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prompt  receipt of the revised and  new data that are issued in regular supplemental mail-
ings, will  you  please  notify  us  immediately  of any changes of address or transfer of the
manual to another person.  If you should  move, or if you trclnsfer this manual to another

persor`,  RETURN  THIS  PAGE  TO  uS  WITH  YOUR  NEW  ADDRESS  OR WITH  THE  NEW
OWNER  (AND  ADDRESS)  OF  THE  MANUAL  INDICA\TED  IN  THE  ABOVE  SQUARE.

WE  CANNOT  CHANGE  YOUR  ADDRESS   OR   TRANSFER   ANY   MANUAL   UNLESS
YOU  RETURN  THIS  PAGE  WITH  THE  NECESSARY  CHANGES  INDICATED  Tog

General  Electric  Company
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316 E. 9th S[.
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WARNING:   WITHOUT   PROPER   AND   ADEQUATE   PRECAUTI_ONS,   THE   OPERATION,   HANDLING,   OR
SHIPMENT   OF   MICROWAVE   AND   HIGH-VOLTAGE   ELECTRONIC   TUBES   CAN   BE   HAZARDOUS   TO
PERSONNEL    AND    PROPERTY.     READ    THE    FOLLOWING    INFORMATION.    TAKE    ALL    REQUIRED
PRECAUTIONS.

GENERAL

This  information  is  provided  to  alert  the  purchaser  of high-voltage  tubes  and  microwave  tubes  to  the  potential  hazards
which  may  be  created  by  improper  operation, handling  or  shipment  of these devices.` All persons responsible  for the operation,
handling  and  shipping of these  tubes  should  fanriliarize  themselves  with  the  potential  hazards,  and  suitable  safety  precautions
should be established and followed for the protection of personnel and equipment.

Do not operate high-voltage and microwave tubes except in accordance with adequate understanding of the potential
hazards and with proper equipment-operating instructions and safety precautions.

Questions regarding proper and safe use of such tubes should be addressed to :

General Electric Company
Microwave  Tube  Operation
Building 269 -Application  Eiigineering
I  River Road
Schenectady, New York   12305

Several  of the  potential hazards are defined and regulated by state or federal govemmeiital agencies and bureaus.  Since the
documentation  and  specifications  of such  agencies  and  bureaus  are  frequently  revised, it  is  not  feasible  to  make full or precise
reference   to  their  content  in  this  publication.  If  current  governmental  information  is  desired  or  if  there  are  questions,.the
appropriate agency should be consulted.

HIGH  VOLTAGE

The  voltages used  to  operate  microwave  and high-voltage electronic tubes can cause death or serious injury due to electric
shock  and  burns.  nepending  on the device and equipment desigris, and considering the possibility of malfunctions in either, part
or all of the exterior tube surfaces may be at, or may quickly reach, dangerous voltages. Equipment design and laboratory testing
must  take  this  into  account  by  following  design  and  operating  precautions  so that contact with, and proximity to, high-voltdge
circuits  is  not  possible  under  operating conditions. Hich-voltage circuits should be enclosed in protective housings, and interlock
circuits  should  be  provided  so  that  primary  power  is  removed,  and high-voltage  terminals  and capacitors are quickly grounded,

a       ;rhoecneedvuerre:h(eases;[p°assus:::Sa:P[en:err,to]cska[cTr:#a;£i:°:;earna?1:gsoarf:e::lane:I:£et:qdue];efte:: avold the proper safe ty devices and safety
GROUNDS
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Many microwave tubes are operated in a grounded electrode mode in which the envelope and output cables are operated at
ground potential.  Care  must be taken to be certain that the  tube envelope is pr.operly grounded before the operating voltages are
applied.  The  grounding  should never  be  done  through  the  output  cables  since  a  break in  the  cable  will  then  result  in  the tube
envelope being raised to high voltage.

X-RADIATION

X-radiation  is  produced  by  the  impact  of high  energy  electrons  on  electron  tube  surfaces. Such hig|i€nergy electrons are
produced  when  accelerated  by  the  applied  electrode  voltages.  Depending  on  the  construction  of  the  electron  tube  and  the
materials    involved,     X-radiation     may    be     produced    at    voltages   as    low   as   5    kilovolts.   The   production   of   highly
penetrating  X-radiation  and energy  Increases  to  relatively  more dangerous proportions as the electrode voltages and .currents are
increased.  AIl  electron  tubes  operating in  hich-voltage ranges constitute potential hazards, and applications of such tubes should
be carefully reviewed before operation.
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when  X-radiation  shielding  is  required,  it  should  be  provided  with  proper  interlocks  to  prevent  accidental  exposure  of
personnel  to  X-radiation.  Where  hazards  are  high,  periodic  X-radiation  level  surveys should be made. Furhter, when continuous
operation   is   in   effect,   personnel-monitoring  devices  should   be   worn   by   the   personnel   and   controlled   access   to   the   area
implemented.

Most  high-voltage  and microwave  electronic  devices are not designed, nor intended, to be  fully self-shielded to X-radiation
under  all  possible  conditions  of their  application  aiid  use.  External  radiation  shielding will  usually  be  necessary.  This shielding
should be designed by the equipment manufacturer as a part of the user's equipment to protect the user against possible personal
injury.  It  is  the  responsibility  of the manufacturer of the tequipment using such tubes to provide any and all enclosures required,
and to provide  the instructions and maintenance procedures for the proper use of the equipment.

Generally, the  spatial  distribution of X-radiation  from  power  tubes  is complex and changes from tube to tube. The same tube
does not radiate  the  same  360°  around. Also, the surrounding metallic  construction  will  tend  to  prevent,  distort,  or  further
filter the passage of X-radiation to regions external to the tube.  Of major  concern are  the  areas in which materials used in tube
construction present the least attenuation of X-radiation.

The  search  for  possible  X-radiation  is not  to  be  confined  to  those  directions in which emission  may be  expected; unintend-
ed  emissions  in  high  power  tubes  have  sometimes  caused X-radiation in  unexpected directions.  A  thorough search in all di-
rections around the  tube is necessary to ensure that the redons of emissions is correctly determined.

a::e:tptrheeset:i:go¥;hrfapdiaeti:rTh£:saerd£:L]°dthneortpb°essi::ohv¥daradtsa#r:::[rfiiaeti:lag:e[:aourtft°angs]aat:]Sre°:ot%3%fyfi¥£g::e:r:hdeey-
should be prominently displayed in close visual proximity to the device.

MICF!OWAVE  RADIATION

The  radio-frequency  output  power  of many  electron  tubes  may  exceed  those  power  densities  considered  safe for human
exposure.  The  design,  operating  instructions,  and  maintenance  procedures  of equipment  utilizing  such  tubes  must  ensure  that
the   radio-frequency   energy  is  properly  restricted  to  and  contained  in  the  circuits,  transmission  lines,  waveguides,  or  cavity
resonators  and  that   these   are   frequently  monitored  to  ensure  that  the  radiation  of  radio-frequency  energy  from joints  or
connectors  is  below  the  hazardous  limit.  Antenna  systems  should also  be  frequently  monitored  for  stray  or  indirect radiation.
Operating and  service  personnel  should  be  advised  of exposure  hazards  and  arrangements made to prevent accidental exposure.

MERCURY

Some  devices contain  mercury  as a necessary constituent to  their  operation. Under certain circumstances, the presence of
free  mercury  may generate air contamination or other pollution that is considered toxic. Disposal of tubes or handling of damag-
ed tubes  must  be  done  with  adequate  precaution  given  to  this possible  hazard.  If disposal presents  questions, these  questions
should be  directed in writing to the General Electric Company,  Microwave  Tube  Operation,  at  the  address  shown on the  front
side of this sheet.

Air  shipment  regulations  allow  air  transportation  of devices  containing  mercury  only  under  special  packing and  marking
requirements. The current requirements should be obtained directly from the airline.

The  packing containers  of devices containing mercury  will  be  marked accordingly  when  they  are  shipped  from the  tube
manufacturer.

IMPLOSION

Most  electronic  tubes and  devices  operate  with  their  internal  volumes  under  high  vacuum,  and  many gas-filled tubes also
have  their internal  volumes considerably  below atmospheric pressure.  In  the  event  that  the  envelope  of some  of these  tubes is

punctured  or  broken,  the  inrush  of  air  can  be  violent  under  certain  conditions.  Tubes  with  large  glass  envelopes  should  be
handled and stored with  particular  care, and implosion-proof shields should be installed in operating equipments. Particular care
should also be given to shielding of the eyes and face.

MAGNETIC  FORCES

The  attractive  force  between  magnetic  and  feromagnetic  objects  increases  rapidly  as  separation  between  the  objects  is
decreased  and  the  objects  will  be  accelerated  toward one another, meeting with considerable impact. When handling or working
near large permanent magnets, care must be taken to prevent injury which could result from this hazard.

Air  shipment  `regulations  allow  air  transportation  of devices  containing magnetized  materials  only  under  special  packing
and marking requirements. The current requirements should be obtained directly from the airline.
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This tabulation lists all tubes and devices in the current tube manuals and the manual in which each component may be located. Type numbers
are arranged in alpha-numerical order.

There is duplication of type numbers in the four-digit series of designations. In this numbering sequence, particularly in the 6000 and higher
series, the developmental type-number system employed by the Microwave Tube Business Section parallels the standardized Electron Industries
Association  (EIA)  industry-wide  numbering  system  for  tubes  other  than  home-entertainment  and  television  picture  types.  Microwave  Tube
Business Section developmental numbers use the prefix ``Z" followed by another letter: e.g., ZG, ZM, ZP (EIA standardized MTBS  designations
have the prefix "GL", a few old thyratrons use the prefix  ``FG").

The receiving tube component of the Tube Products Department does not employ prefix letters except in the case of reed switches, and a few
types transferred from other components where prefixes were used. For this reason designations in the four-digit series without prefixes represent
standardized EIA  designations,  whereas  those  with  prefixes  (other  than  ``GL")  as  mentioned  in  the  foregoing  paragraph  are  MTBS  develop-
mental types.

TYPE MANUAL* TYPE MANUAL* TYPE MANUAL*

|AY2-A

lFS

(

R-2 3DJ3

FSFS

R-2 6AQS-A

FSFS

R-2
1BC2-A R-2 3DT6 R-2 6AR11 R-11BH2-A R-2 3GK5 R-2 6AS7-GS
1BY2.A R-1 3HA5 R-2 6AU6-A R-21DG-3 R-2 3HM5 R-2 6AU8-A R-2

1G3-GTA R-2 3HS8 R-2 6AV6 R-21K3A R-2 3JC6A R-2 6Avl1 R-1
1V2 R-2 4AU6 R-2 6AIIV8-A R-2
1X2-C R-2 4BZ6 R-2 6AX3 R-1
2AS2-A R-| 4C86 R-2 6AY3-B R-2

2AV22822 R-2 4CS64DE6 R.2R 6810 R-1

2BU2 R-1R-2 4DK6
-2R-2 6BA66BA10 R-2R-1

2C39-B FS 4DT6 R-2 6BD1| R-12C40 lps 4GK5 R-2 6BE3 R-2

2C40-A FS 4HS8 R-2 6BE6 R-22C43 FS 4JC6A R-2 6BF11 R-12CN3-B 4JD6 R-2 6BH6 R-22CY5
FS

R-2R-2 4JH6 R-2 6BH11 R-1
2D21 4LU6 R-2 6BK7-B R-2

2DF4 FSFSFS 5AQ5 R-2 6BN6 R-22GK5 5AR4 R-2 6BNl1 R-13A3-C R-2 5CG8 R-2 6BQ5 R-23AT2-B R-1 5EW6 R-2 6BQ7-A R-23A'IV2-A R-1 5GH8 R-2 6BV10 R-1

3BN2-A3BW2 R-1R-1 5KZ85R4GYA R-2 6BW3 R-1

3BZ63C23 R-2 5U4-GB5Y3GT R-2
6BW116BZ3 R-1R_1

3C86 R-2 6A84
R-2R-2 6BZ66C4 R_2R-2

3CN3-B R-2 6AC10 R-1 6CA11 R-13CS6 R-2 6AD10 R-1 6C86-A R-23CU3-A3CX100A5 R-2 6AF116AG R-1 6CG3 R-1

3DK6 R-2
96AH9 R-1R-I 6CG8-A6CJ3 R-2R-2

3DA3 R-2 6AK6
R-1

6CL8-A R-23D83 R-2 6AK9 6CS6 R-23DC3 R-2 6AK10 R-1 6CU5 R-213DF3 R-2 6AL5 R-2 6CY5 R-2l3DH3 R-2 6AM4 R-2 6DJ8

*R¥5 :gnEi8afiteoEd::i!asn£::i:Tti£3:da*3tTD=:i::,88 a:alnnuda:.stry Manua,.                       ET! :¥:,:i:i,;riy:gE!u£:eft=T:=,,s#a|:,:8c,o;=?ca:tToonnas,. Types.

fo,:f,a:;9tfgg{*fa`edrB ,t,i:dsfg::I,9.'T.E%[,i:a¥SSed Industrial and Military Equipment Types Manual. designations listed above in the I and M columns win be in that book
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6DK6 R-2 6SN7-GTA

FS

R.2

I

12GE5

I

(,

R-1

6DT6 R-2 6SN7-GTB R-2 12GN7-A R-2
6DT8 R-2 6T8-A R-2 12HG7 R-2
6EA8 R-2 6T10 R-1 12HL7 R-2
6EF4 R.1 6U10 R-| 12JN6 R-1

6EH4-A R-1 6V6-GTA R-2 12JN8 R-2
6BJ4A R-1 6X4 R.2 12SL7-GT R-2
6EL4-A R.2 6Z10 R-1 12SN7-GTA R-2
6EW6 R.2 7KY6 R.2 13JZ8 R-1

6EZ8 R-2 8AC10 R-1 13V10 R-1

6FM7 R-1 8AL9 R-1 13Z10 R-1

6FQ7 R-2 8AR|1 R-1 14BL11 R-1

6FY7 R-1 8AW8.A R-2 14BR11 R-1

6GE5 R-1 8810 R-1 15AF11 R-1

6GK5 R-2 8BA1 1 R-I 15BD11 R-1

6GK6 R-2 8BM11 R-1 15FM7 R-|
6GM6 R-2 8BN11 R-1 15FY7 R-1

6GN8 R-2 8BQ11 R-1 15MF8 R-1

6GU7 R-2 8BU11 R-1 16AK9 R-1

6CIV5 R.1 8CB11 R-1 16BQ11 R-1

6GX6 R-2 8FQ7 R.2 16BX1| R-1

6GY5 R-1 8GN8 R-2 16GY5 R-1

6GY6 R-2 8JU8-A R-2 16LU8-A R-1

6GY8 R-2 8JV8 R-2 17AB10 R-1

6HA5 R-2 8LT8 R-2 17AX3 R-|

6H85 R-1 9AH9 R-1 17AY3-A R-2

6H86 R-2 9AK10 R-1R1 17BE317BF11 R-1R-1

6HE56HM5 R-1R.2 9MN810GK6
R-2 17BF11-A R-1

6HS8 R.2 10GN8 R-2 17BW3 R-|

6HZ6 R.2 10JY8 R-2 17BZ3 R-1

6HV5-A R.1 10KR8 R.2 17CU5 R.2
6J6-A R-2 10LW8 R-2R2 17GE517GV5 R-1R-1

6J856JH6 R-1R-2 10LZ8110T10
R-1 17JM6 R.1

6JC6-A R-2 10Z|011AR|111BQ11 R-1 17JN6 R-1R1

6JD5 R-1R2 R.1R-1 17JZ818AJ10
R-I.6JD66M6

R-1 11BT|1 R.1 19CG3 R-|
J6JN6 R.I 11CA11 R-1 19DE3 R-1

6JN86JU8-A6JV8 R-2 |1CF11 R-1 19JN8 R-2
R-2R-2 11FY711LT8 R-1R-2 19T821GY5 R-2R-1

6JZ66JZ8 R-1R-1 12AE1012AL5 R-1R-2 21H85-A2|JZ6 R-1R-1

6KD6 R-I 12AT7 R-2 21LU8 R-1

6KR8-A R-2 12AU6 R.2 22BW3 R-1

6KS6 R-2 12AU7 R-2 23Z9 R-1

6KT8 R_2 12AU7-A R-2 24BF11 R-1

6L6-GC R-2 12AV6 R-2 24JZ8 R-1

6L86 R.I 12AV7A R-2R1 25C525CG3 R-2R-1

6LE86LG6 R.2R-1 12X312AX7
R-2 25EH5 .R-2

6LJ6-A R.2 12AX7-A R-2 25JZ8 ;R-1

6LJ8 R-2 12AY7 R-2 26LX6 R-1

6LT8 R-2 12BA6 R-2 31AL10 R-1

6LU8 R-1 12BE3 R_1 30JZ6 R.1
6LY8 R-2 12BE6 R-2 32H07 R-1

6M11 R-| 12BF11 R.I 33GY7A R-1

6MD8 R-2 12BV1| R-1 34CE3 R-1

6MJ8 R-1 12BY7-A R-2 35C5 R-2

6MKBA R-2 12CS R-2 35W4 R-2
6MN8 R-I 12CU5 R-2 36KD6 R-1
6MV8 R_2 12DQ7 R-2 38HE7 R-1
6SL7-GT R-2 12FQ7 R-2 38HK7 R-1
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50C5

FS

I

M

R-2

RS

5670 FS

I

M

GL-6283
III

MMMMMMM

R-2R-2

50DC4 R-2 5686 FS ZM-6287
50EH5 R-2 5687 FS 6299                        FS
53HK7 R-1 5696-A FS 63 50                        FS
FG-81-A 5720 FS 6386 FS

FG-97 FS 5725 FS 6414 FS
FG-98-A FS 5726 FS ZM-6287
DR100 FS 5727 FS 6442                        FS
DR|01 FS RS 5749 FS 6463                        FS
DR103 FS RS 5750 FS 6485 FS

DR104 FS RS 5751 FS GL-6504
FG-105 FS

RS
GL-5779 GL-6509 I

DR113 FS GL-5788
FS

I GL-6512 I
DRV120 FS RS 5814-A GL-6513 I
DR121 FS RS GL-5822-A III GL-6514 I
DR123DR5 FSFS RSRS 5824L FS GL-6515 I-IIII

12DR-138
FS RS

G   -58305844
FS

66606661 FSFS

DR-145 FS RS 5855 FS 6662 FS
DR-157 FS 5963 FS 6663 FS

DR-158 FS 5965 FS 6664 FS
DR-159 FS 5965-A FS 6669                       FS
FG-172 5998-A FS 6676 FS
FG-280

FS
II 6005 FS 6677 FS

393-A 6011/710 FS 6678 FS

GL-414
FS

6046 FSFS 6679 FS
502-A ZM-6046 6680 FS
807 FSFSFSFSFSFS

I
ZM-6047 M 6681 FS

GL-857-B ZM-6051 MM 6688 FS
GL-869-B I 6072-A 6771 FS

GL-870-AZP-1015 II 6080ZM-6085 FS ZM-680268076808

!E§ZP-1026 M ZM-6086
FS

MMM
ZP-1034Y-1938 M 6087ZM-6087

8:2:                 )  :§

ZP-1039ZP-1065ZP-1079C-2002AC-2003CC-2006CC-2007 MMMM 6135613661466146-A618961976201 FSFSFSFSFSFSFS GL-6848GL-687868976919GL-6942GL-6958ZT-7004

!!§
C-2013C-2014C-2015 FSFSFS 62026203ZM-6203 FSFSFS

:8f-:7or2          i:!
C-2020A FS ZM-6205 M 7044                        FS
C-2035C FS 62|1-A 7077 FS
2050-A FS ZM-6211-A M GL-7151
C-2062 FS ZM-6215

FSFS
M 7167 FS

5544 FSFS 6216 GL-717| I
GL-5550 ZM-6220 M 7189-A FS
GL-555l-A I ZM-6222 M 7233 FS
GL-5552-A I ZM-6231 M 7239 FS

R-2R-2R-2GL-5553-B I GL-6228 M 7247 FS
GL-5554 I ZM-6238 M 7266 FS

GL-5555 II ZM-6239 M 7289 FS
5557 ZM-6240 M 7296 FS
5558 FS ZM-6242 M 7355 FS
5559 FS ZM-6243 M 7370 FS
5560 FS ZM-6246 M GL-7390

5561 FS GL-6251 M GL-7390-A M
GL-5564 ZM-6257 M 7391 FS
GL-5630

FS
I 6265 GL-7399 M

5654 ZM-6276 M 7408 FS
5663 FS ZM-6277 M 7462                         FS
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7486 FSFS

I

M

R-2

7784 FS

IIIII

MM

R-1

GL-8466 II
MZR-7512 7815 FS GL-8500

ZR-7513 M 7815R FS GL-8513 M
ZR-7516 M 7841 FS GL-8559 M
ZR-7517 MM 7861 FS GL-8866 M

7518/710L GL-7890
FS

GL-37207 M
7581-A FS 7910 GL-37248 I M
7588 FSFS 7911 FS GL-51025 M
GL-7669 7913 FSFS GL-51038 M
GL-7670 I GL-7964 GL-51038R M

GL-7671 I GL-7964-1 M GL-51064GL51065 MM
GL-7672GL-7673 II 7984GL-7985

MM GL-51070 M
GL-76817701 I GL-79988068

FS
GL-51074 M

GL-77037716771777207724772577267734GL-7736iiCJ8
FSFSFSFSFSFSFSFS

II 81028106811381368156GL-8205GL-8326GL-8360GL-8420GL-8465 FSFSFSFSFS
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zM-6802,  OTI-78   .......................   iing2

VOLTAGE-TUNABLE MAGNETRONS (Tabbed Divider)
Selection  Chart,  MET-12J
ZM-6046, PTI-107B   .....
ZM-6047, PTI-108B   .....
ZM-6051. PTI-86B   ......

. 12-70
10no5
10ng5
11rf5

TYPES   AND   PUBLICATION   NUMBER
DATE   OF   ISSUE

ZM-6085, PTI-145B   ......................  2ut5
zM-6086, PTI-i45B   ......................  2ng5
zM-6o87,  PTI-i45B   ......................  2ng5
Above three types combined on one publication.

ZM-6203, PTI-147A
ZM-6205, PTI-153   .
ZM-6211A, OTI-206
ZM-6220, PTI-160A
ZM-6222, OTI-107B

ZM-6231, OTI-205  .
ZM-6238, OTI-108B
ZM-6239, OTI-109B
ZM-6240, OTI-110B
ZM-6242, PTI-167   .

ZM-6243, PTI-168   .
ZM-6246, PTI-172   .
ZM-6257, OTI-207   .
ZM-6265A, OTI-214
ZM-6276, OTI-215  .
ZM-6277, OTI-216  .

12rf8
. 2rf 5
.  9ng7
12ng8
.  9ng7

.  9ng7

.  9rfe7
12ut8
12ng8
.  5ng6

.  5rfe6

.  9ng7

.  9ng7
12rf8
12ng8
12rf8

COAXIAL TRANSMITTING TUBES (Tabbed Divider)

Selection  Chart,  MET-16F
ZP-1015,  PTI-69B  .......
ZP-1026,  OTI-80    .......
ZP-1034.  OTI-88A   ......
ZP-1039.  PTI-163  .......

ZP-1057,  OTI-92    .......
ZP-1079,  PTI-169A    .....
GL-6251, ET-T1165A    .  .  .
GL-6283, ET-T1050B ....
GL-6848,  ET-T1658B ....

GL-6942, ET-T1384C ....
GL-7399, ET-T1598D    .  .  .
GL-7985,  ET-T1657A    .  .  .
GL-8500, ET-T1713  .....
GL-8513, ET-T1716  .....

GL-8866, ET-T1734A
GL-51025,  ET-T2015
GL-51038, ET-T2007
GL-51038R, ET-T2008
GL-51064, ET-T2009  .

GL-51065, ET-T2010
GL-51070,   ET-T2016
GL-51074, ET-T2017

GENERAL ©  ELECTRIC

. 12-70
.  9rfe7
11ng2
.  9ng7
10ng5

2rfe5
9ng7
9ng7
2ng5
2rfe5

9rf7
9-67
2ng5
3rf4
2rf5
9-67
8-70

11ng9
11no9
11ng9

11ut9
12-70
12-70
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MET.2B

MILITARY  EQUIPMENT  TYPES  MANUAL

INTRODUCTIONn

a

a

a

CONTENTS

This manual contains data on tubes and allied devices of interest to manufacturers designing  military sys-
tems.  It isdesigned to give you information on products useful in equipment in the current design stage,  as well
as to keep you abreast of the latest trends now under development  in  order  to  assist you in advance equipment
design.    For  that  reason  it  includes  data  on Electronic Industries Association registered types as  well  as on
types currently in development or currently being produced at less than full-scale quantities.

USE

Although this manual will be kept current with regular mailings, it doesnot attempt to bring you all advance
tube programs  since many are still so advanced that they  are  subject  to  general objectives.   Consultation with
your nearest General Electric  Electronic  Components Sales Operation Office  is encouraged in order to put you
in touch with such programs.

ARRANGEMENT

The  technical  information  here  is  tabbed  by tube class.    Specific types within each class are arranged in
numerical order.

KIND  OF  DATA

As a standard practice,  information is given  in two distinctly different forms:    data sheets on commercial
types identifiedbythe prefix GL inthe case of EIA-registered tube types and data sheets on developmental types.
The latter can be identified by the prefix  Z  or  Z folloived by another  letter;  e.g.,  ZM,  ZP.   Data on the develop-
mental  types  may  appear  in  either  of  two classifications,   "Objective Technical Information"  (OTI) or  ``Pre-
liminary Technical Information"  (PTI).   Both forms for  some types may be  included for your convenience.

OBJECTIVE  TECHNICAL  INFORMATION

The Objective Technical Information represents the design objective for the type.   When significant ratings
approaching the design objective are available, Preliminary Technical Information is issued.  When only Objective
Technical Information exists consult your nearest Electronic Components sales office for current status.

Heliminary Technical Infol.nation

Preliminary Technical Information describes the characteristics of products during the period progressing
toward  the  achievement  of  design  objectives.    Heliminary ratings (PTI) reflect current performance.   While
delivery of types to Preliminary Technical Information  specifications  does  not  imply  continued  availability of
types with identical characteristics or dimensions,  arrangements can be made to do so depending on the nature
of the requirement.   Consult your General Electric Electronic  Components  sales office.

SUMMARY  INFORMATION

In addition to the above,  selection charts  for each class  are included directly following the divider  for the
class.   These are furnished to provide you a quick selection listed by main characteristic.
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CONDITIONS  OF  SALE

The  specifications  in this  manual applying  to types  in development are  naturally  subject  to some change.
Small-quantity  lots  are  usually  available.    Such availability is  subject to prior order.    Standard Conditions of
Sale apply  to all developmental  types  in availability status.    Your purchasing agent  usually has information on
availability.    If he does not have it,  he can readily obtain it from your  General Electric Electronic Components
sales representative.

PRICE  AND  WARRANTY

Specific prices and warranties have been established for  most listings.    Your Purchasing Agent or  General
Electric  sales representative can readily provide this information.

Ordering

When ordering a product from developmentaldatabe sure to include date of the OTI or  PTI for best service,
and so that your requirements are completely described.

ADDIT IONAL  IN roRMATION

Your nearest Electronic Components Sales Operation representative can provide you additional information
promptly.   You are invited to consult him.
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The   General   Electric   Electronic   Component   Sales   Operation   offers  a   complete  electronic

components  "market  basket"  of  products.  A  listing  follows:

®

a

®

TUBE  PRODUCTS
1.      Transmittertubes
lA.   Camera tubes

i:  ##'rsons

§£:g:nr3:#ncg::ungb:eps;ratrons
6.   Photocells
7.   Reed switches

i:  88Tvpean#on:i receiving
tubes

SEMICONDUCTOR
PRODUCTS

10.   Germanium  rectifiers

11.   s'ifi¥ocnurr:%#j(e°r:01.4 amp)
l£¥dcj#r+enctu(r°r::t].{|:5mE3

12   s!c5#!;mcE}rent    (over    35

i3si§gifeci:::t:;:ra:etrt;°tfite°:70::r::3,'5
nation stacks

14.   AC controlled  switches
15.   Rue#ifier s[iFccokns, (Ge;Tt?:a-

i6.   A%'s°ec#Sb)lies  (thyratron  re-

17.   S:
lacements,  sp\ecials)
lenium  and  copper  ox-

ide  rectifiers

i!:  5#i::tiocnoaJt?g|regosnwitnctie s
20.   Unijunction transistors

21.   Silicon      grown-cliff used
assivated    NPN   tran

22.   Tunnel   diodes   and   back
diodes

z   Bi?:fc;o:;v:a,c:i,iaen:a9 I:f!5pi[?,:,ra:

25.   AfcutLVcet[on8j,SS::i:es  Pellet

%   Sj,ig:#dp#:;3:::s[Taapnnfls, :p[u:a::,:

CAPACITOR  PRODUCTS

i!i,ie:18i:i:i;8i:iijyi:1c:::i,:;i;:I;:;;;s
36.   Tga:iti°uri   electrolytic  ca-

pacitors

VACUUM   PROCUCTS
Vacuum system
Triode ion  pumps
Trigger 8a
Mercury dFf?:sionpumps

Loenagad::Sctors

B:[tia:ap[i:is,ueraekigaa!y3::I:
tiers

45.   Sublimation  pumps
46.   Vacuum accessories

OTHER  PRODUCTS
47.   Adjustable  speed  drives

Electronic  Components  Sales  Operation  Offices  on  Page  2.

i,€§#t:n;;:ef:i:c:t::eo:,:gn;;;8Fs
Ma
Nicg

nets
elcadmiumrecharge.

able batteries

;i:  :i,:i:mfii:r#r:osn s
57.   Varistor
58.   Volt  Pac®   specialty trans-

formers

I NSTRU M ENTS
59.   Panel  Meters
60.   Time  Meters
61.    Meter  Relays
62.   Shunts
63.   Switchboard  Indicators

§!:Preacn°sr8::%r(sDirectActing)

RECORDING I NSTRu lvI ENTS
66.   Direct-operated,      strip-

chart   recorders
inkless,  hook-on

67.    Miniature   (4.inch

nkin8'

Servo-

68   S;e!r#:j§,;rr::;t!%d:}[h5;'r::::

tprgi'hetr3Son?e,twoormulti-

MOTORS
69.    A-C   Tri-clad    `55'®   induc-

tion  1-125  HP
70.    A-c fractional

;i:   B:g iT::8;aJal
73.   Specialty motors
74.   DCM&G  sets
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ELECTRONIC   COMPONENT  SALES   OPERATION   OFFICES
ARIZONA

Phoenix  85012
Guaranty  Bank  Bldg.,  Suite  712
3550  N.   Central  Aye.
Phone  A/C   602  264-1751

CALIFORNIA
*Les  Angeles  9006.
11840  W.  Olympic   Blvd.
Phone:   A/C   213  479-7763

A/C  213  272J}566
A/C   213  87?-1350

Portola Valley 94025
3210 Alpine  Poad
Phone:  A/C 415 854-4010

COLORADO
Denver  e0206
201    university   Blvd.
P.0.   .Box   2331
Phone:   A/C   303   388-5771

CONNECTICUT
Br!dgeporl  Owe
12e5  Boston  Ave.,
Phone:   A/C  203  334-1012

DISTklcT  OF COLUMBIA
Washingl®n  2e005
777 -]4th   St.,   N.W.
Phone:   A/C  202  393-3600

FLORIDA
Norlh  Palm  Beacl`  33403
32)   -North   Lake   Blvd.,   Room   201
Phone:   A/C   305  844-5202

Tampa  33cO.
P.O.   Box   10577
2104   S.    Lcis   Ave.
Phone:   A/C   813   877-8311

Winter  Park  3Z709
John   Hancock   Bldg.,   Suite   250
370  Wymore   Rd.
Phone:    A/C   305   425-8634

'LLINOIS
•Chicago  60"I
3000  N.  Milwaukee  Ave.
Phone:   A/C   312  777-1600

INDIANA
I=or.  Wayne  46e06
6001   S.  Anthon`/
Phone:   A/C   219     447-1511

Indian.polls  «aee
3750   N.  Meridian  St.
Phone:   A/C   317  923-7221

lowA
Cedar   Rapids   52401
210  end   St.,   S.E.
303   Dows   BIdg.
Phone:    A/C   31?   364-914.

ALABAMA
Huntsville  35col
3322  Memorial   Parkway  Sou.h,

Sui,e   '3
Phone:   A/C   205  883.3131

KENTUCKY
Owensb®ro  42301
316   E.  9th   St.
Phone:   A/C   502  683-2401

Ext.  482  (Receiving  Tubes)
Ext.   422  (l&M  Tubes)

MASSACHUSETTS
Wellesley  cal®l
I   Washir}gton   St.
Phone:   A/C  617  237.2050

MICHICAN
*D€Irolt  4e237

15160  W.   Eiglit  MHe   Rd.
Phone:   A/C  313  564-5228

MINNESOTA
Minneap®lls  55.24
4900  Viking   Dr.,   Rm.   108
Phone:   A/C  612  .27-5458

MISSOURI
Kansas  City  6.I.9
®11   Main   St.,   Suite  518
P.0.   Box   13566
Phone:   A/C   816  221-cO33

NEW  JERSEY
*Cli'loll  a,01,

ZOO   Main  Ave.
Phone:   A/C   201   472-8100

NEW YORK
Albany  12acs
11   Computer  Drive  West
(518)   869-3576

New  York  City
(.Creal  Neck  11021)

425  Northern  Blvd.
Phone:   A/C  516  466-8800

+N®rlh   Syracu§e   13212

Northern  Concourse  O!fice  Bldg.
Room    102
315-456-341 ?

Rochesler  14624
35   Deep   Rock   Rd.
(716)   436-3480

NORTH  CAROLINA
Greensl)ore  27coe
1828   Banking  St.
Phone:   A/C  PI.  273.6982

OHIO
•Cleveland  "n7
25000   Euclid  Aye.
Phone:   A/C  216  266-2900
D,y'on  15,2,
34SO    S.    Dixie    Hwy.
P.O.   Box  2143
Kellering  Bra-nch
Phone:   A/C   513  298-0311

GOVERNMENT   PROGRAMS
DISTRICT  OF Col.UMBIA

*Wasliing.on  20e05
777  -14th  St.,   N.W.
Phone:   A/C   202  393-3cOO

01'10
Dayton  45439
3430   S.    Dixie   lElwy.
P.0.    Box   2143
Kettering  Branch  4552.
Phone:    A/C   513   2.8-0311

®

OKLAHOMA
Oklah®ma  City  73112
3022  N,W.   Expressway
May-Ex  Biillding,   Room  4]2
Phone:   A/C  405 943-9015

PENNSYl.VANIA

Erie   16505
2318   W.    8th   Street
Phone:    A/C    814   455-8377

'Phlladelphia  I.lon
3  Penn  Center  Plaza
Phone:   A/.C  215  568-1800

PinsI}urgl`   1 S220
875   Greenlree   Rd.   -   Room   3®1
3  Parkway  Center
Phone:   A/C   J12   „1-1134

TEXAS
D.Ilas  75205
4447  N.  Cenlral   Expressway,
Phone:   A/C   214  521-I.31

llouslon   Weo.
31110   S.W.    FreewayR- 2ae
Phone:  A/C   713  5Z4306l

VIRCINIA
Charlotlesville  22902
2cO7   Earr`art  St.
P.0.   Box  319
Phone:   A/C   703   296J118

Porlsmeulh  23707
3ac5  King  St.
P.O.   Box  7175
Phone:   A/C  703  3?3-6780

WASHINGTON

Seattle  9818®
225  Tukwila   Pky.
Phone:   A/C  206  244-7750

WISCONSIN
*Milwaukee  53202
615  East  Michigan  St.
Phone:   A/C  414  27l-S000

INQUIRIES   FROM   OUTSIDE   CONTINENTAL
UNITED  STATES,  EXCLUDING  HAWAII  AND
ALASKA,  SHOULD  BE  SENT  TO:

Electronic  Sales
lGE   Export  Dlvision
15P  Madison  Avenue
New  York,  N.Y.   10016
Phone:   A/C   212   751-1311

lN  CANADA,  ADDIESS  INQUIRIES TO:
Canadian  General   Electrlc  Co.
18.  Dufterin  Street
Toronto,  Ontario,  Canada
Phone:   A/C  416  537.4481

OPERATION OFFICES
CALIFORNIA

Los  Angeles  9006.
11840  W.   Olympic  Blvd.
Phone:   A/C  213  47.-7763

A/C   213  272-8566
A/C   213   87?-1350



-PRODUCT INFORMATI0N-

MILITARY   EOUIPMENT

TYPES  MANUAL
IGNITRONS
Selection  Chart

Pagel     12-69

MET-lot

CAPACITOR-DISCHARGE AND DC-SHORT-CIRCUITING-SWITCH SERVICE

Capacitor  Discha.rge DC  Short-Circuiting Switch

MaLximum Inductance in  Peak Inverse Repetition
Current-Amperes   Peak InversePeak Current  Nanohenrys and  Forwa.rd   Rate per  Minute

in Amperes Approx Anode Volts Max                    Type HMS Pea.k Volts Type

35,000100,000300,000 303090 10,00020,00025,000 1                     GL-71712GL-7703500GL-37207

- 10,000 50,000 GL-37248

15 35,000 10,000 GL-7171

15 35,000 20'000 GL-7703

175 20,000 30,000 GL-5630

500 30,000 45,000 GL-6228

- 300,000 25,000 GL-37207

®

1®





GL-5630
ET-TIS7SB

PACE   1

9.70

l®NITk®N
The GL-5630 ignitron is a sealed, stainless-steel-     plies.  In this service 6 tubes will rectify up to 2500

jacketed, water-cooled, mercury-pool tube designed     kilowatts at 17,000 volts. Use of the grid to prevent
primarily  for  use  in  radio-transmitter  power  sup-     conduction  gives  one-cycle  circuit-breaker  action.

®

e

X-RAY  WARNINO  NOTICE

This device may produce X-rays when  energized. X-ray warning  signs or labels  should be permanently
attached to the equipment.

Precautions must be exercised during the service and  operation of equipment to assure that  any shield-
ing  components are replaced to their intended position before the equipment is operated.

GENERAL ©  ELECTRIC
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GENERAL

Elec',ical

Type Cathode Excitation-Cyclic
Type Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes
Main  Cathodes
Holding Anodes
Ignitors
Control Grids
Gradient  Grids. .  .

Arc  Drop  at  150  Peak  Amperes. .  .
Cathode Excitation Requirements

Ignitor Voltage Required  to  Fire
Ignitor Current Required to Fire

Grid Requirements
Positive Current to Establish Conduction
Minimum Voltage to Establish Conduction
Minimum Voltage to Prevent Conduction

M®chqnical

Envelope Material--Metal
Over-all Length, maximum
Over-all Width, maximum
Net Weight
Type Cooling-water
Characteristics for Water Cooling

Water Temperature Rise,  maximum
Pressure Drop at 3 Gallons per Minute

Th®l,mal

Water Cooling
Maximum Outlet Water Temperature
Minimum Inlet Water Temperature
Minimum Watc.r Flow at Continuous Rated Average Current
Minimum Water Flow at no Load

MAXIMUM   RATINGS

AS   POWER   RECTIFIER   TUBE
Ratings are for zero phase-control  angle.
Maximum Peak Anode Voltage

Inverse
Forward

Main Anode Current

Average
Continuous
2  Hours
1  Minute

Maximum Duration of Surge  Current .
Frequency Range

18±1   Volts

450   Volts
42   Amperes

0.200   Ampcres
+100   Volts
-50   Volts

22i%   Inches
594   Inches

23±2   Pounds

45C
3SC
3   Gallons per Minute
3   Gallons per Minute

20,000   Volts
20'000   Volts

200   Amperes

50   Amperes
50   Amperes
50   Amperes

2000   Amperes
0.15   Seconds

25-60   Cycles per  Second
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IGNITOR
Mainum Voltage

Positive......
Negative

Maximum Current

Maximum Averaging Time
Starting Time at Required Voltage or  Current

HOLDING   ANODE
Marimum Currentrl

®

Average
Maximum Averaging Time

Maximum Peak Forward Voltage
Maximum Peak Inverse Voltage

Main Anode Conducting
Main Anode  not  Conducting. .

CONTROL   GRID
Maximum Peak Forward Voltage
Maximum Peak Inverse Voltage
Marimum Grid-Current

Peak Positive
Peak   Negative
Average

1000   Volts
5   Volts

100  Amperes
................. 17.5    Amperes

2.5   Amperes
10.0   Seconds
100   Microseconds

20   Ampercs
5   Ampercs
I   Second

10   Amperes
ZOO   Volts

2S   Volts
150   Volts

S00   Volts
200   Volts

5.0   Amperes
0.1   Amperes
1.0   Ampercs
2.0   Ampc.es

IGNITOR  VOLT-AMPERE   REQUIREMENTS

SEALED-lGNITRON   RECTIFIERS

THE   IGNITOR    FIRING   CIRCUIT   SHOULD    BE   DESIGNED   TO

OPERATE   WITHIN   THE   SHADED   AREA.

Coo

7cO

-........wl.i]......-...-......-....EE..................
N.'.

sO4

I.,,,|||..,|||.|||,||||||.,I.,..||II||||||E,.,I,,..,.,|||.I

..||Il'|.r'r. I,',|r^|.||.|||'||..|||||,|I.||||,|II,EH||.I.I..||||||II

I::::::::: . I r` . ,. 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 I , I I I I I I I I I I I I I 1 I..,`.,...,`.,J``.............I.EE.I.......EE...---........I

2a |\|,,,H.'`.'J.'`|rJ|'.,I.|||II.||,|||.E.=|=E||.|||I=|E,III|||III
IIL|||'J.'`|'Jlr.I,,|rlll...I..I.,I.||,Ill.||||.I.,|||I|||I||,.|I
i|'i`.I,.r,.r.I...zi.r.-tl........i...I.....I..I.E!.E.-.......-.I

I

•`.r,.r."'|..`Er..r..I".......i].I.I.....-.E.i...E.-.....-...

0eo co                 co             -eo

PEAK   IGNITOR   CURRENT   IN   AMPERES
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I' '56/2"                 7„               '6-3-2

9,'tl"--- +03 '' -
64 MAX.\

16 32

32£"±+I A N ODE                   OONTfroL-en
TERMINAL                TEF"lNAL

2,i:

2!`±:'o 'A.

R=

I?

3"±+uD,A.
gr

2,z

I

2!'±f'      3"D,A.£,.MA=i:\;.
TER±Lid' MINAL'+I"-a/7'+

Z¢zz

`.±E'•2£'±±WATER

5:±,+"£D,A.

[WATER0uTLi+"±3.VA'

OuTLET

/+OvAX.

VARIATI

!NPT,-,/2"MAX.

±-iHOLDIlTEPMl
I, y,

I

I
" D,A.

t             9/,6l' O,A.5.3^6r±ir'9,, 6.. I-3/4?MMAIAI.1

3/4`'MAX.

i#i#ELE[/LT3":i"  3=.`±±.

TOP   VIEW

in

ETiNPT

lGNITOR  NO. I
TERMINAL

NG-ANODE

iGNiTOR  ro. 2

BorTOM   viEw

TUBE  PRODUCTS   DEPARTMENT

GENERAL ©  ELECTRIC

Scheneclady, New York 12305
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®

®

a

I®HITR®H
PENTODE  TYPE                                    FREQUENCY-CHANGER  SERVICE

The   GL-6228   ignitron   is   a   sealed,   stainless-     invert  up  to  7500  kilowatts  at  17,000  volts.  The
steel-jacketed, water-cooled mercury-pool tube de-     tube   is   also   designed   for   use   in   intermittent-
signed  primarily  for  use  in  electronic  frequency     rectifier  service,   capacitor-discharge  service,  and
changers.  In this service,  six  tubes  will  rectify  or     as a d-c short-circuiting switch.

GENERAL

Elec'ri€al

Type cathode excitation-Cyclic
Type cathode-spot starting~Ignitor
Number of electrodes

Main anodes
Main cathode
Ignitors
Holding anodes
Shield grids .
Control grids
Gradient grids

Arc drop
At 600 amperes peak .
At  2000 amperes peak

20±2   volts
30±2   volts

GENERAL ©  ELECTRIC
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GENERAL   (CONT'D)
EI®clr!col  (Conl'd)

Cathode-excitation requirements
See specific class of service

Grid=excitati6n r\equirements
See specific class of a.ervice

M®<I,anical

Envelope material~metal     A
Net weight

Thermdl

Type of cooling-water
Characteristics for water cooling

Water temperature rise
Pressure drop at 5 gallons per minute, maximum ,
Inlet water temperature, mirLimum
Outlet water temperature, maximum
Water flow. minimum
Recommended temperature range

MAXIMUM   RATINGS

POWER-RECTIFIER   SERVICE

ASA  (See ASA Standards C34.1-1949)
Peak anode voltage

Inverse
Forward

Anode curent*

Average
Continuous
2 hours
1  minute

Duration of fault current *
Peak control-grid voltage

Forward
Inverse

Peak shield-grid voltage
Forward
Inverse

Peak control-grid current
Forward
Inverse

Peak shield-grid current
Forward
Inverse

Peak gradient-grid voltage
Forward
Inverse .

Peak gradient-grid current
Forward
Inverse

Ignitor ratings
Peak iinitor voltage

Forward, open-circuit voltage
Inverse

Width of current pulse, sinusoidal waveshape
At 60 cycles
At 25 cycles

Peak ignitor current, short-circuit current .

100 ±10   pounds

4C
4  pounds per square inch

35C
45C
5   gallons per minute

40to45   C

Minimum            Maximum

20,000   volts
20'000   volts

goo   amperes

150   amperes
200   amperes
300   amperes

6000   ampcres
0.15   second

200                 500   volts
100                200   volts

200                500   volts
50                 200   volts

5   amperes
0.4   amperes

5  amperes
0.2   ampcres

I/2               1/2   anode-cathode voltaEc
1/2                1/2   anode-cathode voltage

0.010             0.020   amperc§
0.010             0.020   amperes

450                750   volts
0                    5   volts

500              1500   microseconds
500             4000   microseconds
45                  75   amperes

®



GL-622e
ET-T1037B

PACE  3
9-70

MAXIMUM   RATINGS   (CONT'D)

POWER-RECTIFIER   SERVICE   (CONT'D)

Holding anode ratings
Available instantaneous holding anode

voltage during desired  conduction  period ......
Peak holding-anode voltage

Forward
Inverse .

Peak holding-anode current
Forward
Inverse

®

®

®

e

Average

Minimum
Forward current during desired conduction period .

C®nlinv®u.  Duly,  No  Overloads

Peak ancxle voltage
Inverse
Forward

Ancxle current*

Average

Duration of fault current{
Product of invcr§e or forward voltage

and average current
Peak control-grid voltage

Forward
Inverse

Peak shield-grid voltage
Forward
Inverse

Peak control-grid current
Forward
Inverse

Peak shield-grid current
Forward
Inverse

Peak gradient-grid voltage
Forward
Inverse

Peak gradient-grid current
Forward
Inverse

Ignitor ratings
Peak ignitor voltage

Forward
Inverse

Width of current pulse, sinusoidal waveshape
At 60 cycles
At 25 cycles

Peak ignitor current
Holding anode ratings

Available instantaneous holding anode
Voltage during desired conduction period

Peak holding-anode voltage
Forward
Inverse

Peak holding-anode current
Forward
Inverse

Minimum           Maximum

40              -  volts

200   volts
25   volts

20   amp€res
-           0.100   amperes

5   amperes
10   ampere§

7               -ampercs

-         20,000  volts
~          20.000   volts

600   amperes
200   ampercs

6000   amperes
0.15   second

3   megavolt-amperes

200                 500   volts
100                 200   volts

200                500   volts
50                 200   volts

5  anperes
0.4   ampcres

S   ampcres
0.2   anpcre§

1/2   anode-cathode voltage
1/2   anode-cathode voltage

0.020   amperes
0.020   amperes

450                750   volts
0                    5   volts

500                -  microseconds
1500   microseconds
9000   microseconds

45                  75   amperes

40              -  volts

ZOO   volts
25   volts

20   ampcres
-          0.loo  amperes



CL-6228
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PACE  4
9-70

MAXIMUM   RATINGS   (CONT'D)

POWER-RECTIFIER   SERVICE   (CONT'D)

Average

Minimum
Forward current during desired conduction period .

Inlormllt®n.  DI.Iyt
Peak anode voltage

Inverse
Forward

Anode current*

Average
Averaging time

Averaging time

Duration of fault current I
Product of inverse or forward voltage

and peak anode current
Peak control-grid voltage

Forward
Inverse .

Peak shield-grid voltage
Forward
Inverse

Peak control-grid current:
Forward
Inverse

Peak shield-grid current
Forward
Inverse

Peak gradient-grid voltage
Forward
Inverse

Peak gradient-grid current
Forward
Inverse

Ignitor ratings
Peak ignitor voltage

Forward
Inverse

Width of c`irrent pulse, sinusoidal wavcshape
At 60 cycles
At 25 cycles

Peck ignitor curent
Holding anode ratings

Available instantaneous holding anode
voltage during desired  conduction  period .....

Peak holding-anode voltage
Forward
Inverse

Peak holding-anode current
Forward
Inverse
Average

AAlnlmlim            M®xlmum

Minimum
For`)`rard current during desired conduction peried ..,......

5   anperes
lo   ampere8

7              -  amperes

-         20,000  volts
-         20.000  volts

1500   amperes
150   ampercs

0.15   second
500   amperes

0.15   second
6000   ampcreg
0.1S   second

22.5   megavolt-ampcres

200                500   volts
loo                  ZOO   volts

200                500   volts
50                200   volts

5   ampere8
0.4   amperes

5  anpere9
0.2   amperes

1/2               l/2   anode-cathode voltage
I/2              I/2   anode-cathode voltage

0.010             0.020   arnpcres
0.010             0.020   ampere8

750   volts
5   volts

-  microseconds
1500   micrceeconds
9000   micrcmeconds

75  anperes

40              -  volts

200   volts
25   volts

20   ampcres
-          0.loo  amperes

5   amperes
10   amperes

7              -  amperes i



CL-6228
Et-T1037B

PACE   5
9-70

AC  CONTROL  OR  CAPACITOR-DISCHARGE  SERVICE-SINUSOIDAL  CURRENT,  PULSE  DUTYt
Minimtim           Maximum

Peak anode voltage
Inverse
Forward

Anode current

Average

a

®

®

a

20,000   volts
20,000   volts

2000   ampcres
200   amperes

Maximum averaging time~one conduction pulse plus one nonconducting period

Maximum averaging time-one conduction pulse plus one nonconducting period

Duration of fault current
Product of inverse or forward voltage and average current . . .
Equivalent frequency-25 to 60 cycles

Above 60 cycles use commutating reactors
Current at start of commutation period
Current at end of commutation period
Length of commutation period

DC   SHORT-CIRCUITING   SWITCHt

Anode voltage

Forward
Anode current

Averaging time
Frequency of current-conduction periods
Ionization time
Control-grid open-circuit voltage
Control-grid short-circuit current
Shield-grid open-circuit voltage
Shield-grid short-circuit current
Time constant of shield-  and control-grid cirouits ............
Peak gradient-grid voltage

Forward
Inverse

Peak gradient-grid current
Forward
Inverse

Ignitor ratings
Ignitor voltage

Forward open-circuit voltage
Negative voltage

Ignitor current
Short-circuit current

Time constant of ignitor circuit

500   amperes

2000   amperes
0.15   second

3   megavolt-amperes

60   amperes
0   amperes

200                -   microseconds

20,000   volts
-  volts

000   amperes
90   amperes
10   seconds

loo   per hour
10   microseconds

500   volts
10   amperes

500   volts
5.0   amperes
100   microseconds

1/2   anode-cathode voltage
1/2   anode-cathode voltage

0.010           0.020      amperes
0.010           0.020      amperes

1500               2500   volts
5   volts

200                 250   amperes
50                 100   microseconds

*  Ratings  arc  for zero-phase-control  angle-See  curve  K-69087-72A513  for  ratings at  other phase-control angles.
I  Reduce duration of fault current by suppressing rectifier by removing ignitor and grid excitation.
1  Precautions should be taken to assure that magnetic fields of adjacent conductors do not deflect the arc in the  tube.

X-RAY  WARNING  NOTICE

This  device may produce X-rays  when energized.  X.ray warning  signs or labels  should  be permanently
attached  to the equipment.

Precautions must be exercised  during the service and operation  of equipment to  assure that  any shield-
ing componeats  are replaced  to their intended position  before the  equipment is operated.
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ARC-DROP   CHARACTERISTIC

FOR   COOLING-WATER  TEMPERATURES   OF
30-60  C
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9-70

PHASE   CONTROL
THREE-PHASE   SINGLE-WAY

DOUBLE-WAY   CIRCulTS

086h2

< • . cO a ' I
VOLTAGE    REDUCTION    BY   PHASE   CONTROL   IN    PERCENTAGE

K-69087-72A513 8-21 -53

lGNITOR   VOLT-AMPERE   REQUIREMENTS   FOR   SEPARATE   EXCITATION
SEALED-IGNITRON   RECTIFIERS

THE   iGNITOR    FIRING   CIRCUIT   SHOULD    BE   DESIGNED   TO   OPERATE   WiTHIN   THE    SHADED   AREA

Coo7cO6cOcoo400
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a

1

l®NITR®N
CAPACITOR-DISCHARGE   SERVICE DC   SHORT-CIRCUITINC-SWITCH   SERVICE

35,000   AMPERES   PEAK

The GL-7171  is a sealed,  stainless-steel jacketed     the  tube  will  carry  peak  currents  up  to  35,000
ignitron for use as a switch in capacitor-discharge     amperes.
circuits operating up to 10,000 volts. In this service

GENERAL
Electrical

Cathode Excitation-Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes .  .
Main Cathodes
Ignitors

Arc Drop
At 4000 Amperes
At 30,000 Amperes

Peak Inverse Voltage, maximum
Mechanical

Envelope Material-Stainless Steel
Mounting Position-Axis Vertical, Anode Lead Up
Net Weight

Thel.mol
Ty|)e of Cooling-Convection
Ambient Temperature, minimum
Cathode Temperature, maximum
Anode-Header Temperature, maximum *

GENERAL ©  ELECTRIC

Supersedes  ET-T1512  dated  12-58

20     Volts
S5     Volts

10,000     Volts

2    Pounds

25C
35C
55C
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MAXIMUM   RATINGS   AND   TYPICAL  OPERATION

Capacitor-Discharge  Service,  Pulse  Diity,  Sinusoidal  Curronl

Peak Anode Voltage
Forward
Inverse

Critical Anode Starting Voltage, minimum
Anode Current  (See Curve K-69087-72A858 for Details)

Average
Maximum Averaging Time

Maximum Duration
Rate of Rise of Current

Maximum

Minimum

Frequency of Current Conduction Periods, maximum
Ionization Time

DC  Shorl.Circuiling.Switch  Service

Peak Anode Voltage
Forward
Inverse

Critical Anode Starting Voltage, minimum
Anode Current  (See Curve K-69087-72A858 for Details)

Maximum Averaging Time
Fault.....

Maximum Duration
Rate of Rise of Current

Maximum

Minimum

Frequency of Current Conduction Periods, maximum
Ionization Time

[ghitor  Ratings

Separate Excitation
Ignitor Voltage

Forward Open Circuit
Inverse, maximum

Ignitor Current Short Circuit
Length of Firing Pulse, sine wave

Anode Firing
Ignitor Voltage

Forward, maximum. . .
Inverse, maximum. . .

Peak Ignitor Current

10,000     Volts
10,000     Volts

100     Volts

35,000     Amperes
0.1     Amperes

1     Cycle
35,000     Amperes

0.002     Seconds

5600     Amperes per Micro-
second

1400     Amperes per Micro-
second

1    PerMinute
0.5     Microseconds

10,000     Volts
10,000     Volts

100     Volts

35,000     Amperes
0.25     Amperes

1     Cycle
35,000     Amperes

0.002     Seconds

5600    Amperes per  Micro-
second

1400    Amperes per Micro-
second

1     PerMinutc
0.5     Microseconds

Minimum      Maximum

Volts
Volts
Amperes
Microseconds

3000     Volts
5     Volts

250     AmDeres

*To prevent mercury condensation, the anode-header temperature should be higher than the cathode temperature at all
times. Mercury must be kept away from the anode and anode seals. Before tube operation. the anode seals must be warmed,
with respect to the cathode, long enough to vaporize all mercury from the seal area.

tDampened  oscillations are permissible provided  the dampening coefficient:  is  less than the value  shown on the current-
waveform curve.  The peak of the oscillation must not exceed 48,000 amperes.

±Tube must be operated within the area specified on the current-wave form curve.

u

®

-LJ
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CURRENT-WAVEFORM   CURVE

MAXIMUM   PERMISSIBLE   CURRENT

r±

a

)00loo)looloo0000000

K-69087-72A858

loo                                      200                                     300                                     400                                      500                                     600                                    700

TIME   IN   MICROSECONDS

12-6-60
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COAXIAL   MOUNTING

ANODE    TEBMINAL
I/2"-20  NF  -3

CATHODE   TEf]MINAL

EXHAUST   TUBE

PAf}ALLEL    PLATES
SEPAPATED   BY

INSULATloN

I G N I T Fi 0 N

GENERAL  ©  ELEOTRI0
POWER   TUBE   DEPARTMENT

Scheneclady 5, N. Y.



This techni,cad irmformcwhon i,a  p:roprdctaru  omd, i,8 furnd8hed, only  as  a  Seri]iee to  c'.istomer8.

IGNITRON

ZG-7219

DEVELOPMENTAL

TYPE

ZG-7219
0TI-104

Page  1
9-15-65

fl

n

The  ZG-7219  is an ignitron for  capa,citor-discharge  service.   Features of the tube include a potential-dividing grid to
improve reliability  for  high voltage hold-off .

GENERAL

Electrical
Cathode  Excitation     .  .  .
Cathode  Spot  Starting   .  .
Number  of  Electrodes

Main  Anode     .....
Main  Cathode    ....
Ignitors........

Mechanica.I
Envelope..........
Mounting  Position    ....
Net  Weight    ........   <

Thermal
Type  of  Cooling   ...........................
Cathode  Temperature,  Maximum    ...............
Insulating Compound Temperature,  Maximum  .......

MAXIMUM  RATINGS  AND  TYPICAL  OPERATING  CONDITIONS

Capacitor-DischaLrge  Service,  Intermittent  Pulse Duty
Peak  Anode  Voltage   ...................
Peak Anode Current

1/2  cycle  of  75   Ltsec     ...............
1/2  cycle  of     5   Hsec     ...............

Discharge  Rate    ......................

DC  Short-Circuiting-Switch  (Crowbar)  Service
Peak Anode  Volta.ge   ...................
Peak Anode  Current  ...................

IGNITOR  CIRCUIT  RATINGS

Ignitor Voltage
Forward Open-Circuit  (Ignitor  +)   ..........
Inverse  (Ignitor  -)       ...................

Ignitor  Short-Circuit  Current     ...............
Length of  Firing  Pulse,  sine  wave     ............

Cyclic
18nitor

1

1

1

.  .  .      Encapsulated  Glass and  Fernico

.  .  .     Axis Vertical,Anode  Terminal Up

.  .  .14Pounds

...     ForcedAirorwater

..   .       35C

...       70C*

50'000  Volts

30,000 Amperes
60,000  Amperes
2  Per  Minute

50,000 Volts
15,000  Amperes

Minimum

.   .        1500

..100

..5

Maximum

3000  Volts
5  Volts
250 Amperes
Microseconds

*  The temperature  of the  anode  end  of the tube  must be kept higher  than  that of the  cathode  end to  prevent mercury  con-
densation on the  anode and anode  seal,   which in turn  can  cause failu_r_es to  hold off  voltage.   Before operation the top of
the tube  must be  heated  while  the bottom  kept  cool to  vaporize all mercury which may  have been condensed or  splashed
into the top during handling.
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a

a
Electrical

Cathode Excitation-Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes
Main Cathodes
Ignitors

OL17703

ICNITR®N

CAPACITOR-DISCHARCE   SERVICE

GL-7703
ET.T1625
PACE   I

e-cO

20,COO  VOLTS   PEAK
DC   SHORT-CIRCUITIN¢-SWITCH   SERVICE                   loo,COO   AMPERES   PEAK

The GL-7703 is a sealed, stainless-steel-
jacketed  ignitron  for  use  as  a  switch  in
capacitor-discharge circuits operating up
to  20,000  volts.  In  this  service the  tube

will  carry  peak  currents  up  to  100,000
amperes. The anode seal is enclosed in an
insulating compound to prevent external
voltage flashover.

Mechanical
Envelope-Stainless Steel
Mounting Position-Axis Vertical, Anode Terminal Up

Net Weight 2    Pounds

Thel,mal
Type of Cooling-Air or Liquid, by clamp around lower portion
of tube

ClampTemperature .............. 10to30     C
Cathode Temperature, maximum ....... 35    C
Anode  Insulating-Compound  Temperature *,

Capacitor-Discharge  Service,  lnlermi»ent  Pulse  Duty,  Sinusoidal  Currenlt
Peak Anode Voltaget

Forward
Inverse .

20,000     Volts
20'000    Volts

Critical Anode Starting Voltage, minimum  100    Volts

Anode Current fl
Peak, for % cycle of l20 microseconds  60,000    Amperes
Peak, for 3/2 cycle of 20 microseconds  100,000    Amperes

MaximumDischargeRate .....,........... 2     PerMinute
Rate  of  Rise of Current§,  tube  inductance

0.04    Microhenrys
Ionization  Time 0.5    Microseconds

Peak Anode Voltage i
Forward
Inverse

DC  Short-Circui.ing-Switch  Service
Anode Cunent

20,000     Volts
20,000     Volts

Critical Anode Starting Voltage, minimum  loo    Volts
Average

35,000    Amperes
0.25    Amperes

MaximumAveragingTime ............ 1     Cycle
Rate  of  Rise of Current§,  tube inductance

0.04    Microhenrys
Ionization Time 0.5    Microseconds

lgnilor  Ratings
Minimum      Maximum

Separate Excitation
Ignitor Voltage

Forwardopencircuit ...... 1500     3000    Volts
Inverse,maximum ...........-           5    Volts

Ignitor short-Circuit current ....,  200       250    Amperes
Length ofFiringpulse, sine wave.       5         10    Microseconds

JVLinimum      Mdximum
Anode Firing

Ignitor Voltage
Forward, maximum ..,-    3000    Volts
Inverse, maximum ..,......-           5    Volts

PeaklgnitorCurrent ..........   200       250    Amperes

*  Anode-seal, insulating-compound temperature must always be higher than the cathode temperature to prevent mercury condensa-
tion on the anode and anode seal. Before tube operation, the anode seals must be heated long enough to vaporize all mercury from
the seal area.

t  The tube may become a closed switch (does not open) carrying current in both directions  until the current dampens out.
I  The tube cannot hold off this voltage immediately after conduction. A  1-to-10-second delay may be required before reapplication of

voltage.
fl Dampened oscillations  are permissible provided the oscillating cycles do not exceed 20. The peak current value  for one-half cycle

must not be exceeded.
§  Rate of rise depends on circuit.

GENEnAL © ELEo"0
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CLAMP-COOLED AREA,

I  :'. MIN.  WIDTH

TIGHTEN ANODE CONNECTION

SUGGESTED    METHOD    FOR    PROVIDING    MOUNTING    [OR    {OAXIAL    CONNECTION

GENERAL © ELECTRIC

POWER   TUBE   DEPARTMENT

Schehectady  5,  N.  Y.



-PRODUCT  INFORJVLATION-

lGNITRON

ET-T2011
Pagel     12-69

GL-37207

The GL-37207    is   a    stainless-steel-water-jacketed    ignitron    for   use   as   a   switch   in
capacitor-discharge circuits, or for DC short-circuiting-switch (crowbar) protective service.

Cyclic
lgnitor

1
1
3

......      Stainlesssteel
....     Axis Vertical-Anode Terminal Up

......      20Pounds

.....       18-3/4Inches

.....       5-1/2Inche§

6C
30C
1.5 Gallons Per Minute

®

fl

GENERAL

Electrical
Cathode  Excitation   ........................
Cathode  Spot  Starting  ......................
Number of Electrodes

Main  Anode     ......,...................

Main  Cathode   .........................

Ignitors..............................

Mechanical
Envelope................................

Mounting Position  .........................

Net  Weight      ..............................

Length  (excluding flexible anode cable)   ........
Diameter (excluding water nipples)  .....,......

Thermal
Type of Cooling - Water
Inlet Water Temperature, minimum    ...........
Inlet Water Temperature, maximum   ...........
Nominal  Water  Flow   .......................

MAXI MUM  RATI NGS  (Not simultaneous conditions)

Peak  Anode  Voltage  ...........................
Peak  Anode  Current  ...........................
Length  of Conduction   .........................
Repetition  Rate   ..............................

Maximum Coulombs per Discharge   ...............
Maximum Coulombs per Minute    ................
Maximum  Voltage  Reversal   ....................

IGNITOR-CIRCUIT  RATINGS

Ignitor Voltage
Forward Open-Circuit (ignitor  +)    ............
Inverse  (ignitor -)  ........................

Ignitor Short-Circuit Current   ...................
Length of Firing Pulse,1/2 sine wave  .............

•...      25'000Volts
....      300,000Amperes
....      10Mil)iseconds
.....      500PerMinute
....      200Amp-Sec.
....      200Amp-See/Min.
....      10Percent

Minimum                     Maximum
1500                       3000 Volts

5 Volts
250 Amperes
10 Microseconds

GENERAL ELECTRIC



GL-37207
ET-T2011
Page 2
12-69

I?"D,A`|,i"i
t\€"4'i"i,I_

`       +`-i--`
I

ANODE                                              ,
TEBMINAL

3..iaI"I" Ea

i    I   ---2-4r I±LI=I=II|=II
f'NPT

1`'+ i"

_I
I      ,8:"

5 2  -4  DIA9". I

I3!,±t.I'I 4:;=5"±£  g.o#      ©o©   #

WATEBINLET

I

Ii,     ,    A,                                     ,   /,I

I / 4" N PT Ill-Irl-..I-1-I-
":MAX                                        ,              ,lGN'ToP,,TEBMINALSit'

fzf"D,;" 3%"                      CENTEB  LINE
'CATHODE               +TEBMINAL -11,=\,D,Ai,+i,            5=+=i'

3„       ,"         i-11_4-,6    ,-I     -
'6  -32

NOTE:   ONE    IGNITOP   USED   AT  A  TIME

69087-72863



-PRODUCT  INFORMATION-
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GL-37248

The GL-37248 ignitron  is  designed  primarily  for  DC  short-circuiting-switch  (crowbar)
protective service.  Features of the tube include a holding anode which provides a means for
keeping the tube ionized should voltage reversals occur during the discharge.

®

®

6

GENERAL

Electrical
Cathode Excitation  ....
Cathode Spot Starting .  .
Number of Electrodes

Main Anode   ......
Auxiliary Anode  . .  .
18nitors..........
Main Cathode  .  .  . '.  .

Approximate lnductance

Mechanical
Envelope............
Mounting Position  .....

Cyclic
Ignitor

1
1
1
1
30 Nanohenrys

Stainless Steel
Axis Vertical-Anode Terminal Up

Net  Weight     .......................................................        2  Pounds

Diameter   .........................................................        2-1/8  Inches

Height

Thermal
Type  of  Cooling  -  aamp  around  lower  half  of cylinder  which  also  serves  as

cathode connection*
Clamp  Temperature  .................................................
Cathode  Temperature,  Max ........................  `  ..................
Anode Insulating-Compound Temperature and anode-Lead

Temperature,  maximum  .......................................

MAXIMUM  RATINGS

Peak  Anode  Voltage  ....................................................
Peak  Anode  Current  ....................................................

7-1/2 Inches

10-30 C
35C

70C*

50,000 Volts
10,000  Amperes

Length  of Conduction   ..................................................       20  Milliseconds
Repetition  Rate   .......................................................       6  Per  Hour*
Voltage  Reversal    ......................................................       50  Percent

lGNITOR-CIRCUIT RATINGS

Ignitor Voltage
Forward Open Circuit  ..............

(ignitor +)
Inverse (ignitor -)  .................

Ignitor Short-Circuit Current  ............
Length  of Firing Pulse, sine wave  .........

HOLDING-ANODE CIRCUIT  RATINGst

Holding-Anode Voltage (Positive d-c)   .....

Minimum                    Maximum
1500                       3000 Volts

5 Volts
100                         250 Amperes
5                              10 Microseconds

80
Holding-Anode  Current    .................................................       5

GENERAL ©  ELEC"lc

150 Volts
10 Amperes
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* The temperature of the  anode  end of the tube  must be kept  higher than that of the cathode end to  prevent mercury con-
densation on the anode and anode  seal.   Before  operation  the top of the  tube must be heated sufficiently  to va,porize all
mercury from the anode area.  The repetitionra,te may be increased by a factor of ten by water cooling the clamp around
the lower half of the cylinder .

t It is anticipated that a holding-a,node rectifier will be provided to supply the required power and that its supply will drop
to zero at the end  Of  the  crowbar opera.tion  so the ignitron  will  regain control.   An a.Iternate method  is to discharge a
large capacitor into the holding anode with a time constant longer than the crowbar time.

TUBE   PRODtJCTS   DEP^RTAAENT

GENERAL  ©  ELECTRIC

Sch®ne€.edy, New York 12305

i

®
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MILITARY   EOUIPMENT

TYPES   MANUAL
HYDROGEN   THYRATRONS

Selection  Chart
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MET-9E

A

a

Peak  Power
in

Megawatts
Anode  Dissipation

Factor

Peak  Forward
Anode Voltage

in Volts

Current
in Amperes

Average      Peak Type

33.0                                               3ox  log 33,000

Integral Temperature Indicator Design -GL-7390-A

48.0                                                55  x  109                                               4o,ooo

40.0                                                 55  x  109

90.0                                               55  x  lo9

4.0             2000                      GL-7390

4.0             2400                      GL-7890

7.0             4000                      GL-8326

7.0            4000                      ZT-7004
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ZT-7004

HYDROGEN  THYRAThoN

50 Kilovolts  Peak
90 Megawatts at  55 Kilowatts
Anode Dissipation  Factor  -  55 x 109

DEVELOPMENTAL

TYPE

ZT-7004
0TI-85A

Page  1
3-64

Ceramic  Envelope
External  Electrodes

Gradient  Grid

The  ZT-7004  is a hydrogen thyratron  for radar  modulating  and other  pulsing applications.    It will  switch a
peak power of 90 megawatts  at an average power  of 55 kilowatts.    At other peak  levels average power  in excess
of 150 kilowatts is possible.

Mecha,nically the tube features a heavy-duty ceramic envelope, external electrodes to improve  heat dissipation,
and a design that permits cooling by forced air.   In addition the  ZT-7004 incorporates a gradient grid.    This grid
permits much more effective hold-off of the  d-c  forward  voltage near maximum  voltage ratings than is possible
with  single-grid design.

The high peak power rating  of this tube anditsmechanical  design features assure  reliable  service under  the
stringent operating conditions encountered in high-power  pulse  equipment.

ELECTRICAL

Minimum            Bogey            Maximum

Cathode  - Indirectly  Heated
Cathode is  Tied to  Heater  Midpoint
Heatervoltage    .........................                 6.0                         6.3                          6.6          Volts
HeaterCurrent,    Ef=6.3volts    ...............                 35                                                        55         Amperes

Reservoir
Heater  Voltage    ....................
Heater  Current   ....................

Heating  Time    .......................
Direct hterelectrode  Capacitances

Anode to  Gradient  Grid  ...............
Gradient  Grid to  Control  Grid   ..........
Control  Grid to  Cathode   ..............

Anode  Current  Time  Jitter   ..............
Anode  Delay  Time*    ...................
Anode  Voltage  Drop   ...................
Grid Drivet

4.5                        5.5          Volts
24        Amperes
--        Minutes

MECRANICAL

Mounting  Position   - Vertical with Base  Down
Altitude,  maximum     ...........................................      10,000
Net Weight,  approximate  ........................................                15

THERRAL

AmbientTemperatureLimits ...........................- 55to+75        C
Type of Cooling  -  Forced Air

Air  Flow Rate,  at 40  C  hlet Temperature   ................
Velocity,  Minimum     .............................

uuf
uuf
uuf
Microseconds
Microseconds
Volts

Feet
Pounds

160       Cubic  Feet  per  Minute
2000       Feetper  Minute
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MAXIMUM  RATINGS   -  ABSOLUTE  VALUES
Maximum  Peak Anode Voltage

Inver se     ...............,.,.............
Forward,  minimum  supply voltage  =  3500 volts d-c   .  .

Maximum  Cathode  Current
Peak......'..........................
Avera,ge...............................

Maximum Averaging  Time    ................
RMS#................................

Anode  mssipation  Factor ** ...........
Maximum Negative  Control-Grid

Voltage before  Conduction  ..........
Maximum Rate of Rise of Anode  Current  .  .

50'000
50,000

4000
7.0

1
120

55  x  log

Volts
Volts

Amperes
Amperes
Cycle
Amperes

650       Volts
10,000       Amperes per  Microsecond

* The time interval between the point  on the  rising portion  of the  grid pulse  which is  26 percent of the peak un-
loaded pulse amplitude and the  start of the anode  current pulse.

t Driver  pulse measured attube socket with thyratron control grid disconnected; amplitude  =  1300 volts minimum,
2500 volts maximum,  above  0; time of rise =  0.35 microsecond maximum  measured  from  26 percent to  70 per-
cent of peak value;  grid pulse duration  =  2 microseconds minimum,   measured between  70 percent  of peak on
rising  side to  70 percent of peak on  falling side;  impedance of drive  circuit  =  10 to  25 ohms.

# The RMS current of hydrogen thyratrons is the  square root of the product of the average and peak currents.

** The product  of the  peak forward anode voltage,  pulse repetition rate,  and peak anode current.    Highest  value
tested not upper  limit.

OPERATING  NOTES

Thermal

The optimum reservoir voltage for operation at maximum tube voltage, maximum peak and average tube  cur-
rents,  and at a repetition corresponding  to the rated anode dissipation factor  is  inscribed on the base of the tube
a,nd must be held  within ±5 percent.    Applications  involving operation  at other  conditions  will necessitate a re-
determination of the optimum reservoir range.

Electrical

For operationabove 36 kilovolts, a compensatingcapacitor of approximately  60 uuf rated to  50 kilovolts should
be connected between the gradient and control grids  to  equalize voltage distribution  between the control grid and
the anode.   With this arrangement,  the procedure for  starting at low anode voltage is:

1.   Preset anode power  supply to a voltage  exceeding 3500 volts
2.  Apply trigger  signal to control grid
3.  Apply anode voltage instantaneously

An alternate arrangement is a resistance of approximately  20 megohms total connected from the anode to the
control grid with its midpoint connected to the gradient grid.  With this arra,ngement, startingat low anode voltage
can be accomplished by applying  any anode voltage and  gradually increasing  it while triggering the control grid.

X-RAY  WARNING  NOTICE

If the  ZT-7004 isoperated atanodevoltages in excessof 16 kilovolts, X-ray radiation shielding may be neces-
sary to protect the user against possible danger of personal injury from prolonged exposure at close range.    For
further information consult the following references or other  standard texts on the  subject:

X-RAY  PROTECTION  DESIGN,  Handbook No.  50.  National Bureau of Standards,  Washington,  D.  C.
X-RAY  PROTECHON,   Handbook  No.  60.   National Bureau  of Standards,  Washington,  D.  C.
The  a,hove  references  are  available  from  the  Superintendent  of  Documents,    Government  Printing  Office,
Washington  25,   D.  C.
SAFETY  CODE   FOR  THE   INDUSTRIAL  USE   OF  X-RAYS, BulletinNo.  Z54-1.American Standards Associ-
ation,  New York  17,  N.  Y.
Schneider, S. and Reich, 8., "X-Ray  Emission from  High-Voltage  Hydrogen  Thyratrons," PROC. IRE, Vol.  43,
No.  6,  June,  1955.
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GL17390

HYDR®CEN  THYRATR®N
40   KILOVOLTS   PEAK
33   MEGAWATTS   AT  60   KILOWATTS

The  GL-7390  is  a hydrogen thyratron
for  radar  modulating  and  other  pulsing
applications.  It will carry high peak cur-
rents and withstands very high voltages.

Mechanically    the    tube    features    a
heavy-duty  ceramic  envelope  and  exter-

Elec'I.ical

Minimum      Bogey        Maximum

Cathode-Indirectly Heated
Cathode is Tied to Heater Midpoint
Heater voltage ......     6.0              6.3         6.6     Volts
Heater Current,

Ef=6.3  volts ....      27               32          35     Amperes
Reservoir

Heater voltage*..              .    3.5              4.5         5.5     Volts
Heater Current

Eres=4.5  Volts...                           8                  9           10     Amperes
Eres=5.5  Volts ...-          12     Amperes

Cathode   and   Reservoir
Heating Time**.              .     15            -        -Minutes

Direct Interelectrode Capacitanc.es
Anode to  Grid. . .
Grid to Cathode. : .

Anode  Current  Time Ji.tt;;
Ionization Time t,

approximate .  .  .
Grid Drivel

Maximum Peak Anode Voltage
Inverse^
Forward,  .  minimum  Supply

voltage=3500  volts  d-c. .  .
Maximum Cathode Current

Average
Maximum Averaging Time. . .

a

40       -    „4'f
30       -   „„f
-     0.01     Microseconds

-          1    Microseconds

CERAMIC   ENVELOPE
EXTERNAL   ELECTRODES

nal electrodes to improve heat dissipation.
The  high-peak-power  ratings  of  this

tube  and  its  mechanical  design  features
assure reliable service under the stringent
operating conditions encountered in high-
power pulse equipment.

Mechanical

Mounting Position-Vertical, Base Down
Net Weight, approximate 9    Pounds

Thermal

Type of Cooling-Convection IT
Ambient Temperature Limits ......- 55 to  +75     C

MAXIMUM   RAT.NCS-ABSOLUTE   VALUES

.     33,000     Volts

2000     Amperes
4.0     Amperes

1     Cycle
75     Amperes

Anode Dissipation Factor Y .....
Maximum Negative Control-Cirid

Voltage before,Conduction . . .
Maximum Ratetof Rise of

Anode  Current .  .  .

30  x  109

650     Volts

....     10,000     Amperesper
Microsecond

The above limits  are interrelated and  it does not necessarily follow that combinations of limits can  be attained simultaneously. For
further  information  consult  the  Tube  Department,  Schenectady  5,  N.  Y.
*  The optimum reservoir voltage for operation at maximum tube voltage, maximum peak and average tube currents, and at a repeti-

tion corresponding to the rated operation factor is inscribed on the base of the tube and must be held within  ±2.5  percent.  Applica-
tions involving operation at other conditions will necessitate a redetermination of the optimum reservoir voltage.

**Stand-by operation with heater and reservoir voltages  is not recommended.  Where necessary,  the tube should be operated  at  full
equipment conditions for a minimum of two hours during each twelve-hour period of stand-by.

t  The time interval between  the point on  the rising portion of the grid pulse which is  26 percent of the peak unloaded pulse ampli-
tude, and the start of the anode-current pulse.

i  Driver pulse  measured  at  tube  soc.ket  with  thyratron-grid  disconnected;  amplitude=1300  volts  minimum,  2500  volts  maximum
above 0; time of rise = 0.35 mic.rosecond maximum, measured from 26 percent to  70 pert.ent of peak value; grid pulse duration = 2
microseconds  minimum,  measured  between  70  percent  of peak  on  rising  side  to  70  percent of peak  on  falling  side;  impedance  of
drive circuit = 10 to  25 ohms maximum.

fl An air blast may be directed at the anode and upper portions of the tube envelope to extend performance under high-anode-dissipa-
tion-factor  operation,  provided  envelope  and  anode  temperatures  exceed  150  C.

^The minimum inverse anode voltage permissible is  5 percent of the peak forward voltage and the maximum is 5000  volts during
the first 25  microseconds following the anode pulse exclusive of a spike of 0.05 microsecond maximum duration.

t  Instantaneous starting is not recommended.  However,  in cases where it is necessary to apply anode voltage instantaneously,  tne
maximum permissible forward starting voltage is 22,000 volts peak. The power-supply filter should be designed to limit the rate of
application of this voltage to  550,000 volts per second.

'|:i:d:c¥:fctuhr:e:eta%ff:¥£ra°rie:ntohdyeravtorL°t::e]:S::s:qr::reet]::o°:::tte?ea::°Seuac±:i:E::::::E:.andpeakcurrents.
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X-RAY  WAR`NINC  NOTICE

If the  GL-7390 is operated at anode voltages in excess of 16 kilovolts,  X-ray radiation  shielding may be necessary  to
protect the user against possible danger of personal injury from prolonged exposure at close range.  For further information
consult the following references or other standard texts on the subject:

(a)   X-RAY PROTECTION DESIGN, Handbook No.  50.  National Bureau of Standards, Washington, D.  C.
(b)   X-RAY PROTECTION, Handbook No. 60. National Bureau of Standards, Washington, D.  C.

The above references are available from the Superintendent of Documents, Government Printing Office, Washington
25,  D.  C.

(c)   SAFETY CODE FOR THE INDUSTRIAL USE OF X-RAYS, Bulletin No.  Z54-1.  American Standards Associa-
tion, New York  17, N. Y.

(d)   Schneider,  S.  and  Reich,  8.,  "X-Ray Emission from High-Voltage Hydrogen  Thyratrons,"  PROC.  IRE,  Vol.  43,
No.  6,  June,  1955.
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GL-7390-A

HYDROGEN  THYRATR®N
The GL-7390-A hydrogen thyratron is identical to the GL-7390 except for the addition of a temperature

indicator at the top of the tube. An outline drawing showing this addition is on page  2.

For  technical data on  Type  GL-7390-A,  please  refer  to the  GL-7390  technical  information  sheet  in the
manual.

GENERAL ©  ELECTRIC



GL17390-A
ET-T 1663
PAGE   2
11  -60 GL-7390-A

a,
+----i.r1 !  MAX.

2:tulAX- ANODE T

I
i DIA.X-

i"+,-I.I

'4:!i
GmDTEfD.'A

5:"
WITH  N(/scRE\W

2 - I y2 D'AMA_X.

I

L-frA

4:"±,.      A

''.HJ
I

II

I

;-.o±i.I FT-
I              l`:AJ88R

11

-  FLEXIBLELEADSH.

GRID -
TERMINAL

CATHODE   TERriiiNAL.

MOUNTING  FLANGE
HEATER
LEAD

ANODE  TERf``{lNAL

RESF.Rvom
/LEAD

HEATER.RESERVOIR LEAD

PRESSURE-TYPE  LUGS twITH   INSULATINC  SLEEVES`
_L_riGDESIGNATION

C  INCHES W  INCHES A INCHES X INCHES

#10 .187To.207 .395S.!AX. .2001,tAX. .275*'lN.

1„4 .2cOTo.SIS .605alAx. .505 &1AX. •580 „lN.

1''a .605MAX. .3C)5 '`'AX .380 M'N.

NOTE:   THEraE  SHALL  EIE  NO   C,B§TRur,TioN  WITHi.`I  T+iE  DisT,`NCE  OF  "X. FRO„  THE
CENTER  0F  THE  LllG   SCRE\./ HOLE.

GENERAL © ELECTRIC
POWER   TUBE   DEPARTMENT

Schenectady  5,  N.  Y.



GL-7890
ET-T1642
PAGE   1

5-61

GL-7890

HYDR®CEN  THYRATR®N
40   KILOVOLTS   PEAK
48   MEGAWATTS   AT  44   KILOWATTS
ANODE   DISSIPATION   FACTOR-55  x  loo

The  GL-7890  is  a  hydrogen  thyratron
for  radar  modulating  and  other  pulsing
applications.  It is  capable  of switching  a
peak   power   of   48   megawatts   at   an
average  power  of 44  kilowatts.  At  other
peak levels average power in excess of 70
kilowatts is possible.

Mechanically    the    tube    features    a
heavy-duty   ceramic   envelope,   external
electrodes  to  improve  heat  dissipation,
and   a   design  that   permits  cooling  by

Eleclrica.

Minimum      Bogey     MqximLim

Cathode-Indirectly Heated
Cathode is Tied to Heater Midpoint
Heater Voltage .
Heater Current,

Ef = 6.3 volts .
Hc.ating Time .  .

Reservoir
Heater Voltage .
Heater Current

Ere. -3.5 volts
Eres -5.5 volts

6.0                 6.3         6.6   Volts

27                 33          40   Amperes
15            -       -  Minutes

2.5                  3.5          5.5    Volts

7.0               10.512.0   Amperes

Heating  Time...                  15
Direct Interelectrode  Capacitances

Anode to Gradient Grid        -

n

n

Gradient  Grid  to  Con-
trol  Grid .  .  ,

Control Grid to
Cathode .  .  .

Anode Current Time
Jitter .  .  -

Anode Delay Time*. .
Anode Voltage Drop .  .  .
Grid Drivet

16   Amperes
-  Minutes

-   IJ,IJf

-   IJ.Irf

-   pelrf

Microseconds
Microseconds
Volts

CERAMIC   ENVELOPE

EXTERNAL   ELECTRODES

GRADIENT  GRID

forced air, water, or other fluids.  In addi-
tion the GL-7890 incorporates a gradient
grid.    This    grid    permits    much    more
effective hold-off of the d-c forward volt-
age near maximum voltage ratings than is
possible with single-grid design.

The high peak power rating of this tube
and its mechanical design features assure
reliable    service    under    the    stringent
operating conditions encountered in high-
power pulse equipment.

Mechanical
Mounting Position-Vertical with Base Down
Altitude,  maximum ....... 10,000     Feet
Net weight, approximate ...... 10     Pounds

Thermal
Ambient Temperature Limits ....- 55  to  +90    C
Type of Cooling-Forced Air or Fluid

Water Cooling
Inlet Water Temperature, minimum .... 5     C
Outlet water Temperature, maximum.   95    C
Water Flow,  minimum ..... 1     Gallon  per

Minute
Water Temperature Rise,  maximum ..... 5     C
Pressure  Drop  at  1  Gallon  Per  Minute,

approximate

Forced-Air Cooling
Inlet Temperature 40  C

Air Flow, minimum .  ,

1     Poundper
Square  Inch

6    CubicFeetper
Minute

Pressure Drop,  approximate ..... 2    Pounds per
Square  Inch

At  higher  inlet  temperatures  increased  air
flow may be required.

