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Foreword

perations research (OR) emerged during World
War II as an important means of assisting civilian
and military leaders in making scientifically sound
improvements in the design and performance of weapons
and equipment. OR techniques were soon extended to ad-
dress questions of tactics and strategy during the war and,
after the war, to matters of high-level political and economic
policy. Until now, the story of why and how the U.S. Army
used OR has remained relatively obscure, surviving only in
a few scattered official documents, in the memories of those
who participated, and in a number of notes and articles that
have been published about selected topics on military opera-
tions research. However, none of those materials amounts to
a comprehensive, coherent history.
In this, the first of three planned volumes, Dr. Charles
R. Shrader has for the first time drawn together the scat-
tered threads and woven them into a well-focused histori-
cal narrative that describes the evolution of OR in the U.S.
Army, from its origins in World War II to the early 1960s.
He has done an admirable job of ferreting out the surviv-
ing evidence, shaping it into an understandable narrative,
and placing it within the context of the overall development
of American military institutions. Often working with only
sparse and incomplete materials, he has managed to provide

il

a comprehensive history of OR in the U.S. Army that offers
important insights into the natural tension between military
leaders and civilian scientists, the establishment and growth
of Army OR organizations, the use (and abuse) of OR tech-
niques, and, of course, the many important contributions
that OR managers and analysts have made to the growth and
improvement of the Army since 1942,

In this volume, Dr. Shrader carries the story up to
1962, the beginning of the McNamara era and of Amer-
ica’s long involvement in Vietnam. The subsequent vol-
umes will cover Army OR during the McNamara era; its
application in support of military operations in Vietnam;
and its significant contributions to the Army’s post—Viet-
nam recovery and reorganization, ultimately leading to a
victory (after only 100 hours of combat) in the first Gulf
War in 1991 and the emergence of the U.S. Army as sec-
ond to none in modern weaponry, tactical prowess, and
strategic vision.

These volumes should be of interest not only to those of
us in the Army’s analysis community but also to civilian lead-
ers and military commanders and staff officers at all levels.
The story of OR in the U.S. Army offers many insights into
our past, our present, and our future. Its careful study will
more than repay the time and effort that is invested.

WALTER W, HOLLIS
Deputy Under Secretary of the Army
for Operations Research
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Preface

topic as complex as the history of operations re-

search (OR) in the U.S. Army from 1942 to 1962

requires a definition of terms. For the purposes of
the study that follows in this volume, what is meant by the
“U.S. Army” and by the dates 1942 to 1962 is quite clear.
“U.S. Army” takes in the whole of the Army structure, both
military and civilian, including the higher-level headquarters
and staff of the War Department/Department of the Army
and the technical and administrative services as well as the
combat arms in times of both war and peace. It also includes
the Army Air Forces up to the creation of a separate U.S.
Air Force in 1947. The starting date for this study, 1942, was
determined by the first efforts to create an OR capability in
the U.S. Army; the ending date, 1962, was determined by
the beginning of the major changes in Army organization
and procedures instituted by Secretary of Defense Robert
S. McNamara, notably the initiation of efforts to reorganize
the Army along functional lines and to consolidate related
activities under major functional commands, such as the
U.S. Army Combat Developments Command and the U.S.
Army Materiel Command.

The definition of “operations research” is much more dif-
ficult because the term is one that has as many definitions
as it has practitioners and commentators.! Dozens, if not
hundreds, of definitions have been offered over the years,
each correct and useful in its own way. There is little to be
gained by recapitulating all of those definitions here. It may
be best simply to state the definition that has been used to
limit operations research in this volume, the official U.S. De-
partment of Defense definition:

The analytical study of military problems undertaken to pro-
vide responsible commanders and staff agencies with a scientif-
ic basis for decision on action to improve military operations.

It should be noted immediately that the official defini-
tion does not stipulate the use of mathematical techniques
as an essential element of OR, although most other defini-
tions do and the popular conception of OR is almost entirely
that of an activity immersed in complex mathematics. De-
spite the fact that almost from its beginnings OR has been
closely identified with the use of sophisticated mathematical

calculations and models, the reality is that many of the best
military OR studies have relied only peripherally on math-
ematical methods. Indeed, although the use of such methods
is often helpful, and in some cases essential, it is possible to
produce perfectly satisfactory OR studies without them.

What elements are essential to OR? For the purposes
of this study, OR may be considered to have five essential
elements, or steps:

1. the definition of the problem and the determination of
the means of measuring its critical elements>;

2. the collection of data (either by direct observation, the
use of historical data, or the use of computer-gener-
ated data);

3. the analysis of the collected data (using both mathemat-
ical and nonmathematical methods);

4. the determination of conclusions based on the analysis
of the collected data; and

5. the recommendation to the military decision maker of a
course of action designed to correct or improve weap-
ons and equipment, organization, doctrine, strategy,

or policy.
To further define OR in this study, the focus has been on

four principal applications of operations research to Army
decision making:

1. the development, testing, and performance evaluation
of weapons and other equipment;

2. the design and evaluation of military organizations,
tactics, strategy, methods, and policy;

3. the evaluation of human performance and behavior;
and

4. the design and evaluation of effective management
structures and procedures.

This study deals primarily with the first two applications
and to only a limited degree with the third. The examination
of the fourth application of OR to Army management has
been deferred to a subsequent volume because the major use
of OR for that purpose falls after 1962. Between 1942 and
1962, the main thrust of OR work in the U.S. Army was in



fact the improvement of weapons and equipment, organiza-
tion, tactical doctrine, and, to a lesser degree, the formulation
of higher-level strategy and policy pertaining to the political,
economic, and social issues facing the Army.

The focus on the five essential elements and the four ap-
plications of OR serves to limit the scope of this study and
thus to give it greater coherence. It does mean, however, that
certain elements of the story must be omitted or given only
cursory treatment. Moreover, the present work is not a study
of the evolution of OR techniques, and thus there is relatively
little discussion of the nature and development of new tech-
niques and methods in OR, of which there were many from
1942 to 1962. Rather, the focus here is on the development
of Army OR organizations and the uses to which the Army
applied OR in the period under consideration. It is in fact the
story of when, how, and why the Army gathered, arranged,
and managed the resources needed to create an effective and
efficient OR program to aid Army leaders and staff officers in
making key decisions during the two decades after 1942.

It is, of course, impossible to address all of the issues
considered significant by all of the readers of this study. I
have tried to highlight the major events and controversies
and to present them as thoroughly and as accurately as pos-
sible, given the limited documentary evidence available. Each
and every person connected with Army OR since 1942 has
his or her own version of what happened and why. How-
ever, finding written documentation for the history of OR
in the Army from 1942 to 1962 has proven surprisingly dif-

ficult. The materials on Army OR preserved in the National
Archives are generally quite adequate for the World War II
period and the postwar period up to approximately 1950.
The document trail then thins, and it appears that very little
useful material covering Army OR in the 1950s and early
1960s has made its way into the official archives. This is
particulatly true of the OR groups in the technical services.
Similarly, the office files, planning documents, organizational
memoranda, periodic reports, and similar materials for the
Operations Research Office and its successor, the Research
Analysis Corporation, seem to have ‘gone missing,” thus leav-

ing a large gap in our knowledge of what actually happened.
ACKNOWLEDGMENTS
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1"Operations research” is also known as “operational research,’
“operations analysis,” “management science,’ “industrial engineering,’
“decision science,” and, in its more expansive manifestation, “systems
analysis.”

2ICS, Joint Publication 1-02: Department of Defense Dictionary of
Military and Associated Terms (Washington: Office of the Chairman, JCS,
23 Mar 94), p.277.

vi

3In fact, the problem is continually reassessed and redefined
throughout the course of any OR study, and steps 1 through 4 often run
concurrently.
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Prologue

( :an the intensely human endeavor of war be accu-
rately and thoroughly described in mathematical
terms? At “Mathematics and War,” a conference

held in Karlskrona, Sweden, in August 2002, two Danish
scholars—Lt. Col. (ret.) Svend Bergstein and Svend Clau-
sen of the Danish Defense Research Establishment—pre-
sented papers titled, respectively, “War Cannot Be Calcu-
lated” and “War Can Be Calculated.”! Citing the Austrian
philosopher Karl Popper and the Prussian military theorist
Catl von Clausewitz, Bergstein argued that war is a human
activity that cannot be reduced to mathematical formulae.
Clausen, citing the work of Frederick W. Lanchester and the
Danish combat model, Defense Dynamics, argued that war
can indeed be accurately described by mathematical mod-
els. Although the issue was not definitively decided at Karls-
krona, it is certain that science, and mathematical analysis in
particular, has played an important, if often sub rosa, role in
warfare from the earliest times. The Stone Age tribal leader
who first discovered that twelve men were better than six in
a fight and that a light stone could be thrown farther than a
heavy one was the first to apply mathematical analysis, and
what today we call operations research (OR). In the millennia
that followed, the sophistication of mathematical knowledge
increased steadily, and military and political leaders increas-
ingly relied on the use of scientific techniques to aid them in
making decisions that improved their chances of victory.

CrassicAL AND EARLY MODERN ANTECEDENTS OF
OPERATIONS RESEARCH

Archimedes—the ancient Greek mathematician, physi-
cist, and mechanical engineer—has become the patron saint
of military operations researchers, and most modern writers
on OR have been obliged to make at least a brief reference to
him.2 Born around 287 B.C.E. in Syracuse, the largest of the
Greek city-states in Sicily, Archimedes studied mathematics
in Alexandria with disciples of Euclid and was for many years
the scientific advisor to King Hieron II of Syracuse.”> When
a Roman army commanded by Marcus Claudius Marcellus
laid siege to Syracuse in 213 B.C.E., Archimedes invented
a number of military devices and techniques for countering

the attacks of the Roman siege methods. His best-known
military inventions were his new types of catapults, a device
known as Archimedes’Claw for overturning ships,and a (pet-
haps apocryphal) system of curved mirrors to focus sunlight
on the attacking Roman ships and set them on fire. When
the Romans finally took the city in 212 B.C.E., Marcellus or-
dered that its citizens be spared, but Archimedes was killed
by an impatient Roman soldier who failed to recognize him.
Archimedes was perhaps the first operations analyst. In his
role as scientific advisor to King Hieron, he used what can be
considered a very early form of OR techniques. He collected
empirical data, analyzed those data using mathematics, and
used the results to design equipment and formulate methods
for countering the Roman siege.

A century and a half before Archimedes applied his
understanding of mathematics and physics to the design
of weapons to defend his native Syracuse, King Philip IT of
Macedon (382-336 B.C.E.) set about creating an army and
a tactical doctrine based on what can only be described as
scientific observation and mathematical calculation.* Phil-
ip studied the military art in Thebes under Epaminondas,
the victor over the Spartans at the Battle of Leuctra in 371
B.C.E. Epaminondas (circa 418-362 B.C.E.) was perhaps
the greatest military innovator of ancient Greece and is cred-
ited with developing the so-called oblique order in which a
commander weakens one portion of his battle line to pro-
vide massive numerical superiority at another portion to
overwhelm the enemy line by concentrating mass at a critical
point. Philip was an apt student and, having observed the
oblique order tactic in action, applied basic mathematics to
the reform of the phalanx, the principal infantry formation.
He increased the depth and reduced the width of the tradi-
tional phalanx and equipped his soldiers with the sarissa, a
pike about twice as long as the traditional infantry weapon.
Philip also devised a new method of employing his support-
ing cavalry (by forming them in mobile wings on either flank
of the main phalanx formation) and developed the stone-
throwing catapult into a true field artillery weapon. Philip’s
innovations, based on empirical observation and scientific
analysis, produced an offensive force with greatly increased
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power and speed on the battlefield. His son, Alexander the
Great (356-323 B.C.E.), subsequently used Philip’s tactical
improvements to conquer much of the known world.

For almost a millennium following the death of Alexan-
der the Great, the Romans militarily dominated the western
world. Best known for the development of the science of po-
liorcetics, or siegecraft, and for their skill in military engineer-
ing, the Romans, like Philip II of Macedon, used field ob-
servations and mathematical analysis to constantly improve
the weapons and tactics of their armies. The Roman castra,
or field camp, was a model of geometric precision, and the
method of its construction was likewise a model of efficiency
based on established calculations of the time, materials, and
manpower required to construct it. Roman siegecraft in-
cluded a variety of siege engines, the design and use of which
were based on careful scientific observation and analysis.

With the decline of the Roman Empire in the West
after the fifth century A.D., the science of military weapons
design and tactical innovation were continued in the East-
ern Empire (Byzantium), but in the West both science and
the military art remained almost static until the onset of the
Renaissance in the late fourteenth century. First in Italy and
then in northern Europe, the knowledge of the ancients was
revived by scholars, and innovation flourished in all of the
arts and sciences. The application of science to military af-
fairs was not neglected, and some of the most famous men
of the Renaissance turned their hands to the design of weap-
ons and improvements in tactics, and offered the results of
their research to the military and political leaders of the day.
Such famous Renaissance scientists as Leonardo da Vinci
(1452-1519), Michelangelo Buonarotti (1475-1564), and
Galileo Galilei (1564-1642) applied the re-emerging sci-
ences of physics and mathematics to the solution of military
problems, and the tactical doctrines of such writers as Nic-
coldo Machiavelli (1469—-1527) also owed a great deal to an
understanding of the application of mathematical principles
to military organization and tactical formations.’ As the his-
torian Henry Guerlac has noted:

Science and warfare have always been intimately connected. In
antiquity this alliance became strikingly evident in the Helle-
nistic and Roman periods. . . . The cultural and economic re-
birth of western Europe after the twelfth century shows that
this association was not fortuitous, for the revival of the ancient
art of war was closely linked with the recovery and develop-
ment of ancient scientific and technical knowledge.®

The scientific revolution of the late seventeenth centu-
ry and the Enlightenment of the eighteenth century saw a
quantum improvement in the sophistication of mathematics,
physics, and the other sciences, as well as a growing convic-
tion among educated people that it was possible to discover
and state precisely the natural laws that governed not only

the physical universe but all human activities, including the
conduct of war. Perhaps the most concrete examples of the
successful application of the rapidly improving sciences of
mathematics and physics to military affairs were the advan-
ces in the science of fortification made by the French engineer
Sébastien Le Prestre de Vauban (1633-1707), an advisor to
King Louis XIV.” Steeped in the mathematics and physics
of both gunpowder weapons and the design of fortifications,
Vauban developed new methods for the construction of for-
tifications to resist the ever-improving cannon of the age. At
the same time, he devised mathematically based methods for
the conduct of effective siege operations.

The application of scientific thought to warfare did
not go unpracticed in America. The American scientist and
statesman Benjamin Franklin wrote to his British colleague
Joseph Priestley on 3 October 1775:

Britain, at the expense of three millions, has killed 150 Yankees
this campaign which is £20,000 a head. And at Bunker’s Hill,
she gained a mile of ground half of which she lost by our taking
post on Ploughed Hill. During the same time 60,000 children
have been born in America. From these data any mathematical
head will easily calculate the time and expense necessary to kill
us all, and conquer our whole territory.®

“SciENTIFIC” ANALYSIS OF THE WARS OF NAPOLEON

The quarter-century after 1789 was one of continuous
revolution and war in Europe, and culminated in the defeat
of Napoleon at Waterloo in 1815. The length, breadth, and
complexity of the military campaigns of the French Revolu-
tionary and Napoleonic period, and the innovations in the
military art that accompanied them, provided substantial
grist for the mills of military commentators and theorists.
The three greatest of these were the Austrian Archduke
Charles, the Prussian Carl von Clausewitz, and the Swiss
Baron Antoine-Henri Jomini.” The work of the Archduke
Charles is little known in the English-speaking world, but
the works of both Clausewitz (1780-1831) and Jomini
(1779-1869) have had a profound influence on military
theory in Great Britain and the United States. Both Clause-
witz and Jomini were veterans of the Napoleonic wars, and
both sought to construct a comprehensive description of the
principles and laws governing war based on historical data
and personal observation. Having analyzed their material,
both men arrived at their conclusions and wrote them up for
the edification of their patrons.!? In this, both were engaged
in massive works of operational analysis as we understand
it today, albeit Clausewitz’s analysis was based not so much
on mathematics as on the idealist philosophy of Immanuel
Kant. Jomini, who expressed skepticism regarding the value
of mathematical calculations and explicitly denied that his
work was based on mathematics, nevertheless clearly used



the language and laws of geometry to illustrate the points
he wished to make about such matters as the principles of
concentration and of interior lines.!!

Since the early 1980s, the work of Clausewitz has been
in vogue in the United States and has significantly influenced
the development of American military thought and doctrine.
However, the influence of Jomini has been no less profound
and has been of much longer duration. Soon after the pub-
lication of Jomini’s Summary in 1838, his work became the
foundation for the study of tactics and strategy in the U.S.
Army. Adopted as a text at West Point and taught to gen-
erations of American officers by the great military educa-
tor Dennis Hart Mahan, the work of Jomini colored every
aspect of American military thought and practice well into
the twentieth century. American military commanders from
Grant and Lee to Pershing, MacArthur, and Eisenhower
were steeped in the Jominian geometry of war and sought
to adhere to the principles laid down by him for the conduct
of campaigns.

THE EMERGENCE OF MiILITARY OPERATIONS RESEARCH
IN WorLDp WaR I

Science, including mathematics, advanced steadily in the
hundred years between Waterloo and World War I. During
the same period, military technology also developed by leaps
and bounds. By 1914, the belligerent powers had at their
disposal many new weapons unknown to—even unimag-
ined by—Clausewitz and Jomini. The dreadnought battle-
ship, the airplane, the submarine, the tank, the radio, rapid-
fire artillery used in the indirect fire mode, poison gas, and
a variety of other new military technologies dominated the
battlefields of Europe. Scientists were called upon directly to
aid the war effort by studying the new weapons and suggest-
ing improvements in their design and use.

The war had scarcely begun when Frederick William
Lanchester (1868—1946), a pioneer in the British automobile
industry and an early student of aeronautics, wrote his semi-
nal work titled Aircraft in Warfare: The Dawn of the Fourth
Arm.12 While admitting that the use of military aircraft up
to that time provided insufficient evidence from which to
draw lasting conclusions about the airplane’s long-term im-
portance as a weapon of war, Lanchester nevertheless sought
to provide “something in the nature of a lead in the direction
in which it appears development [of military aircraft] may
be logically anticipated.”” In considering the role of military
aircraft in combat, Lanchester discussed at length the im-
portance of concentration as a factor in military victory from
ancient times to his own era, and noted that “one of the great
questions at the root of all strategy is that of concentration;
the concentration of the whole resources of a belligerent on a
single purpose or object, and concurrently the concentration
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of the main strength of his forces, whether naval or military,
at one point in the field of operaltions."14

Having laid down the principle of concentration,
Lanchester allowed that direct comparisons of numerical
strength of combatant forces are common but not sufficient-
ly mathematically sophisticated. He thus proceeded to con-
struct a more useful mathematical formula for determining
which side in a conflict might possess the greater strength.
This was his famous “N? Law,” which postulated that “the
fighting strength of a force may be broadly defined as pro-
portional to the square of its numerical strength multiplied
by the fighting value of its individual units,” or, expressed in
mathematical notation, FS = #n? x FV, where FV (“fighting
value”) is a variable influenced by the armament, training,
morale, and so forth of the force in question.15 Lanchester’s
mathematical representations of such concepts as relative
strength of opposing forces, concentration, weapons charac-
teristics, and their effects on casualty rates and the outcome
of battles are said to represent “possibly the first mathemati-
cal analysis of forces in combat” and have provided the basis
for subsequent work on combat models and battle simula-
tion to the present day.'®

World War I also saw the involvement of other scien-
tists in studying the weapons and methods of modern war.
The British scientist Lord Rutherford was called upon to
consult with the Admiralty on the campaign against the
German U-boats.!” In 1915, Lord Tiverton (the Earl of
Halsbury from 1921) initiated a study of strategic bombing,
and in his report to the Air Board in September 1917 (titled
“Lord Tiverton’s System of Bombing”) he touched on a num-
ber of topics such as target selection, the value of large-scale
bombing raids, and the concept of “circular error probable’,
all of which would be studied in detail by operations ana-
lysts in World War I1.18 An even more direct link between
scientific study of military operations in World War I and
the OR activities of World War II was provided by A. V.
Hill, the head of the Anti-Aircraft Experimental Section
of the British Army’s Munitions Inventions Department in
World War I and a prominent science advisor to the British
government in World War I1.Y° Brevet Major Hill and his
associates, nicknamed “Hill's Brigands,” studied antiaircraft
problems and developed tactics and procedures to enhance
the effectiveness of antiaircraft fire in the 1914—18 war.

Although the United States did not enter World War
I until April 1917, American scientists were fully engaged
in designing, testing, and improving the weapons and tac-
tics of the U.S. armed forces before 1917. In response to
the sinking of the Lusitania by a German U-boat on 7 May
1915, Secretary of the Navy Josephus Daniels established
the Naval Consulting Board to mobilize American scientists
for the study of naval problems. In early July 1915, Secre-
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tary Daniels asked America’s greatest scientist, Thomas Alva
Edison (1847-1931), to serve as an advisor to the board.?’
Edison agreed, and the Naval Consulting Board became an
important means of managing American scientific skills for
the war effort. The board remained an unofhcial entity until
29 August 1916, when Congress recognized its status in the
FY17 naval appropriations bill. Edison played an important
part in organizing the efforts of the board and personally
undertook a wide variety of scientific studies, often spend-
ing long periods at sea collecting data.?! His most notable
contributions dealt with the submarine threat and included
a plan for coastal shipping that minimized the U-boat threat,
a study of the tactic of zigzagging (which found the tactic
useless for merchant ships moving at less than 10 knots), and
the preparation of a tactical board game designed to illus-
trate methods by which merchant vessels might avoid being
sighted by enemy submarines.??

Edison’s studies for the Naval Consulting Board were
characterized by the collection of empirical data from actual
operations, effective application of scientific method and sta-
tistical techniques to the analysis of that operational data, and
the formulation of recommendations to Navy leaders on how
to solve complex operational problems. Edison was particu-
larly adept at defining measures of effectiveness, a skill that
gave his studies substantial weight and brought him very close
to the type of OR that would flourish in World War 1.2

Like many of the operations analysts who followed him,
Edison learned that a civilian scientist could expect serving

officers to ignore or even actively discredit the results of his
studies, particularly because he was not in continuous di-
rect contact with the operational commanders in the field.24
Consequently, his work had no effect on the Navy, and the
suggestions he made to the British Admiralty in late 1917
were either already being put into effect or were judged “im-

practical’ 25

CONCLUSION

What links Archimedes, Epaminondas, Philip II of
Macedon, the Renaissance military innovators, Vauban, Jo-
mini, Lanchester, Tiverton, Hill, and Edison? All of them
sought to define and find solutions to the problems of weap-
ons design, military organization, and tactical methods by
collecting operational data and subjecting it to more or less
rigorous scientific, often mathematical, analysis. They then
presented their conclusions to the military leaders of their
time for implementation and consequent improvements that
enhanced the prospects of victory. As both science—par-
ticularly the science of mathematics—and military technol-
ogy became more sophisticated over the centuries, so too did
the quantitative and qualitative analysis of warfare and the
solutions derived therefrom. Although their methods may
today be considered primitive, Archimedes and the others
were indeed the forefathers of those operations analysts who
have attempted, with some success, to describe many aspects
of war in concrete terms.
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CHAPTER ONE

oo

Operations Research in World War 11

he story of the development of operations research

(OR) in World War II encompasses the mobiliza-

tion of scientists in Britain and the United States and
the cooperation of the two great transatlantic allies as well as
the design of new weapons and their constant improvement,
the study of the human factors involved in their use, and the
constant search for better methods of their employment.! It
is also the story of the steady development of a new “science”
and the bureaucratic battles to ensure that it was used fully in
the fight against the Axis powers. On an even more finite level,
it is the story of how managers and analysts were recruited,
trained, administered, and employed in OR work and of the
specific contributions they made to winning the war.

The story begins shortly before the war in Great Britain
with the development of “radio detection and ranging,” bet-
ter known by its acronym (radar), and the efforts of British
scientists to find effective ways of using the new technology
to solve Britain's most pressing military problem: the defense
of the homeland against attack by enemy aircraft. The sci-
ence of OR emerged from the search for effective techniques
for the use of radar, and, once the war began, OR methods
quickly spread as the British armed forces at home and over-
seas created OR units to find the solutions to urgent techni-
cal and operational problems.

British OR practitioners eagerly shared their discoveries
with their American colleagues, and, after Pear] Harbor, the
U.S. armed forces began to establish OR units. Although ad-
ministrative problems and the resistance of some command-
ers slowed the growth of OR in the U.S. forces, particularly
in the Army ground forces, the value of OR for improving
combat operations was gradually recognized, and OR in the
U.S. armed forces took on a character of its own that was
somewhat different from its British model.

The new science of OR gave the Allies a significant ad-
vantage over the Axis powers in World War II. The methods

of OR steadily increased in sophistication over the course of

the war and were applied to an increasing variety of military
activities. By 1945, planning for postwar military organiza-
tion in both Britain and the United States included provi-
sion for the continued use of OR in developing new weap-
ons, organization, tactics, and strategy.

RADAR AND THE ORIGINS OF
OpPERATIONAL RESEARCH

In March 1934, the Nazi government of Germany, led
by Adolf Hitler, denounced the disarmament clauses of the
Treaty of Versailles, restored compulsory universal military
service, and openly began the process of rearmament and
aggression that led to World War II. Great Britain, its de-
fenses debilitated by a decade and a half of neglect, at last
began to recognize the challenge posed by a resurgent Ger-
many. An aerial bombing attack on Britain appeared to be
the most dangerous threat, and, at the end of July 1934, the
British government acted to increase the size of its air de-
fense forces. The effort was accelerated in the spring of 1935
after Hitler bragged that the Luftwafte had achieved par-
ity with the Royal Air Force (RAF) and would soon reach
equality with France.?

In the spring of 1934, A. P. Rowe, then the assistant
for armaments to H. E. Wimperis, the director of scientific
research in the Air Ministry, attended a demonstration of
an acoustic early warning system comprising a number of
enormous concrete sound reflectors installed on the Chan-
nel coast. Convinced that the acoustic system would not
work, Rowe studied all the Air Ministry files on air defense,
and, in June 1934, he wrote a memorandum for Wimperis
identifying the urgent need for an effective early warning
system against enemy aircraft.> Five months later, in No-
vember 1934, Wimperis recommended to the secretary of
state for air, Lord Londonderry, the formation of a commit-
tee to study the problem of air defense. Lord Londonderry
quickly approved Wimperis' suggestion and named the
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distinguished chemist and rector of the Imperial College
of Science and Technology, Henry E. Tizard, to head a
“Committee for the Scientific Study of Air Defence.” Other
members appointed to the committee included A. V. Hill,
P. M. S. Blackett, Wimperis, and Rowe as secretary.4 Ofh-
cially charged with considering “how far recent advances in
scientific and technical knowledge can be used to strengthen
the present methods of defence against hostile aircraft,” the
Tizard Committee met for the first time in January 1935.°
Shortly before the first meeting, Professor Hill suggested
that the superintendent of the Radio Department of the
National Physical Laboratory, Robert Watson-Watt, be
consulted about the feasibility of a “death ray” to be used
against enemy bomber crews. Watson-Watt concluded
that the “death ray” concept was impractical but did suggest
that reflected radio waves might be used to locate aircraft
in flight. On 26 February 1935, Watson-Watt conducted a
demonstration of his concept of radio detection and rang-
ing, and Rowe reported favorably about it to the Tizard
Committee, upon whose recommendation the Air Ministry
named Watson-Watt to lead a small group of scientists in a
series of experiments on the detection of aircraft by radio
waves.” The technical obstacles were quickly overcome, and
by July 1935 Watson-Watt’s team had demonstrated that
radar was capable of detecting unknown aircraft up to a
range of 33 miles as well as guiding interceptor aircraft at
long range and directing searchlights and antiaircraft guns
at short range.8

It soon became obvious that the utility of radar as a
means of defense against enemy bombers depended on its
integration with the existing system of ground observers,
interceptor aircraft, and antiaircraft artillery positions. Ac-
cordingly, the Air Ministry established the Bawdsey Re-
search Station under Watson-Watt in early 1936 to serve as
the focal point for radar experimentation as well as head-
quarters for the chain of radar stations planned for the Eng-
lish coast.’ That same year, the RAF Fighter Command was
established and charged with the air defense of Britain,and a
small team of RAF ofhicers led by Dr. B. G. Dickins, an engi-
neer from the Royal Aircraft Establishment at Farnborough,
was established at Biggin Hill in Kent to study how the radar
chain might be used for aircraft interception. The Biggin Hill
group, working closely with the scientists at Bawdsey, con-
ducted a series of experiments between 1936 and 1938 that
aimed at integrating radar with other early warning, fighter
direction and control, and antiaircraft artillery systems. As P.
M. S. Blackett later wrote, “the Biggin Hill experiments were
the first step towards the fully fledged operational research
sections (ORS) eventually attached to all the major com-
mands of all three Services.1? The official historian of OR
in the RAF also observed that

I0

the Biggin Hill experiments are important historically for two
reasons. Firstly, they developed the technique that won the
Battle of Britain and, secondly, they marked the beginning
of an era of close collaboration between the serving officer
and the scientist in the study of operational problems which
achieved such great success during the war and has remained
with us to this day.!!

From 1937 to the outbreak of war in 1939, the scien-
tists at Bawdsey and Biggin Hill took part in the annual air
defense exercises conducted by Headquarters, RAF Fighter
Command. The first of these exercises was held in the sum-
mer of 1937, and an attempt was made to integrate the in-
formation generated by the Bawdsey radar station with the
general air defense warning and control system, but the re-
sults achieved were unsatisfactory.1?

In July 1938, Watson-Watt became director of commu-
nications development in the Air Ministry, and A. P. Rowe
took over as superintendent of Bawdsey Research Station
for the rest of the war. During the 1938 air defense exercises,
Rowe assigned two teams to evaluate the developing air de-
fense system. The team led by Eric C. Williams studied the
problems associated with the process of plotting and filtering
the data received from the chain of five radar stations then in
operation.’> Although the technical aspects of using radar
for aircraft detection were validated, new problems arose
from the need to handle data from more than one station.
The second team, led by G. A. Roberts, went to the opera-
tions rooms of the fighter groups to observe the controllers
handling the information generated by the chain of radar
stations. Roberts focused on the overall system while his col-
leagues, I. H. Cole and J. Woodforde, concentrated on fighter
control techniques and improvement of the equipment used
in the operations rooms.

Plans called for the relocation of the Bawdsey Research
Station to Dundee in Scotland in the event of war.!* Shortly
before the outbreak of war in September 1939, A. P. Rowe
and the RAF officer-in-charge of radar development, Squad-
ron Leader Raymund G. Hart, made an informal arrange-
ment for a small group of scientists from Bawdsey to remain
behind to form a research section at Headquarters, Fighter
Command, at Stanmore.!> The teams from Bawdsey led by
Williams and Roberts went to Stanmore again during the
1939 air defense exercises, and their work so impressed Air
Chief Marshal Sir Hugh Dowding that he asked for a sec-
tion to be permanently stationed at Stanmore. Both teams
were subsequently attached to Fighter Command head-
quarters in accordance with the Rowe-Hart agreement and
Air Chief Marshal Dowding’s request. A Canadian on the
stafl at Bawdsey, Harold Larnder, was assigned to lead the
combined team on 3 September 1939.16 The team, which
was designated the Stanmore Research Section in February



1940, remained part of the Bawdsey establishment (that is,
the Telecommunications Research Establishment under the
newly formed Ministry of Aircraft Production) until June
1941 when it was officially incorporated into the RAF as
Operational Research Section (ORS) Fighter Command.

OR 1IN THE BriTisH ARMED FORCES, 1939—45

By the summer of 1941, the Air Ministry had rec-
ognized the value of the work being done at RAF Fighter
Command, and it was decided to establish OR sections
throughout RAF on the pattern of the Stanmore group. OR
sections were soon established in the other RAF commands
at home and overseas as well as in the Army, the Admiralty,
and the Ministry of Home Defense.!” Eventually a limited
number of OR sections were also formed for service with
British ground forces. Each of the services also established a
number of high-level committees and other agencies to coor-
dinate the work of their various OR sections and to provide
liaison with similar units in the other services.

The number of people engaged in OR work in Britain
grew steadily throughout the war but was constrained by the
availability of skilled scientific talent; by mid-1942, the Brit-
ish were already struggling to find enough qualified person-
nel for OR work.!8 Even so, just before V-E Day, RAF had
some two hundred scientific officers engaged in OR at home
and overseas, and the British Army had another 365 scien-
tists so occupied.’ By the end of the war, the overall total
had risen to more than one thousand.?’

Most of the analysts and supervisors in the British OR
programs were scientists (mainly physicists), engineers, or
mathematicians.?! This was only natural because new OR
workers were normally recruited by those already involved in
OR. Leading scientists such as Tizard, Watson-Watt, Rowe,
and Blackett were particularly active recruiters. Despite a
preference for men from the “hard sciences,” a number of life
scientists (particularly biologists and geneticists), geologists,
statisticians, and a few businessmen and liberal arts graduates
were recruited as well. Although the British OR analysts were
mostly men, several women university graduates were also
active in OR work, notably K. M. M. Goggin at ORS RAF
Bomber Command and Hilary Lang-Brown who worked at
both ORS RAF Fighter and Bomber commands.??

The British soon discovered that what was really required
was not so much formal scientific training as it was a “scien-
tific mind” attuned to questioning assumptions, devising and
testing hypotheses by means of logic and experimentation,
collecting and analyzing large quantities of diverse data, and
formulating effective solutions. Maj. W. Barton Leach and
Dr. Ward E Davidson concluded that only approximately
20 percent of the OR work undertaken by the British up to
mid-1942 required “specialized scientific knowledge or ad-
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vanced mathematical training,” and that such knowledge and
training were less necessary when the project involved the
analysis of operational systems (“true operational analysis”)
rather than the more technical study of specific weapons.??
In point of fact, the men and women engaged in OR work
frequently found themselves dealing with matters far from
their field of specialization. Dr. Cecil Gordon, the geneticist
who developed “planned flying” and “planned maintenance”

for RAF Coastal Command, wrote:

The complete disregard for frontiers between the different
subjects, and the readiness to accept any problems as within
their terms of reference, has been a refreshing contrast to the
rigid specialization that has developed in all other branches of
science. The Operational Research Sections have recaptured
the atmosphere of the period of the foundation of the Royal
Society.z4

Like Gordon, many of the British and Commonwealth
scientists who entered OR work during the war were distin-
guished men in their field. ORS Coastal Command alone
boasted five fellows of the Royal Society (P. M. S. Blackett,
John C. Kendrew, Evan J. Williams, Conrad H. Wadding-
ton, and John M. Robertson) and one fellow of the Austra-
lian National Academy (James M. Rendel) as well as two
future Nobel laureates (Blackett and Kendrew). One rea-
son that so many eminent British scientists were eager to
participate in OR activities was perhaps their view that it
offered an excellent way to influence government policy and
decision making.?®

By and large, the scientists engaged in OR work in Brit-
ain remained in civilian status, but a few were commissioned
in the British armed forces before they were recruited for
OR work, and members of the overseas OR sections were
frequently given “honorary” commissions to clarify their sta-
tus in the event of capture by the enemyz26 In addition, some
military officers with the requisite skills were seconded to
OR units in each of the services. Blackett and other promi-
nent OR experts frequently voiced their preference for ci-
vilian analysts, noting that men of the highest intellectual
capacity were required and that civilians were better able to
deal comfortably with all ranks and were not distracted by
routine staff duties or the imperatives of a military career.?’”

A good deal of the credit for defining OR and codifying
its scientific rules as well as determining the organization-
al and administrative structure of the British OR sections
should go to P. M. S. Blackett.?® In December 1941, shortly
before he left Coastal Command for the Admiralty, Blackett
prepared a paper, titled “Scientists at the Operational Level,”
in which he outlined his opinions regarding the organization
and utilization of scientists in OR units working with the
services.?? This paper, which is considered by some to be “the
cornerstone of modern operations research,”? provides the
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rationale for assigning civilian analysts to operational mili-
tary units, drives home the value of scientific methods to the
study of operations, and addresses the proper organization
and administration of OR units.

One of the principles evolved by the British was that OR
groups should be formed on the request of the commander
to assist him in solving his problems, functioning as integral
parts of his command and working closely with his military
staff and subordinate commanders. Projects were initiated
either on request from the commander or, more commonly,
by the OR section itself. The OR section chiefs reported di-
rectly and only to the commander and normally sat in on
staff meetings and conferences.3! By working in close prox-
imity to the uniformed elements of the command, the OR
units gained access to all types of operational information
and shared in the informal communications networks.

The acceptance of this arrangement by both civilian ana-
lysts and military officers helped offset the natural suspicion
in which civilians were held by many officers. When the war
began in 1939, the “very idea that scientists should interfere
in matters of tactics and strategy was anathema to senior of-
ficers in Britain.?? However, as scientists and military per-
sonnel worked together much of the old mutual antipathy
evaporated, and the two groups were usually able to work
out a reasonable modus vivendi, particularly after the mili-
tary learned that the scientists were genuinely interested in
improving operations rather than“showing up” the military.33
In those cases in which the OR analysts gained the complete
trust and confidence of the commander, they enjoyed “the
one supreme privilege of the court jester of old, namely that
of saying things which would [be] lése-majesté from anyone
else. The privilege is a very great one—it should be used on
occasions, but never abused.?*

The British OR sections made significant contributions
to winning the war as well as to developing the methodology
of operations research. Leach and Davidson characterized
the results achieved by the British operational groups up to
1942 as“uniformly successful, in some cases dramatically so,”
and Wing Commander A. C. Menzies, the head of the Brit-
ish Air Ministry Center of Operational Research, told them
that “experimental research (except where some entirely new
device like Radar is produced) is likely to yield an improve-
ment of the order of 5 or 10%; but the yield of operational
research is likely to be 100% or more.?> In a postwar essay
titled “Recollections of Problems Studied, 1940-45,” P. M.
S. Blackett was less precise but cited a number of areas in
which the accomplishments of the OR sections contributed
to winning the war. 36

The Stanmore Research Section and its successor, ORS
Fighter Command, initiated the new science of operational
research and designed the integrated radar-based air defense
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system that ensured the victory of RAF in the Battle of Brit-
ain. Charles F. Goodeve later noted that radar increased the
probability of intercepting an enemy aircraft by a factor of
10, and the work of ORS Fighter Command increased it by
another factor of 2.37 The operational analysts at Stanmore
also investigated a number of related problems. including
enemy bomber and escort tactics; procedures for night opera-
tions, including the development of ground control intercept
equipment and methods; the most profitable use of weap-
ons under various conditions; and the effects of weather and
other factors on defensive air operations,38 During the battle
in France in May 1940, they were called upon to extend their
analytical efforts into the field of high-level strategic policy
making. On 14 May, the French requested additional RAF
fighter support. The commander of RAF Fighter Command,
Sir Dowding, intuitively opposed the transfer of additional
aircraft and pilots to France and tasked the Stanmore group
to make an assessment of British and French aircraft losses.
In a matter of hours, Eric C. Williams, the deputy section
chief, made a study of the problem and concluded that “ad-
ditional transfers would involve attrition that could not be
made good and that Fighter Command would be weakened
beyond recovery in the face of the likelihood of 2 German at-
tempt to invade Britain.® The section chief, Hugh Larnder,
prepared the results of Williams’ study in easily understand-
able graphic form and delivered the graphs to Dowding, who
presented them to the War Cabinet on 15 May. Prime Min-
ister Winston Churchill was inclined to accede to the French
request but was convinced by Dowding’s clear presentation
of the risks and thus refused to send additional squadrons to
France, thereby preserving critical aircraft and pilots for the
coming Battle of Britain.*® The involvement of the Stanmore
analysts in questions of higher policy marked a significant
change in the tasks that OR analysts were called to perform.
Thereafter, OR would also be used to“predict the outcome of
future operations with the objective of influencing policy."41
Larnder himself concluded that “had Dowding not won his
battle with Churchill in May, he would almost certainly have
lost the Battle of Britain in September."42

ORS Coastal Command made major contributions to
the defeat of the German U-boat threat in the crucial battle
in the Atlantic. One of the most striking accomplishments
of the OR analysts at Coastal Command was E. ]. Williams’
work on depth charge settings, which led immediately to a
dramatic improvement of Coastal Command aerial attacks
on German submarines—estimates of the increased efficien-
cy ranged between 400 and 700 percent—and significantly
diminished U-boat activity around the British Isles in the
last half of 1941.%3 A second major contribution was made
by Coastal Command analysts supervised by Cecil Gordon
in studies that led to the important concepts of “planned fly-



ing” and “planned maintenance,” which proposed that “the
level of flying intensity be set first, and the maintenance
organization be revamped accordingly,” thereby allowing a
reduction in the number of maintenance crews, more efhi-
cient use of ground crews, and more flying time.** Planned
flying and planned maintenance were subsequently adopted
throughout RAF and significantly increased the available fly-
ing hours for RAF aircraft.

ORS Bomber Command contributed important stud-
ies on bombing accuracy, the effect of given bomb loads
on different types of targets, aerial gunnery, and the causes
of bomber losses.* It was found that large-scale air raids
over Germany produced proportionately fewer friendly
losses than did smaller raids, a finding that led to the first
thousand-plane RAF raid over Cologne, Germany, in May
19424 ORS Bomber Command also contributed to the
development of numerous technological innovations for
the protection and guidance of bombers, including the use
of “Window” (a cloud of small metallic strips dropped by
bombers to confuse enemy radar) and the “Gee,”“Oboe,” and
“H,S" airborne radar navigation and bombing systems.47

At Anti-Aircraft Command, “Blackett’s Circus” studied
the best methods of conveying radar information to the anti-
aircraft artillery positions, the best deployment of the avail-
able guns and radar sets around London, and the claims of
enemy aircraft destroyed by antiaircraft fire. Their work re-
sulted in a reduction in the number of rounds fired to down
one German aircraft from twenty thousand in the summer
of 1941 to only four thousand in 194248 One Army Op-
erational Research Group (AORG) study, conducted with
ORS Air Defence of Great Britain (ORS Fighter Com-
mand), resulted in methods that led to antiaircraft guns
shooting down approximately 82 percent of the German V-
1 buzzbombs fired at England, a rate double that before the
stucly.49 Another notable AORG study of artillery gun drills
demonstrated that one crew member performed no function
whatsoever during drills and could easily be eliminated be-
cause his task was to act as “horse holder” in a unit that had
not had horses for two decades.”®

The OR analysts at the Admiralty under the direction
of P. M. S. Blackett also made substantial improvements in
the organization and defense of convoys and antisubmarine
warfare (ASW) operations in general, and in such fields as
the use of radar and radio, aids to navigation, naval gunnery,
and mine warfare as well as the continuation of RAF Coastal
Command studies on the use of aircraft to attack subma-
rines.’! Studies of the January 1941-April 1943 Atlantic
convoys by H. R. Hulme and J. H. C. Whitehead revealed
that, with the number of escort vessels being held constant,
the loss rate of merchant ships in convoy could be reduced by
simply increasing the size of the cor1voys.52 Larger convoys
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also reduced the overall number of crossings by one-third
and the number of U-boat attacks by almost as much.>® The
OR efforts at the Admiralty played a major role in winning
the crucial battle in the Atlantic.

In addition to solving many complex operational prob-
lems, the British OR sections provided a much better level
of feedback from the operating units to which they were
attached to the national scientific and engineering estab-
lishments that were charged with developing new weapons
and equipment and improving existing materiel. By virtue
of their scientific and engineering backgrounds, the civilian
analysts in RAFE the Army, and the Royal Navy were able
to understand and describe problems and opportunities that
the military users of weapons and equipment were often not
prepared to recognize.54

The British OR sections also made significant contri-
butions to the development of OR methodology. In a paper
prepared in May 1943, titled “A Note on Certain Aspects of
the Methodology of Operational Research,” Blackett sum-
marized many of the OR techniques developed in Britain up
to that time.”®> The Stanmore Research Section established
the basic methods of operational research in the course of its
studies on the integrated air defense system and other prob-
lems associated with the control of fighters in both defen-
sive and offensive operations. E. J. Williams' 1941 study of
optimum depth charge settings for RAF Coastal Command
is often considered the “classic operations research study of

World War I1.°¢ Blackett later noted that

this work of Williams constitutes perhaps one of the most
striking major achievements of the methods of operational
analysis. This method is simply that of the scientific study of
the actual operations of war, using all the statistical material
that can be collected combined with a detailed knowledge of
the physical properties of the weapons used and of the actual
tactical situation. Such work can only be achieved by the closest
collaboration between scientists of great analytical ability and
the Service operational staffs.>’

The density method, a basic OR tool, was first enunciat-
ed in the form of a series of equations in the reports prepared
by E. J. Williams in March and October of 1942 regarding
offensive ASW operations in the Bay of Biscay.”® The basic
theorem can be expressed as u = A x D, where u is the total
number of submarine sightings or detections, A is the area
swept out, and D is the “surfaced density” obtained by divid-
ing the number of surfaced U-boats in the total area by the
size of the total area.”® According to Joseph F. McCloskey
(a professor at Cal State, Dominguez Hills, and an expert
on OR in World War II), the density method was “the basic
method of analysis used by ORS Coastal Command . ..and
took into account the number of submarines known or be-
lieved to be in an area, the proportion likely to be on the
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surface at any given time, and the characteristics and perfor-
mance of the aircraft patrolling the area.®0

OR units were also attached to some British ground
forces. No. 2 ORS with Field Marshal Bernard Law Mont-
gomery's 21. Army Group developed almost from scratch
the process of “battle analysis,” including techniques for as-
sessing air and artillery support as well as the physical and
morale effects of ground combat operations.5!

