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Th e Co ll in .. 302C·3 IJirl'etion.a1 Watlm"t"r

ngn iz t' 01 Wd Y ttl oW.lson· ftlrw.ud .m d
refh-c n-d vnh.lgt· St·p.tr .lh-ly . TIll" phe­
no mt'm," which m.I)... "S this ptl ssih lt' is
th.l l the rdll'l:h't1 cu r n-n t is .IIW.ly s I ~ l

dt·g n ..-s ou t of ph.I!'ot· wit h l ilt' rl'lJ...·h ..l
vol tage, w lll'n',ls f"r woIn l n lnt' lIt is ,11 ­
WdyS in r lMsl' w it h till' fo rwa rd vult ­
a~e.

jones ob t.lilwd .I VUlt.lgl· s .lm p ll· n 'p ­
rt'Sen ting the m.lg n ilu d l' .1Ild ph.lsl' of
tht' li llt' curren t by p l.ll"ing I oh m of
res is tance in sl' r il's wi th th l' Hno. Two
am pl'n 's of W:F cu r ren t would th us gcn­
cra te 2 vu lts of RF. l ie u !'ot'd .1C.' p.lCilivl'
vo l l.'~l· d tvtder to ~l'! .1 s.l m p le of the
RF vol togc acros s lilt' line. Till'St' two
sa m p le V() l t.l~l·S Illlls t bo l·qu.11 .H1d in
phase w hen th.. lim- is rcr nuu.ued in its
ch a ractcris tic illlpl·d .ull·e . Ad d i n~ till'sl'
two voll,'~t' ph .lsn rs provi d es ,H1 RF
vol ta ~e rl'f'r" s" l\ till~ till' forward vu lt ­
.1ge . Sll btr.lt"li n~ urn- fro m the ufhr- r
g ives .1 vo l l.l~" r"pn's l' ll t i n ~ the rc­
flee te d vo lta ge . In t he o rig i na l
Mtcro m.rtc h SW I{ Meter, ec vc rs tng the
phase of thl' cu rren t S.l rnp le W .1S occom ­
pl tshcd by rl'v, 'r s ing tfw input a nd o ut­
pu t RF r o n nertious to the SWR Met er.

5

This sum (o r d iffl'H'ned RF ' ·o lt .' g.· W d S

n 'Ctifi ...t wi th .1 INl-I germanium dl ­
ode.

To m.'a surl' SW W: , firs t co n nec t tbc
ins l ruolt"nt to in d k,lll'l lw fo rw a rd volt­
.I~t'. Tben a djus t ttlt" Slmsilivil y co n tro l
to pl ., et" th e meter poin ter ov era m.u)..
.11 the end o f th e SW W: sca le. Th en re­
ve rsc the term ina ls .1I1d read SW R di­
rcctl y . Onc equat io n fo r SW R is :

Sdt i n~ Ih...VFs.lm p l.· tn tfu-s.mll' val ue
with the sensi t ivity co ntrol made it pos­
s ih ll" 10 calih r.l tl' the me ter se a lt' d i­
rcc tly in SW R.
Th is basi c Instr umen t W.lS con verted
Intoa direcfiorta l w.u nru-ter by insta ll­
in l': tW\1de tector ci rcu i ts III pnlVid t' rcc­
Iifh-d sa m p les o f both the V~ ,1Otl VM

voltages to two se pa ra te meters slmul ­
taneo usl y . TIll' nw tNS w ore ca lihr,lI t'd
d isplay I'F.1 nt! I'Rd trectly. Snllll' tnstr u­
rncnts p rov ided se pa ra te meters h u t
most swi tc he d the o u tputs to ju sl O IlC

meter.
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Th eory of th e Toro id C u rre n t
Se nso r

The p rima ry o f the toro id tr ansfo rme r
consists n f nne tu rn - the wi re pa s",inJt
throu~h Ihe ce nter p lu s the return p a th
aro un d Ihl' outs id e o f Ihl' to ro id . Th e
M'ConJa ry co nsists o f flO tu rn s o f , )()
enameled co ppt.' r w ire. It is tc rrm na ted
with I W I I rt's isl n rs (If 10 ohm", each, The
jun c t io n betwe e n th e re s ts to rs is
~rnll n lh·d . The vn l t a ~ I' in d uced in to tilt'
seconda ry is:
I' '" I (. jw M )

whore [ is the line cu rren t and M is
the m ut u.rt Inductance be tween th e pri­
mar y an d sec on d a ry. Wh en the second ­
ar y wi n,j in~ is sho rt ci rcuited , the cu r­
rent in i t is:
Is =- I (-jw M) / (-jw L) =- I M il.

•

w here I. is Iht' in ttuclann' of the S('C­

n ndary windin~ . Noll' tlM t Is is in phase
wit h I a nd th oll its m.l~n i t ud t' is mde­
pt.' nJI'nl o f frequency. A n in tt' Tt'S t ing
pro pert y is Ih a l fl-.lucin~ th t' n u mber o !
tu rn s by ha lf dnuh!l~ tb v co il cu rre nt
ht. "C,1UM' the Ind uced VO It.I);I · is reduced
by h.rlf bu t tbc ind ucta nce is red uc ed 10
(1/2 )2 o r 1/ 4 th o f th e p rov ious va lue.

r .li r!y accurate vnl t.l~(' s am ples n 'pTt'·
M'n l in); +Iand - [ an' obtairu-d by co nnect ­
ing IIIoh m resistors fro m 1'<I('h en d I lf the
St'l'llIld a ry to ground . These low val ue
rosts tors couse apprO ltim;l tl'l y I dl'v;rl"t.'uf
phase error .I t 35 Ml lz. TI\l' a rnpl ttude
erro r is neglig ib le. A poin t w hich I com­
plt' tely mis.>;t.,j W.1S Ih.1I this p holSt., e rror
could he co m pensated by pl,lcing res js­
to rs (on the ord er IIf a co up h- thousand
ohms) dCr<JSS Ihl..· la r~l· r (500 p}-l vo ltage

("on l i n u~d o n p.l g~ 37
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R-3lJ] has
chauucl St' ]C l"! l l (

here

R .N OA has an i
trim here

-----:l /{_ .{ IJ ] has dWlllld
_ l"an l he re

e~e~_.