Natural Convection
The tube will operate satisfactorily without artificial cooling

at anode dissipation factors up to 30 x 109.

GENERAL ©  ELECTRIC
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Maximum Peak Anode Voltage
Inverse
Forward, minimum supply

voltage =3500  volts  d-c
Maximum Cathode Current

Maximum Averaging Time
RMSI

MAXIMUM   RATINGS-ABSOLUTE   VALUES

40,000     Volts

40'000     Volts

2400     Amperes
4.0     Amperes

1     Cycle
75     Amperes

Anode Dissipation Factor§ .  .
Maximum   Negative   Control-Grid

Voltage before  Conduction .  .
Maximuni Rate of Rise of

Anode  Current. . .

55  x  109

...650      Volts

.10,000     Amperes per
Microsecond

*  The time interval between the point on the rising portion of the grid pulse which is 26 per cent of the peak unloaded pulse amplitude
and the start of the anode current pulse.

t  Driver pulse  measured  at  tube  socket  with  thyratron  grid  disconnected;  amplitude = 1300  volts  minimum,  2500  volts  maximum,
above 0 ; time of rise = 0.35 microsecond maximum, measured from 26 per cent to 70 per cent of peak value ; grid pulse duration = 2
microseconds minimum,  measured between  70 per cent of peak on  rising side to  70  per cent of peak on  falling side; impedance of
drive  circuit = 10  to  25  ohms.

I  The RMS current of hydrogen thyratrons is the square root of the product of the average and peak currents.
§  The product of the peak forward anode voltage, pulse repetition  rate, and peak anode c.urrent.

OPERAT[NC   NOTES

Thermal

If the anode is operated at a high potential above ground, the leakage current should be held to a low value by using water
of low conductivity and a water path of sufficient length between anode and ground to assure a high-resistance leakage path.
Otherwise  excessive  deterioration  of  target  electrodes  and  anode  cooling  coil  will  occur.  Replaceable  flow-through  target
electrodes at anode potential are required in coolant lines approximately 6 inches from the anode cooling-coil terminals.

The product of water flow in gallons per minute  and water temperature rise in degrees centigrade must not exceed  5.  A
higher value indicates that the reservoir voltage is set too low.

The optimum reservoir voltage for operation under artificial-cooling conditions at maximum tube voltage, maximum peak
and average tube currents, and at a repetition corresponding to the rated anode dissipation factor is inscribed on the base of the
tube and must be held within  ± 5 per cent. Applications involving operation at other conditions will necessitate a redetermina-
tion of the optimum reservoir range.

Flow rates and pressure drops for fluids other than air or water will be provided on request.

Elec'I.ical

In operation, a compensating capacitor of approximately 60 #4tf rated to 40 kilovolts should be connected between  gradient
grid and control grid to equalize the voltage distribution between control grid and anode.

The minimum inverse anode voltage permissible is 5 per cent of the peak forward voltage, and the maximum is 30 per cent
during the first 25 microseconds following the anode pulse, exclusive of a spike of 0.05 microsecond maximum duration.

If the forward  anode voltage is applied instantaneously,  it  should be limited to  a  maximum  of 30  kilovolts peak.  For
starting at low anode voltages the following procedure is recommended :

I.   Preset anode power supply to a voltage exceeding 3500 volts.
2.   Apply trigger signal to grid.
3.   Apply anode voltage instantaneously.

X-RAY  WARNING  NOTICE

If the  GL-7890  is  operated  at  anode  voltages in  excess  of  16  kilovolts,  X-ray  radiation  shielding  may  be  necessary  to
protect the user against possible danger of personal injury from prolonged exposure at close range.  For further information
consult the following references or other standard texts on the subject :

(a)   X-RAY PROTECTION DESIGN, Handbook No.  50.  National Bureau of Standards, Washington,  D.  C.
(b)   X-RAY PROTECTION, Handbook No. 60. National Bureau of Standards, Washington, D.  C.

The above references are available from the Superintendent of Documents, Government Printing Office, Washington
25,  D.  C.

(c)   SAFETY CODE FOR THE INDUSTRIAL USE 0F X-RAYS, Bulletin No. Z54-1. American Standards Association,
New York  17, N. Y.

(d)   Schneider,  S.  and  Reich,  8.,  "X-Ray  Emission  from  High-Voltage  Hydrogen  Thyratrons."  PROC.  IRE,  Vol. 43,
No.  6,  June,  1955.
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GL-7890
ET-T1642
PACE   3

5.61

ANODE   TEBMINAL   I/4"-20xl/2..LG   BH

BRASS   SCREW    NI.  PL.8i   I/4"   BRASS  WASHER
I/2 "   O.D.  N  I.  PL.

!"=6J-;'D,A.

a

EiR  iiiiiE
13"  MAX

r\

WATEf3   CONNECTOFi   PLUGS
NO.  3-T2l   HANSEN   MFG.CO.
08   EOUIVALENT   MATING
SOCKET    NO.  3-S22   HANSEN
MPG   CO.  OP    EOulvALENT

5i'=i''D,A.

PROVIDE   CLEARANCE   FOR
PROFILE    INDICATED  BY
DOTTED   LINES

.312"  ±  .003"  DIA.
(4  HOLES)

4i"=5''D,A.

SILICONE-RUBBER   COFtoNA  SHIELD

NO.  6-32  x   I/2"  LG   RH   BRASS  SCREW   Nl.  PL.

NO.  6-32   HEX   NUT   BRASS   Nl.  PL.

NO.  6  BRASS   WASHER    5/16"   O.D.   Nl.  PL.

GRADIENT-GBID   TERMINAL

CONTBOL-GRID   TERMINAL

I"   MAX,

. 344" ± .020"

SECTION   a-a
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GL-8326

HYDR®CEN  THYRATR®N
33   KILOVOLTS   PEAK                                                                          CERAMIC   ENVELOPE
100   KILOWATTS   AVERAGE   POWER                                EXTERNAL   ELECTRODES

The GL-8326 is  a hydrogen thyratron     nat  electrodes  to  improve  heat  dissipa-

:°prp,:::t¥o-n:::tul£:t;::a:,nedof°:i?:c:i¥:i::    :.|°geLeanhd;g£:a P:£h:i:ir drfng a::tihi=
average power of I oo kilowatts.                       assure reliable service under the Stringent

Mechanically,   the   tube   features    a     operating conditions encountered in high-
heavy-duty  ceramic  envelope  and  exter-     power pulse equipment.

Eleclrical

MinimtJm    B®9®y          Maximum
Cathode-Indirectly Heated

Cathode is Tied to Heater Midpoint
Heater Voltage . . .
Heater Current,

Ef = 6.3  volts.  . .
Reservoir

Heater Voltage . . .
Heater Current. . .

6.0                6.3         6.6   Volts

35               -        55   Amperes

3.5                 4.5         5.5   Volts

Heating Time...                           15
Direct Interelectrode Capacitances

Anode  to  Grid. .  .
Grid  to  Cathode .......

Anode current Time Jitter     =
Anode Delay Time*. .

Delay Tilne Driftt. .. :
Anode Voltage Drop .  .  .
Grid Drive I

24   Amperes-  Minutes

Mechahical

Mounting Position-Vertical with Base Down
Altitude, maximum
Net Weight, approximate

10'000   Feet
15   Pounds

Thermal

Ambient Temperature Limits ....- 55 to  +75    C
Type of Cooling-Forced Air

Air Flow Rate, at 40 C Inlet Temperature
160    Cubic Feet per

Minute
Velocity, minimum ...... 2000    Feet  per

Minute
At  higher  inlet  temperatures  increased  air  flow  may  be
required.

MAXIMUM   RATINGS-ABSOLUTE  VALUES

Maximum Peak Anode Voltage
Inverse (See OPERATING NOTES, Electrical)
Forward, minimum supply

Max¥:'j;gec=t3h5:8ev€]ut:r::: ...... 33,000    Volts
4000     Amperes

Anode Dissipation Factor§ . 55  x  109
Maximum Negative Control-Grid

Voltage  before  conduction ...... 650     Volts
Maximum Rate of Rise of

Anode  current ........ 10,000     Amperes per
Microsecond

Average 7.0     Amperes
Maximum  Averaging  Time ...... 1     Cycle

100     Amperes

*  The time interval between the point on the rising portion of the grid pulse which is 26 percent of the peak unloaded  pulse ampli-
tude and the start of the anode current pulse.

t  Change in anode delay time relative to the delay time observed after five minutes of operation.
I  Driver  pulse  measured  at  the  tube  socket with  thyratron  grid  disconnected;  amplitude= 1300  volts minimum,  2500  volts maxi-

mum.  above 0: time of rise =0.35 microsecond maximum, measured  from  26 percent to  70 percent of peak value: grid pulse dura-
tion = 2 microseconds minimum, measured between  70  percent of peak on rising side to 70  percent of peak on falling side; imped-
ance of drive circuit= 10 to  25 ohms.

fl  The HMS current of hydrogen thyratrons is the square root of the product of the average and peak currents.
§  Highest rating to which tube has been tested.  This is not necessarily maximum tube capability.

GENERAL  ©  ELECTRIC
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0PERATINC  NOTES

Thermal

The optinum reservoir voltage for  operation  under  artificial-cooling conditions  at  maxinum tube voltage,  maximum
peak and average tube currents, and at a repetition corresponding to an anode dissipation factor of 50 x  109 is inscribed on
the base of the tube and must be held within  ± 5 percent. Applications involving operation at other conditions may necessi-
tate a redetermination of the optimum reservoir range.

Electrical

In switching and line-type modulator circuits the minimum inverse anode voltage permissible is  5  percent of the peak
forward voltage,  and the maximum is  5000 volts during the first  25 microseconds following the anode pulse,  exclusive of a
spike of 0.05 microsecond maximum duration.

If the forward  anode voltage is  applied instantaneously,  it should be limited to a maximum of 22  kilovolts peak.  The
power-supply filter should be designed to limit the rate of application of this voltage to 550,000 volts per second.

X-RAY  WARNING  NOTICE

If the GL-8326 is  operated at  anode voltages  in  excess of  16 kilovolts,  X-ray radiation shielding may be necessary to
protect the user against possible danger of personal injury from prolonged exposure at close range.  For further information
consult the following references or other standard texts on the subject:

(a)  X-RAY PROTECTION DESICIN, Handbook No.  50. National Bureau of Standards, Washington, D. C.
(b) X-RAY PROTECTION, Handbook No. 60. National Bureau of Standards, Washington, D. C.

The above references are available from the Superintendent of Documents, Government Printing Office, Washington
25,  D.  C.

(c)  SAFETY CODE FOR THE INDUSTRIAL USE OF X-RAYS, Bulletin No.  Z54-1. American Standards Associa-
tion, New York 17, N. Y.

(d) Schneider,  S.  and  Reich,  a.,  "X-Ray Emission  from  High-Voltage  Hydrogen  Thyratrons,"  PROC.  IRE,  Vol.  43,
No.  6,  June,  19S5.
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E±
I  I,±±'DIA

ANODE    TERMINAL
5/16"-24'.x   I/2"LC    HEX   HD   SCFiEW
AND  5/16"  WASHER

GRID    RADIATOR

GRID   TERMINAL
NO.6-32   STUD
NO.6   WASHER
NO.  6-32  HEXNUT

3'7"
±.a
DIA

(4  HOLE

PROVIDE   CLEAPANCE    IN
EOulpMENT    FOR   PROFILE
INDICATED    BY    DOTTED    LINES

HEATER   LEAD
(YELLOW)

lEI   .E!

HEATER-RESERvom   LEAD
FLANGE    MOUNTING    HOLE   AND
6RID    TERMINAL    ALICNED
WITHIN    20®

iiEEHI

K69087-72833

MOUNTING   FLANGE
AND    CATHODE
TERM I NAL

4i6"DIAMAX

FLEXIBLE
LEADS

SECTloN  A-A

H.Ft,AND  HR  CLEARLY  MARKED  IN
BLACK   LETTERS   I/4"   HICH  ON  WHITE
BAcl<GROUND   0N   LUG   INSuLATION   SLEEVES

RESEBVOIR
LEAD   (BED)

HEATER-RESERV0IB  LEAD
( YELLOW )

EXHAUST
TUBULATION

GFilD   TERMINAL;

CATHODE   TERMINA
MOUNTING    FLANGE

HEATER   LEAD

ANODE  TERMINAL

FiESERVOIR     LEAD

HEATER -RESEFtvoIR   LEAD

PRESSUPE-TYPE   LUGS  WITH  INSULATING   SLEEVES

LEADS LUGDESIGNAT ION "a"INCHES "W"INCHES "A''INCHES I.X"INCHES ''T..INCHES

RESERvom NO.10 .187TO.207 .395 MAX .200 MAX .275 M IN .060MAX
HEATEP-f}ESERVOIR I/4" 260TO.SIS .605 MAX .305MAX .380MIN .060MAX

HEATER I/4" 260TO.SIS .605 MAX .305  MAX .380M'N .060 MAX
NOTE:  THERE  SHALL  BE   NO  OBSTRUCTION  WITHIN   THE  DISTANCE  OF  .`X"  FROM

THE   CENTER    OF  THE   LUG    SCREWHOLE
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The  Triggered Spark Gap

The gap currently a,vailable  is  a miniature  switching  device  designed  to  deliver  short  pulses  of high peak
current with a minimum delay and jitter in applications involving high holdutf voltages and low leakage currents.
Since minimum external energy is required   to  initiate  the discharge,  its use eliminates some   components  with
consequent savings in space and cost reduction.   Rugged ceramic-metal construction assures ability to withstand
shock and vibration and permits reliable opera.tion over temperatures from as low as  -80 to as high as +300 F.

Applications include  energy switching into  low-impedance   resistive   or   inductive  loads   for   such  missile
functions as ignition;  stage  separation,  thrust-reversal, and missile destruction.

The design presently available will pass  4000  amperes  of  unidirectional current,  or  1500 amperes  of ringing
current,  for  pulses  of approximately  10  microseconds..   In the  energy  field  it will switch  18 joules.

These  ratingsby no  means  coverall  the  possibilities  inherent in  a device  of  this  nature.   If  interestwarrants,
similar gaps  with different  ratings  will be  made available.
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45 Kilovolts
50,000 chperes
15,000 Joules

OBJECTIVE
TECHNICAL   INFORMATloN

These    ratings    represent   the    design   objective   for   this

product.    Fiefer    to    the    Preliminary    Technical    Information
sheet  for    ratings    currently    achieved    in    the    progression
towards  design  objectives.   If  PTl   sheets  do  not  exist,  con-
sult  your  local  Tube  Department  Regional  Sales  Office.

This techwi.cat infoTriLahorL is  proprbctaru  and i,S furnished onlu  as  a  servi,ce to cu8tome'r8

ZR-7512

TRIGGERED  VACUUM   GAP

DEVELOPMENTAL

TYPE

ZR-7512
0TI-99D

Page  1
12-68

Fires  at  300 Volts
Ceramic Envelope

The  ZR-7512 is  a cold-cathode, vacuum, triggered spark gaLp capable of  switching 15,000 joules  at highvoltage.
Unique design combines the desirable features of vacuum and gas  devices.  These include  extremely wide voltage
range,  ease of triggering, high voltage  capability, rapid recovery time, stability of characteristics a.nd reliability.

Although capable of withstanding a hold-off voltage of 55 kilovolts indefinitely, the  ZR-7512 will fire reliably at
voltages  as low as 300 volts.  It will reliably switchnon-repetitive high-current pulses with minimum delay and jitter
in high-voltage circuits.   Applications include  "crowbars''*  and switching stored electrical  energy systems into
low-impedance loads,  or  energy-storage capacitors into resistive or inductive loads.

ELECTRICAL

Heater  Voltage    ....................................................   None  Required

MECHANICAL

Mounting Position -  Any
Net  Weight  .......................................................    Approx.  4  lbs.

MAXIMUM  RATINGS

InterelectrodeLeakageResistance   ...................................     10,000         Megohms
Main Gap

OperatingVoltage  .......................................... 30Ovto45         Kilovolts
Hold-Off Voltage,IndefiniteTime,  minimum .............................    55         Kilovolts
Peak Current

UnidirectionalPulse,maximum   ...............................     50,000         Amperes
Charge  Conducted Through Gap per  Operation**,  maximum ........

Discharge  Rate,  maximum .................................
Delay Time t,  V  app.  =  45  KV,  maximum   .......................
Jitter t,  V  app.  =  45  KV,. maximum   ...........................

Trigger  Gap
Typical Trigger  Firing Circuit:

Peak Voltage|,  typical   ................................
Short-Circuit  Current fl,  typical   ..........................

•.....  0.7         Coulombs
.......   2         Per Minute
......  0.1         Microseconds

0.1        Microseconds

........   5         Kilovolts

.......   40         Amperes
* In a " crowbar" application the gap acts as  a short-circuiting switch to protect vulnerable high-voltage equipment

by removingthe direct-current supplyvoltage within tenths of a microsecond after initiation of the trigger-pulse.
Unless the fault is self-clearing,  the  circuit  must subsequently be opened in the usual  manner.

** This rating refers tothe char.ge originating from the capacitor bank.   For further information concerning ``follow-
thru" current from the power supply in a given application consult the General Electric Microwave Tube Business
Section,

i From trigger-gap breakdown to main-gap breakdown.
I The voltage  rise time  should be as fast  as is consistent with the firing speed and accuracy required.   'I'he trigger will

fire typically  at  1 to 3 kilovolts  on  the  lea.ding  edge  of  the  pulse  but  may  fire at lower trigger voltages.   Only pulse
voltage  shall be applied to the trigger.

1T Delay time and jitter  may be decreased and gaplife increased by increasingtriggershort-circuit current.   Cur-
rents upto 100 amperes  may be used.   The pulse width should preferably not exceed  2 microseconds.
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OPERATING  NOTES

When discharging or crowbaring energy-storage capacitors, repetitive firing for short periods may be necessary
to maintain sufficiently low voltage to protect electrical equipment until circuit is cleared.  Restoration of power-
supply voltage to maintain service continuity without circuit-breaker action after a self-cleaLring fault is feasible in
a typical  circuit by blocking the trigger pulse.  This is due tothe rapid deionizationtime and excellent voltage re-
covery capability of the ZR-7512.   For further information consult theMicrowave Tube Business Section, Bldg.  269,
Schenectady, New York,  FRanklin 4-2211,  Extension  5-2507.
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6 Kilovolts
4, 000 jinperes
25 Joules

OBJECTIVE

TEOHNloAL  INFORMATloN

These   ratings   represent   the   design   objective   for   this
product.    Refer   to    the    Preliminary   Technical    Information
sheet   for   ratings   currently   achieved    in   the    progression
towards  design  objectives.   [f  PTI  sheets  do  not  exist,  con-
sult your  local  Tube  Department  Regional  Sales  Office.

The,8 techoieal informahon i,S propri,etwu  and is furviched, only  as a 8eru]iee to customers

ZR-7513

TRIGGERED  VACUUM  GAI'

DEVELOPMENTAL

TYPE

ZR-7513
0TI-201B

Page  1
12-68

Fires  at  150 Volts
Ceramic  Envelope

The  ZR-7513 is  a cold-cathode,  vacuum,  triggered spark gap capable of switching  25 joules  at  high  voltage.   Unique
design  combines  the desirable features  of vacuum and gas  devices.    These include extremely wide voltage range,  ease of
triggering,  high voltage capability,  rapid recovery time,  stability of characteristics  and reliability.

Although   capable   of  withstanding  a  hold-off  voltage   of   7.5   kilovolts   indefinitely,   the   ZR-7513   will   fire   re-
liably  at  voltages  as   low  as   150  volts.    It  will   reliably   switch   non-repetitive  high-current  pulses  with   minimum
delay    and   jitter    in    high-voltage   circuits.    Applications   include    "crowbars"*   and   switching    stored   electrical
energy systems into low-impedance  loa,ds,  or  energy-storage capacitors  into resistive or  inductive loads.

ELECTRICAL

Heater  Voltage     ..........................................................    None  Required

MECHAICAL

Mounting  Positior...............................................,................     cry
Net   Weight,   approximate     .....................................................      0.5  Cfunces

Interelectrode Leakage Resistance   .........
Main Gap

Operating Voltage    .................
Hold-Orf Voltage,  Indefinite Time,  minimum
Peak Current

MARIMUM  RATINGS

.......    10,000       Megohms

.....    150Vto  6       Kilovolts

.........     7.5       Kilovolts

Unidirectional  Rilse,   marimum   ................................
Charge  Conducted Through  Gap per  Operation**,  maximum ..............

Discharge  Rate,   maximum     .............................,........
Delay  Timet,  maximum   ......................
Jitter t,   maximum   ..........................

.   4,000      Amperes

.     0.05       Coulombs

..        2      Per   Minute
..,.....................      0.3        Microseconds
...............,........      0.I        Microseconds

Trigger  Gap
Typical Trigger  Firing Circuit

Peak  Voltage I,  typical   ........................
Short-Circuit  Current fl,  typical   ..................
Pulse  Width,  typical  ..........................

.................     1.0        Kilovolts

.................        12        Amperes

.................      0.5        Microseconds

*m  a  "crowbar" application the gap acts  as  a  short-circuiting switch  to  protect vulnerable high-voltage equipment by
removing the direct-current supply voltage within tenths of a microsecond after initiation of the trigger-pulse.    Unless
the fault is serf-clearing, the circuit must subsequently be opened in the usual marmer.

** This rating refers to the charge originating from the capacitor bank.   For further information concerning "follow-thru"
current from the power supply in a given application consult the General Electric Microwave Tube Business Section.

t From trigger-gap breakdown to beginning Of main-gap breakdown at  1 KV or more.
I The voltage  rise  time  should be as fast as is consistent with the firing speed and accuracy required.   The trigger win

fire  typically  at  about  500  volts  on  the  leading  edge  of  the  pulse  but  may fire at lower trigger voltages.  Only pulse
voltage  shall be a.pplied to the trigger.

flDelay time and litter  may be decreased and gap life increased by increasing trigger short-circuit current.  Currents up
to 25 amperes  may be used.

GENERAL ELECTRIC
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25 Kilovolts
40,000  Amperes
8'500 JOules

OBJECTIVE
TECHNICAL   INFORMATloN

These    ratings    represent   the    design   objective   for   thi`

product.    Refer    to    the    Preliminary    Technical    Information
sheet  for    ratings    currently    achieved    in    the    progression
towards  design  objectives.   If  PTl   sheets  do  not  exist,  con-
sult  your  local  Tube  Department  Regional  Sales  Office.

This technd;cad information is  proprbctaru  and d8 furnished only  as  a seri`i,ce to ciistoiTi,ers

ZR-7516

TRIGGERED  VACUUM   GAP

DEVELOPMENTAL

TYPE

ZR-7516
0TI-101D

Rage  1
12-68

Fires  at  300 Volts
Ceramic Envelope

The  ZR-7516 is a cold-cathode, vacuum, triggered spark gap capable of switching 8, 500 joules at high voltage.
Unique design combines the desirable features of va.cuum and gas  devices.   These include  extremely wide voltage
range,  ease of triggering, high voltage capability, rapid recovery time, stability of characteristics and reliability.

Although capable of withstanding a hold-off voltage of 30 kilovolts indefinitely, the  ZR-7516 will fire reliably a,t
voltages  as low as 300 volts.  It will reliably switch non-repetitive high-current pulses withminimum delay and jitter
in high-voltage  circuits.   Applications  include  ``crowbars''*  and switching stored electrical  energy  systems into
lowLimpedance loads,  or  energy-storage  capacitors into resistive or  inductive loads.

ELECTRICAL

Heater  Voltage    .............................................,......   None  Required

MECHANICAL

Mounting Position -  Any
Net  Weight,  approximate      ...................................,...............   2  lbs.

MAznMUM  RATINGs

InterelectrodeLeakageResistance  ....................................    10,000      Megohms
Main Gap

OperatingVoltage  ..........................................  300Vto25      Kilovolts
Hold-Off  Voltage,  Indefinite  Time,  minimum     ..................
Peak Current

Unidirectional  Pulse,  maximum   ........................
Charge  Conducted Through Gap per Operation**,  maximum

Discharge  Rate.,  maximum  .........................
Delay  Timet,  V  app.  =  25  KV,  maximum   ...............
Jittert,  V  app.  =  25  KV,  maximum    ...................

Trigger Gap
Typical Trigger  Firing Circuit

Peak Voltage|,  typical   .....
Short-Circuit  Currentfl, typical

30     Kilovolts

..    40,000      Amperes

....     0.7      Coulombs
...........      2       PerMinute
...........  0.1       Microseconds
...........  0.1       Microseconds

.............................        5        Kilovolts

.............................    40        Amperes

* In a ``crowbar" application the  gap acts as a short-circuiting switch to protect vulnerable high-voltage equipment
by removing the direct-current supply voltage within tenths of a microsecond after initiation of the trigger-pulse.
Unless the fault is  self-clearing,  the circuit  must subsequently be opened in the usual manner.

** This rating refers to the charge originating from the capacitor bank.   For further information concerning  ``follow-
thru" current from the power supply in a given application consult the General Electric Microwave Tube Business
Section.

t From trigger-gap breakdown to main-gap breakdown.
I The voltage  rise tim-e  should be as fast  as is consistent with the firing speed and accuracy required.   The trigger will

fire typically  at  1 to 3 kilovolts  on  the  leading  edge  Of  the  pulse  but  may  fire at lower trigger voltages.   Only pulse
voltage  shall be applied to the trigger.

fl Delay time and jitter  maybe decreased and gap life increased byincreasingtrigger short-circuit current.   Cur-
rents up tol00amperes  may be used.   The pulse width should preferably not exceed  2 microseconds.
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OPERATING  NOTES

When discharging or crowbaring energy-storage capacitors, repetitive firing for short periods may be necessary
to maintain sufficiently low voltage to protect electrical equipment until circuit is cleared.  Restoration of power-
supply voltage to maintain service continuity without circuit-breaker action after a self-clearing fault is feasible in
a typical circuit by blocking the trigger pulse.  This is due tothe rapid deionizationtime and exceuent voltage re-
covery capability of the ZR-7516.   For further information consult the Microwave Tube Business Section, Bldg.  269,
Schenectady, New York,  FRanklin 4-2211,  Extension 5-2507.
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15 Kilovolts
20,000  Amperes
3,000 Joules

OBJECTIVE
TECHNICAL   INFORMATI0N

These    ratings    represent   the   design   objective   for   this

product.    Refer    to    the    Preliminary    Technical    Information
sheet  for    ratings    currently    achieved    in    the    progression
towards  design  objectives.   If  PTl   sheets  do  not  exist,  con-
sult  your  local  Tube  Department  Regional  Sales  Office.

This techm,hoal i,nformchon is  proprwha;ru  and i,s furnished only  as  a 8erui,ce to customers

ZR-7517

TRIGGERED  VACUUM  GAP

DIVELOPMENTAL

TYPE

ZR-7517
0TI-102D

Page  1
12-68

Fires  at  300 Volts
Ceramic  Envelope

The  ZR-7517 is  a cold-cathode, vacuum, triggered spark gap capable of switching 3,000 joules at high voltage.
Unique design combines the desirable features of vacuum and gas  devices.  These include extremely wide voltage
range,  ease of triggering, high voltage capability, rapid recovery time, stability of characteristics and reliability.

Although capable of withstanding a hold-off voltage of 20 kilovolts indefinitely, the  ZR-7517 will fire reliably at
voltages as low as 300 volts.  It will reliably switch non-repetitive high-current pulses with minimum delay and jitter
in high-voltage  circuits.   Applications include  "crowbars''*  and switching stored electrical energy systems into
low-impedance loads,  or  energy-storage capacitors into resistive or inductive loads.

ELECTRICAL

Heater  Voltage    ....................................................   None  Required

MECHANICAL

Mounting Position -  Any
Net Weight,  approximate  .......................... ........       1lb.

MAXIMUM  RATINGS

Interelectrode  Leakage Resistance   ..........................
Main Gap

Operating  Voltage    ..........................
Hold-Off Voltage, Indefinite  Time,  minimum    ........
Peak Current

..10,000         Megohms

300V to  15         Kilovolts
.....    20         Kilovolts

..     20,000         Amperes

.....  0.4         Coulombs
Unidirectional  Pulse,  maxilnum   ........................
Charge Conducted Through Gap per  Operation**,  maximum    .....

Discharge  Rate,  maximum     ..........................
Delay  Timet,  V  app.  =  15 KV,  maximum   .................
Jitter t,  V  app.  =  15 KV,  maximum  .......

Trigger Gap

..............       2          PerMinute

Typical Trigger  Firing Circuit
Peak Voltage|,  typical   ...........................
Short-Circuit  Current fl,  typical   .....................

..........  0.1         Microseconds

..........  0.1         Microseconds

...........   5          Kilovolts

..........    40         Amperes

* In a "crowbar" application the gap acts as  a short-circuiting switch to protect vulnerable high-voltage equipment
by removing the direct-current supply voltage within tenths of a microsecond after initiation of the trigger-pulse.
Unless the fault is  self-clearing,  the circuit  must subsequently be opened in the usual manner.

** This  rating refers to the charge originating from the  capacitor bank.   For further information concerning"follow-
thru" current from the power supply in a given application  consult the General Electric Microwave Tube Business
Section.

t From trigger-gap breakdown to  main-gap breakdown.
I The voltage  rise time  should be as fast  as is consistent with the firing speed and accuracy required.   The trigger will

fire typically  at  1 to 3 kilovolts  on  the  leading  edge  of  the  pulse  but  may  fire at lower trigger voltages.   Only pulse
voltage  shall be applied to the trigger.

flDelay time and jitter  maybe decreasedand gaplifeincreased byincreasingtrigger short-circuit current.   Cur-
rents up to 50 amperes  may be used.   The pulse width should preferably not exceed  2 microseconds.
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OPERATING  NOTES

When discharging or crowbaring energy-storage capacitors, repetitive firing for short periods may be necessary
to maintain sufficiently low voltage to protect  electrical equipment until circuit is cleared.    Restoration of power-
supply voltage to maintain service continuity without  circuit-breaker action after a serf-clearing fault is feasible in
a typical circuit by blocking the trigger pulse.  This is due tothe rapid deionizationtime and excellent voltage re-
covery capability of the ZR-7517.   For further information consult the Microwave Tube Business Section, Bldg. 269,
Schenectady,  New York,  FRanklin 4-2211,  Extension  5-2.507.
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GL-7964

TRI¢CERED SPARK CAP

®

a
Eleclrical

Heater  Voltage

Mechanical
Mounting Position-Any
Net  Weight

MINIATURE   SWITCHING   DEVICE

18   JOULES

The  GL-7964  is  a  small,  cold  cath-
ode,  gaseous,  triggered spark  gap  capa-
ble  of  switching  18  joules  of  energy  at
high voltages. Since the device does not
require  external  energy  to  initiate  the
discharge  its  use  permits  both  equip-
ment cost reduction and savings.in space
through  component  elimination.

Mechanical  features   include  rugged
metal-ceramic   construction,   ability   to
withstand high shock and vibration con-
ditions, and reliable operation over ten-

None  Required

3   KILOVOLTS

peratures  ranging  from  as  low  as  -80
to  as  high  as  +300  F.

The  GL-7964  is  especially  designed
to  deliver  short rapid pulses  of current
with minimum delay and jitter in appli-
cations   where   high   hold-off   voltages
and low leakage currents exist.

Applications  include  switching  single
stored   electrical   energy   systems   into
low impedance loads, or energy storage
capacitors   into   resistive   or   inductive
loads.

Thermal
Ambient  Temperature  Range ..........- 8n  to  +300  F

MAXIMUM   RATINGS

Interelectrode  Leakage  Resistance ...... 10,000  Megohms
Main Gap

Operating   Voltage ............... 2.0   to   2.6   Kilovolts
Hold-off   Voltage,   minimum-Terminal   No.    1   Positive,

Terminal No. 2 Negative
1.0  Minute
10  Minutes
Indefinite .
Static Breakdown Voltage

Minimum
Maximum

Peak Current
Unidirectional  Pulse,  maximum

Pulse   Duration,   maximum. . .
Ringing*,   maximum ...........

Arc  Drop,  approximate ...........
Delay Timet, Vapp  2400  DC .....

4.0   Kilovolts
3.6   Kilovolts
3.0   Kilovolts

4.25   Kilovolts
5.2   Kilovolts

4000  Amperes
. .10   Microseconds
1500  Amperes
. .60   Volts
. .1.0  Microseconds

0.5  Microseconds

Trigger Gap
Hold-off   Voltage,   minimum-Terminal   No.    2   Positive,

Terminal No. 3 Negative
1.0  Minute

Static Breakdown Voltage
Minimum
Maximum

1.2   Kilovolts

1.5  Kilovolts
2.8  Kilovolts

I:ig§:: Fi:i:8 8::::g:§'. .?.£TiTiT........... 35.?o Kfiopv:i:a
Duration of Trigger Firing Pulse-Sinusoidal Pulse,

5.0 Kilovolts Peak Voltage,  18 Microsecor`_ds to Peak

*   1500  amperes  for the first half  cycle  of a  10-12  kc  ringing  frequency.  Circuit  should  be  sufficiently  damped  to  pass  only  5  to
6 cycles.

i  From trigger-gap breakdown to main-gap breakdown.
I  Main  gap  jitter  i§  defined  as  the  variation  in  main-gap  delay  time.
§  Breakdown to  occur on leading edge of pulse  having a rise time  of 8  microseconds  where  rise  time  is  defined  as  the  interval  of

time between  10 percent and  90 percent of the trigger voltage pulse.

GENERAL © ELECTRIC

Supersedes  ET-T1655A  dated  10-61
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GL-7964-1

TRI¢¢ERED  SPARK  CAP
Except  for  the  position  of the main dome and trigger dome terminals,  this device is identical to the GL-7964.  These

terminals on the 7964-1 are perpendicular to the body of the gap instead of parallel.
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-PRODUCT  INFORMATION-

MILITARY   EQUIPMENT

TYPES   MANUAL

HIGH-POWER   KLYSTRONS

Pagel     12-70

MET-llB

®

®

®

TIIGII-POWER   Kl,YSTRONS

General  Electric  has  I)ec`n  maii``facturing  high-p`)u'er  m`iltiple-rf`sonator  amplifiei.  klystrons  for  nearly  tuJo
decacles  alid  as  a   res`ilt  has  tlcl`Jelopt`d  a  u'idt`  aml  vt'r.satilt`  dc`sign  anc]   m€inurat`t`iring  cap,`l>iljty.      Chc`ck  these  features
which  chara(`.I.cri7,(`  General   El(.(.ti-i(-k[ystrolls.

•   Entirely  metal-and-cera`T`ic  constr``ctioii.     Gc`neral  F,lc`ctric  pioneered  in  the  dc`sign  and  appli(`ation  of  high-
power  cerami(`  Rl-oiitput  windo\`Js.

•   Tui`able  t,ypcs  are  dcsignecl  such  that  each  cavity  tunes  at  the  same  rate:  thus,   multiple-cavity  tuners  gauged
together  will  provide  full  specification  I)c.rformance  across  tuning  raiiges  of  up  to   I.5  percent  w'ithout  trim-
tuning  incliviclua[  resonators.

•   Electron  g\in  clesigns  with  iioii-intercepting  shadow  grids  are  now  av&ilablc  to  simplify  IT`odulator  I.equirc`-
ments,   particularly  whc`r.  sophisti(`ated  pulse  ti.aims  or  very  high  pulse  repetition  rates  are  ]`eeded.     Tliese

grids  are  capable  of  pulsiiig  beam  current  with  a  grid  voltage  swing  on  the  ordcir  of  5  percent  of  beam  voltage.

•   Ion pumps  are  an  integral  part,  of  each  klystron.     This  device  provides  c`ontinuous  pumping  action  th`is  assur-
ing  the  maintc}iance  of  excellc.nt  vacuum  condit.ions  c,onducive  to  long  life  and  reliability.     The  current  drawn
by  the  punip,   on  the  order  of a  few  microanii)Ores,   is  a  direc`t  indicator  of  the  amount  of  gas  present  in  the
tube  and  c.1n  be  a  valuablc`  aid  in  detecting  adverse  oi)Crating  or  environmental  conditions  and  in forecasting
end  of  life.

•   Conservative  design  is  the  key  word  for.  long  life  and  reliability.     With  respec.t  to  emission  densities,   elec-
tron  beani  densities,   collector-dissipation  cat)ability,   voltage  gradients  an(I  RF  window  designs,   we  strive
for  reserve  capability.     These  factors  of  safety  cont.ribute  to  stability  and  to  invulnerability  to  adverse
operating  parameter  adjustments  or  fluctuations.

•  Our  broadband  t`ibcs  exhibit  outstanding  performanc,e  as  described  below  and  are  completely  tunerles§.     The
excellent  broadband  I.espoiise  is  rigidly  and  pcrmancntly  det,ermined  in  the  process  of  manufacture.

•   Modular  design  facilitates  the  pr,|ctical  and  economical  repair  of  General  Electric  klystrons.     Any  major
subassembly  can  bc  reaclily  replacccL     The  need  for  costly  new  replacement  tubes  is  virtually  eliminated.

Types  being  produced  are  pulsed-a,mplifier  klystrons  for  radar  transmitters.     Ratings  on  these  types  are  pre-
sently  U. S.   classified  ancl  can  be  macle  avail.able  on  req`ic`st  with  the  establishment  of  appropriat.e  ''need  to  know."

Tunable  multi-mcgawatt  produc.ts  in  both  L  and  S  frequency  bands  are  available.     Tunerless  broadband  kly-
strons  in  UI-IF,   L  and  S  Bands  have  bccn  successfully  producecl  to  provide  re,sponses  that  are  flaLt  within  I  decibel
over  bandwidths  ranging  up  to  8  perceiit  undc.r  constant  RF  drive  conditions.     Minimum  efficiencies  are  typically
35  percent.

Techniques  for  achieving  broadband  performanc`e  have  been  highly  refined  and  computer-optimized.     We  are
in  a  position  to  apply  the.se  techniques  in  deriving  new  types  foi.  bandwidths  up  to  10  percent,   depending  upcin  power
level  and  frequency,   with  interc',st  in  the  range  from  U[IF  to  X-Band.

In  our  research  and  develoi)ment  activities,   too,   various  techniques  are  continually  under  investigation  for
improving  klystron  efficiei`cy,   with  sp<|re  and  airborne  applications  in  mind.     One  experimental  computer-optimized
klystron,   for  example,   has  demonstrated  an  c`fficiency  in  excess  of  60  percent  without  collector  voltage  depression.

Additional  information  on  how  these  techniques  can  be  applied  to  your  klystron  needs  may  be  obtained  by  con-
tacting  your  local  GE  Electronic  Components  Salc`s  Office.
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ZM-6802

KLYSTRON

1250  -  1350  Megacycles
Pulsed

DEVELOPMENTAL

TYPE

ZM-6802
0TI-78
Page  1

11-1-62

10  Mega.watts  Peak Output
40-Decibel Gain

The  ZM-6802  is  a broad-band pulsed amplifier  designed to deliver   10 megawatts of peak power  over  a fre-
quency range  of  1250 to  1350  megacycles  at a maximum  radio-frequency duty cycle  of 0.0015.   This  tube features
notably uniform performance over the frequency range.  The variation in power output over the  entire  100-mega-
cycle bandwidth is  1 decibel or  less with a constant amount of radio-frequency driving power.

GENERAL

Electrical
Frequency..........
Heater

Volta.ge..........
Current..........
Surge  Current  ......
Cathode  Preheat Time

Focusing
Field............
Field  Power   .......

Ion-Pump Voltage *   ....

Minimum      Bogey      Maximum
1250                                     1350    Megacycles

14.5              15.5                  16.5     Volts
16.0                --      Amperes

24    Amperes
--      rmnutes

1000                --      Gausses
4.5                --      Kilowatts
2. 5                 --      Kilovolts

Mechanical
Mounting Position -  Vertica.I,  Cathode  Down
Cooling - Wa,ter  or  60% Ethylene  Glycol a.nd Water t

Flow  Ra,te,  minimum    ......................
Pressure  Drop,  approximate   .................

Dimensions
Overall  Length,  maximum  ...................
Weight,  approximate .......................

Connections
RF Input  -  To  Fit Coaxial  Connector  UG-21B/U
RF  Output -  To Fit Waveguide Flange UG-417A/U
Cathode  -  For  Plug-in Installation(See  Outline)
Coolant -  To Fit Hanson No.  6S32 Socket or  Equivalent

Waveguide  Pressure .........................
X-Ray Shielding I
Cathode Insula.tion  -  The  Cathode Insulator  Must be Immersed in General

Electric  No.  10C Insulating Oil or  Equivalent

ACCESSORIES

Collector  I\thgnet  Coil

Electrical
Voltage......
Current......

Typical
Operation

.......        145

8

Mechanical
Connection  -Amphenol,  I\us-3102A-16-9P  or  Equivalent
Coolant lnterc onnections

Collector  -  Hansom No.  6S32  or  Equivalent
Body  -Hansom  No.  2S16  or  Equivalent

Weight,  approximate ........................

•       30    Gallonsper  Minute
•      50    Poundspersquarelnch

72.675    Inches
.    150    Pounds

15    Pounds per Square Inch

Maximum
--    Volts
10    Amperes

.......        90    Pounds

_                                 _         _                    _                 _ _                              _ _-
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MAXIMUM  RATINGS  AND  TYPICAL  OPERATING  CONDITIONS

PULSED  RADIO-FREQUENCY  AMPLIFIER

Maximum Ratings,  Absolute VaLlues

Beam
Pulse Voltage
Pulse Current
Pulse  Length .............
Duty  Cycle   ..............

Radio-Frequency Duty  Cycle  ....
Power Input

Peak....-..............

Average.........
Body Power  Dissipation tt

Typical Operation
Beam

Pulse Voltage  .  .
Peak Current   .  .
Average Current

205      Kilovolts
170      Amperes

7      mcros econds
....        0.0017
....        0.0016

35      Megawatts
6 0      Kit owatts
7       Kil owatt s

19 0      Kilovolts
158      Amperes
270      Milliamperes
30      Megawatts

244      Pulsespersecond
6. 2      rmcroseconds

....        0.0015

10      Megawatts
15      Kilowatts

1      Kil owatt
40      Decibels

Peak  Power  Input ...............................
Pulse  Repetition  Rate  ............................
Radio-Frequency Output  Pulse  Length  .................
Radio-Frequency  Output  Duty  Cycle    ..................
Radio-Frequency Output Power

Peak  .  .
Average

Radio-Frequency Peak Driving Power  ............
Power  Gain §      ............................
Efficiency ...............................................                   33        Percent
Bandwidth,1-decibelpointforconstantdrive   .......................             100       Megacycles

* This tube I eatures an integral ion pump capable of absorbing gas which may evolve from or diffuse through tube
materials.  Operation Of the pump requires the indicated d-c voltage and a magnetic field.  When installed in the
socket it utilizes the magnetic field provided to focus the electron beam.

t Liquid cooling of the  collector  and body Of the tube and of the collector  magnet coil is required.    These  coolant
circuits  are  connected  in parallel  when the  collector magnet coil  is properly installed  on the  tube.    The flow
specified is for maximum ratings and includes all coolant circuits.   A recirculating coolant system constructed
of non-corrosive material should be used in conjunction with distilled or deionized water and pure ethylene glycol.
Rust inhibiting additives must not be used.

I The  ZM-6802 is  a source of  dangerous X-ray radiation  whenever beam voltage is applied.    Adequate shielding
must be  provided  for the protection  of personnel.    In designing  a shield  for protection  to a  specific level  and
for  a specific application the following sources should be consulted:

X-RAY  PROTECTION  DESIGN,  Handbook No.  50,  National Bureau of Standards,  Washington,  D.  C.
X-RAY  PROTECTION,  Handbook No.  60,  National Bureau of Standards, Washington,  D.  C.
The above references a.re available from the Superintendent Of  Documents,  Government Printing
Office, Washington 25,  D.  C.
SAFETY  CODE  FOR  THE  INDUSTRIAL  USE  OF  X-RAYS,  Bulletin No.  Z54-1.   American
Standards Association,  New York  17,  N.  Y.

flA thermopile  unit mounted  on the collector coil measures  the rise in  temperature in the  coolant circuit which
absorbs heat  produced  by  interception Of electron energy by the klystron tunnels.    This temperature rise con-
verted to kilowatts provides  a means  of detecting  and protecting against  excessive body  dissipation  which can
damage or destroy the tube.

§ The indicated power  gain is computed  from the ratio  Of peak  radio-frequency power  output to  peak radio-fre-
quency power input.  The typical-operation parameters are based on the use of a drive pulse which is somewhat
longer  than the  beam-voltage  pulse  in order  to convert  the maximum  amount  of d-c beam  power  into  radio-
frequency power.
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-PRODUCT INFORMATION-
MILITARY    EOUIPMENT

TYPES    MANUAL

VOLTAGE-TUNABLE
MAGNETRONS

Selection  Chorf

Page 1     12-70

MET.12l

LOW-POWER  VOLTAGE-TUNABLE   MACNETRONS (up to I  walt)

I  TUBE   TYPE
FFtEQUENCYRANGE(MC)

M I N I M u lvlPOWEROUTPUT(WATTS)

NOISE(DB/MC)
POWEFtVARIATloNDB TUNINGSENSIT.MC/V

SIZECU.lN. Wet.LBS.

MAXIMUM   VOLTAGES(VOLTS) MAXIM uM   CUR RENTS

MAANODE MAlN,. AFIL
ANODE lNJ. FIL.

ZM-6085 885-1485 0.036d -86' 5i 1.00 130 4.00 1625 250 2.6 20 I.0 2.10
ZM-6051 1000.2000c 0.loo -75g 6J 1.50 64 3.00 2000 300 2.3 10 1.0 2.50
ZM-6238a 1000-2000 1.000

-86f
3J 1.15 24 1.50 2000 300 3.0 25 I.0 2.1

ZM-6086 1420-2607 0.036d 5, 1.66 130 4.00 1740 250 2.6 20 1.0 2.1
ZM-6222a 2000-4000 1 . 000 - 4/ 2.30 24 1.50 2000 400 3.0 25 1.0 2.1
ZM-6087 2507-4310 0.0360 -86' 5, 2.88 130 4.00 1700 250 2.6 20 1.0 2.10
ZM-6205b 2750-3090 1.000 -951, 1.2 3.35 60 2.75 1000 205 3.0 12 0.I 2.05

(a)   These  VTM's  are  magneticaHy  and   RFl  shielded.  Integral  isolator optional.
(b)   All  characteristics  for  this  VTM  have  been  obtained  with  a  3:1  mismatch.  This  tube   has  integral  isolator.
(c)  Frequency  range  can  be  exterided  for  this  tube  on   special   order  to   1000-2500  mc.
(d)  This  power  level  is  measured  at  the  output  of  a  10  db  integral  attenuator;  this  VTM  is  available  with  0.300  watts.
(e)  This  power  level  is  measured  at  the  output  of  a  13  db  integral  attenuator;  this  VTM   is  available  with  0.55  watts.
(f)   These  noise  levels  are  measured  with  respect  to  the  carrier  level  over  a  noise  band  of  59-61  mc  f rom  carrier.
(g)  These  noise  levels  are  measured  with  respect  to  the  carrier  level  over  a  noise  band  of  56-64  mc  from  carrier.
(h)  These  noise  levels  are  measured  with  respect  to  the  carrier  level   at  30   mc  away  {rom  carrier.
(i)   This  power  variation   is  measured  with  the  VTM   operating  into  a   2:1  mismatch.
(j)   This  power  variation  is  measured  with  the  VTM  operating  into  a   matched  load.
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MIIdTARy  EQrmMENT  TypEs  MANUAL

VOLTAGE-TURABI.E  MAGNETRONS

]NTERMED]ATE-POWER  VOLTAGE-TUNABLE  MAGNETRONS  {1   lo   IO waHs)

I  TUBE  TYPE I     FHEQUENCYRANGE(MC' "]NIMUM  ,pOW£HIOL'TPur(vyATTS)
SWEPTEFF-% POWEfl TUNIHGSEl|SIT-"C'V

SIZECIJ.'N. Wet.LBS.

MAXIMLl-M  VOLTAGES(Volts) MAXIM U»  CultRENTS

MAAwol)I MAINJ. AFILvAniATioHDB
AMOOE lNJ. F'L

ZM-6242ch 1775-1925 3.00 30 1c I.75 21 2.0 1500 500 2.2 20 1.0 2.54
ZMi203 2475-2725 1.75 10 3.5c 2.50 46 3.5 1200 315 2.8 22 1.0 2.00

ZM-6220 2475-2725 1.50 15 3c 2.50 46 3.5 1200 315 2.8 22 1.0 2.00

ZM-6211A® 2500-3500 10.00 25 3cl I.80 22 1.5 2500 700 2.6 40 I.0 3.20

ZM-6265ab 2500-3500 10.00 25 3d I.80 9 1.0 2500 700 2.7 40 1.0 3.00

ZMJ5243.b 2890-3110 3.00 15 lc 3.00 21 2.0 1500 500 2.2 30 I.0 2.54

ZM-6257a 35004500 10.00 45 3.Oc 2.20 24 I.5 2000 500 2.5 40 1.0 3.40

(a)  This VTM is magnetically shielded.
(b)  This VTM  has integral isolator.
(c)  Readings taken with matched load.
(d)  Maximum rating into a matched toad  is I.5 db.

N°TEi§q:::ii',::§±!tSo§iSiir;%§mr:§o§ieTIG:i::ai}e{§i§e;,';i;|jmsi;g#:ij:i§£ilititiijiid:ii(:t;°8§):€7i:.g£!§L#}!}iv!e§:Ti:§££di°:gFfi;!jl:::M|j;

HIGH-POWER  VOLTAGEITUNABLE  MAGNETRONS  (above 1 o watts)

TUBE  TYPE

mE{&#±NECY
M I N I M u lvlPOWEROutput

SWEPTEFF. PVAROWEFtIATION TUNINGSENSIT.
SIZE Wet.

MAXIIvl (uM  VOLTVOLTS)AGES MAXIM LIM   CUFtR ENTS

MA MA A
ANODE lNJ. FIL.(lvIC) (WATTS) % DB IVIC/V CU.  IN. LBS. ANODE lNJ. FIL.

ZM.6231ab 1220-1450 90 55

11

1.4c 0.45 50 7.04.57.54.54.54.57.57.0 3400 1500 2.52.52.52.52.52.52.52.5 70 1.0I.0±0.51.01.01.0±0.51.0 6.06.05.76.06.06.05.76.0
ZM 6239a b 2600-3050 90 60 .4c 011I112 90 45 3500 1500 70
ZM 6046b 2600-2900 90 60 .Oc 00 100 3100 1300 70
ZM 6276ab 2600-3200 100 60 .4c 00 45 3400 1700 80
ZM 6240ab 2860-3310 90 55 .4c 00 45 3500 1500 70
ZM 6277ab 2860-3460 100 55 .4c 00 45 3400 1700 80
ZM 6047b 2900-3200 90 55 .Oc 00 100 3100 1300 70
ZM-6246b 4800-5300 75 55 .4c .00 100 3200 1500 70

(a)  This VTM  is  magnetically shielded.
(b)  This VTM  has  integral  isolator.
(c)   Readings taken with  matched  load.

N°TE§r;g;:i:u:,;i#f;i§::,!!d§;i:Cg:sicsr|e:;::g:::{!:Ee;:citi§:a;;a:tr;!s;iii[£;3;b!i!:;%:ee:dp?tf8!i!:t:::|]i{rt¥:;i;S;ii|§#e!#¥;}n:sis:h:3;€€£€i§:riio!jn?5°::7:!j;e:t!%:

TUBE   PRODUCTS   DEPARTMENT

GENERAL ©  ELECTRIC

Scheneclady,  New York  12305,  U.S.A.
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ZM-6046

PACKAGED  VOLTAGE -TtJNABLE  MAGNETRON

DEVELOPMENTAL

TYPE

ZM-6046
PTI-107B

Fhge  1
10-65

a

a

rb

ET-J38

2600-2900 Megacycles 90 Wa.tts Average CW Output

Integral Magnet and lsolator

The ZM-6046  is a voltage-tuned  magnetron  designed for  CW/FM transmitting-tube  operation at low-or high-
modulation frequencies.  Thetube has a minimum power output of 75 watts at any point ln the band.   The typical tube
averages 90 watts across the band.   The high efflclency allows alr cooling to be used.   The tube ls protected against
load mismatch  by an  integral lsolator.    The  voltage-frequency  relatlonshlp ls approxlma\ely linear.    The anode ls
integral with the tube body and ls normally grounded, anode voltage being applied negatively to the cathode and flhament.

GENERAL
Electrical

Cathode  (filament)  -  Directly Heated
Warm-upTime,maximum .........................................     10       Seconds

Cathode  Input  Capacitance
Maximum   ......................,............................,      35        /J/Jf
Typical     .....................................................      32        /+/Jf

Mechanical
Mounting  Position  - Any
Net Weight  ............... ..................................    7.0        Pounds

Thermal
Cooling   -   Forced Air *

AirTemperature,maximum    ....................................... 110       C
BodyTemperature,ma][imumt    ....................................     125       C

MAXIMUM  RATINGS  AND  TYPICAI.  OPERATING  CONDITIONS
Maximum Ratings, Absolute Values

FilamentVoltage ,................................................    2.5        Volts
FilamentCurrent*    ...............................................    6.0       Amperes
AnodeVoltage .................................................        3200        Volts
SweepVoltage ..................................................       500        Volts
AnodeCurrent,swep.t  ..............................................     70       Milliamperes
Powermput    ...................................................       225        Watts
lnjectionElectrodeVoltage   .........................................   1300       Volts
Voltage  Standing Wave Ratio  of Load  .....................
Frequency  Range **  ................................

Typical Operating Conditions
Operation with  60-cycle Sweep Voltage

Filament Voltage,  approximate    .....................
Filament  Current I    .............................
Swept  Frequency  Range    ..........................
Sweep voltage,  Peak to  Peak,  typical ..................
Anode  Voltage  at  2.75  Gigacycles  ....................
Anoce  Current    .................................
Injection Electrode Voltage,  positive with respect to  cathode    .

.............       2.0

.........   2550-2950       Megacycles

..................    2.I        Volts

.............      4.4  to  5.6       Amperes

...........     2600to  2900       Megacycles

..................  350        Volts

.................    2800        Volts

..................     55        MilliaLmperes

............     500  to  1300       Voltsfl
Injection Electrode  Current,  may be  either polaritybutlessthan  .................   0.5      Milliamperes

€d  ovallchffty  of  typ
ub.  Dep Regional  Sale.  Cife.
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MAZ"UM  RATINGS  AND  TYPICAL  OPERATING  CONDITIONS  (Cont'd.)
Typical Operating Conditions  (Cont'd. )
Operation with 60-cycle Sweep voltage  (Cont'd)

Power Chitput
Average,  Swept Across  Full Band .........................     90       Watts***
Minimum,AtAnyPointWithoutSweepVoltage   ...........................    75      Watts***
Variation Across Band

Typical..............-.........
hfaximum......................

....................   1.4        Iiecibels
.....................  2.0        Decibels

Efficiency,  minimum
AtAnyFrequency    ..............................................    50       Percent
SweptAcrossFullBand    ..........................................    60       Percent

ENvmoNMENTAL
Altitude, maximum

Operating  ...................................................      15,000        Feet
Non-operating  ................................................     70,000        Feet

I Hold temperature to 125  C or less at  point shown on the  outline drawing.    At the maximum inlet temperature o£
110 C,  100 cubic feet per minute is required but this drops rapidly for lower inlet temperatures.

t Measured at point  shown on the outline drawing.
I Set to value marked on tube within ±0.1 ampere.

** VTM operable over this frequency range but at reduced power level.
0 Set to give anode current marked on tube within ±2 mllliamperes.

***Measured  with  load  VSWR  < 1.2;  for  loa,ds  between  1.2  and  2.0  VSWR  the  power  output  is  diminished by the

:Fc°tiuon:artet£:Cteodr'stp:::dap£:::tiLVsed:Lnetoga::V;e::::i,ea::ethte°£ea:±adnTeLfu::£r%.rmAatn:;°L¥#tRi:::tthhae:r7e5tLpcea:creent
of rated power.

CAUTION:   A  CIIEARANCE  OF  SIX  INCHES  BETWEEN  FERROMAGNETIC  MATERIALS  AND  THE  TUBE  WILL
PREVENT  ANY  SERIOUS  CIIANGE  0F  THE  OPERATING  CIIARACTERISTICS.
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DEVELOPMENTAL

TYPE

ZM-6047
PTI-108B
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ZM-6047

PACKAGED  VOLTAGE-TUNABLE  MAGNETRON

®

fl

n

lil

2900-3200 Megacycles 90 Watts Average CW Output

Integral Magnet and lsolator

The  ZM-6047  is a voltage-tuned  magnetron  designed for  CW/FM transmitting-tube operation at low-or high-
modufation frequencies.  The tube has a minimum power output of 75 watts at any point in the band.  The typical tube
averages 90 watts across the band.   The high efficiency allows air  cooling to be used.   The tube is protected against
load  mismatch  by an integral  isolator.    The voltage-frequency  relationship  is approximately linear.   The anode is
integral with the tube body and is normally grounded, anode voltage being applied negatively to the cathode and filament.

GENERAL
Electrical

Cathode  (filament) - "rectly Heated
Warm-up Time,  maximum ..... .......................         10        Seconds

Cathode Input Capacitance
Maximum ...................................................         35        ii/.i
Typical        ...................................................         32        uuf

Mechanical
Mounting Position  -  Any
Net Weight   .................................. .....      7.0       Pounds

Thermal
Cooling  -Forced Air*

AirTemperature,maximum     ......................................     110       C
BodyTemperature,maximumt   ....................................    125       C

MAHMUM  RATINGS  AND  TYPICAL  OPERATING  CONDITIONS
nfaximum Ratings, Absolute Values

FilamentVoltage  ................................................      2.5       Volts
FilamentCurrentt     ..............................................          6       Amperes
AnodeVoltage      ................................................      3200       Volts
SweepVoltage  ..................................................     500       Volts
AnodeCurrent,swept  .............................................       70       mlliamperes
Powerlnput    ...................................................      225       Watts
injectionElectrodeVoltage   ........................................      1300       Volts
Volta,ge  Standing Wave Ratio of Iload  ...................................      2.0
FrequencyRange**   .........................................       2850-3250       Megacycles

Typical Operating Conditions
Operation with 60-cycle Sweep Voltage

Filament Voltage,  approximate ...........................
Filament  Current *     ..................................
Swept  Frequency  Range     ...............................
Sweep Voltage,  Peak to  Peak,  typical    ......................
Anode Voltage  at  3.05  Gigacycles   .........................
Anode  Current ....................................
Injection Electrode Voltage, positive with respect to cathode .....
Injection Electrode Current,  may be either polarity but less than  .  .

Volts
Amperes
Megacycles
Volts
Volts

.............       65       hfilliamperes

........    500to  1300       Voltsfl
.............     0.5       Milliamperes

ovailabifiify  Of  type
Soles  offife.
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MAXIMUM  RATINGS  AND  TYPICAL  OPERATING  CONDITIONS  (Cont'd. )
Typical Operating Conditions  (Cont'd. )
Operation with 60-cycle Sweep Voltage  (Cont'd.)

Power Output
Average,  Swept Across  Full Band  .........
Minimum,  At Any Point Without Sweep Voltage
Variation Across Band

Typica,I...............
Maximum..............

...........................     90        Watts***

...........................     75        Watts***

..............................   1.4        Decibels
.................        2        Decibels

Efficiency,  minimum
AtAnyFrequency    ..............................................    50        Percent
SweptAcrossFullBand    ..........................................    55        Percent

ENVIRONMENTAL
Altitude,  maximum

Operating  .................,.................................      15,000        Feet
Non-operating  ................................................     70,000        Feet

* Hold temperature to  125  C or  less at  point  shown on the  outline drawing.    At the  maximum inlet temperature of
110 C,  100 cubic  feet per minute is required but this drops rapidly for  lower inlet temperatures.

t Mea.sured at point  shown on the outline drawing.
* Set to value marked on tube within ±0.1  ampere.

**VTM operable over this frequency range but at reduced power level.
fl Set to give anode current marked on tube within ±2 milliamper`es.

***Measured  with  load  VSWR  <1.2;  for  loads  between  1.2  and  2.0  VSWR  the  power  output  is  diminished  by the
amount  reflected,  plus  a positive or negative  change due  to  residual pulling.    At 2.0 VSWR the  theoretica.I re-
duction atthe worst load phase isdown to  85 percent, and the guaranteed performance is not less than 75 percent
of rated power.

CAUTION:   A  CLEARANCE  OF  SIX  INCHES  BETWEEN  FERROMAGNETIC  MATERIALS  AND  THE  TUBE  WILL
PREVENT  ANY  SERIOUS  CHANGE  OF  THE  OPERATING  CHARACTERISTICS.
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ZM-605|

PACKAGED  VOLTAGE-TUNABLE  MAGNETRON
1000-2000 Megacycles

i.,

rl

F\

100 Milliwatts  CW output

The  ZM-6051 is  a pa.ckaged voltage-tuna,ble  magnetron designed  for  low-noise,  voltage-tunable operation in
the  1000-to-2000-megacycle  frequency range.    It  is  a  complete  r-I  power source package requiring  only  input
power  connections  and an r-i power-output connection and has  a minimum CW power output of one-hundred milli-
watts across  the  entire  frequency  range.   The tube may  be  voltage-tuned  over  a portion or all of the frequency
range for which it is designed or operated at a fixed frequency.  The voltage-£requencyrelationship is  essentially
linear.

TECHNICAL  INFORMATION

GENERAL
Electrical

Cathode -Dir ectly Heated
Fila.ment Voltage*,  DC   ......................
Filament  Clirrent*  .........................

Mechanical
Mounting Position - Any
Net  Weight   ..............................

...........   2-3           Volts
...........         2

3.5

Thermal
Type of Cooling -  Conduction or  Convection
Ambient Air  Temperature,  Operating,  Maximum  ................   85
Temperature  Compensation,  -35  to +85C   .....................  0.4

MAznMUM  RATINGs  AND  T¥plcAL  OPERATING  coNDITloNs
Maximum Ratings,  Absolute Values

Anode  Voltage  ..............................
Anode  Current ..............................

......   1500
10

Injection  Electrode  Voltage   ...........................
Injection  Electrode  Current  ...........................
Filament  Current ...,..............................
Voltage  Standing  Wave Ratio  of Load  .......................      1.5

Typical Operating Conditions
'I\inable  Range t .................................   1000-2000

Fllament  Voltage  ....................................      2.7
Filament  Current * ...................................      2.0
Average  Tuning  Sensitivity    .............................   1.44
Anode  Voltage  ...................................  755-1450
Anode  Current ....................................  1.5-4.0
Injection  Electrode  Voltage   .............................     140
Injection  Electrode  Current  ..............................      0
Voltage  Standing  Wave Ratio of Load  ......................    1.2/1
Power  Qitput    ...................................     250-350
Power  Variation over  Band  ......................    Less  than  3:1
Noise ±  ..........................................            7 5

Amperes

Pounds

C
Percent

Volts
rmlliamperes
Volts
rmlliamperes
Amperes

Megacycles
Volts
Amperes
MegaLcycles  per Volt
Volts
Mimamperes
Volts
Microamperes

mlliwatts

Decibels below Carrier

* Filament current should be adjusted to the value specified on the namepla.te.
t Frequency  controlled by anode voltage.
I Measured 60 megacycles from carrier using the tube  as  the local oscillator of a receiver with   a  bandwidth Of

2 megacycles  about the carrier.

Of

----------        _____               ----. _ __-_-=T_I_I-I ---- _I---     _  _  _ _=T_=T__._ _ == --.-- I--l|-.r_ _\~ . ._____  I   ___
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DEVELOPMENTAL

TYPE

ZM-6085
ZM-6086
ZM-6087

PTI.145B
2-65

a

®

EiE

885  -1485,  1420 -2607,
2507 -4310 Megacycles

ZM-6085,  ZM-6086,  ZM-6087

PACKAGED  VOL TAGE -TUNABLE  MAGNE TRONS

36 Milliwatts
CW Output

These tubes are  a  complete  r-i Power-Source package requiring only input power connections a,nd an r-i power-
output  connection.    The  minimum  CW power output across  the  frequency range  is  36  milliwatts.    The tubes  may be
voltage-tuned over a,  portion  or  all  of the frequency range  for  which they are designed.   Power output va,riati.on into
2/1 VSWR load is less than 6 decibels.

A built-in  10 decibel attenuator  makes these tubes pa,rticularly suitable for use without a circulator or isolator.

GENERAL
ZM-6085         ZM-6086          ZM-6087

Electrical
Cathode  - Directly Heated
FilamentVoltage*  ...........................................  2.3         Volts
Fila,mentCurrent* ..........................................  2.0         Amperes

Mechanical
Mounting Position  - Any
NetWeight   ...............................................  4.0          Pounds
Altitude    ..............................................   100,000          Feet

Thermal
Type of Cooling  -  Conduction or  Convection
Ambient Air  Temperature, operating    ....

MAzaMUM  RATINGs   AND    TyplcAL  OPERATING  cONDITIONs

Marimum Ratings, Absolute Values
Filament  Current ............................
Anode  Voltage   ..............................
Anode  Current  ..............................
Power  Input, with forced-air  ccoling  ...............
Injection-Electrode  Voltage  .....................
Power  Output    ..............................

85        C  Max

ZM-6085          ZM-6086          ZM-6087  (see page  2)

Typi cal Operating Conditions
Operation with 60-cycle Sweep Voltage
TunableRanget .............................   885-1485         1420-2607
FilamentVoltage  ............................   2.2-2.3             2.4     -2.6
FilamentCurrent* ...........................          2.0                             2.0
TuningSensitivity,average   .....................         1.0                            1.66
AnodeVoltage  ..............................   980-1575            964-1664
AnodeCurrent     .............................   3       -8
Voltage Standing wave-Ratio  of Load ...............        1.2/1
Power  Output    ..............
AM Noise # -Adjusted for Minimum
FM Noise # -Adjusted for Minimum
lnjectionElectrode Voltage   .....

..............    50     -80

3_10
1.2/1

50   -70

Amperes
Volts
Milliamperes
Watts
Volts
Milliwatts

Megacycles
Volts
Amperes
Megacycles per volt
Volts
Milliamperes

Milliwatts

............          170                              160                    Volts
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MAXIMUM  RATINGS  AND  TYPICAL  OPERATING  CONDITIONS  (Cont.)

Maximum Ratings, Absolute Values

Filament  Current ......................................
Anode  Voltage   ........................................
Anode  Current ..................
Power  Input,  with forced-a,ir  cooling  ..........,..............
injection-Electrode  Voltage  .....................,.........
Power  Output .........................................

ZM-6087

Typical Operating Conditions
Tuna,ble  Range  t    .....................................    2507 -4310
FilamentVoltage*  ....................................    2.4     -2.6
Fila,ment  Current * ....................................                2.0
Tuning  Sensitivity,  a,verage   ..............................               2.88
Anode  Voltage  .......................................    955     -1575

...............    4           -11
Voltage  standing wave-Ratio of Load    .......................              1.£71
Anode Current

PowerOutput    .......................................     50     -60
AM Noise #  - Adjusted for Minimum
FM Noise #  -Adjusted for Minimum

Amperes
Volts
Millia,mperes
Watts
Volts
Milliwatts

Megacycles
Volts
Amperes
Megacycles per  Volt
Volts
Milliamperes

Milliwatts

Injection-ElectrodeVoltage  ..............................               110                Volts

*  Filament current should be a,djusted to the value specified ± 1%.
t  Frequency controlled by anode voltage.
#  Mea,sured 60  megacycles  from carrier using  the  tube  as  the loca,I oscillator  of  a  receiver with  a  bandwidth of 2

megacycles around the ca.rrier.   The noise should be adjusted to be at least -86 decibels below the carrier.

Note:   Since a change in anode voltage of one volt produces the frequency change noted below,  the ripple voltage
anode supply  should be low enough not to cause an ezreess of undesirable frequency modulation.

Of thGu

ZM-60851.0  megacycle,  approximate
ZM-60861.66  megacycles,  approximate
ZM-6087 2.88  megacycles,  approximate

CAUHON:   A  CLEARANCE  OF  SIX   INCHES   BETWEEN   FERftoMACINETIC  MATERIALS  AND  TIH   TUBE  WILL
PREVENT  ANY  SERIOUS  CHANGE  0F  THE  OPERATING  CHARACTERISTICS.
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2475-2725  Megacycles

PRELIMINARY
TECHNICAL   INFORMATloN

These   ratings   represent   those   of   current   samples   of
this   type,    Ftefer   to   the    Objective    Technical    Information
sheet  for  design-objective  ratings.

This technical informahon i.s proprietary  and i,8 furnd8h,ed, ordy  as  a 8eri)kce to custoneT8.

ZM-6203
PACKAGED  VOLTAGE-TUNABLE  MAGNETRON

DEVELOPMENTAL

TYPE

ZM-6203
PTI-147A

Page  1
12-68

1.75 Watts  -4.0 Watts  Maximum

The ZM-6203 is a, voltage-tunable magnetronfor operation in the  2475 to  2725-megacycle frequency range. It is a com-
plete r-f power-source package  requiring  only input power connections and an r-I power-output connection.      The   tube
may be voltage tuned over a portion or all of the frequency range for which it is designed, or  operated at a fixed frequency.
The voltage frequency relationship is essentially linear.

GENERAL
Electrical

Cathode - Directly Heated
Filament Voltage*   .....
Fihment  Cfurrent*  .....

Min.                     Bogey                  Max.

2.2
1.9                               2.0

Mechanical
Mounting Position - Any
Net  Weight,  maximum ........................................

Thermal
Type of Cooling -  Conduction through Mounting Surface
Ambient  Temperature,  operating   ................................

MAXIMUM  RATINGS  AND  TYPICAL  OPERATING  CONDITIONS
Maximum Ftatings, Absolute Values

Filament Current .........
Anode  Voltage  ...........
Anode  Current ...........
Injection-Electrode  Voltage** ...................................
Injection-Electrode  Current,  maximum   ............................
VSWR  Of  Load,  maximum ......................................

TYPICAL  OPERATING  CONDITIONS
Operation with 60-cycle Sweep Voltage

Tunable  Range#  .........................................
Tuning  Sensitivity,  approximate   ..............................
Filament Voltage*,  approximate  ..............................
Filament  Charrent*  .......................................
Anode  Voltage at  2.6 gigacycles   ..............................
Anode  Qirrent,  average    ...................................
hjection-Electrode Voltage  (Positive with Respect

to  Cathode)**  ........................................
hjection-Electrode  Current    ................................
Voltage  Standing Wave  Ratio  of  Load  ...........................

2.8     Volts
2.1      Amperes

3.5      Pounds

125F    (Four Hours)

2.1     Amperes
1200    Volts

22    Milliamperes
15     Volts
.0    Milliamperes
:1

2475-2725   Megacycles
2.5     Megacycles per volt

'          2.50     Volts
2.0     Amperes

•         1145      Volts
10     Milliamperes

•           300     Volts
0.1     Milliamperes

.           1.1:1
Power  Output   ....................................   1.75 Watts,  minimum-4.0 Watts,  maximum

Filament current should be adjusted to 2.0 amperes.
hjection Electrode voltage  should be adjusted to 300 volts ±5%

#        Frequency controlled by anode voltage.

CAUTION:  A clearance Of 6 inches between ferromagnetic  materials and the tube will prevent any serious change of
the operating characteristics.
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The,8 techai,cad informafron i,s p!rop'rbataru  a;nd i,s furviched, only  as a serui,ce to ou8twer8.

PACKAGED  VOLTAGE-TUNABLE  MAGNETRON

2750-3090  MEGACYCLES

DEVELOPMENTAL

TYPE

ZM_6205
PTI-153

Page  1
2-65

1.00-WATT  OUTPUT

The  ZM-6205 is a voltage-tunable  rna,gnetron  with integral load isolator for voltage-tunable operation in the
2750-3090 megacycle frequency range.   It is a complete r-I power  source package requiring only input power  con-
nections and an r-i power-output connection  and haLs  a  minimum  CW power output of  1.00 wa.tt across the entire
frequency range.   The tube may be voltage tuned over aportion or allof the frequency range for whichit is designed.

The  ZM-6205  has  a  noise  level  of  -95  decibels  with  respect  to  carrier,   a power variation  limited to  1.2
decibels over its entire frequency range and is environmentalized for airborne applications.

GENERAL
Electl.ical

Cathode -  Directly Heated
Filament Voltage*   ..............
Filament  Current*  ..............

Mechanical
Mounting Position -  Any
Net  Weight   ...................

Min.             Bogey             Max.

........             2.0                       2.5                         3.0

........          1.95                      2.0                    2.05

2.75
Thermal

Type of Cooling -  Conduction or  Convection
Ambient Air  Temperature,  operating    ........................... +85

MAXIMUM  RATINGS  AND  TYPICAL  OPERATING  CONDITIONS
Maximum Ratings,  Absolute Values

Anode  Voltage  ..............................
Anode  Current     .............................
Power  hput,  with  Forced Air  Cooling  ..............
Inj ection-Electrode  Voltage  ..................,..
Injection-Electrode  Current    ....................
Filament  Current     ...........................
Voltage  Standing Wave Ratio of Load,  maximum   .......

...........        1000
•.........,..       12

.............      18

............       205

............         0.1

............     2.05

............         3:1

Typical Operating Conditions
Operation with 60-cycle Sweep Volta,ge

Filament Voltage*,  approximate .  .
Filament  Current*  ...........
Tunable  Range #     ............
'|Luning sensitivity,  approximate  .  .
Anode Voltage at  2.945 gigacycles
Anode  Current,  average   .......
Injection-Electrode Voltage,  Positive with Respect to  Cathode .
Injection-Electrode  Current    ......
Power  Output,  minimum  .........
Noise t     ....................
Power  Variation I    .............
Dynoamic  'nming Rate Variation   ....

....    2.50

....        2.0

27 50-3090
....    3.35

....   1850

......     8

.  .    75-205

.....   0.0

.....   1.0

.....- 95

.............    1.2

....   ;   ........    +5

Volts
Amperes

Pounds

Volts
Milliamperes
Wa,tts
Volts
Milliamperes
Amperes

Volts
Amperes
Megacycles per  Volt
Megacycles per  Volt
Volts
Milliamperes
Volts
Microamperes
Watts
Decibels/mc
Decibels
Percent

------------ ===T_±T__ ..-.-. T==TTi -.-- ==_i     . _ --   -_I-, -T`__-,_  --... T=+ ----, in.+_nJi4+=T-T -
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*  Filament current should be adjusted to  2.0 amperes.

#  Frequency controlled by anode voltage.

t This noise level is measured with respect to carrier level,  30 mc away from carrier.

I  Measured across the entire frequency band and over a -55  C to +95 C magnet tempera.ture range.

NOTE:   Since a change inanode voltage of one voltproduces afrequency  change of approximately  3. 35 megacycles,
the anode  supply  should have sufficiently low ripple and high regulation to prevent an excess o£ frequency
modulation.

CAUTION:   A clearance of 6 inches between ferromagnetic  materials and the tube will prevent serious change of
the operating characteristics.

OuTL\NE   ZM-G205
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2500-3500 Megacycles

OBJECTIVE
TECHNICAL   INFORMATloN

These   ratings   represent   the   design   objective   for   this

product.    Refer   to    the    Preliminary   Technical    Information
sheet   for   ratings   currently   achieved    in   the    progression
towards  design   objectives.   If  PTl  sheets  do  not  exist,  con-
sult  your  local  Tube  Department  Regional  Sales  Office.

DEVELOPMENTAL

TYPE

ZM-6211A
On-206

Page 1
9-67

Thbe techvi,ieal informahon $8 proprrieto;ry  ond; ds furTliehed, ordy  as a Seroice to o'ustoTr.er8.

ZM-6211A

PACKAGED  VOLTAGE-TUNABLE  MAGNETRON

1o watt ow onput

The  ZM-6211A  is a magrietically  shielded  voltage-tunable  oscillator  which  operates  at a minimum  power output Of
10 watts over the 2500to 3500-megacycle frequency range.  Unlike conventional electron devices employing magnetic fields,
this shielded VTM  is unaffected by passive  magnetic  materials.    It does not  require  special tools,  storage  facilities or
handling other than that normally given to a non-magnetic electron device.  It is a complete radio-frequency power source
which requires only d-c input power  and generates I.adio-frequency power  over. its  electronically tuned  octave frequency
range.   This voltage-tuned magnetron  may be operated over a portion or all of the frequency range or operated at a fixed
frequency.   Its frequency versus voltage-tuning characteristic is essentially linear.

GENERAL

Electrical
Cathode - Directly Heated
Filament Voltage * .....
Filament  Current    .....

Minimum      Bogey     Marimum

2.0                   2.3                   2.6
3.0

Volts
rfuperes

Mechanical
Mounting  Position    ........................................                                 Any
NetWeight,maximum .......................  A...............         1.5                Pounds

Thermal
Type of Cooling -  Forced Air

Air  Flow    .......... 30            Cubic Feet per Minute

Ambient  Air  Temperature,  maximum    ...........................          50

Typical Cberating Conditions
Operation with 60-cycle Sweep Voltage

Filament Voltage *,  approximate ...................
Fuament  Current ............................
Tunable Range t ..............................
Tuning Sensitivity,  approximate  ...................
Anode  Voltage  at  3.0  Gigacycles  ...................
Anode  Ctrrent,  average    ........................
Injection Electrode Voltage, positive with respect to cathode
Injection  Electrode  Current  ......................
Voltage  Standing Wave Ratio of Load  .  .  .` .............
Power  Output,  minimum   ........................

Variation over  Band  ........................

......       2.30

......           3.0

.  .  .  2500-3500

......           1.8

......      1700

......            20

......        400

......       0.01

......       1.15

......             10
Less than  2.5:1

Volts
Amperes
Megacycles
Megacycles per Volt
Volts
Mimamperes
Volts
Millianperes

Watts

* Filament voltage should be adjusted to provide 3. 0 amperes of filament current under broadband swept oscillating conditions .

t Frequency controlled by anode voltage.
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DEVELOPMENTAL

TYPE

ZM-6215
0TI-106

Page 1
11-65

Tlri8 teck"heal informatin i,8 proprietary one i,S furvi8lnd ody as a Servi,ce to ou8tomers

ZM-6215

PACKAGED VOLTAGE -TUNABLE  MAGNETRON

EiR 2500-3500 MEGACYCLES 10 WATT  OUTPUT

The  ZM-6215 is  a  small,  lightweight,  magnetically  shielded voltage-tunable oscillator which operates at a minimum
power output of 10 watts over the  2500-3500 megacycle frequency range.    Unlike conventional electron devices  employing
magnetic  fields,  this  shielded VTM  is  unaffected  by  passive  rna,gnetic  rna,terials.   When specified,  the   ZM-6215 can be
aligned for low-noise performance.  Its noise power is at least 80 decibels per megacycle below the carrier at one  mega-
cycle  away  from  the  carrier.    It  is  a  complete radio-frequency  power  source requiring only  d-c  input power  and gen-
erates radio-frequency power  over  its  electronically tuned frequency range.    This  shielded VTM may be operated over a
portion or all of the frequency range or operated at a. fixed frequency.   Its frequency versus voltage-tuning characteristic
is essentially linear.

GENERAL

Electrical
Cathode  - Directly Heated
Filament Voltage*, approximate
Filament Current* .........

Min.          Boge y           Max.

2.2                  2.5
2.0

2.7      Volts
-       Amperes

Mechanical
Mounting Position - Any
NetWeight   ................................................   1.0        Pounds

Thermal
Type o£ Cooling -  Forced Air

Air   Flow    ............................
Ambient  Air  Temperature  ....................

MARIMUM  RATINGS  AND  TYPICAL  OPERATING  CONDITIONS

Absolute Values
Anode  Voltage  ................
Anode  Current ................
Power Input, with Forced Air  Cooling
Injection Electrode Voltage  .......
Injection Electrode Current .......
Filament  Current    .............

Typical Operating Conditions
Operation with 60-cycle Sweep Voltage in Wide-band Circuit

Filament Voltage*,  approximate  ................
Filament  Current    .........................
Tunable  Range #     ..........................
Tuning Rate,  approximate   ....................
Anode  Voltage at 3  Kilomegacycles  ..............
Anode  Current,  Average   .....................
Injection Electrode Voltage,  Positive with Respect to Cathode
Injection  Electrode  Current  ......................,
Voltage  Standing Wave Ratio of Load     ...............,
Power  Chitput,  mnimum   ........................,
Noise  t    ...........................   '   .......,

30      Cubic  Feetper  Minute
50C

....  2500       Volts

.....   40      Milliamperes

.....    85      Watts

..... 700       Volts

.....  1.0      Milliamperes

.....  2.2       Amperes

....   2.50      Volts

.....  2.0       Amperes

.2500-3500      Megacycles

.....  1.8      Megacycles  per  Volt

....  1850      Volts

.  .  .   20-30      Mimamperes

..300-600      Volts

....     0.1       Milliamperes

.....   1.3

....   10.0      Watts

....- 80      Decibels per  Megacycle

* Filament voltage should be adjusted to provide a filament current of 2.0 amperes under broadband swept oscillating con-
ditions.

# Frequency controlled by anode voltage.
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NOTE:   Since a change in anode voltage of one volt produces  afrequency change Of approximately 1.8 megacycles, the anode
supply should have sufficiently low ripple and high regulation to prevent an excess of frequency modulation.

tMeasured at 1.5 megacycles away from carrier with respect  to  carrier power level.  This is anoptional para,meter which
is included on special order only.
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2475-2725 Megacycles

PRELIMINARY
TECHNICAL   INFORMATloN

These    ratings    represent   those    of   current   samples    of
this    type.    F(efer    to    the    Objective    Technical    Information
sheet  for  design-objective  ratings.

Tlds technical informcchon i„S  proprietaru  and i,S furvi8hed, only  as  a seru]iee to  customers.

ZM-6220

PACKAGED  VOLTAGE-TUNABLE  MAGNETRON

DEVELOPMENTAL

TYPE

ZM-6220
PTI-160A

Page  1
12-68

1.5 Watts  -3.0 Watts Maximum

The  ZM-6220  is a voltage-tunable  magnetron for operation  in the  2475 to 2725-megacycle  frequency range.   It is a
complete r-I power-source package requiring only input power  connections and an r-i power-output connection.   The tube
may be  voltage tuned  over a  portion or  all of the  frequency range  for which  it is designed,  or operated  at a fixed  fre-
quency.   The voltage frequency relationship is essentially linear.

GENERAL

Electrical
Cathode - Directly Heated
Filament Voltage*   .........................
Filanient  Current*  .........................

Mechanical
Mounting Position - Any
Net Weight,  maximum    ......................

Thermal
Type of Cooling -  Conduction through Mounting Surface
Ambient  Temperature,  operating ......,.........

Min.            Bogey            Max.

2.2                                                2.8
1.9                      2.0                     2.1

3.5

125F

2.1
1200

14
315
1.0

1. 3: 1

Volts
Amperes

MAXIMUM  RATINGS  AND  TYPICAL  OPERATING  CONDITIONS

Maximum Ratings,  Absolute Values
Filament  Current ................................
Anode  Voltage  ..................................
Anode  Current ..................................
hjection-Electrode Voltage**   .......................
hjection-Electrode Current,  maximum  .................
VSWR Of  Load,  maximum      .........................

TYPICAL  OPERATING  CONDITIONS

Operation with 60-cycle Sweep Voltage
Tunable Range#  .................................
Tuning Sensitivity,  approximate  ......................
Filament Voltage*,  approximate  ......................
Filament  Current*  ...............................
Anode Voltage at  2.6  gigacycles   ......................
Anode  Current,  average   ...........................
hjection-Electrode Voltage (Positive with Respect to Cathode)**
hjection-Electrode Current .........................
Voltage Standing Wave Ratio of Load ...................
Power  Oitput    ..................................

2475-2725
...       2.5
.  .  .    2.50
...       2.0
.  .  .   1145
...         10
...      300
...       0.1
..1.I:1

Pounds

(Four Hours)

Amperes
Volts
Milliamperes
Volts
Milliamperes

Megacycles
Megacycles per Volt
Volts
Amperes
Volts
Milliamperes
Volts
Milliamperes

1.5 Watts,  minimum-3.O Watts,  maximum
I Filament current should be adjusted to 2.0 amperes.

*. hjection Electrode voltage should be adjusted to 300 volts i 591o
# Frequency controlled by anode voltage.

CAUTION:   A clearance of 6 inches between ferromagnetic  materials and the tube will prevent any serious-change Of the
operating characteristics.

_                                         _                    _ _      i   _   _  _  .....    _  _ _    --------           _       _    _ _  _  _                                                                -----                                             _ _ _      _     _    _   _    .                _      __        _    _        _   __     _   _  __  _  _



ZM-6220
PTI-160A
Page  2
12-68

A69087-728112

^Wotl

i

'WJ,eT'OWEL.C|-Oof
/

COLDcorrH. a
tttAItR

I
4 i 3

TUBE   DEPARTMENT

GENERAL © ELECTRIC

Schenectady, N. Y.12305

u



rl 2000-4000 Megacycles

OBJECTIVE
TECHNICAL   INFORMATloN

These   ratings   represent   the   design   objective   for   this

product.    Refer   to   the    Preliminary   Technical    Information
sheet   for   ratings   currently   achieved    in   the    progression
towards  design  objectives.   If  PTI  sheets  do  not  exist,  con-
sult  your  local  Tube  Department  Regional  Sales  Office.

This teclwical iriformcLhorb is proprietary  and i,s furnished ordy  as a  service  to  custoners.

PACKAGED  VOLTAGE-TUNABLE  MAGNETRON

DEVELOPMENTAL

TYPE

ZM-6222
Orl-107B

Page 1
9-67

1.0 Watt CW Output

The  ZM-6222 is  a magnetically shielded voltage-tunable oscillator which operates  at  a  minimum power  output Of one
watt over  the  2000 to 4000-megacycle  frequency  I.ange.    Unlike  conventional electron devices  employing magnetic fields,
this shielded  VTM  is unaffected  by  passive rna.gnetic materials.    It  does not require  special  tools,   storage facilities or
handling other than that  normally  given to  a  non-magnetic  electron  device.    This  shielded  VTM  also  incorporates  RFI
shielding to attenuate stray radio-frequency  on  the d-c leads  to  levels below -40 dbc.    It is  a  complete  radio-frequency
power source  which  requires    only  d-c input  power  and  generates  radio-frequency  power  over  its  electronicallytuned
octave frequency range.    This voltage-tuned  magnetron  may be operated over  a  portion  or  all of the frequency range or
operated at a fixed frequency.   Its frequency versus voltage-tuning characteristic is  essentially linear.

