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WA0 NU II at th e co n trol!! o f h is h om ebrew 80 M A M s tauo n. Th e bollom unit is
a repackag ed 8 C-l0311-C panorami c recei ver.

Very lo ud, bu t clea r, th e m usic W,lS
com ing fro m the rec eiver 's s pea ke r, My
friend , who lived "bout a mi lt' from m y
apartmen t buiMi ng. WdS in lrigul"d . II.,
too had a Vol kse m p faenger a nd ,1 rc
gene ra tiv e rec eiver fo r the l'lO-mele r
band . Why not a b o build a VFO so we
cou ld s ldrl tal kln g to eac h othe r? And
so he Ji.J , Hi s box of pa rts yielde..J two
variabl e> capacito rs, tw o lar ge ce remtc
coil forms and a RENS 1204 pentode.an
an tiq ue tube e ven hack the n . lie b u ilt
th e VFQ w it h tha i tube using a ca pac i
tor tuned ou tput ci rc u it rather tha n th e
pe rmeabtlny tu n•..,) ou tp u t ci rcu it m y
VFO used . Wt' both had th irt y meter
lon/l; e nd -fed w ire a n ten nas fo r ou r re
ge nerativt' rec eiver s . We cepoct uvct y
co up led-t hose to o ur VFO s w ithou t re
gard to im ped a nce m,tt chi ng . th.'spit.,
the im pedance m isma tch and the ve ry
low power, the call "6 K7, thi s is 1204, d o
yo u co py? " ca m e in loud an d clea r. I
rep lied : "1204, th is is 6K7. I read yo u
loud and clea r." My fir st (a nd ilIegdl)
SO-me ter QSO was in progress .

My fri end and I had had se ve ra l
-QSOs" and we were in the p rocess o f

h,lvi n /l; a no the r o ne , Who'll m y father
IIfwm'd tilt' d oor to m y 5h,lc k. II., haJ
hea rd m y fri end 's voice but kn ew tha t
he W,15 not wi th me, so w ha t w as going
u n? 1p ro ud ly demonstra ted my "rig" to
h im ,m d w hen it was my turn to t ra n s

m it, my fa ther I"" TI ' ..J forward in to the
sp ea kt.' r / m icro phOlll' a nd with a ste m ,
lo u d voice s a id : "T bis is t h e
Oberpostd irek tion (Gt' rmoln equivalent
u f th e FCC) . We have been monitoring
you and know you r location . C.'ast.'
o pera tion imml"diat d y!" Tht'n ht.' ma de
me s hu t th e rig d o w n, p lugged in the
so ld t'r ing iron a nd said . "Ta kethis th in g
a pa rt , no wtr He d id not 1" dV., the shack
unlil l had remove d severa l of the co m
pun..nts. A little w hile la ter the door
bell rol ng. when I opened the Jour, there
s tood my frien d , h is face whit.' wi th
fear : "Did you h ea r th e wa rn ing? We
got ca ug h t!" I nea rl y rolled on th e floor
laug h ing as I exp lai ned m y fa ther's
wa rni n g And his o rder to d isma ntle m y
transmitter.

The yea r w as 1950 and that's Ihc w a y
it was . ER



The Collins R-389IURR Receiver
Low frc.q.u.ency S$lfiia.lill
P.lIrt 4, IF Amplifi~ r S ubch" ,,"i,.

by • • ,. (h' ..... ld , NU D M S
P.O . B,.. .sII2
Pin. , CO lI0470

Tlw ..... l c""l1,...~ ....C<>l h~ .. . . 10
~ tho- If ...1><"-'-. ..kid> ..com
-... ... ' hr . -)'011.",t I _lIN .........y .....

IU nwnl>oJnl'd In """ _ <>l th..~
........ I SOD _" ..... .......' .... , t.. IF
...........~....J .."'" ......t"'ll'hrouKh
"'" Ii dri.," '" , I un
u nd w hy .' " k""._IF .om·
pl,f 11:" ......~ ...-pkoni 'Wp-
......... :0.1..2

Tlw • .)'OO . r«II..- , . llrd 101.. ,
",r,..:h.", 1"'•••<1 ~bl •.Iwd by
....." """ph". In' t.- If ,.{.M m -

.........nd n,ll...........,. ....l f,Io f ' ' 00
<yd nol l ~. ~'h..n • . h ·. m' ' m/:
10' th •• , .... lllO <, d .. 1""""'" Ius ..
q",,,nJ ~ h' -<oil ,III -""I'<' , -,,"" I I :oIl!,
wh,d , " " ..n uI .... ",n o''' ,...:IoY"y. I
d"n"' ~ ,.. why l ho.-y "'"h.., ...:1
wn" i t rrl 'u, ,n.yl><- ,h . ,". ",'h. t
' hr . ,my onl. ,I . 1'h.·,,·..... '-. " .ml,
",.".., ( :W 1,1t,·... . ",und In 'S2 , Th ..
,,,,Iy pm ..1'''' ,tHo ,' '' 'Yo'.. u k .. 1110.,d ..
b.Jndw ,dth ,••, ... ,l b,'OO ' ..... ' 10 101':;.
..-, 11, b" ..J """ " 1110 t" ""1" ph "n"
" K I. , Th,. ~ ...10, ,10" """I' ."J,o
1;1 ,..,...... in.-1" ,hod I,,, , .........",_·t>4Ioo
onndn . Th.o' h'Kh -<J'U~'" "hr, .. r . ·
' 1, h n nl!: I" .. ... I,,, 1,,011 prr"..h
toK " rinll:"'" m ""h, I"d ..I ...... """
. 1_ '0, .~ ...... ,"'...v ,,,,l..J,nll'
~.I..'("W TIM' ..1d J""O'_._
..... _ hand 11, ,, 0<..... AM
ph<.-« b<'<-k TlM'lIk _.,-
t... .. J-I OJI p'" f_.1'd I~ k ..
1:1 tJ2 I""' Th ...... ~n "'" h.S h ·
h .. ,Iy. "",.Iv nnll:"'l'; _ ..lord ,10
"'lI:h-Q -t..N<.I« ".,.....a /;1 ...
lV""<',1'4 , . ,.......... ' Iv II,Jll'I / II·J"O ....

