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D i g i t a l Computer Laboratory 
Massachusetts I n s t i t u t e of Technology 

Cambridge, Massachusetts 

SUBJECT: Tripe to ERA and Universi ty of I l l i n o i s 

ToJ R. R. E v e r e t t 

From; C. L. Corderman 

Dates 21 January 1952 

Abs t r ac t : This memorandum reports on v i s i t s to ERA and the Univers i ty of 
I l l i n o i s . Both groupG are working on computers using Wil l iams ' -
type memory systems with opera t ion a t 1024 spot6 per tube,, 

At ERA the proposed memory i s undergoing t e s t s in a se tup s imilar 
to our STRT„ Their measure of successful operat ion i s the number 
of r e p e t i t i v e reads which may be car r ied out on a point without 
destroying adjacent information. The goal i s a minimum of 1024 
reads s ince t h i s wi l l a l low a useful read operat ion between each 
regenera t ion . ^ 

The memory e*̂  the Universi ty of I l l i n o i s is an i n t e g r a l part of 
the ORDVAC machine anc1 consequently i s being t e s ted under ac tua l 
computer c o n d i t i o n s , 'oing a t e s t s imi la r to the r e p e t i t i v e read 
t e s t above, they enco.titer a few spot6 on about 1055 of the memory 
tubes which have a maximum number of reads in the range of 10 -
20. Such s p o t s are a t t r i b u t e d to blemishes on the tube surfaces 
and r e p e t i t i v e operat:on on them is avoided by programming,, 

I v is i ted ERA on the if ternoon of December 27, 1951, spending 
about f i v e hours a t t h e plant ia S t . Paul. They have two people working 
f u l l - t i m e on Williamo' s torage, Edward dimmer and Tom Rowan. Frank 
Mullaney i s the P ro j ec t Leador. 

The equipment beiu^ used for tnbe t e s t i n g i s e n t i r e l y in bread­
board form mounted on a linf of about s-x e igh t - foo t r acks . I t accommodates 
five 5" cathode-ray t u b e s operating i n pa ra l l e l except for the de f lec t ion 
v o l t a g e . In this c a s e , th»re is a common de f l ec t ion voltage gene ra to r , but 
a s e p a r a t e cathode follower (1/2 5687) for each p l a t e of each s torage tube0 
The d e f l e c t i o n is s e t up from e i t h e r of two r e g i s t e r s , one being a counter 
for r e g e n e r a t i o n and t h e other p rose t t ab l e for s e l e c t i o n of any po in t . 
There a r e no temporary storage f l i p - f l o p e provided so tha t cycl ing t e s t s 
such a s we use are no t ava i l ab le . 
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The index for comparing tube6 i s the number of repet i t ive reads 
which may be carr ied out on any point before an adjacent dot i s f i l l e d to 
the extent that i t reads out as a dash,, They f e l t the worst condition had 
been chosen in requiring tubes t o pass this t e s t at 1024 repet i t ive reads 
both in the center and at the four corners for the same focus voKige . As 
I understood i t , i t was not t h e i r practice to check every point in turn 
through the tube a t 1024 reads for prolonged periods of t ime. This may 
account for the r e l a t i v e freedom from blemish troubles which they report. 
They f e e l that the major improvement in tube operation i s to be obtained 
by having better focused guns wi th less de f l ec t ion distortion,, This f e e l ­
ing i s apparently strengthened by the fact that most any point on a tube 
may be made to operate at 1024 reads by adjusting the focus voltage. I 
was ab le to observe a tube which they had under t e s t at 1024 reads. No 
f a i l u r e s were produced in the center and two of the corners, but at the 
o ther two corners several errors were made. A s l ight change of focus v o l ­
tage removed these errors. 

They are using a 1 j isec . gate of about 18 volts for reading and/ 
or wr i t ing a dot; and a 2 u s e e , 28 volt gate for writing a dash. Since 
the gun is the 5UP and was being operated at 2,500 vo l t s , these gates would 
g ive currents in t h e range of 3 - 5 ^a. Although the charge used in sen­
s ing was admittedly a compromise between beBt readout and best digging 
of a dot "well", t h o y did not f e e l that the separation of these two func­
t i o n s , nor the p o s s i b l e use of se lec t ive w r i t e , was worth the added com-
p l e x i t y D The t o t a l operation time for a read or a regeneration was 6 2/3 
H»ec0 They mentioned that be t t er results were obtained when the def lec ­
t i o n array consisted of four interlaced 256 spot arrays rather than the 
s i n g l e 32 x 32, Thia seems t o be a rather neat way of doing i t . In t h i s 
way, a l l points immediately adjacent to a t e s t point are regenerated on 
an average of l e s s than 1024 counts . There was no further improvement in 
go ing to 16 arrays of 64 6pcts each, however, 

I got t h e impression that they were not completely happy with 
p r e s e n t l y available tubes for 1024 spot operation at a l i l regeneration 
r a t i o but felt confident that improved tubes would be avai lable and were 
a c t i v e l y engaged i n building a memory Bystera on t h i s b a s i s . 

