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INTRODUCTION 

\ H 
The t.i*o basic elsraswfcs of the block dlagpsins oí 

the Whirlwind coiaputerai ©»g*j the block diagrera of ths 
eccomolator ^1. 6S.Klg. «) are the flip-flop circuit 
e .id the gate circuit, symbol GT. These two elements need 
not necessarily sniploy tocisoib tubos, since other non¬ 
linear components exist which might possibly be used. 
However, in Whirlwind I, two pentodes and a -pentodo trigger 
tube will be used for each flip-flop and a pentode gat© 
tube will be employed in each gate circuit. 

Vacuum tubes are also used for certain special 
functions in the computer, such as the sine-wave oscillator 
or the pulse generator in the mister clock. In addition, 
vacuum-tubes must be used as power amplifiers in places 
where a pulse Is to be generated across a low Impedance, ,,,,. 
(Gas tubes will not to used in any of the high-speed / \ 
circuits, as their deionisation time prohibits their uso, \ 
However, neon lamps will to used as indicators on all flip- 
flops and a thyratron may be used in the push-button-pulse 

generator). 

The total number of tutos for Whirlwind I is given 
in i-132 of this volume along with a breakdown of the number 
of tubes for each function. Of a total of 3500 tuoes, 1-50 
are used in gato tube, or time-coincidence circuits, 7C0 are 
used In flip-flop circuits, and 870 ere used as buffer 
amplifiers. Memorandum M-X31 lists the lute typas used for 
these different functions and explains why the particular 
types were selected for Whirlwind I, 

The tube used In flip-flop circuits and for- many 
buffer amplifiers is th® 6AG7, The average characteristic« 
of this tube are given in R-118. Life tests of the 6aC7 are 
described in M-119 and M-128j a photograph of the life-test 
rack is shown in FB-291. 

Until recently, the only gate tube available has been 
the Western Electric 6AS6„ This tuto has proven unsatisfactory 
at the pulse-repetition frequency and with the pulse shape used 
in the Whirlwind computers ns explained in M-8G. For a lime, 

. ..____ 
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an attempt nas nia.d@ tc use the ¿JASÓ* aíjico no other gate tute 
was available. This is described ln R-104, E-30, E- 6l and 
M-103.. Howe vor, a special gate tube was developed by 
Sylvania, (Sylvania type Ko. SR-1030), and use of the 6as6 
was abandoned. See Id-80, M-81, M-82, M-83, M-103, M-109, 
SÜ-118, LI-116 and E-73. 

Characteristics of neon lampa are presented in 
R-117 and M-720 

SR-1030. 
Photograph PB-Z02 shows the nev Sylva;via gat® tub®, 
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FROM; Louie ». Vi leo a Page 1 of 6 pages 

SUBJECT; Gate Tubes in WW1 

DAIS; June 6, 1947 

In tbe -o relirai nary design and experimental work connected with WW1, 
it has become increasingly evident that the systems of gating which are at 
present available are inadequate and represent one of the most serious 
limitations in, the solution of the circuit problem* 

The problem has not a» yet been satisfactorily solved by the use of 
any of several, methods. At present it seem a that steps should be taken to 
obtain a tubo more suitable for the applications which we have In WW1, 

Some of the troubles encountered In two of the methods used to date 
ere Hated below, 

1„ METHOD ï. 6A36 GATING 
-: -—Í — » -- , 

Digits on control lines will be at a power level of about 2 to 
6 wattn (15 to 25 volts) at 100 ohms impedance level« After passing through 
a 6AS6 gate tube these signals will be attenuated to about 0,..3 watts (15 volte) 
at 1000 ohms impedance level„ Wherever it is necessary to continue the path 
of thin signal, a 'buffer amplifier is needed to get back to the 100 ohm level 
at the 2 to 6 watt power level. Even this addition ia not very satisfactory 
nine© the output of the gate is not enough for reliable off-on operation, of the 
buffer and the buffer introduces additional delay and, reduces bandwidth. 

In «orne instances it is, possible to utilize a delay line as a means 
of transferring a signal from one part of trie system to another at 1000 ohm8 
impedance level. The 6AS6 will provide the needed signal at this impedance 
level by driving Grid No. 1 and Grid Ho,> 3 positive. Just how thin treatment 
effects tube life 1b not known at present but there we indication» that Hfo 
will be reduced. It ie highly desirable to use A.C. coupling in ae much of the 
computer as possible (See Memorandum Ho-. M*»77). If the 6a,66 is used with the 
gate A 0. coupled to the suppressor, the requirements for the coupling circuit 
are complicated by the fact that the suppressor must be driven about five volts 
positive to obtain the needed output. If the No. 1 grid is used to avoid these 
coupling problema, the No. 2 (screen) grid has to be run above rated dissipation 



igala le n j-iaitiag factor to otitaia output required, aad so the tube 

2. CATHODE GATING USING 6AG-7 

By connecting 2, 6AG7‘e thru 8. common cathode resistor, It ic 
possible to use a positive gate signal on the grid of one as a means of 
biasing the other 6AG7 beyond cutoff, and effectively nlosing the gate to 
signals» In the absence of positive gate signals the second 6AG7 conducts 
and passes the digit applied to its own grid. This system definitely 
eliminates the need of the buffer and maintains Impedance levels at about 
100 ohms. However, complications arise here In that the common cathode 
resistor in parallel with the output impedance of the gating tubo acte as 
a negative feedback path to digits when the gats is open. This feedback 
reduce9 the gain of the gate. 

By-passing thlo resistor is effective in eliminating the feedback 
but causes sluggish rise time on the gate which is objectionable. A scheme 
of avoiding this difficulty has not boon found. 

2*.CONCLUSIONS 

At present work la proceeding along the linea of utilizing the 
6ASÔ and getting around the associated problems. It is felt, however, that 
a better tubo should be obtained fax gating bo that future work will not 
continually be hampered by the gating problem. 

The specifications for such a tube are attached. This tube should 
be designed for long; life (of the arder of 10,000 hours) and must be 
adaptable to standard macs production methods. 

The electrode dissipations indicated are based on the premise that 
the tube will be operated with actual dissipations equal to one-half these 
rated values in order to increase tube life,, 

Louis D. Wilson 

{ 

J W , » ..m'V 
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Paß© 1 of 5 p&éï»** 

June 11, 194? 

The Sylvan!a tube plant at Emporium, Pa,, was visited by 
Brown end Wilson, of Hoi, T®. and Hoe©« of Sylvanla, Boston, on June 9, 1947, 

A meeting to diacuse the proposed tube wae held in the office 
of Hr,, Walter 11, Jones,, Those present were: 

Mr„ David B. Brown, t-ul.T, 

Mr, Walter R.. Jones, Chief Engineer of Syl vanla6 s 
Radio Division 

Mr, Monte Kiser, Chief Tube Design Engineer 

Mr. Robert 3„ Mo «8, Syl vanla, Boston 

Mr, Sugene S„ Ovortnior, Chief of Commercial 
Sngiaeering Bection 

Mr. B. ule D„ Wilson,, M, ! 0To 

The specifications for the proposed gate tube, prepared by 
Mo see from our original specifications, were presentad to the group. Those 
specifications ere listed in Encïxsur® A,, 

Mr, Kiser felt that a tube could be designed to meet the 
specifications without much difficulty. A pentagrld tubo would probably be the 
host approach. However, both a pentagrld tube and a pentodo, a larger version 
of the 6AS6, would be designed. The pentagrld tube could bo gated witthout 
driving the gating grid poollive and be more desirable than the pentode. The 
pentagrld tube would also have lower grid-to-plate capacitance,,. Design will 
probably rtart with the r.truetr.ro of the 7W7 or some similar tube. Mr, Kiser 
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6345 
Memoracdim Ho« K-81 

felt that the Çieclflgd capa-íltaíicesi, ©apecl.ally the output capeclt&cce, 
would have to "be Increased, Ai bo, the Bcraen diaalpation »ay hoTO to he iu- 
creased» Lootol construction will be used uniea a we specify some other type. 

Mr. Kiser stated that our specifications could 'be met oxter three 
or four preliminary designa had been built and tested. The saiaples of the 
first preliminary design will be sent to Sylvenia, Boston, about Auf.ist 1. 
When the final design iß obtained, a lot of several hundred tubes will be 
produced and complete measurements will be made on all tubes» These measure« 
atenta will be a check on the design to make sure that all the factors aro 
under control. Measurements will be mad© by the lo»mercial Engineering section. 

The earliest date at which production lots can he expected Is 
September or October» December la believed to be a more reasonable date for 
production lots. Three months will be required for permanent tooling» 

Emporium is willing to undertake the job on its own and preferi» 
to work without a contract. The design will begin Immédiatsly. 

Mr,. Mayberry conducted us on a tour of the plant which showed 
all stages of tube production, later, Mr, Overaler shoved ua the Commercial 
Engineering Department, including the tost equipment available for measure»» 
meut of tube characteristics, life, etc. In addition to equipment ior measuring 
static characteristics by the usual point-by-point method, the department 
also has a dynamic characteristic viewer which shows the desired characteristic 
on a cathode-ray tube which aey be photographed* Characteristics may be 
obtained in regions whe.o power dissipation prohibits measurement by the 
point-by-point method» 

Thou© we talked with at Emporium showed a high degree of under¬ 
standing of the problems involved in pulse operation of tubes and a, 
willingness to help ue wherever possible. Sylvan!a Is making tests to 
determine the effects of pulse operation on tube life Mid, in some cases, con 
predict tube life under pulsa conditions. They believe that screen grids 
should be constructed to operate at the plata-supply voltage and that screen 
dissipation ia often tho limiting f sc tor in pulse operation. Alt», a higher 
screen voltage makes a larger grid-cathode spacing possible, Sylvan!a has 
found that tubes having high d-c emission have poor ©mission-life under pula® 
condition»» For lone-life application, they feel that several hundred hours 
preaging Is desirable and they are preaging tubes for one customer at the 
present time. 

Locisi construction is believed to be superior fce other types 
because * ! reduced Interelectrode capacitance, leed inductance, and production 
coat'-_j increased ruggednesa and heat dissipât Ion.,, Glass envelopes are 
preferred over natal because they bold their vacuum and dissipate heat batter» 
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The Sjdvonia 75¾ was awggesteà as a nubstitute i'or the 2051 anû 
12AU'.;I for twin-trlode implication a«, 

David R. Brown 

WÆ 
ÎjouIs D. Wilson 

DRB; LDWs has 
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Ten, t at i ve Speei t' :Lo at ion 

l»;MCL03ÏÏKa A (GOBI111D« ) 

WWI Coiriputer 6wi tor. Tu'Öö 

Co.n,dl,t.l.Qja,..Jl 

Kk>. 