1';l ocl I )i fft' n: nCl"';
R y J(j a nd .N I \' :>i. R . ~ 'K )A

( \ ,1 1111 " R 1()t l ShU\\ll

welco me) for tilt' R':NO .1IlJ R·J 91. A ll
of th ese orders <HI' for the US military .
The- h i~h ser ta l n umber-s sh own indi­
ca tc the h ighest number repurted to me
by .111 owner, nol llt ,{: l'ss ilrily th e nu m ­
ber mad e (bu t i t im p lit·" that ,11 1" ,l S (

that ma ny we-re made) . 1\ hi g h se ria l
nu mber o f Zl' ( O ind icates a know n o r­
dcr, bu l no examples were repo rted 10
me.

R-390 II i s.n.
Co ll ins t 4 214 - r ll-51 -93 49 52
Co ll ins 14 22b-I'II -5 1-9:\ 14 12
Moloro\,)

fo r Co llins 14214-1'11-51-'1] .l ll/> "
Motorol a
for Colli ns 14241 · 1' 11· 51· 93 3401<;1
Molnru la QO- I' I-l-52 '"Motorola 2I>S'''- I' II-52 eva
Mot or o la 13M 2-r H-53 " ,

Tot'll R-3'JO I b767

R-391
Colttns 14214-r ll-51-93 753
COUin 8 11424-rll-51-53 n
Collin s 21852-r U-50-93 ,..
Collin8 26575-1' 11-52-93 3 16

Toldl R·391 1236

The tota t numbcrs fo r the R-J 90 li M y

.le w.l lly Ill' IOWl'f Ih .1lI [ h .lV(· s how n
above, as it is not imnw d i.l ldy kno w n if
Co llins ,m el Molo rn l.l used s(' p.Ha l('
b locks of s l' r i,l l n u mbers for the 14214­
1'11-5 1-93 o rd er, or i f they s im p ly sha rod
b locks o f numbers, with ,1 tof a [between
the tw o ma ke rs bl'i ng near soon.

The se prod uc tion fig Ufl.'S ( Om p.1H· to
over 50,(lnn un its prod uced fo r the R­
390A, so you ca n set' tha t the R-J90 an d
1~ -Jl) l .l H ' quite a bit [l'SS common Ih,1I1
tho R-J90A .

There were pro totype [~ -39 1 A radi os
made under tlrd N DA3h-lJJlJ-SC -S2SH4,
but to m y knowledge. thl'H' wert' 110

p roduct ion units . The actua l mod el
number was 1~ -3'H(XC-2) , b ut it wa s
essen ti.rlly ,t 1{-) lJOA w ith autotu ne.
The se ra dios ,H l' qui te ra re , lndcod
{where are tht, y now ?).

And fin a lly, lis ted below is the da ta I
ha ve so far fo r the R-725 receiver. As
I'Vl.' reported p reviously in Ih is p ubli­
« Il ion, this radto is a mod ified R-390A ,
,1 crossb reed bet w een u R-3<J(] a nd ,1 R­
J ' IOA. Till' ma in d ifference is tha t th e R-
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N ick " .1I....mo, KG 2IR. (who ..I!>o " ppl""'" on t he cove r o f Ih is issu t') 011 1 a nuthe
po..il io n in h i.. v in lo1lge h ol m s h o1l ck . ,'".. , ,, " 1/ w :tJVIH.

Jim Ce nd n n, AI>4Y M. w ith som e of h is b t".lI u tifu ll y , e s lo, ed vi n lo1lgl" gu r.



Two p icture ", f rom Ilni ",y lIo i ",in~lon , W4 CJ L. T h e tu p p ict ure s hu ws K7yl'M tlill
Huisy a t hi ", ()pl' r.l lil1 ~ !Hl",it illn . (nn l rl'.l ll y )
Th e lowe r p icture i", .l m un' l'Urnp le tl' s hot o f hi s h .lI11 Sh .H'k .
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AM Night on 75 Meters
Collins Amateu r Radio Club, W0 CXX

By Rod Btockso rne, KOlJA S
690 Eas tview Dr.
Robi ns, lA 52328

Thl' C u ll ins Am.llt·ur R.1Jitl C lull .
C..•..l.lr R••pid ... IO W .l Tl'l.-,·nlly Tl'CI'ln...l
A rthur Co ll ins' Ill..! ,-,111 s i~n. woex x,
under 11ll' FCC v,Jnit y call si~n pru­
~ra ru. Club mt'mlw rs nmsid"f it .) ~n ·.l t

honor lui....• .11. 1., It• •unv.uct fu-, , ",111,111

the .l i r tllK" .I~.li n .I S .1 Ir ih u lt' to it s
p n 'v itl lls IIWTll'r .ul d h is n mlril"tul ions
t tl (Olll lll u n ir .l tillns h·l·hrHlln~y . WI\\'11
<JP,· r.' I; Il~ w ilh thi s , ",111 l ilt' n ·... p"n.... ·
fro m tlu- ,1I11,lt , ' lI f n HlHTlu n i ly l1<1s , ,I I
times, (" " 'Il l ivr.rwln-Inu n~ . In nud-wm ­
tcr, A MI, IhftHI).;h till' Culli ns Colk-c­
lo rs Assm'i .l linll. propos,-d ,111 all A M
~'ssion t ill lilt' CC A 75 nu-tcr ru-t wit h
w oCXX. \V. ' ,,).; r.' .' .1. Ih., d ,IIt, W,IS ~t'I

fur tilt' "\·,'ni ng III Apri l 171h, ,lIl'! AM I
i ~~u.,.l u~ n 'r ti li ."II., number 1000.

