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INTRODUCTION

The two basic elements of the block dilagrems of
the Whirlwind computers, e.g., the block diagrem of the
accumulator (Vol. 6, Fig, 65) are tie flip-flop circuit
end the gate circult, symbol GI'. These two elements need
not necesgsarily employ vacuum tubaa, since other non-
lineer components oxist which might possibly be used.
However, in Vhirlwind I, twe pentodes and a pentode trigger
tube will be used for each flip~flop and a pentods gate
tube will be eamployed 1n each gate circult,

Vacuum tutes are also used for certaln special
functions in the computer, such as the sine-wave ogecillator
or the pulse genmeratcr in the mester clock, In addition,
vacuum-tubes must be used es power amplifiers in places
where a pulse is to be genorated acrosz a low impedance.
(Gas tubes will not be used in any of the high-speed
circuits, as their deicnization time prchibits their use.
However, neon lamps will be uased as indicators en all {lip-
flops and a thyratron may be used in the push-button-pulse
- gensrator).

The total number of tubes for Whirlwind I is given
in M-132 of this vclume along with a breakdcwn of the number
of tubesg for each function. Of a total of 3500 tubes, 1150
are used in gate tube, or time-coincidence circuites, 700 are
uged in flip-flop circults, and 870 are used as hZuffer
emplifiers. Memorandum M-131 lists the tube types used for
these differont functicns and explains why the particular
types were selected for Whirlwind I.

The tube uged in flip-fleop circuits and for many
btuffer amplifiers is the 6AG7. The average characteristice
of thims tube are pgiven in R-118., Life tests of the 6AG7 are
degeribed 1n E-119 gnd M-128; e photograph of the life-test
rack las ghcwn in FB-291.

Until recently, the only gate tube available has bee
the Wegtera Electric 6AS6. This tubs has proven urnsatisfactc
at tho pulse-repetition frequency and with the pulaee shape ue
in the Whirlwind computers es explained in M-E0, Far a time,




‘APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

an attenpt was mede tc uvese the 6ASE, since no of
\ 1 le, Thig is des=cribed in R-104, E-50,
Howmover, a special zete tube was developed by
nia, (Sylvanla type Wo. SR~1020), and use of the 6AS6
andored. See M-80, H-£1, M-B2, M-83, M-103, M-109,

, M-116 and E-73,

Characteristice of neon lamps sre presented in
~72.

Fnotogreph FB-302 shows the new Bylvaniz gate tube,
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REFERENCE INDEX
E Series Memorandume

C Serliea Memorandum

EE¥, YOL, REF, YOL,
E-7 14 E-62 19
E-24 7 E-53 13
E-31 10 B 54 19
E-32 10 E-B5 19
B33 19 E-56 16
E-37 15 E-57 15
238 19 E-58 19
E-39 15 E-59 19
E-41 16 E-60 19
Frmedi2 15 E-61 16

. ~44 19 E-63 19
i-45 19 E-64 15
2-47 15 E-68 13
3-48 19 E-69 15
=49 19 E-T1 19
£-50 16 BE-73 16
C-15 14
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REFERENCE INDEX
R Series Memorandums
REF, VoL, REF. VoL,
R-36 14 R-115 4
R-49 14 R-116 4
R-63 14 R-117 16
R-64 3 R-118 16
R~-B8¢ 19 J H=120 10
R-90 4 B-121 19
R-94 14 R-122 18
R-9E 14 B-123 17
2-100 14 R-124 11
B R-103 14 R-125 14
R-104 16 R-126 19
R~106 15 R-1237 5
R-~108 15 R-127 6
R-109 19 R-128 10
R-110 9 R-129 12
R-111 15 R-130 9
R-113 16 R-131 10
B~114 8 R-132 i0
!
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REFERENCE [NDEX

