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FOTSWORD 

Following preliminary t e s t e of the individual Whirlwind 

electrostatic-etcrage tabes, 16 tubes were Installed In a Dank 

In the Whirlwind computer. This thesis report describes the 

In i t ia l tes t ing of the hank as a system, f irs t without and then 

with the main control circuits of the computer. Because i t has 

had only Hal ted distribution, I t l e being lesued as a Project 

Whirlwind R-series report• 
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ABSTRACT 

Tho D M of tho M. X. T. Eleotrostatio Storage tube* In the 

Whirlwind I oonputer required Initial teats to determine suitable opera­

ting oonditiona for the tubes, tolerances on the conditions, and a measure 

of the reliability of the oontrol oirouita and driving oireuits* 

Tho firet teats on the system were oonduotod without the flexi­

bility of tho main control oireuits of tho oonputer| the tests were restricted 

to oyoling various arrays over the 256-epot arrays. The ueofulness of a num­

ber of patterns was investigated, end the noat useful appeared to be two 

eaaplenentary patterns. Thsy did not result in long-term reliable operation 

of the storage system, however, and tests were discontinued when tho sain 

oontrol oirouita became available. The oyoline tests wore used very cffeo-

tively to study reliability of the driving eirouite, » d in a few oases, 

to improve their design. Tho oontrol oireuits wore ehooksd by a built-in, 

simulation typo check, "hen the storage system was Incorporated with the 

rest of tho oonputer, the driving oireuits and oontrol oireuits had been 

eliminated as sources of errors of significant frequency. 

Tho eyollng tests gave evidence of throe Important weaknesses in 

the K8 system 

1) Dofleetlon drift, 

2) Wood for different writing grid drives for write-plus and 

writs-minus, 

5) Interaction. 

The noat significant of those was the deflection drift. The most 

important souros appeared to bo in the walls of tho storsgo tube, where bare 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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portions of glass were being charged uuffiolently to deflect the beam. The 

weakness has resulted in a tube design* not tested in the system which elimin­

ates the opportunity for glaaa to charge* In the final phase of the testa, 

the fault was aurod to some extent by increasing the spot s i te , with result-

ing increase in the interaction. 

The inability to completely erase a suitable positive spot with 

a writc-rainus of the earns grid-drive led to redesign of the driving circuits 

to provide separate drives for write-plue and wrlte-ednus. The disaster of 

the writing beam i s proportional to grid-drive at least in the useful region. 

The facility of separate writing gates provided a significant increase ia re­

liability, since any else of a positive spot oould be erased. 

The principal characteristics of interaction — the effect on ad­

jacent areas of the use of the hi£h-veloolty gun on a spot — were measured 

independently of the cycling tests. Bowever, i t was a source of errors ia 

the cycling taste, and beoeme more troublesome in the final phase of the 

Initial tests . The requirement of large spots* and the necessarily large 

erasing currents, made interaction very severe. It was corrected by adding 

holding-gun time to each operation at the expense of ES operation time. 

The elimination of deflection drift has been the goal of reoent 

modifications in the storage tube design* It should be signifioant in in­

creasing the efficiency of the storage system by eliminating the extra 

holding-gun tine necessary to oonbat interaction* and provide a much greater 

degree of reliability. 
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CHAPTER I 

INTRODUCTION AHD STATEMENT OF THE TOOBUSM 

1*1 Introduction 

Tha requirement of a hlch-epeed storage element t o serve as tha 

naaory of an a laotronic , d i g i t a l oonputer* haa lad t o tha development and 

construction of an electrostatic storage tube1 by tha laboratories of Project 

Whirlwind, Servoueohanisms Laboratory, at M. X. T. Tha oonputar Is a parallel 

taaohine which operates a t a baslo elook-pulae fraquanoy of 1 megacycle. In-

foraatlOB la transferred to or from storage at 5 t o 16 miorosecond intervals 

disregarding tha t in* spant in the use of the storage element l t ee l f . Tha 

atora^a operations are intended eventually to be performed in about 6 mioro-

eeoonds in order to be in balanoe with tha operatise speed* of the root of tha 

machine. Eventually, each storage tube wi l l store 1024 positive end negative 

eleetron ohargoe or •spots", which are the ooded ordera and numbers comprising 

ths programs. 

Tha storage element, la a parallel system aa are the rest of the In* 

ternal elements of tha oonputer. That i s , ths 16 storage tubes, eaoh corres­

ponding to a digi t of the ordera and nunbora involved, receive or write infer-

nation simultaneously and deliver or "read? information simultaneously. In 

tha indefinite interval between writing md reading, the data in tha tubes are 

'tared and maintained at their stable states , so thnt they ere available to 

be read at any t in* . Although tha storage surface l t e e l f la round, the pool* 

tione oooupied by the useful data on the surface form a square array of d i s ­

crete epotaj eventually the aurfaoa wil l have 52 spots on eaoh aide. At ths 

stage of In i t ia l t e s t s , however, the goal of a useable 16 x 16 spot array was 

e Glossary! A.l 
1. Superscripts refer to references in the bibliography. 
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•ought* 

1.2 Operation of tho Storage Tube 

Tho ability of a devloe to store binary information requires that 

two •table states bo prooont in ito operation* It is also desirable that they 

bo continuously stabilised ia order to avoid regenerating the information 

stored* Tho whirlwind X storage tube (figures 1 and £) utilises tho phono-

menon of secondary emission to establish the charged areas at the stable poten­

tials on the storage surface, to sense the oonditlon of tho stored charges, 

and to maintain or hold the stable condition* continuously as long as poser 

i- •"polled. 

In the storage tube, the storage surfaoo is a material which, when 

bombarded by electrons, has a secondary emission ratio <f which varies from 

0 to about 8 depending on the velocity of the primary electrons (figure 5.) 

The emission veloolty of the seeomdary eleetrena is low exoept for a small 

percentage approximately at the velocity of the primary electrons. By loca­

ting a oollootor grid edjeoent to the eurfaoe. the eeoondary electrons will 

bo attracted to the oollootor or repelled book to the surfaoo depending upon 

whether the oollootor is at a higher or a lower potential than the eurfaoe* 

Slnoo tho surfaoe is an Insulator, it will to oherged in a direction shich 

depends on the oollootor potential and on tho seoondary emission ratio corres­

ponding to the veloolty of the primary electrons. If the seoondary emission 

ratio 6 is greater than unity tho not electron current may be either toward 

or away from the surfaoo and the surfaoo will charge toward the potential of 

the oollootor* Ift however, / is leas than unity the surfaoe will oherge 

negatively toward a potential near the cathode, as long *o 6 remains less 

than 1* By directing a narrow bean of electron* whose veloolty is between 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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f i r s t and second crossover (<f ~> 1) at a apot on tho surfe-ca, t i e opot wi l l 

be charged to the potential of the oollootor. In order t o charge a spot to 

a latter potential, tho potential of the entire surface la raised, curing the 

time the hiph-velooity beam la on, by an amount approximately equal to colleotor-

to-holding gun cathode voltage. The high velocity electrons charge the apot 

to collector potential , and after the surface ia lowered to i t s original con­

dition the apot wi l l be negative with respect to the col lector. Tha surface 

i i raised or switched to the higher potential by applying a gate* to the s ig ­

nal plate. 

After writing the spots at either the collector or holding-nun cathode 

potential, i t ia necessary to supply i t with a stream of electrons Which wil l 

hold the apot at the desired potential. A oonatant source of low-velocity 

electrons ia provided to spray the entire surfaoei the souroo i s turned off 

during writing and reading, and ia called the holding gun. The stable condi­

tions of the spots under i t s action aro at holding-gun oathode and oolleotor 

potentials. Tha net current to a apot on the surface for various values of 

apot potential i s shown in figure 4 j the value at which d~ i s unity ia called 

firat-croeeover. I t i s about 20 volts for these tubes. As long as the 

stabilising (electron) current i s negative to a given apot, the apot w i l l be 

sharped negatively until i t reaohaa tha neareat stable potential. If, on the 

other hand, the stabil is ing current ia posit ive, the apot w i l l oharge in a 

positive direction until i t reaohaa the neareat equilibrium point. Conse­

quently, any tendency for a apot to ohange i t s potential due to leakage or 

redistribution of secondaries due t o operations on neighboring spots w i l l be 

counteracted by the action of tho holding bean. If a sufficiently long 

holding-gun tino were available, i t would be nooeaaary only to write a apot 

to a potential above that of first-croasover i f tha apot were to be poaitive 

• Oloaaaryi A.2 
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or below f irat-orosBovor i f the spot ware to bo negative* In order to mini­

mise the tine required to stabil ise a spot at the desired potential* i t i s 

necessary to write the spot as near to the stable points as possible. Other­

wise* the spot nay not be at i t s proper voltage when a auk sequent reading 

ocours* 

The binary information stored as positive or negative spots can be 

read by a proeess similar to writing* In order to distinguish between the two 

polarities of spots, the surfaoe potential i s raised by an amount about equal 

to first-crossover to collector voltage* The high-velocity gun i s turned on. 

and ainoe the value for </* i s greater than 1* the spot under the beam wi l l be 

oharged toward collector potential* The electron current to the spot i s nega­

t ive or positive depending on the potential of the spot* The charging ourrent 

develops a signal aoross the signal-plate to ground impedance. In order to 

discriminate between the signal and the gates applied to the signal plate, the 

high-velocity bean i s modulated by a 10 m.o. r-f signal and the signal-plate 

impedance i s a tuned circuit . A wide-band output amplifier brings the 100 

microvolt output signal t o a level of about ID volts* and a phase-sensitive 

circuit detects the polarity of the output signal* This signal i s applied to 

the suppressor grid of a gate tube and a sensing pulse i s simultaneously ap­

plied to ths control grid. A positive spot i s dsteoted as the presence simul­

taneously of the positive output signal and the sense pulse* developing a 

signal at the plate of the gate tube. A negative output pulse maintains the 

gate tube in i t s cut-off state* 

In order to familiarise the reader with the operation of the storage 

tube, i t w i l l be helpful to disouss briefly the most basic method of determining 

the condition of the storage-surface* If an area on the storage-surface i s a t 

the negative s tabi l i ty potential, i t oan be charged positive about 20 volts 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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before entering tha positlv* restoring region of the holdlng-gisi current and 

switching posit ive. The high-voloeity bean onn be usod to charge a negative 

area toward oolleotor voltage without switching the cr«a, as long as the net 

charge transferred to the area is lees than that required to switch tho area 

above first-crossover. I t has no effeot on the s tabi l i ty of positive areas, 

because they are stable at oolleotor voltage* The high-velocity beam oan be 

swept rapidly over the surfaoe, producing charging currents from negative areas 

at tha signal plate , without basioally changing the condition of the surfacej 

tha holding beam wi l l constantly restore negative spots back to their stable 

voltages. By modulating the high-velocity beam with RP, a suitable output 

signal i s produced from the negative areas, and a null from the positive areas. 