Bc3 

&cl 
-8;; 8 volt positive pulse» rep- rate 1 Me; duty cycle 0*25 

40 ma peak 

8 raa peak 

1,,5 watt a average 

CORDITIOH III 

uc3 

“cl 

eg 

,8 8 volt poeitive pul«9; rep« rate IMc; duty cycle 0,,25 

1 ffla 

48 ma peale 

1.2 watte average 

11fe- Test ,Conditions 

150 + 3 volte, 

100 + 2 volta 

150 ± 3 volta 

100 4 2 volts 

-15 v; 15 volt positiv® pulse; duty 
cycle 0. 3,) 

*’15 
c3 

I.S 

Point Ä 38 ma 

DWBîLDWïha* 

48 roa peak: 

leg *•>«» 33 ina peak 
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6345 

Page 1 of 1 page 

Following Brown'1 s and Wilson’s trip to iäraporlum, a meeting was 
held la Building .¾ attended by Moses and Stevens of Sylvaula* Moses said 
that M-81 correctly atetes bylvanla8« position but in view of vacation 
schedule, the August let date for a sample tube appears optimistic by two 
weeks. Sylvanle*b Boston blvlaion is conferring with Bmporlum to determine 
our approximate cost of the new tube after development which they are doing 
on their own» 

Sylvanle, was Instructed that the prospect of the new tube was 
in ao way to effect the design and construction of the five-stage multiplier 
now under development« 

Soma slight objection to the lock-in base was raised by 634.' 
membera but It was agreed the lock-in was certainly superior to miniature. 
Consequently, the base discussion should not affect the possible substitution 
of 7Ï8 for 12AU7 and 2CKL or the use of the proposed new tube in place of the 
6ASS. If the now tube can be used in place of the 6AG7, the question i» 
relevant. Sylvenla much prefers the lock-in. They will make the sample tubes 
with lock-in base. If we later demand octal, they can sdd it at the expense 
of some tooling and several weeks delay in production. 

We raised object! one to the familiar unbalance in the two halves 
of ?F81e« Moses admitted this in the early tubes (1945) but said they are 
now made to JM specificatione which are much tighter. We will investigate 
JA!I 7FS11 e and endeavor to establish unbalance tolerancef for our uses. 
Sylvan:!a Is In a position to supply selected tubes to closer than JA1Í 
sp«;c 1 f ic at loiiB. 

R. Fahnestock 

_, . -.__ ,._ . IL._i 
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FROM s H, Falme stock Pag« X of 1 p&gu 

SUBJECTS Gating Probloeas and Proposed Tut)« 

DATE: Jon® 30, 1947 

A meeting was hold on June 18 to acquaint Kr« forrontor with 
tha »object matt or and ««tabllsh a policy th oreos., The »object w&a dis¬ 
cussed in the light of Merooraiiduma M-.80, M»81, and M-83. Conclusions, ware 
ns follows; 

1 « In order to misa the proposed Sylvan le gata tab® 
la WWI, we must commit our salvos to it about th® 
a ad of Swptamber, be assured of large quentltit s 
in March, and production of the tube euch a* to 
guárante# availability of rap lacement* for several, 
years to coso,, 

2 .--- for the present, all design will be on the bania of 
6Ah6 and 6AG7 tubes and active effort® will bo iad® 
to improvo circuits for their usa, 

3 « As stated in M,-83,. the prospect of the new tube is 
not to affect the dosign or construction of the 
5»digit multiplier, 

4 = la future layouts and deeignt* Wi. will bear in mind 
ti»ir adaptability to conversion to use of th« pro¬ 
posed tub#«. 

5 - Our attitude toward Sylvan!a will be that we will 
ua® the new tuba if it is satisfactory find, most« 
th* requirement« of (1) above. 

H, fahnestock 

HP:has 
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A=.38133-9 

Bob©>*t H» Max'ch 

Static Characteristic Curvos 
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ïacuu® i5w.be.-. 

AU data for curva a 0 

in IB,HM . 37-44, 

‘fo sapploasot pubHœhfsd ciato Purpose of Sent 

Of the aix tubos 1000, la taking tbi» data» ‘&xbo Sd<> ® waa 

found to ba average tub©., lio coatroX-grU ourront vas indicated whoo »»« 

variad irow -20V to 0 or when % waa -n^wl fra® 0 to +.30V with ®Ci soro- 

Table I Hste for each tube, the control-grid ard »usqpresaor-gyld cutoff 

Ooaolueioaa?. 

voltage and the plats current vlfeh %3> s®^-. She cutoff voltage fox tha 

®ij-c tabeo tented varied as follows« bitfe ,av' SOS ütî't,off ■ire It;, es« 

vaided fro® - V to »XO.volVso With at sero«, ® cutoff voltag© varied 

f’0I cutoff voltag© varied from at "MO volts 
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Drsvlnge i 
(Set: list of; 

.has 
The '.íes tern Electric ©ASS pentode, si though .It 

less uurrenft-handllng ability than Is úaslr-sñ» is the 
b'öst gate tube ??vailabls for Vf<iX at the- present tios©« 
Par tabular care must be exercised in designing a ^gpte^ edr- 
cuit, When using 0 » 05 «.cal oro seco nd pulsee f a lo-:cl raaist-. 
ano© no greater than 1000 ours be ©laployed. xl fch© 
shunt capacitance 1© to be charged in a tinis cuiaparablfc 
with the -ouise width. Also, because of fb© email current 
ñVsilablo' from the tube, e lord resistance no lese than 
about 1000 ohms can be used if b pulse large enough to 
opérate the next tubs is to be obtained.. Advantage must 
be taken of the favorabl$ duty cycle in order to get a 
pul as of sufficient amplitude aeraos the 1 OOO-ohn; _ re¬ 
sistor«. Xn boma caaes, the 6AS6 control grid must be 
drlvon pc 31 ti ve, 

6A36 Charocterlstlcs 

The control «grid rod aupares cor ...grid transfer 
ciiarpcteristieß for the 6AS6 have been obtained using 
pulse tecïmiaues, All the curves were obtained by pulelng 
the oontî’ol grid with a one-taicrosecona pulse at a .1000-. 
cycle pulae~repstition frequency. The transfer charao-- 
teriatics were then taken by varying the control-grid 
bips or the suppressor-grid. bias. The plate current^was 
measured by the voltage drop serosa & J.OÖC’-ohai i'vßxsi üoi' 
pncl the aoreen-grid current was measured by the^voltage 
droo pcroos s 1Õ0—ohm resistor6 Drawings A—«»8■¿©8~0r to 
i.l¿8P.4S«C- inclusive show the chprpcteristiee obtained. 
Pirte rad screen-grid current versus control-grid volts go 
and aupnressor-grid. voltage are plotted for screen and 
pi a te-supply voltages of 150,, 2Q0S r ad 750 voX i>s. Ihe 
curves show ta6 high and low of the six tubes tea ¡,8©.. 

iiS5asm.::: •. 
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On tbs bpoia ox 
specific circuits in the 
penel were recleeignod» 

thees curvee, 
register ppnel 

p number' of 
end the multlpl.Ler 

C,he-c).r. a ter Refích-In Opta 

ii ge te tube must crive the flip-flop triggers 
tube,, A minimum pulse emplituäe of 10 volts Ib reaûired,, 
& nominal 22 volta» The gate tube should be selected to 
produce a minimum pulse amplitude of 16 volts, a nominal 
22 volts»^ The recommended gate circuit la shown in Draw- 
^•hg SA-39510c The control grid end the suppressor grid 
are to be drived to cathode potent.!p!0 

Chaok-Regla te;r Read-,Qut C-pte 

A gete tube,, held open by ¡? flip-flopt must 
di'lve p line driver. The coupling from flip-flop to 
gate tube shown in Drawing SA-393Q4 may permit the bias 
on the suppressor grid to rTaê^to -1^ volte at the end 
of p restorer period» Then, the screen-grid voltage can 
be^ made no higher than 150 volts» In order to get .¾ sig» 
nal_large enough to operate the line driver, the control 
grid of the 6AS6 must be driven to aero or slightly pool- 
tiVf.!„ The bias on the line driver has been reduced fro® 
-20 volte to t.15 volts» The cutoff for the line driver 
is believed to be about -16 volts. 

Progpgœ-Heglster RaMd-In Opte 

Ii gate tube must sot a flip-flop» This presents 
no größt problem, since only 4 volte, minimum,, ers recmlred 
to switch the flip-flop. The circuit of Drawing Í3A.-39309 
io recommended, 

.5jLt.b_.Tdbe to Delay Line; Suppressor atjîero 

-hi the multiplier^ a gate tube must; food a néga¬ 
tive pulse to e flip-flop control grid through a delay Line. 
Design center should be auch, that an average tube wil? give 
a 15-vol», pulse at the end of the delay line. Assuming 25^ 
attenuation in the line* the plate swing of the SAS6 should 
be^2° jolts. As the auppr-sesor grid is controlled from a 
flip-flop, it ia not possible to drive the suporessor pos- 
It,ive; and* the control to obtain 20 milliampère a plate 
current it is necessary to drive the control grid positive. 
The circuit shown in Drawing No,, SA-^OS io one poosibU3 ty' 
that shown in Drawing No» SA-SSSOS"“with'“Bhunt feed on the 
Bl, to allow the delay line €cTTé“‘et ground potential ie 
nnothor. 
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I 

(jgt-e _ Tube Feetütifr „ Del sin.1 ; ' i : SiAiTOÓOe tíOr .:50 3.: í> 

Zn öcroerpl írpplicptlone of the gnte circuit in 
the Multiplier the aupares sor cpn be held ot « positive 
potentiel of ö-.'.LO volts,, This i riere eeea the availpblo 
píete current pppreclobly r-nd doce not reouire the con¬ 
trol. grid to be driven positive to bbtrin the required 
20 volt píete svilng. Dr'p wl np SA.,y59^11 indi or fee’s the 
circuit for this use, 

Gfiiff th.,3upp:rsssor .fjt,tero Fecdiiip Delay Lino ord 
Alno Secend 

Qp.te v.'lfii Suppressor Positive 

Circuit) Drawing Ko«, 8^...39^08 shows the re^d-in 
gpte from A.-Register to Aocumu’l?-tor. 