R Series Memorandums

REF, voL. REF VoL
R-36 14 R-115 4
R-49 14 R-116 4
R-63 14 R-117 16
R-64 3 R-118 16
R-89 18 R~120 10
R-90 4 R-121 19
R-94 14 R-122 18
R-9€ 14 R-123 17
R-100 14 R-124 11
| R-103 14 R-125 14
R-104 16 R-126 19
R-106 15 R-127 5
B-108 15 R-127 6
R-109 19 R-128 10
R-110 3 R-129 12
R-111 15 R-130 2
R-113 15 R~131 10
R-114 9 R-132 10
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B. PFPrecject Whirlwind "ngineering Note T-50, GAS
Operation, D. K, Brown and W. H. Taylor

Memorendum #80 L. .D. Wilson, "Gate Tubes ia WWI”

(¢

Introduction

This memorsncum presents the results of teete on the Sylvanle SR-1030

- !
gate tute and ipdicaten the number of {ubes which may be used in the Whirl
wind I dealgn The der poent progran woe initiatsed with the zoel of re

leting 656 gate tuba and the GACT pentods used as o flY
ar &2 trigeer tube.
ie & Western Flectric minetura; 1t is entirsly iradequats
in Memoranduw No 80 by L, U, Wilson
The GAG7 glves adequatae parfornance in &ll apnlications Yu§ has a
questionaile histery a: to relimbility end long lifs
11
Recults
The tynas of circuite in the Wél cdesign whe he oposs
ate t be 5 They are
; - t
- Buffer 14fie
: Flip-F1 ané Trigger i
At ¢ y? developnent s SE~100 il eplec J
GASE gute th margin of 2 tc 1 outpu Th performa
reall | ) irive & poel ra region
' rrid ¢ vhich give thil srrforpance are those in 53 1
- e T e —
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\p 7452 It i ] the 14 | ahle. f
creass (] vallabl mt curr by nr L~ @
volts tr taba would be 1 ctory ¥ o bu CHER
now & in WWI 1 t to d ) t
¢ill b bout 300.
Inolige circait ny i ' T ifier, flip-flojy 1 tlgger
.h s A develonmeat gammleg of tha SR-1OTC will not replace
the GAG?7, wuinc he cvorrest awaileblie and the cutoff wolicge required
are not comrarible wvith EAGT performance Ag the requirnmentis in the
above circults a for high-current, sharp-cutoff ventodos, it now
sesme undesire t> ettempt %¢c unge & gAte tube in these svolications
It would be better to initiate A nrogram of & "ruggedized" EAGY with
long-life filavente ard more acequets digsiration retings Such a
tube would need no #+3 ~rid control nor wou.d 1t be limited 1o size

yoamd therefore to 1imit the uge of the 3R--1030 grte
roplicnations only, and to ata~t work on another tube to
SA37, The quentity of 6AGT'e used at present is apnrox-

£ a New Tube

. The monlization of neaw tules can basst be discusead ‘n terms of
- the ci fta for Whirlwind I wilch Lawe taor designad "hewne are the
circuite for tas multiplisr panel, reglate™ nanel, and {7 lp-flop ranel
The pumber of L{ides involwved for 1c digitn ia ae fullows
panal BIE
yana)l 40K
anel o2
Total 188¢
T tetal numbere of tubee eatimatsd “or Whirlwind 1 1s 27300 For
one dlgslt the juantity 1e 1/16th of ths nuaber listed ab oneide
Just 2 aingle 11zit 18 tubse I L {
& =
i
¢ Y14 £4 ( i
fiip-Llc tub
kate tul L
i o 3 1
trilgge 4
L &6
' Reglester Pane
buffer amalifiars 6
flip-flop tubes 6
gate tubea 7




i tube
tx 3 v.hat
1 anal
F 1 anel ;
buffer anplirfiers
flio-flop tubes
tubes

indicator tube
trigger tubews

The total tuber required for these three narte of the

be tabulated ag followw:

buffer amnlifiers

buffer ampliriers (remote cutoff)
flicv-flop tubes

egale tubec

indiecator tules

trigesr tubep

Total

For the whole

ir sator tubee
riéesr tubea
\
o tal
t rtant
BC 1 of the presant 3C zate Ltudoa
t 8, the
ti tativa
- . half
1 f L c
s .

