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Foreword

(U) Conventional wisdom about NSA and com-
puters has it, as a retired NSA senior officer once
wrote me, “In the early days, NSA and its predeces-
sor organizations drove the computer industry. In
the 1960s, we kept pace with it. We started losing
ground in the '7os, and in the '80s we struggled to
keep up with the industry.”

(U) True, but underlying this, in each decade
the cryptologic organizations experienced a wide
range of successes and failures, positives and nega-
tives. If, as slang puts it, “they won some, lost some,
and some got rained out,” all of this experience is
worth serious examination by students of comput-
ers, cryptanalysis, and NSA history.

(U) The current volume, Dr. Colin Burke’s It
Wasn't All Magic: The Early Struggle to Automate
Cryptanalysis, 1930s-1960s, contains a view of the
first decades of computer development that is
broad and deep and rich.

(U) It begins inthe 1930s as American and
British intelligence officials confronted new crypt-
analytic and cryptographic challenges, and adapted
some intriguing new concepts to their analysis. It
carries the story to the flexible and fast systems of
the late 1950s and early 1960s.

(U) Dr. Burke follows and links the develop-
ment of automatic data processing from the critical
conceptual work of the 1930s through the practical
experiments born of national necessity in the world
war to the postwar development and the previously
untold story of NSA’s postwar computer develop-
ment. Along the way, he has rescued from obscuri-
ty some important successes — and some important
failures —in cryptanalytic machinery from World
War I1.

(U) All too often, discussions of NSA’s comput-
er development treat only the mainstream, ignoring
the problems, failures, dead ends and might-have-
beens, in order to concentrate on successes. In the
present volume, however, key components of
Dr. Burke’s story and important for our knowledge
are the machines which didn’t work or which never
had progeny, and why this was so. Just as impor-
tant are Dr. Burke’s cautionary tales about the
influence of international and interservice rivalry
on plans and procedures. Technical limitations and
technical opportunities shaped much ofthe devel-
opment of computing equipment, but the story is
also replete with instances of man-made barriers
and baleful bureaucratic bypaths that wielded great
influence during much of this development.

(U) Aword about how this manuscript came to
be.

(U) Ano less important factor than the infor-
mation and analysis in this current volume is that it
represents an objective view of NSA’s computer his-
tory by a writer not from NSA or one of the Service
Cryptologic Elements. The author, a university pro-
fessor, had no stake ineither defending or
besmirching decisions made fifty years ago or the
organizations or people who made them.

(U) The Center for Cryptologic History,
between 1990 and 1999, administered a program to
bring outside academics or researchers to the
CCH for special projects. The CCH sponsored six
Scholars in Residence in that period; of the six, the
first two received security clearances for work on
classified projects. The others remained uncleared
and worked only with declassified materials.

(U/FeB67 Dr. Colin B. Burke was the second
of the two cleared scholars.

Page xi
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(U/ FeB6>-Dr. Burke’s professional biography
is given at the end of the book. Note that as a pro-
fessor of both history and computer research tech-
niques, Dr. Burke became one of the pioneers in the
field of computer history.

(U/AeB8y Asbackground reading, Irecom-
mend not only Dr. Burke’s own unclassified
publications, available commercially, but two clas-
sified histories available from the Center for
Cryptologic History: Thomas R.Johnson,
American Cryptology during the Cold War (4 vols)
and Michael L. Peterson, BOURBON to Black
Friday.

DAVID A. HATCH
Director,
Center for Cryptologic History

Page xii TOP-SEERETHEOMINTHREL—TOUSAAUSCANSBRARDNZE—
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(U) Introduction

(U) Before NSA Opened Its Files

(U) Tam one of those “outsiders” Italk about
so much inthe later chapters of this book. I was
fortunate to be brought into the National Security
Agency asone ofthe Center for Cryptologic
History’s first Scholars in Residence. Iwas bor-
rowed from my university because I had spent a
decade working onthe history of computers at
NSA’s predecessors. Ieven had the courage to
write a book about the subject.’

(U) That monograph was onthe machines,
policies, and relationships that led tothe U.S.
Navy’s cryptanalytic machine (computer) pro-
gram in World War II. The book was also about
the first major attempts to automate the
American library. It had to be about both because
the same people built bibliographic and cryptan-
alytic machines.

(U) My study covered events in the history of
the machines through the 1940s, but its focus was
on the period between 1930 and 1945. An impor-
tant conclusion was that the relationship between
the efforts of America’s codebreakers and the
emergence of the modern digital electronic com-
puter was more complex than had been thought.
The navy’s cryptanalysts were in a push-me, pull-
me situation. Their work made mechanization a
necessity, but the pressures of war and the refusal
of the government bureaucracy to sponsor long-
term research and development programs pre-
vented the navy from becoming the inventor of
the modern computer.

FOR-SECREHHGOMNTHHREETO-UEA—AUS-CAN-CBR-AND-NZHH—

(U) During World War II American cryptana-
lysts built some of the most sophisticated elec-
tronic machines inthe world, but the need to
address cryptanalytic crises blocked them from
creating the general-purpose digital electronic
computer.

(U) Just asmy book was published, Iwas
asked to come tothe National Security Agency.
One purpose of my year in residence was to see if
it was possible to write a complete history of com-
puters at the Agency. The goal was a monograph
that covered the entire life of NSA and its prede-
cessors. The thought of finally being able to see
the many highly classified documents that had
been withheld from me more than balanced the
pledge I had to give: Thad to promise to refrain
from publishing without the approval of NSA’s
Censors.

(U) The Stacks Were Not All They...

(U) Ibegan my residency by surveying the
Agency’s archive holdings and by rereading the
few synthetic works that had been declassified.
The comprehensiveness of the archive holdings
was critical because unless enough of the correct
type of documents had been saved and indexed,
there was little chance to produce a history of the
post-World War Il era. Useful documents from
the 1950s through the 1980s were of special
importance because the Agency had allowed
almost nothing about its operations in the last
forty years to be made public. There was not even
a counterpart tothe informative but very
unhandy collection of documents on the pre-1946
period released tothe National Archives, the
Special Research History series.

(U) AsI examined the collections, Iwas
pleased tofind that the materials Ineeded to

Page 1
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revise my earlier work were plentiful and well
organized. There were several contemporary
studies of computer efforts up to 1945 that were
technically as well as historically enlightening.

(U) I was also happy to discover that although
I had not been correct in all the details about the
early American cryptanalytic machines, Ihad
come quite close. I concluded that I had drawn an
acceptable overview of the computer efforts of the
army and navy cryptologic agencies up to 1950.

(U) But I'was less than content with the mate-
rials for the postwar era. I decided that it would
be impossible totell the type of story about the
forty-five years since the Korean War that I had
done for the earlier period, at least not within one
year.

(U) However, there were many documents,
several oral histories, and the work of Samuel S.
Snyder to provide a basis for a history of comput-
ers within NSA up to the early 1960s.

(U) Ask What the Agency Did for...

(U) Samuel Snyder was one of the founding
fathers of machine cryptanalysis. Hejoined the
army’s cryptologic unit inthe 1930s and
remained at the Agency, becoming important to
many of its computer projects of the 1940s and
1950s. His experience, his desire to document the
Agency’s computer history, and his commitment
to the welfare of NSA, made its administrators
receptive to his requests to be allowed the time
and resources during the late 1960s and early
1970s to write about the Agency’s computer his-

tory.

(U) Mr. Snyder completed several works.
They ranged from sketches of the history of the
army’s first electronic computer, Abner, to a sur-
vey of the general-purpose electronic computers
the Agency had built or purchased. The study of
the “gp” computers seemed so important and fit
so well with the Agency’s desire to obtain good
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publicity that it was declassified and, in various
forms, published inthe open literature.®

(U) Mr. Snyder’s work showed the contribu-
tions of NSA tothe development of computer
technology and to the emergence of the American
computer industry. It made it clear that NSA had
been a major sponsor of technical advances. Like
several other large government agencies, its com-
puter purchases and its research and develop-
ment contracts helped establish America asthe
world’s leading computer manufacturer. He also
made it clear that NSA had been at the cutting
edge of computer technology and architecture.

(U) Twas very tempted tojust deepen Sam
Snyder’s work on post-1950 automation, but as I
went through the hundreds of record boxes at the
archives and as 1 began to reflect on their con-
tents, I decided that I had to do something differ-
ent. Thad totake an alternative view ofthe
Agency’s computer history.

(U) Because of the need to guard NSA’s crypt-
analytic methods, Mr. Snyder could not discuss
the reasons for the development of the devices he
included in his published works. Just asthe
Agency cannot reveal its cryptologic successes
without endangering them, Snyder could not give
either the “why” or, in many cases, the “what” of
the Agency computers to the public. The jobs the
NSA computers had to perform and the decision
processes that led them to be part of the famous
collection of machines that once resided in the
Agency’s “basement” had to be left out of his stud-
ies.

(U) He certainly could not discuss what were
and are the most intriguing machines at NSA, its
dozens of special-purpose computers, ones whose
architecture embodies a cryptanalytic process.
Doing more than listing their cover names would
have revealed what methods the Agency was
using and what targets it was attacking. Neither
the NSA nor the British intelligence agencies were
responsible for the initial release of information

“TOP SECRET/TCOMINTIREL TO USA AUS, CAN, GBRANDNZL#—



DOCID:

4057009

TOP-SECRETHCOMNTARELTOUSAAUSCAN OB RANDNZLIXT

about MAGIC and ULTRA. The stories were told
by others.

(U) The restrictions on Mr. Snyder had anoth-
er influence. Because he was forced to divorce
SIGINT and computer history, the machines he
described seemed to have emerged as a result of
an indestructible synergy between the Agency,
the computer industry, and America’s scientific
community.

(U) My knowledge of the course of technolog-
ical advancement in the cryptologic arena in the
1930s and 1940s led me to doubt that the postwar
era’s machine history was so smooth and problem
free.

(U) There was something more fundamental
about Mr. Snyder’s approach that led meto
search for alternative ways to interpret the docu-
ments that were emerging from the NSA archives
and the offices ofold hands atthe Agency.
Although Snyder’s articles are invaluable, his
interpretation seemed unlikely to be able to bring
together the policy, the cryptanalytic, and techno-
logical histories of SIGINT computerization.

(U) The emphasis in his public articles was on
what the Agency’s computer efforts did for others,
especially the computer industry. But Thad a
clear sense that I could tell the story of computers
only byusing anapproach that was the near
opposite of Sam Snyder’s. Focusing on NSA’s role
in transferring technology and supporting com-
mercial computer development, I concluded, hid
as much or more than it revealed.

(U) Ask Not What the Agency Can Do far...

(U) To understand computerization at NSA,
the question should not be “what did NSA do for
the computer industry?” but “what was it that the
industry could not or would not do for NSA?”

(U) The second question leads an investigator
into the many technical, institutional, and politi-
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cal struggles that the Agency faced as it attempt-
ed to keep up with the cryptologic capabilities of
its adversaries. It helps to explain why NSA has
had to build so many special computers, why it
invested in several technological misadventures,
and why it had to involve itself in some unusual
relationships with private industry and academia.
The question also helps to integrate the political
history of NSA with its drive to advance mathe-
matical cryptanalysis.

(U//FOUO) For example, using the “couldn’t
do” approach to Agency projects led meto an
understanding of NSA’s great computer adven-
ture, the Harvest system. It also helped uncover
the Agency’s reason for creating its high-powered
mathematical think tank at Princeton. Both the
computer and the institution were the result of
much more than adesire to extend the reach of
formal cryptanalysis; they were born of intense
political pressures on the Agency, and they were
grand compromises rather than perfect solutions
to abstract problems.

(U) Spotlighting what the computer industry
could not do for signals intelligence also helps to
integrate the Agency’s computer and cryptanalyt-
ic histories. Putting them together shows that
inventing and developing an effective technology
for SIGINT has been difficult and, at times, ago-
nizing,.

(FSHSHAREE) The “couldn’t do” question

also illuminates one ofthe most fascinating
aspects ofthe history of computers atthe

National Security Agency: the drive to define and
implement a computer architecture that was rad-
ically different from the classic design that is now
called the von Neumann architecture. Since at
least 1946, American cryptanalysts have done
much more than use parallel and pipeline pro-
cessing; they have sought, and came close to
achieving, a unique architecture for a cryptanalyt-
ic general-purpose computer. Because the com-
puter industry was unwilling to develop machines
that served only one customer, NSA was forced to
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design and build not only single-purpose
machines but its own versions of a general-pur-
pose computer. Its Sled and Dervish family of
high-speed devices reflects the Agency’s special
needs and challenges. Unfortunately, creating an
all-purpose special NSA computer was too much
for the Agency, given its resources. Its famed
Harvest computer, for example, was only a partial
representation of a true “cryptanalytic” computer,
partially because the computer industry could not
focus on Agency needs.

(U) When the “couldn’t do” question is
extended to American universities, it becomes
easier tounderstand the difficult relationship
between NSA and “outside” scientists and their
institutions. Finding and utilizing academic tal-
ent was very difficult for the Agency. Professors
did not rush to NSA before or after World War 11,
and they did not pursue much research that was
of direct help to operational cryptanalysis.
Devising ways to preserve the Agency’s secrets
and its independence while channeling the con-
tributions of academics proved to be very diffi-
cult.

(U) Inspiration and Patience

(U) Something besides the relationships with
the commercial computer industry and academia
has to be called on to explain NSA’s computer his-
tory. To show why the Agency created its own
computer architecture and why it accepted some
technological retrogressions calls for abit of
cryptanalytic muckraking. The craft of code and
cipher breaking has to be stripped of its romanti-
cism.

(U) The stories of the successful American
attack onJapan’s diplomatic ciphers before
World War 1I (PURPLE-MAGIC) and the tri-
umph over the German ENIGMA-ULTRA are
used as popular models for the way cryptanalytic
work proceeds. The popular view shares much, in
terms of fundamentals, with the public view of
Agency computer development.
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(U) In the typical story, codebreaking success-
essuch as MAGIC and ULTRA came about
because of the quick and intense work of a hand-
ful of geniuses armed with brain power and little
else. The common image is that once the likes of
William F. Friedman and Alan Turing had their
flashes of insight, a flow of precious information
(and only valuable information) was captured,
processed by a hastily constructed but ingenious
machine, and then directed to decision makers.

(U) Such an image of a heroic cryptanalysis is
far from being true or useful. Cryptanalytic and
technological victories have not come as easily as
that. Even during the glorious codebreaking days
of World War II, America’s cryptanalysts barely
kept up with their enemies.

(U) There have been moments when great
breakthroughs have led to critically important
messages. And the penetration of some systems,
such as the U-boat “E,” led to a stream of imme-
diately important information. But typical crypt-
analysis was and remains a continuing struggle to
discover patterns and to make sense out of moun-
tains of raw data.

(U) Most cryptanalytic solutions have come
only after years of the most tedious and disdain-
ful work. The intellectuals that Britain gathered at
Bletchley Park had to perform mind-deadening
menial computing tasks hoping that all their
labor would reveal mistakes by the German cryp-
tographers and patterns within message texts.
They had no magical mathematical formula that
eliminated the need for massive data processing.
Even when asystem was penetrated, creating
useful information from intercepts called for
large-scale data handling.

18778 During the first decades of the Cold
War, when America’s enemies made the ENIG-
MA systems seem like cryptanalytic child’s play,
NSA could not re-create a MAGIC. It had to wring
information out of traffic analysis, plain text, and
even clear voice messages. That forced the Agency
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to become one of the world’s largest data proces-
SOrs.

(U) On top ofthe special computing needs of
cryptanalysis, NSA’s insatiable need for what
many times was unique data processing equip-
ment, made it a computer leader.

(U) The National Security Agency has not
been such animportant influence in computer
development because ofits mathematical wiz-
ardry or because ithas amandate to transfer
technology tothe private sector. The Agency’s
contributions have come because of the unique
nature of cryptanalysis and SIGINT and the
increasing difficulty of fulfilling a central respon-
sibility: the production of signals intelligence.
The Agency has sponsored supercomputers for
mathematics since the 1940s, but so have many
others. The critical contributions ofthe Agency
have come because of the special needs of opera-
tional cryptanalysis and SIGINT data processing.

(L)) There Wasn’t Enough Magic

(U) In addition to the “couldn’t do” perspec-
tive, auseful way to understand the history of
NSA’s computers is to place them within the con-
text of the struggles to overcome the particular
machines and methods of America’s determined
and increasingly clever opponents.

Y0 The National Security Agency
has never bought or built computers for abstract

reasons. Its computers, even those for its hush-
hush think tank at Princeton, were acquired to
respond to very practical and immediate needs
and opportunities. From the early 1930s, when
the first IBM tabulating machines were brought
into the secret rooms of the Navy's OP-20-G, to
NSA’s massive computer projects of the 1950s,
and to the 1990s when the NSA computer build-
ing is filled with massively parallel and pipe-lined
special-purpose  computers, the Agency’s
machines have been for the solution of problems.
There have been moments when the Agency has
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been allowed a bit of a luxury to pursue long-term
and general technological explorations, but they
have been rare and were always under the threat
posed by a shift in national, political, or military
policy.

(U) Despite all that, NSA has arguably been
the largest single user ofadvanced computing
machines in the world. Tt had to be. And because
ofthe unique problems it faced and methods it
used, it also became one of the most sophisticat-
ed sponsors of new computer and electronic
equipment. To do its job it had to invest hundreds
of millions of dollars into research and develop-
ment.

(U) A Story with Only a Few Acronyms

(U) The story ofthe Agency’s struggle for
automation from 1930 tothe beginning of the
1960s could become an exercise inthe use of
acronyms. NSA and its predecessors were
bureaucracies with dozens of subdivisions and
name changes. The designation for the army’s
crypto branch, for example, was altered several
times before the end of World War II. Following
such changes is too much to ask of a reader who
wishes to gain the “big picture” of cryptanalytic
computer history.

(U) To keep the text readable, I decided to use
as few names as possible for agencies and their
subdivisions. For example, the army’s cryptana-
lytic branch is called the SIS until the formation
of NSA.

(U) I'have also kept the goal of readability in
mind when describing machines and processes. I
have tried to use common terms whenever possi-
ble, even at the cost of glossing over some techni-
cal distinctions. I have even used the terms SIG-
INT and COMINT interchangeably, except in the
contexts in which the differences between the two
are significant to understanding NSA’s history.
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(U) Two Decades before the Computer

(U) I'have also tried to use consistent termi-
nology, although the story of the struggle to auto-
mate American cryptanalysis begins two decades
before the modern electronic digital computer
emerged. NSA’s automation story begins in 1930
when a bright and devoted navy man, Stanford
Caldwell Hooper, realized that mechanized
cipher-making was outpacing cryptanalysis. In
his attempt to modernize the navy’s cryptanalytic
branch, OP-20-G, he engaged aproblem that
proved difficult for America’s codebreakers for
over a generation: How can a secret agency find
and use the best talents and technology in the
outside world? Hooper tried to solve that prob-
lem by creating anew type of relationship with
academics, specifically the man who became the
czar of America’s new Big Science of World War
IT and the first years of the Cold War — Vannevar
Bush of MIT.

Colin Burke
December 1994

Page 6

(U) Notes

1. (U) Colin B. Burke, Information and Secrecy:
Vannevar Bush, Ultra, and the Other Memex,
Metuchen, NJ, & London: The Scarecrow Press, 1994.

2. (U) For example, Samuel S. Snyder, “Computer
Advances Pioneered by Cryptologic Organizations,”
Annals of the History of Computing , 2 (1980): 61.
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Chapter 1

(U) An Academic in Need of the Navy ..

(U) America’s communications intelligence
services were even more dependent on outsiders
during the 1930s than they were during the Cold
War. Neither the army nor the navy had enough
resources tobe technological innovators. They
could not afford their own research and develop-
ment programs, and they did not have enough
money to tempt the scientific and industrial sec-
tor into concentrating on the cause of advanced
military technology. All the army and navy
branches suffered, but those whose functions
were not highly valued bythe military found
innovation  far  beyond  their  reach.
Communications intelligence was among the dis-
inherited.

(U) When it appeared that technology was
about tooutrun the established cryptanalytic
methods, the American army and navy’s commu-
nications intelligence services had to find ways to
compensate for their inadequate budgets and the
absence of relevant research and development
departments within the military.

(U) The navy was the first to try to muster new
technologies to conquer advances in code and
cipher systems. As early as 1930, one of its more
progressive leaders, Stanford Hooper, sought
ways to overcome the financial and organization-
al constraints on innovation in cryptanalysis. The
barriers were so great that Hooper could not take
a direct route to the creation or even the acquisi-
tion of modern calculating and data processing
instruments. He did not have the funds to under-
write an independent development project within
the navy or within the leading corporations. He
had to do the best he could with what help could
be obtained and do it without obligating the navy
to any major financial or institutional burdens.

TOP- SECRETHCOMMNT/RELTTOUSAAUS CAN SBRAND N2
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(U) Hooper’s odyssey led him to all those he
thought might be willing to give the navy help
without asking too much in return. Among the
many contacts he made during the 1930s, one
was of special importance to the history of com-
puters and the cryptanalytic rapid analytical
machines (RAM). Hooper was able to make an
arrangement with Vannevar Bush ofthe
Massachusetts Institute of Technology.

(U) To understand the complex, near byzan-
tine histories ofthe development of computers
for cryptanalysis, especially the path-breaking
RAM program, and to appreciate the difficulties
of linking science and codebreaking, the biogra-
phy of one of the leading high-tech universities is
required. Aswell, the life ofone ofthe most
important figures inthe history of applied sci-
ence, Vannevar Bush, needs to be sketched. Of
special importance is the work Bush had begun
for other purposes. His attempts to build innova-
tive machines for scientific calculation and for
data retrieval determined what technologies he
recommended asthe basis for the first modern
cryptanalytic machines.

(U) An Institution for the Real World

(U) Since its birth on the eve of the Civil War,
the Massachusetts Institute of Technology had
been devoted to applying science to practical
affairs. Tts founders rejected much of the curricu-
la of the traditional American liberal arts college
aswell asthe simple vocational program of the
trade school. They made MIT an example of how
practical men who worked in cooperation with
the new institutions of science and industry could
turn a university into a force for positive change.
Its founders, such as William Barton Rogers,
wanted to create men of vision, men who would
bring the benefits of technology toa backward
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America. Rogers and his colleagues were the
builders of some of the most important instru-
ments ofthe American industrial revolution.
Their famous Comparator, for example, allowed
the exact replication of mass-produced parts.'
The name “Comparator” was probably selected
for Bush’s 1930s cryptanalytic machine because
of the earlier MIT device created by the Institute’s
founders.

(U) Rogers initiated MIT’s long-term policy of
conducting research for business and govern-
ment agencies and of having its faculty actively
engaged intechnological and business efforts.
MIT was badly hit by the recession of the 1870s,
and its future remained unsure until the water-
shed years of American life in the 1890s. Then,
with amore secure financial condition and a
growing body of alumni and friends who had ben-
efited from the work ofits faculty, the Institute
expanded its curricula, acquired modern equip-
ment, and established itself asa force in
American academic and industrial life. The
Institute gained asolid reputation incivil and
mechanical engineering, architecture, naval con-
struction, chemistry, and electrical engineering.
By the 1920s the sparkling electrical engineering
department added afocus onthe new fields of
electronics and communications. The inaugura-
tion of Samuel W. Stratton as MIT’s president in
1923 accelerated the shift to electronics and rein-
vigorated the school’s attempts to create meas-
urement devices for industry and science.
Stratton’s background and interests blended with
those of MIT. Stratton’s interests and goals fit
with those ofthe Institute’s faculty, especially
some of the younger men who sought administra-
tive approval of their visions for MIT. All at the
Institute seemed toagree that more support
should be given to research, and most hoped that
the school would become a center for the applica-
tion of formal mathematics to engineering prob-
lems. One of the junior faculty with such a hope
was Vannevar Bush. The harmony between
Bush’s and Stratton’s views had much to do with
the younger man’s success. Bush received critical

support from Stratton, allowing him to become
one of the most important men in the history of
American science and technology.