A 80.Vvolt pulse la needed fit the input to the 
delay line to insure a 15-.volt output pulas* ot the re¬ 
ceiving end., This 20-.volt pulse must be obtained with 
a.tpp.reoßor grid of pt aero potent!p! end> therefore,, 
the control grid of V;j_ must be driven positive,, The 
second gate tube, Vo» does have its suppressor grid 
held positive, however, so this tube gives satisfactory 
output with the control grid driven to ce.ro „ A a shown „ 
Vg is biased to ...20 volts to allow for the 20-volt pulse 
from Vi a The present triangular pulse, however, doe a 
not allow this treatment ns the used portion of the pulse 
is too narrow to allow plate current Tea build up,, It 
will be necessary to attenuate this elgnal or allow the 
control grid of Vg to draw current and self.-bias itself,, 
This application is pending final design. 

date 
Delay"Lines 

Both Positive and Negative Pulsea into 

One circuit, in the multiplier calls 
ativa pulse at the end of one delay line, and a 
pulse at the end of s second delay line., 

for a nag- 
positive 

The proposed circuit shown on Drawing DA-19'*07 
allows both control grid and suppressor grid to go posi¬ 
tive and thus develops 80 volts across ,° 500 ohm load. 
The transformer Inverts the signal thus providing both 
po 1 arl 11 e s simuita n eoue 1 y,. 

Brown 

! 
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SUBJECTS Output ¿taplitude of Gate ïuboa Versüß 
Input. Pulli« Width 

Mm. ßeiit anher 110 1947 

IICTitODUGTIOH; It- ia to be expect ad that as input pulse 
widths aro mada narrower, the output amplitude of gate tubes will de¬ 
crease when *ihe tima const,sat of the plate circuit is no longer’ very 
small compared with the input pulse width» Por a gate tuba tdth 
resistance plato load, the plate circuit tima constant for the leading 
edge of the output pulse is the product of the parallel combination of 
the plate load realster and fcho p of the tub©, and the capacitance from 
plate to groimd» XM.8 cepacitanoE is coitçosed of the output capacitau.CQ 
of the gato subo, the stray end wiring capacitance, and the input 
capacitance of the following atoge» The input capacitance of apprexi- 
raataly 7 M1T.0 of the Model 5 Synchro acopo is also added to the capacitance 
from plate to ground when the plate waveform is being observed* 

IjXPiiRíMaWfAIi WORKS The circuit shown below was more or leso 
arbitrarily selected to show the desired behavior:. 

O 
f / 50 V (REGQ5::AT-©0> 

OUTPUT , 
(MEG. PULSE) 



Sufficient 

X'fal»Gontroi 1 sd. Clock 
1 MG 

Vari all e- Ei'e quency 
Clock 

Hou'ad Pul00 Id MG 

l. 

Tiio oryatal clamping circuit is to Insure that the "baso- 
line of the input pulses is clamped to the tap on the bias voltage 
divider for all repetition rates (See 2--59),, She low resistance bias 
voltage divider iß to minimize'the building up of grid leak bias when 
the control grid is driven positive» The gato tube suppressor is tied 
to the o at ho da o The 15 MMSD across the plate resistor represents the 
input capacitance of a following stage plus additional, stray and wiring 
capacitance,. 

Three inputs were used in the course of the work» The first 
was a gas-tub© pulse generator putting out rectangular pulses at 
3000 ops« \hwgo 0-30367-1 )» The second was a crystal-controlled clock 
putting out trapezoidal puisse at 1 MG (See 3-18)» The third was a 
variable-frequency clock putting out rounded half-sinusoid:« at about 
1B1 MC (Sao 3-48) » Both the gas-tuba pulse generator and the crystal- 
controlled clock wore putting out pulsea of sufficient duration to 
fully charge the plate circuit capacitance as could bo sean by the 
shape of the gate-tub© output pulse*. The width of the rounded pulso 
from ths other clock was kept constant tit different amplitudes by 
almultansously varying the clock amßiituö.© control and the setting of 
an external attenuator box» Pulse width of this clock was varied by 
changing the L and 0 of eh ELC peak or in the docke 

The following data were taken using the Model 5 Synchroscope; 

ÏÎÎPlffi 
AMPLITUDE 

(Volts) 

OUTPUT 
jÜ'-ÎPIÏÏUBIî 

(Volts) 

‘I 07? FÜLL OUTPUT 
(Based on Gas-Tube 

M. oa Gena rat or ) 
TYPE 

ÏJPUT 

(Measured 
at batís) 

INPUT 
WIDTH 

ÍM) 

' 
.

 



034 b 
Sagino ©ring Sotes Ko» 3-6.1. - 3 - 

(•io asurad, 
at brxo) 

ÎÏIHJT 
AMPLÏTU-D'SI 

(Volts) 

í 
TYIPS 

liPUT ! 
WIDTH 

OUTFÜ'i: 
AÍ'D?I.r.l!UD3 

(Volts) 

■1Í, OH PULL OUTPUT í 
('Based on Gas-Tube \ 

Pulse Generator) ( 

12 

Gas*tfub© Pulse Uen» 
Hect. Púleos 2000 cíj3ti Sufficient 30 

! 

100 

XrTal-Controlled Olock, 
1 i-íO 1 
Vfv'-pc'íold.!.’!. !?ixloe 1 

.. ! 
1 

Sufficient Í 37 

i 

90 

Vari able-JTre quency 
Clock 
loi MC 

Hotmd Pul «o 

0 „ 046 11 , __JÎ?... 
0.,063 i?,_- „ .. . 2?_.. 
0,. 003 ....„J>L.... 
0.,115 

... 
3Q-.. ...ii?1.. ... 

0,17 23 77 

0.,-¾¾ .. 33_ 73 

15 

G-as^Tube Pulse Üen» 
Hect» Pulße„ 2000 cue Sufficient 37 100 

XT al»- Coat ro 11 ed Clock,, 
I MO 
T V eçp s ko i d ni Pul » o 

Hu pul 30 
available * 

j 

Variábla-iVeouoncy 
Clock 
loi MO 

.Round Pulse 

0,046 i 17 . ... 46...J 
0,069 ! 31 . ... . fí?.. * 
0,092 í:_34 ... ...65_ 
0,115 Ü 2ê 65 ! 

.ihl.7__,1..,-3:1,...- 
\ 0,22 1 _.¾. _ 

.„ _li? . . 

. ...M „ J 
1 ¡ __ 

I 

I 

Siaco theporcent'sßea of full output for dlfforeat input srsplltudes 
were grouped fairly close together for a given input pulso width,, It was 
thought juetifiahle to average the percentages for a given pulee width» 
These averages are tabulated belowo 

XIMJf HJLdE 
WIDTH 

.filial..— 
0o04-S 
0e069 
0„093 
On 115 
0J.? 
On 32 

$ Olí’ lliLL 
OUTPUT 

40 

56 
67 
67 
75 
83 
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Pointa fron tMö tírale vxe plotted below ; 
i :)()., 

'¡c Of 
Foil 50 
Output 

0 

.—O“" 
-.-■&- 

JO-- 

/ 

B0ß ,:10 « 3»') 

Input ittln? Width la pa 

It is thought that the olsjnplag scheint) and the lew resistance 
bias voltogo divider wer® fairly sucoAeeful aines the pate tube output 
amplitude woa nearly the same for the 1 MG crystal-coatrollad clock as it 
was, for the 3000 epa gao*tube pulse gonarator. 

0 
äfigeue W- Sard 
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Eugene W Sard's ^ngirperlnp j ote 2-.=-61 Hefe rancei» 

Project Whirlwind Bnglneorlag Hoto 2-60, §A§M 
Operation. D, R® Browi and W, H, Taylor, 

Hemon ndum #60 L .D. Wilaon, "Gate Tube« in WWI 

Introduction 

Thisj memorandum nrenente the roaulte of teste on the Sylmnla SR»1030 
gate tube end lodlcatei. the number oí tube® which may be used in the Whirl 
•wind 1 design. The development program wee initiated with the goal of re¬ 
placing the axle ting 6hS6 gate tube and the 6A.G7 pentode used as a flip- 
flop buffer and an « trigger tube. 

The 6AS6 it ». Western Electric mine,ture; It is entirely inadequate 
as pointed out in Maraovaudurj So 80 by I » D-. Wilson, 

The 6407 gives adequate performance in all application» but hat a 
questionable hi*tory at; to reliability end "Long life. 

There are 3 typas of circuits in the WI design where the proposed 
gate tube night be- usee.. They are. 

Oat® Tubetfi 
Buffer Amplifiers 
Flip-Flop and Trlggei Tubas 

At the ureeent stage of development the SR-1030 will replace the 
6AS6 gato tube and give & margin o/ 2 to 1 in output. This performance 
is realized without overdrive to tbr noil Vive region on, the #1 or #3 
grid 0 The tubes which give it to performance are those in Sylvanla 

i1!1 'ii nttiwr 
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Group #4523c If it If poBitil)!«, %n isla# Halted time aTOilable- to ia. 

crease the available output current by 50$ without eacrlfcclng cutoff 

voltage, thlg tube would be ratl&/*ctory for all gate tulle aees which 

we now have in WWI The quantity of tube® 'used in th» ay-stem as gates 

will be about 300, 

When used In circuito «* 6 Bui far Amplifier, flip-flop or trigger 

tub®, the present development samples of tue SR»1030 will not replace 

the 611,07( »tac» the current, amtlabla and the cutoff voltage required 

are not comparable with 6A07 performance,. Aa the requirements In the 

above circuits are for high-current, sharp -cutoff pentodes, it now 

seams undesirable to attempt to use a gate tub« In these applications 

It would be better to initiate a program of a "ruggodlzed*1 SAG? with 

long-life fllameats and mora adequate dissipation ratings, Such & 

tube would need no ¡¡to grid control nor would it be limitad in eixe. 

It is uroooeed therefore to limit the use of the 3R-1030 .gabo 

tab® to gate applications only,, and to start work on another tube to 

replace the 6417,, The quantity of 6AG71 * used at present Is approx¬ 

imately 1100« 

Application, of a 'Hew lube 

The application of new tube« can, beet bo discussed in terms of 

the circuits for Whirlwind 1 which have be on designed. Theo« are the 

circuits for taa multiplier panel,, register panel, and flip-flop panel,, 

The number of tubes involved for 16 digits la «s follows- 

®ttltipi 1er pan®! 096 

register panel 400 

flip-flop panel 69g 

Total 1888’ 

The total number« of tubo* estima ted for Whirlwind ï le 2/500,., For 

one digit the quantity la- l/l6th of the number listed, above. Considering 

just a single digit, the tubes in each panel may bo clasaified as fallowss 

Multiplier Panal; 

buffer amplifier» IE 

buffer amplifiers (remote cutoff) 4 

flip*'flop tubes 3 

gate tubes 2.1 

Indica tor tubes 4 

trigger tibes 4 

Total 56 

B-ogister Panel; 

buffer amplifiers 6 

flip-flop tubes 6 

gate tube* 7 

___ ; :áiáijiiM¿á»ÉáMMÉMya 
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indicator tub«i 
trigger tv ben 

Flip-Flop Panol : 

buffer amplifiera 

flip -flop tubes 

gate tube* 

Indicator tube» 

trigger tube« 

To 'tal 

Total 

.„it 
26 

4 

10 
13 

ß 

C 

3? 