In retrospect, the principal contribution of the British
OR organizations to OR methodology was to bring togeth-
er the two primary aspects of OR: (1) the evaluation of the
performance of weapons and equipment and (2) the analysis
of operations to determine how the weapons and equipment
interacted with tactics, and to what degree tactics dictated
the weapons selected.®? Subsequently, two other important
uses of OR emerged: “the prediction of the outcome of fu-
ture operations either in the tactical or the strategical [sic]
field with the object of influencing policy, and . .. the study of
the efficiency of the organisations which wielded the equip-
ment and weapons in battle.”®> All four aspects of OR would
prove critical to Allied victory in World War IL.

OR Crosses the Atlantic

The Atlantic Ocean has never been an obstacle to com-
munication between British and American scientists or mili-
tary men. Thus, it was only natural that word of the new
techniques of “operational research” soon reached the United
States. Individual British scientists, British scientific missions
to the United States, U.S. military attachés and observers in
Britain, and direct contact between British and American
military commanders and staff officers ensured that the ben-
efits being derived from OR by the British armed services
were well known in America long before Pearl Harbor.®*

The work on the development of radar and its integra-
tion in the British air defense system being done at Bawd-
sey, Biggin Hill, and Stanmore was undoubtedly known by
American scientists and military personnel through private
communications even before the war began in September
1939. However, the first official government-to-government
discussions of radar and the new techniques of OR prob-
ably came with the Tizard scientific mission to the United
States in September 1940. The idea of sending a scientific
mission to the United States to share information on the de-
velopment of new technology in Britain and to encourage

American scientists and industrialists to aid in its produc-

tion was the brainchild of Sir Henry Tizard and A. V. Hill,
both members of the Tizard Committee on air defense.®
Following an unsuccessful visit by Hill to Washington,
D.C., in May 1940, undertaken on the suggestion of Tizard
for the purpose of encouraging greater exchange of scientific

information and military experience between Britain and the
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United States, the two men developed a plan for a full-scale
scientific mission to the United States in the hopes of en-
couraging the Americans to help produce some of the new
war technology being developed in Britain. The concept was
laid out by Tizard and approved by Prime Minister Winston
Churchill. Meanwhile, the fall of France in May 1940 made
Anglo—American scientific cooperation even more urgent,
and, in July 1940, President Franklin D. Roosevelt agreed to
receive the mission headed by Tizard.

The Tizard mission, which included both British and
Canadian scientists and military personnel, arrived in Wash-
ington at the end of August 1940, prepared to hand over to
the United States the results of their research and develop-
ment in a wide range of fields.® The collection of scientific
innovations that the British delivered to the United States
has been called “the most valuable cargo ever brought to our
shores”®” The British gift would be paid for many times
over by American improvements and mass production of
technology first designed in Britain, such as radar, ASDIC
(sonar), the sonobuoy, the variable time fuze, and the cavity
magnetron.®

At first, U.S. Army and Navy officers were leery of dis-
closing their own secrets to the British, and it was not until
mid-September that the necessary permissions were ob-
tained for serious discussions with the Tizard mission to
proceed. Once the hesitation of the American military was
overcome, the Tizard mission proved extremely successful.
Information on current developments was exchanged, and
plans were made for future scientific cooperation. The deci-
sion made to pool scientific information and the later deci-
sion to divide up research responsibilities have been called
“the starting point for Allied supremacy in new weapons,
notably radar and subsurface warfare devices.®

On 27 June 1940, three months before the arrival of the
Tizard mission, President Roosevelt established the Nation-
al Defense Research Committee (NDRC) under the Coun-
cil of National Defense and named as its chairman Dr. Van-
nevar Bush, an electrical engineer and then president of the
Carnegie Institution in Washington, D.C., as well as chair-
man of the National Advisory Committee for Aeronautics.
A year later, in June 1941, Bush was named to head the new
Office of Scientific Research and Development (OSRD);
and Dr. James B. Conant, a chemist and president of Harvard
University, took over as chairman of NDRC, which was sub-
sumed under OSRD. NDRC, and after its creation OSRD,
greatly facilitated the exchange of scientific information with
the British and provided a channel for disseminating infor-
mation about OR and other British scientific developments
throughout the American scientific community.

On 13 December 1940, Bush wrote to Sir Henry Tizard

in hopes of arranging a reciprocal visit by American scientists



to Britain to discuss developments and the establishment of
offices in London and Washington to facilitate the exchange of
information. The details were worked out, the British issued
an invitation, and on 1 February 1941 President Roosevelt
asked Dr. Conant to lead the American delegation. Accom-
panied by Carroll Wilson and Frederick L. Hovde, Conant
arrived in England on 1 March.”® On 11 March, President
Roosevelt signed the Lend-Lease Act, and British hesitations
about providing the Americans with sensitive scientific data
evaporated. Conant and his group were received cordially,
and serious discussions about the exchange of information,
the possible divvying up of fields of research, and the creation
of permanent offices to facilitate contacts ensued. The Brit-
ish stressed the importance of using scientists to work closely
with the military services and no doubt pushed the new con-
cept of OR. Conant suggested that American scientists be
sent to Britain for training in radar and other matters, and
upon his return to the United States in April 1941 he urged
the Army and Navy to form OR groups.71

Conant was successful in establishing a permanent
American office for scientific cooperation in London, and
a similar office, called the British Central Scientific Office,
was established in Washington, D.C., in April 1941, headed
by Dr. Charles G. Darwin, director of the National Physical
Laboratory. In the first nine months after the establishment
of the U.S. London liaison office, twenty-six American sci-
entists visited Britain and studied a variety of scientific mat-
ters.”2 OR was closely connected with the development of
radar in Britain, and representatives of NDRC Division 14
(Radar) were perhaps the first to recognize the importance
of OR. Ralph Bowen, a member of Division 14 and research
director at Bell Laboratories, made a comprehensive study of
the British OR program by the end of 1941, and Division 14
and its principal contractor, the Radiation Laboratory at the
Massachusetts Institute of Technology (MIT), kept a close
eye on OR developments.

Among the American scientists who learned about OR
work during visits to Britain before Pearl Harbor was John
T. Tate, a physicist from the University of Minnesota and
editor of Physical Review, who traveled to Britain in June
1941 and observed OR activities at Coastal Command and
at the Admiralty. Thornton L. Page of the Naval Ordnance
Laboratory (responsible for mine warfare activities in the
U.S. Navy) was also among the visitors who had direct
contact with British OR analysts. An American group that
included Jacob Bronowski, LeRoy A. Brothers, and Chatles
J. Hitch also spent time studying the effects of bombing
with the OR analysts at the civil defense establishment at
Princes Risborough.73

A number of U.S. military officers also traveled to Brit-
ain before Pearl Harbor to study British air defense, stra-
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tegic bombing, and antisubmarine warfare activities. They
could scarcely have avoided learning something about the
British development of OR. Army Air Forces Maj. Gordon
P. Saville went to Britain in the summer of 1941 to observe
the Battle of Britain. Then-Lt. Gen. Henry H. “Hap” Ar-
nold, the commander of the Army Air Forces, subsequently
recalled Maj. Saville from England to set up air defenses in
the United States, and, by the end of January 1942, Saville
was already contemplating the establishment of his own
OR group.”

Two weeks before the Japanese attack on Pearl Harbor,
the U.S. naval air attaché in London passed to the chief of
naval operations, Admiral Harold Stark, a copy of P. M.
S. Blackett’s new paper on “Scientists at the Operational
Level” and recommended establishment of an OR pro-
gram in the U.S. N:11Vy.75 The Navy technical bureaus, es-
pecially the Bureau of Ordnance, were already acquainted
with Blackett’s work, and informal talks about establishing
OR in the mine warfare field were in progress. Navy Capt.
Wilder D. Baker, the officer-in-charge of ASW studies for
the Atlantic Fleet, also read Blackett’s paper and asked John
T. Tate of NDRC Division 14 to provide some scientists to
help with ASW studies.”®

The Role of NDRC and OSRD in the Development of OR
in the United States

In the months after the 7 December 1941 Japanese at-
tack on Pear]l Harbor, the U.S. armed forces gradually began
to develop an OR capability. A major role in that develop-
ment was played by civilian scientists from NDRC and
OSRD.”” Created by the Council of National Defense on 27
June 1940 to coordinate and support war-related research,
NDRC became a component of OSRD when that office was
established by Executive Order 8807 on 28 June 1941 to ad-
vise the president on the status of defense-related scientific
and medical research, to coordinate federal government re-
search related to national defense, and to marshal scientific
personnel and resources for the war effort. Executive Order
8807 also created a second component of OSRD, the Com-
mittee on Medical Research (CMR) to support military
medical research.”® Two other federal agencies, the National
Academy of Sciences and the National Advisory Committee
for Aeronautics, both of which existed before the war, com-
pleted the group of government agencies that oversaw and
supported scientific research in World War I1.79

As noted previously, NDRC established a London liai-
son office following the visit of James B. Conant to Britain
in March and April 1941. The liaison office became a com-
ponent of OSRD per OSRD Administrative Order No. 1
of 20 August 1941. The first head of the office, Frederick
L. Hovde, was replaced by Bennett Archambault in April

15



HISTORY OF OPERATIONS RESEARCH IN THE U.S. ARMY

1942. The office had a small permanent staft and handled a
large number of visiting American scientists (some 250 per
quarter), generated some seven hundred cables per quarter,
and processed more than fifty-nine thousand reports, letters,
and samples over the course of the war.3% The office was of-
ficially abolished in late July 1945, but some liaison activities
continued to mid-November 1946,

Vannevar Bush is often credited with promoting OR
in the United States in World War II, but the evidence
strongly suggests that Bush in fact acted as a brake on the
adoption of OR.81 Although practical considerations such
as the scarcity of scientific manpower colored Bush's views,
his desire to keep OSRD out of the services' OR programs
appears to have primarily sprung from his intent to preserve
the “purity” of science as a search for truth unhampered by
government controls. At least until mid-1943, Bush sought
to avoid the involvement of OSRD and its subordinate agen-
cies in OR activities, arguing that OR sections might con-
stitute a drain on scientific talent, interfere with the organi-
zation of scientific research and development (R&D) work,
and properly belonged to the services to manage directly.
His principal concern was to establish and preserve the au-
tonomy of American science from government control and
interference, and the involvement of OSRD with OR in the
services would bring scientists too much under the control
of the government and the military. Moreover, he believed
that OR benefited the military, not scientific research and
development, and that, although scientists had much to offer
the military, the military had nothing to give scientists.82 By
defining OR as outside the scope of OSRD’s proper func-
tions and by suggesting that OR did not require the scientific
skills of OSRD research and development personnel, Bush
hoped to avoid the loss of key research scientists and manag-
ers to the service OR programs.®

Bush'’s attitude was outlined in a letter he addressed on
29 May 1942 to Brig. Gen. Raymond G. Moses and Rear
Adm. W. A. Lee, Jr,, his colleagues on the Joint New Weap-
ons and Equipment Committee (JNWEC) of the Joint
Chiefs of Staff:

A certain amount of operations research is being started in this
country. . .. I judge that it has in some instances produced sig-
nificant results [in Britain]. However, in regard to possible ef-
forts along the same lines in this country, I have a few definite
ideas already formulated. ... Research of this sort should, I feel,
be conducted by groups that are a part of the armed services
themselves, on account of the intimate interconnection with
operations. . . . It would be undesirable for NDRC to become
closely identified with such matters. This is for the general
reason that the NDRC is concerned with the development of
equipment for military use, whereas these groups are concerned

with the analysis of its performance.*

A few months later Bush wrote to Sir Henry Tizard:
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It has been my view from the outset that this kind of activity
[OR] is one for which the Services themselves should take the
main responsibility. I am sure that civilian agencies can be of
real assistance in the selection of personnel who should remain
in civilian status, but in view of the need for intimate relation-
ship between the operational research group and their com-
manding officers, we consider that this mutual confidence can
best be established and maintained if the activity is one which
is clearly recognized as a Service activity.®®

Bush continued to hope that OSRD could avoid direct
involvement in the management and operations of OR sec-
tions in the U.S. armed forces. On 15 February 1943, he
wrote to Katl T. Compton, then the president of MIT:

This movement is certainly of great importance and I hope
that it will go well. On the other hand, I hesitate to become
too much involved with it, for I think it will prosper to best ad-
vantage if the Services go ahead with it themselves and do not

feel that it is being forced upon them in any way by any outside

scientists and engineers.86

Bush's effort to avoid deep involvement in OR was com-
promised by his subordinates in NDRC and OSRD, many
of whom became enthusiastic supporters of OR. The chait-
man of NDRC, James B. Conant, had observed the British
OR teams in action during his 1941 visit to Britain and ar-
gued forcefully for the adoption of a similar OR program in
the United States.8” Later, Conant wrote to Bush, “As our
priority situation develops, I believe it may well prove that
we could transfer a number of men from NDRC projects to
operational research with an increased effectiveness in the
total war effort.’88

During the first months of 1943, scientists in NDRC
divisions with an interest in OR, notably Howard P. Rob-
ertson, Alan T. Waterman (a professor of physics at Yale
University), and Warren Weaver (head of NDRC Applied
Mathematics Panel), began to exert pressure on Bush to allow
greater OSRD involvement in OR.% On 26 July 1943, John
H. Teeter wrote to Carroll Wilson arguing that “Operational
Research fits into OSRD” because of the need to coordinate
the distribution of scarce scientific manpower, the necessity
for constant interchange of information between the labora-
tories and the operating units in the field, and the desirability
of raising the morale of R&D personnel by providing an op-
portunity to‘desert the bench and take up a gun.”90 Moreover,
the heads of NDRC divisions with an operational rather than
strictly technological orientation saw OR as a way to market
their expertise directly to the militalry,91 Some NDRC lead-
ers even took positive action on their own. For example, John
T. Tate of NDRC Division 14 offered the division’s assistance
to the Navy in the creation and operation of the Anti-Subma-
rine Warfare Operations Research Group (ASWORG).*?

In the end, Bush was forced to yield by the combined
force of demands by the armed services for OR involvement



and the positive response to the concept of OR among his
own subordinates. The final straw was probably a letter Bush
received from Ward F. Davidson in which Davidson noted
that the available scientific personnel in the United States
might be better used in OR than in research and develop-
ment.?? In March 1943, Davidson directed another memo-
randum to Bush in which he noted:

One of the serious weaknesses under the present very loose or-
ganization is that there is not ready means for training men in
the broad principles of operations analysis nor for instructing
them in essential matters of military organization. . .. Finally, it
seems to me that OSRD might take the responsibility for (a) a

central Operations Analysis organization [and] (b) employing

civilian OA personnel for assignment to service commands.®*

Bush's response was to simply rename the activity in
question in hopes of avoiding the adoption of OR on the
British model, which he believed gave the military too much
control over scientific activity. He thus proposed a program
of what he wished to be called operational analysis, managed
by the services directly with some limited support provided
by OSRD in recruitment, training, and liaison but without
burdening OSRD program and staff.”

The rapidly growing need for the services of scientists
with units in the field offered Bush an opportunity to reach a
compromise on the matter of OSRD involvement in OR. By
mid-1943, the development of new military technology by
the Allies had progressed to the point that the focus for the
use of scientific manpower ought to change from develop-
ing new weapons to assisting the services in the optimal use
of those weapons already in production. At the same time,
internal OSRD discussions on the desirability of creating an
OSRD-managed OR program had convinced Bush that he
could no longer hold out.”® On 15 October 1943, Bush cre-
ated the Office of Field Service (OFS) with Karl T. Comp-
ton as chief and Alan T. Waterman as deputy.”’ The mission
of OFS was to act as the OSRD focal point for OR activities
as well as to coordinate the fielding and use of new weapons
systems by the armed forces. As Erik Peter Rau wrote in his
1999 doctoral dissertation at the University of Pennsylvania,
“Bush’s main objective in creating the OFS was to position
the OSRD as the principle [sic] broker of all forms of civil-
ian technical expertise needed by military commands in the
field, particularly those in the Pacific.”*®

OFS undertook three main types of projects: opera-
tional analysis; the assignment of one or two scientists to
assist combat units with the process of introducing new
weapons and equipment; and the assignment of groups of
scientists to the active theaters to conduct special studies,
make reports, and devise recommendations for improve-
ments in the design and use of weapons and equipment.”
OFS also sponsored four large permanent field activities:
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Navy ASWORG, the ALSOS mission in Europe to sur-
vey German scientific developments, the Operational Re-
search Section at Lt. Gen. Robert C. Richardson, Jr's Pa-
cific Ocean Area headquarters in Hawaii, and the Research
Section at General MacArthur’s Southwest Pacific Area
headquarters.}®® Navy ASWORG, which operated under
a contract with Columbia University arranged by OSRD
and later administered by OFS, was of course deeply in-
volved in OR, but the two OFS-sponsored groups in the
Pacific functioned more along the lines of a field service
organization despite their names. In every case, the OR
activities for which OFS did take responsibility remained
under the operational control of the military organizations
to which they were attached. 19!

By the end of the war nearly five hundred men and
women had been involved in the work of OFS.192 Of that
total, more than a third (37 percent) were physicists, electri-
cal engineers, or communications experts, and others were
drawn from chemistry, civil and mechanical engineering, the
earth sciences, the life sciences, medicine, and industrial en-
gineering, with a handful from such diverse fields as econom-
ics, law, and library science.103

For the most part, OSRD agencies did not participate
directly in OR work. However, NDRC and CMR, work-
ing closely with the armed services, did conduct some ac-
tivities that can be characterized as OR.1% For example, the
Applied Mathematics Panel of NDRC, established in No-
vember 1942 under the direction of Warren Weaver, was
involved in the application of mathematics and statistical
methods in the analysis of bombing accuracy.105 Working
closely with Army, Army Air Forces, and Navy agencies at
home and overseas, the panel also studied rocket accuracy
and various gunnery problems of both naval and field artil-
lery. NDRC Division 2 (Effects of Impact and Explosion),
under MIT architect John E. Burchard, was also interested
in OR work on bombing effects being conducted by the
British Ministry of Home Security Research and Experi-

ments Department at Princes Risborough.106

The civilian scientists of NDRC and OSRD also made
important contributions to the definition of OR and the de-
scription of its functions. Writing to Frederick B. Jewett on
7 February 1942, Karl T. Compton described the difference
between an OR section and a “field research group.” He de-
fined the former as “a civilian body attached to an operating
arm of the Army or Navy, whose function is to analyze the
effectiveness of various types and elements of field operations
and advise the armed services on this subject” and the latter as
“a group of civilians who have accompanied newly developed
equipment into the field or on board [sic] ship to study its
operation as a piece of equipment in order that the producer
of the equipment may be informed regarding points of failure

17



HISTORY OF OPERATIONS RESEARCH IN THE U.S. ARMY

or desirable redesign or adaptation which will make it per-
form its functions as an instrument in the hands of troops
more satisfactory’."107

in view of the fact that the teams organized by OFS for ser-

The distinction was an important one

vice with Army ground forces in the Pacific late in the war
were identified as OR sections but actually functioned more
as field research groups. Civilian scientists also distinguished
between “functional” OR groups and “structural” ones.“Func-
tional” OR groups focused on a particular military problem
(for example, antisubmarine warfare), whereas “structural”
OR groups were assigned to specific military commands and
focused on the problems of that command.108

Perhaps the most difficult challenge that OSRD faced
was finding sufficient scientific manpower to meet America’s
needs. OSRD had to compete with American industry for
the services of both research scientists and engineers. Ac-
cordingly, OSRD focused on recruiting scientists from aca-
demia to meet the needs of the government and the armed
services.19? At first, OSRD tried to decentralize research “on
contract” and leave the scientists at their home universities,
but eventually it became necessary to place scientists with
the operating units in the freld.110

Liaison with the armed services was another knotty prob-
lem faced by OSRD. To perform their functions adequately,
civilian scientists of NDRC, CMR, and OFS required easy
access to a wide variety of operational information that could
be obtained only from the services.!!! In some cases, the ser-
vices did not collect such data and had no effective way of
doing so. Much of the data they did have was classified, and
military officers were normally reluctant to provide classified
information to civilians. Eventually, OSRD was able to reduce
this problem and many other aspects of working effectively
with the armed services. One method was that of seconding
officers from the services to work with NDRC divisions and
other scientific groups as project liaison officers, but these
officers often lacked the necessary technical and military ex-
perience, rotated frequently, and often served the interests
of their military service rather than those of the country as
a whole.!12 Somewhat better results were obtained through
the military members of the OSRD Advisory Council, the
War Department liaison officer to NDRC, and the Navy co-
ordinator of research and d.evelopment.113

The other major forum for the coordination of OSRD
with the services was the Joint New Weapons and Equip-
ment Committee of the Joint Chiefs of Staff. In February
1942, Harvey H. Bundy, special assistant to Secretary of
War Henry L. Stimson and the Army representative on the
OSRD Adyvisory Council, called Secretary Stimson’s atten-
tion to the need to ensure that the War Department Gen-
eral Staff, and particulatly the planners in the War Plans

Division, were kept up to date on the many new scientific
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developments influencing strategy and tactics.!* To per-
form this function, Bundy recommended the formation of a
three-man committee consisting of Vannevar Bush as chair-
man, an Army general, and a Navy admiral.!*> Bush made a
similar proposal to President Roosevelt in March 1942, and
apparently also discussed the matter with Secretary Stim-
son.11¢ In April 1942, it was decided to form such a com-
mittee that would report to the newly formed Joint Chiefs
of Staff. INWEC met for the first time on 12 May 1942,
with Bush as chairman, Brig. Gen. Raymond G. Moses as
the Army representative, and Rear Adm. W. A. Lee, Jr., as
the Navy representative. The committee was charged with
coordinating the efforts of civilian research agencies and the
armed services in the development and production of new
weapons and equipment.!’

JNWEC also played an extremely important role in the
spread of OR in the U.S. armed forces. It was for JNWEC
that Leach and Davidson compiled their comprehensive re-
port on OR in Britain and the United States in the summer
of 1942.118 For a time, INWEC was also the base for Maj.
Leach’s intense efforts to spread the word about OR and
promote its adoption in the U.S. armed services. Although
primarily involved in the development and fielding of new
weapons and equipment, JNWEC continued to be con-
cerned with the use of OR techniques by U.S. forces until
the end of the war.

OR 1N THE UNITED STATES NAVY, 1041—45

The United States Navy owns the distinction of hav-
ing the first active OR group in the U.S. armed forces: the
Mine Warfare Operations Research Group (MWORG),
established informally in January 1942.11° The Navy’s early
adoption of OR was partly the result of prewar contacts with
British OR groups at RAF Coastal Command and the Ad-
miralty working on problems of naval mining, antisubmarine
warfare, and convoy organization. The work being done in
Britain was directly applicable to the problems faced by the
U.S. Navy immediately after the Pearl Harbor attack. Thus,
it was only natural that the Navy should have been eager to
create its own OR capability. Although not the largest pro-
gram in terms of numbers of scientists employed, the World
War II Navy OR program was arguably the best organized,
and it was the only U.S. OR program to survive essentially
unchanged into the postwar period.

Mine Warfare Operations Research Group
MWORG was officially established as part of the U.S.

Navy Bureau of Ordnance’s Research Division on 24 June
1942, but it had existed informally since late January 1942
and thus merits distinction as the first OR organization in

the U.S. armed forces. MWORG grew out of work being



done on countermeasures for German magnetic mines from
December 1939 at the Naval Ordnance Laboratory (NOL)
in Washington, D.C.120 The NOL Mine Research Unit, led
from early 1940 by Ellis A. Johnson, a Carnegie Institution
physicist, focused on techniques for sweeping for magnetic
mines and degaussing (demagnetizing) U.S. naval and mer-
chant vessels.!?! In July 1940, Ralph D. Bennett, a professor
of electrical engineering at MIT, was called to active duty as
a lieutenant commander, U.S. Naval Reserve (USNR) and
was assigned the task of expanding NOL staff, which he did
by bringing in accomplished scientists of his acquaintance,
increasing the scientific staff at NOL from a dozen to near-
ly one thousand.}?2 The scientists whom Lt. Cdr. Bennett
recruited joined a group that at various times included Dr.
Frances Bitter, William Shockley, John Bardeen, Shitley L.
Quimby, Lynn Rumbaugh, Scott Forbush, David Katcher,
and Dr. Thornton L. Page, all of whom would play impor-
tant roles in OR in World War II and after.

On weekends, Johnson's Mine Research Unit met in-
formally to discuss broader issues of mine and countermine
warfare and developed wargaming methods to work out the
interesting problems raised by naval mining operations. On
Saturday, 6 December 1941, Johnson was at Pear] Harbor
inspecting degaussing efforts, and the other members of the
group were in Washington, D.C.,, playing a wargame involv-
ing an aerial mining attack on Pear] Harbor.123 Following
the Japanese attack on the very next day, 7 December, John-
son helped to ensure that Pearl Harbor and its approaches
were clear of mines, and, on his return from Hawaii in Jan-
uary 1942, he set up an informal seminar at the NOL to
discuss mine warfare operations. The group was authorized
by NOL as a scientific study group in the Mine Research
Unit and met regularly from 21 January to 17 June 1942.124
Johnson reported the results of the meetings to Capt. J. B.
Glennan, the head of NOL, suggesting that wargames could
be used to develop mine countermeasures.'?

Some naval officers opposed the involvement of civilians
in sensitive operational matters such as those discussed in
NOL seminars, but the vice chief of naval operations, Vice
Adm. Frederick J. Horne, knew of Shirley Quimby’s reports
on British mining operations and the work of Johnson's NOL
study group, and he urged NOL to continue the group’s
work, basing it on the British OR model.12° In fact, the
Johnson study group had close contacts with the British OR
specialists working on naval problems and incorporated in-
formation on British mining operations and mine-sweeping
procedures into their informal discussions.}?” The wargames
that they developed also used OR concepts learned from
the British. Quimby, a physicist from Columbia University,
served as the NOL liaison officer in Britain and reported on
British OR methods with regard to mining,128 In the sum-
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mer of 1942, Quimby was replaced by Dr. Thornton L. Page,
an astronomer from the University of Chicago who had long
been in contact with British OR scientists and had worked
with Blackett’s group in 1941.12°

On 1 March 1942, the NOL study group was combined
with a similar group in the Bureau of Ordnance (BuOrd) to
form the Mine Warfare Operations Research Group,130 Dr.
Walter Michels was designated as head of the new group and
had the assistance of Dr. Page and Dr. Laurence E. Hoising-
ton in the task of studying all operational aspects of offensive
mine warfare, particularly analytical approaches to minefield
design and the development of basic equations for mine-
field theory.*! On 24 June 1942, MWORG was officially
incorporated into the BuOrd Research Division. However,
MWORG inherited only part of the original NOL study
group, and additional scientists had to be recruited. Dr.
Francis Bitter, a physicist from MIT, was selected to head
MWORG (vice Walter Michels).!3? Shirley Quimby was
recalled from London, and in September 1942 Ellis Johnson
transferred to MWORG, where he joined the famous math-
ematicians James Alexander and John von Neumann.!?3

By mid-1942, MWORG had grown to some nineteen
scientists, most of whom were physicists or mathematicians
and all of whom were employed by the Navy as civilian con-
tract personnel on a per diem basis that varied from $9 to
$25.13* MWORG reported to Cdr. L. W. McKeehan, the
director of underwater ordnance research in the BuOrd Re-
search Division.}?* Its work involved two phases:

1. the gathering and analysis of information pertaining
to all aspects of naval mine and countermine opera-
tions, including the distribution of shipping, mineable
waters, degaussing facilities, and the characteristics of
U.S. and foreign mines; and

2. the application of the information and analyses de-
veloped in the first phase to more-general problems
and the formulation of a “theory of mining” that in-
cluded the study of the selection of mines, optimum
mine—laying patterns, countermeasures, and sweeping

techniques.136

The combination of technical and operational knowledge
represented in the “theory of mining” appealed to naval of-
ficers in BuOrd and the Office of the Chief of Naval Opera-
tions (OCNO) who felt mines were not sufficiently appreci-
ated by officers in the feets. 137

One of the most difficult problems MWORG faced was
merely obtaining information. MWORG contacts with Brit-
ish OR groups, particularly with Blackett’s team at the Ad-
miralty, were excellent, and reports on British development

often reached MWORG in Washington, D.C., in less than
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three weeks.>® However, obtaining operational information
from official Navy sources was much harder, mainly because
of the reluctance of Navy officers to provide classified or
otherwise sensitive information to civilians, even civilians
who were official Navy employees.139 This problem was pat-
tially resolved with the transfer of MWORG from BuOrd
to OCNO on 31 October 1942.140 The civilian scientists in
MWORG and the naval officers in OCNO soon developed
a close relationship. MWORG received necessary opera-
tional information and, in return, promoted mining opera-
tions in the Pacific. Otherwise, the relationships established
by the civilians in MWORG with naval officers were excel-
lent, and MWORG received its fair share of attention and
resources from the Navy hierzu‘chy.141 With respect to the
use of civilians instead of military personnel for OR tasks,
Cdr. McKeehan even expressed the view that prior knowl-
edge of military operations and doctrine was of secondary
importance to the ability to “think without squeaking."142
Once the problems of the German magnetic mine, de-
gaussing, and mine sweeping were under control, MWORG
turned its attention to the offensive use of mines in the
Pacific. Ellis Johnson had become convinced that the most
effective OR work would be done in the active theaters of
operation by commissioned officers with full access to op-
erational data and plans.*® In 1943, he accepted a commis-
sion as a lieutenant commander, USNR, and volunteered to
return to Pearl Harbor as mining operations officer for the
Pacific Fleet.!** Accompanied by Lt.(jg) William F. Wallace,
USNR, Johnson arrived at Pearl Harbor on 15 March 1943
for duty on the staff of the commander of Service Squadron
Six, Pacific Fleet, where he and Wallace were joined by Lt.
Cdr. Shitley L. Quimby, USNR, and Lt. Kenneth L. Veth,
U.S. Navy (USN).}> Quimby and Veth soon left for Aus-
tralia to advise Gen. Douglas MacArthur on offensive min-
ing operations, and Wallace was sent to Guadalcanal to serve
as officer-in-charge of mining operations. Following a tour of
the South Pacific with Capt. George D. Hull, the commander
of Service Squadron Six, Johnson remained at Pear] Harbor
working on torpedoes and aerial magnetic mines.'*® Johnson
was joined at Pearl Harbor by Lt.(jg) Thornton Page who
came out to work on plans for the central Pacific. One of
the first problems Johnson tackled was that of malfunction-
ing torpedoes, a problem he solved with tests in a quarry,
thereby earning for himself the confidence of the naval staff
in general and Admiral Chester A. Nimitz, the commander
in chief of the Pacific Fleet (CINCPAC), in particular.!4”
Efforts to assist Admiral Nimitz to initiate a program of
mine laying by submarines were almost derailed in the early
fall of 1943, when MWORG personnel identified the need
for a “sterilizer” to disarm the submarine-laid mines after a
certain time.14® Against the advice of MWORG experts, a
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British “sterilizer,” untested for compatibility with American
equipment, was put into use and proved not to work, there-
by putting at risk American submarines that had to traverse
areas seeded with such mines. Admiral Nimitz, well known
for permitting few outsiders to become involved in his the-
ater, turned against submarine mine laying and against
MWORG as well.

The first MWORG efforts to promote mine laying
by aircraft in the Pacific also encountered problems when
MWORG scientists began to infringe on the work of their
former colleagues in the Bureau of Ordnance. 149 The conflict
was resolved several months later when the BuOrd scientists
needed MWORG and its OCNO patrons to help promote
the use of the new aerial mines they had developed.150

Despite the false starts, by the end of 1943 Johnson ob-
tained the concurrence of the CINCPAC staff to use aerial
mines in the carrier strikes of the Fifth Fleet across the central
Pacific as well as to use the minelayer U.S.S Terror to trans-

port the mines, equipment, and personnel to the carriers.!>1

Johnson, Page, and Wallace left Pearl Harbor on U.S.S. Ter-
ror on 5 March 1944 and oversaw the mining operations by
aircraft from U.S.S. Hornet and naval patrol bombers from
Eniwetok atoll.}>2

Johnson continued to pursue aggressively the develop-
ment of offensive mining against the Japanese and began to
achieve better results after the OCNO staff mounted an in-
tense letter-writing campaign to inform commanders in the
Pacific about the potential of aerial mining.ll’-3 Even so, the
reception in the field was only lukewarm. In the southwest
Pacific, General MacArthur authorized a small trial of aerial
mining but assigned the task to the Royal Australian Air
Force, which laid 1,142 mines with generally good results.1>*
A second trial was made in August 1944 using B—29s of the
XX Bomber Command to lay mines in Palembang Harbor
in Sumatra.

In late July 1944, the OCNO staff appointed Johnson
as project manager for the aerial mining program, a posi-
tion that gave him the authority to promote and coordinate
mine-related activities throughout the Pacific on behalf of
BuOrd and OCNO."** In late September 1944, he pro-
posed to Lt. Gen. Henry Arnold a plan for aerial mining
of the Shimonoseki Straits, but Gen. Arnold preferred not
to interrupt the strategic bombing of Japanese cities and he
stalled for time.!*® It was only after Johnson convinced Ad-
miral Nimitz to issue a formal request to Gen. Arnold for
Army Air Forces (AAF) support on 7 November 1944 that
Arnold finally agreed that the aerial mining program should
begin in the spring of 1945.357 Arnold was good to his word,
and the mining campaign, codenamed Operation STARVA-
TION, was conducted by XXI Bomber Command between
the end of March and 15 August 1945. It was a tremendous



success, isolating Japan and closing some 140 Japanese ports
for long periods.1>® Although only approximately 5 percent
of the overall AAF effort was involved, the results of the
mining campaign were as important to the defeat of Japan as
the much larger strategic bombing campaign against military
and industrial sites on the Japanese mainland.'®® Operation
STARVATION has also been called “the most complete
single example of the successful application of military op-
erations-research techniques during the war,'160

Like the other two early OR groups in the U.S. armed
services, the OR group in the AAF Directorate of Air Defense
and the OR group in the Army Signal Corps, MWORG ini-
tially focused on technical and engineering matters. However,
with the development of the concept of a “theory of mining”
MWORG took the first steps toward the application of OR
to more-general problems of tactics and strategy, which were
matters well beyond the purely technical problems of mine
warfare.'®! As McCloskey noted, the work of Ellis Johnson
and his colleagues on the mining campaign in the Pacific was
particularly important in that respect.

Johnson and his associates went far beyond ‘“classical” op-
erations research as it was developing in Britain and as it was
being applied in both the ASWORG and the Army Air Forces
Operations Analysis sections. They started with technological
concerns and had developmental roles; their analytical or ad-
visory roles were subordinated. And Johnson and some of his

colleagues went beyond recommending strategy and tactics to

playing operational roles, 162

Anti-Submarine Warfare Operations Research Group

ASWORG was the largest and most complex of the
Navy’s World War IT OR elements.'®> On 16 March 1942,
Capt. (later Rear Adm.) Wilder D. Baker, who was the an-
tisubmarine warfare officer for the Atlantic Fleet and was
stationed in Boston, Massachusetts, wrote to the Navy’s co-
ordinator of research and development, Rear Adm. Julius A.
Furer, recommending the establishment of an OR element
in the Atlantic Fleet ASW unit, similar to the OR sections
in RAF Coastal Command and the Royal Navy,164 Rear
Adm. Furer approved the idea and made arrangements for
the necessary scientific personnel through NDRC. Dr. John
T. Tate, then chairman of NDRC Section 6 (Subsurface
Warfare), selected Dr. Philip M. Morse, an MIT physicist,
to head the project on a part-time basis.1®® Tate then placed
an NDRC contract on the Navy’s behalf with Columbia
University for the administration and pay of the necessary
scientists.'®® Morse selected the initial group of men for the
project, including Dr. William B. Shockley, who was desig-
nated the group’s executive head.1%” The Navy’s ASW OR
group, designated as Group M (for Morse), thus came into
official existence on 1 April 1942168
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Most of the early Group M personnel were physicists,
mathematicians, or statisticians (actuaries).'®® Their annual
salaries ranged from $2,500 to $5,100 and were based on
what they were earning previously plus an additional amount
to cover the costs of living away from home. 1’ Almost from
the beginning, the naval officers overseeing ASWORG felt
that additional staff was needed, and Morse spent consider-
able time trying to find men of suitable training and ability.
The actual recruitment and administration of ASWORG
scientists were handled by NDRC through the contract with
Columbia University,171 By the end of the war, ASWORG
included a total of eighty-six scientists, many of them men of
substantial reputation.!”?

In general, ASWORG operated as a single unit with
its headquarters in Washington, D.C,, and certain members
detailed on a temporary basis to serve with various Navy
ASW commands.}”? At any given time between one fourth
and one third of the ASWORG staff was in the field.}74
The men in the field collected, evaluated, and analyzed data
for the group in Washington and undertook the analysis of
specific problems for the command to which they were at-
tached.}”®> The studies conducted by both the ASWORG
field representatives and the main group in Washington were
distributed widely throughout the Navy by the central office
in Washington, D.C., which also played an important role
in coordinating the activities of the field representatives and
shifting personnel from one assignment to another to meet
constantly changing requirements.”6

ASWORG analysts also worked closely with the Army
Air Forces.}”” Until the fall of 1943, the AAF I Bomber
Command on Long Island, commanded by Brig. Gen. West-
side T. Larson, was responsible exclusively for airborne
ASW work in the Atlantic, and, in June 1942, the AAF
established a Sea Search and Development Unit (SADU),
led by Col. W. C. Dolan at Langley Field in Virginia, to in-
vestigate problems of airborne ASW equipment and tactics.
In September 1942, Howard H. Hennington of ASWORG
went to SADU at Langley Field, where he was later joined
by Maurice Bell and Donald D. Cody.”8 In October 1942, 1
Bomber Command was redesignated as AAF Anti-Subma-
rine Command (AAFAC), and ASWORG analysts Arthur
A. Brown and Malcolm E. Ennis arrived at AAFAC head-
quarters where they were joined in December by Arthur W.
Brown.!”® In December 1942, Brig. Gen. Harold M. Mec-
Clelland, the AAF director of technology, was assigned as
the AAF liaison officer to ASWORG.180

In November 1942, Morse and Shockley traveled to
England to view British OR activities firsthand. 18! They vis-
ited E.J. Williams at Coastal Command, Blackett at the Ad-
miralty, Brig. B. E. J. Schonland at Anti-Aircraft Command,
the newly formed U.S. Eighth Air Force operations analysis
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(OA) unit, and the AAF ASW squadrons stationed in Corn-
wall. Morse returned to the United States in late December,
but Shockley remained until January 1943 helping the AAF
1st and 2d antisubmarine squadrons at St. Eval.!8? One re-
sult of their visit was the exchange of British and American
OR analysts. ASWORG analysts Arthur A. Brown and Ed-
ward J. Lamar went to ORS Coastal Command and Black-
ett’s team at the Admiralty, and J. P. T. Pearman of ORS
Coastal Command, who had already been to the Caribbean
in early 1942 to assist American ASW efforts, became the
key British contact with ASWORG.!83

Like their colleagues in MWORG, the civilian scien-
tists in ASWORG encountered some difficulties in dealing
with Navy traditions and biases.184 Operational informa-
tion was closely guarded, and, as Morse himself later wrote,
“to let nonmilitary persons participate in even minor opera-
tional decisions was, of course, heretical to many officers,
especially those in the Navy, with their tradition that the
commander of the ship of the fleet was absolute master. 18
Such attitudes extended even to the top of the Navy hi-
erarchy. When ASWORG was established in June 1942,
Admiral Ernest ]. King insisted that NDRC ensure that
Morse’s group work only for the Navy and disclose no infor-
mation, even to NDRC, unless authorized by the Natvy,186
ASWORG analysts sometimes discovered that their Navy
colleagues were holding out on them, and Morse noted,
“some of the group were irritated by what they called the
Navy’s refusal to make us members of the family. They felt
that withholding facts from us restricted us to the smaller,
tactical problems and made it impossible for us to help in
the bigger, strategic decisions.187

On 20 May 1943, responsibility for all ASW opera-
tions was consolidated in the newly activated Tenth Fleet
with headquarters in Washington, D.C., and the follow-
ing July, ASWORG was transferred from Atlantic Fleet to
Tenth Fleet control.}® Until about the time of its transfer
to the Tenth Fleet, ASWORG focused almost exclusively
on ASW matters. Afterward, ASWORG personnel began
to investigate a number of pressing problems in other areas.
Among the important OR studies conducted by ASWORG
between April 1942 and September 1945 were those deal-
ing with problems of searching for and attacking enemy
submarines, convoy protection, the operating capabilities of
U.S. and foreign equipment, and countermeasures for Ger-
man submarine radar and acoustic torpedoes.!® Perhaps
ASWORG's most important contribution was the develop-
ment of a general search theory, or what Morse called “a set
of definitions of important quantities and equations relating
these quantities so as to predict search efficiencies and pat-
terns, as well as to specify a procedure to evaluate the quan-
tities from the answers we hoped to find in the operational
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reports."190 On the basis of search theory, the essence of
which was worked out by George K. Kimball and Bernard
O. Koopman, ASWORG analysts were able to develop the
basic rules for visual and radar sightings and more-effec-
tive methods for locating and engaging enemy submarines

by both aircraft and surface vessels. 191

Emergence of the Operations Research Group

In September 1943, Secretary of the Navy Frank Knox
wrote to Admiral King and other senior Navy officers about
the Navy’s use of OSRD scientists for OR work, noting
that “the increased complexity of modern warfare demands
prompt analysis of the performance of new weapons and
equipment and of the operational procedures incident to
their use!? Secretary Knox also noted that as the demand
for OR had increased, the number of qualified naval person-
nel became inadequate and civilian scientists had to be ob-
tained on loan from OSRD, a satisfactory method but one
that should be considered temporary, with OSRD scientists
being replaced by officers or civil service personnel if such
services were required indefinitely.

By the late summer of 1943, the Allies had won the
“Battle of the Atlantic,” and ASWORG was able to turn
to other problems of particular interest to the Navy. The
group formed teams to deal with those problems. The situ-
ation was put on a regular basis on 7 October 1944, when
Admiral Ernest ]. King, the commander-in-chief, U.S. Fleet,
and chief of naval operations (COMINCH/CNO), ot-
dered the transfer of ASWORG from the Tenth Fleet to
the Readiness Division of Headquarters, COMINCH, and
reorganized it under the new title of Operations Research
Group (ORG).1*3

The various ASWORG teams officially became sub-
groups of ORG, and the scientific personnel for ORG
subgroups continued to be obtained on loan from the Of-
fice of Field Service, OSRD, and administered under the
OSRD contract with Columbia University.!** The vari-
ous subgroups were loaned out to the various divisions of
Headquarters, COMINCH/CNO, or to commanders of
the various fleets, and a central office—the Operations
Research Center (ORC)—was established and assigned
to the Readiness Division of Headquarters, COMINCH/
CNO.1° The director of ORG served as both the head
of ORC and the consulting supervisor of the subgroups.
The resulting organization for OR in the Navy is shown
in Figure 1-1.

The experience of the Navy Operations Research Group
during World War II provided several important lessons for
the future and for the other services.!? The first lesson was
that civilian scientists could best serve the military by re-
maining out of uniform and thus unrestrained in their con-
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Ficure 1-1—U.S. Navy OperaTiONS RESEARCH ELEMENTS: 7 OCTOBER 1944
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Note: The dates shown are those of formal organization.

