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Preface 

This brief history has been prepared to commemorate the occasion o f the 
twenty-firth an ni versary of the founding of the IBM San Jose Laboratories. It 
recalls the major technical. product and organizational events which portray the 
innovat ive spirit of IB M San Jose. 

It was not possible in this small volume to cover the entire 25 year San Jose 
history in appropriate detail. Chapters I th rough 6 concentrate on the formative 
years of the Laboratory. specifically from its birth in 1952 through 1958 when 
the notion of the removeable disk pack: was well establi shed . The tex t traces 
major product in novat ions . organizat ional highlights and personalities of those 
years in sufficient detail to provide new ge nerations of San Jose IBMers with 
some insight into their heritage and old-timers wi th a measure of nostalgia . 
Chapters 7 through 9 cover the later years in considerably less detail 

It was also im possible to cove r uniformly the large number of organizations 
resident in San Jose over this period. And some important members of the San 
Jose family are either missing or treated on ly lightly: DP Education, Patent 
Operat ions, Fie ld Engineering. and Product Test. for example. 

For obvious reasons there could not be an exhaustive attempt to mention all of 
the hundreds of individuals who have been involved. Yet the story cannot be 
told without mentioning many names. It is hoped that the reader will understand 
why the names of a large number of contributors do not appear. 
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Prologue 

Walnuts, prunes, apricots. Twenty-five years ago that's all th ere was o n the old 
Rancho Santa Tere sa at Monterey and Cott le Roads. where the IBM San Jose 
faci lities now stand . The "Valley of Heart's Delight" was mostly orchard then , 
and the city of San Jose a bustling market community where eve ry spring 
busloads of picnickers rode out on wee kend blossom tours. 

Industrial growt h ove r the past quarter cen tury has tra nsrormed the Santa Clara 
va lley from the " Pru ne Capit al of the World." as it was once unofficially know n, 
into "Silicon Valley:' one of the nation's most important electronics research and 
deve lopment centers. IBM has been an important cont ributor to this indust rial 
growth. The impetus for its con tribut ion came from the work of a small band of 
engineers who. in February 1952, came to work in a former printing plant at 99 
Notre Dame Ave nue in downtown San Jose. The ir product was random access 
disk storage. It is ra nked as one of the most signi fica nt contributions to modern 
data processing. 

What was the magic fo rmula a quarter of a century ago at Notre Dame A ve nue 
that gave birth to a deve lopment which filled a need so vital to data processi ng 
that it has spawned an indust ry recko ned today at seve ral billio n dollars 
annuall y? The narration will revea l that the enchan ted brew consisted of ma ny 
ingredients: unusua l circumsta nces, freedom to choose and to lea rn fro m 
mistakes, unusual personaliti es with the will to succeed. and a generous measure 
of good luck. 

But the story is also muc h more than this. fo r the de velopment of disk storage 
was by no means the outcome of a we ll-conce ived corporate plan. Rat her. it was 
the result of a percept ive management decision which recogni zed the need for 
innovatio n and established an envi ronment in which it could flou rish. 

A yo ung computer scient ist today can be forgiven for hold ing the op in ion that 
both the need for and the solution to large-scale random access storage were 
obvious back in 1952. They were nOI. and whal became a crusade by the San 
Jose group in pu rsu ing it was the result of a daring challenge thrust upon the 
colony of young engineers founded twenty-fivc years ago in San Jose. What they 
did. how they did it, and the major new indust ry that was crea ted by thosc that 
came later. is the story told in this volume. 



in New York. But large-scalc computers tcnded to be regarded a t that time as litt le 
mo re than curiosities. And so. when Remingto n Rand started manufact uring and se I­
ling UNIVAC'S, IBM found it sc lf(for the first time in it s history )i n a ga me of catch-up.) 

11)"'·1 responded to the UN IVAC challen ge by ini tiating the development of a 
magnetic drum computer in End icott. la ter to be announced as the 111M 650. And 
in Poughkee psie the work um.lerway on magne tic tape processing machines was 
expanded a nd redirect ed to the " Defense Calcu lator," so named because it was 
to be designed to meet the nat ional defense needs brough t on by the Korean 
War. Thi s was the first large-scale electronic compu te r man ufactured in any 
quantity by IBM , and made ils appearance as the 70 1 in 1952. ~ Anot he r national 
defense rel ated effort was started at the Watson Laboratories in New York by Byron 
Havens which result ed in the Naval Ordnance Research Computer INORO. 

6tH 

C /)C. 

The f irst IBM productiOIl lilll! ma­
chille 10 incorpoTOfe electron ics was 
fhe 603 Elecfrollic Multiplier. (111-

1I01lllcwi in 1946. followed ill 1948 
by Ihe 604 and iff 1949 by rhe CPC. 



These major new development efforts in electronic computers requ ired 1Bt-'t to 
initiate an ex tensive recruiting campaign. for up to this time the company's 
product designers were largely e lectro-mechanica l specialists: electron ics talcnt 
was scarce and resided primarily in the then relativel y young Poughkeeps ie 
Laboratory . There Ralph Palmer. Je rrier Haddad, Jim Frenekees, Byron Phelps 
and J im Williams had developed IBM's first e lectro nic ca lculator. the 604 in 1948. 
An e lectronic multiplier, the IBM 603. had been developcd in New York in 1946 
by Phelps. 

Nevertheless, IBM was then still large ly an EAM producer. Ovc r the yea rs 
competi tion had largely been from ledger ca rds and ledger post ing machines : IBM 
salesmen had battled for years to convi nce prospects of the effici ency of batch 
processing as opposed to direc t ledge r posti ng. The phrase "we are not wedded 
to the punched card" was often heard, but if it was not matrimony it was surely a 
rather intimate li aison, As the 1950's opened. tBM had 6.000 customers renting 
100,000 machines, and consuming 16 billio n punched ca rds annually . Beca use it 
was the nature of the punched card that a large quantity had to be accumulated 
before processing could be done effic ientl y. batch processing was the way of life 
for the " tab room"; few, if any, in the indus try perceived then that there would 
evc r be anyt hing else . 

Californ ia . Here We Come 

With the new emphasis on elect ronic compute rs. IBM found it sel f in need of still 
more engi neers with e lect ro nic dcsign backgro unds, and a la rge untapped sou rce 
appeared 10 bc in the West. Teams of rec ruit ers were thus dispatched to 
Ca lifornia. o nly to retu rn home consistent ly empty-handed. unable to convince 
prospects that they should give up the well- pu blicized advantages of California 
for li fe in New York . It appeared that IBM would have to go to them. 
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Chapier 2. Planting the Seed 

Thus it happened that in mid-Janua ry of 1952. W. Wall ace McDowell. IBM 
Director of Engineering, dropped in o n Reyno ld B. Johnson in his office at the 
End icott Laborato ry and presented him with a challenge thal he was confide nt 
would not be refused. " Rey," Johnson recalls McDowell say ing, .. the Company 
afte r much deliberation has decided to establish a small research labo ratory on 
the West Coast. fa r fro m home base. and I'd like yo u to head it up . It will be an 
assignment witho ut precedent in IB M." 

McDowell had apparently been concerned fo r some ti me that rapid growth and 
the heavy product commitments in Endicolt and Poughkeepsie wou ld Icave litt le 
room for the kind of dramati c. unex pec ted payoffs that could come from less 
direc ted research. Th is, along with the burgeoning of asigni fica nt compute r com­
munit y o n the West Coast that IIH .. t was havi ng diff icult y interfac ing, led to the 
logica l, though unprecedented . decision to try to establish an environment in 
California where it hoped to encourage more innova tion. 

As for choosing Johnson to head the new laboratory, McDowell has ex plained it 
this way: ., An y R & D is a gamble. but Rey Johnson had a reputation as a fa r-ou t 
thinker and many of us felt that someone like him would make someth ing happen 
that would pay real divide nds. It paid off. " 5 

Gambling on Re)' Johnson 

Rey Johnson's reputation as an innovato r went back to the early 1930 's, to the 
days when hc taught scie nce at the high school in Ironwood. a mini ng. lumberi ng 
and dairy communit y in the far northwest corner o f Michigan 's Upper PeninSUla. 
There he had been worki ng o n a scheme to relieve fellow teachers of the 
drudge ry of correcting mult i-choice examinatio ns by hand . The first model of 
this machine had been constructed by two student s sentenced to wo rk for 
Johnson in lieu of a punishme nt for stealing a radio from the schooL Johnson's 
mac hine was written up in the local news paper by his wife Bea (who was also a 
teacher) and the news gOl wide publicit y. Eventually it came to the atte ntion of 
G. W. Bae hne, IBM 's manager of institutional sales. 
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Under the encouragement of Benjamin Wood, then head of Columbia 
University's Bureau of Collegiate Educa tional Research , IBM engineers were 
working on a test sco rin g machine that turned the pages o f the test booklet. 
read ing the student's answers by photoelectric means. This approach proved 
cumbersome and costly . Johnson, however, had a si mpler machine which read a 
student' s recorded answers by sensing the conductivity of his pencil marks. By 
using a swamping resistor large enough to overwhe lm any differences in the 
resistance of marks left by different people , Johnson was able to use a standard 
ammeter to indicate the percentage of right and wrong answers. 

Baehne informed Wood of the new development. and Wood recommended that 
Johnson be invited to New York to explore the possibilities of proceeding with 
his work under IBM auspices. Johnson has commented o n the visit made 
during the summer of 1934. "After six weeks of conferences [I] was ca lled in to 
meet with a group of IB M executives who an no unced that they had come to the 
decision that my test scoring machine was an incomplete in ve ntion in which they 
had no further interest. .. . Fonunately for me, however, the next day Dr. Wood 
go t in touch with Mr. Watson, who was vacationing in Maine. and assured him 
that the invention under consideration was a sound one and that the inven to r 
who went along with it was probably worth investi ng in, too . Within a couple of 
days, IB~l decided to go ahead with the developmenl.. .. " b 

This somewhat unorthodox inaugural to Johnson's IBM career proved no 
hindrance. The 805 test sco ring machine was first marketed in 1937 and more 
than 1,000 were produced, some of which arc to this day busily outguessing 
students. His subsequent activities proved that Johnson was not a o ne-shot 
cont ributor. His invention record grew (by the lime of his retirement in 1971 he 
had more than eighty patents); he proved himself an effect ive manager, first as 
head of time clock development (then of commercial importance to IBM ), 
next as head of the team that deve loped the 021 printing keypunch (to which he 
contributed the basics of the wire matrix printer), and later as manage r of a 
number of wartime developmental projects. Furthermo re , his interest in finding 
ways to challenge the minds o f young people. starting back at Ironwood, rounded 
out the reputation that made him a re sponsible choice to head the new West 
Coast facility. 



Rcy Johnson. Pioneer Extraordina ry 

Reynold B. Johllso/l 

A gro up of "old -timers" met in May, 
1976 to conside r how the 25 th anni ­
versa ry might appropria te ly be ob­
served. The conve rsat ion ranged 
wide ly and many insightful comme nts 
from the tape tra nsc ripts have found 
their way into this tex t. With some 
mino r rest ruc turing the following 
seg ment of the conve rs.ilion is appro­
priatc here: 

LOll Slel'el1s: What do you su ppose 
it was that made the expe rimcnt at 
San Jose a winner where o thers 
fai led? I mean. il was mo re or less 
the vogue in those days fo r large 
tec hnica ll y- based companies to set up 
s mall groups of wha t we re pe rce ived 
to be highl y in ve ntive and competent 
individuals a t rl' motc loca tio ns .md to 
give them re latively free rein. All o f 
us can think of a ha lf-dozen exam ples 
right he re in Santa C lara Va lley, most 
of which have lo ng since di sa ppea red 
without a trace. Ye t o ur little ex pe ri ­
ment at Notre Dame A ven ue 
spa wned an industry tha t amOllnts 10 
seve ral billio n do llars annuall y. What 
was the c ru cial difference? 

Bill Goddard: Well. for o ne thing, 
we were we ll finun ecd. Al so, we were 
in the right business at the right time . 

John LYl1ou : Also, there's no doubt 
that Rey and you had asse mbled 
some excep ti onall y tale nt ed people 
who. altholl gh they were neve r to ld 
so in so man y words, knew tha t thc 
San Jose Lab was high ly expe nd able 
if it didn't produce. 

SI£'l'ells: But co uldn't all o f that he 
said of a ll the o ther cxperime nt s'! 

Raj' Bowdle: Yes. but t hey didn't 
havc Rey Johnson. Now th e re is a 
uniq ue persona lity with some so rt of 
ma gica l combination of pe rso nal 
c rea ti vity and unorthodox manage­
me nt techn iq ues, I remember his 
favo rit e joke which he liked to weave 
into his talks o f those days, Abo ut 
the two old fri ends who mee t o n the 
StR'l' t an d aft e r some chit-cha t Joe 
says to C harl ey, " By th e way, how's 
you r wife?"' and C ha rley responds 
"Compared to what?" Rcy liked th e 
slO ry because he ide nt ified with 
C harley . Neve r acce pt Ihings o n thei r 
face va lue, cve n a quest ion. 

Jack Harker: Reme mber allthosc 
crazy programs thut we laughed al in 
th ose da ys? They were in some Sl'/lSe 
an exte nsion of thc e nvironment that 
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Rey was able to crea te. Reme mber 
Ho ward Singhaus and the coherers? 
That project was a targct fo r lab 
jokes but rea ll y was not mo re gro­
tesque tha n the disk concept at the 
same time. We all laughed at the first 
disk array when we saw it in the flesh. 
Ca lled it the " baloney slice r". h jus t 
happe ned that the right inve ntors 
came alo ng at the righ t time for the 
disks. Rey had the knack. at a certa in 
po int in a pro ject. o f predicting 
whether o r not the right in ve ntion 
was in the ca rds. 

J im BeaumOIll : Another Johnson 
gi ft was a ge nius in the ass ignme nt o f 
people. Prior to coming to 18""t I had 
spen t two yea rs on exot ic ana log­
digi tal convert ers and si nce ADC work 
was going on at San Jose I naturally 
expected to be assigned to it. I couldn't 
have bee n mo re surprised when I fo und 
myself on electrostatic printing. In 
facl. I re mcmber remi ndi ng Rey o f my 
background and he said " That' s great. 
J im. You can be a consultant to the 
ADC project." And it really wo rk ed 
o ut belte r 

Goddard: Another remarkab le thing 
about Re y is that he never wrapped 
his arms aro un d, and clung to . ~I suc-

cess ful project. At the ve ry ve rge of 
success of the 305 . he re moved him­
se lf fro m its leadership and gave it 
away, 

S/el'ens: Well. you know why, do n' t 
you? Rey o ft en said that success is 
the mos t inhibiti ng thi ng 10 progress. 
If yo u ge t trapped in your own suc­
cess yo u tend jus t to keep o n doing 
what bro ught you the success. assum­
ing that li ghtni ng will strike aga in . 
Not man y people have that trait: the 
self-confidence. having ac hi eved a 
success. to wa lk away from it and 
start agai n. 

Wes DickinS01l : Could it all happen 
over agai n toda y in. say, a small town 
in Oregon? 

S/el'ells: No way in tOOay 's e nvi ro n­
ment. But wait a minu te. Wo uld Re y 
Johnso n be ava ilab le? 



Returning now to their 1952 meeting, it is easy to imagine Johnson leaning 
forward at his desk, chin so characteristica lly resting in hand , and not fully 
believing the words he was hearing from McDowell, which were to the following 
effect: " If you take this jo b. Rey. I shou ld warn you that you're not going to get 
much guidance from me o r anyone else. You will do your own recruiting and we 
want you to hold the laboratory to abo ut fifty people. You can take one or two 
assistants with you to help you se t up shop, but otherwise you will find your 
talent o n the West Coast. What will you work on? Well , on technologies that 
we're not pursuing back here. I'd be willing to suggest that no n-impact printing 
should be one of them. Also , you know Ihat Bill Reid ( special engineering 
products) has been asked to look into analog data reduction and I think that, say, 
fift y per cent of you r effort could be mutually agreed 10 between you and him. 
Otherwise, you'd be on your own. Well, how does it strike you?" 

Re plying that it was quite a challenge to toss o ut without warning, Johnson asked 
when and where he would start. " Well , as a matter of fact , we've already 
considered a number of West Coast cities and have narrowed it down to the 
vicinity of San Jose. Main reason is that we already have a card plant there, as 
you know, and Roger Williams has managed to establish an exce llent reputation 
for us in the cit y. You' ll find him a big help. by the way. Ken McKenzie has 
already been out to su rvey potential sites within San Jose. Now as to when you 
go, this is Friday. How about Monday? You see, we have an option on an 
exist ing building that Ken believes is the most promising temporary home for the 
labo ratory, but it runs o ut in two weeks. I'd like for you to have the final say in 
the site se lection. Rey, I gather that you 're accepting the assignment. It 's goi ng 
to be a tough o ne and I'm sure you will appreciate that the company cannot carry 
the experiment indefinitely without reaping some concrete benefit. My parting 
advice to you is, don't get yourse lf into the positio n of the credit manager who 
got himsel f fired because he had no bad debts." Replied Johnson, "Wally, will 
you have dinner with Bea and me tonight? Your selling job is o nly half done." 
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Setting Up Shop at 99 Notre Dame 

McDowell's second selling job was obviously not too difficult because the 
followin g week found Johnson, James Hood, Harold Martin and William Reid 
meeting in Roger Williams' office in the former laundry bui lding on 16th SHeet, 
which had been converted to a card manufacturing plant during World War II . 
Hood and Martin , both from Endicott, were Johnson's chosen assistants, Hood 
because of his established capability in labora tory administ ration and Martin, a 
recent California Institute of Technology graduat e and already a member of 
Johnson's stafr. because of his familiarity with both California and science. Reid 
had been assigned to assist when he could in the early weeks. The quartet again 
went over all the proposed sites, visited the most promising, and wound up 
signing a five -year lease on an old stuccoed cement-block building at 99 Notre 
Dame Avenue that had previously been occupied by a printing establ ishment. 
Renovation began on February 1. 1952. 9 

The San Jose Mercury for that day devoted onl y a few short paragraphs to the 
event, no ti ng that Johnson would reveal only that work at the new lab "will be 
devoted to advanced research and development work required o n future IBM 
machines ." News that 1 ,047 aircraft had been lost to date in Korea: that San 
Jose was drying out from a long drenching rain that had caused unprecedented 
flooding; and that Elizabeth Taylor announced her engagement to Michael 
Wilding, all received bigger play. 

The first home of IBM engineers in 
Ihe Sonia Clara Valley was this 
building 01 99 Notre Dame Avenue. 
across Ihe street from the Rosicru ­
Cian Press and next door to Ihe De­
partmenl of M alar Vehicles bllilding. 
The building still stands. It re­
mained an IBM location until J 968. 
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Th is recru iting notice appeared in 
several West Coos/ newspapers in 
February, 1952. II drew O\'er 400 
responses. 

One of C. Northcote Parkinson's coroll aries is that an organization adequately 
housed is already obsolete. Ninety-nine Notre Dame admirably shielded the 
you ng group from thi s hazard. Drafty in winter, so hot in summer Ihal a 
sprink li ng system was installed on the roof in a vain attempt at evaporati ve 
cooling, the structure offe red little in the way of comfort and nothing a t all of 
luxury. Yet many of its inhabitants will still tell you that their most enjoyable 
working days were spent at 99 Notre Dame Avenue. 10 

As the building remodeling proceeded, an adve rtisement appea red in a ll major 
West Coast newspapers announcing the new laboratory and soliciting 
applications. Several hundred responses were received and in mid· February 
Lou is D. Stevens, a member of the Defense Calculator design crew at Pough· 
keepsie, was bro ught out temporarily to assist with the interviewing and re turned 
in Mayas Johnson's technical assistant. In the light or today's practices, 
old·t imers a re inclined to marve l at the fact that they we re for the most part hired 
on the basis of a single interview, and it is a mo nument to the judgment of the 
inte rviewe rs that so few disa ppointments were brought aboard. Of the first 
year's new employees (see Appendix A) . only a handful had previous digital 
computer ex pe rience. It is striking that ove r 50 percent of the surviving original 
cadre are still assoc iated with IBM either as retirees or employed with the company. 

Johnson laid down three principles to guide the ncw arrivals: 

It is essential th at each engi neer be familiar with the purpose, function and 
envi ronment of the machine or machi ne component on wh ich he is working to 
the degree that his work affects the pro per performance of the function in the 
ultimate environment. (To this end it was an early pract ice to in vite guest 
lectures by IBM customers. salesmen and executives . who were asked to 
emphasize the shortcomings of the product line as it ex isted. rat her than to 
extoll the virtues. ) 
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• It is the respo nsi bility of eve ry engineer to be conve rsant with a ll other 
projects going o n in the labo ratory. 

It is your most import ant assignment in this laboratory to give assistance, in 
the fo rm of consulta tion, experimentatio n or suggestions, when you are asked 
to by anot her engineer: and the second most impo rtant is that of carryi ng 
forward the project to which you are assigned. 

Perhaps such principles wh ich lead to cross-fertilizatio n are not as likely to be 
practica l in a large laboratory, but to the small group at 99 Notre Dame these 
principles we re intended to be taken se riously. The result was a close-knit 
coopera tive operation so free of rancor that it is diff icult to write about today 
without appearin g either addle pated or maw ki sh. 

At any rate. by July 1952, a reaso nably smoothly functioning organ iza tio n of 
some th irty people had embarked o n a num ber of projects. with each engineer 
normally worki ng concurrentl y o n more than one. Many, o f course, such as the 
coherc r research. tape-actuated binary account ing machine, and others. we re 
termi na ted without eve r havi ng any impact on the product li ne. 

P(lrticipWIIS ill /he opelling seuioll of Ihe education progmm (II/he San Jose 
L(lOOm/ory. December J 9. J 952. (See lisl a/ righl) 

Fronl Row. L -R 
Hal Martin 
Rey JohnsOIl 
Hal Woolf (Dis/riel Manager) 
Bill Needham 
Jim Hood 

2nd Row 
Harry Wisdom 
Joe Price 
AI Lulus 
Frank Maurer 
Jack Harker 
Anila S lI lIil'an 

Jrd Row 
Bill Holman 
Hale Zimmerman 
David Kean 
Dean Hodges 
John Lynott 
Paul Pecchinino 
Gloria Doolillie 

41h Row 
Warren Christopherson 
Lou S tevens 
John Haanslra 
Len Myers 
Lloyd Allen 
Ray Bo'Ndle 

51h Row 
Bill Maron 
Doug Delh/efson 
Bill Crooks 
Jim Welch 
Victor Westerfield 
Jake Hagopian 



A Few That Never Made II 

Coherer Storage: A loosely packed 
mass of conductive particles placed 
between two electrodes presen ts a 
high impedance to low voltages, but 
becomes highly conductive whe n a 
threshold voltage is passed and re­
mains in this state until physically 
disturbed . Coherers we re thought to 
be potentially useful as memory ele­
ments in certain EAM applicalions. 

Tape Actuated Binary Accounting 
Machine: This machine made use of 
type elements attached to a stee l tape 
that travelled through an intricate 
system of rollers. In response to a 
binary input code representing the 
character to be printed. the tape 
wo uld move the desired type clement 
before a hammer which would then 
strike it , leaving an impression on a 
sheet of paper. A similar principle 
was used in the Printer Plou er, a 
device which was intended to print 
with high precision (at 600 per min­
ute) any character or symbol random­
ly at any location on a sheet of paper. 
Both developments suffered from the 
dimensionaJ instability of the steel 
tape under varying stresses and temp­
eratures. 

Passivity Phenomenon S torage and 
Switching: This pro jec t was an at­
tempt at duplicating "some of the 
work of R. S. Lilly as described in 
'The Passive Iron Model of Proto­
plasmic and Nervous Transmission 
and its Physiological Analogues,' 
Biology Re~'iews 11:1 8 1-209." 
However, the final report noted that 
the state of art was not sufficientl y 
developed fo r practical use, and that 
"problems of renewal of iron wire in 
nitric acid do not appear easily soluble." 

