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T h is is my firs t stat ion setup (W 9(-'It Z ) .It Hlu e Is l.md,lIlinois, in 194ft. The re's a
fe w thi n gs in th e photo I' d like to co m m e nt about. Firs l of all, if yo u lo o k very
ca refu lly a t t he wa ll o n th e left yo u' ll s ee two rope s. T hese ro pes ro ta ted my 16
m eter beam . j d on 'l su p po se oI nyone u ses this m ethod todolYb u t i t WolS reoilly very
si m p le ,md worked q u it e well . Some thi ng e ls e I'll comment o n is th e ,n h tuy nut
to Ihe mi l'. Bolek th e n, even .IS" you ng moln, I smoked 3 p ack s .l d ay. I didn' t quit
unt il th e early '&0'5 . I know tha t if I wou ld h av e co n tin ued to s mo k e I probably
wou ldn" be a round tooay_IEdi to r. I.e w w ill be 8 2 in j urre.]
ARR L until afte r I had moved to Mis- meters a~ain . l'veb...·n mllni lnrin~ 2Q.O
souri . l knew the top Oller'S a ro u nd the and irs f{'d lly (, lIcilin~ to hear the AM
coun try oInd 1 n'dli zt-d th at I hold ac- acttvuy w hen the band tlr~'ns u p . I
quire-d wel l O Vl'T 100 coun tries o n 10 haven't ex perience...t,lny~ n·,l I (lr,·nings

met ers.! fin,l1ly St'nl my ca rdsi nloARRL bu t expec t th a t cond itions wt llbo much
and rccefvcd DXCC nu mber 30 . Ch .uli.· be tter next winter.
Mdl('n, W1F11, had goucn N umber I, M y pre-se n t s ta t io n co ns is ts of all the
and la ter, w hen I went to work a t ARR L I d tes t ~" ar wi th .t lllh.· lll'lI s .mJ w h is tles
I checked an d fou nd that if I had been (dod I d o n' t turn m y beam with rnpcs
prompt, I w o ul d have obtained DXCC, and w heels any more) h ut 1s t tl l havea
not number I, but number 2. But mo re few p ieces o f vi n tage g.'M . l'm go ing to
im po rta n t, I n ',llizeJ that I W ,l S the on ly set up .1 ten-meter AM .~ t <1l i on us ing a
one w ho had go tten a ll IOU plus on 10 Viking Range r .ind an SX-2M. [ plan to
met ers. [t wo uld be years before the spe nd a lot o f time o ver th.· next few
Leag ue star ted to iss ue sin g lt-· b.m d YCdrs operating up in the AM win d ow -
DXCC awards. 2':1 .U -29.2. when y O Il hear me o n, please

50 he re I am st ill arou nd fo r Cycle 23 gtvo me a ca ll. W II O >
a nd s ldrl i n~ 10 ~l'I e xcited about III

3
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1880. Ft. Meyer, Vir~ini,l is named in
his hono r (a fact tha t I d id not know
before d espite bdng d long.t ime area
res ident).

TI\e 1890s and early 1900sS<lw the adop
tion o f h-Ieph une technology and a s i~~

nificant expansion of wi re comm untca -

5

t ton s. O ne article reports that by 1')00,
3475 miles of land-line and subma rine
cable were b...ing ma inta in...d by the Sig
nal Corps . The use of balloons (aba n
doned after the C ivil War) wa s also rein 
troduced d u ring thi s period , and tes ts
with the "Wright Flyer" Degan in 1908 .
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Figure 2.

enab le measurem en t o f the nomi nal
powl'r co ns u med a nd level s of line vo! t
age a nd cu rren t. Th e AC powl'r circuit
in the Analysis Un it is to ta lly isolated
fro m the res t of the test ci rc u its except
to power the m uffi n fa n a nd to tu rn un
the 516F·2 . The An.l lys is U nit ha s the
abi lity 10 tu rn o n o r (I ff the 5 t 6F·2 from

11

ol selective sw itch tha t will l'm powl'r
eit her an e xert.. r an d its llldl'ring or the
du m my loads and their respec tive me"
h.' ring. It is im po ssibl e to s wi tch both
dummy loads and exciter power a t the
sa m e time. The o n a nd uff selective
swi tc h b ridges termina ls 5 a nd 7 o n th e
11 p in ma le reces sed rec eptacle in the

co n tin u r d on nul p.l gr
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Fig u re 3. SENCO R t CI 02
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selcut u m blas n-cnfu-r, 0pl'n resi s tors ,
.11ll1 the like.

To d o ,1 gou t! jub o f sl' rv id ng .lI1 d ,
hu pdu lly, lo'l'pi ng wit h in the d ict ,ll l~

of tho owm-r, the servi cer sho u ld , 1111

older modet s, replace Iht' obsu ll'l t' b i.ls
ci rcu it ry . On 1.lh·r modds, th ..• improved
bia s d rcuitl:i: w ithi n th,' newe-r 5 1(,F-2.
Th is i nvolves thl' n 'pl,ICt'mt'n l o f r..,s is
to rs RH 10 ,1 3:ltXl o hm 2 wa t t, R9 to ,I
5000 oh m potent ionu-n-r, Rt u toa St>()()
o hm 2 w.i tt and , if yo u w ill , rt'pl'Kl' th.r t
o ld C RI selenium n 'l.-l ifil ' r wi th ,I s ili 
con d iUtl l', c .g ., IN-IOO7. Th is will im 
p rovl' the b idS ca p ture .Ul'.1 and ehmi
nate b ias v ll l l .l~l· from llriftin~ d own
h ill .

