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w., .r UII r ..c e iYlnl • num ber of moo.. )' ord.. r e, Ir.ner.. r ...tc , th.t do not
(Iv.. lh dd r .... of til .....nd .. r o r Indlc. i.. ....hat lI..m •• r .. r .. qu tr ..d. Thl. ort.. n
occur-a du .. to th.. cop)'ln( of th .. Ir .n.r.r In th .. blink., it I . oft .. n n.. c ..... r y
to r tI. to '11'.11 unlll th .. c ua tomer- com pl.ln. of nond.. l\vpr)' In orde r 10 tl nd out
hi. add r .... and th p 11"111. r .. qulr ..d . 1'1 al e en.ur . tha i ),ou r blink ind lc .t... your
Illllllt' a nd IIdd r .. . .. . ", .. n IU the r-eq utr ed It em . cl ... r-Iy o n Ih.. lr torme, prl' .
r..rallly In f.:ngll .h o r O t' r man,

Addrp •• clUl nKl'II: I>I..a .... . ddr.. . . a U c h. n(... ot addr "llll 10 ),ou r 10<'111 H ' pr e ... n.
tallY,' lind not to th.. pu bll .hl'r•. 'r hl . I. be es ua e tile a dd r .... t Ul!' I. h .. ld b), th e
r .. p r .....nl . Uv.. a nd not In E r lan.l!' n,

Th.. Frt' nch nep r-..... nta Uv......111 boo a wa)' on hoUd. )' Il.. t .... ....n St-ptpmbe r 51h a nd
S.'pl"lllbe r 25th. S hl!' ho pp , th.t th l..... 111 not tnccnv e nt .. nc .. ou r Jo' r ..nch r ...de r . ,
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I)J MENSIONING (W MIC lIOSTH II'I . INt-: CIH CIJ ITS

by W. &humach.. r-, UJ 9 XN

Th.. followinl .rtlcl.. I. to "lIplaln th .. fundam ..nt.l. of ultra hleh fr..qu ..ney
circuU•. It I. not only d..... r lbrd how .uch c l reu it . c a n br c a lcul a l..d and dl 
m ..na lon..d . bu l informaUon i••1'0 elv..n I?eardine th.. Ih ..ory and 0P<'"-Uon of
U1 lJo'-clN"uU" It i. Int .. nd ..d 10 provld.. Ih .. r-....de r with ba.ic In formation rrom
whkh h.. c " n c a r ry out hi. own " lIS>l'r lm ..nt • . An inlroducl lon inlo Ih.. dim ..n 
.ionlnl of the Impl'danc .. and I ..ni\h of .Irlpllnt·. ha •• lr.... <I)' boo..n dl.cu.,,'d
by K.llu pr.. r, UJ I F.E In (4 1. n..f.. r-.. nc ... to thl. artlcl.. will to.. m ..d.. In t h..
1.. 1I1.

II . hould be m ..nllonpd Ih.l lh .. followlnl 1/lt'or .. tlc.1 con.I<I.. ,..lIon. ar qually
va li d for conv..nllonal drculta .uch a. c Ollld . 1 li n....nd for .I rlplln It I.
on l)' ne c ..... r )' for Ih .. d Uh· r .. n.... In lint· I..nglh . nd th.. ot h.. r d lm ..n. lon . t o b..
I.ken Inl o c ln.ldpration.

A auftlc l.. nl numbe-r- of d lBg r lllTl ' e r-.. ayaUabl.. fol' llll l' .. lIa n"l' .nd .. 1..crr tce !
lin.. I.. nllth ( ..... r l' f.. rt'IW" 1I I .

, w ev.. ' .. nath II oh mic rO:"III,,18n('. '

'. wev..h'ni\h In t r .... lI1'a" .. X r ...('lan('1"

' SI w.y..1 n il-h In • dll'I"drk Z h llpc."d.ne .. ( com plf' lI l"' fW da nc "
c epeed o f lIahl z· R + JX )
w tr..qu ..ncy I 2.r) G ('on duc l. nc .' ( rt ·.1 ), proJ>tlllation c on s t . nl B . u.('e pl.n(' .. I rt'al'lIY" I
•• r .. laUy.. dJ .. I ..c t r lc c on. t. nl V admltt.nc e I c om 1'1.... I

•• abaolUI.. di.. l ..c t Mc c on al. nl {V· G+JUI
ZL lin.. Impt'danc.. r- r .. n ..c tlon ra('lor ( c om pl...
SC .ho rt circuit • . pa c e coordln. l..
NL no-loe.d ( In Illuatr.Uon. I I I ..nath

1. MAT t :R IA LS

In ord.. r to oblaln a hleh Col .nd low 10..... In a .Irlplln.. c trcun onl)' low 10••
• u ppo r t m. l.. r l. ' . ca n tHo u. ..d . Sult.bl .. dl .. l ..c trlc mat .. rlal. ar.. :

T en on ( nt-·F., f r- .. 2. I. n 6 .. 2 .. 10 - 4 a l 600 Mil t
T ..n on I PTFE , im pr t' a nal ..d " S>oll)' a l.... boa r"
' r .. J . t.n 6 .. 20 1I 10 - 4

lIo.ta l.. n ' r " 2.7 , t .n 6 .. 7 1I 10 - 4 ,

In o r d .. r t o keep th... a l ray U..ld lln... . t a m in im um. It I. Impo rlant for Ih ..
Ih lcknt· a . o f Ih...upportln ll d t"l"e l rlc 10 bt· •• • m . 1I .11 po ••lbl" (4 ). How e y" r .
th.. prlcr o r . uch m.l~r l.l ll I. h li'h . nd t he)' a r .. d lftlcu ll t o obt.ln. which m ...n.
th.! .uch boa rd. ca nnot be u."d by r ..dlo am. l..ur- • • "' or thl. r ....on. a ll Ih"
li n.. ci rculi. c.lcul.t"d i n t h... rllcl" .rt' ba ...d 001 • doubl.. -coalf'd t' I>OIl)' pc 
boa rd matt'rlal wUh ' r • ~ I .t .udlo tr"quencl... I. h.ylna. thlckn.... o f
I, 4 mm .
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2. J>IAGIlAMS ron I)I:!.'TERMINING '1'111' LIN.; IlI Mt:NSIONS

In onl~ r 10 c om pl. l . th~ c a lcu la t ion. I lvt' n In HI 10 Include Into 'matlon tor
tHm r n.loll lnl the Impt'<b.nct' and no.onanl I.n(lh o l m ic ro · . lrll,lln.I, th. cor r e a
IlOndlnl dl.IMlm l dt'rlvpd from {II art' Itvpn In FI(Il r I a nd 2. ThP Iwlleallon
II d~.c rlbf'd In HI. wh ich . hOll!d bf' u apel for thp cakulat lo n. M1thpr than tht'
lollowl n l c u rvt'. ( 10'11. I + . '11. 2 I.

I • 6110 10
W/! -

'II, I :
0.,11" CUf." U_,dlllul l"
1lllillUlllllllll ,"III IIIlc'''I, I,II."

Ql =I~L
Q6 , ~ {ki;

OJ

l J 4 J f 11910
lr . f dIC, - -

'11, 2:
hlt.III••u III IIlI 11••",lIIlnlll ,......1 11.111l "
I 11,1,11•••• IIlI f.I,II.. 1II1.llIclllc "11I111.1 .

J. CONST IWCTION 0.' LINE CmC UITS

Low 101. lin• • cll n be u••d II. Iran.formatlon link •• All n 'aOllant circuit . c on 
. t ruc tpd h vm IInp. can be pxpla lnpd a ccordlne the . Iwcla l Ir an afo nn aUon pro 
c e ....... II t. po. a lblp. for In.tanet', for parallt'l r-eecnence 10 be rpplllcpd by
II . hort c i rcu li c ondi ti on betw!'.n Ih.. ccnnect tone In qut'lIl1on. Any .Upnullllon
(l o••) wll1 be Il vPIl a. a r " .l.to r In thp t'qu l val t'nt c i rculi dlalram th.t I.
connl!'clt'd In . .. rlp. o r parallpl with th. e cenecnen poillt ••
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A .... 11 kno...n t ,..ndorm. Uon link I, th .. s ho rt
tm poodAncI' .t th . tnpu t of th . lint· 'mount , 10:

c1rcult.d lin. I , Iub li n. I.
Z • jZI. • t.n 2. 1/), (I)

It wil l bf' •••n from I'qu.Uon {II Ih. t at I • ),/ 4 : Z· co . AI 0 < 1 < 1 /4 . Ul.
, lllb lin. r pno,.nl,.n Induct.n.. . . . t 1/4 < I < 1 / 2 It I.. ... ,.... U.ne ••

l"I,u N" 3 1I1",lr.I.' • 1 / 4 'IrlpUne. Th. eonnM:Uon. f.: _ t:' . r. on Ih. uppl'r
.nd low.r _rf.e" of Ih" boArd.

EEJ...·
E'

•

rBJc ,
· %H

E'

'I•.J : ) / 4 ,1' 11111•• cl'ClII ...It' ."Iulul .1_."••
T h. , ..n. ra l .q".Uon fo r Ih. t r . n , ro rm. tlon of 'n Impedance "I Inlo imf>Pdane.
Z2 by • lin. o f J.nllh I I. ( 1"1 .. .. ) :

€- 1, ~ iZ

• ,, • • ,
" . 0 I Z ·L

• -I' 1"
-I'

' 1t,4 :
1" luI••1 11I1'.". tat' ... wl'- .,."61. 1'1

All .peocl.1 e..... r . Inrilld..d In ,·qu. tl o n C'll. Indudln, ..qu.llon II I. Th. dlrt. 
nonl Iy peo . of r ••on.nl lin•• I FI,. ~. 6 .nd 7 I .,... d.. rlv"d by In•• ,..lnl Ih..
• pproprl. I. I.ntlh••nd I.. r m ln. ll n . r•• I.t'ne•• .

Th. Impeodanc. h, ••n .rr e l un th . I..nllth or Q of a e teeuu , Th.. r.I.Uon.h1p
c.n bf' ....n In "qu. Uon (I) . It Ih .. w I..nlth ) .nd tne r••on.nl impt'd'n...
Z • Z,.: .r. kl!'pl conat'lIt. It will b'fo n from th l. r.I.t1on.hl ~, that thl!' lin..
I.nllh m u.t be .hort..n l!'d On Ine- r .·•• ln. th . tmpeod.nc• . Or It e.n boo .....n Ih . 1
If tn. li n. I.n,th a nd .......I..nllh . r .. k..pt eoo.l.nt . th. ,...... Ii.... eompon..nt be t
w• • n th l!' lliput conn..e tlon. will Inc r••••• on Incr... . ln' Ih. InWt'd. nc .. Z I•.

Th. ree eu.. . eu r r ..nt . In th. li n. will Incr......1 hl, h r .etl ... Imp.-dane wh ic h
m • • n. th.llh.. dl.l"etrh" 10........11I bco .r•• lt' ,. . Thl. In tum will Inc r .· tnt'
10••• wh !t"h m ..an. th. t It la ne e ..... ry 10 m•••• comproml... . 1I0w e, fo r
.trlplln with. ,..1.11 .... <'lh-IM'lrl r ",on . l. n l o r , r • ~. h • 1 .. mm, Ihl. wil l
not beo n ry 'me. no Im l dan" o f .,.e ,t.r lhan 140 '1 c . n beo r ... lh.d .
Thl . "''''nl Ih.t th••ddltlon.l Inl' n bf' n.il.et.d In mo.t c•••• •
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•• UESIGN OY C0111'1.ING I.INKS

H......."t d",uU••r .....1 ~lrk.lly or Ill ... h.,u... lly ,· .."".... 10.<1 10 ull... r e ompo -
n""t. In .ny e rr-eun . Til U,-("I of U,.. ,·....1'11". un II,.. cl ... ull I. ufl"ll v.. ry
dlffl.. ult to ~.kul.I.....hleh m .... n. It•• t II I. oft .. " " ... lfO..1 d In I',..~tl ..... Th..
only ,,0\1,.111,. link th.t r.n boo r.kul.t .." •·•• Ily J. Ih.1 ,Iv n In .·Igun- e. Sin....
• 11"1111""1 .. h·m ..."t•• 1''' al ••ya I,ruvlcl ..d. It I••I.ay. ' ..... Itole to ~ornpt'''''.I''

for 11,.. d.-Iumn, .. frt'd of Ih .. ('"ul.lln, link. If • 't>I.lly fahe dlm ...".I""ln, I.
"ot I'n· ....m.

Galv."i~ ~O\I"lInlC

'''dur IIV" '-QI.I ,,11"1
( 'aIOlI,-lIlv,- .. <>upll"ll
1.11It' ...... ',111111

Th .. t)'l'" uf "0111'11,,, I. ""v"r .to...lu,,·ly of ,>n'- tyl''' .llIn' • IIlI'ltur.. uf ...v...r.1
1)'1.... I. al ••ya I'n·.... ut , II.... \I" '. II UIIl to.· "'."·d lhat "n" or tho' uth.. ,. pr-...
duml".I....

Som .. uf Ih .. p..pu l.,. ..ouplln, li"k ...... IIlv." I" . 'lgun-. I to 12 •

._-
Q Z Z/1

~
~~

'tt 11
__I, ~lIl..al'·".IIII.. tHtal

,,. -
'It, It :••'.1, ....eu...' ·"••lail ,,11.'



5 . INTROUUCTION INTO r ue USE 0 1-' -rne LINE OIAG I1.A MS
IN THf; CALCULATION QI-' TKANS I-'O IUo1ATlON CIRCUIT S

5.1, GENERAL
•

, : ph . ....nll.. al poa Ulon I. • 0
I : pro,_laUon e on.tan! , • 2Wp.

Th. \I.e of equa ti on (2) for Ill.. dimt'n.lonJn l o f Iran.form.llon link . I. vt'ry
eom J,lIe.t ..d . Il owil'v,..r. tll .. r .. ar.. m,..thod. o f I raphleaU)' .....t .. rmlnlnl the r e 
qul r .. '" va lu e a thai are ~.,..d on th.. faet thAI Ih .. r .. n ecttoe laelor r ( r • r-a tlo
bll'lw "l'n Ih .. amplltud... o f forward and r .. n " et..d . llna! I on t h.. no-I o • • Hn .. i.
onl)' d"p"nd..nl on the eom pl.. 1. t .. nn lncallrl, lmpt!'danet' at po.Ulon ... O. II i.
onl)' tilt' ph a a t' 01 r- hi Ihal pt'rlcdleall)' alt .. r . alon,lh.. lint' wht'r ..a. til .. mal 
nll \ld.. Ir (1.11 r ..maln . eon.l. nl.

r (zl. lr l,..J (' - 21z ) 131

Th. r .. la Uon .hlp of ran'" Z .1 .., po ln l alonl tht' lint' I. :

r ( I.I • Z(zl ~ Z I I
wit h Z • H.JX

Z(zl ZI. • I

Tht' fol1owlnll I. de rt ve d from Y • Ill. :

r h.1 •
y • ZL wllh Y·G.JU• Y • ZL

Th.. 'I,proprlalil' lnv .. rt ..d .. quationa I . (41 a n'" (51 art':

I')

(')

l.lZ L • (I • r) I (I - r J ('J Y " ZL • (I - rJ I (I • rl (7)

5 .2. TRANSFORMATiON USING L1N(,;S

Th.. p s-cc..... 0 1 lran.formlnl a t .. nnlncallnl hnl>edan~'" Z (I. • 0) b), m ..ana o f
a I..nith 0 1 lin.. to th.. c omm ..nc ..m ..nt o f th.. lin.. ., • I .1. liven In ..qu.llon
2 la •• follow . :

n,t' r e n..etion fac to r r (01· Ir 1'1'.1.1' (J61 I. c a lcula lt'd 'rom Ih.. known
Z • R .. J X and Z L .

Ae eor...ln l t o t' quatlon (31. Iht' li n.. e n t'c la • r t'flt'ctl on ractor of
r 01 • r (01 U' . 2JII at poaillon ill • I.

Th.. corr '-' !ll.l!ld lnl imVt!dane .. Z 01 I . ealeula l.. d r ..d p r ...... II)' ualnl t'qua tl on
(61 an'" r 01 .

Th .. ...~· .erlb..... ca lcu l. tlon with ..quallona 141. (3) and (61 rll!'el\l lna a c Olla ld t' rable
a mount u f Umt' an'" II. not , uitablt' for I'raellcat \Iee , II I, b.. lI ., r for th l, pro .
e' ~'" 10 be' malle.' ilral'hica ll)' .

T Ilt' !'l·ne-etl a n r.. r tor I• • dJ""'nalon h'" COIllI,Il". numb"r whkh allow& It t o be
,·n t,·r..cl In 1111" pi RIll" o f eo'" "I ",. nUlub.. ra . Thl. 1& men calh'd thl' r,..n ..cHou
fador plan'" ( r - plan.. : 10'11 ' 13 I . J<;'luaUun. (4) an'" (5) r ",pr"" l' nt r epr-odu c tton
rule with which all )' point u f tne Z and Y plan",••t.nd. rdl...cl t o Z L can b¥
tranafornu'cl to me r-pl.nl'. Slrlct' onl' la mainly 0 111)' d¥a llrll wi th ' .....1",.. tm 
,... <lane .. . ( n.twork. without cu r r.nt and voUal••oc rc e • • lmpt'danc• • wllh po •
• Uh¥ oh m ic COm poll¥nt I. onl)' rene cHun f.dora t',at . r ll!' Il"" than I will rl' . ult .
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f1, .I! : I . umplu lI .mIlIClI,I.n. .. IIlI, cllOIl l . elD' pl . n,
~ . 1"'lIlo"ull'lI _,. Ihlt .1 llll,tll I In l h' , ·pl .nl.

Thl . m ...n . \ hu the tra lllJful"ln Qt lun <'1111 lll' I h n lh ' u to tlw Imlt' r I'l< rt unu l.tlgt·
o f t il .. cl rcl .. o f un it r a d lu. In t h.' 1' -'JI Il IH' ,

U II " - I.UI llram w•• to lit' drll .... n .... lth ,II H. X. U. G. 7. • .p cu r v.. . . Iii..
,," . \1 11 wound lw II dlagr.m thllt would Lo., vl' ry tlltrlc'ull to rl ',d off. A.·c ordln g
to t h .. III.plle.tlon. one of th.. Smith dla"ram a IIhown In Jo'liUrt" 14 t u 16 I.
u...d . T hll' p rf'vloualy m e nllorwd 1,.llllformaUon with Ihe a id o f II l .. ngth of Iii,..
.1',,,,.,.11 •• follow 1 In th e Z- ty l' ''' of th .. Smllh diagram: 1'1,.. illYI'll Iml*dllrw,'
Z • It .. jX I••la nd. rdJu · d : Z / 70 1. • H/zi . .. J X /ZI. '

Th.. aPPNlprl. t .. n and X cu ev ' "'1' lin. fount! In Ih .. Z':' t)'l>f' SmUh dl.,nm .
T h.. Int .. r-...ctlon of th .. two c u e-v ,Iv • r ( l- • 0 I .

Th.. lin.. rot.t ... r- ( z • 0 I by an,le 7,1 In • c1oc kwla.. dlr.,.dlon f du e to
., • f - a,z I around Ih .. z .. ro point o r th .. r -plan.. . Th.. z.. ro flOlnl la d..al,nale d
malchln, point.

The lIurnt' rlcal va lu •• an' r .. ad o fr from tne It and X c u r v",. of Ih . n...... po.i 
Uo n and a r e r ...olv.d with ZJ.,

In Ihl a rnann"' r . on .. will only r"llulr.. a Smith diair.m . com p•••• rul.r a'1l1
.lId.. nil ... Th.. p r-oce dur.. c a n alao tI .. u . ..d for ulh.. r- Iyp... of Ih.. SmUh dl a 
, ra m •.

5. J. ANGULA H SCA Lf':

A ll di a gram . IIr .. p r o vl d " d with lin ani\lIJlI" 11('1'1 e f onto whlth 1/ ), I. fIlllrk.'u)
OIl th....tlJll" 1t1 • I to f. d IUa t .. r ...ulllll orr Ih .. a nlll.. . MOIII IIca l... COIIlIn .. ne e
a l Ill", ahOI1 cll"c:ulI po int. 1I0w....... r-, Ihl" I. not impo rtanl In pracllr .. . Wllh Ih..
aid of Ih la .('al",_ II i . nol npc"' ••al'y to c . icula t .. Ih.. a n llh ' In ,1"lIl' ... . It I.
OIlly 1If·(' ..... l'y 10 know 1/), and In ,,181'" Ih.. nlle r- to th .. (' pn t r'" ' '';lint .nd ."IU 
lar .eal", 10 find Ih e r"llulr.. d r -"oll1l 0 11 th...tr.llI:hl lin .. .

• 1 .)6 •
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S~('lfic anlllt-a ., aaaOC'lat~d m, "., 1/>

D· 0 0
toO "/ 2 O.IU

1100
" O.U

2700 H t7 0. 37S".. ,.
D.'

II "
Un"

' 81
o. szt A • I t A - n x O. S "

(n . 1.2.3 • • • • . • )

It wl li be- .~~n (' I~a rly from th~ 1i.1 that no valu"l of I t A> O.S ,....ull .
lIn ~ I. 1 0001~r th an At 2. It . t r . n d o rmi llo n .. ff ..c l ('In .I ....y. 1>.. IIlv ..n by.
I ..nrth o f:

5. 4. T KA NS I' O It MATION USING I.tJ MI ·EIl t :I . EM KNTS

It I. allo po'llblt' t o pe rfe rm olh.. r tn"" of t ..andorm.llon pruc:-t' ..... , ..."hl .
('.Uy In t h. Sm ith dl',,--m . Tht' moat Importanl Iype-. Ir. HaI.d In Tablt' I and
Ih t' ('ornlpondln, lrllndonnaUon path. ar...hown In n",,... 17 .

Wh" n dlm en . lo n ln , I l ,-- n . fo nna Uo n e trec u , It lIhould b.- nolt'd tha t th.. powt'r
101 ' o f a t ,--n.fo nnat lon ci rcu it Inc rt'I.t'1 ", Uh th t' I"n,t h o f th .. tran d onnal lon
path In th. com plt'x Impt'dan(' .. plan.. I Z-t),J>t' of Smith dl.,ram) . Wllh It'nllh
on. m . anl th t' I..nllh o f th .. pa th Jolnln. ali poln l. thai m u.l "' pa.llt'd. In p rln
d plt' . lh. 10•••• lh .. r .. for.. Incnl•• wh ..n th. Impt"danc... thai m u .t boP trani 
form ed d lfft' r a r"' lly f r o m .not h.. r ,

T.bl . I: T)'J>€'I o f trl rld onn.tl(OIl In r onJulIt"Uon ... lt h • Sm it h ,Jlli ra m

Tr.n.fo nnlt lon In d lr..c t io n t; l~ctrlCI I

00 ('u r v.. Vllut' o f
('ompont'n l

X NI. point RI· Rln- Roul
II Clod,. I ... XL· Xl n-XOU I
II Ant Ic IOC'kw l ... Xc ·Xln-Xout

10 NI. point

II S(; poinl Gp.Gin-Cout
G Antlclockwl•• BL·Bin-Bout
G Cloc-kwl•• Bc ·Bln-Boul

" (q j lr2 >I : NL Z intzout . 1r-2

1r-2 " I : SC

T yJ>t' o f Typ" of
e lre-u II Smith

dll,ram

s.. rlt'l {~
Z
Z
Z

P....I1.I[~ Y
Y
Y

Id t'l l
t r _n d o nn t' r 1<1 ."

Expla nation of th. Ind ie .. . : in : ccm me ncem 'ont vllu~

ou t : fina l valu..
c cipacll lv ..
p parlUt'1
• • .. r l. 1

o f th .
trand onn.tlon
I I .. p

Th. R a nd C vllu•••hould tHo nad off on th.. r .. al Ixil wh.. nl. th. X a nd B
.... 1'1•• In tak..n from ttl. Ipproprlat.. c u r Vt'. on Ih...d,. of 1M dla, ram.

