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low ed us to hau l the br oke n antenna
ba ck to th e sc hool roof fo r rep ai rs a nd
the n ba ck to m e for insta llation on the
cross .1gain. Boy was I glad w he n th at
job was through! From thereit was back
d o w n the pe a k on all four s to the trap
door, a s lfd e d own the slate to that safl'
ha ven, a nd I was back to th e rel ati ve
sa fl't y of the ca tw alk.

The physics teacher who w as our cl ub
m od era tor had gott en perm issi on fo r
ow to go o n thi s journey , an d I w as
su p posed to com e ri gh t ba ck w hen I got
o ff the roof. Hut w ha t th e heck , hed id n't
tel l me w hic h way to go. In stead of
heading ba ck fo r the rea r of the church,
I wa lke d th e ca tw alk to the fro nt and
wound up in the belfry . The ch u rch had
one of those old clocks th a t chi med the
q ua r te r h ours a nd rang th e nu mber o f
each hou r, so of co urse I had to ins pect
its w orks. Boy w as it loud in there when
it ra ng ! There w as another sp i ra l s ta ir­
case going u p into th e belltower w hich
o f cou rs e I took. O n the in terio r s ide

The author in d ub stati on W8GYH at Solinl Xavier High, Cincin nati, O h io. No te the
spinner knobs on the HQ.129X
no r o f the stee p, s lippery sla te roof. Th e
pea k o f th e ro of was fo rmed by a lo ng,
narro w, sto ne pa thw ay that ran the en­
tire lengt h of the ch urch. I scra mbled u p
w ha t must ha ve bee n ab out s ix feet o f
sla te , bu l seemed like .1 mile ,1 1 th at
height, to get to the s tone pea k. Craw l­
tng along a nd ha ngin g n o to wea thered,
green co pper lightni ng rod wi re tha t
wa s fas te ned periodi ca lly 10 the s tone, I
finally made it to the iron cross at the
rea r. The cr oss w as abo ut s ix feet tall,
and it wa s se t in a s to ne b lock thai w as
abo ut three feel sq ua re, so I had S O ffi t'

roo m to sta nd a nd som ethin g In h,m g
on to. It w as at leas t a s ix slory d ro p to
the gr o u nd o ff the ba ck o f the chu rch,
and I t r ied not to loo k d own or to th in k
abou t it too m uch .

From m y perch, I tossed a ba ll o f
string that I'd brought u p in m y coa t
pocket across the chasm to my b uddies
w ho w ere w a it in g on th e fla t school
roo f. Th ey tied m y s tr in!; to it mo re
subs tantia l ro pe, and that in turn at-
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other hand, IISl'J avai lab ll' brnad c.lsl
rec eiver components, lu n ing ca pa cito rs ,
IF transfor mers .1nJ s uch . This is re
spon sib lt" for mo st Clf the s u rv iving
flamma rlu nd s .lnd N a tionals of thl' p rl'
an d early pos t wa r period bei ng m uch
more "so lid 't than their I ldll icra fte rs a nd
RME brethren . A Ci nci nndti frie nd Irom
those day s h ad s v r v tc e d b o t h
Hammarlund -built and Il o ward -huilt
Super Prns ill Eu rope d uring WW II. l it·
findll y q uit tr ansport ing the Howa rd
receivers a w.l y from his d e pot. '' 1l.101O

thing s wou ldn't hol d align ment during
a jee p rid e !" Th e Ho wa rd s wound u p
mos tly "on tb o co lo ne l's d esk," d ll in g
unofficia l duty, w hi lethe f la m mar lunds
d id the corn m u mcatmg.

The U Q - 120 fam ily u p
through t he II Q -1 50 w a s
p rl' t1y -o rd inary· in its ci r­
c ui t I.lyo u t, fo llow in K the
cl a ss ic . s in g lt, con vers to n
superhr-r scheme ori~i n ,ltt"d

by Sha lkhauser and Planck
in tht, RME 9 in 1932. Th e
H a m marlund II Q -120 ve r­
s io n hold o ne 657 RF s tage, a
6KK con verter, two 657 IF' s
followed by a 6F6third IF (a n
audio power pentode yet!). a
6FHG d etector and fir s t au ­
dio, ,W6 a ud io o u tp u t, 6Z7G
n o ise limite r "effect ive on
bot h phone and C W," 6J7
BFO , 6SFS 5- mt' tl'r a m pi ifit'T,
5V4G rectifier, and VR·I50
voltagl' reg u lato r. The '120
was tht, firsl rec e ive r in it s
cl ass t o incorpora te a VR
tube.

Th e II Q -129 -X w as a 1945
post-w a r update, going fo r
the m ost part to the sing le­
end ed oc ta l version s of th e
tubes o rigina lly u sed in the
front end a nd IF of the HQ­
12G-X ,lOd cha ng ing th e mix

IIQ-l 29X tu n ing capaci tors. cove r removed , a li tt le a t the detector a nd
beyond . Its lineup is a 65S7 RF, the
sarru 6KK con verter, three 65S7 IF's , a
6116 J e ll'l ' lor and noi se lim iter, 6SN 7
fir s l au din and S- mt'tt' r ampltfh-r, 6V6
a ud io outp u t, 65J7 uro.5U4G ft'Ctifit'r
and VR·105 vo ltage rl'g u la tor.

A!IO 10 the tube lineup, I do w ond e r
why fl a m marl u nd chrr.;etouSl'lhe 6SS7
a s the RF a rnplifier. Thi s tube is lo wer
gain .1Od mo re noi sy th an e ithe r Ihe
6SK 7 o r 6SG 7, both remote cu to ff
pl'n lod l's co m mnn ly fo u nd in RF am ­
pti fivr s o f co m pt't ing receivers of the
e ra . IJo th factors, g rea te r noise ge ne ra ­
t ion to slart with a nd less gain fo r w eak
sig na ls a nd RF stage no ise to overcome
th e su bs tan tia l m ixer no ise of the 6K8,
co n t ri b u ted to th e HQ- 129. X betng
so me w ha tles s se nsit ive in "q uiet" Inca -
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Figu re 1 and Figure 2. Tub e Life vs Envelope Temperature.

inwa rd leakage of a tmosp heric gases o f the way, we can look at so me practi-
also co ntribu tes 10 the ruin ing of the ca l exam ples of tube life vs . envelope
cathod e and a lters tho electrica l p rop- tempera tu re taken from stud ies con-
erfies of the tube . dueled by GE Owensb o ro in the mid

The other problem w ith sod a glass is 1950's . Graph #1 and 2 show the results
its po o r thermal co nd uctivi ty . Thi s o f life tes ts cond ucted on some com-
means thai a tube 's enve lope will ha ve mn n co mmu nica ti ons tubes, the 6AK 5
hot spots immed iately adj acent tu the and the 6AQ5, respectively . Note the
anode and othe r hea t radiating in terna l tremendo us Imp rovemen t in tube life
parts and th is heat will no t be any- o ne can ach iev e by even moderat e re-
where near e vonly dlstrtbuted through- ductions in en ve lope tempe ratu re. In
out the envelope. the case of a power handling lube such

Wit h the prev io us in troducti on out as the 6AQ5 noll' th at 95% of the lu bes
11 contin ued next page
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surv ived o perat ion a t ate mperature of
220 C for 5,UOO hou rs but at on ly 17
degree s hotte r fewer than 7lJ'y" su rvived
even 2,500 hours .