•

"".I-!JP'" ......,.....,.. ,tw n . ny ,h...,;_,
TIM' ,""","" Nod.id,h ,W<1r . _

on" ...lIy "1'" :!O k , Th ....
dwnllN It> Io.c. ""..... -.>,..'" ..
....Jooof ..10, ' ho- ""-lI"' ."'~ '

TIM' ..m, INI"'-""d .. ."...>10<. '
, "'" rot<- ......, '''''''''I!:h
'Iv I F 1''' 10... II • • • orll!:, ,,.1I,
' ''''''l\hl,lwIl1 -l''lIo 101 ..... ....-.l In
d u<'C1 ...... ,,,..1"'11: ..pt>l ,..~ 1twy
••nl<'d ''' ''''n 1rh.o ,J",I., ~.n ,...
j"h.J do-", ,' 1 p.o ......
loAd Iwn ~ , nl!: .. ,, 10 do ,,"c..,.....
b.. , 'oc, .., ,o h,. 11 1 C<, ~..

ifF ""'M V"" "1>•.• ' "n 1
TIM' .....v ....'1"" ,.v I ' ..""' .....
. ... p.o, orJ . "h,n , " .18 10.000",;'1' 10
" I . n .,nphhr ' _.od ,h,· · 1'10 ,I.·..y·
......... 'h. , ,10 ,. 11'''''1' "I I, " ·;,.,;
' h" " ld " ,,' .... . h,'!I'd 10 rh flr ,
r"';"K' h ' ''''lIh ,10,' '-;, n ,i' loy"" IOn"
II" " , torp ,,·..·ril> 1..""..nl. Th " .."'" " ,
' ......" ...rn'·'" ' 10. ' . \ 0;0cyel., 10'''' ''-
"h"K"'l\". I . I ,I I ~ .." ul d ... ', v..y loy
"">to' , h. , \ / 4 ,I.·K..... (4 "" m;.'''''"'''·
,....1. ) " " ... IIv '"p .l d b t>4I lp.o.., Tt>ry
......,..J ,10 " "Khl ""I"""n ' 10 l tor 2
.nd 4 , ~" 1''''' ' ' '-' .... , " "" ..n
.....'''''m.'..·.I1 .. ,,, br ,m", ,blr ,hr
."...,lIc.'" ,," 1 ' l -~c

f""'''''''' , Iv
TIM' IF .mr.....n ..........." 1, d "..

"'I!:nrd ,... pnprr brfuno l>ronl!: " ou'
... prr.-.>,.II" n... ...prr ' . 1 ....
...1.. ...... ' ho- .s.,.,1I" prrt«t1,. Irn"'l!:
""'y h"lr ",tor olort..nol.-lby Indl.and
...."'. Wod.-l, putohohod un"' 1~
" I!:" <UrY'" of ' hr prro<id >how th.ol
)0 I') cn" ".lIy-eouplrrl " ,-''''''''''ft



Figure 1. Bottom vi ew of the IF su b ch..ss is . Notice th e use o f Spra gu e "ViI"mi n
Q " c" p..e tters for all of th e b yp..ss p oints. They are secu re d wilh s t' p"'.lle c li ps
wh ich ,Iu' scre wed to the s ide w ,ll1s. Althou g h I'm s u re th ere ha ve b een fa i lu res,
I've nev er found .. hold Vit..min Q u p in ..ny e q u ip men t I've e ver w o rk ed o n.

wou ld be req um...J 10 gel a shol pt' fdl'l or
of I :I.~ ,l t an X kc bandwidth. Other
eng uu...·rin g wor k dl Co lli ns had show n
tha t il o n ly n..-quires -t transformers
co up led a t 3 times c rtncal 10 gt' l Iht·
sa mesha pe factor. Th e final oJ t"l'ign in 
eluded fo ur t rans form ers a t .6 umos
critica l t""(lupling fo r sha pe factor, and
ont" crtnca lly-cou pled "ftllR transfo rme r
In meet Ihl ' phase delay sp ccitica tio n .
To properly dt 'Sig n .In IF ampl ifier to
met'! so nw p holM' d ela y sp ec ifica t io n,
the p ha se sh ift mus t he ca lcu la ted to
fou r o r more d ec im a l p la ce s o ve r all
five trans for mers. Th is ty pe o f wor k
was ex tremely ti me cons uming in 1952,
as d tg ital co mp u ters were nol yet a va rl
able. Previous wo rk a t Collins by an
enginee r named R.E. McCoy p roduced
a n e m p irical d es ign m eth od based on
nu merical equ iva lence between s tng fe
tuned and d ouble-t u ned circu its .. Us ing

5

Ml--CUY'S method and n tht'r g rap hic a l
so lu tio ns, the t.'XoIC t d t'Sign o f the IF
t ransform ers was a rrrved at , and tht'
lab b readboa rd version ml'l the goa ls.
Not too bad fo r 01 wooden cal cu la to r
and a piece of pa pt'r, h uh?

TIlt.' IFa mplifie r ga in req uir e ment was
St"t a t 9 1 d B in to the d etector. To co m 
pL'nSdte for co m po nent dg ing, overal l
IF g a in co u ld be va ril'i.t 20 d U wit h a po t
localt'd in th e ca thode circuitsnf the Srd
and 4t h IF a mp hfiers . The J l'si g n spet.'s
ca lled fo r a linea r o ut pu t in th e m an ua l
);.Iin pos it ion fora 20 d ll rise in voltage
from "nor mal" levels ,Thl'6AK6pt'n todt'
wi ll han dl e a rel a tivel y loIT ); l' voltage
inp u t sw ing without bei ng forced int o
g rid cu rre nt, and th,l t 'S w hy th ey used
it at the la st IF a m plifit'f pos ition in
stead of another 6816. The overal l stg
n.ll ga in fro m ante nna 10 d etecto r is
ro ugh ly 105 dB.

co nlin uN nr" p.igr



R·:ln l ..... p.... .o o . p•••
Th. If ' ''o,'or m..... w... a o,, ' I><-<
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FigUJ~ 2. F.nginf' l' ri ng drawing o f an in ters tege IF tra nsformer. The letters A thru
o are not id e n t ifir d .

oped AGe \'011.1);<' from UFO in jl'1:tion.
No ACe w as ever u sed o n tht' m ixe rs

because tht'i, bi as V() It.J ~l·S had be en
carefully .1d juStl"1.i fo r thl'lw st s p u rious
reject ion ra tio . Users rt's ltlri n~ R-3tNs
shou ld ca ref u lly check (ht'sC b i.is va l
ues In make su n' they are wi th in th e
IO'Y.. spec ifica tion. A lso, if sp u rio us re
spo nse problems a re fou nd and the op
e ra lin l-; voltages seem In be co rrect. t ry
swap ping ou t the mixc t ubes wi th o ther
new OPt'S .