- 13' .
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S. S. NOT fo;S HE GARUING TII~ C IlAItT E U UIAGItAM

'rh., (,l rector of. compone nt I , d~fln~d I ' the' ..a Uo o f Ita reactt ve t o rO', l
....1.. rlO' . ThO:" inve nt' va lul' I, the' 10 •• ractor ldl . If th l!' " "",rll". Ire r-epte e e d
loy volt. It' IntJ r-e... lllanc"l . thl , .... 111 r••ult. fo r 11""1"(' . , In the "no - I_ d Qo":

Q. that • Q vetu ...
dl_.um 11"1,,16) .

ta n ., •Colo • l i d .

~,:~-- :
, Rlon

•
,. ,•.....,...~~-~':";:: .

r I 0,",
G

It e-an L", 1 1"1'11 (r om t il...... I_ t!on _hlp ' In o(J • X/It. BIG.
('I II Ill' IIIIOC!III t'd 10 Iny c u r ve' 'I • conltll nl 1n the Chl r t ll' r

Conll MH' lIon o r the Q- curv", . : T he c e nl r-e point. Ire :

I . on Ih t' IIn lglnlry I Jl I, of Ihe ,.-pllnl'
2. I I • I ,..c inl " ." from th", ze ro point

In In u pwa rd o r dow nwa rd dlrt'cllon.
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T ablp , ,Ivp. informaUon .. ,.IIII' va lu .. . of " a" ( ~'I , . 16 r.
Tablp " Q , a / It

I 4!!l° I, 63. 50 I I'
3 71.50 1 / 3

• ". I I'
e 78. 75 0 I I '
e t e .

M • radiu , ., thO' cu r-ve o f un it r adlull In thO' r -"lnr1l' I" ' m.
• • • ,,,, d n ll·

T hO' curVl'1I " ("11 • con st a nt ,•••• throuJl:h thl' .hort r l rcu lt .nd no - Ic ed polntl
In the Z .nd Y " Ian". and mu .1 th " rf>for.. pa•• th",..• point" In Ih. r -plan" .

'"
Thl. rt>.ult. In " • ron'lant . T Ilt' t ran.fo nn. tlon pa th for . t r,".fonner I.
tn e rero re . n a rc on. "-curv" . Th. Q-va lue. o f a Cha rt"r dlalrlm do not
,Iv. any In fo rmation •• to th e ba ndwldlh o f • tra n. fo nna ll on f matc hl nl ) ci rcu li.

5 .6. ANALYSIS A ND SYNTIIESIS OF M AT CHI NG N t:TWOItKS
USI NG Tilt: SMITH UIAGH AM

A Ir a n. fo rmaUon proble m can b.. a olvl'd by drawlng.n ..qulval"nt ci r cuit o f t he
n.. twork a nd 'plli llng t h l. Inlo • numb.r o f ...c ll on. ( fou r potea ] ••c h c on la ln 
Inl only on. compon.nl (InduclanCf> , c a pac it o r . r ...I.lor or Un.) . The Int" r 
c on n.cll on. bPtwf>pn such ••cUon. IIhould bP a ••umed to tHo In on. plan. I ce
.Imal.d In the followlnl lIIu.lr.tlon• • • c . p lt . 1 1,,1t..... I. Starting .1 on••nd
o f Ihe network, Ih...tand. rdl z"d Impedance la In . " rl" d In th .. Smi th dl'i ram .
T h.. . Ie pw t ee . h lftlng o f th.. p lllnl' I. c on tl nul' d .nd Ih" l ranl fonn allon 11.1' t.
perro rm e d In Ih" diagram . Ht·f o r . In. ,, rtl ng the point. Int o the d lagr.m . It I.
nece ••ary to ..·!t lt' the qceenon of which .tandardh..d impe dane. I. mo.t fa 
voun blt' . If th e il'omrlrlc aYt'rRIlt' o f t h" rpa l com pon..n l. o f Input a nd output
Im""danc. a rl' e neeen, one will hav" th. irapilical advantai" t ha t bo th Impe
danc .. . a r" on • r ecu r-ve In t hO' Sm it h lilainm,

(lo)

T h.. r esct tve c c mpcne nre o f th" fln.1 Imppdancl" a re aln·ady pa rt o f Ih" t rana 
form a ti on nl't work. "'und.mt·nt. lly , It l a al.o poa.ll:>h· 10 la kl' one o f th . fin . I
Impedance a. rdt'",nct' Z L . In Ih l. c.... . the trandormaUon pa t h wll l com 
mence o r e nd a l th. c ..nt r e polnl of th" Sm it h dlair.m , Doth po••lbllltlt'. a r.
Itvpn .a " ••mpl". In . ' Ii u r t' 18 . A. long a . onl y lumped .. I"mf>nt l and lint'. of
th•••me Impe danc" eeeu r In one nl·lwork. o ne will a U..mpt 10 Ult' th. la lter
for . tandardlzlni Ih.. Smith dl' iram I uau ally 50 n , 60 n or 75 n ). Ilowe ve r-,
It o rt.n occu r. tllal a ri r cull 1>a" " ' I '" Junction. wh. r. t wo li n". of dl ffl'rl' nt
Im"..d.ncl' mt·.·t f 1-' li. I II) . U th. rph·('t·ncl' Imp..dane.. Z L with wh ic h til .. junc 
ti on I. o bta in I'd I. t o bt· mal nt.ln.·d. Ih.. Im I,..deuce Jump c. n be appro. lmlted
by an Id...1 Ira n.form p r wnn • trandonnatlon ratio Ir 2 • ZL/ZL . nd Ih.. ZL
lin. r . n be replar ..d by a lin" of ZL' Till . proct>dur. I. on ly e e r eee t fo r ohmic
c ha r art. r l.U... Imlwd.nr .. . .

_ 14 0 e



Mo.t tr.ndormaUon prolol.ma . r~ .uch tha t both InP'lt and output hnp~<.I.nc••
• n ,Iv.n I with ohmic Ind r••c Hv. c om pon . nt l ). In t hl . c •••• tn. Ilmpl•• I ,

10_ -10•• n.twork I. ,..qul,..d that .111 bOP .bl. 10 m.tch Ih••• Iwo 131peUnc••.
Th. probl.m can b.- .o!v.d IccOrdtO, to th. rollowln, n o w dl.l,ranl I ~·I, . 20),

---- ---
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hAATCHING PROBLEM!

Impe-donce Z, . Z 1 or V, . V2 I

IZl ' VR, ' R21
A

I
[Form Z,/Zt.Z2/ZLl

Resetect
Zl I Inser t in to ISm i th dioQra m

ves
0,,02 " 5 )

no I
Find short transformati on path with small
number 01 cc rrcc oents ( ma lt. 3) and no

ohmic restsrc nces

I Co'cu l~~c~,~nts I
y

Select circuit with suilablt> values Iand crcrcc rensucs

I I
lines, t r • h. 'n lumped components l, C

Z In I /~ ~I
C: cnuc ct poin ts . tt l mmt' r s

othef wise t ilted

w /h R F$ ?I
L : wirt' wound or printed

FiQ 2.1. toductcrce (ovoid wire it
oossrtne ard use l ines )

I w I I I I ""I I
;;--.( Can it be reali zed )
no n erccuce ?

yos

I Dra w ci rc uit I



lh., eurro'nl .nd ...olt.e••oun-•• o f • Iwtwork « .. ... in Ih. ""qul .... I.nt .h . , r . m
0 1 • trall.I.lor) n .. <I nut bp I.k..n inlo con.'d.. eauon . Th..y do nut., cUfllrlb.lI""
to Ih.. un ... ·. lanc "" or c Oflduc lan.... of. e rrecu , If .u.'h . ou n·....r. pr.....nt . th"y
.r......."I.c ..d bPfo c.lcul.llon:

Vol I _re•• by ••hort l'I re uil.
Cu r r ,..nt .ot.I,....... by no-IOIId.

Th.. el"'''n m Ihud of Icul.lln. Ih. junction. or 1. 0 diU.r nt u"prolanc". In •
Smith <li.Kr.1ll .ith th Id o f • r . I.....nc. Ims ...t1.n{".. I. only . u itabl. ror e. l·
e ula t m. th. lin .. I..n,th. of .ymm,..lrlc.1 fUIl-r• . Th,.. dl ..d nl••• ,. that.
c on ..... r . lon mu "t bf' m.d. bf'fo", lb. t N . r.n.ctlon f• ...tor. In th rlou. "I.n"•
• r obl.ln.<I.

In th ...... of Ih. m.thod '''".Mll1y u".d fo r ... lcul.t1Ol'lo o f ••1",("lu r••lIh
li n•• o f diff.",nt lm~tK'e , th . I••t Impl'wlncp or .tlmltl.ne. OOI....,.d i. r. ·
r rr.d to th .. n•• im~nc.. In ••eh I r . nafo rTn. Uon "rut·•••. Thl, r .. sult. In
th .. t r . ns fo n n . Uon Mltlo tr ( to·I, . l it J.

1.A /Z I . L. v. ll d In "I . n.. A. In pl.n.. H .nh 1.1: Ult' follo.... inl will r ...u lt In.
rww <.llltlol r lllll:

1.11 /1.1: •

Adultlly. It I. n'·c' .. . ,.ry to Ill a k" . n... Sm it h dl . lIl: ram .rt. r ..ae ll t r.ll.forma
tton to anotl,..r plan.. by wh ich the Iml"'d.nc . I••1I.r..d. 110 .. .. ...""1' . for ..eonumit'
n ••••m. tht. I. not .lor,", . nd no r eteren.... Im ...d.",·. t. ,Iv..n for th ...h" l.. dla ·
lram . It I. n..c ..... ..,. t o ••t.blt .h .hlc h Im pl"da ne . I. p r " ••nl .t t h. loc.tlon
In '1\l... t1Ofl by eon.ultin, lb••pp rvprt.t. cI ee uU dia.rarn .0 Ih.t th••b,olul.
7. o r y .... Iu.....n bl' r ... d off.

Th.......on<l pan or th l••nlel • • 11I co..."r:
t :••m"I•• for (".I("ul.Unl lin. circuit • • lth rne Smith di.,Mlm;
U... IKn of • ..,. 1....111 ... Iy . hort.nad " /4 r",.on. lor;
<:.kul.Uon o f ••trlplln. fIIt .r for th . 23 e m tMnd;
C.kul.tlon of ••lnel.. ·.I.I.. pr.amplifl"r for th .. 70 em ba nd;
lmpeev..d tMnd..... r .. . on.to r for 1296 Mill .
It .11I bP I....bll.h.d tn on .. o f th a n.. . 1 .dlllon. or Vll t· CO MMUNICATIONS.

Itt:n:n t:NCt_'i TO l 'AnT I

(I) II . G hwlnd. and W. KMlnk: Sl r.l r..nl .. Uun , ..n
\\"Int c he V.rlai~,andluna:. t\l .....n /G. r m.lly I lt60

(21 T .. I.. funk.'n It cwh r ..n - und 1l. lbl.U~ nn i lt .. llunl.n No. 6~ 09 124
t :l",ktronl.eh .b.Hmmba r. r Ull t O-V. r.ll r k. r of dtl'r H••l ....on
1I0PI,l'1...ltl. mit I. it ..nd" r t Ooli. ~ ...h ichltl't ..m UI. I.kt rllwm .

(3) T.·Ic runk.'n !to..lln'n · und lI a l b l ~ lt . rm l tt . t1un ll ..n No . ~ 8 02 :12
t 'ol'm t' h u. ltm m t'n . h .l1ul1 l und Illnw.. t • •• fill' d• • Arb.U.n m it
<It'r M.· ••h·lIullll lm U.·"lm..l e rlll:t·lol..t.

(4 ) K.ll upf.r: Si r iplin... for VIW . nd UlI F
vur COMMUNiCAT IO NS 3 (197 1. t:d itlon 4, 1'. 11'" 207· 216

151 1I, 5d , .. . II".r: Ue dm.t.. .....lI"n pMld.
V""rl.e ftlr H.dlo . t ·oCo· Klnot.ehnlk Gmbll, U. rlln - lioral• • • lda .
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A ST lt I I'I.INt: I'OWU t AM I'J.lnEIt FOIt HI ,In

USING A 2 c as TU IU:

by A. ". u l r l"" IlJ 2 1' 1'

Th. 2 C JII r.mlly of lub.. , r., uln.. lly 1>0. ololam.. d 111.·..1.. " .l v, ·ly f r-o.., IMIq.lu.
aou,... ... aln... Ih. y . r .. uau.Uy (01)' 0 1..· ... I<·,j fo ... 1l1llL!.·,j , ..•..10..' 111 mll-row,v,
link' . 'r , br ro ... brlnl!' ...·I,I ..·..d 'I ""lUI, .. anto·n,.I, by ".·w lui... . Sinr. Ih ....,
' ubr u ltab l.. fo r- o""rall"" or, Ih ." 10 "111 , 2.. r " l an.' 12, In band., Ih..y
a Uo n . ln "'nda ..tJllall"n or r .u""I)' . bl"• •· r-a .n<l nil ..... hl lll'lI:' In
Ih h.r k. Th. PO"''''' rallnlla or II • lui..... ,., . "'., ••.•." Ih.lt or lub.· In a
t:C 1020 .nd .. X ISo. Th .. m ... k.... a,lvanlall'" of Ih. · d ' r II>o ·d ,,,,,,,, -, ' a"'pllfl ..
. .... Ih . C'omptlrl dim ..naion. and II on.l.ol ...m nl of Indalw .. rk Involv.-d
In ron.lnH't1on . Only m .·tal I,lat " "a.-'" .nd no 1"lhulll 0'- ",lIl1n, I. n."
c .... I")'. to' ICU r? I .ho• • • "holo, r-,,," or Ih.. ,u lhor'. 1'....1..1"..••

•

..

f11.1:"" "1"'1. ,I'....'h,·, ,nl,I".

I. C Ii AHAC T I':IUSTlCS

T ht' " " ll'u l IIOW l'" or Ih. · ":12 Mi ll 11O"" -r IIIIIl' lI rl<' " I. 20 W al a "h.I.· vvllllil " of
"00 V, 'nd " S'At a' /1 00 V. nll" .b,,,lu," ,"a.lm um v.lu. -.. o r II,,· ,,1.1.> vo lt ' II"
...... 1000 V fu r- unmodul., . d r .....l.· ,' ul ... rallon I CW .n,' FM' 'nd fiOIl V for
IO~ 'm"lIlutl.. mooul.llon . In U,, · ss n mode , ' h .. ptoak voll'II" "'I",...lnll du .. lnC
pl., .. voLIaIlt' mOt.lul'llun o f 17011 V .. .. n bP c I d.' .Lo,..luI .. ma.lm...m v.. lu ..
Thll .11I1' ,h... ' or Ihi' tuloo- "" ... th.. t IhO' IIf .. I' I ,ly d.·p.. nd.·nl on thO' pow .· r-
1000dtni of th.. IUlo<> , and .· " ...cl,lly .... Ih.· "I,t. v.. ltall" ,t hlllh.. r f .... qu .·nr'... .



It I, Ih.'ro,for., ,dvl•• bl.. to obi. III th .. rl'qllir"d output !'O.. e r- .t th . lo....t po.
s lbl., pl'to, volt'.t, . s...Ulch·nt coollna snd Ih.· c o r-r-ec t h",I.. r- voUsalP ,r. t .. o
lm"o..ts'lt e rtt .... ls .. lIh r-...,...cl to th .. IIff' of th", IlIb.. . ~'\lrth.r <1 ..1, 11 . sr. 10
lw alv"n I,t.... "f'asnllna thl •.

A <I..Iv.. S'O""rr o f bo·t ......n I W and ~ W I.....""irt'd In ord.... tu obt.ln th.. ,h'.n
ou t pu t PO" r I..v.i • • Th••lIthur II nothI'r. Id..ntkally cot\.tl'\lctH .ta, .
drh.. r, .. hleh I. opt'rst..d.t • pl.t olta,. of only 300 V and .. ithout blo r .
Th.. drl .....r .ta,. r ..""I ..... , <irt..... powl'r of ~I" n !r0 mW and 200 mW "hich
ca n t... obtain..d ..a.Uy from tnn.l.torlaH tnn "rt"r••uch ,. OJ • ZZ 002
III o r I>C 6 flY 002 (2). A drl.... r .ta•• """Ippt'd _Ub an t:C '020• • , • • th"
1)(,; 6 IIY IIn"'r ,mpllflll'r 121. i' """aU, .lIl1abl e;

C. J

uCJ
PI ,

C7

2tfCl
LI

Cl £

C. , ChZ

Tl eep, 0 C9
R,

DJ'PU

/JIIC U',y1100''''11
U.

J(J()- IOO V

'II. I : tlre-lllllt.,,.M .1111' 1 C:Ill....' _lIllllt' .

2, ClKC UIT IJt:TAIt.5

fo·I.... ,... 2 ,Iv.. , uie circlIll dl,.rsm of th" 'f'Ound..d ,rid amlolUI"r , SinCIl' th ..
c, lho.h.. la dlrll'ctly conn.'CI..d to Ih. h ..al"r .ithin th .. tub". II la not po,.lbl"
for Ih .. h... I.. r to to. 'f'Ound..d aln(' .. th" c,lhOll" mllat be poaltlv.ly bl ....d .. lth
r"'I"'cl 10 Ihll' 'f'OlIndf'd ,rid , Th.. bia' volt.,,, I. ,,,n,,r.t..d In a cOflatanl cllr
n'lIl two-pol.. eteeun 121 ..quIW"d _Ith tran.lslo r- T I . Th. bla' c.n be adJIIII.d
with pot ..nucmeter- 1'1.

Th.. IlIl'ul-lmP"'dancl' m. lchln, .nd ."llI'cHvlty I. mad" In a I' lo.-paa. fIlt .. r
c om pr l. lnl C I . L 1 and C 2 , Chok". Ch I and 2 eneu ee tt \.S1 Rfo'·ene rlY tl not
,......tI onto the hO'at"r sllpply line,

Th.. 1,1.1...o ..kl Into' " /4 Ilrlplln. circUit and Ih.. plat. volta ... II f..d In via
c ho k Ch 3 'I Ih .. cold ..nd of thll lin. , A l.rl.l_rf'IOflanl cOYplin. link Ie 4.
I. J I I. III ..d to trsnlf.r Ih" oulpul po.... r 10 me oulput conn..c lor Pt 2.

- I.S -



Wh"n . ,· ),·('l1n6/ eornpo.wnt . , II . h,.ul <l L... rwl ..d tha I ('a IHI"'tor. C 3, C ~ . ud
C to m UIII ha ndl ... Ih.· fu ll UC pi a it' volta g O' ; C 3 alolO II", , ,,,a k llF - volla !>:.· . T h••
.. hoi ... 1tl-'- cUrrt'nl ot li n- ('t· . on " nl a l r ll ,l hlt' ... .... ull w il l flo.. v ia ('a l.... llo r C ~_

3. CONST HUCT ION

Jo'Iru no 3 . howa aero......dl...... 1 vir'" of the- .mplifh·r a II.a Ih. · drrn .. n -
.Iona o f Ih.· fronl r.. nt"1 (tH-lo .. ). Th.. r!n ll.. d numtH- r . d .·.lm · Ih.. follo.. ln&::

I Hrl vt" .ha fl fo r C 3
2 1I" . ... r ccv.. r .. lI h lun ln ,
3 PI.lt" . l rl pHn..
4 C.ao'
S Mk a 1,l al ..
6 Grid plaIt"

7 Ball.. pi a l ..
8 MounUn, ec r-.. w a nd li T c on n..(' Ucon
9 UI... ot C 3
102C39 t ub..
II In llu l. ti on .u rf••·t" on dlll(, (9 1
12 Clrld '·Oflta r-1 rlnll

ThO' tol low ln , I ll ulILra t lon. Illv " n II) ~ 'lilu ro·. .. to I I IIho .. II... ln d lvhlua l m" I"hA
nkal parl a a nd cO nIlI M.l c Il "", .. . wdl aa pl",loKr .. ph .. o f 1110' .uLhu r 'a j>r ul "ln'"
rr om abo v.· and lH.·!ow . '1'1,.. m,·I.lwo,·k III lIlad.· It-om b r .... pl Ah ' (I[ 1 mil>, 2 mm
.11I1 3 mm UlI. ·kll.. .. . . '1'110' " u r f,... ,'" ('o r l'y l"!>: IH·-.. u r-re-nt Ar .· ..uffkh·nlly IAr !>: .·
'0 th aI It la nul r .' nlly m ·(' l' a .... r y 10 "I\o,''' ''- p llll '' till' 1Il.'lal parI " . How" v" r , ti l+'
.uthor . ll v.· r- I.IAh·... hi. prot " lyl'" In a 1Il"1I - "lI v. 'r . o lu ll"n m .nur.(·lur.·u by
I>...::u••a or fo' ranktul", we ..t G .. rmany ,

A bra •• tu..... of I II 10m ou t .. r ttlll m " \t' r a nd I mill Ihlck w• • UII"<I fo r Ih." Krill
r lnll ( ,.. rt 12 I. A .rn.1I Iub.· (' u llt' r l a u••' d 10 pr.. pa ... · Iht· lnn.. r r im. T I1l'
tu..... c ulle r I. pla c ...d " ppn>klma h 'ly I. S mm from Ih .. lo.. ...r .. dll " o f thp lu L...
and cUI. Inlo th... tube , A rim I. [onn.' d .ft.. r • f.... re vo l ullon . o f Ih .. cu ll "r
Isee "'111: . 3, ,.. rt 12) . M.·••u r .. to . "t' i t Ih .. r.' qu l red Inn .. r dl.mo·h· r o f 16 , ~ mm
I. o bra tn ed , If no ml.'.n. o f .ecuralp m,·a llur.. m .. nl I••v. Uabl", Ih .. 2 C 39 t ul><
c a n be in . t' rt t'd until lIa .rld rln. touch .. . Ih.. In.lde v f m e lu tH-. ' ·h .. . r ld r inK
o f th.. IUbto mu.t fi t In lO th t' bra•• lu bt' withou t p l.y. If th cos-r-.... 1 v.lu.. h • •
not bfopn o bt a in ..d c UI c. r .. ru ll y fu rthe r un lll It I. r .... c h.. d. C ut off Ih.· IUbto .1
a I..nllh o f 10 mm with m e lu "," cu tte-r- . nd d.·bu r r. Th .. f.lal .. e-onn..elln. rlnl
f ~rt 3. 4. I is m ild.. In • Ilmll. r m.nnl.'r f rom • b ra . 1 tubto o f 29 m m ou l .. r
dl.m .. te r- an d I mm th ick . Th.. "I al .. rln l o r br.e- k..1 . hould bt' lold.. rl.'d . 1 r l lhl
.nll... to part 3. 2. o f F l rur" 7 .

Of c OU rle , r .. . der. m . y h . ..... . ..rm- more .ull. bl" e-onl.e- I m.ll.'r l. 1 . v.i1abl..
than Ih.. homl.'-mad.. meth od d .. lle- r lb.. d .oovp,

T h.. pIal.. I l r lpllnl' ( 3. 2. ) rorm•• unit (3) t "lo:f'lh .. r .... lIh .'>8(· .. r I J. 3 . ) . nd
lh.. In>und IIu d . .. p ( 3. 1. ): th.. IIl r lpl lnf' I. h·d wllh Ih .. 1'1.1.....o lt . ,l" vi. moun l 
In.:: . e-r.·w (81. Th.· ,l round .ur r'H" ' · III In.u l.h·d from use , r ld 1,1.111" by Ih l.' mle-.
pllt.. (5 1, and rerm . lilt· byp/l •• e- . I'.. .. lIor <:~. Till" c apecttanc mount a 10
approxlrnn le ly ~ on pfo' willi R mkR th lrkno ' '' " o f O. ~ mm ; Ihl ll r ... 'r ·nl. an AC
rt'al.tl ncl' o f It' •• Ihan I n .