So, how h ot is tha t bul b gel ting?
Graph #3 sho ws th e res ult o f tem p er.l­
lur e measurem ents o n a 12BY7 therma l
eq uivalen t tube di ssipa ting 10 wa tts ,
inclu d ing hea ter power. The se tests
sho w measured bulb te mperat u res in
va rious types o f sh ie ld s as compa red 10
a bare bulb. The re sul ts of the se Il's ts
expla in wh y the US milita ry bann ed
sh iny lube sh ie ld s by 1960! Depress­
ingly enough, the on ly sh ield w hich
improved tube coo lin g o ver a bare b ulb
is the wel l-known IERC type w hich has
a thermally co nd uc tive path from tu be
envel ope to th e met al cha ss is . Note that
I said met a l chassis; even the IERC sh ield
loses effectiveness when not firm ly heat
su nk to a ch assis rend er in g th em much
less e ffec tive w hen slipped o ver a tube
that d oesn't ha ve a socke t d esi gned to

12

accept a sh ield . Th is is w here f he Perkins
Lab c:-o mt'S in - they manufact u re an
in te res ti ng line of slip -on tube cooh-r-s
m ad e of ac cordion p leat ed blackened
co p per th at don' t depend ona ht,"t s in k
fur prnpt' r action. In a ny ev ent, w hat
the g ra p h S.l yS is clea r - one is be tter off
without using tube shields o f an y kind
u n less el ect rica l co nsidera tions re quire
one. If you m u sl use a sh ield - for
heaven's sake, don 't use a sh iny nickel
or ch ro me p lated o ne if the tube is d is­
sip.1ti ng more than a couple of walls !

As I mentioned previous ly, the other
major cu lp rit adve rsely affecting lu be
li fe is eleva ted bea ter voltage. Most vin­
tage eq u ipmen t is tagged to run at .1
designated line voltage of 115 to 117
volts. Unfo rtuna tely , the modern sta n­
dard for o u r AC ma ins is righ t around
120 vo lts and le vels of up 10 122 vo lts
are com mon ly encoun tered . Previous
ER a rticles have warne d o f thei ll effects
of operating tubes at ele vated heater
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vol tages an d a chart fro m Perkins' AN
L1 makes th is vl'ry clea r. Figu rc 4 show s
tube su rv ival p er cen tages \I S . hea ter
vol tage for th e type 5670 tube for heater
voltag e va lues of 5.4, 6.3 a nd 7.56 . Int e r­
media te values m Ol Y be ex trapola ted
from till' fjraphs. No te thai a t the rated
6.3 vo lt va lue, 75% of tilt' tube lot su r­
vived at 1(' ;ISI S/OOO operat in g hours but
at 7.56 vo lts, th c same 75°1., su rv ival wa s
reached a t onl y 1,000 hours. liven more
in ter es tin g a re the incr edi b le su rv iva l
rates ac hieved at red uced h t'iller vo lt­
ages wh ich wou ld imply a n advantage
to run ning tubes at the lo w end of their
heater vo ltage speci fica tion w here pos­
sib le.
Concl usions

Th e preced ing matcrla l ma ke s it
p re lt y clea r what it takes to d ras tically
improve the rel iabili ty o f va cuu m tube
eq ui p ment. To summ a rize:

1. Kee p tubes as cool as possib le.
Avo id the u sc of shiny tub e sh iel ds and
use them o n ly on low heat d issipati ng
tubes. Rerelvers s uch as th e 51), 75A, R~

390,51'-600 and the like should have th e
original sh iny m iniature tube sh ields
replaced wi th the b lack m ilspec or JERe
types. ( I ha ve al so seen shin y sh iel d s
with a built in co rr ugated hea t sin k

13

w h ich mi ght work rea sonably well).
Tub es that were no t orig ina lly fitt ed
wi th shields co u ld benef it by the a ppli­
ca tion of Per ki ns ' heat s in ks. Th ese per~

for m even better than th e JERe shield s
but llMy roqutre somc rc tunt ng ot se ns t­
uvc RF circu its. Fo r a udi o ap plications,
they work just grea t and s izes to fit
octal tu bes arc ev en availa b le.

2. J hate to harp on the su bjec t but J
rea lly d on't think rep lacing tube rectifi­
e rs w ith silicon devices is a rea! good
idea. Do ing so only in cr ea ses locali zed
hcc tt ng of tubes a nd o ther parts due to
in cr ea sed B+. Th e instant a pplication o f
13 + o f a cold tube often h as bad e ffec ts
on the ca thod e coa ting (cathode s trip­
p ing) . Also, the cu rr en t surge from th e
'fas t s ta rt' is ba d on power swi tches and
other exp en sive items.

3. Know your line voltage. If a good,
accu ra te DVM shows more th an 120
volts, U Sl' a device such as a So la trans­
fo rmer or Va riac in lin e with you r shack
power fee d to ge t it d ow n to 117 o r so .
Ma n y military receivers ha ve power
transformer taps fo r va rious line volt­
ages; where 1 ha ve th em they 're se t to
the 125 vo lt tap as m y line voltage gen­
era lly runs abo u t 122.

continued on p..ge 38



Hamfest Station Draws Big Crowd
Paul Co urson, WA 3VJH
P.O . H O l( 73
W. Friendsh ip, MD 2179"

Classic Radio, S pt"da l Even t S tati o n
O rga ni zers o f la s t p',l r 's AM Exp .·d i.

lio n tu Dot-bins Isla nd have 1J.\..t' ll tbv
show un 11ll' road! Thousa nds (If pt 'opl t'
have nnw seen fo r tlu- firs t lime il vin­
tage Cl,l'isic Radio sta tion in action.

Th.' Foundation fo r Am "t l'u r Radle
sponso rs tint' of the b it;t;I'SI h.lmfcs ts o n
the East Coas t at Gai lht' rsb u rg, MD.
The );rnup invited members o f the A M
Co m m u nity loestablish a 51'1,<"1.11.,\,,-01
s ta t inn to hel p draw Interest and d .' ro­
onstrate ou r specia l fan" o f the hobby.