Source: Details of the establishment, organization, operations, and achievements of the various ORG subgroups can be found in Keith R. Tidman,
The Operations Evaluation Group: A History of Naval Operations Analysis (Annapolis, Md.: Naval Institute Press, 1984), pp. 81-89, and ORG, HQ,
COMINCH/CNO, Summary Report to the OFS, OSRD, Washington, 1 Dec 45, pp. 24-36, in College Park, Md., National Archives II, RG 227,

Entry 179, Box 301, Folder Summary Rpt to OFS, OSRD.

tacts with all ranks, staying free from routine staff duties and
unbothered by restrictions on their intellectual freedom.!®”
Second, the formal training of scientists and mathematicians
made them especially well suited to collecting and analyzing
the data needed to find solutions to the Navy's technical and
tactical problems. Third, for the Navy to take best advantage
of its OR personnel, they needed to have access to the high-
est levels of the naval hierarchy as well as to all available op-
erational data. Fourth, the optimal organization for OR was
one that had both OR units in the field and a core OR group
at headquarters in Washington, D.C.198 Fifth, mutual trust
among the civilian scientists in ORG and the naval officers
with whom they served was essential.

OR 1~ THE UNITED STATES ARMY AIR
Forces, 1942—45

The development of operations research in the U.S.
Army Air Forces began early in 1942 and eventually spread

to AAF units around the world.!®® The AAF program drew
inspiration from both the British and the Navy programs
but differed from them in several respects. Unlike the Navy
ORG, which maintained relatively tight central control with
the principal OR unit located in Washington, D.C., and
teams sent to the active theaters only for limited periods,
the AAF system was decentralized, the operations analy-
sis sections serving with the principal Air Force command
headquarters at home and overseas being both more au-
tonomous and more closely tied to the command that they
served.?% The central office at HQ USAAF in Washington,
D.C.—the Operations Analysis Division (OAD)—served
only to help set up the OA sections and provide them with
necessary training and administrative support. In this they
resembled the British ORS more closely than the Navy
ORG. The relationship of the AAF OR program with
NDRC and OSRD was also somewhat stormier than the
Navy’s relationship with those organizations.
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The Origins of OR in the AAF

Given the early success of the ORS RAF Fighter Com-
mand in strengthening the air defenses of Britain, it was
only natural that one of the first applications of OR in the
United States was to the complex problems of air defense.
After 7 December 1941, Anglo-American contacts regard-
ing OR increased rapidly, and, in response to a request
from the U.S. military mission in London, the British Air
Ministry sent Robert Watson-Watt to the United States
in January 1942 to evaluate radar and air defense systems
in Hawaii, on the West Coast, and in Panama.?’’ Wat-
son-Watt did not spare the feelings of his hosts, and his
report on his visit, which ended in April 1942, criticized
U.S. radar and air defense warning systems as “insufficient
organization applied to technically inadequate equipment
used in exceptionally difficult conditions.”>°2 Watson-Watt
recommended that the U.S. armed forces employ scientists
to improve the air defense system in the same way the ORS
RAF Fighter Command was doing, but neither the Navy
nor the Army Air Forces took direct action.?> Watson-
Watt's visit did spur interest in OR at fairly high levels,
however, and General Arnold ordered an independent re-
view of U.S. air defenses.?**

When the independent review confirmed the faults
found by Watson-Watt, Arnold directed that the AAF air
defense system be thoroughly reorganized. Maj. Gordon P.
Saville, who had been in England observing RAF Fighter
Command operations, was recalled to the United States,
promoted to colonel, and appointed director of air defense
on the Air Staff.2> Col. Saville was familiar with the work
of the ORS RAF Fighter Command and immediately acted
to establish an equivalent capability in his directorate. He
consulted with Vannevar Bush at OSRD who passed him
on to Frank B. Jewett of the National Academy of Sciences.
Jewett introduced Saville to Cyril M. Jansky, Jr., and, on 20
March 1942, Col. Saville obtained the appointment of Jan-
sky as a special consultant.?% Jansky established a small OR
section to support AAF air defense planning and operations
at the staff level.

Jansky familiarized himself with air defense problems,
made a trip to Britain to investigate OR activities, and then
immediately set about acting as a staff-level OR analyst for
Col. Saville, setting up OA units for the various fighter com-
mands, coordinating their activities, and providing liaison for
them with other AAF agencies.?*” Jansky obtained the per-
sonnel for the fighter command OA teams, most of whom
were highly qualified experts on radar and radio engineering.
Both Jansky and the men he recruited were hired by AAF on
a per diem basis as consultants, thereby circumventing the

restrictive civil service regulations.208
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Saville and Jansky may have had ambitions for organizing
a large OA organization for the entire War Department.?%
Soon after appointing Jansky as special consultant, Col. Sav-
ille directed him to study the application of OR throughout
the War Department, and, in late April or early May 1942,
Jansky produced “Memorandum on Operational Analysis
in the War Department.?!0 Defining operational analysis
as “the objective scientific study of data accumulated during
the normal operation of a system already functioning [the
objective of which] is the formulation of recommendations
looking towards improvement in the system and increased
over-all efficiency,” Jansky recommended that operations ana-
lysts be civilians without military authority and responsible,
after the British model, to the commander to whom they
were attached.?!! In brief, Jansky envisioned a vast OR sys-
tem spread throughout the War Department including Army
ground forces units.2!2 Operations analysts would act as the
regulators of the system, conducting the “objective scientific
study of the data which are being accumulated continuously,
together with such limited experimental work as can be per-
formed without in any way impairing or disturbing the nor-
mal functioning of the system” for the purpose of advising
military commanders on ways to improve the efficiency and
effectiveness of their organization and operations.?!3 As Rau
has noted, Jansky saw military activities “as integrated systems
reliant upon dependable information. The job of the opera-
tions analyst . .. was to perfect the system.”?1

About the time Col. Saville and Jansky were starting up
OA activities in the AAF Directorate of Air Defense in the
early spring of 1942, Secretary of War Henry L. Stimson and
his special assistant, Harvey H. Bundy, visited Panama to in-
spect the defenses of the Canal Zone.?!> They discussed de-
fense issues with the commander of the Caribbean Defense
Command, Lt. Gen. Frank M. Andrews, who suggested that
a team of civilian analysts might be useful for integrating the
available radar equipment with the other defenses in Pana-
ma.?!® The immediate requirement was satisfied in August
1942 by the dispatch of two experienced communications
systems engineers, Charles A. Parker and Graham L. Tevis,
under the aegis of Jansky’s newly established office, to work
with Lt. Gen. Andrews Caribbean Defense Command.?”
They soon proved their worth, and Gen. Andrews expressed
the opinion that “if all the operational analysts selected are of
the caliber of these two men there will be no question as to

their value to the government."218

The Leach-Davidson Report, August 1942

On his return to Washington, D.C., from Panama in the
spring of 1942, Bundy conferred with Vannevar Bush and
learned about ongoing OR activities in Britain.?! Their con-
versation led Bush to arrange the establishment of a commit-



tee in the Joint New Weapons and Equipment Committee
of the Joint Chiefs of Staff (of which he was the chairman) to
prepare a report ‘on the desirability and method of extend-
ing and coordinating operations research and analysis in the
Army and Navy??° On 7 July 1942, the task of preparing
the report was assigned to Maj. Walter Barton Leach, a Har-
vard Law School professor recently called to active duty; a
few days later, Dr. Ward F. Davidson, the director of research
for Consolidated Edison, was added to the team. A Navy
representative was to be included, but the Navy never sup-
plied anyone to fill the slot.22!

Leach and Davidson made a comprehensive survey of
OR activities in Britain and the U.S. armed forces and sub-
mitted their report on 17 August 1942. At the end of their
report, Leach and Davidson made five recommendations
concerning the future development of OR in the Army and
Navy. They argued forcefully for the use of well-qualified ci-
vilian analysts assigned to field units and responsible directly
to the field commander but supported and coordinated by a
central office in Washington; effective means of administer-
ing the corps of civilian analysts with regard to recruitment,
training, assignment, pay and benefits, and travel arrange-
ments; effective coordination of the Army and Navy OR
programs; effective liaison between the U.S. and the British
OR communities; and the extension of OR techniques to all
aspects of Army and Navy 0perati0ns.222 They also warned
of the dangers of uncontrolled growth in OR activities and
laid down the principle, subsequently followed by AAF, that
OA sections should be formed only on specific request of the
commanders of the units that they were to serve. Leach and
Davidson also noted:

Our investigation has convinced us that in many commands at
various levels a civilian or group of civilians, operating as an
adjunct to the commander, can perform important services of
an analytical nature which cannot as a practical matter be per-
formed by Army or Navy personnel in war time. We have been
impressed by the record of success of analysts in England and
(for a brief period) in this country, by the uniform satisfaction
of service officers with analysts attached to their commands, by
the insistent demands of these officers for more analysts, and
by the desire for this type of help evinced by officers who have

become familiar with the experience of other commands.???

Two weeks after submitting the report to INWEC, Maj.
Leach wrote to Harvey Bundy to clarify several aspects.?** In
the accompanying memorandum, Leach noted that the OA
sections should be led by a non-scientist, preferably a lawyer,
with an outstanding scientist to head the section’s scientific
personnel. He recommended that the OA section person-
nel be equally divided between scientists and non-scientists,
experienced older men and brilliant younger men. He also

restated the recommendation that the administration of the
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OA sections be provided by a personnel corporation oper-
ating under a nonprofit contract with the secretary of war
and the secretary of the Navy and that the Army and the
Navy each create a small unit to inform service officers of
the benefits of OA, to coordinate existing OA groups and
recruit new ones, to relieve the OA groups of administrative
burdens, and to provide liaison with the British and Canadi-
ans. Leach noted that the organization of such a coordinat-
ing office should include an OA officer, a civilian scientific
consultant, a junior officer to perform security and person-
nel functions, and a clerical staff, and that it be “attached at
Staff level to a general officer convinced of the worth of the
enterprise, having broad knowledge of service organizations
and having operational authority adequate to assure OA of

a fair hearing."225

Formation of the Operations Analysis Division
on the Air Staff

For the most part, the Leach-Davidson report waslargely
ignored in the Navy and Army hierarchy. However, General
Arnold, already receiving requests for OR support from his
subordinate commanders and with several AAF OA units
already in operation, turned the Leach-Davidson report over
to his Advisory Council for its recommendation.??®

Not long after submitting his report to JINWEC, Maj.
Leach accompanied the AAF director of technology, Brig.
Gen. Harold M. McClelland, and others to England to help
set up the OA sections for the U.S. Eighth Air Force.??’
While Maj. Leach was in England, Col. Saville, Brig. Gen.
McClelland, and Brig. Gen. Muir Fairchild, the AAF direc-
tor of bombardment, pressed General Arnold to establish
an OA coordinating office similar to the one outlined in the
Leach-Davidson report.2?® On 24 October 1942, Arnold
sent a letter to his subordinate Air Force commanders and
the chiefs of the Air Staff divisions noting the “dramatic”
successes already achieved by the British civilian OR ana-
lysts and the fact that many American military leaders who
had become familiar with the British experience had already
acted to establish OR units of their own.??? In conclusion
he stated, “This method of using officers and civilians for
purely analytical work has proven fruitful in many fields, and
the Army Air Forces should make use of it where appropri-
ate”??" General Arnold also directed that an Operations
Analysis Division be created in Maj. Gen. Byron E. Gates’
Management Control Division of the Air Staff. The neces-
sary directive was issued, and OAD was established on 31
December 1942, with Leach, newly returned from England
and promoted to lieutenant colonel, as its chief.?3!

According to Rau, the original plan was to assign OAD
to Brig. Gen. McClelland’s Directorate of Technical Services,
but Col. Byron E. Gates, the assistant chief of the Air Staff
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for management control, made a successful grab to add OAD
to Management Control, which already supervised the Sta-
tistical Control Division.232 The choice of the Management
Control Division as the “home” for OAD was probably well
reasoned inasmuch as the Management Control Division
was the principal Air Staff element engaged in applying “sci-
entific management” and statistical methods to the manage-
ment of AAF. Leach’'s own take on the matter was given in
his two-year report:

There was never any theoretical justification for placing Op-
erations Analysis under Management Control. But the Chief,
Management Control had the vision to see the possibilities in
an innovation which ran counter to basic military thinking. His
willingness to give this organization a free hand and to put his
full weight behind it when support was needed is the single

most important factor in any contribution it has made to the

Air Force.?33

Lt. Col. Leach set up shop in Room 3D982 of the Pen-
tagon and began to build OAD and a system of OA sections
throughout AAF in accordance with the blueprint provided
in the August 1942 report. OAD itself remained relatively
small, but the number of OA sections formed and deployed
to satisfy the requests of AAF commanders grew rapidly. The
number of commissioned officers in OAD never exceeded
three, although four were authorized.?>* The principal func-
tions of OAD were recruiting and orienting analysts; estab-
lishing, equipping, and supporting the OA sections; main-
taining liaison between AAF OA program and other OR
activities; and publishing and distributing OA reports.??®
OAD also served as a temporary home for AAF analysts be-
tween field assignments.236 Over time, some functions, such
as overseeing the training of terminal ballistics experts and
gunnery analysts, were delegated to other agencies‘237

The AAF OA program was decentralized, and OAD
exercised no operational control of the OA sections once
they had been established. Under the circumstances, a large
headquarters operation was not required, but Col. Leach ex-
pressed some misgivings, writing, “Some of this decentral-
ization is healthy, but there has been too much of it. More-
over, the limited staff has prevented performance of some
functions which ought to have been undertaken.”?*® He con-
ceded, however, that “at this stage of the war it is not believed
that the basic set-up should be changed,” but he did propose
a larger organization in the event of “any subsequent war."?*

Leach also experienced some disappointment in that two
of his main recommendations relating to the coordination of
Army and Navy OR efforts and liaison with OR elements
in the British and Canadian forces were never implemented.
In their report, Leach and Davidson had recommended the
creation of a Joint Operations Analysis Committee under

the Joint Chiefs of Staff, the purpose of which would be to
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ensure that OR activities in the two services were propetly
coordinated.?* The proposed committee was to consist of
one OR officer and one civilian OR consultant from each of
the services. No such committee was ever formed, probably
because of disinterest on the part of the Navy. Based on their
discussion with Wing Commander A. C. Menzies, the head
of the British Air Ministry Center of Operational Research,
Leach and Davidson recommended the establishment of a li-
aison office in London to be called the American Operations
Analysis Center to provide a focal point for contact between
British and American operations analysis personnel,241 The
center also never emerged.

Operations Analysis Sections with Major Commands

The first six AAF “Op Annies” (civilian operations ana-
lysts) reported to the VIII Bomber Command in London
on 15 October 1942.2*2 Within a year after the formation
of OAD, there were nine OA sections (employing some
sixty-eight personnel) either in existence or requested by
commanders in the field.?¥* By V-] Day, there were more
than twenty-five OA sections with more than four hundred
officers, enlisted men, civilian analysts, and clerical person-
nel, many of whom had served in more than one theater of
war.”* Jansky’s OA program in the Directorate of Air De-
fense continued to exist separately, but almost all other op-
erations analysis units in the AAF came under the aegis of
Leach’s OAD.>*

Most of the OA sections were assigned to AAF opera-
tional or training commands, but late in the war OAD-spon-
sored analysts were also attached to several other Air Force
organizations. In mid-1945, General Arnold established
five Air Evaluation Boards to conduct appraisals of AAF
operations in the various theaters.?*® Each board consisted
of a small group of officers and one Op Annie who was to
assist the board in defining its scope, organizing its efforts,
and writing its report. Leach recruited five lawyers to fill the
Op Annie positions, and they were given a brief indoctrina-
tion and sent overseas. The five lawyers were George W. Ball
(Europe), Stephen P. Duggan, Jr. (southwest Pacific), Ronald
J. Foulis (Mediterranean), Norman Newmark (central Pa-
cific), and Joseph E. Nolan (China, Burma, India).?*” Some
of the boards made little use of their analyst, and Col. Leach
expressed some chagrin for not ensuring that the analysts
were wanted and that the presidents of the boards were fully
aware of their usefulness in advance of their assignment.?*®
Some of the boards employed civilian scientists to assist in
their work. For example, William W. Whitmore, an instruc-
tor in physics from MIT, served with a group of seven other
civilians from December 1944 to June 1945, preparing a re-
port on the tactical bombing of the French railway system
during the Normandy campaign.>*



The United States Strategic Bombing Survey (USSBS)
was established in 1944 to determine the effect of the Al-
lied strategic bombing campaign on the Axis powers. The
USSBS worked closely with the Air Evaluation Boards,
and a few OAD-sponsored operations analysts were placed
on loan to USSBS to help organize its work.2>? Only one
analyst, Theodore Tannewald, Jr., was actually assigned to
USSBS before the Japanese surrender, but several others
joined the survey in Japan after V-J Day.?!

In addition to his duties as chief, OAD, Col. Leach also
served as a member of the committee of operations analysts,
established by General Arnold on 8 December 1942 as the
Advisory Committee on Bombardment.?>2 Other members
of the committee included a number of officers from the Air
Staff, such as Leach’s boss, Col. Byron E. Gates; Gates' deputy,
Col. Guido R. Perera; and several distinguished civilians, in-
cluding Elihu Root, Jr., and Dr. Edward M. Eatle of the In-
stitute for Advanced Study at Princeton.?>? The purpose of
COA was to prepare a report on the progressive effect the
Allied strategic bombing campaign was having on the Ger-
man war effort, but COA “was really a steering committee for
asmall army of amalysts."254 The work of COA had an impor-
tant influence in shaping the evolving strategic bombing cam-
paign against Germany and Japan. As Secretary of War Stim-
son wrote to Army Chief of Staff Gen. George C. Marshall in
December 1943, “the work of this Committee indicates that
certain planning matters for specific operations can be effec-
tively handled by this method although the usual operations
analysis section deals primarily with tactical matters.’2>°

No OA section was established except on request of
the local commander whom it was to serve, and OAD func-
tioned as an administrative support and coordination center
without interfering in the day-to-day operations of the OA
units.2>® Each OA section was tailored to the needs of its
command, and each had a slightly different relationship with
its commander, his staff, and subordinate elements of the
command. In ideal situations, the chief of the OA section re-
ported directly to the commander or to his chief of staff and
the OA section enjoyed unrestricted access to all elements of
the command without having to “go through channels.”

Leach's principal difficulty was spreading the word about
the benefits of OR to AAF commanders in the field. Once
they learned of what OR might do for them, most AAF of-
ficers became wholehearted supporters of the concept.257
AAF operations analysts encountered few of the problems
of Navy OR workers regarding access to classified opera-
tional data.?>® Even so, as Leach noted:

Quite naturally service officers somewhat hesitate to let civil-
ians into the inner sanctum. ... We emphasize that opera-
tions analysis groups can only be valuable if the commander to
whom they are attached gives them a whole hearted coopera-
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tion which can come only from an informed enthusiasm for

this type of help.?*

Although each OA section was tailored to its command,
in October 1943 AAF attempted to standardize the orga-
nization of the OA sections by issuing a Table of Organi-
zation and Equipment (TOE) prescribing the personnel
and equipment authorized for OA sections assigned to Air
Force headquarters and to bomber, fighter, air support, and
air service commands.?®® This TOE provided for 6 officers
(1 colonel, 2 lieutenant colonels, 2 majors, and 1 captain)
and 10 enlisted men (1 master sergeant, 1 staff sergeant, 2
sergeants, 3 corporals, 2 privates first class, and 1 private).
The authorized equipment included the usual array of small
arms, entrenching tools, chemical protection gear, and office
furniture and equipment, including a dictionary, a comput-
ing machine (mechanical adding machine), a paper-fastening
machine (stapler), and one typewriter.

In recognition of the growing number of operations
analysts in the field, the War Department published Field
Manual 30-27: Regulations for Civilian Operations Analysts,
Scientific Consultants, and Technical Observers Accompanying
U.S. Army Forces in the Field.?*! The August 1944 edition of
FM 30-27 replaced the edition of 3 September 1942, which
did not mention operations analysts. FM 30-27 defined op-
erations analysts, scientific consultants, and technical observ-
ers and prescribed their official status, privileges, discipline,
uniform, indoctrination, travel, reports, and credentials. In
general, operations analysts received the privileges of com-
missioned officers, and FM 30-27 included a table of equiv-
alent ranks to clarify the status of operations analysts in the
event of their capture by the enemy.

The OA sections performed functions similar to those
of the Navy OR groups. The principal function of each OA
section was to analyze problems and advise the commander.
The OA section had no operational or administrative du-
ties or powers. Among the types of problems studied were
bombing accuracy and techniques, bomb selection and fuz-
ing, combat losses and damage, communications (including
radar and radar countermeasures), aerial gunnery, aircraft
operating ranges and fuel consumption, personnel matters,
and training activities. The choice of topics for study was di-
rected by the commander or generated by the OA section
members themselves.

Personnel Issues

In December 1944, Col. Leach noted that “obtaining the
able personnel is the secret of O.A. success and constitutes
the most difficult problem.”?®? Leach later defined the able
person he was looking for as “a genius who hasn't forgotten
that the answers to hard questions come by hard work and
not by looking into a crystal ball. In picking men that’s the

27



HISTORY OF OPERATIONS RESEARCH IN THE U.S. ARMY

standard we shoot at. Sometimes we hit it.”2%3 The task was
a daunting one; in all, OAD recruited, trained, deployed, and
managed some four hundred professional and clerical per-
sonnel during World War I1.264

OAD recruited personnel for the OA sections after
consulting with the local commander to determine his needs
and desires. In general, Col. Leach and most commanders
preferred civilian analysts to those commissioned in AAF,
although some commanders insisted that all of their analysts
be commissioned officers.2®> As Leach and Davidson noted
in their report:

The need for civilian analysts is a war-time military and naval
need of a country which undermans and underfinances its
armed services in time of peace. When war comes every of-
ficer of superior ability is needed for important operational
and administrative posts, and the supply is inevitably less than
the demand. In any post or command the operational needs
of the moment and the problems of administration, personnel
and supply absorb the time and energy of the commander and

his staff. Therefore no time left to analyze new weapons or the

many intelligence and operations reports coming in.2%

Responding to the questions of a journalist near the end
of the war, Col. Leach repeated his main argument for civil-
ian rather than uniformed operations analysts:

The great difficulty is that these officers are so inevitably ab-
sorbed with carrying out today’s mission and planning tomor-
row’s they simply don't have the time and uninterrupted atten-

tion which most of these matters require. And that’s where the

Operations Analysis Sections come in.2¢’

The reasons for keeping the Op Annies in civilian status
were that civilians could deal more effectively with all ranks,
did not compete with staff officers, could not be diverted to
other military duties, could be more easily dismissed if un-
equal to the tasks at hand, did not need to meet the rigid
physical standards required of commissioned officers, could
not be commissioned easily under existing officer procure-
ment regulations, and normally refused to accept a commis-
sion amyway.268

Of course, Leach conceded that under certain circum-
stances it might be necessary to put operations analysts in
uniform, particularly when they were assigned to the overseas
theaters where they ran some risk of capture by the enemy. In
any event, Op Annies in the theaters were required by theater
regulations to wear uniforms without insignia. Consequent-
ly, they were often mistaken for war correspondents or USO
entertainers. One OA section chief was approached by a ser-
geant who asked, “What instrument do you play, bub?"269

Leach and other leaders in the AAF OA program did
not share the bias of the British and the U.S. Navy for sci-
entists as analysts.270 In fact, as a practicing lawyer, Leach
had a positive preference for lawyers to lead the various OA
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sections.?’! In any event, by coming late into the field, AAF
program managers found it difficult to find qualified scien-
tists who were not already employed in the Navy OR pro-
gram or other essential war work. As Capt. Hall opined:
The fact that the abilities of certain civilians are not presently
being utilized in the war effort would be merely a regrettable

circumstance were it not for the fact that there appears to be

more than a fair chance that they could be of real help to the

Army in the conduct of the war.?”?

Leach therefore looked elsewhere.2”> Of the 180 analysts
employed by AAF on 1 December 1944, 14 (including some
scientists) were university presidents or heads of university
departments or research labs, 71 were scientists or engineers,
37 were mathematicians or statisticians, 23 were educational
administrators, 17 were lawyers, 11 were university faculty
members (other than scientists), 3 were economists, and 5
were drawn from various branches of inclustry.274

In their August 1942 report Leach and Davidson noted
that there should be an organization to assume the adminis-
trative details of personnel management and pay for opera-
tions analysts but that “there is no existing organization or
method of employment that fits the prescription even ap-
prO)(imthely."275 Among the alternatives they considered and
rejected were employment through the civil service, per diem
contracts, an OSRD contract with a university or other re-
search organization, commissioning of analysts in the Army
Specialist Corps or in AAF, and the President’s Emergency
Fund.?’® All of the alternatives seemed to pose substantial
problems, and Leach and Davidson recommended the cre-
ation of a personnel management corporation that would
operate under a contract with the secretary of war.

Early on, Leach had hoped that recruitment and per-
sonnel management for the OA sections could be handled
under a contract between the secretary of war and a private
nonprofit corporation, preferably the National Research
Council.?’” When negotiations with the council fell through,
Dr. Frank Aydelotte of the Institute for Advanced Study at
Princeton University expressed interest in providing the
necessary corporate entity, but Leach rejected the offer after
considering the physical difficulties of conducting business
between Washington, D.C., and Princeton, New Jersey.?”8
Instead, he discussed the matter with Harold N. Marsh, a
Washington lawyer who agreed to set up a corporation in
the District of Columbia to be known as Special Services,
Inc., that would undertake the task of managing AAF OA
personnel, and Leach himself bankrolled the establishment
of the corporation.279 That arrangement apparently failed to
get the approval of the secretary of war. Vannevar Bush at
OSRD also declined to help Leach by arranging a contract
with a university or research center along the lines of the

contract between ASWORG and Columbia University.zgo



By September 1942, Leach’s attempts to set up a corpo-
ration to handle OA personnel management assumed some
degree of urgency inasmuch as the analysts sent to the Eighth
Air Force were working on per diem consultant appoint-
ments limited to 180 days by Secretary of War Administra-
tive Order No. 50, dated 29 August 1942.28! Having failed
to arrange for a contract for management of AAF operations
analysts, either through OSRD or on an ad hoc basis, Leach
was compelled to hire all AAF analysts as special consultants
on a per diem basis limited by law to no more than $25,282
The actual per diem rate (up to the $25 maximum) was de-
termined by considering an analyst’s previous civilian salary
and an additional allowance for uniforms, equipment, and
the extra cost of insurance plus a subsistence allowance for
living away from home. Special measures had to be taken to
ensure that the overtime pay of $628.32 to which analysts
were entitled as civilian employees of the AAF did not result
in a net gain in compensation to the analyst. As Col. Leach
noted, “Adherence to the salary policy ... has been extremely
difficult in view of the competition of laboratories, industrial
companies and the Office of Field Service of OSRD!283 In
fact, competitors of the AAF, including OSRD, professed
the “no-gain, no-loss” policy but found creative ways to pro-
vide “fringe” increases that gave them a recruiting advantage.
Even so, the salaries of civilian analysts working for the AAF
exceeded the direct salary and allowances of commissioned
personnel and thus sometimes caused problems in working
relationships at the unit level. Leach called the resolution of
this problem “one of the major headaches of administration
of Operations Anadysis."284

The overall costs of the AAF OA program were sub-
stantial. As of 1 December 1944, the annual cost of OAD
alone was $36,114.80 ($22,460 in officer’s pay and allow-
ances and $13,654.80 in clerical salaries).?®> The cost of
the OA sections in the United States and overseas was
$1,162,241.44, including $932,955.70 in civilian analyst sal-
aries, $91,961.74 in officer pay and allowances, $127,324.00
in enlisted personnel pay and allowances, and approximately
$10,000 in salaries for civilian clerical personnel,286 Travel
expenses amounted to roughly $400,000, making the total
annual cost of the program approximately $1.75 million.

Relations with OSRD

The Navy got on well with Vannevar Bush and OSRD,
in large part because the Navy OR program was fairly lim-
ited, was organized on the traditional scientific “functional”
basis, relied on scientists for analytical work, and had a rela-
tively troublefree contractual arrangement with Columbia
University. Leach and OSRD, however, had a much rockier
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relationship.”®’ In the first instance, Leach was an enthusi-

astic promoter of OR, envisioning a rather expansive OA
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program for AAF, and thus clashed with Bush’s desire to
minimize the effect of OR on the relationship between sci-
ence and government. Moreover, the AAF program was or-
ganized along command lines, and AAF operations analysts
were more closely controlled by commanders in field. The
AAF program also represented a potentially significant drain
on scarce scientific talent already employed by NDRC and
OSRD. As a well-known scientist, Morse at ASWORG was
able to do a lot of his own recruiting by virtue of knowing the
potential recruits either personally or by reputation; OSRD
had only to administer them, and Bush’s own “stable” was not
seriously affected. Leach, however, was late on the field and
sought to impose significant recruiting burdens on NDRC/
OSRD. Then, too, Leach had no convenient contractual ar-
rangement for the management of AAF analysts and thus
represented another potential drain on OSRD time and ef-
fort. Significantly, Leach and his AAF OA colleagues did not
share the Navy and OSRD preference for scientists for OR
work. As a lawyer, Leach was not a member of the scientist
“club” and thus raised hackles at OSRD, particularly those of
Vannevar Bush. When Leach saw to it that the distinguished
New York lawyer John M. Harlan was named to head the
Eighth Air Force OA section in October 1942, Bush moaned
to Karl T. Compton, the president of MIT:

Now it appears that Leach has probably gone too far. I fear
that after my conversations he has fallen into the fallacy that
so many attorneys have of trying to establish a dependent re-
lationship between legal and scientific personnel rather than a

partnership. ... T hope that I can aid him . .. to avoid this pitfall

along with some others.?8

Many of Bush’s colleagues at OSRD did not share his
disdain for OR and worked actively to involve OSRD in the
Navy and AAF programs, perhaps even to bring them under
the wing of OSRD. For example, Dr. Alan T. Waterman
pushed for an OSRD-sponsored OR program that would
take over many of the administrative and training functions
that plagued Col. Leach.?®’ Shortly before the creation of the
OSRD Office of Field Service in October 1943, Col. Leach
let it be known that, unlike ASWORG, the AAF OA pro-
gram would not be placed under OFS control.?*° Leach did
not want to reorganize the AAF program along functional
lines, and he emphatically disagreed with the OFS policy of
rotating analysts between field assignments and laboratory
work. Leach’s opposition, in the words of Erik Peter Rau,
“summarily crippled most of Waterman’s ambitions for op-
erations research. Leach restricted the OFS role in Air Force
OR to recruitment and training, precisely the limitation
many OSRD staff members had wished to avoid.">!

Despite his opposition, when OFS was created under
Karl T. Compton in October 1943, Leach tried again to
work through OSRD to meet AAF OA personnel needs,
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but the issue of temporary versus permanent assignment of
OFS analysts to AAF field commands remained a sticking
point, and Leach subsequently returned to per diem con-
tracts arranged by his office.?9% After two years of experience,
in December 1944, he addressed the problem at some length
(and with obvious frustration):

It was to be expected that the Office of Scientific Research and
Development would be most helpful in securing able scientific
personnel. This proved not to be the case. This Division insist-
ed upon the following as basic personnel policies:

(a) That analysts would be employed and paid by the Air
Forces.

(b) That analysts should undertake a term of service which
was indefinite in duration and would end only when, in
the judgment of the [commanding general] to whom an
analyst was assigned, the job was completed. Ordinarily
this would mean employment for the duration.

(c) The analyst must have but one loyalty—to the Air Force
to which he is attached; he may communicate with his
previous employer, OSRD or scientific laboratories only
as permitted by his Commanding Officer and then only
through channels.

(d) He must be prepared to accept a commission in the
Army of the United States if requested to do so.

The Office of Scientific Research and Development declined to
furnish personnel to the Operations Analysis effort in the Air
Forces to be employed in accordance with the above-stated poli-
cies. Instead, OSRD set up an “Office of Field Service” (OFS)
which offered to employ scientists and loan them to the Air
Forces for three- to six-month periods. The use of personnel
thus employed was tried on a sufficient scale to constitute a fair
experiment; the experiment proved that this method of han-
dling personnel was not satisfactory. This attitude of OSRD
has been a serious handicap to the Operations Analysis pro-
gram. There is much more to be said on this subject, and at
some future day it should be said in such a way as to promote a
more effective handling of scientific and technical personnel in

the next war and between wars.2?3

The relations between the AAF OA sections and OSRD
were not entirely negative. Technical training for AAF op-
erations analysts was provided through arrangements with
NDRC/OSRD at the Radiation Lab at MIT, the Radio
Research Lab at Harvard, and the NDRC Division 2 and
Applied Mathematics Panel. The Princeton University Sta-
tion under John E. Burchard’s Division 2 of NDRC offered
courses of six to eight weeks on a variety of mathematical,
physics, and photographic interpretation/bomb damage as-
sessment subjects to small groups of four to six :1nalysts.294
Burchard and Division 2 also helped OAD recruit and train
specialists in terminal ballistics to serve in the overseas OA
sections.?> The NDRC Applied Mathematics Panel chaired
by Warren Weaver assisted OAD with the recruitment of
more than twenty mathematicians and the organization of
their training in aerial gunnery prior to their deployment to
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overseas OA sections.??® The panel also helped the OA sec-
tions in the field directly with the analysis of certain bombing

operations.297

OA Section, U.S. Eighth Air Force

It is simply impossible to discuss individually here the
organization, personnel, operations, and accomplishments of
each of the OA sections established by the AAF in World War
II, but the OA section, Eighth Air Force, merits attention as
both the earliest and the largest of the AAF OA sections.?*8
In many ways, the problems faced by the OAS Eighth Air
Force—and the solutions it found—were representative of
those of the other AAF operations analysis sections.

During a visit to England in June 1942, Cyril M. Jansky,
Jt., of the AAF Directorate of Air Defense, was approached
by Brig. Gen. Ira C. Eaker, the commander of the VIII
Bomber Command, who had observed OR in action in RAF
Bomber Command. Brig. Gen. Eaker expressed to Jansky his
desire for operations analysts.?®® This raised the question of
whether the Eighth Air Force should have a separate OR
team or whether American analysts ought to be seconded
to ORS RAF Bomber Command, which would then serve
both Eighth Air Force and RAF Bomber Command.>® Ul-
timately, the decision was to form an American OA unit. In
August 1942, Maj. Gen. Carl Spaatz, the commander of the
Eighth Air Force, acting on the advice of Brig. Gen. Eaker,
wrote to AAF commander General Arnold and to Vannevar
Bush asking for their help in forming an OR unit within the
Eighth Air Force.>*! The request was approved, and the task
of assembling the group fell to Maj. W. B. Leach, who was
aided by Dr. Ward F. Davidson. Maj. Gen. Spaatz had asked
for fifteen analysts, but that was considered too many to start
with, and the group assembled by Leach and Davidson, with
some reluctant help from OSRD, consisted of six men led by
the distinguished New York lawyer John M. Harlan.>%?

The six newly minted Op Annies arrived in England on
15 October 1942, accompanied by Brig. Gen. McClelland,
the AAF director of technology, and Maj. Leach. On 22 Oc-
tober, they reported to by then Maj. Gen. Eaker at Head-
quarters, VIII Bomber Command, at Wycombe Abbey near
London. Dr. B. G. Dickins and ORS RAF Bomber Com-
mand helped the new OA section settle in, and the two
groups subsequently maintained close personal and profes-
sional contacts.>®

On 23 October 1942, Maj. Gen. Eaker issued a directive
concerning the organization and mission of the OA section,
stating that it would work directly under his chief of staff
and would have access to all information and elements of the
command.?** Eaker also gave Harlan a list of the projects
to be undertaken and personally set the new OA section its
first task when he asked the simple question, “How can I



put twice as many bombs on my targets 77305 Answering this
question and its correlatives became the primary mission of
the OA section for the rest of the war.

Although seemingly simple, Maj. Gen. Eaker’s question
involved the investigation of many diverse interrelated fac-
tors. The section immediately began analytical work and was
soon deeply involved in studies on bombing accuracy, bomb-
ing tactics, flight procedures, weapons selection, aircraft bat-
tle damage, radar, fuel consumption, and other topics.306 To
organize the work efliciently, the OAS VIII Bomber Com-
mand was divided into seven subsections: Bombing Accuracy,
Bombs and Fuzes, Loss and Battle Damage, Radar and Radio
Countermeasures, Gunnery, General Missions Analysis, and
Tactical Mission Reporting.307 The Bombing Accuracy sub-
section gathered data, established standards, and developed
more-effective bombing tactics. The Bombs and Fuzes sub-
section studied the effects of various bomb and fuze combi-
nations on various targets and recommended more-effective
selection of weapons. The Loss and Battle Damage subsec-
tion collected data, studied the effects of enemy weapons on
Eighth Air Force bombers, and recommended tactical and
technical methods of reducing the number of aircraft dam-
aged or lost to enemy flak and fighters or to accidents. The
Radar and Radio Countermeasures subsection investigated
radar bombing methods and equipment as well as means
of foiling enemy radar and enemy jamming. The Gunnery
subsection studied aerial gunnery techniques and ways to
improve the effectiveness of Eighth Air Force gunners. The
General Mission Analysis subsection was established to han-
dle nonrecurring problems and undertook two major proj-
ects: producing the day raid reports and conducting a study
of fuel consumption that resulted in significant reduction in
the number of aircraft lost because they ran out of fuel. The
Tactical Mission Reporting subsection rationalized debrief-
ing forms and mission after-action reports.

Inasmuch as the work of the OA section pertained to
the Eighth Air Force generally, it was transferred from VIII
Bomber Command to Eighth Air Force control when Maj.
Gen. Eaker replaced Lt. Gen. Spaatz as Eighth Air Force
commander in December 1942.3% In June 1943, an OA sec-
tion headed by Lauriston S. Taylor was formed in the VIII
Fighter Command, the mission of which was to protect the
Eighth Air Force bombers and to provide training for the ele-
ments of Ninth Air Force then forming up in Englzmcl,m9 In
May 1944, small OA teams were authorized for each of the
three subordinate air divisions of VIII Bomber Command,
and, once formed, the Air Division OA section cooperated
actively with OAS Eighth Air Force 310

The OA section grew quickly, and by 1 January 1944 it
employed thirty-five operations analysts with another seven
assigned to the three subordinate air divisions. In addition to
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the thirty-five Op Annies, the section also had fifty-six other
personnel, including clerks, draftsmen, and stenographers, as
well as a detachment of female soldiers (WAC:s), for a total
strength of ninety—one.311 By the end of the war, some forty-
eight uniformed and civilian operations analysts had served

with OAS Eighth Air Force.312

Accomplishments of AAF Operations
Analysis Sections

Although the AAF operations analysis program in
World War II produced no Nobel Prize winners, the Op
Annies contributed substantially to winning the war and
made important advances in the new science of operations
research. As Col. Leach noted after the war, “the accomplish-
ment of the OA Sections is almost impossible to evaluate.
OAS was a part of the team in its Air Force. Who can say
whether a touchdown is attributable to the half back, the
tackle or the coach?”313 Indeed, each of the AAF OA sec-
tions was part of a larger team that included the staff, the
air and ground crews, and the administrative and support
personnel of the command to which it was assigned. The
improvements suggested by the OA sections in bombing ac-
curacy, more-effective tactics, better aerial gunnery, fuel con-
servation, and the like had an enormous effect on AAF mis-
sion performance, and, as one journalist noted toward the
end of the war, the analysts “practical, precise studies . .. have
not only been instrumental in making the AAF a more ef-
fective fighting machine but have saved countless lives in the
process.1* The problems studied and the solutions found
by AAF operations analysts during the war were many and
varied, and the list of specific accomplishments is long.>!®

One historian has noted that“the most distinct contribu-
tion of the Eighth Air Force OA section was its work in mea-
suring the accuracy of visual formation bombing.?!® When
the first OA section arrived at the VIII Bomber Command
in October 1942, fewer than 15 percent of the command’s
bombs were falling within 1,000 feet of the aiming point; by
October 1944, the command’s performance had improved to
greater than 60 percent, a fourfold increase in accuracy that
“meant that in 1944 250 bombers were doing the work which
in 1942 would have required more than 1000.”” OAS VIII
Bomber Command analysts also recommended putting the
best bombardier in the lead plane and having everyone else
“bomb on the leader,” a method that resulted in a substantial
improvement in accuracy, the length of bomb patterns being
reduced from 4,600 feet to 3,200 feet and the width being
reduced from 2,600 feet to 2,500 feet.3!8 In all, the improve-
ments in bombing accuracy inspired by OAS Eighth Air
Force more than satisfied Maj. Gen. Eaker’s initial request
to find out how to get twice as many bombs on the target;
the overall increase was probably far greater than 1,000 per-

3I
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cent.>? The work of W. John Youden, Lt. Col. Philip Scott,
and James A. Clarkson of OAS Eighth Air Force on bomb-
ing accuracy led to the development of bombing tactics and
procedures that subsequently became the standard doctrine
for AAF in World War 11320 The analysts at OAS Eighth
Air Force also were active in work on radar countermea-
sures, a topic of interest to the British and to Division 15 of
NDRC as well. One estimate is that more-effective Allied
radar countermeasures saved U.S. strategic air forces based

in England alone some 450 aircraft and 4,500 casualties.??!

OAS Ninth Air Force also conducted a number of
bombing accuracy studies that led to a threefold increase in
:jlccuracy.322 Target analysis studies by Derald M. West and
Leonard H. Reinke at OAS Ninth Air Force led to more-ef-
ficient selection of weapons and tactics as well as more-accu-
rate estimates of force requirements.323 Clifford H. Dowker
and Roger Hayward at OAS IX Bomber Command, togeth-
er with George W. Taylor, the chief of OAS Fourteenth Air
Force, developed “position firing” and prepared the basic AAF
aerial gunnery manual, Get That Fighter, which was subse-
quently adopted by the Navy, the Marine Corps, and the Chi-
nese Air Force3?* OAS IX Bomber Command analysts in
Libya also discovered a magnesium brine in the salt lagoons
near Benghazi that could be used to stabilize the dust on air-
fields in Libya with consequent reduction of engine wear, sav-
ing perhaps the equivalent of fifty B-24 engines.325 At OAS
Fifteenth Air Force, George W. Housner made an analysis
of underground oil storage tanks in the Vienna—Lobau area
and concluded the tanks did not have bombproof covers—

thereby facilitating a successful attack against them—and

Robert N. Davis flew over the Ploesti oil fields and took the

first radar pictures ever taken in combat.326

In the Pacific, Alexander Green of OAS XX Bomber
Command invented a sliderule-type device for estimating
the size of sighted ships and used it on its initial test flight to
identify the battleship Yamato and the main Japanese fleet in
the Inland Sea, thereby precipitating the battle that finished
the Japanese Imperial Navy.327 Roger I. Wilkinson at OAS
Thirteenth Air Force also developed effective methods for
attacking moving ships from low altitudes using radar.328 At
home, William J. Crozier and Chatles L. Foley of OAS Sec-
ond Air Force discovered that the carbon dioxide fire extin-
guishers used on most AAF aircraft actually fed rather than
extinguished fires in the magnesium engines of the B-29, a
discovery that led to changes that saved a number of B-29s
and their crews.>?

The contributions of AAF operations analysts to the de-
velopment of OR theory and procedures are little mentioned
in the sources, but they too were no doubt substantial 330
The analytical problems presented to AAF analysts were
in their own way as new and complex as any faced by the
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British ORS or the Navy ORG, and the Op Annies were
equally successful in finding innovative methods for dealing
with them.

Two AAF operations analysts made the ultimate con-
tribution. Widnell D. Knott of OAS Second Air Force was
killed in the line of duty on 3 September 1944, and Robert
W. Arneson, the only Op Annie combat casualty, was killed
in action in the Pacific on 5 May 1945331

The success of AAF OA sections can be measured in
part by the awards they received and the tributes paid to
them by the AAF commanders they served.?32 On 2 No-
vember 1943, the commander of the IX Bomber Command
informed General Arnold that

the Operations Analysis Section has made important contribu-
tions to the effectiveness of operations in this command. These
people attack problems by rational methods with a detached
viewpoint which apparently makes it possible for them to dis-
cover solutions which tactical personnel have overlooked or
have not had the necessary uninterrupted time to develop.>*?

In a2 memorandum to Col. Leach written less than a year

later, General Arnold acknowledged that

Operations Analysts, comprising some of the ablest analytical
minds of the country, have served in all Air Forces at the re-
quest of the respective commanding generals. They have made
a significant contribution to the impact of American air power

upon the enemy and the excellence of their work has been com-

mended in official communications.?3*

On 29 May 1945, Maj. Gen. W. E. Kepner, the former
commander of the VIII Fighter Command and the Second
Air Division and then commander of the Eighth Air Force,
wrote to Maj. Gen. Eaker:

We feel that our OAS contributed heavily to the success our
mission. As a group of scientifically trained civilian specialists,
they brought capable and enquiring minds to bear on a host of
operational problems. The freedom which they enjoyed from
military regimentation enabled them to deal directly with all
ranks and echelons in the Air Force with no lost motion. They

tackled with avidity any and all problems thrown at them and,

in the majority of cases, came up with the right answer.>3?

