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INTRODUCTION 

The two basic olements of the block diagrams of 
the Whirlwind computers, e . g . , the block diagram of tho 
accumulator (Vol. 6, F ig . 65) a re the f l i p - f l o p c i r c u i t 
and the gate c i r c u i t , symbol GT. These two elements need 
not neces sa r i l y employ vacium tuben, since other non­
l inea r components ex i s t which might possibly be UBed. 
Hcwevsr, i n luhirlnind I , two pentodes and a pentode t r i g g e r 
tube w i l l be used for each f l i p - f l o p and a pentode gute 
tube w i l l be employed in each gate c i r c u i t . 

Vacuum tubes are a l s o used for c e r t a i n spec ia l 
functions in the computor, such as the sine-wave o s c i l l a t o r 
or the pulse generator in the master clock. In add i t ion , 
vacuum-tube3 must be used p.s power amplifiers in p laces 
where a pulse i s t o be generated acro33 a loa impedance. 
(Gas tubes w i l l not be used in any of the high-speed 
c i r c u i t s , as t h e i r de icn iza t ion time prohib i t s t h e i r u s e . 
However, noon lamps w i l l br used as indicators on a l l f l i p -
flops and a thyratron may bo used in the push-button-pulse 
generator )o 

Tho t o t a l number of tubes for Whirlwind I i 3 given 
in M-132 of t h i s volume along with a breakdown of the number 
of tubes for each function,, Of a t o t a l of 3500 t u b es , 1150 
are used in gate tube, or time-coincidence c i r c u i t s , 700 are 
used i n f l i p - f l o p c i r c u i t s , and 870 are used as buffer 
ampl i f i e r s . Memorandum M-131 l i s t s the tube types used for 
these d i f f e r e n t functions and explains why the p a r t i c u l a r 
types were selected for Whirlwind I . 

The tube used in f l i p - f l o p c i r c u i t s and for many 
buffer ampl i f i e r s i s the 6AG7. Tho average c h a r a c t e r i s t i c s 
of t h i s tube are given in R-118. Life t e s t s of the 6AG7 are 
described i n U-119 and U-128; a photograph of the l i f e - t e s t 
rack i s shown in FB-291. 

Un t i l r ecen t ly , the only gate tube a v a i l a b l e has bee 
the P o s t e r n E l e c t r i c 6AS6. This tube has provon u c i a t i s f a c t c 
a t the p u l s e - r e p e t i t i o n frequency end with the pulse shape us' 
in the Whirlwind computers as explained in M-60. For a t ime, 
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an atVjmpt uas made t c use the 6AS6, ainco no o t t o r gate tubo 
naa a v a i l a b l e . This i s desr.iabed in R-104, E-50, B- 6 l and 
Ji-103o Hcaover, a spec ia l j e t e tube itaa developed by 
Sylvania, (Sylvania type Ho. SR-1030), and use of the 6AS6 
WE3 abandoned. See k-80 , 11-81, M-82, M-83, M-10?, M-109, 
M-118, H-U6 and E-73. 

Charac te r i s t i c s of neon lamps are presented in 
K-117 and M-72. 

Photograph FB-302 above the new Sylrania gate t ube , 
SP.-1030. 

• 
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SKHV iHATOaY 
Massachusetts Xnstitv 'eohnology 

Danbrldge, Maaaaohni e t t . i 

TO- 63-15 E n g i n e e r s <i^4D 

FROM: L o u i s D. Wilson X>Rge 1 o f 3 p a g e s 

SUBJECT- Gate Tubes In <m 

DAI'S: June 6, 1947 

In the ;)rellmi.iar;' des l jn and experimental work connected with WW1, 
I t has become Increasingly evident tha t the systems of gat ing which are at 
present ava i lab le are 1 indocuate and reoreaont one of the no at ser ious 
l i m i t a t i o n s In tne solution of the c i r c u i t problem* 

The problem has not aa yet been Ba'- iefactorl ly solved by the use of 
any of sevornl raathoda. at present i t saemn th;it ate^e should be taken to 
obtain a tube more su i tab le for the appl lca t lon3 which we have In WW1. 

some of the t roubles enco'untered ir. two of the not hods used to date 
are l i s t e d below. 

1. METHOD I . 6.V-J6 CATI/.'G 

.Digits in control l i n g s wi l l ba at a power level of about 2 to 
6 watts (15 to 23 vol ta ) at 100 ohms imp.'' evel, After passing t h r o u / i 
a 5AS6 g.ice tube those s ignals wi l l be attenuat3d tc about 0 .2 watts (15 voltij) 
a t 1000 ohms lapadance l e v e l . Wherever I t ': v. necessary t«i continue the path 
of t h i s s igna l , a buffer anp l i f i o r l a needed to r;et lack to the 100 ohm love ! 
at the 2 to 6 watt power l e v e l . JSven t h i s addi t ion l a not very eat', afectory 
since the output of the gate I s uot enough for r e l i a b l e off-on operat ion of the 
buffer and the buffer introduces addi t ional del ly and reduces bandwidth. 

In nome Instances i t 1s poss i s l s '••- i t i l i z e a delay l i n e u3 a means 
of t r ans fe r r ing a signal from one p a r t of the ays ten to (mother at 1000 ohms 
Impedance level. . The 6.166 v i l l provide the needed nignal a t t h l e Impedance 
leve l by dr iv ing ftr\& No. 1 and Grid No.. 3 p o s i t i v e . Just how t h i s treatment 
e f fec ts tube l i f e I s not known a t present out there are ind ica t ions t h a t l i f e 
wi l l bu reduced. I t I s hi.'jhly des l roble to use A.C, coupling in ae much of the 
oonputer as poss ib le (See Memorandum Ko< M-77). If tha 6AS6 l a used with the 
gate A..C. coupled to tho suppressor, the rerui r j r .ente for tha coupling c i r c u i t 
are conpllcc.ted iy the fas t tha t the ouppreaeor must be dr iven about f ive vo l ta 
pos i t ive to obta in the leaded output . I f the Nj. 1 gr id i s uoed to avoid these 
coupling p rob leas . the Ho. 3 (screen) grid .'.as to be run above ra ted d iae ipa t ion 
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to obt.ili' output requir.-d, end co tbs tube again i s «i H a l t i n g f ac to r . 

CATHODE GATING USING 6.\G7"S 

By connecting 2, GAGV'e thru o conmon cathode r e s i s t o r , I t ID 
poss ib le to use a pos i t i ve gate signal on tlie gr id of one as a means of 
b ias ing the oth9r 6AG? beyond cutoff, and e f f ec t ive ly c losing the gate to 
s igna ls - In the absence of pos i t i ve gate s igna l s the second 6AG7 conducts 
and passes the d ig i t applied to i t s own grit.,. fhls systen d e f i n i t e l y 
e l imina tes the need of the buffer and maintains lnpecancn l e v e l s at about 
100 ohms. However, complications ar i se her.) in that the common cathode 
r e s i s t o r i n p a r a l l e l wicn the output Impedance of the ga t ing tube a c t s as 
a negat ive feedback path to d l g i t 6 when tha ga t e i s open., This feedback 
reduces the gain of the ga t e . 

By-passing t h i e r e s i s t o r i s e f fec t ive in e l iminat ing the feedback 
but causes sluggish r i s e t i n e on the gate which I s object ionable , A scheme 
of avoiding t h i s d i f f i c u l t y has not been faijid. 

3 . C03CUJSI0NS 

At present work I s proceeding alonfi the l i n e s of u t l l l 2 l n g the 
6A35 aad g e t t i n g around the associated problems. I t i s f e l t , however, that 
a b e t t e r tube saould be obtained for j a t l n g so that futuru work wi l l not 
con t inua l ly be hampered by the gat ing problem. 

The spec i f ica t ions for such a tube are at tached. This tube should 
be designed for long l i f e lof the order of ".O.OJO hours) and must be 
adaptable to standard mass production metnoiis. 

The electrode d i s s i p a t i o n s indicated are based on the ureraise tha t 
the tube w i l l be operated with ac tua l d i s s i p a t i o n s oqual ;o one-half these 
r a t ed values in order to Increase tube l i fe . . 

d\~a~<-< +*z,tiLST* fa&Casor^ 
L.>uls B. AlisonC*> 

I 

LW'.has 
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Servomochanitsnn Laboratory 
Massachusetts I n s t i t u t e of Technology 

Cambridge, Maasachuaetts 

TO: 

MOHs 

SUBJECT' 

ENCLOS'JRSS-

DATS? 

Jey W. Forres ter , H. H. Boyd, R. B. 2va ra t t , 
H. Fahneatock, H, H. Taylor 

D. R. Drown and It. D. tfllson 

Trip to Sylvanla a t Emporium to I n i t i a t e 
Development of Gate Tube 

Ao_ Tenta t ive Speci f ica t ions - WWI Computer 
Switch Tube 

June 11, 1947 

6545 

Pn^e 1 Of 5 pages 

The Sylvanla tube plant a t Emporium, Pa . , was v i s i t e d by 
Brown and Wilson of M.I;-?., and Mo sen of Sylvanla, Boston, on June 9, 1947, 

A meeting to discuss the proposed tube was held In the off ice 
of Mr- Walter B. Jones. Those present weret 

Mr. W-vld R. Brown, M.I.T. 

Mr. Walter R. Jonee, Chief Snglnoer of Sylvanla 'e 
Radio Divis ion 

Mr. Monte Kiser, Chief Tube Design Engineer 

Mr. Robert Co Hoses, Sylvanla, Boston 

Mr. Eugene 3 . Ovaroier, Chlof of Commercial 
i i iginoerlng Section 

Mr. I c v t i D. Wilson, M.I.T. 

The spec i f ica t ions for the proposed ga te tube, prepared by 
Moese from our o r ig ina l spec i f ica t ions , were praoontad to the group. These 
spec i f i ca t ions are l i s t e d in Enclosure A. 

