC 0
(' ~ I~{) " F "I.vn>fl.·~ "" l'"dtvr
('~ . (' 8 . (' 10 : " pl'rol<, I IIV ,-,'rllmk c a pac Uu l'. II l'udn6/ ~ nu n
C 7 . C 9. t ' I I: 1 " I" l o ~ , 7 " F lal1\ll li um " [, 'c t r o ly l ic ('lIp"dtur. d n>p Iy p. -

7

, XT-I /2

,
l'I-~-lI la l ove-n XT-I or :\"1'-2 lUI"
""('umllludlliion of mnx, 2 IIC - :n I t·
o r lIe - li / t · cr~·III"I .. . ,00\1".cllon
t1la,llI'am :

e. IlE n :HENCES

( I ) !·: , S,·h mH t .'r : A 2lJ/l ki ll 1I"c d "I ' r fo r Synch r un llUl Il 1 Milt O"ci llUlorli
to t il<" II r o ll wl<'l, lon gw a ve T rarlllmllh' r

VIIF ( 'OI\lMllNI CAl' [( INS ~ ( 1!l721. Edition 2. 1'11 6/" . 11 1 ~ 1 1 8

(2) II. Fra nkl' and II , Kah lt· rt: Untver-••1 I' o.....e t- Su pp ly U. ln ll .n Inll ' i r a tpd
DC VolIII",· Sta bilill' r

VII '" CO~ IMUNJ('A TIONS J . (197 1). Ed it ion 2. 1''' 11''11 121 -126

VHF- UHF MANUAL
hI-uhf ..._.~-­

i manual--
•
I

I

I

A handbook (or the VHf amateur pub ttahed
by the Radio Suclt"ty of Grt'a t Brita in

• Circuit. and tt'chnolol)' cove rtng (r om
buic prl nc lplu to compttcated micro­
wave equtpment

• Exc t'lI t'nt r eterenee book for tbe VHf
bt'g1nnt'r and expeeteeced amatt'Ur

• 30~ pagu with dt'tallt'd circui t dt'scrlptlonl
and ust'mbly In.tructlon.

• Both European and American Tube and
Semiconductor typt'. art' USE'd

• zxrenetve Propa ll:lllion and Ant E' nna in­
formation

A
••

C1 .60

Available tram:
UKW-BERICHTE , H. J , Dohlu . oHG, OJ 3 QC
(W, Germany) or National Representative

Dt'Ut.cht' Bank Erlanit'n, xcetc 416 32~

Postscht'ckkonto Nut'rnbt' rg 30 455



A MATEl:H TEJ.~;VISION

I'il.r-t II

by T. lH ttan, G3.JVQ!IJJ IlHQ

4. TE LEVIS ION T HANSM ISSION
4.1. INTHODUCTlON

T h" " l' are Iw o main waYII of comutntng tht' audio and video IIlg nal to form an
AT V Illgnal tha t can bt, re solved and hca rd in a conventtonal dcmeattc T V ro ' ~

cetver with a pp r-opr-Iat e ccnvvrte r-. T h. , flrllt ull ell a eepe r-a t e UII F n-un..mnu-r
for video and llound wh ic h art' combined In t h,' fi nal ou t pu t Iltag., o r III tht, nn ­
tenne . The ot h.. r method III t o com bine t ht· vldt'o a nd sound sillnaill at I F le-vcl
whe re Ihl' lam ,' Jr-equency conv.. r-aton lind a m plification I, u",.. d for both algnal",.
An AT V Inn llm ltt t'r for 7 0 cm ba", .. d on t h,' IlI.ltt· r prlnclpl.. I. to Ill' de-ac r-lued
In on e o f the ne xt l'dltJonll of VIl F CO M MUNICA TIONS,

As wa ll lIta t ed In (1 ), the r-e a re un fortunately IlUll dlff.. r ..nce s In th .. ptcture
sound c ll r rl l'r Rpadnllll lind type o f audio modulation a t VII.... u owe ver- , etnce
fo'M modu lation III mort' w h.h"pr ..ad a nd rnoa t ccmeeuc r-eceiver-a for Vtl ... art'
e qul pped for t hl ll mode , lOO t' w ill only dea l with FM. Th.. d tffe r .. nt ptctv r-ee eound
carri e r IIpacl ngli ca n be e asHy compe nllate d fo r In t he ecu nd t r a nsmttte r or by
Ilhlftlnll th t' sou nd n ' Ie-eque-ncy If the sound carrte r III ccmbt nod with th . ' com­
pOilUe vtdeo signal Ilt IF Ievel,

••
Tv c.am...o ". r-,

~ ---_... '.....

~011r[:::::::::~HB - Pith". tx............. nAM. /,(JW f- I-- 'L 1 1 f . ' 3 '. 25~ - I§ Ym .L

•
~_. ..

W:: - Sound TX.,._.... ,.. FM " lOW

C>
_.

t . ,Jq7S~•'«110.. ,

fl l . l : Il oek d••_ af. typicll ATV .tllp

F lgu rt" 6 lIho wlI a IIlm pllfie d bloc k diag ram o f an AT V t renemme r us ing II
lIt'pa ra t .· t ranemttter for t h.. lIud lo a nd vtdeo IIlg nalll ...-htch a ft' com bined ulling
a lIuitablt' flltl' r In th.. enu-nne Ieede r , T Ms block diagram III to bt, ueed to
d hlcu" th e va r-Ioue modulea rt'qulrt'd tor ATV tranllmill8lonll,

Th e Imagt' to tn- trlln llm ltl t' d III ec anned with th .' aid of Ih .. tt'lf'vlllioll cam l'fa
and divided Into II largt· nu m ber- of Individual imail' point II or .. h-rru-nt s . T h..... ·
point II are then conver-t ed In t he cam e r a tubl' Into cor rt'"i'0l1dlng ..t..ctrlcRI IIlg­
nala which form th .. baRIII of t ho' video ,Ignal.

