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ForeNord: TAis püblacation has been prepdre(l to ossisr
those üho tuart uLth pencil ttbes and.ir.uirs. It
inclüdes infornntian an the desisn ledtürcs ol pen.:Lt.
tnbes, thcir dpplicdtion ro sJsrems, and cLecttLcal.
and nechdnical circLit des;.gn c o h s i .1 e r d t a a n s . .ttbe
,lnta fot canker.idlll auailable trpes dre al.so LncluLIed.

TABLE OF COI{TEI{TS

DISIGN TEATIJRES.,,,..
Electrical Desisn-.
Nl.chani caI Des i sn. -

APPLII]ATION OI PENCIL 'TIJBIS 'IO SYST[\{S

3

3

4

8

9

11
12
13
14

15

15
t6
l6
19
20

20

20

0s,llä,",
Amplifiers.
FrFqL n,\ \','rip .. ,,1,j tt"r-,.a,"
Vr r"r ....
n-r-, ro-..

.i

4
6

?

8

ILECTRICAI, ClRT]UIT DES IGN CONS I DERATIONS.

0s il ,,r or-.
Pl"r"-f ,'""o n-, ill.,r or..
Cl., - " q \,p r i r - r . . . . . . . . . . . . .

I l"-. r. 4-tlitr"rs....
Ireturl, ) vul.if i-r

I\II]C}IANICAL DF]SIGN CONS IDI',BA1'I ONS

trr iror n,, ,r ,l ror il-r".
\l ,,n i'; r:,n rd^'.,rion
Th"r .l u^n. r,l" ...
C,," r i.I ( r -, 

', 
i r ....

ParalleI-Line and Lunped-Consranr. Cj r.üirs

oTHt-.H \PtLt.\t tn\i.. ...
H , rnon. tl"n"r"r o
Volrage-Tunallc Pen. i 1-Tube -

,,d-( at, r) .om, r.,. ior.
RF-^mplilier TuLe - an d- Cav i t,v Comt,ination.....
I'requencv-Tunable TuLe - and- Cavi ry Conbinar.ion
(lu stom -Made ilavities.

BIBLIOGRAPHY

TUBE DATA

O

22

23

o i160 br Rodo cüPo di! d ahd 6

21
21
2I
21



RCA

PENCIT TUBES

Pencil tubes, designed to provide moderate poser outputs in
ulrra hjqh frequency applications, bridge the frequcrcy gap

berqeer convcntional receivirg tubes and transit-tin. d.vices.
The Iirst commerciai pencil tube, shown in Fig. t, uas irtro-
du.ed in 19.19; since that tine, many additioriat types Lave been
Lrought- out t-o supplr growing i dustrral and militar,v demands.

EIec tri r:al Ilesign
Iren.i I Lul,es are deslgned to prov i de

Lhc lor irdu{:1.an.es, lo* interole.t.rode
'.!, rrori.-. ,r,d, o., Fl ,-r ' .pa.ints,
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!t9.1 Pencil tube ßCA-5675
nedt m-nr tttode.

l'i g. , ,,8asrc ..nst.ucti.n .f
the ren.i I tabe.

essentia1 to {:{fi.i.nL hlgh-lrequetrtiy
operaLion. As shown in Fi8.r, r.he
closelv slaced .oa\i.l ele.:rr.des a.c
integrally .onne.ted to terniaals rvhich
.iomprise th. bodr o{ Lhc 1.ul)ei .xtcrral
.ionne.tions dre i,ade dire.Lly to these

DES IGN FEATURES

A nunrl,cr ol unique eler:trir:al and
me.hani.al dcsign feaLurcs mak. Lhe
perr:i I tube especi aLl,v sui ted for effi -

| ., .j l,- "bte i..r
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RCA PENCIT TUBES

terminals. 'lhe .onblnation ol to{ in-
ductanct:s ard low capar:itances inr:reascs
tlrc self-resonant frequencies ol t.he
Lube and u x l.. !ds jts useful frcquency
r.,d-. l1-.- ,. (u.u' .. pi i,
e{li.ient use ol' shunt tuning devi.es
and rni nimizr: .egrneration.

(lLos. spa.;ns oI the rnL(, cL.ncnts
redu.es tfansit-time r11.cts at hisl,

s!stems. Iir. requiredunl.s of such an
os.iILat.or na! be vasrl) dilferent frorn
one atpli,iation to anothcr. For exan;1e,
in one aiilli.aLiori a pencil t.uLe dn,v be
used in a mi.rowave rei:circr as a local
osci Llator to !ro! i de high stal,i I i t\ and
Jo r " r -.1'r ,r" ," - o'rtu'. Tl
, s..t. \ orjt'P-Ä1, ..p/ r..rr,n. "p.r rl
t,,i)c nar Le used i n a beacon radar or
t.ransponiler dcsigred for h ish pulse-power
öut!ut at slört Pulse I enAths.1n addi ti on, the cyiindrical

of the penci I tube oflers

h
t,

iqri'i-.n, i,provP(Fnrs rn . "rhodP.i",p in".nd stabilit-r o.er pl-r"r
-sieni oe""us- rhe Larhod" .ompleLp w

ncloses the heater. In se!eral, heater
ower oer emissive cathode area is th!ee
imes'nore e{ficient than in planar-
athode tubes. This effi.ient use of

eIleLti'clv "du e' r\.
i e ceqrir"o .to_ " Lube ro r"", h sr ab-e
peration after the applicarion of
lI roltages.

Iechani crl Des ign
The st..u( Lure of RCA pencl l r.rl,rs,

i .. , ,j."'F 1,. .,_t 
'.r L d''l ',pl-'.-.. .rlr,,i, .r,i-

herentl,v rusgcd. In.d.lit;on, Lhe effe(,r
ol Lh.rdal variation or ele.tricaL ch!.a.-
teristics is reduced to a mrrimun t,e
causc Lhe JongituJinal expansion of the
cat.hode has no clle.L on ele(,trode

f,l .1p \' r,.. ,t' ' ,

r'1 , , l l- -' , -.1 '.ll ir
rl,e samr dire.tion, .ntl Ll,us rend t.

...,,,r,, l..ri., p', s.'' irr'\'
sl.al) ilit) wi th rest).,i1. to he.rer-!oItaAe

Th{, si z. and sh.pe o I Lh. p.r.i I
tube makr iL adaptable to n,ost. n,i.ro{.re
circuitrr. 

^lrhoush 
Lh,- cvlindrir:al

a" l'.,g,_i o" "'irhighly rllir:icrl .oaxi.1 .avitirs, Lhev
m.y also 1,e readilv use<! in Iunpcd-
.on st an t. riircuits.

APPL I CAT IOII OF PENC I L TUBES TO SYSTEMS

Icn.i I tntes are rccomnerded for
att)li.at.ion in on-v m ic rouar c syst,:rr
reqrired lo gen!rate or amplily nicrowave
signals at frequenr:ics up to tr00(l nusa
.1clcs ann .r !owe. ler.is ü!i to l0 ,.tl.s
.{ or I 5 kiLo\ratLs pe:k. l'he tulcs are
farri.nl.rl\ usetul vher size, rcr6It,
eIli,,i...l, reli.L,;li(.), .ost and en-
yiroimc.t.al porloroance are of jmt)orLad.e.

0sci I I ators
lne rr,-,.. o,ill,, , i

rss.nt;al .onpo!ent in aLL rnrcroware

As a continuous-ware os.illaLor, th.
.u1. , s,-'r,'r8

n,;"'.,."" !ose. aL freqtren.ies uP t.

--§5a

Iig. J - nC1 6163 dn.lRCA-155lt .ant Lndotrs-
Lar. paue. outI,Dt ds a fnnctlan oJ
I rptpe nc! dr 4ri(al ape r dt;.ns. andi t tans.

1000 Degacycles. f'js.3 sho{s Lhat the
p.{rr-outpnt r:apal,i Jities of Pencil t{L,es
ixtcnd Irom 8 waLLs at 500 m.sa.-r.les
r o 100 ni lLitratt s ar S-band- tt..hen penr:i1
tüt,.s are us.d as osci l lators, thei r

9

Fi p-.t - Ef f Lcienct- aJ a ttpital Pen!:il
]." ". " .""1;"""n\-tarc as.:illnta.

n, a lDn.:tion ol fre.rtency.

highlr eflrcirnr operati..n, sho!n ln
l-je.,l, ard tieir inh.rent sl.abilir-v.r.
imporLant ferl,ures,

Pen.;l r ul,rs are ustd as os.illators

, .l ,, -" .' -' -i. ',
oi crouave sign.l 6en..aLors, nit:roware-



RCA PENCIL TUBES

sseeti generators, !!Dt
Paranrrtric devi.es,

oscii Iators l0r
and radi osorde

conditlons was T0 kj locy.les. Lons-term
sLabilit-! better than 0.1 per ccnt ma1
be obtajned in properly desisned os.il-
1at.o. .:i..uiLs Llroutshout the useful
life of the tube.

lh. pen.il-tut,e os.i I lator is much
l ess susceptille to rlement-roltage
chanFes th,t produr:r: lrr:qucrr:y nodula-
t io.. Fis.6 shows ttre frequen.,r shilt
of a tvpical pencil tube due 1.o p1at.c-
voltage ind heater-rolt.age.hanges. It
is itoportant to recoBni ze, h.werer, l.hat
circuit design is a controlling factor
of freqrencl stabiliL) "i11,..specL to
! oI tage .haDBes.

PuLsed OscilLators
Penci I tubes na) be pnt s.d t,y the

application of positive !uIses to the
piate. llhen the rrübc is biased beyond
crtolf, pulsi: operation is also achi ered

I

rl
t."=

--l
I

1

I
.eqüenc! dt t! pic dl ap e r at ing candi.t L on!

Iig.5 0sci llator pouer autpüt of
'JI'"o t-''- ' !tb" t d lh-, 't.!oridr ions ia heater "-oltoge.

The frequency stabj Iit) of any osci 1-
1"r,., r.. l', .11) ,d,,dr,on. ,,.
temperature and in plate and heater
v ol t aacs. A hi sh d.sree oI thernal
staL,ility isbuilt into thcpencj.l r!beb]
the use of coaxial cylindrical cl emert-s-
Fi;.5 .',,^. rl,, l.-.r-.-. lr.s" '"r.-I ro,,. "1d . un. p.lJ,.n' r''---rl -'1,',.. o,
of tube elchents hä!e littl. effect or
power-output c h a ! a c t e r i s t i . s . The fre-
qucn.y stabiliL) of a pencit tule opera-
Iiins in a typical L-band.avity durins
{arn-up .an b. illustrated b) the follo"-
ing example: At t = 0, hcater and plate
voltaaes *ere applied srmultaneously; the

ä

i.s.7 - ncA-5893
lot'e-pulsed os. i

edk-porer autpüt.J
Lat.r as a lunct ion af

tsEAi.R !oLrs Gf)

e in oscill atar lreqaencr

1

by a pp I i c a t i o a o f I o s i r i v . puls.s to the
grid or negative pul ses to the cathode.
B..ause the r:vlindrical cathode has hish
emi ssion capaLilities at low heater
po."r". h En.\Pr.. ll - r..r",,",-
obtained düring pulse operation. Typical
appli.atlons in whir:h pencil tub.s are
used as pul sed osci I l ators iacl ude S-band
t, e acor tadars, t r ärsp ond. r s, and tele-
meteri.E! trarsmitters. As a plate-pulse(l
oscillator, the !enci I tul,c is .apal1.
of peak pouer oulput.s in excess of I000
{at.ts aL S-band frequenr:ies, as shorn ir
Fig.i. The po{er capaL,iliti.s of t{o
integrdl Lube-and-cavit,v units are shoun
rn lrg.8 0,, 1., 'h--, '.''rr . trFrF op' i-
mized at a ccnter frequencv of 2c00 desa-
cycles. Tube-cavrt) units co!erins the
complere L- and S-band frequenr:y spectruo
are atso available.