(U) A Man for All Technologies
(U) A generation later, atthe end of World

War II, Vannevar Bush
was one of the most

: powerful  scien-
= tists the world
had ever

known and a
man familiar
to most
Americans.
The heritage
of his  poli-
cies contin-
ues to shape
the organiza-
tion of academic
research in
America. Although
his plan for a federal
role in science was not completely fulfilled, the
National Science Foundation is testimony to his
influence.* Bush was important because of his
influence in such matters as the beginnings of the
atomic bomb project and the establishment of the
National Defense Research Committee (NDRC)
and the National Science Foundation. Despite his
enormous contributions while at MIT, despite his
influence within the inner circles during World
War IT and the Cold War, and despite his role in
shaping the nature of Big Science, and thus the
modern American university, little was written
about him until very recently.®

(U) The new interest has taken a rather unex-
pected turn. Instead of focusing on his policy con-
tributions, the spotlight has been on Bush’s role
inthe emergence of computers and information
processing. The research on his contributions to
computers arose as the new field of computer his-
tory was born in the 1980s. The seemingly more
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intense interest in his role in the birth of informa-
tion science was generated by the rediscovery of
Bush’s work on automatic data retrieval. His
ideas for a mind machine, Memex, are now treat-
ed as the origin of hypertext and similar knowl-
edge systems.*

(U) More Than an Ingenious Yankee

(U) Bush merged science with tinkering, if not
technology. He was an inventor and a natural at
putting technology together in different combina-
tions to fulfill aneed. His efforts were always
goal-oriented because he realized that inventions
required a market tobe successful. Bush paid
attention to the commercial aspects of technology
and built an enviable list of patents on devices
ranging from thermostats and typewriters to elec-
tronics.®

(U) After receiving bachelor’'s and master’s
degrees in engineering from Tufts, Bush gained
some shop-floor experience while working for the
giant General Electric Corporation. He pushed
himself to complete ajoint Harvard-MIT doctor-
al program in electrical engineering. He suffered
through a great deal of tedious calculation for his
thesis. Naturally, he searched for shortcuts to
complete his mathematical analysis of complex
electrical circuits and applied some of the many
tricks mathematicians used before the advent of
the modern computer. The doctoral degree and
the favorable impression Bush made on Dugald
Jackson of MIT soon proved of great value.®

(U) Just out of school, Bush became associat-
ed with World War I's New London Research
Laboratory where the famous Robert Millikan
brought the nation’s best men to focus science on
the critical U-boat threat. Bush contributed to the
research with asignificant detection system,
joined the Naval Reserve, and became atleast a
junior member of the national military-scientific
establishment.

(U) A complex path eventually led to Bush’s
being one of the creators of Raytheon, a company
that was able to challenge RCA’s patent monopoly
over radio. Raytheon became one of the many
important companies tied to MIT and its stu-
dents.” Bush’s postwar entrepreneurial ventures
did not end his academic ambitions, however. He
accepted aposition asan assistant professor in
MIT’s Electrical Engineering Department. It was
understood that he would concentrate on the
problems of high-power transmission, a focus
that was sure to attract support from the private
power companies which were beginning to con-
struct large regional networks. A string of articles
on power problems and the mathematical tech-
niques useful for their solution advanced his aca-
demic standing.

(U) The Politics of Mathematics and

Engineering

(U) Although Bush was a practical man, he
was also a missionary for the application of math-
ematics to engineering and science. He realized
he had limited formal mathematical skills, but he
compensated by supporting the work of men like
the renowned Norbert Wiener. Wiener was
brought to MIT to integrate advanced mathemat-
ics with teaching and engineering research. Bush
also encouraged his students to expand the fron-
tiers of mathematical engineering, with some
great results. Claude Shannon, a father of mathe-
matical information theory, was one of the many
young men influenced by Bush and Wiener. Bush
successfully courted the leaders of almost every
high-tech related corporation in America.
General Electric, Eastman, NCR, General Motors
and many other large corporations were familiar
Bush stomping grounds. Significant yet unex-
plained, Bush did not develop cordial and prof-
itable connections with the two major manufac-
turers of calculating equipment, IBM and
Remington Rand. History would have been dif-
ferent if IBM had chosen MIT over Columbia and
Harvard Universities for its attention and if
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Remington’s leader had made a commitment to
academic research.

(U) Within adecade after his MIT appoint-
ment, Bush was a member of the most important
scientific organizations. Although the United
States did not have truly powerful scientific insti-
tutions, ones with the financial resources to shape
the course ofresearch, such bodies asthe
National Academy of Sciences, the National
Research Council, and the National Advisory
Committee for Aeronautics could influence what
science policy there was. They also provided
invaluable contacts for their members. By his late
forties, Bush had become more than a member of
such groups. He was a statesman of American sci-
ence.

(U) The Manager of Science

(U) After along stint as dean and then as vice
president of MIT, Bush became a significant
national influence. In 1938 he became the head of
the Carnegie Institution, one of the most impor-
tant scientific research agencies inthe world.
That led to his assuming the leadership of World
War II's very powerful National Defense
Research Committee. The NDRC filtered hun-
dreds of millions of dollars of government funds
to privately directed research for the war effort.®
The NDRC was an improved and vastly expanded
version of the World War I submarine project and
was the fulfillment of some of Bush’s long-held
dreams about research in America. The NDRC
allowed academics something close to the best of
all worlds: They received government funding
free of most bureaucratic direction. It also fit with
Bush’s belief that the military would change only
in response to outside pressures. By the end of the
war, Bush was the most powerful man in
American science and was a force the military had
to recognize. ®
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(U) Bush and Stration’s Dream

(U) Bush began his work at MIT with research
on electrical systems. Inthe early 1920s, Bush
directed his students to expand the reach of ana-
log computing. They began with rather simple
combinations ofrods and gears to create
machines for the automatic calculation of differ-
ential equations, but those first integraphs were
more than extensions of the old wire and cone
contraption that had made Stratton’s reputation.
The young men edged towards solving the major
mechanical problems that had prevented the
engineer’s friend, the planimeter, from becoming
a truly powerful tool. By the late 1920s, Bush and
his men were convinced they had overcome the
critical problem oftorque. They persuaded
Stratton and the other influentials at MIT that a
new and startling version of Lord Kelvin’s
machines could be constructed and put to pro-
ductive use in a few years.

(U) Bush was allowed to assign the best grad-
uate students tothe creation of the Differential
Analyser. In 1931, he announced to the scientific
community that the world’s largest and most
powerful calculating machine stood ready at MIT
to advance science and engineering. It brought
international fame to Bush and MIT.
International visitors came to the Institute and
clones were built in Europe and America.
Aberdeen Proving Grounds and the University of
Pennsylvania built versions, and General Electric
found it so useful it invested in a copy for itself.

(U) Bush Confronts Little Science

(U) Just asBush’s Analyser was given so
much by the Institute in the late 1920s, the school
lost its state subsidy. Worse, Stratton’s hopes that
America’s largest corporations would donate a
constant stream of funds to MIT proved unrealis-
tic. MIT found it more and more difficult to
finance research with its own resources, and its
leaders feared that it might be forced to retreat to
the vocational model of technical education. The
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faculty, including Vannevar Bush, was on its own
and all had to struggle for the means to continue
research and to finance their graduate students.
The Institute’s new president of 1930, Karl T.
Compton, was as much apart of elite science as
Stratton, but he was more academic in orienta-

tion. A famous physicist, Compton arrived with a
mandate to turn the Institute back towards a true
scientific curricula and to integrate the latest sci-
ence with both teaching and research. Wishing to
reduce the growing ethical and educational prob-
lems stemming from the staffs business activi-
ties, and hoping to secure the funds needed to
allow internal financing of research, Compton let
it be known that he desired more effort for the
Institute and less for faculty pocketbooks and cor-
porate sponsors.'® Informally, faculty were asked
to conduct research of general, not particular,
import. Formally, consulting fees were tobe

shared with the Institute, and patents were to
become the property of the school if the work had
been internally funded. To control the increasing-
ly complex patent problems and to avoid the dan-
gers inherent in a university holding patents, MIT
decided toturn tothe Research Corporation of
New York City. It was to handle all patent matters
(including determination of patentability and
allocation of shares to MIT, sponsors, and facul-
ty) and was to deal with all related legal ques-
tions.

(U) Even the great Vannevar Bush found it
difficult to raise funds until the second half of the
1930s. Bush launched upon analmost frantic
search for combinations oftechnologies that
might attract sponsors. Among other attempts of
the 1930s, he toyed with a machine to identify fin-
gerprints; he tried to devise a high-speed pneu-
matic printer; he played with the use of high-
speed metal tape and wire systems to send secret
messages; and he tried to find ways to automate
libraries. But he suffered through many years
without the kind of financial support that
Stratton’s earlier policies had promised, and,
most telling, he could not find the financing need-
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ed for what emerged as his grand plan for the
Institute.

(U) Bush's Great Plan

(U) After testing reactions at the Rockefeller
and Carnegie Foundations, and after considering
his possible role in Compton’s drive to make MIT
scientifically respectable, Bush put together a
grand plan. It was one he thought would attract a
wide range of donors, would be applauded by the
scientific community, and would lead to a perma-
nent source of support for the Institute. As well, it
would call upon the experience and talents of fac-
ulty from several of MIT's departments. Bush
decided to make MIT the national center for cal-
culation and for the development of path-break-
ing scientific calculation devices. If Bush had his
way, MIT, not the National Bureau of Standards
(NBS), would realize Stratton’s dream.

(U) Bush knew that his Analyser had taken
mechanical technology to its extreme, so his plan
for the Center of Analysis included much more
than proposals to extend mechanical analog cal-
culation. Electronics, photoelectricity, and new
memory media were to be developed and com-
bined to produce revolutionary computers. Bush
also wanted the center to explore the new mar-
kets for what would later be called “data process-
ing.” His plans included digital calculation and
machines to solve the escalating problem of file
management in science and bureaucracy." He
announced that he would create machines that
would outdistance all competitors, especially the
IBM tabulator." Supported by a group of gifted
junior faculty and acadre ofadoring graduate
students, hejoined together all of the existing
measurement and calculating projects atthe
Institute and began to weave new ideas for future
devices.'3

(U) Beyond Analog Mecharnical Machines

(U) Mechanical analog devices were
approaching their limits of precision and speed in
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the 1930s. Although there were no commercial
competitors for such huge devices asthe

Differential Analyser, " Bush saw little worth in
cloning itin slightly improved form. If support
was to be found, he had to make a major techno-
logical leap in analog computing. But there was a
more fundamental challenge and opportunity for
the center: the growing demand for digital calcu-
lation, something MIT’s machine builders had
not yet explored. The rise of the social sciences
was creating a market for digital calculators, and
even engineers and physical scientists, who had
been so well served by analog devices for more
than a century, were tackling problems that called
for digital methods. Bush also knew ofthe

increasing need for high-speed digital calculation
inthe bureaucratic and business worlds. He
sensed opportunity because there had not been a
major innovation in large-scale digital machinery
since Hollerith patented his Tabulator.

(U) The call for digital processing merged
with another growing need, information retrieval.
Business and governmental files had grown to
unmanageable proportions. The hand, mechani-
cal, and electromechanical methods of data
retrieval were not satisfying bureaucratic
demands.” Influential researchers in many sci-
ences found itincreasingly difficult to keep up
with their areas of interest because of the deluge
of articles. Bush and many others lobbied for
projects that would allow scientists and engineers
totake the lead inthe new field of
Documentation. *®

(U) Bush decided to concentrate on the
exploitation of three technologies: photoelectric-
ity, digital electronics, and film. Although new,
these technologies were much closer to being
ready for application than the still delicate mag-
netic recording. By focusing on the application of
these technologies to scientific calculation prob-
lems, Bush hoped to be innovative and to avoid
conflict with commercial firms.
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(U) Responding to positive reactions by the
Rockefeller Foundation, Bush sketched a radical
new design for an Analyser and, by mid-1936,
succeeded in raising the funds he needed to build
the next generation of his great analog machine.
The Rockefeller Differential Analyser was to be
much faster and much easier to program than the
mechanical version. Although itremained an
analog device, it incorporated electronics, digital
circuits, some photoelectric parts, and program
tapes. These allowed Bush to eliminate most of
the cumbersome mechanical components of the
first model. The new Analyser soon became a very
demanding, over-budget, and behind-schedule
drain on the resources of the Institute and a bur-
den to its students and faculty. The long-delayed
appearance ofthe Rockefeller Analyser also
became a threat to the credibility of Bush and the
electrical engineering department.’”” However,
based onthe new developments in electronics,
photoelectricity, and film, he was moving into
digital calculation and what we now call informa-
tion retrieval. By the mid-1930s, Bush had rough
plans for an electronic “programmed” computer
and refined ideas about information machines.*®

(U) Two Men with a Need

(U) A visit by Admiral Stanford C. Hooper and
his young assistant, Joseph Wenger, would lead
to one of the most bizarre episodes in American
history, would complicate Bush’s task of estab-
lishing his center, and would link MIT’s foray into
information machines with the world of secrecy.
The Hooper-Bush agreement for the develop-
ment of radically new cryptanalytic machines for
the navy’s codebreakers had the potential to set a
positive role for academic scientists in the inven-
tion and evaluation of military technology. Its
promise was not realized, however. The project
turned into an exercise in bureaucratic bickering.
More than half a decade was spent dealing with
organizational problems rather than with the
technical barriers that were holding back the real-
ization of the potentials of electronic technology.
Despite all the efforts of Stanford C. Hooper,
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Joseph Wenger, and Vannevar Bush, the United
States lost an opportunity to complete the first
electronic data processing machines and to make
them operational before the attack on Pearl

Harbor.

(U) A Man for the Navy

(U) Stanford C.Hooper prided himself on
being an innovator, and he devoted his career to
introducing new technology to a usually reluctant
United States Navy. Graduating from Annapolis
inthe early 1900s and assigned to the
Pacific fleet, he immediately began
to create the navy’s first radio
system. Transferred to
Washington, he stole hours to
study  at Samuel Ww.
Stratton’s new National
Bureau  of Standards.
Mastering the latest radio
science, Hooper then lob-
bied for the establishment
ofthe navy’s own radio
research division. Hooper’s
expertise and advocacy of
electronic communications
soon thrust him into military
and civilian policy making.
Although still a young man and a

junior officer, he was instrumental N

in creating the Radio Corporation of
America, the giant electronics cor-
poration formed at government

request at the close of World War 1.

(U) Because ofits need for worldwide com-
mand and control, the navy had a special stake in
the success of RCA. Hooper hoped that RCA’s
special position would make it confident enough
to overcome the fear that government work
would threaten its patents. The hopes of RCA
serving as a research branch of the navy were not
completely fulfilled, but Hooper continued to use
its men and facilities while he searched for help
from others.
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(U) By the early 1930s Hooper was advancing
through the navy’s ranks, was a much-honored
figure in electronics, and was an acquaintance, if
not friend, of the leading scientists and inventors
ofthe nation. Heused such contacts and his
expertise to devise and forward plans for a fully
integrated and modern information system for
the navy, one which was toinclude every
advanced technology. He had aneven greater
vision: to permanently wed science and the
navy."” He was determined to prevent the navy
from being as unprepared as it was for World War
I. Hooper became tied to those in favor of

centralized  administration  and

increased power for the Chief of
Naval Operations (CNO). Hooper

began to develop a strategy, one
somewhat different from the
plans of other ofthe navy’s
new progressive reformers.

He was willing to depend on

outsiders.  Although he

helped give birth to the Naval

Research Laboratory and was

able to create special research
sections, such as the Code and
Signal desk inthe Bureau of
Engineering, he believed the
navy would have torely onthe
new research centers that were
emerging in the largest corporations
and universities.

(U) Ending his stay as head of

the Bureau of Engineering’s radio

section, where he fought for aradio moderniza-
tion program, Hooper moved from technical to
more general policy concerns. His appointment
as Director of Naval Communications in 1928
gave him an opportunity to aggressively pursue
his vision. And, when he assumed the newly cre-
ated position of special scientific advisor for the
navy in the mid-1930s and chaired its Technical
Research Liaison Committee, he had the chance
to expand his reach well beyond the traditional
boundaries of communications. All science-relat-
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ed fields, ranging from ballistics through medi-
cine and atomic energy, became part of his
domain.*®

(U) He and his most trusted proteges toured
the nation seeking ideas and establishing contacts
with scientists. Aspart of his plan, helaid the
bases for permanent cooperation with laborato-
ries and executives at Eastman, AT&T, General
Electric, and a host of other corporations. To cre-
ate a similar link with the universities, he found a
way toaward special military commissions to
academics so they could remain in the universi-
ties, yet bea part ofthe navy’s modernization
effort.** In addition, he collaborated with the
National Research Council aiding itby finding
projects and having it help the navy by identifying
qualified investigators.

(U) The identification of willing scientists and
new technologies was only a small part of his task.
A crucial and politically sensitive step was to con-
vince the various divisions of the navy to accept
the civilian men and ideas. The way Hooper han-
dled that had a great deal of influence on the long-
term history ofthe automation of American
cryptanalysis and wedded the history of such
machines as Vannevar Bush’s Comparator and
Selector to the broader struggle for professional
control within the navy.

(U) Hooper’s admiration for the country’s top
men led him to attempt toforce ideas upon
unwilling navy bureaucrats and skeptical techni-
cians. Asa result, he alienated many powerful
men. By 1937 serious complaints reached the
naval hierarchy about what was seen as interfer-
ence in the affairs of the various bureaus. Hooper
had to defend himself tothe Chief of Naval
Operations. After the confrontations and the
complaints tothe CNO, Hooper softened his
approach, but he continued to advocate the types
of technological innovations that did not fit with
the service’s existing bureaucratic structure. He
went ahead with his effort to modernize and pro-
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fessionalize the navy, but the political battles of
1936 and 1937 took their toll on him.

(U) Even when ill health and perhaps some
political complications arising from his worries
about America’s military readiness®** led toa
reduction of his efforts in the 1940s, he remained
an important advisor on technical and scientific
matters and a member of such high science and
big budget organizations as the National Advisory
Committee for Aeronautics. By the time he for-
mally retired in 1943 he had, along with a few
other senior officers, laid the intellectual if not
organizational foundations for the Office of Naval
Research. The ONR became the organization the
navy successfully used to bring academic science
into the military after World War II. The ONR
became one ofthe major sponsors of applied
mathematics and computers inthe United
States.*3

(U) Hooper’s influence did not end in 1943.
Although retired, he continued as a consultant to
major corporations and became deeply involved
with a company founded by some of his admiring
young men. The fascinating postwar Engineering
Research Associates (ERA) was planned asa
showcase for some of Hooper’s dreams. It was to
be a private company serving the advanced scien-
tific needs of the military. ERA became the torch-
bearer for the navy’s advanced cryptanalytic com-
puters.

(U) Another Plan for Science and the Navy

(U) Hooper’s model for research, which cen-
tered on cooperation with the private sector, was
not the only one put forward by navy reformers.
During the 1930s, one of the navy’s progressives
was much less trusting of outsiders. Harold
Bowen, one of the fathers of the Office of Naval
Research, put his energies to strengthening the
navy’s own science and development capabilities.
While chief of the Bureau of Engineering from
mid-1935 to 1939, ** Bowen came in conflict with
the Bureau of Construction and its allies, the pri-
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vate shipbuilders. The issue was the design of the
navy’s new destroyers. Bowen was the political
loser and he remained convinced that the secre-
tary of the navy’s order to merge Engineering and
Construction into one new agency, the Bureau of
Ships, was a victory for the technical and political
Mossbacks. *

(U) Like Hooper, Bowen made many enemies
because of his fight to keep the navy up to date by
bringing in new ideas from industry and acade-
mia. Bowen wanted more research within the
navy and had faith in a revitalized Naval Research
Laboratory. One of his last acts as chief of the
Bureau of Engineering was to create its Office of
Research and Inventions. With the experienced
Lybrand Smith and some very enthusiastic young
officers onits staff, the ORI began to do what
Hooper bad been advocating for years: integrate
Engineering with the most talented men in pri-
vate industrial research laboratories and univer-
sities. The Office of Research and Inventions
became the navy’s organization to coordinate
with Bush’s NDRC. That led Lybrand Smith and
Vannevar Bush to become quite close despite the
growing frictions between Bush and Bowen over
research policies. Smith also became an impor-
tant player in the history of OP-20-G’s first crypt-
analytic machines.

(U) Bythe end of World War II, Smith and
Bowen had convinced the navy to create some-
thing Hooper had always wanted, the Office of
Naval Research. Bowen made sure the ONR had
the money, power, and contracting laws to con-
trol the relationships it established. The ONR
would use academia and industry to bring science
tothe navy, but itwas given enough power to
allow the navy, not civilians, to direct research.
Bowen hoped that italso had enough power to
withstand the protests of the old bureaucrats and
politicians.*® One of Bowen’s motives for estab-
lishing the ONR was to allow the navy to develop
its own program for atomic energy which, he
hoped, would lead toan atomic-powered ship
program.

(U) Hooper Confronts the Bureaucracy,

Again

(U) Stanford Hooper viewed science,
research, and innovation as significant to every
naval activity, but he maintained a special inter-
est and role in naval communications. His plans
for advancing radio communications led him to
become involved with the navy’s cryptanalytic
branch, OP-20-G. Hooper became a crusader for
the expansion and modernization of American
interception, codebreaking, and all other signals
intelligence capabilities. It was that involvement
that eventually led Hooper to MIT in late 1935.

(U) Aswith his electronics work, Hooper’s
plans for cryptanalysis came to center on institu-
tionalized scientific research. Atthe same time,
he supported the expansion of the navy’s cryptan-
alytic operating division, OP-20-G.

(U) For historical reasons, Communications
(OP-20) rather than the Office of Naval
Intelligence housed the cryptologic department
that became known as OP-20-G. *” And for other
bewildering reasons, OP-20-G depended upon
the Bureau of Engineering for the design, pur-
chasing, and manufacture ofits equipment.
Another naval branch handled contractual
details. To further complicate the bureaucratic
tangle, OP-20-G’s Research Section (Y) was the
small group charged with communications secu-
rity and, significantly, the exploitation of the lack
of security of the communications of other
nations. On top of that, and despite OP-20-G-Y’s
mandate, yet another research group was set up
within Engineering to explore related technologi-
cal questions. Adding to the confusion over power
and domain was the Naval Research Laboratory.
Although their core functions were under the
direct command of the CNO in the critical years of
the 1930s, communications and cryptanalysis
had a tough go of it in the navy.
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(U) A Few Men and Women jfor Secrecy

(U) The navy’s very small cryptologic group,
OP-20-G, began its life during World War I but
was not active until the mid-1920s.2® One reason
for its inaction was that just as it was founded, the
incredible Herbert Yardley was lobbying for the
creation of what became the famous American
Black Chamber. His group was to serve the crypt-
analytic needs ofthe army and the State
Department, and, to some unknown degree, the
navy. Stealing resources away from the private
cryptanalytic group that had been developing at
the estate of the flamboyant millionaire, Colonel
Fabyan, Yardley achieved some amazing victo-
ries. He broke the codes and ciphers of the major
powers. That allowed the United States to predict
the bargaining positions of the important players
inthe naval arms limitation negotiations of the
1920s. Yardley’s work made him some good
friends but also some enemies. A few rash deci-
sions on his part also led tothe closing of his
Chamber in 1929 and the transfer of its files to the
army’s old code organization under William
Friedman. Yardley then decided to take one of the
most fateful steps inthe history of American
cryptanalysis. He published abook that told the
when, what, and why of American cryptanalytic
success. One horrible consequence was that the
Japanese began tochange all their code and
cipher systems.*?

(U) OP-20-G did not receive much official
navy support. Until the mid-1920s, when it came
under the command of a young and bright officer,
Laurance F. Safford, itwas almost ashadow
organization. Safford arrived just in time to take
advantage of the “acquisition” of a copy of part of
Japan’s secret naval code. The code proved
invaluable, and OP-20-G began providing critical
information to the navy. But that did not mean
recognition of the potentials of communications
intelligence or adequate funding. “G” might not
have survived if it had not been for a supersecret
fund set up at the end of World War 1.
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(U) OP-20-G’s interactions with the Office of
Naval Intelligence were, at times, ones of strain as
well as frustrating dependency. ONI did much of
the needed dirty work to obtain codebooks and
information about cipher machines,®® and it had
the responsibility for interpreting the intentions
of America’s enemies. But the ONI and OP-20-G
were bureaucratically separate, and at key times
there was mistrust. “G” also had less than satis-
factory relations with naval commanders. The use
of “G’s” information was dependent upon the
decisions oflocal commanders, and OP-20-G
relied upon their willingness to supply intercepts
to Washington. Even serving only a technical
cryptanalytic role was difficult for “G.” It took
many years for it to acquire any control of what
radio systems were to be monitored.