II w as n>" lIy a red -carp et t reatment
too: We were give n a p rime outd oor
spot a ln ng the main fl.',tm.lrkL·j run, .\1a
venue th .lt features 100-yt' ,lr -uIJ o.lk
Irt' l'Sand p lt' nty of0pt'n Sp,lCl' . A dipole

cu t tn Jml,S W d S St'n t ,l lu ft wi th bo w ­
a nd -a rrow to a n oJ!titud., u f fl() ft...·1 - .I S

t ilt' n 'nlt' rpi t"Ct' of .1 promofio n show n
hy s i~ns s;ly in~ "C tass tc R.ld iu: LlVE u n
75 !!!Mpos h...1 around th.· Muot);onll' ry
CUlInty r.l irg rtlull\ ls .
The C ro w d s Wen t Wi ld

O ld a nd yo ung alike ~ll l bu t;-t,y t'd as
uu-y s poiled IhL' s ta t ion and beard tlu­
h i ~h ' 'l ll .ll i l y , w ar m -so u nd ing .l ud io
rnol io~ fro m o ur disp lay . Older fo lks
ty p k 'illy vo lu n ll' l' rt ·d oJ s lory a bout
stlmt' AM rig th l' y USt·t1 tnuw n ~~ n r s t ill
ha d , put " WolY somewhere. Th L' kids
were often im p r.·ssl...t by tb c retro-ro-tio
luo k in th is .1);t' o f MTV a nd hi-re.....h .

This ha m fes f, unlikt' ma ny t1wsl'days,
is not heav y on compu te r g" .lr. I't ·r ha r s
.1S" re su lt, thus.t' in " th 'od,lon' took ,1
I,ll u f ti m.' tn s to p a nd t·h,·(" I<. o u t 11ll'
r igs . An iIlVN1,·t1·Vl,(· o n 4(} meters up
'lbu ul 40 Ieet tool<. .ldv,lll l<lg r- of sn ITIl'

P"ul, WA 3VJB
GolIil hu sburg.

an d Gr~g, K3 EW Z m an th e AM Sp~ci olll Even ts Stat ton " I..



A crowd at the sta tio n a nd pi leu ps
outst anding e ve n t for a ll .

excel len t ba nd condit io ns du ri n~ the
Su nd ay h.u rucst.

Peop le wou ld list en to the hi gh -qual­
ity sou nd of s tatio ns we worlo.ed, like
N9GT, Jilck at Fort Wa yne, Ind iana. a nd
WA1EKV, Chuck a t Bolton, Massochu ­
se t ts , as we ll a s N4V IH, Sa m nca r
Cha ts wo rth, Ccorg ia. an d wou ld be
impresse d at both the d istance and the
fidelity o f AM sig na ls coming in . We
were Ilatte n.d that our co n tacts pra ise d
ou r ow n audio quality he fore the cro wd
of on lookers!
Saturday I' arty Sets Th e Stag e

We were allowed in to the ha mfesl
venue a day early 10 set up, ca m p o ut ,
and h ave an on-t he-a ir, all n ig ht party
to "test" the sta tion . About 4(} pe ople
wert' il l our loc at ion sh'H ing the good
times th er e a nd wi th those we worked
on 75 me te rs. O ne of the most dra matic
demons tr atio ns happened seve ra l times
during the nigh I as frei ght trains wou ld
ro ll by so me tracks nearby.

on th e air mad e th e h amfest setu p a n

S!Jrn t' of our co nt acts thought we had
,1 sou nd -effec ts tape or somet h ing a s
Ihey hea rd the so u nd of a di esel loco­
mo tiv e a nd ,1 long, low blast fro m the
ho rn as it passed!

H a mfesl o ffi cial s, h a vin g a lrea dy
been im p re ssed by some Sa tu rd ay af­
ternoon d emonst ra tio ns on their be ha lf,
were kind enough to s up p ly Ihe over­
night bu nch wi th pizza . Som e of o ur
n umber broug ht su itab le 80 7 to wash it
dow n, a nd we wen' all gl ad no om' had
to dnvc, hi!

Other early Ilea market a rr iva ls a lso
ca mp ing o u t for the night were stop ­
p ing by to check o ut the festiv it ies.
Wh ile walking the fairgro u nds in tbe
wee ho u rs of th e morning , it was a
sp ooky ye t satisfy ing feeling to hear
OU RSTATiO N co mi ng out of lit tle por­
ta ble shortwave rad ios and / o r DC pow·
ered so lid -sta t",rigs people had brought
wit h th em! About 10,000 p eople would
fill th e sne on Su nda y.
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ally a st.'riL'S of concen tr ic flangl'd cy lin­
ders. Tbey w ere sup ported onl y from
their base fl.mgl·s in a ca n tih.v en-d tech­
nlque, b ul yet r igid ly held in position by
tripod -lik e rods. Th e support rods were
small an d lig htwl'ig ht, and could with­
stand a lot o fshoc k and vibra tion beca use
of their sha pe a nd low ma ss. Wlwn fully
asxembled, the tube enclosure then be­
ca me an intq;ral part of the mr....-hanical
su ppo rt for the cle....-trodes.

No m ica insu la tors were needed . With
no mica in the tube en velope, a ma jor
source of s tray p<1ftides and gas was eli mi ­
noted. The vapo rized-type of gouor wa s
also elim inated because of the high-t('m.
perature p roc ess ing which removed the
troublernakr-rs while the tu be vacuum
W.lS lll' ing pumped.

N uvist ors w ere ma d e of speci a l cora m­
ics, and speci a l metals i lldudin~ tung­
stcn. molybdenum, s teel, and s pecia l a l­
loys.

All o f the jo ints in th e tub e were pro­
(' ('SSl·J a t 2,000 degrl'l's F, in a bra ving
furna ce and then placed in a vacu um­
exhaust furn ace. Th is technique joined
all the part s in thei r ortgtna l strain-free
posi t ions, thus g reatly red ucin g the pos­
sibility of Interna l short circuits deve lop ­
ing d u ring lube' operation .The h igh -tern­
pe rat ure process tng steps el tminuted
m,m y of the imp u rities and gas l's th at a re
difficult or im possible to remove with
con ven tional tube design s, beca us e of the
mica .1I1d glass used in their cons tru ction.

The co ntro l grid was he ld so tightl y in
posit ion th at it had a ve ry high merh.mt­
ca l "Q" at its natural resona nce o f ~ Kc.
O ther frequencies were therefore d amped
ou t and microphonics were nea rly el im i­
na ted .

Th e ma nufacturing s teps in N u vlstor
production were fascinating. TIll.'firs t part
10 he assembled w as the ce ra mic base. It
w as made of Fosterite , w hich is s trong.
has cxcellcnt insula ting p ro pc r ttes. ond is
a good thermal cond uc tor. Th is co mbine­
tion of properties was unusua l, and led to
adva nces in tub e soc ket a nd chassis d e-

i
.l ( ~ heatero "E--- pl.ate flange

<:) ,,"_ gr id flange

o ( cat hode fl ange

?
~

~
~ ., cat hode

n cat hode
U·· ---------- suppor t

sl eeve

neta !
--- t ube enve lope

("="':]

~©

O?-- braz ing r ing

Exploded vie w, typical Nuv isl or tr iod e
eonstrucnon.

an al l-new tube type . Alt hou gh designed
for television receivers, the new tube W.l S

capable of meeting a lot of the tough
av ionic req u irem en ts. Known as th e
Nuvis tor, this litt le lube w as a ma ster­
piece o f materials engineering , Let's loo k
a litt le clos er at tht sotten -ncg tected mem­
be r of the vacu um -tube fami ly.

