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TECHNICAL INFORMATION
WESTERN ELECTRIC IB22 YACUUM TUBE
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CLASSIFICATIO

The 1B22 vacuun tube is a hydrogen argon filled spark gep modulator tube. It is beat suited for
operation as a triggered gap in circuits similar to the one shown in Fig. 2. Two 1B22 tubes comstitute the
minizmum number that ean be operated as a triggered gap, More tubes ipn series may be used for higher voltages

.0 G

The mounting ahould be such that the tube when insertsd will not be subjeot to excessive mgchani-
cal shock which would result in breakage of the glass bulb. Brackets of the type shown in Fig. 4 have been
found to be satisfectory, The use of ordinary spring type fuse ¢lips is Bot recommended.

The tube may be mounted in any position.

A free circulation of eir around the bulb should be provided to assure proper cooling.

OPERATION ANHD C S

The characteristics of this tube ere such that it will stend of f volteges aa high as 2700 volts
and after having been broken deown by a trigger pulse of the proper shape and smplitude will copduct currents
of the order of 100 emperes for short intervals of time at a nominal repetition rate of 1000 pps.

The trigger pulse may take a number of different forme but s convenient and easily obtained type
of pulse is a damped oscillation with a relatively high decrement. The fundemeatal frequency of such an os-
cillation may vary over a range of .l to .5 megacyole. The form of the trigger pulse should be such that
the logarithmic decrement lies between .3 and .7. If the meximum smplitude of the trigger pulse is 5 kv or
more there is a possibility of ionizing both gaps thereby making lower starting voltages posaible. If a
unidirectional trigger pulse is used the starting volteges required are in general higher than in the case
of the cacillatory type of pulse.

When the nominal trigger pulse is epplied to the tubes in & oirouit such as the one shown in Fig.
2 and the d-c¢ voltage is reised continuously from zero the tubes will begin to operate when the d-¢ voltage
reaches s maximum velue of 2.5 kv. This is ocalled the starting voltage. Conversely if the d-c¢ voltage is
set at 2.5 kv and the trigger emplitude is raised contioucusly from zero s normal pair of tubes will begin
operation when or before the marimum trigger amplitude has resched 5000 volta, Hence it is necessary that
the d-c power supply have regulation such that the no-load voltage applied to the tubes is at least 2.5 kv.
This will assure that in the case of interruption of the trigger voltage, supply voltage or both, the tube
will start upon return to normal conditions.

The circuit shown in Fig. 2 conteins & resonance cherging feature in that when the circuit is
operating under proper conditions the pesk voltage moross the switching tubes is about twice the d-o supply
voltage. IFP the resomant frequency of the charging choke and the natwork capacitance in series is 1/2 tha
pulsing frequency, switeching will take place at the peak of the first oscillation as shown in Fig. 3, the

NOTE: This tube is obsolete and manufacturing
facilities are no longer available,



voltage across the geps dropping to epproximately 150 volte es the network energy is discharged into the
loed. The dashed curve shows the excursion of the voltage acrosas the gaps if triggering should not teke
plece. If the pulse forming network is matohed to the load impedance only half the network voltage will ep-
poar across the load in the cnae of a aquare pulse, Hence with the doubling feature a voltege whioh ap-
proaches the d-o supply voltage appears at the load. In practical cireuits the ratio of peak voltage acroas
the lomd to d-c supply voltage may vary from .7 to .95.

Reverse current through the tubes arising from misaatch in the circuits or from other couses
should be evoided since it will eppreciably shorten tube life.

In some npplications it may be required that several different repetition rates be used. In suoh
case the resonant circuit moy be designed for the highest required repetition rate and a charging dicde in-
serted between the charging choke and the network, The diode parmits the voltage to rise to its maximunm
value but prevents the normal drop in voltage which would oocur if switching did not take place at the peak
of the voltage wave, Hence any value of repetition rate lower than the resonance velue mey be used. It
should be noted, however, thet s very low valun of total reasistence in the dividing network across the spark
gep tubes will cause the voltege to drop of f with time despite the action of the diode, thus limiting the
prastical range and repetition rate.

The diode must have sufficient emission to pass the required charging current. Its plate to cathods
impadance should be low beceuse the drop in the dicde must be conpensated for by an incresmse in the voltage
of the power supply. It and its filement or heater mupply must have sufficient insuletion to withatand the
required peak end inverse voltages. The maximum peak inverse voltage to which the dicde will be subjected
is approximately tbe no load voltege of the d-c power supply.

In designing resonence oharging circuits for use with spark gep tubse care chould be taken to
assure that the no-load d-o voltage does not excesd a valup which will cause arciug after the firast pulse.
Since the second pulse will be doubled eand since, in genersl, the condenser of the power supply filtar will
not yet bave had time to disoharge to ite full loed voltage the pulses immediately succeeding the first may
be in exocss of the naximum peak voltege rating of the gaps, thus ceusing circuit failure. This imposea a
limitation on the oapacitance of the finsl condenser in the power supply filter.

If the circuit is operating under normal conditions and the d-c supply voltage is raised,a point
will be reached et which both gapa will paee over to a continuous ers. The naximum peak voltage above which
this will ooour is approximately 2.7 kv per gap.

In order to prevent damege to tubes or ¢ircuits if arcing ocours an overload relay in the d-¢
supply lead should be provided. This relay ahould be set to trip at about 100 milljampsres d-o and should
renove the high voltage d-¢ when operated.

If under nornal operating conditions the d-o supply voltage ie lowered it will reach a velus at
which intoraittent action will take place. Further reduction of the d-c voltage will ceuse cessation of
operation. The point below which interaittent aotion tskes place is cslled the minimum peak voltage. Its
anximun value ia 3.8 kv for any number of gaps in series provided rated trigger voltage is aveilable at the
spark gsp tubes., This is trua beomuse with n gaps in series, n-l gaps ere broken down when the reccommended
trigger voltage is applied from the required circuit. Hense in any case only ong gap ramasins to be broken
down by the voltage on ths pulee forming network.

The range of voltaga between the minimum pesk voltage end the mazimum pesk voltage is celled the
operating rapge. Thia is the range over which the apark gap tubes will operate satiaefeoctorily provided oir-
cuit roquirements sre astisfied.

The two tube oircuit shown fn Pig. 2 will stand off approximately $ kv. If it ias desired to use
higher volteges nore apark gap tubes may be added in series.

It should be poted that when the number of gaps in series is increased the operating range is in-
orsased because while the saximum peak voltege is reised the minimum peak voltags remeins the ssme as noted
above. This is true only if the voltage jia divided equally among thp tubes mnd if sufficient pesk trigger
voltage is supplied to the junction points betwsen spark gap tubes through imdividusl coupling condensers,

In the interval between pulses when the matwork capacitanos is being cherged the trigger coupliag
condensars are alec beiung charged through the rasistors in the voltage dividing network. The charging cur-
rents to these condensars oust flow through the resistors of the dividing network end unlesa the $ims con-
stants of coupling coudensers and dividing resistors are small as cowpared to the pulse iaterval the volt-
ages appearing mcross the spark gop tubes will not be equal. This will result in the reduction of the upper
limit of the renge froo its naxinum value.

The oircuit elements neceasary for division of voltage during cherging and for supply of trigger
voltage to the junction points of the spark gep tubes cause loading of the trigger eircuit. Since the
trigger circuit ia, in gemeral, a high impedencs this loeding inoreases the diffioculty of obteining auffi-
oient trigger voltage at the apark gap terminala, Por this reascn and due to the difficulty of obtaining
voltege division at various pugae rates the usg of more then four gaps in series is not recommended.

CHABACTERISTICS
*lUax. peak voltage per gap at 1100 pps 2700 volts
Win. peek voltage for any numbar of gaps 3800 volts
Max. starting voltage
{In 2 tube cot. with 5 kv pemk trigger voltege) 2500 volts d-o
*sPaak trigger veltage 5000 volts
Nominal interelectrode ompacitance 2.0 puf
BATINGS
***lax, psak current 75 amperes
Max. aversge gurrent 75 millianperss
*Ronge of repetition rate 3C0-1600 pps
«rs)ax, pulss duration 2.5 psec
Range of fundemental trigger frequenoy 0.1-0.5 =mo

'whensshe p{lao rate is incressed from 1100 pps to 1600 pps the maX. peak voltege nust be reduced

to 2500 volts.

»sThis is the trigger voltege at the tube terminslas (without the spark gap tubes inserted) neces-
aary for reliabge operation. Reduction of peak trigger voltege will ourtail range end inersase
starting voltage.

se» Tube life decreases ss peak current or pulso length inoreases. Some esorifice in tube life
pust be anticipated when asxioun rated peak ourrent and pules duration are simultazeously

applied.
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TECHNICAL INFORMATION
WESTERN ELECTRIC 1B23 VACUUM TUBE
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CLASSIFICATION

The 1B23 is a double~gap, gms-filled tube for use in puleed systema employing. & ocommen antenne,
partioularly those operating st frequencies below 1.263D megacycles. The ultra-high frequency gap is formed
by a disc aleootrode and a central rod electrode which terminatee in a 3/16 in, diemeter ball; the auziliary
gep is provided by an igniter slectrode and the dise.

HOUNZINGE AND CONFECTIONS

The tube may be mounted in any position. It ehould be supported only through the electrical
oonnections to the rod and disc elestrodes. Thess connectiona should be made as shown in Fig. 2. UWhen the
tube is instelled in the circuit the ball electrode must be gri Eod along n substantially coutiouous oirole
of csontact with sufficient preseurs to insure a low-resistence Eahofroquenoy sontact. A olemping mecha-
nisn must bs provided vhich will insure e continuous circle of contast batween the disc and the maohined
surfece of the cavity with sufficient pressure to produce ¢ second low-resistance high-frequency connsction.
This sountinz must not introduce stresses on the glass seal thet will either destroy or weaxen the sesl
by complete or partial separstion of the copper from the glass, Couteot to the osp terminal of the igniter
eLotroda may ba made by a quick release clip.

The igniter electrode current limiting resistor should be placed st the tube terninel in order to
svold oseillations within the tube.

AERIENT TXFRERATURR

The 1B23 tube is intended for operation over tha temperature rengs from -40°C to «100°C. Tempera-
tures outeide thie range may cause mschanical feiluras. A4s noted below, under "Operation” the eleotrical
behavior of the tube is also temperature dependent.

TUNING

The tube is designed to operate at predetormined wave lengths to within 1 1% in fixed dimension
cavities over ths ,947D to 1.158D megmoyels frequency range. The pean value of these frequencies, as a
function of cevity size, is showm in Fig. 3, These data apply to tubes mounted in oavities of the type
shown io Fig. 2, The oorrect dimensions for cavities used in service may depart froa those shown becsuse
of the effeots of the iaput and output ooupling devices and becsuse of the need for tuning ad justmsuts. The

NOTE: This tube is obsolete and manufacturing
facilities are no longer available.



total ronge of the provided tuning adjustment ehould exceed the desired tuning range of this system by 4%
of the meen frequency in order to compensate for the permitted variation botween individual
tuben.

QPERATLON

(teh The tube may be opsrated as either a receiver disconnect switch or as & traczaitte: discoaneot
switch,

dhen used as o receiver disconnect switch, the tube and its associated circuit effectively die-
conpects the receiver from the system during the transmitting period. The isolstion is not conmplete; the
anount of leakage power, i.e. tho transnitter powor reseching the receiver, depeads upon the design ead the
adjustaent of the circuit esnd to a less extent upon the power of the trsnszitter. Clenges in tle circuit
ad justnent to dacrease the leskage power (other thao those necessary to match the inpedances at the input
to the tube circuit) will result in an inerease in the low level loas which is introduced ioto the re-
ceivad sigoal path. The epproximate relationship between the leakage power and the ultimete low level
loss for malohsd iaput ccngxtiona ia given by the expreesion:

P - %? IS? , wetts, where ¥ is the radio-frequency voltage drop across the tube gap, R is the unloaded

resopant impedencs of the tube and cavity moasured at the gap end T is the fraction of the received eigoal
Yn-ar Wwhich is peesed through the gas tube circuit. The parameter V ie nesrly conetent over a reletivoly
arge range ip the geas tube pover. For purposes of computation it may be sssumed to be 100 volts. The
low-level loas expressed in decibels {10 log 10 % } is pormally adjusted to approximately 1.0 db.

4dditionnl leakage power reaches the receiver as & result of direct coupling between the trans-
mitter end the receiver. Some direct coupliog occurs withion the cavity itself through higher order tranas-
nisesion nodes which do not excite the tube. The amount of this dirsctly-coupled leaksge power depends
upon the esize and shape of the cavity and the type snd relative positioning of the ioput snd output devices.
It varies directly with the power of the trensmitter and is normslly of importasce ouly in bigh power sys-
tens. Tha diract{y—couplad sttenustion is usually of the order of 60 db unlese special procautions ere
teken %o ingrease it.

The recovery of the tube efter the transmitting period is not instantaneous. The additional loss
after the trensmitting period veries with the ambient temperature from a few db at 20°C or higher to ap-
proxinately 50 db at -4U°C. it norzal temperatures this losa decreases rapidly with tims, returning to
within 3 db of ths ultimate low level loss velue in approxizately 2 aicroseconda.

The power dissipated iz the tube duriog the trensnitting period varies with the tranamitter power,
with the ettaceiveness of tbe tube circuit, a7d with the circuit adjustmeat., The epproximnete relationship

/2
is given by the expression: Pg = R lfTJ watts, where P ia the trasemitter output and V,B, and T

bave the same meeninge as befors.

Yhen used as a transnitter dimcoonect switoh, the tube and ite associated oircuit effeotively
disconnect the transaitter from the cireuit during the receiving period. Soms low level loss is introduced
80 that of ths raceived power only & definite fraction F of thie will be directed toward the receiver. Ths
power dissipated in the tube gurinsl}ge trepamitting period varies with the circuit adjuatmeat, being given

by the expression: Pg -

CIRGUIT REQUIREMENTS

Since the unlcsded rasonant impedance R is & function of both the tube and cavity design, satis-
faotory operation cen be obteined only with properly designed cavities, A neasure of the quelity of oemvi-
ties of tﬁo sape design can be made by messuring Jo the unloaded cavity 3. Io general, cavities yielding
30 valuee less then 1500 will be unsatiafaotory. If the Qo velues for s cavity designed to have a maxiaua
value of R has an unacesptably narrow band-width the ocavity design should depart from the optimum in thaet
direction whioch gives the higheat valus of R at the ecceptable Qo value.

LLIE
The lifo expeotanocy of the tubs will wvary greatly with the power requirements which the syatea
places on the tube, and on the value of the DC igniter ourrent. The greater the current,the less the useful life.

STARTING DISCHARGE

When the tube is umed to protect recsivers which may be damaged by a teaporary overload, & ocon-
tiauous low current discharge aust be naintained hetween the igniter and ths adjacent oopper diso. The
igniter should be nogetive. A d-oc source of 800 volts or more with a current limiting resistansce of suf-
fiojent value to linit the diascharga ourrent to approximately 100nA is satisfaotory. When the starting
discherge is not required, no connsction need be provided to the igniter.

, watts, whore ths syabols have their previous meanings.

BATING
Yor the tubs nounted £in the cavity shown ig Pig. & with dinension 4 of 2.750 iuches.
Opersting frequsancy (Dg + 1% Ae specified for the type
Miniaua unloaded § (Qo 1500
Maximua instantanecus dissipation 100 watts
Maximus average diseipation 1 watt
Approzimate value of ¥V, under conditions where the
f;ak gas tube power is lees than 100 watte 100 wolts

he paremetesr YV increases grudunllg with tem~

rature over the recoanended operating renge.
xcessive values may be obtained at temperatures
both sbove and below this range)

Mexinum {gnfiter eleotrode strike voltage 800 volts dc¢
Naxinum igoiter electrode sustain voltage 500 volte dc
Minimum igniter electrode pustain voltage 300 volts de
Uaximun igoiter eleotrode ourrent (To be limited

by series rosistance) 0.1 aillianpere

1823-3 2-10-44 PRINTED IN US A
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TECHNICAL INFORMATION
WESTERN ELECTRIC 1B29 VACUUM TUBE
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The 1B29 vecuun tube is a hydrogen argon filled apark gap moduletor tude. It ie beat suited for
operation as a triggered gap io circuits similar to the one shown in Fig. 2. Two 1B2¢ tubes constitute the
ninizun number that can be operated es & triggered gap. More tubes in series may be used for higher valiagea.

