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Andreas Schaumburg, OF 1 ZW

Power Supply Unit

for Travelling-Wave Tubes

I htrt, . r r I""u 1)<'~~lh lr "" . ,\~ In ""huh

r.diu lIm.lrur~ ,'.n i",T'M~r lhrir Iren 
~lIIi~~iun pu""" in the 'IIF h.luh. Fir~l,

h.\ u~in.: Mn end ~IM':' ""ilh r ' l", n ~h ,

hi.:h ·p',.rrrd rmcro- •• \ , C;. \~~ ~ I~ .

Mnd ~t't'undl~ h~ tnt'.n~ lOf • IrM\,lIin.: .
"".\t. IU~ .~ • p',. ,r Mm plifir r II ~

l'1"nplI,,~un .ilh (;11 \~ .... I ....
It'liI\rllint.!·• • u tUM. In. u~rd hut full~

fun,II..nlll cn nd ltilln. Ciln t'.~il~ bot' nb·
11I1n" d in lInllllt'u, 'lldiu nt'. flUIr"t'I~.

I nrllrlunllld ~ . "uII.blt' pt•• er ~uppl,

uml_ • hI' h nn dt'IiHr the ~pt'<'i.1

upt', ..I,",: , ..II.':t'~ fnr the IU~ .rt'
difTinlllln find ,

I.
(;) " ~ \ I. ('0\1 \II.:\TS O~

(WLN: \ IT'" \ ". N: \ \'1-'1.1.1,(;.
\\.\ \I It III .

nIt wrru ~"" If Idl nit wave
IUt'< " lI"nll;lll) u'>Cd II Ih~ 'I 11 'll
(,III lrc,",ucn,\ range I.' Iced lelc'ltlll
pr"IHa~m, Il'''r ....kit Imam ".111 'n

'..

IhrtluJlII ,I t1l1\ r""".I\l' r .IJ... 11n~ " .1"1ll

uncr -modul.mon mtcrvul 1'1 tll\JU i ~ ..t
1.lll1eJ "" ilh an 1Il11lol i p' ,lun'·w mhr"lIIw J
,'ulpul,'1 1 lO Y.' Tlu. trav clhng.w av c tube

""... Jndl'po.J t->\ S,nll,n . III I '/~ SUI.h
umt-, haH an ...."'J a l"lal .. r wvcral
I lk lu ~ a lld , lpo..rahnJl h,lur. BHaU~l: ptllfll,

n:p laH' Iht'lr IU tx ~ ""ben 1l,,,, po.' lIl1lf In

~ 'mpo.:llh,'f} IU!'lt: In ..Ju~u..tclv rU/ll.

II lilli' ~ ..nl,,hI"1fl "' ... fmJ lhetr .. av 1""'1"

the ul'J'lu m rlr.ct ..oJ ~an ~ ,."w.: 111 ucctul
hlf r....,h.' ..metcur

"" ,Ih n'lfanl hi 11K' " r~ UI I J",,,,,,r ~upp l )

(CPSI lok",n!'lt:'J nelll" . th" IUt-c , n
M en ) lokli\ cr a ~4Iura lll"'" J" ''' ~' !cHI IIf

up II' ~OW III the III (, Ill Amateur t-anJ
The IIlpul J"'''''cr 1'1 (he " nUll J"'·..... cr

, urrl) heR' " up 1,1 11u\\' h lf an mput
\l IIt.lllIfC whl~h u m tx· between 20V dm.!

15\1 An mput \ " ltil lf t' II I 12V would
~cn,11Il1\ t'>!.' more tavourabtc 'I'r J"'>rt .,t->I(

uvc hut uicn currcnr-, 1,1 up II' 2l\A .. ould

have I I be .0nne",1.1 up ..... Ilh I""" 10 loC

.. hu h I ,,'''' pn-blcm.uu al I uu-, I" ...
~ I'Jlil~e

In pracucal tcrmv. a Ira\c1hn~ .... i1\C lut'll i'
• nla.. 1r. 1>0', .... rth S\tA input allJ "Ulput

, ket al1\.l a rnulnplc plu): I.., the J"1.... cr
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\Urply. Problems 01 ltlw - I~\ wide-hand
luning of the inrul lind ou tput Imped ances
111 50, such 8~ arise with GIlA\FET

amphfic rs. have already been ~uh'cd by the
IUN: rnenufecturers. Pulling I trev e jhng
wav e tube Into operation ha'i little 10 do

wi th micro-wave technology. but ts TIther
II problem u f circuit power supp ly develop
rucnt. The foll , \w in~ voltage lind cu rrent
lcvcl-, an: rt'4.lll11't'J for the opcrallpn "~I RW

tr vclhn v tube

Helix (helix) voltage:

400V mil
app ('011 rnA

401lV. max.
app no rnA
511110V. max.
]mA
J fJOOV- 4lll)lIV,
typ . H OtlV
6.3V -o.zv

The ci rcun power 'iurr1y can al\l l be u\Cd
for othe r travelling-wave tubes if con
vcrtcd I I I other v(lilage\ and current levels.
It i\ me rel y nccc \ 'iary to alter the winding
rati,,,, of !he ferrit e tnmfllrmcr.

Imporlanl tip\:

The circuu pllwer supply output V(l llllj.:~·\

and current Ic'ch lire high I) dangeruu\
n )' u mu 1 he careful 111 prevent
l «rcmal c"nlad

Never '"uk rm 1 luhular c llndUl'lur\ vurrv
Ifill lnlfi\mllllllg ppwer and oren III u»
other end' Al way' keep . vafc dl\IJnle
trom the transmitter ae ria l'

The rad iation pm 'ec'lio n regulauon c lor
micro-wave irrad iation \ hould he adhered

to.

A high-frequency 11ulpul power (11 40 10
~oW requ ires lhil"k high-Ircq ucn c j c,jhln
and h~h l coax plug\ .

•..

• 11.

.....forr .., ,.._.I.' ..
0.10 . . •

hI...... . .
u•• nv ' .... ' 01 •• c•••• • .
~ f~l Or F- - " ..., ,.
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tt -'~ (j
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IH ",( 'RlPlIo , cwc 'UU 'l l 1'
"oWER SUPPI.Y

nil' IUlldl"l1pllhl' cm uu pt '~ l' r \urrl~ 1\

lir\ll'\rl'llIIl'J 11\ the \l'\l ,IIlJ then l l,mlil'J

\hr.'II~h me hl,'ll.. ~lnn~ Jla~r.un III h,l! I,

.... hllh 111\\'\" muc h \llIlrllrll'J \11.'..... ' 1 the

rn utu r lJIIII

lil Irl u lI J1"~n \Urrl\ I rl ,llh ' ''''''

,r tllli f"'''''cr \Urplll\ , ( "PS, " J1'. t, ll lll ,l!

lIUlr"t .Jll1Ih 1'1 "0(' motfu-r 1111' lir \ 1

ll'S I h ,l! II I!cncrlll\'\ nnh 11M: Ikh\

IHcll\) \"lIal/e .. I ~"V . rlu \ tnc InJ·2

\"lta~l' Jt:n \l'U In- Ill lhl \ lhrtoul/h it lhil.lt1

,,11.&:11I,:r JIt~\_ The I/nJ·2 \1'11.lI/C ~.iln I"C
, "" ' l l hI J " 11 .1M "II IIIJq....:nJt·nlly ,'I 1111:
Illl \ ,Il al/c . uvmg J hll/h ' \I.ll.l~l'

Idl1J1lI rct.rv. Rcl , whu h 1\ \cl) ImJ1''f '

.111 lllJII\~ ur l hl beam 1,,,"U\l1l1/ 11\

/l l UJ' l llllljl ·"".I\t'IUht'

nit I lth\ \I ,lt al/ ( I' arrlllJ .... uh rlu, Oil

Iht' v.trth. ' " IIt.lI .u qumng the Hell\

\ ulT....m .1ll,J the oUlrul \"II.I!!I: require n"

f'l'l. Il! I II \ I r l r.lll" " Fh c lidl\ rm-rn I'

.III..lUlnJ .II lhf " lI l r ui vrdc " I Ihl' CP ... . the
'Ulr UI curre nt ht'ln!! IllllII(J h'a m..xuuum
I Imo\ lhc curnm 1IIIIIIJIIIlfl I 'en

nron III! ' lIIl e II hl UITClll .... vrc

\. l " 1\1 the I tell \ , .... III' II I' 1Il.IUI' "I tfun

1111~ ' I I' " .... Irt· ~, 'uIJ \''' '1I ht ..Jc\ln'\lTtl

n Il ' II l hu ('lIS d ·I!! ,2 ). ro'\t·nll.lll\· \q\,ir·

.l l l 'J Ir "llI lhl' lir,l . t:tlll'f "lf ' l hf r~\llJIJ.i1

, ' II ,'~ I" lI'r I "tin I" r I, .. p il l" l lir .mJ IhI.'

. 1l' ,ll trl~ , ,, lt a)tl ' A l' lrlott· r,lf! II I lh t' I" '"l'f

to'r lI pt.· r,l l tnl/ lhl' 111ht· 1\ \lln\l rh J 11\ lh l '

Cl's nil' 1.llh, llle .... '1\'1111011 ,, ' Ih.. IUt>..

.HIl"Ull l \ (" 'ilV h ' l ,lrllI, '" 111.,1 ,III

,,,II,, '1' IIIJ Iht· " r h'l " Urk r mll,I ko " dl

,n ' lI lal, J I"r '"II,I~t' .1\lIU" III"n n it·
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~"II('~h,r·~ \" I I a~C 1\ rt'I/Ulalt'J hy me.IIl '

"I the ,'ph ...ouplc r . ArlJ the ,uUn lur I
\"lta~~' I' ,II", ,I"nll: I hruu~h Ihl: Wllltl lll )1.

rallo 1.1 the rcrruc lral1\l"rml'f II ,,"'lh

output-, arc 1" aJeJ ar rr"\lmall'i) l:"l u..J1}

The hl:alm~ \1' ltat:1: mu,1 ht· ,1..hih ....·J

uvmg .. 7XIJ(, \la.hi li\l.·r IIl lq traletl cm uit ,

1, Ir ~i lh iI d,,\CJ IUN: the t "l UII J1""'t"

\uppl} "' I I I trave l J .. ""n anJ rnc m pm

\,'l la~~' "I the '1,lh,JI\Cr mlel/,alt'J vmuu

lhu , J T'l'r ' 1'>.11" \hall'l\

The I urrcmhmua uon l In U,1 I ' IIllt'nJt:oJ h'

rr,\(n l the l Ut'>l.. 0100 Ihl cm uu J1""n

,urpl~ II\I.·U II 1\ \l'1 up Ihr"lJ~h an R...
,hunln·'I\Ia.nll': 1I1 1hl' l u mm.-n c.uth ~ln'

,,' the \.10S I-El, on the mpol \I,Jc ..I Iht'

pu-n-puu linuu I" I~ cr \Urpl\

Fbc hl''l l "' ,nnll oJla)!.ram. l 'i ft.l . 1\

'" -mcw h..1 vn mlar I.... Iht' I""", In UII J1" "'cr

\upplic\ 'I'm: oJll!crrnt,t·\ ancc In lhe

num ber "~I 'lUlpol \ "It'I)!.( \ .1M in .I~ 4u,nlll/

the current ,InJ \"llal/c 1, ... n 'tWlal,,,n In

pructn c, cac h ('f'S \I'n'I\" "I I""p Iunc .
h.'nill unu- the Jn~n-u'Il\"nn l 'I'S ,11I1.1

the PIJ,h'rutl \I>tI\l:nU "" ll h a u>tlln,1

cmuu.

Ihc pt ,.... r r r .nk .'1 lhe J"""!I ·u>tI\Cnn

l'1~ gt'nn"lc, the IIllcmk'JI,lle \ulla~c•

U" JIlU ,,,n\l\I\ III Ihl ' \ ""ilt hml/ (r,Ul'I,lur.

l l , the 'l"f,It!C 1I1.. l<e, Dr. .1Ild .1 rl'll'\l'f\

Ju ....Jc. II I ,\ I''I,/\' ll.trl ll1)!.l"11 Ir,,"'I,I"r 1\

,l t hht r" lt: l \ U\I·tl." .1 vwm h hen- \lml II

i' vcrv C,l\y In I"nlrul An N llMrlntl

M()SI'l ~r woultl ,WIl..h wllh eH'1I II'"

111\\, hUI ",,"u IJ IltTd rlll'''-' C\ (X'II\IH'

t Orllrp l tll"rt: , JI"rl lt' Ihl' Ilud u.I IIII~

f" 'II'nh,lh llll' 1II1t"tlllnJI,llt' \"II;I~l' , lJ "
~ ,1Il tlullU,llt· hl.:1 .... lTIi III .mu I '\V ,

Jt pt.·llJlll~ " II Ihl: I,I,IJ lllltllhl' h,~h ·\ , 'J I,I ~l'

In ti '1..'1.

nIl pu\h 'plIJI U ' ll\ t·n t"t 1\ 1"'''''l'rl'J Irlllll

Iht 1II11'nneJlall' \ '"U;I)!.I' , I J" .mJ ~l·ncr.l l l'\



fhl hl~h "IlIt,lttC\ II Um\I\I\ 01 JI tcmte

fr" n\ I" n u..-f, IW" p"wcr MOSI·' ·:T\ Jloo I n
Ie 2 coutro! UIl.UlI. The llulfl'U1 \I~nal o(

Ihe Icmtc Iran\ f" n,":r i\ fCl.- lilicl.! ;111'"

1..lu-red .

lhc ~kV", 2AkV hi):h vnltJl):c i\ •.rI.UncU

h)' ~uaJrurlinR the vtlllaRc , The 4U IV

rrqurrcd an: ftCOCnllW h)' lJtlllhl lll~ lhe

v,,It,,fte , The he~ll in ft v"l la):e i\ \ Impl)'

rCllilkll anJ \l ahiliw J h)' nK'an\ .,r lin IC

7MU(1( I. ~ A I)'rel .

l'hc hl"..k wmn): JIII~nlln (I 'IIt,I ) ItI"C\

on l)' .. nl\Jl:h ldell .. r 11K n:lllli" lIll"n Th e:

Iw" MOSH:h in the fl'U\h ·fl'U1l an: ..·"n·

In ,lkll h)' Ihe Ie Lcomrolc m uu (Um ln-.k

lJ( ' H 2fJ) ot rne pmh·pull ..·. >11 vcrtcr, with

.I ..hort J eall time, 1.c1W \WII"'h llllt Ire
qocncic-, have ..k lihc nl ld)' been \('1« 100.

hn dUW III the vcry high mtc mal .... raci l·

.IIIl C\ wilh hifth -vnllagc tum..: 1ft kil l Ill"

10 kill 101" a IldiJ: c inuit rltlwe l" vuppl y .

1l1C IIllenJal n pat: il.anl,:C\ III O)fJIK'l'lllln

with Ihe leakage in"'Ul lanl:n mU\1 be
rc· I. l;IlIeu 1"1" c"cry ..wi l..hin g Pflll 'OOUfC,

whu h t:enera lc\ n:\l )fJIIKC ..'UlTt'"nl" antJ

thuv hl\\e\.

In "·llnlra\1 III Ihe bet te r known S(i 1524,
Ihe UC .152h ha\ Iwu mleltnl1l'U fl'U\h -fl'UlI

llu lfl'U1 "'ri" e r. fOI" lIirn:1 "'I>Illn,1 of tllc
MOSI'Eh. U II l\ de ..in:lI h i U\(' loc S<1

i:\24 , wfuch i\ ea\le l" III I)h(am, hUI hll\
unly opl:n l'llllcc'lur I'l.Jlptll\ , men Iwo

1Il\..' r1 l11~ In\c.... mU\ l alw av \ hc WIn:J up

\Uh~Ul'ntl)' , AI Ill"" \ ""Ik hin, Ire
4uell"l t' \, Ihn'e raralld-wIR:J " I}oI '} ( ·Mns

I:nJ\ t'a ll .llway \ ""': uw"' .

'1 11t" ..", II,I):c" rq:ulalll1n "'lIln,1 , In' ult i\

dtl \ .."J hy Ihe pu,h-pull l"lIfl\'e n n in lhe

,j.'WIl-t'I'n"erlc l" Jil"e..·hl >ll, "Illl' "wlln1Jlcr.

",~c lhl'f wllh thl' ..umnll mUlalll ln L'l11llp3<

r,llllf. ... .lIre;....)' integra lcJ In the LIlnlru l

"I ft' uil III the Ie I IJ!lwn-t I'n..-cn.., r. Thc

-- - il-
vohOllKe t.lI,u ruUer 1\ wired up .... a PI
"llfl ln.lk'r Tbc I hcha" l..ur 1\ \('1 U\ IIlIl Iht.:
R2 lnmmcr . The ..mplilinlilln IIf the

..wllrllJlt:r .II h illh (n:"luclllic\ i" K't.lUll't.I ,

lkrelllJinK lin the value "f Ihe IlllJi.... it.luaJ
trimmer, III lIM:: rlllmi al whi..h Inc 1I)fJlrlll

ctnuu IIflCtll lC\ in • "I. hle manner The

re rcreecc vlllu.gc. URI = 2,~V , ):c llCrllleu

in lt " I , i" fwln lhe t 'I)fJlmllcr 11\ the l"alc'J

value .

T he .....wn -..-on vc ncr " pe ra ll' \ OIl 01

\WII..hlllX 1~lK' Ik.)' III l ~ kil l w hu h 1\ "l'1

IhnlU):h R I The l 'f!Crall' lfI u l Inc ..um·nl

hmll..lll1n l\ 'oC1 U\1Il1t loc Rt tnmnwr A"
\l.1fI JI" ItIC c-urrcnt cu·cc::u" .. \Jll·"l lil

\lalue. the "wll..lll n): Ifllll"i \ II.... 1'1 . "
bl....koo h)' lhe L"lIl11 p11nallll" inlC 1.

The lran"t lli lfl In .m yult.ge l11f11fnl hi

t'um'1Il Iimil. linn i" nil il"al fnr an)' u n 'u il

ptlWt'1" \Urrly IInJ can t'au'-C Il"l"illa llon\ In

oWlln.I , However, in pf1k"l i'-C Ihi" ha ' nil
c ttc...·1 III .. II , vmcc in 1111)' c·II W fhe ..UITt'"II I

Iimllilltnn Cllllllllc" 1)fJ1)' in IIIe event 01 "
m,lIIluOlllO,," .

J.
T ilE MAI;NETIC
STRllCnJRAI. COMI'ONENTS

BlIlh \Ioragc t·hob'\ ,tIIJ hll:h ·\'"lIall"
lritn\hlflTlCl' 'If'C u\('d JI\ enerllY "llIrt\ 111

the ..·lfl UII plwcr "urrly. Rcuu\(' III lhc
IX' p llan ....lll1n.the ..·IIn: m.lllcnlli u-.c;u lor

the \ ltlflll:c ..h"kc l\ a nnll UlfC wllh II IIIw

pc nJlCah lht)' Ilf 1IJ"f'. II_I ('If ,I ma.imum

indlH: ltun uf lI .M Tc ..la Fem le wllh 01

pl:rnlCahlhl )' 1' 1 ahllul 201111 ..00 II \lIlur..·
lIun IIl!JUI:lil,," k\'clllrO.l '1"('\1. i' u\CJ f'lf

the: Inln \ loOllCf. Yuu c·an wulllillc \hll'llgc

t.:h"kc. Ill", )'IIUncU , ... N)' il n:»tJ)' . m.ldc.
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ETD 4I}wrt"A(C'=21omm.2;f l'ikHI
I jlnmrn..S·B ,JT'

W IV

each , together with enamelled wires,
flexes. insulation tubing and insulation foil
feathered on both sides, with plash,,' spray
to soek the turns (c.g. Kontakt Chemic)

The transformer winding data for the
collector CPS are a.sIollo.... s.

Winding data for transforme r lor lI c1 ix
CPS'

ETD 4Ycore: Arc = 2 10 mm .2; f = 10 kH/ ;
t'"' 50 micro-S : B = 0.2 5 T;
n =0.4066uliIN

Primary: 2x O- 15V,2xO·7 tu01"
nf20 x O.2 mm. ne x

Auxiliary: fI- 15V,tJ 7lumsol
0,4 mm.CuL,
'i kV insu lation

"«turn o!t,OxO nun
lie 5 kv in utauon

( 540 .. flno'O 660V

O·2 1/'l ·240 2f>4tums,
O.3mm CuL,
5kV insula tion

U'0 16U· 2I)( j '0 230·260 V,
0- 64· RO- 92 • 104 turn- ,
O.35mm CuL,
5 kV insulation

(J· 15V,
()- 6 tums \1[U.7 mrn. C uL

Secondary:

- 2 -

Secondary:

- 3-

Secondary
- I -

\'fo.--- - - - - - - - -"""-""""= """"""""""
The choke: for the: Helix CPS ties an
inductivity, L, of O.6mli and a current
carrying capacity amounting to 4 Ampe
res . O.2mH and a current-carrying capaci ty
of lOA are needed for the collector CPS.
The author uses type 77552· A7 " Kool Mu
Power Core" ring corcv for hoth l' h(lkc~.

The core h. wound with 47 turns of \.5
mm. enamel copper win' for II l OA current.

and XO turn s of 1 mm. wire arc needed f'IT II
4A current The numhcr of tum, lind thu
the inducuvity 01 the «orege choke ll> nll

critical. With It \1(lra~C choke I f unlimited
SI7C, a nat [X: would ~ present In
practi se . ihc vtoragcchoke is dtmcnvroned
in such a way thaI an AC with apr . 20 10
40% of the OC amplitude is superimposed
on the DC. These CUITCnl ripples arc
smoothed our again by the subsequent
filte r capacitor, Cl, '"-I thaI the in
termedia te voltage , Uz, is approximately
na l.

For the lOA storage choke in particular,
the next largest core could also he used ,
since the specified cure can actuall y easily
ec driven to satura tion.

Preparing the two terri tc transtormcrs for
generating the high voltage is far and away
more d ifficult. Here the insulation of the
tum.. must he carried out very carefully, 8"
the voltage is still SkY. The fernie CO TCS

used are tyJ'IC ETD 49, without an air gop.
With the low switching frequency, the
more fovourah ly priced N 27 Siemens
equ ipme nt can be used . The better N fl7
ferrite material offers hardly any advan
tage here . The E1U 49 h 8 .. tandanl core
and is also supplied by a number o f other
manufacturers .

The following cle ment" arc requ ired 1..1 Secondary
construct uic trunsf..mncr:

Ferri te core", spools lind two da mp dips

o 7'iOV, 1000V. 1250V
1~ IOV,
o 350 - 476 'UR 7011,
u 17 mm (ul
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The ~r-e(.'imen\ wen: wound man ually by

the author, u\ing a hand drilling machine

wi th a crwk handle (c lamr-ed in a vice] .

The \pllil WIIi he ld in the huring w..:kel hy
a thresded rod .

Fi""t. the ..ewodary ctlil i\ wound With
nex. The beginning and end Ilf the nel are
al~l in\ulaled. u'IOg in\ulallng lutoin~. and
..oldel't'J 10one \ide (If the row of Nad\ Ilfl

the \Plli/.

hll' the thi,k net (for the pnmary

WInding ). only lO\ulaled erW\ art' hnlUghl
thnwgh n.lUr·ply lO\ulallOl Ioil I' u\Cd rur
lO\u[alion between the pnmal')' and cc
cllI'kJary ","lOdlOg' Tbe fil'l Ilyer o f the
high-\Illilige lum\ i\ then 'Il.tlUnd ,

The Ilyen IIr enamelled "Ire mUll be

neaU)' wiled on line aJ1Illhcr Il/llJ there
mU\1 he a vpece between the 'Il. in: and the
cdlle of the \pllli .

bel')' layer h mettkll1lully Im~gnalC'\J

.... uh pla\llI \rrity (thl\ 1\ pdnlcularly

1m""Indo" 10order In a" "ld .any arr ""X keh
10 the coil OthcNi..e a high-voltage,

high·fre"lucn,·y ';lIrllna can an..e 10 1tlf

J"'lI.lr;,eh, which de\tnlY" the inculauon .
Jmmediately etter \praYlng. two or three
la)l'r\ tI( IO\UlalLng rtlil an: lightly wound

on. !'ill" yuu can I lan the ncuteyer .

lAc careful to \'cnlilale the work-room
pnlpcrly. ll\ the enamel VllpOUr\ can
damage your health .)

The I,;uil emh are ~lIJCrcJ III the ro ..... of
tlmd\ on the \pt.Il!1 \lill fl't'e

Spray the rully wllund and wmplclel)'
ancmtllcd lran\furmer wilh p1i!\11l,; \pray
again and Ica\'c il 10 dry rl'r al lell\1 a day
!'lerol't' firll allempling III U\(" il .
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4.
POW ER SUPPLY CIRCU IT
ASSEMRLY

The ein:uil\ art' pul logelher 1\ cub
a\~mhlie\. e.g . un lm:aJhtNlnJ. alll!
muunlC'\J in hnplale hnu\i njl:\, Theft hI'
been nnaUempt In dran a layuul. \ilkc lhi\
i\ only. \Inglc unn.

The Jt''ll.'n-("ufll'crter (Fig. ]) or thc Hell).

CPS "'"'a' moemed In a 74 l 111 l .\0 (mm.)

htlU\IOg. and the \uh~UCnl hlllh·voltalle
genrralillfl blllk plsce ...iuun a Itl2 l IlIl).
SO (mm.) \JlaI:C.