From the start, Mr. Nuvisto r used en ­
tire ly new concepts and mate r-ials. As ca n
be seen in the cut-a way view, there w as a
cera mic base-w afer which served to sup­
port the en ti re a rray of tu be elec t rode
assemblies . Th e tube ele ctrod es w ere re -

11 continued un page 34
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Solid-Stating The Heath Model VF-I VFO

• gt'l ti ng tbc he at ou t. At 350 VDC ,
tht' orig inal VF- I d iss ip,llt'tIIOW in side
tht' case.

• im prov ing till' rru-chantcal s t.l bili ty
(If Ihe LC and in p ul wiring . Th e VF-l
USt'S ,1 seru-s- tu r u-d C l" p p oscillator.
W,l lt , Kj4K V, pointed n u t in h is "A Not
N otict·'1hly Drifty VFO - I'.lTt l" inU~#32,

th,l l "t he ju nrlion between thl' r o il and
tu n ing ca p,lCitu r is .1 VNy hi gh imped­
ance point so .lny ch.lOgt' in th e su r­
rm md ings. . _will ha ve serious e ffect s ,"
The u ri gina l VF- I uSl'd 20 a nd 24 AWG
so lid w ire to w in ' the l C components
and input to the 6AU6 . The in p u t w in's
were all p ushed th rough a co m mon rub­
ber g rom m t't to rea rb the ba ndswitch
and b AU b. Ma ny VF· l 's tha t 1 ha ve
tes ted dn ' "mlcrop ho n ir " - lhl' outp u t
frequency cha nges .1S the case is lightly
t,lp pt'd .

• no change in th e orig in a l i'ppt';lf ·
a nn ' or opera tio n .

• us i n~ as mil n y o f the uriKin a l vr·!
co m ponen ts <IS pos si bl e.

The fo llowing an' S U int' o f rho hig h­
liKht s a nd co m m en ts a bou t solid-s ta t ­
inK th e VF· ) ;

• The ilf1 819 28 V pilu t IiKh t. RaJio
Shac k r I N 272-1119, is th e la rgest heat

2.

by Da ve Is h mael, W A6V V L
1118 Pa ul ar in o Ave.
Costa M esa, CA 92626
714-979-5858

Barry / ER's "notice ably d rtuy" co m­
men ts in ERll28 rea lly 1;(11 me cu rio us
about tht· w.um -up r harnr tertsucs o f
vtn tage, vac u u m tube VFO 's. S ince tha t
iSS Ul ' , I have mea sured Ihe warm-up
cha rac ter tsfics of S O ffi t ' tw o dozen vi n­
tage VFO' s. arcu m ulatmg abou t tw o
hundred hou rs o f d rift m ca su rernc n ts . f
bo ught seve ra l of the !l's l VIU's ,1 1)0(',)\
amateu r sw ap m eets and borrowed the
rest . Dave Mi lls , AJ70 , loa ned me five ;
a Heat h HG-lOB, Eico n z,E.F. Johnso n
122, and two T-3b8 's . Pr ob ab ly a hun­
d red hours were nmcl·nl ralt'l.:1 o n Ihl'
Hea th VF· I and IIG-JO/ I IG· l OIl · I tldd
th ree vers ion s of each . II W .1S in th is
se tting Ih al I d isco ve red th at ti lt' VF· 1
was among the wors t VFO 's th.lI were
tested, I;ivin g th e p hrase "noticeably
drifty", a ne w ml'an inl; .

I en ded u p wi th .1 p re t ty f;ooJ , rd., ·
ttvety low -d rift , Hea th I IG-W, but it was
a ptxlr match for my I h' ,lth AT· I , DX-20,
and DX-40 transmnn-rs • tI.,.. f;n "t'n just
d idn' t go w ith the gray - this m eant a
"noticeably drifty" VF·I . I bo ught a VF· ]
from an £R. ad and checked its w<l rm -u p
cha racteris tics. Wh ilt, not as had as some,
it was st ill RnotiCt'ah ly d riflyRand Int e r­
m itten tly u nstable.

Barry and I had brid ly d iscussed the
merits of solid ·s ta t ing th t' VF-1 in '9 1
and fw se n t me th e {X" , '72 QST d e­
scrib ing a so lid -s ta te con ve rsion for th e
VF-1. I s ta r ted thi nking vt' ry sc rtously
ab out th e so lid -s tate mud , dug nu t the
Dec . '72 QST, and d csrgnod a PC B ve r­
s io n o f the QST m od.

The p rima ry o bject ives of the VF- I
solid -s ta te co n versio n incl ud e;

• impro ving the sho rt-term w a rm-up
cha rac te ris tics a nd long-te rm frequency
sta b il ity .

( )



Mod if il' ,j VF-1 o n the le tt , unmodi fied lin th., ri/;hl.

sou rce w ith O' JW. A Hllll IW ..... r it·s
d rupp in J.; f" s is luf is ronnech-d from lilt'
bulb tn lilt' Ullrt·~ul.lh·t1 1,12V.

• TIlt' S,HIIl' du.r l N-rl hllllwi [unrtion­
FETdfcu il d" ~' r iht'd in QST is used w ith
R ltlio Sh,Kk 27n-2{J(,2 M I'F1n2FIT s.Th.·
nri J.; in,l l .ul k l.· sUJ.;J.;,·sk.1 2NJHB FET s
but l uscd Ih,' ,l lh' r ll" l iv, ' M I'F UJ2's ht '­
Col USI,' u f thpir dV<l il.lbilily. TIn- v.llut'S o f
the major nllnru rwn ls .ITt· It", SoHn ,·.

l h,' o m' ma jor (·h.1O/;' · I mad .. 10

WI [UW's nri~inoll Ml id t' W,ls :o. u r r ly­
in/; tht' t20V Iro m an ,·Idt' rn ., t rOWl'r
su pply a nd Tl·mn vin J.; lb. ' two 15 K 5W
fl'Si:o. lo rs .md 20V :fl'm'r - Ih.,:0.1· .·o m r " ­
nen ts d issip.ll,' J .l lmn:o. l fn u r wat ts in ­
sid.· t lu- VFO 's r-ahirn-t . TIll' m". lSIlTl'd
tempera tun- nsv in s idl' lh.· C;lS. ' is It's s
than I"C d Ufill J.; lilt' firs l tw o hou rs of
uper.ition - ch,ln /;,·s in roo m ternpcr.r­
IUf.' ";1Il Ill' more s i/;nif i' ·,1Il1.

