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Amperex® RADIATION
Eiii=

COUNTER    TUBES

GENERAL    INFORMATION

The  Gctger  tine  wcrs  first  used  in   1908  by
Rutherf ord   cnd   Geiger   who   arrc[nged   ct   wire
arichly within ct cylinder  and applied c[ potentich
between these elements.

It  wc!§ £ound to be_ the property Of such an  ar-
rc[ngement  that an  ionizing  Particle  or  radiation,
when t projected   into   the   cyHnder,   caused   cm
enomous inercase in the space current,   ,

Since  that  time,` the-bcreic  ge.ometric  orrcmge-
ment  hc[s  remchned  unchc(nged.   In  1928,  Geiger
and   Muller   produced   ef I ective   counters   with

~        Icnge  Sensitive  arects  ctnd  eventuchly  the  term"Geiger-Muiler   co'unter"   becamie -generally   ac-

` (--          cepted.

While it is a fact thc[t many suc'cessful counters
were  manufactured  during  the  '30'§,  these  were
cdl  specifically  designed  tor  cosmic  rcry  vyork  or
some other specialized applications.  At thcri time.
the necessity did not erist for the mass production
Of  larger  numbers  o£  Geiger-Muller  tubes  with
identicctl  characteristics.

In the ecndy staoes of vyorid War 11, wide-spread
commercial applications 'Of the Gel,ger-Muller tube
beccme  more  pronounced. ,  Mc[s8  production  of

quartz oscillator crystals necessitated a mgons Of
indiccrdng extremely law intensity diffracted X-Rcry
beams.

The  Geiger-Muller tube  was  the  instrument  Of
choiee for this Qpplicction but until that tilne was,
tndortuncdely,  cz  scierLtific  curiosity  Of  unpredict-

~        chle  behavior  cmd\ with none  Of-the  recognized
desirable  fechires  such  as  uniformity,  stchility,
cnd unlimited -me.

.Intense  research  on  the  subject  by  AMPEHEX
arid its edf ilicztes  eventually resulted in  the  mass

production of radiation counter tubes with predict-
c{ble characteristics as ectrly as  1942.  This accom-

plishme`nt7  to the  best  of  our knowledge{  was_ the
beginning QI routine, rigorously controlled produc-
tion.

The next important step ctlong the road was the
development  of  the  halogen,filled  Geiger-Muller `
tube, the technical characteristics o{ whic:h will be
discussed  lc(ter.  -`   I

The first o{ these counter tub;a I or commercial
cnd   i'ndustried   applications    were   made   with
AMPEREX.manufactured   shells   in   Go¢emznent
ReseQrcli  Lc[boratories  in  1947.   Monulacture  cnd
design  of  these  tubes  c[nd  control  Of  produc.tion
thereof  was  first  engineered  by  ArmEREX  cind
many thousands ol these types c[nd their vctriants
are still in dcrily successful use.

The  problem overcome in  this  regard included
the pressures and ploporions Of the gas mirtures,
choice  of  mcrferials,  methods  of  seching,  window
materich  cnd  window  thickness  calibration.   Life
testing   Of   ultinate   designs   substcmticted   the
"unlimited fie" characteristic Of th'e halogen tul]e.

Thus,   when   nuclear   pbysics_ blossomed  into
practical use, AMPEREX was reedy with a Geiger-
Muller  technology which  assured the production
o± this'neeessary measuring device in all its fom±a.

As  a  result  of  the  techniques  employed  in the
production  of  these  tubes,  the  gas  clmplification
process woe stchilized so thch the reliability Of the
counters  approached  tbch  Of ionization chcmbers
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without  the  attendant  current  aznplification ` dilli-
culties.

Stcmdardizcrtion   Of   characteristics  lcff  beyond
those ever cutdined in the mctnulacture o( counter
tubes was achieved and then made crvchlchle to
instrument manufacturers.

Strmmchzing,  it  might  be  8crid  thcrt  the  incom-
pcBdrle  reBeurch  facilities  avchlable  to  thig  Iim,
the long history Of our active cesociation with the
development   of   Geiger-Muller   tubes-  clnd   their
appHcation in research and production instrulnents
c[Ie the finest guarantees the end user ccm be given
Of -outstanding satisfactory service of the produst.

CONSTRUCTION

AMPEFII:X   counter   tubes   are-  ruggedly ` con:

Btmcted of stainless steel cnd glass cnd are -sealed

with a specictl  glass solder.   New,  exclusive  AM.

PEREX techniques enable the mc(sg production to

unilom  dimensions  of  the  highly  chemicctlly  re-

sistant cclthode shells.

All    the    mica     windows    are    individuctlly
"weighed" by measuring their transmission o£ Ci4

beta rc(ys and are fusion sealed with glass to the

stainless  steel  cathodes.

The mechanically rugged based tubes ore con-
nected c[ccording to industry stondcnds.  The anode
terminals on,the unba8ed versions are jeithe) stcln-d-
ctrd miriafure caps or wire leads for alligator clip
connection.  Conlrection t® the cathode Of the latter
type mcfy be made with a-metch clcmp or-copper
strap.  No crttempt should be made to Bolder directly
to-the atchrdess Steel  cathode  as this  will destroy
the thb€.

The  tube  ffllingr  consist  Of  pure  noble  gagsea
together with a hchogen quenching admirdure and
ore a)I of theJ ''sel{-quenching"  vcriety.

S"BILITY

The counting  life o( -these halogen t\lbes is `in-
limited  bet:c[use  the  dischcnge  action  does`  not
consume the quenching agent.  The energy of the

pulse is. degraded to heck without triggering Spuri-
ous counts because of the influence Of the halogen

quenching  agent  upon  the  work  function  of  the
cathode surf c[ce.. In the timited-life, orgc[nic-quench
type tubes, some Of the pulse  energy chemicany
bTeck8 up the quench c(gent which, in tine,  com-
pletely  decomposes  with  the  discharge  process
and the tube does not operctte.

AMPEFLEX halogen counters con be dischc(rged
ctbove the end Of the plateau without any dcmiag-
ing eflect to the tube.

Over a  pedod  Of  yecirs. tests  being  conducted
with these tubes in our laboratories sho_w counting

hves over 5 x 101° counts without ony apprecichte
change in plateau. threshold or tube current.  Con- `
tinuous  tests  are  made  also  as  a  check  on  pro-
duc:tion  quditY.

The sheH  lit e  stability Of the Amperex  counter
tubes is mcrintained by special surface processing
techniques that elimincfte hc[1ogen 4iench "clecm-
up."  This permits the tubes to be tised for perma-
nent calibration o£. radiation detection instruments
and  reproducible  experimental  results.

Since the  plc(tec[u does  not shorten or shift ap-

preciably  and  the  Slope-does  not  increc(se  with
time, the tubes may be, operated cat c[ny point on .
the plateau.  This is not tbe case with the conven-
tional  organicquench  type  tubes.   The  "plctec(u
length" criterion as a measure o{ the tube quality,
therefore, is not signif icant in the ArmEREX tubes,`
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Eclch counter tube is tasted for plateau an-d back-
ground  count  before  chipznent.    A  plcrfeau  plot
(aeB  fig.  I  below)  i8  made  on  dn- AMPEREX  de-
signed atitomdic plcteou tracer,

The  olectric'al choracteriBtic8 of this  `init are cq3
follows:

0.3  volts  Sensitivity,  6  microseconds  ro9olving
time, 90 volts per minute supply voltage incrca8e
rctte,   3  I e®t  capc(citive  lcoding  cable,  end  a   I
megohm (ube 8e[ieB resistance to 8inula_te typical
operation.

The  plateau  slope  o!  these  tubes  is  not  due
mainly to an increase in apurious counts with volt.

age czs in organicquench t`ibes, but is a legitimc(te
increase in volume Sensitivity aB the ol®ctric fiold
overcozneB the electron attc[chment ol the halogen

quench.

With the usual won regulated voltage oupplie8
I:-`   most  scalorB  and  with   cororm  regulctorB  in

portable  equipments  a  plateau  Slope  of  5°/a  to
lo%  per  loo  volts  iB  no  limitation  on  coundng
c(ccuracy.

Thre8hold8 are mcintchned in production to ±25
volts from the _nominal value by apecial proc®Bsing
and filling techniqu_es.  As c[ re8ull, the unifomity
o{ the tuboB is such that they can be operated in

parallel at the operating voltage,

VOLUME   S[NSITIWITY

The  volume  gez}sitivity  Of  hczlogen  counters  is
necessarily   leis   than   the   99.5°/a   with   organic

quenches.   This  is  due  to  the  electron capture of
the halogen8 in weck electric lieldB.  If we ermine

the  field  distribution  in  the  Cieiger  counter struc-
ture  we gee that  the frold i8 weak directly  at the
cathode.   In  this  region  there  ia  some  electron
capture.  A typical radic(I sensitivity curve ia Shown

i++iiE.EEalE
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in  Figure  2.   This  can  be  obtcined  by  moving
a line collimcrted X-Rcry beam c(cross the diameter

Of the tube.

From the region awcry I ron the ccrthode by cp-

prorimdely 5°/o  to  loo/o  of the dicrmeters, inwcnd
to  the  cmode,  the  tube  is  100%  sensitive.   It  can

be Said therefore thcrt a halogen counter is equal
in sensitivity to cm olgcmic counter 80-95°/o  of the      \./
dicmeter Of the halogen tube.

` -AMPEREX counters are tilled with the minimum
halogen  content  -necesBory  to  insure  stable
operation so as to produce a maxinum eff ective
dram-eter.r
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Ziiil ENERGY   D[PEND[NOE -  GAMMA   00llNTERS

The energy dependence I or the gcmmc( counters

tor a  constant  source  spectrum  is not  8ignilicont
Since the tube ccm be cdibrated Iou this 8pectnim.

For  general  survey  work  the  cczlculcted  energy

dependence  is  given  in  the  charc[cteristic  Sheets

for each tul]e type.

Hecrvy  metal  filters  or  Shields  can  be  used  to

modify  the  energy  de|>endence  to  other  chc[rc(c.

'eri8tic9.
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END   MloA   WINDOW   COUNTERS

A         When  end  mica  window  ttibos  cue  used  for
counting low source activities,  good geometry in.

creases the counting rate orid Btatisticch accuracy.

Figure   4   Shows   the   e(lect   Of   source-to-window

distance.   From  this  it  is  evident  that  the  source

Should  be  c[s  close  to  the  window  ac  possible.

The  tranemis§ion  characteristicg  ol  the  widows

are given in the individual tube dc(ta cheets.

_ence        ti-
•

1'11111

a               ,               ,               tt              I,             20            &,            I,             ,I

sotice -To-in.oo.  o*m.cf  .1 b)
cucui^t(®  a(a..ETRLE.  or  A.pE*Ex  T7p[.  leo  ^NO  .oo

I- I.c.  mioow  count(-
Figure  4=   Comp`iled   Iron   dala   froln   E.  Berne,  .'R.view   ®|

Scienli|ic   ln.trum.nl.";  Vol.  22.  No.1;  July.19S1.

APPLICATloN   I}ATA

The use Of  these tubes opens up fields of prac-

tical application which, heretofore, hcrve been con-
ridered closed to Geiger counters because of lack
of reliability end reproducibihity.

As  an  indiccriion  of  their  reEchility,  AMPEREX

A      Geiger  counters  ore  being  used  as  uncrttended
snow   depth   gauges   cznd   production   thickness

gauges.

In  survey instnunentB  using coronc[ regulators,
they enable almost permanent ccflibrQtion.  Instru-
ments hcrve been built c[round these tubes where
the  current  through  the  tubes  is  used directly  a8
an indication o£ Roentgen dosage.

Roentgen dosage  vs.  current curves  ctre included
in the individual  tube characteristic sheets as ex-
c[mples ol applicQtiona of the gcmma counte[8 (or
survey applications.
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There is Some current variation I ron t`lbe to tube
which  con  bo  compenaclted  for  in  the  circuit  by
varying the Series resistor, the Shunt capacity from
anode to cathode, and the Supply voltage (within
the plateau).  Calibration chould therefore be made
in the particular instrument d®stgned for the tubes.
The direct current cczn be used or the current ccm
develop a voltage across a resistor.  This voltage
con then actuate a Binple V.T.VM. circuit.   Sufli.
ciont  adj`igtinelit  must  be  built  into  the  circuit  to
account   lor   normal   minor   variations   between
tubes,  The stability of these balogen counters is
8uch ou to  require little  or no  Subsequent c(djust-
Dent otter the iritich calibration.

A8 it is Been, the current is 8ulficient to directly
actuczte  8mc[11  current  relcrys  cnd  simple  sc(foty
alcm circuits.

L
Fo_I pulse counting Operation, the "Ideal Count-

iDg  Rate"  ourveB  given for  gcmma  counters  are
I)used  on  cahorationg  at  low  counting  rates  and
cITe  uncorrected  for  higher  rcltes.   A  calculated
"Dead  Time  Correction"  curve  is  also  given  as-

surfug  that  the  tube  dead  time  is  the  limit  on
marimuln counting rate.

The  purpose  Of  this  information  i8  to  give  the
c[pproxinate 5en9itivity range o( eacb t`ibe.  Since
the respense, at high collating rates, is very much
c[  function  ol  the  circuit  used  with  the  counter.
the totcil response must bo detemined experimon-
tchly  in the  particular circuit.

The "mcndmuln counting rate" in the individual
tihe data  is  computed  ae  thcrt  counting  rate  for
which the dead time correction i8 ZOO/o, end is a     `.J
guide for compcrisofl purposes only.

The  jLMPEREX  Engineering  Department  ig  pre-

pared to work closely with tnonulacturerB in the de-
Sign Of equipment to utilize the  advcmtages ol these
ndiation counter tubes.

u`



Amperex® "PE  75  SERIES

~`Permanent   Sertsl.fi.vi.Iy    GAMMA     COUNTERS

2#CT

i__ iiiiiE
75N-6    .    75N-7    .    75N-9                               75N83b    .    75NB3-I    .    75NB3-.

D.sc'iption

The type 75  §erie§  are iiicxpensive,  rugged gamma counters for  sti[vey,  demonstration, o] fronitoring
applications.  The infinite-life,  halogen filling gives  the se t-ubes an unusual electrical ruggedness to
match their mechanical  st[ength.

The ab\sence of flanges o[  external glass  stnlctu.es  enables these tub.es tp be bundled in multiple
arrangements  with  good  vol`imetric  efficiency.

Gononl  Data
-      Operating temperature range

Gas  filliag
Cathode materi al
Effective  cathodei dimensions 7..

- 55P to  +  75o c
Neon plus halogen admixture

a...  stalnles,s  steel  (28% chromium,  72% iron)
.....  2-11/16'' long  I .607" I.D.  x  .009"  wall

Performance Dclla                               75N6 a 15N834

0i>erating voltage .1.t.? .............. 600  vol.§  D.C.

:Lroapt:aouf]pe]aa8tFa:.?:,:+::::::::::..:::::i:sCsX:e=S:;%[2p5erv::tog
volts

Starting  voltage (0.3  volt
pulses)1   ............................ 550  vol[§  marimim

Capacity  at  (erminals  ....,,.,.,.. 1.5  mmf
Radial  sensitivity (app[ox.)...rf0%
Dead  time (app.ox.)   ..........-.... 100  ffiicloseconds
Maximum  counting fate : ......... 1700  counts  per  see.
Backgroun\d (Shielded with  2"

lead and  I/8"  aluminum.) ...,.. S0  couD-ts per minute
max,

Roentgen  energy  depend-
eace 6  (iinfilteled) ................ ± 307o   `

Life  expectancy in c6unts? ..... `mlimi.ed  by use

75N-7  a 15N83-7

700  volts D.C.
in ex:ess of 125 volts
less  tban  15% per  100

volts

625  volts narimun
1.5  mmf
80%
100  microseconds
1700  counts per  see.

50  edqu±s` per _ulhtite
max,

±307o
unlimited  by  use

75N-9  815N83-9

900  volts D.C.
in  excess  of  125  volts
less  than  157o per  loo

volts

825  volts marimun:
1.5  mmf
80%
loo  microseconds
1700  counts  per  see.

50 €oufits per rinute
max,

±30%
unlimited  by use

1.
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Ami.erex® TvpE 76N83
Permanenr   Sensi.fi.vi.ly    GAMMA     COUNTER

Description

The  76N83 is  an inexpensive,  rugged gamma counter for  survey, demonstration,
or monitoring applications.  The  iflfirite-life, halogen filling  gives this tube an
unusual electrical ruggedness  to match its mechanical  strength.

The absence of flanges or external glass  structures enables these tubes to be
bundled in multiple arrangements with good volumetric  efficiency.

General Data

Operating Temperature Range
Gas  Filling

Cathode  Material

Effective Cathode Dimensions

-55° to +  75°c
Neon plus halogen

adfnixture
stainless  steel (28%

chromium,  72% iron)
5-13/16" long x  0.605"

I.D. I .009" wall

1   This tube is also available with an effective  cathod length of 12" upon special request
for cosndc ray research,  oil well  logging.  and other applications.

9/60 .1



76N83
Performance Da(a

Operating  Voltage
Plateau Length 2
Slope of Plateau 2.4

Starting Voltage (0.3 volt pulses) 2
Capacity at terminals
Radial  sensitivity (approl.)
Dead Time (approx.)
Maximiin counting rate 5
Background (Shielded with  2" lead

and  I/8" aluminum)
Roentgen eaergy dependence 6 (un filtered)
Life expefltance in counts 7

900 volts  D.C.
ia excess of  l25 volts        1.,./
less  than  15%  per  100

volts
825  volts  maximum
I.5 rmf
80%

100 microseconds
1700 counts  per  sec.

50 counts per minute
±30%
unlimited by use

'-

2   This  data iB obtained from an automatic plateau trace  inn on  each tube.
3   Thl8  tube will operate  satisfactorily anywhere on the plateau.
`  At an average  counting rate  of  loo  counts  per Second.

5   For 207o dead.time  conection  (approx.)

L
6   Calculated value  based on radiocobalt gamma  center value with looKV to  3 M.E.V.  extremes.

7   Guaranteed  5 x  |oL° counts  minimum.

12 9/60



Amperex®  TYPES  9!! |§
/`  Permonenr   Sens;I;yi.ry   BETA-GAMMA   COUNTERS

®

EiiEI,

EiiEI
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I-ption
The types 90NB  and 912NB ate thin.  steinle8s-seed wall cotm(er tubes whose char-

acteristics  are  similar to those of the  30 mg/cm2 glass wall tubes.  However,  the materials
u'sed in these tubes and their special p.ocessing pemits the use of the halogen-quenched
Neon  filling which has permanent characte[istics.-The metal wall of these t`iEies is also
mechanically  stronger than cue fragile thin glass  walls of comparative types.

These tubes are  commonly used in  siirvey instrundrt8 for Beta and Ganm detection
and in hand  and foot monitoridg instruments  where it iG necessary to peasure Beta in  the
presence of Gairma radiation.  Due [o the increased cathode length, greater_sensitivity and
pulse heicht are obtained from the type 912NB.

G-rol Data
operating  temperature  range .-..,...............  _550  ro  +  750C
Gas filling Ncoo plus halogen  admixture
Length of thin wall  section

(Cathode wan thickness  30-40 mg/cm3.. 90NB  -3 inches total;  912NB -8-11/16
inches total

Cathode material  ...................,..-..-...-..-..  s.ainless  steel (287o chromium,  72% iron)
Overall  cathode dimeasion§  ....................  90NB-912NB -8-11/16" long x  .607"  I.D.

(7'' of 30-40 mg/cm2 +  I-||/66"  of  |76 mg2)
3% long x  .607" I.D.  (3" o£ 30--40 mg/an2  +
7€"  of  176 ng/cm2)

Performance D®to                                                90NB

Operating  vol.age±!.? .................... 900 volts  D.C.
Plateau  length  1............................ io  excess  of  200  vol.a
Slope of plateau 1....i ......................  lop. per  100  volts  man.
Sta.ting voltnge  (0.3 vol. pulses)1.. 825 volts  mat.
Capacity  at  terminals   ............ „ .... 2.4  mmf
Radial  sensitivity (approx.) .......... 80%
Dead time (apptox.) ....... „ .... : ........  loo microseconds
Maxin`m counting .ate5 ..,.............  1700 counts per  second
Background (Shielded with  2"
lead and  I/8"  ahminufn)  ,..,........ 50 counts per Din. max.

Life expect.once in  counts ? ..,. „ .,,.. unlimited by use
Roen.gen  energy depend-ence ?` ...... ± 20%

9'2NB

900 volts D.C.
in excess of 200 volts
lo% per  loo volts mag.
825 volts max.
5.3 rm£
807o
loo micr;seconds
1700 coim(s per  second

75 counts_ per nin. max.
unli_rited by use
±207o
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Amperex®  TYPES  9!! #:
~ Permallenl  Sensjll.vl.ty   BE"-GA"HA   COUNTERS

Description

The  (ypes 90N84 and 912N84 are chin,  stainless-steel wall counter tubes whose
characteristics -are similar to those of the 30 mg/cm2 glass wall tubes. However
the materials used in these tubes and their Special processing permits the use of

~    the halogen-quenched Neon filling which has pe[nanent characteristics. TheI    metal wall of these tubes is also mechanically stronger than the hagil thin glass
walls of colnparative types.

These tubes are contnonly used in  stuvey instruments for Beta and Gamma detec-
tion and in hand and foot monitoring instruments where it is necessary to measure
Beta in the presence of Gamma radiation. Due to the increased cathode length,
greater sensitivity and pulse height are obtained from the type 912N84.

General Data

Operating Temperature Range
Gas Filliflg
Length of Thin Wall Section
(Cathode Wall Thickness

30-40 mg/cm2)
Cathode Material

Overall Cathode Dimensions

9/60

Eiiii]

-55° to +  75°c
Neon plus halogen admiaeiife

90N84-3 inches total; 912N84
8-11/16 inches total

stainless steel (28% ch[omiun,
72% iron)

90N84-912N84 -8-1i/16" long
I .607 I.D. (7" of 30-40 mg/cm2
+  I-11/66" of  176 mg2) 3[/2 long
x .607" I.D.  (3" of 30.40 mg/cm2
+  I/2" of  176 mg/cm2)

11



90 N84 - 912 N84

Performaflce Data

Operating Voltage 1. 3
Plateau Length 1
Slope of Plateau 1, 4
Starting Voltage (0.3 volt
pulses) 1

Capacity at T'erminals
Radial Sensitiv,icy (approI)
Deed -`Time '(appro=)
Marimun Counting Rate -5
Background (Shielded wick

2" lead and  I/8"
alurium)

Life Expec[ance in Counts 2
Roeutgen Energy depen-

dence 7

90N84

900 volts D.C.
in exicess of 200 volts
10% per  100 volts  max

825 volts max
2.4 mmf
80%_
loo microseconds
1700 counts per second

50 counts per min. max
unlimited by use

±20%

912N84

900 volts  D.C.
in  excess of 200 volts
107o per  loo volts mar

825  volts max
5.3 rmf
807o
100 microseconds
1700 counts per  second

75  counts per Din. max
unlimited by use

±207o

1   This date ig  obtained from an automatic plateau .trace  nm on each tube. A print of thlB
trace i& Shipped with each tube.

2   Guaranteed S I loL° counts minimum,
3   These tubes `will  opeiiate  9atl8factorily anywhere  on the plateau.

i  At dn average counting rate of loo counts per 8eeond.
5   For 207o dead time  conectlori (appro=.)
8   Calculated value baaed on radiocobalt gamma center value with loo KV to 3 M.E.V. ex-

treme8, with gamma  Shield equlvalent  to  I/16" thick  ateel.
7  Also available with 3  pin base  as  Bhorm on type  90N84. Specify  type  912NB-3.  Overall

tube leneth with 3 pin tiaae  = 11-3/8".

12 9/60

`-

`-



90 N84 - 912 N84
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Amperex® Typ[ 100 C/N AND 200 C/N sERiEs
Permanent  Sensi.ti.v;fy    END   MICA  WINDOW,    ALPIIA-BETA  C0l"TERS

EiiiE

-\

-

100€  .1cON  .  2.€  .  200N-

i__T|
_    111111

ioocB  .  iooB  .  aeGi  .  2OONB

Description      ,

The  .ype  looc or  J00C8 i's  a soft X-Ray and Beta counter with all  Argon  filling
and a  3 to 4. mg/cm2 end mica windows.

The typ'e  700N or 700NB is prinarily  a Beta counter with  a low voltage Neon  fill-
ing  and a  3 to 4 mg/cm2 window 3.

The type 200C o[ 200CB  is a very soft X-Ray,  Alpha and  Beta counter with  an
Argon  filliag and a  I.4 [o  2 mg/cm2 window 3.

The  type 200N or 200NB is  an  Alpha and Beta cotmter with a  1.4 to 2 mg/c-m2
wind-ow3 and  a low voltage, Neon  filling.

Both the  100 and  200 series tubes  ale intended  for use in general radioassay work
and radio chemical  anal\ysis.

Gerieral  Data

operating temperacdre range
Quenching agent
Effective diameter of mica window
Cathode material
Effective cathode dimensions

Pert®rmonee Data

Operating voltage 1, +I
Plateau length 1
Slope of p|ateaul, 6
Starting voltage

(0®3  Volt  pulses)1
Capacity  at terminals

_ 55° to  +  75oC
halogen  admixmre
1-3/32-„
stainless steel (287o chromi`lm,  72%  iron)
1[/2" long x  1-3/16" 0.D.  x  3/64"  wall

'00N.  100NB'
-   200N  a  200NB

700  volts I).C.5
in  excess of 200  volts
5%  to  10% per  loo-volts

625 volts D.C.  max
1.0  mmf

Radial  sensitivity (approx.)        85% -90%
Photosensitivity & hysteresis   none
Dead time (approx.)                        200 microseconds
Maxim`im counting rate 7              830  counts per see.

100C'  '00CB'
200C a 200CB

1200  volts D.C.
in excess of  3oo  volts
57o !o  107o per  loo  volts

1075 volts D.C.  max.
1.0  mmf
80%-85%
none
200 microseconds
830 ,count's  per  see.

Background (Shielded 2"
lead and  1/8"  aluriaum)          50 counts per min.  max     50 counts per min. max.

Life  expectancy in coun[s2        unlimited by use                 unlimited by use
Maximum operating altinde         25,000  feet                             25,000  feet

No,es
1   This  data is  obtained from  an automatic plateaQ  trace rm on  each tube.  A print of this trace

is shipped with each tube.

:  :.u4a::;::d2 5m;c:°=:oCo°oT:c¥:i:.uo:.microns.,  3,5 mg/cm2  mica  = .ooo5 inch  = 12 .70 micron
+  These tubes  will operate  satisfactorily anywhere  on  the plateau.
5  Also  8vallable upon request  filled at  goo  volts operating voltage.
6  At an  average  counting rate of loo cotints per second.
7   For 2o7o dead time  correction (approx.).
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Amperex®
1

ZiiEI

Ei=

•ypES  !!!I:

END   MICA   WINDOW,    ALPIIA-BE"   C0l"TERS

Desc'ip'i®n

The type  ]00HB is primiarily a  Beta counter utiliziag an organic  quenching
agent  and a  3 to  4 mg/cm2 mica  end window 1.  This mbe is physically identical
with  the  AMPEREX type  JOOCB  and  ]OONB.

The  type  200HB is a low energy Beta and  Alpha counter utilizing  a.I organic
quenching  agent and  a  I.4 to 2 mg/cm2 mica end window.  This  mbe is physically
identical  with  the  AMPEREX  type  200CB  and 200NB.

Generol  Dcfro

Operating temperatiire range  .........
Gas  composition  a ......... a ......... i...

Effective diameter of mica window
Effective  cathode  dimensions   ,.....

Cathode  material  ........................,

Performonc. Doto

operating  voltage 2, 3
Plateau length 2
Slope  of  plateau 2.  4   ....,..........
Starting  voltage 2 ( 1 volt pulses)
Capacity  al  terminals  ...............
Dead  time  (approx.)   a .................
Life  expec(ancy  in  counts   ........
Maximum operating  altitude   ......
Background (shielded  2" lead)  ..

+  |5° to  +  5o°c
Ilelium with organic  quenching
agent.
I-3/32 iaches
1[/2" long x  I/3/ 16" 0.D. x
3/32„ wall

Stainless  steel  (287o  chromium,
727oifon)

1300  volts  D.C.
in  excess of 250  volts
I.5% per  loo  volts
1180 volts  max.
1.0  mmf
150 tnicloseconds
approx.i.5  x  loo
20,coo  ft.
50  counts  per minu(e max.

No,es

:5::::;=2:::::..8::3!:a::i?;o-"?:oronns;
2   This  data is  obtained  from  an  automatic plateau  trace run.  on  each  tube.   A print of this

trace  18  shipped with  each  tube.

11
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Amperex® TvpEs
Eiii

EiE

100 LB
200 I B

High  Efficieney,  Perinanent Sensitivity

END  Mm  w"DOw,    ALPHA.BE"  OounTERs

'#;'R:i::,I

Description

HII|±i-i--=ELE

The  Amperex types  100 LB  and  200 LB  represent the most advanced developments
in the field of halogen-quenched Geiger-Mueller tubes.  They provide detection
efficiencies  previously  attained only with organic  quenched tubes  and yet maifl[ain
the unlimited  life characteristics of halogen-quenched tubes.

The inherent  superiority of these tubes  are characterized  by low plateau slopes,
long plateau regions, high detection efficiencies and  unusual uaiformity of charact-
eristics  from tube  to  tubeo

In  addition, they operate  at low voltages,  are extremely rugged  mechanically and  are
unaffected  by the  accidental application of excessive voltages.

General  Data

Operating Temperature  Range
Gas  Filling

Cathode ^laterial

-           Effective cathode Dimensions

9/60

-55°C to +  75°c
neon,  argon with halogen

quenching agent
stainless  steel
(28% chromium,  727o iron)
1.42"  long x  1%"  Q.D.  x

0.051„ wall

•1



100 LB AND 200 LB
Performance Data

Mic.a Window Thiclmess
100  LB
200  LB

Effective  Mica Window Diameter
Plateau Region 2, 3
Plateau Length 2,3

Plateau Slope 2, 3

0Peratirig Voltage 2, 3

Radial  Efficiency 5
Photosensitivity  and llystersis
Dead  Time 2,3
Background (Shielded  2"  lead  and

I/8" alurinun)
Life  Expectancy in Counts 4
Internal Series  Anode Resistor

:::::::::;::2
1.093  inches
450 -  750  volts
300  minimum
350  average
2% per  loo volts  max
1% per  100  volts  average
arbitrary,  within plateau

range
987o  minimum
none
250 psec  max

25  counts  per  minute max
unlimited
10  megohms  (supplied  as

integral  part_of tube)    `

i= OUTPUT

EI

E±

1   1.4 mg/cm2  mica  = 0.002  inche8  = 5.08 mlerona;  3.S mg/cm2  = 0.005 inches  = 1.27  micron.
2   At a counting rate of approrirngtely  1 00 count8 per eecond with recornnended opera operat-\`./'

ing circuit.
3   Recommended opemting circuit See  Figure  1,10 megohm re813tor iB  already B`pplied aa

integral part of the  tube.
`  Guaranteed 5 I  |oL° counts minimum.
6   'me probabnity that any ionizing particle within the  Sensitive vol`me will initiate a

discharge.
12 9/60
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Amperex® TYPE  IZ0  SER-lES

-,,

Eiiil

Eiili=

Permonenf Sensjf;yJ.fy  . END  MICA  WINDOW,~   BE"  COUNTERS

12®€      ®      120N

Desc'ip,io,.

The type  720N or  720N8 i§ `a large  end window  Beta counter that  allows  very
good counting geometries. It has  a low voltage Neon gas filliflg and an  average
window thickaess4 of  5.6 mg/cm2.

The  type  720C is  filled  with  Arg-on  and is  useful' as  a Beta  and X-Ray  counter.
It  also has a window thickness4 of 5.6 mg,/cm2.

General  Da\a\

Operating temperature range-...... a ...- 55° to  +  750C
Quenching  fgent  ...........,..... a.` ........    halogen  admixture
Effective .dialneter of mic-a window ...1-29/32",
Cathode material .............. a ...........    stainless  Steel  (287o  chromium,  72% iron)
E-ff-ectivF  cathod€ dimensions  ...... a.   2-11/16"  long x  2"  O.D. x 5/64"  wall-

Performance bate                                       \20N  a  120NB

3r:t[:auinfe::lia.f:a.:..'..:....o..............a.......?nooexvco::ss:ic2.oovo|ts
Slc;pe  of  plateaut'..: ....,.. :..„®.,.` 5%  to  10%  per  loo,volts
St(%¥vgo]Vt°;tua[8sees)|„„ ....... o` ....  625  volts max.         -

Capacity , at  terminals ...... a .....  ` 1.0  mmf
Radial~se_nsitivi.ty  (approx.) ....   80%
Photosen!sitivity & hysce[esis   none
Dead  time  (appr_ox.)  ........ „ .... _    300  microsecoflds
Mazimun counting  rate6„ .-..... G. -550  counts per  second
Background {Shielded-2' '

lead  and  I/8"  aluminum) ......   100  counts per min.  max
_    Life expectancy in  counts ?.o...  unlimited  by  tise

Marimum  operating_altitude ....    15,000  feet.

'20C
1200  volts DC
in exc:e§s  of 300 volts
5% -to  10%`per  100` volts

1675 voltsTmar.
L0 mmf
807o
none
300 microseconds
550 counts per second

.100  counts  pei min.-inax
unlinrited by use
15,000 feet

N®tes
1   iris data is  obtained  from eel automatic -Plateau-trace lun on each tube. A priht of this

trace  i8  shipped with each tube.
2   Guaranteed  S  x  |o 1° counts  miriimum

:F6e:eg/::e2S££cL:=P.eoroa::La:Sf=a:to::i:yin:neryownhsereonthephatea"
5  At an average  counting rate of loo counts per Second
6   For 20% dead time correction  (approx,).

11
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Amperex® TvpE 150 sERiEs
Permonenf Sens;I;vi.ty    END  MICA  "IIDOW,   BE"-enMMA  cOuNTEns

5

_  J  _`  _

150N(I.9.I.TypeBs-I/59Tgi

\Eiiiil

Eiiil

1.