_ 2 4 1 _



Of <,uunll' , Ih.' Id"vIRlon .'IIIlWrll l' .. qu i/'l'1I 110m .' form of hor-Iaoutal and \',· I·tklll
d.·fl.,,·tlon in o nlt'r 10 l,.. abl " to I'<,an till' 1IIolhl-,,,·n .. ltlv,' 111":11111 plait· whtc h III
["'I'hapH th .· m01l1 Impo rtnut parlor th s- T V '·'" 'll'l·". T lll"h<' ""anning IIlglllllll an'
thv hodzonlal lind vet-ttca l blan king ami lIyllPhrolli7.!ng IIllI'Ul>"'1I Ih"t mu"t bo'
g"n"1'8 1t'd In tilt' appropdat.· d r·cult .. wttntn th .· ,·"n1<'I"II. ln o nlt'l" to , ·n HUrt·
Ih at tilt' T V r ,·cdv.. r- III ..y'wh n>flb,·d to Ih.· TV ca mern, it I" n.. '· .·" .... ,·y for
th.·".· ..ynchr-onl z tng III/:nlll" to b. · combln"d with th o' vll ko infcrmntton to Iorm
the cum poe It .. vtdeo IIlgna!.

T h ill ccm poane \'1,1>'0 IIIgnll1 III modulate d onto t h.· vl<l,·o cer r tr-r In tilt' vid.,u
tran"mit H· r. Nt·gatl v,· a m plt t ude mollllill tion ali d"lIcrib ,·<1 in (I) III to b.· uII.. ,I.
T Ill' whit.. It-v ..1 co r-r-r- s ponce t o 10,", o r the rn n ximum vld..o eal'l'i " I' h·v,·1 and
should not be .·ll ...·,· d ..d; ouu-rwrse an lnter-Ie rt-nct- IIlgn lll wlll b, ' h.. al·d in tilt'
sou nd chunn..1 o r Iht· TV ,·... ,.,Iv.·r. T h.. blac k I.. vl'! ccr re-eponue to 75~. of t h..
maxirnum c arr-ter- level. T h, ' aynch roruzing pul ..,' " arv In t h.· lIo-t'R llt'd hlack.. r ­
Iha n - llla !"k r ungt' and obtain Ih c lOll"!. It'v,·I. An ollelllullc"I'" Irn a,lo( t· of t h, ' com­
pOHIt.. vlde o IIlg nal ( n,·gallv.. AM ) 11'1 li:iv('n in Fl gu I'" 7.

f' .1 : PiclUq c."irf 1Ii,"1Iwilh ....1...
•"",Ii"'. motlu'- l ion

T ht, a ud io Hignal In our .'x amplt, 1't-I, n ' Iit'nt H a couv vn t lo nal fr " 'lu. ·ney rnodul"t"d
70 em traoHllll tt"r or 25% Ih,' l>tlw.· !" o f t h.· vid.,o tr-ansmttt r-r-. T h l H F:<.: IIll(nal
III tlwn ft-d vi a II su ita bl .. fIl t"I' \0 Ih .. HIWH' anu-nue liS th .· v\d..o ..Ig,ml. T hi s
vf r ur u Hy m eans thut tw o s epa r-ate 70 c 1ll HlgnlllH a n' tran llm iltt·u ulIl 'll~ tilt' ""Ult·
en tvr me •

TlIP o th .. r method wht'rt' t tu- a udio and vtoco slgnah' al'" com b med at I F h'vt'l
IH to b" dl llcU8H.'d la te r In Soctlon -l,-l.

4 , 2 'rtuc TE L EV[ SION CA fllE HA

MOllt T V a m a teu r s do not buil d \11>' 11' own ca m .' raH but lTlalnly I'u l'dm ...· om- o f
t h.... lolI ..u - c j r c uu T V c a m " r all th a t 1I r<' avnlln bh- r .. la tlvl'ly In" ll: lwnll lv " ly on Ih .,
marh·1. T h"II" eamt- r aH u Hua lly ha ve bot h a n H F and a video out put. T h. · au thor
halil ronllld.. l't'd t h., pOllll iblli ly of ulling t h,' RF Hlgn lll , wh tch III ueually In T V­
Ba nd I, a nd milling Ih l a u p to th , ' rt'quln'd out put frt' '1u, ·ncy . Ilow ,' v"r, "ll:IW­
r tvn.. .· ha H tlh"w n that thlll H I' vl(ll'o HIKnll1 I.. no t IItablt· .. nou gh fo r th lll a nd
!ll<' TV came-r-a would I'r-qu i r t' m otli fl c atlon to obtai n OIu fflc h'nt l tn enr-rty a nd
fn·qu .·ncy Htllbil i ty. Jlow .. ve r, Ih e qu ali ty of th" vld .·o ou tput IiIlgn lll III u sually
mot-e than lIuHlch'nl fo r a m a t.'ur al'pHcat1on H, O f "(JUrll " , th, ' 11ft- of the TV
cam .' ra tub. , c a n bl' Hpll l"t'd if t "lI t tra nllmlulion .. ,,{'t, m ad r- uHl ng th .. vit lt'u
IIlg nlll from a pattern g.· n.. ru t or- to fo r m II bn r o r crolillba r plcl uro · . Suc h a
plltt .. r-n Ilt'nc r ato r lind vld.·o pu lflt, c t' olt'r lin' tu b.. d"lIrrlb"d In VII F CO M MU­
NI CATIONS,

Fl l/Urt' 8 g lv "H a IIlm plHh'd block di llg ram of a close-d-cj r cc tt TV c am vre Ih llt
would bo' lIul tabl,' for AT V tl 'an lim ifllllon ll, T h.. main pll l't .. u f t h., T V e a m'T Il
a r" tin' optical sy.litt'm , th, ' IIlgn lll pla t." t h.· c a Oll' I'a tu b,· wil h fo(,ul;llng c:Irt'u il ,
the hori zonta l and vertica! rld l. ,(' tlo n coils a" .... .. 11 " " th. · dd l. 'r tlon dn:ui\ll
....·h,· I'<· It... ho ri zonta l and v"I1!ea l ddl .·t't!un Hlgnalll a rt· gt' lw ra tt:d , Tho ' T V

- 242



c nmer-n also hallo el l·c u lt. ..... hlt-h co nv" I'1 th, ' d., rJo'c l io n I lgna l l r"'lulr.' ,j uy HlI'
, 'am.'ra 11IIc lf Into Ih, ' ulfln kl nll lind .ylw hronlz lns rUlliI' ll th aI an' " u p,' rlm ",," ,',l
0 11 lin' vld.,o IIlgnol rOI" IIYlwh lun ll lll ion o r a m onitor, and dl .tant TV 1"0' ('''' \"0 ''"'

For prk., rve eon e, v frt uu ll y o nly vidic on and plurnbtc on TV c amer-e tuo., . BI""
'1 11."11 In cloll,'d -dlTULt TV r-em ...rl ' , For thl l rva eo n , th., main c h a r a n .' rllllies
o r th" II., 1)"1"' . or ('IUlWr a tub," I. t o bt , .. xam tncd.