The llUlpu l vullale of ·5kV from 1M' fkli_

CPS mU\1 be carefully filtered , 'iocc
di~turbaoce~ to thi~ volla,e coulJ lead In

an tnrertererce modulation of the e1«tnlll
beam of the trllellinfl-wa\e IUhc .00 thUI
generate lpuriOU emi\\illlll (III lhe IIUlpul
vignal . All \ 'ullagC\, even thc IImne\:1111II1

between tbe 1... 0 htlUIlOJl.\ , flU thfllllllh
feed -thnwgh capat:lllln m each (:8..e.

From thl\ J""inll1f View, the 1'(111«'1111' CPS
(hg.l) i\ nnl crilical . It Wl\ .1 ....1 mounted

m a houving With dimen\illll l o( 1"2 l 101
X 50 mm. which i\ cur open al tine end and
thus tl(fer. 'pan: ror high -voltaJl.c recufl
calion and Iihercapadlon ,

Thc specimen CPS componcnu weft
mounted in a type 302 Schubert hoU\infl ,
All tinplate hIJU\inll\ were mounted with
the front Iace 10 the t>lt,k wall or the main
hou\ing, \n thllt the Iml heal from Ihe
power ..emi -l'ondu(:h!r\ l'lln he trun\Olilled
IOlhc hcal \ink\ alliJlhed lolhe rear wall .

111e three melers. for Ilelil l'urnnl anJ
n'"cl'hlf curnnh I lind 2. lire mllunled 011
the fnmt plalc .l11C\e three unil.\ at't~!IUldy

mu'l he mounled nu\h anJ in\ulllied.
pani,·ularly the IIe1;l curren I meier, whKh
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"""-====="'------------;~
I ~ connected 10 <1 .skV (,' m,:Ult The ~ClI le ~ 01
the bcrn -rn jtau!.:c!I lIl"C nol msulated lrom
the moving ~pooP

A meier wuh an current range of 3mA 1\

not com mc rcratt y anllabk You can make
one you~1f from II meter with rhree-p• rt

sc alm g (e.g. JOV) by removing the
com pe nsaung re ~i !ltilnl:e and Incorporating
a shunt resi~l ;iIIll:e

Th ree SWIU:lIC!I Are mounted below lhe

mete" . the mam po we r wuch. the Heh lt
po wer ~urrly ~Wltlh lind the gnd ·2 vo ltage
vw uc h

For cooling purpose s, the pow er se rm
con duc tors are msutatcd and screwed 10 an
alumuuum budcl If1 the tmplate
htlu!lmgs , 'I11C control c jccu omcs was
assembled on smal l ve ro boards. The
con trol s for the oproco uplcr in the CPS.
rogcecr With the stabrhser mte grated
' In;uII 01 the lube. mu st he well insulated

be fore mount mg. liS the assembhes carry a
\lolt<lgc of · ~kV Tbc slor"ge cho kes can be
so lde red so iI " to he selt -standmg. The two
tcrruc tran sformers lind the high-volta ge

capac uo rs are mounted on <I larger Pernnax
hoard, n. support, insulated and mounted
tn the tinplate houong

5.
l' UTn NG TIlE POWER
SUPPI.Y CIRClJlT INTO
OPERATION

voltage con trol and current hflllllltmn l. the
mU'nnedlalc voha ge. V,. appmllfllllicly III
v olts. IS provided by an encm..l po wer

supply lIllhe drode . 01

Now the Ie 2 cmuu po we r supply muvr
emil pulses 10 the IwO MOSn:Ts m the

push -pull . The Ireqncncy I ~ SCI 10 101111/.
usm g mmmcr R.s. Tnmmer R4 IS re~ponsl 

ble lor the wjdth 01 the pulse 'S .m d tv sci III

vuch iI WilY thlll a deild lime 01 app ~ "k IS
ob lillllCd l'hc control puree lor iI M()~Ft1

then bec omes ittpproll mitt lcly 4:' mn ro
'lCl:ond\ lung A fe"" eu cre -second s arc Icli
lor swuchmg lro m one MOSnn 10

ano the r

there I ~ already a high voltage III the

tlutPlit while these "e ltmg opc rill ions <He

bcmJt earned ou t. The voltage level ca n be

auered through the mterrncdrarc volta ge.
U,. and I~ measured by me an 01 ill

tugh-vchage sunnmg IlCiid The: author
bneny mcreascd the high volt age rn the
specimen 10 7kV 10 tc ~1 the mculanon 01
lhe tc m tc tranatormcr. An yone whc ha s a
short-wave rece iver available can usc It 10

dcrermmc whether co rona discharges arc

occ um ng m the msulanon II the high
voltage IS mcreased above a specrfic value.
the well -known high-voltage frymg e n cc t

amcs ahruplly.

'Ibe voltage ~hou ld not be ral 'ICd above
7kV, SIlKe (he ele ctnc streng th 0 1 the
Wlma capacuors is gwen u only 2kV The
lesl voltage of 3,llkV for lhe capac uo rs
corresponds 10 a maarmum high voltage 01
7.2kV.

when the co mp lete Ilelilt CITeul1 power
supp ly hlts been assembled. the pu sh-pull
CIn;UII power 'S upply I ~ pUI mtc operauoe

firsl .

I'o dnvc the pu sh -pull con verte r (With

A~. prehrmnary cehb rauon lor lhe voltage

regulauon. the output voltage of the CPS 1 ~

now M:I 10 .skV prc clM:ly Tbe output
voltage of the operational amphlicr. IC ~

(LM 3SH), is setto 2,.sV USingtnmmcr R7.

Thrs concludes the cahbranon of the

20t
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lIehl CPS TIle Imennedl..te voneec. U,
1\ applied agam and a conecroe -z volll.:e
of o$f1llV I 'Ct Trimmers R4 and R~ ate

\ub\C'\.fucnlly M'I. a5 .. Irudy dc~l.nt'Cd

..bcv c R5 Ii u'Cd 10 M'I a iWlIl.hlll K
trrqucncy 01 I~ kill Tbere \OOold fIt)W t-..
a hc:..nn g vonage 0 1 h 'V II the outpul u l
the ilil"ltl ~ lIb l l liCf IC Should lhc v(lltal:~

be 100 10",. lhc utlll l\Cr Ie' canh I. ...n hi:
1 IIl:htl~ hli:h throul:h a voltage d t\ IJe r

Tbc 1c'c1 0 1 the o lledl.r·l ....o lla l:e I 't
U\ In' tn mmer In l-or thu purpo\C .In

oscilloscope 1\'" IUlC...led 10 lhc ou tpu l 0 1

Of'C' rauon~1 amp hhe r I( ~ (I M ~~M ,. ,lind

Inmmcr Ri" Ift e:rcd A' KIOfl. lhere 1\ a

tllg d u ng c In thc OUfpu l ....olll ~c 0 1 Ie ' . II
normal!} Jump\_ and lhc output voll.ll: (' 0 1

lhc con ecror CPS 1\ 1001Ially cahhnll~d

To pur tbe do.... n .....on vencr mto opcranon.
the \upp l} volLilgc 01 lhe ...one...·lu r CPS I
nk,; re~ s.cd b) .bout 4 VolI, R I 1\ U d to
I. i"'lt~hmg Ircl.jt.lCOl:) 0115 ~u kil l

Ibe I bctw\lour ollhc volt4ltc~ I.If'\;UIII ' I
for \ubk cperanon u mg mmmcrs N. l ..nd
Rh The 1. 0 llcI:IOr el'S I~ no .... Iully I04lJcd
.... Im 1000d n:Slslon

T1lc col lc~ lor- 1 OUlpul I loadrd .... 1mhUl u
711 rnA ill 2,o$U,lV and the l:ollcl:tor -2
output With I _~I rnA III 4(MIV II nc\;-~\ \ilry ,

the ou tput vo1tilg~ mu I he l:orrtd eJ 'ttilln
\hghtly. uSing tnmmcr N. J . l1lc l'unCII!

hml14l11lm Ii <;('1. hy mum otlnmm~r N. ' .
m \ul:h iI m..nner thaill/U\I hlll \ 10culm

Fmillly , chel.:k lIglm Ihilt the CPS 1\

ope ral lng m 1 'llIhle m4lnncr under full
load A \hght '~I.·tllldAry ltdtu\tm('nt 01

Inmmer~ Rft ilnd N.2 milY he 1:41 l1cl! lor

Now the I rilvclhlltl ·wu~ luhe 1:,"1 he
I.{lone d ed ..nd putlllin opcr4ltlOn

i~ ~~~~~S

push-pull convener. and the." enure C1'S
I:an~ pullnlO ooeranon

Tbe PO"locr ~uPrI)' voh ..gc of !he CI'S 15 \('1
mu olV hl,:hcr 'hID the' k ..-e ! 01 the
lnlt'nnCdlalc \1011.10:1: , U,o 01 the.' 1• .\1 "cp 10

t:.hhrallon If the' crs ,\wodmg pfOJX'rly.
tht output \/011"11:(' II no", .-pp -li k\ Tbe

Ilo Il..:hlng 1~lK"nq ot rbc do.... n-eonvcn c: '

" ~I to 2~ '1.1utr b.. mean ot mmree

"'
Tbc I ~tu"lour ot tbe coetrouer 1\ I licre d

throutth trimmer R1 'The \<Iluc of R1 ,\
redu~ ('d unn l tht w nrul ri le '" ..
ult'tk manl'lC r To he l ttu an osouo

0flC' I ..onnr:..lcd to ltr pill - Il l OUrpu l 01

tM ..cerroue r. 1(" I II m ust be PM Itlle 10

1n('.1 UI'l' .. I:lem [X jevel w,thou, an)

upcnmposed AC Now the 5uppl)' voltsge
., ;&11 be IIKrr.~d to 2-lV ..nd lhr current

hmll.ll'on can toot "<:1 U In tnmmer R ~

!\ Io..d It' ,\ton at I t>N> \1. vera t 2
W.lIII re l\~ (, ere "" Ired up lfl "C:11C AI
'IlV ,ilJ1 ourput \ ulTtni OI t m ... Ilo .... mt:

Ibe \ u l'Ttnt llmUilllon, ~l U Ing tnmmcr

R' wbcn current trmu..non '\ used . the
\ OltASC controller 10( \ 10 11\ mUlmum
' lituc Thn ..an ~ m~a urrd at pin· HI. Ie
I, ... \ ...bo\~ Tbc Hcla CPS I 00.... lully
~ ... hbral~d

1o I: ahbra t~ the \;ll ll~~ lOr CPS (hg 21. the
IIdlli: CI'S 1\ .... Itdl~d oil and lhe: nlhoJc
0 1 the IrlIIv~thng·w ~ IUhc 1\ ~anhcd ,

.... hl..:h I:orrt \po nd to \ hOn"1: lrC UlI ol lhe
IIdu CPS

The \;ollel:l or CPS I I.illhbrilled In lin

~Iogou\ manner 10 the uht'lfllllon 01 the

'flu mca~urr make:~ II po~\lhJc 10 connc l:l
an o\l. llIo\l:0pc 101m., pOlcnll... I·\cparaICd

"oltillg~ iIIl:lIul\I!lon 01 the collcl.· lot CPS ,
whll.:h would othcrw l\c hillve II p<Jtcnliill 01

· ~k V
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••
1'11'1"1'11'01; TilE TRA \'EI.I.ING·
WAn : TIlUE INTO
OPERATION

Fbc IrdH'lhn!=- \l,4n~ tube cnou ld be

mourned 1'" .. coole r ~Ulfll'll'llll) 1M):" III

remove the III I hciU Tbc manufacturer

'PCUIII' d mamnum Ibn.-:c temper..ture
,.1 ,-"I..kt:tn' I I \w. c ' ~ r. to II' I J"UfJ"'.''''':
11 1 CH'n f"l"lt'lk It. IIp:'dlc, the tubr

.... lIhtlul .. H""kr tor hon ~'n\x1 Ih..
hou m~ temperature mUll be monnorcd. ,>1
H1UI'>('

When Ilk- u ..H·lhn!=·........ e rube h,,' been

""llrll.·I.!I',j 1" Ilk- cucuu !"'-'.... cr urrh tile.'
'lkd"l CPS, .... 11 bed on Ibc tube

II clt I nil .... 10.1 11,,,\,J Hmdllll'n .mJ no

etc lr\~ ..urrent .m.' II,'''' III Ibctubc I
rn"ld~ !>cUlt: 1k',lI,',j up l'he nr I tUTIl' II I

","'J III dJ'dnld!=l.'t1U ro pre h\.'Jllhc IUh.:

1('1 '"',\'r,,1 h,'UI hI 11'.1 !I, .. II' the

"lI'J".. nccr !."thod!: In It\!: 11II"I"H'II101= per
Illod. lhe III mea urcmcnt \ tem "to hi: ct
up '"u III.'I.'J iI IPldl ourcc hlr 10 (i lll
lhe output flll.... cr 1'1 whrch h,'uld 1:'1.'
\d nahk,,t 1I1111l11l'I~,t flt"~lhk, up III

~(}rll\\ ,\1" Jm Ill"': ro""l.'r 01 .tiomW, lhl'
IUbl.' I llllllr,llkJ n~hl up hI .tIUf.jtlllll

11lc ,Iuth"r u'ed dll X-hdnd 1\' 1 mgle

~I.'n,'rdll'r, \dfl,tl'1k "'twl'l'n I'i (, Ill ,IIlJ

1~ 4 (i l ll, ""uh ,1 pm-dll'lJe ,tllenualor, 1m

Ihe 1111111111.' vamll>k ddJU\lnJ~1II III Ihe

IlUIPUI fltlwl'r

An dmdleur r,IJllI lranWl.'n,'r, Ihl.' oUlpul

power 01 Wllllh ca n he rc~uldll.'d Ihrou~h

the ~onuol Uan"I.' I"er, 1\ ndlurdll) i1ho
Ulldhlc "Ibl' Ira\;dllllg-wilH~ lube o lJlpUI

1\ ~'onnclleJ 10 a power alll'nUdlnr, 10 the
OUlPUI 01 wh"h d Ihemmwr heild Gill hi.'

connec ted, ur it spec trum ;uMlyWI hi

,lIIdly\(.' lhe 'l~r1d 1

O nce till' tube hd\ bccu warmed up , Ill\.'

Ikln current ' Upr l) 1\ hh'lI~hl 1I1h ' " r,,:r,1I
11m WIlh,IUI <III) {i 2 \;ll ll .t~", Ihl'

Ira\ 1.' 11 1II}:· .... ave IU!x' rc rndUl\ l·I,I\(.'J

Inc G 2 vultagc " "I' .... dpphed, ..... llh\lUl I II '

control flll.... cr A current 01 .tpp IlO m A

11,1'.'" 10 IhI.' tube thrnu):h ,'"lIl'd'" !
\\ uhour III control, Ihe lIeh\ cum-ru ,md

IhI.' ,'t'lled Ir t currcnr arc .11010\1 /l'rt>

Fhc -cqucn c 111 .... hl,h II...., \olld!.:l' an

,lpphcJ dh tllutcl~ "1ll~1 be h'!I\..... cJ 11,111
11.'11\ H,ltdt.:c ,md till' (,~ \nllil~l' arc

.... lI,hI.'d on ~lnJlI".llCI"l.I I~, rbcn IIl1.' ck,

If,"1 beam can 11I1I 1000U\ IIl lhe IUhI.', alll! Ok:

Hcln current hmuanon n' f"IlflJ rm

me..hdld~ The level of the ).:nJ 2 ""lld).:

"m be altered h~ rbc .....kdltlfl ot tbc Idp I'll

IllI: 4/'1 '1.'11,' - ,'Il/Il' I"d h'rll:r J1I1Ik 1111
(I~\OlldP.; I I\PI i111\ 41U' "~I.l Voll

lb.' onrrol pll .... er I~ no.... WII hed on dnd

I, ..... I~ m,R'iI\(.'J Ilk' collector ~ ,unl'lll

tall h~hll~ dnd rbe ,olkll~lf·l curtctu
m,rea l'\ d~ lhe' control pll.... cr and output

pt'.... cr 1II~ reave II the coutro! power t

me rca I'd lunhcr, then 11ll.' output pt' ...cr

.tl 0 1Il,R'it!'C" UlIIllIIll.' I lc h \ ,U fTl'lll fI I'

h..uT'I~ Al Ihl' 1X'1l11, lhe mu,mum

flll 'Il>k OUlpUI flll.... cr I' Hhtduwd II till:
,ulllml Pll.... cr I 1Ill"Tl'd,...d lu nl""f, Ih\.·

clellron hl.'llm I' dc hXlI'Cd .tnd Ih,'

~ufTcllllllnllallon rC\flllllJ

In tJII~ eH·Ill. Iht: (;2 volla~c mU'1 hc
~WIIl'hcd I' I!. and ptl\\lhly Ill(' IIc1l\

\'lllla}:1' 1Il0, and Ih... IUhI.' '.til Ihl'n hc put

bd'l.; 11110 l.l~lCrilllOIlIIi n:VCl1\C order

!be aut hor wa\ .thlc III 1IIl'a\urc d

rmunnu m ~lIlUrdlll1ll pot' ......r dmOUI1lIll~ III

'\IIW m an c\pcrimcnld l u a \;c1l1ng · ..... d\;c

Iuhe. hon ly helmc lhe 111.'11 \ currcIII
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bm uanon K I In An oul put power of IS 10
20W c a n be obc.llocd In ~onl lnUOUS ope DI 
lUll. u,mg SSH and wuh I reaMlrl.lblc
uncr-modulauon inlCn' lll, wuh <In ampbfi
c anon o f more th an JUdH Th e
manufacture r ~pcClflC. <Ill <lmphflf,;ilIIOn ol

H d H in lhe onJ(1II11 frequenc y range
be twee n 11.7 lind 1125 Gfb . The
travc lhng -wa vc Iuhe ha. proved uself 10 he
very nll'!u. I ..nd 10 hive a long working hIe
m practise .

The "ulhor ool.1 locd some lube . from an
..matcur r1Id lO nel markel, ..nd wu very
surpr ised 10 di scov er lluil.lllihe lubes we re
fully opc r1l li()fIAI. Con nn uous-weve ste..dy
load trials were earn ed oul for 30 mmurcs
<II powe r levels of 2SW with Ihc rwo worst
eumplcs .

The ci rcuit power supply was capable of
providing lhe power 10 operate the lube for
longer period, wlthoul any modlflCaliom.

Botll luhes are aull fuoclioning toda y. with
severe Iimilillion s, in spite of bein g
com ide f1l bly olde r and suffering from
nlhodc: cons c mpuon . llle amplificallOfl
band of !he tube IS very wide . E...en al I
frequency of 9 Gt tz, no greal reduction
cou ld be detected In Ihc ou tput power and
thc ampliflCalion.

As thc uavetbng-wave lube: amplifier 15
wide -band equipment, II 11 e!lpecially
important 10 use .I !lJlC(..1 r11 l1y pure comml
tran smitter. The .lulho r', spectru m
analyser can be used .II up 10 IH G UL, !IO

lhal al 9 Glb the anenuauon of the

overtones can Ilso bemeasured.

AI an OUIPUI pow er level close 10 satura
lion power, tbere was .I reduction of app.
20d 8 , A typi cal value for wide -band
ampliflCn! There should be no problems In

operating in lhe 10 Gllz band With a
shghlly tower output pow er.

Unlon ullillely no meuurcmenl ' could he
camcd OUI II the lime, smce flCllhe r lhe
cpcctrum ..n..tyscr. nor the <l ucnuawr\
used, no r lhe . dApler arc \ pcl:lficd by S MA
for N \ Iandard .-:rcaler lh;tn 11'1 nil, h en
<I I IK G il " mcasu remcnt -, c..n already he
very impreci se

Cry\ lal·'lab lc frequency \Cparallllll WiI '
uscd to contro l the lube lor the measure 
mcm 01 !he uucrtcrcncc productv on lhe
ou tput \ Igru l Tbc arca around the earne r
was anal ysed U\ lflg the spectru m anitly\er
Al the 100en'..1ot tbe sWlh.hlflg Ircqucrwy
of the ctrcuu power \ uppl)', \ punou\
emiss iuns <Ire attenuated by app . 511 dB, hy

compsnscn With tbc earner. mea sured at
an output puwer of IIIW

7.
Mt:A SURI NG EQUIPMENT
USED

The mea unng eq uipment used 111 the
auth or's teborarory 10 de velop the c ircuu
power \upply is listed here.

You can usually copy my e xpenments
sUI:("'en fully With Icn measuring equip

ment.

MI n:oOlK- 12, 4 Gi ll Sign..1So un:e fl1 5H .

ItP Spect rum Analyse l Syslem 14 1, hig h
freq uency pl ug-in UOII HS 55A , 10 

termedute -Irequcncy plug-m UOlI HS52A

Ill' 432 A Power meier, H47KR measu r mg
held.

Teklrooll Current Probe P fl04 2; rx:10 511
MHz,

Teki roOlI Oscsnoscope 4fl5.
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.10 ---------
WCIO'K.hcl "llcnuat"" M,lI.Icl ~ 7 - 1 11-4 1 . ~I

W , 20 ..JH . 1X::· IIH i!i ,

Supply ..ourcc: m-l IBEXSA , Dll: tll'n"a~'h

Hu ke MoK -fIII V f,k V hl ~h · " tl ll a~c

wanrung head .

H.
COMI'O:-;ESTS ,\ S I>s rl'l'l.Y
SOURCES

Rd. hljlh·nll\ajlc n:1,,~ , \kJer-I\pc.- hljl.h·

\"H.tgc reed retay H oh/24 IG 127 ~UOI 12
Vlllh ; Hucrktin, Munllh . ..rdcr nil ,
.1 t l(jJyS

l-crntc transformer : ETD 4<,1 core. N 27
material; Sieme ns order no. BM Jfl7-G
XI17: Sp"ull.nJcr nil. IH'Il'l j flK· AH110..T I:
Cl1r,'rdcr nil. Bhh JM· Al tIlIlJ

Power 'ur r1y C irtU11 IC..: -rnA 4 7! M.-' ,

S iclllc:n\ order no . <)(.71 11. 10MB 1j

UC 152/1 Unur odc. P • II Elcctronu-,
M dlll / '!\ll\lcl i

VHF COMMUNICATIONS 4193

Storage l:hl,ke\. complete " T H IR" only :
Kern Kllu! Mu I),'....dcr COR'\; Orucr no ,

77.5.52·A7: HI·' -IB EXSA. [) lellen"' lIl:h

9.
UTER,\TIlRE

! I I Unundc Ime.IT integrated l:"ln"llll\
data and aPrlllall"n, hand"" ", ,1..
(I' + /I I:kklIlllllk )

(2) Ma~nellnKI ... ,I Mu PI.....dcr CI'n:,
bn.... nure IUI·' ·I UE.X'sAl

(.1 ) Stcmcnc Ferrill,' and AlTe' \ori e, Ditta
81... ,k l~ lN I

( 4) Siemens Travelhng-wa vc Tubc v
D;i1a Bupk I l,lMt'l1H7

( ~i K ugenvtcm : Pow er Supply Ci n:uih in
Pracuce
VI'~c1 RUlh\'erl .tg WUCrJ"'U T~ ; IS BN
J-MI J23-t172 7·5
(Spcd rncll n Tlulh II'TT [) A 471(1 and
SO 35241

I
I

I
I

IIljlh'\ "lldI/.C recutler Uh.un (l!'o24()

Genera! ln-uumcnt . " .. II Hc ktronik.
Mam / · Ka..tell

I l i tolh-\ '\.Ildjl l' l ', IJMr l lt' r\ ' 11. 1 mu-ro-}

2,l ll llJV dllJ P II- IhmV: ry rc .\ 11\1' 10,
W ima

206

(fl i Joect nm w ue-rcnutc : Power Supply
Cin'ull\ exrert
vcrtag .: ISBN .1· XM~Ol'l · 7IJj·f,

171 Kac \lPau li: Mil"RlWlI 'Ie Tel"hnu lull:Y
Fnin/l'Vcr llljl Mun ich . ISB N
] ·7723·551,l4· .1
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MI' 1,.,.·/1<1111", ' l Il t /i N / ,-,,,tl l ', ,/. IIt1I1'jfm I 'll I N V

Measurement Aids for the

LJ I IF Amateur

In l ilt' dt >\I'I"IIII"'1I1 "f t"lIIhlit·.. fur Iht"
I lit Alld VIii' h,, " d lh t" llInl.Oll t"ur

1I.. lIall ) 11.. .. I" IIWl.. l" flu "ithuul Upt'"II '

..iH' IIwlII..urin~ I" tlulI'II":n l . III 1l1i1kl" th e

""rio. t'lII ..n-r , "I' hav e de ..i~lIl"d ''''''
..illll )!t' pit·no.. "f " 1I \ j l i lll r ~ l'~uipn"'II' •

"hnh hlllu' Illrt'llId.\ .." ht'd IIIH n ~ IIlt -.. .. •

url'nwnl pr"hll"fJI". nllllllt"l ~ .. n ""Iu"' "
e bl e hr" .. d -h .. nd '" t"llI " ur l"n U' n l
lu np li fi u a nd II diudu "prrotlmc up I..
S Ci ll , _

..
•• ". : ! ..,

"

.r II',

J
•
" " ,

"DB 6NT ,I. ..
oj; "I •• ,

.. 1'" ,

"801'1

-D-
•• .,

'"

1

.. I .. ..
H • H - 0. .., ."•

0
f'-i

~....-'" D' • Dl", I D1

" 11
• • \ H • •

I "f'. '.~ . ,, ' ,. .. . " ". ~

t-i !o: .I : Ur mldhllnd \lr ll..urrml'nl Amplifirr : lUll \III , In 2.5 (ai,



I.
TIlE IIROAIl·IIANIl
MEASUREMENT AMI'I.IFIER

1.1 Inlrodu,'l iun

A hrpOIu-t'o;mJ anJ 1"\\i -II"I'C pre-amplifier
wit h ,I ban d wnlth )!" In).: up til the I k ill.

t'lanJ van lx' Ih ,'u r"r mal1 ~ pUI'pt'" " .,,).:,

J' :
Prc-amphficr It" JI,lIk Jcl,','h 'r\ III

"". ,'cp rncnvurc mrnr-
- Prc-amphficr Ior , 'IJn vpcctrum

,maly, c l \ or mn row ,IH' n'n'IH'r'
Mak c\hl ll ac n a! a rnphlier,

/I. tcw year\ ;I~P, II wllulJ -canclv have
teen pt'"it'olc tu produce vuch h;mJ widthv

" 11 a repeatable ha\ j, U\ln i'! amateur

rcvource v, " UI nowau ay \ inlq: ra leu

a m plilic r\ arc .J\·;Illahlc 011 rca\onahlc
pnn' \ , whuh ar c a man-h . with 11')!arJ tp

Ircll u"IK y n '\I"' ,n\c ,m u 11" I' C IJt h' r with
Illui \ IJll.llly h,II,II11'eJ ul'tTt' le a rnplil i t' r\

VHF COMMUNICATIONS 4193

1.2 \1 u,urt nwn l Mm p lifiu ci rc uil

H~. I , how\ thc rcsun of the c xpc n mc ntv:

the firvt vtage o f the mcavurcmcnt

amohficr I' Clluippc:d with an INA 0] \X4

MMIC (IIu.ntlhlhit' microwave i nlc~ra l t'J

n nuil) rrorn A\'anu:klllcwlcll -PadarJ
Thi-, module hOi , an ;tmplilit'a ti, ' n of aht..u l

,!."i JB .u band-wrdthv between II aud

~ .."i ca lt. The lower limitinll; frequency i,
dctc rmm cd "nly hy the l'I 'u phill: t 'itpat iL"r,

,I I the mput and outpu t. 'I'll,' no i\c litl'lu r I '

Ilclow 1 JB

The amplifier \La~e .\ lo llow'cu h ) ' a I'IN
Ull>ut' J 'Ullplll1/. clement in a PI ct rvun It '

;jUIU,1 the am phfu-auon . Fhi-, t irtu il will

certainly he familiar 10 older reader- fr om
the tclcvisum tu ncrv III the prc-MOSI'El'
J).:c, and pronJeI con - rant input an J

" Ulpul impcdanccv ov er the adjuvtmcru
runge The BA:'i lJ5 SMD Ji,>Uc uccd, from
Sicmcnv . i\ cvpcciult y suitable to r
J ,unp illl: clcmc mv in the Ircq ucn cv r;lI\ ~ t'

between I MII/ ;InJ 2 ( i1lt .