Ilm

\'.`

T1

Description

The  type  ]50N or  J5aNB  is a very  sensitive,  low voltage,  halogen-quenched
Geiger  counter tube for use in  survey instruments.  Approximate response  of this
tube to hard Gamma radiation is  given  on reverse of  this  sheet.  This tube meets
the requirements of U.S.  Navy  specification  type  BS-I/5979.  The mica Beta windows
is  3 to  4 mg/cm2.  Upon  special request a  1.4 to  2.0  mg/cn2 window9 i§  available.

General  Data

Operating temperature range ................- 55°  to  +  75C'C
Gas  filling Neon plus halogen  admixture
Cathode  material .............................,..  stainless  steel  (287o  chromi`im,  727o iron)
Mica  window.9......... „ ...... „.„ ..... „ .......  i  to  4  me/cm23  to 4 mg/cm2
ldica  window  diameter „ ......................  25/32''
Effective cathode dimensioas  ............ 4-3/8" loog x 7/8"  O.D.  I  3/64"  wall

Performance Ddrq

Operatiflg  voltage 1.I.??.t„ ..................... 700  volts  D.C.

g|loapt:aou£,pe|nagt:ha:,i:f':!j::::::::::.::::::::::::::i:fxpcee.Sifv,o8|o.§v:,::.
Starting  voltage  (0.3 volt pulses)= ....... 620  volts max.
Capacity  at  terminals -........................  2.4  mmf
Radial  sensitivity-(approx.) ................ 80%
Photoseflsitivity & hysteresis  ...
Dead  time  (appcox.)   .................
Marimum  counting  tale e ............
Background (Shielded  2" lead

and  1/8"  aluminum)  ...............
Life  expec..ancy  in counts 2 .......
Roentgefl  energy dependance 7

(un filtered)....„......................

...  none         -

...150  microseconds

...1100  counts`per  second

.,. 75  counts per minute max.

... unlirnited by  use

...  ±20%

No,es
1   This  data is obtained from an automatic plateau trace run on  each tube.  A print of this  trace

is  shipped  with  ea.cb  tut)e.
Guaranteed  5 x  |0L°  counts minimum.
These  tubes will  operate sati§foctorily anywhere on the plateau.
Also  available upon request rilled at  900  volts operating voltage
At an average counting rate of  loo  courits per second.
For 20% dead  time  correctiori  (appz.ox.).
Calculated  ychue  based on radiocobalt  gamma  center from  100KV  to  3  M.E.V.  extremes.
When  tester  according to the ES-1/5979  specification with  a ratemeter   with  1  volt 8en8itivity
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Amperex® TvpE 153 €
Permaner)I  sen5/.I;v/.fy     XIRAY      COUN+ER

WINOOW  CUAPO |r'

L-.+CATg7¥±.5i5"=lLi .?•2a,I[f
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Eiil

Eiiii

Description

The  type  753C is  an  optimum design  for an  end mica window,  X-Ray diffraction
and fluorescence  analysis counter. It has maximum  sensitivity to the characteris-
tic radiation of the usual  X-Ray  diffraction  targetso  The infinite-life,  halogen  fill-
ing allows the exposure of the tube [o the direct X-Ray beam without any adverse
effect.

General  Data

Operating  temperature range ............- 55°  to  +  75°C
Gas  Filling Argon plus halogen admixture
Cathode  material ..a..`o...®.o ..... a.o ,......   stainless  steel  (28%  chromium,  72% iron)
Mica window 9........... a ..................,..   3  to  4  mg/cm2

Mica window diameter ..„ ................    25/32"
Length  of  sensitive  gas  path a.a...o...    100 mm
Recommended X-Ray  beam  width .....   I.2  cm
Effective cathode dimensions  ..........  4-3/8"  long x  7/8"  0.I).  x  3/64"  wall

Performanc:e Data

Operating vol[age±'3         a                         1500  volts D.C.

a[oa::aouf[pTa::ha:...±?...+....................a.......v...a..........'...£3n%etxoc:;oSp°ef.4[°o°oVv°o']tt§s
Starting voltage (o.3 volt pulses)1.ul.    1300  to  14oo  volts
Capacity  of  terminals  ........ a.a ...... D-.     2®4  mmf

Radial   sensitivity  „ ....... a.a...I...a...v...    65%  to  70%
•     Dead  time  (approx.) ....,. a.® ...............     150  microseconds

Maximum  counting  rate i.a .... „.a ......    lloo  counts  per  second
Background (Shielded  2"  lead

Li=de::::'t±#iflnu:!u:;.s..2........e......`....a......££[.F£:Tetdsbpyeru=:nutemax.

No,es
1   This  data is  obtained from an automatic plateau  trace mTi on each tube. A print of this

G::rc=t]ese:h:PfeLdolwo±t:o=t¥#:£eiun.
These tubes  will operate satisfactorily anywhere on  the plateau.
At an`average  couriing fate of  1-00 counts  per second.
For 20% dead  time  correction  (8pprox.).
3.5 ng/cm2 mica  = .0005  inch  = 12.70 microns.

1.
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Amperex® TvpE 155 N
Permonenf Sensjf;yjfy    END  "lcA  mHDOW,   BE"-GAHm  OuMTm

r.

Description

Eiiii

EiiFi!

The  Amperex type  155N is  a highly  seasitive,  halogen  queriched Geige[ counter
tube for the detection of ga[nma and  beta radiations.  Because of its  geometery,
the tube i§  well  suited  for use in  survey instruments.

Upon  special request,  the  155N  can be  supplied at  an operating voltage of 700
volts. A mica window 1  of 3 - 4 mg/cm2 can also  be provided  if desired.

General Data

Operating Temperature R ange
Gas  Filling

Cathode Matetial

Mica Window 1
Mica W'indow Diameter
Effective Cathode Dimensions

-55°C to +  75°c
Neon plus halogen

admixture
stainless  steel (287o

chrolniun,  72%  iron)
I.4 -  2.0 mg/cm2
•950  inches
4-3/8" long x 7/8" O.D.

x 3/64"  wall

1   1.4  mg/cm2  mica  = .0002  inch  = 5.08  microns,  3.5  mg/cm2  mica  =  .000S inch  : 12.70
mlcfons .

1 0/60 .I



155N

Performance Da(a

operating Voltage 2, 3, 4
Plateau length 1, 5
Slope of Plateau 1, 5 ,6
Starting voltage (0.3 volt pulses) 2
C?pacity at Terminals
Radial Sensitivity (approx.)
Photosensitivity & Hysteresis
Dead Time (approx.)
Marimum counting rate 7
Background (Shielded 2" lead

and  1/8"  alundmum)
Life cxpectance in counts8
Roentgen energy dependance 9

(un filtered)

900  volts  D.C.
in  excess of  180  volts
10% Per  loo  volts  max.
820 volts max
2.4 mmf
80%
none
150 microseconds
1100 counts per  second

75  counts per minute max.
unlimited  by  use

±20%

2   This data is  obtained  from ali  automatic  plateau  trace run on each tube.  A print of this
trace le  shipped with each t`|be.

3   This tube will operate  s8tlsfactorily anywhere on the plateau.
4  Also  available upon request filled at  700 volts operating voltage

When te8ted according to  the  BS-1/5979  specification with a ratemeter with  1  volt  8en8i-
tivity and 275 microseconds  resolving time,  this  type has  a minimum plateau length of
200 volts  and maximum  slope of  107o per loo volts.

6   At an avez.age  counting rate  of loo counts  per second.

7   For 2o% dead time  correction  (approx)

8   Guaranteed S I  |01° counts  minimum

9   Calculated value  based on radiocobalt  gamma  center from  looKV to  3  M.E.V.  extremes

12 '0/60
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AegoLUTE    TrllcxNES9   {N6/cN.)

cALCuLATEo   TfiMi8iii99ion  or   e€T.   9pECTRUN   FROM   soliE  coNwon   R^coisoropEs

Adapted  Iron  G.I. Gleason. et  al -Nucleonlcs. Vol. 8. No. 5,18  (1951 )
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Amperex® TYPE  16iu.G

P®rmanenl  Sons;I;vjly   GAH"A    00llIITEn
Eiiii

D.scrip,ion

The type  160G is a highly sensitive gamma counter tube which can be opefated at
tcmpefa`tu[es up to  175°C with virtually no change in characteristics. The iflfiaite-
life halogen filling gives the tube an unusual electrical ruggedness to rna_tch its
fbechanical strength.

^    Cien.rat Data
operating temperature range
Gas filling
Cathode material
Effective cathode dimensions

F~mance Da.a
Star(ing voltage 1

-  Plateau
Slope of `Plateau2(-55°C to +  |75°C)
Background 3 (shielded with  .025"

alumin`im inside 2'' lead)
Pulse Amplitude .

RE               .oz5 ror-
co                          I v oulsEA

-55°C to +  |75°C
neon plus halogen admilture
stainless  steel (28% chfomiiim,  72% iron)
.410" O.D. I 6.3" long z o.20" wall

590 . 630 volts
680 - 780 volts
157e Pe.  loo volts naz.

40 counts per riute
120 volts min.

hi

Flo.I.  T(st  cpieurT  Fo.  I.(^8.mutm  oF  sTAVIN6
`oLT.-  ^ro  niLIE  .niTuo.

1 S.e Te.t Cl.c`ilt. The recoDn.nd.d .t.rtlng voltae. le that which reduce. unlfom I colt
Put.e. .I the lnput to the oeclllo.cope probe. Betwe.a 2SC and 150C the marinum lncT ....
In .tertlng voltage ®hould never be more than 20 volte.

2 At a nominal counting rate of loo count. per Second.
3 Vh.a op.feting .I 700 troll.. 2S° C.
•t]rhen op.ntlng at 700 volt..

|~lled 6A, .I
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Amperex®
Permanerir  Sens;I;vi.]y   G A M M A

Eiiil

^`,

-.

TvpE  170IG

0 0 11 N T I R

Descriplion

The type  170G is a highly sensitive ganma counter tube which can be operated at
temperatures up to  175°C with virtually flo change in characteristics. The infiiiite-
life halogen filliflg gives the tube an unusual electrical ruggedness to match its
mechanical strength.

General Da.a

Ope.ating temperature range
Gas filling
Cathode material
Effective cathode dimensions

Performcmce Data

Staring voltage 1
-  Plateau i

Slope of plateau2(_55°C to +  |75°C)
Background 3 (shielded with .025"

aluminum inside 2" lead)
Pulse Amplitude 4

-55°C to +  175°c
neon plus  halogen  admixture
stainless  steel  (28% chromium,  727o iroa)
.410"  O.D.  x  17"  long x o.20" wall

590  -  630  volts
680 -  780  volts
15% per  loo  volts  max

80 counts  per minute  ,,
120 volts Din.

MV

Flo.I.  TEST  ciRcuIT   FOR   NEAsunEwtm  OF   stARTiNc
VOLTAGE    AJtl)     COLSE    AMPLITUDE

1 See Test Circuit. The recommended Starting voltage  is that which produces uniform  I  volt
pLilses at  the input  to  the  oscilloscope  probe.  Between 25,C  and  150C  the  maximum increase
in starting voltage  should never be more than 20 volts.

2 At a nominal  counting rate  of  loo  counts ,per second.
3 When operating at 70o volts, 25°C.
4 When operating at 700 volts.

R®,if ed a/59 11
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Am|)erex® TvpE Z4UN
Permonenf Sens;fjyjJy     ALPIIA-BETA  G"MA,  I-HAY  COUNTEn

Eiiii

Ezii=

Desc[ipdon

The type 240N is a probe tube with a long cathode that makes it sensi(ive to
Gamma radiation at tolerance dosage levels® The  I.4 to 2 mg/cm2,mica
window 1 on a tube of this general  size and shape gives Alpha and Beta sen-
si(ivity to survey instruments using this tube in place of similar Gamma tube
types. The 3 pin base fits into a standard  socket and makes the tube  readily
interchangeable with other typeso

General Data

Operating temperafufe range
Gas filling
Cathode material

Mica window 1
Mica window diameter
Effective cathode dinensions

-55° to + 75°c
Neon plus halogen admilutre
stainless steel (28%

chfoniun,  727® iron)
1.4 to 2 mg/cm2
1}/32„
4" long I .605" I.D. I

.010,, wall

1   1.4 mg/cm2 mica  = .o002 inch  = S.08 microns.

R®yi.®d  3/61 •1



240N

Performance Data

Operating Vo|tage2, 3, 4
Plateau length 2
Slope of plateau 2| 6

Staring voltage
(0.3 volt pulses) 2

Capacity at terinals
Radial  §ensitiviry, beta of X-Ray

(throuch  window)
Radial sensidvity, gamma (approx.)
Photo sensitivity & hy stefe sis
Dead time (approxo)
Maximum counting f ate 8
Background (Shielded with 2" lead

and  1/8" alurinun)
Roentgen energy dependance 7
Life expectancy in counts 8

850-900 volts Doc.
in excess of  150 volts
less than  157o per

loo volts

800 volts max.
2.4 nmf

99%
807o
none
100 microsecond s
1700 counts per  see.

50 counts per min. max.
±207o
unlimited by use

2   Thl® data is obtahed from an automatic plateau trace run on each tube. A print of this
t.ace 1® 8hlpped with each tube.

8  Thl8  tube will opefate aatlBfactorily anywhere on the plateau.
`  Also available at 700 volts opeeE]tlng voltage upon 8peclal request.
5  At ®n average  cbuntlng rate of loo counts  per 8®cond.

a   For 207® dead time correction (approx.)
7   Calculated value baeed on radlocobalt gamma center value with  100KV to 3 M.E.V.e-el.
8  Gun]mteed S I |oL° counte minimum.

-
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240N
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Amperex®
Permanenl  Sens;li.yi.I y   a A M M A

F\
.591

TypE  185U3

COUNTER

Description .669

The  Amperex type  18503 is  a, halogen quenched geiger tube for the detection  and
measuremen( of gamma radiation.  Because of its mechanical  ruggedness and  ex-
cellent plateau characteristics, namely  a long plateau regiofl with a low  slope
and relatively low operating voltage, it is ideally  suited for applications in port-
able  survey  and monitoring equipment.  These characteristics permit considerable
simplification  in associated  transistorized power supplies.

The tube is unusually  stable with extremely small variations in characteristics
from tube to tube.

General Data

Operating Temperature Range
Gas  Filling

C'athode Material

Cathode Wall Thickness
Capacity  at Terminals

-      MOuntin8

-55°c to +  75°c
aeon, argon plus halogea

quenching agent
stainless steel (28%

25Coho:g7:272%iron)
2 quf (approx)
see note  I

1   Low capacity mounting of the  counter tube ls  required.  (Shortest possible  cormector
between anode and anode  circuit iB  required for low  capacity.)

9/60 11



18503
Performance Data

Starting Voltage

Plateau Leng(h 2

Plateau Slope 2

Beginning of Plateau 2
Background (shielded with  I/8"  aluminum

and  2"  lead)2
Dead Time 2
Anode Resistor (recomll]ended value)
Recommended Circuit

275  volts  min
325  volts  max
225  volts  min
250  volts  average

Oool  %/volt  average
0.02  %/volt  Inax
425  volts max

10 counts/minute  IIiax
loo 4Sec max

10 megohms
see  figure  I

Note:   In order to prevent leakage the tubes  should  be kept dry and well cleaned.

+VE

FIG.   I

L-

-

OuTPuT   '\v

2   At  about  loo counts/see  and  R  = |o meghoms; operating voltage arbitrary  within
plateau.
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Amperex® TvpE 18505
Permonenf  Sons;I;yjfy   END  MI0A  WINDOW,  BETA-ALPHA.GAMMA  00UMTER

-

Ziiii

Description

The  Amperex type  18505  is  a mica end window, halogen quenched geiger tube for
A the,de`tection  and measurement bf beta,  alpha  and ganma radiation.  Because of
its' riechariical I-uggedness  and excellent plateau characteristics, namely `a long
plateau region wick  a low slope and relatively low operating voltage,  it is ideally
suited  for applications in portable  survey  and Donitoring  equipment.  These char-
acteristic.s pemit considerable  simplification in the associated transistorized
power  supplies. As  a. result of i(s  Small  Size,  it is  easily incorporated in probe
type instruments.

The tube is unusually stable with extremely  slnall variations in characteristics
from tube  to tube.

General Data

Operatiflg Temperature Range
Gas Filling

Cathode Material

Mica Window Thickness
Cathode Wall Thickfless
Capacity at Terminals
Mounting

-55°C to +  75°c
neon, argon plus halogen

quenching agent
stainless steel (287o
chromium,  72% iron)
1.5  -  2  mg/cm2
0.047.inches
2.5 #f (approx)
see note  1

1   Low capacity mounting of the  counter ttibe is required.  (Shortest poBBible  connector be-
tween anode  and anode  circuit is  required for low  capacity.

9/60 11



18505
Performance Data

Startiag Voltage

Plateau Length 2

Plateau Slope 2

Beginning of Plateau 2
Background (shielded with  1/8"

aluminum and 2" lead) 2
Dent Time 2
Anode Resistor (recommended value)
Recommended Circuit

300 volts rim
350 volts mar
250 volts min
300 volts  average

0.01  7o/volt average
0.02 7o/volt IIiax
450 volts  max

15  counts/minute max.
200 psec max

10 megohms
see  figure  1

Note: Ia order to prevent leakage the tubes should be kept dry and well cleaned.

+VE

FIG.   I

EEEE] OuTPuT

2  At about loo counts/see and R  = |0 megohms; operating voltage arbitrary within
plateau.

12 9/60
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Amperex® TypE  185U6

Permanent Sensjfjy;fy      EMU  MICA  W"DOW,  BETA-ALpllA-GAMMA  00UHTER

I-.087
Eiiii

Eiiiii

EiE

DFscription

The Amperex type  18506 is  a mica end  window, halogen  quenched geiger tube for
the detection and measurement of beta,  alpha  and gamma radiation.  Because of its
mechanical ruggedness  and  excelleflt plateau characteristics,  namely a long. plat-
eau region with  a low slope  and relatively low operating voltage,  it is  ideally
suited  for  applications in portable  survey and monitoring equipment.  These char-
acteristics permit considerable  simplification in the associated transistorized
power  supplies.  As  a result of its  small  size,  it is easily incorporated in probe
type instruments.

The  tube is  unusually stable with  extremely  small variations in characteristics
from tube to tube.

General Data

Operating Temperature Range
Gas  Filling

Cathode Material

Mica Window Thickness
Cathode Wall  Thickness
Capacity at  Terminals
Mounting

-55°C to +  75°c
neon,  argon plus halogen

quenching agent
stainless  steel (28%

chromium,  727o iron)
2.5  -  3.5  mg/cm2
0.051 inches
3.5  Avf (approx)
see note  1

1   Low capacity mounting of the  counter tube is required. (Shortest possible comector be-
tween  anode and anode  circuit i8  required for low capacity.)

9/60 11



18506
Peiformance Data

Starting Voltage

Plateau Length 2

Plateau Slope 2

Beginning of Plateau 2
Background (Shielded with  1/8"  alunrinun

and 2" lead) 2
Dead Time 2
Anode Resistor (recommended value)
Recommended Circuit

325  volts mid
375  volts max
300 volts min
350 volts  average

0.01  %/volt average
0.02 %/volt max
450 volts  max

25 counts/minute max
250 #§ec max

10 ncgohms
see figure  1

Note: In order to prevent leaknge the tubes should be kept dry and well cleaned.

FIG.   I

-

ouTPuT `-

Ill
2  At about loo counts/see and R  = 10 megohms; operating voltage arbitrarty within

plateau-  `
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Amperex® "pE - 18509

r- Permonenl  Sensjljv;ly   GAMMA     00llNTER

.276  DIA

JL.g?:
Description

~   -The  18509 is a halogen quenched geiger tube for the detection and measurement of

gamma radiation.  Because of its  small  Size and unique characteristic.s'it has  found
wide application in portable  survey and inonitoring equipment.

The tube is capable of operation throughout a wide range of radiation field inten-
sitie§. Ira low intensity radiation fields it can  be used  as  a conventional geiger     :
tube. In higher fields,  the tube can be lsed as 'a cufrent integrating device in that
the current flowing througb the tube can be fed directly to a meter or other indic;ti
ing device. In this manner,  the tube will provide a  semi-logarithmic response up to
fifty microamperes in fields  as high as  200 roentgens per hour.

General Data

Operating Temperature Range
Gas  Filling

Cathode Material

Cathode Wall Thickness
Capacity at Terminals

A       Mounting

-55°C to +  75°c
neon,  argon plus halogen

quenching agent
stainless  steel (287o

chromium,  72% iron)
80 -.100 mg/cm2
I  quf (approx)
see note  1

1   Low capacity mounting of the  counter tube is required.  (Shortest possible corinector be-
tween anode and anode  circuit i8 i'equired for low  capacity.)

9/60 11



18509
Performance Data

Starting Voltage

Plateau Length 2

Plateau Slope 2

Begimiag of Plateau 2
Background (shielded with  I/8"  aluminum.

and 2" lend) 2
Dead Time 2,8
Anode Resistor (recommended value)
Recommended Circuit

295 volts min
335  volts  max
150 volts din
175  volts  average

0.07 %/volt  average
0.15  %/volt  max
375  volts max

2 counts/miaute max
60 4sec max
10 megohms

see figure  I

Note:  In order to prevent leakage the tube sbould  be kept dry  and well cleaned.

+VE

FIG.   I

L-

`-

OuTPuT I,-

2   At about  loo  counts/8ec and R  = 10 megQhms;  opemting voltage arbitrary within

plateau.
3   With R  = 2  megohm8,  dead time is  20 4sec max.
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Amperex® TYPE 18515_
Permonenf Sensjfjy;fy   EHD HI0A WIHDOw,   BETA ¢Ol"TER

Eiii

I T:Di::-  rTO.Oes±O,g

caTHorT 0.858-0.898 |ta.669RAX

I0.433VAX -'ANODE,.

0.M 72 +0.92
5MAX

0.039 DIA.  -

The  Amperex type  18515 is  a halogen quenched geiger tube for the detection and
measurement of beta radiationo Its unique design provides for a beta detection
efficiency that is virtually the same a§ that obtained by organic quenched tubes
and  exceeds that of other halogen quenched tul>es I)reviously available.

r`        The  18515 is especially designed to be used with guard tube counter type  l8517
for low background measurements.  For this applicatiofl-special materials  and pro-
cessing have' been utilized to reduce the effects of radioactive contaminationo

General Data

Eiii

Operating Temperature Range
Gas  Filliflg

Cathode Material

Effective Cathode Dimensions
Wan  Thickness
Inside Diameter
Effective Length

Mica window Dimensions
Thickness
Effective Diameter

Capacity at Terminals
Weight
Mounting

-,¥ a ¥

-5o°c tot+ 75°c
neon,  argoo, plus halogen
quenching agent

stainless Steel
(28% chromium,  727o iron)

Oo047 inches
0.78 inches
Oo5l inches

1.5  -  2.0 mg/cm 2
0.78 inches
|o5 #f

0.53 ounces
See Note  I

1   Low capacity mounting of the counter tube is required.  (Shortest possible connection
between anode and anode circuit is required for low capacity.)

Ftevised I/60                                                                                                                                                t[ I



Ambient Temperature
- Starting Voltage
-  Operating Voltage (Aaode Resistor = 10 megohms)
-  Recormended Operating Voltage
--  Plateau Range

Slope of Plateau
Dead Tine (Anode Voltage  = 515V)
Background (shielded by 2" mercury enclosed

within 4" .iron)
-Anode resistor (recommended value) a 3

Typical operating Circuit

i     +£  \

Egiv3€`j9fr$3i=d
B*F*j±  fag-ds-nei!i±   .

{5

ANODE  RESISTOR

_b_,J``,    `¢.grgz,`;'f        -

250c
400 volts inax
650 volts max
575 volts

500 - 650 volts
37o/loo volts inax

150 microseconds max

6.5 counts/minute max
10-megohrns

see  Figure  1

I-

2  Mini.nun anode resistor = 5 megohms
\ 8-se€~+Figprel           -



Amperex® TvpE It516__
fro7ranenf sensjfivjly   €llROwnJM -lroN   END  WINDOW,   BETA  COUNTER

1  I,..:::- -
CATHODE I . I 7 7- Tl

7I
I.2]7 0.906MAX

_      I.411

0433MAX V
NODE

I o.o39D,A.    `a.472
t,acMAXMAX

DescriptioD

EE-

Eiili=

EiE--

The Amperex type  18516 is a halogefl quenched geiger tube for the detection and
measurement of beta radiation. Its unique design provides for a beta detection
efficiency that is virttially the  same as that obtainted by organic  queached tubes.

The  18516 is  specially constructed to fit with guard tube corn(e. type  18518 for
low background measurement.  For this application special materials and pro-
cessing have been utilized to reduce the effects of radioactive con.amination.

General Data

Operating Temperature Range
Gas Filling

Cathode Material

E ffective Cathode Dimensions
Length

`  Inner Diameter
Wall Thickness

End Window Dinen§ions
Thickness
E ffective Diameter
Area

Weight
MOun(ing
C zLpacity at te[fninals

-5o°c to + 75°c
neon, argon, plus halogen
quenching agent

stainless steel
(28% chromi`im  727o iron)

0.71 inches
1.09 inches
0.05 inches

1o mg/cm2
1.09 inches
2.40 inches 2
0.8 ounces

see Note  1
L.5 w£-

1   Low capacity mounting of the counter tube ls reqtlired.  (Shortest possible connector
between anode and anode circuit is required for low capacity.)

R.vised 4/6o 11



18516      t?,j¥f¥

i erformance Data
Ambient Temperature
Operating Voltage (Anode Resi§tor' = 10 megohms)
R ecommended' Operfting Vp|tagez

+
v      rfefroirs`

250c
700 volts max
600 volts

Starting voltage      I                                                                         375 volts max
Plateau Range
Slope of Plateau
Dead Tiriie (Operating Voltage  = 60D volts)
Background {shielded with 2"  mercury

with 4" iron)
Anode Resistor (re;ommended ;alue) ?' 3
Typical Operating Circuit

ANODE  RESISTOR

18516

+Vb

FIG.  I

50®-700  volts
3%/100 volts max

loo microseconds max

10 counts/minute max
10  megohms

See  Figure  1

2   Minimum anode resistor = 5 megohm3

3  see Figure  1

EI

u



Amperex® TYPE IU5IT
pe"nenJ Sews;fi.yjfy    cOSHI0 HAY GumD cOIIIITm

3.o7] dur"A.

",i

.59I •£9MAX

2.N9seAXI.929

-2.087

I,'-_`\
i

CATIIODE

^JI,.22J;A+

EiiE

-a ,,,. 15T±  -&   .` , :

I   c.¢?-`^.'

The Ampe.ex type  18517 i,s a halogen quenched geiger tube for measuremen.s .e-
quiring a low b_pckground and is  used-as a `complete anti-coincident guard I;a;em-_
bly for the  be.a counter  18515. Due to its  unique geoinetry arid special-filling it
has  a cosmic ray efficiency of virtually  100%.

Geaeral Data

Operating Temperature Range
Gas  Filling

C athode Material

C athode Dinensions
Wall  Thickfless
Other Dimensions

Weight
Mounting
Capacity at terrials

-5o°c to + 75°C
neon, argon, plus halogen
quenching agent

stainless steel
(28% chromiufn,  727c iron)

Oo04 inches
see outline drawing

6ul7 ounces
see Note  I
5.5  lpr£

Low capacity mounting of the counter tube i8 required.  ¢horte8t pos8lble con;ectian
between anode and anode circult is required for low capacity.)

Revl.ed`4/€O
11



18517       ¥i,.-di¥ggsaBg
^¥ i S¥  xp-gE  eeng€S

P erformance Data

Ambient Temperature
Recommended Operating Voltage
Plateau Range
Slope of plateau
Startiag Voltage

Deed Time
Background (shielded by 2" `mercuty

enclosed within`4"  iron)
Anode Resisto[ 8 (recommended value)
Meas`uring Circuit +

.

250c
1000 volts

800-1200  volts
37®/100 .volts  max

550 volts in
650 volts max

1  millisecofld max

75  counts/minu.e max
10  megohms

see  Figure  1

`    J     ...,  `.`-

.a  I
•  -IAro.Xdi       J

L- OUTPUT
tl-I      ,

Flo.2

ZE

EE

EE
2   Mea.used at 50 c/a frequency and 10 megoh" anode re.i.tor
3  see Flgurc  1
+  When used in antL-oincident circuit it ls I.co-ended that pul.e be taken from cathode ee

•hom in Figure 2.
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Amperex® TypE 18518
pe„manen, sensj,jyjly    €OSNt€  RAY  GUARD OUNTER `

Description

Eiil

Eiil

f-

I

„8'1

I
.59

.59

2.M 53AX2J65

± 0= 078

/,_` \
\

-I

I

CATHODE

I,535|.6,4

The Amperex type  18518 is  a halogen  quenched geiger tube for measurements [e-
quifing lory b;ckground. It  serves as a complete-anti-coincident guild assembly
for the beta counter  18516 and contains  a  special filling which insures  a cosmic
ray efficiency of virtually  100%.

General Data

Operating Temperature Range
Gas  Filling

Cathode Material

Cathode Dimensions
Wall Thickness
Other Dimeflsions

Mounting
Capacity at terminals
Weight

T5o°C to  + 75°C
neon, argon, plus hal-ngen
quenching  agent        _

stainless  steel (28%
chronriun  72% iron)

0.04 inches
see outline drawing

see Note  I
8wi

6.9  ounces

1  Low capacity mo`};iting of the  counter tube i§  required.  @hortest p`osslble  connection
bet`areen -anode arid anod'e- circuit is  required for low capacity'.

R®vis®d  4/60 11
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18518
_   f<g4SG.r`as     =~`±yfy5-={ta      -:xpfr¥igFpe-S             i~=-               ~      +       -

P efformance Data

Ambient Temperature
Recommended Operating Voltag-e
Plateau Range
Slope of Plateau
starriflg voltage

Dead Time
Background (shielded with  2"  mercury

enclosed within 4" iron)
Anode Resisto-I 8  (recommended value)
Mezi'suring circuit 4

r- OuTBUT

250c
1000 volts

800 -1200 volts
3%/100 volts max

550  volts  him
650 volts max

1  millisecond max

70 a;unts/minute max
10  megohms

see  Figure  1

FIG.2

O`uTPuT

Measured-at 50 c/a -and 10 megohms anode resistor
3   See  Figure  1

+  When used in anit-oincident circuit it is recofnmended that pulse t]e takeri from
cathode a8  Shown in  Fig`Iie  2.

1`2 Revis€d`4/60
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Amperex® TvpE 18550
Permanent  Sons;I;y;fy     MINIATIJRIZED  HALOGEN-QUENCHED  GE16ER  TUBE

Description

The Amperex type  18550 is  a niniat`irized halogen-quenched Geiger tube designed
to detect and measure gamma and medium energy beta radiation. Its  size, rugged-
ness and excellent plateau characteristics make it ideal for use in portable instru-
mentation and for the monitoring of relatively high intensity radiation fields.

General Data

Ambient Temperature

Gas Filling

Cathode Material

Effective Cathode Dimenstions
Wall  Thickness
Inside Diameter
Effective Length

Mountiflg
Weight
Capacity at Terminals

-500c Din
+ 75°C max
neon, argon plus halogen

quepching agent
stainless steel
(28% chromi`lm,  727a irofl)

36 ± 4 mg/cm 2
o.3i inches
1.06 inches
see note  I
0.04 ounces
1'1 „f

1   Low capacity mounting of the  counter tube is required  (8horte8t po88ible  connection be-
tween anode and anode resistor and small  capacity of anode  to  groi]nd). See recofrmended
circuit,  Fig.1.

9/60 11



18550
Performance Data (Ambient Temperature = 25°C)

Anode Resistor (See Figure  I)

Operating Voltage
Starting Voltage
Recomlnended operating Voltage

Plateau
Plateau Slope
Background (Shielded with  1.97" iron and

0.12"  aluminum, lead outside)
Dead Time (Operating Voltage = 600 V)

2 megohms mid
5 megohms average
700 volts max
330 - 380 volts
arbitrary, within

plateau
500 - 650 volts
0.04 %/volt max

5 co]mts/minute max
75 ysec

NOTE:   h order to prevent leakage the tube should be kept dry and well
cleaned.

1

12
L        __ ___

+VE

FIG.   I

L- OuTPuT

-

-
9/60



18550

- a?§§?

I
\

I I

1

I
I

I

I

I
I
1

I \•-

I

11
11 11

I

11 I
II I I I I I

8- C)a- 010 C)

oNoo3s  t!3d  sJ.Nnoo

139/60



•E]

I,`')



T\ fiT> .

Amperex

i EiiE

•H-EEI

REOTIFlm   TUBEs



Amperex
HEncuHy         vAPoR         HiGH         VOLTAGE

!nEOTIFI[n      TUBEs
[N_EnAL        lilFOR"ATloN       AND       AppLicATioN       NOTES

I: TunES cB® bd£-wcrve ]octlfier8 for `iBo drqly or in vcillous cohoinaltong for the conver8ton o( -
rnctinq circ`ilt supply to
tthg hha.

a dlreet cur®nt 8upply fo] the operation ol tbediun and his.I pevor redfo

eso rocGfi®r8 go cbcBacleri2ed by a very ho
high valu®B ol p®ck cnd crv6rag® current ct high appued voltag®8. Thor p[ovid® cm ocoronlcd

08, frozb A.c. power Ouppli®8.

ctnd roldiv®ly con8tcDt vollag® drop cnd the chllltr

ci®nt meonB for obtaining D.C. vollagce ol 1000 lo 20,000 volts ct -average cun®DtB ol from y2 to 60

high efficiency Of these tuhe8 is due primor-
he use ol ionized merciiry vapor ae the cur-
nducting medium. The positive mercury ions
ed during the conducting hall cycles: neu-
th®?negative electron 8paco chcnge cnd ch-
passage of high curronto with the expendi-
a  relatively low  voltage  drop  across  the
order to realize  fully the  advantages  ol
vapor  rectifiers  ctnd  to obtain  long  life,

bode must be cmply proprtionod on6 cap-
f  Supplying,  with  a  conse[vctivo  mcBgin,
nt electron omission for the peck current de-
Tho phy8icch 8izo cnd  configurc.tion  Of the
nat ho ouch as to allow the condoneod mar-
c[asuzno a proper  tompelcit`iTo  in order  to

a Btlfficient dontity of mercury vapor I o]
Io apace chttrgo noutrdizction o( the high.

currents; yet the density must not bo 8o
i to make poaeiblo "drc-hackB" under condi-
£  high  voltage  operation,  under  practicch

g  coziditione.  The  tubes  mufit  b®  ®zitir®ly
in cmy foreign ga8oe o] vapon which may
p znorcury vaporized to ca amount in®uffi-

cient  for  space  charge  neutralizcrfuon  cnd  (orce
operchion with higher voltage drops cnd ineroaBed
probability Of "arc-back."