I

vv:.:·1-
e.---to - ...--
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-_ ...,--
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• •
t>

-
.....-

-_.

r
~ Ir. _-.IT.Jt
~I L.:---

f . "I : l leek _.._ ,t, TV c.....

·L 2 ,1 , TI lE VIDICON CAME lt A TUH ~;

TIlt' vldic-on ca m .' r B tub.. I. a chargt'- lltoraj:" Iy pt' com"rilllnj: lilt, fo11 ovdnll
major partll: I'hoto-t'It'e t r-tc (light "'n. u tv l' J conve r- e ton platt' , IIII:na l plait ' ,
and focullln!! lIy .t..m tor- obtlllnlnll: Ih .. narro........t posllibl .... I..c r r ontc ueam fo r
s c a n ning the I lgna l 1'1110' ( Fi g , 9 I,

Th., . Io ragt' plalO' or th.' vid icon com pr l..,. , Ilght ·le n etuv... ..-rntconducto r leyvr­
wh ich I. a c c omrnodat...d on I t r e n epa r-eut ....1e c l rlc-a Uy condu ctiv.. lay.'r o f th"
s 'gnal pial .. , If IIlth! quanll I'"l"a ch Ihl" . ..mlc onductor layl'r , th e ohmic n ' "I ,tanc,'
or thl . laye-r- will b,' alt .. r ..d d...po'ndlns on th .. amount o r Hah! du .. 10 u ... ph ol O­
.. Iect rtc o,rr.. c t . Thl l m ..anl thai th .. diU r ..nee In the briahln.. . . vl luo'. I. a c c u ­
r .l.,Jy mlrror..d by tht' dlff.. ro·n ct' In th .. ohm ic r .. l l. t . nc el r .. l u lUna on th,"
. ..mleonductor layo·r anti Ihat th .. optical Imait' wilt hav.. b.... n ecnv e rwc 10 an
,'It'clrleal Imaie , Th., tran .p.r,'nl , m.'la lll e Ilgnal pialII' and Iht' .urfaC(' o r th"
s .'miconduc lo r lay .. r al . o . Im u lla n.. .. u . ly rorm a c a pac ll a nc .. ",ho.o' d ll'1.'c l r lc I.
term ..d by the t...m lconduclor Iayr-r-.

Th,' l'Cfu l va lent d lairam o r a .Inil., ptctu r-e ,'h·rn.'nt c an th.'rt'fort, b. , rl'l'rt'I, 'nlt-d
a ll Ih., pe rell .. l ctrccn of II cal'adlanc(' C and an ohm ic rt' .I .lan~t· n ( ""t'
F li. 10 I , Th., val u,' or tIlt' rl'.h,lant'" H I. d.. ,,,,nd,'nt Oil Ih ,' em ount of light
pn't...nt fll th la polnl,
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t-:/ll.'h o f l llt ' ll" Individual I,!c l u r t- t'lt'm t"nla I» lIl.'annt"d pt' riodl('ally by th t' ele ct ron
b...m. Th.... lvc t ron b..am Clln bt' .ald to conm'c l th." ."lOd_h·d "plctutl· ,.!t.­
ment c/lI'''dto r '' p,,·rlOOk.lly to ".thod., por r-nr lal , T h i ll "ptc tu r-e ,'l .. r m-nt capa·
cilo r" can th ,'n bt' dlschaqjwd via Ih ,' ltghl-tJtop"nd"nt n'»iI.to r It In t il" Iw rlo d
until th. ' rwlit lIean ( IUlllumlng Iha t th .... v!lJu,,1 ImaM" hll" ,' hanK,·d ) . T il. ' pt-rludu..
1I1'/llln 1r1ll o f th. , prc t c r e elvrm-nt tllt, !'t ' fo r t ' Il ' IU1l1 10 va rying ,"U IT ,' ntli t haI li n'

avallault' 811 B cor r .,lI pon<Jlnll volta~w ","rOIlIl th,' " " 111 1111 11 11 (, " HI. . ..... hh:h t tu-u
. ·Orl ·.· . p"n,1 to t il ,' light vatu"J! "n·•.·nt at \ h," In di vidual plc lu l"t' 0'],' 111<' /1(11 011 Ih"
IItora l/" plat."
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TIn- polarity of tin- (luI put vollllil" III 1lt'lllltlV'· ... ,g. /til lnc l'I'a'... In b l·lllhln.·,u,
...dll eau.o' lin Iner,·a.o· In cunt'l,1 through H I. .

T he eh-ct ron l....am aylllt'm of lilt' cllm O'ra lIlb o' ('om!'rl ..,·.. a '·a tho.! '· c, " ('(,n ll'ol
.. lect r od .. i . lind Imo,h' a I . Anv,J<· a I 11 1'011111\'" ....-un r .... ' ... cl 10 Ih ,' ('"th"d.·
110 Ihal th ,· o' '''(' l r on ll aro' aeedl"ralt'd and p" IIM thr"uA:h 1111 apo·rlur ,· In 110",10'
I 2. Tho' vol tag,· of "nod.. II 2 I. vllrlabl.. and r-an b.· u .... d for <'!,'cirolillluc
focualni or Ih o' eh-e t ron l"'lIm, 11 0.... '·\· .. 1' . Ih ,' voltall" on a 2 I. luually k"l't
"onlltant lind Iho' focuilini carl'h'd out .-lo·nro-maind!call,), ullini a f(lCUlllnll ,'oil
to i "m'rat" a maino'llc n..ld In lin adal dl l'o'('lIon.

1' .... 0 " .·nt'cllon <:011. aro' "rovld,·,. tor horlzonlal and vc-r-tlc a l d"flt c tu-n of Ih .
d.'(' l ron be a m . Th., rc./Uir ,·d ""1II IInloi bdnll: oOlllull'd by palllllnil lIa .... tootf ,-ur­
ro·nt. of hori zonta l o r ""' rtlcal f...·.lu .·ncy rt ·","-c tl v. ' ly Ih roul:h Ih ,' .I.-fl ,·dlun
coli •. Somo' vidicon. a n' avallablt' tlll .t Ul'" o'h'cirollialk 111"1 ",,,1 o f ,·h '<'II'o ­
magtn-tlc d.·no'cllon bUI th vy e rv In th .- mtncr-uy.