GENERAL

Electrical
Cathode  -  Directly Heated
Filament Voltage*  .......
Filament Current ........

Mechanical
Mounting Position - Any
Net Weight,  maximum .....

Thermal
Type of Cooling -  Forced Air

Air  Flow   ..........

Minimum        B o ge y         M aximum

2.0                      2.5                      3.0
2.0

1.5

Volts
Amperes

Pounds

Ambient Air  Temperature,  maximum   ...........................       50

Typical Operating Conditions
Operation with 60-cycle  Sweep Voltage

Filament Voltage*,  approximate  ...................
Filament  Current .............................
Tunable  Ranger  ..............................
Tuning Sensitivity,  approximate  ...................
Anode Voltage  at  3.0  Gigacycles  ...................
Anode  Current,  average   ........................
Injection Electrode Voltage,  positive with respect to cathode
Injection Electrode  Current  ......................
Voltage  Standing Wave Ratio of  Load ................
Power Output,  minimum   ........................

Variation over  Band  ........................

.......       2.5

.......       2.0

.  .  .   2000-4000

.......       2.3

.......   1300

......    10-15

....     100-400

.......    0.01

.......    1.15

.......       1.0
Less  than  2. 5: 1

Cubic  Feet per Minute

C

Volts
Amperes
Megacycles
Megacycles per Volt
Volts
Milliamperes
Volts
Milliamperes

Watts

* Filament voltage should be  adjusted  to  provide  2.0 amperes  Of  filament current under broadband swept oscillating con-
ditions.

t Frequency controlled by anode voltage.
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1220-1450 Megacycles

OBJECTIVE
TECHNICAL   INF0I"ATloN

These    ratings    represent   the   design    objective   for   this

product.    Refer    to    the    Preliminary   Technical    Information
sheet   for    ratings   currently   achieved    in    the    progression
towards  design  objectives.   If  PTl  sheets  do  not  exist,  con-
sult  your  local  Tube  Department  Regional  Sales  Office,

The techaieal irformcthon i.8 piroprdcton.u and ie fuinkehed only  a8 a Serdee to c'ustoner8.

ZM-6231

PACKAGED  VOLTAGE   TUNABLE  MAGNETRON

Integral Magnet and Isolator

DEVELOPMENTAL

TYPE

ZM-6231
0TI-205

Page  1
9-67

90 Watts Minimum  CW Output

The  ZM-6231  is a magnetically  shielded  voltage-tunable  oscillator  which  operates  at a minimum  power output  of 90
watts  over  the  1220  to  1450-megacycle  range.   It is  designed  for CW/FM  transmitting-tube  operation  at  low-  or high-
modulation  frequencies.   The  high  efficiency  allows  air  cooling to be used and in many applications heat-sink  cooling is
adequate.   The  integral  isolator  protects  the  tube  against load mismatches thus minimizing interface problems  between
the VTM and its associated equipment.

This  shielded  VTM  is  unaffected  by  passive  magnetic  materials  and  does not require the special tools,  storage  and
handling necessitated by conventional electron devices employing magnetic fields.   It is a complete radio-frequency  power
source  which requires  only d-c input power  and generates radio-frequency power over its electronically tuned  frequency
range.   This voltage-tuned magnetron may  be operated over a portion or all Of the frequency range or operated at  a fixed
frequency.   Its frequency versus voltage-tuning Characteristic is essentially linear.

GENERAL
Electrical

Cathode  (filament) - Directly Heated
Warm-up Time,  maximum ....

Cathode Input Capacitance
Maximum...............
Typical

10      Seconds

40       H„£
35        LJ„f

Mechanical
Mounting  Position   .................................................                  cry
NetWeight   ......................................................      7.0       Pounds

Thermal
Cooling -  Forced Air *

Air  Temperatul.e,  maximum   ...............
Body Temperature,  maximum t  .............

MAxnVIUM  RATINGs  AND  TyplcAL  OpERATING  cONDITIONs
Maximum Ratings,  Absolute Values

Filament Voltage  ..........................
Filament  Current I    ........................
Anode Voltage  ............................
Sweep Voltage  ............................
Anode  Current,  swept .......................
Power  Input   .............................
Injection Electrode Voltage  ...................
Voltage Standing Wave Ratio of  Load**  ...........
Frequency Range ***

Typical Operating Conditions
Operation with 60-cycle Sweep Voltage

Filament Voltage,  approximate .  .
Filament Current I
Swept  Frequency Range .........................
Sweep Voltage,  Peak to Peak,  typical ................
Anode Voltage  at  1.45  Gigacycles   ..................
Anode  Current ...............................
Injection Electrode Voltage,  positive with respect to cathode
Injection Electrode  Current,  less than ...............

110C
125C

....     2.5      Volts

....     6.0      Amperes

....  3400      Volts

....    700      Volts

....      70      Milliamperes

....    225      Watts

....  1500      Volts

....      2.0
1220-1470      Megacycles

.....  2.1       Volts
4.4to  5.6      Amperes

.1220-1450      Megacycles

....    600      Volts

....  3250      Volts

....      65      Milliamperes
700tol500      Voltsfl   ,
....     0.5      Milliamperes
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MAXIMUM  RATINGS  AND  TYPICAL  OPERATING  CONDITIONS   (Cont'd.)
Typical Operating Conditions  (Cont'd. )
Operation with  60-cycle  Sweep Voltage  (Cont'd.)

Power  Output
Average,  Swept Across  Full  Band ...................
Minimum,  At Any Point Without Sweep Voltage
Variation Across  Band

Typical.......................
Maximum.....................,

Efficiency,  minimum
At Any  Frequency   ......  a  ............
Swept Across  Full  Band   .  .  a  ............

90      Watts§
75      Watts§

1. 4      Decibels
2.0      Decibels

50      Percent
55      Percent

*Hold temperature  to  125 C or  less at point shown on the  outline  drawing.  At the maximum  inlet temperature  of  110 C,
100 cubic feet per minute is required but this drops  rapidly for lower inlet temperatures.

tMeasured at point shown on the outline  drawing.
I Set to value  marked on tube within ±0.1  ampere.

**With integral isolator.   Without isolator  maximum  allowable VSWR is  1.2 to  1.
*** VTM operable over this frequency range but  at reduced power  level.

fl Set to  give `anode  current marked on tube within ±2  milliamperes.
§ Measured with load VSWR <1.2;  for  loads between 1.2 and 2.0 VSWR the power output is diminishedby the  amount re-
flected,  plus  a positive  or negative  change  due to residual pulling.   At 2.0 VSWR the theoretical reductionat the worst
load phase  is  down to  85 percent,  and the  guaranteed performance is  not less than 75 percent of rated power.

TEMPERATURE
MEASUREMENT   POINT

.20  ± .15-I    L2.'D,AJ

TYPE  "N"
CONNECTOR
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1000-2000 Megacycles

OBJECTIVE
TECHNICAL   INFORMATloN

These   ratings   represent   the   design    objective   for   this

product.    Ftefer   to   the    Preliminary   Technical    Information
sheet   for   ratings   currently   achieved    in   the    progression
towards  design  objectives.   If  PTl  sheets  do  not  exist,  con-
sult  your  local  Tube  Department  Regional  Sales  Office.

This technical irforrr.ahon is proprietary  a,nd i,s furnished ordy  ci,s a  service  to  customers.

ZM-6238

I'ACKAGED  VOLTAGE-TUNABLE  MAGNETRON

DEVELOPMENTAL
TYPE

ZM-6238
Orl-108B

Page 1
9-67

1.0 Watt CW Output

The  ZM-6238  is a  magnetically  shielded  voltage-tunable  oscillator  which  operates  at  a  minimum  power  output  of
one  watt  over  the  1000 to 2000-megacycle  frequency  range.    Unlike  conventional  electron  devices  employing  magnetic
fields, this  shielded VTM is unaffected by  passive magnetic  materials.  It does not require  special tools, storage facilities
or  handling  other  than  that  normally  given  to  a  non-rna,gnetic  electron  device.   This  shielded  VTM  also  incorporates
RFI shielding toattenuate  strayradio-frequency on the d-c  leads to levels below -40dbc.  It is a complete   radio-frequency
power  source  which  requires  only  d-c  input  power  and  generates  radio-frequency  power  over  its electronically tuned
octave frequency range.    This  voltage-tuned  magnetron  may  be  operated  over a portion or all of the frequency range or
operated at a fixed frequency.   Its frequency versus voltage-tuning char.acteristics is essentially linear.

Electrical
Ca.thode - Directly Heated
Filament Voltage*   .....
Filament Current ......

Mechanical
Mounting Position - Any
Net Weight,  maximum    .  .

Minimum           Bogey           Maximum

2.0 2.5                          3.0
2.0

1.5

Thermal
TypeA:icF°L:#n:I.F°.r::d.?T................I.................5

Ambient Air  Temperature,  maximum   ...........................          50

Typical Operating Conditions
Operation with 60-cycle Sweep Voltage

Fila,ment Voltage*,  approximate  ...............................         2.5
Filament  Current .........................................          2.0
Tuna.ble  Ranget      ......................................   1000-2000
Tuning  Sensitivity,  a.pproxima,te   ...............................      1.15

.......       1300

.......    10-15

.....     100-300

.......        0.01

.......        1.15

.......           1.0
Less than  2.0:1

Anode  Voltage  at  1.5  Gigacycles  ........................
Anode  Current,  a,verage    .............................
Injection Electrode Voltage,  positive with respect to cathode  .....
Injection Electrode  Current  ...........................
Voltage  Standing Wave  Ratio of  Load  .....................
Power  Output,  minimum   .............................

Variation over  Band     ............................

Volts
Amperes

Pounds

Cubic  Feet per  Minute

C

Volts
Amperes
Megacycles
Megacycles per Volt
Volts
Milliamperes
Volts
Miuiamperes

Watts

* Filament voltage  should be  adjusted to  provide  2 amperes of filament current  under broadband  swept oscillating condi-
tions.

I Frequency controlled by anode voltage.
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2600-3050 Megacycles

OBJECTIVE

TECHNICAL   INFORMATloN

These    ratings    represent   the    design    objective   for   this

product.    Refer    to    the    Preliminary    Technical    Information
sheet   for    ratings   currently   achieved    in   the    progression
towards   design   objectives.   If  PTl   sheets   do   not   exist,  con-
sult  your   local   Tube   Department  Regional   Sales  Office.

This teehaical information ±8  proprdelaru  and i,s furnished only  as  a seroiee to cu8tomer8.

DEVELOPMENTAL

TYPE

ZM-6239
0TI-1098

Page  1
12-68

ZM-6239

PACKAGED  VOLTAGE  TUNABLE  MAGNETRON

Integral Magnet and lsolator                                90 Watts Minimum cw cfutput

The  ZM-6239  is a magnetically shielded voltage-tunable oscillator  which operates at a minimum power output of 90
watts  over  the  2600  to 3050  me_gac_ycle  range.     It  is  designed  for  CW/FM transmitt_ing-tube operation at low-  or high-
modulation frequencies.    The high efficiency allows  air  cooling  to  be used and  in  rna.ny applications heat-sink cooling is
adequate.   The integral isolator protects  the  tube against load mismatches  thus  minimizing  interface  problems  between
the  VTM and its associated equipment.

This  shielded VTM  is  unaffected  by passive magnetic materials  and  does  not require  the special tools,  storage and
handling necessitated by conventional electron devices employing magnetic fields.  It is a complete radio-frequency  power
source which requires only d-c input power  and  generates ra.dio-frequency power over its electronically tuned  frequency
range.   This voltage-t`ined magnetron may be operated over a portion or all  of  the frequency range or operated at a fixed
frequency.  Its frequency versus voltage-tuning characteristic is essentially linear.

GENERAL
Electrical

Cathode  (filament)  -  Directly Heated
Warm-up Time,  maximum ....

Cathode Input Capacitance
Maximum...............

10      Seconds

40       4Wf
Typical    ......................................................     35        /i/tf

Mechanical
Mounting  Position   ..................................................                Any
NetWeight   .....................................................         4.5       Pounds

Thermal
Cooling -  Forced Air *

Air  Temperature,  maximum   ...............
Body Temperature,  maximum t   .............

MAmMUM RATTNGs  AND  TyplcAL  OpERATING  cONDITIONs
Maximum Ratings,  Absolute Values

Fila,ment Voltage  ..........................
Filament  Current|     ........................
Anode  Voltage  ........,
Sweep Voltage  ........,
Anode  Current,  swept ....
Power Input   ..........
Injection Electrode Voltage
Voltage Standing Wave Ratio of Load
Frequency Range ***   ..........

Typical Cberating Conditions
Operation with 60-cycle Sweep Voltage

Filament Voltage,  approximate    .  .  .
Hlament Current±    ...........
Swept  Frequency Range    ........
Sweep Voltage,  Peak to Peak,  typical
Anode Voltage at 2.75 Gigacycles   .   .
Anode  Cfurrent    ..............
Injection Electrode Voltage,  positive with respect to cathode  . .  .
Injection Electrode Current,  may be either polarity but less than

110C
125C

...      2.5       Volts

...     6.0      Amperes

...  3280      Volts

...     600      Volts

...      70      Milliamperes

...    250      Watts

..1500      Volts

...      2.0
2550-3100      Megacycles

......  2.1       Volts

..   4.4to5.6      Amperes
2600 to 3050      Megacycles
•....    480      Volts
•....  2900      Volts

700to  l500      VoltsT
.....     0.5      Milliamperes
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MAIBMUM  RATINGS  Arm  TypICAL  OPERAnNG  CONDITIONS  (Cont'd.)
Typical a)Crating Conditions  (Cont'd. )
Operation with 60-cycle Sweep Voltage (Cont'd.)

Power Chitprt
Average,SweptAcrossFullBand ....................................     110      Watts§
Minimum,AtAnyPointWithoutSweepVoltage  .........................  /..      90      Watts§
Variation Across Ba,nd

Typical   ..................................................      1.4       Decibels
hdrimum  .................................................      2.0      Decibels

Efficiency,  minimum
AtAnyFrequency   ..............................................       50       Percent
SweptAcrossFullBand   ..........................................       60      Percent

•Hold temperature to  125 C or less at point shown on the outline drawing.  AI the  maximum inlet temperature of Ilo  C,
loo cubic feet per minute is required but this drops rapidly for lower inlet temperatures.

t Measured at point shown on the outline drawing.
I Set to value maLrked on tube within ± 0.1 ampere.

***VTM opera.ble over this frequency range but at reduced power level.
I Set to give anode current marked on tube within ± 2 mlulamperes.
§ Measured with load VSWR <1.2; for loads between 1.2 and 2.0 VSWR the power output is diminished by the amount   re-

nected,  plus a positive or negative  change due to residual pulling.   At 2.0 VSWR the theoretical reduction at the  worst
load phase is down to 85 percent,  and the g`iaranteed performance i8 not less than 75 percent of rated power.
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2860-3310  Megacycles

OBJECTIVE
TECHNICAL   INF0I"ATI0N

These    ratings    represent   the   design    objective   for   this

product.    Refer    to    the    Preliminary   Technical    Information
sheet   for    ratings   currently   achieved    in    the    progression
towards  design   objectives.   If  PTl   sheets   do   not   exist,  con-
sult  your   local   Tube   Department  Regional   Sales  Office.

Thi,8 technical informahon i,8 proprdetaru  and ¢8 furnd8hed only  as a seruiee to cu8tomer8.

DEVELOPMENTAL

TYPE

ZM-6240
0TI-110B

Page  1
12-68

ZM-6240

PACKAGED  VOLTAGE-TUNABLE  MAGNETRON

Integral Magnet and lsolator                                 90 Wa.tts Minimum cw cfutput

The  ZM-6240 is  a  magnetically shielded volta,ge-tunable oscillator  which operates  at a minimum power output of  100
watts  over  the  2900  to  3200-megacycle  range.    It  is  designed  for  CW/FM  tra,nsmitting-tube operation at low-or high-
modulaLtion frequencies.    The high efficiency allows  air  cooling  to  be used and  in  many applications  heat-sink coolingis
adequate.    The integral  isolator protects  the  tube against load mismatches  thus  minimizing  inter fa,ce problems between
the VTM and its associated equipment.

This  shielded VTM  is  unaffected  by  passive magnetic materials  and does  not require  the  special tools,  storage and
handling necessitated by conventional electron devices  employing magnetic fields.    It  is  a complete radio-frequencypower
source which requires only d-c input power  and  generates radio-frequency  power over its electronically tuned frequency
range.   This voltage-tuned rna.gnetron may be operated over  a  portion or au of the frequency range or operated at a fixed
frequency.   Its frequency versus voltageluning characteristic is  essentially linea.r.

GENERAL
Electrical

Cathode (filament)  -  Directly Heated
Warm-up  Time,  marimum ....

Cathode Input CaLpacitance
Maximum...............

...................................     10        Seconds

•...................................     40         /|'1f

Typical     ......................................................     35        HHf

Mechanical
Mounting  Position   ..................................................                Any
NetWeight   .......................................................      4.5   Pounds

Thermal
Cooling -  Forced Air*

Air  Te.mperature,  marimum   ..............
Body  Temperature,  maximum t   ............

MAmMUM RATINGs AND TyplcAL OPERATING coNDITIONs
Maximum Ratings,  Absolute Values

Filament  Voltage  .........
Filament  Current± ........
Anode  Voltage  ...........
Sweep  Voltage  ...........
Anode  Current,  swept  ......
Power  Input   ............
Injection  Electrode  Voltage   .........................
Voltage  Standing Wave Ratio  of Load  ...................
Frequency  Range §   ...............................

Typical Operating Conditions
Operation with 60-cycle  Sweep Voltage

Filament Voltage,  approximate    ......................
Filament  Current|  ...............................
Swept  Frequency  Range     ...........................
Sweep Voltage,  Peak to  Peak,  typical    ..................
Anode  Voltage  at  3.05  Gi`gacycles   .....................
Anode  Current ........................,.........
Injection Electrode Voltage,  positive with  respect to ca.thode  .   .  ,
Injection Electrode Current,  may be either polarity but less than

110C
125C

....     2.5       Volts

.....     6      Amperes

...    3280      Volts
.... 600      Volts
....   70      Milliamperes
.... 250       Wa.tts
...  1500       Volts
....   2.0

2810-3360      Megacycles

.....  2.1       Volts

.4.4to5.6      Amperes
2860-3310      Megacycles
....    450      volts
....  2900      Volts
....       65      Millia,mperes

700to  l500      Voltsfl
....     0.5      Milliamperes
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MAnMUM RAHNGs AND TypICAL OPERAHNG CONDIHONs (cont'd.)
Typical  Operating Conditions  (Cont'd.)
Operation with 60-cycle Sweep Voltage  (Cont'd.)

Power output
Average,  Swept Across  F\ill  Band .................
Minimum,  At Any  Point Without Sweep Voltage  ........

110       Watts*++
90      Watts*+,

Variation Across  Ba.nd
Typical    ...................................................   1.4        Decibels
Maximum      ..................................................    2        Decibels

Efficiency,  minimum
AtAnyFrequency    ...............................................    50       Percent
SweptAcrossFullBand   ...........................................    55       Percent

*Hold temperaLture to  125 C  or  less  at point shown on the outline drawing.   At the  maximum inlet temperature of  Ilo C,
100 cubic feet per minute is  required but this drops rapidly for lower inlet temperatures.

t Measured at`point shown on the outline drawing.
I Set to value  marked on tube within ± 0.1  ampere.
§ VTM is operable  over this  frequency range but at reduced power  levels.
I Set to give anode current marked on tube within i 2 milliamperes.

*** Measured with load VSWR<l.2;for loads between  1.2 and  2.0 VSWR the power  output is  diminished by the  amount  re-
flected,  plus a positive or nega,live change due to residual pulling.   At 2.0 VSWR the theoretical reduction at theworst
load phase is down to 85 percent,  and the guaranteed performance is not less  than 75 percent of rated power.
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PACKAGED VOLTAGE -TURABLE  MAGNETRONr

a

fi

1775-1925  MECIACYCLES 3.0-WATT  OUTPUT

The  ZM-6242  is  a magnetically shielded,  voltage-tunable  oscillator  incorporating an integral isolator.    It operates  at
a minimum power  output  of  three watts  and  is  electronically tunable  over  its   1775-to-1925 megacycle  frequency  range.
This shielded  VTM  is unaffected  by  passive magnetic materials  and does not require special tools,   storage  facilities or
handling other than that normally given  to  a  non-magnetic  electron device.    The  ZM-6242 is  a complete radio-frequency
power  source  which  requires  only  d-c input  power  and generates  radio-frequency  power  over  its  electronically  tuned
frequency range.    This voltage-tuned magnetron may  be  operated over  a  portion or  all  of  the frequency I.ange for which
it is designed.    Its power variation  is  limited  to  one decibel  over  the entire frequency range  and its  frequency-versus-
voltage-tuning characteristic is essentially linear.   This package is environmentalized.

GENERAL
Electrical

Cathode - Directly Heated
Filament Voltage*  .....
Filament Current* .....

Mechanical
Mounting Position - Any

Minimum        Bogey        Maximum

2.2
2.26                   2.4

Volts
2.54          Amperes

Net Weight   ..............................................  2.0
Thermal

Type of Cooling -  Conduction or  Convection
Ambient Air  Temperature,  operating ................,
Heat-Sink Temperature  .........................,

MAXIMUM  RATINGS  AND  TYPICAL  OPERATING  CONDITIONS
Maximum Ratings,  Absolute Values

Anode  Voltage  ................,,..............
Anode  Current ................................
Power  Input,  with Forced Air  Cooling  ................
Injection-Electrode  Voltage  .......................
Injection-Electrode  Current .......................
Filament  Current .............,................
Temperature**...............................

Typical Operating Conditions
Ctoeration with 60-cycle Sweep Voltage

Filalnent  Voltage*   .............................
Filament  Current*,  approximate ....................
Tuna,ble  Range#  ...............................
Tuning Sensitivity,  approximate   ....................
Anode Voltage  at  1.85 Kilomegacycles  ................
Anode  Current at  1.85 Kilomegacycles ................
Injection-Electrode Voltage,  Positive with Respect to Cathode
Injection-Electrode  Current .......................
Voltage  Standing Wave Radio  Of  Loadt  ................
Power  Output,  Minimum   .........................
Noisel.....................................
Power  Variation   ..............................
Linearity§,  maximum  ...........................
Warm-up  Timefl,  maximum  .......................

Pounds

75               C  MaLx.
75             C  Max.

......   1500              Volts

......       20            Milliamperes

......       25             Watts

......     500              Volts

......     1.0             Milliamperes

......   2.54             Amperes
-55  C  to  +75  C

...     2.2             Volts

...     2.4            Amperes
1775-1925             Megacycles
...1.75            Megacycles per volt
.  ..    965             Volts
...12            Milliamperes
...     200             Volts
...    <20            Microalnperes
.   .   .    1.15
...     4.0            Watts
...- 80            Decibels  below  carrier
...          1             Decibel
.  .  .110             Percent
.  .  .1.5             Seconds
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* Filament voltage  should be  adjusted to 2. 2 volts.

** Measured on surface opposite mounting plane.

# Frequency controlled by anode voltage.

t Integral isolator contains  15-decibel isolation.

I This is background noise level measured from  200 kc to 8 mc  away from carrier.

Maximum slope  (mc/volt)
Minimum slope x 100 <  110 Percent  (all temperatures  -55  C to +75  C)

fl Warm-up time is the time required for the output power to reach 70 percent of the value measured after  one  minute of
operation.

NOTE:   Since  a  change in anode voltage  of  one volt produces  a  frequency  change  of  approximately  1.8  megacycles,   the
anode supply should have sufficiently low ripple and high regulation to prevent an excess of frequency modulation.

CAUTION:   A clearance of one inchbetween ferromagnetic materials and thetube will prevent serious change of the operat-
ing characteristics.

OUTLINE  ZM-6242

CONTPOL             ANODEELECTRODECOLD -
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*NOTE:  AN    EXTERNAL     CONNECTION

IS    REQUIRED    BETWEEN     THE
COLD-CATHODE     LEAD    AND
ONE    OF    THE    HEATER    LEADS



PACIIAGED  VOLTAGE-TUNABLE  MAGNETRONn

n

2890-3110  MEGACYCLES 3.0-WATT  OUTPUT

The  ZM-6243  is  a magnetically shielded,  voltage-tunable  oscillator  incorporating an integral isolator.    It operates  at
a minimum power output of three watts andis electronicallytunable over its  2890-to-3110 megacycle frequency range.   This
shielded VTM is unaffected by passive magnetic materials and does  not require  special tools, storage facilities or  handling
other than that normally given  to  a  non-magnetic  electron  device.    The ZM-6243  is  a  complete  radio-frequency  power
source which requires only d-c input power  and generates radio-frequency power  over  its  electronically tuned frequency
range.   This voltage-tuned magnetron may be operated over aportionor  all of the frequency range for which it is designed.
Its power variation  is  limited  to  one  decibel  over  the  entire  frequency  range  and  its  frequency-versus-voltage-tuning
characteristic is  essentially linear.   This package is environmentalized.

GENERAL
Electrical

Cathode  -  Directly Heated
Filament Voltage*   .................
Filament  Current*  .................

Mechanical
Mounting Position -  Any
Net Weight   ......................

Thermal
Type Of  Cooling -  Conduction or  Convection
Ambient Air  Temperature,  operating .....
Heat-sink Temperature ..............

Minimum        Bo gey         Maximum

2.2
2.26                   2.4

MAxlMUM  RATINcrs  AND  TyplcAL  OpERATING  cONDITIONs
Maximum Ratings,  Absolute Values

Anode  Voltage      ...........................
Anode  Current ............................
Power Input,  with  Forced Air  Cooling  ............
Injection-Electrode Voltage  ...................
Injection-Electrode  Current ...................
Filament  Current ..........................
Temperature**...........................

Typical Operating Conditions
Operation with 60-cycle

Filament Voltage *
Filament Current*,
Tunable Range# .  .
Tuning Sensitivity,
Anode Voltage  at  3
Anode  Current at 3
Injection-Electrode
Injection-Electrode

Sweep Voltage

approximate....................

approximate....................
Kilomegacycles..................
Kilomegacycles..................
Voltage,  Positive with Respect to  Cathode
Current.......................

Voltage Standing Wave Ratio Of  Load|
Power Output,  Minimum  ........
Noiset..-.................
Power  Variation   .............
Linearity§,  maximum  ....,.....
Warm-up Timefl,  maximum  ......

Volts
2. 54          Amperes

2. 0            Pounds

75           C Max.
75           C  Max.

......     1500            Volts

......       `30           Milliamperes

......          35           Watts

......       500           Volts

......        1.0          Milliamperes

......      2.54           Amperes
-55  C  to  +75  C

...        2.2           Volts

...        2.4          Amperes
2890-3110          Megacycles
...       3.0          Megacycles per volt
...       965           Volts
...         22          Milliamperes
...       200          Volts
...      <20          Microamperes
...1.15
...        4.0          Watts
...- 80          Decibels below carrier

1          Decibel
.  .  .       110           Percent
.  .  .        1.5           Seconds
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* Filament voltage should be adjusted to 2.2 volts.

** Measured on surface opposite mounting plane.

# Frequency controlled by anode voltage.

t This is background noise level measured from  200 kc to 8 mc away from carrier.

I Integral isolator  contains  15-decibel isolation.

Maximum slope (mc/volt)
Minimum slope x 100 5110  Percent (all temperatures  -55  C to  +75  C)

1Twarm-up time is the time required for the output power to reach 70 percent of the value measured after  one  minute  of
operation.

NOTE:   Since  a  change in anode voltage  Of  one volt produces  a  frequency  change  of  approximately  3.0 megacycles,   the
anode supply should have sufficiently low ripple and high regulation to prevent an excess of frequency modulation.

CAUTION:   A clearance of one inchbetween ferromagnetic materials and the tube will prevent serious change Of the operat-
ing characteristics.
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4800-5300 Megacycles

PRELIMINARY

TECHNICAL   INFORMATloN

These    ratings    represent   those    of   current    samples   of
this    type.    Refer   to    the    Objective    Technical    Information
sheet  for  design-objective  ratings.

This technieal i,riforma,ham ¢8  proprdetwu  and, i;S furvi81.ed or.ky  as  a 8eroiee to cvestoner8.

ZM-6246

PACKAGED  VOLTAGE-TUNABLE  MAGNETRON

DEVELOPMENTAL

TYPE

ZM-6246
PTI-172

Page  1
9-67

90 Watts Average CW Output

Integral Magnet and Isolator

The  ZM-6246 is  a  voltage-tuned magnetron designed for CW/FM transmitting-tube operation  at  low-  or high-modu-
lation frequencies.    The tube has  a minimum power output of 75 watts at any point in the band.    The typical tube averages
90 watts across the band.   The high efficiency allows air cooling to be used.    The tube is protected against load mismatch
by an integral isolator.    The voltage-frequency relationship  is  approximately linear.    The anode is integral with the tube
body and is normally grounded,  anode voltage being applied negatively to the cathode and filament.

GENERAL
Electrical

Cathode  (filament)  -  Directly Heated
Warm-up  Time,  maximum .........................................

Cathode Input Capacitance
Maximum....................................................
Typical.....................................................

Mechanical
Mounting Position   .................................................
Net Weicht   ......................................................

Thermal
Cooling -  Forced Air*

Air  Temperature,  maximum   .......................................
Body  Temperature,  maximumt ......................................

MAX"UM  RATINGS  AND  TYPICAL  OPERATING  CONDITIONS
Maximum Ratings,  Absolute Values

Filament Voltage  .............................
Filament Current±  ............................
Anode  Voltage  ...............................
Sweep  Voltage  ............................  a  .  .
Anode  Current,  swept ..........................
Power  Input   ................................
Injection Electrode Voltage   ......................
Voltage Standing wave Ratio of  Load ................
Frequency Range**   ...........................

Typical Operating Conditions
aperation with 60-cycle Sweep Voltage

Filament Voltage,  approxima,te ....................
Filament  Current|  ............................
Swept  Frequency Range .........................
Sweep Voltage,  Peak to Peak,  typical ................
Anode  Voltage  at  5.05  Gigacycles   ..................
Anode  Current ...............................
Injection Electrode Voltage,  positive with respect to cathode
Injection Electrode  Current,  less than ...............

10      Seconds

35      wuf
32      drf

Any
7.0    Pounds

110C
125C

...       2.5     Volts

...          6    Amperes

.  .  .    3200     Volts

...      500    Volts

...        70    Milliamperes

...      225    Watts

.  .  .    1500    Volts

...        2.0
4750-5350    Megacycles

...       2.1     Volts
4.4to  5.6    Amperes

4800-5300    Megacycles
...      350     Volts
.  .  .    2800    Volts
...        65    Milliamperes
850-1500     Voltsfl

...      0.5    Milliamperes



ZM-6246
PTI-172
Page  2
9-67

MAXIMUM  RATINGS  AND  TYPICAL  OPERATING  CONDITIONS   (Cont'd.)
Typical Operating Conditions  (Cont'd.)
Opera,tion with 60-cycle Sweep Voltage  (Cont'd.)

Power Output
Average,  Swept Across  Full  Band  ....................................
Minimum,  At Any  Point Without Sweep Voltage   ...........................
Variation Across Band

Typical..................................................
Maximum.................................................

Efficiency,  minimum
At Any  Frequency   ..............................................
Swept Across  Full  Band   ..........................................

ENVIRONMENTAL
Altitude,  maximum

Operating .  .  .
Non-operating

90      Watts***
75      Watts***

1.4      Decibels
2      Decibels

50      Percent
5 5      Percent

.15'000       Feet
•70'000      Feet

*Hold temperature to  125  C or  less  at point shown on the outline drawing.   At the maximum inlet temperature o£  110 C,
100 cubic feet per minute is required but this drops rapidly for lower inlet temperatures.

I Measured at point shown on the outline drawing.
I Set to value marked on tube within i 0.1 ampere.

**VTM operable over this frequency range but at reduced power level.
fl Set to give anode  current marked on tube within I 2 milliamperes.

*** Measured with load VSWR <1.2; for  loads between 1.2 and 2.0 VSWR the power output is  diminished by the   amount   re-
flected,  plus a positive or negative change due to residual pulling.    At 2.0 VSWR the theoretical reduction at the worst
load phase is down to 85 percent,  and the guaranteed performance is not less than 75 percent of rated power.

CAUTION:   A  CIEARANCE  OF  SIX  INCHES  BETWEEN  FERROMAGNETIC  MATERIAI-S  AND  THE   TUBE   WILL  PRE-
VENT  ANY  SERIOUS  CHANGE  OF  THE  OPERATING  CIIARACTERISTICS.
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OBJECTIVE
TECHNICAL   INFORMATloN

These   ratings   represent   the   design   objective   for   this

product.    Refer    to    the    Preliminary   Technical    Information
sheet   for   ratings   currently   achieved    in   the    progression
towards  design   objectives.   If  PTl   sheets  do  not  exist,  con-
sult  your  local  Tube  Department  Regional  Sales  Office.

T7de teclmhoal informafrom i8 piropriela::ry a;nd ie furrvdshed ondu as a 8eroiee to oustomer8

ZM-6257

P.ACKAGED  VOLTAGE-TUNABLE  MAGNETRON

DEVELOPMENTAL

TYPE

ZM-6257
Orl-207

Page  1
9-67

3500-4500 Megacycles                                                                                                                                                                10 Watt  cw Output
The  ZM-6257 is a magnetically  shielded voltage-tunable oscillator which operates at a minimum power output

of 10 watts over the  3500to  4500-megacycle frequency range.   Unlike conventional electron devices employing mag-
netic  fields,  this  shielded  VTM  is  unaffected  by  passive  rna.gnetic  materials.   It does notrequire  specialtools,
storage  facilities  or  handling  other than  that normally given to a non-magnetic  electron device. It is a complete
radio-frequency power  source which requires only d-c  input power and generates radio-frequency power over  its
electronically tuned  frequency range.   This  voltage-tuned  magnetron may be operated over a portion or all of the
frequency  range  or  operated  at a fixed  frequency.   Its  frequency  versus voltage-tuning characteristic is essen-
tially linea,r.
GENERAL

Electrical
Cathode - Directly Heated
Filament Voltage * .....
FTlament  Current    .....

Minimum      Bogey      Maximum

2.0                    2.3                    2.6
3.0

Mechanical
Mounting  Position ...........................,.............
Net  Weight,  marimum ......................................          1.5

Thermal
Type o£ Cooling -  Forced Air

Air  Flow   ,,,....... 30

Ambient  Air Temperature,  maximum   .............................    50

Typical Operating Conditions
Operation with 60-cycle Sweep Voltage

Filament Voltage *, approximate
Filament  Current ..........
Tunable Range i ...........

............,...         2.3

................         3.0

.............    3500-4500

Tuning Sensitivity, approximate  .  .
Anode Voltage at 4.0 Gigacycles  .  .
Anode  Qirrent,  average    ...........................
Injection Electrode Voltage, positive with respect to cathode  .  .  .
Injection  Electrode  Current  .........................
Voltage Standing Wave Ratio of Load  ...................
Power  Output,  minimum   ...........................

Variation  over  Band  ...........................

.   .       2.2

.   .   1700

..20

.   .     400

.   .    0.01
.........     1.15

..........      10

.    Less than 2.5:1

Volts
Amperes

cry
Pounds

Cfubic Feet per Minute

C

Volts
Amperes
Megacycles
Megacycles per Volt
Volts
Milliamperes
Volts
Miuiamperes

Watts

Filament voltage should be adjusted to provide 3 . 0 amperes of filament current under broadband swept oscinating conditions .

Frequency controlled by anode voltage.
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2500-3500  MEGACYCLES

OBJECTIVE

TECHNICAL   INFORMATION

These    ratings    represent   the    design   objective   for   this

product.    Refer    to    the    Preliminary    Technical    Information
sheet   for    ratings   currently   achieved    in    the    progression
towards  design   objectives.   If  PTl   sheets   do  not  exist,  con-
sult  your  local  Tube  Department  Regional  Sales  Office.

The teehohoal informahon is proprietaru and ds furnd8hed only a8 a 8erviee to col,stomers

ZM-6265A

PACKAGED  VOLTAGE-TUNABLE  MAGNETRON

DEVELOPMENTAL

TYPE

ZM-6265A
OTI-214

Page  1
12-68

10  WATT  OUTPUT

The  ZM-6265A is a small,  lightweight,  magnetically  shielded  voltage-tunable  oscillator  with  an  integral  isolator
which  operates  at a  minimum pewer  output of  10 watts  over the  2500-3500 megacycle  frequency range.  Unlike conven-
tional electron devices  employing magnetic fields,  this shielded VTM is unaffected by passive magnetic  materials.  When
specified, the  ZM-6265A can be aligned for low-noiseperformance.  Its noise power is at least  80 decibels per  megacycle
below the carrier at one megacycle away from the carrier.  It is a complete radio-frequencypewer source requiring only
d-c input power and generates radio-frequency power over its electronically tuned frequency range.   This shielded VTM
may  be  operated  over  a  portion  or  all  of  the  frequency range  or operated  at a fixed frequency.   Its frequency versus
voltage-tuning characteristic is essentially linear.

GENEEL

Electrical
Cathode -  Directly Heated
Filament Voltage* , approximate
Filament  Current*  .........

Min.             Bogey            Max.

2.2                      2.5                    2.7
3.0

Mechanical
Mounting Position  -  Any
Net  Weight   ............................................           1.0

Thermal
Type of Cooling -  Forced Air

Air  Flow    .................................
Ambient  Air  Temperature  ........................

MAXIMUM  RATINGS  AND  TYPICAL  OPERATING  CONDITIONS

Absolute Values
Anode  Voltage  ................................
Anode  Current ................................
Power Input,  with  Forced Air  Cooling  ................
Injection  Electrode Voltage   .......................
Injection  Electrode  Current  .......................
Filament  Current ..............................

Typical Operating Conditions
Operation with 60-cycle Sweep Voltage

Filament Voltage*,  approximate  ....................
Filament  Current ..............................
Tunable  Range#  ...............................
Tuning Rate,  approximate  ........................
Anode Voltage at  3 Kilomegacycles  ..................
Anode  Current,  Average  .........................
hjection Electrode Voltage,  Positive with Respect to Cathode
hjection Electrode  Current  .......................
Voltage Standing Wave Ratio of Load .................
Power  Output,  Minimum  .........................
Noise t .....................................

2500
40
85

700
1.0
3.5

..       2.50

..          3.0
2500-3500

..            1.8

..1850
20-30

300-600
..          0.1
.  .          2.0
.  .       10.0
..        -80

Volts
Amperes

Pounds

Cubic  Feet per Minute
C

Volts
Milliamperes
Watts
Volts
Milliamperes
Amperes

Volts
Amperes
Megacycles
Megacycles per Volt
Volts
Milliamperes
Volts
Milliamperes

Watts
Decibels per Megacycle

* Filament voltage shouldbe adjustedto provide a filament current of 3.0 amperes under broadband swept oscillating con-
ditions,

# Frequency controued by anode voltage.



ZM-6265A
OTI-214
Page  2
12-68

NOTE:   Since a change in anode voltage Of one volt produces  afrequency change of approximately 1.8 megacycles, the anode
supply should have sufficiently low ripple and high regulation to prevent an excess of frequency modulation.

tMeasured at 1.5 megacycles  away from carrier with respect  to  carrier power  level.  This is anoptional Parameter which
is included on special order only.
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2600-3200 Megacycles

OBJECTIVE
TECHNICAL   INFORMATI0N

These   ratings    represent   the   design   objective   for   this

product.    Refer    to    the    Preliminary   Technical    Information
sheet   for   ratings   currently   achieved    in    the    progression
towards  design  objectives.   If  PTl   sheets  do  not  exist,  con-
sult  your  local  Tube  Department  Regional  Sales  Office.

This techabeal informafron i8 proprieto;ry cnd ds furvi8hed ody as a Senbee to cugtoITuers

ZM-6276

PACKAGED  VOLTAGE-TUNABLE  MAGNETRON

IntegraLI  Magnet and Isolator

DEVELOPMENTAL

TYPE

ZM-6276
0TI-215

Page  1
12-68

100 Watts  rmnimum  CW Chitput

The  ZM-6276 is  a magnetically shieldedvoltage-tunable oscillator which operates at a minimum power output of  100
watts  over  the  2600 to 3200-megacycle  range.    It is  designed  for  CW/FM transmitting-tube  operation at low-  or high-
modulation frequencies.    The high efficiency  allows  air  cooling  to be used and in many applicaLtions heat-sink cooling is
adequate.    The integral isolator  protects the tube against  load mismatches thus  minimizing interface problems between
the VTM and its associated equipment.

This  shielded  tube  is  unaffected  by  passive magnetic materials  and  does  not require the special tools,  storage a,nd
handling necessitated by conventional electron devices employing magnetic fields.  It is a complete radio-frequency power
source which requires only  d-c  input power and generaLtes radio-frequency power  over its  electronically tuned frequency
range.   This voltage-tuned magnetron may be operated over  a  portion or .a.Il of the frequency range or operated at a fixed
frequency.   Its frequency versus voltage-tuning chaLracteristic is  essentially linear.

GENERAL
Electrical

Cathode (filament)  - Directly Heated
Warm-up Time,  maximum ....

Cathode Input Capacitance
Maximum...............
Typical

10      Seconds

40      H4f

Mechanical
Mounting  Position    .................................................                    Any
NetWeight   ......................................................      4.5        Pounds

Thermal
Cooling -  Forced Air *

Air  Temperature,  maximum ................
Body  Tempera,ture,  maximum t   .............

MAHMUM  RAHNGS  AID  TYPICAL  OPERATING  CONDITIous
Maximum Ratings,  Absolute  Va.Iues

FilaLment  Voltage      .........................
Filament  Current|     ........................
Anode  Voltage  ...............
Sweep  Voltage  ...............
Anode  Current,  swept  ..........
Power  Input    ................
Injection  Electr`ode Voltage  ......
Voltage Standing Wave Ratio of Load

Typical Operating Conditions
Qperation with 60-cycle  Sweep Voltage

Filament Voltage,  approximate    .............................
Filament  Current±  ......................................
Swept  Frequency  Range     ..................................
Sweep Voltage,  Peak to  Peak,  typical    ..........................
iinode  Voltage  at  2.9  Gigacycles I   ............................
Anode  Current .........................................
Injection Electrode Voltage,  positive with respect to  cathode  ..........
Injection Electrode Current,  may be either polarity but less than    ......,

.110       C

.125       C

'  2.5        Volts
.  6.0       Amperes
3400       Volts
. 700        Volts
.   80       Milliamperes
. 250       Watts
1700        Volts

.......  2.3         Volts
5. 3        Amperes

2600 to  3200        Megacycles
......     600         Volts
......  3000        Volts
......       65        Milliamperes

700 to  1700        VoltslT
......     0.5        Milliamperes
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Page  2
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MAHMUM  RATINGS  AND  TYPICAI.  OPERAnNG  CONDITIONS  (Cont'd.)
Typical Operating Conditions  (Cont'd. )
Operation with 60-cycle Sweep Voltage (Cont'd.)

Power output
Average,SweptAcrossFullBand  ....................................    lay       „...D
Minimum,AtAnyPointWithoutSweepVoltage   ...........................    100      Watts**+
Variation Across Band

Typical...................................................
Maximum.................................................

Efficiency,  minimum
At  Any  Frequency    ...............................................
Swept  Across  F\ill  Band    ...........................................

120      Watts***

1.4      Decibels
2.0      Decibels

55      Percent
60      Percent

tHold temperature to  125 C or less at point shown on the outline drawing.  AI the maximum inlet temperature of  ilo C,
loo cubic feet per minute is required but this drops  rapidly for lower inlet temperatures.

t Measured a.t point shown on the outline drawing.
I Set to value marked on tube within i 0.1 ampere.
I Set to give anode current maLrked on tube within i 2 milliamperes.

++* Measured with load VSWR < 1.2;  for loads between  1.2 and 2.0 VSWR the power  output is  diminished by the amount re-
flected,  plus a positive  or  negaLtive change due to residual pulling.   At  2.0 VSWR the theoretica.I reduction at the worst
load phase is down to 85 percent,  and the guaranteed performaLnce is not less  than 75 percent of rated power.
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2860-3460 Megacycles

OBJECTIVE
TECHNICAL   INFORMATloN

These    ratings    represent   the   design    objective   for   this

product.    Refer    to    the    Preliminary    Technical    Information
sheet   for    ratings   currently   achieved    in    the    progression
towards  design   objectives.   If  PTl  sheets   do  not  exist,  con-
sult  your  local  Tube  Department  Regional  Sales  Office.

Thin technehoal informafron d8 proprietwu  and d8 furvi8hed only as a 8erdee to oustorner8

ZM-6277

PACKAGED  VOLTAGE-TUNABLE   MAGNETRON

Integral Magnet and Isolator

DEVELOPMENTAL

TYPE

ZM-6277
0TI-216

Page  1
12-68

100 Watts  rmnimum  CW Cfutput

The  ZM-6277 is  a magnetically shieldedvoltage-tunable oscillator which operates at a minimum power output of  100
watts  over  the  2860-3460-megacycle  range.    It  is  designed  for  CW/FM  transmitting-tube  operation  at  low-  or high-
modulation frequencies.    The high efficiency allows  air cooling to be used and in many  applications heat-sink cooling is
adequate.    The integral isolator protects  the tube against load  mismatches thus  minimizing interface problems between
the VTM and its associated equipment.

This  shielded  tube  is  unaffected  by  passive magnetic rna,terials  and  does  not require the special tools,   storage and
handling necessitated by conventional electron devices employing magnetic fields.  It is a complete ra.dio-frequency power
source which requires only  d-c  input power and generates radio-frequency power  over its electronically tuned frequency
range.   This voltage-tuned magnetron may be operated over  a  portion or .all of the frequency range or operated at a fixed
frequency.   Its frequency versus voltage-tuning characteristic is essentially linear.

GENERAL
Electrical

Cathode  (filament)  -  Directly  Heated
Warm-up Time,  maximum ....

Cathode Input Capacitance
Maximum  ...........   _   .   _   _
Typical

Mechanical
Mounting Position
Net Weight

10      Seconds

40      4«f

............................,.........................       4.5        Pounds

Thermal
Cooling -  Forced Air I

AirTemperature,maximum .........................................  110       C
BodyTemperature,maximumt    ...................................... 125       C

MAXIMUM  RATINGS  AND  TYPICAL  OPERATING  CONDITIONS
Maximum Ratings,  Absolute Values

Filament  Voltage     .........................
Filament  Chrrent|     ........................
chode  Voltage  ............................
Sweep  Voltage  ............................
Anode  Current,  swept  .......................
Power  Input    .............................
Injection  Electr`ode  Voltage   ...................
Voltage Standing Wave Ratio of Load

Typical Operating Conditions
Operation with 60~cycle  Sweep Voltage

Filament Voltage,  approximate    .  .  .
Filament  Current± ............
Swept  Frequency Range    ........
Sweep Voltage,  Peak to Peak,  typical
Anode Voltage at  3.16 Gigacycles  .  .
Anode  Current ..........   _  .   _  _   .
Injection Electrode Voltage,  positive with respect to ca.thode

.  2.5        Volts

.6.0       Amperes
3400       volts
. 700        Volts
.   80       Milliamperes
. 250       Watts
1700        Volts

.......   2.3
5.3

2860 to  3460
......      550
......  3000

.....         65
700  to  1700

Injection  Electrode Current,  may be  either polarity but less  than     .................     0.5

Volts
Amperes
Megacycles
Volts
Volts
Milliamperes
VoltsT'
Millianperes
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0TI-216
Page  2
12-68

MAHMUM  RATINGS  AND  TYPICAL  OPERAHNG  CONDIHONS  (Cont'd.)
Typical Operating Conditions  (Cont'd.)
Operation with 60-cycle Sweep Voltage  (Cont'd.)

Power output
Average,  Swept Across  Full  Ba.nd  ..................

110      Watts***
AvcLa6t;,  I+w-I+.  [i`--`,-,L,  -_---_-._
Minimum,AtAnyPointWithoutSweepVoltage  ...........................    100      Watts"
Variation Across Band

Typical...................................................
Maximum.................................................

Efficiency,  minimum
At  Any  Frequency    ...............................................
Swept  Across  F\ill  Band    ...........................................

1.4      Decibels
2.0      Decibels

55      Percent
60      Percent

* Hold temperature to  125  C or  less  at point shown on the  outline drawing.   At the  maximum  inlet temperaLture o£   110  C,
100 cubic feet per  minute is required but this drops  rapidly for lower inlet temperatures.

t Measured at point shown on the outline drawing.
I Set to value marked on tube within i 0.1 ampere.
fl Set to give anode current marked on tube within i 2 milliamperes.

*** Measured with  load VSWR < 1.2;  for  loads between  I.2 and 2.0 VSWR the power output is  diminished bythe  amount re-
flected,  plus a positive  or  negaLtive  change due to residual pulling.   At  2.0 VSWR the theoretical reduction at the worst
load phase is down to 85 percent,  and the  guaranteed performance is not less  than 75 percent of rated power.
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-PRODUCT  INFORJVLATION -

MILITARY   EOUIPMENT

TYPES   MANUAL

COAXIA[   TRI0D[S   AND   TETROD[S

Selection  Chart

Pagel    12-70

MET-16F

a
CAPABILITIES OF  GENERAL  ELECTRIC

VH F-UHF  Metal-Ceramic Triodes and Tetrodes

The listing below includes power triodes and tetrodes  Of recent design,  and types now in development, that are partic-
ularly applicable to systems being planned and built today.

Application Tube Type Service Typical  Capabilities Cooling

Phased Array and GL-7399 RF-rinsed 500  mcs;  10% Bandwidth Forced-airForced-airForced-airLiquidForced-airConductionConductionForced-airForced-airForced-airLiquidForced-airForced-air
Conventional Radar GL-51038GL-7399 AmplifierRF-rinsed 250 Hsec;  0.005  Duty
(200-1300 mcs, approx)AMandFMTransmitters 30  KW,  Peak;  10 db  Gain425mcs;11%Bandwidth

GL-51038*GL-7399 AmplifierRF-rinsed 50 #sec;  0.010 Duty10KW,Peak;9dbGain425mcs;5%Bandwidth

GL-51038ZP-1034GL-51065GL-51025GL-51074GL-6283 AmplifierRF-rinsed 20 Hsec;  0.001  Duty60KW,Peak;10db Gain1300mcs;10%Bandwidth

AmplifierRF-msed 500 Hsec;  0.060 Duty5KW,Peak;10dbGain425mcs;20%Bandwidth

AmpmierRF-rinsed 3.5 4sec;  0.005 Duty10KW,Peak;7dbGaLin1300mcs;25KW,Peak

Oscillator 10 Hsec;  0.001 Duty

RF-rinsed 425  mcs;  40 KW,  I'eak
Oscillator 10 Hsec;  0.002 Duty

RF AmplifierRFAmplifierRFAmplifierRFAmplifierRFAmplifierRFAmplifier 225-440  mcs
(50-1250  mcs,  approx) GL-8500 440 Watts  PEP;  13 db Gain

GL-51070 300 Watts  CW;  13 db Gain

GL-6942GL-6848GL-7985GL-8513 1000  mcs1KWCW;  11  db Gain225-400mcs3.2KWCW;15dbGain225-400mcs4.4KWPEP;17dbGain225-400mcs

ZP-1039GL-51064 6 KW PEP; 15 db Gain<597oDistortion225-400mcs3KWPEP;16dbGain4KWCW;14dbGain

• Liquid-Cooled Version  Available  (ZP-1079)
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Application Tube Type Service Typical Capabilities Cooling

IFF Radar GL-7399 RF-Pulsed 1030  mcs Forced-air
(1030 &  1090  mcs)CWorrinsed ZP -1015 Amplifier 10 usec;  0.010  Duty Or

GL-51065 (Grid-Pulsed) 10 KW,  Peak;  8.5 db  Gain Conduction

GL-8866GL-51025 RF-fuised 1030  mcs ConductionConductionForced-airCirculating
Amplifier 10 Hsec;  0.020 Duty
(Grid-rinsed) 2 KW,  Peak;  10 db  Gain

RF-mlsed 200-1300  mcs
Signal Generators GL-51074ZP-1057GL-51038RGL-6283 OscillatorRFCW 5 4sec;  0.005 Duty
(200-2000  mcs,  approx)ElectronicVoltage 5  KW,  Peak200-1300mcs5Hsec;0.001 Duty20KW,Peak200-1300mcs

Oscillator 200 Watts

High-Voltage 10  KV DC  Hold-Cxf
RegulatorsVHF-UHF Television SeriesRegulatorRFAmplifierRFAmplifierRFAmplifier 1000 Watts Dissipation900mcs ChlForced-airForced-airLiquid

GL-8500GL-51070GL-6942GL-6251 260 Watts,  Synch  Peak900mcs1000Watts,SynchPeak216mcs25KW,SynchPeak

TUBE   PRODUCTS   DEPARTMENT

GENERAL © ELECTRIC
Scheneclody,  N.  Y.12305
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PRELIMINARY

TECHNICAL   INFORMATloN

These    ratings    represent   those    of   current   samples   of
this    type.    Refer    to    the    Objective    Technical    Information
sheet  for  design-objective   ratings,

Thi,8 techvi,cal irrformckon is  proprietoru  and i8 furnd8l.ed only  as  a  seriji,ce to  cu,stolners.

ZP-1015

Tetrode
Grid -Pulsed Service
Grounded-Grid Ope ration

DEVELOPMENTAL

TYPE

ZP-1015
PTI-69B

Page  1
9-67

Heat-Sink and Forced-Air Cooled
Metal and Ceramic

The  ZP-1015 is  a heat-sink-cooledversion of the GL-7399 especially designed for pulsed-amplifier or oscil-
lator service atL-band frequencies.  This tetrode is particularly wellsuited for use in airbomelFF radar equip-
ment.

The tube  is  capable of providing useful output at frequencies  up  to approximately  1500 megacycles.

Features  of the  ZP-1015 include  long life and  reliability,long pulse width and hich gain.

EI.ECTRICAL

Heater  Voltage    ..................
Heater  Current   ..................
Amplification

Factor,  G2  to  G|   ...............
E82=22o7o5#]][t[Sa:ssr:g=#°°V°ltsac9Ib=

Minimum      Bogey      Marimum

6.0                   6.3
5.6

10.5

Cathode  Heating  Time ................
Direct lnterelectrode Capacitan ces*

Cathode  to  Plate t    ................
Input.......
Output......

MECHANICAL

1

0.012
24

9.3

Mounting Position  - Any
Net weight,  approximately     ..........................

TIIERMAL

Cooling  -  Heat -sink and Forced-Air I
Anode  Temperature §,  maximum  .....................

Seals
Screen  and Control  Grid,  approximate  .................
Heater  and  Cathode,  approximate   ....................

Ceramic Temperature  at Any Point,  maximum   .............

RADIO-FREQUENCY  POWER  AMPLIFIER   -  CI.ASS  C

Maximum Ratings
Pulsed Drive.  1250 Megacycles

Ire  Plate Voltage**    .....
DC  Plate Current,  cluring pulse    ...............
DC  Grid-No.  2  Voltage   .....................
DC  Grid-No.   2  input  .......................
DC  Grid-No.  1 Voltage
DC  Grid-No.  1 Current

6.8       Volts
-      Ampe res

-       Minute

-uut
-HHf
-upi

11       Ounces

.250       C

..........          1

..........          1

..........  200

Cubic  Foot per Minute
Cubic  Foot per Minute
C

FHlovolts
......      6      Amperes
......  1.1       Kilovolts
......       5       Watts
.....- 225       Volts
.....     1.5       Amperes

Pe
S|
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RADIO-FREQUENCY  POWER  AMPLIFIER  -CLASS  C   (CONT'D)

Maximum Ratings (Cont'd)

Pulsed Drive,  1250 Megacycles  (Cont'd)
PlateDissipation   .........................................  150       Watts
Pulsewidthv0    .........................................    15       Microseconds
DLrty  Factor v  ¢      ...................................

Typical Operation
Grounded-grid service  at  1100  Megacycles,    3/4^     Output  circuit

DC  Plate  Voltage   .......................................
DC  Plate Cu`rrent,  during pulse    .............................
DC  Grid-No.  2 Voltage   .................
DC  Grid-No.  2 Current, during pulse ........
DC  Grid-No.   1  Voltage   .................
DC  Grid-No.  1  Current,  during pulse ........
Driving Power at Tube,  during pulse     .......
Power Output, during pulse (useful) .........
Pulse Width ¢   .......................
Duty  Factor  ¢   .......................

0.01

4. 8      Kilovolts
4.2      Amperes
.   1      Kilovolt
100      Milliamperes

.....- 200       Volts
.    200      Milliamperes
..1.5       Kilowatts
..11       Kilowatts
.  .15       Microseconds
.   0.01

* Control grid connected directly to screen grid.
t Complete external shielding between cathode and plate.
I  Forced-aLir cooling should be applied during the application Of any voltages.
§  A suitable heat-sink clamping arraLngement must  be provided  to  limit  t-he  anode hub temperature  to  the value

specified;    the temperature is  measured a.t the point indicated on the outline drawing.
** A minimum surge-umiting resistance of 50 ohms must be placed between the phate Of the tube and the a+ Pow-

er supply at steady-state voltages greater than 3.5 kilovolts.
? For applications that require longer pulses orhigher duty refer to the tube manufacturer for recommendations.
a Pulse duration measured between points at 70 percent Of peak value.  The peakva.Iue  is defined as  the maximum

value of a smooth curve through  the average of the fluctuations over  the top portion of the pulse.
a Maximum  ratio  of  on-time to elapsed time during any  15 millisecond period.
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CONSTANT  CuRRENT  CHAIACTERISTIC
SCREEN   VOLTAGE =  loco  VOLTS

ALL  VOLTAGES   REFERENCED   TO   cONT130L   GRID

a
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loco                 2000                3cOO                 4000                5000                 6cOO

PLATE  VOLTAGE  IN   VOLTS
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NOTES:
I.   Bottom  of cup  must not  be  used  as  a  socket

stop.
2.  Max.  eccentricity  0.015"
3.  Max. eccentricity  0.008"
4.  Max. eccentricity  0.018"
5.  Max. eccentricity   0.021"   with   respect  to

centerline  determined  by  centers of anode
and  control-grid  terminals.

6.  Max. eccentricity   0.008"   with   respect  to
cathode  terminal.

1330 ±cO5 DIA._ (NIFTE#2) _ENIT_

1                                        .o3o  R. MAx.112 55AI
± 3/32

19ffl ± lAIIiiilI23&
±3AI

/t§i§:N:ffivtssL#FicE7
2lA2
T«'N"A

9& I I/32
'

I 3& ±lA2

I/4  MIN.

3ffl  R. MAX.

CATHODE  AND  FILAMENT
TERMINAL   (NOTE#4)

FILAMENT  Cup  TERMINAL
CNOTES #1, 5, 6 )

ANODE   TERMINAL

3/64  R. MAX.

SCREEN-GRID   TERMINAL

CONTFsOL-GRID   TERMINAL

ae-¥8NNT8:ISADREEA

ae2 ± I;32
arl6  MIN.

2 .125 ±.010  DIA.
(NOTE*3)

.186  ±.005  DIA.

.324 ±.004  DIA.

TUBE   DEPARTMENT

GENERAL ©  ELECTRIC

Schenectady, N. Y.12305
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This  techrLi,cad information i,8  propri,etory  and i8 furni,sl2ed o'n,lu  a8  a  8ervi,ce to  ou8tomer8.

ZP-1026

TRI0DE

n Grid -Pulsed Amplifier Service
Grounded -Grid Operation

Heat-Sink and  Forced-Air Cooled
Metal and Ceramic

The  ZP-1026 is  a,  heat-sink-cooled triode especially designed for  grid-pulsed amplifier  service  in  L-band.
This tube  is  particularly well suited for use in navigational aid beacons (TACAN).    Features include  small size,
high gain, long pulse width and high duty capability, long life and reliability.
ELEC"CAL

Heater  Voltage* ...............
Heater  Current   ...............
Cathode Heating Time,  minimum   .  .  .
Direct Interelectrode Capa,citances

Input....................

Output...................
Plate -Cathode ..............

MECIENICAL
Mounting Position  - Any
Net Weight,  approximately    .......

THERRAL

Cooling -Heat-sink and  Forced-air
Anode  Temperature  §  ...........
Ceramic Temperature at Any Point .  .

.................................            6.3        Volts

onlD-PULSED  AMPHFIER  -CRASS  A82
Maximum Ratings

DC  Plate  Voltage  ........................
DC  Plate  Current, during pulse   ..............
DC   Cirid  Voltage     ..............................................
Plate  Dissipation  ..............................................
Pulse  Width    .................................................
Duty  Factor  ¢  ..........

Typ ical Ope ration
Grounded-Grid Circuit at 1215 mcs,  3/4 i Output

DC  Plate  Voltage  ...............................................
DC  Pla,te  Current,  during pulse    ......................................
DC   Grid  Voltage     ...............................................
DC  Grid  Voltage,  during pulse   ......................................
DC  Grid  Current,  during pulse  ......................................
Power Output,  during pulse  (useful)     ..................................
Drive  Power,  during pulse .........................................
Pulse  Width o    .................................................
Duty  Factor    ............................,.....................

3.8     Amperes
1     Minute

15.5      „Hf
5.9     unf

0.13     „¢f

31/4     Ounces

250C
200C

2.5     FHlovolts
2.0     Amperes

-200     Volts
110     Watts
10     Microseconds

.04

2000     Volts
1.6     Amperes
-75     Volts

0     Volts
.5     Amperes

750     Watts
95     Watts

8     Microseconds
.03

\     *   Because of back-heating due to transit time effects, it may be necessary to reduce the heater voltage.

§   A suitable heat-sink clamping arrangement must  be  provided  to  limit the anode hub temperature to the value
specified.

¢   Maximum ratio of on-time to elapsed time during any 250 microsecond period.
0   Pulse duration is measured between points  at  70 percent  of the peak value.    The peak value is defined as the

maximum value Of a smooth curve through the average of the fluctuations over the top portion of the pulse.
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®

n

a

Diameter
Diameter
Diamet,e r

Total  indicat,or  reading  of  filament  cup teminal  diameter
(C)  measured  wit,h  respect  to  center  Of  cathode  and  fila-
ment  teminal  diameter  (8)  -0.016  inches.

A69087-72860 9-19_62
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OBJECTIVE

TECHNICAL   INFORMATloN

These   ratings   represent   the   design   objective   for   this
product.    Refer   to   the    Preliminary   Technical    Information
sheet   for   ratings   currently   achieved   in   the   progression
towards  design  objectives.  If  PTI  sheets  do  not  exist,  con-
sult  your  local  Tube   Department   Regional   Sales  Office.

Tlde technbeal i;roformafron i8  p!ropr6eta;ry  and d8 furviShed, ordy  as  a 8ervi,ce to ou8tomer8.

ZP-1034

TETRODE

Pulsed Service
Grounded-Grid Operation

DEVELOPMENTAL

TYPE

ZP-1034
0TI-88A

Page  1
9-67

Water  Cooled
Metal and  Ceramic

Integral Water Jacket
The  ZP-1034 is a small-size, four -electrode transmitting tube especially d.esigned for pulsed-amplifier  service

at L-band frequencies.   This tetrode is particularly well suited for use iri ground-based equipment such as steerable
array radar.

The tube is capable of providing useful output at frequencies up to approximately  1500 megacycles.

Features of the ZP-1034 include long life and reliability, long pulse width, high gain and broad-banding capability.

These  together  with  such design factors  as an  oxide-coated  cathode,  coaxial elements,  and metal-ceramic
construction make the tube well a,dapted to  application in modern  systems where performance and reliability are
important.

ELECTRICAL

Heater  Voltage   ......
Heater  Current  ......
Amplification

Factor,  G2 to  G|   ..................
E82b==2Z5oV#[t]:i:#gs=D:°°°V0ltsDC,

Cathode  Heating  Time .................
Inrect hterelectrode Capacitances*

Cathode to  Plate t   ......................
Input.................
0ltput................

MECRANICAL

Mounting Position  -Any
Net Weight,  approximate ......

THERMAL

Cooling - Water and Forced Air ¢
Water  Flow
Anode.,,,,,,,..,,,,,.

Minimu in            Bo gey            Maximum
6.0                         6.3                          6.8             Volts

5.5                                           Amperes

10.5

1                                                                        Mi nut e

0.012                                         uuf
24. 0                                            uuf

9.8                                             uuf

................       13                  Chinces

0. 5             Minimum
Gallons per
Minute

OutletTemperature   ...........................................       70               MaximumC
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THERMAL  (Cont'd.)

Air  Flow
Anode  Ceramic,  approximate
Screen and  Control  Grid,  approximate  ...........................      1
Heater  and  Cathode,  a.pproximate   ..............................       1
Ceramic  Temperature at any  Point  ............................. 200

RADIO-FREQUENCY  POWER  AMPLIFIER   -  CLASS  C

Maximum Ratings
Pulsed Drive,  1300  Megacycles
DC  Plate  Voltage  ..................
DC  Plate  Current,  during pulse   ........

.......        4

.......        6

DC  Grid-No.  2  Voltage   .......................................  1.1
DC  Grid-No.  2  hput#  .....................
DC  Grid-No.  1  Voltage   ....................
DC  Grid-No.  1  Current     ...................
Plate  Dissipation #  .......................
Pulse Width ** tt  ........................
mty  Factor **¢¢

...........         5
...........- 225
...........   1.5

..........      750
.................     15

................    0.01

Typical Operation
Grounded-grid Circuit at 1300 Megacycles, \/4 Output Circuit

DC  Plate  Voltage ##   .......................................  4. 0
DC  Plate  Current  during pulse  ................................  3.5
DC  Grid-No.  2  Voltage   ..................................... 750
DC  Grid-No.  2  Current,  during  pulse    ...........................    75
DC  Grid-No.   1  Voltage   ....................................- 150
DC  Grid-No.1  Current,  during  pulse     ...........................  150
Driving Power  at  Tube,  during pulse  ............................ 750
Power  Chitput,  during  pulse  (useful)     ............................  7.5
Pulse  Width  tt    ..........................................     15
Imty  Factor    ...........................................   0.01

Cubic  Foot per  Minute
Cubic  Foot per  Minute
Cubic  Foot per  Minute
Maximum  C

Kilovolts
Amperes
Kilovolts
Watts
Volts
Amperes
Watts
Microseconds

Kilovolts
Amperes
Volts
Milliamperes
Volts
Milliamperes
Watts
Ffilowatts
Microseconds

* Control grid connected directly to  screen grid.
t Complete external  shielding between cathode and plate.
¢Water  and forced air  cooling to be applied during the application of any voltages.
# Maximum average value.

** For applications that require longer pulsesor higher duty refer  to the tube manufacturer  for recommendations.
tt Pulse duration measured between pointsat 70 percentof peak value.  The peak valueis definedas the maximum

value of a  smooth curve through the average of the fluctuations over the top portion of the pulse.
¢¢Maximum ratio of on-time to  elapsed time during any  1.5-millisecond period.
##A minimum  surge-limiting resistanceof 50ohms mustbe placed between the plateof the tube and the 8+ power

supply at  steady-state voltages greater than 3.5 kilovolts.
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CONSTANT   CuRRENT  CHARACTERISTIC
SCREEN   VOLTAGE =  loco  VOLTS

ALL  VOLTAGES   REFERENCED   TO   CONTROL   GRID
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loco                2000                3000                4cOO               5000                6000

PLATE  VOLTAGE  IN   VOLTS
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CONCENTRICITIES:    The  following  total   indicator  readings   are   measured  with  respect   to  a  centerline  determined  by  the  centers  of
the  anode  terminal  and  control  grid  terminal.

Diameter  A  -0.016   inches
Diameter  8   -0.036   inches
Diamel.er C  -0.042   inches

Total  indicator  reading  of  filament  cup  terminal  diameter  (C)   measured   with  respect  to  center of cathode  and
filament  terminal  diameter  (8)  -0.016  inches.

TUBE   DEPARTMENT

GENERAL © ELECTRIC

Schenectady,  N. Y.12305
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Page  1
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VHF-UHF
Ring -Seal Constructiona

Eiil

a

This techm,ieal informouhon i,s proprictaru  arid, bs furrtdshed, ordy  as  a service to customers.

ZP-1039

TETRODE
Grounded-Grid Circuit

Forced-Air  Cooled
Metal and Ceramic

The  ZP-1039  is  a  high-performance  four-electrode  tube  for  use  as  an RF power amplifier  in grounded-grid
circuits with both grids maintained at RF ground potential.  This tube features a high-efficiency,  axial-flow radiator
for  minimum  forced-air-cooling  requirements.    The  anode  is capable of dissipating 5000 watts.    The cathode is a
unipotential thoriated-tungsten cylinder, heated by electron bombardment.   Maximum ratings apply to  800 megacycles,
although higher-frequency operation is possible.

As a Class 8  linear power  amplifier  the tube will deliver  1500 watts at the  carrier level with high power  gain
and high linearity.

In narrow band,  plate-modulated  Class C  telephony  service,  the  ZP-1039  has a useful  carrier power output in
excessof 1000 watts.  In Class C telegraphy  service, ithasauseful power outputin excess of 3000 watts of continuous
power as an RF power  amplifier or oscillator.

ELECTRICAL

Cathode
Heater  Volta,ge    ........
Heater  Current at 7.0 Volts

Without  Cathode  Bombarding   .....
With 150 Watts Cathode Bombarding

Heater  Starting  Current   .................
Heater  Cold Resistance ..................
Cathode  Bombarding  Power*   ..............
Cathode  Bombarding Voltage,  DC

For  170 Watts Bombarding  Power ....
For  195 Watts Bombarding  Power ....

Cathode  Heating  Time ..............
Amplification  Factor,  G2 to G|;

Eb  =  4000 Volts;  Ib  =  0.5  ampere
Direct Interelectrode Capacitances

Cathode  to  Plate §    ..........
Input,  G2 tied to  G|    ......
Output,  G2 tied to  G| fl   ....

MECHANICAL

Mounting Position  -Vertical, Anode-end Up
Net Weight,  a.pproximate  ..............

THERRAL

Type of Cooling  -  Forced Air
Air  Flow Through Radiator,  at Sea Level

Plate mssipation                                Air  Flow
4.0 Kw                                                   80  CFM
5.OKw                                                    150  CFM

Seals
Screen-grid to Control-grid,  minimum   .  .
Heater-to-cathode,  minimum  .........
Anode  Ceramic,  minimum  ...........

Minimum      Bogey      Maximum

6.7

9. 5      Pounds

Static  Hessure
0.9  In.
2.5  In.

........................                  15

........................               7.5

........................                  10

Cubic  Feet per  Minute
Cubic  Feet per  Minute
Cubic  Feet per  Minute
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THERMAL  (CONT'D)

incoming Air  Temperature,  maximum  .......................
Anode  Hub  Temperature,  maximum .........................
Temperature of Anode  Ceramic and Seals,  maximum  .............
Temperature at Any  Other  Point,  maximum  ...................

Forced-aircoolingtobeappliedbeforeandduringtheapplicationofanyvolta.ges.Airflowonheater-to-cathodeseals
must be maintained for one minute after removal of heater voltage.  The ra,diator air ducting can be constructed so that
air is forced along the anode seal a,nd ceramic through the anode contact fingers and additional holes in the plate con-
tact ringto accomplishthe anode ceramic and anode  seal cooling.   Thevolume of cooling air indicate.d for the various
seals is approximate only.   Distribution of cooling air will vary with configuration of the cavity about the tube.

RADIO-FREQUENCY  POWER  AMPLIFIER  -  CLASS  a

Carrier  Conditions per Tube for  Use with a Maximum  Modulation  Factor of 1.0

Maximum Ratings, Absolute Values

DCPlateVoltage     ........................................       9000       Volts
DCGrid-No.2Voltage   .....................................          800       Volts
DCPlateCurrent .........................................     0.800       Ampere
Platelnput  .............................................            6.0        Kilowatts
Grid-No.2Input    .........................................              25        Watts
PlateDissipation  .........................................           5.0       Kilowatts

Typical Operation

Grounded-grid  Circuit,  225-400 Megacycles
DCPlateVoltage .........................................       8000       Volts

750      Volts
-50      Volts

0.600      Ampere
0.010      Ampere
0.060      Ampere

160      Watts

DC  Grid-No.   2  Voltage  .....................................
DC  Grid-No.  1  Voltage,  approximate ............................
DC  Plate  Current     ........................................
DC  Grid-No.   2  Current .....................................
DC  Grid-No.   1  Current .....................................
Iiriving  Power,  approximate    ................,................

Measured at crest of audio -frequency cycle with modulation factor of 1. 0
Power  Output#     ..........................................
Circuit  Efficiency    ........................................
Plate  mssipation  .........................................
Cathode  Bombarding  Power *  .................................

1500      Watts
90      Percent

25 00      Watts
170      Watts

Cathode13ombardingVoltage   .................................         650       Volts
CathodeBombardingCurrent  .................................    0.260       Ampere

PRATE  MODULATED  RADIO-FREQUENCY  AMPLIFIER   -  CI.ASS  C  TELEPHONY

Carrier Conditions with a Maximum  Modulation  Factor of 1.0,  Screen Modulation Required

Maximum Ratings,  Absolute Values

DC  Plate  Voltage  .........................................
DC  Grid-No.   2  Voltage   .....................................
DC  Grid-No.   1  Voltage   .....................................
DC  Plate  Current .........................................
DC  Grid-No.   1  Current .....................................
Plate  Input   .............................................

Grid-No.   2  Input    .........................................
Plate  mssipation  .........................................

4500      Volts
500      Volts

-120      Volts
0.80      Ampere

0.120      Ampere
3. 60      Kilowatts

25      Watts
5. 0      Kilowatts
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PLATE  MODULATED  RADIO-FREQUENCY  AMPLIFIER  -  CLASS  C  TELEPHONY  (CONT'D)

Carrier  Conditions with a Maximum Modulation  Factor of 1.0,  Screen Modulation Required

Typical Operation

Grounded-grid Circuit at 400 Megacycles

DCPlateVoltage  .........................................      4000       Volts
DCGrid-No.2Voltage  .....................................         400       Volts
ac  Grid-No.  1  Voltage    .............................
Peak  RF  Plate Voltage   .............................
Peak  RF  miving Voltage    ...........................
DC  Plate  Current    ................................
DC  Grid-No.   2  Current  .............................
DC  Grid-No.  1  Current,  approximate    ...................
Driving  Power,  approximate    .........................
Power  Output #   ..................................

......- 100       Volts

......      2500       Volts

......        120       Volts

......    0.570      Ampere

......    0.020      Ampere

......    0.100      Ampere

......        100       Watts

......      1250       Watts
OutputCircuitEfficiency    ...................................           90       Percent
CathodeBombardingPower*  .................................        165       Watts
CathodeBombardingVoltage,approximate  ........................        630      Volts
CathodeBombardingCurrent,approximate ........................    0.260      Ampere

RADIO-FREQUENCY  AMPLIFIER  AND  OSCILLATOR  -   CLASS  C  TELEGRAPHY

Key  Ihown Conditions per  Tube Without Amplitude Modulation

hhaximum Ratings, Absolute Values

Ire Plate Voltage
DC  Grid-No.  2 Voltage  ..........

..     7000      Volts

..        750      Volts

..        1.0      AmperesDC  Plate  Current    ...........................,.....
Platelnput  .............................................          6.0       Kilowatts
Grid-No.2Input    .........................................            40       Watts
Platemssipation .........................................         5.0       Kilowatts
DC  Grid-No.  1  Voltage   .....................
DC  Grid-No.  1  Current  .....................

Typical Operation

Grounded-grid  Circuit at  400 Mega.cycles

DC  Plate  Voltage  .........................

................         120       Volts

................    0.150       Ampere

45 00             65 00      Volts

®

a DC  Grid-No.  2 Voltage  ...........
DC  Grid-No.  1  Voltage  ...........
Peak RF Plate Voltage,  approximate
Peak RF Grid-No.  1 Voltage   .....
DC  Plate  Current    ............
DC  Grid-No.  2  Current  .........
DC  Grid-No.  1  Current .........
miving Power, approximate   .....
Power Output,  approximate #  .....

...................         600                  700        Volts

...................- 120               -loo       Volts
3000               -         Volts

140                140      Volts
0.6                0.8      Ampere

.................    0.018             0.025       Ampere

.................    0.080             0.100       Ampere

.................         100                  100       Watts

.................      1800               3200       Watts
...............           90                    90       Percent
...............         160                  165        Watts
...............         610                  630       Volts
...............    0.260             0.260       Ampere

Output  Circuit Efficiency    .............
Cathode Bombarding Power *  ...........
Cathode Bombarding Voltage,  approximate .  .
Cathode Bombarding Current, approximate   .
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RADIO-FREQUENCY  AMPLIFIER  AND  OSCILLATOR   -   CLASS  C  TELEGRAPHY  (CONT'D)

Key  frown Conditions per  Tube Without Amplitude  Modulation

Grounded-grid  Circuit at 800  Megacycles

DCPlateVoltage     ........................................       4500       Volts
DCGrid-No.2Voltage  .....................................          600       Volts
DCGrid-No.1Voltage  .....................................- 120       Volts
PeakRFPlateVoltage,approximate ............................      3000      Volts
PeakRFGrid-No.1Voltage    .................................          140       Volts
DCPlateCurrent    ........................................           0.6       Ampere
DCGrid-No.2Current .....................................     0.018       Ampere
DCGrid-No.1Current  .....................................     0.080       Ampere
IirivingPower,approximate   .................................           90      Watts
PowerOutput,approximate#     ................................       1250      Watts
Output  Circuit  Efficiency ...............................
Cathode  Bombarding  Power * ............................
Cathode Bombarding Voltage,  approximate .
Cathode Bombarding Current, approximate

83      Perc ent
150      Watts
600      Volts

0.250      Ampere

* The cathode of the   ZP-1039, because of transit-time effects which raise the temperature of the cathode,  is  subjected
to considerable back bombardment in ultra-high-frequency  service.   Theamountofheating due to bombardment is a
functionofthe operating conditions and frequency,  and must be compensated for by a reduction of the  cathode power
input  to prevent  overheating  of the cathode  with resulting  short life.    In any case  it is important from a tube life
standpointtokeep the cathode power atas low a level as possible consistent with required performance.   Bombarder
power  should be monitored by a suitable wattmeter or DC voltmeter a,nd milliammeter arrangement.   For long life,
the tube  should be put in operation with about 180 watts bombarding power.   After the circuit has been adjusted for
proper tube operation, bombardingvoltage should be reducedto a value  slightly above that at which circuit perform-
anoe  is  affected.    Minor  circuit  readjustment  may be  necessary  after the above  adjustment.    The procedure for
determining proper bombarding power  should be repeated periodically.

§ Measured with complete isolation between cathode and plate.
fl output capacitance measured between anode and  screen grid.   Control grid connected directly to  screen grid.
# Useful power output including power transferred from driver  stage.

®

®
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TYPICAL  CRARACTERISTICS

Ef  =   7 Volts AC
Eg2   =   750 Volts

Bombarding  Power  =  180 Watts
All Voltages Referenced to  Grid
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TRIODE

Internal  Feedback  for  CW Oscillator  Service
Grounded-Grid  Operat ion

DEVELOPMENTAL

TYPE

ZP-1057
0TI-92
Page  1

2-65

Fol`ced-Air  Cooled
Metal  and  Ceramic2

The  ZP-1057  iB  a  forced-air  cooled  trlode  especially designed  for  ev  oscillator
service  through  appl.exinately  2000 megacycles.    This  tube  ls  particularly veil  suit€ii
for  use  in  special  appllcationB  such  a8  high  level mlcrorrave  signal  generators
operating  over  an  extremely wide  frequency  rouge.

The  tube  features  internal  feedbaclf whleh  eltrlnates  the  need  for  the  ccmpllcated
exterml  circuit  arrangements  riormally requll.ed  in oscillator  ser'vlce.    This  special
feature  gI.eatly  sinplifies  cavity design,  constructlori  and  ope"tlon,  .Partlcularlgr where
very broad  frequency  coverage  is  required.

Other  features  include  small  size metal  and  ceramic  construction,  a -high  efficiency
radiator,  and  an  oxide-coated  Cathode  with  inherent  long  life..

ELECTRICAL

Hea.ter  VoltageJt   .....................
Heater  Current .......................
Cathode  Heating  Time   ................
Direct  Interelectrode  Capacitances

Input............................
Output...........®...............

Minimum       Bogey            Ma.xinum

6.3
3.5               3.8

1

MEUThNICAL

Mounting  Position  -  Any
Net  Weight,   approximately  ..........

"ERL,1JITJ

Cooling.  -  Forced  Air
Through  Ra,diator,  at  Sea  Level.

Plate  Dissipation  ................
Air  Flow,   h5  a  Incoming Air  Temperature,

minimum   . ® o  .... o  ...............

i3t,atic  Pressure,  approximate   .....
Radi::::e::bt:e#::::tE::ida?.:?::?...
Cc`ramic  Temperat-,ure  at  Any  Point,  maximu`m

Volts
4. 0         Amperes

Minute

1::;                    #f

5   3/h    Ounces

300  Watts

7  Cubic Feet  per
Minute

0.7  Inches-Wats_r

250C
200C
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CW  RADIO-FREQUENCY   OSCIIIATOR   -   CRASS  C

Maximum  Ratings

DC  Plate  Voltage   . a ..............................
DC  Plate   Current   ................................
DC  Grid  Voltage   .................................
DC  Grid  Current   .................................
Plate  Dissipation   ...... ® ........................

Typical  Operation

Grounded-Grid  Circuit  at  1200 Megacycles,   3/h2  Output

1750    Volts
0.300    Amperes

-150    Volts
0.050    Amperes

3oo    watts

I)a  plate  voltage   .................................                   1500    Volts
DC  plate   Current   .................................                  0.275    Amperes
I)C  Grid  volta,ge   ..................................- 125     Volts
DC  Grid  current   ..................................                  0.045    Amperes
Power  Output,   approximate   (useful)   ...............                    200    Watts

#    Because  the  temperature  of  the  cathode  18  increased  by  back  bombardment  of
electrons  at  UHF,  required.  heater  voltage  for  optinun  life  decreases  with
increasing  freq.uency.    The  amount  of  heater  voltage  reduction  is  dependent
on  operating  conditions.    However,  this  voltage  should  not  be  less  than
5.5  volts.

Forced-air  cooling  to  be  provided  before  and  during  the  applloation  of  a,ny
voltages  to  limit  the  a,nod.e  hub  temperature  to  the  value  specified.

®

®

®

®
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Pulsed Service
Grounded-Grid Operation

PRELIMINARY
TECHNICAL   INFORMATION

These   ratings   represent   those   of   current   samples   of
this   type.   Refer   to   the   Objective   Technical    Information
sheet for design-objective ratings.

This  technical irLforn.ahon i.`s  proprietary  and i,s furvi8hed orily  as  a  seTljiee to  customer.8.

ZP-1079

TETRODE

DEVELOPMENTAL

TYPE

ZP-1079
FTI-169A

Page  1
9-67

Water  Cooled
Metal and Cera,mic

htegral Water Jacket

The  ZP-1079  is a small-size, four-electrode transmitting tube especial`1y designed for RF grid-pulsed or plate-and-
screen  pulsed  amplifier  service  at  VHF-UHF  frequencies.    This tetrode  is  particularly  well suited for  use in ground-
ba.sed radar equipment such as steerable array radar.

The tube  is capa,ble of providing useful output at frequencies up to a.pproximately  1500 megacycles.

The features of the  ZP-1079 include  long life and reliability,  long pulse width,  high peak power,  high gain and broad-
banding capability.

These together  with such design factors as an  oxide-coated cathode,  coaxial elements,  and metal-ceramic  construc-
tion make the tube well adapted  to  application in modern systems  where high  performance and  reliability are important.

ELECTRICAL

Heater  Voltage §    ............
Heater  Curl.ent   .............
Cathode Heating Time    ........
Direct interelectrode  Capacitances*

Input`.................
Output................

Minimum            Bogey            Maximum

6.3
5.6

24
9

6.8      Volts
-       Amperes
-       Minut e

-Huf
-uuf

MECHANICAL

Mounting  Position -  Any
NetWeight   ....................................................     14        Ounces

THERRAL

Cooling -  Water and Forced Air I
Water  Flow

Anode     .   .   .  I .................................................  0.5        Minimum  Gallons

per  Minute
..1       PoundperSquarelnch
.   70      Maximumc
250      Maximumc

..1      Cubic  FootperMinute

..1      Cubic  FootperMinute

.  .   1      Cubic  Foot per  Minute
200      Maximum c

Pressure Drop at Rated Flow, approx  .....
Outlet  Tempera,ture   .................
Anode  Hub  Tempera.ture A  .............

Air  Flow
Anode  Ceramic,  approximate  ...........
Screen and Control Grid,  approximate  .....
Hea,ter and  Cathode,  a,pproximate   ........
Ceramic TemperaLture at any  Point  .......

RADIO-FREQUENCY  POWER  AMPLIFIER  -Cla,ss  8

Maximum Ratings
Plate-and Screen-Grid Pulsed,  500 Megacycles

DC  Plate  Voltage,  during pulse    .........
DC  Plate Current,  during pulse   .........
DC Grid-No.  2 Voltage,  during pulse  ......
DC  Grid-No.  2  input .................
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RADIO-FREQUENCY  POWER  AMPLIFIER  -Class a   (Continued)

Plate  Dissipation ..........................
DC  Grid-No.  1  Voltage,  not pulsed    ...............
DC  Grid-No.  1  Current,  during pulse     .............
Pulse  Width c70    ............................
Duty  Factor 0 ¢   ............................

Typical Operation
Grounded-grid Circuit,  500 Megacycles,  1/4  }  Output Circuit

DC  Pla,te  Voltage,  during  pulse     .................
DC  Grid-No.  2 Voltage,  during pulse  ..............