Plate model of rhe binary aclllaled 
accounting machine mechanism. 
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Sententia l Calculus Machine : This 
was a relay device for performin g 
purely logical operations. It s purpose 
was to examine the logical relation­
shjps that ex ist be tween given noo­
numerical information, and it could 
be programmed to determine whether 
o ne class of such information was a 
logical consequence of some other 
given information. This intrigu ing 
device, with its clacking relays and 
flashing lights. proved something of 
an embarrassment. since visiting dig­
nit aries sometimes took it to be a 
much more significant development 
that it actually was; they envisioned it 
as virtually the route to solution of 
upper ma nagemen t problems. a cure 
for international strife . and the path­
way to the mean ing of life. 

Electrostatic-Dielec1ric Memory: 
This was a metal disk wit h a thin 
sheet of dielectric cemented to it, 
above which was placed a set of writ­
ing. reading and erasing electrodes. 
Charged spots on the dielectric could 
be written with a pulse of voltage and 
read out through the non-contact 
reading electrodes while the disk 
rotated at 1,200 rpm. (Note the in­
te rest in the disk configura tion as 
early as June 1952.) 

Non-mechanical Prillting: 
McDowell's suggest io n that non­
mechanical printing might be a 
wort hwhile pursuit for the new labo­
ratory was picked up in two forms. 
One was based on the use of specia l 
electrolytic pape r of the kind then 
commonly used in plotting instru­
ments such as the electroca rdiograph . 
Because of the need for specially 
treated paper and its ge nerally poor 
resolution. this approach did not last 
lo ng. 

A more significan t program under the 
direct ion of James Beaumont em-
ployed the then primit ive electrostatic 
or xerographic princip les, a technolo-
gy which had been of interest to 
Johnson for some time. Xerographic 
plates were exposed to the light ema­
nati ng from a ca thode ray tube. 
Eventually a complete printer com­
prising most of the essential elements 
(character ge nera tion. electrostatic 
plate, automat ic transfer to paper, 
thermal fixin g). though possessing 
little of the re fi nement and perform­
ance req uired for a product. was com­
pleted before the project was tra nsferred 
to Endicott in early 1953 . 

LaboralOry selUp of some early 
componenrry for (he floll-mechanical 
prinrer project. 



Data Reduction alld Source Recording 

For se ve ra l months the main effort at 99 Notre Dame was a n invest iga tion of 
systems fo r automatica lly conve rting ana log electri ca l signals from se nsors used 
in wind tunnels a nd ot her applica tions into a fo rm that could be operated upon 
by IBM 's standard equipme nt . punched cards. This was done under the San Jose 
Laboratory's charter obligations to Bill Re id . But when Douglas Aircraft 
accepted a proposal for the automatic reduction of data from its wind tunne l. the 
effo rt became something more than a paper study. Altho ugh the task did not 
e ncompass the actual design of the sensors themselves it was, of course, 
necessary to unde rstand their idiosyncracies in some detail in order to design an 
overall syste m to accommodate them. Analog- to-digita l conve rter projects 
flowered in many corners of the laboratory and. to back them up. there were a 
number of low-leve l switching and d irec t-curre nt ampl ifier projec ts. Even a few 
alternat ives to the punched card were looked at. One in parti cul ar was called 
" mic ro-hole reco rding" and consisted of pierci ng paper tape wi th a 
high-voltage arc. 

The m/eteria doubled (u a class room. IIuerior 0/ the original seClion o/Ihe 
bllildillg al 99 NOIre Dame. NOfe 
/he clock. (If ,"m rime {lll IHM produci. 
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However, a project entitled "Source Recording" was destined to have the most 
pervasive consequences for the San Jose Laboratory, and indeed for IBM and the 
data processing industry. Source Recording was define d as encompassing "all 
processes which take alphanumeric data from any source and transcribe it in a 
way so that the resulting document may be handled by machine methods." The 
punched card was such a document. 

Initiall y consideration was given to eliminating the cards altogether, but then the 
definition was narrowed to mean either minimizing or eliminating the key 
punching task itself. As this process was studied in detail it became apparent that 
a very large proportion of the data that had to be entered onto transaction cards 
was not new information but , rather, relatively unchanging data that ex isted in. 
and had somehow to be extracted from. the user's own files. In order to simplify 
the transfe r of this sort of information to transac tion cards, the industry had 
invented the " tub file," to be described further in the next chapter. Tub file s 
were awkward and cos tly adjuncts to machine accounting and so the goa l of Source 
Recording gradually switched to, first , the mechaniza tion of the tub file and , later 
on, its replacement. It was this search. commencing in the fall of 1952, that 
would lead to the invention of the random access disk memory (or RAMAC I I as 
Jerrier Haddad labe led it) and the subsequent reshaping of the computer industry. 



Chapter 3. Wild Ducks Amongst the Orchards 

In orde r to see what actually led to the RAMAC. it is necessary to step back in 
time a bit. and elaborate o n machine accounting as it existed at mid-century. The 
introduction of the punch card o bviously held profound implications for the way 
in which accountants went about their business. but there were other conse­
quences that were not so obvious, at least not to the outsider. One of these is 
implicit in the term batch processing. 

As a vehicle for this explanation. and because it occupies a crucial place in the 
RAMAC histo ry. consider the classic problem of in ve ntory control in. for example. 
a large wholesale house with many customers and thousands of ca talog items 
received from hundreds of suppliers. What did the wholesaler do with his IBM 
equipment when a customer order came in for, say. 500 pairs of black shoes and 
200 pairs of brown, in various sizes and sty les? He did not simply punch the item 
and customer numbers in to a keyboard . se lect the customer order rout ine, and sit 
back while the machine performed the myriad tasks that such a transaction 
entails. Rather, he punched into a card the item numbers for size. e tc., the 
quantities of each, the customer number , shipping instructions, and so on. Then 
he would lay the card aside until he had accumulated a " batch" large enough to 
permit an economical sorting run . After sorting he would have to make coll ating 
runs against his entire master file of customers and his entire master file of 
commodities. etc., in order to ex tract from them the unchanging information 
necessary to submit to the tabu lat ing machines so that they could make up the 
required shipping room instructions, packing slips. invoices. shipping labels and 
bills of lading. And what if the batch contained orders for more pairs of Style 
4A2, size 9C shoes than were in stock? Well. things got fairly complicated. 

This general problem came in fo r considerable discussion at 99 Notre Dame, 
particularly as it focused on the billing and inventory control operations of the 
Zellerbach Paper Company.12 Zellerbach. and some other enterprising 
businesses, recognized that they needed random access (although they did not 
call it that) to their master fi les. As a result , they had resorted to what became 
known forthrightly as the " tub file." Tub files were very large rectangular trays 
containing master cards (or commonly seveT31 copies of each) arrayed in 
sequence (by customer number, item number. or whatever). In a typical 
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operation, clerks would search the tubs and pick out cards containing the needed 
customer and item order information. From these it was possible to go direcLly to 
the tab room and produce the needed documents. Thus the tub file offered a 
crude approach to direct access in-line processing at the ex pense of an incredible 
amount of clerica l effort involved in servicing the master files. 

A Crusade for Tub File Alltomalion 

This sketch showing a "tub file" 
operation of the / 950's era .. is from 
an illustration in the Techn ical Re­
port Proposal for a Source Record­
;'18 System by Arthur J. Critchlow, 
dated February 2, 1953. The artist 
was James Welsh. 

The introduction of magnet ic tape-based elect ro nic data processing machines in 
the early 1950's made very high-speed sorting and collating feasible. although 
being sequential it represented a step in the opposite direct ion from random 
access. Meanwhile, there were individuals who were determined to automate the 
tub files. Notable among them was Ed Perkins. special representative in the IBM 
San Francisco branch office, who had devoted much of his life to a crusade for 
such automation . 

Perkins first came to the San Jose Laboratory as a guest speaker at one of the 
frequent lecture sessions held in the cafeteria. He soon became a regular visitor 
to the Laboratory, wheedling and cajoling until his message was thoroughly 
understood. He arranged visits for the engineers to witness for themselves the 
horrors of tub rile operations on the premises of important San Francisco 
customers; his enthusiasm caught on. It can truly be said that it was Perkins 
more than any other individual who opened the eyes of key San Jose engineers to 
the systems significance of automating the tub file. 



Ed Perkins, a special represe fllal;W! 
in Ihe Sa" Fra"cisco branch 
office. was a f requelll ";sitor in 
lite laboralOry, 

But how does one go abou t doing this? Quite nat urally, the firsl inclinatio n is to 
follow the task description literally and devise a mechanical hand to reach down 
into the massive box and pluck oul the desired ca rds. Although this app roach 
never got beyond the talking stage , it was considered. 13 When. in September. 
1952. Arthur Critchlow was specifically assigned to lead the Source Recording 
project he stated the problem as follows: " The problem of reducing the need for 
punching cards from keyboard controlled card punches .... is acute. Means are 
requi red to reduce the cost by using machine methods of punching ca rds directly 
from data being handled. I am 10 study the forms in which informat ion is now 
being made available to key punch operators and endeavor to determine means of 
supplying inform ation in bette r form ." It is intriguing that despite thi s initial 
description of the project Critchlow would act ually turn to transferring the fi xed 
data from Ihe rub file 10 the tra nsaction cards. This shift undoubtedly 
represented his early realization. under Perkins' influence , that the major 
stumbling block was not the keying of source informat ion but , rat her, the transfer 
to transaction cards of the relatively stable file information. 

Idenlifying the Goal 

Oul of all the debates Ihat thus swirled about the problems of tub files in ge neral 
and Source Recording in particul ar. it became clear that some type of magnetic 
recording device permitting random access would be required. Years later 
Johnson would caU the decision to experiment along these lines one of the best 
he ever made. 

Precisely what kind of device this might be. however. was not at an obvious. 
Besides the punch card there we re then three principal means of storing 
information: magnetic tape reels. core arrays and drums. Each of these had 
se rious drawbacks. Cores, for instance, permitted rapid random access but were 
expensive: drums, with their low surface-to-volume rat io, were also expensive , 
although less so than cores. 

If the problem of " tub file au tomation" had been formulated (which it was not) 
in terms of providing a randomly accessible medi um with a surface/ volume ratio 
much higher than that of drums. relatively straightforward though t would have 
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led either to the disk geometry or to strips o f magnetic tapes, depending on the 
engineering problems envisaged and the access times sought. However, there 
was o ne glaringly obvio us problem with the disk approach: how to maintain the 
necessarily minute spacing betwee n the recording head and the surface (typically 
1/ 1,000 o f an inch) . Ample experience with compliant reeled tapes had shown 
that the medium and head could be o perated in co ntact with one another witho ut 
excessive wear of either, but this could not be expected of rigid media. 

Sometime in mid- 1952, McDowell had been approached by Ward Beman, 
President of the Telecomputing Corporation, a company that was marketing a 
digital x-y plolling device. It had occurred to Beman that if the plotting head of 
his company's product were to be replaced by a plucking mechanism, it might 
provide random access to bins of magnetically recorded tape strips, 14 McDowell 

. arranged for IBM support of this work and assigned Johnson Lo mo nitor the contract. 

Critchlow, meanwhile, had been working on a variety of alternate proposals for 
automating tub files. By November, 1952, they had narrowed down to two. One 
of these was an endless belt with (master) cards attached to provide the operator 
with a visual selectio n of the desired card, and a readout at which the desired 
card was "electrostatically photographed." The " photograph" was then read 
with electrical sens ing into a (new) punched card . Perkins favored this idea 
because o f the visual selection feature. a principle he strongly advocated at this 
time. The second contender had first been suggested by Johnson; it was a matrix 
of parallel vertical wire!), each one foot long. with a card 's worth of information 
recorded magnetically (remember the audio wire recorder was still on the market 
in those days). This was similar to the Telecompuling idea. except that wires had 
replaced tapes. 

Outside 18M, Jacob Rabinow of the National Bureau of Standards had described 
a "notched disk memory array in which each disk was rotated independently." 7 
His paper circulated around the San Jose Laboratory and appears to have given 
rise to the idea of stacking several magnetically-recorded disks alo ng a 
continuously rotating shaft. each disk containing a number of concenlricaUy­
recorded tracks. An access mechanism capable of tra nsporting a 
read/ write head to the proper track o n the proper disk was also conceived. 



... ... - ' .. ,- -~ .. -
This lampoon of the disk idea quot­
ing a poplliar song of the day ap­
peared on the Laboratory blllletin 
board one morning and reflected 
substantial group opin ion. 

Betting on Disks 

Johnson later noted. "Every con figurat ion that an ingenious staff could think up 
was investigated. including magnetic cards, plates, strips. bands. wires, disks and 
rods." However, the disk geometry offered two major advantages not readily 
offered by any of the others: data were continuously available (so that one 
character per revolution of the disk could be read out to a ca rd punch), and the 
geomet ry would permit multiple access to the same info rmat ion (i.e., several 
access mechanisms could be arranged aro und the disk stack) . These advantages 
were so appealing that after the usual long debating session Johnson decided , in 
mid-January 1953. to go with disks. A work order for that month reads: 
" Magnetic Disks have been se lected as the best medium for the Random Access 
Memory to be used for File Mai ntena nce. Disks will revolve continuously at 16 
r.p.s. so that any of 200 columns of a record may be read ou t in any sequence. 
from any o f 20,000 records ... " On Febru ary 2, Critchlow postulated objectives 
for a disk storage configuration which did not miss the final rigures by a great deal.15 

Was the disk decision a popular one wit h Laboratory personnel? Hardly . Very 
few of those then aboard can look back on those days and declare " I was a 
believer. " Jack Harker recaUs advising Johnson that he was backing a 
mechanical folly; the popular nomenclature for the disk array was "the baloney 
slicer;" depreca ting cartoons appeared on bulletin boa rds. 

To appreciate why the decision was unpopular, consider the state of the art of 
digital magnetic recordin g at the time. The most nearly analogous geometry was 
the drum. Although the ratio of available recording area to volume occupied was 
very low. drums had the advan tage that they could be made structurally rigid and 
stable even at hjgh speeds. The magnetic recording elements. therefore. could 
easily be kept close to the surface by relatively simple mechanical supports. 
Disks. however, were a n altogether different matter. It was not reasonable to 
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expect that the periphery of a di sk of large diameter/ thickness ratio cou ld 
consistently provide anything like that sort of stability . Runouts (wobble) of as 
much as o ne-tenth o f an inch were observed in carefully assembled laboratory 
models of disk arrays. How could one possibly maintain close head-to-surface 
spacings under such conditio ns? Indeed the problem--which would sometimes be 
described to non-engi nee rs as roughl y equivalent to trying to keep a large 
airplane fl ying within a few feet o f the ground--seemed so awesome that the disk 
decision was temporari ly set aside and alternatives reexamined. 

In such an environment it must be recorded as a most courageous decision on 
Johnson's part to return to the disk configuratio n on April 14 . 1953. a decision 
that would stand from that time forward. Although there is no record of 
precisely what led to this reaffirming or disks, it was very likely the result or two 
things. The fi rst was simply Johnson's great confidence that some ve ry 
rormidable technical problems would yet be resolved. The second was that he 
had people available to tackle the assignment. 

The Air Force Reqllesis an invenlory Control Sysrem 

During this period the concept of literally automating the tub file had clearly 
given way to o ne of replacing the function altogether. Yet the general idea was 
still that the di sk memory would be part of a " File-to-Card-Machi ne." Basically, 
inrormation was to be stored in the random access memory from master card 
input and ret rieved by addressing the stored information with a loca tion number, 
the output appearing as a reproductio n of the o riginal master card. produced on a 
modified 026 key punch. Conceptuall y it was an automated tub file. A prime 
motivator toward a more ambitious concept soon appeared in the form of a 
request for a proposal to provide an inve ntory control system for U.S. Air Force 
base supply. Such a system. called Mate rial In ventory Flow Device (M IFD). 
would require a ve ry-large-capacity randomly accessible memory not unlike what 
was being conside red . In addition, however, it would require informatio n 
processing capability. John Haanstra and some of the Laboratory's systems 
people we re assigned to respond 10 the Air Force request, and a proposal was 
submitted on April I. 1953. Even Rey Johnson's confidence in the disk 



J. w. H aallSfra. 

Those whose lives he touched will 
always remember this man of genius. 
He might have become a great teach­
er. He had the personality and char­
isma to be a successful salesman or a 
statesman. He had that unusual array 
of talents tha t would have assured hi s 
success in almost any undertaking, a 
true ge nerali st. But John Wilson 
Haanstra chose to become an engi­
neer. Here is an excerpt from an 
article "Sunlight, Roses and Jukebox 
Genius" which appeared over his 
name in the April 21 , 1956 issue of 
Saturday Review: 

"or course. I am happy to belong to 
the engineeri ng group that is perfect­
ing what I believe will be the 'brain ' 
of the automatic office of the future . 
r am proud to be among those who 
have developed what is popul arly 
called ' the jukebox memory' . which 
files away 5.000.000 bits (sic) of 
informatio n at a lime on disks like 
pho nograph records. I enjoy the 
sense of living on the frontier of 
knowledge, sharing ideas with mem­
bers of the more than rifty technical 
and learned societies that are active 
here. But I would be something less 
than truthful if I did not confess that 

my greatest pleasure comes from the 
almost perfect climate (of Santa 
Clara Valley)." 

Lronica lly . less tha n two years after 
this article appeared. John found 
himself in White Plains , N. Y. as 
assistant manager of product develop­
ment for the Data Processing Divi­
sion. His abilities were too great to 
permit him to remain to enjoy the 
climate. and he never returned to live 
here. 

John liked winning and winners. He 
was an unabashed Yankee rooter in 
the days when Yankee-rooting was 
anathema. He was a company man 
and revelled in the strategies of upper 
management. He rose to become the 
President of Systems Deve lopment 
Division in 1965 and the attitudes 
and visions that were instilled in him 
in San Jose indeli bly stamped IBM 
product philosophies over the years. 

His ca recr came to a tragic end in 
1969 when the priva tc plane he was 
pi loting crashcd on the hi gh plai ns 
near Cline's Corner, New Mexico. 
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configuration was still not sufficiently high, and to satisry the random access 
memory requirements or MIFO a complex of ten magnetic drums, each capable of 
storing 3,200 twenty-decimal digit records was recommended. An appe ndix to 
the proposal suggested that at a later time the drums might be replaced by either 
magnetic disks, magnetic plates or magnet ic tape loops. 

There was to be one final see-saw in the disk debate, however, and by May 25 
Johnson's raith had risen to the extent that he felt willing to commit himse l£ to a 
change in the MI FD proposal, replacing drums with disks. "The problems 
involved in a Magnetic Disk Random Access Storage have been identified," he 
wrote to McDowell , "and a program is well under way to find a solutio n .... It is 
the considered opinion of the responsible engineers concerned that the 
engineering problems associated with the development of a (disk storage device) 
are no more formidable than those assoc iated with the use of 10 drums." 

What had happened to raise Johnson's confidence? Two very crude experiments 
that apparently alleviated any conce rn , on his parL at least, over whether or no L a 
disk array would actuall y work. The first of these merely involved putting 125 
two-foot disks on a shaft and finding that they could be run smoothly by a motor 
without drawing excessive power, and that a person could place his finger on a 
disk and follow it as it turned. The second experiment involved proving the 
concept of the air bearing to support the magnetic head, the accou nt of which 
wiU be found in Chapter 4. 

In retrospect, it is probably a blessing that the Air Force selected another 
contractor for the MI FD, fo r it seems inevitable that the task would have 
completely engulfed the (by then) sevent y-man laboratory and severely affected 
the work on what has turned o ut to be a vastly more significant development. 
But the MIFD proposal erfort did bring home that there were immediate problems 
in the real world for which the laboratory had a potentia l solution. It also set in 
motion the thinking that led to the notion that the disk storage device might 
become the center of something vastly more powerful than an automated tub file. 
In particular, the vision of the modern time-shared teleprocessing system thai 
John W. Haanstra gained through his MIFD experience went on to permeate the 
entire IBM product linc. 

There was a question of the feasibil· 
ity of rotating a large number of 
disks mounted on a shaft. Almost 
the first thing that was done after 
the disk idea gained serious consider· 
ation was to assemble a model, as 
shown. 



Chapter 4. Evolution of a Concept 

When the dec ision to concentrate o n di sks was reaffirmed in Ap ri l 1953. the 
fl edgli ng San Jose Rese~ rch and Engineerin g Laboratory had on its hands a 
fragil e infant with a stagge ring asso rtment of birth defects. In those days product 
planning for the compan y was concentrat ed at 10M World Headq uarlers. and it 
was an un orthodox reversal o f rol es for engineers to define new product 
oppo rtunities in thc way C rit chlow. for instance. had do ne by specif ying desi gn 
objecti ves fo r a disk me mory. Johnson says o f this pe riod , "The prac ti ce of 
ha vi ng engineers ass ume the initiative fo r iden ti fy ing the problems fo r research 
progra ms was the subject of many discussions in the mo nt hs that followed ." 

The Disk Projecr Gers Off rhe Groulld 

With the Apri l 14 decision to aba ndo n all competiti ve tech nologies a nd 
concentrate on the di sk configura tion. the projec t reall y got off the ground . 
William A, Godda rd was put in charge of developing a file mode l. and he was 
assis ted by D. D. Johnson, J . J . Lynott , G . Hotham .u1d Warre n Go nder. Edward 
Ouade and his group we re asked to design a magnetic rcad/ writ e e le ment that in 
order to fit betwecn closely-spaced disks eQuId be no more than o nc- tenth of an 
inch hi gh. The magnetic recording aspects were assigned to I-I aa nslra and Alto n 
E. Ewing; David W. Kean bega n the design of the File-(Q-Card machine and 
another group headed b y HaanSlra 16. undertook a more serio us investiga tion or 
the ex tended systems illl plic'ltio ns of large-cap.lcil y random 'Iccess memo ry . 

If any single contribut io n was the key to success . th e idea or main tai ning 
essentiall y consta nt spacing be tween the magnetic c leme nts and the badly 
wobbling di sk by means of air lu bricati on must be accorded tha t rankin g. A 
successful product could not have been built wi thout il. 

Recalls Goddard : "There was no 'eureka' ex perience when I learned of the 
head/ disk problem ; a ir bearin g was just the on ly way to do it. In linc with the 
laboratory phi losophy that eaeh e ngineer should be concerned with the tota lit y of 
laboratory problems. I drew up a sketch of a simple air head and submitted it to 
the group concerned. But the idea was not pushed ." However. on May 4, aher 
he had become project leader . Goddard handcd ano ther sketch or the idea to 
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Don Johnson and asked him to Iry it oul. Within two weeks the first physical 
embod iment had bee n successfull y " flown " o n a badly warped disk. With thi s 
ve ry s ignifican t experimcnt , Rcy Johnson cou ld now claim the problems 
remaining were no more formidable than those assoc iated wi th using ten drums. 

On June 2. the third model of the air head , this onc conta ining a magnetic 
read / write clement of the type used o n the 70 1 drum, was used by Ha.mstra and 
Ewing 10 write 5 1 bit s I>c r inch o n a sp ra y-coated aluminum reconJi ng disk. The 
read-back signal showed surprisingly little modulat ion and the very fi rst checked 
readback ran fo r four ho urs before an error occurred . Stal ic measurement s 
sho wed an essentia lly constant head -to-surface spacing o f 0 .0024 inch over a 
wide ra nge of air pressure. 

Thc pro ving of the air head inst illed a new sense of confidence in the young 
laboratory and the disk file project soon absorbed the bes t eHorts of most of the 
pe rsonnel. Sub-groups wcre form ed , dissolved as they completed their tasks. and 
reconstructed to meet new challenges as they arose, Such o rga nizat ional fluidit y 
was to continue until the 305 RAM AC was announced . Indeed , overreaction to a 
problem sometimes led 10 a shuffling of people. Goddard was concerned abo ut 
this and wrote at the time that he " had considerable discussio n wi th I-Iood and 
Stevens about the si tuatio n ge nera lly." Some fe'lred that the sweet smell of 
success threa tened the ea rlier spirit of composure and coope ration: in fact. in the 
hectic days ahead, there was lillie se renit y but much cooperative participa tio n. 