HIUNTING

The mounting should be such that the tube when inserted will not be aubjeot to excessive mechani-~
cal shoek whioh would result in breakage of tha gleasa bulb, Brecketa of the type shown in Pig. 4 have been
found to be satisfactory. The use of ordicery spring type fuse clips is not recommended.

The tube may be mounted in any position.
A free ciroulation of air around the tube should be provided to assure proper cooling.

QPERATION ANR. CEARAGLKHISTICS

The characteristiecs of this tube ere sugh that it will stend off woltogea as high aa 1500 wolte
and after having been broken down by a trigger pulse of the proper shape and ampfituda will condust currenies
of the order of 30 amperes for short intervele of time et a noniuel repetition rate of 2000 ppe.

The trigger pulse may teke e pumber of differsnt forms but a convenient snd easily obtaiaed type
of pulse is a damped oscillation with m relatively high decremant. The fundancotal frequancy of such ao oe-
cillation may very over a renge of .0l8 to .400 megecyele, If the meximum amplitude of the trifger pulse
is 2.8 kv or more there is a possibility of ionizing both gaps thereby uaking lower starting witages

osgible. If a unidiractionai trigger pulse is used the starting voltages required ere in general higher
hen in the cese of the oscillatory type of pulea.

#hen the nominal trigger pulse ia applied to the tubes in s cirouit sucsh aa the one shown in Fig.
2 apnd the d-o voltaege is raised continuously from gzero the tubes will begln to operate whem the d-c woltage
reaches a naximum velue of 1.9 kV. This is called the atartinf voltage, Hensce ft is necasaary that the d-e
power supply have regulation such that the no-load voltage applied to the tubes is at least 1.9 kV, Thie
will agsure that in the case of interruption of the trigger wvoltage, supply voltage or both, the tubeswill
stert upon return to normal conmditionas.

The c¢irguit shown in Pig. 2 contaios a resonance charging featura in that when the circuit is
operating under proper conditions the peak voltage ecross the switohing tubes ie mbout twice the d-o supply
voltage. If the resomant frequenocy of the chargipg choke apd the network capmoitanse in series is 1/2 ths
pulsing frequenocy, switching will teke place at the pesk of the first oscillation as ahown in Fig. 3, the
voltaege across the gape dropping to approximately 158 volts as the network energy is disoharged into the

NOTE: This tube is obsolete and manufacturing
facilities are no longer available.



load. The dashed curve shows the excursion of the voltage acroas the sag- if triggering should not teke
place. 1If the pulss forming nstwork is matoched to the load impedance only half the natwork woltage will ap-
pear mcrops the load in the ocase of a squars pulse, Hence with the doubling feature a voltags which ap-
prosches tha d-o supply voltege appoars et the load, Io practicel oircuite the ratioc of peak volteges across
the load to d-o supply woltage nay vary froa .7 to .Y5.

Beverse current through the tubes erising from mismatoh ia the cirouits or from other causes
ehould be avoided since it will appreciably shorten tube lifae.

In soms applioutions it may be required that aeveral differant repstition rates bs used. In suoh
canse tho resonant cirouit may be designed for the hi%geat required repetition rate ead a cherging diode fa-
assrted batwoon the charging choke and the astwork. e diods permita tho voltage to riso to its marximum
value but provents the cormal drop in voltage which would occur if switching did not take place at the peek
4f the voltege wave. Hence sny value of repetition rate lowar than the rosonaace value may be used, It
should be noted, howsver, that o very low values of totel resistance in the dividing network ecross the spark
gap tubes will oguse tha voltage to drop off with tiae Aappite the action of the diode, thus limiting the
practical range and repetition rete.

The diode must have sufficient smisefon to pass the required charging currant. Ites plate to cathods
impedance should be low bscsusa the drop in the diode must be conpeusated for by an increase in the woltage
of the power supply, It and 1ts filament or heater eupply aust have sufficisnt losulation to withstand tha
reguired peak and inverse voltages, The maximum psak invarse voltage to whish the diode will be subjscted
is approxfntely tho no load woltage of the d-¢ powsr supply.

In desigoing resonancs charging cliroults for uee with spark gap tubss care should be taksn to
assure that tha no-load d-c voltege does not exceed a value which will cause arcing after the first pulas,
Sinco the second pulse will be doubled and sines, in general, the condenssr of the power supply filter will
got yet have had time to discharge to its full load woltage the pulses iamedistely succeeding the first may
bs in excess of the maximum pesk woltage ratinmg of the gape, thus causing oirouit feilure. ¥or this reason
the trigger woltage should be applied to the spark gap tubse before the d-o power supply woltage is turnsd on.

If the oirouwit is operaticg under normal conditions and the d-o supply voltage ia rafssd, a point
will be reached at which both gape will pass ower to a contipuouns arc. The maximum pank voltage above which
this will ocour is epproximately 1.5 kv par gap.

In order to prevent demage to tubem or oircuite if aroing oooura an overload relsy in the d-o
supply lead should bs provided., This relay should be sst to trip at ebout 60 milliempsres d-o and should
remove the high voltage d-o whon operated.

It under normal operating conditions the d~o supply voltage io lowered it will reach 2 velue at
shich intermittent action will take placs, Further redustion of the d-o woltege will causa oceasstion of
operation, The point below which intermittent avtion takes place is called the minimum pesk voltegs. Ite
maxinum valus is 2.6 kv for any number of gaps in eeries provided rated irigger voltage is available at the
spark gap tubes., This is trus because with o gepe in series, n-l gepe ars broken down when the reccmmended
trigger voltage is applied from the required cirouit. Hence in any cese cnly one gap remains to be broken
down by the voltege on the pules formiag network.

Tha rangs of wltage betwsen the minimum pesk voltage and the maximun peak voliage is salled the
oparating ranga. Thie i# the range over which the apark gap tubea will opesrate satisfectorily provided oir-
ouit requirementns are satiafied.

The two tube circuit shown in Fig. 2 will stapd off approximately 3 kv, If it is desired to use
higher voltages more apark gap tubes may be wdded inp oceries.

It ahould bs noted that when ths cunber of gasl io series is increased the operating renge is in-
oreased because while the msximum pesk voltage is raised the aicimum peck voltage renains the sema as noted
above., Thiam 1is true only if the voltage is divided squally among the tubes and if sufficient peak trigger
voltags i eupplied to the junetion pointe botwsen sperk gap tubes through individual coupling condensers,

In Hn interval bastween ses when the network capecitence im being oharged the trigger coupling
sondsnoers are alao being oharged fbmugh the reaiators in the voltege dividing vetwork. The chnr?ng onr-
renta to thase condensars must flow through the rasistors of the dividing network and unless the time oon-
ateots of coupling condensers and dividing resistors are emall as oon{arad to the pulse interval the volt-
agas appeariang aoross the spark gap tubeas will not be esgual. This will result in the reduction of the upper
J.?lit of the range from its maximum velue.

The ocircuit slements necossary for divislon of voltege during charging and for supply of trigger
voltaga to the jumotion points of the spark gap tubes cause loading of the trigger circuit. Sineas the
trigger cirouit ie, io general, o high gnpedmoa this loading inoresses the dffficulty of obteining euffi-
oiant trigger woltage a% the spark pap terminals. 7For this reason and due to the diffioulty of obtaining
voltage division et varlous pulse rateos the use of more then four gaps in series ias not recoamended.

BATIRGS AND CHASACIERISTICS ax, Hemigal Eiainva

Peak voltage per gap 1.5 kv 1.4 kv
Poak voltage for any cumber of gepa 2.6 kv
*Starting woltage 1.9 eV

**Paak trigger voltege 3.5 kr 3.0 kv 2.7 kv
Mundamental trigger frequency 0.4 Xo 0.018 Mo
Peak ourrsnt 30 A 20 A
Ropetition rate 2100 pps 500 pps
Pulse duration 0.75 pseo 0.4 pseo
Intoreleotrode cepacitance 1.4 nef

*In two tube cirocuit with 2,8 kv peak trigger woltags. .
**This is the trigger voltage at the tuds sockets wiid the spark gap tubes removed but with
squivalent capacities subetituted,

I B29 I1SSUE1 1t1-11-44 COPY NO. — PRINTED US.A.



TYPE DESIGNATION REGISTRATION

Manufacturer: Western Electric Company
Manufacturer's Type No.: 1391XK
JETEC Type No.: 1B31

The 1B31 is a hydrogen-argon filled spark gap
modulator tube for use in pulse modulator applications.
Two or more tubes may be used in series as a pulse
triggered switch to actuate release of energy previously
stored in a pulse shaping network.

Ratings

Min, Max.
Peak Voltage per Gap* - 4.6 kilovolts
Peak Current* 30 300 amperes
Pulse Repetition Rate¥ 200 1600 pulses/sec.
Pulse Duration 025 5.0 microseconds
Mechanical Data
Mounting Position Any
Dimensions See attached outline.

* Maximum Ratings do not apply simultaneously.

NOTE: This tube is obsolete and manufacturing
facilities are no longer available,

from RMA release # 688, Sept. 10, 1948
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TECHNICAL INFORMATION
WFSRTFRN ELECTRIC tB42 VACUUM TUBE
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CLASSIFICATION

The 1B42 vacuum tube is a hydrogen atgon filled apark gap modulator tube with a mersury aponge
cathode. It is hest suited for operstion as a triggered gnp in circuits ainilar to the one shown in Figure 2.
®wo or more 1B42 tubes may be used in series in this type of oirenit.

MOUNTING AMD COOLING

The tube should be bounted in & vertical position with the catlode ¢na down, end should be
firmly supported by the stud at the sathode end. The axis of the tube should not deviate more than X0° frow
the vertical during operetion.

Connaotion to the anode ternminal should bes made with a flexible lesd so that no strein ia placed
upon the terminal.

The tempersture of the wetal adjaoent to the cathode terminal must not exceed 150°C, & condition
whioh requires free circulation of air through the rediator fins. Under conditions of very high dissipation
withio the tubs or high ambient teamperature it may be necessery to use forced air cooling, in which case the

eir should be direoted over the radiator fins, and prevented as nuch as poasible from cooling the glass pore
tion of the tabe.

QRERATION AMD CHABACTERISTICS

The obaracteristics of this tube are such that it vwill staud off volteges es high as 5700 volts snd
after having been broken down by a trigger pulae of the proper ahape and amplitude will canduct currents up to
300 ampereg for ahort iotervals of time at rdpstition rates from 160 pps to 1600 ops,

he trigger pulse aay teke a nunber of different yorms but a convenient and ecsily obteined typs of
pulse is a dmmped osoillation with a relatively hich decrement. The fundauentel frequency of such an ossilla-
tion may vary over s range of 0.1 to 0.5 megecyclas. If the maximun aaplitude of the trigger pulse is 10.0 kv
ox more for & two tubs circuit or 15.0 kv or more for a three tube cirouit there ie possibility of ionjzing
all the gaps sioultansously theredby naking lover stsrting voltages possible. If a unidirectional trigger pulse
is used, the starting voltages required are in generel higher than in the ssse of the oscillatory type of pulse.

“hen the nominal trigger pulse is applied to the tubea ip & cireuit such es the one akown in Figure 2
end the dvc voltege raised contipuonsly from zero, the tube will begin to oparate whea the d-o voltage reaches
a caximus velue of 8.6kVde for & two tube cirouit end a maximum value of 8.5kVdc for a thres tude circuit. These
valuse ere oalled the starting voltsges. Hence it is necesssry thet the d-c power supply have regulation sueh

NOTE: This tube is obsolete and manufacturng
facilities are no longer available.

from RMA release # 626, Dec. 15, 1947



that ths ao-loed voltage applisd to the tubes is st least6.EiVde for a two tuoe circuit ana at lLeast 8.5 kVde
for a three tube circuit. This will assure that in the cese of inleruption of the triggar voltege, supply
voltage or both, the tubea will atart upon return to normal conditious.

The airocuit shown in Figure 2 contaias a resouance oharging feature in that whan the circuit is
operating under proper conditions the pmssk voltage acrosn the switehing tubes is ahout twice the d-c supply
voltage. 1If the rosonant fraquency of the cbargiog choke and the network capacitance in series is 1/2 the
pulsing frequency, switching will teke place at the poek of the first oecillation as shown in Figure 3, the
voltage acroas the gaps dropping to approximately 150 volta as the network energy is disoharged into the load.
The dashed curve shows the excuraion of the voltage meross the gaps if triggering shouli not teke plasce.
¥hen the pulse forming network ie matched to the load impedence only balf the nstwork voltage will appear
aorose the loed in the case of & square pulase. Heoos with the doubling festure s voltage which approaches
the d-¢ uupfly voltags appears at the load. In practioal eircuite the ratio of pesk voltages across the load
to d-o supply voltage nay very from .7 to .95,
fn some applicetions several different repstition rates may be required. If muoh is the casa the
resopagt circuit may be designsd for the lowest required repetition rate. Then es the repetition rate is
ivorscsed above the resonant velue the voltage acrosa the gaps will not build up each oycle aa shown in
Figure 3 but will instead, build up aore nearly linearly. This is due to the faot that the current flowing
in the ocharging inductance at the beginning of each oharging oyole is no longer zarc s in the cesa of
resonance charging but bao an apprecimble valua. The injitisl rete of riae of voltnge eorosa the petworl
ospacitence is thep proportional to this initial valus of oharging current. When the respetition rate is
several times that nsosssary for resonnance, the charging ourrent ie prectically d-c end the rate of rise of
the condenser voltege is practically constaat. For this reason this type of operation is termesd "linear
charging®. Just se in the case of renonsnce oharging the pesk value of the voltage mcross the gaps just ba-
fore triggeriuvg ia approxianately twioce the d=oc supply voltage.

The use of diode charging in vhich a dicde is comneoted in series with the cherging inductence ia
order to holid the voltsge of the notwork at its maxrimum valus for a coansiderable time before the gaps are
triggered is uot recommended. The reasen for this is that the 1B42 spark gap tube is not designed to hold off
atoady voltasges but only to hold off voltages of the wave foram produced by resonant or linear charging oirouits.

¥hen using epark gap tubes in resonense charging circuits the trigger voltafo should be appliad to
the apark gap tubes before the d-c powsr supply is turnad onm. This prevents the doubling of & very high mo-
load voltage of the power aupply which might oocur during the initial pulsas.

If the eiroult is opesrating under normal conditions and the d-c supply voltage ia reised, e point
will be resched at which bYoth gaps will pass over to a continvous arc. The oaximum peak voltage above which
this will oocur is approximato?y 5.7 kv par gap. For ropetition ratea mbove 1200 pps or peak ourrents ebove
200 anperes, the mexinua pesk voltmge per gap sbould not exceed 5.0 kv,

In order to prevent damasge to tubes or circuits if arcing occurs, an overload relay in the d-¢ supply
lead should be provided. This relay should be ast to trip at about 50% grester than normal ourrent and should
interrupt the primary oirouit of the high voltage d-o supply when operated.

If under normal conditions the d-o supply voltage is lowsred it will reech a value at which inter-
mittent aotion will teke plece. The point below which iotermittent aotion takea place is called the ainimum
punk voltage. Ito paxinum valus im 9.0 kr for & two gap oirouit and 10.5 kv for m three gap oirouit.

The range of vyoltage between the miunimuw peak voltage and the maxzinunm peak voltage is called the
operating rangs. Am is evident from tho above, this range is greatar for a three gap circuit than for a twe
gap cireuit. The full oporating renge nay bes obtsined ooly when the voltage is divided squelly emong ths
gape pnd when safficient trigger woltage is supplied to the junction poiots between the apark gap tubes through
fndividual coupling condensers.

In the interval betwesn pulpes when the petwork capacitance is being charged, the trigger couplinog
condsnsers ere also being ocharged through the resistors is the voltage dividing network, The charging currents
to these oondensers must flow through the resistora in the voltage dividing petwork and unless the time con-
stants of the poupling oondensers and dividing resistors are properly selacted, the voltages aeppearing aorosa
the spark gap tubas will be unequel, Thia will result in the reduction of the "pper limit of the operating
rangs for the 1B42 tubes from the maxinum valus.