....    750      Watts
....- 175       Volts
.....      2.5       Amperes
.....       15       Microseconds
.   .   .     0.0012

..........      9       Kilovolts

.........  1400       Volts

.........- 125       Volts

.........  7000       Volts

.........     300        Volts

.........      9.2       Amperes

.........      1.1        Amperes

.........   0.47       Amperes

.........      2.6       Kilowatts

..........    52       Kilowatts

..........    15       Microseconds

DC  Grid-No.  1  Voltage,  not pulsed   ....,
Peak RF  Plate  Volta.ge   .............
Peak RF  Grid Voltage     .............
DC  Plate  Current,  during pulse   .......
DC  Grid-No.  1  Current,  during pulse    .  .  .
DC  Grid-No.  2 Current,  during pulse    .  .  .
Driving Power  at  Tube,  during pulse     .  .  .
Power  Output,  during pulse  (useful)    ....
Pulse  Width o    ...................
Duty   Factor     ..............................................     0.001

RADIO-FREQUENcy  pOwER  AMPLIFIER  -   chess c

MaLximum Ratings
ltilsed Drive,  1250 Megacycles

DC  Plate  Voltage  ...................
DC  Plate  Current,  during pulse    .........
DC  Grid-No.  2  Voltage   ...............
DC  Grid-No.  2  Input  .................
DC  Grid-No.  1  Voltage   ...............
DC  Grid-No.  1  Current  ...............
Plate  Dissipa.tion   . .  .
Pulse  Widthc7  0     .  .  .
Duty  Factor C) ¢¢   .  .  .

.  .   5      Kilovolts

.  .   6      Amperes
1.1      Kilovolts

.  .   5      Watts
-225      Volts
.1.5      Amperes
. 750      Watts
.    15      Microseconds
0.01

4.8      Kilovolts
4.2      Amperes

.      1      Kilovolt
100      Milliamperes

-200      Volts
200      Milliamperes

.1.5      Kilowatts

.    11      Kilowatts

.    15      Microseconds
0.01

Typical Operation
Grounded-grid  Circuit at  1100 Megacycles,  3/4 ^  Output  Circuit

DC   Plate  Voltage**     ..........................................
DC  Plate  Current,  during  pulse    ..................................
DC  Grid-No.   2  Voltage    ........................................
DC  Grid-No.  2  Current,  during  pulse     ..............................
DC  Grid-No.   1  Voltage    ........................................
DC  Grid-No.  1  Current,  during  pulse     ..............................
Driving  Power  at  Tube,  during pulse      ..............................
Power  Output,  during  pulse  (useful)     ...............................
Pulse  Width a    ..............................................
Duty   Factor     ...............................................

§    Because the temperature of the cathode is increased by back bombardment of electrons at UHF, required heater voltage
for optimum life decreases with increasing frequency.   The amount of heater-voltage reduction is dependent on operat-
ing conditions.   However,  this voltaLge  should hot be  less than  5.5 volts.

*    Control grid connected directly to  screen grid.
I    Water and forced air cooling should be applied during the a.pplication of any voltages.
A   Measured at the ba,se of the water  jacket and adjacent to the plate terminal.
•   Maximum average value.
a   For applications that require longer pulses or higher duty refer to the tube manufa,cturer for recommendations.
0    Pulse duration measured between points at 70 percent Of peak value.    The peak  value is defined as the maximum value

of a smooth curve through the average of the fluctuations over the top portion of the pulse.
¢   Maximum ratio of on-time to elapsed time during any  12.5 millisecond period.
¢¢ Maximum ratio of on-time to elapsed time during any  1.5-millisecond period.** A minimum surge-limiting resistance of 50 ohms must be phced between the plate of the tube and the 8+ power  supply

aLt  steady-state voltages greater than 3.5 kilovolts.
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CONSTANT  CURBENT  cHAIACTEnisTic
SCREEN  VOLTAGE =  iooo  veLTs
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CONCENTRICITIES:

THE    FOLLOWING    TOTAL    INDICATOR     READINGS    ARE    MEASURED    WITH    RESPECT
TO    A    CENTERLINE     DETERMINED    BY    THE    CENTERS    OF    THE    ANODE    TERMINAL
AND     CONTPOL-GRID     TERMINAL.

DIAMETER    A-O.016   INCHES
DIAMETEF}   a-0.036  INCHES
DIAMETER    C-O.042  INCHES

TOTAL     INDICATOR    READING    OF    FILAMENT-CUP-TEF"lNAL    DIAMETER    (C)
MEASURED    WITH    RESPECT    TO    CENTER    OF    CATHODE     AND    FILAMENT-
TERMINAL      DIAMETER    (a)=0.016   INCHES.

TUBE   DEPARTMENT

GENERAL © ELECTRIC

Schenectady,  New  Yorl(   12305

u
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Tetrode
GL-6251

rl

®

®

a

25-KILOWATTS   VHF   TELEVISION   Output
VHF   TETRODE
CROUNDED-GRID   CIRCUITS

The GL-6251 is a four-electrode, water-
and-forced-air-cooled . transmitting   tube
for use as a power  amplifier or oscillator
in grounded-grid circuits with both grids
maintained   at   radio-frequency   ground
potential. The output circuit is connected
between  the  anode  and  the  screen  grid.
The   anode   is   capable   of   dissipating
twenty-five  kilowatts.  The  cathode  is  a
thoriated-tungsten   filament.   Maximum
ratings apply up to  220 megacycles.

In  Class  8  grounded-grid  broadband
television  amplifier  service this  tube  has
a  useful  synchronizing  peak-power  out-

Elec,,ical

Mini-
mum     B®gey    Maximum

®Filament voltage .....    5.I
Filament Current at  5.5  Volts .  . .
Filament Starting Current .  .
Filament Cold Resistance.  . .
Filament Heating Time ....     30
Amplification Factor, G2 to Gi

Eb = 1000 Volts, Ib =0.I  Amps .
Peak Cathode Current*. .
Direct Interelectrode Cap;;it;i::s §

Grounded-Grid Circuit
Cathode-Platet....
Input.....
Output .  . .

5.5    5.75    Volts
190      ...    Amperes
...     360   Amperes

0.004      ...    Ohms
..    Seconds

20.
30   Amperes

0.06      ...    „„f
7S        ...      IIpf
27        ...     pp£

Mechanical -
Mounting position ....... Vertical, anode down
Net weight,  approximate ...... 15            Pounds

WATER   COOLED
METAL   AND   CERAMIC

CAIN   IN   EXCESS   OF   10

put of twenty-five kilowatts at  220 meg-
acycles.  Because  of its  ratings,  the  tube
is  also  well  adapted  to  use  in  dielectric-
heating equipment.

High   operating   efficiency   is   assured
because  of the  close  spacing of the tube
electrodes, the ring-seal construction,  and
the   low-loss   factor   due   to   the   silver-
plated  external  parts  and  the   ceramic
insulator.   The  ring-seal  design  permits
quick  plug-in  installation.   In  addition,
the grounded-grid construction eliminates
the   necessity   for   neutralization   in   a
properly designed circuit.

Thermal
Type of Cooling-Water and Forced Air

Water Cooling
Water Flow

Anode ...... 12  Min   Gallons per
Minute

Water pressure ......... 80 Max  pounds per
Square Inch

Pressure Drop at Rated Flow,
approximate ...... 13             Pounds per

Square Inch
Outlet Water Temperature ....... 70 Max

Air Cooling
Air Flow

Anode seal ...... 30  Min

Filament  seal ................ 15  Min

Grid-to-Cirid seal ...... 10  Min

Ceramic Temperature ..... 200 Max
I seal and Terminal Temperature ...... 180 Max

C

Cubic Feet
per Minute
Cubic Feet
per Minute
Cubic Feet
per Minute
C
C

GENERAL ©  ELECTRIC
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RADIO-FREQUENCY   AMPLIFIER-CLASS   a   TELEVISION   SERVICE
Synchronizing-Level  Conditions  Per  Tube  unless  Olherwise  Specified

Maximum  Ralings,  Abs®lul®  Values

®88a]ra;ie.#.[t2agve6t.t.a:;....7988¥::V:i::
DC Plate Current . . .
Plate Input .  .
Grid-No.  2  InbL;t.i .. :

®DC  Grid-No.  2  Curreht

8 Max Amperes
50 Max  Kilowatts

350 Max  Watts

Pedestal Level ...... 0.200  Max  Amperes
Plate Dissipation..                                           .     25  Max  Kilowatts

®Sr!d6Tioi-iopi;sicp::i::t.                    ..1f8 % X=tptesres
Typical  Oporalion-Orounded-Crid  Circuit  up  to  216  Mogacycle8

Bandwidth 7  Megacycles,  1  Decibel Voltage

©88 a]rafie_#]t2a8Veo]t;;e//..                    6§88          ¥:i::
DC Grid-No.1  Voltage ....- 20             Volts
Peak RF Plate Voltage

Synchronizing  Level ...... 4800             Volts
Pedestal  Level ...... 3600              Volts

Peak RF Driving Voltage
Synchronizing Level .....   350             Volts
Pedestal  Level .....   250              Volts

DC Plate Current
Synchronizing Level .....
Pedestal  Level . . .

7.5
..      5.8

D6~6:i-a:fu;.~i~6jir.e.n.t.//
Pedestal  Level . . .

DC Grid-No.  I  Current
0.05

Synchronizing Level . . .
Pedestal  Level. . .

Driving Power at Tube, approximate
Synchronizing Level . . .
Pedestal Level . . .

power output, approxirh.at; fr
Synchronlzing Level . . .
Pedestal  Level ......

.  .  0.90

.  .  0.55

..      2.3

.1.3

Amperes
Amperes

Amperes

Amperes
Amperes

Kilowatts
Kilowatts

Kilowatts
Kilowatts

*  Maximum usable cathode current (plate current plus current to each grid) for any condition of operation.
§  Control grid and screened grid are connected together.
t  Measured with  12-inch diameter flat metal disk attached to the screen-grid terminal and grounded.
I  Calculated  from  characteristic  curve  only.  This  value  includes  dissipation  transferred  from  driving  power.  Maximum  allowable

screen input as indicated  by measured d-c current and voltage is much lower  because of Secondary screen  emission.
//DC  Grid-No.  2  voltage  and  current  should  be  held  at  the  minimum  values  consistent  with  proper  circuit  operation.  Negative

values of screen current are frequently encountered but are not detrimental.
fl Useful power output including power transferred from driver stage.
© Denotes a change.
I Denotes an addition.

®

®

u

®
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CONSTANT   CURRENT   CHARACTERISTICS
SCREEN   VOLTAGE =700   VOLTS,   CONTROL-GRID   GROuNDED

ELECTRODE   VOLTAGES   MEASURED   TO   GROUND

DODO)0)0)0'000

PEE CU BEN =3A PER S

P LATE CURB NT

S

30  AMPEREy
2

CR' D   CURRENT=5  AMPERES-
I

Ofi i 4
Ills

20 1111 -3
~ I

15 2

'0
- 0.5-I

I_ .2-0.I -
5 0

0.2

I
I

a

0                  `000           2000            3000          .COO           5000            6000           7000            8000
K-69087-72A68o                                                                                                        PLATE   VOLTAGE   IN   VOLTS
LSupersecles  pages  3  and  4  dated  9-57
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NOTE    1:   MATES   WITH    WIGGINS   SOCKET   NO.   BC-323B   OR   EQUIVALENT.

E.   a.   WIGGINS   OIL   TOOL   COMPANY,   lNC.,   LOS   ANGELES,   CALIFORNIA

oENERTLBiD8RTfELNETOTR.o
SCHENECTADY,   N.  Y.   T2305
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Heater Voltage* . .
Heater Current. . .
Cathode Heating Time
Amplification     Factor,

G2  to  Gi,  Eb= 1000V

I:=;Op2ga=i3EivDc;
Peak Cathode Curreht +
Direct Interelectrode

Capacitances
Cathode to Plate|.  .
Input, G2 tied to Gi .
Output, G2 tied to Git

GL-6283

TETR®DE
RADIO-FREQUENCY   AMPLIFIER
CW   SERVICE
CROUNDED-GRID   OPERATION

The GL-6283 is a reliable power tetrode
that delivers useful output to 1250 mega-
cycles or higher. This tube is particularly
suitable for application in .the final output
or  driver  stage  of  military-communica-
tions systems.

As  a  Class  8  linear  amplifier  in  the
225-400-megacycle  range,  the  tube  will
deliver 110 watts of carrier  power  modu-
lated  up  to  100  percent.  Since  a  power
gain of 20 may be realized, drive require-
ments  are  low-approximately  5  watts
at carrier level.

Eleclrical
Minimum      Bogey    Maximum

6.3               6.8      Volts
3.8

14

0.006
18.25

6.4

Mechanical
Moun ting Position-Any
Net Weight, approximate ....

Amperes,
Minutes

1.75      Amperes

-      II IJf
-     p,p£
-     p lrf

1.0      Pounds

FORCED-AIR   COOLED
METAL   AND   CERAMIC
INTEGRAL   RADIATOR

Operating  as  a  Class  C  CW  amplifier
at  900  megacycles,  the  gain  is  approxi-
mately 15 at the 200-watt level.

Features  of the  GL-6283  include  long
life    and    reliability,    high    gain,    high
linearity,   and  resistance  to   shock   and
vibration.

These together with such design factors
as  an  oxide-coated  cathode,  coaxial  ele-
ments,   and   metal-ceramic  construction
make  the  tube  well  adapted  to  applica-
tion  in  modern  systems  where  perform-
ance  and reliability are important.

Thel.mal
Cooling-Forced Air §
Through   Radiator,   at

Sea Level**
Plate  Dissipation .  .  .
Air  Flow,   45   C   In-

coming   Air   Tern-
perature,  mini-
mum.  . .

Static   Pressure,   ap-
proximate.......

Radiator  Hub  Ten-
perature,  at  Point
Adjacent to Anode
Seal.  .  .

Seals
Screen-Grid  to  Con-

trol-Grid,  approxi-
mate .  .  .

Heater   to   Cathode,
approximate. , ,

Ceramic    Temperature
at  Any  Point,  maxi-
mum.  .  .

500             400           300      Watts

17.0              12.0              6.5       Cubic  Feet
per Minute

0.9                0.5              0.2       Inches-
Water

250C

1      Cubic Feet
per Minute

1      Cubic  Feet
per Minute

200C

RADIO-FREQUENCY   POWER   AMPLIFIER-CLASS   a   LINEAR

Carrier  condilions  per tube  for  use  with  a  maximum  modulcllion  factor  of I.0

GENERAL ©  ELEOTRlo
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RADIO-FREQUENCY   AMPLIFIER-CLASS   a   TELEVISION   SERVICE
Synchronizing-Level  Conditions  Per Tube  unless  Olherwise  S|.ecified

Maximum  Ratings,  Absolul®  ValtJes
DC Plate Voltage
DC Grid-No.  2 Voltage
DC Plate Current. . .
Plate Input
Grid-No.  2  Input
Plate Dissipation
Grid-No.  1  Dissipation

1600 Max Volts
.320 Max Volts

0.400 Max Amperes
600 Max Watts
15 Max Watts

500 Max Watts
.  . 2 Max Watts

Typical  Operali®nlrounded-arid  Cii.cuil  up  lo  goo  M®gacyclos
BaB€Wii:?e6v#:g::yc:es                         ...i5oo          Volts

. 250              Volts
-2 5           VoltsDC Grid-No.  2  Voltage. .  .

DC  Grid-No.1  Voltage. .  .
Peak RF Plate Voltage

Synchronizing Level . . .
Pedestal Level

Peak RF Driving Voltage
Synchronizing Level. . .
Pedestal Level

1100

DC Plate Current

Sf::gtrao|niz:3:, I,:vel.                         . 8:293
DCGrid-No.2Curreit(i':i;;i;iL;jel).0.007
DC Grid-No.  I  Current  `

Synchronizing Level ...... 0.036
Pedestal  Level ...... 0.016

Driving Power at Tube, approximate
Synchronizing  Level ........... 25
Pedestal Level

Power Output, approximate

g#::trao,nfe€8,fr:ve`IT....::£3

Amperes
Amperes
Amperes

Amperes
Amperes

Watts
Watts

Watts
Watts

RADro-FREQUENcy   pOwER   AMPLIFIER   AND   osciLLATOR-cLAss   c   TELEGRAPHy

Key-down  conditions  per  tube  wilhoul  amplitude  modulalionLL

Maximum  Ra.ings
DC  Plate Voltage ......
DC  Grid-No.  2  Voltage. .  .
DC  Grid-No.1  Voltage. . .
DC Plate Current .  .  .
DC Grid-No.  1  Current .  .  .
Plate Input .  . .
Grid-No.  2  Input .  .  .
Plate Dissipation .  .  .
Grid-No.  1  Dissipation .  .  .

900                 400
M®gacycle`s    Megacycles

1600
320

-100
0.300
0.050

480
15

500
2

2000     Volts
320     Volts

-100    Volts
0.300     Ampere
0.050     Ampere

600    Watts
15     Watts

500    Watts
2    Watts

Typical  Operalion
Grounded-Grid Circuit at 900 Megacycles

.      1500          2000     Volts
210             225     Volts

-40        -40    Volts
.    0.300        0.250     Ampere

.     0.010         0.010     Ampere

.    0.020         0.020     Ampere
Driving power, approximate .....          14              15     Watts
Power output, approximateIT...            205           300     Watts

DC Plate Voltage. . .
DC Grid-No.  2 Voltage.
DC Grid-No.1  Voltage.
DC Plate Current .  .  .
DC Grid-No.  2 Current,

approximate .  .  .
DC Grid-No.  1  Current,

approximate......

*  Because the temperature of the cathode is increased by back bombardment of electrons at UHF, required heater voltage for optimum
life decreases with increasing frequency.  The amount of heater-voltage reduction is dependent on operating conditions. However,
this voltage  should not  be less  than  5.5  volts.
i-€;r;;:'ni°s-ri-;iiinum usable cathode current (plate current plus current to each grid) for any condition of operation.
Measured with a 6-inch minimum diameter flat metal disk attached to the screen-grid ring.  Control grid connected to the screen
grid.
Output capacitances measured between anode and screen grid.  Control grid connected directly to screen grid.
Forced-air cooling to be applied before and during the application of any voltages.
Provision must be made for unobstructed passage-of coolirig air between radiator fins and between the anode terminal and adjacent
radiator fin.
Useful power output as measured in output-circuit load.
Useful power output including power transferred from driver stage. Output circuit efficiency approximately 80 percent.
Modulation essentially negative may be used if the positive peak of the envelope does not exceed 115 percent of the carrier condi-
tions.

U

®

®

®



CONSTANT  CURRENT  CHARACTERISTIC
SCREEN  VOLTACE   =  250  VOLTS

ALL  VOLTAGES  REFERENCED  TO  CONTROL  GRID
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A69087  -72867 1-30-63

CONSTANT  CURRENT  CHARACTERISHC
SCREEN  VOLTAGE  =  350  VOLTS

ALL  VOLTAGES  REFERENCED  TO  CONTROL  GRID

400                         BOO                        1200                        1600                        2000                      2400

PLATE  VOLTAGE  IN  VOLTS
A69087  -  72868 1_30-63
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FILAMENT  CUP  TEBMINAL

(BOTTOM   OF   CUP  MUST
NOT   BE   USED   AS   A   SOCKET    STOpt

C 0 N C E N T Fu C I T I E S

THE   FOLLOWING    TOTAL    INDICATOB    BEADINGS    ARE    MEASURED   WITH
RESPECT   TO   A   CENTEf`LINE    DETERMINED   BY    THE    CENTERS   OF   THE
ANODE    TERMINAL   AND    CONTROL    G.RID    TERMINAL

DIAMETER    A-O.030    INCHES
DIAMETEB    8-0.016     INCHES
DIAMETER    C-O.036    INCHES
DIAMETER   D-O.042    INCHES

TOTAL   INDICATOF}    BEADING    OF    FILAMENT    CUP    TERMINAL    DIAMETER

(D)   MEASURED    WITH    RESPECT    TO    CENTEB    OF    CATHODE    AND    FILAMENT    TERMINAL
DIAMETER    (C)-O.016   INCHES

K-6.087-72A57®

GENERTLBELD8RT:ELN:cTR]o
Owensboro, Kenfucky

®

®

®
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OL16848

TETR®DE
VHF-UHF

RINC-SEAL   CONSTRUCTION

CROUNDED-GRID   CIRCulT

The GL-6848 is a four-electrode trans-
mitting    tube    featuring    a    metal-and-
ceramic   envelope   for   use   as   a   power
amplifier   or  oscillator  in   grounded-grid
circuits  with  both  grids  maintained  at
radio-frequency   ground   potential.   The
output  circuit  is  connected  between  the
anode  and  the  screen  grid.  The  anode  is
capable of dissipating 2 kilowatts, Cooling
is  accomplished  by  forced  air  with  the
radiator  an  integral  part  of  the  anode.
The  cathode  is  a  unipotential  thoriated-

Elect,ical

Minimum    Bogey     Maximum
Cathode

Heater Voltage
Heater Current at  7.0  Volts

Without Cathode Born-
barding.  .  .

With  ls0  Watts  Cathode
Bombarding.....

Heater starting current.   :     =
Heater  Cold  Resistance. .  .
Cathode Bombarding

Power*  .
Cathode Bombarding Vc,ltage,  DC

For  170  Watts Bombard-
ing Power .  .  .

For  195  Watts Bombard-
ing Power . . .

Cathode Heating Time .  .  .
Amplification   Factor,   G2   to

Gi,  Eb=4000  Volts,   Ib=0.5
Ampere .  .  .

Peak  Cathode CurrentI   . .

Direct Interelectrode Capacitances
Cathode to Plate§ .......
Input,  G2' tied  to Gi . . .
Output,  G2  tied to GiT|:  :  :

6.7               7.0     Volts

14.5             -    Amperes

13.5              --    Amperes
2S     Amperes

0.041             -    Ohms

170             195     Watts

650      ,     -    Volts

700            -    Volts-    Minutes

20

6     Amperes

0.01            -    „„f
27.8             -     lJprf
6.4            -    „Hf

GL16848
ET-T] 658B

Page  I
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FORCED-AIR   COOLED

METAL  AND   CERAMIC

tungsten   cylinder,   heated   by   electron
bombardment.  Maximum  ratings  apply
up  to  800  megacycles,  although  higher
frequency operation is possible.

In  narrow  band,   Class  C,  grounded-
grid,   amplitude-modulated   service,   the
GL-6848  has  a  useful  carrier-power  out-
put in excess of one kilowatt.  In Class C
Telegraphy, it has a useful power output
of 3.0  kilowatts  of continuous  power  as
an  amplifier or oscillator.

Mechanical
Mounting Position-Vertical, Anode-end Up
Net Weight, approximate .  .  . .      6.OPounds

The,mal
Type of Cooling-Forced Air
Air Flow

Through Radiator
Percentage

Rated Plate
Dissipation..loo       80       60  Percent

AirFlow ...... 120        70       48  CubicFeetperMinute
Static  pressure.  3.21.5      0.8   Inches

Screen-grid     to    Control-grid
Seals .  .  .

Heater-to-Cathode  Seals. . ,
Anode  Ceramic.  .  .

Incoming Air Temperature. . .
Anode Hub Temperature .  .  .
Ceramic  Temperature  at  Any

Point.  .  .
Temperature    at    Any    Other

15  Min Cubic Feet per Minute
7.5  Min Cubic Feet per Minute
10  Min Cubic Feet per Minute
45  Max C

180  Max C

200  Max C

Point .....   200  Max c
Forced-air  cooling  to  be  applied  before  and  during  the  appli-

cation  of any voltages.  Air flow on heater-to-cathode seals must
be  maintained  for  one  minute  after  removal  of heater  voltage.
The  air  duct can  be  constructed so  that  air  is forced  along the
anode  seal  and  ceramic  through  the  anode  contact  fingers  to
accomplish   the   anode   ceramic   and   anode   seal   cooling.   The
volume of cooling air indicated is approximate only. Distribution
of cooling  air  will  vary  with  configuration  of the  cavity  about
the tube.

GEN ERAL ©  ELECTRIC
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PLATE  MODULATED   RADIO-FREQUENCY  AMPLIFIER-CLASS   C  TELEPHONY

Carr.Ier  conditions  With a  Maximum  Modulalion  Factor  of I.0,  Screen  Medulolion  Required

M.ximum  Ralings,  Absolul®  Value.
DC Plate Voltage
DC Grid-No.  2  Voltage
DC Grid-No.  1  Voltage
DC Plate Current
DC  Grid-No.  1  Current .  .  .
Plate Input
Grid-No.  2 Input
Plate Dissipation

4500    Volts
500    Volts

-120    Volts
0.80     Ampere

0.120     Ampere
3.60     Kilowatts

25    Watts
2.0     Kilowatts

Typical  Op®,..'i®n
Grounded-grid Circuit at 400 Megacycles

DC Plate Voltage .....
DC Grid-No.  2  Voltage. . .
DC Grid-No.1  Voltage. . .
Peak RF Plate Voltage. . .
Peak RE Driving Voltage .....
DC Plate Current .  .  .
DC  Grid-No.  2  CurreLt ....
DC Grid-No.  1  Current, approximate .
Driving Power, approximate .  .  .
Power Output#

..   4000     Volts
.     400     Volts
.-loo    Volts

..   2500     Volts
120     Volts

0.570    Ampere
0.020    Ampere
0.100    Ampcre

100    Watts
1250    Watts

Output circuit Efficiency...                               90    Percent
Cathode Bombarding power*..                  .165    Watts
Cathode Bombarding voltage, approx...     630    Volts
Cathode Bombarding Current, approx. .  .  0.260    Ampere

RADIO-FREQUENCY  AMPLIFIER  AND   OSCILLATOR-CLASS   C  TELEGRAPHY

Key  Down  C:®nditi®ns  per  Tube  Wilhout  Amplilude  Modulation

Maximum  Ra.ing.,  Absolul®  VoII.®s
DC Plate Voltage
DC Grid-No.  2  Voltage. . .
DC Plate Current .  .  .
Plate Input
Grid-No.  2  Input

Typical  Op®relj®n
Grounded-grid Circuit at 400 Megacycles

DCplatevoltage .....   4500       6500     Volts
DC Grid-No.  2  Voltage. . .
DC  Grid-No.1  Voltage. .  .
Peak RF Plate Voltage, approxi-

mate.  .  .
Peak RF Grid-No.1  Voltage. .
DC  Plate Current .  .  .
DC  Grid-No.  2  Current .  .  .
DC  Grid-No.  I  Current .  .  .
Driving Power, approximate . .
Power Output, approximate# . .
Output Circuit Efficiency . .  .
Cathode Bombarding Power * . .
Cathode Bombarding Voltage,

approximate .  .  .
Cathode Bombarding Current,

approximate .  .  .

.      600          700     Volts

.-120     -100    Volts

.   3000          -    Volts

.      140          140     Volts
0.6           0.8     Ampere

.0.018      0.025     Ampere

.  0.080      0.100     Ampere

.      100          100     Watts

.   1800       3200     Watts
90           90    Percent

.      160          165     Watts

.      610          630     Volts

.0.260      0.260     Ampere

Plate Dissipation .  .
DC Grid-No.  1  Voltage
DC Grid-No.  1  Current

2.0     Kilowatts
.      120     Volts

..  0.150     Ampere

Grounded-grid Circuit at 800 Megacyclcs
DC Plate Voltage
DC Grid-No.  2  Voltage. . .
DC  Grid-No.1  Voltage. . .

4500     Volts
600     Volts

-120    Volts
Peak RF Plate Voltage, approximate` ....   3000    Volts
Peak RF Grid-No.  1  Voltage ....      140     Volts
DC Plate Current 0.6    Amperc
DC  Grid-No.  2  Current .....  0.018     Ampere
DC cirid-No.  1  Current .....  0.080     Ampere
Driving power, approximate...                             90    Watts
Power o`itput. approximate# .....   1250    Watts

8::#ecir:=i::?dT:1:enpcoywer.*                         1 %   3,e:::snt
Cathode Bombarding voltage, approximate    600    Volts
Cathode Bombarding current, approximate o.250    Ampere

*  The cathode of the GL-6848, because of transit-time effects which raise the temperature of the cathode, is subj.ectcd to considerable
back  bombardment  in  ultra-high-frequency  service.  The amount of heating due  to  bombardment  is  a  function  of the operating
conditions and frequency, and must be compensated for by a reduction of the cathode power input to prevent overheating of the
cathode with resulting  short life.  In any case it  is important  from a tube life standpoint  to keep the  cathode power at as low a
level as possible consistent with required performance. Bombarder power should be monitored by a suitable wattmeter or DC volt-
meter and milliammeter arrangement. For long life, the  tube should be put in operation with about 180 watts bombarding power.
After the circuit has been adjusted for proper tube  operation, bombarding voltage should be reduced to a value slightly above that
at which circuit performance is affected. Minor circuit readjustment may be necessary after the above adjustment. The procedure
for determining proper bombarding power should be repeated periodically.

I  Represents maximum usable cathode current.(plate current plus current to each grid) for any condition of operation.

§  Measured with complete isolation between cathode and plate.

T[ Output capacitance measured between anode and screen grid.  Control grid connected directly to screen grid.

#  Useful power output including power transferred from driver stage.
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ANODE   HUB  TEMPERATURE
MEASuf}ED  AT THIS  POINT

ANODE   TERIIIINAL

TOTAL  INDICATOR  READINOS-
DIANETER A-O.024  lNCHES
DIAMETER B-0.024  INCHES
DiAMETEn C-o.o3o  INCHES
DIAMETER D-0.050  lNCHES
DIAMETER E-0.050  lNCHES

THE  ABOVE  REAOINGS  ARE  MEASURED
WITH   ftESPECT  TOACENTERLINE
DETERMINED  BY THE  CENTEFts  OF THE
ANODE   TERMINAL  AND  CONTROL-
GRID   TERMINAL

SCPEEN-6RID  TERMINAL
( TAPE fis  DO`lrN  TO  2.35o" )

a.005"MAX.   ROLLOVEP
CONTPOL-GPID  TEBMINAL

J|"+JIL'
32 -32\t_

CATHODE   TERMINAL

I.03l " ± O.OIO-DIA

Q662"±colo"DIA(C)

FILAMENT  TERNINALS

GENERTUABELD8RTrELN:CTR.0
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GL-6942

a

^

a

ONE   KILOWATT   UHF   TELEVISION   OUTPUT                   FORCED-AIR   COOLED

UHF   TETRODE                                                                                       METAL   AND   CERAMIC

CROUNDED-GRID   CIRCUITS                                                         INTEGRAL   RADIATOR

THORIATED-TUNGSTEN   CATHODE

The GL-6942 is a four-electrode trans-
mitting    tube    featuring    a    metal-and-
ceramic  envelope  designed  for  use  as  a
power amplifier or oscillator in grounded-
grid  circuits  with  both  grids  maintained
at radio-frequency ground potential. The
output  circuit  is  connected  between  the
anode  and the screen  grid.  The anode is
capable  of dissipating  one  and  one  half
kilowatts.   Cooling   is   accomplished   by
forced air  with  the  radiator  an  integral
part  of  the  anode.   The  cathode  is  in-
directly heated thoriated tungsten. Maxi-
mum ratings apply upto 1000 megacycles.

When used as a Class 8 grounded-grid
broadband  television  amplifier  this  tube
has   a  useful   synchronizing  peak-power
output   of  one  kilowatt   at   900   mega-

Elect,ical

Mini-                                 Maxi.
mum           B®9®y             mLlm

Heatervoltage* .........-             5.7               6.0     Volts

Heatercurrentat5.7Volts      22              24                26    Amperes

Heater Starting Current . .

Heater Cold Resistance . . .

Cathode Heating Time .  . .

Amplification   Factor,    G2
to  Gi,  Eb=2000  Volts,
Ib =  0.200Ampere, Ec2 =
475   Volts .............

Peak Cathode Currentt  . .

Direct   Interelectrode   Ca-
pacitances
Cathode to Plate± .  .  .
Input, G2 tied to Gi. . .
Output, G2 tied to Gi§  .

36    Amperes

0.02              -    Ohms
-   Minutes

12                    17                       22

3.0     Amperes

cycles;  in  narrow  band  Class  C  service
the output is one kilowatt of continuous
power  as  an  amplifier  or  oscillator.  Be-
cause of its ratings,  the tube i§ also well
adapted    to    use    in    dielectric-heating
equipment.

High   operating   efficiency   is   assured
because of the small size and close spacing
of the tube electrodes,  the ring-seal  con-
struction,  and the low-loss factor  due to
the  silver-plated  external  parts  and  the
ceramic_   insulators.    In    addition,    the
grounded-grid construction eliminates the
necessity for neutralization in a properly
designed  circuit.  The  small  size  of  the
GL-6942 permits compact mounting, and
the  ring-seal   construction  allows   quick
plug-in installation.

Mechanical
Mounting Position
Net Weight, approximate

Thermal
Air FlowlT

Through     Radiatorusee
drawing   for   air   duct
form on page 3.
Plate Dissipation ....    1.5              Kilowatts
Air Flow ....     60 Min    CubicFeetperMinute
Static pressure ....    1.5              Inches water
Heater-to-Cathod: S;;ls     8 Min   Cubic Feet per Minute
Screen-Grid to Control-

Grid seals...                       4 Min    Cubic Feet per Minute
Anode   to   Screen-Grid

Ceramic Insulator...       6 Min    Cubic Feet per Minute
Incoming Air Temperature.     45 Max   C
Radiator  Hub  Temperature

at Fin Adjacent to Anode
Seal .....    180  Max   C

Ceramic    Temperature   I at
Any point .....   200 Max   C

Forced-air   cooling  to  be   applied   before   and   during   the
application of any voltages. Forced-air cooling must be main-
tained for one minute after the removal of all voltages.

GENERAL © ELEC"lc
Supersedes  ET-T1384B  dated  2-65
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RADIO-FREQUENCY   AMPLIFIER-CLASS   a   TELEVISION   SERVICE

Synchronizing-Level  Condilions  per  Tube  unless  otherwise  Specified

Maximum  Ralings,  AbsolLlle  Values

DC Plate Voltage .  . .
DC  Grid-No.  2  Voltage.  .  .
DC Plate Current. . .
Plate Input
Grid-No.  2  Input.

4000 Max   Volts
600 Max   Volts
0.7  Max   Amperes
2.5  Max   Kilowatts
25 Max   Watts

Plate Dissipation ....    1.5 Max   Kilowatts

Typical  Operalion-Orounded-Grid Circuit up lo 900  Megdcycles
Bandwidth  6 Megacycles, measured to  1

decibel point
DC Plate Voltage .  .  .
DC Grid-No.  2  Voltage
DC Grid-No.  1  Voltage
Peak RF Plate Voltage

Synchronizing Level .
Pedestal  Level .  .  .

.. 3500                Volts

..    500                 Volts
.  -40             Volts

.. 2500                 Volts

..1875                 Volts

Peak RF Driving Voltage
Synchronizing Level .  .  .
Pedestal Level

DC Plate Current
Synchronizing Level.  .  .
Pedestal  Level .......

DC Grid-No.  2
Pedestal Level .  .  .

DC Grid-No.  1  Current
Synchronizing Level .  .  .
Pedestal  Level .  .  .

110

0.520
0.360

0.035

Driving Power at Tube, approximate
Synchronizing Level.  .  .
Pedestal Level

Power Output, approximate¢
Synchronizing Level.  .  .
Pedestal Level

. 0.110

. 0.035

.  .loo

Volts
Volts

Amperes
Amperes

Amperes

Amperes
Amperes

Watts
Watts

Watts
Watts

PLATE-MODULATED   RADIO-FREQUENCY   POWER   AMPLIFIER-CLASS   C   TELEPHONY

Carrier  Conditions  with  a  Maximum  Madulalion  Factor  of 1.0

Maximum  Ralings,  Absolute  Values
DC plate voltage ...... 3200 Max   Volts
DC  Grid-No.  2  Voltage ...... 600  Max   Volts
DC Grid-No.1  Voltage ....- 120 Max   Volts
DC Plate Current .  .  .
Dc Grid-No.  1  Current . . ,
Plate Input
Grid-No.  2  Input
Plate Dissipation

.    .0.35  Max   Amperes
.  .  .0.10  Max   Amperes

1.12  Max   Kilowatts
10 Max   Watts

1200 Max   Watts

Typical  Operalion,  Crounded.Grid  Circuit  up  lo  900  Megacyclos
DC plate voltage ...... 3000
DC  Grid-No.  2  Voltage ...... 500
DC  Grid-No.  1  Voltage ....- 100
Peak RF plate voltage ...... 2300
Peak  RF`  Driving voltage ...... 137
DC plate  current ...... 0.25
DC  GridLNo.  2  Current ..... 0.01
DC Grid-No.1  Current,  approximate.  . 0.047
Driving power,  approximatet     .... 38
Power Output¢

Volts
Volts
Volts
Volts
Volts
Amperes
Amperes
Amperes
Watts
Watts

RADIO-FREQUENCY   POWER   AMPLIFIER   AND   OSCILLATOR-CLASS   C   TELEGRAPHY

Key-Down  Conditions  per  Tube  wifhoul  Am|.lilude  Modulation/L

Maximum  Ralings,  Absolul®  Values

DC Plate Voltage . . .
DC  Grid-No.  2  Voltage .  .  .
DC  Grid-No.  I  Voltage .  .  .
DC Plate Current
DC Grid-No.  1  Current .
Plate Input
Grid-No.  2 Input
Plate Dissipation

.4000  Max   Volts
.600 Max   Volts

-150 Max   Volts
0.7 Max   Amperes

0.10 Max   Amperes
2.5  Max   Kilowatts
25 Max   Watts

1.5  Max   Kilowatts

Typical    Operation-Orounded-Grid    Circuil    al    1000    Megacycles,
I/4^  Oulpu'

DC plate voltage ...... 4000
DC  GridLNo.  2  Voltage ...... 500
DC  GridlNo.1  Voltage ....- 110
DC plate  current ...... 0.42
DC  Grid-No.  2  Current ...... 0.011
DC Grid-No.  1  Current, approximate .  . 0.055
Driving power,  approximate   ....   65

Volts
Volts
Volts
Amperes
Amperes
Amperes
Watts

Power output, useful¢ ...... 1000              Watts

*  The cathode of the GL-6942 because of transit-time effects which raise the temperature of the cathode, is subjected to considerable
back  bombardment in  ultra-high-frequency service.  The  amount  of heating due  to  bombardment  is  a  function  of the operating
conditions and frequency, and must be compensated for by a reduction of the heater input to prevent overheating of the cathode
with resulting short life. For long life, the GL-6942 should be put in operation with rated heater voltage. After the circuit has been
adjusted for proper tube operation the heater voltage should be reduced to a value slightly above that at which circuit  performance
is affected.  At a frequency of 900 megacycles and with typical operating conditions the heater voltage can be reduced to approxi-
mately 5.3 volts. At lower frequencies, the reduction will be less. Minor curcuit readjustment may be necessary after this adjustment.

t  Represents maximum useable cathode current (plate current plus current to each grid) for any condition of operation.
I  Measured with complete external shielding between cathode and anode.
§   Output c.apacitance measured  between anode and screen grid.  Control grid c.onnected directly to screen grid.   `
fl  The volume of cooling air  indicated  for  the various seals is for sea-level  conditions  and  approximate only.  Distribution  of cooling

air  will  vary  with  the  cavity  configuration  about  the  tube.  For  most  staisfactory  operation  the  maximum  temperature  of any
point on the tube should be below  200  C.

¢  Useful power output including power transferred from driver stage.
•  The carrier of the driver modulated  100  percent.
^Modulation essentially negative may be used if the positive peak of the envelope does not exceed 115 percent of the carrier conditions.
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TOTAL   INDICATOR   READINGS

The  above   readings   are   measured   with   respect  lo  a
cenlerline determined  by the centers  of the anode terminal
and  control-grid  lerminal.

GENERT;BiD8RTfiNETCTR.o
Scheneclady,  New York  12305
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Heater Voltage  (See  Note  1) .  .  .
Heater Current. . .
Amplification .  .  .

PuLSED   SERVICE
CROUNDED-GRID   OPERATloN

INTEGRAL   RADIATOR

The    GL-7399    is    a    small-size,    four-
electrode    transmitting    tube    especially
designed for pulsed-amplifier or -oscillator
service    at    L-band    frequencies.     This
tetrode is particularly well suited for  use
in  airborne or ground-based radar  equip-
ment.

The tube is capable of providing useful
output at frequencies up to approximately
1500 megacycles.

Features  of  the  GL-7399  include  long

Mini-                Moxi-
mLim  Bogey  mum
-     6.3     6.8       Volts
...      5.6                      Amperes

Factor,  G2  to  Gi .....    10.5
Eg2 = 275 Volts DC, Eb = 1000 Volts DC,

Ib = 200 Milliamperes DC
Cathode Heating Time .  . .
Direct Interelectrode Capacitances *

Cathode to Platet. .  .

1                             Minute

•.0.012                    „„f
24.0                 „„f

9.3                   „4'f

Mechanical
Mounting Position-Any
Net Weight . 1.0                     Pounds

FORCED-AIR   COOLED
METAL   AND   CERAMIC

life and reliability,  long pulse width,  high
peak power and high gain, broad-banding
capability,  and  resistance  to  shock  and
vibration.

These together with such design factors
as    an    oxide-coated    cathode,     coaxial
elements, and metal-ceramic construction
make the tube well adapted to application
in   modern   systems   where   performance
and reliability are important.

Thermal

Cooling-Forced Air I
Radiator§

Plate Dissipation .  .  .
Air Flow, 45 C incoming air
temperature . .  .

Static Pressure, approximate
anode  at  room  tempera-
ture.  .   .

Anode Hub' i'emper.a.tire /I
Seals

Screen   and   Control   Grid,
approximate .  .  .

Heater   and   Cathode,   ap-
proximate

Ceramic  Temperature  at  any

500    400    300     Watts

17.012.0      6.5     MincubicFeet
per Minute

0.9     0.5      0.2     Inches-Water
...250     Maxc

...I     CubicFoot
per Minute

I    CubicFoot
per Minute

200    Maxc

RADIO-FREQUENCY   POWER   AMPLIFIER-CLASS   a

Maximum  Ratings
Plate- and Screen-Grid Pulsed,  500 Megacycles

DC Plate Voltage,  during pulse .  .  .
DC Plate Current, during pulse .  .  .
DC Grid-No.  2  Voltage,  during pulse.
DC Grid-No.  2  Input+ .  .  .
Plate Dissipation+ .  .  .
DC Grid-No.  1  Voltage, not pulsed . .  .
DC Grid-No.  1  Current, during pulse
Pulse Width Yt
Duty Factor Y¢

..10     Kilovolts

..10     Amperes
2000     Volts
..15     Watts
.500    Watts
_ 12:5    X:tpse,res

15     Microseconds
0.0012

Typical  Opei.ation

Grounded-grid Circuit,  500  Megacycles
DC plate voltage, during pulse ...... 9     Kilovolts
DC Grid-No.  2  Voltage, during pulse. . .1400     Volts
DC Grid-No.1 Voltage, notpulsed ....- 125     Volts
PeakRFplatevoltage ........... 7000     Volts

Be€kpFaFe %rj:revnot`,t:5eririg. pu,se                 39?2    Xfitpseres
DC Grid-No.  1  Current, during pulse .... 1.1     Amperes
DC Grid-No.  2  Current, during pulse. . .0.47     Amperes
Driving Power at Tube, during pulse .... 2.6    Kilowatts
Power Output, during pulse  (useful) ...... S2     Kilowatts
Pulse Width . t
Duty Factor

15     Microseconds

Note 1 : Because the temperature of the cathode is increased by back bombardment of electrons at UHF, required heater voltage for
optimum life dec.reases with inc.reasing frequency.  The amount of heater-voltage reduction is dependent on operating condi-
tions. However,  this voltage should not be less than  5.5 volts.

GENERAL ©  ELECTRIC

Supersedes  ET-T1598C  dated  4-64
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Maximum  Ratings

Pulsed Drive,1250 Megacycles
DC Plate Voltage

RADIO-FREQUENCY   POWER   AMPLIFIER-CLASS   C

Typical  Operation

Grounded-grid  Circuit  at  1100  Megacycles,  %^  Output  Circuit
5     Kilovolts

DC Plate Current, during pulse .  .
DC  Grid-No.  2  Voltage .  .  .
DC  Grid-No.  2  Input .  .  .
DC  Grid-No.  1  Voltage . . .
DC  Grid-No.  1  Current .  .  .
Plate Dissipation .  .

I;uul:;yaicdttohr¥!¢.

...6     Amperes
..I.I      Kilovolts
...5     Watts

L225     Volts
..1.5     Amperes
..500     Watts
...15     Microseconds
. 0.01

DC Plate Voltage** .
DC Plate Current,  during pulse.  .  .
DC  Grid-No.  2  Voltage. . .
DC Grid-No.  2  Current,  during pulse.
DC  Grid-No.  1  Voltage. . .
DC  Grid-No.  I  Current, during pulse.
Driving Power at Tube, during pulse .

..4.8     Kilovolts

..4.2     Amperes
...1      Kilovolt

..100     Milliamperes
-200     Volts
..200     Milliamperes
..1.5     Kilowatts

Power Output,  during pulse  (useful). . .
Pulse Widtht
Duty Factor

11     Kilowatts
15     Mic.roseconds

*  Control grid connected  directly to screen  grid.

t  Complete external shielding between cathode  and  plate.
I  Forced air cooling should be applied during the application of any voltages.
§  Provision must be made for unobstructed passage of cooling air between radiator fins, and between the anode terminal and adjacent

fins.
AMeasured at the base of the fin adjacent to the plate terminal. See outline drawing on page 4.

S¥o:X;gpui:aatyoe::gteh:ta`rueeq.uire longer I)u|ses or higher duty refer to the tube manufacturer for recommendations.
t  Pulse duration measured between points at 70 percent of peak value. The peak value is defined as the maximum value of a smooth

curve through the average of the fluctuations over the top portion of the pulse.
¢  Maximum ratio of on-time to elapsed time during any  12.5-millisecond period.
¢¢Maximum ratio of on-time to elapsed  time during any  1.5-millisecond period.**A minimum surge-limiting resistance of 50 ohms must be placed between the plate of the tube and the a+ power supply at steady-

state voltages greater than 3.5  kilovolts.

u
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FILAMENT  CUP  TERMINAL

(BOTTOM   OF  CUP  MUST
NOT   BE   USED   AS   A   SOCKET    STOP`

CONCE NT f] I c I T I E S

THE   FOLLOWING   TOTAL    INDICATOR    READINGS   APE    MEASURED  WITH
RESPECT   TO  A   CENTERLINE    DETERMINED   BY   THE    CENTEPS   OF   THE
ANODE   TEF}MINAL   AND    CONTROL    GRID    TERMINAL

DIAMETEB   A-0.030   INCHES
DIAMETEB    8-0.016     INCHES
DIAMETER   C-O.036    INCHES
DIAMETER   D-O.042   INCHES

TOTAL   INDICATOR    READING    OF    FILAMENT   CUP   TEf}MINAL    DIAMETER

(D)  MEASURED   WITH    RESPECT    TO   CENTER   OF   CATHODE   AND   FILAMENT   TEf"lNAL
DIAMETER    (C)-O,016  INCHES

GENERT;BELD8RT:ELN:OTR.o
Schenectady,  New  York   12305

8-1 -62 ®
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OL-7985

TETR®DE
VHF-UHF

RINC-SEAL   CONSTRUCTION

GROUNDED-GRID   CIRCUIT

The GL-7985 is a four-electrode trans-
mitting   tube   featuring    a    metal-and-
ceramic   envelope   for   use   as   a   power
amplifier  or  oscillator  in  grounded-grid
circuits  with  both  grids  maintained  at
radio-frequency   ground   potential.   The
output  circuit  is  connected  between  the
anode  and the screen  grid.  The  anode is
capable of dissipating 3 3<p kilowatts. Cool-
ing is accomplished by water  and forced
air with the water jacket an integral part
of  the  anode.  The  cathode  is  a  unipo-
tential       thoriated-tungsten       cylinder,
heated by electron bombardment.  Maxi-

Electrical

Minimum      B®gey      Maximum

Cathode
Heater  Voltage .  .  .
Heater Current at  7.0 Volts

Without Cathode Born-
barding . .  .

With  150  Watts  Cathode
Bombarding . . .

Heater starting current..       =
Heater Cold  Resistance. . .
Cathode Bombarding

Power*' -
Cathode Bombarding Voltage, DC

For  170  Watts Bombard-
ing  Power. . .

For  195  Watts Bombard-

rl

ing Power. . .
Cathode Heating Time .  .  .

Amplification  Factor,  G.2  to
Gi, Eb = 4000 Volts, Ib = 0.5
Ampere .  -  .

Peak Cathode Current± .  .

Direct Interelectrode Capacitances
Cathode to Plate§ .  .  .
Input,  G2 tied to Gi . . .
Output,  G2 tied to  Gilt:  :  ..

6.7             7.0     Volts

14.5            -    Amperes

13.5           -    Amperes
25    Amperes

0.041            -    Ohms

170           195     Watts

650           ~    Volts

700           -    Volts-   Minutes

20-
6    Amperes

0.01              -    H4'f
21.8              -     Itpr£
6.4            -    4,#f

WATER   COOLED

METAL   AND   CERAMIC

INTEGRAL  WATER  JACKET

mum ratings apply up to 800 megaycles.
although  higher  frequency  operation  is
possible.

In  narrow  band,  Class  C,  grounded-
grid,   amplitude-modulated   service,   the
GL-7985  has  a  useful  carrier-power  out-
put in excess of one kilowatt.  In Class C
Telegraphy, it has a useful power output
of  3.0  kilowatts  of continuous  power  as
an amplifier or oscillator.

As  a  Class  8  radio-frequency  power
amplifier, the tube is capable of delivering
1100  watts  of  power  with  20  watts  of
drive at carrier level.

Mechanical

Mounting Position-Vertical, Anode-end Up
Net Weight. approximate 2.0 Pounds

Thermal

Type of Cooling-Water and Forced Air

Water Flow
Anode ...... 3.0 Min Gallons  per  Minute
Pressure Drop at

Rated Flow .... 20 Max pounds per square Inch
Water pressure                  ... 80 Max pounds per square  Inch
Outlet Water Temperature . 70 Max C

Air Flow
Screen-grid   to   Control-grid

Seals .....  15  Min cubic Feet per Minute
Heater-to-Cathode Seals. .  . 7.5 Min Cubic Feet per Minute
Anode Ceramic .....  10 Min Cubic Feet per Minute

Temperature at Any I;6i.nt.. .  200 Max C

Water  and  forced-air  cooling  to  be  applied  before  and  during
the  application  of any  voltages.  Water  cooling  may  be  discon-
tinued with removal of all voltages. Air flow on heater-to-cathode
seals must be maintained for one minute after removal of heater
voltage.

GEN ERAL ©  ELECTRIC
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RADIO-FREQUENCY   POWER   AMPLIFIER-CLASS   a

Carrier C®ndilions  per  Tube  for  use  wi\h  a  Maximum  Modulali®n  Factor  oF I.0

M®xlrt.urn  Re.ing.,  Ab.®lv..  Valu..
DC Plate Voltage
DC Grid-No.  2 Voltage
DC Plate Current .  .  .
Plate Input
Grid-No.  2  Input
Plate Dissipation

Typlc®I  Op.'a'i®n
Grounded-grid Circuit, 225400 Mcgacycles

DC plate voltage .....   7000    Volts
DC Grid-No.  2  Voltage ....     600     Volts
DC Grid-No.  1  Voltage, approximate ....- 35    Volts
Peak RF Plate Voltage, approximate. . .   5500    Volts
Peak RF Grid-No.  1 Voltage, approxi-

105     Volts

Z'e:.p3fgt:afgacnpt,;i: cu,,.n ,.... : 8:1.Z!   £=g:::
Eb = 7000 Volts, Ec2 = 600 volts,
E.I adjusted for Ib = 0.llS arnpcres

88 a:g:#:: : ?=:::: . : ...,-. 8:8!3   f=::::
Driving power, approximate...                      80    Watts

Measured at crest of audio-frequency
cycle with modulation factor of I.0

Power Output# 1100    Watts
CircuitEfficiency .........        90     Percent
Plate Dissipation .....   2300    Watts
Cathode Bombarding power*..               .160    Watts
Cathode Bombarding voltage ....     610    Volts
CathodeBombarding current .......  0.260    Ampere

PIATE   MODULATED   RADIO-FREQUENCY   AMPLIFIER-CLASS   C   TELEPHONY

Carrier  Condilion.  Wilh  a  Maximum  Modulalion  Facl®r  of I.0,  Scrcon  Modulation  R®quirod

M®x!mum  Reling.,  ^b.®Iul. V.lv..
DC Plate Voltage
DC Grid-No.  2 Voltage
DC Grid-No.  1 Voltage
DC Plate Current .  .  .
DC Grid-No.  1  Current
Plate Input
Grid-No.  2 Input
Plate Dissipation

4500    Volts
500    Volts

-120    Volts
0.80    Ampcre

0.120     Ampere
3.60     Kilowatts

25    Watts
3.5     Kilowatts

Typical  Op.roli®n
Grounded-grid Circuit at 400 Megacycles

DC plate voltage .....- 4000     Volts

DC Grid-No.  2  Voltage ....     400     Volts
DC Grid-No.  1  Voltage ....- loo    Volts
Peak RF plate voltage .....   2500    Volts
Peak RF Driving voltage..                        .     120    Volts
DCplatecurrent ........  0.570    Ampere
DC Grid-No.  2  Current .....  0.020    Ampere
DC Grid-No.  I  Current.  approximate..  .  0.loo    Ampere
Driving power, approximate ....      100    Watts
Power Output# 12S0    Watts
Output circuit Efficiency...                             90    Percent
Cathode Bombarding power*..                .165    Watts
Cathode Bombarding voltage, approx...     630    Volts
Cathode Bombarding current, approx.. .  0.260    Ampere

RADlo-FREQUENCY   AMPLIFIER   AND   OSCILLATOR-CLASS   C   TELEGRAPHY

K.y  Down  Condili®ns p.I Tube  Williou\ ^mpli.ud®  Modulalion

M.xlmum  I..lI.o., ^b.®lu.. V®Iv..
DC Plate Voltage
DC Grid-No.  2 Voltage
DC Plate Curent
Plate Input
Grid-No.  2 Input

Peak` RF Grid-No.  1-Volt:ge .
DC Plate Current .  .  .
DC Grid-No.  2  Current ....
DC Grid-No.1  Current. . .
Driving Power, approximate .  .
Power Output, approximate#.
Output Circuit Efficiency . .  .
Cathode Bombarding Power *.
Cathode Bombarding Voltage,

approximate .  ,  .
Cathode Bombarding Current,

approximate .  .  .

Typlc®I  Op.I..len
Grounded-grid Circuit at 400 Mcgacycles

:§ §l:::e:¥V:o:lt:ag*::::                  _4:§§   _6!§§   ¥§i:i
Peak RF plate voltage, approximate 3000          -Volts

140          140     Volts
0.6           0.8     Ampere

0.018      0.025     Ampere
0.080      0.100     Ampere

loo         100    Watts
1800       3200     Watts

90           90    Percent
160          165     Watts

610          630     Volts

0.260      0.260     Ampere

Plate Dissipation
DC Grid-No.  I  Voltage
DC Grid-No.  I  Current

Grounded-grid  Circuit  at  BOO  Megacyclcs
DC Plate Voltage
DC Grid-No.  2 Voltage. . .
DC Grid-No.  1  Voltage ......
Peak RF Plate Voltage, approximate. . .
Peak  RF` Grid-No.1  Voltage.  .  .
DC Plate Current
DC Grid-No.  2 Current .  .  .
DC Grid-No.  I  Current .  .  .

3.5     Kilowatts
120     Volts

O.1S0     Ampere

4500    Volts
.     600    Volts
-120    Volts
3000     Volts

140     Volts
0.6    Ampere

0.018     Ampcrc
0.080    Amperc

P:ivj:go:t°pwuetr,.aapppprro°xX;ammaattec# .....   12:8    #::::

8::#ecir:=i:a¥::cnpcoyuler *.                     I :3   #:::snt
Cathode Bombarding voltage, approximate    600    Volts
Cathode Bombarding current, approximate o.250    Ampcrc
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*  The cathode of the GL-7985, because of transit-time effects which raise the temperature of the cathode, i8 subjected to considerable
back bombardment in ultra-high-frequency  service.  The amount  of heating due  to bombardment is a function of the operating
conditions and frequency, and must be compensated for by a reduction of the cathode power input to prevent overheating of the
cathode with resulting Short life.  In any case it is  important from a tube life standpoint to kccp the cathode power at as low a
level as possible consistent with required performance. Bombarder power Should be monitored by a suitable wattmeter or DC volt-

EfttcerrtahncdciTc{:i:¥a:ebt::na:rdTu5:emdeFot;:r°orp'c°rntgu`j:e#rea:robne,Shoo:L¢arbdcinpgu;irt£?ecrsitj:Fdwbfette%bu°c:td]t:°awvaa:tu§ebs?i:hbt:;dinfv¥rirt
at Which Circuit performance is affected. Minor circuit readjustment may be necessary after the above adjustment. The prcoedure
for determining proper bombarding power should be repeated periodically.

t  Represents maximum usable cathode current (plate current plus current to each grid) for any condition of operation.

§  Measured with complete isolation between cathode and plate.

fl O`ltput capacitance measured between anode and screen grid. Control grid connected directly to screen grid.
• #  Useful power output including power transferred from driver 8tagc.

NorE  1:  Top  portion  same  as  top
portion  of  Hansen  82T16
Mates  with  Hansen  2S17

HANDLE

VIEVV    AT  .A"

TERM`NAl

gEE`l -QR`t)   T ERMlt`AL

= i 3la

t`ei   t>owt`  To    2.35o")

mAx.  ROLLOveRa

ocket  ol.  equiv.                               col"€cTloNs

%

rroT€i                2fa:±£\ (I

I I

I

I

I.',

FJr ?I+-

51±i" -
I I

.A"

I iiid

3¥ ±6L4" L 2.756"±:olJ;" DIA                               ANooEI/
I3!"#` ra-IIIIIII|

I                SC Fen(TAPE,0052536     010.    A
E'

Dl,-
#Ji!

'L2.376±.o
„•`F:``

IJ[_IJi.±J,aJ<a£±,,6+DIA-

t      #i'±±:          I.662"±OIO'blA                        +

1£

€2-=di'      I               ,.,6,"=od.DIA{OE=      3JJ2'±±

lT

¥±"        ¥4'±6L;'T     ]\        I           I              .            n         CATroo]I-I.031±.010DIA.

I `662"±.010"DIA.(C)

a  +_#6.                                        .250.±.Oco"DIA.(D'

GR`O  TERm`NAL

DE    TERMINAL

ENT  TERMINALS

The  following  indicator  readings  are          Total  Indicator  Readings  -
nreasured  with  respect  t,o  a  centerline        Diameter  A  -0.024  inches
determined  by  the  cent,el.s  of  the  anode      Diamet,er  a  -  0.024      "
terminal  and  cont,rol  grid  terminal.            Diameter  C  -0.030      "

A-69087-72870
Diameter  D  -O.050       ''
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®

Heater Voltage* . .
Heater Current. . .
Cathode Heating Time
Amplification     Factor,

G2  to  Gi,  Eb= 1000V
DC;  Eg2 = 275V DC;
Ib-0.2  A  DC ....

Peak Cathode Curreht +
Direct Interelectrode

Capacitances
Cathode  to  Plate± .  .
Input, G2 tied to Gi.
Output, G2 tied to Git

GL-8500

TETR®DE
RADIO-FREQUENCY   AMPLIFIER
CW   SERVICE
GROUNDED-GRID   OPERATION

The GL-8500 is a reliable power tetrode
that delivers useful output to 1250 mega-
cycles or higher. This tube is particularly
suitable for application in the final output
or  driver  stage  of  military-communica-
tions systems.

As  a  Class  8  linear  amplifier  in  the
225-400-megacycle  range,  the  tube  will
deliver  110 watts of carrier power modu-
lated  up  to  100  percent.  Since  a  power
gain of 20 may be realized, drive require-
ments are low-approximately 5 watts at
carrier level.

Eleclrical
Minimi.in      Bogey    M®ximum

6.8      Volts
-      Amp eres
-      Minutes

14

0.006
19.5

6.4

Mechanical
Mounting Position-Any
Net Weight, approximate. . .

1.75      Amperes

-       IIP£
-      p lJ£
-      II pf

1.0      Pounds

FORCED-AIR   COOLED
METAL   AND   CERAMIC

INTEGRAL   RADIATOR

Operating  as  a  Class  C  CW  amplifier
at  900  megacycles,  the  gain  is  approxi-
mately 15 at the 200-watt level.

Features  of the  GL-8500  include  long
life    and    reliability,    high    gain,    high
linearity,   and  resistance  to  shock  and
vibration.

These together with such design factors
as  an  oxide-coated  cathode,  coaxial  ele-
ments,   and  metal-ceramic  construction
make the tube well adapted to application
in  modern  systems  where  performance
and reliability are important.

Thermal
Ccoling-Forced Air §
Through   Radiator,   at

Sea Level**
Plate Dissipation .  .  .
Air  Flow,   45   C   In-

coming   Air   Ten-
perature,  mini-
mum.  .  .

Static   Pressure,   ap-
proximate.......

Radiator  Hub  Tern-
perature,  at  Point
Adjacent to Anode
Seal.  .  .

Seals
Screen-Grid  to  Con-

trol-Grid,  approxi-
mate .  .  .

Heater   to   Cathode,
approximate, , ,

Ceramic    Temperature
at  Any  Point,  maxi-
mum.  .  .

GENERAL ©  ELECTRIC

500              400            300      Watts

17.0              12.0              6.5       Cubic  Feet
per Minute

0.9                0.5              0.2       Inches-
Water

250C

1      Cubic  Feet
per Minute

I      Cubic  Feet
per Minute

200C
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Maximum  Ralings
DC Plate Voltage
DC  Grid-No.  2  Voltage
DC Plate Current
Plate Input
Grid-No.  2  Input
Plate Dissipation

RADIO-FREQUENCY   POWER   AMPLIFIER-CLASS   a   LINEAR

Carrier  conditions  per tube  for  use with  a  maximum  modulation  Factor  oF 1.0

2000     Volts
320     Volts

0.250     Amperes
500    Watts

5    Watts
500     Watts

Typical  Operatl®n

Grounded-Grid Circuit at 225400 Megacycles
DC Plate Voltage
DC Grid-No.  2  Voltage.  .  .
DC  Grid-No.  1  Voltage, approximate ......
Peak RF Plate Voltage #, approximate ....
Peak RF Grid-No. 1 Voltage #, approximate
DC Plate Current

1750     Volts
250     Volts

-20    Volts
1250     Volts

40    Volts
0.200     Amperes

Zero signal DC plate current (Eel adjusted)   0.020    Amperes
DC  Grid-No.  2  Current .  .  .
DC Grid-No.  1  Current .  .  .
Driving Power, approximate
Power output Y

.    0.005     Amperes

.    0.010     Amperes
5    Watts

110     Watts

RADIO-FREQUENCY   POWER   AMPLIFIER   AND   OSCILLATOR-CLASS   C   TELEGRAPHY

Key-down  conditions  per  tube  wilhoul  amplitude  modulolionA

MaximLlm  Ralings
DC Plate Voltage

900                400
M®9acycl®s     Mogacycl®s

1600
I)C  cirid-No.  2  Voltage...                 320
DC  Grid-No.  1  Voltage ...- 100

Bga'r:ie-NC.u.r:e%tu.r;:n,....8:398
Plate Input...                                        480
Grid-No.  2  Input .  .  .
Plate Dissipation .  .  .
Grid-No.  1  Dissipation

2000     Volts
320     Volts

-100    Volts
0.300     Ampere
0.050     Ampere

600     Watts
15     Watts

500     Watts
2    Watts

Typical  Op®ralion
Grounded-Grid Circuit at 900 Megacycle§

DC Plate Voltage .....
DC Grid-No.  2  Voltage.
DC Grid-No.1  Voltage.
DC Plate Current . .  .
DC Grid-No.  2  Current,

approximate .  .  .
DC Grid-No.  1  Current,

approximate..,....

.      1500          2000     Volts
210             225     Volts

-40         -40    Volts
.    0.300        0.250     Ampere

.     0.010         0.010     Ampere

.     0.020         0.020     Ampere
Driving power, approximate...               14              15     Watts
Power output,  approximatefl...            205           300     Watts

*  Because the temperature of the cathode is increased by back bombardment of electrons at UHF, required heater voltage for optimum
life decreases with increasing frequency. The amount of heater-voltage reduction is dependent on operating conditions. However,
this voltage should  not  be less  than  5.5  volts.
Represent-s maximu]n usable cathode current (plate current plus current to each grid) for any condition of operation.
Measured with a 6-inch minimum diameter flat metal disk attached to the screen-grid ring.  Control grid connected to the screen

Output capacitanc.es measured between anode and screen grid.  Control grid connected directly to Screen grid.
Forced-air cooling to be applied before and during the application of any voltages.

*Provision must b; made f6r-unobstructed passage of cooling air between radiator fins and between the anode terminal and adjacent
radiator fin.
Useful power output as measured in output-circuit load.
Useful power output including power transferred from driver stage. Output circuit efficiency approximately 80 percent.
Modulation essentially negative may be used if the positive peak of the envelope does not exceed lls percent of the carrier condi-
tions.

u

u



CONSTANT  CURRENT  CHARACTERISHC
SCREEN  VOLTAGE   =  250  VOLTS

ALL  VOLTAGES  REFERENCED  TO  CONTROL  GRID
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a

4CX)                          BOO                          1200                          1600                         2000                       2400

PLATE  VOLTAGE  IN  VOLTS

A69087  -72867 1-30_63

CONSTANT  CURRENT  CHARACTERISTIC
SCREEN  VOLTAGE  =  350  VOLTS

ALL  VOLTAGES  REFERENCED  TO  CONTROL  GRID

400                         BOO                         1200                        1600                       2000                      2400

PLATE  VOLTAGE  IN  VOLTS
A69087  -  72868 1_30-63
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SEAL-C)FF
FJROTECT`VE  CAP

(NOT  TO 6E  USED For? I

EL.ECTR ` GAL  OR
MECHAN\CALcONTA`\ \\

5

I

2?g.t65;
"         6±a4

I
I

_.._'+I64-6

59L±±.

13"I.a,a

.c}z5"±.C),C,
ZGOC°± .a ` C)"  2 HOLES
FOR  EXTRACTOR
TL\Elu TOP  FIN ONLY

+k.IA,N'
Ill

8,I.±.o,o"DIA.

C,ATHOOE AND
F`|AMENT  TERM`NA|
F I l.AM ENT CUP TEtzM I NAl

( BOTTC)M C)F Cup M u ST
N,a_T BE  U SED AS A
SC)Ct<ET  STOPJ

ANODE   rtu8  TEMPERATUFtE
ME^SuFiED  AT Tlll9  POINT.

ANODE  TEFtMINAL

aR. ,`'AX.

6iaR.M4z!=
SCREEN-GRID TERMINAL

I.312"±.0lo"DIA.

SuFZFACE

SuRFAC.E

N. ouTslDE coNmor
AREA

CONTROL-GRID TERMIN^L

186±005" DIA. `0"
324`±,004" DIA.``C .

REFERENCE
SuRFACE

C ONCE NTRICITIES :

The  following  total  indicator  I.eadings  ar.e  measured  iirith
I.espect  t,o  a  cent,erline  determined  by  t,he  centerg  of  the
anode  t,Bminal  and  cent,rol  grid  terminal.

Diameter
Diameter.
Diameter
Diarnet,er

Total  indicator.  reading  of  f ilament  cup  t,eminal  dianeter

i:itnet:i?::dLwhdEL:::Eei:)t:8:gi:r±n°:h:::hodeandfila~

A-69087  -72858

'%D,A. IL-
GAGE.i '

iLL-,%o,A
GAGEiLE

zp-1030
CATHODE   AND   FILAMENT   TERMINAI.   GAGES

When  inserted  over  the  cathode  and  filament  terminal,
gage  #1  E±± Eg±  contact  the  tube  REFERENCE  SURFACE
at   gage  SURFACE   "A''.

when  inserted  over  the  cathode  and  filament  terminal,
gage  #2   shall  contact  the  tube  REFERENCE  SURFACE
at  gage   SURFACE   "A".

12-31-62

TUBE   DEPARTMENT

GENERAL © ELECTRIC
Owensboro, Kentucky
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VHF-UHF
RINC-SEAL   CONSTRUCTION

a

EiE

a

GL-8513

TETR®DE
CROUNDED-GRID   CIRCUIT

l=ORCED-AIR   COOLED
METAL   AND   CERAMIC

The  GL-8513  is  a four-electrode transmitting tube featuring  a metal-and-ceramic envelope for  use as  a power  amplifier
or  oscillator in  grounded-grid circuits with both  grids maintained at radio-frequency ground potential.  The output  circuit is
connected between  the  anode  and the screen  grid.  The  anode  is  capable  of dissipating 4 kilowatts.  Cooling is  accomplished
by  forced  air  with  the  radiator  an  integral  part  of the  anode.  The  cathode  is  a  unipotential  thoriated-tungsten  cylinder,
heated  by  electron  bombardment.  Maximum  ratings  apply  up  to  800  megacycles,  although  higher  frequency  operation  is
possible.

As a Class a linear power amplifier the tube will deliver  1500 watts at carrier level.
In  narrow  band,  Class  C,  grounded-grid,  amplitude-modulated  service,  the  GL-8513  has  a  useful  carrier-power  output

in  excess  of one  kilowatt.  In  Class  C  Telegraphy,  it  has  a  useful  power  output  of 3  kilowatts  of  continuous  power  as  an
amplifier or oscillator.

Electrical
Minj::   Bogey     mumMaxi.

Cathode
Heater  Voltage.  .  .
Heater Current at  7.0  Volts

6.7          7.0     Volts

WithoutcathodeBombarding    -       14.5      -    Amperes
With  150  Watts Cathode

Bombarding   . .
Heater Starting  Current . .  .
Heater Cold Resistance   . .
Cathode Bombarding Power*
Cathode Bombarding Voltage, DC

For  170  Watts Bombarding
Power.  .  .

For  195  Watts Bombarding
Power .  .  .

Cathode Heating Time .  .  .
Amplification Factor,  G2 to Gi ;

Eb = 4000  volts;  Ib = 0.5  ampere .
Peak Cathode Currentt
Direct Interelectrode  Capacitances

Cathode to Plate§ ....
Input,  G2  tied  to Gi . .  .
Output,  G2  tied  to  Gi T[ ..  :  :

-       13.5      -    Amperes
-       -       25    Amperes
-    0.041      -    Ohms
-          170       195     Watts

-       650     -   Volts

-       700     -   Volts
1      -    -   Minute
-20-
-       -         6   Amperes

-       0.01      --    4,„f
-        27.8       -----     „„f
-       6.7     -   ppl

Mechanical
Mounting Position-Vertical, Anode-end Up
Net Weight, approximate .  .  . 12.5     Pounds

Thel.mal
Type of Cooling-Forced Air
Air Flow Through Radiator, at Sea Level

Plate Dissipation          Air  Flow
4.0  Kw                    135 CFM

Seals
Screen-grid to Control-grid,

minimum .  .  .
Heater-to-cathode, minimum . .
Anode  Ceramic, minimum .  .  .

Incoming Air Temperature,
maximum . . .

Static Pressure
2.8  In.

15   CubicFeet per Minute
7.5   CubicFeet per Minute
10   CubicFeet per Minute

55C
Anode Hub Temperature, maximum  250   C
Temperature of Anode Ceramic and

Seals,  maximum ...... 250    C
Temperature at Any Other Point,

Forced-air  cooling  to  be  applied  before  and  during  the  applica-
tion  of  any  voltages.  Air  flow  on  heater-to-cathode  seals  must
be  maintained  for  one  minute  after  removal  of heater  voltage.
The radiator air ducting can be constructed so that  air is  forced
along  the  anode  seal  and  ceramic  through  the  anode  contact
fingers  and  additional  holes  in   the  plate  contact  ring  to  ac-
complish the  anode ceramic and  anode seal cooling.  The volume
of  cooling   air  indicated  for  the  various  seals  is  approximate
only.  Distribution  of cooling  air  will  vary  with  configuration  of
the cavity about the tube.

RADIO-FREQUENCY   POWER   AMPLIFIER-CLASS   a
Carrier  Conditions  per  Tube  for  use  with  a  Maximum  Modulation  Factor  of  1.0

Maximum  Ralings,  Absolu.®  Values

DC Plate Voltage
DC  Grid-No.  2  Voltage
DC Plate Current. . ,
Plate Input
Grid-No.  2  Input
Plate Dissipation

Typical  Operalion
Grounded-grid Circuit,  225-400 Megacycles

DC Plate Voltage
DC  Grid-No.  2  Voltage

8000     Volts
750     Volts

DC  Grid-No.  1  Voltage,  approximate
DC Plate Current
DC  Grid-No.  2  Current.  .  .
DC Grid-No.  I  Current. .  .
Driving Power,  approximate .  .  .

Measured   at   crest   of  audio-frequency
cycle with modulation factor of 1.0

Power Output#
Circuit Efficiency
Plate Dissipat.ion
Cathode Bombarding Power*
Cathode Bombarding Voltage
Cathode Bombarding Current

.-50    Volts
0.600    Ampere
0.010     Ampere
0.060     Ampere

160    watts

1500     Watts
90    Percent

2500     Watts
170     Watts
650     Volts

0.260     Ampere

GENERAL ELECTRIC
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PLATE   MODULATED   RADIO-FREQUENCY   AMPLIFIER-CLASS   C   TELEPHONY
Carrier  Conditions  with  a  Maximum  Modulalion  Faclor.of  I.0,  Screen  Modulalion  Required

Maximum  Ratings, Absolute Values
DC Plate Voltage
DC Grid-No.  2  Voltage
DC  Grid-No.  1  Voltage
DC plate current.    .
DC Grid-No.  1  Current
Plate Input
Grid-No.  2  Input. .
Plate  Dissipation.    .

Typical  Operali®h

Grounded-grid Circuit at 400 Megacycles
DC  Plate  Voltage. . .

4500     Volts
_    500     Volts
-120     Volts

0.80     Ampere
0.120     Ampere
3.60     Kilowatts

.      25     Watts
4.0     Kilowatts

4000     Volts

DC  Grid-No.  2  Voltage   .
DC  Grid-No.1  Voltage.
Peak RF Plate Voltage   .
Peak RF Driving Voltage
DC Plate Current
DC  Grid-No.  2  Current. .  .
DC  Grid-No.  I  Current,  approximate
Driving Power,  approximate .  .  .
Power Output#
Output  Circuit  Efficiency .  . .
Cathode Bombarding Power*

.    400     Volts
-100     Volts
2500     Volts

.    120      Volts
0.570     Ampere
0.020     Ampere
0.loo     Ampere

100     Watts
1250     Watts

90    Percent
165     Watts

Cathode Bombarding voltage, approximate.   630     Volts
Cathode Bombarding Current,

approximate 0.260     Ampere

RADIO-FREQUENCY   AMPLIF.ER   AND   OSCILLATOR-CLASS   C   TELEGRAPHY
Key  Dovm  Conditions  per  Tube  Wilhoul  Amplitude  Modulation

Maximum  Ralings,  Absolule  Values
DC Plate Voltage. .
DC  Grid-No.  2  Voltage     .
DC Plate  Current. .  .
Plate  Input .  . .
Grid-No.  2  Input
Plate Dissipation
DC  Grid-No.  1  Voltage
DC  Grid-No.1  Current.  .

Typical  Operolion

Grounded-grid Circuit at 400 Megacycles
DC Plate  Voltage.  . .
DC  Grid-No.  2  Voltage.   .
DC  Grid-No.  1  Voltage     .
Peak RF Plate Voltage,

approximate . . .
Peak  RF Grid-No. .i  Voltage
DC  Plat:e  Current .  . ,
DC Grid-No.  2  Current.  .
DC  Grid-No.1  Current.  .  .
Driving Power, approximate .

.7000     Volts

.    750     Volts
1.0     Amperes
6.0     Kilowatts

..40     Watts
.   4.0     Kilowatts

120     Volts
0.150     Ampere

4500        6500     Volts
.    600           700     Volts
-120      ~100     Volts

Power Output,  approximate#.
Output  Circuit  Efficiency   .  .
Cathode Bombarding Power*.
Cathode Bombarding Voltage,

approximate   . .
Cathode Bombarding Current,

approximate .

1800       3200     Watts
90            90     Percent

.    160           165     Watts

610          630     Volts

0.260       0.260      Ampere

Orounded-grid  Circuil  al  800  Megacycles
DC  Plate  Voltage   .  .
DC Grid-No.  2  Voltage.
DC  Grid-No.  1  Voltage.    .
Peak RF Plate Voltage,  approximate   .
Peak  RF`  Grid-No.1  Voltage.  .
DC Plate  Current.  .  .
DC  Grid-No.  2  Current   .  :
DC  Grid-No.  I  Current.  .  .
Driving Power, approximate .  .  .
Power  output,  approximate# ..........
Output Circuit Efficiency .
Cathode Bombarding Power* .
Cathode Bombarding Voltage,  approximate
Cathode Bombarding Current, approximate

.4500     Volts

.    600     Volts
-120     Volts
.3000     Volts
.    140      Volts

0.6     Ampere
0.018     Ampere
0.080     Ampere

90     Watts
.1250     Watts
.      83     Percent

150     Watts
600     Volts
250     Ampere

*  The cathode of the GL-8513, because of transit-time effects which raise the temperature of the c.athode, is subjected to considerable
bac.k  bombardment  in  ultra-high-frequency  service.  The  amount  of heating  due  to  bombardment  is  a  function  of the  operating
conditions and frequency,  and must be compensated  for by a reduction of the cathode power input to prevent overheating of the
cathode  with  resulting short life.  In  any  case  it  is  important  from  a  tube  life  standpoint  to  keep  the  cathode  power at as low a
level  as  possible  consistent  with  required  performance.  Bombarder  power  should  be  monitored  by  a  suitable  wattmeter  or DC
voltmeter  and  milliammeter  arrangement.  For  long  life,  the  tube  should  be put in operation  with  about  180  watts  bombarding
power.  After  the  circuit  has  been  adjusted  for  proper  tube  operation,  bombarding  voltage  should  be  reduced  to  a  value  slightly
above  that  at  whic.h  circuit  performance  is  affected.  Minor  circuit  readjustment  may  be  necessary  after  the  above  adjustment.
The procedure for determining proper bombarding power should be repeated  periodically.

t  Represents maximum usable cathode current (plate current plus current to each grid) for any condition of operation.
§  Measured with complete isolation  between  cathode and plate.
T[ Output capacitance measured between anode and screen grid.  Control grid connected directly to screen grid.
#  Useful power output including power transferred from driver stage.
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TYPICAL  CHARACTERISTICS

Eg2 = 750 Volts,  Ef = 7 Volts AC
Bombarding Power = 180 Watts
All Voltages Referenced to Grid
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ANODE   HUB  TEMPERATUBE
MEAsuFiED  AT THls  roiNT

ANODE   TERMINAL

TOTAL  INDICATOF`  READINCS-
DIAMETER A-O.024  INCHES
DIAMETER a-0.024  INCHES
DIAMETEP C-0.030  lNCHES
DIAMETER D-0.050  lNCHES
DIAMETER E-0.050  lNCHES

THE  ABOVE  READINGS  ARE  MEASURED
WITH   RESPECT  TO ACENTERLINE
DETERMINED  BY THE  CENTERS  0F THE
ANODE   TERMINAL  AND  CONTROL-
GF}ID   TEFtNINAL

SCREEN-ORID  TERMINAL
(TAPERS  DOWN  TO  2.350" )

a,005" MAX.   ROLLOVER
C'ONTROL-GRID  TERMINAL

__I
I+"+|'
32 -32\t

CATHODE   TEPMINAL

I.Oil " ± 0.0lo. DIA

0.662"±OOIO"DIA(C)

FILAMENT  TEftMINALS
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Tetrode
GL-8866

a

EEI

®

GRID-PULSED   SERVICE                          HEAT-SINK   AND   FORCED-AIR   COOLED

CROUNDED-GRID   OPERATION

The  GL-8866  is  a  reduced-size  heat-
sink-cooled    version    of    the    GL-6283
especially   designed  for   pulsed-amplifier
or  oscillator  service  at  L-band  frequen-
cies.   This   tetrode   is   particularly   well
suited  for  use  in  airborne  radar  equip-
ment such as IFF transponders.

Eleclrical
Mini.                    Maxi-
mum    Bogey    mum

Heater Voltage (See Note  1) .....
Heater Current.  . .
Cathode Heating Time .  .
Direct Interelectrode Capacitances*

Cathode to Platet .  .  .
Input....
output ....  :  :  .' ..  .' :  .' :  .  .   :

Mechanical
Mounting Position-Any
Net weight, approximate...                   9

6.3         -    Volts
3.8         -    Amperes-     -   Minute
0.006     -    „„f

20          -   „„f
8.9        -   4„f

Ounces

METAL   AND   CERAMIC

The tube is capable of providing useful
output   at   frequencies   up   to   approxi-
mately  1500 megacycles.

Features  of the  8866  include  long  life
and reliability, long pulse width and high
gain.

Thermal
Cooling-Heat-sink and Forced-Air I

Anode Temperature§, maximum ...... 250     C
Seals

Screen and control Grid, approximate ....     I     Cubic Foot
per Minute

Heater and cathode,  approximate .......     1     CubicFcot
per Minute

Ceramic Temperature at Any Point,
aaximum ...... 200     C

RADIO-FREQUENCY   POWER   AMPLIFIER-CLASS   C

Maximum  Ratings
Pulsed Drive,1250 Megacycles

DCplatevoltage ........... 3.5      Kilovolts
DC plate current, during pulse ...... 5     Amperes
DC  Grid-No.  2  Voltage ...... 750     Volts
DCGrid-No.2  Input ........ 5     Watts
DC Grid-No.1  Voltage ....- 200     Volts
Plate Dissipation ..... 1S0     Watts
Pulse widthY ....... 15     Microseconds
Duty Factor Y¢ ....... 02

Typical  Op®ralion

Grounded-Grid Service at 1100 Megacycles,  %^ Output Circuit
DC plate voltage ..... 2.5         2.5     Kilovolts
DC plate current, during pulse .... 1.4        1.0     Amperes
DCGrid-No.  2  Voltage ...... 600        600     Volts
DC    Grid-No.    2    Current,    during

pulse ...... 50             0     Milliamperes
DCGrid-No.1  Voltage ....- 70     -70    Volts
DC    Grid-No.    1    Current,    during

pulse ...... 90          80     Milliamperes
Driving Power at the Tube, dilring

pulse ...... 165           9S     Watts
power  outbii.t,. .djr.in:. a.u.1;: .(Jse-

ful)                                                                  .1.6
Pulse width                                               6
Duty Factor                                           .02

Kilowatts
Microseconds

Note 1 :  Under the typical operating conditions shown the heater voltage should be reduced  to approximately  6.0  volts because of
back-heating resulting from transit-time effects.

*  Control grid connected directly to screen grid.
t  Complete external shielding between cathode and plate.
I  Forced air cooling should be applied during the application of any voltages.
§  A suitable heat-sink clamping arrangement must be provided to li.mit the anode hub temperature to the value specified; the tern-

Eeorratauprpe,££csa¥::Sutrheftarte€::rengi:tge¥dp;:fsteesdo:nh:gfe:udt|ftnyerderf:r.;nogthetubemanufacturerfoHecommendation§.
•  Pulse duration measured between points at 70 percent of peak value. The peak value is defined as the maximum value of a smooth

curve through the average of the fluctuations over the top portion of the pulse.
¢  Maximum ratio of on-time to elapsed time during any  7.5-millisecond period.

GENERAL ©  ELECTRIC
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THE   FOLLOWING  TOTAL  INDICA1.OR  BEADINGS  ABE  MEASUPED  Wl"  RESPECT
TO  A  CENTEPLINE   DETEBMINED   BY   THE   CENTEPS   OF  THE   ANODE  TERMINAL
AND   CONTPOL-GBID   TERMINAL.

DIAMETEfi   "Au -   0.030  INCH
DIAMETEP   "a"-   0.016  INCH
DIAMETER   "C"-0.036  INCH
DIAMETEB   "D"-    0.042  INCH

TOTAL    INDICATOF?   READING   0F  FILAMENT   CUP-TERMINAL   DIAMETER   (D)
MEASURED   WITH   PESPECT   TO   CENTER    OF   CATHODE    AND    FILAMENT-
TEFiMINAL    DIAMETEFi   (C)    O.016INCH.

oENERTUABELD5RT:ELN:CTR.c
Schenectady,  N.  Y.12305

®
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GL-51025

A

a

®

.n

INTERNAL   FEEDBACK   FOR   OSCILLATOR   SERVICE
OROUNDED-GRID  OPERATION

METAL   AND   CERAMIC
HEAT-SINK   AND   FORCED-AIR  COOLED

The   GL-51025   is   a  heat-sink€ooled
triode   especially   designed   for  pulsed
oscillator  service  in  Lband.  This type
is  particularly   well  suited  for  use  in
airborne  or  ground-based  radar  equip-
ment.

Electrical

Heater Voltage* .............................
Heater  Cfurrent  .............................
Cathode Heating Time .........................
Direct Interelectrode Capacitances

Cathode to Plate   .........................
Input.................................
output................................

Mechanicol

Mounting Position - Any
Net Weitht,  approximate ..................

The,mal

Cooling - Heat-Sink and Forced Air

Anode Temperatures   .................
Ceramic Temperature at Any Point,  maximum

The   tube   features  internal  feedback
which eliminates the need for the com-
plicated  external  circuit  arrangements
normally required in oscillator service.

Other  features include small size, hich
peak  power,  long-pulse-width  capabil-
ity,  long  life  and  reliability.