Amperex Merc`iry Vapor Rectifier tuboB end>ody
detcri]s Of design cnd processing which aseuz'o the
hillo8t [calizcrtion Of the advcmtc[ges Of this cla]8 of
tube plus oxtraordincDy mo capabhitie8.

The ccrthodes cBo oride coated Bpocial alloy flo-
m®nts  that  po8aeeB  cn  unu.uc[lly  higb  ol®ctron
emiB8ion efficiency. This ccthodo area is lcprg® and
the op®rcting tomp®rcmir® low. The curTont d®aeity
through   the  tubes  i®`  ther®Ioro  reduced;   conaeL
quently  the  tol®rcmc®  I or  temporctur®  vchcrtion.
of the filament cad condon€od mercury cnd r®8ut-
cmt  varictiona  in  vapor  deneity  i8  Lziaooeod,  a8
well aB the tol®rcmco o( the tuboB for handling high
inverse   voltage  without   cBc-back.   h  haper®x
&hiolded  type  ol  mercury  vapor  tubes,  cathode
config`iratione that may roetrict the fr®o paqago Of
ionB,  with  con8oquozit  fdlur®  to  provide  epac.
chorgo noutralizdion for chl portlone of the cchh-



ode, cfre avoided. This assures unit arm current dis-
tribution over the entire ccT`hode and also reduces
the   ignition-voltage   c[nd   average   orcrdlop.   F'or
these  leason8  remarkable  lile  may  be  realized
even  under  conditions  Of  very  low  temperature
and high supply frequency operation.

Complete  de-gassing  Of  elements,  evacuation
equal to  those  demcmded  in  high  vacuum tubes.
complete fflc[ment coating conversion. distilling Of
required amount of prerdistilled  mercury into the
finished  tut)e,  are  details  o!  processing  that  de-
cTeose  the  rate  ol  "blackening"  in  service  and
further  help  maintain  the  high  inverse  voltage
handling  ability  ol  Amperex  Rectifier  tubes  for
many  thousands  ol  hours  of  peak-rating  service.

MouNTINc  AND  cmculT  n[oumEMENTS

M®rcury vapor rectifier tubes must be mounted
in a verticctl position with flament terminus crt the
bottom.

^i, Ci,cul®'i®n

To  pl.event  undue  tempercrtur®  rise  ol  the  bulb
there should be free air circulation around the rec-
tifier tubes. To this end the  tubes should be  well
separated I ron each other and all sunounding c[p-
porcrtus.  and  the  bottom,  sides  cnd- top  o(  their
enclosure  should  be  perf orated  or  supplied  with
ventilcrtion  openings.  The  tubes  Should  be  pro-
teeted !rom rising hot currents IIom other heat dis-
sipating portions of the same equipme`nt. To mini-
mize  the  probability  ol  cllc-backs and  premature
fdlure due to artificial rise in ignition voltage, the
tubes should be isolc[ted from high voltage or radio
frequency fields.

AI/lomol;c 7.jm®  Deloy

Equipments using mercury vapor rectifier tubes
Should provide an automcrtic time delay ol a per.
iod speciried in the individual tube rating, between
the cipplication of fuament voltage and plate volt.
age,  to  allow  the  ffiament  temperature  end  the
mercury vapor pressure to  come  up to a  normal
operating  condition.

Fj'®m®n' S'®,'e,

h  addition,  an  automatic  or  mcmuch  filaznent
stcdl®I i8 required  for  the  types  869  alid  857  cnd

larger tubes, which will c(llow a graduch
up Of vo)tage across the filcments Of the tubes
lizrit  the  initich  msh  ol  flament  c`irrent  thr
the cold fflamont to a vchue not in excess of
o( the rcited fflament current.

Pro.®cling  Equipm®n\

TominimizetheprobctbilityOfpelmanently.ch¥
aging the  rectifiers or  associcded  equipment\ ffdr

:edavj:?riotop`r:S;d:eafn#:kd:::]rn:£ecrur¥b:e¥=
in the primary Of the plcrte. supply.

T®mperalure

ln the case of the lcngor rectifiers it is Bometi
necessary to provide ctrtificial cooling in ord
maintcrin   the   condensed   mercury
within the range Specified for peak rating o
tion.  In  such  cases.  cm  air  stream  should  b®
[ected against the lo`wer end o( the neck ol the
in the vicinity a( and slightly above the filqu
base.

The tempercrtule Of the air stream should
trolled  to a temperature of approximately
end a flow ol about  10 to  15 cubic feet per
per  tube.  'rhis will  maintain  the  condensed
Cury tempercttule within the limits a( 30° to
and allow continuous maximum rating opt

OPERATING  INSTRUCTIONS

When  first  placed in  service.  chl types

=o:ev#::ebn:is::¥odt:coo:Tnctu:srt[:ha#ffi
x=n::i::e¥ndarm¥,I,ri::£o:,oi=my.:,eLRE#

¥iiiippfi.i,;ji:jeii::ai!i;::e,f£;.!f;#
which will not allow the peak inverse
tube to exceed 6000 volts cnd the tube allo`
opercrte  I or  chout  5  minutes.  The  plate  v
should then be gradually increc[sed over a
Of about  15 minutes until normal plate volt
reached. If per8i8tent arcing occurs before
voltage is reached, the t`ibe should be ke
while cut a voltczgo just below the arc-back
cnd then incrca8ed ch a more gradual rate
inch voltage. Refusal Of a tube to take the



mal voltage after the specified treatment may be
-\indibative ol too high a condensed mercury ten-

perature, due either to. improper ventilcfug condi-
tionS or abnormal temperchure rise duo to numer-
ous  crrc-backs  end  consequent  temporary  impair-
ment of filament emission,

h such cases the tube should be c[llowed to cool
by opening the plate and filament circuits cnd the
above prcroess repeated with cm increased period
o!  6`000  volt   opercrtion  before  the  voltage  is  in-
cresed.

In suifeequent operation the pre-heating period
with fflament  alone mcly be reduced  to values  of
from 15 seconds to about 10 minutes in Qccordanc.e
with the individual tube ratings. The normal plate
voltagemeythenbeopplieddirectlywithoutbuild-
ing up.

When me.roury vapor-rectifier tubes ore used to
supply a rcldio  lronsmitter that i§  operated  inter-
mittently,  the filcrments of the rectifiers should be
maintained crt normal voltage except when pauses

|=te::es::::;at:::Ss:::p°j`n;uno:tdh:a,:1:=e:?em£:ey-
cause  its  premature  fcrilure  by  breakage  and  is
further undesirable because of the delay required
(or filament  pre.heating.

OpERATirfuc  R^TiNGs

The limiting factors to the safe use Of any  mer-
cury  vapor  rectifier  tubes  cue  given  in  terms  of
"Maximum Rcrtings" as regards the "Peak `Inverse

Voltage,"  "Peak  Plate  Current,''  "Average  Cur-
Ien,.'`.

Peok` Inverse Vollag®

Thg "Peak Inverse Voltage" is the maximum in-
stontreous  voltage  appearing  across  c[  rec.tifier
tube during its non{onducting half cycle when the
cmode is negcltive with respect to its cathode.

The  maximum  inverse  voltage  thcrt  a  mercury
tube can handle without cDc-back is c[ function of
the  tdse  configurcition,  the  vapor  pressure 'of  the

. ~|merquy, the magnitude Of current density during
its conductive halheycles, the frequency of supply
voltche  altemcltions  and  numerous  design  and
processing detcrils Qs they may affect the electron
emis3ivity ol the cnode and deposits on the bulb,

and the susceptibihily Of the tube to external ioniz-
ing influences.  The  '`Maxinum Peak Inverse Rat-
ings"   Of   the   vcrious   types   ol   rectifier   tubes
descril]ed in this catalog cITe based upon the above
considerations  witb  a  conservcrfuve  allowcmce  as
a  factor  of safety.  To assure  of  scrtisfoctory  serv-
ice, this rating should never be exceeded. A IQbu-
lotion  of  the  relationship  o{  the  "Peak  Inverse
Voltage,"  the  I).C.  output  voltage  and  the  R.M.S.
value of the A.C. input voltage will be found under
"Application  Notes."

Maximum  Peak PI®Ie Curienl

TheI.ating§asto"MaximumPeakPlciteCurlenr
represent  the  highest  instantaneous vchue  Of  cur-
rent  that  may  sc[fely be  ccITried  through  the  tube
during  its  conductive  half  cycle.  This  value  d®
pends  upon  the  total  electron  emission  crvchlal)le
from the cathode, cnd where the cathode is a ffla-
mentary type this value I urther depends upon the
phase  of  the  filament  exc.itcrtion  with  respect  to
the phase Of its plate supply voltage,  cnd on the
operating flament voltage.

The normQ] rating assumes in-phcise excitation.
With the filament  supply in p}iase  with  the  plcrte
supply.  the  maximum plate  current demand coin-
cides  with  the  maximum  voltage  c.c`ross  the  ffla-
ment.  with  the  result  that  the  maximum  current
density,  and  therefore  emission  demand,  occ.urs
at  the positive end  of the  filclment.

In tubes having a  five  volt  filament, like types
872-A,  575.A,  869-8  and  others,  the  emission  de-
mood  crt  the positive  end  of  the  liloment  may  be
twice the average emission demand, cnd the rated
maximum  peak  c.urrent  must  therefore  be  held
down to appro¥imcrtely half the value that could be
supported  il  the   current  density.   and   therefore
emission    demand,   were   uniformly   distributed
c[cross the filament.

A more uniform distribution may be obtcrined by
exciting the filament  out  of phase  with  respect  lo
the plcite supply. With the ideal or 900  phase dif-
ference between  the plate  and  fflament  supplies.
the instance of peck current,  and  therefore peck
emission  demand,  coincides  with  the  instance  of
zerovoltclgeacrosstofila.ment,cmdthereforegives
best  uniformily.  With  the  60°  or  120°  phase  dif-
IeroncemoreTeadilyavailab)®with3phasepewel
supplies,  the  voltage  across  the  fi]ament  at  the



inetalice a( morinum.c`irrent d®mond, though not
zero, is nevertheless low enough to result in a clo8®
to  optinum  uniformity  in  distribution  ol  c`ilrent
density.

Such  out®I-phase  fflamenl  ®xcitcrlich  therelore
makes  allowable  higher  "marimum  pock  plato
current" ratings.

Noriimum Av®Io8® Plal. Culr.nl

To the degree that the maximum "average plcite
current"  Iating  is  dependent  on  the  allowable
marimun "peak plate c`irrent rcrting," the crverage
culrolit rating may also be increased with out-I-
phce  excitation.  Inasmuch.  however,  as  on  in-
cleaged average plato c`irrent results in increased
operatinqt®mperaturesOf`heanodecmdthetubo,
the   chlowhle  inve[8e  voltage  rathg  must  be
somewhch reduced when the normoj (or in-phase)
marimum   average   plato   c`irrent  Icing   is  ex-
ceded.

The rating a8 to ..Marimun Average Plate Cur-
rent"  repr®senta the highest average current thct
may sorely b® carried through the tube. This rat-
ing is a lunction Of many design lactols o! which
the  most  inportant  are  the  allowable  internal
power dissipation rise, the cmode temperature rise

:e'nht®c::dhu::I:E¥urgafutrhe::h=n?fudeu:at,:ethoef
av®rago  plate  current  is  directly  lneasurable  by
conventional   D.C.   ammeter   when   the   average
load  is  Btecidy.  With  a  fluctuating  lcrad,  the  cur.
rent  should  be  averaged  over  a  period  Of  time
`hcrt  is  relcded  to  the  thermal  inertia  ol  moment.
The  aveTctging   period   Should   be   short   tor   the
smaller  tubes  (about  5  to  10  seconds  for  types
866A cnd 872A) alid should be inclecrsed for lcnger
tubo8.

The   value   Of   peak   plcrte   c`irrent   chould   be
mcasurod  directly by a peak-indicating  meter  or
on o8cillograpb whop there is ukelihood thcit the
ratio  ol  peak  to  averqge  current  is  abnomauy
high.  Such  conditions  cne  likely  to  crmir  only  if
the roctifier8 ore I allowed by a  mtoT circuit utiliz-
ing lcng® input  conden8®r8, or whezi a rectifier is
uaod  to  chcng®  a  high  voltage  battery.  When  a
load is purely rori8tive cnd the current 8inusoidch
the rolctiopehip between peck end average cur-
rent®  is  readily  calculabl®  cnd  is  given  in  th.

tabulation  under  "Application  Notes."  The  use  ol
a  choke  input  filter  following  the  rectifier  tubes
rfuhiz®s the ratio of peck to average plate cur-
rfen| and is the recommended practice in lectitying    I
equipment design.

APPLICATION  NOTES

Mercury  Vapor  Rectiher  t`ibes  are  generally
used in either single phaeo or three phase circ`iits.
Diagrams Of typicch circuit arrorigements together
with  their  chQracteri8tics  are  given  in  Figures  I
to  5.  The  specified  relationships  ol  voltages,  cur-
rents and ripple amplitude,  cD® based  on the cE-
gumption that the supply voltage is 8inusoidal in
wave-(orm, the loc.d pure re8istcmce aid the t`ibe
voltage   drop   zero.   Tabulation8   ol   actual   D.C.
voltage8andallowhloaveTageD.C.currolltsthal.
may  b®  obtained  for  the  various  types  o!  tubes:
in  these typical rectifier  circ`iits. will be. found on
the individual nbe rating sheets. Thego tabulcited;
values  assume  a  8ino-wave  supply  voltage  end
the  use  Of  a  choke  input  filter  circuit.  When  cch-
culcrling the approximate output voltages tor con-
ditions ol lower input A.C. voltages thcm that given
in the individual tube tchulation8. the theoretical
ratios Shown in figures  I  to 5 may be used.

in the circuits o£ I.igure 2 cnd Figure S two tubes
cITe  alwc[ys  in  series  during  both  the  conductive
cnd non{onductive cycles. The resulting division
ol the inverse voltage per tube allows the doubling
Of the possible D.C. voltage thcrt may I>e obtcined
lrom  the  various  types  ol  tubes.  h  addition  the
circuit  Of  F'igure  5  raises  the  major  ripple  fro-
quency  to  six  times  the  supply  frequoney  and
diminishes the ripple magnitude to approrimcrfely
4®/a  ol the output voltage cnd thus minimizes the
filter requirements where a substantichly pure D.C.
voltage i8  required.

Frequently  where  the  otitput  voltage  require-
ment8 mcry be met by the use ol the smaller type
Of  roctifier  tubes,  but  the  output  current  require
ments are in excess ol the tube rating. it is molo
economical  to  use  the  smaller  tubes  in  parallel
rather  than  to  use  the  large  size  tubes.  In  Such
cceeB provision must be made to inBur® on equal
distribution ol load c`irrent between the porall®led

il
•-+

*:,:+oer±divlidouulchdr=ct;::£¥=t::B#=L,'
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AMPEREX  TUBE  TYPE 857-8
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AMPEREX  TUBE  TYPE     866 AX

-

RE

FILAMENT
A.C.   Voltcige    ..............
Current  (amperes)    ............
Prehecrting  Period  (Seconds}*   ........
• Before  plate vo}tog\e  is applied.

MAXIMUM  RATINGS

EOur,,i!®H¥.£i
-Up  to

with  c:i&o:Y.Cd]°k®roury

Z5°C.  fo  6o°C. 2S°C.io7o°c.

Peak  Inverse  voltage    ....    10000                 20On
Peak plcrte current (cmpere).    .         I.0                      2
Average plate current  (cmpere).       .25                  0.5
Approx.  Tube  voltage  Drop.    .           15                     15
•Averaged  over  periocl  of  10  seconds.

MAXIMUM  Outputs  IN  TYPICAL   CIRCUITS

A.?.o!Epu,

I.M.S.

Single-Phase  Full  Wave  f2  Tubes)    .    .    3535'
Single-Phase Full wave Bridge (4 Tubes)   7070t
Three-Phase  Half  Wcrve  (3  Tubes)     .     .    4710±
Threephase  Double  Y-Parallel  (6  Tubes)    4080t
Three-Phase  Full  Wa[ve  (6  Tubes)       .    .    4080S
•P®r   Tube.       tTotal       Sper   I.eg.

srporm#ugri¥°unenAc}

wiLprcogI:iefdM=R:::opeTature

25°C.  io  70°C.

5000
1.0

.25
15

Max. D.C.
D.S.a,?au8u`          cLu:::nt

jj±       ALE-S
3 len                 .5
6360                    .5
4780                 .75
4780`                  I.5
957Q                  .75

NOTE:  For  Out.OI-Phase  Filamenl  Excitation  information  see  .'Maximun  Peak  Plo.e  Cur-
rent"  and   "Maxinum  Average  Plate  Current",  pp.  3  and  4.   .'General< Inlornalion  and
Application  Notes"  section.  '.Mercury  Vapor  High  Voltage  RECTlflm  TUBES".
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AMPEREX  TUBE  TYPE 86918

EELAMERT
A.a voltage  .......
Cuml (oupereal   .-...
Preherfug pedod {§ecouds}1.
I Before Plate voltage is applied

MAx[Itum  B^Tmoes
For Operct±on ct Supply Frequency Up to Ego CFedes

ri-ELtcrtfro         FE:Foft`H:afronhPhi"G±zrdHercur¥        cdd£:i£REin
aceiThto`¥c¥grTg%6oaccedH;g::`LFoc9.a

Peck hiverse vokye  ..--.
PeckpEcte ctlrrent €cmperes}   .    .
A:vemge Plaife Current {onperes)1
AppeH Ttrfue volfape Drop,    .    .
I lavectrtyee cper EXH±od ck 30 aeconE.

20000,              15O Ou                   rsoo o
|OJ]                 ) Od                      r5.0
2.5                  2-5                       5.0

roJ]                   lot.0,                        10.0

AftAxiffiuAI  OuTmfT5  ur  TypraAL  ciBcuRTs

SinglerphcEse Fun
Wcrve (2 Tulle)`

-`.,

Eii=

Eii=

EiEL

Filtmtol Excffafiin in pfteu           "c.meal E*eitallcai out of phol®LCwh:give-StlTtrT:ut#gtELcinJLEalht.Pu*D`§:]¥IrLOMa¥€#n,
_Lu    nit    I_   hiEi    'Fi-h- -in==:I

7000*         63Ou\       5`0;           52501          4725     10.0
stry]9ThcEseFunw-

Bridge(4Tdres)\         14coor       racoo      540        106on£        94so    10.o
ThicaphaseHun

Were(3Thbe±)`            94008          9550      7.3!           708al3.         71.50`    15.0
HLreepin-hachle

¥pedRE(6rtlfres)     8[it5a,3         9550     i5.0           6i'OOB         7isfl,(   30.0
THresphase Fun

Wenve(6Tirbes)             815on       l9roo`      75           6IcO.g       r4300     15.0
lperT\ihe..         2'TicrtaBli          3I]erl,eg.
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AMPEnEx  TUBE  "pE 869-B I

flLAMENT
A.C. Voltage    ..............
Current (amperes)    ............
Preheating period (seconds)I     ........
I Before  plate  voltage  is  applied.

MAXIMUM   RATINGS
For Opercrtion at Supply Frequency Up to 150 Cycles

rilcm®nt I:xcilatioti
]8 Pbtt,a

Cotid®ncod M®rcury

®ooc.i:¥g:gTr:ifec.
Pedrlnversevoltage  .....    20000             15000
Peckplatecurrent (c[Inperes)   .    .        10.0                 10.0
Average plclte current (clmperes)I          2.5                  2.5
Approx.  Tube  voltage  Drop     .    .        10.0                 10.0
1 Av®]aqed  over  period  ol  30 8eoonds.

rilan®nt Etci fation
Out ol Pha.o
(goo  ±  ®0®)

g:=dfo::a!+,:i:a=gT

15000
15.0

5.0
10.0

r\

A MAXIMUM   OUTPUTS   IN   TYPICAL   CIRCulTS

rilon.til frdtation in pt.ago            I.ilament Ebccitation out ol phaio
A.8.oFtrpu'D.§.ogt:u`hoMa¥€:LC;a,A.C+oTtrprtD.S;,°tru,€u'#fax€E:n,

_a.us.          rilto.         JLnt]®r®i__    a.ELS.          rille.         Anti®i..
Single-Phase Full

Wcrve (2 Tubes) 7000L          6300        5.0             52501          4725     10.0
Single-Phase Full Wcrve

Bridge(4Tubes)           140003        12600       5.0          105002          9450     10.0
Three-Phcrse Half

Wave(3Tubes)            94003          9550       7.5            70503          7]50     15.0
Thrcaphase Double

Y-Parallel(6Tubes)     81503          9550     15.0            61003          7150     30.0
Three-Phase Full

Wove(6Tubes)              81503        Igloo       7.5            61003        14300     15.0

Socket  ..............    Johnson  124-215

lporTube.         :To.al.         3Porl,ng.
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AMPEREX  TUBE  TypE  872-AX

iii=

-

FILAMENT
A.C.  Voltage        ....
Current   (amperes)     .      .      .
Prehec.ting  Period  (Seconds) I
1 Before plate voltage is  applied.

.... '        5.0
.....       7.5

....      30

MAXIMUM   RATINGS

For Operation at Supply Frequency Up to  150 Cycles
Condensed Mercury
Temperature  Range

2o°c.io  7o°C.t          2o°C.   io   6o°C.I
Peaklnversevoltage.      .      .
Peak Plate  Current (amperes)  .
Average Plate Current (amperes) 2
Surge Plate Current (amperes):i
Approx.  Tube  Voltage  Drop    .

10000
5.0

I.25
50
10

1 Recommended  condensed  mercury  temperature 40°   ±  5°C.
L'Averaged  over  period  of  15  seconds.
:!For  design  only.  max.  duration o!  surge  0.2  second.

MAXIMUM   Outputs   IN   TYPICAL   CIRCUITS
Max. D.C.

A.C.  Input         I).C.  Outpul          Load
Volts                   Volts lo            Curronl

ii::i.;::;:£::,:::;F!i!'.¥:a¥;ejfiE:i2::E|iu;bbe:::;,':uu.bee.s,,  :#       g    ¥
lper  Tube.       :Total        .?Per  Leg.

NOTE:  ror  Out-OI-Phase  Filament  Excitatlon  inlomalion  see  ..Maximum  Peak  Plate  Cu[-
renr'  and  "Maxim`m  Jlvelage  Plate  Culrenl",  pp. 453.and  4S4   "General    Information
and  Application  Notes"  section,  "Mercury  Vapor  High  Voltage  RECTIFIER  TUBES".
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AMPEn[x  TUBE  Typ[  6339
The 6339 is  a high vacuum,  el.emal  anode clipper diode  and rectifier tube  which
is only  2 inches long (withou. leads)  and  3/4 inch in diauneteI.  A minia.u.ized
and ruggedized  ve.sion of the  3829,  .he 6339 operates under core  stril]gent  con-
ditions .ham its prototype.  I. is  designed .o  be enclosed in  a complete liquid
cooledp&ckQgeioclndin8po`e"uiEii;~a=i5-ul~==-mv=i:i..."o:c.="mppo`===.Ls..

Operation in  air at reduced ratings is allowed for applications whe.e oH  c`ooling   _
is Dot aecessay or required.

#.E.==schfodteu`se==nes..p..T=,=£.,.y.±o=t.=±=_TP`,lea.ions.i.sho`sfn.e.es.£aBPoSS3.bili.ies  for use in hich  vol.age circuitry  whele  space requirements  are  cri.ical

GENERAL  CHARACTERISTICS

ELECTRICAL  DATA

Filaneot Voltage
Filamen. Current at Bogey  Voltage
Filament  Warm-up  Time
Peak  Cathode  ourreti.1
Peak Inverse Voltage
Pl ate-Cathode Capacity

MECHANICAL  DATA

Mounting Position ...........
Cooling.................

Coolant Temperature Range .....
Shock  Resistance ............
Vibratioa  Resistance  ---------

Dimensions (without leads)
Length........................
I,lame.e[......................

Lens.b of leads (approl.)  .............
Lead Conoectioas - Heavy   ............

Thin.............

Socket  for  anode  end  ................

Cormectioa (filament leads)  ............,

Weight (app[ol ,....................

ELffi
6.9      volts
I.70    amps
•.       See,

8.0      amps
16.0   KV
--       uuf

•any
.  liquid immersion

(Silicone  oil)2
. -65° to +  165°c
•  300  G  impact
.10-60  cycles per

sec.  0.080  iaches
total  displacemeot.

21/16 inches
•   13/16 inches

I  1/2 iaches
Heater,  cathode

terminal
. Heater  ternrinal

Standard 60  amp.
fuse`clip  or  equal
Lugs  as  showf) or
banana plug optional
I  1/2 oz.

R.pi..oat. maximum u..all. cctli.d. cu.I.i`t for ony  condition .I op.iation.
2  Dow  Coming #5ro  fluld,  viscosi.y  50  -60  con.i.tok®s,  o.  on  ®quivalont.  For  oil  cooling

•®e  dol®  followlng.

Revlsed 6/55



6339
M^Xm" RATiNcs AID TyplcAL opERATINc coNDiTioHS

RECTIFIER (h Oil)

(Malimun ratings, absolute values)

Typical

Peck Inverse Voltage
Peak C`irrent .....
Avelage  Current .......
Silicone Oil  Coolant  Temp.

10.000         16,000  volts
too              250  rnA

•...        loo                65mAdc

operation (ID

. . -65°c to +  i65°c

Oil)

IIalf-waveOae Tube. acitof-In ut Filter

Peak laverse Voltage  ......................
Peck Current ...........................
Average Current - Load Current   ...............
Load Voltage (appfol.)  .....................

Two Tubes, Phase,  Full

10'000
400
loo

3300

Wave

Peak Curent (per tube) .  .
Average Curreat (per tube)
Peak hverse Voltage  .  .  .
Load Curreat ........
Load Voltage ........

Three

200
loo

10,000
200

.......     2900

phase 0 elation

9g±e Input FiLrty

Half Wave

No.  of Tubes
Peak IQverse Voltage
Peak  linodc Current
Ave[age  AJiode  Cur[eat (per tube)
Output Voltage
Ouptut Curreat

3
10,000

300
loo

4500
300

rouble y
6

10'000
300
loo

4500
600

16'000  volts
250  rnA
65DA

5500  volts

130 nd
65mA

16,000  volts
130  nA

4900  volts

-

E=

E±
6

16.000  volts
195 nd
65 rnA dc

14,000 volts dc -,~'
195  rnA dc



0339
RECTIFIER - (h Air)

r[`                   (MaliDun tating§,  absolute values -air cooled at sea level)

Without

Peak Inverse Voltage
Peck Curreat
Average Cuneat
Ambient Temperature

bREiRE
12'000

200
50

-55 to + 85

Typical Operation ln Air
Without Auriliar

Phase Opera(ion
Choke Input Filter

Full Wave

No.  of Tubes
Peak Inverse Voltage

A       Peak Anode curreflt
Average  Anode C`irrent

(per  fube)
Output Voltage
Output Current

No. of Tubes
Peak Inverse Voltage
Peak Anode Current
Average  Anode Current

(per tube)

Eii=

2
12'000

loo

50
3500

loo

With Au][ilny Cooler

2
12,000

ZOO

loo
Output voltage                           3500
Output ciirrent                               200

R.vl S®d 6/55

With Auriliny
Cooler

12,000             volts
400           nA
loo             rnA dc

-55to+85     oc

Three Phase Operation
one lot)ut Filter

Half wave              2ife
3

10,000
150

50
4500

150

3
10,000

300

loo
4500

aco

6
12'000   volts

100   DA

33   mAdc
10,500   voltsdc

loo   DAdc

=

6
12,000   volts

200   nA

67   mAdc
10,500   volts dc

200   nAdc



HE]EE

SHUNT  DIODE (Io Oil)

(Maximufn ratings,  absolute  values)

Peak  laverse  Voltage  ...........................
Peak  Current  ................................
Average  Current  ..............................
Pulse  Duration  in  100  microsecond  interval .............

Typical operation (In oil)

10'000  volts
8  aDPS

18mA
25  microseconds

(One  (ube  in  hydrogen  chyfatfon  modulator  circui()

Pulse  Time  ..................................
Network  Impedance  .............................
Peak  Thyratron  Forward  Voltage  ....................
Repetition  Rate  ...............................

Diode  Series  Resistor   ...........................
Load  Resistorq  ...............................
Average  Current Plates...........................

I.0 microsecond
50  ohms
10KV

280 pulses per
Sec,

1000  ohms
0  ohms

22mAdc    .

3  This  load  resi=to. repres.n.a  a  Short  circult or  arc  lrnh®  load.  A.  a  I..ul.,  .he  ov.roe.  diode

plate  current  of  22  M^,  D.C.  will  moiTienterily  exceed  tlie  iTloximum  rating  of  18  M^,  D.C.  Thl.
circul.  should  b®  .o  design.d  lhet  .I.®  high  vollog.  will  automatically  .hu.  off  if continual-
Short  ci.cult  ®xlst.  in  the  load.  The  6339  will  op®lot.,  how.v®.,  fcr  I®ng®l lhon  500  houl.
under  sh®n  circL.it  condition.  wlilch  produc.  .h®  o`/.roe.  curr®n.  as  showi`.

`-

-
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AMPEREX TUBE  TYPE  6339
AVERAGE  PLATE  CURRENT  VS.
PLATE  Vol:TAGE .
(TUBE   DF`OP  CuRVE   FOF`
RECTIFIER   APPLICATION}

0                 loo              ZOO             300
PLATE  VOLTS (TUBE  DROP)
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ANPEREX  TUBE   TYPE 6339
PEAK PLATE  CURRENT  VS.  PEAKPLATEVOLTAGE.

(TOTAL  TUBE   EMISSION  CuRVE
FOR   SHUNT  DIODE   APPLICATION}

•

15141312„109e765432I0
I I 11 11 I I

I I I I / I

/
/

•'JI
I

a
JSt/

u
``

0
a 11

`
11

`I 11 11
I I 11 11

I 11 11 11
I 11

Coo     1600    2400   3200   400
PEAK  PLATE VOLTS
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REconmreroED tEsi6N

6339  AneDE  HOLDEFt
{Aux«+faF3v  cooLER)

MATERIAL: ALUMINUM

GRooVE  i  WIDE  X
DEEP FOFt  SFxplN6  CIAlylps

:7-SODIA.I.°OfB
SPHERICAL
BOTTOM

OuT  INTO OIIARTERS
USI NG TlllIINEST COSSIBLE
SNNI.

Two SFra"6 cLaan>S ,es HEAvy Music wiRE REouiFtED.
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SUGGESTED  MouNTiNc  FOR 6339  Am cooLED oR  LiouiD cooLED.

SUGGESTED  MOuNTING  FOR   6a39  wlTH.AuxiLiARy  CCOLER
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AMPER[X  TIIBE  TYPE 05U8

7-

Ziiil

The 6508 is a two electrode mercury.vapor rectifier tube  and is designed for
rectifier application of relatively high voltage aLfid current.  The cathode is directly
heated, oride coated.  The physical design of diis tube is  similar to the popular
AMPEREX types 5869  and 5870 thyratrons.  The top bakelite  cup is intended to pre-
vent mercury condensation on the anode and thos diminates  arc-back.

Maximum Ratings,  Absolute Values

Peak laverse Voltage (max.)
Condensed Mercury

Tempe[aLture Limits
Malimum plate current

Peck

21,000               15,000               10.000   volts

+25to+45    +25to+50    +25to+6o°c

Average (Averaging time max.  30  sec)
Surge,  fo. design only

( Mazinum duration 0. I  second)
Ff equency Range

Electrical Data

Fil anent Voltage
Filament Current at 5.0 volts
Filamen( tleating Time (Note 3)

(before applying plate vol[ag®)
Tube Voltage Drop (Output cureat = 2.5  amps)

e[ating Conditions for

10  amps
2.5  anps
loo anps

25  -  150  cps

Mid.     Bogey    MaL

4.75        5.0         5. 25  volts
-12.5        13.7 amps

90   -     _ seconds
-     12    _ volts

21 KV,  Peck hverse Voltage

Circuit
Input DC Chltput DC Output

Voltage voltage current
ms value to ffltet

kv kv amp

Sinde-phase  full-wave2tubes 7.4 6.7 5

Three-phase half-wave3tches 8.6 10 7.5

Three-phase, dooble ¥6tubespa.allel 8.6 10 15

Four-phase half-wave4tdes 7.4 9.5 10

Singl-phase full-wave4tubes
14.8 13.4 5

Three-phase full-wave6tubes
14.8 20 7.5

Founphfise full-wave8tubes
14.8 19 10

R.vi.ed 7/5S



6508

Mccharical Data

Type of cooling
Eq`iilibrium Condensed-Mercury Teaperamre Rise

At Full Load,  approxinate
At No Load,  approrimate
Socke(

Mounting po sition

Net weight  (approrimate)

Convection

::;::
]ohflson  124-215 o[ equal

Vertical vich base down

25 otmces

NOTES:

1.    In ®rd.I to ®b.aln  rrutlmLim llfe I.I. r.c®mm.nded .hd  a fllamed.  `rel.og® plle..
•h|f| Of 90°  ± 30® *llh ..sp.cl .a plo.. v®llag. b. appll.d.