Th.. (l1H'lIt ,>o. aU..I.. Ih ... ·a d .hould I", UIII'ol for U... adJu Blmpnl o f Ih.. plal p tuning
ca"ae-lle r C J, The ma\t"h lnK 11ulll ar" . Ioll ..d in o r-der- to ..n .u!'t' • rtrm fltt ln e
o f th.. I."pood buahlng. Afh'r aoh ll' rl llK U... l1uls 10 Ih .. cove r-, Iht·y .r.. d .·I'r.. . ..·d
and th.. a('",w III Ina.. ..I e-<I Inlo Ill " t . l'l'.. et ht",h lnl . C h"l.'k 10 11 .'11" .. he-th .. r till'
ee r-.. w III h.. ld IllI:htly a nd Ihal Ih.· .dj u. l n ,,·nl I.. . 1I,M1y .Uff. A n .. r Ih l ll h••

t46 -



•

6

..

111\\\

10

"'1

III "

c' I I
~~l ,o, - -+-' - 1

160

:~::.:: .':::'.:::".::: :
~ ~'::~:'.::;;:::.:):~:
>:-" -,',:"....<.•::.:
...'l.' r /.. -:. I:)

:;; {<-:.;:.":-: :.:::.: l'
'0', •.') .' -, .v.',-,
" ", ..;." '.:-..:=.::. ,•.:.;.:-:<;::

1-- 10- --<1)--!:I, _
~----------------------------
I J. U, VI C2 C/ ~ ' Lb

1 ·t~~ ,S -~" S '~ 60 IS~~~ 'Cf-+t, IlG

-'1:=======;00=========11
f1' 3. Iect ..... IIIl••,.••1 l~• • • ",me, 1M _,.,., ".Ile tr.-t.-&. ;I,



»->:
; r! ,

~ -, ,
, ,,- - ,-.,

~_'~I _ I,
'" ..- , '" -..r. :.o

~~
,, ,, ,, ,, ,

>--.. .. --'- .. -- .. -

1
I

I
B

I

"'~ .
J,t. (1'

II ...................

. .. , " '"<;>

f""T"~~

i-
ii

i- I-H • ilII? <! ~ ~ II e J11 --.,
6 -" @ e

- "J, $
1$ ....

i .. ", I

• I'" _

"i
•a



1
I
I
•

I ir ,
I • '". Cl

• ,.
• •

f ll, . : ,.,1. ,till, ....11 .W.II.. eIre-II

I
s

•I

1·./
II
n
.«

e

- .-
,

"'n"l ihlllli'

- '.9 -



-

.
I

"'"0 / ~ ,\0
~
~
~

'-~/

~E [J s

I
~ . ------._--

~
S <J> @

s,

'It • 11,..,.,111 111, •• tlmer I.,••"t ••111111, ..,1,.., I...... U,acll. CJ

, J

tiifJI ': ,1IJ1d @ $
0

e . -
c @}

E> ,
- •. •

f~
"
c e,

•
E J

Ic:{}.J4 ,
@-

• ! .J,
~

• ICJ

'It • " " ,111' ••• 1.,.1'Ill.,
• I ~O -



- 151 -



tw ..n ollllin~d . Ih .. t'lVI('ltor dia(' (VI ('an t.. aoldt·r••d Vlln~ lIntb Ih ....('rl"... . AllY
.. u r"lu.. aold~r ahould b.. r ..mov d, e n .. r .hkh Ih... mica .1I.c (II) Cln tw 111,1 d
lInlo th e di.c (I) .

A . hi . tHo .. n m .. nllon"d J'",vlou.ly,.n Id ..ntk.1 .mplifl.. r .t.l" can be ('on. ll"\lcl •
.. d fo r ...... . . driv"r. Sin('"... pl. le voll., .. of only ]00 V I. reoqul",d for Ih..
d rlv.. r , no coolin, will tw r .. qul",d. 1I0w " .. r-, Ih ......t,.. work invol""d for
m .kin, Ih " coolin, culoull . hl·n .... In, tlu- .r,..nK..In ..nl .ho.n In F ICU"' 12
m .k... ('"ooll n, o f both drlv~ r .nd 1>O'O .. r .mplltl~ ra from one al nal .. bl""' ~r •
alm"l.. mlll"r. II II only n ..e-e••• r y fo r tI,. ('"o"" ..('" lo ra. I r lmm~rl .nd f~~d

Ihroo llh c.p.rllorl of Ih~ uetve r- to lit· "I.(' ..tl on Ih .. o th .. r .ltl... Th.. ('"onl ll"\lc.
lion of Ih .. com' for f1tt in . th .. b lo ... r I••how n In "·' eu r .. 13. It I, lold"r.:o-d 10
tn.. blow" r. Of c cu s-ee , I dlUr r .. n l con.. wUl tw n.. ('"rl.lry 10 .ult ol h.. r ty po"
o f blo. .. rl.

COM G •A. fO l ;'

+
l CJ9BA zcJ9BA. -/n In

PA TR -81ow" Cut Cu'

n, It: 1ft.., , . . ..In. ' IMtI.....11••acll tillar
-'1111._ r,

3.1. C O M,.ON,.:NT 1>t."A U.5

I't I . l ' t 2: UNC o r .Imll. r ('onn~lorl

c I, C 2:
C 3:
l: 4 :
C ~ :

C fi :
C 7 :
C 8. c !f :

1·12 p'" e .. ,..mk lubullr trlmm .. r. lI'hlll l" 2222102 20004 or 2001~1

..lOr "'111. 8
3. ~.25 I. ....l r . ....c lOd t r lmm .. r ll 'hlll", 22221104 0 1004 or 0 10091
. .. .. "'I g . 7
1 n"- fN' d th rtJu llh ('"apAdlo r . aCI'.. w . flt tlr l ll, fo r I I " ' a a l 500 V
270 10 1000 pF c ers m jc ell. c o r tu l>u l. r ('a l...-no r

I n l" o r m a n ', ft·.·tl lh r ou JC h CI "'II· lto r , ec t-ew fl ll lnll
(S h'm "n a 11 ]1 020 - Il 51 02 • S n Ull)

1l 1 : I O k ll
I' I : I k U lr lm m .. r pol .·ullom .. I.. "
TI: 2NI613 . 2N2219
lJ I: IN 11 4. IN 414 1 or any ..!Ikon dlod.-

_ 15a •



I. I: .,.,. Fig. II; I. 2: ..,.,. FLIl. '; l. :1: ,,,..•. FI.:. 8
eh I • (,h :J: I I lu r n .. lOf n. $ mill dl.,. I 24 AWe; J "luundh'dl'ul'l,,'r wlr,' wourlOJ

OIl a 5 nlln r"rnH"r•• In,.. · wu"nd . "IO'U-""I'I"'rtl"ll .

4. POWEll SIIPI'LY

Flgun' H ,Iv". th e cr rvun ,lLallra'n of a 1>O""'r a"pl'ly .ult.blt, for Ih., d ...."rlbt.-d
I>ow"r .ml,lIfl ...r. A 11O...... r IrJlnllform"r Wllh r.·nlr...·I.pl'.·o1 .,·cond.ry I. u.tod 10

Ih.1 IWO voila,... Wllh a rauo ..f I : 2 .rt· obl.ln.·d, Th". pl. I... voUa,.. of 11'1..
po ·r a/npllfl .. r II 6$0 V und.. r Ic>ad. 1'hl'1nondonn r ... iIl noC 1>0.' IULI.bl .. It
Ih m'Jllmum tul>o.· rJllm!:. an' 101>0.· ulllh:l'ti 11200 V J or It Ih .· t:C 8020 i. to
lw ""'d •• drlv.'r 1 200 V I.

1'1... 2 C 39 r"qulrt·. th.' Ih.· h.akr vult.g.· I••dJu,,' ..d •· ••"tl)' 10 the v.lu...
litIY"n In S.·rlion 5 du... lu n'lu"1 ' ·IIl I•• ron f I"I ..clron.. Ihat hit thl" c.lhoo...nd
n(>1 Ih.· pllllt· I. Thl. I. nu, n .....· ...ary wilh th., t:C 80211,

$. 1·1l1·:I·All ATIONS
5.1, IlJ ':Al'EH VOI.TAC ; 1-: AND 1l ":AT Jo: H CIJIlJH:NT

AII" IlIl"1l Ill" " 1 I,, ' pa Ul lh ut ull 1"' 1I " 'r wUllllnR" fo r Ill" 2 C :19 a n, n Olltlng ( nol
IIru",lth·d. Th.· '·lI.lh".k 101 d l n"'lly .'''n'wd,·d I" Ih. · ' ", ,, " ' r wi t hi n Ih.· lu b•.•. T h ...
Iwuh'r .·urn·,,1 "h"uldl", adJu .. , ,·,II.. I A "'Ith I lw IIld uf /·.·.llI lur.ll I' 2 a nd I ' 3
11.111 un a",m " I"r '·"lIn ,·,"It·d 111 "" ,'10'" with Ih,' lu-II" ' r lin ". T Ilt' 1'1. 11" voltagt'
IIh"ul<1 " .. , b ,' ilpl'llt·o! ,lurllll1 Ihl .. adJull lm,·nl.

5.2. I·I.AT ..; VCll.TAC; ..c AN II I' l. AT E Ct:II HENT

It. al till' 2 <: 3!1 tut", fur "1'1"'OJlII"""'I)' I mlnUIt·." Iha l Ih.· "alhod.. I. abl .. to
n·...h Lt" 0l',·r.llllll h·ll\j,,·r.lun·, S.ll.h on th,' bluw ,·r.

S"'l!.h "n Ih .. "I.h· voll.ll~' 1 :IflO V for IIw drlvl'r ur 600 V for th.. powe r- .m
"lifh·r). Th.· <JuL.· ..c"nl I'lak "urn'lIl IIhould 1>0.' adJuOIh'd 10 . 1'I,r,)Jllm.t I)' 20 m A
...lth r ••1.I"r P I .

5. 3. TlJNI~(; OF T ilE P OW E ll AI'tIl·I. .... IEIt

Conn"n Ih., oulpu' ot Ih .. IlOw " r am"IIfI~'r 10 an arUfl.·.1 .nlt'nn" .nd outpu l
m .'!t·r. or If nol ay.nabl.. via. "lIlib rllh'd rt,n.·ctom.·!t·r 1 pow". r m .. l .. r I to e n
anlt'I1I.a. I"'at Ih .· 2 C :19 IUIw for on.' mtnute .....·ron· awlt<'h!nl on th.. I' I. t.. voil
a.:". SWl!"h "n IIw blo....-r- of Ih.' I" ".,' r ItlllplHl<'r, U r lv. · II,.. untt w it h a 43 2 Mlh
.IlInal ( Itl' l' ruJl. 511 - 211 mW fo " ttw .I r lv,· r; I to $ W for th., I'A I .

AIlIo( II II", I'llW. ·" umpllfl.·!· lC> r . ·.."n'uar '· b)' a, ljUli llollo( th,' I' llt l t' tun in g "lIp"C'i to r
C:1. Thi ll OI houl ,1 ".·.. ul l In " I·" ;,d ln ll " II 11ll' n · fh '''' ''m . 'h 'r. Ali gn cU l'ac lto ra
C I . C 2. (; 3 . (; ~ anrl thr- 1'''11111'''1 "I Ih ,· o u t pu lllllk fo " mll Jllm u m ou l l''' l
... ·8dlng. 1l" I"' /l1 lh l ll aU"nrll " n l '1l11l1 no fu r llwr Im " r oy.'un·nl ca n b.. obt"lo .· d.
1'1". filial 1,lul .' r-u rrvm ... Ill h.· "1'1,r,,_11Il8h'])' :1 0 m A for II... d rt ver a nd a l' I"N
Jllmuh'l)' l Oll mA for tht' I.o .... · r am l,IHh·r.

T,... "u'I'''t IK,w.>r of Ih .· .lrIY.·r lit .. " ... III In Ih.· ord"r of I to 4 W a nd 20 to
50 W for Ih .· ""w"r .mpliflt· ... ...hkh I. d"lwnd.·o ' nn Ih,· o1rlv.' pow .'r . nd th
pla h' yol la,.·.

- I S3 •
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!'>. 4. NOTES

Th p a uthor wa ll. not aul .. to t pa l the I'0w .. r ampll fl" r 11. 1 plah' vo ltai'a h l~hp r

thall 6UO V 11.\1"' " th,' f.... dthruugh ea par llor C Ii IUIlI. /IIa .um ulll raUlli o f linu V.
Alao, II. dl'iv" lo' v,-1 o r "Ill y 1I1'1'rolllmlll.. ly l un IIlW wa OlllvRllRUIe , !l ow" v" r , It
III. . a ..u"...d Ihlll a l lll h lll h.. r o utput IlOw" n IIhould t... o uta hll' d . 1 hilltwr <Irlv"
a nd " Iah' vo llall" Ip vc- Ia.

'I'h p ,h·ae r l u.·tJ pc we r- ampllrlpr ha ll. p ro",·tJ lt a.·1f I" opp ra tl oll o ve e balloo n 
,"n r l"i.. tJ n ·,"'Rt.. ,.. and UII I"- UX I "', li lt, LX. Ot:. P A I. The autho r drt " ... \l it'

tlrl".·,._ p"w._r aml'Urlt'r r-ombtnauon with th.· 28 _4:12 Mi ll Irall lllll ll c onv"rh' r
1M 6 ZZ 00 2 01 a nd Ih.- out l'ut pow .. r of 35 W III. fo·tJ Inlo. 2!'> olement lung
yalll ant.. nlla .

Ii. SP EC I F IC AT IO NS OF rna 2 C 311 I'·AMIl.Y

Sl lIe " It I. onen difficult for radio a m ah ' u rOl 10 oUIIl'n ' ·II«· nlll" ' · In fo r lll Rtlon " n
m lcr·nw a " .· luu, ·•• th .. moat Im po r ta nt d,·tall a o r Ih. ·.,· tu u.'a an' 10 u,· lI l "'·II .

T aule I lI . ta "arlOU, a p"(' Ulca Uona wh ich do nut dU Il' r I r "a tly t....lw '· .· 11 tho
vllI r lo ua lub.. Iy l'.. .. . Th.. d.la ,i vpn In Flll\l rp. 15 . 16 and 17 a ,..' "Irlua lly ,,"lld
f.. r a ll IY'H~ •.

I'h, · IlF - " ull'ul 1I(''"''''r amounte t o 4 5 W . 1 500 Mill, 811U V a nd teo rn A 1111t1 "
c'urn'" I, Thl .. r '· I,r '°It,· IlI. a n I'HII.:!l'll ey of 56'.' . t Ih .· Il C In l'u l powpr o f lin "' .
T h .. ,,111.1 .. d l.al pRUo n will on ly U.. 35 W ...hlch I. far iwlow Ih .. perlll l•• luio·
ma,d mulTl lim it or 100 W. T h .. full 1,1.1 " dl . alpal lun r a n only Ut' ulll l,...d llI t
h l jo[h(' r "IRIt' volt.i.· • . Il ow"".·r. 0 ..... wtl l aOlm It·II. V .. II", gu.r."I .... r.nl ' · o r Ih ..
l uU., which ",til .1010 ha ... .· . n ltd".' r a .. l'((" ('1 Oil lUU.· \I f .. . Tilt' ma xtmum .'a lh"lI ,·
r-ur-r- ..nt r RIIIll/ a shoul d .1 . .. not U....11(' . · ..<1"'1, T.bl., I a l.." 11 ..1.. IWo ty " ... tlll"ln l/
• hl IChpr ('. Ihod .· ('u r n'n l r .Unll (Y I) IU51 . nd 7 211 I .

7. AVAILAIi I.E PA HT S

8, IH:FEIH:NCES

III F , Wplni ... rtne r r A 28 - 432 Trall amlt Convp r l e r ... 'th 1"":T MI:u r
VHF COM MUNICAT io NS 3 (1911 1, l':dltlon 2, " . 1'" 99-106

(21 K.I':kh,.l: Str iplin.. T r.n ave rl .. r for 70 e rn
VHF COM MUN iCAT IONS 2 (1 9701. ";d lUon 4. 1'. 1". 22 4 -239

A Fr..neh ed ttlon of VIW COMMUN ICAT IONS hu u...·n publt ehed tM. y... r-. Thill.
pd lll on ('onla ln. th e tr.n alallon of thp 11I0.1 Importanl a ,. tl clpa that h....p Ilpp".rl'd
In VlIF CO MMUNIC AT IO NS In the IU1 uu-ee yean, Thp p ric.. or thl. 120 pa,,,
mRlIatlnt" I. F ~~ '4.00 plUI F' ''~ 3, 00 po.I.ll' , It III. . vaU.bll' from tht' l"r l'n('h
r .. pr..a"n l. U",.:

Mil l' . C hrlaU. n" Mlc h.. r, F 5 SM
1.... l ' lI lpa
(0' .89 P AIt LY
Fran('p

- I S? -



l'OHTAIlU: SSU T ItAN5 C EIV E-: H n m 144 - !4 fi Mil "
WIT II F M ATTACIIMf:NT

I' AHT Ill : FM ATTACHMENT

by G, Otlo. IlC Ii Il l.

7. F M·ATTAC Il Mt-;NT

Th.· S5U trll nll,'o· lv t·r III provld"d wl lh an Ind " Ilt"lld,'nt II" modol .. for Ih ,· F M
mod.. that III conrwct,'d JUNI t... ror.' Iho' SSIl cry.tal r1l1'·r. or ,'uun",. Ihl8 modul.·
III .. qually t1u ltabl .- for 1ll00UrylrlR ulh .. r- SStl I r a n llc d v.' r ll rO'" Jo'M rt 'n 'pllon Ih lll
h Olv" lin int .. rm .. dll<l .. fr " '\u OOI Il"y or !l Milt, . A 111111111 fr"'lu "111'y -modu!ah'd !l Mll z
oHdlllllor iIIl nJ..cte d afl.. r th .. SSH ~ rytllal filh' r In Ih ., I ranHlll i t mod .. a mi r-c
ph.c"H th .. 9 Mil " 5SH .1~nHi. 'I' h .. 9 Ml h ""M 1l 1lj:11 1l 1 I. th"n Iln'C"l·.II,·d In IIIP
n-enecetv.. r- In the c c uv .. n l lull lIl manue r-•

.-.' .......
OC6Ul oo,

fll , 21: Iloc. d.' lr lm ol lh. fM If modul.

7.J. "'M l fo' MO lH tL E

fo'l j(urO' 28 ahowlI th.. block 'IInlj:rIllll of th.. Jo'M I F modulO' , '1'1... wld,·bAlid 1I1gnlli
conv.. r-ted down to 9 Mil" In Iht, rn· .. lv .. r III f.-d via tho' tUfll'd Ampltrit'r l' 701
t o tt l<' ml" e r 'I' 702 . wlwrt· It 1M cunv .' rl .,ol to me .... cond IF or 455 klh by b. 'a t 
Ing with th.. local osdlliolu r IIl g lIlIl from T 706. TI1l' 'w l"clivlly ill gairll'd al
455 kHz ulling II c"r/unlt' fIllt'r havinll II 3.1 11 bandw ldl h of 20 kllz ( 50 ki ll .t
70 d il l . Th.. c e ranue ril lt'r l a rouowcu by a Ilrnih·r. <:oll1"jd"1I1' O' do·mvduh;. tv r
' lId A fo' Ilm pllft .. r- , which IIr O' cOlllbll1 ..d 111 0/11' In ll·grnl.. d circuit ( I 701 I , An
lIetivo' lIud lo fllt .. r- l 'I' 704 ) la use-d to lIul'I' ...·." ttn- h llth -frt 'qul 'ney nol".. cum 
pOI1 .. l1ta. T lw modul.. alolO po •••' ...... a "'IU"kh ci rcuit whIch up"!'att'a a8 no l"..
am pllfl.. r and Ilctullll'a a n etec r ron!c switch wlwlI 110 car- r-ier- ,,1lj: lla l I. p l'(·8.'nt.

Th.. FM IF modul .. r epl'(·• •'nl. II . ln~lt··collv .. eet on SU I,,, .'h,·1 Iun ..d to th.. truer
m ..dlalt' fre'luency of til ,' r O' c t'l vo' r modu t r- ( II MIIt. ). For IiIlmplex o pe ration In
th .. rrans c e t v.. m ode , It III ne e .. a"ary for t h.. loc a l o"cl\la lor fr f'q u t'nc y to b..
9 Mil " !. 455 klh: In o rd.. r- to ob tain th .. requt red !fo' of 455 ki lt. . tt ow e vee, du ..
10 th e t ne r ..aa lng u".. of rep..a t.. r- a ta tlon .. , it m ay b.. r e qu fred 10 ha ve a con
IItllnt Inn llmlt · r .. c e lv'· f r .. queucy "pacing vf .OIY 600 klh. wh ich III the most
pvpu la r . pacl n, a t p r-.. . ...nt. T hl . can ..aelly b.. ob tatn.. d by ah lftlng t he local
ollci llato r fr" 'lu ... ncy from 9 Mlh :. 455 kilt. by 600 klh or t h.. rO'qu l r .. cl off t
tr..qu ency , It a fr t' qu. ' ncy of 9 . (lOll Mlh !. 455 kilt III ae I..cted, for In"tanc .
thl. wlll r(Oault in II rer-etve fro"lu"llcy t hat I.. 600 kHz hlgllPr tha n t he trallamlt
Ir-.. qu" lIcy_ It th .. loe a l oectttator I.. mild,· va rlabl.·. It III pOlllllble fo r IIlmpl .. x
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0" .ny t""'IU.. nc y orr...1 10 t>. oIJI.. ln .. d .~'Cordlna to Ih~' fr,,'IU""cy ",. rlaUon
rll nll:" o f Ih e loc.1 o.clll.lo r . II w~ld. ot cou O'. d,o lw po •• llJl. fo ... cryat.1
o.cllI.lo r l" lull'l..-d wilh two c r y , l lIl . 10 b.. u d .0 Ihal one I. ,bl.. 10 .w U('h
teem .Unf,I... 10 dupl"ll o '>t"nllon wilh Ih.· r"-iUlr .. d frl'qu .. ncy apadna. T h l .
t 'M . I F tnooul .. only r ...qul,."••n In'llIl vo ll ' lI: r of I.,V which m.II... It ... I r ..m .. ly
vl' r ..llIl' .

Th.. clr'tuII dlaar.m of Ihl' FM It' m Ol.hl I.. Is al vl'n In t·i",r.. 21 , ThO' inpu1
I I ' t 101 I I. h...arly c ou pl.. d vi. a c a ,"c ll o r o f 2 10 -4 pt' t o Ihl' dnln ot mhl'r
Iranalllior or 10 J on Ih.. malll board. Sinc" Ih la ('oupllna I. a l hiah imp"danc.. .
It ia not po ••lble for c _ Ili. 1 ('abl.. 10 tit" I".. d . and Ih. In l.. r ('onnl'('I lon mua1 b.
.a 'hoM .a poa.lbl.. . Thrt"" r .. ady .wound I t ' fill ....... ua.. d on Ih .. m.ln board
lie 6 Ill. 001 .r.. ua.. d In th.. inllllt a1'a'" ot Ihl' I.' modUI .. I L.101 - L 10] I .
H dy .wound H ' fll ll'''' ar... Iao u."d In Ih", thr 4SS klh a1......n..r th ..
ml r • • nd fo r Ihl' colndd.. n('1' d .. modulal or . Th mlnlaIU .... II" flll e r a wllh
bul ll .ln ('a ,,,o lo r •••v... conald.'nbl .. ' mounl o f worll durin. C(m.truc llon . II
I. only n.. c ry fo r Ih " IntJutllln(' ... for 111.. loc.1 o .... II.Ior 1 9 . 000 !.. 4SS kltz
or r .. qul r .. d off t f n ·qu.n('y. I. 1111 I, .11<1 not•• a lnpllft .. r [ .qo.. lcb I { 1. 10 8.
12 kllz I t o t... woun d by h.n,1. Si n...• II I. Illl flO!"lanl Iha t t h.. n · . onanl r....qu.. nc y
ot rne nola.. amplltl .... la ....,, 11,. 12 kl h . Ih,' circuli haa 1J....n peovtd ..d wllh •
cr r.mlc I'a ,..cltor o f 10 nF.

t 'l lU r .. 30 . Iv... th .. P C · bo a rd IIC 6 111 . 001 and ahow. Ih e rnm lwn.nl loc. tlon .;
t 'IMur .. J l . ho w•• ph m o llra l'h of Ih .. ,ulhor. prol oly p.. . Th.· oacm.lo r . houhJ
b.· ec t-.. .. I'I ..<I; Ih l . I. nol " howl'll /I Ih .. l ,h ul o lI:r"l'h .