Ft s.6 (.rÄons

I

ql

;r
t

-ea

L-band f.eqnen.r was then measured at
t - 10 seconds and at t : 60 seconds.
The total frequerc,v change under these

I



l

RCA PENCIT TUBES

BK

I

is
",ä

q!

Ä5

I

,l
ic
9;i

BC

Ftg.u Tantag range oI pLote-ptLsed and
gritl-pulsed S-band inte{dL tüb e-and-
cdaLtt units; pauer oütpnt aptini.cd

dt 29AA ne gdcr c le s .

Änpl i fi crs
Certain design features of the pcncil

rut,e make it an effi.,icnt anplrfier of
both )arse and smaIl srgnal s in the
nir:rorare l.cqüency spectrum above 200
meeacvcles. Cvlindrica] L.rni nal s allow
the pencil tub. Lo be used jn nigh-
efficiencv cavit,v and transmi ssion-1ire

lr B rouid",l- s, i.1 . r' '.. t ".the r:oaxial symmetry of the gri.l with
rcst)ecl Lo l.h. plate and cathode provides
a high degree of shielding L,etween the
inpuL and output stages. This coariat
synDetry also aIlows the grid to act as
an effe.tivc shirld which reduces the
p I a L e - t o - c a t h o d e capaci tance to ä rery
lo{ ralue and thus greatly red!ces any
t-endenc-v towards regereration. Th.
loser vatues of lead indu{itan.. and
interelectröde r:apar:it.arce raise the
res.nant fr.quen.y of the i nput, ortpüt,
and le.dlia.k circuits.

Sma I l -,Sr gno I C,dss t /np I i/i.rs
Sna11-srgnal anplifiers are userl

1rr rc.11 ior r'rorc'-
which t.he signal Ievel to be amplified
is in Lhe ricinitv of -60 dbd. IL is
inportart LhaL the amplif)irB d.vi.e
have low internal noise, ligh usable
powe r gain, high-gain-bandwidth charac-
re.isti.s. me.han;.al and thernal sta-
t, i 1i ry, and reliabl. p. r formanc e. The
higi,-performance ca!ab1l iti es of a
rpp.p-e1 di i'- p"r' i1 t rb- cr- .ho.n ir
F igs.9 r- h.ough l2.

9 - RCA-7552 sdin, n.ise
t.dnscanductancc as lüal heate. toLtdse.

I

large-Signal C/oss B dn.l Cldss C

P.tPr Anp Ltliers
Larse-sisnal ampliliers are used in

microwave tränsnitLers either as driver
amplili.rs or as outrut tubes. Ir po{er

Fis.10 - RCA-7552 sdin as a fün.tian af
f re quency dt Ldrious bdnduidths.

.arBoDr RLs sraN.r (oNMr)- ro

Fts.1:l - RCA-7552 noise Id.rar ate. the
!t00 ta 10A0-negaclcle r dnge.

f"

ö

.Är$ö. REs srANcE (oNMsl.5ö

,--P



RCA PENCIT TUBES

-7

aJor requirements 5r. thc sadc as Io.
he class C po*er ampli{ier. A frequency
ultiplier essentiall) distorts the
n , ,,E rgral o 8-n-r,r" h.--ori"=
f t)re sisnal Ireqü.ncy and then {i lters
ro.'p,iri-- r,, d.. rr"d har oni..
ig. 14 sho*s the ef{e.t of f r.quency
ultiplication on poqer output.

i

F

I

hig
Per
dri

liliers. it is desirable to hare both
h power gain and high ellicicncy.
. | ,,b,- dr. .u,rdble t^r u - in
ver-amplifj er chairs and in power-
pnt stages supplving up to 10 satts
outpuL, as shown in lig.I3. The
cil-tube ampLifier can be modulated
any ol rhe .onvehtional methods, i.e.,
te morlu)ation, grid modülaLion, or

.ar hode nodulat.ion. itith grouDded-sri(1
amplifiers it is recessary to modulate
the drivcr stage to obtain 100-per
cent nodulation.

F;.e. 14 - Operdt Lan of o penctl
d It equency nrlttplrer und.er

op e. dt ing condt t ions.

Typical applications oI Lh. ten.il
tube as a frequency multiplie. include:
stabl e locäI oscillator rn nicro"ave
re.eivers enp loy i ng a crystal-controll ed
oscillator in the f ! e q u e n c y - o u I t i p I i e r
chain; los-power frcquency-multiplier
and driver-amplifier chäin for microwave-
transmitting equipment; ha rmori c gener-
dr._ io._r, -nr "qLipm"nr .

Table I aod Fig. 15 sumnarize the
per{ormance characteristics of the HCA-
7554, a ceranic pencil tube designed for
class C service.

of

by
p1a

c
5

. 1.? - RCA, ti263 , - 5893 ,
54 as crass C pauer akp

typical aper dt ine cand;

-5876,

Frequency lllul tipliers and
Harnonic Getrerators

ln many micronave receiver and trans-
nitte. designs, it is desi.abte to obtain
microuave power from a low-frequency,
low-power souriie. PenciI tubes are well
suj ted to thi s appli.atioD becarse the

.a]qoD. R.s sraN.L (orMsl:50

J,.*f*"

ä.\- \

T* \

:tyt-,,.J-^"1,..",

I

i

ILs- 12 - nCA-7552 natched and. apt;nun
noise-factor curres at 500 dnd 1000
negacxcLes os o fun.I ion of banduidth.

Mixers
The frequencies of incoming nicro-

wave signals a!e often .onre.ted to lower
intermediate frequencies at wbich ampli-
fication and selectirity are more easily
obtained. At frequencies above I00
rpAa.!"1p", th,..on\'.r:ron or mrxing i"
mosi commonly performed by triode and
di ode tube mixers and crystal ractifiers.
Each of these deyices has both adrantases
and limitations.

th" ncr. i -ruoe r rio.r. mixer ha.
,,,.,rder"'ble l,ecau"e ol
the conversion sai n it proyides. In
addition, when pre.eded Ly one or more
1o*-noise rf aoplifier staaes, the triode

r.r". a lo"er s\-lPf n',sc
lis,r",n"n on,"r'ro,,"l ,-v 'al ,",,-
flers at frequencics above approxinatelv

-<a

l

TI



RCA PENCII TUBES

SERV ICE
DRIVE
PO}IER

(Iatts )

POy/ER

OUlPUT
(vlatts)

OUTPUT
FREQUEI{CY

(ilesacycles)

PLATE
EFFICIENCY
(Per ce'rt)

TOTIL
EFFICIEIICYT
(Per.e.t)

class c
An!l i fier

0.2
0.2

Doubl er
0. 90
0. 50

!'requ.nc) 0.2 0.4
Tripler 0.2 0. t5
* loral F{li.ien,ry = plaie IDpuL

TabLe I - Perfa.ndn.c

1000

500
1000

500
I000

rlns H.aie. lo{.r.
cAard.t.risfi.s

60
35

41
24

)o
11

3t)
17

15
8

of the RCA-7554.

1.8
1.4

0.2
0.2

l0
5

1. 1t i.s .a!able oI Nirhstandina
örerload {i L hour burn-our.

2. L. ,... o,.p-nl-, roor inpur

3. It provides s.ear.er reliabil;ry
", 1i.1.., .o di-"s,.

The pencil-tulc diode mirtr is usedfor liish-

Ile t ec tors

powPr-lrril mr\-r ap!liLaLl rslr.itiunr r.q rirrng I'i s, lnpuL
. {s in rl. , as. ,,f rhr rrr;d"

1000 mesa.ycles. Or her advant ages ofthe pen..i 1-tube rriode

e diode uixer oflers o!..loa.l

.. tr r. p1,,._. ,ldrl\ r-.tLl 'or d", " I o- 4pplr.4r on-
'r liar' t.o""r -\-.. tr rLss,o,ör_
:!1y,,!..n ard h i g h , p e a k - c u r . e D L eapä-Lilities niake ir. desiral)te for appliia-
tions i! {hi.,h crystal deLe.rors would

r\F orl..- o-, ,l rLr_, rt. ot-l r"
.ldl 'r. ,,r. In "r.t--redpr I r.dr i LI e jroü. m, r.., .
i.1ro,- r".i"t , r,, b^ -,., o, rh-rr
abil r! to qrrhsLrn,l raJririor.

Th. nCA- 61? 3 pencii,tut,e
desisned lor usr as a peak-po*er

ELECTR ICAL CIRCU IT DESIGII COIiSIDERATIOIIS

I! the desjsn of ul,{ .ir.uirs for
nse with pen.,j I rubes, .äre1ul .onsidera-
t;.n should be given to rhe setectron

{i ,*'
l

I,E7

7

I

/"r?

Ä

,9
-»,

Iig. /5 - Closs C pcrIarnance ol the RCA-755/].



RCA PENCIT TUBES

ol the best tube for apärti.uIar a!fli-
cation. Be.ause it i s impossible to
design one tuli. LhaL fits ätl aftli-
cations, RCI has developed a compleLe
l ine of pencil tüL.s Lo mect differins
.cquiremrnts 1r the Jow-power uhI range.

At uhf it is virrually impossible
tö,iorsid.r the rub. and circ!ir sepa-
rately. The Irequenr:y stabilirv.l a
oscillator at uhf, for example, depends
upon each r:ircuic conponenr. SLaLility
is deternircd hy the,,hoi.e of tube,
o!eratinA conditions, t-vpe and magritude
ol leedhack, outriut load coupliag, and
vcltaF. atrd t.mp..ä L ur c variatiors.

The speci fic designs of cari ti es and
ässo.iatcd ci.cuirs I s beyond the scope
öI this bookleL. Hosever, a numher of
general suggestiols are glven whrch nrav
dssi sl. rhe circuit designer.

0sci-tlators
In tIe desrsr oI

sideratign shou I d be
sta|i1ity, ci rcuit Q
.oufling, and LuninB

Frequency -Siabi li r1'

oscillato.s, con -
gi ren to f requency

feedbä.k, oxtput

Op erat i ng volrages and temperaru.es
a{lect tube sLal)rIitv. Ia general, Lube
drjft r:an be eliminared b) use of a low
än{l regulatcd plate-supply voltage t-o
the Lube and .areful regulat.ion of the
heal..r- sutply voltagc. Lo! flate-strpplvroltages prereat the tube from exr:eeding
ihe .e.omnerd.d operaLing plate temter.-

"r,d L,l,ig- 5upp \ ,.dr,-
1.airs constant inpur and ouLput impedance.

Tl" -f-- | ,f ",p|1,-rolr,s" \..ri'-
tions on osciilator frequency for a
tvprr:aI penci 1 tube tends to te self-

rna. r.,., "r rr' r'"., ir
l,eat.r sxpply voltage decreases the
frequency, {hi1. an rn.reas. itr plaLe-
supply voltage increases the frequency.

lhus, if the t,lare and heater volr-
ae. are in{ir.as.d or der:rtased sirnul-
t.aneouslv, the net f.equerc-v shift is
r-sl.e b -. 1\r "l - o I-l "ri,sl"t" r i .' ., ,i I -'', il ,.1 , - i. r-r -
dcsi rabl e i n battery-powered oscil lators,
,r-lo n- 1,rf "nr-,.nddr , dppli.,rr n

in which lirc-voltage f1üctuaLiors might
Le encountered.

oscitlator deperds upor its operatins Q.
Generallv, h i gher operatirg Q produces
beLter frequen.y stat,ility. lligh Q i s
I.rr"l r, .., r- n-\,.'d,

larse !atio of volumc to wall surface
area b.caüse en ergy is sto red itr Lh.
votumc ol the cayitv and losr onlv in
,r, *dl . v,\.umQ,l. 01 -1,,r
resonator is obtained wher Lhe rdl.io o{
th. o u t. e r - . o n d u . t o r diameL.cr to t.hc
i r n. ; - . o n .i u. r o r di aneter i s 4.2 ro 1.
Tl i. ,., ro p.orroP d.,d o, -,r,i
imp edanc e ol 30 ohms.