e | 1 ‘) 10
rant a re-ud L to 7 1 t
h sins-wavs nlaeg Ar A pla
a no i lament le to
a sl

400
o4
384
856
192
192
1,688

commuter the following estinntes apoly:

500
70
400
800
200
.200
2170
130
<300

arplicatlion of 8 new

The totnl

reslsiar manele,

sAsursnants

1ine-wave pul
1ill iamm
mlse 1f

ad circuit
(4] the in

1

He
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ho requl-emeats in Raference B do
od above Hence the circulte
rodnce the output amplitude re

wag wvritten, the poseidility

load circuits of the gate

Tas discujaslion of the
not tage into acscount the ¢
sugeestad in thwmt reference
gulirsd Bowevar, sinces theg

removing ths delay linee fron

tubes h=a been suggostsd. If this can be done, it i8 poanible that
a gate tube that nroduces & 20-volt pules scross & 1000-che plate
load will meet all of the gate-clrcult requirements Then the gero—

| grlid plate current reounirad wovld he 30 milliamperes. As shown in

| Reference B, & control grid cutoff voltage of -8 volta is required

| #0 that -1E voltes of fixed bias can be used, requiring, then,K a
15-volt vulse to operate tha circuit Also, the supbrepsor-grid
cutoff voltage must be about -6 volts, since the flip-flop mey per-
mit the suppressor-grid voltagze to ries to about -15 wolts,

The next lmportant applicetion for a new tubs would be as o
buffer amplifior, to raplace the GAGT pentode, Alarge rercentage
| of the tuffer amplifiers must function as line drivers, For the
| lina driver a cutoff weltage no lese than 13 volte and o szaro-grid
plate current of about 130 milliamveres are rejuired For aome of
! the buffar amplifiers only 80-milliamperes zero-grid plate current
‘ is required. ‘The moet unfaverable duty factor, if 0.1 microsecond
pulses are used, ig ons-twentieth.

' In the third group the duty factor for a flip-flon tube msy be
- ona. e presont circait vess SAC7 pentodes and & replacement should
ejual their pe-~formanes. The vresent flin floo has & pletes-surply and
screen-gunply voltage of 150 wolts The screen voltage ‘a 90 volte
The plate curront at zaro conirol-grid woliage ig 20 milliamperes
The control-grid zutoff voltage is -4,5 volte. The plate diseivation

18 1.5 watte, wherens the rated plate digaipation {: 9.0 wvatts. The
scresen grid diassioation is 0.9 watis, wheress the rated ncro grid
digeination 1a 1.5 wattie About £0 ver cent more plate current and
| a9 change in ths sontrol-grid cutoff voltage would be desirabl of
course, n9 incrsasze in the nlate curreat dut the achleveuent of &
more rellable ubs Lo give the same verformancs ae tha 6007 would de

a step in the ~ight direction

Tha trigger tube ies nc problem Yhatever iz usad for the flip
flon can certa.nly he used as & Srigeer tube

Almeat an' twin triode will yat €2 squirement C e 1
ficator tube: n.g., 2051, 12407, 7FE 3aN7
| Tosts on Samplag of SR-10C
Five tyoe SR-1030 (test C-4523) wore recoived August 19 with
numbers By 3 1: nd 15
' Pirst d gcroen-grid currente as & function oi

grid voltage wvere measursd
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tude, say 1O poaitiva pulaas 13 applied
to the contrel grid Leat The bins wvoltage 1

gufficient to keer the tube cutoff excesn* during the nulse, and
the peak grid voliage obtained during the nulse ig varied Ly
adjusting tha blar voltage 'he circult echematic ussd for the
pulse toste 1s in denwing A-70903 The plate, suppnraasor -
grid currant iy be cbiained By mea 12 the

realk he voltage pulee ecroge the reslator connected
to that e L The TS-239;7 oacilloecone is usad to messure
the amnlit of the nulge y veryirg Sez and keepling both the