-4 , 2 . 2 , Tin: I'L UMHICON CA M E llA T lill E

Th,' ('onliitrud lon a nd op"rllll"n of th ,' plum bkoll ('urn .' ru tub,· la ",o'ry 11 1m II", I'

t o Ihal of Ih o' prt· ...Iouely '1o·1I'·/'U....<I vidicon. T il,' m ain dir ft' ('l' nc o' i ll In tlw llillt'
,,·nfllll ... .. la,)·.. r w hlC' h III II h'ad-oll!<h·lay ,· r wU h tho' I' lu lnblC'on ami a ntl muny­
lIulfld., In the- C~II~" of a vtutcon. TIll' a<lva nillgo' of the- plumbic on 1. tho' bd le r
non-lIm o'a rinll cha ra('\ .'rilltl,·. ( IIhor1 " r pO'rII1Il t~'m- t' ), Thl . al.o Iccoun l. fo r
t h,' prln' tJl ff.. r-enee b.' I.....-r-n bo lh Iy p. ,. , Holh t ub"8 a rt' ullually ifa d,'d a('cord­
Ina to t h" oum bo' f of fault. I blu"k oun I on t h,' IIlorallo' piaI<' . T hl. m ..an. Iha t
II may b.. po...Ible 10 oblaln n'J"cl lub.'a quito' eh"a ply Iha l a r .. m ort ' th a n
.uHlcit·nl for a ma tt"ur application., G"no'rany apo'aklni , Ih,' ('011 1 of a aood
vtdtcon III rouahly 60'\ It, .. tha n Iha l of a .Imllar quali ty plumbic on. Both type .
a n' u "e n'aIlION In !,r!c.' du ,' 10 Ih o' popu la r lly of c1o.o'd-d rcuit 1l' l l'vl . lon ayll'
h·llllI.

-4 . 3 , 1l0lUZONTAI. A ND Vl-:HTI C AI. 1l ..; t' I. ECTIO N;
GENEH ATION OF Till-: SY NC II IW NIZING I' UI. S ES

-4 . 3 . I. C EN EHATION (W 'I'l l": IIOIU ZONTAI. S YNC lt liON IZA TION

T Ill" ho rizont al pul l" ' . a l'" ulluully /j: " lw r ult'd In u m unt vturetor wht ch if' "yn·
r hronh e d b)' a clor k, (If ,,"urltt' , It III e l so I'0llll lbl .· 10 der-I v.. t hv .ynl'lJl'onlt·
Ina pul.o'. ul/j:l lally wh ich wil l b, · <I '·II" I'lb.,u In d t'l ull In conjunc t to n wllh Ih .' ATV
pul..• c e nt.. r 10 b.· d '·II" I·lb ,· ,. In VIIF C O Ml'oll'NICATI( INS. T h(' dUro'ro'nUa l .·.1
.quan".. . vo' .lgnal from Iho' mu lllvlb rll io r I. ft'd 10 a IIln/j:It·-.hot blocklnll all­
cllla lo r. T ho' hol'llonlal It,)·n.-hrtmhlni 1'141 ...· for .yoch r<>olla llon o f Iho' horlzoolal
<lo·n~'ctlon IIlallo' III lak" n from ttn- oul pul of Ih ,' blocking ollcllla lor I t'11il . I I I.
Tho' IIH m o' pullto' lit Ult.,oj 10 ,'tlnlrol a oo tlll' r moooli labi o' multlvlb ra lo f whld l the-n
III·nt' rah ·. t h.. horiz ont a l blanklni !,ulllt'. Thl. "u l",' I. fed 10 Ih .· blan kl ng pull...
a ddo'r ctrcun , T h,' horizontal .)·ne hrt,nillnjl: pulao'li art· d.'rlved frolll Iho' h""I­
1.onlal m ul tlvlbfa lo r pulllo'" and Iho' lr rl • •· .Iop.· dO'lay.'d by ai'proximal..Iy I 'll>
w Uh r " lIpt' ct 10 th o' ho r h oolal blao kl nlt pUIIl".,

4 . 3 , 2 , Gl-;NERATION O F TIl E VEltTl CAI. SY NC Ii HO NIZAT IO N

Tbe ve r l lea l pu l .... a r o' i "oo'ro l "d In a rnonoll iabl .. mulllvlb l'a lo r Ih al I••y n­
e h roolt .. d by IhO! powo'r 11m, f n·qu .·ncy o r II doc k ( Fill. II ). Thi a " ul a. ' III
u. ..d • • v.'rll~ al blno ktn/j: pu l .,· and a ilio f"d 10 Iho' bl an king pu lll t· .ddo·r cl r .. ult ,
wh ich thvn " rovl <l,-. tt l<' (' omblllt'd vI'r l!l'al a nd ho r-Izon ta l blll nkin i . l.::na l. a l Ih ..
output,
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TIlt' ....·rlleal .ynchrnoilini pul".'. II" '" i."n,·rllh·d In a fur"t h '"r IIlai '" li nd aro' 111.0
uII"d to tl rlve t he v,'rt ICIlI ,j,·n,"cllon ci rcuit. A ro.hlh·r·lnlt'irator I. alao drlv,'n
uy th ,' ...",rUcal lIynrhrunL.tl ni pUIN" ""h leh I'rovld.· .. U,.. 1II.""'tooth voltag" Iur- tIll'
v\' I'lIeal d ,·n .-ctlon .. tlll: '",

4 , :1. 3 , GEN ~; Il ATION t)lo' T11~: c o MP OS ITE VIDEO SIG NA l.

I"h,' h ' I.' v I8 ion cam.'ra I. blan k"d LJy Ih,' combined ve rt tca t and ho rl z Ol1tal LJlank·
trill Bil/nal durlni t h, ' r ..t rl lt" - " '"rlod . Thla In,'llns Ih a t t h, · eomuln,'d video and
bh..nklng Blgn81 I. avaU.ul(' at me ou tpul of Ih e TV cernv r-e t ub.. .