TIlt' WOCXX siJ;n.\1 n..... l.'t.! 10 co m e
from \·in l.lgt.·CullinsA Mg",\r. Theprob­
h-m was- thl;'" co rnp.IIlY ha d 1.,.1 the in ­
du st ry .HVity from AM .lIld in to 55B
m.IIlY y.·.u s d j.;O .m '! th.'r" WdS "" 'ry
littl ., Cullins AM ha m gl'M h ll>i.' found
1......llI y. Mdr k, NO JWI, an a vtd C o lli ns
cull . 'd o r. len t Ih., d u h .132 V-3 ,m.t 75 A­
.) fnr Ih ., "f'i.'r .l titl n . Our RM.l in I'tant"
d uh ~ t.l l ion W .I !'; h" ing unwed to lWW

' I u.lfh·r~ .u uus tinll' , !>tl th is AM 0l....-ra ­
lion W.IS .Id u.l lly tilt' lirst tro m till' new
s t.uton. An Alp lM n 15 1. W I'EI' .Im p li­
fir-r .m d , I s ltlp ing dipo l.· .11 IIHl/M) fee-t
rOlll1. lt-d nut ti lt' s tation.

n W" l' .'ni ng ' lf Apri l 17l h Iound Ma rk,
N O JW I, I ,. '.' , W TOD; C,'y l.>, KOFLY;
Sit '",,·, NOYVY; 1).1ll, AA t lO J; .1Il .! m y­
self .Iss .' rnh l,'d for t lu-,'v" 1I1. W,>s ta r ted
,>.Irly .,t onlt. UTe ,IS we wvrv .IW.l n· of
tfu- poss ih ility o f .1 IMg.' uumbor tit sM·

u m l i n .... ..t u n p 4 Jo: t' .. 1

W0CXX ope ra tors, fr o m le ft 10 ri Kh t: C ..yle Lawson, KOn .Y; M Ark 1I0 vd a,
NOJ WI ..nd Hod Hlocksom l', KO U ,\S .

I .
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f ront view o f th e Na t iona l O ue-T.. n . /' I",t" s "ll ClII ,I,' W"t s,,,,.

ogy p ro pl· lled Milh-n .1I1l1 N,l lioll.l l to
inv est Tl'sou rn's i n nl .1J1lJ f.H:l llr i n~ II",
0I1 l ' -1'1'11, an d (2) W hy IIIl' am.rh-u r ""111 ­

munity W.1 S a ttr.u-ted fo r ,1 Il,'..ad,' 10
the 011l'-Tl'n.
"There is t ots of Roo m Up There"

AIl1<1 il' uTs in IIIl' posl -WW [ I'ra d e­
fin l,d SIHT,'SS in II'Tm s of d is tanres n,v­
en-d . By the m id -llJ20s , tl .lyli ghllr.lIls ­
m issions 0 11 20 meters wen- sp ,1I1 I1i l\~

oceans . Auor tlu- F"d t·T.I[ 1~ ,ld i o C o m­
miss ion ,lssig m 'd ,1111<1 leu rs in ['/21" tt l<'
ten 1Il t'l I'T (2H-30 M ill,) ,111<1 five ou-ter

(56-f>O MI L~ ) b,Hld s , lh , 'y ,lrll il'ip,lh' <\
I'VI'll more s l' ,' el ,lr u l,IT results. Tlw y
found that s po ra d ic o pe ni ngs on 1/ ' 11

rncters iudeod I' t'rllliU"d co n t,lels of
l'xtT.1ordin,l ry .li s t,l IKes wi th rl'l ,l livd y
low I'0wl' r ,

To the J ismay o f 1''' fw rillH'n tp rs , ll'StS
s uggl;'s h' J lh ,l l lilt' five met er band W,lS
wo rt hless 1');Hopl for "line-of-sig ht" wo rk
over distances Il f ,l few IIIiii' s . 'lhe p r-irui­
livt' IWss o f r,u lio il'1'h nol ogy con t r ib­
u ted to their dlsappointnn-nt. COI1 VI'n-

21

tiOIl,lllubt's .md n lll1 l'tlIH'nls d , 's igned
p rirn ,lTily fo r tlu- ne-w plu-nonu-non o f
rad io hTtMd' \l s till g w ou ld b,lTl'ly w ork
,11 .'ih M llJ:. T r,Hlsmi liers Tt.' s istl,d os ..il­
1,l ling , M,1Tt'OV,' r, f.rmi liar Tl'n' iving rir ­
cuits. ,lSS," ' i,II,,<\ w ith TI{F and su per­
IWh'rod y lll ' ren' iv,' rs, suffu n-d fr-om
poor sl' lls it iv ity , t uni ng .I ifficul t iI'S, and
St'v ,' n ' ig n ilion tntcrfcn-ncc. Many arna ­
tours conc-luded Ih.11 ' p loll it y 01" equip­
ment Iw rfo Tln ,IlKI' ,11 f tv c- uu-tcr-, W,lS
di sproport ion.i l ttl lilt' cum p lcx i t it'S 1'11­

r Olln ft' rl,d .
A b Tl' ,l l.. l h Tll u ~h occurred in I'n()

when .1111 .1 t " 1l r.~ reali r.cd th ,lt Edwin I I.
A rm s l ro n~'s SUp " Trl' )-; l' lll' r ,l l iv t' ctr­
cu itr y fUlwtil llll't! I'SI'I'I·i.l lly WI,II .11U I IF
fr" ' lllt 'nr i,' s , The s u porrcg cn cr.i t ivc re ­
ce tvcr remo ved tun ing d iffil'ulli" s be­
,',IUS, ' it tuned broadly . whic h w as finc
.It the wid e-open . ul tra-hig h fn-quen­
cies, .m d it W,IS im mune 10 ig n iti o n­
ty p.. uucrtcn-ncc. Arm slrong had in­
t rod no-d Ihe s u pt' rn'gl'm'r,ll i VI' n-o-tVl'T
in 1')22, but, af ter an initial burs t of
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The En d u ri ng Qua li ties of the
Na tio na l One-Ten

Millen believed Ih.ll tbc new acorn
tubes would cnabtc National tlt'Sig n
enf;int't'rs olnd h'Ch n iciol ns to bui ld <1

receiver th,lI could rover tht' uh rol -high
freq uencies from 2H In J(kl M1Ir..

As th t' schc ma uc di .IKr.lm ind icates ,
the circuit of th t· O m ...Ten iSIII't't'p t iVt,!y
simple. Only fo ur lubt's .UI' t' lldo~,tI in
a meta l C'lb ind. T Ihll"l. ...T D. finh.hl 't l
in black, CTolddt' l' n.IIllt' 1 - Ollt' s l.lf;t· o f
tu ned RF (954), to t'nh.mn' f;.,i n .Hld to
efi mm a te r."j i.ltion , is in tl uc tiv t' ly
co u p le d to .1 sl'lf -tl u l' nchinK
su pc rrt·f;t·lwr.l tiV(' d l·1t'1: 1t Ir (955). w h it"h.
in turn, is t ra nsfo rmer co u pled 1\1 .1 firs t
stagi' of a udio (fJC5) th.1t is rt'sis t.HlI't,
coo p ted to 01 po wl' r o u tput s t.l f;l· (I1FI1).
Receiver t'III1lrols , w hich .l ft' held tn .1

m inimum. ind utl(' 'Hld io K,lin . regen­
eration , ,ln tl' nn,1trirnrm-r , a nd mai n tun ­
ing .