2.   Tl-llbe  .I.ot.ld alwoy8 b®  u.ed wlth .he bckell.. cap awocl.ed.

3.   The mlrilmum h.atlng tliiie  rof®r.  only t® .he fllameft..  Sufffcl®nl eddl.I®ml .lm
lug.. b. ®llo`cod to perml. tli® c®nd.n..d rnerctoy femp®ratli.e .® rl.e t® the
mln]mLim c®nd.n.®d  in.rcur7 0emp.rator.  llmll ®hd .® p.rltllt all  .he  mrcory .a
c®nd.n.e on the  low.r  parl ®f .lle  btllb.

4.   The  mctelllc 8h.ll  Of 11.® ba.. 8lroL.ld  I.et  b® allowed to r.ech  a po..Ii.lal dlfr
fer®m from .I-  ca.I.ed® p®t®rflal.

i=

-
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AMPEREX  TUBE  TYPE  6693

TENTATIVE  DATA

The 6693 is a  single  anode,  high voltage,  mercury vapor rectifier having
[a(ings intermediate between the  standard tube  types  575A and 8698.  It
is particularly suitable for use  in conjunction with modern power oscilla-
tor and amplifier  tubes operating  at high currents  and lower voltages.

GENERAL  CHARACTERISTICS

ELECTRICAL

Cathode
Filament Voltage
Filament Current

-

-\

Directly heated, oxide coated
5  volts 1

Heating  Time  (minimum)
Tube Voltage  Drop
Equilbrium condensed mercury

temperature rise  over  ambient (see  curve)
No Load
Full Load

MECHANICAL

Mounting Position
Max.  Overall Length
Max.  Seated  Height
Max.  Diameter
Plate Cap
Base

Socket

11.5  amps
60  sec.   2
12 volts3              _

|90c
210c

Vertical,  base  down
12  inches

115/16 inches
2  27/32 inches

Medium
Super Jumbo,  4 pin

with bayormet
Johnson  123-206 or equal  +

1     For op.lmum  performarice,  a  phase  shit. of 90°   ± sO°  between .h®  ahod®  and  filamen.
vol.ages  arld  use of a  centei  tapped  filom®nt transformer  or.  recommended.

ft          2     For  avorege  conditions,  e.g.  t.mp.ratur®s  wilL]in  liml.s odd  proper distribulion  of
mercury.  To  insure  proper  distribulion  of  mercL.ry,  upon  ine.allation  and  afl®r  a
long  interruption  of  service,  a  longer licoting  .im®  is  req`iired  before  anode  voltage
is  applied.  In  general,  a time of  30  ming.®s  will  b®  sufficient.

3     Measured  at  an  av®rago  anode  current  of  3  amps-

Revi sed  7/55
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W^XIMUN  R^TINCS

Peak Inverse  An..de Voltage `
Average Anode  Current 5
Peak  Anode  Current
Surge  Anode  Current for max.  of 0.1  second

Relation Between Condensed Mere
Ambient Temperature and Peak Inverse Voltage 8 (see curve)

Peak Inverse  Anode Voltage
Condensed Mercury  Temp.
Ambient  Temp.  7

15                  10                2.5      KV
25-55          25-60          25-75   °C
15-35          15-40          15-55   °c

N^XIMUAI  OPER^TINC  CONDITIONS

PE^I(  lNYERSE  ANODE  YOLTACE  =  15  KY

(Transformer regulation and tul>e voltage dray are not included)

Circuit Type  Of Mar t[ans- DC Output Max DC out- Max DC out-
Diagram Circuit former  scc. voltage  to put current put to filter(Wo)

rms voltage filter to filter
(Vtr) (Vo) (Io)
KV KV Amps KW

a,b.C.d.e.f.8. Single-phase,full-wave,2tubesSingle-phase,full-wave,4tubesThree-phase,half-wave,3tubesThree-phase,full-wave,6tubesThree-phase,doubleY,6tubesparallelFour-phase,half-wave,4tubesFour-phase,full-wave,8tubes 5.310.66,I10.65.35.310.6 4.89.67.214.46.26.713.5 6699181212 28.857.664.8129.6111.680.4162.0

`    For  supply  frequ®ncy  i.p  .a  1S0  cycl..  per  ..cond.

5    ^v.rag.d over  10-s.c.  in.erval

6    If th.  equipment  ls  slor..d  at  mos. twic.  daily  ls  i. p.m]S.obl. .a  apply  high  voltag.  a. a  condor.®d
in.rcury  tonp®roture of  20® C.

7    Will)  na.urol  coollno,  appr®x.  v®lu.-

2



0693

PEAK  INYERSE  VOLTAGE  = 2.5  KY

(Transformer regulation and tube voltage drop are not  included)

Circuit Type of Max trans- DC Output Max DC out- Max DC out-
Diagram Circuit former  see. voltage to put current put to  filter(Wo)

rms  voltage filter to filter
(Vtr) (Vo) (Io)

KV KV Amps KW

a.b.C.d.e.I.8. Siflgle-phase,full-wave,2tubesSingle-phase,full-wave,4tubesThree-phase,half-wave,3tubesThree-phase,fullwave,6tubesThree-phase,doubleY,6tubesFour-phase,half-wave,4tubesFour-I)hase,full-wave,8tubes 0.881.761.021.760.880.881.76 0.79I.581.192.381.031.132.26 10101515302020 7.915.817.935.830.922.645.2

-
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TYPICAL  OPERATING  CONDITIONS

PEAK   INVERSE  VOLTAGE  =  MAX.15  KV

Circuit Type of No load trans- DC  output Max DC out- DC  Output
Diagran Circuit former  sec. voltage to put current to  load

rms voltage load 9
(Io) (Wol)(Vtr) (Vol)

KV KV Amps KW

a.b.C,d.e.f.9. Single-phase,full-wave,2tubesSingle-phase,full-wave,4tubesThree-phase,half-wave,3tubesThree-phase,full-wave,6tubesThree-pba§e,doubleY,6tubesFour-phase,half-wave,4tubesFour-phase,full-wave,8tubes 4.809.605.559.604.804.809.60 4.08.06.012.05.155.611.2 6699181212 2448541089367134

8   TIIls  valLr®  cowosponds  with  a  n®minol  peak  Inverse  anode  voltage  o{  13.6  I(V,  allowing  a  line

fluctuatlon  of  ±  10%.

9    Tube  voltag.  drop  and  loss.a  in  transformer,  fil.or,  ammeter,  clc.  amoun.ing  lo  89ro  of  Yoi have
already  been  d®dLicted.

-
=
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fiMPEnEx TUBE TvpE  7136

The  7136 is  a  single anode, highvoltage,  mercury  vapor rectifier having
r^`      plate current ratings intemediate between the  s(andard types 575A  and 6693.

It has  a cathode and anode desigri  similar to  the 6693  and is  based for the  575A
socket.  It is recommended  for use  as  a replacement for the  575A in  existing
equipment when  greater reliability is desired.  For new equipmeflt design,  the  use
of the  Amperex 6693 is preferred.

GENERAL  CHARACTERISTICS

ELECTRICAL

Cathode
Filament Voltage
Filament  Current
Heating  Time (minimum)
Tube Voltage Drop

iiE

7+

Directly heated,  oxide  coated
5   voltsl

11.5    amps
60   sec.2
12   volts3

Equilbrium  condensed mercury
telnperature  rise over  ambient (see curve)

No  Load
Full Load

MECHANICAL

Mounting Position
Max.  Overall  Length
Max.  Diameter
Plate  Cap
Base

Socket

190c
2|Oc

Vertical,  base dour
119/16   inches
2  27/32   inches

Medium
Jumbo,  4 pin
with bayonet

Johnson  123o21l-100  or  equal

1    For optimum  performance,  a  phase  shift of 90°  ± 30°  between  the  anode and  filamenl
voltages  and  use of a  cente. lapped  filonen. tronsfo.mer  are recommended,

2    For  average  conditions,  e.g.  Iemperatur®s  within  limits  and  proper disrribution  of

mercury.  To  insure proper  df stribution  of mercury,  upon  installation  and  after  a
long  intorrtiption  of  service,  a  longer  healing  time is  required  befoi.e  anode voltage
is  applied.  In  generalp  a  time of  30  minutes  will  be  sufficient,

3   Measured  ot  eri  average  anode  curf'ent of  3  amps.

Revised  1/59 (Replaces  old  page  no.  477-R) Hl
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MAXIMUM  RATINGS

Peak laverse  Anode voltage `                                                                          15   mar.  KV
Average  Anode current 6                                                                                      2.5   max.  amps
Peak Anode current                                                                                      12  mar.  anps.        `u
Surge  Anode  Current  for max.  of 0..   ,econd                                                   120   max.  amps

Relation  Between  Condensed Mercury  Temperature,
Ambient Ten erature  and Peak Inverse Voltage 6 (see  curve)

Peak  Inverse  Anode  Voltage
Condensed Mercury  Temp.
Ambient  Tempo  7

15                   10                  2.5    KV
25-55           25-60          25-75°C
15o35           15-4o          |5-55°c

MAXIMUM  OPERATING  CONDITloNS

PEAK  INYERSE  ANODE  VOLTAGE  =  15  KV

(Transfomer regulation  and tube  voltage drop  are not included)

Circuit Type of Max  trans- DC output Mar DC out- Max DC out-

Diagran Circuit former  see. voltage to put curreflt put  to  filter(Wo)
ms voltage filter to  filter

(Vlr) (Vo) (Io)
KV KV Amps KW

a,b.C,-d.-e. Single-phasefull-wave,2tubesSingle-phasefull-wave,4tubesThree-phasehalf-wave,3tubesThree-phase,doubleY,6tubesparallelwithbalancecoilThree-phasefull-wave,6mbes 5.310.66.15.310.6 4.89.67.26.214.4 557.5157.5 24485493108

4   For  siipply  frequency  tip  to  150  cycles per  second.

5   Averaged  over  10-s®c.  interval.

6   lf  tlie  equipmeh.  is  started  at Tnost  twice  daily  it  is permissable  to  apply  liigh  voltage  ot  a
condensed mercury  temperatu.a of 20°C.

7   With natural  cooling,  approx.  values.

2 (Replaces  old  page  no.  477-S) Revised  2/58



7136

TYPICAL  OPERATING  CONDITIONS

PEAK  INYERSE  VOLTAGE  = MAX.  15  KV  8

Grcuit Type of No load  t[an DC output Max DC out- DC output
Diagram Circuit former  see.rmsvoltage(Vtr) voltage  toload9(vol) put  current(Io) to  load(Wol)

KV KV Amps KW'

a,b.C,-d.-e. Single-phasefull-wave,2tubesSiflgle-phasefull-wave,4tubesThre-phase,half-wave,3tubesThree-phase,doubleY,6tubesThree-phasefull-wave,6tul)es 4.809.605.554.809.60 4.08.06.05.1512.0 557.5157.5 20404577.2590

il

8   This  volu®  corresponds  lo  a nominal  peak  invel.S®  anode  voltage of  13.6  KV,   allowing  a  line
flucluotion  of  ± 10%.

-`           9    Tube voltage  drop  and  losses  in  transfo.m®l,  filter,  ammet®.,  etc.  amounting  to  8%of Voi
have already  been  deducted.

Revised 2/58
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AMP[REX  TUBE  TYPE   8270-,

-\

Eii=

TENTATIVE  DATA

The  Amperex  8270 is  a  grid  controlled mercury vapor half wave rectifier.  It has
a maximum PIV of 21  kv  at  an  ave[age  anode  current  of  2.5  amps.  At  a PIV below
15  kv the  anode current may rise to  3  amps.  Six of these  tubes  in  a three phase
full  wave  circuit provide  12 kv  at  9  amps.

MECHANICAL

Mountiflg Position
Base

Accessories
Socket
Aflode  Conflector
Anode Cap (Supplied with the  Tube)

Dimensions

Weight
Net Weight
Shipping  Weight

ELECTRICAL

Filament
Heating
Filament Voltage
Filament  Current
Filament Warm-Up  Time,  Minimum

Capacitances
Anode to  Grid
Grid to Cathode

Typical Characteristic s
Ionization  Time
Deionization Time
Tube  Voltage  Drop (Ib  = 3  amps)

vertical,  base down
Super  Jumbo,  4 pins,  with

bayonet

S.31747
S-31748
S-31749 1

See  outline  drawing

1  lb.   1  oz.
5  lbs,   1  oz,

Oxide-Coated
Direct

5  volts
13.0  amps

90  sec

4pf
13pf

10  4sec  max
500 #sec  max

12  volts

This  cap must always  be  mounted  on  the  tube,  also during preheating.
2  A  phase  shift of  goo  ±  30° between Eb and Ef and/or use  of a  center-tapped  filament

transformer is  recommended.

For average  conditions, i.e.  temperature  within limits  and proper  distribution of mercuy,
See  Table  I.
After  transport.  a  storage  period.  and  also  after a  long  interruption of  operation a  longer
warm-up time  is  required before  anode  voltage  may  be  applied.  In general a  time  of  60
minutes  will be  sufficient to  ensLne  proper distribution of  the  mercury.
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HEm
MAXIMUM RATINGS,  ABsOLUTE  VALUES

Frequency
Peck  Anode Voltage

Inverse
Forward

Aflode Current
Average
Peck
Surge

Grid Bias
Grid Resistance
Grid Resistance

TABLE  I

150              150             150  cps

21                 15              2.5  ±v
21                  15              2.5  kv

2.5                  3                5  amps 4
10               12             20  anps

100              120            200  amps 5
300             300           300  volts 6
loo             100           loo kohms mar 7

10                10               10  kohms  Din 7

Peak Inverse Voltage 21 15 10 2.5 kv

Temperature of Condeflsed Mercury 8 25-45 25-55 25-60 27-75 Qc

Ambieflt  Temperature  9. 10 15-30 15-35 15-40 15-55
Oc

TYPICAL  OPERAT|oN 11

Grid Voltage (Eb peak inverse  21  kv)
(Eb Peak  inverse  10 kv)

Grid Curent

Eci         -100 volts
Eci         -50 volts
lcl                 2 na

`  Averaging tine  Tav  =max.  30 see.

5   Max duration  0.1  8ec.

6  Direct  voltage,  before  conduction.

7  Recormended  value:  33 k chins
8  If the  eq`iipment  is  Started not more than  twice  daily,  it  is permissible to apply high  volt-

age  at a  condensedrmercury temperatue which  i8  5°C  lower than  the  val`ies  mentioned ln
the  table.

9  With natural cooling,  approximate values.

L°  The  ambient temperature  is  defined as  the  temperature  of the  8urounding air and should
be  measured under the  following  conditions :

a.   Normal atmospheric  pressure
b.   The  tube  should be  adjusted  to the worst possible  operating  conditions.
c.   The  temperature  should be  measured when thermal  eq`iilibrium is reached.
d.   The  distance  from the  thermometer to the  outside  of  the  envelope  should be  3 inches

(measured in a plane  perpendicular to  the  rmaln axis  Of  the  tul}e  at the height  of the
condensed-mercury boundary).

e.   The  thermometer  should be  shielded against direct heat radiation.
11   Transformer losses  and  voltage  drops  in  t`toes  are neglected.
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HE]HH

-

P •eak  Inverse  Voltage  = 21  KV

FIG.  I FIG.  2 FIG.  3 FIG.  4

Transformer  secondaryVoltagekv,I,mos,
7.4 14.8 8.5 14.8

Output Voltagekv 6.7 13.4 10 20

Output CurrentAmps
5 5 7.5 7.5

Output Powerkw
33.5 67 75 150

Peck Inverse Voltnge  =  15  KV

Transformer SecondaryVoltagekvr®m,s,
5.3 10.6 6.1 10.6

Output Voltagekv 4.8 9.6 7.2 14.4

Output CurentAmps 6 6 9 9

output Powerkw 28.8 57.6 64.8 130

6 / er2



HE]PIH

PIN   CONNECTIONS

I.    GRID
2.   FILAMENT
3.   FILAMENT
4.   NO   CONNECTION
CAP-ANODE

4

.DIA

T.709I

95       13.4(

3.513IIITh
4 .724

12.7

DIA

+3 5+39

2 953
M AX.DIA.

u

•u
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i+ Amperex
MAGN[TRONS
GENERAL  INFORMATloN  AND  NOTES  ON  OPERATloN

MACNETRON  9SCILL^TORS are two-elom®nl  hlgh-`rocuum tt.bcs  `Irld®Iy  us.d  for  lhe 9ener®
•ien of con.lmiou-`^ro`re or pulsed  slgnal.  ln the  ltigh®r froqv.ncy  bands.  The  Ilo.mat  ®p.rallng
wovelongtl). of thl. type of osclllator ore  approxima.ely 30  cm and  less.  Mogn®lrons  ar ..... n.

a   llally rugged,  I.igh.efficloncy, high.po`./®r d.vic®S,  and they th.refore   find  i~L..  appllco.
•loris a. radartronsmjtte.. and `^rher®ver  high-po`^.er osc)llction.  al  I.loh  freqLiericl..  ar. requlred.
Ov;ing to tl.e  shorl `Ara`r®l.ng.h.  iftvolved,  th. r®eonant  system of .hl.  typ. of o.clllctor  I. ploc.
•d  within the `rac`iurri envelop. of .he .tibe  and  I. tlius  an  Integral  pall  of lh® d.vice.

A magnetron operate. by vlrtu® of .h. pr.sence of crossed alectil. and magn.lic field.  in
Its  ccthod-anode  irileroclien  .pace.  Owlng  to lhe  magirotlc field,  .1`® .leclrons emltt.d by .h.
ca.hod.,  instead of followlng  radlol  po.hs .a the  anode,  lend to follow cyclo[dal tra[ectorle..
some of them reluning lo .I.e co.hode,  others .®ach!ng .he  anode af.er Waclng  a n`imb.r of c...p.
in  thelr patl.a,  depending orl th®lr phaslng  wl.h  I.3pecf to the  rf cycle.  By proper d..ton of the
anode  structiire and  odiualment of .he  mognitlides of the ®leclric  and magnetlc  fields,  the elec.
trons  can  be mad. to 9lv® up  some of .li®li .nengy  to .he  ®Iectromogneflc  wa`/.  eslebli.hod  ln
the  cathode-onod®  interoc.ion  space.  Tlils  I.s.f`il  po`Arer otrtytit  can  tlierl  be  coupled  ou. Io  on
external  highfreqLi®ncy  tram.iTiz.slob  lino.

R ESONAl`lT  SYSTEM

The  lu[.ed  clrcults of .he mogri.Iron u.ually .alce th. form of a number of covlty  rosoncl
lors arranged  symmelrlcally around the  ca.hode.  These  resonators  may  be of vorlous  .I.apes,

#:T.¥,o¥,TL:nd,¥#:##:#,*.:¥,,##t,:f##+=,,roftL*,fnc#.=[::::i;
+li. ..vane.' .ype,  !n `Irhlcl`  a niimber of flo.  `/anes  ere uecd to  fom lhe I.sot.out co`/Ill.s;  and
•11.  ..r]sing  su.."  .)/stem,  employed  at  the  sl)orter  `^/o`/®lengtli.  (3  cm  and  less),  conslating  ®f
two  groups ®f  co`/I.les of differ.I..  .lz®S,  orrariged  olternctely  around the  cathode.  (See  Flo.  I)
A  part!cula. .iibe  .ype,  `^rl.li  ldenlical  Itlechanical  cherochoris+lcs.  may  b.  construe.ed  wl.li  dlf-
fer®nt  anod. arTafigement.,  and  as  a conseq`iei`c® the t`Ibes of  differenl  manufoc.iirors  may .x.

A  hiblt varlou.  =onsitiv].l®s .a  lmpog®d  condmong,  such  as  time.of.rl.e ®f the pul8e vol.age,
chong..  ln  plate vo[tog®,  olc.,  even  lhotlgh IIiey  ore tested to  idem.lcal  el®clrical  test  .peci-
flcatlons,

^n  infln!+e  number of  ..rapd.a"  of oscillations  can  b®  supported  bir  a givei.  arrangem®n.
of  magnetron  .esonators  of a pa.ticulor geometry,  end th. resonant  .truclu.a hog to b®  core-
fully designed to  favor the deslred  mode of ofcillatlong  and  9uppT...  all  otherao  Magne.ron.
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a.. ro.molly op.rated  ln th.  .'plinclpal"  a. 77..  irod.,  in  which  sue.=osS:yo  anode  sogm.nt.  ar.

:'nwd:::,q|°#.S:t:,:h::::d°:othv.a,r:.Csy:i.b!?a:I?:,',';C::'f,d.¥.'n:t¢;.:o:npatg};.:i!':h:°p::i:?p9:r,:!d':.

:r,:':::re:,n°o{.oF..cS,i.::aTncdo:hd.ucut::s°:oYnan`:°c:,Sn:y:i:,°nfa;:#eifj;::nr3h.`Chlsm.ant°n
Vorloug  s.rapping  sch®p.S  liav.  b.®n  d.v®loped  foi  maonet.on  anode..  '.Echelon"

slropplng  refe.a  to  on  arrangement  ln  whlch  chort  wlr?.  ar. u.ed !o  com.ct .very other
onod®  segment.  In  ".ii)gl-.ing"  s.rapplng,  a fontlnu`ouS  rlng  !s  braz®J to  alt.rna.®  vane.,

:eh:Leo;:...ndootup.,sT,,::g:.d,a,,,boyp:[neg::::t:;:n::dT;:a:,..::,a:::.:::::g,:,::.c.:Tnng.,a.,:::d,.hd.„a:,a,:epr
ping  may  b.  us.d,  depending  on  whether  both  sides  of  tl`e  anode  cylinder  are  stlopp®d or
only  one  side  (the  latte.  being  I.sod  chiefly  for thln  onod.s ).

In  stiapp®d  anodes,  particularly  in  tho..  uslnq  the  more  involved  strapping  arrong®m®nt.,
lh®  strop.to.strap    and  st.op-to-vane  capacitanc®s  bceom.  moiol  contributing  {acto„  to  the
total  equivalent  capacitonc. of  the  resonant  ci.cult.  The  von®.to-van. (or  ".lol'.,  ln  the
hot-and-slot  anode)  and  .he  anod-.egmen. frlng®  cgpocllances  ore the  oth.r fac.ore  cort-
trlbu.ing  to  the  to.ol  capocitance,  while  lh®  lesoncr.or.to-colhode  capacilonce.  usually pro.
vid.  tlie  coupling  capocitonce  betw®®n  the  individual  c®vlty  .®.onotor..

9. RISING  SuN  ANODE

E±±±F{±l : TYPICAL  MAGNETF`ON ANODE  STFtucTURES

-



ENERGY-COUPLING  SYSTEW`S

The  rf  energy  g®nerct.d  by .he  mo®fictron  con  b.  coupl.d  lo  an  out.ld.  load  by  ITI®an.  of

+::#`asn®dv;i:t,:r;:::::ee:::.n.C,::=CJ::Vn®f!:=°:;)e°oru::fdu:'t'rva:!L°(asps),ocn°udp.'j:c9.d(e|VX:c.h.[Cnar„b®.„
con  1].  cooxlol  lln.  or  waveguide)  to  the  mogii®lron  ou.pul  imp.dance  can  el.o  be  accornpll.h.
ed  ln  a varlely of way..

Tl`e most  commonly  u..d  coupllng  d.vice.  ar.  inductive  loops  and  .Io...  Th. form..,  em
ploy.d  in  coniunction  witli  coaxiol  outpi.I  I.Ine.,  con  b®  placed  in.ld®  on.  of  the  covlly  I-
S®°,n.i?.'Sh!;::TocoapY!;.y.+°h°ep's.t)a:rcoatup°,i:g:nndo:i:thf.y°u=i®j:I::::ufnnc:i:::::::no.v:gfu'ihd..r:::cnhTng

Sections  arid  wavegu!d. output I.onsml..lori  line.,i.  u.uolly plac.d  at  a hlgh curl.n. poln.
irl .li®  back of a ..sonator.  (S..  Fig.  2)  Oth.r,  le..  commonly  u..d  .n®rgy.coupllng  devhe..,
include  arrarigem®nts  employing  in.talllc  po.ts  a.tech.d  to  .h.  ..raps or van.s ("strop.
or van-fed  outputs.').  A  schem.  fr®quently us.d combin.s  a coaxlol.line  outpu.  with io
cooxlal-to-waveqliide  adapter,  all  will.in  the .ub. package,  .o thol  a  loop  coupl-can  b.
IJ.ed  .v.n though tLi® outpu. of .he moon.tron  I.  in rec.angulo  "v.gold..

-

-

`..` ..-.-  `.     `.`.           .+::.:..       .

A.'HAro. loop ( 2j48) a. WAVE6ulDE  OUTPUT (4J57}

£. "lN-CAVITY. LOOP   ( 5586)

FICURE 2:  TYPICAL  WAGNETRON  OUTPUT   STRUCTURES

R®vl,®d  I/54



`  MAGNETIC  CIRCIJIT

Tli®  magnetic  circu}l  in  a  magne.ron mos.  bo  Such  lho.  a  uniform  fiold  be  prodlJced  in  11)a
co.liode-artode  interaction  space,  and  tliot  .lie  mognetic  field  density  be of tlie  proper  magni.
tude  .o  sue.aim  oscillations  in  .he  desired  mode.  In  mogr`ctroris  using  a  permanent  magnet  a.           -`

:LisTt?:ae,'eTmlnoe,st*o'#:i,i±maig#g==.q'!::h=:t=:i';te'ou,rfin,#+,stjiso,lgdned,-/
for  operation  with  e.cternal  magne.s  ("unpockoged  maanetrons''),  .he  mogno.ic  circui.  within
the  tube  mus.  be  de§igncd  so  lhat  it  con  be  ®osily  a..ached  .o,  and  forms  a  ]ogical  extensiorl
of,  lhe  external  magnet.

The  requir®menr. of uniformity  of the  magnetic  {iald  in  the  interaction  space,  al.hough  no.
loo  difficul.  from  l1`®  s.ric*Ly  ITtognelic  desigi`  poiri.  of  view,  catis®s  soiTie  involvemen.s  in
rest  practical  cases owing  to  the normal  tube  assembly techniques.  Tlius,  in the  case of
oxiol-mouT.led  cathodes,  for  e.cDmple,  oi.her one oi  bolli  magnetic  polo  pieces  have  holes  ex.
ceeding  the  d!omoler  of the  cathode lo  facilitate  proper  ca.hode  mounting  and  axial  post.ion-
ing.  The  presence o{  those  comparolively  large  holes  in  the  polo  pieces  causes  a  distortion
("anli-borrcl[ing'|  of  lhe  magnetic  ficld  lines  in  the  inlerac.ion  space,  which  is  usually
counteracted  by  shaping  the  pole  pieses  to  ca`|se  "borrelling"  of  the  field.  A  ml.e  involved
orror`g®ment  uses  magnetic  mciterials  locot®d  on the  ccthodo  support  for  shaping  the  magnetic
field,   in  which  case  on  additional  problem  arises  in  moiatoining  the  magnetic  proper.ies  of
these  ports  ot  the  high  tomperotures  v/hich  they  reach  owing  to  heclt  conduclion  {rom  the  co-
thede  itself.

0lhe.  considerations  in  the  design  of  ITiagnetic  circuits  foi  magnet.ons  al®  the  physical
properties  of  Alnico  V,  exter)sively  used  for  tlie  fabrication  of  permanent  magnets;  and  a
concern  for  preventing  sQturqtion  effects  in  ally  port  of the  magnetic  cifcuits.

In  view  of  llie  ohove,  i.  should  bo  recognized  lhat  lhe  magnetic  circui. of  a  magnetron  is
one  of  the  important  components of the  tube  structure.  For  unpackaged  tube  types,  both  the
physical  shape  end the  magnetic  field  density  in  the  oil-gop  o{ the  external  magnel  are  us-
uolly  specified.  The  permoneiw  magnets  of  packaged  tubes  are  normally  saturated  prior  to  the
aging  ol the  magnofron,  and  are  subsequently  demagnetized  (and  thereby  stabilized)  on  the         `\+
pioduction  test  station  to  a  value  corresponding  to  operation  of  the  tube  within  its  voltage,
cut.ron.,  and  po`^/or-ou.put  ratings.

CATHODE  STRUCTURE

The  design  of  magnetron  cathodes  must  .alce  into  considorotion  the  porlicular  chorac-
te.istics  of  magne.ron  opera.ion.  Thus,  the  large  percenlage of  seconder)r  emission,  the  high
peal(  currents  required  (in  pulsed  mognelrons),  the  shape  of  the  electric  field  in  the  inteTac-
lion  space,  and  the  impor.alice of the  cathode  surface,  all  play  their  pcirt  in  cathode  desigri.

Several  varieties  of  3Ikeline-earth  oxide  cathodes  ha`r®  been  developed  for  pulsed.
mognelroli  applications.  In  AMPEREX  mogne.Tons  the  most  commonly  used  cglhodes  of  this
type  are  those  employing  nickel  mesli  or  sintered  nickel  (..matrix'')  bases.  Oxide-cooled  oT
thorio  cathodes  may  be  used  in  continuous-wave  tubes,  depending  on  the  porliculal  opplico-
tion,  ca.hode  cu.rout  required,  etc.  A newly-developed  cathode,  the  PhiLips  impregnated
•ype,  appears  to  show  9reot  promise  for  magne.ron  opplicotions.  This  type  of  ct]thocle  uses
porous  tungsten  impregnated  with  a sui.able  emissive  material,  and  the  .esulting  slructure
appears  to  hove  superior  qualities  insofar  as  mognetron  stabilily  and  catliode  lifeare  concerned.

Essential  parts  of  the  magnetron  cathode  structLiTe  ore  the  ca.hode  end  shields  (or  .'erid
hats"),  wl.ich  are  enlarged.diameter  sections  placed  at  both  ends  of the  cathode.  These
shields,  wliich  ore  main.ained  at  ccrlhode  potential,  distort  the  electTostotic  field  lines  liear
the  ends  of  the  cathode  in  such  a  way  os  to  provide  on  electrostatic  field  component  direcled

:np::::'T°hwe°::e'sheen::not;',h°:'shh:e?::d:a:::::r,uyscph'aenvgeen:;i:C:ro°gnn:,°oknagv:,`t'.°o:::,ee':ieorr°QCct,leo,:s.
Iic,  c]nd  is  essential  for  proper  tube  opcrcrtion.

Bo.h  the  size  cind  the  centering  of  .he  magnetron  cathode  are  of  great  importance  to  pro-
per  tube  funcljoning.   Sfi,oll  changes  in  calhode  diame.er  not  only  change  the  magnetron  plate
voltage  (for  a  given  magnetic  field),  bu.  may  also  greatly  offecl  .he  efficiency  of  ?he  tube.
Radicll  off-centering  of  the  catliode  may  lead  to  serious  malfunctioning  of  the  mognetron,  such

`-



a. d.terlordion of the  apec.rum (in put.ed lt.I..)  or `^mong.mode operchlon;  while  oxiel  off-
c®nlering  co`Jse.  a decrees®  in  magnetron  effici.ncy or,  again  ..moding.'  of lh. tub..

Eillier axial  or redial  supports  can be used  for mognelron  colhode.   (S.e  Fl9.  3hln
Jjh either case, tlie .l`ermal expansion o( .h. ca.hode he. to be con.ld®red,  and cofhod..  ar.

\moun.®d  in  slich a rnonn®r that  after expansion .hey  a.® properly centered.  Th.  s®nsltivlty

of .lie mqne.ron co.ltode to procis® con.ering  ls reflec.ed  in th. a..embly proc.dure. of
iirost magnchons,  Siiic. in fixing the  order ®f a.s®mbly of tube component.  it b.comes  im.
Portah. to o[Iov for lhe inclu.Ion o{ camf`illy de.lgned cothod-c.nt.rlng  tixl`ires.

A. AXIAL  SuPPORT (4J52 )

R®vif®d  I/54
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Eiiil 8.  RADIAL  SUPPORT  (4J47}

FIGURE  3:  TYPICAL   CATHODE -MOuNITIN6  ARRANGEMENTS
FOR  MACNETfroNs



The  electron  lraiectories  in  a  moglietron  are  such  lhat  the  cofhode  is  subjected  to  a  cort-
siderablc  amount  of  back  bombardment  during  normal  tube  Operation,  whicli,  in  turn,  tends  to
heclt  up  tlie  cathode lo  excessive  temperatul'es.11  is  for  this  reason  thal  it  becomes  necessary
to  reduce.he  filamen.  power  once  lh®  magnetron  sttlrts  oscillating  and  the  back-bombardment        -`

:oay.:|ryi:::es:::'s..:,ilo:.en,I.:::,e.,,::.d::::a.nghs.cuh,e:hu:e.sp:i:,i:tgtfaen:eoion,':::a,cuebeo.fsoonmaep:`eogx::-u
trons,  notably  some of tlie  3.cm  tubes,  ape.ate  entirely  on  secondary  cathode  emission;  in
these  tubes  tlie  rieo.er  is  used  only  to  bring  the  cathode  up  to  tempercr.ure  during  .he  iniliol      .
warm-up  period,  afler  which  all  filament  power  is  discontinued.

TUNABLE  MAGNETRONS

ln  addition  .a  mogne.rons  operating  ql  fixod  frequencies,  a  number  of  tunable  types  hove
bbeen  developecl  oncl  comme..cially  produced.  Although  some  e]ectronicolly-tuned  tubes  hove
been  constructed  on  an  experiemenlol  basis,  most tunable mognetrons  employ  mechanical
tuning  elements,  so  that  their  tuning  rates  are  inherently  Slow.