OR 1~ THE UNITED STATES ARMY
Service FORCES, 1942—45

The Marshall Reorganization of March 1942 placed
the Army’s technical services in the newly created Army
Service Forces. The Army’s “scientific” branches—the Ord-
nance Department, Medical Department, Signal Corps, and
Chemical Warfare Service—had long been accustomed to
conducting scientific research and analysis as part of their
responsibility for the design and testing of weapons and
equipment. Such work often involved techniques of mathe-
matical and statistical analysis that today we would consider



part of the “weapons design” branch of operations research.
Until World War I, it did not, however, extend to the col-
lection and analysis of operational data for the purpose of
making recommendations as to improvements in weapons,
tactics, or strategy. And, during World War II, only the Sig-
nal Corps tried to establish anything called an OR section,
and even then the work done was primarily of the engineer-
ing analysis variety.

Operational Research Branch, Office of the
Chief Signal Officer

Sir Robert Watson-Watt's survey of U.S. air defenses
and his April 1942 report attracted the attention of AAF
commander General Arnold and led to the formation of op-
erations analysis sections in AAF. The Army Signal Corps
bore primary responsibility for radar development, the most
prominent area in which British OR analysts had achieved
success. Watson-Watt's report thus also caught the eye of
the Army’s chief signal officer, Maj. Gen. Dawson Olmstead,
who directed his planning director, Col. Frank C. Meade, to
setup an OR group.?*® On the recommendation of Dr. Frank
B. Jewett of the National Academy of Sciences and Dr. Karl
T. Compton of MIT, Col. Meade selected Dr. William L.
Everitt to head the Signal Corps program, and Everitt was
duly appointed in March 1942 as a civil service employee,
grade P-8.3%7 Everitt’s official title was “senior consultant
in air communications,” but he also held the titles of “spe-
cial consultant to the secretary of war” and “scientific advisor
to the chief signal officer” In contrast to his several exalted
titles, Everitt’s civil service pay amounted to only $8,000 per
year, about one half of his previous annual income.>*8

Soon after his appointment, Everitt toured the country
examining radar sites, factories, and research facilities before
accompanying Cyril Jansky on a one-month trip to England
where they studied British OR programs firsthand. He then
returned to the United States to organize what came to be
called the Operational Research Branch, Office of the Chief
Signal Officer (ORB OCSigO).

The functions of ORB OCSigO included the analysis
of various problems having to do with radar equipment and
its use as well as the training and selection of radar person-
nel. As such, the branch more closely resembled an engi-
neering consulting firm than a true OR section.>*® Another
important task undertaken by Everitt’s group was the prep-
aration and publication of manuals, equipment handbooks,
and other training materials in the radar, radio, and wire
communications field.3** Everitt himself noted that ORB
“studies the operations and operational procedures from a
detached engineering viewpoint and suggests to the operat-
ing groups new and better improved methods aimed at a

better overall Signal Service.3#
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Everitt drew up a rather rigid, detailed organizational
plan for the group based on its assigned functions and de-
tailed job descriptions for the personnel he planned to hire.
The organizational scheme foresaw Everitt as the director
aided by an associate director in overseeing six subordinate
units each headed by an assistant director and employing
one to five engineers or scientists and a team of clerks, ste-
nographers, and draftsmen. Overall, Everitt’s plan called for
the employment of twenty-five professional and nine clerical
personnel, all of whom he intended to hire through the civil
service. It was here that he ran into serious problems. The
civil service rules and procedures were restrictive, cumber-
some, time consuming, and totally unsuited to the type of
organization requirecl‘342 The hiring of the necessary profes-
sional personnel through the civil service was also hampered
by the fact that the civil service regulations set salary levels
based on the number of subordinates one supervised rather
than on the technical qualifications required, and many well-
qualified prospects declined the offer of a job under such
conditions. Nevertheless, Everitt persevered and hired six
experienced radio engineers at various civil service grades
from P-5 to P-7.3% By October 1943, Everitt’s group had
grown to twenty-eight people,344

Once organization and hiring were under way, Everitt
drew up a list of six potential projects, all of which were es-
sentially engineering studies concerned with radar operation,
performance, maintenance, and the training and performance
of radar operators. Only Project ORG—-E-1 (which dealt
with the operation of air-surface vessel detection equipment
and the planning of flights so as to get adequate coverage)
even bordered on real OR 3%

Several Army agencies were concerned with the devel-
opment and use of radar, and the work of Everitts group
inevitably intersected with other radar-oriented activities.
He maintained close contact with other Signal Corps offices,
notably the Radar Division headed by Maj. Chatles F. Fell
(also in the Directorate of Planning) and Col. Tom C. Rives’
Radar Division in the Signal Supply Service. Inasmuch as
AAF was a prime user of radar and the AAF air defense sys-
tem was based on it, Everitt’s ORB OCSigO also had exten-
sive contacts with Jansky’s OA section in the AAF Direc-
torate of Air Defense. To avoid duplication and working at
cross purposes, Everitt and Jansky worked out a memoran-
dum of agreement as to the division of responsibilities be-
tween their two groups. The memorandum, signed on 9 May
1942, defined the function of Everitt’s group as “to provide a
consulting engineering service which can assign a group of
technical specialists to analyze the technical operating prob-
lems involved in the proper functioning of the Radar and
Air Communications Systems,” and to use field experience
to advise the research and manufacturing establishments on

33



HISTORY OF OPERATIONS RESEARCH IN THE U.S. ARMY

changes to present and future equipment, to advise training
centers and schools on the selection of personnel and curri-
cula to obtain the maximum technical performance from the
available equipment, and to serve as general consultant to the
chief signal officer on engineering problems.346 Provisions
were also included for ORB OCSigO to provide consult-
ing engineering services when Jansky’s personnel in the field
were unable to deal with special problems. Everitt and the
ORB also worked closely with Col. Leach and OAD. The
two groups assisted each other with the procurement and
training of OR personnel, liaison, and the coordination of a

wide variety of OR matters.>4’

The ORB OCSigO also had a working relationship
with NDRC and OSRD, primarily in the area of training for
radar operators.348 Despite Everitt's apparent belief that the
average American lacked the ability to be trained for radar
work in a few weeks, John Teeter of OSRD developed a two-
month program for Signal Corps radar specialists headed for
OA assignments. The students received “basic training” with
Everitt and his deputy, Lynne C. Smeby, in Washington,
D.C,, and then went to the AAF School of Applied Tactics
in Orlando, Florida; the Radar Operators and Maintenance
School at Boca Raton, Florida; and, with stops at Langley
Field and Fort Monroe in Virginia and one day in New York
City, on to the Radiation Lab at MIT and the Radio Re-
search Lab at Harvard 3#

ORB OCSigO made many important contributions to
the effective use of radar by the U.S. Army and Army Air
Forces, not the least of which was the publication of a mul-
titude of technical and training manuals. Inasmuch as their
work was almost entirely technical, it remained, as previ-
ously noted, more on the order of an engineering consulting
firm than a real OR organization, and the branch’s contri-
butions to the development of OR theory and procedures
were negligible.

Operational Analysis Branch, Signal Section, HQ European
Theater of Operations

In the spring of 1944, Col. (later Maj. Gen.) William S.
Rumbough, the chief signal officer of the European Theater
of Operations, requested the assignment of an operational
analysis section to his office.>*® The purpose of the group
was “to prepare staff studies and surveys on the technical fea-
sibility of new operational uses of Signal Corps equipment,
submit recommendations for the improvement of existing
systems based on theoretical analysis of operational results,
and furnish an engineering consultant service on problems
concerning radiation propagation and electronics.”**!

The request was approved, and Dr. Everitt of ORB OC-
SigO selected the personnel for the team and then placed
them under contract with the Office of Field Service, OSRD.
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The initial group consisting of Karl R. Spangenberg, O. M.
Covington, and the section chief Royal V. Howard reported
to Headquarters, European Theater of Operations, United
States Army (ETOUSA) on 23 July 1944, and by the end of
September they were joined by Lucien L. Farkas, Robert A.
Fox, Eugene O. Pack, and Carl C. Bath.>*

During the period 23 July 1944 through 20 May 1945,
the branch, led by Howard and then Farkas and billeted in
Paris, completed some thirty-one separate assignments, in-
cluding work for the Twelfth Army Group, the First, Third,
and Ninth U.S. Armies, and the Combined Intelligence Of-
fice Survey. Most of their work dealt with radar, but they also
studied identification friend or foe systems, captured Ger-
man signal equipment, guided missiles, and radio produc-
tion facilities in France. Their duties occasionally brought
them under enemy fire.

The degree to which the activities of the ETOUSA Sig-
nal Operational Analysis Branch constituted engineering
work rather than OR is testified to by Karl R. Spangenberg,
one of the original team members who later noted that the
group did useful work, although the nature of that work was
not as originally contemplated (that is, not to act in part as an
OA group) and that, although difficult, it would have been
both possible and desirable for it to act as an OA group.353
In fact, Spangenberg terminated his assignment to the group
and departed for the United States on 3 October 1944, writ-
ing in his after-action report to OSRD, “Inasmuch as I am
not a service specialist, as there was not prospect of doing any
operations analysis, and as there is not immediate prospect of

further investigational work, I terminated my activity.”354

The Army Ordnance Department

The World War II-era Army Ordnance Department
was responsible for the design, testing, and maintenance of
weapons, ammunition, and tank and automotive equipment.
Its activities were conducted in a number of laboratories and
testing sites throughout the United States and they involved
a good deal of mathematically based scientific research on
design and performance characteristics. Many analysts who
have served in the Army’s OR program since World War II
assert that the Ordnance Department, and in particular the
Ballistic Research Laboratories (BRL) at Aberdeen Prov-
ing Ground in Maryland, was deeply involved in OR dur-
ing World War II. Unfortunately, the documentary evidence
does not support such an assertion.>*> Even so, scientists at
BRL undoubtedly used a variety of mathematical and sta-
tistical techniques in their work on the design and testing of
the weapons systems, ammunition, and tank and automo-
tive equipment for which they were responsible, and some
of their activities certainly bordered on OR even as it was

defined in World War II.



Aberdeen Proving Ground was established in August
1917 as an ordnance test facility, and, in December 1938,
its Research Division was redesignated as BRL. In 1940,
the BRL was fully organized with 65 personnel and an an-
nual appropriation of $120,000; by V-E Day, BRL staff
had increased to 729 people and the annual appropriation
to $1.6 million.>*® The BRL was under the direction of an
Ordnance Corps officer. From 1938 to 1941, the director
was Col. H. H. Zornig, and, from 1941 to 1949, Lt. Col.
L. E. Simon served in that position.357 The mission of BRL
was to conduct basic and technical research in ballistics and
the related fields of physics, chemistry, mathematics, and
engineering. Among the tasks undertaken were weapons
systems development; quality control; the development of
computing techniques; the preparation of ballistic tables for
guns, bombs, and rockets; and provision of information re-
garding the effects of various weapons when used in combat.
To organize the work more efficiently, BRL formed sections
to deal with interior, exterior, and terminal ballistics and the
like. An internal advisory council assisted the director, and a
scientific advisory council of twelve eminent American sci-
entists was formed in 1940 to provide advice and help with
the recruiting of scientists. One of the principal functions of
BRL was the preparation of ballistics firing tables for vari-
ous weapons and ammunition as well as aerial bombs. The
BRL workload in this area increased greatly during World
War II, and a substantial portion of the BRL effort was
directed to testing weapons, ammunition, and bombs and
computing firing and bombing tables. Another major BRL
function was the surveillance of ammunition, and during the
war BRL scientists developed reliable sampling techniques
that significantly improved the quality control of stockpiled
ammunition.

BRL also provided other technical information and as-
sistance to troops in the field. For example, BRL trained and
deployed technical service teams to calibrate guns in the field.
This work, too, expanded exponentially between 1941 and
1945, and BRL research work was set aside to solve more-
pressing practical problems. The technical analysis assistance
provided by BRL to the Army and Army Air Forces in the
field included studies to determine the optimum bomb pat-
tern to ensure a high probability of destroying a target on a
single bombing run, the development for the Army in the Pa-
cific of a special artillery fuze that would not explode when
hitting jungle treetops, the vulnerability of the German 88-
mm. gun to fragmenting shells, the reduction of sight errors
and dispersion of aerial gunnery, and computation for the
Army and Navy of new ballistics tables that would help en-
sure the destruction of concrete pillboxes.358 Toward the end
of the war, BRL also conducted a series of experiments on
the vulnerability of U.S. aircraft. All of these activities in-
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volved the collection of test and operational data, analysis of
the data using mathematical and statistical methods, and the
production of recommendations for new weapons, ammuni-
tion, and fuzes, or the improvement of existing materiel and
corresponding means of improving techniques. As such, they
probably qualify as operations research under the definitions
now accepted.

The testimony of several scientists who worked at BRL
during the war also lend credibility to the claim that BRL
was involved in OR. In an oral history interview conducted
in April 1992, Arthur Stein, who first began work at BRL in
October 1941, stated that in the eatly days of the war BRL
adopted a multidisciplinary approach to problems, many of
which were varieties of optimization problems.%9 Stein re-
lated that some of his assignments at BRL “were very inter-
esting and might have been called operations research if that
discipline existed.?®® On the other hand, he also stated that,
to his knowledge, “there had been no work on the kinds of

operations research that dealt with large forces. 361

Another BRL employee during the World War II peri-
od and after was Frank Grubbs, who served as an Ordnance
Corps officer during the war and was first assigned to BRL
in 1941, He remained there, with a short break, until the end
0f 1946.3%2 Iny an oral history interview, Grubbs recalled that
“military operations research got started with a group in the
BRL called [the] Advisory Council. It consisted of a director
of the BRL and the laboratory chiefs, and associate techni-
cal directors.” Grubbs went on to state that OR began in the
Advisory Council’s investigations regarding the infantry rifle
and expanded to the study of artillery and other items, even-
tually resulting in the introduction of the weapons systems
analysis function at the lab.3%3 Grubbs’ testimony is some-
what problematic in that the activity he describes as OR and
the Weapons Systems Laboratory were postwar additions
to BRL. In his interview, the distinction between wartime
events and those that occurred in the immediate postwar pe-
riod is sometimes unclear.

The available evidence thus seems to lead to the conclu-
sion that, although BRL was involved in a number of what
might be termed proto-operations research activities, there
was no sustained and distinct OR activity in the Ordnance
Department in World War II. Of course, the successful ap-
plication of OR to other military activities during the war
led to its widespread adoption throughout the Army, includ-
ing the Ordnance Department, in the postwar period.

Other Army Service Forces Elements

The World War IT-era Chemical Warfare Service (later
renamed the Chemical Corps) was responsible for the devel-
opment and use of chemical (gas) and flame weapons and
defenses against such weapons. Of course, there were no ac-
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tive chemical operations by U.S. forces during World War II,
and, as is the case with the Ordnance Department, there is
no documentary evidence to support the conclusion that the
Army’s Chemical Warfare Service conducted any sustained
or distinct OR activities during World War II. However, the
Chemical Warfare Service apparently did ask the NDRC
Applied Mathematics Panel for assistance in calculating the
number of gas bombs of a given type required to produce a
minimum gas concentration over a specified area in a certain
time, a task that no doubt required the application of OR-
like methods.36*

The Army Medical Department was responsible for
evacuating and treating casualties and for providing medical
equipment and supplies. As part of its responsibilities, the
department conducted extensive medical research, includ-
ing research that today might be included under the general
heading of OR of the“human performance”variety. Although
few details are available, a twenty-man group composed pri-
marily of Medical Corps officers, went to Fort Knox, Ken-
tucky, in early 1942 to conduct studies on the performance

of armored crewmen.3%®

OR 1~n THE UNITED STATES ARMY
GrounD Forces, 1942—45

The application of operations research techniques to the
improvement of the equipment and tactics of Army ground
forces lagged behind their application to air and naval opera-
tions. This was true in Britain as well as in the United States,
although by the end of the war the British had several OR
sections assigned to its ground forces and doing important
OR work. No. 2 ORS was assigned to Field Marshal Ber-
nard Law Montgomery’s 21. Army Group, and the chief of
No. 2 ORS noted in his after-action report that the applica-
tion of scientific methods to the development of weapons

was well established by World War II, but

the complexities of military tactics proved for a long time intrac-
table, since even the smallest battle is a bewildering compound
of variables, and new methods had therefore to be worked out
before there could be any hope of results. . . . For the superficial
details of battle may be altered in a moment by the introduction

of a new weapon, while the underlying principles of warfare

scarcely change from one century to the next.%®

From early 1942, U.S. Army OR leaders advocated
the extension of OR to Army ground forces. In April-May
1942, Cyril Jansky, the special consultant on operations anal-
ysis in the AAF Directorate of Air Defense, suggested that
operations analysis be applied not only to AAF commands
but also to the Army’s armored, antiaircraft artillery, and
tank destroyer commands.>®” In July 1942, the subject was
broached in NDRC when Robert W. King, the executive as-
sistant to the chairman of NDRC, wrote to Vannevar Bush
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suggesting that there was a need for the analysis of battle data
that might merit the creation of a group of analysts to study
land warfare activities.>®8 In their August 1942 report, Leach
and Davidson echoed Jansky’s opinion, noting that there was
no reason that operations analysis should not apply to such
areas as tank warfare or training programs.>®

No action was taken in 1942 or most of 1943 to form
OR groups for the Army ground forces on the pattern of the
British, Navy, or AAF OR groups, but in November 1943, Lt.
Col. Leach brought the matter to the fore in a memorandum
prepared for Harvey Bundy, who passed it on to Maj. Gen.
Stephen G. Henry, the director of the New Developments
Division of the War Department General Staff, with the
comment, “This development [OR] has been adopted with
conspicuous success by the Air Forces but the Ground Forces
have really not been aware of its advantages nor do I believe
they have studied the matter intensively."370 In his cover let-
ter to Bundy, Lt. Col. Leach raised a number of issues grow-
ing out of his sixteen months of experience as chief of OAD,
noting that he was providing the memo to Bundy for his use
at such time as “someone in the Ground Forces tentatively
concludes that Operations Analysis should be established
there and requests you for suggestions as to what steps ought
to be taken.?”! In his 2 November memo, Leach recounted
the success of AAF OA sections and the advantages of using
civilian operations analysts before pointing out that Army
commanders in the field would continue to ignore the value
of OA unless it was brought to their attention by top author-
ity, as had been done by General Arnold in his 24 October
1942 letter to key AAF commanders and Air Staff officers.>”2
Leach went on to set two prerequisites for the establishment
of OA in the ground forces: OA sections must be desired and
requested by commanders in the field, and an administrative
organization must be established in Washington to recruit
and administer the OA sections. He further recommended
that the proposed Washington OA coordinating office con-
sist of a colonel as chief and one to three lieutenant colonels,
all under the supervision of a general officer connected to op-
erations, perhaps the chief of the theater group in the Opera-
tions Division of the War Department General Staff. On 25
November 1943, Lt. Col. Leach reiterated his arguments for
the extension of OA to the Army ground forces and the need
for the personal backing of the Army chief of staff in a memo-
randum to Secretary of War Henry L. Stimson.>”3

As aresult of Leach’s prodding, a draft letter was prepared
for the signature of Army Chief of Staff Gen. George C. Mar-
shall, addressed to all major Army ground force commanders,
in which the drafter (probably Leach) stated that “serious con-
sideration should be given to the extension of the use of opera-
tions analysis teams to ground and amphibious operations in
all theaters.”* On 6 December 1943, Secretary Stimson sent



a memorandum to General Marshall enclosing the draft and
several papers dealing with the development of OA in AAF
and noting that Lt. Gen. Willard FE. Harmon, the commander
of Army forces in the South Pacific, had requested an analy-
sis section to study jungle warfare, and that Lt. Gen. Jacob D.
Devers in Europe had expressed interest in having OA help.
Secretary Stimson suggested to General Marshall that “it may
be that this would be an appropriate time to consider a general
extension of the operations analysis program."375

On 17 November 1943, Lt. Gen. Harmon had indeed
requested, “a well-rounded Operations Analysis Section for
jungle warfare comprising five or six men.?”® Lt. Col. R. E.
Elwell from OAD, HQ AAF, was sent out to Lt. Gen. Har-
mon’s headquarters to assess requirements and reported that
Harmon planned to use the proposed OA section for im-
proving troop morale, photographic interpretation, adapting
arms and equipment for jungle fighting, studying the use of
limited facilities for the movement of personnel and supplies,
and solving problems of communications and the adaptation
of communications equipment for use in jungle warfare37”

There is no evidence that Lt. Gen. Harmon ever re-
ceived the requested OA team.>”8 General Marshall appar-
ently did, however, charge two War Department General
Staff officers in the current section of the Operations Divi-
sion with overseeing the establishment of OA sections in
the Army ground forces, causing Vannevar Bush to opine,
“It seems to me that the matter of operations [analysis] sec-
tions in the Ground Forces is well launched and apparently

in very good hands.?7?

Research Section, General Headquarters,
Southwest Pacific Area

Although no OA section was assigned to Headquarters,
South Pacific Area, two OA sections were formed under the
auspices of the Office of Field Service, OSRD, in early 1944
for service in the Southwest Pacific Area and in the Pacific
Ocean (Mid-Pacific) Area. The first to be formed was the
Research Section, Headquarters, Southwest Pacific Area.8°

By late 1943, the attention of OSRD was turning from
the production of new weapons to the effective introduc-
tion to and use by the troops in the field of those weapons
already in production. The creation of the OSRD Office
of Field Service under Dr. Karl T. Compton, on 15 Octo-
ber 1943, provided a means by which OSRD could help
the armed forces meet the needs of field commanders for
both “field services” and operations research. Accordingly,
in December 1943, Dr. Compton traveled to the southwest
Pacific to discuss with Gen. Douglas MacArthur his needs
and desires for scientific help and he returned with a list of
twenty-five problems on which scientific advice was need-
ed. In February 1944, General MacArthur formally re-
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quested the establishment of a research section in his head-
quarters at Brisbane, Australia, staffed by representatives
of OSRD, to handle the visits of field service consultants
and to provide OFS-sponsored scientists and technicians
to solve new problems as they arose. The Research Section,
General Headquarters, Southwest Pacific Area (GHQ
SWPA), began operations in April 1944 with the arrival of
Dr. George R. Harrison as section chief and E. B. Hubbard
as scientific aide.38! Contrary to the long-standing admoni-
tions of Col. Leach, the research section was buried deep
in the headquarters structure by being assigned to the of-
fice of Maj. Gen. Spencer B. Akin, the GHQ SWPA chief
signal officer.382 Consequently, the scientists in the section
did not have ready access to the key decision makers.3%3
The Research Section reported through the Signal Office
and MacArthur’s adjutant general to the War Department
General Staff New Developments Division.

Dr. H. Kirk Stephenson arrived in June 1944 to take over
as scientific aide, and in July 1944 Dr. Harrison returned to
the United States and was replaced as section chief by Dr.
Paul E. Klopsteg. In mid-September, the section moved
with MacArthur's GHQ to Hollandia. Klopsteg preceded
the main group and, when Hubbard, Stephenson, and the
three WACs assigned to the section arrived in Hollandia
in late September, they found that the Research Section,
GHQ SWPA, consisted of “Klopsteg, a small table, and
a chair at one end of a Quonset hut.®* The following
month, both Klopsteg and Hubbard returned home, and
Stephenson became chief, a position he retained until the
end of the war,

In general, relations of the civilian scientists in the Re-
search Section with their uniformed colleagues was satisfac-
tory, but Stephenson related:

we also had a little trouble with the military men now and

then. Some of it resulted from stupidity, some from jealousy,

and some from pure cussedness. One officer tried to steal my
office and my three WAC’s while I was away on a trip, but the

WAC's had connections.?8>

In early 1942, long before Dr. Compton’s visit to GHQ
SWPA, Maj. Gen. W. H. Marquat, the commander of the
14th Anti-Aircraft Command, had tried to get analysts to
work with his command but was unsuccessful.*¢ He repeat-
ed his request to Compton in December 1943, and Dr. Sid-
ney Darlington was sent out under OFS auspices in August
1944387 Darlington worked until April 1945 with Maj. Gen.
Marquat’s staff and operating units to study the performance
of U.S. antiaircraft artillery and the performance and tactics
of Japanese aircraft. Darlington studied the effects of meteo-
rological conditions on 90-mm. antiaircraft artillery fire and

wrote several training circulars on the subject. In cooperation
with Henry Abajian of the Radiation Lab at MIT, he invent-
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ed an attachment to the M—9 antiaircraft predictor to correct
the problem of lagging bursts, a frequent problem because of
the Japanese pilots’ tactic of accelerating when they first came
under antiaircraft fire. Darlington moved to the Philippines
in November 1944 to conduct studies (using movie cameras)
on Japanese tactics for evading antiaircraft fire.

During his visit to GHQ SWPA in December 1943,
Karl Compton was approached by the SWPA chief signal
officer Maj. Gen. Akin with a request for experts in time and
motion studies to investigate the command’s signal commu-
nications centers with a view to improving their operating
efficiency.’®® Two OFS contract experts, Herbert F. Good-
win and A. H. Mogensen, studied the problem from April
to June 1944, and their work was continued by D. E. Copell
from June to September 1944. The OFS experts provided
training in work simplification, and several hundred train-
ees were taught to apply the principles to various message
center functions.

During Compton’s visit to GHQ SWPA he also dis-
cussed engineering problems with Maj. Gen. Hugh J. Casey,
chief engineer, GHQ SWPA, who asked for the help of sev-
era] engineering experts to advise on construction problems,
especially the construction of airfields, and the performance
of engineer equipment in jungle environments.>®® Subse-
quently, two engineers attached to the Research Section,
GHQ SWPA—]. A. Russell and J. P. Becich—worked with
the engineers in New Guinea from April to September 1944,
advising on the siting and construction of airfields. They also
worked in the office of the chief engineer, GHQ SWPA, in
Brisbane, assisting with planning and writing engineer train-
ing and instruction manuals. Russell and Becich were later
replaced by J. W. Farwell who served in New Guinea and
Leyte providing advice on construction problems.

By December 1944, the Research Section had personnel
scattered all over the southwest Pacific from Sydney to the
Philippines, and, in January 1945, the section moved with
GHQ, SWPA, to Tacloban on Leyte. There it was trans-
ferred from the control of Maj. Gen. Akin to the United
States Army Forces Far East (USAFFE) Board headed by
Col. William Alexander.3*° In early March 1945, the Re-
search Section moved with the USAFFE Board and GHQ
SWPA to Manila. Almost immediately, Dr. Stephenson re-
turned to the United States for consultations with Compton
and Bush, orientations on new equipment, and other mat-
ters. By the time he returned in late June, the war in Europe
had ended and Alan T. Waterman had traveled to the Pacific
to explore the possibilities of establishing a Pacific branch of
OSRD with lab and shop facilities in Manila.

The period from late June 1945 until the end of the
war on 2 September 1945 was one of great activity for the
Research Section. When Karl Compton arrived in Manila
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in August 1945 to set up the Pacific Branch-OSRD, the
Research Section was overseeing some thirty-five men on
assignment in the theater and more than forty on call for
various projects.391 Plans called for expansion to more than
two hundred scientists and technicians, but the war ended
before that could come to pass, and the section shrank
quickly. The last task handled by the section before being
officially inactivated, on 13 September 1945, was the dis-
patch to Japan of a mission of nine scientists led by Dr. E.
L. Moreland to study the state of Japanese science and to
exploit Japanese scientists.>%2

In all, the Research Section, SWPA, managed some one
hundred scientists and technical personnel; the usual dura-
tion of assignment was from three to six months.3?? For the
most part, the projects they undertook fell into the category
of “field service” or engineering consultation rather than op-
erations research, but some limited OR work was performed
by men assigned to the Research Section, GHQ SWPA 3%
Among the topics studied were radar employment, radio
propagation, and radar countermeasures; LORAN (LOng—
RAnge Navigation, a terrestrial navigation system using
low-frequency radio transmissions from fixed land-based
stations); marine borers and insect infestation of Army food
stores; tropical deterioration; transportation bottlenecks and
equipment failures; DUKW (amphibious truck) operations;
immunizations, treatment of malaria, and fungus infections
of the skin; the use of DDT (dichlorodiphenyltrichloroeth-
ane) and other insecticides; the use of smoke munitions in
combat; antiaircraft artillery; rockets; silent weapons; chem-
ical warfare; mortars and tank-mounted flame-throwers;
engineering operations; Japanese weapons and equipment;
scientific intelligence; communications systems planning;
and time-motion studies to simplify communications cen-

ters operations.395

“The Balanced Team”—Operational Research Section,
HQ Pacific Ocean Area

On his way to the southwest Pacific in December 1943,
Karl Compton stopped in Hawaii to discuss the need for
scientific support with Admiral Chester Nimitz. Nimitz,
who shared General MacArthur’s distaste for intetlopers in
his command, declined Compton’s offers of assistance, but
Compton enjoyed a warmer reception when he called on Lt.
Gen. Robert C. Richardson, Jr., the commander of Army
forces in the Pacific Ocean Area.3*® Richardson had already
inquired of the War Department in the fall of 1943 about the
possibilities of establishing an OR section, and he responded
positively to Compton’s proposals.>®” Compton stopped to
see Richardson again on his way back from MacArthur’s
headquarters in late January 1944, and Richardson expressed
interest in a “balanced team” of civilian scientists sponsored



by OSRD. The “balanced team” concept, which envisioned
a team composed of both OR and field service representa-
tives, was promoted by OSRD ofhicials who were somewhat

miffed when Lt. Gen. Richardson dubbed his group the “op-
erational research section.%®

In late February 1944, the ubiquitous Lt. Col. Leach
stopped in Hawaii on his way back from a visit to GHQ
SWPA and Headquarters, U.S. Army Forces in the South
Pacific. He called on Lt. Gen. Richardson and, following
some detailed legwork with Richardson’s staft and subor-
dinate commanders, made a number of useful recommen-
dations regarding the organization and initial tasks of the
proposed ORS Pacific Ocean Area (POA).>* As to the or-
ganization of the team, Leach recommended that it consist of
a mature man with leadership and administrative abilities as
chief, to be stationed at Fort Shafter, Hawaii; a mature man,
preferably a physicist or mathematician or at least someone
accustomed to working with scientists, to be deputy chief
stationed at Schofield Barracks and to spend much time in
forward areas; two men for the study of loading and sup-
ply problems; two men with construction engineering back-
grounds and training in terminal ballistics; two mathematical
physicists able to adapt to the study of tactical problems and
the effective use of technical devices; a communications en-
gineer with radio experience; two or three physically fit and
enthusiastic younger men, not necessarily scientists, to serve
as a flexible reserve; and two enlisted stenographers and one
enlisted draftsman to provide administrative support. Leach
also noted that the two senior men should be selected first
and that they should help select the remaining team mem-
bers. He also reminded Lt. Gen. Richardson that the success
of any OA section depended on the quality of its personnel,
and told him of the meeting with officers of the 7th and 27th
divisions where he had collected information on “the types
of problems with which an analysis section would deal400
Leach’s long list of “principal problems suggested for initial
study” included the efficient use of labor; the effectiveness of
depot operations; the reduction of paperwork; supply and
transportation problems associated with amphibious opera-
tions; the tactics of amphibious operations, including the
effectiveness of various types of pre-landing attacks, the co-
ordination of fire support, the detection and destruction of
underwater obstacles, the use of smoke, and peculiar hydro-
graphic conditions; and all types of problems associated with
radar and radio communications in amphibious operations.

On 4 March 1944, Lt. Gen. Richardson submitted his
formal request for the assignment of a “balanced team” and
asked for a chief, deputy chief, and nine or ten men. Col.
Leach and Lt. Gen. Richardson had agreed that an OSRD
representative should be sent out to study requirements and
draw up a list of recommendations. Accordingly, in March
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1944, Dr. Paul E. Klopsteg, then chief of NDRC Division
17, was sent to Hawaii to consult with Richardson’s staff re-
garding the type of work required. He returned to Washing-
ton in April with a long list of potential projects.401

Meanwhile, the search for men to compose the team went
forward slowly. Many of the potential candidates, both for
the job of section chief and to serve as analysts and field ser-
vice men, were already gainfully employed and could not be
convinced to change jobs.*? John E. Burchard was proposed
as chief of ORS POA but was obligated to the Navy, so Dr.
Lauriston C. Marshall was selected, and Burchard agreed to
go with Marshall to Hawaii to help him get started.*93 After
some difficulties, Niels E. Edlefson, Roderick Stephens, Na-
than Newmark, and Norman Dahl were selected for assign-
ment to ORS POA, with Helge Holst as administrative assis-
tant. Burchard, Marshall, Stephens, and Holst, accompanied
by Lt. Col. Henderson of the New Developments Division of
the War Department General Staff, arrived in Hawaii on 31
May 1944 and immediately set to work.

The mission of ORS POA was laid out in Section II,
Circular No. 102, Headquarters, United States Army Forces
in the Central Pacific Area, on 16 June 1944, and was sub-
sequently revised and expanded in Circular No. 2, Head-
quarters, United States Army Forces Pacific Ocean Area
(USAFPOA), dated 2 January 1945. In brief, the ORS POA
mission was to inform military personnel of the command
about new scientific developments and equipment; to assist
in the use of existing equipment and techniques; to assist in
determining requirements for new equipment or modifica-
tions to existing equipment and in the development of tech-
niques for using that equipment; and to inform civilian and
Army scientific and technical agencies in the United States
of matters in the command having a bearing on the devel-
opment of new equipment, modifications, or techniques.‘m4
By verbal authorization, the services of ORS POA were also
made available to Army Air Forces, Navy, and Marine Corps
units in the theater.40>

Following the arrival in Hawaii of the initial contingent,
ORS POA grew steadily until the end of the war. A table of
organization was drawn up with the assistance of the USAF-
POA G-3 section calling for a permanent establishment of
twenty-three men. At the end of the war, ORS POA had a
total of fifteen men organized in four main groups: weapons
and analysis; radar, communications, and countermeasures;
amphibious operations, transportation, and cargo handling;
and work simpliﬁcation.“o6 Another nine people were in the
theater working out of ORS POA and cooperating with
ORS POA regulars, and two Army Signal Corps officers
were detailed to ORS POA. By September 1945, nearly fifty
men had been attached to ORS POA at one time or another

for varying periods.407
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Unlike General MacArthur, Lt. Gen. Richardson un-
derstood the importance of establishing the team directly
under the top command leadership, and he wrote to Comp-
ton on 5 May 1944 to tell him that would be the case with
ORS POA.*8 For administrative purposes ORS POA
was assigned to work under the supervision of USAFPOA
G-3 rather than as a separate Special Staff section, as had
been originally envisioned. Some difficulties were encoun-
tered with restrictions imposed by lower-ranking officers in
the G-3 section and having to do with ORS POA direct
communications with OSRD, but Lauriston Marshall got
them resolved with POA chief of staff Maj. Gen. Clark L.
Ruffner.4%? Throughout the assignment of ORS POA to
HQ USAFPOA, Lt. Gen. Richardson, Maj. Gen. Ruffner,
USAFPOA staff, and subordinate commanders maintained
a very positive attitude toward the civilians of the “balanced
team,” and Lt. Gen. Richardson even approved their informal
work for the Navy and Army Air Forces.

Of necessity, ORS POA interacted almost daily with
both the OSRD Office of Field Service and the War De-
partment General Staff New Developments Division. Mar-
shall, the chief of ORS POA, had held a high position with
OSRD and had extensive experience in dealing with Van-
nevar Bush and the NDRC/OSRD bureaucracy. Nevet-
theless, he encountered a number of difficulties in dealing
with OFS, mostly problems involving the terms of assign-
ment of field personnel.410 The OFS-sponsored personnel
who came to the theater on specific, temporary assignments
could be managed with little difficulty, but the frequent
rotation, griping, and seeming lack of dedication and dis-
cipline of some of the “permanent” members of ORS POA
posed substantial problems. In his final report, Marshall felt
compelled to state:

either there should be more control within the OSRD orga-
nization and willing discipline amongst its personnel or some
other scheme should be adopted in case of another war. If in
total war men are to be exempted from the operation of the
Selective Service Laws because of their peculiar abilities, there
is no apparent reason why they should not be subject to some
of the controls placed on members of the armed services in the
war service which their peculiar abilities make it possible for
them to render, When a man does not choose to work where
he can best contribute to the war effort because it will take or
keep him away from his family for a year, the comparison with
officers of the armed services who have been absent from their
families for three or four years is unfavorable. The scientists
and those qualified to work with them in this war have been a
privileged class and some individuals involved have not always
recognized the obligations which should have accompanied
their privileges. The British method of handling their scientists
should be studied. "

In contrast, ORS POA and the New Developments Di-
vision worked well together and maintained cordial and rela-
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tively stress-free relations. In his final report Marshall noted
that the New Developments Division

performed the unique function of bringing together on a com-
mon meeting ground the points of view of the military and the
civilian scientists. The officers in this section were thus in a po-
sition to see all sides of the problem and help in synthesizing
some of the points of view represented. Solutions to problems

were found quickly in this manner, aiding materially it is be-

lieved in expediting satisfactory conclusion of the war.*2

ORS POA also enjoyed good relationships with the
Research Branch, GHQ SWPA, as well as AAF and Navy
operations research groups stationed in Hawaii.*13 A clear di-
vision of responsibilities was worked out between ORS POA
and AAF OAS Pacific Ocean Area (Seventh Air Force), and
Marshall’s team occasionally assisted the AAF section with
the loan of expert personnel. The field service representatives
and OR analysts at ORS POA also maintained a good work-
ing relationship with the members of the Navy Operations
Research Group at Pear]l Harbor, particularly those involved
in submarine warfare and air operations.* Shortly before the
end of the war, more than a third of the personnel assigned
to ORS POA were in forward areas on temporary duty with
AAF units.*1°> Overall, ORS POA devoted about half of its
total effort to projects of interest to the Navy or AAE®

ORS POA undertook a number of studies and provided
advice on a wide variety of topics, making particular contri-
butions in the areas of radar defenses, communications, the
use of port facilities, and cargo handling.*!” Lt. Gen. Rich-
ardson did not share General MacArthur’s suspicions and
biases and was quite willing to have “outsiders” examine and
critique the operations of his command. Thus, although a
good portion of the work done by ORS POA fell into the
“field service” category, a fair number of analytical studies also
used the methods of operations research. The constant inter-
action with Navy and AAF OR personnel no doubt kept the
analysts at ORS POA inspired and up to date on the newest
developments in OR and the successes being achieved by OR
analysts elsewhere. In any case, what OR work was done by
the members of ORS POA accounted for the largest part of
all OR work done in the Army ground forces in World War
I, and set the path for the sustained application of opera-
tions research techniques to land warfare for the U.S. Army
in the postwar period.

HistoriaNs AND Op ANNIES

One brief coda needs to be added to the history of oper-
ations research in the U.S. Army during World War II. The
operations analysts sent out by Navy ORG, Army Air Forces
OAD, or to the Pacific by the OSRD Office of Field Service
were not the only men in the field gathering operational data,
subjecting it to analysis, and writing up the results in a form



useful to military commanders and staff officers. The His-
torical Branch of the War Department General Staff formed
a number of teams of historians who were assigned to the
various theaters of war for the purpose of collecting histori-
cal data, analyzing those data, and producing reports and
histories of the operations of Army Air Forces, Army service
forces, and Army ground forces units around the world.#18

The work done by the Army field historians was similar
in form and purpose, if not in content, to the work done by
operations analysts—the major difference was that histori-
ans relied on historical method whereas the operations ana-
lysts frequently used mathematical and statistical models to
help them organize and understand the data. In fact, more
than one of the Army’s World War II field historians, no-
tably Hugh M. Cole, later turned up in the Operations Re-
search Office and other postwar Army operations research
activities.

The degree to which the work of the historian and that
of the operations analyst is related is shown by one World
War II OSRD Office of Field Service team formed at the
request of Maj. Gen. Stephen G. Henry, the director of the
New Developments Division. From 24 April to 28 Octo-
ber 1944, Douglas Nettleton and, from 24 July to 6 Octo-
ber 1944, Margaret Piedem were put on OFS contracts to
conduct a “scientific analysis of Battle Records in an attempt
to determine the morale and physical effects of bombard-
ment on individuals within the impact area*? Assisted by
the project director from the New Developments Division,
Nettleton and Piedem studied five landing operations on
coral atolls in the central Pacific: Tarawa, Makin, Kwajalein,
Roi Namur, and Eniwetok. After examining the available re-
ports and other documentation, the team concluded that it
“was not possible to find any precise method of measuring
the direct effects of bombardment . .. [and] ... that the in-
formation to be obtained from reports in their present form
is wholly inadequate for the type of analysis called for in the
basic directive.*?0 The project director thus recommended
that the study be discontinued until a standard form for re-
porting battle results was adopted. Moreover, he noted that
such statistical reporting of battle results would place an
undue burden on field commanders but suggested that the
task might be undertaken by a civilian team.

CONCLUSION

The new “science” of operations research played a sub-
stantial role in winning World War II. Indeed, OR must be
reckoned with the other major scientific discoveries of the
World War II era—radar, sonar, modern fire control, rockets
and guided missiles, the proximity fuze, the new incendiar-
ies, and the atomic bomb—as one of the applications of sci-

ence that helped the Allies win World War I1.#?! The ap-

OPERATIONS RESEARCH IN WORLD WAR II

plication of OR techniques to weapons systems design and
integration; the improvement of operational procedures, tac-
tics, and strategy; the countering of enemy weapons, tactics,
and strategy; and the early identification of useless lines of
scientific research gave the Allies in World War II a decisive
advantage over the Axis powers, none of whom developed an
effective OR capabﬂity.422

Beginning with their work on the integration of radar
into the air defense system, British scientists created from
scratch the new science of operational research and built the
organizational and theoretical foundation on which the U.S.
armed forces formed their own OR organizations. The U.S.
Navy and the U.S. Army Air Forces—and to a much lesser
extent the U.S. Army service forces and U.S. Army ground
forces—absorbed the British experience and used OR to
solve a wide variety of technical and operational problems.
Although they looked to British models for organizational
patterns and analytical techniques, the Army and Navy ana-
lysts devised their own unique solutions compatible with the
traditions, procedures, and needs of the services for which
they labored. In making their own contribution to the win-
ning of the war, American OR managers and analysts worked
as part of a team that included the commanders, staff, and
operational forces as well as their supporting administrative
and logistical personnel.

The path taken in the development of OR in the United
States in World War II diverged somewhat from its Brit-
ish model. The differences between operational research in
Britain and operations research/operations analysis in the
United States can be explained mainly by the fact that the
British effort was largely directed toward finding how to
do the best they could with limited resources whereas the
American effort, once the American war machine got rolling,
was directed more toward how to effectively integrate new
technology and new techniques into the fighting forces.

There were also other, somewhat superficial, differences.
For example, the British had a preference for operations ana-
lysts trained in the hard sciences, a preference shared by the
U.S. Office of Scientific Research and Development and the
U.S. Navy but mitigated by the Army’s use of lawyers, econ-
omists, and even librarians. The British were also more suc-
cessful in introducing operational research into their ground
forces. From 1941 to 1945, the U.S. Navy and U.S. Army
Air Forces built on the British foundation large and com-
plex OR organizations spread worldwide and conducting
research on a variety of technical and operational problems.
Navy and AAF analysts contributed to the development of
OR as a distinct methodology as well as to the solution of
many practical problems. On the other hand, the spread of
operations research in U.S. Army service and ground forces
was limited, both by the press of operations and the igno-

41



HISTORY OF OPERATIONS RESEARCH IN THE U.S. ARMY

rance of field commanders regarding the benefits that might
be derived from the use of civilian operations analysts. Nev-
ertheless, Army OR personnel were part of many of the
teams led by service and ground combat commanders, and
they did contribute their bit to winning the war.