T tli' ho rhontal and v'· rlle.1 Bynchronh lnK a • ..... "'11 a. bla n kln i pu llu. . a rt' adtl"d
10 th..' ampllfi"d vld"a -blan klng IIlinal in an add" r circu it, A ('om poene vlel.·o
IIIj;(nal o f I Vi' 1' In to 75 II I. U.. Ull Jly Iivll lI ll LJh· III ttu- o u t put o f the c a rm- r-e .

4 . a. 4 . 'rtu. ('LOCK

If hll:h.'r d"mandll 81"<' plae.'d an Ih ., lIynl·hronlza tlon. lx, t h d.'flt'e llon ci rCUit.
IIhoul<J lll' d r-Iven by a clock, T h ill dock cOOIII.I. of a m"ltivibrator thai I.
op.'rallv,· at Iw l(',- Ih", ho r h oota l fr",qu('ncy , " . K, 31 250 lh ( 01' from a dlillal
11)"111 .. 111 1111 I'I"<'vlo'lIrty m entlcned J" TI\t" multlvll>rato r la eynch r ontz ed b)' a L> C
VOltdg.· Ihal 18 d" r'IlI,'ll from Ih.- 50 liz 1>IJ'olo" ',"- Um' pll l B"'1I 8 nd com bi ne d \I .. rUe 8 1
111111 ho r-Izont a l pu ll... " fh- r cornpa r iliun In n "hoa .· cOl/l l'arlto r.

The hor-Iaonte I .ynrhronu lni pull", a a rv ablal nl'd In a 2 : 1 dtvtde r ..... h"'l'l·a . Ih.·
v,· rtlcal pu la.... a n' .\l8!1nblt· a l till' ou tput of II fr t' qu"IICy dlvld " r ha vln i a IUla l
dlvl.hlll r a t to of 625 : 1. Th l B I. obtalno'd by use of fou r !I'toqu ,-ncy d lvld.'r.
In 1I~' rh-1I t'aeh hRVIn. loI dlvl.lon ratio of oS : I.

4 ,4 . VJI) EO A NI) A tJ1>10 THANSM ITTEItS

4 ,4 , 1. VIU EOT HANS MITTE R

T lw ~·un.(ru"tion of till' vhh'o Ira lllll ll ltt t'r mainly dep.. nd ll on ..... hdh"r th.. m odu .
latlon ( AM I I. 10 LJ(> m .....t' In Ih.. fi nal a m pllfler ( Fli' 12 J. In th e de tv ur
alai '"11 ..... lIh lIuLJII"'lu"nt IIn"ar alJl pllflcll tlon or a l IF levet, A. ha . bt' " n p r .,·
v touely m .' n tlurwd. tilt' l\ll lt' r l't'pr"II,·nt. th .. m o at e c cncm tc e! a nd aUra cU v' ·
method ter hulcaHy • al 1"881 In the ..y ... o f the au th o r- .

If th., vld.. o Info r-mallon I. 10 be m odu lal t'd on lo Ih~' plc tu r-e ca r rl .. r tn the fin a l
ampIUI~·r . tin. will mean Ihal a con.ld~· rable a mount of vld"o e n.. r iY ..... 111 b~'

rt'qu l r " d ..... lth a hlih ....ei r ..e o f Ii n..a r lty . Furth t'rmor",. the eu pp r'e ••Ion o f th ~­

1u"".' r .ld.'Wl nd can only be m a d", a fl"' r t h... f in a l IIm pHflt' r , ". i. al rne hlih~'lIt

IIF "·v..1 wh~' r t' "'lI t ..net ve r ...ldual .Idt' uand fll t ",rln, com p r l. lni coad.1 d rcullll
.... 111 t... I't' qu l r t' d ,

Th l" III enot he r- advanlai" of Inteemedj a te I r-equ ency m odu l at ion In the o r der of
H Mil L ( a .' t' Fli. 13 J, III t hl . ca . .. . th e ptctu r e c ae-r-Ie r- I. m txed o r m odul e ted
w it h II flu·d In l.. rm ...... la l'" rrequl"ncy lhat has a l r",ady b ee n m od u lated ..... ith th..
{"(,mlK>.lt .. vl ......o .Iinal. T h...uppr lo n of th .. lo..... e r .Id~·band 1. c a r rl .. d oul
a l low 1 ~'v(>1 and a t low .. r frequ ..ne t wh .. r ", Iht' r e . ldua l .Ide band fUt ",r ce n be
mol' ,' " fl k h ' nl a n .... b.' eonat ruc t ..d from !um p",d compoeent e ,
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( 0 "''' OK

fit. 11: 'llIIC~ ~..... ,I •••TV tr......m" ..... iII'IlnIIId_ "11I_,
",""lttie'

-t. ... 2. A UDIO TIlANSMITTUt

T h.. eound ca r rl .. r ia u llua Uy Ira .... mltl .·c! u' lnlil: t h., ea rm- anh'nna 1111 lht· vl c-llll' ''
aillna i. It II . ..paratt' audio Iran lml Ut ' r \II U,t'd t ht· Mound and p l{'lur., ,lim'll.
a r .. t"omblnt·d In tho' a n l ("nna h " '(h'r ullnl ll IIl' t!dal fIl l l' r I F 18 . 12 I. Sln.",- luch
II rJlh'r I, r alh.. r .. ltlt·n . \v.... It LII m ort' fa vo uralllt· 10 lIlodlllah' th .' ..o und carrb-r
onto th,' plclun' c a r r te r ,
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4.4,3, IS·II,U:-'Il. UIAT I. FHUJI n ..(·Y " ' O Ul LA T IOX

In thi. m"d,· . th ,- eompoOlJl, vl<lO"l' IIlgnlil and th.' audl" .IKnal ar.' oot dln-~tly

lIlodulnh-d onto u ... plnu ... · ".,'lll' r fpc' but onto lilt' lJlodulahd 101,·no od/ltt.·
f n''lU'''l~-y fl F '

Ano- ,· lIupp ,·.... I"n of th ,' 1o..". . I' 1Il11t'band and a ppn' p ri llh ' umpllfl";,{lon . t h., into""
IIwdlah' f n''lllO"ll~'y lIiKnal II 1I""llllll lo'd un l" th, ' multi l'llo d ..ul>· ( afTi<' r- fn''lu o''K y
fill" TI ll' n ' 'lu ln,(j cunvereton I" 'odurl III trn-n fll t, 'n'll out nnd 1'11 ...",, <1 viII Ih e
fina l a ll1l'lifl., ,· 10 t1w 1I 1l1,·nna.