™
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(U) The Search for Pure Cryptanalysis

(U) Through his academic and corporate con-
tacts, Hooper learned of the potentials of mecha-
nized automatic control and of the increasingly
mathematical nature of science and cryptanaly-
sis. His awareness of the expanding reach of sta-
tistical techniques, the potentials of high-speed
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calculators, and the use of light-sensitive devices
in astronomy were perhaps sharpened by visits
and discussions with Vannevar Bush.® Whatever
the particular source of his knowledge, Hooper
believed that the new electric and mechanical
ciphering devices introduced by the major pow-
ers, including the United States, would force
cryptanalysts to become statisticians. They would
have to perform seemingly impossible feats of
calculation to penetrate the ciphers produced by
such complex machines asthe Kryha and the
Enigma.®*

(U) Assoon ashe assumed command over
Communications, OP-20-G informed Hooper of
its progress against the cipher machines. The
cryptanalysts were quite proud of their secret and
clever techniques, ones they thought were essen-
tial because of the impracticality of a pure mathe-
matical approach.??® Although they employed sta-
tistical techniques, they had effective short cuts
such as finding a copy of a secret message sent in
a known code; locating often repeated phrases
(cribs); or uncovering the pattern of the way an
enemy announced the wheel settings for a cipher
machine network. They were also quite proud of
their craftsmen’s tools, such as paper wheels, long
strips of wood with alphabets painted on them,
and overlay sheets with punched holes for attack-
ing ciphers. But Hooper and his new right-hand
man, Joseph Wenger, were not impressed by the
tricks, and they thought that OP-20-G’s technolo-
gy, if not methods, were woefully behind the
times. In late 1930 Hooper suggested to OP-20-G
and the Bureau of Engineering that they begin to
develop automated cryptanalytic machines and,
by implication, to formalize their approach to
analysis.3*

(U) Hooper wanted machines that would free
OP-20-G from tricks and dependencies and that
would allow the use of advanced mathematics.
Those machines would have tobe innovative
because the new cipher devices presented crypt-
analysts with problems far different from those of
code systems. Codes were secret lists of words (or
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(combinations of numbers) that stood for other
words. In contrast, cipher machines dynamically
changed letters into different ones with no pre-
dictable relationship between the original and the
cipher letters. The limited vocabulary ofa code
meant that acquiring a copy of its codebook was
an effective solution, unlike the situation with
sophisticated cipher machines in which having a
copy of the enemy’s machine was only asmall
step toward reading messages. The key method
an analyst used to solve a code was to identify the
relationships between a particular code word and
other words. Correlation analysis and the use of a
decoded word to predict the meaning of another
were viable methods.

(U) The new cipher systems demanded less
obvious approaches. The cipher system design-
ers’ goal during the 1920s and 1930s was to avoid
the meaning embedded in any code system. The
American Hebern cipher machine and its
European cousins, such as Enigma, took the old
principle of random substitution of one letter for
another to a new level. They went far beyond the
centuries-old cipher tables and handy substitu-
tion algorithms.

(U) All of the new machines relied upon sets
of wired rotors (or relay analogs of them) whose
internal electrical connections produced a unique
substitution cycle of such complexity and length
that it could be penetrated only through time con-
suming analysis of forbidding amounts of data.
Unless the operators of the encryption machines
made a mistake, or the cipher breakers had a con-
stant source of information on the settings of the
cipher wheels, incredible amounts of calculation
were needed for pure cryptanalysis. Hooper was
sure that the growing use ofthe new cipher
machines and the shortage of experienced crypt-
analysts meant an end to the power of informal
methods. He saw no alternative but to develop
formal techniques and advanced machines.

(U) More than an abstract faith in scientific
cryptanalysis led to Hooper’s drive for new
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machines. There were very practical reasons. “G”
had to be made independent and ready for an
emergency. Older methods, for either codes or
ciphers, demanded too many experienced code-
breakers who had spent years working on partic-
ular systems and on information supplied to OP-
20-G by others such as Naval Intelligence.
Automation and formal procedures would have to
substitute for professional skill and experience as
well as the old codebreaker’s standby, intuition.

(U) But in 1930 the navy’s bureaucracy and
even the crew at OP-20-G were less than accept-
ing of formal analysis and machinery. The code-
breakers at OP-20-G were aware ofthe emer-
gence of the new ciphering devices and, in fact,
were building their own versions as well as tack-
ling the systems of other nations. Because of their
direct experience with automatic enciphering
devices, Hooper’s September 1930 “suggestion”
about methods and automation was not too well
received. OP-20-G’s principal civilian cryptana-
lyst, Agnes Meyer Driscoll, did not like the idea at
all. Additionally, the cryptanalysts felt insulted
because Hooper’s request contained an implicit
criticism of their work and skills. They thought
that formal methods, while helpful, would never
replace an experienced codebreaker. And their
years of work had taught them that decryption
was usually dependent upon some type of infor-
mal initial entry into asystem, whether itbe a
psychological insight, atheft of materials, orthe
transmission of a message in both clear and enci-
phered form.®® In addition to the codebreakers’
distrust of those who proposed unrealistic meth-
ods and machines, the small OP-20-G staff was
too busy analyzing Japanese code systems to deal
with methodological speculations.3°

(U) Hooper thought hewould eventually
tempt OP-20-G into applying formal methods by
presenting it with ademonstration device.
Hooper soon arranged to have the Bureau of
Engineering create anew section for advanced
code and signal research 37 and then made sure
that someone who would pursue his goals filled
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the post. A young officer who had been one of the
first students in OP-20-G, who had experience as
a seagoing communications officer, and who was
already a protege of Hooper, was selected. Joseph
Wenger, athirty-year-old
Annapolis graduate,
followed Hooper’s
cues and began a
search for new
technologies
for all aspects
of communi-
cations with,
of course, an
eye open for
new devices
for ciphering
and decipher-
ing messages.
With some inter-
ruptions caused by
shifting naval assign-
M Josesh ments, Wenger con-
tinued that search
through the 1930s
and 1940s, and he became the driving force
behind what became the most technically
advanced cryptanalytic agency in the world by the
late 1940s.3®

(U') From Electronics to Electromechanics

(U) Inthe early 1930s Hooper’s academic
contacts turned him towards something much
more innovative, the electromechanical tabulat-
ing machines built by companies such as IBM and
Powers. Hooper successfully prodded the Chief of
Naval Operations into sending a very specific and
strong directive to the Bureau of Engineering in
late 1931.3 Itordered the Bureau to devote
resources to study the new optical sorters and
special devices for blind reading and came close
to demanding that such technologies be used to
build a deciphering device.*® The CNO’s mandate
included more than cryptanalytic investigations;
it was a signal to Hooper to intensify his efforts to
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link science tothe navy. Under pressure from
Hooper, the Bureau provided Wenger with the
money needed to make a grand tour of America’s
research laboratories. During his visits, Wenger
encountered fantastic new technologies that had
at least long-term promise for solving the difficult
cryptanalytic problems, but most seemed to
demand a protracted and expensive development
period.*' Wenger was especially disappointed
when he realized that optics and electronics were
not quite ready to produce a cryptanalytic

machine.

(U) Perhaps because of that and because of a
sudden realization by OP-20-G that it would need
some type of mechanical aids, Wenger turned his
attention to a more established technology. The
Hollerith and Powers electromechanical tabulat-
ing and sorting machines were evolving into quite
sophisticated devices by the late 1920s. In addi-
tion, they were machines that were immediately
available for use and were commercially pro-
duced. Wenger examined the Remington-Rand
Powers tabulators used by OP-20-G in 1932 and
did enough research to allow Hooper to again, but
more authoritatively, suggest that OP-20-G
investigate them. It was difficult for the officer in
charge of OP-20-G, Laurance Safford, to ignore
Hooper’s urging any longer.** But Hooper’s grand
dream suffered atemporary yet important set-
back.

(U) Just as Wenger was exploring the various
technical possibilities, it was discovered that the
Japanese had replaced their Red Code with a
completely revised set that could not be penetrat-
ed. Perhaps because of Yardley’s indiscretions,
seven years of work onthe previous code had
become valueless! OP-20-G’s codebreakers knew
they would be unlikely to obtain acopy ofthe
Blue Japanese code and the three other new sys-
tems ** and decided totake onthe formidable
task of breaking the code through pure methods.
The Japanese continued to use the old type of
superencipherment, the modular addition of ran-
dom numbers to the code groups, so it was a rel-
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atively easy target. But the code itself, Wenger
knew, would demand years of work. Over
100,000 words had to be decoded. Such an effort
called for either vastly increased manpower or
mechanical aides.** Everyone knew that “G” was
unlikely to be allocated more men.

(U) Inearly 1932 OP-20-G’s cryptanalysts
studied Wenger’s tabulator survey and decided to
select the type centered upon electrical rather
than mechanical reading ofcards. Seeing
Remington-Rand’s system as inflexible, they hur-
ried to rent the electromechanical IBM tabulating
devices, ones built to handle alphabetic charac-
ters aswell asnumbers. The punch card era
seemed to have begun at OP-20-G.

(U) Then the navy hierarchy declared that it
was unwilling to fund the experiment! Safford
and Wenger did not give up. OP-20-G pressured
the Bureau of Engineering to scrape some funds
from its already slim budget,* but the Bureau
was able to raise only a few hundred dollars, not
several thousand, to start the project. It contin-
ued to piece together small amounts during the
1930s to support the tabulators. But it always felt
that OP-20-G did not fully appreciate its efforts.*®
Only a machine ortwo arrived at OP-20-G, and
their experimental use, which soon turned into a
necessity inthe eyes of many at OP-20-G, sur-
vived only as a near underground activity.

(U) Despite the hand-to-mouth funding of its
few machines, the OP-20-G tabulator crew con-
tinued with its work and made major contribu-
tions tothe penetration ofthe new Japanese
codes. The navy also explored new ways to store
data on IBM cards, and during the war it helped
develop special tabulating machines.

(U) Ironically, OP-20-G’s early 1930s tabu-
lator-related achievements had a negative influ-
ence. Although the search for cryptanalytic tech-
nology and methods had been motivated by
Hooper’s deep fears concerning the new automat-
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ic ciphering machines, including Britain’s,*” the
crisis caused by the change in Japan’s older code
system shifted attention to more immediate prob-
lems and forced acommitment to available
devices. The more sophisticated machine options
were dropped in favor of the tabulators. The tab-
ulators were well suited to many decoding proce-
dures, especially those calling for sorting and,
later, collating operations, but they were not the
mathematical ortruly high-speed statistical
devices needed to break into the new cipher
machines.

(U) The leasing of a few tabulators did not link
IBM to any long-term commitments to OP-20-G
or Engineering. Although IBM played a signifi-
cant role in certain extensions of electromechani-
cal technology before and during World War 11, it
did little truly far-ranging research for the crypt-
analysts during the 1930s. While the use of tabu-
lators was agreat step inthe history of crypt-
analysis, the commitment to tabulators took away
much of the incentive to make the great techno-
logical leap Hooper had desired. The very hard-
pressed staff at OP-20-G had more than enough
to do to learn how to exploit the IBM equipment.

(U) Then, when older cryptanalytic methods
triumphed over Japan’s new cipher machine, the
Red, there was little excuse for an emergency
development program. The success against Red
undermined arguments that anadvanced in-
house developmental group should be estab-
lished within the Bureau.

(U) A Young Man for the Future

(U) Something else helped to turn the navy
away from Hooper’s plans for truly advanced
automated cryptanalysis. Joseph Wenger,
Hooper’s man in the Bureau or Engineering, who
had become an ardent believer in the value of sci-
ence and technology, was returned to sea duty in
mid-1932. He had supplied Hooper’s grand out-
line for communications with the details needed
for OP-20-G’s technical and organizational
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future.*® As significant, while onsea duty, he
refined and codified the important method later
known as traffic analysis (T/A). He combined

direction finding, callsigns, and traffic flows into
a highly effective tool.*® To prove the worth of the
approach, he reconstructed the Japanese naval
maneuvers without being able toread the con-
tents of the radio signals.®® Although not appreci-
ated by outsiders, even Hooper during the early
1930s, T/A became amajor factor inthe

American victory in World War I1.

(U) The Dream Postponed, Again

(U) Wenger’s transfer tosea duty in 1932
allowed him to help unravel Japan’s naval tactics
and to refine America’s eavesdropping capability
in the Pacific, but it was near devastating to the
cause of automating code and cipher breaking.
Almost as bad for Hooper’s cause was Laurance
Safford’s assignment tosea for four years. His
absence until 1936 stretched the resources of OP-
20-G to the breaking point and left Hooper with-
out an in-house advocate. When Safford returned
to Washington, the growing crisis in the Pacific,
including the sudden change of a major Japanese
code in 1936, left him with notime for experi-
mentation. Despite OP-20-G’s dependency on the
Bureau of Engineering for hardware develop-
ment, the engineering branch was left without a
spokesman for advanced cryptographic technolo-
gy. What men Engineering could spare became
involved in the difficulties of inventing and man-
ufacturing electromechanical encryption devices.
The bureau, along with the Naval Research
Laboratory, also faced increasing demands and
few thanks for radio and radar developments. At
the same time, OP-20-G became deluged with
new and more difficult code and cipher problems
asJapan carved out its Asian empire. The tiny
crew had little time for technological or mathe-
matical speculation.
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(U) The Dream Reborn, for a Moment

(U) Tt was only Wenger’s return in mid-1935
and the Roosevelt-Vinson decisions to expand the
navy that allowed Hooper toagain pursue his
cryptanalytic goals. Wenger had the experience,
the energy, and the desire to restart the program,
and naval expansion hinted at the possibility of
funding.®®

(U) The changes at OP-20-G in 1935 extended
to more than the renewed hopes for new research
machinery. Wenger was made the head of OP-20-
G’s new research desk. The new “Y”section was to
be devoted to the application of science to crypt-
analysis and tothe type oflong-term planning
development that the CNO was encouraging in all
parts of the service.®® Then, when Safford came
back to Washington in 1936, Wenger began
another round of visits to the centers of American
science and technology. Among those Hooper
visited in 1935 and then recommended to Wenger
was aman he had known for years, Vannevar
Bush.?*

(U) Bush, Wenger, and Hooper joined forces
at atime when their interests seemed to be in per-
fect harmony and when they thought they had the
resources and power to initiate and complete a
major program. Bush’s scientific status was per-
haps the major reason why Hooper looked to MIT
rather than tothe large corporations such as
National Cash Register or IBM or RCA orto the
National Bureau of Standards for help in
automating American cryptanalysis. On a gentle-
men’s agreement, Bush began to draft a plan for
the navy, and Wenger returned to Washington
filled with enthusiasm. He was convinced that the
$10,000 consulting fee Bush expected was a great
bargain. Bush dashed off his report and submit-
ted itin the first weeks of 1936. He was able to
respond so quickly because of the optics-film-
electronics work he and his colleagues at MIT had
been doing for several years. Of great importance,
he had begun thinking of and lobbying for the
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development of electronic cryptanalysis well
before 1935.%°

(U) Bush’s initial proposition was not for the
production of specific equipment. Rather, it
defined his role as that of a consultant to the navy.
He sketched the general outlines for along-term
project centered about the creation of high-speed
optical-electronic devices which would be hun-
dreds of times more powerful than the tabulators.
He recommended that the navy design and devel-
op what became known in the intelligence com-
munity as Rapid Analytical Machines (RAM).
Everything finally seemed to be falling into place
for them and Bush in early 1936.

(U) Little Science Meeis the Litile Navy,

§§it!1?i

(U) Hooper thought he was having Bush sub-
sidize his great plan for the navy. Bush thought
the navy would subsidize the beginnings of MIT’s
calculation center and its entry into digital pro-
cessing. Wenger thought he had a set of ideas that
would launch the navy ona full-scale develop-
ment project. None of them realized there were
built-in conflicts. Hooper probably did not know
of the financial pressures on Bush and MIT dur-
ing the 1930s. In turn, Bush did not suspect that
Hooper and Wenger had not convinced the navy
ofthe worth oftheir approach to introducing
innovations.®®

(U) Just asthe prospects for Bush’s center
rapidly brightened and as Hooper was receiving
signals that his comprehensive plan for all com-
munications activities would be approved, the
navy made an unexpected, critical, and disap-
pointing decision. For a second time the attempt
to revolutionize cryptanalysis seemed to have
been defeated bythe tangled navy bureaucracy
and the men Bowen called “mossbacks”! Before
Bush’s navy project truly got under way, he and
his naval allies became involved in an organiza-
tional nightmare. Bush thought freedom from
interference was essential if academia and the
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military were tojoin together, and he believed
that no absolute timetables and guarantees could
be given for truly innovative work. Hooper and
Wenger agreed that heavy-handed bureaucratic
oversight would doom any creative -effort.
Wenger hoped that Bush’s status and persuasive
powers would be able to break the navy bureaus’
resistance to outsiders. But the naval bureaucracy
had a different opinion.

(U) The Bureau of Engineering men very
bluntly told Hooper and Wenger that Bush’s
plans were unrealistic and his demands outra-
geous. They were soon joined by the contracting
arm ofthe navy, which declared many parts of
Hooper’s model for academic/military coopera-
tion ill advised, if not illegal. They would not give
the needed approval, and the project that could
have led to the creation of the first electronic dig-
ital data processing device seemed dead in early

1936.
(U) A Man for Statistics

(U) Just as Stanford Hooper was facing the
defeat of his hopes of creating a new technology
for cryptanalysis, another major figure in the his-
tory of American codebreaking was becoming
entangled with automation. William F. Friedman,
the head of the army’s cryptologic section, finally
convinced the army to allow him to use tabula-
tors. Although their introduction into the army’s
Signal Intelligence Service (SIS) came almost five
years after Hooper and Wenger had brought
them into OP-20-G, the arrival ofthe IBM
machines at the SIS offices seemed revolutionary.

(U) In 1929-30, just as Hooper was trying to
refurbish naval communications, the army had to
fill the void left by the disintegration of Yardley’s
Black Chamber. Instead of creating an entirely
new organization, itgave additional mandates
and some additional resources to the man it had
previously hired to safeguard its own communi-
cations, William F. Friedman. Unlike Wenger or
Hooper, Friedman had not come to code work

through the military; rather, he stumbled into it
because of his college courses in genetics.

(U) The son of a Hungarian-Russian-Jewish
immigrant, Friedman attended an advanced
technical high school where he delved into elec-
trical engineering. But his interest in the new field
of scientific agriculture led him toone of
America’s centers of applied science, Cornell
University. After finishing heavily statistical
courses in genetics, and gaining experience in

research at one of the pres-
tigious Carnegie cen-
ters, Friedman
decided to post-
pone gaining a
Ph.D. He want-
ed and needed
ajob. He
accepted a
position as a
research
geneticist
for one of
America’s most
influential agri-
cultural business-
- men, Colonel George
 EiEe s s Fabyan. Assigned to
7 Fabyan’s estate at
Riverbank, Illinois,
just as Europe was becoming engulfed in war,
Friedman soon found himself busy with Fabyan’s
private cryptanalytic projects rather than with the
development of hybrid cottons. When Fabyan
offered his staff and his estate to the United States
government for cryptanalytic training for the war
effort, Friedman’s future was set.

(U) His energies were turned to applying the
new statistical techniques he learned at Cornell to
cryptanalysis. His cryptoattacks and his training
methods became legendary. As a result, after the
war the United States Army asked him to estab-
lish acode agency. Because Herbert Yardley's
Black Chamber held the mandate for listening to
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the communications of others, Friedman was
asked to focus on the protection of army commu-
nications and on the preparation of training man-
uals for wartime cryptanalysis. Although concen-
trating on those tasks, Friedman did not abandon
code and cipher breaking. He was called on to test
various proposed systems, including cipher
machines the navy thought of purchasing. %

(U) Friedman’s role began to change in 1929
when Yardley’s group was under political threat.
The army decided to found its own operational
cryptanalytic group. It gave Friedman the funds
he needed to hire a group of young civilians, and
itgave him Yardley’s files. Perhaps it gave him
access to Yardley’s old sources ofintercepts.
Friedman trained his young men in codebreaking
and made sure they learned about formal statis-
tics and foreign languages by enrolling them at a
local university. Meanwhile, his wife, also a
Riverbank alumna, became the cryptologist for
the Coast Guard.?® While her crew worked on the
clandestine messages of rum runners and other
criminals, Friedman’s team examined as much
diplomatic and military traffic asit could obtain
through the very limited intercept capabilities of
the army.>®

(U) Together, the Friedmans blended practi-
cal experience with statistics to develop more
powerful cryptanalytic tools. Although Friedman
did not attempt to make the direct links with elite
academics that Hooper was forging for OP-20-G,
he was proud ofthe “scientific” character of his
methods.

(U) Those statistical methods and knowledge
of many of the machine activities at “G” soon led
Friedman toseek ameans ofautomating the
army’s codemaking and codebreaking work.
Beginning afew years later than the navy,
Friedman tried to acquire IBM tabulators for his
office. He faced almost as many frustrations as
Hooper and Wenger but finally acquired some
machines in late 1934.°° By 1937 he and his crew
had developed several tabulator methods that
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became classic means of cryptanalytic attack, and
they began to turn the tabulators into more spe-
cialized cryptologic tools. He and one of his young
men, Frank Rowlett, invented an attachment for
the tabulating equipment that allowed it to gener-
ate “random” code.®*

(U) Friedman began to develop visions of a
greater technological future for cryptanalysis.
But, unlike Hooper and Wenger, he did not seek
help from outsiders, atleast not inthe 1930s.
Perhaps that was because his research ambitions,
even more than “G’s,” were smothered by the mil-
itary bureaucracy. Friedman did not have a
Hooper torun interference for him with the
Signal Corps. For whatever the reasons,
Friedman’s automation efforts were less adven-
turous and more limited than Wenger’s. He had
no Vannevar Bush and no ties to the nation’s sci-
entific elite.

(U) In the mid-1930s Friedman concentrated
on plans for putting teletype tape readers, relays,
and plugboards together invarious combina-
tions. Some of those became outlines of his own
versions of Index of Coincidence machines and
isomorph locators (pattern finders).®* And, at the
end of the decade, he somehow found the money
to hire an MIT electrical engineer, Leo Rosen.
Rosen had a solid background in electronic tubes
and circuits. Perhaps Friedman hired him with an
eye to beginning his own version of the navy’s
electronic RAM program.

(U) Science and the Navy Need Other

Friends

(U) Inearly twentieth century America, cor-
porations and private foundations were more
important than government or higher education.
As a result, corporate research policies and deci-
sions by the leaders of the philanthropic founda-
tions played a determining role in the history of
Bush’s and Hooper’s crusades. Decisions by
Eastman-Kodak, AT&T, IBM, and especially the
National Cash Register Company were critical to
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the emergence of the machines for cryptanalysis
and for the library. As late as the 1930s, the sci-
entists’ lobbying efforts to make pure science one
of the targets of federal support were failures.
They were rebuffed by Congress as well as by the
usually open-handed Franklin D. Roosevelt. Asa
result, there was no pure science program in the
nation.

(U) The Private World of Science

(U) During the first forty years of the twenti-
eth century, the nation’s scientists looked to two
sets of foundations, those created by Andrew
Carnegie and John D. Rockefeller. Their fortunes,
generated by the technological revolution of the
nineteenth century, became the fuel for American
academic science.

(U) Their decision inthe 1920s to finance
research within the elite American universities
was critical to the history of American science. As
important, they created the first bureaucracies
designed to manage long-term, very expensive
scientific programs. Those programs accounted
for perhaps as much as 90 percent of such activi-
ty during the 1920s and 1930s, and their man-
agers became key players in the shaping of scien-
tific institutions during and after World War I1.
The administrators of the 1930s private founda-
tions, including Vannevar Bush, became the over-
lords of 1940s science and then became the lead-
ers of the early Cold War scientific and high-tech
agencies.