• SI;lhili ly n f the t20V su p p ly is c r tu­
ca l. In Iht' IMI/ KO/ 40 pll si l jon , the . ,,,11­
ol ~":o.I·nsi l i v i t y va rn-d fro m ·23 liz / vult
01 1 15 V In -04 II z / vu ll .11 22V . In II'll' 40 /
20/IS/1lI pt )Sil ion, the vlliid /;.' sensi -

21

t i. · ily v.l r ir-d f rom t)h 11/./ \' 0 11.11 16 V to
.1'1 I II /vult .11 22 V.

• W IUIW's r llllVl'rs ioll U Sl·t! th " nAUn
,1Ild OA2 tube sor kl'!s ,1S ti e s t r ips 10
muun tthc .ldd il ion.l l t'o lllporll' n ls. Th is
j.;iv.'S lilt' un der dhlssis iI v" ry clut tered
,ll' p" .l r.lIlt"I' . I d ltls. ·tnUst· ;l 5.4" x 2 .25~

s i n~I,·-s id ,·t1 I'C H ll l mtlu n l l h," n ,'w VFO
com ponen ts .10.1 10 r-u t u u l .1 4.9" x 1.6~

Tl"CI ,IIl~u l.lT hok- un lh.. rea r dl't·~ uf 1Ill'
m.un Ch.l<;.s is III m llllni Ih," PCB. The
pcn is S("Cu rdy m ounted to Ihl' cbassts
us;n /; 1'1-32 hard w are. The e xisting 1'/ N
.III-56 d ua l pl .l lt' co il is retained a nd
mou nted on tlu- pc n.

• 16 AW G solid w ire is used th rough ­
o ut l ilt' front end . A second fl'Ctan/;u l,Jr
Iu-h- W,lS cut in th e main dlilssi s under
ti ll' r-oll ass embly 10 Iactlttatc lin e-of ­
s iJ.; h l point-to-poin t wi r i ll~.

• 11M n p.. ration was eli minated .
• The uri/;i n,l l LC cum punl' nlS <In'

u :o.,'d . No effort W,lS m ade to cha nge the
f<l lio o r va lue o f thetem pera ture cu m ­
pt·ns.l li n~ ca r s .

In the lbO /80/ 4n posi tion, o pt-' ra ­
n m li n UN nf'1I p oIgf'



Und ercha ssls view of the mod ified VF-l.

t ion is "noticeably d rtftte ss" • warm~up

drift is a lmost nonexistent! a nt' mi nute
after power-on, th e wo rst-case fr e­
que ncy drift at U l75 MHz was 41 li z
after 3-1/2 hou rs o f operation .

• In the 40 /20/15 /10 position, the
wa rm-u p charac te rist ics a rc not as good.
One minute after power-on, the worst ­
case frequency drift at 7.150 MHz was
270 liz after 3-1/2 hours o f o peratio n.

.. The wa rm -up drift is so mew ha t
dependant upo n the cha nges in roo m /
ambient temperatu re d uri ng the fir s t
two hou rs of opera tion .

.. Th e mechanica l s tab ility is excel­
len t - as good as any VFO I have bu ilt or
evaluated. With the slug rot ated fu lly
co unterclockwise ou t of the Ib O/ HO/
40M coil, a nd tight ag.li nst the rear o f
the co il assembl y. th is position is pa r­
ticu larly im m une 10 shock.

A few wo rd s ab out the +20V power
supply:

.. The power su ppl y is exte rna l to the
VF· l. I did n' t want to burd en thl' low­
drift solid -s tate d esi gn with the hea t
genera ted fro m a b ui lt-in p ower su p­
ply. r included a bui lt-in sup p ly w ith a
repackaged HG-to VFO th a t I bui lt la st
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yeM a nd pald .1 "penalty" in worsen ed
w.1rm-up d rift ch aractcr ts t lcs .

• TIlt' powl'r su p p ly co m p onent s a re
mo u nted on a stngle-s td ed 2~1/2" x 6­
3 / 4" PCB.

• I selec ted the LM3171' adjustable
reg ulator for the regu lator Ie.rmounted
the LM3171' on a n IERC black -anodized
1-1/ 4" tall LA se ries heat s in k to mi ni ­
mize the LM317f's w 'lrm-up dri ft due
to the powl'r d issipated .

• The regula to r d esig n is righ t o ut of
the Na tional Linear Data book. Th e reg u­
la tor is non-adjustable nominal +20v
using fixed-va lue 237U 1% a nd 3.4HKU
I 'X, precision metal-film resi st ors in the
ou tput vo ltage -d ivide r. The add ed
I N4()02 diod es around th t' LM317f pro­
tect it in case I "s lip" and wound the
w ro ng termina l.

• I USI'd a 24 VD C relay to switch the
inpu t to the regul,ltor so tha t the OFF/
STANDUYI ON swi tch on thl' VF-l fun c­
tions so mew hat like the original.

• Th e power su p p ly is mo un ted in a n
LMB IH37 8"0 x 3"W x 2-3 / 4"H alumi ­
nu m chassis box enclos u re. A separate
SI' DT sw itc h sw itches the tra nsformer's
primary . A s ta n d a rd 4-p in ch assis
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mou nt ed m il' connec tor, Radio Shack
PIN 274·002, and us mating 274-001
plug, a re used 10 connect th e powl'r
su pp ly to the VF-1.

• This power -suppl y is basically "ove r­
kill" for a VFO thai req uires only 5.5
rnA @20V. Voltage stabili ty, however.
is "rock-so lid". The #1819 28 VDC pilot
light requires <In additional 40 rnA pl us
37 rnA for th e relay and th ese current s
are supplied fro m the unregulated +42
VOC.

I th ink solid-s tating the VF-l wa s
worthwhile . Exte rnally, you haven't a
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d ue tha t it' s bee n done .The added BNe
connecto r on the rea r pan e l is th e only
d ue tha t the re is so me thing "differen t"
abo ut this VF-l a nd I may ha ve made
that mod 10 the tube version anyway.
The wa rm-up cha racteris tics a nd fre­
qu ency stabili ty have been sig nif ican tly
improved . Howeve r, my version of the
so lid- state conversio n is NOT recom­
mended fo r th e faint of hea rt .. there is
NO going back to the origina l VF-l con­
figuration. I d id not wan t to possibly
com prom ise th e mechanical stability of
the conversion by using all of the origi-

l'Onlinuf"d on ~gr r1



The TRF Receiver
Hob Den n iso n, W211HE
82 Virgi n ia Av e.
Westmo n t, NJ 08108