Tun ing is .Kf(llnplbhl' d by .1 two­
~ang variahle cap.u-itor };t',lft'd 10 11ll'
now farnil j.t r I'W ruicromctcr dial,
which r(' ,1d s dln-rtl y f ro m tl In 500. II
ha s a linear s(' ,l ll' 1('n f;lh o f approx l­
matcly 12 feet . I'lug-tu rn iIs ,1 re used 10

tu ne f rom n-n meters 1(1lilli,' mete r in s ix
tu n ing band s. TIll' coi l SlKkt'l .... w hich
a n ' re 'ld ily .u'n 'ssihlt', .Ht' located un­
Jer Iht' lid o f til(" t'a bi nl'l . A .1-112 int-h

squart' caltbra uon cha r t is Itlcalt'ti OI l the
upper-left of Iht' fTlml panel . TI'n rcvo­
lutions of the I' W dial .H I' 1ll'Ct.'Ssary to
cove r each band . The sca le knf;t h p lus
the verni er action of the PW dia l pTll­
vi d es the operator of t ill' ()nt.' -Ten w ith
the eq u t v a tc n t tlf co nti n u o u s
band -spread hlllin~ on ,111 h.lIld ..,

The 0",,-Tt'n is th'S i~ Ilt't1 tn tlh l.l in .III
voltages fro m the N.lIillll.lI 5HK6 puwl'r
un it , w h ich furni sht 's 11.3 vult... .It 1.0
olmpt.'TI's to tb c fil.lIlw nt r-irruit and IHO
volts .It 35 m ill idmpl'TI'S til tht' p l.llt' a nd
scre e n ci rcu it s . TW II C h Ol lh' rit's ,
mocn tc..l in the n-c ctvor s u p p ly th H'C'
vo lts hi.1S to tfw RF ampli fil'r. An 1" It' r­
11011 spt'a t..t· r a nd output rransf o m wr
musl ht' p rov id ed .

As the to p -v iew p ic ture sho w s, the
tw o acorn tubes, the two p lug ·i n coils,
.md tilt' two sect ions o f th l' f;.l nf;t'd tun­
ing ca pacito r a H' op tim all y pl.,n'd, jus l
.I S RCA pn'sailwd . The pi r tu rl' fails III
co nv l'y. howev er, the en dless a th-nfion
In d l' t.l il that W;lS11l'.'t'SS.uy 10 nlolk. ' the
One-Ten cover the freq uency r,mgl' from
mil' to ton meters . Milll'Il .1dm ill t'd that
the One-Ten proved fou mon- difficult
to develop tha n hi s s ta ff had a n fici ­
pared . Th e teo:hnici.lOs discove red , in
con tra s t 10 other N atio na l equipment,
tha t all rarts had to l'll' p lac ed for I'lI'C'
trica l e fficiency with o u t re g.lTd fo r

co nl in u ll' d o n n n l r.lRIl'
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man ll f,ld ur i l1 ~ conv cutencc. Evt' ry
pi .·t"(· o f hook-u l' w iu ' fu nd ium...l ,1';

t'i tlll' r .1 ,·.lp.K it,H1H', .111 ind uct.mcc, or
an ann-n o.t . Wh"11 t ilt' I.l bo r.ll o ry 1110.1'"
wor... ....I .11 om- meter, it would not w o r '"
oJ t ten rm-tr-r..; wl ll' ll it wor ked on ten. it
wou ld lIut wo rk O il n il.. ! TIlt' h -chni ·
c ta ns thus W.'llt to.le '" MHt forth .IS lh.·y
fJn ...1 th.· v"_in~ p roblems uf "" "'-r i n~

tb c d cn-ctor tls...ill.l t in~ a nd Ih.· RF s l.I~ '·

fro m OM'i1I,l ti ll~ .

The p.linsl .I"' i n~ d fo rl u f N,lti. III.11
tec hmcta ns l'vl'n tud lly p.l iJ o ff , Tlw y
cu·.lIt 'd u il illlolit'l y ,I u ...-c ivcr Ih.1Iwou ld
IIp,·rd l,· .IS" fr. -ti v,·ly ,11 nt ·.ld y :lllll M i l ..
.lS a t 2H M il SUlTl'SS, ho we ve r, W.I..
mo n - ,I ,·(,ro ll.uy o f .... rr-m li r ity th,lll
d e..i~n , lu rlu- in..t ,lIKl· o f t ill' Onc-Tcu .
Na tio n.11 h,ld ill du l ~ l'd lIlo n ' in ti ll'
realm o f a r t tha n th,11of Sd ,' IH'l', Mllh-n
even COUII:-;l' [["d , 'xl"'rirn,-n ll' rs not II I
as k h im to ' ·"pl.l ill w hy t ilt' tuning unit
worked . Nc-itfu-r he no r .1Ilyo lw .,Is.·
kne w th,' answer,

O nt't' th t' s tubbo rn p roble ms W"f('
resolve...I, th,· N.lt io llol l Co mpa ny to.·~.m

to m.u"'t'f the Om-,T.·II, as .1 [ow t'0",1

2'

r.·n ·ivl'r (,l boU I $~I ) , fu r t' _ p l o r i n~ t ilt'
t1l t r.l - h i~h fr" 'l lI,·m·i..... TIlt' One-Ten,
~iVl'n th e obwc-tiv.·s for which il W,I S
. I,·vt'l o pt·d . h.IS p n>Vt'n it", '1f ttl I..· O il"

u f Ih ' ·lIltH.· d u rabh-, n ·li, I!>I,·••1Ilt! effec­
t ive receivers ever m ,muf.KhI Tl"'1. A
O ne-Ten is Ii"'d y tn wur '" h ..fay .·". Id ly
.IS it di d when it W.IS m .llluf.ll·tUTl...l .1
h.llf-n -nlury d~n ,