The total tube* required for those three port» of the comnuter may ale'; 

be tabulated at follow«? 

buffer amplifiers 400 

buffer amplifiers (remote cutoff) 64 

filo-flop tubes 384 

gate tube* 056 

indicator tubes 192 

trigger tuteo itâ 

Total 1,,680 

for the whole computer the following estlumt®« apply5 

buffer ampli :?iere 

buffer amplifier« (remote cutoff) 

flip-flop tube« 

gate tube is 

indicator tubes 

trigger tube« 

power tub«)« 

fetal 

BOO 
70 

400 

800 

200 
200 
2Í7Õ 

JM 
2300 

The first and moot imoortaat application of a new tube would bo to 

replace all of th» present 6Ä36 ¡gate tubes = The total number of gate 

tube« in the multiplie':* panels., the register rxinel®, and the flip-flop 

panels Us 656» Preliminary quanti"tiatiTB measurement« (see Reference A) 

Indicate that for a 0,1 micro*«rond, half-sine-wave pulse, the output 

Is about 67 per cent of what would be calculated from the transfer 

characteristic for a 1000-ohm resistive load. This meant) then that for 

a gate circuítfwith aiOCO ohm platt load, 30 milli&mneren of «iate cui"- 

rent are required to produce a 20-volt ou tout pulse if 0.1-mlcrosecond 

to. If--a ins-wave nul ses are need, A plate-load circuit using inductive 

and non-linear el aments may be able to Improve the innvt-output char¬ 

acteristic. 
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ï&îi dlntmaaion. of th* gato-ttíbo raqví.''.*om0aft» %n Hafo.rswcô^B ò.úüv 
aot ta cu into ‘icocuui*; Uno ©ff act* n.otod above n Hentse ¿h© ^lyoaxta 
saßgeatiä in t:mt raferoao« do not products ths ou%.-ut actr-: itudc^ ro** 
qui red-. Howto ?p sine© the,t ?oference vac written^ fttio posôibí.lity 
oí nefflO'fing the delay liaoe* frcio fcho p.iat©*’load circuits of ¡»h-j gdtu 
tubes baa 'bean au^geotodo If this can be b>n©0 it, Is poowlble that 
a gats tab© that urodueus a 20-volt pule© across a 1000-oh® plate 
load vm meet all of the gate-circ\xit requiroMnto. !Bwm the sero- 
grid 'pl;?.te current rea ni rod would ho 30 sii il iamnorc s c. Ati shown, in. 
Bofarene® Bt a control grid cutoff voltage of -9 volta 1® required 
so that -16 volts of fixed bias can he usedc requiring, then* a 
15-volt oui so bo operate the circuito Aloo(, the supuras oo r-gr id 
cutoff voltage must he about -8 volte » ala«« the flip-flop ®ny per¬ 
mit the fiupp reos o r-gri d voltage to rio© to about -IB volts 0 . 

The next important application for a new tub® would b® as a 
buffer amplifier# to replace tlio 6&Ö7 pentode« Alarge percentage 
of the buffei’ amplifiera muât function ae line drivers „ i’or the 
line driver cutoff voltage no less than -13 volte and c zero-grid 
plat© current of about 130'mllUaßperee aro required« Por uomo of 
th© hue for amplifiera only SO-EiilliaaporG« zero-grid plato current 
ia raquiredo She most unfavorable duty factor,, if Ool microsecond 
pulseo are used, is on©-twentieth« 

In the third group the duty factor for a flip-flop tub© may to 
ono « ‘Dhe present circuit uso® 6AG*7 pentodoa and a rex>la<3©niônt ©hould 
equal their performanco* ïhe presect flip-flop has a plate-supply and 
scroesi-supply voltage of 150 volts« The aereen voltage is 90 volte « 
ïha elate current at aero control-grid voltage Ib SO milifampereb : 
The control-grid cutoff voltage is «4«5 volta» The plate dissipation 
ie 1,5 watte, whereas the rated plate dissipation is 9,0 watts,. Tho 
screen grid di»oipatio.a ia 0»9 watte, whereas the rated ocroen=grid 
diosination is 1,5 watte. About 50 per cent moro plato current and 
no chauge in th© control-grid cutoff voltage would be denirabisn Of 
coure©, no increase in th© olata current bi;.t the achievcooas oi a 
more reliable tuba to give the same perforraanc© ae th® 6AG7 vorûA bo 
a step in th© right direction. 

The trigger tube is no problem,, tfh&teiver is used ior t»h® flip-' 
flop can certainly he reed as b, trigger tub®. 

Almost any twin triodo ’.fill reset tire requirement© for the in¬ 
dicator tubes o.gc0 3051, 12A07. 7.f80 3837., 

Teats on SampÍPAJ)f JlclOgO 

Flva tyoe SR-1030 (test 0-4523) ware received August 19 with 
nusíberíj 5, B, 11, 13,, and 15.-. 

First0 the plate .and screen-grid currents au a function of 
control-grid voltage and impure ssor-grid voltage wer© measured « 

" itóáitiljákláí V’. ■ i : 
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In order te avoid oxcouslv« ho*,tir,^ of the tube electredee, the 
■•aeweaente were made tt»ir.g pvtlee techniqvwB> The block echenatic 
of the arrangement for the pulse test® 1« shown in draw lag A-30904 c 
The trigger gen@rE.tor trigger« tí«"1 pal ae generator and the TS«>S39/UP 
oecilloecope at ICO-cp« repetition frequency. The palee generator 
1« adjusted to produce a 1.^microsecond flat-ton pulso. By meaaa of 
an attenuator the ouiac ampllUide io adjueted to some convenient 
amplitude» eay 10 volts» ïhi'î 10-volt positive pules is applied 
to the ooutrol grid of the tube under test. The bias voltage is 
sufficient to keov the tube cutoff except during the pulse, aad 
the peak grid voltage obtained during the nul so I» varied by 
adjusting the Mae voltage- The circuit schematic used for the 
pulse tests Is shewn In drawing A-3090:5. The plate, supproeeor- 

or screen-grid current tarty be obtained by measuring the 
amplitude of the voltage pulse across the resistor cometí ted 

to that electrode. The TS-239/ïï oscilloscope io used to mensure 
the amplitude of the pulse By varying Kcg and keeping both the 
input-pulse amplitude and the control-grid bias constant, the 
electrode currente may be measured as a function of the suppressor*- 
grid vo1tagee 

Plate current for the five tubes as a function of control- 
grid voltage for v. screen-grid voltage of 100 volts, zero sup¬ 
pressor voltage, and a plate of 150 volts 1» shown in drawing SA»” 
3825?«0» Plate current as a function of supureasor-grld voltage 
for zero control-grid voltage ia shown In drawing SA->38269-0. 
The screen-grid current as a function of suporossor-grid voltage 
is: not shown, but It Increases from an average of 36 milliampères 
at; zero to art average of 51 milliampères at values of empiredsof- 
grid voltage below cutoff» The cutoff voltage may he defined aa 
the grid voltage necessary to reduce the elate current to 5 per 
cent of the value 15 measured at zero s*id voltage■ The control- 
grid cutoff is between -0 and -9 volts and the euporeseor grid 
cutoff ie between -ß and **--10 volta. Tubo number 8, which 
evidently has a "hole* in its suppressor, does not cut, off at 
all „ however,, The zero-grid plate durent for these tubes ia 
between 22 and 25 mlllianroere« 

Drawing 3^-30263-9 shows plate current for tube number 11 
ae a function of positive as well as negative suppressor voltages, 
The curve shows that the plate current increas os from 23 mill!* 
amperes at zero to 43 milliampères at a positive suppressor 
voltage of 16 volts» In this case the screen current decreases 
from 38 ia ill lamo ores to 17 milliampères» The control-grid-to- 

suppreesor voltage of 16 volts is shown In drawing 34--.38261-9, 

:l 
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voltages of 253 volt« and ft «urmret'sor voltage of 35 volta* boto- 
grid plate current l-a about 110 rnilllftwnore«,, Koto,, howover, tb&t th« 
cutoff voltage 1« about -20 volte At «uporeseor voltag«« thlu high, 
negative puupraeiaor*grid currents vera observed. Indicating tho occur-" 

rence of secondary ami asion. 

Tyoa SR. 1030.. Tsst Wo-. C4527 

Aleo on Aogu«t 19, five type SR—1030 tubes* teat no , G -4527, were- 
received with the following nupbers. 1, 7, S>j 10 and 12 The char¬ 
acteristic« of these tubes were measured aj described pravioumly. 

Plate currant for the five tubes a« »■ function of control-grid 
voltag? for a screen-grid voltage of 100 volta, r,»ro aupureasor 
voltage, ami a oíate voltage of 15C volt« la shown in drawing Sà- 
38260-3c Plate current aa a function of suppressor-grid voltage 
for «ero coutrsl-grld voltage i» nhown in Irawlng SA.-33258-G0 The 
«creen current as a function of aurore«sor grid voltage is not shown, 
but it increase« from an average value of 30 mllliaiaperen at zero to 
an average of 49 milliampères et velues of auopressor-grid voltage 
below cutoff* Tube numb.-r 7 appears to have had an internal short, 
and measurementa on this tube ray be disregarded«, This control» grid, 
cutoff voltage 1» between -- 8 and -9 volte and the aupnresnor grid 
cutoff voltage lo between *=10 and --12 volte* Äot« that the euppreeeoi 
grid cutoff voltage 1b »everal volta inore negative than for test 
number 4523, Svidently this allows more «oro-grid plate currentp 
since the coro-grid plate current is 27 to «30 mill lampares aa compared 
with 22 to 25 ’iillliamneree for test number 4523* 

The control-grid-to-plats and ?.upprn« icv-gri4 to- p].ate transfer 
characteristic! of tube number 9 for «croen and plate voltage« of 
ISO volte are ihown. In drawing» £11,-38266--0 and SA.«-G8287 -0, The con¬ 
trol-grid cutoff voltage 1« -12 volts and the supureseor-grId tratoff 
voltage is 13 volts. The zero-grid plate current is about 50 mi.'.li- 

amoeres* 

Tiie average control-grid cutoff voltage as a function of ecrean 
voltage i« «hown In drawing SÄ-38264-G» The carve shows that the 
control- grid cutoff voltage is about one-twelveth of tho scree;:", 
voltage* The oaporessor-grid cutoff voltage, however,, in a func¬ 
tion of both the screen and plate voltage». Snppre««or-grid cutoff 
volta,go aa a function of Plato voltage for a »creen voltage of 100 
volts'ie shown in drawing SA-83266-Gv Thi,( curve is for tube number 

9 only, 

A Plate characteristic for tube number 10 is ehown in drawing 
SA-382S5-Gn Tho character!, a tic was obtained with zero control grid 
and suppressoi'-grtd voltage» and n screen voltage of 100 volt« Hots 
that tii« plate resistance Is quite low, about 12,600 ohm*.- 

ftpae SIl-lOgO,A; Teat I!o, C-4543 

Oh Septembor 4,,, eight type SR-1030A, test number 0-4543, tubes were 
received with the following number*« 2,4411,12,,13,16,18 and 21,, 

September 17* 1947 
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‘Che Btat:lc transfer characteristics of tube number 2 wero measured 
using a point-by point method. Drawing SjW38391-^ ehowe the control 
grid-so plato transfer characteristic for a screen volteta of 100 voite, 
zero supproeso-r voltage, and a plate voltage of 150 volte. 