Three Tough Problems 8e.~ides Air Nead.~ 

As important as was the proving of the air head. it by no means eliminated all the 
obstacles facing lhe builders o f a work ing fi le. Three addilio nal problems 
loomed , all majo r: gell ing a sufficiently fla t disk surrace; findin g a way to coal 
the di sk: and designing an access mechanism that could transport the air heads 
bearing the magnetic read / writ e clements to the dClSircd track on the correct disk. 

The Disk. Surf ace : Initia lly the di sk e ffort was directed loward findin g a 
ma terial flat enough to allow hold ing the head close to the surface solely by 
means o f a mechanical support. Alumin um, brass. glass, plastics a nd magnesium 
were al l considered , and the vc ry first array was built up (rom 24-inc h disks cut 

AIR HEAD 

RANDOM ACCESS FILE 

Photo fiST 

MI., ZOo I'IS) 

ThiJ is the fi rst air be(/ ri"~ success­
f ully fO demonstrate a practical 
mea ns of mail/winillg (j .~paci"g 
betweell the (Ii.~k. !m r/ace (J I/{i tJr e 
magnetic element. 
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By J/II/e, 1953 SIIccessful reading 
(lml writ illg Irad beel' accom plished 
IIJiflg (l mOllified drum magnetic ele~ 
men' ;11 a rel'(Jmped air bearing desigll. 

Tile first disks were spray cooled, 
bil l /I/li[orlll q/lolity wos eflll'i" e. The 
pouring lecJmiqu(', !Ising cell in/ligal 
force /0 do fhe spreading. W(lS (l quick 
.Wf ce.u. 0" the righl (l disk emerg!!!!' 
from the .Ipin-coalillg operatioll . 

f rom shee t aluminum with a Stanley ho rne workshop router . Ini tial experiments 
\0 spin a large stack of dis ks proceeded cautiously Fo r there we re no compu ter 
model s then to predict the aerod ynamic a nd inert ial forces tha I wo uld be 
developed . T he experi me nt reached the desired 1.200 rpm witho ut c alam it y but 
the experime nt ers were dismayed to observe their " flat " disks wobb ling wild ly. 
wi th runouts of o ne- fiftie th of an inc h and greater. The fir st s uccessful disk was 
turned from magnesium li thographer's metal. but it soo n gave way to aluminum 
klmin ates clamped under press ure between pla te ns a nd he ated in an ove n above 
the anne aling temper.Hure. 

Tile Disk CO(l/ing : The fi rs l successful mag ne t ic coat ing waS:l paint fo rmulat ed 
to spec ifi cations deve lo ped by Hagopian . It used ;1 dis pe rs ion of iro n oxide 
part icles in a pa int base s imilar 10 Ih al used as a prime r for the Go lde n G ate 
b rid ge . Initia ll y Ib e a lurninum d isks were Sllr;Iy-coa ted with the pai nt. bUI nei ther 
this method nor dippi ng prod uced a suffi cie nt ly uniform surface. This problem 
p l:lgued developme nt into the fall of 1953, whe n Hagopian was assig ned fu ll - time 
to the projec t. He carne up wil h a spin me th od for applyi ng the d ispe rs ion , a 
major contribut io n. Bill C roo ks prod uced the first tru ly successfu l disks by 
fi lteri ng the dispe rs io n thro ugh nylo n hosiery and using pa per cups to measure 
o ut jus t the right amount s for spin coati ng . Tho ugh th ey co ntin ued to be used for 
over a yea r, bOlh CLIp and hose we re supplant ed by an au lo maled process; 
howeve r. the esse ntials o f the process remai ned int ac t. The ultim ate so luti o n 10 
disk coat ing pain t was to occur so mewhat blc r with th e in ve ntion by Marce l 
Voge l. Don Jo hnson and Ra lph F lo rcs o f the fo rmulatio n whic h is basically the 
sa me as the one s lill in usc. 



Tire Access Meclrrllli.rm : Thi .. proved 10 be o ne of the lOughesl design proble ms. 
One difficuhy was Ihat a stiff load had to he applied 10 an a ir head fo r it to work . 
In early e mbodiment s loading was provided by a spring, hut th is caused proble ms 
whe n the heads (011 1: o n e ithe r side of a d isk, suppo rt ed by arms) were moved 
fro m di sk 10 disk. A numbe r of a lte rnati ves we re considered in turn a nd 
abando ned unli l the ultima te a nswer was dev ised by Norman Voge l. He showed 
that with a properly designed a ir head a sel f-loading fo rce could be developed . 

At the outset. three tea ms were set up 10 co nsider three cand ida tes for provid ing 
the di sk-to-disk and track-to-track access ing motio ns, which at that time we re 
co nside red e nt irely se parate problems. C rooks and HaanSlfil were to wo rk o n a n 
e lec trica l servo-drive syste m: Don Jo hnson and R. Manning He rmes were to 
pursue an a pproach based o n the 181\·1 402 type bar mec hanism; and Gonder was 
ass igned a sys te lll using cams and spring cl ut ches. the deta ils of which have bee n 
lost in antiquit y. T he se rvo approach W~IS tile ea rl y fa vorit e fo r the t rack-to-tra ck 
dri ve, but was so mewhat s uspcct for the tougher job of movin g the heavy 
ca rriage from disk to d isk. James Da vis a nd Lynott we nt to work o n the 
t rack-Io-track se rvo detai l des ign. Afte r a number of redesigns, Davis, on 
October 2H, was a ble to re loca te a prev iously recorded track for thc first tim c. 

The ellr/), I..(lb privy cOIl l/cil waxe(J 
(lml "'(lIIed bill generally ineluded 
(frolll the left) R . Mann ing Hermes. 
Wil/iam A . Goddartl. Reyno ld 8 . 
l ohmon. uJlli.'i O. Ste l''i!lIs. Arthur J. 
Critchlow a nd Joh" W. N aamUrll . 



Tilt! pneumatic access mecluHl i.wlI. 

Artis"~· conceptioll of what the fif/ ­
ishe{/ random access file would look 
like. Agaill flte artist was )mlles Welsh. 

Godda rd . meanwhi le. had ret urnet.! from a visit to Rabinow a t the Bure au of 
Standards wit h an ide::l fo r a pne um atic se rvo a pproach to the dis k-to-di sk d rive. 
onl y to learn that Lynott had pro posed so me thin g simi la r six months earlier . 
Now the idea had two cham pions and so a benc h model was constructed and 
successrull y demo nstra ted. Bu t there was already growing co ncern about the size 
of the a ir compressor that wou ld be needed for the head lubricatio n. a nd the 
addit io na l la rge demand for air was cause for rejection . 

O n Nove mber I . 1953. Jo hnso n assigned Loui s D. Steve ns respo nsibilit y for the 
deve lopme nt of the magne tic d isk memory and its adj unc ts concurre nt wi th his 
promotion to se nior e ngineer. Stevens. who as Johnson·s techn ica l assista nt had 
his rin ge rs into eve ryt hin g. was 10 see the lIJl\-' 305 th rough its an nounceme nt and 
ea rly manufacture. 

Also in Nove mbe r, Lynott fou nd a way to usc a n e lectrical servo sys te m in a 
mu lti pl exi ng mode so the S;1I11e se rvo co uld be uscd to Llri ve the carriage from 
disk to disk as well as to access the heads from track to track. T his simplifica tion 
e li minated a grea t dea l o f hardware and vastly improved prospec ts for re lia bili ty . 

Whil e Ihe fo regoing ma y sound re la ti vely straigh tforward. anyone who has 
worked with se rvo syste ms kn ows that they do no t go togethe r wi thout a struggle, 
Those prese nt recall tha t when power was first applied to the se rvo system one 
Saturday eve nin g. the c<' rriage responded perfec tly to disk addresses keyed in 
man ua lly. The n. while a ll hands stood about congra tulating o ne a not her o n th is 
further show of substantia l success. the carriage sudde nly began a n unco mm;lI1d ­
ed motion south wa rd (the shaft at thi s tim c was still ho ri zo nt a l). gathe red 



momentum. spell on tow,lrlithe end of the way. rocke ted free of the en tire 
l11eeh:mism. and landed in a gloomy heap on the laboratory floor. Surveying the 
carnage. Lynoll cou ld on ly sigh. " Well. back to the old drawi ng board ." 
Twelve days later. on February 6.1954. a comple tel y redes igned se rvo system 
for the first time successrully aCl:csscd be tween two magne tic records onlliffc rent 
lI isks. This inc redibl y speedy redesign was primari ly the work of Lynott . Davis 
and Trigg Noyes. Although seve re se rvo design problems la y ahead . this 
lIcmo nstration was st ill a chee ring sight to a ll . 17 The IIJM 305 was th e firs t 111M 
commercial product . incidentally. to incorporate a se rvo, OJ maile r of no lillie 
worry to management. since it had no prior experience wit h servo mec hanisms. 

The f irl'1 partililly aSl'embled mlldom 
(I('ce:-.'s f ile tesl bed as if appeared 011 
Febrrwry 2. 1954. 

The ''ji/('- Io-cll rd '' /I/ (lclli lle CQIISi,~led 
of lire RIlI'- lesl bed (abOl'e). (III 016 
kl'Y plll1fh modified for l i D seFl'ice 
fw d the cOn/roJ eleclrollin (against 
Ihe l1'a/l). First opemble 011 February 
10. /954. 

~'k;mwhi 1c. Ewing had comp lc tl'd the tksign and CO llstrw.:tiu ll o f the Tl'ad / writc 
;ullplifi er and Slnne. \3owclk and Kean had at leas t partia ll y dehu ggcd the 
Fik'-Tt)-C~lHllllac hine circuit ry , The I I l'l\ t and the Random An· .. ·ss Memory 
wer .. · quickl y connec ted to)!eth cr and joint uperati on was att empted. On 
February In , 11)54 th e fi rst sue .. 'css ful trans fer o f informatio n from c;mls 10 di sks 
and h~, ck ;l g:lin rrom disks 10 punch C;lrds took place. The fo llowi ng messages 
were printed and pundH:: d out at th c 026 stali un : 



no I-I"" , ... , . ,.-'1 .. "'1(.- '" ~, "'-" " '~"Jl~ ' . 1<"_ ' '-" ,' T"'''' t;,· r" lo ln ' 10"''< T.',",,",Y 0 

II I I I I II I I I II I III I I II 
0 'In "IQ'l r" n " l ......... -:-y ,' rl-1£~ 1'l 1oT ' .... 1\1 1" . "" .... , 0 .. , 

'\ I II I I I .. I I I I 
~, h" ::; H~ ~ 1.,<'"" " _-v .... _ " ..... In orl'l, ...... ·- 'tI .. T Ii .. ~ .... n i-" ;iUt"'ITl ,,.-.ooc '_\ II II III I I II II .. I I 1- .. • • M " " C>l""" n I"' '' .-n 1 101':' , "r "",::.<:, • 1 . , 0:" f(H .,qll'( , .-",,, . ~Q r r"q .. ·~.~<:: H<; ~ . .... ". . ~~ .. "\ 1111 II II II I I I • • 

II I 
- .,o. t •••• al .' • ••• • ••• , ••• " •• • ' II I' •••• ' •••• 'I ' ••• ••• 11".111 ••• • ••• • , •• ••• , ••• 

~" " ""'. ~., . ~ . .. .... ~" " ~Rft R R .. " . ... . . . .. . U " ... , . .. . .. . .. .. ~ .. M ~ .. . ~ . . .. " MO . . . .... ... ... . .. . " •• • 

~ , I I I I I I 1 11 I I I , I I I I I I I II I " " 111 I '1 I ' I' 1 t I I t II t , 1 I " I I "1 I I I 1 '1 t ' " III I I I I I ,.1 11 1 

1 )", 1"1 1 n /11 1 " 1 ' 1 111 1 ' 1' 11111' 11 11 1 1' "" 1111 " , 1 11 ' I " " I I I III""" 11 ' 1 ' 1" 

lllllll llll l lllllll ll i l I U I Il I I 1I lI lll I l ll i l l I I II Ill ll l llIl II ll ll lll I Jl llll l II I I 

1 1 1 1 11! l ll l ll llll!I I II II I IIIIIII!II!!!I! l l lllllll'I'I!Il l l'!I'! I "I'lllll l lll'l i 

))))) ~ S, I S\' ~\ II \ I I I S I I I I I I' IH I I I I \ II 1)\ I I I I II \ I II \ H \ II I \ II \ \ H I \ IS II \ II HI \ I \ 

t"""" "'_~l llllll'I"IIIIII I 'I'IIIIII"I""I"'I'' 1 11'1 1 1'111'11"" 1 11111' 

t, 'I' " " , t, " ' I I I' t , '" " t 1" ""1' t " t II t "'11 t tIl/II t , J" I t t t i t t " It t ' I" t II ' 

1111'111 11 1 1 11113 1 1 1 1 1 1 1 1 11 1 111 1 111 1 1' 1 II 'UIIIII I I I I IIII I II I 1 1 1 1111111111111 1 1 1 

If yo ur boss becu mes a nit ove rhea ring at times. you might t ry lj uo ting the ~cco illi 
line; tell him th :lt R,\ MAC said it first. It wo uld bl.! int erestin g to know the nature 
of lhe predi etiun of the fourth line . nut th l! rn:H: hi nl.! o bviously oecame 
intox icat ed with its u wn success. In any eve nt. the rea lit y nu douht far exccedcd 
the fo rc,,:ast. 
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The ra ndom access f ile effort was 
slIpported by (III outstalldillg grOllp of 
model makers. From the left. Ed 
Johlls. Charley Morgllll . Bill Mueller. 
Ed UrsulIY. Bud RillS, !larry Wisdom. 
Ray Ch(ldly, Chuck. Blackley. 
Dellll !lodges alld Frallk. Mallrer. 

Chapter 5 . From Dream to Realit y 

Slowl y, the wea ry compo nent s of the original File-to-Card Machine were coaxed 
and cajoled into a semblance of working order. but the machi ne neve r pe rformed 
with any degree of re liabili ty. Neverth eless, just see ing it work at all gave th e 
staff morale a boost that carried it through the pai nstaking refinement s tha t were 
to occupy the nex t two years. 

Word of the marvelously en tertaining spectacle of a pair of magnetic heads 
dashing pell-mell from di sk to disk. and then in and o ut along a radius. soon 
spread to th e cast and a small tri ckle of visitors started to appear in San Jose , 
But, as Stevens has sa id . "The array looked like a Rube Goldbe rg arrange ment 
land stilll not man y peo ple be lieved we wo uld be able to make such a thin g 
practical. and leven if we did) doubted we could be successful in pushing the 
business toward anything dirrc rent from th e batch processing scheme".but it was 
like a reli gio n with us. - we were going to make the damned thing work fo r sure 
and .. . solve those systems and those technical problems in spite of ' those guys' . 
Because if we fa iled in this environment . the whole San Jose ex periment would 
fa il .. None of us was going to allow that to happen ... " 5 

Nevertheless. around this time a ncar ca lamity almosl did bring the entire project 
10 a premature end . A new sct of disk space r rings was rece ived undersize and 10 
enable asse mbly of a model the rings were cut wit h a sp li t. similar to piston rings. 
The model was put together wit h onl y a few disks plus a num ber of clamped 
spacers. Th is was a serious mistake for as th e disks were being brought up to 
speed . o ne of the space rs flew asu nde r. trigge ri ng a chain reaction that 
disintegrated the entire stack. hurtling shrapne l in all directions. Two people 
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When " Desk Set, " '"l' hi' come(/y 
(lbolll compllfers, came to Sail Frem ­
cin:o, Laboralory people lIuended 
more or le.\·.\· ell IIlal·se. Greetillg Ihe 
sUlr. S hirley !Joolh. back siage {Iff! 

(/rom Ih" righl): Roy HUllg, Miss 
Booth. Normall Sly. Morton Astra ­
hall. M rs. AS/rahall al/d Mrs. Hallg. 

were hurt seriously enough to require hospi ta lizat ion. and 10 th is day Wcs 
Dick inson bears a reminder in the form of a small scar ac ross the bridge of his 
nose. This incident resulted in mueh testing at high speed with the spacers made 
to specifi cation to be sure that the disk files were not a product that behaved like 
a hand grenade. No furt her incidents o f the sort have occurred. 

The First Model il' Jellisolled 

" Religion" sometimes requires confession and it soon came time to con fess that 
neither th t.! first mode l of the disk file nor the File- ta-C ard Machine were 
perform ing well enough to make them convincing demonstration vehicles. O n 
March 19. 19 54. an in-dt.!p th fe-evaluation of every basic file design dec ision wa s 
undert .. ken ~tnd speci fica ti ons for an ent irely re\,amped entit y, ca lled Model l!, 
were drawn up. By J une ~III effort on the ori ginal hardware was abandoned and it 
was consigne(j to the warehollse. 

Com:t,.'ntration was now on a more sophisticated Model II . o f which ri \'e copies 
were to be constructed . Actually Trigg Noyes had becn thinking about a new 
design ror some months and onc of his f irst dec isions was that the shaft shou ld be 
upright nlthcr than horizontal. His reasoning was that this would: ( I ) pro\' ide 
more workable dimensional aspects for the ovcrall machine. (2) make disk 
replacement easier . and (3) provide more space for a number of independent 
access mechanisms. 18 

The "new" carriage as il appeared 
in NQ~'ember, 195 4, showing. de­
lems. seTl'O {J()fentiomelers. ways and 
heads. This was 'he [irsl ~'ersio" of 
Ihe multiplexing. sen 'o-acwated ac­
cess mechanism. 



Meanwhi le, radica l re thi nk ing of thc pro per product cnvironmcnt had fo llowed 
the early pi onee ri ng systems work by Haa nstra , T his work was collec ted in :, 
December 2, 1954 re port called "Magnetic Disk Proccssing Mach ine," With 
remarkable clarity thi s document argues the great fu nctiona l power Ihat a 
successful ra ndom access fi le would open up. It also se ts forth in considera ble 
del ail the basic cleme nts o n which the logic o f the 111 ,.·1 3U5 RAM t\C was based. 
Gone foreve r were any thoughts of simply au to mating the lub file. 

Breaklhrough on the Diplomat ic From 

As summe r gave way to fa ll, progress on the Mode l II file provided increasi ng 
confidence in the disk conce pt and the San Jose Labora tory appeared to have 
eve ryt hing going for a success ful produc t. exce pt for corpora te acceptance. But 
corpora te manageme nt had been suffic ientl y in trigued by the noises emanat ing 
fro m the wes l 10 assign F. J . Wesley the task of kee ping tabs o n il. It did not ta ke 
Wesle y long 10 become a conve rt. and a d iplomatic breakth rough occurred vi a a 
le iter he wrote dated October X. 1954. Th is letter is worth qu oting at some length: 

" I have watched the development of Elec tronic Data Processing from its 
inception in IRM in 194 X, to the present time as characterized by the announ ce­
ment of the Type 70S .... My purpose in writing today is 10 make a 'pontifical 
pronouncement' wit h res pect to my persona l opinion of where we should be 
heading now in the [DPM area. It is my opinion that we must app ly the princi ple 
of tremendous storage of figure fac ts rat her than the approac hes now being taken 
wi th th e 705 . The entire present EDPM area is devoted to a serial storage 
approach in the form of magne tic tapes. We must immcdiatcly .... altack 
account ing prob lems under the philosophy of h'lndl ing each busi ness transact io n 
as it occu rs. ra the r than under lhe present conditions of batch ing techniq ues. 
which arc necessa ry to magnetic tape approaches .... 

" We must bui ld storage and peripheral equ ipment which can spread out into 
individual accounts every business rae t I random access storage I and a llow 
operat ion o f a new conce pt fo r handling busi ness in formatio n concurrently wi th 
its inception .... L for o ne, question th e economics of spending many more 
millions of development dollars on th e 70 S type of e lectronic machine .... 
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"Our prescnt efforts in random access arc good. but not sufficientl y extensive to 
permit a real solution in time to make th is new concc p!. ... a real IBM ·first" . 

" 1 wish to recommend fo r your co nside ration that we double o r treb le o ur effort s 
in thi s devc1opment. .. . 1 am fi rmly co nvi nced th at lothe rwise I we cannot expect to 
accom plish the rea l pu rpose and the real usc fo r elect ro nics in the busi ness world '" 

Shortly afte r. thi ngs truly began to hU Ill . In Nove mber. McDowell called a 
mee ting at WHQ at which RA1\tAC product development was fi rs t gi ven o fficial 
sanctio n. Noted Steve ns. " 1\ was dec ided at this mcctin g to build a ma chine 
utiliz ing a disk r~tnd om access memo ry a ttached to a serial "stick'" print er to 
provide an in itial mac hine utilizi ng ran dom access stora ge. " McDowell charged 
the San Jose Laboratory with design ing, develop ing and building sever~1l fi e ld 
test models of ,these machines. 

D£'signing Around fhe COllferellce Tahle 

The logical orga nizat io n and structure of th e instruction se t for the "Direc t 
Refe rence Acco unting Mac hine" ("D RAM " as it was the n called ) was fi rst 
doc umented in de tail ill a report dated December 17. 1954. It was to be a 
two·add rcss design with a fixed-length , ten-character instruction . T hree basic 
:'I rit hmct ic fu nctions were to be provided for: di vision was not at this time 
incl uded but d id appear later as an op tio nal featu re. The princi pal inpu t was to 
bl! a seri al ca rd reade r of the type used o n the mM 475. A man ual inquiry 
sial ion , in the documen t called an " Inuncd iat e Access Unit." was desc ribed. 
O utput s included the "'i tick" printe r. cupable of print ing a li nc o f e ight y cha rac te rs 
in 1.6 seconds: the 111M 523 gu ng punch: and . at the manua l inquiry stat ion, a 
tYJX:writ er. Many machine fun ctions were 10 be cont rolled through a plugboa rd . 
Murray Lesse r. one of the princi pal a rch it ects reca lls. " Most of us in those days 
we re plugboard men. There were a few stored program people, but not ma ny. 
We dec ided tha t what we wanted was the best of both worlds .. .. WI! litera lly 
designed a lo t of that systcm around a confcrence table . We asked ourse lves 
what we co uld do best by stored program ,lIld what best by plugboard . We 
decided one could tra nsfe r data best with stored progra ms, - th at was a lways ,\ 

17,e fl'.W .wand for Ihe lime sharing 
sen o access mechanism for Ihe Model 
11 RAf: 



By May. 1955. Ihe J im RAMAC·J05A 
syslem W{U being assembled 
(I I 99 NOIre Dame. Here is a 
gellera! I'iew oj Ihe a.\·.~emb!y and 
debugg ing (leli l'iIY. which we", 0 " 24 
hOllr.f a day. IdellliJiable parliciplllIIS 
here are Greg Toben. J im Dm'is. 
LeI! Seeder. D Oli Joh llson. Trigg 
Noye.f. Jolm Ly" olf alld Hal 51. Clair. 

This press photo M.YI S taken j rlst aile 
month {mer Ilron Ihe obol'c. 

nuisance with a ll those wi res to string. -but o nt: could make decisions a lot 
easier on plugboards. And that 's how we arri ved at th e organization of 
the 305 mac hine." 