The pressures on wartime operations researchers to
produce the solutions to practical problems in minimal
time left little time or energy for developing the theoretical
aspects of OR much beyond the basic formulae and rules
worked out by the British early in the war. Most of the prob-
lems faced by World War II-era operations analysts were
limited in scope and complexity and could be solved by rela-
tively simple analytical methods.*?3 In most cases, common
sense backed by the existing mathematics, statistics, and
probability theory sufficed. But there were some exceptions.
The British work on density method and on planned fly-
ing and planned maintenance and American work on search
theory and bombing accuracy constituted significant ad-
vances in the techniques of operations research.?* Perhaps
the development with the most significance for the future
was the discovery that OR could be used not only to solve
immediate problems of optimizing existing equipment and
procedures but to predict “the results that may be expected
from adopting proposed courses of action; these predictions
can then be used as guides to the development of future
strategies, tactics, and wealpons."425

The complex and difficult task of organizing and man-
aging World War II OR programs produced many practical
lessons regarding leadership, recruitment, training, adminis-
tration, pay, and other aspects of integrating civilian special-
ists into the structure of the armed forces on a comparatively
large scale. The widespread use of civilian operations ana-
lysts created a number of challenges for Army civilian and
military leaders. In trying to meet those challenges, Army
leaders found many solutions, some effective and some in-
effective. The failures as well as the successes provided im-
portant lessons for the future, and, although the problems
remain much the same today, some of the World War II-era
solutions were soon forgotten and had to be rediscovered re-
peatedly in the postwar years.

One of the most difhicult challenges faced by the manag-
ers of Army OR in World War II was finding an effective
mechanism for recruiting, training, administering, paying,
and distributing civilian OR specialists. Various methods
were tried, and none was entirely satisfactory. For a number
of reasons, the induction of civilian analysts into the armed
forces, even as commissioned officers, was found to be unde-
sirable except in limited circumstances. Employing analysts
in the civil service also had significant drawbacks, and hir-
ing them as special consultants on a long-term basis proved
clumsy and conflicted with existing laws and regulations.

42

The best solution found was for the government to con-
tract with a nonprofit entity for the full range of personnel
recruitment and management services required. The model
for this method was the contract between the Navy Opera-
tions Research Group and Columbia University, arranged
through the Office of Scientific Research and Development.
The ORG-Columbia University arrangement was relatively
troublefree, and in the postwar period it would serve as the
model adopted by all three services.

The limited methods for employing OR personnel by
the U.S. armed forces was compounded by limitations on
the compensation that could be paid. In most cases, work-
ing for the Army or Navy as an operations researcher in-
volved significant financial loss for the civilian scientist,
often amounting to half his previous salary. This obstacle
was overcome only through the patriotism and sacrifice of
the individual analyst willing to interrupt a civilian career,
accept a substantial loss of income, and forgo personal com-
fort and freedom of action.

Another challenge encountered in the World War II-era
OR programs of the U.S. armed forces was that of merging
two distinct cultures espousing different values and ways of
doing things. The integration of civilian scientists into the
military structure of the Army or Navy was often difficult
and never entirely without friction. Uniformed personnel
naturally bore some negative feelings for civilians who were
free of the usual military restrictions, much better paid, and
often free to terminate their employment at will. Moreover,
many military officers did not understand fully the purpose
of the civilian analysts in their midst, in some cases consid-
ering them spies sent to inform or regulate the performance
of the uniformed personnel. Higher-level commanders were
usually sufficiently aware of the purpose and value of their
civilian analysts, but lower-level commanders and staff offi-
cers frequently placed obstacles in the way of the OR teams
assigned to their commands, blocking the analysts’ access to
crucial classified operational information and restricting their
communications with their counterparts in other commands
and in the broader scientific community. From the civilian
perspective, the restrictions of military life and tradition
could be annoying and apt to inhibit the work they were try-
ing to do. The differences between the “military mind” and
the “scientific mind” provided ample occasion for misunder-
standing and even conflict. Fortunately, the friction between
the two cultures tended to abate as time passed and the as-
signment of civilian specialists to operational units became
more common. Military personnel learned to understand and
even value the work of civilian analysts, and civilian analysts
learned to understand and tolerate the military way of doing
things. In the end, they were able to form an effective partner-

ship, one that would endure far beyond World War II.



It must also be said that the civilian scientists who served
in U.S. armed forces OR sections overseas bore a share of the
risk faced by their uniformed colleagues. One OSRD civilian
scientist was killed in action, one died in the line of duty, and
one was wounded in action, but not one was court-martialed
or given punitive discipline by a theater commander. In fact,
many of them received decorations and special letters of
commendation from commanders who observed their work
and felt the services had obtained some benefit from it.

A third challenge encountered by the civilian and mili-
tary managers of operations researchers in World War II
was identifying exactly what characteristics defined the ideal
Op Annie.” The British and the U.S. Navy as well as the “sci-
ence Mafia” at NDRC and OSRD strongly preferred to re-
cruit analysts from the ranks of those trained in the hard
sciences, such as physics and mathematics. But, as trained
scientific talent was absorbed by the war effort in Britain and
the United States, both the British and the U.S. Navy found
that they were obliged to include men trained in the life sci-
ences and in such fields as statistics and economics. From
the beginning, AAF was less tied to an exclusive reliance on
scientists, and Lt. Col. Barton Leach recruited many lawyers
to serve in AAF OA sections. They proved a good choice
and justified the view that the essential characteristics of a
good operations analyst were not so much scientific training
as clarity of thought, the ability to organize and comprehend
large volumes of data, and the ability to reach logical conclu-
sions based on the evidence. In view of the propensity to use
mathematical methods for the analysis of operational data
and mathematical language for describing the results of that
analysis, the mastery of mathematics was a desirable skill for
the operations analyst, but it was not an essential one. The
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principal lesson derived from the World War II experience
is that both scientists and non-scientists could make signifi-
cant contributions in the field of operations research.

The World War II mobilization of scientists for the war
effort, including the service OR programs, led to recogni-
tion of the great contribution that could be made by civilian
experts to military weapons development and operations,
and that recognition, combined with the political realities
of the postwar period, made for a permanent involvement
of scientists and other civilian experts in the nation’s de-
fense efforts and consequently the involvement of the U.S.
government in American science and ind.ustry.426 As Erik
Peter Rau has noted, Vannevar Bush, the czar of American
scientific research and development in World War II, saw
OR as undermining his vision for a limited alliance between
the federal government and civilian scientists, but “its eager
promotion by military officials and Bush's own subordinates
pointed toward the strong and more permanent alliance be-
tween the two that would become one of the Cold War's
most striking features.*%’

Although Army service and ground forces lagged be-
hind the Navy and Army Air Forces in the integration of OR
into the decision-making process during World War II, even
the limited exposure of Army civilian leaders, command-
ers, and staff officers had an effect. In the postwar period,
OR would become an integral part of the Army decision-
making process, not only for the design and improvement
of weapons and other military equipment but for the devel-
opment of tactical doctrine and strategic planning as well.
Having lagged behind the Navy and Army Air Forces in the
adoption and use of OR in World War II, the ground Army
quickly closed the gap in the postwar period.

CHAPTER ONE NOTES

"What was called ‘operational research”in Great Britain was generally
known as ‘operations research,” “operations analysis,” or “operations
evaluation” in the United States. The terms are interchangeable and are
represented throughout this work by the abbreviations “OR” or “OA,” as
seems convenient,

2U.K. Air Ministry, Origins and Development of Operational Research
in the Royal Air Force, Air Publication 3368 (London: Her Majesty’s
Stationery Office, 1963), p. 3 (hereafter cited as OR in RAF). The preface
and chapter I of this official publication form a comprehensive history of
the development of radar and of operational research in Great Britain
up to 1939. The same events are summarized usefully by Joseph F.
McCloskey in his article, “The Beginnings of Operations Research: 1934—
1941, Operations Research 35,1 (1987): 143—-52. Unless otherwise noted,
the following narrative of events in Great Britain up to 1939 is derived
directly from these two sources.

W, Peyton Cunningham, Denys Freeman, and Joseph F. McCloskey,
“OR Forum: Of Radar and Operations Research: An Appreciation of A. P.
Rowe (1898-1976),” Operations Research 32,4 (1984): 959.

4Tizard was a scientist with wide military experience, and he had
directed experimental flying in the Royal Flying Corps in WWIL. Hill was
a 1922 Nobel laureate in physiology/medicine, and he had played a key
role in proto-OR work in WWI as an Army captain directing the Anti-
Aiircraft Experimental Section of the Ministry of Munitions. Blackett, a
physicist, had served as a naval officer in WWTI, and he would later receive
the 1948 Nobel Prize in physics. Wimperis was a well-respected engineer
and inventor. The committee was reorganized in September 1936, and E.
V. Appleton (an authority on radio who would win the 1947 Nobel Prize
in physics) and T. R. Merton were later appointed as additional members.

°A similar committee, called the Committee for the Scientific Survey
of Air Offence, also headed by Tizard, was set up in January 1937 to study
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offensive air operations. The two committees merged in October 1939 to
form the Committee for the Scientific Survey of Air Warfare. The combined
committee was disbanded in June 1940, having contributed much to the
development of radar and having brought together British scientists and
military leaders (see P. M. S. Blackett, “Tizard and the Science of War,”
in P. M. S. Blackett, Studies of War, Nuclear and Conventional [New York:
Hill and Wang, 1962], pp. 102-03).

6Harold Larnder, “The Origin of Operational Research,” Operations
Research 32,2 (1984): 469.

7Cunningham and others, “Of Radar and Operations Research,” p.
960.

8Blackett, “Tizard,” pp. 102-03.

9The radar station at Bawdsey Manor (near Felixstowe on the east
coast of England), the first of a chain of radar stations on the east and
south coasts of England, was completed in 1937. The remaining stations
were completed by the summer of 1939.

10BJackett, “Tizard,” p. 103.

UK. Air Ministry, OR in RAF, p. 5.

12Larnder, “Origin,” p. 470.

13Tt was in connection with the work of Williams’ group, which
focused on finding ways to do a better job with the existing equipment,
that Rowe coined the term “operational research” (see Larnder, “Origin,’
p.471).

14The Bawdsey Research Station did move to Dundee in September
1939. It was subsequently renamed the Air Ministry Research
Establishment and moved to the south coast of England, where it became
the Telecommunications Research Establishment in November 1940.

UK. Air Ministry, OR in RAF, p. 7; McCloskey, “Beginnings,” p.
146.

®Harold Larnder (1902—81) was one of the pioneers of OR in Great
Britain, serving at various times with the Bawdsey Research Station, RAF
Fighter and Coastal commands, and the Allied Tactical Air Force. For a
précis of his career, see Ronald G. Stansfield, “Harold Larnder: Founder
of Operational Research—An Appreciation,” Journal of the Operational
Research Society 34 (1983): 1-7; and Larnder, “Origin,” p. 465.

70R sections were also formed in the Royal Australian Air Force in
January 1944 and in the Royal Canadian Air Force in August 1944. The
development of OR in the British armed forces in WWII is thoroughly
documented in the official histories, the memoirs of participants, and
secondary works. The state of the British OR organization as it existed in
the summer of 1942 was described in a forty-seven—page report by Maj. W.
B. Leach and Dr. Ward F. Davidson, submitted to the NWEC of JCS. The
report was titled “Report on Operations Analysis” (Washington, 15 Aug
1942), College Park, Md., NARA II, RG 218, Entry 343A, Box 9,Folder
12 (hereafter cited as Leach-Davidson Rpt). The Leach-Davidson Rpt was
accompanied by a thirty-six—page memorandum outlining the state of OR
work in England in more detail than in the basic report (see Memo 1, Maj W.
B.Leach and Dr. Ward F. Davidson, sub: Operational Research in England,
RG 218, Entry 343A, Box 9, Folder OA in England, USN, USA (hereafter
cited as Leach-Davidson Memo 1). The evolution of OR in the RAF and
to some degree in the other services is covered in some detail in UK. Air
Ministry, OR in RAE A useful summary of developments in Great Britain
can be found in McCloskey, “Beginnings,” and the same author’s “British
Operational Research in World War IL” Operations Research 35,3 (1987):
453-70. Additional material of interest can be found in J. G. Crowther and
R. Whiddington, Science at War (New York: Philosophical Library, 1948);
and Erik Peter Rau, “Combat Scientists: The Emergence of Operations
Research in the United States in World War II” (Ph.D. diss., University of
Pennsylvania, 1999). Important first-person accounts include the several
articles by P. M. S. Blackett reprinted in his Studies of War and by Harold
Larnder in “Origin.” Other sources are listed in the bibliography.
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181 each-Davidson Rpt, p. 9.

PUK. Air Ministry, OR in RAF, p. 179 n.; Florence N. Trefethen,
“A History of Operations Research,” in Joseph F. McCloskey and Florence
N. Trefethen, eds., Operations Research for Management (Baltimore: Johns
Hopkins University Press, 1954), p. 8.

2McCloskey, “British OR,” p. 467.

211p a letter to the special assistant to the secretary of war, Harvey
B. Bundy, Maj. Leach wrote, “the British did not conceive this system
but rather stumbled into it, and the method by which this happened has
led them to make the mistake of employing almost exclusively scientific
and mathematical personnel,” with two unfortunate results: a drain on
scarce scientific manpower and the restriction of studies to areas where
the scientific component was high, although the most important tactical
recommendations had not been in the scientific field. See Ltr, Maj W. B.
Leach to Harvey H. Bundy, 2 Sep 42, RG 107, Entry 113, Box 68, Folder
OA, 1942.

22McCloskey, “Beginnings,” p. 152.

BLeach-Davidson Rpt, p. 9; Leach-Davidson Memo 1, pp. 1-10,
1-11. Of the remaining 80 percent, they found that a little more than
half required routine statistical help and the rest could be accomplished
without any specific scientific knowledge or training.

24Quoted in UK. Air Ministry, OR in RAF, p. 179.

PRau, “Combat Scientists,” pp. 42—43 et passim. In the 1930s, a
good number of Britain’s scientific elite were political liberals or leftists,
and they saw OR as a way to increase the influence of science on policy
(Rau, “Combat Scientists,” p. 20). Tizard, Hill, Blackett, and Watson-
Watt, among others, were adherents of the Social Relations of Science
Movement that flourished between 1931 and 1947, but in the end,
whatever political agenda they may have had was trumped by the need to
apply scientific knowledge to overcome the Axis threat.

261 each-Davidson Memo 1, p.1-9n.

27Tbid., pp- 1-9,1-10. On the problems associated with civilian versus
military status for OR personnel in the RAE see UK. Air Ministry, OR
in RAF, pp. 180-81.

2McCloskey, “Beginnings,” p. 150; Rau, “Combat Scientists,” p. 28.
Rau noted that “by 1942, the scientific elite had enthusiastically embraced
Blackett's framework for operational research and had begun to promote it.
At the same time, military commanders began to adopt scientific advisors.
The result was a rapid proliferation of OR groups” (p. 76).

29p, ML S. Blackett, “Operational Research—Document I: Scientists
at the Operational Level,” Advancement of Science 5,17 (1948), reprinted
in Blackett, Studies of War, pp. 171-76. McCloskey noted that “Scientists
at the Operational Level” provides ample support for those who regard P.
M. S. Blackett as the “father” of OR (“Beginnings,” p. 149).

3%Keith R. Tidman, The Operations Evaluation Group: A History of
Naval Operations Analysis (Annapolis, Md.: Naval Institute Press, 1984),
p-10.

31Leach and Davidson noted that the British OR section was
extremely efficient largely because the head of the section was a member
of the commander’s staff, worked in close cooperation with him, and
reported only to him (Leach-Davidson Rpt, pp. 11-12)

32Blackett, “Tizard,” in Blackett, Studies of War, p. 113.

BRau, “Combat Scientists,” pp. 16, 20, 75-76 et passim. Rau noted
that “reliance on quantitative methods helped immeasurably by providing
a common language that both sides respected” (p. 17).

34Stansfield, “Harold Larnder,” p. 5.

35Leach-Davidson Memo 1, pp- 1-2,1-30.

36p, M. S. Blackett, “Recollections of Problems Studied, 194045,
in H. G. Thursfield, ed., Brassey’s Annual—The Armed Forces Year-Book,
1953 (New York: Macmillan, 1953), pp. 88-106, reprinted in Blackett,
Studies of War, pp. 205-34.



37Charles F. Goodeve, “Operational Research,” Nature 161 (Mar
1948): 377, cited in McCloskey, “British OR,” p. 455.

381\/IcCloskey, “British OR,” p. 454.

39 arnder, “Origin,” pp. 472—-73; Stansfield, “Harold Larnder,” pp.
1-7. The French had requested ten additional fighter squadrons (120
aircraft) at a time when losses were running 36 aircraft every two days,
a rate that would soon deplete British resources below the level required
for home defense.

“Dowding later told Larnder that the presentation of the study results
in graphic form was what “did the trick” (see Larnder, “Origin,” p. 473).

4Ibid., p 472.

2Ibid., p. 474.

“Leach-Davidson Rpt, p. 11; Leach-Davidson Memo 1, pp. 1-30,
1-31. The RAF estimate was 700 percent, whereas that of the Royal Navy
was 400 percent (see Ltr, Com Gen, AAF [Lt Gen Henry H. Arnold], to
commanding generals, all Air Forces, all AAF Commands, all Directors
and Chiefs of all Air and Special Staff Divs, HQ AAF 24 Oct 42, sub:
OA, RG 107, Entry 113, Box 68, Folder OA, 1943-45). In any event,
the impact of the change was sufficient to convince the German sailors
that the British had developed a new and better aerial depth charge twice
the size of the old one and a new radar capable of penetrating below the
surface of the ocean.

#UK. Air Ministry, OR in RAF, pp. 102-03. Additional details on
the development of planned flying and planned maintenance can be found
in Crowther and Whiddington, Science, pp. 104—06; McCloskey, “British
OR/ p.457; and Rau, “Combat Scientists,” pp. 71-73.

BUK. Air Ministry, OR in RAF, p. 43; Crowther and Whiddington,
Science, pp. 106-07.

#McCloskey, “British OR,” pp. 458-59.

47Tbid. “Window” was first used in the raid on Hamburg in July
1943.

48Blackett, “Recollections,” in Blackett Studies of War, p. 211.

491\/IcCloskey, “British OR,” p. 464.

50Tbid.

SIUK. Air Ministry, OR in RAF, p. 41; Blackett, “Recollections,” in
Blackett, Studies of War, pp. 220-23.

»2Crowther and Whiddington, Science, pp. 101-02. See also
Tidman, Operations Evaluation Group, p. 11; and McCloskey, “British
OR,” pp. 465-66. The dividing line between large and small convoys was
set at forty ships.

53Crowther and Whiddington, Science, p. 102.

UK. Air Ministry, OR in RAF, p. 178.

5P, M. S. Blackett, “Operational Research—Document II: A Note
on Certain Aspects of the Methodology of Operational Research,’
Advancement of Science 5,17 (1948), reprinted in Blackett, Studies of War,
pp- 176-98.

*McCloskey, “British OR,” p. 456.

’Blackett, “Evan James Williams, 1903-45," Obituary Notices of
Fellows of the Royal Society V (1947), reprinted in Blackett, Studies of War,
pp- 235-36.

58U.K. Air Ministry, OR in RAF, pp. 81-83,

*For further development of the equation, see ibid., pp. 82-83.

%0McCloskey, “British OR,” p. 456.

61Tbid., p.465. See Terry Copp, ed., Montgomery’s Scientists: Operational
Research in Northwest Europe: The Work of No. 2 Operational Research Group
with 21. Army Group, June 1944 to July 1945 (Waterloo, Canada: Laurier
Centre for Military Strategic and Disarmament Studies, 2000).

62U K. Air Ministry, OR in RAF, p. xviii.

631bid.

%4The prewar contacts between British and American scientists
and military leaders regarding OR are discussed in some detail in Rau,
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“Combat Scientists,” pp. 117-24; James Phinney Baxter III, Scientists
Against Time (Boston: Little, Brown, 1946), pp. 119-23; Irvin Stewart,
Organizing Scientific Research for War: The Administrative History of the
Office of Scientific Research and Development (Boston: Little, Brown, 1948),
pp- 168-80; and Joseph F. McCloskey, “U.S. Operations Research in
World War IL” Operations Research 35,6 (1987): 910-1. Unless otherwise
noted, the following account is based on the four sources just cited.

65Blackett, “Tizard,” in Blackett, Studies of War, p. 107.

%Among the eminent British scientists accompanying Tizard were
John Cockeroft (Tizard’s deputy as scientific advisor at the Air Ministry),
A. E. Woodward-Nutt (secretary of the mission and involved in OR
studies at RAF Bomber Command), and Ralph Fowler (who had worked
with Hill on antiaircraft problems in WWTI).

67Blackett, “Tizard,” in Blackett, Studies of War, p. 108.

68Disclosure of the cavity magnetron, which made possible smaller
radar sets suitable for use in aircraft, led directly to the establishment of
the Radiation Laboratory at MIT and to a major redirection of U.S. radar
efforts (see McCloskey, “U.S. OR,” p. 910).

9Stewart, Organizing Scientific Research, p. 168.

7"Wilson was Vannevar Bush's assistant. Hovde, the assistant to the
president of the University of Rochester, was to be the resident secretary
of the U.S. London mission once it was established.

T1Baxter, Scientists Against Time, pp. 122-23.

72Ibid., p. 123. The office was set up by Frederick L. Hovde under
NDRC auspices and was subsequently taken over by OSRD.

73McCloskey, “British OR,” p. 466. Brothers would become an
important proponent of OR in the AAF, and Hitch was later one of the
leading characters in the “McNamara Revolution,” which brought systems
analysis to prominence in the U.S. Department of Defense in the early
1960s.

74Rau, “Combat Scientists,” p- 124. Gordon Philip Saville eventually
rose to the rank of major general. He was born in Macon, Georgia, in
1902, and received a commission as an Air Corps second lieutenant in
June 1927. He saw WWII service as an observer in Great Britain and as
a staff officer and commander in the North African and Mediterranean
theaters of operations. In November 1948, he was named commanding
general of the Air Defense Command, and in January 1950, he became the
DCS for development, HQ USAF. He died on 31 January 1984.

75Ibid., p. 122.

76McC105key, “U.S.OR/ p.911.

77The story of the role played by OSRD and its component
agencies in the development of OR in the U.S. armed forces is a complex
and lengthy one. Limitations of space, time, and focus permit only a
bare summary in this volume. For a detailed history of OSRD’s role
in the mobilization of American science for WWII and the scientific
support of U.S. armed forces at home and abroad, the reader is directed
to the postwar series of official histories titled “Science in World War
11 The series, which provides a comprehensive history of OSRD
and its component agencies in WWII, includes Baxter, Scientists
Against Time; Stewart, Organizing Scientific Research; and Lincoln R.
Thiesmeyer and John E. Burchard, Combat Scientists (Boston: Little,
Brown and Company, 1947), all of which have been consulted for this
study. Rau, “Combat Scientists,” provides a provocative interpretation of
OSRD activities, particularly the ambiguous attitude of Vannevar Bush
regarding OR. The documentary basis for both the official histories and
Rau’s dissertation can be found mainly in NARAII, RG 227 (Records
of the OSRD).

780SRD and its two principal components, NDRC and CMR, were
wartime agencies and were disbanded after the war. CMR was terminated
on 20 January 1947, and OSRD and NDRC were abolished on 31
December 1947.
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7The National Academy of Sciences (NAS) was created by
Congress in 1863 and was augmented by the National Research
Council (NRC), established in May 1918 to stimulate research in the
mathematical, physical, and biological sciences. The president of NAS
throughout WWII was Frank B. Jewett (in 1940, the president of the
Bell Telephone Laboratories). The National Advisory Committee for
Aeronautics (NACA) was created in 1915, and with Bush’s departure to
head OSRD, the chair of NACA was taken by Jerome C. Hunsaker, a
captain in the Naval Reserve and head of the departments of mechanical
and aeronautical engineering at MIT.

80Stewart, Organizing Scientific Research, p. 172.

81This is the central thesis of Rau’s dissertation. The core of Rau’s
argument is summarized in “Combat Scientists,” pp. 144—46 and 334—
36.

Ibid,, pp. 119-20.

$1bid., p. 129.

84Ltr, Vannevar Bush to Brig Gen Raymond G. Moses and Rear
Admiral W, A. Lee, Jr., Washington, 29 May 42, RG 218, Entry 3434,
Box 57, Folder OA.

85Ltr, Vannevar Bush to Sir Henry Tizard, Washington, 1 Oct 42,
RG 218, Entry 343A, Box 9, Folder 15.

86T ¢r, Vannevar Bush to Karl T. Compton, Washington, 15 Feb 43,
RG 227, Entry 177, Box 294, Folder OSRD in OAD, AAF.

87Baxter, Scientists Against Time, pp. 122-23.

88Memo, James B. Conant to Vannevar Bush, 3 Aug 42, sub:
Operational Research, RG 218, Entry 343A, Box 9, Folder 15.

89R au, “Combat Scientists,” p-278. Robertson had seen OR in action
at Princes Risborough in the early fall of 1941 and had already done a
short tour with the operational analysis section of the U.S. Eighth Air
Force. Weaver, too, had been to England and had seen OR at work (see
Rau, “Combat Scientists,” pp. 275-76).

9()Rough draft of memo, John H. Teeter to Carroll Wilson,
Washington, 26 Jul 43, RG 227, Entry 177, Box 283, Folder Definition
and Methodology of OA.

91Rau, “Combat Scientists,” p. 277.

2Ibid., p. 133.

9Ibid., pp. 289-92.

9%Memo, Ward F. Davidson to Vannevar Bush, 30 Mar 43, sub:
Memo of Dr. Alan T. Waterman, 26 Mar 43, RG 218, Entry 343A, Box
9, Folder 14.

%Rau, “Combat Scientists,” pp. 21, 103.

%Ibid., pp. 3006 et passim.

97The formal establishment of the Office of Field Service (OFS) as a
principal subdivision of OSRD was confirmed by OSRD Administrative
Order 4, 8 November 1943. OFS was abolished by Executive Order 9913
on 31 December 1947. Compton left on 30 July 1945 to head the Pacific
branch of OSRD, and Waterman served as chief until 31 December 1946.
John E. Burchard became deputy chief vice Waterman. The history of OFS
is covered in detail in Thiesmeyer and Burchard, Combat Scientists.

98Rau, “Combat Scientists,” p. 24.

9Baxter, Scientists Against Time, pp. 412—13. Stewart (Organizing
Scientific Research, pp. 130-31) listed six functions performed by OFS,
but they are refinements of the basic three functions noted.

10Rau, “Combat Scientists,” pp. 313-14. The role of OFS in
sponsoring OR/field service organizations in the central and southwest
Pacific theaters is discussed in greater detail below.

1017hid., p. 262.

102Gtewart, Organizing Scientific Research, p. 143.

103]bid,

104%Memo 2, Maj W. B. Leach and Dr Ward E Davidson, sub: OA
in the U.S. Army and Navy, Washington, 7 Jul 42, RG 218, Entry 343A,
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Box 57, Folder OA, pp. 2-49-2-53 (hereafter cited as Leach-Davidson
Memo 2).

105Baxter, Scientists Against Time, pp. 409-10; Rau, “Combat
Scientists,” p. 118.

106R au, “Combat Scientists,” pp. 118~19.

197Quoted in Rau, “Combat Scientists,” pp. 127-28.

1081hid., p- 23 n. 38. Most civilian scientists preferred the “functional”
arrangement inasmuch as it corresponded with the usual organization of
scientific work.

109Baxter, Scientists Against Time, p. 19.

H0Tbid., pp. 19-20.

MOn the difficulties of obtaining necessary data, see Stewart,
Organizing Scientific Research, pp. 155-58.

121bid., pp- 154-55.

31bid., pp. 151-54. Initially, the Operations Division of the
War Department General Staff (WDGS) was designated as the Army
ground forces liaison with OFS, but that responsibility soon shifted to
the WDGS New Developments Division headed by Maj. Gen. Stephen
G. Henry, an enthusiastic supporter of OR as well as of effective fielding
of new weapons (see Stewart, Organizing Scientific Research, p. 139;
Thiesmeyer and Burchard, Combat Scientists, pp. 40-41). From June
1940 to 2 September 1945, seven officers occupied the War Department
liaison officer position, only three of whom served more than one year.
However, Rear Admiral Julius A. Furer served as the Navy’s coordinator
of research and development, and thus as the Navy’s liaison officer with
OFS, from mid-December 1941 to May 1945. It was only at the very
end of the war that the AAF established an office to provide direct
liaison with OFS.

U4Baxter, Scientists Against Time, p. 29.

H5Tbid.

16R ay, “Combat Scientists,’ pp- 120-21.

7Baxter, Scientists Against Time, pp. 29-30.

U8The basic report (Leach-Davidson Rpt) was accompanied by
a long memorandum on OR in Britain (Leach-Davidson Memo 1) and
another fifty-three—page memorandum on the state of OR in the U.S.
Army and Navy (Leach-Davidson Memo 2).

19The interesting but relatively uncomplicated history of OR in
the U.S. Navy during WWII can be gleaned adequately from just three
sources: George Shortley, “Operations Research in Wartime Naval
Mining,” Operations Research 15, 1 (1967): 1-10; Tidman, Operations
Evaluation Group; and ORG, HQ, COMINCH/CNO, Summary
Report to the OFS, OSRD, Washington, 1 Dec 45, Appendix C, pp.
38-39, located in College Park, Md., NARA II, RG 227, Entry 179, Box
301, Folder Summary Rpt to the OFS, OSRD (hereafter cited as ORG
Summary Rpt). McCloskey, “U.S. OR,” and Rau, “Combat Scientists,”
contain additional useful details.

120McCloskey, “U.S. OR,” p. 911. The development of MWORG is
covered in some detail in Shortley, “Operations Research in Wartime,” pp.
1-10, and in Rau, “Combat Scientists,” pp. 160—72. Curiously, MWORG
is not mentioned at all in Tidman, Operations Evaluation Group.

121E]lis A. Johnson was one of the major figures in Navy OR in
WWII and, from 1948 to 1961, he led Army OR work as director of the
Operations Research Office of The Johns Hopkins University. His long
and distinguished career in OR is outlined in Thornton L. Page, George S.
Pettee, and William A. Wallace (assisted by Capt James Martin, USNR,
and Alice L. Johnson),“Ellis A. Johnson, 1906—1973,” Operations Research
22, 6 (1974): 1141-55. Degaussing is a process by which an electrical
current is passed around the hull of a ship to cancel its normal magnetic
field and thus make it less likely to set off magnetic mines.

122]ohn Burchard, Q.E.D.: M.LT. in World War II (New York: John
Wiley & Sons, 1948), p. 93



123Page and others, “Ellis A. Johnson,” p. 1143.

124Shortley, “Operations Research in Wartime,” p. 5; Page and others,
“Ellis A. Johnson,” p. 1144.

12E;Page and others, “Ellis A. Johnson,” p. 1144.

126Thid.; Rau, “Combat Scientists,” p-163.

127Rau, “Combat Scientists,” p. 162.

128McCloskey, “U.S. OR,” p. 912.

129Tbid.

130Shortley, “Operations Research in Wartime,” pp. 5-6.

1B11bid., p. 6.

B2Burchard, Q.E.D., p. 98. Bitter had been called to Washington
in June 1940 to work with NOL on developing countermeasures to the
German magnetic mine. He had first gone to England with two naval
officers to observe British work on magnetic mines, and when he returned it
was decided that he should be commissioned as a commander, USNR, and
act as the middleman between the Navy and the civilian scientists working
on naval matters. On 1 September 1944, Commander Bitter left MWORG
to form the new Air Warfare Operations Research Group for the deputy
chief of naval operations for air, Admiral John S. McCain. Dr. Michels
resumed the position of director of MWORG for the rest of the war (see
Rau, “Combat Scientists,” p. 168; and Trefethen, “History of OR," p. 15).

133Rau, “Combat Scientists,” pp- 163-64.

134 each-Davidson Rpt, p. 16.

135 each-Davidson Memo 2, p. 2-16.

1361bid,, pp. 2-18, 2-19.

137R au, “Combat Scientists,” p. 161.

1381 each-Davidson Memo 2, p-2-19.

1391bid., pp- 2-20, 2-21; Rau, “Combat Scientists,” pp. 162-63.

140Rau, “Combat Scientists,” p. 165. MWORG operated under the
Base Maintenance Division's Mine Warfare Section.

41 each-Davidson Memo 2, pp-2-21,2-22.

20bid,, p. 2-22.

143P;1ge and others, “Ellis A. Johnson,” pp. 1144-45.

1441bid,, p. 1145. The Navy preferred that scientists dispatched
for service in overseas theaters be commissioned, and most of the Navy
OR specialists who deployed to the Pacific were given at least temporary
commissions, usually in the USNR. Thus, several of Ellis Johnson’s
colleagues (notably Shirley Quimby and Thornton Page) also accepted
commissions in the Naval Reserve and served in uniform for the remainder
of the war.

145Tbid.

146Tbid. Wallace returned to Hawaii on 7 February 1944.

147Page and others, “Ellis A. Johnson,” p. 1145.

148The story of the useless “sterilizers” is told by Rau (“Combat
Scientists,” pp. 167-68).

49R au, “Combat Scientists,” pp- 167-68.

150Tbid., p. 168.

151page and others, “Ellis A. Johnson,” pp. 1145-46.

152bid., p. 1146.

153R au, “Combat Scientists,;” pp- 169-70.

1547bid., p. 170.

155Tbid., pp. 170-71.

156Tbid., p. 171. According to Shortley, the operation was conceived
over coffee in the NOL cafeteria (“Operations Research in Wartime,” p.
7).

157Tbid. By that time, Johnson had shifted the focus of the campaign
from the Shimonoseki Straits to the Inland Sea of Japan.

1581bid,, p. 172. AAF heavy bombers dropped some thirteen
thousand mines of various types in a five-phase campaign that lasted until
the end of the war, and Operation STARVATION resulted in the sinking

of or damage to more than seven hundred Japanese ships (ca. 1.5 million
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tons), reducing Japanese shipping to a trickle at a cost of one B—29 lost for
every forty-five Japanese ships sunk (see Shortley, “Operations Research
in Wartime,” p. 8).

19Shortley, “Operations Research in Wartime,” p. 8.

160Tbid., p. 9. Johnson also contributed to XXI Bomber Command
flight operations by recommending single, low-level sorties to lessen the
flight time, conserve fuel, reduce maintenance time, lower crew fatigue,
and reduce losses to Japanese air defenses. Happily, his ideas coincided
with those of Lt. Gen. Curtis LeMay, the commander of XXI Bomber
Command, for low-level night bombing using radar rather than visual
aiming. One result was the reduction in B-29 attrition from 10 percent
to 1 percent (see McCloskey, “U.S. OR,” p. 912; Shortley, “Operations
Research in Wartime,” pp. 7-8).

161R au, “Combat Scientists,” pp. 172-73.

162I\/[cCloskey, “U.S.OR; p.913.

1630nly a brief summary of the history of the Anti-Submarine
Wartime Operations Research Group (ASWORG) can be presented
here, based primarily on the ORG Summary Rpt. Tidman (Operations
Evaluation Group, chapter 1), and Rau (“Combat Scientists,” chapter 4)
devoted chapters to ASWORG and they should be consulted for details.
A useful summary is contained in McCloskey, “U.S. OR,” and there is a
firsthand account by the leader of ASWORG in Philip M. Morse, “The
Beginnings of Operations Research in the United States,” Operations
Research 34,1 (1986): 10-17. Leach and Davidson outlined the history of
ASWORG up to the middle of 1942 in their Memo 2.

1647 ¢y, Capt Wilder D. Baker to Coordinator of R&D, Office of
the Sec Navy, Boston, 16 Mar 1942, sub: Records and Analyses of Anti-
Submarine Warfare (reproduced in ORG Summary Rpt, Appendix C,
pp- 29-32). Baker had observed ASW operations in Great Britain and
had read a number of ORS RAF Coastal Command reports as well as
Blackett’s “Scientists at the Operational Level” (see Morse, “Beginnings of
OR, pp. 11-12).

165philip McCord Morse (1903-85) subsequently became “the
grand old man” of American OR. Morse received his doctorate in physics
from Princeton University in 1929, and began his teaching career at MIT
in 1931. An expert on acoustics, he did some work on hydrophones and
acoustic mines before being tapped to head ASWORG. After WWII,
he was for a time the director of Brookhaven National Laboratory,
served as the deputy director of the JCS Weapons Systems Evaluation
Group (WSEG), and wrote and spoke widely on OR. He became the
first president of the Operations Research Society of America in 1952—
53. Details of his life and career can be found in his many writings, his
autobiography (Philip M. Morse, In at the Beginnings: A Physicist’s Life
[Cambridge, Mass.: MIT Press, 1976]), and in William J. Horvath and
Martin L. Ernst, “Philip McCord Morse, 1903-1983: A Remembrance,”
Operations Research 34,1 (1986): 7-9.

166 each and Davidson noted, “NDRC has no responsibility other
than seeing that proper personnel is [sic] provided, and that the details
of salaries, travel authorization, etc. are taken care of; the direction of
operational research activities is assumed by the Navy” (Memo 2, p. 2-
49). NDRC was reimbursed by the Navy for the costs incurred. Morse
prepared an initial budget estimate that included $100,000 for salaries,
$100,000 for travel, and about $50,000 for overhead expenses (see Leach-
Davidson Memo 2, p. 2-4 n.).

167The original group included Morse (part-time), Shockley, A. T.
Craig, Phillip J. McCarthy, Arthur E Kip, Maurice E. Bell, and Robert F.
Rinehart. The original seven were soon joined by W. A. Ambrose, Albert
Thorndike, James K. Tyson, and John R. Pellam (see McCloskey,“U.S. OR,”
p. 913). William Bradford Shockley (1910-89) became one of America’s
best-known scientists. Born in London of American parents and educated
in California, he received his doctorate in physics from MIT in 1936 and
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immediately went to work for Bell Labs, to which he returned after the war.
In 1956, Shockley shared the Nobel Prize in physics with John Bardeen
(another WWII Navy OR scientist) and Walter Brattain for their work
on the solid-state semiconductor (the transistor). From 1963 to 1975,
Shockley was a professor of physics at Stanford University and became
notorious for his controversial public pronouncements on genetics.

168The official Navy designation of ASWORG came into general
public use only after August 1942.

1When Leach and Davidson compiled their report in the summer
of 1942, the ASWORG “stable” included eight mathematicians and
statisticians and eight physicists, of whom four were sound experts and
two were radio experts. Their average age was 29 (see Leach-Davidson
Memo 2, p. 2-10).

170Tbid., p. 2-11. As executive head, Shockley received $6,300 per
annum. Morse was unpaid.

17I"\When the OSRD OFS was created in January 1944, the
administration of ASWORG contract and all other Navy OR activities
supported by NDRC were transferred to OFS control (see ORG
Summary Rpt, p. 11).

120RG SummaryRpt, pp.26—28. Theyincluded 32 mathematicians/
statisticians, 26 physicists, 6 chemists, 5 biologists/zoologists, 4 engineers,
3 astronomers, 2 geologists, 2 economists, 2 people with library science
degrees, and 1 architect.

173 each-Davidson Memo 2, p. 2-6. In July 1942, ASWORG
had personnel attached to the headquarters of the commander in chief,
U.S. Fleet (COMINCH), in Washington; Atlantic Fleet in Boston;
Eastern Sea Frontier in New York City; Gulf Sea Frontier in Miami;
and Caribbean Sea Frontier in San Juan, Puerto Rico. Subsequently,
ASWORG personnel were attached to nearly all Navy units concerned
with antisubmarine warfare at home and overseas (see Tidman, Operations
Evaluation Group, pp. 38-46).

174Trefethen, “History of OR," p. 14.

1751 each-Davidson Memo 2, pp- 2-6,2-7.

760RG Summary Rpt, p. 10.

77Tbid., pp. 4-8; Tidman, Operations Evaluation Group, pp. 49-51.

178McCloskey, “U.S. OR,” p. 914.

1791bid.

180Tidman, Operations Evaluation Group, p. 49. McClelland was
replaced by Brig. Gen. Larson in April 1943.

181bid., pp. 51-54.

182bid., p. 50.

18McCloskey, “U.S. OR,” p. 915.

184 Morse, “Beginnings of OR,” pp. 12-15; Leach-Davidson Memo
2,p. 2-10.

185Morse, “Beginnings of OR," p. 12.

1861hid., p-15.

187Tbid., pp. 15-16.

1880ORG Summary Rpt, p. 10. The commander in chief, U.S. Fleet,
Admiral Ernest J. King, approved the transfer on 9 July 1943.

1891bid., pp. 14-15, 23-25. The projects undertaken by ASWORG
are summarized in Tidman, Operations Evaluation Group, pp. 61-71.

0Morse, “Beginnings of OR,’ p. 13. McCloskey (“U.S. OR," p. 913)
noted that almost all of the initial data on which the U.S."theory of search”
was built came from the British, but the analysis was entirely homegrown.

191McCloskey, “U.S. OR; pp. 913, 915. Koopman was the author of
a paper titled “A Quantitative Aspect of Combat” in which he reworked
Lanchester’s equations using probability theory rather than averages.

192Memo, Frank Knox to COMINCH/CNO, all Bureaus
and Offices, Navy Dept, Washington, 10 Sep 43, sub: OR—Special
Assistance for, RG 227, Entry 177, Box 283, Folder Steps Leading to the
Establishment of OFS.
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19Memo, Admiral Ernest J. King (COMINCH/CNO) to Director,
ASWORG, Washington, 7 Oct 44, sub: Operations Research Group
(reproduced in ORG Summary Rpt, Appendix C, pp. 34-35). The
evolution of the ORG is discussed in Thiesmeyer and Burchard, “Combat
Scientists,” pp. 106—20.

194ORG Summary Rpt, Appendix C, 36. The ORG was the largest
single contribution of OSRD to OR (see ORG Summary Rpt, p. 1). A
list of personnel who served in the ORG is in Thiesmeyer and Burchard,
“Combat Scientists,” p. 121.

19ORC conducted specialized OR studies, provided administrative
and scientific backup support for the various ORG subgroups, and acted
as liaison between ORG and other Navy organizations and OR groups
in the other services (see ORG Summary Rpt, pp. 16-22; Thiesmeyer
and Burchard, “Combat Scientists,” pp. 113-15; Tidman, Operations
Evaluation Group, pp. 89-92).

196The five main lessons cited here are listed by Tidman, Operations
Evaluation Group, pp. 92—94.

Y7In fact, the Navy preferred that OR analysts and supervisors
assigned to the fleets be commissioned in the USNR. The Navy actually
tried a variety of modes for employing scientists for OR work. MWORG
used civilians on per diem contracts. ASWORG used civilians obtained
under an OSRD contract with Columbia University, and the various
ORG subgroups after 1944 relied on civilian scientists provided on loan
from the Office of Field Service, OSRD.

198The authors of the ORG Summary Rpt (p. 1) concluded that
“some of these [OR] activities can be carried out by a group assigned
to a single field command. But for all of the activities to be carried on
effectively it is necessary that part of the group be in the field and another
part work with the General Staff in Washington; with arrangements for
free interchange of ideas and men between field and headquarters.”

19 ike the Navy ORG, the AAF OR program was large and
complex and it cannot be treated in great detail here. Unlike the Navy
program, however, the AAF program has yet to find its scribe. There is
no comprehensive history of OR in the U.S. Air Force (USAF) similar
to Tidman’s Operations Evaluation Group. Nor is there a comprehensive
published history of OR in the AAF during the World War II period.
LeRoy A. Brothers’“Operations Analysis in the United States Air Force”
(Journal of the Operations Research Society of America 2, 1 [1954]: 1-16)
is a mere summary. Charles W. McArthur, Operations Analysis in the U.S.
Army Eighth Air Force in World War II, History of Mathematics, vol. 4
(Providence, R.I.: American Mathematical Society, 1990) does provide
some details on the World War IT AAF OR program in general, but
focuses on the Eighth Air Force program. LeRoy A. Brothers and others,
Operations Analysis in World War II—United States Army Air Forces
(Philadelphia: Stephenson-Brothers, 1949) is useful but offers only a
simple listing of the various units that made up the AAF OR program,
the key dates, and lists of the leaders of the various units and the
personnel who served in them. As always, McCloskey,“U.S. OR,” provides
interesting details. Despite the relative scarcity of published material on
OR in the AAF in World War II, the documents on the subject to be
found in the National Archives are plentiful. Most of them are in RG 18
(Records of the Army Air Forces) but many useful items are to be found
in RG 107 (Records of the Sec Army), RG 218 (Records of the JCS),
and RG 227 (Records of the OSRD). Items of particular interest include
the August 1942 Leach-Davidson Rpt and Leach-Davidson Memo 2; Lt
Col W. B. Leach (chief, OA Div, HQ AAF), Washington, 15 Oct 43, sub:
Army Air Forces OA in Combat Commands, with“Notes on OA in HQ
AAF in US, in US Services outside the AAF, and in OCSigO,” RG 107,
Entry 113, Box 68, Folder OA, 1943—45) (hereafter cited as Leach,”AAF
OA in Combat Commands”); and Memo, Col W. B. Leach (chief, OA
Div, HQ AAF) to Brig Gen Byron E. Gates (chief, Management Control



Div, HQ AAF), Washington, 1 Jan 45, sub: Two-Year Rpt on OA, with
a summary and two enclosures: 1. List of OA Rpts as of 1 Nov 44; 2.
Robert L. Stearns (Chief, OAD, HQ, Twentieth Air Force), “Progress
Report # 3 (Period 28 July 1944—15 November 1944),” Washington, ca.
15 Nov 44, RG 107, Entry 113, Box 68, Folder OA, 1943—45 (hereafter
cited as Leach, Two-Year Rpt).