It the load is not propsrly metohed to the pulse shaping network, s small enount of reverss curresnt
may flow through the tube immediately l[ollowing each main forward current pulse. Or if the loed cecasicmelly
®arcs over”, theo large emounta of roverse current msy flow during those periode. BEither operatiag oondition
will materielly shortea the life of the tubes. The inverse current pulse following the main forward curren
pulee should not exceed five emperea peek nor last for longer than the forward pulse duration,

BATINGI AND CHARAGTRRISTICS

dax, fioa, Rizs.
$Pomk voltage per gap 5.7 kv 5.0 kv -
**Pank voltage aoross two gaps - - 9.0 kv
*sPask voltage noroes three gape - - 10.5 kv
*e3tarting voltage for two. gape 6.5 kVdo - -
**5tarting voltage for threa gaps 8.5 kVdo - -
§ Trigger voltage for two gaps - 10.0 kv 8.0 kv
§Trigger voltege for three gaps - 15.0 kv 13.0 kv
Trigger frequensy 0.5 Mc - 0.1 Mo
*Pank ourrent 300 a - 80 e
*Repetition rate 1500 pos - 180 pps
Pulse duration 6.1 us - 0.25 us
Duty oyole 0.001 - -
Proguut of repetitioun rate 3x10 - -
and peak ocurreat
Coulombs por pulee 0.00128 - -
average current 0.250 A - -
¥1inverse ourrent - - -
Tompe rature 150 °C - -40 *C

*The maximum peak voltege per gop must de reduced $o 5.0 kv for repetition rates above 1200 pps
or pask currents above 200 amperes. FPrafiring may teke pleoce during the first three mioutes of operatica.

*sThe values of pinimum pesk voltags and starting voltage are based on & minimua value for the
trigger voltage of 10.0 kv for a two tube circuit and a micizmum velue of 15.0 kv for a three tude oirouit.

§This is the trigger voltage at the tube sockets with ths apark gap tubes removed but with
squivalent copaoitise subatituted.

“#The inveras ourrent pulse following the main current pulse should not exceed 5 amperes peak nor
last for longer thao the forward puloe durstion.

1842 JSSUE-1 5-B-45 COPY NO PRINTED IN U.5.A,




TYPE DESIGNATION REGISTRATION

Manufacturer: Western Electric Company
Manufacturers Type No.: 1487
JETEC Type No.: 2A21

The 2421 Ballast Lamp is a tube designed to maintain a
relatively constant current over a specified operating voltage.

MAXTMUM RATINGS, ABSOLUTE VALUES

Current 1.035 amperes
Current Limit .955 to 1.035 amperes
Voltage Limit 6.5 to 9,5 volts
Ambient Temperature Range -30 to +85° centigrade
ELECTRICAL DATA
Min. Boge Max.
Mean Regulating Current . 980 995 1,010 amperes
MECHANICAL DATA
Type of Cooling Convection
Mounting Position Vertical, base end down

from RMA release # 688, Sept. 10, 1948
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TYPE DESIGNATION REGISTRATION

Manufacturer: Western Electric Company
Manufacturer's Type No.: 1472 (D-170930)
JETEC Type No.: 2422

The 2A22 Ballast Lamp is a tube designed to
maintain a relatively constant current over a specified
operating voltage.

Maximum Ratings., Absolute Values

Current = 1,70 Amperes
Current Limits¥ 1,50 to 1.70 Amperes
Voltage Limit 3,0 to 8.0 Volts
Ambient Temperature Range¥* -
Electrical Data Min, Bogey Max.

Mean Regulating Current 1,50 1.60 1.70 Amperes

Mechanical Data

Type of Cooling Connection
Mounting Position Vertical, Base End Down

* These current limits are for operation
in free circulating air at 25 C. The
tube may be operated in ambients as high
as + 85 C with some variation from these
limits.

NOTE: This Ballast Lamp is obsolete and manufacturing
facilities are no longer available.

from RMA release # 688, Sept. 10, 1948
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TECHNICAL INFORMATION
WESTERN ELECTRIC 2J51 VACUUM TUBE

ISSUE 2 12-28-45 PRINTED INU.S.A,

from RMA release #699, Oct. 6, 1948
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FIGURE {
XOTR 1

TO PNCREASE FREQUENCY, DRIVE THIS END OF WORM SHAFT I¥
COUNTERCLOCENISE DIRECTION.

COMPLETE FREQUENCY RANGE COVERED IN APPROX. 125 TURNS.
THE TUNING MECHANISM SHALL OPERATE SHOOTHLY OVER THE
ENTIRE MECHANICAL RANGE WHEN SUBJECTED T0 TORQUE OF

1 1/2 INCHE-POUNDS APPLIED AT THE WORM SHAFT.

I EQUIPMENT NO LESS THAN 1 1/2 INCH-POUNDS NOR MORE
THAN 2 1/2 INCH POUNDS SHALL HE APPLIED AT DRIVE SHAFT.
THE GRAR AND NORM THREADS MUST BE FREE FROM CORROSION,
PAINT AND OTHER IMPERFECTIONS.

NOTE 2 WARNING
MAINTAIN MIN. 2 INCHES CLEARANCE BETWEEN THIS MAGNET,
& MAGNETIC MATERIALS (MAGNETS, STEEL TOOLS, PLATES, ETC.)
NOTE 3

POUR .193%.003"DIA. HOLES.

FOUR HOLES AT BASE PLATE.
FROM BLACK FINISH.

7/32" KIN. CLEARANCE MOD
THIS CLEARANCE TO BE FHEE

NOTE 4

FOUR MAGNET SBUNTS

FOR NUMBER OF MAGNET SHUNTS TO BE RETAINED SER TECH-
NICAL INFORMATION.

TO REMOVE SURPLUS, GRIP FIRMLY AT TABS WITE SUITABLE
PLIERS AND PULL AWAY FROM TUBE.

NOTR 5

ANY PORTION OF THE ASSEMBLY RXTENDING BELO¥ THIS SUR-
FACE SHALL BE WITEIN A 1-7/64"RADIUS ON THE TRUE
CENTER OF THE PLATE.

ROTR 6

ALL JOINTS IN THE WAVE GUIDE ASSEMBLY SHALL BE VACIUM
TIGHT S0 THAT THE WAVE GUIDE FLANGE MAY BR USED 70
PROVIDE A HERMETIC SEAL AT SURFACE (F){SEE TBST SPEC.)

NOTE 7
THE i .G20" TOLERANCE OF .281° DIMENSION INCLUDES AN-
GULAR AS WELL AS LATERAL DEVIATIONS OF THE SURFACE.

NOIE 8
THESE DIMENSICNS DEFINE RELATION OF SURPACE (¥)T0 RE-
SPECTIVE HOLES.

ROTE 9

THIS COUNTERSINK SHALL BE CAPABLE OF ACCEPTING A CONE
HAVING A 60" INCLUDED ANGLE AND A BASE DIAMRETER (F .234"
AND SHALL REJECT A SIMILAR CONB HAVING A BASE DIAMETER
0F ,254".

ROTE 10

WITE 1/16°SEAT RESTING ON A PLANE SURPACE, THE FLAT-
NESS OF THE SEAT SHALL BR SUCH THAT A& .010" THICENESS
CAUGE 1/8"WIDE SHALL KOT PASS UNDER.

ALL POINTS ONTHE FACE OF ONE OGIIR)NEN'
SHALL LIE BETWEEN PARALLEL PLAN
WHICH ARE 1/32 AND 3/32 FROM AND
PARALLEL TOTHE FACE DF THE DTHER
COM POMENT.

CHOKE COU PLING

Vs

OUTPUYT FLANGE 1
oM TuBE—_ T

L d
|
SURFACES MAY BE /]
HERMETICALLY SEALED 3 wanx
JL=
Lovan

NOTES
NOTR 11
HEXERAD BANANA PIN JACX 19/32° LONG HOLE .169"%.005DIA.

HOTE 12

THR JACEK HOLRS SHALL BE WITHIN 4 RADIUS OF
THE SPECIFIED LOCATION BUT SHALL BE SPACED .500"

1 .010" WITH RESPECT TO RACH OTHER. THE CRNTRRLINES
OF THE JACK HOLES SHALL BE PERPENDICULAR TG MOUNTING
PLATE WITHIN 3°.

NOTE 13
THIS DIAMETER SHALL BE CONCENTRIC WITH OPBNING IN
WAVE GUIDE WITHIN .010*.

NOTE 14

*C" INDICATES ADJACENT JACK 1S THE COMMON HEATER-
CATHODE CONNECTION.

023 OF

NOTE 15

ALL METAL SORFACRS COVERED BY BLACK FINISH BICEPT
SURFACES (D) AND (¥}, DRIVE AND STOP MECHARISK (K), SUR-
FACE AROUND HOLES AS SPECIFIED IN NOTE 3, PARTS AS-
SOCIATED WITH GLASS INSULATOR (L), AND SHUNTS.

HOTR 16
IT SHALL BE POSSIBLE FOR A SLEEVE .1957L.D. X ,4080.0:
X 1* LONG TO PASS OVER ENDS OF SHAFT TO FACE OF WRK
BRACKET.

NOTE 17
BLACK FINISH KAY BE OMITTED FROM THE EDGES AND BACK
OF WAVE GUIDE.

NOTIE 18
THIS DIAKETER SHALL BE CONCENTRIC WITH THE DIAMETER
OF THE FLANGR WITHIN .005".

NOTE 19

ON GOVERNMENT ORDERS THE INITIAL ISSUE OF THIS DRAW-
ING AND ALL SUBSEQURNT CHANGES ARE SUBJRCT TO AP-
PROVAL BY THE SERVICES.

NOTE 20
THE OPENING IN THE WAVE GUIDE SHALL BE ENCIOSED BY A
DUST COVER WHEN THE TUBE IS NOT IN USE.

NOTE 21

NUMBER APPRARING ON GENBVA INDICATES THE NUMBER OP
REVOLUTIONS OF HELICAL GRAR.

WITH THE GENEVA AND GBAR SET AT 3 AND IERO RESPEC-
TIVELY THE FREQUENCY OF THE TUBE IS 9000 i 25 KEC UN-
DER OSCILLATION 3 ON TEST SPECIFICATION LYP-16802.

NOTE 22
SOLDERED JOINTS IN BASZ PLATE WITHIN THIS DIA.

SHALL BE VACUUM TIGHT SO THAT BASE PLATE MAY BE USBD
TO PROVIDE A HERMETIC SEAL.

THE RECTANGULAR OPENING OF ONE
COMPONENT SHALL BE WITHIN.O30
QF ITS NCMINAL POSITION WITH RE-
SPECT TOTHE RECTAMGULAR OPEN-
ING OF THE OTHER COQMPONENT,

r 030 MAX.
1

—m P—.DSO MAX.

FIG.2



CLASSIFICATION
The 2J51 vacuum tnbe i{s & magnetron oscillator the frequency of which is detormined by internal
resonant oirsuits. The frequency may be varied by ap externsl adjusiment over a range of
8500 to 9600 megecycles. Tho tube is designed for the generation of pesk power up to BO kilowsits
under conditions of pulsed opsretion. It bas an equi-potential cathode with e 6.3 volt, 1.0 ampere heeter,
The output cirouit is designed so that the tube, when loaded by = natohed waveguide, will operate
at & fairly uniform levsl of power and frsquency pulling over the band. The tube is oquipped with permanent
maguate to supply the maximua field roquired for operation, Four magnetic ahunts are provided to adjust the
atrength of the fiald downward, If not required, these shunte should bs removed before the tube is insielled.
Foreed eir cocoling is required for normal operation,

RIMENSIONS, MQUNTING AND CONNEGTJORS

Figure I shows the principel externa)l dimensions acd the arrangsaent of heater, calhode and putput
leads. One ond of the heater is cobneoted to the cathode {nteroally. Since this oathode lead is pulsed at
high voltago ths input connactions must be adequately icolated, The connecticas should be flexibly mounted.

The tube should be mountad only from the ocirsular flanga to which the glass protactive boot is
attached but may ba cpereted in any orientetion., The flange hes a oircular btead to facilitate pressurizing.
No direot oomnesotion is made to the output cirouit of the tube, Figure 2 shows the output ocoupling and gives
limits ocontrolliug the placement of the components.

Care should be exeroised in the handling of the tube. The tube osrvelope is soft copper and mey be
caoily distorted, Distortion may result in loss of vacuus or impairment of eleotrical characteristica, The
warning nots on the magnets ahould be heeded. HNo more than the maximum torgue as speoified ic Note 1 of
Pigure 1 should be applied to the tuning mechanisn,

COOLING

The teapsraturs of the tubs snvelope must not exceed 150°C., Pailure to provide adequate cooling
will adveraoly affeoct ths lifa of the tube. The rate of air circulation required will depend upon total dis-
sipation and the efficicncy of heat {nterchange between the tube atruoture and circulated air. A blower de-
liveriag 50 oubio feat of air per minute directed at the point indiocated in Figure 3 and uniformly distribu-
ted ovar the cooling fins provides adequete cooling under oonditions of marimum walue of avarage power ioput
whon the ambient conditions are 50°C teaperature and 760 mm. Hg. pressura,

$ 3 COQLING FINS

COOLING FINS

1 AIR
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RESPECT TO GOOLING FINB.
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PSR CHARACTERISTICE

In pulead operetion the tubs ie onergized & small fraction of the time (Duty Cyocle} by applied
voltags pulses of not more than u faw mioroseconds duration. Prequency modulation in the tube may result
from;pulses of varying nmplitude; pulmes with supsrimposed ripple; or pulsss for whioch the time of riss or
time of fall, or both, ocoupy too grsat a portion of the pulse duration, On the other hend, aisfiring, or
missing linas in the spsotrum may result from pulses for which the time of rise is too short, a ocondition
oespecially likely to odour when ths pulse durativn is e small fraction of a microsecond. The time of riems
of the resulting current pulss should be not less than 0,1 useo.

Yor cpsretion near the maximpm rated pulsa power, it is essential that the input ecirouit be so de-
signad that the enargy yor pulss delivered to the tubs, if aparking ocours, cannot greatly exceed the normal
enargy per pulse. Pulsers of the discharging network type usually satisfy this requiremant.

QEFRATION
Prior to appllieation of high voltage, the cathode should be heated at Bf = 6.3 t 10 per cent for

not less than one minuty. During high woltege pulsed operation the heater voltage should be varied with
input power approxisately in eccordance with the formuls:



- e+ T
M=63 /1.l

with Bf = 0 for all valuss of Pi grester thav 150. The heater should be protescted againost input pulse
powsr by sn appropriate filter,

A new tube may exhibit jmitial instability. This is moet likely to osour with pulsem of long
duration mpd high peak power, and is progressively lass severe for shorter pulses and lower peak
power. A few minutes of operation is ueually sufficient to obtain stable operation.

The initial valuwe of frequenay and power output differ slightly from those meseured under condi-
tions of thermal aquilibrium. Also, an sdjustment of the tuning mechanism during operationm disturba the
thermal equilibriym so that the frequency does not immediately assume ite steady state value for that set-
ting. The thermal dArift js about 7% per cent completed within one minute, Its eagnitude, in msgaoyoles
per mogacyole of tuning adjustment variea from mbout 0.0L at the low frequency end of the range to sbout
0,06 at the high fraguency snd,

QPRRATING CHABACTERISTICS

Figure 4 ahows the freguensy and powar outgut at counstent Ib of an average tube opsrsting et mid-
band frequensy aes futctions of the load impedanos presented at the cutput flange of the tube. In thiv disgram

standing wave ratic contoura are conceatric ciroles, the center of the circles representing a matohed line,
The oircla for s.w.r. = 1,5 is shown, The contours of constant power output and constant [requency remain
vory similar as the tubs is tunsd meohenicelly over the renge. They rotate, however, with respect to the im-
podance diagram, making about one full clockwise rotation between maximum and sinjzum freguasecw sdjustments.