I arrived at the University of I l l i n o i s about 5:30 p.m. on 
January 3, 1952, and visited u n t i l 8:00 p„m, I was with Professor Meagher 
for 1 l /? hours and Bpent the remainder of the time with Dr0 Kintner, who 
i s g o i n g to be i n charge of ORDVAC at the Aberdeen Proving Ground. During 
the t i m e I was t h e r e , ORDVAC was operating without any errors on a so= 
c a l l e d "leap-frog" routine which i s somewhat equivalent t o our t e s t program 
H E , wi th the program being advanced one point in the memory after some 
number of correct so lut ions . The program takes eight minutes to proceed 
through the ent ire 1024 points a f ter which a rero i s typed out i f there 
have been n̂  e r r o r s ; otherwise, a print out takes place which aids in 
t r o u b l e location,, The teletype input is a d e f i n i t e handicap and a PETR 
is g o i n g to be added to the second machine of the ORDVAC type being b u i l t 
by t h e University. This machine i s near completion except for the memory, 
and should be in operation by the end of the year c Williams' -typo memory 
is planned for t h i s machine a l s o 0 
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Although t h e need for programming to a v o i d spot i n t e r a c t i o n iB 
p r e e a n t , Professor Meagher f e l t t h i s t o be preferred over an i n c r e a s e in 
the r e g e n e r a t i o n r a t i o e i t h e r by t i m i n g or by decreased storage c a p a c i t y . 
The same f e e l i n g p r e v a i l e d here as a t ERA, that improved tubes would some-
flay remedy the s i t u a t i o n , , One i n t e r e s t i n g comment i n answer t o s p e c i f i c 
cjuet t i o n i n g was t h a t the dot amplitude on readouts was about 10/J l e s s when 
most o f the other s p o t s were dashes than when t h e y were dots 0 

A d i s c u s s i o n of the error frequency in s t o r a g e led t o the conc lu -
aions t h a t the two sys tems cannot be l o g i c a l l y compared s ince our expected 
r e l i a b i l i t y i s d e f i n e d on the b a s i s o f margins which t o them are non­
e x i s t e n t , and subsequent program alarms are not unequivoca l ly t . ,_ced t o 
s torage„ Before one i s even able t o quote error f i g u r e s of t h i s s o r t , i t 
seems t h a t something ak in t o our p a r i t y check i s needed,, 

At the p r e s e n t time my f e e l i n g on i n t e r a c t i o n e f f e c t s i n w-.-l iams' 
tubes i s that three d i s t i n c t mechanisms are p r e s e n t . F i r s t , t h e r©»! 
beam c u r r e n t , which s t r i k e s the e n t i r e surface whenever any po in t i s I 
barded, has the e f f e c t of f i l l i n g i n dot " w e l l s " , b o t h by r a i s i n g the 
average l e v e l around a w e l l and by reducing the w e l l depth wi th secondar ies 
from t h e area surrounding a w e l l . The evidence for t h i s e f f e c t i s the de­
t e r i o r a t e d dot readout when the r e s t o f the tube ho lds dashes,, Second, the 
e x p o n e n t i a l region o f the beam c o v e r s spots adjacent t o a t e s t s p o t with 
a much higher current than the r e s i d u a l currents However, i t s e f f e c t would 
6eem t o be the same^ F i n a l l y , the secondar ie s which are r e l e a s e d by the 
spot under t e s t are a b l e to f i l l a d j a c e n t w e l l s as they spread out in a 
r a d i a l s h e e t toward t h e th ird anode , This i s p a r t i c u l a r l y t r u e when the 
n e g a t i v e ring surrounding a w e l l has been l e v e l l e d o f f by the f i r B t two 
a g e n c i e s and only t h e p o s i t i v e w e l l remains. S u c c e s s f u l o p e r a t i o n i s ob~ 
t a i n e d when the GausBian region i s w e l l - f o c u s e d so t h a t the h igh-current 
d e n s i t i e s give r e l a t i v e l y deep w e l l s , which can t h e n accommodate more 
f i l l i n g before read ing out as a d a s h . However, i t would seem t h a t wi th 
5 ua. o u t of a 5UP gun a t 2,500 v o l t s and a throw of about 6" (3KP4) , 
one i s operating near the t h e o r e t i c a l maximum current d e n s i t y . On t h i s 
b a s i s t h e remaining improvements w i l l qu i t e p o s s i b l y come from a new gun 
des ign which cuts down the fr inge c u r r e n t s and in troduces l e s s d e f l e c t i o n 
d i s t o r t i o n . B l e m i s h e s , while coming i n for a good d e a l of d i s c u s s i o n , 
could c e r t a i n l y be e l i m i n a t e d i n p r o c e s s i n g or by choosing a d i f f e r e n t 
s torage surface m a t e r i a l » 

C. L. Gorderman 

CLCrrmc 
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