'It. JI: I,...,...,. .. III. c_"','d ......
1 , I. I . SPECIA l . COM I'ON E NTS t 'OH TIl E tOM It' MOI)U(.F. He 8 III. 001

I 101: T IIA 120 I SIe m ..n. 1

T 101. T 10S: In' 2S6. IH' 2U I TI I. W 24S I Sillconl... I
T 102 40604, 4061] r ItC A 1 or slmll.r d".I -a.I'" MOSt' t :T
T 103 Ut' I U . nt" 22 4 or aim liar amcon NI ' N ItF tra n.l.to r
T 1114. T 1 011 , T 101: IIC 10 8 n, 2 N 2926 o r .Im lla r ailicon NI'N

A t ' lral'l a l al or

11 10 1. 11 10 2: I N 414 8. I N 9 14 0 " almll. r .l1lcull dlou, '

I. 101-1. 103: 10 . 1 Mill ... I"'I'I,fonn..... (l y l>" F M ·t'U. w llh buil l 'llI capa.c llo...)
t. 104 ·1. 106 : 4SS kJll ..' t rana fo nn .. '" I wllh buill-I n c . pac lt o r 1
t. 101: 14 tu rna o f O. I to 0 .2 mm dl •. 132-38 A WG I "'l'Iaml'lIl'd eoppe r .tr~ on

• 4 mm .U• . c o li form .. r wll h SW cor.. I .... ry 'ccord ln. 10 oU.", t tre "".. l'Ic y)
L 108: 18 m il; 288 lum . of 0. 1 mm dl•. 138 AWOl ..n.m " lI .. d eoppe r wl r ", In

• '" rrlt.· polled cor-e . Mal .....lal N 28. A I.-",.I"I': 2S0 .
SIJ:" 14 II 8 mm ISI.. IIl ..na: II 6S S41 - K 02S0 - AOn)
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Slyrun"11 ('allllcltOrll : J II I fill p"'; I • 330 p"'; I • no 1'''-
I mlnli'lurt' t rtrnme-r- IlUh ' nl lom . 'I.. r- I llO kO for vt'rllcal mountlnill .
Spae!ng 2. sIs mm .

All t' h·c l r o1yUc .. art' lanlahum In,.. a who.... valut' I . nol c rrue.. 1.

Ilyl'.... c.pacltora: In .... 10 n ..•• :n n ..' , 41 n'" with S mm "l'acln¥lI .

1 . 1. 2 . A LlGNM ..:NT

Only ono' .~c1al po ln l m ue t L... nul"d w ll h IIw .. lIl1l1nlO: lIl . TIll" rt'lounulII e!r('uH
c orn p r l ..lna I. 106, which t'fft','I" It, .. phaa.. ahUI for lin- colnclde,wo' tl,·modulll,tor.
ahou ld be a U,ne d to r bt!1I1 rt'l'rotlu,'t!on of a a l rona "'M ..llna\, t' .II . tor mini .
mum dlalo rt.lon, Tht' IIlgnal will bt' loude r and tll ..lo rt ed al bo lh altl"" of lilt'
c o r-r ve t aUlnmt'nl. All oth .. r- 1I1.¥t''' ..hou ld be a"lnt'd to r m .. xlmum with a low
10'v"1 (npu l allnal which dot'" l1ul c.u .... Iht' I"' - m od u l.. 10 limit. Th.. c e-nt rv tre 
'lu.-o" y of .. trong "IKna l.. i ll (mlk.h'd when Iht· D C volla l o' lit to' II1 point I't 1lJS
fall .. In h. 1t th.' "p.'rllllng volllllC'-_

Th.. Ihn· ..hold vo llaliW of lilt' " '1uI-ld l c i rc uit can 1.>e adJullh'd wilh rr tmmer 1'0 .
h -ntlon,,-It'r R 122 .

1.2. AU I)JT IONA I. F PoI OSCII.l.ATO!t

Th.. oull>ul aillna l of Ih t' ..-101 ollciltalo r modul.. UC 6 III .lJOIl r" "I ..,-t' .. tht' 9 Mlh
SS II ..11111111 In Ih.. ..-101 Iran.m lt mod.. , T h.. c i rcu it d iagram of Ihia olldU .. tur I..
¥Iv.. n In "'i KUrt' 32, Th.. c ..<'IlIa lor c pe r a le a al 9 Ml h and I.. rn" lu .. ncy modu .
1al .. d with Ih t' .Id o t • varaclo r dlod.. . Tht' .c lua1 oadllalor ( T 1101 1 III fullow ..d
I.>y lin ..mULt· r - tollowt' r , loufft'r at. lit' IT 802 ). Tht' ou lpu l of Ih la modul .. I.. r.. t.1
vi. a c . pac lt . nc .. of 10 p '" I a Irlmm,.. r m.y b,.. ua,..d) to th .. lHt.... ot I ran al ..lor
'I' 11 3 on Ih. m . ln board [ UC 6 III . 001 I. Thla Inl...rconnt'cllon ia a t h igh 1m,,,, ·
d,UIC.. which meana Ihal II ahould b.. aa ahorl a. po••II.>I .. . lI uw.. v"r, II cen
r r m a ln conne c t ..d a l .11 t tme- •• wh kh 1II .... n . tha t it L. unly ,," " " I1 .... r y to IIwll t'/1
Ih t, op.. ra l lne vO!lage of lin' . pp ropriat.. modul" In o rd...r lu IIwlldl f r om Ih.
SSIl 10 ,,'M m od e .. tc ,

' OJ<
00,

c eo,'00,
T802 0

,

1lC~

'f-{
A 802 Al106 n~.,.". ... 10I 41010 ~ecrl) I680P 1.2 k l it.

L o_o_._._o_._._.J ~
fl', U : ctrull ....r•• ,I I'" Ir....lt "Clllll'"
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TIll' AF lrljlUt . Igna l I. tak"n from II... "m itt t"r o f I r n ,, " l llor T I II un II... 1Il"L1'
Uo•• nIIlC 6 III . Otll . ntl I. h'd vl n a pol'· lIlionu' I.'r for " ,IJIIIIUfl" ul of III ,, · In·qu.-n
c y <I"vlati,," "ud a I.olallnll: {'lIp"dlor 10 I't 801 "r Ih .· F M o .... i1I.. lo l' I...anl .
T h .· vIIIII" of Ihl lI l'''to'IIII''lIl1'tt''r I. 1101 ,·rlll.....1 .lItl .... n 1.>.. III 1/". ranll:e o f 1 k H
t .. 2Skll .

'I'll.' .Hlllllllt'nt I. t"lItr .. m .. ly .,mph· . II I. only n.·' ·... II. ry for th.. fr"'lll .·/lt ·y I"
Uo' 1I.IJuat ..d I.>y IIlIlnlnllh.. "'or'" of hulu...tan...· t. 801 10 Y MILt . 1'1..• valli" .. r U...
.. . t.. m.1 "'OU plinfl .....,..cues- f Irlllll''''r I 10110.· m.'n t.>uard .twul<1 bo· r ...Iu ...·d t"
a p..illl JUllt bt"fort" t il .. ou l"u l vol lllll:" o r Ih.· trllnll,nllt .. r- 111.,'1. 10 rail .

t 'lglin' J :l 1III1I1Irst... I· C · oo a r d Ill' 6 II I. 008 .lId .h.... Ih...·Olll p" ' ......t I ...-at ton•.
n ,l . b.... nll. d blt"·.·oat.. tl .nd Ih. · ....""J'Om·nl•• r .. dlr.....t1y .old.. r .. d on 10 Ih .·

(·o",ludor h No drl1l1l1ll. r'· ' lUlI -r d . TI ... sam .. prlndplo' • • • • 1. 0 u d for
motl"h' a Ue..: 6 111 . 00 2 and OOJ. Th.· 1I(·r m nll IIhould b .. fII h ·tl . It h u,.. ·qu i n·.1
t. " ,,· .·t1lhrout(h .... I..cllo.... a nd a 10.· I..... lIlv.. f..t"dthrouih.

fl' _n : P'C-h.1II1 OC • III 00•••• CllIII"ll'lIt ,Ia.

'a, lilt ,. " ....11 aHm.lar

7.2. 1. l ·O MI·ONt:NTS n m nc G il l. Otl8

'I" 801. T 802 : He 101. 2 N 21'26 o r .Imilar sUI...on A t" I n na l .lor

11801: lIA 110 I ITT · ln tuTTu·tIlUI . it A 121. itA l oll' I r fk lor .lmU.r
Cal'l'ro • • 10 pt" 1 v.reactor dlOO..

I. 1101 : 33 Ilirn. o r o. 3S mm di • . C 27 AWG I .·n. m .. llo·d ('0 ,"" ''' 1' .In · wou nd on •
S mm dl•. collto rm .. r .Ith SW r-or.· .

Styron•• c . " ..cuo : 2 • 100 I't'; I • 27 0 p t'; I • unp t"; 1 • 680 pt" .

I pla"U... foil c." lIor 0 .1 ut" .

8 . AVAI l-A ll l.t; PAnTS

1'1o·IIS. · " ,•• "ric.' n .l .

( i .l ltt U: A (' o r l. b l.. 55U T rall ac .. l v(' r fur 101 4 Mil l. _ 14 6 Mil l.
with t 'M Att . "hm,·nl
I' .rt 1 : YIIJo' C O MM UNICAT iO NS <4 (1 1'121. Edlt iu n I. l'.ilU 2- 1S
I' . r t 2 : Yil t" C O MM UNiCAT iO NS <4 (1 9721. Edl tlun 2. I'ail'" 66 - 79
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110M ..: MA UE ll t: F1 .";CT()M~:T t:1t nut 100 · 14 00 Mi lt

by It . G I'I.·k . 11K 2 VF

A r ..n' ·("lomt>! .·r I" tu lw , I<'H(' d l",,1 11 "'1 a ll o wlI Ih .. lI'III "hlll lo( om L ("' tpul I'uw .. r
10 I", lIu ·a aun·tl ln Il fr'·'ju'·n.·y r"" Io(" of " 1'I' rull llnalo'ly l Ull 10 L400 MII ~ . Fill . I
IIhowlI a l,h ol o llrll"h o f ti lt' r. ·n.·.·lon...t e-r . I t III pro vld. ·t! .... lt h uu l lt - In tl.·mottu ·
laUn" In ll"rl ll 1Im.1 only r"'Iuln· . 1'111' 0 In"" p.' n"I ve Ii NC - co lln" rlo r a for Ih e th rough 
IIrlt' . T hill throu lCh . lhw r on. 11I11I o f Ih,· Inne-r- conduc tor- antl tll" h '(' lrlc of a co 
. ,,101 c a bl e ( ' , (1 , IIG -8 ! U) . ThL II lim' III the-n "mb" ,I<!, ',j In lin a luminum bl ock
Ih llt LII provhh,t! .... lth 1.... 0 c lIVn"·1I fo r tho' d" IIlOtlulalo l' 11111,"'111. 'I'l li' ll" r o vII II·.
IIr.. 110"'1' t'll ou (lh I" a llow II " I".dug o f al'i'n'" u IlAh· ly 2 II1ITl 1".1.....· 1·11 II ... a ulll
Ull r y 1111<" 11 a nti II", 11I1lt'r cu"tiucto r.

Th .. au t hor wa ll lIo t nbL... Iu IlWIl" un' ti lt" cou pl ing a lt,'lIual io ll a nti d l r"r llv lly a.
a fU!l e tl "" o f f" <"IU" lIey , 1I0w t' v.. r, tl H' "ou pll llg a lt(' lIoa l lu li 'It",' mll to lo., v .. r y
hi gh " i1le .. II 1'0'01" ' 1' oo tpu l o f " pprolll lll lll l'1y "W r t' lIult " In II n 'Il,Hn g of only
)OOJ,lA a l 144 Mil l.• AI 12116 Mll z. th .. 10"""" In th oup li nlo( 1001' a nd d" rnodu -
lalor ci rcu it will hav.. Ine r ..a".· ,) 110 Ih a l ttw r ti lni III ' · ... . · 11 In w th an a l
144 Milt . Th.· tilrl·.. tl vlty ca n b., .·"Urnlt lt ,d If II good Ie n n lnlt lin ll r t " lor ill
a vallable . II ha ll lo...·n fuund (I1f, 1 th,' r .·turr, " o .....-r- n'Dd lng ,It'vla (('11 ('n ly IIl1g hl ly
It-om z .. r o , •· ... ( ·11 III 1296 1'01 111_,

L CONSTHUCTION

~' I iu r.. 2 . ho ......n " lI.l,l"d.,tJ ,UajCro rn of lilt' r ..n'·ctolllO'h'r . T h.· rdh'clom tot.. r
III .. u".l rucl.. d In Ih. ' Iofl u .... II1 I1 o rd.' r :

An elumtnum block of 75 mill In h 'nglh I Ih.· o lh.. r d lm ..Il.loli . c a ll d .. v la le from
t hollt' ,Iv.. n In " 'I Jf\l r r 2 1 I. lIa wn Ih r nUi h In" 10nliltu llll1111 dlr" C'lIol1 ( 1t'l1gth .
wi . .. 1 a(1e r ....hlch Ill<" Bu r foN' III mlll ..,1, '1'111' Ih lck m· . , of th, ' 1'111' 0 ha IV" 11 I hou ltl
Ih"11 b, ' approxlm a lt' ly 10 " lin . a nd IS mill . T al'l,.. d hoh' " I ho uld b.. l' rovld.. d al
th e co r n.. rll .0 Ih.1 th.. 1'111' 0 ha l v" 11 can b.. . .. rvw.. d 101lt'lh.. r-, Til...cc uracy o f
th.. r n ec lom .. l .. r will b.. Irn prov" d If tw o I,In ••r e I' rovltll'd In Iht' .. .. nlr...

T h l . I. fo ll ow .. d by d rilllnil /I, holt· c o r r toll l'0lld ln il t o I llO' dtam .. t.. r o f Ih.. c . bl .
til .. I.. .. t t-Ic in a lon lil ilu d i lla l tiln. C't1un IhrulIllh tI,.· block . lI ol h .. nd . of thl ll block
IIhould b.. tll'l",d to provlth' Ih .. r-cqurr-.. d Ih,·.. adlng fu r Ih r IlNC · c onllt·c lor.
{ Iy p. UG _ IO!l4 !U fo r I lngl.. - nole m oulltlllll I , Afl .. r 1111 11 , the 25 mm dlam.t.r
.. . v lt l.. 11 . r e mllh.d Into Ih .. . Ium lnum , Th., d .. p lh o r th ••• c a vill .. . III l ue h th.t
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only _ Ih ln lay.. r o f tho olh'Io'ct rl (' o r ttll' cn lJll ' I _ "p rull. U. S - I /llI ll ) n ·lIlal"•.
Thl _ I . olJla ln,'t1 1Il" ",1 lllvull l'"bly by In 'lO' rth ljoC t tu- In" " I' ('" ," lu(' ln r "'L1 h t l... fu ll
<l l.. Io ·('t l"lt, Into till' alumlnu m lIloc'k a ll,l fo r 11H' dl " h 'c"lr k 10 lI. · n ·IIluv,·d III IIll"
. a m ' · milling p r uc·.·•• a. tl". a llllrll llu lIl. ~· lr lld l y. t l". 1"'0 t8 1'1,,· rj ho l" 11 lor tht,
g rub ",('r .·"' , ho ld inJ: II... d ,·mod .,l . t"r Inll ,· ,·ta Mhould b, · 111 11 . 10 ·. II... IIN<: - c C>lII Il' "
lo r l aho\lld b,' 11I• •· r t ,·d Ami .wld,· n·t! I" l n "I.,·.· . Aft"r Ihl ",. t h ,' m ai n lI" dy of
Ih .. r ,.n ,·c lom t·h· r "'II I b,' ("""1'1,'1" ,

Th .· t"'o <I",motlu la lo l' IllIll' r l. III'" Id ,·nt k.l. T llt·y a l'" lI" lh 1,,11,.. <1 rn'm 25 mill
d lan1O'1t' r lIraa. ba rll. " u rlh,'!" ,1"'alIB u ·,' lllv" n In "I KUI'" 2. A m k . h " 'dlhl'ou llh
('a pa(' ltor la) l a ao " "'n'd aa (·" v,·r 10 lu b.· lb). ",h k h ha a bo" 'n 11I1'1"'d wit h a
t h n 'ad 1ll0lC'h h1llp"r l (d . A Idl,m lub, ' (,I) LIt I' la('l'd cv s-r- till' ,Ho,lo- (d ao lha l
It fi t a 11110 tI ... 10 I1l Ill hulo· III 1'111'1 II') " luI llll.ulll !o·" I1w dlt.. I,· .

T h.· ('unr... .. llu lO I,' n u f th.· <11" ,10 , 1,...,lru,h·", tl lI·" lI.:h tI", bno .... ,ll .,,· fill. ", hl dl t ..
'n ",ul_h·<I by uu- m k a d '",' If) rr"lII Ult" 1111"11 body I,·J . Su\olo'" tUK Ik) , . 1,1 0...·"
umh ' r an h l",ulall llll: r'" ,: whh-h I. tn ('unln ,'1 "'ith d l ..t· ( II) wt lI"t ",lth IIcn' ''' (h) .
A 150 U car-bon 1·' ·" ' lIlu .· l.. " .. 1110· ...·.1 1" Ihl a It' l( ",lth " " " 1"l·I"tl v.' ly 10ll g C'''.I111·.··
l ion . 0 Ih .1 th .. ot ll,'r 1"11 <1 ("011 1.>,' ""l d~' I"l' d to ,: ,·oulI.I ,ll n·ctly II<1JIt('t 'l1l ' " th ,·
body ol Ih.· n · . i llio r. I . .. . 10 I'AI'I (d . T Ill' lon j(.' r h 'nd o r !l lt' . 1'I' I't.lxlmll ldy
12 m m Ion II r .. . i lli u r r .. l' r .· • •·nt. th .. llullUia ry Ilr..,. It mu .1 b.. nl' lIr lind "aro lh·1
10 Ih.· In n.. r condudor of tlll" (·Abl.. a nd 1.>•• b" 111 .0 Ihlll It run. n,'ar 10 tl1O' ,·tl ll' ·
o r pal't (I' ; a llli b ,·uu.:hl to <I l..t· fj() . Th l a ,il ll(, l", I'rtl vlllt ·.1 ",lth tt . Io tt ., d <:oll a r
(I). ",h lch pro v'd,' ... IIt>o,l " "'''H'c llo n f.. r th ,· 1'(" uf II... tl lm h' . TIll" ", Id.·, · .·"n 
t. ('t of Ih .. d'otl.· ((>tl( ·h,' " Ih .. IiI hurh'no,tJ a nd lI"lIt lIo ld " r la joC o( Ih.· mka ('8 ' ....· II.. r
(a ). Th.· ball · .ha",'d "<111" of pa ri (1'1 I. " h"r h'n" d by 1, 5 11Im over meet of U.
c t rcum n- r enc e ; oll ly two I"'IIIU " . rNu aln fo r mlt illtallllrl ll: till' " pac 'nK b" I"" " 'n
('011,,11"11 loop IIntl I"""r t:undu(· to r.

Th.. m " " hnnlc al d"al': l1 la ,-al " 'd a ll y "oHabl.· for d lod" l1 o ( lilt' I N 2 1 Iw rit·. o r
a im lia r Iy"e a . T h,' , ,,. lllrUy r ,·..u lill In Ill<' Ilt' lla l lv", rt ·n lflt ·t1 vol lagl' III 1111'
('om lt'c llon. o f th,' d.·llI oclul.. lo r In .,· rl • . If Ih., Irnnllm ltt .' r III COIIII,·(·I ..t1 It> IIII'
1.. (1 h.lI<1 c oa ll\a l . ...· kt't . th,' Idl ha nd t1"lII oolu lator hl "" I'1 ",111 lud ic lO t.· Ih ,' f",··
"' .rd po we t-. Tho ' r l.:h l hund d"m odu lat o r 111"" 1'1 ( lun . (I·,1 " " 1110' I.. nd .Id,' ) "' lll
In d ic a t e l ilt' n ·n "'" I,·t1 pu"',·r. T h., m"!< 'ra IIhou ltl b.· " '· II.. Ulv.. " noullh "0 Ihal rul l
ecele de n ..c tlo n ('an bl' _ lIaiTll'.t a l l"l'\all v"ly 1o", !'o"" 'r I.·v l'\ . ,

T h" r rnt'clml1o;>le r la Illl ll",'d lIy lm.llcll lhi ll ru r",anl I'" w" r lIud r ol"tlng 1110' .1<.
motlu lalo r Ina"rl for m a xlmum 1·" ,,, lIn joC . Th l" ",Ill I.... Ilw (,Il" " wl ll'lI till' c U" l' l ln il
loop l a dl r" c l ly " aral l"1 t o tI", Inn,' I' ('"ndlldor tur d I,ol"t . tow ard . th, · " "'111<' <: ·
lor • . The r .·n.·(' t um.·' t' r I. n.. ", ('on" ...,, (I·.1 tn Ih,' 01'1'0"' 110' dlr,·" Il " " a nd Ih ,' .....
cond dem odulato r 11l ... r l rot .. h ·d fo r ll1a ~Imum n 'odlng ' " Ih.· 1I1l lllt' m alllll'r . By
. u lt a bl c ee lec tt un or th,' ,limit·. I a""u m lnl/ Ihal Ih.' rO' IlI.. lur. Ar" u f tilt" alurl>'
valu" ttlld Iha t th.· c Cl ul' lI nll link .. "n' " 'lu"lly laril l' ) It I.. \' o .. .. lb lt· f" ,· th.· 1·' ·nd ·
Ing t o b,' broug hl 10 tlll' "a/.ll' va lUI' In bUlh c .a' ·•. If \hl " ",hulilol nul b.· poa .. IlIh ',
Ut i , w1l1 m ean Iha l ti ll' BpaC Ullo:lI b.·I"'.·.·n ('0\I1. lIog 1001' IIl1 d Inrlt'r conductor- a l'"
dlf fe- r-ent . In th l . ('all"' . th e m or-t- a t'n.lt lv.· d '· ITlOt lu l.. lo r In ll.. rl IIht>uld bo· IllIlh>d
out . lIg htl y ,

3. 1t~:"EIH;NCt:S

R . Grl ",k: Si m pl .. Si r l pll n.· It..n.' ('tom ,·t ''' rlI for 144 a nd 4:12 MI I :r;
vur CO M MU NiC ATiON S 3 I H'11 1. Ed ll lo" 2. I ' a g" . R!I. !l2

- 166 _



IU"("OM MENIlEIl STANIlAIlIlS FOI( FM Itt: I· ...A I »as
ANI> HXt-:U t"IIANN".1. H.I S,ATlONS

IN rmc 2 In IIANU

Loy T .lhll.. n, C; J JV4!UJ _ BQ

N..... t"rul.Uon...... ro· .ool'h·d.t thO' M. y 1972 COllr.. .... n~·" nr IAIl U l\ " l lo n I In
&-h,'v.. nlnJl:. 'n / lloll.nd . It ..... d lthd not 10 . 01 01''' Ih .. W.,. I G ....rn.n .y,"·rn for
ro·I ..·.I .'r °1...... 110" .Itl.· t o tI, .. Inl f.·ro·n, hlrh Ihl. I••1.I ..d In ".UI" 10 .ub-
band. In olher- (nunltl • . Th.. loll""'InJl: f I'l"ncy pl.n w.....·....mm ",h,d fot
"'M tr.naml•• lun•. Th h". Loo"n m.n) .. nmm .. nt. n,lrtl\nl Ih .. 70 .. m .....
pooIIe r ro,. 'omm .. ntl.llona hl .. h h. v... fro" ""''''' ''' . ' .... In . o r 7 .ti Mil e . It I•
.....n"t1lh.llh. ... . . on hy Ih' n . 1I Mil ' u . , l1 . 1 l~~ Mil t .ou " l n.. 1 . 1... b.-

adnl'll'd II 7 11 . m I' Loo" "u ' 'I'" II ' ) ~ I" " In ll: .. I u. to Mlil onl y .mount. 10
Ju.t oV"r O. I" It ~J2 Mlh and ulol I'ro".l>ly ... ·.I'l l r ' · . q ......... I... ·. ll .." o f \h ..
...·1.. ·"1 .' 1'. tr.llamllt .· r- " lid ...· .· ' ·1'1.· .. .