Restoration
I w as lucky with my receiver in that it

needed noth ing major to ge l il going.
The ballast tube was opt'n (of co u rse ).
bu t e ther than that it nee •Jed o n ly rou 
tine c1('anin~, lu b m-a t ion , an d a lig n 
m en t. I d id n't even have 10 replace a ny
other tubes . I rep ain ted m y co n trol
knob s ,1nJ meter h ousings wi th jet bl ack
Kry lon .

Correct lu brica tion is crit ical o n the
R-389. The front mechanism p lates ca rry
12 b all beari ngs w hich acce pt the tu n 
inKshdft journa ls . Th ese bea ri ngs must
be very clea n a nd p ro perly d oped wnh
load -bea ring lubrican t. Following the
good ad vise ofKOOl lG , l 've used Mobil
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O il Com pany ' s sy n thet ic autom.ntc
tr ansmission flu id w ith vny gOt....t re
su lts . Sy n tht'lk lubrtcants a re far su pe
rio r to pet rol eum-ba sed oils, and sho uld
1,Ist fore ver in rad io eq uip men t. If ti lt'
t'n t irt, tuning sy s tem isn ' t free to tu rn ,
th e motor drive lift' will be sho rte ned ,
and yu u wJ.ll need tilt' motor. Jus t t ry tn
find .1 re place ment if yu u b u rn it o u t!
S om eow ners I've talked w ith have units
with chro nica lty s t iff tu n ing mec ha
nisms . This is due l.lfgd y to yt'a rs of
nt'glt"("t, a nd the ball bt'arings ha ve got
ten ru sty . Th e o nly w ay 10 restore this
kind o f p roblem is tOt·n ti rel ydism.-mtlt'
th e tw o fr ont p lates a nd ha ve a machin
ist remo ve and fl'plan ' tht' bearin gs .
Tht'y a rt" s ta nd a rd mach ine sin'S, b u t
a n arbo r p ress is u sed to change th em.
Afh'r lub ricatio n, keep the rt'C(' iVN COV
c rcd w hen it 's nol in use .

If the beari ngs Mt' clean and lu bed
b u t th e re is a bind over a portion o f the
lu n ing ra ng e, there probably is an ali gn 
ment p ro b lem bcr we...·n the front pa nel
and th e mecha nism plait'S, or some o ther
kind o f m ec hanica l damage .

There is a cast a lum in um d rive box
dltacht''tJ to the tuning motor. I I is actc -

continurd n~lII PolR~
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Figu re 3. IF s u bchass !s bl uck d iagra m .

illly a diffl'n'ntiJI d riv e, ami is filled
w ith lubricant a nd scaled up . I wante d
to ch J ng e the lubricant and rherk it out
mecha ni cally, but I cou ld n' t /-;\'1 th e
cover off by removing the screws and
ge n tly pryi ng a t il. The seala n t they
used in production is reall y tough slu ff,
and ev ery thing I ra n in to sai d "St,l y
out". Unless you really want troub le,
I'd adv ise aga inst tea rin g Into the drive
box under any circu m stances!

Another Hkcly a rea o f troub le is in
the seleniu m rec tifier s lack u sed for th e
bandsw itch motor pow er su p p ly . Thl'S{'
old rectifiers can ge t kinda tire d after 40
ye ars , One of th e ir favo rite tr icks is to
no t p roduce th e sa me amo unt of DC
af ter th ey wa rm up as when co ld . The
stack ca n be replaced wit h s ilico n d i
od es, but se rie s res ist or s m ust be in 
cluded so th e DC voltages come o u t
correc t. The di odes ca n be di sgu ised
with he at sh rin k and h id d en behin d the
old re ctifier so that th e un it a t lea st
looks original.

The m echa ni cal alignmen t is ex 
tr emel y te dious. The manual calls out a

8

p rocedure where a thin w ire is s tuc k
th roug h ho lt'S in the to ps of the vert ica l
d riv e sh afts to chec k s lug ra ck po sition 
ing a t certai n frequencies. Do in g this
procedure m-ar-l y ca used me to go pl-' r
mancn tly cros s-eyed , but I found three
band s w here so m eone had mJ na~('d to
mess up th e a lig n ment .

Accurate RF alignmen t is im po rta n t.
It 's hard to see m uch of a cha nge on a
VTVM when the RF 'l lig n men t p roce
dun' is followed, but pl'rs ish'nct' is nee
t'ssa ry in o rder to get ev e ryth ing track 
in~ p ro pe rly,lhe rig h t am o u nt of ga in,
e tc . It helps In USt' a fn" IUt'nc y coun ter
10 ma ke su re the gene rato r is where the
d ia l says it is , u nless yo u ' V I:' got ,J new
fan~ ll'd om' th at's sy nth esized.
M odi fi ca ti o n s

If I d id h ave illl y mod ifications fo r the
R-389, I'd su n ' ne ver publish them . I
o nly mod ify co m m a nd se ts a n d R
390 As.
Perfo r ma nce

I' ve hea rd the R-389 culled th e "Holy
G ra il" of medium-w a ve Dx'crs . I never
re a lly knew w ha t Ihat meant until I

co nt in ued on pege 41
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r a di a ti o n "';
pat. tern o ne mill i sec o nd later---