Figure 5 ahows average power output, pulss voltage end pulling factor as functions of fraquensy
under conditions of maximum pagnetic field and 14 williapperes avarage current. Efficiency is reduced pro-
gressively es the ammgnetic field is raduced by means of the shunta, The dynemic impedanos of a typioal
tube is approximetely 150 ohma, and is slightly dependent upon the operating point, accordingly, the
threshold voltage is about 2 kv less than the pulse voltage ocorreaponding to & pulse eurreat of 14 asperes,

The performance date given below ers based upon typical sets of conditions at midband [requeney.
Yariations can be expeoted with diffarent tubes and in different systems.

mmmmm

I%0 SHUNTS
Pulse Current {(Amperas} 14.0 12.0
Average Current (Uilliemperes) 14.0 12.0
Pulse Voltage (Kilovolts 14.3 12,0
Poak Power Input (Kilowatts) 200 144
Peak Powar Qutput (Xilowattns) 60 40

BATINGS
Those ratings apply to each quentity independently. They do not form a set of values at whiok

the tubs oan oparata,

HAX. 2N, Jii:h 4

Hestar Voltage {(Ef) ?.0 Yolt
Pulse Current (I%) 16.0 6.0 Ampere
Peak Power Input (pi) 260 Kilowatt
Average Power Input (Pi) 230 Tatt
Duty Cyole 0012
Pulsa Duration 6.0 Nisrosecond
Total Time of Omocillaticn in

Any 100 us Interval 6.0 Niercseocond
Anode Tooperatusrs 150 h(*}
# ZUNING RANGE 9600 8500 Me/ soc

%¥Voltage varies spproximstely 11% over the frequency band. Ajusiment must be made when the tube
ia tuned oo that current remsins within ratings.
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TECHNICAL INFORMATION
WESTERN ELECTRIC 2K25{ P LECTRON TUBE

Hote:

2K25"

The informotion contained herein is teptative.

It is recommended thet proposed oparating condi- o SC' lL A T 0 R

tions for aspeeific applications be discussed with Lepartment U H F
2920 of the Bell Telephons Laboratories.
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CLESSIRICATION

The 2K25400%ekE elsotron tude is an ultra high frequency oscillator in which the resonant circuit
and means of tuning are integral witn the tobe. It hes been developed for operation within a frequency
range of 8500 to 9660 masgaoyoles per second.

LHSTALLATION

This tube omploys a modified intermediate actal wafer type bdase with the No. 4 pin removed and the
hole drilled to allow the coaxial output lins to pmas through. The output line hos been designed for direct
soupling with a suitsble wave guide. The central sonduotor of the coaxial line projeets bsyond the outer
conductor to serve as an antenne whon the coaxial is projected through ths wall of the guida. For best
opernting conditions, the full length of the sntenns ehould be inside of the wave gujde wall. The polystyrene
insulator should be xzept oleen to avoid power loes in & conducting surfecs film. The tube mey be mounted
eithar in e horizontal or vertiocel position. For proper ¢peretion the tube sockst mount should be rigidly
festened to the wave guide. The Ho. 4 hole in the sockst, which is drilled to mdmit the ooaxial ontpat line,
should be in alignment with tha entrance hole in the wave guide wall. Tubes should be fastensd rigidly to
the socket mountiog by clamping et the bees amd adjmcent platform only. The tubz aust not be olamped abovae
the shoulder of the platfors whioh is locoted .365" % .035" ebove the bottom surface of the bese,



CATHODE CURRENT IN MILLIAMPERES

The inger end outer conductors of the coaxisl output line are at the same potentisl ma the resone-
tor. The resonmator my be opsrated at a potential other then that of the wave guide if a suitable by-pasa
condenser or choke coupling is provided hotween tha comxial and the wave guide.

The redio fraquency Jropertiae of the tube are specified when the tube is mounted in the brosdband
coupling anit shown in Figure 1 end this unit is coupled to a loed which presents a standing wave not exceed-
ipg .B db at the acupler. Unless otherwise stated all oharacteristics discussed rafer to operation in this
coupler and for comperable results an equivalent unit should be employed. The ccupler incorporates e choke
to provide @ radio frequency connection botween the wave guile and tube coaxial while permitting d-o isolation.

Since the frequency is e function of the repeller eand rescnstor volteges it is very importent in
pany applicetions to shield ard by-pass the leeds carrying these voltages as close to the tube as possible
in order to avoid modulation of the tube output by extraneous volteges.

HRATZR RATING
Heater voltage 5.8 volts min,
6.8 volts nax.
Nominal heater current 0.44 ampere

The heater element of this tube is designsd to operate on & voltage basis apd it ahoeld be operated
et as gear to 6.3 volts as practicable.

QPERATING CONDITIONS ANU CEARACTERISTLCS

hbsolute
Horpal Meximun
Hemter voltege {EC) 6.3 6.5 volts
Potential difference
betveen heater and
cathoda 0 1 45 volts
Resonator voltage (Ers) 300 330 volta
Cathode ourrent (Ik} 22 35 milliamperes
Repeller volisge (ER)
range -2 ta ~300 -350 wolts
inbient temperature - 110°C*

* This is the tempersture surrounding the bulb proper. The temper-
ature of the coaxial line below the base must not exceed 90°C.

Unless otherwise specified nll dats given heraafter are for normal operating conditions in the
coupling shown on the outline drawing.

The life of the tube will depend on the operating conditions, Opereation sbove the normal condi-
ticos will decresse the useful life.

In equipment dasign it is sometines necessary to know the expected manufscturing distribution of
cethode curremt. This is shown in Figure 2.
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MECHANICAL TORING &) JUSTRENT

The mochanical tuning mechanjsm and flexible disphragm have been designed to afford en oscasionnl
adjusteent of frequency. It is not intended for use where continual or frequent adjustaent is required.

%hen putting & tube into servioo, the tgbe should be mechanically tuzed to the fraquency deaired.
The bows should then be flexad a number of times to relax the strains in the syntem. By deoreaeing the
flexing successively from ¢ maximum of ame full torn to zeroc in 8 or 10 flexen, the desired frsquenoy will
be found to de essentially oteble.
REPELLER VOLTAGR CHARACTRRISTICS

The same frequemy of oscillation amy be obtained at several repeller voltages whano all other con-
ditions are kept fixed inoluding the tuning of the resonator. Each of these correspond to a different number
of oyolea of drift in the repaller space. These characteristics are illustreted in Pigere 3 whioh shows
approximatoly the relative cutput as e funstion of the repsller voltsge for varjous mean resonator frequen-
cies obtnined by mechanicel tuning. Fig. J oalso gives approxisate informsticn conserning the renge of repel-
lor voltage over which osofllation ocours in the verious modes and the voltage separstion between the nodea.
It is recommended that for mont applications as e looal oscillator, the mode desigansted 4 should be used,
since the coupling unit was designed specifically for this mode and the test specifications were so written
to emsure the groperties of this mode. The two deshad lines in Pigure 3 show the probable range of repoller
voltages required to produce mazimum power cutput in mode A that may be expectesd due to produotion variationa.
The middle curve shows the varietion of repesller voltages with frequency for e typical tube.
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£03ER OUTPUT

The power output charecteristics for e tube oscillsting in mode A and opersting intc & loed pre-
santing a unity atanding wave ratioc are shown in Pigure 4 as a funotion of frequency. The desbed curves on
cither side of the power frequency curve indicate ths probeble variation to bs axpscted. The test speoifice-
tion roquires that a tude oscillating in mode A shall give not laas than 20 milliwatts throughout the fre-
quency range. The specification alsc requires that at 9370 Mo the power for operation in mode B of Pigure 3
shall not be loes than 15 milliwntts and for mode € not less than 3 milliwatte. The specifioations for modes
B end C are made for spoclal applications and the use of thess modes for normel mervice is not racommended.

ELECTRONIC TUNING

The frequenoy of ocecillators of this type mey be veried over & limited range by varistions of the re-
paller voltage.

The emount of eleotronic tuning as well as the rate of change of freguency with repeller vroltege
is a function of the resonator voltege and the losding. Date presented here are applicable when the tube is
coupled to a matched load ia the recommended coupling and the resonator voltage is norasl (300 V).

Figure 5 shows the renge of elsotronioc tuning as e funstion of maximum powsr frequemcy. Both the
tuning bstwesn half power ond 2.5% power pointes are shown. The deshed lines ahove end below sach of tha
ourves indicates the probable variation to be expeoted.



The effect on tuning ranges and power output caused by using other values of resonator voltuges is
shown in Figure G.

80 24
— ———— . —— —— — ——— —
50 20 B P Syt
-
—”,
-
b4 -
:‘2 ,-",
-
2 a0 o 16
= =
<
)
s B
4 W
= o
$30 5 12 | B
b4 2 -~ |
- ('S ’/
x -
w kz) —'—"‘-":._,_-
; - ‘\‘
o205 8 - T —
ﬂ. _l \— -
- o
e | \m.____..—"'"
o .l PULLING FIGURE
——
10 4 e ———
0 0
8400 8600 8800 9000 9200 9400 9600 9800
FREQUENCY IN Mc/sec.
FIG.4

It is not posaible because of space limitetions to illusirete the behavior of the oscilletors ae
the impedance ia veried for frequenciass throughout the band. However, a typicel impedende diagram taken at
9375 Mo on e tube of averege charactsristics is ahown in Figuwre 7. Vith a matched load presented to ths
csoupler, the repeller voltege was adjusted for maximum power. All voltages were held fizxed while various
inpedances were presented to the tube. The solid lines are loci of constant powsr mud the dotted are loei
of constent frequeney differemes from the frequency for a mateched loed. The impedance plane of reference
is a plane in tha wave guide perpendiculasr $o the axis end including the tanbe antenna.

It will be observed that the oscillstor is not coupled to give naxioum power oatput. This is a
design feature of the tube and ocoupling and provides a margim of safety againat over cvupling and the possi-
ble resulting losa of osoillation. It my be observed by exemining Figare 7 that wide variations in the
power output of the tubes can be csused by ohanges in the load jmpedance and that sufficient over-loading
oan cause the tube to etop osojllating. If the load is frequency sensitive, over-loading may ococur over e
portion of the normal slectronic tuning range amd es a result there will be no output ic thet region.

It iz specified that the tubs shall operate at 9370 Me without a discontinuity in the center of
the mode for a loed having e standing wave ratio with an amplitude of 8 db or lese and any phase position
measured in the wave gnide at the ooupling. The minimum anplitude of standing weve retic that will oesuse
such e discontinuity is called the "sink mergin®. Figure 8 shows the variation of ths sink margin over the
fromenoy band. A reduction in resomator voltage will usually decreese the sink aargin. For szsople a re-
duction from 300 ¥V to 250 V applied to the resonator will reduce the sink margin an average of ll®.

Another importent output impedamne characteristio is the change in operating frequency with change
in loeding. This is customarily expressed in terms of the pulling figure which is defined as ths maxiaum
difference in frequencies produced when & mismatoh measured at ths soupler to have an absolute reflestion
coefficient of 0.2 is varjed through 360*. 411 opereting voltages are held fixed during this test. The
expected range of pulling figuree is presented &3 a funotion of frequensy in Figure 4.
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IEKFERATURE CORFFICIERT
The saterials wsed ia machanicel tuning mechanism have basn sspscially selected so that thair

tharmal exvansion and heat condustion cosffisients will balancs with those of the other parts of the taubs to
produce o desirable ambient temperaturs cosfficient. This coeffioient lien batween O and -0.20 Me/s/°C.

The tube should be oporated either in atill sir or in unifora drafts since varying drafta playlog
on the tube will produce fluctustions in the oscillating frequencies.

Tho tube will omeillats at a freqgency with 5 Mo/sec of the aquilibriom value approximately 6 mimites
after power ia applied, provided the tubs is in atill air heving en ambdient tsmperature that is nearly constant.

ATERCYT OF ATMOSPHERIC FPREGSURE QN PAKCURICY

The frequency of oscillation of ths tube ia affeoted by stmospheric pressure. The variation of the
froquenoy with altitude for cocostent eambient tempersture is -shown in Figure 9, thermsl affeots will super-
imposs upon thioc varistion.
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PULSED OPERATION

This tobe nay bte pulse operated for use in test equipment. Sucoessful operation hag besn schiaved
by setting the ropeller voltago at a value such that susteined oscillation does not occur. 4 squars wave
pulse 1s then applied which drives the repeller sufficiently positive or negative to reach the osolillating
oonditions. To obtain a squere wave cutput the drive should not axcesd the value to reach the optimum power
ootput condition. The resonator voltage is held fixed.

Sucoessful operation hes also been obtained by setting the resonator cathode voltege at & valus
soch that aastainod oscillation does not ooocur. A squere wave puloe is then applisd to drive the cathode
soffioiently vagative to provide the opersting condition. The repeller oathode voltage is set to provide
the optimum condition with the square wars applied. JFor this letter method a greater pesk resonctor voltage
is allowable than for ateady operation but the powar input to the tude should not exceed that for the maxi-
mum rating., If the tube is switohad from C¥ operation to pulse operstion at the same peak input, & frequenoy
shift will result froa thormal effeate. Ths amount of this shift will depend upon the duty cyocls, end for
the extrene oane of ths very short duty oyole may bs in the order of 10 Nc. For this reason the firet
mothad of operaticn s sometimas preferred.

Tha interelsotrode capacitames whioh oay be of importancs in pulse operetion are as follows:

Repeller to resonator 3.0 amf
Cathode to resonator (heater tied to cathoda) 8.0 ant
Haoter to oathode 3.0 maf

2K 25 /BeOwnke I1SSUE L 1-14-46 PRINTED IN U.S.A,
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TECHNICAL INFORMATION
WESTERN ELECTRIC 2K29 VACUUM TUBE

Note:

The infarmation uontained herein is temtmtive.

It is reconmended that proposed operating condi-
tione for specifio applications be discussed with Deparimeat
1400 of the Bell Telephore Laboratoriea.
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SRASSIFICATION

The 2E29 veouum tube is en ultra high frequency ossillator of the reflex type. The resonant sir-
ouit is oconteined within the tube. LUeans for mechanically tuming the rescnant oirouit are provided by the
bow arrangeasnt integral with each tube. Wlotion of the tuniang bow produces motion of & diephragm which
forns one of the cavity walle. The tube has been developed for operation within & frequensy range of 0.931
D to 1.065 U wkere U is the midpoint of the Sw Frequency band.

HOURLING

This tube employs & modified intermediate ootal wafer type base with the sumber four pin removed
and the hole enlarged to allow the coaxial output line to pass through. The output line has been designed
for direst mechanioal connection to a suitable cosxial occupling. The polystyrene jnsulator should be kept
elean to avoid powsr lose im & cooducting surfsce film. The tube may be mounted in either a horizontel or
vertical position. The numbsr four pin of the socket must be enlarged to pass the scexial output line. The
coaxiel coupling ehould not depend upon the tubs comxial output lipe for mechanical support. Care should be
teken to ineure thet the coaxial ooupling is in alignaent with the tube cocaxial outpet lime. The tube ehould
ba fasteued rigidly to the sooket mounting by elamping et the bese and adjecent platfora only, The tube
must not be clanped above the shoulder of the platform which ia loceted .365" t 035" above the bottonm sur-
face of the base.

Absolute

Bormel = laximua.

Heater voltags 6.3 6.3 187 volts
Heater ocurrent 0.44 anpares
Potential difference

between heater and

cathode 1] 145 wolts
Resonator voltage 300 330 voltm
Cethode current 22 35 milliamperes
Repaller voltage range ~20 to -300 =350 volte
Antient tempersture 110°C *

* This is the temperature surrounding the bulb proper. The
tenperature of the soaxin)l line below the base must not
exceed 75°C,
The life of the 2K29 type tube will depend upon the opersting conditions, Operation above the
normal conditions will decreess the useful life.
The heater should be operated at as near as possible to the normal value of 6.3 volts.
The loner and outer eonductors of the cosxial output line are at the same potential es the reso-
netor. The resonator may be operated at e potentisl other than that of the coaxiel line if euitable by-pass
condensers are provided in the coupler.

MECHANICAL TUNING ADJUSTIENT
The mechanical tuning mechaniem and flexible diephraga has been designed to afford an ocecocasiozal
adjustment of frequency. It is not intended for use where continual or frequent adjustment is required.
Yhen putting a tube fato service, nd justment to the correct froquency is mede dy manipulation of
thg bow and repeller voltage. The bow should then be flexad & nuaber of times to relax the strains in the
systen. By decrearing the flBxing succeseively fron e naxioun of ome full turan to zerc in 8 or 10 flexes,
the desired frequency will be found to be essentielly stable.

BERSLLER VOLTAGE RANGE

Dscillating conditions nay ba obtained in a given tube at a number of different repellar voltages.
Only one mode is recommeanded, This mode will be found in the repellar voltage rangee shown betwean the
broken lines of Pig. 2. 4 typical ourve is given as a solid lipe.