Ths output s ignals , t*V*« directly from the output of the phase-detect or, are 

used to intensity modulate the beam of a oathode*ray tube. By applying the 

same sweep voltages to the display tube aa to the storage tube, the charge 

oondition of tha surface oan be obeerved on what Is called the "TV display.• 

1.8 Scope of In i t ia l Teats 

1.31 Testa Accomplished Preliminary to Installation in Whirlwind 

All storage tubes, prior to being Installed in Whirlwind, were sub* 

jeoted to two types of t e s t s . The f i r s t of these was the production te s t j I t 

waa primarily intended to olimlnate those tubes which did not conform to the 

specifications for assembly end processing. ihe results of the tesxs described 

aa well as possible from static testa the gaa content, the transfer character­

i s t i c s of the guns, tho defleotion sensi t iv i ty and relative positioning of tha 

high velocity guns, the aotion of the holding gun on the surface, and the 

limits of s tab i l i ty of the surface under holding-gun aotion. 

The second class of tests was concerned with the dynamlo character* 

i s t i e s of ths tubes. The tes t waa intended tot 1) determine the desirable 

range of tha voltages applied to the tuba, such as focus, oolleotor to Hft-oathode 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



Report R-193 P ^ l 0 

voltage and high-velocity gun blaai and, 2) determine tho cmplitudoa and allcra> 

able duration of tha gates applied to the high-velocity and holding-gun grids 

and to tho oignai plate* Those teats wore performed In tho Storage Tube 

Reliability Tector, which wae deaignod to simulate to ao great on oxtent as 

possible tho conditions expected In the oornputor without the elaborate con­

trol and intermediate storage fao i l l t ios provided by the oornputor. From these 

t e s t s | i t wae intended that the suitabi l i ty of each tube for the oornputor be 

determined, as re11 as a useful set of operating character1stlot. 

1.52 Ooal of Tests 

The ultimate goal of the initial testa « u to establish the storage 

system in a state of reliable operation. This goal included the valuable 

factors of validating and, if necessary, improving the design of the oirouits 

in the system and determining the parameters in the -borage tubes necessary 

for their reliable operation. In order that the tests not slow down the 

final tosts of the arithmetic and control elements of the computer, It was 

necessary to simulate these elements by means of a test control. Since the 

operating mode during tosting was of necessity different than tho expected 

operating mode in the computer, so much so as to render the results of such 

tests to seme extent indefinite, s final phase of the test was to tie the 

storage system In to the computer and observe the results. On that basis, 

the ultimate goal was not sought directly. However, the teat control was to 

be sufficiently flexible to thoroughly test the storage tube control cirouits, 

and to learn enough of the operation of the storage tubes In the system to 

make any required ohanges in their operating conditions a problem that could 

be met by using familiar procedures. 

1.53 Systems Testing 

The course followed in the initial tests was that of a systems test* 

The operating conditions determined in the early dynamic tests were used as 
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a starting point and to thia extent the operation of the storage wae aeeuwed 

t o be satisfactory* 

The output signals from the storage tube, both dynaraio and s ta t io , 

were used as the oriterlon of their operation* 

Any improper operation was generally followed by further test ing 

t o provide suff ic ient symptoms to isolate the source of the fai lure. Although 

sometime, the trouble location led eventually to the Investigation of a c i r ­

c u i t in the system, suoh an Investigation was not conducted separately aa a 

g o a l in itself . I t is for t h i s reason that the tests mist, be called systems 

t e s t a . Basically, they included testing of the oirouits from a functional 

po in t cf view, or aa they contributed to the overall desired result . 

Quite exhaustive t ee to had been oonduoted on the atorage tubes 

pr ior to their Installation In the system. Although tha results of those 

t e s t s proved f i n a l l y to provide only a f i r s t approxlBation t o a suitable act 

o f operating conditions, the tubes were i n i t i a l l y considered to be "known" 

elements of the system. Vary few basic investigations of their oharacterlatloa 

s e r e oonduoted In the system for this reason. The emphasis waa on optimising 

t h e initial conditions, sad Investigating principally those factors which were 

comwaon to all tubes , suoh as writing and rewriting times. 

This approach alaoet issaadiately signified the need for srganised 

procedures of investigating faulty conditions, essentially trouble location 

procedures. Although primarily directed toward maintaining the degree of 

re l iab i l i ty which had been achieved as the teats progressed, the procedures 

were also intended to be of value in the later testing end maintenance routines. 

The emphasis here was toward finding a variety of problems t o adequately teat 

t h e system, onoe the init ial teats had been completed. Suoh procedures, in 

order to be va l id at the high apeodo required of the system, were of necessity 

eolf-ohsoldng. Having found the weaknesses of the system and having minlmlcod 
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them* the ^ eat problems must be designed to aid in measuring the existing 

margin of operation, particularly of the t-sak elements. Here again, in 

order that the testa be performed ef f ic ient ly , i t was desirable tiiat they be 

functional t e s t s of the system. 

Although the significance of the tests preliminary to tha instal la­

tion of olrouita and star ago tubes in the ayatem has not bean mentioned, i t 

oust not be overlooked. Usually, since they are not goals in thomeelves, 

suoh teats do not assume much prominence. With regard to the repetit ive e le ­

ments — the driver circuits of the ayatem — this faot i s s t i l l applicable. 

Bowever, the storage tubes themselves are repetitive elements only function­

a l ly . Their operating conditions were oxpeeted to vary enough to warrant 

testing individually as was done in the preliminary tes ta . It was on this 

acoount important to validate tha results of the preliminary tests by tha 

in i t ia l systems t e s t s . Because the whole ayatem could not reasonably be 

tied up for testing » replacement tube, for inatenee, the preliminary tests 

must be evaluated In the l ight of experience in the ayatem. 

1*84 Important factors in the Tests 

A few aingularly important factors In the operation of the system 

can be nontlonod as goals of t e s t procedures. The f i r s t of these i s timing. 

I t i s eonoerned with the duration of the gates used, and with the times at 

which interdependent gates or pulses ooour. An example of the timing problem 

is the requirement that the sensing pulse at each output gate occurs near tha 

—xlmun amplitude of the readout gating pulse from the storage tube. Another 

example l i e s In tha timing of the high velocity gun gate with respect to the 

signal-plate gate during a write-ninua operation; i f the high-velooity gun is 

s t i l l on while the signal-plate gate la being removed, the spot under the beam 

wi l l oharge positively, making a erlte-mlnua operation less ef fect ive . All 

gate-generators in the ayatem are standard f l ip-f lope, with buffer amplifiers 
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added, except for tho RF reading pulr>©»genQrator. The lattor is a one-shot 

multivibrator of controllable duration. Except for this el'smant, the duration 

of the cates i s determined by "on" and "off" pulses which ari^^mvo in the 

control section. Consequently, the timing can be expected to bo as stable as 

the elements which provide the timing pulsos. 

The second important faotor whioh can bo expected during the t e s t s 

i s deterioration, particularly of the timing control and driving oirouita. 

The deterioration of the storage tube guns w i l l be measured starting with the 

results of the i n i t i a l t e s t s , hence wi l l not be considered in detail here. 

Deterioration of the timing control olrcults wi l l produce results whioh have 

two important characteristioe- First , the interval between the timing pulses 

w i l l be in error} i f the failure i s intermittent, as i s often expected of early 

fai lures , the effeot wi l l be a change in the charge oondition of the storage 

surfaces to an extent that may or nay not produce an error in the data stored. 

?he second charaetoristio Is that the failures w i l l produce symptoms whioh 

are similar in a l l storage tubes. Errors ooranon to a l l tubas can generally 

be traced to control fa i lures , although a l l control failuros nay not be serious 

enough to produce symptoms identifying the fai lures. An autoinatio method of 

ohec?dng control i s required. Errors which occur in the storage tube driving 

circuits wi l l look this dist inction. Tha failures of gate-generators oan 

probably be oliminatod by familiar maintonanoo procedures.5 It i s Important 

to discover the more common typos of cirouit failures to fac i l i tate these 

procedures. A more troublesome fault i s expeotod to be the diminishing of 

gate amplitudes due to deterioration in their amplifiers. The most obvious 

method, the direct measurement of the amplitudes as a routine maintenance step, 

i s so oombersons as to make i t unreasonable for anything but the ear l i es t t e s t s . 