All inte rn al and inte rnal/external in formation transfe rs were to proceed via a 
small magnetic dru m having severa l tracks. each holdi ng one hundred characte rs 
of information . It is interesting to reca ll th at al this ti me it was thought tha t the 
rotational speed o f the drum could be physically synchron ized not only wi th the 
fil c but also wit h the input/ output devices. thus saving the expense of a full 
record burrer. Notes an in terna l repo rt : " In the first model of the ORA,.-j it 
appears thai a mechanical connect ion by timing belts o n gears will be used to 
achieve the des ired synchroniza tion." In th e end . howeve r, th e des igners had to 
add a IOO-charac ter. magnetic core buffe r. 19 

The December 1954 documen t al so discussed the desirability and practicabilit y 
of "au tomatic address ing": i.e .. the aut omatic co nversion of an ex ternal 
ident ifie r. such as a name or a part number. into an int ernal address representing 
a specific physical locatio n in the file . While it was recog ni zed that a direc t 
means of accompl ishing automatic addressing would be o f immense valuc. the 
statistics of the problem were not then well enough und erstood to permit a 
programmable sol ut io n. 20 

Joillillg IBM 's ProdrlC! Team 

With th e decision at the Novemher meeting to proceed offi ciall y. the S'1Il Jose 
Labora tory sudden ly found itself a full -fledged membcr of the 1I)M product team. 
It came as someth ing o f a ru de awakenin g to man y who had not previo usly been 
through the product release cycle to discove r just what thi s would e nta il. The 
trickle of visit ors quickly grcw into what seemed a torren t, people with strange 
sounding ti tles and fun ctio ns. product planncrs. cost estima tors. prod uct 
engineers. manufacturing enginee rs. patent analysts. product test enginee rs. 
customer enginee rin g planners and estimators. and industrial designers. to name a 
few. The fir st reaction of the San Jose wild ducks, now perhaps somewha t 
inclined to smugness ove r the ir own achievements. was to resent these intrusio ns. 
feeling that the re was nothing on the ho rizon Ihal the home team could not cope 
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with. But as the problems mult iplied and the realiz:Hioll of inadequate resources 
available in San Jose grew. the resentment gradually gave way 10 a real 
appreci:lIion fo r the contribut ions these experts had to offer . 11.22 

The first of the five M odel 11 files was successfully demonst rated o n January 16. 
1955 and debugging of the others cont i nued o n a three-shift bas is through spring 
under the direction of Dickinson 23. By now the plan to build a number of 
RI\1\t/\ CS for internal usc and for field tcsting in actua l cuSl omer applica ti ons was 
well underway. The quantity was se t at between fourtee n and fifty bu t the lower 
number was scttled upon earl y in 1955. Des tinati ons of some of these were 
establi shed in M arch - th ree were to sta y in -house. two were to go to the A ir 
Force. and five were consigned to commercial customer field tes ting - and a 
production schedule was established call i ng for the first external shipment during 
December 1955 . 

An ana lysis of thirty-three different appli catio ns of twenty-eight separ;lte 
customers published in June 1955 concluded th at : 

From a procedural standpoint only (costs excluded) the proposed RAMAC 
solutio n was more fa vorable than the ex isting solution in twenty-si x 
;Ippl icat ions. 

A ccess. processi ng and printing specifications were we ll -ba lanced. 

At the an ticipated rental figu re RAM AC wou ld be superi or in twenty-one 
instances. 

The fi rst half o f 1955 was climaxed by the announcement to the press on May 6 
of the disk technology (incidenta ll y the same day that the Salk polio vaccine was 
announced). Alo ng with lhe vilal statistics of the new device. the press release 
stated. " Random access memo ry permit s a return in princip le to the accounting 
me thods used in business houses long ago when there was no necessity for ba tch 
processing of record s as today. Then. clerk s on high sl ools adjusted all arrected 
records each time a transaction occurred. But the 305 borrows only the old 
philosophy. and. using a multi -million character memory and taking i nstructions 



fro m a stored IHogram. it docs the job automatically and at high speed." ( For 
d arity, it should be noted that the final nomencla tu re was yet to evol ve, <Inti 
"305" refer red to the d isk fil c. L ater the fi le i tse l f became the 350, and the 
entire system became the IBM 305 KAMAC.) 

Choosing (l M(Uw/acl lIrillg Sile 

The San Jose L aboratory was now openly in the product development business 
and for the fi rst time engineers were free to boast to their wi ves ~Uld neighbors in 
general terms of wh<l t they had been up to for the past th ree years. 

Now the quest ion inevitably arosc. assuming that the field tests wou ld be 
success ful and wou ld point up a signi ficant sales potent ial. how should IBM go 
about producing the machine in quan t ities? 

A s may well be im;lgi ncd this was a period of intense sou l-searching for the 
company and many options were considered . M cDowe ll and Jay Schnackel. then 
the IRM Vice Presidcnt of M anufacturing, favored rc taini ng San Jose as a 
developmcnt facil it y only. Among other plans were: 

Transfer RAM/\ C product ion to the Poughkeepsie plant after the 305 f ield 
tcsts. 

Const ruct a manufact uring faci l i ty ;n San Jose to build the nle mod ules o nl y, 
with the rest of Ihe system to be constructed elsewhere. 

Construct a complete 305 manufacturing facilit y at an undetermined location 
in the M iddle West. 

Construct such a facilit y in San Jose . 

A Manufacturing Engineering Report dated June 7. 195 5. prepared by E. I-I. 
Cafrrey of IBM Po ughkeepsie and r . E. LeBaron of Endicott. ba sed on a 
productio n plan by Wesley. showed a bui ldup to quantities o f ninety- four fi le 
units and eighly-thrce R ~\ !\1 AC systems per month by the end of 1957. and 
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estimated that 146.000 square fec t of new factory space would be required . It 
cited a large number of reasons why West Coast manufacture would be ,It a 
seve re cost di sadva ntage as compared to Poughkeepsie. 

Stevens' notes indicate t hat on June 21 a "fi rm" deci sion was made to bui ld a 
factory in San Jose to produce fil es only. Fi nal attachment to a system was to be 
at a new facili ty in the Middle Wesl. This proved to be anot her " firm " decisio n 
without muc h st icking power. for on Sunday. August 26 Stevens and oth er 
tlJMc rs we re surprised by the headli ne in the MerC/lry-Ne ws: " 111M Plans G iant 
New San Jose Plant" and "Firm eventually may employ more tha n 5.000 here." 
The Mercury's story contained considerably more detail than the 11) 1\\ press 
release . evidence thaI the business wri ler for the paper had do ne some digging on 
his own. 

Ear ly in 195 5 Rey Johnson had begun gradually to disengage himse lf from active 
le:'ldership of the RAM AC project in order 10 take on advanced work at 
newly- leased faci li ties o n Julian St reet. Slevens took over 305 responsibi lit ies 
and acquired an assistant. Perry Perrone. a vetera n of the Endicott organization 
who became a steadying second hand on th e tiller and served in man y importan t 
Laboratory capacit ies un ti l his reti rement in 1976. In November 1955 Joseph D. 
Fernbach transferred to San Jose as Manager of Engineering. This move 
rcrleeted a corporate decis ion that there was not \ 0 be a continuing independent 
product developmen t mission in San Jose . and Steve ns now reported to General 
Manager Gav in A. Cullen via Fernbach. To many San Jose engineers th is new 
organiz.at ional structure had all the ea rmarks of a de nial of thei r ac hievements 
and for a time it seemed that the San Jose ex perimen t might perish. a victim of its 
own success. But the decisio n had its opponents. Ra lph Palmer chief among 
them. and it was set aside in December 1956 under the corporate reorganization 
that came out of a meeting at Will iamsburg, Virgi nia. Under the ncwly formed 
Data Processing Division . {he San Josc Product Deve lopment Laboratory 
rega ined status independent from Manufac turin g. Palmer became Manage r 
of ProduCI Development for the new di vision . and he named Stevens to 
head the San Jose Development Labora tory. Product Engincring remained a 
part of Manufactu rin g unlil 1958. 



A Pioneer in Industrial Design 

Eliol Noyes 

Appearance, or indust rial design, was 
one aspect of machine design that had 
traditionally been pursued o nly desul­
torily at IB M. Thus it is worth noting 
that the 305 was a pioneer in this 
area. Although IBM machines had 
indeed progressed from the era of 
lion's claw fect, they still resembled 
Henry Ford's automobile in that they 
" were available in any color the cus­
tomer wanted so long as it was black 
or grey." Crisp squared edges. op-

Salesmen students PilI Ihe Education 
Center's 305 ,hrollg}, its paces. 

tio nal color schemes. and attractive 
trim were 305 firsl.s. These departures 
carne as a result of Ihe company's 
engagi ng the laic Eliot Noyes, a 
prominent industrial designer. as a 
consult :mt wi th the cha rge to revamp 
the corporate design image from 
bottom to to p - from letterheads 
to the product line. The firm of 
Sundberg, Farrar, working under 
Noyes' direction, was responsible for 
the RAMAC industrial design. 

Marshall Freeman demonstrates the 
305 capability to lJisitors at Family 
Day, Ju,te 8, 1957. Do" Slephenso" 
is ,'isibJe in the f oreground. 
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Gelling Ihe Glilches OUI 

Construction of the test model systems (by now ca lled "305A " ) had moved to a 
leased location at South 10th Street which. under manufacturin g coordinator 
Frank G. I'aul. was the first ma nufacturin g site in San Jose. Debugging then 
became a majo r ope ration, in Stevens' words" a gargantua n task." The basic 
pluggable unit ci rcuit design had been do ne by people without a firm background 
in the discipline necessary for product ion eq uipment. and the sins o f omission 
now began to make themselves fe lt . It is a fact tha t many designers were so 
innoce nt as to be aghast when the Product Test people sprang the notion that 
voltage and temperature marginal tests should be performed -- tests the hardware 
could not possi bl y sus tain . To the electron ics engineer. a spurious signal occurring 
as the result of imprecise c ircuit timing is known as a "glitch." There W;IS hardly 
a glitch- free ga te in the entire machine and some uncommonly weird and inge nious 
ruses were devised to get out of terrible ti ming predicaments on the 305A. 

The December sched ul e for first custo mer shipment came and went: spring ran 
into summer . 1956. Some heroics du ri ng this period arc worthy of mentio n. The 
building at South 10th St reet was. of course. not air condi tioned and as the 
summer sun went to work, temperatures in the debuggi ng areas ran up ove r 
100° F. Not o nly the machines, but <l lso the engineers, were fa ili ng under these 
conditions. Plant Engineering was noti fied that something had to be done . It 
was, but quickly - lit era ll y overnigh t an air conditioning system of adequate 
capacity was insta lled . 

Also it must be recorded that the Product Test conti ngent o n the scene W;IS not 
content to mere ly point o ut des ign probh!ms. but to their everlast ing credit 
pitched in to help solve them as well. 

ElY!" al Ihe height of Ihe 305 crash 
debllgging effort there was some 
lime for merrymaking. Left 10 right 
0 1 the Valentine's Day Dance at 
Blossom Hill School, Febrllary /1. 
1955: Malcol", White. (unidelllified 
back). Mrs. While. Minnie Hodges, 
Deall Hodges and Allilll SIllliwUl 
Criger. Cecil Criger. 

This bllildillg 0 11 South fOlh Sireet 
ill Sal/ Jose was lhe first home of 
the "''''lIIf aClllrillg orgall izat iOIl. The 
305A's were assembled. product 
tesled, f ilial lesled alld shipped from 
this loeatioll. 



An historic sequence of photographs 
documents the shipmem of the first 
IB M 305A RAMAC /0 the Zellerbach 
Paper Co. in San Fra ncisco. Here 
LOll Stevens and Jolm Haallstra 
disc uss lire disassembly ..... 

As a result of such efforts the mo nster gradually yi d ded, and by Ju ne 1956 the 
30SA was deemed sufficiently reli able to be shipped to the fir st customer. the 
Zellerbac h Paper Corporation. First an nou ncement of the IBM 305 RA~l t' C 

(alo ng wi th th ree othe r products, incl uding th e 650 RAMAC ) fina ll y came on 
Septcmber 14, 1956. On the occasion T . J . Wa tson J r. said, "This is Ihe greatest 

.. . .. the console is hoisted 01110 Ihe 
shipping I·ll/I. .. 

..... (lIId a group of Zellerbach offi~ 

cials Iry 0111 Ihe controls Of the 
machine's new hom e, 

new product day in the history of IIl M an d. I belie ve . in the history of the office 
cquipment industry.. . Enginee rs at the San Jose Labora tory dese rve much of 
the credit for these significant advances in au tomat ion. " The treatment of the 
story in the Sa" Francisco Examiner ap peared neX110 an ad proch.liming "A t 
lasl.. .glamou r in a trash can. $ 12.95. " The store placing the ad is now defu nct: 
the disk file busi ness is not. 
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The /lydrogyro goes up. Th is struc­
IIlre by sClllpror Robert B. Howard 
of San Francisco 51ilf dominates fhe 
celllral pOlio scene. nle legend o f 
lire base reads ill parI "man .. . camIOI 
determ ine If he creates. ;nl·en/s. dis­
COI'(!TS. or is g llided illlo w/llIl he 
thinks he knows and beliel·es . .. 

Chapte r 6. Small is Beautiful 

In con junction with the RAMAC announcement of September 1956, the press was 
in vited for the first time to wit ness the co nstruction nea ring completion at the 
new plant sit e at Monterey and Cottle Roads. Under Gavin A. Cullen , gene ral 
manager , the constructio n had proceeded on schedule. Thus 190 acres of the 
original IO.OOO-acre Rancho Santa Teresa of the ret ired Spanish soldier Joaqu in 
Bernal. where o nce colorful vaqueros pursued thousands of "ganados" and , on 
fie sta days. performed feats of eques trian derring-do to impress dark-eyed 
senori tas. was grad uall y transformed into the most modern of industri al 
complexes - a transfo rm ation th at won for the completed project Fac/ory 
magazine 's Factory of the Year Award for 1957. The long rectangular buildings 
of architect John Bolles were carefu ll y placed in order to emphasize the site 's 
rural setting and to lend a carefull y cult ivated "campus" atmosphere. Bay region 
artists were commiss ioned to execute murals and sculptures to accent that mood. 
(Actually 97 of the 190 acres were init iall y left in their original agricultural state. 
and in 1957 111M re ve nues were .lUgmented by $3 .200.00 from sel ling the alfa lfa crop .) 

The fi rst building. the 200,000-square-foot Manufacturing and Administration 
Building 005. was occupied in December, 1956. and Bui lding 00 I came nex t in 
May. This bu ildin g was originall y intended to house the Suppl ies Di vision. but it 
was later decided that it would move to a new bu ilding in Campbell : 001 became 
part of DPD manufacturing. The cafeteria, bo iler plant. Plant Enginee ring. 
Education, Product Engineering and Research Bu ildings were all in use by 
October 1957 . and the I ,OOO-employee milesto ne was reached about the same 
time. To head up thc new West Coast Educat ion Center, native Californian 
Byron N. Luther returned to San Jose after ten years of assignments in the 
Middle West and New Yo rk . 

The formal plant dedication came on May 27 , 1958, a gala event att cnded by an 
estimated 38.000 persons. according to th e Mercury -News. Features of the 
ceremony, aside from RAtl.IAC itself. were a keynote address by San Jose Sta te 
College President John T. Wahlq uist. musical perform ances by the San Jose 
Mun ici pal Band and by soprano An na Ma ria Albcrghetli , and brief remarks by 
T. J. Watson, Jr . in which he revealed that sevent y RAM ACS had alrcad y been 
shipped to customers and th at 1,200 more were on order. 
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Olle 0/ Ihe origil/al .~'Clllpl llre.\· II'h idl 
110 IOllger SI(l lIds is "The £'emelll.~" . 

hy N ellri M aril'- Rosl'. "Form s of 
11mI/O! N' IJr(:S(:1I1 fiN'. \\'(ller al/d 
earth . A ir i.~ .Hlggesled hy tl1(' Sptl ('(>S 

willI ill and surruundillg IlieSl' fo rms. 
Tlwrt, is 1I hilll 0/ diagrrll1!11wlico/ 
e/('('lric circllil ing . .. says IIIl' detlica ­
lOry plaqut'. 

Among Ihe /irsl 1'10111 .~ile ')IIildillg~' 
10 he comp/Ned II'('N' lile lI/a l/u/(1(" 
Iliring IlIIilt/illg (005) olld lite cafl'le­
rio (() / I), 

Frank Freeman's colu mn in the M ercury on the fo llowing morning read in part. 
"Several th ings struc k me while a ttendi ng 1 Br-.,,.S dedica tio n .... First. that its 
treme ndo us success may be att ributed to the simplest litt le formula­
acc umulate a lo t of brai ns, give thcm th e facil ities . t llrn 'em loose - and they'lI 
come up wit h the answers .... Next. it's so d iffe rent out the re in those ca mpus 
surro undings, so d iffere nt from the usual pe ll-mell workaday expe rie nces, tha t it 's 
like being in another world . a sort of Buck Rogers' world .... And two other 
things: The whole place is peo pled by you ng bra ins. no long ha irs. and they all 
give the impression that they're exceedi ngly proud and gladly would die fo r old IBI\·1 " 

305 R i\I\ I I\ C~ going fOgelher ill 
/Juilding 005. M e! Olsell idellli/jable 
in Ihe foregro und ('e/lIN. 

ParI of Ihe em",d {m endillg lite dedi ­
calioll ('ereI1l0I/il'.~. Speakers' ,,/al ­
fo rm ar lite /e/I, Edlltal iOIl /Jllildill!; 
and Ihe Dia/)Io Rallge ill lite 
backg roulld. 



Till' Temple Lmll1dry aI Ihe corner 
of Sf. Johll alld /6111 Srreel ill SOli 
J ose weill 01/1 of bllsille~·.~· and Ihe 
hllilding bt.'C(J me Ihe Sill' of fhe first 
IBM presence here whell Ihe Card 
Plalll mored ill 1943. 

Lest We forget 

Easterners bro ught up on the tradi­
tion tha t Europea ns first set foot on 
this co nt inent OIl Jamestown or Pl ym­
outh Rock somctimcs find it difficult 
to acce pt the fact that Santa Fe. New 
Mexico was a bustling pucblo by that 
time. Simila rl y it is easy to forget 
th aI the fi rst m Mers in San Jose were 
not th ose who set up shop at Notre 
Dame Aven ue. Nine years ea rlier. o n 
August 22, 1943, two special railway 
cars bearin g IBM people who had 
been selectcd to man the com pany's 
fi rst West Coas t card manufact uri ng 
facil it y eased into the San Jose rail ­
way stat ion. They num bered 105 in 
all. incl uding employees and family 
me mbers. Augmented by ni ne locally 

hired people they bega n manufactur­
ing tabulatin g cards for West Coast 
wart ime industry in a one-time laun­
dry building a t St. John and North 
16 th . Luth er L Sheppard was the 
resident manage r and Roger R. Wil­
liams th e plant superint endent. 

T he fi rst IB M Sales Office in San Jose 
was opened in Februa ry 1946 under 
Byron Luther. 

Rey Johnson is fond of decla ring that 
IB M was the fi rst non-indige nous 
industry in Santa Clara Va lley. This 
is the kind of assert ion th at in vit es 
challenge but so far. Rey cla ims. no 
one has disproved it. 
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Rep/acillg the Pressurized Air Head 

It ;s safe to say that the volume: of disk products would ha ve neve r reac hed 
toda y's heights if a re place ment had not been fo un d for the pressuri zed ai r head . 
The compressors for these heads were of a size that would simpl y prohi bit 
servicing a multi-headed file . Thus it was for tunate th at Jacob Hago pian had 
managed to pursue his hun ch that a properly shaped piece of metal could be 
made to "glide" over the surface of a rapidly rOlati ng di sk. O n in tu it ive grounds 
he felt that the moving surface must carry alo ng with it the adj:l eent molec ules of 
air and that this airstrea m mig ht be caused to support a suitably shaped object. 24 

Hagopian was soon demonstrat ing his "gliding" head in hardware 10 an yo ne he 
could corral. An electrical engineer by tra ining and expe rience. he foresaw and 
advocated the systems implications of el iminating the need for compressed air: 
It wo uld now be feasible to build disk riles having one or more magnetic heads 10 
service each magnetic surface. NOI only wou ld this eliminatc the necd for ~I 
disk-Io-disk access ing mot io n. th us greatly reducing average access time. it would 
also permit implementing the "cyl inder" read-out concept. That is. wit h olle 
head pe r surface and a suitable structurin g of the data . we could envisage ha vi ng 
avai lable an entire "cylinder" (two tracks' worth fro m each disk) wi th electron ic 
switchi ng only -- no mechanica l accessing motion whatsoever. 

These conccp ts formed the basis for a major new pro ject in itiated in ea rl y 1955 
at th e West Julian Stree t Laboratory , which had been de li berately set apart to 
work on adva nced concepts wit hout danger of being drawn into the 305 
fire-fi ghting exercises. and was under the direction of Rey Johnson. The new 
project was called the Adva nced Disk File (AD F) . It was to use gliding heads. a 
tape-actuated track-Io-t rack access mechanism and a quintup ling of storage 
capacity to 25 mill ion characters (later boos ted to 50 mi11 ion) . The work 
cont inued in the Research Labora tory un til a test bed built by Jack Harker 
demonstra ted feasibility o f the glid ing head concepts and the projec t was turned 
ove r to the Product Development Laboratory . 25 

Slider Bearing Principle _ .. _ .... .... ...... _-_. -_ ... -...... ... 

""----... ____ to_ 
.. - .-","",' .. _-



Gliding Heads: A Need For Synthesizers and Analyzers 

Some of Jacob Hagopian 's earl y suc­
cesses were no t consistently repeata­
ble and most people at the time were 
convi nced that absolute flatness was 
the key to stable flight. A few bear­
ings would operate successfully but 
man y would fail catastrophically at 
some arbitrary valuc of load by con­
tacting the surfacc. 

At this time there was no prior appli­
cable experience; the knowledge that 
was available was based upon as­
sumptions conce rning incompressible 
lu bricating fluids such as oil. Bill 
Gross in Research had begun theoret­
ical work to consider the effects of 
compressibility . At the same time 
Russ ~runner and Ken Haughton 
were ~ rying to measure and find par­
ameters wi th which they could corre­
late successful operation or predict 
failure. 

With the prime leadership being pro­
vided by Jack Harker, over a period 
of at most two months, one of the 
most significant pieces of technica l 
work that has been done at tBM San 
Jose took place. It resulted from an 
active interaction between G ross and 
a number of atpers, including Bill 

Michael. who provided some very 
imaginat ive programming. Russ Brun­
ner and Ken Haughton. who prov ided 
experimental data as input and corre­
lation. and Al Osterlund . who worked 
o n suspension designs. This work led 
to an understanding of the fundamen­
tal theory of operation of gas lubri ­
cated bea rings and forms much of 
that body of technical work today. 
The practical result was the discovery 
that a special curvature of the surface 
of the flying element was needed for 
stable gliding. The story serves as a 
remarkable example of the necessit y 
for ha ving both synthesizers and 
analyzers on the development team. 
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Stretching to Build Stretch 

Concurrently undergoing development in Poughkeepsie was a very large 
computer bearing the code name "Strc tch" (a running gag was that the 702 
buildi ng the re would constitute the main framc for Strclch). The architects o f 
this machine had recognized the import ance of random access mcmory (by now 
called di rect access storage to avoid the trademark RAt-.1) and H aanstra was 
inst rumental in ncgotiali ng an agreement under which San Jose Research would 

"Adl"(lll("{'(1 Disk File . .. 11";111 gallged 
heads fllld ("(Ihle (lul/aled ace-e.n lIIe{'!Ja­
" ism. a .l· il appearnl ill e(lr~I' 1956. 

Rey JOhlUOII presides m'er (/ meel;IIX 
of his Research group .1· horl~)1 ajier 
Ihe /IIort' fO Bll ildillg 015. LI.'ft to 
righl : Johllsoll. Ralph Marrs. James 
Allell. L(JI"t'flle Richard. Murray 
Lesser. Cahill Chiller. Roy I-Ia llg. 
Ed SlIpem oll"if:. IIl/idelllified. ?1 
Warren C hristopherso n. lIarold Mar­
key. Waller Johnsoll . Lloyd Tidb(l/f. 
Eill if Hapner. IIlliril' lIf ified. Frank 
Glms. 

Marjorie Griffill. o lle of the l)io/1{'l'r.~ 

of / 951. is held ill high eSfeem by 
{/lOlisallds of fIj,\l engineer.l· fo r her 
skillflll alld always helpfUl II/ol/age­
m el1l of mOllY of ,he local flJAi Ii­
brariel·. She is ~'''OIl"II f,ere (s/{mdi"g) 
wilh tlleille Gardl1er ill II£'{ Juliall 
Sffeer dOl/win ill 1955 . 



provide the hardware. St re tch was to ope rat e in a parallel mode on 72-bit words . 
This meant parallel readout from the St retch file and, co nsequ ently. a se parate 
full re~ \d/ writc ampli fier associated with each head. 

Thus the /\OF work, originally intended to yield a co mm ercial product. was 
d ive rted to fulf ill ing the Stn; tch requirement , although it was antici pated Ih~11 OJ 

commercia l de ri va ti ve co uld res ult with a mi nimu m of redesign. 