T Ilt' actua l modulat ton ..houl<1 III......ay. 1.0•• mild,· at II ,",-lath' ,-Iy 10"'" !mlllt'diato­
frt <Ill.'n,·)' In t h.· or-de-r- of III 10 ~O Mil l ( In our. xampl.' H, 2~ :l. llh ) .

Th .· IIUUllllum modulatlon fn·flu.'n('y ..h"uld no t ,·u.'. d :L oS "IIL, ..".' h lc h ..".ill t...
"omplo It I)' "atlltfarlQr)' for lima It ur TV trllnhml."ihnS. l lrlly a v"r)' 1I11~hl d .,·
h·,'loratlon .. f th ,' pktun' n',wlut!on .... m b., nottceu at Ihl. l>and.... ldth. An lnt.·r­
lllt -d int<- fl" flu,'n,·)' fn' of H. 7~ Mil l ...... a. a .'h-~'h·t1 IIntllh ,· loa..k (""'1u "II(')' of th o­
..ub-can'l.· r 1M ~o !\Illl , Art .. r multlplylnK Ih.· llub'('IU"I"Io-l' b)' dKht f 4(J(J Milt I
lind r" ltllrlK tilt' Int'- I·m ,., Uatt· f""'lu '-ncy "f 34. 2~ 1\11 11. Ih.· "" lIu !tl n l/: Ilk tun'
l' ur r !t'r f l"'IIIlO-I1<')' w ill l... 40 0 ... :14.25 • 434. 25 :\1111.. U" th f r ,'qu ,·neil-. a n'
/i: '· IH- I·at .· tl I n n·~·MI .. l olldlialu r·lI.

5. T E l.EVI SIO N HEC EIV EH

1\10 ,,1 TV nmli l ..u rs ...... 111 no doubt \l .... a dom "lI lle It'h·vi.l.. n r.·cdv.·'· IOKt'lh.· ,·
with a lIultliul .. con\,o·rt .. r or- modlf lt'd {·IIF· lum·r. 11 0.. .-vct-, th ,' 01" r-ation of
th., n-h-vteton rt'c t"iv"" I. 10 b.· d.'scrIL.-d brlt·n)'.

Thl' t' IIF IIlllntll n-o m t h.. 801"'lnA I. 801pUfll' t1 and ..o nv .. " t.·d 10 Iht · IF f n·qu .'n(·y
r a n II" ( • •••• Fig. 14 J. Til<" IOCRI oscUlalor fn'quo' n~' y I. ullually abov.· ttl(' "'"
qul rt'lI f",·qll . -Ilcy .... hl c h O1 t'Rnli Iha l Ih t' fo ll ow in g i n to" 'lIn-d l al' - h"'llll o'nch'" will
U.' oMaln"ll :

f l F (pll-t ur..) • fOliC

fl F ( ...."Iltl) • fOlll'

fp l' . 4 7 :1 . I ~ · 4:14.25· :1 8. 9 :\111 1

fllo uml • 4i:1. U • 4 ~ 9 . i5. 3:1. 4 ~1I 11

t on '*11
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Th.·••· .n· lh.· nor-ma! Inl.·rm.·dl"tt· fr.·qu.·",~~h·. UH.d wllh n·••-Iver-e o,wrlltLflll
accordlnlj: 10 lilt' cel lt IItandaI'd . Th.·••· Intt·nn .·dlatt fn·'lu '·lId.·. art' IIml.llfL.·d
In Ihl' vld.,o IF ampIUh· r. Th ., pa ••band c harad'Th,lIc. of thl. aml'lIfl .. ., al'"
lj:ln'n In f,'l lj:lJrt· IS. Thl' pallilband cu r-ve I. r.'du t" ' d 10 appr.'dma h·ly S", of II",
maxlmulll IF Ilmplilud., at 33. 4 ~lIIl u.lng II to r n- I ral' nllgrltd 10 33.fi ~lIh .

T h. ' IIm pU tud.· mudulalt'd vtdec I F HI"' l' I I'um I_ dl'\ ,'{'!l'd In t il,' vld .,u d"modulalor'
in c rder 10 obtain Ih .' o r iginal {'nml",..It" vld.'o IIlgnal "r max. 3. S Mil l . A (1"'­

qu ,·n.'y modulnr vd Intercar-rtcr f n·qu .' n.·y aleo n'ttul t. Itt 1110' vtd..o d,'modulalo r
all difr"n'nl'" " " ' flu" ne y t....IIlo'.· t'll til' Hound and pklun' carrh·r.:

fl F • fl F ("Inur'" - fl F (s oun dl • 38.9 - 33 .4 • S. S Mlh

The ..um p.u,l lt· vl.ko .ienal III IImpllfJ.'d In a vld,'o IIlllplHlo'r 10 an aml'lllu,k
of bd .... ' ·l'1I 70 tt> 100 Vpp and r,·t! 10 Ih ,' ('athud,' of lh . · 1' \I ' t UI'<' tutn- ",111'1'1' il
('0 1111'0111 lilt' d".,t rllll - u.'am "U rr-r-nt ,

T h.. frvqu r-nc y m ndular r-d $, $ I\Il h ."und I F hi IImpllfl.'d IIml <.I.'mlHlulah'd In ;1
10'1'<1 d.'m o <.lu lal o r t o fo rm th,' audio .Ilj:nnl wh ic h III nu-n am l,llfl.,<.1 and f"d to Ih ,'
loudepea jo-r-,

Th ... hOI'llt>ntal anti vl' r tlesl aynchronltlne pu lll". a n' f..d t o a a)·nc. " t'pal'a tor
.... h .· n· Ih. ,y In.' ta k" n from Ih. , vld.·o a lanal a nd f..d 10 a ,1Ifr,' r .. n ti at o r- ( hor-Iz . ,
lind lntvg r-ato r- ( vert . ).

Th.· ho r l zunl a l lin d 1I 1'r ile nl lIym:. pul • •'a an' dIH"' I·.'nlla lt 'd and com pa rt'd wllh
t h.. phlilW o f tI,,· Inte r ne l ho r ia outal <.I d kction £" n" r'lItor In a pha . t' com peeno r
ctrcun , T h, ' Il C vr-r o r- vo lt lll " oUta ln..d In Ih l . manner l a ull t'l l 10 kt' .. p th.· ho­
r iz ontal d.,nt·c l lo n o.cillalo r ey neh rcn lavd 10 Ih .' nominal rr" ' Il.H'n cy ( d"rlv.'d
from th t· cam t' ra o r pu lll l' c .' nlt' r a t th l' tran linlJl end , .