The third faotor i s the repetition frequency in the system. With 
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regard to the oircults , the generated gates and other pulsea lauat be without 

substantial variations in t i n e , duration, and amplitude over a wide range of 

frequencies. The storage system sust operate at nearly aero frequency at the 

lower l imit , and at about 40 mioroseoond intervals far the upper limit. The 

timing of the ocntrol pulses i s dependent on oirouits which have, for the 

most part, been thoroughly Investigated in th is respect and pose a dist inct 

re l iab i l i ty problem. 

The sensit ivity of the gate amplitudes to frequency has been inves­

tigated In production tests by observing the lower, upper, and a few middle 

repetition rates . Since the effects of th is factor are interdependent with 

gate stabi l i ty , a tes t for one should be made to test for the other. 

Tilth regard to the storage tube I t se l f , the problem of sensi t iv i ty 

to repetition frequency i s very complex. Considering I t as a bistable e l e -

ment, the restoring tins under holding-gun aotlon of an area toward i t s stable 

state (figure 5) i s very long with respect to the writing times, which are in 

the order of 20 microseconds. Consequently, i t i s neoessary to control a l l 

factors which load to deterioration or instabi l i ty as much as possible. The 

effeot of the oharglng of spots, particularly negative spots under the read 

beam, for instance, must be overcome by rewriting the original oontents lransdia-

t e ly after I t Is read out. The signal-plate gate must be se t to write any spot 

reliably below first-crossover without writing I t below holding-gun cathode 

voltaget If the latter oocurs, an ensuing wrlte-plus operation wil l be l e s s 

effect ive. The writing times must be set with respect for the interaction that 

writing produces on adjacent spots. The problem of setting up the storage 

tubes themselves resolves I t se l f Into aohleving a standard routine which i s 

sufficiently f lexible to be adaptable to tubes of varying gun and s tab i l i ty 

oharaoteristlos. 
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CRAFTLR II 

THE INITIAL KS 3YSTKM 

2*1 The Storage tube and Driving Circuit* 

The olroulta used with eaoh storage tube In the read and write 

operations are shown in block aohesmtle form In figure 6. The flip-flop 

shown (FP1) provides for temporary storage of the information to be written. 

At the start of aaoh write or rewrite cycls, t l f i t i s sensed. Xf a "<f la 

to be written the high-velooity guo gate in the oorresponding KS driving 

olrouit i s inltlatod, and a signal-plate gate is applied for the duration of 

the writing gate. At the end of the writing operation, the spot is In the 

negative restoring region, and will restore to the negative stable potential. 

The hlgh-veloolty gun gate generatora In a l l digit oolusns are Initiated at 

a later tine, t 2 . In thoaa digits where a "OP la being written, the gates 

are already on, and the initiate pulse at t£ haa no effect. In those digits 

where no write-wlnua la ooourrlng, turning the guns on effeots a wrlte-plua. 

The convention that "0»§" correspond to negative spots and "l's" to positive 

spots is thus established. All writing gates are terminated simultaneously 

at tg. During the read operation, the write-read gun is driven by a 1.5 

mieroeooond pulse of 10 megacycle r.f. , simultaneously with switching th* 

signal plate by a small voltage1 the bean ourrent oharges th* spot toward 

oollector potential, the direction of the signal-plate current being dependent 

on th* dirootion in whioh the spot oharges. After being deteoted, the output 

signal is used to oontrol a gate tube. Only the "1" outputs (from positive 

spots) are used. A positive output signal allows the sense pulse to emerge 

and set the intermediate storage flip-flop to a "1". The flip-flop shown is 

used both in reading and in writing. Since the flip-flop holds the informa­

tion from storage imosdiately after a read, the rewrite oan be initiated 
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immediately viu the f l ip- f iop. I t i s aas of a register of 16 oalieu t in 

" ftrogram Register"• 

All the writing-gate generators are roproduced in oaoh digi t oolunsn, 

and have controls so that tho requirements of the individual tvbaa o&n be net. 

The timing of a l l gates and of tho sensing pulses i s determined centrally in 

ES oontrol. The writing gates are init iated by the separate pulses, t \ and tg» 

because the net current to the surface i s different for wrlte-plus and write-

minus with the same value of beam current* 

2 , 2 Control Circuits 

The oontrol cons le t s of a combination of pulse counters* and pulse 

distributors.* Four f l ip-f lop counters are used so that a total of 16 micro­

seconds dolay between any two time pulses oan be realised with a 1 megacycle 

pulse input frequency. Dy presetting the counters, any time delay between 

successive pulses up to 16 ^ seconds is available in steps of 1 ^ seoond. Ths 

output of the counters i s a series of pulses serially distributed in time as 

desired. The pulse distributors then separate ths pulses and send each to i t s 

appropriate oirouit to perform i t s functions. In addition to i t s operations 

on the storage tube c iroui ts , each pulse sets the counters so that the next 

pulse w i l l emerge after the desired delay, and sets the pulse distributor so 

that tho nort pulse wil l come out the proper operation l ine . The two pulses 

which control the in i t iat ion of the write operation £0 through a separate oon­

trol oirouit which provides a duration which is different for rewriting after 

a read cycle than for the write cycle. The last pulse of each cycle i s returned 

to central oontrol to stop the supply of 1 megacycle pulses and restart the 

computer in i t s operations. 

The write oyole (see figure 7) in this system requires four control 

• Glossaryi A.S 
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pultaa from ES Control. They include pulses D through 0 , and their funotiona 

are ahown belowt 

D Turns off holding guns. 

Senaea Program Register and in i t iates W-gates in thoae digits con­

taining "C* • 

B Initiates if* getee. 

t Terminates a l l writing gates. 

0 Turna on holding gun (and restarts ooaputer)* 

The writing gat* amplitudes on eaoh storage tube are the sane for 

erite-plus a* for write—alana. Binoe the net surface eurrent la different for 

the two operations, the duration of the flatea auet be different (figure e ) . 

then writing a negative epot positive, the net current at the spot i s ( <f - 1) 

I , where X la the primary beam eurrent. when writing a posit ITS spot no gat ire, 

the surface eurrent le X. For an X oommon to both operations, the write-minua 

tiae muat be Ideally at least ( (f - 1) tinea the write-plue tims. 

The read cycle usee 7 t iae pulses, ae ahown in figure 7, The last 

4 pulses are functionally identical with the corresponding pulses of the write 

oyole. Par the aatoa of re l iab i l i ty , the sensing pulse i s generated from the 

same oontrol pulae that ini t iates the RF pulsar, and le delayed in time about 

1.6 aderoeeoonds to allow the RF pulae to reach i t s fu l l amplitude at the 

output of the amplifier. 

2.3 Decodera end Defleet ion Cirouita8 

The decoders and deflection oirouita position the beams in a l l 

storage tubes to the desired storage register. The present oapacity of 266 

storage registers requires P (2P - 266) "address" dig i t s to be ueed. The ad­

dress ia ueed In two seotlons. Each of the two groups of four d ig i t s i s fed 

to a f l ip-f lop deooder, one of whioh provides the vertioel deflection, and one 
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tha horizontal deflection. The deoodera are aet up a few tnioroaeoonda prior 

to the BS operation. Kaoh d ig i t simultaneously awitohes a ourrent source into 

a load reaistori the voltage aorosa the load reslater i s the input voltage to 

the ampllflor. The ourrent sources in eaoh decoder are binary-welf.hted so 

that 16 levels of output voltage, corresponding to the 16 vertical and hori­

zontal positions of the array, are available. The deflection amplifiers are 

stabilised by feedbaok and compensated to give a r ise t ins of about 1 micro­

second. The entire system i s balanced? that i s , eaoh side of eaoh f l ip-f lop 

•witches a separate ourrent souroe. Laoh side of eaoh decoder has a oonmon 

load resistor and tha deflection voltage for eaoh axis i s taken from the 

plate leads of two defleotlon amplifiers via a low Impedanee transmission 

l ine . 
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CHAPTER III 

TEST PROCEDURES 

3,1 Voltage-Variation System 

Testing of the storage system, even from the early stages of in­

stal lat ion, ounnot be adequately discussed without describing tho moot im­

portant tool available. This i s the abi l i ty to vary the voltage on any im­

portant olrouit in tho KS system, suoh as on on electrode of the storage tube. 

Control of the voltage-variation system is centralised so that i t s use i s 

easi ly applicable to the entire system. 

This fao i l i ty , provided in the computer from the s tart , was in­

tended to serve two important purposes. First , i t was intended as an aid 

In measuring the margin of safety in timing and pulse levels at the time of 

installation of the c ircui ts , and as suoh an aid in evaluating the design of 

Individual elements. Seoond, i t was intended to provide for eff ic ient ly 

maintaining the entire system in a high degree of re l iabi l i ty . In principle, 

the voltages on significant electrodes of the f l ip- f lops , gate tubes, and 

amplifiers in the system oould be varied in such a manner as to inhibit 

thoir operation. The failure point was measured In terms of the variation 

applied, and the condition of the olrouit was evaluated as a function of tho 

allowable deviation. 