Either  the  ccipacitonces  or  the  inductances  of the  mognetron  resonant  structure  can  be
changed  for  pui.poses  of  frequency-tuning  lhe  lube.  In  capacitive  tuning  arrangements,  a  flat
ring  ("cookie  cuter"  Iuner)  may  be  inserted  bet\^reon  tlio  straps,  rhereby  increasing  the
capacitance  (and  the  ope.ati.`g  wavelength); o.  a tuning  hood  compiising  a  multiplicity  of
flat  strips  may  be  inserted  in  the  copaciti`/e  regions  of the  mognotron  resonators,  again  in-
creasing  the  wavelength  as  the  tuner  is  inserted.  The  most  commonly  used  inductive  tuning
scheme  involves  the  insertion  o{  metallic  posts  in  the  inductive  regions  of  the  resonwhl.s
("crown-of-thorns"  tuner).  These  pins,  which  may  be  of  circular  or  trapezoidal  cross-sec-
tion  depending  on  the  shape  of  the  resonators  (hole-and-slot  oi  vane-type  anode), ±±£±±±s±
the  inductonce  and  consequently  the  resonant  wa`relength  o{  the  structure  os  the  tuner  is
inse.ted  into  the  resonators.  Schemes  hove  also  been  evolved  using  a  combination  of  both
capacitive  and  inductive  tuning.

MALFUNCTloNING  OF  MAGNETRONS

As  has  already  been  mentioned,  the  operation  of  a  mognetron  is  greot[y  in flu.need
botli  by  the  extel.hal  load  into  `^/hich  it  delivers  ils  useful  output,  and  by  the  characteris-
tics  of the  input  pulse.  Owing  to  this  interdependence of  the  magnetron  and  lhe  associated
circuitry,  it  is  fTequent]y  not  possible  to  separate  tlie  causes  of  system  malfunctioning  and
ascribe  them  occurately  to  either  lhe  pulser or  the  tube.  Certain  general  remarlcs,  however,
may  b®  of  interest.

The  most  commonly  observed  manifeslartions of  magnetron  malfunctioning  ore  "moding"
and  orcing.

"Moding"  is  a  rolher  loose  term  used  to  describe  any  magnetron  malfunctioning  in

which  oscillations  in  otlier  lhon  the  desired  Tnode occur.  These  wrong.mode  oscillations
con  be observed  to  take  place  continuously,  so  .hal  energy  is  not  coupled  out of the  magne-
tron  to  the  ou.side  load.  This  kind  of  moding  may  be  caused  by  improper  adiListmerit  of  the
mh¥#t'er:anc;ropnuts::=ae.Te;¥.Sio#.s;?p¥,at:!cTu::ew'huebnet::th:#:=#::p%noe,ete:sC[fiet'hded:::itgy!n

mode  during  some,  but  not  o1[  of  lhe  applied  Fiu[ses  (in  pulsed  opeTcr.ion).   This  malfunclion-
ing  is  usually  ascribed  to  pulsar  chorac.eristics  (e.g„  fmprop®r  rise  .tine  of  applied  pulse),
poor  cathode  choi'acteristics  (low emission),   improper  cathode  centering,  or,  sometimes,
poor  end-hat  or  anode  end-space  design.   A  "mode  skip"  is  accompariied  by  missing  lines
in  the  rf  spectrum  and  by  a  double  volloge  trace  on  the  synchroscope  viewing  screen  -the
two  traces  corresponding  to  the  two  voltage  levels  associated  with  the  t`^ro  distinct  f7`odes
of  operatlom  A  "mode  shift"  is  a  condition  in  which  the  tube  oscillates  ln  the  proper  node
during  par.  (usually  the  beginning)  of  the  pulse,  and  in  a  highel-voltage  mode  during  another
part  of  the  pulse.   In  this  type  of  moding  rio  misslng  lines  are  present  in  the  spectr`/in  onaly-
zer  display  but  the  if  spectium  broadens  {since  the  pulse  dulation  is  effectively  Shortened).
A  '.mode  sl`ift"   is  lisually  associated  with  improper  loading  of  the  moglietron,  but  other
factors  (such  as  e.g.,  cathode-surface conditions)  may  also  come  into  play.
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•`T-..iw OT  a  mognt;Trort  iE u.I-oi[y a.tlnea  a.  any  condl.lob auring  wnicri
lilgher-tlioi-rormol  p[ct. c`irr®nl.  Arclng  i.  u.ually relafed to .he finish of lh®  alrod®  ngrr.out.,
•rt®  stirfoce  condition  of the  cathode,  and  .h®  Liltimat® pressure  in  .ho tLi   e.  I.  may  also  b®
caused  by  improper  pulser  end  lood  cheracteris.ice.

I,J`\             A  certain  arnounl  of orcing  normally  occurs dur;ng  lhe aging  period of a  n.w mapn.„on  and.

in  .he   starllng®f  a ttibe  of.er prolonged  inacti+ily,  but  excessi`/e  arcirig  my permonenlly
domag® .he tube.  FrofTi  on  application  poln.  of  vle`^/,  slarting  the  mognelron  with  insufficient
filament  war.I+up  lime  ls  conducive  to  d®struct]ve  orcing.

O_PER^TINC  CURVES  FOR  M^CNETRONS

I.  hoe  been  found  convenien. .o  presen. magnetron operational  dote by  means of .`ro
special  forms of cliorts,  the  Rieke  Diagron cnd  the  Performance Chart.

TI`e  Rieke  Dlogromis  arranged  to  permit  a  study of .he  effects  of  load  voria.ions  on  mag-
nelron  freqtiency  and  power  OLJ.put  under  .he  conditions of  fixed  I.iput  condilions  and  a  fixed
magnctic  field.  A typical  Rick. Dlegrom  sliows  po`^rer  and  frequency  con.ours  for  a tube opera-
ling  into  a  suggested  [ood (socli  es  a wa`/eguid® of a  specified typ.)  with the  mognitud. of
tlie  standing-wo`re  ralio  `/or]ed  over  prac.ical  limits  and  its  phase  angl®  varied  over  leo ®Iec-
tricol  degrees.  From  the diagram,  tlie  resulting  frcqucncy  "pulling,''  a  factor .hot  indicates
the  deviation  in  tlle  magne.ron  freq`7ency  resulting  from  a  mismatch  in  the output .ransmission
lino,  can  b®  readily  dot.rmined.  The  "pulling"  facto-of  a  t`]b®  usually  gives  the  value o{
•he  moxiinum  freqiency  vorio.ion  that  results  from  a  VSWR  of  I.5:1   in  .he  outpu., transmission
lirle,

A  mognotron  Per{oimaitc®  Chan  corresponds  most  closely to  the  typical  choiocteristic
curves of other types of tubes -that  is,  `/ol.oge-cl.vent plots.  Cur`/es  representing  a  series
of typical  values of  moghetic  fi®ld,  power  output  and  efficier)cy ore  plotted  in  a  system o{
vol.og®c`irrent  coordinates.  Voltage  and field  strength  are the  con.rolled  variables wliich
togctlie. determine the  current.  The  resulting  efficiency  odd output  power  are  indicated for

^iLg:L'en+ir+T:#::L#e!Cchh#:a:Lyh,rb¥is:',So:thoefT:::::i;::tr::L|::i:I:ieo=[!;:o,:?:#j!:!j°L:;+cy
-           ol  low  rnognetic  field  densities  and  low  values  of currefit.  In  general,  one  should  liot  attempt

to operate  a  mognetion  at  other  than  within  the  limits  of  its  publislied  perfe.nonce  chart  con-
di,iona*

-.

ELECTRICAL  CH^P^CTERISTICS

(mri-#u='oi:mTn¥+nu9ms):oTp:atin='vtfL:¥jonf9tsh:Ujt;:ohu¥tjunL:h;:Chc#?er:sihp;esm:;a:;rebme°e.
ceeded.  The  p`iblished  absolute  .otings  ol.  not  intended  to  be  applied  simul+anoously.  Thus
if,  for  instance,  the  maximum  allowable  current  und®I  certain  conditions  cannot  be  ieoched
without  exceeding  the  maximtim  ollowoble  vol.age,  a  lower  cul.rent  must  be  used,  so  lhof  the
"absolute  maximum"  voltage  rating  will  not  be  exceeded.

ficctTon¥::£:=hct#atixn:j#°nne:£::C::etdesu,nedde*hisj:en¥f:aTtuu,Sera,I:yg¥e',°a:,entthneegeei-
opercrrioi.  a.  conditions  materially  different  from  those  describecl  is  conteri.plated,  the           er®x
Application  Engin®erirlg  Department  sliould  be  consulled.

The  following  notes  apply  to  the  quontiti®s  `^/hich  appeal  in  the  Typical  Operation  s®c-
tio.is  of fhe  co.Clog  data  sheets.

In  pulsed  operation:    Duty  cycle  =  pulse  width  X  pulse  repetition  frequency

P.Ok  (pill aed)  pore,  I  q_Y_..ape  Fromr
Duty  cycle

Peak(pulsed)  plato  cur,eut  = average  Plateturrent
Duty  cycle

The  ov®raqe  Dover  is  normally  measured  by  calorimelric  methodsh  [n  .his  arrangemen.,
the  heating  effect  (ovorag®  powei)  of  .he  mognetron  output  signals  is  m®asgred  by  measuring
the  difference  in  lemperoti.rc  of  a  column  of  `^/a.er  at  cons.ant  flow  ral® (gradually  introduced
into  a  waveguide  to  produce  a  matched  load  for the  tTiagnetron),at  tlie  point.  of  incidence  and
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emeigence  from  the  guide.  This  t.mporctur®  diff®renco  is  direclly  related  to  the  mognetron
average  po`^rer  ou.put.

Pulse  voltoge  can  be  measu.ed  in  a  vori®ty of  ways.  The  arrangements  most  commonly
used  make  use of  a  capacitive  `/oltoge  divider  for  displaying  and  measuring  a  kiiown  fraction
of the  pulse  voltogo  on  a  synchroscope  screen;  or,  apply  the  full  pulse  voltoge  di!®ctly to  a

rye;a::*,j#eY:|':::.p|::t:::::=!::::::a:unih°b;ti:i:rodf'Caa:#:::t::::::(:::Vaegnjffn)'-
nel`^/ark  and  a  suitable  milliammeter.

_Ptilse  wi_drh_is  usually  measured  ®illier  at  half-arnplitvde  of  the  current  pulse  (whicli  con

tELvie.,:i:iyepL=igT=:Ji:=indLu#eo:#een#i,:'wJ#:'hsetod'ctbe:t=:tohiLTopnuv'es,¥pom=i=,-
measured  with  a  square-Iaw  de.eclor.

The  role of  rise of the  voltage  Pulse  is  on  important  foctor  in  some magnetrons,  os  both
tco  slow  and  too  fost  a  rise time  may  l®ad  lo  poor  mognetron  opera.ion.  Usua«y  too  higli  a
rate of  rise  is  .he  rnor.  serious offender,  because  under  this  condition  the  mognetron  tends
to  op®rcrl®  in  a  higher-voltage  mode.  Thus,  maximum .oles  of  rise  (measured  in  kilovo[ts/micro-
second)  qe  usually  specified.  A  good  defini.ion  for  maximum  rate  of  rise  is  the  maximum
slope  of the  voltage  pulse  above  the  80%  level  of  the  voltage  pulse  amplitude.  Oscilloscope
pliotogrqpliy  can  be  used  .o  odvonloge  in  the  meosurerirent of this  quart.ity.

broedT*ssph#°;s*°,#B£°i:#n¥,et#:dig+:::ivn:`£:tapsp;js::i:.ns+i:jnrfce
bandvfdlh  IS  meosurod  on  a  spectrum  analyzer  display,  and  is  defined  os  .he  width  of |li®
spectrLlm  at  the  ho[f-power  level  (3  db  do`^m  from  iTiaxjmum  if  a  square-law  detector  is  used
as  llie  spectrum  analyzer  mixer).

oadt::d+:::::=:+:=:::,;,,:emp¥,i:jo:i::oo,¥::u:me:,atsh:Lu*j,=nms:;jevLre::yc::i;sfoLn
of  tli®  iTiogne.ron  `~hon  a  mismotcli  of  1.5:1   in  VSWR  is  ihtroduced  in  the  outryut  transmissior.
Iirie  and  voiied  over  all  pLiases  (180  electrical  degrees).  A  knowledge of  the  magnetron  pull.
ing  {oc.or thus  permits  .he  system  designer .o  predict  transmitter  frequency  changes  for
various  values  ol  antema  mismatch,  and  aids  hiiTi  in  establishing  piopet  design  specificc-
tions  for  the  load  components,  such  os  rotary  ioints,  feed  lines,  antenna  matching  devices,
o.c.11  should  be  recognized  .hal  the  degree  of  coupling  used  in  the  mognetron  ou.pet  is,  of
necessity,  a  compromise  bet`A/een  adequale  power o`itpul  and  comparative  insensitivity  to  ex-
terl.ol  load  variolions  (low  pLilling  factors).

H^NDLINC  AND  OPERATING  PRECAUTIONS

Complete  m®chonicol  protec.ion  of  leads  is  needed,  to  insure  completely  vacuum-tighl
seals  end to  prevenl  even  small  alignment  shifts  of lhe  catliode.

The  p.e[iminary  cathode  hoe.ing  time  .lict  is  specified  for  each  type  must  be  mdiii-
lainod  bofor®  po`.rer  is  oppllod.

Power  should  ne`rer  be  applied  wi.li  .hc  magnetic  field  absent.

If  .h®  heater  curl.ent  is  to  be  reduced  ofler  on  ini.iol  period,  the  specified  schedule
should  be  follo`^red  exactly.

Recommended  cooling  must  Eie  maiindined.

Recommended  duty  cycle  in  pulsed  operation  should  irot  be  exceeded.  If  it  is  necessary
to  exc®od  the  specified  duty  cycle,  check  with  .he  AMPEREX  Application  Engineering  De-
portiTient  for  best ope.ating  levels  consislen.  with  satisfactory  life.

The filament  should  lrot  be  opertrf®d  from  po`^rer  sources  substantially  lilgher  than 400
cycl.s,  wlthol.t  checLlng  with  the  ^MPEREX  ^pplicatlon  Engineering  Deporlmen..  If the
mechanical  vlbro.ion  period of  the  filamen.  opprooches  I.sonanc.  conditions  wllh  the file-
ment  current  frequency,  sliortened  I lfe  may  result.

Magnetic  materials  .hould  be  kept  ct  least  2  inch.s  o`^ray  from  field  magnets  to  a`/oid
d®magl`itlzofion.

Operation  must  b®  kep.  wllhin  maximum  ratings.           J

Symbols  and  obbrevialions  used  in  the  AITiperex  Magnetron  dote  sheets  conform
to  tliose  used  in  Specific®tion   MIL. E.18
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AMPEREX MAGNE"ONS    4J57.4J58.4159

GENERAL   DESCRIPTION

The Types 4.JS7, 4J58  and 4J59 are packaged, fixed-trequ®ncy, put.ed mogli.lr®n

®scill®1ors  designed  tor  operoli®n  in  ll`e 4.5  cm.  bond.   The  ou.put  ®r  ll`®se  lube.

is  in  1'/.   by   .«.   inch  rectangular  w®veguide.   The  ®pera\ing  lrequen.ie.  iind.I

m®1ch®d-I®ad  conditions  are  as  {®II®ws:

Tube  Type

4J57
4J58
4J59

F,equen`y
(megacycles  per  .e.®ndl

6475 1® .6575

6375 Io 6415
6275 1® 6375

GENERAL   CHARACTERISTICS

I-

J-
\

EE

ELECTRICAL  DATA

Absolute  Ratf ngs

Filament voltc(ge  (max.)    ,.......

Plate  voltage  (max.)    .........

Plate current (incH.) ..........

Power  Input-pec[k  (mcB.)    ......,

Power Input-verage (max.)   ......

Duty cycle product  (max.)    .......

Pulse Duration (max.)    .........

Filament warm-up Time (minimum)  ....

Anode  Temperature  (max.)   .......

MECHANICAL  DATA

Dimensions........

Mounting  position    .....

Mounting  Method    .....

Weight  (appror.) .(with  mc(gnet)

12.6+ 10%  volts

2Srv
35  czmps.

600  KW

400  watts

.COL

2.5  microseconds

120  seconds

1000   C.

see outline dwg.

any

output plate (see dwg.)

12  lbs.



4J57.4J58.4J59

Frequency.....
Power Output-pulsed .
Power Output-verage
Pulse voltctge   ....
Plate Current-pulsed  .
Plate Current-verage
Pulse  width     ....
Ihity cycle product  .    .
FIF. Bclndwidtb (max.)   .
Pulling  Factor  (mcm.)    .
Life   (min.)     .....

Filament Voltagerf tch
Filament current.    .    .

Typical  Operation
......  see"GeneralDescription"
•.......         210Kwr

........        210   watts

........      16tol9KV.

•.......           30crmps.

........           30ma.

........            1   microsecond

......... 001

•.......            3mc./sec.

•.......           15mc./sec.

•.......        500hrs.

........       12.6volts

........     3.25to4.Oampg.

NOTES   ON   OPERATION

1.   Forcedair cooling  i8  r®qu{[od  on tbo  anode
to  keep its  t®mporctuI®  below approrimcto-
ly  loco C.

2.   The   temperature   ol   the   cathode   eupport
mu.t  not  olceed  27S°  C.   It  is  c[dviBciblo  to
cool  the  cathode  radicrtor  flu  by  meona  ol
forced  air,

3.   Tr,e  heater  voltage  Should  be  reduced  lot.
lowing  the  applicatio]i  ol  fu'gh  voltage,  ae
per the following achedul®:

Average powe. Input         FHatL\enl volts
850

800-850
750-800
700-750
650-700
600-650
SS0i300
S00-550
450-500
400-450

0
2.0
3.5
4.0
5.0
5.5
6.0
6.5
7.0
7.S

I.   Magnetic  materials  Should  be   kept  away
from  the  permanent  magnet  a  distance  of
at  )east  3  incho8.

5.    The   AMPERE:X   Application   I:ngineering
D®partment  Should  be  consulted  whenever
it   is   cont®nplated   operating   the   tube   at
conditiong  Substantially  di(lerent  ITom those
given  above.

-
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4J57.4J58.4J59
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4J57.4J58.4J59

4J57, 58, 59 RIEKE DIAGRAM

FREQUENCY OF  0 MC/SIC  CONTOUP  4J57:6525MC/SEC

4 J58: 6425MC/ SEC
4J59: 6325MC/ SEC -
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AMPEREX MAGNE"ON TYPES 5586.5657

GENERAL   DESCRIPTION

The  ^tnp®T®x  lyp®.  5S86  and  5657  are  identical  il.  pl.y.icol  ®pp®®tanc®  and
®I®.\rica\  I..rf®rmonce,  ®xc®pl  l®r  tr®qu®ncy  c®v®tag®  cnd   pul.®  v®II®g®.

Th...   are   unpackaged,  \unabl®,   pulsed   magn®\r®n   ®..ill®\®r.   d..ign®d   I®r
®p.rali®n  in  tl.®  \0  cm.  r.gi®n  ®1  \11®  el®c\r®magne\ic  IT®qu.ncy  .p®.Itum.  They
ar. u..d wi.h  an .x\emal magne\ having an  air gap ®1  1.8  inch.. and  a  mag-
n.Iic  h.Id  don.ily  ®12700  g®u...   Th®  oulpul  ®1  lh®  Iub..  i.  in   I %"   c®a*i®I
han.mi.lion  tin..rTll® Ir®qu®ncy  range.  ®1  lh...  Iub®  Iyp.*  ar.  a.  t®I\ow.i

Tub. ,yp.

55®6
5657

'.qu®ncy
lm.gacyc\®. per ..c®ndl

2700 - 2900
2900 - 3 I 00

GENERAL   CllARACTERISTICS

ELECTRICAL  DATA

Absolute  Ratings

I.ilcment voltage (men.)   ........

Plato  voltage  (max.)    ..,......

Plato current (max.) ..........

Plct® hput-peck (men.)  ........

Power hput-v®rage (men.)   ....,..

Filcm®nt wan-up Time (mininum)  ,...

Duty cycle product (men.)    .......

Pulse Durdion (max.)   .........

Anode Tomporcturo (men.)   .......

MECHIANICEL  DATA

ELendon8  .    I   .

Mounting  Position

weight (apprex.) .

|6.o+ loo/o  volts

30rv

70  c-p8.

2000  KW

1200  watts

120  Seconds

- .001

2.5  hicroseeond8

1000   C.

Bee outline dwg.

Cmy

5hi.



5586.5657

Frequency (tunchl®)

Typical  Operation

(!83;   :    :    :    :    :    :    :    :

Power Output-pulsed .

Averagopow®r   .    .    .

Pulg® Voltc'ge
(55865657

Plate cunent-pulsed  ....

Plate current-vorag®    .   .   .

Pulse width     .......

Duty cycle product  .....

Mc[gn®tic Field .......

Fl.I. Bcmdwidth (max.)   ....

Pulhing F'ctctor  (max.)     ....

Life  (min.)     ........

Filament voltage-tch   .   .   .

F'ilctmont Current (ct 16.0 volts) .

.  2700-2900  nc./see.

.  2900-3100  mc./eec.

800  kw

400  watts

. 27  to  32  kv

. 27.5  to  32.5  kv

70 c-p8.

35  rna,

I  hicrosecond

.0005

2700 gaus

2.5  mc./8ec.

15  mc./Bee.

500  hr8.

16  volts

2.8 to 3.4 onp8.

NOTES   ON   OPERATION

I.   During higb voltage op®rctlon. il i .... ontlch            2.
to  op®rat®  th.  hoat®r  aQcording  to  the  Iol.
]owhg rdedul.:

P1 (walto)                                           EL (vollal)

1000-1200
BOO-1000

600-BOO

400J300

8
10.S

13

ls
Lou thou loo _____ .... _.~  16

The  above  .ch®dul. fo  valid only  for [®p.
tilion rct.. ol 300 pEi. or greater.

For  the  calibration  procedure  Of  the  tpc[g-
n®tic  field  .e®  Spec.  JAN-lA.5S86  or  JAN-
lJL-56S7 or comunicct® with the AREEREX
JLppliccdion  Engineering  D®pcbmonL

3.   Tb®  output  of  the  `ub®  can  bo  mdintctinod
at a pro..ur® ol 404S lb../eq. inch

4.   Tb®  AIOEmEX  Application  Engin®®ring
D.partmont  chou]d b® conrdted  whenever
it   i.  cont®nplated  op®rathg  the   t`ib®  at
condition. iubofontially difl®TODt from thca®
given  above.
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5586.5657
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DRAWINGS REFERENCES

1.  The  center of the  jack  holes  shall  be within  a I.adius  of .100  of the  location  speci-
fled,  but  shall  be  spaced  .797  ± .015  with  respect  to  each  other.

2.  This  anular  area  shall  be  flat  within  .015  (a  thickness  gage  .125 wide  shall not
enter more  than  .250).

3.  The  periphery  of the  anode  shall  lie  within  a  2.160  die.  circle  located  as  specified
for nan-tunable  side  of anode.

4.  Common  cathode  connection marked with letter  C.

5.  Input flange  can be pressurized.

6.  Tube  may  be  supported by  mounting plate  or  guard pipe.

7.  Applies  to location  of  centerline  of  guard pipe  only.

8.  Centerline  of max.  die.  is  concentric  with  centerline  of guard pipe  to within  .040.

9.  Applies  to inner  conductor insert only.  Centerline  of inner conductor insert  is  cori-
centric  with  centerline  of guard pipe  to  within  .025.

10.  Applies  to  straight portion  of inner conductor wall.

11.  Tube  can be  supplied with  spline  located as  shown when  Specified by  customer.

12.  Tuning mechanism will  provide  full  range  of tuning  with  110  complete  revolutions
of tuning  spline.

13.  Protective  guard for  shipping purposes.

14.  Hex  locking head  banana  pin jack.19/321ong hole.  .169  ± .005  dia.

Revised  I/56 (Repiacos  old  page  no.  509)
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AHIP[REX  TUBE  TYPE  8108

The  Amperex  8108 is  a disc  seal t[iode designed for  use  as  a CW amplifier,
~          oscillator, frequency doubler or frequency tripler to frequeflcies over 6000

mc/sec.  The  8108 delivers  a  saturatiofl power of more  than  2 watts  with  an
operating voltage of only  180 volts.  Amplifier gain of  19 db or more  can  be
achieved.  In  Suitable  cavity circuits  the  8108 can operate  at full power with
sink cooliDg or free-air convection  cooling.  Life  expectancy  is  10,000 hours.
For f`irther circuit information contact  Amperex  Applications  Engineering
Department.

GENERAL  CHARACTERISTICS

-`

EiE

MECHANICAL

Dimensions
Base
Mounting 1
Seal Temperatures

Anode 2
Grid 2
Cathode 2

ELECTRICAL

Heater Vol(age

Heater Cunent
Difect Interelect[ode Capacitances 3

Anode (o Grid
Anode to Cathode
Grid to Cathode

Mio.

Aaode Voltage
Anode Current

see outline drawing
OCTAL
any

|5o°C max
75°C max
7 i° C "fxl

6.3 volts ac or dc
parallel  supply

0.735  anps

1.4 wi
0.035  quf

3'0  Hjl

N olll,        M ax.

180                             180  volts
60                           30 na

Negative Grid voltage                        0           I.25          2.5          2.8 volts
Transconductance                      15,000     21,000            -      18,000 micromhos
Amplification Factor                         33              43            5 2            43

1   Special  attention  Should b® paid to  the mounting of the  tube  ln those  ca8e8 where lt
i8 uecd in portable equlpment.  Shocks,  especially ln a direction perpendicular to the
axle  of the tube  Should be  avoided.

2   A low velocity air flow may be neceBBary.

3   Meaeured with 6.3  volts  on  the heater under conditions  where no  cathode  current 13
dram.

9/6] Ill



HmH
MAXIMUM  RATINGS,  ABSOLUTE  VALUES

Anode Voltage (Cut-Off Condition)
Anode  Voltage
Anode Dissipation
Negative Grid Voltage
Positive  Grid Voltage
Grid Curent
Grid Dissipation
Grid Input Power (f  = 4000  mc)

(Grounded Gridc ircuit)
Cathode Current
Cathode-Heater Voltage
Heater Voltage

MAXIMUM  CIRCUIT  VALUES

External  Cathode-Heater Resistance
External  Grid  Lead Resistor `

500  volts mac
300 volts max

10 watts max
50 volts mar
0 volts max

10  rna max
200 milliwatts  max

1 watt max
70  rna max
50  volts  maLE:

6.3  ± 2% volts max

20,000 ohms max
3000 ohms  max

TYPICAL  CHARACTERrsTICS  AS  AMPLIFIER  (Frequency  = 4000  mc)

Anode  Supply  Voltage,  Ebb (See  Figure  3)
Grid Supply  Voltage,  Ecc  (See  Figure  3)
Cathode  Resistor 5
Aflode  Current
Bandwidth 6
Power Output (Power Gain  = 8 db)
Power Output (Power Gain  = 6 db)
Power  Gain  (Power Input  =  1  mw)

200        200 volts
+ 20       +20 volts

60           30  rna
50           50  mc
1.87        -watts
-           0.5 8 watts
139         139db

`   This  value  can be multiplied by the  dc  inverse  feedback  factor to  a  maximum of
2S,000  ohms.

5   A  variable  resistor of  500 ohms  max  (at an anode  current  of 60 rna) or  1000  ohms
max  (at an anode  current of  30 rna) iB  to be  used. It  should be adjusted for the  de-
Sired  anode  current.  See  Figure  3.

6   The  quoted  value is  the  bandwldth between the  0.1  db polnt8  of the  flattened re-
sponge  curve.  See  Figure  4.

I.5 watts  ruin.
8   o.35  watts  min.

9   io db min.

12 9/6'
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ANODE(SEE  NOTE  2)

Eiiil

.024 ±.004

iiiiil

Eii=

1F_idlllE
R ..loo MAX

CATHODE
(SEE  NOTE  3 )

R..060 MAX

+
339±.020

(SEE   NOTE   4)

9/6'

.248±.oo8

.'87 ± .oo6

?±Aoo8|           (SEGE:kBTE„     .±8o{28o
I2.362MAXMAX

D:A..°oe|   .433t±.o2o
I

(SEE
NOTE  5)                            .472

)lA.IMAX

15

FIG.  I



EmH

*CATHODE    R,F.   AND    D.C.   CONNECTION.    PINS    SAND   8
ARE      CONNECTED    INTERNALLY     TO    THIS    TERMINAL.

Flo. 2
RECOMMENDED     MOUNT

NOTES:  OUTLINE  DRAWING  (FIGURES  I  AND  2

Thread  of the  Grid  Disc  and  of Recommended  Mount
32  turns  per  inch
Thread  angle  = 6o°

Minor Diameter      Major  Diameter      Pitch  Diameter

EE

u
Figure  1                        0.835±3.oo6         0.874±8.oo6         0.854±8.oo35   inches

Figure  2                        0.847±  8.oo6         0.874  min                  0.858±  8.oo47  inches

Note  1:  The  eccentricities  are  given  with  respect  to  the  axis  of the threaded  hole
(see  Figiire  2) in  which  the  tube  is  screwed  firmly  against  the  flange,  the
inner diameter of which  is  0.709  inches.

Note  2:  Eccentricity of the  axis  of the  anode  = 0.006 inches  max.

Note  3:  Eccentricity  of the  axis  of the cathode  = 0.008 inches  max.

Note  4:  The  tolerance  of the  eccentricity  o£ the  axis  of the  base  is  such,  that  this
base  fits  into  a hole  with  a diameter of  1.280 inches,  provided this  hole
is  co[recEly  centered  with  respect  to  the  axis  of the  hole  of  Figure  2.

No€e  5:  The  tolerance  of the  eccentricity  of the  axis  of the  base  flange  is  such,
that  this  flange  fits  into  a hole  with  a diameter of  I.319  inches,  provided
this  riole  is  correctly  centered  with  respect  to  the  axis  of the  hole  of
Figure  21`

ra  -., 9/£'
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FIG. 3
RECOMMENDED    D.C.  CIRCUIT
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FIG.4
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ANODE    CURPENT  AS  A   FUNCTION   OF   GRID   VOLTAGE

u
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A"PEREX TUBE TYPE EG157_

The Amperex  EC157 is  a disc  seal triode designed for use as a CW amplifier,
'`      oscillator,  fr.equency double. or f[equency triplel to frequencies over 6000

mc/see. The `EC157 delivers  a  saturation power of more chan  2 watts with an
operating v6ltage Of only  180 volts.  Anplifiel gala of  19 db or mo.e  can be
achieved. In suitable cavity circuits the EC157 can operate at full power with
sink cooling or free-air coovection cooling.  Lifeexpectancy  is  10,000 hours.
For father circuit information  contact Amperex Applications Engineering
Department.

GENERAL  CHARACTERISTICS

EiE

MECHANICAL

Dimensions
Base
Mounting 1
Seal Temperatures

Anode 2
Grid 2
Cathode 2

ELECTRICAL

Heater Voltage

Heater Curent
Direct luterelect[ode Capacitances 8

Anode to Gfid
Anode to Cathode
Grid to Cathode

Mia.

Anode Voltage
Anode Current
Negative Grid Voltage
Transconductance
Amplification  Factor

see outline drawing
OCTAL
any

150°C  max
75°C max
1 50 c I-

6.3 volts ac o[ dc
p a[allel supply

0.735  aDps

I.4 nd
0.035 nd

3.0 nd

N om.        Max.

180
60

0           I.25
15,000      21'000

3343

180 volts
30ma

2.5          2.8 volts
-     18,000 hicromhos
5243

1   Special attention  Should be paid to the mounting of the  tube  in those  ca9eB where 1t
ls u..d in portatile  equipment. Shock®,  .Specially in a direction p.rpcadicula. to th.
aria of the tube  8hould be avoided.

-,       2  A low velocity air flow may be necessary.
3   Mea.ured with 6.3 volts on the heater end.I condltiona wh:re no cathode  cunent ia

dram ,



E0157
MAXIMUM RATINGS,  ABSOLUTE VALUES

Aaode Voltage (Cut-Off Condition)
Anode Voltage
Anode bis sipation
Negative Grid Voltage
Positive Grid Voltage
Grid Curent
Grid Dissipation
Grid Input Power (f  = 4000 mc)

(Grounded G(id c i[cuit)
Cathode Cunent
Cathode-Heater Voltage
Hea.er Voltage

MAXIMUM CIRCUIT  VALUES

External Cathode-Heater Resistance
External Grid Lead Resistor `

`     i¥!:±    `

500 volts II]ax
300 vol(s max
10 watts lnax
50 volts mar
0 volts nag

10 rna max
200 milliwatts  max

I watt max
70  rna max
50  volts max

6.3  ± 2% volts max

20,000 ohms  man
3000 ohms  max

TYPICAL CHARACTERISTICS  AS  AMPLIFIER (Frequeocy  = 4000 mc)

Anode Supply Voltage,  Ebb (See  Figure  3)
Grid Supply Voltage,  Ecc (See Figure  3)
Cathode Resistor 5
Ande Current
Bandwidth 6
Power Output (Power Gain  = 8 db)
Power Output (Power Gain  = 6 db)
Power Gain (Power Input  = I  mw)

200        200 volts
+20       +20volts

60          30 rna
50           50  mc

-   Vat,S
0.5 8 watts
13 9 db

`   This value  call be multlplled by the dc inverse feedback factor to a maximum of
2S,OOO  ohms.

A  variable reBictor of 500 ohm rmx  (at an anode  current of 60 rna) or  |000 ohms
max (at an anode  c`ment of  30 rna) ia  to be  used.  It  Should be adju8ted for the de-
sired anode  current.  See  Figure  3.

6   The quoted  value is  the  bandwldth between the  0.1  db point®  of the  flattened re-
sponBe  curve. See  Figure  4.

8   0.35 watts  mh.

9   io db rnin.

1
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ANODE(SEE  NOTE  2)

Eiil

.024 ±.004

E=
Iii-I__
R  g .loo MAX

CATHODE
(SEE  NOTE  3)

ft . . 060 MAXT_
.339±.020

(SEE   NOTE   4)

.248±.008

.187 ±  .oo6

*±.oo8
•0081 (SEENOTEi)       _[Zu 2.3(MAMAX

EL.43{±.o2o
(SEE
NOTE  5)                           .472I

AX
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EC157

NOTES:

*CATHODE    R.F.   AND   D.C.   CONNECTION.    PINS    SAND   8
ARE      CONNECTED    INTERNALLY     TO    THIS    TERMINAL.