Drawing SA-38292-0 shows the auppreasor-glld' to-plate transfer 
characteristic for zero control-grid voltage. The control-'grid cutoff 
voltage is "5,8 volts and the suppressor grid cutoff voltage is --7,,8 
volts The zero grid pinte current I« 11 2 milltsmperes. Table I 
lists the Individual -and average zero-grid plate current, lb, the coo-. 
trol-grid cutoff voltage, JBCqí ana the suppressor-grid cutoff voltage,. 
1 

'CQ3' 

TABLE I 
Characteristic a of Tube Typ® SR-1030A, 

Tost lio, 0-4543 

lb 
ma 

JL 
-o^ 

4 
11 
12 
13 
16 
18 
21 

11.2 
10,,8 
10.2 
10.6 
10,, 8 
11,.5 
il re 
II ,4 

-5,,8 
-6.8 
5, 4 

-6..1 
-5,6 
-5„3 
-6,,0 
-5,5 

-7,8 
>8,0 
-7,9 
'7,1 
-7,2 
-8,,3 
-7,,5 
-8,,0 

11 „1 -5,9 >7,7 

Also on September 4, eight type SR -1030, 
were received, with the following numbers- 1, 

test number C-4573o tutea 
2(1 8,. 7. 9o 10, 19 and 22, 

The static transfer characteristics of tube number l are shown in 
drawing SA-38289-8 and SA-38290-Ô., Table II lists the characteristics of 
She tubes of test number 0-4673. 

These data show no appreciable difference between the tubes of 
teat cumber C--4673 and the tubes of test number G-4543. 

The transfer characteristics of the tube of test number 0-4673 and 
the tubes of test number C-4543 are not as good as the transfer charac¬ 
teristic of the 6AS6, With 150 volts applied to the screen and plate 
of the GAS6j, the control-grid cutoff ie -5 volts, the suppreesor-grld 
cutoff is -8 volts,, end tns zero-grid plate current Is 14 to 20 
milllamperas. 
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Tube Mo, 

1 
2 
7 
8 
9 

10 
19 
32 

TABLE I, I 
CliaracteriettcB of Tube Type SH-1030* 

Test No, 0-4673 

ma 

I <jn 1 
n,7 
13.1 
/0,6 
.2,,6 
II o 3 
11., 9 
1.1 7 

11.. 7 

Ü» -fijt 
C°1 

■•5 3 
-6 „ 8 
-5,,7 
-5,4 
»6,1 
6„0 

-6,6 
-5..,6 

-5,9 

Ë, 
•03 

-8,7 
-8,5 
-8,3 
-7,7 
-8,0 
«-8,0 
-'6„9 
--8,7 

..8,1 

¿/.<^<0 CP 
D, H, BEOtfi 

N, E„ TA' 

DIB/NBT/rp 
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Block Schemtlo of Arraocemoni 
for ipiles Töatt 

Circuit Schematic Used 
for Puls® 'Peats 

Trsnef tir Ciuirac tari «tics 

a 
u 
« 

Control'Grid Cutoff v? 
Screen-Grid Voltage 

Supor«eior-Grid Cutoff 
Plate foltag© 

Plate Charactorifltic 
Tmnsfer Chari.eteriatf.o 

V«, 

_ ___ ...10 .0., .0.,,..00:. 

â-30904 

A*« 30903 

SA.-3826V-G 
34.-36259-6 
St-30263-G 
SA - 38261-0 
SA“»38262-Ö 
3Ai-38260 -6 
SA~-30258«G 
34.-38266-0 
34.-38267-0 

34-38264-0 

Si-33268-* G 
04-382650 
S4 »*38291-O 
34--305592-0 
34-38289-0 
S4-38290-0 

Senteinl/^r 17,, 19A? 

Ü: 



O 
í 
itJ 
s' 

«ï 
(ÿ 

D 
Iji 
•fi 
O 

i 

lOV 

0,5 MFD 

iflriiÄÄi 
ij|Í8ÍÍH|WÍtp%wwiP 

Eb 
O 

S ¡o o-a 

I 00~n- 

-v'\,'\/— 

-V- 

' IOO-Í 

UO MFD 

O 

I OO-O. 

-AyVV—t—O 

I.DMPO 1.0 MFD 

i 
¡ 

E<J 
; • ■ -¾ . 

îi'itîi :Ä 
a 

1.0 MFC 

Ó 
NÖTE ; PIN NO-5 GROUNDED 

f 
'C, ' 

0 
(0 

'CC 

CIRCUIT SCHEMATIC US CD 
FOR PULSE TESTS 



'WW-:; 

O 
Z 

0 
% 
uii 

•n 
rt- < 
'.'0 

'.9 

ü 
■j 
',0 
3 . 

> 
î ; . 
V*7 

■ ri 
o 
cA 

» 



^ - T IPWIPPI 
r^BSTP* y’rff’fp K «f5^ 

.............. .. -.■.Ill 
iflffll 
i!¡!|||!|i!|!||¡'[|:|i¡||| 



















; 9
î?îi?î a

?
 

X
 
ô

î 







i IL.,.,: .:1.,. :í i! luliiLUliiiiiliLliLlJlliiiiiiliilllllliiLJLiii. ... ,. ..........li,.„..i,....... .....,„„l , .. liiíikijiilaiílíii.:: ili* k¿k¿ii 







M
O

. 
3
 ?

 *
T

 - 



í i 

6345 
rcuicUiHi H-109 Page ]. of 3, 

Project >iM rlwixíd 
Se r V orne chaai sais Laf- o rat o ry 

Maseachußsttc Institute of Technology 
G ain'br i âge „ Kaa sacimc et t s 

SUBJECT ? ftATE-TCJBE HE SEARCH 

ïoî ê\ \î, Forrester, H. Fahne stock,, H„ H„ Taylor, G» Ch Hoberg, 
H„ KenosiaD-j B« W„ Sa;ccl. 

Prora? David ïï0 Brovm 

Dates October 2U 194? 

Tuba Prograia 

1„ Obtain static transfer characteristics for the four 
0-.4523 tubes„ õf, lln 12, and 15. Ef--6,3V„ ®og«100V„ Ecÿ;Ou 

2a Design gate circuit to produce a positive output 
pulse,. With supures sor grounded „ test this circuit with 
0 1-p.s half’-eine-WBve pulses. Make sure that no signal bias 
is present or s.t least Icnow just how i&r the control grid is 
being driven. If time permits, try also O.OS-^ß, a'ad 
2„0-»s pulsos. Repeat with pulses which are as nearly rectan¬ 
gular as obtainable. Get input—output curves for the four fcuooG 
available. 

3, Place four gate circuits in series and investigate 
the wave shape in the chain. This will yield data on the 
relative merits of a half-sine-wave or a rectangular pulse. 
Do this for only one pulen length, probably O.l-ue, 

4,, Using the optimum pulse shape, as determined from the 
previous measurements, design and test a gate circuit to pro¬ 
duce a negative output pulse and a gate circuit to work into 
a step-down transformer,, cable0 and step-up transformer. Obtain 
Input-output curves for these gats circuits.. 

5., Design a gate generator, probably a flip-flop, end 
observe output waveforms of the gata circuits whan gate is 
present or absent... 

b. Measure the input capacitance & of the gate circuits 
and investigate the problem of reading into or out of a register, 

I 

M 
it 

IS1 
. 

ï: 
Hi 

ï 
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P ro ,1 ® c t VM r Iwl s tel 
3 e tto m s ch au i e tc 5 L alt 0 :-.- et 0 ry 

Massachn.settG la nt it Lite of Technology 
Caraltrlüge,, Mansachuaetfcs 

iPmpOAia' SPSCISlCATiaa PCR t^'PE S^lOjÜ Î3ŒBJSCT 5 

J, t)u Forrester,. IL I’atmeatccK",, E, It Boyd8 H«. H„ Taylor,, H„ Roche atar 
(Sylvnnla, Boatoa), H. L, Kisor, (Sy?.venia« Imporlnio) 

David Rn Brown 

October T(\ ISh'f Date 

P*2i.lralnary Spaciflcationiajfor Tub^ ligype SR-1OJQ. 

Tont Conditlcm I? 

40 mi3.1 ii.yaporen The plata current. 1*^ nheil bavo a nomlnsl va3.ua 0 
ar.d shall not be leae than 35 railliaviperea,, 

Test Oc« dit ion 3il 

The control-grid voltage„ Ec^ „ necessary to reduce the plate currant, 
to 2 aillliimpares shall not be more negative than -11 volts. 

Tfifjfc Condition IÏÏ 

The suppressor-grid voltage, Sc^, nec-aasaiy to reduce tho plate current- 
to 2 mil llampo re a shall not be more negative than -3 v<ut®e 

Power Ratings 

The tube shall safely dissipate the heat generated when the control 
grid i0 pulsed from -I5 volts to sero volts with a duty cycle of 1/12» The 
suppressor gird may either be at »15 volts or zero volta. 

a. . 

' T 
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0apacitansae: 

ïhe nominal input capacitance,, output capacitance, aud capacitoi'.ce from 
sappre330r-grid to plato shall he no greater than in the SS'’.t030, test muoner 
0-)-:-999 „ 

Signed /V» 
1),17Id R. Brown 

3KB , ep 
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’¡¡rikoxaàc’ 
y'r.íísnoî^s’vî.^v.t-’: oí;' featooix-jy 

Çcrh'ïUlKt :, rj 

fiOB-jssa'i: socoro tiiïp ïg m'iPoaxTOi 

..i 07 îforroôtor 

IL Brow 

Kato, Octoljor 20, 1947 

Sh© BiorniTiß vsa opsnt ^5-th Hr* H. L» Rico? aad Mr,, Eogor »¿J.inioïws. 
la Si.nor'Jrj offico, âlao preaont vexa Rocht a tor of Sylv&nia,, Boston,, 
F» Eu Saylor oaA ï*. F-, Brow of M« 1, íf<. 