In janua ry 1\)33, Gt'IlTgl' Cranum-r,
WI DF, to ld liS w lMI wa s w ro ng with
t il l' curren tly po p u la r T'~ r;st'\ .sand Ihen
dl 'Sc ril ll'd an impro ved T RF receiver
w hich sl't thr- standa rd for "Mny ytO,ITS. '
Th ill set , 'rnp loyp<! <I 5H RF s t,lg l', .1 ,';H

fl'g l'l ll'fill ivl' d d t'c10T a n d ,1 56 audio
am p hfu-r, Ti ll' rm-ch.mical d esign was
rig id ly soli d a nd lilt' I~r a nd d etector
s tag l's we n ' well sh ield ed. Sel' p hotos.
Q u ill' ,1 Icw of t111'Sl' :w ls wr-rc in tlSt' in
my horne town (S,11i ll.l, KSj and in 1'J:'h
I bought O ll t ' Ih ,11 h.uj lu-cn bu il l by
WYfR C .md h is fut tu-r who l.m-r be­
ca me WlJSTC. The r rin- was srn I h,ll l
just obta ined my tir kl'l , W9V I<Q, a nd
wa s beg inni ng my Freshm.m yt' .u in
h igh schoo l. [ Ilsl,d that se-t ,1 I1 t hroll~h

hi );h school, wnrki ng 4h s t,HI'S a nd 1<;
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cou n t r il's. I also had ,1 long -ru n ning
sked wi th W 'olZ A W w ho m llater nu-t in
rl'rson a t Kansa s Sia ll' Co lleg t' whe-re
WI' b t llh h.u! eu rulled ,IS EE students. At
nn e poi nt, I co nv erted the 'lRf set intoa
su perhet but IIIl' rt'p;t'lwr.lli ve IF s ia g t'
Ilt't',kd rc.rdjus tnu-nt w it h I'Vl' ry ch.mgr­
in h um id ity so I w en I b.u-k rotlu- trus ty
T RF circuit.

In tho (,111 of 1'1'12. jus t before C hr is t ­
m as , I rt'cl,ivpd ,1 big bo x in li lt' III,Iil SPil l
tonu- h y no:. cont ributo r, W20BJ . In the
bo x w as .1 :l-tulw TR I; like the om- in
Qsr except mod ifh-d to liM' rru-fal h ltlt's .
I decided to resto re the se t 10 usable
rond ifion. I:ir s t th e set w as f lllll p ll'i t' ly
di s ll1.m th·t! . TIll'1I the al u minum p.Hls
t'o lllp r isi n); the r1Mssis a nd I{] ; sh ields
wr-rc r-lc.uu-d ,Iml polis hed lIs in ); omHl



L ..I1k
•

To p "jew .

UJl d('rch.t"si~ view.

s tet" W tK}!. I drew u p a new schematic
(St't ' F i~ . 1) si m il..ar til t ill' nr i ~ i lloll

C ra m mer . h-sit;n bu t with thr- fo llo w ­
ing l'mht'l lish nw n ts:
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• •

•

J. Sw itr h.lb lc 211 li H attcnn.uor ill the
ante n na in p ut. (Did n ' t need th is in
S.l lin.l!)
2. RF ge tn co n t ro l l·mploys va riable
~r ill b ias.
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3. RF tube protected aga inst tra nsmit­
ter RFb y grid lea k lim ite r.
4. Power supply provides neon tube
regu la ted voltages fo r detector and RF
screen.
5. Power unit also incorporat es a 2AS
outp ut st.lge and a 5- PM speaker.

2.

6. A sw itch (beh ind d rum d ial) selects
e ither ph ones OJ speaker.
7. A Send -Receive sw itch - on the le ft
side.
8. An ou tput transformer keeps DC oul
o f the head phones.
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a rea t the sam e potentia l and 110 current
flows th rou/-;h m eter M . The cur ren ts
can be ad jus led to ba lance by potenti ­
cmetcr Rll, w hich takes ca re of varia ­
l io ns in the 11I1lt' sl'(" l iomi and in the
va lues of the cat hode resistors IN and
R IO. W ht 'n a poxitive DC '1011,1/-;1' is ,1('­

pli ed to the toft g r id the cu rren t throu gh
tha t tube section lncn-ases , so the cu r­
re nt bala nce is upset an d the meter in­
dica tes . TIH' SI' lls il iv ity of till' meter is
reg ula ted by RH, w hic h se rv es 10 adjust
the cahbr.nion. R12, r o m mort In the c.ith ­
odes tlf bot h lub e sl'clio ns, is a Ieed ha ck
res is lor that s l ,l biJiJ".I·s the sys tem .m d
ma ke s tfu rt'ading linear. l~h and C I
form a f ilter fo r ;lIlY AC component lh.lt
ma y he p resen t, and Rh is b.rla n r- r-d by
R7 connec ted to Ihl' grid of ti ll' second
tube sl'd ioll .

'T o s lay wr-ll w it hi n tlu- linear rangl'
of opera tion lhe s r a lt· is Iirnit r-d to :1
vo lts or less in tho averag t' com mercia l
ins trument. I li/-; Iw r r.l ng t·s <In' oh tuiru-d
by rm'ans of Iht' vo l t,l~I' d tvtdcr for med
by Rl 10 1~5 incl usi ve. As ma ny ran ~es ,.

,IS desi red can be us ed . Common p rac­
l ice is 10 use 1 megoh m a t RI, and make
tbv sum o f R2 10 !{S, inclusive, ]() n1l''; ­
o hms, th us /-; iv in g ,\ tota l n-slsta ncc of
11 me~oh lll s, constant fo r ,111 vol t,lgt'
r,lTl/-;I's , RI sho u ld lu- a t th t' p robe-end of
the IX: lead 10III inimizr- cap.n-itiveload ­
i n~ effects when measuri ng DC volt ­
a~t's ill RF drt'ui ts ,

"Values used in the circuit depend
considt'r,lbly on tlu- .~ u p J' l y vo ll.l/-;t'a nd
th.. sl'nsitiv ity o f Ihl' meter, M_R12 and
1~ 1 :1·RI4 shou ld hl· .ld jusled by tr i.rl SlJ

lhal the voltmeter circu it con Ill' hrOll!~hl

hi h,Il'l nee , and to ~i Vl' Iult-scah-d efl er­
l inn 011 M w ith ,lbou l :1 volts 'l pp lit-d to
Hn- left hand ~rid . Th e meter ronm-c­
fion s 1',1 11 he reversed to n ·.ld llt' ga livl'
vol l,l};.·s with respect to g ro und ,"
AC VO LTACE

Again, from the 1959 AR 1~ L l Lmd ­
book,

''Fo r nwasu rin g AC VOh;l~I'S tIll' roc­
titier circuit shown ill Iht' lower h-ft of
lhl' dia~ram is us ed. One sect ion of lht'
dou ble d iode, V2, isa half-wave recti-

cumln ued IU' \! p~~"
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fler and the seco nd hal f ac ts asa bal an c­
ing d evice, adju stable by R17, to elimi­
nat e contact potential effects that would
cause residual DC voltage to appL'iU at
the VTVM grid.