DIA.ffi
`L_+
£-_32Ns-2Biri

FIG.2
RECOMMENDED     MOUNT

OUTLINE  DRAWING  (FIGURES  I AND2

Thread  of  the  G[id  I)isc  and  of  Recommended  Mouflt
32  turns  per  inch
Thread  angle  = 6o°

[\linor  Diameter       Major  Diameter Pitch  Diameter

base  fits  into  a  hole  with  a  diameter  of  I.280  inches,  provided  this  hole
is  correctly  centered  with  respect  to  the  axis  of  the  hole  of  Figure  2.

Note  5:  The  tolerance  of  the  eccentricity  of  the  axis  of  the  base  flangc-is  suct"
that  thi`s  flangi]  fits  in[n  a  hole  with  a  diameter  of  I.319  inches,  provided
Eh;a  hol€?  i.`  correctly   centered  with  resr.etl  to  the  axi.<  of  the  }i.ole  of

I.-igure   2.

'-

-
Figure   1                          0.835=8.ooo          O.874=8.oo6          0.854±86oo35   inches

Figure2                           ¢.847_+~8.oo6          0.874min                    0.858i:®oo47   inches

Note  1:  The  eccentricities  are  given  with  respect  to  the  axis  of  the  t'hreaded  hole
(see  Figure  2)  in  which  the  tube  is  ``crewed  firm.Iy-  against  the  flange,  the
inner  diameter  of  whicl-i  is  0.709  inches.

Note  2:  Ec.cen[rici[y  of  the  axis  of  the  anode  =  0.006  inches  max.

Note  3:  Eccentricity  of  the  axis  of  the  cathode  = 0.008  inches  max.

Note  4:  The  tolerance  of the  eccentricity  of  the  axis  of the  base  is  such,  that  this ~

H.4
2,/61
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FIG.3
RECOMMENDED    D.C.  CIRCUIT
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ANODE    CURRENT  AS  A   FUNCTloN   OF   GRID   VOLTAGE
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AMPEREX  THYRATRON< TYPE  ZIJ.2L-

Eiil

-

The  AMPEREX  2D2|  is  afl  inert-gas-filled thy[atron  of the  tetrodc  type
with  negative  control  charac(eristic.  The  cathode  is  indirectly  heated.

The  tube  features  a high  control  ratio  independen( of tenpe[a(ure  over
a  wide  range,  low  anode-to-grid  cf]pacitancc  and  very  low  grid  current.
Becanse  of  its  low  capacitance,  the  operation  of  the  2D2|  is  Dot  app-
reciably  affected  by  line  voltage  surges,  and  the  low  grid  cuf[ent per-
mits  it to  be  used  witb  a high  value  of resistance  in  the  grid  circuit.
This  results  in  a  high  circuit  sensitivity  so  that  the  tube  can  be  oper-
ated  difectly  from  a  high-vacuum  photo  cell  for  example.

The  AMPEREX  2D2|  caa  be  used  io  relay  circuits,  grid  c`ontrolled  re-
ctifier  applicatioa§,  the  stabilizatiofl  of A.C.  output,  ifl electroaic
timers  and in  grid  circuits  of power  thy[atrons.

The  (ypc  2D21  is  interchangeable  with  the  following  tube  .types:

GL-2D2l,  20A2  atld{4G/280K

MAXIMUM   R^TIHCS

AI).®lut.  Valu.a

Maximum  peak  onod®  vol.ao.

Inv.r ............................      1300   v®l..
F®rwerd  ..............................      650   v®l.a

Maxlmulii  ccth®d®  curl.nt

P.ak  ................................      0.5   amp

^v®rag®  ............................       a.1    amp

A^®x.  o`/®roglng  tim .......................         30   second.

Maximtim  negat(v. con.rot-grid voltage

B.fore conductloh  .......................-  loo   vol..

Du-ing  conduction  ........................- 10   volt.

Maxlmum  posiliv® control-grid  curr®n.   (averag. volu.)

Anod®p®8!tiv ...........................    a.01    amp

^n®de  negative  ..........................    a.01    amp



2D2l
M®xlmtim  negative .hlaldirld  `rolfag.

B.f®i.  col.duct!on ......................- loo   vol..
Du.lng  c®nductlon  ......................- 10   volt.

Maximum  p®.Iliv.  shi®Idgrld  ctirT.nl

^nodep®.ft(ve ........................   0.01    amp

Anode  nnga.lv ........................   0.01    amp

Naxlmum  h®ofer.co.h®d®  vollage

H®a.er  negctiv ........................- 1cO   volt.

11.al.I po.mv .........................- 25   volt.

A4®xlmtlm  ex..rnal  r..lstanc®  bctw®en

control-grid  and  cathode  ........................       10  in.gohm.

^mbl®ut  Temp.  IIml ...........................- 70° 1®  + 90°C

GENERAL  ELEc'rRICAL  DATA

Hco.er  Yol.ag ...............................  6.3±10%   volt.

H.at.r Curl.nt (E, =6.3  vol.s) ................
Ca.I)ode  li.ding  .lm.  roquir®d  ................

Copocl.abc..

Input  .................    2.4   uuf

Oillpu .................    1.6   I.uf

^nod® Io  control-grid   ......   a.026   uiJf

M®chanlcol  Data

Mounting  p®.ltlon  .........    any

Base  .................    mJnlalur.  bu«on,  7 pin

Net  `relghl (approx.) .......   0.3   oz.

TYPICAL  CHARACTERISTICS

Ionlzatlon Tlme

(DC  artod. vol.®g. = loo volt.
Peak  on®d. curTen. dorlng  conductlon  =.`0.5  amp.

Grld ov.rvol.age (squ®® put..) = 50 vet..)   .  . .

Nat  crltlcal  grld  curl.nl

(^C anode `rolta.. = 46 volls rm.
^V.ran. had-£iin-h. -A  I  nnh`  _  _  _

•  0.6   amp

.   10   ..cond.

-

-

0.5  mlc.®..coiid.      ~
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ZJ'.ZI
A4.c  v®I.vy ...................................   e   v®l..

Cbntr®l  ia.I® bctw..n ®n®d. ai.d c®ntr®I..ild

et .trlklng p®Inl (Cbntr®lirld ...lof®r = a meg®hm.

Screen..ldvollqg.  =Ovoll.       ) ...........  250

C.ntrol .all. I.tln..n anod. Cnd .c.con...ld
•t .trlklni polrt (C.ntoli.Id ...lctoi = a mq.Iim.

Scrcon-.ld re.Ister  =0 mpolim.
DC  c®nlr®Ii.Id v®I.ego  = a  volt.)

OPERATING
FOR RELAY

A-C.  ®od. vol.a®.
Sciconi.W nltq.
Ai.a  g.Id bl.. v®Itq. (pl.a.. dlff®.-c®
b...con D.a col.t.all.Id vol.". md
®n®d. vollq. approu  1800)
D.C.  c®nW®l  grld  v®llae.

P.ak conW®I-i.Id .linal vol.a.
An®d. re.I.l®r
C.Id 'esll,a,

AppLlcATroN NOTES

' '  ......., '000

SERVICE

117                 cO    v®l..rm.

0                        0     v®I,.

-vol,.in,
-6    ,®1,,

a     v®l,I

2.a    fl,.g®hm.

I.a    fl,qohmf

Since  the  control-g.id  curfent of (he tube is  vefy low,  an  elte.oal
•esi8.aace  of up  .a  |0  megohm8  be.ween  the  control grid  and  the
ca.bode is  allowed.  I]owevc..  when  . higb  value ot grid .e8i8.a.
i8  used.  ca.c  should be  t.ken  .a keep  .he .ube  base and  sockc.
clean  and  dry in o.clef (o minimize le.[age cufrente.

T=.e*®.=\e":u_bLe _i: lope.?..a Tlth  A.C.  a®ode `o\t&Be  supply  ®®d ahigh value of glid .csi..a. is used, i. i8 aece8sa.y .a keep  the
circui.  capaci.ance  be.wecn  the grids  and  the anode a8  lo.  as
possible.  This  can  be  effec.ed  by placing  the g.id lesis.o[ di.ect-
ly  at (he  socke.  (efminal,  by  coooecting  (he  screen-g.id  telDinals

-      (pins  5 Bad  7) .a the  ca.hodc (pin  2) a. .he  §ocle..  and  by using a

clo8efit.ing  shield coanected  .o the  c..Lode .e.ninal.

The  §creeo gfid  is  normally  connected  to  the  cathode  but it  can
also  be  used to  shift the  cant.ol chafac.eristic of the tube.  When



2D2|
the  screen grid  is  made  negative  the  coDtfol-grid  charactefistic  is
shifted  in  the  positive  di.ec.ion.  The  use  of the  scleen  g[id  a§  con.
trol  electrode  has  tbe  advantage  of increased  sensitivi.y.  However ,
in  this  case  the  plc-conduction  current  and  the  capacitance  to  anode
q,ill  be  highe[.

The  tube  can  be  employed  under  constant blocked  condition,  i.e.
nonconduc.ive,  while  heating  current  is  continuously  flowing.  The
life  will  the[cby  be  p[ac.ically  unlinitcd  p.ovidcd  evely  .h.ee  months
the  full-load  cu[fent  is  passed thfough the  .ube  for  a few  minutes..

X.D'A

-

u

1

.275 MAX
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AMPEREX  THYRA"ON  TYPES

EilE

-

J-

C3J/5632 . €3JA/5684
T`he  Amperex tube  types  C3]/5632  and  C3JA/5684  are  three-electrode,  xenofl
filled  [hyratrons  with negative-control  characteristics.  They are desigfled  for
use in relay  service,  motor control and igoitor firing  service.

GENERAL  CIIARACTERISTICS 1

MECHANICAL

Overall Dimensions
Base
Mounting Position
Net  Weight  (approx)

ELECTRICAL

Cathode
Heater Voltage
Heater Current
Recommended  Heating Time 2
Interelectrod e  Capacitances

Plate to Grid
Grid to Cathode

Arc  Vol(age Drop
Ionization Time
Deionization  Time

see outline drawing
medium,  4 pin  with bayonet (A4-lc)

any
4 ounces

directly heated
2.5  volts
8.5  amps
60  seconds

3#f
L4wf
10 volts
10 ricroseconds
I  millisecond

11



C3J/5632 . C3JA/5684

MAXIMUM  RATINGS,  ABSOLUTE  VALUES

Max  Peak  Anode  Voltage
Forward

C3J/5632
C3]A/5684

Inverse
Grid  Voltage  (before  conduction) 3
Grid  Voltage  (during  conduction)
Peak  Cathode  Current

i:ir:8ceur:::ht°(do:LCs:::n:#ra8in8time=5secs)
G[id  Cunent  (averaged  over  one  cycle)
Peak  Grid  Curreflt
Grid  Resistance
Ambient  Temperature  Range
Commutation  Factor

900  volts
1000  volts
1250  volts
300  volts

10  volts
30  amps

2.5  amps
300  amps
0.1  amp
0.5  amp

10  -   loo  kilohms
-55°C to  +  75°C

0.] V / ij.scc x  A/ ij.see

3   At  plate  voltage  = 900  volts  and  grid  resistance  = 50  -100 kilohms.  the  grid  voltage

can  be  400  volts  max.
`   Maximum  anode  fuse  = |0  amps.  Recommended  anode  fuse  = 6  amps.

5   Recommended  value  = 33  kilohmg.

F               p|N  CONNECTIONS

I-FILAMENT  CENTER  TAP

2-GRID
3-   FILAMENT
4-   FILAMENT

CAP  -PLATE

NED IUM 4-PIN
BASE  WITH  BAYONET

A4-lo

FCTF

12

a7I 'r4
1%rEFI|

52£

±2

+I I+\I

iiiii

-

-
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€3J/5632 . €3JA/5684
GENERAL CONTROL CHAPACTEP ISTICS

I
II

I CI I

I 11 I

I I I.
EG XR E RNALAND RESCAT IH TDAEN-

10
ET ENTlD S0 8K

I I

I I I I

I I I
I

I

I I I

I \ I I I

I I
I I

I

I

I

•

I

I

` I
I

-8            -6            -4            -2               a            +2
GBID     VOLTAGE  (VOLTS)

t!3



03J/5632 . 03JA/5684
GENERAL  CONTPOL CHARACTERISTICS
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AMPEREX  THYRA"ON  TYPE  AX-105

Z-

A

Eiiil

Thelex-105isa{ourelectrode,mercuryvc[porThyrctronwithanogctivecontrol
choracteri8tic. The tube is designed (or relay and grid  control rectifier applii
cation8.

CENEIAL   CllARACTERISTICS

NUBber of nectrodco   .................       4

ELEoncAI
Ccallro.I.                           htoth"

S®rha 8-
Cathode-hdirectly hecded:
Voltage......

Curent  (appror.)    .    .    .
H®cthg Tine, typical  .    .

Peck Voltage Drop, typicch
Apprex. Control
ChoractondticB:

drod®  voltage    ....
Shieldiprid voltage      .    .
Controlqrid voltage    .    ,

drode to control grid
caprcitance (appror.)     .

5.5             5.0  volts

11.0           10.0  c-p8

5              5  trfuutes
16              16  volts

loo         loco                 loo         loco  volts

0              0                    a              a  volts

.+,.o      -9.0           +I.0      i.Ovolto

o.3                             0.3             0.3   "rf

Ionization time  (approx.)     .    .                10

D®ionization time (apprex.).    .            loco

MECHANICAL
Mounting position   ........

Not weight (appro*.)   .......

10               10   „8ec.

1000           looo   j4Bee.

Vorfucal, bcoe down
19  ouncco



MAXIMUM   RATINGS

CfobtiBuou 8®.VIC®                                               btoTnitl.dt a.r.ic. I

AX-105

Hal,  pca[ anode  vo]tago:
Invorso
Forward

MCB.   nogotive  control.grid  voltage:
Beforo   conductiozi
I)uring   coziduction

MCB.  Bogctivo  ehiold-grid  voltc[ge:

B®f ore  conduction
During  conduction

MCB.  cmodo  cuTr®nl:

ln.`ali`cmoou.,   25   cycles   and   above
lzielontaneou.,  below  25  cycles
Av®Tag®
§urgo,  for  dodgD  only

Durcrtioa    ol    8urgo   c`ir[ent

MCB.  controlgivd  currozi`:
hitonlancou
A'®'ago

Max.  Ihioldi)rid  curr®Iit..
frocnloneou.
A-ago

M-  tin.  Of  oveTaging  current

Tcoporcrturo  liznitg,  condoae®d
++

Recenm®nded  lonp®ro(ul®,

7SO                          I o.000 volts

7S0                        lo.000 vol'a

1000                            looo volts
10                                 lo volts

SOD                                S00  vol'e

10                                 lo volt,

77                        16 -p8
5.0                           8.0 onp'
2.5                                4.O amp8

400                           160 amp.

0.I                               a.I aec.

I.a                             I.O cmp
0.25                         0.2S cup

2.0                               2.O CDFb
0.SO                            0.50 cmp.

S                                      15  8®C.

+30to +95          +25to +50
deqT- C

I 6;ki        piATE   TEI`rmAi        at
>bI aiI

JatE
10

'

>|E,

.000±.00

-L=
.®Ie±.o'7

7
7±±'

roH-

!8a1
;?I

-

I-

-
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AX-105
DC   CONTROL   CHAFtACTERISTICS

Ho=40°c11 Ill 11
00BOO)00loobootoo:00loo)00000000a // /
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-28     -24    -2o     -16     -12      ng      -4          o         4         e

DC   OfllD    VOLTS    AT   STAflT  OF   CONDUCTION



AX-105

AX-'05
Dc  cONTnoL  cHARACTERisTios

HG=40°C

too)cO•.•..600a
Eo  a a VOLTS EC2=-15 VOLTS             Ec2 = -30 VOLTS

Ll
11 / I

/
.

A

I.I

A
zll
A Ll

A

I,I

'1

1111 11 11 11
ao    -20     -Io       a lot     20       cO      .a       sO       CO       7

oc cchiTfloL-®nio  volts  ^T 9"RT or  cowDucTion -



AX-105
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ANBIENT   TEMPERATURE-  .C.

During long periods of interr`xptcd sefvicc,  an appforinate redtiction ®f 60
to 80% in filament voltage is reconmeoded instead Of swi.ching off the filament

`~\      endrely. In this way the fillment heating tine can bc dectf&scd accordifLg to the
dotted curve  clown. Under highc[ peak anode current requirenen.a, {i.e.  40 A.
and 77 A.) the filament he.ting time mos( be increased as sho" ia chc solid
line curves.

5'



AX.105
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AMPEREX  THYRA"ON  TYPE   AX255

-P-

-,

^`

The AX255 is  a mercury vapor thyratroa desigfled for  coDtrolled rectifier
applications.  |t is particularly  suitable for heavy-duty motor conttol  and A.C.
welder se.vice.

h motor control  applications,  the tube  can  be operated up  to  2500  volts
peak inverse,  and at  an  average cathode current of  12.5  ainperes.  The corres-
ponding peak  current under this condition is 80  anperes.

A particular feature of this tube is its  extreme overload characteristic.
For 5  seconds in  each  5  minutes,  the tube may  be overloaded up to cathode
currents of  160  anperes  peak,  20  amperes  average and 50  amperes RMS.

GENERAL  CHARACTERISTICS

ELECTRICAL

Cathode
Heater Voltage
Heater Curfeflt
Cathode Heating Time - minimum
Inte[electrode Cap acitances

Anode to  Cohtrol Grid
Coatrol Grid to Cathode

Deionization Time
Ionization Time
Aflode Voltage Drop
Marimun Frequency

MECHANICAL

Cooling
Mouuting Position
Overall  Dimensions

Max.  Tube Length
Max.  Base  Width
Max Dianete[ of Bulb

Net Weight ( approx.)

indirecdy heated
5.0   volts
16  aperes
5   hinutes

8uuf
30   uuf

1000   microseconds
10   microseconds
12   volts

150   eps.

-convection

vertical,  base doun

13  1/8   inches
5  3/4   inches

4   inches
1  lb.,   12 oz.



AX255
MAXIMUM  RATINGS,  Absolule  Valu®S

MOTOR  CONTROL  -CONTINUOUS  OPERATION

Marimum Peak  Anode Voltage
Inverse
Forward

Maximum Cathode Current
peck 1
Average 1
RMSI
Max.  Averaging Time
Fault Current (Max.  duration  = 0. i  see.)

Maximum Negative  Control -  Grid Voltage
Before Conduction
Duriog  Conduction

Average Grid Current
Peak  Grid Current
Grid Circuit Return Resi stol
Condensed Mercury  Temperature
Recommended Mercury Temperature

250`1  volts, nax.
1500  volts,  max.

80          100            anpere s
12. 5              10             ampere s

30  anperes
15  seconds

1500  amps.  max.

300  volts mar.
10  volts max,

0.25  amperes max.
Din.  O.5  rna;      max.1.0  ampere§

max.  50;  recomlnended    10  Kohm
35° to 75° c

6o0c

A.Co  WELDER  CONTROL

Two  Tubes  in  Inverse  Parallel

Maximum  Peak  Anode  Voltage
Inverse
Forward

Marim`im Cathode Current
Duty Cycle
Peak
Average
RMS
Maximum  Averaging  Time
Fault Current (Maximum du[a(ion  = 0.1  see.)

Maximum Negative  Cofltrol -  Grid Voltage
Before Coflduction
During Conduction

Average Grid Current
Grid Circuit Retufn  Resistor
Conden sed Mercury  Temperature
Recommended inercury Temp erature

750  volts
750  volts

10          50        loo  %
15J    iF    Fanpe[es

512.512.5anperes
Ilo         55      27.5  anperes

5            5          15  seconds
1500  anperes

300  volts
10  volts

0.25  anperes
max.  50; recommended     lo  Kohm

4o° c to  8o° c
6o0c

1  For  maximum  5  Seconds  in  ®och  5  minute  peiiod,  .he tube may  b® oveiloeded  up  to

ccth®d®  cui.onls  of  1160  amp®i®s  peck,  20  onp®[®s  ova.og®  cnd  50  amp®r®s  RAAS.  und.r
these  c®ndltions the  cond.ns®d  in.rcilry  temperahoi®  = 40° C  minimum.

u
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AX255
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AMPEREX  THYRATRON  TYPE  AXIZ6U-

-\

-

The  AX260  is  a mercury vapor thyratrofl designed for cofltrolled rectifier
applications.  It is particularly  suitable  for heavy-duty motor coat[ol  and A.C.
welder service.

In motor control  applications,  the  tube  can  be operated up  to  2500  volts
peak inverse,  and at  an  average  cathode curreat of 25  ampetes.  The  corres-
ponding peak current under cris condition is  160  anperes.

A particular  feature of this tube is its  extreme ove`rload charac;eristic.
For 5  seconds ifl each 5 minutes, the tube may be overloided up to cathode
curreflts of  300  amperes peak,  40  amperc§ average  and  loo  ampe.es RMS.

CENER^L  CHARACTERISTICS

ELECTRICAL

Cathode
Heater Voltage
Heater Curreflt
Cathode Heating  Time -minimum
lnterel ectrode Capacitances

Anode to  Control  - Grid
Control-Grid to Cathode

Deioni z.ation  Time
Ionization Time
Anode Voltage Drop
Maximum  Frequency

MECIIANICAL

coo,iflg 1
Mounting Position
Overall Dimensions

Max.  Tube Length
Max.  Base Width
Max.  Diameter of Bulb

Net Weight (approx.)

iadirectly heated
5,0  volts

bogey  25  amjs;  max.  27.5  amps
10  minutes

15  uuf
60 uuf

1000  micro.seconds
10  microseconds
10  volts

150  cps.

convection
vertical,  base doun

16 iaches
5  3/4 inches

5  inches
3  1/2 lbs.

1:::=)n:i:9!§:fpe.,'e:i:gb::::£°tnhs.(cho°naa::sYft:ge:c=r5yY,::;'e.C::I:d::U,I:n:m=bgnt

tonpelatui. is approximately 350 to 40a C. Whom  the ambient tenpe.atu..  is 35° C
oT higher,  [1 may  b® necessary lo  cool  lhe  tube vilh  a  low velocity air f]ow.



AX-260
MAXIMUM  RATINGS,  Absolute  Values

AAOTOR  CONTROL,  CONTINUOUS  OPERATloN

Marimum Peak  Anode Voltage
Inverse
Forward

Maximum Cathode Current
peck 2
Average 2
"s2
Max.  Averaging  Time
Fault Current (Max.  duration  = 0.I  sec.) 3

Marimun Negative  Control - Grid Voltage
Before Conduction
During Conduction

Average Grid Current `
Peak  Grid Curreflt
Grid Circuit Return  Resistor
Conden sed Mercury Temperature
Recominended Mercury  Temperature

+n

160           200
2520

• ` ,~    SRE  )'

2500  volts max.
1500  volts max.

anpS
anpS

60  anps
15  sec,

2500  amps max.

300  volts max.
-   10  volts  lnax.

0.25  anp§ max.
Din.  0.3  rna;  max.     1.0  amps

max.  20;  recommended   10  Kilohms
35°  to  75°c

6o0c

A.C.  WELDER  CONTROL

Two  Tubes  in  Inverse  Parallel

Maximum Peak  Anode Voltage
Inverse
Forward

Marimum  Cathode Current
Duty Cycle
Peak
Average
RMS
Max.  Averaging  Time
Fault  Current (Max.  duration   = 0. I  see)

Max.  Negative Control  -  Grid Voltage
Before Conduction
During  Conduction

Average  Grid Cur'[ent 4
Grid Circuit Ret Resistor
Conden sed Merculy  Temperat`ire
Recommended Mercury Temperature

condensed  mercLlly  tonperatur® =-40° C  mi-nimum.

10502TBTliJ
925

200       110
55

750  volts
750- volts

100%
franps
25  amps
55  anps
15  seconds

2500  anps

300  volts
10  volts

0.25  amps
max.  20;  recommended 10  Kohm

400 C to ^8o° c
6o0c

2  For  maximum  5  seconds  in  each  5  minul®s  period,  the tube may  be overloaded  up t®  calhod®
currents ol 300  amps peak,  40  oops  ovortlgo  and  100  timps  RMS.  Undo. these  conditions  .ho

Anode fuse max.  = 80 amps.  Recommended  = 60  amps.
4  |n old.r to ®blain  low an'od.  ignlllon vollag.S,  a p®.ltiv. grld curl.ant ®f a lcosl 3 Jma  i.

n.c..8ary.  Th. uS. ol a fix.d n.ga.iv. g.ld lilas and  a .harp grid i}ulsa  i. ..commend.I.  Th.
bias voltag.  5liould .b. 30  to 50  volt. d.€. foi  olltput vollag.s 9f 220-600  voll.  d.c.  Tll. glid
pulse  voltag.  should I. I.om  1100 lo  ]sO  volts  il  a giid  .eii.S .e.I.tor of  10  Kolim.  ls  iJs.d,
and  the  puli®  liansformei  imp®donc®  is  10  Kohms,  maxim.in.

If  a  .in®  wave  i.  u.®d  for driving  the  grid,  th.  voltage  shotJld  b®  at  I.ast  60  volls  RMS.
The  imp.done. of th.  biol  sourc.  §liould b.  low compal.d .a th.  individual  grid  s.ii.S  Im-
pedanc..

2

EE

u
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AMPEREX   THYRA"ON  TYPE

-

EiiE

1701(5557/FG17)

GENERAL  CHARACTERISTICS

TRIODE  THYRATRON

ELECTRICAL

Filament   ..................      oxide coated
Voltag?   J .....,   ;   ..........                 2.5  volts
Current'    ......,.....,.......                5.o  amperes
Preheating Time    .............                   5  seconds

Peak  voltage Drop .   :   .   .   :   .........                 16 volts

Cofitrol Characteristics ( approl.)
Aflodevoftage    ..............      50       loo       1000
Gridvoltage  ...............       0   -2.2     -7.0

Anode to Grid Capacitan€e (approl.)   .   .

Ionization Time   ...........

Deionization Time  ..........

MECHANICAL

Overall Dimensioo§
Maximum Length   .  ` ........

....                   4uuf

•....                  10  microseconds

•...           `  1000microsecond§

6 5/8 inches

Malim`m Diameter   .-...........         2 7/16 inches

Mounting position   ...............      vertical.  base down

Net weight (approx.)   .   .   .' ` ..........                   3 ouaces

Shippingweight(approz.)(onetube}...'...13/4pounds



1701(5557/FG17)
MAxrmTM RATINGs
MAXIMUM  PEAK  ANODE  VOI.TAGI:
Inverse...........
rorword...........

MAxrmrM NI:GATlvE  GRID  VOLTAGE:
Be(ore conduction ........
Duling conduction     .......

MA)"UM  iENODE  CUFIRENT

E::=:===:#ov=2:¥:i::  :  :  :
g=i:iFo.rnaofei5Ego:ulciLen,,  ;  :  ;  :

MAx"uM GRID cuinrm
hstcmtoneous.........
Avfirig:rie;|Av;ra.rigtuire.nt...:

5000  volts
2500  volts

500  volts
10  volts

?:8 =3:::a
0.5  cmpere
40  cmperes
0.1  second

Condensed Mercury Temperature Range   .    .    .+40°to +800  cent.
Recommended condensed Mercury Temperture.               + 40 a  cent.

-18   -16    -14    -12    -10    -8     -6i    -4     -2        0

D.C.    GRID     VOLTS
AT    START    OF    DIScllARCE



AMPER[X  THYRA"ON  TYPE

I      Eiiii

Z=

TEiiii=

AX-5544

The AMPEREX thy[atrofl type AX-5544 is a three electrode,  Xenon filled tube
whicb allows [eliablc operation over a wide teape[ature range. It is interchange-
able ia every respect with tubes of the Sane RETMA desigaatiofl.

The AX.5544 is used in such applicatioDs as electronic coatrol of  the  speed of
D.C. coto[s, regulation Of curreat and voltage,  counting and sorting devices
and electronic Switching

Maoufactured and de§igaed to provide the optimqu ia efficieat performance, re-
liability and ruggedness, this tube will satisfy the [equiremeat§ of loag life
under the most exacting operating conditions.

GENERAL  C11^R^CTERISTICS

Cathode   ................. I  .....      Directly bea.ed
Heater voltage   ...................      2.5 volts
Hea.el cunent   ...................       12 ap§
Heating Tine (min.)  .................          1 minute
Alc vol.age Drop  ..................        16 volts
Control Characteristic  ......
Deiorizatioa Tine (-Vg  =-25o volts)

(Vg.=-12 volts)

•   .   .      nee./Dos.
•   .   .       4oric[osec.
•   .   .      40otnicrosec.

Max. Peak  AJ)ode Voltage
loverse   ....................   |5oo vol.s
Forward     ...................    |500 vol.s

Max. Negative Cont.ol€fid Voltage
Before conductioa   ...............     250 volts
During conductioD   ...............        io  volts

Max.  Anode Curfen(
Instantaneous,  25 cycles and above   ........        40  amps
Average   ....................      3.2 ups

Mall Control-Grid Curfent
lastantaneous     .................      2.5 amps
Average   .....................      O.2 apps

Max.  Averaging Time,  All Currents    .....,....        15  see.
Ambiea. Temperature Range   .............- 55° to + 7o°C
Recofmended Temperature    .............      200C
Mal. Resistance Bet. Controlcfid 8! Cathode      .....      O. I DegohJn
Net weight (app[ol.)   .................       9'/2 o2L



AX-5544
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AMI'EHEX  THYRA"ON  TYPE nx-b345

Eii=

Zii=

ZiEI

The  AMPEREX thyrat.oa type  AX-5545  is a three electrode,  Xeaoo  filled tube
which allows reliable opefatioD over a wide tempefature range. It is interchange-
able ia every respect with tubes of the sane RETMA desigaatiofl.

The AX-5545 is used iB such applications  as electronic cofitfol of the speed
of D.C.  roto[s, fegtilation of cur[ent and voltage,  counting and sorting devices
and electronic switching tDachines.

Manufactured and designed to p[ovide the optimuED in efficient performance, re-
liability and ruggedness,  this tube win  sa.isfy the requiremeJits of long life
undef the frost exacting opef atitig conditions.

CENER^L  Ctl^R^CTERISTICS

Cathode   ......................      Directly heated
Heater voltage   ...................      2.5 volts
Hea.c. CurteD ....................        2l pups
Heating Tine (mifl.)  .................          I miautc
Arc voltage Drop   ..................        16 volts
Coatrol characteristic  ................      neg./pos.
Deiorization Time (Vg  = -25o volts)     .........       50 microsec.

(Vg  = -  12 volts)      .........      500 microsec.

Mal. Peak Anode Voltage
lave[se   ....................   |5oo volts
Forward  ....................   1500 volts

Mal. Negative CofltrolGfid Voltage
Before cot.ductioa   ...............     250 volts
During conduction    ...............        10 volts

Max.  Anode Current
lns(antaflcous,  25 cycles and above   ........        80  amps
Average   ....................      6.4 aJxps

MfLI.  Control-Grid Cured.
Instantaneous...........
Average   .   ®    ...........

Mal. Averaging Time, All Curents  ....
Ambient Tcmpcratue Range  .......
Recomended Tempefature    .......
Hal. Resistance Bet. Contfol¢rid e[ Cathode
Ne. Weight (approl.)   ...........

•    .    .        2.5®mp8
•  .  .     0.2aps
•   .   .         15sec.
•..- 550to+7ooC

.   .        200C
•   '    .      0.|megoha
•   ..      10|/oz.



AX-5545
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IIirHATHON  TYPE  bbbu

The  AMPEREX  5559  i§  a  melcu.y  vapo.  ttiode  wi.h  a  aegaL.ive  con.Iol
chalac.e[istic.  The  cathode  is  indi.ectly  heated.  Even.though  a  screen

glid  i§  not  present,  .he  aoode-to-g.id  capacitance  hais  been  kept low
(4uuf)  so  that  there  is  little  risk  of  influence  from  anode  vol(age  surges
iato  the  grid  circuit.

The  AMPEREX  type  5559  is  interchangeable  with  the  following  tube
types:

1257                           WL   5559/57

WL63l                      GL  5559/FG57'
MT-57

The  AMPEREX  5559  Iequi[es  lela.ively  little  g[id  powel  and  is  Suitable
fol  applica.ion  ia  relay  citcui.s,  control  of I).C.  noto.  speed.  variable
and  stabilized  D.C.  output  rec.ifiers,  and  in  au.onatically  operated  bat-
•ery  chatge§.  In   anti-Pa.allel  cilcuit§  the  tube  can  also  be  used  fo.  con-
•.olliag  and  swi.ching  A.C.  power.  O.he.  applica.ions  ale:

Filiag  tube  for  ighit[oas  ia  resistaoce  welding  nachifles.
S.age  lightiog  control
Register  coatrols
Servo  Dechanisms

GENERAL   CHARACTERISTICS

ELECTRICAL  DATA

Cathode  ...........................   iadi.ectly  heated
Voltage  ......................,   5.0-i  5%   volts
Curreat.......................4.5'amps
Heating  tiine  (mint)    ...............        5  minutes  .

Peak  Voltage  D[op  (typical)  ..............      16   volts

Approl,  Coli.rol  Characteristics
D.C.  Anode  Voltage  ........  ;  6o             loo             looo    volts
D.C.Glidvol.age  ..........    0^      -I.75          -6.5      Volt§

Heatiag  time  on  iDitial  installation  -   approx.  30  minutes.



EIHE]

Aaode  to  grid  capacitance  .............
Ionization  time  ....................
Deiooization  time   ..........-........

MECHANICAL

4uuf
|0  mic[osecoads

1000  nic[osecorids

Mounting  position  .............    base  up  o[  down
medium  4  pin  with  bayoaae[

-
Base.....................
Net  weight  (approx.)   ...........    5`A  ouoces

MAXIMUM  R^TINCS

Max.  pooh  on®d.  v,oltog.

'nyer.®  ®  .............................

Fo,wa,I.............................

MaJ(lmum  rt.9a.lv® 9.ld  vollag.

Befor.  conduc.l®n .......................

Duiing  c®nl]uctloi`  ........................

Maximum anod. curl.a.

P.ak (und.I 25 c/.) ...................... I

P.ak (25  c/. and ®bov.)  ...................,

'500   y®l'.
'000   yol'.