Chec k ,111..1 ,li i~n, if rll't.'I'sS.uy . t ilt'
c1lolssis r<l ils . Th ..,y a re found mo stly nu l
of ,1lig nrnt'nl d ueto ship pi ng the 5 161'
2 in till' ca bim-t w ithou t p ropt' r p,H" k,I ~

ing . R"'pl " Cl' Ihe ~r<lY or blole'" pUwt ' r
co n i, if req uired . They <In' fo u nd Itl be
..-irhe r co lu r l ll,pt.'nd t'n t upon d ,llo' o f
manufactu rer dnJ w h t' n' produced .
Rt'm ovt' Iht-'old nwlil! sht'lI allhl' l'nt! o f
thl' hi gh Vull.1/;t· e.1b ll· ,lIld fl'plilCl' w ith
thl' l,llN modt'! s l r<l in n 'l il'f IYPl' Ill .UlIl 

f.lCtufl'd by W I' \. Ch t-'c '" In mdKe s u n '
thl' hig h VOlt ,lgl' cable is Sl'cur..• w ilhin
the nyl on c.lb ll' s l r.l p ,IS it is f,lo;!t' nl'd ln
tht' ch.lssis for retention . Remo v.., Ihl'
Ihr...... Ihn',ld l'd rods sl'C u r i n~ Ihe th n '"
blt"toJer fl-sis ln rs R-I , R5 .md Rb. l)iS('<lfd
Iht, uld b<l .....·d , l'ouml...t tlu t ,m d brolo'n
fibt 'r was hl' rs<lnd rep l,lcl' with Scas tfl lm

A Ne w Appro.lch to S",rvi(i ng the 516 F·2 fro m p r",vlou ' page
te flo n s ho ul d ..-r w as hers .
They will outla s t the 516F 
2, CI..'an the t hree threaded
rod s fro m co rro sion as they
an' ma de o f b rass no t s tai n
Il'SS stci-l, In s tal l a chassis
~rl lund tc rrrnnalo n the fron t
r i~h l uf the cha ssis if none is
fou nd . Ins ta l l thl' CHdnd C9
c..' ram ic capacitors (Sp rd~Ut'

125(.$ type) to t'Mh sid .., of
ground on the p rirnar y

f'i.)wt'r in put. Thesc, Me RF byp,Iss C.I·
paci tors fou nd O il till" vt'ry lah ' models
w ith St' r i.11 numbers in about the s ixty
thousa nd ra nge ,

T ilE SECOND PA RT OF T ilE N EW
A PI' KUACI I CUllIt'Sas d Vt'r y impo r ta nt
ph.lso" of tt~tin/; . In ord ..-r to t'n..-u ft.' Ihdt
th .., 5 1bF-2 has lilt' capdbilily for l l ln~

te rm rd idbil ity dS it h.ld demons trated
in th .., pd s l 25 hi 35 ye Ms,~ d c,..-t ro
ly t ic t·.' p.lci to r .1Iut ot hers Illltil l be Iso ·
I.ll..-d by dd,H'h in~ tine of till' two co n 
ductors (either poloHity ) fo r thornu ~h

tt'stin~ .

He n-, now, let's tdke d moment to
lou '" b.lc '" to thoSt' cotortu! and interes t
in~ yt'd rs o f tht' All Elec tr tc A M Broad 
cast Band RdJins of the ,,' .ul y thir ties
dn J fo rti ..s and h i lhe rad io St'rvin'mt'n
w ho se rv iced them . P"'rh<l p s they had
in their p nss"'ss io n H I lt' o f the f(J lIowi l1~ :

SIlI,l r Ca pacity An,llyzer, Thorda rson
Co nden ser C,' p ., ci ly a nd Le<lLl ~l'

T"'sh' r , Po t ter Uni v..-rsa l COlld enst' r
Tester , MOlld 7(, C l p<ld ly Andlyzl'f by
Aerovox, Tobe Co nd e nSt' r Analyzer,
Ca p ac ito r An,ll y/_l'r BF-SO by Cornell
Dubi!ier. T l'1o h m i "'e b y S p r a~ u l· .

I Il' illh Kit Con dt'IlSl' r C ht 'Ckt'r and EICO
m lldd 9Stl resi s l,lnCl·-cap.Kit,l IKt'-Co m 
p,H<1tor h rid gt' , A ll o f tl ll'Sl' fine o ld
Il'slers of Ihei r lime h,wl' bl'l'n rt' ndt' rt'd
obs o ll'l t' w hl'n ellm p,lfe.! 10 Ihl' v..' ry
besl C.' p.lCilo r l...s I..' r5 dV,lil.lb lc tod.lY.
On.., o f the rt'd sons bein~ Ihl' ~rt',ll ..' x
p .m sion in th.., t'll'Cl ronics fil'1d a nd Ih..,
1ll'Ct's-"ily for ~rt'dlt' r rdidb ilit y , l1wt'lt'C
trunic co m p tlll l'n i .1nd p.lfls ind ustry

" Cll o l in u ..d no p'"g '" .111
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G I:O RG E W AT SO N, wm.on, S IU: NT KEY

It W.l~ juxt ,I lilll l' o ve r ,1 YI' ,H , '~u. in lilt' J)t 'fl'm bt' r 1996 Issue {If Elecmc Rad lo,
Ih<l l W01,(lII rqllJr h'd the dl'ollh {I f II., n l Ad, lms. Wn AE E. I l.m l W.IS .1 ch.u tcr
member o f 11ll' CUIIH.ld o Mllrning AM Nt'! .

On 1J..'u 'mb. 'r 24. 19'J7 , tht' Colorado Mu rni ng AM Ne t los l ,1Il1llht' r act iv e
member wht'nCt'urg..' W ol lsu n, Wl} I,()U j'lim...t Wn A EF..1S.l S ilt'n l Kt'y . C t' tlrgt"h.ld
bee n ill for m.lny months pn'n'Jing hi s tI.·" lh . This il ln ess fo rce...l h im tiff Iht ' ,Iir. bu t
1 01 m told 111,11 he Iud ,I rex eiver at h is l>t,J si J t".

Gt"lJrgt" h.ls .l vt ' ry specia l pl " n' in m y mt"mory. It W.1S he .1ln nK w ith Dewey ,
W0Z US w hobecame the fi rst MO r ue te-rAM co ntact (E R IUN)in my 32 Y" .lrs ,lS ,l ha m .