By making th is faoi l i ty available in tho ES system, i t was possible 

to ohook the operation of tho circuits and of tho important parameters, both 

gate amplitudes applied to the storage tubes and the elootrodes on the storage 

tube I t s e l f . Tho l imits on the various conditions were then used to find the 

optimum sett ings. In e f fect , the relationship of writing gate amplitude to 

the holding gun voltages, or spot s l s e , or spot growth, in a particular tube 

or on the row as a whole, oould be determined readily. Voltage-variation was 

used from the f i r s t to locate existing olrouit troubles, prevent actual failures 
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by predicting then, evaluate circuit design* detemine the best operating 

conditions for the storage tubes, and, to a United extent* measure the effoots 

of aging after the system was set up* 

3,2 Simulation of tha Computer Central-Control by Test Equipment 

During tha Initial testing of tha system, the central-control ele­

ments of the oamputer ware not available. It was consequently neoeosary to 

replaoe tha control control by a simulator* Tha aiamlator was ooapoead of 

taat equipoent, mostly standard units developed for usa In Whirlwind oompubar 

development* The taat control was of neoesolty a compromise batsman the 

flexibility provided by Whirlwind and tha flexibility whieh oould be pro­

vided by the tost equipment with Its limited functions. Tha limitations im­

posed by this oompromise have Important bearing on the slgnlfloanos of the 

results of tha initial tests* 

Tha variety of oondltlons of operation in Whirlwind with ES can be 

bracketed by two extremes! (1) the condition of sensing or writing the oon-

tents of a register after eoms long period of inactivity, with assurance that 

the Information was oorreetly read or written In tha proper position on tha 

surface, and (2) the o and it ion of reading or writing* or a combination of 

the two* at random registers or positions on the surfaces at high speeds. 

The foot that KS Is the principal memory element of the computer indicates 

that US will continually be called upon to operate at least once per hesio 

machine order, and most often taioe per order* However, these oondltlons 

depend on the availability of tha large oapaoity memory to store the program, 

l*e* the addresses of the numbers whieh are to be operated on. the numbers 

themselves, and the operations lmolved. This facility being unavailable* 

the problem is to approach It to somo extent with the equipment available. 

The first extreme of oondltlons* that of low frequency operations. 

was met by providing means for reading and writing at "pushbutton" rates* 
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rata* controlled entirely by manual intervention* Tha aooond condition, 

particularly with reapect to random operations being carried on at random 

locations, oould not be cloeely approximated with the available equipment0 

Tha teat control waa equipped to provide, in tarma of operations, continuous 

read*, oontlnuoua writes, or alternate reede and writes. Tha deflection waa 

aat upon ooneeoutlve apota by connecting tha deflection deoodere aa oountere, 

and tha proximity of tha apota oould be varied by chancing the ourrent aouroe 

in tha deoodere* In order to determine the effects of tha repetition rate 

on operation, the eontrol waa provided with the faollity for starting and 

stopping operations, either multiple or single, at pushbutton rates, and at 

frequencies up to about 100 opa by a low frequency blocking oscillator. 

Furthermore, the Interval between single operations oould be varied from 

about 10 microseconds to about 2500 mloroaeoonda by inserting a multivibrator 

delay unit in the restart line* 

8.21 Cycling Teats 

Tha moat extreme dynanio operation which the teat oontrol provided 

was the ao-oalled "cycling" teat. Tha cycling test used the reading and 

writing facilities of the storage tubes to impress one of a variety of teat 

patterns on the storage tubes, and at sane time later to read out the pattern 

and shift it to eonaeoutive registers. Tha original information waa in this 

way retained, although its location on the storage surface wae continually 

ohanging. 

Aa a simplified example, oonaidor two 4-epot rowa of an array in 

whioh tha top row haa positive spots (l'a) end the eeoond row negative spots. 

Two auxiliary flip-flops, Rl and R2, are provided and are initially cleared 

to "0" (figure 1 4 A ) . The content of register H2 ehould be considered to be 

that of the last spot, 88. The cycling operation proceeds ae follow*t 

The content of SI la read to HI, after whioh the oontent of R2 is 
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written on 81* The storage pattern is then as shown in flguro 14B. R2 now 

contains useless information. 

Next, the oontent of Rl is shifted to R2, and the boom is deflected 

to operate on 82. 82 la read to Rl, and R2 is written on 82, as before. The 

data la now stored as shown in figure 14C. 

Tha oontent of Rl la again shifted to R2t and the bean la defleoted 

to S3i the above procedure i s repeated, leaving the data aa shown in figure 14D. 

When tha basal i s finally returned to 81, tha entire pattern i» 

shifted one position in tha array (or frame), aa ahown in figure 14K. Tha 

original data is intaoti tha pattern can be easily checked during the process 

by displaying the content of each spot aa It is read to Rl, at a position on 

a display aoope oorreeponding to ti* position of the spot in the array. Posi­

tive readouts are nede to intensify the diaplay aoope whose defleotion plates 

are oonneoted to the defleotion transmission line. In this manner, assuring 

that multiple errors do not compensate for each other, the operation of tha 

storage) tubes oan be oheotasd by observation st any tine without interrupting 

the teat. 

In the description of the oyoling testa, two flip-flop registers 

are ahown for temporary storage in each digit column. In the teat eyaten, 

one of theee was replaced by a S^&icrossecnd 9l»*trQB»gne*.ie delay l ine. 

• inoe only one flip-flop waa available in each digit column. Figure 9 chows 

the organisation and tinlng of the elements used with each storage digit 

column in tin oyoling testa. 

This system tests first for the presence of an aotual readout from 

the storage tube, without dlserininating between seros end ones, after which 

only the informtion to be cycled to the following spot is read out. At tha 

initiation of tha operations on a particular spot, the PR oontalns inforwatlon 
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from tho previous spot, whloh la to ba written. Tha PR is sensed 1.5 micro-

aaoonda after the Initiation of tha RF reading pulse, and far any register 

containing a zero, the write operation becomes write-minus by switching the 

signal plata and initiating tha writing gate, Tha write operation does not 

start until 8 nleroaaoonde after tha gate tuba la sensed, at whloh tine tha 

reading pulaa la off. During this Interval, the storage tuba output gate 

tubes are sensed. Tha gate tuba labelled "0" allows a pulaa to paaa if tha 

spot being read la negative} tha "1" GT allow a pulaa to paaa whan tha spot 

la positive. 

At tine pulse B plus 2 mloroseoonds both 0T* s are eeneed and their 

outputa mixed, ao that If any readout oooura, a pulaa will travel to the "1" 

side of the prograa register. One-half microsecond later the register la 

"complemented" or "triggered", putting tha register In the opposite position 

from what It previously held. If any raadout occurred, the register auat and 

up in tha "0* position. A pulaa 1/4 aleroeeoond later senses whether any 

registers contain "l»e", indicating the lack of a readout. If a ragiatar con­

tain* a "1", an alam pulaa emerges, and atopa furthar oyolaa. Tha indicator 

lights on tha PR flip-flops locate the source of tha alarms. If no alam 

oooura, at IP B • S a pulaa senses tha "1" storage gate tubes; if a "1" is 

present, indicating a positive spot, tha pulse seta the corresponding flip-

flop to a "1". 

Tho read and write operations are combined into a single £8 oyole. 

At the end af the cycle, the reed-wrlto beam la positioned on the next spot 

and tha cycle la repeated. 

3.22 Limitations of tha Cycling Teat 

Since the oyoling teat la tha dynamio test intended to simulate 

to some extent the conditions required by the ooaputer, it is important to 
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realise to what extent the t e s t is sufficient,, Some limitations trere apparent 

from the beginning,. These limitations are due to the faot that the ordor in 

•which the spots are operated on is fixed by the method used to set the de= 

fleotion. Recall that in the final system eauh fl ip-flop in the deflection 

deooders w i l l receive data simultaneously* It i s possible, then, that the 

various spots in the array oan be operated on at random0 Where a routine i s 

repeated often, a few oonseoutively numbered spots may be read at very short 

intervals while other spots n y be used only at long intervals. While some 

registers whioh contain orders may never be ohanged, others are used as 

storage for partial solutions and are constantly changing., In the t e s t system, 

oonseoutively numbered spots, located adjacent to each other are always opera­

ted on in order o Consequently, no register used in the dynamio tes t goes 

unused for more than one frame. 

This faot tends to obscure deterioration whioh might be present and 

long-time dri f t in the deflection. Each time the read-write beam i s posi­

tioned, the area under the beam is either replenished or reversed in 

polarity} every spot has an effectively new charge oondition established 

eaoh time a frame is oompleted. The longer intervals between operations pro­

vided by the te s t control oould be useful in looating the more obvious troubles 

due to deterioration and long-time drift but the only effective way of looating 

the subtle troubles of th i s nature i s to use the tubes in the final system,, 

I t i s principally due to faults of this nature that the in i t ia l tes t s provided 

only a f i r s t approximation to the final conditions,, 

8.29 Elements of Test Control 

In Figure 10, a block sohematio of test oontrol i s shown. It i s 

made up of two parts, the oyoling oontrol and the pattern generator. 

The oyoling oontrol i s used to provide the 1 m.o. pulses to the 

ES oontrol, to set the interval between successive oyoles , and to provide 
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restorer pulaaa* to maintain the clomping levelo at the outputs of the flip* 

flop*. The roatorera arc peculiar to the Whirlwind circuits and their oon-

trol need not be dlaouaaed in detail aa an elementary function of tho teat 

control. Restorers are furnlahed whenever ES la not operating; and are 

synchronised with the restart pulses in their oontrol element. 

Thai end oarry pulse (tine pulse "G") from KB Control, aenda a 

"count" pulse to the deflection system, positioning the bean on tha next 

spot. Then, after producing restorers, it senses OT 4.1. If another cyole 

is desired, tho gate tube will be open,sod a pulse will paaa into the delay 

unit. This unit providss an interval variable between 0 and about 2.6 milli-

boootiue between cycles. The delayed output pulse stops restorers and initiates 

another cycle, after appropriate delays. 

The cycling operations can be atopped by an alarm pulse, by a pulse 

from the deflection system indioatin* the end of a frame, if selected, or by 

stopping the pulses going into the delay unit at any time. 