St reIch faced many vicissit udes, and by ea rly 1960 the Stret ch File was still in 
techni cal difficulty. Followin g the recommendat ions of a task force Victo r Witt. 
who had become laborator y mana ger in Nove mber 1959. reli nquished all other 

The Advanced Disk File (AlH") lest 
bed alld iH prQud desig llers - lefl 
IQ righl. AI Osterlulld. Russ Bnw­
lIer. Sam m ao. Paul GilOllie}, and 
Jack /-Iark er. 

responsibiliti es to tak e persona l charge of all fil e pr0l:\rams. Witt named Ralph 
Golub to head the Stretch File team and instructed him 10 drop the I:\ lid ing head 
and reve rt to pressu ri zed air heads "because we know they will work and sati sfy 
Stretch co mmitmen ts." The device was announced as the 1IJi\'( 353 in December 
1960, and while it req uired an air compresso r syste m so c normous it had to be 
hOllsed in a se para te room, it d id reso lve the tcchni ca l problems. 

Thanks 10 the detcrminat ion of Hark er work on the gliding head technology was 
co nt inued and a commercial version successfull y using this tec hnology eme rged 
as lhe IB M 130 1 in J une , 196 1. It offered 2 1.6 mi llion characte rs capacity pc r 
25-d isk module and an average access time of only 165 milliseconds. Also of 
note he re is the contri bulion of Wal ter SCOII, assisla nt gene ral mana ger. who in 
1962 accepted a special assign ment to help solve th e manufacturing problcms 
associated with production of the 130 1. 
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Ollce Again DOllbl.f Abol/l Dish 

Returnin g now to the summer of 1957. a~ work o n the gliding head progressl!d . 
the old qua lms aboul disks wcrc be ing reawak ened . A great dea l was bei ng hea rd 
from the world of 111 1\'1 compc titors about di fferent ly configured direct access 
storage devices that wo uld se riously impact lAM if sliccess fui. Man y of these 
in volved tape strips and loo ps of v:lrious dimensions. A study of the ove ra ll 
situa tion. both ex ternal and in lerna l to IO ~·I . was requesled by Ralph Palmer. 
Malt Gibso n. Noyes and Ha:lnstm und ertook the task and in the ir November 
1957 re port recoOlT11e ncled a three- pronged development progra m " to assume a 
position of leade rship for IBM ": 

• . Im:rease the spec ifica tion for c:lpac it y o f the ADF from 25 million to 50 mil lion 
cha racters and ex p:lIld thc program to :Issure release in the last half of 1959 . 

• . Init ia te the develo pment o f a tape strip bin fil e with a capacity of one billion 
characters. with release in 196 1. 

• . Formula te a prog ram for deve lo pment of a one mill io n cha racter fi le with len 
milli second average access time . 

1\ 11 th ree recommend:ltions were ad opled . The lape Stri l) bin file undcrw(' nt a 
seven-ye ar metamorphosis fro m :I rec tangular a rray of strips accessed by a 
se lection device notunlikc that proposed by Te lecomputing in 1952. In a cyl indri t:a l 
bin which ro tated the array o f strips past a sta tionary picking station. A 
succession of prog ra m mana ge rs fo und the speci fica tions unusua ll y cha llengi ng. 
and it was nOI until April 1964 th3t the product was ann ounced as the 111 1\'1 2321 
Data Cell Dri ve. It was rel eased to rnanu f:u': luri ng by Gerald V. Harrks :tnd 
offe red 400 million characte rs of o n-line data stored in in terchangeable 
inc rement s of 40 mill ion char:lc te rs each. The average access l ime was just ove r 
one-half second. 

In il s time. the 232 1 filled a void in the cost-pe rfo rmance spectrum o f the random 
access fami ly. But the ve rdict is now in and disks survi vc while short I:II>C strips 
h:t ve la rgel y passed frOIll Ihe scene. probably for good. C losel y packed magnetic 
st rips. plucked from a bi n and wrap ped around a drum fo r reading and writing. 
seemed 10 both IBM and its competitors to be a ve ry logica l and economica l 
solut io n to high-density rapid access. but the mechanical complexities proved just 
too grea t and ex pensive to ove rcome in compariso n to disks. 

All I "fitu/rial Desig ll COllceplioll of 
lilt, Adl"llllced Disk Fife circa 1959 . 



n,t! Very Large Capacity Memory 
(IiLeM) project responded 10 tire task 
fo rce :\' second recommendalion. flere 
is tire rectilinear access mechanism 
as il appeared in 1 95 9. 

A model vJ the '\'oice coil (lCIlla/or" 
Jor lise on Ihe million clraracter /ile. 
This prillciple /ollnd application //I 

sel'eral later products. 

The third of the 1957 task foree's recommendations. the one mill ion character 
fi le. was based on a flexible plastic drum principle . It was later abandoned to free 
people whe n ADF problems surfaced. but th e project with Ralph Marrs and Bill 
Tibbets did make an important cont ribut ion to later products - the first use of a 
voice coil act uator. It is also worth remembe ring that the flexible recording 
sleeve on this device was to be replaceable . 

Syslems AClil'ilies lU San Jose 

Although it may seem as though direct access files occupied th e entire atten tion 
o f th e San Jose facil ities in the 1 957-5~ period . there were severa l other systems 
ac tivities that evoh'ed in Stevens' Deve lopment Laboratory and which dese rve a 
brief mention . IIJ ~'I had begun pilot line production in Poughkeepsie of hi gh 
qualit y transistors. The new circuit clement pro mised to provide signifi eanl 
increases in reliabilit y. speed and functio n at lower cos t than vac uum lubes. lIS 
availabil ity in small q uant it ies lead to a corporate decision that the logic circui ts 
fo r all future products (with some few d ispensations) wou ld usc it. It was a 
disconcerting time of cha nge for circuit designers brough t up on the vacuum tube 
and Ihe decision was not universal ly popul ;lT. It was considered ;It bes t to be 
premature and based on an as-ye t-unproven tec hnology. But the wisdom of it 
will now he debated by hardly anyone. since it fo rced designers to think solid 
state long before the no rmal human time constant would ha ve preferred. At any 
rate. transistoriza tion of the 305 was a natural. and a small band set about the 
task. 26 Eventuall y it was decided nOI 10 swit ch 305 productio n over to 
transistors. bu t to complete the design to a poin t that wou ld permit switching 
rapidly should that prove desirable. 

The other principal systems activities in late 1957 and earl y 1958 were the "306" 
and the "3 10." The lalter was to be a tra nsistorized system of new design and 
increased power to supersede the 305. The design objectives called for a 
completely stored program machine ( no plugboards) with approximately the 
logical power of the 650 and specifically designed to accommodate th e Advanced 
Disk File. but taking advan tage of faster in put / ou tput devices (chiefly the 
400-line-per-minute chain printer) then under development in Endicott. A 
stripped-down version of thi s machine was to form the 306. in the accounting 
machine class with performance about two times the 407 . 
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MC<.Inwhile . elsewhere in the compan y contcnding proposals were being ad vanccd 
for the 306 area and pressures were bui ldin g for decis ions on which labora tory 
should do what in the systems arena. After co nsiderable debate it was decided 
that the San Jose Product Development Laboratory should wi thdraw from this 
field in favor of the Endicott ent ry. It was a bitter pill . but the Endico tt machine 
went on to become a pacese ll er which sold in tru ly large quantities. the IBM 
1401 . To its success San Jose contributed a transisto rized version o f the 350 disk 
fi le (the 1405) and o ld timers will reca ll that conversion of the se rvo ci rcui ts to 
solid state took the laboratory through another period of anguish. 

Work on th e 3 10 design con tin ued for some months. In December 1957 John 
Haanstra. who had been in o n the start of the project. was promoted to Assis tant 
Manage r of Product Deve lopment for the Division. In this role it was nat urall y 
hi s dut y to judgt.: his erstwhi le teammates impartially. He became convinced thaI 
the functio nal and cost objec ti ves of the 3 10 could best be met as a follow-on to 
th e 140 I prognllll . Consequent ly . it too was ordered termi nated and transferred 
10 Endicott. to be annou nced later as the IBM 1410. 

Th illk ing S mall: The Low Cosl File 

Although the 306 and the 3 10 were lost. the San Jose Development Laboratory 
was not lo ng withou t a miss ion . To some degree its new role W;IS dccided whcn it 
became d ear th at Larry Wilson would be coming to San Jose. A man who had 
alread y accomp lished e nough for several careers. Wilson's technical and busi ness 
reputation preceded his arriva l. in September. 1958. 

A Texan educa ted at the Universi ty of Illinois. Wil son was by traini ng a 
statisticia n who had spent his ea rl y C:'lreer a t the U.S . Bureau of Census. There 
he became familiar with IUM products and intrigued wit h the idea of contributing 
to their design. He joined tUM in 1939 as a junior salesman and shuffl ed between 
sal es and engi nee ring for seve ral years before becoming a senior enginee r a t 
Endicott in 195 1. 

Sail Jose"s firsl W a/SOIl S cholars (Ire 
preJemed Iheir citmions by Ed 
Quade 0 11 JUlie 19. 1957. They are 
Harold Huffmall (10 QUlJdes right) 
lJlld Ronald Berlo,s (10 his left). 
ProU(! f miJers Dwight Huffmall (md 
Carl Bergfors Jlmlk their sons. 
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Poss ibly no ot her man in IB M history 
has been involved wit h as many new 
products ove r his ca reer as has Larry 
Wilson, who ended his ca reer back in 
San Jose after a lour as site manager 
at Boc:'1 Raton. Indeed Wil son was 
an cxccption to thc norm in product 
deve lopment, which is that differen t 
stages in the process req uirc di fferent 
tale nts and , hence , differe nt leade rs. 
Wi lson was both a tec hnica l creator 
and a skill ed entrepreneur who was 
ablc to carry a project fro m it s early 
enginee ring stage through to release . 

The first product to emerge at San 
Jose from the Wilson team was the 
609 transistorized elect ro nic calculat­
ing punch, the basic dcsign for which 
had been done by Roy Harper in his 
spare time while on assig nment in 
Paris. Nex t we re two I/O devices 
which became part of the Endicott 
mac hine ca lled the IBM 1440. These 
were the 1442 serial reader-punch, 
the first high-speed seria l card han­
dier, developed under Don Rex . and 
the 1443 incremental bar printer for 
whi ch E. Rae Wooding and John 
Schmidt were primari ly res po nsible . 
Glen Nielsen's group , in conjunct ion 
wilh the Bocblingcn Labo ratory, 

Larry Wilson and His Wondcrful N4!w Producl Muchine 

Lawrellce A. Wi/SOli 

produced San Josc's high ly successful 
contribution to System 360, the Mod­
e120. Wilson's people also produced 
three pieces of I/ O equipment wh ich 
found use in ma ny System 360 instal­
la tions: the 250 I card reade r: the 
2560 parallel punch: and a longstand­
ing drea m of Wil son's - the 2520 
multifunction card machine. 

Nexl came the 11 30 Computer, de­
ve loped under Roy Harper's (and 
later Bria n Utley 's) direction . which 
also found usc as the processor for 
the I HOO process contro l system. The 
11 30 featured a pri nt er of interesting 
concept, si nce it was designed to 
make use of recondi tioned parts from 
the 407 . Alfred E. Stone, one of thc 
1952 pionecrs. was instrumenta l here . 
Another important feat ure of thc 
I 130 was Waltcr Buslik 's single re­
movable disk filc known as "Ram ki t. " 

In 1964, Wilson was appoi nted an 
t1Jr.l Fellow. In Ihis role he was free 
to pursue anot her old passion. the 
not ion that advancing technology 
should by all righ ts have obsoleted 
the standard eighty-column ca rd : he 
developed a fu nctional replacement 
about one- third the size. This permit­
ted the design and demonstra tion of a 

line of eq uipment which added up to 
tru ly low-cost da ta processing system 
for very small businesses, which, 
transferred to Rochester. became the IBM 
System/ 3. 

Sti ll Wilson was not ready to quit. 
Severalla tc r projects did not materi ­
alize. bu t one. a matri x line pri nter. 
developed by AI Brown. AI Chou and 
Dick Darling. was transrerred to En­
dicott and emerged as the tuM 22 13. 
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In th ose da ys most compu ter peop le we re th inking big: They wan ted large r 
ca pacit y fi les and more powerful processors -- it was a badge of honor then to be 
working on the larges t com puter ever conce ived. Wil son. however. was thinkin g 
small. His sa les background and his intuition led him to conclude that there was 
a vast marketplace read y and eager to ent er the age of data processing a t the 
right I>rice . 1-1 is enginee ring ex perience led him to be lieve that it could be done 
profitably. 

In J une 1958. prior to but clea rly ant icipat ing the announce ment of the Wi lson 
mission. Palmer. who was manage r of product development for the Data 
Processi ng Divisio n. defi ned the Laboratory's respo nsibilit y as " being the 
deve lopment of a line of compatible data processing and/ or accounting machines 
lh at arc be low the RAMAC 305 in both function and cost ." He stressed that this 
wo ul d require a great deal of inge nuit y in both system organiza tio n and 
input / out pu t equipment design. Thus th e Laborato ry mil ie u in early 1958 was a 
peculia r admixture of "biggc r is bctter" and " low cost is best." On the one hand 
there were the 3 10 proposal. the AD F and the Stre tch file projects; on the other 
hand . the San Jose syste ms futu re had been clea rly directed toward low cost. 

Stevens assigned Jack I-I arke r. H. K. St. Clair and D. L. Stephenson to define a 
" Low Cost RAMAC Sys tem." wh ich he described as having half the size. half the 
ca pacity. hal f the performance and ha lf the cost of the 305. Obviously o ne 
important component of th e machi nc would have to be a low-cost fil e. Stevens 
recalls th at durin g a cross-co untry flight wi th Haanstra the lalte r remark ed that 
1B ~' 1 wou ld have to learn to build files as Ge neral Mo tors builds Chevrolets. that 
is to say. mass production o n a hi ghly -automated assembly li ne . This indica ted 
his vision of the future o f direct access storage and had important impl ica tions for 
the engineering of the low-cost fil e . 

Meanwhi le. A. S. Hoagland . who had made signi ficant contributions as a 
consulta nt to ea rl y magnetic head designs and was by now a fu ll - time IBJ\,t 
Research employee. had undertak en the developme nt of a "single disk file," 
pushing the magnetic recording technology 10 it s densit y limits and inco rpo rati ng 
a track -following servo . 21 The idea was to make the single disk easily 
re movable . like a phonograph record . and interchangeable by use of the track 
locating se rvo. 
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Khnlshchev, sporting a visor cap 
given him earlier in the day by a San 
Francisco longshoreltWII, converses 
with War son earlier ill the day as they 
stroll the grounds. Henry Cabot 
Lodge, U. S. Ambassador to (he 
Ullited Nations. is seen behind the 
So Lliet Leader. MallY other dignitar· 
les were present. including Russian 
Foreign Minister Andrei Gromyko. 

The Khrushchev Visit 

No account of IBM in San Jose would 
be complete without the telling of one 
of the most colorful eve nts in Ameri­
can industrial history. The San Jose 
Plant site was selected to be shown to 
Nikita S. Khrushchev as an example 
(not necessarily typical) of how our 
country goes about its business . The 
Soviet Premier arrived on September 
21, 1959 and if you think plant secu­
rity is tight now, well, you should 
have been here then . Armed guards 
lined the roofs of all buildings and 
infiltrated the crowds, as vigil ant 
helicopters hove red ove rhead. 

Khrushchev had just come from Los 
Angeles where he had throw n some­
thing of a tantrum because he was 
denied his request to see Disneyland, 
and local managers were consequent ­
ly a little edgy, worried about what 
sort of mood this mercuri al leader 
would bring wi th him. 

But all went well. the tour of manu­
facturing impressed him and he was 
most gracious as he dined in the cafe­
teria along with several Hundred em­
ployees randomly selected for the 
occasion. After lunch Thomas J . 
Watson. Jr. delivered an official wel­
coming speech, broadcast over the 
plant public address system, and 
Khrushchev responded with a 
seventeen-minute expression of ap­
preciat ion. 

O ne item connected with tha t day 
sticks in some mi nds. The press re­
ported that Khrushchev was im­
mensely impressed on his drive down 
Baysho re from San Francisco to San 
Jose, first by th e size of the automo­
biles and, second, by the fact that 
most of them had but a si ngle occu­
pant. "You foolish Americans," he is 
quoted as saying, "Don'( you realize 
that you will soon burn up all of your 
petroleum? T hen what will you do?" 
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Jack Harker reca lls saying something like, "You know, if we really mean 'small' 
and ' low cost' then we're talking about simple and light weight. I believe that by 
pushing recording technology we could get perhaps a couple of million characters 
o n half a doze n disks about the size of phonograph records. Furthermore, th is 
slack of disks could be light enough , and could be designed . to be easily lifted 
from the spindle and stored in a closet. " Several people recall being intrigued 
and impressed by the idea but few could foresee the full significance . 

Neithe r, apparently, d id Harker. at least at first. Earl y in June 1958 he traveled 
wit h SI. Clair and Stephenson to Poughkeepsie, End icott and Lexington to learn 
all he could about the small business requirements. Their repo rt reached seve ral 
impor ta nt conclusions, but most significantl y. fo r the purposes of the present 
saga, it reads: "A rotating file could be designed so that part of the record 
surface could be easily replaced. permitting introductio n and removal of larger 
quantities of data . (It is unlikely that it would be desirable to change the e nt ire 
memory)." This appears to have been the first writlen mention of disk 
removability, a concept which, toge ther with the gliding head , would ultimately 
cause disk technology to win out over competing approac hes. 

Despite the adva ncement of removabi lity as one of the criteria , the first test bed 
for the Low Cost Fi le reverted to the horizon tal shaft orienta tion. which was 
incompatible wit h removabi lit y. Indeed, one migh t be forgiven if at first glance 
he mistook it for the first RAMA C mockup of five years ea rlier. 

Work on the Low Cost File continued throughout 1959. now as part of the 
Wil son organization developing it into enginee rin g model hardware (the Low 
Cost RAMAC system was discontinued earlier that yea r) . 28 



Vic Wilt: Driving Force to a New Industry 

V. R. Wilt. 

For the decade or the 1960's Victor 
Witt's name was synonymous with 
IBM's disk storage development. 
Through his leadership, the rragile 
concepts and technologies became 
the basis of a new industry. Although 
his imprint is on many other products, 
his determination to exploit the re­
movable disk in a compatible ramily 
of products can be identified as the 
true turning point toward the wide 
acceptance and application of disk 
storage and the creation of an indus­
try standard. The impressive im­
provements in density and cost that 
were accomplished under his direc­
tion can be attributed to a manage­
ment stress on excellence which nur­
tured a strong technology effort with 
close working relationship to manu­
facturing. 

Vic joined IBM in 1951 in Pough­
keepsie after working for Western 
Electric and Sperry Gyroscope Com­
pany (where he obtained a BSEE rrom 
NYU while holding down a full-time 
job.) He was involved in early mag­
netic tape media and drive develop­
ment and managed that erfort before 

becoming Development Laboratory 
Manager in San Jose in late 1959. He 
was appointed an IBM Fellow in 1970 
and maintains an active interest in 
Direct Access Storage. 
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The record does not make clear the steps th rough which the replaceable and 
interchangeable di sk pack ga ined respectabil ity. However. the fea ture was 
indudcd in a report on program objecti ves published by Harker on Februa ry 9. 
1959. although its usefulness was still seen as being limited to an alte rnative to 
periodic fil e dumps and protec tio n of continu it y (since di sk packs could be 
transferred to other drive modu les in case of a machine failure) . The real 
economic adva ntages of the disk pack's she lf storage potentia l were to become 
clear somewhat later and we re championed by plan ner Ken Foulger . The official 
design objectives. authorcd by W. M. Masline. came out a year later and spelled 
out in grea ter detail what intcrcha ngeability wou ld mea n. 

And so the low-cost fil e became the 13 11 and proceeded dow n the glory road , 
the first disk file designed for a specific system ( 1440) and to make use of both 
the glidi ng head and the replaceable disk pack; the fo rerunner of so many 
variants that have made IIJ M histo ry. The story cannot be closed withou t giv ing 
final trib ute to the o ut stand ing work of David Montgo mery who carried the 
machi ne through Deve lopmen t Test and of James Carothers and Robert Pallison 
who led the production design and took the machine through Product Test and 
into production. 

The lo w co.\"I fi le weill Ihrough (I 

!lIIl1/ber of Iral/sil ion.\· before ils /i f/al 
de.l·ig l/ . Tlli!; fllref' spindle I'ersion 
was pholOgraphed in j a lll/ary. J 959. 
(Jlld ill 1I .~et1 .\·e (wlicipales Ihe 1111111i· 
dril 'e prodllcls of milch 1(J(('f villfllge. 

Closer (0 Ihe IUM I j II as il el'ell/II­
lilly emergl·d i.~ Ih is October. / 959 
model. 



Chapt~r 7. Other M~mb~rs of th~ Product Team 

The story to this po int has concent ra ted on product development activities. It 
will surprise no one to be told that innovation does not cease when the prototype 
product design exits the doo rs of the Development Laboratory; the story of 
innova tion in San Jose is onl y one-th ird told until the roles of Manufacturin g and 
Programming Systems arc induded. 

Mike Hall. a member of the manufacturing team since 1961 . has steadfastly 
mainta ined that development is dedica ted to the design of products that a rc 
intrinsically impossible to manufacture. Indeed it is one thing to produce a 
prototype and quit e another to replicate it in quant ity, and most development 
people would be willing to concede that manufac turing has been handed more 
than one very hot potato . 

During the pe riod of product tran si tion from laboratory to production, it is 
inev itable tha t many system and technica l problems will ari se, and freq ucntly the 
result is heated debate as development tries to push manufacturing into accepting 
new chall enges beyond the rea lm o f their ex isting ca pabilities and, converse ly. 
the plant argues in favor of " more realistic" specifications. 29 The out come is a 
compromise but the relationship pro ves to be synergistic, with manufacturing 
wi nding up agreeing to acce pt much more ri sk than it reall y dee ms prudent and 
going on from there to pio nee r the needed process improvements. Most old 
hands in the Deve lopment Laboratory harbor a dee p admirati on for the abili ty of 
San Jose Manufact urin g to come up with innovation on demand. After th e dust 
has cleared. the protago nists recognize that they arc all players on the same team. 

Setting Up S hop 

Now 1I3M 's thi rd la rgest manufacturing locat ion -- the largest outside New York 
State -- San Jose manufactures more computer-re la ted storage products than all 
oth er compan y loca tio ns combined. The General Products Division has lhe 
grea test installed leased in ve ntory of any IB M product di vision thanks to San 
Jose's prolific output and Endicott 's printer products. That inve ntory now 
includes tape dri ves and magne ti call y recorded mass storage systems (transferred 
from Boulder), impact printers and the IBM 3800 Print ing Subsystem, whose new 
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and complex electrophotographic, non· impact printing technologies required 
years of development and conversion to manufacturing techniques at San Jose. 8 

It all began , follow ing the November 1954 decision to go ahead with the 
construction of several test models of RAMAC, when Frank Paul arrived in Jul y 
1955 to supervise their construction, with the aid of a special manufacturing 
team, at t8M's first "plant" on South 10th Street. He had scarcely got himse lf 
settled when it was announced that San Jose was to be the site of a full· fledged 
manufacturing facility . Gav in Cullen was appointed General Manager in 
February, 1956 and the manufacturing organization Quickly outgrew the South 
10th Stree t building, ove rflowin g into at least four o ther leased loca tio ns spread 
around the cit y from Lenzen Avenue on th e north to Monterey Road on thc south . 

Cullen' s initial se t o f top manage rs (in addition to Paul as manager of manufac· 
turing and Fern bach as e ngineering manager) included: Ernie Friedli. product 
engineer in g; Phil Taylor, manufacturing engineering; Bud Sherriff. purchasing; 
Bob Muller, production control: Bill Hall , quality assurance; Paul Richards, plant 
engineerin g; and Bob Simmons, personnel. In early 1957, Clarence Frizze ll 
joined the team as Assistant Gene ral Manage r. This basically functional 
organization grew and pe rsisted until May 1967 when the " product manager" 
concept was introduced. 