Mr. Riser f e l t tha i a tube could be designed to meet tbo 
spec i f ica t ions without r..-~'. d i f f i c u l t y . A pentagrid tube would probably be the 
bes t approach. However, both a pentagr id tube and a pentodo, a la rger verBion 
of tha GAS 6, would be designed. The pen tagr id tube Jould bo gated wlShout 
dr iv ing the ga t ing g r id pos i t i ve and be wore des i rab le than tha pentoda. The 
pentagr id tube would also have lower g r l d - t o - p l a t e capacitance,. Design w i l l 
probably s t a r t with the s t ructuro of the 7W7 or some s imi lar tube . Mr. Klser 

W»A i « » — w I I « « » i - w w w . - . . « « « — - » * » « « M . « M - « - * « « » ' " " T , ~ » M M M * 4 * | I I M | I 
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6345 
Mancrandu-ii No. V.-81 

f e l t that the specified capacitances, especially the output copacitrJice, 
would have to be Increased. Also, the screen diss ipat ion may novo to be in­
creased. Loctal construction w i l l fca used unless we specify some ether type. 

Mr. Riser stated that our specif ications could be met a l ter three 
or four preliminary designs had been built end tes ted . The samples of the 
f i r e t preliminary design wil l be sent to Sylvanla, Boston, about An- <at 1 . 
When the final design i s obtained, a lo t of several hundred tubes wi l l be 
produced and complete measurements wi l l be r.ade o.-i a l l tubes- These measure­
ments wil l be a check on the design to make sure that a l l the factors a?9 
under control. Measurer-ants w i l l be made by the Commercial Engineering section. 

The ear l ies t date at which production l o t s can be expected i s 
September or October. December I s believed to be a more reasonable date for 
production l o t s . Three months w i l l be required for permanent too l i rg . 

anporiun i s '.filling to undertake the Job on I t s own and prefers 
to work without a contract. The design wil l begin immediately. 

Mr. Mayberry conducted us on a tour of the plant which showed 
a l l stages of tube production. Later, Mr. Overraier showed us the Commercial 
Engineering Department, de lud ing the test equipment available for measure­
ment of tube characterist ics , l i f e , e t c . Ir. addition to equipment for measuring 
s ta t i c characteristics by the usual polnt-by-point method, the department 
also hae a dynaaic characterist ic viewer which shows the desired characterist ic 
on a cathode-ray tube which may be photographed. Characteristics may be 
obtained in regions whero power dissipation prohibits measurement by the 
polnt-by-point method. 

Those we talked with at Jdnporlom showed a high degree of under­
standing of the problems involved In pulse operation of tubes and a 
wil l ingness to help us wherever possible , -ylvanla I s making t e s t s to 
determine the e f fects of pulse operation on tube l i f e and, in some cases , can 
predict tube l i f e under pulse conditions. They bal l eve that screen grids 
should be constructed to cperp.te at the pl-\to~supply voltage and that screen 
diss ipation i s often the l imit ing factor in pulse operation. Also, a higher 
screen voltage makes a larger grid-cathode epaclng poss ible . Sylvanla has 
found that tubes having high d-c emission have poor emission-l ife under pulse 
conditions. For long- l i fe application, they fool that several huacred hours 
proofing i s desirable ar.a they are proofing tubes for one customer at the 
prouciat time. 

Loctal construction i s believed to be superior to other types 
beuauno of reduced lntorelectrode oarjtxitnnce, load inductanco, and production 
costs and increased rug--oiinoss and heat tiisi'lprvtisn. Gloss snvolopet are 
preferred over racial because they hold their vacuum and dissipate heat batter. 

iW***4.«&tfVP*W »**•*• • 
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The Svlvanla 7P8 wa3 suggested a3 a miba t l tu t a for the 2C51 and 
12AU7 for t v l n - t r l o d e e p r l l c a t l o n a . 

DRB:UDW:ha» 

David Ha Brown 

l ou i s 5 . WIIBOD 

^Mmuvvm^0»*»mmmmar^iMttj^ii'ttfiH'i9't W i*»i M»-'irn>irV 
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Sorvoraecti^nl ass Laboratory 
Kceoachusattc I n s t i t u t e of Technology 

Cejrbrid.fjc, Massachusetts' 

TO: Jay V. For res to r , H. B. Boyd, H. R. Krere t t , 
1). R. Brown, K. K. Taylor, L. i). Wilson 

FEOM5 H. lahnestock 

SUBJECT: Sylvania Vacuum Tube Dovolopnent 

RET: Memorandum M-81 

DATE: June 12, 1947 

6345 

Page 1 of 1 page 

Follovlnt; Brown's and Wilson's 1" ip to 3raporiua, a meeting was 
held In Building 32 at tended by Moses Mid St evens OA Sylvsnla. Mo 333 3&id 
t ha t M-81 cor rec t ly Btates Sylvrji ia 'e pos i t i on but \a vlev of vacat ion 
echedule, the August 1st d a t e for a sample tube appaars opt imis t ic by two 
weeks. Sylvania ' s Boston Divis ion i s conferr ing with Enporiun to determine 
our approximate cost of the new tubo af te r developimnt which they are doing 
on t h e i r own. 

Sylvania was i n s t r u c t e d tha t the prospect of the new tube was 
in no way to affect the des ign and cons t ruc t ion of the f ive-s tage m u l t i p l i e r 
now under development. 

Soma s l ight objec t ion to the l ock - in "oa3e was ra ised by 6345 
members but i t was agreed the lock- in vas c e r t a i n l y superior to min ia ture . 
Consequently, tha base discueslon should not a f fec t the possible s u b s t i t u t i o n 
cf 7JP8 for 12AU7 and 2C51 or the u-je of the proposed new tuba in p lace of the 
6A36. I f the new tube can be used In place of the 6AG7, the question i s 
r e l e v a n t . Sylvsnla much p r e f e r s the lock- In . They wil l make the sample tubes 
with lock- In boss. If we l a t e r deratnd o c t a l , they c.-in ^ d i t a t the expense 
of some too l ing and several weeks delay in product ion . 

We raised objec t ion* to the fami l ia r unbalance In the two halves 
of 7F8 ' s . Moses admitted t h i s in the ea r ly tubes 0.945) but said tUey are 
now made to JAN spec i f ica t ions which are much t i g h t e r . Wo wi l l Inves t iga t e 
JAM VSB'e and endeavor to e s t a b l i s h unbalance to le rancss for our u s e s . 
Sylvnnla i s in a pos i t ion to supply solected tubes to c] osftr than JAN 
bpeclf l c a t i o n s . 

1%VMW& 
H. Pohn.i stock 
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K. R. Svarot t , S. H. l a y l o r , I.. B„ Wilsoa. 

IBOMi B, FahnestoeJe Pc^e 1 of 1 page 

STJBJJJOTj S a t i n s Frablomii and Proposed Tubs 

DATE: June 30, 1947 

A msif t ing was held on June 18 to aoqualnt Mr. I b r r ea t a r with 
tho subjec t mt.tter and e s t a b l i s h a pol icy thereon. The subject wris d i s ­
cussed In the l i g h t of Memorandums M-80, M-81, and K-82. Conclusions wore 
as fol lows; 

1 - In order to use th3 proposed Sj-lvania gate tube 
l a WWI, wo iiaist co.mait ouree l res to i t about kho 
end of 3aptamber, bo assured of l a r g e quant l t lea 
l a March, and production of the tube svwh a: to 
guarantee a v a i l a b i l i t y of replacement is for several 
yaarc to coae. 

2 - For tho p r e s e n t a l l doslcn v i l l be on the bas i s of 
6A56 sua! 6A37 tubes and ac t ive offcrtr . w i l l be made 
to improro c i r c u i t s for t h e i r u s s . 

3 - A* s ta ted in M-83, the proapeot of the nan tuba I s 
not tc a f fec t tho design 01 cons t ruc t ion of tho 
5-d lg l t m u l t i p l i e r . 

4 - Ia future l ayou t s and designs we w i l l bear In nind 
tiwlr a d a p t a b i l i t y to conversion to usia of the p r o ­
posed tube . 

5 - Our a t t i t u d e toward Sylvanla w i l l bo tha t we w i l l 
uoe the ni g tuba I f I t li; s a t i s f a c t o r y and nceta 
tho ro u l r eaea t a of (1) aboTe. 

{-T. - t l J ^ M l ^ 
H, Fahaestook 
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aHOIKB£BHH> NOTES MQ„ E-61 

aervoir.eclia!il8.:i3 laboratory 
MauacehueettB I n e t i t u t s of Tachnolcgy 

Gfijrtbridga, Maaaachuaetta 

TO* 6315 & i g i n e e r » 

FROMs 2iy;ena W. S e r d 

i-iUBJXT Output A n p l l t u d e of Gate Tubaa Veraua 
Iirout Pu leo Width 

634.5 

Page 1 of 4 

DATE- September 1 1 , 194? 

yiritoaUCTIOIlt I t l a to be expRCtod t h a t 
w i d t h s o r e E.ada n a r r o w e r , the o u t p u t ampl i tude of 
crease when ;he t i n e congtaat of the p l a t e c i r c u i t 
email soniparud with the Input pulse width. -vor a 
rea la tance p la t a load, the p la t e c i r c u i t t ine com 
edge of the output pu l se la the product of the pai 
the p l a t e lead ?ea i3 tor and the r of tao tube, ar. 
p l a t o to ground. Thie capacitancS la ooi^oaed of 
of the gate ;ub3, tha s t ray and wiring capacitance 
capaci tance of the following a^aga. Tha input cap 
a t t o l y V MM1\) of tha Model 5 Synchroscope i s r.2 so 
from p l a t e to ground when the p i s t e wav-jroiti i s be 

aa inp\it pulse 
gate tube a wi l l do-

i s no longer very 
gate tune with 
tant for the leading 
a l l e l combination of 
d the capacitance *roin 
the output capacit-inca 
. and tho input 
aci tnnce of appro' 
addod to tho capacitance 
In ; observedo 

SC'̂ RIl-'jiHTAli UCHKi The c i r c u i t Ghown below was more or ] 
a r b i t r a r i l y telaotea to enow the dosirod behavior-

C 
+ I50V (RtQOCATSD) 

. 

in r 

V<AS4> 
I N P O T 

(POS-PULSI - . > 

O 
O . C ; M F D 

ror> •M .V .TAI 

CLOCK' I N P I T 

L Ht 

uOTP> IT . 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



6345 
Engineer la.: 'Notes No. B»61 ,. 2 

The orjret J. clamping c i r c u i t i s to in jure that the case-
l i n e of the input pu l ses ic clenpad to ! ho t r p or. the b ia s voltagfc 
d iv ider for a l l r e p e t i t i o n r a t e s (See .SSI))* The low re s i s t ance M as 
vol te^e cilvi.dor i s to minimi zo the 'building up of grit', loak M a s wJwn 
the control gr id I s driven p o s i t i v e . Tho ga te tv.be suppressor i s t i e d 
to the cathode. Tho 15 MMJfD across the p l a t e r e t i s t o r ropresen ts the 
input capao:.'Jance ox a following stage p lus addi t iona l s t ray and wiring 
capacitance.. 