The element which generates the patterns oonsiata of FT*s S, 6, 

and 7, and their associated circuits. The pattern ia determined by presetting 

the program register to the desired position at the beginning of each cycle. 

Instead of writing into a spot the contents of the previous spot, the informa­

tion set into the program register by the generating system is written. 

At the beginning of eaoh generate cycle, the PR la cleared. If 

nothing further is done to it, a "0* rill be written. If it is complemented, 

a "l" will be written. The various arrays are formed by combinations of 

clearing and oomplerenting on successive spots in the array. K pulse from 

the reflection system, indicating the end of a line, is used to Increase 

flexibility. A selector switoh is used to select the desired array. 

At the end of the write cycle, indicated by a pulse from the last 

S] • < K . n m ii BJSSSj —S 

* Glossary: A.4 
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position of the array, GT 5.1 ia turned off by clearing VT 5, Data ia no 

longer preaet into the PR, ao the cycling operation will automatically 

follow. 

The write or cycle operationa can be accomplished one at a tine at 

pushbutton ratea, or frane by frame at pushbutton rates, or oontinuoualy with 

rarieble interval by means of the variable delay unit. 
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CHAPTER IV 

CHECKIHG THE ES CIRCUITS 

4.1 m Control 

Assuming that a reliably operating storage Is available and that 

tha oontrol is Initially operating properly, a oyolad pattern oan be visually 

oheoksd wltile the voltage variations are applied to the various oontrol flip* 

flops, gate tubas, and driver lines. This provides a quick, rough oheok on 

overall operation of the oontrol. In this method of testing, it is presumed 

that a failure of the oontrol will change a parameter, such as RVO duration 

or the tins of the ST sensing pulse, sufficiently to produce a failure. Any 

such failure would obviously be quite drastic sinoe, for instance, a change 

in writing ti.no of taany mioroaeoonds Is necessary, If the proper write time 

is 12 or 16 microseconds, before it affeoto tha information to be stored. 

This method proved to be generally ineffective, and Indeed often 

detrimental whan applied to the gate tubes in ES Control. The principal 

indications derived from oheclcing OT* 8 are due to lowering screen voltages 

such that tha output pulse amplitudes are reduced. ES Control is essentially 

an open loop of counters and pulse distributors whioh, onoe Initiated, pro* 

vide timing pulses, the last of whioh terminates the cycle and returns oon­

trol to the computer. If then, the eounter output pulses or preset pulses 

are diminished In amplitude, the final result is to extend the overall time 

of the ES cycle. In naay oases the limit is not first obvious as a ohange 

in the information in the storage tube but results in loss of restorers and 

consequent loss of information in most of the oomputer. The end result is 

that it destroys the indications of the failure, making the trouble location 

impossible. Although an indication of relative reliability is obtained, the 

relationship of the first failures whioh are intermittent to the indications 

of tha failure may be so indefinite us to be unreliable. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

http://ti.no


Report R-195 Pago 85 

Since the purpose of the oontrol is to provide puis©a whioh are 

properly spaced In tino, the most fundamental method of ohecklng its opera­

tion is to oheok the timing of tho output pulses. A chock of each timing 

pulse would require a duplication of the control equipment. A simpler, more 

economical method it to oheok tho total time included in the ES cycle. This 

i t not a rigorous test, since i t allows the timing pulees to shift, relative 

to each other within the cycle as long aa the final pulse emerges at the pro­

per time. The fact that the moat common type of QT failure experienced la 

the computer is due to a deoreaae of cathode emission allows the checking 

system to be further simplified. Since a deoreaae In emission due to inter­

face in the cathode, aging, or olrouit failures, producae a decrees* in out­

put signal, for the range of Input pulses uaed the net result i s to extend 

the overall time of the cycle. Consequently, i t is sufficient to sense only 

i f the cycle la too long. The total £8 time can then be reproduoed in a 

reasonably sensitive delay element in such e manner that the end-carry from 

the checking delay will cause an alarm to atop the operations only i f i t pre­

cedes the final time pulse. (Figure 11) 

The natter la related to considerations of the possibilities of 

fllp-flope failing. With respect to the oounters, the problem la straight­

forward. The tendency of a flip-flop to atlek in the 0 position la the aaae 

la its results aa the failure of a gate tube to pass a pulse properly since 

sticking in the off aide oauoee the aaaooiated gate tube to remain off. Con-

veraely the tendency of a flip-flop to atlok in the "1" position, or to stall 

aa when the clamp oiroulta f a i l , la the some in its results as the conditions 

of the gate tube in passing pulses continually. Flip-flop failurea in the 

counters, therefore, can causa an LS oycle to be shortened or lengthened. 

This latter possibility was checked well by the scheme shown above. The for­

mer possibility was not oheeked by an analogous system, since routine f l ip -
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flop teat* oould be expected to maintain them in good condition. Consideration 

must be given to methods of oheokinc the control more thoroughly. Although 

it it not unreasonable to require manual oheoklng of certain parts of the 

oomputor, when any element is required to operate for long periods without 

failure an automatic checking feature beoomes very desirable. In the ini­

tial testing of the storage element, so muoh attention was given to the 

manual maintenance problem that manual checking was a small burden. When the 

ES system assumes its final role, it will be required to operate reliably for 

long periods of time. Its value as a part of a complex electronic system 

preoludes the use of manual Intervention for routine ohecking if the oheok­

inc oould be performed automatically. 

The instability of the delay unit in the timing oheok system made 

it unsuitable as a port of the complete system. A 5-etage flip-flop counter 

in the computer* s central control has been used in later tests to take the 

place of the variable delay unit. Although it actually oheoks only that 

each ES oyele Is less than 88 microseconds, it was effective enough In in­

creasing the reliability of the circuits so that it was unnecessary to increase 

the complexity of the system by making the timing identioal. The ES timing 

oheok system is shown in figure 12. All flip flops are initially in the "0" 

position. The olook pulses which go to KS oontrol oounters also feed the 

5-otage oounter shown. Thirty-two (32 > 2 ) pulses are required to set FF8 

to a lj if another time pulse is present it will energo from 0T6 and provide 

an alarm stopping the oporatlon. Since the last time pulse from ES oontrol 

stops tho flow of olook pulses, no alarm oan bo present if tho total ES tins 

is less than 88 microseconds. If the future conditions of the storage ele­

ment, such as a significant decrease in aooess time, requires that the timing 

be checked more thoroughly it oan be accomplished by modifications and addi­

tions to the counting units shown. For precise indication of a too-long ES 
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oyole, the counters oust bo preset to "O'e" or w l ' o" in such a mmor that 

their to ta l oountlng time wi l l equal the ES interval. By the addition of 

another counting c ircui t the system can be node to deteot ES cycles which are 

too short. FF 7 has been added to prevent any end-carries which occur in the 

normal operation of the oounter (the Step Counter) from giving lndieations of 

an KS fai lure. £8 Alarm pulses can only be present when an end-carry i s pro* 

duoed during an S8 cyc le . 
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CIAPTER V 

STORAGE TUBE TESTS 

5,1 Teat Methods 

Testing of the storage tubes and their driving cirouitt cotrcnenoed 

with the conditions from tho preliminary t e s t s . The toloranoes, as noil as 

reootrramded values for the writing gates, tho focus voltage, and the holding 

gun voltages, were available. After using a few of the different patterns 

available, i t because obvious that the atorage tubes were aenaitive to tho 

pattern ueed aa well aa to the other parameters. The problem then resolved 

i t s e l f into determining the moat rigorous tes t s both by observing their opera* 

tion in oyoling and by analysing the conditions neoeasary for their operation. 

The beat results aa indicated by observing various oyoling teata 

were obtained by the uee of two complementary patterns. The f i r s t required 

a single negative apot to oycle through an array of 256 positive spots. The 

second required a single positive apot to cycle through an array of 255 nega­

t ive spots. By varying the writing gates by means of the voltage-variation 

oircuits during the oyoling operation, the limits of the useable gate ampli­

tudes were measured. Detection of errors was made more accurate by observing 

the output signal on an "A-acan" of each frame. The sweep was initiated by 

a pulse at the atart of a oyoling frame. Decreasing amplitudes of the output 

signals were also investigated as a function of their position on the surf tec 

and any spots in the array which were dif f icult to switch due to ahorted 

moealo squares or lmperfsotiona in the mica were immediately apparent. 

The investigations during oyoling were concentrated on two parameters — 

the writing signal-plate gatea and the high-velocity gun gatea. The other 

paranetera, read gates, writing gun bias, and fooue, were merely aet to reaaon-

able values, ainoe their effects on overall re l iab i l i ty were better known. The 
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road gatos woro set equal to about 2/s of tho writing 8 *. .*r«.l->pla\ve gates. Re­

ca l l that the road gate serves principally to displace \iie potential of a 

positive spot so that a signal can be produced from i t at \t i s t.i verging back 

toward oolleotor potential. The lower l imit on tho read g v o is then a few 

v o l t s , for short pulses of reading current. The upper l l n i i s determined by 

the ab i l i ty of the reading bean t o produce a positive signal at tht signal 

plate . The read gate must, then, awitch a negative spot t o i potent: %1 less 

than the oolleotor potential . In the worst oase of an uistaMlised no^tive 

spot, the read gate oust be less than about 3/4 of V^ . '.he range of r o t 

gates for a V^ of 100 volts i s than from about 10 volts 1 > 75 vo l t s . ThMM 

values are increased s l ight ly to provide for the voltage i ivlslon due to t o 

signal-plate to storage-surfaoe oapaoity. 

