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Subjects COY MENTS ON THE IBM 701 CO'PUTER
' Date: November /, 1952
Tos J, W, Forraester
From: C. Corderman, N, Dagpgett, S, Dodd, R, lvereti, J, 0'Brien, N, Taylor

and R, von PBuelow,

Abstract: The above made a visit to IB'Y at Pourhkeensie October 13th trrough
15th for the nurpcse of studying and evaluating the 701 computer,
Thelr resulting observations (given at a meeting in H, Taylor's
office on October 16th) are presented in this memorandum,

(Note: Although J, Arnov and K, Olsen also made ithis trip, ther
were unable %o be at the mectinp; therefore no comments of theirs
are given).

J. M'Brien began the reeting with a report on the 701 magnetic tape
mechanism and added a few comments on the magnetie drum system a=d the tabulator,
as follows:

The magneiic tepe mechanism uses }-inch magnetic tape (acetate base)

in lengths up to about 1200 feet, The tape driving is accomplished by pinch
rollers pressing the tape apainst constantly rotating capstans. The tape speed
is 7% inches per second, There are two courter-rotating capstans, cne on each
side of the head assembly, There are also two ninch rollers and two eccentrically-
mounted non=rotating braks drume apainst which the tape may be pressed for stopping,
The motion of the pinch rollers is controlled through a mecranical linkage by a

b moving coil assembly, With the unit set ready to run in the forward direction,
the left~hand pinch roller is nressed apainst the left~hand brake, and the richt-
hand pinch roller is held a very small distance aray from the rirht-hand, or for=-
ward, drive capstan, Upon rcceiving a start sipnal, the left-hand roller is moved
away from the “rake and t e ripht-hand roller is nressed arainst the capstan, This
situation 1is vice versa for ready and starting in the reverse direction, The di=-
rection is controlled by a solenoid or relay vhich acts upon the pinch roller con~
trol 1inkare o as to shift the motion limits of the pinch rollers to the left or
right,
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The action timz of the pincherolier clutch is about 4 milliseconds;

1” however, the = acceleration of the tape produces a sudden stretching of
ﬁ&a tape which in turn preduee nselllatlen in the tape which requires from
N E o 4 milliseeconds te die oul, The total time alloited for sterting - with
:eruy factor = is 10 milliseconds, In order to reverss tho tape it must be
stopped, then the linkage chanzed, and then started agein, During our visit
one of the pino in the cluteh linkage fell out, thus disabling the unit, This
wae apparently the first %ime that this hec hapoened and it was soon fixed,

P The tensiun on the tepe is v a vecuum system, On both

i aldes of the head and drive assembly the *qnbor about 3 feot deep
2% inchesg wide and slightly thicker than tbs f tape, The bottom oi each
chzamber is connectzd ©o vacuum pump (1 rodified vacvum cleener motor and fan),
An the tape passes across the top of the chumber between the head-drive assenbly
to the take=up or s'ﬂﬂly recl, & loop of taua is drawn down inte the vacuum
chember, In the back side of each vacuwm chamber, or ecolumn, are two pressure-
sensitive diaphragns, one about a foet abeve the Qbher. The air preesure on

. these diaphragnms conirols dry-powder magnetic clutches connecting the reels

I i to drive motors and brokes, The diaphragms in & chamber control the ihree

clutches on the recl above the chambar
N

I botl disphregms sense almospheric
pressure, the take-up clutch is energized tc reduce the lerngth of tape in the
chember, If both diepirarma sense a partial vacuuz, then

the supply clutch is

to ineresse the lengtii of taps in the chamber, and i” the teop die-
zgsure end the lorer diaphragm is under wvacuum, then

=830

ed,

energized
phragm 1s at atmoapheric
the braks clutch 1s energiz

This simple cnenif servomechunism 13 capable of supplying cr taking
up tape ruch faster than 70 inches per sseond, and its action tlme is fast
enough so that tpe tape ncver gees more than about 3 inches above or below
the pair of sensing diaphregme, This take-un and supply system is definitely
over-designed for ths 701 epplicetion; it ie a design that was borrowed as is

from equipment that handles 3000-foot reels nipher speeds, The systen
¢ | worka very well; it produces the required tension with a minimum of guide
f pulleys and tape wear,