(U) As outside research became more attrac-
tive, the Carnegie and Rockefeller foundations
turned to the old national science institutions for
help. The National Academy of Sciences and the
National Research Council were energized with
foundation monies and began to act as scientific
go-betweens. The NRC managed many projects
for Carnegie, advised other foundations about
national needs, and recommended worthy scien-
tists.®* After those first steps, the foundations
began tohelp some individual academic
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researchers just as MIT’s new president launched
his faculty, including Vannevar Bush, on a sweep
for research funds. Very important to Bush were
the decisions by one ofthe new young adminis-
trators atthe Rockefeller Foundation, Warren
Weaver.

') A Man for Applied Mathematics and
f Dl

Iformation

(U) Warren Weaver was one of those new
bright scientific men brought to the foundations
to reformulate policy. Central to Weaver’s plan
for the revamped natural science division of the
Rockefeller Foundation was the creation of
instruments to encourage the use of mathematics
in every field. By the mid-1930s Bush convinced
Weaver that the world of science was ready for
new generations of Analysers. Then Weaver suc-
cessfully lobbied his superiors for a $10,000
study grant for Bush’s proposed partially elec-
tronic machine. Just a year later, he secured an
astounding $85,000 for the Rockefeller Analyser
project at MIT.® Half a dozen years later, Weaver
again showed his faith in MIT when he funded
another huge computer project atthe Institute,
one for an electronic digital programmed com-
puter.®®

(U) American Science and the War — the

NDRC

(U) Only afew inAmerica realized that
Germany was inventing a new type of high tech-
nology warfare and that fundamental science
might be needed to combat the horrors of atomic
weapons and long-range bombers. Vannevar
Bush and his close scientific friends were among
those few. Never a man to sit by and let the world
determine his fate, Bush sought ways to ensure a
flow of academic contributions to the war effort.®”
Bush energized what became one of America’s
first modern science interest groups and began to
lobby the government to support a wide range of
new programs. Bush convinced President
Roosevelt to create the powerful and well-funded
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National Defense Research Committee (NDRC)
in June 1940.Within a year, its scope and its pow-
ers toinitiate and control projects were vastly
expanded. The new Office of Scientific Research
and Development was adream come true for
Bush. It was almost the perfect science founda-
tion for elite American academics.

(U) The NDRC was responsible to the presi-
dent, not the military or Congress, and its scien-
tists could determine what projects to begin or
end. Hundreds of millions of dollars came under
the control of the NDRC. The NDRC and elite sci-
ence were subsidizing science as well as potential
weapons. Administrators of foundation science,
who were friends of the universities, were select-
ed to head the major branches of the NDRC. The
old Carnegie-Rockefeller circle, which included
the leading men from the leading universities,
moved from private to military philanthropy dur-
ing the war and, along with Bush, were able to cir-
cumvent the “mossbacks” in the military and the
older organizations of science. In the fall of 1940,
the NDRC began to explore defense technologies
that were too speculative for the military orits
older industrial allies. Of great importance was
the computer effort headed by Warren Weaver.

(U) Because of Weaver’s mathematical back-
ground and his prewar experience evaluating
computing proposals, Bush made him head of the
mathematical and scientific instrument section of
the NDRC. One of his first chores was to develop
a program to solve technical problems created by
the advance of German military technology.
There was avital need for automatic control of
antiaircraft weapons, high-speed counters for
ballistic tests, and scientific instruments to moni-
tor atomic processes.®® Ineach case Weaver
turned to electronic solutions. He called upon all
those known to have worked in electronic count-
ing and launched a program for the development
of special purpose devices. He soon had the com-
puter builders George Stibitz and Sam Caldwell to
help him supervise the work. Asimportant, he
was able to pursue another opportunity. He cre-
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ated a center for applied mathematics. It would
permanently change academic mathematics in
America.

(U) The NDRC was a blessing to Bush and his
academic friends, but to others it was a politicized
and unnecessary organization that threatened the
military research agencies such asthe Naval
Research Laboratory.®® To Admiral Bowen, Bush
was leading agroup bent on playing favorites
among the military services and the universities.
He soon concluded that the NDRC worked to the
disadvantage ofthe navy. To Admiral Hooper,
however, Bush and the NDRC appeared, at least
at the beginning, to be the only way the intelli-
gence community could acquire the advanced
machines itneeded. But computers were far
down on the NDRC list, and cryptanalysis entered
its world only because of the long chain of associ-
ations between Bush, the navy, and the corpora-
tions and universities that were atthe center of
the NDRC.

(U) Corporate Charity

(U) Vannevar Bush looked to the major cor-
porations when he began his search for support
for his calculation center inthe early 1930s.
General Electric had a research branch that was a
leader in applied mathematics, but it decided to
keep most of its work in-house rather than make
any large investments in Bush’s  center.
Paralleling General Electric’s reaction, Western
Electric and Bell Laboratories were willing to sup-
ply critical parts for the Rockefeller Analyser and
to give advice onthe type oftools and services
mathematicians desired. But they did not offer
major financial support to Bush’s 1930s projects.

(U) The Eastman-Kodak Corporation of the
1930s was not asgenerous with MIT asits
founder had been, but it remained avery good
friend of the Institute. Of even greater importance
to the nation was Bush’s relationship with a cor-
poration that did not have areputation for
research. Why Bush became so close to a compa-
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ny that made cash registers is explained by Bush’s
friendship with the famous team of Colonel
Edward A.Deeds and Charles Boss Kettering.
That friendship linked National Cash Register,
MIT, the NDRC, and the Ultra secret.”

(U) Bush first came in contact with Deeds and
Kettering through the institutions of American
science. Bush and Deeds served onimportant
advisory committees that steered aeronautical
research in the United States, such as the precur-
sor to NASA, the National Advisory Committee
for Aeronautics. In 1931 Deeds consented to serve
as chairman ofthe board of National Cash
Register (NCR).

(U) For someone trying to rebuild NCR, the
best opportunities were those that demanded a
technology not found inthe corporation’s offer-
ings of the 1920s. NCR needed new machines to
move deeper into information processing.
Inventory, retail sales, and personnel manage-
ment, for example, had demands met only by
devices that had some sort of large-scale memory.
The failure to create offerings to compete with
IBM was one reason for the demand for athor-
ough shake-up at National Cash Register in 1936.

(U) While Deeds slashed expenditures in
many parts of the company, heincreased alloca-
tions for research. He pushed the efforts to move
NCR into the electrified bank-posting and billing
machine business, and he looked forward to find-
ing a technology to challenge IBM’s grip on auto-
mated file management. Previously, Deeds had
applauded NCR’s very quiet acquisition ofthe
rights toa fantastic machine for the era, the
Hofgaard relay computer.” Both the 1930 and
1938 NCR relay computer patent applications
cited a machine with an architecture quite like
that of the modern serial computer. It had a cen-
tral processing unit and addressed storage. It per-
formed at least three of the four basic arithmetic
functions and had the ability to calculate, store,
and print totals and subtotals for many different
items. Although Hofgaard’s machine was quite
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promising, Deeds ordered NCR’s research direc-
tor, Harry N. Williams, to drop the project and
investigate other technological options. Deeds
was probably advised to do so by Vannevar Bush,
who was aware of the Hofgaard patents and who
had just completed his survey of computing tech-
nologies.” Bush advised a jump into electronics.
The men at NCR learned much about the
progress of electronics and film-optical combina-
tions in scientific measurement from Bush. They
were certainly interested inthe MIT work on
smaller and more reliable tubes because of the
value oflow power and fast miniature tubes for
machine design.” Their positive reaction to the
operation at MIT resulted in an endorsement of
Bush’s suggestion touse the Institute asa

resource for NCR.

(U) The Navy Comes in Second

(U) After all the disappointing appeals to the
foundations and the troubled negotiations with
the navy, Bush finally gained a pliable and gener-
ous sponsor. Bush turned to Deeds requesting
money for the proposed universal electronic com-
puter, the revolutionary Rapid Arithmetical
Machine. Explaining that it was still on paper, but
underscoring that other work had already led to
the building of successful electronic circuits, Bush
was able to get Deeds’s attention.” The first dis-
cussion about the electronic computer may have
started with hints that MIT could immediately
build an electronic calculator for NCR. But the
beleaguered Rockefeller project led Caldwell and
Bush to scale down their ambitions. Bush, already
very busy, had alimited role inthe Rapid
Arithmetical project. Herestricted himself to
writing overviews ofits architecture. Like the
other projects atthe institute, the Rapid
Arithmetical Machine fell behind schedule.

(U) Despite his patience and Caldwell’s prom-
ises, Deeds could not leave the future of his com-
pany inthe hands ofan academic institution.
Following Bush’s suggestion, NCR established its
own electronics research laboratory in the spring
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0f 1938,7 headed by Joseph Desch. Desch and his
few assistants taught themselves about the latest
electronic developments.”® He completed an elec-
tronic digital calculator by 1940 and explored the
application of electronics to many types of busi-
ness machines.””

W)
Joseph Desch

(Courtesy of
the NCR
Archive at the
Montgomery
County, Ohio,
Historical
Society)

(U) Then just as Desch’s work was leading to
the construction of hardware, the crisis in Europe
and Deeds’s patriotism ended Desch’s commer-
cial projects. His expertise in electronics and, as
important, his unique manufacturing abilities,
attracted the attention ofthe men in Weaver’s
group atthe National Defense Research
Committee. Before the end of1940, Desch
became part of the rise of Big Science. Within
another year, he became central to the history of
Bush’s Comparator and to OP-20-G’s future.
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(U) A Reminder of Hooper's Hopes and

Frustrations

(U) The development of new cipher machines
and the maturation of radio led to a critical data
problem for America’s cryptanalysts. There was
more and more data, and it was overwhelming
those who were charged with turning it into use-
ful information for policymakers. The failure to
predict the attack on Pearl Harbor, for example,
was the result of too much data. The thousands of
intercepted Japanese naval messages could not
be analyzed with the men and equipment avail-
able to Laurance Safford’s OP-20-G."

(U) Vannevar Bush realized the similarity
between the challenges facing the cryptanalysts
and the ones faced by those who were trying to
reform the way the nation handled scientific
information. He believed the two groups could
share technology and methods. Captain Stanford
C. Hooper might not have been aware of the
trends in scientific literature, but he was certain-
ly frightened by increasingly sophisticated cipher
machines being introduced by potential enemies.
That was what led him and his protege, Joseph
Wenger, to Bush in late 1935.% Despite Hooper’s
vision and Wenger’s efforts, OP-20-G began
World War II without any operating high-speed
devices. The Rapid Analytical Machine project
had to begin over again in 1942 and in conditions
ill-suited to long-term development.

(U) The reasons for the failure of Hooper’s
1930s plans for the application of
scientific/mathematical methods to codebreak-
ing are complex. Bureaucratic tangles, bad luck,
personality clashes, Bush’s stubbornness, inter-
national crises, and the intransigence of technol-
ogy partially account for the lost opportunity. But
the major factor was institutional. Above all else,
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the military had not yet placed great faith in the
kind of information that cryptanalysis or other
signals intelligence could provide.?

(U) The Institutional Context

(U) By the mid-1930s, Hooper and his admir-
ing young officers feared that America would be
dragged into a war while Naval Communications
was unprepared for aface-off with any power.
Hooper’s 1930s strategy, to collaborate with uni-
versities and corporate centers, was an attempt to
compensate for the lack of money needed to pre-
pare for amodern war. The Chief of Naval
Operations supported his plans, but the CNO
approval did not mean smooth sailing for Hooper
and his men. To Hooper’s regret, OP-20-G con-
tinued to have todepend onthe Bureau of
Engineering because navy law and “G’s” pauper
budgets allowed little else. More independence
and money might have come to OP-20-G if there
had been widespread faith in signals intelligence.
But despite the contributions of Herbert Yardley’s
Black Chamber during the 1920s, then OP-20-G’s
penetration of Japanese naval codes, and then the
cracking of Japan’s diplomatic messages, code-
breaking remained a stepchild ofthe American
military. ? Ironically, the reading of the Japanese
naval and diplomatic code and cipher systems
during the 1920s and 1930s masked the need for
the long-term programs required for the develop-
ment of advanced methods and machines. Even
the navy’s operating cryptanalysts did not lobby
for such a program.® Only two men, Hooper and
Wenger, saw the need and were willing to suffer
the possible career penalties imposed on those
who became advocates for unpopular causes.

(U) Hooper and Wenger had never aban-
doned their 1930 hopes for machines that would
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be much more advanced than the tabulators.® In
late January 1936, Wenger met with Bush and
discussed OP-20-G’s hopes and problems.” Bush
presented Wenger with a handwritten eight-page
outline ofhis plan for automating OP-20-G’s
cryptanalytic section.® Within a week, Wenger
had secured the new Director of Naval
Communications’s approval of the proposed rela-
tionship with Bush.

(U) The First Defeat: Bush Is Rejected

(U) Just as Wenger proudly submitted his
own visionary outline for the reorganization of
OP-20-G, hereceived aslap inthe face. The
Bureau of Engineering refused to approve the
agreement with Vannevar Bush!  There was rea-
son for the bureau’s alienation. What Bush
demanded and what Hooper and Wenger agreed
to were startling. Bush demanded having the gov-
ernment pay the bill while he remained free of
supervision. He wanted the relationship with the
navy to match the ideal relationship between uni-
versity researchers and major private founda-
tions. The researcher would submit a general pro-
posal and then be funded without any interfer-
ence from the grantor. Following on his beliefs,
Bush had refused to sign a typical navy contract
or to make any promises about the results of his
work.

(U) In addition, the original understanding
did not include apromise toconstruct any
machinery. Bush and Wenger had also agreed to
ignore the regulations demanding competitive
bidding on naval contracts. In addition, Bush
requested what was anenormous amount of
money in the era, atleast for the navy. To hire
Bush meant taking precious resources from the
bureau and from OP-20-G.

(U) A Machine Too Soon
(U) There were also serious technical objec-

tions. Although only the barest sketch, Bush’s
early 1936 proposal showed that he wanted the
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navy touse optical scanning, high-speed data
tapes, electronic computing, and microfilm in a
series of increasingly complex cryptanalytic
machines. Such technologies, Bush emphasized,
would allow processing speeds from ten to one
hundred times faster than the tabulators.
Engineering thought that his recommendations
were speculative and liable to be very costly fail-
ures. Engineering’s staff had good reason to be
worried about the technical ideas. The core tech-
nologies Bush recommended were, to significant
degrees, still experimental.

(U) Also, the bureau’s engineers claimed they
had their own solution to the problem of auto-
matic cipher machines. They were reluctant to
give Wenger even a hint of their approach, how-
ever.'” Whatever its secret alternative to Bush’s
proposals, engineering had accepted the tabula-
tor. It was an off-the-shelf technology that had a
stable manufacturer. IBM knew the ropes of gov-
ernment contracting and was investing in ongo-
ing development with its own funds. Many of
engineering’s men were already creating signifi-
cant and clever modifications to IBM’s machines,
making them more effective cryptanalytic tools.

(U) In addition, the views of OP-20-G’s crypt-
analysts were not incomplete harmony with
Wenger’s. The operational cryptanalysts won-
dered who could steal the time to devise the new
procedures necessary to make such strange tech-
nology useful. Bythe mid-1930s, Laurance
Safford and Jack Holtwick became more allies
than enemies of Hooper’s long-term plans, but
the remainder of the staff were willing to join with
engineering in seriously questioning the value of
Bush’s machines." All the objections and emo-
tions meant that by mid-1936 the attempt to
bring electronics to American cryptanalysis was
deadlocked, if not defeated. But Stanford Hooper,
Vannevar Bush, and Joseph Wenger collected the
needed political support, drew up a new plan, and
outflanked the bureau and the conservative crypt-
analysts.
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(U) Hooper and Wenger developed anew
strategy to surmount any remaining objections.
To placate the engineers, Hooper agreed to ask
Bush to submit a more detailed and specific pro-
posal. The new Bush proposal was submitted to a
special research group in the navy rather than to
engineering. In September 1936, within a week
after he received the new plan, Hooper reported
to Bush that the prestigious research board had
approved his project. Wenger and Bush devel-
oped compromise positions onthe bureaucratic
and legal objections, then presented the new pro-
posal to engineering. The bureau gave in, but it
took almost all of October and November 1936 to
draft an acceptable contract.

(U) Under 1937's formal contract, Bush
agreed tofocus onthe details ofa particular
device so that engineering could have something
concrete. Hewas tosubmit four reports, each
detailing a major component ofthe proposed
machine. The commitment to details and the year
and one-half time limit for delivery ofall the
reports helped to satisfy the bureau’s demand for
a scheduled product.*®

(U) The Decision to Build a Machine

(U) Bush had become attached to Wenger and
Hooper, and their pleas convinced him to make a
gentleman’s promise that he soon regretted. He
told them he would try to build a machine, and if
he succeeded he would give itto the navy at no
additional cost, except for shipping charges for
the finished machine.”® It had become very
important to Wenger to have a device. To ensure
that his project would not die when Bush’s con-
tract ended, Wenger needed a machine to prove
that photoelectronics was practical.

(U) Bush was not sure that he could build a
machine intime, but inearly 1937 he was
absolutely sure of one thing: MIT’s work for OP-
20-G would be cut off by mid-1938 when the con-
tract with the bureau terminated. During the year
of bickering with the navy, Bush became involved
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inan increasing number of projects that were
critical to the Institute’s planned analysis center
and his career. One consequence was that the
navy’s project became more ofa burden than an
opportunity.

(U) Bush spent much time onthe initial
designs for an astounding general-purpose elec-
tronic digital computer. He sent his students and
colleagues the first of several outlines of the pro-
posed digital device, soon to be called the Rapid
Arithmetical Machine, in January 1937.'* In the
three years after the first contacts with the navy,
Bush and his men had put all the years of struggle
behind them. Bush had his “boys” immersed in
three highly innovative digital projects: the elec-
tronic Rockefeller Analyser; the electronic, pro-
grammable Rapid Arithmetic Machine; and the
Rapid Selector.

(U) Bush and Wenger Select a Problem

(U) Bush consulted with Joseph Wenger and
opted for a device to help OP-20-G apply the lat-
est statistical techniques to the cipher problems. '
Bush knew that if a machine was built, it had to be
one that was reliable enough to convince the
bureau tofund along-term RAM project.
Furthermore, Bush knew that any machine he
created would have to outperform OP-20-G’s tab-
ulators and the special mechanical devices *° that
had become sodear tomany ofits staff. His
machine had to be much faster than the electro-
mechanical devices."”

(U) There were many advanced cryptanalytic
methods for Bush toselect from. Perhaps
unknown to Bush or Wenger, the United States
Army’s cryptanalyst, William F. Friedman, was
toying with ideas about the use of optical scan-
ning. In April 1937, just as Bush was filling in the
design of his machine, Friedman filed a patent for
a system. The application did not mention crypt-
analysis, and its examples of possible use were
related to analog business applications, such as
the sorting of packages, but Friedman must have
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realized that optical scanning had great potential
for cryptology.® Despite such projects, Bush was
facing the great challenge of creating what was
the world’s first high-speed cryptanalytic
machine. Balancing all the factors, including his
almost unshakable commitment tothe three
technologies of film, optics, and electronic count-
ing, Bush decided to automate one of the most
central new statistical methods, the Index of
Coincidence.

(U) The Index

(U) The method Bush and Wenger selected
for the machine, the Index of Coincidence, was
the most ubiquitous of the new theoretically jus-
tified statistical procedures. It was aformal and
universal method that could not be made worth-
less by a slight change in a cipher system. It was
based on the laws of probability. The Index was
rugged and independent because it needed only
intercepted cipher text and because it could
attack any type of cipher system.' Italso had a
wide range of powers.

(U) The Index allowed an analyst to identify
messages or portions of messages that were pro-
duced bythe same settings ofan encryption
device. That was afirst step to determining the
wiring and settings of the encrypting components
of the machines. The Index of Coincidence could
then be put to work to identify a cipher key or the
order of the cipher wheels in a machine. Such new
methods were essential to an independent attack
onthe cipher devices. The stepping switch and
wired-wheel machines, such asthe Japanese
Purple and the German Enigma, were designed to
be unbeatable. They had cascades of transposing
rotors which repeatedly changed one letter to
another. Although each rotor was simple, togeth-
er they produced a long sequence of letter substi-
tutions without repetition or pattern.

(U) Such machines as Red, Purple, and the

Enigma came close tocreating arandom
sequence, but not quite. They appeared to be ran-
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dom because of the length of the cycle of unique
substitutions created by the three or four rotating
enciphering wheels or switches. But after 26 x 26
X 26 ormore rotations, the wheels returned to
their initial positions, and the machine began to
repeat its letter substitutions. That made them
technically nonrandom and allowed many
nations to use Index methods against the simple
Enigmas ofthe Spanish Civil War.*® However,
every nation was improving its cipher machines.
Additional wheels with unique transpositions,
varied latches that turned aneighboring wheel
erratically, and plugboards to further disguise a
machine’s input-output relationships were added
tomany devices. The combinations of wheels,
wheel settings, and plugboard links meant that
trillions of possibilities had to be explored.

(U) In response, cryptanalysts countered with
various forms of automation. But most, like
Poland, bet onlimited methods and machines,
ones toexploit the quirks of particular cipher
machines or the procedural errors of the enemy.
There was good reason for such a turn away from
science. The German specialists in charge of the
Enigma, who were aware of the laws of probabil-
ity and also ofthe speed offilm and optical
machines, were confident that it would take any
formal attack too long to be of use to an enemy.
Given the special defenses built into the Enigma,
they calculated that it would take any machine so
long to perform a statistical analysis that by the
time a setting was identified, its messages would
be of no military value.*

(U) When Wenger met with Vannevar Bush in
1937 to decide exactly what type of machine to
design, his goal was the creation ofa device so
rapid that pure statistical analysis would be prac-
tical. After balancing the needs of OP-20-G and
the technological possibilities, he and Bush decid-
ed to automate the heart of the IC method, coin-
cidence counting.

(U) A coincidence was the appearance of the
same letter in the same relative position in two or
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more messages or in an offset of two copies of the
same message. The method could be extended to
the identification and counting of more than sin-
gle letter matches, but the essence of the Index
was the counting of single coincidences. Ifthe
number of matches exceeded the number expect-
ed from arandom distribution of letters, then
both messages were probably a product ofthe
same wheels, wheel settings, and portion of the
encryption machine’s cycle.

(U) Asthe enciphering machines became
more complex, the Index developed an almost
insatiable demand for data. The Index could be
computed with electromechanical machines,
such as a counting sorter or a tabulator with addi-
tional relay circuits. But even with the IBM
machines, the process was very slow and labor
intensive; a long message could take days to ana-
lyze. One of the reasons the Index was selected as
the method for Bush to automate was that it was
so difficult to perform on electromechanical
equipment.

(U) An Added Bonus, Possibly

(SHSHAREL) Wenger and Bush were com-
mitted to mechanizing the IC method, and both

wanted to encourage the navy’s codebreakers to
apply mathematics, but Wenger realized that the
operating codebreakers had to use some less than
“scientific” approaches. If Bush could automate
them, the MIT machine and statistical methods
might receive a friendly evaluation by the crew at
OP-20-G. Bush agreed to sketch machines for
those rather crude methods, and he hinted that
he would try to have the proposed Comparator
(for the IC) be able to perform two of them. Both
methods, the Brute-force search and
Symmetrical-sequences, asked for asearch

through massive amounts of data to “locate,” not
count, coincidences. The coincidences sought
were not based on individual letters, but matches
between relatively long strings of cipher text or
long strings of text whose letters had been trans-
posed into their position relative to the starting
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letter of the string. Both approaches were ways to
identify messages that were likely to have been
produced by the same key. They were used to find
messages that were in “depth.” No mathematics
was required; a machine just had tosense the
long coincidence and then inform its operator
where it was located.