Al'lorgl ,r'P L1 .,rl"i t I d ,\ir)
op.raLing in Lhe 3tr/4 mode js aluavs
hiaher Lhar that of one in the \/,1 mode,
3L./4-morle o!eration may not be riesiralle
l,ecause of large ptrvsi ca 1 size. In
"d:irro,. i | ' - , | - | i 1g - m, d - .t!'-. r..n
becomes more drfficult in the 3),'4 or
hishcr-order nod r:s, ard .rrati. osci1-
Iations or d.'td sr)ot." (no oscillatron)

lor naximun frcquercy stabiliLl in
the )./'4 rödc, ar out.nt iml,edir.e of
from ?0 to 90 ohms is !eco 0end.d. In
the 3)./'1 node, the reconmend.,l oülpü1.
impedance is I.on 30 to Ttl ohms.

Becausc ol the s e I f - n e u t r a t i z i n tsefier:t of grounded-grid op.,rar.ion öf
r 1., d, -. ' u-. ,' t, oF .,Pd. . -

tances iess than 0.1 micromicrofarad in
ali tuhes). some external fr:erlL,ack is
requirerl to obtain elfrcient osr:il1ator
operation. Ir coarial r:arities, rhis
leerlback can be oltarned in a nüdb.r oI
."r l.,1llrl .rr I -,r',, l" ,L,
itsell is the most efficirrt and leasr
frequency- sensi trre. Iit heL indur:t ivr:
loo!s, .apacitire probes, or a c'ort,ina-
tion of both are used to oLtain wide
osci llator-tuning !ans.s. Th. s. loops
or probes can !e mourted Lo th. m.chanr sm
*)iich support-s Lhe arid fianBe o{ the
pe!.il tul)e. Use oI t.his t.ecii!i{lue
alLows the feedback circuit to le siDple
and compact. llloreover, a feedback
circuit of this type requires no adJusL-
n.nL unl.ss th. modc of oper.tion of the
oscillator is changed. Capacir.lve tced-
back proLes are g....ally used ar fre-
qucncies belou 1700 meBa.)cles, ar shi.l,
),,4 mode operation is prar:trcal.
InLlu.Lan{,c loops are emplo)e,l above l?00
nr eaar: yr: L es in 3),/4-mode ope.arion.

The amount o{ feedLack is
by tlre si ze and number ot thcoi r. Li t Q s

I
gree to wh1.h a resonant
hc Ire quc nc y staLi lit)

probes used, their proximity to Lhe

"1. -,, ",J.,r,,,.tr"tJ. i, ,t.".,.;rl.
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and thei r relati!e position {ith respect
to t]1c inner and outer ,,onductors of the
.,aviLy. Irsufficient {eedback causes
very low grid cnrrent and poor plate
cfficiency; excessive feedback .auses
high currents, lou e{{iciercy, and wide
variations in power output ovpr I he

1ut pdt Caüpling
The type of output .ou!1ing depen.ls

on physrcal considerations as qell as

"l c"qui-"m nr' r, rhP , c'i !
o". ier . l.or | \eo- rreq.rpn \ oppr"r run.
either capacitj ve or in,luctive coupling
*orks satisfactotilv. tr osr:illators
tüned over a ride frequencv ranse, more
uni{orm power output can be oLtained Lv
üse of a.a!a.itive probe J ocated near
tlre srid and extendins radial ly irrward
. r ,m rt, u,.. , .\ ir) Ä., ,. - ...rJ ,

tive probe usually requi res no more than
" ,.,,,"I "n uirmenr oI rt" lo..r "r ir
tle .avit),'*h.n l".,,tu"n"y is changed.
Ilowere., thc 1ndüctive loop must not
oalv be moved lonsitudinally within the
arirr, b ."..r"r .t"o b- ,tr--.d 1"i/".

A-.,.,", dr.r 'n,' .i4.dirb6. ol " ,apa"i-
rive-output pickup is that it can be
located in the..viLy outside the .a.ge
of plunger trärel; the inductive pickup
must necessarily be mourted in thc face
of the plate pl unger and so must be
allowed to rove *ith the plunaer when
frequencl is varierl. OuLpuL coupLing is
c.nsider.d to be oprimized shen thegrid
,.,.,,.r ol tre un ,"drd o".rIl-1,, i-
equal to twi ce the loaded gri d .ürrent

Loose load coupLing is desirable for
!tl',ri. r,s in *ni,h t'^--.LlPJr i"
rot tLe prjre concern. This type of
coupl ins al Lots oscillator performa..,e
'o b. r.., i'"ll nn"r"r,"nr ol'\arii-
LioDs in the load impedance. Because
an,v change in thc VSilR in tLe output
circüit ererts a frequ.n.y-pul linB effccL
on Lhe oscillator, tiAht ouLpüL .ouplinA
requires carelul impedanr:e matchlng
bet{een rh. oscillator and tLe load,
$itn a verl Low YSIIR.

ln appli. - Inni -.q , rr ne .,rimu
avai laLIe porer output as ee11 as fre-
quencl stabilit), Riekc diagrans' should
be made of the .ircuits to indi.ate the
best possible compromise. A Bi.Le
diasram, {hen carefully pIotL.d, shows
tie f r e q u e n., y - ! u I I i n g ard power _outptt

sirk points of the oscillator at whir:h
st.ble operation .annot be expe{it.d. The
Rieke diagram also indicates the amount of
Irequencv-pulling and !oser - our.püt shi ft
rl",' .än,F "nri ip.r"o r" v--io,r.
values of output-.ircuit YSIiH and phase
ansles. T*o typical Rieke ,liasrads of
a.w oscrllator op..atins at 1680 mega-
cyctes are shown in Figs.16 and 17.
Por". o,rpu 'ho.n ir p t-
cenLagc valües uit-h matched r:ondit-ions
indicated bt 100-per-cent poser outPut.
F - 1r"r 1 , 'h.tr in in t "-
den ts of one mtgacYcle.

Fig.:16 - Riehe dioeran--Paüer autPut
coitours lor RCA-6562 dt 1680 megacycles

F r equen cy Ttnirs
F'requency ttrnina of a cavit"_ can be

r .onp.i -1Pd n) dnt 1 an. rl ..h dlrFr.
rr,al l"ngtl ot )re p1"t'

\ .l rr' -P" , r ,n"^ i: \'r\
effective lor tuning over a narrou raDse
of Irequencies. A 1ärBe-faced plunser
or p)ug which can be moved radiaJ ly in
the cavity provides a tuning range of
.1,,r 5 p"r ."1r. l- ol,r" rrnrnf
slues douLles the ranse that.an be
obt;ined. Cdre must be exercised in
p1"..,.", r .r '1"." ' In rg -l re.- "" thrt
di.ro-r i,n 'l rh' P''P-s) ri"ld -ir\in
th. .ari t.I is avoided.

4 r'
lr

/,t\

wide
In the design öf os.illators ha!ing

t.unins ranses, provision must be
to al low movement of borh cathode-

D.talls.I Lh€ niel(e,liaarrm a.e si!en in
,t r..'1j^'" .- 'r

( see biLli.sr!phy).

@
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Pl ate-Pul sed Oscillators
Plate-pulsed os.lllators are use.l

in tquipment su.h as.ompact radar
b.-,41,. ,r.n"pond"r". and r-1" -,.,ird
Lransüj tters. Prime requirements of a
pul sed osci ltaLor ar. triAh instantaneous
peak po+ers plus frequcrcy stabilir)
anrl lons life.

Trpe aI Cdti t!
A re-entranL LYPe

generatly enplo)cd fo
oscillators becarse of
s impliciL) and its high
uttra-hi gh f requenc ic s.

o{ cavity* is
plate-pulsed

its mechanical
Per{ormance at

Basically, a re-entrant .avitY .,ön-
sists of four transnisslon I ires, as
shown in Iig. 19. The lengths of lines 1

,rdl,1-r"r'rr" oo'h tl-pr.,." .r:d m.eri-
tude of feedhack; the lensths oI lines 3

and 4 primarilv determine the resonaDt
{requency of the cavity. lf the idpedanc.
of Iine 2 is Io*, the frequency of the
.avity can be varied by a clange in the
I ensth of line 3 onIy. Houerer, because
Lhe length of Iine 4 is always a factor
In d-r -rarr rng rr-q r"n".
limit to tl,e fr.qü.n.y range ottainaLle
by adjustmert of line 3 alone.

Fis.17 - Riehe didsran-Frequencr con-
taurs far nCA-6562 dt 168A nesacycles.

and p Late- short j ng pl urger s. Conta.ting
surfaces must be silver-plated to redü.e
resisti!e losses, and a rhodium Ilastr-
p ar ins nor b" "pplr"d ro i'ltovp \For Ins
q,., ir,-... tl',-r nor."-{rp" oppr!rio, i-
required, noncontactins resonant .hoke
plursers, shown in Fis.18, cän be
employed. However, these choke plungers
must Lc tr/4 long and, therefore, may not
b".ui,abl- tor ^, i I.ror^ opprJr ng
L, ,.^ 1000 --ga r, J"". \^n 01,s.r rns
plunsers nust bc concentric with the
innei *aII o{ the.a!ity and, to reduce
rf leakagc around ther, must be very
.lose to the carir.,v wa1l. Tolerances of
0.010 inch ar. considered acceptable.

F r eqrency Tun ing
Re-entrant oscillators are tune.L in

rhe iolIotrlns ways:
(l) The length of the

may be varied. This metho
rid cytinder

F;g.19 - Re - ent. dnt cati.tf .

c
d

difficult a mer:hanical problem, howerer,
th.t it is scldom used.

(r) Fo. a frequency variatio. of i
100 mesa.yc l es, the plate line nay t,e
moved back so that a Portion of Lhe
center conductor of line 4 is thc plate
of the t ub.. 1f this nrethod is us ed,
care should be taken to provide adequate
heat conduction from the pIate.

+tra1

+.§

ll) (,

ü

Fir. 18 - Grid sepdrdt;an cdtLtr lar
" a,.;tlo'o' ü*tne

the RCA-7554.

Th€ e1..Lri.rl beh!vior ol this lype o{ cavjly
'. "..iv/.d'i \''11" 1,, ^. vl' lr'd'q', 

't.abor.t;rr-. S€ri es (see bibli.sraph-a)



Cl ass A Arnpli tiers
No-;se gr:nerat.ed in tLe first sta

of a reccrver I..,que.Ll y determines t

RCA PENCIL TUBES

(31 If tIe impe,lan.e o{ Line 2 is
tow ({iLose spar:ing betrcen the grid
cytindcr and outcr cavrty wall ), lrequen-
,:,v can bt vari cd by iiorina ttre plate-
shorLins plünser, thercbv .hansins rhe
I.ngtir .l li,. 3. The effecrivc l.nBth
.f 11re 3 nay ai so L,e varied bv the
ilodr r"' ol d.''u,, .,t. i,ar - n

Lh. I)l dt e l;ne.
For optinum results, any of these

Lurins nethods should be a..onpanied b),
appropriat. !.l.justments of tine 1(srid-
cathode .aritr) a.d output-load couplins
as { rcquen cy rs raried"

0ut put &)üpLi.ng
Power oütpxi car be taken from a re-

entrant .avit,v oscillator at almost any
point in Lhe {,ir.uir. An inductive.Ioof
can Le used 1n the face of the plare
plungcr, or a .apäcirar.e probe.är tap
power either from the cathode Iin.
or at a higl!-voltage point along rhe
srid.-!Iinde..

from randon ele.tror llow, is rclated to
the geometry of the tule and includos
tr,n"ir -r ir." , t'- ll. r-1,

,.. . 