The high-velocity gun bias used was determined >y measuring the cut?!* 

of the gun and operating below outoff by a reasonable mt.i ; ln, e .g . 5-10 volts* 

For oonvenionoo, the bias was adjusted within the 10 vol range to provide 

for the moat uniform signals on the statio TV display. 

The focus voltage was chosen more or less arbi rally for the best 

oontrast at the edge of a plus spot on the stat io displ >;. The settings were 

just i f ied by observing the effects of varying the focus • hi le cycling an 

arbitrary pattern. The effoots wsro not significant OVJ a range of 50*100 

v o l t s . 

8.2 Limits on the TTrlting-Cato Amplitudes 

Before disoussing the significance of the optimum settings of the 

writing gates, i t i s well to review the writing operatii in greater deta i l . 

The effectiveness of a writing operation i s as sured with regard 

for the stable potentials tinder holding gun aotion. In rder that a spot be 

considered posi t ive , i t s potential must be in the range ibovo f i r s t crossover; 
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eimllarly a spot to bo considered negative must l i e in the potential range 

below f irst crossover. In either oass, with sufficient time undor the aotion 

of the holding gun, a stable potential wil l bo reaohel, i . e . , a poini at 

whioh the current to the spot i s eero. It i s true and pertinent that i t i s 

d i f f i cu l t dynamically to determine the potential of a partioular spot] the 

polarity of the road-out signal i s dependent on the potential of the spot 

undor the read-beam and on tha amplitude of the read gate applied. Any spot 

at a potential in tha negative stabi l i ty region oan be node to read-out a 

positive signal by applying a read gate whoee amplitude i s greater than the 

voltage between the spot and the oolleotor, since the high-velocity beam 

always oharges the spot toward the oolleotor voltage. Any spot in the posi­

t ive stabi l i ty range oan be made to furnish a negative signal by using a read 

gate whose amplitude i s leas than the difference between the spot potential 

and the oolleotor voltage. The theoretical optimum value of read-gate ampli­

tude, in order to best distinguish between positive and negative spots any­

where within their respective s tabi l i ty ranges, i s equal to the colleotar-to-

flrst-erossover voltage difference. 

The problem of distinguishing between positive and negative spots 

In their unstable regions is complicated by the variations whioh exist over 

the surfaoo in the capacity from signal-plate tc storage-surface to oolleotor. 

The capacities form a voltage divider network. The fraction of a read gate, 

for instance, whioh aotually i s applied to the storage surfooe at a partioular 

point depends on the thickness of the mice and the collector-to-surface spaa­

ing at that point. Variations of 10f» are not unusual. If the distinction be­

tween spots in the two s tabi l i ty regions were dependant only on the rood gate, 

the variations in the capacities as well as noise variations originating in 

the gate generating and amplifying oircuits would make the distinction impos­

s i b l e . 
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For this reaocn, tho write operation is required to supply suffi-

oient charge to writ© tha spot to a potential as close to oolleotor voltage 

«vs possible, and, when writing negative, switoh the spot to a potential as 

olose to tho negative stable point as possible. Under suoh conditions, the 

read gate amplitude i s not crit ical . 

Due to the secondary sales ion phenomena, the requirements for write* 

plug and write-minua are quite different. The oases of writing a plus spot 

positive end writing a minus spot negative can be considered trivial in this 

respect, because the charge transferred to the respective spots is negligible* 

When writing a negative spot positive, the total ourrent to the spot is equal 

to 

I" - ( <f - 1) lb 

where 1^ is the priiaary (high-veloo ity gun) ourrent. when writing a positive 

spot negative, the net current la \ t because the secondaries are attracted 

baok to the surface. For a given been current, writing minus requires (J* -1) 

tiisss the writing tine that a writs-plus operation requires. The original 

design of the writing oiroults provided for the sams gate amplitude for writ­

ing plus and writing minus. The durations of the gates were different and 

were variable in the 1 microsooond's steps provided by the oontrol counters. 

The variables to be determined were the gate amplitudes eaoh of whioh could 

be set for the particular storage tube and the gate lengths, whioh were 

necessarily oennon to all the tubes. 

The data in table I contains the limits on the amplitudes of the 

gates in eight digit ooluens. The data is typical of conditions in the row 

in the oyoling tes t s , and was taken without specifio reference to the theo­

retical requirements in the various tubes. The writs minus gates, for instance, 
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TABIii I 

HARDXR6 m OATi: Al'PUTUDEB IK LS COLUf'NS 

Polari ty of 
S ingle Spot 

(265 Spots are 
Opposite) 

Pos i t ive 

Negative 

Poaitive 

negative 

Pos i t ive 

Negative 

Pos i t ive 

Negative 

Pos i t ive 

Negative 

Pos i t ive 

Negative 

Pos i t ive 

Negative 

Pos i t ive 

Negative 

Write-Minus 
Signal-Plate Gate 

(Volts) 

uCwBr 

N 
81 

OS 

78 

80 

78 

85 

82 

95 

93 

116 

115 

95 

103 

90 

82 

Upper 

106 

145 

130 

> 2 0 0 

123 

200 

12R 

160 

135 

>200 

157 

>180 

123 

160 

129 

132 

High-Velooity 
Oun Gate 

Loner 

< 5 0 

<50 

46 

53 

49 

40 

C46 

<45 

<45 

45 

40 

< 6 0 

60 

60 

43 

Upper 

91 

>130 

113 

95 

106 

7 1 2 0 

98 

112 

125 

7125 

7126 

>126 

76 

112 

90 

10S 

Read Gate 

Loner 

37 

25 

< 26 

< 2 5 

48 

25 

< 25 

<.25 

26 

26 

< 2 5 

< 2 5 

< 2 6 

< 2 6 

< 2 3 

<2B 

Upper 

104 

94 

105 

105 

100 

105 

98 

107 

110 

107 

144 

130 

110 

92 

100 

107 

V H G - W 

Fixed 

90 

100 

96 

90 

108 

100 

100 

96 
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wer* not set directly to tha theoretically optimum value determined by Vpp 

and the voltage division due to the aignal-plate-tc-surfaoe capaoitanao. 

Similarly, the high-velocity gun gates rare not set to produce a epeoifia 

value of beam current. The msasurenients were solely uyetem-wise, determined 

by cycling the two tes t programs. The data points out some of the weaknesses 

of the cycling t e s t for l ining up the storage tubes. 

In eaoh digit column, the maximum allowable signal-plate gate i s 

greater when cycling a single negative spot than when cycling a single posi­

t ive spot. If the testing conditions were ideal , the values should agree 

closely. In eaoh case the higher value of signal plate gate caused an en­

suing positive spot to disappear; a single write-plua following the write 

minus was insufficient to switch the negative spot. The lower maximum value 

la nearer what would be expected due to the voltage division in the oapaoi-

tanoes. Since the values used were purposely chosen without careful con­

sideration of the theoretical optimum, the most reliable conditions were oon-

derod to be those from whien maximum deviation oould be safely tolerated} 

in other words, the operating conditions should be the values midway between 

the two l imits . Table I shows the differences in these l imits for two patterns. 

The l imits , and consequently, the optimum sett ings, varied between the values 

in table I far different patterns. The values ohuften -asrs, in fact, closer 

to the oentor value of the limits taken with a single plus spot cycling on a 

negative background. Two factors influenoed the sett ing. The f i r s t of those 

was consideration of the re l iab i l i ty of the ohosen conditions for different 

patterns, such as a single positive l ine . The limits for the latter were 

nearer the values for a single positive spot. The socond factor was a con­

sideration of an approximate theoretical l imit . Knowing the value of Vjp, and 
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lalng an approximat® value of voltage divleicn (c/fi)5 the W-gate required to 

vrita a spot juflt to the nat-»ativo s tab i l i ty point uaa determined. For a 

clooor approxination the valuo t«ould be subject to correction of the oapaoity-

clivision rat io and the variations In the ratio over the surface of the tube. 

As an operating value, i t would be further corrected for expected variations 

in gate amplitude due to noise and repetition frequency. In spite of includ­

ing these tiro faotors in setting the gateE, reliable operation over periods 

longer than a few hours was not achieved. Moreover, many tubes showed a re* 

luotanoe t o start oyoling at high spoeds, although once cycling they soenad 

to operate wel l . In short, the dynenlo tests used did not provide the condi­

tions for suitably reliable operation. I t i s possible that re l iabi l i ty oould 

have been achieved by using a greater variety of patterns j the task of analys­

ing the results derived from a number of patterns would almost undoubtedly 

reduce to thooretloal considerations, *hich oould be carried on independently 

of oyoling. 

5.3 Results of Cycling Tests 

The cycling tes ts provided three important indications of weaknesses 

in the system. The f i r s t was that interaction between neighboring spots was 

not tolerable, even In oyoling t e s t s j the interestion caused positive spots 

occasionally to be switched below first-crossover voltage ?fcen the hl^h-velocity 

gun was used on adjacent spots. This phenomenon had been observed before and 

investigated more ful ly that was possible in the ES Test System} It Is due to 

the seoondary oleotrons emitted by the high-velocity beam being attraoted to 

adjaoent positive spots Which are at a voltage higher than the collector by 

the amplitude of the signal-plate gate. The dotorioration of the spot depends 

on the current in the writing beam and on the polarity of other adjacent spots, 

as well as on the oapaolty between spots and to the signal-plate. 
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The eiTeotg of interaction, for a given cante?«to-o©nte? cpaoing 

between spots can bo dSidnlihed by l i f t i n g tha use of the high-velocity gun 

and by drawing ufi tnany -if the aeocndar&es away from the ourff£ca ov. pcseibl^o 

The f irs t of those factors was accomplished by tho "aaiooti-vra-writa'' operation, 

which writes a spot only when i t s polarity needs to b® changed. The writing 

system was modified so that before eaoh write operation, the spot to be 

written 1B sensed. If i t corresponds to tho polarity to be written, the 

writing gates are not initiated. The method of accomplishing th i s i s d is ­

cussed in more detai l in the description of the f inal system. A further 

attempt to limit the use of the high-velocity gun by eliminating rewrite was 

unsuccessful. The rerorite i s particularly necessary when a negative spot i s 

read. The rate of charging to tks collector potential under high-velocity 

gun action is greater than the charging rate of a positive spot, and the posi­

tive spot can deteriorate about 4 times as much without switching. 