(U) Bush Outlines the Machine and Sets

Difficult Goals

(U) After the navy contract was signed in
January 1937, Bush took time away from his
other duties to work onthe architecture of his
Index machine, the Comparator. He decided to
divide the project into four major parts corre-
sponding to functional units ofthe proposed
machine. Then, he chose what hardware was to
be used in each. Last came an equally challenging
step, finding the four men he needed to fill out his
sketches and, perhaps, build a machine.

(U) Bush had a frustrating time finding quali-
fied men. The need for secrecy made it almost
impossible to locate men and still maintain good
relations with the faculty. Only three people at
MIT, really two, knew what the work was for.
Bush and the project manager knew details, but
MIT’s president learned only that secret work was
in progress. The men who were to build the com-
ponents and their regular faculty supervisors
were not told ofthe navy connection. Once
employed, they were instructed to be confidential
about their work but not told why. They would
never be informed asto what their components
were for.**

(U) Two graduate students received the initial
assignments. Jerry Jaeger, who had aback-
ground in machine tools and automatic controls,
was given the first task, to build the critical input
mechanism. Richard Taylor, who was already
important to the Rockefeller project’s electronics
and who would soon take charge of the Center of
Analysis, was chosen to be responsible for the
electronic circuits. The third man, who was asked
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to develop the component to read the data tapes,
was ina somewhat different position atthe
Institute than Jaeger or Taylor. Herbert E. Grier
was agraduate of 1933 who remained atthe
Institute asan unpaid research associate. Bush
was unable to find the needed fourth man among
the student body. Heturned toone ofthe
Institute’s machinists, Walter Kershner, to design
and construct what seemed to be the least chal-
lenging part ofthe Comparator, its data input
device. Kershner probably had been working on a
similar automatic tape punch for the Rockefeller
Analyser.

(U) Finding a manager for the project was a
greater challenge. It was not until early summer
1937 that Bush thought he had alead on a quali-
fied engineer: Waldron Shapleigh MacDonald.

(U) MacDonald was one of the most unusual
and fascinating of MIT’s students, and he
remains an unrecognized figure in the birth of the
modern computer. MacDonald first appeared at
MIT in the early 1930s when he enrolled as a spe-
cial undergraduate student. His initial year in
Cambridge was spent trying to prove to the elec-
trical engineering faculty that his lack of formal
preparation was not a barrier to academic suc-
cess. Although he performed well in his classes,
he was unable to surmount bureaucratic hurdles,
illness, and the depletion of his savings. He had to
leave MIT without a degree. But he quickly found
very well-paying work as an engineer and began a
lifelong career as an innovator in computers and
automatic controls.

(U) Bush offered MacDonald a professional
salary and help in obtaining a master’s degree in
electrical communications atthe Institute. In
return, MacDonald was asked for a firm commit-
ment to come to MIT tosee the navy's project
through to completion. But MacDonald needed
time to fulfill his existing responsibilities, and he
did not arrive at MIT until September 1937, leav-
ing only some ten months to become oriented, to
check and revise the Comparator’s parts, prepare

reports, and assemble and test the historic
machine.*3

(U) MacDonald’s ingenuity and his hands-on
engineering ability were needed onthe navy’s
1930s project, but his role was not a truly creative
one. Well before hearrived inlate 1937, the
design of the machine and the schedule for the
project had been determined. His job was to
make what Bush had specified come to life and to
doit before the end ofthe navy contract.
Unfortunately for MacDonald, heinherited a
fixed design, components which were hastily
made by others, Bush’s order to “get the job done
ontime,” and full responsibility. By September
1937 Bush was already too busy with his other
work to attend to the now rather inconsequential
navy project. Among other things, Bush was
readying himself to assume the leadership of the
powerful Carnegie Institution.

(L) 1 fie Comparator i‘f.ﬂzf!g Doesn't Go to

Washington

-6 Bush and Wenger were very wise
in setting the limited goal of a machine for the

Index of Coincidence. Electronic computation
was having its birth pangs, and no one had a way
to create a machine whose hardware could be
made to imitate any process. A major reason why
all the 1930s computers were limited in function
was the absence of a viable memory technology.**
A universal data computer, one that worked on
large volumes of input and that had high-speed
memory, did not appear until the 1950s. Then,
machines such asthe UNIVAC depended upon
very demanding, slow, and expensive, magnetic
tape memory systems.>?

FOEO> Bush’s first sketches of his
Comparator reflected the limitations of the mem-
ory and electronic technologies. Each of the
Comparator’s four major components had its own
very significant practical challenges. The state of
the technology did not allow elegant solutions to
the problems of high-speed input, sensing, count-
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ing, and recording. Because of the conduct of the
1930’s Comparator project and the nature of OP-
20-G’s early wartime efforts, it was not until late
1943 that America had more than the patched-up
Bush Comparator to represent its nearly fifteen
years of attempts to build sophisticated electron-
ic codebreaking devices.

(U) Too Much to Ask of Mere Machines

FS5HSHREE) The Index was a demanding
cryptanalytic method. To tally all the possible sin-

gle letter coincidences intwo messages calls for
(n*(n-1)) comparisons.?® Iftwo four-letter mes-
sages are examined for coincidences, twelve com-
parisons must be made; 500 messages demanded
almost 250,000 tests; a2,000-letter message
called for almost 4,000,000. Complete analyses
of long messages could take days orweeks by
hand and tabulator methods. Compounding the
challenge of raw speed was Wenger’'s demand
that the Comparator be able to handle the longest
messages. There was good reason for that
because the more characters ina message the
more likely that something of value would emerge
from an analysis. Fortunately, cryptologists
around the world knew that messages with too
many words posed a danger to their systems and
instructed that messages belimited toas few
words possible. The very upper limit was 2,000
characters. Messages of 200 characters were typ-
ical, but the need to analyze longer ones in a time-
ly way made speed and a large memory important
goals.®”

(U) Combined with Bush’s desire for a mini-
mal number of electronic components, the call for
speed created unexpected challenges for the stu-
dents at MIT. One of them was printing. To main-
tain speed, printing had to be done while the tape
was running. The solution Bush and his men
devised was sensible but crude, and itled toa
need for aneven faster mechanical tape drive.
Printing was to take place while a blank portion of
tape was running. In practice, this meant that
approximately one half of each tape was blank,
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thus halving the number of possible comparisons
during arun of the tape. Because of that, Bush’s
men had to double the originally planned speed
of the drive to achieve the processing goals.>®

(U) Even without the tape handicap, Bush
had to outdo much existing technology to achieve
his minimum Comparator speed.® Bush wanted
the machine to deliver data to the reading station
at over thirty times the rate of standard telegraph
equipment and sixty times faster than a movie
projector if it was toreach the goal of 20,000
comparisons a minute. Even in the late 1940s, the
most sophisticated high-speed transmission
“baud rates” were in the range of 1,800 characters
aminute —or more than ten times slower than
Bush needed in order to make the navy machine
an attractive alternative. There were special high-
speed drives for sending bulk messages, and dur-
ing World War II “flash” systems were developed.
Those devices, however, were not proven in the
mid-1930s. The talking picture industry did not
provide much help. In the 1930s, moving picture
film was moved atless than 300 feet per hour.3®
The Comparator had to sense and route data at
rates forty times greater than an IBM sorter and
160 times faster than a tabulator.

(U) Wenger thought that he might overcome
the bureau’s protests if Bush could add parallel
features to his essentially serial machine. Wenger
asked him to try to include what would be needed
to make isomorphic and three- and four-letter
(polymorphic) coincidence tests that had been
discussed earlier.

FSHSHARELR) Wenger also gave his

approval for the “locating” feature. It would allow
what the World War II cryptanalysts called “brute
force” searching. Masses of data could be scanned
at every position of two messages with the hope of
finding indications that two messages had been
enciphered with the same key.
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(U) No Thanks for the Memories

(U) Because the Comparator was a data-
dependent machine, the greatest problem facing
Bush’s students was how to store and retrieve
information. The Comparator needed alarge-
scale and very high-speed memory, but such
memories did not exist in the 1930s.?' What was
on the technological horizon was not encourag-
ing. Storage in massive banks of capacitors or
resistors, which some computer designers were
thinking of using, was too expensive, and such
banks took too long toload and unload.?* The
rumors about the use of special versions of televi-
sion tubes as memory were just that in the mid-
1930s. And no one thought that delay lines would
ever be able to hold more than a few bits of infor-
mation. In 1937 work was just beginning on mag-
netic memories, and storage of large amounts of
data in two or multistate electronic tubes or relays
was out of the question.3?

(U) Unfortunately for Bush and Wenger,
there had been few advances in tape technology
since the introduction of modern automatic tele-
graph readers inthe early twentieth century.
Standard teletype technology had not evolved
into a competitor tothe punch card.?* In early
1937 the only option seemed to be microfilm.

(U) Bush thought his men would overcome
the difficulties caused by film shrinkage and dis-
tortion when the film was sped past a reading sta-
tion.®® Unfortunately, microfilm proved too diffi-
cult for a machine that could meet the mid-1938
deadline for the delivery of the Comparator. As a
result, in mid-1937 Bush sent his students ona
hurried search for another medium and a way to
move it at incredible speeds. The MIT men chose
a unique 7omm-wide paper tape that Eastman-
Kodak used for packaging its movie film. It was
strong, wide enough to accommodate Bush’s cod-
ing scheme, and, very important, it blocked light
because ofits acetate coating and its alternate
red-black layers.?® Also, early tests indicated the
tape would maintain its structural integrity after
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being punched. All those features justified the
high cost of the Eastman product although it was
soon learned that its data capacity would not be
much more than that of telegraph tape.”

(U) The disappointingly low density meant
that much effort had to be put into the develop-
ment of a high-speed tape drive, one burdened
with some very special demands. In addition to
the need for ultra-high speeds, the tape transport
had to pass two tapes in perfect alignment over
the reading station, then step one tape one char-
acter relative to the other until all possible com-
parisons had been run.?®

(U) The Limits of Mechanics

(U) The first man onthe summer crew was
given the responsibility of creating the mechani-
cal combination needed to compensate for the
low data-carrying power ofthe Eastman tape.
Already familiar with the drives in the machines
used in the cloth and newspaper industries, the
young engineer decided to center his component
ona four-foot long frame tohold the tapes.
Pulleys were to maintain the required tension on
the loops of tape. Driven by a fast electric motor
and a system of shafts and gears, the tape was
guided by both rollers and sprockets.3® The entire
transport was mounted ontall legs and stood
some four feet off the ground to ease the chore of
changing tapes.*®

(U) The tape transport was well designed and
was delivered on schedule, but it did not reach the
speeds Bush desired. At its best moments it ran at
less than two and a half miles an hour, not the five
or more needed for atruly rapid machine. The
tape was the machine’s timer and set many of the
requirements for the other major components.
Once its features were known, work on the read-
ing station and electronic counters could be com-
pleted. Armed with Bush’s previous instructions
and the specifications for the tape drive, the next
man tackled the problems of photoelectric
sensing.
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(U7) Let There Be Light, But Not Too Much

(U) One of Bush’s first technical commit-
ments was to the sensing of the presence of light
rather than its absence. Following onthat, he
ordered his men to code each letter of a message
by punching ahole ina column of the seventy-
millimeter wide tape. There was to be only one
hole toa column of twenty-six fields. An addi-
tional field in each column served as a timer. If a
column held data, this extra field was punched.
When two active columns overlapped, light was
directed to a timing cell which then readied the
sensing photocells to examine many data
columns simultaneously.

Lo/ SHREL) There were to be atleast ten

data columns, thus letters, packed into alinear
inch of tape. To accommodate Wenger’s need for
counting more than single coincidences, ten let-
ters were to be read at one time. This called for
ten photocells for message characters, one to each
column.

(U) The engineer had to create amask to
ensure that light that shone through the first tape
did not drift before it fell onthe lower one. He
also had to find alens that would direct the light
beams from overlapping holes, one for each col-
umn, onto the correct sensing photocell. An allied
problem was more challenging: he had to keep
light from a coincident column from spilling over
into the area of another column’s photocell. The
state of photocell technology did not allow easy
solutions to any of the reader’s problems. Among
other problems, they remained fairly large. Asa
result, the young MIT engineer could not put ten
of them directly under the columns of the
Comparator’s tapes. They had tobe placed far
under the reader and were arranged in a “U” pat-
tern. That meant that the straight, parallel light
from the coincident columns had to be accurately
deflected. Moreover, complete electronic pack-
ages for the photocells were not supplied by man-
ufacturers. The MIT engineer had to tune each
photocell and build the amplification circuits to
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turn the signals from the photocells into the dis-
crete pulses needed by the third major compo-
nent of the Comparator, the electronic counters.
(U) The Most Difficult Problem of All, But It

Wasn't

(U) With the knowledge of the tape and pho-
tocell systems, the third young man began his
work onthe final details of what everyone
thought would be the most difficult part of the
project, its electronic counting system.

(U) Precise digital counting with electronics
was in its early years, and all attempts at creating
tube-based calculating circuits were risky.
Electronic tubes were designed for analog work,
and it was only empirical tweaking that allowed
them to be on-off switches. Aslate as 1940, the
best experimental electronic counters worked at
20,000 decimal counts asecond during their
cooperative periods.

(U) One of his greatest challenges was the cir-
cuitry for the Comparator’s parallel-processing
feature. It was needed to allow the machine to
perform the simultaneous multiple letter tests
that were sovaluable tothe cryptanalysts.
Without parallel processing, the machine’s power
would be reduced by a factor of four. The student
engineer had to construct five independent elec-
tronic counters which were to tap the data from
the reading station at the same time. The young
man took the safe technological route, choosing
to stay with the predictable and familiar gas-filled
Thyratrons.

(U) The choice of architecture for the counters
was also driven by the need to send the navy at
least a feasible design, if not a machine, by mid-
1938. Like the other electronic computer builders
of the era, the young MIT engineer decided to
imitate mechanical calculating machines.* His
counters were decimal, not binary. Although such
a design limited the range of the application of a
computer, it was known to work and was simpler
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to construct than binary circuits. Each of the dec-
imal counters was to consist of three or more
rings of ten tubes with the needed electronics for
arithmetic carrying, power, and control.

(U) Providing the option of performing sever-
al different analyses at one time meant additional
challenges. Bush had designed the machine to
allow the analysts to select the particular tests for
each run. To permit this, the young engineer
incorporated a set of “and” circuits that could be
set totest for the desired combination. The
Comparator’s Rossi “and” circuit was the key to
the machine’s flexibility and parallelism.

(U) In addition to the counters and the “and”
circuits, the third engineer was handed another
tough job. He was given the responsibility for cre-
ating the banks of electrical relays needed to
stand between the high-speed tube counters and
the much, much slower printer. At the end of each
pass, the counters had to be polled for their con-
tents and numbers sent to the relays. The relays
worked as a short-term memory, sending pulses
to the magnets that controlled the print bars.**

(U7) The Easiest Becomes the Most Difficult

(U) There was a fourth man. He was in charge
of the crucial data-entry system. The punch for
the data tapes proved to be the Achilles heel of the
Comparator. The problem was aperhaps
inescapable result of the use of paper tape, as was
Bush’s inefficient 1 of 26 coding scheme.

(U) The technology of the 1930s led him to
reject amethod of coding that could have
increased densities on the tapes by at least a fac-
tor offive and that would have led the
Comparator’s codes to fit with the navy’s modern
communication system. The use ofa five-field
character code, the Baudot code, would have
allowed at least five letters to be placed on a line
(column) of the 7omm tape. But the size and sen-
sitivity of holes and photocells, the problems of
aligning tapes, and the desire tolimit the elec-
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tronics of the machine precluded the use of that
coding pattern.*® Bush’s special coding scheme
demanded acustom-made and very complex
mechanism.

(U) An MIT machinist was instructed to make
a keyboard-operated device to simultaneously
punch two exact copies of a message. It had to
keep the two tapes in perfect synchronization and
to make precisely spaced tiny holes in each col-
umn and row. The punch had to advance the
tapes with absolute precision. Most challenging,
ithad to maintain the integrity ofits tiny and
sharp needle-like punching arms despite the
impact as the arms struck the Eastman tape. The
machinist was asked to devise tape cutters and
the means to ensure that the spliced ends of the
tapes would not pull apart during the runs.
Unfortunately, the punch was the last component
of the Comparator to be turned over to the proj-
ect manager and then it was “not satisfactory.” #*
The punch’s inadequacies cannot be blamed on
the machinist; the responsibility has to be placed
onthe original design for the Comparator.
Between 1938 and 1945 several teams of engi-
neers tried to produce aviable data entry system
for the paper tapes; none was able tobuild a
rugged and reliable punch.

(U) Beyond Murphy’s Law

(U) When Waldron MacDonald arrived in
September, three student engineers had already
sent their work tolocal machine shops. Bush
trusted their judgment so much that, without
examining the parts, he put MacDonald to writ-
ing the descriptive reports for the navy.
MacDonald took Bush’s first schemes for each
component, added what the students had done,
and sent the reports to the navy for payment.#
The reports, including the final one submitted in
the spring of 1938, were upbeat and gave the
specifications for what everyone thought would
be the first operating electronic data processing
machine.*°
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(U) Although the reports contained a bright
picture, the Comparator project had fallen victim
to a host of problems. But the main reason for the
problems in 1937 and 1938 was the technologies
Bush so admired. They were not ready to be
turned into useful machinery. Unfortunately, the
results Bush and his young men expected on the
basis of their early bench tests did not carry
through to the parts they gave to MacDonald. The
Comparator was far from ready for assembly.
And only MacDonald was left torescue it!
MacDonald had much, much more todo than
simply link the components together. Almost
every component had to be reworked.

(U) MacDonald put much thought and energy
into reshaping the electronic components, and he
more than fine-tuned the tape transport. More
basic work had to be done on the reader. The opti-
cal system needed acomplete overhaul, and it
took much of MacDonald’s attention. To bring
the correct amount of light to each of the ten cells,
he devised a 1930’s version of fiber-optics.

(U) Thus, MacDonald’s assignment turned
into something much more demanding than
either heor Bush had imagined in mid-1937.
MacDonald was not sure that he could solve all
the problems of the transport, counters, and opti-
cal sensors. Then chance compounded an already
difficult situation. Ina friendly game of touch
football, MacDonald was knocked out by an
unlucky “poke on the jaw.” MacDonald remained
unconscious and confined tobed for several
weeks. His energy was seriously drained for
months afterwards.*” Despite the injury, Bush
chose not to replace MacDonald.

(U) What Hooper had complained about for
so many years, the lack of appreciation of science
inthe navy, again struck the Comparator.
Wenger, the strongest voice for a revolution in the
technologies of signals intelligence and crypt-
analysis, readied himself to leave for sea duty in
mid-1938. Wenger had to spend the five months
before he was rotated putting the finishing touch-
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es on the detailed reports for Hooper’s grand pro-
posal for amodern communications system.
Wenger left the country just a month before
MacDonald shipped the troubled Comparator to
Washington.

(U) Inspring 1938, MacDonald began test
runs on the rebuilt parts.*® He also had the chore
of instructing the engineer the navy sent to learn
about the machine. Wenger had arranged for a
bureau technician to spend some time at MIT.
During the spring, Frederick Dulong, one of the
many ex-navy men who stayed on in Washington
as civilian employees, was sent to MIT.

(U) Wenger considered Bush very generous
for having constructed a machine and approved
Bush’s suggestion that MacDonald be hired by
the navy to fine tune the Comparator once it was
in Washington. The bureau agreed and requested
MacDonald totravel to Washington with the
Comparator and to stay for three months. He was
to adjust the machine and to instruct both techni-
cians and cryptanalysts in its use. Safford, now in
charge ofthe Comparator, was pleased that the
bureau promised to give him some additional, if
not permanent, help.

(U) As soon as Bush signaled that a machine
would besent toWashington, Wenger began
expensive preparations. He requested the money
for tapes and lights and extra tubes, and he read-
ied an area for the Comparator within OP-20-G’s
secret rooms. Ina few weeks, additional funds
were requested for the hardware necessary to
prepare the tapes for the Comparator.?® Wenger
went much further. Describing a new era in crypt-
analysis, he convinced the navy brass to give seri-
ous consideration to funding more devices.®® By
the end of 1938, OP-20-G’s budget request
included more than $20,000 for additional Bush
devices and special additions tothe first
machine.? In addition, “G’s” new war plans con-
tained arequest for a Comparator for the pro-
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posed major cryptanalytic station at Pearl
Harbor.**

(U) Spring Is a Time for Love, Not

Machinery

(U) When the Comparator arrived in
Washington in late June, a month late, it would
not start.”® Asbad, two ofits most important
parts had not been shipped —the punch and
printer. About a month behind schedule and still
only “semifinished,” itfound anew and well-
intentioned guardian. But Fred Dulong could not
give full attention to the machine. By mid-July,
Dulong was able to run the counting circuits,’*
but any more work was stalled because of the
missing punch and printer. Unknown to anyone,
they had been placed in a Cambridge safe-deposit
box by MacDonald toawait his return to the
country in August®® following a honeymoon.

(U) The cryptanalysts certainly did not have
the time to wet-nurse the Comparator. While the
bureau’s men bewailed the results of becoming
entangled with an impractical professor, the
cryptanalysts in charge of the day-to-day work
were coming under incredible pressures to pene-
trate all of the sophisticated Japanese code and
cipher systems. Japan’s invasion of China in 1937
had made it clear that war was imminent,%® and
by 1938 OP-20-G was facing crisis conditions.
The sinking of the Panay in December led to a
scramble to protect American codes. In addition,
there were hints that Japan was about to make
another sweeping change inits codes and to
introduce its Purple cipher machine.®” What
energies OP-20-G had were necessarily devoted
to developing techniques and machines that gave
immediate results. Its faith was, quite naturally,
placed in the direct analogs of Japan’s encipher-
ing machines, and its men wanted resources
devoted to modernizing the tabulators.

(U) Thus Waldron MacDonald did not arrive

in Washington at the right time for any experi-
mentation at “G” orthe bureau. Driving from
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Cambridge in August 1938, hehad the
Comparator’s punch and printer in the back of his
station wagon. Working in OP-20-G’s downtown
offices, MacDonald attempted tosave his and
Bush’s reputation.

(U) He hurried the Navy Yard’s effort to build
tape duplicators and splicers and soon convinced
the bureau to build a new punch. The one from
MIT could not be coaxed into working. Don Seiler
took on that challenge.®® Then MacDonald began
working on the other components. Although no
major changes were made to the Comparator, it
took anunexpected fourth month of work to
announce a finished machine in November.

(U) Inlate 1938, OP-20-G’s leader, Safford,
congratulated Bush and informed him the crypt-
analysts and the bureau’s men planned to spend
the next year experimenting with the wonderful
and reliable machine. Possibly because they now
realized how much awell-schooled optical elec-
tronics engineer would cost, OP-20-G did not
make an effort to hire a replacement for the MIT
engineer or, as planned earlier in the year, to con-
struct at least one more Comparator. >

(U') RAM Praject Seems to Die, Late 1938

(U) With Wenger gone, no one pressed for an
immediate extension ofthe program.®® Bush,
in turn, quickly fended off another attempt by the
navy tolink him to “G’s” projects. The conse-
quences ofthe failure to continue on with
the Comparator project in1938 were severe.
Soon after MacDonald left Washington, the
Comparator again became inoperable. It was so
temperamental that the only attention it received
was from Dulong, whose many other duties
allowed just part-time work.®" It was listed on
OP-20-G’s equipment roster in 1939, but it was
never used, not even onthe type of
important project for which it had been designed,
the breaking ofthe Japanese Purple cipher
machine.®® Its technical problems become so
great that it was removed from the cryptanalysts’
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quarters and sent to the Navy Yard where it could
be tinkered with.

(U) Although overworked because of the
Japanese code and cipher crises, Safford had
asked for areport onthe Comparator and
received some very disheartening news. Dulong
responded that nothing but the electronic coun-
ters proved reliable, and the machine had not
been functional long enough to allow in-depth
development of procedures. The Navy Yard’s men
did not think there was any possible quick fix for
the device. Most ominous was the failure of the
data entry component, the punch. Even the sec-
ond version of that purely mechanical and sup-
posedly simple mechanism could not be made to
produce precise tapes. There was little hope of
basing an entire system of analytical machines
around the original Bush design if there was not
an efficient and reliable data entry device.®® In
1940, Safford, who two years before declared the
Comparator a reliable and useful invention, had
to admit the machine never worked and that the
entire project had not progressed as planned.