". 
tr, LI,n ) i ,t_r.,. ian

and varies di rectly as the squ.re of tl,.
op^r 1r .1, r. ou-, ". 11",.
.i,r-,t Li,l 

"- 
.t | 

", 
- prou,."".t h)

I)late .ur.ert., is a function of tubc
l-ipn ",i ot.rdr,.6_ ld,'dtr',,.: ir

mor€ or l.ess independent of ttre frequencv

'1'heory indir:ates t.hdt id a t.riod{:
havin6 an oxide-.oated carhode rhe
, 1ui "1-rr -- i. , - i" .o
and .ne-hal f tiDes the t . a D s c o n d u. t a n. c
factor o{ the tube (6,,,).

Bccause gain is aiso an important
t uL,e chara.teri strc Jn small-sigral
"mt ili-r -r r.- | rulP Bdin
shoDld be made under the sanc tube-opera-
t :ns . ordr ro,'. '.s d 'or I l. l-,""1 n,-
'.o, oi ,Ll n l\. s..,

I b\ m.a.,.I ., .rl l,'-r",,
..ier,l -our.- "I,t1.". ,o r.- r rt- unrl"r
test. Fis.20 shovs a )rl ock (liasran of
this test sctup.

h
oi..-all sens;tirity of a system. An
i deal rf - anpli fi er tuhe sould .onrritiur.

,|,4 \, l'n;
noise Iisure wor;ld be unity or 0 rtb.
IIolcvcr, le.ause the ele.,Lror tuLe is a
the.Dri on1. dcvi,,e, it .ontrilutes
adLiit.iorat n!ise to th. signal applied r.o
, :1r .". ira)-. .. noi."
prcdoninäxr l)- conposed of the followins

(1) Ran,lor emission of electrons {ron
Ltre caLl,.de. This so-.aIled rrshot.
Pt'..,n, ^l' ,",, l, ll r u.rron. ir
rl, I.1., ,',Pnr dld opp.or o.,'o..p
ar the jnpuL ol the folloving stage.

(2) llucruatins {,urrents induced in
Lhe grid. Tnese flu.tuaLions i. Lhe grid
crrcuir, r:aused by the passagc of the
random electrons in Lhe !late current,
are amrlified by Lh. Lub. in the r:or-
,.r.i ,,1 .1.,.,.1 J: o.,pp.dr o-no...
in the p1.1te.:ir.rit.

,)-our.es ol Ia6e,\,isc
Sources of tube noisc can i,e

Iectivelv drsr:riLerl 1n l.erms of
equi!aIenL .oise !ara0eters: Gr,,,
equi raJ ert irput noise .i.nductan.e,
li-r. rh, l.r\. F. l

..,-,, -. C,.,.n,",,.-..,," "1an rrduccd roise volLaBe on the srid
Fis.20 - BIo.h dtagran of sdin- an.l

no i.e- tesi seaup.

The noise fisure o{ a given tube is
,l- rr ,ool",ru"lorr1.,.r r'.i.- app-ciinß
i, ,1" p ".-,i . rrlo rr,ar "ni.,j*ouid apl,ear i{ the tul)e amptilie,l only
rl'. n i.-..!p",-ine "r ir rr.r ,.-tr,-
nat s. Noise trgures r:an rre measured i n
hant sals. The comaronly a.cept.d netl,od
consists of applying the output o{ a
standarrl "whitcrr noisc source, such as
an argon drscharge tube, to th. input of
the t ube under tcst ard meas!ring the
tor al output noise r:omponent dne to the
tube nith an auLomatic noise-Iigurc
lndicator. In this r:omparison net.hod,
the .oise source is automatically turncd
on and ol{ by the noise neter whi le an if
output is taken from the receiver ahead
o{ the se co nd deta.tor

@
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Cl tss C Anplifi ers
Lx.ept in verv special ..ses, !I{

pouer ampliIiers cm!1oy i.h. s.ounded-gridor .al.hod. d.ive tyfe o{ cir.uit. Ar
lis\ Ir-q,-n i.. d, ribr'"d , ir',.r'
paranet.ers mak. it. diffl.ült to neuLraliTe
the ampli fier 1n conventional grounded-
.athode (ii.(:uit.s l,er::use oI feedbar:k
through the grid-p1ate capacitan.e of
the tubc. l.sc of Lh. srid as a shield
berueen infut and our.pur ci rcui rs reduces
the amo!nt oJ feedback by a fa. Lor of
at least 200.

Gro utüle,l-t:r iLL Poa'er AnpLilLers
Iris.2l shors the {,ir.uit confisura-

tion of a tvpical grounded-grld po*er
.rol,lr"r. Thp s, ,d- "rlod",.o, ,,rn""
and gri d-plate r:apaci tance of the tube
l,eco re I)arl. of the inpur- and.utpuL-tank
circuits, respe.tirely. The feedback
.ircuiL {,öflsisLs essent iallv of the very
," 1" ," ol l" pl.,r--,.,I.od-,ap" i-

t ance of the tube.

which approaches Lhe hdimun, instantäneoüs
srid-vol tase value. Hosever, hisher
powe. output car t,e obtarned by use oI
a condü,,tion ansl. approa.l'ins 180
desrees. The.e{ore, a balance must be
reached between efficiercy and power
output l) the proper chorr:e oI platr-
condu.tjon ang1e. Generally, ar angle
het.ween 120 and 1tr5 desrres olf.rs t.lie

choi.e.l Trbe
Ili6h pover scnsitivities in a class(i amplifier are obtained {ith tubes

h"ving " r-l.rrr-\ "al - !,1"r,"',onf.ctor, p. Agaln, a balarce must be made
1n th. p.oper r:hoice o i tube. T I t.hc lr
i s too high, the proportion of the spa.e
.urrenr. absorbed by the grid becomes too
1arge, and opcration of the tubc i s
lr rt-u l. ,'s € r , d - o , . " i p , ' , o r r,r ing.
lo. in.. ,ub" .".u,
plate currents and Iow eflrcicncy due to
th€ poor .uLoIf prote.ties of the grid.
0peration of thc t.ube is thr:n limitcd
by iLs plaLe,dissipat,ion rating. Gener-
.11.. " rb, larrrl .r a-p)rrr,"tror
I'a.tor between 35 and 65 serves best as
a class C ampli{ier.

Care must be taker in the design of
r:1ass C amplifrers to insure that peak
.athode-current ratinAs o I the tube are
,o, -\""pd"d. Tl " r", ,o ol p"ak in.,dn-
taneoüs .athode .urrent to average .athode
currert in cJass C operation rarges
betwcen 5 to I and 3 tö I for conduction
ansLes of 120 to 145 degrees. ln no case
should the p.ak instantaneo,,s {,ar.hode
current exceed the dc .athode-.urrent
raLins bY mo.e than l0 to 1; hieher
ratios shorten ttre life of the tube.

Cho i ce ol Ci. cDi t
[lcchanical cons i de r at ion s resarditra

class C amtl;f;er circuit arcthe sane as
those dls.ussed prevrously Ior.r oscil-
lator.ir.,uits. The use of the srounded-
srid tvpe of circuit- is partir:uIar11
dd',nr.g-ou- rr arp irrpr o!Fro, ion
b-.",." .,I lp i"oldr i4n be -Fpr ,,r,'
add oüLput (iircuiLs shi.h this type oI
circuit corfisuration a fJord s. Elaborate
neutrati zing loops art !nn..,cssar), *ith
srounded-sri d circurrs bec au se resenera -

io, ri,,,,Bl rl" | ..r-.. ,r\..1- .Jl".i.
tance is reduced to an insrgnifir:ant. lcvr1.

Bi as for a class C ampLi fi er ma1 he
ol "rr"d ol rl" u-- of " s-id ,".i.,o..
a combinatlon of srjd resistor and fixed
.uoplr. or. ,orb.r"t,orolsrid ",,. ro,

r iF

t-.

F i s.21 CroLnded-g.rid pouer anplifLer

The operatron of a groun,l.d-Iri,l
anpli lier differs from that of .onven-
'i,,"l er",,d-d- , hoJ, " plrf r,-.,,
that pIat. r:urrcnt flows t.hrough the
'npr' iI i, .l rh" rrb,. "nd,l- inpl'
and out p! r circnits are in phase with
"".h ,rh",. L, sr,unl-r-gr.d "ir" it
requires sreater driving po*er; howevcr,
the additioral dr irins p.u€r i s passed
on to the output ci rcui t and adds Lo Lh.
powcr that the tubc süppIies.

,esisn Oi,7 c. r l,es
lle nornal desisn obj ectives for

'1"- C " p il,-,- "," .igh -1r," -n 1,
oos-r o'r'! r . "nd po"-- ..-',.,, r ilI ).
High eflir:iency is obtained by rneans of
a narro{ plaLe-.urrent condüclion angl e
and a nirimum rnstartaneous plate voltage

@
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and cathode resistor. The combination
method Ior obtaining bias not only
!rotects the tube frod damage resulting
from loss ol driver power, Lut alsö
mirimizes distortj on tnroush bias-
"upr,l) ,o p.n-d,ro,.

ln the tunjns of a srounded-grid rf
aoplifier, :it must he remenLer.d t.hät
variations in thc load of thc out!ut
,rde- produ. " orr--por,drrg var rdriol.
in the load of the drivins staae. Thi.s
e IIe- L . auses -.imul r.neors
plaLe currents of both the output and
d!ivins stages.

Driving power may be int!odu.ed inLo
rhe grid-.athode crrcuit oI an anplr{icr
cavity in a nanner similar to that used
for o!tpuL coupling t.o the g.id-!laLc
circujt. However, because frequency
sLaLility is rot a factor ir grid-
.. ',.d- i..,,., rlPr,l " -1.1 ,i '.i'.an Le more tightiy .oupled at l)oLh the
input ard output to improve orer-alL
circuit effi ci encv.

Frequency Nlultipli.rs
Ir mosL uhf Lransmitters, a.curac)

of frequen.y turing and stabiliLy o I
operaLing {requency are jrportant desigr
.onside.ations. As a result, crvst-aI-
controlled oscillators arc usually
enployed Lo obtain tIe re,tuired frequency
stability of the s_vsLen. Ho".,.,,
because crystal s are too fragi Ic to Le
rel iable at frequenr:ies alo!. 100 mesa-
r:yr:1es, f rcquency-mul t. ipl i er chai ns sust
b- r."dro.or r"r. .1,.,-- r" ,l ,.-d',..q
{re,luenc,v to the desired frequency of

Frequency nult.iflicaLior i! a Lrans-
mitter clrain car be accomplishe,l rn
sevcral ways. liss.:2 and23 shor Llor:k
diagrams of t{o repres.ntativ. LraDs
mirter.hains operating in L-ba.{l and

anele, and the hieIer
require corrcsponJirgll

S-Länd, rcspe.tivclr. As shosn, inrer-
mcdi ate-power ampJifiers fo llor inB Lhe
freqrency mrlliplir:rs raise thc porcr
lcvel to a poinl suflicrent to drire
the output tnt,e in the transmi tter-

Thc powcr oxtput that can le obtained
from a given tule shen üsed as a lreqrerr:-r
mult-iplier (o. in anv.,lass C serri.e)
d--pends upon (1) the llate-current con-
ductior angle, and 1:) rhc narimun grid-
.urrent, p I a t e - d i s s i ! a t i o n , and peak-
caLhode-current rat inEs of t.he tubc.