I . "' M III ':I' EA'I'I':H STAT IONS
1. 1. HI·:I 'EAT'·:lt nn:~I JJo:N ('Il : S

OUlp ut f ro" lll<'lI"y
ell.n n ,·I. :

lino kill
It 1
It ,

'13
It •
n s
It ,

It 7

'IB
It,

ll UOV " IIII'UI
1-4 !l . 02~
I H . O!l1l
loU .07!l
I ·U . l on
H !l.I2!l
14 S. UO
loU .17S
HS . 200
1"!l .22S

(f"'IU" lIcy
H!'I.ti2!'1
loU .6!'1 1l
loU .67 S
14!l .700
loU .72S
IU.no
I " S: 77!1
lotS . BOO
I ..S.82S

1.2. l'O I.A IUSATION ; v Mini

l. 3 . R":l't :AT ER O I'E RATION:

W lth o u l 1 n...... l'1 .... nve c.1I Ih .. o,... ,..lInlllm.. ro .......p.al.... I. IImll d J·IO
mlnut 'Ill .. fr.. qu.. nc)' of Ih....1.. 0;:11'1" C' a ll I. 17S0 !. SO Ill.. "" h e n Ih 1111:_1
to bl' llyl'd ha. dllll'Pl'a .. d or th .. o , ... ,..Un. l un.. h•• c om .. t o Ih ....nd, lh ..
rept:al It.llnn w il l ...nd iI·. o wn c . 1l fo .. IS .,,~'ond. aft .. r wht.. h Ih .. Ir. n.·
ml ••ton I. Int t'llI,I ..d . Th...utomllll< Id ,·nIH1C'.II<>Il cann<>t ti .. Inl .. rt'lll'" .. d Loy •
...1..£11"...,. U, 2 I. u • •·d aa hl "nllflC'atlon mo<l ulallon .

I ... . I'OWnt Tt l II "; US I·: !> IN THE Il EI'EATJo:II S ~: It VIC ":

Ih'c umlllt'n,h' ,j " fft·dly.· r a d lllh'd I'"w"r ur It ·1"·.. 1.· .. Ir"II .mlll '" a h. 1l 1101
.....' ••••<.1 15 WAil . , Wlll'n ...o r k lnll thro u lo/h ·I oh·' Ih,' lI,w " al ulI. bl .· p o .......
cun • ••I .. nl w ll h Ilnu.1 C'ommunk/ltlon I. ... ·c<>ln lTl.·'uh· c1.

loS. MOil,.: O F TItAn'l e

S im p l... on 00" C' h a n ne I , oJ.·lTlodul. I.. / ...·motlu!.1 ay.' .. m • .

1.6 . rn :VIAT ION 0 ..' Kt:I' EA T t :R T ltANSMITTE U
.!. 3 klh , 12,., J
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1. 7. I .. .... UIo:SI'ONS ..:

3Ull-J UliO lb . Out .in" th l ll It III IItt ,'nullhod by 12 d B/oc tIlV'"

1 . 8 . I'H I-: .EMI'IIASI S:

1. 9 . III-:-E MP IIASIS :

+ fi dH/octllv~ In the trlln llm ltt .. r .

.6 d ll/octllvt" In the rec e t v r-,

1. 10 , R.:SI'ONSIH ILlTY FOR 1t.:PEAT ER OP.:R.ATION

Thl" "'p"lItl" r .hIlII bf, und~r th e control o f th l" nlll Jonll1 IAHU member- lIocll:ly
o r It ll IIll"nt. Th.. m .. rnbl: r lIoclt'ty IIhall be rl"lIponlllbl~ for thl: aUocIIUon of tho'
IIdopt..d fr~qu",ncy c hllnn.. I•.

2. FIXED C IiANN EI. AM AT MlH STAT iONS
2.1. SIMI'L EX CHANNELS

s 0 1-n .OOO
S 21 I H . 5 2fl
S 22 1-45.550
S 23 14 5 . 5 7 5
S ,. 1-45. eno
S " 14 5 . fi25 •
S 26 1<1 5 , fi!'!1l •
S 27 14 5 , fi7 !'! •
S ae 14 !'!. 700 •
S " 1-4 5 . 725 •
S au 1-4 5 . 750 •
S " 14 5 , 7 75 •
S " 14 5 ,600
S J3 1-4!'!.815 •

2.2 . MOn.; 0.' T HA .· .·le :

2.3. IH:VlATION:

2. 4. I 'R),; · fo:MI'IiASIS:

2,5. I).: . lo: MI' IIASIS:

2,6. I. • •-. H.:S('ONS.: :

+ Aill o r"/,..ate r- out put
f r .. qu.·ncil:1I

S imph'" on one c hannel

.!. :5 k li z , 12.':1

+ 6 d U/odllvl: In th f> t l"llnllm lU lI' r

Ii d lt/oc tll vl" in th.. ro-c.. lvt'r

J OO • JOOO 11 &. Out llldl: Ihi . IIUl'llulltl:d
lly 12 d ll/ac ln e .

:I , UIH" IU;I 'fo:AT EH CIIANN t-: I.S

70
12,.
t e
18
80

" •

Input (Mill}

HI. 05
4:l1 .10
-4 :11 . 15
0431 . 20
4 31 . 2!'!
-4 :11 . 30
43 I. J !'!

Output (Mllzl

U6.6 !'!
4:16.70
H6 .75
4:18 .80
4 38 .85
438 .90
438 .S !'!

S impll"ll U !'! .OO Mlh.
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•
MOllIFYING Tin-; IJL s ue 001 /28 UUAL -GATE /'.IOS n ;T

CONVE ltTE H F<1It IU':C EI'T ION OF W fo;A TIl EIl SAT ~; L1 . ITfo;S

ANI) OTIlt-:H SPACE VEIlIC t.t:S

Loy T . O . IJIll a n, ( ; :l.l VQ/IlJ • U~

INTHOl l lJCT ION

Th., Ill . Ii ItA 00 1/ 28 M(lSF" ;T conV"I't " " ,-a n Lt, "II811y m odified for r N 't' pl l'ln
u( ...,'a th'·r aOI.. lll l p8 a nd c ure r 81"1(' " y' ·hlel .· • . With till' d.. ac rlb.. d m o dUle. lio ll,
II I. on ly " ,·.... .... . lI r y t o a lt .. .. tho' 11111\.1 <:1 1'11 <:" valuI"8 ami two "a l,"u' lto ... . Tl \l'
u rn" (' ryll la l or :Ill. fifi7 Mlh c a n l,.. Ulllt' tJ • • in th.. Drill" . ' d ..acrll't!o ll . Th l_
..p"u lt. In an lnl .. r m l"dl a t .. fr .. qu.·nc y n nl" o f 20 10 22 Mlh, wh ich can lI..
cov.. r ..d by ...Ir lulllly a ny lIt"nt' r-a l cov pra¥l' r ..ct'I .....r- .

T h.. c ri i in ll i c1r('ult d lair_ 1II I. ilvl'lI In F i ll . I . A ll e ompon.. nl valu.. . ,·lIc ...!',
rOI" th .. l ndue lllnr". a nd c a pllc lto r a C 12 and C l !'l a n ' a ll ll va lid. Th.. Inpu l
I r e que ncy ranilt' la 136 10 138 MJI~ a nd Ih.· It· ou l l,u t I. 20 10 22 M" ~ .

II i. advillablp fo r C'in.'u la r- IKllarhl'd anl t'nlla s to b.· ua"d for r ece puon . Thl"
" m p wa ll rou nd for t1". ()S CAtt V .ah·II I1",. Th la la bpI·a u .", Ih. · aa l ..III"· . I ..nd
10 r o talt" In 1l1>a.·t" el l' fo r th"m t o be b.·tw .... 11 vt! r tlcal and horhont a l loolar l lll 
non. Til l . can bo' a chh' vl"d with a c roaa yagl (3) .

C O IL DATA

I.. I : 2 tumll o f I mm dla, ( 18 AWGJ a Uv.. r -plal t' d cOI' I"'" wlr.. wound onto L 2.
L 2: 6 turn a of I mm dl a . 118 AWGJ a Uvf' r- l' la t f'd c0l' p.. r wlr. woulld Oil •

!I mm fo rmr r. coli h 'll lth 10 mm. c l'/ ,trp lal'. Ill'H-aul'l'0 rt lni .
I. 3 and L 5: 6 tu rll . o f I mm d !•. 11 8 AWGI a Uv",r - l'lalt'd c OI'I", r win' woulld on

II !'l mm een form e r with co r .. , c o l! It' ll llth 15 rnm ,
I. 01 a nd L 6 : A a I~ 2 but w it hou t c ..ntre ta p .
I. 1 and 1. 8: 11 turlls o f 0.3 mm d la . (29 AWGI f'llamf'U ..d cOI'I' ",r wl r .· wound

on a 3 .5 mm d la. coU!o nn.r with core .
I. 9 alld L 10: 7 t urn. of I mm dla . (1 8 AWG) aU v.r- p la t.d ccpce r w l r " wound

OIl a !I mm form.r . c o li Ie nilh 10 mm , ae lf - aupportlni .

C A PA C IT O RS

C12 :20 pF
C I!'l: 85 p F

n,.;F,.;n,.;N Cl-:S

(I) G .l.llufll: T ill" 144 MlI ~ Ccnv.. rte r with Dual -Gatt" Mn.'l"'ET Mi".. r
VlI F C O MM UN ICAT IO NS 2 (19701 , Ed ll io n I . P llg t' " I-II

(2J IJ r 8 . "' . M. Sc b lm me l 81101 IJra . W . J a llaa"'n: We e rllat .. Hlvten Wa arn.. m e-n
Ba d lo ":I f'c tronica 16 April 191 1. Pa ll" 8 30 4-3 06

131 ": . n e It7.: A Til labl f' Anl .. rula wllh St'l l'c labl l" P o larity
VIIF C O MMU N ICAT iO NS 2 (19701, l-:di llon I . I'a ll'" 12 . 20 .
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•
1l1J'I.EXEIi AMI' t.I FI Jo: lt nIH 28 • au Mil l

uy n. ltuhr , Oil 2 KT j 1>1. 1 1M I

I( I. v. ry IId" .. nta':t·oulI, "II",-dally tlurinll: cunt...,,, ur ••",1111.. t r-lln. l.. lor ope s-a
II'''' fur 1I.'vo'ral "hor"'......" "0'('0' 1"" ,, " I" boo ("onn."c-h·d tu one Vln' ron .......te r ,
It"'luln",j I. II "''''rial dllllrillulor elll l,IHIt· r- a t th" tnl.'mlt·dla l .. f r .. qu .. ncy I 28
Mlb , wlueh t" 1,r-o"ld,·<I .. Ith on" tnpul ("on",'(" I ..<.I 1<1 tilt· rOIl" .. ..t .. .. and ,,1
nUll'uh .hk" ('." bo" f.'<1 tu .. numb"r of "hu rl."".. n'l· "'''''''. lun.. d to th .. , .
r,,'ll:",

I . CIltClJlT UETAIU~

FIr.:. I ""..... II", cln:lll! dh'llrlllll uf lIudl .. di ..t ,"llJulo r am l'Ufwr w ilh I h r .... OU I

I,u tll. T I,.. Inl'u t of 11\0" aml'llfi.- r- III _11t·d".... te ( un lulwd I " Inc .' VH Y ,'on".' ""'",,
UIIUlIlIy 1'011"'-"" III It'll,, t ut w tUllt'd dn'uU lO t Ih.' fMJI I'uL h"lu .'I ,,,, ,,,, L I r ...' ....•·
."'ntll ..... 1<1.·I."lIu.I l torol <l I r lltl llfo rlll "" .... h lt-h mll ldll'll tllO' In l.·i ra l.. ... dU f" n 'nlla l
ll.n' I,liH,·r CA 31128 A 10 til<" 1"" '11111" ', 111 11 ('" ('o llv" rh'r <lu l l"d. Th.. t rllll .f" rmal l" n
r ail" OI I"'UIII . I " I : !I 11 0 th"l a n 11I1 1,,·,I>OIU·'· Irlln..r"l'Il1 lltloll o f I : 2!1 t .k... "Ia .·. , .

.. , -.' "t-II- :- '

. ---'

I-.
•.J, ~ ..,- -

",~
= a.. ". -

()i 2 KT 0'" I

"'
~- - r-r<'-'"r j "

•. , ~'lll>'

1 II':!. ... •
I • ..,.......

A rl'll'",·ltlv.·ly .'ou"I...J l" o " I<"cll"n ull ntl "<lII. f111 .. r I. "I..... vi tl ..... lit the <>U!l'ul o f
It,.. In iq/rll lo'.t dr,·ul l. It I. d llm l' t'd .... lIh n· . l lIlo r ll wh kh "" I . U", . II nll l 1>.tI lI. ba nd
d"u'ltd" rlllik ( .. I ,iii I In th.· fn"lu"nc y n Ull" o f 28 Mil t. 10 30 Mil t.. Th r.·..
,·mltt .',· f" l lo w.", . 11111"11 a n' conrl.·" t ..d 10 II... 1I,'e"ll<llIry o f Ihl ll lolond~ II ' fllt.'r .
Th. 'y a n' "Udl p" o vld .'d .... lIh a ....·e"'u"I ...J o ul " ul .... ith II lo w e uu r-c e hll".·dan.·. ·
( 1"1111 111.1'1 IiU U I.

n ... Naln uf Ih .· a llll, lI flo' r I. varla bl" lJ.t·I ...·..n U a nd 20 ,HI .... Ith Ihe a id o f t h .·
In k 1l Irlm ml'r rt·lIl .lor .1 c ont n-ctfon 7 o f Ih" CA ) 018 A ( l I I . ' f the ill i n t.
not In b.· ., r '·""1 10 II c e-r lll in vll iul' bul . hou1d bt: a dJull tll b l.. f rom III. fronl
p"tI ,·I . II la "o.. lb l.. for lin t' X1 t' tTlal 10 lin pot.'nUo""· I,,r to be coeun-ct..d t o
(·0 11.1...·110". I' t 6 a nd 1'1 7. T il t' trlm m .. r r " lll lll tlr e.n III.. n b.. <1 .. 1.. , .. ... o r Ild Juat .....
In It. mnumum valu... Th ill' no lllt' tIlfUr .. o f t h.. ' F - a m pllfl.. r .... .. 7 dUo
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2 _ COM I' ON I-;NTS

I I :
T I
1. I :

CA 302 8 A ( HCA I
T 3: HC 108 , 2 N 390.. nr oUu'r aUk"" NI'N AF/VIIF ty p'-II,
F .. rrU.' l oro id, alu' /llltl rUIlI.'rln l I. nol crllh'o1 , FHI' In lll '''''·' · ,
ou h-r <.Iln ll ll' l .. r, 6 III'" Inn.' r ,1Inmd. ,, ", :1 mm in twlCIit.
l\ln l l"r lal : r,' r ro.K'ar lt F I 1,,7 0 1' F I 'l.~ r; ,

II nu n

Fl v.. Ill k-cuv " I'.' d nn,1 " II"II", ll , ' ,1 " "1'1" ' " win'" "r "1'1'1'0 . , 1J , 2 mm din .
l :1 2 A WG ) a llu uld I.". w(lulld \" 1:1'111 "1' "nd l' u llo' " t h l 'm.~t, th " to ("(.i d c o r "
th r .' ,' t lm , ·lI. Cur ln",· t nil (1\- " w ln, l ln~ 1I In "" I·i ,·" lJ.v " 1'1"'''I' ' 'lul ,'ly Hol d" r
In ll Ih .. 1I l Rr tll Rlld ,·",IH. Th, ' fh·" t 110 1,1" 1'",1 ('Ull lIO"'\lon (( ·" lIO t il ,· ('"I d . 'n d
I . Ih " Input ( I 't I I,

I. 2 , I. J: j,lII , nppro . , I II \ u I " IUI"I1IIo r n , :1 nUll din , 1 211 A W( ; I " ",,,,,,' II" d
c 0I' I"' r " I,'" " "ur"l "n n .. m m ,11"11I ,'10'" ,'oUro l m " r wil li . 110,1 '-'11'01
" h'''' l wll'''' "ur" " n,1 .,· ... ·. ·nlllil can .

All cl j' ad lor. li n' "" I'"mk tulJu 1n" 01' ,II ",' I)·' .. ·•.

1

1

F'9- 2 : Plln l"" co'eu' l boerd OH 2 KT 00 1 ..,d eom po '...11OQ I....m
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a. ( '( INSTII1 JCT1(JN
•

Th,' I F · lllll l' l lH. ' r r-un I... bu Ilt up nn It _m 1l1 1 1'( ' -b"llru Ih lll h ll ll b.,!," d,· tiI l lo/n lll l'd
Oil 2 KT Olll, Fl j(. 2 " 1I,, wlI Ih l ll prllllt' c! r1 rcu ll bo ll rrl IUiw lh"r with cOlll p"n.' n l
tocauon I' l l1n. Th,' ecne t rec ucn I II nol c r-tttca ! , TIlt' lIl1lo/ nm ..nl only e<mll h lll or
IUllln ll Ih,' tw o n ' ROll"nl dre ull ll eom p rl_ 1nll lIUJu, ·t llrw ,· ti1 I. 2 and I. 3. Th.· <.I8m,, _
Inll n ' . l lIlor of th,' prim ary ci r cu it I . nol a(, colIll llOdilh'd on the I'<.: -board bUI
"unrw l"!.' t! 10 th,· ,'oll 'w('Uon. of th .. 28 I'V cepa cno r, Thi ll a llow. ttw 111 0 111 fn
Vl>urAb l,· villu l' fur ubtll ln l l1 l1 a rlnt JlIl Ublllld chlll'al'Io'd llt \(' to b. ' found .

r' -A ' I to'
~ . . ~J 11\ '.' I '.,.1 (' '~.;'m1 t ,~.• I
" 't " '. 'II, l•

'iJ. 3 : PhoI"lIph olltw
....1"-·. PfOlotypee

4 , f1~:n:Il ENCES

IU ' A IC A N· !'l :D 7 : AI'I. l k alion a o f til" ileA CA ~U2R Inh'lo/ra lf't.1 Clf"{'ull
Ill,' AlI1l'lIfl .. r In till' IlF IIntl VIIV lI a ll JWlI ,

AMERICA'S

TIll, mon lhlr m. I ",I". hit Ml • wholtil ""' II.nd. teI lor

11111,-01-1"-'.11 conll.tKllon and lech ttk . 1 . l1k .... hI.......

_ q ll lit VHF/UHf, "m, f lll .C·l, """ INl ch, much _II.

WOln.O "'01
HAIIII ItADIO MIIAAllftl_ . ...M._...

Leading

Journa l

1 Year $ 6.0 0 (U,S.)

~
l$IllU runlOtl ...~r
' __.... 1

1_""""""", ••" ,-

technical

for amateurs

3 Yea rs $12.00 (U.S.)

UN"lD Il~

ItADIO toClm Of'

ClflU.f ..,""..
J8~_

l.-. KIM IAl.~

-. til _ I _ 10 ' -. I __ 11lO/-.
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LIST OF I ll", n·..... o MOIII 1.1 S AI.It ..:AIIY UU.CHllWIl
ANI> n 1'1'11". AIJIlII'I(J~S

l>y U.l..~hlllltt.r . IU" BG

Sf' ... .· r.1 o f lhf' modul.·. ror th,· modul. r .Y.""I\ Irltrodu,·,·t1 In II) .11<1 (2) h......·
. Ir ad)' tw ..n t1.·.r rU.. ·.1. Slnr.· th..)' h Iw"n d".crlL",tl •• 1..,II ... loIu.1 mutlulo·.
wllhou l Indk.llni Ih.. ,oml.olrlaUon or Ih. , wUh rulun' m ....lll..·• to r"nn a ....n-
ph ·t " .)'.h·m . It .... thoullh t tMt. l ..n,,",1 .1".rri.'t1on .houltl 1.0•• I.oroujtht II.Unll:
all modul .... Anot hf' r autht> r . II" I I'N 131. ka••1.0 d.· ... . ·j.. " . d r ......o mO<Joll.· •
• hl. h rompl ..m l·nt til ... pr.·•• nl procramm" .nd .110...· .It,·rn.h· ."1'"*' h.· •.

!-·I i u r ... I . ntl 2 Itl · t h.· I.olo,· k dl.llr.rn. or • cry.t.l-n>ntron.·<! F M ...·'·O'\... .-r-
.Ild SW/ VII ..· re...·I ·r th. t e en 1.0., • • • ily con.tnJt'lt·<l (r"'l1 II... n,t\ lI-Illodulo.:

It t ·:
FM IF :
c o:
At' :
vn):
SSII / t 'W IF:

UFO:

lT nl",,·r••1 II F .ml'"(lt· r/ml ... r U.I " It(i 1111 I in I' '''·'''r.tlon I
FM I F .t rll' .. Lth t'ry" t_1 ,1i.cl"lmlnRtnr 1).1 4 11( ; IlIlK i ll .·,hU.. u 1/12
T ripI<' o",,·rton.. cryat,,1 ".,·llIalor Il J " HG 0 14 I 111 .,rqoRratlull I
A t' a lll " IU lt'r a l1<1 ...olta,l/ '· " t.hllll,· r U.I 4 1\(; (W7 1/1 " <l lI lun 1/72
IInl""' r.1l1 VI" lI .... Uh .... ' ·Rd .. .. tun in" 11.1 " IHi n l 2 I in I'''·I';IIIIU " ••
I F IItrip Ior S.'HI nil" ("W D.r" Illi nl :!l ln pro' l'lIll1 li'Hl ) '"' I F
. I d l' "" L I' N Un:l klluU"n ,l lfr"I" 'nt ...u ltll j('· ,, ·vd .. l
" 1'1 ,,1.' (' rya l ro l ""d l l"',,,' 11.1 " lI(i unll in thl . ,·, 11 11 "11

MICROWAVE MODULES LIMITED
• N lln. W . , . Worthln En _l.nd

,. 0.01 101

.. ......
•_.
, , ._.
, ..-....._......- --- ..-_.. --_ ..... _...-, _'..- -

""'C, ."...

• 0 co .. .... . ..._ -,_ -'" "-'" -.., _, -
.. _ '.h _" ........" ..
...... , ..0 , co ... _.
'-"-'-'._._,,--.. ... ' __'r ._ ..__.._._ .._-

""':1 . ' . ..

...,••0"'" ou .. u .no .
• _ 0 ~.,., .. u .

, ".".'.'0. II.C.. .....--_.- .._ ... 1 •• ••___c_.__ c "' _...-.-... ,...__....._........, ....
, , 0 co III . ' O.. co .
...... ..« ., ., , "-_0 ' ,.. ··._ ......• _ ...__ " ,......,_,,, *_0.__
• _ ....cr .....

.... ... c.O .--,-,.... .- ...-_..-.- --_ --- --_..-.,_.._" -'...•
... . • _ II _ _. _ ••c.,...... I .0•........., .