"The rectifier output v()lta~e is pro­
portional to the peak amp litu de of the
AC wave rather than to the average
RMSvi\l ul'S.Since the posi tive and nega­
tive pea ks of a comp lex wa ve nlilY not
have eq ualampluudcs,c different rend ­
ing may be ob tained ( Ill such wave­
forms when the volt meter p robe te rrni­
nals are reve rsed . Th is "turnover" dfL'ct
is inherent in any peak-indicating d e­
vice, but is not necessarily a di sadvan­
tage. The faet that the readings Me not
the sa me when the voltmeter con nec­
tion s arc reversed is an indication that
the waveform under measu rement is
un symmc trical.fn some mea su rements,
as in aud io a mp lifiers, a peak measu re­
men t is mo re usef u l tha n a n RMS or
average va lue measu rement beca use
amplifier capabilities are ba sed o n the
peak a mplitudes.

"The sca le cali b ra tio n usually is ba sed
o n the RMS va lue of a sine wave, RS
being set so that th e same scale can be
used for eithe r AC o r DC . The RMS
read ing can ea si ly be converted to a
peak reed ing by multi plyin g by 1.41."

Th e Heath VTVMs, used so widely by
rad io and TV se rvice shops and by ra-

dio ama te urs and experimenters mea­
Slu ed DC, AC and resista nce. Mo st of
them measured up to 1,lJOO volts AC
and DC and resis tan ce u p to ] ,OOlJ me~­

oh ms. On many o f them the LX range
cou ld be exte nded to a stagl;",r ing 30,OnO
vo lt s by means of a well -i nsulated
probe. Some cou ld mea sure RF volt­
ages with a d e mod ulat or probe .
T i l E Q UINTESS ENTIAL VTVM

So me ti mes the word s VTV M and
Hc.uhk lt see m almost sy no ny mo us .
Ta lk 10 most hams, eloc trontc oxpcn­
menters, or TV service technicians and
they will either fond ly recallt hei r firs t
llea thklt VTVM o r they wil l say tl1<1t
they cherish the one s till dotng yeoman's
se rv ice on their workbench .

Th e Heath Com pan y in Benton Her­
bor, Mich ig a n in t ro d uced its fi rst
VTVM , thl' model V·l , in November
1947, shortly after the company sta rted
o ffering its 0 -1 oscillosco pe kit s. The
model V· I, in kit for m, so ld for the
p rin cel y su m of $24.50. It is not kn own
how lo ng the V· ] rema ined in produc­
tion.

Accordi ng to Heath h isto ria n Chuck
Penson, WA7 ZZE, in St. Pa u l, Minne­
sota, the ba sic Heath d esign phi loso-­
phy wa s to reverse engineer a nd sim­
p lify the cons id erab ly com plex circu its
foun d in expensive ind ustria l instru­
me n ts, such as those made by Hewl ett

'0
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Packard and other com panies like th at.
Thu s, the d esign embodied in the V-I
became th e foundation for a ll of its
YTYMs up to the model Y-7A. Th at fir s t
un it used a 6XS rectifier, a 6SN7 met er
amp lifier , and a 61f6 half-wave d oubl er
to d ea l wilh me asurin g AC.

Its ra nges were 0-3, 0-30, 0-lllO, and 0­
1000 volts AC a nd DC on a linear sca le
and up to 1,000 megoh ms o f resistance, a
feature la rgely unmatched by the man u­
factu rers of today's di gital rnult tmcter s.
It also fea tu red a dB scale. The meter
movement was a 500 mic roampere un it
in a dear plas tic housing and the ran ge
switches were heft y cera mic uni ts. The
d ear me ter housing became very m uch a
trademark of all Heath VfVMs.

An adverti sement d esc ribed the V-I in
glowing, but probably justi fied , terms.
'The best quality of material s is sup plied
- aluminu m cabinet, beautiful two co lor
panel, 500 microamp met e r, ce ra mic
switches , glass enclosed precision volt­
age divider resistors, and every required
part right down to the hook-up wire.
Detailed blueprints and instructions make
the assembly pleasant and sim p le. Aver­
age cons truc tion time is les s than four
shor t hours, and yo u ha ve the best and
most use ful test instrumen t avail able,"

MO Ofl AV 2

Heath's reputa tion .15 11

maker of quality kits was
fu rther enhanced by its ex ­
ce llen t co nst r uc li ~m / i n ­

s rruc tlo n manua ls. With
ca refu l workmanship, and
sys tematically chec king off
eac h st e p , th e bui lder
co u ld n' t help bu t build an
ins t r u men t tha t worked
w hen turned on for thefi rs t
time.

Another line in that sa me
ad reads, a nd ag.lin prob­
ab ly mer-i ted , "acc ta tme d
by all w ho have seen it the
most bea utiful radio tes t
Instr ument o n the market."

Littl e is known about the
Y-2 a nd Y-3 instr u men ts. In all p ro b­
abi lity they we re very similar to the Y­
1. we do know thoug h that the Y-4 was
firs t produced in 1950. Each sub seq uen t
mod e l o ffered smal l Im p roveme n ts and
by the time tnt' model Y7A was offen'd,
Hea th had so ld half a mi llion YTVM s.
The Y-7A, the last o f the V-series , was
a b o the first o f I teeth's VTYM s to usc a
printed circ u it board . Th e Y-7A 's volt ­
age ra nges a re in seq uen ces of 1.5, 5 for
RMS and a 4, 14 for peak -t o-peak mea ­
su remen ts. (1.5 Y RMS x 2.828 = 4.2 Y
peak -to. peak.)

Th e mult i-funct ion YTVMs (DC, AC,
oh ms) included the se ri es fro m the Y- I
through tn t' Y-7A, the 1M-II , IM-18 and
tht' IM-5218. The IM-5218 sig na lled the
end (If t he line fo r the co m p a ny 's
VTVMs, that modell asting to 1983.

There were three horizontal VTYM s
desi gned to be pl aced on the workbench
or su spend ed below a shelf over the
workbench . They included the IM-13,
IM-28 a nd the IM-5228 from March 1963
to 1968. Like the other Hea th YTYM s,
they featured se ven AC, se ven DC, and
sev en resis tance ra nges.

Then there were the Deluxe Serv ice
Bench VTYMs with the 6 in . meter move­
ment s, mult i-colored me ter scales, and

$2950•S ~ I PP I NG
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SCp.H'lI l' lo w volt<l ~l' AC sca les. Two
mod els wen- bu il t between 1960 and
1963; t ill' IM-I O from 1%0 10 19(,2 ,m.!
th e IM- 32 fro m Jul y 1962 to Itl6 3.