The PLdte-Curre t CondLctian 4nsLc

for optimum resü1ts, !late (:urr..L
shouid {Iow {or no n,ore than one-h.If
cycle of the harnoric frequenc,v for each
primarl cvcle, because it is onl,v durirs
,1. rr. pP r'd rl,r',^ I "l,rr.r'absort,s any rseful power. Tlus, i f the
ioarl r:irr:uit- of th., LüLe is Lü ed to the
s econd harmoni c, the
anglc should Lheorcti.a
However, high values
emp l oyed to redu.e the

!
I be 90 degrees.

hläs mr.r 1,.
ate conduct i or
alues of Lias

late-cortluction
vf
I

t

p

power levels. As a res
8.cdt.r dri{.r
ult, freqüen.y

multiplication beyond the third harnonlc
becomes impractical.

il drLnuft G. id (ar.ant
Fo. el f i.rr.nt. {r.grcn.-v nuIrlpli.i-

tion, a t!be nust hrre a high a«q,1i1rca-
'i,r '., ,. l\r. r,9,
Lates the use of a trbe hav;nS verr_ r:lose
g.id- t.o-.:atho.l. spacings and,'or Srid
lateral wires vith a high nuül,cr ol Lurns
per inch. tn eithcr ..se, the srid
irtercepts a Iarger portior of ti'e tol.al
.atiode .urr etrt and ovcrhcating of the
grid stru.tu.e becomes . 1rol,1,,rn. As a

neans of !reventing overheating o l rhe
grid and subseque.t intairment of t.uboFtg.22 - L bdnd trdos Ltter .hain

F,g.,, - c-ö ,. I t 4n a t t, "t r.t-.
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RCA PENCIL TUBES

operaLion, nax lmun- gr i d- cur.en r ratirgs
aie specilied for each tuLe type. In

r1r. s,id- 'j,-..,r .d,,.,r
I iDits Lhe ano!nr ol drive. power {hi.h
r:an bc appLied to the tul)e an{l r},e.eby,
in a sensc, limits the amount ol .ut!ut
power that can be obtained fron the Lube.

ll at inun P L dt e Di s s ip at ian
.i- r.loln.rrnrm pt" - ii,.,pd, o,

are also establislied for each ruL,e ry!e.
The maxinun plat.-dissiparlon rating of
a tule is inrcnde{l ro nainrain plaLe
ten,p.ratures rithin safe limi rs undcr
L)tical operating{:on,litiors. Depcnding

i.r.n" of'.- ',,,.,.'",i .1,, acxi u.. .r.,,1"1 - n.Ä-, oL' pu. 1"..
a giver tube i! I r e q t e n. y , n u I r ; p I i e r.,r'i", r i ^d t, .h- p."r, t,.",-
tirior ritines of rljP rub..

P e ak-Cat hode Current Rdt ins
For a tube havins an oxide-coated

. lod.. r \ - ib"r n. o1r -\ppr.m,.. I

l"' "ho{, rl" .\.- rm l,
realized when ttre .arhode-currenr
l-n.rr...L.p. l, .u i50 ,r...r1-,-.p-r

,n-r.,. Ir " r,oi ,l p"n.rt
,ur. opirp,"d lor ,1"." ü "rnptirr-. "rIrlrit.l ..'.. h "-.rp 7 5,1,
th. coaLed .athode area is approxinarety
0.165 square centineter. The averase
caLhod.-.urrent limj t 1s 25 nj lliamperes
i1 d..r cmplri.p- .FrLi -. T,,p '-d.,o
of peak instantaneous c athode
averaae .aLhode .urrenr in class C ampli-
Iier service varies between 3 ro t-and
4 to l, depending or the p I a r e - c o n d u c t i o n

Tl L -q,."1. . - ,oub lP. .,, , i. p,
this ratio i.creases to abour 5 ro 1,
.-d r"r -. 1,dh d. ? ro Lr- o o,
il f , p I r p 1 , ) - r r i p I . I .-r\r - In ord-.
rtrr Itr,o " . 

" r t o o c _ , u r i p r r d"."rr.e!
be naintalned, ma xi mum carLode-currenr
'J inc- l, uJrrlli-c
,,.f ll " " r ir . .or "inp.n .r.",1u-r., r
amplr I r Pr srr!r.P,

MECHAN ICAL DES IGN COIiSIDERATIOIIS

TIc p e n c r I - t- v p e . o n s r r ü ., t i o . not
r -q ri r,. -r'r

transit tinc, but also provides such
other ncchani.aLlesiB. fearu..s as
.xLreDre sturdiness, case of plate cooling,
"1 ..d"o,"b. ir) ro L.".,,. "r-. ur'..
\,rro....p-"r ^t rlc p I.dr,r". i1
relationsnip to tu Le use are dlscussed
in the lollouing ser:tions.

Fnvironmental Considerar.ions
HilA pencil Lubes art d€siBnL.d

rh, ,

-'r'.1 rn , i.r. "1 ,,..r,o,.. \'lL p.,iti .l
L h. followinF L_vt)es:

TYPE MIL SPEC IF ICAT IOIi

i
I

MI L- U- 1, 91t)
MTL-tl,1/L0.r3l
\!IL-E- L,/96I1

MI L- 11- I /670A
\1I L- E- I 10,114!'
t\tII-- E- I t0,15AI,
[1I L E t, 1311SC
\l1L ll, r r3rrN

Envi ronn enta I tests te r fo rni.(l in.l ude

tl lL-E- tD
REFEREilCE TypE 0F TEST TEST CollDtltolts
,1.9.5.1 T. r qu. 12.iin.,1b. mln.
4-9. 19,1 l.w-f..quenc) vib.ari.n :.5s

( 25 .ps l
'1.9. 19., High l.eqren.v aiL,.aLi.n 10 s

151 cps)
,1.!,13.1 Low-!ressur.volr.se 55?5

Lreak.iom ;8?6
5893
6li3
6263
6264

7553

100,000 rL.
100,000 fr.
100,000
100,00r1
60,000
60,0r1

100, !0
100,00

4.9.20. 5

4.9.24,6

? 55.1 100,00
500 B

25g

56i5

5893
5794
61? 3
6263

?554

Ir

0

0

0

4.9.20,3

4.9.20.3

\JLiable frrqlPn vr5.0,psr

Variabl. l.€qucn.,

0.040 in.

10c

10,000 s

I

I

All pen.il tul)es.re desiened ro
,,'rdl r-.olorr "q,,"r ',,.-ien-r tn"r : \r.i "l \"11.

are siven beiorr

TUBE TYPE RESOII,AllT Ffi IQUE IlCY
CPS

u5t0

2300

2350

56?5
t8i6
589r1
6263
626.1

?i54
234

:110

0
0

@
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\l,unting Cons i derati ons

The rrer.al-r.-ce.,rmic or metal-to-
glass seaLs usr.d in percjl typc Lriod.s
a.e rerv strong rn conpression, but less
,,o''.,,1.-,o i' ,r . "n.i^r.Lorque, or bearlirs. -sullicient alloqance

sl,oLrld be nadr in thc {,onn.ctors Ior a
n, ,IrP, .1,1 -" P1r,i , .' ,,

grld- llar!.e t.i1t. in 1.he t.übes- Tn gen.r
,1, one of tie three electrode terminals
of Lhc Luh.-t.hc cathodc r:11inder, tho
6rid {lange, or rIe plare cvlinder-
shou ld be lastenrd fairlv risidlr.
CoDnc{,Lors Lo th. oLhcr r{o tcrninals
sIould Iavc sulfi.ienL lleiil,ilil.y t.o
allow 1or dimensional va.iaLions wirhir
Lt range of manufa.Lürina Lol.ra!.1.s-
r parricuJar, the srjd flan6e sl,ould
e connccL..l aL orll- rhree o. j'our
oints. Ar outline drawing of the
uA-5893 P

T
encil triorle is shosn
he maxinur !arlations

sur)r)o.L for the cylindrical grid con
recror. The rherefore, must
.xcrL a {,Iadping a.tion on the grid
flanse. lig.2? shoss a erid .orne.tor

ll"ror ^P". ii8 'l
"..;- 6-, \ i". r l..,. o 'e .. 

, ,.1 r ,,.-
virled h,' means .l a l,ev.11ed sroole *hich
lorms a seat for the grid fl anse. Thc
shat)e o I i.his groovc is su.h that the
.at1,ode side of the gri d f1an6e always

1o1 , ol h' gr 'r".
As a result, the bevel led groo!e

pr.sses against the Arid llanAc to scaL
it on the shoulder of tLe srid .onncctor.
TLe angte oI the lrve] is determined ly
t],e tyte ol mal.erial Ds..L in the con-
trcctor, the thi.kness of the i,aL.rial,
and the amoutrr of r:lampirg acti on desired.
For the lr'16-inch-thi{ik t,rass {ionnector
shown in Fis.27 a suitable an6le of 1.he

" lr l-p,- ". Io, r,t "'ronin whictr the osci l lator ma) l,c subj ccted
to rrt,rations, jt mar be aLlvisalle to
in...asc t.hr angle. A larse ansle of
lr.vei, hosever, tends t.o !ro(1u.,e a .,ladp
ing action so riaht that it. is diIIi.ult
t,o remove t,lic corrc{it.or l ron Lhe gri d
Ilangc without the use of spe.i.l tools.

Th€rraI {lorsid€rati ons

Maximun seal tem!eraturts on the HCi
pencil tuLes ar. ti5 desrces .enLisrade
,. "1.. ll .l-Pr.-. ,.1r r-

grade for ceramrc types. NormallY,
oaxinun seal t.edp.,ratures will not be
ex.eeded if llate !oltage an(l plal..

\, . rrl r', p rl)i-J, o r., ire
rn coaxiaL circuits, a larse-surfac{, r)lat.. ge1,r.l \ i -1...,rP u -din
l.ain 1.{ plaLc seal temperatures. In
ot.her apfli.arions, sur:tL as Lhe lunped-
cons(.a.t or parallcl linc type, such
p...atrrions as forced-ai r cool ing mav harr:
Lo l)e I)rovided Lo trevenL o!.rheati.g of
the plate. lt i s general iy knoNn that
the li fe oi an electron LuIc.aD Le
extended ly a reduction in the tlat.
remr)eratDre. Consr:.r,rent1v, Ior rr:liabLe
performance and max:imum rube lile, plate
op.raLing t.ctrLf.raLur.s shor:1d Le kelt
as I ox a:: possil, L o-

\lhen Lh. plat-c dissipation of a
penciL-tvpe trio.le ex.reeds 2.5 eatts,

t.o c,)ol 1.1,e tl ate so thar. tl,e Lenp{:raturc
of thc tlaLr seal is kept sitLin puLlisled
ratinss. Cooli,s ean be
by the use o{ a connector

RCA PENCIL TUBEs

r:ountererl under present s!eci flcations
are irdir:ate,l l)y doLt.ed lines.

\

t'l g 24 - Di eisianal .utllne
ACA-5893 pcrtct L tüb e.

llhen .ir.nit irdu.:tances and ther«LaI
.onductirity arc not ma.jor r:onsidr.ra-
l.ions (e-S., at lower power inputs and
{requencies), fuse clrps niay L,c us.d lor
pIat. and carhode conne.tions, a.d
various types of spring clips for grid
.onne.:tiöns. Ty!i.al .ionnectors sui Lal)1.
1,.,1.1 .."r,.1. ,,1 ,,\ t.."r '1,.r.
and freiluencics arc rclatir.el,v Iou are
shosn in Iig.:5. For someshat hisher
power irpurs or lrcqucncies, the plate
.o!ne.t.o. shown ir Fis.26(a) ard Lh(i srid
' 11" o "llre.-o b 1-o!.1, ,Dr, i-
aLlv lorr:r indu(:t.an,,. an,l |.tt,-r hcat
corducrivity thar those of l-ig.25.