€ tude and the control-zrid blas constant, the

may be meesurad ea A function of the suppresscr

input-puls
. s o

for the fiva tuthes as ¢ ction of control-
screen=rii voltage of 100 volts, zero sup-
rnd a plate 150 volta is shown in drawing 3b&
rrent e 2 fmetion >f supnrassor-srid voltage

rld voltage 48 ahown in drawing SA-38259 -G
r-zrid voltage

i1t increngea from wn average of 36 mill iammares

rrent as a “unction 2f supnrasac

age of 8§ milliermmerasg at valuee o sunTresso®-

cutaff,. Tam cuteff voltage may be defined as

scessAry to reduce the nlate current to 5 pear
cent nof tre s2luess measured at zero grid voltage he congrol=
eri cutofi ig be ween -3 nnd } volts and the surnrassor grid
c1 a belw 1 wLf 1t uh anumher &, which
ev 1% } e" in ite quppregeor, as t off at
ail ZF rid tr irre + thaer ¢ e i
y F milliampare
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Memorandun M 132

SUBJECT

- To:
From:

Date:

Project Whirlwind
Servomechanilsmes laboratory
Massachusetts Institut.e of Techroleg

Cambridge, Massachuseiis

VACUUM TUBE ESTIMATE FOR WWI

Jay W. Forrester
N. H. Taylor
November 7, 1947
The breakdown of tube guantities in WWI design 131 as
1. STORAGSE
Per digit: Storage Tubes 2
Amp, & Switch 12
Read In & Cut 12

2, STORAGE CONTROL

Way Switch 31
Counter 20
Selecting Bank 7
Deflaction 100

158

3. ARITHMETIC ELEMMNT
A, B, & Acc Regizters 56 X 16 Reglsters

4. ARITHMETIC ELEMERT CONTROL

5. REGISTER PANEL
Check Reglister, Program Counter, Program
Register, & Stepping Register

6. FLIP-FLOP STORAGE

7. ZIOGGLE SWITCH STORAGE

8. MASTER CLOCK

9. CORTRCL

" Control Switct 1
T. F. Distributor 5
Operation Matrix IA
Program Matrix 6
P
1C f RS

follows:

o

A

(@]

[
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’
‘ A breakdown of tubes by functlons is estimited below:
| Buffer Amplifiere 870
| F. F. Tubes + 700
Gates 1149
Storage Tubes 32
Indicator Tubes 298
Trigger Tubes 298
Power Tubes e
Total 3495

9/ ;"-";L :7(:‘/,7—-
TN, H, '.,'a.rL{[

HHT:hcs
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Memorandum M-131 Paga 1 of
!
Praject Whirlwind
Servomecheniems Lebeoratory
Mass~chusette Institute of Technologzy

Cambridge, Massachusetts

{

SUBJZCT: TURE® TYPYS FOR VEIRLVIND I

To: Jay W. Forrester
From: David R. Brown
Date: Hovember 10, 1917

Following is a tabulation of the tabe types iur Vhirl-

wind I.

a. 2021

b. 3E29

c. 6AGY
. d. 6alS

e. GESNTW

f. 6Y60

g. 7F8

h., 715C

i. B8R-1030

a, 2021

This ie a min.ature tetrpde-~type tiyration. Tetrode
thyratione are needed in :he zcircuite which generpte push-button
pulees. The 2D21 is adequate for this applicaiion; a 2060 would
probably work just = wel ..

b. CGE29

Thie 48 a twii-unit beam power amplifier for use
a btuffer amplifier. It 1., used for workimz into low-impedzn
loade which demand more ciurrent or more pow=r iisasipetion then
is avallable in the AAG7, The 3E29 vas selectad Decanece it s
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designed for pules vork £nd has a stecper trarefer charancteristic
than other tubes in the same power class.