A. 11.1 1 You mi s s ed mel D. Yf pe a I I 'm onl'ir e
a n d g o i n g d own!

f. t t I
,HY :1"1 ' I I.\ll! , I

I 1111 ",

Fig u re 1. With a VT (u7.e, a n e-ar m iss is a hit.
vt'ry low va lue. Then C

F
discharges

throug h a 10 ohm re si s to r im bed d ed
inside the sq u ib - a sma ll capsu le co n·
ta ining heat-sensiti ve exp los ive. The
resulting explosion sets off a more pow·
cr ful cx ploston in the detona to r which
in turn tri ggt.·rs the ex plos ion of the
main cha rge. 1\11 th is occu rs in less tha n
a mllllsecond.
S ens itiv it y Patte rn

I\ s s t.l lt...l before , the nose co ne an 
tenna acts in co njunction with th e body
of the she ll as a di pole an te nna . The
radiation patter n of a dipole a ntenna is
fami lia r to ra d io amateurs a nd is sh ow n
in Fig .4A . This figure sho ws the patte rn
in .1 ve rt ica l plane co n taining the an 
tenna. The comp lete pattern is in the
sh ape of a to ru s or dough nut genera led
by ro ta ting the pattern o f FigAA 3 0()O

Mound th e a xis of th e an ten n a. The
se ns it iv ity of th e antenn a as a receiver
of RF has exactl y the sa me sha pe . Thus
the net , ove ra ll se ns itivi ty pattern of
the VT fuze (r ad ia tion p lus recep tion ) is
fo und by sq u arin g the rad ia ti on pal ·
tern a nd thus a p p ea rs a ! shown in
Fig .4B.

If the sh ell is mls-a lmed so th at it w ill
p ass o ve r o r und er th e target , the Dop
pier frequen cy w ill progressively d e-

Figu re 2. S u b m inia ture tub es com
pared with 7- p in miniatu re tube.
celved wave has a cha ngin g pha se rcla 
l ion with respec t to th e e mitted wa ve
depend ing on the veloci ty of the she ll
rela tive to the target . Th ese two sign als
prod uce an a ud io beat frequen cy in the
pla te ci rcu it of VI. This Isa res ult o f the
well-known Doppler e ffect which w ill
bediscu ssed la terIn more detail in Fig.6 .

After su itab le filt er in g to re move RF,
noise and mlcrophonic components. th is
audio s igna l is am pl ified by V2 and V3
and a pplied to the g rid of the th yratron ,
V4. Norma lly, V4 is biased negatively
and no p lat e cu rrent flo ws. When the
VT fu ze is with in op timum s triking
range, the signa l is s tw ng enough to
fire the th yrat ro n. The g.l Sbecomes io n
ized and the pla te resista nce drops to a

11 continued ned p..ge



The Rad lo VT Fuze fro m pre vio us p.lKe

Figu re 3. Repre sent ative ctrc u t t p ortrayi n g b" SIC e le men ts in " VT fu ze .
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Figu r~ 4. A. R. d i. l ion p.I Ueo Tn of • d ipol e. 8 . S~nsil i v i l y . nd r eoc eopl ion . S haded
are • • see leod.

crease a nd wo u ld d rop In "NO at the
point o f closes t approach. lJy p ro perly
adjusti ng the frequency rtospunse o f th e
audi o a mplifier, the et tecnvv det ec tion
se ns it iv ity patt ern ca n be m odi fied to
nea rly ma tch tbc b u rs t pa t tern o f the
exp lod ing shel l. Th is is sh ow n by the
shad ed a rea o f Fig.48 It w ill be ob
se rved tha t the VT fu ze is 'b l ind' look
ing 'd ea d ahead'. Thus if the s hell is o n
it co ll isio n co u rse wi th tht, t.u gt' t, it w ill
no t go off p rematurel y b u t w ill wa it till
it im pa cts th e target.
C i rcu it A s s e mb ly

Fig ure 5 Illu st rat es the a rra ngem en t
of com pone nts in a VT fuz e . AI the top

12

is the a n ten na p ro tected b y tbe hard
p l,lSlic nose cone. JUSI be lo w this is th e
osctlta to r-dct ec tor coi l. Ned come t he
tu bes a nd the ir ass.ociaft'd resis to rs do d
ca pacito rs . Each tubt.' is fitted in lo .'I

ru bber sh oc k-abso rber. ThL' tu bes , rc
s ts tors and ca paci tors .tTl' laid o ut n.lI
du rin g a sse mbly and w iring an d then
ro l led u p in to a cy lind l'r fo r ins talla tion
in to the fu ze . Su rr o u nd ing 0111 o f this is
ca pacito r CF tha t fin's the sq u ib. Ca
paclto r C, is ra th e r Idrgt' ( I u F) a nd so is
fo r med in lo a cy l in d er th at wrdps
a ro u nd the in ner elec tronics bundle.
Thi s ca paci tor is said' to be the firs t
capacitor to use myla r as th e dielectric.
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Figure 5. Cross-secti o na l vte w of milildr y type VT fuze.

1.111 tUWI'TS were . 'r" t'h 'd SI'VN ,1l h u n 
d red fed apa rt. By means of TOp" S run
nin~ bctween thesetowe rs, Ih" Il.-'S! a i r
p l.m,· w .1s suspen d ed h i~h above the
g ro und . H igh sp.·.....t motio n pictu res
could then rec ord suc h dt>t.Jils,]5 av e r
.lg., in te rce p t d isl.lnn', tho pola r scnst 
fi vity and hurst poucrn dod ils cffcc 
uveness in Jam.lg in g Ih,' a irplJ.nt-'.
Uses in Worl d W.u II

Til,' first usc o f the VT h l1" in fuwr"
W.lS .11 th .. B,l tl l., of ti ll" Hu lg .-', TIlt' VT
shells e xp loding abou t .10 Iect abo ve
ground cu t the lllr~ off ,III tlw tn 't'S ,lS
th ough ,1 "gi an t ha d been a t work w it h
h is scytbe'". TIll' Corman troops WNl'

Il'f t w ith no place 10 hid e. A foxhole o r
,I s to ne wall is of no u se as a sbelter
wh en a VT shd ll.'xp lod t's.30 fee t above
yo u . Withou t the VT fuze, a she ll might
b u rrow in lo the ~rnund ,10(1 then ('X 

plode . If you're ina fo \ hole, you mi~hl

Figure 6. Sh o wing ho w
frequency is fo u nd .
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D ..ve, WR 21'M I' an d n...J (OM) Je rr y, WA2G f.X, e nj o ying su m.. re flections o f 35+
years uf holm r...Jio togct bcr. T h e pho h l w .. .. la ke n in D..ve 's h ..m ..hack .