Tn re-enr.ranl. t.)1,. osci lIator
circuits, the sri d flanse at:ts as a

lrshed

a lirm and large-area contact
the plate and, therefore, cor.lucts as

@



RCA PENCIT TUBES

I

25.
lis.26(b) - trpi.ol Crid tannectars haring Louer in,lüctance

heat canductirit! thdn the spring tl tp shottn i.n Ftg

FLs.25-Electrode-te.n;ndI connectars Iig.26(a)-tu)decannector
far nse dt reldti.,^clr lou pouer for üse ot hisllcr pot.r

rnputs ond /requ-"D.i.s. inpüts tnd fretluencies.

@



RCA PENCIT TUBES

n1-" lJmp,d- \r rou"' J-. L''d.
rid.. "r,oo.irg "1 l-,1Plo)",1 io,''1"
platc cylinder. Adiasran of a suitable
radiator is shour in Fig.29.

In addition to harinß good therrnal
conductivity, tl,e naterial used for the

ir ' ."" eoo,l rp, rns prot'Prr r" ' ", r\1r
the .onne c to r can proridc a go od elec_
t.ical .onnectj od without inrrodu.ing
"'"rssi ve mechanical strain. Some of the
naterials whi.I may be used for such
conne.Lors are hard brass, phosphor
brorze, Lcrvtlium copper, and special
resistan..-weldins al loys such as N{al lory
l0O. Berylli um copper ard phosphor
bronze, which are a.nerally xsed for.on-
vcntional sprjns .onnectors, hdv. rather
lo* r-hermal .onductivity. Brass has

Lut spring Iingers dadc {ron it tend to
weaken andbreak a{t.r repeai.ed flexins
Ilallorv 100 alloy has superior thermal
.ondu.Livi tv to L,rass and ahout the same

sprire properties as brass, but wiLh_
stdnds repeäLcd flcxing at hiSh temPera
tures som.{hat better.

ße.",..o r"int"n"n - ^l rlF na\i'Jn
p to.a-.F.i rp-pp.drü,p bFlor l7'dper"p
,-r rr9_"d" lor.l ä.. ,tp"-or '.1 J'd,"."
.entisrade for ceranic t-vpcs is o{
the utmost importance, the ultimate test
of the cooling capabilities of any plate
connector is an actual neasurenenr oI
the ten!erature of the seai. Either of
the lollowins meLhods may be used for
thi s measur.ment:

f . itith the tube und er norma I plate-
dissipation conditions, but witloüt
rädio-frequenc) roltaBes present,
the temperature o{ the plate seal is
neasured by neans of a thermo.ouPIe.

). hirl I lF , rl- u10-f . ,r.r.l op"-"' irg
.örorrion". I p-p.r irür.-
po, n 4- , ,ävo, is,sP,i to d"'"r n,
the p1ät.-seal temperatnre

The sc.ond method is usüally more
co venient because of the .lifficult) of
d"rp-,1,a d..Jrdtclt tl p'"r- lr--r'
pdrron or rl, ruo- und"r d rrdl oP"r"
ting conditions.

The heat-dissjpation capabilities
ol ä plar "r, d" ', rlFd b\
.r-h Iacror. ". rh" ".""the elfectiye lengti oI the condu.tira
ld n. rle rl"r'dl .ond,', \rrv i I r"
ß-rdl u.Fd, .nd tl' a lt-t t t"n1,-t'atut-

nu.h heat as possibLe to elerients o{ t},e
external cir.üit. Heat conducted to the
exLernal cir.uit.an ttren be removed by
radi ation or bv .onve.tion. The heat-
.onducting path ray .onveniently be a
part of thc clectrrcal circuit, such as
the cente! cö.du.,tor of a coaxial I ire.

=

Frg.28 - Ano,1e cannectar far use i.n
concentr rc- Line .ir.Drts.

Fig.28 illustrates a saLisfactory
r\1",.1 pl"r '.. u-F il .on-
cent!ic-lin. circuits. Such a contact
I ,'o\ r o.r oor n good plp,rri". onn" tron
and sood cöoIing. The cathode connector
for a concentric-line circuit may be of
the sam. {orm, ex.ept that it should be
no.lo" rhro,,sl i-F l.r grh r.
- , omod.,re r he h--dLer leaos ", .l .o, k"r .

FLE.29 - nddidtor süLtdbIe far .oalins
the anode in ltrnped. citcui.ts-

F;s.27 - Crlind.rical eri,l cannectar far
dnt o,iillota,

@



Coaxial Circuits
RCA penci I tubes are widely used in

coaxral ci rcui ts operating lrom 200 mega-
cycles up to 4000 mesacycles. Their

., " "r.l .iou,.l---nded c1st ,Lt..,,
facilitare th.ir us. in compact, rugged
. ,. i') _-",''"'ur(. T)1,i,. .,t,\-,"vi v
r.sonators cnptoyrrg HUA p.n.i1 tuLes
are the 6562 shoun in Fi 9.30 and the

FLs.32 - RCA- 7 5 54 - cod, La L- L iae dnp ILf i.r
t:dtity operdting dt 55A negac!cLes.

In either cvlindrical or rectargular
coaxial carities, rie tlate an.l caLhode
ternrn.,l> be.om. erLen.ron ot Lhe,nner
.onducto., as shosr in Figs.3, and 33.
Because these lines r:an be as srnall as
ta in,hi,d,m.r r,\i"P"l \ ls!
.hara.teristic impcdarcc of 50 ohns necd
be orlv one inch in outside diamerer.
Tbe diameter of the srid djsc (0.812
rn,h\of o. p"' ,l Jb,,,lrnir"t"-
rl-- n--l Iar -1.h.,r, " s"il -,,ft^rr, i,,
c:'i ti r. ol r hi s di.m.r.Fr

3A - Dinens i anaL out I Lne
of the ßCA- 6562.

developmental type sho{! in fig.31. The
devclopmenral tul,c is a ruggedized S-!and
i n t e 6 r a I - . ä r i r. ) t.unable os.i I I aror
capal,lc of wlthstanding 10,000 s ot
acceleration in nissi le and rocket
Lear:on applications.

t ube lends itseII eg
grounded-grid, ground

Fie

Ftg- 33 - RCA-7554 freqüencr-nuLripLier
cdr it! us ins rectdnsLldt coaxiaL- Line

artpüt o4t d',P, t .dthod" d.ttP.

Because the structure of the
I Lo

P
I

grounded-pl ate ci rcui ts, the tubes
provide sorely n.e.led v.rsatillty in
electrori c-components design.

Ä corplete line of cavities for RCA
ceraoic pencil tubes is nou available
from various vendors. Cavities cover
Lhe entire range of fre,tuencies an.t are
available Ior class C or.lass A amp11-
{rers, cr or pl ate-pul sed osci 1l ators,
and lrequency nultipLiers. In addiLion,

F;s.31 - Cutdüdr drd Lns of.l.relapnentdl
ruggedized, S-band, Lnte{al catity Dnit.

RCA PENCIT TUBES
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RCA PENCIL TUBES

Fis. 34 - A Ltkpe.l- canstdnt circüit.
, ubP Tl -.ompo.'-nr-
spr.ad out mainly to facilitate modi {i.a-
tion or r.placeme.t o{ these parts dürinB
Iaboratory experinenrs. Fis.35 shows
rndr rl" p ^rF or:-,pdr,on ii rni ,yp-
öI circuit .ould Le raised to 2.5 watts
at an ambient tenperature of l?5 degr.es
,rri*r..d" ri,hoür -\'F-,rinBr.,- d\r -

altowable plate-seal teDperature ol 225

p
b

FtE. t: - ht:A-15 a t la'"-."al
a" o tun. tt,-. t ,nb;"nt ,"ri",.,, ,

t;rh lutp"d-.ot. t04t tr.ütt.

OTIIER APPLICATIONS

flaroonic Generstor
Gerer a t ion or amplilication of mi cro-

vave signals at frequencies higher thar
4,000 megacycles is inpra.r.icäl uith
, ptsdri\F-8, id rr iod, -. Al r L",,sl rrrn"ir.
time derices, sur:h as klystrons and
hagnetions, are used for oany .arrow-band
<,w-oscillator applications in C- and X-
Land, rLese devices are bulky and costly.
It ias leen d.nonstrated
tory, however, that a
comtrnation with a raria
d io de, L,öth located coax
tri-separation cav i t!, can
cw po{er in c-t,and.

in the lahor.-
enci I tube rn
le capacitance
ially wJ thi n a

de liver use{ul

The {undamentals of orerati on are
as fol I ors: A pen.il tube located within
a closed-cavity coaxial resonator ,,1,er-
at.s as a cw osci I lator ar a fundamenral
lrequency. The outpuL power i s fed
dire.tly into anoLher cayit_v (whi ch can
L. inLegräted sith rhe pencil-tube
i,i \r 01 . , n i n s " . o r i 

" 
b I 

" 
- , ä I - . ir.1 -

diode. Thc diode cavity is run.d ro rhc
fundanental resonanL fre.luencl of th.
osci llator and tlius is tuned also Lo

RCA his a cornplete lirc oI integral
p"r"il.,L, ,,, ,"\. tor -enLxt.r(h
o.PIl- l- ,1d (.1ä, d '.Pq!i.r I . t, r

.onti.uous-savc anrt puls e service.

Poral I e l-Line and
Lun ped -Constant Circuits

RCÄ pencil tnbes arc sidelv used ar
frequercies below 500 megacycles in
.o1,-',in al lu p-.,-.,,-,", I r,,dir.
So.k.ts designed to adapt penci I ruL,es
I loc.t--o i," -.. be ra-,ti
lal -i ar"d ,r ,. o.l\ oh,drnpl trom
.omm.r. i a I vendors-

'fhe he.ter l.ads of al I pencil rubes
fit commercial sockets. Hearer leads
should not be soldered di re.rly to
"r-, 1,, "1" ot rt.- 1..",biliL! of ilamage to t.he seal s betqeen the
heater lcads and the s1.., ol rIe rule.

Tlie tank clrcuir .,an rake rhc form
of parallel rods (1e.hcr *ires), air
coiIs, or flat ör .urved plaLes. Tuning
i" b",, .,o.. t,.n,d rrr',st".q
capacitors. \"egätive renp.rature-
compensating r:apacitors rnay be enployed
Lo improve frequency sLability. P.ncil
tuL". "r,-ccr" -ilr,ipnrl) rn,,r, urr" üt
rhr. r)pp a" o.. ,.1^ror- o. "mr I t,pr"
ä, lrFqu,, rpq Lp ro llU0 "-s,"')"1,-.

When beryllja ceranLic js used as a
stand-oI{r betseen the plate and c}rassis,

externat coolins will probably not be
needed and rf perlorn,arce sj 1l sü{fer
LittIe desradation. Thelumped-constant. ,r,,iir n""n ,n fie.Jt ,. " 5;0.n"g"-
.\. 1, . l"q" r- B-,,,nd-d-grr,r -mt,tilr"r
using the RCA-7551 .erami;-metat pencil

degrr:cs r:entigrade. Adequare .oolins
is ..adil) providcd by th" platel'
.onnector clip and by cöndu.i ion ro Lhc
grid flange ard it-s support ti,.otrBl the
thermally .ondu.tj ye c.rami..

i
!
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Lishrr harmonic frequenr:rcs. By *earrs
of couplins Lechnigues and Jrlters, thc
desired harmonic po{cr is obtained and
unwanLcd harn.nics and the Jurrtamcntal
frequency are attenuated. The variaIlc-

dp' i d, dr,d- r,,
efiiciencv of approximately 1.5 dl, per

Anorl",b"r -tr",t rt .,:r,r.e is
r\dr fr-quPn.) ,"bilrr\ ,- -."i-r ro
o!tain than in a fundanental-frequency
dcvi.e L.{,aüse frequen.y compensators
.an Ie used at the lo{er frequercy an,1
thus .atr l)e located more in thc pcncil-
tube cavity. Thc diode caYit.y, of

d" .o .ml"r."'
is tuned to the fundanental frcqrency
ol the pencil tube.