L. 6AG7

This is & pover amplifier pentode for use in flip-flop
circulte end as & buffer amolifier. It 18 a metel tube and has an
octal bese. It was selected for use in these epplicaticns because
of the steepness of its tranafer charscteristic aand the amount of
plate current evellable. Since Whirlwind I is being designed for
maximum ecceesability anc eircuite which are coupled together are
often far apart in space, shunt capacitances :re often determined
more by the arrangement cf componente and the number of components
in a load circult rather than by the %tube caprcltsncee themselves,
Conssouently, the absolute current, rather thin the figure of merit,
is often the important fszctor. For this reascn, ths BAG7 is suparior
1 to the 6AKS and other lov-current, high-transconductance tubes.

Ite desirability end poriormance in flip-flop circuits ie deecribed
in detail elsewhere (vol. 15, E-113, 1156, E-i4),

-4, 64KS5
Thie tude is a miniature »-f pentode having & high
- figure of merit. It may be used in video emp .ifiers In conjunc-

tion with electrostertic :torage.

e, BSN7W

Thie 18 an octal-brse twia tricde, t ie a rugeed,
reliabtle tube end will b« used %o ocerr*e the indicator lights
which indicate flip-flop orlantation,

L, 6163

Thie is & berm-typec power amplifior for use ga e
buffer amplifier. It prcvides greater plate current then tle
GAG7 at the same screen :nd plete voltages bus reculree a greater
grid swing. Where the gié-awing is available, 1t may bLe used to
advantaye instead of the B6AG?,

£ 7T8

This i a lo:tal-base tvin triode having bigh trans-
conductance. It may be used with the 32-nosiiion swlitch t aTova
the switching time, An offort will be made to use the LSN7Y for
this application.
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h, 718C

Thie 1s pulsc-amplifier tetrode 1: the trencnitting
class, It ie ueed eg en amalifier in the electrostatic deflection
circuite which must work into a 100-ohm load, It was selected
because it has sufficien* transconductance to give a egein greater
than unity while working into thie lond., I% has a bigher trans-
conductance than any other tube in the same pcwer cless. Alseo,
it doee not require epec’al cooling.

b, !

- e

This is the ylvania-type number for & gete tube which
has been developed by Sy'vanie for Project Whirlwind, The ressons
for the unee of a epecial tube are discussed i:n velume 16.

@ 4
.;jéﬁiéf_lijcggifhg__

David R. Brown

b
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G.-E. TYPE NE-51 NECN GLDOW LAMP
VOLTAGE-CURRENT CHARACTERISTIC
LAMP NO. |

DATA FROM 3IRLE2-3
TESTS | BY RLE

TESTS MADE \/27/47
ENGINEER (N CHARGE: DRB

FOR FURTHER |NFORMATION,
BEE’ 6W4S REPORT R-II7' |

60 260 300 30 500 600 o6 800 %0 T e
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MBMORADUM KO, M-72

SERVOMECHANISMS LABORATORY
Massachusetts Instltute of Tschnology
Cambridge, Massechusetts

TO: Jay ¥. Forraster, S. H. Dodd, W. Nolan 6345
J.R. Macdonald, F. Youtz Page 1 of 2 pagen
FROM: Rusgell Palmiter Dravinga
SA-38L98~(
SUBJECT: Delonization Characteristics of CGeneral SA-38L99-0
Electric ¥N&-2 Neon Lamp. $4-38200-C
SA-8201-C
DATE; April 29, 1947 SA~B202-G

Purpose - The purpose of this test was to obtaln preliminery
| icformation on the deilonization time of & glow dlascharge

Procedure -~ The fleneral Zlectric NE-Z2 Neoa Lamp wee chosen
for this preliminary teet becausa of its avallabllity and convenienti size.