At that time Jeff Thwaite became responsible for all aspects of disk and ce ll 
manufacture; Mike Hall for magnetic heads: Joe Sheredy for file products; and 
Bi ll Hall for systems. With tempora ry perturbations, this orga nizational structure 
has persisted to thi s day, and many consider it one of the most important contri ­
butions to the Plant's abil ity to handle a variety of product and technica l challenges. 

Pushing fhe Stale of the Manufacturing Art 

When the first RAM AC was shipped in 1957, disks were still fabricated from 
aluminum recording stock, with the coating still poured by hand from paper cups. 
But process automa tio n came at an amazing rate once manufacturi ng had the 
opportun ity to settle down to the serious business of producing machines in 
volume in permanent quarters. By 1959 automatic coating systems operating in 
controlled env ironments had replaced the paper cup. As recordin g densities 
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increased. eve r greater demands were placed on disk surface smoot hness. 
Standard reco rding disk aluminum was no longe r adeq uate for 1405 use and an 
au tomatic sanding o perat ion was added . When the head flying height was 
reduccd to 250 microinches and less in later prod ucts. the smoothness 
specifica tions su rpassed the capability of the state o f the manufactu ri ng an not 
only lO prod uce but also to measurc. An extensive survey of the field by Bob 
Ryo n and Art Tollkuhn indicated that no ve ndor was capable of doing the job 
and so an intern ally designed system was placed on line. Sophist icated test 
ins trumenta tion was also developed . 

The IBM Plan t in Sindel fingen. Germany was designated to be the World Trade 
Corporation sou rce of disks and disk products and a ve ry close wo rking 
relationship developed between 5,10 Jose and the Ge rman sisler plant. Engineers 
in Sindclfingcn first came up with the precisio n diamo nd turning lathe whic h 
eventuall y SC I the standard for disk surface finishing. Sindelfingcn engineers also 
dcveloped a soph isticated optica l ru noul tester fo r measuring surface quality. 

Comparable progress has taken place in th e production of magnet ic heads amI 
slider bea rin gs. The first 350 heads consisted of stacked laminations aro und 
whic h the read-writ e coi ls were wound by hand. This assembly was then bo ndel! 
to the aluminum slider with epoxy. Most operations had to be pe rformed under a 
microscope and many tedious hours o f asse mblcr training werc required. Since 
then automated procedures have taken ove r most of the work . Ferrit e co re s have 
replaced the laminat ions and the slider matc ri al has progressed th rough stainless 
steel. plastics. alumina and ce ramics. 

Later glass bonding of head to slider was used . Some ap prec iation for th e 
innova tive techniq ues in troduced in head man ufact uri ng can be gleaned from the 
figures showi ng the exponenti al bu ildup of production quantities and the number 
of people rC4 uired to meet them. At one point the re were 240 people maki ng 
magnetic heads for the 2314 disk file. on two full shifts. Today there arc 24 
people in the same arca making more heads than before. and with inrinitely 
tighter tolerances. 8 It was not until Dece mber 1 96~ that the millionth head came 
orr the line (an eve nt that was appropriately celebratcd). The nex t million were 
produced in the following two years and by May 1977 the seven mi ll ion th head 
was assembled. 
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Not By Disks Alone 

But the San Jose manufactu ring story. of course. is by no means limited to 
RAMAC and its offspri ng. Nor does it necessari ly run parallel to the San Jose 
development ou t pUC fo r various financial and personnel utilizatio n reasons it has 
often been necessary to switch product man ufacture from one plant location to 
another within 111M and San Jose 's mission was broadened constantly from the 
earl iest days. In 1957 the West Coas t Reconditioning Center. under Owen 
Humphrey. became an integra l part o f the Plant. Then came the 604 family of 
electronic calculators from Poughkeepsie. followed by the 2821 printer control 
unit . the 1440 system. the 360 Model 20 system. one-half inch tape products and 
the 3850 Library System. In 1975 the San Jose facility added the capabi lity of 
circuit card manufacture . easing the wo rkload in Endicott and freeing the home 
team from reliance on a source 3.000 miles distant. 

But. of course. the San Jose Development Labo ratory has provided its 
manufacturing neighbor wi th the bulk of its " impossible" production chall enges 
including and going beyond the disk stora ge field . Unques tionably one of the 
most difficult was the 232 1 Data Cell Drive . From the manufac turing viewpoint. 
the engineering mode l of th is product appeared at fi rst to be unproducible. 
Dimensional tolerances o n both metal and plastic parIs were unheard of in the 
manufactu ring world of the day and it took a long-term task force of engineers 
from both deve lopmen t and manufacturing to get the schedule and costs under 
con trol. One component in particular. the data cell itself. required a broaching 
operation that was thought to be impossible . but under Gavin Struthers it , too , 
eventuall y yielded. 

San Jose Manufacturing has pioneered a number of organizational and 
procedural changes Which, because of clea r advantages in enhancing product 
qualit y and reducing costs, have been adopted on a company-wide basis. An 
example of this is the concept of "purchasing enginee rin g," initially advocated by 
Art hur W. Brown who believed that the procurement manager sho uld be held 
responsible and accountable not only for the price and scheduling of purchased 
components bUl also for their qualit y. Acting on this notion the San Jose Plant 
over the pe riod from May 1970 to June 1972 transferred a number o f technical 
functions, tradi tionally found elsewhere o n organization charts. to the jurisdi cti on 
of the purchasing manage r. These included supplier quality engineerin g, 
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receiving inspectio n, and manufacturing ;:Jnd test enginee ring. These changes 
have proved their worth in red uci ng man power and paper work while greatly 
improving vendor relat ionships and reducing costs. Another example was the 
format ion of the "new-products" orga niza tio n. First set up in San Jose in Ju ne 
of 1961 to coordinate the work o f all fun cti ons rela ted to the deve lopment and 
manufacturing of a new product. The idea has been adopted by all other 
ma nufacturing locat ions. 30 

'To illustrat e the Plant - Laboratory synergism that h;ls ch;lracte rized the San 
Jose expe rience, it will be useful to recount the histories of two products in 
particula r - the Process Control Systems mission and the IBM 3800 Prin ting 
Subsystem. From an orga nizational and record-keep ing standpoint, possibly no 
product has had a greater impact on an IBM manufacturing fac il ity than the 1800 
Control Systems fami ly. From the standpoint of the new ness and complexity of 
the technologies involved. the 3XOO holds a similar position. 

COlllrollillg Indus/rial Processes 

The Cont rol Systems mission had its ge nesis in some case studies done by the old 
Special Enginee ring Products Division in 1958. Cut hbe rt C. Hurd of the 
Advanced Systems Development Division's Mohansic Laboratory undertook 
some hardware designs to meet the needs that SE PD had stated . The emphasis 
then was on large continuous- flow industrial processes, such as those found in oi l 
refi ne ries. Not o nl y was the necessa ry sensor instrumentatio n already insta lled . 
but it was clea r that small im provements in process efficiency could yicld 
handsome dollar re turns to the customer. The ini tial approach was sim ply to 
convert analog signals from the instrumentation into digital data whic h could be 
punched in to ca rds. The cards were then batch processed and the result s verba ll y 
communicated to process operators who would then make appropriate se t point 
adjustments manually. 

In 1959, the Mohansic gro up launched the design of a more sophisticated system. 
incorpo rati ng the 1620 processing uni t. Since, as bef its an "advanced 
laboratory," Mohansic had no release or produc tion faci lities, the en ti re project 
was transfe rred to San Jose in 1960. Howard Mussell was sent out to head the 
rece iving team and Hurd himsel f followed later. 
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Three spec ial 1720 contract systems, as they were called, were successfull y 
insta lled for cuslOmers and prov ided valuable information fo r fo llow·ons, A more 
modest system, the 17 10, was announced in 1961 and first installed a year laler. 

In 1963, Norman Wilson headed a grou p of engi nee rs who transfe rred to 
Rocheste r, Minnesota to set up a sate llite process control program. Although the 
17 10 h;:ld provided an entry into the senso r· based fie ld. it was not effec ti ve in a 
broad range of applica tions and the two labora tories. San Jose and Rochester, 
bega n a collaboration to sa tisfy three of th em: ( 1) high speed dat a acquisit ion 
(remin isce nt of the 1952 activ ity in San Jose ) ; (2) direct digital control of process 
actuators: and (3 ) process optimi zation lasks. The outcome was the 1800 system 
whic h incorporated :'1 centra l processi ng unit simila r 10 the 11 30 compu te r. 

Under Don Stephenson's management. deve lopmen t of the 1800 proceeded on a 
"crash" basis, fir st customer ship ment occurrin g a scant two yea rs afte r receipt of 
th e corporate "go" sign::11 in March 1964. In the heat of battle, man y of those 
who had transfe rred to Rocheste r found themselves back in San Jose. The 1800 
was a fu nctional and fi nancia l success (one half of those produced are sti ll in 
service and the system is still in limited produ ction here) but it s release to 
manufacturing prese nt ed a unique chall enge, It is th e nature of the process 
control business that vi rtu all y no two customer installations arc alike. In fact. the 
num ber of o ptional and special featu res ava ilable for the I ROO was so large thaI 
they cou ld not a ll be accommodated simult aneously in any re aso nable size 
e lec troni cs frame. This led to the c reation of the "floating feature" conce pt ; the 
circuitry fo r a give n feature might appear in one location in a give n machine and 
in quite a diffe rent place in another. This rcquirell an ent irely new dimension of 
discipli ne and cooperati on from the entire gamut of 1Il,..1 orga nizatio ns. from sales 
th ro ugh engineerin g, manufacturing and purchasi ng to field engineering, but the 
most seve re im pac t was on manufacturin g. 

Ma ny fu nctions that had prev iously been readily accomplished by routine manua l 
procedures had to be compute ri zed in a hurry. That it was carried off so 
successfully is testimonial to the dedication of th ose in volved. 

An 1800 system going together in 
Bldg. 005. Keeping track of 
'floming leaf l/ res" was a major 
methods Ileadaellf.'. 



Also, in contrast to the usual computer situation -- where the opera ting systcm 
always cOl,llmands system resources -- the utilization of computer resources for 
process control must necessarily be subject to change in the face of cxtern al 
events. Therefore a separate multi-programming executive software system had 
to be developed along with the hardware. 

IBM 's Kind of Produci 

Joe Sheredy has held key positions in both the laboratory and manufacturing, and 
has se rved as the interface between the two organi zations in connection wit h 
many products. Shcredy describes the printer subsystem, the 3800, as " IIlM 's 
kind of product - tough to design and tough to build." It is certainl y true that it 
combines a number of new and complex technologies. Significant innovat ion has 
been required in both development and manufacturing 10 achieve a successfu l 
product. 

The development of the IBM 3ROO Printing Subsystem began in October 1967, 
when Chuck Branscomb, SDD President . asked Laboratory Managers Ira 
Lo hman from San Jose and Jim Troy from Endicott to underta ke the develop­
ment of a high performance non-impact printer. The development began in San 
Jose even though the printer mission was in Endicott at that time. This decision 
was based upon the fact that extensive technic::!1 capabi lity in the relevant 
technologies ex isted in San Jose in research and product development. Moving 
this talent to Endicott was not practical. 

When the IBM 3800 Printing Subsystem was announced o n April 15 , 1975 , 
Carmin Rosa to. who had taken over project manageme nt from Jack I-lildebrand , 
paid speciailribute lO Hildebrand's ea rly accomplishmen ts, "We would not be 
an nouncing this product today," he said . "were it not fo r th e fact of Jack's early 
guidance through ext remely tough technologica l problems in the ad van ced 
development phases. " 
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Larry Wilson at onc ti me advocated a "sunset law" for product deve lopment ­
any development that has gone on for five years wit hout enterin g Product Test 
would automatically be terminated o n the grounds that the product was ve ry 
likely unmanufacturable. The 3800, which had a deve lopment hi story of at lcast 
eight years. may be a notable exceptio n to Wilson 's Law. However, acting on the 
essence of Wilson's message. Manufacturing became deeply involved with the 
deve lopment team as early as March 1973, four years before first customer 
sh ipment. It is probably fair to say that the 3800. more than any other product, 
has benefited from this earl y pa rticipation of plant personnel. Sheredy and Steve 
Ramsey were among the first who contributed heav ily to assuring manufactura­
bi lit y as the design proceeded. Over the years sincc. therc has been con tinuous 
interpl ay be tween plant and laboratory personne l. 

An important compo nent of th e 3800 Printer Subsystem is the organic 
photoconductor, which was developed in the early 1960's a t San Jose Research 
by David Shatt uck and Ulo Vahtra. This photoconductor is flexible and can, 
therefore . be wound around a drum. It is also easily replaceable. There will be 
more sa id about this material in the nex t chapte r. Another 3800 innovatio n is the 
usc of a modulated laser ligh t source to expose the photoconductor. 3 1 

Most paramete rs connected wit h the 3800 are impressive. but one in particular is 
revealing of the nature of the challenge that manufacturing was to face. The 
machine is capable o f printing a t the rate of 20.400 lines per minu te and at to p 
speed consumes 1.7 mi les of paper per hour. A partial listing of the highly 
interact ive technologies, man y of the m new, that make this so rt of performan ce 
possible includes: laser beam character generation using a piezoe lectric crystal 
modul ator, an 18-faceted precision rota ting sweep mirror and other precision 
optics: ult ra-high speed paper handling including bursting and stack ing: new 
leve ls of performance requirements from the organic photoconductor material 
(two months of usage in the 3800 is eq uiva lent to a lifetime of usage in the IBM 
office copier) : fusion of toner particles to pape r trave ling a t ove r two feet per 
second, and so o n. 

lt is sa fe to say that this is I8M '·s most complex product and the op portunity 
cannot be passed to pay tri bute to Chris Coolures and his development teams as 
well as to Dick Mattcrn and his gro up of business planners for the introduction of 
a new era of high function computer printing capabilit y. 32 

Development engineers take a final 
look at the 3800 Printing subsystem 
wilh the Burster·Trimmer·Slacker 
feature before it is sh ipped. Larry 
Derrington and us Morris. front, 
Sian Moss, lefl rear. John Wright. 
John Graham and Fred Arrasmith 
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Finally, it should be noted that Manufacturing Engineer ing's Bill Ca thcart 
design cd and constructed the precision test equipment for fine tuning the 
machine's optical system -equipmcn t that has si nce become the project 
standard . 

The World of Programming Systems 

In 1957, when the Laboratory was ce lebrating its fifth an niversa ry, Robert C. 
Miller came to San Jose, transferring from hi s post as System Science representa­
tive in Sacramento. His assignment was to bring the programmer's view point to 
Charlie Ea rley's product planning team, which was even then considering 305 
follow-on prod ucts. Miller can claim to be the first full-time programming 
specia list in the San Jose complex. 33 In those days. computers were slill for the 
most part instructed in machine languagc and thc advent of FORTR AN and other 
hi gh. level languages lay still beyond the horizon . Thus, if anyone had told the 
engineers then working on the 305 that one day there would be in San Jose a 
585,000 square foot build ing complex housing 2,000 tBM professional 
programmers, they would ha ve been rega rded as a prime candidate for protec ti ve 
cus tody. Hans Jeans and Quentin Correll soon joined Miller and the trio 
contributed some customer routines for the 305 in addition to ass isting the 
product planners. When the Control Systems mission came to San Jose in 1960, 
Miller became part of its product planning team and Jeans took ove r responsibili­
ty for 1620 programming. 

By 1961. Earley, then in ASDD, had launched a major new pioneering 
programming effort known as Multiple Business System (MBS)' It was direc ted at 
providin g computer facilities to small businesses through shared access 10 a large 
ce ntral machine. This idea was a precurso r to loday's time sharing. The service 
was never available from IBM domestically but was announced by the World 
Trade Corpora tion in 1970 and is in use today. In addition the application 
program "customizer" concept pioneered by MRS has found wide usage in the 
General Systems Division product line. 34 

7 1 



Another pioneering time sharing system developed in AS!)!) was announced in 
the fall of 1964 for the 1440. This system, known as the Administrative 
Terminal System (ATS). was directed at providing computer assis tance for the 
preparation of tex t and other admini strative documents. The project was led by 
Roy Haug and Midlal' l Nekora . 35 

In 1961. Wallis Bolton, Development Laboratory Manager, got ge neral 
accepta nce of hi s concept of a unified Co mputation Center to bring toge ther the 
various small programmi ng act ivities that had sprung up and he se lected Eugene 
Lindstrom to head it. The Computation Center encompassed both technical 
support programming, such as design automation for the 1301 project. and 
programming product work . Jeans and his grou p working o n the 1620 
Assembler. FORTRAN and Monitor packages, became a part of the Center, as did 
the Cont rol Systems Execu ti ve programs. 

By the fall of 1964. when the true magnitude of the programming task in support 
of the System/ 360 was beginning to be fully appreciated, the San Jose 
Computation Center's Ex ternal Commitments Department was assigned the task 
of de veloping the Report Program Generator (RPG ) and the Assembler language 
portions. A yea r later, when the Systems Development Division was created and 
Carl Reynolds was named div isional direc tor of programming. work on 
Sys tcm/ 360 programming was severed from the Computation Center to form the 
nucleus of the first semi -autonomous Programming Center here. Gene 
Lindstrom was named manager in Jul y. 1965 and Roger Simons came over from 
AS!)!) to assume leadership o f the Computation Center. 

The truly significant role that disk products would play in System 360 was 
apparent by late 1966. In order to provide a better environment for considering 
trade-offs between disk file cont rol hardware and data management software. a 
decision was made in ea rl y 1967 to move the Data Management elements o f the 
operating system from Poughkeepsie to San Jose. Tom Apple came along wi th 
the move to become manage r of the San Jose Programming Cente r. Program­
ming focused on data management. device support. access method design and key 
system facilities such as Input / Output Supervisor (tOs) and System Generation 
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(SYSGEN). Apple initiated the first se rious effort in the deve lopment of data 
base software which led to a new Virtual Storage Access Method (VSA M) . an 
impo rtant innovat ion announced in 1972 . 36 

The Data Process ing Division. meanwhile. had noticed a sharply rising customer 
interest in data base manage ment program products in specific applica tio ns. To 
satisfy this interest. DPD in 1970 established a Data Base/ Data Communicatio ns 
Center in Palo Alto. The three major products o f this organization were: the 
Information Manage ment System ( IMS), Customer Information Control System 
(CICS) and a General ized Information System (GIS). Burl Whipple brought these 
early priced program products together under this DB / I)C product mission. 

In January 1972 . the importance of da ta base systems to IBM products was full y 
recognized when the Oil/ DC center was absorbed into th e SOD Programming 
Center under the direction of Frank Carnella. This era was one of significant 
expansion of product and programming location responsibilities and was 
highlighted by; signi ficant component design and deve lopment for three m .. jor 
vi rtual storage opera ting systems · QS/V I, SVS, and MVS, a quantum jump in 
increased device support activit ies: and the design and deve lopment of VSA M. 

The responsibi lity of the San Jose Programming Center manager encompassed 
work going o n at other locat ions: Palo Alto, Boulder. New York Ci ty and several 
European Laboratori es. When Jim Frame took ove r this position in March 1973, 
he undertook the consolidat ion and integration of this diverse and far- flung 
act ivity and began structuring the current Language and Data Facilities miss io n. 
The mission was transferred to the Gcneml Products Di vision in 1975. 

With the opening of its new Santa Teresa facility in 1977 . programming ccnter 
personnel from seven different buildings spread around Santa Clara County, 
from Palo Alto to Campbell . arc at last brought together. The Santa Teresa 
La boratory complex consists of cighl four-story cru ciform-shaped buildings 
which occupy onl y 50 acres of the 1.1 80 thatllJM holds there . 
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The Santa Teresa Laboratory provides world-wide Icade rship in four important 
areas: 

GPD device. subsystem. data management and mass storage supporl. 

• Data Base / Data Communications program products . 

Interact ive problem solving languages: Virtual Storage Personal Computing 
(VSPC). APL and "ASIC. 

Applicat ion development languages: CODOL. PL/ 1. and FORTRA N. 
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Chapter 8. A Little Bit About a Lot of Things 

The preceding chapters have focused on the evo lution of some of San Jose's most 
important products. Yet. the story would be incom plete wit hout reca lling 
highlights of other less dramatic innovations that had their roots in San Jose. 

Six from Research 

The San Jose Research Laboratory is one of three laboratories of the IBM 
Resea rch Division. the others be ing in Yo rktown. New York and Zurich. 
Switzerland. At the outse t under Johnson . the focus of the Laboratory was more 
nearly advanced product deve lopment and the turn toward research as the te rm is 
ge nerally understood came with Gardner Tucker. 37 From the first. San Jose 
researchers have made substantial con tributio ns to the world of basic science. as 
we ll as to the technologies of IBM products. Resea rch in San Jose has been 
d is tinguished by co ntri b utio ns in two fi e lds in partic ular - mate ria ls sc ie nce . 
especially organic mate rials. and th e analysis and applicatio n of large computing 
systems. Six areas o f work will be used to highlight innovat ion at San Jose 
Research. 

Organic Pho(ocondllc(ors: The o rganic pholOconductor. which is ke y to the 
success o f both the 10M o ffiee co pier and the 3800 Printing Subsystem. grew 
from work done here . Because of the Laboratory's strength in organic chemistry 
it was in 1961 assigned corpo rate responsibility for coordinating the company's 
needs in this field . with emphasis o n light-sensiti ve organic materials for 
electrophotography. The work was under the direction o f Art Anderson and 
later Cli ff Herrick. It was alread y known that polyvinylcarbazole exhibited 
photoconducti ve changes when ex posed to ultraviolet radiatio n. It was also 
known that the addition of ' transfe r' molecules could shift the effect into the 
visible spectrum, but unfortunately the best sensitivity that could be obtai ned was 
only one·tenth that of commercial inorga nic photoconductors. The breakthrough 
came whe n Dave Shaltuck and Ulo Vahtra began testing the erfects of a 
sensitize r known as trin it rofluorenone (TN F) . The literature had reported that TNF 
could enhance the sensit ivity of polyvin ylcarbazolc in concent rat ions of 2 to 3 percent. 
Shattuck and Vaht ra discovered . however. that higher concentra tions produced a 
marked increase in sensitivity without in troducing any of the common degrading 
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errects. In fact, they increased the concentratio n to nearly o ne molecule of TNF 
for every molecule of carbazole and observed that a truly new material was 
formed . It was a polymer with different physical and electrical properties from 
any reported in the literature . Indeed, it s light sensitivity is equal to that o f the 
inorgan ic materia ls then in commercial use for document copying, and un like the 
latte r it is flex ible . The technology was transfered to the Office Products 
Division Laboratory in Lexington. 

An Electron Beam Resist : Traditiona ll y, ultra -small circuits have been produced 
through a lithographic proce ~s in which the desired patterns are exposed on to a 
plastic resist material by visible light and then e tched. These techn iques are 
limited because the lines cannot be made narrowe r than the wavelengt h of the 
e nergy used to expose them. 

The IBM San Jose Research Labom­
lOry was compleled in /970. 



To ove rcome this. and thus to pack more component s into a given area. it is 
desirable to be able to use energy sources of ve ry short wavelengths. Resea rch­
ers at San Jose and elsewhere have pioneered the use of fi nely focused beams of 
elect rons to 'draw' circuits on resist materials under computer contro\. bu t a fully 
successful system required the development of a resist material that is highly 
sensitive to electron beam radiation. Afler testing literall y hundreds of different 
candidate materials. the experimenters discovered that two polymeric molecules 
- methyl-methacrylat e and methacry lic acid - would combine chemically to 
form a copolyme r with the desired characteristics . In the end , they ac hieved a 
deep understandi ng of the interaction between polymeric resists and elect ron 
beams. The practical outcome has been the narrowing of microcircuit lines by a 
factor of fi ve. 