Th e IM-ll VTVM rep resented a d e­
pa rturc from the classic V-Sl'r il-s . TIll'
m ost ub v iou s cha nge was U Sl' of a s ing le
swltchnble AC / DC /ohms test p robe
w ith a short g ro und lead, DC for nne
scttin~ and AC an d oh ms fo r tho o th er.

The follo w in g is quoted tl trect ty fro m
the Heat h in st ru c tion man ua l for the
Mod el V-7A , but nppllcs pre tty much
equally to all the Heath VTVM s from
the V-Ito the V-7A . O b vio us ly, the car­
lter VTV Ms used different tubes, but, in
principle, the desc ription applies .

"The sen sitive 200 microampere meter
movemen t is in the cathode ci rcu it o f ,1

12A U7twin-triodl' . Thezeroadjust co n­
trol balances the two sec t ions of thl'
t riod e such thn t with l. NO inpu t VOlt.1gl'
appl ied to till' fi rs t grid , th e VOH.1gl­
drop across each po rtion o f th e l.NO

ad just cont rol is the sa ml'. Th is lw ing
true. th e m eter roa ds ?NO. Appl yin g a
voltage toth e first grid, upsets the h,11­
ance in Ihl' l'alhode circ ui t and Ihe meter
p rovides ,1Il ind ica t ion . TtH' relation­
shi p between the test vollagl' ap p lied to
th e fir st g rid and the meter inJic,lti ng
cu rren t is linear and therefore the mete-r
is ca lib rnn-d wit h a linea r sca le. The
ad vantage o f ha ving the rueter in a
vacuum tube circuit o f th is kind is tl1<11

th e v01t<lg l' 10 be measured is no t a p­
plied d irec tly 10 till' meter hut rat her 10
tilt' tube. ncca us o the tub... is llmlted to
the a mo u nt o f cu rrent it ca ll d raw, th e
m otor movement is t'll'ctr nnic<l lly p ro­
teen-d ."

"Th e maxim um vollagl' ,lp plil'J 10 the
12A U7 is ab out S vo lts . I l igl ll' r test vo lt­
age s are red uced by a vo ltagl' dtvtdor
which ha s a 10t,,1resistance o f lllllll'go­
hrns . An 'Hld itio n.1 1 1 m eg ohm in the
DC te st p ro be permits 1ll1'aSUreuu-nts 10
be made in circuits car ry ing RF vo lt­
" ~l'S w ith mintmnl dis tu rbance o f such
circu its ,

"wbon mcasu rtng AC, a (,A15 Iwi n­
diod e is used as a half-wa ve d oubler 10
provide " DC volt'lgl' proportiona l 10
11ll' pea k-to-pea k value o f tIll' applied
AC voltagl' , Th is DC voltage is .l r p li.'d
th rou gh th e vo lt a ge dlvtd e r to the
12A U7 c,1using Illl' meter 10 inti lcatc ,1S
p reviously described .

"Fo r U's is t ,lnCt' rneasu reuu-n ts . ,1 1.5
vo lt battery is ronm-ctcd Ihrou gh a
s tr ing of mul upllors an d the resista nce
10 he tested , thus f(lrm i n~ a volt'lgl'
div ide r across th e batte ry . A resultan t
por-tion .I f the battery vol toge is nppl ied
10 the twin-tr iode. The meter sca le is
calib ra ted in u 's is t,lilCl- fo r th is Iunc­
lio n ."

Fu r It'ss than $5 il C('l'~ s ll ry p robes
co uld be added to the Heath VTVM.~ .

An RF probe l'x ll'ndt'd th e RF m ea s u re-
32
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were p la ted with ir on, the Iro n was
ground off of the fla t s ides, w hich left the
ho les p lated through and the outer rim
metalized.

The grid struct ures we re a radi cal de­
parture from co nve ntion, and were as­
se mbled sepa ra tely on a spec ially de­
signed mach ine. Sixty s trands of n ickel­
p iated molybdenum wi n' were p laced
ho rizontally .110ng a temporary mand rel,
and wrap ped with .1 s trand of coppt' r­
plated mo lybden u m. The w rapping op­
eration form ed a long he lical s truct u re
around the horizontal wires .Th ewra pped
mand rels we re fed in to a sma ll oven, an d
a Mo nel bra ze took p lace at eac h p oint
where the coppe r-plated and the nickel­
pla ted wires crossed. the mandrel was
removed an d the grids wen ' cu t to the
proper length for assembly in to the dec­
trodestruct ures.This new p rOL"l-'Ss yielded
an ex tremely rig id grid s truc ture, free o f
th e p ro b le ms a ssoc iated w ith g ri d
s td erod s and mica support wa fers as
found in conventiona l designs. Much
h igher tra nscond uctance wa s achieved ,
even h igher than that w ith the fra me-g rid
tubes, and ytcld tng G m to plate current
rat ios o f over 6:1 in some of the later

pow l-'r N uvistor designs.
Nex t, the heater and its lea ds were

Inserted in to the ho lt's in the bose.
Thi s wa s a tricky operation, and
was performed by hand.

The Flan ge- shaped tube elements
we re fabrtca n-d next. They were as­
sembled from the p late d ow n , on a
re la tively simple au to mated assem­
bly prod uc tion jig . Firs t, the p late
cylinder W.1S se t in p lace on the jig,
and then its flange was ad ded .Then
ca me the g rid cyl inder, its flange,
the pre-assembled grid win's, and
then the cat hode-su pport cy linder
a nd flan ge . Cop per r in gs were
p laced at the junct ion of every cylin­
der and fla nge, and at the junct ion
of the grid w in'S and grid fla nge.
The ce ramic base a nd the pre-as­
se mbled heater were added to corn -
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Reme mber Nuv isto1ll7 from page 17
sign, w here the thermal coefficients were
arranged to p rov ide a greater degree of
con trol over the transfer of heat .Th is wa s
fort un ate, because as the su rface a rea o f a
d evice such as an electro n tube is re..
d uced , heat tra nsfer must becom e more
efficient, input pu wer m ust be reduced ,
or the permiss ible ternperat ure rise above
the ambien t m ust be increased. It was
found tha t temperat ure rise above the
ambient was permi ssible in some d esigns.
The oxide coa ting on a ca thod e su rface is
actually a semicond uc tor , and the re is a
na rrow range of perm issible ope rati ng
temperatures. However, the ca thode is
ve ry hot in relat ion to the relatively cool
su rroundings, so the ambient tem pe ra ­
ture had litt le influence on the total elec ­
tron radiation from the cathode.

The ceramic Fosterite powder, wi th
carefully c ontrolled d ensities and co m­
posi tion, was mi xed w ith an inert bind er ,
and p ressed into wafers . The wafers had
holes for med through them to acceptthe
steel elemen t su ppor t rods.

The ro und base wa fers were dipped in
a met alizing so lution, and fired in a two­
stage proct..'Ss, first in air and then in
hydrogen. At the end of the p rocess, they

\<»0. ' ' ''

Cut-away view.
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