A C HYST AL OSCI L I.A1'OIl MO DUI.E WIT Il T l ll n; fo; •
INIJ E I' E Nl l fo;NT OSCI I , I.A1'OItS

by U, fo;.Schmltl,· r . n .J 4 Bf j

1'1", m odul<' t o b., d,·f1 crll,..d cootllinfl th r ...•• f1 " I'"r l tl' c rYlltll 1 o aellla tora that
cll n ol,o·r ut e wi th Cu ndanu 'nta l WilY.. cryatal. In li e 2!i/U hoh/.'n a l t r l' qu"nc lo' .
b, ·tw ' ·" n 3 a nd 2,'l M liJ_. T he ci rc uli can I,,' u,,,..d for a multlpl ,' of .ppllc.t1oo l1
_Inr.· '·" rh cryNtil l 11'1 I' IV Yld..d with H. own ol'lc l1la to r ej r c uu. 1o:. c ll o f til .. th rl·'·
o.d llator. l><l I'l . ....,·1'1 a trlmrn .. r c a l' QcHo r Co r a ligni ng 1110' Cr" 'lu l'ncy 110 that
.."rll cry.t.1 r a n b,' pul h' d ont o thl' nom lr, . 1 fr" 'lu" Ilcy Ind,· p'· nd.. nt o f ano ther- ,
All three 0 llc l1l810 r li url y.. 8 c om m on buU.. r IIlall" wh ich provld"l1 a lo w- ha r 
monlc out put vo lt a gO' of 200 t o 300 mV ( ,,,'.k - Io -po'ak 1 a t a sou r-ce a nd lua d
im l...tlan r e oC _1.proxlmatl'ly 60 n, Th.. . wltchlnG o f th ,' Indlvldua l o.c illato rll
III l11 ad.. with Ih ,' aid o r ll C -llrw lI with whic h tilt' bQ'''' bl a . u f Ih l' r .. qui r .. d 0.
cl tlator I. C.·d,

t • OSCl l.I.A1' O!t CIIlCUl1'

Th., .. I{'('ult I. b"'lIl'd on th ,' wl'lJ -knuw n 1,;or a ll l' l - r " Ilo 11 unce ci rcuit aa encwn In
F'gur.' I. 1' hl_ cf rcult wall m uo./ifll'u by audi tion uf a lI" rJl'a t rtmme r- capac itor
for aliGning II ... cry.tal fr ..que ncy Which allow. Ih.' vol fa g.. u lv lu e r conn.. t't.·d
10 Ih., tran.lll to r to l'x hl blt hlih ... r capadtanc,," t ha n Ih.. c onv .. nliona l l oa d ce 
pacllanc ... of 3n pl-', In o r df'r to vne u re tha t th .. o_dUatl nll c ha raclf' rl.Uc. a r"
no l «ove r ..ely aff.·c tc d. It I. ne e .. . . a ry to r th e coll"c lor o f . uc h c lrcu ih lu l...
t('rmlnll l<'tl lit II r .. le tlv.. ly lo w Im l'f!dllncf' tor a lt .. r nat lll jt vo1tal!:l'a. Thi. la on
ta'n.' tl h.' r'· by curllll'ctloll uf II com mon baa.. ci rcul i which .l' rvl'. III butf" r
IIml' llft .. r- . It l,roYl tl.... II In' voltaif' I t t h.. C'oll<,ctor and a hl llh d('i r l'f' o f 1.0
lwt fun ( 10'1.11: ' 2 I , Thi ll ci rcu it I••Im llll r t o a COilCOUf' circu li . which I. Ill .."
know n for ill. /(ood INolatlon qualitle • .

f ie_1: A eryltlll OKllI' lox circuli

for~,"ll'I ·rltlOnanc.

~"

HI~-~-1--'Ub

'"
',7n

H I-H-I
".

ca 1Xlp

c~tC1c, ~,
",001I"I

fill. 2: MOllll1tId corcul! .."h . Iignm«l l~"ox .nd bu ll ..u.
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Tb e c om plete c i rcuit di agram of Ih.. c ry. la l o.d llalo r modu le I. glvl'n in ,"' I_
jlUr.. 3. II will be . .. .. 11 th .1 It com prl t h r .. . ' ltl.. nt! c a l cry.ta l OlldU.lor c l r·
c ult. t ha t f"pd Into II common butrpr . Iag Th.. r.·qulr.·d ollri lia lor I • • wllch,·d
on by COl1 IlPc ll n ll: Ih .. b•••• vo \lalW IIIit' 10 th e- o,w ra ll ng voltagl' of + 12 V. A PI
fHt pr t. cOIIO,,(' t ..d t o th .. ou tpul of IIw buU" r . Ia g.. In ortl.. r t o lIup prl'•• a ny
ha nnonl(' . p r" . ,·nt on t h.. ouipul voU.I'· , .... h lc h l a . o" .......hat tll . t orlt·tl on tlw
c ol te c to r rOl'.la tor It 6 .

9 (!) ® Cll '(I .. I co.I ..... 01-11- o. l/V

" " ce -•• •• ". " I"~

H I I-II 1-11- \:! '" J!U5161

H I
lIali.. .... ,..

B C
H OJ L BG oog

",..

13",".~l: T 1

=r -0>
r-.J Cla"',

".".

c
'"

2, SP ECI A L .....;A T U IU~S OF -rtuc CIHC UIT

Thl' . dj u. l nu"IIt l"anK" o f lilt' rr tmmer c llp.c Hor . Cia , C III lind C I c ha a lI" "n
ke pl r ("t. t! v"ly 10.... 110 t hAI Ih .. nom in al fr l' tlu "nc y c li n 1I., a dJua t..d l'a. Uy. tr t h,·
adJualm pnl rangp I . nol auHte h'nl 10 allK" Ih ,' r" 'l ulr" li fn "lu,'ncy duO' t o varlancl"
of Ih .. c ry . t a l . o r o f oth.. r compo",·nt. , II I. po• • lbl.. fu r C 2_ . C 2b o r C 2c
t o b. r " du c "d o r Incr..a.f"d ( c , g. 10 33 I, F o r 68 P"·) .

2.1. J>I · ..·IL TI': It

Th.. 1' I. fUt .. r h a . b.. .. n dlm ..n.lont·d for a ~ u f a l'p roll lmal.·ly 2. Thl . m "an.
that c a pac it or . C 5 . nd C 6 a r " a ,' p rolllma t .. ly 017 0 p F al 10. 7 Mt h . • nd appro 
d mal"ly 220 pt" a l 18 MH z . AI ot h.. r rr" qu ..oclea . Ih.. valuea of C Sand C 6
ahould be m odlfl" d c o r r ...poodlngly . T he f"U"cllv.· c . " ac lta oc .. of t he c i rcu it I .
e qua l 10 h.1f the va1ut' of C 5 or C 8 . 0 t ha i th e ImJuc ll vUy c all be c a lcu la l..d
according t o the r eeona nc e form ula :

I . •

"'or _\lgom"nt. C 1 . hnu ld I", dl . c onl \t' cl.·d an d no load
Ior-m ed lIy C 5. C 6 .lIl d L I CA n uw n 1I., a llgn" d .... lt h ti ll'
Ih .. nominal rr "que ncy .

• 1715 •

pr-e a,·nl .
a id o f a

Th.· c ircu it
d ll, rn ,· I.. r 10



2.2. nU;<.j lll·;N c..:Y ItANm :
•

H. aleally. th.· modu l. c a n b.· ua.·oJ o ...e r- tilt' whol. frt'qut'ncy nnl. for whi('h
fundllm "nta l w" ....• c ryat.l. In II C 25/U ho ld. ('. a r . . ...all.bl • . Thl . I . uau"lIy
In th .. ('.nl" o( . l' l'rvl.lm. t.. ly 3 t o 25 Milt . c..: t"'. I't' r cry.t.l. for . m.t..u r .PI,II
('at lo"•• r . o ff.r..d In th . r an i" o f 8 to 20 Mlh:. It l a Import . tli Ih.t n,,1 o llly
Ill.· (r ..qu.. tlcy but al ao th ,' followitl l d.t.. I. Irw ntlo n..d on oN" rlnl : Flll ldam,,"t. 1
w.n· , para llt-] r .. ao lla" c I' . loa dl llg 30 pt'.

3. c..:ONST I\IJ CTlUN

I'll(' lUultlph' .. ry. t" l oad llato r c rr cull I. ltullt ul' 0 11 a I' r lntl'd ci rcu li Uullrd ul
li5 01 01 x !l0 mm wh le h I. auUah l.. fo ,. u ... In th.· m odul.,. re.. .. t ...er- .y.h· 1I1 ,h·. 
c rllK'd III III . fo·l lU r .. 4 aho wa thl' p r lnt..d c t rc uu boe rd wh il"h h• • be ..n ,It'. I,
m.h·d ()J 4 L1G 009.

to "'~
CO

·n-

d~0
'" 01' i, ~

.n.. ..,.
I.,

§ $

s,. • ~

() a, cz, B h 02.

Fit. 4 : Prinlac!Circui t board OJ 4 8 0 009 1how "" tha componanl poIi tioN

3. 1. COMl'ONE NT UETA ILS

With the "xc " ptlon o f til .. c ry. l. t holth · ,.. a nd Ih.. Ir!mm.. r • • tht' conatructlon
tlo.a not po••••• a ny a l,..c l . 1 (P.tUN" . If th .. m od ult. I. t o be u••d In Ih.. m o 
,Iul ar r vce Ive r . yat N n , th .. boar-d can be I' r'O...ht.d with Ih. t a - pct e ecnnee to r-••

Slyron px c " pRelt o r. a r .. r e com m e nde d fo r C 2, C 3 and C ol o f t ha r e . onanl
ci rc u li. 1' r lln. l . tor tYr . U fo' 224 c a n b. u...d fo r tr.n.l . tor T I - T 4 . 1I0w.,.v.. r •
• Inc e a I.rlt.· numb.. r o f tr. Il,I . tor ty p•• c . n b.. u••d . qu. ll y w.I1, tlla p r lnt.d
c lreult bo. r d h•• t... ..,l d.. . I,ned for th e m o no po pu l. r b• •• c onn . c Uon ord.r o f
t;.n- c . Thl _ mu .t b.. I.k.n 11110 ccne tde rancn wh..n u.inl Ir.n.lal o r . with dlf .
f.. r ('nl ccnnee t ten•• At low .. r h '.quencl• • • for In. t .nc .. . l 9 Milt , e ve n A fo--typ.
l r an 8l al o r••uch • • the nc 1,08 c a n be u••d . Su ch ly"". o ft " n . xMblt Ir . n.1I
fr.qu ..nci.. . o ( up to 150 Milt. Uowe v. r . when th.. bu n . r I_ . 1.0 to b. u...d
for Ir-eqevncy mu ltlpll('atlon . It l a ". ry . dvl • • b)(' to r- HF trana l . lor. _ue h a.
" t"1I 5, 2 N 706 , 2 N 7118 , 2 N 91 4 o r 2 N 9 18 tu boo u • • d .

- 11 1 -



F ilii. 6 : Ph otl>\ilf l ph 01 t t.. IUlho r', pr olot ype

4 , AI'PLI CATIONS

T ilt· m odu l.. OJ 4 IIG 009 WaH 1I1111nl)' dt' II Knl' d a l ti lt" 101'al o .clllator In Ihl'
modula r "t' c t' l v" r IYIl It'm d"I(' rll>l'd In f2}, In Ih l. com-ept , crYllallt In 1/1" o r-der
o f 17 Mil t a n' ull'd( Exam l'h': ch ltnn rI1 4:). 15 0 MII ~ ; rt' ('t ·l v. 'r I I-': 9 Mll t ; cry al . 1
rr t'qu.'ncy : 17.01 87:) MIIz) , O f c ou r e«, lhia modu! .. II t' quull y lultablt' a ... lI _

en..r fo r a Iralllllll ltt.'r If n lIultabl.. " h . a .· m odu la tor la ulwd , In o rd.' r 10 0 1.
t. ln a lIuHlch- nl h ,t'q'wllcy d. ' v lullo n a l jo[ooJ Ilrw lIr lty , 1'I')'lItall Iur- 8 Mil t
( x 18) or 9 Mil l ( It 16 I "hnultJ b., UI,'d. or coo rs£' . tilt' l1IoJ u l.. III alao lul t 
ablt' for other- Appl ic. llon. ,,, cunt rol o r RU llUIllry o.('l1ll1lu r ror 144 Mli z or'
4 32 Mil ;,; . Th., ou t pu t (' n n b.· IIlOtJUh ·d MU uuu ttu- " I -r11It 'r II " t' plllc l'<J by a
n ' 1IU1l1t1l1 crrcun ( Ih .- tnp IIhoul d I." 1I""h' 11 0 Ihal m u ltlmum vu ltuK" la o loh t lrll' d
a t nn oul pul im"l'uanN' o f 60 I I I. 'I'll" rt ' IHJIlltnt ('jr.'ult mlt' r ll uu l I h .. rp'luln'u
ha r llw nl(' wh ich n... an. lhal II... . IKna l I. dlrt'dly lIlultll'l lt, t1, A r't·{'om m .'mIRtlull
rc r thl . I. Klv .' n In I-'Igun' !i,

r
I

Fig. II: Moclll iclli ion 0 1 It. bu ll .. Ittv'
for fr-.quancy mull iplicllt ion

T

..-- - --- ...,
" Uf-. I

L _ _ _ _ __ ....

Th.. m odul e UJ .. BG 009 can a l.o 1.0e uac'd 111 a r",c"lvc'r tor t h.. SS H lind C W
m od ... by pqull' p ine: 11 wit h Ih.. b.'al rr pcJU t'rIcy cryatala fo r C W, 1,11'1'"'' a lld 10Wl' "
. Id"loamla,

f"Urth l'nTH)rf' . it can 1.0.. u ...d •• a n .. ltd t.. .. In a miniatu re' C W Iralllm Ut",r on
Ull' IIhortWBV" loandl. T hl. t10f0B nol only I,r o vld l' t ile l....ghu ... .. wi t h a very ....y

• 1? 8 -



l1 ... thotl o f IoI d ll lll( nil th, · a i r , uut 11 1110 I' rovJd .-. " 'II"'d lt! "" Ilta tinl UI wil h u v.-ry
IlIt" " ,,"t1l'1l l'o " lllulli ty , Nunnully , lIudl ,·,." .-d lt lulI lI o l"' r ill " o n II I" -.' vio u llly
1," 1>I IIII1O'd fn" lu '-ncy whi c h lIl" a ll ' thai It I II "u fflc h' lIt fo r the e ry.t~ olldlla to r
m ....lu l. · 10 b.. <''1uiplll'd wi th t h ,' 1I0m ll1R I fn-flu" l1ey un d with two c t tu-r- c rYli ta l1l
with h"' '1I1 '' I1('(''1I d"vl lltl Uj;[ uy 1 k ill tu 2 klh 110 th at It ill I" JI'llllbh' to IIh lft fr ,-.
' IU " Il'·y .. li ghtly in t he CRII ,' o r lnt .' r t.-n-n ,·, ·-. It III l'o ,, " lull- to dlr...-tly k. ·y th.,
oHclll lltol'l' In Iht' ba llt' li nt · . , Only an . 'x t n ·ITH' ly 10'" fn ·'I, ,,· t1 c y IIhUt I e h lq' )
,'xi " t,,_ Of cou r llt' . If II. lIuulI("qu "nt IItnl/'- o f th .. t l'a ll HIIlHtt'r III k ..y .· l.I . II t....U.·,·
C W lUIit' IIl1o" h l 1·' ·IIult. In orll,-r \ 0 "'Iaun' th llt th ,- 1I 1Kun t III no t l.Iir <;> ct ly Coo l, Io',1
Ihrou i/h tI... t r anamft te r- du ring rue o rr- p.-rlu tl" ( Il K . kt·y ln g I, It I II. pUlIHibh' to r
ti ll' o llcillalo r to U.' dlr..c tly k..y e tl lin d n pp r o p rlll t t" HC - lIn k bt" ....r o vld..d III Il
IlUUII"'lu ,' nt HIIlI/" 110 tha t \11 e " t" III II yc r y Ill igh t ,I<'la y III kf.>y lll g _ WI"," ualn"
th l a m odu 1.. " II a c ry llta l-conl ro ll ed e xc tt r-r- for I !> III o r 10 m , til e I'rt' YJuu llly
m "ntlun<'d I'o lllliullity o f f r"flu("IICY lIl u l tip ly lnK eRn b,' u llt'd fo r In lltltne .. for tr ip 
HUll f r om 7 Mll z tt, 21 Mll z o r douull lllol rr-olrl 14 Mll z to 28 Mll z .

5. AVA II.AIIU; P Ain S

( I) D, 1':, &- h Il111"1. '- r: I' lu l/ -l n Modu lar E ' IUII'" H' nt
vl n ' COfo,l MtJN IC AT IO NS 3 (1 91 1). EdlUull 2 , l'a g l'H 107 -1 09

121 ll. ~: . :khmltl, " ": A Mudula r /t ..c .' iv .' r Sy.H<'ln
vue- ( '(l ~'I\II I NICATIONS ~ (1 9 7 1) , E ,Utloll 2 , 1' ltiWH 1111 - IH

,U. I)IO COMMu,ncAT lf>fl HA.. __

I

:

···,

:
·;

uhf·uhf ....._".... -
I uar

R S G B B O OK S

RADI O C OMMU N IC A TION
VHF- u-iF MANUAL

HANDBO OK 830

30 '
" nrd - bound

p"pe r - b" ck

OM
OM

4 0 , -
l S, 2 0

A Vo'I l lnble f r o m:
Vtt r la g U KW -BE R IC H TE , H • .J, 0 ol11u 5 <>HG, OJ 3 Q C , 0 -8S.20 E RLA NGE N
(W'l's le r n Germ"ny l - G lelwi ller S lr"a a" 4 S _ o r NlIl lon,, 1 R'l'pre aenlnl lve .
D .. c t ec ne S"nk E r langen, Konto A76 32S - F'o!< l . c h eckkon lo NUrnberg 30 ASS



A SIM I'U: FET-TEST'm

by II . Mal ua dll' k, UJ 3 MY

T hl!' fa vou r abl l!' c ha rlH' ll!'riallca of f1 l!'ld- I!' Upct t r a n lll.to ra a rl!' wpil known . Thp lr
advantalit'a can be ul ll h " d 10 Iht' full If Ih '" m oal f.vounlol", Ir an.t.lo r fo r .
p-rtlcular c1~ult can bto lIf'ltoclt>d from . nu mb.. r- of Ir .n. ial ora . It I••1. 0
qulc k. r 10 I",al .U comlJOn"nl. b.. Io r-e In.lall.llon Ih. n to flnd Ihl!' fa ult aft.r
!hI!' cln:ul l h a . be en completed, A Ff,.'T·I". ll!'r would tht>l"I!'fol"l!' 1.0... of ar"a l
•••I. tancl!' . A .impll!' un ll i. 10 1M> d••crlb...d which can uau.Uy bfo built up
from p- r t••vaUabl.. In Ihl!' ahack . Ev ...n th .. mc re .ophl.!lc.l",d 1" .I.. r , whl('h
.1I0w. m"a.ure m ..nt of th .. lu / Ua s ( dr.in curr...nl/Ii. I'" aourc.. volta Ii'" ) ('har ·
act.. rl. tlc. can 1.0", ccnatructed ....l1y .

1, TII EOHY O F OI',.;HAT ION

Thl!' pol. r lty of the voltall". In Ihp "' ET - Ie . t e r .r... I,ro vld..d for Ih.. I>cpular
N-channpl (1.. ld e rr"c t Ir.n . l .to r •• "'o r t l!' . Un ll of th... I••• popula r 1' - ehan n.1
"·":T a. It I. ne e•••• ry fo r Ih .. pol _ r il y of th .. voll_II" eourc... a nd Ih l!' me-ter
c(l nnl!'ellon. t o b4!' rtov......d .

Th.. (>p.. ..aUon .nd p<Jlarity o f N·eh.nn..1 n .. ld ...rr"'ct Iran.l.t(>r. c .... be eornp- r t'd
to Iho•• o f Irind.. and t.. lrodt· tubt· • . In thl. c .... t hl!' foll owin g e lec tr-od... ha ve
.Imlllr function .: eou r-ee • cathodt"; g.t.. 1 • ,Irld I ( ('ontrol Irid ); 1.1" 2 •
I rld 2 ( ec r e e u I rl tl ): dr.ln • s uede, It I. 1'0••11.01.. th. t th l. co",parillOn m a y
abn pll fy Ih '" untl .. r .landln e of fh 'ld t· rrt'(' 1 Ira n l i.lor. for .00ne r ...d.. r*.

I. I . A SIMI'I.E Tf';ST ,.;n

f' l l'lr" I . how. th e ci rcuit tll.aram o f ••Impl. "' '':T t" .I...r , Two nilt ba ll"rlt".
ar" u .... d fo r p rovlaion of th e " '0• • t"p-rat" o,... rlllna volt.a." T h" volt.I'"
bfot w"II'n d rll lll and .oun: .. ( UUS) I. poI IUve wllh r e l , ... ('1 to Ih...ourct'; th.
aa t . vol tae" U0 1S I" n. l allv.. with r"al>ll'ct t o Ih l!' .ourc.. The la t. volt.a"
U02S c.n b" va r-led (rom n"'lIa ll v. v.lu... via z"ro a nd up to . PI,rodmately
I . :' V. Th. voltagl!' UOS n'ma ln l con.l.nl al 4.:' V. A m e te r- .hunll!'tI fo r a ft.lll
leal. d..n ec tlon of :. InA Indlc. t•• Ih l!' dra in cu r r- en t II) . T he two g. lt' volt . g" .
I '" a dJu. la b l" with the a id o f 1 MU r" al .lo r ••

,"lin ,

50'"

- 18 0 -



Th. t ...1 pree..dure I. v. ry limpl.. with .In.I.·•.'. f1",ld .. U. C't Irana t ato n : th.
drain cu rt.nl I, ."" t ,nt It vee • 0 V and .111 b.- r . du c ..d If Uas HCom ,...
mot. ".,atty., Thl, m ••n. that th. bIl.ie fun ction Cln tHo 1. ,I. d and the t ran. ·
iator lo r1..d roushl, in lo lh. lu / Ue s Il'"OuP . In ,dditlon to thla, on. obtain. In

imp,..•• lon .1 10 the alopl' c har-cl .. ri , tl c i.

In ord.r to •••min. th .. It.tlC' inplol l ImP'l'd-nc ..... 1. I ' DC•• 100 MO ""11,tor
II ('onn~tlPd 1n th. lPt. I C'onn-e: t1on and II normall, b rld,.d. On d"p r...ln,
lb .. p.r.'" button [ b ....,. ('ontlcl I. \h I }OO M il ,..,I,to r II plac.d In • • til" _ lI h
th .. ,It.. volt, ..., . hlC'h m ..anl that th. ,II. volt". loun.. I, provided _ lIh an
Unp"daI'lCI o f 100 M O. With rood n.ld . rrec l ltan _latorl, Ih.. p uvloull,. IdJulted
.... d Indlc .., ..d d rain c urr .. nl . 111 not be . U.r ..d on me re• • ln' In .. Impt'danc l' o f
lb. ,II.-volt", .ou~. from a r•• 100 Ir. n 10 100 MO. If. ho.ever, the d nln
~lIrrenl Ie redu~", 1'.1. b)' lOft, UUI " ollid indiclte thll th. Inpu l impedan~e

of t h. n.ld effe~t t ranliator II ani)' ten tl m e l Ih l. VilliI', • • 1 . 1000 M O (I GOI
Ind thll l "I'll IInd" r the l )'pi ~1 1 valli"',

1.2. to:XT ENUEU TEST E"

The chl uclt' riltl~1 o f f1"ld t' ff " c t t u n l i l l o r l vlry i r"all )' from Irln i l i to r 10
tunl i ll or. It II po l.lbl" , for Inll.nc", for ure drlln eur rera of the po pllli r
Irlnli ll or 1)'1" BF 244 /H'" 2U ( 2 N $3 U 1 10 va ry b" t .. ""n 2 Ind 2$ rnA ( I I
UI>S • U V I nd UCS • 0 V I. Tht' a l it' vo ltla" r "quir"d for blockhli the Irln . 
illor (UUS. 1$ V and IU. 10nA) c a n be bet..een ·0.$ V lnd ·8 V. n f\lrt' 2
aho•• th " l ol "rln~. f1t' ld fo r rx e IU / UCS ~hlrl~lt' rl.t1~ oHM. lype o f Irani litor.