Sylvöiaia luis jnado a now gata tr.1» based on the 35--5 cons imotlon, 
Ü hi g ia tha SE-lOjiCb tont aarshor 0-4999* xho tuh© has the vom ¡grid eipacâas 
cn all tJxeoo grlc.a,. $ho apaolng and w:lro dAns-ot©r As ao sœell as thoy f^ol 
thoy ««a go and still give ua a reliable tu.oßo ffih® coat,rol and screen grids 
c.?o as in hoEis-typo twljoo* ifho suppressor grid At: wc«ind An tho c-pposlto 
e-ensô* Gold platoci grid wire aud coppor laterals &r® aesotL Ho tooling io ro 
caArod to produce tho tub©» 'JMe should keep tho cost dom end recuco tho 
3olivo.vy t'¿B©» Mr, Kiser ®®p3aasiz©d that they hssr© contAr-Uff-llj kopt th« pro- 
Horn tyf long iAffi An mind and haw gâvsa o.a tho osat long-life oonatraatioa 
they oan„ Kiser fe©3.aB however» that b.o csimot ostS-taato the life and a 3if© 
toot A a the only wry to æak© sure that this is ®. long-life tuhe* 

£09,y show.ïd ua the ‘bridge char.-sot or A r>t ioa of th© lot that they he.v© 
sad© jar/! also the transfer oharaotorlstios fox tixbo Ho* 1.- At a screen Toltaga 
of 3.00 mi.tr.9 tub® Ko* 1 garó 49 na. plate current at - soro grid, fho ccr.trol 
g-?id cutoff is «12 to Its and tho suppressor grid cat off in -9 mite. 

©ab© Ho,, 10 looked like a awrs ansrage tube. We took At and» in an 
effort to increas© (ffiate 3,oks nogatAve) th© cot off volt ago s » wade weasureBon^ b 
to doterai»© tho transfer characi;eristics at a. screen voltage of SO volts. Mo 
Aid this because wo felt that wo could atand seme reduction An tho zero-grid 
plate current9 part.AcularlLy if the cutoff could be brought in. öuder those coa- 
dit ions» tube Ho, 3.0 gave a soro-grid plat© curren* of 4l raa. Tho ccmtrol-grid 
cutoff was 'IX volts; and tho suppressor-grid cutoff was "•&' volts « 

We felt that, the lower cutoff on the control-grid would not be ex, 
insurmountable difficulty. ¥0 would father ses the sharper cutoff on the 
suppress or grid so that tho gat© tube can be controlled directly from a 
flip-flop. ~®).© control grid 1¾ often driven from a buffer amplifier v/her© 
there io'plenty of araliteclo available. In jaeay caaesp th© control grid is 
driven from the bo is* ®ac thing to keep in mind» then, is the siiaimaa cifhnl 
tmplitu.do on the bus. ¥0 can» with the cíjatroJ.—gí’Ad cut ox A oi —13. voit©r use 
the tube in our present dosiga» l.-a* e with -I3 volte fixed, bias* However » -■■■" 
Sylvania aan .Increase the cutoff» we will be safer. 



Heno.rtmc'.tj« M-llô 

îâiporium will charco Vm grid.-ta'àhode. epaxtlng ta au y.c'iort to iao-ronce 
tho ûutoif on tho control »ril» ¿»rtr'lnly tir:©;)' cm prevent tix« cutoff from 
decreaeir.g laelow «ll volt;;. 

V© decided to take aoraa samplec of thio tali« liack to Kd,'?. and 
lEiiko enough measurementa to eatiefy or.rBolveu that, thia tu'h© ic satiefact siy. 
Emporium is sn.ro that if tía decide the tube in 0«K.., they will ho a'hlo to pro¬ 
duce it. îho final decision then, will he made on the hast¡3 of thic saal.l 
lot of five tubes ï 2, 6, 10, 12, and 3.;., Vie will try to give thorn tho 0,1.. on 
about October 17th.. Then they will mcko a hatch of 3.00 or 200 tubas and jarte 
complote Koaoureiaents to o stabil ah their production specs. 3y Oct obex* 31 ït r 
they will give us the average charnoterlatics end all the tubes from this 
batch of 100 or 200=, 

Any timo after that wo can order the 3000 tubes we want. They plan 
to age the tubo? for 200 hours., will get delivery on the 3C00 in six or 
eight weeks. If we want 500 tubes in a harry for laboratory work we can get 
thorn, without nsreing. ßbou.t Kovember IÇth. 

Sylvonia is flaking a replacemont cr nenr^equiv? 
Phllco television receiverd. This is iv. lock-in Jaxown t. 
have data on this tube. The plat© current is 2 mu le; 
£1» 3,-500 poho, 

Tho Phi loo tubos aro being made wi th e. cage to 
capacíteme«. This cage U giving thorn trouble in ou’H 
wo are not parti w.larly interested In grid‘-pi ate capao: 
soon have them without tho cage,, Fifty 7ÄD7■' c were rm 
wlthoeit the cage. ¥a have 27 of these tuboa; the type 
an improved cathode and heater construction end severo, 
should make it bettor than the 6aG7 . 

M ist rl tut ion: 
5. B. Boyd 
». ïl. Brown 
D. J. Grauford 
S. H. Dodd 
J. C. Ely 
11, E, Everett 
R. I'cdmoe'.ock 
G. G. Eoberg 
B. W. Sard 
St. ?.. Taylor 

.Oavi.cl B... Brown 

iiplliiiw ' '1 ' .itih' ■ ..hi.,•M.i,,,.;.. .:1:...:. 

idhrtj ¡|i iiiiiyYfeiÉiiàiiiaÉi ., Vi .,,,..i 'maim 
• híliíp™™'!"™”!: !pl'v"1 , fPl"®- ; diferí* v 1 ' ^ ‘ 
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SSBliSS pt THE SB-:;.C-3Q CrHTE TUBE • SUBJECT ï MBASUSEMEflTS OS TAB C-49 

To ï 6345 Eagineere 

From s Eugene W„ Sard 

Bate; October 2c3, 1947 

Introduction 

The 0-4999 series is the lotest nnd boot of‘the now SE-IO30 gída tabes. 
Five C-4999. ce.ries tubes were avail able for experimentatiloa, and ai] five stored 
to have eeaentially the same characterlsticOo Bravdnij i'-">îi'502 -{> shows the 
static characteristics for tube No. 10 of the 0-4995 »erlös". 

Three typos of gate circuits were used in the course of the vorkf The 
first was agate circuit to produce a positive output pulte, the second tvas n 
gate circuit to produce a negative output pulse, and the third was a gat*3 cir¬ 
cuit to work into n step-down transformer, cable, and step-up tranefornier, 7n 
addition four gate circuita of the first type were connect¡é in cascade to observe 
the behavior of a chain of gate tubas,- For most of the aonsnrciiirnte, the sup--- > 
pressor of the gate tube was tied to cathode. However, actual g&ting of the 
suppressor was also tried in the' case 0? the first and second typos of gate' 
circuita. The results of actual gating end tying the suppressor to cat-node 
agreed fairly well, 

Except where otherwise described, the input to the above gate circaits 
was a rounded half-sinusoidal positive pulse about 0,1 //. n wide at the buso, 
occurring at 0. repetition rate of either approximate I: ' " 1 me., or 2 he. (The 
output amplitude of the gate circuits tested was about the some for these two 
repetition rates). 

Experimental Work 

The basic gate circuit used is shown below, 

IflQV 
Çbegü^eô) 

input O.01 
srrwsí «pó 



Kagina*: ring Jiotes E-73 

I. . Gato Cürouit to Prcc.uce a :?■ 

He i (3 Z cons :i a b s r/f t 

The 2S MHFÛ in this .circuí j ñxicl in oti 
f o 11 owi :ag ri t age 

Values of output ampliturto versvaa irpi. 

Input Juplituie 
__ln Volt« 

Output M .'t-de 

The output p-alsf. was abor.î O.OG /is wid 

2« Gafc® Circuit tc Produce £, Necjatlva Cutmt .Vulrj 

Here Z coneistr/ of ? 

TTaluec of cutout amplitude versus input araplltmle 

Input .taplitude , 
in Vo,.ta_ 7 10 J 13 15 

Output âitni.i sua® j, n 1 -u" “T""' 
in Veil.* '' ¡ -vI 

•e:*o "-iilnilatod be 

pulse wars .-/bout the u?.ne width as tho hqmfi rulsa 

Gate Circuit to Work into T.e]) -v.own .-frranafoiwer 
Step-TJp Tx'ausfnvme 

.Measurementa on this circuit 
ns (id was sírnllsu to that of E-6o , 

were nude hy 3. 3. Rob erg,.. sad tl-.o siroui 



p 
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below. 
Tallies of outimt eaiplituâe versus 'liront Rrûulltucie 5..:0 

ï n put Amp 1 ft tud e 
in Volts 

Output iuap'i i tudo 
in Volte 

B ; 10 
•i" 

5:» I 10 15 

1.4 

1,S 

.lo . .1.. t- .is 

-2 
.. 

•:i i is: ! ;i6i 2? 

In saalring these measurement;^., an actual-tube load -«’.0 used instead 
of a lumped 22 M®}. condenser. Additional, measnrsments ax sousral of thU- 
type of gate circuit connectée, in casca:!« are b*:lRg ®?idß, vae. tuese nev 
measurement s plus laors complet 0 ini ersnat :-.0::1 on tire atuve circni c a* 1.-. 1 fH; 
onolished later. 

4, Four of the First Typo of Sate Circuit Connected ta Cascade. 

Pith the four tubes denoted by ¥1 - 74 respectively , amplituàss at 
diffarent points in the chain are tabulated below. 

All nutiilex'ß are amplitude in volto 

Input to 72 

19 

Input, to 73 
™ 'h.. 

3 
20 
23 

Input to v4 
." 0 

s 
24 
25 

Cutgu.t of 74 
'■''o" 

E 
.56 

26 

The output of 74 v&e about 0.07/:4 «id; in contrast to the 0.1/s 
wide input to Vi... Whan the ir.put to 71 5¾¾ a. trupaaoidal pulse instead of 
a round’pulse, no significant difference in puls« açç-iitudes throughout. The 
chain was noted.,, and the pulse"è trapesoidal ah^pe ms immediately converted 
to a round shape. 

8R-IO3O gate tubes of. the C-4rS23 series „ when triad in the various 
circuits above, gave approximately-half the output ampla, tud a obtained with 
gate tube a of the 0-4399 aeries,. 