Minimum     Bogey     Maximum

Volts
4. 0           Amperes

Minute

pLlf
u4£
quf

31/4        Ounces

..................       250              C

..................        200              C

PLATE-PuLSED  OSCILLATOR   -   CLASS  C

Maximum  Ratings

DC  Plate Voltage,  During Pulse  ...............................
DC  Plate  Current,  During Pulse ...............................
DC  Grid Voltage,  During Pulse ................................
DC  Grid Current,  During Pulse   ...............................
Plate  Dissipation  § ........................................
Grid Dissipation   .........................................
Pulse Width 0   ...........................................
Duty Factor ¢

8. 0           Kilovolts
10. 0           Amperes
-400           Volts

5. 0           Amperes
ilo          Watts
3. 5           Watts
10           Microseconds

0.003
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Typical  Operation

Grounded-Grid Service at 1300 Megacycles,  3/4 \ Output Circuit

DC Plate Voltage,  During Pulse  ..........................      8.0
DC Plate Current,  During Pulse ..........................      9.0
DC Grid Current,  During Pulse  (Grid Resistor  = 50 Ohms)  ........      4.0
Power Output,  During Pulse  (useful)  .......................    40.0
Pulse Width   .......................................          10
Duty  Factor   .......................................  0.003

GRID-PULSED  OSCILLATOR   -   CLASS   C

Maximum  Ratings

DC  Plate Voltage .........................................
DC Plate Current,  During Pulse  ...............................
DC  Grid Voltage   .........................................
Plate Dissipation .........................................
Pulse Width a   ...........................................
Duty Factor ¢¢

Typical  Operation

Grounded-Grid Circuit at 1100 Megacycles,  1/4 \ Output

DC  Plate Voltage   ................................ 1750
DC Plate Current,  During Pulse  ......................   2.2
DC Grid Voltage Supply**   ..........................- 97
DC Grid Current,  During Pulse .......................  1.05
Power Output,  DLiring Pulse  (useful)   ...................    1.5
Pulse Width ....................................       10
Duty  Factor ....................................  0.02

6. 0           Kilovolts
7.0          Amperes
4. 3           Amperes

24. 0          Kilowatts
10          Microseconds

0.001

2. 5           Kilovolts
3. 0           Amperes

-200           Volts
100           Watts
15           Microseconds

0.02

192.:8      222?9

-104      -104
1.2        1.25
2.0          2.4
1010

0.02        0.02

Volts
Amperes
Volts
Amperes
Kilowatts
Microseconds

the
1100 mcs,  2 kw,  0.02 duty condition,  the typical heater voltage is 5.5 volts.  The optimumheater voltage for any
application should be determined by RF performance testing.

§ A suitable clamp-on radiator or heat-sink clamping arrangement must be provided to limit the anode hub ten-
perature to the value specified.   Higher plate dissipation is allowable with provision for proper cooling.

a Pulse duration is measured between points  at 70 percent  Of  the  peak  value.    The peak value is defined as the
maximum value Of  a  smooth curve through  the  average Of the fluctuatious  over the top  portion  Of  the  pulse.
For applications requiring longer pulses,  refer to the tube manufacturer.

¢Maximum ratio of on-time to elapsed time during any  3.3-millisecond period.
¢¢Maximum ratio of on-time to elapsed time during any 75-millisecond period.
**With a series  grid resistance Of  50 ohms.

it may be necessary to reduce the heater voltage.   For* Because Of back-heating due to transit time effects,

U

®
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PLATE  VOLTAGE  IN  VOLTS
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CONCENT.ICITIES:

THE  FOILOWINC  TOTAL  INDICATOR   READINCS  ^FtE   WEASuftED
wlTii  FtEspECT  TO A cENTEftiiNE  "ETERN"ED  ew  THE  cENTERs
Of THE A'NODE  TERNINAl  AND  CONTftoL-¢ftlD  TERMINAL.

DIANETEFt    A-O.030   lNCNES
DIANETEft   B-a.036   lNCNES
DIAMETEP   C-O.O.2   INCHES

TOTAL   INDICATOR  READING  Of  FILAMENT-CUPTERN"AI
DIANETER tcI MEASURED  WITH  RESPECT   TO  CENTEft  OF CATHODE
AND  FILAWENT-TEftNINAL  DIAWETER  (B1-a.016   "CllES.

TIJBE   I)EPARTMENT

GENERAL © ELECTRIC

Schenectady, N. Y.12305
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Heater  Voltage  (See Note  1)
Heater  Current   .........
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GL-51038

PULSED  SERVICE

CROUNDED -GRID  OP ERATION

INTEGRAL  RADIATOR

The  GL-51038  is  a  small-size,
four -electrode  t r a n s in i t t i n g  tube
especially   designed  for   RF   grid-
pulsed  or  plate-and-screen  pulsed
amplifier   service   at   L-band   fre-
quencies. This tetrode is particularly
well   suited  for  use   in  airborne  or
ground -based radar equipment.

The  tube  is  capable  of providing
useful  output  at  frequencies  up  to
approximately  1500 megacycles.

Features of the GL -51038 include

Cathode  Heating  Time ...............
Direct Interelectrode  Capacitances*

Input   .   .   .   I   ......
Output.........

FORCED-AIR  COOLED

METAL  AND  CERAMIC

long  life  and  reliability,  long  pulse
width, high peakpower and high gain,
broad-bending capability,  and resist-
ance to shock and vibration.

These  together  with  such  design
factors  as  an oxide-coated cathode,
coaxial elements , and metal-ceramic
construction    make    the   tube   well
adapted   to    application   in   modern
systems  where  high performance  and
reliability are  important.

Minimum      Bogey      Maximum

6. 8            Volts
Amperes
Minute

„Hf
„wf

Mechanical

Mounting Position  - Any
Net  Weight        ......................................

Thermal

Cooling  -Forced Air±
Radiator§

Plate  Dissipation  ................
Air  Flow,  45  C incoming air temperature,

at  sea  level     .................
Static  Pressure,  approximate ........

.....         600               400

94.5
.....           0.5                  0.2

0. 8             Pounds

Watts

Min  Cubic  Feet per  Minute
.Inches-Water

AnodeHubTemperatureA  ...............................     250              MaxC
Seals

Screen and  Control  Grid,  approximate  ...............
Heater  and  Cathode,  approximate   ..................

Ceramic  Temperature at any  Point  ...................

...         1             Cubic  Foot per  Minute

...         1             Cubic  Foot per  Minute

.  .  .     2oo             nfaxc

Note 1:   Because  the temperature  of the cathode  is increased  by back bombardment  of electrons  at  UHF,  required
heater voltage for optimum life decreaseswith increasing frequency.   The amountof heater-voltage reduction
is dependent on operating conditions.   However,  this voltage  should not be less than 5.5 volts.

GENERAL ©  ELECTRIC
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RADIO-FREQUENCY  POWER  AMPLIFIER  -CLASS  8

Maximum  Ratings
Plate-and  Screen-Grid  Pulsed,  500  Megacycles

DC   Plate Voltage,  during pulse   .,..........
DC   Plate  Current,  during pulse   ...........
DC   Grid-No.  2 Voltage,  during pulse ........
DC   Grid-No.  2  Input ..................
Plate  Dissipation .....................
DC   Grid-No.  1  Voltage,  not  pulsed   .........
DC   Grid-No.  1  Current,  during pulse   .......
Pulse Widthv
mty  Factor V

...................     10        Kilovolts

...................     10       Amperes

.................       2000        Volts

...................     15        Watts

..................      500        Watts

..................- 175        Volts
.     2.5      Amperes
..15      Microseconds
0.0012

Typical  Operation
Grounded-grid  Circuit,  500  Megacycles,  I/4 A  Output  Circuit

DC   Plate Voltage,  during pulse   .........
DC   Grid-No.  2 Voltage,  during pulse ......
DC   Grid-No.  1  Voltage,  not pulsed   .......
Peak  RF  Plate Voltage   ...............
Peak  RF  Grid  Voltage ................
DC   Plate  Current,  during pulse   .........
DC   Grid-No.  1  Current,  during pulse   .....
DC   Grid-No.  2  Current,  during pulse   .....

.      9      Kilovolt s
1400      Volts
-125      Volts

...............       7000        Volts

.................  300        Volts

Driving Power at Tube,  during pulse  ..........
Power  Output,  during pulse  (useful) ...........
pulse widtrrty    .
Duty  Factor   .  .

.....      9.2      Amperes

.....      1.1       Amperes

.....   0.47       Amperes

.....      2.6       Kilowatts
....       52      Kilowatts

......    15       Microseconds
.... 0.001

RADIO-FREQUENCY  POWER  AMPLIFIER  -CLASS C
Maximum  Ratings
Pulsed  Iirive,   1250  Megacycles

DC   Plate  Voltage     ............
DC  Plate  Current,  during pulse  .  .  .
DC   Grid-No.  2  Voltage  .........
DC   Grid-No.   2  Input ...........
DC   Grid-No.  1  Voltage  .........
DC   Grid-No.  1  Current .........
Plate  mssipation  ........  a  ....
Pulse Width? a  ..............
Drty  Factort  ¢¢  .............

.............       5        Kilovolts
.......       6       Amperes
......      1.1       Kilovolts
.......       5       Watts
.....- 225       Volts
......      1.5       Amperes
......     500       Watts
.......    15       Microseconds
......    0.01

Typical  Operation

Grounded-grid  Circuit at  1100 Megacycles,  3,/4} Output Circuit
DC   Plate  Voltage **  ...........................
DC   Plate  Current,  during pulse   ........
DC   Grid-No.   2 Voltage  ..............
DC   Grid-No.  2  Current,  during pulse   .  .  .  <
DC   Grid-No.   1  Voltage  ..............
DC   Grid-No.  1  Current,  during pulse   ....
Iiriving Power at Tube,  during pulse  .....
Power  Output,  during pulse  (useful) ......
Pulse  Widtho    ....................
Ifuty   Factor    .....................

4. 8     movoits
......................   4.2        Amperes
......................        1         Kilovolt
.....................      100       Milliamperes
.....................- 200        Volts
.....................      200        Milliamperes
.....................       1.5        Kilowatts
.....................         11         Kilowatts

..............        15       Microseconds

..............     0.01

*  Control grid connected directly to  screen grid.
I  Forced air  cooling should be applied during the application of any voltages.
§   Provision must be made for unobstructed passage of cooling air  through the radiator  fins,  and between the anode

terminal and adjacent portion of the radiator.
A   Measured at the baLse of the radiator and adjacent to the plate terminal.
•  Maximum average value.
V   For applications that  require  longer  pulses or  higher duty refer to the tube manufacturer for recommendations.
0   Pulse duration measured between points at 70 percent of peak value.    The peak value is defined as the maximum

value of a  smooth curve through the average of the  fluctuations over the top portion of the pulse.
¢  Maximum  ratio of on-time to  elapsed time during any  12.5-millisecond period.

¢¢  Maximum ratio of on-time to  ela,psed time during any  i.5-millisecond period.
**  A minimum  surge-limiting resistance of 50 ohms must be  placed between the  plate of the tube and the  8+ power

supply at  steady-state voltages greater than 3.5 kilovolts.
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CONCENTRICITIES:

The  following  lotcil  indicator  readings  are  measured  with  respect  to  a  cenlerline  determined  by the  centers  of the  anode  terminal  and
control  grid  terminal.

Diameter A -0.030  inches
Diameter a   -0.016  inches
Diameter C  -0.036  inches
Dicimel.er  D  -0.042  inches

Total  indiccitor  reading  of filament   cup  terminal  diameter  (D)   measured   with  respect  to  cent.er  of cathode  and  filament  Termincil  di-
ameter  (C) '-0.016  inches.

TUBE   DEPARTMENT

GENERAL © ELEO"I0
Schenectady, N. Y.12305
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Tetrode
GL-51038R

PULSED  SERVICE

GROUNDED-GRID  OPERATION

INTEGRAL  RADIATOR

The  GL-51038R  is  a small-size,
four -electrode  t r a n s in i t t i n g  tube
especially   designed   for   RF   grid-
pulsed  or  plate-and-screen  pulsed
amplifier   service    at   L-band   fre-
quencies. This tetrode is particularly
well   suited  for  use   in   airborne  or
ground -based radar equipment.

The  tube  is  capable  of providing
useful   output   at  frequencies   up  to
approximately  1500 megacycles.

Features  of  the  GL-51038R  in-

Electrical

Heater  Voltage  (See  Note  1)     ........
Heater  Current   .................
Cathode  Heating  Time .............
mrect Interelectrode  Capacitances*

Input......................

Output.....................

Minimum      Bogey

6.3
5.6

1

24
9

Mechanical

Mounting  Position  -Any
Net  Weight        ..............................

Thermal

Cooling  -  Forced Air±
Radiator§

Plate Dissipation .  ,

®

.....,......         600                400
Air  Flow,  45  C incoming air temperature,

at  sea  level     .................
Static  Pressure,  approximate ........
Anode  Hub  Temperature A  ..........

Seals

94.5
....          0.5                 0.2

Screen a.nd  Control  Grid,  approximate  .......
Heater and  Cathode,  approximate   ..........

Ceramic  Temperature at any  Point  ...,........

FORCED-AIR  COOLED

METAL  AND  CERAMIC

clude  long  life  and  reliability,  long
pulse   width,   high   peak  power   and
high gain, broad -bending capability,
and resistance to shock and vibration.

These  together  with  such  design
factors  as  an oxide-coated  cathode,
coaxial elements, and metal -ceramic
construction    make    the    tube    well
adapted    to    application   in   modern
systems  where  high performance  and
reliability are  important.

Maximum

6. 8            Volts
Amperes
Minute

„„f
„„f

0. 8             Pounds

Watts

Min  Cubic  Feet per  Minute
Inches-Water

.  .     250             Maxc

..         1             Cubic  Foot per  Minute

..         1             Cubic  Foot per  Minute

.  .     200             Maxc

Note  1:   Because  the temperature  of the  cathode  is increased  by back bombardment  of electrons  at  UHF,  required
heater voltage for optimum life decreases with increasing frequency.   The amountof heater -voltage  reduction
is dependent on operating conditions.   However,  this voltage  should not be less than  5.5 volts.

GENERAL ©  ELECTRIC
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RADIO-FREQUENCY  POWER  AMPLIFIER  -CLASS  a

Maximum  Ratings
Plate-and Screen-Grid  Pulsed,  500 Megacycles

DC   PlateVoltage,dul.ingpulse    .,.............................    10       Kilovolts
DC   Plate  Current,  duringpulse   ..............................    10       Amperes
DC   Grid-No.  2  Voltage,  during pulse ..................
DC   Grid-No.   2  Input ............................
Plate  Dissipation ...............................
DC   Grid-No.  1  Voltage,  not pulsed  ....
DC   Grid-No.1  Current,  during pulse   .  .
Pulse Widthv
mty  Factor 7 %,

..      2000      Volts

....    15       Watts

.  .  .     500       Watts

...- 175       Volts
..........      2.5       Amperes
...........    15       Microseconds

•....................................       0.0012

Typical  Operation
Grounded-grid  Circuit,  500 Megacycles,1/4 A  Output Circuit

DC   Plate  Voltage,  during pulse   .........
DC   Grid-No.  2 Voltage,  during pulse ......
DC   Grid-No.  1  Voltage,  not pulsed   .......
Peak  RF  Plate  Voltage   ...............
Peak  RF  Grid Voltage ................
DC  Plate Current,  during pulse
DC   Grid-No.  1  Current,  during pulse   ......
DC   Grid-No.  2  Current,  during pulse   ......
Iiriving  Power at Tube,  during pulse  .......

...............        9        Kilovolts

.............       1400        Volts
.................- 125        Volts
.................       7000        Volts
•..................  300        Volts

..................       9.2        Amperes
.................       1.I        Amperes

..................    0.47        Amperes

..................       2.6        Kilowatts
PowerOutput,duringpulse(useful) ....  ` .......................        52       Kilowatts
PulseWidtho     ..........................................     15        Microseconds
mty   Factor     .......................................... 0.001

RADIO-FREQUENCY  POWER  AMPLIFIER  -CLASS C
Maximum  Ratings
Pulsed  Drive,   1250  Megacycles

DC   Plate  Voltage     ...........
ac  Plate Current,  during pulse  .  .
DC   Grid-No.   2  Voltage  ................................
DC    Grid-No.   2  Input ..................................
DC   Grid-No.  1  Voltage  .
DC   Grid-No.1  Current.
Plate  Dissipation  .....
Pulse WidthY a  ......
Duty  Factor.  ¢¢  .....

.      5      Kilovolts

.      6      Amperes
1.1       Kilovolts

.      5      Watt s
.........- 225        Volts
..........       1.5        Amperes
..........     500       Watts
...........    15        Microseconds
..........     0.01

Typical  Operation

Grounded-grid Circuit at  1100  Megacycles,  3,/4^  Cfutput Circuit
DCPlateVoltage**  ......................................   4.8        RIlovolts
DC  Plate  Current,  during pulse   ........
DC   Grid-No.   2  Voltage  ..............
DC   Grid-No.  2 Current,  during pulse   ....
DC   Grid-No.   1  Voltage  ..............
DC   Grid-No.  1  Current,  during pulse   ....
Iiriving  Power at Tube,  during pulse  .....
Power  Output,  during pulse  (useful) ......
Pulse  Widtho    ....................
Duty   Factor     .....................

......................   4.2        Amperes

......................         1         Kilovolt

.....................      100        Milliamperes
•..   '   .................- 200         Volts
.....................      200        Milliamperes
.....................       1.5        Kilowatts
.....................          11         Kilowatts
.....................         15        Microseconds
...,................     0.01

*  Control  grid connected directly to  screen grid.
I   Forced air  cooling  should be applied during the application of any voltages.
§   Provision must be  made  for  unobstructed passage of cooling air  through the radiator  fins,  and between  the anode

terminal and adjacent portion of the radiator.
A   Measured at the base of the radiator and adjacent to the plate terminal.
•   Maximum average value.
•   For applications that  require  longer  pulses or  higher duty refer to the tube manufacturer  for recommendations.
a   Pulse duration measured between points at  70 percent of peak value.    The peak value  is defined as the  maximum

value of a  smooth curve  through the average of the  fluctuations over the  top portion of the  pulse.
¢  Maximum  ratio of on-time to elapsed time during any  12.5-millisecond period.

¢¢  Maximum  ratio of on-time to  elapsed time during any  1.5-millisecond period.
**  A minimum  surge-limiting resistance of 50 ohms  must be  placed between the  plate of the tube and the  a+ power

supply at  steady-state voltages greater than 3.5 kilovolts.
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CONCENTRICITIES:

The  following total  indicator  readings  are  measured  with  respect  to  a  centerline  determined  by the  centers  of the  anode  terminal  and
control  grid  terminal.

Dicimeler A  -0.030  inches
Diameter  8   -0.016  inches
Diameter C  -0.036  inches

` Diameter  D  -0.042  inches

Total  indicator  reciding  of filament   cup  terminal  diameter  (D)   measured  with  respect  I.o  center  of cathode  and  filament  terminal  di-
ameter  (C) '-0.016  inches.

TUBE   DEPARTMENT

GENERAL ©  ELEOTRlo

Schenectady, N, Y.12305
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Tetrode
GL-51064

VHF-UHFMETAL CERAMIC  TETRODE
4 KILOWATTS USEFUL  CW OUTPUT
750 WATTS CLASS  a LINEAR OUTPUT

The   GL-51064   is   a  forced-air
cooled  power  tetrode  that  delivers
useful  output to  approximately  1250
megacycles.   This  tube   is  particu-
larly  suitable  for  application  as  an
AM   or   FM   power   amplifier   in  the
final output or driver stage of VHF -
UHF   military   communications
systems.

The   tube   features   high   power
gain,    as    much    as    14   db,   while
delivering  up to 4000 watts  of use-
ful   CW  power   as   a  grounded-grid
Class   C   amplifier   at   400   mega-

Electrical

Heater  Voltage *    .   ,  .  a  ....  ®  ....  a  .  a  .  o  .  .  .  a  ....  a  a  .....
Heater  Current  at  5o7 Volts  ................  a  a  .  a  o  o  ....
Heater  Starting  Current   .  .  a  .  .  a  .  .  .  a  .....  a  ....  a  ......  a
Heater  Cold Resistance    ..............  a  a  a  ...........
Cathode  Heating  Time .  .  a  .........................  a  a
Amplification Factor,  G2 to G|
Eb  =  2000 Volts,  Ib  =  0.200 Ampere,  Ec2  =  475 Volts   .  .  .  a  .....

Direct lnterelectrode  Capacitances
Cathode  to  Plate|    ..........  a  a  ..............  a  .  .
Input,  G2 tied to G|   .
Output,  G2 tied to G| §

Mechanical

Mounting Po sition
Net Weight,  approximate  ........

Thermal

Cooling-Forced Air fl
Through Radiator,  at Sea Level

Plate Dissipation
2.75 Kilowatts
2®0    Kilowatts
1.5    Kilowatts

Seals
Screen-Grid to Control-Grid
Heater-to-Cathode  o  o  o  a  .  .  c

a

FORCED AIR  COOLED
INTEGRAL  RADIATOR

THORIATED-TUNGSTEN  CATHODE

cycles.   An   oiltput   capacitance   of
only 6.0 ppf, which is  significantly
low for a tube  of its  power handling
capability,    makes    the   GL-51064
well suited for application in equip -
ments    requiring    broad    electronic
bandwidth.

Other    features    include    metal-
ceramic   construction,   a  high  effi-
ciency  axial  flow  radiator  capable
of  dissipating   2750  watts,   and  an
indirectly  heated  thoriated  tungsten
cathode.

Minimum     Bogey      Maximum

Air  Flow
140 Min  CFM
90 Min  CFM
55 Min  CFM

Vertical
5. 0          Pounds

Static Pressure
1.9 Inches Water
0.8  Inches Water
0.4 Inches Water

Anode to Screen-Grid Ceramic Insulator
Incoming Air  Temperature   .  o  a  .....  o  a  .  ,
Radiator Hub Temperature  (Adjacent to Anode Seal) .
Temperature  at Any Chher  Point ........  a  .  o  .  .  .

4 Min  CFM
8 Min CFM
6 Min  CFM

25 Max C
180  Max  C
200  Max C

Forced-air cooling to be applied before and during the application of any voltages.   Forced-air  cooling mustbe main-
tained for one minute after the removal of all voltages.

GENERAL ELEOTnlo
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RADIO -FREQUENCY  POWER  AMPL[ FI ER  AND OSCILLATOR  -CLASS C

Maximum  Ratings,  Absolute  Values

DC  Plate Voltage     .......
DC  Grid-No.  2 Voltage  ....
DC  Grid-No.  1 Voltage  ....
DC  Plate  Current ........
DC  Grid-No.  1  Current ....
Plate  hput  ............
Grid-No.  2 hput   ........
Plate Dissipation ........

Typical  Operation  -Grounded-Grid  Circuit    @    400  mcs

DC  Plate Voltage    .  .  .
DC  Grid-No.  2 Voltage
DC  Grid-No.   1  Voltage
DC  Plate Current ....
DC  Grid-No.  2  Current
DC  Grid-No.  1  Current
Driving  Power,  a.pprox
Power Output,  useful ¢
Power  Gain,  approx  .  .

420 mos       1000 mcs

8000
650

-175
0. 7 00
0.175

5.6
25

2.75

5500
600

-100
0. 450
0.012
0.085

90
2000
13.5

6000   Max volts
650   Max volts

-175   Marrvolts
0.700   Max Amperes
0.175   Max Amperes

4. 2   Max RIlowatts
25   Max watts

2.75   Max RIlowa,tts

7 500             Volts
600             Volts

-100             Volts
0. 650             Amperes
0. 016             Amperes
0.155             Amperes

150             Watts
4000             Wa.tts
14. 3               db

RADIO-FREQUENCY  POWER  AMPLIFIER  -CLASS  a  LINEAR  SERVICE

Maximum  Ratings  at 420 Megacycles,  Absolute  Valiies

DC  Plate  Voltage  ....................
DC  Grid-No.   2  Voltage   ................
DC  Plate  Current ....................
Plate  Input   ....................,...
Grid-No.   2  hput    ....................
Plate  Dissipa,tion  ....................

Typical  Operation  ot  400 Mcs,  Carrier  Conditions  for Maximum Modulation  Factor of  1.0

DC  Plate  Voltage  ..........
DC  Grid-No.   2  Voltage  ......
DC  Grid-No.1 Voltage,  approx.
DC  Plate  Current ..........
DC  Grid-No.   2  Current  ......
DC  Grid-No.   1  Current ......
Driving  Power,  approx ......
Power Output,  useful ¢  ......
Power  Gain,  approx  ........

8000   Max Volts
650   Max volts
585   Max Milliamperes

4150   Max Watts
16    Maxwatts

2750   Max watts

Volts
Volts
Volts
Milliamperes
Millia.mperes
Milliamperes
Watts
Watts
db

* Because the temperature of the cathode is increased by back bombardment of electrons at  UHF,   required heater
voltage for optimumlife decrea.ses withincreasing frequency.   The amount of heater voltage reduction is dependent
on operating conditions.

I Measured with complete external shielding between cathode and anode.
§ Output capacitance measured between anode and screen grid.    Control grid connected directly to  screen grid.
flThe  volume  of  cooling  air  indica.ted  for  the  various  seals  is  for  sea-level  conditions  and  approximate  only.

Distributionof coolingair willvary with the ca.vity configuration about the tube.    For  most  satisfactory  operation
the maximum temperature of any point on the tube should be below specified limits.

¢Useful power  output including power transferred from driver  sta.ge.

u
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5/8"  DIAMETEf}    MAXIMUM

NOTES
I   MAXIMUM    ECCENTPICITY     0.010
2.  MAXIMUM    ECCENTf}lcITY     0.015
3.  MAXIMUM    ECCENTRICITY     0.030

WITH    RESPECT    TO    CENTERLINE     DETERMINED    BY   CENTEf}S    OF   ANODE
TERMINAL    AND    CONTROL-GRID    TEBMINAL

TUBE   DEPARTMENT

GENERAL ©  ELEOTRI0

Schenectady, N. Y.12305
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Tetrode
GL-51065

A

a

Electrical

Heater  Voltage* ..........
Heater  Current   ..........
Cathode  Heating  Time ......

GRID-PULSED  SERVICE

GROUNDED-GRID  OPERATION

The   GL-51065   is   a  high-per-
formance,  forced-air  cooled,  metal-
ceranic  tetrode  especially designed
for   grid-pulsed    amplifier   service
(pulsed  RF   drive   only)   at  L-band
frequencies.   This  tetrode  is  parti-
cularly  well  suited  for  use  in radar
equipment such as  advanced ground -

Inrect Interelectrode  Capacitances**
Cathode  to  Plate  t   .....................
Input..............................

Output................

Mechanical
Mounting  Position   .........
Net Weight,  approximate     ....

Minimum      Bogey

6.3
3.8

1

0.006
20

7.5

FORCED -AI R  COOLED

METAL  AND  CERAMIC

based,   ship-board  or  airborne  IFF
interrogators.  It  is  capable  of  pro-
viding  useful  output  at  frequencies
up to approximately 1500 megacycles .

F`eatures of the GL-51065  include
long   life   and  reliability,  high  gain
with   pulsed   RF   drive   only,   long
pulse width, and highrduty capability.

Maximum

Thermal
Cooling   -   Forced-Air±

Through Radiator,  at Sea  Level
Plate  Dissipation  ...............................      600
Air  Flow,  45  C  Incoming Air  Temperature,  minimum .......         9
Static  Pressure,  approximate .......................      0.5

Radiator  Hub  Temperature at  Point Adjacent to Anode Seal,
maximum§..............,.....................

Seals
Screen  and  Control  Grid,  approximate  ......................
Heater  and  Cathode,  approximate   .........................

Ceramic  Temperature at  Any  Point,  maximum   ..................

RADIO-FREQUENCY  POWER  AMPLIFIER
Maximum  Ratings

Pulsed  Hive,  1250 Megacycles
DC  Plate  Voltage  .........
DC  Plate Current,  during pulse
DC  Grid-No.  2 Voltage   .....
DC  Grid-No.  2  Input  .......
DC  Grid-No.  1  Voltage   .....
Plate  Dissipation  .........
PulsLe  Width o    ....   a   ......
Duty  Factor  d   ...........

Volts
Amperes
Minute

u„f
utJf
i,4f

Any
13     Onces

400      Watts
4.5      Cubic  Feetper  Minute
0. 2      Inches water

....          250        C

1      Cubic  Feetper  Minute
1      Cubic  Feetper  Minute

....          200        C

GENERAL ©  ELECTRIC

5      Kilovolts
6      Amperes
1      RIlovolt
5      Watts

-200      Volts
600      Watts

10      Micro seconds
0.01
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RADIO-FREQUENCY  POWER  AMPLIFIER  (CONT'D)

Typical  Operation

Grounded-Grid Service at  1030 Megacycles,1/4)  Output  Circuit
DC  Plate  Voltage¢¢   .  a  .  .  a  ........................
DC  Plate  Current,  during  pulse    .....................
DC  Grid-No.   2  Voltage   ...........................
DC  Grid-No.  2  Current,  during pulse ..................

4. 5                      3. 5      Kilovolts
5.3                       3.0      Amperes
750                      750      Volts

0.110                   0.065       Amperes
DCGrid-No.1Voltage,approximate  ..................- 115                        -75       Volts
DCGrid-No.1Current,duringpulse ..................       0.850                  0.400      Amperes

1.5                       0.5      Kilowatts
..............           11.0                          4.5        Kilowatts

10                        10      Microseconds
..............              0.01                           0.03

miving Power at the Tube,  during pulse
Power Output,  during pulse  (useful) .  .  .
Pulse  Width    ..................
Iinty  Factor    ..................

*  Under  the typical operating  conditions  shown  the filament voltage  should be  reduced to approximately  6.0 volts
because of back-heating resulting from transit time effects.

**  Control grid connected directly to  screen grid.
t  Complete  external  shielding between cathode and plate.
I  Forced-air  cooling  should be applied during the application of any voltages.
§   Provision  must be made for  unobstructed passage of cooling air to limit  the anode hub temperature to the value

specified.
0  Pulse durationismeasuredbetweenpointsat 70 percent of the peak value.   The peak value  is defined as the maxi-

mum value of a  smooth curve through the average  of  the  fluctuations over the top portion of the pulse.
¢  Maximum  ratio  of on-time  to  elapsed  time  during  any  1-millisecond period.    Higher duty  may be allowed with

lower  tube input as indicated under typical operation at  0.03  duty.   For  applications that require longer  pulses or
higher duty refer to the tube manufacturer for recommendations.

¢¢  A  minimum  surge-limiting resistance of  50 ohms  must be placed between the plate of the  tube and the  8+ power
supply at steady-state voltages greater than 3.5 kilovolts.

CONSTANT   CURRENT  CHARACTERI STIC
SCREEN  VOLTAGE =  1000  VOLTS

ALL   VOLTAGES   REFERENCED   10   CONTFioL   GRID
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CONCENTRICITIES:
The following total indicator readings are measured with respect to a centerline determined by the  centers of the
anode terminal and control grid terminal.

Diameter A -  0.030 inches
Diameter  8 -  0.016 inches
Diameter  C  -  0.036 inches
Diameter  D  -  0.042  inches

Total indicator reading of filament cup terminal diameter  (D) measured with respect to center of cathode and fila-
ment terminal diameter  (C) -  0.016 inches.

TUBE   DEPARTMENT

GENERAL ©  ELECTRIC

Schenectady, N. Y.12305
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Terrode GL-51070

lil-

a

fi

RADIO-FREQUENCY AMPLIFIER
CW SERVICE
GFiouNDED-GRID OPERATION
FORCED-AIR COOLED
METAL AND CERAMIC
INTEGRAL  RADIATOR

The   GL-51070   is   a  reliable  power
tetrode  that  delivers  useful  output
to  1250  megacycles  or  higher.  This
tube  is particularly suitable for app-
lication  in the final output or driver
stage    of    military-communications
systems.

As  a  Class  8  linear  amplifier  in  the

iiii-4d°e9iv]gregf%C]ew:i;Tsge6fthceartrTebre

i:n¥::SL:F:#dL§L:e€err:::,L]::°e°m:e:t#d:rr¥.

i?e¥ I-e€ep]?r°Xfmately  5  watts  at car_

;:rpoe:r#;`feia;sa;!:i::t:h:h%`:i:I:a:;:
Features   of  the  GL-51070  inclllde
loiig   life  and  reliability,   high  gain`
high    linearity,    and    resistance    to
shock    and   vibration.

These  together  with  such  design  factors  as  an  oxide-coated  cathode,   coaxial  elements,   and  metal-ceramic
construction  make  the tube well  adapted to  application  in modern  systems  where performance  and reliability  are
important.

Electrical

Heater Voltage *   .....
Heater  Current  ......
Cathode  Heating Time .  .
Amplification   Factor,  G2 to  Gi,  Eb  =  1000 Volts DC;

3igr2e=c2t7itve°r]etisec¥6d[gc=a:;:itan::;............
Cathode to  Plate  I  .  .  .
I#ptjtFg:i:ide:otoGi|6.

Mechanical

Mounting  Position  -  Any
Net Weight, approximate

Thermal

Minimum      Bogey      Maximum

6.8      Volts
-       Amperes
-      mnute s

14

0.006
20

7.5

Cooling  -  Forced Air §
Through Radiator,  at Sea  Level **

Plate  Dissipation  .................
Air  Flow,  45  C Incoming Air  Temperature,

Static  Pressure,  approximate ............
Radiator  Hub  Temperature  at  Point Adjacent to

Anode  Seal   ..........,.........

600                     400

94.5
0.5                         0.2

13       Ounces

Watts

Cubic  Feet  per  Minute
Inc he s -Water

250C



GL-51070
ET-T2016
Page  2
1 1 -70

Thermal(cont'd)

Seals
Screen-Grid to Control-Grid, approximate .  .
Heater to  Cathode,  approximate  .........

Ceramic Temperature at Any Point, marimum  .

1      Cubic  Footper  rmnute
1      Cubic  Foot per  Minute

200C

RADlo-FREQUENCY POWER AMPLIFIER -CLASS 8 LINEAR

Carrier conditions per tube for use with a maximum modulation factor of 1.0

Maximum  Ratings

DCPlateVoltage  .........................................      2000       Volts
IX)Grid-No.2Volta,ge   .....................................         320       Volts
DCPlateCurrent .........................................    0.250       Ampere

....................         500       Watts
5     Watts

....................         600       Watts

Plate  hput   .....................
Grid-No.  2 Input.
plate Dissipation

Typical Operation

Grounded-Grid Circuit at  225-400 Megacycles

DC   Plate  Voltage ................................
DC  Grid-No.  2  Voltage  ............................
DC  Grid-No.  1  Voltage, approximate  ...................

...     1750      Volts
....        250      Volts
....- 20      Volts

PeakRFPlateVoltage#,approximate  ...........................     1250      Volts
PeakRFGrid-No.1Voltage#,approximate  ....,..................          40      Volts
DCPlateCurrent    ........................................    0.200      Ampere
ZeroSignalDCPlateCurrent(Eciadjusted) .......................   0.020      Ampere
IreGrid-No.2Current .....................................    0.005       Ampere
DC   Grid-No.  1  Current ..................... 0.010      Ampere
mivingPower,approximate   .................................             5      Watts
PowerOutputv ...........................................        Ilo       Watts

RADIO-FREQUENCY POWER AMPLIFIER AND OSCILLATOR -CLASS C TELEGRAPHY

Key-down conditions per tube without amplitude modulationA

Maximum  Ratings

ac Plate Voltage
DC  Grid-No.  2 Voltage   .................
DC  Grid-No.  1  Voltage   .................
DC  Plate  Current .....................
DC  Grid-No.  1  Current  ....,...........
Plate  Input   ........................
Grid-No.  2  input    ....................
Plate  Dissipation  ....................
Grid-No.  1  Dissipation   ................

Typical Operation

Grounded-Grid Circuit at 900 Megacycles
DC  PlaLte  Voltage  ....................
DC  Grid-No.  2 Voltage   ................
DC  Grid-No.  1  Voltage   ................
IX=  Plate  Chirrent ....................
DC Grid-No.  2 Current, approximate .

900
Megacycles

1600
320

-loo
0.300
0.050

480
15

400
Megacycles

2000             Volts
3 20            Volts

-100             Volts
0. 300             Ampere
0. 050             Ampere

6 00            Watt s
15             Watts

6 00            Watt s
2            Watts

15 00                     2000             Volts
210                        225             Volts
-40                       -40            Volts

0.300
0.010
0.020

14
205

Ire Grid-No.  1 Current, approximate ........
miving  Power,  approximate   .............
Power  Output,  approximate fl  .............

0. 250            Ampere
0. 010            Ampere
0. 020            Ampere

15            Watts
300            Watts

®

®
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* Because the temperature  of the cathode  is increa.sed  by back bombardment of electrons at `UHF,  required heater
voltage  for  optimum  life decreases  with increasing  frequency.    The  amount  of heater-voltage  reduction  is de-
pendent on operating conditions.   However,  this voltage  should not be less than  5.5 volts.

I Measured witha 6-inch minimum diameter  flat metaldisk attached to the  screen-grid ring.   Control grid connected
to the  screen grid.

o0utput capacitances measured between anode and  screen grid.   Control grid connected directly to  screen grid.
§ Forced-air  cooling to be applied before and during the a.pplication of any voltages.**Provision  must  be  made  for  unobstructed  passage  of  cooling  air  between  radiator  fins  and between the anode

terminal and adjacent radiator fin.
Vuseful power output as measured in output-circuit load.
fl useful  power  output  including   power  transferred  from  driver   stage.      Output  circuit  efficiency  approximately

80 percent.
AModulation  essentially  negative  may  be  used  if  the positive peak of the  envelope does not exceed  115  percent of
the carrier conditions.

# Measured at the crest of the audio-frequency cycle with a modulation factor of 1.0.
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CONSTANT  CURRENT  CIIARACTERISTIC
SCREEN  VOLTAGE   =  250  VOLTS

ALL  VOLTAGES  REFERENCED  TO  CONTROL  GRID

400                         BOO                        1200                        1600                       2000                      2400

PLATE  VOLTAGE  IN  VOLTS

CONSTANT  CURRENT  CRARACTERISTIC
SCREEN  VOLTAGE   =  350  VOLTS

ALL  VOLTAGES  REFERENCED  TO  CONTROL  GRID

A69087  - 72867    (iiorfe2)

400                          800                         1200                        I coo                        2000                       24CX)

PLATE  VOLTAGE  IN  VOLTS

A69087  -72868    (1-30€3)

ifa

®

0
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The  following  total  indicator  readings  are  measured  with  respect  to  a  centerline
detemined  by  the  centers  of  the  anode  teminal  and  control  grid  terlninal.

Diameter   A  -  0.030   inc-nes
Diameter  8  -0.016  inches
Diameter  C  -0.036  inches
Diameter  D  -0.042  inches

Total  indicator  reading  of  filament  cup  terminal  diameter   (D)  measured  with
respect  to  center  of  cathode  and  filament  terminal  diameter   (C)   -0.016  inches.

A69087-72Bi26    (2ng-65)

TUBE   DEPARTMENT

GENERAL © ELECTRIC

Schenectady,  N. Y.12305
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GL-51074

fl

®

a

Electrical

Heater Voltage* .
Heater Current  .

INTERNAL   FEEDBACK   FOR  OSCILLATOR  SERVICE
GROUNDED-GRID  OPERATION
HEAT-SINK  AND   FORCED-AIR  COOLED
METAL  AND  CERAMIC

The    GL-51074    is    a    heat-sink-
cooled  triode  that  features  inter-
nal  feedback.   It  is  especially  de-
signed   for   pulsed   oscillator   ser-
vice  in  L-band.  Applications  for
which  it  is particularly well suited
include  airborne  or  ground-based
radar,   and  high  level  signal  gen-
erators.

Cathode Heating Time .........
Direct Interelectrode Capacitances

Cathode to Plate   .........
Input.................
Output................

Mechanical

Mounting Position - Any
Net Weight,  approximate  .......

Thermal

Cooling -  Heat-Sink and  Forced Air
Anode  Temperatures    .................
Ceramic Temperature at Any Point,  maximum

The   GL-51074  is  a   higher-volt-
age   version    of   the    GL-51025.
Ratings  include  a  DC  plate  volt-
age   of   3500   volts   under   giid-
pulsed-oscillator  service  for  5  ki-
lowatts  of peak  power  output  at
0.005  duty.

Other  features  include small size,
high peak power as a plate-pulsed
oscillator,   long-Pulse-width   cap-
ability,   long  life  and  reliability.

Minimum      Bogey     Maximum

6. 3                                   Volts
3.8               4.0             Amperes

Minute

0.5                 -               H, i
15.5                                         w4£

5.9                                      „Hf

...     31/4         Ounces

PLATE-PULSED  OSCILLATOR  -CLASS  C
Maximum  Ratings

DC Plate Voltage,  During Pulse
DC Plate Current,  During Pulse
DC Grid Voltage,  During Pulse .
DC Grid Current,  During Pulse
Plate  Dissipation§   .........
Grid Dissipation   ..........

250C
200C

8. 0              Kilovolts
10. 0              Amperes
-400              Volts

5. 0             Amperes
110              Watts
3. 5              Watts

I'ulseWidtho   .........................................                 10                Microseconds
Duty  Factor  ¢   .........................................          0.003
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Typical  Operation

Grounded-Grid Service at 1300 Megacycles,  3/4^  Output Circuit

DC Plate Voltage,  During Pulse
DC Plate Current,  During Pulse
DC Grid Current,  During Pulse

(Grid Resistor  = 50 Ohms)
Power Output,  During Pulse (useful)
Pulse Width   ................
Duty  FaLctor    ................

8. 0            6. 0           Kilovolts
9.0            7.0           Amperes
4.0            4. 3           Amperes

.   40.0          24.0           Kilowatts

.       10              10           Microseconds

.0.003         0.001

GRID-PULSED  OSCILLATOR  -CLASS C

Maximum  Ratings

DC  Plate  Voltage  ..........
DC  Plate  Current,  During Pulse
DC  Grid Voltage   ..........
Plate Dissipation ..........
Pulse Width 0   ............
Duty  Factor  ¢¢   ...........

Typical  Operation

Grounded-Grid Circuit at 1100 Megacycles,  1/4 i Output

DC Plate Voltage ............,
DC Plate Current,  During Pulse .  .  ,
DC Grid Voltage Supply*+  ......,
DC Grid Current,  During Pulse   .  .  ,
Power Output,  During Pulse  (useful)
Pulse Width   ...............,

.  3500

.3.5

.  -Ilo

.1.7

.5.0

.10

.0.005Duty  Factor   .........

-._

3. 75           Kilovolts
3. 7           Amperes

-200           Volts
Ilo          Watts
15           Microseconds

0.02

00           Volts
.7           Amperes
04           Volts
25           Amperes
. 4           Kilowatts
10           Microseconds
02

* Because of back-heating due to transit-time effects, it may be necessary to reduce the heater voltage.   For the
1100 mcs,  2 kw,  0.02 duty condition,  the typical heater voltage is 5.5 volts.  The optimum heater voltagefor any
application should be determined by RF performance testing.

§ A suitable clamp-on radiator or heat-sink clamping arrangement must be provided to limit the anode hub tern-
perature to the value  specified.   Higher plate dissipation is  allowable with provision for proper cooling.

a Pulse duration is measured between points at 70percent Of thepeakvalue.  Thepeakvalue is defined as the maxi-
mum value of a smooth curve through the average Of the fluctuations over the top portion of the pulse.   For  ap-
plications requiring longer pulses,  refer to the tube manufacturer.

¢Maximum ratio of on-time to elapsed time during any 3.3-millisecond period.
¢¢ Maximum ratio of on-time to elapsed time during any 75-millisecond period.
**With a series  grid resistance o£  50 ohms.
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8cO                              1200                             16cO
PLATE  VOLTAGE  IN  VOLTS

GL-51074CHARACTERl
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CONC I N Tfllc Ill ES :

TIJE  FOLLOWINC  TOTAL  INDIC^TOR  R[^DINCS ARE  WEASuftEO
yyi"  REspECT. TO-A cENTERL"E  EETEf"iNED  ey  THE  c€NTERs
OF THE ANODE  TE.M"AL  AND  COWT.OL-a.lD  TERMINAL.

DIAWETEFt    A-O.OJO   "CHES
DiANETER  a-O.036  "ciilEs
DIAMETEfl  C-O.O.2   INCHES

TOTAL   INDICATOR  READING  OF  FILAWENT-CuPTERN"AI
DIANETER tcI NE^SURED  WITN RESPECT  TO CENTER  OF CATHODE
ANO  FILAMENT-TERwiNAi  DiAWETEFt  {ei-O.016   INCHEs,

TUBE   DEPARTMENT

GENERAL © ELEO"I0
Scllenectady, N. Y.12305

®

|F



ET-T1726C
12-70

FILE  THis  PAGE  As  THE  v[Ry  [iRST  pAG[  IN   touR  mANUAL

rl

®

INDUSTRIAL  EQUIPMENT

TYPES  TUBE  'MANUAL

REGISTRATION   PACE

5.BS@ ET -11 -EGSuOO

I?-98-65
5¥9

ifer,   P.   G.   Bnt-ham
eh±ef  of  Techr!ical  Pub.   Bept.
English  £1e¢tric  Vglve  Co„   Ltd.
Cfa€1"'Bford   Essex.   England

This tube  manual  is  recorded  in the  name  and  at the address shown above.  To assure

prompt  receipt of the  revised  and  new data that are issued in regular supplementa] mail-
ings,  will  you  please  notify  us  immediately  of clny changes of address or transfer of the
manual  to another  person.  If you  should  move,  or  if you transfer this  manual to another

person,  RETURN  THIS  PAGE  TO  uS  WITH  YOUR  NEW  ADDRESS  OR WITH  THE  NEW
OWNER  (AND  ADDRESS)  OF  THE  MANUAL  INDICATED  IN  THE  ABOVE  SQUARE.

WE  CANNOT  CHANGE  YOUR  ADDRESS   OR   TRANSFER   ANY   MANUAL   UNLESS
YOU  RETURN  THIS  PAGE  WITH  THE  NECESSARY  CHANGES  INDICATED  TO:

GENERAL   ELECTRIC  COMPANY
Tube  Products  Department,  A.  &  S.  P.
316  East  Ninth  Street
Owensboro,  Kentucky  42301

We will  apply this Change,  if you  have  more  than  one  manual,  to  all  those  recorded
in your name.

Date  cha nge  requested____________________________._..

TUBE   PRODUCTS   DEPARTMENT

GENERAL ©  ELECTRIC

SCHENECTADY,   NEW  YORK   12305,   u.  S.  A.

FILE  THIS  PAG-I  AS  THE  VERY  FIRST  PAGE  IN  YOUR#ANUA[
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GL-8205, ET-T1675A
GL-8360, ET-T1685
GL-8360, ET-T1685
GL-8465,  IET-17A.
GL-8466, IET-17A .

and2

SPECIAL PURPOSE RECTIFIERS
AND THYRATRONS (Tabbed Divider)
FG-280,  ET-T1670   ...............
GL-857B,  ET-T1503A  .............
GL-869B,  ET-T1504A  .............
GL-8 70A,  ET-T 154 I B  .............

Thyratron Selection Chart,
ET-T 1469        .....................
FG-172,  ET-T1513A  ..............
GL414,  ET-T 1509A  ..............
2050A,  ET-1686   .................
GL-5830,  ET-T1584A  .............
6011/710,  7518/710L,  7725,

7726  (ET-T1615B)  .........

I 0-6 1
9-70
9-70
9-70

11-65

INDUSTRIAL HEATING MAGNETRONS
(Tabbed Divider)

ZM-6287,  OTI-218    .................. 12-70
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The   General   Electric   Electronic   Component   Sales   Operation  offers  a   complete   electronic

components  "market  basket"  of  products.  A  listing  follows:

®

fl

a

TUBE  PRODUCTS
1.      Transmittertubes
lA.   Camera tubes
2.
3. #P#,rsons

§8:8!n!|a%j:ncg&?u#b?eps;ratr°ns
6.   Photocells
7.   Reed  switches

i:88Tvpean#on:ireceiving
tubes

SEMICONDUCTOR
PFtoDUCTS

10.   Germanium  rectifiers

11.   s'ifi%Cnurr:%#j(e°r:O H amp)

£¥dcjEr+enctutror::tt.{f5mE3

12    sic5#°is;mcE}rent    (over    35

i3siig#C::::t:;:::etr(;°tfite°:7°::r::3,)5
nation stacks

14.   AC controlled  switches
15.   Rectifier stacks(Germani-

urn,        silicon,         potted

::  !!:i:eiii?i:en:t:(:!£a;t:a::,::-
ide  rectifiers

i!:  5Hi::tiocnoaJt?g|re8osnw:[nct:es
20.    Unijunction transistors

21.    Silico
t8er8Wfl-pdhffrrsaenq

diodes   and   back

ii   8;i:fc;o:§v::;!Ija::ap[:f#p:i,?,Xelra!

25.   AfcutLVcetjon8]|S5::i:es  Pellet

%   Sj,i::#dp#:;::::s[Taapnnfls, :Ru:a:::

CAPACITOR  PRODUCTS

:::-:i::::::::::::-:::i-::-=i:::::=:-:=:i:==::::=:::==

36.   Tgat:tl°uri   electrolytic   ca-
pacitors

VACUUM   PROCUCTS
Vacuum system
Triode ion  pumps
Trigger ga
Mercury dFf?:sion  pumps

Loenagadge::c,o,s

83:tLa:apfi:islueraekigaa!y3::i:
fiers

45.   Sublimation  pumps
46.   Vacuum accessories

OTHER  PRODUCTS
47.   Adjustable speed  drives

Electronic  Components  Sales  Operation  Offices  on  Page  2.

i,i!#t:ni:jf#c:t!;eo:I:gn;,f,8fs
illlEffi

nets
el cad mi u in recharg e-

able batteries

;i:  i:!i:m#j:ri;ir:osn s
57.   Varistor
58.   Volt  Pac®   specialty  trans-

formers

INSTRUMENTS
59.   Panel  Meters
60.   Time  Meters
61.    Meter  F3elays
62.   Shunts
63.   Switchboard  Indicators

§§:Freacn°srg::Ser(sD]rectActing)

RECOFtDING INSTRU MENTS
66.   Direct-operated,      strip-

chart   recorders
inkless,  hook-on

67.    Miniature   (4-inch

inkin8,

Servo-

68   S;e!rij:8:i,;rrer:;ti#:£[hs2:'r!:::

tprgi'Letrs!on?e,twoormulti-

MOTORS
69.   A-C   Tri-clad    '55'®   induc-

tion  1-125  HP
A-c fractional

B::i:::8:aJal
Specialty motors
DCM&G  sets
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ELECTRONIC   COMPONENT   SALES   OPERATloN   OFFICES
ARIZONA

Phoenix  85012
Guaranty  Bank  Bldg.,  Suite  712
3550  N.  Central  Aye.
Phone  A/C   602  264-1751

CALIFORNIA
*Les  Angeles  90064

11840   W.   Olympic   Blvd.
Phone:   A/C  213  47?-7763

A/C   213  272-8566
A/C   2]3  879-1350

Portola Valley 94025
3210 Alpine  Poad
Phone:  A/C 415 854-4010

COLORADO
Denver  e0206
201    University   Blvd.
P.O.   .Box    2331
Phone:   A/C   303   388-5771

CONNECTICUT
Bridgep.rl  06602
1285  Boston  Ave.,
Phone:   A/C   203  334-1012

DISTRICT  OF  COLUMBIA
Waslilnglen  2000S
777  -14lh   St.,   N,W.
Phone:   A/C  202  393-3600

FLORIDA
Norlh  Palm  Beach  33403
321    North   Lake   Blvd.,   Room   201
Phone:   A/C   305   844-5202

Tampa   33609
P.O.   Box   10577
2104   S.    Leis   Ave.
Phone:   A/C   813   877-8311

Winter  Park  32789
John   Hancock   Bldg.,   Suite   250
37o  Wymore   Rd.
Phone:    A/C   305   425-8634

lLL'NOIS
*Chicag®  606.I

3800  N.  Milwaukee  Ave.
Phone:   A/C   312  777-1600

INDIANA
Fort Wayne  4ou
6001   S.   Anthon`/
Phone:   A/C   219     447-1511

lndlanap®Ils  «20e
3750   N.   Meridian  St.
Phone:   A/C   317  ?23-7221

lowA
Cedar   Rapids   52401
210  end   St.,   S.E.
303   Dows   Bldg.
Phone:    A/C   31P   364-914.

ALABAMA
llunlsvill.  .5cO1
3322  Memorial   Parkway  Soulh,

Suite  '3
Phone:   A/C   205  883-3131

•Region  Oflice

KENTUCKY
Owensl.ore  4230)
316  E.   9th   St.
Phone:   A/C  502  683-2401

Ext.  482  (Receiving  Tubes)
Ext.   422  (l&M  Tubes)

MASSACHUSETTS
Wellesley  021®1
I   Washington  St.
Plione:   A/C  617  237-2050

MICHICAN
*De.roil  4e237

15160  W.   Eight   Mile   Rd.
Phone:   A/C   313  564-5228

MINNESOTA
Mlniicap.lls  55...
490b  Viking   Dr.,   Rm.   108
Plione:   A/C   612  ?27-5458

MISSOuRl
l<ansas  City  641„
911   Main   St.,   Suite   518
P.O.   Box   T3566
Prione:   A/C   816  22l-cO33

NEW  JERSEY
*Cli',on  a,0'4
200  Main  Aye.
Phone:   A/C   201   472-8100

NEW YORK
Albany  12205
11   Computer   Drive  West
(518)   869-3576

New  York  City
(*Oreat  Neck   11021)

425  Northern   BIvd.
Phone:   A/C   516  466-8800

+North   Syracuse   13212

Northern  Concourse  Office  Bldg.

§,°5°.%6.T3°42i?
Rochester  14624
35   Deep   Rock   Rd.
(716)   436-3480

NORTH  CAROLINA
Creensboro  27cO8
1828   Banking  St.
Phone:   A/C  ?1?  273-6.82

01110
*Cleveland  «117
25000   Euclid  Ave,
Phone:   A/C  216  266-2900
Day'or'  45,2,
3430    S.     Dixie    Hwy.
P.O.   Box  2143
Kettering  Brarich
Phone:   A/C   513  298-0311

OKLAHOMA
Oklahoma  City  73112
3022  N.W.  Expressway
May-Ex  Building,   Room  412
Phone:   A/C  405 943-9015

PENNSYI.VANIA

Erie   16505
2318   W.   8th   Street
Phone:    A/C    814   455-8377

*Pl`iladeli}hia   19101

3  Penn  Center  Plaza
Phone:   A/.C   215  568-1800

Piwsburgh  15220
875   Greentree    Rd.   -   F{oom   col
3  Parkway  Center
Phone:    A/C   412   921-J134

TEXAS
D.Ilas  7520S
4447  N.  Central   Expressway,
Phone:   A/C   214   521-1931

lleelon  77006
3no  S.W.   Freeway
Ftoon   2ae
Phone:   A/C   713  524.3061

VIRCINIA
Charlottesville  22902
2cO7  Earhart  St.
P.0.   Box   3191
Phone:    A/C   703   2.6-8118

Porlsmoulh  23707
3205  King  St.
P.O.   Box   7175
Phone:   A/C  703  3.3-6780

WASHINGTON
Seattle  98188
225  Tukwila   Pky.
Phone:   A/C  206  244-7750

WISCONSIN
+Milwaukee  53202

615  East  Michigan  St.
Phone:   A/C  414  271-5000

INQUIRIES   FROM   OuTSIDE   CONTINENTAL
UNITED  STATES,  EXCLUDING  HAWAII  AND
ALASKA,  SHOul.D  BE  SENT  TO:

Electronic  Sales
lGE   Export  Division
15?  Madison  Avenue
New  York,  N.Y.   10016
Phone:    A/C   212   751-1311

IN  CANADA,  ADDRESS  INQUIRIES  TO:
Canadiail  General   Electric  Co.
18?  Dufferin  Street
Toronto,  Ontario,  Canada
Phone:   A/C   416  537-4481

GOVERNMENT   PROGRAMS   OPERATION   OFFICES
DISTRICT  OF COLUMBIA

*W.sliingloii  20005
777  -14th   St.,   N.W.
Phone:   A/C  202  3.3-3600

OHIO
Daytoi`  4S43.
3430   S.    Dixie   ltlwy.
P.O.    Box   2143
Kettering   Branch  4S529
Phone:    A/C   513   298-0311

CALIFORNIA
L®s  Angeles  900«
11840  W.   Olympic  Blvd.
Phone:   A/C  213  47.-7763

A/C   213  272-8566
A/C   213   879-1350
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NUMERICAL  LISTING OF TYPES

This  lists  the  types included  in  this  manual  and  the  family  to  which  each  belongs.  For  detailed  technical  information
refer  to  the  section  indicated.

TYPE                         CLASSIFICATION

FG-172                     Special  purpose  Rectifiers  and  Thyratrons
FG-280                     Special  purpose  Rectifiers  and  Thyratrons
GL-414                     Special  purpose  Rectifiers  and  Thyratrons

8±:i:;:8            S3::i:13::3:i: R::#i::i ::8EEy::i:::i
GL-870-A                Special  purpose  Rectifiers  and Thyratrons
2050A                      Special  purpose  Rectifiers  and  Thyratrons
GL-5 550                  Welding  control  lgnitrons
GL-5551-A              Welding  control  Ignitrons
GL-55 52-A             Welding  control  lgnitrons
GL-55 5 3-B              Welding  control  lgnitrons
GL-5 5 54                   Rectifier  Ignitrons
GL-5 5 5 5                   Rectifier  Ignitrons
GL-5 564                  Rectifier Ignitrons
GL-5630                  Rectifier  Ignitrons
GL-5779                   Rectifier  Ignitrons
GL-5788                   Rectifier  Ignitrons
GL-5822-A              Welding  control  IgnitrQns
GL-5 830                  Special  purpose  Rectifiers  and  Thyratrons
6011/710,  7518/710L,

€7L?52278726            R%::i££]erp¥gapn%eonRsectifiers  and  Thyratrons
ZM-6287                  Industrial  Heating  Magnetron
GL-6504                  Rectifier  Ignitrons
GL-6509                   Rectifier  Ignitrons
GL-6512                   Rectifier  Ignitrons
GL-6513                   Rectifier  Ignitrons
GL-6514                   Rectifier  Ignitrons
GL-6515                   Rectifier  lgnitrons
GL-6878                   Rectifier  lgnitrons
GL-6958                   Rectifier  Ignitrons
GL-7042                  Rectifier  lgnitrons
GL-7151                    Rectifier  Ignitrons
GL-7171                    Pulse  Ignitrons
GL-7669                  Welding  control  Ignitrons
GL-7670                  Welding  control  Ignitrons
GL-767 I                   Welding  control  Ignitrons
GL-7672                  Welding  control  Ignitrons
GL-7673                  Welding  control  Ignitrons
GL-7681                   Welding  control  Ignitrons
GL-7703                   Pulse  Ignitrons
GL-7736                   Rectifier  Ignitrons
GL-7998                  Welding  control  Ignitrons
GL-8205                  Welding  control Ignitrons
GL-8360                  Welding  control  lgnitrons
GL-8420                  Rectifier  Ignitrons
GL-8465                  Rectifier  lgnitrons
GL-8466                   Rectifier  Ignitrons
GL-37207                Pulse  Ignitrons
GL-37248                Pulse  Ignitrons

TUBE   PRODUCTS   DEPARTMENT

GENERAL  ©  ELECTRIC

Schenecrady,  New York 12305
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-PRODUCT  INFORWLATION -

ELECTRONIC  TUBE

MANUAL

INDEX
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a

This tabulation lists all tubes and devices in the current tube manuals and the manual in which each component may be located. Type numbers
are arranged in alpha-numerical order.

There is duplication of type numbers in the four-digit series of designations. In this numbering sequence, particularly in the 6000 and higher
series, the developmental type-number system employed by the Microwave Tube Business Section parallels the standardized Electron Industries

£:Ss::£ea§ts£°£c{Po]nA2e#efou::g;¥if:un:Fe¥:ri::tshyestper:fi£°.I.ztiTE:;loo;::rb;h::oFh°eTi::::::te:i:,mze8:zanMd,#e}isianstpj:td:edfyepdckTMB£§r%gsa£V;aT£:::
have the prefix "GL'', a few old thyratrons use the prefix "FG").

The receiving tube compenent of the Tube Products Department does not employ prefix letters except in the case of reed switches. and a few
types transfel.red from other components where prefixes were used. For this reason designations in the four-digit series without prefixes represent
standardized EIA  designations,  whereas  those with  prefixes  (other  than  "GL")  as  mentioned  in  the  foregoing  paragraph  are  MTBS  develop-
mental types.

TYPE MANUAL* TYPE MANUAL* TYPE MANUAL*

1AY2-A

I!FS

I

R-2 3DJ3

FSFS

R-2 6AQ5-A

FSFS

R-21BC2.A R-2 3DT6 R-2 6AR11 R-11BH2.A R-2 3GK5 R-2 6AS7-GS
1BY2-A R-1 3HA5 R-2 6AU6-A R-2lDG-3 R-2 3HM5 R-2 6AU8-A R.2
1G3-GTA R-2 3HS8 R.2 6AV6 R-21K3A R-2 3JC6A R-2 6AV11 R-1
1V2 R-2 4AU6 R-2 6AW8-A R-21X2-C R.2 4BZ6 R-2 6AX3 R.1
2AS2-A R-1 4C86 R-2 6AY3-B R-2

2AV22822 R-2 4CS64DE6 R-2R2 6810 R-1

2BU2 R-1R.2 4DK6 R-2
6BA66BA10 R-2R-1

2C39-B ;FS 4DT6 R-2 6BD11 R.1
2C40 FS 4GK5 R-2 6BE3 R-2

2C40.A FS 4HS8 R.2 6BE6 R-2
2C43 FS 4JC6A R-2 6BF11 R-12CN3-B 4JD6 R-2 6BH6 R-2
2CY5

FS
R-2R.2 4JH6 R-2 6BH11 R-1

2D2| 4LU6 R-2 6BK7-B R-2

2DF4 FSFSFS 5AQ5 R-2 6BN6 R-2
2GK5 5AR4 R-2 6BN11 R-1
3A3-C R-2 5CG8 R-2 6BQ5 R-2
3AT2-B R-1 5EW6 R-2 6BQ7-A R-2
3A:IN2-A R-1 5GH8 R-2 6BV10 R-1

3BN2-A3BW2 R-1R1 5KZ85R4GYA R-2 6BW3 R-1

3BZ6 R-2 5U4-GB R-2
6BW116BZ3 R-1R-1

3C23
R-2

5Y3-GT R-2 6BZ6 R.2
3C86 6A84 R-2 6C4 R-2

3CN3-B R-2 6AC10 R-1 6CA11 R-1
3CS6 R-2 6AD10 R-1 6C86-A R-2
3CU3-A3CX100A5 R-2 6AF116AG R-| 6CG3 R-1

3DK6 R-2
96AH9 R-1R-1 6CG8-A6CJ3 R-2R-2

3DA3 R.2 6AK6
R-1

6CL8-A R-2
3D83 R-2 6AK9 6CS6 R-2
3DC3 R-2 6AK|0 R-1 6CU5 R-2
3DF3 R-2 6AL5 R-2 6CY5 R-2l
3DH3 R-2 6AM4 R-2 6DJ8

*RFS5 :gng|aa;¥fi::pn?nfi:Ttiy:g3g#f#?ir:::,aa I:alnnuda::try Manua,.                     ET2 :¥!ig;ri#!±Pge#ta=TE¥§#|:?c,o;Eg:#oonn:,. Type.

fo]i:a:;a::gg{?{%]edr3 ,t.i:d9isgd::y,9.`Y.E[e;,::a¥S:#ed Industrial and Military Equipment Types Manual, dcsign8tions listed above in the I and M columns will be in that book



TYPE MANUAL* TYPE MANUAL* TYPE MANUAL*

6DK6

I

R-2

I

6SN7-GTA

FS

R-2

I

12GE5 R-1

6DT6 R-2 6SN7-GTB R-2 12GN7-A R.2
6DT8 R-2 6T8-A R-2 12HG7 R-2

6EA8 R-2 6T|0 R-1 12HL7 R-2

6EF4 R.1 6U|0 R-1 12JN6 R-1

6EH4-A R-1 6V6-GTA R-2 12JN8 R-2
6EJ4A R.1 6X4 R-2 12SL7-GT R-2
6EL4-A R-2 6Z10 R-1 12SN7-GTA R-2
6EW6 R-2 7KY6 R-2 13JZ8 R-1

6EZ8 R.2 8AC10 R-1 13V10 R.1

6FM7 R-1 8AL9 R-1 13Zlo R-1

6F`Q7 R-2 8AR11 R-1 14BL|1 R-1

6FY7 R.1 8AW8-A R-2 14BR11 R-1

6GE5 R-1 8810 R-1 15AF11 R-1

6GK5 R-2 8BA11 R-1 15BD1| R-1

6GK6 R-2 8BM11 R-1 15FM7 R-1

6GM6 R-2 8BN11 R-1 15FY7 R-1

6GN8 R.2 8BQ11 R-1 15MF8 R-1
6GU7 R-2 8BU11 R-1 16AK9 R-1
6GV5 R-1 8CB11 R-1 16BQ11 R-1

6GX6 R-2 8FQ7 R-2 16BX1| R-1
6GY5 R-1 8GN8 R-2 16GY5 R-1

6GY6 R-2 8JU8-A R-2 16LU8-A R-1

6GY8 R-2 8JV8 R-2 17AB10 R-1
6HA5 R-2 8LT8 R-2 17AX3 R-1

6H85 R-I 9AH9 R-1 17AY3-A R-2
6H86 R-2 9AK|0 R-1 17BE3 R.1
6HE5 R-1 9MN8 R-1 17BF11 R.1
6HM5 R-2 10GK6 R-2 17BFll-A R-1
6HS8 R-2 10GN8 R-2 17BW3 R-1

6HZ6 R-2 10JY8 R-2 17BZ3 R-1
6HV5-A R-1 10KR8 R-2 17CU5 R-2
6J6-A R-2 10LW8 R-2 17GE5 R-1
6J85 R-1 10LZ8| R-2 17GV5 R-1
6JH6 R-2 10T10 R-1 17JM6 R.1

6JC6-A R-2 10Z10 R-1 17JN6 R-1
6JD5 R-1 11AR11 R-1 1 7JZ8 R-1
6JD6 R-2 11BQ1| R-I 18AJ10 R-1
6JM6 R-1 11BT11 R-1 19CG3 R-1
6JN6 R-1 11CA11 R-1 19DE3 R-1

6JN8 R-2 11CF11 R-1 19JN8 R-2
6JU8-A R-2 11FY7 R-1 19T8 R-2
6JV8 R-2 11LT8 R-2 21GY5 R-1
6JZ6 R-1 12AEIO R-1 21H85-A R.1
6JZ8 R-1 12AL5 R.2 21JZ6 R-1

6KD6 R-1 12AT7 R-2 21LU8 R-1
6KR8-A R-2 12AU6 R-2 22BW3 R-1
6KS6 R-2 12AU7 R-2 23Z9 R-1
6KT8 R-2 12AU7-A R-2 24BF11 R-1
6L6-GC R-2 12AV6 R-2 24JZ8 R.1

6L86 R-1 12AV7 R.2 25C5 R-2
6LE8 R-2 12AX3 R-1 25CG3 R-|
6LG6 R.1 12AX7 R-2 25EH5 .R-2
6LJ6-A R.2 12AX7-A R-2 25JZ8 !R-1

6LJ8 R.2 12AY7 R-2 26LX6 R-1

6LT8 R-2 12BA6 R-2 31AL10 R-1
6LU8 R-1 12BE3 R-1 30JZ6 R-1
6LY8 R-2 12BE6 R-2 32H07 R-1
6M11 R.1 12BF11 R-1 33GY7A R-1
6MD8 R-2 12BV11 R-| 34CE3 R-1

6MJ8 R-1 12BY7-A R-2 35C5 R-2
6MKBA R-2 12C5 R-2 35W4 R-2
6MN8 R_1 12CU5 R-2 36KD6 R-1
6MV8 R.2 12DQ7 R-2 38HE7 R-1
6SL7-GT R-2 12FQ7 R-2 38HK7 R-1



TYPE MANUAL* TYPE MANUAL* TYPE                             MANUAL*

50C5

FS

I

M

R-2

RS

5670 FS

I

M

GL-6283
III

MMMMMMM

R-2R-2

50DC4 R-2 5686 FS ZM-6287
50EH5 R-2 5687 FS 6299                        FS
53HK7 R-1 5696-A FS 6350                        FS
FG-8|-A 5720 FS 63 86                       FS

FG-97 FS 5725 FS 6414                        FS
FG-98-A FS 5726 FS ZM-6287
DR100 FS 5727 FS 6442                        FS
DR10| FS RS 5749 FS 6463                       FS
DR103 FS RS 5750 FS 6485                        FS

DR104 FS RS 5751 FS GL-6S04
FG-105 FS

RS
GL-5779 GL-6509 I

DR113 FS GL-5788
FS

I GL-6512 I
DRV120 FS RS 5814-A GL-6513 I
DR121 FS RS GL-5822-A III GL-6514 I
DR123DR125 FSFS RSRS 5824GL FS GL-6515 IIIII
DR-138 FS RS

-58305844
FS

6660                        FS6661FS

DR-145 FS RS 5855 FS 6662                        FS
DR-157 FS 5963 FS 6663                        FS

DR-158 FS 5965 FS 6664                        FS
DR-159 FS 5965-A FS 6669                       FS
FG-172 5998-A FS 6676                        FS
FG-280

FS
I 6005 FS 6677                         FS

393-A 6011/710 FS 6678                        FS

GL-414
FS

I 6046 FSFS 6679                        FS
502.A ZM-6046 6680                        FS
807 FSFSFSFSFSFS

I
ZM-6047 M 6681                         FS

GL-857-B ZM-6051 MM 6688                       FS
GL-869-B I 6072-A 6771                          FS

GL-870-A II 6080 FS ZM-6802             ,
ZP-1015 ZM-6085

8:8g                 i  ::ZP-1026 M ZM-6086
FS

MMM
ZP-1034Y-1938 M 6087ZM-6087

8:23                 i  ::
ZP-1039ZP-1065ZP.1079C-2002AC-2003CC-2006CC-2007 MMMM 6135613661466146-A618961976201 FSFSFSFSFSFSFS

!8:3;;;;        i:§
C-2013 FS 6202 FS 7o25                        i   FS
C.2014C-2015 FSFS 6203ZM-6203 FSFS

:°£.67o42            iFS

C-2020A FS ZM-6205 M 7044                        FS
C-2035C FS 6211-A 7077                          FS
2050-A FS ZM-6211-A M GL-7151
C-2062 FS ZM-6215

FSFS
M 7167                         FS

5544 FSFS 6216 GL-717| I
GL-5550 ZM-6220 M 7189-A                    FS
GL-5551-A I ZM-6222 M 7233                         FS
GL-5552-A I ZM-6231 M 7239                         FS

R-2R-2R-2GL-5553-B I GL-6228 M 7247                         FS
GL-5554 I ZM-6238 M 7266                        FS

GL-5555 II ZM-6239 M 7289                        FS
5557 ZM-6240 M 7296                         FS
5558 FS ZM-6242 M 7355                          FS
5559 FS ZM-6243 M 7370                         FS
5S60 FS ZM-6246 M GL-7390

5561 FS GL-6251 M GL-7390-A M
GL-5564 ZM-6257 M 7391                         FS
GL-5630

FS
I 6265 GL-7399 M

5654 ZM-6276 M 7408                        FS
5663 FS ZM-6277 M 7462                        FS
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TYPE MANUAL* TYPE MANUAL* TYPE MANUAL*

7486 FSFS

I

M

R.2

7784 FS

IIIII

MM

R-1

GL-8466 II
MZR-7512 7815 FS GI`-8500

ZR-7513 M 7815R FS GL-8513 M
ZR-7516 M 7841 FS GL-8559 M
ZR-7517 MM 7861 FS GL-8866 M

7518/710L GL-7890
FS

GL-37207 M
7581-A FS 7910 GL-37248 I M
7588 FSFS 7911 FS GL-51025 M
GL-7669 7913 FSFS GL-51038 M
GL-7670 I GL-7964 GL-51038R M

GL-7671 I GL-7964-1 M GL-51064GL-51065 MM
GL-7672GL-7673 II 7984GL-7985

MM GL-51070 M
GL-76817701 I GL-79988068

FS
GL-51074 M

GL-77037716771777207724772577267734GL-77367768
FSFSFSFSFSFSFSFS

II 81028106811381368156GL-8205GL-8326GL-8360GL-8420GL-8465 FSFSFSFSFS

TUBE   PRODUCTS   DEPARTMENT

GENERAL ©  ELEOTRI0

0wensboro, Kentucky 42301



-PFtoDUCT INF'ORMATIONi-

MILITARY   EOUIPMENT

TYPES   MANUAL
IGNITRONS
Selection  Chal.I

Pagel       111-65

MET-10A

CAPACITOR-DISCHARGE  AND  DC-SHORT-CIRCUITING-SWITCH  SERVICE

Capacitor Dischar ge DC Short-Circuiting Switch

Mximun Peak hverse
Current-Amperes Peak InversePeak Current and  Forward

in Amperes Anode volts                       Type RMS Peak Volts Type

35'000 10,000                            GL-717l - 10,000 50,000 ZG-7248

60' 000 * 50,000                             ZG-7219 15 35'000 10'000 GL-7171

100,000 20, 000                            GL-7703 15 35'000 20'000 GL-7703

300,000 25,000                             ZG-7207 175 20,000 30,000 GL-5630

500 30,000 45,000 GL-6228

- 300,000 25'000 ZG-7207

I 1/2 cycle of 5 microseconds.a

a

®
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a                    WARNING:   WITHOUT   PROPER   AND   ADEQUATE   PRECAUTI_ONS,   THE   OPERATION,   HANDLING,   OR

SHIPMENT   OF   MICROWAVE   AND   HIGH-VOLTAGE   ELECTRONIC   TUBES   CAN   BE   HAZARDOUS   TO
PERSONNEL    AND    PROPERTY.     READ   THE    FOLLOWING    INFORMATION.    TAKE    ALL    REQUIRED
PRECAUTIONS.

GENERAL

This  information  is  provided  to  alert  the  purchaser  of high-voltage  tubes  and  microwave  tubes  to  the  potential  hazards
which  may  be  created  by  improper  operation, handling  or  shipment  of these devices.. All persons responsible  for the operation,
handling  and  shipping of these  tubes should  familiarize  themselves  with  the  potential  hazards, and  suitable  safety  precautions
should be established and followed for the protection of personnel and equipment.

Do not operate high-voltage and microwave tubes except in accordance with adequate understanding of the potential
hazards and with proper equipment-operating instructions and safety precautions.

Questions regarding proper and safe use of such tubes should be addressed to :

General Electric Company
Microwave  Tube  Operation
Building 269 ~ Application  Engiiieering
I  River Road
Schenectady, New York   12305

Several  of the  potential hazards are defined and regulated by state or federal goveriimental agencies and bureaus.  Since the
documentation  and  specifications  of such  agencies  and  bureaus  are  frequently  revised, it  is  not  feasible  to  make full or precise
reference   to  their  content  in  this  publication.  If  current  governmental  information  is  desired  or  if  there  are  questions,.the
appropriate agency should be consulted.

HIGH  VOLTAGE

The  voltages  used  to  operate  microwave  and hich-voltage electronic tubes can cause death or serious injury due to electric
shock  and burns.  Depending  on the device and equipment desigris, and considering the possibility of malfunctions in either, part
or all of the exterior tube surfaces may be at, or may quickly reach, dangerous voltages. Equipment design and laboratory testing
must  take  this  into  account  by  following  design  and  operating  precautions  so that contact with, and proximity to, high-voltage
circuits  is not  possible  under  operating conditions. Hich-voltage circuits should be enclosed in protective housings, and interlock
circuits  should  be  provided  so  that  primary  power  is  removed,  and high-voltage  terminals  and capacitors are quickly grounded,

.       ;rhoecneedvuerre:h(eases;}p°assus:::Sa:P[ennte :]to]cska:Tr:#:[re°:Searna:I::Soarf:e::.anc:ifet:qdue];efte:: avoid the proper safe ty devices and safe ty
GROUNDS

Many microwave tubes are operated in a grounded electrode mode in which the envelope and output cables are operated at
ground potential.  Care  must be taken to be certain that the  tube envelope is pr.operly grounded before the operating voltages are
applied.  The  grounding  should never  be  done  through  the  output  cables  since  a  break in  the  cable  will  then  result  in  the tube
envelope being raised to high voltage.

X-RADIATION

X-radiation  is  produced  by  the  impact  of high  energy  electrons  on  electron  tube  surfaces. Such hig|i€nergy electrons are
produced  when  accelerated  by  the  applied  electrode  voltages.  Depending  on  the  construction  of  the  electron  tube  and  the
materials    involved,     X-radiation     may    be     produced    at    voltages   as    low   as   5    kilovolts.   The   production   of   highly
penetrating  X-radiation  and  energy  Increases  to  relatively  more dangerous proportions as the electrode voltages and .currents are
increased.  All  electron  tubes  operating in  high-voltage ranges constitute potential hazards, and applications of such tubes should
be carefully reviewed before operation.
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When  X-radiation  shielding  is  required,  it  should  be  provided  with  proper  interlocks  to  prevent  accidental  exposure  of
personnel  to  X-radiation.  Where  hazards  are  high,  periodic  X-radiation  level  surveys should be made. Furhter, when continuous
operation   is   in   effect,   personnel-monitoring   devices  should   be   worn   by   the   personnel   and   controlled   access   to   the   area
implemented.

Most  high-voltage  and lricrowave  electronic  devices are not designed, nor intended, to be fully self-shielded to X-radiation
under  all  possible  conditions  of their  application  and  use.  External  radiation  shielding  will  usually  be  necessary.  This shielding
should be designed by the equipment manufacturer as a part of the user's equipment to protect the user against possible personal
injury.  It  is  the  responsibility  of the manufacturer of the equipment using such tubes to provide any and all enclosures required,
and to provide  the instructions and maintenance procedures for the proper use of the equipment.

Generally, the  spatial  distribution  of X-radiation  from power  tubes is  complex and changes from tube to tube. The same tube
does not  radiate  the  same  360°  around.  Also, the surrounding metallic  construction  will  tend  to  prevent,  distort,  or  further
filter the passage of X-radiation to regions external to the tube.  Of major  concern  are  the  areas in which materials used in tube
construction present the least attenuation of X-radiation.

The  search  for  possible  X~radiation  is not  to  be  confined  to  those  directions in which  emission  may be  expected; unintend-
ed  emissions  in  high  power  tubes  have  sometimes  caused  X~radiation  in  unexpected  directions.  A  thorough  search  in all di-
rections  around  the  tube is necessary to ensure that the reSons of emissions is correctly determined.

:::eastptrheeset:i:go¥Thrfapdiaeti°t:flag%rdssh:L]°dthneortpb°essi::ohv¥daradts#]tr:::]rfa¢iaeti:ia%:e[:aourtft°angs]aa::[Sre°:ot;egi%fyf`¥£g::e:r:h€ey-
should be prominently displayed in close visual proximity to the device.

MICROWAVE  RADIATION

The  radio-frequency  output  power  of many  electron  tubes  may  exceed  those  power  densities  considered  safe for human
exposure.  The  design,  operating  instructions,  and  maintenance  procedures  of equipment  utilizing  such  tubes  must  ensure  that
the   radio-frequency   energy  is  properly  restricted  to  and  contained  in  the  circuits,  transmission  lines,  waveguides,  or  cavity
resonators  and  that   these   are   frequently   monitored  to  ensure  that  the  radiation  of  radio-frequency  energy  from  joints  or
connectors  is  below  the  hazardous  limit.  Antenna  systems  should also  be  frequently  monitored  for  stray  or  indirect radiation.
Operating and  service  personnel  should  be  advised  of exposure  hazards  and  arrangements made to prevent accidental exposure.

MERCUF}Y

Some  devices contain  mercury  as a necessary constituent to  their  operation. Under certain circumstances, the presence of
free  mercury  may generate air contamination or other pollution that is considered toxic. Disposal of tubes or handling of damag-
ed tubes must be  done  with adequate  precaution given  to  this possible  hazard.  If disposal presents questions, these  questions
should  be  directed in writing to the General Electric Company,  Microwave  Tube  Operation,  at  the  address  shown  on the  front
side of this sheet.

Air  shipment  regulations  allow air  transportation  of devices  containing mercury  only  under  special  packing and  marking
requirements. The current requirements should be obtained directly from the airline.

The  packing containers  of devices  containing mercury  will  be  marked  accordingly  when  they  are  shipped  from  the  tube
lmnufacturer.

IMPLOSION

Most  electronic  tubes and  devices  operate  with  their  internal  volumes  under  high  vacuum,  and  many gas-filled tubes also
have  their  internal  volumes considerably  below atmospheric  pressure.  In  the  event  that  the  envelope  of some  of these  tubes is

punctured  or  broken,  the  inrush  of  air  can  be  violent  under  certain  conditions.  Tubes  with  large  glass  envelopes  should  be
handled and stored with  particular  care, and implosion-proof shields should be installed in operating equipments. Particular care
should also be given to shielding of the eyes and face.

MAGNETIC  FORCES

The  attractive  force  between  magnetic  and  feromagnetic  objects  increases  rapidly  as  separation  between  the  objects  is
decreased  and  the  objects  will  be  accelerated  toward one another, meeting with considerable impact. When handling or working
near large permanent magriets, care must be taken to prevent injury which could result from this hazard.

Air  shipment  regulations  allow  air  transportation  of devices  containing magnetized materials  only  under  special  packing
and marking requirements. The current requirements should be obtained directly from the airline.

TUBE   PRODUCTS   DEPARTJVLENT

0ENERAL  ©  ELECTRIC
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lcNITRON   ACCESSORIES
THERMOSTATIC   SWITCHES

Welding-control  ignitrons  are  provided  with  brackets  for
demountable  thermostats  to  control  the  tube  temperature
and the  cooling-water  flow.  The  data  sheets for  these types
carry a reference to the General Electric catalog numbers of

TOP    V'EW

i::-=::I:
L-3i"-+

- -- +I

®

a

a

Cohlacl  Ratings
Voltage                     125         250       440       600    VoltsAC
Current                         3           1.5      0.75      0.50    AmperesAC

The  voltage  between  the  switch  contacts  and  the  tube
envelope should not exceed 600 volts a-c.

these control thermostats, which are illustrated below.  They
are available in  either flying-lead or terminal-block versions.

Kit  includes  thermostat  and  spring-loaded  fastener  in  a
captive assembly for connection to mounting pad located on
ignitron  water  jacket.  Single-pole  contacts  perform  control
functions as shown.

FLYING   LEAD   TYPE

(36-inch leads with spade terminals)

G-E  Cat.  No.  N15272AA
Water-Control-Contacts normally open
Temperature

Open .  .  .
Closed .  .

86F
96F

G-E Cat. No. N15273AA
Over-Temperature Control-Contacts normally closed
Temperature

Closed

TERM.NAL-BLOCK   TYPE
G-E Cat. No. N15286AA

Water-Control-Contacts normally open
Temperature

Closed

125F
105F

G-E Cat.  No. N15287AA
Over-Temperature Control-Contacts normally closed
Temperature

Open.  .  .
Closed.  .  .

ORDERING  INSTRUCTIONS-Order  by  catalog  number  from
regular tube supply source.

GENERAL ©  ELECTRIC
Supersedes   ET-T1379A  dated  TO-61
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SOLENOID   VALVES

The following solenoid valves are recommended for supply-
ing the cooling water required by welding ignitrons.
%-inch Pipe Size-Cat. No.  8210A2

Automatic Switch Company
391  Lakeside Avenue
Orange, New Jersey

Specify coil voltage when ordering this valve.
3<-inch  Pipe  Size-Type  A  or  8.  Alike  except  Type  8  has
manual controls.

I. D. Gould Company
730 East Washington Street
Indianapolis 2,  Indiana

Specify coil voltage when ordering this valve.
y8-inch Pipe Size-Type K-25EW

General Controls Company
31  Thomson Avenue
Long Island City  1, New York

Specify coil voltage when ordering this valve.
y8-inch Pipe Size-Hays Electroflow

Cat.  No.  2100-loll;  115 v,  60  eps
Cat.  No.  2100-1111;  230 v,  60  CPS
Cat.  No.  2100-1211;  440  v,  60  CPS
Hays Manufacturing Company
Erie, Pennsylvania

%-inch Pipe Size-Type M2-200
Skinner Electric Valve Division
Skinner Chuck Company
New Britain, Connecticut

Specify coil voltage when ordering this valve.
To insure reliable valve operation  a.40 by  36 mesb screen

strainer should be installed ahead of the valve in the water-
supply line.

ORDERING INSTRUCT.ONS-Order by catalog or type number
from the manufacturers listed.

ICNITOR-TERMINAL   CONNECTINC   LEADS

Insulated   leads   for   connecting   to   0.250-incli   diameter
ignitor terminals :

Cat. No. N22006LC-7% inches long
Cat. No. N22007LC-13J€ inches long

ORDERING  INSTRUCTIONS-Order  by  catalog  number  from
regular tube supply source.

COOL.NG  CLAMPS

A removable clamp, listed below, is required to accomplish
cathode  connection  and  liquid  cooling  of the  GL-5550,  GL-
7171 and GL-7703 ignitrons. The water circulates through this
clamp, which surrounds the tube.

Cat.  No.  L6922259-G5,  right-hand position.

ORDERING  INSTRUCTIONS-Order  by  catalog  number  from
District Industrial Sales Operation office.

QUICK-CHANCE   WATER   CONNECTORS

Quick-change,  brass,  water-hose  connectors  are  available
for joining water lines to welding-control ignitrons.  Two sets
are required for each tube, one set for connecting to the inlet
water  terminal  and  one  set  for  connecting  to  the  outlet
terminal.  Each  set  consists  of  a  socket  and  a  plug.  These
connectors and the tubes with which they are used are listed
below.

lgnilron  Type                                                                      Connoclor  cal.  No.

GL-5551 -A
GL.5552-A
GL-5822-A
GL-7669
GL-7670
GL-7671
Cfhi7t;J2
GL-7681
GL-7998
GL-8360

81 Hl I -Socket
81 Kll -Plug

82H 16-Socket
82Kl 6-Plug

ORDERING  INSTRUCTIONS-Order  by  catalog  number  from
regular tube supply source.

GENERAL ©  ELECTRIC
POWER   TUBE   DEPARTMENT

Scheneclody  5,  N.  Y.
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The anode of an ignitron operates at red heat under normal loads. To prevent overheating of the
inner-envelope walls at shutdown periods,  cooling-water flow should be  continued  after anode power is
removed.