Tiiree inpu ts vera used in the course of tho work. The f i r s t 
was a gas-tuba pulse generator p u t t i n g out rec tangular pu l ses at 
2000 cpa. [Dwg. C-30367-1). The second was a c ry s t a l - con t ro l l ed clock 
p u t t i n g out t r apo io ida l pu l ses nt 1 MC (See S-18). The t h i r d was a 
variable-frequency clock pu t t ing out rounded half • s inuso ids at about 
1.1 HC (See 3-48) . Both the gas-"tube pulse generator and the c r y s t a l -
cont ro l led clock ware pu t t i ng out pulsen of suf f ic ien t dura t ion to 
ful ly ohargo the p l a t e c i r c u i t capacitar.ee as could be seen by the 
shape of tha ga te- tube output pulse*. She width of the rounded pulse 
from the other clock was kept constant nt d i f f e r en t amplitudes by 
simultaneously varying the clock anrSlltude cont ro l and the s e t t i n g of 
an external a t tenuator box. Pulse width of thlB clock was varied by 
changing tha L and 0 of an PLC peaker In tha clock-

Tha following da ta were taken, us ing the Model 5 Synchroscope: 

I SPOT 
AMPLITUDE 

(Volts) 

9 

TYPE 
INPUT 

Gas Tube Pulse Sen, 
lieot. PUIBO, 2000 cps 

XTal-Controlled Clock, 
1 MO 
Trapezoidal Pulse 

Vari able-Frequency 
Clock 

Hound Pulaw 1.1 MC 

lurvd. 
at base) 

INPUT 
WIDTH 
i.o) 

Lent 

Sufficient 

0 046 
0 0 6 9 
0 092 
0 115 
o - i ' 
0 SS 

OUT 
AMPL1TUM 

(Volte) 

IS 

19 

7 

|. 
r is' 

14 
17 

'Jb OF iTJLL OUTPUT 
(Baaed on Gas-Tube 

Pulse Generator) , 

100 

100 
1 

37 
53 
74 
68 i 
74 | 

P 89 _ j 
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ngi 

' !JT 
• 

(Vo 

12 

1 

IYPJS 
IKPU2 

Gao-1'ubs Puls r G< 
Hoot, Pu loa , 2000 cpe 
X l a l - C o n t r o l l e d Clock , 

. 
X r r o e z o l d a l P u l s s 

Var icb la -O ' raqre . 
Clock 
1 .1 MC 

Routtf P u l c a 

Gaa - I abe l ' u lee Ger 

ttect. Pulse, 2000 cpe 
X T a l - C o n t r o l l e d Clock , 

. 
ZOidal P\ l s o 

• • 
Clock 
1.1 

Hound Puis, a 

1 
/TDTH 1 

-

27 
0 . 0 4 6 ' 11 
0 .069 ! 17 
,0,09?-
0 , 1 1 5 1 . . , 2 0 
0 17 

zz , , i 33 _. 

ficient 

:->ile 

. 0.04Q.. ., 

m 
1 

p. 17, 

37 

1 
• 

• 

100 

:?7 
5? 

• ' 

67 
77 
7 3 

100 

• • 

. .. 
5'?' 

.._ . . 
j _ 

Slico th ' nput . , p l i t ude i 
war.: I f a i r l y close to^athsr for a given input pulso vidth, lc was 

-•.&vifln"ble to f.varp-sa the parc'intagee for a <;lvan pule© w: 
Theee avnra.^s are tabulated below0 

INPUT JrUL'oE 

\r. < 
(^e) 

• if. 

o.: 
0 .092 

•J, 01-

on 
40 
56 
67 
67 
75 
82 
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J o i n t s from tfcle tab le are ; lo t l 

100 _ 

5» o f 
Ri l l 5 0 

Output • 

I 

J > ' 

.06 .10 

Input Fulfia Width In )*8 

,2b 

I t I s thought tho'. the Olanpi i;; scheme and the low reelrstanco 
Mas voltage d lv tdf r were f<dr?.j- succuBjful aln':o ths pate tube output 
amplitude vaa nearly the sar.e for the 1 HC c rys t a l - con t ro l ] id slock as I t 
was for the 3000 cj-8 Bas-tul o ir„lse gouurutor. 

luge î ene W. Sard 

jTrfS hae 
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f.SriTO.MKCa.HI SMS LABORATOBT 
Massachusetts Inst i tute of Technology 

Cambridge, .^iBSHchuestts 

St; J.W, Forrester t. RJU Sverettr B.B. Boyd, H. Fabnestock, 6346 
H,E„ Taylor, * n L, Klser (Sylvonia Bnporiu*), N, Rochester 
(fylvanla, Boston) R-0, hoses (Sylranla, Boston), 

7roM< Derld R, i<rown and Horman He T»ylor Pag© 1 of g 

Subject' Gate-Tube Derelo-nrawit rsrc„ii.fe»« 
(See Ll i t ) 

Itete; September 17, 1947 

References A. KugHM V Sard a i&iginrerlng Kote 3 -61 . 

B, Project Whirlwind 75nglneerlng Rote *-fiO, 6AS6 
Operation. D, K. Brown and N, H. Taylor, 

C, Memorrndum #80 1 .0 . Wilson, "Gate Tubes In VfWl" , 

Introduction 

This memorsneum presents the roaults of teste on the Sylvanin SH-1030 
gate tute and Indicates the number of tubes which nay be used in the Whirl-
wind I design. The development program woe Ini t iated vltii the goal of re^ 
placing the exist ing 6ASC gate tube -\nd the 6AG7 pentode used as n f l i p -
flop buffor and ar a trigger tube. 

The SA.S6 It f. Wes'ern Electr ic rlr.fturs; It Is entirely lr^dequats 
as pointed out In Memorandum Ho 30 by 1, 0. Wilson, 

The SAQ7 gives adf quatq perfornance lr. fell applications but has a 
questionable history a?, to relin.blil.ty fend long l i f e . 

Recasts 

There are 3 types of c i r c u i t s In the W/I design where the proposed 
gats tube might be usee. They are-

1 . Gate Tub an 
3 . Buffer Amplifiers 

Tllp-Tlop and Trigger Tubas 

At thp present ste.ge of de-el nmier.t the SR-1030 wil l replaco the 
6AS6 gate tube aac give a nargir. of 2 to 1 In output, Thin performance 
i s realised without 0Ttrdrlv« tn the posltl-re region on the ft or #3 
grid. The tubes vhich give thin performance are those In Sylvania 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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Group #'f523. If I t IF possible , la the l imited time available to In­
crease the available output current by 50/( without sacri f ic ing cutoff 
voltage, this tube would be satisfactory for a l l gate tube uoeo which 
wo now hpve In VWI„ The quantity of tubes used in the system as gates 
wi l l be about 300 „ 

When used In c ircu i t s as a Buffer Amplifier, f l ip - f l op or trigger 
tube, the present development samples of the SR-1030 will not replace 
the 6*07, sines the ct'rreat available and ;he cutoff voltefla required 
are not corapanble with 6A07 performance. As the vequirofflents in the 
above c ircui t s are for high-current, share-cutoff pentode*, i t now 
seems undesirable to attempt to uee a gate tube in these tvcolications 
It would be better to i n i t l ^ t i a urogram of a "rua.'cdized" 6A07 with 
long- l i f e f i lauents ard more acequete diss-ration ratingsi Such a 
tube would need no #3 ^rld control nor would It be limited In size-

It i s nroaosed therefore to l imit the use of the 3R--1030 gate 
tube to gate r-DDllcntlons onlj-( and to eta -t work on another tube to 
replace the 5A.J7. The quantity of 6A.G7'e taed at presen; Is approx­
imately 1100, 

Amplication of a Mew Tube 

Thp at>nll3ation of new tules '•an beet be discussed in ter i s of 
the c ircui ts for Whirlwind I wMch have ts>n designed, '.*he«e are the 
c ircu i t s for t ie multiplier oanel, re f la te - Tanel, and f: ip-flr;p panel-. 
The number of tabes involved for It dlgltn la as follows. 

multiplier nanjl 896 
register oansl 1 » 
f l ip- f lop oanel 692 

Total 18 B6 

The total numbers of tubes estimated "or Whirlwind I Is 2300- POT 
one dig i t the quantity Is l / l 6 t h of ths number l i s t e d above - Considering 
Just a single i l g l t , the tubes In each panel may bo c l a s s i f i e d as fallows; 

Multiplier Pansl: 

buffer amplifiers 15 
buffer acnl l f lurs (remote cutoff) I 
f l ip - f lop tubes 3 
gate tubes 21 
Indicator tubes 4 
trigger tabes _4__ 

Total 56 

Register Panel-

buffer a m l i f i o r s 
f l ip - f lop tubes 
gate tubes 

6 
6 
7 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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Indicator tubes 3 
trigger tt.bec y 

Total 86 

nip-Flo? Panel: 

buffer amplifier* 
flip-flop tubes 
gate tube* 
indicator tube* 
trigger tubes 

Total 

The total tubet required for tnese three iart» of the cosrouter say also 
be tabulated a« followii-' 

buffer arat>lif lere 
buffer amplifiers 
f l i c - f l o p tubee 
gale tuber 
Indicator tubee 
trigger tubee 

he aaole conmuter 

buffer amplifiers 
buffer amplifiers 
f l ip - f l op tubeo 
gate tuben 
Indicator tubee 

IT tu')«J 

power tubtij 

(rem? to ;utoff) 