2001 general, the AAF personnel involved in OR preferred the
term ‘operational analysis” (OA), although the analysts with the Eighth
Air Force in England commonly used the term “operational research” to
describe their work, just as did their nearby British colleagues.

20IMcCloskey,“U.S. OR,” p. 921.

202Rau, “Combat Scientists,” pp. 122-23.

283McCloskey,“U.S. OR," p. 911.

204R au, “Combat Scientists,” p.123.

205Tbid., pp. 123-24.

2061 each-Davidson Rpt, p. 19; Leach-Davidson Memo 2, p. 2-25;
Rau, “Combat Scientists,” p. 125. Cyril Moreau Jansky, Jr., was born in
1895 and held a master of science degree from the University of Wisconsin
(1919). He was a former professor of radio engineering at the University
of Minnesota (1920-28) and a consultant on radio engineering in
Washington with a large clientele. He died in 1975. His papers are at the
State Historical Society of Wisconsin, Madison, , and at the University
Libraries, University of Maryland, College Park.

207Leach-Davidson Rpt, pp. 19-20. In May 1942, Jansky defined his
function as, “to assist in the organization of the [OA] groups in the various
Interceptor Commands and then to standardize and correlate their work.”
See Cyril M. Jansky, Jr. (special consultant, Directorate of Air Defense,
HQ USAAF) and William L. Everitt (director, ORG, Radar and Air
Communications Div, OCSigO), Memo for Col Tom C. Rives and Col
Gordon P. Saville, Washington, 9 May 42, sub: Delineation of Functions
between Operational Analysis in Air Defense in the Army Air Force and
Operational Research in Radar and Air Communications in the Signal
Corps,’RG 111, Entry 1024, Box 3027, Folder 00—400.112—Operational
Research—General.

208 each-Davidson Rpt, p. 20; Leach-Davidson Memo 2, pp. 2-25,
2-26. The problem was that such consultant contracts were limited to 180
days, and Jansky later ran into problems with this hiring method (see Rau,
“Combat Scientists,” p. 159). Jansky, who had earned $27,000 per year as
a private consultant, accepted the maximum government rate of $25 per
day, or $9,125 per year (see Leach-Davidson Memo 2, p. 2-25).

209See Rau, “Combat Scientists,” pp. 154—60. In a letter to Frank
B. Jewett on 7 February 1942, Karl T. Compton, the president of MIT,
characterized Saville as “the ‘spark plug’ of this [OR] effort for our Army
for at least eighteen months” (Ltr, Karl T. Compton to Dr Frank B. Jewett,
[Boston], 7 Feb 42, sub: Operations Research Sections, RG 227, Entry
177, Box 284, Folder OSRD in OAD, AAF).

2107 each-Davidson, Memo 2, p. 2-26; Rau, “Combat Scientists,” pp.
155-56. Jansky’s memo is reproduced in Leach-Davidson Memo 2, pp.
2-31-2-34.

H1Cyril M. Jansky, Jr., Memorandum on Operational Analysis in the
War Department, Washington, ca. Apr—May 42 (hereafter cited as Jansky
Memo on OA), reproduced in Leach-Davidson Memo 2, p. 2-31.

22The extent of the system envisioned by Jansky is clear from the
two charts that accompanied his “Memo on Operational Analysis.” See
Chart I (Operational Analysis in a Typical Defense Command or Theatre
of Operations) and Chart II (Operational Analysis in Directorates),
reproduced in Leach-Davidson Memo 2, following p. 2-34; Rau, “Combat
Scientists,” p. 156.

2BJansky Memo on OA, reproduced in Leach-Davidson Memo 2,
p.2-32.

214R au, “Combat Scientists,” p. 157.
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25They were apparently accompanied by Col. Saville (see Leach-
Davidson Memo 2, p. 2-27).

216McArthur, Operations Analysis, p. 3; Trefethen, “History of OR,’
p-12.

217Leach-Davidson Rpt, p. 19; McArthur, Operations Analysis, p. 3;
Rau, “Combat Scientists,” pp. 158—59.

218Cjted by Rau, “Combat Scientists,” pp. 159-60.

219McArthur, Operations Analysis , p. 3.

220Leach-Davidson Rpt, p. 2.

22IThe terms of reference for the reporting team are included in
Memo, Vannevar Bush to Ward F. Davidson, Washington, 11 Jul 42, sub:
Investigation and Rpt on OA, RG 218, Entry 343A, Box 9, Folder 15.
Maj. (later Brig. Gen., USAFR) Walter Barton Leach (1900-71) deserves
more than any other person the title of “Father of U.S. Army Operations
Research!” For details of his life and career, see the brief biographical
sketch in Appendix A of this volume.

222 each-Davidson Rpt, pp. 23-47.

2831bid.

224 tr, Maj W. B. Leach to Harvey H. Bundy, Washington, 2 Sep
42, transmitting a memo by Leach on OA, RG 107, Entry 113, Box 68,
Folder OA, 1942.

225Ibid. The role of the coordinating office recommended by Leach
and Davidson would be filled in the AAF by OAD in the Management
Control Div of HQ USAAF with Leach as chief. The Navy did not form
a similar unit, but its functions were, in effect, performed by ORG after
October 1944.

226McArthur, Operations Analysis, p. 4. By August 1942, Jansky's
office in the Directorate of Air Defense was already in operation, two
analysts were enroute to Lt. Gen. Andrews Caribbean Defense Command,
the I Bomber Command was taking advantage of the Navy's ASWORG,
and steps were in progress to create an OA section in the VIII Bomber
Command in England.

227The establishment and history of the Eighth Air Force OA section
is discussed in greater detail below.

228R au, “Combat Scientists,” p- 258

229Ltr, Com Gen, AAF [Lt Gen Henry H. Arnold], to commanding
generals, All Air Forces; All Army Air Forces Commands; All Directors
and Chiefs of All Air and Special Staff Divs, Washington, 24 Oct 42, sub:
OA, RG 107, Entry 113, Box 68, Folder OA, 1942.

B0Ibid., p. 3.

BIThe directive establishing OAD and prescribing its functions is at
Tab G of Leach, "Army Air Forces OA in Combat Commands.”

232R au, “Combat Scientists,” p- 259. A month before the creation of
OAD, Capt. John M. Hall, the assistant executive officer in the Office of
the Assistant Secretary of War, prepared a memo for Harvey H. Bundy
in which, after noting he did not believe that “sufficient attention has been
paid to the problem of integrating Operations Analysis with the rest of
the Army at staff level,” he recommended the creation in the Operations
Division of the WDGS of an OA section, the chief of which would
report to the ACS, Operations Division. The eleven functions of such an
OA section listed by Capt. Hall included all of those that OAD would
perform for the AAF. See Memo, Capt John M. Hall to Harvey H. Bundy,
Washington, 1 Dec 42, sub: Organization of OA in the Army, RG 107,
Entry 113, Box 68, Folder OA, 1942.

233Leach, Two-Year Rpt, p. 22.

24Ibid. A total of eight commissioned officers served in OAD
between 31 December 1942 and 2 September 1945. Col. Leach remained
the chief until July 1945 and was then replaced by Lt. Col. Roscoe C.
Crawford as acting chief until 2 September 1945. At various times, eight
scientific and clerical personnel also served in OAD (see Brothers and
others, Operations Analysis, pp. 41-42).
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235Brothers and others, Operations Analysis, p. 41.

6McCloskey, “U.S. OR,” p. 920.

2371 each, Two-Year Rpt, p. 21.

28bid.

21bid., p. 22. The recommended staffing for any future OAD was
chief of section (1 colonel); executive officer (1 major); personnel section
(1 lieutenant colonel and 1 captain); training section (1 lieutenant colonels
and 4 civilian instructors); publication and dissemination section (1 major,
1 civilian librarian, and 1 civilian scientist); and overseas liaison section (1
lieutenant colonel and 1 major).

240Leach-Davidson Rpt, pp. 44-45.

24bid.

22Civilian operations analysts in the AAF were often known to
their uniformed colleagues as “Doc,” “the Quiz Kids,” or “Op Annies” (see
Charlotte Knight, "Ask Them Another,” Air Force 28, 8 [1945]: 31).

28Leach, “Army Air Forces Operations Analysis” p. 1.

244Brothers and others, Operations Analysis, pp. 1-2.

2PJansky oversaw six operations analysts stationed in Panama and
Florida, with I Fighter Command, and at Drew Field (see Leach, "Army
Air Forces Operations Analysis,” additional p. 1). The principal AAF OA
elements created during WWII are listed in Appendix B of this volume.

246Brothers and others, Operations Analysis, p. 36; Leach, Two-Year
Rpt, pp. 20-21.

27Brothers and others, Operations Analysis, p. 36. The five men
served at various times and for various periods between August 1944 and
September 1945. Ball had a distinguished career as a diplomat and foreign
policy expert after the war.

248Leach, Two-Year Rpt, pp. 20-21.

2Burchard, Q.E.D., p. 74.

20Brothers and others, Operations Analysis, p. 40.

BlTannenwald was a New York lawyer and served with USSBS
in the European Theater from September 1944 to January 1945 (see
Brothers and others, Operations Analysis, p. 40).

2The COA is discussed by McArthur, Operations Analysis, pp.
8-14.

23Earle was the editor of a well-known anthology of military
thought, Makers of Modern Strategy (Princeton, N.J.: Princeton University
Press, 1941).

254McArthur, Operations Analysis, p. 9.

2%Henry L. Stimson (Sec War), Memo for the Chief of Staff (Gen.
George C. Marshall), Washington, 6 Dec 43, sub: OA, RG 107, Entry
113, Box 68, Folder OA, 1943-45.

26 Twelve “principles” for the assignment of civilian analysts to a
military command were laid out in the Leach-Davidson Rpt (pp. 5-6).

B7A few AAF commanders at first declined the opportunity to add
an OA section to their headquarters. Maj. Gen. Claire L. Chennault, the
commander of the Fourteenth Air Force in China, was known for his crusty
character and is said to have responded to an offer of an OA section by
requesting “the equivalent in gasoline” (see McCloskey, “U.S. OR," p. 919).

258 A notable exception was the refusal of the VIII Bomber Command
Intelligence (A-2) Section to allow the newly formed OA section access
to any technical information. The problem was soon solved by the
intervention of the commander, Maj. Gen. Ira Eaker (see Rau, “Combat
Scientists,” p. 245).

25%Memo, Maj W. B. Leach and Dr Ward F. Davidson, Washington,
20 Jul 42, sub: Memo as to Investigation of Branches of the Army and
Navy in Which OA Could Be Used, RG 218, Entry 343A, Box 57, Folder
OA.

260U.S. War Department, United States War Department Table of
Organization and Equipment No. 1-787S: Army Air Forces—Operations
Analysis Section, Special (Washington: U.S. War Dept, 4 Oct43). A copy
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can be found in RG 107, Entry 113, Box 68, Folder OA, 1943-45. The
impetus for publication of the TOE came from OAS Eighth Air Force
(see McArthur, Operations Analysis, pp. 29-30).

2611J,S. War Department, Field Manual 30-27: Regulations for
Civilian Operations Analysts, Scientific Consultants, and Technical Observers
Accompanying U.S. Army Forces in the Field (Washington: U.S. War Dept,
31 Aug 44).

2621 each, Two-Year Rpt, Summary.

263Knight, “Ask Them Another,” p. 34.

264The AAF OA section elements created during the war, the
approximate number of analysts employed, and the section chiefs are
listed in Appendix B of this volume.

265F oy example, the nine analysts who served in the Fifth Air Force
in the Southwest Pacific Area were commissioned officers. Their chief,
Sidney K. Wolf, was a lieutenant colonel.

266 each-Davidson Rpt, p. 4.

267K night, "AskThem Another,” p. 31.

268 each, Two-Year Rpt, pp. 7-9.

269Knight, “Ask Them Another,” p. 60. The uniform and other
administrative details pertaining to civilian scientists posted overseas are
discussed in Thiesmeyer and Burchard, “Combat Scientists,” pp. 88—91.

2%Tn June 1942, Capt. John M. Hall, assistant executive to the
assistant secretary of the Army, stated that it was not necessary for
analysts to have any particular scientific training or background, writing,
“In fact, it might be better if they had none. What is needed is a type of
cool-headed person with common sense who can analyze what comes in
in a cold-blooded manner and make unbiased criticisms” (Memo, Capt
John M. Hall, 23 Jun 42, sub: Use of Competent Civilians in the Analysis
of Operational Efficiency, RG 107, Entry 113, Box 68, Folder OA, 1942
[hereafter cited as Hall Memo]). Whereas Bart Leach might have agreed,
Phil Morse and P. M. S. Blackett surely would not.

YL each-Davidson Rpt, pp. 23-28 passim. For example, the
distinguished New York lawyer John M. Harlan was selected to head the
Eighth Air Force OA section. He proved an excellent choice and later
became an associate justice of the U.S. Supreme Court.

272Hall Memo, p. 1.

273 The possibilities had already been discussed in the Leach-Davidson
Rpt (pp. 23-28) with attention given to lawyers, business executives, and
other non-scientific types.

2741 each, Two-Year Rpt, p. 3.

275Leach-Davidson Rpt, p. 28.

2761bid., pp. 28—29. Leach and Davidson noted that the civil service
methods had been tried by the Army Signal Corps group headed by
William Everitt and were found to be extremely clumsy, the more so
because “the Civil Service and Classification Acts were formulated to
eliminate politics, nepotism, and the spoils system from the lower ranges
of government employment; they were never designed for a situation
where men are being begged to take jobs that are bound to represent
sacrifices to them.” Analysts could be employed under per diem consultant
contracts for a maximum of only 180 days. The commissioning of analysts
in the Army offered possibilities, particularly for those being assigned to
overseas commands where there was some danger of capture by the enemy,
but there were limits on the number of annual officer accessions to the
Army. Employment by the President’s Emergency Fund was not a viable
alternative, and the Army Specialist Corps was soon to be dissolved.

277ty Maj W. B. Leach to Harvey H. Bundy, 30 Sep 42, sub:
Contract for Employment of Operations Analysts, p. 1, RG 107, Entry
113, Box 68, Folder OA, 1942 (hereafter cited as Ltr, Leach to Bundy, 30
Sep 42). The National Research Council headed by Dr. George Barrows
was a subsidiary of NAS led by Dr. Frank B. Jewett.

2781bid.



91bid., pp. 1-2.

280Bush was already uneasy with the ASWORG-Columbia
University arrangement and was under some pressure from the Bureau
of the Budget. He thus wanted to avoid any further entanglements and
controversy (see Rau, “Combat Scientists,” pp. 283-85).

BILtr, Leach to Bundy, p. 2. The analysts working for Jansky in the
Directorate of Air Defense, hired under similar arrangements, had already
been working more than six months, and it was being suggested that their
employment violated Administrative Order No. 50.

282Arrangements for payment of AAF analysts is outlined in Leach,
Two-Year Rpt, pp. 5-6.

28Leach, Two-Year Rpt, p. 5.

2847bid.

285Tbid., p.6.

286Tbid. The average annual salary for an analyst was $6,637.91.

287Rau (“Combat Scientists”) discusses the friction between OSRD
and the AAF OA program in some depth. See, in particular, pp. 23640,
265-71,283-86, and 293-300.

2881 tr, Vannevar Bush to Karl T. Compton, Washington, 15 Feb 43,
RG 227, Entry 177, Box 284, Folder OSRD in OAD.

289See, inter alia, memo, Alan T. Waterman to Vannevar Bush, ca. 4
Apr 43, sub: Notes on Future Manpower Needs and Availability in the
Radar Field, RG 218, Entry 343A, Box 9, Folder 14.

2%0Rau, “Combat Scientists,” pp. 326-27.

P1bid., p. 327.

292A]an T. Waterman, then Karl Compton’s deputy at OFS, discussed
the problem with Vannevar Bush in a 27 December 1943 memo (see
memo, Alan T. Waterman to Vannevar Bush, 27 Dec 43, sub: Requests
to OFS for Permanent Appointments with the Armed Services, RG 227,
Entry 177, Box 284, Folder OA—Projects with OAD).

293Leach, Two-Year Rpt, pp. 3—4.

294Baxter, Scientists Against Time, pp. 406-07.

2951 each, Two-Year Rpt, p. 4.

2%]bid.

297Baxter, Scientists Against Time, pp. 84-85.

29%8The story of OAS Eighth Air Force is admirably told in McArthur,
Operations Analysis.

2991 each-Davidson Memo 2, p. 2-29.

3%0Tbid. A member of Maj. Gen. Eaker’s staff discussed the matter
with Dr. B. G. Dickins of ORS RAF Bomber Command as early as May
1942 (see UK. Air Ministry, OR in RAF, p. 46).

30IMcArthur, Operations Analysis, p. 6; Rau, “Combat Scientists,” pp.
131-32.

302McArthur, Operations Analysis, pp. 6—7. The other members
of the team were Leslie H. Arps (another lawyer), James Alexander
(a mathematician on loan from the Navy MWORG), W. Norris
Tuttle (research director for the General Radio Company and OSRD
consultant), William J. Youden (a biochemist and statistician from the
Boyce Thompson Plant Research Institute),and Howard P. Robertson (an
NDRC physicist from Princeton University). Alexander and Robertson
both returned to the United States in January 1943 under something of a
cloud (see McArthur, Operations Analysis, pp. 27-29, and Rau, “Combat
Scientists,” pp. 253-58). Harlan served as a civilian until July 1943 when
he accepted a commission as a lieutenant colonel. Later promoted to
colonel, he headed the section until August 1944, when he was reassigned
and replaced by Leslie Arps, who had received his commission as a major
in July 1943 and was subsequently promoted to lieutenant colonel
(see Leach, Two-Year Rpt, p. 13). On Harlan’s reassignment and Arps’
tribulations as the new section chief, see McArthur, Operations Analysis,
pp- 205-10.

303R au, “Combat Scientists,” p. 248.
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3047 each, “Army Air Forces Operations Analysis,” p. 3; McArthur,
Operations Analysis, pp. 19-20.

305McArthur, Operations Analysis, p. 20; Brothers, “Operations
Analysis,” p. 1.

306McArthur, Operations Analysis, pp. 22-25.

307For the organization and tasks performed by the various
subsections, see McArthur, Operations Analysis, pp. 30—-45.

308A new OA section for VIII Bomber Command was promised but
never materialized. Maj. Gen. James H. Doolittle replaced Lt. Gen. Eaker
as commander of Eighth Air Force in January 1944.

309Brothers and others, Operations Analysis, p. 13; McArthur,
Operations Analysis, pp. 35-36, 87-100. OAS VIII Fighter Command
also covered the VIII Air Support Command, which became the nucleus
for the Ninth Air Force in November 1943, and OAS VIII Fighter
Command lost most of its personnel to the new OA section, Ninth Air
Force.

310McArthur, Operations Analysis, pp. 210~13.

3L each, Two-Year Rpt, pp. 1-2. The first WAC [member of
the Women's Army Corps], Sgt. Eileen Hazelton, was assigned to the
Bombing Accuracy Subsection in July 1943; by the end of the war thirteen
WAC:s were assigned (see McArthur, Operations Analysis, p. 34).

312Brothers and others, Operations Analysis, p. 13.

3B1bid., p. 1. Leach went on to list ten major accomplishments of
the OA sections.

314Knight, “Ask Them Another,” p. 31.

315Some idea of the variety of the problems studied by AAF analysts
can be gleaned from the short list of reports presented in Leach, Army Air
Forces Operations Analysis, pp. 5-7.

316McArthur, Operations Analysis, p. 328.

317Brothers and others, Operations Analysis, p. 1.

318Brothers, “Operations Analysis,” p. 6.

391bid., p. 9,

320McArthur, Operations Analysis, p. 328; Brothers and others,
Operations Analysis, p. 2.

321Baxter, Scientists Against Time, pp. 168—69.

322 auriston S. Taylor, “Operations Analysis,” Military Review 26, 6
(1946): 25.

3231bid.

3241bid.

325 each, Two-Year Rpt, p. 7.

326McCloskey, “U.S. OR,” p. 918.

327Tbid., p. 920. The work of Ellis Johnson, a Navy operations
analyst assigned to the XXI Bomber Command to plan the aerial mining
campaign against Japan, has already been mentioned.

3281bid.

329Tbid., p. 921; Leach, Two-Year Rpt, p. 7.

300ne notable exception is the definition by OAS VIII Bomber
Command analysts of the concept of “circular error probable,” a concept
subsequently much used by the armed forces, particularly in planning the
use of nuclear weapons (see Brothers, “Operations Analysis,” pp. 3—4).

31Brothers and others, Operations Analysis, Dedication. Arneson
was awarded the Medal of Freedom posthumously.

32McArthur (Operations Analysis, pp. 323-25) noted many of the
individual decorations and awards made to Eighth Air Force analysts,
and Brothers and others (Operations Analysis, passim), indicated the
decorations and awards earned by all the AAF analysts.

333Brothers and others, Operations Analysis, p. 1.

334Quoted by McArthur, Operations Analysis, p. 323.

35Ibid., p. 324.

36Rau, “Combat Scientists,” p. 124. The basic source for the
establishment of the Signal Corps OR section is Leach-Davidson Memo
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2, pp. 2-42—2-46. Unless otherwise noted, most of the following account
is based on that source. Other sources for the history of the Operational
Research Branch, Office of the Chief Signal Officer (ORB OCSigO)
include Rau, “Combat Scientists,” pp. 14954 et passim, and the documents
included in RG 111, Entry 1024 and Entry 1036A. The official history
volumes on the Signal Corps in the series United States Army in World War
II—The Technical Services produced by the Army’s chief of military history
contain practically nothing about Signal Corps OR activities, and what
is written is often incorrect. For example, George R. Thompson, George
Raynor, and Dixie R. Harris, The Signal Corps: The Outcome (Mid-1943
Through 1945) (Washington: OCMH, DA, 1966), pp. 5, 613, put the date
of the establishment of the ORB OCSigO in late 1942. As the Army officer
responsible for radar development, Maj. Gen. Olmstead was familiar with
British radar developments and the application of OR to solve the problems
of integrating radar with the British air defense system.

337Leach-Davidson Memo 2, p. 2-42. William Litell Everitt was born
in Baltimore, Maryland, on 14 April 1900. He served in the U.S. Marine
Corps (1918-19) and received a doctorate in electrical engineering from
Ohio State University in 1933. A well-known consultant, he was a major
in the Signal Corps reserves from 1932 to 1941, serving his active-duty
tours at the laboratories at Wright Field in Ohio, and at Fort Monmouth,
New Jersey. After the war, he was a professor of electrical engineering at the
University of Illinois and dean of the university’s College of Engineering.
He was president of the Institute of Radio Engineers in 1945. He died on 6
September 1986. Col. Meade had first approached Vannevar Bush at OSRD
for assistance, but, as was his usual practice, Bush palmed him off to Jewett
at NAS and then warned NDRC division chairmen to inform Jewett if they
heard “of any moves looking toward the establishment of such sections” (see
Memo, Vannevar Bush to Chairmen of NDRC Divs, Washington, 30 Jan
42, RG 227, Entry 177, Box 284, Folder OSRD in OAD).

338Rau, “Combat Scientists;” p. 152.

339Leach-Davidson Memo 2, p. 2-42. Everitt even suggested at one
point that the name of the group be changed to the Technical Research
Group.

340Thompson and others, Signal Corps, pp. 310, 613.

31'William L. Bveritt, ca. Oct 43, draft titled “Operational Research in
the Signal Corps,” p. 9, RG 111, Entry 1036A, Box 51, Folder unmarked.

3421 each-Davidson Memo 2, p. 2-46. See also Rau, “Combat
Scientists,” pp. 152—53. Leach and Davidson (Leach-Davison Rpt, p. 28)
noted that Everitt had encountered “fantastic problems” in dealing with the
civil service and that those problems had cost him two months of delay.

3BIbid. The initial hires included Lynne E. Smeby (as associate
director), Norton, Singer, Smith, Omberg, and Bateman.

344 each, “Army Air Forces Operations Analysis,” additional p. 2.

345 each-Davidson Memo 2, p- 2-44. Rau (“Combat Scientists,”
p. 154) noted, however, that the projects proposed by Everitt “were not
dissimilar to those pursued by British scientists working in operations
research.”

346Cyril M. Jansky, Jr., and William L. Everitt, Memo for Col Tom C.
Rives and Col Gordon P. Saville, Washington, 9 May 42, sub: Delineation
of Functions between Operational Analysis in Air Defense in the Army
Air Force and Operational Research in Radar and Air Communications
in the Signal Corps, RG 111, Entry 1024, Box 3027, Folder 00-400.112
Operational Research—General.

347Ltr, Lt Col W. B. Leach to OCSigO, Army Service Forces, Attn:
Planning Director, Washington, 16 Apr 43, sub: Procurement and Training
of Operations Analysts for the Army Air Forces and Coordination of
Their Technical Activities, RG 111, Entry 1024, Box 3027, Folder 10
00-400.112 Engineer and Analyst Indoctrination.

3#8For a detailed discussion of Everitt’s difficulties in dealing with
Alan T. Waterman and OSRD on technical training for Signal Corps and
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AAF OR personnel (for whom Everitt had agreed to act as agent), see
Rau, “Combat Scientists,” pp. 279-83, 327-32.

39Memo, John H. Teeter, 7 Apr 43, sub: Operations Analyst Studies,
RG 227, Entry 177, Box 284, Folder Definitions and Methodology of
OA—]. H. Teeter’s Memoranda on Training for OA. See also Memo, J.
H. Teeter, ca. 15 Apr 43, sub: Operation Analyst Training Program, RG
227, Entry 177, Box 284, Folder Definitions and Methodology of OA—].
H. Teeter’s Memoranda on Training for OA.

350The history of the Operational Analysis Branch, Technical Liaison
Division, Signal Section, Headquarters European Theater of Operations,
U.S. Army, is summarized in Lucien L. Farkas (acting chief, Operational
Analysis Branch, Technical Liaison Division, Office of the Chief Signal
Officer, European Theater of Operations [ETO]) to chief signal officer,
War Dept, Washington, Attn: director, NDD, 25 May 45, sub: Activities
of the Operational Analysis Branch in the European Theater of Operations
(hereafter cited as Farkas Memo to CSO); and Lucien L. Farkas (field
service consultant) to Alan T. Waterman (OFS, OSRD), 25 Oct 45, sub:
Rpt of Activities during Time Employed by the Office of Field Service,
Office of Scientific Research and Development, both in RG 227, Entry
179, Box 292, Folder OFS-NDD ETO Rpts; Smeby.

351Farkas Memo to CSO, p-2.

392Ibid., pp. 4-5. Howard returned to the United States on 27
October 1944, and Farkas took over as acting chief.

333Karl R. Spangenberg, ca. 4 Sep 44, sub: Rpt of Activities, ETO,
Jul 22 to Sep 4, 44, pp. 1, 6, RG 227, Entry 179, Box 292, Folder OFS-
NDD ETO Rpts; Smeby.

354Tbid.

3%5The Leach-Davidson Rpt and Memo 2 make no mention of
any Ordnance Department OR activity, and an admittedly perfunctory
examination of the extensive files on WWII Ordnance Department
activities in the National Archives has disclosed no material on
Ordnance OR work—at least none under the heading “Operations
Research” or “Operations Analysis.” Similarly, the official history of BRL
(John G. Schmidt, Volume I: A History of the United States Army Ballistic
Research Laboratories, 1914—1956. Ballisticians in War and Peace Series,
3 vols. [Aberdeen Proving Ground, Md.: U.S. Army BRL, 1956] covers
the WWII period) makes no mention of any specific OR section or
activity.

356Schmid, History of BRL, p. 25.

357Ibid., pp. 28. Lt. Col. Simon was an expert on statistical methods,
sampling, and quality control.

338bid., pp. 52-55.

3590ral history interview with Arthur Stein conducted by Eugene
P. Visco and James Williams, Institute for Defense Analysis, Alexandria,
Va., 2 Apr 92, p. 7. The interview was conducted as part of the Office of
the Deputy Under Secretary of the Army for Operations Research Oral
History Project.

30Tbid., p. 5.

3611bid., p. 8.

362Qral history interview with Dr. Frank Grubbs conducted by
Eugene P. Visco, Aberdeen Proving Ground, Md., 26 Oct 94, pp. 1-2.
The interview was conducted as part of the Office of the Deputy Under
Secretary of the Army for Operations Research Oral History Project.

39Tbid., p. 3.

364Baxter, Scientists Against Time, p. 85.

365 each-Davidson Rpt, pp. 28-29. No further information on this
activity has been found.

366 Allied Forces, 21. Army Group, No. 2 ORS. Operational Research
in North West Europe: The Work of No. 2 Operational Research Group with
21. Army Group, June 1944—July 1945 (London: Allied Forces, 21. Army
Group, No. 2 ORS, 1945), p. i.



367.];1nsky Memo on OA, reproduced in Leach-Davidson Memo 2,
p.2-31.

3681 ¢, Robert W, King to Vannevar Bush, Washington, 2 Jul 42, RG
218, Entry 343A, Box 9, Folder 15.

3%Leach-Davidson Rpt, pp. 46-47.

370Memo, Harvey H. Bundy to Maj Gen Stephen Henry, Washington,
9 Nov 43, forwarding Ltr, Lt Col W. B. Leach to Harvey H. Bundy, 4 Nov
43 (hereafter cited as Ltr, Leach to Bundy, 4 Nov 43); and Memo, Lt Col
W. B. Leach to Harvey H. Bundy, 2 Nov 43, sub: Desirability and Method
of Establishing an OA in the Ground Forces, RG 107, Entry 113, Box
68, Folder OA, 1943—45 (hereafter cited as Memo, Leach to Bundy, 2
Nov 43).

3711 tr, Leach to Bundy, 4 Nov 43.

372Memo, Leach to Bundy, 2 Nov 43, pp. 1-2.

373 Memo, Lt Col W. B. Leach (chief, OAD, HQ AAF) to the sec
war, Washington, 25 Nov 43, sub: Desirability and Method of Extending
OA to Ground and Amphibious Operations, RG 107, Entry 113, Box 68,
Folder OA, 1943-45).

374Draft one-page letter to theater commanders re “Extension of
OA to Ground and Amphibious Operations,” Appendix A to Alan T.
Waterman, “Outline of Developments Leading to Establishment of
ORS, CPA," after Jul 44, RG 227, Entry 179, Box 308, Folder CPA-2
Miscellaneous—General (hereafter cited as Waterman, “Outline of
Developments”).

375Memo, HenryL.Stimson to Gen George C. Marshall, Washington,
6 Dec 43, sub: OA, RG 107, Entry 113, Box 68, Folder OA, 1943-45.

376Memo, Lt Col W. B. Leach to Maj Gen Stephen G. Henry
(director, NDD WDGS), Washington, 6 Dec 43, sub: Analysis Section
for Jungle Warfare Requested by Lieutenant General Harmon, RG 107,
Entry 113, Box 68, Folder OA, 1943—45. Lt. Gen. Harmon suggested
that the proposed jungle warfare OA could be integrated with Robert L.
Stearns’ Thirteenth Air Force OA section and that Stearns (along with
Harmon himself) could act as the supervisor of the new OA team.

3771\/Isg, Operations Div, WDGS (for the chief of staff) to Com Gen,
South Pacific Area, Washington, 20 Dec 143, RG 107, Entry 113, Box 68,
Folder OA, 1943-45.

378Writing to Karl T. Compton on 15 December 1943, Harvey
Bundy indicated that the team for Lt. Gen. Harmon’s headquarters was
being activated, but no further evidence regarding the team or its activities
has been found, and it is not mentioned in the official OSRD histories
(see Memo, Harvey H. Bundy to Karl T. Compton, Washington, 15 Dec
43, sub: Conf with Gen MacArthur Concerning OA, RG 107, Entry
113, Box 68, Folder OA, 1943-45). Harmon's team may well have been
canceled or disapproved at some stage.

379Memo, Vannevar Bush (director, OSRD) to Harvey H. Bundy
(special asst to sec war), Washington, 7 Jan 44, RG 107, Entry 113, Box
68, Folder OA, 1943—45. The two staff officers in question were Col.
Thomas North and Lt. Col. C. W. Leihy.

380The history of the Research Section, HQ SWPA, is
summarized in H. Kirk Stephenson, “Summary of Activities of the
Research Section, Southwest Pacific Area,” after 13 Sep 45; H. Kirk
Stephenson, “Summary of Principal Projects,” late 1945; and H.
Kirk Stephenson, “Civilians in the Army, The Story of the Research
Division, Southwest Pacific Area,” 1945, all in RG 227, Entry 177,
Box 284, Folder SWPA—Research Section SWPA—Reports by H.
K. Stephenson and A. T. Waterman. Unless otherwise noted, these
three documents form the basis for the following account. See also
Stewart, Organizing Scientific Research, pp. 137-38; Thiesmeyer
and Burchard, “Combat Scientists,” pp. 294-304 et passim; and Rau,
“Combat Scientists,” pp. 315-19, et passim.

381Harrison was the dean of science at MIT and the chief of
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NDRC Division 16. The Research Section, GHQ SWPA, was formally
established by General MacArthur’s directive in July 1944.

3EHStephenson, “Summary of Activities,” p. 2. Maj. Gen. Akin was
MacArthur’s representative for research and technical matters, and it was
anticipated that much of the Research Section’s work would deal with
communications and radar. General MacArthur was well known for trying
to minimize the impact of ‘outsiders” on his command, which may explain
why the Research Section did not enjoy a more prominent placement.

383Rau, “Combat Scientists,” p. 317. Moreover, Maj. Gen. Akin
placed the section under the supervision of one Maj. Harrington, a man
Dr. Harrison described as neurotic and homosexual and whom Harrison
succeeded in having dismissed from the Army (see Rau, “Combat
Scientists,” p. 317).

384Stephenson, “Civilians in the Army,” p. 4.

35Tbid, p. 12.

386Stephenson, “Summary of Principal Projects,” p. 4.

37Maj. Gen. Marquat had hoped for two men right away and
perhaps three or four later (see Ltr, Karl T. Compton [chief, OFS] to
Harold Hazen [professor of electrical engineering, MIT], Washington,
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CHAPTER TWO

oo

Operations Research in the Postwar Era, 1945-50

Ithough the contribution of operations research

(OR) to the Allied victory in World War II can-

not be measured, the widespread use of OR gave
the Allies a decided edge over the Axis powers. By V-] Day,
2 September 1945, the armed services of the British Com-
monwealth and the United States had created OR establish-
ments that were contributing substantially to the develop-
ment and introduction of new weapons and equipment and
to the evolution of more-effective organizations, tactics, and
strategies. However, the successful OR structures created
during the war were significantly reduced in the immediate
postwar demobilization as civilian analysts and administra-
tors hurried home to their families and former employers.
Even so, in the United States the Navy Operations Research
Group (ORG) continued at reduced staffing, and the Army
Air Forces (AAF) retained a substantial portion of its wat-
time operations analysis (OA) capability. The ground Army,
which had not developed a comprehensive OR capability
during the war, abandoned what few OR organizations it
had, although such research continued to be an “embedded”
part of the research and development (R&D) activities of
the Army’s technical services. Nevertheless, the general con-
sensus was that OR was a valuable tool and that civilian sci-
entists were a necessary complement to military profession-
als and career civil servants, particularly in the R&D field.
In September 1946, Lauriston S. Taylor, who had played an
active role in wartime OR in AAF noted that

with the advent of even more complicated scientific warfare
than we have ever known, I am personally convinced as to the

necessity of maintaining a program of operations analysis not

only for peacetime operations but to constitute a liquid reserve

for instant action if another war should threaten us.!

After the euphoria of the war’s end had passed, all of the
armed services took positive steps to rebuild and reorganize
their OR capabilities. A number of factors affected that re-
building and reorganization from 1945 to 1950. Not only

were the problems of warfare more complex, as Taylor sug-
gested, but the perception of a lack of threat in the immediate
postwar period led to a significant reduction in the financial
and human resources available to the services. Consequently,
interservice competition for the available resources made
OR an important means for determining priorities and the
optimal use of scarce resources. The onset of the atomic age,
the growing threat of the Soviet Union, and America’s new
global commitments all required the development of new
equipment, organizations, tactics, and strategies in the ser-
vices. Operations research provided a means of determining
priorities for the effective and efficient distribution of scarce
resources to meet these new commitments.

The postwar demobilization of the Office of Scientific
Research and Development (OSRD) and its adjunct, the
Office of Field Service (OFS), both of which had played a
prominent role in the wartime organization and manage-
ment of scientific manpower, including OR analysts, obliged
each of the services to find new ways of attracting and ad-
ministering the scientific personnel needed to continue their
OR programs. Each of the services subsequently found its
own unique solution to the problem of continuing and ex-
panding the OR organizations that had proven so successful
during the war. The Navy set up a contractual relationship
with the Massachusetts Institute of Technology (MIT) to
administer the Operations Evaluation Group (OEG), the
successor to the wartime Operations Research Group. To
deal with the broader problems of strategy and policy, AAF
established Project RAND, which was converted in 1948 to
the RAND Corporation, an independent nonprofit founda-
tion. The U.S. Air Force, newly independent from the Army
in 1947, also relied on the civil service to staff a revived Op-
erations Analysis Division (OAD) on the Air Staff and OA
cells at each of the major command headquarters to handle
operational problems. Following passage of the National Se-
curity Act of 1947 (NSA), the newly created Department of
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Defense (DOD) also quickly established an OR capability
by creating in December 1948 the Weapons Systems Evalu-
ation Group (WSEG) to support the Joint Chiefs of Staff.
As it had during the war, the Army lagged behind the other
services in creating a postwar OR capability. However, the
recognition of the value of OR to the Army R&D program
led to the establishment in August 1948 of the General Re-
search Office (GRO), soon renamed the Operations Re-
search Office (ORO), under contract with The Johns Hop-
kins University (JHU). By June 1950, all of the U.S. armed
services once again had fully functioning OR organizations
prepared to confront the challenges of a new war in Korea.

Tue DemosIiLizaTioN oF OSRD anp OFS

Despite its many faults and problems, the Office of
Scientific Research and Development and its adjunct, the
Office of Field Service, played important roles in mobiliz-
ing and coordinating the scientific resources of the United
States during World War II. Both organizations were espe-
cially important to the development of OR in the services.
The contribution of OSRD was recognized by the United
States Congress in a report of the House Appropriations
Committee on 17 October 1945:

This splendid agency but a few months hence will go out of ex-
istence. The contribution that it has made to the winning of the
war is inestimable. Without such contribution, it is safe to say
that victory still would await achievement. However, the office
has been essentially a war agency, and it is now engaged in liq-
uidation. To its distinguished and internationally known head,
Dr. Vannevar Bush, and the staff of great scientists he gathered
around him to aid in the development of new weapons, the Na-
tion owes much.?

OSRD had been the focal point for contracting with
civilian scientists to support the military forces during
the war. Its postwar demobilization raised the question
of how the services would recruit, train, manage, and
compensate scientific talent in the future. Although
Vannevar Bush believed that a successor to OSRD spe-
cifically oriented toward supporting the military was
unnecessary, he did advocate the creation of a “national
research foundation” to continue the management of
scientific endeavor in the national interest.> The pro-
posed foundation was to include a military section
dedicated to assisting the armed forces on technical and
scientific matters, including OR.A Although there was
general agreement that some sort of national organiza-
tion to coordinate scientific R&D was desirable, there
was no consensus on the shape it ought to take. Bush
and others warned that the needed research would be
expensive and that “the government, the Congress, and
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the country would have to understand . . . that results
would come about through time, often after many fail-
ures, and in ways not always foreseeable or expected."S
In June 1944, the secretaries of war and Navy already had
recognized that OSRD would be demobilized at the end
of the war and that some mechanism would be needed to
continue the participation of civilian scientists in military
R&D. Accordingly, on 22 June 1944, the secretaries created
a Committee on Postwar Research headed by Chatles E.
Wilson, the vice chairman of the War Production Board, for
the purpose of studying postwar R&D needs of the services
and how those needs might be met.® The Wilson committee
recommended establishing within the National Academy of
Sciences the Research Board for National Security, compris-
ing civilian scientists and representatives of the Army and
Navy and funded by transfers from Army and Navy appro-
priations until Congress could establish the board on a per-
manent basis.

Although the recommendation of the Wilson committee
was accepted by the service secretaries, its implementation
was blocked by the refusal of the Bureau of the Budget to
permit the necessary transfer of Army and Navy funds. Bills
were introduced in Congress to establish the board in law,
but no immediate action was taken.” On 22 July 1947, the
Congress passed an act for the creation of a National Science
Foundation as the successor to OSRD, but President Harry
Truman vetoed the bill.® Meanwhile, a committee headed by
Vannevar Bush was created in early July 1946 to coordinate
R&D of joint interest to the Army and the Nawy.9 Veterans
of the wartime Navy and AAF OR programs also lobbied
successfully for the National Research Council to form a
Committee on Operations Research in 1948.10

OSRD and OFS began to dissolve as soon as the war
ended. Both scientists and administrators were eager to re-
turn to their peacetime tasks, and the lack of an immediate
threat to the national security lessened the apparent need for
their services. A rump staff was retained to liquidate OSRD
contracts and assets, but all active coordination of scientific
support for the armed forces was terminated. OSRD and its
adjuncts—the National Defense Research Committee, the
Committee on Medical Research, and the Office of Field
Service—were formally abolished on 31 December 1947
by Executive Order 9913 of 26 December 1947. As a con-
sequence, the armed services were left to their own devices
to find new mechanisms for reestablishing and maintaining

their OR capabilities.

OPERATIONS RESEARCH IN THE
Unr1TED STATES NAVY, 1945—50

At the end of World War II, the Navy had the most
comprehensive and centralized OR program of all the U.S.
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armed services. By the summer of 1945, the Navy Operations
Research Group, which had evolved from the Anti-Subma-
rine Warfare Operations Research Group (ASWORG), in-
cluded some ninety scientists and had an annual budget of
$800,000.!! Headed by Dr. Philip M. Morse, ORG had sub-
groups working on antisubmarine warfare, fleet air defense,
naval air operations, submarine operations, and amphibious
warfare, ORG analysts had made substantial contributions
in all of those areas.

As the end of the war approached, the commander in
chief, U.S. Fleet, and chief of naval operations (COMINCH/
CNO), Fleet Admiral Ernest J. King, expressed to Secretary
of the Navy James V. Forrestal his satisfaction with the work
done by ORG and recommended that “uninterrupted con-
tinuation of this service into peacetime is necessary. Action
should be taken at this time in order to preclude any discon-
tinuity upon cessation of hostilities.”*2 Admiral King recom-
mended that ORG be continued into peacetime at approxi-
mately 25 percent of its wartime strength. His rationale for
continuing ORG was that it had been “of active assistance” to
the Navy in the evaluation of new equipment, in the evalua-
tion of specific phases of operations (such as naval gunfire),
in the evaluation and analysis of tactical problems and the
development of new tactical doctrines, in the technical as-
pects of strategic planning, and in liaison between the fleets
and the Navy and civilian R&D establishments.??

Secretary Forrestal quickly approved Admiral King's
recommendations, and plans were made to continue ORG.14
In view of the successful wartime relationship between the
Navy and Columbia University for the administration of AS-
WORG, it was decided to establish the postwar Navy OR
program on a similar basis, and contract negotiations were
opened with MIT. Despite some reluctance on the part of the
institute, an initial three-year contract was signed on 1 No-
vember 1945, and the reorganized ORG came into existence
under the supervision of the Navy deputy chief of naval oper-
ations (fleet operations and readiness).’”> The new organiza-
tion was named the Operations Evaluation Group to assuage
the concerns of the chief of the Office of Naval Research
(ONR).'The staff was reduced to approximately twenty-five
professionals, chiefly physical scientists and mathematicians,
and a budget of $300,000 was provided.!” Philip M. Morse
remained for several months as the director of OEG before
returning to MIT. He was replaced by Dr. Jacinto Steinhardt,
who had received his doctorate in chemistry from Columbia
University in 1934 and had served in the Navy OR organi-
zation during the war.l8 Morse, George Kimball, and other
wartime ORG members continued as consultants.