Yoltage-Tunable Pencil Tube and tiavi ry
0ne limitation of a uhf Lul,e and

""rrtr i. thdr L,J- t-Fl'.F,iv r,' 1e ..n
Lc accomrl;sled onlv ly,!e.hani.,a1 adjust-
r'-r,-. f, rl-"-rrd . ar rri
.,onbinat ions are not sui LaLle lor remote
f requ en cy txn i ng, auLoniaLi. frequen.y
controJ, Ircquerr:1, mo.lulation, or trid.-
t,and- t ra ck:i ng.

Avariahle-capacjtancc diode can al so
be used to change the frequr:nr:y of os.i I-
l"tro, in " 1"r r I - r u h ' . d 1 I - . . . L ,)
.omlinatjon. SmalL chan6es in the voltage
appl ied to the diode .hanse the .li odc
capac itance and thus change the elfe(iti!.
plate-1ine length (resonanr- LänI c; rcui r )
o{ the penci 1-tube cavi tv.

Ir the type 6562,/5?94-^ fenci I -tube-
and -.a vi t y combinarjon, thc ne.hani.ally
adjusted tuning s..ew al lows a frequency
variation ol approximdtely 40 to 60'.,s.,r"1"'. Th- marrm,, . dl,J, i'.,1"-
'.- i.,t ion oLI - un rr I .. r-^ i. .lpro"r-
matcly 2 micronicrofaräds. Ili odes uhiclr
"rl rb, " ,a- 1 r. .1 . , ,1.', .'o l cnBp 'n
ca!acitan.c with a 6 volt ctrani.. jn bias
are arallable. Such a deaice is rot only
useful as a voltage tunaLle l..,at os.il-
lator, büt can also bc used in alc or

RF Anplifier Tuhe- and-Cavi ty Coml,ination
Lumped-constant ci r.ui Ls äre o{ten

r-"d ir. .i,1,,n" ...r-- op-,-r,rB in
the rhI band. It 1s possil)le to desisn
" ,."-,,i'e fFn i) r,ib dnl "rr')combination Jor such appli.,ations {hich
not only reduces Lhe oye.- al l cosr of rhe
system, but also rnprorcs perIorfran..,.

Be.,ause a conrentional r:oaxial cavitv
s uital,le I'o. use at vhf would Le
.xtrelrel) long and cunbersome, howover,
r.he lollowins nettrod has lcen devised ro
short--n the cavjty length appreciat,Iy
an{l at the sare time to incorporate
wi de - band tun ing.

Cylindrir:al insular.inB sleeres wound
{it.h a few turns of wirc are at.t ached to
the termir.ls oI the pcnr:i1 tub.. The
{1rc adds inducLance in serles wirh rhe
rerminal s of rhe rube and rh.r.Ly shorr
ens the .1I..tiye length of ttre .ent.r
conductors oI the.ality. This value ol
i nductance (and, ther c for e, fre9n.n.,v)
can be varied, h owe ve r, bv means ol a
sliding copper stus lorar-r:d rit.hin tLe
insulat ing sleere. TIe .ntir. asstnLlv
is enr:Iosed siLhin a .),lindri.al
resonator comparatlc in siz. t.o tl,aL
of the HCA-656:.

l'requency-TunaLl e S-Band Tubr und Cavity
l']r.sent dev.lo!ocnLat S- band fen.i I

tube-and caviLy {,oml)inations arr fixed
r Ll' d r ^ 2nn0 -e , r. l ^ Fir"- ,r1r 1F
..L"rmPrr.. l\ n.-,, ,,',r rri.e ,,.-.
. 1or.,."r,, ,, in ol ,rar,1.r'.Fr,,,,\
of 100 oc5acvcles. The r.sonanr fre-
t,,-, \.,Lh--F -\r -"{.,lv'.rgg" ..,,ir r"
r j, r, ,,.r ,- l \ ..,e Änsr.' ot d t ,P, -
o1 t.ubing brazed to Lhe !lare of rhe
tubc ard t.o the nose-pie.e assemhlr. If
the nose-piece assemblv i s threaded Lo
Lhc .,ariry wall, rh. r üLi ng .an be mad.
to move t,ack ar,l 1.rth along the plate
ol the tube and change the {'rcquen{,r o1
operation. By t.he use of this arrange-
mert, fr.quc!.y tuning between 2000 and
3000 megacycles has t,.en ohserved.

tirs rorn-lllade Cavi ti es
'lh. advanLaB.s of irLegral t.uLe-anLl-

carity uniLs are lc.oming mo.e appare!t.
As a result, IICA is dev.Iofing sererat
sur:h urits sniLable Io. many apllica-
tjons. Furthermore, although these
existins units .an be frequcncy adjusted
ät lh. fa. tor) over a relaLivel! si.le
range, HCÄ is prcpared ro prorjde Ll'e
equifment desi6ner with a cavitl "tailor-
'd,o\, o",i.,d, -l

Tabl e II I i sts the ICA dc!elopmental
.onti.uous wave and pLate-t,,1sed tube-
cavity urits pr.serLly a!ailaL1e on a
limited basis. lhe lasic rnits, which
ar. d.siBncd to meet normal aiflorne
eavi ronmental speci{i cati ons, cmploy
Mi.rodor (iype 3102) output conne.:t.o.s
!1'.1 ld ,lrt.r- " ordrorr rP r,,B
and instal l ati on.
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c0NT t Uous PULSED

TUil lltG
RÄIIGE

{Meqacycles)
1 :5
1 25
I 25
125
I 50j 50
I 50
I 50
1 50

POI{ER
(Milliwatts)

1500
t000
800
600
300
200
150
100

50

CE}tTER
FREQUENCY

(Meqacycles)
g0n-1050

1000 - r300
1250 t600
1550-1900
1850-2200
2150-2500
2450-2800
2750-3100
3050-3400

CEIITER
FREQUEIICY

(Meqacycles)

900- 1050
1000-1300
1r50,1600
1550,I900
1850-2200
2r50-2500
2450-:800
2750-3100
3050-3400

Ackerman, ll.J., 'Producins Fartu.d and
Inside-Aut Crids for tittF PenciI Tuhes".
ELICTRONICS, May 1955.

tselI, M.]V., 'tP.aductLan TestLng of IlflF
Radiosande Tübe Trpe 5794'. ELECTRoTiICS,
tiov. 1953.

DeBa.ker, L.P.A., "Tube Ioise Io.ror
Cäor, ". ELECTnO\ICS, Jüly 18, 1958.

DeBacker, L.P.A. and Thompson, J.J.,
"A Net, BeLrabLe, Lou-Noise, Cerani-c
PenciL'ltbe /or üse os a UIIF Triode"
PROCILDINGS OF THE NATTONAL AERONAUTICAL
TJLFJC1RON I CS CONI'TRENCE, 19 59.

Giacoletto, L.J., and Johnson, H., 'LIIi,Fltiod" D".ten ,1 tPtr, al
Pd.dnete.s and E I e c t r a .l e ,Sp o c i n g s " .

PTTOC!]EDIIGS OF THN I.R.E., 1953.

Ilar.is, li.A., "Carrectians to thcTheor!
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IIarris, $.A., "Measurenent dnd ,{nd lys i s
ol Tria.le,\oise". TRANSACTIONS OF THE
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Uevi..s, Vot.ED-1, No- 4, Decenber 1954.

Harris, 1[. A. , "SoDe ,\otes onNoise fheory
aad Its Application to InpLt CirctLt
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TUtl lliG
RIIIGE

(Meqacycles)
!25
r 25
t 25
1 25
1 50I 50
t50
1 50t 50

POWER

(ratts )

800
600
500
400
300
200
150
100

50

DUTY
FACTOR

(0. 1%)
(0.1%)
( 0. 1%)
( 0. 1%)
(0.1%)
( 0. 1%)
t.a.1%)
( 0. 12; )
( 0. 1%)

Table II - nCA derelapkental penctl-tube-and-catity oscilLatots.
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Itrforn6r.ion {urnishedbyRCA is bcli.?ed 
'o 

be accur.Le
.nd reIiebl.. Ho'.ver- no r.Ebonsrbiliiv rs assun€d bv
BCA I6r rr6 uoe; nor ior any infrrnseoänts of p.ronti
.r oth.r rirhts o{ third Dartie6 which mav result Iron
irs uao. No lice!se is ßr.otcd by irplicätion or
oLh.r,is. und.r 6try p.te!t or par..nt rishts ot BCA.
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TUBE DATA

RCA-5675
The RCA-56?5 is a medi!m-mu Lriod.

oPcrgn-,| .r r - in .rt.oJ lrrvP rr-
.uits at lr.qu.ncies up to 3000 mega-
r:ycIes. As a I o c a I - o s c i I I a t o r LuLe, it
provides a poNer o!tfut ol4i5 millisatts
at 1700 mesa.y.lcs and about 50 milli-
uatts at 3000 megacycles. RCA-5893

The RCA-5893 is a medium-nu rriode
rnlended lo, -dr,'- .", ':, -
as a plate-pulsed os.i llät.ör tube at
{requencies up to 3300 hegacy.les. In
such servicc it is capable oI providing
a use{uJ peak-powel oütpuL of lr00 watts.

At freqüencles up to 1000 meBa-
cvr:les, the 5893 may be used as a, rf po{..
amplifier, .tr osciLLaLo., or Irequen.y
doubler, r,articuldrly in low-power
mobile tiänsditLers. As an unmodulated
class C rf power amplilier under tCAS
conditions, this tuLc is r:apallc of
delivering a uscful power ou tpu L of
aptroxinäteIy 6 watts at 1000 mega.ycles.

Heater volts, 6.0; amperes, 0.280.
!arrn,um l-ngt h. 2.2o- rr' 1."; 1,"\r"m
diameter, 0.8I6 i nch.

Heater volts, 6.3r ampe.es, 0.I35.
llar i. L- pns' | . ).2\t tn,l "" i - a\ ir L.
diamet.r,0.8l6 inch.

ncA-6t73
The RCA-6173 is a hi

uh{ diode intended particu
in pulse-detection and p
measuring service. It may

n.ca-5876, nca-s876-A
The RCA-5876 is a general-purpose,

hieh-mu triode ;ntetrded parr icularly
for use in cathode-drive se.vice as an
rt. arp)ilier. if amplitier, or rixer
tubF rn rccFrvpr§ operatrna al rrequen-
cies up Lo.bout 1000 mes.cy(les. Tn
addir ion, it may be used as a frequency
mülLip lier up to 1500 hegacycles, as an

lator up to 1?00 mesa.ycles in
transmitter applications, and as

power rf anpli fi er.
As an unmodulated class C rf ampl

fier, the 5 876 is capable of provicLi
a r,"[u r,w.r oürpu, ol _ Äarr. ur ;
-s1. ).1-.; .-.n rnn.orlar"o las"

o., rll" o., .h,. ,b- ,.n d" ir"r
uscful po*er output of 3 watts ät 5

negacyc)es and ?50 milliwatts at l?00

The RCA-58?6-A is a hish-mu L.ioile
similar to the 58?6 but intended for

ni I itary än.l criticaL industri a I af!li -

Heäter volts, 6.3;
en8rl, 2.252
0. 816 irch.

ampe r e s, 0.135.
inches; raxi mum

gh-

b

nB
00

C

00

aL frequencics of 3300 ßesa{,y.l.s in
puJ"" por"r.l rrrrol ot ir ',-t,_1 irs
as Lish as 10,000 mesacYcles in pulse

@
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detection serri.e. Uccaus. ol' it.srIqr' ,, .'t"ririr\ rnl -rn"ll .i2".
Lhis tnle i s cspecialty useIul ir rI
probes of electroric voltmet.ers.