POWER QUTPUT

Curves for power output me a funotion of frequency are given in Fig. 3. The upper curve gives the
power output messured into ean adjusteble load. This curve is approxinetely average for pre-production tubes
aade to date. The curve immediately below thie curve gives the power output into e fixed loed. Here the
tube coupled through a counector, details of which are shown in Pig. 1, is worked inio & 50 oha resistive
load, The load consists of a section of 50 ohm lossy line operating into a load adjuoted to 50 ohas at the
frequency of meesurement. The coupler is desigued to couple to a (Neill) fitting D-163446 (Cu-49288),

Tha oritical dimensiona in the couplexr of Pig. 1 ere given therein, This ocoupler mainteice an
impedence of ansentially 50 obms throughout its .eugth. The coupler may be mede with or without by-pase
oondensers. These condenasrs are pot illustratea in the unit shown. If desired, they should be desigoed
%o maintain the 50 oba impedanca,



The lowest curve shown in Fig. 3 {a the prabable ninimum power which will bs found in any tube
using the coupler of Fig. 1.

BLECTROMIC TURLIG

The frequancy of oscillators of the 2K29 type may be varied over a restricted range by small
varistions in the repeller woltage. In order to make use of this characteristiec, apecial design features
bava beca incorporated to ninimize a type of discontiauity in the electronic tuning characteristio which
bas boon lebeled electronic tuniog hystoresis. In eystem uses whers the electronic tuning feature, defined
bolow, is used for frequency coantrol a mazinus of electronic tuning is desired. The 2K29 has bean de-
signed to provide an essantially unifors slectronic tuning oharacteristic over the opereting freguency
rengs.

Eleotronic tuning characteriatics for the 2K29 tube are given in Fig, 4. The results sre obteined
while working the tubo izto e tunable loed adjustad for zaximum powsr output. The electronmic tuning range
is here expressed in terms of the muaber of mogacyclaes betwnen two repsller woltagea at which the powsr iy
1/2 the naximum valus for the given nominal wavolongth. The rosults of messuring the alestronioc tuniag
range using the fixed lond dafined by the coupler of Fig. 1 and & 50 oha line are coincident within 5% of
tho waluss given for the tunable lond msasureasnts.

Thore are two to three repeller-cathode voliages for which these tubes will cacillate when the
resonator voltage is 300 volte. In order to minimize hystoresis from the slectronio tuning charecterietio
it Le necessary to restrict the operation to the mode for whiob deta were given in Fige. 1 and 2. The
amount of eloctroniec tuniog and its wariation with the rapsller-cathods wsltage depend upon the type of
load and strength of coupling to the load, It ias importent in operatioa of the tube in applications where
the maxisum electronic tuning range is required that the load should be sssentially resistive. A highly
reactive load will markedly decroase the avallable electronie tuning range. It is undesireble to adjust
the r.f. output of the oacillator by changing ths resonator voltage elnco the slsctrocic tuning renge de-
oreases more repidly than the powar output as the rescnator voltage is dooremsed and the oleotrical tuning
perforaance is likely to suffer.

IREIRATIRE CORPFICIENT

The materiale used in the meohanical tuniug aschanism have bsen especially selscted so that their
thermal expabsion and hoat conduction coefficients will coopsrate with those of the other parte of the tube
to produce a deairable temperature coefficient. The cooffioisnt for the 2E29 tube lios botween +0.05 and
=0,10 megacyolen per degree oentigrade,

The tubo should be operated in eithsar still sir or in & unifors draft siace varying drafts play-
ing on the tube will produce fluctuetions in tho oscillating frequesoy.

ENISER QPRRATION
This tube may be pulse cperated for uss in test equipment. Suscassful oporation has besn ackhieved

by setting the resomator voltege at a value such that sustaioed osoillation does oot cocur. A square weve
pulss is thon applied which drives $hs cathode nogative suffioiently to provide the oscillating conditica,
The ropaller-catheds voltage is set to provide the optismum oondition with the sgquere wave applied. In
pulsed oparation e greatar rescnator potentiel is allowable than in staady operation, but the powsr input
to the tube should not exoeed that for the meximum rating.

2K28 ISSUEL [-18-44 PRINTED N US.A.



sponsored by Bell Telephone Laboratories

RELEASE NO. 405
APRIL 30,1945

TYPE 342A
WATER COOLED TRIODE

Filament—Tungsten
Filament voltage. ... ....ovreieter e 20.0 volts, a.c.
Nominal filament current. . .. ... ..ot iieriiiiiariieennens 67.0 amperes
Average thermionic emission. ............ ...t 10.0 amperes

Average Direct Interelectrode Capacitances

Platetogrid. . . ... .oii i e 27 upf.
Grid to filament. ........... PN 19 ppf.
Platetofilament.. ... ... ... ... .. .. i 2.5 puf.

Average Characteristics at plate voltage of 15,000 and plate current of 1.30 amperes.

Amplification factor. . ... ... il 40
Plate resistance. . . .....ovmuiniiiiiii i 5860 ohms
Grid to plate transconductance. . ....... ..., 6820 micromhos
Operation
Maximum Ratings
Max. direct plate voltage. . . ......... .. ool e 20,000 volts
Max. direct plate current. . ... ... .o i 2.5 amperes
Max. plate dissipation. . .......... ... 25,000 watts
Max. grid dissipation. ..... .ot 400 watts
Max. r-fgrideurrent. .. ... i i 40 amperes
Max. frequency for the above ratings. . ........................ 4 megacycles
Max. plate voltage for upper frequency limit of 16 Mc........... 10,000 volts
Class B Audio Amplifier or Modulator for Balanced 2 Tube Circuit
Direct.plate voltage. .......... i 15,000 12,500 volts
Grid bias.......... e e —200 —160 volts
Direct plate current per tube
No drive': ................................... 0.40 0.35 ampere
Max.drive....... ... 1.6 1.6 amperes
Plate dissipation, per tube. ...................... 9,000 7,200 watts
Load resistance, plate-to-plate............ e 9,600 7,680 ohms
Load resistance, pertube. ........................ 2,400 1,920 ohms
Approximate maximum output—2 tubes........... 30,000 24,000 watts
Recommended power for driving stage. . ........... 1,000 1,000 watts
Class B Radio-Frequency Amplifier
Direct plate voltage. . .. ......................... 18,000 12,500 volts
Direct plate current for carrier conditions. . ... ... .. 14 1.4 amperes
Grid bias. . R R AR E e —450 —3800 volts
Approx. carrier watts for use with 1009, modulation 8,500 5,800 watts

Class C Radio-Frequency Oscillator or Power Amplifier—Unmodulated

Direct plate voltage. . ....................... ... 18,000 15,000 volts
Direct plate current. . ........................... 2.5 2.5 amperes
Gnd'bias ............................... —675to =900  —550 to —750 volts
Nominal power output. ... ...................... 30,000 25,000 watts

Class C Radio-Frequency Amplifier—Plate Modulated

Direct plate voltage. . ................ .. ... ..., 12,500 10,000 volts

Direct plate current. ... .......... ... ... . ... ... 1.2 1.5 amperes
Grid bl:ds. O EE LT T TR T TP PP R e ~600 —500 volts

Max. direct grid current.............. .. ..... ... .. 250 250 milliamperes

Nominal carrier power output................... .. 10,000 10,000 watts
£l
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Release No. 634

sponsor: Bell Telephone Laboratories _
January 30, 1948

RADIO MANUFACTURERS ASSOCIATION
ENGINEERING DEPARTMENT
TYPE $649

REFLEX KLYSTRON

RMA DATA BUREAU
90 West Staeer
New Yozk 6, N. Y.

~ GENERAL CHARACTERISTICS

Reflex Oscillater
Internal Cavity

SLECTRICAL CHARACTERISTICS

Heater Voltagze 6.3 volts
Heater Current 450 mitliamperes
Maximum Freguency 1460 MC
Minimum Freguency 1310 MC

MAXIMUM RATINGS (Absolute Values) C. W, OPERATION
Resonator Voltage 250 volts
Resonator Current 50 milliamperes
Reflector Voltage ~-350 volts
Heater-Cathode Voltage (Peak) (+45 volts

(=45 volts

Shell Temperature 130 centigrade

MECHANICAL® INFORMATION

Type of Cathode Coated Unipotential

Base and Physical Specifications - See Qutline Drawing BL-276069
Base Connection " " " BL=276069
Mount ing Dzata May be mounted in any position

TYPICAL OPERATION (CeW.)

Frequency 1380 MC

Resonator Voltage 225 volts
Resonetor Current L0 milliamperes
Reflector Voltage -135 volts
Reflector Current Less than 7 microamperes
Mode Number 150 volts

BElectrenic Tuning;

Frequency Variation(ER range-115 to -155)

Modulation Sensitivity
Average Power Qutput

5.5 MC
0,16 MC/volt
170 milliwatts
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RADIO MANUFACTURERS ASSOCIATION
ENGINEERING DEPARTMENT

GENERAL CHARACTERISTICS

Reflex Oscillator
Internal Cavity

ELECTRICAL CHARACTKRISTICS

Heater Voltage
Heater Current
Maximum Frequency
Minimum Frequency

MAXTIMUM RATINGS

Resonator Voltage
Resonator Current
rReflector Voltage
Heater-Cathode Voltage (peak)

Shell Temperature

MECHANICAL INFORBMATIQN

Type of Cathode

Base and Physical Dimensions
Base Connections

Mounting Data

TYPICAL OPERATION (CoW.)

Freauency
Resonator Voltoge
Resonator Current
Reflector Voltage
Reflector Current
Mode Number

Electronic Tuning;

RMA DATA BUREAU

TYPE 565K0 Nfi ?r,:?x SGTR;;.TY.
REFLEX KLYSTRON

6.3 volts

450 milliamperes
1390 MC

1245 MC

C. We OPERATION

250 volts
50 milliamperes
=350 volts
(+45 volts
(-45 volts
130 centigrade

Coated Unipotential
- See outline Drawing BL=-277337
" n " BL-277337

May be mounted in any position

1320 MC
225 volts
4O milliamperes
-120 volts
Less than 7 microzamperes
150 volts

Frequency Variation(ER range-100 to ~140) 5,5 MC

Modulation Sensitivity
Average Power OQutput

0.14 MC/volt
165 milliwatts




REGISTRATION DATA
WESTERN ELECTRIC 5780 MAGNETRON

DESCRIPTION

The 5780 is an integral magnet type tunable magnetron intended for

service as a pulsed oscillator capable of operating over a frequency
range of 8500 to 9600 megacycles per second.
approximately 250 kilowatts and the tube is forced air-cooled.

GENERAL ELECTRICAL DATA

Pre-heat Heater Voltage 20 volts
Pre-heat Heater Current (at 20 volts) N b + 0.4 amperes
Minimum Pre-heat Time .. <« +« « . . . 180 secs
Heater Cold Resistance e e e 0.5 ohms
Anocde-Cathode Capacitance . . e e e 1+ 1.5 ppf
MAXIMUM RATINGS, Absolute Values
Heater Voltage 29 volts
Heater Current . . « . . . . . . . . . . o . .. 4.5 amperes
Heater Surge Current . . . . . . . . . . . . . . 16.0 amperes
Peak Anode Voltage . . . . . . . . . . . 40 kv
Peak Anode Current . . . . . . . . . . . 36 amperes
Average Power Input . . . . . . . . . . . . 600 watte
Duty Cycle e e e e e e e e e e e e e ,001.
Pulse Duration . e e e 0.30 usec.
Rate of Rise of Anode Voltage « v e 300 kv/usec.
Anode Temperature . . . . . . 100°¢

GENERAL MECHANICAL DATA

Mounting Position . . . . . . . . . . . .. May be mounted in any
position - see 4 hole
mounting plate in Fig.

Net Weight . . . . . . . . 16 pounds

Cooling Data

To limit rise in body
temperature to S0°C for
a dissipation of 450 watts ... 20 cfm

Coupling Between Tube and Load . Waveguide Choke

Tnput Connection o e e e e e e e e see Footnote A

Cutput Connection . . . . . . . « « « « See Footnote B

The output sectiun is coupled tu RG- 51/U waveguide by means of a
standard waveguide [lange.

from JEDEC release #870A, Sept. 21, 1959

The peak power output is



5780 — PAGE 2

Note A: The coaxigl cathode input connector shall utilize a heater shunt .
capacitor in close proximity to the cathode input terminal so as
to minimize voltage surges which could damage the heater. See

Figure 1.
Note B: A connection has been provided to the "arc quencher” wire, by
means of a standard grid cap. When wired into the appropriate .

voltage supply and relay circuitry an arc across the output
window, caused by RF voltage breakdowa in the waveguide load,
can be extinguished by automatically turning off the applied
pulse voltage momentarily. The effect of the quencher is to
protect the output window from "suck in" when such an arc is
permitted to run.

TYPICAL OPERATING CONDITIONS

Frequency . . . e e e e e e e e e e 8500 to 9600 M
Peak Anocde Voltage > 7 ;
At 8500 Mc . .« & . v v e e e e e e e e e + 1 KV
At 9600 Mc . . e e e e e e e gg + 1 KV
Pulling Factor (VSWR 1. )/l) e e e e 16 Mc

TYPICAL OPERATION

Ef If Ib epy Pi tp rrv
# Vv A mA kv W Du nsec.  kv/us
1. 13.0 3.1 9.5 36_ 340  .00033 Q.24 200
2. 1.5 3.4 4.9 36 175 .00020 0.20 210
3. 11.0 2.3 1k.s 33 520  .00072 0.18 160

The data on lines #1, #2 and #3, shown uaxder "Typical Operation" caption,
each constitute a satisfactory set of simultaneous operating conditions. Fig.
2 shows typicel satisfactory pulse shapes for these,observed when using a Line
Type Modulator.
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OPERATING DATA

These data are embodied in the following set of figures. A family
of curves are shown which represent the spread in range of the tube as
manufactured. Data involving VSWR have been carried beyond the 1.5
test value for information purposes only.

Figure 3 This is a plot of required filament current and
anode c¢ooling air versus applied average anode
power input.

These deta were taken under single apd simple multiple
mulee conditions and it is anticipated that some deviation
may occur when complex multiple group pulse conditions are
employed.

Figure 4 This is a plot of tuning dial reading versus
frequency. It is assumed that thermal equilibrium
has been obtained at each of the calibrated points.

Figure 5 This is a plot of both applied peak anode voltage
and overall operating efficiency versus peak ancde
current. The recommended operating range of vol-
tage, current, and efficiency are imdlicated as a
guide within which satisfactory operation is ex-
pected. These data were taken at 9100 mc. For
lower frequencies the spread will decrease, for high
frequencies the spread will increase.

Pigure 6 This is a plot of percent of power output change
from matched load conditions one can obtain by
varying the phase of a 1.5 and a 2 VSWR from sink
to anti-sink.

The nominal match curve is obtained relative to the fre-
quency tuning band by equating the output at each frequency
point against the power output at 8500 mc. Therefore the change
due to load mismatch and phase is that difference between the
nominal line and the appropriate sink or anti-sink line at any
associated frequency point.

Figure 7 This is a plot of frequency pulling relative to VSWR
and represents the greatest variations wherever en-
countered in the full frequency tuning band.

Figure 8 This is a plot of "phase of sink" vs frequency.

Figure 9 This is a plot of long line relationships vs line
length for the specific case of 16 mc pulling which
is the 5780 maximum specification limit.
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MiN. TO MAX FQUR FASTEMERS
¥ cooLiNe FINS T SEE NOTE 18 Roteo:
N 1, A oleeve .195 I.D. X 4C6 0.D. X 1 inch long cball pass ower ends of
SEE NOTE 19 TUNING DRIVE SHAFT Arive shaft as far as face of warn bracket.
.0 SEE NQTE 5
=4 * 0020 o) , . The tusher he genova appearing throgt the hole in the geneva
o B 64 T~ 18130010 <FF NOT e e LOCATION OF {ODE MARKING B Tioater camlete revolution of the gear frem sero (o Bix. The memer
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D -045 pmaY b X @ \ ‘)) » covee. The tabe lo oo udjusted thal with the gemeve scl at "0" the
. 040 MIN . upper frequency llait occire betwnen 0.5 and 2.5 0u Lbe gear selllng.