IIl.lJ the pl t',1sun"of mt' t' linK Ct'orgt" in pt ' rs lln at !iot.·Vl'(d! h.1mft'Sls ,m J l'njoyt...t
m.my plt, .l s.lnl l·h,Hs wilh him o n tbc Colorad o Mtlrn ing A M Net . I ' t' w ill lw slIn, ly
missed by .111 whose Iiv..-s he touched .HI" t·lu k ht,J.
Ho rst Gt' ipf' l, WAO NU II

Ik-Inn-C t'tlrgt' Wa tso n W0 LO II p,lswti .1WdY he g.l\' t' I lors t Cl'ipt·111ll' elw in' o f
on..' o f h is n't't' iv t'fs and trans nu ncrs . M f. C l' ipt' l choset he NC-:103 n 'n ' ivt'r .111.1 tilt'
Jo hnso n Vil ing V.lI i,lIl l t ran smi t te r . li t' ch llM.' the V.lli .lIl l bt't.'.IUSt' il W.IS s lill on
GI'tHgl"S work Iu-n r h, ou t o f till' r-ahim-t .md s ttllneod cd so me wo rk dour- 10 it

Aft\'f SOIllI' t ro uble shoo t ing a nd ItlllJi fit',l l i" ns I lo rs l h,l ~ it up a nd runntng. I Ie
p lans todo SllltW IhOmeter work no w and .1 1so h.1S it ru n ni ng on till' 7.';- M C ulorad o
Morning Nl'l ,

I a m p lt'.lSI'd to repor t th .u the .ludio is Vl'ry gooJ a nd h i ,~ s ig n.11 no w Ollt' o f the
s tronges t o n till' net wi th his G~RV a nn-uno. Ho rs t re por ts that the NC-:l(}3 h,lS
Improved h is receiving w ith m uch better selecti vi ty than h is ho r ne brewed recei ve r.
We hope Ih.l t he w ill contin ue 10 horne brew .1I1J mod ify h is s ta t io n in Iht' fu tu re so
th a t w e whu do not ho rne br ew w ill ha ve someone to loo k u p In in lilt' future. Tha nk s
Ccc -ge.
Orlin IO Jl 'f'n kins , KnOJ ..
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I' A Fin als
VOltdgt' Rt'g ul at o r
Voltagc Rt'guldttlr
Cl am p
I IV Rl'c t ifi\' r

Thunderbolt, wh ich also used 4-400As
b ut ra n C lass A B2 w hereas t h c
Ch tppcwa run C I,lss AUI . In ad d it to n In
tho tubes, till' Ch ippew a .ilso u sed 4
so lid -s ta te d ind,'s fo r hri tl g t' recfifica 
t io n o f bia s voltage. Here's the tube
hne-up:
2 4-I(Xli\
2 OC3
4 003
I 6 DQ1>
2 ~tl6A

"C lASS A 8 1 an d C se rvices
Unl ih ' m ,m y pop u la r lint 'oHS whic h

Me co n fig u red to run Cldss n. usinK
ze ro b ia s t r ind t's (u r It·t ru d es ) in .1

gruundto.J~rid ci rcui t con fiKu r.ltinn. th e
Chippewa opera tes Class A ll) fo r SSll
a nd AM service. The C hippewa USt' S 2
4·4()()A Il'trod" s (or a pOWN in p u t o f
2,OOn wa tt s PEl' fo r Class AlB 55B scr
vice ,lnd 1,IUJO watts for C lass ABl AM
se rvic e (AM liIW,u). Po we r in p u t fo r
C1.1SS C C W se rvice is I,oon walls.

Class ARt service theoretic... lly pro
vi des bette r lint'a r ily and lower TV I
th an obtained at lowe r plate voltages o r
in othe r classes of opere non . A C lass

Th e Kl-l "Ch ip pe w a" f";l tu r"s lun ed a nd un tuned inpuh and Cl olI s s ABI .m d
Class C o pera t io n, requirin g on ly 10 WolItts in p u l fo r full legal l im it o n SS B.

delay rel ay toallow th e tube to hea t ol mt
va po riz t' sunw o f Iht' nwrcury h.,' fOft '
hi~h vo lta/-;t" is e pplicd . It f"d tu n 's ,m
oil-f illed hl'r nwtica lly st';lll'd I IV p1.l tt·
tra nsfo r nu-r (to minim in ' Ct trun .al'ff l'd S)
and a n o tl-Hlted hNI1ll'!ic,llIy sea ted fil
tc r cho ke fo r long lift' ,m d reliabb- p.' r
Io rma nc e [ these a re proba bl y EPA
nightmolrt'S. bu lthey "'Pfll'df 10 ~ \' NY
wen sealed ). N o ctw a p clectrolytics in
this pOWN su p p ly ,'ilhN: the II V ca 
pacit or is also oil -Hlh-d. I n tl'fes lin ~ l y ,

thi s pOWl'f su pp ly uses screw-In li ~h t 

bu lb snc l l'! s ty l.. housohnld fu ses in -
sl d of the more modem 3AG sty lt'
fu ·used on most eq u ip ment of s imi!. l r
vin ta ge . EV l'fy thing. tncludtng th e
switching relays, is so heavy duty and
expe nsi ve you get th e f(...·ling that you
co uld so som e weldi ng w ith th is po wt"r
su p ply at the sa me tim e you are t"lk in g
on the radi o at the {ull it'/-; ,lllimit. This
power s u p p ly sh ou ld I.l s t fo reve r. The
transforme rs ba rel y gd wa rm.

The re weren't too m.m y co m mercially
sold linea r amphfiers which used .IS
many tu bes .15 d id the Chippewa: a to
ta l of I I. Tha t's r ig ht. II ! li s cl osest
cousin is probably the johnson Viking
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Tb e lIulhkil "Ch lpp~w .ll" ABI T~lroJ~ Lin~n from previo us p.llg~

Eve ry th ing is huvy.o.Iu ty in th is uy t"rJ esign eo.llinl".Ir.

11.81 dmplifil' r is 0Ill" in wh ich thl' ~riJs

are never pOSiti Yl' w ith rtospt'~:t to the
ca thode. Thl'rl"fUrt' , no Jr i Yin~ powl'r is
rcq uin-d • only vultdt;e. A C ldSS 11.82
dm plifil' r , such .IS the Th u nderbolt , .11·
lo ws ~rid l'urrl'nt til f1u w durill~ p.l rt o f
each RF cyc le if tilt" ,'pplil'd s i~n ,t1 is
IM~l' and it t,I!..l'S a small amount of
d riY i n~ pnwt ' r. A C1,ISS AB 2 ,unp lifit'r
h.IS till' .lIl Ya nt.l);t' th'l t it wi ll deliver
so mew hat more puw l' r using till' sa me
tubes , bu t it presents 01 loa d tn th e ex 
ctte r Ih dt is h iJ;hl y vancb le d urin~ polrt
of each r.f . cycle which can CdUSt' ex cit er
di s to rtion. AC1,tsS ARI amplifier ..t\'u id s
thi s p ro blem.
In p u l co nfi g u ra tio ns

Two different modes arc uffercd for
in p u t e xcit af ion, dt'pt'nd i n~ on how
much dr-ive powl'r is available: tuned
an d untuned (swa mped) ~riJ . TtWSI'
mod es a re conveniently selected fro m
th c C ri d 8 01 nJ sw itch o n the front panel .
As seen in Hgurc 2, rcg erd tess o f w h ich
gr id driYin~ method is used, {')(cit.lIion
is fed to the grid s of both amplifil' r
t ubes th ro ugh 01 blockin~ ca pac i to r dnd

22

pM..tsitic cho ke. lIi.ls voltage is co nvc
nicn tly ,ltl jusloIblt' fro m th e fr unt p.lI1l"1
fo r C I.1SS ARI operation.