Thr-Ooc-Ten SUT\'iv.·d in tilt' 1l101r.... -t­
rl.ll·' · wi thou t IlHltlif it-.lt i"n fo r .1 d e­
t·,lt l.· p.lTlIy t>t...·.HI....· IHIIll' .It N.l ti tlll,ll
d .rn -c1 tn ch .IIl~'· .IIlY .ls l'...·1 of it , Fu r­
t ln-r , t ill' l'·l"hnid .m s w ho ini l i.l lly .IS­
...·m l>t.·t1 th. · O m'-Tt'll Iw l,1 il from p rn ­
tludio n un ti l it nu-t tlwi r ~ t.Ul".l rtls o f
,·'<n,II' ·IH·.·. Thr-ir IIt tinloll" n ''''u lt W.l ~ so
" u ts l.l ndillh th .11 110 other n llll l"l llY
d ll r il1 ~ tho I'('l Os so IIIm-h ,ISat tom pted
10 m.mufacfu n- ,1 ' ·OIllI' ,l r.lh h ' UI [P rt'­
rr-iv i-r . l: R
Referen ces
Ad v" r tist 'm t'n t, ( I 'n fl, M.lY) QST, 20, p.
75.
I lu ll, R, A , (l lJ.1.t , St'p h 'mh" r), Fi rin); up
t ill ti lt' new ly-open... l u lt r.l - h i~h fre­
q Ut·nd .·s . QST. IH, 13-15, /'IX .
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Dyllamotor Rcfurb the EdSY Way
P,HI 2
b y Mich . r l ll.n. , Io: C4H)..
15.19 Io:injt' l .um ( ' i..- Ir
IIrm d " n , V A 111170
AAFR.d i_rrok, o m

Th, "n.... '..... ,,11.0>, """,II" .
.1,..- f't"bu,~lon", .1 ,.., _

0.; ' 10 11 I....... ' ... " v
~,.,J J'>,n"n",

I ....... .. ~' A. I., I....,""" "'''....
,.... ,,1.1 ""~ 1I 1 , , ' n , TM.
........ ........ ' Iu' "' 1 , 10"'>: .
I ....,~ · 10 M , , ." ..1_1 ....' ,"'-
,... . . • ,....... ""-'I pno.l",·l ""
" 1, Iu, 1.-.."'.....1 1< - ......
.... " ..11; ~I ... I M I,Ih ' .. ~ I..-' ..
1I~1 I hr ' ~ m 'lI:ht lor ,,,m ~ ' h , .. ,,,
........ , b" ' l v.· ...,.,, .....II,... Io ... "' '' .....
II .......... ," ••,~ ,.. I."I .:,~.", . ,."" ,.,_
'n.l"" .. ,h.." I,t ' .. " t l..." ,.., II ,-""
,·.,,'1 h,,,1 " . " '... ,·1..·. , . 11 M.... - ••,
("'. " M ', ·n 7l1 . ,,,1 . , ~ ,,, ' ,.. .1.·.",,,,
",,"' , '•••'!..n II"•• ,..... ,. 10" "1'1
,." '",'" .",,1,1"1,, .,", " ,,, tI", ,h,'.
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, , "I .. , ·' 10.. ,'" I" , .... h.>"I"·.' r
• , ~ I. , 11 pl• • , .. 1" "",·1.",1 "" ~.'"

""m,;. I".. lul ·' t lu' I"''' ' Id' •••"
r ",.. I , ,""'1 0... .I....,. "
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.....J " ,.,J h-~ Iud •
.........._ ,,"11: , .,1" ,,11: ,10..
-..... o.l II , ,.~I ho_ .....n.
......."ll;' I' .~ It' ' ''' lth ' Iu' Iu.·~

brn> P'" t .-.t ... """" l it .t..Iu.·~ ,..

Iuno!l"" ~ . ...... ~ ~ .......h ,,1t k no!

."...., .... .". """• . "...-...I ".....
...,d '''1t t hor It'~""" ' 10" "'11:" , ~'-

'' ',r;. ',,'''m,;'' 1.."'......' 1, • • .- ~ ..J
So...... .I , .......~•.." I , ~~ , rt -7l /l'''-
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1' " ' , .. 10 1""1"'""'1, 1.. ,n
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. ,.,J "·I"" n , 'm~''' , . 1 ..
I· .. ·~ '" 1 ""'h" .. 1~. I~.." ·.'. r'
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Figu re 1. A mini dlu re ve rsion of l ilt' I dr~t' r Indu st rfa l packers , II' s ed iii ly rep fi­
ca red if you O T d fri end ha ve d 13Iht'.

when yo u {irs l s,' e ~n' ,liie l'nll'r~i n~ on
the gn'asl' sli n~l'r (inne r) s id t', then pull
off the end ca p and clean any I'XCt>SS
oUI. Ik s u re to ,Ibo cle.m ,In y ex ct'ss off
the inner s iJ e ne x t 10 Ihl' conuu utotor
before yo u fir" up till' d yno.

At ter ins l.l llal io l1 , YllUshou ld n' t Ill' t'J
<l ny mort' grl',lsl' than wh.r t's ,lCllIa lly in
the IWM ing and ,1 IitI It' in till' cavi ty - Ir y
to goby w hat ylll i S,IWwhen yllll l' pe llt'd
up the bca r i n~ 1' lId 1'1,111' . C lu-c k the ,'nd
bells after <I couph- o f hours of 0 fw r,l ·
linn - if it's t h rowin~ ~n" l s l' , yo u rut too
much in tbv ca vi ly und er IIII' end pl ,ltt'
an d it's l'xp,lnd in g Ihrnu~h t he dust
sh ie ld ,1S till' dvn.uuotur he.us u p.

Reassembly : In st,11ling Hu- ~ll'.l ril1 gs

on the armat ure sho u ld n 'I be a problem
(it sa ys here in the Im e print.} If the
bearings were bad , or if th e ul d bl'ilr in g
wa s d bear to gl'lllff, I ,1Iw,lyii sp ill thl'
shaft with a n elcctric drill or lathe and
hone its diameter down ,1 thous.mdth
or so. Usc {jon gr! t wei or d ry sand p,lpl' r