[lIC ,cn'nJ amphficr , ta).'c I' equlPlx't!
wllh an INA IOJM/> trom Avantck and

r t r
LJ I t
r 0_00 .,,,.
208
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.' ' L" ~''' , ' ' ''A ,j,

.... ...... ..., 4' '''

t
1

,, ..
I ,

1
,

rr:
~ -+ '

1 ' -
I

....

',~._ '-'I.

J

,
•

J

"i~ .-' :
('unlrul ~hil\iltur u( Ih~ (' "

lJi"d~ r~Kulilt"r

,upr lle' dhl.tll 2.'1 ul! .lmrlilil.llll ,n The
rcmaunng llnUlI ctcmcnr-, mert:J)' vet the

"Ill'rotllng p"l/Il' "I the drnrhlier, and fiJI"
ull-.Jn _ A "olta~l' re ~ullllor 'loIIhlh,n lhe
, ur r 1y \lolt,l~e , wfuch ,hnuhJ he betw een

,Ih..,ul 14 and 20 V Jh~hcr \"I tli~e Ineh
"I up 10 \~ V arc p' " " hk rt thc 7HLl2 I'

re phlu:u h)' ,1 ~H \1 I~ " r 7Hll and
,Ipr n lpn .ltdy ltlllll J

The am plifier JC'lnhcd rrlllJule, an
dmrlilicatiun 0 1 ~ l JH In the lreyucnly
range between 100 Mill .mU 2 OH, . A\
Fig. 2 \ ht IW \ , an amphfu auon o( to dB
can \till be IIt'ltillnCu ill J .S <.ilil . dod 10 dB
ca n \ till he obtamcd at .'I Crll, The lower

Frequency limit of 100 M HI can hc ru\heJ
dow n if ncccwarv hy enlllrging the
u .upl ing capal'ill Ir, t'ly 27r':
Fig . j ,huw, the ertccr .,f the PIN JIt'..de
J ..mprng element . The adjuvrmc nr range
uner\ more than 10 JB al freyucmie\ 01
lc....than loS ( ill" whit h \ h\ IUIJ l'IC enough
f"t" nll"t arrlkallon, The ilJJI II,'nlll Ire.
yut'n.:)' rt:'>p""'l l ncgligihle at damping
Inch I10c luw 2nJR.

\1ld,urHl)t the n"I'>(: Id,l l 'T u"nll an 1"lll '"
lo7S nOl\e Iddor meter )'lclJul caruc-, 0 1

1 JI! at I Jl I 'v1 J1 , dnJ 1uB dl 2 ( d I ,

1.4. .-\"rmhl)' lind pilrh li' l

A DUll,"" r ()III pnnleu cm uu ho 'drJ made
trom u 'i 111111 'hi d, Iol: I Du roul 'iICfJ tormv
the hOI" , I"T the ll"emt'lJ) " I thl' ml'd , url'
mcnt dmphfll'r , h~ -l ,h,,\\., the J d ~"Ul

h'T J"emNy iI\ f'l'r the com ponc nt-,
dragram (hg. ~ j . pI'< 'leeJ d' Il .lInll.'

hr.l make the hole, ror the ,onnnh 'r,

(SMA or SMC nllngeJ lyJ'Cl )' l arcl u lI ~

pn.uul"lng II clearing hole {In the Cil rth "Je
of the rnnlcJ cn vuu "',ard The conncc It '"
can then l'IC ,.,ldercd 10 trom the earth \lJe
The Flange chould be voldcred dcanl~ 10

the earth wrtacc . Che ck care fully to make
vurc there j, no ulrrcr vwarf l"au\ing 3
vhort-cirvuu .

The n through-hole rhlle the ea rth connec
11,,"\ of I I .mJ 11 in the u,ual way U\ lnll

u nn Nil" 1"11 anJ ,,'IJer 1'0 the:- rernammg
I\'>('mhhu (the unk: r of "rc~IJ. ," \ 1\ n,'1
cnucal tK: n::). BUI )'uo \ht>uIJ n:,pcd thc

ha,j c rule\ when ll.'I,B.ing Wi th l"I'mJ"~

ncnu where tncre i\ any Janger u! etecuos-
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"'a·":
Prin lf'd ("jrc:u il Ilund I.., oul
or the Dh idf'r (top) and the
\ t ll'a"urrnwn l r\mplitit'r
Ib"Ullml

,'I< -''''''H'''F."C''''OMYUNICATIONS 4193

~I..,G••I· DB lNV I
'J • ~B8N~:r ••

in 0------ --0I _

~"09"0 Amph T..........',
•• 1"

nK.5:
("ompnnt'nl 1.1)IIUl ror the

\tta,urt'nwnt Amplirit'r

•

,

"¢"'

.,
~ .

-t,
~ ....

1••

j I"

~l,
... 1

.. .. .. .

w{.rlonft '" Ilh componcntv "" here there j \

any danger of ctecrro-rau.. phenomena lind
keel' it \ Ic.td) hand .... hen filling the SMD
comp oncnr-, Mak e cure you fil thtO

IOICltrtllcJ ampliflcrv 'I anJ 12 in the

correct 1"'\111'10 the vlannng kg j\ the
input ' The hl,x king o lpacit"r\ m,lrtcJ
.... jth II 'tar en the circuu dI8tr:ram, which

are rated al aPr InF (Ihc value j\ nol
cnucah mU\1 hOI'" the vmallcvt pn\\lt'olt
tormar ,SMf) ,ift' ONUJ end art "'Iocrel!
"vcrucally" mill ar r rur nalc \11I1\ betwee n

the top and tonom ~iJC\ of the PCB Th i..
ce rtainly requtrev prec ivion WI)f\r. , ~UI on
the tithe r hand it dun pro vide c lltrcmcl)'
vhort ea rthing path, .

The en tire Ih\Cmhly ca n he built into II
vuitablc vhect metal hOll , ing. Feed in the
\If'Crllling v\IIUlgc and Ole '>C Uing voltage
lor the PIN Jltllic\ Om,ugh feed -through

ldpa,ihll" The \h>P IT"'[.>!"' R,. Ry for
the ampillier potentiometer arc choccn In

such II way that the w rung voltage can be

..aned hu m a'" 'U lll_~ V Itl 1 V

210
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j
• •

•

.'.
II

•

'''''2]'' -,'.. ~~ '~II *?... .
'.
•

•

o·
Ql Y

, f

UB INV
UB 6NI

iT •• Dr
Illt" nlC:..,un.:nK:n14mphlll;r 1\ ~14nl, (;-l rll;

drkl ,h<lllkl operate ill' .... m ", It\( ,upply

\ .. I1 ..gc 1\ l&rrheJ il the Jl&mrlnll d ement
1\ '>(; 1 fur mrmmum J "mpln& 13 V ill

AJlu' lmcnl mrull

All rt', i, II'l'\ : SM D, Mmimclt I'r (,' hIp'
' IIC 1211(,
All iIllJ lIl"lnr, : SMI>
Alll",p'l ~ilt 'l'\ : S MD, ' lie lll 'l l n ti. ,II,
hl,1t. "'mll • ,' p"l lh' r, mar....·J _ uh d ,tdl' on
thccmuu "/l'O(1l11

II

"
"II :
I>I· I} I

1-1';

INA O.l1K4, A\ anlck Hewlett
1>lIl k,mJ Of'crall" aho ,\ c R..'
INA IIl.Hlh, '\ \ .i nl l' l.. Hewlet t
1"ll'karJ {~ratl'\ ahol\e BH

7HLl 2. Ill' 7HM12 twe Inll
UCK4H,",
BAStjS, Slemen,

Ferrite hcaJ

2.
'I m: PRE,IJI\'IIlER

2. 1. C'ireuit I~,cripliun

L nltl 0<, ...., Jlrt'(,1 lrt''luenq me.'urc ment
1,1(' the amateur at " rta'I'n4hle , .. , I h.,
teen f""\\lhlc unl ~ u!" t" about \ { ,H I (thc
lre'lucnc~ lrmu .'1 the 'd·C J I\ IJcr. uPA
~"I anJ ul' B ~ "11 An~ , .nl" h,••,mrl\
CI'uldn' l tiel ho lJ .. I a mn ro vc meter

haJ 1,\ rel~ on c1at'lt 'ral c uanvtcr '''Clllal.'r
rrtlt.e\\C' .... uh herm oruc ml\ lntl ,'I'
c \ J"Cn\l \ c GoiA. rre-JI' IJer. ,

Over Illc la,1 )Cdr 1'1' "\, a lamlh .'1

rrc:-di\iJer. Irom Ple "c~ ha\ become
familiar .... hic h orcrare at ur h I ~ G U, f"r a

rn~c 1'1 arr. O M 120. TyJ"C ' S P,,911~ ,

~P"'X l4, SPX90H, SPX~ \tl and SPINI t> Jre
J\ J ilahle at preccnt • the 1.1\1 ,.... . ' numbcrv
lli\e the JI\ idcr IJd ,.r ThU\ ,,"~ C\1\llIlf

~U l M il l meter e-m 1'It.' C\rJnJeJ 1,'1'

Ire~uenclC' . '1ur h' ~ Gill

2"



10

Pc\,-... ; ~.....-.
... t ..t~.

.-...... \ •I • •

VHF COM MUNICATIONS 4193

hR.7:
Cumpone-fll 1..)oUI of tJMo
.. fC'quc-nC) Hj, idn

•
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HI(.K: J'"roluIHH' 'lu_unnwnl .\ rnpliric- f and Uj,jd("f unil

212



VHF CO MMU NIC ATlONS 4193

l-or the frequency di~' iJcr, Iypc Sl'tN IO

wa\ use d, whil>h " f'e ralc \ in lhc norm al
Dll....X ht>u\mB wllh a ....ete runmn g {rum

III up 10 5,5 Gill and need\ a \Urrl)'

vohagc of ••nly S V,

A\ ."!t . 6 , ht... " lIfl ly lhc \C1: .>nd . mplll'ie r,
11, .. " rephll t·d to)' lhe pIT-dI\'ilkr m the

mcasnremcru amplifier orcuu . and a
permanent vtlllllge con tro lle r "a\ added
lor uie S V rower \urply, The I>pcrating
voltage III the liN amplifie r i~ \till pnl)' 10
V, .... lhllilhe enure circu it Can be powered

al 12 V Tbc prc -amphlier, II, noC Ilfll)'

jnt:rea~\ the mput \Cn\I(j\ IIY 11f I~

d l\lidc r , hut 11 ...1 ,,"lIeth tne dl\idcr
rnt-.Julc, 12, IIIhich i\ ten time\ moee
Clpcnw..e. houliJ lhc Input \C \'c:1 be I l ...l

high , The prc -di\'ider llf't' ta lc\ in the

r~UCIIl" )' range tmm 1M'. 140 Mill tn fl
GHI With carerut leve t arr 11 M! Mill 10

6,H ,II/ .

-(~
\ide u\mg the \trip l>ondUdor\ When
m\talling the rem aining t'l'mpuf'lcnl\ , ont c

ilj(lIln m\Crt l.hc nnmmnm \lIe um" (SM [)
\l/e IINJ3) - lIflfl. I nF and aM" IOnF
hll.... king up,Kill'" - (valU<'\ nol tnlilal ,

marked " 'llh I \tar m lhc IIImng J,attraml

" \ e rt in ll )"" mlo aflflrornalc holn between

the lop .nJ bottom ,,1.1("\ 0' rnc rnnl("J
cuvuu hUllrd, Like the mce-urcmcm
amplifier, the enure d\\("mhly van he

inll1t'J"lfllted intu a vunablc vhcct metal
houving . Hg X \ hl>lII\ 1111'1' \ample ccr-up -,

or rne aulht lf ' \ .

The rre-Ji~'ldcr nec,h n,l halanllnt: e ither .

II there i\ n.1 input "!'lila!, the SI'INIO
u~ l ll ll lc \ at ahuut S Gil" liInJ.n un\lliIhlc
\Igna l an lU rMJ SOliMltl can be meil\ured oft

the ou tput Thiv phenomenon vhould he

wen.known rr om e xrcncncc IIIlth men y
utha Cmllte r-i.'" ur lcd "'g,t JI\',J et\

All n:\i\lul'v SMD, M,mmclf Ill' Chip, \ i/ e
1211t>

All inductors : SMI>
All CIlP'"-'lltll'\ : SMD, \lIe nt'll'nhl'.I ,
hll>t.kingt'apal>iton marked ..... uh \l4Iron
cinuu: \i/e {INJ]

II :
12,
1.1 :
14 ;

n ·
OI -m:

2.2. ,h \C'mhl)

A [)lJtlNT pnntoo cin-uil huacd mede tmm
RT I>unlid .5X71111,S mrn . thid fUl'lm the

....\ i (III' the a \ \Cmhly of the r«-iJI\'lJcr,
The layuut hl\ liready teen "hown lfl hg.
4, and the 1I\\Cmhly a\ pcr the w mrut!enh

diagram (Fig, 7 ) i\ carried I>ut a\ rur the
mcecurerncnt amphfier.

F;....I uMke the hu1c\ lur lhe connecuon
!lu\hl'\ (SMA or SMC nan(t.ed hu\he\),

rn-.Jocmll: • dcarin(t. bole tlfl l.hc earth \ilk

uf the printaJ crrcun hll.rd . 11Ic oo\I1c!o un
then he :..u lden:J in Irom the earth \ilk ,

Then rhrough -hole plate: the earth Other:
Ctlflm'l"titlfl\ fn.,m IlllniJ \ txll'tCn all leg, Oil
12 llu\h ..... ilh the: ht1u\ill(t, n .cepl pin' 4
and 1. In~rt pm\ 4 and S thnlUgh ho le, '"
the mllted Cln-ull ht ...nJ and ",Ilkr l.hcm 10

to r an J hutlom \idn , All o l her
cunncl'li l>n\ lire \olJered unty In lhe It'r

INAOJIIW ,A\I.nlekltll'
SPHYIlJ BIXi, PIc\'oCY
7HIU

7XUlS
BCK4Xh

HASYS. Siemen\

2 SMA Of SMC nanged hu\hc:\
] fcaJ -thnlUgh npacilon,

aW· l nF
1 DBflNT (1)2 PCR

I tin-plale melal htlU~inl
74 x] 7 x]O mm
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a,pI Phys Norha" Rohde

EMC - and its Consequences

Part -2

Unf"nundlcly.lhe rnultlple\ of the di\iJrJ
down tinal frequenc y Ullp up m,I\1
rer,i\lemly In the u..cillator a.. \ide·l"land\,

Ihi\ i .. c\flClially IlUC in ClI't4:\ .. he n the
Jl\lI1Nlllf \uJ"fllie\ high inpul \ 'nh.lltc\ .

the \ Ilt0oll I" mrcrmcdiatety am pllfird. Of
!he ,"!Ulpuh 1I.~ larT}m~ a Indmlt 1.1;lfJ
{bere, one IIMlllatnr pnn 1\ al~.u) 1\.. 1

man))

In the unull \hI ... n m rl(l:.9. the ron·
dl\IJcr lamn t>llly a hl(l:h-lmreJ Ole
It'llJ., So Ihill Ihe Ilmlllng 1n:4ucnl) Jt-c;\

noC Jnrt.·d-.c I,... much Jut to the tccu

through ldp<lllto.r anJ the ul"llc...
re\l\tdnu: 1\ .... lreJ up In parallel hllhr lu:J
Ihn,uJ/.h l pilolilor T.... ,l i1mrhtiu \tdlll
1,111,1" m the JIgllal..cltl\>II .....hllh prevent
Ihc IccJto,tt.k ho.. n In FllI:\ ~Ifo The 1.... 11

..tilj:l\ van 011 ....1 he u-.cJ -.cJ"'lf1llcl)

Arpftl\IOMlcly \!"'=<lklnll. Ii l.UI ..... d\\U
mcJ thdlllllcrlcn:nlC ~ignab .... hn h are IeJ
In ill the oulpul of an mJI\iJual \lilgc (II

j:alr or iI tran\l\tor) appear Jampt:J to) 10

hi "0 dB al the inpu l uf thl\ \taltc If an
lIl\Cr\( 'lourIcJ gate 1\ U\cJ a the \"Ie

I"luillf \tdlle. )ou I1IU..t en ..urc Ihdt the
"Ulput I f'Il'l unvcn InllI \dlllrdll,.n

'"

7.
TRANSMISSION OF
ANAL()(; UE SIGNALS

You mllt hl thmk tbcre are 0<1 \Cn ,"!U\ em,, \

10 h: m.llk 10 Ihl" an:.I; N I far Irom II' II
\1111 "Ccrn\ I,. be • pn>tllem In tcrrm nate

klOJ ,,:".I\1.ll.lhl4:\ "lth the correct un rec

""<
Ur,rd (In to) vorne 1C'.Ilou \ Ie

manula..lulT1"o. Ihe fie aoJ \uJC"'1 \Clio."
are hclllmmg enthU\la\lIl' . ""'Iul la\ter lInJ
f.\ler In\en, .. hll h can l'>II\('n ..lil l '"''1"('

nl sec 1001-k'nlall). thece are the ..mc
\uJ'flh('n .. htl .... I..h 10 Jallle uie uccr 1'>\

, .lIen nlt '"'lIT than II milium ~hoJlk\ ,,'

("I"ur Unfonun.tely,.1 llnull Je\l~n "f
un nature ffiC\\(' \ up mun: than the ptl....U

urrly Simll.r ll,ndu\l"n\ .....en: IT.llhl'J

)Uf\ agn. even U\lnll the much \Imrlu
NI' ~5S .

II 1\ thU\ lIrltucJ thlll the movrng 1,1;,1.1\
l"ulJ ruin rne 12 1'>11 prClI\I'," whrch . lel'\
admlill \tn.llthlaWII) - ha \ been t'Jtlu~ht \11

Jea' Thl" 1\ ll·r1Alnly. nol true In reahty.
Illr there arc \en prel'l\e .'ionSU



VHF COMMUNICATIONS 4193=->"""''''''''''''-'''~'''''------------(~
res istances wnh tolerances below 1%.
M\lreo ver ,!.he signal i~ very easily divtor

ted, due 10 the dependence on the Ire
quency o f the cebte damping, irrespec tive
(I f the wi ring, a~ ",,,,In a~ you move away
jU ~ 1 a lillie from the DC voltage on the
Irequcncy scete.

So before you use the newest model {If
dri ller or receiver. you xhould rlrvt of a ll

look for tried and rested ("good- natured")
broad-band operalionlll "Cclion\ • ror
example . the LM f!3f! 1. These opera tional
~el·t i tlns operate accurately enough, a,
long Il ~ they are operated a ~ Impedance
convene rs (V = I ). The LF )Sf! also
p"l\' ide~ very respect able band widths , a ~

long us ihc voltage dispersion remains in
Ihe voltage range. For ver o-symmemcat
~ i gnah , there i\ al\ ll the kind of circuit
shown in Fig, K, with cnty a resistance
leadi ng to earth at the receiver.

8.
1I0USING RESONANCES

The diagra m in Fig .10, {In the right below ,
has very general applicati on for few.., It
"how.. I Cl'i.e in which internal and external
licld ~ attack, and finally hreak throu gh. jhe
screening. It i ~ true, especially [or waxi al
circuits. lhat the scree n must he connected
In uie housing 110'111 preci sely al the poiru
where it penetrates it. Otherw ise "he athing
waves occ ur, which lead ttl coupling. If
you wish ((I save on expen sive high
frequency plugs and soc kets in high
frequ ency assemblies. you ca n use Teflon
w a l(jal cables and so lder the ~heathing In
lhe feed through point. This applies irresp
ecuve o f scele. huth for the ~mallcsl

tmplarc hou"in g" and fur screened n...Ims.

In any CI\~ . it i~ ft"' lt i ~h tn solder the
eOIl);iBI screen neatly In lhe printed circuit
huanJ and feed the ca ble neall y ou t o f the
hllu,i ng, in,ulaled by rubber rings! Inci
dcniatty, I didn 't intcmatisc this prin cipl e
until a 7Z F acceptance rest had gone
wnmg for precbety lhi" fClI. ....in.

Apa rt rrorn lhe interference [rom the
outside world, high field s insid e a hou sing

.......
lc m

Foil !liid~ ur. Pri nted Circuit
lIolltd for i n \'e~ lil(.ti nl(

Rn nn.nce!li.
Th e lI. rlo u!Ii c.r lh in~ option!!
ror the ea r th plane r efer to
nJ,:. 11.

Screening mcasurcv can lead only to II

rJamping o[ inrcr fercnccv corning in from
outvide , but rJlI no t e fimmat c the in
u-rtcrcncc il'df. Acronlmgly , il makcv
vcn-c III keep licld' a, ..mall 1I\ po\\it'ole,
\ vcn in do\cd hou, inll" and to lot.k for
rotms with II low field when mounting the
mpu t and oulput\.

1'" 10' the EMC p oint of view , , tri"
conductors and open rcvictance d n.:ui t..
have lillie sigr nflcance, [or the saving from
the cevlly co mprevscd strip conductors i\
only fil'til iou" since they result in greater
cxpcncc on wrccning.

•

lld

o,..

llb
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a

I
b

•
V c eJ.

1/ ./ ,,

" ,r 19.r'-

tOdB

o 2 "GMt .'K.II:
Ul«a!lll Hou,in ll: Simulation.
with Printed Circuli uoe rd
.) Input powf'r
b) Ea rth in. wllh .. M3 •

IOmm boIb a l corn,,"
c) 2 . dd ilion.1 C u lin k

on liNe IW.lCkcb
d ) 2 additional r a eth inK

link! in middle of I""C II
c) Earthi nx Ihroul:h .. lin k....

onl, . withuut bulb

al\ll haw: functional disadvan tages: the
oscillation (If amplifiers, faulty selection (If

filters, ere. II is o nen very helpful here 10
lay thin couial ce ntes (appnu.i mllicly RG
178) directly un the printed ci rcuit board .

8.1 An rumple

Let's assum e that two signal s arc fed into Ii

bou ..ing thmu gh commercia lly available
ONe flanged hu..he... run a few centimet
res in a compressed ,5(~Ohm circuit , and
then arrive in I filler. an amplifier, IIf

another component.

The question now arise.. of how Itl connect
the rwo clrcuhs .

Fig . 10 ~hllW~ a Ic~t printed circu it boanl,
looking althe foil side.

The contin uous earth surfIIL'c\ of the 1.5
mm. epoxy printed ctrcuu hoard were
connected to the houeing in various way\ ,

The ci rcuits ....'ere termina ted u..ing low
induction chip resistances, with _ J mm.
wide "trip (If l;'Oprc r foil leading directly
from the resistance 10 the earth surface.
Somewhere ebout half-way up . the prin ted

circuit hourd wa.. fa"lcncd in the nnplutc
hou ..ing (KO mm. x 40 mm. x 25 mm.) .