In the- tuned g rid con fig u ra tio n, C!dSS
C o pera tion requires an input u f 40
wat ts. !Jut fo r Class AR I the tu ned J;riJ
in p ut requires u nly HJ wat ts (YOlt'I);I·
e'"l u iY.lll'nt) to produ ce th e full I l'~al

lim it. I'm t hi nkin~ IIf hooking up my
Index Labs QRP Plus 10 the C h tp pcwa
jus t 10 hoar the react ions I J;l'I w hen
asked w hat rad io I' m u slng [" , . . .. 051.,
I'm running 5W u si ng oJ QRP I' tus o n
sotar po we r. . . . . . uh .. . , . driving il

C h ip pewa lint'dT~) .

In the u ntu ned g ri d posilio n, lht' grid
uti lil es .1 hi gh wa tta ge, lo w res tsta nce
sw.1Il1p ing res is tor. The vOlt.lg...• devol
tllll' d .K ross this res istor provid es the
req uired d riv ing vol tage fo r C I,lSS A lB
oper.it ton . The sw am ped g rid posit ion
requires more input p o wer, bu t S.l VI'S
the tro ub le o f ba nd swi tch ing .1RJ then
luning the g rid in p u t. A fu ll 60 wa lls
pea k is required for Class ABt se rvice
u sing the sw am ped inp ut . Th e sw am ped
g rid position ca nno t be used for C lass C
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se rvice. No neutralization o r ~ri d tun
ing is rl" lu irt'd o n ,my h,lI1<1 in C l.l';S
AlB Opt' r<1t io ll boc.mseofthovcry he,lVy
grid lo.H.l in g prov ided by the SW,l nlp '

ing resistor .

Clam p lube operation
Tah',\ Itlf, ll ,ll tbc scbcm.uk in Figun·

2 MId yo u'll s..-e th .ll Ihe C h irpl'W,) fl',,
tu res a t>1x...)n d,l mp tube whic h b con 
nected tn th e St.- n ot'ns of the fin." tubes.
In C I,lsS AlB operation Ih~' fll>t..)to is
inopt.' rdt ivt·. The cathode and sc reen of
Ih l' cla rnp tube .U t' a t g rll unJ r ull-n li.lI ,
th us th o rlamp tube is complete ly nil
o ff .1noJ d Ul'S not in lt-Tft'ft' with l h,' .1C
tion o f lht' VR tu bes, wh ich n ');u lol lt.' till"
sc n "t'n vnll ,l );I'lo HIO volts .

Du rin); C lolss C opera tio n, how ever,
Iht.' 61.>Q6 provid es complete t'u lo (( d ur
in); CW key-up coudl tlons , p n 'vl'nl ing
any final t ube nnist' from appl'a ri n ~; in
the rec eiver w hen opera l int; full br ea k
in CWoThe da m p tube ca thode is p l,Wt'
at a n l' );" li v e fixe d bia s po ten ti ,l l
(appro x. - 125 V) but the cla mp tube
screen is .1 1 g ro und . The sha rp cu toff
pc n tode Ch .HJ.cl l'ri s lic thus oh l.lllll,J
ena bles the negeuve voll.1gt' d eveloped
by the find l !lIN- g rid cu rrent to flow
throug h the fin a l g rid IN l rt'si ..tance
whc n drive is olpplit'd d uring key-d own

condi t ions to ni l t ill' cl.un p lu bt' off.
During key-d own, th e 4-4tJO/\ SlTel' IlS
titus 0pt'rali' ,11 Ilwir no rmal C lass C
vo lt,lgt, ,, f abou t +3()tJvolts . WIlt' 1ldrive
is removed du ring key-up couditlons,
th e cla m p tube gri d ,lnd car hode .In' ,II
l'l-JuoJ l potent ia l, ,lIltl Iht' clam p tu be
dra ws s u ff icien l cu rrent Ihrtlug h the
M:rt't'n Jruppi ng fl' s i..lnr .. In ,ll"lu.t lly
lower the 4-400/\ sc reen VUIt,lg t.· to ol
neg.lIive pO It'n l id l w it h rt ' sp t'cl In
ground. The nl'g.lt ivl' sc reen Vtlltdge,
,lIo ng wi th Iht' filo.t.J Ilt'g,l t iv t, );ri d bia s
co m pl e tely cu ts o ff the fin,d tubes .
M .ak ing lhis th ing w ork

w bc n l ol l-qu ire d new pil"t""t.' nf gea r, I
USUoJUy p u t il o n oJ Vu idc and brin g It
up slo wl y the fir!>t unu-. However, s tnce
I don't ha ve d 240V V.lr iolc, Ilh 'Cid l,J to
t,lh' the Chippewa .IP.lf t .100.1 check
th ings out first . C111'ck ing th ings is l'S
pl't"i,tl ly im portan t wi th Ih'.l th ld ts , be
(';IU.,1' yo u never know w ho W.1S in it o r
ho w well it W,lS bu ilt before yo u get it.
So, ev en after some ba sic chec ks with
.in ohm meter, I decidr-d it wou ld be
be s t to pow e r it u p w it hout t ill' 4-4UU/\
tu bes ln stalted, so the bia s voltages
co u ld be checked. Lucky th in); Id id 100 .
There W,JS3,00 0 volts o n the sc reens !