27

,1Ild WD·,IO until the o ld bl'oITing is ,1

"firm" s lir fit r,ltlw r th.rn to rl u nwngous
(h mnun, w onder wh y till' Sf'l' ll ch.'c h ' r
tl'1ggl'd th is - it 101l" s r igh!.. .) If the
bl'.H il\~ ' s too loose on the sha ft, l ,o,-titl, IM
a nd I' I' r nhlte x lM m a ke sha ft lock ing
co m po u nds that'H CU rt' tilt' p roblem .
hu t you'll hav... to heat the end of tbc
s ll<l ft (as dl'snilwd I,l .s t month) to brea k
tIlt' bond if yo u 11I'l'd tn til' t the (w.Hin ~

o ff in the future. The cornmorr t y~ll'S

shou ld ju s t s lip o n, IH.l t most n-qufro
lig h t tdpping with <i so t t 1lI .1 1lI't, bu t
dll'ck for bu rrs ,1I11l ch-an an y g redSl' ll ff
of 1111' bt' ,uin g bo rl' .lrld shaft with sol­
vent be fore putt in g them o n ...1 u se ac­
crone. You w,1I11 the lll'dring su rface to
he the balls o r rolh- rs, not between the
shod t .\lu l inner r,KI'! Sta r t the new bear­
in g onto th e s h,l ft w it h d light tap from
a pl.l stic 111,111e 1. If the bearing d oesn ' t
sca t all the W.lY with a few tap s, then
con tin ue w ith ,1 sm all soc ke t (from a
soc ke t wrench sl'l) in a p Tl'SSo r ,1 vise 10

(" nntinu..d n..d p.lg..
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Fig uu' 2. Il tllm'hro'w rol ,J l in ~ (i ,lIlft'
tholl s" i ns t h e ju s t- p oJ i n l t>J JyndnlU­
Inr. Thi .. I'u·yt'n b Tuns .

n.11. I .....T"llll~.,d ' T llk d cove-r ... tor m v
2K vo lt ..., ' Is t n-m 12 " " It d ~ ' n ,Hll"h , r ... ,
whuha rr-m"n·lI J...·[y to h.wl' t lwru d ill '
III h i~ l 1t'r 0l" ' f ,11 i ng curn-u t..., h u I ,I lu , 0 1

lllt' l' 0 s l · W.H umt ... 11. \<1 t he-m ,IS we-ll.
With ylo,HI)' r1t',Hlill~ o f t ilt' ,',Hbnll d u-,
(w hidl is h l).;h l y .lb r.lShd .lll d u .... ' .. I'
till' M ll t> i li th ~\ rt·.l " '· ' lll ,tHMI h" u rs h., ·
f" rt' rlHI h .lVo' t i l tu rn th., .H Ill.l l ll r ., Ilr

n·p l,'.·... ,I h, ',uinj.; i..n·' lIIHo',l s " r]'I !>I."

It y" u h.IVt' h.h ll ~· ,1.'n k .1 " lid 1>.-11...

d on' , th row them .IW,1y . Wit h r _l li,' n o:,'
yUIl .",1 11 do S O In , ' impn'ss ivt' res toral
wo rk. Yo u 'll need .1 ,"ou p l,>of sm.ll l ball
p.·.·n h.lm m,' rs ,.1 buc ket Ilf d am p '0.10 .1,
.1 bloc k of sufi pi nt', .lIld SIlIll ... l ime.
Wilh .l Iilll ,' r r.,d ie.., yo u can s l r.-. ig h tt·n
.ll l l he dents w ith !'i lt ',h l y, I i ~h l 1.lpring
on ei the r the wood b lod, lIf w it h the
S.lOtI ",S .l s u p pu r l. I w.n .1I1 y lI.....· .1 p i,'C,'
of thin ca rd boa rd ,. r fuM' ,'r to r-ove-r Iht'

Sol nd wi lhuul ll)S in~ i I S t"tlllfll rl1lin~, s ur­
p.uti ng.-.b ili ly . Don't gt HI\·,· rhn..lfti w ith
fo rcehere - s ll'.h ly. l i ~hl 1..1pp i n~ is ..III
yo u r u-ed . I\ lso n-mcm lx-r th..l1 ,llu mi­
n u m s t retch r-s ,tS yUIl h.rm nn-r it , so lOll
much w u r!.. ing w ill , '.IIlSI' ripp l.'s .

l u sl u s.. n m llllo n s. ·ns.' .Hld p r ,lt"tin '
on ,1 H',lI ly bad s.lIll l' l., if yo u 'H' n" t s u rt'
w h .n you 'ric' d o i Il ~ .11 fir s t. 1\Is" H'Il1l'Ol­
lu-r th,1t bl ,K I.. w r iIlk II· p .li n l willrover ,1
wluih- lo t o f s ins,

Th,u h ri ng s up rlu - f ina l s ubj .'r t ­
p .lin lill );. I };1'lw r.l lly fi lll itt ll·t1,·n ts .lll d
rippl. ·s ..m tl p ril m' 1·, .ld ly .IS I would o n
.1<,.Jr , us in}; s r r..IYI'..1IIS .IIHI hntl y p llll y ,
I ltlw l'n ' r, nU~1 Ilf Ih l'Sl.· d y llol flll ' h u s,lnd
i nver n- rs w ere p ,l in h ·,1 wi th h l..ld,
wrin kl. ' r ..u n t, whif h is ,I " ' ,II I'~on­

I. EM . If ~'ou gt'l . ·no ugh p.un t o n In
w rinkit' prop" r1y, it d r ips .In.l S.I ~~S likt'
.1 <,h,lInl' o n ,lll y lh ing n 'llk..rl!

I filloilly g..Wt' III' lIli ,llIllw ..llwr ..l llt' r­
n <1li n osand m..lt l., ,t rut ,ltiJ lg fhlurt.· (fig ­
ur.' 2 ) Ih..11 :-r ios the ' ' '·Il..1 l11o lo r betw... -n
fin- ..m d 1.'0 rp lll Tlu- motor W ,I S Irom ..1
tu rn ,ln ' d ..1m r ,' r n \l1lrol. " o ught .iI ..I
h,l llll .' st tor ..1 ,1I,II,l r . 1\ h,',1 11.llll p or two
to wa rm thi ngs li p ,m ol yo u r.i n };I't ,1

b" .Hlli! u l w rm kh fin i..h w itho u t rUliS o r
un wnn kl .....l oH, ·.I S. SUIlll' I'0li shill '; o f the
n n rn , ·ndollu ft · l.l ~~, l' ..rl1. ll's Sl lll lt· h l.lfk
.I''fy lit' p.nnt tnnn .111 .lf t isl / hubby s to re
In n 'polir till' b,Kk~ r" lll ld 0 11 r-Ic-hr-d lol f;S
(,I rubber S(l ll t'l'~" " wr , r!..s w ulllu-ro). .Hl d
yo u' re d Oll,, ! TIll' !i n ls llt'd pr" d UrI is
s h, lw ll ill 1.1.,1 l1lonlh 's oHtidl' .