Total 

the following es 

(reaote OW&Off) 

total 

400 
64 

384 
656 
192 
132 

1„PS8 

tlnutes t 

500 
70 

400 
800 
20O 
200 

2170 
- i » 
2300 

The f i r s t and moot inoortait acclimation of a new tube would be to 
replace a l l ofth» preaont 6A36 jato tub^o • Tha total nuater of gate 
tubee in the Bul t ip l ler nnnels, the re^lsior Tmnele, wid the n i p - f l o p 
panels !.« 666. Preliminary quantitative lanasureaents (e«* inference A) 
lndicato that for a 0,!. aicrosecond half-jine-wa»e pul ie , the outwit 
i s about 67 per oi»nt of what would be calculated from the transfer 
characterist ic for a lOOO-.oha re s i s t i ve lo*.d. This moon* then that fcr 
a ^ate circuit with alX3-oh» plate load, 30 ailliamoeren of o late cur 
rent are re-uirad to produco a 20-rolt out-out w i s e i f 0-1-microsecond 
half-sine-ware rjulsea are used, A plato-load c ircui t using lnciuctlre 
and non-linear elements may be able to improve the inriut-outout char-
a c t e r l B t l c 
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C dincuition of the g&tc-tubo requi •emeata in Reference B 
net taicii into account the effact tctod ato-e Hence the c i r c u i t ! 
suggested in that reference do not. produce the output amplitude re-
quired However, Bines thct reference vae written, th<s Tiosaibility 
of reraoring the delay lines from the plate load circuit:* of tho gate 
tubes s i s been suggested, If thic can be done, i t Is poiinible that 
a gate tube thiit nroducoa c 20 volt pulse icroae a IOOO-OIIB plate 
load wil l meet a l l of the £nt*~clrcuit requirements, Then the aero-
grid p l i t e current reoalret would be 30 mi.;.lia.Bperfie, AH shown In 
Reference B, a control grid cutoff voltage of -8 vo l te l e required 
•a that -IE vo l t s of fixed M A S eon be used, requiring, then,, a 
15=volt raise to operate the c i r c u i t , Also, toe suporeosor-grid 
cutoff voltage must be about -8 v o l t s , since the f l i p - f l o p nay per­
mit the suppre33or-grid voltage to r lee to about -15 v o l t s . 

The next Laportant atiplicetion for a new tube would be as ft 
buffer tnp l i f i or , to replace the 6AG7 pentode,. Alarge Percentage 
of the cuffer i iapl i ' lers •nuat function as Una drivers. For the 
l ine driver a oufcoff voltage no l e s s than -13 volte and & sero f.rid 
plate current of »bout 130 alillamcerea aro required; For lome of 
the buffer amplifiers only 80-mill lamps res rero-grid plr.te current 
la required. The most unfavorable duty factor, If 0,1 uicrosecond 
pulaee are used Is one-twentieth. 

Iu the third grouo the duty factor for a f l ip flon tube m?.y be 
one, '.be present c ircuit v.ase 6AG7 pentodes aid a reolaoeaent should 
equal their performance. The present f l l o f loo haf a pli.te-euncly an*'. 
screen junoly voltage of ISO volte The screen voltage la 90 volts 
The plate current at t»ro control-grid voltage Is ?0 mllliainDereS: 
The control-grid BUtoff voltage i s -4 .5 v o ' t s . The platn dissipation 
Is 1.5 ••Attn, whereas the rated plate i'.ss patlon .' 9,0 v s t t s . The 
screen grid dli-jl ja t lo i i s 0,9 watte. whereas the rated neroen grid 
diaslnation la 1,5 watts. About BO r>er cent more p late current and 
no change in the aoatral-grld cutoff voltage would be dcr.irable. Of 
course, io Increase In tho relate current but the achievement of a 
more ru'ilable tube to •sive the sane nerforinance as tha 64.07 would be 
a steo in the right direction, 

Thts trigg.tr tube i s no probl«"i Whatever i s used for the f l ip -
flop can certainly he used as a trigger to • 

Almost an;- Win trlode wi l l meet the requirements for the in­
dicator tube; e . g . , 2C51, 12AU7, 7T8t 68K7 

t e s t e on Sanploj of SR-10! 

Jive tyoe SR-1030 ( t e s t C-4633) were received August 19 with 
n rnibeni 6, 8, 11, 12. :uid 15 

F'.rst, the plate *nd screea-grld currents as a funci-.lon of 
contro:.™grld voltage aid suppressor-grid voltage were ne« nured-
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In order to avoid oxceueiv hof.tliif, of the tube e lec t rodes , the 
maauureoiente were aia.de unirg pulae tocinlquee,. The "^cok: nofcematic 
of the arrangement for the pulce tee-.» la ehovn in drawing A~309Q4„ 
The t r igger generator t r ig^ern the pulse generator and the TS"239/UP 
oacil loecope a t lCO-cpe r epe t i t i on f i-e juency, The pulae goncrator 
la adjusted to oroduce a l-nileroacconu f l e t~ top pulse., By meftna of 
an a t tenuator the pulae amplitude la adjuated to aone convenient 
amplitude, say 10 v o l t s . Thlu 10-volt poa l t iva pulse I s appl ied 
to the control gr id of the tube under t e a t . The bia3 vol tage la 
euff ic lent to keep the tube cutoff mown* during the -pulse, and 
the peak grid voltage obtained during the nuleo i s var ied 'oy 
adjus t ing ths Mar voltage ?he c i r c u i t ECheimtic used for the 
pulse t e s t e i s shrwn in drtswlnj; A-rO903 The p l a t e , suppressor -
g r id ( or sc reen-g i ld current lay be obtained by measuring the 
peak amplitude of the vol tage pulpe across the r e s i s t o r conr.e'ted 
to that electrode The TS"239,tf oecl l lorcope la usid to measure 
the amnlitude of the pulse <j- varying 5Cg and keeping both the 
Input-pulse emplK.ude and the con t ro l -^ r id b ias constant, the 
electrode currents nay be Pleasured as a function of the auppreasor-
g r id voltage* 

Pla te current, for the f ive tubes as e. function of c o n t r o l -
gr id voltage for a sc reen- . ; r i i voltage of 100 volte,, zero sup~ 
pressor voltage, f.ad a p l a t e of lfiG vo l t s I s shown in drawing 3Ar-
38Z57-<j, P l a t e c\irrent aa n function of eupnrsesor-crrld vol tage 
for zero ccn t ro l« tx ld vol tage i s shown In drawing 3A-38259-0-
The 9Creen-grid current tia a 'unct ion of supnreasur ;;rld vol tage 
la not shewn, but i t increases fron aa average of 3S mllliaraperee 
a t zero tc at. average of 57. mi^l lanwrea a t values of fmrr^reBeoi?-
grid, vol tsge belov cutoff , T I P cutoff vol tage may be ref ined aa 
the grid voltage necessary to •educe 'he p l a t e current to 5 per 
cent of t i e valuer measure-i at- Tero grid vo l t age . The con t ro l -
g r id cutoff Is be ;woen -3 and -9 "olt,p and the sutrnrussor grid 
cutoff Is between -8 and -10 >ltrw ?ub'» number 6, which 
ev jnt ly ha* a "hole" in l t i auppreaeor, does not cut off a t 
a l l , however, the zfro grid >l*te current for these tubes i s 
between 21: and 25 mi l l l anps re s , 

Drawing Si.«3B263'5 shows p l a t e n . r r e n t for tube number 11 
aa a function of p o s i t i v e ns M i l va i a r - t l v o aup1 re iaor voltagee= 
The curve thows tha t the p'.ata sorrant increasos frorr V'6 m l l l l -
amrorns at, zero to 43 sil l i&nparaa a t ft nos i t i ve sup"rro<rr 
vo l t ' g e of 16 vol ;s» In t . i ls case tin screen current cecreaoea 
frcu 39 mi] 15amoebae to 17 mll'ilannei-es- The control -f,rid-to— 
p l t t e t ranafer c h a r a c t e r i s t i c for tube number 11 for a p o s i t i v e 
eupnreasor vol tag" of 15 vol ta la shown In drawing SA.-30261-G. 

Drawing SA -3K262-G shows p l a t I o\ r r e n t of tube number 11 
as a function of con t ro l -g r id voltage for acreen and o la te 
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voltageo of 250 vol te and a aucnretsor voltage of 35 v o l t e . The zero-
grid, p l a t e current Is about i l t millias'per-fl* Notn. ao'?o'--«r, i-.hat the 
cutoff voltngo le about -30 v o l t e At suooreesor v o l t a g e th l a hlgn, 
negat ive suppressor-gr id cu r r e r t e were observed. Indicat ing tho occur­
rence ol" secondary omission. 

Type Sft-1030. Teat Wo-, ,04527 

41 eo on August IP , five tyoe SR-1030 tubes , toe t no, C-4627, were 
received with the following; nurabert; 1 , 7, 9, 10 and 12- The char­
a c t e r i s t i c s of theee tubes were moasurpd a.) described nrovlously, 

P l a t e cur ren t for the f ive tubes as a function of control- g r id 
vol tags for a screen-pr id vol feege of 100 v o l t s , zero suppressor 
vo l t age , end a o la te voltagu of 15C v o l t s i s shown in drawing 3A-
38260-i^ Plat." current as a function of surmressor-grtd vol tags 
for zero c e n t r s l - g r i d voltage i s shown in irawing SA-38258-G„ The 
screen cur ran t as a function of sutmressoi- gr id vol tage i s not shown, 
but i t lnc reasss from an average value of 30 mllliftnocran ac zoro to 
an average of 43 n l l l l a o p a r e s a t values of suDpressor-grld vol tage 
below cutoff . Tube numbf-f 7 apnears to have had an In te rna l s h o r t , 
and measurements on t h i s tv.be ray be disre.jarded- The con t ro l -g r id 
cutoff vol tage Is betwoen 8 and -9 vol ta nnd the auyweaeor g r i d 
cutoff voltago I t between -10 end -12 v o l t e . Note that -.he suppressor 
gr id cutoff vol tage i s several vo l t s more negat ive than ;?or t e s t 
number 4523, 'Evidently t h i s allows more I:>ro-grid p la to current, , 
s ince the zero-gr id p l a t e current i s 27 to 30 m l l l l a i r a r o c ae compared 
with 23 to 25 nllliamneree for t e s t number 4523o 

Tis c o n t r j l - g r l d - t o - i l a t e and ouTroros^or-srld-to-pj.fi'os t r a n s f e r 
c h a r a c t e r i s t i c s of tuba number 9 for screen and p l a t e vo! tagaa of 
150 vo l t s a re shown in drawings S/i--o326&-l} and 3A-38267-0, The con­
t r o l - g r i d cutoff voltage i s -12 v o l t s and she supm-essor-grld nutoff 
voltago i s -13 v o l t s . The zero-gr id p l a t e cur ren t i s about 50 m l l l i -
aironrej. 