Initially. all auc mpt Wll" made to simul ate

a dicca ..' housing. Til 'hi .. end , all in
tcrrncdietc noor wa....u lJ creJ in at a
di..larll.:e of I em. from the Ioil ..ide . A

1008

2 <I,"
'.

b
IJ if

c

I JolK.12:
Tinplate Unu",inK Simula tion
",·lIh I'en a .. per JolK.1U
a l Input power
h ) ('u'er OH'r conductor

ide. ItM...e
e) ('o' er ""t1dned on

21.
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,p"llr;11 analyvcr ....'a ' ~ , 'ntlcdcJ I" one
"1l.1.~'1 "I the Il"1 piece , and ;1 loc ked-in

, ,,~' i l l ; , h ' r wav con ncctcd It ' Ihe ,'Ilwr
h~ , II "how, the rl', uHdeMly In counce
lion with curve " , we vee Ih;11 the l' llrthin~

through holt" lypkal li,r thiv kinJ ,,1
hOIl ,ing. i' already out ot thc qucvnon in
the 70-t'm. band , although vuch , InK lure,
arc II . he II'unJ tnnn lime to tunc .
Prcvumably, evenme scfccuon 01a ' 1II~1c

h i~h '4ualily filte r. c.g . a heli x filter , ...."uIJ
ru in Ihin~, wit h thi-, ng . The , ij:lldl
~e ner,llo r, unfortunatel y. openltc\ oilly up
10 2..~ 0 11/. Huttbc avvum ption i' obviou-,
Ihal the n,u pling i' al,o maintained, pr
even vtrcngthcncd, above Ihi, level. The
r~''''IMn~e be haviour rnuvt he hrl'ughl
ab out throu gh the printed ctrcuu ", 'arJ anJ
not thmugh the volume. Thiv I' inJi~'al('J

hv the 1,ll"Ilhal the curv c -, ,~"r~'CI )' Ch:1I1j:C

II the n'\(.·r I' plalC:J over the earth
curt.u c . Moreover, the rc conam c I'

'Iroll~ly J:unpc:'rJl'J III curv e ~ a, ' 111 '11 a'
~"IJ 1l11J~h the earth ,urf;l l'~' wllh ~our

lillj:n ,

h~ .1 2 , h,' .... , another result: II ihc earth
, url.l~e til IIle pnnrcd circuit hllarJ i'
,01JneJ h' the lh'u'llig all round (a, I'

u'Il,, 1 with tinplate h"u,in~" , lite ~'oup li ng

!' ~ I '1!'IJn,lhly r~' Jun·J . EH~n the e llt'd lll
lh ~' l I , \ l'r ~ ,Ill thell he rell 'g ill'eJ.

9.
POW ER I ' /\( ' K S

A IIcal I" ' .... l·r p'KI. . a' c\ cr)' rCIJn kll" ..... , .
!' " tway' worth a j:,ltllJ l e~' hn il' a l art idc . It
I' lu,1 a, wc:1I kllo.....n Ih,11 ,wildting I"'wc:
p,l~k, l'au,c: m" rc t' r lc:" pn1n"UIK'c:J
in l ~·rfere n l' C: . JepenJing 011 Ihei r

Il'l' h lU'lo~y. BUI it ....',' uIJ N: tilll11~ ,II

wmdntjllv hI I f) iUl J ,lh" h , 1I ,wlldlln ~

I" '....'cr p.llk, M, 'n·, '\tr mor e 1<" , an
N:rng put on till' m.ul. l'l .... hnh ~l" nn'l l'·

other p oviuvc or 1Iq.!.all\(' \"Il.,~n t rom +'ii

V" It" Jirn'lly on tln- cou vunur, " ' 1Il~

rapul ' .... il~ hin)!. pn Ill'''l''

CMOS·h'I,~·J Ilh>Juln . ~" I"-'~ Io llh Ih " ,,"
.... hll h "rcrall"'l1 ly .... 1111 vwinln-d l,'I',11 11
icv. arc n,,1 "I c ruual tc.g I~I'I.' 7 (14 ~ 1

\'lllla)!. (' mccncn. flul ,1l1 Y" l t~· .... h,. " Ill

manage il [rpm the Jf'ign 1"'1111 " I vn.....
'houlJ ' 1<1)' ..... ith linea r l"lllfnlkr, 1111'"1'
,H1J outtuuv 0111, 1 lx' hl' Il kl'J "11 " 1;H~t

wale in order h' prevent .... ild " "111,1 110 '11
and thuv runner in tcrtcrcncc

In .1Il) event. vwuchcd power p,lll. , )! ~'IK I

nrc -e~·"nJ ..ry I1nf' in Ihl' '''lill ,lh 'r, ,InJ
rhu-, 'Cl" Il J il r~ n-c eptiou ,'r Illl·\ r ll\,.hk
irucrfcrcm c.

With l" ,wl"fluI5 ·Vulll irlull I" ' .... cr P'I~I. "

u i' ,lln', IJy l\"rl11 ,11 1,>Jay III drop hm-ur
~ un lrulkr, com pletely ,IIlJ ucc lito: pulvc
wulth rcpcution rail' tor control Thiv
leave a ~omiJc:r:thJc high·lrf4ut'n~')'

re'iJual ripple ....hu-h i-, diffiruh h> tumhal

TIll' min imum equipment rcqurrcd here.
Irllm a melrol, 'gil'al I".inl 01 \'iew , i' ,I
mc,.,un' lIltn l n'lc:;\er, nr heller ,I 'pt.'~lr'll

.Illillywr.

I ~'ilmple , " I remedial mC,l'urc' ,Ire: 'epOlf
alC: IccJ, lr"m Ihe I",w('r palk lur c:lt'h
a"ernhly. w lhal d lokc:, ( an he u'eJ WI Ul

n" ti~'eahle i nJu( la ll~'e anJ with,ml ,alura·
lit'll. With adJi lilll\al lillralilill u, in~ d ec
lrlllylil." l'apae ilnr', t'nly I ypc ~ ~'nlllpa ti hle

wilh ,w;l(hing powef pad, , houlJ reall y

he in":"rp,,raled.

b.perimc:nl\ ( an ai'" pn lViJ c aJJi ti"nal
hl'lp wilh the ea rth leaJ . It l'an thu , he

C:l(peJiel11 10 Lreal Ihc earth l'in 'u it o f the
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In Ctln ttut. under liIe he;I\JIIlS "Other,
r• ..Ji l.. ~hiddlllg equipment", there I~

"'irtuall)' nothins . ..... I.hle. Neilhcr liIe
many netwurk ..ocket\ With huilt-in fiUel"!l
nor the extcnuve range of I:hokC\ (e. g.
frum Siemcm) ..:anhl..Je tnat fad .

111e hold engineer who wenw 10 ..J1l
\ulIlelhing in the F.MC \C('tllr docvn't
eU d ly have . ..implc hI,l" h lf ex am ple ,
f(1f u pcnmcnh he or vhe nccd v • feed

through carat Ill" W ith a \rr'\lfi(' veluc I,,,

lk-('uuphnl! a lo'oll In-queoc) "I(tnal He or
\he t('\ h hl\ \'II' her rcterencc " ,un 'e .. lind

( an the n ('ho(\'O(' hel....ccn

The Je..ired value , fu r ",lLIenn~ . I kg hulk
ma terialdirect trom the man ufac ture r

A mode ralcl)'-pri( cJ Unlkat from a 'J'C(i al

uen ..muter. hul unf"f1un<t tcl )' 'olIlliI ell.ull(
....luc..

And a rather large, complete mt cncrencc

filter with an e xterna l inch thrc<td for O M
15· tr om a ..... holevefer

Even if, for de\l itn rU"'Il\, the choice ha
lallen on II h" u "lI1g which I" dlffi('u lt III
,ulder, the hu ld enginee r will "till prelcr 10
pn't.lu(e II cn n..lI\.ldion which l\ ..uitakle a..

re~af\h EMC, Irum the p.unt of view of the
c trr um-tanccv and ('ll ' t ~, for the nex t

development bur one .

Some work bas been g\ling tin fur ..orne
lime: on IY-ilK'h bou ..ing .. an..J their metric

""xe"\llf'o , A w Rlrt' lling ..Je~ign al I
rca\llnahle pri('e i\ not ('\len in ..ight, llf

COUI'<: . Morcll\'er, plug-Ill 'Y"tcm~ arc in
prindplc a pallcm of \ 101 aerial.. with
~'om: ,pond ing pn1hlem,; aho\le all. the
aJ..Jitlllnal ('tl\ h (If EMC ..CI,.'unl)' .

Tbi ng~ I"ok far wnr~ "If ,mall h"u"II1~~'

Wllh the really w('nder1ul rla..tl(' h\lu..inl!:\.

Colt, lt~r pOrl ahl e e4ul p me lll, Ih e
mlllluladurcn unf"nunlllel )' hl' c merely

10.
MATER IAL QUESTIONS

,'1< - - - - - - - - - -
pow er ~cIr;. li ke 11 " 1'101" c ircui t, ChUKC
ot ppropria tely and (lnly connect directly
with the system tanh al thc consumer.

These mCI"UlT\ naturally cauce the von
age: al the consume r 10 fall tu Ic ~ ~ Ulan 5
vons. Sensor circuits which mCIl\U~ the
level .. directly at the ronvumer art thU\

expedient

whcrea-, in compurcrv the po.l .... cr padr..
nunnlllly CilU'tC\ interference only in tM
oUh idc world . wu b cum munu anon,
engtnccrt ng equipment II l,.IlUM;\ mtcmal

mrcrtcrence 11\ ....e11. It 1\ part'lulul)
irritatmg in thi ... coruc n thai )'I'U have

uvuatly nor Ihllughl about lhc magnetic

\cn\ih\lil}' Ilf man)' " ''>Clllhhc \, whethe r
Ole)' art w il, in the intermediate -Ire 
quency sect ion or (" hoke \ incIlrp1nllcd h.

precaution .

In man) ri el'c\ of cqmpmcn r, we k.,lk In
va m for a dean earth on ....-h jch interna l
,i gnll l, can be ha\cJ . • inr c they would he

ruined through capacit ance to \lIun:c m

uuctancc . Srncuy \rt'ak ing. we have t\1
live with lhe \oC \Ignllh ..ornchow anJ

I,.'olll:cal them a, well 41\ ptl..vible. For

e vamplc, uic ptl'oll er ril l k cycle \h llulLl not
inv\.Ive a whole Irecnon l ~f lhe la..t

intermediate frequency tc .g: 10,7 Mill ),

If wc ril,.k ur Ihe \hl\.k li\ l oj II wholc\alcr.
\Ir the Ii ..t u f I:omponenh relcll'oCd fur
I,.'o ll\ tro( tor\ . in hall..J , 'olI e ('an 101 lk al II rea l
wI.n..Jerland o f dlgila l le('hnll l,18),; an)
funl,.'ilill you rJc..ire i\ th('re at un;.:e, in
..c \ er al \'aria ti\,n\ ,

" 8



VHF COMMUNICATIONS 4193

made a dedarallon of irucnt thai Ihey
wnuld like to melaJlio,c the-e Unll\ in\lde
\0011 and produce Ihem in vuuable

numbers. ThU\ there remainv onl y Ihe
l'll'tum\tanlial route of inl(lfpurahng II

\lrc<:ning ht1u\ing made of \heel metal inln

the beautiful pla"lil' ht1u\ing a\ well.

Nllr i\ the \itualion in the mark er for
wrccntng hllu\intt \ much more convm c
ing. In the lowe\l price rang e we find
aluminium diel'lI\1 huu\mg\, mo\1 o f them

Hriti\h , together with tinpl atc htlU\i ng\ in
lightweight format with double covers. lind
"Tcko htl\(e,", with a cover on one vide. a'
an intermediate Iorm.

No mill cd aluminium htlU,ing' art availa
hie al lc.., than ahtlut ten umcv the price .
These loan certainly he ht1ughl read y-made,
hut it i, usuall y worthwhile 10 gel a quote
from the neare, 1 work,hop with NC
mac hmcs I don 'l kn{l\loo of any other

vuitablc hl'u'ing\.

T11e rcvuttant cornpromoes are familiar to

everyone (see ahll

Hg. I I I - 'oJdercJ tinplate htlxe , wh ich
YtlU can't answer fl'lr in w rvtce c\lndi ho m ,
or Ih(' combination n f d iecavt and be
ginner, ' 'lu:k material, which ru,t, cpfcn
JiJlv,

The vimply i,n't a favourably-priced

hou rng wnh multiple prmtcd lin.'UIIht lllrd
ean ling cunable fur high Irc4ut.:0I.IC..,

At umnnum hav broken thmugh 111 the

pn '! "ional mark el due tn ih low weight
an , ' 11\ el\Y malhinC'ahlli ty in mellil
hi li mg \ Anlll,,\ LC oXldal lon is nu l 11 \
Ct., , \IOn pn1lechnn . \ II1U~ il hann\ c,ln

J u, ." ly, The !>tate n f Iht.: art allern a!i\'e I"
Cill j l'hm lllilling, a ...umewhllt mllre
ml 'nl le fonn of tlxidal illn. Th i, a l"'l
f,I' -11\ IIgUtll,,\ ha o,c layer f,.r lacquering

The onl y re.-I pnlhlrm here 1\ th.t there .re
'>C1ln.'CIy IIny (;Omranie\ whl l pnlVide chr 
omanng a, a service . Tbu-, a gelvern-cr 111

Freihurg i\ w(lrking virtually fllf fl\ ..one
hUI me, and will \hllftly have In \t llP nn
allegedly cnv.nmmenlll groundv .

Inddcntally,lhcre i" a linn in Haycncchcn
(EM-Gcrae tehau. Mf l]M Mammefll.h.rO
which makcv 19-inl-h ..tandard hou ..in~,

from nidld -plaled aluminium. Thrv 1\ "1111
lin mtert:\ling ....Jlutlon. ellen if nu kct hill\
heen much talked t1f in l OnnCl' tinn with
allergie\ ,

Finally. \llmclhing more lin the tnpi l' of
conductive foamed material . Conductive
foamed malenah filled with carton have a
field of applicali tm Irom fC packaging all
the wa y In microwave ah\orption . I diccov

ercd the idea of ucing vtandard high
frequenc y damping panch in Ih;\ journal
(lfle day, Arter a few measuremenu. I have
come ttl the ctmclu\illfl thai the malerial

mu-t hive rather low impedance . and can
thU\ nOI he u-.cd Inr every format . I
obtained gt-..ll,,\ rt:\ull\ from ahtlul)OO Mil,
upward" in damping larger hou\ing\ whi ch
con tained I ".emhlie \ which wert: n,ll
cornptetely sealed again\l the pa\\age of
high trequenctes lind had onl y single
w recned cables . In\iJe "m ailer houvmgv,

the material i\ u\Cd rather In sa lve (lfle' \

consc ience. In cxpcrilJ1('nl\ n pe r foi g" 11
and 12. cove.... with fnamed malerial glued
in place were a l....l u\Cd selectively. HUIthe
change s were \II slighl that the preparatilln
wa\n 'l worth it. Here thc printed e in: uil
~lard had 10 he Jampcd a\ well , Iko(
mcrt:ly thc l·avity .

Thi\ fine material nalunlUy alSt.1 t'tring\
pmhlcm\ with ii, Whtl Buarantec\ that
neJlihility il. relllincd fllf pulyether with •

1\1 11oo' imrntanl e haw: and that crumM. o f the
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millen.l \Io t>o' l he lumlnl! up In the ur Ull

aucr t"lfll~ a yea r' W h..(\ the P"llIpfI

a""-IUI .>N.1lnlnjt m atc n et ' ~h ~llf1TU

O'nt,hllll \e (.,.rnco.l materiel. .... h.~ h luno.

lk"lfl\ tc'.I1\ .. ell. 1\ uN.IOCJ trom ~ ... ..,:
In" m.l("n.1 f.... Ie', In.." a .. ("II "'", ' ''' n
mill .'nkr firm ~illur.lI). ihn .... ,..., I \,.1\

wbc re the mill("nalltlfTK'\ trom JnU tk, .... II

can be t>NJInc:-J.

All the pn.hkm\ h\l("J ocn' , tk>tl IJ lOJ,

\ ..rc th.11 In the ..cmc vcmcnt ,.r f' Ml even
th<' 1IIIk thlnll ,iln J("\clt>Jllnh.I'h,I....ln

I,ll' the dedn>nll rngmccr Thl' J. ...', n."
IUlt'mJII\JII~ dppl) I., hltt ,,'mp..nlt\ In

the ,at InJU\I1), Ill' I.. ,tlmmUlII~Jll"II\ ,I(

mlhlan I(",hntll"g~. but II JlIl'd\ \IIIJlkr

It'lllpa nIC ' J nJ J mJ Il'Ur\ .... h" h"'~' I••

c cpcnmem all the: mo r e St'lt '4"u IJ he: JlI
1II1pII1anl «cp 1" create a vuuablc toru rn

h'r c \, hang lnj: mform auon .IIIJ rc lffl'l\u '
,,'une:,. tor In\lan,'(" In lhl' rorm ••1 .I

rcrmanenr E\ 1<': cccuon III rhc 1,',hm,Jl

!t'umal\

• dilurial c um mrnl :

Allcnll.on \ho.IUIJ he Jr...... n klltK' n'ln,ilI1

Ol'-\'O!: \ lanJanJ \ . h'l' e:'oimplc
DI ~ \ 01. HX.N PJn 1 \"U\klfl

II XN : E1c:..In....I.I!IK'Ii, Lom

J'oIllhlhl~

- 01:-'; \'01: lJX~ \P.1f1 I. O~l\4j

Elcctrc.. MJ.gnc IK Inl1ucn,c
- Ol!'lj VOE 01'72 \ \ce: APJ"l:t1JI\ I

01.1,1 11. RoiJlll :\hlclJlIljt u! Ill-
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Wolfgang Scnneaer OJ 8 fS

28/144 MHz Transverter

I rll n, \ulu, fur the 2m, ba nd ere
11114 11) ' lupi l'lIIl . In lin enempt In mlltl'h
the cur rem ,1...1... IIf the III r l in II IUIl It'ur
rHdi" Il'l·hnllll l1.:) . III Ir.n\\ ttt t'r 1411I'
dt.'H lopl·d. 14ilh Ih... hetp uf mod ern
nlllll)uRl·n h . 14hich elln u 'r h Ih... 144 •

146 \111, rHn~... lntothe 10m. hand .

L'onc...pl' such II' hi)(h ·It'HI ,iJ,:nHI ,I ·
n 'nJ,:th lind 1t',,1 ,iJ,:nlll ' pc'cln l puril)
hlllH tllk ...n on inl'r"'H,inJ,: "iJ,:nifiunct' in
recent liOlt', . I he crilttion lh lll eq uip
"wn l u n be copied 14 ilh ,«uri t) i, 1I 1~)

ufJ,:rt'lIt im por c. nct' fur the lIuthllr .

I he Ir...n, \ utu de..cr tbe d ht' lu14 rep 
rl:"l:'nh II circuil 14 hich cu rrl:'..pend.. til
ludlll) ·" rt'qui rl'nlC'nt promt'.

I.
Cl RCli lT IlESCRII'T10~

11)\. 1 ,h\I14 .. a JCI.l lkJ cmuit J la~rdm ti l

the 1M/144 Mil l Irdll\\ Cnl'r . In vymhc

. " in): the frn{UCIKY. we 14 ClIl h;l~ '" III a
In uit pr oven man y 11I1lC' The If)'' lal

\' '>I.. llld l"r Ol'>l..I II" ln ,II IJr, ,~1I 1 1 14 11h ;1

UJ ln IT), TIm \I~ ll.I I1' amrh flcJ h~ rnc
next ' la)\e, An MSAI lo4 Ill'" llI 'l·~ral cl.l

I'lruau-t'!;trIJ amr hfi t'r ., U' l'U hen: II
, urr1 iC\ .1Il t lUlpul level ut 51 1mW,

The SR.A III hi~h ·lC\'d rill): IIII\CI r\.'qtmn
an lI ' l ' i l la lOlI level or

+ 17JHm (5C I mW ), Tim tyre ~;1 1l he IJ'~'J

atuplIISU IMIl / ,

The Pi Jam pint/, clement , ll>n.....ung " I R

10 R,. i\ U\cJ ' ''I the l:un lnll tran vrmucr
output aJ arlalllln h 'r a "d ean" trancnu-,
,ill" \I~na l l intcrnll'dulal lon ploJ Ul:h With
multi-tone l'llnl",1

'. ee R, R. R.

,.w Od' - -- ,n SUl
, . w ". ""n tan """, . w ". 120 u 4111 120 II

10 ",W IOd8 ", n .. n " , n
",. w 13d8 un '00 n un
...w I7d8 .." lllO II .."

lOOm W "' CO un see n 6211

All valucv an: taken Irom the E I2 o r E24
rangcv

Table I : R~..i, I. "e~ vatue.. for th e
d.mpin~ t ltllM'nt

22<
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< 311 dOl, the ring mixer must be driven ro
ruu output ill max. 1 mW (0 dRm). Tahle I
howv the rni'lame \lIluc\ needed for the

damping element plotted again\( the output
cctcctcd. All vpcciflcations can be traced
I">ack til \landaN value

lbc damplllg clement 'Illlullancuu,l) scr
\-1,' the ring mixer a\- It I">nllld·hanJ son
cut-off. Perattct ro (hi\, the received 'ignllJ
I' measured with a high impedance and
mall !led to II HPJH I (T,) - a low·rnli",
tran,i'lllr \-Iage .. hich pn1\IJe\- the in
tcrmcdiatc-Irequcncy amplifkalit1n re .
quircd- uvmg L, and C

'J1,C 2m. received siltllitl is transformed
Illlln the gate (11' (he Rf·\jHI (T,) through a Pi

-------\~
filler (aerial impedance SOO). The pre
amplifier i\ followed by a 2-cin:ui l filler,
Al !he vame lime, tile operating vottagc
,upplioo (+ 12 V) is cwitchcd through the
PIN dwJc, IJ (RAHHtl).

In jhc trun miwion mode. ditllle D,
(IJAKHtl) 1\ activated. The \Ignal fiut
~,-.<:, through a J.cirruit tiller. The

su"'-.<:qucnl amplifier i\ a,sem"'JcJ with
Integrated hnHld-hand amplifier, (Ie., IC"
IC,). The combination or MSA0104,
MSA03n4 anJ MSA 1104 guaraOlce, an

output Ie\-'CI or 50 mW (+ 17 dUm) here,
with a gl-..Jd 40 dB amphflcarion.

In practical operation. thi \- trunsvcrtcr can
be supplemented wi th any rower

"l~.l:

Sp«lnwn Tun"u'rlcr

223
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•
••~

' ~'

. '2V I!~
lLO) O \:...._~...... ~~\~ ~.r:"'-\01- -0 i • c. ir. ;~ ~f.'~

••1_, DJ8ES 0 '9

illllplilicr, In th l' ( ,1'0(;, adduional ha r

monic Iiltranon can he recom mended.
S uua b lc 'U~)\C' II \ln\ (',m tx' fo und in the

relevant amateur rad io litera ture.

2.
ASSDlIILY I:-/STRIICTIONS

The 2K/ 1·U ~Hl i tranvvcrtc r is a\'>C mhlc J
"II .iIl cPO"} l'o. 'ilnJ, coated on ho th ~ iJc, .

"11h duncnvumv pI 54 mm . J( 10K mm.

A ",nard 01 thi s ,itc can be mcorporatcd
inltlll vtandard tmplate hou,in~ (55.5 rum .
, I I I mm. l 10 mm I.

Arter being cutto , i/ C, the tloan.! is inililill y
cold- silv ered IImJ lhcn drilled . However,
the silvering is not ah\lllulcly ncccvcary .

Suue blc hole.. should be JrillcJ ror the
..lriphnc transistor' and Ole broad-hand

emphfl crs . These co mponen t- are Flush
with the board level .

Th e thnlU~h-pl ati ll~ needed 1111 the ho ard
for the I:lI ih and thc ring mixer i ' pn wrd cd
hy copper ri vets (diameter 15 mm .).

""'
- '~", • 0 ~u: 0 0 ~ Ill. 0

,. -~ o L ' '., . ~
~.~ 0'~"O 0 '" ", ,. " 2V

. 12V h--:' ~ 0 ~ J ' ~J.ES01. 0 ' • (RX)
IL;Jl~~. - ,. ,. , ~."'"""-I i i--.. •12V

,.•~ ..J . PO':. PO':, PO': ,. (lX)

...ii o,o~~~"'"-.,g= 1),)8 1: 5 ()1'!! Fransvorto t ?A" ~ ~

Fi~...: Tnck vide with ,cmicunductor, lind S\tlJ component
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Aller the drillln~ . the holc -, I,' r the u ")'''Itill .
the trimme r. the NCO "l tu l"t 'lh , d~ «10 N:
reamed put on the e,tnh \Idl ' \.1 the I'o.',tru
th illy lniltcu ,u,k ) u,in~ il 2.5m m, dri ll
N II earth conncvuonc muvr I'lC Iell

umouc ned ' ~nc"e, Il\l.';"urm~ ill"' r I , K
111m , ,huulu he vawn on the board eJ~e,

I t '11ll Oll'd hlr the II Nt" buvh c v

O nce 11m r rcliminill') wprl ha-, been

divpos cd <ll.the ho"Mu van lx 'rril ~l'd ""ith
,,,Ide r<lhok lacquer

TIll' BNe n ,lO~ed hou,ht", mu,1 touch Ihe

cover edge with tllt'ir 1lllngn . 11 the board
i-, now inwrtcd in cuch il wa y thatthe hou"lh

pmv <In: ,uppurtcu (l ui off Prull'l'ting
Teflon l'\l llar, with a knilc 1Ir'Il, II muvt

'till hoc p',,,iholc til rUI the rop cover on
'ati,fill·tllril)' alter a le,1 m-cnion pi the
Filterwih and the cryvtet.