The o ri);ind l b u ild .. r h.ld mad e a se n-

23 co nt fn ued o n nul P"K~
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co n lin u..d o n pol"''' 37,.

lt V c u rren t inru s h
I dt·cidt.'J not 10 ust.· Iht' H6fi mt'rcury

vapor n 'ctifiNs, fj~urin); tholl I'd eitht' r
ust' 38285 or s tl liJ -s ta tt.· plug-in rt.·p lace
mt'nl s . Sinn ' I hold ol polir o f Semicon

d ropped JCftlSStht.' Ct.,lim iting cu rren t
f1nw. Utl n't be te mpted Io USt' St.·v t.·rd l
CL.. in polrJlld to inc rea.....- t hecu r rent to
ra lin~ you need .This is b.ld d t.'s i~n prac
t in'. C Ls may be used in M'rit's, b ul nol
in parallel. T his is bt.'c.lu St.' Ollt.' C l: s
irnpc... lance will d l'H l' ,ISI' much fas ter
than ti lt' ot her, Glt l si l\~ mos l of th l'
po wl'r til ~o I hruu~h thi s o ne device
c,l usi n~ it to o verhea t a nd f.l il sooner
(n·mt.'nlbt·r," C l is ,I ('l lSit ivt ' feed ba ck
device}.

In the C h ip pewa, I 'IIMt'J 01 C L in
St'r it.'S with the 115 VAC w ind in); o f Iht.'
t ransformer which sup p lit'S JOA .II ..5
VAC to f he 4--40llA tttamcnt s. On uw
115 VAC si d t', this tr ansfnmu-r d raw s
app roxi ma tely 1.3A . AftN so me ex pert
mentat ion, the C l, I selected WdS.. Key 
s to n e Th er m o me trics KC -Ol qL-ND,
h ,lV i n~ .1 resistan ce o f 25 o hm s .1125" C
dl'at',l sin~ to 0.41 ohm s at Ima x. Cl.s
a n ' .l \' ilil" b lt' fro m I )i~i - Kt,y a t HnO-344
45J"l for .Ibn u t $2 .5R. very r hl',l !, in sur
ance indeed!

T h t' KS -l ft'il,luru o i l - fi ll t' d
tr.an !iofo rmt' rs and ca p..ci lor!l _1t w as,nol
s u p p l ied wi th .aco ve r,

Th e U.....thkit "Chipp....u " ASt Telrode Lin..<I r fro m p reviou s p age
IN2fi37 p lug -ins on h and , I
d ecid ed 10 g ive them .. try.
Thesolid s ta te re pl acements
gdvC ju s l ..bout the sa me
o u lp u t vol tago as did the
3828s.

To help limil inrush cu r
re nt (espt.'(' i,l lly when using
solid s.ta te- r vc fif ic rs}, I
dddt'd ,1 25 o h m 25W res ts
lor between tlu- cen ter t,ll'
o f t il t.' lt V tr ansform er (,11
p in 6) and ~rnund . At peak
pla te cu rren ts (I f It.·S5 than
fiOO 11M , th is resista nee h.is
li tth- dft'(' t un ov era ll rt.'g u 

l.mon . As an ,ltltlt~l l1lt." ISU rt.· of protec 
non fo r Ihis ir rt.'p l,Kt.',l t>l t· lt V trans
former, I .ld d t....t ,1 1.5 .lm p fu se in Stc' r it·s
wi th Ihi s res isto r a t the cen ter ta p , Sinn'
wv ,lTt' dedling with vt'ry h igh VOltdgt.'S
lu-re- if rbc fuse o pt.·ns, I chose not It,
moun I th is fust· tin tho rear panel. In 
s lt'.ld , I ~ I u('tt ,1 fuse hlocl.. nt'dtly to ti lt'
und N sid t.· of li lt' dl.lss is using G(X) I'
(ev en Ihou gh Iht, short, s t iff wires were
,\ IOIl l' su ffici ent 10 kt't' p it in pl .n-e}, If
yo u h ,lvl'n 't USl·t1 C O O l' hdoTt" yo u
shou ld reall y ~ iv t., this p roduct a tr y. It
looks lil..e ,l s ilk nllt' sea h-r but is nea rly
,IS s l rtlng ,ls t'pn . y .iod yet no w he n '
nea r ,IS b rit tle .

Occastonally, tilt.' KS- I power s u p p ly
wou ld s ti ll tr ip Iht' house ci rcuit break
t.'TS w hen il WdS fi rs l turned u n , This gol
ti resome, so I added 01 C I. in scncs w it h
Iht' AC side of the h ig h voltage trans
former to Iu rther lim it in ru sh cu rren t ,II
turn-on . This m-arl y sol ved the prob
lem . Use Keyst one KC022 L-N D, ra ted
.11 12A (0.7 oh ms ,1125" C, decreasing In
,02 oh ms .11 Ima x},

The rea son I d ll lSI' 10 us.' 01 25 oh m
rosts to r uu the ccu tc na P in s tea d of a C l
is to ClIVN situatlons w hen the h i~ h

VUltd~l' is tu rnt.'d u ff ol nd thell b.w k on
St,'vt' r.11 St.'co nds l,lIe r. A C L wou ld not
h,lvt.'h.ld lim e to n ·cII\ 't'r. I've th l' ft'fo rt'
St' l .111 ol bs o lutt.· cu rr t.·nt lim it, which is
lurtht.·r hd pe d oll {lll~ hy Iht.· C L ..dded



Understanding Super-Modulation
by Jo hn K. McCo rd, WID I}

Fig.1. The r.f . tube p l.Jtl" is s h u n t-fed
..nd t be p.m. p la te se ri es- ted 10 .. lIow
use of sep ara te pl.J ll" cu rre n t meters.
Fo r a diagra m o f co m p te te unit aod a n
idl" n l i fica t io n of p aris see th e
schematic s h o w n in Fig. 2.

ad d s and su btrac ts fro m tbe fiJ<l..'d b i.)s
su pp ly vol ta ge . II.s ,1 res ult bo th Ih,' r.I.
a nd p .m . tube o u tputs increase and d e
(fe.lse accordmg fy . 11. 1 t im,· in s t.lIlt ~ A~

in Fig . -'. an u nmodul a ted I.."arrit' r Irom
th t' r.f. tube Is sbo w n . At "B," th ,' s tol rlnf
the fi rs t pos iti ve audio .Ilte rll<l l iol\ in
(feas,' s the rJ. ca r r tc r s lig h tly to p w 
vid e a cu sh io n for the ,"(Jrning p .m. tull('
operation . At "C" the fu ll p,'"k o f the
po sitive au d io a lterna tion ha s ca ncelled
out th e p .m. lu be 's fixed btasan d d riven
the !;r id pos iti ve result in !; in .1 Vt'ry
1,1t gc am ount o f po wer re leased . AI this
poin t th e p. m. tu b e d ema nds ma xi m um
d . ~r i d d rive . IJy preference less d rive
is lefl for th e r .f. tube g rid a nd its out p u t
dro ps. s up press ing the ca rrier, At " I)"

the p .m . lu be 's powe r cycle is ','nd ing
and th e r.f. tube 's ca rrie r nses ilS,1 result
uf retu rned ~r id r.f. J rin ' .1nd p rov id~'s

Rep ri nl ed from th e Feb ruary 1950
issu e o f Radio drul Teleuision News

How it works, tu ni ng in st ructi on s, a nd
a com pa rison w ith o ther modulation
me thods, .15 seen o n a 1'.l n.l .i.l pto r.