Che avnrc.'^ con t ro l -g r id cutoff vol tage a s a function of screen 
vol tage i s show in drawing SA~33264~G^ The curve ehov.i that '.he 
control g r id c i to f f voltage in abcut one- twelv»>th of tho screen 
voltagrt . The ;;up">ressor~^rid cutoff vol tage , however^ in a func­
t ion of both t r s screen and p l a t e voltages Supnreesfr. <;rld cutoff 
vol tag) as a function of o l a to vol tage for a screen voltage of 100 
vo l t e Is shown in drawing SA-38268-G., Thiu curve i e for tube number 
9 only 

A o l a t e c h a r a c t e r i s t i c for tube numbe.-• 10 i s shown in I rav ing 
Si-38235"G, The c h a r a c t e r i s t i c waa obti lnnd with zero con t ro l -g r id 
and au' ' :res8or--grid vol tages and e. ocresi; vol tage of 100 vol te . Kote 
that the p l a t e res i s t ance i t qu i te low, about 12,500 all 

Type 3.R-a03OA, feat Ho. C-4B43 

On Septeti'jar 4 , e ight tyoe SR-1030Al t e s t number G--4543. tube* wrre 
rocelvod with the following numbers-- 2„4,11 t 12 r 13 c ) 6,18 and 
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The s t a t i c t r a n s f e r c h a r a c t e r i s t i c s of tubo number 2 wero measured 
u s i n g a p o i n t - b y - p o i n t method. Drawing SA-38291-0 shown the c o n t r o l 
gr id -So . -p la te t r i n a f e r c h a r a c t e r i s t i c for a s creen v o l t a g e of 100 v o l t e , 
zero suppressor v o l t a g e , and a p l a t e v o l t a g e of l tO v o l t e . 

Drawing SA-38292-& shows the s u p p r e s s o r - g r i d - t o » p l a t e t r a n s f e r 
c h a r a c t e r i s t i c for zero control -grJ d v o l t r g e . The c o n t r o l - g r i d c u t o f f 
v o l t a g e i s -5 8 v o l t s and the suppressor ^r id c u t o f f v o l t a g e l e - 7 . 8 
v o l t e The zuro g r i d p l a t e current i s 11 2 ml l l lamperee . Table 1 
l i s t s the ind'.vldual and average • • r o - g r i d p l a t e current , l b , the con­
t r o l - g r i d cutof f v o l t a g e . E C o i and the suppressor -gr id cu to f f v o l t a g o , 
IE 

<=o3 ' 

TABLE I 
C h a r a c t e r i s t i c s o f Tube Type SR-1030A, 

Test No. S-4543 

Tube,lJo_j. Sft 
'Ooj k o 3 

2 
4 

11 
12 
13 
16 
18 
21 

1 1 , 2 
1 0 . 8 
1 0 , 2 
10 .8 
10 .8 
1 1 . 5 
1 1 , 8 
11 4 

- 5 . 8 
- 6 , 8 

! 1 
- 6 a 
- 5 . 6 
- 5 , 3 
- 6 , 0 
- 6 , 5 

-7 .6 
- 8 . 0 
- 7 . 9 
- 7 , 1 
- 7 . 2 
- 8 . 3 
- 7 , 5 
- 8 . 0 

i i a -5.9 -7 ,7 

•bnm SR-1030 

Also on September 4 , e ight typo SR-1030, t e s t number C-4573, tubes 
were rece ived with the f o l l o w i n g numbers- 1 , 2 , 8, 7, 9„ 10 , 19 and 22 , 

The s t a t i c t r a n t f e r c h a r a c t e r i s t i c s of tube number 1 are shown In 
drawing SA-38£8e-G and SA-3B2i'C- 0, Table II l l e t s the c h a r a c t e r i s t i c s o f 
t i e tubes of t e s t number C-467.".. 

These data show no apprec iab le d i f f e r e n c e between the tubes of 
t e s t number C-4673 and the tubes of t e s t nuiott r C -4543. 

The tr&ntfer c h a r a c t e r i s t i c s of the tube o f t e s t number C-4673 and 
the tubes of t e s t number C-4543 are cot aa good as the t r a n s f e r charac­
t e r i s t i c of the 6AS6,: With 150 v o l t s appl ied t o the screen and p l a t e 
of the GAS6, the c o n t r o l - g r i d c u t o f f i s -8 v o l t s , the suppressor -grid 
c u t o f f i s 8 v o l t s , end the zero- grid p i a t o current l e 14 to 20 
m i l l l a n p e r e s . 
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TABU; II 
C)iaracterl8f.ce of Tube Type SH-1030, 

Tee<; No, 0-1673 

.be No. 

1 
2 
7 
8 
9 

10 
19 
22 

l b 
•m 

12.1 
:n ,7 
13.X 
JO. 6 
.2,6 
.'.1,3 
a . 9 
11.7 

z 
cox 

V 

-5 ,3 
- 6 . 8 
- 5 . 7 
- 5 , 4 
- 6 . 1 
- 6 , 0 
- 6 , 6 
-5,6 

Sr c 0 3 
<T_ 

-8 .7 
- 8 . 6 
- 8 . 3 
- 7 . 7 
- 8 , 0 
- 8 , 0 
- 6 , 9 
- 8 . 7 

.1.7 -6.9 ~8„1 

% D. H BROWi" I 

S, H TAILOR 

DHJB/NHT/rp 
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Slock ScheiaUlc of Arrangement 
for .Pulse Teste 

A-aw ci 

Circuit , Sc' ie imtic "Jsed 
f o r Pule? Tea 

Transfer Character! 
a a 
« a 
* a 
a • 
S I 

* s 
a • 
a i 

a a 
Control- Grid Cutoff 

t s 

s t i e s 

V | 

A-20903 

SA -363f>7~G 
SA-382!)9-G 
SA-38263^0 
SA-38261-0 
SA-38362-0 
SA~38260-0 
SA~382E8~0 
SA-38266-G 
SA-3826V-G 

Screen-Grid Vo.ltage 
Supnreeaor-GrJ.d Cutoff T S , 

Plate Volta*;e 
Plate Cbaractfirlntic 
Transfer Chftre.ctoristic 

• a 
• a 
a a 

SA-38264-0 

SA-38268-0 
SA-38265-0 
SA-38291-0 
SA= 38292-0 
SA-38289-G 
SA"38290-0 

• 
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Pn 
ory 

-chusett ' 
Cambridge, Massachusetts 

StJSJECT I OAgK~T'.aG SS SEARCH 

To* J,. V. F o r r e s t e r , H. ?ahnsotocfc, B„ H. Trylor, f}, 0. Hoberg, 
H. Kenosian B W„ Sard. 

Promt David E„ 3rovm 

Dates October 2, 191*/ 

Tube Frog 

Obtain s t a t i c t ransfer charac te r i s t i c ihe four 
C-U523 5, XI. 12, .ad 15. 1 .=0. 

2. Design gate c i r c u i t to produce 1 pos i t ive output 
P".I1BC. with suppressor grounded, t e s t t h i s circuit , with 
0 l-_i'p half-Bine-vave pul ure that no 1 :.as 
i s present or a t l e a e t irnow Just how far the contn i s 
baing driven, If t i t e permits, try - leo 0,0!?-jin. l.Jj-JIS, and 
2-Q-p.e pulses, rtepeet v i t h pulsea w:.ich are as m- o w -
gular as obtainable Set lnput-ont mr tubes 
avall i 

Place four £&te c i r c u i t s In se r i e s 7 ite 
the wave ehapi 
r e l a t i v e ner i to of a half-sine-wave or a re l e e . 
Do t h i s .'or only one pulse length, prooabl; 

previous neaeurenentF ro -
to 

L t » , 

ad 
observe output waveforms 0 t e c i r c u i t s vHe;i 
preset en t . 

b . Measure the lnpi 
and i; 

DKB/ 
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Project Whirlwind 
Servomechanlsna Laboratory 

Maaaachtiaet te I n c t l t u t e of Technology 
Cambridge, Maaaachusette 

SDBJSCTI .JRKLIVPART SPSC.TPICATICN FOR TUBE 'JYFB SR-lQTjO 

To; J W Forrostor , K Fahneatccfc, H. H Boyd, H H, Taylnr, No Rocheater 

(.Sylvani*, Boston), H, L- Kiser , (Sylvanla, Bmporlun) 

Prom- David E- Brown 

Date October 17, 19^T 

Prel iminary Specif icat ions for Tube Type SH-1030. 
Teat Condition T, 

Kf • 6 . 3 T 
Xox = 0 
Bog • 80v 
Be, • 0 

The p l a t e Current, I>,. sha l l have a nominal value o:* UC mlll lanperea 
and sha l l not be l e s s than 35 a l l l l amperea . 

Tost C'-udttton III 

l eg = SOv 
Be, = 0 
Kb 
l b 

15Cv 
2E-< 

The cont ro l -gr id voltnge, Ec necessary to roduce *he p la te cu r r en t , 
1^, to 2 a l l l i pmpt res shal l not "OF More nogativo than -11 v j l t s . 

• Condition I I I ; 
573v 

EOj • 0 
r.cp • sov 

- I50v 

The suppressor-grid vo l t age , Be*, necessary to reduce the p l a t e cu r ren t , 
I v , to 2 mllliampsres shal l not b< more negative than -9 *•• 

Power Batlngs; 

The tube shal l safely d l s e l p a t e the boat generated iheti the cont ro l 
gr id Is pulsed from -15 vol t s to -ero vol ta with a duty cycle of 1/12. The 
euppreoeor gird may e i the r be at -15 vol te or zero v o l t a . 
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Capacitances: 

The nominal Input capaci tance, output capacitance, and capacitance from 
suporessor-grid to ^ l a t e sha l l be no g rea te r than In the SR-IO30, t e s t nuaber 
C-U999. 

DRB.sp 

Signed 
David R. Brown 

• 
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Moffiororviua K ;si 1 at ?. 