Th t, .It·n t·ctlon oacUllllor a l . o I t·m' ra ll· l l h.. pula.... rt'qu lrt,tJ lly th., horl;wntal
dt, n .'cUo n .taa" In o r-der- t o ollla!n Ih.· I't 'qu l rt' d flt·n ,·dlon of Ih. , ' · " ·(.'I r on t n-a m
In till' p lcturt, tu ll.,.

Thl' " xlrll h igh te-na ton t :IIT 1I01tall" of a l' l' ru l< lm nl" ly III kV la <>blabit'd hy I ,'a n. ·
[orm at io n a nd 1'(' I'l lfl c a tion of ti lt' ho r lJ.unlal d.·n ,·c llon a!llullI, Muny mllnufu<'lu­
1" '1' 11 hllv,' nl> ..... ~un t· 0'1 "1' to 1I0Ita!: ,' m ultlpl lc atlon ualnll IIl1kun rod rN'Ufl"I'1I
( ,'tlp.·t'lally wlth color TV n 'c ,· iv. ' r " wht'rt· high ,'r EIIT voltllll". 111'., rtIIUII-.'d),

A. hllll ll.·.· n I,,'·vluu. ly n,..ntlun .·d. th t, hcr-Iaont at alld \'o'rll('al pull,'" ,01',· hd
to an Int"lp·lttur in t>rd .'I' to " "Ilaln th.' 1I.,rt ical lIym', I'ul •• ·•. Thill Illkll"lIt"r
vil'lually .11.101'1. th ,' hor!1_ontal pullt." ." lIlud, thllt th,'y cannot Inlt'rfo"'" .... lth
ttu- 1I1' I'Ue,, 1 lIynchl'lJlllza lion.

TI... v" I'llea l pu lll" . cont rol a 11" 1'11,'111 olld ll nlo r - a nlul tlvl ll l'llto r o r bl Ot' kln ll
"OIclllll.tol· - ..... hlc h 101o/.' l h.' 1' ....-nf II d llll' i ln i c apacito r' 1l "'n" I'o lo'a t h,' com-o! 'lull­
1111:" rt' qu l n 'd fu r lin ' 1I ,' r llcal l!t,n ,'ellun IItait·.
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s. C ONC L llSloN

TI1l' IlUth.,,· hu l" '" th;.1 thlll III·tlclt· 111'101 b r'v ug h t ""lilt' illlll"hl inlv tl,,' intl"i.,'1.11·11
of uureu-u r Id,·\·lJ.i"n lind th"t It ..... UllullIlIll Ullu,t"U I'!> "11 t he-Lr- .....Ry to b .-,'omillj,l
u<'Ilv" in Ih l.. mud.' , VH F CO:-.!1\ll'N ICATIONS I.. to brilll/ a numb,' I ' of ct>rllili·ll,'·
Ihmll fur Il ll' T V amah'Il I' inc"ludllll: puill" ""'I t.. n; , putt" r'n 1:"""I"II\(ll'lI a nd H

("ol11l'l .·t,· ATV Inu'''lIlltt,'t· u"illJ.: Ih.. I'r '.·vl"u ..ly Ilwnliutwd Inlt'rru r d " r 1" ·ind l' J,·
( 1... ·It·ve·1 moduluUotl ). SUi'll d"o;[/ln" ..... ill J,l n'atly alllll ... ! amlllt'urll gt'ttinJ adh','
un A TV 111m'" ttn-y ",,'I ll ontv r't"llllr ,· II 'rv -cemeru , mlc l'ophorll' lind a 71l " Ill
nnu-nnu,

t , Il E FI ':I Ir-: ~ (' fo: S

T . Hitta n : Amah'ul' "[" l'll'vls[on
VHF (' O:\ I:'\It'NWATI ONS -t (l!l72) . E, l il i " ll :1 , I'a l/ " ll 16 -t-I!Hl

New AM/FM 2 m Transmitter Module AT 222

• Swltc hable to AM and FM
• Built-In sy nthesis VFO (stabUlty be tt e r than 100 Hz/ h

at 144 MHz) or cr ys tal co ntrol
• Bullt -tn speech prcceeeor
• Output 1 W FM; 1 W PE P AM
• 12 v e e operation
• Match ing li ne ar amplifier (or 8 W output

ava ilable

- 252 -



CRYSTALS.nd CRYSTAL FILTERS

Crysla l "ller XF -9A (lor SSB) with both s,deb.nd crystals OM 110 -
Cryslal "lter XF-9B (lor SSB) With bolh s,deband cryslall OM 1.8 -
Cryslal "ller XF -9C (lor AM , 3 7~ kH.n OM ' 50 -
Cryslal FItter XF -90 (lor AM , S00 kHz) OM ' 50 -
Cryslal ' iller XF -9E (IOf FM, 1200 kHz) OM ' 50 -
Cryslal ' ,II.r XF -9M llor CW 0 50 kHzl Wllh calfl.f c ryslal OM 110 -
Cryl lal ' ,II.r XF-9NB (CW hllef 8 pol., . 00 Hz wlc. n oe, cryslall OM 172 -
Cryslal Itll.r QF·9FO {lor FM, 15 kHZ) OM 165 -

SIdeband Crysl.1 xF·901 (8 9985 MHzl OM ,,-
SIdeband cryMal XF·902 ('HI0 15 MHz) OM ,,-
Camef crysl. 1 XF·9OQ (9 0000 MHz) OM ra-.