When the !'o<HtnJ hd' been , oluned In the
vide vurfaccv lit Ihe hnu ,injt, the comro

lien" arc actually inverted

.\.

CO'I'lISSIO~I~( ;

' 1111' h .lh ,.... ing mcacunng equipment cho

uld lx' al ailablc hIr the ininalromnuvvnrn
ing auu ,uh,eque nl hoal.lI1u,,~ :

-- Multllllekr
- l"r('''lul' lll y l:ounlcr
- 1)1' oJc pr, ,hoc
-- W,lllmeter ,IOu
-- 2m nlt'lH'u ll~IT;l1

\'Ir,t Iht, oll illah'r i' ,el U'lIIjt the luned
,ull phfler l irluil, L" 'l1,e pow er l:on,u mft"
ti••n I' f Ihl' I'rcrat ll>ll ill UIIlI i, (,5 mA, or

wlmh 5'1 mA arc needed Ju,1 lI'r Iht,
MSA II (l-I I'>TtI,lu-l'>and amphlier (IC,),

------(1)-
On ly Ihe t -cirruuflltcr (c' II' c.) \ hn uld be

balanced in me lIan,mi" il'n branch . The
arpr\llul\lale tr immer Ip(: all"n, arc chow n
in the wiring dia~ram , 1t , h,\u ld be f'o" lhok
III measure a curre nt of I ,m rnA wi lh an

opcrauonal vlll t<lge IIf .. 12 V 1111' I'

already an mdrcauon that the amplifier
,Ia)te, arc l unl'l I I 'llI n~ ,atl'fal'1I1rily . ltthc
mput damplll~ clement I' drrncnv.. lned J'

ue'Lnt'Cd in Tabl e I, then an oulrut
1· \t Ct'U Ill~.'iO mW Ian hoc ell!X'tled p" " t
hie harrnonn v (Il'ldlalpr , 11IIa~l' tn,
qucnc y. e tc) Me attenuated I'>y better t1WI

.'iSdH,

The initial receiver l'>,tJanl'i n~ GUl lx' done

directly u,in~ a , Ir"ng n'tei'l'J ,i~nal tc .g.
2m. hcan'nl. Here the 2-1-in'ui l filte r rc.
Co) ,hould he carefully ,e l I" r the I'>nl

'I~nil l strength. A lunher filter I' !","IIl 
lined on the intermediate frequency le \ c1
aX Mi ll) alte r Ihe mixer. He re the
tnmmcr. C, I' balanced to the ma vtmum

"gna l. Naturally, Ihe di rcl'l l' oU l'li n~ III rbc
parullcl circuu mnucnccv the tranvnuvvron
branch . Hut thi, mtlu cncc doc , nol have
any effect. a, appropriate rese rve l'aranty
I' available . 111e I'pl imi,ing III lilt' ,i)tua l
nois e ral io (Pl filter with Co, C, and I.. al the
receive r IIIpUl)l'ondud('\ the hoal <l nn ng ,

At only 20 rnA , the current ronvumpnon
for the receiving branch I ' veT)' II''''' The

noicc lill !tlr j , app , 2 dH dnd the lran, rnl'
'IP II Itmph fll <l tion i, app 20d ll

~.

FI~AL COMMENTS

Th e autho r i, making ,uel c",ful U'l' o f lhe
Iran,l'encr Je\l.·rihc-<J. with a ma,thelld

pn.' "amplirier anu il !"',we r amp lifier
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RIChardA Formaro, Ph D K 1POO

An Antenna for all Meteors?

'h'l~ur hur~1 ~iKmll~ 11Ir~ r~n~dtd h)
nM't~nr Ir.ih ( iun i ~a liun cnlumn~1 Ih.t
e t e t'lIntinuuu~l) ru r mtd in Ihr
a trnc ...phere .1 a huul II Mt km aUitu dt ,
Jlruu~t \11I i' an inh~nn l l , "'uk ·
,i~na l mudC'. " mil. r lu I- \U:. \IJll in'"
rrquin ':lIod .nlrnn., .1 hr cun 'rn·
liun.I .... ,dnm i.. thal.II_>d anltnna 'fit'

lunK lin", h unr ur mur.. Y.1o:1 'rnl
.... 'rlrn~lh aOO\r lhr J:round, I hI'
I«hnical no lr d~ribr.. an allnnati\r
.nlrnn. th.1 'hou ld '''~" "rll ' ur an,
di,tanu' be twee n thr Inn..mi Utr (I XI
and n('C'I\C'r (RX). II , huuld al ..o be

II 'ul'ur 1-.\ 11-: " nr"' .

I.
'nn: ~1O:-;OI>()I.E ARRA\ '

Masun um 1/lun al I , '~ tll~e·oll ·anllk 1\
u Ulo. lal fur gt" ll1lmk J"Crll,",lollkc II lonl/
filn!!l A 1 ~J"11o.1I1 ilnlen nl \~\ICm mil/hI

(;1>n~ I ~1 I" two vcrt wally oru-mcd 1 III
1 ~ ' ''I\'c1englh Ya~ i ~ ~1;llhJ ht .n/tlnlllih
(\ I,Je·hY· \ Ic.k1alII hell/hlP' " ~aH:lcnlllh\

1I"',\e llnlUnJ SU4..h lin elaborate -vvtcm l'

rcl.fUlrtlo! h I " fI'Cl Ihe " l/ I'llu nd IUI~" lh<ll

. ...I·U,... In lhe rOKhlll. 1r'l pencm III an,
anlcnnil o 'er rc I ean h (; nlUnJ Iud. I •

hlrr Jrur 1M ,a lit a' ..h.lI,'... I. e-on
n~lc (IYJlK.I II ~ W..l n lolA ) All Inlcnn.a,

c \ hlhol th" ct tec t, toul ll l\ k\ f'R>ntounu'd
lor ,enllo..aJ radlalt'"

"'ur·h 'lf1/ ' ," Jl:1l1n can he: ma\lml 'CJ hy
u..mll I ..cnlull y f"~an'CJ /lnlenna on I
l/" ,unJ wreen lt the screen. .... hllh Ill""

01 renecioe . I~ I''"JI: cnt'llllh In Ihe JII'NIIl>fl
I" mUlmum rMJi.allllO. II l i n I II ~I

e hmmate I!-n1lJnJ Ilkk Thl~ ohtoe: ,..,allllO
"uJl:JtC"I\ Iix' J"0....lhllity of. 'lRJtle amcnna
Jc ~illn('J for menmum near -honvon gatn
Ihal I" ah" \uII.th lc I" r mtcrmcdietc MH

nanlle\

Fig I i.. 01 ....hcmahl rcrrc~enlali••n (nol III
....'ale) Hf the type or antcnue bcm g
, UlJle\leJ a plI....I' C an ll)' uf venllal

:m
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- Of

.......-.
Rf SDUlC£

0, 0.,

GROUND SCRf[N

0.

" ...n"f".I\'~ 1lN.· mtOOo'f",ll oIna\ .\ 1:\ .

'" "h.dh h.all .. Y"~I " ""mll'oj •..., II'M:
~ l'l >U n..J wn'vn II \ .'fI\.,I, , .1 01 ,mt11c

n:l1nlo>r tHI+1. .. ,m)tlc unvcn 1,:1"0'1("01

, DU, ;.lIlJ ~ Jm.lI''''' tl>," All c1l:rm'nh

,' \ \ q"f 1>1· .In" ,. 'fI nn II;J I' .thC' .... rccn . I>E
.\ Ilkltll1WJ lin 01 I'>.J...: m,ulah>r ..nJ cwucd

"'~ thl' RI ' ....UR.(' ITX,v.hl\-h ... t.wmnlcoJ
be1..H~·1l the h.iw .., the:' clement ",n..J the
.... rvcn In f'l"... nee. the kcl.! . , I u1OI\l0I1

lat-k wun II, 'hlclJ I.. \llfIIK'tlru 1., the

.... n:en ,mJ the ventre .... 1fk.I1k'1I" ,,, an
1I11lXJ,llkl' ll\Aldlln~ \k-'l"C \ Ul. h 01 \ .I

Ir .II1"OIl"""I -III\(" Uan,l"rmn lUnun) P' J

f. lIT1 m.. m.&l~ h

hj! .:? ,h.... .. the r..J ••IlI'," paucrn ttl' it

.... lll -Jl'\Ij!nnl IM·dcIIWIlI m,,,"'f"'!c .UTIl)

"n au nuinuc t:r"unJ plane. M a \lnlUm

~.1l11 It" th ... Jnij!1I i .. IKfl d ill, whid! j,

,, '1" 1\ 1\"11 1 "'1 111 MB III lhe I" flgell rim~el .

()n;t fimtc plane . inc !lllin la lh ,M very

dUIe lulhe horvon. hUI the I!n.u nd Iud. j ,

luhllalllially reduced hy the prcwncc ol

the ~rllull'" \I. rccn . Tw" "rJ"l'Iml! dlelh
"uur ,1\ the laJ..e-,.1I angle IIII'n:a-.cl : ( I )

Ihl' .mrcnua acdlll dn'pl rapidl) bccau-c '"
the IIl~h l\ Jln'dl\{' mam I..he... arW (1 ) lhe
\fU pn 'p<. ~ ,iI.tln I"" Jnn:a-.cl rdrlJI~

22'

t~:I"U"" the: 1 \ 101:\ ran~l 1\ nJu\\J

I -I.'" cr ..ntcnna I!alll n JUl.1 I .1\ a ,l" t-Il H: \
p..... cr . ...hlll I,....cr p.tlh I••" 1111. t'l a\l. I 11

C"mpannr \,U ImJ.. pUI "nll.lnu wuh

l'ar)'ml! rX·RX ran~e ttl IhI' J"I:rl"rnl.llk f
.II m.rumum ran~e pnl\IJI"I .1 111111"11

mca lun: 1'1 ht.... ...e11 d p.tnllulM , 1I1 1 ~' 1Il1.1

.... 'dl. H the Jlllk pcrl'lflIl.lllll· 1\ .I1l1'pl
ahle 011 lhe manmum ranee. IhI"1I .111 Ihl

antenna h.ll 1<1 ...... .II afl~ .>lher r.lIIl1'" 1\

meet '" ewccd Ih;tl rcrt..mla'lll' I"
pn'HIk a l O ltJ Mil hn l.. al the lho>ftlf

TX·RX range . hI! 1 h a I~rllal n.mpMI ·

""'fl , II 1"1,>11 the rOllin 1.1 ""III..hk H: \
r".... er " ralll!e 1,1 the RX p...... n ,II
mavrmum range (let" tal..e-..U.lnl!lc) . '1'111\
I'U1\-e arrllel hi 1I11J -J"I'1II1 n: llnll"ni
alontt 1111' TX·RX J/-rt'at dnlc path «i(. ·I' ).
and II ..vvumcv a Iphl'nlal earth u l r.IJ llii

617 1 kmwuh u ltar km truil he il!hl ,

Fil!'.1 Ih"....- \ th at the l x-clcmcnt monopolc
arTilY I'll II ac n.unJ sc ree n. whu h II

JniacneJ III pnlvide maximum I!.tin '\I'M

the hl 'n / I.1l II'T the t>c:I I J"I,,, .hle nrevuu

em -range pl'r ionnilllle, ill.... , rn'IIJ"I ..
p"illle IYIlelll marl!in III ..1I1)\"t .tl i
IlllemleJiale rallllC\ Ncar (,U ) kill thl"
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ll\.l r~1Il I' dho. ,ul It JB' " hc cucct-, ot thc
Wt, 'lId,lry l< ,hi., In the paucm arc clc.orly
l'l IJ~'nl ht,:I"" l"l n .Iprn '\lmdl(;l} 711anJ 1~ I

" Ill r,lIl~l . "" hl R the lIlolfjo:ln vancv

l"II'llkt'lhl} hUI I' al""a}, P'''III\ l ()nl~

,11 lill vhortcvt r,U1~l' J'll', II lall lx''''''''
IU"

l-vcu Ih"u~h 1111' monopole drrd) I '

Jl" I~ nnJ Wtlh lhl 'Ill~lc ""Il'lllll' nl
111,l\lml'lII~ llc,tr ·h"r1/,'n ~ ,Il n , II ...." r '"

""dl ,II all lX WX rilll)'l' C\lCpl urc len

,h"fll' l 111 1' bc-havrou r I' t.:\plltlneJ
hlUrl'h<,IJh a, h Ilt""" , h ,t lIud palh MB

flllull "l1 , till rC lt.:l\luJ p"""n vanc v a,
Ihl c ubc "r lhe JI'.lanll trom TX III the
lIl11l"r lr,lIl A, the range Jtlll:a,l' (Ill 

lfl.I'U1~ ld"t ..II an~lc', the WX p"wn
Ullfl .IW' very lj u I ~kl y bcc aucc "I thl'
l uhll behaviou r, By com paricon. the an

Il'1ll1d uarn, whu h Jail, n il a ' lilt.: range
In rl·a, e ,. J mp, much more ,Jo wly than a
luhtl l'; l r i; l lioll. Th e uccrcacc 111 amc nna

!l,1I0 al vhortcr lin" ran~c, I' more than
ollwl h) thc IIIlfl'",C III tel'cIleu p',weron

the vhom-r prnpl1tplltlll path.

e)1 ~ ,'ur,e. Mil rell\:\h"n, d,' n.'1 ' ll l UI
"Illy at mid -path Tral" on cutrcr vulc "J
tnc (iCr, l,,,i" "I ~hlfcrenl 1I\'ll/:h", ;tI1U
even Irall, I">t:hmu the TX "r WX ~ an
'''pr"n a lin k Ncvcrthclcwthc hi:hdll"ur
I"r fiCI' nnd.pum rcllclll"I1' appl'dr, h '

,t1l1'I'a lc a gc ncral fy \,lhJ cucu when

hlt:h ly ulrn uvc amcnna-, arc U'"'U 11\

ma\IIlI I'C near-h"n / "n l/:all1,lhl.: 1"""t'r "" 1i
pa lh "," ill shorter ran ~n " II,el, reumnl
antenna gam anJ rcvuu-, 111 p''' lli l l MH
hn" l1Iar~m, {more WX p ,'''' l r l <Imp'fl d I"

maximum rdnjo:c l III <I ll r.H1~l l H tpl

["l,,,ihly the leI'".> , hun t.:" lhc III '/1"1"',ll
~lTa} on a ~rounu wrccn I' d "pK ,11
emcnna vvvrcm Olhn t "l1li~ur~II"lh , hl >
ulJ c\hl hll vrm liar I'>ch4\ I. 'ur

On the pracuc at '1Je, lilt' rn"n"f1',k .ma)
lin " t/- rllunJ wrccn j, IlI l' lha rUl a l l ~

wmprcr. a lm"'1 cc rtamly In, c vpcnvtvc ,

and ca ' ll.: r I" invtall dnu ma mt.un tnan
Yat/- I\ on a tall lo""cr In duul tH'n , II
chmmate-, unnc\c"af)' . but I""ll' nllatl~

vubvrantiul, k eJ ' }'lem I.",c, d",,,,,~led

""ith II ,"!! cable run" p""" cr Jillucr, . and

..... 1: _

,to CI~
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VHF COM MUNICATIONS 4193

// 8 Deg Take-OCr
Array, ~nd Screen

......--.:-'--~•
Range (k",>

coax connectors . or CllUf\C. the monopole
array \uffer\ the di\a!J\'llntagu ( I f nor
~m(t r\llala"'lc and reqUIring a large
(tRmnJ screen .

Unfort unately, there i\ no simple ......ay to
\J'lCl:lly JU\I how nig the .... teen 'huultJ he .
In thell!')'. it \huuld u:tcnJ hundmh III
..... a\'dcngth\ or more in the urrecuon of the
mam lobe III (,'''COhill)" eliminate all
ground tuck . But, in practice, it few
wavelength' vhould work qui re well . The
screen \houlrJ extend several wlI\'C:lcnglh\
beyond the 18\1 dim;'tor (the mort' the
teuen, and a, rilr &, ptl\\lbk 10 uie vide

lind behind the array. Becauce l-H for a
long " half- VI[t.i" i\ high (in the example.
aho.lUl 18.S dB), the screen ,if(: bchind jhe

reflector i\ pRlNhly the leeu critical .
A\ an mdicarion of wha t \huu ld he
echieveble , computer vimulations Ilf MU
performance al maximum range using a
scree n e-.tending IO-wnclcnltth\ l'lCyllflJ
the 18\1 director \how 8 b-fulJ improve
mem in average th,\lUg.hPUI. with nearly a
factor of 10 improvement al ccnem times
of Jay. The comparison an tenna WBS
c\"Cnlially the \la,kcd amy system
J(:Krill>Cd ahuve.
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Dellet Burchard DIpI ·/ng . Box J4426. Nalro/:>l . Kenya

Observation of Sc intillati on s while

Rece iving Meteosat

- It--

·"'cinlill.li"n, IrC' npid '_ III. l;nn , in
the tiC'ld ,lrC'na.:lh .nd or dirnli"n o(

in cideece Iruund .n .,C'r.KC' ,.luC'.

hruua:hl Ib!oul b) nun·hu""'Io:C'niliC', in
hrC'.k ,.Iuf"'o I l l l ('unfC'f'f'nn . f ;f'nf'u .
I\lH2, Rf'p . lUll I... () u"taliun (rum 121.

I.
ISTRIHlUI 'T10r\

We rllllJ mure on lhl\ hlr'\,. m (2).

"S<.inlillalillm cue til nnn ·htlll\<'tteOilln In

the ckdIUn den\ll)' In lhc inn'''rhcre are
'If'\lfll!;ly derenJenl on '<llaT act ivity"
(AGARO G'lIr. Pn.. . 2X4, I~!« j )

"On pr"r"gi&III,1\ palh\ which penetrate the
ionovp hcre III I!II.· \'il.inil)' ot thc magncnc

cquetor, o"'l.llIa llO'"' 1'1 III dB al -I and
,., Mil l " ere ChCI"JcJ m III .,f a vcar at
the un p'll ma umum hilI 41 the

\ un\ p' ,1 mmunum Ihe) ere never oIho."e
I dH (A(iAIU) (nnf, Pn ... 1U . II/Ie!j.

Tbccc ,"I talln,,,, ...I,.ur rq:ulll'h n lhot
e\enlfll!htouf'IIMIJI 1t.IOZ,dur Ih

Spnnl! II14.J Autumn c"IulOn\C"

In ( II I de'>\. nhcd "gnal tI'>\.llI¥lI. lfl' ..... tuc h
coin aho he: n:lun:d In .. ,mllllllll"n

p',ml marked. rn l ilt' flAil If1 0110
the: .. . ....J rncoUl\ f\t>thmll llltlfT Iha
o \l,.llIallO" m In le n 'l l ) Ind .... 4

prcJ"m manll) u,ed In dnulhc the
I.. inkhng nf gti mmcr mg or 'I¥f \ hcl pn; II

''',ii' aJ.lpled h) rc,elT\.hc"" min .... .I\ C
rrnraftaliun . My \la.1I m II) It'r rt:p',n, II I
\imilar t ' ,",'oCf'". li t lfl \ hl\ )lOflC' unhCllN

2.
IlESCRII'TION OF TIl E
PIIENOME NON

Some dOl)' alief lhe nxoNln)l\ fI>r (: I .... ere
..ornpte tcd, "llTlIIIl.IIOn\ cnuld he' R'\,.tlTdc,J

for (1\'('1' uuee htlUf\ on lhe Mele." 11
fR'''Iucn..:y , Since uien. lhc phenomenon
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- tf lJ I

•

~ '! I; '~f~~~~~~~~1((vj1 1 , I~
- , r

•U tt •20 n •2., .0

hd\ ......-cn u"'\c:I"eiJ seven...1Jt ' / cn urnc-, un
.... H·rdl "H:nm~\ "1~ . 1 ..... iI\ t>N.lIllK'J in
C\.... t1~ the \dme \loay d\ FiB. fl in (1 ), hut

......'twee n ]U57 ilnJ 21 :25 OZ!he nmc

\4 ilk "01\ \\lo lt~ haJ lu 10 \ .IJI\ .. ... 1 that the

rc...,IUII' 'f'j \lo0l\".1 IIme\ teucr than fur lhe

I..ngwrm munhnp: _

lbc hlltht'\1 ~"rJcJ IIKru\('"J 1I1~1

JlI'\lorr 1\ . K' JUm. h JR ahtnc the normal

Ind. 111,' I" \lo n l rcu 'nkJ mput JlIlwer 1\ '

'11 JBm. XJB ht:lnw th,· normetlcvcl. The

I,M Ihrntlt'IJ flit my reccpuon cqutpmcnr
\lo .I\ then unJcr\hul h)' J ttl 4 J B, whic h led

h ' 01 hrcu" III viMt>n. LCl>\ J"ft .l\t lU rk:l'J

nucrrupnon-, I:dU\CJ ,:rdln)' \ptll\ to uppear

" n the image

The freq uenc y Ilf thc \c:i ntilil liofl\ lin
between IUl5 lInJ 0.5 II I . UIkk,..,h.Il .. ing
,'l lhl' '-M Ihrc\hl ll J tll,xu r\ every S to 541 \ .

Iuc nupaumcm of the ima1/.c 4 ua lll)'

r,II11/.C\ lr om \4'rillU\ Itlln\IItOL Ii~'a nt. ' ·l g.2,

:'32

IIx 4Ualll) of \lohKh i\ ulI\all\I .... "") JUt'
1<> the rcaJinjl:\ h.. \ IO~ .....-cn pl,ott,'J h\

hdnJ anJ 1<1 ~tlmrlelcl)' anlli,"ld] hlthtll1 ):,

(lIn rK'\l'nhcle\\ ~'t .... \C) an Imrrc\\llln

In day ' to-day t·t.ntlnuC'U\ ,.f't' rdll,'n.

\41011Ilal......\ aUrad allen\l,>n , >n l)' II tht' ~

reroeatcJl~ leal.! tothe undcr\n.lllClnlf otmc
"M Ihrc\hI 'IJ dunng In imlljl:e !lui even
then thcy are n... mtrequcm .11I1.1 arr ""1
confined ro rhe l'4uin< I\C\

Anyway, in the Trupin the Jay, allJ nj~hl\

are alwayv more ( I t Ie\\ the vamc kllltih 01\

" 11(' another, ..., that the C\pn:\\ I"11

"cquinoxcv", whit'h ~'tllllC \ Inuu the

J c\' cl tlf'cJ wtlrld . i\ n:all y m i \lc ItJ lIl~ .

NOllCthclc\\. I vhall rontmue ro ucc il

O t'l\CT\iali,>lI\ over more Ihan a )'l'dr can be

\ umm ari 'oCJ a \ f"UIl"' \ '
- SpliraJi,· ~i ntillillj\ln\ UHur all

thr ough the year
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','d.•

Su chlauflSu chl. =Stillion nnd inK; Orl..zett =t ocal ttme: Uatum = n ate

- They are mn..1 frequent during Ihe
Spring and Aulumn equinoxes

- Even during the equinoxes, there
are pcrioloh without interfering
\l:inlillaliom .

Scintillations were nbscrvcd only between
1!I:OOllml 24 :00 Oz. No conn ection with
the loc al weather could he: C\lllhlhhed

.1.
AN ATTEMPT AT AN
EXI'I.ANATlON

Fig. 3 prm ide\ an impres sion, In scale, (If
the path (lf the energy Ir om Meteo sat io my
receiver aerial . You jusl have t o imagine
you' re look ing et the North Pole of our
ptenet from rather a klll!( way IWIY. The

Pete Ster would make a suitable stand p oint
(Alpha Una Min(lr). In this representation.
N.irotli is near enough on the hun Ion .
Seen fRlm there, MelCO\al is al an angle of
appnudmalcly 4S degrees. The perm on
the Earth 's surface above which the energy
received by me enters the iom)<o;pherc lies
as fllr to the West IS the iunmpherc is thick

1'1K.2: (Poor) wee tber ImaJ:c dur ln l:
liCin lillatJo'llIl
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(r.. 1)
r", •,.n ........'"

(f'--- - - - - - - -----"""-"''''''''''''''''''"'''=''''

•
11 to

( 1,0110 km . :: I Mm.). This thil."k.nc!o\ j \ ..t ill

4uilC dearl y di\playclJ in Fig. .1, but nol
that of the lfl'pmphcrc ( 10 km .) (II' the
ave rage cloud height (3 km .}, The w cather

behaviour lake\ place in the tfllpmphcrc,
\\ t nch the energy Il f rcccpuon enter.. onl y
II I Ion. w est 0 1' the reception locanon .
lhat locuuon j .. Dagorcul. whic h wac

already in cx ivrcncc when the explorer
Lw.Grcgory diwovcred [he Grear Rift
Valley in HN7. Nairobi {i.e . "rold wale," )
W II\ then nothing h UI a rather large stream.
Anyway, I ca n foll nw the changes in the
weather up to Dagorctti with the naked
eye . The \(,'inlil1l1liun'o obcerved were
independent of whether the ..k)' wa.. dear
Ill" contained cumutus d tlUlh or ev en
tnreatcncd a "evert ,,1I1rm,

Thc .....-cathcr pattern ove r the next l ,l!lM l
km . (\lwan,h the We", i" vhapcd by the

mountainv al the cdgc v o f the rift, the hi):

lake in Ihe Rifl Valley and the mccung lit
air ma,,\C\ Irom the Co ngo Basin with

those Irom the Indian Ocean . On the "hore "
(If Lake Vktoria. there i" an area w ith very
Inrcnw storm act iv-i ty. On the nom (If the
Rift Va lley (0 1Donyo Lengai ) and on the
cdge -, (Virunga) mere arc seve ral active
volcanocv . Ncverthclccv, it "hllull.! nol be

avw mcd that these "interfere nce sourcc v'

can have an effect vcvcrul hundred
kilom etre" up intothe i\ lfIn"phe rc.