500   y®l'.

'0    ,®1,,

5   oap.
'5   amp.

^v..ag. (av..ailng .im. =  man  15  ..c.)   ..............   2.5   onp.

Maxlmum grld  cur.®n.

peak  ,,,,,................................   I.0   Onp

^verog. (averao!n. .ice =  rna.-  ls  .ce.)   .............  0.25  mp

Ex.ernal  r..I..one. bctve®n grld  end cdl.®d ..............   10,COO .50,000 Ohm.
.  + ,o ,® + 7SOc

• , + ,sOc

-

Tonp-der. llmi..,  conden.ed rbercury ..........
R.c®qu[t.nded Temp.rcture,  cond®n.ed nercul.y .....

•  N®*  loco v®I.. f® ..-. ip.ra.or. mg.  = + 75 to + 80°C

N®,®.

^ft®. . .ho.d®m ®f .I-  copply lectln. I .... h.n  I  minul.,  fuH  Icod can ap®in t-
•ppll.I to .ho tote immedlat.Iy.  F.. .v.iy addl.I.nal  5 minu... ol .I.u.a.-i`.  I
mlnut. of pr~l`.ct!n. I. n.c ...- y, un.ll 5 nil.u...  pr-h.ct I. recehod.

E=
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AMPER[X  THYRATRON  TYPE  AID/Z/

I    ` r         tar:i ::r¥te:§§:ti3:: I:t:ia=as£±eegtt:e:?i:dga`:e[e:I:,i:a::a::edfre:::a:tr::i:¥:::ogn¥:V1:eth:y;-a-
and servo-control  applicatioas under the rest elactiag coflditioas encountered
in aebile and aircraft equipfnent.    `

The tube features  a high cootrol  ratio independent of tenperature over
a wide range,  low anode-to-grid capacitance and very low grid curreflt.

The AX5727 heater-cathode coostructioa has been designed to give
the tube-a high degree of lnecbarical  strength combined with high dependabil-
ity of electrical  characteristics to vichstand the vigorous requirements of
intermi ttent op elation.

This tube will meet all electrical  aad mec.hanical tests prescribed io
the  MIL  §pecificatioos.

GENERAL  CHARACTERISTICS

Eil

Eii=,

ELECTRICAL  DATA

Heater Voltage
Heaeel:  ctLrrent
Cathode heating time
Anode-to-control-grid capacitance
Cofltrol-grid to cathode and  shield-grid capacitance     2.4   uu[

Deionization tine,  approrimate-

Ebb I  125  volts d-c, Ib = 0.I  aapere d-c
Eel = -loo volts d-c
Eel  = -11  volts d-c

Ionization time,  approximate
ADode voltage drop
Ciitical grid current,  Ebb = 460  volts rllis

MECHANICAL  DATA
`   Type of cooling

Mounting position
Net weight, mariinun

MAXIMUM RATINGS ( absolute values)
GRID CONTROLLER RECTIFIER SERVICE

Marimun  peak  anode 'voltage
IDverse
Forward  .

Main`im cathode current
Peck
Average
Malintim averaging tiIDe
Fault, marimum drf'aeion 0.1  second

R.vlsod 12/56

6.3   volts
0.60  anpere   -

10   seconds
o.o26   uuf

t 35   ulcro§econds

75   dricoseconds
0.5   driaoseconds

8 -, ,olts
0.5   micfoanp

aLlr

any
0.3   ounce

1300   ,olts
.650   volts

0.5   anpere
0.I   aJapere
30   seconds
10  aperes



AX-5727
Marimum negative  control.grid voltage

Before conduction
Duriag conduction

Maximum  po sitive control-grid current
Average, (averaging time one  cycle)

Maximum  negative  shield-grid voltage
Before  conduction
During  conduction

Maximum positive  shield-grid current
Average, (averaging time one cycle)

Marimum heater-cathode voltage
rleater negative
lleater positive

Maximum cootrol-grid circuit resistance
Ambient temperature  limits

PULSE-MODULATOR SERVICE :

Maxinuln Peak  Anode voltage
Inverse
FOIwald

Maxi[num cathode  cuJrent
Peak
Average

Marimum negative  control-grid voltage
Before conductioh
During conductioa

Marimrm po sitive coatrol-grid curreflt
Peck

Maximum negative  shield-grid voltage
Before conductioo
During conduction

Marimun po sitive shield-grid cur[end
Peck

Maximum pul se duration
Maximuni pulse rec`irrence rate
Maximum dety cycle
Maximum rate of change of cathode cuffeflt

Maximum heater-cathode voltage
Mainun shield-grid circuit fesistance
Minimum  shield-grid circuit resistance
Maximum control-grid circuit fe si stance
Ambient (emperature limits

-  loo,  volts
-  10   volts

10   millianperes

-loo   volts
-  10   volts

10   millianperes

- loo   volts
+ 25   volts

0.1   megohm
-75 to + 9o°c

loo   volts  ..
500   volts

10   aape[es
0.01   anpcre

- loo   volts
-10   volts

20   millianperes

-50   volts
-10   volts

20   diillianpe[es
5   ricroseconds

500   Pulses pet  sec.
0.001

loo   anperes per
ricrosecoDd

0   volt
25000   ohm'§

2000   ohms
0.5   megohm

-75 to + 9o °c

Maximum impact  acceleration in  any direction            750   g.
*  Aft®i lhe  completion of a  pul.®,  a 20-mlc.og.cord  d®lay  I. +.qulied b®for® a poslti"

v^Ltam  af  imr® than  10  vol.s  ls  oi)plied lo lh® .Llbe.

EE



AX-57Z7

PIN ,*]  = CONTROL  6RID
PIN  *2  =`C^THODE
pin  13-=HE^TER
PIN  *4  =HE^TER
pin  15  =scREEN  cRiD
PIN  *6  =ANODE
PIN  *7  =SCREEN  GRID

E=



AX-5727
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AMPEREX  "YRA"OM 5869/AGR-9950

The  5869/AGR-9950 is  a three-electrode mercury-vapor rectifie[ with negative
r`` control characteri§ticso  This tube i§ designed for grid-control rectifier applica-

tions of relatively high voltage  and current.  The cathode is directly heated,  oxide-
coated.

GENERAL  CHARACTERISTICS
ELECTRICAL DATA

Filament Voltage
Filament Current at  5.0 Volts
Filament Heating (ime 2

(before  applyiflg Plate  Voltage)
Anodeto-control-grid capacitance
Control-grid-to-cathode capacitance
Deionization Time,  approximately
Ionization Time,  approximately
Typical  Bias at  13,000  volts
Typical  Bias at  10,000 volts
Typical Grid  Current (Average)
Typical Grid Resistance
Tube Voltage Drop (Output current  =  I  amp)^\

5o0#% volts
avg.  6.5,  max  7o5   amps

mino  60  seconds
3  lqul
8  HJ.i

250 psecond§
10 4seconds

-loo volts
- 50 volts

lma
20,000 ohms

13  volts

MECHANICAL  DATA

Type of cooling - Convection
E quilibrium Condensed-Mercury  Temperature Rise

At  Full  Load,  approximately
At No Load,  approximately

Mounting po sition
Socket
Net weight,  approximately

+250c
+220c

Vertical with base down
Johnson  123-211 or equal  ~

8o5  ounces

1   |n order to obtain maxinum life  from the tube it is recommended that a filament voltage

phase  Shift of  goo  ±30° with respect to plate  voltage  be applied.
A   2   The Tninimum heating time refers  only to the filament® Sufficient additional time  must

be allowed to permit the condensed mercury temperature  limit  to rise to the minimum
condensed mercury temperature  limit and to  permit all  the mercury  to  condense in the
lower part of the tube.  Partic`ilar attention must be paid to tubes which have been in
storage  for extended periods  and  tubes  initially placed in 8erviceo  Tubes  which have
been stored or handled  must be  placed in a  vertical base down position to  allow time
for the  merc`iry  to  become  distributed in the  tubes.

R®vised  I/60 (Replaces  old  page no.  531) Hl



5869/AGE-9950

MAXIMUM   RATINGS,   ABSOLUTE   VALUES

Maximum  Peak  Anode Voltage
Inverse...........
Forward...........

Condensed  Mercury
Temperature  Lirfuts  .......

Mctrimum Plcrte Current
Peak............
Average (Averaging time men.  10 8oc.)
Surge,  for  design  only  ......

(Marimum  duration  0.1  8ocond)
Maximum  Negative  Control-Grid  Voltage

Before  conduction    .......
Maximuln  Positive  Control-Grid  Current

Average (Averaging time mc[x.  10 Bee.)
Peak.....,.....-

MaximumGridResistance   .    .     ®    .    .
Frequency  Rcnge    ........

Clrcut'
*Single-phase.  full-wave -2 tubes   .    .

Three-phase, hall wcrve - 3 tubes   .    .
Three-phase, double-Y parallel - 6 tubes
Four-phase, half-wave-4tubes  .    .    .
Single-phase, full-wave - 4 tubes   .    .
Three-phase,  full-wc[ve -  6  tubes    .    .
Four-phczso, full-wave~8 tuba   .    .    .

12

.     .13,000                               10,000  volts

.     .13.000                                10,000  volts

. +2Soto +5S°          +25°to+60oC

4.0            c-p
i.0               amp
40                ctmp

300              vo!ti

10ma
50ma
0.I             megoha

•    .    .            2S-150        cp8

bgiv        D.C. Ot]givt
Voltoqre         Vo!tag.  D.C. Otryul

tee TaJu®          to fflt®!       CtLrreat
b               ke          oap
4.6                 4.i               2
5.3                  6.2               3

2x5.3                 6.2               6
4.8                 5.8               4
9.2                 8.3               2
9.2                 12.4                3
9.2                 11.7                4

(Replaces  old  page  no.  532)
Revised  1/60
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5869/AGR-9950
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5869`AGR-9950
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No`®:  The   barid   width   lllustiated   in   thi®   curve   includ®.   the   unovo-idablo    varialiong   iD   ui.
I:horactof i8lica  ol  a  percuiy  thyTalTon.  These  include:

I.   Shill  duo  lo  cond®osod  m®icury  lemp®rchuro  vaiio`ion  within   .h.  rched  lonq[..
2.    Shil`  caused  by  filament  voltage  vaTialion`
3     DiJf®r®nces  lTom  tube  to  lubo  due  t®  nanulecluTing  variat`ce..
I.    Shift  due  to  oqing  ef l®ct3  within  the  guoraTtle.d  life  peTiod.
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5869/AGR-9950
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5869/AGR-9950
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AMPEREx"¥RA"oN5870/AGR-9951

The  Amperex  5870/AGR-995l  is  a  three-electrode  mercury-vapor rectifier  with  nega-
tive  control  characteristics.  This  tube is designed  for grid-cofltrol rectifier  appli-

/~,    cations of relatively high voltage  and current. The cathode is directly heated,
oxide-coated.

GENERAL  CHARACTERISTICS

MECHANICAL

Type  of cooling
Equilibrium condensed-mercury  temperature  rise

At  full  load  (approx)
At  no  load  (approx)

Mounting  position

Accessories
Socket
Top  cap
Plate  cap

Net  weight  (approx)

ELECTRICAL

1      Filament
Filament voltage 1
Filament current  at  5  volts
Filament heating time 2 (before  applying

plate voltage)

Direct lnterelectrode  Capacitances
Plate to cofltrol grid
Control grid to  cathode

Deionization time
Ionization time

ZiEI

coflvection

+  150c
+  130c
vertical,  with  base down

Johnson #124-215  or  equal
S-258|8
S-258|9
i.3/4 1bs.

oxide coated
5.0  volts

13.5  amps

90  seconds  Din

4  IJJJ,I

13  quf
500 microseconds

10 microseconds
Tube  voltage  drop  (Output  current  =  2.5  amps)                            12  volts

NOTES
1   In  order to  obtain  maximum life  from the  tube  it is  recommended  that a  filament  voltage

phase  shift of  goo  ±  30° with respect to  plate  voltage  be  applied.
2   The minimum heating time refers  only to the  filament.  Sufficient additional time  must be  ~

allowed  to  permit the  condensed  mercury temperature  limit to rise  to the  minimum con-
densed  mercury temperature  limit and to  permit an the  mercury  to  condense  in  the  lower
part of the  tube.  Particular attention  must be  paid  to  tubes  which have  been in Storage
for extended  periods  and  tubes  initially  placed  in  service.  Tubes  which have  been
stored  or handled  must be placed  in a  vertical base  down position  to  allow  time  for the
mercury  to become distributed  in  the  tube.

Revised  11/59                              (Replaces  old  page  no.  537) 11



5870/AGR-9951
Maximum  Ratings,  Absolute  Values

Peak Inverse plate voltage (f  =  |50 c/s  max)
Peak  forward plate voltage
Peak  plate  current
Output  current
Surge  current,  for design  only

(maximum duration  0.I  second)
Negative  control  grid  voltage  (before  conduction)
Control  grid  current  (averaging  time  =  30  see  max)
Peak control  grid  current
Grid resistance
Frequency  range

-Temperature range

27,000 volts max           ~
27,000 volts  max

10  amps  max
2.5  amps  max

100  amps  max
300 volts  max

25  rnA  max
125  rnA  max
0.1  megohm  max

25  -  150  eps

Peak  inverse  plate  voltage  (KV).                           27            21            15            13           10
Condensed  mercury  temperature  (°C)3              30-40     30-45     25-50     25-55     25-60
Ambient  temperature  (°C)4                                      20-25      20-3015-3515-4015-45

Maximum Operating  Conditions
(Peak  Inverse  plate  voltage  =  27,000  volts)

=

Circuit

Single-phase,  full  wave  2  tubes
Three-phase,  half wave  3  tubes
Three-phase,  double-Y

parallel  6 tubes
Four-phase,  half wave  4 tubes
Single-phase,  full  wave 4 tubes
Three-phase,  full  wave  6 tubes
Four-phase,  full  wave  8  tubes

Input        D-C output
Voltage        Voltage

rms  value     TO  Filter
kvkv

9.5                     8.6
11                       12.9

Typical Operation

Negative  grid  voltage  at  27,000  volts
Negative  grid  voltage  at  10,000  volts
Grid  current  (average)
Grid resistance

-

D-C Output    D-pCo:eurtput  u
Current

amp kw

543
795                             97

12 (Replaces  old  page  no.  538) Revised  11/59
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5870/AGR-995l
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5870/AGR19951
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Note-The   band   widlh   illustrQled   in   tbi§   culvo   includes   the   unQvoidoble    varicltions   iD   lho
characteristics  ol  a  mercury  thyratron.  Those  include:

I.    Shilt   due  to   condensed  merc.ury  temporalure   variation   within   lhe   rcrted  range.
2.    Shift  caused  by  lilamenl  voltage  variation.
3.    I)illerences  llon  tube  to  tube  clue  to  manufacturing  vclrionces.
4.   Shift  due  to  aging  elfacts  within  the  gualanteecl  life  period.
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5870/AGR-9951
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5870/AGR19951
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AMPEREX  "YRA"ON  TYPE
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5949`1907
The  5949/1907 is  an indirectly heated hydrogen thyratron especially designed for
use in pulse  modulator circuits of microwave radar  systems.  The electrical mid-
point  of the  heater is connected to the cathode in order to minimize  jitter.  The
tube has  a positive control characteristic  and  allows high peak currents  at high
working voltages with  a high pulse repetition rate.  In pulse forming network dis-
charge  service,  it  is capable of producing a pulse output power of more tban
6  MW  at  an  average  power level  of more than 6  KW.

GENERAL  CHARACTERISTICS

MECHANICAL  DATA

Dimensions

=::tee[°cpaepl
Base

Mounting Position
cooliflg3
Max Plate Terminal Temperature
Net  Weigbt

ELECTRICAL DATA 4

Heater Voltage
Heater  Currerit
Reservoit Voltage
Re§e[voir Current

see outline drawing
see outline drawing
see outline drawing
medium shell,  giant

5  pin  bayonet
any2
radiation
2oo0c
20 ounces

6.3  ±  5%
15  -  22 amperes
3 -  5.5  volts
2 -  5 amperes

Minimum Heating Time (cathode +  reservoir)                   15 minutes

1   The  anode  cap should be  connected to its  cable  with a  Bolder Suitable  for operation at
temperatures  up to  200°C.

2  Vertical position with base down i8 recommended.
3   Cooling of the  anode  lead may be  accomplished  by directing a  Stream of air on  it. How-

ever,  care  should be  exercised  to avoid having this  Stream of air come  into contact with
the  glass  envelope.

`  In order to pi.event uncontrolled  emi88ion due  to  ionization of the  hydrogen filling,  the
tube  should be kept away from  strong fields.

5   The  optimum value  of reservoir voltage  must not vary more than  ±5yo of the  value  stamped
on  the  base.

11



5949/1907
MAXIMUM  RATINGS,  ABSOLUTE  VALUES

Plate Supply  Vol(age
Peak  Plate  Voltage

Peak  Plate Inverse Voltage

Peak Plate  Current
Average  Plate  Current
Peak  Grid  Voltage

Peak Grid  Inverse  Voltage 8
Grid  Circuit  Impedance 819
Grid  Pulse  Time a
Operating  Factor
Rate of Plate  Current  Rise
Rate  of Grid  Voltage  Rise
Plate  Time  litter
Ambient  Temperature

Peak Plate Voltage
Peak Plate Current
Grid  Pulse  Time
Grid Pulse  Frequency

5000 volts  rin
25,000  volts  max
10,000  volts  min
25,000  volts  max

0.05ep        min
500  amps  max
0.5  amps  max

1000  volts  max
550  volts  min
450  volts  inax

50  -  200  ohms
2  microseconds

6.25  I  |o9
2500  amps/microsecond  max
1800 volts/microsecond  min
0.01  microsecond
-55°C to  +  75°C

TYPICAL  OPERATION
(Pulse  Modulator)

25,000                   20,000 volts
500                        200 anps

2                               1  microsecond
500                       1200  c/s

WARNING

High  voltage  thyratrons  emit  X-rays  which  cafl  be  extremely  harmfulo  The  iflten-
sity  of these  X-rays  is  maximum in  a  narrow  beam  emanating  in  a  circle  from the
grid-plate  region.  Adequate  shieldiflg  should therefore  be  provided persomel
operating o[ testing these  tubes.

u

`-

6   Instantaneous  starting  is  not recommended.  However,  if  absolutely necessary,  the  max-

imum  permi8sable  peak  anode  voltage  is  18  KV  reached  in   0.(}4    seconds  minimum.
7   In  pulse  operation  the  peak  plate  inverse  voltage  should  not  exceed  5  KV  during  the

first  25  microseconds  after pulse  (except with a  spike  of max  o.Os  microseconds  duration).         `J
8   Measured  at  socket  with  grid disconnected.

9   Impedance  of  grid drive.

[°ffiefrsa:en[:tffaocnt8°:j=:g[£Vs°::i;o!rba(::ppe8t)£t=ogfr:t:u:Bfeu:I::u2eJfy£:;.).
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AMpmEx  THym"OM  TypE 6Z68
.Tat:efma::,::[€.2.€:£Sa.afnt:.::ue::Cotrf¥;a[::d:°.g::£fs£,::getE:.§a:°pnosw££.:teac§oen]:::,°n.

cha.acteristic and i§ designed for long-life pulse nodulator applications.  The life
expectancy of this  .abe is over  1000 hours. It is comple.ely in.e.changeable in
every respect with  the scanda[d  type 4C35 tube.

MECHANICAL

Heating
Dimensions
Mounting Position
Base

GENERAL CHARACTERISTICS

Cooling
Chmping
Weight (approx)

ELECTRICAL

Heater Voltage
IIeater Curreat (at 6.3  Volts)
Cathode Heating Time Required
Tube D[op (egk)
Trigger Vol.age (source unloaded)
Trigger Width (70%)
D{ Plate Striling Voltage at 130

Volts Peak Trigger Voltage
Place Delay Tiine (from 26% of

Trigger Pulse to Start of
Curea. Pulse)

r'    Plate Delay Tine Drift
Waiting Tine

Cooling of the phte lead is  pernris.ible,  but there
bulb.

Clamping i8  permi8slble  at the  base.

Revised 2/61

direct
see outhie drawing
any
S(andard  jumbo 4 pin
with  bayonet (A4-18)

see note  I
see note  2
7 ounces

M¥
6.6 volts
6.7 anps

seconds
150  volts

volts
microseconds

1500 volts

0.6 microseconds
0.15 microseconds

minutes

11



6268
Maximum Ratings,  Absolute Values

Supply Voltage
Peak Inverse Pla,te Voltage
Peak  Forward  Plate Voltage
Plate  Current
Peak Plate Curent
Operating  Factor 5
Rate of rise of Cathode  Current
Trigger Source  Impedance
Trigger Rise  Time (26%-70.7%)
Peak Inverse Grid Voltage
Peak  Forward Grid Voltage
Pulse duration (at 50 Volts  Min  Ampli.ude)

£:mb:e,n;tt::gperatureLinits

2500 volts rna
8000 volts max
8000 volts max

loo rnA  mag
90

2,0x
al:Bs

E=̀u
1000  amps/microsec  max
1500 ohms  max

0.5  microsec  max
200  volts  max
175  volts  min

2  microsec  min
-55°c to +  9o°c
0.02  microsec  max

NOTE

Thetubeshouldbekeptawayfromstrongfieldswhichcouldicinizethegasinthe
tube.

The return  lead of the  plate  and  grid circuits  should  be  connected  to pin 4.

TYPICAL MODULATOR clRCUIT
LH

than  0.04  Seconds.
+   h  pulsed  operation,  the  peak  Inverse  voltage.  exclusive  of spike  ot  0.05  microsecond

maximum duration  shall not exceed 2SO0 volts  dtring the  first 25 microseconds  after  the         -
puts e .

5   Operating factor  = the value of peak fo"ard voltage x the pulse repetition .ate I peak
pletecurrent.The8tatedmaximunvalueappuestopulserepetltionrateswhichal.enot
far in  excess  of  2800 pulses  per second.  For  considerably  higher values  congult  Amperex
"Applications  Engineering".

e   Measurt.d  at  3000 volts  in  typical circuit   Uncle. p.actlcal  operating conditiotis  the  aver-
---- I..-^.  hla+.  time  litter  is  a,004  microseconds.



AMPEREX  THYRA"ON  TYPE   6Z79

``h:ohneta£:epderaenxd6s2e7[:.::gau[tahtrj:eges[oe:tcr:doef'hhyyddr[o°ggeenn.fj[iehist::;aetrh°answaftpho:,ts[ev[ef-con.

trol  characteristic  and  is  designed  for  long-life  pulse  modulator  applications.  The
life  expectancy  of this  tube  is  over  1000 hours.  |t  is  completely  interchangeable
in  every  respect  with  the  standard  type  5C22  tube.

MECHANICAL

Dimensions
Mounting  Position
Base

Cooling
Clamping
Weight  (approx)

E=-

ZiiE=

PIN  CONNECTIONS
I.    GRID

a#E£#p,cA7rooE
4.  CATHODE

CAP-ANODE

2.559
MAX.

r.492IHI
IFIE

8.071       8.740
MAX        MAX

see  outline  drawing
any
Standard  Jumbo  4  pin
with  Bayonet  (A4-18)
See  Note  2
See  Note  3
97£  ounces

GENERAL  CIIARACTERISTICS

1   The  tube  should  be  kept  away  from  strong  fields  which  could  ionize  the  gas  in  the  tube.

2   Cooling  of  the  plate  lead  is  permissible,  but  there  shall  be no  air  blast  directly  on  the
bulb.

3   Clamping is  permissible  at  the  base  and/or the  bulb  in  the  area  up  to  41/. inches  above
the  top of the base  only.

Revised  12/60 11



HHEE]
ELECTRICAL

Heater  Voltage
Heater  Current  at  6.3  Volts

Cathode  IIeating  Time Required
Tube  drop  (egk)
Trigger Voltage (source  unloaded)
Trigger rise  time
Trigger  Width  (70.7%)
DC  Plate  Striking  Voltage  at  150  Volts

Peak  Trigger Voltage
Plate  Delay  Time  (from  26% of trigger

pulse to  start  of current pulse)
Plate  Delay  Time Drift

Maximum Ratings,  Absolute  Values

Supply  Voltage
Peak  Forward  Plate Voltage
Peak Inverse  Plate  Voltage
Cathode Current
Peak  Cathode Current
Operating  Factor 6

(Forward  Voltage X Pulse Repetition
Rate X Peak  Current)

Plate  Time  litter 7
Rate of Rise of Cathode  Current
Trigger  Source  Impedance
Trigger  Rise  Time  (26%_-70.7%)
Trigger Pulse Duration
Peak Inverse Grid  Voltage
Peak  Forward Grid  Voltage
Ambient  Temperature  Limits

6.3  volts  ± 7.5%
9.6  amps  min

11.6  amps  max
5  minutes  min

175  volts  max
200  volts  min
0.5  microsec  max
2.0  microsec  min

2500  volts  max

1.0  microsec  max
0.15  microsec  max

4500 volts  min
16,000  volts  max
16,000 volts  max

200  rnA  max
325  amps  max

I-

`-,
3.2  x  1o9
0.02  microsec  max
1500  amps/microsec  max
500 ohms  max
0.5  microsec  max

2  microsec  max
200 volts  max
200  volts  max

-5o°c to + 9o°c

4-|n  pulsed  operation,  the  peak  inverse  voltage,  exclusive  of  spike  of 0.05  microseconds
max  duration,  shall not  exceed  5,000  volts  during  the  first  25  microseconds  after  the
pulse.

5 For instantaneous  starting applications  where  plate  voltage  is  applied  instantaneously,
(use  time  = 0.04  sec.)  the  maximum pemissible  peak  plate  voltage  is  13,S00  volts.

6 This  value  applies  to pulse repetition rates which are not far in  excess  of 1 000 pulses

per second.  For considerably higher values  consult Amperex  "Applications  Engineering".  '~
7 Measured  at  5000  volts  in  typical  circuit.  Under  practical  conditions  the  average  value

of the  plate  time  jitter is  approx  0.004  microsec.
8 At  5o  volts  min  amplitude.



AMpmEx  THyRA"oN  TypE  6786

TENT^TIVE  DATA

Ei=

LE

r\

The  type 6786 is  a mercury  vapor thyratrori  tulth  a peak  inverse  ..atlng of 15 KV and art
average plateJ cument of |o  amperes.  For intermittent operation,  a marimim plate  current of 15
amperes may  be used.

The 6786  is desigr`ed for high  curra)t power  supplies in  industrial  R.F.  generators  arid
radio  tren mi`tt-ere.

Under,nonI`tl  ambient temperature  conditions,  no  forced air cooling is required or rLecess-
ary.  h addition to  the unusual high  current characteristics which make  this ttibe unique  in its
class.  the  grid control  offers the  following advantages:

lN`'lNDUSTRIAL. R-F.  GENERATORS

I.    The  grid  control  is  a  special  advantage  for the  f'apid protection of the  equipment in  case of
Load arc-avers or  short circuits.

2.    The  t`ibe  can  be used where  accurate  Stabilization  of the  R.F.  current is required.  The  grid
control  features make  it unusally  suitable  for accurate  control  of R.F.  output by phase  shift-
ing the  grid voltage.

3.    For intemittent industrial  applicatiqris,  the  6786  allow\s for electronic  control  of the  time of
``on"  and  .`off"  cycles  without the need for  any mechanical  components  and  associated re-
lays.

IN  RADIO  TRANSMITTERS

4.   The use of this  t`ibe  allows  the  plate  voltage  to  be broucht up  slowly.  thus increasing the
life  of the  associated equipment and R.F.  power tubes,  in  addition  the  grid contl.ol may be
used to Stabilize or adjust the plate  voltage of the  transmitter.

5.   The  grid  control may  be used as  a protection  device  for the  equipfnemt,, |t allows  foz. ultra
rapid  switching-off of the high  voltage  end  subsequently,  a rapid ``come-back"  with minimum
``off-the-ai]''  time.

The  tube has  a  convenient  "plate"  type  motinting  support base and cerar)tic insulated fleri-
ble leads  which make  installation  in  eqiipmeut rapid and  simple.

GENERAL  CHARACTERISTICS

ELECTRICAL
Cathode
t{eater  Voltage
Heater C'urrent
Heating Time,  m'ininum 1
Tube  Voltage  Dr'op 2
Equilibrium condensed mercury  temperature  ri se

over  ambient
No  Load
Full  Load

Direct lnterelectpde  Capacitances
Grid to  Plate
Grid to  Cathode

MECHANICAL
Mounting Po sitian
Max.  Overall  Lerlgth  (without lends)
Max.  Diameter
Net Weicht (appztox.)

indirectly heated,  oride  coated
5    volts

20   anperes  max.
10   minutes
12    volts

:,7,::`

-   8    IJtLi

3S  „f          =

vertical,  anode  tetTninal up
ls -1/4   inches  -
4,5/8   inches
2  Iba.  9  oz§.

1,Fro:;Voerr,a£:once:dj'£nso:;,:::Pj:,*,%f:nffs]®mr|'jscoT:Po':::::='j!nbgu',{f°mn®°;`smr:rq#ud€:'f:rre

the  anode  veltag® I a  applied,  to  lJ`sL.re proper distribution of  the  morciiry.  In  9enoral,  a  period
of 45  mjnul®5  is  .ufficiel`to  ln  addilion  10  minutes after lh® heater  voltag® i8 ^applied,  preheat-
ing  of  the  on®d® mos.  be  started  by  cof`noc.ing  11.®  mode  lQ  a  stipply  `roltoge of hox®  500  volts
via  a resistor liiTti.ing  .I.e  anode  currpi.I, to 6  ampereso

2  Measured at eri  avert[ge  cLirronl of t5  amp.res.

1

Revised  1/57
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jwAXIMUM  RATINGS

Peak  Inverse  Anode Voltage 3
Pealc  Forward  Anode  Voltage
Average  Anode  Current 4.

Continuous  Operation
Intermittent  Operation

Peak  Anode  Curreot
Surge  Anode  Curren't  (max.  0. I  sec.)
Peak  Grid  Voltage
Grid  Resistance

Rela(ion  Be(weezi  Condensed  Mercu[ Tempera(ure,

Pealc  Inverse  Anode  Voltage

::nb:::tseTde%::C6uryTemp.

15   KV nal.
15    KV  max.

10    anps.  rmx.
15   anps.  max.
45    amps.  Inar.

600   anps.  max.
600   volts  max.

20,000   ohms  max.

15                   10    KV
25-60         25-65   °c
10-30           1¢-35    (,C

MAXIMUM  OPERATING  CONDITIONS

PEAK   INVERSE  ANODE  VOLTAGE  =  15  KV

(Transformer  regula.ion  and  tube  voltage  diop  are not  included)

Circui( Type  of Max  trans- DC output Max  DC  out- Max  _DC  ou(-

Diagram Cilcuit fo[me[  sec. vol.age  [o put  cuLrrent put  [o  filter
rms  voltage filter to  filter

(v(r) (Vo) (1o) (Wo)
KV KV Amps KW

a.Ib.       --'-C`,d.e.f.8. Single-phase.full-trove,2tubesSingle-phase,full-wave,4(ubesThree-phase,half-wave,3tubesThree-phase,full-wave,6(ubesThree-phase,doubleY,6tubesparallelFour-phase,half-wave,4 5.3+10.66.110.65.35.3 4.89.67.214.46.2,6.7 202030306040 96-192216432372268

tubesFour-phase,full-wave,8tubes
10.6 13.5 40 540

3    F®T f].q]ienci..  op  .o  150  C|)..

`   Av.raged ov.r 10  second  Interval.

5:`o:;e,=fe::.u::josfSfg|c?:ct-P°.'tviced°"}lt1.Pefml.Slb!.1?app[ylll9hvoltog.doc®ndon.®dfner.

6   With  liatur`ol  €opling,  appooximo.®  vafueah  Tlt®`tLbp  mo)/  be o;.rd.d  at  hlgh.I  on`b-lent  temperatures  thou
lhe  maximum  volues glv®n  when  lli.  difference bc.`weoi.  tl..  cmt.icn.  one ¢bnd.need  mercury `emperalure
(289C  with `nctural  cooling)   is  I.oduc®d  by  an  oil  fldv dir®c.ed  an th.  bulb  just  chov. tl`® I.ace.  A  I.ductiari
•o  lee.  tl`an_  loo C can  easily  be ob.ain®d  *tl`  a` .!mpl6  I)iT ict.-

Wl`en  a tube  must  be  operated  inslan.ly,  a .od'uc+iot`  i.. recomm`of.dGd .-ih  h.cb..  Voltage  .a  60-80% of tl.e
given  nolTiinol  valtie  for  a.and.by  periods of  more than  30  pinu.e-

2

•-



6786

TYPIC^L  OPERAT"G  CONDITIONS

PEAK  INVERSE  VOLT^CE  =  M^X.   1S  KV  7

Circuit Type of No  load  trams- nd output Max  DC  out- DC  ou[pu[
Diagrall, •      Circuit former  sec. vol(age  ,o put  current to  load

rllls  Voltage load 8
( Vtr) (Vol) (Io) ( Wo 1 )

KV KV Amps KW

a.b.C.d.e.f.8. Single-phase,full-wave,2(ubesSingle-phase,full-wave,4(ubesThree-phase,half-wave,3tubesThree-phase,full-wave,6tubesThree-phase,doubleY,6(ubesFour-phase,half-wave,4tubesFour-phase,full-wave,8tubes 4.809.605.559.604.804.809.60 4.08.06.012.05.15-5.6.11.2--- 20203030604040 80160180360309224448

E=

Eii

7  Thi.  v®Iu.  coii..pond.     .o   a nominal  p.;I  Inv-.. ®irod. v®l.qu ®f  13.6  KV,  .Il®win.  a  lin.
fluc.udion of  I  10%.

8   Tub.  vol.ng.  dt®p cnd  lo ....  ln  .lon.form..,  Ill.®i,  ai..ni.t ..,.. c.  alrountin. to 8% ®{  Vat  ho"
al..edy  l]..n deduct.d.



6786

NODE   SCREW  CAP

-------IIIIIIIEl=l|I-1¢
000L

I

A®-1¢ 85El
jJ jJ  jJ.