Soon after the contract with MIT was signed, it became
apparent that the Navy's OR needs were greater than origi-
nally envisioned, and the Navy began to call for an enlarge-

ment of OEG. Dr. Steinhardt was reluctant to increase the
size of the group rapidly, fearing a loss of cohesion and focus,
and it was not until 1949 that the OEG complement grew to
thirty-five professionaﬂs.19 Thereafter, OEG grew more rap-
idly, and by the start of the Korean War it had a staff of sixty,
including forty scientists, and an annual budget of more than
$500,000, although budgetary restrictions all but eliminated
its field programs.20

OEG maintained a central office in Washington, D.C,,
and field teams with the major naval commands. OEG direc-
tor reported to the head of the New Developments and Op-
erational Evaluation Subsection of the Office of the Deputy
Chief of Naval Operations for Fleet Operations and Readi-
ness. Individual OEG members were assigned as analysts
to eight different “desks” in the Office of the Chief of Naval
Operations (OCNO), an arrangement that recalled the
wartime subsections of ORG.%! In addition, two members
served on the staff of the commander, Operational Devel-
opment Force (ODF); one member served part-time on the
staff of the commander, Naval Forces Europe; and from time
to time OEG members lectured at the Naval War College
and the National War College and took part in fleet maneu-
vers.22 OEG worked closely and effectively with the Navy
ODE which was created to conduct operational tests of new
weapons, equipment, and methods proposed for introduc-
tion into the fleet, to explore ways and means of improving
the effective use of existing weapons and equipment, and
to recommend training procedures, countermeasures, and
changes in tactical doctrine.?? Additional tasks performed
by OEG members included maintaining operational sta-
tistics, recording the results of training exercises, providing
mathematical computations in support of ongoing projects,
gathering and analyzing technical intelligence, and supervis-
ing the preparation of publications and the performance of
other administrative duties.2*

As provided in its contract with MIT, the purpose of
OEG was to “furnish liaison for the fleets with the devel-
opment and research laboratories . . . and conduct studies
and make reports” to the deputy chief of naval operations
(fleet operations and readiness).?> The broad array of studies
undertaken by OEG included analyses of past operations;
analyses of the operational capabilities of new equipment, in
the light of the Navy's requirements; development of tactical
doctrine; formulation of new requirements; and analyses of
strategic alternatives.2® Within the contractual parameters,
OEG was also charged with providing operations analysts
for selected Navy field units and for other agencies within
the Navy Department,27

In OEGs first year (November 1945—November 1946),
its analysts were called on to complete more than 120 projects
but spent much of their time writing up the results of war-
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time ORG research.?® In 1946, OEG published five reports
dealing mostly with World War II antisubmarine warfare,
OR methods, and search and screening operations, as well
as fifty-five studies dealing with such subjects as World War
IT combat air patrols, zigzag patterns, coastal early warning
systems, search theory, and the evaluation of fleet antiair-
craft defense patterns.?” Other projects were undertaken in
the fields of naval tactics and doctrine, antisubmarine war-
fare, antiaircraft defenses and gunnery, naval air operations,
guided missiles, radar, and atomic warfare.>* OEG published
three studies in 1946 that subsequently became classics in
the OR literature. They included Charles M. Sternhell and
Alan M. Thorndike's Antisubmarine Warfare in World War
II (originally OEG Report 51), Philip M. Morse and George
E. Kimball's Methods of Operations Research (originally OEG
Report 54), and Bernard O. Koopman's Search and Screening
(originally OEG Report 56).3!

OPERATIONS RESEARCH IN THE
UnN1TED STATES AIR FORCE, 1945—-50

By the end of the war, like the Navy, AAF had a large
and effective OR program making substantial contributions
to the improvement of aircraft, weapons, equipment, organi-
zation, tactics, and operational strategy. Under the direction
of Col. W. Barton Leach, the Operations Analysis Division
at Headquarters, Army Air Forces, oversaw the recruitment
and training of some 275 operations analysts in twenty-six
operations analysis sections assigned to, and controlled by,
the major Air Force field commands.3? Unlike the Navy pro-
gram that was highly centralized, administered by OSRD or
under contracts with academic institutions, and composed
almost entirely of scientists, the Air Force OA program was
decentralized, relied on the civil service and individual con-
sultants for the recruitment and administration of its per-
sonnel, and included a number of non-scientific people.

Eight months before the end of the war, Col. Leach
wrote to Harvey H. Bundy, special assistant to the secretary
of war, expressing his views on the “post-war handling of Op-
erations Analysis.”*> In a memorandum that he prepared for
Bundy, Col. Leach expressed the opinion that there would be
no place for a large OA organization staffed by civilian ana-
lysts in the peacetime Air Force because there would be suf-
ficient uniformed officers to handle the reduced OA work-
load. Nevertheless, Leach recommended that measures be
taken to ensure a rapid and effective expansion of OA in any
future war. To that end, he recommended that Air Force of-
ficers receive orientation on the use of OA, that forty to one
hundred key civilians be trained in OA and subject to call-up
to form the nucleus of a revived Air Force OA group in the
event of war, and that a permanent OA division be created
in Air Force headquarters consisting of three officers rotat-
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ed every six months.>* Leach also warned against adopting
without careful study the use of commissioned analysts, let-
ting OSRD handle the problem, turning OA over to Army

officers, or putting the civil service in charge. As he noted:

Experiments have been made with all of these ideas, and all
have badly failed. A system has been developed, after two and
a half years, which works with considerable effectiveness. Be-
fore major changes are made in this system, at the very least it
should be determined whether experience in this war offers any
evidence as to the desirability of such a change.?®

This time, Leach, who had almost single-handedly cre-
ated the wartime Air Force OA program, missed the mark
badly in his basic premise. In fact, the Air Force’s need for
OR would expand significantly in the postwar period, and
it would be necessary to reconstitute an active OA structure,
albeit at a reduced staffing level, as well as to create a new
agency for dealing with problems of higher-level strategy and

policy in a nuclear age.
Reconstitution of the Air Force OA Program

Although highly valued by Air Force leaders, much of
the existing Army Air Forces OA organization disappeared
in the immediate postwar demobilization as commands
were merged or abolished. Consequently, AAF lost most of
its OA capability. However, a vestigial organization was re-
tained. In October 1945, LeRoy A. Brothers, a leading vet-
eran of the wartime program, was appointed chief analyst
of the vestigial OAD under the assistant chief of Air Staff,
A-3.3%1n the spring of 1946, Lt. Gen. Ira C. Eaker, an early
OA enthusiast and then deputy commander of AAF, wrote
to the commanders of major units with remaining OA sec-
tions and asked their views on the future peacetime role of
OAD.7 All men replied positively, recommending that the
Air Force OA work continue and that a pool of experienced
analysts be assembled for that purpose.

Subsequently, AAF began to reconstitute its OA pro-
gram. In April 1946, LeRoy Brothers was appointed as as-
sistant for operations analysis to oversee the revived OAD
under the deputy chief of staff for operations in AAF head-
quarters. Operations analysis offices were reestablished in
each of the major AAF commands. As was the case during
the war, the revived Air Force OA organizations relied on
civilian analysts hired and managed under the regular civil
service system.

On 11 October 1946, the new AAF OA organization
was formally approved by the publication of Air Force Reg-
ulation 20-7: Operations Analysis. The mission of OA, as
stated in AFR 20-7, was to “provide commanders and their
staffs with ready and informal access to scientists with spe-
cialized training in the techniques applicable to the analysis
of air warfare” and to “analyze the problems of air warfare
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with the objective of improving equipment, weapons and
weapons systems, tactics, and strategy” to “furnish, wherever
possible, a quantitative basis for command and management
decisions.”38

The organization prescribed by AFR 20-7 replicated
that of the wartime period. An Operations Analysis Divi-
sion under a civilian assistant for operations analysis was
established in the Operations Directorate of Air Force head-
quarters to conduct studies in support of the Air Staff and to
coordinate AAF OA activities. Initially, OAD did not exer-
cise centralized control over the OA offices attached to each
major command, but later editions of AFR 207, published
after the Air Force gained independent status, gave OAD
general authority to “monitor and coordinate programs of all
Operations Analysis offices” and to “select, indoctrinate, and
recommend assignment of all operations analysts employed
by the Air Force??

AFR 20-7 limited the OAD staff to ten analysts, but the
new assistant for operations analysis, LeRoy Brothers, devel-
oped a good working relationship with the Air Staff as well
as a reputation for turning out high-quality studies, and, by
May 1947, the OAD staff included 6 physicists, 5 mathema-
ticians, 3 statisticians, 7 engineers, and 1 “educationalist.’*0

The relatively small OAD staff was known for the ob-
jectivity and professionalism of its studies and it turned out
a“good deal of solid work in the decade following the war,H
Among the major subjects taken up by OAD analysts in the
postwar period were weapons effectiveness, continental air
defense operations, and the development of an air operations
attrition model.*> OAD also undertook the preparation of
a history of OR in the Army Air Forces in World War II.
Pieces were prepared, but no comprehensive formal publica-
tion resulted.*?

AFR 20-7 also authorized the creation of an Operations
Analysis Office (OAQO) under a civilian chief in each major
Air Force command that wanted one. These offices were the
lineal descendants of the wartime OA sections, being simi-
larly organized and performing similar functions. OAOs
operated independently under their respective command-
ers and conducted OR studies of immediate practical value
to their command, focusing on the performance of aircraft,
weapons, and equipment and on the improvement of tactics
and operational procedures. The need for, and attractiveness
of having, an OAQ soon became apparent to every Air Force
commander. As Prof. I. B. Holley has noted:

virtually every major organization within the Air Force had
learned that the best defense against a scheme proposed by the
outside professionals, the PhDs at RAND or elsewhere, was to
have a PhD or a whole roster of them on the staff or on contract
to call up for the counter-battery fire when threatened . . . the
battle of the doctors.**

With only loose control exercised by OAD, each OAO
had the opportunity to set an independent course. In some
cases, the OA offices were larger and more influential than
OAD itself. For example, OAO at Strategic Air Command
headquarters was able to build a strong program including
fifteen analysts in 1948, when OAD had only ten.*

Project RAND and the RAND Corporation

As World War II drew to a close, the commanding gen-
eral of the Army Air Forces, Gen. Henry H. Arnold, Dr.
Theodore von Karman (Arnold’s scientific advisor), Dr. Ed-
ward L. Bowles (a consultant to the secretary of war), and
other senior officials in the War Department recognized the
need to retain at least some of the scientific talent that had
been assembled during the war, particularly in view of the in-
creased importance of R&D to the American armed forces.

Meeting on 1 October 1945 at Hamilton Field in Cali-
fornia, AAF and industry leaders devised a concept for a new
organization to provide independent scientific analysis, pat-
ticularly in the areas in which military policy, planning, and
technology intersected.* Believing that it would be difficult
to recruit and administer suitable scientific personnel for the
project through the existing civil service system and that a uni-
versity would not want to take on a highly classified project,
AAF leaders decided to attach the project to an existing com-
mercial firm located outside the Washington, D.C., area so as
to insulate its staff from day-to-day requests for assistance.?’
General Arnold persuaded Donald Douglas, the president of
Douglas Aircraft Company, to take on the project, and Proj-
ect RAND (an acronym for research and development) was
initiated by a $10 million letter contract issued on 2 March
1946. Under the terms of the contract, Douglas Aircraft was
to conduct “a program of study and research on the broad
subject of intercontinental warfare, other than surface, with
object of recommending to the Army Air Forces preferred
techniques and instrumentalities for this purpose.”*®

Franklin Collbohm was named director of Project
RAND. Responsibility for the project was assigned to a new
Air Staff agency created on 1 December 1945—the Office
of the Deputy Chief of the Air Staff for Research and Devel-
opment (later the Deputy Chief of Staff, Development)—
headed by Maj. Gen. Curtis LeMay.*® By early 1948, the
Project RAND staff had grown to more than two hundred
scientists and engineers recruited from industry and aca-
demia and organized in three main divisions: aircraft, mis-
siles, and evaluation of military worth.”®

In May 1947, Project RAND moved into its own of-
fices in Santa Monica, California, but the AAF contract with
the Douglas Aircraft Company had already raised questions
of conflict of interest. General Arnold was a close friend of
Donald Douglas, and Douglas’ competitors were suspicious
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that the Air Force—Douglas research connection might give
Douglas an advantage in other contracting.51 For its part, by
1948 Douglas Aircraft was eager to free itself from the ar-
rangement, believing that it may have lost other government
contracts because of the government’s concern with being
even-handed. Accordingly, it was agreed that the relation-
ship of Project RAND with Douglas Aircraft be terminated
and that a new, independent, nonprofit corporation would
be set up to manage Project RAND. The RAND Corpora-
tion was chartered in California in May 1948 with Franklin
Collbohm as president.>? In late July 1948, the new nonprof-
it corporation secured some $1 million in operating capital
in the form of an interest-free loan from, and a private bank
loan guaranteed by, the Ford Foundation.”® Some three hun-
dred Douglas employees working on Project RAND were
transferred to the new corporation on 1 November 194854

The relationship of the Air Force to Project RAND
and the RAND Corporation was subsequently laid out in
Air Force Regulation 20-9: Air Force Policy for the Conduct of
Project RAND, which defined Project RAND as

a continuing program of scientific study and research on the
broad subject of air warfare with the object of recommending
to the Air Force preferred methods, techniques, and instrumen-
talities ... operated by The RAND Corporation under contract
with the Department of the Air Force.”®

AFR 20-9 also created a Project RAND Military Advisory
Group chaired by the Air Force deputy chief of staff, devel-
opment, for the purpose of advising the Air Force chief of
staff on the RAND research program and other matters
having to do with Project RAND and the RAND Corpora-
tion.”®

Day-to-day OR problems continued to be handled by
OAD and the OA offices at major Air Force headquarters.
The RAND research program constituted what the Air
Force called “background research,” that is, the application of
scientific analysis of the weapons, equipment, methods, and
organization of air warfare, including economic, political,
and social factors, to enable the Air Force to take advantage
of new scientific discoveries and counter their development
by potential enemies.”” Accordingly, the RAND research
program focused on such general areas as future air warfare
and the development of nuclear weapons, and it included
studies on such major topics as strategic bombing systems,
air defense, tactical air operations, and Air Force logistics.”®

RAND’s first publication, Preliminary Design of an Ex-
perimental World-Circling Spaceship, was published on 2 May
1946.>° The work of fifty analysts, it dealt with matters far
from the day-to-day operational problems of concern to
World War II operations analysts. Overall, initial progress
in research and publication by Project RAND was slow, and
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the results were disappointing to the project’s sponsors.60

In fact, a good deal of the early work was subcontracted by
Project RAND to other research and industry firms.%!

The wartime Air Force OR program had been heavily
focused on the physical sciences and mathematics. Although
a few social scientists and other non-scientific personnel
were employed as administrators and analysts, the wartime
work did not generally extend to studies involving anything
other than operational problems. The RAND research pro-
gram, however, was more comprehensive and more theoreti-
cal, and it often involved political, economic, and social con-
siderations. Accordingly, RAND sought to hire a number of
social scientist to complement its staff of physical scientists,
mathematicians, and engineers.62 The idea of integrating
social scientists into the RAND research effort was sold by
John D. Williams, a mathematician on the RAND staff, to
Gen. Curtis LeMay, the Air Force deputy chief of staff for re-
search and development, at a meeting in Washington, D.C.,,
in late 1946.%3 Following a meeting in New York with prom-
inent social scientists, RAND created an Economic Division
under Charles J. Hitch and a Social Science Division under
Hans Speier and produced a number of useful studies in the

social sciences.®*

OPERATIONS RESEARCH IN THE
DEeEPARTMENT OF DEFENSE

Two years after the end of World War II, the armed
forces of the United States underwent a major reorgani-
zation with passage of the National Security Act of 1947
(NSA 1947).% The NSA 1947 created a National Military
Establishment (NME) comprising three separate military
departments—Navy, Army, and the newly established and
coequal Air Force—each headed by its own civilian secre-
tary with cabinet status, a seat on the newly created National
Security Council, and direct access to the president.®* NME
was to be overseen by a secretary of defense who also had
cabinet rank and served as the principal military advisor to
the president. The NSA 1947 formally recognized the status
of the Joint Chiefs of Staff (JCS) and created the Central
Intelligence Agency.

The NSA 1947 represented a compromise between the
single unified armed forces advocated by the Army and the
Army Air Forces, and the totally independent services cham-
pioned by the Navy. Accordingly, the secretary of defense had
only weak “general authority, direction and control” over the
separate military departments. Indeed, James V. Forrestal,
the secretary of the Navy appointed by President Truman
as the first secretary of defense, proclaimed that “this office
will probably be the biggest cemetery for dead cats in his-
tory®” The arrangement proved unwieldy, and following the
report of the Hoover Commission®® in 1949, the 1947 act
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was amended by the National Security Act of 1949 (NSA
1949), which replaced NME with a Department of Defense
and eliminated the cabinet status of the service secretaries,
subordinating them to the secretary of defense. The author-
ity of the secretary of defense to oversee the military depart-
ments was strengthened, and a position was created for a
deputy secretary of defense. The NSA 1949 also provided
the secretary of defense with a staff, increased the size of the
Joint Staft from 100 to 210, and provided for a non-voting
JCS chairman.

The NSA 1947 established a Research and Develop-
ment Board (RDB) to integrate and coordinate military
R&D programs, advise the secretary of defense on scientific
research relating to national security, allocate responsibilities
among the services for projects of joint interest, and formu-
late policy in connection with R&D for agencies outside the
Department of Defense. RDB, which consisted of two of-
ficers from each of the three services and Dr. Vannevar Bush
as chairman, came into existence on 30 September 1947.%°

JCS evaluated the relative importance of the major types
of military operations to its strategic plans, and RDB esti-
mated the adequacy of present equipment and techniques
for performing those operations successfully. RDB then
combined both the strategic and technological assessments
to arrive at the relative importance of each major area of
R&D. This set of ratings constituted the board’s master plan,
which served as a broad guide to the military effort in the
whole R&D program. RDB was assisted in its work by some
two thousand expert consultants drawn from the ranks of
both civilian and military scientists and technologists who
met in various committees, panels, and working groups to
review military R&D programs and recommend to RDB the
direction that each program should take.”0

Although the Joint New Weapons and Equipment
Committee headed by Vannevar Bush had played a major
role in promoting the establishment of OR organizations
during the war, the Joint Chiefs of Staff did not have its own
OR organization. In view of the involvement of DOD, JCS,
and RDB in complex matters of weapons development, ot-
ganization, and strategy, both the Hoover Commission and
a special committee appointed by Secretary Forrestal recom-
mended establishing an organization to provide an impartial
evaluation of weapons systems at the JCS level.”! Accord-
ingly, on 11 December 1948, Secretary Forrestal directed
the formation of the Weapons Systems Evaluation Group
to provide “rigorous, unprejudiced, and independent analy-
ses of present and future weapons systems under probable

future combat conditions.””?

WSEG was officially established on 21 February 1949,
by JCS and RDB, with the concurrence of the secretary of de-
fense.” Lt. Gen.John E. Hull, then commanding general, U.S.

Army Pacific, and commander of the Eniwetok atomic bomb
tests, was appointed as director of WSEG, and, on 14 March
1949, Dr. Philip M. Morse, a veteran of the Navy ORG and
OEGQG, joined WSEG as deputy director and research direc-
tor.”* WSEG was placed under the administrative direction
of the assistant secretary of defense for research and develop-
ment but worked directly for the secretary of defense, JCS,
and RDB.”> The assigned mission of WSEG was twofold:

(1) To provide DOD with comprehensive, objective, and in-
dependent analyses and evaluations under projected con-
ditions of war, which will include but not necessarily be
confined to:

(a) Present and future weapons systems;

(b) The influence of present and future weapons systems
upon strategy, organization, and tactics;

(c) The comparative effectiveness and costs of
weapons systems;

(2) To make available to the Department of Defense timely
advice and assistance to aid decisions in the allocation of

resources for the development of the most effective combi-

nation of weapons systems.”®

The staff of the group was composed in equal parts of of-
ficers of the three armed services and civilian scientists hired
under the regular civil service system, organized into three
divisions plus a review board.”” The Analysis and Evaluation
Division was composed of all permanently assigned civilian
scientists and was divided into project teams to study specif-
ic problems. The Military Studies and Liaison Division was
composed of the assigned military personnel who worked
with the project teams and provided the civilian analysts
with information on military needs and requirements. The
executive secretariat handled routine administrative matters,
and the review board, comprising the deputy director and
the heads of the three divisions, recommended research pri-
orities, reviewed the results of major projects, and advised
the group director on policy matters.

By 31 December 1949, the WSEG staff had grown to
13 full-time civilian analysts, 6 civilian analysts on loan from
various organizations, 15 military officers, and 8 civilian and
3 military part-time consultants.”® Ultimately, the combina-
tion of military officers and civilians managed by the civil
service system proved less than adequate, and, in Septem-
ber 1955, the Department of Defense negotiated a contract
with MIT to provide the scientific personnel required by
WSEG.”® Subsequently, in April 1956, representatives of
five universities (MIT, Case Institute of Technology, Stan-
ford, California Institute of Technology, and Tulane) met
and incorporated as the nonprofit Institute for Defense
Analyses to provide scientific staff for WSEG.%

As of 1 November 1949, WSEG had been assigned eight
projects, and seven other preliminary studies were under way
in anticipation of future assignments.! The first and most
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important of the original eight projects was an evaluation of
certain aspects of the strategic air offensive plans. The other
topics under study included nuclear- and chemical-powered
aircraft, nuclear-powered submarines, air defense, antisub-
marine warfare, airborne operations, carrier operations, and
ground force operzltions.g2 In general, WSEG studies were
of high quality, and, in his 1949 report, the secretary of de-
fense echoed the directive that established the group, noting
that “these analyses are being made by the ablest professional
minds, military and civilian, employing the most advanced
analytical methods that can be brought to bear.’83

The WSEG staff was small, and the analyses undertak-
en were often complex and demanded immediate attention.
Accordingly, the group frequently relied on the OR organi-
zations of the three services to provide data for its own stud-
ies.®* An informal Joint Operations Research Group was
also formed under DOD auspices to conduct periodic semi-
nars for the exchange of information on OR methods among
WSEG and the OR organizations of the three services.®®
The heads of the five service OR groups (OEG, OAD, Proj-
ect RAND, WSEG, and Army ORO) also met monthly to

coordinate their work to avoid clupliczt'cion.86

INTERNATIONAL COOPERATION

By the end of World War II, operational research was
well established in the armed services of the British Com-
monwealth, and after the war the British armed forces main-
tained substantial OR organizations.®” As early as 1942, the
British Army had considered plans for a postwar operational
research establishment staffed by serving officers.®® A num-
ber of such officers were trained and they served alongside
civilian analysts in the British Army’s OR sections during
the war. On 1 November 1945, they were absorbed in the
Military Operational Research Unit (MORU) organized
under the War Office. MORU operated in conjunction with
the Army Operational Research Group (AORG), which at
the end of 1945 employed 365 scientists.?? Subsequently,
the two organizations were merged under the AORG title
and charged with the scientific study of the soldier and his
weapons, equipment, and clothing; requirements for new
weapons and equipment; the content and methods of mili-

tary training; and logistical problems.90

The Royal Canadian Air Force had established an OR
unit in 1942 under the direction of Prof. J. O. Wilhelm, and
the Royal Canadian Navy had followed suit with the for-
mation in 1943 of a Directorate of Operational Research
under Dr.]. H. L. Johnstone.”! In 1944, the Canadian Army
formed a similar directorate at Army headquarters in Otta-
wa as well as a Canadian Army Operational Research Group
under Dr. J. T. Wilson. In Canada, the wartime military OR
organizations were subsumed in the postwar period under
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the Defence Research Board (DRB).”? DRB controlled an
operational research group that served as a holding group for
civilian OR analysts attached to the armed forces or to DRB
itself. Some trained active-duty officers were also involved.?
The Canadian Army Operational Research Establishment
(CAORE) was created at the Royal Military College, Kings-
ton, effective 22 December 1949, but its staff was restricted
to five people until May 1950.%4

To provide liaison with their British counterparts,
WSEG and the U.S. armed services OR groups jointly main-
tained a representative in Great Britain.”® A tripartite agree-
ment between the armies of Great Britain, Canada, and the
United States was also established to provide a forum for the
standardization and exchange of OR methods and informa-
tion.”® A series of periodic conferences on Army operational
research was also initiated by the British Army Operational
Research Group, the Canadian Army Operational Research
Establishment, and the U.S. Army ORO. The First Tripar-
tite Conference on Army Operational Research was held
in London on 21-29 April 1949.%7 The Second Tripartite
Conference on Army Operations Research was hosted by
ORO in Washington, D.C., on 23-27 October 1950, and
included representatives from the Office of the Secretary of
Defense and WSEG, the Department of the Army (DA)
and ORO, the Department of the Air Force and the RAND
Corporation, the Office of the Chief of Naval Operations
and OEQG, the British defense ministries and their OR or-
ganizations, and the Canadian defense ministries, DRB, and
CAORE.?® The Tripartite Agreements on Army Operations
Research were put in final form at the 1950 conference and
included agreement that the priorities for research by the
OR groups of all three armies should be armored warfare;
air support of ground operations; lightening the load of the
infantry soldier; the effect of atomic weapons on future army
organization and operations; and general study of the opti-
mum system of ground weapons, including command and
control and training.99

ARmMY OPERATIONS RESEARCH
DEVELOPMENTS, 1945—50

The rapid growth of military technology triggered by
World War II greatly increased the importance of scientific
research and development, and the Army’s postwar R&D
establishment expanded to deal with such new develop-
ments as guided missiles, electronics, and nuclear weap-
ons that were needed to meet America’s new global com-
mitments in the growing confrontation with the Soviet
Union.!% Despite a strong economy, the United States had
only limited resources with which to meet its obligations.
The fundamental problem faced by all of the armed forces

in the postwar period was how to achieve maximum mili-
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tary results with a minimum of men, money, and materiel,
and how to use U.S. industrial, technological, and scientific
superiority to overcome deficits in manpower vis-a-vis the
main potential enemy, the Soviet Union. Accordingly, OR
assumed great importance as a means of rationalizing deci-
sions about the overall allocation of resources as well as the
development of effective weapons systems, organization,
tactics, and strategy.

The Army ground forces had lagged far behind the
Navy and the Army Air Forces in establishing a widespread
and effective OR organization during World War II, and
the few OR units that the Army did stand up were quickly
inactivated in the rapid demobilization after V-J Day.10!
However, the need for OR to support research and devel-
opment of Army weapons systems was widely recognized,
and the integrated OR activities embedded in the Ordnance
Corps and Signal Corps continued for the most part. Until
the Air Force gained its independence in September 1947,
however, the OR activities pursued by the Army Air Forces
constituted the Army’s principal OR unclertaking.lo2 It was
not until the summer of 1948 that the Army moved to es-
tablish a comprehensive OR organization that was capable
of dealing with the analysis of organization, tactics, and
strategy, as well as with weapons analysis. In part, the delay
was caused by the continued assumption that the prob-
lems of land warfare were less amenable to OR techniques
and by ignorance of how OR methods might be applied to
ground combat that stemmed from the Army ground forces
having had little wartime experience with OR.10 However,
the creation of ORO in 1948 provided a focal point and
model for subsequent development, and ORO was instru-
mental in broadening the scope of OR in the Army. As a
result, by 1950, the Army used OR in a number of areas
and had progressed far beyond an exclusive focus on en-
gineering and weapons development applications to stud-
ies of international politics, economics, national policy, and

global strategy.

Embedded Operations Research in the Technical Services
and Army Field Forces, 1945-50

The few specific OR agencies created by the Army dur-
ing World War II were disbanded in the postwar demobi-
lization.!® For the first three years following the war, the
only operations research conducted by the Army, except for
that conducted by AAF was the embedded OR conducted
by the Army’s technical services—primarily the Ordnance
Corps—and the Army ground forces test and evaluation
boards as part of their weapons and equipment development
programs. OR techniques were applied extensively to prob-
lems of weapons analysis but generally did not extend to the
analysis of operational problems.

In May 1946, Headquarters, Army Service Forces, was
abolished and the technical services resumed their R&D
functions.1® In the performance of those functions, the
technical services relied on a variety of OR methods but
generally did not form identifiable OR sections until after
1950. Accordingly, the degree to which OR played a role in
the R&D activities of the technical services in the 1945-50
period cannot be defined with any degree of certainty. Most
of the evidence for such OR activity is anecdotal, and in most
cases no mention of OR under that name is made in official
reports and documents. However, as Dr. Ellis A. Johnson,
the director of the Army Operations Research Office, told
his audience at a conference of social science consultants on

19 September 1949:

There are, in addition, in all of the Services, groups which are
not formally designated as operations research groups, but
which do carry out what the more formally recognized groups
recognize as operations research. For example, in the Army, the
Aberdeen Laboratories of Army Ordnance carry out some of
the most successful operational research studies on the weap-

ons analysis level. These are used by all of the Services in the

Department of Defense.!%

Many of the people involved in the R&D field in the
postwar years later related that some OR activity was “em-
bedded” in the activities of the technical services. Dr. Floyd
Hill, for example, recalled that after being drafted in August
1945, he was brought into the Ordnance Corps’ Ballistic Re-
search Laboratories (BRL) at Aberdeen Proving Ground,
Maryland, as a private, and he worked there until December
1946, when he was discharged from the Army. He then was
hired as a civilian in the same job under Herman Gay in the
Terminal Ballistics Laboratory of BRL. In 1949, he became
the section head of the Tank Effectiveness (Vulnerability)
Section. Hill recalled that the work conducted by him and
his associates clearly involved OR techniques, but was not
identified as OR.107

During and shortly after World War II, BRL indeed
conducted a variety of studies on the vulnerability and sut-
vivability of various Army equipment, notably aircraft, as
well as studies on weapons effectiveness and bombing pat-
terns.'%® In the postwar period, BRL continued to conduct
“overall weapon system studies from an engineering and
operations analysis viewpoint,” “applied research on factors
affecting system performance in order to establish desirable
characteristics and proposed basic designs for new and im-
proved weapons,” and technical feasibility studies.!*® Opera-
tions research methods were embedded in such studies, but
OR was not considered a distinct specialty in its own right.

Similar work took place at other Ordnance Corps labo-
ratories. George Schechter, who went to work in 1941 at the
Pittman-Dunn Laboratories at Frankford Arsenal, later had
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a hand in the development of the recoil-less rifle and the air-
craft ejection seat. He also worked for a number of firms,
such as Analytics, Inc., and the Battelle Memorial Institute,
both of which used OR techniques extensively. However,
Schechter recalled that he was always identified as a physicist
and never as an OR analyst. Speaking of his time at the Pit-
tman-Dunn Laboratories, Schechter noted that he worked
for Dr. William J. Kroeger,“a good physicist, a good engineer,
a good sort of country manager, and OR didn't mean a thing
to him except he did it all the time. He just did it/110
Operations Research techniques were also embedded in
the work of the Army test and evaluation boards that became
the responsibility of the Office of the Chief of Army Field
Forces (OCAFF) following the November 1948 reorganiza-
tion of the Army. OCAFF initiated requirements for new
equipment, determined the desired military characteristics,
and oversaw the service tests conducted by the various test and
evaluation boards that were consolidated after the war into
just four main boards with a functional rather than branch
orientation.t™! All four OCAFF boards used OR methods to
a limited extent as part of their primary mission of conduct-

ing service tests and evaluations of new equipmen‘c,112

The Operations Research Office, 1948-50

Although by 1948 both the Army technical services
and the Army field forces boards were using OR techniques
to support the development of weapons and equipment,
the Army still had no dedicated OR organization capable
of applying OR techniques to the study of Army strategy,
tactics, and organization. The Army thus lacked an impor-
tant tool in the growing competition with the Navy and the
Air Force for roles and missions and the associated budget
dollars.!3 In the spring of 1948, the Army finally acted to
create its own comprehensive OR organization. Formed in
August 1948, ORO quickly became the Army’s answer to
the Navy OEG and the Air Force OAD, OAOs, and Project
RAND.

A number of factors prompted the Army to create its
own OR organization. In an April 1946 memorandum, the
Army chief of staff, General of the Army Dwight D. Eisen-
hower, had strongly urged the creation of a research orga-
nization outside the Army, and the director of army logis-
tics, Lt. Gen. Henry S. Aurand, had called attention to the
Army’s need for scientific advisors as well as its lack of an
OR capability. 1 At the end of 1947, the Defense Research
and Development Board recommended that the armed forc-
es ‘expand the facilities and the scope of their operational
analysis groups,” and noted in their report that

our general investigations into these matters revealed that al-
though the Navy and the Air Force have operational analysis
sections working on problems peculiar to their respective ser-
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vices, the Army Ground Forces and the Joint Chiefs of Staft
have no analytical groups of a similar nature within their orga-
nizational structure. This, we believe, is a serious shortcoming

and one which we recommend should be corrected at the earli-
115

est possible date.

The board report produced the same reaction in the De-
partment of the Army as it did in the Department of De-
fense—an acceleration of efforts already under way to create
a credible OR organization—and $1 million was appropri-
ated for operations research in the FY49 Army budget. The
Army Staff officer charged with overseeing R&D matters,
Maj. Gen. Anthony C. McAuliffe, the deputy director of lo-
gistics for R&D, was tasked to conduct a study of how the $1
million OR appropriation might best be spent.!'® There were
several options for how such a group might be organized—
the two basic models were a nongovernmental, independently
administered group and a group under the civil service inte-
grated into the military agency that it served.!'” The Navy
OEG operated under the first type of arrangement with
a contract with MIT. The Air Force had both types: OAD
and OAO were integrated into the Air Force structure with
some military personnel and all civilian employees under civil
service, and Project RAND operated independently under a
contract with the Douglas Aircraft Company.

The model of an independent nonprofit organization
affiliated with a university had many advantages. It presum-
ably provided more-flexible hiring and firing procedures,
more-generous salary opportunities, and a congenial, pro-
fessional, and academic atmosphere, as well as a means of
hiring consultants.!!® It was thought that such a nongov-
ernmental agency would also provide maximum objectiv-
ity because of its independent status, maximum flexibility
because of its divorce from day-to-day problems, and in-
creased attractiveness as a career outside the civil service.!1
It would also provide a means to recognize and reward supe-
rior performance quickly and to rapidly eliminate personnel
who did not meet the desired standards of proficiency.!?°
After some study, the decision was made to proceed with
the formation of a university-based, independent, nonprofit
OR organization. That choice was shaped in large part by
the influence of Dr. Vannevar Bush who thought that creat-
ing an atmosphere of intellectual independence conducive
to good scientific research would provide a better opportu-
nity to attract scientific talent.!?!

Negotiations with The Jobns Hopkins University

Maj. Gen. McAuliffe began with a survey of potential
university sponsors. To guide his efforts, he prepared an
outline of the proposed General Research Ofhice, including
the general fields of study and the proposed administrative
organization and contractual arramgements‘122 The organi-
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zation envisioned by Maj. Gen. McAuliffe was to be “under
the direct supervision of a civilian scientist” who would have
“at his disposal a General Research Office, staffed with the
necessary scientific and administrative personnel."123 The
project was to be run on a contract basis with a civilian uni-
versity or institute, and, although most problems were to be
formulated, analyzed, and evaluated by the GRO staff, other
problems were to be subcontracted out to various universi-
ties and nonprofit research institutions.

Maj. Gen. McAuliffe foresaw that two types of research
would be conducted by the proposed GRO: “Operations
Research” and “basic research of a non-materiel nature,’
with the latter initially constituting a minor part of the
program,124 The problems to be studied would be those
“unique to the Department of the Army” and would include
problems in the general fields of combat and strategic intel-
ligence techniques, combat psychology and morale, analysis
of weapons and weapons systems, comparative overall eco-
nomic costs of various methods of waging ground warfare,
psychological warfare and “cold war” techniques, logistics,
analysis of general progress in psychology as it pertained to
Army applications, and other related broad fields of non-
materiel research. McAuliffe also noted that “although the
initial cost of this type of research is expensive, the even-
tual savings to the Government in time, money, materials
and manpower, will be immeasurably greater” and that “only
those [studies] that have the very highest priority can be
undertaken with the amount of money requested for this
Fiscal Year.'2> The close connection of the Army proposal
to the December 1947 recommendations of the Defense
Research and Development Board was evident in the long
quotation from that report included in Maj. Gen. McAu-

liffe’'s memorandum.12°

In April 1948, McAuliffe settled on The Johns Hop-
kins University in Baltimore, Maryland, as the best choice
to administer the Army OR program.'?” JHU offered sev-
era] distinct advantages: It was conveniently located close to
Washington, D.C,; it enjoyed a good reputation in science,
technology, the professions, and scholarship; and it had ex-
perience in managing military programs, having been the site
of the Navy’s Applied Physics Laboratory since 1942.128

In early May 1948, McAuliffe opened negotiations with
the JHU president, Dr. Isaiah Bowman, that led in August
to establishing the General Research Office under JHU aus-
pices. The initial reaction of the authorities at JHU to the
Army proposal was not entirely positive. In a 2 May 1948
memorandum to President Bowman, Dr. Arthur E. Ruark,
assistant director of the JHU Institute for Cooperative
Research (ICR), noted that although “participation in the
growing science of quantitative scientific strategy and opera-
tions planning” was perhaps a good thing, if a choice had to

be made, ICR preferred to work with the Navy with which
negotiations had already been under way for six months.}?°
Three days later, on 5 May, Ruark prepared a checklist of
points for the forthcoming discussion with the Army in
which he laid out the pros and cons of working with the
Army and/or Nalvy.130 Noting that the field of “operational
studies is here to stay” but had yet to receive the attention it
deserved, Ruark stated that “the Army is behind the game in
operations analysis. Clearly the pressure to establish a hard-
hitting activity, promptly, comes from very high qu.arters."131
He then summarized the potential JHU contract with the
Navy, noting the narrow scope of the proposed Navy work
and pointing out that “if we work for only one service, let it
be the Nalvy."132 With regard to the Army proposal, Ruark
noted that the decision could not be postponed beyond 20
May at the latest, that the total number of people involved
would probably approach 130-140 (versus 7 to 10 for the
Navy project), and that JHU ought to envision a ten-year
commitment. He went on to point out that the personnel re-
quired for the two projects would be quite different because
the Navy requirement was specialized whereas the Army
proposal was broader and carried with it a heavy long-term
commitment for JHU. Noting that there would “of course, be
wails from the pacifists and appeasers and the campus Com-
mies,” Ruark concluded that, although

personally, my task will be easier if the Army’s kind offer is re-
jected....Ibelieve the work should be undertaken, hedging the
contract about with understandings and agreements which will
permit steady, conservative progress rather than hurried con-
struction of a jerry-built crew and an ineffective sub-contract

structure; which, indeed, would defeat the goals in which we

are all interested.!>?

Eventually, Maj. Gen. McAuliffe and the authorities at
JHU were able to reach an agreement, and a contract was
signed.’?* On 5 May, Ruark had outlined the tentative terms
for the Army contract, addressing such matters as the types
of analysis to be performed, how tasks would be assigned,
liaison arrangements, training activities, the responsibili-
ties of the Army and of JHU, subcontracting, and overhead
costs.}3® In his memorandum, Ruark suggested it was un-
derstood that the work would be administered through the
Institute for Cooperative Research and that there would be
an administrative group in Baltimore to handle business and
contracting matters and a working group at the Pentagon or
elsewhere in the Washington, D.C,, area. In addition, the
university would carry on “extensive sub-contracting of the
research work assigned to it, in Universities and other non-
profit institutions, but not in industrial companies without
written permission of the Army."1%¢

The arrangement worked out between the Army and
JHU assumed certain mutual responsibilities.!>” For its part,
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the Army was expected to provide up-to-date information
on Army plans, programs, and policies that might result in
requirements for future studies; complete background infor-
mation, data, and reports available to the Army and perti-
nent to assigned projects; vigorous and effective general su-
pervision of the OR program to include the assignment and
approval of projects, establishment of project priorities, peri-
odic review of the work program, and prompt evaluation and
distribution of OR publications; and constructive criticism
of the OR work. For its part, JHU undertook to ensure that
the OR group became thoroughly familiar at first-hand with
all the pertinent military aspects of the assigned problems;
translate its studies into language that simply and clearly
showed the values, costs, and effects of proposed courses of
action; and keep the Army fully advised of the status of its
current program and its capability to undertake new work.

Establishment of the General Research Office
Although the new General Research Office began op-

erations on 8 August 1948, it was not until the publication
of Department of the Army Memorandum No. 3—50-2 on 20
September 1948 that its existence was made official.'*® DA
Memo 3—50-2 announced that JHU would act as contractor
to conduct the general research program of the Department
of the Army, and that program would consist of “Operations
research and/or analysis on problems that are not unique to
any one Army agency [and] basic research of a nonmateriel
nature for which primary cognizance has not been assigned
to a specific Army agency.’*® The memorandum also pre-
scribed that the Army contract with JHU would be under
the supervision of the deputy director for R&D in the Lo-
gistics Division of the General Staff, and it created a De-
partment of the Army Ad Hoc Advisory Committee under
the chairmanship of the GRO project officer; the commit-
tee would have one officer from each General Staff division,
each technical service, OCAFF, and an officer from the Of-
fice of the Army Comptroller, whose purpose was to assist
in the selection and coordination of problems proposed for
inclusion in the general research program and to recommend
assignment of priorities to those selected.!*” Channels were
established for the submission of proposed study topics by
Army agencies, and all Army agencies were instructed to
furnish “appropriate assistance” to GRO on request, to in-
clude providing access to reports and data, facilitating visits
to Army installations, and giving advice and assistance.!*!
The memorandum also prescribed procedures for handling
classified information.

On 27 December 1948, GRO was renamed the Opera-
tions Research Office, and, on 13 January 1949, DA Memo
3-50-2 was superseded without substantial change by Spe-
cial Regulations No. 705—5-5: Research and Development—
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Operations Research Office.1*> The “general research program”
became “the operations research program of the Department
of the Army,” and a representative of the adjutant general was
added to the Department of the Army Advisory Commit-
tee.}*3 The most significant change, however, was the inclu-
sion of a formal mission statement that would remain essen-

tially unchanged for the life of ORO:
The mission of the Operations Research Office is to apply

scientific, qualitative, and quantitative analysis to the study of

warfare with the objective of improving the strategy, tactics, lo-

gistics, weapons, and weapons systems of the future. 14

An article in the 21 August 1948 edition of the Balti-
more Evening Sun announced the formation of the new of-
fice under the leadership of Dr. Ellis A. Johnson and noted
that Lt. Col. W. C. Farmer of the Army General Staff had
been designated as project officer to work closely with Dr.
Johnson.!*> The twenty to thirty scientists under Johnson'’s
direction were to be quartered at Fort Lesley J. McNair in
the District of Columbia and would work on problems of
weapons development, strategy, tactics, and logistics, includ-
ing studies of antiaircraft weapons and defenses; training
motivation; the application of biomechanics to weapons de-
sign; logistical support of airheads; and individual protec-
tion against nuclear, biological, and chemical weapons.146

Staff Recruitment

In early August 1948, GRO was assigned office space in
the Industrial College of the Armed Forces at Fort McNair,
and newly appointed director Ellis A. Johnson began to re-
cruit a top-notch administrative staff and a battery of highly
competent professional analysts from various disciplines.!*”
To support the full-time ORO staff, Johnson also formed
a panel of consultants with broad interests and established
relations with a number of contract research organizations
that were able to perform work for ORO on a subcontract
basis. 148 Although his efforts were successful, the recruit-
ment and retention of high-quality professional staff mem-
bers would be a chronic problem despite the ORO structure
as an independent, nonprofit, university-affiliated entity‘149

In May 1948, the assistant director of JHU'’s Institute
for Cooperative Research, Arthur Ruark, had estimated that
support of the proposed Army GRO would require an ad-
dition to the JHU payroll of sixty-five to eighty-five people,
more than half of them in Washington, D.C.1%% Ruark’s es-
timate was fairly accurate. At the end of the first six months,
the ORO professional staff consisted of just 8 analysts work-
ing on five projects, but by 30 June 1949, the ORO staff had
grown to 26 professional and 34 administrative personnel
plus 9 consultants.®! In addition to the sixty full-time ORO
employees, subcontractors were employing another sixty-six
people on ORO projects on both a full-time and a part-time
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basis.1>2 At the end of the first full year of operations (in Au-
gust 1949), the ORO staff had grown to forty-one profes-
sional and forty-nine administrative personnel.llj3 Fourteen
of the staff members held a doctoral degree, and a total of six
projects had been assigned. At that time, the growth of the
ORO staff was projected to reach a total of 130 personnel
(75 professional and 55 administrative) by 1 July 1950, with
seventeen projects assigned. In fact, by the summer of 1950,
ORO still had only about 40 professional analysts but did
boast a list of more than 100 consultants and a number of
subcontractors.}>*

The senior staff assembled by Dr. Johnson were for the
most part distinguished scientists with World War II ex-
perience in OR. It is not surprising that they included the
physicists George H. Shortley, Lynn H. Rumbaugh, and
William L. Whitson, all of whom had worked with John-
son in the Navy Ordnance Laboratory’s mine warfare OR
unit and on the Pacific mining campaign during the war.1>®
Robert J. Best, a chemist who joined ORO in January 1949,
had experience in the Navy OEG and later made major con-
tributions in the analysis of tactical combat operations.156 In
April 1949, Johnson recruited Dr. George S. Pettee, a politi-
cal scientist, to work on military aid and psychological war-
fare problems,157 Pettee became deputy director of ORO in
1950. In August 1949, Johnson selected Lester D. Flory, a
retired Army brigadier general who had earned a master of
science degree in electrical engineering from MIT in 1930,
to serve as the ORO executive director.1>8

As the recruitment of George Pettee demonstrated, a
notable aspect of Johnson's recruiting efforts for ORO was
the selection not only of physical scientists but of represen-
tatives of the social sciences. For example, the early ORO
staff included a number of historians, recruited on the as-
sumption that their skills would be required to help locate
and analyze World War II Army operational records, the
most likely source for data on operational matters.t>” Ellis
Johnson was also no respecter of gender roles. He hired
many women for professional positions in ORO, including
historian Dorothy Kneeland Clark who did seminal work
on casualties; the chemist Grace Donovan who served for
a time as the ORO representative to the Army Operational
Research Group in Britain; Kay Hafstad, a meteorologist;
and Jean Taylor who supervised a very successful ORO pro-
gram for employing high school students as junior analysts
during the summer.160

One issue that arose soon after Johnson began to as-
semble the professional staff for ORO was that of training.
Although many of the hired analysts had wartime experi-
ence in military OR organizations, many did not, and it was
necessary to train new ORO staff in “Army ways."161 Given
the ignorance of OR throughout the Army, it was also neces-

sary to orient ORO customers on what OR could and could
not accomplish. The problem was resolved, albeit slowly and
haltingly, by on-the-job training of ORO analysts, the visits
of ORO personnel to Army installations, and the sharing
within ORO of experience by those ORO personnel who
did have military experience.162 ORO also undertook a vig-
orous internal effort to gather information about the Army
and build an understanding of what the Army did and how

it worked.