So lina lly, a\ pu t forward in (2), only volar

activity i\ lell a" II ....IUl'l 'C o f pltrll"ilit'
ind uction . There wav a "Un\ptlt ac tivity

peak in IY9II and tile next trough i"
expec ted in IW fl, High activity l'l1U"C"

increas ed inn conce ntration in th e

illl1O!>Jlhcrc. Th ere i\ aJ\\ 1 IIdaily cycle . At

sundow n, the conce ntra tion near the
groun d fir,' dimini\ he \ and then. on ce it
ge '" da rk there roo. ac tually increa\cs,
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',"0 ,,
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":i n~.n~..pegel ' . d i"t' l/ t'r = Int'ru..ed inpu l level
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.., ~

& . -00
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There 1\ thuv a conccmrauon j1.raJient,
which I.'ompel\ a l:l.n~cnliaJl)' muJenl
wave Itl travel 10 a curve . It lllu,

,Iprnlal.hn the aenal from the wrun~

dirccuon. However. I am quuc \ure lhal I
,lligneJ my aerial nph uilly wrTClll) ,

Th i~ lyre llJ Ihinkmg might l.er1ailll~

explain 1I reducnon in the received power .
huln,,1 a t>JB inl.rea\e~

A conc cntrauon cucct mU,1 ther efore ",

cuccuv c. at lea,t IIItcrmv ot umc . Tt n-, 1. :111
tlc e\plameJ il .... c avvumc that ,Iredh arc
" 'll1g formed . Opncal , trea k\ can be

l 'h' l'n eJ . It .r c vamplc. m d j: llh\ ,,! w atcr ,

10 Yollllh a Jump 1.1 'U~o1t 1\ Jl\ \l 'h lllj:, A

movement I't. I. urv o1u l< ,mollll.lIlI) Ju e I" the
J ilJerlnlC 1lI Jen\ll) l\cl.... cc n pure .... oIlcr
'IllJ \ugareJ Yo al,'r The Pl\ \jcd ltln o f the
'ItCdl.. in tranvnriucd IIJ1.hl \h. ,w\ h~h ln

01111.1 darker \lnp~ altc manng , III
coru p unvon III th e untfonnty mi\cJ

v-tuuon . The movement II I I..n, III 11K

lon,,\phere l llUIJ be l."nnl'lll'J Yolth tfu

\Ironj: h"n/I.nlal 1.••mponcntv ,,1 the

carth'v magnenc field ncar Ihe h 'lIJ.lt"r
~lreak\ could he lormcd under l." nJ llh'n,
whn h wouhl III any l d\e he ld\ , ' urdh k I, '

Ihl"

I leave it open .... hcthcr vuch a monl
makc v Ihl\ ph c nomc non c Ic ar c r

\1 "re,'\Cr, I Under\ I,lIld It .. ' lutlc " I th,;
p ror c .. v e .. In r h c ro no vp h r r r
C n f" r1 un ale]) . rbc rc l , n ' l anoth c r

Mctco-at receiver vtauon In Ihl\ l"untn
.... hll.h could confirm m~ "h\en <l ll(' n,
True. there i, another vtauon t>t: t' 'OltIllF I,.
the Gove rn ment ....tete ••R.I,.jlll31 SCf\-1 '"

.... hu h pith up the 1>" WFFAX l m lt~e <II
I II 2.$ 01 1M lhe- cvcnmg Icle\'l\i"n ne- .... '
hut t>C",'dU '>(' II ,'nl)' operate.. until I7IMl Jl

l.h\c l"\ C\ nothing whwh hllPrc-O\ at nilthl
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""::::;*"" 0 Burcha rd

t-iK••\ : Sktlch ur"torndrk
rt'lillion"hip be tween ( ;round
IEr dtl. ~.ir(Jhl and Mtltn...1

Metcovet recept ion i, often interfered with
by radar equipment . I think lhal can be
ruled out in my case. Firstly, the long
range radar equi pment at the intem euonel
airport (I~ km . aWIIY) has been oul o f
action for many years, 800 \CCondly, such
uuerterence would hue looked different
in Fig.l .
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4.
CONSEQUENCES

The l'O,vi,itlfl II! fllud ,,"uW/ie.. in Alril:Il,
wh ich i.. uh viuu\ ly U'K'ilil. i.. c..o,cnlililly
ocpcmknl un imrf1l\'cmcnh In w CIl IM 'r

Itlrcl·lI..nng . The l:lInvcnli onl l wea ther
service \urtr1ic\ Ie.... rclillhlc da til tOtJII )'

milo 30 )leu' l illi, hcn u'oC mil")' "~li"n ..
neve l 'CII\Cd their I l'Ii vilic\ (c .~ . 411 (lui 0 1
~o in Zaird) . 511 the re ha ve been
lllnli nul,lu\ rn.... t\1I1\ Irom ....riou \ did
urg ani\d ll'lfl\ rill' u ic \C llin~ up II! WEFAX
rece iving \talion\ in the main farming
Il rcll\ . To cnvure that vuch \ lIllion\ luu ld
opera te \ ll\lltllhly even during \u n\pc ll
al'li \iit)' pea k\ anJ en cr \un\C1(wllr .tl"a\C
de\i~n l . their acrial\ would hevc 10 he

II\lCr-J Imen \ itJJKd _

So for H dB fade reserve, al the verne
di\tllnl·c Imm the FM thrc\hold. the
n:l"cpcion acrial would have In have an
aperture area of fI .4 m l !

" cmap\, In identify the rell\t.lO why th i\
JirfcrerK:e: Irom the: cumtitiom in the
temperate c limatic lOne U i\I\, it mig ht he

qu ite: II Jl.tM.lI.l idea if Ioperated my MetCU\ al
receiver \t atillfl ( I) Juring II \ un\pc)t pcak .

S.
LITERATURE

( I ) D.Hun:hanJ ( IWI): Cylindrical
parahulic aerial with MetCi;)\al
compeercon verter;
VUF Commumceuon s 4N I

(2) Meinke: & G und lach (19HfI ): High
Frequency Engin«ring Pock et Book :
S.II 33, Springe r-Verlag. Berlin
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Guemer Sattler OJ 4 l.B

Addenda and Comments on the Article:

A IOGHz FM-ATV Transmitter

with Dielectric Resonator

(Issue 2/1992)

I.
IJISC(JSSION ox TilE
CO:" CI-:I''''

bel) .\;Il~lIil,' LNe (1,11 ..... Nlll"~ Convcr
In) l'olltOlill" one or more "pills"..... hid.
..Iahili ..c till; trcqucncie-, Ill' the local

Il"lilllll"r.. al 10 <illl, Thu .. unmodulatcd
rc..1 ..i~na1-. lire already avai lable in ihc 10
(;11, ama teur hillld

Man) TV amateur.. conjectured Ih.11 II

mu..l ~"'lllleho .... " he J"t"" lhlc II' IlIl"Jul.I1('
the Irequcncy III vuch It nRO (o..ull,llor

with D R). \nlh<lt it could ahll he uvcd a.. n
10 Gill ATV Ir,lII..ruiner. Denys Rou....d.
F6IWF. lIa .. n"w made Ihi .. a feitlllY anJ
dcccribcd II...... to 1I....cmblc the equipment

(VHF GlIlIlIlUtlll'ittioll" 211'N2), 10 GIV

hH'i1J band ledUlolog)' i" here ..h'I ..... II II

peth of ih own. "J"l'l'ially lllr I·M ATV,
The indivputabh ,Ilh ,ml,lge \11' thl.. l\'"I'Cpl

whcu 1 \ amateur

(til 100Il .lh"UI llu
diclcctm fl" 1ll.11, If

pc n rncuun t II
pill". th \ nIl .ln the

ttn 1)1{

i.. that II harmonicv-Ircc ..ign;11 can he

t!cnerall'd directly at 10 Gill in a ..mgfc

iran ..l ..hlf ctagc, .... llh" Ul .In} C~J"CIIJllurc

Of! filll r

nil' IrcqOClll\ ..IOlhlhty .... hidl \,111 he

'llhll\lJ I lln;unh poorer. h} -.<\cr,11

order.. (II magnitude. than LllI: "uy..lal

..llIhi llly·' kncwuthnwgh the III (Ill, SSIi
lcd lll iq llc, BUI il "houlJ he taken nuo
l'oll,iJcr,I!il111 here tha t Ihe inte rm edia te

frequency h,mJ .... IJlh.. III the ..atelhll

rece iver.. u..cd for FM·A1V (appnJl!imal·
ely 27 Mil l ) arc almml !O,f)lIO nrnc.. a..
hlg 3 .. tho-c of SSB receiver

..~
I --- ~ ;::::
~ 'Il9\~

•
109\4

• ~ .. ..
+,("

"'i~,I: r t'lIIpt'rIIlurt' (;nph 11( . URO
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· 70 Mlil
·90 Mill

· 140 Mlll
· 240 Mill
• JUll MHI
· 440 Mlll

HRO rr equ('ncl
chlllnKe

VHF CQMMUNICATlONS 4193

Ul pF

1.1 pI'
2.2 [IF
J ,J pF
4,7pF
fl.1I pF

O ri)Cinlll ('Ilp.dt.llnce nr

di~ c.Ilpllldturs

The grinding pnlll'C"~ In iocrcl'oC the DR
Ireqoencies Jc~ritoed in Secuon 3.2. \I}(~

uld he ca rried out using wei grindin g Ior
,.rCly rca"un" , vince il can OtIC he corn
plctcty excluded thai hard DR matcrial,

contain tllxk con stituents . which eu uld be
relca\ClJ durin g the grinding pnll'C\\ ,

A" al'lll e xplain ed in thi\ section. cera mic
Ji\l'\ arc \ui lahle ror l"hang ing thc D R
Irequ cocle v I I I low er value... An optimum
ha"i' ruf th i, eo n,i"IS or nlUnd ce ramic
Jiu: capecnorv without con nec tion wt rev.
with ce pacuence valucs or betw een I anJ
fl.1I pF, The metallisation tin both ..ide\ i\

removed ucing a f,(10 wet emery p,lpcr,
lcevmg no res idue . To tes t the effect, place

the individual discs on the DR pill one
ariel' anotht::r anJ determine the DRO

rre~uern:y in ea ch case .

The rullowing Ii"t of meecuremcnu give\
the reference values rnr changing the
rn:~uency hy lidding ceramic diM:\.

.1.
IlR ', MOlliFI ED FOR
AMATE UR RADIO
FREQ UENCIES

Should there "till he enough r.plll·C lent ree
between the DR and the luning screw. Il
\CCtlnJ cera mic Ji\C can he put on with

There are nnw aho LNC '\ hcing \old

(S' II-I.N B .$ 2.0 , Cnn red Electronic ],
which separate l V channclv " I hnlh
pUh~n\il l l\ ln lcvelv , which Me In 

rcrpcnerraun g iI\ regltl\h frequency. and

mi ll. the m with variou s hcat rrequcnclcs .
The DRO freque",,:ic~ u\Cd hen: are 9.70
<il l l Ior the vcrtical com po ncntv and 1(),25
Gil l fur the hnriNnllt1 nne r.

DR ', al 9 .10 , Ill.OO and 1lI.,S1l Gill arc
now available hu m the 'rcdali'b (e.g.
( Hga-Tcch, Karl Himmlcr, DU J UU),

2.
COMME RCIALLY AVAILAIlLE
IlR FREQUENCIES AT 10 Gil l

Con ventiona l satellite LNC'\ , which
con vert satellite pn1granllTlC\ with either
hllrilOnlal Of vertical poliuhallon, u,ually
have ORO', at IO,(IINIGlI/,

il----------==========~
The Ircqu cncy cha nge s Iro m lOll 10
250 Mil l which ere \ICM:rillco in Sec tion
3.2., and which occur when the cover with

the luning screw i\ pu t tin , should nor he
undcr\lt-..)lj as an indicarion (If frequency
imlahililic\ in this order o f magn itude. All
(JRO '.. in ".lcllile l.N C', behave in a
similar way.

However. on the ha,i.. II! . .. tatlle and well
thou ght -out mechemcet \lru,,"lurc for the
hal an ced and c to scd LNC ', . the
manufacturers can guarantee frequency
Jcy ialioll\ o f Ie.., than I Mitt in the
te mperature range of • 10 III .. (....1degrees.

a.. It corresp ond mg mea surement curve
(Sicmcm) (Fig . I) indiutc...
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(origina lly) «ien.. ~.l capecuance \lalue\
Thiv bnnlt \ the freq ucnl v d ......n ag3 m bv

2 ~ , 4 ~ of the fITquenev , han", hr'Ilu/th'
about t> \ th(" li"l ,jl .....

If the njlthll('ram l\ dl\( ha~ been f lund !l r
the range 0 1 I rpll ~ lt ll \ln m 4ue \!I"f1. II I

glued In the DR. u\mlit the mrmmum

ql.l,mlll) IIf it ,~" ,omp"nellt e{"ll\) adhc
\IH tc g UflU plu\ Ill d!,,1 \( ~lJ I

produce iI u1mpolwIIl !n, -.!,l"led f"r art
etcur radl<,In:quo.;m.. II

4.
DRO FREQUEI'!"\'
MOIllILATION

An addilil 'nal AM component can not he
avoided in the ORO Irequency mod ula tion
dc~uihcd in Secuon I, U\lOg rne dl\plale.

mcru ot the I.pcrali ng pomt of rne Il\l'llla ll' r
MESnrr.

Cin'uih arc 10: 0" w 0 here Irom the
pn'k ~\ i tlllal manufacturrrv (c.g. 3,5 Gill
ORO, Rhod e & Sc h.....ar') .....hich . with the
help u f an add itiona l \tn p line, ma ke the
elec tronic line lunin p: o f the ORO fIT
qucncy ptl\\l blc:, The elec tncal lenp:th 01

the \I np line here i\ ch anged by mea nc 01
vonagc-conuonec varac« .... diudc\ ,

The con vc rvion of I I G tll LNC'\ In the 10
Gill amateur tland )'Ield \ further in

formillioll nil Irc4ucIKY changcv in a DR
laU\cJ t>y the mnucncc HI the \trip lincv
"111I1lC1,led

If the In-WI I DR hUl l! m 1\ rrpll lcJ by .
9. 1 G i ll DR.•1 ' w mmen, ally Iva,la"k,
lhc'n Ihe laller 11 lllal(\ al al"ot1U1 ~ 4 01 /1,

JUt II ' lhe p: l le lod drain \ Inl' Iin('\
dimcn\ l\'IIcd fl'r \0 (il lI (By gluln~ 1

ccremn Jl\~ nn whu h , ll\ de ..... nt'ocJ ill", svc,
.\ m ,de Irom it t> Mpi dl\\ I ilI J"ltl. lh.r. \OU
lall pull the O W: O d" ~ 11 1<1 the ~,tI ( ill l
de\l~J ,

J\ furthe r DRO J..:\el<'pmcIII fo r A rv
' f'Pl1 ~ ll l I C 'Il \ l,'uld uw the ('klln~dl

kl1~lh\ of \Inp crrruuv, whu h run he'

ultcn..d Ihn'Il~1i vardl.h.r\ ("T ancmnnvc!v
1-1. r ... , 'or 11T4UClh, v m,-.!ulall"" tiT for

\ r( or I)) I "rt: rauon

s.
SIM VI.T,\~EOIJS " RAI'SFER
OF IMAGE AI'\) SOUl'\)

The additional cornroncnrv pnlpllwJ 111

Sccuon fi fur "", imult<lncou\ tran vtcr " f
image ilnd \(lUnd" reprevc m ('('II\idcra"'tc

up..-n\{' 111 pracu-e .

Even .1 hrgb -leve! audl ll \llnal\ are n, '~

a\-llilabJc, fo r exarnptc from .-antera\ nr

camcorderv, the -e arc suitable Ior 01 '-.1
ula tion onl y til iI rc vtn ctcd degree wuhorn

further preparation

WiJdy veryrng tJru lo: \ In J l .....U\\l l 'f1\ can
occur in AT V ('J"Crlhnn, due ltl adi\l lie\
in fnlll i o f or hehind tht C'd me rl or on the
J .rt' l hona l ae rial [I ha \ been \ hi .w n III

prat.'!l that the mlldula lic>n inJt'( fl:qu 'n::d
can hemalllllil ned llnly ...y U\ 108 lin
aUlo mal lCally con tro lled amrlilicr wi th a
l:onlm l range of lIpr 411 dB ,

MOfCll\-er. d llcllo~ l one !luJ ,,) rre-emphll\i\.
a Mlund cub-carrier o..... illali lf. runcebtc
between aPr, 5,5 and 7.5 Mil l , and a link
between tht \Ilund -ub-cern cr anJ the'
\.del ' h.a~ ll. t>anJ \i gnal arr rrt.julrt"J rIll" TV
.... lUnd u1In\mi\~i(ln ,
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,hJI1-':I'J In'lll IUI I.1 7~ Otml\ III hen: luI'

'·'....I.-at-Ie ",allh lll~.'" h or level 'oCllln~,

""11I): .. lin Ohm p" h,:nhumc:lcr With ill

I 'I~Oh", "'ITa lid rc..i ..I" Ill'c .

II ;l luf h-In d ;IUJill ..i~ I);I lln'lII d " " llkm
ltd"I'·,lUdl" unu ,\ lI\1aila hlc "If .......11I.1

moduluuon , II " n'f1 \1Cnin l l 1II th l l> t "lI'>C h '

\lim' Ill' lilt' IlJ41 .nll lO lIIit -n .phunc inrUI

,1\ per uw J i; I,,:.r;11l1 lx'I••\Ii .

;/>
~.I , n r HHI nuw im.).:("" 41und

pr •....i nlo:

\11 Ih.·...· , 'In-lilt. ,In' mdu.k·J In the

IlJ-II .BIII II Ifll.lfc·".unJ rn,r"lII~ a..·

...·m" " tVHF Ih'f",n .. 1I1'Nlll. ~ll1.c ... ..

.Ln' .1,",llInl1 Ooס1 . 111 fCl1nOlI 1l1l"f ~' -""UIlJ

1'rl""" '''Illj1It'f I·M ATV Iran..nuucr... Ill'
,' 1> ' 1\ '11\1\ 011", lUII"hk It'T Ill,' HI ('II,
\ rv Ir,lIhllUll,"r trom FhIWF. nil' 1'0,'''1''

i".mJ ••f lu l LllI Ill' IeJ In 'l1Ilh,' DJ.lI.BIlIll
.' '', Ill i''h thrpu j1h ,I ,,',1\ l.lt>k ,.1 .1lI~

kl1flh I,' th,' " IIl' ~' lllrU I " ..." I..e l .'1 the
DRn llhoJuk Illl' RI rnl..t. nu c \"I'ulJ t".,..

-,........... $? T"';?OJ ~l flOMl

IThe Parabolic 24cm Preamplifierl
A fully weather-proofed very high-quality preamplifier covering
'200 MHz to 1360MHz. Mounted in a sealed diecasl enclosure

wit h weatherproof N-type sockets lor input and output, DC
powered via the output socket for remote mast-head mounting.

GAIN >4OdB across Ihe band
NOISE FIGURE <l .6<lB

£1 20 + £5 post and packing

KM Publications, 5 Ware Orchard, Barby, Nr.Rugby,
CV238UF, U.K.

Tel: 0788890365; Int: +44788 890 365
Fax: 0788 891883; In l: +44788 891883

ALL MAJOR CREDITCARDS ACCEPTED

,.,
•
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Joachim Danz, DL5UL

-----(1'

Assembly Instructions

and Experiences with the

DB 1NY Spectrum Analyser Design

l'he cpect rusu ~mll l ) "er a" per UUJ'V i"
a rdal iH'I) com plee lIIpplllrll lu", lIIod
fIIan) pruhle-rn" r"uld crup up rur Ihn""
",hu l'up) it.

~llIrtinl.: with II "hllrl " ) "I('m~ cum part 
"un betw een t"'n up -to-date pubh
r illilln" , I 'd lik~ 10 PII"~ nn Ill)
experience. wlth """I(' lip" on l'up)inl:
lind hlllllnc inl.: the iadividual a....embliev.
l'h e problem- ur hlllrnmn ic mhinl.: in
rin l.: minT!. lire then brit'n) di..cu....ed.

I .
(a:NERAL COMMENTS ON
SI'ECTRIIM ANALYSERS I:"
TilE A.\IATEUR LIT ERATl;RE

Ik lurr "l;ming III ropy a spectrum
m.uyvcr , ) '11U have III have a clear iJea tI l

wh.u requirements the -pcctrum anatyccr
vhould lulfil ,lllJ w hat the technical vpccrfi 
c:atiulh arc . Al the moment. the re are

n"enl ially 1w0 dcwri puon-, .... h« hit i" vatc

h Il'0I'Y :

- A Spectrum Anilly,cr lo r Am atcur-,

Dr lng. Jochcn Jirmann, DBINVc
Publis hed in I",ue" ~ ,'0: 411 Y1I7,
2", 1/1YIIII, I ,'0: ,l/ l 'NO.
.J & 4/1wl . 1/1'N 2 J IlJ 111')'-).1 III
VII'" Commumceuon-r

- Spectrum A nalyvcr 5.., I ,:'i I ~ J MIll
wolf- Henning Rcch, DP:lICl r>Uhl i"
hcd in Procccdingv 01 I31h and

14h G Ill Congrcv-c-, in Dur' lenj

2.
SYSTEMS COMI'ARISON

Since me rUIJ"l ",e" t i l U1c IWIl Je~igll' are
nor identical, no Jirt'l 'l (Urnrllri ,,,n can tc
CJ rr1eJ out here. RoU1 Jc ..ig n-, have edven 

tagev and dtvadvantagcv Ncverthele..... I'J
like briefly hi roi m \IUI U1t' most ewentlal

diffrrcnccv .

2.'
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\J"t'ed mu\t he 11:Juu~J IlIr nilm '~ fil ler \

DHINV [ ..tcn vrve hanJ wldlh nlfltn~

U~lnl: fil tcf t'ryl ..ll In om 1,,'\

kill I" :\II kil l . ""' h llh 1lI1",.
milkn It p"'\lhle III melll\un:. I."

C\ ..mpsc, tranl ml' \lIIfI\ .'" 41J)oilI "

u;nlthannd \

204. RllIn!o:t" "' IIppliu lion

DBINV 1111\ cpccrrum ana lY\€f rep
rcw mv a It·ry CltJ"t'n \ II/C arr ara
tuv, wt uch, UJ" to a 1rt'411Cn\ y 0 1

", (I ~ \0111 / . d'>C: l vimply evcryt .

tlln)! a raJI<l ama teur could ""I\h

rcven J lnll klnll 11"\(' llIah\l" hOI'
been JC\l.. nhet.J!) . 1I0WCl/cf. III

the lmallc In:l,{uc nc y ran,:c Yllu
l1l"cJ I" k. ... .....' c ... :lly ""' ha l

\I ..... 're mca , un nll l lfll e . doc 10

h.1II1'ltlflM. m l l lllK•• I:~al many
,Ii••khhonal li on lIU ,: U f wh w.:h l:i1n

be oIl1nhulc\J un ly With Ji fli ·

\ull \ Ibc 1",ly thlnll wmch ""III

rt" .. I1 ~ heir hen: i \ a pee-Ilncr
runnmg 1lI1 1M me time whit'h

'Urrrr\\€l thc\€ undcllfa ~lc

Ime l UtK' h..mllllllt'l 1lflll llliliC in

thc nnll mllcr!) . Or et-c ytlU can

,'tJ!;lIn ""nK' heir ' n .m II \ Imrlc
J"I ~k.ct tak u llll"f . With a It" III

paucnce ( 10«: .1\1,1 Seen.." 4).