,-- ----------, "
mA

'"

n. t
" 10 .-0 '"
n s

"
•
" FIf. 2;

ToIeof_l,.ad tOf the IOIUOS CMlle1llfitliC

of the t -'d . 1f1lC1 _ _ lOtI IF 2.&412'5
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10' 0 1' t he I nn , hlo r tYIlt' . U F 244 {245 ( well know ll from t h.· Ill. 6 SW F fo:T .
C oovp'-h·r ). Ihn'" g roup. ' 1''' v.lld :

G r-oup

••
C

' u.1 UDS. IS V. U· • 0 V

2.0 6 .5 m A
6.0 15.0mA

12.0 25. 0 rn A

. UC;S for I }. 200/.lA .1 ll l) • 15 V

0 .4 2.2 V
1.6 3 . 8 V
J .2 7 . 5 V

In onl" r t o obt.1rl Ih.. mo.t f' vour.bl.. ('haracl t-rl . tic. fo r Ih .. '''I,lIc8l10n. th..
1I" ld "ttec l I r . n . l . to r ahould b..... I"."" -d " ' ('ontinJl 10 It . c h....<'l .. rl.llc • • 10'01'
, I.,,,. whe r e • hl,h c e-o•• o r Int .. r rn odul.tlon r .. j ..c tl on I. I' 'JUl r .. d, • f1.. ld
" rr"c t Ir.n. l .lor with . Ion , . n . t ch. r • .-t.. rl.tic I. m e re f.vou r.bl.. . wh .. r ... .
a .1....1' ch. r a c t " r l . llc I . p r-.. ft- rabl ", fo r h l, h ,aln.

"' Iau r " 3 . how. a m o r e .. I. bo r a h · It -at.. r for dt't" r mln. t1ol1 of Ih e ch.rac l"riatk
c u rve . Th" d rain vo l lage Uns •• Inc r .. a • •·d to IS V a nd t h.. lIa l" volt'i" UGS
10 -8 V with t he a id o f • am. n Il<Jwl'r , ul'ply t hai p r o vltl " . t h.. t wo voltllll .. a .
T he d r ain volta 11:" I••la h Ub r-d with t he aid o r a pa ... I r lln ",l a lo r . ml • zellt- r
diode. Th" potenu cmete r e fo r a dj u. t rn .. nt o f Ih e tw o g. l.. vo lta¥.. a '1''' c oHb ral ..d
with Ih.. a l<l o f a va lv .. voltm .. l .. r ( VTV M ) In ah 'pa of 0. 5 V. Tlw clra ln c u r rent
m eter- t, provlde <I with a n addition. I ahu nt which C. II b.· a wltch.. <1 In to c t rcun
10 p lV vld.. • 20 m A rllnge ,

BSY 52 Of ,imllia<' 0 1

I .

"".

0'
,~

0'ze

0 4

OA 127
1N 91.l, ........~...

s.

L "I DJ3MY

WUh the ee ffi",a au rl ng rangelll, U I. p... . lb l.. fo r tl,,, pre vi..u a ly m.' n llo<l"d c hll r 
. cl e r iallc a o f 1111'1<1 e t jec t I r an , I. lo r . to Iw 1I1 .·••us-ed , 1I0we ve r , Ih", po wer dl.al
pallon 11ml h m ual be I.k"n Into con.h l'· ra tlon III h lJlh d r . ln c u r rent a , In the
c • • e of the UF 245 . t hl . I . 300 m W. T hl . ml'a na Ih at t h.. <lra ln cu rr..nl a hould
no l exceed • value of 20 m A .t • 111"1 vo lta Jlt- of 15 V,

Th" . I. tlc ( DC ) inpul Im ' >ed.nc "" Which n.. ..<1 o nly bP m ....ur d
t. c a r ri " d ou t In the . a m " m enn.. r •• with Ih .. . lmple t ",s l e-r .
10 0 M O ~atsto r In ''' 1'1... wllh ,.t. I.

- lea -

tor on. i.t", .
by pl. cln, •



•
Wlnoro'AII ~. Io' 2 o f " dual ga lt' Junellon fo'fo:r can bt' drlv,," b"hH' t'n -7 V and
o V In th e allllU' Jnflllllt' l' . a Jla tt' 1, t hl. I. nol valid tor th., dual ia tlL' MOSF E T .
Galt· I of • MOS Ft:T can bt· d rlvl'" trom lI"II"'r81 mlnua vult. to a pp rollimatt.!y
+1 V. galt· 2, OIl t hp ethe r ha nd . up 10 al'proalmaleJy 30,," of UUS ("'.1. up 10
."prOll. +4 V wilt'" u os • IS V ). Tilt" ~lull' ot 30,," - "0,," of UDS . hlNld not boo
".(""I'II,,d und.. r any dr.-urn.lane",. , "'or t h l. r e ••on , both t ...t circuli. provldt'
d r-eppe r n '.'alora In tilt' volta,,, aour<'l" for JlBI" 2.

Flgu rl' .. ah(n... th l' IU / UOI S c ha racll'r1atlca o f t tn- dual lot_It" MOSF ET 3 N 14 0 .
T h.. I" ram .. tp r I. Ih... Kah' 2 vol t_it' VC2S' Til .. d'·"..od. -oc .. of Ih .. drain curr..nl
00 t il .. two ga' .. \/oUaipa can b" eeen clee t-ly,

f ... 4 ; C.....cl.nhc o;u......

0 1• dulll ..I. MOSf ET
-tv OJ 3 MY

o V . \
o !3::±:±~L!!.!JI
- ) . J -r

UG.,. 1 • s...",.

"., 3 N 140

1L
UOS· 14V

20

t " j
." "

IO...~
tz a" J
• " I·05V,

•

Wh .. n t ...Un, Ih .. <Iual ,at.. Junction He ld .. trecl tr.n.l.tm'. manufae lu r e d up 1111
now. it I. Importanl lhala.l. 2 I, not .ccld.ntaU)' drl ve n Inlo Ih. po'ltlv.. vcu.
aa. ranll. , Wh,'n l.aUna dual ,1al. M05Jo·t:T S. II I. only n.. c ..... ,.,. lor t h.. rna ·
a trnum l..nn l••lbh· vo ltaar. a nd c u r r.nt. , . nd Ih .. r .. au ll ln, power- d l•• lpallon
to b. t.k.. n Inl o rona!th·r. Uon , Of ('au ral' . th. c1••('rlb.. d t.. . 1 e1rcu ll. ' 1'••1'0
. u lt. bl. fo r n ·:T. with intf' llr.l.. d dJocJ.,. for ,at. I,rnt"ctlon ( 1' , ,. 4067 3 "

3. CONST IWc.....nON

Slnre only VC voltag.. ' and cu r t-e n" '1'e pr.....n t , the eon.truclion of th. two
"·I'.:T 1...Ie r. I. IIOt c ri lleal. All m e lhod . from b r ..adboard to prlnt ..d cl re-ult
eon.truclion a r e po •• lble , II la only Impo rt.ot 10 h a ch'.r m .. t r r r .. ad in,
a nd c. rt·fu lly eaUbrll t..d I'o t " l1l1o",,·I.r., It la . o f (·our advlaabl., for • • oc k,'1
10 bl' provld.. d fo r Ih,' t r a na l .to r unde r 1" .1.

Th. tran.forrnrr provided in Ih••ecced, mor-e .laboral. I.. 'ier on ly ha . 10
pl"Ovld. a po we r of I W, Thl. m.ana t hallh...mall.,. l l ran.i. to r typ.. la .utrl·
e1ent , TIt .. moet .1mpl" mann .. r I. p l"Oba bly to provldr tw o Id.nlica t ""indin "
fo r 12 V12~ rnA {app roJ( . O. 2 mm dla, ( 32 AWG ' I'naml' lll'd c opper- wll"t' I. Th..
1" .. lran.l ,tor USY ~2 can be r ..p la Cll"d by ty pe 2 N 16 13 ( lJSY ~3 ) o r . In Ih ..
,Iv"n e1~ult by IYI..a In a TO ·18 - c a .ln £ au('h a. He 10 8. 2 N 708 . .. tc , T h..
t.n.r dlod.. , ar. I"'" pow .. r Iy,... tor 8 V or U V. Ou. 10 th. lo ... vo ltag. a nd
cu r-r-ent valu." all unlvt"r.a l .lIleon dlod•• can b.. u ...d .a r-..ctlfJ.. r • •
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AMAT E UIt T,.;U:VISION

by 1' , Bittan, c J J VQ/UJ ; HQ

I , INTHOIHJCTI(IN

Un ro Muna l.. ly. th ,' ro' a n ' a v.' ry
I" u .... throu llh out Iho' wo r ld ,
t pn-I..d 10 U II.. tne TV · .. tand"rd

larllo' IltHn b" r o f dlH,'ro 'nl 1000.'v l. lo ll
Thl " hA. !n f"ln t Iha l ra<lio AmAIl' u r.
p rf'vaUlnll In th et r- rflunl ry,

"landArll ..
ha v.. AI..o

Thl' d lf re r e nl 11'1.. vl .. lon IIIAlll la r d .. dUro'r in m Any WA y ": Tho' lno..1 obvloull dl ll 
tinction. IIr l' the nu m b.' r flf Hm'. , whkh va r y fl'I1m 40 !'l 10 8 19 , a nd II", rr'HIH'
h 'I"lu t' ncy whic h la .. IU... r ~O 111. o r (,0 II I. I aC('ord ln ll lo Ih. ' po w.. r li n,· rn ·(ju.'n ,
r:: y I, How e ver, pvpn IllO' vld.·o I p lclu r .. 1 !n od u la l lon va r !l'a bo' lw l' .'n 11O..l lIv..
a nd m"II"lI v" a m pl lt ud .' m udulation { AM I . Tho' n lnt' III va lid fo r II ... aound
a llln,,1 wh ich can boo p Uho' r AM o r "'M a nd b. ' . " Act' ll 4 , ~ Mil l." 5.5 Mill , 6 Mil l.
o r 6 , 5 Mil l. abovo' o r 1....low th.· vld.·o "a r rlpr, 1-;vO'l' Ih .. ...r\ d.· .. j>l·.,. d 6 25 lin..
• )'al l' ''' ha . It Inr!!:" numl",r or vJtrlll.nl . ,

Wh..n t he UB ,.. 1,·I.. vl " l" n ,' om m " nn'd In Eu rol'o' It WA• •!t'dd,'d t hltl II... 625 li n. '
.yal ..m wa . 10 bo' u a .,d in all l':u J"Ul'.. a n c ount r \t·A. Tho' r .. ..u lt ('01.1 1<1 ha v" bl" 'n
.. c om mon 1.. I" vl . lOlI . I.ndard fo r un,.., Un!uMun. It· ly , .. vo'., Ih l. ha . nol b.·..n
loo• • lbl .. and Iho' I'" aro' nuw f1 v.· d IH.. r .· nl 625 Iii ... ayal .. nu ol",ralho' In I-;u r ol" "

Thl' m o at wlde ap r ,'a d 1.. le-vfe lou ala nda l'd la Ihl' CC III 6 25 lim' ay ..It '1Il u.... d III
m o et 1o:uro" ..a n rounlr ll' '' ,

T h la "y ..l..m I" vl Mually t he t;',l ropt 'an ver-etcn o f U... Amo' r lc An 525 lin.. ay. t " III,
The d iff.. n ·nr" In th e numbe r- of IInt' a I.. mAinly dUl' 10 t ilt' dlfh' r ..m·l· b.. IWI"I' 1I
lilt" pow t'r -Iln.. rrt' (jut' llcy o r GO li z In t he USA ami 5 0 II I. In I-;urol"" T h.. 11'1
c rt' a a " In the number- o f lin.. .. pnlal lt 'd IlIl lnc r .. a A.. In ba ntJw!llth wh lrh l a nu
doubt the r ....o n , why Iht' d lam,.. l bandwtdth of Ih.. CCIIl· ..tanda r-d wa " Inc r ,·a "..d
from 6 Ml h to 7 Mlh a nd till' vt deo • • ou 'ld ca r r lt.·r . I'"cln g rr om ", 5 Mlh t o
5 ,5 PoI lh,

Sl llc e a ll un,.. l e lo'v18I0I1 I ra lHunlaa lolla w il h I/n' "llC.,,,t10 11 of Am,' r lra IIl1 d J ap.n
art" a l rrady u alng a 6 25 Ilrw ay ah ' m II III r " colllm.·llth·d Iha t Ih la . Ia nda r d bl'
adopled a a 1.. I('vl alon . I" mia n l for amalt'ur r a dio tr. n.ml•• lon e ,

T he dHf"rt"nc r In the vld"o ' aound ca r rl .. r . ,..c lnl" l a not 100 Impor lan t e tnce
TV-am.tl'ura o ftt"n ue .. a dlfr.. r t' nl tran llmltt t' r, o r even a dlff"ro'nt band, for
th e aound tra nll", I••Io n .

Th O' dlff"rf'n c e t o Iht' ' 5 25 !lll " aya t..m la . Iao nul t oo Imporl.nl a il, c .. Ih l" I.
m ainly dependent on Ih e pow"r . lln t" frt"lJu t' ncy a nd It l a 1'1 01 t o bo' "lIpt"c lt'd Iha l
a m a t"ur 1(' le vl alon com m unica tion will I.kll' plec e IHotw .. t' n coulll r l"a u alll i the
525 and 62 5 1111(' " y at rn a .

Tilt" CCllt . "l andard u a t" " Il" llall v" . m pll tu d.. m oou laU un to r Ih .. vl d..o " lana i,
whi c h ha . a"v(' r. 1 . dva nl alt". eve r- poe tuve AM , Th.. m e tn advantale I. Ih ..
ImprovlI'd "y nc h rvn llA ti on und. r low - a llna l c o nd it io n.. ,
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2. TI lE TE I.EVISION SIGNA l.
2.1. FOIt MING TIl E IMAG~: •
In or,h-r 10 ~'on"rrl • "llu.1 lin.".. Into .n f'1~'drkal .lllna' II I. nece••ary for
thr 1mlit" to bf' .U"ltlrd Into Indlvldull pctnt e _hkh Irf' ....nnf'd In Ihf' tf'lrvl.lon
c a m f' ''I. In th,' 0;- 1 " " of th.. CClIl·.tand.rd d.. ..,r1l..-d h.. r • Ih .. Im.Il" I••c.nnf'd
In 625 nne • •

A fram.. fn'QU ..ncy of IS l iz would ee surtlctf'nl for Irln.ml••IOll of moving
' m . " ... . lIow.v.. r- , In orde r 10 avoid Ih.. unplf'••anl Olo;-l••r·.tr.cl , 2S camplf'l..
framf' •• r .. provld..d pt' r cond I SO II ~ I . Jo:lch fr.m.. I. dlvld..d Inlo two inle r -
II..,rd t1.. ld. of 312. S lin a..,h which a r-e- acann..d on" .fte r Inothe' r . A lotal
o f SO Individual n..ld. I'" ..,Inn..d ..."h ."cond. Th.. horbont.1 d.. nf'ctlon frf' 
quency I. 50 .. 312 .S • IS.625 II ~ .

Aft.... th .. rtr.t rtt'ld of 312 .5 IInt'1 ha. bt'~'n . "amlt'd with doubl .. lin.. _"acini,
Ih .. _"~'ond r"'ld I . scann..d bt'tw ....n tilt' IIn .. _ of th~' flr.t fl .. ld . (rot' 10 t he lIe
of th,' human t·),,· Ind till' l)(>r_I_">n'-" or th .. "kturt' tubt· , th.- two Indl"Idual,
Inlt·r l....·d ft,-Itlll 11'1>('lr a. a COlllplf't .. Imaif' of 625 11m'"
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An.. r the .. I..c l ron l"'a m o f till' to·lt' vl.lon ('allwrfl o r pt cture lu o.. h... cOlll plt· l ..d
th.. !lrlll line . a hOI' b ontal rvtrnc.. !,u llll' I . f"d fl'OIll Illl" .y nc hronlt ing c i r c uit.
t o t h.. d.·n..c llon ('o ils wh tt-h d.. fl" ,·11I III.· clect r-ou lw am oa."k 10 tl1l' Il.'ftharu.t , id..
of th.. image . TIll' hor-jaout al rvt r-ac .. Iwriod t,"dr. amount ll 10 aI'P I'oximalt'ly
I S ')'. t o 22 '" of that of the 1I0 1'lIl al ec nn Ife r _' With a 10111.1 s'" flnnill il ilt"rlod
thor· If0 1'. + tn.tr. • (;4 ~ Il. tht' hOI' lz ol1tal re-t s-ec-e p.-l"1od wi ll amcuut 10
11.5 to 12/0111.

T h...' I.. c l r on b..alll III blllnk.-d du ring till' 1' ..11'0("(' p" I'lud 11 0 Iha l it will lIut b.·
. ,' ,·n 011 tI", c .. lhod.· ·ray tub.- of th.. TV · r",('.· ivP I·. Art. -r 1"" 'H"h ll1 11 tilt' I..nhand
of ti lt' Imag., . th.. ""' ('1 1'011 b"Rm eOfllUU·Il<·" . th .· th ird Iilw. /t ill! aflt'r the lIub •
• •-que nt ho r ltOllla l r.·l rn....·• till' flrth Hru' . ami ..0 UII .

Th .. b rllt IIrll' of tilt" flr " l fl.-h i in ullly .1.·f!t·cte d "'I' 10 ttu- c .·nh" .. of the- Iill.·
wh" I"" rue v" r l k n l r" I I'IlC" 1'...1... • r-.. tunl ll tilt' .. ler-tr-ou b"alll to Ill<' 101' of til.·
Im .. g,-_ Th.- e lect ron b"am i. a l so hlanke t.t durin g til<' v.. rtlc al rerrec .. ",·riod .
whic h amutlllt. to a pl"'o xl m a tdy 6% {If tlw v" "Uc a l d.. fh ·ctlull 1'.. rjod, At a vt'r 
tical dt'n"ctlon fr ""lut'l ICY of 50 lit . the fie ld d.. Ile ctlon 1'.. r1od i. 20 m il wh ich
m ..a n. Ihat the v.. rt tc.. i 1'..11"1\(',· p. ·,"lod wil l amount 10 approx tmet ely 1. 2 mil .

T he ho r l zontll l d.. Ilecucn c omm vncoa unc '- again all 110011 a . ti l<' e 1..et r uu b.-am
r eaches th .. c ..nt r-e of t h.. tOI' ..dg .. o f the Imagt'. A8 ca n b.. 11 .·.. '1 In ~'i i . t c ,
t he lI nt' lI of t he lIe cond fie ld a r .. lnt e r-Iaced be t ween 1111' IIm ' lI of Ih .· f1n.1 Hef d .
T he 11m e d lffe r ence be lw .. .'n both field II or-c ur-a a utollla tk.. lIy atnc .. th .. vl' rtical
r-et r-e c e pu ree appt' n r lll a ftl' r 20 m18 + 0. 06 4 m, • 312.5 1i1lt·18 .

In or d.. r- 10 m a intain t he I'"ae l pcauton of both fle ldtl , It ill n"ct' 18 l1ary 10 ha ve
a ph a tle _loe k..d r .. latlOll.hi p lot'lW.... 1I th .. hor iz on ta l a nd v.. rllcal sYlle lironhatlon _
T hill relatlon.h ip I, olotaln..d u llin g a mast.. r tllu lni i "rr .. r e tor fr um whic h bot h
hori zon t a l and vl"r tJclll .ync h ronlzlng I'ul s .. s for tilt' de Ilec ttcn ci rcu its u f the
TV - e llm .. ra are d... r-Ive d , Thl· ...' sy nc h roniz ing pulll ' " ar" .." I"·rlmpo.... d 011 til"
vl d..o .Iillal for eync h t-ontaa tf on o f the TV- mon llo r or TV-rec.. lv e r ,

2.2 . UANUWIUT II O F TIn; n ';LJ<;V IS ION SIGNA L

Tht' vld ..o band width r-equt r-ed for s t e l .. vl 18lon IIlgnal III depend ..nt on th e num-.
bel' o f Ima..:;.. 1'01nt18 Ihat art· to b.. tI "a rulm iU ed per eec ond. In orde r t o d",t e r 
m in e the m a xim um video Ir-equ vncy occu rlng du rln e t he IIcanning p rOC"18I1 . It
. hould be .. . . um e d tha i ..ach li ne COIl18l l1tll of a sequence o f white and black
e qu ar-e Imae" !'olnl•.

At a n 18. pect ratlu ( Im .. ge width to h.. lg ht 1 of 4 : 3, 25 frllm .. 11 per ....cond
a nd 625 line18. t h.. maximum vld..o rr..qu"'llcy will b., 1 .5 Mll z .

1I0we ve r-, th.. li nl' 18t l'\l e l" r .. caullt'll a r l'du elloll of Iht · v.. rtic a l re scluttcn. Si ne e
the aubJ"cllve Imp r l' a a lon of t h.· ddlnU lo n la a lwaya d.. l .. rrn ln ..d by the dl r ..c t ion
o f low,," t r ..aolution. It l a 1>0'1111.01 1' 10 rt'duc .. t hl' ho r izonta l r .. llolul lol1 withoul
det l' rlor18Ung Ih t' o vt'rall h n p r t' lIl1 lon of th .. lm a ge .

With t dt' ntlca l r .. . olutlon In bolh t he horizonta l a nd vt' r tlc.1 dl r ..e ti o na. it la
ne e " lIl1 a r y fo r a eor r ..e tlon fa cto r to oe lnclud..d In t h....quatlon fo r d.. t .. r mln
Ine th.. m a x imum vldt·o fr e (lu...ncy. T h ill fa ctor ill call ..d t h.. Ke ll fa clor and
18mountll t o 0 . 67 with Ihe Cel li 6 25 l ine at a nda r d _ T he m a " lmum vld..o f r t'qu.' ncy
to loe tran alllllt ..d III t he n·fo r .. 5 MH z . Sinc.. t he DC - eorn l'OII..nl , o f t h.. TV·
Image m UII I a lao b.. t r al1l1 mltt l:'d. t ill' to ta l ba ndwidt h I. hvm DC t o 5 Mll z .
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(J, , h ht.h r .....lullon I. nol np, ..... ry for .m.tf'ur t.I ••I.l<m tr.n.
hll nd bfon.twtdlh. 01 1 .!Io or 4 Mlh will prov,d uffltlf'nl r .. fIIto lult on lor
m".1 .",.t..ur .''f.II.• ltun,. ".••n bfondwl<lIh' down lu "'1,roum,t.ly 2.!Io Allh
t.n boo u • •· ..
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2. 3. TII"~ C llMI'OSITt; v un.o SI(jNA J.

II h•• • Ir••dy tw.-n "Ilpl.ln..d th.t tl". orillln.1 1"'.,........ dlv d In.o Indlvldu.1
1m.,.. pulnt. In th.- TV -e.l1lO'r. . Thi. rn".n. th.1 II I. 110".· ". to prvvld..
• orn. m ••". of .)'"ehf"Ol1lzl", th.. 8(".ll11ln, of Ul. 1.. I.vl.lon ree .. lv .. r t o Ih.t o f
th .. TV-e.m.,... Thl. aehl.. v.. d by .up..rlmJoo.ln, .ynehrvnlJ.ln, pul .... on to th..
vldro .I,nal_ A horlJ.on t.1 r " l rae " pul." I. ,tv..n at th.. "nd of " • .,h lin...nd
a v" I-Ue.1 r .. r ree e pul." at th.. nd of ...eh U..ld; tn......1'. u...d to .ync:hronb..
the oorlzonl.1 . nd v"rtle.1 d.. n..e uce of th.. TV-rf'<" .. lv" r . 8uth pul.....1'. , .. _

n"raled In tn" m••I.. r Urn In, ,.n..r.tor o f Ul. T V- earn.. r • •

Th.. ho rlzonl.1 and v.rtlc.1 bl.nkln, pul••••1''' alao .Ul't'rlnoVU. d on the vld..o
alln.l. Th. l.. v.. 1 of th ..... I>U I I••ul·h Ih at th... I..dron tHoam o f th" TV •
.... m .. ,.. . nd e. lhod.. - r.)' t ull 1'. bl.llk..d du rin, Ih.. ho rhont. 1 a nd v.. rt lc . 1
1'.11'.". ' >I'r lod••

T n.. .ctu.1 vld..o Infurmlltion I. c onl . ln.. d bool .........n th.. III.nkl n. "ul .... C..·I• • 2.1 .
1'11. whit .. l .. v..1 corr".polul. to I ~ .no! Ih .. bl.ck Ill"v ..1 t<;l '7S,,", Ih .. 10t . 1 .m
" IUutJ.. o f Ih e bl.nkln, .nd .)'ndlrolllJ.l", pul • •• I. I o~ .