A NEW mt,th,kJ (If ampl itudemod ule 
tin n has dppt'.Hl.'·,j recently. II is s im p!l'
and efficien t a nd n'.l Ji ly .lJ .lplt....t 1,I ,l lnd
leur lise . In build ing" low-power trans
miner using tbe"super-emMJ ul.l t inn~ prin
ciples and ~t'ltin~ it on the .. ir, St.'v er,,1
majo r J iffl' ft>no.'S, compared to n ogul.u
AM methods, well" noticed . Th is a rtic le
will explain in p ractica l "ha m" I.Jn~U .l gl·

what ha ppens in a super-rnodulaf ....t 01;
tha i makes il so d iffl' renl Imm conven
tiona] AM transmitters. A SII'p"by-5II'p
tun ing method and panoramic compa ri
son w i th l.tht'r sysl,'ms w ill also be COI/·
ered. Fi~ . 2 is the hom" stat ion fina l ustn g
807 tubes in super-mod ula tion. Fo r" ba 
s ic und erstanding of su per-mod ula tion
opera tio n St'" Fig.l. Th e unfarniha r l.ln k
circuit is elec trically th ,' s,,1me bu I rt'l.1raw n
10 sim p lify a n undt.' rstandi n~ of the ac
lion. Th e r.f. tube functions as .1n~ul.lr

class ~C' am plifier.The p .m .o r d . modu 
. lat e r tube , bt'i ng bi.I ~'I.1 .lbou l fou r lim es

rut off,doesn't goto work u ntil yo u speak
inlo th,'microphlllll.'10 mod ulate. Th e r.f.
tube ma kes the ea rner and the p.m . tube
put s your voiceon it by .ll.lding d . pnwl..'r
to th e co m mo n tank at an au dio rate.

Fig . 4 s hows till' s uper-mod u la tion
o utpu t Will/dorm a nd it s sepa rate co rn
pon ent s d ra w n o n a com mon time base .
As th e p .m . lube 's fixed g riJ bia s is
se r ies -fed th rnu ~h th e m o d u la tio n
Irans fo rme r seco nda ry. and the r.I . lube
bia s is in shu n t to the tr ans fo rmer cen
ter ta p (sec FiF; . 2), the fir s t aud io vult
age cycle from tbc mod ulation tr a ns
fo rmer sec o nd a ry bt' in g .l ,C., al tc ma tcly

... ."... \

....<Of

• r ..."

• ..

., \

••

27 (on t inu~.J n ul P .lK ~
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FIg . 2. Circu li dl~g r.ll m an d P.lIrts list Ior the eu pe r-mod u fation fi n.lll.ll mplifi l' r.lln d
modu l.ll io r.

th e fina l cus h io ni ng . At · E· the nt'~a

live aud io .l lt l' flld l illn ddds to the p .m .
tube's fixt·d bid l'i .lll d the p .m . ,;r id is
momentarily about l' i ~hl timl's cui-o ff.
Thr()u ~h th e modula tion tra nsfo rm e r
ce nter tap Ihi s sa me negat i\-'(' VOlt.lgl·
ad d s to till' r.f. tube's fixed bid s a nd
decreases its ou tp u t, formin~ the nt' ga
tive or valley po rtion o f till' o u tp u t
wavefor m. Thi s co m p let es one cycle o f
aud io vo ltag e fro m the mod ul a tor a nd
this is repe a ted for each SUCH' I>d ing
cycle. Th is nw thud IIf AM mod u lation

28

hots the fo llowinJ; .1 l1van td~t"S. Th,' posi 
uve w av efo rm pea ks C.1 0 be extended
to.t point o n ly lim ited by Ihl' p .m.tube's
pl,l tt' sa tu ration poin t and th e r. f. C,1r

ncr ca n be su p p ressed ilt the sa me tim e.
Us in g fl'g u lar AM method s, t'Xlt'nding
the po s it ive pe ak s beyond th e ltlll%
mod ula tion leve l wou ld resul t in ,1

clipped ca mer: Wit h su per- mod ula tion
the rJ . tu be su p phes so me ca rrier a t ,111
t im es and fills in between mod ula t ion
pe aks. preven ting ca rrier dippin~ re
~oUd l l'SS o f how h igh we extend Ihe



.,
Fig. 3. How r.f. tubed ri v.. shou ld b e-adj uste d 10 p re ve n t c" rrill'rd ip p ing yet rebin
high mod u l.ation pe..ks. (Al C arrier o nl y, (8) e ve rmod ufa tt on w i th d ipping. (C )
und er 10070 mudu lol t ion .

.-......-.. -..-

... ........ '
o. '........'

_=..... ~-l~~~-l-J'c:.'---- .-
Fig. 4. G r,) p h s h o w ing th e s u p t' ,
mod u lated o u tp ut wa ve form an d i ts
sep ara t e co m p o ne n ts, d raw n on a
com mo n li me b .a s is .

po s itive pt·.l b . ,10d it' s th e pea ks Ih.11
carry the voice intel liKl' nn ' ,

Rt"F;a rdi n~ powe r s u p p ly req u ir e 
meri ts , tw o pl oll '" su p p lies a re nu l
needed . Th O;' d . an d p .m . tubes d o nu l
d raw ma xim um p la it' cu r re n t .11 the
same time, so any su p pl y ad equate fo r
a si ngle tube will be O K. G rid bia s ( .1 1\

be sup plied r-ither hy V.lno nes o r a St' pa
rat e sup p ly . l tap mine ul f (If the drive r
po we r s up p ly bleeder. The d . tu be ca n
ope ra te wi th Krid-Iea k bias, b ut the p .m.
tube m us t have a fbwd su p p ly and ,t
me ans of va rying the bia s volta ge over
a sma ll ra nge. Tuning th t· su per-m od u -

2.