The head assembl; it consistis of seven heads each about
ﬂ 32 mils thick stacked togother o _th EPJCPT" and shielding botween them, This
hoad assembly allowz them to record seven ehannels ecross the Y-inch tapa, The
seventh channel is used as a parity, or redundansy, check or the information
"ncc”cod in the other eix channsls, The hcad hes a very smell wrap angle (about
2°)  end the radius of curvature of the head et tre gap is about 1/16 of an inch,
'he {apa suffers quite a bit of acceleratiop in roing around this corner and
porhaps some deformation, A spring=leaded felt pressure-pad ie uvsed to press
- the tepe against the head, The pad end the tape weay producing lint and snall
} acctate flakes, Twice we found errors due to lint on the oxlde elde of the

tape,
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arate both the
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tabulstor ¢
N, H, Taylor re wled that 2 study be made of the possible uses
and value of a tahalator

The tabulator
in operation than a
strating the ouipw

mprecsive device to watch f
be of more valve for demon=

Tha ol

sse are essentia
seordance with the
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“Bll E ,'51'("10

WhI reliabllity f
to 24 months ago; i
circuitry to bring

- 50 ftimes poorer than present
ite of devalovment is sirilar to that of VAl 1B
ut & year of ecntimuous polishing of thelr
to a porformance comnparable with Wil's,

ol o

ium oa keeping machine running as much of the
time as pos it available study and demonatration pur-
poses, This is accomplished zt the cost of a great deal of time that could be
ent on much=nesded engin g study, Only 4 to 8 hours & week are nov spent
i.l_': study for improvin tems 40 to &0 hours a week (of engineering :‘Ludy)

uld be needed to bring the machine to it: H. L}*r-tt reliability, As soon as
more than one system is available, IEN feel t this will be possible,

oa they

Epch part of the sys errors '.'h‘? c¢h seemed to rer‘ur at
1E=to=25=-ninute intervala, and
this, as far as 1 could ga
ut putting these buillding bl
I emphasis on the impor
roject seemed very consel
they are under constant ad

1 m th f‘l‘f r:s no hcr m‘*ion
n overall systen because of the

] chine rur T Engineers oa
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a report by C, Corderman on the 701 memorys:

3~inch Willians tubes, two of

in each of irty=oly olug-in memory drawers, Each
tmeats for each tubs, and onc adjustment which is common

variation of the grid bias snd
the timing between the read-out
ratae tube and is used to glve
justment which is common to
ain, The time required to in-
st=up time for two of the

g this edjustment process, the
seope, and all adjustmente are

» the two tubes, they are read
;i period, The read-outs from the
JoF fier the rcad-out has
1s vritten simultancously in
cration, only one tube wiil be
thet a1l the tubes are sensed at the

&andc

operated with its tester,
interval between errors

Theso ¢ OYrOrs were more or less evenly
sccurcad in a ginpgle tube and could be
which was more or less of a random

tub 't once end was not repeatabls,
1tion to the fact that they occurred in a

pe tsul--,, it was oven rore significant that

.,

different fron the one at which the "spill®
randon errors always occurred in the leoft-hand
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There wes & good r.rr reletion between two different opinions
pref@rred, both of which statad H..s.. ‘the scesptance rate of tubes to be
# of the Willlams tubes received,

used in the computer is in ‘d“.".‘ order
Hoot of the rejects were due to bleml 1 on the surfaces and tubes which
1 hole" erfect is the name given to

extibit the "mud hole" affect, Thie

the phenomenan which occurs when toc *ances to a dot in quick suce
cession cauge that dot to dissppear efer a short delay, When this occurs,
the spot no longer holdathe dot but reede out us a dash, This loes is at=
iributed to .’l".-ﬁut‘.-"::l conductivity of the phoaphor, ceused by repeated read-
cuts, “eople who are responsible for kecplng tubes in the computer seem

to feel that the rcrmu‘:! group does net have & 100% solution to the prob-
lem of how to handle this "muc hole" effect, They simply observe thet