(U) A Comparator There May Never Be

(U) In late 1940 Bush gained another chance
to prove the power of optical-electronic machines
and the ability of academics to create the tech-
nologies of defense. ®* He arranged for MIT's
John Howard and his men torescue the first
paper tape Comparator and to design the long-
promised microfilm version.

(U) This second MIT OP-20-G project of late
1940 is of extreme historical importance because
it became the foundation for the United States
Navy’s incredible Rapid Machines Program of
World War I1. That little known adventure rivaled
Britain’s famous work onthe Bombes and the
Colossus.

(U) Tragically, that program is also important
because ofits failures. Although it began with
expectations of producing electronic digital
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machines to attack the feared cipher devices of
the Axis powers, it turned to older technology and
logic. To be able to provide anything of value to
OP-20-G, Howard’s men had to step back from
electronics, digital techniques, and microfilm.
Although the navy’s cryptanalysts began World
War 1T with promises that electronics could be
made to work, they had towait for almost two
years after Pearl Harbor before any machines
appeared that affirmed that Bush’s ideas had
potential.

(U) The story of John Howard’s navy project
has to begin with the crises in Europe and Asia,
policy decisions in the White House and London,
and the organization of American science in
World War II.

(U) Big Science Begins to Emerge

(U) Bush’s high-science friends were active in
more than the cause ofresearch. They were
among the nation’s earliest supporters of a posi-
tive response to the German threat. They lobbied
for the creation of the National Defense Research
Committee (NDRC). The NDRC was the realiza-
tion of Bush’s ideal of how to link academia and
the military. Given almost complete power by
Roosevelt to shape the NDRC, Bush laid down
ground rules that gave power to academics to
begin research projects and to be free of military
control. Having its own funds and being a presi-
dential creature, the NDRC and its more powerful
extension, the Office of Scientific Research and
Development, could initiate blue-sky programs
and carry them through to development.

(U) One ofthose programs interlaced the
NDRC with American cryptanalysis, but only
after it had dealt with along list of projects of
much higher priority. Atomic power and radar
were the leading problems, and the scientists at
the most prestigious universities and corporate
research centers received the first calls from the
NDRC’s leaders.
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(U) The executives at the NDRC realized that
atomic research and the development ofthe
potentials of radar called for advanced computa-
tion, but, alone, those problems would have led to
aminimal NDRC involvement in computers. It
was alower priority challenge that plunged the
NDRC into computer research and established
who would participate in the navy’s future Rapid
Machine effort. Atomic scientists were calling for
electronic control devices, but most important for
the history of OP-20-G was the hope that radar
could be used to automatically control antiair-
craft weapons. That led tothe NDRC’s involve-
ment in the development of electronic fire control
computers in the early 1940s.%

(U) The exploration of such electronic digital
machines was the perfect type of work for the
NDRC because itcentered onunproven and
experimental technologies. The NDRC’s scien-
tists believed that digital electronics had poten-
tial, and they rekindled the fire control projects.
Hundreds of thousands of dollars were poured
into fire-control computer and atomic-counter
work in the first two years of NDRC’s life.

(L7) Fire Control

(U) The NDRC began the first stages of its fire
control project inJune 1940. Bush’s old friend
Warren Weaver of the Rockefeller Foundation
assumed command. The research at RCA, which
had led to the design of the fastest binary circuits
in the nation, if not the world, was picked up by
the NDRC. Then Weaver coordinated the work at
RCA with wide-ranging explorations at Eastman,
MIT, Bell, and, to some extent, NCR. Of signifi-
cance for the history of OP-20-G’s machines, IBM
was again left out of the NDRC circle although its
centers of electronic research were working on
quite advanced components and systems. ®®

(U) Because ofthe NDRC’s stimulus, by the
time of America’s formal entry into the war, RCA,
Eastman, Bell, and MIT had several proposals for
digital-based fire control systems, ones the NDRC

Page 46

evaluators thought had great promise. Inthe
spring of 1942, meetings were called, and all par-
ticipants shared their knowledge and designs.®’
The reports of the fire control projects were made
available tothe American technical community,
which now included John Howard. He was made
aware of the designs for the most advanced com-
puter components.

(U) Many ofthe fire control developments
would find their way into cryptanalytic machines
and into such pathbreaking computers asthe
ENIAC. By mid-1942, there were great hopes for
the development of at least a prototype electronic
gun controller. But Warren Weaver and his assis-
tants concluded that digital electronics was too
good. It was too fast and too precise for the guns
used by the military. In July 1942 the fire control
program was dropped — but with three important
exceptions. The development projects for the
Eastman film-based analog-to-digital signal con-
vertor and RCA’s fabulous multifunction
Computron tube were to be continued, aswas
NCR’s counting circuit research. Although they
were viewed aslong-term projects, the three
efforts were financed for only a few more months
because the press of other work forced the NDRC
to abandon them.®®

(U') The Second Comparator

(U) Meanwhile, just weeks after the work on
high-speed electronic counters and fire control
computers had begun, Bush and OP-20-G came
together. A visit with Bush in early summer 1940
indicated a reawakening of interest in the original
Comparator, which had sat unused atthe Navy
Yard for almost two years. But it was not until
October 1940 that anything was done about its
future.

(U) Alimited and secondary role for MIT was
unacceptable to Bush, however. He returned to
his old demand for freedom from bureaucratic
control, and, within a few weeks, he was able to
reshape the first murmuring about anew
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Comparator into a project that satisfied his ambi-
tions. Bush wanted a prototype ofa microfilm
Comparator. While the first Comparator would
continue to be apaper-tape, the second genera-
tion Comparator was to be centered about micro-
film. Bush soothed Laurance Safford’s anxieties
about optical and electronic machines and told
him that the new microfilm version ofthe

Comparator would be delivered intime to be of
use inthe coming war. Inlate 1940, Safford
encountered little resistance to the idea of trans-
ferring the project to MIT. The navy’s cryptana-
lysts were too busy battling the Japanese naval
code, and too worried about taking on the

German systems to care about the loss of control
over unusable machinery.

(U) OP-20-G and Ultra

(U) As early as mid-1940, the most important
Americans were informed of some of Britain’s
promising though still limited powers over a few
German cryptologic systems. But OP-20-G was
not told how to break the Enigma or other impor-
tant ciphers. Despite the British promise to share
the information from Ultra, the Americans feared
a British monopoly over Enigma. In addition, in
early summer 1940 there were fears that Britain
would collapse. OP-20-G’s cryptanalysts worried
they would have toassume responsibility for
Enigma, something for which they were totally
unprepared. *

(U) The U-boat threat had already led to
British pleas that OP-20-G and Naval Intelligence
shift their scarce resources to direction-finding
and traffic analysis to compensate for their inabil-
ity to read any significant German naval system.”®
The cryptanalysts in Washington thus had little
time to waste on what some of them regarded as
Bush’s technological fantasies. The navy’s engi-
neers, already overworked creating analogs of
encryption machines, building advanced radio
equipment, and helping to revise OP-20-G’s tab-
ulators, were happy to be rid of the “college pro-
fessor’s” folly.
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(U) The navy’s bureaucrats were less happy
about yielding control. They agreed to most of
Bush’s conditions although they did want a con-
tract and agreed to have the MIT work coordinat-
ed through the navy’s Office of Research and
Inventions. The BuShips’ (Bureau of Ships)
demands in late 1940 were much less severe than
in1935, but ittook some additional political
maneuvering to put the Rapid Machine project
back into the hands of the MIT students.

(U) Under the 1940 agreement with the
Bureau of Ships, Bush had full control of the new
Comparator project, and his men were to work at
MIT, not at the Navy Yard. The navy also agreed
to wait for the results of the new MIT work before
considering the construction of any more Rapid
machines with or without MIT involvement.

1S/8t//REE) OP-20-G may not have told

Bush, but it was not relying solely upon his ideas
for machine processing; it had to protect itself
through the use of older and proven technologies.
The experienced cryptanalysts had insisted on a
tabulator program, one that was to remain under
their direct control. MIT's men were to have no
say about the new tab projects. In early 1941 IBM
was contacted about making the major changes in
its machines required to allow its equipment to
perform new tests. For example, relays were
added tothe machines tostrip superencipher-
ments from the Japanese code and to flag repeti-
tions of code groups. By mid-year IBM was asked
to do much more and to give OP-20-G very spe-
cial attention.”

(U) Bush was finally able to circumvent the
bureaucracy and go his own way, perhaps with
ambitions to create a full Rapid Machine center at
the Institute, one free of military interference.”
The old Comparator was to be shipped to MIT for
repair, and a new one was to be designed and con-
structed in Cambridge.

(U) Howard quickly became the man in
charge of the Comparator project. Although the
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future of Bush’s ideas rested upon the new micro-
film Comparator, the old paper tape machine and
its punch became the focus of attention. The
punch was a critical problem because its two pre-
vious versions were failures. Understandably,
Howard urged his men to use caution as well as
creativity, but the slow tempo of his project soon
generated concern within the Bureau of Ships.
During the first months of 1941, astime passed
without results, the navy found it more and more
difficult to accommodate having its project run by
a civilian agency.

(U) So Long for So Little

(U) It took almost afull year toredo the old
Comparator, the only Rapid Machine. It arrived
in Washington three weeks after the Japanese
struck at Pearl Harbor.” It may have taken longer
than expected todeliver the old Comparator
because of adding one new feature to Bush’s 1938
design. The “locator” performed afunction the
navy had thought of adding in the late 1930s. It
allowed the use of a transverse tape to find more
complex pattern matches than was possible with
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the original system. With the locator, the code-
breakers could quickly identify which messages
held important code or cipher groups.”

—&3>-In the private language of the codebreak-
ers, “locating” was aBrute Force approach to
finding possible “depths.”

(U) Once inaction inmid-1942, the old
Comparator did help crack the Japanese naval
attaché cipher machine, but the Comparator’s
newest punch also malfunctioned.” In addition,
the machine’s bad temper called for a visit by one
ofthe MIT men, Larry Steinhardt, who had to
simplify the device to achieve reliability.”®

(U) The Search for the Second Comparator

(U) While struggling with the old
Comparator, the young men at MIT paid atten-
tion toits new microfilm version. In early
November 1941, the MIT-NDRC group was so
positive about the future ofa  microfilm
Comparator that Bush obtained another signifi-

—FoP-GECRETHGOMNTHREL—TO-HEA—AUE-GAN—GBR-ANB-NE



DOCID:

4057009

FOR-SEGRETHCOMINTHREE-TO-USAAUSCAN OBRANDNZIXT—

cant grant from the NDRC.” Then, although the
NDRC was not supposed to be involved in pro-
duction, Howard awarded a $25,000 contract to
National Cash Register’s electronics laboratory.
Joe Desch agreed tobuild asmany as thirty
copies of the sets of new high-speed counters and
fast printers needed for the future microfilm
Comparators.”

(U) Ina November 1941 meeting, itwas
declared that construction was ready to begin on
the next Comparator. Expecting to see the newest
Comparator in a few months and viewing the MIT
group as a long-term resource, the OP-20-G ana-
lysts outlined needs for other devices. One of
those outlines had a hidden significance. It would
connect the MIT men to the Ultra Secret although
they did not know of Britain’s ability to crack the
Enigma nor of the critical negotiations between
OP-20-G and Britain over sharing intelligence
secrets.

(U) Not Equal Pariners in Ultra

(U) Agreements were made at the very high-
est levels in1940 and 1941 for Britain and
America to share cryptanalytic methods as well as
the military information that came from signals
intelligence. However, England’s wizards did not
have a mathematical solution tothe Enigma!
Without good guesses asto key words in mes-
sages and knowledge of the inner workings of the
Enigma radio networks, Britain could, and
would, become deaf.”

—LCLREEY Perhaps it was the fragility of the
solutions that made the British somewhat less

willing to share their secrets with the Americans.
Whatever the reason, the Americans began to
think itwas necessary to have their own anti-
Enigma capability. In late 1940, OP-20-G shifted
their one professional cryptanalyst, who had just
made the first entries into the Japanese fleet
code, tothe German problems. The venerable
Agnes Meyer Driscoll and three young navy offi-
cers began an attack onthe frustrating German
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naval Enigma. However, they made little progress
toward what the Americans needed, apurely
mathematical cryptanalytic solution.

(U) Although she had helped break into simi-
lar devices, was informed of some of the British
methods, and labored for almost a year, Driscoll
could not find the ways and means for an
American Enigma solution. Fortunately, she was
willing to ask for help. During the November 1941
meeting between MIT and OP-20-G, she
described her needs, and Howard was asked to
think of ways to automate
her “problem.” She was
determined to devel-
opa method more
permanent than
the ones Britain
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somewhat dif-
ferent from the
Comparator.
Howard
accepted  the
responsibility,
and Driscoll was
happy with the
promises by the
young men from
MIT.*°
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(U) Another Machine That Wouldn't

(U) The cordial meeting with Howard in early
November 1941 impressed OP-20-G’s people. But
OP-20-G and the Bureau of Ships became very
worried and skeptical about university work
when, just a few days after the Washington con-
ference,® Howard wrote the navy that experi-
ments were showing the new Comparator’s
microfilm tobe deforming when used in test
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assemblies. The navy must have wondered how it
could have taken the MIT group so many years to
discover its primary technological assumption
was untenable. They may also have asked how
OP-20-G’s need for revolutionary cryptanalytic
devices could be fulfilled if the responsibility con-
tinued to be left in the hands of the inexperienced
NDRC and the young MIT students — people who
failed to test underlying assumptions before wast-
ing a critical year’s work.

(U) The Revenge of Mechanics: the First
Rounds

(U) While John Howard had been facing up to
the failures of photo-optics and electronics, some
practical men were creating immediate “mechan-
ical” solutions to cryptanalytic  problems.
Beginning inlate 1940, the engineers inthe
army’s and navy’s cryptanalytic branches began
towork closely with IBM and its engineers. The
outcome was the first operational special-pur-
pose cryptanalytic machine and the first of a long
and important series of modifications to IBM’s
standard offerings.

FSHSHRER By spring 1941, the army
had its Gee Whizzer working on the transpo-
sition ciphers of several nations, and the navy
was about to receive the first ofits special
IBM Navy Change Machines.®?

e JET .) Lags and Relays — the
Gee Whizzer

ESLSIHREL) The Gee Whizzer had

been the first to arrive. In its initial version it
did not look impressive; it was just a box con-
taining relays and telephone system type
rotary switches. But when it was wired to one
of the tabulating machines, it caused amaze-
ment and pride. Although primitive and ugly,
itworked and saved hundreds of hours of
dreadful labor needed to penetrate an impor-
tant diplomatic target. It proved so useful

that a series of larger and more sophisticated
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“Whizzers” was constructed during the war. The
last of the four versions had an electronic matrix
and was in operation throughout the decade. The
navy admired the Whizzer so much that it built its
own version, the Jeep.®

FSHSHREE) The Gee Whizzer was born

because of a specific problem that arose in early
1941. It was the Japanese diplomatic service that
had caused the SIS group to search for a new type
of technological solution. When the Japanese
made one of their diplomatic “transposition” sys-
tems much more difficult to solve through hand
anagramming (reshuffling columns of code until
they made “sense”), the American army did not
have the manpower needed to apply the tradi-
tional hand tests.

FSHSHREE) Friedman’s response was to
try to find away to further automate what had

become astandard approach to mechanically

testing for meaningful decipherments. His search
did not include electronics. Rather, he told Leo
Rosen to find quick ways to extend the power of
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the IBM machines that were beginning to arrive
at his offices in greater numbers. Rosen’s first
task was tolearn how automatic anagramming
worked.

(ISLSL/RELY One ofthe most traditional

ways of hiding the plain language oreven the
codes in a message was to transpose the columns
of the text. With columns moved around in a ran-
dom way, it was very difficult for those who might
intercept a message to realign the text to its orig-
inal order. The old hand attack had been to move
one column after another against each other with
an analyst making continuous judgments asto
whether the new alignments were building
towards a meaningful plain language arrange-
ment. That was atedious and time-consuming
process.

(TSLLSILREL) During the 1930s the SIS had
made some progress towards easing the analysts’

burdens. Statistical studies of various languages
had been made and a system of weights had been
calculated. Turned into “logs”(logarithms) so that
addition rather than multiplication could be used
to build scores for combinations of letters, log
weights were assigned to each letter ina trans-
posed message. Aseach ofthe columns was
rearranged, the weights were summed and an
evaluation was made asto whether the sum
approached that expected for a column of plain-
text. If the logarithms of the statistically expected
frequencies of the combinations were high, it
indicated that the correct order ofthe text
columns had been found. The results were dou-
ble-checked by an analyst to see if the realigned
columns made plain-language sense.

ISLSHHREL) The log weight method had
been implemented onthe tabulating machines,

but the process entailed much special card-
punching and many runs of the cards to align all
the columns. Worse, the tabulator method did
not include an automatic test for plain-language
“build-up.” That meant that bad column
sequences might be run for too long and, worse,
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all results were printed out. All of those usually
worthless printouts had tobe examined by an
analyst.

(U) The method worked, but it was very, very
labor intensive even with the use of tabulators. It
took too much time to feed the round after round
of cards that were required to test all columns of
a transposed message against all others.

(FS5HSHREE) Rosen and the IBM consult-

ants realized that not much could be done about
the cards; there was noother viable memory
medium. But it was thought that it might be pos-
sible to eliminate all but significant results from
being printed. Rosen and his men, with the per-
mission and help of IBM, turned the idea into the
first and very simple Gee Whizzer. The Whizzer’s
two six-point, twenty-five-position rotary switch-
es signalled the tabulator when the old log values
that were not approaching acriterion value
should be dropped from its counters. Then they
instructed the tabulator to start building up a new
plain-language indicator value.

(FSHSHREE) Simple, inexpensive, and
quickly implemented, the Gee Whizzer reinforced
the belief among the cryptoengineers in
Washington that practical and evolutionary
changes were the ones that should be given sup-
port.

(U) The Navy Gets Some Changes

HHFOTO) OP-20-G's enlisted grade in-
house engineers felt the same way and argued for
the help they needed toturn their imaginative
ideas for true cryptanalytic machines into hard-
ware. Their requests reached the office of the
Director of Naval Communications and in mid-
1941 Captain Redmond informed them that he
had used his personal influence to get IBM’s Tom
Watson to agree to help the navy.

(HHFOE06) AnIBM executive immediately
came to Washington, listened to the ideas of Pete
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Deffert and Lou Holland, and gave his blessing to
their hopes for advances more radical than just
attaching relay boxes to standard machines. An
IBM engineer was soon assigned to duty at “G,”
and he began torefine the navy engineers’ sug-
gestions and to forward them to IBM’s designers.

—(TSL/SI//REL) Within a few months the first
Naval Change (NC) was up and running. The NC-

1 automatically sensed the beginning of a series of
cards and then punched anincreasing serial
number in each successive card. IBM delivered a
more complex machine just afew weeks later.
The new automatic cross-footer also worked from
the day it was installed. It provided a high-speed
means of decrypting additive cipher systems,
such as those used by the Japanese Navy.

(U) The NC series was continued throughout
the war. The thirteen different machines became
progressively more complex, but each worked,
and none were burdens to the maintenance engi-
neers at “G.”

(U) The Greatest Kludge of All, But It

Worled

“SHSHRER) The navy’s enlisted men were

involved in something more ambitious: the con-
struction ofthe mechanical contraption that
worked, the M4. The Washington Code and
Signal Section’s electricians and machinists put
fifty wheels, each having thirty contacts and ten
stepping notches, together with ten banks of
lights and aset of hand cranks, to provide an
automatic way toidentify what additives had
been used inJapanese messages. The machine
exploited a weakness inJapanese systems — all
the code groups had to be divisible by three.

SLSHRE-To find  alikely additive, ten
code groups were set onthe machine; then the

additive was entered with the cranks, and finally
the machine was ordered to find out how many of
the resulting deciphered code groups were divisi-
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ble by three. The lights told the operator which
groups were “over,” “under,” or “divisible.” *°

(U) Trying to Save Bush’s Repulation

(U) John Howard was probably not told of the
triumphs of the practical navy engineers and the
old technologies, but he knew that he had to do
something to save Bush’s dream. He came up
with avery rudimentary substitute for the film
comparator.

(U) He advised the bureau that photographic
plates could be substituted for microfilm.®®
Although very pessimistic, Howard did not give
upon the Comparator entirely. But the new
Comparator project seemed to be another very
embarrassing disaster. The bureau certainly was
unhappy, and the navy’s cryptanalysts thought
they might beleft out ofthe electronics revolu-
tion.

(U) Bush was upset that his plans for elec-
tronic cryptanalysis were introuble. There was
almost nothing to show for a decade’s work. And
John Howard’s bad news could not have come at
a worse time for the navy. He made his confession
about the microfilm Comparator just asthe
American intelligence agencies were frantically
searching for the final clues towhere Japan
would attack. In a few weeks OP-20-G had to face
the consequences of the failure to predict Pearl
Harbor. But a combination of factors gave Bush’s
young men yet another chance. The ability of
Howard to continue on independently (because
he had ayear's NDRC funding remaining) was
important, but a more significant reason was the
combination of the return of Joseph Wenger and
the political influence of Vannevar Bush.

(U) Yet Another Chance

(U) Wenger returned from sea duty in the
summer of 1941. Although assigned to OP-20’s
war plans section,®” he contacted the cryptana-
lysts and Bush about the outcome of the year of
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NDRC work. After hearing of the situation, and
despite Howard’s bad news, Wenger talked with
his contacts at OP-20-G and pleaded for a contin-
uation of the relationship with MIT.*® His urging
and the navy’s dread of alienating the head of the
NDRC, Vannevar Bush, allowed Safford to begin
a program that would be vastly expanded when
Wenger was sent back to OP-20-G in early 1942.

(U) When the Ciphers Can’t Be Broken

(U) Wenger’s influence at OP-20-G was the
result of his long involvement in modernizing
naval communications. He had a reputation as an
expert inall communications fields. He was
America’s leading advocate of a high-tech alter-
native to cryptanalysis. In the 1930s, Wenger pre-
dicted that unless massive breakthroughs were
made in cryptanalysis, such as the construction of
a full range of Rapid Machines, it would be fool-
ish torely upon direct communications intelli-
gence such as codebreaking. Until America built a
truly innovative mathematical cryptanalytic
capability, he argued, other signals intelligence
resources had tobe exploited. Wenger argued
that codes and ciphers were becoming too com-
plex to crack with available techniques, and, as
important, an enemy’s frequent changes of sys-
tems would always create blackouts at the most
critical moments. %

(U) Wenger had become America’s advocate
for what became known as “traffic analysis.” He
had spent years studying and developing T/A. In
traffic analysis, the concern was not with the con-
tent of messages but with the easily identified
callsigns of senders and receivers, the timing and
numbers of messages in a network, and the shifts
in patterns of transmissions. * Although not as
glamorous or exciting as cryptanalysis, traffic
analysis was not a low-tech activity.

(U) Many aspects of T/A called for more eso-
teric and expensive hardware than traditional
codebreaking. The method depended upon
sophisticated direction finders tolocate enemy

TTOP SECRETICOMINT/REC TUUSA AUS, CAN CBRANDNZLXt—

stations and onother expensive radio equip-
ment.”" It was also very demanding interms of
personnel and data processing equipment.

(U) The first step for T/A was the ability to
intercept enough messages. Revolutionary auto-
matic scanners searched for active channels,
oscilloscopes helped identify stations and opera-
tors, and very sensitive receivers plotted trans-
missions.®® The hardware was not the end of it,
however. Optimal radio interception and plotting
called for advice from physicists; the exploitation
of the intercepts needed advanced statistical-ana-
lytical techniques. The intercepts and location
estimates had to be correlated and subjected to
time-consuming analysis. The tabulators were
frequently called upon to compile the necessary
interaction matrices. The expense and manpower
T/A needed seemed worthwhile. Wenger’s recon-
struction of Japanese naval maneuvers from T/A
analysis during the mid-1930s was a triumph.