2.3. 1. 1I0IUl .O N·rA I.. IIL.ANKING AN " SVNC IIltUNI7.I NG SIGNA L.

Th.... loul• ••••1''' . how n In 1'·111 . 2 1.0 . lId 2.. 10,.. lh.-r .... Ith tin' vItJ.·" . I,n.1. Ti n '
duration o f Ih .. horh onlal bl .nklnl I'ul . .. I. I J . S 10 12 ". IIlId ti, .. l .. v..1 I. 8~

o f th .. tol.l . rn l, li tu tJ.. o f bl .nkln . "ul . " a lld .)" nch ron lz ln, I,ul a .. ( 100" I ,
T h.· .)'nch runl z ltl' pul a I' com menc.. . J " . to I . S " ••ftl'r Ih. bl lll1kln IlIOllI ... a "tJ
r " d u("". tI, .. . ITlI,l llude o f tilt' Loi lltl kh l ' pul a" to boo l.......· 11 8~ . "d 100". Thl' du r a 
U OII of Ih " lIurbon t .1 .)'rwhrolllz h il I'ul... 1. S. '7 j,l ll.

1'111' blallkl n' I,.. r lod b•i-Io re amI aft .. r tI....y ndlf'unlz ln, pola.· I••". 11 ..11 1110" f rom l
and Lo... k po rc h. T h.. b la c k le ve l of th e T V• • I,n.1 cor r ".pulltl. to '7S".
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2. J. 2 . VF ll Tl ( ' AI III .A NKING ANlJ SYNt" I IH INIZ INCi SIC;NAI.

A IIlrnl'lHI ..d v" I'IIC:III .ync h ronizll1i1 IIIin1l1 eur-h 1111 u . ...1 In dOIlNI- .. t ~" UII " . ....
vteton n" l\I," " 'kll III . ho wn In Fli' J. Thp c·nm rl "'.· v"rlh',,1 .ym·hronizlni IIlllna l
coml' rl".·. Ih ,' vpt1.ka l bl ..nkln.: pllill" wllh .. I,.. d"d of 18 , ,, 22 11m.. . 1110' lin"
du r .. II" n ( "1'1'1'''., I , 2~ m. J. and Ih .. v.. rUral .y",·h,'Onltl "ll l'u l. .. with a du ,'a
lion "r Ifi O .... . Tlw ho rizonlal aynchnml~Ini I'ul. ,· . Il l''' bl.n ....d I'ropvloull 10 the
c om rn ..nc ..m ..nl o f th .. v .. rt tc ..1 bl.n .. lni pul ll*, until .. n .. r rom rl .. lIon or Ih.· v" r 
tI('.1 .yn('hronll lnll fi lii .... The vid..o .llI:n.1 Is bl. n"pd durlna: Ih .. who l.. p.. dod
o f t h.. bl"n"lnll .. Ign lli.

T hl' CC lIC t ...I"'vl ..lon IItandll rd u.e. pq ullliz ing IlUlrWII lw fo,... IIml . rt.. r t h.. llyn 
rhronhlnll pu la., ..nd . 1110 dl vld.. . th e ..yn('hronh:lnll I,ul a.· Into f1v.. Individual
1'1,1 1.,," of haU Ih.. li n... durll ltun tor mll lnta Jnlrl1l ti ll' h" r h olll . 1 .ync: h ron l~allon

c1urlnll Ill(' v"rtlc.. 1 r *'t r a c .. p.. t-tcd, T h,· ••• a, l<lIl1on,,1 I'ul".·" II". · o fte " d.· .. ·t"'l
In c loll ..d -('Irc ul l . y llt t-m ll ,

2.3.3. VIIH:O SIGNAL

'1'111' vlt h'u In ru rmallon III Ira" amln..d t.,.. t wl'l·n 1I1l' 1.011tu k11111 1'1,1 1. " 11 ( Fi ll . 28 a nd
211 ). Tlw IIIlIJllltutl.· (' II " Vllry b.. tw e en Ih.· b"'... " l"v.. 1 al 1~," ami tht' wh it .. l" vI'1
a l I u," or tht· I OU'- Il' v,-! du ring th.· .y"chn,"I t ll1l1: 1'1,11 • •••. Th., v. r lo ull gr t·y
I"v.- I. o f It", mOllu(' hr<lm .. Image r"pr"lI t'n t Int ,·n".. ,ll ltt .. valu... b..t w"e " 15 '- lind
10".
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FIe_. ' Spooc:t•• o l .. lIm.leu, Mlllw il ion SIgnal ...t IOU nd e..... on 1... 70 em ...cl 24 em to.nda

J . TnANSMISS ION C H ANNELS

Th .. c hall"el. ror am.l.. u r t el e vi llion tran .ml , . lo"a on the 10em . " d 2f ('m band ll
'lor" Ilv..n In ~'I I . 4 . On th op 70 e m band , the vld ..o c .. r r l .. r III lit II rr e qu..nc y
o f 43 4 . 2& M II ~ a"d th e eound c ll r r le r .. t 4 311 .7 & Ml h ; wher.... . the video c .. rrle r
I. a t 12~2, ~ Mil l! lind the .ou" d c . r r ler I. lit 12 ~8 Mlh 0" the 24 e m band ,
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3. I. VIU EO T ItANSMISS!IJN HANCiI":

In o rd"r to iIIccolllmodllll' II", .cr "lIto·1I1 Iluml"'r "r t,·l.· v".i,," IItlO1101111 In II Klv" 1l
frtoqu .' nry r . n K". te lev I.I'>l1 t n u l llm lll " r A "p,·rlllt· Jwcordil1g to th .· ...·lItijo(i.1 IIlth··
IMnd t ..ch nlque- . which I. l>a.Ie-.lly IIII' .""10' prlndl'l.· ... Ihat of .ll1jo(lo· .\<h.bllnd
tr.n. m l••lon•• Th., I".... tor .100.·bll.ul c.nnot be .'Jpi' ..... ,lt'd COllll'lph'ly diu' to th ..
"l'I . II \le- ly wid.. b.ndwldth n·qul ... ·d . but I••u"pr.· .. " .. d furllwr In tilt" Illt.. n n ....lI.h.
f.... qu .. ney .mpllfl.. r of th.. .... (' .. Ivs-r-, Th.. 1..1.·vlalon Ir8",,,"I11o',, th.· tore- ('a-
dla t ... t h.. upp.. r 1IIdd.....oJ and vlol.·o ... rrio'r.t full .IIlIJlltud,·. wln·r til .. low .. r
.hl.. bllnd I. I ..alulmlth·,j down to 0 .75 MIll: bo'low th,· ...\<10'0 ... rri,·r IIft .. r .... hich
It I••upp s-e....d.

JH '-'Ill

__ ~'lF -.

.',
IF-IP«lrum----- -

~-

l--------PQUIYI'ld 01 Ih.. lY· lu nf" -------

a

b
1

c.IRF and rssoectrorn
b.I Video spectrum otte r

deroodulol ion
Fig. Ii : p..m MlICl co olIn.

UHF -h"wr, -..d w IF ....1'1,1_

In or.I,·r to do thl ... th.· r"llp"nlt. "f Ih,- IF-I'll "billie) "un.' nf U" •·•• ·' ·1\ ' ·1· lit

.111111"01 •• • ho",,, III Fljo(. 5. A••UIIIIIIIl.1I 1IIt.. rn, ..d,.t .. fr ..qu.'ncy wllh Ih e v1<1('0
e. r rl .. r .1 38,9 Mllz . Ih., vlol..o c arrlpr la h,,'.I ...d half w.y ul' th...kirt of Ih ..
~.abAnd elu·...... AO Iha t Ihl' .ddltlon of th.. low.. r fr"'lu,,"cy coml>ononl. of th ..
low.. r .Id.. ba nd du ring Ih.. d.·t.. ctlon p r-ce.... I. comp<"nAal.. d for du .. to th.. n'·
duetion o f lh .. le w - Jr-equ ..ncy cOIll,>onrllll of th.. ul'p.. r aIeJo·band. AI modul.llo 'l
fr" QII l'n('{•• Ifrl'. tll'r than ), 25 Mllz. only me upp.. r lIitl.. lrand will lr., u, r . U v.. .
Thia m".n. Iha t a con.tanl AlIll'lltutlr I. olr ta ln .,cJ ov .. 1" t h.· v iclpo lrllnd ( 111. 3b ) .

3.2 . SOU ND C II ANN ~: L

II .. f....ou r Rb lc for a sou nd c hanm -I 10 lr,' rad llll l' d In iII dd ltlon to tht· vIUt'o
. IIlla l. In or-der- to lre RbI.. 10 ",tt' R cOllv" lltlo.UtI !t ·ll · vl slon ro'cd v" r I" ('m, ju nc
ttcn with R tr .....lul·llcy c onv r ,·t.' ,· fo r ,·t·ct'pllon u f a ma te-ur- t t·l ... vl.lull trallRlll l ll ·
e tcn• • th ou nc! c arrh' ,· lIhoulll lr(' .pa u'd 5. 5 MlI ~ abov.· tilt' ...Id, 'o c er- rter- .

Of ccu r- th .. . oon d chann ... 1 can b r- t ra nam lU ..d ualnK If, . '·l la rll t., Ir.n llm itt.. r-,
1I0wf.' ve r. it c an .lllo be m ollul lltt ' d ont a me video ca r r lpr u. inl! th .. In l .. rc.rrl.. r
m e lhod. In o rde r- 10 e 1I. u r .. th llt no 11I1 ... rf.. ro·nct· I. he lf,rd on th... 'Hund channol .
Ih mplltud... o f til .. vld..o cll rri .. r mUll t no t boo IllJ0w..d t o .. xCt·.. d til., 10" whit ..
1 el , T he amplltud" o f Ih...ound c.rrl .. r t. r e <luc..d to .pproxlmllt.. ly 5" lh.·
...1<1 11'0 c . r r le- I" In lh .. It' · amplifl.. r f "' Ie. 5b ).
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M A T E IlI A L PR I CE L I ST

dPkr lblod In Ed m ....l 3/12 of Vllf

Of EQU I P

(:O MMUNICATIONS

M E N T

•

».80
23.20
5&.00

Ed. 3/12

OM 398 . --

Ed. 3/72

OM 10•••
OM 27 .1 0

OM 22.40
OM Ill. --
Ur.! 15.l'l0
OM 152. --

Ed. 3(12

OM 7.• -

OM 15. 70
OM 22. _.

Ed. S/U
OM 10. --

OM 2.15
DM 14. 80
OM 26.80

Ed. 3/ 72

OM II. --
OM 5.20
OM 20.50
OM 13.10
OM 45.40

Ed. 3('T2

OM II. - -

DM
OM
OM

wllh a bowf' par t.

IlC II lt L001
Cn-455 D
IlC 8 11 L 001

f M- ATT ACHMENT

I>C 8 II L 001 (wllh prlnl'" 1,lanl
I>C II HL 001 (8 Ir ana lalora. I IC. 2 dlod...)
OC II ilL 001 (8 If l lll ..ra. I colllormf' r wllh ...,n.

I poll '" cor.. a.. t . I po t.) ••.....•
(5 a!y ro llu. 13 ....nnlte. 4 tan la llum ca pa .)

SAT E LLITE CONVERTER

OL II IIA 001 (with pr lnt.d pl.nl . , ..
DL 8 HA 001 (4 conlorm..n .... lIh c",... 5 I r lmm.. u) .
DL II IIA 001 (II Iran. l.tora ) , .....
38.88&7 MHI. (lI c ·e/ v ) , , , , , , .
OL 8 itA 001 wlth.bowtl plart. ". """""""

II "'11.1 fM OSCIL LATOR

I>C & IIL oce (doubl.-eoalflodl •.•• .•••••••••• ••
I>C & il L 008 (2 Irana il lu r a. I co llformf'r wit h ..o re,

II It7rof ll'll. 2 ee reeue a nd 2 f"f'dthroulh
c. pae lto ra) , •• , , , . • • • , , . . • • •

nc II il L 008 with Ilbov.. parla ". ",.

TRI P LE CRVSTAL OSCILLA TOH MODULE

OJ 4 1M> 00Il (with pr lnll'd p l.n) .• " ..• , ....• ..••
OJ 4 IJG 00Il (I eo Ulo r m. r wllh cor... 3 t rl mm pra.

3 cr7. 1. 1 hu ldC'r•• 13-pol . cOlln..r lo ra
. nd T F.KO c.... 3 A) .", ., ••

(4 tr . n. I.lor a ) , , , , .•• , , , , ••
wllh . bovpp.rt. , "" . • • "" ••

28-30 MUl. DIP LEXER AMP Ll f lER

0 11 2 KT 001 (with prl ntf'd pla n) • . .•• . • . . . • • • ".,
0 11 2 KT 001 (2 co lHor mf' U with co r- e and ac rf' f'n lnl cana.

I ree e ue lur oldl , .•... ..
0 11 2 KT 001 (3 trall" . lura. I IC) , .• , , , , , ...•. ,
all 2 KT 001 with . bon par la .• , . , • • , , ,

10-cm- I'OWElt AMPLlflEIl nm 2 C 311

Sllvf'r-pla t..d. r ..ady_ to_upp ralC' bill wlthuul lui.... pu...... r sul'llly and fan

Kn

DC 8 il L 008

PC-board
Mlnlklf

Mlnl kl! 2
C..ram lc fllt ..r
K1 '

Dce HL001

PC-boa rd
Sfom lco nduclora
MlnlkU I

OJ 4 00 OO~

PC-board
Mlnlkll

Sl'mlcflnduc lur.
Kn

DL e IfA 001/28

PC-bna r d
Mlnlklt
Sl'nllcondu..lora
Cryala l
Kn

OK 2 KT 001

I' C_lxla r d
Mlnlk ll

Sfomlcon duclora OJ 4 00 0011
Kli OJ 4 no 0011

S P EC IA L OrfE R
Wtl haw.. . num~r cA 2 ml!'t re tuOP tran.mltt..r a AT 201 1ll.nur.c1u....d by STE In .lock.
The ... un lta pr ovide . ta r r l..r output pow..r ,ol 12 W. Cr yl la ll rpqul rl'd IU 8 o r 12 MH ~

17pC" which m.kea Ih.. tran.m lll t' r IIl lla blt' lor f M lranam l..,on . if ••ul tabl.. phu C' 
modu l.tor I. Iddad. A m.lchlnc ampllludt' modula lur AA 12 la . 1'0 a va ll. bll for AM lrana 
m ill ion•. Theo N . re not ' hnp ""Ued ltt'm a bul romp ll!'l..17 I\I'W un lli.
P rl c ... : AT"ZOI Tran.mlll..r (wltbou l hlbP. ) OM n,' .

AA 12 AM Modul. lur (wlth...1 tubPI) OM 40. - -
Modul.tlnc l rana/ormt' r • . . . • . . . . . • . . . . •• DM 111. - -

P lt'... I dd ' n ..x1ra DM5. - - lor poa t . nd pack ln• . f'Illl dfotalll .nd c ircuit . va ll . IlI.. on r eqllnt .
V..rlq UK W -I\!n I C H T E . II. Oohlua 0110, 1)_8520 ERl.ANOEN . OIt'lw lt.r.e r Stn.... 45

Unlo r luna l..l,. there ha v.. bP..1l two Inc rea . ... In the pol la l rat..a thl. y... r and w.. a re efrald
the t w.. mlllt .Iao be lor r l'd to ral., our ch.r . ... lor pol l .nd packln• . The ne w rat.. I re
IlM 3.00 pC' r pa rcco l up to • val ua 01 OM 80. 00 and OM 4. 00 wh.n flllal, red potIt I. u lfll
' or b1ah lP r valued .hlpm",la . U ..Ilpr b1l'm",t I. r lPqUlr eo<.i. Ihla can be provldPd lor e n
u tn OM 2.00 "n the nor mll cha r ,

- 111 1 -



Inexpensiv e VHF.modules, manuf actured by the STE.comp any of Milan, who
are well-known In profen ion al telecommunic ation circlet.
European ccmpenente, Europ ean manufacture. Fir.t-c1an comm ercial con
etrucucn and quality. Available from the publi.her. of VHF COMMUNI
CA nONS or the manufacturer ', Please requ est further Information from
Verlag UKW.BERICHTE, H, Dohlu. oHG, 0 -652 Erlangen, Cl elw itzer Str.4S.

1-i4-146 MHz
28-30 or 26-28
22dB ±2dB
so Ohm

OM 130,68
Neutralized FET Input I lagel, pUlh·pu ll rET mtxer

FET 2 metre converte r AC 2:
Tha ma tching converter to re ceive r AA 10
Cry l tal 38.6661 MHz (HC.2S/ U)

SPKlflcallonl:
Input freq ue ncy ;
Output I,eque ncy ;
Cain:
Input IIl'Ipedanc e ;

NOlie faclor;
Imag e l uppreliion
Opera ting vollage :
Dlme nllOnl ;

18dB
> 10dB
12-15 VI1!)-20 mA
l 20 mm IlSOmm 1l 25 mm

eo dB
11_1 5 VIl!)-22 mA
2'00 mm • 83 mm • 32 mm

Iln4Ige and l purlOul
l uppre8810n ;
Opera ting volta-ge ;
DlmenlloM:

so Ohm
IIlVfo,IOdB S IN
-i 5 kHz (-6 dB)
12 kHz (........40 dB)

MOSFET 10 metre receiver AR 10: OM 208,45
AVl ltable lor 26-30 MHz a l IF "rip lor 2 m converl" rl , or for 26-28 MHz for reception of
the cl lizen be nd or for uee wllh lhe 2&-28 veriion of Ihe AC 2 converter below. High l e naili.
vlty . nlurel IIlCIlia nt Ihorlwava reception. The good large-Ilgnal be haviour makel It aUltable
for UI . al an IF etnp for co nve. lerl. Doub le l upe rhet with c rylta l conlroUad l econd co nve rl ion.
l · l tag...cond IF of -iSS kHz Built-In SSB end CW demodutat oe. Connect lonl lor S -m.ler,
nol.. limiter/ s quelch. Prepe red for Inl lallel lon of a pilllo·ce' llmic or rnedlllnlClll filter , A
d ll crlmln elor module II llvallablll 10 Iha t Ihe receiver ca n b. I wltched to AM, f M, CW or
SSB. A meldllng AF-module AA. I II a leo ....alla bl• .

Sp.clflcaUoni:
Input Impedance;
s..-.8lllvlty;
Selectivity;



•

•

AD. AA 1

FM Limite r a nd Discrimi nator AD 4: OM 30.35
fM d'lc"montltor for the AR 10 and other fle.'VI_, with an ,"term.d'llle ,••qulncy of 455 kHz
Advantaoe OVllr fM demodula tion Ullng the If-,Iope: lhe recelvar need not b. tuned ......ay
Itom the "gnlli. end Ign,lIon Inter f.rence I. IUPP'lI11ed by the IimUe, (AM·luppre"ion :
40dB, limiter th, ••hold : l oo" V)

Audio Ampli fier AA t : OM 29.70
Mlnlatur. ,ntegrated Af-lImphfl'" wllh .... output power of 1 SW III 12V Ida.1 for many
IIppl 'CIlI'OflI

12V/400mA (max lSW)
ISOmm a <&6mm a J2mm

Operatmg voltage
D,men.lon.

Tran. l.lor Iran. mitter AT 210: OM 152.90
" ·,t.v. cryllal-conlToHecI (..... .mln.r wuh modulel'ng Iran,former and .nl.n~ r. lay E,peel,lty
lu,wb/a for portabla and mobil. operat,on from 12 V C~tal. In 72 MHz r~ (HC-25/U)
Cof'lMCIlon Ivailabl. lOt' • 24 MHz VFQ

S peelflcatlonl:
fllfquency "'nQe 144--146 MHz
Output~
(unmodulltecl Clm...) ' 22Wat 12V

28 WIl12 W
3Qhm
2 mV lor 2.8 W
300-3000 Hz (-3 dB)
< 2 % at 2.8 W/l 000 Hz
l !SOmm_4A mm. 3:1 mm

Modulator and AF-am pli fie r AA3: OM 82,50
..·. Ulg. moduillor.nd audIO amplifIer m. tctllng ll\e tranam,ne!' AT 210 or rec.lVer AR 10, Built-In
relay ,wltches ll\e modulator 10 lha t ,t can be uMd •••ud,O ou tpu t for the rec:.tver. OutpUt
pow.r more th.n s ufflCI. nt for mobil. operlllon

S peclfk:. lIon.:
Ou tpu t pow•• ;
Ou tpu t Imped.nc:.
Sen.lllvlty '
Frequency f. , pone. ,
Dleto.lIon'
Dlmen,lon. :

Th. a bove m.ntlon.d modul.. can b. com bln. d to form a compl. t. two m.tre tran -e.Iv.r.
Th.y ,f' .....Il. bl••••to d< In Erlang.n. f.ttl modul. I. accompanl. d by • d'lN: rlptlon in
c ludi ng c!rc: ult diagram, lI.t 0 1 c:ompon.nt••nd c:onneetlon d.t. n• . Th... modul•• u n . 110
b. purth...d I. om th. r.p. . ..nl.IIv•• 0 1 VHF'COMMUNICAliONS In th. lollowlng c:ounlrl."
O.nm.rk & S wed. n, N_ . y, Spain & Portvg.I, South Afrlc• . Oth... countri.. pl. ... Inq uire
dlrac:tly 10

Verl ag UKW-BERICHTE. H. Oohlua oHG , 0 -852 Erlangen. Glelwltzer Str . 45



CRYSTAL FILTERS • FILTER CRYSTALS • OSCILLATOR CRYSTALS

SYNONYMOUS for QUALITY Bnd ADVANCED TECIINOLOGY
PRECISION QUAm CRYSTALS. ULTRASONIC CRYSTALS.

PIElO·ELECTRIC PRESSURE TRANSDUCERS

LII led II our we ll.known aer 'ea of

9 MHz crystal filters
for SSB, AM, FM
and CW appli cation s.

In o,oe, to "rnpllfy melchlng. the

lnpul lind ou tpu t of the " iter. core
pr' , . tuned d,fh:"enltal Iflma lor .
mer . wIth galvanIC conne<:hOI'l 10

the ce.lng

Fi lter Type Xf 9A XF ·96 xr.sc XF .9D XF.9£ Xf ·9M

Appl lc.llon 1 sse . sse AM AM fM CW
T"ln!m, '-- -Number of Fill.., Cry. ,.I , I e • • • • •-

BandW id th (6dB dow,, ) 25 ...H, '} ~ kHI 3 15 klil 50 kHI 120 kHz OS kH z
- - -

p.., b.nd Ripple < 1 d8 ~ '1 ee < '1 ce < '1 dB < '1 ee < 1 d8

In•• rt'on Lo.. < J dB t < 35d8 , 3 5 ee <, 3 S dB < 3 d8 < 5 d8
• ~

Input-O utput Z, SOO U !iOO ~ """" """" 1200 \.l 500 !.!,
Termlnal lon C, JO pf t :xl pf -J 30 pf ., of ., Of ., Of--

(6 SOdB) ' 11(66Od811 8 (6 6Od8) I 8 (660d8)1 (6 60dD) 1 (6 OdOl2S
Shipe rectO!'

(690d8)2 216 8Od8)1 2 (680d8)2 (680 d8) '1 (660d8) 44
- -

Ult ima' . AUenuel iO<l > .~ en "> 100 ce .... 100 ee > 100 se > 90 ee > 90 dB

KRISTALLVERARBEITUNGNECKAnBISCIiOFSIIEIM GMBII
o fli24 Nedl .,bl. d1oh h. lm • POllf edl 7
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