To cbtain the carrect valua it 1b nAcensaTy 10 Op=rate the tube fur at
lenat 20 atmntea undor oacillator ot full ioput per PCG-95).
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3. Toe Pregency iocronsco when drive ahaft 1o driven in diroctlan indicated
by arrov shown 1o top Yiew,

b, Clomplate frequency rmnge 1o covered in not more than 180 nor lesa than 150
turns of drive oshaft.

. Tbe tuning =echanlso shell operate cexolhly over the cntire mechanical
range vben subjected 10 tarque of & loch ®occn ms. applied at be drive
araft. In equipeent, oo Yeds ihan 6 Lloch ounres oor core than 3 tpch-

)
%
|
NG A A SHEES
DETAIL OF TUNING DRIVE / » . \ pocnds anall de applicd at drive ohatz.

. bede terninal shall be within s radtus af 3/€h of
SHAF T (ste note 19) e Sueihiumaiie o thin & radtus of 3/
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oe, |
33 MAX
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4

Bole 7 Appliea.

7. The lisils op locelion of vavcguide cutpul and cotbods terninal includa

X
SYE NOTE 16 REFEREWCE A ANLID wgnlar 4s vell as loteral deviatioas.

-t 4 E- 8. prescure P51 ed v be leak
SF MAX. | . L. REFERENCE PLANET 3‘2_*.: mmmwf; :;y:luﬁu};:; ::P;:c:nd 0.1 cﬁif
SEE MOTE 21 L2505 ‘

loches per mioutle.
> |
T0 AXIS OF . . extending bel ference plane | utmll be
WAVECUIDE [~ ——4c OF DAL SHAFT COINGIDES WATH e i e wam i of 1 mpacifred axie of tha tnpuits
SEE NOTE 7 QEFERENGE PLANEIT WITHIN 045

[Ty

2= - = - ) .m0 MAY 10. Thcoe dlmmslons defioc bbe extrecmities of tbe cylindricat section given

] 32 . 1 bty she "A” dizession.
N 4 1- 11, These direnonionn deftne the ertremitioy of the cylindrica) section given

1 by tbe “B” diocholan.

1 g 12. Po ela=ping weans to bear beyond thla dimenoic.
1 | H\ —{ -
! REFERENGE 1. The beater terminal aball ba concentric vAth the catboda terminal vithln
.

s
SEE NOTE Ie

PLANE I | e
zMA!..

. varnicg

N4 -82 rC-28 %
V4 MIN SCR PENETRATION
1 Vo

~N .
— I,A/ SEE NOTE 14 CoouING FINS . 1 \
AR ‘ ’

3 FLANGE

pend

Fatatain ninfcm cleasence af 2 inchos brtveen thic eagnet and mgnetic
' enterinls. (Mognots, Steel toolo, plavas, ete.).

o
b

The opening of the vevcgulde shall de enclosed by o dust cover vben Lube
is oot 1o tae.

. ALl ortal ooxfacae covered by gray Clnled cxcept tdoio mrked 5 and
drive ox stop swetanton (K).

4309048
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Y
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4
M

17. Pxmaast tubulatilon cover oball ngt xtend beyand plane of defipod by
GoaLing plate edgp.

Ci1-3 SKIRTED
MINIATURE GRID
CAP (RCA®13333)
OR €@V ARC
QUEUCHER TERMINAL

WiILh the 3-1/B dia, rusting oo & plane surface, colovident with refer-
tore plane 1, A .010 gruge 1/8 wide shall not enter and arcos of the
tace plate outside tbe 3-1/% din. stmll be withia .010 of the planc pur-
tace.

us e
1352004 -
?
2
—— 33m.
2

'S SWVER PLATED OR NICKEL
SURFACE OVER FUL FYTFNT
OF MAX PLUG
CONNECTION

28§ NAY

19. m.1815f:‘;gfau.uummemuyappuwnmmumzmxm

drive simft, betveen the 910t and tho koyvay deoignoted "X-X°, and to the
/16" vide ntrip sdjacent o the keyway tovards the middle of the shaft
2eatgmited "Y-Y". These jnrtc af the chaft tmy be ollghtly less than tha

873 * "0 a1a. 10 obtaln bevter devurricg, but may ot be larger then the
e
a5 ? dimeoter.

z 4
) e - - — _ T 2 4
1 S —_ \ I % - .am
:;.1 AN ] 20. Oteensions vith a s, astertok {#) dennte desigo test. Dicensions with
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TYPICAL 5780 PULSES

ANODE VOLTAGE ANODE CURRENT
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NOTE: The air cooling information plotted in Figure 3 above
is based on a maximum rise in magnetron body tempera-

ture of SO°C above a maximum ambient of 50°C with an
anode dissipation of 450 watts.
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REGISTRATION DATA
WESTERN ELECTRIC 5795 MAGNETRON

DESCRIPTION

The 5795 is an integral magnet type tunable magnetron intended for
service as a pulsed oscillator capable of operating over a frequency
range of 3100 to 3500 megacycles per second. The peak power output is
approximately 1000 kilowatts and the tube is forced-alr cooled.

GENERAL ELECTRICAL DATA

Pre-heat Hester Voltage . . .. . . . 107t 7 volts
Pre-heat Heater Current (at 107 volts) . 3.65% 0.35 amperes
Minimum Pre-heat Time . . . . . . 0600 secs

Heater Cold Reslstance . . . . . . 3,2 ohms

RATINGS, Absolute Values

Heater Voltage (Maximum) « - « . . . . . 120 volts
Pre-heat Time (Minimum) . « « + + . 240 seconds
Heater Surge Current (Maximum) . . . . . . 17 amperes
Peak Anode Voltage (Maximum) . . . . . . 50 kilovolts
Peak Anode Current (Maximum) . . . . . . 50 amperes
Average Power Input (Maximum) e e e e e 5 kilowatts
Duty Cycle (Maximum) . e e e e e . L0022

Pulse Duration (Maximum) . . . . . . . . 1.5 usec.
Rate of Rise of Anode Voltage (Maximum) . . . 220 kv/usec.
Anode Temperature (Maximum) .+« « . . 110°C

GENERAL MECHANICAL DATA

Recommended Mounting Position . . . . . . Output vertical
facing up.

Net Weight . . . + « « 4« . . b5 pounds

Coupling Between Tube and Lo&d -« « « « +« + Waveguide Flange

Input Connection v« « + + + 4« « W« .« B5ee Footnote A

Qutput Connection + « « « « « « « « .+ Bee Footnote B

The outvut section is coupled to RG-LE/U waveguide by means
of the choke coupling shown on Fig. 9.

from JEDEC release #870B, Jan. 25, 1960
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Note A: The coaxial input connector shall utilize a heater shunt
capacitor in close proximity to the caft:hode input terminsl
so as to minimize voltage surges which could damage the
heater The input connector must have provision for cooling
the cathode with an air flow of L-3/4" + 1/2 c.f.m.

Note B: Provision should be made externally and in close proximity to
the magnetrun output window for an "arc gquencher", which
should be wired into the appropriate valtage supply and
relsy circuitry, so that an arc across the output window,
caused by R.F. voltage breakdown in the waveguide load, can
be extinguished by automatically turninz off the applied
pulse voltage momentarily. The effect of the quencher is to
protect the output window fraom "suck in" when such an arc is
permitted to run,

TYPICAL OPERATING CONDITIONS

Ef if Ib epy Pi tp rrv .
v A mA kv Kw Du usec. kv/us

# ko 2.5 0 45 4.0 .002 1.33 150

# 65 2.7 60 45 2.6 .00133 1.33 150

The data on lines #1 and #2, shown under "Typieal Operation™
caption above, each constitute a satisfactory set of simultaneous
operating conditions. Fig. 2 shows typical satisfactory pulse shapes
for these, observed when using & Line Type Modulator.

COOLING DATA

For any ambient temperature to a maximm of %0° C. and any anocde
dissipation to & maximum of 2250 watts, the tube shall be cobled with
forced air as follows:

Locations Alr-flow

Body 300 c.f.m. min. through fins
Cathode -3/ ¢ 1/2 c.f.m.

Tuning Head 6+ 1/2 ¢c.f.m

Output Window 1-1/2 c.f.m.
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OPERATING DATA

These data are embodied in the following set of figures. A family
of curves are shown which represents the spread in range of the tube as
manufactured. Data involving VSWR have been carried beyond the 1.5
test value for informetion purposes only.

Figure 3 This is a plot of required filament current and
anode cooling air versus applied average anode
power input.

Figure 4 This is a plot of tuning dlal readings versus frequency.
It is essumed that thermal equilibrium has been obtained
at each of the calibrated points.

Figure 5 This is a plot of both applied peak anode voltage and
overall operating efficlency versus peak anode current.
The recommended operating range of voltage, current and
efficiency are indicated as a guide within which
satisfactory operation is expected. These data were
taken at 3300 mc. The spread for lower frequencles will
decrease and will increase for higher frequencies.

Figure 6 This is a plot of percent of power output change, from
matched load conditions, one can obtain by varying the
phase of a 1.5 and a 2.0 VSWR from sink to anti-sink.

The nominal match curve is obtained relative to the
frequency tuning band by equating the output at each
frequency point against the power ocutput at 31C0 mc.
Therefore, the change due to load mismatch and phase
is that difference between the nominal line and the
appropriate sink or anti-sink line at any associated
frequency point.

Figure 7 This is a plot of frequency pulling relative to VSWR
and represents the greatest variations wherever en-
countered in the full frequency tuning band.

Figure 8 This is a plot of long line relationships versus line
length for the specific case of 10 me pulling which
is the maximum specification limit.
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TYPICAL_ 5795 PULSES

ANODE VOLTAGE ANODE CURRENT

TYPICAL OPERATION ¥/
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TYPICAL OPERATION ¥2
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FIG. 2
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Note: The air cooling information plotted in Figure 3 above is based

on a maximum rise in magnetron body temperature of 60°C above
a maximum ambient of 50°C with an anode dissipaticn of 2250 wattis.

MAX]
&NQM-
13
" MIN:
2 \\
=1
™
x 9 N
E
a
o 7
=
z
P
3
3
]
0
3. VL) 3.2 3.2% 3.3 3.35 34 3.43 3.5

FREQUENCY IN KMC

FIG. 4



PAGE 7-5795

&
o

H
~n

ANODE VOLTAGE IN KILOVOLTS
OVERALL EFFICIENCY —

POWER PULLING -~ PERCENT

140 v ; v
OPERATING RANGE ~ Kv_ﬁ
* - -—
/ “7.'
120
/‘k
£ 100 P

/T/

/ }4——OPERATING RANGE i

\
\

<
\
I

— el - e

™.

N\
\
|
£

OPERATING RANGE 7} T‘

! 1
T 1
| |
) 1 1
0 5 10 1] 20 25 30 35 40 45
PEAK CURRENT IN AMPERES (AT 3.3 KMC)
FiG, 5
30 I
SINK  2.0:I VSW?
20 ; 4
S
o LY
SINK 1.5:1 VSWR
N |t
NOMINAL MATCM5
|
T-ANTI-SINK 1.5:F VSWR
-10 e p—
Ry
\—-ANTI-SINK 2.0:1 VSWR
-20 \
Ny
-30
3. X ¢ 3.2 3.25 33 3.3% 34 3.45 3.5

FREQUENCY IN KMC .

FIG. 6



V.S.W.R.

5795 - PAGE 8

2.80

240

IN MC
~

FREQUENCY PULLING
o

4 /L/

L1t L2:l L3: 1.4 (B4 | 1,841 |
VOLTABE STANDING WAVE RATIO (AT 3.5KMC)

FIG. 7

\ RG-48/U WAVE GUIDE [2.84"x1.34" 1.D]
i 1 3 1
2B:14.43CM MAXIMUN CONDITION WITH
PULLING FIGURE = (0 MC
\
N SATISFACTORY  REGIONYN
OF  OPERATION, N V
N \ N § H
o 2 4 6 8 10 20 22 24 26 28 X

LINE LENGTH [N METERS

FiG. 8




PAGE 9 - 5795

N,

MAGNETRON WAVEGUIDE

je—2.840" —» PICTORIAL VIEW QUTAUT
—{ 1 420" | 855"R.
WAVEGUIDE ATTACHED TO sl
||  CHOKE COUPLING BY SCREWS ? -
o’ -\ OR OTHER SUITABLE MEANS =1 { T
] J f s
[] A H
(3R | - R, 3 a
® ! r 2 N
$ b g o
] [ 1 2 T | - ¢
1 : 64 MICRO-
ﬂ - ‘ 5 INCHES OR
’ 8 LESS
]
\ &
’ T SLIGHT
T / b ] RADIUS
| : B0 oss™R.
:.1 SUITABLE FLANGE FOR 263~ sos-
i ATTACHING CHOKE . 207°%.
COUPLING TO MAGNETRON

AIR COOLING TUBE
CHOKE COUPLING

FIG. 9

PRINTED IN U.S.A.



from RTMA release #910,

Oct. 10, 1950 Y'l‘ H[
TYPE 5650/5981 RA 0N TYPE 5650/5981

TECHNICAL INFORMATION
VELOCITY VARIATION OSCILLATOR

The type 5650 5981 is a velocity variation oscillator of the single cavity (integral) reflex type, designed for cpera-
tion in the frequency range of 1,245 to 1,460 megacycles with an average power output of 100 milliwatts. The mech-
anical tuning mechanism provides a simple method of making wide frequency adjusiments. In addition, the 5650/
5981 can be electrically tuned to give a 4 megacycle vernier adjustment. The 5650 5981 is designed for operation
at any frequency within the specified range, and is partizularly suited for local oscillator service in microwave
receivers. It is useful, also, as a local oscillator in microwave spectrum analyzers, as a pulse generator for test-
ing circuit response, and as a microwave source for test purposes.

GENERAL CHARACTERISTICS

Heater, for oxide coated unipolential cathode:

Voltage. (ACorDC). . . . . . . . . . . . 63 =.5Volis
Curremt . . . . . . . . . . . . . . . . 0.455 Amperes
Frequency Range . . . . . . . . . . . . . . 1245 to 1,460 Mec.

MAXIMUM RATINGS, Absolute Values

DC Resonator Voltage . . . . . . . . . . . . 250Volis
DC Resonator Current . . . . . . . . . . . . 50 Ma
DC Retlector Voltage G e e
Min. Negative Value . . . . . . . . . . . -30 Volts
Max. Negative Value . . . . . . . . . . . -220 Volis

Heater-Cathode Voltage
Heater negative with respect to cathode . . .
-50 Max. Volis
Heater positive with respect to cathode

—-50 Max. Volts
Ambient temperature of air around shell . . . . . .. . . . . . . . . . . 1l0Max °C
Temperature of coaxial outputline . . . . . . . . . . . . . . . . . . . . 75Max. °C

TYPICAL OPERATING CONDITIONS: C.W Oscillator: Frequency 1390 Mc.

DC Resonator Voltage . . . . . . . . . . . . . . . . . . . . . . . . . 25Vols
DC Resonator Curremt . . . . . . . . . . . . . . . . . . . . . . . . . 33Ma
DC Reflector Voltagerange* . . . . . . . . . . . . . . . . . . . . . . . -85t -150 Volts
DC Retlector Current .- . . . . . . . . . . . . . . . . . < ... . Less than 7 Ma.
Electronic Tuning (Half Power)*"

Frequency change . . . . . . . . . . . . . . . . . . . .. ... . 5Mc
Power Output . . . . . . . . . . . . . . . . . L .01 MW
Thermal Compensation . . . . . . S e e e o ..o .. .. ... . . =05Mce/C

" Adjusted for maximum output at 1390 Mc.

** Change in frequency between the two Y2 power points when the reflector voltage is varied above and below
the point of maximum power output corresponding to the given frequency.

MECHANICAL

Mounting . . .. . . . .. . . . . . . . . . . . . . . . . ... . Any Position
Overall dlmensxons - . - . . . . . . . . . . . . . . . . . . . . . . . Seeoutline drawing
Resonator Cavity . . . . . . . . . . . . . . . . . . . . . . . . . . . I«ategral part of tube
Envelope . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Metal

RAYTHEON MANUFACTURING COMPANY_—_POWER TUBE DIVISION




TYPE 5650/5981 RAYTH [0" TYPE 5650/5981

TECHNICAL INFORMATION
VELOCITY VARIATION OSCILLATOR

Cap . . . . . . . . . . . . . . . .. . .. . . ... .. .. ... Miniature

Base . . . . . . . .« . e . ... ... . . . . . ... To fit standard octal
with No. 4 pin enlarged
and topped to admit
transducer.