(U) By 1940 OP-20-G’s intercept crews were
logging thousands of messages a month from the
Pacific and the Atlantic, and the method was con-
sidered essential. The SIS had also begun to
appreciate T/A and sent its top men to the Canal
Zone and Hawaii to establish intercept and pro-
cessing sites. Those investments were
inescapable. With America and Britain unable to
read the most important German systems, T/A

was the only hope in the West.*?

(U) T/A had its limits, however. It could not
reveal long-term plans; it gave just a picture of
immediate intentions. It had other imperfections
as well. The most important was a dependency on
very frequent communications. Ifa station did
not broadcast, it could not be identified and locat-
ed. Tragically, in1942 T/A was unable to deal
with the German submarine onslaught because
the submarines off the American coast followed a
routine of radio silence.
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(U)W enger io the Rescue

(U) Joseph Wenger’s influence at OP-20-G
was not diminished by the failure of T/A to live up
to its promise. In 1942 he was granted the power
he needed to implement his plan for a centralized
organization for naval communications intelli-
gence. Wenger’s ideas were quickly accepted.®*
Along with the approval ofhis plan came his
appointment asthe operating head of “G.” In
February 1942 he began to reorganize “G” and to
revive Hooper's dream of bringing science and
cryptanalysis together.

(U) But those were difficult times for Wenger.
In early 1942 the U-boats began to slaughter
dozens of freighters insight ofthe American
coast. The U-boat threat to the Atlantic convoys
was growing so fast that acontinuation ofthe
sinkings threatened Britain’s survival. Britain was
unable to penetrate the new naval four-wheel
Enigma, and OP-20-G remained without any
power over German systems.

(U) Mathematics to Meet the Great

Challenge

(U) The Atlantic crisis had a strange impact
on OP-20-G’s future. It both helped and hindered
Wenger’s crusade for the Rapid Machines. In its
first phases, the crisis aided him. As part of his
outline for the expansion of OP-20-G, Wenger
had planned for the creation of a special research
group. Its mission was to apply formal mathe-
matics to cryptanalysis. OP-20-G had never
before had a professionally trained mathematical
team. In February 1942 Wenger brought together
the few professional mathematicians who had
already been called to service and had them join
the “M” section. Of significance for World War 11
and the history of the Rapid Machines, they were
handed more than mathematical responsibilities.
They were ordered totake onsome technical
radio problems. Inaddition, they were given
some of the responsibility for the critical German
systems.

Page 5

(U) Next, the “M” section was handed
Wenger’s pet, the Rapid Machines project.
Luckily, Wenger found the right man, Howard
Engstrom, to direct the third major attempt to
make optics and electronics into cryptanalytic
tools. When first called for the war crisis,
Engstrom was asked to give advanced technical
advice to OP-20-G’s radio intercept and direction
finding group.®® That T/A assignment was a very
important and demanding post. But heading “M”
turned out to be much more of a challenge. The
new job called for political as well as technical
skills. By spring 1942 the Rapid Machines had
again become political creatures.

(U) The apparent failure of Howard’s 1941
microfilm Comparator had not ended his work or
the interest of OP-20 in cryptanalytic machinery.
But it did reopen the old battles over control of
innovation in the navy.

(U) Bureaucracy vs. Science, Again

(U) Pearl Harbor, despite the blame hurled at
the army and navy intelligence agencies, led to
the release of funds and energies for cryptanaly-
sis. For the first time in its history, OP-20-G had
enough money to pursue technological dreams.
In response, in early 1942, Safford, still the head
of OP-20-G, initiated a survey of needs and wrote
out awish list that included Rapid Machines.
There was enough money to explore all options.
The first choice of the operating cryptanalysts was
IBM electromechanical machinery. They asked
for more standard equipment and for the devel-
opment of a host of special attachments. Safford,
not yet having an “M” section, and very short of
personnel, turned to the Bureau of Ships for tech-
nical and administrative help.

(U) He found it easy to convince the bureau to
deal with the trustworthy IBM. Very soon, the
Bureau of Ships established what it saw as a har-
monious three-way relationship between IBM,
the old hands at “G,” and itself.
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(U) Inthe first weeks of1942 the bureau
decided to allow OP-20-G to invest navy funds in
an exploration of Rapid Machines, but it
demanded aheavy price, one which included a
radical change in the relationship between MIT's
men and the navy. The bureau’s men, not those
from OP-20-G, were torun the technical and
financial parts ofthe program. Above all, the
bureau wanted the projects out of the halls of
MIT. Its officers demanded that all work be done
by established corporations that followed the
navy’s standard procedures. But in early 1942 it
began to take charge of the NDRC project, giving,
it thought, badly needed managerial direction.

(U) Meanwhile, the bureau explored ways to
decrease its dependency on Bush’s group. Then
the bureau decided to show its power. It took the
Comparator away from Bush and MIT. In March
1942 Bush’s structure for linking the military and
academia, atleast for cryptanalytic machines,
began to be dismantled. The work at MIT, per-
haps with the exception ofthe designing of a
punch, was ended, and the secret workshop was
shut down!

(U) A Seeming Victory for Science

(U) Assoon as Wenger had returned to “G”
and learned of the bureau’s actions, he feared that
the corporate projects would produce machines
the cryptanalysts could not use. Wenger began an
attempt to shift power back to OP-20-G. A search
was begun for experienced engineers to augment
the “M” group. By the end of 1942 OP-20-G had
some of the leading men in computer electronics.
Through formal and informal means, the name
“M” came to mean machinery as well as mathe-
matics.®®

(U) Wenger convinced the bureau to give OP-
20-G’s Rapid Machine program near autonomy
aswell asits own facility and workforce. But it
took a major intelligence crisis to achieve that.
Wenger would not have been so successful and
there would not have been aNaval Computing
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Machine Laboratory atthe NCR factory in
Dayton, Ohio, if the British had been able to con-
quer the German submarine Enigma system or if
the White House had insisted that OP-20-G
remain dependent on Britain’s Ultra.

(U) The establishment ofthe  Naval
Computing Machine Laboratory and the
increased power of the Rapid Machine group did
help OP-20-G tobuild aseries ofinnovative
cryptanalytic machines, including the American
version of the Bombe. By the end of the war, the
American navy had some ofthe world’s most
advanced electronic machines.
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Chapter 3

(U) Bush’s Dream Does Not Come True

(L7) A Look Ahead to Peace

(U) America’s entry into the war led to the
release of torrents of money for codebreaking. A
surprisingly large allocation was given to the
Bureau of Ships for cryptanalytic machine devel-
opment. Unfortunately, “G” and the bureau were
not prepared, and they were unable to immedi-
ately establish awell-coordinated project that
could compensate for the years of lost opportuni-
ties. The funds came too late to set up a long-term
development program, and “G’s” resources had to
be devoted to cryptanalytic fire-fighting. Until
very late in the war, OP-20-G’s computer activi-
ties were driven by emergencies. Until late 1943,
“G’s” brilliant mathematicians and engineers did
not even have the time to think of machines that
went beyond Bush’s mid-1930s ideas orto plan
their move from analog to electronic digital tech-
nologies.

(U) After they made their great electro-
mechanical contribution tothe Ultra problem,
the Bombe, they had more time. They built a few
path-breaking digital electronic machines, and
they began to lay plans for along-term computer
program. However, bythe end of the war they
had not been able to turn Bush’s faith in micro-
film into advanced and reliable machines.

=¢8> One important consequence ofthe
absence of the ultra-fast digital machines was that
Hooper’s dream of relying upon pure statistical
and mathematical cryptanalytical techniques had
to be deferred. Like England, the United States
had to rely upon the most expedient cryptanalyt-
ic as well as technological solutions. During 1942
and 1943, OP-20-G’s “M” group was unable to
become a think-tank for pure methods. They and
the cryptanalysts had todepend upon “what
worked.” And what worked in cryptanalysis were

“TOP-SECRETHCOMNTHRELTOUSAAUS CAN OBRANDNZEH Xt

brute force techniques that called upon massive
data processing and hunch playing. Atthe same
time, the engineers at “G” and the Bureau of Ships
had to choose the easiest hardware solutions to
meet the demands ofthe hard-pressed code-
breakers.

(U) A series of increasingly complex and pow-
erful devices began to emerge in early 1944. But it
was not until 1945 that OP-20-G’s young engi-
neers could begin to think of creating a multipur-
pose Rapid Machine, and when “M” could begin
the exploration ofthe frontiers of mathematical
cryptology. There were more than technical rea-
sons for the gap between what Wenger and
Hooper wanted and what was achieved during
the war. OP-20-G’s World War II machine effort
began in crisis, had torespond toimmediate
cryptanalytic needs, and continued to be driven
by rapidly shifting demands.

(U) January 1942: Too Much Too Late

(U) Soon after Pearl Harbor, the bureau
gained the funds to support all the ideas that had
been put forward by the various groups in OP-20-
G and at the Navy Yard. Contracts were let to IBM
for more tabulator equipment and for the cre-
ation of a host of new special attachments. Those
at the bureau and OP-20-G who favored electro-
mechanical equipment received recognition
when IBM was also awarded a very large contract
to develop a set of new machines to automate the
processing of incoming data. At the same time, a
group of navy engineers in Washington was
allowed to build some electromechanical analysis
machines of their own design.

(U) The bureau had enough resources to pre-
vent Bush’s Comparator from being locked away
to die in the secret workroom at MIT. The bureau
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made an arrangement with Eastman-Kodak to
work on all the microfilm and plate ideas. This
meant that Howard and his group were to be
helpers not supervisors for the teams Eastman
hastily put to turning ideas into machines." When
Joseph Wenger returned and established the “M”
group under Howard Engstrom, he tried to regain
control over the automatic machines. But it took
some time to organize “M.” In fact, ifit had not
been for the crisis in the Atlantic and the attitude
of Ralph Meader, the man the bureau had
assigned tosupervise the machine contracts,
Wenger would not have been able to reassert OP-
20-G’s power over machine development.

(U) In the first months of 1942, Meader ran a
freewheeling one-man operation for the bureau.
Despite his freedom, he began to experience the
frustrations that had led Hooper and Bush to try
to throw off the heavy hands of the navy’s bureau-
cracy in the 1930s. He came to feel that the com-
panies were unresponsive, and he compiled a list
of complaints.

(L) A Giant Step Backwards

(U) When the bureau went to Eastman in
early 1942, noone had expected frightening
delays or a need for radical redefinitions of “G’s”
machines. Eastman’s technical and managerial
reputation pointed toa speedy solution to the
problems that had halted the work atthe
Institute. Thus, it was natural for the bureau to
turn to it when Howard seemed to admit that he
could not solve the problems ofthe proposed
microfilm Comparator. But Eastman would not
meet the bureau’s expectations.

(U) With help from John Howard’s men,
Eastman was able to ship the first version of what
became known asthe Index of Coincidence
Machine before 1943.% The IC Machine was a rel-
atively simple plate-based device that looked
more like the early 1930s astronomers’ instru-
ments than Bush’s Comparator.® The IC Machine
did its job, but it was not automatic, and it was

certainly not a machine that was leading, as were
the Bush designs, to the use of digital circuits.

(U) The machine was electrical, not electron-
ic. Eastman’s team realized that a pulse-based
system, even with the plates, would be too com-
plex. Thus, an electric measuring system was
built into the IC machine. There was no counting,
just a recognition that enough light had penetrat-
ed to the photocell. The analyst would then tally
the overlapped dots or find their locations within
a message. *

(U) Although comparatively simple, the IC
machines had deficiencies. It was very difficult to
coax the data camera to place the dots onthe
plates in perfect alignment; that problem contin-
ued throughout the war. The IC machines them-
selves had to be redesigned and reworked during
1943. Perhaps as many asone half ofall the
machines were inoperable at any one moment.®

(U7) Haste and Confusion

(U) Eastman’s work began in haste, was not
well supervised, and, asa result, was not ade-
quately documented. As a consequence, even the
military services were confused about the names
of the machines Eastman proposed or delivered
before 1943.° Some ofthe first lashed-together
models are only vaguely remembered. But the
documents that remain reflect the desperation to
produce machines.

(U) One of those was aversion ofa Bush IC
machine constructed during 1942. When it ran, it
shook the entire laboratory; perhaps that is why it
never appeared in OP-20-G’s machine center.
The device did not use the ideas for tape drives
that Bush and Howard had explored. Rather, two
large message tapes were wound around alarge
hydraulically controlled drum. As the drum spun
ata very high speed, the tapes inched back and
offset themselves. When the photoelectric detec-
tor sensed a “hit,” the drum slammed to a stop.”
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=8> Some other alternative concepts for
machines came from the groups at Eastman as
they searched for ways to make Howard’s original
suggestions turn into hardware. Trying to help
the navy inits attack against the very stubborn
Japanese additive code systems, the Eastman
engineers drew up initial plans for a combination
of tape readers, electronic circuits to strip the
additives, and a set of whirling disks that were to
hold frequently used code groups. An Edgerton
flash lamp was to help to see if the stripped text
groups matched one of the codes on the disks.®

£S48 The disk contraption was not deliv-
ered to the navy, but Eastman’s initial attempt to
turn Bush’s Rapid Document “Selector”
(Information Machine) ideas into auseful mili-
tary machine arrived in Washington before the
end of 1942. Tessie was Eastman’s first great con-
tribution. Tessie began asan attempt to finally
turn the architecture and the fundamental tech-
nologies of the microfilm Selector into a machine
that worked. But Tessie became another prag-
matic compromise. Bush’s ideas were too difficult
to put into practice. They could not be changed
into hardware quickly enough to meet the press-
ing cryptanalytic needs of the first years of the
war.

(U) Tessie Wouldn't Either

€Sr John Howard made sure that Eastman
knew what he wanted well before the formal con-
tracts with the Bureau of Ships were signed. He
told the men in Rochester that in order to deliver
something of value, in what was hoped was a rea-
sonable time, the new military “Selector” was to
be a special purpose device to perform an impor-
tant but minimally challenging cryptanalytic
function. Its job was to locate four-character code
groups (tetragraphs), not to count them. Finding
and giving the location of groups was a “quick and
dirty” version of IC analysis. “Locations” pointed
tothe possibility that two messages were in
“depth.” ?

—TOP-SECRETHCOMNTHREE—TO-UEA—AUS-GAN-GBR-AND-NZLH—

—83-Tessie’s logic and architecture were like
those of a Selector rather than a Comparator. It
used two 35-millimeter films. One sped past an
optical reading station while the other remained
stationary and acted as an identification mask.
After the fast film made a complete revolution,
the mask film was stepped one frame. If a desired
tetragraph was located, asignal was emitted.
Then, astrobe circuit signaled a high-power
Edgerton flash to send light through the identifi-
cation portions of the two data films. The light
would register the location of a matched group.
After the run was completed, the new film was to
be quickly developed, then sent tothe analysts
who would trace the groups and begin their
attempt to break the codes.'® There was no abili-
ty to reproduce the code groups, and there was no
ability totally. Those features, Howard knew,
would ask too much ofthe engineers working
under pressure — even of Eastman’s experts."

(U) The Eastman group put in a great deal of
overtime and was able tosend amachine to
Washington in September 1942. RAM-2, or
Tessie I, was alarge and ungainly thing that was
more than six feet long and almost as high. On
one end was the drive mechanism for the data
microfilms. On the other was a huge round canis-
ter-like component that housed some of the elec-
tronics and the photographic reproduction equip-
ment. On top of the canister was a rack of tubes
that could not be squeezed into the machine’s
frame."®

5> Although ugly, Tessie raised expectations
about the Eastman portion of the RAM program.
A great deal of equipment was ordered to support
Tessie’s work. Fifty- and sixty-foot metal develop-
ing trays, film drying racks, and hundreds of
pounds of chemicals began arriving at the
cramped “G” headquarters.™

—5> Tessie failed, however. Inits first runs it
missed almost all the coincident tetragraphs.
When it did find a “hit,” it refused to produce the
record ofit onits internal film. The Edgerton-
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type flash system would not function. Even the
Washington, D.C., water supply refused to coop-
erate in the film development process of the two
“data” films. Chemical imbalances inthe water
were making the tiny dots the Tessie light bank
data camera produced spill over onto each other,
making recognition impossible. That added to the
difficulties of making the camera light bank
behave. Some of the problems with the camera
were fixed, but it took longer to find a way to com-
pensate for the chemistry of the District’s water

supply.**

tF5> One of Tessie’s weaknesses was very
embarrassing for the engineers. It missed “hits”
that were too close together. The special warning
circuit Howard and his men had devised to solve
the problem would not behave.”

—{S¥Throughout fall 1942 Tessie was too unre-
liable tobe used asan operational machine.
Finally, it was decided to make amajor invest-
ment inits repair. It took Larry Steinhardt and
his crew in Washington almost all of January

1943 to replace many of the
circuits and to design a new
flash system. The machine
did begin to do a bit of work.
It was put to use in an attempt
by the Americans to attack
the Enigma by searching for
tetragraphic repeats.’® Tessie
proved of some wuse inthe
next few months although it
continued to misbehave.
Because of continued prob-
lems, it was replaced as soon
as possible and changed into
an even greater analog retro-
gression."”

(U) Tessie’s New Hat

€FS> The navy's Tessie
was turned into a machine to
perform a very simple type of
search for “isomorphs.” Asa result, the new
Tessie used only a few ideas from Bush’s 1930s
proposal for anavy “Symmetrical Sequence”
engine. In its new life, it no longer reproduced hit
locations on film. The flash camera was aban-
doned in favor of a punch.*®

—FS4SH- Codebreakers search for anything
that is nonrandom. When they can find patterns
that are obviously not produced by chance alone,
they have atleast a beginning of an attack on an
enemy system. Repeats of phrases or even words
are one ofthe signals that additional analysis
might lead toa successful understanding of an
enemy’s cipher. One ofthe ways cryptanalysts
located repeated messages, or repeated groups
within messages, was to search for what the army
called “isomorphs” and the navy called “symmet-
ric sequences.” *?

S5 Because cipher machines or additive
systems are designed to hide repeats of words,
looking for exact matches in small amounts of
text is usually a waste of time. But what may be
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found are patterns. Ifthe word “BATTLE” is
treated as a sequence of letters and recorded as
“ABCCDE,” an analyst may search for a repeat of
the pattern. The pattern may appear despite the
ability of additives to disguise the underlying
code group.

S8 Isomorphic attacks are expensive
“long-shots.” They were time-consuming because
of the need to recode message texts, and identify-
ing an isomorph only led to a probability that a
depth had been found. But the method had
proven of value tothe American cryptanalysts
since at least the 1930s.

“£FS> When the first Eastman Tessie was out-
classed as a locator of exact match, four-character
groups by its replacement, Icky, OP-20-G decided
to have Tessie turned into anemergency
Symmetric Sequence Machine. What emerged
from the workshops in early 1944 became known
as Tessie SS. The reborn Tessie was still a six-by-
seven-foot monster, but it had been stripped of
many ofits most sophisticated components.
However, it finally worked, and it saved agreat
deal of analyst and, asimportant, recoding
time.>°

¢FS/#SD The new Tessie had a small reel for
the 3smm message film and one for a mask that
contained patterns for the letters A to Z. The pho-
toelectric scanning system’s first task was to iden-
tify the first character of text on the film. Then, it
scanned twenty characters of the message as the
alphabetic mask film sped by. If it found a repeat
of the first ofthe twenty characters, it signaled
that the other half of the machine should get to
work.

FSHSB Atthe other end of Tessie SS was
that original huge round canister. But now it con-
tained a roll of plain 7omm paper tape and aroll
of the black-red tape that Bush had used on his
paper tape Comparator, not unexposed film.
Instead of the strobe system for reproducing the
location codes for ahit, there was a punching

FOR-SECRETHCOMINTHREE—TO-UEAAUS-CAN-GBR-AND-NZEM

mechanism like the ones built for the paper tape
Comparator. When the photocell spotted a
repeated letter, itordered the two tapes to be
punched with tiny holes. When the entire six-
character-per-second run through the message
was completed, the paper tapes were removed,
placed on a viewer, and searched for patterns of
red dots that would indicate where an isomorph
had been found. Tessie SS was much less elegant
than the original, but it functioned successfully.

(U) You Can Use Some of the Technology

Some of the Time, But...

(U) Soon after the original Tessie was deliv-
ered to Washington infall 1942, it was realized
that itwould never bea success. A radical
redesign would be necessary. Avery different
design was needed if the navy was to have a suc-
cessful high-speed microfilm machine.

(U) Eastman assigned a new crew to the task
inearly 1943, but the company was unable to
deliver a machine, Icky, until October 1943. Then
ittook another few months for the men in
Rochester to develop an efficient camera to pro-
duce reliable microfilms for the new Icky.

LF57 As they were designing a better camera
system, the Eastman group received some more
depressing news. After its first rounds of tests in
Washington, Icky needed to be reworked. It had
to be shipped back to Rochester because of the
great amount of repair and redesign that was
needed.® Onits return to Washington, the
machine became an important tool for OP-20-G;
but its success depended onits being, in some
ways, another retrogression.

S4B First, to allow itto be of immediate
and reliable use, it had been designed to be much
more limited than the Comparator oreven
Tessie.** Icky was afilm version of the IC plate
machine, and it was able to do a primitive analog
IC test, but it just located. It did not make copies
or count. Ithad no reproducing cameras and it
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had no counter-printer. When enough
light was registered, the machine lit a
signal lamp and stopped. Its operator
used ahand crank toturn the films
back towards the identified coinci-
dence. Atthe point where “enough”
light came through the two films
another signal lamp was lit. Then the
operator used a screen to read the loca-
tion marks printed on the margins of
the films.

(U) From its beginnings as a bench
model, Icky evolved into a chest-high
box as wide as a refrigerator. On its top
was a screen to view the located mes-
sages. Next to the screen were the reels
and rollers for two 35mm microfilms.
Underneath were the mechanisms that
sped one ofthe films past the other
and the ratchets that stepped the index
film after each pass ofthe fast tape.
Icky’s optical sensing gate was
designed to allow the location of mes-
sage patterns of up to thirty columns of
data. Typically, abright light was
pointed through masks and lenses
which segregated the light into thirty
parallel columns. Iflight penetrated the two
films, itwas directed tothirty small mirrors,
which then sent the light beam to their photocells.

(U) The light management portion of the
machine was complex and demanded perfect
alignments. It was the demands of that photocell
system that led toIcky’s having only forty
columns of data per inch of film, a density far less
than Bush had promised the navy.

(U) More significant, Icky was not a digital
machine. Like OP-20-G’s other World War II
microfilm devices, it wandered back to the use of
analog circuits. But it did have a plugboard and
resistor matrix system that allowed the selection
of many different combinations of coincidences.
Polygraphs of long lengths, or patterns of identi-

cal subgroups, or single-letter coincidences could
be identified.

(U) Icky had another feature that went
beyond the original Selector. Its coding system
could be changed and its circuits switched so that
it responded to the absence of light rather than its
presence.®® The navy’s men found the blackout
method much more efficient when the job was to
search for coincident areas (such as code groups)
rather than single columns of data. With its use,
they could pack more than one letter in a column.
They could register a five-letter (or number) mes-
sage group.

(U) In the blackout system, the two tapes were
reciprocally coded sothat amatched column
would admit no light. A two-of-five character
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code allowed the use of that reciprocal scheme,
but Icky’s scanner could also accommodate
Bush’s older one-of-twenty-six pattern.>

(U) A Machine for Mrs. Driscoll’s Special

Problem

(U) Eastman designed and built another of
the very few types of microfilm machines used by
OP-20-G during the war. The Hypo assignment
came in a rush, and, like Tessie, it took a year to
complete.® The first Hypo was not in operation
until October 1943.2°

(U) The name, Hypo, came from the
“Hypothetical Machine” proposal drawn upin
response to the early requests by Mrs. Driscoll’s
Enigma group.”” The project languished for a
time, but ideas were formalized in March 1942.
Machine design began six months later.*® Hypo’s
task was to help Driscoll’s small team make a tra-
ditional attack on the German Enigma. It was the
first machine designed especially for the
American work against the “E” machine.