For some types thi; information appears on the tube data sheets.  It does  not  now  appear  on the
sheets for the types below.

lgnitron  Type

After  Removal  of
Anode  Vollage
C®nlinue  Water

Flow  for

GL-5551 -A
GL-5552-A
GL-5553-B
GL-5554
GL-5555
GL-5564
GL-5630
GL-5822-A
GL-6228
GL-6509
GL-6512

15  Minutes
15  Minutes
30  Minutes
15  Minutes
30  Minutes

1   Hour
30  Minutes
15  Minutes

1    Hour
30  Minutes
15  Minutes

lgnilron  Type

AFler  Removal  ®f
Anode  V®llage
C®nlinue  Wafer

Flow  for

Gl.-65 I 3
GL-6514
GL-6515
GL-6878
GL-7669
GL-7670
GL-7671
GL-7672
GL-7673
GL-7736
GL-8360

30  Minutes
30  Minutes

I   Hour
1   Hour

15  Minutes
15  Minutes
15  Minutes
15  Minutes
30  Minutes

1   Hour
15  Minutes

n

®

n

e
GENERAL ©  ELEOTRI0

TUBE   DEPARTMENT
Supersedes  ET-T]470A  doted  4-63
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INDUSTRIAL EQUIPMENT TYPES MANUAL

IGNITRONS

Data Arrangement

fi

e

a

Technical  data  on  ignitrons  is arranged by class of service, "Pulse Ignitrons,"
``Rectifier Ignitrons," and "Welding Control lgnitrons."

When  a  tube  can  be  used  in  more  than  one  application,  complete,  detailed
technical  data  is  included  in  the  section covering the major use to which the
tube is usually applied.Cross-reference sheets to guide the reader to complete
data are provided in the other sections.
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INDUSTRIAL EQUIPMENT TYPES MANUAL

GL-5630

A

a

Technical data on tube type GL-5630 is filed in

the ``Rectifier Ignitrons" section of this manual.
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INDUSTRIAL EQUIPMENT TYPES MANUAL

GL-5630

Technical data on tube type GL-5630 is filed in

the ``Rectifier Ignitrons" section of this manual.

e
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INDUSTRIAL EQUIPMENT TYPES MANUAL

GL-6228

a

®

®

e

Technical data on tube type GL-6228 is filed in

the "Rectifier lgnitrons" section of this manual.
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I ® N I I I ® 11
CAPACITOR-DISCHARGE   SERVICE DC   SHORT-CIRCUITING-SWITCH   SERVICE

35,000   AMPERES   PEAK

The GL-7171  is a sealed, stainless-steel jacketed     the  tube  will  carry  peak  currents  up  to  35,000
ignitron for use as a switch in  capacitor-discharge     amperes.
circuits operating up to 10,000 volts. In this service

GENERAL
Eleclricol

Cathode Excitation-Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes
Main Cathodes
Ignitors

Arc Drop
At 4000 Amperes
At 30,000 Amperes

Peak Inverse Voltage, maximum
M®chonicql

Envelope Material-Stainless Steel
Mounting Position-Axis Vertical, Anode Lead Up
Net Weight

Thermal
Type of Cooling-Convection
Ambient Temperature, minimum
Cathode Temperature, maximum
Anode-Header Temperature, maximum *

GENERAL ©  ELEOTRI0
Supersedes  ET-T1512  dated  12-58

20     Volts
55     Volts

10,000     Volts

2    Pounds

25C
35C
55C
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MAXIMUM   RATINGS   AND   TYPICAL  OPERATION

Capacitor-Discharge  Service,  Pulse  Duty,  Sinvsoiddl  Currenl

Peak Anode Voltage
Forward
Inverse

Critical Anode Starting Voltage, minimum
Anode Current  (See  Curve K-69087-72A858 for Details)

Average
Maximum Averaging Time

Maximum Duration
Rate of Rise of Current

Maximum

Minimum

10,000     Volts
10,000     Volts

100     Volts

35,000     Amperes
0.1     Amperes

1     Cycle
35,000     Amperes

0.002     Seconds

5600     Amperes per Micro.
second

1400     Amperes per Micro-
second

Frequency of current conduction periods, maximum ...... 1    Per Minute
Ionization Time . . .

DC  Short-Circuiling-Switch  Service

Peak Anode Voltage
Forward
Inverse

Critical Anode Starting Voltage, minimum
Anode Current  (See Curve K-69087-72A858 for Details)

Average
Maximum Averaging Time

Maximum Duration .....
Rate of Rise of Current

Maximum

Minimum

Frequency of Current Conduction Periods, maximum
Ionization Time. . .

19nilor  Ratings

Separate Excitation
Ignitor Voltage

Forward Open Circ.uit
Inverse, maximum

Ignitor Current Short Circuit
Length of Firing Pulse, sine wave

Anode Firing
Ignitor Voltage

Forward, maximum
Inverse, maximum

Peak Ignitor Current. . .

0.5     Microseconds

10,000     Volts
10'000     Volts

100     Volts

35,000     Amperes
0.25     Amperes

1     Cycle
35.000     Amperes

.......... 0.002      Seconds

5600     Amperes per  Micro-
second

1400     Amperes per Micro-
second

1    Per Minute
0.5     Microseconds

Minimum      MaximLJm

Volts
Volts
Amperes
Microseconds

3000     Volts
5     Volts

250     Amt)eres

*To prevent mercury condensation, the anode-header temperature should be higher than the cathode temperature at all
times. Mercury must be kept away from the anode and anode seals. Before  tube operation, tbe anode seals must be warmed,
with respect to the cathode,long enough to vaporize all mercury from the seal area.

tDampened  oscillations are permissible provided  the dampening coefficient  is  less than the value  shown on the current-
waveform curve.  The peak of the oscillation must not exceed 48,000 amperes.

±Tube must be operated within the area specified on the current-wave form curve.

®

u

u
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CURRENT-WAVEFORM   CURVE

MAXIMUM   PERMISSIBLE   CURRENT

A

ZOO                                         300                                         400

TIME   IN   MICROSECONDS
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COAXIAL   MOUNTING

K-69087-72A819

GENERAL ©

ANODE   TEPMINAL
I/2"-20  NF  -3

CATHODE   TEBMINAL

EXHAUST   TUBE

PABALLEL    PLATES
SEPARATED   BY

INSULATION

lGNITBON

ELECTRIC
POWER   TUBE   DEPARTMENT

Scheneclady 5, N. Y.

`J
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IGNITRON

ZG-7219

The  ZG-7219  is an ignitron for  capacitor-discha,rge  service.   Features of the tube include a potential-dividing grid to
improve reliability for  high voltage hold-off .

GENERAL

Electrical
Cathode  Excitation     .
Cathode  Spot  Starting
Number  of  Electrodes

Main Anode     .  .  .
Main  Cathode     .......................................        1
Iorlitor s    ...........................................

Mechanical
Envelope.................,............................

Mounting  Position     .......................................
Net  Weight     ............................................

Therma.I
Type  of  Cooling   .........................................
Cathode  Temperature,  Maximum    .............................
Insulating Compound  Temperature,  Maximum  .....................

MAXIMUM  RATINGS  AND  TYPICAL  OPERATING  CONDITIONS

Capacitor-Discharge  Service,  Intermittent  Pulse Duty
Peak  Anode  Voltage   ...................
Peak Anode  Current

1/2  cycle  of  75   usec      ...............
1/2  cycle  of     5   4sec      ...............

Discharge  Rate    ......................

DC  Short-Circuiting-Switch  (Crowbar)  Service
Peak  Anode  Voltage   ...................
Peak  Anode  Current  ...................

IGNITOR   CIRCUIT  RATINGS

Ignitor Voltage
Forward Open-Circuit  (Ignitor  +)   ..........,
Inverse  (Ignitor  -)       ...................

Ignitor  Short-Circuit  Current     ...............
Length of  Firing  Pulse,  sine  wave     ............,

Encapsulated Glass and  Fernico
Axis  Vertical, Anode  TerminaLI  Up
14  Pounds

Forced Air  or Water
35C
70C*

50'000 Volts

30,000 Amperes
60,000 Amperes
2  Per  Minute

50,000  Volts
15,000  Amperes

Minimum

1500

100
5

Maximum

3000  Volts
5  Volts
250 Amperes
Microseconds

*  The temperature  of the  anode  end  of the tube  must be  kept  higher  than  that of the  cathode  end to prevent mercury  con-
densation on the  anode and anode  seal,   which in turn  can  cause failures to  hold off  voltage.   Before operation the top of
the  tube  must be  heated  while  the bottom  kept cool to  vaporize all mercury which may  have been condensed or  splashed
into  the top  during  handling.
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E'ec',ical
Cathode Excitation-Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes
Main Cathodes
Ignitors

GL-7703

ICNITR®N

CAPACITOR-DISCHARCE   SERVICE
DC   SHORT-CIRCUITINC-SWITCH   SERVICE

The GL-7703 is a sealed, stainless-steel-
jacketed  ignitron  for  use  as  a  switch  in
capacitor-discharge circuits operating up
to  20,000  volts.  In  this  service the tube

GL-7703
ET-TI62S
PA®E   I

e40

20,COO  VOLTS   PEAK
loo,000   AMPERES   PEAK

will  carry  peak  currents  up  to  100,000
ampere§. The anode seal is enclosed in an
insulating compound to prevent external
voltage flashover.

Mechanical
Envelope-Stainless Steel
Mounting Position-Axis Vertical, Anode Terminal Up

Net Weight 2    Pounds

Thermal
Type of Ccoling-Air or Liquid, by clamp around lower portion
of tube

Clamp Temperature ........ 10to 30     C
Cathode Temperature, maximum ........ 35    C
Anode  Insulating-Compound  Temperature *,

Capacilor-Discharge  Service,  Inl®rmittenl  Pulse  Duly,  Sinusoidal  Currentt
Peak Anode Voltaget

Forward
Inverse

20,000     Volts
20,000    Volts

Critical Anode Starting Voltage, minimum  100    Volts

Anode Current lT
Peak, for 3< cycle of 120 microseconds  60,000    Amperes
Peak, for 3€ cycle of 20 microseconds  100,000    Amperes

MaximumDischargeRate ................. 2     PerMinute
Rate  of  Rise of Current§,  tube inductance

0.04    Microhenry§
Ionization  Time 0.5     Microseconds

Peak Anode Voltage I
Forward
Inverse

DC  Short-Circuiling-Switch  Service
Anode Current

20'000     Volts
20,000     Volts

Critical Anode Starting Voltage, minimum  100    Volts
Average

35,000    Amperes
0.25    Amperes

MaximumAveragingTime ............ I     Cycle
Rate  of  Rise of Current§,  tube inductance

0.04    Microhenrys
Ionization Time 0.5    Microseconds

lgnilor  Ralings
Minimum      Maximum

Separate Excitation
Ignitor Voltage

Forwardopencircuit ...... 1500    3000    Volts
Inverse, maximum ..,.-          5    Volts

Ignitor short-Circuit current .....   ZOO       250    Amperes
Length ofFiring pulse, sine wave.       S         10    Microseconds

Minimum      MaximlJm
Anode Firing

Ignitor Voltage
Forward, maximum ...-    3000    Volts
Inverse, maximum .........-           5    Volts

PeaklgnitorCurrent .........,   200       250    Amperes

*  Anode-seal, insulating-compound temperature must always be higher than the cathode temperature to prevent mercury condensa-
tion on the anode and anode seal. Before tube operation, the anode seals must be heated long enough to vaporize all mercury from
the seal area.

t  The tube may become a closed switch (does not open) carrying current in both directions  until the current dampens out.
I  The tube cannot hold off this voltage immediately after conduction. A  1-t.o-10-second delay may be required before rcapplication of

voltage.
IT Dampened oscillations  are permissible provided the oscillating cycles do not exceed 20. The peak current value  for one-half cycle

must not be exceeded.
§  Rate of rise depends on circuit.

GENERAL ELECTRIC
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I GNIIOR  TERIVIINAL
.250"t,OIO"  DIA.

EXHAUST  TUBE

:.HEX.

CATHODE  TEf]MINAL  AND
CLAMP-COOLED APEA,
I  i.' MIN.  WIDTH.

TIGHTEN ANODE CONNECTION

suGG[sT[D   METHOD   FOR   pROviDiNG   mouNTING   FOR   toAxlAi.   cONN[cTioN

GENERAL ©  ELEOTRI0
POWER   TUBE   DEPARTMENT

Schenectady  5,  N.  Y.
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GL-84 65, -8466

Technical    data    on    these    types     is    filed    in
the  "Power Rectification"  section of this  manual.

GL-8465,-8466
IET-17
I)age  1

10-66
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IGNITRON

ET-T2011
Pagel     12-69

GL137207

The GL-37207   is   a   stainless-steel-water-jacketed   ignitron    for   use   as   a   switch   in
capacitor-discharge circuits, or for DC short-circuiting-switch (crowbar) protective service.

......      Stainlesssteel

.....      Axis Vertical-Anode Terminal Up

......      20Pounds

.....      18-3/4Inches

.....      5-1/2Inches

6C
30C
1.5 Gallons Per Minute

a

a

GENEF}AL

Electrical
Cathode  Excitation   ........................
Cathode  Spot Starting  ......................
Number of Electrodes

Main  Anode    ..........................

Main  Cathode   ......................-..

Ignitors..............................

Mechanical
Envelope................................

Mounting Position   .........................
Net  Weight     ..............................

Length  (excluding flexible anode cable)   ........
Diameter (excluding water nipples)  ............

Thermal
Type of Cooling - Water
Inlet Water Temperature, minimum    ...........
Inlet Water Temperature, maximum   ...........
Nominal  Water  Flow   .......................

MAXIMUM  RATINGS  (Not simultaneous conditions)

Peak  Anode  Voltage  ...........................
Peak Anode  Current  ...........................
Length  of  Conduction   .........................
Repetition  Rate   ..............................
Maximum Coulombs per Discharge    ...............
Maximum Coulombs per Minute   ................,
Maximum  Voltage  Reversal   ....................

IGNITOR-CIRCUIT  RATINGS

Ignitor Voltage
Forward Open-Circuit (ignitor +)    ............
Inverse  (ignitor -)  ........................

Ignitor Short-Circuit Current   ...................
Length of Firing Pulse,1/2 sine wave  .............

....      25,000Volts

....      300,000Amperes

....      10Milliseconds

.....       500PerMinute

....      200Amp-Sec.

....      200Amp-Sec/Min.

....      10Percent

GENERAL ELECTRIC

Minimum                     Maximum
1500                       3000 Volts

5 Volts
250 Amperes
10 Microseconds
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IGNITRON

ET-T2012A
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CL-37248

n

n

The GL-37248 ignitron  is  designed  primarily  for  DC  short-circuiting-switch  (crowbar)
protective service.  Features of the tube include a holding anode which provides a means for
keeping the tube ionized should voltage reversals occur during the discharge.

GENERAL

Electrical
Cathode Excitation  . .
Cathode Spot Starting
Number of Electrodes

Main Anode   ....
Auxiliary Anode  .
Ignitors
Main  Cathode   ..................................................

Approximate  Inductance  .............................................

Mechanical
Envelope..................................-...........,..........

Mounting  Position   ......................................,...........

Net  Weight     ........................................-............-.

Diameter.........................................................

Height...........................................................

Thermal
Type  of  Cooling  -  damp  around  lower  half  of cylinder  which  also  serves  as

cathode connection*
Clamp Temperature
Cathode Temperature, Max ..........................
Anode Insulating-Compound Temperature and anode-Lead

Temperature, maximum ......................

MAXIMUM  RATINGS

Peak  Anode  Voltage  ...................................
Peak  Anode  Current  ...................................
Length  of Conduction   .................................
Repetition  Rate   ......................................
Voltage  Reversal     .....................................

IGNITOR-CIRCUIT RATINGS

Ignitor Voltage
Forward  Open  Circuit   ..............................

(ignitor +)
Inverse  (ignitor -)  .................................

Ignitor Short-Circuit Current   ............................
I.ength  of Firing Pulse, sine wave  .........................

HOLDING-ANODE CIRCUIT RATINGst

Cyclic
Ignitor

1
1
1
1
30 Nanohenrys

Stainless Steel
Axis Vertical-Anode Terminal Up
2 Pounds
2-1/8 Inches
7-1/2 Inches

10-30 C
35C

70C*

50,000 Volts
10,000  Amperes
20 Milliseconds
6 Per Hour*
50 Percent

Mi'n i mu in                    Maximum
1500                      3000 Volts

5 Volts
250 Amperes
10 Microseconds

Holding-Anode  Voltage  (Positive  d-c)    ......................................      80
Holding-Anode  Current   .................................................       5

GENERAL ©  ELEC"10

150 Volts
10 Amperes
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* The temperature of the  anode  end of the tube  must be kept  higher than that of the cathode end to  prevent mercury con-
densation on the anode and anode  seal.   Before  operation  the top of the  tube must be heated sutficiently  to vaporize all
mercury from the anode area.  The repetitionrate may be increased by a factor of ten by water cooling the clamparound
the lower half of the cylinder .

t It is anticipated that a holding-anode rectifier will be provided to supply the r:quired power and that its supply win drop
to zero at the end  Of  the  crowbar operation  so the ignitron  will  regain control.   An alternate method  is to discharge a
large capacitor into the holding anode with a time constant longer than the crowbar time.

TUBE  PRODUCTS   DEP^RTAAENT

GENERAL © E[Ecmio
Sch®n®€l®dy, Now York 12305
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A

r\

l®NITn®N
RECTIFIER   SERVICE-loo   AMPERES                                                           HOLDING   ANODE
AC   CONTROL   SERVICE-]200   KILOVOLT-AMPERES                         TWO   ICNITORS

The GL-5554 ignitron is a sealed, steel-jacketed,
water-cooled, mercury-pool tube designed for recti-
fier service in the  125-,  250-,  600-,  and 900-volt d-c
power fields. It is suitable for use in rectifiers rated
up  to   200   kilowatts  output,   depending  on  the
number of ignitrons used, the output voltage, and
the circuit. It has a continuous average current rat-
ing of  100  amperes per  tube  in  rectifiers  rated  up
to  300  volts  d-c.  The  tube  is  also  designed  for
2400-volt a-c control service where it has a capacity
of 1200 kilovolt-amperes.

The   GL-5554   has   a   holding   anode   and   two
ignitors.  Excitation  of  the  holding  anode  permits
stabilizing  the  cathode  spot  for  very  small  anode
currents.  The  two  ignitors  assure  long  life  since
only  one  is  used  at  a  time.  Phase  control  of  the
ignitor   impulses  permits   voltage   control  of  the
rectified  output.  In  common  with  other  ignitrons
arc losses in the GL-5554  are low,  and design and
construction features such as a complete stainless-
steel-water jacket  assure  ease  of installation,  eco-
nomical use of space, and reliability of operation.

GENERAL ©  ELECTRIC

Supersedes  ET-T1129  dclled 1.55
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GENERAL
E'ecll.ical

Cathode Excitation-Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes
Main Cathodes
Holding Anodes
Ignitors

Arc Drop at 100 Peak Amperes
Arc Drop at 300 Peak Amperes
Arc Drop at 600 Peak Amperes
Cathode Excitation Requirements

Ignitor Voltage Required to Fire
(See curve K-9033883 for details)

Ignitor Current Required to Fire
(See curve K-9033883 for details)

Starting Time at Required Voltage or Current
M®chanical

Envelope Material-Stainles}s Steel
Over-all Length
Over-all Width

Net Weight, approximate
Thermal

Type of Cooling-Water
Inlet Water Temperature, minimum
Outlet Water Temperature, maximum

Power-Rectifier Service
Peak Inverse Anode Voltage =900 Volts
Peak Inverse Anode Voltage = 2100 Volts

AC Control Service
Voltage = 2400 Volts RMS

Water Flow, minimum
At No Load
At Continuous Rated Average Current

Characteristics for Water Cooling at Rated Minimum Flow
Water Temperature Rise, maximum
Pressure Drop at 3 Gallons per Minute .

MAXIMUM   RATINGS   AND   TYPICAL   OPERATION
AC  Control  Sol.vico*

Two  Tubes  in  Inverse  Parallel,  Ratings  per  Tube

Voltage
Maximum Demand .

Average Current at Maximum Demand
Maximum Average Current

Demand at Maximum Average Current
Maximum Averaging Time at 2400 Volts RMS
Maximum Peak Fault Current
Frequency Range

12.6±0.5     Volts
14.4±0.5     Volts
17.3±0.5     Volts

450     Volts

45     Amperes

loo     Microseconds

17     Inches
4     Inches

13.5     Pounds

0.5     Gallons  per  Minute
1.5     Gallons  per  Minute

2400     Volts RMS
1200     Kilovolt-Amperes

75     Amperes
113     Amperes
600     Kilovolt-Amperes

1.50     Seconds
3000.   Amperes

25-60    Cycles per second
Powel.-Rectifier  Service,  Continuous  Duly

Ratings ore for  Zero-Phase-Conlrol-See  Curves  K-69087-72A]82  and  K-69087-72A183  for details.
Maximum Peak Anode Voltage

Inverse
Forward

Maximuni Anode Current

Average
Continuous
Two-Hours-Averaged Over Any Two-Minute Interval . .
One-Minute-Averaged Over Any One-Minute Interval. .

Maximum Duration of Fault Current
Frequency Range

goo             2100     Volts
900            2100     Volts

goo              600     Amperes

loo                  75
150              112.5

200                 150
6000            4500
0.15                 0.15

25-60          25-60

Amperes
Amperes
Amperes
Amperes
Seconds
Cycles per Second
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Ig ni'o,.

Maximum Voltage
Positive-Anode Voltage
Negative

Maximum Current

Root Mean Square
Average

Maximum Averaging Time
Typical Resistance Added to Igliitor Circuit for Anode Firing

At Anode Voltage of 600 Volts or Less
At Anode Voltage of 601  Volts to 1000 Volts
At Anode Voltage of 1001  Volts to  1500 Volts .

A

1

At Anode Voltage of 1501  Volts to  2000 Volts
At Anode Voltage of 2001  Volts to  2400 Volts

Holding  Anode

Maximum Peak Forward Voltage .
Maximum Peak Inverse Voltage

Main Anode Conducting
Main Anode Not Conducting

Maximuni Current

Root Mean Square .

Maximum Averaging Time

5     Volts

100     Amperes
15     Amperes
2     Amperes

10     Seconds

160     Volts

25     Volts
160     Volts

30    Amperes
15     Amperes
9    Amperes

10     Seconds
*  RMS demand voltage,  current,  and  kilovolt-ampere  demand  are  all  on  the  basis  of full-cycle  conduction  (nc>  phase

delay) regardless of whether or not phase control is used.

IGNITOR   VOLT-AMPERE   REQUIREMENTS

SEALED-lGNITRON    RECTIFIERS
THE   iGNiTOR    FIRING   aRcuiT   sHOuLD   BE   DEsiGNED   TO

OPERATE     WITHIN    THE    SHADED   AREA.
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PEAK    IGNITOR   CURRENT    IN   AMPERES

ELEMENTARY   CIRCUIT    FOR   CAPACITOR   FIRING

K-9033525

ELEMENTARY   CIRCUIT    FOR   ANODE    FIRING

lGNITRON
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ARC   DROP

2220181614121086

il

0            loo        ZOO         300        400         500        600        700        BOO        900
LOAD   CuRRENT   IN    PEAK   AMPERES    PER    TUBE

DEMAND   CURRENT   VS   PERCENTAGE   DUTY
AT   2400   VOLTS   RMS

2              3         .       5     .    7   e   9  io                       2o            ae       .o     eo  .o7o.ore

DUTy  I N  pERCEr\rTACE
Two  TUBEs cONNEm=D IN iNVEFSE pARALui

AVERAGING   TIME±1.5   SECONDS
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HOLDING   ANODE   REQUIREMENTS
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lmax  -
V'Z-Erms-arcdrop            li

R                         sin  (a+a)

2040

INLET    WATER   TEMPERATURE   IN   C

WHERE  lmax   =MAXIMUM   VALUE   OF   AuXILIARY   ANODE   CURRENT   TO   PREVENT   ARC   FROM   BEING   EXTINGUISHED   AT   END   OF
IGNITOR   PULSE  MORE  THAN   ONCE   PER  MINUTE   WITH   MAIN   ANODE  NOT  CONDUCTING.   INCREASE  APPROxl-
MATELY   40    PERCENT   TO   MAINTAIN   ARC   EVERY   CYCLE.

Ii=lNSTANTANEOUS   VALUE   OF   AUXILIARY   ANODE   CURRENT   AT   TIME   IGNITOR   CURRENT   DECAYS    (FROM   CURVES
SHOWN   FOR  TWO   VALUES  OF  a   AND  TWO  VALUES  OF   SuPPLY  VOLTAGE).

a=lGNITOR   RETARD   ANGLE   WITH    RESPECT   TO   HOLD:NG   ANODE   VOLTAGE.
6l=WIDTH   OF   IGNITOR   PULSE   (DEGREES).

Erms=SUPPLY   VOLTAGE.
R=TOTAI   CIRCUIT    RESISTANCE.
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1

I®NITR®N
RECTIFIER   SERVICE-ZOO   AMPERES HOLDING   ANODE
AC   CONTROI.  SERVICE-2400   KILOVOLT-AMPERES                        TWO   ICNITORS

The GL-5555 is a steel-jacketed ignitron designed
for rectifier  service in  the  125-, 250-, 600-,  and  900-
volt d-c power fields.  It is used  for rectifiers  rated
up to  1000 kilowatts depending  on the  number  of
ignitrons used,  the  output voltage, and the circuit.

This  tube  is  also  rated  for  2400-volt  resistance-
welder-control  service  and  has  a  capacity  of  2400
kilovolt-amperes  in  this  service.  Continuous  aver-

age   current   rating   is   200   amperes  per   tube   in
rectifiers rated up to  1000 kilowatts.

Arc losses are low.  Phase control of the ignitron
impulses  permits  voltage  control  of  the  rectified
output.   Excitation   of  the   small  holding   anode
stabilizes the cathode spot for very low anode cur-
rents. Two ignitors, only one of which is used at a
time, assure long life.

GENERAL ©  [L[OTRlo
Supersedes  ET-T157 3  dated  8-59
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GENERAL

Eleclrical

Cathode  Excitation
Cathode  Spot Starting
Number of Electrodes

Main   Anodes
Main  Cathodes
Holding Anodes
Ignitor§

Arc Drop at 600 Peak Amperes
Cathode Excitation Requirements

Ignitor Voltage Required to Fire
Ignitor  Current Required to Fire

(See curve K-9033883  for details)
Excitation Arc  Current  Required, minimum
Excitation Arc-Drop Voltage
Excitation Arc Open-Circuit Voltage,  minimum

Mechanical
Envelope  Material

Over-all Length .
Over-all  Width. .

Net  Weight

Thermal
Type  of  Cooling
Characteristics for Water Cooling

Water Temperature Rise, maximum
Pressure Drop at 3  Gallons per  Minute, maximum
Maximum Outlet Water Temperature

Peak Inverse Anode Voltage = 900 .
Peak Inverse Anode Voltage = 2100

Minimum Inlet  Water  Temperaturet. . .
Minimum Water Flow at Continuous Rated Average Current
Minimum Water Flow at no Load

Cyclic
Ignitor

16.2±0.5   Volts

150   Volts
40   Amperes

8   Amperes
9±0.5   Volts

55   Volts AC

17i%   Inches
5#  Inches

25   Pounds

6   Pounds per Square Inch

.3   Gallons per Minute
1   Gallons per Minute

tDependent upon load conditions. For substantially constant loads 6 C is satisfactory. For widely fluctuating loads,
25  C  is required.

MAXIMUM   RATINGS

As  AC  C®ntrol  Tube
Two Tubes in Inverse Parallel

Voltage.  . .
Maximum  Demand .

Average Current at Maximum Demand
Maximum Average Current

Demand at Maximum Average Current
Maximum Averaging Time at 2400 Volts RMS
Maximum Surge Current

As  Power  Rectifiel'  Tube
Ratings are for zero phase-control angle.

Maximum Peak Anode Voltage
Inverse
Forward

Maximum Anode Current

Average
Continuous
2 hours
1  minute

Maximum Duration of Surge  Current
Frequency Range

2400   RMS  Volts
2400   Kilovolt-Amperes
135   Amperes
207   Amperes

1105   Kilovolt-Amperes
1.66   Seconds

. .  . 6000   Peak Amperes

900          2100   Volts
900          2100   Volts

1800          1200   Amperes

200            150   Amperes
300            225   Amperes
400            300   Amperes

12000          9000   Amperes
0.15   Seconds
25 to 60   Cycles per Second
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a

19ni'®r

Maximum Voltage
Positive-Anode Voltage
Negative

Maximum Current

Root Mean  Square
Average.  . .

Maximum Averaging Time
Starting Time at Required Voltage or Current

Holding  Anode
Maximum Current

Peak....
Average

Maximum Averaging Time

Maximum Peak  Forward  Voltage
Maximum Peak Inverse Voltage

Main Anode  Conducting .....
Main Anode not Conducting .

IGNITOR   VOLT-AMPERE   REQUIREMENTS

SEALED-IGNITRON    RECTIFIERS

THE   IGNITOR   FIRING   CIRCUIT   SHOULD   BE   DESIGNED   TO
OPERATE   WITHIN   THE   SHADED   AREA.

COO7cO
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PEAK   IGNITOR   CURRENT   IN   AMPERES

K-9033883

5   Volts

100   Amperes
15   Amperes

2.0   Amperes
10   Seconds

100   Microseconds

20   Amperes
5   Amperes

10   Seconds
10   Amperes

160   Volts

ELEMENTARY   CIRCUIT   FOR   CAPACITOR   FIRING

5-25-54

ELEMENTARY   CIRCUIT   FOR   ANODE   FIRING

5 -25 -54        K-903352 8

I CNITfloN

5-25-54
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ARC  DROP
OUTLET  WATER TEMPERATURE-40  C  TO  60  C,  WATER  FLOW~3  GPM

0            ZOO         400         600         BOO         1000        1200        1400
LOAD   CURF}ENT    IN    PEAK    AMPERES    PER    TUBE

K-6917495                                                                                                                                                                                             2-14-55

DEMAND   CURRENT  VS  PERCENTAGE   DUTY  AT  2400  VOLTS  RMS

coogooBooTOOCOOloo
I \

cO

rotooloo

' a i a . cO sO cO cO cO 70 cO cO

DUTy    iN   pERCE^ITAaE
Two   TUEEs   cowECTED  iN  il\rvEfrsE  eAP±LLEL

AVERAGING   TIME=1.66   SECONDS
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COMMUTATION   LIMITS-1 -MINUTE   LOADS
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ICNITR®N
RECTIFIER   SERVICE-400   AMPERES HOLDING   ANODE
AC   CONTROL   SERVICE-4800   KILOVOLT-AMPERES                         TWO   ICNITORS

The GL-5564 ignitron is a sealed,  stainless-steel-
jacketed, water-cooled, mercury-pool tube designed
for rectifier service in the  125-,  250-,  600-,  and 900-
volt d-c power fields.  It is suitable for use in recti-
fiers rated up to  1000 kilowatts output, depending
upon  the  number  of  ignitrons  used,  the  output
voltage,  and  the  circuit.  Continuous  average  cur-
rent  rating  is  400  amperes  per  tube  in  rectifiers
rated up to 300 volts d-c. The tube is also designed
for   2400-volt  a-c  control  service  where  it  has  a
rating  of  4800  kilovolt-amperes.

The  GL-5564  has  a  holding  anode  and  two  ig-
nitors.  Excitation  of  the  holding  anode  permits
stabilizing  the  cathode  spot  for  very  small  anode
currents.  The  two  ignitors  assure  long  life  since
only  one  is  used  at  a  time.  Phase  control  of  the
ignitor  impulses   permits  voltage   control  of  the
rectified  output.  In  common  with  other  ignitrons
arc losses in the  GL-5564 are low,  and design and
construction features, such as a complete stainless-
steel-water jacket,  assure ease  of installation,  eco-
nomical  use  of space,  and  reliability  of operation.

GENERAL ©  ELECTRIC
Supersedes  ET-T1130  dated  1 -55
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GENERAL
Elec'I.ical

Cathode-Excitation-Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes
Main Cathodes
Holding Anodes
Ignitors
Control Grids

Arc Drop at  1200 Peak Amperes
Arc Drop at 8000 Peak Amperes
Cathode Excitation Requirements

Ignitor Voltage Required to Fire
(See curve  K-69087-72A982  for details)

Ignitor Current Required to Fire
(See curve  K-69087-72A982  for details)

Starting Time at Required Voltage or Current
Peak Excitation Arc Current Required, minimum

(See curve  K-69087-72A387  for details)
Excitation Arc-Drop Voltage

Grid Requirements *
Minimum Voltage To Establish Conduction .
Minimum Voltage to Prevent Conduction
Positive Current to Establish Conduction

Mechanical
Envelope Material-Stainless Steel

Over-all Length
Over-all Width

Net Weight, approximate
Thermal

Type of Cooling-Water
Inlet Water Temperaturet,  minimum
Outlet Water Temperature, maximum

Power-Rectifier Service
Peak Inverse Anode Voltage = 750 Volts

AC Control Service
Voltage = 250 Volts RMS
Voltage = 600 Volts RMS
Voltage = 2400 Volts RMS

Water Flow, minimum
At No Load**
At Continuous Rated Average Current

Characteristics for Water Cooling at Rated Minimum Flow
Water Temperature Rise, maximum
Pressure Drop at 6 Gallons per Minute, maximum

MAXIMUM   RATINGS   AND   TYPICAL   OPERATION
AC  Control  Service±

Two Tubes  in  Inverse  Parallel,  Ratings  per Tube
Voltage
Maximum Demand

Average Current at Maximum Demand
Maximum Average Current

Demand at Maximum Average Current
Maximum Averaging Time
Maximum Peak Fault Current
Frequency Range

18.2±0.1     Volts
35±0.1     Volts

450     Volts

45    Amperes

loo     Microseconds
6    Amperes

12     Volts

50     Volts
100     Volts
0.1     Amperes

27i=     Inches
9%     Inches
90    Pounds

50C

45C
45C
45C

2    Gallons per Minute
6    Gallons per Minute

1    Pounds   per   Square
Inch

2400    Volts RMS
4800     Kilovolt-Amperes

270     Amperes
414    Amperes

2210     Kilovolt-Amperes
1.66     Seconds

12,000     Amperes
25-60    Cycles  per  second

power-Reclifier  Service,  Continuous  Duty
Ratings are  for  Zero-Phase-Control  Angle-See  Curves  K-69087-72AI78  and  K-69087-72A179  for  defails.

Maximum Peak Anode Voltage
Inverse
Forward

Maximum Anode Current

Average
Continuous
Two-Hours-Averaged Over Any Two-Minute Interval
One-Minute-Averaged Over Any One-Minute Interval .

750     Volts
750     Volts

3600     Amperes

400    Amperes
600     Amperes

...800     Amperes
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15,000     Amperes
Maximum Duration of Fault Current

Frequency Range .

lgni'or

Maximum Voltage
Positive-Anode Voltage
Negative

Maximum Current

Root Mean Square

Maximum Averaging Time
Typical Resistance Added to Ignit:or Circuit for Anode Firing

At Anode Voltage of 600 Volts or Less
At Anode Voltage of 601  Volts to  1000 Volts .
At Anode Voltage of 1001  Volts to  1500 Volts
At Anode Voltage of 1501  Volts to  2000 Volts
At Anode Voltage of 2001  Volts to  2400 Volts

Holding  Anode
Maximum Peak Forward Voltage
Maximum Peak Inverse Voltage

Main Anode Conducting
Main Anode Not Conducting

Maximurn Current
Peak .  .  ,
Average

Maximum Averaging Time
Root Mean Square

Orid*

Maximum Peak Forward Voltage

n

a

rl

Maximum Peak Inverse Voltage
Maximum Grid-Current

Peak Positive
Peak Negative
Average.....
Root Mean Square

0.15     Seconds
25-60    Cycles per second

5     Volts

100     Amperes
15     Amperes

2    Amperes
10     Seconds

160     Volts

25     Volts
160     Volts

30    Amperes
9    Amperes

10     Seconds
15     Amperes

250     Volts
300     Volts

1.5     Amperes
0.5     Amperes
0.5     Amperes
1.0     Amperes

*  At main  anode voltages of 500 volts and over,  the grid circuit should provide  a negative d-c bias of 100 volts and a
suitable turn-on  voltage  to  swing  the  grid positive  at the  time  the  ignitor  i§  fired.  At lower anode voltages,  it is sufficient to
connect the  grid to the main  anode through a resistor.  In either case,  the  grid circuit resistance should be  500 to  1000 ohms.

t  Dependent  upon  load  conditions.  For  substantially  constant  load  0  C  is  satisfactory.  For  widely  fluctuating  loads
25  C  is  required.

I  RMS demand voltage,  current,  and kilovolt-ampere demand are  all on  the basis of full-cycle conduction  (no phase
delay) regardless of whether or not phase control is used. For voltages below the minimum, the minimum-voltage current rating
applies. With the use of log-log paper straight-line interpolation between tabulated points may be used for other detailed rat-
£ngs°f:*P;:taenrdfl:X;asx%:]¥erbaeg:oannt?nd:eau;::not;eaEguTaa¥i:rur:rna:;:ago;fn:nt:Feepvoswaenr?dev°]tage.
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CB=8   MFD
CG=O.1    MFD
C|=15-20  MFD
11-1-I.5   mh
Rc=10   OHMS

ELEMENTARY   CIRCUIT   FOR   CAPACITOR   FIRING

TYPICAL   VALUES

Rg=500  OHMS
RHA=PROPER    RESISTANCE   T0    PROVIDE   NECESSARY

STABILIZING   CURRENT   CALLED    FOR   ON
YJJ?rJffi7-J2A3/fff/

F:USE=5   AMPERES

ELEMENTARY   CIRCUIT   FOR   ANODE   FIRING

.---    THYRATRONRI

PECT.
I-I

RqT

rl-+BHAI-

IIII±|-i;|-I-iii±iiiiiiEil- I-TCB
IGNITRON

Too

K  6?087-72A673

TYPICAL   VALUES

ANODE   VOLTAGE=600   VOLTS   OR   LESS-4   OHMS
ANODE  VOLTAGE=601   VOLTS   TO   1000   VOLTS-10   OHMS
ANODE   VOLTAGE=1001    VOLTS   T01500   VOLTS-20   OHMS
ANODE   VOLTAGE=1501    VOLTS   TO   2000  VOLTS-35   OHMS
ANODE   VOLTAGE=200l   VOLTS   TO   2400   VOLTS-50   OHMS

RHA= PROPER   RESISTANCE   TO    PROVIDE   NECESSARY
STABILIZING   CURRENT   CALLED   FOR   ON   K-69087-72A387

Rg=500  OHMS
CB=8   MFD
CG=O.1    MFD

FUSE=6   AMPERES

SUPPLY
10-22-54
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IGNITOR   VOLT-AMPERE   REQUIREMENTS

SEALED-lGNITRON   RECTIFIERS

THE   IGNITOR    FIRING   CIRCUIT   SHOULD    BE   DESIGNED

TO   OPERATE   WITHIN   THE   SHADED   AREA

/ // /
/ / I NIT Fi

/ / / / / \/ / 5 04 see/ / / llY'Wl •TH -. I

/ / / // / / // / / / / / A/ / / / // / / /\ / / / /
lN' UM / / / / / M I UM
EO IRE / / / / / A LO ED

/ / / // / // / / / / /

PEAK   IGNITOR   CuRRENT   IN   AMPERES

r,

-,1

ill



GL-5564
ET-I 1  1130A

PAGE   6
4-63

X)COOO6000-anlocoeco6cO4cOecoloo
I I                                   I                             I                        I                    I                  I                 I              I            I          U                     \                  11                                                                 I                                             I                                     I                           I                           I                 11111 I

I(lLovoLT-AMPERE     VS.  AVERAGE   CuRFtENT   RAirtNG
II

2sO  TO  COO  VOLTS
CuRVI    NO.  I

111111
I I

6cO  VCLTS II
I

2 T§

I I I
I

I

1

I
I

i I
i I

I
I

i

I 11

I

I

I
I

I

0 2a                  ro         co     eo   loo                coo                4co      eco .. 1000

AVERAGE   ANODE   CURRENT    IN   AMPERES    PER   TUBE

7650

I
DE M AND R NT  VS. PE I

Y AT 2sO  VOLJ5
VENO. 2

I

I
320cOI

11

I 2 I) cO • • cO

DUTY    IN    PERCENTAGE
2    TUBES    CONNECTED    IN    INVERSE    PARALLEL

AVERAGING   TIME=9   SECONDS
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rl

7

- PEJRENITRE DurrY
AT • • • T9 fas

.3

I...
I\ I

•..

I
I

3

11

.::
I 2 a e ro • cO• •7. -. cO

DUTY   IN    PERCENTAGE

2   TUBES   CONNECTED   IN    INVERSE    PARALLEL
K-69087-72A668

ARC-DROP   CHARACTERISTIC

1 I

I

II
I I I I I I . . I

I I I I I
I I II I I I I I IIIII II .

I IIII . I IIII.IIII . I IIII .II
I I II I . I I I

I I I I I I III I II I I I ...
III II I II .

I
I I I I I I II I I II I I I I I I I .I I I I II II II II I II

I I III I II
I I.I I I II

I I . . I I I I .
0                      400                  BOO                1200                1600                  2000

PEAK   ANODE   CURRENT   IN   AMPERES    PER   TUBE
K-69087-72A324
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HOLDING  ANODE   REQUIREMENTS
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The GL-5630 ignitron is a sealed,  stainless-steel-     plies.  In this service 6 tubes will rectify up to  2500

jacketed, water-cooled, mercury-pool tube designed     kilowatts at 17,000 volts. Use of the grid to prevent
primarily  for  use  in  radio-transmitter  power  sup-     conduction  gives  one-cycle  circuit-breaker  action.

X-RAY  WARNING   NOTICE

This device may produce X-rays when energized. X-ray  warning signs or labels  should  be permanently
attached  to the equipment.

Precautions  must be  exercised during the service and  operation of equipment to  assure that  any shield-
ing components are replaced to their intended position before the equipment is operated.

GENERAL ©  ELECTRIC
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GENERAL

Eloclrical

Type Cathode Excitation-Cyclic
Type Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes
Main Cathodes
Holding Anodes
Ignitors
'Control Grids

Gradient  Grids
Arc Drop at  150 Peak Amperes
Cathode Excitation Requirements

Ignitor Voltage Required to Fire
lgnitor Current Required to Fire

Grid Requirements
Positive Current to Establish Conduction
Minimum Voltage to Establish Conduction
Minimum Voltage to Prevent Conduction

M®chanic®l

Envelope Material-Metal
Over-all Length, maximum
Over-all Width, maximum
Net Weight
Type Cooling-water
Characteristics for Water Cooling

Water Temperature Rise,  maximum
Pressure Drop at 3 Gallons per Minute

The,mal
Water Cooling

Maximum Outlet Water Temperature
Minimum Inlet Water Temperature
Minimum Water Flow at Continuous Rated Average Current
Minimum Water Flow at no Load

MAXIMUM   RATINGS

AS   POWER   RECTIFIER   TUBE
Ratings arc for zero phase-control  angle.
Maximum Peak Anode Voltage

Inverse
Forward

Main Anode Current

Average
Continuous
2  Hours
1 Minute

Maximum Duration of Surge Current
Frequency Range

18±1   Volts

450   Volts
42   Amperes

0.200   Ampcres
+100   Volts
-50  Volts

22jg   Inches
59Z   Inches

23±2   Pounds

45C
35C
3   Gallons per Minute
3   Gallons per Minute

20,000   Volts
20,000   Volts

200   Ampercs

50   Ampercs
50   Amperes
50   Amperes

2000   Amperes
0.15   Seconds

25-60   Cycles per  Second

e



CL-5630
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9-70

IGNITOR
Maximum Voltage

Positive
Negative

Maximum Current

RMS. . .
Average

Maximum Averaging Time
Starting Time at Required Voltage or  Current

HOLDING  ANODE
Maximum Current

® Peak....
Average

Maximum Averaging Time

Maximum Peak Forward Voltage
Maximum Peak Inverse Voltage

Main Anode Conducting
Main Anode  not  Conducting. .

CONTROL   GRID
Maximum Peak Forward Voltage
Maximum Peak Inverse Voltage
Maximum Grid-Current

Peak Positive
Peak   Negative ...........
Average

1000   Volts
5   Volts

100   Amperes
17.5   Amperes

2.5   Amperes
10.0   Seconds
100   Microseconds

20   Amperes
5   Amperes
1   Second

lo   Amperes
200   Volts

500   Volts
200   Volts

5.0   Amperes
0.1   Ampercs
1.0   Amperes
2.0   Amperes

lGNITOR  VOLT-AMPERE   REQUIREMENTS

SEALED-lGNITRON   RECTIFIERS

THE   IGNITOR    FIRING    CIRCulT   SHOULD    BE   DESIGNED   TO

OPERATE    WITHIN   THE   SHADED   AREA.

I. I I I I
I ICoo76 I

I I I I I I I I I

• I
`. .

5004

I I .
I I I

II I I I . .
I

20I

. -
I I I. I .

. I I I I ..

. I I .. . .
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I I I I I- II - I II
. I
I I . II I I I . I .I . I

I I I . .. I I I. ...I. .II I . I . II

a ao               co               co                eo
PEAK   ICNITOR   CURRENT   IN   AMPERES
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I®NITn®N
DEMONSTRATION   TYPE 110   AMPERES

The GL-5779 is a small glass,  air-cooled ignitron     operating principles of ignitors and ignitron tubes.
tube   designed   primarily   for   demonstrating   the

GENERAL
Electrical

C athode Excitation-Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes
Main Cathodes
Auxiliary Anodes .
Ignitors
Control Grids
Auxiliary Grids

Arc Drop at  15 Peak Amperes
Cathode Excitation Requirements

Ignitor Voltage Required to Fire
Ignitor Current Required to Fire

(See Curve 9033883 for Ignitor Circuit Requirements)
Starting Time at Required Voltage or Current

GENERAL ©  ELECTRIC

Supersedes  ET-T1376  daled  12-56

13±2     Volts

150     Volts
40    Amperes

100     Microseconds
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Mechanical

Envelope Material-Glass
Over-all Length
Over-all Width
Net Weight

Thermal
Type of Cooling-Air *

Maximum Average Tube Temperature
Minimum Average Tube Temperature

MAXIMUM   RATINGS   AND   TYPICAL   OPERATION

Power-Rectifier  Service

Ra\;ngs  are  for  Zero-Phase-Control  Angle

Maximum Peak Anode Voltage
Inverse

Maximum Anode Current
Peak .
Average

Continuous .

Maximum Duration of Fault Current .
Frequency Range

Ignitor

Maximum Voltage
Positive-Anode Voltage
Negative

Maximum Current

Root Mean Square
Average

Maximum Averaging Time

Holding  Anode

Maximum Current
Peak .  .  .
Average

Maximum Averaging Time
Root Mean Square

Maximum Peak Forward Voltage
Maximum Peak Inverse Voltage

Main Anode Conducting
Main Anode Not Conducting

Calhode
Maximum Average Current
*  An ordinary desk fan will provide sufficient cooling for most purposes.

350     Volts
350     Volts

30    Amperes

10     Amperes
300     Amperes

0.03     Seconds
25-60     Cycles per second

5     Volts

100     Amperes
15     Amperes
2     Amperes

10     Seconds

20    Amperes
5     Amperes

1.0     Seconds
10     Amperes

150     Volts

10     Amperes
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lGNITOR   VOLT-AMPERE   REQUIREMENTS

SEALED-IGNITRON    RECTIFIERS

THE   IGNITOR   FIRING   CIRCUIT   SHOULD   BE   DESIGNED   TO

OPERATE   WITHIN   THE   SHADED   AREA
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TUBES

PFtoDUCT  INFORMATION

lGNITRON

GL15788
RECTIFIER   SERVICE-150   AMPERES

AC   CONTROL   SERVICE-2400   KILOVOLT-AMPERES
HOLDING   ANODE                                                                                             TWO   lcNITORS

ET-T1184B

Page  1
10-66

GL15788

f\

r

n

The  GL-5788  is  a  permanently  sealed,
water-cooled,  rectifier  ignitron  similar  in
construction  and  rating to  the  GL-5555.
Special   features   are   reliable   operation
at  higher  water  temperature  and  lower
water-pressure   drop   than   are   possible
with  that  tube,   and   distinctive   (larger
diameter)   ignitor  terminals.   These  fea-
tures make possible the use of economical
water-to-air   heat   exchangers   at   higher

ambient  temperatures  than  are  possible
with  the  other  tube  and  assure  the  user
against premature ignitor failures  caused
by   Connecting   the   holding-anode   lead
to  an  ignitor  terminal.  The  tube  is  de-
signed  for  operation  in   300-,   600-,   and
900-volt   d-c   industrial-rectifier   circuits.
The   continuous   average   anode   current
rating is  150  amperes  per  tube.

ELECTRICAL
Cathode Excitation-Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes .  .
Main Cathodes
Holding Anodes
Ignitors

Arc Drop at 600 Amperes Peak
See Curve "Arc Drop"

16.2±0.5     Volts

MECHANICAL
Envelope Material-Stainless Steel
Net Weight, approximate. . .

THERMAL
Type of Cooling~Water
Operating Range* .  .
Outlet Water Temperature, maxim.u.in

Power-Rectifier Service
Peak Inverse Anode Voltage =

900  Volts  and Below .  .  .
Peak Inverse Anode Voltage =

2100  Volts  and  Below ......

...25     Pounds

40-60     C

...60       C

...55       C

AC  Control Service
Voltage=2400  Volts  HMS ...... 45     C

Water Flow, minimum, solenoid water valve open
AtNOLoadt ...... 1     Gallon   per

Minute
At Continuous  Rated Average Current ...... 3     Gallons   per

Minute
Characteristics for Water Cooling at Rated Minimum Flow

Water Temperature  Rise,  maximum ...... 4.5     C
Pressure   Drop   at   3   Gallons   per   Minute,

3    Pounds   per
Square   Inch

*  With heat-exchanger systems  the tube may be started at  the
usual  ambient  temperat:ures,  20  to  30  C,  minimum  6  C;  and
the  losses  in  the  tube  allowed  to  bring  the  heat  exchanger
to   the   controlled   temperature   setting.   With   direct   (once
through)  water  cooling and the companion GL-6514 tempera-
ture-controlled   ignitron,   automatic   control   of   the   water-
outlet temperature  is  practicable  for  operation  with provision
for the recommended cooling period after shut-down, provided
that  not more  than  three  tubes  are  connected  in  series.

t  Water  flow  should  be  continued  for  at  least  thirty  minutes
after removal of anode power.

MAXIMUM   RATINGS

Power-Rectifier  Service,  Continuous  Duty
Ratings  are  for  Zero-Phase-Control  Angle~See  Curves"Commutation Limits"
Maximum Peak Anode Voltage

Inverse
Forward

Maximum Anode Current

Average
Continuous

900-2100     Volts
2100     Volts

1200     Amperes

150     Amperes
Two-Hours~Averaged   Over   Any   Two-

Minute  Interval ...... 225     Amperes
One-Minute-Averaged  Over  Any  One-

Minute Interval ..... 300     Amperes
Fault 9000     Amperes

Maximum Duration of Fault current..0.15    Seconds
Frequency Range 25-60     Cycles   per

Second

AC  Conlrol  Service

Two Tubes in  Inverse Parallel,  Ratings per Tube
Voltage .

Maximum Demand
2400     Volts RMS
2400     Kilovolt-

Amperes

Average current at Maximum Demand...135    Amperes
Maximum  Average current ...... 207     Amperes

Demand at Maximum Average current..1105     Kilovolt-
Amperes

Maximum   Averaging   Time   at   2400   Volts
1.66     Seconds

Maximum peak F`ault current ..... 6000     Amperes
Frequency Range 25-60     Cycles   per

Second

GENEnAL ©  ELECTRIC
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Holding  Anode
See Curve "Holding Anode Requirements"
Maximum Peak Voltage

Forward
Inverse

Main Anode Conducting . . .

MAXIMUM   RATINCS   (Conl'd)

See Curve "Holding Anode Requirements"
Excitation Arc-Drop Voltage ........... 9±0.5     Volts

Excitation    Arc    Open-Circuit    Voltage,
160     Volts

.25     Volts
Main Anode Non-Conducting ...... 160    Volts

Maximum Current
30    Amperes

9    Amperes
MaximumAveraging Time .....,... 10     Seconds

Root Mean Square
Cathode  Excilalion  Requiremenls
Peak Excitation Arc Current Required,

15     Amperes

8    Amperes

55     Volts

Igni'or
Maximum Inverse voltage ...... 5    Volts

Recommended pulse Length .......... 800     Microseconds

Minimum  Pulse  Length,  for  average  anode
currents greater than 5 amperes ....... 150     Microseconds

Maximum pulse Length ....... 4000    Microseconds
Volt-Ampere   Characteristics-See   Curve

"Ignitor Volt-Ampere Characteristics"

lGNITPONS

ELEMENTAPY    CIPculT     FOB    CAPACITOB     FIRING

BECTIFIER u

®
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ARC  DROP

OUTLET   WATEft   TEMPERATURE -40110 60C
WATER  FLOW -3  GPM

200      400      600      8cO      1000     12cO      14cO    1600
LOAD  CuRRENT   IN  PEAK    AMPERES   PER  TUBE

IGNITOP   VOLT-AMPERE   BEOUIREMENTS

THE   IGNITOR  FIBING   CIRCUIT   SHOULD   BE   DESIGNED
.     .                       I

f5±R
ECO

+8oqusECL
R MENDED  PULSE  WIDTH

aI

MAXIMUM   ALLOWED

MINIMUMF`EOUIREDI

20            40            60           80            loo          120          140
PEAK   IGNITOR  CuftRENT  IN  AMPERES



COMMUTATION   LIMITS
I-MINUTE    LOADS

REET8 'oSF'Xp-EPAHKA_STE6 PA°vUEBRLAEG-EWX=oCBEC8tTR3ENETQ=U13V?,LENT           I        I
REACTANCE  FACTOR, !£¥  =0.075  AT  Ic=600  AMPERES
WHERE  Ic= TUBE   CURRENT AT  START  0F  COMMullATloNXc=LINE-TO-NEUTRALCOMMUTATINGREACTANCE   IN   OHMS

Es= LINE -TO -NEUTRAL  SECONDARY  RMS  VOLTAGE
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AVERAGE   ANODE  CURRENT   IN   AMPERES   PER   TUBE

COMMUTATION     LIMITS
2 -HOUR  LOADS

'''11'''1'1'1

DELTA,  SIX-PHASE, DOUBLE-WYE  CIBCUIT  OR  EQUIVALENT
RAT 0   0F  PEAK-TO-AVERAGE  ANODE   CURRENT  =  3:I
BEACTANCE   FACTOR, ±=;i  =   O.075AT  Ic  =600 AMPERES

WHERE  Ic =  TUB E  CURRENT  AT  START  0F   CO MMUTAT ON
Xc = LINE -TO -NEUTRAL  COMMullAT NG   REACIANCE  IN   OHMS
Es = LINE -TO -NEUTRAL  SECONDARY  RMS   VOLTAGE

I
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\ I I I I I\\\\ \\\\`,I \\

5UTTE C01ioo\75\5o`36.`\`i`!`;`o`\o/oRE"RD
GEMP\\\ _ \\\\_ \ \\ W\` \1 `\\,

\\ \\\\

\ A

TH ERMAL  MAXI lM M coNT'i&8'o°6osI 2'.5H!o°6®RI

t_ou5\7\q 40OUTGWATE C0'RT
NGEMP\\\S \,

20                      40           60       80100                      200                   400         600   8001000
AVERAGE   ANODE   CURRENT   IN   AMPERES   PER  TUBE



ET-T1184B
Page 5

10-66

HOLDING-ANODE   REQUIREMENTS

]cREST =   rfErms-RARc-DRop =  ida
WHERElcREST=¥dRX#¥#¥ibALpUREESENHT°LAD!#-RAON#DBEEiN6

EXTINGUISHED  AT END  OF  IGNITOR  PuLSE
MORE  THAN ONCE  PEF`  MINUTE  WITH  MAIN
ANODE   NOT  CONDUCTING.    NCREASE
APPROX  40 PEf}CENT  10  MA lNTAIN   ARC
EVERY   CYCLE.

li   =lNSTANTANEOUS   VALUE  OF  HOLDING.ANODE
cui]RENT AT TiME  iGNiTOR  CURBENT DECArs
(FROM  CuRVES  SHOWN  FOP  TWO VALUES 0F
a AND  TWO VALUES  OF  SUPPLY  VOLTAGE).

a  = lGNITOR   RETARD ANGLE   WITH  FiESPECT 10
HOLDIN6-ANODE  VOLTAGE.

0  = WIDTH  OF  IGNITOR   PULSE  (DEGREES).
ErinS=A

R  =TOTAL  CIRCUIT  PESISTANCE.

\,aa _          H
\ro^¢   /+a+a+            \t

jl  (°= 15® 55 v,ms)                       i+Zf`

„=,5:,,,::evijE:,s5,,®s,\
il (a= 45?  Ilo V,m8) -
ARC.Dftop  DURINC   CONDUCTION  .  E2

-20                         0                        20                       40
INLET    WATER   TEMPERATURE    IN  C

a

r,

a

®
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I®NITR®N
PENTODE  TYPE                                   FREQUENCY-CHANCER  SERVICE

The   GL-6228   ignitron   is   a   sealed,   stainless-     invert  up  to  7500  kilowatts  at  17,000  volts.  The
steel-jacketed, water-cooled mercury-pool tube de-     tube   is   also   designed   for   use   in   interrnittent-
signed  primarily  for  use  in  electronic  frequency     rectifier  service,   capacitor-discharge  service,   and
changers.  In this service,  six tubes  will  rectify  or     as a d-c short-circuiting switch.

GENERAL

E'ec'r!col

Type cathode excitation-Cyclic
Type cathode-spot starting-Ignitor
Number of electrodes

Main anodes
Main cathode
Ignitors
Holding anodes
Shield grids
Control grids
Gradient grids

Arc drop
At 600 amperes peak
At 2000 amperes peak

20±2   volts
30±2   volts

GEN ERAL © ELEC"10
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GENERAL   (CONT'D)
El®c.rlcal   (C®n.'d)

C athode-e xcitation requirements
See specific class of service

Grid-excitation requirements
See specific class of service

M®(hanical

Envelope material-metal
Net weight

Thermal

Type of cooling-water
Characteristics for water cooling

Water temperature rise
Pressure drop at 5 gallons per minute, maximum
Inlet water temperature, minimum
Outlet water temperature, maximum
Water flow, minimum
Recommended temperature range

MAXIMUM   RATINOS

POWER-RECTIFIER   SERVICE

ASA  (See ASA Standards C34.1-1949)
Peak anode voltage

Inverse
Forward

Anode curent*

Average
Continuous
2 hours
1  minute

Duration of fault current t
Peak control-grid voltage

Forward
Inverse

Peak shield-grid voltage
Forward
Invcr8e

Peak control-grid` cilrrent
Forward
Inverse

Pcak Shield-grid current
Forward
Inverse

Peak gradient-grid voltage
Forward
Inverse

Peak gradient-grid current
Forward
Inverse

Ignitor ratings
Peak isnitor voltage

Forward, open-circuit voltage
Inverse

Width of current pulse, sinu§oidal waveshape
At 60 cycles
At 2S cycles

Peak ignitor current, short-circuit current

100±10   pounds

4C
4   pounds per square inch

35C
45C
S   gallons per minute

40 to 4S   C

M inimum            Maximtim

20,000   volts
20'000   volts

900   ampere8

150   amperes
200   amperes
300   amperes

6000   amperes
0.1S   second

200                 500   volts
100                 200   volts

200                500   volts
50                  ZOO   volts

5   amperes
0.4   amperes

5  anpercs
0.2   amperes

I/2              1/2   anode-cathode voltage
I/2               1/2   anode-cathode voltage

0.010             0.020   amperes
0.010             0.020   amperes

450                750   volts
0                    5   volts

500              1500   microseconds
500              4000   microseconds
45                   75   ampcrc8

t

U

®

®
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MAXIMUM   RATINGS   (CONT'D)

POWER-RECTIFIER   SERVICE   (CONT'D)
Minimum           Maximum

Holding anode ratings
Available instantaneous holding anode

voltage during desired  conduction  period .........        40                  -volts
Peak holding-anode voltage

Forward
Inverse

Peak holding-anode current
Forward
Inversea

®

®

®

Average

Minimum
Forward current during desired conduction period . . .

Conlinuoul  Duly,  N®  Ovei.loads

Peak anode voltage
Inverse
Forward

Anode current*

Average

D`1ration of fault current±
Product of inverse or forward voltage

and average current
Peak control-grid voltage

Forward
Inverse

Peak shield-grid voltage
Forward
Inverse

Peak control-grid current
Forward
Inverse

Peak shield-grid current
Forward
Inverse

Peak gradient-grid voltage
Forward
Inverse

Peak gradient-grid current
Forward
Inverse

Ignitor ratings
Peak ignitor voltage

Forward
Inverse

Width of current pulse. sinusoidal waveshape
At 60 cycles
At 25 cycles

Peak ignitor current
Holding anode ratings

Available instantaneous holding anode
Voltage during desired conduction period

Peak holding-anode voltage
Forward
Inverse

Peak holding-anode current
Forward
Inverse

200   volts
25   volts

20   amperes
-             0.100   amperes

S   amperes
10   amperes

7               -amperes

-         20,000  volts
-         20'000   volts

600   amperes
200   amperes

6000   amperes
0.15   second

3   megavolt-amperes

200                 500   volts
100                 200   volts

200                500   volts
50                200   volts

5   amperes
0.4   amperes

5   amperes
0.2   amperes

1/2                1/2   anode-cathode voltage
I/2               1/2   anode-cathode voltage

0.010             0.020   ampercs
0.010             0.020   amperes

450                750   volts
0                   5   volts

500                -  microseconds
1500   microseconds
9000   microseconds

45                  75   amperes

40              -  volts

200   volts
25   volts

20   amperes
--           0.100   amperes
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MAXIMUM   RATINGS   (CONT'D)

POWER-RECTIFIER   SERVICE   (CONT'D)

Average

Minimum
Forward current during desired conduction period . .

Inl®rmillenl  Diityt
Peak anode voltage

Inverse
Forward

Anode current*

Average
Averaging time .

Averaging time .

Duration of fault current I
Product of inverse or forward voltage

and peak anode current
Peak control-grid voltage

Forward
Inverse .

Peak shield-grid voltage
Forward
Inverse

Peak control-grid current
Forward
Inverse

Peak shield-grid current
Forward
Inverse

Peak gradient-grid voltage
Forward
Inverse

Peak gradient-grid current
Forward
Inverse

Ignitor ratings
Peak ignitor voltage

Forward
Inverse

Width of current pulse, sinusoidal waveshape
At 60 cycles
At 25 cycles

Peak ignitor current

Minimum           M.ximiim
5   amperes

10   amperes

7               -amperes

-        20,000  volts
-         20'000  volts

1500   amperes
150   amperes

0.15   second
500   ampcrcs

0.15   second
6000   amperc8
0.15   second

22.5   megavolt-ampercs

200                500   volts
loo               200   volts

200                500   volts
50                200   volts

5   amperes
0.4   ampere8

5   amperes
0.2   ampcres

1/2               1/2   anode-cathode voltage
1/2               1/2   anode-cathode voltage

0.010             0.020   amperes
0.010             0.020   ampercs

750   volts
S   volts

-  microseconds
1500   microseconds
9000   microseconds

75   amperes

Holding anode ratings
Available instantaneous holding anode

voltage during desired  conduction  period ........
Peak holding-anode voltage

Forward
Inverse

Peak holding-anode curent
Forward
Inverse
Average

Minimum
Forward current during desired conduction period ....

40              -  volts

ZOO   volts
25   volts

20   ampcres
-          0.loo  ampercs

5   ampcrcs
10   amperes

7               -  amperes e
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AC  CONTROL  OR  CAPACITOR-DISCHARGE  SERVICE-SINUSOIDAL  CURRENT,  PULSE  buTYt

JV`inim urn           Max imum
Peak anode voltage

Inverse
Forward

Ancde current

Average

a

®

®

A

20,000   volts
20'000   volts

Maximum averaging time-one conduction pulse plus one nonconducting period

2000   amperes
200   amperes

500   amperes
Maximum averaging time-one conduction pulse plus one nonconducting period

Duration of fault current
Product of inverse or forward voltage and average current . . .
Equivalent frequency-25 to 60 cycles

Above 60 cycles use commutating reactors
Current at start of commutation period
Current at end of commutation period
Length of commutation period

DC   SHORT-CIRCUITING   SWITCHt

Anode voltage

Forward
Anode current

Averaging time
Frequency of current-conduction periods
Ionization time
Control-grid open-circuit voltage
Control-grid short-circuit current
Shield-grid open-circuit voltage
Shield-grid short-circuit current
Time constant of shield- and control-grid circuits ............
Peak gradient-grid voltage

Forward
Inverse

Peak gradient-grid current
Forward .
Inverse

Ignitor ratings
Ignitor voltage

Forward open-circuit voltage
Negative voltage

Ignitor current
Short-circuit current

Time constant of ignitor circuit

2000   ampercs
0.15   second

3   megavolt-amperes

60   amperes
0   amperes

-  microseconds

20,000   volts
-  volts

000   amperes
90   amperes
10   seconds

100   per hour
10   microseconds

500   volts
10   amperes

500   volts
5.0   amperes
100   microseconds

1/2   anode-cathode voltage
1/2   anode-cathode voltage

0.010           0.020      amperes
0.010           0.020     amperes

1500               2500   volts
5   volts

200                 250   amperes
50                100   microseconds

*  Ratings  are  for zero-phase-control  angle~See  curve  K-69087-72A513  for  ratings  at  other  phase-control angles.
I  Reduce duration of fault current by suppressing rectifier by removing ignitor and grid excitation.
I  Precautions should be taken to assure that magnetic fields of adjacent conductors do not deflect the arc in the  tube.

X-RAY  WARNINC  NOTICE

This device may produce X-rays when energized. X-ray  warning  signs or labels should be permanenily
attached  to the equipment.

Precautions  must be exercised  during the service and operation of equipment to  assure that  any shield-
ing componeats are replaced to their intended position before the  equipment is operated.
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ARC-DROP   CHARACTERISTIC

FOR   COOLING-WATER  TEMPERATURES   OF
30ndo  C
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PHASE   CONTROL
THREE-PHASE   SINCIE-WAY

DOUBLE-WAY   CIRCUITS
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VOLTAGE   REDUCTION    BY   PHASE   CONTROL   IN    PERCENTAGE

lGNITOR   VOLT-AMPERE   REQUIREMENTS   FOR   SEPARATE   EXCITATION
SEALED-lGNITRON   RECTIFIERS

rHE   iGNITOR   FIRING   CIRCUIT   SHoULD   BE   DESIGNED   To   OPERATE   WITHIN   THE   SHADED   AREA
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TUBE   PRODUCTS   DEPARTJVLENT

GENERAL  ©  ELECTRIC

Schenectady, New York 12305
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I®NITR®N
LOCOMOTIVE   RECTIl=IER   SERVICE-350   AJVLPERES                                       THREE   IGNITORS

The  GL-6504 is  a double-grid ignitron designed
for  railroad  locomotive  rectifier  service.   In  this
service  twelve  tubes  will  supply  d-c  power  for  a
4000-horsepower locomotive.

A  coaxial  cathode-current  return  reduces  mag-
netic  fields  due  to  tube  currents.  The  tube  also
features baffles in the mercury pool to assure con-

CENERAL
Electrical

Cathode Excitation-Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes
Main Cathodes
Ignitors
Shield Grids
Control Grids

Arc Drop at 1000 Amperes, peak
Arc Drop at 2000 Amperes, peak

(See  Curve  K-69087-72A709  for  details)

GENERAL

tact  between  the  mercury  and  the  ignitor  points
during swaying of the equipment.

A   companion  tube,   the   GL-6509   ignitron,   is
available  to  supply  the  auxiliary  power  require-
ments  of applications  which  use  the  GL-6504  as
the main power source.

20.5i-2     Volts
24±2     Volts

© ELECTRIC
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GENERAL  (Conl'd)
Mechanical

Envelope Material-Stainless Steel
Over-all Length
Over-all Width
Net Weight, approximate

Thermal
Type of Cooling-Water

Inlet Water Temperature, minimum
Outlet Water Temperature, maximum
Water Flow, minimum

At Continuous Rated Average Current
At  No  Load§

Temperature Range
Characteristics for Water Cooling at Rated Minimum Flc>w

Water Temperature Rise, maximum
Pressure Drop at  10  Gallons per Minute, maximum
Maximum Working Water  Pressure-Non  Shock

MAXIMUM   RATINGS   AND   TYPICAL   OPERATION
Power-Reclifier  Service,  Con.inuous  Duty

Ralings  are  for  Zero-Phase-Conlrol   Angle
Maximum Peak Anode Voltage

Inverse
Forward

Maximum Anode Current*

Average
Continuous
Two Hours
Fifty Minutes
Twelve Minutes
Six Minutes
Four Minutes

Fault
Forward Direction
Reverse Direction
Maximum Duration of Fault Current

Frequency Range

lgnilor  Characteristics
Maximum Inverse Voltage .
Recommended Pulse Length

27%     Inc.hes
12     Inches
95    Pounds

30C
55C

10     Gallons per Minute
1     Gallons per Minute

40to45     C

6.5C
1.5     Pounds per square Inch
loo    Pounds per square Inch

4000     Volts
100     Volts

2000     Amperes
Passengert               Freighl±

350                      300     Amperes
440                     380     Amperes
490                     420     Amperes
560                      490     Amperes
660                      520     Amperes
720                      540     Amperes

15,000     Amperes
30,000     Amperes

0.15     Seconds
25-60     Cycles per second

5     Volts
800     Microseconds

Minimum Pulse Length, for average anode currents greater than 8 amperes . . .
Maximum Pulse Length
Volt-Ampere Characteristics-See Curve  K69087-72A803  for details.

Shield-Grid  Voltage
Peak Forward
Peak Inverse

Shield-Oi`id  Current

Peak Forward
Peak Inverse

Control-Grid  Voltage
Peak Forward
Peak Inverse

Conlrol-Grid  Curren]
Peak Forward
Peak Inverse

.150     Microseconds
4000     Microseconds

Minimlim           Maximum
500     Volts
200     Volts

5     Amperes
0.2     Amperes

500     Volts
200     Volts

5    Amperes
1     Amperes

i Service Factors Energized-50 percent of annual hours
Passenger Service-80 percent
Freight Service-80 percent

t Short time loads applied following light load.
I Short time loads applied following continuous operation at full load.
§ Water flow should be continued for at least one hour after removal of anode power.

®

u

®
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lGNITOR   VOLT-AMPERE   REQUIREMENTS   FOR   SEPARATE   EXCITATION

SEALED-lGNITRON    RECTIFIER
THE   IGNITOR   FIRING   CIRCUIT   SHOULD    BE   DESIGNED   TO   OPERATE   WITHIN    THE   SHADED   AREA

)cO'00;00)00LOO)00loo000

/\ I  IGNITOR

I

800 SEC

RECOMMENDED  PULSE  WIDTH

A a

MAXIMUM   ALLOWED

M'NIFiEOU"'BgDKZ

n

a

K-69087-72A803

20              40              60              80
PEAK    IGNITOR   CURRENT   IN   AMPERES

ARC   DROP

500 1000
PEAK   ANODE   CuRRENT   IN   AMPERES

1500
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2000
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I®NITRON
LOCOMOTIVE   RECTll=lER   SERVICE-ZOO   AMPERES

The GL-6509 is an ignitron for railroad locomo-
tive   rectifier   service.   This   tube   is   designed   to
supply  the  auxiliary power  requirements  in  those
locomotives  that  utilize  the  GL-6504  ignitron  as
the main power supply.  In addition to this service
the  GL-6509  ratings  also  make  the  tube  particu-
larly suitable for use  as the  main power source in

GENERAL
Electrical

Cathode Excitationrfyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes
Main Cathodes
Ignitors

Arc Drop at 600 Peak Amperes
(See  Curve  K-69087-246A8  for  details)

THREE   ]GNITORS

multiple-unit car installations.
The  tube  is  similar  in  construction  to  the  GL-

5555  ignitron  but  has  the   additional   feature   of
baffles  in  the  mercury  pool  to  assure  contact  be-
tween  the  mercury  and  the  ignitor  points  during
swaying of the equipment.

16.2±0.5     Volts

GENEnAL ©  ELEOTRio
Supersedes  ET-T1132  doled  12-56
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GENERAL  (Conl'd)

Mechanical
Envelope Material-Stainless Steel
Over-all Length
Over-all Width
Net Weight, approximate

Thermal
Type of Cooling-Water

Inlet Water Temperature, minimum
Outlet Water Temperature, maximum

Peak Inverse Anode Voltage = 900 Volts
Peak Inverse Anode Voltage = 2100 Volts

Water Flow, minimum
At No Load
At Continuous Rated Average Current

Characteristics for Water Cooling at Rated Minimum Flow
Water Temperature Rise, maximum
Pressure Drop at 3 Gallons per Minute, maximum

17i%     Inches
5%    Inches

25    Pounds

1     Gallons per Minute
..3    Gallons per Minute

2    Pounds per square Inch

MAXIMUM   RATINGS  AND  TYPICAL  OPERATION
Power-Rectifier  Service,  Continuous  Duly

Rcltings are  for  Zero-Phase-Control  Angle-See  Curves  K-69087-72A654  and  K-69087-72A653  for details.
Maximum Peak Anode Voltage

Inverse
Forward

Maximum Anode Current

Average
Continuous

900                  2100     Volts
900                 2100     Volts

1800                 1200     Amperes

200                    150     Amperes
Two-Hours-Averaged over Any Two-Minute Interval ......... 300                   225     Amperes
One-Minute-Averaged over Any one-Minute Interval .......... 400                  300    Amperes

12,000                 9000     Amperes
Maximum Duration of Fault Current

Frequency Range
0.15                   0.15     Seconds

25-60              25-60    Cycles per second

lgni'o,.

Volt-Ampere-Time  Requiremenls-See  Curve  K-69087-72A741  for  lgnitor  Circuit  Requirements.
Maximum Inverse Voltage
Maximum Current

Root Mean Square
Average

Maximum Averaging Time

5     Volts

15     Ampere§
2     Amperes

10     Seconds
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IGNITOR   VOLT-AMPERE   REQUIREMENTS   FOR   SEPARATE   EXCITATION
SEALED-lGNITRON    RECTIFIERS

THE    IGNITOR    FIRING   CIRCulT   SHOULD   BE   DESIGNED   TO   OPERATE   WITHIN
THE   SHADED   AREA

I.,`|rz|.I,L|||||||||||||||| ||illl.EIIiFi...Ill.||||||..||II,.Ir..,Zfl,.,||=||.I|.I.||||| LT`` ,.U,=='=,`I -  -=|||iilililil=jilll'|||||||,I.Ill
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20            40             60             80

ELEMENTARY   CIRCulT    FOR   CAPACITOR    FIRING

K-69o87-72A741                   PEAK   IGNITOR   CURRENT   IN   AMPERES                          |2.g.55

ARC   DROP
Outlet  Water Temperature-40  to  60  C
Water  F:low-3  Gallons  per  minute

0            ZOO         400         600         BOO        1000        1200        1400
K-69o87-246A8                                          PEAK   ANODE   CURRENT   IN   AMPERES                                                    6-16.54
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l®NITR®N
RECTIFIER   SERVICE-loo   AMPERES                                                            HOLDING   ANODE

AC   CONTROL   SERVICE-1200   KILOVOLT-AMPERES                           TWO   IGNITORS

TEMPERATURE   CONTROLLED

The GL-6512  ignitron is a sealed, steel-jacketed,
water-cooled,    mercury-pool    tube    designed    for
rectifier service in the  125-,  250-, 600-, and 900-volt
d-c power  fields.  It  is suitable  for  use  in  rectifiers
rated up to 200 kilowatts output, depending on the
number of ignitrons used, the output voltage, and
the  circuit.  It  has  a  continuous  average  current
rating of 100 amperes per tube in rectifiers rated up
to  300  volts  d-c.  The  tube  is  also  designed  for
2400-volt  a-c control service where it has a rating
of 1200 kilovolt-amperes.

This  tube  is  identical  in  ratings  and  character-
istics to the GL-5554. Mechanically, it has the addi-
tional feature  of an integral thermostatic  arrange-
ment  with  protective  features.  The  arrangement
includes a switch which controls a solenoid valve in
the  water-supply  line  to  the  tube  in  response  to
increasing  and  decreasing  tube  temperature,  thus
maintaining  the  amount  of  cooling  water  to  the
minimum required  by the operating conditions.  It
also   includes  an  over-temperature  switch  which
may  be  used  to  remove  power  from  the  ignitron
when its temperature exceeds a safe value.

This new design has several advantages. It elimi-
nates the need for heat exchangers and recirculating

water  systems  where  they  have  been  required  to
ensure safe operation of the older non-temperature-
controlled   ignitrons   when   the   available   cooling
water temperature is too low to provide the mini-
mum reliable mercury vapor pressure in the tubes.
It eliminates the usual safety devices required with
the  older  design  tubes,  such  as  water-flow  relays,
water  over-temperature  relays  and  water-pressure
interlocks which have required  considerable  main-
tenance   in   the  past.   Another   advantage   is   the
prevention of excessive moisture condensation over
the external parts of the tube under  conditions of
high humidity.

Like  its  prototype,  the  GL-6512  has  a  holding
anode  and  two  ignitors.  Excitation  of this  anode
permits stabilizing the cathode spot for very small
anode  currents.  The  two  ignitors  assure  long  life
since only one is used at a time. Phase control of the
ignitor   impulses  permits   voltage   control   of  the
rectified  output.  In  common  with  other  ignitrons
arc losses in the  GL-6512  are low,  and design and
construction features, such  as a complete stainless-
steel-water   jacket,   assure    ease    of   installation,
economical  use  of space,  and  reliability  of opera-
tion.

GENERAL  ©  ELECTRIC
Supersedes  ET-T1133  dcited  I-55
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GENERAL

Eleclrical

Cathode Exc.itation---Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes
Main Cathodes
Holding Anodes
Ignitors

Arc Drop  at  100  Peak Amperes
Arc Drop at 300 Peak Amperes
Arc Drop at 600 Peak Amperes
Cathode Excitation Requirements

Ignitor Voltage Required to Fire
(See  Curve  K-9033883  for details)

Ignitor Current Required to Fire
(See  Curve  K-9033883  for detc\ils)

Starting Time at Required Voltage or Current

Mechanical

Envelope Material-Stainless Steel
Over-all Length
Over-all Width .
Net Weight, approximate

Thermal

Type of Cooling-Water
Inlet Water Temperature, minimum
Inlet Water Temperature *, maximum

Power-Rectifier Service
Peak  Inverse Anode Voltage = 900 Volts
Peak Inverse Anode Voltage = 2100 Volts

AC Control Service
Voltage = 2400 Volts RMS

Water Flow, minimum
At Continuous Rated Average Current

Characteristics for Water Cooling at Rated Minimum Flow
Water Temperature Rise, maximum
Pressure Drop at 3 Gallons per Minute, maximum

MAXIMUM   RATINGS   AND   TYPICAL   OPERATION
Powei.-Rectifier  Service,  Continuous  Diily

Ralings are  for Zero-Phase-C:ontrol-See Curves  K-69087-72AI82
Maximum Peak Anode Voltage

Inverse
Forward

Maximum Anode Current

Average
Continuous

12.6±0.5     Volts
14.4±0.5     Volts
17.3±0.5     Volts

450     Volts

45     Amperes

100     Microseconds

17     Inches
4%    Inches
13.5     Pounds

-15C

1.5    Gallons  per Minute

and  K-69087-72AI83  for delai[s.

Two-Hours-Averaged Over Any Two-Minute Interval ....
One-Minute-Averaged Over Any One-Minute Interval ....

Maximum Duration of Fault Current ........
Frequency Range

AC  Control  Servic®t

Two  Tilbes  in  Inverse  Parallel,  Ralings  per Tube

Voltage
Maximum Demand

Average Current at Maximum Demand
Maximum Average Current

Demand at Maximum Average Current
Maximum Averaging Time at 2400 Volts RMS .
Maximum Peak Fault Current
Frequency Range .

900             2100     Volts
900             2100     Volts

900              600     Amperes

loo                75    Amperes
150           112.5     Amperes
200               150     Amperes

6000            4500     Amperes
0.15              0.15     Seconds

25-60         25-60    Cycles per second

2400    Volts RMS
1200     Kilovolt-Amperes

75     Ampere§
113     Amperes
600     Kilovolt-Amperes

1.50     Seconds
3000    Amperes

25-60    Cycles per second
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MAXIMUM   RATINGS   (CONT'D)

lgni'®r

Maximum Voltage
Positive-Anode Voltage
Negative

Maximum Current

Root Mean Square
Average

Maximum Averaging Time
Typical Resistance Added to Ignitor Circuit for Anode Firing

At Anode Voltage of 600 Volts or Less
At Anode Voltage of 601  Volts to 1000 Voltsa

®

At Anode Voltage of 1001  Volts to  1500 Volts
At Anode Voltage of 1501  Volts to  2000 Volts .
At Anode Voltage of 2001  Volts to 2400

Holding  Anode

Maximum Peak Forward Voltage
Maximum Peak Inverse Voltage

Main Anode Conducting
Main Anode Not Conducting

Maximum Current

Maximum Averaging Time
Root Mean Square

Temperaliire-Conli.ol-Swilch  Ralingst
Maximum Voltage
Maximum Current

Over-Temperature Switch
Water-Control Switch

5     Volts

100     Amperes
15    Amperes
2    Amperes

10     Seconds

4    Ohms
10    Ohms
20     Ohms
35    Ohms
50    Ohms

160     Volts

25     Volts
160     Volts

30    Amperes
9    Amperes

10     Seconds
15     Amperes

575     Volts

6    Amperes
1.5     Amperes

Maximum Peak Potential Difference Between Switch Circuit and Tube Water Cylinder. . .1500    Volts
Switch Contact Arrangement

Over-Temperature Switch-Normally Closed
(Contacts Open on Temperature Rise)

Water-Control Switch-Normally Open
(Contacts Close on Temperature Rise)

*  When two or more tubes are connected in series for water flow, the temperature of the incoming water to the warmest
tube in the series must be within the rated limit.

delay) :egRarMdFe§€eomfa:£e¥h°::ao8re'n::r5i::'e ac::t::LL°£Vs°its-eadTpere demand  are all  on the basis of full-cycle conduction  (no phase
The switching circuit must be insulated to prevent excessive voltage between the tube cylinder and the switches.

I  Suitable fuses should be provided in the switcb circuits to prevent a power arc should a ground occur in the switch or
wiring.

INSTALLATION   AND   OPERATION   NOTES

In  order  to  realize  the  advantage  of safe  tube
operation on low-temperature cooling water, water
must be supplied to the tube through a rapid-closing
solenoid   valve   controlled   by   the   water-control
switch  on  the  tube.  The  valve  must  completely
stop  the  water  flow  to  the  tube  except  when  the
water-control switch is closed. The number of tubes
connected  in  series  for  water  from  a  single  valve
must  be   restricted   for  the   lower  temperatures.
Placing fewer tubes in series with a solenoid valve
will  allow  the  use  of  lower  incoming  water  tem-
peratures without resulting in arcbacks caused by
low tube temperatures.

If  the  water-supply  temperature  will  never  be
below  +10 C, six tubes may be connected in series
for  water  flow,  providing  the  temperature  is  not
high enough to cause over-temperature on the last
tube for the flow available and the load expected on
the  rectifier.  If  six  tubes  are  connected  in  series,
only  one  solenoid  valve  is  required  for  a  six-tube

rectifier.  It  is  possible  to  operate  with  only  one
temperature-controlled  tube  (installed  in  the  out-
going end of the series group).  For more complete
protection,   two   temperature-controlled   ignitrons
are usually installed in the last two positions on the
outgoing    water    end    with    their    water-control
switches  in  parallel   and  their   over-temperature
switches in series.

If the water-supply temperature will be less than
+10  C,  but  never  less  than  0  C,  a  series-parallel
system  should  be  used  connecting  three  tubes  in
series  for  water  flow.  Water  to  each  series  group
should be supplied through a solenoid water valve
controlled by the water-control switch on the last
tube receiving water in that group. In this arrange-
ment, one temperature-controlled tube in the out-
going  end  of  each  series  group  may  be  used  to
protect  two  non-temperature-controlled  ignitrons
in the remaining positions of the group.

If the  water-supply  temperature  is  expected  to
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INSTALLATION   AND   OPERATION   NOTES   (CONT'D)

drop  below  0  C,  all  tubes in  the  rectifier  must  be
temperature-controlled,   be   connected   in  parallel
for water  flow  and have individual  solenoid  water
valves   which    prevent    water    from    circulating
through  any  tube  until  its  water-control   switch
closes.   If  the  tubes  themselves  are  at  this   low
temperature  initially,  a low load  (such as }4 load)
should   be   applied   to   the   rectifier   long   enough
to   cause   one   operation   of  the   solenoid   valves.
After   this   initial   warming,   the   rectifier   should
be in condition to handle safely normal loads unless
it is idle in a cold atmosphere  long  enough  for the
tube again to become cold.

The  minimum   allowable   temperature   for   the
series  and  series-parallel  connections  is  based  on
normal  industrial  loads  on  the  rectifier.  For  some
special conditions of loading it is possible to lower

these temperatures.
In  some  applications,  for  example,  where  the

rectifier has only intermittent low loads which  are
not sufficient to heat the anode end of the tubes to
normal temperature,  there  may be  a tendency for
mercury to accumulate on the  inside of the  anode
glass insulating bushing. Small amounts of mercury
here  are  not serious.  If the entire surface becomes
covered,  however,  it  will  cause  an  arc  over  the
inside of the glass which may permanently damage
the  tube.   If  this  type  of  service  is  anticipated,
large accumulations of mercury over the  glass can
easily  be  prevented  by  applying  external  heat  to
the glass with small radiant heaters or heat lamps.
The glass temperature should be raised to approxi-
mately 50 C, but may go to  200 C without damage
when the tubes are loaded.
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lGNITOR   VOLT-AMPERE   REQUIREMENTS

SEALED-lGNITRON    RECTIFIERS

THE    IGNITOR    FIRING   CIRCUIT   SHOULD    BE   DESIGNED   TO
OPERATE   WITHIN   THE   SHADED   AREA

a

BOO7cO65cO400ZOOI0 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 ..