IIUI thl ' e uec t can a l'ol l he made

u-c or: J cpc nJ llItt on the ri ng

rmwr. -recuurn Iinc\ up III. '"r
c ....mrlc . .. 0 111 l'an ~e

IJ l'll lll icJ . lI "we\le r. 1"' 1)' \-c')'
hmllN nlk,h nll ~ l"i1n he JcJ UlCJ

1I101.cmlng the Icl d of thc\€
hllC\

l.t. flJH'rIlIlin~ prmdplr

','IlK' " I Ih~' rrl>rll:rtll:~ have i11n:iIolJ) N'cr
~ ~I ..t-l"tk oJ ' h l'l >u ~ h OM: d,o!l C,.1..k 'II/.n

1>IiI""V 'IlrertlctCr'lll.l~nc rnCI\Cf ""llh

' '''''' Intcrmcl.,hlltc IIT~ucllol, IC\

i .. \ cl ..ktammllltl.", "'I \(l,1!fkJ

InlcmKdlatc Irt'qucllol,)' at 10 "

\tll/ loJ\naml.., uT'h.XOJHI

I )","/!( I)lrn I ml\~f I V ~urertlc lcn -.Jync

rl\ c I\ c r. JepcnJlnll: 1'" Ire
I.jUl'n~ ) range Level dc tcrrm

n.lll"" In t-.I\.C to.H1J (J"namll

uT' til 11'Jill

'nw,111.11\"1\ r,Il1~C I' a n rmponaut lallor In

~l'Illll"ll. vtm c all rallt/x. In ""hld l yl'u

1I1l~hl ""I'h II' hi;' Oil Il\C .h"uIJ hi;' lIIdllJ~'J

Naturallv, lh~" In:~uelll.) runj/.C cun hi;'

nlelllkJ 11'1" t>o"h lk-"Il:n. bv mcan-, 01

c vtcrnal rm\l"f~ alllJ11"lIIl.h '"

DB I)'\;\ tI 'iU I \HlI anJ thc Lilli

I.'\UI \ H II unage In:~ucfll)

l lhc U"llI¥C Im.j oc fll) lht ....1J hi;'

hanJlcJ wrth I:rt'at l .lrt'l In the

meantime aJ'oIIU'"I InUl ..... UJ" Itl

1.~II M Jl/ .

llr "}IC' '" 1,511' \fil l In 1"" 11 ran j/. ("\

""llh"ut j/..IJ"l lin the mc m u me

\'\p.tnJdhle ur h' ~ ,~ .. \t il l h)
IIll'dll' .,fan e\lt'mdl 1111 \crl ,

2.•\ . hl ltr hand ~ idlh.

lhc ha nJ ""IJlh 0 1 the lil tU l I' dct crmmcd
h)' Iht" '(lCdrum line. onthe w rccn . BI'l1JJ

liltu hand "",Jlh. ' ImullanetlU\I\' mean

'hdl \ J"t'tl ru rn hne\ ""hl ~ hill' tl••-.c h' IIIIC
.In.lther lltn nil I"ol/.u I'Ic InJl\ IJ UilU)
n:",·h\'J :'-aml"" fiUt"f\ n'~ulrt' 1lI ~t· rtlllin

n.'\J"'1f1 \l' Illne. '011 th.Jt the IIn ..~c Jl'r1a)

24.

u","Jle !)>n.tl muer "'llh a ....nd

"I 4 '-til l <I f I S
\klt"rmlllC:Jhy 1"", .p.I\\)

"" IJ lh
M lf l
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OPJlC This apparalu \ i, dc,*gned a, an
iud In Nilancm g IIr 10 1.5 G Il! .
II vou only wan' III know wtnch

trcquency lrat,;lIl1fl' art genet
aled .II wtnch Icvclv, Ihl' ~ui p

mcnt can he warmly recom

mcll\k'd However. yllU van nol
t ' '' I<t 1n d('liUlcd mtormeuon
,1"'1ll1 Iht' ,*snal, Aoo lor Iht:

J,-.cm"l) til, lor c 'amrlc, u""ll ·
lal,," or tran"cner... thl' l,n 'l
\I' lmpV1..lnl, for here lither In t
'>pllon, .m: u,uall) a\il,llat'llc
vu... h I' r.calOfl' , QSO partne:....
I>r the like . With thl' dc ..ign.
rf\lhlcm, l'IU~d t'ly hMTntlflll
mi,mg can crfel:IlH!y be
a\ ,ll t.Ic\J , l.e . 1M 'p«·trum line..

you sec llI't' K IUllly there . Any
on e wi,hlng ttl t'luild raJin
equrpment whu h gl>(' he y,lfld

7u ern. j, ..ell aiJ..·i..w ro ch"n~

thi, iJe~ i p:n .

2.5. t"t JO UTwntJo

Wh at I havc tried In do hen: i.. to give •
'cry " ncr idea \11 .... ha t I thmk an: the Tntl\1
csccnual diffcn:nce' . It J' m an)' ca~

.... IIM .. hilc to ,Iml y the documcnuuon
IlkIrecto..c1 y and weigh the charal lcri ~ I II,.· ~.

Both piece.. of apruratu' can he II ' mbled
wi lhout adiJilional complicated ga uge...
You JU,I need II frequ ency cou nter, a
high -Ircqu cncy source with harrnomcv and
a wan meier . The rc..1 of the t'la lalll'ing
procccure i\ t,;arricd oul u..ing Ihe equIp
ml'nl it,el f.

In my ,'pinion, it would al..,1he p J....it'lle tn
alte r/urll nd the 8na ly..cr 8' J'>Cr 081 NV:
1. 1.0 o f I - 2 Gi l,; fil't inlennetJialc
frequ ency at I Gft /; then a, in orig ina l:
'enmiJ in lermedia te fre4u cn e y II I

-------i~
4t>.Ci Mil,. thin! intermediate Ircq ucncy al
107 MH I

TIle range for which unamt'ligu'IU\ mcav 

uremcnr.. ca n be o t'llamed I."I\ n th u, be

n panded tn S Mlt/ln I G ill . P'Ultmlt lhl\
inltl practise, o f C{lu r~, ,tamh or f..J" t'I),

the n lllJ at'lihl) of "ulta" le r mg nuac r.. and
lI......·. llab1f'

.\.

ASSE\lRI.Y I ~STRlin · IO~'

FOR IMlIVIIIUAI. U~ITS

I em l't', uiI."ting my'\CU lu the I\~mt'll) ti l

the origina l Vtnitlfl Ilf the \J'>Cctrum
anal)''Cf. 1 \ dt\o(:rit'oed in h \uc\ 2 and
3119K9 of VHF Cummuntealltlfl\ . I heve
a\~mhled. !'luI heve nut yet inte:ltralcd. an
addl lional~ilIltuf (If I • 1.7 G lf!. , .Tlt.:e
I n mtere..ting \UUe:Slitlfl hi' been rut->
1i\ tM:d t'ly DB INV in lcsue I. IWl In the'
meantime . I hne: \ 0 fi r nt>l been ab le h l

cooc lOlk Idditiuflll c l pcri menl\ u'l nlt
lnI\'t:lling prt'-filtel' III my (lWn "lIli,fll··
lion . alth< lIJ lth it j , undtlUNed ly wurth
curying tlfl with this Vt'(lfl , For the: r (lwcr
"urrly.1 u'\Cd I CI .aded stit'llli\atilln wilh
I 7Ku TInge IC and the well-....now n LM
723. which turned (lUI well . The cnerecter
i \ti c ~ of the p..IVter p<ll.'k from Volker
Esper. Dl-lJPL (I) arc nalut1IlIy nut
matched by this dn.: uil .

The various unit", (all he 1, '\Cmt'l led in the
following onler . The run-nIT ctmlru l i ~

p l\iti(lned first, follllwcd hy the VeO/PLL
unil, nell the high -fre(jucncylin lenned illte
unit aniJ finall y the uyt.lal fille:r unit. II
make~ 110 \e ll I() eury tm .s'>Cmt'llintt
m.l<.Iule \ iflhe:\Cct ions . Iru d y fini\hed are
nol fully furn:tiunal. If yvu stick III thi,
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, .nkr of I'pentium, ..lllltc-hy.\lilltC Nlanc

inF;o u..m" II frclolucnl"Ycou nter a nd I wall

meter, f"l""''' 0\1prnt-lem .

he in\CrtOO intnlhc linrl.tc ht lU\ing l>n IlK
coenpoecnts \Kk a",well, in , If'lJcr In mJUI'e

the ctJupling hclw ccn the individual \t"I:C\
further .

.\.1 . IJIIINV OUlt hitfh .(rrqu~ncy'

ln lrrmrdia lt fr rquf'ncy unit
,VH'" ('ommuniulll~" 21 IQMII)

H the c xrcmat rrc-<w:lcc:lIlf i .. m>l linnl )'
mlq: ralcJ mill the enure l'l'fll'Cpt, it i,
aJ \'anlagcHu" III irw.:lut.lc a hi(th~u.liIY

ceramic c jpal"jlof in the rad i....fn:tjoclk·y

mp ut {If the unu. Withuut lhi .. ( Brat' ill.,.. it
l\lulJ happen that the rin" miln input
tran..former i.. Jc\tn'ycJ hy DC al the

mpur .

The ring mixer. I I. ..h,IUIJ operate onty Itl

ihc Cll.lcnl thai it can Ildua lly be mCII..ureJ .
U..inlt II Mnadcr-Nnd type here unly
f,,'au..c.. more line.. Ilfl UK' lOCf'CCn, which art
CilU""'J hy bermomc mixing {see .1\1,)
Secuon 4), To recoce ulllk ..irahic mixt4..1
rn!dul "h . the ring muer, II . ..tk.lUIJ he cur
till in the hnl,lld Nmd at 5uO, II i\ pl'\\ihle
1\1po l\ ide for J - hoB dampingelcmenh at

all ~ .I le"' , A broa d-band intermediate
amplifier with gUI'tJ input matching (e.g.
MMIC\ 11\'01 the MSA t>rMAR range\) ill
pin\· ] and 4 i\ the nltl'ol fevtJUTllhle
\l,lluliun here.

To Improve the decoupling of uie finl ano
\ttond intermediate fR'qucnde\ , a rar·
lil il," can t>t \l,lldc~ unit ' t1l.>th \idci u f the
printed c ircuil t1l.>anl. pct\\ing tranwcrocl y
Ihmugh the huu\ing, which mU\l t>t lightl y
\ealed Itl the cnver\ . Pnlhlcm\ with In
ltddilltmal amplifier belween the finl ring
mixer, II, and the helical lilter, HI, arc

eliminaled hy thc..emeaiUR'\.

In the area o f the ring miller. II . IJkI the
Iwo lil lc t\ , RI and R 2, highly ctlnth K!ive
mctal o xide \Cmi-(;(lflthK'IIV ftl8m \ hou ld

On tIM:: !!la:tllkl ring miser matl:hinll 1\

urwriricel, "i rM:C undnil'1lt'lle millet! pn'tJ .
!x:!\ can ntlt fall intn the \CCond in
tel1l1C\lialC fn.:qucocy . However. you muvt

ensure that lhe 4.7 nF car*:itur at the ring
mixer t'l(l lpul i o f I lype which iIl't\ 111\ a
chuke ahu ve I rJl , ~1l 1 Mil l . If ccra mu
type \ a rc uccd , the .. 70 .md IOU
re..i\lan(:e\ are to he: wued up in raOlllcl ,
wh ich cau\(' , a 11.... \ nf \Cn\ilivuy.

It ili advi~t'lle to mocm the: (~illalllr III an
externa l ht>u \ing and connect it thnlUgh all

adJ ilit\fla l plug ilnJ 'Iol.w.: ke l connection .
This ma ke\ it ees jcr til carry oul compen 
\1m, (V to replace the unil hy a le ll\ nlli\y

Iype of n\Cmhly. A liCraralC pl'wer liupp ly
a l\ol.) dc -c:uu plc:\ the: o~iIIatnr . 1 !lolnM.:lun:t!
the \oClf·inductive cnillu he: \oClfo(.1.lIItainOO.
which make' it !lolightly more rcmperatcre

\laNc and impmve:\ ih 4u alily.

Be careful to in~t.. l1 1.7 correctly , a~

otbcrwbe the etrn~ucllt:e ('uuld be Ic~~

w:n~itiv iIY up to 1M dO .

The: liCn~iti ... ity of the rnA 1576 can he
altemJ hy aJ"J'. 4(1 dB hy a IX: level of
between II V and J V .III pin- I". with the
open pin • .11 \ per data !lohcct. heing the Illt~t

favourahle ~()Iutillll.

The: unit.\ can he ha!allt:W in the folluwing
way . The: ring miliCI' , 12, i\ ntlt in~lallc:d

un ti l Ihe \e CllllJ LO is fun t'tin ning
lilllt)lIthly. Fi~t the ll\Ci llalt'll' uUlput .III
pin-2 u f 12 i!lo mea~urcd u,i ng a 'Wall melU.
Uerc 1hc: ring mi ler needli • Ic ...e1 gruler
than 7 dRm (5 mW), Ali "-'110 &\ 1hc: lunin g
range and the uu tpu l uf the ()\Cillalnr

match, the ring miller can he \oldcrcd'lII .
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The II' . uu .U1J IF III ,., ll!' .HI: then
l" llIIl"l" ll'J The Inpul gam I' ,el otl • 1'\

vou-, The li ller,. h i dnJ 1-12 . .I ll: Cdl h

"n J )/l J over by mc anv ." <II I nl·l.lpdllh>f

II till lir,1 1.0 " no .... .... " .... IeJ tr om drJ'

.. ..u \1111 Il' " XII \ 111/. the IlndJlC 0' the
In"1 Mill truer curve l ...n n tx ....'en

1....n c "" Ihl " 1110"'"'pl uh lin III

IlfHlHllJl J/dp ,.1 21 " \111/ rn.. Tn,\
I '\~(, gcucr.•ll' dpp u .. V lullaJll' per 10

JB "I Iud Wllh Ih l' 'IJlnal. lOll, I I anJ

I I h' I':' .Ino' hallllllxJ allt mavrmum lIJl'"

"Jln.11 rthl uucrva! I"t the t " rnavtma
Illlhi be 21,4 Mill}. 111":11 Ihl I I nl C,

.lfl rcpl ... eJ h\ J".... c r \aILin. unultnc 1'>1..'

1l1.l\llll.l l.1Il "Il ly jU'1 hoc w..:11 n'l' vcrc .... '
.,1 the I'>I.U liltl·r,. h i anJ h2, arc turned

n plilll) lnun at'ltl\c unulthc imag e o l lhc

lilkr curvc .11 Ihe hiJlhn Jrelluelll) 1\ .11 11 '

rrl.l\llllllm. II .... l IlP'>I. rUllP\l the I\loU

p,lr. llld l,lp,lllh,r,.IIll: .... l·dIo.U Ilitu curve
J",IPr..:.U' DIU:dl) txlulld the nug nuvcr.
12.lhl 1'lltpUII' Jl·lnuplcJ anJ d. pla\eJ

on Illl '''lllh''ll'f'Il' It Ihe hdl,IO\IIl~ "
llirTlld "UI 1111 a n •..,1 .... hldl I' ... , n..l a

,""'Ihk, Ihl' ,"11 tx lhll"cd h} lII.. nudll}

.... "h.. lllljl till ....l"nJ LO .II the \l.k\.

"UlpUI

.tl, ntH' \ 1111' \ CO 1'1.1 unil
1\ III-' ( 'ommunil'Mt iu", l l'l~l

In Ihl IlIl.lIllmll,:, DBIr-;\ hd' dl· ....nhcJ all

'''lIl1al,'r .... llh a tre4uCnl} rotnJll' pi "~I

1.4~J Mil, III (2), Ihr\lu~h .... tmh lin

dl1.II~,,, h.IIlJ \loldlh of up 10 I tJ Cill, ,.ul

lx' "hl<Jlnl·J.

II " \lo"nh e\ pcri lllclltllltl .... Ilh th,'
rl''1'I,ltlll \.llun anJ the lllll, lit llll"

''f1~1I1011 veo Wilh my o,~. lIatl'r, I Wll\

,Ihll t" "hlall1 a rch<Jhle 1"\lII<JII<,"1114 \0

I,06~ ~1I11 II" imp"nant hlr Ihc ring

nll\lr Ihdllhe 'lUlpul J"" .... cr ",er thc enllre

!rl' ''lUl"IllY ran j.:e I' jl. fl·<t tc r than .'i JUm .

'shJlhl l hanfc , In the lappm!!- pomt ..n the

....·If· mJ ull lll· lOll, t"lte lhe r Wllh l ar idli<ln'

111 the l"pd\llln 0' the ..mplilier 'litJll,

hall''' '1J1n1lilanl mtlocncc he re Wi th m~

wr.up. the IUnlnjl. l"II ... /1.C JOl' nol vvun

'IJo.: ..... th Ihl l ••ll... t:l' rl tlrn :J tt, h)

I>HIl"V, hUI Ih., l ...n la'll~ Ix'lollll",:n

'''ll"J lur h\ 'tulahl\' ..Jlndl."n 111 the

rl,,,lal1ll' at the turun/ol mpul .\ 1.1"". II -r
..I iI ll·.... nal1"lar..J, l.ln "" .... ired up III

parallcl to rcduc c Ih, JlloJe n'lI'l tnllllll1

Should Ihl ,"ullah.r Irl"lUllll\ "" unvr
able, thl' md) Ix JUl' I" Ihl 1.lll Ih..1 Ihl

S-Voh fl'l''>I.U ,uppl~ I' n,,1 'lItl luullI)

l"I1' t<J111 (pdnl, ul ..rty lfllll.11 ..I 1(, dUJ t"r

Ila: .\lill-( )h m rl:' I, la lll l' cunru'c tcd hI prn

1.11. Thi v can he rcmonco "n l) hy wtnng

up t'>1.,klllf ,.,pdul"r, (l·.~ 22 I· dCll r"

Iyhl l<lp.lllh,rJ 1.1 Ihe I"I.... cr 'lIppl~ .,'11
I1l'lll"n'l,t dlllTl.ll , Ihc \-«()l ..n ""

p"\lo"r,d h} a ....pdr ..tc I",.... vr p.,," I"r

t'lt;llU dl-lllUrhn/1. lrpm Ihl rl'l ,I Ihl

dl1dl~'lr

\, mo.:nlll.nlJ h\ 1>1 /W If, ..h,,,lulch

mu,1 he Irom 't"I"fI>llI Olher

mdnul ..... turcr' Pf',..hJt,.h <In: lon'IJerahh

J""_>nrhue h ... In e\cn txner Imeanl\, an

Nf'r\ tran'I'tt>f m II ll'mrT1t~ eml1lU
unUlI, .... hllh lun,lIon, .I, II IO .... ·lmrcJ

",nle , .... lllh. ,lin he IIlln>Juled hel .... '·lll

pill 1311lthc 7"L~'i221 anJ the IUtlllllll.

1I1,te..d 01 the I.... I' re\l,I ...nlC'

J ..\. IHII' \' lI0H l"r} ,tlill nltf'r liI" f'mh l}
l\,UI- CnmmuniCIIli"n, .\.-Hlll

h'ur dlldp cry'lill umt' l' an .11\" he U,(·J.

in,lcild or Ihl' lour iJenli,al !i lle r u y ' la l\

Trul', Ihc,e pn lllu, 'c ~pun"u, re ,onanle"

hUI lhe~ JI'aPre<Jr rela lil'cl) "IU1dd)' a, Ihe

hilnJ wldlh I' reJu,cJ
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Ttl make it eavier fllr ev en an in
ex perienced Ilperllhlf In u\c the vpcctrurn

Ilnaly""r. the \weep !> peed and the hand
width (If the l"l')'"tlll filter cen t'lC finnl y
preccr, de pend injl: I'll the h.tIld Width
reprewnrea.

Once alllhc modulc-, had been 1I\'oC:m!'lled

and hal anl"cd . I WI\ nlitur-lly eager til 'oC:C

how. f,'If exemplc. the l 'UlpUI \i gnal rrom
my 2Jl"m tranwertcr would 11...1k, Wh en il
WI\ connected up , ....1 many vpcrtmm line\

appeared on the screen thai l al mo\1 threw
the uensverter away" LUl-kily, il wa\ .... lon
f1\1\\ihle In confirm the \u\pil"illn thlll nlll
a ll the spectrum line\ -ternmcu rrom IhI.'
uanwertcr . They were more likel y III be
hantlllllin from the finl ring mixer.

Diode !> f1\''''>C'''' II non- tincur lhll tlKtcrhhl',
which di"r1ay" the r' llll lwinjl: rellili lln"hir:

c U

where:

".1. "'rc~ urne)' m u ltipliutinn .nd
n1idnK with diud lr!ll

4.
IIIENTIHCATI()N OF
lINEXPECT EII LINES WilEN
WORKING WITII TIlE
SPECTRlIM ANAI.YSF:R

I =C urrent throu gh dit-.Je
U =Vnllajl:e over diode
T =Temperature
h , c. k =Cnn\ tanh

(t<------------"=""""===~
Acwnhnj( III DB4DY. the four .1.9 H
choke.. can be rcplal'C:J 1\)' wuable NC(l\iJ
wil kih . The y can he Nhan,,'cJ with
wn"idcnI"'ly ,Hcaler '4:'n\ ilivily than lht'
fi li i trim mers .

Replacing tht rln~il'odc cornmuranon hy
rclay , tm n~\ fl< l advantage here . linn: it
rn w,JUl"C\ Iml)' a ..light mcreace in the
overall amplifu-euon .

The u}'ll;lllillcr avwmbly can he NtllllllCJ

dinxrly in the anaJy\Cr, even wunout
e xterna l (' \ l llla lllr\ dlllJ dctcctorv . Til mil
end . the fir..t llo,c illahll' II. \Ct lil the lir<ll
mtcrrm...Jlillc Ireqacnc y, and the \ignallhu\
ohlamcJ wIthout milling 1\ u\Cd f,)f bel
anl'ing. If the ..cmnJ \...d llaltlf i\ wohhlcd,
an c ..al" image til 1M enure fil ler curve i..
obtained . Thiv tine (/en1 rc'ptlfl..c) I;"tlITC\

pomh III the lel'O freq uency or III dl'u hle
the fir..t mtcrmediate frequency at the
input, lind vhould al\o be used later in

opcrsuon fnr tcvr pUI'J"I",e ,,"

.l ". WirinWinln~unnlrclifln or unib

An inli mte ly verieble Pn: h damping e tc
mcnt (SOU !) can 11\0 te introduced a\ an
m jun damplllg clement. and can. in .... 'me
l"irt:um\ laIKe". he uhlai ncd al a vel')'
favourable price in the ne ll marketv.

For an opuma l ccumg range for the PS
pote ntiometer, il i\ advi\ ahle III measure
the required volt agec fir\ l and then cal
c ulate veluev f,' r Ii_cd re\i \ lo" III limit the
milidling range

In my case. the tuning ran ge of the fi" l
ow itlator i\ greater than 5uO MH/ . It
therefore make\ \Cn\C to leav e S4 (lUt.nd,
in eun l(a \ l, III e xpand switch SS hy (lOC
p ovition, 50 MIl/./div.. There iv then no
difficulty in loc enng the hoc!> when
!>Witl"hing to ern'Iher rec olunon.
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tlK: el,p'lfKnlllll furn.h un lilf! t'Ol l~nd. \!

1II1l1a po. '\lo er ccnc \

II ..... e nil ..... \f'Cl.lh' a harmonu \Olldtcl

UIT"l: (U) • IO\jU • II dn\! (t lrl \ Cn Ihc

p"\lo(r 1,[tlll:I.l\Il"K' tuncuon . \lo ct>hllun

" ,2. HU ",,",K mitinR in \~ctrum

.n.I)'oC'r

tlK: ml\lIllt III IWIl \11tnllh wllh JII"tlc\ 1\
u\ed for 1relluc nl )' IOl'l\er\IOn In nntE

mlur\ When lour JIl"tlC\ arc wrrcu
to~elhcr 10 the nntE rmxcr, \...me \ltEm,!

Irllll llfl\ ..cvur tn the lun\lonncr\ . .., Ihc~

III phi\(' I'N·..."II"n Tbcsc Irll"''"' arc

then \l nlOItI) 'UrJ'fT\'>C'J 41 the ilUlpuh,
a lth'lUgh Ihe~ Jelinl1cl) iln\( In the mncr

II ' 'UILaI'l!c mtcrmcdrarc In'llucrn.) I'

\Cln ted dnd If filtrall"n 1\ "n"IJed '"
nt>ml l l uanwco cr Ihe\C dlclh pi", no
pan Hut \ IIK e no '"1'U1 filler, arc pro\ IJed
lor In the spectrum Imll)\cr. unJC\ll'dhle

ml\ed pn"tlul.h \lo'llh hannoml' can ' ...vur .
even at the mterrnedratc lrcqucm y level

A, lin eumple .let u, It...~ here at the l<l\e

In whu h an mput "!tnal of 1 ( ill,. tree
trom hdrmtlflll\ , I' n.du'i\cl~ led m

"'

.n ' I If\

,'I ' 2 '

s " C 'C(l5 U o,
, ( ' I ' , c0!0 2'U'
( , ' l l' COIOU' l'

111u\ ltcnal frd.l. l ll >ll\ lin\,(; dl muluplc v ,. /
the [rtllU\rn. ) I I I the vumulaung H. llaJ(e

II WI' now teed in the vum III !\lo O

h.U11l11l11l v, in illlllitltln to the harmonu \ we

,Ih o obtain OII\ell prIllJw.;h U~lII1t thl

hlllomull furmula [of the \('lllOlJ-of\kr

term. I"r cvamptc . \loe l>htlam the I"Unwlnll
Imud I"n"tlU\. I

h .[ ...+ 2· CI ' ( 2 · l 'l'l' H)\ UU I + n 21·1) +
'I'l . nl\UU I ·U2) ·(j1 /2 ! + ..,1

Thccc '''l illauonc arc normally the lIc\l r ·
able output \ ign llh o r I m ixer .

Term of II hlll.hc:r llllJer III~) lrcatc: m,l,e.,!
pn"tlU\.h [RIm lhe hllnn\)(lil f~lJClKln

A\ lin cvamplc, lei U\ consider the thIrd
order re rm here lind ...uve II u\ln8 the
nll \ctJ prtldu( l\.