—tFS5H In early 1942, the United States had
hopes of cracking the Enigma in the same way it
had broken earlier Japanese cipher machines —
through methods that included what some called
“statistical” analysis. Once the entire wheel wiring
of “E” became known, it was hoped that large files
(catalogs) could be constructed showing how
each combination of enciphering wheels would
“develop” high frequency letters, digraphs, or
very common words. This “catalog” approach was
not considered a “cribbing” attack; it was seen at
the time as a statistical method although counting
was not required.*?

FSHSH- Constructing catalogs was very labo-
rious. There had to be a card for each wheel com-
bination and order, and for each position of the
wheels. Such catalogs ran to hundreds of thou-
sands of cards. Some filled an entire wall with file
drawers. When put into book form, the heavy vol-
umes demanded along set of shelves.

FOP-SECRETHEOMNTHREETO-USAAUSCAN-GBR-ANDNZHH—

FS7#8H- Searching through all the entries to
find those indicating which wheel settings might
have produced the enciphered text was also very
labor intensive.®® That was why cryptanalysts
around the world turned tothe use of overlay
sheets. They allowed a speedier and less demand-
ing way of identifying the possible settings of the
enciphering machines.® But they were limited
and everyone wanted a faster method.

(FS/ASD Investing in the construction of cat-
alogs seemed very wise in 1942 because the
United States did not have Bombes or the capa-
bility to continuously find the long and trustwor-
thy cribs that made the British Bombes so power-
ful. The Americans did not even have the com-
mand ofthe techniques that had allowed Alan
Turing to apply his indicator- (not crib-) based
Banburismus IC-like system to “E” since the late
1930s.%*

s/ The Americans knew that Hypo
would not be a cure-all machine, but they had lit-
tle else torely upon. The enormous amount of
labor required to prepare Hypo's “database,” the
catalog, seemed worthwhile. Turning the catalog
into a form that could beused bya high-speed
machine meant creating a separate roll of film for
each wheel combination. One was needed for
each combination of the Enigma’s slow and medi-
um wheels and its reflector. Each frame on a film
recorded the output of high frequency letters for a
wheel position. A minimum set ofthe master
films was fifty-six, each with over 17,000
frames.33

LLSAHSH The preparation of the message film
involved as much cryptanalytic persistence as did
creating the “catalog” films. In one of the most
common uses of Hypo, ciphertext was partially
deciphered by pulling out the influence of the pre-
sumed stecker and fast wheel.3* Then, the new
text was put through acrude Letterwriter tape
machine that recorded the text astiny dots on
microfilm. After that, an analyst had to wait the
many minutes while the film was developed,
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dried, and checked for possible defects.
Producing the message film grew so burdensome
that IBM and Eastman were ordered to cooperate
to build a very expensive but labor saving card-to-
film camera system for Hypo.3?

(U) The Americans were so desperate for their
own solution to the Enigma problem in 1942 that
they did not want to admit to the limitations of
the Hypo method. Hypo was not powerful. A
Hypo run needed prior knowledge of the stecker,
reflector, and wheel order used for an “E” mes-
sage. With that information it could point out a
“likely” starting position (window setting) for the
Enigma wheels.?® That was all it could do, and
that was why only two Hypos were built by
Eastman during the war.%” Although OP-20-G’s
leaders might have envisioned rooms full of
Hypos, each running a catalog film against a mes-
sage, they soon came totreat the Eastman
machine as only an adjunct to the Bombes.3®

(U) Hypo looked and behaved much like Icky.
It used two 35mm films. It was based on dot cod-

ing and the light bank data entry system.® The
Hypo camera (for dot registration) was an
improvement over Icky’s, however. Data cards or
tapes signaled which one of the lights in each col-
umn would be lit, and the tiny dots were record-
ed on the films with great precision.

(U) The men working on Hypo also con-
quered some of the problems of the film stepping
mechanisms. That allowed a more precise and
speedy comparison of the films. When the catalog
and message films were placed on the machine,
one was held stationary while the other flashed by
it. Asin Tessie and Icky, when the second film
completed a revolution, the first was stepped one
increment. That took less than five seconds.

(U) The “statistical” test in Hypo was a
desired level of coincidence between text and
master film spots. As in Tessie, Hypo’s photocells
monitored azone rather than an individual col-
umn. The likely enciphering-wheel positions
were identified simply by enough light reaching a
photocell. When the machine stopped, its opera-
tor wrote down the location of the hit.

(U) Hypo was an analog
machine designed to locate. Tt was
not coaxed to tally until the end of
the war. Even then, it remained a
very simple device. Despite that,
Hypo proved asuseful as Tessie
did, though neither machine solved
any systems by itself. Copies of
Hypo were supplied tothe army’s
cryptanalysts, and asecond and
more complex version was con-
structed for OP-20-G later in the
war. By early 1945, Hypo was also
being used against Japanese sys-
tems, after it had undergone some
significant modifications. *°
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(U) A Paper War. Perhaps

(U) Hypo did not seem a winner in 1943, how-
ever. The delays in delivering Icky and Hypo had
made Meader and Wenger fearful that Eastman
would be unable to produce any device except the
crude analog and plate IC Machine. In the critical
first two years of the war, they also feared that
IBM would not deliver its promised data conver-
sion machines. In addition, there were signs that
the next model ofthe Bush Comparator was in
serious trouble. At the beginning of the war, OP-
20-G was hedging all its technological bets.
Although Howard had advised against a paper
tape machine, the navy ordered him to stop his
exploration of microfilm and draw up the essen-
tials of an upgraded paper tape Bush Comparator.
Howard helped draft a sketch of a slightly revised
version of the old Comparator and sent it to the
bureau’s contractors, NCR and Gray Electric.%'
NCR and Gray set out with a great deal of enthu-
siasm, and the navy looked forward to a third ver-
sion of the Comparator in a few months.

(U) Using the older 70-millimeter paper tape,
but with room for thirty-two rather than twenty-
six characters, the new Comparator tallied and it
employed parallelism. It was able to handle and
record up to five pattern tests at once. Its circuits
and plugboards were more complex than the ear-
lier model, and it was given animportant new
capability: it could locate. One tape could be held
stationary while the other sped past it. The sta-
tionary tape then moved one increment for
another pass of the second tape, stopping when a
match was sensed.

(U) Four copies ofthe new paper tape
Comparators were constructed between 1943 and
1945.%* They seemed so promising when they
were first designed that Britain asked for two.
Later, its codebreakers decided against the
machines, and the two were sent tothe army’s
men at Arlington Hall.*?

(U) The World War II paper tape Comparator
proved an essential tool for the jobs that needed
tallying, but, unfortunately, the new machines
could not be convinced to run appreciably faster
than the 1938 Comparator. The 1943-1945 mod-
els continued to have arelatively slow speed,
eighty-five characters a second.

(U) One irksome feature of the Comparators
was corrected by the end of the war. Like the orig-
inal Bush Comparator, the 1943 device printed
every result, appreciably slowing its performance.
To speed it, an electronic circuit was added that
allowed printing only when a highly improbable
level of coincidence was computed.+*

(U) The task of making a reliable punch was
probably turned over toa  Bass River,
Massachusetts, firm. But even an expert private
manufacturer could not overcome the punch’s
difficulties. The Oano Company had a tough time
with the design and soon separated itself from the
Comparator project.*®

(U) By late 1942, the Comparator seemed des-
tined to fail again. There was too much for
Meader and Howard to keep under control.

(U) The Comparator Dies, Again

(U) John Howard spent the first months of
1942 traveling from place to place with Ralph
Meader trying to force progress onthe Eastman
and NCR-Gray machines. By mid-1942 Meader
and Wenger sensed that something was wrong
with the Gray-NCR-MIT effort. When all the
components were finally delivered to
Washington, they did not fit together. The situa-
tion was sobad that the Comparator was
returned to New York where the Gray and navy
engineers redid most of its parts.

(U) When the Comparator was finally sent
back to Washington, the navy engineers had to
spend agreat deal more oftheir valuable time
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reworking the comparing and counter-printer
units. That further delayed putting it to use.*®

(U) The new Comparator did not gointo
operation until November 1943.%”

(U) By then, the relations between Gray and
OP-20-G had become quite tense. What the navy
interpreted as disorganization in New York had
much to do with its alienation.

(U) One explanation of why only four copies
of the new Comparator were built is the difficulty
“G” had controlling Gray’s work. The lack of con-
trol became quite evident in mid-1944 when Gray
Manufacturing took out afull-page advertise-
ment ina widely read electronics journal. It
showed the world what kind of tasks Gray had
been doing for the government that had earned it
an Army-Navy E award. The bottom third of the
advertisement caused an emotional outburst in
Washington. The last two items onthe page
stated: *®

(U) The advertisement infuriated the crew at
OP-20-G. Ontop of all the manufacturing prob-
lems, Gray had endangered the security of “G’s”
RAM program. Larry Steinhardt could not con-
tain himself when he read the advertisement. He
tore it out of the journal and immediately sent it
to Howard Engstrom with a message he wrote on
it that said, “Note below an excellent description
of the 7omm junkpile this outfit built. Please pass
to Meader.” Although the way the contractors had
organized their work had much todo with the

Comparator’s problems, the underlying cause of
all of the difficulties was stubborn technologies.
They made itimpossible for the nation’s best
engineers to fulfill Bush’s promises.

(U) The machines built between late 1943 and
the end of the war had to be retreats from Bush’s
visions. The Copperheads, for example, had to be
compromises between an engineer’s pride and
cryptanalytic needs. Other machines, such as
Bulldozer and Duenna, were advances on the
state of the electronic art, but they were based on
ideas and techniques that were very different
from those Bush had championed.

(U) Almost Another Digital Machine

(U) The other major attempt bythe navy’s
team tofulfill Bush’s promises was the
Copperhead  series.*®  Several  different
Copperheads were designed, and five copies of
one ofthe series were built under Lawrence
Steinhardt’s direction at National Cash Register
and at “M’s” Washington engineering laboratory.
Construction began inlate 1943. Unfortunately,
all ofthe more ambitious plans for the
Copperheads had to be put aside because of tech-
nical problems and cryptologic emergencies.
Only the copies of the rather simple Copperhead
I were built.

(U) In 1943 the Atlantic crisis eased some-
what, giving “M” a bit of time to turn to Japanese
problems. Lawrence Steinhardt was assigned the
job of designing Rapid Machines to attack addi-
tive systems. Additive systems were codes with
random numbers added or subtracted from the
underlying numeric codes. Among many others,
the major Japanese naval codes used additives.
The fleet operational code, JN25, was of very spe-
cial importance to American intelligence. But it
had proven to be a very difficult adversary, espe-
cially because the Japanese frequently changed
the long list of additives used to superencipher its
messages.
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(U) Discovering those addi-
tives was atedious process. “G”
had tocall onmany different
methods of attack. IBM equip-
ment had been modified to speed
the identification of the superen-
cipherments, but the process
remained very slow and seemed in
need of Rapid Machines. In 1943
it was decided to start an additive
RAM program. Following the new
habit of using the names of snakes
for Japanese problems, the proj-
ect was called Copperhead.

s);

(U) Still excited about optical-
electronics, Steinhardt prepared
the outlines for at least five differ-
ent devices for the Copperhead
problems. In his plans, the more
complex models were to be able to
add and subtract and to test statis-
tical weights at electronic speeds.

—&F5HS Copperhead 11, for

example, was designed to be able

to add clusters of additives to message text, then
compare the results against along list of known
high-frequency code groups.

&3-Copperhead V was a truly grand vision. If
it had been built, it would have been twenty feet
square. It would have had to have been that big to
beable tomatch strings of additives against
cipher text, then perform a true statistical test for
nonrandom letter frequencies.®® That called for
sophisticated electronics and very high-speed
input. The complex job assigned to “V” seemed to
call for microfilm for input and perhaps for a vast
memory. But Steinhardt was aware of the prob-
lems at Eastman, and atthe onset ofthe
Copperhead project he decided that the older
punch tape approach would be best.

(U) More than a year was spent searching for
a new tape and designing a revolutionary punch.

TOP SECRETICOMINT/REL TOUSA AUS, CAN, GBR ARDNZLIXT

Copperhead

After testing many materials, including alu-
minum foil, a 7omm opaque polystyrene tape was
selected. It had the stability needed for very high-
speed transport past the scanning station and did
not distort when there were humidity changes. Of
great importance, it could accommodate a data
density about twice that ofthe Comparator’s
paper tapes.

(U) The Copperhead punch was a major engi-
neering feat. Its main cabinet was over six feet tall
and was wider than a phone booth. It was packed
with delicate mechanical and electronic parts that
perfectly aligned two tapes and then punched a
reciprocal code. Each column onthe tape had
room for twenty-five tiny dots for message char-
acters and several others for identification of the
message. The punch was designed around the
blackout system. Learning from earlier microfilm
explorations that the absence of light was easier
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to monitor than its presence, one tape was
punched to be the complement of the two-of-five
code on the other. The designers were so pleased
with the Copperhead’s punch, they built modified
versions ofit  for the older Gray-NCR
Comparators.

(U) Copperhead I used two sets of sophisticat-
ed motor-driven reels. It had a sensor system to
manage the end-of-tape condition and the
mechanical components needed to automatically
rewind and step the tapes. Also, the machine was
alandmark in optical sensing. It was built to scan
one hundred message columns at a time!

(U) As with Icky, the Copperhead team had to
take some significant backward steps to produce
a machine to meet the war crises. Only one ver-
sion ofthe Copperheads was built, and it was
unable to count; itsimply located message
groups. Asmany asfive ofthe Copperhead I
machines were constructed and in operation by
the opening of 1945. But they were very limited
punched tape versions ofthe IC Machine and
Icky.

(U7) The Old Technologies Are the Best

(U) Inthe spring of 1942, the Copperheads
were not yet well-formed ideas, and all other
Rapid Machines were in trouble. Even the refur-
bished 1938 Comparator, the only working Rapid
machine, was not proving its worth. Lawrence
Steinhardt had to strip it of many ofits original
functions to make it reliable enough for use in
mid-1942.

453 By October, Steinhardt had built a crude
prototype and had drawn the outlines for a much
more sophisticated machine to identify Japanese
code groups based on frequency criteria.

-5 For the emergency machine, 700 of the
most frequent groups were stored onfilm in
descending order of frequency. The meaning of

the group and its known relative frequency were
listed next to the group’s number and language
equivalent. The “selector” was a simple relay store
with “pin” settings indicating the frequency of the
various code groups in the message being ana-
lyzed. When the message group and its frequency
matched the composition of a group on the mem-
ory film, the film’s entry was recorded by a fast-
flash system. After the run, the new film was
developed and sent to an analyst who used the
information to help decrypt the message.*

LFSASh-After the first lash-up came a series
of increasingly complex “Full Selectors.” By the
end of 1942, the first model had been modified
through the addition of more sophisticated relay
boxes; and by that time there were plans for a
much larger and powerful device, Mercury.

F5+5H Although the hopes for a huge elec-
tronic version were defeated, Mercury became a
room full of relay racks that performed a sophis-
ticated “weighted dictionary look-up” test to iden-
tify code groups.®® Unfortunately for the navy,
Mercury was not working until the summer of

1945.
(U) Meanwhile, the Tabulator’s Revenge

(U) While Wenger worried about the absence
of functioning Rapid Machines, those who had
advocated the development of older technologies
seemed to be vindicated. The old timers were in
charge oftabulator development, and in 1942
they were the ones delivering cryptanalytic
results.>®

(U) IBM sent all the tabulators and sorters
and collators OP-20-G could make room for, and
the company began to create a host of very pow-
erful additions for its machines. After “G” moved
to its new quarters at an elegant girls’ school on
Nebraska Avenue and had adequate space, OP-
20-G became one of the world’s largest users of
IBM equipment. “G’s” IBM machines were count-
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edin the hundreds, and they used millions of
punch cards a week.?*

(U) Acquiring standard IBM machines was
relatively easy. Alone among almost all business
machine manufacturers, IBM had been permitted
to continue manufacturing its products during
the war. Its “tabs” remained stock items, and OP-
20-G already had high priority status.

(U) But gaining IBM’s commitment to contin-
ue to alter its machines (or to allow OP-20-G to
do so) proved more difficult. Joseph Wenger had
to make a personal visit to Tom Watson to con-
vince him to grant OP-20-G’s requests special
attention. Bythe end ofthe war, IBM and the
armed services’ engineers, many of whom were
drafted from IBM and were sent directly to
Washington, had created modifications that
allowed the electromechanical machines to per-
form all the cryptanalytic functions. Because of
those modifications, IBM’s equipment remained
the foundation of OP-20-G’s operations through-
out the war.

(U) With the outbreak of war, the tabulator
group at “G” was able to expand and to convince
IBM to produce specialized equipment. IBM and
the navy began a cooperative effort that lasted
throughout the war.®® A number of IBM men
went to Washington, and a host of new attach-
ments were developed. Some allowed more effi-
cient additive stripping. New devices provided
more effective multiple key sorting and the offset
and comparison of messages for IC analysis. The
location of code words was made faster by other
additions to the tabulators, sorters, and punches.

(U) Although IBM played an important role in
OP-20-G’s war, it was not asked to take a signifi-
cant part in the Rapid Machine program.®® One
reason for not calling on IBM was that OP-20-G
was already asking a great deal of the company.
In 1942 the requests by the tab group at “G” for
electromechanical and relay devices were enough
to keep the company’s best men busy. The OP-

TOR SECRETHCOMINTUREL—TO-U SA—ALE-CAN—GER-AND-NALA—

20-G/Yard crew did not demand the creation of
an all-purpose tabulator ora general-purpose
relay computer, but they asked for some chal-
lenging engineering advances. The requests indi-
cate the old-timers had long had their own alter-
natives to Bush’s mid-1930s Rapid Machine pro-
posals.

(U) Aswell asthe special electromechanical
attachments for OP-20-G’s tabulators, IBM creat-
ed ambitious relay additions. The new IBM
devices were better able to identify and tally par-
ticular code groups and to search for repetitions
of character patterns. Among the more ambitious
proposals for IBM equipment were the Navy
Change (NC) machines.

(U) The NC machines were more than stan-
dard tabs with afew additions hung on them.
Some of the thirteen types of Navy Change
machines came close to being special relay com-
puters. Others had special high-speed electro-
mechanical accumulators and some had electron-
ictubes.®”

(U) IBM's Most Special Contribution

(U) During 1941 and early 1942, before
Engstrom’s group gained real power over
machine development, and asthe Eastman and
Gray-NCR projects were faltering, IBM and the
men at “G” created another innovative system,
the Letterwriters. Those devices brought OP-20-
G’s data handling into the modern era because
they linked teletype, tape, card, and film media.
The Letterwriter system tied special electric type-
writers to automatic tape and card punches and
eventually to film processing machines.

(U) Before the war the radio intercept person-
nel wrote out the messages they heard on forms,
then forwarded them by mail or keyed them as
telegrams. Because OP-20-G had just begun to
develop teletype and radio networks, ittook
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weeks tosend all but the most vital messages
from the Pacific.”®

(U) There are somewhat conflicting stories
about the origins ofthe Letterwriter (CXCO)
equipment, perhaps because its prehistory was
linked toso many different groups within the
navy. The timing is not entirely clear, but some-
time in late 1940 Hooper’s previous connections
tothe man who had sold his advanced electric
typewriter business to IBM led to some interest in
perhaps modifying his machines toturn them
into data processing devices.

(U) The interest was turned into action in
early 1942 when ayoung IBM engineer entered
the navy and was assigned to OP-20-G. John
Skinner had worked on a special typewriter-tele-
type project at IBM. When he had enough experi-
ence to appreciate “G’s” data processing prob-
lems, he contacted his ex-boss and arranged to
have some equipment shipped to Washington. %°
After IBM engineers arrived with the devices and
demonstrated their potential, there was an imme-
diate request that IBM launch a major project.

Within less than ayear, the first production
Letterwriter devices were delivered to the crypt-
analysts.

(U) The timely appearance ofthe first
machines was a result of IBM’s earlier commer-
cial efforts at its Electromatic division.®® The sys-
tem centered ona special electric typewriter, a
tape punch, and a tape reader. It was hoped they
would eventually allow the creation of machine-
ready data directly from “G’s” new international
telegraph system.

(U) The Letterwriters were not intended to be
analysis machines, but to fill the gap left by the
delayed RAM program. The engineers in
Washington turned the Writers into much more
than data entry devices. By adding simple plug-
boards, the engineers made the machines pro-
duce worksheets for the cryptanalysts and change
one code into another.®* By 1942 the Letterwriters
were evolving into machines for analysis. First,
the typewriters were modified to allow the print-
ing of more sophisticated worksheets. Plugboxes
were added which allowed complex substitutions




DOCID:

4057009

FOP-SECRETHOOMNTHRELTOUSAAUSCANSBRARDNZENM—

of one character for another. This helped deter-
mine the settings ofthe letter-changing plug-
boards on encryption machines. In addition to
being useful for the analysis of steckering, the
modified Letterwriters helped tostrip cipher
wheel patterns from messages.

(U) Simple changes made the Letterwriter
equipment useful for another very important but
time-consuming task, the analysis of wheel set-
tings. When an analyst thought he had found the
correct combinations onan enemy system, he
would set up a copy of the encryption machine’s
wheels, lugs, and plugboards and type in parts of
the encrypted message. Hethen examined the
output tosee ifit was sensible. By coupling a
Letterwriter tape-reader to one of the American
copies ofa foreign cipher machine, an analyst
would not have to repeatedly enter a message
through the machine’s keyboard.

(U) In the Absence of Rapid Maclines

(U) The delays inthe delivery of the Rapid
Machines led to another use for the Letterwriters.
The Yard’s men decided to build more far-reach-
ing extensions of them. The first of their 1942 cre-
ations was a frequency counter. Aptly titled The
Simple Frequency Counter, it was among the first
of the new machines to
be delivered to OP-20-
G. The Simple Counter
and its descendants
had apower Bush’s
machines did not pos-
sess: they were able to
recognize and record
individual letters. The
recognition, counting,
and recording of partic-
ular letters and poly-
graphs demanded too
many complex elec-

tronic circuits and parts for computer technology
of the early 1940s.

(U) The Counter saved preparing IBM card
decks and the many steps involved in repeated
sorting. Itwas such an effective design that in
1943 agrand extension of the Counter was con-
structed at NCR. The NCR machine, Mike, tallied
digraphs. Despite the low speed of such devices as
Mike, the inability to deliver any Rapid Machines
led the Yard’s men to create yet another type of
relay-electromechanical analyzer. They designed
a machine, Mathew,®* to perform additive strip-
ping. Like the Counter, the Mathews proved reli-
able and were used throughout the war. Mathew
was so rugged that it was applied to more than
traditional stripping.®® It was used on such jobs
as removing the influence of a cipher wheel from
an encrypted message. Over the years, the many
Mathews (at least four were constructed) proved
useful against a majority of the encryption sys-
tems attacked by OP-20-G. Mathew was not a
general-purpose machine, however, and its tech-
nology dated from the 1920s. Tts processing
power was limited by the speed of its tape readers
and its typewriter. But it was able to perform
faster than the tabulators and to fulfill functions
too complex for the electronic Rapid Machines of
the era.
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(U) Notes

148} Almost all the documentation on the first
year of the Eastman work and its first machines has
been lost. For an insight into the problems of rushing
into development and lack of coordination among the
Eastman teams and the navy, see Rowley’'s comments
about his mid-1943 tour of the Eastman projects, (S)
NSA CCH Series XII Z, “Inspection of RAM Under
Construction at NY and Rochester,” 31 May 1943.

2.(U) The estimate of when the IC machine was
ready is based on very circumstantial evidence. But it
isclear that it was in use well before any other Rapid
device, including the American Bombe. NSA RAM
File, Report of R. 1. Meader, Captain USNR, toJ. H.
Wenger, Captain, USN, “14 Days Training Duty,
Report of,” January 21, 1949, and Communications
Intelligence Technical Paper l.a, “Technical Report:
The Index of Coincidence Machine” March 1945.

3. (U) Typically, there were other precursors of the
IC machine, including patented devices intended for
business applications. See, for example, H. Soper, U. S.
Patent 1,351,692, August 31, 1920.

4.(U) NSA RAM File, OP-20-G to OP-20-A,
“Meeting with Prof. Howard,” November 5, 1941, and
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