2 • • I cO

PEAK   IGNITOR   CURRENT    IN   AMPERES

K.?033883

ELEMENTARY   CIRCUIT    FOR   CAPACITOR   FIRING

lGNITf}ON

ELEMENTARY   CIRCulT    FOR   ANODE   l=lRING

5-25-54          K-9033528
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ARC   DROP

I,08642086

1=

L

0            loo        200         3cO        400         500        GOO        700        800        goo
LOAD   CURRENT   IN    PEAK   AMPERES    PER   TUBE

K-6917493

DEMAND   CURRENT   VS   PERCENTAGE   DUTY

AT  2400   VOLTS   RMS

10-20-54

I                               2                 3           4         5      6     7    8   910                           20              30        40      sO   6o7Oeo9o

DUTY   IN    PERCENTAGE

TWO    TUBES   CONNECTED   IN    INVERSE    PARALLEL

AVERAGING   TIME=1.5   SECONDS

6-20-58

®
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HOLDING   ANODE   REQUIREMENTS
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3-7-58

WHERE   lmax-MAXIMUM  VALUE   oF  AUXILIARY  ANODE  CURRENT   To   PREVENT  ARC   FROM   BEING   EXTINGUISHED  AT   END  oF
IGNITOR   PULSE  MORE   THAN   ONCE   PER  MINUTE   WITH   MAIN   ANODE  NOT   CONDUCTING.   INCREASE  APPROxl-
MATELY   40   PERCENT   TO   MAINTAIN   ARC   EVERY   CYCLE.

Ii= INSTANTANEOUS  VALUE  OF  AuXILIARY  ANODE  CURRENT  AT  TIME   IGNITOR  CURRENT   DECAYS   (FROM   CuRVES
SHOWN   FOR   TWO   VALUES   OF   a   AND   TWO   VALUES   OF   SUPPLY   VOLTAGE).

a=lGNITOR   RETARD  ANGLE   WITH   RESPECT  TO   AUXILIARY  ANODE  VOLTAGE.

0=WIDTH   OF   IGNITOR   PULSE   (DEGREES).

Em8=SUPPLY   VOLTAGE.

R=TOTAL   CIRCUIT    RESISTANCE.
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l®NITR®N
RECTIFIER   SERVICE-200   AMPERES                                                           HOLDING   ANODE
AC   CONTROL   SERVICE-2400   I(.LOVOLT-AMPERES                          TWO  ICNITORS

TEMPERATURE   CONTROLI.ED

The GL-6513 ignitron is a sealed, stainless-steel-
jacketed, water-cooled, mercury-pool tube designed
for rectifier service in the  125-,  250-,  600-, and 900-
volt  d-c  power   fields.   It  is  suitable   for   use   in
rectifiers rated up to 500 kilowatts output, depend-
ing  on  the  number  of ignitrons  used,  the  output
voltage,  and  the  circuit.  Continuous  average  cur-
rent  rating  is  200  amperes  per  tube  in  rectifiers
rated up to 300 volts d-c. The tube is also designed
for  2400-volt  a-c  control  service  where  it  has  a
rating of 2400 kilovolt-amperes.

This  tube  is  identical  in  ratings  and  character-
istics to the GL-5555. Mechanically, it has the addi-
tional  feature  of an  integral thermostatic  arrange-
ment  with  protective  features.  The  arrangement
includes a switch which controls a solenoid valve in
the  water-supply  line  to  the  tube  in  response  to
increasing  and  decreasing  tube  temperature,  thus

r\

maintaining  the  amount  of  cooling  water  to  the
minimum  required by the operating  conditions.  It
also   includes   an  over-temperature   switch  which
may  be  used  to  remove  power  from  the  ignitron
when its temperature exceeds a safe value.

This new design has several advantages. It elimi-
nates the need for heat exchangers and recirculating
water  systems  where  they  have  been  required  to
ensure safe operation of the older non-temperature-
controlled   ignitrons   when   the   available   cooling
water temperature is too low to provide the mini-
mum reliable mercury vapor pressure in the tubes.
It eliminates the usual safety devices required with
the  older  design  tubes,  such  as  water-flow  relays.
water over-temperature  relays  and  water-pressure
interlocks which have  required  considerable main-
tenance in the past. Another advantage is the pre-

GENERAL ©  ELECTRIC
Supersedes  ET-T1134  dated  1-55



GL-6513
ET-Tl I 34A

PACE   2
4-63

vention of excessive moisture condensation over the
external parts of the tube under conditions of high
humidity.

Like  its  prototype,  the  GL-6513  has  a  holding
anode  and  two  ignitors.  Excitation  of  this  anode
permits stabilizing the cathode spot for very small
anode  currents.  The  two  ignitors  assure  long  life

GENERAL

Eloclrical

C athode Excitation-Cyclic
Cathode Spot Starting~Ignitor
Number of Electrodes

Main Anodes .  .
Main Cathodes
Auxiliary Anodes
Ignitors

Arc Drop at 600 Peak Amperes .  .  .
Cathode Excitation Requirements

Ignitor Voltage Required to Fire
(See  Curve  K-9033883  for details)

Ignitor Current Required to Fire
(See  Curve  K-9033883  for  details)

Starting Time at Required Voltage or Current

Mechanical
Envelope Material-Stainless Steel
Over-all Length
Over-all Width .
Net Weight, approximate .

Thermal
Type of Cooling-Water

Inlet Water Temperature, minimum
Inlet Water Temperature, * maximum

Power-Rectifier Service
Peak Inverse Anode Voltage = 900 Volts
Peak Inverse Anode Voltage = 2100 Volts . .

AC Control Service
Voltage = 2400 Volts RMS

Water Flow, minimum
At Continuous Rated Average Current

since only one is used at a time. Phase control of the
ignitor   impulses  permits   voltage   control   of  the
rectified  output.  In  common  with  other  ignitrons
arc losses in the  GL-6513  are  low,  and design and
construction features, such as a complete stainless-
steel-water jacket, assure  ease  of installation,  eco-
nomical  use  of space,  and  reliability  of operation.

...2

16.2±0.5     Volts

450     Volts

45     Amperes

100     Microseconds

17E€     Inches
594     Inches

25     Pounds

-15C

Characteristics for Water Cooling at Rated Minimum Flow
Water Temperature Rise, maximum
Pressure Drop at 3 Gallons per Minute, maximum .

MAXIMUM   RATINGS   AND   TYPICAL   OPERATION
power-Rectifier  Service,  Continuous  DIJly

Ratings  are  for  Zero-Phase-Conlrol-See  Curves  K-69087-72AI80  and  K-69087-72AI81  for  delclils.
Maximum Peak Anode Voltage

Inverse
Forward

Maximum Anode Current

Average
Continuous
Two-Hours-Averaged Over Any Two-Minute Interval . . .

3    Gallons per Minute

7C
6    Pounds per square

Inch

900             2100     Volts
900             2100     Volts

1800             1200     Amperes

200               150     Amperes
300               225     Amperes

One-Minute-Averaged over Any one-Minute Interval...                                   400             300    Amperes

Maximum Duration of Fault Current
Frequency Range

12,000            9000     Amperes
0.15              0.15     Seconds

25-60         25-60     Cycles per  second
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MAXIMUM   RATINGS   (CONT'D)

AC  Control  Servic®t

Two  Tubes  in  Inverse  Pclrallel,  Ratings  per  Tube

Voltage
Maximum Demand

Average Current at Maximum Demand
Maximum Average Current

Demand at Maximum Average Current
Maximum Averaging Time at 2400 Volts RMS
Maximum Peak Fault Current
Frequency Range

Igni,ol.

Maximum Voltage
Positive-Anode Voltage
Negative

Maximum Current

Root Mean Square

Maximum Averaging Time
Typical Resistance Added to Ignitor Circuit for Anode Firing

At Anode Voltage of 600 Volts or Less
At Anode Voltage of 601  Volts to  1000 Volts
At Anode Voltage of 1001  Volts to  1500 Volts .
At Anode Voltage of 1501  Volts to 2000 Volts .
At Anode Voltage of 2001  Volts to  2400 Volts .

Iiolding  Anode
Maximum Peak Forward Voltage .
Maximum Peak Inverse Voltage

Main Anode Conducting
Main Anode Not Conducting

Maximum Current

Maximum Averaging Time
Root Mean Square

Temperalure-Conlrol-Swi.ch  Ralings±
Maximum Voltage
Maximum Current

Over-Temperature Switch
Water-Control Switch

2400    Volts RMS
2400     Kilovolt-Amperes

135     Amperes
207     Amperes

1105     Kilovolt-Amperes
1.66     Seconds

6000    Amperes
25-60    Cycles per second

5    Volts

loo    Amperes
15     Ampere§
2     Amperes

10     Seconds

160     Volts

25     Volts
160     Volts

30    Amperes
9    Amperes

10     Seconds
15     Amperes

575     Volts

6    Amperes
1.5     Amperes

Maximum Peak Potential Difference Between Switch Circuit and Tube Water  Cylinder. . .1500    Volts
Switch-Contact Arrangement

Over-Temperature Switch-Normally Closed
(Contacts Open on Temperature Rise)

Water-Control Switch-Normally Open
(Contacts Close on Temperature Rise)

*  When two or more tubes are connected in series for water flow, the temperature of the incoming water to tbe warmest
tube in the series must be within the rated limit.

delay) :egRa¥diesdseo¥a:£e?E::a8:'n:¥:ehnat§'eacnoit¥t:LL°ys°Lt;:dTpere demand are all on the basis of full-cycle conduction  (no phase
The switching circuit must be insulated to prevent excessive voltage between tube cylinder and switches.

I  Suitable fuses should be provided in the switch circuits to prevent a power arc should a ground occur in the switch  or
wiring.

INSTALLATION   AND  OPERATION   NOTES

In  order  to  realize  the  advantage  of  safe  tube     stop  the  water  flow  to  the  tube  except  when  the
operation on low-temperature cooling water, water     water-control switch is closed. The number of tubes
mustbe supplied to the tube through a rapid-closing     connected  in  series  for  water  from  a  single  valve
solenoid   valve   controlled   by   the   water-control     must  be   restricted   for   the  lower   temperatures.
switch  on  the  tube.  The  valve  must  completely     Placing fewer tubes in series with a solenoid valve
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INSTALLATION   AND  OPERATION   NOTES  (CONT'D)

will  allow  the  use  of  lower  incoming  water  tem-
peratures without resulting in  arcbacks  caused  by
low tube temperatures.

If  the  water-supply  temperature  will  never  be
below  +10 C, six tubes may be connected in series
for  water  flow,  providing  the  temperature  is  not
high enough to cause over-temperature on the last
tube for the flow available and the load expected on
the  rectifier.  If  six  tubes  are  connected  in  series,
only  one  solenoid  valve  is  required  for  a  six-tube
rectifier.  It  is  possible  to  operate  with  only  one
temperature-controlled  tube  (installed  in  the  out-
going end of the series  group).  For more complete
protection,   two   temperature-controlled   ignitrons
are usually installed in the last two positions on the
outgoing    water    end    with    their    water-control
switches   in   parallel   and   their   over-temperature
switches in  series.

If the water-supply temperature will be less than
+10  C,  but  never  less  than  0  C,  a  series-parallel
system  should  be  used  connecting  three  tubes  in
series  for  water  flow.  Water  to  each  series  group
should be supplied through  a solenoid water valve
controlled by the  water-control  switch  on the  last
tube receiving water in that group. In this arrange-
ment,  one temperature-controlled  tube in the out-
going  end  of  each  series  group  may  be  used  to
protect  two  non-temperature-controlled  ignitrons
in the remaining positions of the group.

If the  water-supply  temperature  is  expected  to
drop  below  0  C,  all  tubes  in the  rectifier  must be
temperature-controlled,   be   connected   in  parallel

for water flow, and have individual §olenoid water
valves which prevent water from circulating through
any  tube  until  its  water-control  switch  closes.  If
the  tubes themselves  are  at  this  low  temperature
initially,  a  low  load  (such  as  }4  load)  should  be
applied  to  the  rectifier  long  enough  to  cause  one
operation  of the  solenoid  valves.  After  this  initial
warming,  the  rectifier  should  be  in  condition  to
handle safely normal loads unless it is idle in a cold
atmosphere  long  enough  for  the  tubes  again  to
become cold.

The   minimum   allowable   temperature   for   the
series  and  series-parallel  connections  is  based  on
normal  industrial  loads  on  the  rectifier.  For  some
special conditions of loading it is possible to lower
these temperatures.

In  some  applications,   for  example,  where  the
rect.ifier has only intermittent low loads which  are
not sufficient to heat the anode end of the tubes to
normal temperature,  there may be  a tendency for
mercury to accumulate on the  inside  of the  anode
glass insulating bushing. Small amounts of mercury
here  are  not serious.  If the entire  surface becomes
covered,  however,  it  will  cause  an  arc  over  the
inside of the glass which may permanently damage
the  tube.   If  this  type  of  service  is  anticipated,
large  accumulations of mercury over the  glass can
easily  be  prevented  by  applying  external  heat  to
the glass with small radiant heaters or heat lamps.
The glass temperature should be raised to approxi-
mately 50 C, but may go to 200 C without damage
when the tubes are loaded.
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lGNITOR   VOLT-AMPERE   REQUIREMENTS

SEALED-lGNITRON    RECTIFIERS

THE    IGNITOR    FIRING   CIRCUIT    SHOULD    BE   DESIGNED   TO

OPERATE    WITHIN   THE    SHADED   AREA

COO76cO5cO40coo20Ice0
I........-.........-I I-....I.I...........I....-............I.I...
...-I.....I ......
......
........I I .................-.-.-

` .-I ..
` I ....I. ..I.... .....-........I.I.

I-I.
` .

20 • cO cO

PEAK   IGNITOR   CURRENT    IN   AMPERES

K-9033525

ELEMENTARY   CIRCUIT    FOR   CAPACITOR    FIRING

5-25-54

lGNITPON

ELEMENTARY   CIRCUIT    FOR   ANODE    FIRING
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ARC   DROP

OUTLET   WATER  TEMPERATURE-40   TO   60   C
WATER  FLOW-3   GPM

0             ZOO          400          GOO         BOO         1000         1200        1400
LOAD   CuRRENT   IN    PEAK   AMPERES    PER   TUBE

DEMAND   CURRENT   VS   PERCENTAGE   DUTY
AT   2400   VOLTS   RMS

000aaaaa1a

II -

\

I

I 2 3 5 C 7 e a K}                              cO               sO        cO       sO cO70 eo sO

DUTY   IN    PERCENTAGE

TWO    TUBES   CONNECTED   IN    INVERSE    PARALLEL

AVERAGING   TIME=1.66   SECONDS
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HOLDING  ANODE   REQUIREMENTS
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IGNITRON
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RECTIFIER   SERVICE-150   AMPERES

AC   CONTROL   SERVICE-2400   KILOVOLT-AMPERES
HOLDING   ANODE             TEMPERATURE-CONTROLLED              TWO   ICNITORS
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GL-6514
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a

a

n

The   GL-6514   is   a   permanently   sealed
water-cooled   rectifier   ignitron   similar   in
construction   and  rating   to   the   GL-5788.
Special  features  are  the  addition  of an  in-
tegral    temperature-control    device    with
protective features,  and  low  water-pressure
drop. The tube is designed for operation in
300-,    600-,    and    900-volt    d-c    industrial
rectifier   circuits.   The   continuous   average
anode  current  rating   is   150   amperes   per
tube  in rectifiers  rated up  to  400  volts  d-c.
The  control  inc.ludes  a  switch  which  oper-
ates  a  solenoid  valve  in  the  water-supply
line  to  the  tube  in  response  to  increasing
and    decreasing   tube    temperature,    thus
maintaining  the  amount  of  cooling  water
to the minimum required  by  the operating
conditions. It also includes an over-tempera-

ture  switch  which  may  be  used  to  remove
power from  the ignitron when its tempera-
ture  exceeds  a safe value.

This  design  eliminates the need for heat
exc.hangers  and recirculating water Systems
required   to  ensure  safe  operation  of  the
non-temperature-controlled  tube  when  the
available cooling water   temperature is too
low  to  provide  the  minimum  reliable  mer-
cury-vapor  pressure  in  the  tubes.  Another
advantage   i§   that   temperature-controlled
tubes replace the usual. safety devices, such
as,  water-flow  relays,  water  over-tempera-
ture  relays,  and  water-pressure  interlocks.
which   require   considerable   maintenance.
These   tubes   prevent   excessive   moisture
condensation over their external parts under
conditions  of high  humidity.

ELECTRICAL
Cathode Excitation-Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes
Main Cathodes
Holding chodes
Ignitors

Arc  Drop  at  600  Amperes  Peak ...... 16.2±0.5     Volts
See Curve  ``Arc Drop"

MECHANICAL
Envelope Material-Stainless Steel
Net weight, approximate ...... 25    Pounds

THERMAL
Type of Cooling-Water
Inlet Water Temperature*, minimum ......- 10C

Inlet Water Temperature, maximum
Power-Rectifier Service

Peak Inverse Anode Voltage =
900  Volts and Below ........

Peak Inverse Anode Voltage =
55C

2100VoltsandBelow ...... 50     C
AC Control Service

Voltage=2400 Volts  HMS ...... 45     C

Water Flow, minimum, solenoid water valve opent
At Continuous Rated Average Current ..... 3    Gallons   per

Minute
Characteristics for Water Cooling at Rated Minimum Flow

Water Temperature Rise, maximum ...... 4.5     C
Pressure  Drop  at  3   Gallons  per   Minute,

3    Pounds   per
Square    Inch

*  See "Installation and Operation Notes"

t  Water  flow  should  be  continued  for  at  least  thirty  minutes
after removal of anode power.

MAXIMUM   RATINGS

Power-Rectifier  Service,  Continuous  Duly
Ratings  are  for  Zero-Phase-Control  Angle-See  Curves``Commutation Limits"
Maximum Peak Anode Voltage

Inverse
Forward

Maximum Anode Current

Average
Continuous

900-2100     Volts
2100     Volts

1200     Amperes

150    Amperes
Two-Hours-Averaged  Over  Any  Two-

Minutelnterval ........ 225     Amperes
One-Minute--Averaged  .Over  Any  One-

Minute Interval ........ 300     Ampcres
9000    Amperes

Maximum Duration of Fault current..0.15    Seconds
Frequency Range 25-60     Cycles   per

Second

AC  Conlrol  Service

Two Tubes in Inverse Parallel, Ratings per Tube
Voltage
Maximum Demand

2400    Volts RMS
2400     Kilovolt-

Amperes
Average current at Maximum Demand...135    Amperes

Maximum Average current ...... 207    Amperes
Demand at Maximum Average current..1105    Kilovolt-

Amperes
Maximum   Averaging   Time   at   2400   Volts

I.66     Seconds
Maximum Peak Fault Current .  . .
Frequency Range

.6000     Amperes
25-60     Cycles   per

Second

GENERAL ©  ELECTRIC I
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Holding  Anode
See  Curve  "Holding  Anode  Requirements"
Maximum Peak Voltage

Forward

MAXIMUM   RATINGS   (Conl'd)

Ignilor
Maximum Voltage

Positive-Anode Voltage
160     Volts

Inverse
Main Anode conducting ...... 25    Volts
MainAnodeNon-Conducting ......... 160     Volts

Maximum Current
30    Amperes

9    Am|)eres

Inverse
Maximum Current

Maximum Averaging Time
Rcot Mean Square

S     Volts

100     Amperes
2     Amperes

10     Seconds
15     Amperes

Maximum Averaging Time ....,.
Rcot Mean Square

Calhode  Excilolion  Requirements
Ignitor Voltage Required to Fire . . .

10     Seconds
15    Amperes

450    Volts•See Curve r`Ignit6r Volt-Ampere Requirements"

[8%£ete°rc::;:e.T±gEiet::irveoditt.°A:i::;e.kedjfreme4n5ts,Pmperes

Starting   Time   at   Required   Voltage   or
Current

Peak Excitation Arc Current Required,
100 Microseconds

8    Amperes
See Curve "Holding Anode Requirements"

Excitation Arc-Drop voltage ....... 9±0.5    Volts
Excitation    Arc    Open-Circuit    Voltage,

55    VoltsAc

Temperature-Control-Switch  Ralings±
Maximum Voltage
Maximum Current

Over-Temperature Switch ......
Water-Control Switch ......

S75     Volts

..6     Amperes
1.5     Amperes

Maximum Peak Potential Difference Between
Tube water cylinder and switch circuit.1500    Volts

Switch-Contact Arrangement
Over-Temperature Switch-Normally Closed

(Contacts Open on Temperature Rise)
Water-Control Switch-Normally Open

(Contacts  Close on Temperature Rise)

I  Suitable fuses should be provided in the switch circuits to prevent a power arc should a ground occur in the switch or wiring.

INSTALLATION  AND  OPERATION   NOTES

In  order  to  realize  the  advantage  of  safe  tube  operation
on  low-temperature  cooling  water,  water  must  be  supplied
to the tube through a rapid-closing solenoid valve controlled
by  the  water-control  switch  on  the  tube.  The  valve  must
completely stop the water flow to the tube except when the
water-control  switch  is  closed.   The  number  of  tubes  con-
nected  in  series  for  water  from  a  single  valve  must  be  re-
stricted  for  the  lower  temperatures.  Placing  fewer  tubes  in
series  with  a  solenoid  valve  will  allow  the  use  of lower  in-
coming  water  temperatures  without  resulting  in  arcbacks
caused  by  low  tube  temperatures.

If  the   water-supply  temperatures   will   never   be  below
+5  C,  three  tubes  may  be  connected  in  series  for  water
flow,  provided the temperature is  not high  enough to  cause
over-temperature on the last tube for the flow available and
the  load  expected  on  the  rectifier.  If three  tubes  are  con-
nected  in  series,  only  one  solenoid  valve  is  required  for  the
series  group,  and  only  the  last  tube  in  the  group  requires
the temperature-control switches.

If  the   water-supply   temperature   may   sometimes   drop
below  +5  C,  all tubes in the rectifier must be temperature-
controlled, be connected in parallel for water flow,  and have
individual solenoid water valves which prevent water from cir-
culating through any tube until its water-control switch closes.

If the tubes themselves are at this low temperature initially,
a low load  (Such as  34 load)  should be applied to the rectifier
long  enough  to  cause  one  operation  of the  solenoid  valves.
After this initial warming, the rectifier should be in condition
to  handle  safely  normal  loads  unless  it  is  idle  in  a  cold  at-
mosphere long enough for the tube again to become cold.

The minimum allowable temperature for the series-parallel
connection is based on normal industrial loads on the rectifier.
For some special conditions of loading it is possible to lower
these temperatures.

In  some  applications,  for example,  where the rectifier  has
only intermittent  low loads  which  are  not  sufficient  to  heat
the anode end of the tubes to normal temperature, there may
be a tendency for mercury to accumulate on the inside of the
anode  glass  insulating  bushing.  Small  amounts  of  mercury
here  are  not  serious.  If the  entire  surface  becomes  covered,
however, it will cause an arc over the inside of the glass which
may permanently damage the tube.  If this type of service is
anticipated,    large    accumulations    of   mercury   over   the
glass  can  easily  be  prevented  by  applying  external  heat  to
the glass with small radiant heaters or heat lamps. The glass
temperature  should  be  raised  to  approximately  50  C,  but
may go to 200 C without damage when the tubes are loaded.

lGNITB0NS

ELEMENTApy    ciBcuiT    FOB    cAPAciTof}     FmiNc

RECTIFIER
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RECTIFIER   SERVICE400   AMPERES HOLDING   ANODE

AC  CONTROL  SERVICE-4800  KILOVOLT-AMPERES                           TWO   ICNITORS

TEMPERATURE   CONTROLLED

The  GL-6515  ignitron is a sealed,  stainless-steel
jacketed, water-cooled mercury-pool  tube  for  rec-
tifier service in the 125-, 250-, 600-, and 900-volt d-c
power fields. It is suitable for use in rectifiers rated
up  to  1000  kilowatts  output,  depending  on  the
number of ignitrons used, the output voltage,  and
the  circuit.  Continuous  average  current  rating  is
400  amperes per tube in rectifiers rated up to 300
volts d-c. The tube is also designed for 2400-volt a-c
control service where  it has  a rating  of 4800  kilo-
volt-amperes.

This  tube  is identical in  ratings  and  character-
istics  to   the  GL-5564.  Mechanically,  it  has   the
additional   feature   of   an   integral   thermostatic
arrangement with protective features. The arrange-
ment  includes  a  switch  which  controls  a  solenoid
valve   in   the  water-supply   line   to   the   tube   in
response  to  increasing  and  decreasing  tube  ten-
perature,  thus  maintaining the  amount of cooling

water  to  the  minimum  required  by  the  operating
conditions.   It  also  includes  an  over-temperature
switch which  may be  used to remove power from
the  ignitron  when  its  temperature  exceeds  a  safe
value.

This   new   design   has   several   advantages.   It
eliminates  the  need  for  heat  exchangers  and  re-
circulating  water  systems  where  they  have  been
required to ensure safe operation of the older non-
temperature-controlled  ignitrons  when  the  avail-
able  cooling water temperature is too low to pro-
vide the minimum reliable mercury vapor pressure
in the tubes.  It eliminates the usual safety devices
required with the older design tubes, such as water-
flow   relays,   water   over-temperature   relays   and
water-pressure interlocks which have required con-
siderable  maintenance  in  the  past.  Another  ad-
vantage  is  the  prevention  of  excessive  moisture
condensation  over  the  external  parts  of the  tube

GENERAL ©  ELECTRIC
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under conditions of high humidity.
Like  its  prototype,  the  GL-6515  has  a  holding

anode  and  two  ignitors.  Excitation  of  this  anode
permits stabilizing the cathode spot for very small
anode  currents.  The  two  ignitors  assure  longlife
since only one is used at a time. Phase control of the
ignitor  impulses   permits  voltage   control  of  the

GENERAL
Eleclricol

Cathode Excitation-Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes
Main Anodes

Main Cathodes .
Holding Anodes
Ignitors
Control Grids

Arc Drop at  1200 Peak Amperes
Arc Drop at 8000 Peak Amperes
Cathode Excitation Requirements

Ignitor Voltage Required to Fire
(See  curve  K-9033883  for  cletails)

Ignitor Current Required to Fire
(See  curve  K-9033883  for  delails)

Starting Time at: Required Voltage or Current
Peak Excitation Arc Current Required, minimum

(See  curve  K-69087-72A387  for  details)
Excitation Arc-Drop Voltage

Grid Requirements *
Minimum Voltage to Establish Conduction
Minimum Voltage to Prevent Conduction
Positive Current to Establish Conduction .

Mechanical
Envelope Material-Stainless Steel
Over-all Length
Over-all Width .
Net Weight,  approximate. . .

Thermal

Type of Cooling~Water
Inlet Water Temperaturet, minimum
Inlet Water Temperature I, maximum

Power-Rectifier Service
Peak Inverse Anode Voltage =900 Volts
Peak Inverse Anode Voltage = 2100 Volts

AC  Control Service
Voltage = 250 Volts RMS
Voltage = 600 Volts RMS
Voltage = 2400 Volts RMS

Water Flow, minimum
At Continuous Rated Average Current

rectified  output.  In  common  with  other  ignitrons
arc  losses  in  the  GL-6515  are  low,  and  design  and
construction features, such as a complete stainless-
steel-water   jacket,    assure   ease   of   installation,
economical  use  of  space,  and  reliability  of  opera-
tion.

18.2±0.1     Volts
35±0.1     Volts

450     Volts

45     Amperes

100     Microsec.onds
6    Amperes

12     Volts

50     Volts
100     Volts
0.I     Amperes

27Ei     Inches
9%    Inches
90    Pounds

50C
40C

30C
30C
30C

6    Gallons per Minute
Characteristics for Water Cooling at Rated Minimum Flow

Water Temperature Rise, maximum
Pressure Drop at 6 Gallons per Minute, maximum

MAXIMUM   RATINGS   AND   TYPICAL   OPERATION
Power-Rectifier  Service,  C®nlinuous  Duty

Ralings  are  for  Zero  Phclse-Control  Angler-See  curves  K-69087-72AI78  clnd  K-69087-72AI79  for delails.
Maximum Peak Anode Voltage

Inverse
Forward .

1    Pound  per  Square
Inch

900     Volts
900     Volts
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3600     Amperes

MAXIMUM   RATINGS   (CONT'D)

Power  Reclifier  Service  (Conl'd)

Maximum Anode Current

Average
Continuous
Two-Hours-Averaged Over Any Two-Minute Interval
One-Minute-Averaged Over Any One-Minute Interval

Fault .
Maximum Duration of Fault Current

Frequency Rangea

n

AC  Conlrol  Service§

Two Tubes in  Inverse  Parallel,  Ratings  per Tube

Voltage
Maximum Demand

Average Current at Maximum Demand
Maximum Average Current .

Demand at Maximum Average Current
Maximum Averaging Time .  . .
Maximum Peak Fault Current . .
Frequency Range

]gnj'Or

Maximum Voltage
Positive-Anode Voltage
Negative

Maximum Current

Root Mean Square

Maximum Averaging Time
Typical Resistance Added to Ignitor Circuit for Anode Firing

At Anode Voltage of 600 Volts or Less
At Anode Voltage of 601  Volts to  1000 Volts .
At Anode Voltage of 1001  Volts to  1500 Volts
At Anode Voltage of 1501  to  2000 Volts
At Anode Voltage of 2001  to  2400 Volts

Holding  Anode

Maximum Peak Forward Voltage
Maximum Peak Inverse Voltage

Main Anode Conducting
Main Anode Not Conducting

Maximum Current

Maximum Averaging Time
Root Mean Square

OI.id*

Maximum Peak Forward Voltage
Maximum Peak Inverse Voltage
Maximum Grid-Current

Peak Positive
Peak Negative
Average
Root Mean Square

Temperature-Control-Switch  Ratings 7r

Maximum Voltage
Maximum Current

Over-Temperature Switc.h
Water-Control Switch

400    Amperes
600     Amperes
800     Amperes

15,000     Amperes
0.15     Seconds

25-60     Cycles per second

2400     Volts RMS
4800     Kilovolt-Amperes

270     Amperes
414    Amperes

2210     Kilovolt-Amperes
1.66     Seconds

12,000     Amperes
25-60     Cycles per second

5    Volts

100     Amperes
15     Amperes
2     Amperes

10     Seconds

160     Volts

25     Volts
160     Volts

30    Amperes
9    Amperes

10     Seconds
15     Amperes

250     Volts
300     Volts

575     Volts

6    Amperes
1.5     Amperes

Maximum Peak Potential Difference Between Switch Circuit and Tube Water Cylinder .... 1500    Volts
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Switch-Contact Arrangement
ov(e:;::amc:8er6;:rneosnwit:i=e¥aotru=ealkyi§:;osed
w:teor;:aocnt:r%1,oSs¥i:cnhFeEopreTaatl;¥eofies:)

*  At main  anode voltages of 500 volts  and over,  the grid circuits should provide a negative d-c bias of 100 volts and
a suitable turn-on voltage to swing the grid positive at the time the ignitor is fired.  At lower anode voltages, it is sufficient to
connect the grid to the main anode tbrough a resistor. In either case, the grid-circuit resistance sbould be 500 to  1000 ohms.

i  Dependent upon load conditions. For substantially constant load 0  C  is  satisfactory.  For  widely  fluctuating  loads
25  C is required.

I  When two or more tubes are connected in series for water flow the temperature of the incoming water to the warmest
tube in the series must be within the rated limit.

delay)r§eg:r¥|:sg:#££:tx::toarg:;tc:rhr::et'c::tdrof{i[§°:::tj:Fopre;eoi€:Fe:nbdei:r;t£[e`::n:ieuia,S;ae°fmi:1;`ic¥£:v:?tnadguec:;u°rnre(:t°rpat;ans:
applies. With the use of log-log paper straight-line interpolation between tabulated points may be used for other detailed ratings
of : Demand kva vs average anode current, and maximum averaging time vs anode voltage.

At  higher  voltage  ratings,  the  switching  circuit  must  be  insulated  to  prevent  excessive  voltage  between  the  tube
cylinder and Switches.

7r Suitable fuses should be provided in the switch circuits to prevent a power arc should a ground occur  in  the  switch
or wiring.

NOTE:  This tube is not recommended for applications reciuiring continuous voltage control  greater  than  15  percent
voltage reduction.

INSTALLATION  AND  OPERATION   NOTES

In  order  to  realize  the  advantage  of  safe  tube
operation on low-temperature cooling water, water
must be supplied to the tube through a rapid-closing
solenoid   valve   controlled   by   the   water-control
switch  on  the  tube.  The  valve  must  completely
stop  the  water  flow  to  the  tube  except  when  the
water-control switch is closed.

All  tubes  in  the  rectifier  must  be  temperature
controlled,  be  connected  in parallel for  water flow
with  an  individual  solenoid  water  valve  for  each
tube.  If the  tubes themselves are  at temperatures
below 3  C before a period of operation,  a low load
(such as J4 load) should be applied to the rectifier
long enough  to  cause one  operation  of the  valves.
After this initial warming, the rectifier should be in
condition to handle safely normal loads unless it is
idle in a cold atmosphere long enough for the tubes

again to become cold.
In  some  applications,  for  example,  where  the

rectifier has only intermittent low loads which are
not sufficient to heat the anode end of the tubes to
normal temperature,  there may be a tendency for
mercury to accumulate on the inside  of the  anode
glass insulating bushing. Small amounts of mercury
here  are not serious.  If the entire surface becomes
covered,  however,  it  will  cause  an  arc  over  the
inside of the glass which may permanently damage
the  tube.  If  this  type  of  service  is  anticipated,
large accumulations of mercury over the glass can
easily  be  prevented  by  applying  external  heat  to
the glass with small radiant heaters or heat lamps.
The glass temperature should be raised to approxi-
mately   100   C,   but  may  go   to   200   C   without
damage when the tubes are loaded.
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ELEMENTARY   CIRCUIT   FOR   ANODE   FIRING

TYPICAL   VALUES

SUPPLY

10-22-54

0

®

n

Rli`

ANODE  VOLTAGE=600   VOLTS   OR   LESS-4   OHMS
ANODE  VOLTAGE=601    VOLTS   TO   1000  VOLTS-10   OHMS
ANODE  VOLTAGE=1001    VOLTS   TO   1500   VOLTS-20   OHMS
ANODE  VOLTAGE=1501    VOLTS   TO   2000  VOLTS-35   OHMS

Rg=500   OHMS
CB=8   MFD
CG=O.1    MFD

FUSE=6   AMPERES

| ANODE  VOLTAGE=2001   VOLTS   TO   2400   VOLTS-50   OHMS

RHA= PROPER   RESISTANCE   TO    PROVIDE   NECESSARY   STABILIZING
CURRENT   CALLED   FOR   ON   K-69087-72A387

"Aus=R

CB=8   MFD
CG-0.I    MFD
C|=15-20  MFD
L|=1-1.5   mh

Rc-10   OHMS

ELEMENTARY   CIRCUIT   FOR   CAPACITOR   FIRING

TYPICAL   VALUES

Rg=500  OHMS
RHA= PROPER   RESISTANCE   TO    PROVIDE   NECESSARY

STABILIZING   CURRENT   CALLED    FOR   ON
K-69087-72A387

FuSE=5   AMPERES
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lGNITOR   VOLT-AMPERE   REQUIREMENTS

SEALED-IGNITRON   RECTIFIERS

THE   IGNITOR   FIRING   CIRCUIT   SHOULD    BE   DESIGNED   TO
OPERATE   WITHIN   THE   SHADED   AREA
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HOLDING  ANODE   REQUIREMENTS
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I®NITR®N
LOCOMOTIVE  RECTIFIER  SERVICE-675  AMPERES                              TWO  IGNITORS

The  GL-6878 is  a double-grid  ignitron designed     during swaying of the equipment.
for railroad locomotive rectifier service.                               A   companion   tube,   the   GL-6509   ignitron,   is

A  coaxial  cathode-current  return  reduces  mag-     available tosupply the auxiliary powerrequirements
netic  fields  due  to  tube  currents.  The  tube  also     of applications which use the GL-6878 as the main
features baffles in the mercury pool to assure con-     power source.
tact  between  the  mercury  and  the  ignitor  points

GENERAL
El®c'rical

Cathode E xcitation-Cyclic
Cathode-Spot Starting-I gnitor
Number of Electrodes

Main Anodes . .
Main Cathodes .
Holding Anode .
Ignitors
Shield Grids
Control Grids .
Arc Drop at 2000 Peak Amperes
Arc Drop at 4000 Peak Amperes

(See Curve K-69087-72A764 for Details)

GENERAL ©  ELEOTRlo
Supersedes  ET-T1284A  dated T2-56

.1

21±1     Volts
26±1     Volts
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Mechanical

Envelope Material-Stainless Steel
Over-all Length
Over-all Width .
Net Weight

Therltlal

Type of Cooling-Water
Inlet Water Temperature,  minimum
Outlet Water Temperature, maximum .  .
Water Flow, minimum

At Continuous  Rated Average Current
At No Load .

Recommended Outlet Water Temperature Range. .
Characteristics for Water Cooling at Rated Minimum Flow

Water Temperature Rise, maximum
Pressure Drop at  10 Gallons per Minute, maximum

MAXIMUM   RATINGS  AND  TYP.CAL  OPERATION
Power.Rectifier  Service,  Continuous  Duly,  Single  Phase

Ratings  are  for  Zero-Phase-Control  Angle

Maximum Peak Anode Voltage
Inverse
Forward

Maximum Anode Current

Average*
Continuous
Fifty Minutes
Twelve Minutes
Six Minutes
Four Minutes

Fault
Peak, Forward Direction
Peak, Reverse Direc.tion .
Maximum Duration of Fault Current

Frequency
lgni'or

Volt-Ampere-Time  Requirements-See  Curve  K-69087-72A741  for  Delails
Maximum Inverse Voltage
Maximum Current

Root Mean Square
Average .  . .

Maximum Averaging Time
Holding  Anode

Maximum Peak Forward Voltage
Maximum Peak Inverse Voltage

Main Anode Conducting
Main Anode Not Conducting

Maximum Current
Peak .  .
Average

Maximum Averaging Time
Root Mean Square

Shield  Grid

Shield-Grid Voltage
Peak Forward ....
Peak Inverse

Conlro]  Orid
Shield-Grid Current

Peak Forward . . .
Peak  Inverse .....

Control-Grid Voltage
Peak Forward . . .
Peak  Inverse.  .  .

Control-Grid Current
Peak Forward .  . .
Peak Inverse
*  Short time loads applied following light load.

30%     Inches
13%     Inches

190     Pounds

30C
55C

10     Gallons per Minute
1     Gallons per Minute

...40to45      C

10C
2.5    Pounds per square Inch

4000     Volts
100     Volts

.     2500     Amperes

675     Amperes
675     Amperes
750     Amperes
810     Amperes
875     Amperes

20,000     Amperes
40,000     Amperes

0.15     Seconds
25     Cycles per second

160     Volts

.25     Volts
160     Volts

30     Amperes
9    Amperes

10     Seconds
15     Amperes

Minimum      Maximum
200               500     Volts

200     Volts

0.2                     5     Amperes
0.2     Amperes

200               500     Volts
100               200     Volts

0.4                    5     Amperes
0.4                     1     Amperes

U

®

u

®

®
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lGNITOR   VOLT-AMPERE   REQUIREMENTS   FOR   SEPARATE   EXCITATION
SEALED-IGNITRON    RECTIFIERS

THE   IGNITOR    FIRING    CIRCUIT   SHOULD    BE   DESIGNED   TO    OPERATE    WITHIN    THE    SHADED   AREA

800'TOO,

coo

500    `       ,
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4003cO

2cOloo
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°               2o            40            60 80
K-6?o87-72A741       PEAK    IGNITOR   CURRENT   IN   AMPERES                                       12-9.55
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®

n

lGNITR®N
POWER-RECTIF:IER   SERVICE lNVERTER   SERVICE

TWO   IGNITORS

The  GL-6958  is  a double-grid  ignitron designed          This   tube   is  particularly  suitable   when   more
for industrial rectifier or inverter applications where     than  usual  amounts  of  voltage  control  by  phase
it will  operate  at  peak  inverse voltages  as high  as     retard  are  required.  In addition,  the  tube  features
4000   volts.   In   such   applications   six   tubes   will     a   coaxial   cathode   current   return   which   reduces
supply  3000  kilowatts  at  voltages  of  1800  or  3600     magnetic fields caused by the tube currents.
volts d-c, depending upon the circuit used.

GENERAL
Eleclrical

Cathode Excitation-Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes
Holding Anode .
Main Cathodes
Ignitors
Shield Grids
Control  Grids.  .  .

Arc Drop
At  1000 Peak Amperes .
At  2000 Peak Amperes .

(See  curve  K-69087-72A709  tor  details)

GEN ERAL ©  ELEOTRI0
Supersedes  ET-T1479  dated  11-57

20.5   ±2  Volts
24.0   ±2  Volts
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GENERAL   (CONT'D)

Mechanical

Envelope Material-Stainless Steel
Over-all Length
Over-all Width .
Net Weight.  .  .

Thermal
Type of Cooling-Water

Inlet Water Temperature, minimum
Outlet Water Temperature, maximum
Water Flow

At Continuous Rated Average Current, minimum
At No Load,  *minimum .

Temperature Range
Characteristics for Water Cooling at  10 Gallons per Minute

Water Temperature Rise, maximum
Pressure Drop, maximum
Working Water Pressure-Non Shock, maximum

MAXIMUM   RATINGS   AND   TYPICAL   OPERATION
Power-Rectifier  or  lnverler  Service,  Continuous  Duly

Ratings  Are  for  Zero-Phase-Conlrol  Angle

Maximum Peak Anode Voltage
Inverse
Forward

Maximum Anode Current

Average
Continuous
Two Hours
One Minute .

Fault
Forward Direction
Reverse Direction
Maximum Duration of Fault Current

Frequency Range
lgnilor  Chal.aclerislics

Maximum Inverse Voltage
Recommended Pulse Length ....
Minimum Pulse Length,  average anode current greater than 8 amperes .
Maximum Pulse Length
Volt-Ampere Characteristics-See curve K-69087-72A803  for details.

Holding  Anode
Maximum Peak Forward Voltage .
Maximum Peak Inverse Voltage

Main Anode Conducting
Main Anode Not Conducting

Maximum Current
Peak .  -
Average

Maximum Averaging Time
Root Mean Square .

Shield-Grid  Characteristics
Voltage

Peak Forward
Peak Inverse .  ,

Current

Peak Forward .
Peak Inverse

Conlrol-Grid  Charactel.istics
Vol'oge

Peak Forward
Peak Inverse

Currenl

Peak Forward .
Peak Inverse .  .

DC Bias
*  Water flow should be continued for one hour after removal of anode power.

27%     Inches
9     Inches

95  Pounds

30C
55C

10  Gallons per Minute
1  Gallons per Minute

40  to  45   C

6.5C
1.5  Pounds per Square Inch
100  Pounds per Square Inch

4000  Volts
4000  Volts

2000  Amperes

275  Amperes
350  Amperes
570  Amperes

15,000  Amperes
30,000  Amperes

0.15   Seconds
25  to  60  Cycles  per Second

5  Volts
800  Microseconds

.      150   Microseconds
4000  Microseconds

160     Volts

25     Volts
160     Volts

Minimum    Maximum

200                  500  Volts
200  Volts

0.2                  5.0  Amperes
0.2  Amperes

200                  500   Volts
100                  200  Volts

0.4                  5.0  Amperes
0.4                  1.0  Amperes

-90           -110  Volts

a
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ARC   DROP
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1000
PEAK   ANODE   CURRENT   IN   AMPERES

1500 2000

1  I -6-58

lGNITOR   VOLT-AMPERE   REQUIREMENTS   FOR   SEPARATE   EXCITATION
SEALED-lGNITRON    RECTIFIER

THE   IGNITOR   FIRING   CIRCulT   SHOULD   BE   DESIGNED   TO   OPERATE   WITHIN   THE   SHADED   AREA

BOOTOOGOO500400300200loo0

I  IGNITOR

I

8oo SEC

R EGO MMENDED  PuLSE  WIDTH

A a

MAXIMUM   ALLOWED

MIN'REOU"I:gDV

20            40             60            80
PEAK   IGNITOR   CURRENT   IN   AMPERES
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SHORT   PERIOD   OPERATION   RATINGS

PEAK   INVERSE   VOLTAGE=4000   VOLTS

INLET   WATER   TEMPERATURE=45   C

A-PHASE   RETARD=ZERO

B-PHASE   RETARD=15%   (ESTIMATED)

C-PHASE   RETARD=50%   (ESTIMATED)

IiiiiiE
A

a IiiiiE
C iiiii-

I   MINUTE                                                5      MINUTES                                                                                                 I      HOuFt             2      HOURS                                                        12110uFts
|CONTINuOuSI

DURATION   OF   LOAD



GL-6958
ET-T1479A

Page  5
4-63

HOLDING   ANODE   REQUIREMENTS
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ICNITR®N

POWER   RECTIFIER   SERVICE
TWO   IGN]TORS

lNVERTER   SERVICE
TEMPERATURE   CONTROLLED

2000   AMPERES   PEAK

The  GL-7042   is  a  double-grid  ignitron  for  in-
dustrial rectifier or inverter service at voltage levels
up  to  4000  volts  peak  inverse.  This  tube  is  par-
ticularly suitable when more than usual amounts of
voltage control by phase retard are required.

The  GL-7042  is  identical  in  ratings  and  char-
acteristics to the GL-6958 but it has the additional
advantage   of   an   integral   thermostatic   control
arrangement with protective features. The arrange-

GENERAL
Electrical

Cathode Excitation-Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes
Holding Anode
Main Cathodes
Ignitors
Shield Grids
Control Grids

Arc Drop
At  1000 Peak Amperes
At  2000 Peak Amperes

ment  includes  a  switch  which  controls  a  solenoid
valve  in  the  water-supply  line  to  the  tube  in  re-
sponse to increasing and decreasing tube tempera-
ture,  thus  maintaining  the  minimum  amount  of
cooling   water   required   by   the  operating  condi-
tions.  It also  includes  an over-temperature switch
which  may  be  used  to  remove  power  from  the
ignitron  if  its  temperature  should  ever  exceed  a
safe value.

20.5±2     Volts
24.0±2     Volts

(See  Curve  K-69087-72A709  for  Details)

GENERAL ©  ELEOTRlo
Supersedes  ET-T1510  dated  12-58
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GENERAL   (CONT'D)

Mechanical

Envelope Material-Stainless Steel
Over-all Length
Over-all Width .
Net Weight, approximate
Mounting Position-Vertical, Anode Terminal Up

Thermal
Type of Cooling-Water

Inlet Water Temperature, minimum*
Inlet Water Temperature, maximumt
Outlet Water Temperature, maximum
Water Flow, water valve open±

At Continuous Rated Average Current, minimum

27%     Inches
9    Inches

95    Pounds

10C
45C
55C

10     Gallons per Minute
Water flow should be continued for at least one hour after removal of anode power.

Characteristics at  10  Gallons per Minute
Water Temperature Rise, maximum
Pressure Drop, maximum

Working Water Pressure-Non-Shock, maximum

MAXIMUM   RATINGS   AND   TYPICAL  OPERATION

Power-Rectifier  or  [hverl®r  Service,  Conlinuous  Duty
Ratings are for Zero-Phase-CoTitlol Angle
Maximum Peak Anode Voltage

Inverse .
Forward

Maximum Anode Current
Peak
Average

Continuous
Two Hours
One Minute. . .

Fault
Forward Direction
Reverse Direction
Maximum Duration of Fault Current

Frequency Range

lgnilor  Ratings,  Separate  Excilalion
Maximum Inverse Voltage
Recommended Pulse Length
Minimum Pulse Length

Average Anode Current Greater than 8 Amperes
Maximum Pulse Length

Volt-Ampere Requirements  (See Curve K-69087-72A803 for Details.)

Holding  Anode
Maximum Peak Forward Voltage
Maximum Peak Inverse Voltage

Main Anode Conducting
Main Anode Not Conducting

Maximum Current

Average
Maximum Averaging Time

Root Mean Square

Shield-arid  Characlerislics
Voltage

Peak Forward. . .
Peak Inverse

Cul.rent
Peak Forward .
Peak Inverse . .

Control.Grid  Characleristics

Voltage
Peak Forward
Peak  Inverse.  .  .

Current
Peak Forward . . .
Peak Inverse . . .

DC  Bias.  . .

6.5C
1.5    Pounds per square

Inch
100    Pounds per square

Inch

4000     Volts
4000     Volts

2000     Amperes

275     Amperes
350    Amperes
570     Amperes

15,000     Amperes
30,000     Amperes

0.15     Seconds
25 to 60     Cycles per second

5     Volts
800     Microseconds

150     Microseconds
4000     Microseconds

160     Volts

25     Volts
160     Volts

30     Amperes
9    Amperes

10     Seconds
15     Amperes

Minimum           Maximum

200                         500     Volts
200     Volts

0.2                          5.0     Amperes
0.2     Amperes

200                         500     Volts
100                         200     Volts

S.0     Amperes
I.0    Amperes

-110     Volts
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MAXIMUM   RATINOS   AND   TYPICAL  OPERATION   (CONT'D)

Temperature-Control Switch Ratings§
Maximum Voltage
Maximum Current

Over-Temperature Switch
Water-Control  Switch ....

n

a

575     Volts

6    Amperes
1.5     Amperes

Maximum peak potential difference between switch circuit and Tube water cylinder.1500    Volts
Switch-Contact Arrangement

Over-Temperature Switch-Normally Closed
(Contacts Open on Temperature Rise)

Water-Control Switch-Normally Open
(Contacts Close on Temperature  Rise)

*This value assumes that the water will be supplied through a rapid-closing solenoid valve which prevents all  water  flow

except when the water-control switch  closes.
tlf two tubes are cooled in series this value  must be  low enough  to prevent the maximum outlet water temperature from

being exceeded.
twater flow should be continued for one hour after removal of anode power.
§Suitable fuses should be provided in the switch circuits to prevent a power arc  should a ground occur in the switch or

wiring.

APPLICATION   NOTES
In order to realize the advantage of safe tube operation on low temperature c.ooling water, water must be supplied to the

tube through a rapid closing solenoid valve controlled by the water-control switch on the tube. The valve must completely stop
the water flow tc) the tube except when the water-control switch is closed.

The cooling water for two tubes may be connected in Series provided the inlet water at the first tube is above  +20 C and
the outlet water of the second tube is below 55 C. If two tubes are connected in  series  only  one  solenoid  valve  is  required  for
each pair of tubes and it is only necessary to use the thermostat on the tube installed in the outgoing end of the series pair. For
more complete protection two temperature-controlled tubes should be used with their over-temperature switches in series and
their water-control Switches in parallel.

For  inlet  water  temperatures  below  20  C,  each  tube  should  be  connected  to  the water supply through a rapid-closing
solenoid valve controlled by the water-control switch on the tube thermostat.

To prevent excessive c.ondensation of mercury on the inside of the glass, heat should be externally applied to the anode
glass-seal  area.

ARC   DROP

0                                    500                                1000                               1500                                 2000

PEAK   ANODE   CURRENT   IN   AMPERES 11 -6-58
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lGNITOR  VOLT-AMPERE  REQUIREMENTS  FOR  SEPARATE  EXCITATION
SEALED-lGNITRON   RECTIFIER

THE   IGNITOR   FIRING   CIRCUIT   SHOULD   BE   DESIGNED   TO   OPERATE   WITHIN   THE   SHADED   AREA

I  IGNITOR

I

BOO SEC

R EGO MMEN DED  PULS E  W'DTH

A a

/M
AXIMUM   AL LOWED

MINlREOuMUMlBED

REEI

20               40                  60                 80               loo              120             140

PEAK   IGNITOR   CURRENT   IN   AMPERES

K-69087-72A803

SHORT-PERIOD   OPERATION   RATINGS

PEAK   INVERSE  VOLTAGE =4000  VOLTS
INLET   WATER   TEMPERATURE=45  C

PHASE   RETARD

A -ZERO
8 = 15 97o,  ESTIMATED

c = 50gro,  ESTIMATED

A-
B IiiiiE

C iiiii-
I   MINUTE                                               5     MINUTES                                                                                             I      llouR            2      HOURS                                                      12110uPS

tcoNT"uOuSI

DURATION   OF   LOAD

K-69087-72A809 I -29-58
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HOLDING    REQUIREMENTS
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CL-7736
ET.I I 68 I

PACE   1
4-63

®
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0

ELECTRICAL

Cathode-Excitation`Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes
Main Cathodes
Holding Anode
Ignitors
Control Grids

Arc Drop at  1200 Peak Amperes
Arc Drop at 8000 Peak Amperes

®L17736
lGNITRON

RECTIFIER   SERVICE+00   AMPERES

HOLDING   ANODE

The   GL-7736   ignitron   is   a   sealed,
Stainless -steel -jacketed,    water -cooled,
mercury-pool  tube  designed  for  rectifier
service  in  the  125-,   250-,  600-,  and  900-
volt  d-c  power  fields.  It  is  suitable  for
use in rectifiers rated up to 1000 kilowatts
output,  depending  upon  the  number  of
ignitrons  used,  the  output  voltage,  and
the  circuit.  Continuous  average  current
rating is 400 amperes per tube in rectifiers
rated up to 300 volts d-c.

The GL-7736 has a holding anode and

18.2±0.1     Volts
.35±0.1     Volts

MECHANICAL

Envelope Materialrftainless Steel
Net weight, approximate ....... 90    Pounds

TWO   IGNITORS

two  ignitors.  Excitation  of the  auxiliary
anode   permits   stabilizing   the   cathode
spot for very  small  anode  currents.  The
two  ignitors  assure  long  life  since  only
one is used at a time. Phase control of the
ignitor impulses permits voltage control of
the rectified output. In common with other
ignitrons arc losses in the 7 736 are low, and
design and construction features, such as
a   complete   stainless-steel-water   jacket,
assure ease of installation, economical use
of space, and reliability of operation.

THERMAL

Type of Cooling-Water
Inlet Water Temperature, minimum. .
Outlet Water Temperature, maximum

Power-Rectifier Service
Peak Inverse Anode Voltage =

900 Volts
Peak Inverse Anode Voltage=

2100  Volts
Water Flow, minimum *

At No Load

35C

60C

50C

2  Gallons per
Minute

At Continuous Rated Average Current ..... 6  Gallons per
Minute

Characteristics for Water Cooling at Rated Minimum Flow
Water Temperature Rise, maximum ...... 19  C
Pressure Drop at 6 Gallons per Minute,

1  Pound per
Square Inch

MAXIMUM   RATINGS

Power-Rectifier Service,  Continuous  Duly
(Ratings are for Zero-Phase-Control Angle)
Maximum Peak Anode Voltage

Inverse
Forward

Maximum Anode Current

Average
Continuous

900          2100     Volts
900          2100     Volts

3600          2400     Amperes

.400            300    Amperes
Two-Hours-Averaged  Over  Any

Two-Minute Interval ...... 600            450    Amperes
One-Minute`Averaged Over Any

One-Minute Interval

Maximum Duration of Fault
Current .  .  .

Frequency Range

..800            600     Amperes
16,000      16,000     Amperes

..0.15            0.15      Second
...25-60       25-60     Cycles    per

Second
Grid Requirements t

Minimum Voltage to Establish Conduction .  . 50    Volts
Minimum Voltage to Prevent Conduction. . .100    Volts
Positive Current  to Establish Conduction. . . 0.1     Ampere

Holding Anode
Maximum  peak Forward  voltage ...... 160    Volts

Maximum Peak Inverse Voltage

#:i: A:£: S::d€::igEctin:-                . 125?:i::

Maximum Current
30    Amperes
9    Amperes

Maximum  Averaging  Time. . .
Root  Mean  Square .  . .

Gridt
Maximum  Peak  Forward  Voltage
Maximum Peak  Inverse  Voltage.
Maximum Grid-Current

Peak   Positive
Peak  Negative
Average .  .  .

...10     Seconds

...15     Seconds

.... 250     Volts
...300     Volts

1.5     Amperes
0.5     Ampere
0.5    Ampere

Root  Mean  square ...... 1.0     Amperes

GENEnAL ©  ELEOTRio



GL-7736
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Cathode  Excilalion  Requirements
Ignitor  Voltage  Required to Fire
Ignitor  Current  Required to Fire
Starting Time at Required Voltage or

Current
Peak Excitation Arc Current Required,

Excitation  Arc-Drop  Voltage

Ignitor
Maximum  Inverse  Voltage
M aximum Current

Root Mean Square

Maximum  Averaging  Time

MAXIMUM   RATINGS  (Cont'd)

450  Volts
45  Amperes

100  Microseconds

6  Amperes
12   Volts

5  Volts

100  Amperes
15  Amperes
2  Amperes

*  Water flow should be continued for one hour after removal of anode power.
Recirculating cooling system recommended.  Other systems possible depending on application.
Anode heaters recommended.

t  At main anode voltages of 500 volts and over, the grid circuit should provide a negative d-c bias of 100 volts and a suitable turn-on
voltage to swing the  grid  positive  at the time the  ignitor   is fired.  At  lower  anode  voltages,  it  is  sufficient to connect the grid to
the main anode through a resistor. In either case, the grid circuit resistance should be 500 to 1000 ohms.
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K-69087-72A982

rh lGNITOR   VOLT-AMPERE   REQUIREMENTS   FOR   SEPARATE   EXCITATION
SEALED-lGNITRON    RECTIFIERS

THE   IGNITOR    FIRING    CIRCUIT    SHOULD    BE   DESIGNED   TO    OPERATE    WITHIN   THE    SHADED   AREA
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CfhiJ736

COMMUTATION   LIMITS

2-HOUR   LOADS
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GL-7736

COMMUTATION   LIMITS

l-MINUTE   LOADS
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HOLDING-ANODE   REQUIREMENTS
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PFtoDUCT  INFORMATION

IGNITRON

GL-8420

AC   CONTACTOR   SERVICE-2000   AMPERES
FORCED-AIR   COOLED                                                                                    TWO   ICNITORS

ET-T1600A
Page  1

10-66

GL.8420

®

a

0

The   GL-8420   is   a   forced-air-cooled
ignitron  for  use  in  railroad  locomotive
service   as   an   electronic   contactor.   In
such application two tubes in an inverse-
parallel connection control the a-c voltage
input to a semiconductor rectifier.

Features include a coaxial construction
in  which   current  flows  from  anode  to

cathode,  then  up  the tube  wall  to  a  co-
axial  cathode  terminal.  Coaxial  current
flow  minimizes  arc  deflection  caused  by
high peak currents. A removable thermo.
stat provides protection against excessive
temperature  and  loss  of cooling  air.  An
ignitor  terminal  block  on  the  periphery
of the  tube  facilitates  connecting  to  the
ignitor.

ELECTRICAL
Cathode Excitation-Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes
Main Cathodes
Ignitors

Arc Drop at  ll00 Amperes peak ...... 19     Volts
See Curve "Arc Drop"

MECHANICAL
Envelope Material~Steel
Net weight, approximate ...... 130    Pounds
Mounting Position---Vertical Ahode Termi-

nat Up

THERMAL
Type of Cooling-Forced Air
Cooling Air Temperature

Maximum
Minimum .

Air Flow 600, 750    Cubic   Feet
per   Minute

Static Incoming Air pressure ...... 6    Inches-
Water

Incoming Air Enters Beneath Tube-See Outline Drawing

MAXIMUM   RATINGS

AC  Conlaclor  Service
Two Tubes in Inverse Parallel, Ratings per Tube

Air Flow, minimum ....... 600

Peak   Forward  and   Inverse
Anode  voltage ......... 1000

Peak Anode  Current ......... 2500
Average Anode Current

5  Cycles .......... 1000
3  Minutes ............. 130
Continuous........80

Frequency Range

750    Cubic  Feet  per
Minute

1000     Volts
2500     Amperes

2000    Amperes
325    Amperes
200    Amperes

25-60     Cycles   per
Second

lgni'Or

Maximum Voltage
Positive-Anode Voltage
Inverse

Maximum Current

Maximum Averaging Time
Root Mean Square

5    Volts

100    Amperes
2    Amperes

10     Seconds
15    Amperes

Volt-Ampere Time Requirements~See Curve on page 2
Over-Temperature Thermostat Rating
Maximum Peak Potential Difference Between

Tube cylinder and Thermostat contacts. 4000    Volts
Maximum current (220 Volts AC, Resistive)..15    Amperes

GENERAL ©  ELECTRIC
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OPERATING   NOTE

For  railway  and  similar  service  the  tube  must  be  shock-
mounted  to  maintain  the  resonant  frequency  of the  shock-
mounted  assembly  at  less  than  five  cycles  per  second  at
normal  operating  temperatures.  The  resonant  frequency  of
all internal  parts of the  tube  is  above thirty-five  cycles  per
second.

The  center  of gravity  of the  tube  is  approximately  three

inches below the cathode terminal and mounting ring of the
tube.

For best  operation the tube should be mounted with the
ignitor seals in line with the length of the car or locomotive.
The  maximum  effective  tip  of the  tube  should  not  exceed
ten degrees.  "Effective tip" is the actual tip in any direction
plus the simulated tip in that direction caused by acceleration
of the car or locomotive.

lGNITOR   VOLT-AMPERE   REQUIREMENTS   FOR   SEPARATE   EXCITATION
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PRODUCT  INFOFtMATION

IGNITRONS

OL-8465,  GL18466
RECTIFIER   SERVICE-400   AMPERES

HOLDING   ANODE

ET.T11731l A

Page  1
10-66

GL-8465
GL-8466

TWO   ICNITORS

rl

a

a

The  GL-8465  and  -8466  are  sealed,  §tainless-
steel jacketed, water-cooled, mercury-pool tubes
for  rectifier  service  in  the  125-,  250-,  600-,  and
900-volt d-c power fields. The tubes are suitable
for use in rectifiers rated up to 500 kilowatts out-
put, depending on the number used, the output
voltage, and the circuit. Continuous average cur-
rent rating  is  200  amperes  per  tube  in  rectifiers
rated up to 300 volts d-c.

These  ignitrons  can  also  be  used  in  2400-volt
a-c   control   service.   In   this   application   their
rating is  2400 kilovolt-amperes.

The GL-8466 features an integral thermostatic
arrangement with protective elements. With this
exception  the  tubes  are  identical  in  ratings  and
characteristics.

The   thermostatic   arrangement   includes   a
switch  which  controls  a  solenoid  valve  in  the
water-supply  line  in  response  to  increasing  and
decreasing  tube  temperature,  thus  maintaining
the  amount  of  cooling  water  to  the  minimum
required  by  the  operating  conditions.  An  over-

temperature  switch  permits  removal  of  power
when ignitron temperature exceeds a safe value.

The temperature-controlled design has several
advantages over the non-temperature-controlled
types. It eliminates heat exchangers and recircu-
lating   water  systems   required  to   ensure   safe
operation when the water temperature is too low
to maintain the minimum reliable mercury-vapor
pressure  in  the  tubes.   It  eliminates  the  usual
safety devices such as water-flow and water-over-
temperature   relays,   and   water-pressure   inter-
locks,  all  of  which  require  considerable  main-
tenance. The control feature also prevents exces-
sive moisture condensation on the external parts
of the tube under conditions of high humidity.

Both the 8465 and 8466 have a holding anode
and two ignitors. Excitation of this anode stabi-
lizes the cathode spot for very small anode cur-
rents. Two ignitors assure long life since only one
is  used  at  a  time.  Phase  control  of the  ignitor
impulses permits voltage control of the rectified
Output.

ELECTRICAL
Cathode Excitation-Cyclic.
Cathode Spot Starting-Ignitor
Numbers of Electrodes

Main Anodes
Main Cathodes
Holding Anodes
Ignitors

Arc Drop at 600 Amperes Peak
See Curve  ``Arc Drop"

16.2±0.5     Volts

MECHANICAL
Envelope Material-Stainless Steel
Over-all Length,  excluding anode lead ..... 17E%     Inches
Over-all Diameter ...... 594     Inches
Net weight, approximate ...... 25    Pounds

THERMAL
Type of Cooling-Water
InletwaterTemperature*,minimum ...... 6     C
Outlet Water Temperature, maximum

Power-Rectifier Service

Peak Inverse Anode Voltage
900  Volts

Peak Inverse Anode Voltage
55C

40C
AC Control Service

Voltage=2400VoltsRMS ..,...... 35     C
Water Flow, minimum, solenoid water valve open

At No Loadt 1     Gallonper
Minute

At Continuous Rated Average Current ..... 3     Gallons per
Minute

Characteristics for Water Cooling at Rated Minimum Flow
Water Temperature Rise, maximum ...... 4.5     C
Pressure Drop at 3 Gallons per Minute,

3    Pounds per
Square Inch

*  Dependent  upon  load  conditions.  For  substantially  constant
load  6  C  is  satisfactory.  For  widely  fluctuating  loads  20  C
is required

t  Water  flow  should  be  continued  for  at  least  thirty  minutes
after removal of anode power.

MAXIMUM   RATINGS
Power-Rectifier  Service,  Continuous  Duty
Ratings are for Zero-Phase-Control Angle-See Curves"Commutation Limits"
Maximum Peak Anode Voltage

Inverse
Forward

Maximum Anode Current

900
900

1800
Average

Continuous......200
Two-Hours---Averaged . Over   Any

Two-Minute  Interval ...... 300
One-Minute-Averaged  Over  Any

One-Minute Interval ...... 400
12'000

Maximum Duration of Fault
Current......0.15

Frequency Range ...... 25-60

2100     Volts
2100     Volts

1200     Amperes

150     Amperes

225     Amperes

300     Amperes
9000    Amperes

0.15     Seconds
25-60     Cycles per

Second

AC  Control  ServiceA

Two Tubes in Inverse Parallel, Ratings per Tube
Voltage
Maximum Demand

2400    Volts RMS
2400     Kilovolt-

Amperes

Average Curren.t at Maximum Demand.. .135    Amperes

Maximum Average current ...... 207    Amperes
Demand at Maximum Average current..1105    Kilovolt-

Amperes
Maximum Averaging Time at 2400 Volts

1.66     Seconds

Maximum PeakFault Current ........... 6000     Amperes

Frequency Range 25-60     Cycles per
Second

GENERAL ELEOTRIO
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Holding  Anode
See Curve "Holding Anode Requirements"
Maximum Peak Voltage

Forward
Inverse

Main Anode Conducting. . .
Main Anode Non-Conducting

Maximum Current

Maximum Averaging Time
Root Mean Square

Cathode  Excilalion  Requirements
Ignitor Voltage Required to Fire . . .

MAXIMUM   RATINGS  (Conl'd)

160     Volts

.25     Volts
160     Volts

30    Amperes
9    Amperes

10     Seconds
15     Amperes

450     Volts
See Curve "Ignitor Volt-Ampere Requirements"

Ignitor  Current Required  to Fire ........... 45     Amperes
See Curve ``Ignitor Volt-Ampere Requirements"

Starting Time at Required Voltage or
Current

Peak Excitation Arc Current Required,
100     Microseconds

8    Amperes
See Curve "Holding Anode Requirements"

Excitation Arc-Drop voltage ...... 9±0.5     Volts
Excitation Arc Open-Circuit Voltage,

55     Volts

Igni'or
Maximum Voltage

Positive-Anode Voltage
Inverse

Maximum Current

Maximum Averaging Time
Root Mean Square

CL-8466
Temperature-Control-Switch  Ralings±
Maximum Voltage
Maximum Current

5     Volts

100     Amperes
2     Amperes

10     Set.onds
15     Amperes

575     Volts

Over-Temperature switch.  .  .  `  ..... 6     Ampere§
Water-Control  switch ....... 1.5     Amperes

Maximum Peak Potential Difference Between
Tube water cylinder and switch circuit.1500    Volts

Switch-Contact Arrangement
Over-Temperature Switch-Normally Closed

(Contacts Open on Temperature Rise)
Water-Control Switch-Normally Open

(Contacts Close on Temperature Rise)

ARMS demand voltage, current and KVA demand are all on the basis of full-cycle conduction (no phase delay) regardless of whether
or not phase control  is used.

I  Suitable fuses  should  be  provided  in  the  switch  circuits  to prevent a  power  arc should  a  ground  occur  in  the  switch or wiring.

INSTALl.ATION  AND   OPERATION  OL¢466

To  realize  the  advantage  of  safe  tube  operation  on  low-
temperature  cooling  water,  water  must  be  supplied  to  the
tube  through  a  rapid-closing  solenoid  valve  controlled  by
the water-control  switch  on  the  tube.  The  valve  must  com-
pletely  stop  the  water  flow  to  the  tube  except  when  the
water-control switch is closed. The number of tubes connected
in series for water from a single valve must be restricted for
the lower temperatures.  Placing fewer tubes in series with  a
solenoid  valve  will  permit  the  use  of lower  incoming  water
temperatures  without  resulting  in  arcbacks  caused  by  low
tube temperatures.

If the water-supply temperature  will  never  be  below plus
5  C,  three  tubes  may  be  connected  in  series  for  water  flow,
provided  the  temperature  is  not  so  high  as  to  cause  over-
temperature on  the last tube  for  the  flow  available  and the
load  expected  on  the  rectifier.  If three  tubes  are  connected
in  series,  only  one  solenoid  valve  is  required  for  the  series
group,  and  only  the  last  tube  in  the  group  requires  the
temperature-control  switch.

If the  water-supply may  sometimes  drop below plus  5  C,
all tubes  in the rectifier  must  be temperature-controlled,  be
connected  in  parallel  for  water  flow,  and  have  individual
solenoid   water   valves   to   prevent   water   from   circulating
through  any  tube  until  its  water-control  switch  closes.   If

the tubes themselves are at this low temperature initially,  a
low load  (such as one-quarter load)  should be applied to the
rectifier  long  enough  to  cause  one  operation  of the  solenoid
valves.  After  this  initial  warming,  the  rectifier  should  be  in
condition to  handle  safely  normal loads  unless it  is idle  in  a
cold  atmosphere  long  enough  for  the  tube  again  to  become
cold.

The minimum allowable temperature for the series-parallel
connection is based on normal industrial loads on the rectifier.
For some special  conditions of loading it is possible to lower
these temperatures.

In  some  applications,  for  example  where  the  rectifier  has
only  intermittent  low  loads  which  are  insufficient  to  heat
the anode end of the tubes to normal temperature, there may
be  a  tendency  for  mercury  to  accumulate  on  the  inside  of
the  anode-glass-insulating  bushing.  Small  amounts  of  mer-
cury  here  are  not  serious.   However,  if  the  entire  surface
becomes covered,  an arc will form over the inside of the glass
which  may  perquanently  damage  the  tube.  If  this  type  of
service  is  anticipated,  large  ac.cumulations  of mercury  over
the  glass can be prevented by applying external heat to the
glass  with  small  radiant  heaters  or  heat  lamps.  The  glass
temperature  should  be  raised  to  approximately  50  C,  but
may go to 200 C without damage when the tubes are loaded.

IGNITBONS

ELEMENTABY     CIBCulT     FOB     CAPACITOB     FIRING

RECTIFIEB
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The  GL-5550  ignitron is  a sealed,  clamp-cooled,     frequency range of 25-60 cycles. The tubes are also

mercury-pool tube designed primarily for resistance     used  in  electrostatic  energy  storage  types  of  re-
welding  control.  In  this  service,  two  tubes  in  the     sistance welding equipment to control the capacitor
inverse-parallel connection will control 300 kilovolt-     discharge.
amperes at voltages of 250 to 600 volts and over the

GENERAL ©  ELECTRIC
Supersedes  ET-T1574  dated  5-49
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GENERAL
Eleclrical

Cathode Excitation-Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes . .
Main Cathodes
Ignitors

Arc Drop at  1697 Peak Amperes
Arc Drop at  70.4 Peak Amperes
Cathode Excitation Requirements

Ignitor Voltage Required to Fire
Ignitor Current Required to Fire
Starting Time at Required Voltage or Current

Mechanical
Envelope Material-Metal
Over-all Length
Over-all Width .
Net Weight .  .  .
Type of Cooling-Removable Clamp
Clamp Contact Width
Clamp Contact Area .  .  .

MAXIMUM   RATINGS
As  AC  Conlrol  Tube

Two Tubes in Inverse Parallel
Maximum Clamp Temperature .
Minimum  Clamp Temperature
Voltage Range
Maximum Demand

Average Current at Maximum Demand
Maximum Average Current .

Demand at Maximum Average Current .

..   250  to     600   RMSvolts

Maximum Averaging Time at  250 Volts RMS .....
Maximum Averaging Time at 600 Volts RMS .....
Maximum Surge Current at  250 Volts RMS . . .  `
Maximum Surge Current  at 600  Volts RMS .................

1

1

1

30   Volts
12   Volts

200   Volts
30   Amperes

100   Microseconds

9i±   Inches
2#   Inches
1.5   Pounds

1%±%   Inches
9.4   Square Inches

75                50   C
10                10    C

150            300    Kilovolt-Amperes
4.86            12.1    Amperes

9.0           22.4   Amperes
50.0             100   Kilovolt-Amperes
27.8                22    Seconds
11.6              9.2    Seconds

.1680         3360   Peak  Amperes

.   700          1400   Peak  Amperes

Nole  I-RMS demand voltage, current and kva  are  all  on  the  basis  of full-cycle  conduction  (no phase  delay)  regardless of
whether or not phase c.ontrol is used.

Note 2-For voltages below the minimum, the minimum-voltage current rating applies.
Note 3-With the use of log-log paper straight line interpolation between tabulated points may be used for other detailed

ratings of:
I.    Demand kva vs. average anode current.
2.    Maximum averaging time vs. anode voltage and temperature.
3.    Demand kva and average anode current vs. temperature.

As  Cape.citor  Discharge  Tube
Maximum Number of Discharges per  second .....     60                60
Maximum Peak Forward Anode Voltage 3000            6000   Volts
Maximum  peak  Inverse Anode voltage ......... 3000            3000   Volts
Maximum Peak Anode Current 500               500   Amperes
Maximum Temperature of cooling clamp ....     70              40              60              40   C

faoar:::PUO:di:fa¥oafximv:r=g?nvgerAa::dfn:::recnutr.r.en.t ....   3.3        o.::          f..:        1.23  Senc`opne::s
Note  I-With the use of log-log paper straight line interpolation between tabulated points may be used  for other detailed

ratings of average anode current and maximum averaging time vs.  temperature.

lgni'or
Maximum Voltage

Positive

Maximuni Current
Peak
Root Mean Square
Average

Maximum Averaging Time

900   Volts
5   Volts

100   Amperes
10   Amperes
1   Ampere
5   Seconds

U

u

®
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ADAPTED   TO  WATER-FLOW   CONTROL
RECTIFIER   SERVICE-40   AMPERES

The    GL-5551-A    is    a    sealed,    stainless-steel
].acketed,   water-cooled   ignitron   for   a-c   control
service.  In  such  application  two  tubes  in  inverse-
parallel    connection    will    control    600    kilovolt-
amperes at voltages of 250 to 600 over a frequency
range of 25  to 60 cycles.

The  tube  is  identical  in  rating  and  size  to  the
GL-5551/FG-271  for  which  it  is  a  direct  replace-
ment. The new tube, however, has the advantage of
providing   for   simple,   economical,   and   effective
control   of  tube   temperature   and   cooling-water
flow.   A   copper   plate   on   the   tube   envelope   in
thermal contact with the inner cylinder of the tube
is  maintained  at  substantially  the  same  tempera-

ADAPTED   TO   TEMPERATURE   CONTROL
AC   CONTROL  SERVICE-56  AMPERES

ture as the inner cylinder.  This plate is slotted to
permit convenient mounting of a thermostat which
on  a single  tube will  either provide over-tempera-
ture  protection  or  temperature  control  through
regulation of the water flow.

Thermostats mounted on two tubes will provide
both protection against excessive temperature and
regulation of water flow. Advantages of the control
feature  include  reduction  of condensation  on  the
tube walls during hot weather,  protection against
overloads, elimination of water supply as a limiting
factor   in   equipment   location,   and   appreciable
savings in water consumption.

GENERAL ©  ELECTR.0

Supersedes  ET-T1219A dated 12-56
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GENERAL
Electrical

Cathode Excitation-Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes
Main Cathodes
Ignitors

Arc Drop at 3400 Peak Amperes
Arc Drop at  176 Peak Amperes
Cathode Excitation Requirements

Ignitor Voltage Required to Fire
Ignitor Current Required to Fire
Starting Time at Required Voltage or Current .

Mechanical
Envelope Material-Stainless Steel
Over-all Length
Over-all Width
Net Weight

Thermal

Type of Cooling~Water
Inlet Water Temperature, minimum
Inlet Water Temperature, maximum
Outlet Water Temperature, maximum .
Water Flow, minimum, solenoid  water  valve  open

Characteristics for Water Cooling at Rated Minimum Flow
Water Temperature Rise, maximum
Pressure Drop at 1  Gallon per Minute

MAXIMUM   RATINGS   AND   TYPICAL   OPERATION

AC  Control  Service*

Two  Tubes  in  Inverse  Parallel,  Ratings  i>er  Tube

Voltage
Maximum Demand

Average Current at Maximum Demand
Maximum Average Current

Demand at Maximum Average Current
Maximum Averaging Time at  250 Volts RMS
Maximum Averaging Time at 600 Volts RMS
Maximum Peak Fault Current at 250 Volts
Maximum Peak Fault Current at 600 Volts
Frequency Range

power-Reclil:ier  Service,  ]ntermillent  Duly

Ratings  are  for  Zero  Phase-Confrol  Angle

|See  Curve  K-69087-72A310  for  details|
Ralings  Apply  only  at  lnlel  Water Tempercltures  up  to  40  C

Maximum Peak Anode Voltage
Inverse
Forward

Maximum Anode Current

Corresponding Average
Average

Corresponding Peak
Maximum Averaging  Time

Maximum Duration of Fault Current
Ratio of Average to Peak Current, maximum

Averaging Time 0.2  Second
Ratio of Fault to Maximum Peak Current. .
Frequency Range .

1200

1200

26     Volts
13     Volts

200     Volts
30     Amperes

loo    Microseconds

13     Inches
2%    Inches
3.6    Pounds

..30      C

1.0     Gallons per Minute

1.8    Pounds per square
Inch

250  to600     VoltsRMS
600     Kilovolt-Amperes

30.2     Amperes
56.0     Amperes
200     Kilovolt-Amperes

18     Seconds
7.5     Seconds

6720     Amperes
2800     Amperes

25-60     Cycles per second

1500     Volts
1500     Volts

80     Amperes
4    Amperes

18     Amperes
08    Amperes
10     Seconds
00    Amperes
15     Seconds

0.166             0.166
12.5                  12.5

50-60         50-60    Cycles per second ®
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lgni'or
Maximum Voltage

Positive-Anode Voltage
Negative

Maximum Current

Root Mean Square .

Maximum Averaging Time

5    Volts

loo    Ampercs
10     Amperes

1     Amperes
5     Seconds*  RMS demand voltage, current, and  kilovolt-ampere demand  are  all on the basis of full-cycle  conduction  (no phase

delay)  regardless  of whether  or  not  phase  control  is  used.  For  voltages  below  the  minimum,  the  minimum-voltage  current
rating applies.  With the  use of log-log paper straight-line interpolation  between  tabulated  points may be used for  other de-
tailed ratings of: Demand kva vs average anode current, and maximum averaging time vs anode voltage.

Control thermostats, with mounting brackets, are available through regular  tube supply channels under  the following
catalog numbers :

AC  Control Service
Flying-Lead Type

Water-Control Thermostat-N15 2 72AA
Over-Temperature Thermostat-N152 73AA

Terminal-Block Type
Water-Control Thermostat-N15286AA
Over-Temperature Thermostat-N 15287AA

See Ignitron Accessories publication in front of Ignitron section for details.

APPLICATION   DATA

Since  two  thermostats  are  required  to  achieve
both temperature and water control, these features
can be obtained in  combination only when  two or
more tubes are used.

The water-flow thermostat should be mounted on
the  tube  receiving  water  from  the  water-supply
line;  the  over-temperature  thermostat  should  be
mounted on the other tube in a-c  control  service
and on the last tube in the series in power-rectifier
service.

The  water-control  thermostat,   whose  contaicts
are set to close at 35 C, should be mounted on the
tube and connected in series with the electric water
valve  that provides  the  cooling  water.  As  long  as
the  tube  temperature  remains  below  this  value
the  valve  remains  closed,  preventing  water  from
flowing through the tube.  When current is passed
through  the  ignitron  its  temperature  rises  and  at
35  C  the  thermostat  contacts  close,  opening  the
water valve and allowing water to flow. Should the
current be reduced,  the water will cause the tem-
perature to fall below the 35 C value, and  the valve
will close and stop the water flow.n

The  over-temperature  thermostat  provides  an
additional   protection   should   the   water   flow   be
interrupted or the water-supply valve fail to open.
It operates under emergency conditions to remove
power  from  the  ignitron§  before  they  reach  an
excessive  temperature.  This  thermostat  is  set  to
open its contacts at 52 C.

Appreciable time  is required for the mechanism
of the thermostats to reach the temperature of the
copper plate on the tube.  Heavy currents at high
percentage  duty  passing  through  the  tubes  will
cause their temperatures to rise more rapidly than
the  action  of the  thermostat.  Where  heavy  loads
are likely to exist,  an auxiliary contact  should be
provided  to  start  water  flow  as  soon  as  current
flows.  The curve on page four shows the region of
operation where this precaution must be provided
for.

When the control thermostats are used with this
tube, care must be taken that the cooling water has
completely  filled  the  tube  before  it  is  operated.
This will prevent damage to the tube by arc-backs
caused by rapid heating before the thermostats can
function.
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POWER-RECTIFIER   RATINGS-INTERMITTENT   DUTY
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AVERAGE   ANODE   CURRENT   IN   AMPERES    PER   TUBE                                                     9-21-55

MAXIMUM   AVERAGING   TIME=10   SECONDS
I   AVERAGE

PEAK
FAULT

I    PEAK   MAX

MAXIMUM   AVERAGING   TIME   0.2   SECOND=O.66   MAXIMUM

MAXIMUM   DURATION   OF   FAULT   CuRRENT   0.15   SECOND=12.5   MAXIMUM

KILOVOLT-AMPEREVS AVE F3AGE CU RRE NT RATI NG
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ICNITR®N
ADAPTED   TO   WATER-l=LOW   CONTROL
RECTIFIER   SERVICE-loo   AMPERES

The    GL-5552-A    is    a    sealed,    stainless-steel-
jacketed,   water-cooled   ignitron   for   a-c   control
service.  In  such  application  two  tubes  in  inverse-
parallel   connection   will   control    1200   kilovolt-
amperes at voltages of 250 to 600 over a frequency
range of 25 to 60 cycles.

The  tube  is  identical  in  rating  and  size  to  the
GL-5552/FG-235-A for which it is a direct replace-
ment.  The new tube,  however,  has the advantage
of providing  for  simple,  economical,  and  effective
control   of  tube   temperature   and   cooling-water
flow. A copper plate on the tube envelope in thermal
contact  with  the  inner  cylinder  of  the  tube  is
maintained at substantially the same temperature

ADAPTED   TO   TEMPERATURE   CONTROL
AC   CONTROL  SERVICE-140  AMPERES

as the inner cylinder. This plate is slotted to permit
convenient  mounting  of a  thermostat which on  a
single  tube  will  either  provide  over-temperature
protection or temperature control through regula-
tion of the water flow.

Since  the  tubes  are  used  in  pairs,  thermostats
mounted on both tubes will provide both protection
against  excessive  temperature  and  regulation  of
water flow.  Advantages  of the  control  feature  in-
clude reduction of condensation on the  tube walls
during  hot  weather,  protection  against overloads,
elimination of water supply as a limiting factor in
equipment  location,   and   appreciable   savings  in
water consumption.

GENERAL ©  ELEC"lc
Supersedes  ET-T1220A  doted  12-56
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GENERAL

Electrical

Cathode Excitation-Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes .
Main Cathodes
Ignitors

Arc Drop at 6800 Peak Amperes
Arc Drop at 440 Peak Amperes .

Cathode Excitation Requirements
Ignitor Voltage Required to Fire
Ignitor Current Required to Fire
Starting Time at Required Voltage or Current .

Mechanical

Envelope Material-Stainless Steel
Over-all Length
Over-all Width

Net Weight

Thermal

Type of Cooling-Water
Inlet Water Temperature

Maximum
Minimum

Outlet Water Temperature, maximum
Water Flow, minimum,  solenoid water  valve  open

Characteristics for Water Cooling at Rated Minimum Flow
Water Temperature Rise, maximum .
Pressure Drop at 1.5 Gallons per Minute, maximum

MAXIMUM   RAT.NCS   AND   TYPICAL   OPERATION

AC  Conlrol  Service*

Two  Tubes  in  Inverse  Parallel,  Ratings  per  Tube

Voltage
Maximum Demand

Average Current at Maximum Demand
Maximum Average Current

Demand at Maximum Average Current
Maximum Averaging Time  at  250  Volts  RMS
Maximum Averaging Time at  600 Volts RMS. . .
Maximum Peak Fault Current at 250 Volts
Maximum Peak Fault Current at 600 Volts
Frequency Range .  .  .

Power.Reclifiel.  Service,  lnlermiwent  Duly

Ralings  are  for  Zero  Phase-Conlrol  Angle

Ratings  Apply  Only  af  Inlet  Wafer  Temperatures  Up  to  30  C

Maximum Peak Anode Voltage
Inverse .
Forward

Maximum Anode Current

Maximum Averaging Time

Maximum Duration of Fault Current
Frequency Range

28     Volts
14     Volts

200     Volts
30     Amperes

100    Microseconds

14     Inches
•434     Inches

8    Pounds

.0C
40C
1.5     Gallons per Minute

4.5    Pounds per square
Inch

250to600     VoltsRMS
1200     Kilovolt-Amperes
75.6     Amperes
140     Ampere§
400     Kilovolt-Amperes

14     Seconds
5.8     Seconds

13,450     Amperes
5600     Amperes

25-60     Cycles per  second

500     Volts
500     Volts

1600     Amperes
100     Amperes

6     Seconds
6000     Amperes
0.15     Seconds

25-60     Cycles per second

®
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lgnitor
Maximum Voltage

Positive-Anode Voltage
Negative

Maximum Current

Root Mean Square .
Average

Maximum Averaging Time

n

5    Volts

100    Amperes
10    Amperes
1     Amperes
5    Seconds*  RMS demand voltage,  current,  and  kilovolt-ampere  demand  are  all  on  the  basis  of full-cyc.1e  conduction  (no  phase

delay) regardless of whether or not phase control is used. For voltages below the minimum, the minimum-voltage current rating
applies.  With  the  use  of log-log  paper  straight-line  interpolation  between  tabulated  points  may  be  used  for  other  detailed
ratings of : Demand kva vs average anode current,  and maximum averaging time vs anode voltage.