INSTALLATION

The 5650 5981 requires a standard octal socket modified with No. 4 pin enlarged and tapped to admit the coaxial
transducer. The tube may be mounted in any position but should be rigidly clamped to insure proper contact of
tube with the transducer, and to guard againsi excessive strains on the coaxial output line. The tube must be
clamped on or below the shoulder of the header skirt.

The coaxial output-line is coupled into a type “N" connector through a wide band transducer unit. {See outline
drawing for transducer} All the tabulated data contained in this data sheet has been taken using this transducer
operaling into a matched load.

It is important that this transducer or its electrical equivalent be used to insure tube interchange ability and sat-
isfactory tuning range characteristics. The standing wave ratio at the transducer should not exceed a VSWR of 1.1.

SHIELDING

Where the 5650/5981 is to be operated in the presence of strong magnetic fields, shielding of the resonator and
reflector vollage leads is usually required in order to avoid undesirable modulation of the tube output. In ex-
tremely troublesome conditions, it may be advisable to place the 5650/5981 in a metal chamber with polyiron
chokes provided to bring the voltages into the chamber. Adequate ventilation must be provided.

CATHODE

In most applications, the metal envelope (resonator) of the 5650/5981 is operated at ground potential. The cath-
ode circuit is therefore negative with respect to ground by the amount of the resonator potential and must not
be grounded. The cathode may be connected to one side of the heater or to the center tap of the heater transform-
er secondary. When cathode and heater are connected together, connections to the cathode should be made direct-
ly to the cathode contacts on the tube socket and never to the heater lead. When cathode and healer are not
connected together, the heater-cathode voltage should not exceed 50 volis.

In all cases where the resonator is operated at ground potential, the heater transformer must be insulated to with-
stand the maximum resonator voltage.

In applications where the metal envelope (resonator) of the 5650/5381 is not at ground potential, it is essential that
the tube be surrounded by a grounding shield, and be mechanically tuned with an insulated tool. Adequate ven-
tilation must be provided through this shield to keep the ambient lemperature of the chamber below the maximum
specified value.

REFLECTOR

The reflector electrode is connected to pin No. 5, on the base of the tube. The power supply furnishing the reflec-
tor potenticl must be insulated to withstand the total resonator and reflector voltage. The reflector must never
be allowed to become positive with respect to the cathode. If this precaution is not observed, damage to the re-
flector may result. In cases where modulating potentials bring the reflector voltage close to zero volts, or where
extremely high reflector circuit impedances are required, a diode should be connected between cathode and reflec-
tor to prevent the reflector from going positive.

RAYTHEON MANUFACTURING COMPANY—-POWER TUBE DIVISION




RAYTHEON

TECHNICAL INFORMATION
VELOCITY VARIATION OSCILLATOR

TYPE 5650/5981 TYPE 5650/5981

THE FOLLOWING DATA 1S REPRESENTATIVE OF AVERAGE TUBES

TUBES DESIGNED FOR USE IN MODE A
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TYPE 5650/5981 RAYTH [nN TYPE 5650/5981

TECHNICAL INFORMATION
VELOCITY VARIATION OSCILLATOR
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TYPE 5650/5981

RAYTHEON

TECHNICAL INFORMATION
VELOCITY VARIATION OSCILLATOR

MECHANICAL TUNING MECHANISM

The mechanical tuning mechanism of the 5650 5981 is
designed to permit occasional frequency adjustments.
Rotating the tuning screw in a clockwise direction in-
creases the frequency. Approximately three revolu-
tions of the tuning nut are required to cover the recom-
mended frequency range of the tube.

When the tube is first put into service, it should bLe
mechanically tuned to the desired frequency. The tun-
ing nut should then be flexed several times to relax
the strains in the tuning mechanism. In this process
the tuning nut should be odjusted to overshoot the
desired frequency several times, each time decreasing
the amount of tuning nut movement.

ELECTRONIC TUNING

With the mechanical tuning mechanism set near the
desired frequency, vernier adjustment of the frequency
may be accomplished by varying the reflector voltage.
Maximum power output for a fixed mechanical tuner
position, however, will be ohbtained at only one reflector
value. If the mechanical tuning mechanism and the
reflector voltage are mutually adjusted for a maximum
power output at a given frequency, and if the reflector
voltage is then varied above and below the value for
maximum power output such that the power output is
reduced to one half, the frequency change between the
half-power values is defined as electronic tuning range.
The amount of electronic tuning and the linearity of its
variaticn with reflector voltage is dependent upon the
type of load used, and the coupling to the load. When
maximum electronic tuning range is required, it is rec-
ommended that the transducer be operated into a re-
sistive load. A highly reactive load will shorten the
electronic tuning range, and cause non-linear variation
of frequency with retlector voltage.

FREQUENCY STABILITY

To obtain the most stable operation from the 5650 5981
the reflector and resonator vollage supplies should be
very well regulated. It is also essential that the 5650/
5981 be operated at a near constant ambient tempera-
ture. Under no circumstances should the temperature
exceed the maximum specified values,

The materials used in the mechanical tuning mechan-
ism of the 5650 5981 have been selected in such a way
that their thermal expansion coefficient will produce a
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TYPE 5650/5981 RAYT“ [0" TYPE 5650/5981

TECHNICAL INFORMATION
VELOCITY VARIATION OSCILLATOR

desirable ambient temperature vs. frequency coefficient. In order that this desirable temperature coefficient will
not be interfered with, a tube should not be clamped above the header skirt.

MODES OF OPERATION

Oscillation may be obtained in a given tube with several combinations of resonator and reflector voltages at a
particular frequency. The regions where oscillation occurs within the reflector voltage range are referred to as
voltage modes. The curves show characteristics of the average 5650/5981 in the recommended mode. This
mode has been chosen because it represents the best compromise between optimum power output and wide elec-
tronic tuning range.

RAYTHEON MANUFACTURING COMPANY—-POWER TUBE DIVISION




from RMA release #608, Sept. 25, 1947

TECHNICAL INFORMATION
WESTERN ELECTRIC 5021 VACUUM TUBE
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Special purpose tetrode with indirectly beoted cathodes.
SOCKET nhD MUgHTILC

This tube enploys & 'iestern Zlectric 152» or similar type socket. The plute terminal is loceted at
the top of the bulb. There should be a free circulstion of sir sround the bulb or some other method used

to insure projer cooling,
The dimensicns and srrengecent of terminal connections are shown in the above drawing,

HEATER RATING
*Heeter voltape 26.0 £ 10% volts a-c or d-c
Nominel heater curreat 2.10 eaperes
» eifesuired hestiog time 3 szinutes
OPERATION - KaiINTUK RnTINGS
#eeDirect plete valtage 20,000 volts
Direci screen voltage 1,250 volts
aversge plate curreat 30 ajlliazperes
#esrfeak plate current 15 anperes
Plate dissipation 60 watts
Screen dissipation 8 wetts
Positive peak coatrol-grid 300 volts
Direct control-grid bias =1000 volta

INTE3-ELECTRODE CAPACITANC
Nominal Velues

Control-grid to plate 1.2 pnf
Input - Control-grid to ecsthode¢ and sereen 35,0 upf
Output- Plate to cathode and ascreen 2.0 anf

* The heater is designed for oparation from @ 24 volt battery supply.
The standerd heater reting for such use is 25 volts, It must be
recognized that under battery charging conditions the voltage may
be aa high es 28 volts. Longest life is to be obtained with the
lowest heanter voltege which will furnish the required cathode
emisaion. Where e well regulated heater supply is available, the
beater should be operuted at 29 volts.

In applications where the peak current drawn is less thes the maxiounm
ratiog the heating time aay be reduced in preportion. In no case,
howaver, can it be less than lyminute.

Due to the high plate voltage, this tube may epark intermslly a
fow times when the voltage is firsi applied. This ia not an indi-
cotion that the tube is defective.

*e»% The product of the pulse duretion in seconds end the pulse recurrence fregueney in cycles per second shall
ot exceed 0,001, At bigher duty cycles, the peak current must be reduced. In caese the peak current drawn
from the tubs exceeds 5 emperes the tube shall pot be operated longer thea Spsin enmy LUOpdinterval. For peek
currents less thap 3 amperes the plate retiag of 60 watts shall deterzine the pulse interval.

*e
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GRID CHARACTERISTICS
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AESTERAN ELE

CTRIC 6028 *=ELECTRON TUBE

TYPE DESIGNATION REG

ISTRATION

DISCRIPTION

The 6028%* is miniature type pentode having an indirectly

heated cathode.
and ultra high frequencies,

MECHANICAL LATA

Cathode ¢ o ¢« « o 5 ¢« 4 ¢ o s o = o
Dutline o o 4 o e ¢ 5 o » o o o o o
Bu] b < L] L] w» - o L] a L] ¥ - ® -] -] *
Rase v e & o & s s v e s+ o s 4 o
Founting positions . . . o o « + o
Maximum bulb diameter . o « . o » o
Maximum overall length . . . . . .
Maximum seated height , . . . . . .
Fin connections . ¢ v + 2 s ¢ o + o«

Pin #1 Grid #1

Pin #2 Cathode, grid i3 &

internal shield
Pins 73 & #L Heater

ELECTRICAL DATA

Heater voltage + ¢ s o » o « o o &
Heater current . . . . e o+ +

It is designed for use in amplifier circuits at high

Coated Unipotential
5-1
» T 52172
E7-1 miniature button 7-pin
. Any
3/4 inch
1-3/4 inch
1- 1/’ inch
Basing ilo.
Pin #5 Dlate
Bin 6 nrid /2 _
Pin #7 Cathode, Grid #3
& internal shield

78D

20 volis
50 milliamperes

& o < 9 9 2 L3

Direct interelectrode cu9301tances without with
external external
shield shield #31€{a)
Grid to plate {gl to p) maximum 003 .02 uuf
Input: gl to {h+k+gl+gl+i.s. ) L.C L.C uufl
Output: p to {h+ktgl-g3+i.s.] 2.1 L 2.2 uuf
{a) External shield #316 connected to pins 72 and 7
MAZIMUM HaTilC:L, DESIGHN CENTER VALUES
')late VO 1t L] L) L] 9 ® L] - » [ L ] L] [} L] 2 o v L > 4 180 volts
Gl“ld #2 !IOJ.Td:“e * W ¥ 8 » B3 & & & © + v B 8 ¢« e @ = See 75=Ch’
Grid #2 dupply VOlE3E@ + o ¢ o ¢ « o o o o o o « s 180 volts
Fositive d-c grid #1 voltage . o v o o o o s o« o o C volte
Heater cathode voltage ¢ o o 5 o o 6 6 & o s o 5 s 75 volte
cathode current o + o 2 o < o o o 6 o 5 5 &« o s s 18 milliamperes
rlate dissipation . . « ¢ ¢ ¢ ¢ ¢ 4 o ¢ + + e 2 & 5 1.7 watts
Crid 72 dissipation . . ¢« v ¢ ¢« & 4 5 ¢ o 2 2 » » o 0.5 watt

#6028 /4,084

from RTMA releases #990, June 28,

Cont'd ~ Page 2

1951 & 990A, Aug. 30, 1951



WESTERN ELECTRIC 6028 *ELECTRON TUBE
TYPE DESIGNATION REGISTRATION Page 2

TYPICAL OPERATING CONDITIONS AND CHARACTERISTICS, CLASS Al AMPLIFIER

[ e = U s e A A LSRR L AR AL LA S b A B LA A SR LA LA A A

Plate voltage 120 volts

Grid #2 voltage 120 volts

Grid bias resistor 180 ohms

Plate resistance (approx.) 0.30 megohm
Transconductance 5000 umhos

Plate current 7.5 milliamperes
Grid #2 current 2.5 milliamperes
Grid #1 voltage for Iy = 10 ua —8.5 volts

#6028 /4,084

May 21, 1951



B e
Bel” 990A
JETEC DATA ’J5-6028 i
JOINT ELECTRON TUBE ENGINEERING COUNCIL ?“"“/ Ang. 30, 1951Kf
COMMITTEE ON RECEIVING TUBES o )
Ll
JETEC TYFE 6028 i B aes
PENTODE
MECHANICAL DATA
Coated unipotential cathode
Outlinedl'a\dng......--..s‘l Bulb.o--o-ooooocT-s‘l/a
Baeen-oo'-o-noc--.o-oocoooo. E?-lminiaturebutton?-pin
Maxm dimeter L] [ ] [ 3 * L] L] L] v L ] L] L ] L] * L] L ] L] L ] * * L] L L ] * e @ - * L ] 3/“"
M&xmwer&lllength........-.........o...... 1-3/k"
Mﬂxmaeatedheight..............o..-.oo.-o.. 1-1/2"
Pin connections, . o o ¢ o o o o« o « o o o s o ¢ ¢« o« o s o o s s o o o Bagsing TBD
Pin 1 - Grid #1 Pin 5 - Plate
Pin 2 - Cathode, grid #3, internal shield Pin 6 - Grid #2
Pin 3 - Heater Pin 7 - Cathode, grid #3,
Pin 4 - Heater internal shield

Mount 1n8 poa iti on L ] L] . L] L] [ ] - L] . L] . L] - » L L L] . . L L] * L] L L] - . . . arw

ELECTRICAL DATA

Without With

Direct Interelectrode Capacitances Shield Shield*
Grid to plate: (81 to P) m. » & ° a4 & 8 ¢ & 9 0 0.03 0.02 wf
Input: gl to (htkeg2rg3+ie.) o v o o v o o o o o 4.0 4,0 ppf
Output: P t0 (hekeg24g3+1.8.) o 4 o v ¢ o o & o « 2.1 2.8 ppf

#External shield #316 connected to pins 2 and 7.

Ratings
HeaterVOItEQE......-. R E E RS . volts
Maximum heater-cathode VOLtaZE . . + v ¢« « ¢ ¢ ¢ o ¢ o o s o s s o D volts
Maxmum pla»te VOlthB . @ e @& 9 & & & & 2 » & 6 @ s = 4 O o o » @ 180 volts
Maximumgrid#QVOlt&ge......................Sele"'Ch
Mﬂxil!mm gid #2 Bupply v°1t883 e & = @ ¢ ¢ & ¢ ¢ B 9 * e e ° = o = 180 v°1ts
Meximum plate digsipAtion, . . o o o« o o o o o o s o o o o o o o o 1.T watts
Maximum positive dc grid #1 voltage, . + v + ¢ ¢ o + o 2 ¢ s o o o O volts
Maximum cathode CUrTent. . « o« « o o o o o o o o ¢ o o s o o o o o 18 ma
Maximum Grid #2 diesipation, . v « ¢ ¢ ¢ o ¢ 0 0 0 e 0 s s 0 0 s s 05 wvatte

Typical Operating Conditions and Characteristics, Class A)] Amplifier

Heater voltage. * L ] L ] L ] - L ] » . * * L] - . L ] L ] - L ] ® L 2 L L] L ] L ] » * 20 volta
Heater curroltbt . o « o o o o o o o s 6 6« # o % & 5 % 6 8 5 & & & & W ma
Plate VOLLBEE., . o ¢ o« o ¢ o ¢ « o o s o o o s o o o« = s o o o o « 120 volte
Grid #2 volt%e L ] - a L] L ] L[ ] » * Ll L . L] L ] * * * L ] L ] L ] L] L] L ] [ ] * L ] 120 volts
Cathode TeBi8T0r . & ¢ 4 ¢ v ¢ o o o o o o « o s o o o o« s o » o « 180 ohms
Plate resistance (approx ] « s n v v w58 ww s & & E N s s & Oud megohm
TranscOndUCTANCE . . & o o o ¢ o o ¢ o o o o o s o o o s o « o « « 5000 wmhos
Plate Cment. L] ® * L] L] . L ] L] L ] L[] L ] L ] * * [ 3 * L ] L ] L ] L ® . [ ] - L ] L] 7.5 m
Grid #2 current. . v v ¢ ¢ 4 4 ¢ « v o s o s s o 0 s s s s s e o5 ma
Grid #l VOJ.tage (approx.) for Ib = 10 HE ¢ ¢ ¢ ¢ s ¢ ¢ s o 6 o o 0-805 volte

Refer to "Interpretation of Receiving Tube Ratings®



WESTERN ELECTRIC 6140%* ELECTRON TUBE
TYPE DESIGNATION REGISTRATION

DESCRIPTION

The 6140% is a two-electrode inert-gas-filled cold cathode
tube desighed for use as a wltage reference tube,

RATINGS, Absolute Values

Cathode Current

Maximum Forward - = =« = = = = = = = =« = - = - - 8 milliamperes

Minimum Forward = = = = = =« = = = = = = = = - L4 milliamperes
Maximum Inverse Anode Current = = = = = = =« = = = 0,0 milliampere
Ambient Temperature Limits- - - - = - - - -55 to +60 centigrade

ELECTRICAL DATA

Min., Bogey Max.