Pro J »et i . \ . nd 

Fe.esachne«'Cta I n s t i t u t e of TeJhnilcgy 
Cembrldg i-hunatta 

lOi Jay W. Torre i t e r 

From. D&Yld 3 , Bro*7i 

Date . October 20, 19^7 

The morning was spent with Mr. H, L„ Kieer an<3 Mr Roger Slink 
I11 S l i e r a offioe. Also present w3re H. Rochester -f Sylvar.ia, Bos'. 
H.. H. Taylor and D. Re Brown :.:' M 

Gylvoula has nade a new gate tube baaed on the 35*5 construction, 
Thla la tho GR-lOjO, toat nnrOor The tuba aaa the rasie gr id speclog 
on a l l thrt<o gr ldn. The span! .re d lasn te r in s.« ear.11 i s they f e e l 
they can go and oi.Ul gl?.', v.t a r e l i a b l e tuba. The contr. ..reon gr ida 
are aligned as In bt.an^type tv.bes. The suppressor grid le wound In the cpponlta 
eonac Ccld p la t (id grid v l ro and - i l a are need. Ho tool ing 1« 
quired to produce the tube. This should keep the enst dove and reduce t i e 
de l ivery t i n t l ee r eEip/iasl they have contin apt the p ro ­
blem of long l i f e In mind aric. have given us :ho bsfct long- l i f e ^or.Btruotion 
they oaa.. Klser i 'etle,, - to the l i f e and a l i f e 
t e s t la tho only vsj' to make ;;ure ihat t h i s la a l c a g - l l f e tub 

They ahowtid ua the br idge nharicto.;': the l e t that thoy hive 
made and alao the t ranafer ohiraot<»rl?i;loa for tuba Ho. 1- At a screen l o l t a g e 
of 100 vo l t s tubu Bo, 1 gave hg . • current at eero g r id , Ths con t ro l 
g r i d cutoff ia -12 vo l t s rn£ the trip- ;rld cutoff 1 P -9 "^olts. 

Tube No :.0 loc! ra average tube. Vc . and. In an 
e f fo r t to increase (nake ".esc negative) the cutoff voltage* , made neasttrements 
to ie terndne tho 1 rjjiefer c h a r a c t e r i s t i c s at 1 t i We 
did t h i s becaus* re i'e.'.t tha t we c m l d stand soBfi 1 the tero~£:rld 
p l a t e current , pai-tj oular':y i f thi Under th fse >5on 
ditiouu,. tube No 10 gave a si rrent oi 1 l'ho c e n t r e ! - g r i d 
cutoff wtm • 11 ro l t l and 

Ve f e l t *ow«>r cutoff on the cont lot be ar 
lnaui >r iee tho sharper cutoff or the 

.6 ac that t ) * gate *. 1 ie control led d i t 'on r 
.•"lop The control g- id i a o' . : l f i e r whejo 

the re ia plenty of XT cases, I i s 
drl*on from the bus, The th lag to ke than, l e ••.man s igna l 
anp l l t u iu on the Irut.. We can, vl Id cutoff of -11 v o l t s , us* 
the tuba In our pi-ei<ent 6 5 • c i t s f ixed bias., However, If 

d a oan Incrnaco the ! t i l ho safer . 
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Emporium wi l l change the grid, cathode spaaing in an effort >•• • .%e 
the outoff on tho control gr id Certainly they can pravent the cutofi" i ' r w 
decreasing b e l o / -11 vol ts 

Ve decided to take gone samples of thlB tube b-\ck to M.I T and 
make sni/ugh measurements to sutiofy ourselves that t h i s tuba i s oa t i s fac t Dry, 
Emporium i s sure tha t If ve decide the tube Is O.K they wi l l bo ab le to p ro­
duce I t . The f i n a l decision then,, wil l be made on the bas is of th ia nmnl 
l o t of f ive tubee , 2, 6„ 10, 12, and 13. We w i l l t r y to give tham tho 0,K, on 
about October 17 th . Then they w i l l make a batch of 100 or 200 tubee and nato 
complete measurements to e s t a b l i s h t h e i r production specs. By October 3J.'*» 
they wil l give us the average c h a r a c t e r i s t i c s and a l l the tubee from t h i s 
batch of 100 or 20C 

Any t i n e a f t e r that we can order the 3000 tubes we want. They p l sn 
to ago the tuber for 200 hours We wi l l get del ivery on the 3000 l a s ix ar 
e ight weeks. I f we want 5°0 tubes In a hurry for laboratory work we can get 
them, without ageing, about November 15th, 

Sylvanla w i l l guarantee to f u l f i l l fu ture orders in a specif ied 
minimum time, say 9 months. 

The p r i c e wi l l be es tab l i shed by t h e i r cost department and v i i l 
probably be in the neighborhood of two or th ree d o l l a r v 

Kiser i s prepar ing, in wr i t ing , the guarantee and the p r i ce quota t ion , 

Sylvanla I s making a replacement or near-equivalent of the 6AQ7 for 
Phi lco t e l e v i s i o n receivers This i s a lock- l a knovn us the 7AD7 We nor 
have data on t h i a tube The p l a t e current la 2 ma. l e s s than the 6A&7 an l the 
gn i s 9,500 umho, 

Tho Phi lco tubes r r e being made with a cage to reduce the '. i t e 
capaci tance. This cage i s g iv ing them trouble in ou t -gaas l a ; the tubne. Since 
we are not p a r t i c u l a r l y In t e r e s t ed in ;;rid p l a t e capaci tance, • Ju t t as 
eoor. have ther without tfc Fif ty fADJ't were run thru tho product ion l ino 
without the cage.. We have ?7 °f theso tubes, tho type i s 70]\. The 707* has 
an Improved cathode and heater construct ion wid s tve ra l othor improvementH which 
should maJce I t b e t t e r than the 6AG7, 

DHB/uo 

Dl 
B 
D. 
D. 

s. 
-J. 
R, 
B. 
0. 
1 
5. 

atrltutlon: 
H. Boyd 
R. E.' 
J, Crawford 
H. Dodd 
0. ) 
R. Everett 
?nhnestock 
0. Hoberg 
W. Sard 
H. Taylor 

Slijnod 
David F.. Brown 
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Engineering Notes 6-73 

Project I id 
Servoaecaanii ( ory 

Massachusetts In 
Cantor! 1* i t te 

SUBJECT; MUSUHMBHTS OH TBS 3-1+223 

To: 63^5 Engine 

from- Eugene V. Sarc 

Date; October 2?, 19 v7 

Introduction 

The C-l+99') ser ies ia the l a tea t and b c i t of 
Five C-4999 ser ies t-ibe • were aval labia for e rpe r : 

to have ee^er . t ial l ; - the same cK.-ra:t". I 
s t a t i c cheracterifef.I u '0 Ho 

Three types of ga t e c i r c u i t s were u ! 
f i r s t wan a gate clrcui to produce a ? 
gate c i r c u i t to produce a nog^t-ive output pulse . and 
cul t to work into e. •' n tr«23fc. 
add i t ion four gate C i rcu i t s o .be f i r s t I 
the behavior of a chair, of £"« ' r I "'' • " : . 
p ressor of the gate -111?': was r.ied bo ca^ • 
suppressor vss p.lso tri-;<? ^:. the c 
c i r c u i t e . The resv.l-a at ac tua l gat ing and tyi ig tl n 
agreed f a i r l y well 

Except whera otherwise d( 
was a rounded ha l f -e lnueolda l poal so about 
occurr ing a t a repe t i t ion a te of i 
ou>.p.it aDTilitude of -he ga te circi 
r e p e t i t i o n ra tes ) 

Sxperlinental Work 

This basic gate c i r c u i t used La 1 

, -+I50V r—» 

/NPOT 0t0, O.C\ -J - ^X^ 
• 

T 
f-frx^X.j^„j! I t 

a 

oPe^eo FOR tsa-rvfiZ? 
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publ'. 

U. Four oi 

With the four tubes . 
diff >-: . .:tf in t ic c] 

] 

to VI 

:.o s 

19 
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1 

nit put of 7M was 

jaif leant 
• 
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-
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CONTROL-GRID AMD SUPPRESSOR-GRID TRANSH K CH^KftCTGRU.?»C< 
T^PE SR-IO30 , TEST * C - " * , m , T 0 6 t " » O 

CONTROL-GRID CHf\RACTER\STlC: 
L ; -<«> ^V , £bt=|tj0V, E c ^ B O V > E C l = 0 

10 - 8 
E C ^ O R C c , , VOLTS 

u ^ A t ; 
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Memorandum II - 132 

Project Whirlwind 
Servomechanisme Laboratory 

Massachusetts Institute of TeohnoloCf 
Cambridge, Masuaehusetta 

Page 1 of 2 

SUBJECT: VACUUM TUBE ESTIMATE FOR WWI 

To: Jay HL Forrester 

From: N. H. Taylor 

Date: November 7, 1947 

The breakdown of tube quantities in WWI deeign la as follows: 

1„ STORAGE 
Per digit: Storage 
Ampo & Switch 
Read In & Out 

STORAGE CONTROL 
8 Way Switch 
Counter 
Selecting Bank 
Deflection 

Tubes 2 
12 
12 
26~T 

31 
20 
7 

100 

2b X 16 d i g i t s - 416 

158 
3 , ARITHMETIC ELEMENT 

A, B, * Ace Regis te rs 56 X .16 Regletero 

k° ARITHMETIC ELEMENT CONTROL 

5" REGISTER PANEL 
Check Regis te r , Program Counter, Piogram 
Regis te r , & Stepping Register 

6. FLIP-FLOP STORAGE 

7c TOGGLE SWITCH ST0RA3E 

8. MASTER CLOCK 

9. CONTROL 
Control Switch 
T. P. D i s t r i bu to r 
Operation Matrix 
Program Matrix 

10, GATE DRIVERS & BUFFERS 

TOTAL 

U 6 

1 5 8 

8 9 6 

1 7 6 

4 8 0 

5 9 2 

3 4 1 

4 0 

2 3 6 

1 6 0 

3 4 9 5 
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A breakdown of tubas by functions Is estimated below: 

Buffer Amplifiers 

F. F, Tubes 

Gates 

Storage Tubes 

Indicator Tubes 

Trigger Tubes 

Power Tubes 

Total 

870 

• 700 

1149 

32 

298 

298 

148 

3495 

h. H. Tv 

NHTshcs 
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Memorandum M-131 Pag<j 1 of 

P r j j e c t Whirlwind 
Servomeihaniems Laboratory 

Massachusetts I n s t i t u t e of Technolsgy 
Cambrlige, Massachusetts 

.SUBJ3CT: TCT3 T P r S FOR mP-MIHD I 

To: Jay w . Fo r re s t e r 

From: David R. Brown 

3a te : Hovember 10, 1917 

Following l e a tabula t ion of the t-ibe types tut Whirl­
wind I . 

a. 2D21 

b. 3E29 

c. 6AG7 

d. 6AK5 

* 

a. 6SN7'.f 

f. 6Y60 

g. 7F8 

h. 715C 

1. SR-103O 

This I s a min.a ture te t rode- type tiTjratlon. Tetrode 
thyra t lons are needed In ;he J i r cu i t e which Ke:ierRte push-button 
paleea . The 2D21 I s adeq late for th le app l i ce l l on ; a 2050 would 
probably work Jus t -s v o l . . 

b. 3E29 

Thle l e a twi i-unit bean power ampl i f ier for use r s 
ft buffer amplif ier . I t 1 i uead for working ln lo low-irapcdance 
loads which demand more current or more pow?r i iae lpa t io i i thfji 
I s ava i l ab le In the 3A07. Ths 3229 ^-as se lec t 3d because I t l e 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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designed for pulse vork rnd has a steuper trar-efer characterist ic 
than other tubes in the sama power c l a s s . 