3¥S/ep 

34ga.sd r éoi ^¾¾¾ *W< . 
Ägi'ue if, Sard 

Drawing ? 
A-3S302-Ö 

I- 
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Project Whirlwind 
Servoaachaniaafl Laboratory 

üasaachusetta Instituto of Technology 
Cambridge, Maaaachusotte 

Page 1 of 2 

SUBJECT: 

To: 

From: 

Date: 

7ACUUM TffitE IBTIMATE FOR 1CTI 

Jay Wc Forrester 

N. H. Taylor 

November 7, 1947 

The breakdown of tube quantities in WWI design is as follows; 

STORAGE 
Per digit: Storage Tubes 2 
Amp» k Switch 
Read In & Out 

12 
12 

STORAGE CONTROL 
SFwâÿ Switch 
Counter 
Selecting Bank 
Deflaction 

"2b X 16 digits - 416 

31 
20 
7 

100 
158 

3, ARITHMETIC ELEMENT 
” A, B, it Acc Register» 56 X 16 Regia tero 

4« 

5. 

ARITHMETIC ELEMENT CONTROL 

REGISTER PANEL 
.Ghees Register, Program Counter, Piogram 

Register, & Stepping Register 

6. FLIP-FLOP STORAGE 

7» TOGGLE SWITCH STORAGE 

8, MASTER CLOCK 

9. CONTRCL 
Control Switch 
T„ F. Distributor 
Operation Matrix. 
Program Matrix 

111 
45 
54 
26 
23T 

10- CATE DRIVERS & BUFE'ERS 

TOTAL 

4 16 

15 8 

8 9 6 

17 6 

4 8 0 

5 9 2 

3 4 1 

4 0 

2 3 6 

16 0 

3 4 9 5 

iilüiJituiiSiiliLiiiiL'iiLi.i.iiu.iiíií.UiJiiikjijiiLiiiviLjii. lillMííiililUkiil !!:ill i hiUl .il'l II il- M i: 1' i!'i I.Í :,¿ !■ ' ’ÍiÂSÉüÍÃ'. l! 
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A breakdown of tubos by functions ia estimated bci<*/ • 

B'uffer Amplif iero 

F. Fo Tutee 

Gates 

Storage Tubes 

Indicator Tubes 

Trigger Tubes 

Power Tubes 

Total 

870 

700 

1149 

32 

:>98 

298 

m 

3495 

HHTthca 



6?A5 
MejDoraaciTun M-131 Pa#; ï 1 of 

Project Whirlwind 
ServoniechardßBi L? bcratory 

Mass^chusatto Institute of Technology 
Camoridge, Massacmse11b 

Í 
SUBJ3CT: TUBS TYP «'.S FOR HLIF^iFD I 

ïo: 

From: 

Date : 

Jbj W, Forrester 

Drvid R. Brown 

MoVfernher 10, 1947 

vidnd I. 
Following is a tabulation of the tuba types for Whirl 

a, 2D231 , 

b, 3E29 

c, 6A07 

d„ 6U15 

a. 6SN7W 

f. 6Y60 

g. 7F8 

h. 715C 

t„ Sit 1030 

This is a Bln:.ature tatrcde-type thyration. Tetrode 
thyratione are needed in '.he circuite which generate push-button, 
pulses. The 2D21 Is adequate for this application; a 20h0 would 
probably work Just rs wel.. 

b. 3E25 

This is a twin-unit hsatt power amplifier for use re 
a buffer amplifier. It i;i used for working into low-impedance 
loads which demand more current or mor® power dissipation than 
is available in the 8AG7. The 3329 was selected because it 1b 
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(ieBigned for pulas work end has a ateoper tranefer character!etlc 
than other tubes In the li'ame power class, 

r«_6AS7 

This is & power amplifier pentode for use in flip-flop 
circuits and as a buffer amplifier. It iß a metal tube -and h&e an 
octal bree. It vaa selected for use in these application because 
of the steepness of Its transfer characteristic and the amount of 
plate current available. Since Whirlwind I Is being designed for 
maximum acceesabillty ant circuits which are coupled together are 
often far apart in space, shunt capacitances sre often determined 
more by the arrangement of components and the number of components 
in a load circuit rather than by the "Sube capacitances themselves. 
Consequently, the absolute current, rather than the figure of merit, 
la often the important factor. 'For thie reason, the 6AG7 is super!o 
to the 6AK5 and other lav-current, high-transconductance tubes. 
Ite desirability and prloroance in flip-flop circuits Is described 
in detail elsewhere (vol. 15, K-113, 15-56, B-64). 

.¾..fitfS 

This tub« is a miniature r-f pentode having a high 
figure of merit. It may be used in video amplifiers in conjunc¬ 
tion with electrostatic : torage. 

a. 6SN7W 

This is (in octal-base twin triode. It le a rugged, 
reliable tube and will b; used to opera' e the indicator lights 
which Indicate flip-flop orientation. 

1.1,,.6163 

This Is a benm-type power amplifier for use as a 
'buffer amplifier. It provides greater plate current thru the 
6AC?7 at the same screen .nd plate voltages but requires a greater 
grid swing. Where the grid-swing is available, it may be used to 
advantage Instead of the 6AG?, 

This is a loo tal-base twin triode having high trans¬ 
conductance. It may be used with the 32-positlon switch to improve 
the switching tima. An effort will be made to use the USN7V for 
this application. 
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a. 715C 

TMa iß pal se-ampli fier tetrode In the t rentrai tting 
clara. It is used ru an amplifier In the electrostatic deflection 
circuits which must work into a 100-oï» load. It was selected 
because It has sufficient transconductance to give a «tain greater 
than unity while working into this load. It has a higher trans¬ 
conductance than any other tube in the same power class. Also, 
it does not require special cooling. 

ssrxm 
This is the tylvnin- type number for a gate tube which 

has been developed by Sylvan!a for Project Whirlwind. The reasons 
for the use of a special tubo are die cussed in volume 16, 

David B., Brown 

-. -si-*.'!.!.';«.a4--1.1,. ■ •■»•VjVj.Ij&.i.-.'Ji.4.«• -x-1 
,:U, 
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Hepoz“' ií-I.*,? 

ÖSRTOMBC UABl ¿5MS ï. AB0MÏ0IiT 
MaßoncMasttfl' ínñtJ-'inrfeo oí? íôcbv/.lcgrr 

Osjn'ariáge ¡, Ha asachu aatt s 

Date of Koport; April if 1947 Pö:;;o X o f 3 peg© » 

i/riftoH 'by'' 

íiubjejt 

L, mío 

Char&.cteriatic a oí li-lttXefu&o. ílo» 2.LJ.07, 
arid General Bloc ferie B3Xo5X: Keen Liímb« 

He f oreaos s-! 3SLa46-153 

Brswings ? 
.:*r.?íCi465 

f?2178-5 
aV^81?y-5 

' A-38130-3 
A-38XÖ1« 3- 
A-lüSlSa-G 
.1-38183-3 

Sumais' .*y : 

Striking Yûltegeiï for 'boa Iiibtlofus©, .213007, neon lumps 
viere me s but od and found to rengo freorn 65 wives to 34- volt»« avoriîg© 
72 volts. I’lia holding vo.ltage a» extinction of fíXow,. viere measured aad 
found to rango from 49 volta to 63 volts; average 53 volt®. •>&•.* .virât 
striking voltage Is some time e bighe.v than oueceading otrikisg voltagee. 
Deducing ©m'oient tamporature of loerps increaaad the striking vo3.tag©. 
•3bi©giag the polarity of LSttlafua© Ifsapa causad the otriking voitags i 
obaage -as much as 10 volte. 

Striking vc lb eg®» for tan Gmeral SlectriOj KB" 51.. noon l£t«pa 
\iere saaaeurod and found to range from 63 volts to 85 volte; average 69 
■Toltfia Holding vo It ago a were measured and found bo range from 4$ volts w 
•30 roits; average 60 toits, i’ho differanoe hatwesu first striking ^ 
••Toltages and aucceeding ones did nob exceed one volt. Kavei ain.«, poias. 11/ 
cf KK«51 lamps changed the striking voltage leas than one-voit. 

Method of Ot>tslnlag Oharac tori sties’. 

ïïoa i cimpa of each type we-ro olio ®-în at random to ?budy the 
striking and holding, voltogas. ' A-10OtO00-»oto reel atoa? mt. put in «©rise 
-tfith tb© lamp «aider teat and vo3.tage measured aero a a th® tss® wi wh & 
wiuuai-Wb© voltiaotor having m Input resistatace greater then 10 icagohm«,. 
l" mi oro ammeter was placed in series with the lOO,OQO~ota rests bor. 0?ha 
oircuit diagram is showsi in US'awing £^30^166. Data. wer© obtained bo show 
iho relation of current to voltage. Applied 'voltage was laoreaasd end 
iurrenb jasasured. Headings were taken at riust a'i.bör sti"j.kuigo ^ 
folt'age raadinga were also taken at 300-. 400, !,iOGt 800, and 1000 icAcrpcwpwree. 
íh'j applied volt eg© was radac.od ¿«id the voltage rsadings agida taken at 
^ha above current valuee to mafe® certain th© curve retraced íísoli.. 
Keadlnga ware .itsc. taken at 100 and 50 microamperes as well as just before 
ansi after extinction of &lov< 

The relation of current to voltage Is shown ior three oí the 

■.'"h/ ;.‘.c . ,, : : ?. , 
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l-ittlsfttas ¿«0>pc by a*aw:Uigt; ¿»SSlSi^U. Ar:3818^-0^ a\»: 
' ■ vavüso o/’h.te töß. m**uxc Xanps ar« ^ovy,. 
'- ./,r3cUV’3'-,ft. am ./1-33180^ The cur"-.>3 ¿Oí ï .? 

■ .Jampa axe flat asd haw a x*!«« 5 voííír íot •'■'•'OU ».v? 
ÍaT» wád mak« them ßc-od '¿or xolím. ragialatioy^ 
. “ •“ wad feaT© & »xa® ox C-... i,«yal jSlootric- lessen ox* ilat- 

vjO mioio arapejroöc 

.•'í'ÍSl.B'f'A.Í't: 
:;y '.Dravlnf;« 

-:.9 Little« 
-/-,5 fixpar© Bo • 

, •; ioír tlm-jís 
> volta for 

Dec haie 1 axil 

’ij/iitß.® ar ■ 

Appro'Tffd.; 

ELshiâS 
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/ 
p( 

y’ ■ 
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Öaviei K., ïïrc’wXL 
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Drawings:: 
5 A-38198-G- 
S JW 38199-G 
SA-38200-G 
S.A- 30201-G; 
SA-39 202-G 

ftirpobo - The purpose of this test was to obtain preliminary 
Information on the deionization time of a glow discharge,. 

1 
Pro ce clare - The General Electric HE- 2 Neor. Lamp was chosen 

for this preliminary to at hecauoe of Its availability and convenient sisa. 