Anode Breakdown Voltage - -—- 160 volts
Anode Voltage Drop at 6 Milliamperes (D-C)1 99 100 103 volts
Regulation %h to 6 Milliamperes D-C) -= === 0,75 volt
Temperature Sensitivity, Anode Voltage Drop.

at Anode Current of L Milliamperes (D-C) -= =0.01 =--- volt/c

at Anode Surrent of 8 Milliamperes (D-C) ~= =0,02 --= volt/c
Fluctuation = =ea= 0.1 volt

Stability3 -- 0,05 0,3 volt
MECHANICAL DATA
Mounting Position = = = = == = = = = = o - Any
Net Weight, Approximate « = = = = = = = = - (0.3 ounce
Qutline = = ~ = = = = = = = = = = = - - = = 61
Bulb = = = -« = - - v - T6-1/2
Base « = = = o = cc 2 e 0 o c e e .. E9-1 Small Button G=Pin
Maximum Bulb Diameter = = = = = = = = = = - 7/8 inch
Maximum Overall Length = = = = = = = =« = & 1-3/4 inch
Maximum Seated Height = = = = = = = a2 - - 1-7/32 inch C?(g
Pin Connections - - - -
Pin #1 Internal Connection Pins #7 and #8 Anode
Pins #2 and #3 Cathode Pin #9 Internal Connection

Pins #4, #5 and #6 Internal Connection

Note 1 These values are for new tubes. The stability characteristic
should be considered during tube life. Anode voltage drop
will stabilize within 5 minutes after starting.,

Note 2 The anode voltage drop variation during a short period of time
{one to ten minutes), with the tube operating at one value of
current and temperature within its ratings, will not exceed the
above stated maximum value.

Note 3 The drift of anode voltage drop over a period of 1000 hours,
with the tube operating at one value of current and temperature
within its ratings, will not exceed the above stated maximum value.

Note 4 Pins marked "Internal Connection" should not be connected to any
portion of an external circuit. Failure to observe this precau-
tion may result in improper operation of the tube.

*6140/4234
September 14, 1951
from RTMA release #1022, Sept. 21, 1951



from JETEC release #1022A, Sept. 25, 1953

ELECTRON TUBE ODATA SHEET
WESTERN ELECTRIC 6l41* ELECTRON TUBE
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DESCRIPTICN

The 6141/427A*is a three-electrode inert-zas-filled cold cathode tube designed
for use as a voltage regulator and has characteristics which are exceptionally
stable with life and with variation in ambient temperature. The third electrode
is primarily a starting eleument.

CHARACTERISTICS

Cathode Current . . . . . . . « « v ¢ v v o« v v v v v 5 to 40 milliamperas
Anode Voltage DProp . . . . v v v ¢ v o v v v e e 100 volts

Regulation (Max.) at 5 to 40 milliamperas d-¢ . . . . . 1.5 volts

FILE: COLD CATHODE SECTICN 6|4|*

Issue 2, 6-53



6141/427A - PAGE 2

RATINGS, Absolute Valuss

Cathode Current, Forward

MaximuUm . . « & v v 4 o 4t 0w e e e e e e e e e e 40 milliamperes

Minjmum . . . . . . et e e e e e s e e e e e . 5 milliampserss
Starter Current, Forward

MaXimum . & v ¢ v v v ek e e e e s e e e e e e e e 5 milliamperes

Minimuml., . . . . ... .. e e e e e e e e e e e 0.5 milliempere
Maximum Inverse Starter or Anode Current . . . . .. . 0.0 milliampere
Ambient Temperature Limits . . . . . . . . . . .« . . =55 to + 85 centigrade
ELECTRICAL DATA

Min. Bogey Max.

Anode Breakdown Voltage . . . . ., —- 165 ---  volts
Anode Voltage Drop at 40 M1ll1amp~res, "poc? .99 100 103  volts
Regulation (5 to 40 Milliamperes, D-C}3 . . . =-- 0.3 1.5 volts
Starter Breskdown Voltage . . . . . 115 125 135 volts
Starter Voltage Drop at 5 M1llxamperes, D C . 100 110 120 volts
Required Tramsfer Current . . . . . . . . . . See Curve
Stabilityh, . . . . .- 0.1 1.9 volt
Temperature Sens1t1v1ty, Anode Voltage Drop

Anode Current, 5 milliamperes D-C . . . . . ==~ =-0.007 --- volt/c

Anode Current, 40 milliamperas D-C . . . . =--- =0.004 --- volt/e
MECHANICAL DATA
Mounting Position . . « + + v ¢ ¢ « ¢ ¢ ¢ o ¢ 04 e s Any
Net Weight, Approximate . . . . . . . .+ . + . « .+ « . & 0.4 ounce
BaB8 & v v i e b e s e e e e e e e v e e e e s x e Small Buttom 9-pin
Bulb & . . s . e e e e e e e e e e e e e e e e e T6-1/2

Note 1: The aminimuam starter current requirement applies only whaen the tube is
operated for extended periods (hundreds of hours) between starting
operations to assure maintaining sturter breakdown and transfer curreat
characteristics.

Note 4: These values are for new tubes. Anode voltage drop will stebilize
vithin 3 pinutes after starting. The stability characteristic should
be considered during life.

Note 3: Continuous operation at a current velue in the low portion of the
overating range for en extended period (hundreds of hours) may result

temporarily in regulation exceeding the above stated values.

Note 4: The drift of anode voltage drop over a period of 1000 hours, with the
tube operating at one value of current and temperature within its
ratings, will not exceed the above stated maximum valua., Stability
improves with operating life. After 1000-2000 hours operation the
drift of enode voltame drop per 1000 hours will not exceed 0.3 volt.

Note 5: Pins marked "NO CONNECTION" should not be connected to eny portion
of an external circuit., Failure to observe this precuution msy result
in improper operation of the tube,
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ADVANCE ELECTRON TUBE DATA SHEET
WESTERN ELECTRIC 6280* ELECTRON TUBE

835"+.005" NOTE: FOR BASE SHALL BE CAPABLE OF BEING IN-
?50,,‘;0;",& m&%\' SERTED FREELY INTQ A 7/16” THICKNESS
CLASS 1 FIT SEE NOTE 5 GAUGE WITH 5 HOLES DISPOSED AS SHOWN
PLATE 4001 " 5
| 9003 1000 10;): g 585'$0005"
b, u X
I " . t 135" 2557 a5 +000"
499'1030" ﬂ')zogu \ 200°|| 393" Max. 135" 6ot
4t M () | e\ 065"+200!
.no"n -1 /GR'D ‘ 5 -00I
2020 ] -]
¥ s -F CATHODE 1375" f 25 000"
; CONNECTION »+000,
1020 \ / (SEE NOTE 1) 2 065 _001
78I +030 856005 ——] ) 7574 0°5
T . __[SEENOTEZ |\t FORCE FIT 2505001 DIA.
= B f—sese 00— 32 _ e GAUGE
it / LOCATING PN BOTTOM VIEW
ST " 8 INTERNAL
030" 4 _ [OI6" MAX. CONNECTION CATHODE
T
o'oo': B T T35 MM
lQ‘ T
933ﬂ052
0504002 || H125"40057 520"
= La50"Max :
L—ﬁaarzol“
—1070"1.020"
A A
t e 4
NOTE |- SURFACES OF R+ CATHODE,GRID AND
ANODE CONNECTIONS ARE PLATED HEATER~ HEATER
NOTE 2.-.856'2010" DIMENSION APPLIES ONLY
OVER THE 312" LENGTH VIEW A-A

DESCRIPTION

The 6280/416B% is a planar type triode designed for use as an emplifier or
frequency multiplier at frequencies in the order of 4000 megacycles.

CHARACTERISTICS

Heater Voltage . . . . . . . . « « . ,
Plate Voltage . . . . . . . . . . .
Frequeney . . . . ¢« « ¢ ¢ v v ¢« 4 - o . .
Gain (50 milliwatts output) . . . . .
Bandwidth (3 db down) . . . . . . . .

FILE: MICROWAVE SECTION
ISSUE 1, 5-53

- e e e . 6.3 volts

e e e e 200 volts

e e e e 4000 megacycles
- e e .. 9 decibels

100 megacycles

6280%

from RTMA release #1187, May 8, 1953



6280/4,16B

GENERAL CHARACTERISTICS

ELECTRICAL DATA

Min.  Bogey Max.

Heater Voltage(3) e e e s e e e e e s e ——— 6.3 --- volts
Heater Current . . . . . . « . . . . . . -—- 1,18 --- amperes
Amplification Factor . . . . . . . . . . -——— 200  ---
Transconductance {Ip = 30 ma) . . . . . . - 50000 --- micromhes
Direct Interelectrode Capacitances
Grid to Plate . . . . . . . . .. . 1.25 1.45 1.60 uuf
Grid to Sheld{k). . . . . . ... ... 8.5 11.2 17.0 uuf
Grid to Shell{4) Hot (Eg=6.1 v; Ep=0 v) 7.6 8.7 10.3 uwuf
Plate to Shelll4) , ., . . . . . .. .. - .019  .050 uuf
Cathode to Shell 30 42.5 57 wuf
MECHANICAL DATA
Cathode . . . v & v 4 v v 4o 4 @ o v v s o = o » e« + ¢ o « « » Unipotential

Mounting Position . . . . & ¢« v ¢« ¢ ¢ ¢ ¢« ¢ 4 = « ¢ « o » +» » Any
Weight, Approximate . . . . . . . . « + « ¢+ + &« + + + s+ « + « 1 ounce
Soeket . . . . ¢ . .+ e e 2o+« . (Equivalent to or}. KS14l34

MAXTMUM RATINGS, ABSOLUTE VALUES

Plate Voltage . . . . &« & ¢t ¢ ¢ ¢ ¢ o = o o + o o o « » 270 volts
Grid VOLtEEE + v « v o ¢ o o o o o s o o « o o « o & { +1.5 volts

-15.0 volts
Plate Current . . . . . . . . « « . . . c e s e e e e 33 milliamperes
Grid Current . . . . . . 4 . 4 4 i e e e e e e e e 15 millismperes
Plate Dissipation . . + « ¢ = ¢ ¢ ¢ « v 4 4 = o 4 s v . 7.5 watts
Plate Seal Teaperature . . . ¢« v & v ¢ ¢« ¢ « &« v o « 150° Centigrade
Grid Seal Temperature . . . . ¢ ¢« ¢ + v ¢ v o v« 4 o. 100° Centigrade
Heater-Cathode Voltage . . . . . + . 4 ¢ ¢ ¢« « ¢« v + & 45 volts

TYPICAL OPERATING CONDITIONS AND CHARACTERISTICS

Plate Voltage . . . . . . . . . . v v v v v v v v u .. 200 volts
Plate Current . . . . . . . . . . v v 0 s v v e 30 milliamperes
Bias Circuit

Cathode Bias Resistor . . . . . . . . . . . . . . .. 260 ohms

Grid Supply Voltage . . . . . . . . v v v v v v v o . 8 volts
Frequeney . . . . . . . L L . ... e e e e 4000 megacycles
Gain (50 Milliwatts Output) . . . . . . . . . .. ... 9 decibels
Gain (500 Milliwatts OQutput) . . . . . . . . . . . .. 5 decibels
Band Width (3 dbDown) . . . . . . ¢« . . v v v v . .. 100 megacycles

Note (3): For optimum life, heater may be supplied from a source of 10.8 + 0.2
volts through a circuit resistance of L.16 ohms.

Note (4): Cathode connected to shell through cathode to shell capacitance.

Note (5): Witk the .750"-40 thread screwed into a guage having & thread with
a .750"-40 class 1 fit, the .856", 1.070" and .180" dismeters must
fit in cylinders concentric with the .750"-40 thread and having
diameters of .895" x .720" long; 1.135" x .157" long; and .210" x

.375" long. Allowances for these toleracces must be mede in any
circuit design.

1-D-53~4 PRINTED IN U.S.A. T2726



from JETEC release #1310, May 14, 1954

ELECTRON TUBE DATA SHEET
WESTERN ELECTRIC 6388 ELECTRON TUBE

DESCRIPTION

The 4388/LL3A%is & three-electrode inert-gas filled miniaturs cold cathode

tube for use in relay, veltege regulstor or reetifier circuits. This tube
. is especially suitable for use in control cireuits such as in triggering,
sounting or switching apparatus.

MAXTMUM RATINGS

Peak Anode Voltage . . . . . ¢« &« & ¢« ¢ v ¢ &+ o « @ 180 volts
Average Cathode Current . . . . . . « « ¢+« + v . 75 60 milliamperes
Avernge Life, Appreximate . . . ¢« & v ¢ v ¢ 4 v 4 10000 10 hours

File: Cold Cathode Section
Issue 1, 4L=54

6388*
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MAXIMUM RATINGS, Absolute Values

Forward Pesk Anode Voltage . . . . . . . . . . . 180 volts
Forward Cathode Currentl
Peak . . . . . o e e e e e e e e e e e e e 60 millismperes
AVETBEE . . . . . . st e e e e e e e e e 30 milliemperes
Averaging Time . . . . . . . + « &« « . . ¢ . . 2 seconds
Peak Inverse Currentl!
Anode . . . v ik h e e e e h e e e e e e 5 milliamperes
Starter . . . . . . e e e e s e e e e e 1l milliampere
Ambient Temperature L1m1t° C e e e e e e e =55 to +85 centigrade

ELECTRICAL DATA, Throughout Life

Min., Bogey Max.

Starter Breakdown Voltege . . . . 65 72 85 volts
Starter Voltage Drop at 3 H1111amparesz . 53 63 72 volts

Anode Voltage Drop at 10 H)ll1amper683tb - 63 69 75 volts
Transfer Current . . . e e e e e See curve

lonizaticn Time, Starter Gap5 e e e e e e - 10 -- milliseconds
Deionization Time, Main Gap . . -- 6 ~-- @illiseconds
Inverse Current at =120 Volts Anode Potentlal6 -— -- 3 millismperes

KECHANICAL DATA

Hounting . . .+ . « v ¢ ¢ v e v e e e e e e “ e e e e e Any Position
Net Weight . . . . e e e e e e e e e e e e e e e e 0.7 ounce
Dimensions and Pin Connect1cns shown in outline drawing on Puge 4

Note 1: Sufficient resistance must be used in series with the tube to assure
that the electrode currents do not exceed the maximum rated values.

Note 2: Starter voltage oscillations of approximately 1 to 10 kilocycles and
12 volts peak-to-peak will be present at starter current values below
0.05 milliampere.

Note 3: Approximately 95% of tubes will be within limits of #2.8 volts from
the bogey value,

Note 4: Anode voltage oscillations of approximately 5 to 20 kilocycles and 3
volts peak-to-peask will be present at anode currents within the
ratings.

Note 5: With 15 volts starter overvoltage (15 volts above Starter Breakdown
Voltage).

Note 6: Negative anode voltage applied through 8000 ohms. Starter connected
to anode through 100,000 ohma.
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OPERATING LIFE IN HOURS
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p— -E‘MAX.—-‘

~MEASURED AT &

DlA. ON BULE
MAX.
. tel
|}Mnx 2
BULB (e 3
B-%2
\omauz COATING
U U ON 8ULB
ES-1 SMALL BUTTON
9-PIN BASE
STARTER
ICUNTERNAL
CONNECTION) CATHODE
IC(INTERNAL IC (INTERNAL
CONNECTION} CONNECTION)
IC{INTERNAL
CONNECTION) IC(INTERNAL
CONNECTION}
ANODE 1C{INTERNAL

CONNECTION)

Note — Pins marked IC (internal connection) should
not be connected to any portion of an externsal

circuit.

Failure to observe this preceution

may result in improper operation of the tube.

A development of Bell Telephone Laboratories, the research laboratories of the
American Telephone and Telegraph Company and the Western Electric Company
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