C. 6AC?7 

This i s a po\ er amplifier pentode for use in f l i p - f l o p 
c i rcu i t s and as a buffer amplifier. 7.t i s a metrl tube and has an 
octal bf.se. I t vas se lected for use in these applications because 
of the steepness of l t a I ranaf er characterist ic aad the amount of 
plate current avai lable . Since Whirl'flnd I in being designed for 
maximum accesaability anc c ircuits which are coupled together are 
often far apart in space, shunt capacitances ire often determined 
more by the arrangement cf components and the number of components 
in a load circuit rather than by tha lube capacitances themselves. 
Consequently, the absolute current, rather thru the figure of merit. 
I s often the important f tc tor . For th i s reason, the 6AG7 i s superior 
to the 6AK5 and other lo* -current, bl/jh-transc inductance tube6. 
I t s desirabi l i ty and p riormance in f l i p - f l o p c irmltB i s described 
In detai l elsewhere (vol . 15, F-113, J!_56, E-64). 

d. 6AK5 

This tube i s a miniature r-f pentode having a high 
figure cf merit. I t may be used in video amp i f l e r s in conjunc­
tion with e lec trostat ic i to rage. 

e. 6SM7W 

This 1B an octal-base tv la triode. I t i s a ru.^ed, 
re l iable tube and w i l l b<< us<sd to operate the indicator l i g h t s 
which Indicate f l i p - f l o p orientation. 

This i s a berm-typc power amplifier lor use a3 a 
buffer amplifier. I t prtvides greater plate current then the 
5AG7 at the same screen uid plate vcltagea bu; requires a greater 
grid swing. Where the g:ld-swing i s available), I t may be used to 
advantage Instead o" the 6AG7. 

K. ™9 

This I s a lo :tal-base t*ln triode having hl(i:h trans-
conductance. I t may be used with tl.e 32-poaiilon switch to Improve 
the switching time. An >ffort wil l be made to uue the tiSN7V for 
th i s application. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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h. MB 
This i s pulai-amplifier totrode l a tfce transmitting 

c las s . I t Is used as an amplifier in the e l e c t r o s t a t i c def lect ion 
c i r c u i t s which must work Into a 100-olim load. I t was se lected 
because i t has suff ic ient tranaconduc'iance to give a gain greater 
than unity while working into this load. I t has a higher trans-
conductance than any othi r tube in the same pcwex c lass . Also. 
i t does not require epec'al cooling. 

This Is the y l v n i a - t y p e number for a gate tube which 
has been devoloped by Sy'.vania for Project Whirlwind. The reasons 
for the use of a special tube are discussed i;i volume 16. 

Sb*l£j 
David R. Brown 
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Sate of 

*r i t t 

Subject 

lie fax 

Summary 

r il .-J. )e • 

• 

• 

I 
)] 

St r ik ing vol tage) for -c 
were measured n.d io-uid to range from 65 c; 
?2 vo l t s Tha holuing yoltti,::'>a extll ac. 
fo\xd to rango from 49 volte .-. t , rolti 
s t r ik ing TOlt^;" 1< rometlmei ii( ' t h a n teedl 
Reducing anbient teiqperatur* >: tnpi Lnc 
- cgi.ig the p o i a r i t y of L l t t ' La ' -
chang- ar. much as 10 vclte> 

St r ik ing voltfi^i --
ware -oa&urod pnd found to ran.; i from 63 ' ava 
v o l t t . Holding vol tages vere neaaure* 
SO vol te , avartige 50 vo l t e . The dl . bjtveen f i r 
vclta^aa ano .iu.icoe^ing one& 

Klfi-SL lai • ,'od the s t r i k i n g vtV • t?u.n one voJ 

Method of Obtr-lr.lng C^orac tar lc tK a 

Ian -.amps of ea: ' ' thi~ 
s t r ik ing ami holding voltagee- C-ohn r e e l a t o r wr̂ , put Ln nar 
with 'che larjp under t ea t and vol tage meaaurei 
Vacuum -tv.oe voltmeter having an Input res i s tance • ;•• ,:'*3~ 
A. ciicroacjne'sr was placed in s e r i e s with the LOO, OOO-ohffl 

• "i phown in Drawing A-304 • • < 
the r e l a t i o n of current to volt I > nd 
current measured, iieidlnge vare tacsn at and Juet af1 
Voltage readings vere also taken at 30C 
The applied i "educed and the 
the above current values tc te re ii 
Baai *' t a i s n at 100 mid 60 > . ea a* wt 
and af ter ;-< ov, 

• 
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O 40 
> 

I 

G E . T Y P E . N E - 5 i NEON ALOW. LAMP 

TESTS;BY RLE 
ITiByTM MADE 1/27/47 
EN&INEER IN CHARGE •• DRB 

VOLTAGE-CURRENT CHARACTERISTIC 
LAMP NO.. 1 

DATA FROM 3RLEE-3 

FOR FURTHER INFORMATION, 
5EE « W ~ I w f e p p H r f f : R - U 7 

• . 

• 

_ • 
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MSHORAJ-iWM KO,. M-72 

SERVOMaCHANI SMS LABORATORY 
Massachusetts I n s t i t u t e of Technology 

Cambridge, Massachusetts 

TO; 

FROM; 

SUBJECT: 

DATE; 

Jay V. I b r r o c t e r , S. H. Dodd, W„ tfolan 
J„R, Kaodonald, P. Toutz 

Russel l Palmiter 

Delonlzat ion Cha rac t e r i s t i c s of General 
E l e c t r i c KS-2 Neon Lamp„ 

Apri l 29, 1947 

634S 
Page 1 of 2 page3 

Dravlngv 
SA-38198-C' 
SA-3S199-G 
SA-3820O-G 
SA-3B201-G 
SA~C«203~G 

Purpose - The purpose of t h i s t e s t was to obta in pre l iminary 
Information on the de lon lza t ion time of a slow discharge.. 

Procedure - The General S l e c t r i c HE- 2 Neo.i Lamp was chosen 
for thiB preliminary t e s t because of i t s a v a i l a b i l i t y and convenient e l s e . 

The c i r c u i t used la shown in Drawing SA-3S302. R e s i s t o r s 
I . and R̂  provide a va r iab le Ionizing v o l t i g e measured with the Voltohrayat 
a t V„ Switches 5, and S_ permit Ionizing or delonlning the lanp without 
d i s tu rb ing the s e t t i n g of potentlomoter R^. 

B_ sei-vee as a current l i m i t i n g reol-.;tor for the lamp, and 
a lso I so la t e s the p u l s e fro* the«low r e s i s t a n c e potent lon>ter c i r c u i t . R 
provides at S^ a vol tage output propor t ional to lamp current for scope 
p resen ta t ion . 

• 

A p o s i t i v e pulse i a applied a t J 0 through an output oondoncer 
i n the pulse ampl i f ie r . The 1N34 and C„ wore coded to rwaove a negat ive 
overshoot on the pu l s e , and C, and R5 corrected a drooping pulse 
c h a r a c t e r i s t i c on the longer pulao dura t ions- Puleo amplitude wae measured 
on the synchro scope™ 

The de lon lza t ion c h a r a c t e r i 3 t l c was obtalnod by s e t t i n g R_ 
to obtain a negative holding p o t e n t i a l , or b i a s , gronter than -ho 
delonizing voltage but leso than the lonlzlr-g p o t e n t i a l . The minimum pulse 
width required to c o n s i s t e n t l y ext inguish the Injap Kt vru''oue p o s i t i v e 
pu lse amplitudes was recorded. 

Resul t s - These data exe p l o t t e d for three lanpn l a 
Drawings SA-38198-Q through SA~33200~0. For each lump, curves era shown 
for three bias vol tages within the l i m i t s noted above. 

I t should be noted tha t the curves are t l t r .ed 'Tulse 
Amplitude vs . Pulse Width Required to Delonlze at Constant Holding Voltegee" . 
i n s t r i c t accordance v l t h the tea t procedure. Subseauent observat ion of 
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laup current with coustact M R S and pulso amplitude out v l t h a 
var iab le pules width i nd i ca t e s tha t these d a t a /r.ay be considered t c 
•be Pulse Amplitude v s . Deionlzation t i n e at Constant Holding Voltage. 
With a pulse too ehort to ext inguish the la'Jtp, the lemp cur rent did not 
f a l l t o zero. Pulse widths oqual t o or g rea te r than the value required 
to ext inguish the laap gave a constant tln.e of f a l l for lonp cur ren t , 
Spot checks made In t h i s manner agree with p l o t t e d duta within the 
l i m i t s of precolnion of the t e s t procedure. 

I t was not iced tha t pvj.ee amplitudes grer.ter than the maximum 
values shown necess i t a t ed increas ing pulse durat ion to ext inguish the 
laap . I t I s bolieved that t h i s was due to de f i c i enc ie s l a the t e s t 
equipment. l a t h i s region of the c h a r a c t e r i s t i c s a high r a t e of chaaga 
obta ins , aad s l igh t departure of the pulse shape fron trc.e rectangular 
i s offered as a poss ib le explanation of t h i s phenomenon. 

Conversely, the lov r&te of change at the othei end of the 
c h a r a c t e r i s t i c Ind ica te s t h a t , i f des i red, icuch longer time i n t e r v a l s 
could be observed wi th smaller pu lse carplitudes and increment*. 