By using a reading pulse of less than two mioroseoonds, and a low 

reading current, the positive spot w i l l be oharged only a few v o l t s , and at 

the termination of the read operation wil l restore more rapidly to oolleotor 

voltage under holding gun action.(Figure 5}0 I t was proposed that , by uiing 

a read gate of the sane amplitude as the writing signal-plate gate, the poten­

t i a l of a negative spot would not be affected by reading, and would always 

return to tho negative s tabi l i ty region following the read operation. By 

adjusting the write signal-plate gate so that at the end of a write - or a 

read minus operation the spot would be returned to the point of maximum nega­

tive holding-gun restoring current, tho most rel iable sotting should be ob­

tained. This nethod was rendered ineffective by the extreme variations of 

the signal-plate gate -which exis t over the surface of some tubes and by stray 

feed-through signals to the amplifier. The method depends on a null read-out 
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from a negative spot. If , for any rtn&on, the raacl gat* lu larger thai, tho 

Y. rite-minus gate, a s l ight pcsitivs output signal vrill rasult from reading; 

c spot shortly after i t i s written ncgablvo. Tho ©Kfcrt'nely low negative 

charging rat© indioatea that 2 volt variations cannot be tolerated within 

100 microseconds of write or road operations. The s ignal-plat© gate varia­

t ions , duo to capaoity-dlviBion, would cause some areas to be written below 

cathode potential* the area would eventually charge in » positive direction 

to tho cathodoj the ensuing read-out would then be positive. 

The second important weakness was the inabil ity to erase a positive 

spot by a wrlte-talnua operation. The beam ourrent in writing plus and minus 

i t identical , since the gate amplitudes applied to the high-velocity gun arc 

identical. Although the total charge to a spot was oontrolled by using differ­

ent writing t ines , this did not assure that a positive spot would be completely 

erased in writing t ines up to 16 mioroaeoonds. A reliable method of aonpletely 

erasing a positive spot of reasonable s ise was to provide a larger bean dia­

meter for writing negative; this was accomplished by Increasing the high-

velocity gun drive for writing minus over that for writing plus. 8 Tho final 

schematic of the system shows the inannor in whioh tho 'two gates were oontrolled. 

The third prinoipal source of failures was due to deflection shifts 

whioh occurred during cycling t e s t s . The defleotion generators and amplifiers 

were eliminated as a source of the failures by install ing a cathode-ray tube 

with a phosphorescent surfaoe iviioh used the sans type of gun and defleotion 

plates as used in tho storage tube. The tube was subjsoted to the some drives 

(writing, reading gates and deflection voltages) as used on the storage tube, 

and various spot positions were obsorved and measured for shift using a 
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lachlnieta mioroBOopo, Bines no shift a were observed, the trouble must 

harm originated within tlso drift spaco of tho storage tuboaj i t *a . -<red 

in various degrees, on several tubas. Tho fault was assunsd to be dua to 

glass-charging on the bare portions of the tubes, ar.d has rcoently boon 

measured in the laboratory on a tuba which hod exhibited Be'.oro defleotion 

shifts in the system. An attempt to eliminate the glatio-ahorging has bsen 

rrade in a modified design of the storage tube which includes no bare portions 

of glass between the guns and the storage surfaoo. 

t 
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CHAPILR VI 

FIKAT, PHASE 07 XC8] 

•3o 1 Soleotltig-Yitrlts System with Separate Writing Gates 

The design of tho ES system aa i t teas incorporated Into t 

Whirlwind system for tho final phase of the i n i t i a l fcoats was affected by 

the results of tho oyoling tests and of other dynamic teats conducted in 

tho Storage Tube Rel iabi l i ty Tester. The system includes moans for reading 

from a storage register prior to eaoh write operation and comparing 'the <2ata 

to be written with the contents of the register; a write operation i s per­

formed only in tho locations where the data ia to bo ©"-waged. To overoore 

the dif f iculty of erasing, soparate writing-gate genoratirs (high-velocity 

•pxi) wero provided, t!« write-rainus gate having the Mghar value. The blook 

.schematic of tl»e system ia shown in figure 13. In tho timing diagram, the 

'lumbered pulseu rofer to Imirlwind central control p-jlses, the lettered 

pulses to lis control pulses. Any operation whioh requires writing (TP "1") 

must include a previous read (TP "6"). An extra f l ip-f lop register (Check 

Register) i s uned as a means of comparing the old da;a with the new data, 

And allows the write operation to be performed in those columns where the 

data i s to be changed. The ES timing oyole for the read and write operations 

i s similar to -;hat of the old system. Tho comparison far selective-writs 

takes place at the comand of the computer control. 

The read operation i s the earn aa before, with the exoeption that 

the rewrite talces place via the CR. Tho CR ia cleared at the start of a read 

oyole so that the information in a l l d ig i ts of tho register wi l l be rewritten. 

The pulce (nDn) whioh init iatea the rewrite senses the CR, Since i t holds a 

"Cf in a l l d i g i t s , the output cf the CR in eaoh dig:lt in i t iates tho wrlte-

plus gate, and also senses the PR in the tame d ig i t . If the PR holds a "0"; 

the write-minuu gates wi l l be in i t iated, end the write-plus gate wi l l be 
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J»>«t:lnQt«d through r . dolajr -which prevents t'. > generator €1 

being puleecl while i t ia switching "on*, Pulses "E" and "F* are used to 

'jaraincite the writing gates separately,, providing vso control for 1 

wlto-plue and write-ntoua intervals. 

At the ond of a read oyole, the content of ths etorage register 

la In the IH. If the rond Is associated with a write operation, the data to 

l̂ e written i s present in a computer arithmetic register, thn Aoouniulatcr (A£)« 

?he "old1 dftt* i s read to the CR from the Hi i s cleared. The new data i s 

then read both to the CR and PR, after whioh fc'ne C* oontains •°0'en in a l l 

digi ts where the now and the old data diffur. In order to olarify the cyr-tna, 

an example n i l l follow, using a 4-digit word. 

Data to be ffritten: 1001 (AC) 

A read operation i s performed on TP "6", after whioh the PR contains, 

for example 1 1010, 

PR 1010 

CR 0000 

The IH ie then road to the CR and cleared, 

PR 0000 

CR 1010 

after whioh the CR is complemented. 

PR 0000 

CR 0101 

The AC is read simultaneously to the PR and CR. In all digits wtiere the datun 

to the CR is a "1", the CR will be complemented. 

PR 1001 

CR 1100 

The following write operation (TP "1") will be effective only in the lant 

two digits. 

/ 
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3.2 |^JHi\ (-,; 

Ys dry t o tho useful, op 

bar, the e n t i r e systc .labia for the fi 

t ao l s . l7ith the f lox ib l l i ty oi' tho ootaputsr*s control 

almost indefinite variety of procedures, aaoh controllable parameter M U 

then reset using tes ts specif ical ly designed to provide an opt ion 

tfoat cureful consideration was given to t',« RF aye: tea i"and t o the itri:-

For purposes of complBteneBSt c. brief description c£ the -nttthsci usee to net 

the gain of tbs RF system follows. 

6.21 Tho RF System 

In i t ia l ly , attempts txre made to use a rtandcrd gain setting for 

tho output RF amplifiers, using the noise at the dsteoted output ae a raeaauro 

of the gain* Difference in the transfer ohsrsatsrlstlos (Mao voltage 

beam current) of the hi^h-velatiity gune, bho presence) of RF foodthrough 

signalr of varying amounts and phaeo, and possible vnr-l&ticns in . 

impodanoo and Eignal-to-noias :*atio of the amplifiers ncx'.a Biio ir 

l a order to roaoh o reliable ilns-up routine, i t tiac- noeciuary to include al l 

these factoro, This vrat; acoontfllshod by setting the high—relooit; 

safely below cutoff, and adjusting the amplifier gain ;o the threshold value 

for which thn output signal causeA the gate tube to eooduot. A a i*. start 

safety factor was achieved by joing a fi$l attenuator at ti»a input to the 

amplifier. 

6.22 Kriting Oaten 

Tho bases for setting the high-\?» loo i ty gun ?at«a wore prino3.p»:.]y 

•TITOS 

1) Spot 8iE«, 

2) Trannfor characteristics of tho atarago tubes. 
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.tive sp any ois«a eculd be switched by 

* l ightly larger ex'.plitud*. The limits en cpot s i i detemfoitid I 

exported d«"f'i3CtieK shif te , by the interaction aff©o':a of writ: 

rdjaoent apo*;fl9 and by the centor-to-ccnter apaeing 

of ths prseorjee of ths severe deflection shifts duo to p.lMS-oharplnp, tti 

Interaction, 'ma nore cr lose dirrc.f/irdcds it was coopensated for by ' 

holding-gun tiro after each oyole to rcutabilise the effaoted areas,. Cn 

offcot, la;'{;n r-pots were tolerated at *.he expense of ':iS operation time. 

upot else was J.iiorei act until i t was about equal to the oct.' 