Bo b Pet ers , K1JNN, proudly o per..te a h is Co ll ins g.. .. r hom hi s h om e in
M~qui le,T..u s. I'hoto ''If , .. ., Mill" , "K."'M.
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Cli ff ord Ku rtz, N6Z U , opera ting h is UC- 19 ItnC-342 st ... t tn n . In WW II he u per
ated th is eq uip me n t in f he So u th r arific.

At th e Ce d ars of Lebano n 'P es t Aug ust 25th . t eft to right : Don, K4K KYV; Iloi sey,
W4CJL; John, KN 4M E & Kasey, W4H YG . All a rd e n t AM 'ers . Th e 75 A-t in th e
tru nk d id n' t se fl. I'Irvt v I,y Hun k crark , W 2l Q .
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TheHewlelt-Packard 200CD Wide Range Oscillator
An other Class ic

by Kurt H. M iska, N8WGW
3488 Wagner Woods Cou rt
Ann Arbor, MI 48103

Th is sum me r, while browsing in ,1

bookstore nea r the Univ ers ity o f Illi
no is a t Urbana WhNI;' my so n \v.1 S a t
le nd ing the Aerospace In s ti tu te, it week
of some pretty serio us cla sses in .1<.'f O 

span' tl'ch lllling y fo r sel ec ted hig h
schoolers, I fou nd .1 wonderful book
ca lled Alla/lI,'{ Circuit D"siXn edited by
Jim Willia ms. II is a co lle cti on of a r
ticles that a pp ea red in the tradt' m J ga 
zinc EDN, which, I'm guessing. s ta nd s
for Electronic Design News. One of the
first articles in thi s in tc res t ing boo k
conta ins considerable infoemauon on
the develop men t of tbc Hcwleu Pa ckard
Modd 2tlOC D Wi de R.mgl' O scillator
befo re gt'lti ng down to the business uf

d esigning a si m ilar in strume nt but w ith
th e USt' of modern v'P .1m p tech nology.
The art icle prompted m e to ta ke an
other look at m y own ZOUCD, o ne of my
mdny ta ken for gran ted .1Il,llog labora 
tory in s tr uments.
A Littl e Histo ry

Sho rtly be fore th e seco nd World Wa r,
w ttltam H ewlett a nd D'1Vid Packa rd
s t.lTh'd this no w mu lti -bi ll io n dollar
co m pa ny in the proverbial garagt'. An
aud in oscilla tor was their fi rst p rod uct .
Th is p a rticu lar audio oscil la tor W'1San
o u tgrowth of willtarn Hewlet t's mas
ters deg ree thes is a t Sta n fo rd Univer
s ity. Also, incident.. l1y, it W,I S easi ly
their longesl livl'd product. The I I- I' ZOO

Hewlett-Packard's first product , a n au d io osc illato r, w as used b y W all Di sney
Studios to test sound e q u ip me n t for the m o vi e "Fa n tasia,"

'0



Dave Pack ard (I t>ft) a nd Bill He wl ett (ri Kht) d evel o p ed an in nova ti ve a udio
oscillator in a 1'011 0 Alto, Ca lif. g arage in 1939.

series was sold b y llcwlet t- I' ucka rd nee d w ith a su pe rior so lution . The run -
un til the mid 19ROs, a prod uction life- tributi {lnwas ~l'nllin(',withthl'fl'wa rds

time ove r al most 50 yl"US. even Iy J iv id e d bet wee n IIew lett-
For another, a nd vl'ry colorful , in t ro- Pack ,lrd an d it s custonwrs . The 11 -1' ZOO

d uct ion to the 20neD, I turn to Jim Wi l- is the way mo ther sa id thing s are sup-
Iiams' improbably ti tled .Htide "MJ.x posed to ill' - thl~ good gu ys won and
Wie n, Mr. Hewlett and a Rainy Sunday nobody lost,"
Afternoo n"i nAIIIJ!og Circllii Oi'sign . M,lX I foun d m y equa lly apprecia ted
Wien, you wi ll recall , ls th e in ven to r of 200C D a t the Da yton Ha rnvcn non in
the Wien AC bridge. Anyway .... . 11194 fo r a paltry $20. It jo in ed r ue in

"The H-P 200, d in'l· tl y descended perfec-t workin g n rder and h,ls al ready
from Hewlett -Packard cof ounder Will - di s tingu ished ltself In nume rable times
iam R. Hew lett 's 19;19 mast er's d l'g a ' l' with s u pe rior se rv ice o n m y chao tic
thesis, is not sim p ly a grl'a t in s trument. workbench . So , how d o fo u r electron
No r was it mighty II -P' s firs t product . tubes genera te vi rtually fla wless s ine
This machine is h istn ry . It p rov ided ,1 W dVl' S ov e r su ch d w ide ra ngl'?
d irection, method s, a nd standa rds that An Instru m ent of S u b s t a nce
have reflected in Hewlett-Packar d prod- The Mod e l 200C D is a truly rema rk-
ucts to th is day. Th ere is a fundamen ta l ab le ins tru ment in th at it reli ably d eliv-
honesty about the th in g, a sense of tru st - c rs th e most beautiful sine wa ves from
worthiness a nd in tegri ty . The lut !o bo x 5 liz to 600 kl lz in five ranges . It does it
is a remarka ble a ma lg a m o f elega nt with a min im um o f fuss and o nly three
theoretica l Ideas, inspired desig n, ca re - sim p le fron t panel co nt ro ls, those being
ful engineerin g, d edicat ed execu tion, ra nge, freq uency and amplitude. I d id a
and cap ita lis m. It an swe red a ma rket li tt le chec kin g of my ow n ZOOCD u sin g

21 ron linu.-d n~lII P"'K~



The H-P 200CD fro m previous page

Hewlet t-Packa rd Mod el 200C D Wid e
Ran g e O scillato r

an H-I' coun ter 532MA, a Te ktronix 510
osci lloscope, a nd an H-P 400D AC
VTVM . Th e co u nter checks the Ire
quency, the sco pe checks the q uality o f
thesine waves a nd the VTVM me aSUH'S
the o u tpu t level.