HP has 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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6346 
Report No. ii-118 

smaoKSBBai SMS LABORATORY. 
Hnssachnoett* Inst i tute of Yechnology 

Cambridge, Kaoeocfaueetts 

Date of Hoport! February 13, li»47 I;age 1 of 2 pages 

Written by: C. W. LeBlanc I ravings; 
1-36176-0 

Subjeots Stat lo Characteristics of RCA B-38176-S 
GAG7 Vacu.ua Tubes. B-3B177-G 

Purpose of Test- To supplement published data. 

Reference; Datn found In l.CWLs5-19. 

Conclusions; With screci voltages of BO volto, two of tno s ix tubes 

tested showed a random low-frequency dr i f t which varied I and I 
c 2 p 

as ranch as 1.2 iiilllampsrea each. Control grid currsnt wee too 

email to give a measurable Indication on a one srllllnnpere moter 

when the control grid WLB more than one-half vol t negative. Maximum 

control grlu. current at + 1 vol t E0 for the BIX tubes taetod vs.* 

2 .5 iiulllsaperci: with values of t at + 50, + 100, + 150 v o l t e . 
2 

Vftm B 1B more than 2 vol te negntlvo et + fO vo l t s 

3 , I and I become tiuitc small and wore not plott.ad. This holds 

true for v.'iuen of 2 greater than ™li vo l t s whon 2 = ICO vol t s , 
Q* C -

and value*, erector thua ? vo l t s when 2 » 150 v o l t e 
c2 

Technician? c> w» loBlanc 

.Approved.: 

WWa he/ 
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Project tfhlrlwlp'l 
ServomechaniwnB Laboratory 

Massachusetts ' i n s t i tu te of 'technology 
Cambridge, Ha'soachue •< t t s 

SUBJECT, 6AS7 LIFE TEST RESULTS AMD REVISION 

To? J . W. F o r r o s t e r , H. Kahnestock, H. R. Bc\'d, N. H. Taylor , V. R, Brown, 
N. Rochester (Sylvanla) , D. Stevens (Sy i i an ia ) , F. Anderson (ci;-lvania) 

From R. L, Best 

Date Ociober ? 1 , I9U7 

After running 1650 hours, the data from Die 6.V57 l i f e t o s t , ut Sylvanla, 
hae been analyzed. The rack holdn 100 tubes , ?1 -f which had G'anpos'jdly fa i l ed 
at t h i s time. The t e s t c i r c u i t la below; 

3.6v/ 

The .01 mfd. coupling condenser has a reactance of ?70K 1 60 cyc les , 
t h i s represent ing quite a high Impedance d r iv ing c i r cu i t A Bal l " t i n e voltmeter 
was connected from p la t e to ground, measuring the output vo l t age , ""he 3-6 vol t 
r . n . e . s ignal i s 10,? vo l t s peak to peak, and i t \tae thought tha t tV.i would be 
su f f i c i en t to d r ive the tube from cutoff to ?«rr. b ias . However, the coupling 
condensor la eo small, that the actual grid voltage ia only .95 *° ' > v o l t s r • 
depending on the tube, Al ternate ly turning the tube on and off vov'.'. *,ak» the a-c 
platfc voltage a measure of the emission of the tube; but with t h i s •.•nan. gr id 
s i g n a l , due to the high inr^danre dr iv ing c i r c u i t , the outr>u;. voii .vn i.% mostly 
r. "reaaure of how much ths tuba load* i t s ovu ^ r i 4 c i r c u i t , 

The end of l i f e point was specif ied as thu time a t whi-.h the outp x 
voltage dropped to 70^ of the output voltage nt ?7 hours. Tb > f i r s t lU far . . i r f , g 
according to t h i s spec i f i ca t ion , ware r'etested,, and i t was ' jund tha t t h e i r a, -^... 
emission was ~f&$> of the average emission of 1? used tubaa -/elected a t random, an;"" 
V$> of th<? average emission of lU new tubes . This shows that the f a i l u r e s weren I 
f a i l u r e s at a l l . Kol one of the lU had i t s emission bolow 7Qf& °- tn- average 
emlseion of the new tubes , while one had a higher emission then tbe average of 
the nev tubes . Emission was measured in the above c i r c u i t by grounding the con­
t r o l g r i d , and measuring the drop across the p l a t e load r e s i e t o r 
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!'. e f i r s t l̂ t failures wore s e t up in the same c i r c u i t aB . s u s e i In 
the Ufa t e s t . and i t vac observod t h a t , during the f i r s t ten n 
tion, the averp^je output and the average Bignnl Appearing on the •••J.O.B bo th 
dropped : ;# T h i s gave the appearance of having the t ubes spiv •:» 1000 
hourB la ten m i n u t e s . 

une t u b e was set up in t h e t e a t circi.it with 6 3 volto on the f i l a x e n t , 
the output b e i n g 8.6 voltj. A l t e r 10 minuter, i t had leveled off it 8 v o l t e 
Then the f i l a m e n t voltage i>«s suddenly dropped lCt t o <y if volts , the output 
voltage I r o p n i n g to 6.7 volts In <? seconds, 'hen r i s i n g gradually to 7-7 v o l t s , 
after j C u l m i t e a , When the f i l a m e n t voltage nan r e s t o r e d to 6.3 volts , t h e ou t ­
put rose to 8 . 7 v o l t e la .2 s e c o n d e , then gradually dropped off tc 0.7 v o l t s In 
30 ninutos. T h e n the filament v o l t a g e was suddenly i nc reased 10JS to 6.°3 v o l t s ; 
the output v o l t a g e dropping to a minimum of 2 ? v o l t s a t 3 minute-, g r adua l ly in­
creasing to ! i . ? v o l t s after 50 min r . t e s , and si i l l s lowly r i s ing . When the f i l a ­
ment voltage w a s restored to 6.3 v o l t s , the output v o l t a g e gradually inc reased to 
7.? volt.', a f t e r 50 minutes. 

These wide- variations in ou tpu t volta;, with f i l ament voltage, due more 
to grid l oad ing effects than changee of emis^ii.', e x p l a i n the Inconsistency in 
tho data takr»n du r ing the l ife t e a t . Curves of output v s . t ine for a given tube 
often ihov d e f l a t i o n s of liOt- from a smooth cur'e. 

in t h e above circuit, h a l f the f i r s t fo. r teen appeared more or l e s s 
microphcjiic, w i t h one apparently having lOMthing l o o s e ins 4 ^ng between 
various output vol tages as it waB tapped. Vfhon ' r i v e n from a stiff source , 
however, onlj t w o tubsa ... .. at a l l •lcrophobic, n e l t h e i of whloli • ••• we 
that pr-vlously appeared loose i n s i d e . . 

I n c r e a s i n g the coupling condenser f ro 1 .01 nvfd . to .1 nfd 
satisfactory, a n d tha addition of a clamping code e l i m i n a t e s variations i n 
self Man w i t h f i lanent voltage. A. 39K reals';>r •'.dded in series with the 
capacitor, c l i p s the sins wave n i c e l y , so tha p la t e wnvefora is close t o a 
square wave. Increas ing the s i g n a l from 3 6 > 6.3 v o l t s further Insures 
that the tubes w i l l be cut off nnd on every cj^le. The modified c i rcui t I s 
below, with t h e Impedance level reduced by a f d o r L>f 10, so that 10 g r i d s 
may he driven i n parallel by a s i n g l e circui t . 

6.3* Q_ — [ [——>AMA . 

IN54 

$l« l\ocsx. 
T 1 

WK 
I PARALLEL 

i 
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Measurements will be made on the rack every Mozday, tfadfiesday, and 
Friday Theaa measurements shall consist of 10 a-c grid voltages, one at uaeh 
of the 10 acts of 10 gride in parallel, ae well as the a-c plat* voltage at 
each c .ho 100 tubes. Before each nenauroment, filament anu signal voltages 
should be net at 6.3 volts, plate supply voltage at 15c volts, anc! Bcreen euppl7 
voltage «t 100 volts. For a given tube, end of life shall be reached when its 
output -.oltagf drops to 70* of Its initial output voltage. 

Vhe tubos now in the life rack shall remain th?re; aftor data has been 
taken on them for two weeks, the results will be reviewed to determine a means 
of comr ring the two different sets of data. 

RLB/sp 

Signed 
R. L. Best 

I 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



M-128 

• 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



Memorendum M--123 , Pago 1 of 1 

Project Whirlwind 
Sarvomaoh.iai.L tins Laboratory 

Mauecfcaaette I n s t i t u t e of I'ochnolcgy 
Cam! i • ' 

SUBJECT; SUPPLIES" TO trOHOP.AHJiiil V. l^J. .^^l_!-X>^j?K:TJI3Sl 

To; J . W. 1'orresi.tr, ii. :''aim3B;colf, II, h - lo r . 
It. H. Brovr, *J, Rochester 'Sylvcmin; i-.eas (SylTania) 
y . Anderson (Syivania) 

: ' ro i R L„ Best 

:Jata- October 26, 19 47 

The firBt ?7 tube3 l a the '-':A3? " i f e tos i rack that f a i l e d , ace; rd-

ing to specif icatior.F set for th in Engineering Hot as SD, E-M-3 have bean 

las ted for emission This was done by grounding the control i id ncppreeeir 

g r i d s , supplying tho sereon with iQO volto through 100 ohms, ripplyi:. | ; the 

•plate with 150 voltn through 1000 ohme, PTA measurin,; the d-c drop across 

the p l a t e load r e e i n t o i \ The average emiesion of thor,. ; • is WP.S ii I 

whilrt tht< average enlss ion of 14 new tubes wae 3^.0 m,a. The r a t i o of the 

aaiosioER of the f a i l u r e s to the new tuber, wal f0£ Vot one *̂" the fallll] 

Had i t s omission belcw JOi of the nev tubes 'emiss ion 

Since no onlseian tr.oasuron^nts wero nade on the 1' f tea t tul 

at the beginning of tho ran, i t i s hfird to say whrthu;' any . 1 t galssio' i 

has dropped to 70£ of i t s I n i t i a l vr;.ue or n o t . 'aturatr.ents 

Just L.ado do indicate that the g rea tes t number of tho m ' t f a i l u r e s 

at a l l , but that t hu i r drop in output was p r i j J Wording effec ts 

(see M-119). 

• • _ • • . 

'sp Boat 
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