A Sllpercondllcting Polymer : It was o nce though t thai Ihe phenomenon of 
superconductivity (the complete absence of electrical resistance) was unique to 
metals. It was first observed in a polymer during an investigation conducted by 
Richard L. Greene and G. Brya n Street of San Jose Research in conjunction wit h 
Laurence J. Suter o f Stanford Uni ve rsity. They fo und that polysulfur nitride 
reached a superconductive state at one-half degree Fahrenheit above absolute 
zero. Although this is a prime example of a research result that has no immediate 
practical applica tion, it does suggest that further study might lead to an improved 
understanding of the phenomenon and eventually to the structuring of a material 
that is superconductive at subs tantially higher tempera tures. Every technologist 
in the field dreams o f the discovery of a mater ial that superconducts at room 
temperatu re ; the practical applications would then be limitless. The work at San 
Jose Research gives new hope that this may be more than just a fantasy. 

Scientific Computation: Computer scientists at the San Jose Research 
Laboratory have focused on a range of theoretical problems that lend 
themselves to solution by large, high-speed computers and the Laboratory has, 
for many in the sc ientific world, become synonymous with " large scale scientific 
computat ion." From these studies. IBM has gained much valuable information. 
not only about the physical phenomena under scrut iny. but also of the 
programming requirements and operating characte rist ics of very large machines. 
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The fi eld of quant um chemistry has been a part icul arly productive one from the 
viewpoint of both basic science and advanced computer ap plicatio ns. Enrico 
Clementi. Paul Bagus. Bowen Liu . Megumu Yoshimine and Douglas McLean 
developed a se t of programs ca lled ALC HE MY which allow the fundamental 
chemistry of small molecules to be examined by computer. The algori thms 
developed by them have had eHects on comput ing practice we ll beyond the 
o rigi nal application. 

Laborarory Automarion : Researchers in San Jose have contributed signi ficantly 
to the usc of computers in labora to ry envi ronments by deve lopi ng a software 
syslCm which enab les the [13 M System/ 7 computcrs to respo nd in rea ltime to fast 
occuring event s in lab ex periments. The system enables da ta to be passed back 
and forth betwee n a number of System/ 7's and a mo re powerful central 
computer. In San Jose, for example. the system is currently used to control 125 
labo ratory ope ratio ns and proccss control applications o n nineteen di ffe rent 
System/ 7 compu te rs. 

In Ap ril 1976. th is soft wa re package. deve loped by Bob Martin and Don 
Raimondi. was made available to 111M customers under the name Event Driven 
Executive and has become one of the most successfu l soh ware produc ts ever 
offered fo r use with the System/ 7. 

Relational Dala Base: In 1970. IB M Fellow Ted Codd of the San Jose Research 
Labora tory proposed an alternative to the conve ntional structures for handling 
computer data bases. Building on his idea. other computer scientists in the 
Laboratory have deve loped a systcm of programs to tes t its feasibili ty in reallifc 
business appl ications. If the tests arc successful. the complex business of 
manipulat ing and extracti ng informatio n from computer data bases cou ld be 
reduced to learning a few simple English·like instructio ns. Thus a person with 
lilt le inctination to become a computer expert might be able to accomplish what it 
now takes an expert to do. 

New Product Probes From ASDD 

The Adva nced Systems Deve lopment Division was created in May 1959. and ASDD 
Laboratories were spun off from Research in San Jose and Yorktown. For several 
mo nths. Johnson headed both the San Jose ASD D and Research Laboratories. but . 
in August. Gardner Tucker arrived to take over the Research Laboratory leade rship. 



LOllis D. Stevens 

Consistent with a new corporate policy requiring each new division to find a 
pcrmanent location for its buildings, ASDD selected a bucolic se tt ing on 
Guadalupe Mines Road in Los Gatos. There. a most attractive redwood building 
complex was erected which for a decade was the home of ASDD, Los Gatos. 

ASDD existed as a part of the IBM development team for fourteen years. Its 
mission was to explore potential new business and application opportunities 
through a prototype phase. Any efforts which matured were transferred to an 
appropriate product division for development and manufacturing. ASDD was 
combined with Industry and Custom Systems in 1973 and absorbed into SOD. 
The Los Gatos facility became a part of the General Products Division 
Development Laboratory in 1976. 

ASOD San Jose / Los Gatos had a wide variety of interesting projects includ ing 
pioneering work by Em il Hapner in data communicat ions and ultra high density 
magnetic recording, library automation by Marjorie Griffin and custom LSI 
design by Larry Warren. In addition. the earl y work of Ernie Nassimbene and 
Tom O'Rourke on delta distance codes deserves note. These and other 
technologies pioneered at the Los Gatos Laborator)' have found their way into 
products released by IBM Laboratories around the world. 

Photographic Storage: One of the important activities at ASOO had to do with 
systems that store information on light-sensitive emulsions in either digital or 
grap hi c form. Both applications were being worked on in Johnson's laboratory as 
far back as 1955, one (digital) being called "direct access photo memory," and 
the other (gra phic) emerging under the code name "Walnut." The latter was a 
massive image retrieva l system con tracted for by a gove rnment agency. This 
system was installed in December, 1962 under and is still ope rational. Work on 
photographic storage continued in ASDD, aimed originally at the engineering 
drawing field. In 1961 Stevens returned from a two year assignment in the east 
to take over responsibility for this technology known as "Cypress". Working 
with Stevens were Jack Kueh ler and Jack Harker and as the work became 
increasingly product oriented it was transferred to the Product Development 
Laboratory in December 1964. the three principals goi ng along with it. The nex t 
summer it was announced publicly that IBM was working on two massive digital 
photographic memory systems for the Lawrence and Berkeley Laboratories of 
the Atomic Energy Commission. Each of these machines could store an 
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unprecedented one trillion bit s of informat ion on film chips. Under contracts 
amo unting to S2. 1 millio n, the two machines were installed in September 1967 
(Livermore) and March 1968 (Berkeley) as the " IBM 1360 Photo Digital Sto rage 
and Retrieval System. ,. Three additional systems were built under special 
contracts, two fo r the National Security Agency and one for the Los Alamos 
laboratory of the AEC Three of the five are still in operatio n. In addition an 
" IBM 1350 Photo Image Storage and Retrieval System" for enginee ring drawings 
received a limited announcement in May. 1966 but was withdrawn later in the 
year. Although they were not marketed further. the engineering accomplish­
ments on these products were monumental . and many technical advances in the 
photographic sciences and mechanical arts were made. The experience gained 
was useful in early versions of Ihe IBM 3850 Mass Storage System designed in 
Boulder. 

Application Terminals : From 1965 until 1972 ASDD Los Gatos had a program 
directed at financial terminal systems for electronic funds transfer. From this 
efforl the magnetic stri pe credit card and several terminals for its usc we re 
developed. The first of these was the 2730 Credit Authorization Terminal done 
jointl y with Custom Systems. Another was an automatic ticket vendor for use by 
airlines. This was a joint field test effort with American Airlines and American 
Express. Jerry Svigals, who contributed to these two efforts . also led the work 
with various standards groups to establish internatio nal standards for magnetic 
stripe credi t cards. 

In 1968 a prototype of a computer-controlled cash-dispensing terminal activated 
by a magnetic stripe credit card was constructed. This prototype was transferred 
to SOD Custom Systems in Raleigh. It prov ided the base for a success ful bid to 
Lloyds Bank and 500 were produced as the IBM 2984. This product was the 
predecessor of the IBM 3614 Consumer Transaction Facility, which made a full 
circle when it became a Los Gatos project upon integration of C ustom Systems 
and ASDD into SOD Industry Systems. 

Industrial Design mock-up of the 
Cypress Photo Digital File system. 



8 if1 McDonnal. Art Glildenschilh. 
Lou Stel'ens and Ralph Golub were 
passengers on an early BART train. 

One other product of int erest was started in ASD D using the magnetic stripe 
techno logy. this time on card stock used as stored fare tickets for Bay Area Rapid 
Transit (BA RT) . 

Wheneve r you ride BA RT you arc surely made aware all ove r again that the fare 
collection system is a product of IBM San Jose. What may not be apprecia ted. 
though. is the complexit y of the engineerin g and . most especiall y, the human 
factors problems that were encountered. What would happe n if ca rds contain ing 
monetary information recorded o n magnetic st ripes were loosed to the ge neral 
public? How would a mother with six childrc n get them all through the entry 
gate when the ticket re turn chutc had to bc on the far side? How do you design 
an admittance gate so that you accept a ticket holder but exclude the nex t in line 
without dismembering him? 

A pro to type was cons tructed by ASDD in 1967 by Bob Schneider and Frank 
Glass and when bids were requestcd by BART in 1968 FSD Huntsville decided to 
respond . based upon this ASDD work . They were awarded the contract in May 
1968 and went to work. By March o f 1970 fears were surfacing that the 

""'" ()fj& RlIIlJIill." 
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scheduled installat ion date wou ld be missed. It was decided that San Jose 
proximity to the customer was of overriding importance and the project was 
assigned to the San Jose SDD Development Laboratory. W. J. McDonnal , DPD 
branch manager in Seattle, was assigned to lead the effort and Ralph Golub 
returned from a two-year assignment in Paris to be manager of enginee ring. 
Together they assembled a team of highly talented people from Los Gatos. 
Huntsville and San Jose, and completed the contract on time, with major 
contributions from Manufacturing and Joe Sheredy. ) 8 

Disp lay Terminals. Disk Buffers. and Education Systems: ASDD built many 
new display prototypes and two of them had an effect on IIlM products. The 
first, built by Jim Allen in 1964, formed the starting po int for the deve lopment of 
the IBM 2260 display by the Kingsto n Laboratory. And the work done in 1967 
by J. T. Ma and H. F. Martin o n magnetic disk video buffering gave Allen. by 
then in the Development Laboratory , the basis for his ARIES buffer. 

One of the most intriguing projects of the ASDD Laboratory was an o utgrowth of 
Rey Jot'lnson's li fe- long interest in education . By the time Johnson was 
appointed an IBM Fellow in 1965 (being replaced as ASDD Lab Manage r by 
Stevens) he had been successful in stimulat ing IBM to probe into computer­
assisted instruction through a cont ract with Patrick Suppes at Stanford 
Universit y. This contract was an important ingredient in the develo pmen t of the 
IBM 1500. As an IBM Fe llow. Johnson turned his fu ll attention developing aids to 
teaching and learning. an interest which he pursues after " retirement" at his own 
laboratory in Palo Alto. 

Unsung Heroes in CUSlOm System$ 

The ASDD work o n credit card terminals was picked up and ex panded by a group 
of people who are among the unsung heroes of the IBM San Jose team. Variously 
known as Custom Systems. Special Systems, or Industry and Cus tom Systems. in 
the ea rl y days they tended to work off stage-center. o n customer Requests for 
Price Quotation (RPQ'S). However their role was expanded in 1963 whe n it was 
recognized how much IBM sales revenue was made possible th rough their 



contribution. To better focus these efforts a separate organization was 
established reporting to Bob Nern . That organizatio n was the forerunner of the 
current SCD Industry Systems, a major unit of the IBM deve lopment team. 

In San Jose it all started with the original San Jose product , the 305 KA MAC. Ray 
Bowdle estimates that 20 percent by weight of all RAMA C'S shipped can be 
attributed to special fea tures and RPQ'S des igned by Custom Systems. It may not 
be far off targe t to assert that 95 percent of all KAMACS had at least one special 
feature. )9 

In 1958 the groups working o n special features for the 305 and the 604 were 
merged into a Special Enginee ring Department. 40 At one stage the department 
had as many as I SO employees. A number of im portant projects in volved the 
design of remote data collection terminal s and the communicat ion links between 
them and a central processing unit. 

Perhaps the most significant of these was a $ 13 million system that ent ailed 
specially designed terminals insta lled at each of the 1.500 offices of the 
Household Finance Corporation and connected with a central computer system 
in C hicago. The success of this system can be traced to the leadership provided 
by Ralph Golub and Ed Murphy, as can a number of banking te rmi nals such as 
the 2972/ 2980 which was done for Fi rst National City Bank in 1966. This erfort 
was precursor to the subsequent IBM 3600 banking system in which San Jose 
C ustom Systems was destined to play a part through the development of the 
36 14 Customer Transaction Facility. This product was defined in November 
197 1 and announced two years later. It encountered many new and unique 
requirements because of it s direct inte rface between a bank customer and his 
money. San Jose C ustom Systems also pioneered computer typesett ing for 
news papers and su permarket customer checkout terminal which subsequentl y 
became a Raleigh product. 

The work on magnetic striped cred it cards culminated in the announcement of 
the tBM 2730 in ea rl y 197 1. Two other unique products that used the Magnetic 
Stripe Card were pio neered by Custom Systems. They were the Controlled 
Access System (CAS), and the Slot Scanner. The CAS was developed to an ea rl y 
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prototype in 1971 and then laken ove r by GSD Boca Raton and announced on the 
System/7 in 1972. The slot readers were developed from ASDD prototypes as a 
common subassembly and have found use in the 3600 and 3270 and other systems. 

Floppy Disks and How They Grew 

It is appropriate to close this chapter with a return to disks . but of another 
va riety . The "noppy di sk" project started off in San Jose modestly. giving little 
evidence of the industry-wide repercussions it was eventually to produce. 
Systems architects in the 1967 era were calling for a simple. highly reliable and 
inexpensive device for sloring the microcode used for initi al loading of control 
programs and diagnostic routines. 41 In November. David Noble was assigned the 
developme nt responsibilit y. He investi gated a number of possible technologies 
and concluded that the principle employed in the flex ible recording di sk used on a 
German dictating machine. combined with a direct access capability. offered the 
most promising approach to mee ting th e specifica tio n". an unu"ual a ... pect of 
which was that the medium had to be transportable via the U.S. mails. Noble 
proposed a " read-only" device based on a variant of the audio disk and the 
concept was accepted. 

The original disks. eight inches in diameter. were stamped from commercial 
computer ta pe stock and backed with one-eighth inch of foam rubbe r for 
compliance. Early in the program. the compliance material was transferred to the 
head-arm assembly as a pressure pad o n the reverse side of the disk. and the disk 
itself became a thin plastic substra te coated on both sides (to avoid curling as 
well as to permit discharge of static electricity). The disk was permanently sea led 
in a protective envelope which was lined with a wiping material to keep the 
recording surface clean. The envelope had a central aperture to expose a portion 
o f the disk surface to the magnetic head. The head access mcchansim was based 
on a lead sc rew rotated by a simple stepping motor. 



.......... ...... . .. ... ..... . 

Hal HeSler ami Russ Rogers wifh 
fhe Diskeffe allli using equipmel/l 
which they helped de,·elop. 

The so-called " Minnow" file and its successors became the initi al control 
program and diagnost ic program loading device for the 370 family of IBM 
processors as well as fo r the storage cont rol units of San Jose direct access fi le 
products. Usage was grea t. and the next ge neration flexible disk drive ca lled 
" Igar" incorporated writing capabilities with increased speed and capacity as well 
as an interchange architecture. 42 Prospective users appeared in droves. 

In December 1972. the flexible disk responsibility was transferred to Rochester 
(Lou Blendermann's cHart was im portant here) and since then its commercial 
importance has continued to expand spectacularl y. Within 18M . flexible di sks 
(now called Diskettes) have found use in processors, control un its, key entry 
stations, terminal devices, word processing un its, printers, inpu t/ output devices 
and others. Other man ufacturers around the world have picked up the idea. 
manufactured compatible flexible disks and drives, and applied the usage of 
flexible disks in large lIulIIlJers for use with low cost microprocessors . 





Chapler 9. The Score at the End or the first Quarter 

So what has it all added up to, this quarter century of innovat ion in San Jose? 
How big has the impact been on 18M? On the data processing industry? On the 
world of commerce and indust ry? 

In order fu ll y to appreciate the magnitude of it. one must understand a liltle or 
what happened following the introduction of the concept of disk pack 
rcplaceability. When the 1311 was announced for use with several smaller IBM 
computers in 1962 , "inve ntion once again became the mother of necessity". As 
Haanst ra. and perhaps he alone, had foreseen, hitherto undreamed of customer 
applications ror data processing surfaced which, in turn . created the necessity for 
still rurther improvements in direct access hardware. When the 23 11 came alo ng 
a year later, the capacity of the rep laceable pack was more than doubled and the 
access time halved (see Appendix G). Perhaps even more important now was the 
introduct io n of the "common file control unit." the 2841 . which added so 
significantly to operational flexibility and crror control. Systems designers. 
recognized the advantages of development of the stora ge units and their control 
electroni cs joi ntly at San Jose and Martin Kell y came to San Jose to hcad up the 
ta lented team that developed the remarkable 284 1. 41 

The company now began to think in terms of "s torage subsystems." se mi ­
auto nomous storage hierarchies incorporating rather ex tensive data manipu lative 
powers. C ustomer appetite for storage appeared insatiable as acres of filing 
cabinets across the land began to be emptied, their contents transfcrred to 
magnetic disks. In 1964. Haanstra pressed a concept he had investigated a few 
yea rs earlier, the idea o f increasing storage subsystem flexibility, reliability and 
capacity another notch by incorpora ting in one physical entity a number or disk 
dri ves and an " intellige nt" file controller. New technology had been demonstrat­
ed in the laboratory by Rud y Lorenz and his crew which would permit a 
quadrupling of storage capac ity as we ll as improved access times. At Haanstra 's 
urging, Witt conve ned a meeting that included Kelly , Shugart. Lorenz and Peter 
Laza rus: the out come was the basic concepts for the 23 14 File Facility, the 
"wall-to-wall" storage subsystem comprising eight active and one spare drives. 
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So eagerly was it acce pted by the data processing world that sales of the 23 14 
outst ripped the announcement level forecasts by a factor of more than tcn. 

ft was inevitable that the proliferation and profitability o f disk storage should 
attract competition. Investment capital was readil y available duri ng the sixt ies 
fo r starting up any organization associated with the computer industry . The new 
companies often recruited development people from the establ ished mainframe 
manufacturers, including a number from San Jose development. But the shocker 
to management was when trade secrets of the company's follo w·on di sk file 
tec hnology were stolen. Additional new security procedures became essential to 
protect company technological assets. 8 

And IIJM indeed had accumulated an impressive store of technology. In 1969 
Witt organized a separate function under Harker to assemble the " critical mass" 
required for ach ievi ng progress in the increasingly process-oriented technologies 
that future files wo uld require. The group, then known as Technology and 
Advanced Development , today called Product Technology. established:l close 
working relationship with man ufacturing on process- intensive product elements 
to provide earl y assu rance of manufacturabilit y. 44 

The ne w product pace Quickened. A full recitation by name and type number is 
not warranted here, but it will be useful to briefly mention the most interesting. 

In 1970 came " Merlin ," the IBM 3330. with its three and one-half times increase 
in capacity over the 2314. It incorporated a new voice coil actuator with 
improved access times, a track-following servo for increased track densit y and a 
new flexible controller. Also in 1970, "Zeus" (the IBM 2305) became a member 
of the storage subsystem line up. For by now the cost of producing the magnetic 
read / write heads had been reduced to such an extent that it became economically 
feasible to offer a product having a separate head for each recording track. 768 in 
a ll. thus providing the ext remely high data rates and short access times required 
by larger processors. The control units for Merlin and Zeus (the IBM 3830 and 
2835) also contained innova tive new features . Designed around a common 
microprogrammed processor and a writable control store loaded from a Minnow 
disk they provided a new level of flex ibili ty. 45 



Wilh Ihe 1973 announcemenl of " Winchester" (111 M 3340), came the concep t o f 
"data modu les." replaceable cartridges contai ni ng not only the recording surfaces 
but also the read/ write heads wilh their access mechanisms. The advantage of 
this configuration is that the head that writes the data is always the head that 
reads it back; this permits further recording densi lY increase and eliminates any 
need for ad justment of heads in the fie ld . 46 

Then a funny thi ng ha ppened. A growing number o f customers wcre no longer 
making usc of the rcplaccabilit y feature of their storage units. What had 
ha ppened was that the capacity per disk pack or da ta module had been increased , 
and the cost of the d ri ves decreased, to such an extent thai, for many install a­
tions, the on-line capacit y and reliabi lit y of a single pack per drive was adequa te. 
The response to this trend completed the ful l circle back to the fi xed disk 
concepts commenced twe nty yea rs ea rl ier. If rep laceability was not rcq ui red. 
then st ill fu rther recordi ng densit y increases and red uced sto rage cost could be 
achieved . And so in July 1975 " Madrid:' (the IBM 3350), made its appea rance. 
orre ring an incredible storage capacity of up to 3 J7 megabytes pe r spindle al a 
density of three million bit s per square inch o f recordi ng surface. a facto r o f 
1.500 increase ove r the 2.000 bits per square inch of the original RAMAC disk 
fi le. Each " Madrid" contai ns the same amount of data as sixty-t hree much larger 
RAMAC files . And the customer cost per million bytes has been reduced by a 
factor of seventy . 47 

If Ihe gro up at 99 Notre Dame had not pe rsisted with its "baloney slice r" one can 
asse rt wi th fu ll assurance that someone somewhere else wou ld sooner or latc r 
(and probably sooner than later) have come up with the same or a similar idea. 
Fo r when the time is ripe for a technologica l breakth rough there are likely 10 be 
seve ral independent groups with roughl y eq ui valent competencies engaged in the 
a tt empt to sa tisfy a need. Yet it remai ns a fac t that direct access data storage 
was pionee red and carried fo rward by IBM in San Jose, and thi s history has 
been an attem pt. in part. 10 describe why it was so. 

Each reader will decide for himself the large r philosophica l implica tions of it all. 
but the significance is evident in the outcome as of today. At present there arc 
many d isk dri ve spindles installed. and widely in use aro und the world. They can 
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o ther pl aces and Olh er limes il was refe rred 10 as the IBM Labora tory fo r Ad vanced 
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10. When afte r a year it became necessary to add onlo the building, th e el(pans ion was 
const ructed nn whal had been Ihc parking area . An emply 101 across St. James Stree t was 
leased as a replacement. This lo t had been the o riginal homestead of the lege ndary Santa 
Cla ra Count y fi gure, Mounta in Charle y McKiernan. the fi rs t American to settle in Ihe 
Santa Cru 7. nH)unlains. where. fe nd ing off gri 7.7. lies wilh one ha nd . he buill many of Ih e 
roads thut now wind through the mountains. 

II . Haddad's or iginal acronym refe rred to the complete 305 system and was coined from 
Random access memo ry Accounting MAChine. In laler usage th e word became generi c 
and was applied 10 an y machine with a di sk file . Sales lite rature changed Ihe meaning to 
the more general (and sens ible) Random Access Method of Accounl ing and Cont rol. 
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12. The Zellerbach Paper Compan y's tu b f ile bi lling and inve ntory cont rol opera tions 
provi ded the touch stone applicat ion study. and the interest. ass is tance and cooperation o f 
princi pals and employees of this com pany were vit;11 inputs to the spec ifiea t ion s of the 
d isk fi le. the file -IO-card mac hine a nd the 305 RAMAC. 

13. During his End icott days Joh nso n had designed a nd bu ilt pro to types o f seve ral random 
access files of sorts. includ ing one tha t accessed punc hed ca rds for reading. 

14. Alt hough the idea d id not catch o n a t the time. asim ilar schcme turned up years late r in 
the t 8M product line as the 2321. 

15. Th e table bclow eQlIlplm:s Critchlow's Februa ry 2. 1953, Design Object ives with the 
350 spec ificat ions. 

2/ 2/ 53 Final JSO 
Design Objectives 

Disk diameter. inches 16 24 
Recording band . inches 4.25 , 
Tr;u: ks per inch (t pi) 20 20 

Tracks per disk s ide 82 100 

l3 its JM.' r inch. max (bpi) 200 100 
Characte rs (7 bi t ) per track 200-inside band (64) '00 

4O()..ouls ide ba nd ( I II ) 

Cha r,lcte rs (7 bil) per disk 80.000 100.000 

Number of disks ' 0 50 
Capllcit y (7 bit charac ters) 4.000.000 5.000.000 

Disk spacing. inches .313 .4 

Rotat ional pe riod. mi ll iseconds 62.5 50 

Seck t ime (max). seconds <I .6 



16. In add ition to Ha:mstra. the early system study group consisted of Kean. Critchlow. 
Melv in E. MarOIl, Larry H. Bixby. and Thomas G. Lcaq·. 