I det ermined that its ca lib ra ted ra nge
is from 4.7 to 035,542 li z. Go ing be yond
the last g rad uation on th e dial (64), the
instru ment sti IIdelivers the 5<1 me qua l
ity sine waves at 070,192 l-fl.. The q ua l
ity of the sine wa ves is co mple te ly u ni
form throughou t. At the 4.7Hz end of
the ra nge, maximum ou tp ut is 14 vol ts
and a ver y genero us 21 vo lts at the hig h
end. Minimum voltages a re in th e nei gh
borhood of 0.035 to 0.08 volts . Wh e n I
need a n audio sig na l so urce, I like to
use 1,000 liz and when I set my 200C D
to the 10 mark [x 1(0) on the dial , the
co un te r wi ll ind icate 997 l iz. All around,

22

not too shabby for a very
old in strument that cost me
all o f $20...

In h igh ly s i m p lifie d
terms , th e 200CD Wide
Range Oscillator is probably
the ul tima te development of
th e va c u u m tube Wien
brid ge osci lla to r. The 200C D
uses a balanced (push-p u ll)
osci llator circu it from which
the output is taken d irectly,
avoid ing the co mp lica tion
and possib le di stortion o f
an iso la ting amp lifier. Re
ac tio n o f the load on the os 
cifla toris avoidod by the use
o f a zero source im pedance
output sta ge . Thi s arrange·
ment results in a s imp le,
trouble-free ci rcuit hav ing
lo w d istortion and h igh s ta
bility IlVN the en tire fre
q uency rang e.

Fun ctionally, th t, ci rcu its
of the Modd 200CO include
a f r c qu e ncy -co n t rojhng

Wien brid ge and bala nced p ush-pull
amp lifit.' r (a pai r of 6AU6s; sha rp cu toff
pentode) wh ich comprise th e osci llator
ci rcu it (a pair (If 6CW 5j E1.86s; po wer
amp lifie r pcntode), an outpu t ci rcu it
which ma y he co nnec ted either for bal 
a nced o r un ba lanced o pera tio n, a nd a
so lid- sta te power s up p ly circu it. These
a re show n in the accompa nyi ng block
d iagram. (If you 'd li ke a copy o f the
comple te sche ma tic, se nd me a self-ad 
dressed s tamped en vetopc.)
Freque ncy Co ntro lled Bridge

The frequency-controlling ci rcu it is
arranged as a floating bridge, sy mmetri
ca l with respect to g ro u nd. Wit h no
co nnection to g ro u nd nn any te rmina l
of the b ridge, stability of ca libration is
assured since any stray ca paci ty or leak
age to grou nd present a t the brid ge
o utput terminal s does not sh u n t either
the freq ue ncy-controlling or am plitud e
sta bilizin g a rms of the bridge. The Ire-
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Model 200C O b loc k diolg rolm.

qu cncy-con trolhng co m po nents ( res ts
ran ee-ca pa citan ce ne twork s which a re
selec ted with the RANG E sw itch an d
frequency dia l) co m p rise tw o ar-m s o f
the br idge, w hi le the a m p htude-s tab i
liz ing co m po nen ts (a vo ltage divi d er
which includes a thermally-se nsitive
resista nce) cernp rise theoth er two arm s.
Ampli tu d e is s tabihzod at such a level
tha t the a mp lifie r tubes are o pera ted in
the subs tan t ia lly linea r portion of th eir
charac te ris tics, which, to gethl't with the
lar ge negative feed back a t ha rmonic
frequencies , resu lts in a very pu re s ine
wave osci lla t ion .

The bridge is dri ve n by the b alanced
voltage developed a l th e ca thod es o f V2
and V4 (6C WS /EL86) in the o utp ut o f
the ba la nced amplifier. The o utpu t of
th e frequ en cy-con tro ll ing branch of th e
bridge is applied to th e g rid o f V3
(6AU6) a nd th e ou tp u t o f the a m pli
tude-stabil iz in g br anch lsa p p lic d to th e
grid o f VI (6AUl'l) .

The lamps RTI and RT2 in th e ca th
ode circui t o f V2 and V4 p ro vide a res is
tor whose res ist a nce increases w ith in 
crease of cu rre n t. The la mps a nd a po
tenuometer p rov id e neg ative feed ba ck
whic h au to matica lly ad jus ts (b y reason
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of th e varying lamp resi stance) to ro
d un ' th e lp in so th at th e requi red a m
pli fication is jus t o btained, to m eet th e
co nd itions of oscill a tion . Th e potcn t i
o r neter is in cluded fo r adj us tm ent of
th e a mplttud o-stabi ltztng b ranch o f th e
brid gl' if, a ftl' r replaremen t uf famp KTl
or KT2, th a t less or m o rt' th an rat ed
vo ltage is bei ng deliver ed to th e ou tp u t
ter rninaIs.