The circuit used Is shown In Drawing SA-39202, Henietors 
P.T, and. li, provide a variable Ionizing voltage roeanured with the foltohmyst 
at V.. Switches S-, rmû Sn permit Ionizing or deionising the lamp without 
disturbing the setting ox potentiometer 

Bjj servo® ne a current limiting resistor for the lamp, and 
also Isolate■ the pulse from the low real stance potentiomotar circuit, B4 
provides at a voltage output proportional to lamp cui-rcnt for scope 
presentation. 

A pooitlve pulse is applied at J2 through or. output condenser 
in the pulse amplifier. The 1134 and G, wore added to rar.o re a negativa 
overshoot on the pulsa, and G| and Bg corrected a drooping pulse 
characteristic on the longer pulse durations« Pules amplitude vas measured 
on the synchro scope, 

The deionization characteristic %/a« obtained by setting R0 
to obtain, a negative holding potential, or bias, greater then the 
deionizing voltage but less than the ionizing potential. The minimum pulse 
width required to consistently extinguish the lamp at various positive 
pulse amplitudes was recorded. 

Remit» - These data aro plotted for three lamps in 
Drawings SJW38198-G through SA»38200--G„ For each lamp, curvea ara shown 
for three bias voltees within the Halts notad above. 

It should be noted that the curvee arc titled ''Fulo® 
Amplitude va, Pulee Width Required to Deionise at Constant Holding Voltages“, 
in, strict accordance with the test procedure. Subsequent observation of 
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lam, current with ooaatant "bias aaù pul ce amplitude hut vita a 
V triable pulse width Indicate« that these data *ey be con aider edtc, 
be Pulse Amplitude vo» Deionization Sime at Con et ant Hblilni;; Voltage, 
Wlçh a pulse too short to extingui eh the Imp, the lamp current did not 
f-11 to zero« Pulse widths equal to or greater than the ▼alus required 
to extinguish the lamp gave a constant time of fall for la«]) current. 
Spot checke made In this manner agree with plotted data mithin the 
limits of precoloion of the teat procedure. 

It was noticed that -pulse amplitudes greater than, the maxima 
values, shown necessitated increasing pulse duration to eït.Jigoleh the 
laso. It is "believed that this was due to deficiencies in the teen, 
equipment» In this region, of the characteristics a high rate of chaoge 
obtain«, aid slight departure of the pulse «hajje from true .rectángula! 
i» offered as a poaelblo ex¡?lanatl°n of this phenooeuon. 

Conversely, the low rate of change at the othei end of the 
characteristic Indicates that, if desired, much longer time intervals 
could h® observed with smaller pulse amplitudes and Increments,, 

Ras jell Palmlter 
> . 

Bi1? han 
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Dr-., jingo: 
B-38176-Q 
ï« 38176* 0- 
.E1*» 38177-^6 

Puroo»® of Test! To «upplemaiit publi-shod data* 

Reforano®’ 

Co" olußlouc 

Data found in 1CWL. 5-15^ 

W'itii scrocn Toltsc*'1® of 60 volts, two of tbo bIz tuba® 

tested »towed a random low-freqi’/mcy drift which vario! *c QIlli Ip 
ó 

a» much a® 1,2 inilliamperee «ach Control grid current was too 

small to give a measurable Indication on a one milliampère meter 

when the control grid we® more than one-half wit negative* Maxlran 

control grid current at + 1 vol.: ^ for the air tubes wsted wan 

2*6 ml Hi ampere o with values of ®c nt + 50, + 100, + ItO volt b» 
3 

Whitt B is more than 2 volt®-negativo at *'•' 60 volts 

B I and I become quite raall and war® not plotted.. Thie toldw 
°2 p °£ 

true for vrluen of E great«! than -6 volt 8 when ÏÏ = ICO volts», 
°1 2 

and value- greater than -7 voto» when = ISO volte* 
v3 

S0ci'U3.1cîiïa2 Wo l*éRlmc 

& IWjUur*. 
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Dates October ?1,. 1947 

7..7 OW 

The ,01 mfd. coupling condene®r has a reactance of 270K t bo cycles, 
this representing quite a high Impedance driving circuit. A Enllr.vtine voltmeter 
vas connected from plate to ground, measuring the output voltage, 1m 3,6 volt 
r.m.e. signal Is 10,P volte peak to peak, and It was thought that t'/.s would be 
sufficient to drive the tube from cutoff to rero Mas, However, thv coupling 
condenser Is so small, that the actual grid voltage is only ,95 to 1 .-. volte r.33..0 
depending 'on the tub©.. Alternately turning ,the tube on and off wotikl take the a-c 
plate voltage a measure of the emission of the tube; but with this iialt grid 
signal, due to the high Impedance driving circuit, the output voiUv;n H mostly 
» measure of how much the tuba load« its own (jrld circuit. 

The end of life point was specified ns the time at whi/.o the outp v 
voltage dropped to 70^ of the output voltage at 27 hours. Tb first 14 fiU'nr©a, 
according to this specification, wore retested, mid it was found that their a. 
emission was 7S$ of the average emission of 12 used tubes «elected at random, snn 
8¾¾ of the average emission of l4 new tubes. This shows that the failures weren 
failures at all. Hot one of the 14 had its emission below 70$> of the average 
emission of the new tubes, while one had a higher emission than the average ox 
the new tubes, Emission was measured in the above circuit by grounding the con 
trol grid, and measuring the drop across the plate load resistor. 

6345 
Memorandum M-II9 E&g« 1 oi 3 

Pro,1 ect Vfhirlwind 
Servómechanicme Laborat0 ry 

MaBOftclmeetts Institute of Technology 
Cambridge, Maseachueette 

SUBJECT.- bAG-7 LIFE TEST RESULTS AND REVISIONS 

To« J, tf. Forrester, H. Fahnestock, H. R. Boyd, H. H. Taylor, D. H. Brown, 
H. Rochester (SyIrania), D. Stevens (Sylvania), F. Anderson (Sylvania). 

From. R. L. Beet 



í'31^ 
Memo raudum 

■_ _ ____..-. 

Tb® íTrat l4 failli rea v,'oï» at up in the earns1 circuit .is wan need in 
the life test, and it was observed that, during the first ten Kinutem of opera. 
tion, the average output and the average si^al appearing on the grid« both 
dropped I.#. This gave tho appearance of having the buhes apparently age 1000 
hours in ten minutes. 

One tube was set up in the teat circuit with 6,3 volte 
the output being 8.,8 volts,, After 10 minutes, it had leveled 
Then the filament voltage was suddenly dropped 10$ to 5 £>7 vo'. 
voltage dropping to 6,// volte in „2 seconds» then rising gradu 
after 30 «imites. When the filament voltage was restored to t 
put roe® to 8,,/ volta in .2 seconde, than gradually dropped of 
30 minutes. Then the filament voltage was suddenly increased 
the output voltage dropping to a minimum of 2,? volts at 3 mil 
creasing to 4,2 volts after 50 nitrate31 Mid still slowly risir 
ment voltage was restored to 6.3 volta, the output voltee gr» 
7.2 volts» after 50 minutes,. 

on the filamant, 
off ,it 8 volts, 
l-a, the output 
¡illy to 7-7 volts, 

3 volts, the out 
:/ to 6.7 volte, in 
:.036 to 6,93 volts, 
utes, gradually irr 
g.. When the fila- 
dually Increased to 

Those wide variations in output voltag-v with filament voltage, due more 
to grid loading effects than changes of amission, explain, the inconnlatency in 
the data taken during the life test. Curves of output vs, tine for a gi ven tubo 
often show deviations of ±10$ from a smooth curta.. 

In the above circuit, half the first, fourteen appeared more or lose 
microphonie, with one apparently having something loose inaide . jumping between 
various output voltages as it was tapped. When driven from a atiff source, 
however, only two tubos vors at êj.! «'Icrophoj.,Ic r nftituttr or which were the one 
that, -previously appeared loose inside. 

Increasing the coupling condenser fron ,01 mfd,, to d iafd. is 
satisfactory, and the addition of a clamping choclo eliminates varlatione in 
self bias with filament voltage. A 39K resistor added in serios with the 
capacitor, clips the eine wave nicely, so that plate waveform is oloee to a 
square wave. Increasing the signal from 3-6 ">o 6.3 volts further insures 
that the tubes will be ait off end on every cycle. The modified circuit is 
below, with the impedance level reduced by a factor of 10, 00 that 10 grids 
may be driven in parallel by a single circuit. 
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Memorandum M-lig Fage 3 of 3 

Measurements will 'be made on the rack every Monday, Wednesday, and 

Friday. Theso me a sur ementa shall consist of 10 a-c grid voltage», one at each 

of the 10 sets of 10 grids In parallel, as well as the a-c plate voltage at 

each of the 100 tubes. Before each measurement, filament and signal voltages 

should be set at 6.3 volts, plate supply voltage at I50 volts, and screen supply 
voltage at 100 volts. For a given tubo, end of life shall be reached when Its 

output voltage drops to of it a initial output voltage. 

The tubos now In the life rack shall remain there; after data has been 

taken on them for two weeks, ths results will be "reviewed to determine a means 

of comparing the two different seta of data. 

It.. L. Beet 

RLB/ap 
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ProjecWiirlwind 
Sarvomochauleras Laboratory 

Maaaachueette Institute'of Technology 
Caiobridge, Maaeachueette 

SUPPLKMEWT TO HEMOiUIDDH K • 119; ÍjA&7.LIFE TEST RESU J: ÆS 

J,. W. Forrester, H. Falmeatock, H, H. Boyd, H. H. Taylor, , 
D. R. Brovn, 'H, Hocbeater (Sylvrjaln), D, Stevens (Sylmrla) 
F» Anderson (Sylvanla) 
R L» Beat 

October 28, I'jU/ 

Tho first'2? tubes In the bA£}?' ?ife teal rack that failed, acr.Ttî 

lag to specifications set forth in Engineering Kotae Ko, E-U’}. have been 

tested .lor emission. This was done by grounding the control and tmopreetnr 

gride, supplying the screen with 100 volte through 100 ohms, supplying the 

plate with 150 volts through 1000 ohms, and measuring the d-c drop across 

the piste load resistor The average emission of these 2.J tubes was 32,H ® u, 

while the average emission of 14 new tubes was 36,0 in,.a. The .ratio oí the 

©missions of the failures to the new tubes was Not onr of the failuree 

had. Ite omission below 70$ of the new tubes* emission. 

Since no emission measurements wore made on the life test tubes 

at the beginning of the run, it is hard to say whether any tuba f. emission 

has drenped to 70$ of Its initial valuó or not. However, the re Mûremente 

Just made do indicate that the greatest number of the failures weranH failures 

at all, but that their drop in output, was primarily due to grid loading effect« 

(eee M 119)■ 

BLB/sp 
Signed . 

/9 yj 
1/V X /- , ißjZÖ 

E„ L Beet 
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