Control  thermostats,  with  mounting  brackets,  are  available  through  regular  tube  supply  channels  under  the  follow-
ing catalog numbers :

AC Control Service
Flying-Lead Type

Water-Control Thermostat-N152 72AA
Over-Temperature Thermostat-N152 73AA

Terminal-Block Type
Water-Control Thermostat-N15286AA
Over-Temperature Thermostat`N15287AA

See Ignitron Accessories  publication in front of Ignitron section for details.

APPLICATION   DATA

Since  two  thermostats  are  required  to  achieve
both temperature and water control, these features
can  be  obtained  in  combination  only  when  the
tubes are used in pairs, which is normal usage. The
application  information  that  follows  is  based  on
use of a pair of 5552-A's.

The water-flow thermostat should be mounted on
the tube receiving water from the water-supply line ;
the     over-temperature     thermostat     should     be
mounted on the other tube.

The  water-control  thermostat,  whose  contacts
are set to close at 35 C, should be mounted on the
tube and connected in series with the electric water
valve  that provides the cooling water.  As long  as
the tube temperature remains below this value the
valve remains  closed,  preventing water from flow-
ing  through  the  tube.   When  current  is  passed
through  the  ignitron  its  temperature  rises  and  at
35  C  the  thermostat  contacts  close,  opening  the
water valve and allowing water to flow. Should the
current be  reduced,  the water will  cause  the  tem-
perature to fall below the 35 C value and the valve
will close and stop the water flow.

The  over-temperature  thermostat  provides  an
additional   protection   should   the   water  flow   be
interrupted or the water-supply valve fail to open.
It operates under emergency conditions to remove
power  from  the  ignitrons  before  they  reach  an
excessive  temperature.  This  thermostat  is  set  to
open its contacts at 52 C.

Appreciable time is required for the mechanism
of the thermostats to reach the temperature of the
copper plate on the tube.  Heavy currents at high
percentage  duty  passing  through  the  tubes  will
cause their temperatures to rise more rapidly than
the  action  of the  thermostat.  Where  heavy  loads
are  likely  to  exist,  an  auxiliary  contact should  be
provided  to  start  water  flow  as  soon  as  current
flows. The curves on page four show the region of
operation when this precaution  must  be  provided
for.

When the control thermostats are used with this
tube, care must be taken that the cooling water has
completely  filled  the  tube  before  it   is   operated.
This will prevent damage to the tube by arc-backs
caused by rapid tube heating before the thermostats
can function.



GL15552-A
ET-T 112208

PACE   4
4-63

K-69087-72A865

a0 1111111111111---1111111
KILOVOLT-AMPERE     VS    AVERAGE  CURRENT  RATING

)00. 250  TO  600VOLTS
CURVE    NO.  I

OcO0008006cO400ZOOloo

I

\ I\\

DENAND CuRRENT Va PERC E N E'

D UTY AT 250 V OL R

CU RV E N 0. 2

I

I

I

\

4              6         8       10                       20
DUTY   IN   PERCENTAGE

2   TUBES   CONNECTED   IN    INVERSE    PARALLEL

AVERAGING   TIME=14   SECONDS

®

®



GL15552-A
ET-T1220B

PACE   5
4-63

A

•1000
D EM AN D C u R R ENT VS PERCENTAGEDu TY

AT 50 0 V OLTSRM S

)000•000:coo0008006cO400ZOOloo
Cu F3V E NQ3

\
\

4              6          8       10                      20
DUTY      IN     PEBCENTAGE

2   TUBES     CONNECTED     IN     INVEPSE     PAPALLEL

AVERAGING   TIME=7.1    SECONDS



GL-5552-A
ET-T1220B

PAGE   6
4-63

'!']    ffiT6 SLOT
AXOUTLET IF-,

MAX. a"x€"Slori,oi
2in

MAX.-
i"p,pE 4!'31

1ERMOSTAT ?.,MAX
DUNTING  PLATE

I

lNIT0B   TEBMINAL
2a
r# 'NLET;i-i;!'

50"±.010" DIA.

f6 ± 3L2 %ALE    WAX I
"±!2                            '            i

r

i+EL7.t,I.
L2..

A,""
8-16                         ,6-32 232

NOTE:   ENVELOPE    IS
AT  CATHODE   POTENTIAL

GENERAL  ©  ELECTRIC
POWER   TUBE   DEPARTMENT

Schenectady  5,  N.  Y.

®

®



GL15553-B
ET.T1221 B

PACE   I
4-63

®

rl

I®NITR®N
ADAPTED   TO   WATER-l=LOW   CONTROL
RECTIFIER   SERVICE-190   AMPERES

The    GL-5553-B    is    a    sealed,    stainless-steel
jacketed,   water-cooled   ignitron   for   a-c   control
service.  In  such  application  two  tubes  in  inverse-
parallel   connection   will   control    2400   kilovolt-
amperes at voltages of 250 to 600 over a frequency
range of 25  to 60  cycles.

This  tube  is  identical  in  rating  and  size  to  the
GL-5553-A  for  which  it  is  a  direct  replacement.
The  new  tube,  however,  has  the  advantage  of
providing   for   simple,   economical,   and   effective
control of tube temperature and cooling-water flow.

A copper plate on the tube envelope in thermal
contact with the inner cylinder of the tube is main-
tained  at  substantially  the  same  temperature  as

ADAPTED   TO   TEMPERATURE   CONTROL
AC   CONTROL  SERVICE-355   AMPERES

the inner cylinder.  This plate is slotted to permit
convenient  mounting of a  thermostat which  on  a
single  tube  will  either  provide  over-temperature
protection or temperature control through regula-
tion of the water flow.

Thermostats mounted on two tubes will provide
both protection against excessive temperature and
regulation of water flow. Advantages of the control
feature  include  reduction  of  condensation  on  the
tube walls during hot weather,  protection against
overload, elimination of water supply as a limiting
factor in equipment location, and appreciable sav-
ing in water consumption.

GENERAL  ©  ELECTRIC

Supersedes  ET-T1221A  dated  12-56
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GENERAL

Eleclrical

Cathode Excitation-Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes .
Main Cathodes
Ignitors

Arc Drop at  13,600 Peak Amperes
Arc Drop at  1115 Peak Amperes
Cathode Excitation Requirements

Ignitor Voltage Required to Fire
lgnitor Current Required to Fire
Starting Time at Required Voltage or Current

Mechanical
Envelope Material-Stainless Steel

Over-all Length
Over-all Width

Net Weight

Thermal
Type of Cooling~Water

Inlet Water Temperature, minimum
Outlet Water Temperature, maximum .
Water Flow, minimum, solenoid water valve open

Characteristics for Water Cooling at Rated Minimum Flow
Water Temperature Rise, maximum
Pressure Drop at 3 Gallons per Minute, maximum

MAXIMUM   RATINGS   AND   TYPICAL   OPERATION

AC  C®nlrol  S®rvice*

Two  Tubes in  Inverse  Parallel,  Rolings  per  Tube

|See Curves  K-69087-72A723  and  K-69087-72A724  for defails|
Voltage
Maximum Demand

Average Current at Maximum Demand
Maximum Average Current

Demand at Maximum Average Current
Maximum Averaging Time at 220 Volts RMS
Maximum Averaging Time at 600 Volts RMS
Maximum Peak Fault Current at 250 Volts
Maximum Peak Fault Current at 600 Volts
Frequency Range

Power-R®ctifi®r  Service,  lnt®rmiflonl  Duty

Rc\tings ore  for  Zero-Phase-Control  Angle

|See  Curves K-69087-72A513  and  K-69087-72A630  for delclils)
Ratings  Apply  Only  al  Inlet  Water Temperatures  up lo  40  C

Maximum Peak Anode Voltage
Inverse
Forward

Maximum Anode Current

Corresponding Average

Corresponding Peak
Maximum Averaging Time

Ratio of Average to Peak Current, maximum
Averaging Time 0.2 Second

Ratio of Fault to Maximum Peak Current
Maximum Duration of Fault Current
Frequency Range

200     Volts
30    Ampercs

100    Microseconds

19j<     Inches
5%    Inches
21     Pounds

3.0    Gallons per Minute

5.1    Pounds per square
Inch

250 to 600    Volts RMS
2400     Kilovolt-Ampcres

192     Amperes
355    Amperes
800    Kilovolt-Amperes

12.5     Seconds
4.6    Seconds

27,000     Amperes
11,200     Amperes
25rdo    Cycles per second

1500     Volts
1500     Volts

Seconds
Cycles per Second

®

®
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0 PHASE   CONTROL
THREE-PHASE   SINGLE-WAY

DOUBLE-WAY   CIRCUITS

11
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0 I • L'0 C' • a . . .

VOLTAGE   REDUCTION   BY   PHASE   CONTROL   IN   PERCENTAGE

POWER-RECTIFIER   RATING-INTERMITTENT   DUTY

'cO
K-69087-72A630                    AVERAGE   ANODE   CURRENT   IN   AMPERES   PER   TUBE

MAXIMUM   AVERAGING   TIME =6.25   SECONDS
I   AVERAGE

PEAK
FAULT

I   PEAK   MAX.

9-2,I-or

MAXIMUM   AVERAGING   TIME   0.2   SECONDS=0.166   MAXIMUM

MAXIMUM   DURATloN   OF   I:AULT   CURRENT   0.15   SECONDS=12.5   MAXIMUM
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a

®

®

rl

Technical data on tube type GL-5554 is filed in

the "Rectifier Ignitrons" section of this manual.
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GL-5555
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Technical data on tube type GL-5555  is filed in

the "Rectifier lgnitrons" section of this manual.
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INDUSTRIAL  EQUIPMENT  TYPES  MANUAL

GL-5564
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Technical data on tube type GL-5564 is filed in

the "Rectifier Ignitrons" section of this manual.
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GL-5788
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Technical data on tube type GL-5788 is filed in

the "Rectifier Ignitrons" section  of this manual.
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IGNITR®N
ADAPTED   TO   WATER-FLOW   CONTROL
FRI=OUENCY-CHANCER   WELDING   SERVICE

The  GL-5822-A  ignitron  is  a  sealed,  stainless-
steel-jacketed,   water-cooled,    mercury-pool   tube
designed particularly for use in frequency-changer
resistance  welders.  It  is  also  suitable  for  use  in
power-rectifier    service.    The    frequency-changer
method   converts  three-phase   60-cycle  power   to
single-phase  power  at  four  to  twelve  cycles  per
second. A particular  advantage  of this  method is
the  appreciable  reduction  of  kilovolt-ampere  de-
mand from that required  in single-phase welding,
with  consequent  saving  in  the  amount  of  power
required.    In   addition,    the   three-phase   circuit
balances  the  power  load  and  makes  possible  im-
proved  results  in  welding  aluminum,  magnesium,
and their alloys.

The  tube  is  identical  in  rating  and  size  to  the
GL-5822  for which it is a direct replacement.  The
new tube, however, has the advantage of providing

ADAPTED   TO   TEMPERATURE   CONTROL
POWER-RECTIFIER   SERVICE

for simple, economical, and effective control of tube
temperature   and   cooling-water   flow.   A   copper
plate on the tube envelope in thermal contact with
the inner cylinder of the tube is maintained at sub-
stantially   the   same   temperature   a§   the   inner
cylinder.   This   plate   is   slotted   to   permit   con-
venient mounting of a thermostat which on a single
tube  will  either  provide  over-temperature  protec-
tion or temperature  control through regulation of
the water flow.

A feature of the GL-5822-A is the use of baffles
which  reduce  deionization  time  and  assure  satis-
factory  operation  under  the  severe  conditions  of
commutation imposed by the service for which the
tube  is  designed.   Other  design  features   are   an
ignitor   adapted   to   intermittent   service,   and   a
helical water guide to assure uniform cooling.

GENERAL ©  ELECTRIC

Supersedes  ET-T135l  dcil®d  12-56
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GENERAL

Electrical

Cathode Excitation-Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes
Main Cathodes
Ignitors

Arc Drop at  1500 Amperes Peak
Cathode Excitation Requirements

Ignitor Voltage Required to Fire
Ignitor Current Required to Fire
Starting Time at Required Voltage or Current .

Mechanical
Envelope Materialustainless Steel
Over-all Length
Over-all Width
Net Weight, approximate

Thermal
Type of Cooling-Water

Inlet Water Temperature,  minimum
Outlet Water Temperature,  maximum
Water Flow, Minimum

At Continuous Rated Average Current .
At No Load

Characteristics for Water Cooling at Rated Minimum Flow
Water Temperature Rise
Pressure Drop at  1.5  Gallon per Minute,  maximum

MAXIMUJV\   RATINGS   AND   TYPICAL   OPERATION

Frequency-Changer  Resistance  Welding  Service  or  Power-Reclil:ier  Service-lntermillenl  Duly
Ratings  are for zero-phase-control  angle  (see  Curve  K-69087-72A316  for  details).

Maximum Peak Anode Voltage
Inverse .
Forward

Maximum Anode Current *

Corresponding Average

Corresponding Peak
Maximum Averaging Time .  .

Ratio of Average to Peak Current
Maximum Averaging Time

Ratio of Fault to Maximum Peak Current
Maximum Duration of Fault Current

Frequency Range

'gni'or
Maximum Voltage

Positive-Anode Voltage
Negative

Maximum Current

Root Mean Square

Maximum Averaging Time

1200

1200

*  Straight line interpolation on log-log paper is allowed between corresponding points.

®

®

200     Volts
30     Amperes

100     Microseconds

14     Inches
4%    Inches
834    Pounds

10C
35C

1.5     Gallons per Minute
0.5     Gallons per Minute

1500     Volts
1500     Volts

1200     Amperes
16     Am|)eres
56    Amperes

336    Amperes
6.25     Seconds

0.166

0.2     Seconds
12.5

0.15     Seconds
50-60     Cycles per second

5     Volts

100     Amperes
10     Amperes

1     Amperes
5     Seconds
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Control thermostat:s, with mounting brackets, are available through regular tube supply channels under  the  following
catalog numbers :

AC Control Service
Flying-Lead Type

Water-Control Thermostat-N152 72AA
Over-Temperature Thermostat-N152 73AA

Terminal-Block Type
Water-Control Thermostat-N15286AA
Over-Temperature Thermostat-N15287AA

See Ignitron Accessories publication in front of lgnitron section for details.

APPLICATION  DATA

Since  two  thermostats  are  required  to  achieve
both temperature and water control, these features
can  be  obtained  in  combination  only  when  the
tubes are used in pairs, which is normal usage. The
application  information  that  follows  is  based  on
use  of a  pair  of  5822-A's.

The  water-flow  thermostat  should  be  mounted
on the tube receiving water from the water-supply
line;  the  over-temperature  thermostat  should  be
mounted on the other tube.

The  water-control  thermostat,   whose  contacts
are set to close at 35  C, should be mounted on the
tube and connected in series with the electric water
valve  that  provides  the  cooling water.  As  long  as
the tube temperature remains below this value the
valve remains closed,  preventing water  from flow-
ing  through  the  tube.   When   current   is  passed
through  the  ignitron  its  temperature  rises  and  at
35  C  the  thermostat  contacts  close,  opening  the
water valve and allowing water to flow. Should the
current be reduced,  the water will  cause the  tem-
perature to fall below the 35 C value and the valve
will close and stop the water flow.

The  over-temperature  thermostat  provides  an
additional   protection   should   the   water   flow   be
interrupted or the water-supply valve fail to open.
It operates under emergency conditions to remove
power  from  the  ignitrons  before  they  reach  an
excessive  temperature.  This  thermostat  is  set  to
open  its contacts at  52  C.

Appreciable  time  is  required  for  the mechanism
of the thermostats to reach the temperature of the
copper plate on the tube.  Heavy currents  at high
percentage  duty  passing  through  the  tubes  will
cause their temperatures to rise more rapidly than
the  action  of the  thermostat.  Where  heavy  loads
are  likely  to  exist,  an  auxiliary  contact  should  be
provided  to  start  water  flow  as  soon  as  current
flows.  The curves on page four show the region of
operation  when  this  precaution  must  be  provided
for.

When the control thermostats are used with this
tube, care must be taken that the cooling water has
completely  filled  the  tube  before  it  is  operated.
This will prevent damage to the tube by arc-backs
caused by rapid tube heating before the thermostats
can function.
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FREQUENCY-CHANGER   RESISTANCE   WELDING   SERVICE

OR
POWER   RECTIFIER   SERVICE-INTERMITTENT   DUTY
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AVERAGE   CURRENT

PEAK    CURRENT

SURGE   CURRENT

PEAK   CURRENT

AVERAGE   ANODE   CURRENT   IN   AMPERES   PER   TUBE

MAXIMUM   AVERAGING   TIME=6.25   SECONDS

MAXIMUM   AVERAGING   TIME   0.2   SECOND=0.166   MAXIMUM

MAXIMUM   DURATION   OF   FAULT   CURRENT   0.15   SECOND=12.5   MAXIMUM

ELEMENTARY   CIRCUIT   FOR   CAPACITOR   I:lRING SELF   OR   ANODE   EXCITATION   IN   WHICH   A   PART   OF   THE
LOAD   CURRENT   IS   DIVERTED   THROUGH   THE   IGNITOR
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Technical data on tube type GL-6512 is filed in

the "Rectifier lgnitrons" section of this manual.
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Technical data on tube type GL-6513  is filed in

the"Rectifier Ignitrons" section of this manual.
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Technical data on tube ty|)e GL-6514 is filed in

the "Rectifier lgnitrons" section of this manual.
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Technical data on tube type GL-6515 is filed in

the "Rectifier lgnitrons" section of this manual.
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ELECTRICAL

Cathode Excitation-Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes .
Main Cathodes
Ignitors

MECHANICAL

Envelope Material-Stainless Steel
Net Weight

GL-7151

ICNITR®N

THERMOSTAT   BRACKET                                          HIGH-EFFICIENCY   COOLING
AC   CONTROL   SERVICE-900   AMPERES

The  GL-7151  is  a  sealed  water-cooled
ignitron  with  a  stainless-steel  jacket  for
a-c  control  service.   In  such  application
two  tubes  in  an  inverse-parallel  connec-
tion will control 4800 kilovolt-amperes at
voltages  of  250  to  500  volts  over  a  fre-

70     Pounds
Mounting Position-Vertical, Anode Terminal Up

quency  range  of   25   to   60   cycles.   The
water-cooling  chamber  is  especially  de-
signed  to  provide  high-efficiency  cooling
at the bottom of the tube without increas-
ing the water pressure drop of the cooling
jacket.

THERMAL
Type of Cooling-Water

Inlet water Temperature,  minimum ...... 0     C
Outlet Water Temperature,  maximum ...... 40     C
Water Flow,  minimum ...... 10     Gallons per

Minute
Water flow should be continued for at least one

hour after removal of anode power.
Maximum  Working  Water  Pressure,  Non-

100     Pounds  per
Square
Inch

Characteristics at 10 Gallons per Minute
Water Temperature Rise,  maximum ...... 8     C
Pressure  Drop,  maximum ...... 1.5     Pounds per

Square
Inch

MAXIMUM   RATINGS-AC   CONTROL   SERV.CE
Two  Tubes  in  Inverse  Parallel,  Ralings  per  Tube

Voltage Range
Maximum Demand .  .  .

Corresponding Average Current *
Maximum Average  Current* . .

Corresponding Demand . . .

250 to 600     Volts  RMS
...4800     Kilovolt-

Amperes
...486     Amperes
...900     Amperes

...1600      Kilovolt-
Amperes

Maximum Demand current Below 500 Volts*. 9600    Amperes
RMS

Maximum Peak Fault Current
At  250  Volts
At  600 Volts

Frequency Range

54,000     Amperes
22,400     Amperes
25-60     Cycles  per

Second

Cathode  Excilalion  Requiremenls
Anode  Firing

Ignitor Voltage Required to Fire. .
Ignitor Current Required to Fire .  .
Starting Time at Required Voltage

or Current

Separate  Excitalion
Pulse Width

Recommended
Maximum .  .  .

...200      Volts
...30     Amperes

100     Microseconds

500     Microseconds
4000     Microseconds

When the average anode current is greater than 20 amperes the
pulse width must not fall below 150 microseconds.

Maximum Rate of Rise oflgnitor current.. 2.5    Amperes per
Microsecond

Ignitor
Maximum Voltage
Positive-Anode Voltage

Negative .  .  .
Maximum Current

Root Mean Square
Average

5    Volts

100     Amperes
.10     Amperes

1     Ampere
Maximum Averaging Time ...... 5     Seconds

*  A concentric current-return path from the cathode terminal to the top of this tube should be provided in installations where
high-current conductors, including other ignitrons, are operating within 20 inches of it. This i§ necessary to prevent the magnetic field
established by the high current from disturbing the arc within the GL-7151. This return path can be made by clamping the cathode
connection to the top of the tube jacket: or by extending, from the cathode terminal to a bus-bar connection at the top of the  tube,
four or more equally spaced copper bars placed around the circumference and running the length of the tube. Clean tight connections
are necessary for proper conduction of the high currents.

GENERAL © ELECTRIC



DEMAND   CURRENT   VS   PERCENTAGE   DUTY

TWO   TUBES   CONNECTED   IN    INVERSE    PARALLEL

Averaging  Time
250 Volts-8.9  Seconds
500  Volts~4.5  Seconds
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Elec',ical
Cathode Excitation-Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main chodes
Main Cathodes
Ignitors

Arc Drop at 3400 Peak Amperes ......
Arc Drop at 176 Peak Amperes ..,..

Mechanical
Envelope Material-Stainlcs8 Steel
Over-all Length . . .
Over-all   Width. . .
INet  Weight ......  :  :  :   :

PRODUCT  INF'ORMATION

IGNITRON

IGNITRON-Coaxial
RECTIFIER  SERVICE+O  AMPERES
AC  CONTROL SERVICE-56 AMPERES

ADAPTED  TO  WATER-FLOW
CONTROL
The GL-7669 is a sealed, stainless-steel-

jacketed,   water-cooled  ignitron  for  a-c
control  service.  In  such  application  two
tubes  in  inverse-parallel  connection  will
control 12 00 kilovolt-amperes at voltages
of  250 to  600  over  a  frequency  range  Of
25 to 60 cycles.

The  7669  features  a  new  coaxial  con-
struction in which current flows through
the tube from anode to cathode, then up
the  tube  wall  to  a  coaxial  cathode  tcr-
minal at the top. This coaxial current flow
provides  a  magnetic  shield  to  eliminate
the  arc  deflection  which  the  high  peak

. .   26  Volts
. .  .    13   Volts

•  .    1034  InchesI...     3j4Inches

.     3.6  Pounds

ET-T163gB
Page  1

12-67

GL-7669

ADAPTED  TO  TEMPERATURE
CONTROL

currents   of  this   tube   might   cause   in
standard design ignitrons.

A slotted mounting plate permits con-
venient mounting of a thermostat to pro-
vide  control  of the  water  flow  or  over-
temperature protection.

Advantages  of the  control  feature in-
clude  reduction  of  condensation  on  the
tube walls during hot weather, protection
against  overloadg,  elimination  of  water
supply as a limiting factor in equipment
location, and appreciable savings in water
consumption.

Thermal
Type of Cooling-Water

Inlet Water Temperature, minimum .... 0  C
Inlet Water Temperature, maximum . . 30  C
Outlet Water Temperature, maximum.40  C
Water Flow, minimum, solenoid water

valve  open .................. 1.0  Gallons per Minute
Characteristics for Water Cooling at Rated Minimum Flow

Water Temperature Rise, maximum .,.. 4  C
Pressure Drop at 1 Gallon per Minute .I.8  Pounds per Squnrc

Inch

MAXIMUM   RATINOS
Power-Reclifier Service,  lnlermiH®nl  Duly

R®Iings  are  for  Z®r®  Phase-C:onlrol  Angl®
|See Curve K-69087-72A310  for Delails|
Ratings  Apply  ®nly ol  Inlel  Waler Temp®ro*ures up 1®  40  C
Maximum Peak Anode Voltage

Inverse.........
Forward . . .

Maximum Anode Current
Peak..............

Corresponding Average. . .
Average...........

Correaponding Peak ......
Maximum Averaging Time

Maximum Duration of Fault
Current.............

500        1200        1500  Volts
500        1200        1500  Volts

700         600
5

40         22.5-135
610

8000       8000

0.15          0.15

480  Amperes
4  Amperes

18  Amperes
108  Ampere8
10  Seconds

8000  Amperes

0.15  Second
Ratio of Average to Peak Current. maximum

Averaging Time o.2  Second.       -0.166     0.166
Ratio of Fault to Marimum

Peak current ....     12.S         12.5         12.S
Frequency Range ...... 50rfo    50rio    50rfo  cycles per

Second

AC  Conlrol  S®rvice*
Two Tubes in  lnvers. Parall®I,  Ratings p.r Tube
Voltage
Maximum  Demand ........,..

Average Current at Maximum
Demand

Maximum Average Curent ..,,
Demand at Maximum Average

Current
Maximum Averaging Time at 250

Volts RMS ....
Maximum Averaging Time at 600

Volts RMS
Maximum Peak Fault Current at

250  Volts
Maximum Peak Fault Current at

GOO  Volts
Frequency Range .........

250 to 600  Volts HMS
.,,.      GOO  Kilovolt-Amperes

30.2  Alnpcre8
56.0  Ampercs

200  Kilovolt-Ampcres

18  faond8

7.S  Sccond9

6720  Ampcre8

2800  Amperes
25--.60  Cycles per Second

Calhode Excilalion  Requiremenls
Ignitor Voltage Required to Fire . .
Ignitor Current Required to Fire . .
Starting Time at Required Voltage

or Current

...... 200   Volts

......   30  Amperes

loo  Microseconds

Ignitor
Maximum Voltage

Positive-Anode Voltage
RTcgative..............

Maximum Curent

Rcot Mean Square
Average

Maximum Averaging Time.

5  Volts

100  Amperce
10  Ampcres

1  Ampere
5  Seconds*  RMS  demand  voltage,  current,  and  kilovolt-ampere  demand

delay)  regardless of whether or not phase control is us-ed.  For voltages  below the minimum, the'minimun--v-oit;g`e--dr-;i:
rating applies.  With the use of log-log paper straight-line interpolation  between tabulated points (nay be used for other de-
tailed ratings of: Demand kva vs average anode current, and maximum averaging time v8 anode voltage.

GENERAL © E[EC"10
Supersedes  ET-T1639^  dalecl  4-63

are  all  on  the  basis  of full-cycle conduction  (no phase
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KILOVOLT-AMPEREVS AVERAGE Cu RRE NT FtATlNC
2 SOT06cO VOITS

Cu RVE NO.I

\

10                                     20                                     40                    60             80           loo

AVERAGE   ANODE   CURRENT   IN   AMPERES   PER   TUBE

DEMAND   CURRENT  VS   PERCENTAGE   DUTY  AT  250  VOLTS  RMS
AVERAGING  TIME-18  SECONDS

`

I                       2                      4             6       ®      10                    20                    40          60    ®0    loo
DUTY   IN   PERCENTAGE

2   TUBES   CONNECTED   IN   INVERSE   PARALLEL
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DEMAND   cuFiRENT   vs   pEeeENTAGE    DUTy

AT  500  VOLTS   RMS.

60004cOO
CU FivE   NO.  3

20cO10008cOGOO400ZOOloo

\- - - \

Averaging  Time=9  Seconds
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DUTY    IN   PEftcENTA6E

2   TUBES    CONNECTED   IN  INVERSE   PARALLEL

POWER-RECTIFIER   RATINGS-INTERMITTENT   DUTY
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K -69087-72A310 AVERAGE   ANODE   CuRRENT   IN   AMPERES   PER   TUBE
MAXIMUM  AVERACINC   TIME= 10   SECONDS
I   AVERAGE

PEAK
FAULT

I   PEAK   MAX

MAXIMUM   AVERAGING   TIME   0.2   SECOND=0.166   MAXIMUM

MAXIMUM   DURATION   OF   FAULT   CURRENT   0.15   SECOND=12.5   MAXIMUM



GL-7669
ET-TI 6398
Page 4
'2-67

Control  thermostats,   with  mounting   brackets,   are
available  through  regular  tube supply channels under the
following catalog numbers :

AC Control Service
Flying-Lead Type

Water-Control Thermostat-N152 72AA
Over-Temperature Thermostat-N152 73AA

Terminal-Block Type
Water-Control' Thermostat-N 15 286AA
Over-Temperature Thermostat-N15287AA

See  lgnitron  Accessories  publication  in front. of Igni-
tron section for details.

a"=5;' slot                    I _
|T

2gide oiti!'

'±2.

ANODE    , 4"  MAX.  CABLE
TERMINAL BENT   goo

7,9I"

I,

COAXIAL   CATHODE _        IZ   MAX.D|A.I.--
E LIT

MAX.                  T i:i+
iDGHT)                        '3i±3"WATEROUTLET,I

t2f MAX.

5   p,pE
6'!, 7THEBMOSTAT

MOUNTING MAX.I M
PLATE

iH
II

I"i
£'MA,X.  X~

3'   MAX.  SLOT

I

":±5,

WATER INL5~ <±i8:_22"D,

A.  MAX.

'5 p,pE

®
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1

Electrical

Cathode Excitation-Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes
Main  Cathodes
Ignitors

Arc Drop  at 2500  Peak Amperes
Arc Drop  at  150  Amperes

Mechanical
Envelope Material-Stainless  Steel
Over-all  Length
Over-all  Width
Net  Weight:

®L-,6,®

IONITRON
Coaxial

PULSE-WELDER  SERVICE-2000  AMPERES   PEAK

ADAPTED  TO  WATER-FLOW
CONTROL

The GL-7670 is a sealed, stainless-steel-
j acketed,  water-cooled  ignitron  designed
to  control  the  high-current,  short-dura-
tion   power   pulses   require;d   in   pulse-
welding service. In such use two tubes in
inverse-parallel   connection   will   control
2000 amperes peak at voltages up to 2500
volts  peak  at  a  frequency  of  60  cycles.
The  tube  is  also  useful   in  other  high-
peak-current applications such as capac-
itor-discharge circuits.

The  7670 features  a  new  coaxial  con-

1
1
1

25  Volts
13  Volts

8'J46  Inches
23/4   Inches
3.6  Pounds

ADAPTED TO TEMPERATURE
CONTROL

struction in which current flows through
the tube from anode to cathode, then up
the  tube  wall  to  a  coaxial  cathode  ter-
minal  at  the  top.   This  coaxial  current
flow provides a magnetic shield to elimi-
nate  the  arc  deflection  which  the  high
peak currents of this tube might cause in
standard design ignitrons.

A slotted mounting plate permits con-
venient mounting of a thermostat to pro-
vide  control  of the  water  flow  or  over-
temperature protection.

Thermal

Type of Cooling-Water
Inlet  Water Temperature,  minimum. .
Inlet Water Temperature,  maximum. .
Outlet Water Temperature, Maximum
Water Flow, minimum, solenoid

water-valve  open  ............... 1.0:Gallons  per  Minute
Characteristics  for  Water  Cooling  at  Rated  Minimum  Flow

Water  Temperature  Rise,  Maximum ................. 4  C
Pressure Drop at  1  Gallon per

Minute  .................... 1.8  Pounds  per  Square  Inch

MAXIMUM   RATINGS-PULSE  WELDER  SERVICE

Peak Forward Anode Voltage .
Peak Inverse Anode Voltage .  .
Initial Inverse Voltagc* .  .

2500  Volts
2500  Volts
1250  Volts

Peak Anode Current .....
Average Anode Current .  .  .

Averaging Time ,......
Anode Current Repetition Rate
Anode Current Pulse Width .  . .

2000 Amperes
10 Amperes

2 Seconds
60 Pulses per Second

1000 Microseconds

Cathode  Excilalioh  Requirements

Ignitor Voltage Required to Fire. . .
Ignitor Current Required to Fire .  .  .
Starting time at Required Voltage or

Current

.   200  Volts

.     30Amperes

100 Microseconds

Ignitor
Maximum Voltage

Positive-Anode Voltage
Negative

Maximum Current

Root Mean Square
Average

Maximum Averaging Time

5 Volts

100 Amperes
10 Amperes
1 Ampere
5 Seconds

*  Initial inverse voltage is the negative voltage applied to the anode immediately after anode current conduction.

GENERAL ©  ELEOTRlo

Supersedes  ET-T1628  dated  8-cO
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PERFORMANCE   CHARACTERISTIC   CURVE   FOR   PULSE-WELDING   SERVICE
Average  Arc-back  Rate  vs.  Circuit  Duty

CONDITIONS:
Half-sine-wave  current  pulses  1000  microseconds  long.  60-cycle  repelition  rote  (maximum).
10  per  cent duty  cycle-10  half-sine-wave  current  pulses  followed  by  90  cycles  of  non-conduction.

2.aI.00.5012a.I005Olaea.01

/

/
/

/
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Control   thermostats,   with mounting   brackets,
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available   through   regular   tube   supply   channels   under
the following catalog numbers :

AC  Control Service
Flying-Lead Type

Water-Control  Thermostat--N15272AA
Over-Temperature Thermostat~N15273AA

Terminal-Block Type
Water-Control  Thermostat-N15286AA
Over-Temperature Thermostat--N15287AA

See  Ignitron  Accessories  publication  in  front  of Igni-
tron  section  for details.
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Electrical
Cathode Excitation-Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes
Main Cathodes
Ignitors

Arc Drop at 6800 Peak Amperes. .
Arc Drop at 440 Peak Amperes. . .

Mechanical
Envelope Material-Stainless Steel
Over-all Length
Over-all Width
Net Weight

®L17®7|

•CNITRON
Coaxial

RECTIFIER   SERVICE-1100  AMPERES
AC  CONTROL  SERVICE-]40  AMPERES

ADAPTED  TO  WATER-FLOW
CONTROL
The GL-7671 is a sealed, stainless-steel-

jacketed,   water-cooled   ignitron   for   a-c
control  service.  In  such  application  two
tubes  in  inverse-parallel  connection  will
control  1200 kilovolt-amperes at voltages
of  250  to  600  over  a  frequency  range  of
25 to  60 cycles.

The  7671  features  a  new  coaxial  con-
struction in which current flows through
the tube from anode to cathode, then up
the  tube  wall  to  a  coaxial  c.athode  ter-
minal  at  the  top.  This  coaxial  current
flow provides  a magnetic shield to  elimi-
nate  the  arc  deflection  which  the  high

28  Volts
14  Volts

1434  Inches
4%  Inches
8  Pounds

ADAPTED  TO  TEMPERATURE
CONTROL

peak currents of this tube might cause in
standard design ignitrons.

A slotted mounting plate permits  con-
venient mounting of a thermostat to pro-
vide  control  of  the  water  flow  or  over-
temperature protection.

Advantages  of the  control  feature  in-
clude  reduction  of  condensation  on  the
tube walls during hot weather, protection
against  overloads,  elimination  of  water
supply as  a limiting factor in  equipment
location, and appreciable savings in water
consumption.

Thermal
Type of Cooling-Water

Inlet Water Temperature, minimum. . .   0
Inlet Water Temperature, maximum .  . 30
Outlet Water Temperature, maximum . 40
Water Flow, minimum, solenoid water

valve open ...... 1.5   Gallons per Minute
Characteristic.s for ivater Cooling at Rated Minimum Flow

Water Temperature Rise, maximum. .    6  C
Pressure Drop at  1.5  Gallons per

Minute, maximum .4.5  Pounds  per  Square
Inch

MAXIMUM   RATINGS
Power-Reclifier Service,  lnlermiltenl  Duty

Ratings  are  for  Zero  Phase-Conlrol  Angle
Rcltings  Apply  Only  al  Inlet  Water  Temperatures  up  to  40  C
Maximum Peak Anode Voltage

Inverse
Forward

Maximum Anode Current

Maximum Averaging Time
Fault

Maximum Duration of Fault Current
Frequency Range

500  Volts
500  Volts

1600  Amperes
100  Amperes

6  Seconds
6000  Amperes
0.15  Second

25-60  Cycles per
Second

AC  Conlrol  SeTvice*
Two  Tubes  in  Inverse  Parclllel,  Ratings  per  Tube
(See Curves K-69087-72A721 and K-69087-72A722 for Delails)
Voltage ...... 250  to  600  Volts  RMS
Maximum Demand .  .  .

Average Current at Maximum
Demand

Maximum Average  Current . .  .
Demand at Maximum Average

Current .  .  .
Maximum Averaging Time at 250 Volts

Maximum Averaging Time at 600 Volts

Maximum  Peak  Fault  Current  at  250

1200   Kilovolt-Amperes

75.6  Amperes
140  Amperes

400  Kilovolt-Amperes

14  Seconds

5.8  Seconds

13,450  Amperes
Maximum  Peak  Fault  Current  at  600

Frequency Range
5600  Amperes

25-60  Cycles  per  Second

Cathode  Excilalion  Requirements
Ignitor Voltage Required to Fire .
Ignitor Current Required to Fire .
Starting Time at Required Voltage

or Current

.  . 200   Volts

.  .   30  Amperes

100  Microseconds

Ignitor
Maximum Voltage

Positive-Anode Voltage
Negative

Maximum Current

Root Mean Square.
Average

Maximum Averaging Time
*  RMS  demand  voltage,  current,  and  kilovolt-ampere  demandare  all  on  the  basis  of full-cycle  conduction  (no  phase

delay)  regardless  of whether  or  not  phase  control  is  used.  For  voltages  below  the  minimum,  the  minimum-voltage  current
rating  applies.  With  the  use  of log-log  paper  straight-line  interpolation  between  tabulated  points  may  be  used  for  other  de-
tal,edratlngsofDemandkvavsavera:eEanideECLrr;ntian6xiufEav:rigig|tl;evsanodevoltage

Supersedes  ET-T1640  dated  3-61
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DEMAND   CURRENT  VS   PERCENTAGE   DUTY  AT  250  VOLTS   RMS
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K-69087-72A865

0`00080cO 111111111111---1111111
KILOVOLT-AMPERE     VS    AVERAGE  CURRENT  RATING

600040cO20cO1000BOO6cO4002loo 250  TO  600VOLJS
CUBVE    NO.  I

\\\

D`OOO800
DEMAND CURRENT Va PEBCE

D UTY AT 250 VOI Fi

60cO4000ZOO'000BOO6004cOZOO'cO
OU RV E N 0. 2

I IllIllIllIll
Ill
Ill

\

I II

4             6        8      10                     20
DUTY  IN   PERCENTAGE

2  TUBES  CONNECTED   IN    INVEFtsE    PAFiALLEL

Averaging  Time=14  Seconds

7-58

7-58



CL1767l
ET-T1640A
Page 4
4-63

•

'000
DEMAND   CURf}ENT    VS     PEf}CENTAGE DunrAT500VOLTSBMSCURVENO3 I

rooo'000loo000Coo6cO4cO2cOloo

\
.\

K-69087-72A868 Averaging  Time=7.1   Seconds

®



GL.767I
ET-T I 640A

Page  5
10-66

Rim

A

a

Control   thermostats,   with mounting   bra
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available   through   regular   tube   supply   chan
the  following  catalog  numbers:

AC Control  Service
Flying-Lead Type

Water-Control Thermostat-N 152 72
Over-Temp.erature Thermostat-N 152 73AA

Terminal-Block Type
Water-Conti-ol Thermostat-N 15286AA
Over-Temperature Thermostat-N 15287AA

See Ignitron Accessories publication in  front of Igni-
tron  section  for  details.

16NITOB
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Electrical
Electrodes

Anodes
Cathodes
Ignitors .
Deionization Baffles . . .

Arc Drop
At 5000 Amperes Peak
At 500 Amperes Peak .

®

OL.768I

I®NITR®N
FREQUENCY-CHANCER   WELDER   SERVICE

The GL-7681 is a sealed, stainless-steel-
jacketed,     water-cooled,     mercury-pool
tube  for  use  in  electronic-contactor  and
resistance-welding-control   service,   both
single-phase and three-phase.

In AC-control  service two tubes in an
inverse-parallel   connection   will   control
1800 kilovolt amperes at 440 to  600 volts

AC-CONTROL   SERVICE

control  2250 amperes peak  at  1200 volts
inverse    in    frequency-changer    welder
service.

A   thermostat  mounting  plate,   ther-
mally coupled to the mercury-condensing
surface  of the  tube,  provides  protection
against excessive temperature or tempera-
ture  control  through  regulation  of  the

RMS,   25   to   60   cycles.   Six  tubes   will      water flow.

Mechanical
Envelope-Stainless Steel
Mounting-Vertical, Cathode Terminal

Down
Net weight, approximate ...... 15    Pounds

Thermal
Cooling-Liquid. If other than water is used, correct for conduc-

tivity, specific heat and viscosity.
Inlet water Temperature, minimum...   6    C
Outlet water Temperature, maximum.  45    C
Water Flow, minimum

At Continuous Rated Average
Current

At No Load
2.0 Gallons per Minute

0
Note:  Flow at  intermediate  loads  may  be  decreased  to an

amount  proportional  to  load.  Water  flow  should  be
continued for 30 minutes after load is removed.

Characteristics  for  Water  Cooling  at  Rated  Minimum  Flow
Water  Temperature  Rise  at  Maxi-

mumcurrent ......   9     C
Water Pressure Drop at 2.0 Gallons

per Minute, Maximum ....... 5 pounds per square inch

AC-Control  Service*
Two Tubes in Inverse Parallel, Ratings per Tube

500-600    Volts RMS                   Maximum Averaging Time
..1800t     Kilovolt Ampere§            At 250 Volts RMS...

113.5    Amperes                        Maximum peak Fault current

Voltage
Maximum Demand I  '  ' __.-I       _---_ ' _--_ ---- I .--- _                ---___    '  _--.  ___.__

Average current at Maximum De-                                                            At 500 Volts RMS

Maximum Average current ...... 210    Amperes                              At 250 Volts

...9.5     Seconds

...7.1     Seconds

20,040    Amperes
Demand at Maximum Average  cur-                                                           At 600 Volts ...... 8400    Amperes

600    Kilovolt Amperes       Frequency Range ...... 25-60    Cycles per second

Frequency-Changer-Welder Service
Ratings are for zero phase-control angle

Maximum Peak Anode Voltage
Inverse and Forward . .

Maximum Anode Current

Correspondin g Average
Average .  .  .

Corresponding Peak. . .

.  .  .1200

-\,-.\,\,\,`,``_```t>  --_-`.  `  .  '  `  -`
Maximum Averaging Time

Ratio of Average to Peak
Current ...............  0.166       0.166
Maximum Averaging Time   0.2          0.2    Seconds

Ratio of Fault to Maximum Peak
Current .....     12.5          12.5

Maximum Duration of Fault
Current ....    0.15         0.15     Seconds

Frequency Range ...... 50-60    50-60    Cycles per second

Cathode  Excilation  Requirements
Ignitor Voltage Required to Fire.
Ignitor Current Required to Fire

.ZOO     Volts

.   30    Amperes
Starting  Time  at  Required  Voltage  or

Current 100     Microseconds

Ignitor
Maximum Voltage

Positive-Anode Voltage
Negative............

Maximum Current
Peak
RMS
Average

Maximum Averaging Time

*  RMS demand voltage, current, and kilovolt-ampere demand are all on the basis of full-cycle conduction (no phase delay) regard-
less of whether or not phase control is used.  Straight-line interpolation on log-log paper is allowed between corresponding points.

t  Maximum demand current for 250 volts RMS is 4800 amperes. For voltages between 250 and 500 use proportional values between
4800 and 3600 amperes.

GENERAL ©  ELEOTRIO
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GL17998

Eleclrical
Electrodes

Anodes
Cathodes
lgnitors .
Deionization Baffles. .  .

Arc Drop
At  5000 Amperes Peak
At  500 Amperes Peak .

®

C®AXIAL
FREQUENCY-CHANCER   WELDER

SERVICE
2250   AMPERES   PEAK

The GL-7998 is a sealed, stainless-steel-
jacketed,   water-cooled  ignitron  for   use
in   electronic-contactor   and   resistance-
welding-control service, both single-phase
and  three-phase.   It  is   a  coaxial-design
version  of the GL-7681.

In AC-control  service two tubes  in  an
inverse-parallel   connection   will   control
1800   kilovolt-amperes   at   440   to    600
volts RMS, 25 to 60 cycles. In frequency-
changer   welder   service   six   tubes   will
control  2250  amperes  peak  at  1200  volts
inverse.

In   the   coaxial   construction   current

...30     Volts

...16     Volts

Mechanical

Envelope-Stainless Steel
Mounting-Vertical, Anode Terminal Up
Net weight, approximate ...... 15    Pounds

I¢NITR®N
AC-CONTROL   SERVICE

1800   KILOVOLT-AMPERES
flows  through  the  tube  from  anode  to
cathode, then up the tube wall to a coaxial
cathode terminal at the top. This current
flow  provides  a  magnetic  shield  which
eliminates   the   arc   deflection   that   the
high peak currents possible with this tube
might cause in standard design ignitrons.

A   thermostat   mounting   plate   ther-
mally coupled to the mercury-condensing
surface of the tube facilitates attachment
of a thermostat to provide either protec-
tion   against   excessive   temperature   or
temperature  control  through  regulation
of the water flow.

Thermal
Cooling-Liquid. 1f other than water is used, correct for conduc-

tivity, specific heat and viscosity.
Inlet  Water  Temperature,  minimum. . .6    C
Outlet water Temperature, maximum.45    C
Water Flow, minimum

At Continuous Rated Average
Current 2.0  Gallons  per Minute

Note:  Flow  at  intermediate  loads  may  be  decreased  to  an
amount  proportional  to  load.  Water  flow  should  be
continued  for  30  minutes  after  load  is  removed.

Water   Cooling   Characteristics   at   Rated   Maximum   Flow
Water  Temperature  Rise  at  Maxi-

mumcurrent ...... 9     C
Water Pressure Drop, maximum. 5 Pounds per Square Inch

MAXIMUM  RATINGS
AC-Control  Service*

Two Tubes in Inverse Parallel, Ratings per Tube

Voltage 440-600    Volts RMS
Maximum Demand ...... 1800t     Kilovolt-Amperes

Corresponding Average Current .... 113.5    Amperes
Maximum Average current ...... 210    Amperes

Corresponding Demand ............ 600     Kilovolt-Amperes
Maximum Averaging Time

At  250  Volts RMS ...... 9.5     Seconds
At  500  Volts  RMS ...... 7.1     Seconds

Maximum Peak Fault Current
At  250  Volts ...... 20,040     Amperes
At 600 Volts 8400    Amperes

Ere,quency-Changer-Welder Service
Ratings arc for zero phase-control angle

Maximum Peak Anode Voltage
Inverse and Forward . . .

Maximum Anode Current
Peak .  .  .

1200

2250
Corresponding Average ..... 30

Average......105
Corresponding Peak ...... 630
Maximum Averaging Time 6.25

Ratio of Average to Peak
Current ...... 0.166       0.166
Maximum Averaging Time . 0.2

Frequency Range ...... 25-60    Cycles  per  second      RatioofFaulttoMaximumpeak
Current.  .  .

Maximum Duration of Fault
Current .  .  .

Frequency Range

GENERAL ©  ELEO"10
Supersedes ET-T1674  dated  5-62

12.5

0.15

0.2     Seconds

12.5

0.15     Seconds
50-50    50-60    Cycles  per  second
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MAXIMUM  RATINGS  (Cont'd)
Calhode  Excilalion  Requirements

Ignitor Voltage Required  to Fire ..... 200     Volts
Ignitor  Current  Required  to Fire ..... 30     Amperes
Starting Time at  Required Voltage or

Current ..... 100     Microseconds

Ignitor
Maximum Voltage

Positive-Anode Voltage
Negative .  .  .

Maximum Current
Peak
RMS
Average

Maximum Averaging Time

..5      Volts

100     Amperes
10     Amperes
.1     Ampere
.5     Set.onds

*  RMS demand voltage, current, and  kilovolt-ampere demand are all on the basis of full-cycle conduction  (no phase delay)  regard-
less of whether or not phase control is used. Straight-line interpolation on log-log paper is allowed between corresponding points.

t  Maximum demand current for 250 volts RMS is 4800 amperes. For voltages between 250 and 500 use proportional values between
4800 and 3600  amperes.
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OL-8205

C®AXIAL  I®NITR®N
AC-CONTROL   SERVICE

4800   KILOVOLT-AMPERES

The GL-8205 is a sealed, stainless-steel-
jacketed  ignitron  for  a-c  control  welder
service.  It  is  a  coaxial-design  version  of
the GL-7151.

Two  tubes  in  an  inverse-parallel  con-
nection will control 4800 kilovolt-amperes
at  250 to 600 volts RMS, 25 to  60 cycles.

In   the   coaxial   construction,   current
flows  through  the  tube  from  anode  to
cathode,  tben  up  the  tube  wall   to   a
coaxial cathode terminal at the top. This
current  flow  provides  a  magnetic  shield
which  eliminates  the  arc  dedection  that
the high peak currents possible with this

CL-8205
ET.T1675A

PAGE   I
4-63

HICH   EFFICIENCY   COOLING

tube  might  cause  in  standard-design  ig-
nitrons.

Other  features  of  the  8205  include  a
specially designed water-cooling chamber
that  provides  high-efficiency  cooling  at
the bottom of the tube without increasing
the  water-pressure  drop  of  the  cooling
jacket.   A   thermostat   mounting  plate,
thermally  coupled  to  the  mercury-con-
densing  surface  of  the  tube,  facilitates
attachment  of  a  thermostat  to  provide
either  protection  against  excessive  tem-
perature or temperature control through
regulation of the water flow.

AC-Conti.ol   Service*
Two  Tubes  in  Inverse  Parq]lel,  Ratings  per  Tube

Voltage
Maximum Demand

Corresponding Average  Current*
Maximum  Average  Current* ......

Corresponding  Demand .........

250  to  600     VoltsRMS
...... 4800     Kilovolt-

Amperes
....... 486      Amperes
....... 900     Amperes
...... 1600      Kilovolt-

Amperes
Maximurn Demand Current

Below   500   Volts ...................... 9600      Amperes
HMS

Maximum Averaging Time
At  250  Volts  RMS ........
At  500  Volts  HMS ........

Maximum Peak Fault Current
At   250   Volts    ............
At  600  Volts   .............

Frequency Range  ........... `

...8.9      Seconds

...4.5      Seconds

54,000     Amperes
22,400     Amperes
.25rio    Cycles  per  second

Cathode   Excitalioh  ReqLiiremenls
Anode  Firing

Ignitor  Voltage  Required  to  Fire.
Ignitor  Current  Required  to  Fire.
Starting Time at Required Voltage

or  Current
Separate  Excilation

Pulse Width
Recommended
Maximum

200     Volts
.30     Amperes

100     Microseconds

.500     Microseconds
4000     Microseconds

When the average anode  current  is  greater than  20 amperes
the  pulse  width  must  not  fall  below  150  microseconds.

Maximurn Rate of Rise
of   Ignitor   Current .................... 2.5     Amperesper

Microsecond

Ignitort
Maximum Voltage

Positive-Anode Voltage
Negative

Maximum Current

Maximum  Averaging  Time

5     Volts

loo    Amperes
10    Amperes

1     Ampere
5     Seconds

*  RMS  demand  voltage,  current,  and  kilovolt-ampere  demand  are  all  on  the  basis  of  full-cycle  conduction  (no  phase  delay)
regardless  of  whether  or  not  phase  control  is  used.  Straight-line   interpolation  on   log-log  paper  is  allowed   between  corre-
sponding points.

t  These ratings apply only when anode firing of the ignitor is employed.

GEN EnAL ©  ELEOTRio
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Electrical

Cathode Excitation-Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main  Anodes
Main  Cathodes
Ignitors

Arc  Drop  at  2500 Peak  Amperes
Arc Drop at  10  Amperes

Mechanicc.I
Envelope Material-Stainless Steel
Over-all  Length
Over-all  Width
Net  Weight

OLi8360
lGNITRON
Coaxial

PULSE-WELDER   SERVICE-2000   AMPERES   PEAK

ADAPTED   TO   WATER-FLOW
CONTROL

The GL-8360 is a sealed, stainless-
steel-jacketed,     water-cooled     ignitron
designed   to   control   the   high-current,
short-duration   power   pulses   required
in   pulse-welding   service.   In   such   use
two tubes in inverse-parallel connection
will control  2000 amperes peak at volt-
ages  up  to  2500  volts  peak  at  a  fre-
quency  of  60  cycles.  The  tube  is  also
useful   in   other   high-peak-current   ap-
plications   such   as   capacitor-discharge
circuits.

The 8360 features a new coaxial con-
struction in which current flows through

1
1
1

25  Volts
13  Volts

13   Inches
23/4  Inches
3.6  Pounds

ADAPTED   TO   TEMPERATURE
CONTROL

the  tube  from  anode  to  cathode,  then
up  the  tube  wall  to  a  coaxial  cathode
terminal  at  the  top.  This  coaxial  cur-
rent  flow  provides   a   magnetic   shield
to  eliminate   the  arc   deflection  which
the   high   peak   currents   of   this   tube
might   cause   in  standard   design   igni-
trons. Except for an increase in the size
of the coaxial mounting plate, this tube
is  identical to  the GL-7670.

A slotted mounting plate permits con-
venient  mounting  of  a  thermostat  to
provide  control  of  the  water  flow  or
over-temperature  protection.

Thermal

Type  of  Cooling-Water
Inlet Water Temperature,  minimum. .
Inlet Water Temperature, maximum  .
Outlet Water Temperature,  maximum
Water  Flow,  minimum,  solenoid

water-valve  open ................ 1.0  Gallons  per Minute
Characteristics  for  Water  Cooling  at  Rated  Minimum  Flow

Water  Temperature  Rise,  maximum ,................. 4  C
Pressure  Drop  at  1  Gallon  per

Minute   .................... 1.8  Pounds  per  Square  Inch

MAXIMUM  RATINGS-PuLSE  WELDER  SERVICE

Peak Forward Anode Voltage .  .  .
Peak Inverse Anode Voltage .  .  .
Initial Inverse Voltage* .  .

2500  Volts
2500  Volts
1250  Volts

Peak Anode Current .  .  .
Average Anode Current .  .  .

Averaging Time .  .  .
Anode Current Repetition Rate
Anode Current Pulse Width .  .  .

.  .  . 2000 Amperes
.      10Amperes

2 Seconds
.     60 Pulsespersecond

.  .  .1000  Microseconds

Cathode  Excitalion  Requiremehls

Ignitor Voltage Required to Fire. . .
Ignitor Current Required to Fire .  .  .
Starting time at Required Voltage or

Current

200  Volts
30 Amperes

100 Microseconds

Ignitor
Maximum Voltage

Positive-An ode Voltage
Negative.  .  .

Maximum Current

Rcot Mean Square
Average

Maximum Averaging Time

5 Volts

100 Amperes
10Amperes
I Ampere
5 Seconds

*  Initial inverse voltage is the negative voltage applied to the anode immediately after anode current conduction.

GENERAL ©  ELEOTRIO



GL18360
ET-T'6®5
Page 2
4-63

PERFORMANCE   CHARACTERISTIC   CURVE   FOR   PULSE-WELDING   SERVICE
Average  Ai.c-back  Rate  vs.  Circuit  Duty

CONDITIONS:
Half-sine-wave  current  pulses  1000  microseconds  long.  60-cycle  repetition  rate  (maximum).
10  per  cent  duly  cycle-10  half-sine-wove  current  pulses  followed  by  90  cycles  of  nan-conduction.

K-ui;orRii/]2Nr/i78

I                  I.5          20      25    3.0        4.0                6            8        10

DUTY  Ill  PEAK KILOANPERES  I   lNITIAL  INVERSE  KILOVOLTS

COAXIAL   CATHODE   RETURN
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Control   thermostats,   with   mounting   brackets,   are
available   through   regular   tube   supply   channels   under
the  following catalog  numbers :

AC  Control  Service
Flying-Lead Type

Water-Control  Thermostat   -N15272AA
Over-Temperature Thermostat--N15273AA

Terminal-Block Type
Water-Control Thermostat-N15286AA
Over-Temperature  Thermostat---N15287AA

See  Ignitron  Accessories  publication  in  front  of  Igni-
tron  section  for  details.

PCITEUTIAL
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a
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INDUSTRIAL  EQUIPMENT  TYPES  MANUAL

GL-8465 , GL-8466

®

I,

®

•,

Technical  data  on  these  types  is   filed   in   the

"Rectifier   Ignitrons"   section   of  this   manual.
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FG-280

nECTI[iEk

Eleclrical

Cathode-indirectly heated
Heater Voltage

n

HALF-WAVE

6.4   AMPERES

MERCURY   VAPOR

The FG-280 is a half-wave,  all metal, mercury-vapor rectifier.

5.0     Volts

Heater current, approximate ...... 10.0    Amperes

Heating Time, typical 5    Minutes
Peak voltage  Drop, typical ...... 15     Volts

Mechanical

Net Weight, approximate ...... 22     Ounces
Mounting position ....     Vertical,  with  Radiator

End Dour

MAXIMUM   RATINGS

Maximum peak Inverse Anode voltage ...... 2000     Volts                           Average

Anode Current

Maximum Instantaneous

25  Cycles and Above

Below  25  cycles

6.4    Amperes
Maximum Averaging Time ...... 15     Seconds

Fault .  .  .

Duration
400    Amperes
0.1     Second

40    Amperes               Temperature Limits, condensed mercury.. +40+80    C

12.8    Amperes                Recommended Temperature, condensed mercury. 40    C

GENEnAL ©  ELECTRIC
Supersedes  ETI-151B  dated  10-50
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K-60087-72A268

RATE   OF   RISE   OF   CONDENSED-

MERCURY   TEMPERATURE   ABOVE   AMBIENT

Ef =4.75   VOLTS

I
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RADIATOR   CONTROLLINC
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®

a

®

a

PHAN®TR®N
The  GL-857-B  is  a  half-wave,  mercury-vapor     vapor tubes, together with other features of design

rectifier tube for use in the high voltage field. The     and   construction  assure   maximum   efficiency   of
low voltage drop characteristic inherent in mercury-     operation  in  many  different  rectifier  applications.

GENERAL

El®c,ric®l

Filament Voltage
Filament Current at 5 Volts
Cathode Heating Time
Anode Voltage Drop
Critical Anode Voltage

M®chqnic®I

Type of Cooling-Convection or Forced Air
Equilibrium Condensed-Mercury Temperature Rise above Ambient

At Full Load, approximate
At No Load, approximate

Mounting Position-Vertical, Base Down
Net Weight, maximum

Minimum      Bogey          Maximiim
4.75                 5           5.25  Volts

30             33  Amperes
- Seconds

15           -Volts
-         loo  Volts

GENERAL ©  ELECTRIC
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MAXIMUM   RATINGS,  Absolule  Values
Maximum Peak Inverse Anode Voltage .
Condensed-Mercury Temperature Limits
Maximum Cathode Current

Average
Maximum Averaging Time

Maximum Duration
Maximum Frequency

C®IIv®clion                   F®rc®d  Air

10,000                        22,000   Volts
+25to  +60         +30to  +40  C

40                              40  Ampcres
10                               10  Amperes
30                              30  Seconds

400                           400  Amperes
0.2                               0.2   Seconds
150                            150  Cycles per  second

X-RAY  WARNINC  NOTICE

This  device may produce X-rays when energized. X.ray warning signs or  labels should  be permanently
attached  to the equipment.

Precautions  must be exercised during the service and operation of equipment to assure that  any shield-
ing components  are replaced to their intended position  before the equipment is operated.

RATE   OF   RISE   OF

CONDENSED-MERCURY   TEMPERATURE

Ef  =4.75   VOLTS
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®

®

®

A

ZONE  FOR
CONDENSED-
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Eil

a

a

A

PHAN®TR®N
The  GL-869-B  is  a  half-wave,  mercury-vapor     quired.  The  cathode  is  designed  for  economical,

rectifier tube for use in broadcast transmitters and     long-life operation.
other applications where high d-c voltages are re-

GENERAL

Eleclrical
Filament Voltage
Filament Current at 5.0 Volts
Cathode Heating Time

Anode Voltage Drop
Critical Anode Voltage

Minimvni     B®g®y       M.ximum
4.75           5.0                5.25   Volts

....          19                    21   Ampercs
60........Seconds

....           15                    ....   Volts

loo   Volts

GENERAL ©  ELECTRIC
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GENERAL   (CONT'D)

M®chanic®I

Type of Cooling-Convection or Forced Air
Equilibrium Condensed-Mercury Temperature Rise above Ambient

At Full Load, approximate
At No Load, approximate

Mounting Position-Vertical, Base Down
Net Weight, maximum

MAXIMUM   RATINGS,  Absolute  Values
Maximum Peak Inverse Anode Voltage
Condensed-Mercury Temperature Limits
Maximum Cathode Current

Peak
ln-Phase Operation
Quadrature Operation

Average
In-Phase Operation
Quadrature Operation
Maximum Averaging Time

Maximum Duration
Maximum Frequency

20C
15C

1.6  Pounds

10,000         15,000         20,000  Volts
30to60     30to50    30to40  C

10                 10                 10  Amperes
20                 20                 10  Amperes

2.5                2.5                2.5  Amperes
5                   5               2.5  Amperes

30                30                30  Seconds
100              loo              100  Amperes
0.1                0.1                0.I  seconds
150              150              150  Cycles per second

X-RAY  WARNING  NOTICE

This  device may produce X-rays when energized. X-ray warning signs or labels should be permanently
attached  to the equipment.

Precautions  must be exercised  during the service and operation of equipment to assure that  any shield-
ing components are replaced to their intended position  before the equipment is operated.



GL-e69-B
ErT1504B

PAGE  3
9-70

®

®

®

RATE   OF   RISE   OF
CONDENSED-MERCURY   TEMPERATURE

Ef =4.75  VOLTS
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MAXIMUM   RATINGS

Condensed-Mercury
Temperature ...... +35to  +40    +35to+50    C

Maximum Peak Inverse
Anode Voltage,1S0
cycles  or  less ......                          16,000                     7500     Volts

Maximum Anode Current
Instantaneous,  25 cycles

andabove ........                           450                       450     Amperes

Average..............

Surge, for design
only. . .

Maximum Time of
Averaging  Current .....

Maximum Time of Surge
Anode  Current ........

75                       75    Amperes

4500                   4500     Ampcre9

60                       60    Seconds

0.2                       0.2     Seconds

X-RAY  WARNING  NOTICE

This device may produce X-rays when energized. X.ray warning  signs or labels should  be permanently
attached  to the equipment.

Precautions  must be exercised during the service and operation of equipment to assure that  any shield.
ing components are replaced to their intended position  before the equipment is operated.

GEN ERAL ©  ELEC"10
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RECOMMENDED   TYPES   AND   SELECTION   CHART

Thyralrons

a

®
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PACE   I
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a

a

a

THTRATn®N
The   FG-172   is   a   double-grid,   mercury-vapor     pedance source and where the available grid power

thyratron. Double-grid tubes are designed for appli-     is  very  small.  The  all-metal  construction  results
cations where the grid is actuated from  a  high-im-     in   a   sturdy   tube   for   industrial   applications.

GENERAL
Number  of  Electrodes

Eleclrical

Cathode-Indirectly Heated
Voltage......
Current,  approximate ........
Heating  Time,  typical .......

Peak  Voltage  Drop,  typical ...........
Control  Characteristics, approximate

Anode  Voltage ........

•...........................  4

cohlinLious
Service

100
Shield-Grid voltage ......                                                                                         0
Control-Grid  Voltage  ..........

Anode  to  Grid  Capacitance,  approximate
+1.0
0.07

Ionization  Time,  approximate ..........................         10
Deionization  Time,  approximate ............................   1000

Welder-Conh.ol
Sol.Vice

5.5   Volts
11.0   Amperes

5   Minutes
16   Volts

OENEnAL ©  ELEOTRIO
Supersedes ET-T1513  dated 12-58

Volts
Volt
Volts
„4f
Microseconds
Microseconds
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M;::t:np¥::ghj:.:i:,roax:;r:txe{ma.te ............. 2;    3::::§s

Mounting Position-Vertical,  Radiator Down

MAXIMUM   RATINGS
Maximum Peak  Anode Voltage

Inverse....
Forward..........

ConlinuoL.s                 Welder-Conlrol
Service                             Service

..2000                         750    Volts

..2000                          750    Volts

Maximum  Negative  Control-Grid Voltage
Before  Conduction ........................ 1000
During  conduction ....      10

Maximum  Negative Shield-Grid Voltage
Before  conduction ..........   300
During  conduction ....     5.0

Maximum Anode Current
Instantaneous,  25  cycles  and  above ........      40
Instantaneous,  below  25  cycles .....  13.0
Average

1000    Volts
10    Volts

300   Volts
5.0    Volts

77   Amperes
13.0   Amperes

.     6.4                         2.5    Amperes

sukgae;;£:£eg::a:;no]: ........ :   4o::                  4o::   £e::::ess

Maximum  Control-Grid  Current
Instantaneous ....      1.0                        1.0    Ampere
Average ..........    0.25                       0.25    Amperes

-~~Maximum  Shield-Grid  Current
Instantaneous ....      2.0                        2.0    Amperes
Avir::iemL.in.Averaging Time ......   0.::                  0.[55°  sAe:opne::S

Temperature  Limits,  condensed  mercury ............. +40 to  +80   +30 to  +95   C
Recommended  Temperature,  condensed  mercury...                                                    40                       40   C

TYPICAL   CONTROL    CHARACTERISTIC

SHADED   AREA   SHOWS    RANGE   OF   CHARACTERISTIC

CONDENSED-MERCURY   TEMP   40    C,   SHIELD    GRID   CONNECTED   TO   CATHODE

BIzi 200

YZ `ao„ i
2; I-^ I

uzzl +
Z Z i ..^1
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Z + i

+ + I

/
I

/ „ .''

„
Z

-24-22-20-[8-16-14-12-10  -8  -6  -4  -2    0     +2  +4  +6  +8

DC   CONTROL   GRID   VOLTAGE   AT   START   OF   DISCHARGE   IN   VOLTS

®
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RATE   OF   RISE   OF   CONDENSED-

MERCURY   TEMPERATURE   ABOVE   AMBIENT
Ef =4.75  VOLTS

11

a

N-21526ZA

rl

5                        10                      15                        20                     25                        30                     35                       40                     45

HEATING   TIME   IN   MINUTES

3-'0-47

RANGE   OF   CHARACTERISTICS   VS   SHIELD-GRID   VOLTAGES

CONDENSED   MERCURY   TEMPERATURE   40C
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TYPICAL   VARIATION   OF   CONTROL   CHARACTERISTIC

WITH   A   HEATER   PHASE   VARIATION   OF   180   DEGREES
CONDENSED-MERCURY   TEMPERATURE   40   C,   Ef=5.O   VOLTS,   EG2=O
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THYRATR®N
The GL-414 is a three-electrode,  mercury-vapor,     welder-control   and   grid-control-rectifier   applica-

metal  thyratron  with  negative  control  character-     tions.
istic.  This  tube  is  designed  for  industrial  use  in

GENERAL
Electrical

Heater Voltage. .
Heater Current at  5.0  Volts

a

n

Cathode Heating Time Required . . .
Anode-to-Control Grid Capacitance .  .  .
Control Grid-to-Cathode Capacitance .......
Deionization  Time, approximate

Eb = 120  v d-c;  Ib = 12.5  a d-c;  Rg = 1000  ohms
Eec = -20 v d-c
Eec = -1000 v d-c

Ionization Time, approximate
Eb = loo  V;  Ib = 100  amperes
Ec -+30  v ..............

Anode Voltage Drop
Critical Grid Current at Ep = 220 v a-c

Minimum         Bogey            Maximllm
4.75               5.0            5.25    Volts
...              19.0             22.5    Volts

10                  ...

0.1

6.5

...               2200

900

8
20

GENERAL  ©  ELEOTRlo

Supersedes  ET-T1509  dated  12-58

...    Minutes
...      Ilu,i

•..     ulrf

...    Microseconds
.  . .    Microseconds

.  . .    Microseconds

...    Volts
12  Microamperes
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Mechanical

Type of Cooling-Convection
Equilibrium Condensed-Mercury Temperature Rise above Ambient

At Full Load, approximate
At No Load, approximate .

Mounting Position-Vertical, Radiator Down
Net Weight, maximum

MAXIMUM  RATINGS,  Abso.ute  Values
Maximum Peak Anode Voltage

Inverse
Forward .

Maximum Cathode Current

Average
Maximum Averaging Time

Maximum Duration
Maximum Negative Control-Grid  Voltage

Before Conduction
During Conduction

Maximum Positive Control-Grid Current
Average

Averaging Time . .
Condensed-Mercury Temperature Limits

26C
23C

4   Pounds

2000   Volts
2000   Volts

100   Amperes
12.5   Amperes

30   Seconds
1500   Amperes

0.1    Second

1000                   1000   Volts
10                        10    Volts

1.0                      1.0   Amperes
1                          1    Cycle

+40to+80               +40to+80   C

CONTROL   CHARACTERISTIC
SHADED   AREA   SHOWS   RANGE   OF   CHARACTERISTIC

CONDENSED-MERCURY   TEMPERATURE    +40   TO    +80   C
Ef =4.75-5.25  VOLTS

-30         -26           -22         -18           -14         -10            -6           -2       0      `2              6               to
DC   CONTROL-GRID   VOLTAGE   AT   START   OF   DISCHARGE   IN   VOLTS

®

®
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TYPICAL   VARIATION   OF   CONTROL   CHARACTERISTIC
WITH   A   HEATER   PHASE   VARIATION   OF   180   DEGREES

CONDENSED-MERCURY   TEMPERATURE   +40  C,   Ef =5.0  VOLTS

HEATER    VOLTAGE    OUT    OF    PHASE    WITH    ANODE   VOLTAGE

CHARACTERISTICS    SAME    WITH    DC   ANODE   VOLTAGE

a

a
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I(.69087-72A19

f20      -18         -16      -14      -12      -10         -8         -6         -4         -2            0          +2         +4

DC   GRID  VOLTAGE   IN   VOLTS
4-2-48
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RATE   OF   RISE   OF   CONDENSED-MERCURY

TEMPERATURE   ABOVE   AMBIENT

Ef =4.75  VOLTS

IIi
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HEATING   TIME   IN   MINUTES

TYPICAL   GRID   CURRENT   BEFORE  ANODE   CONDUCTION

Ef =5.0  VOLTS           O-CONDUCTION   STARTS
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TYPICAL   CONTROL-GRID   CHARACTERISTICS

DURING   ANODE   CONDUCTION
Ef =5.O   VOLTS   AC
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2050IA
ET-T1686

Fag,?d

®

a

a

ELECTRICAL

Cathodeutoated Unipotential
Heater  Voltage,  AC  or  DC .......
Heater   Current    ................

2®5®IA
THYRATRON

The 2050-A is a four€lectrode, inert-     ture  over a wide range,  low grid-anode
gas-filled  thyratron  for  relay and  grid-     capacitance,  low  grid  current, and high
controlled-rectifier  service.  Features  of     sensitivity. The 2050-A differs from the
the  tube   include  a   control   character-     2050  in  having  a  T-9  envelope  and  a
istic  independent  of  ambient  tempera-     larger  base.

.6.3  ±10%     Volts
....... 0.6     Amperes

Cathode  Heating Time,  minimum  ......... 10     Seconds
Direct Interelectrode Capacitances, approximate*

Grid-Number  1  toAnode ............. 0.15     #44f
Grid-Number 1 to Cathode and

Grid-Number   2 .................... 2.2      ppf

MECHANICAL
Mounting Position-Any
Envelope-T-9, Glass
Base-86-2 29, Intermediate-Shell Octal 6-Pin or

88-142, Intermediate-Shell Octal 8-Pin

THERJVIAL

Type of Cooling-Air

MAXIMUM   RATINGS,   ABSOLUTE   VALUES

Peak Anode Voltage
Inverse   .....................    360       1300      Volts
Forward  ....................    180         650      Volts

Cathode Current
Peak   .   '  ..................

Average.................

Maximum Averaging  Time.
Fault....................

Maximum  Duration  ......

Negative Control-Grid Voltage
Bef ore  Conduction   .........
During  Conduction   ........,

250       250     Volts
10          10     Volts

Positive Control-Cirid Current
Average, Averaging Time

One  Cycle .............  I
Negative Shield-Grid Voltage

Before  Conduction   ........
During Conduction .........

Positive ShieldGrid Current
Average, Averaging Time

One   Cycle ..............
Heater-Cathode Voltage

Heater Positive with Respect
to  Cathode  .............

...0.01      0.01     Amperes

..100        loo     Volts
...       10           10     Volts

0.01      0.01     Amperes

25          25     Volts
Heater Negative with Respect

tocathode  ................    100         100     Volts
Ambient Temperature  Limits ....- 75  to  +90    C

Design-Maximum   ratings  are   limiting   values   of  operating  and  environmental  conditions  applicable  to  a  bogey  tube
of  a  specified  type  as  defined  by  its  published  data,  and  should   not  be  exceeded   under  the  worst  probable  condit.I.ons.

These  values  are  chosen  by  the  tube  manufacturer  to  provide  acceptable  serviccabi]ity  of  the  tube,  taking  responsi-
bility  for  the  effects  of  changes  in  operating  conditions  due  to variations in the characteristics of the tube  under considera-
tion.

The   equipment   manufacturer   should   design   so   that   initially  and   throughout   life  no  design-maximum   value  for  the
intended  service  is  exceeded  with  a  bogey  tube  under  the  worst  probable  operating  conditions  with  respect  to  supply-
voltage  variation,  equipment  component  vclriation,  variation  in  characteristics of all other tubes in the equipment, equipment
control  adiustment,  load  variation,  signal  variation,  and  environmentcll  conditions.

GENERAL ©  EL[OTRIC
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TYPICAL   OPERATION

Ionization  Time,  approximate   ....................
Deionization Time, approximate

Eb= 125 volts, lb= 100 milliamperes, Rg= 1000 ohms
Ecc=   -250  volts .............................

0.5     Microseconds

50     Microseconds
Ecc=    -10   volts    ...................................................................     loo       Microseconds

Anode  Voltage  Drop   ..................................
Critical Grid Current, maximum

Ebb=460 volts, HMS;  lb= 100  milliamperes .............

*  Without external shield.

AVERAGE  CONTROL  CHARACTERISTICS

8    Volts

0.5     Microamperes

II

111 I

fC RATED     VALUE=0VOLTS 11.I

\

SHADED      AREA      SHOWSRANGEOFCHARACTERISTIC

I

-9-8

K-5561   I-TD  102-I

OuTLINE

(EIA   9-7)

-7                 -6                 -5                  -4                 -3                 -2                  -1                    0                   +1

D-C     GRID-NUMBEF?      1      VOLTAGE       IN     VOLTS

TERMINAL   CONNECTIONS
Pin  I-No Connection
Pin 2-Heater
Pin 3-Anode
Pin 4-No Connection
Pin 5-Grid  Number  I

(Control  Grid)
Pin  6-Grid  Number 2

(Screen  Grid)
Pin 7-Heater
Pin 8-Cathode

FEBFWAF{y      22,        1960

BASING   DIAGRAM
(EIA   6BS)

GENEHAL ©  ELEOTRlo
POWER   TUBE   DEPARTMENT

Schenectady  5,  N.  Y.



THYRATR®N
The GL-5830 is a three-electrode  mercury-vapor     This  tube   is   designed   for   grid   control  rectifier

thyratron   with   negative   control   characteristic.     application of relatively high voltage and current,

GENERAL
Eleclrical

Heater  Voltage. .n

r1

Heater Current at 5.0  Volts
Cathode Heating Time Required

Anode-to-Control-Grid Capacitance . . .
Control-Grid-to-Cathode Capacitance.  .  .

Deionization Time, approximate
Eb = 120 v d-c,  Ib = 12.5  amp d-c,  Rg = 1000  ohms

Eec - -1000 v
Ecc= -22 v

Ionization Time, approximate
Eb = loo v, Ec =  +30 v, Ib = 75  amp .

Anode Voltage  Drop

MinimL[m      Bogey         Maximum

4.75             5.0            5.25   Volts
20           22.5   Ampercs

300.....Seconds

15                  .    „„f
18                 .    „„f

2 5 0                     M icroseconds
4000                 .    Microseconds

10                 .    Microseconds
16                ..    Volts

GENERAL  ©  ELECTRIC
Supersedes  ET-T1584  dated  10-55
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PACE   2
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Mechanical
Type of Cooling-Convection
Equilibrium Condensed Mercury Temperature Rise

At Full Load, approximate
At No Load, approximate .

Mounting Position-Vertical, Base Down
Net Weight, maximum . . .

MAXIMUM  RAT.NCS,  Absolute  Values
Maximum Peak Anode Voltage

Inverse

Maximum Cathode Current

Maximum Duration
Maximum Averaging Time

Maximum Negative Control-Grid Voltage
Before  Conduction .  .  .
During  Conduction.  .  .

Maximum Positive Control-Grid Current
Average (averaging time,  one cycle) .  .

Condensed Mercury Temperature  Limits.

CONTROL   CHARACTERISTICS
Shaded  Area  Shows  Range  of  Characteristic
Condensed  Merciiry  Temperature   40-65   C

Ef =4.75-5.25  Volts

10'000   Volts
10,000   Volts

75   Amperes
12.5   Amperes
1500   Amperes

0.1   Seconds
30   Seconds

1000   Volts
15   Volts

1.0   Ampercs
+40 to +65   C

!1

-18                     -12                        -6                           0                           6                           12

DC   CONTROL-GRID   VOLTAGE   AT   START   OF   DISCHARGE   IN   VOLTS

K-69087-72A246 e
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TYPICAL   VARIATION   OF   CONTROL   CHARACTERISTIC

WITH  A  HEATER  PHASE  VARIATION  OF  180  DEGREES
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D{   GRID   VOLTAGE    IN   VOLTS

K-69087-72A20
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AVERAGE   GRID   CHARACTERISTICS

BEFORE   ANODE   CONDUCTION
Ef =5.0   Volts
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D-C   CONITROL-GRID   VOLTAGE    IN   VOLTS  '
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RATE   OF   RISE   OF   CONDENSED  MERCURY   TEMPERATURE   ABOVE   AMBIENT
Ef =4.75   Volts

(

:I.11 Ill 11 Ill I11:

11 11: ::::i11 I.I .„ I. Ill 111111
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N-21532zA                                                                                         HEATING   TINE    iN   MiNUTEs                                                                                                    5-4-49

TYPICAL   CONTROL-GRID   CURRENT   VS   CONTROL-GRID   VOLTAGE   DURING   CONDUCTION
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CATHODE    AND
HEAT

TERMINA

GRID   TERMINAL

\zHEATER   TERMINAL

GENERAL

CATHODE   AND
NODE   RETURN
ERMINAL

© ELECTRIC

POWER   TUBE   DEPARTMENT
Schenectady  5,  N.  Y.

®



-PRODUCT  INFORJVLATION I-

TRI0DE  THYRATRONS

6011/710, 7518/710L, 7725, 7726

Pagel     11-65

ET-T1615B

Electl.ical

Minimum      Bogey

Cathode-Filamentary
Filament Voltage .  .  .
Filament Current at

2.50  Volts .  .  .
Heating Time. . :

Anode to Control-Grid
Capacitance .  .  .

Control-Grid to Cathode
Capacitance....

Deionization Time,
approximate. . .

Ionization Time,
approximate.  .  .

Anode Voltage Drop. . .
Critical Grid Current,

Ep=220 v  a-c or RMS

fj

-®

TRI®DE THYRATR®N

OulcK-HEATING   CATHODE

2.5   AMPERES

These   four   thyratrons   constitute   a
family of tubes particularly  designed for
industrial  service  under  stringent  oper-
ating  conditions,  ignitor firing,  regulated
rectifier,  and  similar applications.

They  feature  a  negative  control  c.har-
acteristic   and   a   quick-heating   cathode
requiring  only  twenty  seconds  to  attain
operating  temperature.   Throughout  life

Maximum

.2.37       2.50       2.63      Volts

791120--
-2-
-12-
-   1000      -
-10--15-

Amperes
Seconds

„4f

44f

Microseconds

Microseconds
Volts

10    Microamperes

GAS   AND   MERCURY
NEGATIVE   CONTROL

initial conduction i§ possible  at tempera-
tures as low as  -40 C.

A specially designed electrode structure
permits mounting in any vertical to hori-
zontal position,  base down.

With   the   exception   of  peak   voltage
ratings   and   bases   used,   the   tubes   are
identical  both  electrically  and  mechani-
cally.

Approximqle  Control  Characteristics
6011/710, 7518                       7725, 7726

Anode Voltage
100

1000
1500

Grid voltage    Anode voltage    Grid voltage
-1                       100                       -1
-5                    1000                      -5

-6.5                    3500                       -9

Mechanical
Mounting  Position-Any  Position  from  Vertical  to  Horizontal,

Base Down
Net Weight, maximum

Thel.mal
Condensed-Mercury Temperature

Limits* .  .

5     Ounces

.-40to+80    C
Equilibrium    Condensed-Mercury    Temperature    Rise    Above

Ambient
At Full Load, approximate. . .
At No Load, approximate .  .  .

..30      C

..25      C

MAXIMUM   RATINGS,   ABSOLUTE   VALUES

60' I /7' 0
7518

Maximum Peak Anode Voltage
Inverse.  .  .
Forward .  .  .

Maximum Cat.h.ed; Cjrr:Lt +

Average

.  .  .1500

.   .  .1500

Maximum Averaging Time .
Fault

Maximum Duration .

7725
7726

3500     Volts
3500     Volts

30    Amperes
2.5     Amperes
.5     Seconds

250    Amperes
0.1     Seconds

Maximum Negative Grid Voltage
Before Conduction
During Conduction .  .  .

Maximum Positive Grid Current*
Average

Averaging Time

500     Volts
10     Volts

0.25     Amperes
1     Cycle

*  The tube may be started throughout life at condensed-mercury temperatures as low as -40 C. Although  it will operate satisfactorily
between -40 C and  +30 C condensed mercury life will be  reduced at these  low temperatures.  For maximum life the condensed-
mercury temperature after warm-up should be maintained between  +40 and   +80 C  (+10 to  +50 C ambient).

t  Since the center of the filament is internally connected to pin No. 2, the anode and grid-circuit returns should be made to that pin.
If this is not possible, the returns can be made to the center tap of the filament transformer, but in such a case the anode current
and therefore any fault current will pass through the transformer.

GENERAL ©  ELEC"IC
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7518/7loL
7725
712/I,

PAGE  2
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K-69087-220A87

TYPICAL   CONTROL   CHARACTERISTICS

SHADED   AREA   SHOWS   RANGE   0F   CHARACTERISTICS
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DC     GRID  VOLTAGE  AT  STAPT  OF  DISCHAR6E  IN  VOLTS

SINGLE-PHASE   ELECTRONIC-WELDER   RATING

20                             30                  40              sO          60       70     cO     90    loo
DUTY  CYCLE IN  PERCENTAGE  ( 2 TUBES INVERSE  PARALLEL)

Maximum  Peak  Forward  and  Inverse  Anode  Voltage
6011 /710 and 7518/710L= 1500 Volts

7725 and 7726=3500 Volts
Demclnd  Current  Measured  with  Full  Conduction  During  Each  Half  Cycle

Averc]ging  Time =5   Seconds

®

®

®
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OBJECTIVE
Technical  Information

These  ratings  represent  the  design  objective  for  this

product.    Flefer   to   the   preliminary   Technical   Infor-
mation   sheet   for   ratings   currently   achieved   in  the

progression  towards  design  objectives.   If  PTl   sheets
do  not exist, consult your local Tube Products Depart-
ment  Regional  Sales  Office.

This  technical   information   is  proprietary  and  is  furnished  only  as  a  service  to  customers.

DEVELOPMENTAL
TYPE

ZM-6287
0Tl-218

1 2-70

®

fi

®

918  Megahertz
Forced-Air Cooled

ZM-6287

INDUSTRIAL   HEATING   MAGNETRON

1000 Watts Output Power
Integral Series  Field Coils

The  ZM-6287  is  a low-voltage CW  magnetron  assembly  for use  in the 915-MHz ISM Band for micro-
wave  heating applications.  It is  designed  for operation  from  a low  cost, voltage  doubler  circuit,  con-
nected to  a  240-volt  a-c line.  Approximately  50 volts a-c boost from an autotransformer is needed to
achieve  the  looo-watt  output(Fig.1).  It  contains an integral  electromagnet  energized  by  the voltage
doubler output(series connection).  The r-f output line contains a d-c bypass arrangement which allows
the body of the tube to run off ground.

GENEPAL

Mechanical

Mounting Position - Tube axis vertical
Weight...............................

Thermal

Forced-Air Cooled ......................

Thermostat Temperature ................,

MAXIMUM   RATINGS
(Absolute  Values)

Electrical

Filament
Voltage

Starting................................

Standby...............................

Operating(650  watt level)  ..................
Operating( 1000 watt level)  .................

Current
Starting
Surge.................................

Stabilized  (1   min.)    .......................

Standby...............................

Operating  (650  watt)    .....................
Operating  ( 1000  watt)    ....................

Min.

1.0

0

1 7 Pounds

.100 Cu.  ft/min.
..  2300 F

Max.

6.3  Volts
5.5  Volts
1.5  Volts
0  Volts

75 Amperes
18 Amperes
15  Amperes
5  Amperes
0 Amperes
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Preheat  Time   ....................................

Plate  Voltage       .................................

Plate  Current     .................................

Load VSWR
Opposite  Sink     ..............................

In   Sink       ...................................

A-C  Input Voltage to  Doubler   ....................
Power  Output (300 V   AC Matched Load)  ...........
Frequency,  Matched  Load   .......................

TYPICAL  OPERATING  CONDITIONS

Min.                        Max.
50

1000

Seconds
725  Volts DC
3.5  Amperes DC

3/1  VSWR
2/1  VSWR
300V  AC

Watts
913                       923  MHz

Input   to   Doubler       .....................................      290   V   AC

Output  Power  (Matched)  .............................................     Figure  2

Output  Power  (Mismatch)   ............................................      Figure  3

K-2

K-1

K-2
K-3

K-4

C-1,  2

Main  Contactor
DC    Overload  (4A)
Time  Delay  Pelay

(Thermal  Type)
Short Time  Delay  F`elay

500 Hf, 500V

FIGURE   1

a-1                25n, 25w
R-2                      .5.r},100W  (Open  coil  of

Nichrome or equiv.)

R-3, 4           20,0000, 25W
T-1                    Filament Transformers

(6.3V,18A)
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