17 . For example. a tendency of the systcm to "creep" around nu ll position was corrected by 
int roducing an integrating network to increase the zcro frequency gain of the amplifie r. 
But this led to the tende ncy to overshoot. thus a tachomete r to provide velocity dllmping 
was also incorporated . 

18. Ot her key personnel assignmeTlts during the summer of 1954 were: Wes Dickinson, servo 
and electronics; Norm Vogel. airhead and a rm; John Lynott. carriage and ways: Jack 
Harker. clutc hes. capstan and drive: Do n Jo hnso n. disks and coa tings. Significant 
im provements to the design of the magnetic read/write dement were contributed during 
this period by Quade and A. S. Hoagla nd. then a professor at U. C. Berkeley, se rving IBM 
in a consulta nt role. 

19. When, in Ma rch, 1955 the decis ion was made to incorporate a 1000character ma~netic core 
buffer (Williams tubes were also serious contenders) into the system design, J. M. Taylor 
and H. K. 51. Clai r spent several monlhs in Poughkccpsie 10 coordina te Ihc work therc. 

20. John Nolan did some pioncering work on means to "' randomizc" part numbers to provide 
useful disk addresses. This wo rk led to the invent ion of a pract ical " hash" algorithm. 
T he fealure did not <lppear on the IBM 305 product, bul the subject of <lutomatic <lddress 
t ranslation was to occupy the atteTlt ion of many minds Olle r the ensuing years. <l nd is a 
principal task of modern <lccess mc thod software . 

2 1. Some of these visi tors came, gave of the ir knowledge and de parted; others ei ther 
immed ia tely or subsequent ly became permanen t transfers. Among the latter were John 
Nolan. Lesser and Wi ll i<lm Woodbury who parlicip<ltcd he<lvily in the basic system 
organ ization of the RAMAC; ~1. S. Gifford. the fi rst permanent Product Pla nning 
representative here, Ernest Fried li. who supervise d construct ion of Ihe first field test 
machines with the assist ance of Dean T . Hodges: S. H. Bailey a nd Jon Wiseman, who 
establ ishcd the Product Test operalion; <lnd Jacob E. Be ll who set up the Customer 
Engineering organ ization. F. J. Wesley. whose me mo had given the project such 
important impetus. was officially <lppointed WHQ coordinator for RAMAC. 
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22. Product Planning in those day~ report~d independentl y to William Simmons a t Wo rld 
Headquarters and it was a sourc~ of some irr itat iOllto loc al engi neering managers that 
the y di d not have d irect control over what it was they were to develop. Not until the 
c reation of the o riginal Gene ral Products Division in 1959 did the product planning 
functi on become an integral p,u t of laboratory o perations. 

23. Jun Wiseman and Jake Be ll , on loan from Endieol\ Product Test and Customer 
Engineeri ng respectively. partici pated actively in this intens ive debuggi ng efforl. 

24. Goddard had in a ~e nse anticipated Hagopia n. His e ngineering no tebook shows an a ir 
head des ign, the windward edge of which was opened \0 the breeze. T he idea was that this 
would ~coop up air molecules as the disks ro ta ted. thus bu ildi ng up a pre ssur~ in the 
man ifo ld to be exhausted th rough the Berno ull i po rts . This at leas t exhibited an 
appreciation fo r the importance of doing away with clumsy compressors. 

25. Ot hers b~sides Harke r engOlged in this project were Ho agland. SI. Clai r. Russell Brunner, 
A. Oste rlund , Jol1l1 Be..:k a nd Sa m BOl io. Upon trOl n sf~r of the project to the developme nt 
labora tory in Jul y 1957. Be,k, SI. C I~l ir ;lIld Harker w~nt <llo ng wilh it and the effort was 
cOllsolidilted with work of sim ilar objectives going on under T . Noyes. 

26. Actua lly. lrans istori zatio n of the RAMAC had been considered two years earli~r . when 
Heywood's group un dert ook the major redesign of the original 3051\ ci rcuit ry. The 
concl usion at that time was that th e suppl y of trans istors wit h uniform chara!;t eris t ics was 
no t sufficient ly dependable. 

27. Work ing with Hoagland we re K. E. Haugh ton . J. O. Hildebra nd and G. C. Bacon. 

2~. In the 1958 development re po rt of th e Data Process ing D ivisio n. the following ,Ife amo ng 
the projects liste d fo r S;ln Jose: Millio n Character File. Billi on Chara!; te r File . 
Mecha nical Tub File (! l. 30ST X Stud ies, 3 10 Proposal. Advanced Disk File. Double 
Density 350. Adv anced Card Development. File Index ing Stud ies, Si ngh: Di sk File . 
Po rtable Disk File and Small RMAAC (the Low Cost RAMAC System ). 

29. Pe rhaps this confl ict was never more intense th;ln during the int roduction of System 360. 
when the compan y for the first t ime introduced II comple tel y new produ ctlinc from top 10 
botto m in onc massive stcp. Du ri ng this period :1 ·· troika.·· wi t h represent at ives f rOIll 



Proouct Test. Manu facturing and Engi neering, II1l;' t on a weekly basis to iron ou t dispu tcs 
as to how tech nical problems would be approaehl;'d and who would be rl;'sponsible for 
do ing what. 

30, Th e fi rst new products depllrtment (ollsis ted of Wliiter E. Ho ppl;'s. Ma nagl;'r and Program 
Administ rators Bernard J. Bard(ll. Donald E. Brooks, Pete r J . Ficalora, and Edward R. 
Sane!. 

3 1. Laser be;UIl accl;'ss il1g and modulation tl;'chnology was s t.u ted by Mel Rilbedell\l lind Mil t 
Latta in the late 1960's a nd converted in to an operatin g proto type device by Jim Bel leson 
a nd Bo b Tresedcr. Jack Fk ischo: r ifl vcnted thl;' optical :.ystem that mllde th e rotal ing 
mirror pr;uical. 

32. Other kC Yl;' lIgineers includ ed Al1el1 Slut man. Roy Jense ll and Howard Smith. The product 
planning was handkd by a team under Ken Foulger. Fi rs t cus tomo:r shipment Cllme in the 
spring of 1976. 

33 . A year earlier the fl ed gling Research La borato ry hild i n~ t a lled an IBM 650 10 be used for 
allillytica l support of its techn ical programs (it W;IS on this nl:lchino: th:lt the pio nee ring 
work on comprcssible flu ids was done ). e h,lrles Hoppel. Roger Si mo ns and Bill Michaels 
were tho: nucle us of the Researc h computat ion ce ntc r, but the y werc more OI ecurate ly 
mathcmal ic ians than programmers. 

34. O ri gi nally eo nco:ived and de monstrated by JO)'ee Wrenn lHld Bryce Ella for MBS the 
"customizer" eonccpt was latu dc vo: lopcd in GSD by Jack Mumford. 

)S. The inadequacics of cx ist ing tuminals in the oHicc o:nviron me nt becamo: appa rent and 
stimulated the devcJopnl.: nt of lin improved typewrit er-like terminal. Fifteo:n proto typ\'s 
of this termin ;11 dcvd oped by Jack Masterson were installcd in AS DI) fo r testing. They 
provided the s t;l r t ing poi nt fo r the develo pment of the 2740/ 41 Terminal System by 0 1'1) 

LI;'.l(ington. 

36. Thi s project, known as AM I I, WliS redirected to a simplifi ed systclll known as AM/ O and 
finall y ro:or i.: nted to Iho: ,u;cess method approllch . VSAM WllS devd oped under tho: 
leadership o f Luke Little, 
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37. T he San Jose Researc h Laboratory was established in 1956 under the leadership of Rey 
Johnson. In 1959 Gardner Tucker a rri ved to assu me the Research responsi bil it ics. and by 
the time he lef! to become director of the World Trade Corporat ion Laborator ies. in 
Man;h 196 1. San Jose had a ful1 y funct ioni ng research organizatio n. Tuck er was 
succeeded by Arthur Anderson. who had been with IBM since 1951. s tarting a t the Watson 
La boratories at Columbia Universi l Y. Anderson had been a member of the San Jose 
research team e~sl: n lia ll y sinte its inception. Following Anderson in thl: post werl: J . D. 
Swakn (1963). Andrew Eschen felder Ii 967 ) and D. E. Rosenheim (1 973). Construction 
of the Research bui lding bega n in June , 1969, and in 1971 the group moved in to ils new 
quar1 ers from Builtling 025. to which it had moved afte r leaving Ju lian Street in 1956. 
(J ul ian Street was Illte r ocf;up ied by Development Engi neeri ng.) 

38. Also notable is the effo rt by Duncan Lagoe in prod ucing the initial II million magnetic 
stripe t ickets. He designed the production equipment. set it up in the Ca mpbell plant and 
supervised the production. 

39. In Ihc car ty day~ Ih" key "ngi",",c r) i" vulycd in these des igns inctudcd Hal Preece. Kobl: rt 
Ben nett , Don Fiehmann. Ralph Sherman. T. C, Bailie and Bo wdle. 

40. Roland Shaw was Ihe firsl mana ger of Ihis yersat ile organization and was fo llowed by E. 
Rae Wooding. Ho wllrd A. Mussell. Ralph Golub and Ed Murphy. 

41. The lo w cost / low performancc !;;haraf; te ristics of a "stret!;;hed membrane" disk prototype 
buil t by Bob Treseder and Fran Underwood as a p:trt of It tuto rial f;ompuler project were 
considered in 1966 for th is requirement. 

42. The next generation was init ia lly !;;ode named afte r the ope ra Figaro. It d id not nll:ct the 
cost requ irement and its successor was named Igar. Taki ng away the fi rst and last leit er 
was sy mbolic o f the cost reduction dfort. 

43. Olher key nlembe rs o f the 2841 design team were Hal Edl:n . Don Fru sh OInd John 1·lannon. 

44. Key contrihutors to the origi nal Tech nology and Adya nced Development (TAD) group 
were Lou Blendermann, Ken Haughton . Dcnnis Mee, George Santana. Lou Taft and 
Marco Padilli no. 



45. The origi nal Zeus development was led by Carmin Ros:llo and George Ahearn. The ea rl y 
Merlin developmelll effort was headed by Mart y Kell y and lat er by Jack Clemens. assisted 
by Bob POIltison. Woody Glueck, Dick Wilmer and Les Ad'lnls . When Ck nu:ns resigned 

shortly after B Test. his place was taken by Rosato who saw the product inl 0 production. 
Conlrolunit de velopment was under Ih e leade rship of Saul Miano with key con tr ibuti ons 
from Ahearn . Adams. Do n Frush. Duane Walker. and Bob Osborne , 

46. Spearheading th e Winchester program was Ken Haughton. with la rge assists from Chris 
Coolures, Bob Friese n. Jim Gil nH)re, Dick Mul va ny. Ko Nishimura . Ihl P':ll' rson. Wes 
Pl'l eTso n. Erik Solysl. I>errin Sm ith and J;u; k $W;L rt 1.. 

47 . KI;Y contributors under Madrid engineering manager Chri ~ Coolurcs and lat e r Bob Friese n 

incl uded AI Rizzi. Tom Patel. Ed Kramer. J im Gilmore. J im MOIkiyallla. Dick Oswa ld . H ;LI 

Pelerson. Pa ul Wilson. Jim Riley . Jack Swartz. Shd Ellis. and tI.'la lt Gihsoll (lhe lalter a 
ve teran of Ihe RAMAC days). 
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19S2 

Feb. Rey Johnson· V' 

Mar. 3 
3 
3 

Jim Hood. 'I 

Hale Zimmerman ...... \ 

Anita Sullivan (Criegerr J 
Gloria DoolittlCY" 

15 Hal Martin'" 1-

17 BiU Sprinkle 
18 Jack Poole ... 

Bill Crooks ~ Apr. I 
I Warren Christopherson " 
I Wes Holman '< 
I Joe Price -

21 Art Critchlow l. 

MayS 
12 

John LYDOU 1 
Paul Pecchenino i" 

12 Vic Westerfield 
12 Harry Wisdom ... 
19 Jack Harker ~ 
23 Lou Stevens'" /D 

June 1 

2 
John Haanstra • i! 

Jim Beaumont f '" 
2 Ray Bowdl~ , ) 

Appendix A. First Two Years' Employees 

Dave Kean H 
23 Lloyd Allen I ( 

30 Frank Mauer II, 
30 AI Lutus 
30 Jim Welsh I 1 

July I 
I 
I 

Doug Dethrersen I ~ 

Jake Hago&5ian ~ 
Bill Maron "UI 

I Len Meyer \11 
De'an Hodges 

7 Dick Weeks ~ 

9 Ed Quade .; 
Sept. 1 Howard Singhaus 1.1J 

8 Wes Dickinson "'i-« 
8 Virginia Siamcik (Chadly) 

15 (Tino Gonzales 
IS ~oo Gloria 
29 Jim Moore 

Oct. I Fred Wood 'tot. 
13 Larry Bixby 'l- \ 
13 Keith Trernelling • ii 
15 S. C. Chao Vj 
20 Lloyd Tidball .,. 

Nov. 3 
3 

Henry Hendricks .9'1' 
AI Stone· ,?11--

17 Don Cronquist 1!;. 

17 Charlie M~rgan 

},,,---

Dec. 15 AI Ewing , 6:-
15 Bill Goddard 1 ( 
15 Marjorie Griffin 

15 Jack MjSterson ~ .6 
22 Geoff Hotham ~ f 
27 Dick Hadad ... 
27 Art Robinson. 

~ {, 
19SJ 

Jan. 4 Curt Erickson 
5 Trig Nayes 3<ji 

29 Don Johnson ,:p 
31 Herb Gibbins 

Apr. 13 Tom Leary 4" 
24 Manning Hennes4>if 
27 Jim Davis 

.j. 
27 Warren Gonder 'fJ 
27 Wally Westfall 

May II Lois Bogue (Rondoni) ,.... 
July 20 Norma Daley 

Aug. 24 Perrin Smith "' 
31 Bob Layboum 

Oct I Carl Bergtors • 
Nov. 1 John Sponsler. 

• transferred from other IBM locations 
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Appendix B. San Jose Divisional Arfiliations 

1952-56 

1956-59 

1959-65 

1965-72 

1972-Prese nl 

Electric Accounting Machine Division 

Data Processing Division 
Resea rch 

Ge neral Prod ucts Division 
Data Systems Division 
Data Processing Division 
Supplies Division 
Adva nced Systems Development Division 
Research 

Systems Deve lopment Division 
System Manufacturing Division 
Data Processing Di vision 
Field Engineering Division 
Informa tion Records Division 
Advanced Systems Development Dh'ision 
Research 

Ge neral Products Div isio n 
Data Processing Division 
Field Engi neerin g Div ision 
Informatio n Records Division 
Systems Development/ Commu nicat ions Divisio n 
Research 
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Appendix C. Chronology of San Jose Managers/ Directors 

Research Laboratory 
R. B. Johnson 
G. L. Tucker 
A. G. Anderson 
J. D. Swalen 
A . G . Anderson 
A. H. Eschenfelder 
D. E. Rosenheim 

2/ 52-6/ 59 
7/ 59-2/ 61 
3/ 61-10/ 63 
11 / 63-12/ 66 
2/ 67-6/67 
6/ 67-6/ 73 
7/ 73-present 

Adnnced Systems Development Laboratory 
R. B. Johnson 6/ 59-3 / 65 
L. D. Stevens 3 / 65-3/ 73 

Development Laboratory 
L. D. Stevens 
v. R. Witt 

W. D. Bolton 
I. H. Lohman 
v. R. Witt 

J. D. Kuehler 
J. M . Harker 
G. V. Harries 

Programming Center 
E. E. Lindstrom 
C. T. Apple 
F. Carnella 
J. H. Frame 

12/ 56-10/ 59 
11 / 59-7/ 60 
8/ 60--1/ 64 
2/ 64-8/ 68 
8/ 68-6/ 70 
7/70--9/ 72 
9/ 72-7 / 74 
8/ 74-present 

6/ 65-5 / 67 
6/ 67-1 / 72 
1/ 72-2/ 73 
3/ 73-present 

107 



Manufacturing 
F. G. Paul 
G. A. Cullen 
R. B. Morris 
C. E. Frizze ll 
J. R. Cook 
W. F. Meyercord 

Product Test Laboratory 
S. H. Bailey 
R. B. Keeney 
J. R. Wiseman 
R. M. Furman 

Patent Operations 

J. B. Sponsler 
J. B. Clark 
J. B. Taphorn 
R. E. Cummins 
P. R. Leal 

Field Engineering 

J. E. Bell 
H . L. Howard 
W. T . Dreyer 

DPD Education Center 

B. N. Luther 
O. L. Beeman 
M . J. Mullin 
T. E. Hobbs 
J . P. Curie 

6/ 55-3 / 56 (Mfg. Coordinator) 
3/56-6/64 
6/ 64-1 / 67 
1/ 67- 1/ 72 
1/ 72-1 / 77 
1/ 77-present 

3/ 55-2/ 57 
2/ 57-12/ 61 
12/61-6/73 
6/ 73-present 

3/ 53-1 / 54 
1/ 54-6/ 60 
6/ 6()-1/ 62 
1/ 62-6/ 76 
6/ 76-prcsent 

3/ 55-1/ 72 
1/ 72-7/ 73 
7/ 73-present 

7/ 56-8/ 60 
9/ 6()-3/ 71 
4/ 71-1 / 72 
2/ 72-8/ 76 
9/76-Prcscnt 



Direct Access Storage Devices 
1957 L. D. Stevens 

1958 J. M. Taylor 
1960 V. R. Witt 

1964 A. F. Shugart 
1966 V. R. Witt 

J. D. Carothers 
1967 V. R. Witt 
1967 G. V. Harries 
1968 V. R. Witt 

A. F. Shugart 
1969 M. J. Kelly 
1970 J. M. Harker 
1972 W. J . McDonnal 
to present 

Manager , Product Development 
Area Manager RAMAC 

Area Manager, RAMAC File Development 
Technical Program Manager. 
Random Access Memory Programs (RAMP) 
Technical Program Manager RAMP 
Manager, Storage Products 
Technical Program Manager RAMP 
SOD Director of Storage Products 
Manager, RAMP 
Director of Storage Products. and Location 
Manager, San Jose/Boulder 
Product Manager DASD 
Product Manager DASD 
Product Manager DASD 
Product Manager DASD 
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Appendix D. IBM Fellows in San Jose 

Appointed from the San Jose Area 

L. A. Wilson--- 1964 

R. B. Johnson- 1965 

W. S. Buslik t 1968 
L. R. Harpe r- 1968 

E. A. Brown- 1969 

H. G. Kolsky 1969 
E. Clementi -- 1970 

V. R. Witt 1970 

R. G. Brewer 1973 
J. M. Harker 1974 

E.F. Codd 1976 

Appointed at Another Location 

J. W. Backus 1963 

G. M. Amdahl - - 1965 

D. DeWitt 1970 

A. R. Helle r 1975 

- Retired 

-- Resigned 
U _ Deceased 
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Appendix E. Some Important Patents from San Jose 

San Jose Patent Operations selected the fo llowing patents as some of the most 
important from the over 1,000 that have been issued to San Jose inventors. 

3058844 Composition of Epoxide Resin, Methy lol 
Phenol Eth er, Polyvinyl Methyl Ether. and 
Acid Anhydride Catalyst , and Metal 
Substrate Coated Therewith , Especially a 
Magnetic Signal Storage Device. 

D. D. Johnson 
R. Flores 
M. J. Vogel 

Every rigid magnetic disk produced by IBM , and much of the industry . employs 
the invention of this patent, an aluminum disk with a specific magnetic coating 
thereon. 

3176281 

3206214 

Portable Memory for Data Processillg R. E. Pattison 
Mac hine 

Transporting and Protecting Cases for Drum T. G . Leary 
and Disk Records 

These two patents form the basic coverage for all of the tBM interchan geable disk 
packs and have been licensed extensively throughout the world . 

3207505 Record Card Processing Machine G. Nielson 
D. Rex 
L. A. Wilson 

This patent relates to the high-speed transpo rting mechanism of the 1442 card 
processing system. 

3411906 Diazo Development Process J. W. Boone 
H. S. Todd 

This inve ntion is a process for developing di azo film utilizing pressurized 
ammonia which reduced conventional prior art development times from about 80 
seconds to O. I second. 
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3423 737 Nondest ructive Read Transistor Memory Cell L. R. Harper 
This patent discloses and claims a semiconductor memory cell which has been 
used ex tens ively in IBM monolithic memories. 

3460469 Print Hammer Actuator E. A . Brown 
R. H. Darling 
A . S. Chou 

This inve ntion cove rs a print hamme r actuator which made the seria l matrix 
printer possible by providing a print hammer cycle time shan er than any 
previously available mechanism. 

3484237 O rga nic Photoconductive Composi tions and M. D. Shattuck 
Their Usc in Electrophotographic Processes U. Vahtra 

This patent claims the o rganic pholoco nducl0 r which provided the basis fo r 18M 's 
e ntry into the plai n paper o Uice copie r marke t and th e 3800 high speed 
e lectrophotographic system print er. 

W. A . Goddard 
J. J. Lynott 

This patent which was prosecuted in the U. S. Patent Office through three 
inte rfere nces between 1954 and 1970, arose o ut of the RAMAC program and is 
recog nized in the ind ustry as the basic disk fi le patent . 

3503060 Direc t Access Magnetic Disk Storage 

3566381 Data Storage Means Having Both Fixed and 
Removable Record Disk Means 

W. S. Buslik 
R. E. Marrs 

The concept for fixed disk and removable ca rtridge. as embodied in the 5444 
Dol phin drive used with low entry disk data process ing systems. is cove red by 
this patent. 

A . S. Chou 
E. A. Brown 

The wire matrix print head used in many tBM termin al printers is disclosed and 
claimed in thi s patent . 

3592311 Wire Printing Head 



3 7S0 189 Light Scanning and Printing System J. M. Fleischer 

The laser printing mechanism of the IBM 3800 printing system was made possible 
by the light beam scanning concept taught and claimed in the patent. 

R. W. Lissner 
R. B. Mulvany 

This invention was the basis for the implementation of the IBM 3340 drive and 
the IB M 3340 data module. 

3786454 Magnetic Disk Storage Apparat us 

J 823 416 Flying Magnetic Transduce r Assembly M. W. Warner 
Having Three Rails 

The 3340 and 3550 magnetic recording head , consisting of an integrated air 
bearing slider and magnetic element, des igned to start and stop in contact is 
claimed in this patent. 

3997876 Apparatus and Method for A vo iding D. L Frush 
Defects in the Recording Medium Within 
a Peripheral Storage System 

The invention cove red by this patent provides the method and apparatus 
employed by the IBM 3340 family of products to automat ically skip any defect in 
the magnet ic disk. 
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Appendix F. Disk Storage Cost History 
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Caicndar Year 

Appendix G. Chronology or Progress or Some Disk Storage 
Technical Parameters 

Announcement Product Bits per inch Tracks per Average Ac- Flying 
Year Number 

1956 350 100 

196 1 1301 525 
1962 13 11 1020 
1964 23 11 1100 

1965 23 14 2200 
1971 3330- 1 4040 

1973 3330- 11 4040 
1973 3340 5600 
1975 3350 6425 
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Appendix. H. IBM Population Growth in San Jose 
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Arthur G. Anderso n 

I BMers alld Friends 

n,ls history has been compiled to help us all appreciate the richness 
of our technological heritage here at IBM San Jose, Our growth from 
a very small beginning twenty five years ago has been one of the 
most remarkable success ston·es of u.s. industry and I hope that this 
review af the basis for it can help us all, oldtimer and newcomer alike, 
to IInderstand how we go t to where we are and perhaps to cot/template 
collstrnctively where it is possible for liS to go from here. 

III ally evell/, I'm sure that you will find it a fascinating story worthy 
of a pemumelll place in your reference library. 



-

• 

-~ 

r../q/,ro 

iJa.<. ~ 

~~ 
"4fu Yf..........-

~~ 
~~ 
~~e.---
~~.~ 

~ AI.(~ 
~'K~ 

a /~ 
~ .~---

(~s -~ 

7:'= .~~ 
/~~ 
~~~~ .. --



International Business Machines Corporation 

General Products Division 
5600 Cottle Road 
San Jose, California 9$ 193 
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