Organization of the GRO/ORO

In the beginning, the General Research Office was,
like the biblical Earth, “without form and void,” and it was
not until March 1949 that a plan for internal organization
emerged. On 4 March 1949, Ellis Johnson wrote to the di-
rector of the Institute for Cooperative Research at JHU to
propose a flexible organization for ORO divided into three
main parts as shown in Figure 2—1.

The Project Analysis and Synthesis Division (PASD)
would be the locus of the principal operations research work,
with each project carried out by an ad hoc team headed by
a project chairman who would report to the ORO direc-
tor.'63 The ad hoc PASD project teams would be supported
by the Project Studies Division (PSD) under the supervi-
sion of the deputy director. Fixed groups within PSD would
conduct studies required to support particular PASD proj-
ects or studies that were common to a number of such proj-
ects.'® The Administrative Division would perform the
usual administrative, personnel, and fiscal work under the
supervision of the ORO executive director. The executive
director would also oversee the Project Board, comprising
senior ORO members, which would review completed or
ongoing projects.

Dr. Johnson's 4 March 1949 proposal was apparently
never adopted, and ORO operated for some time without
a formal internal structure, but by June 1949, both the staff
and the work program had grown to such an extent that a
new organization was proposed.

The proposed June 1949 structure, shown in Figure
2-2, was predicated on the view that a military action
contains three important elements: a military element
(considerations of strategy and tactics), a technological el-
ement (questions of weapons and their capabilities), and
a human element (considerations of the interface of men
with machines).!® It also anticipated additional growth in
the ORO staffing and work program inasmuch as it had
not yet been considered necessary to actually subdivide
the ongoing ORO projects. It appears that the June 1949
organizational plan was also never actually adopted, and a
fixed organizational structure for ORO was not set until
the early 1950s.
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F1Gure 2—1—Proprosep ORO ORrRGANIZATION: MARCH 1949
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Source: Memo, Dr. Ellis A. Johnson (director, ORO) to director, ICR, Fort McNair, Washington, 4 Mar 49,
sub: Proposed Organization for the ORO, JHU Archives, Records of the Office of the President, Series I, Box 33,

Folder 47.2 ICR/ORO, Jan—Dec 49.

F1GURE 2-2—Prorosep ORO ORGANIZATION: JUNE 1949
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in Quarterly Report, vol. II, no. 1, 2, 30 Jun 49 (Fort McNair, Washington: JHU ORO, 1949), pp. 33, RG 319, Entry

82, Box 2129, Folder Quarterly Rpt.

Because ORO was a creature of both the Army and
JHU, the director of ORO reported to two higher authori-
ties. In the Army chain he reported to the deputy director
of logistics for R&D. Day-to-day coordination was routed
through the assigned ORO project officer, the first of whom
was Lt. Col. W, C. Farmer.1%° As an employee of JHU, the
director of ORO also reported to the JHU president and
board of trustees through the Institute for Cooperative Re-
search.

68

ORO Fiscal Arrangements

Although ORO fiscal management was in the hands
of JHU, the level of staffing and the annual work program
depended on the annual Army appropriations passed by
the Congress. The initial appropriation for FY 1949 was $1
million, and, as part of the negotiation with the Army, Dr.
Ruark, prepared a detailed projection of the costs to support
GRO in FY 1949.17 He proposed a contract for FY 1949
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FY 1949
Professional Total

Current Salaries and Other Costs Subtotal Subcontracts Obligations Estimated for
Projects Wages ($) %) %) %) %) FY 1950 ($)
ALCLAD 13,767 61,083 74,850 26,850 101,700 170,000
ANALAA 39,122 73,141 112,263 240,943 353,206 320,000
EVANAL 5,794 8,412 14,206 Not available 14,206 7,500
GUNFIRE 5,794 16,156 21,950 103,583 125,533 75,000
MAID 22,459 42,534 64,993 219,000 283,993 100,000
POWOW 3,622 5,390 9,012 32,350 41,362 200,000
Subtotal 90,558 206,716 297,274 622,726 920,000 872,500
Proposed Projects

DONKEY 220,000
TREMABASE 105,000
TEAM 200,000
SITE 160,000
ATTACK 95,000
FREVO 40,000
Reserve for additional projects 99,500
TOTAL 920,000 1,792,000

Note: The FY49 budget supported thirty-one professional analysts working on six projects. The proposed FY50 budget was intended

to support seventy-five analysts working on seventeen projects. The project codes are expanded in the discussion of the ORO work program

below.

Source: Memo for Lt. Gen. Thomas B. Larkin (director of logistics, Army Staff), Washington, JHU ORO, 10 Aug 49, sub: Condensation
of the Third and Fourth Quarterly Rpts of the JHU ORO, pp. 1-2, RG 319, Entry 153, Box 519, Folder P&O 020 ORO.

for $1 million, plus $64,500 in overhead costs, distributed
as follows: Washington, D.C., office salaries, $385,000, plus
$38,500 in overhead (10 percent); Contract Technical Group
in Baltimore salaries, $45,000, plus $18,000 in overhead (40
percent); Contract Business Group in Baltimore salaries,
$20,000, plus $8,000 in overhead (40 percent); miscella-
neous expenses at the Pentagon and in Baltimore, $85,000;
and subcontracts, $465,000.18 The actual ORO obligations
for FY 1949 totaled $920,000, as shown in Table 2—1.

The ORO budget originally projected for FY 1950 was
$1,792,000, of which $1,740,000 was to be provided to sup-
port the ORO contract with JHU and $52,000 was to be
held in reserve by the quartermaster general for use by ORO
to obtain services from other government agencies.!*® How-
ever, as of 30 September 1949, the figures for FY 1950 were
still not firm and it was anticipated that there would be a
cut of approximately 10 percent, thereby reducing the FY50
ORO budget to around $1,584,000.17°

The actual Army appropriation for FY 1950 provided
approximately $1.5 million for the Operations Research Of-

fice.17! By comparison, the Air Force FY50 budget included
$4 million for Project RAND and $300,000 for operations
analysis (OAD and OAQ), and the Navy's FY50 budget in-
cluded $400,000 for OEG.172

The Army’s contractual arrangement with JHU was not
without some problems in the first few years, generally as
a result of late appropriations by Congress and the Army’s
reluctance to issue a multiple-year contract. The original
DA-JHU contract expired on 30 June 1949 and had to be
extended for three months, for a sum of $230,000.173 This
caused considerable concern at JHU, and, on 29 December
1949, JHU president Detlev Bronk wrote to the assistant
secretary of the Army, Archibald Alexander, about the fail-
ure of the Army to renew the ORO contract in a timely
manner.}”* After noting that JHU had agreed to accept the
initial ORO contract “as a part of its patriotic duty in spite
of severe disadvantages to the University,” President Bronk
emphasized the need for “a stable research program and a re-
alization of the fact that a research program usually leads to
practical results only after a considerable period of prosecu-
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tion of the program."175 He then complained that, although
the original one-year ORO contract had been extended sev-
eral times, JHU had been forced to conduct scientific studies
for the Department of the Army for the period from 1 July to
10 August 1949, without a formal contract or fiscal support
from the Army. Moreover, he noted, the extensions were
for only short periods, and the failure of the Army to enter
into long-term renewals promptly was a matter of concern
to him, the JHU board of trustees, and the ORO staff. The
solution proposed by President Bronk was that the Army
execute the ORO contracts for a period of three years to “as-
sure to present and prospective members of the Operations
Research Office staff a certain amount of stability . . . prereq-
uisite to the recruitment of the able personnel needed for this
work."176 After considerable internal discussion and delay, the
Army eventually acceded to President Bronk’s request.

The ORO Research Program, August 1948—June 1950

The raison détre for ORO was to conduct operational
research studies on matters of interest to the Army. Thus, the
annual ORO work program was a matter of high interest to
Army leaders and to JHU. DA Memo 3—50-2 provided sev-
eral mechanisms for shaping and controlling the ORO work
program. The deputy director of logistics for R&D on the
Army Staff was charged with general supervision of ORO
operations, and day-to-day coordination and oversight was
provided by the assigned ORO project officer, a staff officer
assigned to the Logistics Division R&D Group. A Depart-
ment of the Army Ad Hoc Advisory Committee, chaired by
the ORO project officer (later by the deputy director of lo-
gistics for R&D), oversaw the ORO work program, assisted
in the selection and coordination of problems for study, and

recommended priorities.!”’

DA Memo 3—50-2 also prescribed procedures by which
the Army staff, the technical services, and other Headquar-
ters, Department of the Army agencies could submit propos-
als for ORO study projects directly to the deputy director of
logistics for R&D.!78 Other Army agencies were enjoined to
submit such proposals through the proper military channels,
and other DOD agencies were invited to do so through the
chief of staff, U.S. Army.

To provide greater detailed control of approved ORO
projects, the DA advisory committee eatly on recommended
that an ad hoc project advisory group (PAG) be formed to
oversee the progress of each project. The deputy director
of logistics for R&D approved the recommendation, and
thereafter a PAG comprising representatives of interested
Army Staft and other Army agencies was formed for each
ORO project. Each PAG was chaired by a representative
from the Army Staff agency that held primary interest in the
particular study area.!”? PAG's task was to review periodi-
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cally ORO’s work on the project “to insure that the results
obtained will fulfill a need of the Department of the Army”
and “to render appropriate advice and assistance to the ORO
upon the request of the ORO Project Chairman.18 PAG
was not empowered to issue any directives to ORO but was
to recommend changes and remedial actions to the deputy
director of logistics for R&D.18! The chairman of each PAG
submitted periodic progress reports along with any recom-
mendations for chamges.182 One notable weakness of the
PAG system was that, for each of the officers assigned to a
PAG, the work was an additional duty and thus perhaps did
not receive all of the attention it merited.183

In November 1949, Ellis Johnson wrote to Detlev Bronk,
suggesting the creation of yet another mechanism for review-
ing the work of ORO—probably as a means of creating an
“academic” counterweight to Army criticism of the ORO
work program,184 Noting that “the University could give the
Operations Research Office essential and important assis-
tance by an appropriate review of our findings prior to their
submission to the Army,” Johnson recommended the forma-
tion under JHU auspices of a high-level “Review Commit-
tee” to be chaired by President Bronk. Among the potential
members of the committee suggested by Johnson were Van-
nevar Bush to represent the physical sciences; Gen. Dwight
D. Eisenhower or Gen. Jacob D. Devers to represent the mili-
tary needs of the Army; Dr. Lee DuBridge, Dr. Enrico Fermi,
or Dr. E. O. Lawrence to represent the atomic weapons field;
Dr. Donald Young or Dr. Pendleton Herring to represent the
social sciences; Dean Edward Mason to represent the field
of economics; and Dr. Donald Marquis to represent the field
of psychology.!®> Apparently Johnson's recommendation was
never implemented by JHU, although the university board of
trustees established a committee headed by Robert W. Wil-
liams to oversee ORO, and the JHU Committee on Spon-
sored Research provided additional oversight.186

Determining what projects to pursue proved an endur-
ing challenge for ORO throughout its existence.r®” As one
historian has written:

Many researchers at ORO, in their original conception of their
mission, saw themselves as scientists who were to explore all
aspects of warfare and its long-range implications, while the
Army appeared to be primarily interested in seeking ways to
apply operations research to questions concerning logistics and
supply. Also, the Army did not seem to be interested in applying
operations research to the use of weaponry in combat. . . . This
difference in viewpoint was the start of the troubled relationship
between the Army and ORO that would persist throughout
ORO’s history. '8

In practical terms, the approval and design of each proj-
ect undertaken by ORO was the product of a joint Army—
ORO consideration of several factors, including the nature
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and scope of the problem, the relative importance of the
study to the Army, the probability that the problem could ac-
tually be solved, the approximate time required to complete
the study, and the effect of the proposed study on the overall
ORO work program.189 For the most part, the Army was fo-
cused on the near term and generally wanted quick, easily ac-
complished studies that would produce concrete solutions to
immediate problems.!®® Ellis Johnson and key members of
the ORO staff, however, were forward looking and preferred
to take on studies of emerging problems, particularly those
outside traditional weapons and tactical analysis topics.191

The system of individually authorized projects that pre-
vailed until 1951 created certain problems in budgeting and
recruiting competent staff members.}?2 For example, it made
difficult the recruitment and retention of a staff of analysts
representing a span of knowledge and expertise broad enough
to ensure that ORO could begin work immediately on urgent
problems. In 1951, the problem was mitigated by the adop-
tion of a new system for initiating and reviewing projects that
included reserving 30—40 percent of the ORO capability for
urgent, unprogrammed studies requested by the Army and a
small percentage for work on basic OR techniques.193

It has often been stated that ORO focused initially on
weapons evaluation and tactical analysis problems, in part
because the Army had a backlog of such problems and in
part because Army commanders and staff officers were un-
familiar with the capabilities of OR.1%# This was not en-
tirely the case. From the beginning, in fact, the scope of
the ORO research program was quite broad and included
an emphasis on matters other than military weapons and
equipment, much more so than the OR programs of the
other services.!?”> The first two approved ORO projects—
Project ANALAA and Project EVANAL—both assigned
in August 1948, dealt with air defense systems and the
means for analyzing the performance of Army equipment,
respectively. However, the third approved project—Project
MAID—also assigned in 1948, was a major study of the
pros and cons of providing military assistance to foreign
countries, and thus it focused on questions of international
relations and economics.}®® Moreover, although the Army
was definitely interested in applying OR to questions of lo-
gistics and supply, such topics involved more than a techni-
cal analysis of weapons systems alone.t?7 During the process
that led to forming ORO, Maj. Gen. McAuliffe and others
had assumed that operations research would be used early
on for the study of problems related to Army training and
organization, and this, too, soon came to pass,198

As the Army educated itself with respect to OR and rec-
ognized the importance of such fields as international rela-
tions, economics, and psychology to the postwar Army, the
ORO work program was expanded to include studies with

a social science component (for example, Project MAID and
Project POWOW, which dealt with the techniques of psy-
chological warfare).!® Analysts trained in the physical sci-
ences were not particularly well suited to address such topics,
and ORO was obliged to recruit a team of competent social
scientists to ensure its ability to take on projects in the social
sciences.2%? On 19-21 September 1949, ORO sponsored a
conference of its social science consultants for the purpose of
“obtaining criticism and guidance with respect to the under-
taking of ORO to establish research patterns and methodol-
ogy in the social sciences upon the highest level of compe-
tence.2%! The conference was attended by representatives of
DOD, the U.S. armed services, and other government agen-
cies, as well as twenty-two social science consultants. Dr.
Edward S. Mason, dean of the Graduate School of Public
Administration at Harvard University, served as chairman.
Recommendations were sought with respect to current and
potential new methods of attacking problems involving the
social sciences, research methods in general, the progress and
direction of work under contract, the organization and func-
tions of the ORO staff, and the general relationship between
research and actions and decisions.2%? The attendees provid-
ed candid assessments of the state of play at ORO regarding
such matters, and their advice was subsequently quite useful
in fine-tuning the ORO research program.

In its first two years of existence, ORO was tasked with
several major studies including analyses of air defense sys-
tems, military aid to other countries, the accuracy of artil-
lery fire, and armor operations, as well as the use of tactical
nuclear weapons, protection of the individual soldier, mines
and other antitank weapons, intelligence operations, the
threat to overseas lines of communication, logistics, military
costing, guerrilla warfare, and psychological warfare.203 Each
project typically consisted of several subprojects or studies
conducted either by ORO staff, by subcontractors, or by a
combination of the two under the chairmanship and direc-
tion of a senior ORO analyst.

As of 30 September 1949, six main projects were

under way?%4:

1. Project ANALAA (Project No. 99-48-1) was as-
signed on 25 August 1948, and involved an analysis
of antiaircraft weapons and systems.205 The ANA-
LAA project chairman was Dr. Ervin H. Bramhall
(later Dr. James H. Henry) and the vice chairman
was Col. Seymour I. Gilman. The project required
fifty-four ORO man-months in FY 1949, at a cost of
$353,206; and it involved several contractors, includ-
ing the Stanford Research Institute, the American
Power Jet Company, the Battelle Memorial Institute,
the Louisiana Polytechnic Institute, and Curtiss-
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Wright Corporation, at a cost of $240,942 in FY
1949. The FY50 costs were estimated at $320,000
for ORO staff and $170,000 for subcontractors. The
recommendations put forward by Project ANALAA
were important factors in the Army decision to ac-
celerate development of antiaircraft missiles and to
retain reasonable numbers of heavy antiaircraft guns
until suitable missiles were available,

. Project EVANAL (Project No. 99-48-2) was as-
signed in August 1948 and was completed on 12 July
1950, under the chairmanship of Emery L. Atkins.20¢
The task of Project EVANAL was to determine a
means for analyzing the performance of Army equip-
ment under various environmental conditions, pat-
ticularly arctic ones, and to determine the feasibility
of using business machines for that purpose. Project
EVANAL involved eight ORO man-months in FY
1949, at a cost of $14,207. No subcontractors were
involved. The principal recommendation was that the
Army undertake additional research in the develop-
ment of military characteristics and specifications for
business machines capable of aiding the rapid analy-
sis of the performance of Army equipment under
various climatic conditions.

. Project MAID (Project No. 99-48-3), also begun
in 1948 and completed in early 1950, was headed
personally by Ellis Johnson. It involved analyzing
the potential value of U.S. military aid programs to
foreign countries.2%” Project MAID required thir-
ty-one ORO man-months in FY 1949, at a cost of
$283,992 and involved several contractors, including
the Stanford Research Institute, Harvard Universi-
ty, the University of Washington, and International
Public Opinion Research, Inc., at a cost in FY 1949
of $219,000. Estimated FY50 costs were $100,000
for ORO staff, with no subcontractor costs. Project
MAID was the eatliest ORO project to extend be-
yond a strictly Army topic into the fields of interna-
tional relations and economics, and the extensive re-
port on Project MAID (issued in final form in early
1950) had a significant influence on the Army’s sup-
port for passage of the Mutual Defense Act of 1949,
which established the Military Assistance Program, a
key element of America’s Cold War strategic policy.

. Project ALCLAD (Project No. 99-49—-4), assigned
on 1 October 1948, involved the analysis of individu-
al protection means from all known forms of warfare
and recommendations for future research on, de-
velopment, and use of the optimum equipment and

systems to protect the individual soldier.2%® Active
work on Project ALCLAD began on 15 February

72

1949, under the chairmanship of Dr. John H. Gard-
ner with the assistance of Norman A. Hitchman and
Robert J. Best, and the project was completed on 31
May 1952. For purposes of the study, the known haz-
ards to the individual soldier on the battlefield were
divided into seven groups (missiles and missile frag-
ments, concussion from explosion, nuclear radiation
and radioactive substances, pathogenic and chemical
agents, heat radiation, flaming agents, and insects
and insect-borne diseases). Each hazard group was
assigned to a team of three ORO staff members and
two consultants. In all, ORO expended nineteen man-
months on Project ALCLAD in FY 1949, at a cost
of $101,700, plus $26,850 for a subcontract with the
Midwest Research Institute. Estimated costs for FY
1950 were $170,000 for ORO staff and $50,000 for
subcontracting. Project ALCLAD produced several
important recommendations, including one against
the use of body armor; also addressed were the need
to reduce the combat load of the individual soldier, a
redesign of the helmet, the wearing of gas masks dur-
ing training exercises, and the need for additional re-
search on chemical warfare agents and defenses. The
recommendation against the development and use of
body armor is particularly interesting as an example
of how a logical scientific analysis might lead to con-
clusions that run counter to common sense or might
be politically or morally unsound.

5. Project GUNFIRE (Project No. 99-49-5) was as-

signed on 23 November 1948 but was closed out in
favor of the more-general Project REDLEG.?% The
purpose of Project GUNFIRE was to determine the
nature and extent of existing deficiencies in equip-
ment, techniques, computational procedures, organi-
zation, training, and doctrine that adversely affected
the accuracy of predicted artillery fires, and to outline
a program to correct the deficiencies. The project was
chaired by Wayne E. McKibben (later William L.
Whitson). Project GUNFIRE involved eight ORO
man-months in FY 1949, at a cost of $125,533,
plus $103,583 paid to subcontractors, including the
Franklin Institute Laboratories for Research and De-
velopment, Snow and Schule, and Dunlap and As-
sociates. The FY50 costs were estimated at $75,000
for ORO staff and no subcontractor support. Rec-
ommendations derived from Project GUNFIRE
included the need to develop a method of delivering
predicted artillery fire without the need for meteo-
rological corrections, a revision in artillery training
methods, and the development of operational steps
to reduce the possibility of gross personnel errors.
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6. Project POWOW (Project No.99-49-6) was assigned
on 26 February 1949210 T¢g purpose was to determine
by scientific analysis and synthesis the effectiveness of
weapons, instruments, and techniques that might be
used by ground forces in conducting psychological
warfare (PSYWAR) operations. Project POWOW
was headed by Kenneth W. Yarnold (later Willmoore
Kendall) and involved a long list of ORO personnel,
consultants, and subcontractors, the most important
of which was the University of Chicago. The study
focused on an assessment of tactical psychological
warfare operations in northwest Europe during World
War II with the expectation that it would reveal prob-
able effects of psychological warfare on the Russians.
Project POWOW involved five ORO man-months in
FY 1949, at a cost of $41,362, plus $32,350 paid to the
University of Chicago. The FY50 costs were estimat-
ed at $200,000 for ORO staff and $80,000 for sub-
contractors. Recommendations derived from Project
POWOW included establishment of a roster of quali-
fied Army PSYWAR personnel, the need to prepare
manuals of area studies, the re-examination of the use

of aerial loudspeakers, and the establishment of Army
research facilities for PSYWAR outside ORO.

As of 30 September 1949, ORO also had six proposed
projects pending approvalznz

1. Project DONKEY: to analyze the use of surface-to-sur-
face guided missiles in support of Army operations212

2. Project TREMABASE: to analyze the comparative
feasibility of transporting by air, sea, or land the per-
sonnel, weapons, and supplies necessary to establish
and maintain an advanced base?!3

3. Project TEAM: to determine the most important
factors in interpersonal relations as they apply to the
organization, motivation, and utilization of groups
of men for military purposes, and to determine the
most effective methods of controlling such social be-
havior as a means of increasing the tactical efficiency
of the military unit

4. Project SITE: to determine the most effective meth-
ods, techniques, and organization for planning and
conducting Army training and educational programs

5. Project ATTACK: to evaluate on a continuing basis
the use of atomic weapons in support of Army op-
erations214

6. Project ARMOR: to determine the most effective
methods of destroying, damaging, delaying, and cana-
lizing enemy forces (particularly armor) by the use of

land mines.2!>

Preliminary and final results of ORO projects and studies
were distributed in a number of forms, including briefings and
published reports. In most cases, the studies were classified or
otherwise restricted in their distribution. The two principal
types of ORO publications were technical memoranda and
final reports. Technical memoranda were published in the
“T” series (for example, ORO-T-4: Antiaircraft Artillery Ma-
teriel and Personnel in the Type Field Army, 9 February 1950);
they were working papers developing specific aspects of an
approved ORO project or special studies assigned by the De-
partment of the Army. Final reports were published in the“R”
series (for example, ORO-R-1: Economic and Logistic Study
of the Tactical Employment of Three Guided Missiles at Speci-
fied Monthly Rates, 21 November 1949); they contained the
final conclusions and recommendations of ORO on a given
project. By 30 June 1950, ORO had published more than one
hundred technical memoranda and five final reports. Inter-
nal ORO matters and internal staff papers were addressed in
the project report (“PR”) series, the staff paper (“SP”) series,
and the staff memorandum (“S”) series. Technical memo-
randa and final reports were carefully vetted by internal re-
view groups (the so-called murder boards), whereas project
reports and staff papers were less well vetted and were limited
in distribution. Staff memoranda could be prepared on any
topic but were not distributed outside ORO.

The Influence of Ellis A. Johnson

The nature and scope of the projects undertaken by
ORO as well as the office’s organization, staffing, and over-
all philosophy were profoundly influenced by one man, Dr.
Ellis A. Johnson.?® ORO, and with it the bulk of the Ar-
my'’s postwar OR program, was largely Johnson's creation.
In much the same way that W. Barton Leach created and
sustained the Army Air Forces operations analysis program
during World War II, Ellis Johnson fostered the use of OR
in the Army after the war. A competent scientist and OR an-
alyst in his own right, Johnson was also a consummate man-
ager and bureaucratic in-fighter, and he seldom let pass an
opportunity to strengthen and broaden the ORO program.
His forceful, enigmatic, and sometimes quarrelsome person-
ality was a major factor in the establishment and growth of
ORO, as well as in its ultimate demise.

Johnson’s vision of the nature and possibilities of op-
erations research as a discipline was broad. Addressing the
ORO social science consultants in September 1949, he de-
fined the function of OR in the Army as being

to develop analytical theories of action, checked by experience,
capable of predicting, within specified limits of error, the prob-
able results and costs of military action. Such predictions can
be used by the Army as one of the important elements in the
decisions reached by the Army commanders . . . for major deci-
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sions, operations research can play approximately a 30 percent

part in the decisions.?!”

Johnson's attitudes toward military affairs and the role
to be played there by science—operations research in partic-
ular—were shaped by his experiences in World War II. The
realization that the aerial mining campaign against Japan—
which he had done so much to design and promote—had
resulted in substantial destruction and loss of life imbued
him with some degree of skepticism about the usefulness of
military conflict as a means of resolving international prob-
lems. He is reported to have expressed his revulsion for war,
stating, “I've always thought a scientist could do more for his
country before a war.21® At the same time, he gleaned from
his experience several principles that he subsequently ap-

plied to ORO. Among these were the ideas that

fine research simply could not be done under dictated direc-
tion by a user; it had to be invented, if possible, by the scien-
tist. Successful results could not be guaranteed, and finished

results could not be promised for a deadline time. There might

be many successes, but surely also occasional failures.?t®

Johnson believed that those who directed operational re-
search programs such as those of ORO should also be quali-
fied practitioners of the art and frequently turn their hand
to actual analysis.??° He also developed a keen appreciation
for the need of OR analysts to gain a degree of competence
in military affairs, and for close cooperation between the OR
analyst and those responsible for the military decisions.??!

Well known for having little patience with the limitations
of the so-called military mind, Johnson nonetheless was able
to work effectively with Army leaders. As Maj. Gen. Ward H.
Maris, the deputy assistant chief of staff, G-4, for research and
development, told his audience at the Second Tripartite Con-
ference on Army Operations Research in October 1950:

I consider Dr. Johnson an outstanding leader. He enjoys our
complete confidence, and the confidence of his co-workers.

As a soldier it is my duty to keep the military viewpoint and
the military requirements before him and his splendid group of
scientists. Possibly, he may feel at times that he is suffering from
the so called military mind as opposed to the scientific mind.
When those two minds get together, it is really something.

We have had many, many discussions bordering on arguments.
Neither of us ever wins, naturally. I was very happy to have
him accuse me last night of indicating or giving the impression
that he didn't need to know anything about military science
and tactics. That is what I have been trying to impress upon
him in the past months. Unfortunately, I apparently had not

succeeded.???

From the beginning, despite his skepticism regarding
both the usefulness of military operations and the enlight-
enment of military officers, Ellis Johnson dedicated himself
to exploring
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the possibilities of OR helping the armed forces with the com-
plex and fast-changing problems of warfare, convinced of its

importance, and dedicated to patriotic service and the advance-

ment of operations research as a science and a profession.???

Both his experience and his instincts told him that ground
warfare was in many ways more complex than air or sea
warfare, and that it would be necessary to develop effective
methods of operations analysis to deal with those complexi-
ties almost from scratch.?2* Accordingly, he intended to cre-
ate in ORO an organization that would be

large, diverse, and strong, to emphasize innovative methods and
approaches, and to extend the boundaries of the field—from
effectiveness studies to cost-effectiveness work, from tactics to
logistics and procurement investigations, from studies centered

on technical hardware options to ones focusing on the human
225

element.

Johnson's experience with the aerial mining campaign in
the Pacific made clear to him the degree to which OR was use-
ful at the strategic level and what substantial results could be
obtained.??® As director of ORQO, he became a forceful and
consistent advocate of the extension of OR to problems well
beyond the usual matters of weapons analysis and the improve-
ment of tactics to the strategic level and the broader fields of
national and international policy. Johnson's ideas on the broad
application of OR to matters of policy and international af-
fairs were reflected in the early addition of social scientists to
the stable of ORO analysts. In part, he saw OR as a means
for building rather than destroying society, and he lobbied the
president of The Johns Hopkins University to support OR
work in improving the lot of developing countries.??”

On a more-basic level, Ellis Johnson was a skilled and
inspirational leader. He created in ORO an internal ethos
that placed a high value on technical competence, cooperative
endeavor, and enthusiastic pursuit of knowledge. He dem-
onstrated sincere interest in the professional development
of ORO staff and established an atmosphere that made the
work easy and enjoyable.??® Johnson delegated authority and
supported his staff. As the long-time ORO technical librarian
Margaret Emerson recalled, “we were really one big family,"229

Although often suspected of being an “empire builder,”
Johnson'’s vision of ORO was a good deal broader. Address-
ing the participants at the Second Tripartite Conference on
Army Operations Research on 27 October 1950, Johnson
praised the OR work being done at the weapons analysis level
in the technical services and the Army field forces and noted
that the

ORO has to fitinto the Army as one of the organizations carry-
ing out operations research as a team. . . . It is my own opinion
that we will eventually have in the Army a family of operations
research organizations of whom we will be a member, a notable
member, I hope‘BO
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For good or ill, ORO was Ellis Johnson. He guided its
formation, stafling, and development with a strong hand and
labored mightily to find for it a central role in the Army’s deci-
sion-making process. For the most part he was successful, and
he, more than any other individual, dominated and advanced
the field of Army operations research in the postwar period.

ORO—An Early Assessment

The degree of success achieved by ORO in its program
of analytical studies in the first years of its existence was
mixed. Despite the best intentions of all concerned, the
early ORO products left something to be desired both in
focus and quality. In general, ORO was able to tackle suc-
cessfully problems involving discrete technical and tactical
issues, but “the more complex the problem and the greater
the number of non-quantitative aspects involved, the less
chance it [had] for success.”!

Inexperience on the part of newly minted ORO analysts,
a lack of focus on matters of central importance to the Army,
a tendency to take up operational planning issues best left
to the Army Staff, and the lack of tangible results on some
early projects all contributed to criticism of ORO within the
Army.?32 Ignorance and misperceptions on the part of some
Army commanders and staff officers also contributed to the
criticisms directed at ORO. Many Army officers continued
to be uninformed about the capabilities, methods, and limi-
tations of operations research, and the old problems that had
hampered the development of OR in the military in World
War II resurfaced. Some officers complained that ORO was
seeking to usurp military functions by becoming involved in
operational matters, and that ORO analysts were “spying”
on military leaders.?>> Others simply could not accept “the
intrusion of Ccivilian long-hairs” in military matters.?>* Still
others complained that ORO work was far too broad and
“theoretical” and that it did not address day-to-day issues of
pressing importance to the Army.

There were also those people in both ORO and the Army
who questioned the value of ORO studies when all too often
the Army seemed to have failed to implement those recom-
mendations contained in the ORO reports. In fact, even given
a“successful” study, the nexus between the study recommen-
dations and positive Army action remains difficult to demon-
strate. It would appear that the number of ORO recommen-
dations actually implemented by the Army was quite small,
with perhaps only one study in ten resulting in a substantial
payoff during the entire period up to approximately 1956.2%°
However, as the Army and the ORO learned to work togeth-
er and the Army’s needs and desires became clearer, the ORO
was better able to satisfy the Army’s demands.

Ellis Johnson and the leaders of the ORO were aware of

the many problems facing the new organization, including

the challenge of meeting Army expectations regarding the
scope and usefulness of ORO studies. In the ORO quar-
terly report issued on 30 June 1949, Johnson addressed these
problems directly, noting that

it is important to outline the problems whose solutions are
now for the most part well and favorably under way: (1) the
recruiting of a scientific staff of high quality; (2) the training of
this staff in the methodology of Operations Research; (3) the
familiarization of the ORO staff and of the Army with respect
to problems of mutual concern; (4) the organization of ORO as
an effective working part of the General Staff of the Army; and
(5) the provision of high level guidance from the Army as to its

needs and the orientation of our efforts.?3¢

Other problems included the usual difficulties of a new orga-
nization—internal administrative issues, adequate facilities,
and underfunding—as well as morale problems among the

ORO analysts that stemmed from a feeling that their efforts

were not appreciated.237

Evaluating the first six months of ORO operations, John-
son reached three main conclusions. First, “close coordination
and cooperation of the Operations Research programs of the

United States, Britain, and Canada are necessary and desir-
able and should be extended for mutual benefit.?3® Second,

Operations Research should not be centralized in the Army in a
single group such as ORO, but ... should be situated at each ...
of three principal levels: in the weapons laboratories, for analy-
sis of weapons; at the headquarters and boards of the Army
in connection with the development of new tactics; and at the
General Staff level in connection with strategic decisions. . . .
It is true that there are several important and highly successful
Operations Research activities in a few commands of the Army,
as for example at the Ballistic Research Laboratory, Aberdeen,
Maryland. These deserve full recognition and might well be
formalized as independent Operations Research activities. In
general, however, the aiding of command decisions by Opera-
tions Research needs to be further implemented at the weapons
analysis and tactics level.23®

Third,

ORO scientists must work in close cooperation with their
military colleagues . . . guarantee should be provided that the
military aspects of ORO projects will be given fully realistic

attention ... representation of the military interest cannot be

provided solely by civilians even though they may have had ac-

tual combat experience . . . vital and necessary military knowl-

edge must be furnished directly by officers on active duty, work-

ing full-time in ORO at actual project problems.?*

At the time the ORO was formed in the summer of 1948,
there had been an agreement between the Army and The Johns
Hopkins University that Johnson would be given at least three
years to overcome initial problems and establish an effective
working organization capable of providing the Army with
such advice and assistance as the most advanced operational
research techniques could make I:»ractic.zlble‘241 However, after
only one year the Army undertook a comprehensive review
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of the ORO organization and performance that included a
number of substantial criticisms and recommendations for
redirection of the course set by Johnson and his team. On 30
September 1949, the Plans and Operations (P&O) Division
of the Army General Staff completed a staff study to “examine
the organization, functions, and working relationships of the
[ORO] with a view to recommending changes if any appear
desirable.?*2 The study, approved by the Army chief of staff,
Gen. J. Lawton Collins, on 31 October and released on 3 No-

vember 1949, contained the following conclusions:

3. The execution of the Army operations research program
under the Director, Logistics Division, by contract with
‘The Johns Hopkins University should continue.

4. ORO’s work, which encompasses the Army-wide opera-
tions research program, should have greater emphasis on
the weapons use level; problems at the General Staff level
should be limited during ORO’s formative period.

5. ORO’s work should be directly related to the basic over all
mission of the Army. Research on matters of joint concern
should not normally be undertaken except on request of
the Research and Development Board or the Weapons
Systems Evaluation Group.

6.  Existing projects should be reviewed and where appropri-
ate abandoned or narrowed in scope in consonance with
paragraph 5 above.

7. A cdoser working relationship should be established be-
tween ORO and the Army. To this end the assignment of
additional military personnel to ORO should be effected.

8. 'The responsibility of the Army Advisory Committee
should be broadened to provide the means by which the
Deputy Director for Research and Development, Logis-
tics Division, can obtain advice on general policy guid-
ance.

9. Increased liaison should be maintained with the field. The
Army operations research program should envisage the
creation of a field office at the Office, Chief, Army Field
Forces. Upon the creation of this office, ORO personnel
located at Hgs. Department of the Army should then per-
form the function of serving the General Staff only.

10. Appropriate steps should be taken to educate military
personnel at the Hgs. Department of the Army and the
Office, Chief, Army Field Forces in the aims and purpos-
es of operations research.

11.  After a period of six months, Plans and Operations Di-
vision should make appropriate recommendations as to
the desirability of re-locating ORO within the Depart-

ment of the Army organization.?®3

The P&O Division study addressed many of the con-
cerns already expressed by Ellis Johnson, notably the need for
better Army guidance, a closer working relationship between
the ORO and the Army, increased liaison with units in the
field, and the education of Army officers about OR. How-
ever, the study conclusions regarding the scope of the ORO
study program struck a sensitive nerve, particularly because
these criticisms appeared to have been introduced by that
segment of the Army Staff eager to restrict the work of the
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ORO to mundane (but nevertheless important) matters of
weapons analysis and improvements in tactical doctrine.

Johnson and many members of the ORO staff were
committed to the idea that OR techniques could be applied
effectively to the study of problems of strategy and policy
rather than only at the weapons analysis and tactical level.
However, as the 30 September 1949 staff study revealed, this
idea found considerable opposition in the Army, and Johnson
was already struggling to ensure that ORO efforts to apply
OR to strategic and policy decisions continued. As he told
the attendees at an ORO conference of social science consul-
tants in September 1949:

With respect to the extension of operations research to the
strategic problem, there is a great deal of difficulty. The tactics
approach uses the results of weapons analysis. The strategic ap-
proach must make use of both the weapons analysis and tactics
operations research. However, it comes to problems of another
order of magnitude and difficulty. In particular, it comes to
problems, at the present time, which are associated with prob-
lems of human relations to a far greater extent than the weap-
ons analysis or the tactics problems, and there is a question of
whether or not we can develop a methodology in any reason-
ably short time.2**

The negative view of the ORO attempts to extend the
use of OR into the field of strategy and policy contained in
the P&O study prompted Johnson to react in several ways
to “protect” the ORO. On 11 November 1949, he wrote to
JHU president Dr. Detlev Bronk to advise Bronk that he
(Johnson) had an appointment to meet with the Army chief
of staff, General Collins, on 21 November—a meeting that
he believed would result in important policy decisions re-
garding the ORO.?*> Johnson’s concerns centered around
three issues raised by the P&O staff study that he believed
would be discussed in the meeting with General Collins.
The first was whether the scope of the ORO work should be
“very wide and include a serious attempt to apply operations

research methods to the strategic problems of the Army.">4¢
He noted that

on the extreme right are officers who believe that this is solely
the function of military personnel, and that scientists should be
concerned solely with consideration of the design of weapons.
On the extreme left are officers who believe that the strategic
problems can be solved only by civilian groups who work with
some assistance from the military. It is difficult to determine
where the median lies.?*’

The second issue was “whether or not operations re-
search should attempt to integrate the findings of social sci-
ence in its solutions of action problems.””*8 Johnson men-
tioned that he had discussed this problem with leaders in the
social sciences as well as with the other members of the Joint
Operations Research Group. In meetings with the latter, it
became clear to Johnson that
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the Navy was neutral, or possibly negative to the use of the so-
cial science disciplines in operations research, that the WSEG
was at the best luke warm, that the Air Force, and in particular
the RAND Corporation, was enthusiastic and believed that
the application of the social science disciplines constituted the
only new and hopeful approach toward the solution of action
problems.—RAND and ourselves are interested in cold war

solutions that go toward peace as well as the ones that need to

be considered as going toward a hot war.2%

The third issue concerned the degree of freedom that
the ORO was to be given to do its work. Johnson told
Bronk that

at the present time there is an intensive effort on the part of
the Army to develop a system for detail [sic] and specific con-
trol over all of ORO’s research work. This is accompanied by a
very high pressure to provide immediate and useful answers to
the General Staff. This is the usual effect which results from a
lack of understanding on the part of the customer of the way in
which research can contribute. If this Army effort is successful,

it will in my opinion result in a lowering of integrity in ORO ...

some compromise must be made.?*

Johnson’s solution was for the ORO research program to in-
clude a reasonable mix of projects proposed by the Army,
projects proposed by the ORO, and short-term studies to
satisfy the Army’s immediate needs.

Ultimately, the efforts of some Army staff officers to re-
strict the ORO work program were unsuccessful. The grow-
ing Cold War with the Soviet Union soon made it clear that
the Army could no longer confine its OR program to matters
of a purely military nature, such as the design of weapons
and the development of tactical doctrine. The new reality
was that the Army found itself deeply enmeshed in issues of
national policy and global strategy that could be addressed
only by specialists in the fields of international relations, eco-
nomics, psychology, and the other social sciences. Ellis John-
son and his associates had discerned this trend early on and
had acted to align the efforts of the ORO to accommodate
it. The wisdom of their actions would be borne out by the
significant contributions made by the ORO to Army deci-
sion making in the 1950s.

CONCLUSION

The period between the end of World War II in Sep-
tember 1945 and the Communist invasion of the Republic
of Korea at the end of June 1950 was a tumultuous time for
the United States Army. The drastic postwar demobiliza-
tion, lean budgets, restricted manpower ceilings, the reor-
ganization required by the National Security Act of 1947,

and the rapid growth of technology, particularly nuclear
weapons, posed enormous challenges for the Army. These
challenges required new methods and new insights. A small,
but growing, part of the Army’s ability to deal with those
challenges successfully was the emerging application of op-
erations research as a tool for decision making. As the newly
appointed secretary of defense, James V. Forrestal, noted in
his first report in 1948, “a salutary trend in military research
and development is the extension and strengthening of op-
erations analysis research which was begun in isolated fields
during World War 1251

Operations research activities in the Army expanded
dramatically with the creation of the Operations Research
Office in the summer of 1948. Until that time, the Army’s
only OR capability had resided in the technical services and
the test and evaluation boards, and it was focused primarily
on weapons analysis. The ORO augmented that capability
but soon moved on to broader studies of problems in the
growing fields of peacetime research and development, in-
ternational relations, defense economics, and national policy.
Despite significant growing pains, the ORO proved to be a
potentially valuable tool for determining priorities and de-
signing the most effective and efficient weapons systems, or-
ganization, tactics, and strategy.

The first years of the ORO also provided important les-
sons regarding the conditions necessary for a successful OR
organization. The three principal lessons learned were that the
OR analyst should be free of any direct responsibility for the
operation under study, the OR analyst should have sufficient
time for research and not be harassed by day-to-day require-
ments, and the OR analyst should have the confidence of the
military commander or staff responsible for the operation
under stucly.252 These were exactly the conclusions that had
been reached regarding the World War II OR experience.

Despite a successful start to the ORO that greatly in-
creased the Army’s use of and benefit from operations re-
search, several deficiencies remained in the Army’s overall
organization and program for OR Most notable were the
lack of a single agency at the Department of the Army level
charged with general staff supervision of all Army OR activi-
ties, and the lack of operations analysts on the Army Staff
itself, other than the few in the technical services.?>> Nei-
ther deficiency would be corrected until the 1960s. In the
meantime, the Army’s operations analysts would face the
challenge of a new hot war in Korea, an intensification of the
Cold War with the Soviet Union, and the continued rapid
growth in military technology.
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