1, ·1 + ...... · C I 2· C2· !w .. tU2 ·1)+ Y.l · ('(1 \((2 · 01+ 02) ·1) +
Y.l • (0\ ((2 • U I • il2) • 1)/l' + 'I'l • C 12• C2 • (c("l ll 1 • I) +
Y.l . 0'\((01 + 2 ·02) ·0. '.1 1'(,, ((0 1· 2 · U2) · 1)l / 3' +

The-e spec trum fta l"liiln\ arc uvcd , lo r

eumple. In II ,uh-hllnn.\flic rmeer. Howe
ve t, the: frlltl'\fl ,.re unt.lc"lrahlc for

m.~\ 1 nu \crl.lnul l,
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L IM~ erfC'."n, ''" 1M ... rc<m ..~ I " "'-"",,"to. mlun,
, ,,nly tloe:h.rmolfl ... -1m: I Gi ll ''(In.11\ !>emil fl.'tl ln' )

--

..-

"

'"
'-1

I

'.
,
-.~-~'::'-_-'------~--~... '.. , " .,,' ", ' '" ..' '.' ..,

H \:. I Rihlot nuwr mlved pr ud ufb fur tin inpUl~il(n.1 of I (ai, a nd uriuu..
'eltina.t' nf th e: fir ..t 10; ll.(t'''un,chlr linir = 'h n .:t> l Iinr)

H lnTlt'I1I\\ .m ..c 111 the nng mucr OIl
~ <ill / , \ (ill/ , e ll. Ihc liN to ..hould be
v.mcd o ..cr u range between -I ~ l and ~50

\111/ . II the lir..' 1.0 no t"nJlalc\ al 5.\0
\111/ . ,10 output "Ignal ' cur .. Jl 47n Mill

( jll ' , lu .\ 1111 = -I 71f .Vl ll n Jut' hI

flU\ lllll .... llh the I <illl mpUI\Ij.:nal.

nll\ \III-nal ._ppcar.. on the ..crccn 'I' a nne
h~. II. ()I1I~ Ih l\ -pcctrum 11111.' 1\ and ccir
lhle II the fir..l LO 11.1.... ll\l:i llaln al
-.15 Mill , the fir ..' harmonu, ill
1.470 Mfl/, loan Jh" rim With I (il l,
12 · 7 1 ~ MH/ · I Gill =·n o \.illn

170 ~111 1 1\ .a)tam the ou tjun IrC\lul,:nq".
\\,hllh ~ au\e\ ..rJrJllinnallmc\ .11 iippcar on

the screen II the riT\! LO j. 1l .l:llldtin)t 'II

~~l Mil l , alllnlltt other thill)/\ it IhmJ
harmonic ll f 1.4711 Mil l al,.., ancc .., Thi\
mllle \ in the carne way with the jnput

\lJ:nlllll l an inlenncJialc Irequency t\f 470
Mfll <J • 4lll:) Mil , · I (ilil = 4 711 Mtl / l .
[1IU\ three line\ hue already eprearcd on
the wreen, wilh l ,ullin y barmonicc Ir om the

mpul \i )/nal. HUI the nn lol nuxcr ill...'
~('IJc ra le \ hannonin o f lhi\ input \ ilol OiII,
and \Iill more line.. ltppc llr.

1. . I Gil, · 2 · 7fl~ Mil l = 47 11 Mil l

1. • I (j il,· ,l • ~ III Mil, ,, ·n ll Mill

J • IQ J.J J Mill · 2 • I GIll =4711 Mill

.. • h 17.S Mltl • 2 • I m il =47n MH / ,
ere.
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OUIJ'U1 o f fir'll I,0 In lhe nil INV Spect rum AnalY\er "K.2:
Output or nrlil to
ploU~d .K.in"t
rr~quenc)'

. . .
- - . - . . . . .. .. ...

Value" for additional lines ca n easily he
worked \Jul with a pocket calculator .

The X lUli~ i ~ the freq uency of the fin t
os cillator. the Y 8lli~ the relative level l,f
the spectrum lincv dj~played. and the
anal yser must he se lected in vuch a way
thai juvt the lop line is otllained . The
dc vcription o f the lines can he taken from

their origin :

"J . ftl - 2 · I Gfl/ " means thai the second

harmonic of the owillaror mikcs with the
first harmonic of the lest signal .

Si nce on ly pour bases ca n he obtained

Irom unde virablc mixed rn-.Jutt~ in ring
mixers. I have tuned these level val ues fur

an S RA I . using kno wn data. and Ihe
rt'~Ulls whic h I have measured . The levels
can thus verve on ly as examples . The
individual results are greatly dependent on

the miller used . I used I Deter M21L
miller, which is specified for usc up III J
Gill , and thus generates line~ up ttl and
beyond 4 Gfl / . The circumstances in my
rig are actually still wors e. due to harmon

in which an: generated by the fin l LO .
Of cou rse, an yone who kn' lw\ whuh Iim::~

are expected ca n also usc this effect. for
example. 10 ba lance an llst"illlllllr at
2.556 MH/..

Harmonic mixing can he e ffectively corn
hilled onl y by means of a travell ing
pre-riner. A cunabte con trol voltage I'

already available in the form Ilf the tuning
voltage of the YeO in the 101:al oSl" i1 lalor
....ccmbty

5.
MY ANALYSER 'S TECHNICAL
DATA

Sensiuvity: · 10 dam ((0 obtain lop line)
• 90dBm (bottom line)
(WithOlJl lldd itiofial lF amp)

Band width al narrowest filter position:
-45 dB ..... 10 Ut i (with cheap
oscillator crysta ls)

Level change if cry~ta l fi ller band width i ~

altered : < I dB

2'9



l. lll<', lfl l ' , ' I Ifl'41Kn\ y ",nth,II.",1'
[)n 10111"11 .. ~ Mil 1 ,,'n
" ll l l f~' I f"4w:nq f.tr1~"

I '1"" ' r, ,1;1741.S12 1 wuh

euucr ,lllll'hlirrl

RipI'll' .'14/l"i '111 1hdl\ filter :
... I JB

...
H :\ AI. CO \ I \11 : '1...

\l l,' r lI'lIl~ til, ,IlI, II'_rr h'l ,11'"1I '111 tw"

',",If' 1 \\ "U luI11 \\01111 1< ' I'C wllh"UI Ihl '

pl,',r . '1 "411lpmrnl. B.II, lll'ln~ lIl.my .1"
_,'IIlt-h,'_ " ,.uIJ 1'"1I: tlh 'f~' ullli,ull . "f even

11ll1'lo.'' ' I t-k, «rthout 1I l"lII~ .1 IUj1h
,1llp..·J.tII,r I.... , ,,'1I ". 111 c .rrrv " 1l 1 111<'01"
In'lIl,'u l _ h.; l \\ \Tll mJ I\ lull.11 _Iaj1'" pi

,III, ,1 __\'m t>k J rln ,'- .'1 \'4111rlm'l1l ,mJ

1,1,',1 "'lI f, ,'_ ,'I cm-r I _,lit r.l fl K lI larl \

rcconuucnd -uch 1ll,",I_llfll1j1 nl ll lpml'l l1 tor

t-';j1l11llt'f_ \\ h. , .rr.. Ill _I , 1.lftl11j1 h ' buud

mcrr ' <lurpm,' nl thcmv ..I\.'_ Wuh lrc-

"lUl'II\-y n'unln,. WJU 1II,'ln, ,1111.1 a , ry",11
",,·i] I;Il ••r whu h )!,' Il\" fa ln ' lI i t..blc har

11 11 ' 111<". you can . I,.r " _'lIu r lc. l ull )' 1'1,11
, IIlH';1 70l'lll <If 2 kill tr.urvvcncr .

7.
I.ITEKATl IKE

( I I V,.l l o hp.:r. Ill , <} 1'1 . I h )'h lv

' I,l"k. I,.w flo 'I'" J"'w , 'T 1",1\ l ,
VII I' ( ' PllHl lllll l< ,lIu 'lh 11'11

C..! l I)T,lll)!, J,,, h" I1 Jm lhtrll1,llIIINV:

w ide-n;ll1u veo', u"n~ 1111 ' f ' ',Inp
l('dllh'I.,):y;
V I IF ( " 'mlllum, al l' \II ' 41'11.

(.l l lllrl ., ln):, witnctm -Harnnur
W,'r,h;lU rl . I )IJ~ IlY : A,,,'m"ly
111,lnl' li" ll_ I"f tln- 1>111 NV cpcc tnnu

.1Il.1 ly,,' r tunr uh lr,Ill'JI

C~ I ll,ll.1,lit" " I.M71 tit ' " 721
f;.J1 . V, llv" , 11,lrTI'. ,'1" .

BRITISH AMATEUR TV CLUB
1In: I I I Ii H IW A~ Y( IS I- INll'KI SI1'[ ) IN tV..I"n ·uw ·IH .I:V1SI. IN

\ ... r sc \;.. "i[ ( I\\' «. \ v STL I lit 1\\ r 11-1 1\. I:TC. 2"itJO Mb\lliLWS WI IWI.I)WII II :

VL,\k rlJ<.L) It IL'W:-; \1. (tj . , \ WI IICl I I-l: ,\ TUWESCl )N~n 'WUC] ·I( IN

I'Kl )II-CI s. ,\1v "'I~ WS. WH,UI ,\1( l-h\TUWI·_S ANI) I'CI\.t COMI'nNENT
I 11-I- ]- Ks 'I( 1 \IH·lIiLWS ,\ ~NU/\I . ~IEM IU;WSIIlI' ON /,r fy.nn

Ii ,\ J l (,WI:S H ILiWS! , 1'1 ~I~ WI lOJ) Kll t\ D. 11I(ill WYCllMHE. 111'1 2 4lJl I, UK
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1-_...I..' s..e..u..dQ!!!Q!l1hklIEMT GaAs rET amplifi er

r aml «h'. I. N A ](HJl mlllhud ImpUlin
III" Ih, ~'rry tll"1 PN'udomo~hi( IIfMP
I«hnolol) 10 li\o' r en OUIII. nd ins
prrlormanu, Thr d"il " inrorpon ln .n
nll n 10" noior ( 0.17dR noitt lil urt )
PIIt,n <;1" " rut rollo"f'd by I
mlrrolt rip hlndplll Iillrr .nd !'It!'ltl C
amplll'in ,lhr amph lirr II . 100 dnllnf'd 10

meet (, 1l~lronml'lllll prol'runn III IPc!! In
anordlnr' Wllh 01 ..UU

~PU 1tJ< A IIO ,
.irtq urn r y

Ga in
Compolilr "oi" (ilurt
Supply \o'ohllr
Coe"""Ik>tt1
Sb r H I "'. L

890 · 9~ !'Illb ( Amrrin n Am_ trul' m.ritr l )
1240 · 1320 !'ollb ( [ uroprln Amllr ur mukrt )
I!IOU · 1600 Mill (Inml n l t Ind GPS)"
24dR Nominll
0.7dB
12V DC (ii) 50rnA •
:wi011", 'N' ft",a'" _"rU-
11 , ~ 16!'i ..", 'uhtdh'IC6fta«lun.

• O('IlO"' " Irrd "Ia rud al ra blt'. llI11rr . pply .olla.. lo orOr l' ( ,,"'PC MI.. )
Pm, t 1111,:wI + J ,lMl ptMII~ Iud VAT . , 17,!'i'Ko. ( " la..arul l GPS r ,o .A. )
At '( ·£\.'Vl'1.'iAl1:UROCARIJ/M,4S rt:RCARD ' ad lll ltt a••ll.blt'.
Mi ll or pllonr 10CAMTH ' II H U,RO>r; If'S , 11(;.oLDI!\o GS n nSl , HAV,[RHILI~
sun 'ou ,:, ("89 OI Q I NGLA!'tD. Ttl INT+44 (0)U 0 61'71', h , INT+44 (0)«0 7tn .7.

[ KM PIIIJllcotlOI1$ - $of1wort! list1
'PUf-F with HamJtloo k (Ca l!«h) £ ts.so
MO!Onllll/SM6MOM· W6 PUf-FsuppJcmefit £ II .lX)
Siemens Scperamc ters [ 9.5()
Philips Scparamcters £ 14.50
liP AppCAD/Jl P r I ll.5()
Po st & pecking an ab ove £1 .50 Ior UK, [J JX) ror Overseas, £7.50 for Ainnail

CAE No.1collectio n (VHF Co mm 1,93 , pp 5K-flO) £ 70.{Xl

CAE No .2 c ollection (VHF Co mm 1,93, pp 5K-60) £ 71J.{X)

PIIS! & pal king on abo ve £SJX) for UK, £7.:'i0for Oversees. £IO.lXl(or Ainnail

lUI HWUnO'$. S .A'E0_'.,U"r. ',,-r.en. M/1.
Phone: 0788 890365 Fax: 0788 891883
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CAI.I.INGAU. nt' MANUt'A(,TUnt:ns]

\t.II,'\'I.I ,'I1-: r ,10 ~lJrrly r'I 'm l"" I1l'III \ 1n un Ihe II,II,,\\,1Il ~ 1I1,lIIul,j, uucr-,• •111 trom om

" .tm r II vou'rc t-u i I J IO~ RF I:QUII'MI ~NT YI'U lI,jd tvucr l,jlk III U\ y" u r'I'ulJ \,IH '

tim,' ,mJ moncv

vv \VITK I'IMF$ MICROWAVI '
( jRI -I: ~ I' ,\ R MA,('OM
\-11H PIliLli 'S
\\ 0\ rK I1'.~ JOHNSON M I ClW~1I 1'.-\ 1S
I \ IR,R I J I rOSlIlBA
\ll RA I A MITSl BISIlI

t Jl rs; J'()KO
[X )WN I ' A~ J M]CROWA VI ', JV] . A NTIiNNAS

I
~lINl ,C[Rt'U ITS EDDYS'!'(lNI,.
DI-"SS!] ARCO
SIlRAnUIAiOOD\1Ar>. SOS
O,\,RON TOKYO·[)I ·.NSIIi
rn ' I'J _ I· <~n~ ( l ,\,jEC PERM(lNA
TEI I' I'1'NKI' N rrr PRI:M()NA
m \ A/U 1 UNII ·O R' 1 TI ' IIL'
PRI nS lo~ rUBL\i K Y( )(TJ.(A
SI(;\ ·\[ 'JIT IlM1U X;Y Slti MA

PLE~ "'I · Y SlH 1ENS
I f iE VARIAN

I
COM \l UNICAnONS <'( )N( T I ~rS

... M.\.\), st.\,n MORE

AT( ,

MI1J'()Rtll .A
MICROLAB FX R
IlI ,WI FTf PACK ARD
ROt i l' RS DUROII>
S(i S T1ltlMS()N
MITS lJMI
JACKSON
ANZAC
II ITACl II
SKY-SH KO
AMIl
rrr CANNON
MO}UiAN MATRI X'
NTK
TOYO COM
NIKKOII M
EIMAC
1EXAS

\1 \f \I \ '1 I.\' r ·,lot' arc ,I Jedl! ,IIlI.J r,IJ,,, r;l rh "lll~ J i\l rit-ulllln, ht.', ;lU\(, ""c \e11 \lo ly

r,IJh' ,. 'ml" 'Ill 111 \ "" Carc \ ,'1\ ~(~ oJ ,II II ...1111 I ,I li l l \ III l ·r '1Il11' ,lIlJ the LJ K dod aJ1.1'1I1\

In"" 1 UT"IX' ""l' .trc the l.tr ~l \1 RI, hro .1J hlll' n'Ill fl"lIf ll1\ u I ~ ln hu l tlr mille 1+<'
Ma \ ht. \" 11 \ 1I, 'uld~,l lI ll\

2 ( 'ht"min du lIui.. Huu\ , F.h~ .\IIU

( '16 lui rl", "·r.n('l"

1'r1:7KllX l ,lSK: "'a\ : 7Kl.\.II~

'innn votinn from availability'

1',0. Un\ l.\5, I ,t"in ' \ It"I, I 1-:2~II. t 1\
1t" 1: 115,\.\ 777, ..uI ; n5,' .' 7KHX~ 1

F16\: u5.1.\ 477551~:;: ELECTllONICS
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,

I ~ I ((, IWWA \' E TRA~SVERTER KITS I

" r. ' Il~t' " I Mil r, -wavc Tranv vcrtcr-, 1"'111 Jh .....1'1 f:rHl M irrt}W/II'f' . ()fI/o:m ill l)' pu hll \hnJ

III liS' MI/ .l:I/:mf' , thc ,c un it, .HC c,t \ lly hlllil with \'lrtU;llly 11 0 teet c4 11 ,pTllt'nl rcqurrcd
due tothe 'no - tunc' drrnlath u\CJ

BUll TR,\ 'SVFR 1FMSo. IJ ) !lOARI)
Intl uJc\ t ry \ IOl I 144 Mil / IF, 12')(, MIl /outpUI ilt 2/1m W

I ' 11"'124nC K 2.\t'm lnm'\t·r!('r £111 .7~

1 .~:1Il 'I R,\ ',v u n FR &. r.o IU M RU

Illti lloJC\t"I}'\t dl Tenon PCB U\cJ fllr T n l ll \11111 Convener. IOmW outpu t .

' II ...BH4C'K ttem Inn\\ul(' r £IM.nll

'h.'m I'RA'SVFMH:M KJr
lncludc -,'lc tlon PCB and 1.0 Hoanl.

sll ....\4~( ·K 'h.·m T nn'\ ('rl l'r

tnmw nulrul. N....tunc l'l1fl\lrudi'lII .

£lbK.Oll

I.\t:m ,\ HHJE·S R.:(·FIV..:R KIT
Intl uJ t·\ I~w.:al Owillalor anoJ Te non PCB ror M..Je· S receiver. 144 Mil/I F.

4.'2 ,\ t U, TR,\'SV":R1 ER
A lIo..IIlIlCilppn';lt h. l -ho 1arJ LHlIl .... ith 2K \-lIi / IF

U":\l4.12< 'K H2 .\ l UI Iram\urtt'r

"RE-,\ \11' f'( ' Ih and SHFI .Un: R': t ,ITS

£ .W..so

50m W nU lpul.

£IUS.On

A range 111 I'CB, ,LnJ J ala . '11 \ am 'll\ mien..... ave prc-a mp-, llf'l j(Lna lly trom aruc 1('\ h,
A .C Wan! 111 Qsr M'I~{/:1n1' Ha re ho,an! \ ilmJ klt\ l!\'a ilal'llc .

MAIN
LINE ELECTRONICS

Please add post & packing at the
minimum rate or£I.50and then
add VAT at 17.5 % 10 the total .

VISA and ACCESS accepted .
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TIMESTEP

,
I d 1

""

11! lHl II

"

tlnPT S yst em
'\inlv'

"If ., 'I

l' I !

II I lit 1,11'1" II nll/m«n"'14l~,

hm/ .r,m "rod" rI 11 1 j ,tlllhih nt, A, r ",,1, r
I r \II If .. U Tr" ph II' ,1,'<1 III ou Irl\ n II.....", "I~.... "II h\t\ h..ltId 11.' t

, ,,~,IIVGA,llet"'V(;A "ro..T1qhl "t,ltl" ll"~ 71>"1,..."oJ"l,h

l I III I It pl I. h bolh4 If
n IIldl 4lII....... lin ~'""rn P'" '!l

ftt\< ii' wd ..nd, I ,,;0<11,(,11 u, lor V"

I "Il" III
A,II
T'll ld,

" I rP. ,i,,,It fwd " t" ""I l,t do. "nd
1.011 Il' 1'1<1]

It king Ih· ,10 II,! ."K.llun'M,''''l<llu<><hlllg Ill ..
lor Ar'I)<,k1fllJ In k"Il. I m."I"nd.~1'" r'dt,.,.!1
pr. mpl iLl" "'v n "" ldo. Tho. TI 1 H.
I., ,lUI" mulll~twllwi Of.. ,,'IOn.rd II In< ~ (

,,,,,,kmg Tbe dete cerd "Tlmo I p nl

("I I ",... .,;. Wll.. l "llIKh ....

.... " I'OI~l'( \1 (II 11

TIMUnl' WEATHEIt SYSTIM'
""I.... h.mh........ N......... 'k..' ( 'RM NQi\ 100000l.nd T.... (0 '110) H200,1I1 I ... 1° .1.101 H202MI
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VGASAT IV & MegaNOAA APT Systems
10 2 4 " 768 " 256 Resolution a nd 3U

'I I" -, "
) 1I~\II"l 1 I

\ \

\
100 Frome Autnmat k Animation

III " \\

NOAA Gridd ing and Temperature Ca lib r.ll io n
.., .... 1111\

\ "
10 "" "I ' " I '1""'"''

,I, 1 I"lt "'! I I " I", " It

Equip ment
\.1.' ........1 t>o..
' 1" " ,,,,,,,, , !'lr
" 1 (~lt 1

, Vt,,'''''( 1\ r
-t c
-t t ! It

1'"1,,. ~C)M

, I lit
, I ,, ,,

TlM I U U' WIA'"llt 'nrun
",It k"••nh"M'" •.....m ••" .. . ( liM Mll" I "y"ncl ' ..I (O ~ ,I U, M10lJ.lO I •• ,n 11 0 1 M20 2H 1
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MATERIAL PRICE LIST OF EQUIPMENT
Oc'Cri hcd in VHF C( )MMUNICAT[( INS

UHINV

PC"
PCA

ComptlOCnt\

Cu m ptmcnl'

Com p....llI:nh

PCIl

1\it

m\l",:'\1

PC B

Kit

J)JKl:S

I'CH

K"

Hrolldhllnd veo'. u"in" Mkr'""trlp Ttchlnh~uo Arl . ~u . ht. " 'IW2

OHINV Ol2 ...~, I>M 1l Oll

OHINVOIJ ..." DM .H.1I0

400 ·1HOM!i,
.1 lt HH619; l x HAKI I : I Jr, HFG90; 2 l AT420Illi ;
1 l HFQ69 : 2 l 2.2nF &: I II. 27pf' F..:cd-through Cep.:
SMCCunncc lnr\ ; 2 l 0.47 1{ SMl>Cholc: 1 )I, h< .u'il1~

74 lt.\ h Wm m; II 'CH OH INVH12 ...., I)M III.lU

4:'iO . 14:'iOMil l
I' 1h<>\'C but: 1 l{ HFGM in\lcad .. ,f HFGl,ltl ..... 11M HI.III

1100 · 1900 Ml iJ
11 \ ''''''''ebut : .. Jr, HHll1 1 in\lc lIJ "f IiH61t.l and
pcn DHINV 01 .1 in\ lcad or0 12 ..." I>M X\ .l.l

nrnlldhlllnd Mtll\Urtmrnl Amplinrr Art . Nil. 10]), 4/IW.'

UH6NT OO I lIfI.179 DM .H),I "

OH6NTOO i (It! lK2 IJM 12.t Oll

"·rr~urnc,. Uhidrr ArC .Nn. H), " /I'IlH

DHfiNT OI I'- 00'111 IJM lo.tIt1

DBoNT oll2 llO.llU I>M 2UlUM )

Vi/I44 Mill lrlln. \,crl t"' Ar t. ~u. .:U. 4/I'I'H

Wil ES 0 19 lIo.1I14 UM ,l o.lMI

DJIIESll l9 (lO.l ll :' IJM 229.lMI

Tuning DinJe BB 0I 9

Tuning L>inJe !iHII II

10orr
I (J orr

104liO

104:'1

DM 2tl.lIt1

DM ,l l .'ill

To ohi.in \Upplie~ of any or the . h" ve item' . or l ny tI{her item, from pll'l i\\ue , o r VIIF
Cllmmun iU liufl' , plc. 'IC eunlk l YUljf enun lf)' rcptc-cmenv c fur tkll i l ~ of hll:.l priu,:, . nd
1\,.illhiliIY, Altern. li ....ely , Y" u mey orocr din..><; t from KM l'uhlinli,IO'. Whtl "'C adtJ rc ,~ may he
f{lund nn the in, il.k (Tllnt Cll\'cr nr I hi ~ mlgl/inc.

256



Plastic Binders for

VHF COMMUNICATIONS

• Amadive pla' lic c overed in VI IF blue

• An-cptl up III 12 edi tionl (three vululT1Cl)

• Alk,w\ any required cup>, to he (01.100 (I\il)'

• Kn:f" the XYI. haw )' and contented

• Will he .enl anywtw:K in the world (or
1J ~II.m + roM and p... kinll:

!' ICI M: OHleryour hinder \lia the nalional
representeuve or lIirel.1ly rrom UKW·BEIUCl m~.

Terry llillan Ol iO (!ICC !>I:]ow)

The elder editions 01 VHF COMMUNICATIONS are stili
obtainable lor reduced prices Irom the publishers 01
UKW·Berlchte.

SUbscription Volume Individual copy
VHF COM MU NICATIONS 1993 ClICh OM 40.()() C1K:h IJM II.OIl

VI IF COM MU NICATIONS 1992 each OM 3M.OO CM:h OM moo
VI IF COM MU NICATIONS 1991 each OM .\ .5.00 c.,.hOM 10.00

VH F COMMUNICATIO NS 1990 ckh DM 27.<X) cech OM 7.:'iO

VHF COMMUNICATI ONS 19KM 10 1989 each OM 25.00 CJlCh DM 7.~O

VHf' C( )MM UNICATIO NS 19116 l() 19117 clr.:h DM 24.00 each DM 7.1M)

VHF C( )M MUNICATIONS 1911.5 cllrh DM 20.00 CM:h UM 6.00

vur COMMUNICATIONS 19W 10 19M each DM 16.00 each L>M 4 ..'\0

(EtJilion 3,4/1982 no longer , \,.iI.hle)

Indi\'ldu. 1""p ics OUI of etoer , lm:omplclc \'ol u mc~ , u lems . , ~I(ld: 1.'ls:

1, 2,4/1972 • 2. 4/1973 · I, .\ /1974 · 1, 2, 3. 4/197S

3,4/1976· I, 4/1lJ77· 1, 2/1978· 1, 2,3/1979

!'1.'lie hinder for 3 volumes

l'e1\1and picking minimum "hllrge,

each OM 2.00

eech OM 2.110

each DM IUXl

DM 14.llC l

.k UKW Berichte
P.O. Box 80, 0-91801 Balersdorf, Germany

Tel: xx49 9133·n980; Fax: n:49 9133·n 9833
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