The circult used is shown 1a Drawing SA-3030Z. Heelstors
R, and R, provide & variable loalzing woltage measured with the Veltohmyst
E at V. Switcheg S, and 5, permit lonlzing or delonl:zing the lamp without
disturbing the gstting o% potentlometer R,

serves ne e current limlting resistor for the lamp, and
aleo isolates the pulse from the.low reclsbance potentlometer circuit. R,
provides at S, a voltage output proportional to lamp current for scope
presentation.

A positive pulss is gpplied at J., through -n output condenser
in the pulse amplifier. The 1N34 and C, wore pdded %o remove a megatlve
overshoot on the pulse, and C, and B_ corracted a drooping pulse
characterletic on the longer pulse durations. FPulee mmpliftvde was measured
on the eynchroscope.

The delonizatlon charscteristlc was obtalnad by setting I
to obtaln a negatlve holding potential, or Llas, groater then the -
delonizing voltege but less than the lonizing potentianl. Ths minimuwm pulse
widih required to consistently extinguish the lamp at various posltive
pulee amplitudee was recorded,

- These data are plotted for three lamps 1ln
Drawings SA=~38198-G through 54-33200~(3, ¥or each lanp, curven sre shown
for three blas voltoges within the limits noted above,

1t should be noted that the curves are titled "Furlse
Amplitude ve. Fulee Width Required to Deionize at Constant Holding Voltngee"
in strict accordance wAth the test procedure. Subsequent observation of
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lemp current with constart hiase and pulsd amplitnde but with e

varigble pulse width indicates that these data may be considered i«

be Pulge Amplitude va. Deionization Tinme et Constant Holilns Voltage.
With a pulse too short %o extingulsh the lamp, the Lamp current did notb
fall to gzero. Puolse widths equal to or greater then the value requirad
to sxtinguish the lanmp geve a congtant time of fall for lzmp current.
Spot checks made in Uhie manner agree wlth plotted data +Aitidn the
limits of precoislon of the %test procedure.

It was notlced that pulee amplitudes gregter than the maximum
values shown necessitated increasing pulee duratlion to ertinguleh the
laap, It ie believed that this was dus to deficlencies 1o the teet
equipment. In thie reglon of the characterlstics a high rate of cheage
obtains, aad slight departure of the pulse shape from true rectangular
1s offered as a poesible explanaution of thie phenomencn,

Convereely, the low rate of change at the other end of the
characteristic indicates that, if desired, wuch longer time intervcls
could be observed with amaller pulese amplitudes snd increments.

2 Dl

LAAAAALA

i G.LA,.A’\

Fusasll Ppalmiter

HP: has
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SERVOMSCHANISMS LABORATORY
Hassachnsetts Institute of Jechnology
Canbridge, Massachusetts

Date of Report: Fevruary 13, 1947 Fagze 1 of 2 popes

Written by: C. W. LeBlane

176
Subject: * Statlc Characteristics of HCA T;-EGZ'L.’;E« '
GAGT Vacunm Tubege B= 8177~
Porpoge of Test: To wsupplement pubdlighed data.
Referance: Data founud in 10WL:5=19.
Conclusionea: With sereen voliagee of BO wolta, two of the eix tubes
teasted showed a random low~frequency Crift which warled ic and I_

ae much sa 1.2 milliampores each. Control grid current ves too
small to zive a measurasble ipdicotion on & one millismpare moteor

vhen the contivl grid wee more than one-half wolt negative. Mazimum

control griu ecarrent at + 1 volt J:IC for the six tubes testod
1

2.5 mlliampercy with walues of E_ at + B0, + 100, + 130 vols
- [+
2

Woin E, 45 more than 2 volts negativo et + £O volte
1

B , I andl become -quite mmall and were not plettsed Inig holda
g P 0 *
£

true for viiuen of E  gi2ater than -b wolte wvhon ¥ = 1C0 wvoite
Us C.
L} €
and value~ grester thin -7 volts whem B = 150 voli:
Technicinn ( {. LoBla
W, 1
ng.noex ol N’ }j:‘ 4.0
a i\
pprovad \1 A