gore tubes show it and rone do not, Sinece ebevt 25% of the tubes received
d> not show this effect and are otherwise nstisfectory, they are eligible

for use in the corputer, lo intensiva rescerch program to investigate the
caupes of this sffect is undermay, {illeanito phosphor shows thie efiect to
ch greater degroe than P5 phosphor, and the effect also varies with dif-
nt binders, No corralstions have been made with respect to the spet slze
as it might affect the amount of heat in the vielaity which is bombarded many
times, The engineers on the 701 have been szonavhat hampared by lack of
enough tubes which id : havo this "mud hole"” effect. They are now plan=
ning to increase produstion of 3=-inch Williams tubes at the factory to ap=-
proximately 50 tubes a duy, They : building experimental tubes with

a l-inch diameter acreon and heve in: 1 weveral cf these in the 701 for
short perlods, These tubes seem to have a lower read-around ratio than the

2=inch model,

They are aleo doing work on a redundant ty'ro of Williams menmory

syetem in which two tudes are operated wallel, one stoering dots, the

ayut 1
the other dashes for a givenm bit of inforne uiG" ﬁhe rend-out sipnals are

added algebralcally after one of them has basn inverted, J'l‘!”_{ feel this will
#ive the system reliability, independeni of "spill" and of bed spots, and
that they will be able to use tubes wh rreviously have been rajnc%od

for use in the 701, (Tha cost of the 3-inch tudes is $85),

In general, the memory m*rf""** %o be operating better than had
been anticipated; ""JY-CV(‘.‘ the possibility of :r'M[ !"it“l 1074 epots per
tuba seems to ."vn been abandoned, IBIl appears to be satiafied with 512

spots per tube for the 701 computer,

They run their "apill" tests with tha meocimum nmumber of repeti- ‘
tive reads which a tube can ever encounter ir somputer operation, Under
these conditions, their margins of cperation w 1'11|; appear to be consider=
ably narrower than we experiencoe here, FHowever, it nuset be realized that
we do not teat our tubes under the worst condi’ ,1.~ma which could ever be en~

countered, | ;r,'f_r\, AOOr
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¢ lered this clipping ¢ pointed out that to ob-
| 4 tain stabllity in W1 1t 1 don the philosophy of

only driving rrids te
order to obte

1d to drive grids well positive in
ing, In general, both thinlk’ that if the
ystem ware spent cn IBl'a, they would

fa hat this timo is n_j_ evall-
7 Tl » maching running and
e~to=investigate~trouble,
111 amount of time spent

e is due to IBHI admi
lable for demonstrat
ylor said he did
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whoreas we keep fairly extensive recw-
v kaep practically none,

N, Taylor said that, while he folt the 701's present reliability

r the conr 3 : 1wow, it was definitely not good
‘Dodd said that apparently,
roving substantially (as it
for demcnstration and train-

: were that tvbes must last more

i

I aylor fel
E. circuits, IBM would he
work harder and more steadlly

. goed reliabllity out of their
cuit englneers to make them

of trouble=location equipment,
ng the present phase of develop=-
shere errors are, (N, Taylor as-
iave built-in checks,) Presumably,
not present such a difficulty in
he 701's units are removabli
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feels, however, that while this
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ental machine,
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pa cularly nc ! oparation the computer on Monday morn-
of* September, and he felt
of yvear might be a partial
ess,” He said, hovwe
in the plug-in units
Ing sickneas" problem,
. found that the unit
by 1 be tracked down to
speared to occur because of
clanped into place, due to
~igid, In thedir production
unit, which bhas Hu'."‘,\ Shtect plug and
mnit from developing, The
t the troubles they encountered
n wits, and the modified pro-
in that they would solve this

%

observations were already
Following comments:

fairly irpressive, they don't
completely, after completing
lre plug=in unit or inter=-
.8 they have no evidence of
*Lous need for marginal check=-
; dossn't stop the machine,

» not only the voltage in

in the whlole computer and so
ure of thair diagnostic=program
re that he, too, folt their
hereome than ours, (See C,

=,
»
1 buttons, This clearly
: ost programs,
£ ble impression; this might
»y Test Computer,

¢ which are sgomewhat

on durdng programs, Thage
1 program, This seems to be
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