Hearer volrs, 5.lli an!eres, 0.135.
YdY, , ,,,grl 2.-'-,,.r-..
diameter,0.320 inch.

RCA-6263
The nCA-6263 is a uhf triode having

an.xternal pIat. radiaLor. It has an
amplifi.ation fa.Lor oI 2? ärJ is
intended for rf porcr ampli-
fie. and oscillator tube in robile
''q'., !- _, I

ot)erating at .ltitüdes ut to 60,000
{eet without p r e s s u r i z e d . h an b e r s .

The 6263 can be operated rith fuLl
ratings at frequencie. up to 500 mega-
cycles and with reduced ratinas at
frequencies as high as 1?00 mcsacvr:1es

FeaLurrd i. rie desisn of the 6253
is an effir:ient disk type radlator Ior
pl-rP . ),nq oy mFJn. ol r '" i ,:
for,.l .rr. A.r,.r,l. E, ,,i ll",gp p., i .
the use of a .lamp conne.tor shich wiil
not subj ect the srid seal to appreciable

tr"ir. "r',l ns-1 s1".. .-,i,,
Let w..n the pl ate cyLinder and Ll,c grid
l l anAe t.events arc-over at verv hieh

H.at... !oits, 6.0i amp.rcs, 0.280.
Ycv mrm 1, r'1t l Y ir u

d iamet er. 1.010 inchcs.

R CA-6264-A
The nci-6264-^ is a uhf triode haring

an erterral pl.te ra.liator inteDLled for
use in nriliLar! ard c!iLical i.dustr ial
.1.1 li ..'i .',.. T, i .l i n, I i. ,.
as a frequenc-v-mu1ti!Ii.r, ax r1 po{er-
anplilier, andos.;llator tub. in mobile
P',t't.r. ,n r,,
ö!c.aLin6 a1. altirx.]es up ro 60,000
--, " il',, l. I .. t /"4

'lh. 6!64 
^ 

na) be o!erated .t ful l
rat.ings at frequencics up Lo;00 m.6a-
cvc I es and uith reduced !atini.s at
fioqrreac;es .s hisl .s tT00 mesaci.r.s.

Ilhen operated under TCAS r:onditions
tne 6261-A can deliver useful power
ontfn t s of approximately
frequency l.ripl.r to 5

ass C rf
10 re

10 {atts as an urtodulatcd t:

3.4 watts as a
g
1

porer arnplificr aL 500 mesacr.les, and
6 {atts .s unmodulated class C oscillaror
at 500 meg.a.)(:les. The oscilL.ror outtür
o[ös..'r , ., 11"t" 1,'ol'onL! 12 watts.

Heater volts, 6.0j anperes, 0.:80.
Vd\ ,. 1 16_r ''. l.a rr l" :

dianeter, 1.010 inches.

RCA-6562 s794-A
The RCA-6562,/5?94-A is a Iix.d-runed

ulr.ra-iigh- lrcquenc,' osci l1ator triode
In,"nd"d r irrli .r\r,..,
radi osonde att)lications. Ir h.s rso
resonators whi.h are integral parts of
the tnbe. 0ne of the resonators. sl,icl,
is fixed-tuned, is connected between the
grirl and cathode; the other, rhich is
conne.tcd Letweer tIe grid and p1ate,
is loop-coupled to a coaxjal rf-outtnt
t.e.diral än(1 (ian be Lun.J t.o I680 rne6a-
cvcles by a fre.luen.r-adjusr.
The tul,e has a useful power output on
the o.d e. of 600 mi lli*att.s.

External cornection of the.attrode
to one oI t.h. hcaLcr Icads simplifies
circuit connections. The flexihl. heatei
leads can hc soldered or pelded into
the asso.i ate.l .ircni t.

Heater vo1t.s, 6.0; adperes, 0.16.
!1.\rDL' l-rs,l. .-, rr l,"r ..'i ra

'.,'' ) d,q,..,,. 0.450 i" I.
radius, 0.865 in.h. 1

RCA-7533
The IICA-75311 i s a tunable osci li ator

triode d.s1sn.d lor l)a1.r..\-po{.rcd



radiosonde a!plications in rhlch irigh
elli.i.niiy, listrt seieht, low batL.ry
rlrain, anrl small lrequen.-v rlrjft. are
inportant consi(lerations. l'wo resonators
.rr int..gral !arts of thc Lul)e. One
resonat.or rLir:h is connected L,et {.en
grid anrl r:athodr: is fixed tun.d to pro-
vide relatirela rni form poper on tt)u L

o!er thc op{,rating freqrency rang.e.
'lhc other resonat.o., c.nne.t..,d bctween
srid and plire, is loor,-r:ouplcd to a

r:oaxial rl output terminal and car be
tuned capaciti rel-v witl,in Ll,e 1660 to
l?00-nresacvcle rans. l)! mcans oJ tso
frequen.y-adJ us Ln,ert s.rews.

dissipation ol 2.5 'att.s and can le
.,1 --"r-l"rr rJl -dri1e"i' r,-,,'n F

up to 1000 mesacvclcs.
In a t.vpir:al {iathode-drire .r r

havirg a bandwidth of 5 m.sacr.Ies
ope.ating ät a lreqnen.y of 800 m

.,y.1.s, the ?552 has a fokcr aain o

dt, and a nolse Iigure ol about 8.5
'I'he relatrve lv Iargr: area of the

plare i:ylirder a1lo$s f.st. heat dissi-
I, ror , ' i6,il, '',, .l'Jn 8, i1
.ompacL cqritnent. The silver-!lated
e1.,ct..ode surfaces are separäLed Ly
c erami c bushinss.

f 18
,-tL .

tleater rolts, 6.3; ampcrcs, 0.225.
\',, mr | 1E,.'. 1.ol' , ' \- . ",i ,r

diarncter, 0.55? irch.

RCA-7ss3
The nci-1553 rs a hlgh-mu ceranir:-

D,eraI r.riodL' desisncd speci{icall,v {or
appli cations rr:,tui, ing deperdable pcr
lormance under .ondit.ions of ".'.r e

shocl and vitrat.ioi. It is intended as a

1o,r-roisc uhf anpli{ir:r LuL,. in mjssile
suida,ce s)st. ens and in
ard aircraft equif',cnt
to 100,000 fee t without

Heater volt-s, 6.0; amperes, 0.16.
trlaxi mum lcrgth, 4..18 incnos (ircluding
f ..r|" ." -r '".,,); .\ m. ,"r, )
diameter, 0.980 incli naximum radius,
0.865 i nr: h.

RCA-7552
Th. HCA-i5;2 is a hish-mu cerarnjc-

meral tri..le dosigned for use as a lot-
noisc uhI aoplifier trrbe in cohpact
mobi le and air.r.ft eqüiprent at ä1ti-
tudes ut Lö 100,000 feet without !ressur-
izatio!. lhc tul)c ias a maximum plate

t)l

'fhe tube Las a maximun flat. dissi-
pation of 2.5 ear.ts and car be operatcd
at f.equen.i.s up to 1000 mcgacycles.

lr r'1pi . " rod -.1, i,.,. I

harinB a band{idth of 5 mesar:ycIcs and
operating at a frequc..,v of ?00 mega_
,y'".. rl" 7_511". , p-",,_"rr ol
abour. l? db ard a noise Iactor of aLout
? db.

The rrlatirelv Iarsc area o{ tIe
r1at.e c\linder allovs fast hcat dissi-

.gri r.r, id\.n ..- in
c ompr. L eqü1lment.
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In addrt.ion, t h e . . . a n i c - m . L a l

.onstru{,Lion peroit.s I)l.re-seal oper-
atrng tenpcr!L,rres as lLish as 225
dtgrces centisra(1e and r.du.es rh.
eII..ts of nuclcar radi ation.

li.ater roIts, 6.3; anpercs, 0.225.rl"rim'm -r " .o/n ..', l. .; ioyr-,.
diani.ter, 0 55? in.l,.

RCA-7554
The HCA-?5

nrtal triode
uhI power-amp
frequency-mul

54 is a hi6h-mü ceramlc-
dcsisred for usc as a

lifier, oscil1at.or, and
tiplier Lule in compa. r

mobi I e and aircraft equipment ar al ri-
t udes up to 100,000 feer wiLhouL
prcssuri zation. The tube has a
plate dissipation ol ,.5 sarrs
be opcrat ed at frequencj es up to 3000

lr a typical cathode-drire cir{iüir
Bhen the tube is used as a li0*e'ampljfier at 1000 meBacv.Ics, the IICA-
?55.1 woutd provirle about 1.4 watts
o{ öutput with a driver power öf
0.2 warr.

Th- r-l.rrr- r larg, ir-" ot ,lp
1-r,r. ,1lrnd r "l .^. i".r .-i, or."r

-.s,'ilr ",.r ,,,itdnr"C, ir
.ompact equipn.nt.

Tn addition, t lie .er.mi c meral
constru.tion pe.mits piate-seal "frr-atins tempe!aturcs .s hjsh as 225
de!.rees .entigrade and redu.es rhe
effects oI nu{ilear radlation.

Il.at.er volts, 6.3; amperes, 0.225.
Ya\i' .m -jBr\. l.oi0 i,.lFcj .d\ m.,-
di ameter, 0.557 inch.
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The ßCA Electran 7rl,e Drrisron ir a.t;icl! .ns4s.Ll i\
extcnsire prograns fa. t11e dei.Lapdent al spc.;al. tubes for
ultro-hi.gh fre.tüntLes. (:anner.Loil.r atatLoh Lc pen.:iL tLLes
hdte bcen clescri.bed. 1.n the farasaLns Tüb. Dara :ie.r/ aon. I
nnnber al t!pes ol ndsiettons ond trareLtng uale tut .s are
al.so o,^aiLuble connercialLy. IitarkdtLan on these tabcs nd!
be obtain..l frotu the nCA Ttbe Handhaah Hlt-1, the R.:A lllasnet.on
and Trotel.tng-natc Tübe baakt..t llT-.1014, or fran ConnerciaL
Ensinecring, RCA Electron Tühe DiLLsion, Ilartitoi, N.J.

Io additioi, nany trpes of penciL tLhet, kaenct.rns, and
trdrelins-tare tübes are t)ereloped br nCA ta neet spe.ific
dpplicdtians. Your Rr-:A li.eldr.p.csentdtL.-e rLll he pleased ta
dcqüalnt rau tith au. ert.nsi "-e Linc al pencil ttbes dn.l ather
nicrorate tubes aarl to d.scüss !oür pa.ti.aldr nee,ls- Field
Eng ine e r i ng dnLl i c r ab a! e:l üb e App L i c t t t on En gt ne e.'ns sa rr r.. s

are arailable to assrsl -you and hel.p yott liLL toLr ttLe rc-
qu;renents on an eqD;.rn.nt trodD.tia Ldsi.s. far lutther
inl a. ndt ion, p L,:dse caLL the Equip nc nt Soi cs o_fficc ned..st Jou.

RCA PENCIT TUBES

Field Sales offices

7U+ Broad Street
l{ewark 2, ll, J.

flt Dboldt 5-3900

714 New Center Bldg
Detro it 2, Mich.

TR in ity 5-5600

Suite llSlt
Merchand i se i,1art Piaza

Chicago 5r+, lll.
yiH itehal I 4-2900

6355 E. Itash ington Bivd.
Los Angel es 22, Calif.

RAynond 3-8361

1838 El Cam ino Real
Burl inqame, Cal if.

0Xford 7- I 620

Government Sal es off ices

7r+4 Broad Street
llewark 2, ll. J.

Humbol dt 5-3900

221+ tl. vli I k inson Str eet
Dayton 2, 0h io
BAldl,in 6-2356

1725 K Street, il.}l.
Wash ington 7, D. C,

FEderal 7-E500
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