LD¥Wi hay
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Memorandum M-119

Project Whiriwind
Servomechanisms Laboratory
Maggacimgatts ngtitute of Technology

Cambridge, Hassachustttina

SUBJECT: 6AG7 LIFE TEST RESULTS /ND RREVISIQNS

T

Toi J. W. Yorrester, H. Frhnestock, H. R. Boyd, N. H, Taylor, T Brown,
N. Rocheaster (Sylvania), D. Stevens (Sylvania), F. Anderson (5r-lvanla)

From: R, L. Beagt
Date: October 21, 1947

After running 1650 hours, the data from lhe GAG7 life test, nt Sylvania,
has been analyzed. The rack holds 100 tubes, 21 °f wklch had suvposedly falled

at thie time. The test clrcuilt 1s below: -
VIS0V |+ |00V

| K 4 100

P ™y ]
270K 2 \
s .
A
—
The .0l mfd. coupling condeneer han a reactance of 270K b0 eycles,
this representing quite a high impedance driving clreuit A Ball.'tine voltmete
was connected from plate to ground, measuring the output volisge. ™he T.6 wolt

1 .

r.m.e, signal 1s 10.2 volte peak to peak, and it was thought that t%' 3 wonld be
vever, the soupling

Y volte r.m

o

sufficient to drive the tube from cutoff to zerc bins I
condensor is ec small, that the actual grid voltage is only .95
depending on the tube. Alternately turning the tube on and off
plate voltage a measure of the eminsion of the tube; but with
gignal, due to the high impedance driving eircuit, the outpul
e meagure of how mch ths tubs loade ita own grid eircuis,

The end of life point was specified as the time at whi-!
voltage dropped to 70% of the output voltage nt 27 hours T
according to this specificatlion, were retested, and 4t was Jow
emiseslon was 785 of the aversngze enlasion of 12 used tubases velac
85% of tha average emlsslon of 1l new tubes. Thls shows Lnhat )
failures at all. Nol one of the 1L had its emiesion below T0¥ of the average
emlesion of the new tubes, while one had a higher emission then the average of
the nev tubes, Enission was measured in the above circuit by groundlng the con

trol grid, and measuring the drop acrces the plate load resistor

ha
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e firet 1Y failures wore set up in the & @ circuit ae ¥
the 1ife test, aAand it wee ocbserved that K daring { rat
tion, the average output and average sigal I
dropped L3 Thie gave the earance o I 1 )
hours in ten minutes.
Une tube waes set up in the test clreu! )
the output being 8.8 volta. Ater 10 minute " (
Then the filement wvoltag: idenly dropped | ¥
voltage dropping to 6.7 voits in .2 seconds, - |
after 10 mimutes When the mt volts X ) ] i I
put rose to 8.7 wolte in then gr r " 7 i
30 minutes. Then the filsment v ge wag oy r
the outrut voltage dr » to & minimum of ] t
creaging to 4.2 wolts after 50 minutes, and silll slowly
ment voliage wae restored to L,? wolts, the
7.2 volte, after 50 minutes
Theee wide varistions in outp t i
to grid lopding eff 8 than 1 i n g
tho datn during the rves o " &
often deviations of : Ir £ smool
{n the mbove ci: nlf i 1 r
e, with one ly 8 ] e 1 ng y
a silde
Increasing the coupling e ] ¢
eatisfe ., and ths o ¢
gelf bias with I11] 3
capacitor, clips AYS I late w { !
square X elg 7
that the { I'l {
below, vel t v 1
may be
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