Crysl. ' 960000 MHz (HC- 61U) 'or 70 em con ...rters OM ,. -
Cryst.l 960000 MHZ (HC-2~IU) 'or 70 em con""'ers OM ,.. -
Crys l.l 958333 MHZ tHC-25IU) lor 70 cm converters OM ,.. -
Cryslal 788580 MHz ttiC· 61U) tor ATV rx tOJ .II LB) OM ,.-
Crystal 10.444 MHz tHC-25IU) 10' co nvef1er 23 cm 1 10 m OM 26 -
Crys l,l 67 3333 MHz tHC- 61U) 10f convef1ef 70 cm , 10 m OM n -
Crys lal 66 9027 MHz tHC-25IU) 10f 2. cm ATV COn....f1er OM 26 -
Cryst.l 665000 MHz ttiC· 6 /U) lor synthes IS VFO (OJ 5 HO) OM n -
Crystal 65 7500 MHz (HC· "U'} OM n -
Crysta l 655000 MHz ttiC· 61U) lor mi•• '" OM n -
Crystal 65~ MHz ttiC· 61U) 9 MHz ' 145 MHz OM n -
Crys lal 650000 MHz ttiC- 61U) OM n-
Crystal 64 3333 MHz ttiC- 6 /U) tor ATVcon ...f1er (OJ 5 XA I OM n-
Cryslal 62 0000 MHz tHC- 61U) tOf synthes,s VFO (OJ 5 HO) OM n-
Crysla' 576000 MHz (HC-25/Ul lo , con verte r 70 cm ' 2 m OM 33 50
Cryst. ' 576000 MHz (HC- 6,UIIO, converter 70 cm ' 2 m OM n -
Crystal . 5 0690 MHz (HC."'U} OM ,, -
Crystal . 5 0080 MHz (HC-15/U) OM ,,-
Crystal « 9600 MHz (HC-25IUI lor RT 33 tDC3 NTI OM ,, -
Cryst.1 « 9170 MHz (HC-25IUI OM ,, -
Cryst., « eoeo MHz (HC-25/U) OM ,, -
Crystal 38 9000 MHz (HC- 61U) 10' OJ • LB001 ATV·TX OM ,,-
Crystal 38 6667 MHz (HC- 6/U) 10' 2 m con_f1.,. OM 17-
Crystal 1.400 MHz (HC- 6/Ul to, synthes, z.r OK I OF 012 OM 2250

STANDARD FREOUENCY CRYSTALS

Crystal 50000 MHI (HC- 6/U) lor OK t OF 022 OM ,,-
Crystal i oooo MHz (XS 60(2) OM ,. -
Crysta l t 0000 MHz (XS 06051 tor 75 ovens OM "' -
Crysla lo.... n XT·2 (12 VI "C OM 82 -

Crystal soc kel ' or HC- 6/U honzon' a l mounting OM ,-
Cryl tal soc ket lor HC·25/U honzontal mounting OM ,-
Cryslal lOCket lor HC·25/U .... rt,ca l mounting OM ' 50

Crysla ls 72.. MH, tHC·25 /U) OM 23 -
Following freq uencies a...a,lable as long as I tock lasts
72,000 '72025 '72050 '72,100 '72.125 ' 72,150 ' 72175 1
72200 , 72 225 ' 72 250 ' 72275 '72.300 ' 72,325 ' 72350 '
72 ,375 ' 72 400 ' 72.25 ' 72.50 ' 72 475 ' 72 500 ' 72 575 MHz

CeramIC lilt.' CFS-4SS0 lor FM IF-st np DC 6 HL007 OM 70-



LINEAR AMPLIFIER FOR 70 em USING A 2 C 39 TUBE
Further developm ent ct tne amp li fier described in edition 3172 VHF COMMUNICATIONS

,

• Silver-plated

• Aeady-to-ope rale

• Supp lied without lube.
power supply and blower

• Price OM 436.-

INTERDIGITAL BANDPASS FILTER FOR 23 em
Similar to thai desc ribed In edi tion 3/71 VHF COMMUNICATIONS

• •
I r>, .,.

• - \
I I

• f I \, ,
I I \

I \

I'J .'r-/ +"---./ -. ~-_~,- L.
" , ,

The adv antages 01 in le rdlgl lal fillers IS welt known: HIgh sto pb and attenuatrcn and low
in sertion loss, The CUNe and insertion loss values are virtua lly independen t 01 the match ing
(the lilter can be shorted or have an open ci rCUli when an Isola tion 01 al least 6 dB ell isls
between th is point and th e fIlter).

Pr ice with BNC ecc aets OM 92.00
Pr ice w ith out soc kets . . . . . . . . OM 86 ,50



S TANDARD FREQUENCY OSCILLATOR
WITH AN ACCURACY OF 10·'

Ready-la-operate, aged and aligned as described
in edition 2/1975 of VHF COMMUNICATIONS

•

•

View wll h co ver removed
~ ..........,y
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High Performance
VHF Equipment from
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CRYSTAl FILTERS • FILTER CRYSTALS • oSCILUloR CRYSTALS

SYNONYMOUS for QUALITY and AOVANCEO TECHNOLOGY

PRECISION QUARU CRYSIALS. ULIRASoNIC CRYSTAlS.

PIElo·ElECIRIC PRESSURE TRANSDUCERS

Lilted II OOf well·known ••r'•• of

9 MHz crystallilters
for SSB, AM, FM
and CW applications.

In order 10 . 'mphfy malctllng, ttla
Input and output of the fl ltar. com.
Prl" lUf\e'd dlHe,e nu al Irln,for.
mer . with 1iI,lv anie conne<:Uon to

tbe e" 'ng,

f llte ' Type XF.9A XF.9B XF.9C Xf·90 Xf.!lE:

Appl l<:elfon SSB· SSB AM AM FM
T,enl m,l

Numbe, 01 flit" Cryel l l, 5 • • • •
8IIndwld'h (&dB down) 25kHz 2 " kH, 3 75kHz 5 0 kH z 120 kHz

P...H nd Ripp le < , dB < 2 ee < 2 dB < 2 dB < 2 dB

In••rUon Lo.. < 3 dB < 3S dB < 3S ee < 3S dB < 3 dB

Inpu t ·Olltpu l Z, 500" 500" 500" 500" 1200 "
r erm inel lon C, 30 , F 30 ,F 30 ,F 30 , F 30 ,F

S hipe Fl ctor
(6 SOdB)' 7.16eod~ (6 6OdB)1 8~ (1l60dBll s: (6 eodBll

(6 IlOdB)2 2 (68008)2 2' (6 8006)2 teec dB)2

Ult imat e Allenulhon > 45 dB > tOO dB > ' 00 dB > 100 dB > 90 dB

Xf .gM

cw

•
OS kHz

< I dB

< 5 dB

30 ,F

re Od8)25

(8I1OdB) . ..

> 90 dB

KRISTALLVERARB EITUNG NECKARBISCHOFSHEIM GMBH
o 6i24 N, d<J1.b,adIof.h. ,m PotilKh 1
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