Fi g . S. P,t n,t d.llp lo r im a ge s h o w in,;
meth od o f d l't l!'Tm ining re fau ve carrier
Slrl."n g lh , pe rc en t mod u la tf o n and
ha nd w td fh . Po in t "A" is to kc. marker,
"H" vo ice pe ak, "C" ca rrte r level , "0 "
ba n d wi d th, a n d "E" ca rsie r cl tp p ....t
s ho wi ng ovemrod u lat teo . Th is s ignal
is o ve r m o d ul.lltf' d .IS s ho w n by
fb tteni ng dt " E"'.

l,lh'" transrm uer is qu ilt' d iffl' f('nt Irom
us ua l p roced ureand the method is given
step-by-step below. II is assumed b ugs
and p a rasifics have been elimi nated
fro m you r su pe r-mod u lat ed fin,t l .m'!
t·fltlUgh d .drive is ava ilab le for a s inKlt'
tu be. Both Ima ls d o not require ma xi
mum drtvc at th e sa me ti me . Sta rt w ith
findI pl ate voltage off .

1. VoJry th e d . g rid d rtvo and grid



Und ~r!tolnding Super-Modulolti on from pre vious p"'g~
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Fig. 6. (AI Un mod u lol h·d fll,'g uloIr method AM ca rrte r o n ly . (81 Same sign. I 100%
modulat ed, ,as see n o n r .n. d . pt or sc reen . Fig. 7, (A) Carrie r o n ly, su per-m od u la ted
signa l. (B) Fu ll y m od ulat ed "s u pE' r" . , seen o n Panadapto r, Not ice exten d ed
positiv e peaks a nd suppressed ca rsie r {lowe r p eakj, Fig . 8. (A) N BFM s ig n.1
w ithoul modulollion, (BI Same !;ig n . 1modulated ..., - 3 kc. N otice d e ad spot.l "C."

bias vo Ua/o;t· u nt il th...d . tube grid d raw s
1/ 2 norma l dri ve a nd th... p .m . W id is
zero o r just s tar t ing to d ra w cu rren t.
Th is bala nce is im porta nt. Ru n the d .
tulle coo l an d Il'\ till' p .m. tube d o till'
wo rk.

2. Clos ely cou p le a dummy a ntenna
to the fin.ll tank a nd sw itch O F! p la te
voltog..' . The r.L tu be s hou ld loa d no r
ma lly like a c.w . rig wi th the kl'y d o wn.
Red uce g rid drive rat her tha n an te n na
cou p li ng to d ec rea se lo ad ing . The
amount of co u pling a ffects tbc I,m).
impedance in to which the p .m . tube
works.

Kee p the r.f. tube runn ing coo l a t
about ha lf c.w. rating. bu t enough to
preven t ea rner cl ipping during mod u 
lauo n, An oscutoscope ch ..sck will show
the right po in t.

3. Now app ly mod ul ation w hi le in 
creasing tht' a ud io gain . The p .m . tub..·
grid an d pla te- cu rre nt s ho u ld hoth kic k
u pward 10 high val ues. The d . lube
g rid an d pla te cu rr en t sho u ld show a
downward movemen t, ind ica ting ca r
rie r su p p res s ion . My 807 p. m. tu be
shows pl at e current pea ks o f 80 to \00
rna. a nd over. As th e Older ind ica tes an
av era ge value, th e true peak cu rre n t is
about tw tce that show n.

4. Dtseon nec t the d u m my an tenna a nd
load the re g ular ante nna to a p p roxi
mat el y the sam e lu n ing va lues .

Th e oscillosco pe pattern o f Fig. 3

shows how th e r.I. t ube d rtve sho ul d be
ad ju sted 10 p reve nt cMril'r cl ipp inF;a nI.!
s till ret ain h igh modula tion pea ks . The
ve rtical scop e ptates W N l ' dl rectl y lin k
co up led ttl the fin ,ll tank w hich was
loaded wit h the dumm y antenna .
WAR N i NG - If sCtJpe i.o; It,ft cou pled to
t,mk w hen using an te nna, r.f . nl.lY hc
fed In tbc po we r lines or the cunnt'c tinF;
leads may ra l.! idll", ca us ing TVI. l'lc., so
chec k this poi n l ca re full y.

Checks have been nMd l" using" 5
inc h Panadap tor 10 cu m p.lTt· su pe r
modu la tio n w a veforms w ith o ther sig
nals on the a ir. The h u man l"M is q u ill'
un rel ia ble, even tho ugh weal l use it fo r
th is pu rpose . Ik' ing loga rithm ic in fu nc
tio n a nd ha vin g poor retaining quc tt
t ies we shel ved it a long w ith th e ave r 
agt' rec eiver ~S~ Older a nti found Ihe
Pa nadap to r 10 he d dt'Cidt'(.l im prove
ment . Using th is v isual method sm a ll
cha nges in both ea rner .1Od mod u la tion
co u ld be seen . A cha nge in a mount of
m odulation not not iced by the ea r ca n
rnake a rea l difference in s tg nal- to-notse
rano a t ,I d istan t rocetv tng loca tion . It
r a n mean the di fference bet ween bt'in g
re a dab le a n d n o t rea d a blc . Th e
Panadaptnr sh ow s th is d ifferenc.... Fig .
S is a mock-up wave fo r m sh o w ing
me thod used to dete rmine rel a t ive sig 
na l characte ris t ics w ith the pa no ramic
image.

An average regular-method AM signa l
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The C lock te-Tal k te is m ad e a lmos t e n ti re ly fro m o ld clo ck ra dios,

you r ing on u ity u ~i l1~ xtuff w ith 1/4 in ch
lead s. I had to rna ke a few (?) spltces. I
bough t some te rm ina l s t r ips an d 2 H'·
sls to rs a lon~ with tilt' two silico n d i
odes a t Rad io SI1<1e k. Wit h doc k ra dius
there is no pow t'r switch o n the volume
contro l, so I bo ug ht tw o toggle sw itch es,
one fo r Itlaments an d th e other fo r , I

pla te powl'r switch . Th\, pa rt s lis t sho ws
the com pon en t co mbina t ion s I used to
get close to co rrec t values. The sc hc
ma fic show s tw o dlfferen t mike in p u ts ,
one fo r a ea rbo n, the uthur for .1 c rys ta l
mic. Both work, but I prefer th e ca rbon
with an FI button .