Va ria ble capaci tors C3, Co, and C7
are ad jus te d at the fac tory for o ptim u m
ca libra tion a nd a m p litu de s ta bifi ty wi th
frequency . They should not req uire ad
[ustrnen t unl ess the RANCE sw itch is
re p laced .
Amplif ier

The osci lla tnr amplifier is a ba lan ced
pu sh-pu ll ci rc u it in cl ud in g a vol tage
amp lifie r (VI, V3 ) and a sp ecia l ca thod e
fo llo wer (V2, V4). C risscross post twe
fee d back is used in th e ca thod e-follower
stage to p rov id e a n esse n tia lly zero
o u tp u t impedance as seen by the ca th 
od e-to-ca thode load . The feedback pa ths
a re fro m the pl at e of V2 to the co ntro l
g rid a nd sc reen of V4, and fro m th e
p late o f vato the con trol g rid and sc reen
of V2. Th e d egree o f the p ositive feed
ba ck is a fu nction of th e load and in-

co nll n urd on p...ge 40
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Th e Meissner 1508 is a "t a b letop" Iran smitter th at weig hs 344 pou nds.

tha i the Meissner l so n was th e hea vy- top "boat anc hors' t Hke the AR-88, [) X-
weight of th e bunch . 1OU,l't C., ca n be moved b y nne m an w it h

Th e 15013 hit th e su rp lus mar ket na - a gtllld ba ck. The I S0n tho ugh is a tabl e-
tio nall y via an ad by Su rp lus Radi o Inc. top rig ,l nd it s t tll takes two men and a
in the Dec. 1':'4/1 issue of th e CQ lTl,lg <l - boy 10 move it around! Tru ly a trans-
aine. It was ad ve rt ised as a 250-wa tl rmtter th at is a "b oat anchor ".
tran sm itter in th e orig in ,l l sh ip pi ng Tht' l Son tha t I acq u ired (SN 127) was
crate, b ra nd new, less tu bes , fo r $325 or in p re tt y good shape. I felt fortuna te
with tubes for $34':'.50. Qu ill' a 101 o f th a t .111 18 p lug- in co ils for the exciter
money in 1946! I have seen 150 8 "for were present, however on ly one o f the
sale" ads in recent yt."lr s and ha ve tal ked se ven fina l ta n k co ils was w ith the tra ns-
to otherAMenthusia s ls w hohJ. vl'tht'm miller and it w as p lugged in rea d y fo r
or kno w of others who ha ve them: so S(' rv it"t'. Tht'(Jthe rsix fill.\lcoils no d o ubt
there seems 10 be .I few of them ou t go t los t in th e sh u ffle w hen the 150B
the re in circulat io n. How ever, I have was being so ld for a w id ow . I have no
yet to work a s ta t io n actually using one d oubt th a i the co il s torage d ra wer in
in service and most hams that I work, the exciter is th e re ason I got a ll 18
inc1ud lng old -Hmers, ha ve never hea rd e xciter (o ils . The orn- fin ,ll co il I d id get
of th e Meissner 150 13 . Co ns id e ring th e W ,I S for th e freque ncy r.l nge of 2 Mc to
fact that th e Sig na l Co rps didn't ass ign 3./1 Mc. It w o uld ha ve been a sim p le
a no rma l nomencl at ure nu mber and it matter to tap d own o n tha t coi l for 75
is not w ell kn ow n ma ke m e sus pec t that a nd -nj-m et cr opera tion, howeve r I dl' -
relati vely few were p rod uced . ctd cd to lca vett Intact a nd instead found

In m y op in ion, th e 150B ex emplifies ,I N atio nal XR IO pre-w ou nd co il in my
the term "boa t a nchor" be t ter tha n .l ny junk bo x. Th e co il w as used in an o ld
other piece of o ld rad io e qui p men t for Wi lcox 99 transm itt er a nd covered th e
which I have ever had a ny experience . ra nge o f 2.8 Mc to 8.5 Me, just ri ght fo r
It is tr ue ther e a re bigger and hea vier u sc nn 75 and 40 meters.
"boat a ncho rs" such as th e T-3/18, BC- My 150B ca me w ith th ree modlfica -
610, e tc., however w e know that and tions: the lid powl' r in ter lock sw itch
have co me 10 e xpect a co u p le of s tro ng was remo ved, th e antenna ce ra m ic feed
men or more 10 m ove them , and table- through insu lator was re p lac ed witha n
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To p vi ew, li d opened.

came very stable .
I found th ree more modifications for

the 150B in ea rly QST a rticles. Tbe Ma y
1947 iss ue ca r-ted an art icle by W I HNN
whi ch d escribed a doubler stage using
a 6l.6G to be used between the exci ter
and a mplifier w h ich would then a llow
20 meter operation. Hi s ar ticle a lso d e
scribed a si mp le 6517 speech am plifier
to replace the carbon mic in put tra ns
form er so tha t a hl- Z m ic cou ld be used .
The May 1948 issu e had an article in the
Hin ts & Kinks sectio n b y WU ARH
wh ich described a n imp rov e men t for
CW operation which amo un ted til ad d 
ing a 6YbG d amp tube fo r the 813 and
keying the 6F6G oscillator ins tead of
the blbC do ubler. In an unmod ified
150B d uring CW operati o n, th e oscu la
tor runs al l the time with the key up a nd
the 813 sc reen voltage soars to near 800
volts because its sou rce is fro m a drop
pin g resistor d ivid er network connec ted
to the 813 p lat e voltage . The 150B, u n
mod ified, is not the best CW transmit 
ter!

I decided to go ahea d with a similar
27

speech am plif ie r mod ificat ion except I
wou ld use a mi niat ure tube w hic h
wou ld fit the o peni ng left by th e vaca n t
ca rbon mt c transfo rm er bette r than a
65J7. Bl'fore I had a chance to start the
m odif ica tion, I at te nd ed a ham
flearnark ut in Kansa s Ci ty and found a
$5 tr l' ilsu re in the for m of a I' & H mode l
AFC-2 speech co mpress ion amplifier. I
decid ed to U Sl' th is a mplifier instead of
mak ing th e mo d ification . A u nique fea
tu re of th is littl e u n it was tha t it has
both high an d lo w im ped a nce in puts
a nd o u tp u ts which co u ld be match ed o r
mtxod . Actua lly the low irnpcd ance sec
tion wa s meant to be used between the
3.2 ohm output of a receiver and it's
spea ker fo r enha nced a ud io. I used the
h ig h impedance inpu t for th e mtc and
co n nected the low im pe dance output to
the four ohm windi ng of a reversed
co n nected aud io tr a nsforme r (another
ju n k bo x itcm) . Th e p rimary of the a u 
dio tr a ns former, now the seconda ry , is
a bOO-o hm wind in); wh ich is now con
nccted th rough a ma tchi ng resi s tor to
th e 150B ca rbo n mtc in pu t. I left th e

ro ntin ued n"xt P"-K"
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Notes:

• Allluh;: t ) pe5 ~ffhll:d A. G. GA. Gn. G Y. <iVA. G YIl.
W.WA

(; Si ~n i lics iI gbss hul bon an 00:1., 1~

<IT Signifle$ .. T·'l. sl raight sid~-.J glass hul h un an .1eIal..~
A.n SigniflCS a laser and moJiliN V""" 1Il which can t.e

sU~hltucd for any prev ious v...... i.... l>ut lI"t vise-
vcr ...,

y Signifies a hase CIlm~ or sped..] irncnncdialc
loss material

W,W/\ Signilics ruVJ:cdii'.cd or slabilii'.cd versions

h. The symbol t indi""lcs suhsl;lules sho uld he used " nly when
the filament of the originalluhc is wired in a paral lel circuit, or
in II series ci rcu it nol requiring co ntrolled warm -up l ime .

c. Tube types un<krlincd as a sabsthute an' lL'l<"d in the (' "lIillS
equi('lTl<'nl elsewhere
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Sam fidnn~. Wn Q AH /W H7D RQ, no w
.I Si l~n t Key.

also subsc nbo d to Radio Elec t ronics fo r
over 25 yt'drs . lfc renwrnbcrcd u s in);
books from N RI and ti ll' mi hlouy ,IS

referenc es . Sun recalled te ,lt'h illg h im 
sd f the prot'tOSSof s ilk st'r t-t'n ing .11horne
and using Iht' lt't'h n iqut' ,It WRL, s,lVin );
them so mt' c lil ~·nst·.

Fid om- dtosi);m...J th e Glu~ Kings,
GIIJbt> Cha m pion s, .lnd G lu t>..· Scou ts .
He likely d t'sig m-d the htt lt' WRl. CW·
1se ven-w a tt bt' i/;i nm'r 's transmitter. l ie
also designed po lice transmitters. Tht'
155 VFO w .lsa ISlJa Sun t'realion .lt was
later in t"');ra tt'd in to lin' Kin g s a nd
Champi ons. Just prior 10 le,wi ni/; WR I.
he pa rtic ipa ted in Ih..• th 'vl'lupowlll o f
the Globe C il i/_t'ns Uroddt·.lSIt·[S.

Sam viewed the work environment
as bei ng g n·,II. l ie worked closely with
the prod uct ion fo lks. The p rod uction
depar tm ent W d S a ont'-shifl ope rdt lon
and usuall y r .1I1 s moo lhly . The p rtldtKt
mix depended upon the dema nd from
customers. T he team consis ted of ,1 few
wom en a nd seve ra l me n. A ll wo rked
hard and Ko t along well.

l eo Me yerso n a n d Sa m Ft d o n e
wor ked togt·the r 10 d e fin e the product
line. Sa m sldlt'd, ~ 1 .A.·0 W .1 S vt' ry i/;ood 10

me, we wert' h onesl to each e the r a nd
we bo th knew w here we stood w ith
e ...cb other."

Fidone h...s bee n described as a vl' ry
q uit.'! m an, w ho didn't m in gl e ... Jot with
othe rs . He didn't re presen t WRL at
hamlests and con ven tions, although h is
w ife recalls he linn ' made a p resen t,l
lion en t itled "The Sex life o f d b Lh~.l t ,\
hol m dub in Omaha .

Sa m Fid o ne , s t ill a yo u ni/; m dn in his
late rh irfies, Idt WRJ. in 1'15'1 a nd filt...J
a n a pphca rion fo r employment w it h the
FloJt·r.11A v ta t io n A~ency. H is career ill
WRL o nly l<1 sh...t 1:l yt'a rs, but it left ,10
eVt' r1 .1 slin~ ma r k on WR L am i amateur
r.ld iu ,1S ,I whole.

Fidone- went ttl wo rk for the FAA in
Dt....-e mbe r 1'J5').m.t rL'l in...J I>.....'embe r 31,
PIH2, a service o f 23 yl' ars. 5.1m w or\..c...J
un ins lru ml'llt l.lndin~ sys tl' ms, rad ar,
a nd co m m u nkat iuns. He served ,ls a St.'C
lor C h id in Tonapah, Nev ada ,10.1Cbcy
enue, Wyoming. Around th is time IlL'
("h ,Hl~t'd his l'<1 l1si);11 to W H7DI{Q.
Uurin~ h b m ove to C hcyc nuc, some

u nt' s lu lt' hi s ham gt'dr, d mlltl tost s ta
tio n, which Included h is G lllbto Seo u l
f>HO t ra ns mi t te r .111 0.1 t lall kr.1ftl'rs SX-71
rec eive r. Tha t end ed h is ac t iv ity.

Sa m s ta ted th at he e n jo YloJ eVt' ry
min ute of h is e lectro nics ca rcvr. Never
once d id he ha ll' to go 10 work o r ~t'I

upset at fl 'ceiving nighl ",l lls . Th e FA A
folks kn ew him .1S one of their be st
t rou bltoshut ucrs.

I It·.lTnl'd Ih.l t Sa m FiLlont' p assed
dW.lY on Sd lu rd ,Jy, Au gus t 171h, jusl 3
d ays before hi s 70t h b irt hddY. Ill' hold
bee n figh t in g ca ncer fo r OVI'r fo u r yea rs.

li t' Id t beh md his w ife IIf 50 yt',lr s ,
Dnris; th ree d,lu~hlers, Pal rkid Bar cu s,
Dcb i rid"ne, and Kat hy Broo ks. He is
also su rvived by 3 g rand d aughters and 3
g redt gr ,lIl dSlJ1lS,

It's .1 litt le la lt', but Sa m , if yo u can
hea r fro m w here yo u are, lei me ta ke a
moment 10 th dn\.. yo u on bt.·h alf of th e
old timers fo r yo u r con tr ibu t io n to a m a
leur rddio. ER
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