T[TTIi.

I

3faD,A.
9
16.

3+6DIA.MAX.

EE4QLS

*  I -I+EATEB  (GBEEN)

#2-GF`lD   (F`ED}

#3-HEATER-CATlloDE
(BLACK)

0.354 ± 0.020
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6786
F`ATE  0F FtlsE  OF CONDENSED-MEFtcuRY TEMPEF3ATUFiE
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AMp[R[X  IGNITRON  TYPE  AX5551-A
EZ

GENERAL  DESCRIPTION

The  type  AX5551-A  is  a water-cooled  igriitron equipped  with  a  sensing  plate  for
mounting  a  thermostatic  control  assembly.

The  tube  i§  designed  for  both  single  phase  and  thrjee  phase  welder  control  appli-I
cations  or  similar  heavy  duty  switching o[  c.ontrol  service.  Thermostat  assem-
blies  are  available  in  two  types  and  must  be  ordered  separately -

a)    S-17024  -water  saver  thermostat  assembly
b)    S-17025  -overload  protection  thermostat  assembly

W'hen  equipped  with (a),  the  tube  may  be  so  connected  that  wate:  flow is  started
only  when  required.  thereby  preventing  waste of large  water  volumes. `\

Alternately,  wben  equipped  with (b),  the  tube  may  be  protected  from overload by
interruption  of  the  control  circuits.  (see  instruction  sheet)

Both  functions  may  be  achieved  in  a pair of  tubes  connected  in  inverse  parallel

*       by  equipping one  tube  with water  saver  thermostat  and the Other with overload
protection  thermostat.

GENERAL  CHARACTERISTICS

ELECTRICAL  DATA

Cathode  excJitation
Cathode. spot  starting
Number  of  electrodes

iMain  anodes
Main  cathodes
Ignitors

Cathode  excitation  requirements
Min.  ighitor  voltage  required  to  fire
\lin.  ignitor  current  required  to  fire
Typical  value  of  starting  time  at  required
min.  `.pltage  or  current

~         MEG   ANICAL  DATA
Envelope  material
\lax.  overall  length
Max.  overall  width
Mounting Position
Net  W'eight

without  anode  connector

1

cyclic
ignitor

1

I
1

200   volts
30   amps

100    usec,

Staiflless  steel  internal  housiag
13   inches

5  3/'4'  inches
Vertical  anode,  connection up

3    1b.s.   12  oz.



AX5551-A
THERMAL  I)ATA

Type of Cooling
Pressure drop  at water flow of  I  galloo per mid.

Water  temperature rise  at  water flow of  1  gallon
per minute

A.  With Thermostatic  Control

--+  Inlet water temperature,  minimum
Inlet  water temperature,  maximum
Outlet  water temperature.  maximum
Minunum water flow at maximiim demand.

solenoid valve open

8.  Without Thermostatic Control

Inlet wafer temperature,  minimum
outlet water tellpefature, maximum
Minimum water flow at maximum demand

iFater
max.       I.8   poundsper

square  inch

max.         4° c

100c
400c
450c

1 gal.  per min.

1o0c
4o0c

1   gal.  per  Din.

Note:   When the  cooling systems  of the tubes  are connected in series  the  lnaximum
values of the  inlet  and outlet water temperatures hold for the  last tube  in the
water circuit.

MAXIMUM  RATIHCS,   Absolute  Valu®S

(FreqLiency  25  -60  cycles  per  s.c.)

A.C.  CONTROL  SERVICE,3"O  TUBES  IN  INVERSE  PARALLEL

Voltage
Maximum demand 1

Average  ctirrent  at maximuln  demand
Maximum  average  current

Demarid  at maximum  average  curreot 1
Maximum  averaging  time  at  220  -  250

Volts  rms  2
Maximum  averaging  time  at  600  volts  rms 2
Maximum  surge  current  at  220  -  250  volts
Maximum  surge  current  at  600  volts
Maximum  duration  of  surge  c`irrent

220          250  to  600   volts  rms
5 30                  600           KVA

30. 2                30.2           amps
56          amp s

200           KVA

Note:   The demand voltage,  current  and  KVA demand  are on the  basis of frill-cycle
conduction (no phase  delay),  regardless of whether or not phase  control  is
used.

1    For a.her  values  of .he  demand  versLis  overage  current,  s®®  curves.

2    For  inf.rmediote  values  of  the  demand  voltage,  .he maximum  averaging  time  is  ir`versely

proportional  to  lh.  vol.age.
3  Wlien  op®rding  d  maximtim  demo`d  with  waler-so`/er tlierrroslch,  it  i. recommended that

cin  ouxllictry  awl.ch  be  shunted  ocr®sS .he thel'irosm  and op®rat®d  by  th.  weld  ini.icning
swi.ch  .o .hat  water flows moment-fly  `Iri..h .very  veld.

2

R®vi.ed  IO/5S

`J
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AX555l-n

AAAXIMUM  RAT"GS,  Ab.olul.  Value. (Con.I)

lNTERNITTENT  RECTIFIER  SERVICE

(Frequency SO -60  cyclc]  per  s®c.)

E=

EiEil

-

Peak forwa.d anode voltage
Peak inverse anode voltage
Peak  anode current

Corresponding average  anode  c`irrent
Average anode current

Corresponding peak  anode cufren(
Averaging time

Ratio of  average to peak  anode c`irrent
(averaging time 0..2 see.)

Ratio of  surge to max. peak current
Duration of surge current

IGNITOR

Max. positive voltage
Max.  negative  voltage
Max.  peak current
Max. ms value of the ciirrent
Max.  average currcot

Mal. averaging time   `

max.   0.166
max.      12.5
max.      0.15

ELe_commended Themostats & MoiiL+=
Type S-17024,  Water Saver Thermostat  A§sembly
Type S-17025, Overload Protection Thermostat Assembly

Revi.ed  10/55



AX5551-A

MOUNTING   POSITION: VERTICAL,   ANODE  CONNECTION  UP

FLEXIBLE   (REMOVABLE)

BRAIDED   COPPER
ANODE   LEAD

HJ lGNITRON
CONNECTloN

JL+    CABLE

`-

`-

-



AX5551-A

iNTERMITTENT  RECTiFiEF`  sErvicE

Eil

I,F•00000
I I I-I I I I I I I I I-.I
I I .111 I I I I 0 5 See. CON Duct

t,

FtwARD VOLTACE lNVEf'S E VOLTAGE= ZOO VOLTS

50ql®  TUBE   DuT'

. C   TIME los C. WIA
I I

.Lo.2, Oj 12 5 Ia,20 50 10

AVERAGE
AVEF`ACE   ANODE  CuF`RENT-AMPERES  PEFt  TUBE,

a.166 MAX.( AVERACINC  TINE . 0.2 See.  MAX.)
PEAl{   CuFtRENT

SuRGE  CuFtRENT
PEAK CURRENT -

=-12.5 MAX-( MAX.  DURATION  SuFtcE   CuRFtEN-T3  0.15 SEC.)



AX5551.A
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R®vi Sed  10/55
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AX555lIA

INSTRucTioN  SHEET   FOR  s-i7024   a  s-i7025

E=

r-

MOUNTING  PBOCEDURE:

I.   MOuNT  CLAMP  LOOSELY  ON SENSING  PLATE  WITH SCREWS,   NUTS,
AND  WASHERS.

2.   PLACE   THERMOSTAT   UNDER  CLAMP WITH  LEADS  UPRIGHT.
3.  TICHTEN  SCFiEWS  TO  RE"N  THERMOSTAT.    VANE  SUFtE  THAT

DiMPLE  On   cLAMp  ENOAGEs  DEPREssloN  iN   RUBBER.
4.   MOUNT   TEFtMINAL   BLOCK  AS  SHOwN.

NOTE:  s-17024  UNIT cOwTAINs  WATER  SAVER  THEFtrosTAT  *c-439i-7-5i
s-17025  uNiT cONTAiNs  OvERLCIAD  pRorECTION THERMOsTAT

*C-439I-7-52
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AMp[REX  IGNI"ON TYPE  AX5552
GENERAL  DESCRIPTION

Application:   This  stainless  steel-jacketed  ignitroo  can  carry the high  peak
curren.  for  short f`eriods  encountered  in  welder  cootrol  service.  Two  tubes  in
inverse  parallel  connection  c.an  control  up  to  |20o  kva  at  line  voltages  between
250  and  600  V  rms.

This  tube  can  also  be  used  for power  rec[ifica[ion  ia  intermittent  rectifier  ser-
vice,  such  as  rectifiers  in  the  energy  storage  system of resistance  welding.

The  type  AX-5552  ingitroa  features  an  improved  ignitor conducive  to  long  tube
life  and  a  heavy-duty,  braided  anode  connector which may be  removed  from
the  tube  proper.

GENERAL  CHARACTERISTICS

Peak  voltage  drop,  approximate   ..........
Net  weight,  approximate   ............,
Type  of  cooling   ................,
Maximum outlet  water temperature  .........
Minimum  flow
Minimum  iale.  water  temperature   ......
Pressure  drop per  tube  at  minimum  flow   .   .   .
Temperature  rise  at  dLinimum  flow,  approximate
(average  current  loo  amperes per  aflode)

12  volts
9  lbs.

Water
400c
I.5 gal.  per mid.
IoOc

4.5  lbs.  per  sq.  inch
60c

MAXIMUM  R^TINCS

A-C  Welder-Coatrol  Service-Frequeacies  from  25  [o  60  cycles.
Ratings  are  for  any  voltage  from  250  to  600  Volts  rms  1  2
Two  tubes  ia  inverse  parallel

Maximum  demand   ...............      1200  kva
Corrcspoading  average  anode  current   .....      75.6 amperes

Maximum  average  anode  cur[eDt        ........         140  ampe[es
Correspoading  demand   ...........        400  kva

Maximum  tine  of  averaging  anode  current  1
At  600  volts  rms   ..............         5.8  seconds
At  250  volts  rms   ..............           |4  seconds

Maximum  surge  current,  peak  amperes    ......         280  % of max. rms
demand  current

Rectifier  Service-Frequenc.ies  from  25  to  60  cycles

MaliDum  peak  anode  Voltage
Inverse........
Forward.......

•......       500volts
•..,,.,       500volts



AX5552
Malifnum  anode  current

Instantaneous...............
Average,  pe.  tube     .............
^vc[aging  time ...............
Surge.  peak  .mpercs.  max.  du[atiofl  0.|5  secoad

lgaition  Rcquiremeat  (Cane   for  both  classes  of  service)

Ignitor  voltage

Malimum  iastalit.acous  allowed.  ignitor positive
Miflimum  ills.aataaeous  [cquired,  ignito. positive
Maximum  iastaataaeous  allowed,  ignitor  acgative

lgaitor  current

Malilnum  instantaneous  allowed    .......
Minimum   if)s(antaneous  required   .......
MalimuD  average  allowed   .........

Ignitor  ignition  time,  DaxiDum     ........

Ignito„u.rent  averaging  time      ........

160o  anperes
loo  amperes

6  secoflds
60oo  ampe[cs

900  volts
200 Volts         -

5  Volts

loo  amperes
30 ampe.es    _

I  ampere
loo  ricroscconds

5  Seconds

1      With  the  use  of  log-log  paper.  s(raigh.  line  interpolation  between  the
two  poia.s  tabulated  II]ay  be  used  to  determiae  other  detailed  ratiags.

2      Rms  delnaad  voltage.  current,  aad  tva  arc  all  oa  the  basis  of  full.
cycle  coaduc.ioa  (no  phase  delay)  .ego.dless  of  whe.her or  flot pbase
coatrol  is  used.   For  vol.ages  below  250  volts.  use  the  250  volt
ratiag.

R.vis®d 9/55
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AMPEREX  IGNl"ON  TYPE   AX5555

GENERAL  DESCRIPTION

Application:   This  stainless  steel-jacketed ignitron is  specially designed
for  rectifier  se`rvice  ifl  the  125,  250.  600  and 900  volt D,C.  power  fields.

h  this  service  size  tubes  will rectify  300  KW  at  300  V D.C.  and  500 KW at
600  aod 900  Volts  D.C.

This Tube  is  also rated  for  2400  Volts for welder control  service.  Two tubes
in inverse parallel  have  a capacity of 2400 KVA in this  service.

The  type  AX.5555  ignitron  features  an improved ignitof  conducive to long
life  and a heavy-duty,  braided anode  connector which may be removed from
the  (ube proper.

GENERAL  CHARACTERISTICS

iii=

-

-

ELECTRICAL  DATA

Cathode excitation   .
Cathode  spot  startiog
Number of electrodes

•...........      cyclic
•...........      ignitor

Main  anodes   .......
Main cathodes     ......
Auxiliary anodes    .....
Ignitors.........

Arc drop  at 600 peak  amperes     .
Cathode excitation requirements

lgnitor voltage  required to fire
lgnitor current required to fire
Minimum peak   .......

1

1

..........               1

..........              2
•.........       16.2+0.5volts

.,,.         150volts

•.........          40amperes
Excitation  arc current required,  minimum     ....
Excitation arc-drop  voltage    ..........
Excitation  arc open-circuit voltage,  minimum     .   .

MECHANICAL  DATA

Envelope  material   .......
Net weight   ..........
Type  of  cooling  ........
Characteristics  for water cooling

Water temperature rise,  maximum

8 amperes
9±0.5  volts

55  volts  A.C.

.........     metal
.,.,           22lbs.

...,,,,,     water

50c
Pressure drop  at  3  gallons per minute,  maximum    .   .     8 lbs per sq inch



AX5555
THERMAL

Watcl cooling
MaliD`m outlet water .eDperatufe

Peak iDvef8e anode toltage = 900   ........
Peak invefse anode voltage = 2100 ........

Mininum inlet water teopetatiire ` ..........
Minin`un water flow a. continuous rated average cufrent
MinitDUD water  flow  at flo  load   ...........

MXIMUAI  RATIHCS

A8 power.ec.ifier tube    1

MaliDuln peck anode vol(age
lnvc(se,,,,,,.,
Formrd.......

Marinum anode curl cat
Peal,,,,,,,,,

Average
Continuous......

S`lrge....................
MaliDulD duration of stnge  ctirrent    .....
Freqiieacy range    .............

1   Ratings ale for zero phase-control  angle.

As  A.C.  coattol tube

Two tubes in inverse pa.allel
Voltage.................
Maxilnun demand   .............

Average current at maz[imnn deinand    .   .   .
Maxim`in average current ..........

Demand at maliDu.n average  current    .   .   .
Marin`im averaging (ime  at  2400  volts rms   .   .
MaliiDum  sii[ge c`irrent,  max.  duration 0. |5  see.

Ignitor

Marimun voltage
Positive,,,,............
Negative................

Mainun current
Peak.................
Root mean square    ............   I
Average.................

Maxilmim  averaging  time   ........
Starting time  at requifcd voltage or current   .   .   .

Auriliny Anode

Marimun current
Peak....,,,,..........
^`e.nee.................

MariDun averaging time    ........
Rna,,,,..............

Mazimum peak forvafd voltage    ........
Malim`im peak inverse voltage

Main anode conducting        .........
Main anode not conductiiig      ........

2

.   -.      6o0c

.   .      450c

.   .       60c
•   .      3gals.pe.nin.
•    .      18al.perDiD.

•      900         2100volts
•     9cO         21co volts

•    1800         1200  ampeles

•      ZOO            150  aaperes
• 12000        9000  amperes

0.15  seconds
•             25  to 6o  c.p.a.

24cO  rms volts
2400  K V A

135 aapercs
207 anperes

1105  KVA
1.66  Seconds

6000 peak amperes

anode vol.age
5 volts

loo anperes
15 anperes

2.0 anperes
10  seconds

loo inicroseconds

20  adpcres
5  aDpe[es

io  seconds
10 aaperes

160  volts

25  volts
160 volts

u
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AMPEREX  IGNI"ON TYPE  AX58ZZ

CENER^L  DESCRIPTION

Type:  Vatcrcooled ignit[on
Principal  Application:  Ffequency chaliger resistance welding con(col
Description:  Tbe AX-5822 ignitron is a sealed,  stainless steel jacketed, wate.
cooled,  merc`lry pool tube designed primarily for control of ffeq`iency change
resistance Welders. The tube con(rills baffles required for proper performance
in this application. The ignitor is adapted to intemittent service.

Th'e Type ^X-5822 ignitron features an improved ignitof conducive (a long
(ube life  aJld a heavy-duty,  braided aJ)ode connectof whicb fDay be fcinoved,
from the tdbe propc[.

CENER^L  CHARACTERISTICS

ELECTRICAL  DATA

Ca(bode elcitation-Cyclic
Ca.hodc  spot  starting-Igni.of
N`Lmber of electrodes

Main anodes   ......
Main` ca(hods s    .....
Igaitors...............

Arc drop  a(  1500  aq]pc[cs peak     ......
Cathode elcitation fequiremen(s

lgfLitof voltage required to fire -.....
Ignitor c`lfrcn( required to fire     .....
Starting tine at required voltage or current

MECHANICAL  DATA

Envelope mterial-Mc.al
Net weight (approx.)   ......
Type of cooling   ........
Chafactefistics for watc[ cooling

Water tempefature fise,  Daximun

..,1

..I

...I

.         25 volts

•   ,      200volts
•   .        30 ampe[es
.   .     |0omicroseconds

•.,,...         9lbs.

P[ess`1re drop  at  |.5 gallons per minute, (maz.)

THERMAL

Water cooling
MaliDum ou(le( water temper ature   .   .
Minimum inlet water temperature      .   .
MinifDlim water flow at continuous rated

aver age  c`Lrrent   ........
Minifnum water flow at no load  ....

Waler

60c
5 lb§. per  sq.  inch

.....       350c

.....        IoOc

•....      1.5gals.permin.
I.....     0.5gals.permin.



AX5822

Maximufn peak  anode  vol(nge

Inverse........
Forward........

Malimiim, anode cur[eDt
Peak,....I-,-,

"^XINUAI  R^TINCS

•.........       1200       1500vol[s
•   :   ........       1200       15oovolts

Corresponding ave[nge    ...........
Average..................
Correspoading peak .............
MaliDum ave[agizig time ...........

Ratio of average to peck current, malifnum averaging
tine o.2 secoad   ..............

1500      1200  anperes
20          16 anperes
70           56 amperes

420         336 aDxpe[es
6.25       6.25  seconds

0.166     0.166
Ratioof surgetopeakcurrent .............       12.5       12.5

Marimirm dora(ion of stirge cufrent    .....
Frequency range   ..............

I`ul.or

MaziDun voltage
Positive,.,.,,.,
Negative........

M-ximuEB current  ......
Peck,,.......
Rms      ,    ,   `,     ,     ®     ,,..
Aver age ..... _   .   .   .

M-Iiinum averaging tine

•       0.15       0.15second
•50to60     5o to6o c.p.s.

•......       Anodevolts
•......              5vol(s
®,,,,,

•......        looamperes
•......           10alaperes
•......             1ampere
•......            5  seconds

Straigh. lifLe intepolation on log-log paper is allowed betveen corresponding
pein(s. Ratings ape for zero phase-control angle.

`-

u
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Amperex

The  AMPEREX  ciccessories  dQIQ   illu§trciled  on  the  following

pages  is  provided   for   the  purpose  of  Qssisting  equipment
mQnufcicturers  and  designers  in  the  selection  of  the  proper
tube  litlings   for   their   applicQlions

These  Qccessories   were   designed   with   the  some  excicting
care  and  cire  fcibrico!ed   with   the   same  fine   workmQnship
and    mQteriols    as    the    electronic    tubes   upon   which   the
•AMPEREX   QUALITY"   repulQlion   has   been   eslciblished   so

well   among  equipmem   mcinufcicturers   and   users.  Because
lhey  are  slcindQrd.  they  are  suilcible  for  use  wilh  any  o(her
tubes  of  the  same  types.

The  line has  been  made Qs  complete  cis  possible  cind  should
cover  most  requ]remenls

All   ol   the   Qcc`essories   Ore   s[ock   Items   cind   are   normally
avciilcible  for  immedia!e  delivery



AMPEREx  TiiBE   AcOEssoniEs

TYPE   NO.
Wa,a,

Coek®'
Stood  off Socket  A§semblyJack®, ln,u'a,or Conr..C.ot Coon.c.oT Connec.or

DN70/'W3 - - - - - - S,19883

EIT - - - - - - S . 1 32 64

EFP60 - - - - - - S. I 321  I

Z83200 - - Sl-5005 I.66 - - -
4CX250B  .  4CX250F - - - - - - (Soo  iiota   1 I )

4X'50A - - - - - - (See  nole   11)

4X250B - - - - - - (S®®   no,c   11)

4.125A - - - - - S.25671 Johnson  122-275  a.  ®quol

4.250A - - - - - S.2567l Johnson  122-275  ot  ®quol

4-400A - - - - - S-2567' John.on  122.275  oi  ®qi)al

502 DW-2200 I.55 SI-5002 - - - -
750-TL - - - - - - Johnson  124.214  oi  .quol

833-A - - - I.65 - I-65 I-64

880 S.13240 I . gas 9 1 2 - - - - -
88,-A D,-2'00 I-52 S11500l S~' 34e3 S-13484 - -
889-RA - - - S.13483 S.15484 - -
891 DW-1580 I-53 Sl-5000 146 I-62 a `1« - -
8,1.R - - - '{6 I.62  a  I.63 - -
e92 DW-1580 I-53 SI.5000 lnd6 142  &  I.63 - -
892-R - - - 1'66 'J2 a  I-63 - -
5604 - - - S''3483 S-I 3484 - -
5619  8 S-'7427 S-I cO63 - S'1 Sea S.I 34Ou - -
5658 S-I 3240 I.us,  12 - - - - -
s666  8 S.I 324' S+'9863 - S.13,ca S.'3cO4 - -
5667 - - - S.'3Ou S.I 3484 - -
577' S-I 32,a I-ms,  1e - S-13,83 S.I 3,84 - -
5868/^X.9902 - - - - - S-3702 S-3,03

5870/^CR-9951 - - - - - - Jot.n.on  124.2[. ®. .qt.al

5894 - - - - - S-3,'2 Jol.I`.on  lz2.105  ol  .qual

5923/AX.99u S-3737 S-, ,„2 - 5.3706 S.3,07 - -
5924/^X.9904R  1 - - - S4" Se707 - -
5924^  1 - - - S4706 S<ro7 - -
6075/AX-9.07 S'3737 S.I 7,32 - SJ706 S-3707 - -
6076/^X-9907R  . - - - Se706 S4707 - -
6077/AX-„06  5 S-3738 - - - S'3n, - -
6078/AX..906R  2 - - - - S'3739 - -
607./AX-9" - - - - - S'3702 §e70a

6083/AX.9909 - - - - - - Jolin.ol`  122.105  a.  .qval

6155 - - - - - a-2S67' John-ori  122.275-oi  apual

6'56 - - - - - S.2S67Li J®hi`i®n   122.27S  or`eqcol

6252/^X.9.I o - - - - - S-3712 Jol`r..on  122-[05  a.  eq`.el

6333 DW-'580 I-53 - y.13326  , S.'3Ou - -
6u5 - - - Y-13326  ` 1'62 a  lea - -
64,6  8 S-'5096 S.1 9863 - Y.13326  ` S-I 3,84 - -
6„7 - - - Y.13326  4 I.62  &  143 - -
6693 - - - - - - John.®h  123-206  oi  equal

6756 S.1 S096 - - y.13326  , - - -
6757 - - - Y-'3326  4 - - -
67S8 S,3737 S.1 7432 - S-I 7288 - - -
6759  1 - - - S.I 72ee - - -
6800 i-I 7ue 7 S.'%3 - S-13483 S-'3,Ou - -
6907 - - - - - S-3712 Jolin.®n  122-105  a.  .ql.I)I

6960 SJra7 S-I 7432 - s.i72ac  9S.37061o S-3707S.2'000  8 - -
6961   1 - - - S.17288  8s€,0610 S-3707S.2'0®0  8 - -
6979 - - - - - - (S®®   no,a   1 1 )

7092 - - - - - S-3702 S.2 I 421

7136 - - - - - -
appe'

7237  1 - - - s.1 72ee  9S-370610 S.3707s-2'000  a -
7377 - - - - - - S.2S230

7527 - - - - - S.2567' John.oil   122-275  oi  apual

I  I                        (Replaces  old  page  no.  548,  "Accessories"  section)                         Revised  8/59



SOLDERING   AMPEREX   WATER  JAckET   C0l"ECTloNS

VIATT

-
•0

Eii]

TER  JACKET
ERMINALS

I,    CLE:AN   iNsiDE   Or   wATr:R   iACKE:T   TEA_

MINALS      THOROUGHLY      WITH      STEE:L

WOOL.   AND   D£GRE:ASE   WITH   CARBON

TETRACHl.ORIDE:   OR   ALCOHOL.



EE

For  informotion  concerning  the  proper

^mperex  water  iacket  gasket,  see  page  no.  1

(old  page  no.  548) u

-
13

-._ I-__    _
(Replaces  old  page  no.  550,  ..Accessol.ies"  section) Revised  8/59



AIHPERH  inTER  JACKET  TYPE  U"-lb8U
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Jn

For Tube Types

207      891       ®92      6333      6445
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`    AMPEREX   WATER   JACKET   TYPE   DW-2100

For Tube Type 889A

B0TTOu SuRFACE
OF   TUBE

ANODE   RIN6

DIA.

+    ¢2t,
I•iI

-----I       T6
)

Ll
0.D.

SOLDERINO  TERMINALS
(t3i|36TtKE§O.O.S"NDAflD

Eiil

ZEE
APPROX. WEIGHT OF JACKET-5% LBS.

I.   STAND-OFF  INsuLATOR  roR  THls  WATER  JACKET-AMPEREx   TypE
SI-5001.

2.   foR COMPLETE WATER FLOW  DATA SEE INDIVIDUAl. TUBE TI SHEETS.



AMPEREX  WATER  JACH[T  TYPE  I}W-2200

For Tube  Types
50 I         502         8002

APPROX. WEIGHT OF JACKET-2  LBS.
I.   STAND-Orr  INsullLTon  FOR  Tins  WATER  )ACRE-jLMPEREx  TypE:

SI-S002.
2.   FOR ConoLETE: wATm FLow DATA  SEE INDIVIDUAI. TUBE: TI slHET.

u
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`AMPEREX   WATER   JACKET   TYPE   LIW-Z3UU

E=

EE

r\

r6i6DIA|
.TE! J

i
1`1

rTOM  rmACEOFTueEAurRING
1

Lo|Afrm3,.p5 OIA

I

!1

IATER OUTLET"frmFOF`3,.ps.

I
5±

I,

IIII

I
APPROX. WEIGHT OF: JACKET-15'/2 LBS.

I.   STAND-OFT  INsuLATOR  roR  mrs  WATER  )ACRET-AnmmE[  TypE
SI-5003.

Z. _ FOR COMPI.ETE WATER FLOW  DATA SEE INDIVIDUAL TUBE TI SHEETS.



AMp[REx  wnTER  JACKET  TypE  DW-2600

Fdr Tube Type 846

APPROX.  WEIGHT  OF  JACKET-4  LBS.

I.   STAND-Off  INsuLATOR   FOR   THls   wATm   JACKET-AMPEREx   TypE
SI-5004.

2.   FOR  CoMPLETE  wATm  rLow DATA SEE JNDlvlDUAL  TUBE TI  SHEET.

`ny
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AMP[REX  WATER  IACHET  TYPE    S-13240

For Tube Types
880 577'

-I
7 = L„A.

T3iDIA|
119in'5!x5:"o..FtlNG

aJ

=19 llml 11111111111111111 lllllllm

iJtulcu®J'

ETI2Je I

f6=±D,A.

I

2

(2) i NP  THREAD

Approx. wElcHT Of IAcxET-i4 LBs.

FOR COMPLETE wATm mow I>ATA sH INDrvlDunL TUBE TT sriEEis.

R.vifed 5/55



AMp[R[x  wArn  JACKETS  TypES  S-13241    §-15096     S-17427

Wa+er   Jacket   Type                               used   for   Type

S-13241                                                          5666
S-15096                                            6446.   6756
S-17421                                              5619.   6800

ADPROx.  wElcur oF .^cKETs

TypE s.i324i  - 4 Lee.
TYPE i-15ooe - .VI Les.
TYPE S-17.27 -4  I/3 I)S.

I   FOR  COMPLETE  WATER  FLOW  D^T^  SEE  (NDIVIDu^l  TtJBE TI  SIIEETS.

2.   FOR  WATER  JACKET  SuPPORTS  SEE  ^MPEREX   ACCESSORIES  S-t7463  and  S-17464.

10
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n"pEREx  AIR  FLow  oiiAMBER  S-3705

For   Tube   Type  5924/AX9904R,   6759

A,

J-
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J AHPER'[x  Am  FLow  enAHBm  S-11882

For Tube Type cO76/AX-9sO7R J

J
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AHPEREX  ST"D-OFF  IHSIILATOR  TYPE  SI-500l

Used with TubeE=

-

For Anperex Water acket T
DW . 2 100

r'el II- ¢1

ed a,a+

I
+-I

I
D'A2i

91
I 00

cEFunc

J I      I  ,   Jurd!

I-I
I I

a.vl s.d 2/55
13

='



AMPEnEx  STAMD-off  iNSuLATOR  "pE  SI-5002

Used with Tube T For  Am erex Water acket T
DW-2200

Revised 2/55
14

u
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AMI'EIIH  STANIl-OFF  "SIILATOH  TYPE  Sl-blJU5

EE

-

urd wh Tdr Type ron Anporoz Water  )achet  Type

498 DW-2sO
SOS DW-2500
562A DW-2500
858 DW-2S00
859 DW-2500
893A DW-2500

5T`5t

'5

4rmEsiDIA.
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AMPEREX  S"ND-OFF  INSULATOR  TYPE  SI-5005

For Tube Types
HF-3000     -              ZB-3200

E=

-

Eiii]
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AMPEREX   EXTERNAL   PLATE  AND   GRID  CONNEOTOR   TYPE   I-65

For Tube Type 833A
`2 required  for each  tubel

17

'E

-
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AmpEn[X  [XTE"AL  GRID  coNNECTon  TypE  I-66

For Tube Types

r`          508       89iR       892R       zB-3200       22Oc       342A

Eiilii

Eiii

'8
R®vi sed 2/55
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AMPEREX   EXTERNAL   GRID  CONNECTOR   TYPE   S-3706

5923/AX-9904
5924/AX-9904R

For   Tube   Types
6or 5/ kx-99or
6Or6 / kx-99Or R

19
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A"p[REx  EXT[RHAL  Gnii}  comECTon  TypE  S-13483

For   Tube   Types
880
889A

889AR
5604

ro
Cn

ro I-

I'1'1I

IcDTu 11111

-I I

®1-JO

5619
5658

5666
5661

577/
6800

ADJUST  TO  SulT

20
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AMPEREX  EXTERNAL  FILAMENT   LEADS  I-61,   I-62,   I-63

AMPEBEXTUBE:TYPE I.I:hDTYPENO. F'ILARENT           NUMBER  LEADsLEADLOCATloNSEft¥§BE      DIMENSION  "A"       I)IMENsloN  '.a"

220C I-61 EITHER 2                                 .371 11/16

220R lJ5l :::=  I+-- .371,     - 11/16

222A I.61
I                   .371

11/16

228A 161 EITHER         I               2                               .371 11/16

228R I,61 EITHER         I

:     j`+--     ::;::_-I__i_3;I__11/16232C I-61 I:ITHER

2:SR A I-61 EITHER         I

342A I.61 Emrm       I            2            |           .37i                     ii/i6

343A IJ5l EITmR         (               2               1              .37i 11/16

891 1€2 CERER

i         :                   ::::                  :;:891 I-63 SIDE:

89lR I-62 CENTER         I                1                I              .496 3/4

89lR I.63 slDE            I              2 \             .433                            3/4

892 IJ52 CENTER                      I                           .496                          3/4

892 1€3 I             SIDE 2               I              .433                             3/4

892R I.62          cEriiEi| -i    ,Ti9iL--- 3/4

892R I              I-63                              SIDE             ,                2                               . 433 3/4

21
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AMP[REX  FILAMENT  CO"[CTOR   TYPE  S-3707

For Tube Types
5if )2:3 / A:x-I irtyr)4                          our/ 5 / Ax-I )oar
5924/AX-9904R

I

.4T2

.362

LB

+

„
®a-
I

6

iti

6m6/A:x-fyyorR

=j%!!jo
u

-



finirEnEA  rlLi]MEli   uunllLt;luK   I TrL  a-lJ4el

For Tube Types
880              5 604
889               56]9
889AR          5658

`'.,.-.-I,



AMPER[X   EXTERNAL   PLATE  C0l"ECTOR  TYPE  S-3702

For   Tube   Types
60il9 / AX-9908                                  5868/ AX-9902
6155/4-125A 6156/4-250A

-

J

-



AMPEREx  EXTERNAL  PLATE  coNNECTon  TvpE  S13712

EiiE

-

Foi Tube  Types  5894 &  6252 <

EL)--    -

I.989

R®vi..d 2/55
25



AMPEREX   SOCKET  ASSEMBLY   TYPE   I-64

For  Tube  Type   833A

DIA.TO SUIT  ®33A
F.lLANENT   PINS

26
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AMPEnEx  sockET  AsS[MBLy  TypE  S-3703

Ei=

-

-27



AMPEnEx  sockET  AssEMBLy  Typ[   S-1993l

For   Tube   Type   4X150A,    4X250B

L,.83-
CERAMIC         AIR
SYSTEM     CHIMNEY

28
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AmpER[x  MouNTINO  CI.AMP  TYPE  S-17463

Used  For Tube 7-ype

5666
6446,  6756

56'9

Used with Water Jacket Type

S-13241
S.15096
S-'7427

I-i,I  i  i   rf`i£`EL I'  4ffr IIII I11rL,iJ.       iJ
%
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_IE:
ArmEREx  MouNTING  PIATE  TYPEi  §-1 74G4

usJEd For Tube Type

5666
6446, 6156

56'9

used with Wcrfer Jacket Typ.

S-1324T
S-]5096
S-'7427

CAST BRONZE

30
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