The voltage doub ler pow er s up p ly
provides 250 volts . The osci lla to r pro
duced .3 mA I'A g rid curre nt. Md l' ring
sho we d 12 watts I'A in p u t. [ co u ld IIMd
it up r nure b ut th e SOCSgot red ho t at 20
walts inp u t. The SUCS is a gre at tube b ut
it dot'S run hot. Wit h the sacs mod ula 
tor operating cla ss A, the aud io is lack
ing a bit . The mod ulato r IIUlp u t is abou t
3-4 watts of audi o , I co u ld n 't figu re o ut
any way to got moreaudio , so by load -

JJ

ing till' fin,ll to o n ly 7-8 w a tts in pu t, the
modula tion is IOO'Y" .md it d oe sn't sound
ba d . Sec ond harm on ic was W.1Y d own,
Mid no sp u rio us em issions co u ld be
foun d . A 1147 pil ot lam p W .1S connected
to ,1 :'\ tu rn link rm thr- I' A t,ln k (or a
tu n in g a nd mod u la tion indi ca to r, ,IS th e
liM' o f meters wou ld be fro w nt'd on by
Frl'd .

O n the a ir checks worked ou t grf'.It.
Everyone is s urp rised et the s ig na l pro
duced by 4 wa tt s of AM. O ur loca l A M
h istorian, W l SUJ, sugges tt'd th e nam e,
"C lockie- ta lkie", which ha s st uck . I've
worked xome DX (Col u m bia , TN, 32S
miles), It m ol Ybe the he i ~ht of opti m is m
to cal l CQ on 75 phone with 4 watts , b ut
I get answ ers if then' is no t to m uch
QI~N o r QR M. For local con tacts it ca n' t
be beat. It wo rks o n Ion jus l as well,
ma yb e even a li tt le bcncr.Jt's fu n to run
.1 r ig where the power input to the l' A
filament is mOH' tha n th e p l,lle , a nd th e
kn obs are ,1 rt dcco, m ar ked for 640 and
1240 con clrad .

Adding up the cost , it was $5 for the

co nti n ue d nt' xl PdK<'



Th. CI().(k i.-T~ l ki. Tu n sminu fto m pr.viou" r~g"

th ree dock rad ios (one spare), $7 for a bu ildi ng mood, and find a low puwl'r
3885kHz xtal, and $6 01 1 Rad io Shack {the AM rig intriguing, find a cou p le of ol d
mic wa s borrowed). Tholl works ou l to d ock radios. My rummage and ga rage
$4.50 per watt, or 5.5 cents per mile (10 sa le associates dssurl' me that the re is a
date). Based on our loca l elect ric rate, I good su pp ly of o ld d ock radius avail-
ca nrunthe rig22hours foradime. l th in k able if you gel o u t a nd look. Emc rsons
Fred would like it if he was still w ith us, seem to pred omina te, followed close ly
but he would want to know why I made by RC A, with Zeniths a ra rity . And
it so big, and w here was the key j.Kk? when you gl't.1chance. listen for tn t.' on

If you are in a back til the futu re tube 3tlR5, ca n-fu lly . liR

.... " .-.. , .

R 1 :l ,3M
R 2 2.4K (2~1.2 St'r)
R 3 ~"I)K (2~"7tlK SI' R)
R4 ,,70K
R5 SOUK Voi r
Rt> lOOK
R7 47K
RII I 10K (211220K !'.Ir)
R9 bOO ( 2 ~1200 Pdf )
R 10 22K
RI 2 .lOO ( 2 ~ I50St· r)

R 13 I.IIK
R 1'1 51) (2~ 1011 I'.H )

R 21 50 K (h lOllK I /2W l'.Ir)'
R 22 SO K (2~100K I /2W !'.H )'
RFC I IF Trans coil..
Tl .Iod T2 a uJ io output d m..
01 dOJ 2 I N5404 J iuJt':"
SW t dOJ 2 Sl'ST JA toggk O

=0;-'''' 1 . .. 'ld:\ I-l' ;~,- "T",'."l L
. r<..J~JClrt:F"ll1"~,l'fY(~" f""'l "!'1 ".r II J J 1 - r'J" ' , .

:~ ::: : . : " ''' ''~'~jH l y'. ' 1) '\ ., 'i' "..
:l~. ::::: ::' fhitG'0'.ri'l':'!-',J']"1"r ~ ~ ~ ~

'j:' n iT ll...,·, , \r
';':--t:'I' ': 'f T~ . 'j"T'. =
~+ ,-r . - . _

~"~I

".. " u

PA RTS LIST

C I .1IS
C 2 .02
C 3 .02
C 4 .tJtJ2
C 5 .01
C 7 .05
C 8 .002
C 9 ISO p f
C 10 .01
C II365 pfv a r (o nl' s"'O;: lio n)
C 12 730 p f voi r (both sec no ns j
C 13 3tJO p f (2 X 150 1'.lf )
C 14 1>00 pf (2 X 3JIl I'.lf )
C 15 30 / 50
C III .002
C 20 SO/ ISO
C 21 30 / 150
C 22 30 / 150
l I tJO turns IWO 160 m l'!t'O
l I -lO turns 1"0 75 ml' fl'O

All p U b f rom 2 d o<k u .dio " n ClI' p llh o ..1I' m ,u " lI'd



North w es t A M'e rs at Puyal lu p, Wash . Ann ual Ha m falr , 3-1997 . Sta nd ing, left to
rig ht : W7ZG II , WA7EII F., KA7F FH, K7YIR, K71EY, WU LU, KU68 , KI7SM, K7LlJ ,
W7JIIS, W878 NZ. K ne eli ng, le ft t il ri ght: K8 7WW, W7JK Y, W A7I1M U, W 7I' C K,
AA7V, KI'7 EIt , W7W XW. Ph <>t!>n,urtfSy "/ AI Norton, K71£Y.

Dan Kni p e, W7I G E, w it h h is 1930's h om e b rew tr ansmitte r. lie work ed CW DXCC
and WAZ with thi s rig du rin g th e p eriod fro m 1976 to 1988.
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R-390A Components

RF & ll.Ial d eck - S75
Aud io deck - $50

IF d eck - $&5
power su p p ly - $20

ITO ... 5-15
co m plete knob sets - $ 10

Co m p le te un it s Available minus lop a n d botlom
co ver, minus sorn e lubes & without m eters - $125,
5 or more units ... 5100 eac h

Gro ' /tf' R.ln("ourl. KI ,\ NX,
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