All r i,;hl . no w ! M.l r1w 1' \'I ' ryo lw w ill
[,',1\'1' Ill\' ,11" n.· .1Il t! I . ',Ill ~1I ~,I( k ttl
p ll l h' r i n~ wil h Ill)' n' lIl1 lt·r nw ..l s u n 's
lUll \..... rtf.
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T he oIulhor npera f nf; his s ta ti n n in IQ63. The ..loI lion co ns !..ted o( 01 1101 IIicrolft t" fS
SX·IOI receiver a nd [ ICO tr oln!iomittt" r, m odu la tor a nd vl'O.

t ilt' wnrld \ firs l I II-' comm uni c..liu ns
tran sceiv e r th.u W<lSm ll~ tly sil lid -s l,lh ' ;
ithad lW<J h ig h s t,lhil ily ,lnd h ig h accu­
T<1l' y v r o s w ith lr.lt"i ng t'll'f l rou te tun­
ing Ior ,llIlhe in tt' rSl,lgt, l{F l'i rnli ls ; l ilt'
RF pnWt'r ,Implif il'r ra n ,I p ,l ir of h Hb
tu bes dri ve n by .l 12 nY7. The d t'Si~n

.ln,1construct ion Wt'n' 'I u ilt, in nl!\'il li\'r­
fur i ls ti m..-, in.,:lm ling .l bu ilt -In s witch ­
ing ptlwt' r s u p p ly fo r the h igh votta gc,
douhle-s id ......l circui t boards , a nd ,I rlug­
in In terconn ec t ...,:h. 'm., to efi rrunan­
musl poin t-to- point wi r ing, It is th l1Ught
th.l t p ,' rhdr s (,n ly ahou t 'lO••llllL's" wcr..'

m,ll!.'. a nd d ..\,l' I0 l' llwnl m-vvr r..a lly
Il'ft 11ll' prut"l ypl' Sl,lgl' , I I", fI'fo.l · .20tl is
,I s i r ildng f ll ll l r,ls1 10 ils f u n l" m p 'H<1T Y
bu t l'llll1 p<l r.l ti\'dy 'mund.me' ,111d pllp U'
IJ r Coll ins KW M-2, Wh il l' llll' I' I' M -.2IHl
W,lS concep tually 15-20 Y" ,l rs .rhead " I
it.. nrne, the ,I\' ,l il,I!>[., com ponents ,111.1
ll'ch lln lu );y r o m p ru m is ,' d thl' !,,'rfor .
ma ncv in Ih t' rece rver's ,Ibi lily 10 h.lnJ [l'
st ro ng s ig n,Jls. Thl' FI' ,\ ( -.200 p r ict' in
Ih"",l r[y si lO. li l'S was moret han Ih.JI of a

JI

n llll p lt'l l' Co ll ins S-lin." ind udi ng l ilt'
10 1.- 1!

TIlt' Dr.ll. ' I A is ,lI1o lh.' r Iavontc.
W hi l. , il is pl.'rll,lp S til l.' o f thc honn-liest
l<Jo l in g r ,ufi us ever s n [d. it s pcrfor ­
IIMnn ' is cUlI1 m" lld ,lh l" l'vl'n by lud ,ly's
s l 'lIl , l .Jr tl s . It s r l" .Js in g a u dio a n d
sm ou lh lim ing 111 ,1 1..., il ,l joy 10 lisn-n IU,
Its sound ,mt! t>fli,' i.' nt dl'Si~n fu nd ,l '
olt'nl,llI y lin'd on in thl' 2A / B/CM'r it·s.
,IS wd l ,IS Ih., ".lTli,'r -I,!in., 10 ,) 1.'SS{' r
ti t',.;rt't· . This is l Ilt' r ad to that l.Jund ll 'tt
Dra ke in to mort' Ih,m :!tl p',us of ,IOM­
teu r r.nho nl.uJ...d SUCCt'SS w ith it' s su ­
p.'rbl)' b.ll,lnn'd products (b.l l,u ln'ti in
t ilt' ..t' nSt· of p. ' r ln rnlollll"" , pncc. reh­
ahil ity, a nd V.l1tH' 10 tln- cu ..trime r]. TIH'
4-lill., W,IS Jr~l r.lbly tilt' fillt' st perform ­
ing tube amateur equipmen t ev er p ru ­
dUl't't1(t'\'t 'n com p.m-d to S-Lint') . I) r,l l . '
m us l lu n ' wor ked h,Htl 10 d evelop th..
7·li lll.'. w hich W,lSIht' market's firsl fu l ly
realized h ig h pt'rfUrlll.l IlCl.' s u lid -s t,IIt'
equ ipment Itl hl' mt rod ured (nt' ,)rly .20
)'t'.JfS .Jflt'r th e FI' M -.20tl ). but W,ls too
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The au thor dt hi s work ben ch . I l is w ih, Sdlld i, WU7N f:I), h dS Iier n wu rJo.: k o n Ihe
righ l.

so mew h.u inl'ffidt'n l t1es i~n••IS it u sed
two n 't lun d. lIl l .m d p.Ha lll'l p.l lh s , O IW

for ssn and the- o ther fo r n·lIl.linin~

modes . Th.. Vt·II,·r.lh le I IRO recctvcrs
were dIwdYSI" 'nd mld rl performers, bu l
bt't:umin~ I lln~ in lh e tooth by th., fif­
ties , when Ih.· II RO -bO WolS pTt"lut't't l
[d ual co uvers jo n was.in lro,.lun ...t tu lh.·
a rch itectu re): however, Ih.· phl ~-in .·u i!
concept h.ld Inn~ n ut lin ..t ils ullt' -l inlt'
bt' nl'f ils . T his m ity 11.\\"t' been wh.u 1c,ld
t tl th.· NC- I H3D, whi ch IS .t

b"lIldswilchin~ II RO -60. in In.lIlY rc­
:;.p t't-Is. N.lt it1l1ol1 wen t on to s tuu th ..
p mft-ssiolhl l wo rld in the m id -si xt i.·s
wit h 11ll' ,Ill sulid -s litlt' lI RO -50t) syn­
Ihl's i/t'd I"bl..-top rad io (previou s syn­
II1l's ilt ',j r,1l1ios fillc-d mll s l (If ,1 s ix foot
rack). (J ilt' r ,U1Ilo t thi n k of N'l tilll1.l1with­
ou t rl't:.l lling 111l' r..mark.iblc I'W tu ning
di al tlMt g r,Kt'd ('v. 'ry I IRO for uv er Ihi rt y
Yl'.lfs as unv of th.. mos t b" i1 ulifu l icun s of
radio history .Is well .IS a n .'n~in.'t·r i ll~

ffiits tt'rpi.'Cl'(even Cn llinscup i....t th.· l'W
concept w ith the ' f1IM l in~' n uuwrals of
the 5- Linc VHJ d ial).