•petting* A further increase would make the vrrito-.aiaafl cr i t i ca l , s inci 1 

Mould damage tV« tdvacent spots* 

The rpot rtiie i s detorainod, *> a f i r s t approxinatlon, by th 

duct 1 x t , share 1 in the beam current and t i s ths iuratlon of tho we 1 

oulee. Sine* ';he two are nearly intero'iangeable , i t was possible tc am^t 

for an increase in one by a decrease i n the other. ft s o traru ; 

character 1st ieu of the tubeu, taken at the tirr* of the production teste t 

igaln at the t:Lae of the latest t . ista, indioated thr. I 

ores slag bias the dooroe.se :ln current MIC inoroaningly terioua. It 

aary, for purposes cf re l iab i l i ty , to operate with nt )c» currents sn poi 

using long writing tl»sa« The oontrol circuits llsdtec ';» writing tiaoj 

52 microsecond, m l ths dosirs.ble fpol slzo *as achieved by beam ourrenH: of 

about 30 micro uwporos. For most of ths tubas, this talus of ourrent lay 
e 

a reasonably stable region of their characteristics, 

Tl>e Krite-cninus high~?alooity gun gates were set oo that - ;m~ 

plots erasure was obtained with 16 microseoonda writiJic t ine, and oaapla v 

f 
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. 

'il\n »ig:'i-?.l«pi-.it'. £>n/5QB TRvKte B3t fith rs^ai't for bliroo 

1) Tha p n the negative ra her© ra 

charging rat© occurs, 

2) !!oiee in tha gate rreneratini.', oiroul 

3) Deter Icratljri and long time drift in iiho g a s . 

Tho f irs t faatcr f>s iuportant beaauar Sii order -chat a apot 

ten reliably na^.atlve, i t ahould be switched at lo&at into the re£i 

maxiinuo. reotoring current. The variations in tha v.y division ' 

signftl-plato to surface to collector required i. emnfirom3.ee In tha at 

to '*rite nearer to holding-^un cathode voltage. In tubes with severe? 

tiona In tho o;-.;aoity division, the gates nste sat to write to the r 

mentioned, although i t neont that come areaa sight bo written below hold I 

gua cathode. Also, in order t o rslniiriEC c?ot J.ntoraot,ion, It io tape 

to m:lnijDî e the switching voltage. Thic fao';or win not i ignif loant bsca. i 

of the ex'ira holding-gun tina used to v. the n^ |oi r-'oe of Intern 

the spot s i ze . The rogicn cf mexianxa negative restoring current ia n 

1'lguve L o bo ibout 10 vnlta below let orcaaove.*. rossever waa 

n.*»asur*d by writing negative crmr the etjrfaee with doorsir-sinj gate e 

Mid observing the amplitude for which epats f lrat fa:lleU to write-niau:). 

»o, due to tho eenulti"lty of the circuitc to rep«ti;3cn rate and to 

l ine transient!, end deterioration duo to long tlaai <lri:*ts in the gate-

aimj>lifler oirci J.te, were expeoted to require about 10 voT̂ ta iroroaso in 

optimun jato BF a safety factor. The final valve of •iho gate waa set: at 

volts cbo/e the value neaaired as the edntraa (?"**• "h- re*d gates woro 

nearly eq>ial tc the 1st crossover to oclloctor volta^j, to ob1 ^e?r 

disoriniaation botweon negoMve and positive araas. 
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• 

A'J. '• 

the derolopraer!?.; of teohniquei for t es t 

The control c« J checked by the* buil.t-in math . 

driver cir*. jita wore tested functional if. fa., 

iaforavtion whf.eh wan iTa:rui..\: rred bo c m the i 

t\t r e l a t i ve ly unrcl5.f.blt» oonditlcni o'* the storage 

totte, I t was posiible t o aointain the 

'•'/ben ths f i n a l pim ring begenp -he olroulta eel ted 

tent B-Jvrcoe cf trtnibT.r. The testing prooed i i 

i'icantly I n the newer 1 B 

6.22 f t e l iab l 

After Button; up the i (;o t h e 

the entire computer wan a b l e t 

haa l o o n u^ed »t« 'or shorter not en' • ] 

r tunlty I re coop 

atorag? oepao! •.••- I ut i t ; .. provided 

of ths ooaputa. •••:• 

Independent storage • 

problra of locatin ' are e tn ' i 

•aytlin^ t e e t e . The pr ln i 

atoragj t u b e e . The so ire being itutilad re < 

shrtges e n n ii • luclo t h e i r " t i o ru 
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Shifts in doflection and deterioration of tho w i t i n g guns must 

receive principal consideration. Tha fomes' la tho moat serious* booauae 

It sp pears to ba random and uncontrollable in the proeont tubes. It deter­

mines th» loner limit of spot s i t e , iB a factor in tho severity of1 inter­

action, und consequently, la the most aignif lomt factor in determining the 

effective aooeaa time. When a decrease In spot size ia possible, the access 

time wil l bo limited by interaction and by the writing times. Although 

interaction i s produced most notably by writ in/, minus, an important contri­

bution toward eliminating i t would be provided by eliminating rewrite. Al­

though rewrite la only about l/lO as long as writing, i t occurs about 5 times 

as frequently. Effectively, then, rewriting accounts for about l /S of the 

interaction. The rewrite oannot be eliminated without decreasing the varia­

tions in the eigne1-plate-to—surface and surfaoe-to-oollector capacities, 

nor without a more exhaustive study of the noire problems in the RF system. 
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GLOSSARY 

A .1 Electronic Digital Computer 

A digi ta l coraputer i s a machine whioh performs sequc ; .f 

arithmetic operations on numbers i*iloh are roproaontsid as d ig i t s , rather than 

in tarns cf physical quantities au used in analog computers. Electronic, 

digital computers perform their operations by maana of vacuum tubes and their 

associated oircuits . Their aost distinctive characteristic i s their high 

speed in comparison to electromechanical machines„ The Whirlwind Computer 

can perform 10,000 additions per ueoond. For purposes of simplicity and 

re l iab i l i ty , numbers and the orders whioh control the operations on tha num­

bers are represented in a binary .fashion, that i s , as combinations of "1* a" 

and "01«". In Whirlwind, numbers are used in their base-2 representation, 

Eaoh dig i t of the number 5s stored and operated on in olenonts whioh have 

only two stable s tates , one state corresponding to a "1", the othor to a 

"0". Whirlwind is a 16-dlgit parallel nachinoj a l l digits of a number are 

stored and oporatod on simultaneously, the group of elements whioh contain 

the complete number is a 16-digit "register"* The content of eaoh element 

i s transferred to ot)»r elements as a voltage pulse; the presence of a pulse 

usually cerr««p<!nd« to a "1% the abeenoe of a pulse i s a "0". 

The nost basio circuits of an electronic binary computer are the 

fl ip-flop and the gate tube. (Figures 16 and 16) The f l ip-f lop is the b i ­

stable oloment in which information is stored durin,; the basio arithmetic 

operations. The gate tube i s a oolnoidenoe element used to sense the state 

of a f l ip - f lop . One grid of the tube is tied to the plate of the n l" tube 

of the f l ip-f lop so that whon that f l ip-flop tube Is conducting the gate 

tube i s off, and vloe versa. The gate tube i s oonsed at the desired time by 

a pulse applied to the control gridj a pulse wi l l emerge from the gate tubo 

i f the other grid ia "on". 
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A. 2 Gate 

A gate i s a voltage pulse whose duration i s long compared to i t s 

and f a l l timesj i t i s essential ly flat-topped. Gatos are generated in 

the storage system from fl lp-f lcpa. The plat® of one of the f l ip-f lop tuboa 

i s coupled to an amplifier. The duration of tlio gates i s determined by 

pulsing tho grids of both fl ip-flop tubes, once to in i t ia te and once to 

terminate the gate. 

A. 3,1 Flip-flop counter 

A group of flip-flopB con be made to count or divide down input 

pulses when connected as shown in figure 17. The 3-stage counter shown wi l l 

divide 1 m.o. Input pulses by 8 (•* 2^) when oonneoted as shown in sol id l i n e s | 

since each input pulse to oaoh stage sets the f l ip-flop alternately to "1" 

and "0", every othor input pulso wi l l emerge from eaoh stage. F.y using each 

output pulse to preset the f l ip-f lops , as shown in dotted l ines , the basic 

dividing factor can be decreased. 

A.5.2 Pulse distributor 

An array of f l ip-f lops and gates can be nada to distribute a number 

of successive input pulsec over a number of output l i n e s , which may control 

individual operations, as shown in figure 18. The input pulses are on a 

single l i n e | as eaoh puiso emargeo from the appropriate gate tube, i t sets 

one of the fl ip-flops so that the next pulse emerges on the next l i n e . Eaoh 

output pulse controls a oortaln funotion, so that tho overall timing i s fixed 

by the timing of the input pulses. In the ctorago system, each output puleo 

also sets up the counters to provide the desired delay before the next pulse 

appears at tho input of the pulse distributor. Any pulse can then be delayed 

from 0 to 16 microseconds from the preceding pulse. In the storage system 

four f l ip-f lops are used in cascade to provide 7 output pulses. 
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AoU Restorer Pulses 

Restorer pulses are used to maintain the charge on the coupling 

capacitor from a f l ip-f lop plate to the gate tube grid. A pair of pulses 

are applied to the f l ip- f lop cathode periodically, generating a square wave 

at the plate which restores the charge on the capacitor which was lost due 

to leakage through the hack resistance of the clamping orystal. 

Signed..Bichard.V..Bead. 

Approved 
Jay W» Forrester 
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