3J

nit' SX- I IS receiver, IIT-:"l211 tr a ns­
mittor••md IIT-3:\II Iint·o\T ,1lHp li i i" r
wr-rc 11.J1 lin,l i l.·r:;.· I,ISI h. MI .1Ild lUrS.
Th.·~· un its we-re "i ~ ,m il 11I"IVY, .m d
w a-re , 'v,·n lu.l lly n ·rl,I......1 hy snl.l ll.' r
r.u lins (SX-1 17, I IT-"'''', 11T-"'5) in rhe
Ir"nd .-st.,blislwd hy Cu ll ins .1I1d Dr .l l ...
{smalh-r, li~hh'r w" i~hl, tr.mscei vc ).
Ilu w r-vvr, th.. SX- 115/ I IT-J2 IV I lT -J.lB
wvrva pl",,, sun' 10 USt·: Ilw y pc-rfurnu ..1
v" ry wel l, wen- pl.·.I ~i n~ ttl lilt' "Y" ,lIld
...·ns uo us 10 the Im ...h . Tht· I r.l ll ~lII it lt-r

Ien tu red .l ll .. lll rt·IIWly s t.," lt· ,mt! ,In "U­
ran - vro (the .ltt ,w-. t.,bl\· d i fl.·n·IlIi.11
h-m p, ' r.1111 re ("o lll ' '''ns ,l lit1II ct r..u iI ...iu101"t' adj us ted fur much It'SS d ri ll than
,·V.·IICo llins W.ISPn'v id iI1 f;l . The ,ISyl11 ­
rm-tr-ical --1.95 Me filte-r I' rnvhh,d s id e­
band s up p re ss ion .1IHI " so li roll-ouof
th e .lud to rpspons\' f"r ,1 vl' ry S,l l i s fy i ll~

so u nd. A lso , tlu- 11" lIin ,lIh 'r s hctero­
dynin~ sc hcn u- p r.'ci sd y p reserved the
ca rrh- r -to- Hl n-r rt'I.l t io nsh ip a nd so u nd
'IU.ll ily in cit her s id .·h.l lld modo (u ll lile
Ih.· S- U nr-, w h ich d ,·llllIlls lr.I!t-s nofic-..­
.Ib l.· d iff.-T,·n n ·s ). The- n ..'r-iver's Mc h i-
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Stud io [) (It'f1 ald el a n d Siudio E h ight s idt' ). A ll these rt gs are fu lly fun ctiona l
an d Tom ca n select a ny lin t" o f s ill s l,Jl io ns.

ov era th ousa nd un its produced . Huw­
ever, il wa s innt"tl ib ly successfu l in Ih.lt il
It'd the w,Jy 10 the futu re in ham equip­
ITlt'n t; it WilS tbc 'p roto type' of the 5- l. int·
and KWM -2, a s well as the Df.l ~ t·S,

Hdllicrolftt' r.;, .md N" IiOlldls to fo llow in
tht· aix ncs , .m d tbc Iapancsc prod uct s of
tbe SO,'vt·n til.'S ,lnd beyond . The KWM -I
set the st ol~t-' Ior a t;t'nt' r.ll ion o f Coll ins
rad ius with a rdalivd y narro w VRJ tu n­
inK ra nge in ordt' r 10 balance cos t .1IId
pt.' rfo rm.mn ·, ,IStb c rost (If p roducin g the
75A-I s lyit' vro W <lS wry hi t;h. The 5­
Lint' followt-J ~up lin th e KW M-I e xperi­
encc to [t·pl,ln.· th t' 75A-I/ KW5- 1 .IS Iht'
flagship SSllsta!io n, bu t the KWM -2 won
the lu-ar ts uf theamateur world in its ncar
perfect implenu-n tation of what ,1 t r.ms­
ceiver shou ld be. [ t wa s p romoted ,IS ,1
com plctc s t,lt io n in a su itcase, .1 tru ly
a ma~in~ acco mplishmen t at tht' time
w hen you n llls id t' r that mos t well -heeled
hams were s lill us in); the l i kes of iI V.11­
iant / u x o ,nr 5X-101 / I IT-32 .1t ftvenmes
the weight a nd size [the rest of us were
us ing S40/ IJX-20 class rigs )!

Spea king o f t ilt' V.l li .l ll t, it is a n t' lo:.cl'1­
[t'n l example o f thr- fin t' JlIhnslin t'n); i~

nt·t' r ing. w h ich h. ld ,I \t ·ndt·ncy to wards
brute-force so lu l io ns fol,ht ' f than In no­
va tio n . Th e Vikings , R.m gt·rs an d Va l­
rants were renowned for thei r h i~h in ­
tt'~ rity towards pl.·rformdllCt' and n-h­
.lh ilily. Ho w ev er, Iikt' I I.l m m.ulu nd ,
they hold a w ea k v is ion Io r th e future
and were lat e in " d .' p l ing 10 the new
Ift'nds a nd requirements u f th e market.
Th e Pace m ake r, Johnson's f irs l ssn
t ransmi t te r, was Iru ly ,111 od d dtosi);n in
th.u il im plemen ted .1 ba nd swnchcd
ph,l s in~ sys tem n pt' r,ll i ll~ ,11 lilt' crys ta l
heterodyne n sc ill,lln f frequency (s im i­
1,1 r sche mes were used in 'SSII,ld ,lp lt' rs '
for AM transmitters, bUI this was an
awful chotec fo r <l s l'!f-r on l,l ilw d SSB
rig). The toter ln va der 200 ,Id o p lt'd a
more tradlttonal SSII filh-r g t'n t' ra lor
sc he me, b u t w as too big, ItIOe xpeuaive,
a nd 100 ta te fo r the ma rh ' l, ,li thuu~h its
u pg ra ded co ust n, the- Invade r 200 t), wa s
.1 nic e acco mp hsh men t in term s o f a
co m pact ktlowa tt t ra nsrnit te r: u nf ortu-

co nl inuf'd n u t P" !tf'
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